The 19“‘ Europeon
Magnetic Res

EURO[T\HRQOQS

Glasgow

Programme & Abstract
Book




Welcome to EUROMAR 2023

Dear Colleagues,

As Chair of the Board of Trustees of EUROMAR | welcome yourtBeirbpean Magnetic Resonance
Meeting 2023 in Glasgow. After the pandemic situation two years ago, wecatjnized how

important inperson contacts are for our scientific community. They not only constitute new
collaborations and ideas but also contribute significantly to quality control by personal feedbacks and
discussions, which are not so easy with omlmeetings. This is most important for young scientists
early in their career working on their PhD project or as postdoctoral researcher. It was very nice to
see so many of you again in person last year at the EUROMAR meeting in Utrecht and | am looking
very much forward to stimulating talks, interesting poster sessions and plenty of time for discussion
with all of you this year at the meeting in Glasgow.

Best regards
Thomas Prisner
Chair of EUROMAR Board of Trustees

Dear Colleagues,

On behalf of the EUROMR Board of Trustees, the AMPERE Society and the Scientific Program and
Local Organizing Committees of EUROMAR 2023, we extend a very warm, Scottish welcome to you
from this, the 19' European Magnetic Resonance Congress taking place in the host Cipgd\@|
Scotland, July 2023.

The Congress takes placeperson from Sunday'oto Thursday 18 July 2023 at the Scottish Events
Campus, Glasgow, Scotland, a dedicated, fully equipped and serviced conference and exhibition
facility located on the banks of the River Clyde.

The event will bring together magnetic resonance enthusiasts from acrossabe. dt will represent
all disciplines that form the landscape of magnetic resonance, a foundation that continues to
stimulate new and exciting research discoveries.

The heart of the Congress is the sharing of new ideas and insights and the demonsif &igon
applications of magnetic resonance, a field which continues to grow from strength to strength.

We are excited about the rich opportunities that the Congress will provide for dialogue, interaction
and communication between delegates and partnersealik

Come and share in the conversation!
Failte! Welcome!

Local Organization leads
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The Richard R. Ernst Prize LectureedihNMR: progresses and cleafjes

Professor Lucia Bahci
1CERM, University of Florence, Florence,
Opening Session, Lomond, SEC, July 9, 2023,- 1840

The characterization of functional processes and the understanding of molecular pathways in the cell
require their descriptiorboth at system (e.g. a cell) and at molecular level, (e.g. atoesiglution
characterization of biomolecules). This approach calls for the development of suitable
methodologies, capable of addressing multiple, specific, and sometimesororentional, fetures

and amenable to characterize functional processes in living cells. On this respect NMR spectroscopy
IS a unique tool not only for characterizing the structure and dynamics of biomolecules but also for
describing transient interactions and functioredents with atomic resolution, possibly in a cellular
context. In particular, irktell NMR (i.e. highesolution NMR spectra of biomolecules in intact, living
cells) through its combination of the atordievel characterization of NMR with its applicationato

cellular context can provide crucial insights on cellular processes and drug efficacy with
unprecedented level of detail. Through the use of NMR bioreactors, a key advantage of NMR applied
to living cells/organisms is the possibility to study tiheperdent phenomena over a broad range of
timescales, thus adding the fourth dimension to the characterization.

Methodological aspects and innovations will be discussed and a few examples of the striking power
of this approach for the characterization of furarial processes, such as metal transport in the cell,

will be presented. Particular focus will be on the cellular uptake and target binding in the cellular
milieu of drugs and leads and on the meaningful differences observed betweesiatged binding

in living cells versus in vitro.

Luchinat E, Cremonini M, Banci Radio Signals from Live Cells: The Coming of AgeCailin
Solution NMRChem Rev122, 10, 926@9306,2022

Matteucci S, Camponeschi F, Clémancey M, @afifoni S, Blondin G, BancilnrOSf f dzf 2 a & a
and EPR studies bring new evidences to the-ktagding debate on the iresulfur cluster binding in
human anamorsinAngew.Chenint.Ed. 60, 1484d1484,2021

Luchinat E, Barbieri L, Cremonini M, Nocentini A, Supuran C, BabeugScreening in Human Cells
by NMR Spectroscopy Allows the Early Assessment of Drug Podegeyy. Chemb59, 653§ 6539,
2020

Luchinat E, Barbieri L, Campbell TF, Ban&tdalTime Quantitative I¥Cell NMR: Ligand Binding and
Protein Oxidation Monitored iHluman Cells Using Multivariate Curve Resolution, Anal. Chem. 92,
999710006,2020

Barbieri L, Luchinat E and Bandntcell NMR spectroscopy in HEK293T cells: a protocol to
characterize proteins in their physiological environment. Nature Protocols1it, 2016
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The Richard R. Ernst Prize Lect&@®R and Biophysics at ACERT

Dr Jack Freéd
Department of Chemistry and Chemical Biology Cornell University, Ithaca, United States
Opening Session, Lomond, SEC, Jay23, 16:00 18:40

| will present a short overview of examples of our recent research at ACERT, which focuses on
biophysical studies using ESR. First | describe how ESR may be used to study viral attack on host
membranes for a variety of dangerous virus&e focus on their fusion peptides, which insert into

the host membrane. Emphasis will be given to the coronaviruses-S8®REand SARS0\2

Sa{M&{ I YRH&BYP W SEGI L RSaONARO6S K2g 9{w YSiKz2RAa
Disordered Proteinasing the example of Tau, which forms structures on membranes that are
determined by the membrane size. Then | show how this IDP, in changing from structureless
monomers to fibers, yields binding features that can be reliably recovered only by using the
SivastavaFreed SVD method of pulse dipolar analysis. Only subtle changes in distance distribution of
a bluelight sensor protein occur between dark and light cases that require tH&\V&Fmethod of

analysis to distinguish. 2BESR can be an effective tdolstudy dynamics occurring at and below
microsecond timescales in proteins labeled with nitroxides and also molecular exchange in nitroxides
by the use of 2EELDOR at 95 GHz, as will be shown. This 2D method can recover motions in the

NI y3S 2 Fiilliggia @ap with 2BR&dpE. and 2DIMR at ms.

(218)
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Raymond Andrew Prize Lecture: Spinlocked electrons: From electron
electron distance measurements to dynamic nuclear polarization

Dr Nino Wil
tAarhus University , Aarhus, Denmark
Opening Session, Lomond, SEC, July 9, 2023 - 1840

In this presentaibn, | will describe two seemingly disconnected topics from my PhD thesis. 1) The

use of spinlocking, together with pulse sequences in the nutating frame, to measure electron

electron dipolar couplings. The spinlock decouples the electron spin from theusiling nuclear

spin bath, increasing its phase memory time and allowing for the measurement of longer distances.

2) Pulsed Dynamic Nuclear Polarization. The simplest pulsed DNP sequence (NOVEL) is also a spinloc
sequence, where the irradiation strengthatches the Nuclear Larmor frequency. In this case, the

ydzOft S NJ aLIAY ol 0K A& aNBO2dzJ SREX YR GKS St S
spectroscopist seem generally happy about this, I will show experiments (at low field) where the
nudear polarization is transferred back to the electrons again. This way, one can investigate how the
polarization on nuclei close to the unpaired electrons decays and diffuses away. Hopefully, this opens
a new way to do electromuclear double resonance (ER) experiments.

During the talk, | will also have the chance to highlight how other people contributed, either with
ideas, with samples, or with teaching me theory and experiments.
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PLO0Z- Usingparahydrogen to sensitise MR detection

Professor Simon Duckett
1Centre for Magnetic Resonance, Department of Chemistry, University Of York, York, United Kingdom
Plenary 1 & 2, Lomond, July 10, 2023, 084515

Hyperpolarisation techniques, where a Baltann spin state population is disturbed from its

equilibrium position, are used to increase MRI and NMR sensitivity by several orders of magnitude.t
A growing number of hyperpolarisation methods have been developed, and some of them are now
finding usen clinical diagnosis. In the York facility we use parahydrogen as the source of polarization
through processes called parahydrogen induced polarization (PHIP). In its original form, Weitekamp
created molecular probes that incorporated atoms previouslytedan parahydrogen to increase

MR sensitivity. More recently, one of several variants of this approach has been termed, signal
amplification by reversible exchange (SABRE).2 It reflects a route to hyperpolarise materials without
changing their chemicadleéntity and achieves its effect by creating a molecular catalyst to move the
latent polarization of parahydrogen into a temporarily bound target molecule viactsigling

network. The PHIP approach has therefore developed substantially from the eatiggsfaoint of

2 SAGSTFYLw w> 9A4SYoSNHB YR .| NH2Y Ol

This talk will focus on illustrating how parahydrogen can be used to improve the detection of metal
RAKERNARS YR RAKERNRIASY alLISOASadb {dzoaSldsSyit
rolS F2NJ y2NX¥Iffe Ayg@AaraoftS aLISOASa Ay KeRNR3IASy!
explore in more detail how the transient binding of parahydrogen to a metal complex containing a
weakly bound ligand can lead to its efficient NMR sensitigaticsolution.2 Finally, more general

studies of reactivity will be explored through parahydrogen sensitised NMR such that reaction
AYGSNXYSRAFGSa Oly 0S aSSy Ay NBFOGAz2zya GKIFG 2

References

1. J. H. Ardenkjedrarsen, B. Fridlund, &ram, G. Hansson, L. Hansson, M. H. Lerche, R. Servin, M.
Thaning and K. Golman, Proceedings of the National Academy of Sciences, 2003, 100016358
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4. M. G. Pravica and D. P. Weitekamp, Chemical Physiess| 4888, 145, 25858.
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Inorganic Chemistry, 2021, 60, 13903912.

8. M. R. Gyton, C. G. Royle, S. K. Beaumont, S. B. Duckatt@&nd/eller, Journal of the American
Chemical Society, 2023, 145, 2626P9.

9. P. J. Rayner, M. Fekete, C. A. Gater, F. Ahwal, N. Turner, A. J. Kennerley and S. B. Duckett, Journa
of the American Chemical Society, 2022, 144, S8FH&0.
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PLO0Z Distance distribution information for ensemble structural biology

Professor Gunnar Jeschke
'ETH Zurich, Department of Chemistry and Applied Biosciences, Zurich, Switzerland
Plenary 1 & 2, Lomond, July 10, 2023, 084515

Introduction

Six years passed between the first publication of fpuise double electron electron resonance

(DEER) data in 1998 and the publication of the first distance distributions between spin labels for two
membrane proteins. It took us two more years to publisé first structural models. Arguably, we

then spent a decade on finding out the unique contribution of DEER to structural biology.

Aims

By using distance distribution information, we want to understand how nature uses a distribution of
conformationsfor protein function. Often, this is related to state changes of proteins, for instance,
between the apo and holo form, between a protein and its complex with RNA, or between a
dispersed protein and the same protein in a biomolecular condensate.

Methods

Ideally, we want to have highuality distance distributions up to the dimension of the protein chain

at physiologically relevant concentration in the micromolar range. This required developments in
instrumentation, measurement protocols, sample prepéra, and data analysis, all based on
understanding of spin dynamics including coherence loss mechanisms. In modeling, we needed fast
prediction of spirlabel conformations, virtually complete sampling of a large space of system
conformations, and integr&in of the sparse distance distribution restraints with restraints from

other experimental techniques.

Results

For RNAbinding proteins and their complexes with RNA, we found astabe structure (RsmE/RsmZ
complex), a structure with two states thaaeh exhibit substantial conformation distribution
(PTBP1/EMCIRES DtoF), disordtr-lessdisorder transitions (SRSF1 upon binding to RNA), a
disordered domain collapsed onto a folded domain (dispersed) hnRNP A1, and randdm@havior
(FUS in the dispsed and condensed state).

Conclusions

Our findings suggest that membrane proteins as well as-BN#ing proteins populate an order
disorder continuum and tend to undergo incomplete disortierorder transitions upon binding
events.
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PLOO03 Resolution and selectivity: new methods in small molecule NMR

Professor Gareth Morris
tUniversity Of Manchester, Manchester, United Kingdom
Plenary 3, Lomond, July 10, 2023, 18:1%:00

No matter how expensive the spectrometer, we seem neverto hgv@ @iz K NBX 42 € dzi A2y @
molecules can pose problems, especially in mixtures. Multiplet structure is a mixed blessing: it gives
us valuable structural information, but all too often it leads to a thicket of overlapping signals. Pure
shift NMR, in wiah we temporarily sacrifice set aside the information contained in-spin

couplings, suppresses the effects of homonuclear couplings to leave just one peak per chemical shift
¢ hence the name. For proton NMR this can improve resolution by up to an ofaeagnitude, and

a wide range of pure shift methods are already in use. Some recent developments, publaid!
unpublished, will be presented, including pure shift methods involving nuclei other than *H.

Selective excitation methods offer anothernute to improve resolution, but once again multiplet

structure poses problems: ideally we would like to excite a single chemical shift, not a single
TNEIljdzSyOed ¢KS D9a{¢hb9 @GINAIGA2Y 2y OKSYAOLI
particdzf I NI @ STFTAOASyGfes 2LSyAy3 dzLJ I Nry-ES 27F dz

References

IMycroft et al., ChemPhysChem 23, €202200495 (2022).

2Smith et al., Anal. Chem. 94, 12757 (2022).

3Smith et al., Org. Biomol. Chem. 21, 23390 (2023).

wmw2oAyazy Sié fodx Wo alIyd wSa2yd mMTnI BT OHATS
Kiraly et al., Angew. Chem. Int. Ed. 60, 666 (2021); Chem. Commun. 57, 2368 (2021).

pGates et al., Chem. Commun. 59, 5854 (2023).

blraylor et al.Chem. Commun. 59, 678737 (2023).
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PLOO4 Ultra-High Field MRI: From Big Magnets to Small Coils

Dr Luisa CiobanhuNicolas Bouladf Alexis Amadoh Alexandre Vignaudd
NeuroSpin, CE8&aclay, ParSaclay University, @firYvette, France
Plerary 4 & 5, Lomond, July 11, 2023, 08:48:15

Magnetic Resonance Imaging (MRI) at uliigh magnetic fields presents unparalleled opportunities
for revolutionizing medical imaging. This plenary lecture aims to provide a fundamental overview of
MRI at ulra-high magnetic fields and present the latest advancements in the field, encompassing
both human and animal imaging. Ukhagh fields offer significant advantages in terms of sensitivity,
contrast, and the acquisition of valuable biological informatidowever, harnessing these benefits
comes with specific challenges, including increased susceptibility artifacts, radiofrequency (RF) field
inhomogeneity, and limitations in gradient performance. This lecture will explore the strategies
employed to overcora these challenges and achieve the anticipated improvements, focusing on
enhanced hardware performance, including shims and ra@iquency detectors, as well as novel

and improved imaging methods.

Today, human brain imaging reaches a magnetic fielahgtreof 11.7T, while extreme field strengths
ranging from 1822T open new frontiers for small animal imaging and microscopic investigations.
Drawing from recent technological advancements and breakthroughs achieved at NeuroSpin, we
showcase the latest redts obtained with ultrahigh field MRI systems, shedding light on the
immense potential this technology holds.

By attending this lecture, participants will gain insights into the capabilities ofhigtafield MRI, its
challenges, and the latest dewgiments in hardware and imaging techniques. Prepare to be inspired
by the extraordinary world of ultrhigh field magnetic resonance imaging.
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PLOOS Zero to ultralow-field NMR: developments and prospects

Professor Dmitry Budket
Helmholtz Instute, Johannes Gutenberg University Mainz, Gutenberg, GerniBepartment of
Physics, University of California, Berkley, United States

Plenary 4 & 5, Lomond, July 11, 2023, 084515

In zera to ultralow-field (ZULF) NMR, one does not need magneseime or all of the three stages

of an experiment: polarization, encoding, and detection. This unusual NMR modality has witnessed
rapid development since the advent of compact and sensitive noninductive sensors, especially,
atomic magnetometers that are noawvailable commercially. We will discuss several recent ZULF
NMR experiments carried out by our group and collaborators, demonstrating applications in areas as
diverse as searches for beyotite-standardmodel particles and interactions, monitoring chentica
reaction dynamics in highly inhomogeneous samples within metal catalytic reactors, and detection of
breaking down of membranes of biological cells as a result of chemotherapy. ZULF NMR may be
combined with hyperpolarization and radioactive detection agning the sensitivity limitations.
Remarkably, a wide variety of hyperpolarization techniques (including dynamical nuclear
polarization, photochemically and parahydrogen induced polarization) are being used in conjunction
with ZULF NMR.
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PLO06 A Molecular View of Carbon Capture on Surfaces

Professor Jeff Reinter
1UC Berkeley, Berkeley, United States

Plenary 6, Lomond, July 11, 2023, 18:1%:00

Introduction:

Carbon capture by adsorption onto surfaces represents one of the more promising piatfor

mitigate anthropogenic emissions of carbon into the atmosphere. The design and analysis of porous

I Ra2NDbSyida Aad AYyF2N¥YSR o0& I Y2t SOdzZ I NJ dzyRSNR G |
particularly in the presence of water at temperatures grédssures associated with the panoply of

3ra O2yRAGAZ2Yyad ¢KA& Aad LI NLGAOdMz I NY @& (GNHZS Ay

Aims:

Herein | highlightsolid G+ G S baw NBadzZ G6a GKFEd NB@SIE GKS NB
particular attention to designing experiments that inform pilot scale studies of carbon capture at
modest scale.

Methods:
Solids NMR (MAS, HETCOR) methods are deployed following controlled dosing of adsorbents with 13
/' hi FYR |iho® {S@S NbddsostibiKiBadBthioGgh ¢ut/d? and iséthezM& support

the NMR measurements.

Results:
There is a dynamic interplay between adsorbed ammonium carbonate, carbamic acid, and various
carbonates that depend strongly on water-adsorption.

Conclusions:

™2 GhBNBE ad0NF §S3IASa LRNISYR OFNb2y OF LIGdzNB Y
mechanisms and employing computational screening in the context of carbon dioxide sources and
sinks. These two approaches directed our setate NMR and DFT studiasd allowed us to

understand the role of molecular interactions and functional groups within porous materials,

essential for advancing our knowledge of carbon capture.

* The author acknowledges the USdBAC and PriISMa teams led by Susana Garcia (Néaitht

University), in partnership with Berend Smit (EPFL), André Bardow (ETH), Georges Mouchaham (CNR
Paris) and Christian Serre (ENS/CNRS Paris). Some of these studies were informed by collaboration
with Yi Cui (Stanford University) and Jeff Long (UCeRsnk Ceresearchers performing this work are

called out individually during the talk.
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PLOO7 NMR Chemical Shifts Beyond Numbers

Professor Christophe Copetet
Department of Chemistry and Applied Biosciences, Eth Zurich, Z@vatzerland
Plenary 7 & 8, Lomond, July 12, 2023, 084515

Chemical shift has been successfully used since the beginning of NMR to identify the signature of
molecules (and materials) making NMR an invaluable tool of characterizations. Becausewgits p

to elucidate molecular structure, NMR interpretation is taught at early stage, often in laboratory
courses, even before one understand the fundamentals of spectroscopy and their selection rules. We
all remember solving organic and inorganic puzzlesetaon 1D and 2D NMR spectra during our

dzy RSNANJ RdzF §S o6l yR 3INI Rdzr 6SX0 GAYSaoy

This lecture, targeted for all aficionados of NMR (and those who want to become one), will

concentrate on developing a detailed understanding of the origin of NMR chemicalestdfhow it

can be used to reconstruct the electronic structure of molecules, in particular organometallic
AYGSNYSRAIFIGSad ¢KAA fSOGdINBE gAftt taz2 FAY G2 2
symmetry, that makes NMR a privilege spectroscaescriptor of reactivity.

References

1) Spectral identification of organic compounds, Eds. Silverstein, Webster and Kiemle, Wiley&Sons,
2005.

2) a) Metal Olefin Complexes: Revisiting the De@aattDuncanson Model and Deriving Reactivity
Patterns fromCarbonl3 NMR Chemical Shift. C. P. Gordon, R. A. Andersen, C. Copéret Helvetica
Chim Acta 2019, 102, €1900151. b) Carti8riNMR Chemical Shift: A Descriptor for Electronic
Structure and Reactivity of Organometallic Compounds C.P. Gordon, C. Raynafddggen, C.
Copéret, O. Eisenstein, Acc. Chem. Res. 2019, 52.22888 c) Nuclear Magnetic Resonance: A
Spectroscopic Probe to Understand the Electronic Structure and Reactivity of Molecules and
Materials. C. P. Gordon, L. Latsch, C. Copéret J. Piays. Cett. 2021, 12, 2072085. d) Classifying

and understanding the reactivities of Miased alkyne metathesis catalysts from 95Mo NMR

chemical shift descriptors. Z. Berkson, L. Latsch, J. Hillenbrand, A. Furstner, C. Copéret, J. Am. Chem.
Soc. 2022, 1441502@15025.
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PLO08 Singlemolecule magnetic resonance spectroscopy: methods to
applications

Professor Jiangfeng bu
1Zhejiang University, Zhejiang, China

Plenary 7 & 8, Lomond, July 12, 2023, 084515

Magnetic resonance (MR) is one oétmost important techniques for characterizing compositions,
structure and dynamics of molecules. However, current methods need billions of uniform units on
centimeterscale to accumulate large enough sigttahoise ratio. High sensitivity MR techniques a
urgently needed for new applications on single molecule. A quantum sensor to accomplish single
molecule detection is the nitrogemacancy (NV) defect center in diamond. By combining the

guantum controls and long coherence time of NV, we have experinigmtalized single molecule

scale nuclear MR and electron spin resonance. This talk introduces the major works we achieved
along this line. (I) Single molecule MR spectroscopy. We obtained the firstgrotgén spin

resonance spectroscopy under ambi@ainditions [Science 347, 1135 (2015)], the electron spin
resonance spectroscopy of single molecules under physiological conditions [Nature Methods 15, 697
(2018)], and developed the zefeeld electron spin resonance spectroscopy on nanoscale [Nature
Comnunications 9, 1563 (2018); Science Advances 6, eaaz8244 (2020)]. (II) Microscale MR imaging.
Using NV sensor, we realized nanoscale MRI of ferritins in a single cell [Science Advances 5, eaau803
(2019)], and the Immunomagnetic microscopy of tumor tissuigls micrometerresolution [PNAS

119, e2118876119 (2022)]. These results, together with the relation works in the field, open a door

to nanoscale/single molecule MR and will be potentially used as a new tool on a broad range of
scientific areas from lifecgence to physics and chemistry.



532

PLO09 Hyperpolarized*C NMR metabolomics at natural abundance

Professor Patrick Giraudéau
INantes Université, CNRS, Nantes, France

Plenary 9, Lomond, July 12, 2023, 18:1%:00

NMR spectroscopy isa@ntral method for metabolomics. However, it mostly relies on 1D *H
spectroscopy, which provides an acceptable sensitivity but suffers from ubiquitous overlap between
complex metabolite patterns. NMR offers a wide range of rmutlear and multdimensioral

techniques for analyzing complex samples, which have the potential to profoundly change the way
metabolomics studies are conducted. In the past few years, we showed how fast 2D NMR methods
could be systematically incorporated into metabolomics workflogrsviding improved sample

Of  aAAFAOFGA2Y | YRK2NI 0A2YI NJSNI ARSYGAFAOF GA2Yy
F2N) ASyaArAdAgdAaGe NBlFazyab LINPOGARS + FANBROG adlh 38
be even more advantageous aprovides narrow singlets spread over a broad spectral range. In fact,

13C NMR would be ideal for metabolomics, were it not for the fact that its low sensitivity is not
compatible with the detection of loveoncentrated analytes at natural abundance.

In this context, we recently showed that Dissolution Dynamic Nuclear PolarizatiDNRJ could

provide a unique way to detect *3C NMR metabolomics spectral signatures with a sensitivity
enhanced by several orders of magnitude. After reaching excellent reipétavith a prototype d

DNP equipment, we showed that 13C NMR at natural abundance could be applied to plant extracts
and incorporated in a full metabolomics workflow. We then systematically optimized the parameters
involved in our eDNP setting, leadingp major sensitivity and resolution improvements. Thanks to

this optimization, we recently reported the firstNRenhanced 3C NMR analysis of a bioftuid

urine- at natural abundance, offering unprecedented resolution and sensitivity for this chal@gngin
type of sample. We also showed that accurate quantitative information on multiple targeted
metabolites could be retrieved through a standard addition procedure.

These results open many perspectives for3C Midsed metabolomics at natural abundancet bu
also raise a number of analytical challenges in terms of metabolite identification, cost and
throughput. We will discuss the potential of this new approach, as well as undergoing
methodological developments based on multiple receivers or ultrafast 2D tiktRould further
improve its performance.
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PL10- EPR spectroscopy at the interface to NMR: high field ENDOR and DNF

Professor Marina Bennati
Max Planck Institute for Multidisciplinary Sciences, Gottingen, Germmsyitute of Physical
Chemstry, University of Gottingen, Goéttingen, Germany

Plenary 10 & 11, Lomond, July 13, 2023, 0814615

Latest developments in magnetic resonance spectroscopy are aimed at increasing sensitivity and
resolution for nuclear spin detection, which is limiteg thhe small energy splitting at the available
polarizing magnetic fields. A powerful approach is taking advantage of the larger magnetic moment
of unpaired electron spins and hyperfine couplings to transfer polarization to nuclear spins. It
provides the bais for polarization transfer experiments at the interface between EPR and NMR,

which can be cross fertilized. The talk will illustrate recent progress in hyperfine spectroscopy,
particularly electroanuclear double resonance (ENDOR), as well as dynacleanypolarization at

shared magnetic fields, in the solid and liquid state. In ENDOR, we can detect nuclear spins up to the
second ligation sphereM 2 nm) of a paramagnetic center. We have recently demonstrated that at
magnetic fields comparable to NMB.4 Tesla), ENDOR can resaji#chemical shift tensorg®

j dzZ RNHzLJ2 £ I NJ ydzOf SA | yRI Ay O2yadzyOliAz2y GAGK 1y«
measurements in the angstrom to nanometer range. For hfanced NMR detection in liquids, we
have reently implemented a new instrument at 263 GHz/9.4 Tesla with optimized NMR

performance, for which the availability of 263 GHz ESR is mandatory. Progress and strategies for
ENDOR and DNP applications will be discussed.

CA3dzNBE MY Hc oENDOV RdISOG NIt R FTubCYAGNREARS NI RA (
distance of 6.6 A. Asymmetry in the spectrum reveals chemical shift anisotropy, whereas the peak
splitting arises from electrenuclear dipolar coupling.

‘e gl T b
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PLO11 Chasing the invisible: protein dynamics by Ma&I solution NMR

Prof Paul Schanda
Unstitute of Science and Technology Austria (ISTA), Klosterneuburg, Austria
Plenary 10 & 11, Lomond, July 13, 2023, 0814615

Visualizing the internal motioraf proteins is often instrumental for the understanding the link
0SG6SSY I 05 a0NHzZO0dzNBE yR GKS LINRPGSAY QA Fdzy Of
experimental technique. In NMR, often the most interesting parts of proteins seemcaonbe

invisible. What makes those states invisible and how can we gain insight into functional dynamics?
This presentation highlights the use of NMR, both in solution and in the solid state, and specific
isotope labelling to probe dynamics at different tiraad length scales, ranging from local side chain
rotations to entire domains unfolding.

We will show the use of specific isotope labelling schemes to zoom into motions of side chains at
great detail. The introduction of isolated 1E3C pairs in diffengt aromatic rings has allowed us to
address questions like: how does the packing of proteins in crystals, or within an amyloid fiber,
restrain side chain motions?

We will then show the somewhat unintuitive finding that the formation of a disulfide bhoddces

extensive us dynamics of a large part of a peroxireductase enzyme complex of >200 kDa. Lastly, an on
even longer length scales, we reveal an intriguing mechanisms of a protein, which has evolved to

stop itself from premature assembly, by-egisting with a state that is largely unfolded.
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PLO12 Strong Gradients in MRI: Applications, Caveats, and Future
Directions

Assistant Prof Chantal TFéx
1Cardiff University Brain Research Imaging Centre (CUBRIC), School of Physics and Astrondmy, Cardi
United Kingdom?University Medical Center Utrecht, Urecht, Netherlands

Plenary 12 & 13, Lomond, July 13, 2023, 171330

The launch of the Human Connectome Project in 2010 sparked a resurgence of interest in leveraging
stronger gradients for MRI gpticularly for quantifying tissue microstructural changes. In diffusion
weighted MR, stronger gradients offer advantages such as shorter echo times, highetcigoiak

ratios, and shorter diffusion times for a givervalue. This talk will explore ¢happlications where

strong gradients have demonstrated benefits in fundamental and clinical research. The caveats
associated with strong gradients will be discussed, and the future of strong gradients in NMR and
MRI will be considered, highlighting thetpatial for further advancements and their impact on
increasing our fundamental knowledge and improved patient care.
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PLO13 Investigating structure, dynamics, and intramolecular interactions in
a peptide catalysed reaction by modern NMR methods

Jens Nowad, Matthias Brausét Raffael C. WendgPeter R. Schrein€iProfessor Christina Thiéle
IClemens Schopf Institut fir Organische Chemie und Biochemie, Technische Universitat Darmstadt,
Darmstadt, Germany)nstitut fir Organische Chemie, JusilisbigUniversitat Gielzen, Gielzen,
Germany

Plenary 12 & 13, Lomond, July 13, 2023, 17i@30

We present our study on a peptidsased organocatalyst that enables the enantioselective
monoacylation of racemic trarsycloalkanel,2-diols.r A dynamic bindingpcket formed by the
acylated catalyst intermediate was proposed by molecular mechanics as well as by DFT
computations. Herein, we describe a structural study using RDCs and NOEs yielding a conformer
ensemble that allows a detailed analysis of the caialgsd Y2 RS 2F | OUA 2y dy

Furthermore, we present an NMR titration strategy? of the peptide catalyst alone and in mixtures

with the two diol enantiomers to quantify intramolecular interactions by several complementary

NMR methods. The values obtained are weline with the synthetic results and the observed

aSt SOADAGE & ¢KS NBadzZ 6a AYRAOFGS GKFG | 33INB:S

Acknowledgements. This work has been supported by the German Research Foundation (DFG) under
grant agreement TH1115/12.

REFERENCES

[1] C. E. Mdller, L. Wanka, K. Jewell, P. R. Schreiner, Angew. Chem. Int. Ed. 2008¢@¥88180

C E. Mdller, D. ZeR. Hrdina, R. C. Wende, L. Wanka, S. M. Schuler, P. R. Schreiner, J. Org. Chem.
2013, 78, 84668484.

[2] E. Prochazkova, A. Kolmer, J. ligen, M. Schwab, L. Kaltschnee, M. Fredersdorf, V. Schmidts, R.
C. Wende, P. R. Schreiner, C. M. Thiele, Angew. .Gherad. 2016, 55, 157§85759.

[3] P. Thordarson, Chem. Soc. Rev. 2011, 40,-13@8.

[4] J. Nowag, M. Brauser, R. C. Wende, P. R. Schreiner, C. M. Thiele, unpublished results



Tutorials Abstracts



534
TUTOO1: Beating thedds on Journal Acceptance

Prof Warren Warren
Duke University, Durham, United States

Tutorials Session, Lomond, July 11, 2023, 134515

The scientific journal landscape is changing rapidly, particularly with the handful of highlywselecti
journals which try to cater to broad science audiences. As an example, Science Advances (the open
access member of the Science family) receives about 20,000 submissions per year and ends up
rejecting about 90% of them, mostly without review. Understaigdihe selection process (and thus
avoiding some of the mistakes which make it harder for an editor or reviewer to see broad

significance and impact) gives your work the best chance to be appreciated. | also expect to discuss
the issues associated with opeccess and publication charges, the process by which manuscript
aFt26 R2oya 2y NB2SOlA2y> YR (KS LINRPOS&aa TF2NJ
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TUTOO1: Best Practice in Scientific Publishing

Professor Tatyana Polendva
tUniversity of Delawar, Department of Chemistry and Biochemistry, Newark, United States
Tutorials Session, Lomond, July 11, 2023, 134515

In this tutorial intended for earkgareer researchers, | will discuss best practices in scientific

publishing. | will give a broadrerview of Journal of Magnetic Resonance and Journal of Structural
Biology. I will then outline the publishing process, including a choice of a journal, considerations for
how to prepare a strong paper, a general structure of a manuscript, the submissioass, and

I dzi K2NBQ NBalLRyairoAfAdASad L gAff faz2 RA&Odz 2
guidelines on how to become a good reviewer.
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TUTO002: Artificial intelligence for a busy NMR spectroscopist

Professor llya Kuprg\Prof Viadilav Orekhot/
1School of Chemistry, University of Southampton, Southampton, United KingBemartment of
Chemistry & Molecular Biology, University of Gothenburg, Gothenburg, Sweden

Tutorials Session, Lomond, July 11, 2023, 134515

Computer scientis and technology staips would put on airs of sophistication and have you
believe that Al is some ul timodern wizardry. It is not: neural networks are just matrector
product sequences with simple functions in between, machine learning used tallee cegression
and statistics, and backpropagation is just carefully implemented chain rule. XKCD has a good
summary in the figure on the right.

What did vastly improve in the last ten years is data availability and computing power. A threshold
had bee crossed; mostly by NVidia on the hardware side and by the Internet on the data votume
whereupon variations of existing techniques started yielding dramatic results.

Basic mathematical methods used in artificial intelligence and maddaraing go back to 1805

(least squares fitting), 1874 (singular value decomposition), 1933 (probability calculus), 1943
(perceptron), and 1951 (stochastic gradient descent). In this tutorial lecture, we will start with that
history and connect the latestewspaper drama to simple algebganostly familiar things from

matrix quantum mechanics.

This tutorial lecture will come in two parts: first, a fbiging tour that will put the AI/ML diagrams
and jargon next to the straightforward mathematical operaticthat are actually being performed;
next, an overview of Al/ML data processing and experiment design in the context of magnetic
resonance.

THIS 15 YOUR MACHINE LEARNING SYSTETM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE LWJRONG? )

JUST STIR THE PILE UNTIL
THEY START (OOKING RIGHT

i
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INVOO1- Timeresolved solid state NMR pfotein folding, amyloid peptide
aggregation, and other processes

C. Blake WilsdnJaekyun Jedr, Kent R. ThurbérWaiMing Yad, Dr Robert Tycko

Laboratory of Chemical Physics National Institute of Diabetes and Digestive and Kidney Diseases
National Institutes of Health, Maryland, United Statélsstitute for Bioscience and Biotechnology
Research University of Maryland/National Institute of Standards and Technology Rockuville,
Maryland, United States

Parallel 1: BioNMR, Lomond, July 10, 2023511.2:45

Introduction and Methods: We have developed experimental methods for probingdiependent
structural conversion processes in biomolecular systems on the millisecond time scale. We call these
methods "timeresolved solid state NMR". In our epments, a process of interest is initiated by

rapid mixing of two solutions or by a rapid "inverse temperature jump", both of which can be
accomplished in one millisecond or less. After a variable evolution period for structural evolution, the
solution B frozen in less than one millisecond to trap transient intermediate states: Low

temperature, DNRenhanced solid state NMR is then used to extract molecular structural

information.

Aims and Results: Previous studies used #iesdlved solid state NMR ttharacterize

tetramerization process of melittin, a 2@sidue peptide from bee venom, following either a rapid

pH jump (from 3.0 to 7.0, see Jeon et al., Proc. Natl. Acad. Sci. 2019) or a rapid temperature drop
(from 95° C to 30° C, see Wilson and Tydké&m. Chem. Soc. 2022), and to characterize the process
by which calmodulin forms complexes with a target peptide in the presence of Ca2+ (see Jeon et al.,
J. Am. Chem. Soc. 2020; Schmidt et al., Proc. Natl. Acad. Sci. 2022). This lecture will foces on mo
recent studies.

In one recent study, we used a combination of timesolved solid state NMR and time resolved light

scattering to examine oligomerization by the-dgsidue amyloid LISLIGARS o6!innoz A
rapid pH drop from 12.0 to 7.4 (seeah et al., Nature Commun. 2023). The combined data reveal
GKFG 'inn Y2tSOdA# Sa dzyRSNH2 | I NBS O@2N¥ESG2AYI

strand, in less than one millisecond, even before a significant population of dimers appears.
Subsegent conformational changes are minor for many minutes, even as oligomers grow to sizes
exceeding 100 molecules.

In another recent study, we applied timresolved solid state NMR with rapid inverse temperature

jump methods to the folding process of HPa5yellstudied model system for protein folding that

KFra 0SSy aK2gy LINBOA2dzate (G2 F2fR GgAGKAY wmn >32
studies, they also reveal that the microsecetimdescale main folding event is followed by a
millisecondtimescale annealing process in which the conformations and packing of amino acid
sidechains in the HP35 core is optimized (Wilson et al., manuscript under review).

| 2y Ot dZaAz2yayY wSadzZ G& F2NJ YSEtAGGAY GSGNI YSNAT |
oligomeiization, and HP35 folding amply demonstrate the value of #iesolved solid state NMR

methods in studies of the molecular mechanisms of process that have genuine biological importance
and biophysical interest. Future studies will apply similar technigo@sher classes of processes.

For example, preliminary results from studies of ligliighid phase separation by leaomplexity

protein domains and studies of DNA hybridization may be presented, if time permits.
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INVOO2- Visualizing the mukstepfolding trajectory of an intrinsically
disordered scaffold protein upon binding to the small GTPase Racl

Lenette F. Ecole Normale Supérieyferancesco S. leldsiuiza Mamigonian Besga [ | dzNJ  a | NJ
Pérez, Agneta Kiss Elisabetta Boeri ErbaDr Guillaume Bouvignie’s Andrés PalenciaDr Malene
Jenseh
nstitut de Biologie Structurale, Grenoble, Fraritestitute for Advanced Biosciences, Grenoble,
France 3Ecole Normale Supérieure, Paris, France
Parallel 1. BioNMR, Lomond, July 10, 2023, 1@25!5

Introduction

Activation of the preapoptotic eJun Nterminal kinase (JNK) cell signalling pathway is initiated by
binding of the small GTPase Racl to the scaffold protein POSH (Plenty Of SH3s). Racl is known to
recognize sacalled CRIB motifs, h@ver, POSH contains only a partial CRIB motif within its 180
amino acid intrinsically disordered region. The molecular details of how Racl recognizes POSH
therefore remain elusive.

Aims

The aim of the study is to map the precise binding site of Racl on POSH, to reveal the structural basis
for their interaction and to visualize the structural, dynamic and kinetic details of the felging-

binding mechanism of POSH.

Methods

The interation between Racl and POSH is studied by NMR titrations in combination with chemical
exchange saturation transfer (CEST) experiments. The thermodynamic profile of the interaction is
elucidated by isothermal titration calorimetry, while the structural ditaire determined using-bay
crystallography.

Results

We identify a novel recognition mode for Ragaihding to a norcanonical CRIB motif in the

intrinsically disordered region of POSH. We demonstrate that the interaction involves two molecular
recogniion elements (MRE1 and MRE?2) covering an impressive 55 amino acids of POSH, and we
obtaine the crystal structure of the POStacl complex at 1.2 A resolution showing complete folding
of both MREs upon binding to Racl. Using an extensive set of CEST erfs®enme map the kinetic
details of the folding trajectory of POSH upon binding to Racl. We show that the interaction initially
proceeds through binding and instantaneous folding of MRE1 followed by a reversible folding event
of MRE2 on the second time $ean the surface of the GTPase.

Conclusions
Our work provides insight into the complexity of binding mechanisms employed by intrinsically
disordered proteins and offers novel structural insight into effector recruitment by Racl.
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INVOO3- The use of EPR spectroscopy to study metal transcription factors
in-vitro and incell

Professor Sharon Ruthstéin
Department of Chemistry, Faculty of Exact Sciences and the Institution of Nanotechnology and
Advanced Materials, Bdlan Universi§, RamaiGan, Israel

Parallel 2: EPR/ESR, Alsh, July 10, 2023,-124%

Bacteria are skilled survivors in higtetal ion environments. Some metals are essential but can be
detrimental above a certain concentration in the cytosol. Thus, bacteria hasgerl complex
processes to regulate intracellular metal homeostasis. Metal transcription factors play a role in this
regulation. They respond to metal ions and control gene transcription to protect bacteria from-metal
induced stress. Upon metal bindingpet metalloregulator protein induces conformational changes in
the DNA promoter sequence, leading to transcription initiation and subsequent transcription of
genes that mediate adaptive responses to the toxicity of the targeted metaly Xrystallography

and cryeEM tools have provided insights into the structures of these transcription factors bound and
unbound to the DNA and metal ions. However, intermediate conformations, which offer a better
understanding on their mechanism of action, have not beegeted by these methods. EPR
spectroscopy can help bridge these gaps. Our lab focuses on studying three-seppiive

transcription factors from grampositive and granmegative bacteria: E. coli CueR, M. tuberculosis
CsoR, and S. pneumoniae CopY. Usangty of spiAlabelling techniques and EPR measurements on
both protein and DNA, both in vitro and-aell, we demonstrate how metal ions initiate

conformational changes that regulate gene transcription. In this presentation, | will discuss the
behaviourand control of gene transcription by different transcription factors.
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INVVOO4- In situ and operando filrelectrochemical EPR: a new tool that
enables insights into surfadsund molecular electrocatalysts

Dr Maxie Roessler
imperial College LondeMolecular Sciences Research Hub, London, United Kingdom
Parallel 2: EPR/ESR, Alsh, July 10, 2023,-1245%

Unpaired electrons play an important role in a wide range of redidxen catalytic processes in both
chemistry* and biology?. Controling their location and exploiting the interactions with their
environment can provide key mechanistic information into these catalytic reactions. In this talk I will
discuss how we have used and developed-E&ded techniques to gain mechanistic insights in
electrocatalysis.

I will introduce filmelectrochemical EPR spectroscopy (FEEPR) and show that it is a powerful tool to
investigate surfacébound molecular catalysts, which are increasingly of interest in sustainable
chemistry. With FEEPR we have direct and accurate cofitto2 3SNJ 4§ KS NBR2E &0 G ¢
redox centres in proteindWe can further monitor the evolution of radicals during redox reactions,
including catalysis, in real time under flow conditions, at room temperature and in agueous saiution.
Such irsitu and operando FEPR provides detailed insight into the mechanism of nitregatalysed

alcohol oxidation. FEPR gives access to substrate binding affinities, catalytic rate constants and
reduction potentials during catalysis, and provides a new rsadrbenchmarking electrocatalysts

and their reactions. Lastly, | will provide an outlook for the application ¢ to biocatalytic

reactions.

1 M. M. Roessler and E. Salvadori, Chem Soc Rev, 2018, 4722534

2 K. H. Richardson, M. S&ifldne, A. Sills and M. M. Roessler, Methods Enzymol, 2022, 666,
233¢296.

3 K. Abdiaziz, E. Salvadori, K. P. Sokol, E. Reisner and M. M. Roessler, Chemical Communicatior
2019, 55, 884€8843.

4 M. SeifEddine, K. Abdiaziz, S. Cobb, M. Bajada, E. Rermhét.al. Roessler, under review.
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INVOO06- Recent advances in EPR cryoprobes

Dr Vidmantas KalendtaJustinas TurcakProf. Juras BanysProf John Mortof®, Dr Mantas
Simenas
Faculty of Physics, Vilnius University, Vilnius, Lithuélnimdon Cetre for Nanotechnology,
University College London, London, United Kingdiept. of Electronic & Electrical Engineering,
University College London, London, United Kingdom

Parallel 3: Hardware, Boisdale, July 10, 2023, 10235

Inspired by the success NMR cryoprobes, we recently reported a leap in EPR sensitivity by
equipping ordinary EPR probeheads with cryogenicrioige microwave amplifiers [1,2]. Here, we
discuss recent advances in the field concentrating on tHeQd version of the cryoprob@ur

probehead is equipped with a cryogenic ultcav-noise amplifier and its protection circuit that are
placed close to the sample in the same cryostat. Our cryoprobe maintains the same functionality and
compatibility as the commercial instrument allowgihighpower pulsed EPR experiments of typical
samples. The sensitivity improvement provided by our setup is benchmarked using pulsed and
continuouswave EPR, as well as pulsed ENDOR experiments revealing a significant reduction of the
EPR measurement tin®y a factor of about 15x.

The reported research is supported by funding from the European Union HORMZ0R2021-PF01
al NA S { {-QueefFeligwship-(Project ID: 101064200; SPECTR)

OoMB ~AYTYl & SiG | f o éandEPRUSIE probehgad with 4 aybgerdc S LI 7
preamplifier. J. Magn. Reson. 322, 106876.

WHB +@ YIfSYRNIZ Wd ¢dzNBI 13X WendQhaydEERREWithV® W [ g
cryogenic amplifiers independent of sample temperature. J. Magn. Reson. 346, 107356.
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INVOOS&- Elucidating Structural Complexities and lon Mobility Mechanisms
in LbLOHCI

Dr Karen JohnstdnMr George RudmanDr Theodosis Famprikifr Tavleen Attatj Dr Abby
Hawortht, Dr Emma McCaBgeDr James Dawsbn
Department of Chemistry, Diham University, Durham, United Kingdotbglft University of
Technology, Storage Electrochemical Energy, Department of Radiation Science & Technology, Delft,
NetherlandsDepartment of Physics, Durham University, Durham, United Kingtichpol of
Naturaland Environmental Sciences, Newcastle University, Newcastle, United Kingdom
Parallel 4: Solid State NMR, Alsh, July 10, 2023, -15/44%6

All-solid-state Liion batteries are attracting considerable attention as feasible alternatives to
conventional ligid electrolytebased devices, as they present a viable opportunity for increased

energy density and safety. In recent years, numerous candidate materials have been explored as
possible solid electrolytes, includingdtuffed garnets, argyrodites, thbISICONs and complex

spinels. Lrich antiperovskites (LIRAPS), including Li3OCI and Li20OHCI, have also generated significant
interest, based on their reported ionic conductivities.[1] However, the precise mechanism(s) for ion
transport within such systenis still the subject of considerable debate, along with the room

temperature structure of Li2OHCI. Our current research efforts have focused on the synthesis and
structural characterisation of Li2OHCl and the séli@d f dziA 2y [ Aob Eh | Efréom( 2 AF
temperature structure of Li2OHCI and establish the structural motifs responsible for ion conduction
within LIRAPs. Using a combination of techniques, including neutron powder diffraction, multinuclear
solid-state NMR spectroscopy, muon spin relagatspectroscopy and ab initio molecular dynamics,

we have successfully identified the phases of Li2OHCI that can exist at room temperature and the
O2y RdzOGA2Y LI GKgle&a @At oftSd 2SS gAff-orRSY2Yyal
transport ishighly correlated with both the proton and-ian vacancy concentrations and

temperature. We will also show that the Li ions are free to move through the structure, whilst the
LINPG2ya FNBE NBAGNAOGISR G2 &zt St &ndingsNBdihe sthrgyy 2 7
correlation between longange WA 2y G NJ YALRZ2 NI FyR hlb NRGdniA2y >
hopping mechanism, which suggests that theith antiperovskite system is an excellent candidate
electrolyte for allsolid-state batteies.[2]

References

1. Y. Zhao and L. L. Daemen, J. Am. Chem. Soc., 2012, 134, 15042.

2. J. A. Dawson, T. S. Attari, H. Chen, S. P. Emge, K. E. Johnston and M. S. Islam, Energy Enviror
Sci., 2018, 10, 2993.
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INVOO9- To high dimensions and back again

Prof Vladislav OrekhgwWir Amir Jahangitj Xiao Ha®y Adnane Achodr Dmitry Lesovoy Panagiota
Georgoulid, Dr Tammo DiercksDr Bjérn Burmarmiz L NJB y |-Buankanit,S\dlfg@ng Bermé|
TatianaAgback, Peter Agback
! Department of Chemistry and Molecular Biology, Swedish NMR Centre, University of Gothenburg,
Gothenburg, SwederScience for Life Laboratory, Department of Medicine, Karolinska Institute, and
Division of Infectious Diseases, Karska University Hospital, Stockholm, Swed&nemyakin
Ovchinnikov Institute of Bioorganic Chemistry RA, Moscow, Russian FedelstR,Platform, CiC
bioGUNE, Derio, Spaffepartment of Psychiatry and Neurochemistry, University of Gothenburg,
Gothenhurg, Sweden®Bruker BioSpin GmbH, Rheinstetten, Germabgpartment of Molecular
Sciences, Swedish University of Agricultural Sciences, Uppsala, Sweden

Parallel 5: Theory and Computation, Boisdale, July 10, 2023-15:45

NMR spectroscopy providesomic-level information about molecular structure, dynamics, and
interactions. Higkdimensional NMR spectroscopy offers the highest resolution and information
content by correlating multiple spins. However, processing such experiments requires advanced
nonlinear algorithms, and the analysis is usually tedious. In this presentation, we will discuss new
developments in spectra processing using artificial neural networks (NN) and deep learning.

An alternative approach to achieving resolution and informasaonilar to that of a higldimensional
spectrum is through Focused Spectroscopy (FOSY). FOSY utilizes frequency selective polarization
steps in a short and easily interpretable 2D experiment for a given spin system, such as a protein
amino acid residue. Thiapproach achieves higher sensitivity and resolution equivalent ta2 4
experiment.

We will illustrate this new methodology using several protein systems, including the globular 44 kDa
Maltl and intrinsically disordered Tau441 proteins.
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INVO10- Towards exact firsprinciples predictions of spilattice relaxation
in magnetic molecules and soladate defects
Dr Alessandro Lunghi

1School of Physics, CRANN Institute and AMBER centre, Trinity College, Dublin, Ireland
Parallel 5: Theory and Comptuba, Boisdale, July 10, 2023, 15:45:45

Spinlattice interaction is one of the main limitations to the spin lifetime in semiconductors and the
control of such interaction is key for the development of technologies based on spin. Although spin
lattice relaxation has a central role in the physics of magnetism and magnetic resonance, its
theoretical formulation is mostly based on a phenomenological approach and a quantitative
understanding of its microscopic origin is often lacking.

In this contributionl will show the progresses in developing a computational approach able to tackle

the challenge of predicting spin I G G A OS 6¢s 0 NBfIEFGAZ2Y FTNRBY TFANE
a spin Hamiltonian description of magnetism and exploits the thebppen quantum systems in

order to describe the dissipative effect of phonons on the spin degrees of freedom. This formalism is
then mapped onto electronic structure theory, such as Density Functional Theory and Complete

Active Space SCF, in order to detare all the parameters of the model in a full fystinciples

fashion[1].

Such computational strategy is shown to be able to quantitatively predictgpamon relaxation
time in solid state compounds[1]. Results for both molecular crystals of Kraomsrand soliestate
defects/impurities will be presented. The list of materials includes prototypical molecular qubits,
such as S=1/2 V(IV) complexes[1], skighemagnets, such as S=3/2 Co(ll) and J=15/2 Dy(lIl)
compounds[13], and negative vacanciesdimmond and hexagonal boremitride[4].

Ab initio spin dynamics is able to explain the dependence oflgftice relaxation time with respect
to temperature for all the investigated compounds, making it possible to individuate the origin of
slow relaxaion. Moreover, we successfully disentangled all the spin and molecular interactions
leading to spipphonon coupling, making it possible to discuss future directions for this field and
possible strategies for the enhancement of spin lifetime in sstiide spin systems.

References:

[1] A. Lunghi. Science Advances, 8, eabn7880 (2022)

[2] M. Briganti, et al. The Journal of the American Chemical Society, 143,(13635 (2021)
[3] S. Mondal, A. Lunghi, The Journal of the American Chemical Societ3298822975 (2022)
[4] S. Mondal, A. Lunghi, arXiv 2212.11705 (2022)
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INVO11- Pure Shift NMR of Aqueous Biofluids: Towards Quantitative
Metabolic Profiling
Professor Nicolas Giraud

lUniversité Paris Cité, Paris, France
Parallel 6: Solution NMR lheds, Lomond, July 10, 2023, 15:45:45

Lymphoma refers to the group of blood cancers developing from lymphocytes, which are key
infectionfighting cells of our immune system. Diffuse Larg@éell Lymphoma (DLBCL) is the most
common aggressive nedoddin lymphoma. Although DLBCL treatment outcome has significantly
improved, 40% of patients will be refractory or relapse and die.

Over the last years, metabolism has become a major topic in cancer research, unveiling new
approaches to decipher the meahism of the disease and develop new treatments.[1] In this

context, we are carrying out a collaboration with Dr. V. Baud (INSERM, Univ. Paris Cité) and Prof. C.
Thieblemont (Hospital Sakttouis, Paris) to describe the basal metabolism of Lymphomanes| li

and understand how strategies based on the combined use of metabolic inhibitors can overcome
drug resistance in DLBCL.

We will present the methodological developments carried out in our group to acquire Pure Shift 1H
NMR spectra [B] with efficientsuppression of the water signal on biofluids. We will show how this
approach can be used to detect in an hour all the metabolites at concentration as low as 10 uM in
extra-cellular media, yielding a very good separation of their NMR signals. We wilibdelsow the
statistical analysis of the metabolic profiles determined from these ultrahigh resolution data allows
for getting a unique insight into the metabolic pathways that are key to Lymphoma cells and
understand the mechanism of action of antimetaloatirugs.[4] We will also present for the first time
a workflow for quantifying metabolites in several biofluids based on Pure Shift data.[5]

1. Eur. J. Cancer 93,-18 (2018).

2. Prog. Nucl. Magn. Reson. Spectros¢8860), 120 (2015).
3. Chemisty - A European Journal 24 (53), 139B&00 (2018).
4. J Proteome Res 21 (4), 164351 (2022).

5. Anal. Chem. 94, 43, 1497141984 (2022)
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INVO12- NMR Discrimination of Enantiomers at Submicromolar
Concentration via Parahydrogénduced Hyperpolazation

Dr Marco Tessdri
Magnetic Resonance Research Center, Radboud University, Nijmegen, Netherlands
Parallel 6: Solution NMR Methods, Lomond, July 10, 2023, -16/4%

Reversible association of small molecules and parahydrogen to an iridium catalyst forms the basis of
SABRE techniques for nuclear spin hyperpolarization in solution [1]. Under suitable conditions,
hyperpolarization of the transient complex resulting frohistreversible association can be exploited

to detect specific analytes at concentrations much lower than routinely observed in thermal NMR
measurements. In this respect, the iridium catalyst employed in SABRE can act as an NMR
chemosensor, allowing the etive detection of dilute analytes in complex mixtures, with no
interference from the signal background due to other species in solution [2,3].

Here, recent work concerning the NMR detection and discrimination of enantiomers in complex
mixtures by norhydrogenative Parahydrogen Induced Polarization (nhPHIP) will be presented. These
results demonstrate that it is possible to quantitatively discriminate enantiomers atrsatlbmolar
concentrations in biofluids or natural extracts without any prior fuotilization or separation.

References

[1] R.W. Adams et al., Science, 323, 17081 (2009)

[2] N. K. J. Hermkens et al., Anal. Chem., 88,-340@ (2016)
[3] L. Sellies et al. Chem. Comm., 55, 72338 (2019)
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INVO13- SolidState NMPof Pharmaceuticals and Plant Cell Walls

Professor Steven Brown
Department of Physics, University Of Warwick, Coventry, United Kingdom
Parallel 7: Materials, Lomond, July 11, 2023, 1012545

SolidState magieangle spinning (MAS) NMR is a valuabld in the characterisation and study of
active pharmaceutical ingredients (APIsp]|1Heteronuclear #C correlation experiments are
invaluable for assignment, while homonuclearHHdoublequantum (DQ) singlguantum (SQ)
experiments reveal proximgs (typically under 3.5 Angstroms) among pairs of hydrogen atoms. In

I RRA G A2 spectrasshgiy onbond NH connectivities or additionally longemge NH proximities
depending on the recoupling time employed. In the emerging NMR crystallography ¢oncep
(recognized as a sub area by the International Union for Crystallography and, in the UK, by funding
for a collaborative computational program for NMR crystallography, www.ccpnc.ac.uk), experimental
solid-state NMR is complemented by fixgtinciples calalations of NMR parameters using the

GIPAW (gaugmcluding projector augmented wave) densftynctional theory planewave approach
that is particularly suited to periodic solids. In addition, the talk presents the application-8{C3C
refocused INADEQUEDQGSQ to plant cell walls incorporating 13C labelling [6,7].

[1] Maruyoshi et al, J. Pharm. Sci. 2017, 106, 3372.
[2] Tatton et al, Cryst. Growth Des. 2018, 18, 3339.
[3] Corlett et al, CrystEngComm. 2019, 21, 3502.
[4] Mann et al, J. Phys. Chem. B 2020, 124, 4975.
[5] Rehman et al, J. Pharm. Sci. 2023, 112, 1915.
[6] Simmons et al, Nature Comm. 2016, 7, 13902.
[7] Yu et al, The Plant Cell, 2022, 34, 4600.
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INVO14- SolidState NMR Studies of Materials for Energy Conversion and
Storage

Professor Arno Kentgehsiongtao Qb Ernst R.H. van Ec¢iMiss Shrestha BanerjgePaul
Tinnemany, Helen Grinigér Jop Wolff§ Dr Jennifer S. GomeDr. Gilles de Wijs
Unstitute For Molecules And Materials, Radboud University, Nijmegen, Netherlands

Parallel 7: Materials, Lomond, July 11, 2023, 101245

In our quest to reduce our carbon footprint, ultimately to net zero emissions we face many
technological and fundaental challenges in chemistry, physics, and materials science. Therefore, a
multitude of research is taking place on new materials for energy conversion and storage. As the
function of these materials relates to their structure and dynamics, NMR has\arglsle to play in
this research. During the past decades, setate NMR has emerged as a powerful tool to aid in
understanding the working and failing mechanisms of energy conversion [1,2] and storage [3]
materials and devices.

All-solid-state lithum batteries have gained recognition as the future of (mobile) energy storage,

offering a secure and extended lifespan while significantly surpassing current technology in terms of
energy density. We investigated-Aly’ O 2 N1J2 NI AdiAt2{y] A ydzétra 4 grovideainsighislid

the effect of Aldoping on the structure and dynamics irRAHP{ 4@ aiSY4d wnIpB6d ybpb!
I f dzY Ay dzyY ydzOft SA O22NRAYIlI GSR o0& &adzZ FdzNJ I NB @SNE
solid-state NMR study of variza  LJ2 f @ Y2 NLIKA 2 F | f dzY A y dzY -odhdzf FA RS
LIK2ALIKIFGS 6! ft{joy 6KAOK KI a aaKdopAFionl®BrigsAila S | a
combination with powder Xay diffraction and density functional theory (DFT) calculatioves

Of F NAFe (KS Faai3dayyYSyil a-S eodrdinationsind bepovt theirNER | £ & (G 2
parameters including chemical shift anisotropy and quadrupolar interaction parameters.

Over the past decade, hybrid halide perovskite materials haveioaghthe attention of many
researchers with their exceptional photoluminescent and photovoltaic properties, sparking intense
interest and exploration for potential applications in areas such as photovoltaicselhgiting

diodes (LEDs), photodetectotsy R 0 S@2y R® ¢KSANI dzyAljdzS !'- -1 &adN
based materials properties are highly tunable, by changing the size and number of A/B/X species,
GKSNE - A& I KIfARS® ¢KS wuubL |jdzf RNHzLI2 fshinNts A y (i S

ddzZNNRP dzy RAy3ad '3 NBOASHSR AY WHB uyublL bvw &LISC
transitions and its line width correlates to the powder quality as well as to the shage dynamics.

LG sAff 0S aK2gy (KI io sudysompositonal variaisrs in Ndlide @slwgll 6 S
as cation mixing.

[1] W.M.J. Franssen, A.P.M. Kentgens, Solid State Nucl. Magn. Reson. 2019, 480, 36

[2] L. Piveteau, V. Morad, and M.V. Kovalenko, J. Am. Chem. Soc. 2020, 142194313

[3] O.Pecher, J. CarretetGonzalez, K.J. Griffith, C.P. Grey, Chem. Mater. 2017, 224213

[4] Qu, H., Wang, Y., Ju, J.W., Van Eck, E.R.H., Cui, G. and Kentgens A.P.M., Phys. Chem. Chem. Ph
2023, 25, 49956006

[5] Wang, Y., Qu, H., Liu, B. et al. Nam@un. 2023, 14, 669
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Introduction: Molecular imaging is a promising tool for a more personalized medicine. Magnetic
Resonance Imaging (MRI) offers a great potential, provided selectivity and sensitivity issues are
solved. Our team hmimplemented an Overhausenhanced imaging method (OMRI) at 0.2 Tesla to
detect and localize proteolysis in vivo in mice with enzjtargeted smart biocompatible nitroxide
radicals. MRI contrast is brought by electrfanproton polarization transfer in eouble resonance
experiment (5.4 GHz for EPR, 8.25 MHz for NMR). Such an approach would be invaluable to diagnose
inflammatory diseases where upregulated massive proteolysis occurs but the current approach is
limited by low penetration depth of the micraaves.

Aims: The objective is to transfer our method to a very low magnetic field which allows proteolysis
detection on larger animals. Therefore a MRI system operating at 206 uT was built in order to carry
out OMRI in living rats.

Methods: The hardware isomposed of a&xis BO cage, a gradient set, a-pmdarization coil (20

mT), a transmireceive 1H REoil (8.7 kHz), a transmitnly EPR coil (72 MHz), a gpelarization

driver, independent transmitter channels for proton and electron, a proton rerethannel, and a
system control unit. The NMR signal was recorded at 206uT both ipgiagized and in OMRI
experiments.

During an exam, a stable nitroxide (3CarboxyProxyl, 100mM, 100ul) was instilled in rat lungs prior to
the in vivo OMRI experimen8D MR images were also acquired after the-podarization step for

OMRI signal localization.

Results: Results show that nitroxides are visualized in 3D within a few minuteadostistration in

the lungs, the kidneys and the bladder.

Conclusion: As arpofcof-concept the system allows in vivo OMRI in rats and shall be used for
molecular imaging of inflammation using proteasgecific nitroxide probes.

Funding: EC H2020/FETOPEN programme GA No 863099.
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INV016- Overhauser DNP for Online NMR &pascopy

J. Phuony R. Kirchét S. Mross H. Hasse Mrs Kerstin Miinnemarin
RPTU Kaiserslautern, ErvichrodingerstralRe 44, 67663 Kaiserslautern, Germany
Parallel 8: Benchtop/Low Field MR, Alsh, July 11, 2023,-124%

NMR spectroscopy is antedctive analytical technique for reaction and process monitoring. The
robust benchtop NMR spectrometers that have become available recently have extended the
applicability of the method to industrial processes. Process monitoring is often carried dineon

the mixture that is to be analysed is pumped through the analytic instrument, which is operated in
flow mode. In these setups, the volume of the line between process and analysis should be small and
flow rates should be high to enable a fast transporthe analytic instrument. In NMR spectroscopy,
this is in conflict with the time needed for sufficient polarization bwifg] which is particularly
problematic for benchtop NMR spectrometers because of their compact design. However,
hyperpolarization m#éods like Overhauser Dynamic Nuclear Polarization (ODNP) are well suited to
overcome this problem because hyperpolarization buitdhappens on very short timescales and can
be performed under continuous flow [1]. We demonstrate continuflosr ODNP enhared *H NMR
measurements with a 1T benchtop spectrometer with immobilized TEMPO radicals [2] in pure
solvents and in binary solvent mixtures and show that the range of accessible flow rates can be
greatly expanded by the application of ODNP.

It is desiral® to use also ODNP enhanced *3C NMR spectroscopy for online monitoring application
because of its superior chemical resolution which enables the analysis of complex mixtures. For the
hyperpolarisation of 13C via ODNP under continuous flow we comparedtitfsirategies: direct
polarisation of 13C via dipolar and/or scalar hyperfine interaction to the radical or-podagsation

from ODNPpolarized *H nuclei. We demonstrate that ODNP enables also contifloeusC NMR
spectroscopy with a 1T benchtop spemeter.

References
[1] R. Kircher, H. Hasse, K. Minnemann, Analytical Chemistry 93, 2§388972021).
[2] R. Kircher, S. Mross, H. Hasse, K. Minnemann, Molecules 27, 6402 (2022).
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INVO17- Pulse(d) dynamic nuclear polarization

Dr Guinevere Mathiéls
tUniversity Of Konstanz, Konstanz, Germany
Parallel 9: Hyperpolarization, Boisdale, July 11, 2023, 1024585

In pulsed dynamic nuclear polarization (DNP), electron polarization is transferred to nuclei by means
of a microwave pulseegjuence. With the help of spin dynamics and optimal control, the polarization
transfer can be fully optimized. The eventual goal is to improve the sensitivity ofésglution
magicangle spinning (MAS) NMR beyond what is currently possible with contwave DNP

methods like the soligtffect and the croseffect.

For the time being, pulsed DNP experiments are only possible at low magnetic fields. The basic
reason is that suitable microwave sources are not available above roughly 95 GHz. Neveitheless
recent years considerable progress has been made in the development of DNP pulse sequences.
Beyond the original NOVEL sequence,[1] there now exists a family of DNP sequences, for which
matching can be accomplished at conditions compatible with-figld MAS DNP.{3]

The theoretical description of the transfer of polarization by periodic DNP pulse sequences in a
dipolar-coupled electromuclear spin system is under control (Figure 1). Numerical simulations of
this process are a useful tool to inviggtte the efficiency of pulsed DNP conditions, but, in the

current form, form do not always correctly predict the experimental results. Moreover, the ultimate
DNP pulse sequence has not yet been found. In my talk | will update you on the latest development
and insights.

1. Henstra et al. J. Magn. Reson. 77,-389 (1988)

2. Tan et al. Sci. Adv. 5(1), eaav6909 (2019)

3. Redrouthu and Mathies J. Am. Chem. Soc. 144(4)£1518 (2022)
4. Wili et al. Sci. Adv. 8(28), eabq0536 (2022)

5. Redrouthu, KumaMathies J. Chem. Phys. In press
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INVO18- DNP on a GPQ@Renhancement strategies and frozen motions

Dr Johanna Beck&aldus, Dr. Alexei Yelise&\Dr. Thomas T JosepiProf. Snorri Th. Sigurdsgon
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Introduction

Tremendous progress has been made in the structural characterizatiorpod®in coupled

receptors (GPCRS) in the last decade. Structural information alone could so far not provide a detailed
understanding of signalling specificity, and the dynamic natu@RECRs probably plays an important
role in their function. There are not many methods to characterize protein dynamics. NMR is such a
method but not all timescales are easily accessible. An alternative approach is to stop the motions
by freezing the protai resulting in heterogeneously broadened spectra, representing the
conformational space available to the protein at ambient temperature regardless of the timescale of
the motion.

Low measurement temperatures are also required for E¥Ranced MAS NMR mettis and can be
ideally combined with studies of GPCRs at low temperatures to boost the sensitivity and enabling
experiments which otherwise would be impossible to do. Best signadncement depends on the

type and concentration of the polarizing agent apgland the composition of the matrix and have to
be tailored to the type of sample.

Aims

First, we aim to find optimal sample preparation conditions for EE:NRanced MAS NMR on

detergent micelles of membrane proteins. Secondly, we want to study the aoiataynal space of

the GPCR cannabinoid receptor 2 (CB2) in the presence of different ligands using the unique pair
approach.

Methods

DNRenhanced MAS NMR spectroscopy, Unigaé labelling

Results and Conclusion

We could show that the amount of glycerarcbe reduced in DNP sample preparations and that
AsymPolPOK is very suitable for the study of membrane protein detergent micelles. Two sites in CB2
could be studied with three different ligands, showing large heterogeneous broadening as expected
from a nobile protein. We could identify differences in mobility of the two sites and in one of the
sites the mobility depended on the type of ligand.
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INVO19 Optically generated spin polarization in diamond and
chromophoreradical systems

Assistant Profl@udia Avalod's
INew York University, New York, United States
Parallel 10: Single Molecule/NV, Alsh, July 12, 2023, 102445

The negatively charged nitrogen vacancy (NV-) center in diamond exhibits a triplet ground state that
canbespind2 f  NAT SR I yR NBIFIR 2dzi 2LIGAOFIffted 1'a | NB
magnetometer as well as a spin polarizing source for increasing the sensitivity of NMR. Many
schemes involving magnetic field shuttling, pulsed and/or continuous wagwave irradiation

have successfully led to large 13C nuclear spin polarization in the bulk diamond. However, none of
these methods so far have been used to effectively polarize a bulk sample external to the diamond.

In this presentation | discuss sorakthe challenges faced when polarizing nuclei external to the NV
diamond lattice, some possible strategies as well as distinct chromophdieal (ER) systems that

could also serve as spin polarizing sources. Unlikee&hters, carefully designed yystems could

have the advantage of being compatible with generalizable dynamic nuclear polarization methods.
Given the vast chemical space that is possible in these systems, computational studies are vital to aid
in the rational design of-® molecules wit desired electronic and spin properties. | present some

recent work where we calculate vertical excitation energies and-spirelation parameters of

several pentaceneadical systems using existing computational methods. We use the obtained

results to ationalize some of our past and recent transient electron paramagnetic resonance and
transient absorption results on pentacemadical and pentacenbiradical systems.
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INVO20- Nuclear magnetic resonance at nanoscale enabled by diamond
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Nuclear magnetic resonance is a key technique for unravelling molecular structure and dynamics. The
major drawback of this method is its limited sensitivity related to noisy inductive detection and low
polarization of nuclear spins under ambient conditioge will report the new technique based on
diamond spin qubits allowing to improve the sensitivity of NMR and improve spatial resolution and
sensitivity of the NMR spectroscopy to nanoscale. Furthermore, we will discuss the use of optically
polarizable daimond spin qubits as a source of polarization of nuclear spins. We will also discuss the
limits of spectral resolution of liquid state nanoscale NMR am methods to overcome limitations

related to diffusion related broadening.
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osteogenic differentiation and searching for markers of therapy resistance
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Professor Ana Gil
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The first part of this talk will focus on stem cell (SC) differentiation into bone tissue for biomedical
bone repair protocols. As bone tissue growth does not always achieve identical tehesters of

native bone, one way to optimize the process is to use osteoinductive metabolites, to stimulate
differentiation while ensuring minimal amounts of-ddfferentiation (mainly adipogenesis) occurs.

An NMR metabolomics characterization will begasted of the endeand exometabolome time
course adaptations of human adipose mesenchymal SC (hAMSC) to osteogenesis, in 2D cultures.
Results unveil candidate osteoinductive metabolites (both polar and lipidic) that may stimulate
differentiation into a puwe osteogenic lineage. The effects of different donors (a poorly understood
and largely unpredictable issue, often hindering efficient differentiation) and underlying cell
proliferation will be considered, to help elect a specific and dendependent meabolic signature
specific of SC osteogenesis.

In the second part of the talk, the issues of therapy resistance in estrogen reqagsiive (ER+) and

in triple-negative breast cancer (BC) will be addressed making use of the medroxyprogesterone
acetate (MPA) mice tumors and cell metabolomics, respectively. In the former case, the transition
between responding and resistant ER+ tumors will be described through untargeted metabolomics
and particular pathways highlighted as potential new therapeutic targeeégiarding triplenegative

BC, a new platinumesistant cell line will be compared with a sensitive cell line, as to their metabolic
traits as a function of time. The identified distinguishing metabolic features will be advanced as
candidates for targetednerapies in resistant cases of tripiegative BC.

Funding

This work was developed within the CICE&G@iro Institute of Materials project (UIDB/50011/2020,
UIDP/50011/2020 & LA/P/0006/2020) financed by national funds through the FCT/MCTES (PIDDAC),
FCTFRundacao para a Ciéncia e a Tecnologia, I.P. (projects Bettet®@2c04286.PTDC &
BIOIMPLANPTDC/BTMDRG/28835/2017, SFRH/BD/145920/2019, SFRH/BD/150655/2020,
PD/00065/2013), and Portuguese National NMR Network (PTNMR) (Project No. 022161).
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Introduction. P53 is the most mutated gene in cancer, with about 50% of cancers harboring a single
missense mutation. p53isaDMM Y RAY 3 (NI YAONRLIIA2Y Tl OG2NJ FNB
3Sy2YSé¢ GKFG NBIdzA I GSa& Ydzt A LI Sresdds. Ofedttieladt) F dzy O (]
decade, it has also been identified as a key regulator of cell bioenergetics metabolism. In addition to
the loss of tumor supression function, many mutations of p53 result in the stabilization of mutant

forms of the protein exerting wide range of ganof-function effects.

Aims. We aim at gaining specific insights into the metabolic landscape of TP53 mutations, in order to
decipher the complex interplay between genetic factors, cell metabolism and alterations in
epigenetic landscapunderlying carcinogenesis.

Results. We present a comprehensive NMR metabolomics investigation of TP53 mutations across
model cancer cell lines, primary human fibroblasts with constitutive p53 mutations, and mouse
models. An integrative, mulbmics, mitivariate analysis of the obtained molecular fingerprints will
be presented.
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The low natural abundance (~0.015%) and small gyromagnetic ratio (6.54 MHz/T) of deuterium (3H)
reduce the available NMR signal compared to *H. Howéhe quadrupolar moment of 2H leads to
shorter longitudinal relaxation times that allow faster signal averaging, partially compensating for the
reduction in intrinsic signab-noise ratio. The minimal equipment modifications required for
implementing 2Hmaging and the simplicity of the required pulse sequences, mean that 2H imaging
has significant potential for clinical application. This has led to an increasing interest in the use of
deuterium magnetic resonance in conjunction with injection or ingestf 2Hlabelled compounds,
particularly labelled glucose or heavy water, as a means of monitoring cellular metabolism (1,2).
Residual quadrupolar splitting of the 2H signal from water also potentially provides a way of probing
tissue microstructure inivo (3).

Using a Philips 7T scanner equipped with a-tuaéd 2H/*H head coil we have monitored glucose

ONI Ay YSGFro2ftAaY Ay wmn KSI f-# Kiabdledrgl2&©(0.285g/Kg2 f 2 ¢
body weight). Signals from the glucose (Glc) ichetabolic products (glutamate/glutamine=GIx

and water=HOD) are readily detected, with significantly increased signal strength (~x 3.5 Glc, ~x 1.5
Df E YR d E -labetteg glucdsd The Fathddyshein has been used to characterise the HOD
signds from different brain tissues in healthy participants who increased their deuterated water
content to ~1.5% by drinking heavy water (4). We also measured theciimese of 2H signal

changes in the brain immediately following ingestion of heavy watéBTAwe have investigated the
orientation dependent quadrupolar splitting of the 2H signal from HOD in muscle (3) and have
demonstrated double quantum filtered chemical shift imaging in vivo. We are currently evaluating

the level of incorporation of 2H ifat in subjects loading with heavy water over-avdek period.

De Feyter et al. Science Advances 2018;4:eaat7314.
De Feyter and de Graaf. IMR 2021; 326:106932.
Gursan et al. MRM 2021;87:11-8373.

Cocking, et al. MRM, 2023: 89;151821

NS s



61

INVO24- Fieldcycling NMR relaxometry for the development of
paramagnetic large protein assemblies as high relaxivity MRI contrast
agents

Professor Giacomo Patigi
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Introduction

The strategy to reduce the risks associated with the administration of MRI gadolinium(lll) contrast
agents can pass through the use of complexes with higher efficiency, so that the injected dose can be
sizably reduced. Molecular reorientation times in the nanosecond timescale are needed to achieve
the highest efficiency at the fields of MRI scanners. This can be achieved by functionalizing low
molecular weight gadolinium(lll) complexes to bind noncovilyein macromolecules, by confining

them within nanosized matrices, like nanogels, or by exploiting nanosized gadoliniagEt
compounds. To this aim, gadolinium¢dfmplexes have been conjugated to multimeric proteins and
their relaxation propertis have been investigated as a function of the magnetic field using the fast
field cycling relaxometry technique.

Results

The relaxivity profiles of Gldbeled large protein assemblies, as the tetrameric protein asparaginase?
or the protein cages Aat’3 and OP,2 show a remarkably high relaxivity at MRI fields, ca. five times
higher than that of clinically used contrast agents. The analysis of the relaxivity profiles sheds light on
the origin of the observed relaxivity enhancement. The main contributisearirom a correlation

time modulating the protorelectron dipoledipole interaction amounting to few nanoseconds, i.e.,

only one order of magnitude longer than that of the unbound paramagnetic complex, but optimal for
high field MRI.

Conclusions

The large relaxivity of protein assemblies opens up the possibility of their use as gratsd

theranostic agents. Asparaginase, for instance, is currently in clinical use against acute lymphoblastic
leukaemia. Furthermore, since each of floeir protein subunits contains 22 lysine residues, which

can be largely functionalized, a huge amount of paramagnetic chelates can be conjugated, so that
asparaginase represents an attractive carrier for the delivery of a high payload of paramagnetic ions

Licciardi et al. Bioconj. Chem. 2022, 33, 2411
2Kaster et al. ACS Appl. Bio Mater. 2023, 6, 591
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INVO25- Tracking Degradation in Commercial Li Batteries with High
Chemical and Temporal Resolution
Professor Lauren Marbella
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Anodefree batteries offer the highest specific energy density fdvdsed batteries, but practical
application is plagued by the growdi high surface area Li deposits. The presence of these Li
filaments is strongly correlated with the formation of dead (electrochemically inactive) Li that leads
to low Coulombic efficiency and serious safety concerns. Yet, electrifyingdeateemodesf
transportation will rely on energy dense technologies. Commercial batteries present unique
challenges because the way that electrodes are stacked inside of a multilayer cell impacts Li
deposition due to differences in pressure in the system. In this takill discuss our efforts to use
operando NMR spectroscopy to probe buried interfaces in these systems and quantitatively detect Li
growth, dead Li, and electrolyte decomposition. We find that electrolyte formulation and cathode
degradation dominatesdttery performance for anodéree configurations. Once these parameters
are optimized, electrode stacking geometry can be tuned to further increase Coulombic efficiency.
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Hen eggwhite lysozyme promotes the formation of condensedtai microparticles from silicic acid
solutions under milder conditions than the standard-gel synthesis (1). A similar chemistry appears
to be applicable to titania and other akidation state oxides. However, little is known about the
mechanism of tk reaction, and even less so about the fate of the protein after the reaction is
completed.

Over the past years, we applied a wide range of structural biology methodolageading MAS

NMR and spifabelling EPRfor understanding the interactiondiween the protein and the

precursor (2), and for studying the protegilica interface (5). Our results indicate that the nature

of the proteinprecursor interaction is chiefly electrostatic. After the reaction, the main contribution
to the confinementof the protein within the composite is steric, even though electrostatics provide
some orientational preference.

From the NMR standpoint these composite represent a significant challenge because of the dilution
that the matrix imposes on the protein corapent and vice versa. To overcome this limitation, we
have applied DNP (3) but also developed alternative processing methods for increasing the SNR a
posteriori (6,7).

This work has been supported by:

Project no. IR0O00000Scall MUR 3264/2021 PNRR NIA/L3.1.1 (European Union

NextGenerationEU)

The PONR&I20nHAn LINPINF YZI | OGAZ2Y L+xodn a52002N) GSa
EU H2020 PANACEA (101008500)

References:

. Heather R Luckarift et al., Small, 2006, 2 (5)¢648

. Lucia Gigli et al., Biomolecules, 2021, 11 (1), 43

. Enrico Ravera et al., ChemPhysChem, 2015, 16 (13}28803

. Francesco Bruno et al., Langmuir, 2022, 38 (26),-8030

. Francesc@&runo et al., Journal of Composites Science, 2023, 7, (5), 188

. Francesco Bruno et al., Analytical Chemistry, 2020, 92 (6);444381L

. Francesco Bruno et al., Magnetic Resonance in Chemistry, 2023, &/ 3873
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constants. Removing these splittings can substantially enhance the sensitivity of NMR detection.

| 26 SOSNE G(GKS 3ASYSNIf dzaS G LJzNBE akKATié baw YSi{F
Is to remove such splittings from a single resonance, SHARPERSitive, Homogeneous And

Resolved PEaks in Real time) is a superior technique, as it eliminates magnetic field inhomogeneity
YR LINPRdzOSa akKINL) aAdylfa GKFEG FLLINRFOK GKSAN

Aims. To further improve the sensitivity of SHARRIERtsa and optionally to remove chemical shift
dispersion of signals by using a CPMG acquisition mode.

Results. We will demonstrate that, compared to the original use of selective pulses for the removal of
homonuclear splittings, the use of short sg@oho intervals (< 1.0 ms) in combination with ron

selective pulses represents a more efficient approach. We also show that the use of 96€tepin

pulses is advantageous in many instances and demonstrate a feasibility of removing the chemical

shift modulation of signals spanning thousands of Hz. By applying these concepts to the

measurement of translational diffusion of molecules, we have developed a SHARPER LINR (i 2 O
that boosts the sensitivity of DOSY experiments by up to two orders of magnitudejrentst and

reliable determination of diffusion coefficients at low concentration of pure compounds.

Conclusions. The concept of collapsing multiplets, parts or complete spectra, opens new possibilities
for characterisation of molecules and their mixtsrend is expected to find numerous applications in
liquid-state NMR spectroscopy.

Jones, A.B., et al., Anal. Chem. 89 1@a0821 (2017).
Davy, M., et al., Analyst, 147, 170208 (2022).
Dickson, et al., Chem. Commun., 58, 55387(2022).
SilvaTerra, A. |. et al., ACS Meas. Sci. AU@TR023).
Peat, G., et al., submitted, under review.
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INV028- Fast 2D NMR spectroscopy for online reaction monitoring

Dr Jeamicolas Dumez
INantes Université, CNRS, Nanfasince
Parallel 14: Solution NMR Methods, Lomond, July 12, 2023,-1&.4%

Two-dimensional (2D) NMR spectra provide a wealth of information on mixtures of small molecules.
2D NMR can notably address overlap and compound identification issues mettvtiMR. Classic

2D methods typically have durations of 10 minutes or more. Fast 2D NMR methods can reduce
durations by one order or magnitude or more by, e.g., spatial parallelisation of the indirect
dimension. This is particularly relevant for the real moring of chemical reactions.

Online monitoring by flow NMR has emerged as a powerful approach to study chemical reactions in
diverse and realistic conditions, with applications in fields such as catalysis and polymer science [1].
The sample flow makasnecessary to revisit some of the core concepts of NMR pulse sequences.
Interferences are for example expected between the flow and the effect of magnetic field gradients,
and this can prevent the use of fast 2D NMR methods.

Here we describe the devglment of fast 2D NMR that are applicable in flow, and for the-tiead
monitoring of chemical reactions. First, we show that ultrafast (UF) 2D NMR methods based on
spatial parallelisation can be adapted to yield COSY spectra in one or a few scan®{], 8ec
show that flowcompatible, fast diffusion ordered NMR spectroscopy (DOSY) methods can be
designed to collect 2D diffusion data in about one minute [3]. These developments are illustrated
with the monitoring of several organic reactions, as weihdie detection for a photochemical flow
synthesis [4].

These developments open many perspectives to extract detailed information from ongoing reactions,
with applications that include mechanistic studies of batch reactions and the design of autoaomou
flow reactors.

References:

[1] Hall et al., Catal. Sci. Technol. 6 (2016) 8406

[2] Jacquemmoz et al., Analyst 145 (2020) 478

[3] Marchand et al., Chem. Eur. J. (2022) €202201175
[4] Bazzoni et al., Chem. Eur. J. (2023) 202203240
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INVO29- Improving SABRE Hyperpolarization Using-Mtuitive Fields and
Sequences

Prof Warren Warreh S. L. ErikssénX. L4, M. W. Mamme#, J. R. Lindale
Duke University, Durham, United States
Parallel 15: Theory and Computation, Boisdale, JuB023, 15:45 17:45

Introduction: SABRE variants can produce significant polarization levels on clinically interesting
molecular targets. However, current advantages of SABRE (low cost, rapid polarization, broad ligand
suitability) are counterbalanced lgenerally lower polarization levels tharaNP.

Aims: SABRE operates in an unusual regime for magnetic resonance (in the heteronuclear case, the
2LIGAYLFE SELISNRAYSY dldp GXYWEA yok2SdeE FASSIYR yA & L& A G G
exchange rees are all comparable. As a result, most of the assumptions that make NMR tractable are
invalid. A practical consequence is that, while low fields offer the unique opportunity to fully
manipulate fields in three dimensions, very little exploration of paeger space has been done. This
presentation will develop a comprehensive theoretical picture of SABRE evolution dynamics,

validated by experiment.

Results: Sequences of rectangular or shapédids which never approach a matching condition can
improvepolarization. We also report two approaches with multiaxial pulse sequences that facilitate
direct measurement of the initial coherent dynamics in this complex system. The first approach,
analogous to many highield experiments, used decoupling along agEndicular axis to preserve

hydride singlet order. The second approach gets away from assuming a sequence structure, and used
an evolutionary strategy to optimize polarization under an arbitrary multiaxial field.

Conclusions: Excitation field optimizati@Multi-Axis Computeaided HEteronucular Transfer
Enhancement approach, or MACHETE SABRE) improves polarization moréoldaovér

continuous field SABRE SHEATH. An average Hamiltonian approach turns out to be insightful to
understand this. These wafgems, compatible with any-8hannel AWG and a simple multiaxial colil
array, present a new strategy for understanding polarization transfer and optimizing population
transfer in both magnetized and singlet states.
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INVO30- Non-Fourier dimensions iNMR spectroscopyg signal acquisition,
processing, and applications.
Professor Krzysztof Kazimierézuk

lUniversity of Warsaw, Warsaw, Poland
Parallel 15: Theory and Computation, Boisdale, July 12, 2023, 13:45

Multidimensional NMR experiments arentiaularly precious tools for chemical analysis. Typically,
recording a multidimensional signal amounts to measuring a series efliomensional FIDs at
different delay settings in a pulse sequence. Such data are processed using a multidimensional
Fouriertransform, often supported by extra procedures, such as, e.g.;umform sampling
reconstruction.

But are we limited to "Fourier" dimensions? Are time intervals the only parameters we can change
when generating a multidimensional signal? Numerous exampbntradict this limitation. My
presentation will summarize the neRourier multidimensional experiments my group proposed in
recent years and the appropriate signal processing procedures.

Specifically, | will focus on the experiments where sampliranadxtra dimension corresponds to

varying external conditions, such as temperature, concentration, or pH. | will describe the data
collection and dedicated processing methods involving compressed sensing and Radon transform, as
well as their related varias.

The results show that series of NMR spectra can be effectively processed using the Radon transform,
providing sensitivity boosts and facilitating the analysis. Moreover, many serial 2D+ experiments can
be effectively accelerated by a natationary N\MR approach, where the experimental conditions are
varied between indirect time&lomain points.

In summary, | will show that it is often worth considering a series-dinfensional NMR spectra as

an (N+1)imensional data object and appdjternative sampling and processing methods to the

extra, nonFourier dimension.

Funding: OPUS grant (2019/35/B/ST4/01506) from the National Science Centre of Poland.

Dass, R. et al. (2017). Journal of Magnetic Resonance, 28,1814

Nawrocka, E.ket al. (2019). Analytical Chemistry, 91(17), 13306315.

Romero, J. A. et al.(2020). Angewandte Chermgrnational Edition, 59(52), 234683499.

Shchukina, A. et al. (2021). Temperature as an Extra Dimension in Multidimensional Protein NMR
Spectoscopy. ChemistryA European Journal, 27(5), 1¢3367.

Nawrocka, E.K. et al. (2022). Journal of Magnetic Resonance Open, 100083
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INVVO31- Probing the conformational landscape of biomolecules in situ
using NMR spectroscopy

Agnes Adlés David Beashvilt, Salima Bahtj Ajit Bishoy, lulia Bodnariut Anamika Gadr Adil

Safeet, Gert E. FolketsProf. Dr. Marc Baldis

INMR Spectroscopy Group, Bijvoet Center for Biomolecular Research, Utrecht University, Utrecht,
Netherlands

Parallel 16: BioNR], Lomond, July 13, 2023, 10:42:45

Increasing evidence suggests that a full understanding of biomolecular function and disease requires
In-situ approaches that probe molecular structural and dynamics in a native setting. NMR is a non
invasive methodhat has made significant progress to study biomolecular systems in ah&gve
environment including bacterial, fungal or human cells. In our contribution, we have introduced

novel solidstate NMR (ssNMR) techniques to study complex biomolecular systesrisacterial® 2,

Fdzy 3k fw w FyYyR KdzYly OSfts aSidAyaed ¢KSaS YSiK?
3SFNBR (26 NR&a St dzOARIGAYy3a O2YLX SE Y2t SOdzf | NJ &
well as deciphering the dynamic lamdge of proteins inside cells and cell organelles. Examples of

such applications will be shown.

References

1. S. Narasimhan, C. Pinto, A. Lucini Paioni, J. van der Zwan, G. E. Folkers and M. Baldus, Nature
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INVO32- Multi-state protein structuresn vitroand in cells

Mr Roland Rigk
1ETH Zurich, Zurich, Switzerland

Parallel 16: BioNMR, Lomond, July2(®3, 10:45 12:45

Despite its essential role in the activity of proteins, the structural landscape with its multiple states

and the dynamic exchange between them is not vgalidied partially attributed to a lack of

experimental approaches. With the aeht of introducing exact Nuclear Overhause Enhancement
(eNOEs) mulstate protein structures of a handful of proteins such as cyclophilin, WW domain

(Strotz et al., Angew. Chemie, 2020), PDZ (Ashkinadze et al., Nat. Comm. 2022) and GB3 is establishe
elucidating the role of concerted motion in enzymatic function and protein allostery. However, the
established multistate protein structure determination protocol requires the collection of many

precise distance restraints restricting the analyses to-wellaved systems and NMR experts only.
Theoretical and experimental findings to be presented indicate that even in standard NMR
a0NHZOGdzNBAE 2F 6KAOK Y2NB (GKFy mMnQnnan KIF @S 0S¢
embedded in a significant portion of tlemsembles unlike one would expect. This opens an avenue

to a simple identification of correlated motions that are relevant for enzyme activity and protein
allostery. Given the large data set of known NMR structures, the general properties of protein

allostery and correlated motions can be elucidated and translated into a predictive tool for their
signatures in proteins for which first steps will be presented.

In addition, recent in cell NMR investigations show not only that protein allostery is also presen

cells, but that proteins comprise several distinct structural states in cells in part dependent on their
localization (Kadavath et al. Angew. Chemie, 2022).
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INVO34- MAS NMR analysis of proteins in trehalose matrix

Lisa Kohlét Patricia F&ensteirt, Patrick Kurlélucholski, Ruonan Qih Professor Alia Alia
(Matysik¥3 Chen SorigProfessor Jérg Matysik

tUniversitat Leipzig, Institut fur Analytische Chemie, Leipzig, Gerrframgsitat Leipzig, Institut fir
Medizinische Physik und Biophysik, Leipzig, Gerntasiden University, Leiden Institute of
Chemistry, Leiden, Netherlands

Parallel 17: Hardware, Alsh, July 13, 2023, 10255

As previously shown in EPR experimenjstfie sugar trehalose can provide a solid matrix for
proteins that can be studied with MAS NMR studies [2].

This method also allows to increase the concentration of the preteompared to an aqueous
buffer solution- to trap reactive intermediates ahto shield the protein from oxygen. In addition,
MAS NMR experiments are possible at room temperature, eliminating the cost of refrigeration.

In our group, we have studied a whole range of proteins in trehalose: photoreceptors as
phytochromes and cyanateteriochromes [3], plastidegrading enzymes [4] and flavoproteins [5].

Data from photeCIDNP MAS NMR experiments suggest that the lifetimes of thedidited states
are slightly altered, apparently because the electrical polarity of the proteilr@mwent is lower in
sugar matrix than in frozen buffer.

[1] M. Malferrari, A. Savitsky, M. D. Mamedov, G. E. Milanovsky, W. Lubitz, K. Mdbius, A. Y. Semenov,
G. Venturoli, Biochim. Biophys. Aet@ioenerg. 1857, 1440454 (2016).

[2] L. Kbhler, W. Gartner, J. Matysik, C. Song, PhotoChemPhoto 6, e202122D0DOI:
10.1002/cptc.202100220.

[3] L. Kbhler, W. Gartner, G, Salvan, J. Matysik, C. Wiebeler, C. Song, Chemical Science, online (2023
DOI: 10.1039/D3SC00636K.

[4] P. Falkenstein, Z. Zhao, A. Di Petatatelli, G. Kliinze, M. Sommer, C. SonnekeecW.
Zimmermann, F. Colizzi, J Matysik, C. Song, ACS Catalysis #&9&®(2023). DOI:
10.1021/acscatal.3c00259.

[5] P. KurleTucholski, L. Kéhler, Z. Zhao, G. Link, C. Wiebeler, J. Matysik, under review.
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INVO35- Solidstate NMR of Paramagtic Materials: many good reasons
for faster MagieAngle Spinning

Dr Guido Pintacuda
Lyon HigkField NMR Center (CNRS/ENS Lyon/UCBL), Lyon, France
Parallel 18: "ParaNMR", Boisdale, July 13, 2023, 102445

NMR studies of paramagnetic solids haveméraditionally plagued with low resolution and
sensitivity due to strong hyperfine couplings and relaxation enhancements, resulting in significant
isotropic shift dispersions, large anisotropies, and broadening or total absence of signals by
relaxation.This often results in the failure to detect signals by conventional NMR methods.

The recently attainable magangle spinning (MAS) rates >100 kHz and development of new
broadband RF pulse schemes has led to considerable improvements in resolutioxcaaticn
bandwidth, permitting the acquisition of spectra spanning >1 MHz with a single offset. We will take
the moves from a critical analysis of recent literature data and discuss the expected impact of fast
MAS on resolution and sensitivity of diffetddMR experiments on different classes of diamagnetic
and paramagnetic samples.

Furthermore, combining these experimental methods and st#téhe-art quantum chemical
calculations results in a powerful tool for determining local and electronic strustiarearamagnetic
solids. We will demonstrate the power of this technique on i@sed catalysts and olividgpe
mixedphase L-ion battery materials.
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INVO36- Synergy of paramagnetic NMR and computational chemistry

Dr Elizaveta Suturiha
Universty of Bath, Bath, United Kingdom
Parallel 18: "ParaNMR", Boisdale, July 13, 2023, 102445

Paramagnetic NMR (pNMR) can be a highly informative characterisation technique for small metal
complexes in solution. However, it is rarely employed by synthetic chemists due to difficulties in
analysis of pNMR spectra. Here, we show several case stddaslmanide and transition metal
complexes where computational chemistry helps to assign the peaks of solution *H, 13C pNMR
spectra. And more importantly we show how paramagnetic shift and paramagnetic relaxation
enhancement (PRE) data can be used toagetrrate estimations of the anisotropy of magnetic
properties including gensor and tensor as well as electron relaxation time.

The case studies include the shift and relaxation data analysis of (i) series of lanthanide complexes
relevant to PARASHIMRI probes [1]; (ii) an intermediate spin tBu(PN&jFeomplex, with a record
AKATAISR KE@RNARS aAraylrft |G b o plridgediCh®nd Mi iomplekgs Y
with extremely large exchange coupling.

[1] E. A. Suturina, K. Mason,FCG. C. Geraldes, N. F. Chilton, D. Parker, I. Kuprov, PCCP 2018, 20,
17676.

OHB Wd /& hiGdz 9¢ ! & {dzidzNAYyl X L® YdzLINR@ZI Wo
LYG®d 9RPHAHMIE CcnX HHYypC

[3] X Ma, EA Suturina, M Rouziéres, M PlatundVjlkelm, A Rogalev, R Clérac, P Dechambenoit, J.
Am. Chem. Soc., 2019, 141, 7721; X Ma, EA Suturina, S De, P Négrier, M Rouziéres, R Clérac, P
Dechambenoit, Angew. Chemie Int. Ed., 2018, 57, 7841
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INVO38- Using deep learning to unleash the fullteotial of NMR
spectroscopy

Professor D Flemming Hansen
lUniversity College London, London, United Kingdom
Parallel 19: Solid State NMR and Al, Lomond, July 13, 2023; 1345

Introduction

Artificial intelligence (Al) and deep learning are some efrtiost important technologies of our time.

In magnetic resonance imaging (MRI), Al methods are deployed extensively, whereas the uptake of Al
in nuclear magnetic resonance (NMR) spectroscopy has been sltwethis picture is now swiftly
changing.

Aims
The aim of this work is to integrate deep learning with NMR spectroscopy to allow for robust
autonomous analyses of complex NMR data and for new {kikHed methods.

Methods

We have shown that deep neural networks (DNNs) for analysis and transformatibiéRoflata can
be trained on fully synthetic data. Thus, tailored network architectures were trained with synthetic
data, whereas crosgalidations were performed with both synthetic and experimental data.

Results

13CGdetected protein NMR methods can bewvaohtageous because they offer superior resolution,
however, homonuclear scalar couplings often reduce the sensitivity and resolution. Our results show
that DNNs can be trained for virtual homonuclear decoupling efi&¥€cted spectra, where

decoupling othe spectra can be achieved by passing a single spectrum through the trained DNN to
yield a singlet spectrum of high quality.

Many tools have been developed to characterise dynamic and exchanging systems; however,
analyses of the resulting NMR data ofteimge on complex least squares fitting procedures and

human intuition. Deep neural networks were developed for the analysis of *H chemical exchange
saturation transfer (CEST) data, where the DNN not only accurately predicts the chemical shifts of the
nucld in the exchanging species, but it also determines the uncertainties associated with these
predictions.

Conclusions

NMR spectroscopy is a vital tool for many fields of science, however, analysis of NMR spectra and
development of new NMR methodill hinge on human intuition. Our research promises to propel
NMR into the future, where integration of deep learning with NMR allows for autonomous analyses
and new scopes.
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INV039- 17O Hyperfine Spectroscopy in Surface Chemistry and Catalysis

Professor Mario Chiesa
Department of Chemistry, University of Torino, Torino, Italy
Parallel 20: EPR/ESR, Alsh, July 13, 2023,-154%

Oxygen is a ubiquitous element and oxiolessed materials are of key technological importance in
different areas inluding advanced functional materials, solid state chemistry and catalysis. Many of
the key questions concerning these areas involve the understanding of the chemical bond, with
oxygen being in the first or subsequent coordinating shells. The spectrostogicof oxygen is
therefore of fundamental importance to elucidate the complex interfacial coordination chemistry
that underlies the development of materials featuring supported metal atoms on oxide surfaces.

G! RAa2NDPSRYX OKSYAAZ2NDIRMET BTYRSRIRER>I f fy ORRNBRNEB vy (i
variety of bonding interactions of an atom with the surface of a support, which can range from weak
dispersive interactions to covalent or ionic bonds depending on the degree of orbital overlap and
energy difference of the interacting orbitals. In the case of oséell species, the key features of the
chemical bond can be recovered at once by measuring the hyperfine interaction with isotopically
labeled oxide ions.

The hyperfine coupling betweektS St SOUNBY YR ubh ydzOf SIFNJ aLAY
about the local binding environment around opshell metal centers that allows to rationalize

a0 NHzZOG dzNB L LINRP LISNII @8 NBf A2y aKALA Ay @8pédivewn?z a0 F
ubh &dNFI OS SyNAOKYSYy(d 2F 2EARS YIFIGSNAIfAa FyR
interaction of paramagnetic metal atoms or ions with different oxidic supports featuring different
chemical properties such as basicity, iayiend reducibility. Emphasis will be given to the breadth of
AYVF2NXYIEGAZ2Y LINPOARSR 0@ ubh KELISNFAYS AyidaSNI Of
over the support and to the assessment of the local geometric structure in polycrystabiteziafs.

References
Liao, Y. L.; Bruzzese, P.; Salvadori, E.; Chiesa M. IMRO 2023, 100101.

Salvadori, E.; Bruzzese, P. C.; Giamello, E.; Chiesa, M. Acc. Chem. Res. 2022, 55, 3706.

Bruzzese, P. C.; Salvadori, E.; Jager, S.; Hartmann, M.; CBal&ppl, A.; Chiesa, M. Nat. Commun.
2021, 12, £13.

Morra, E., Signorile, M., Salvadori, S., Bordiga, S., Giamello, E., Chiesa, M., Angew. Chem. Int. Ed.
2019, 58, 1239812403.
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INVO40- Lightinduced pulsed dipolar EPR spectroscopy basedemtren
spin hyperpolarization

A. Bertran, S. Ciufi D. Panariti A. Barbo” M. Gobbd, M. De Zotfi, Y. E. KandrashRjm. van der
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Electron Paramagnetic Resonance (EPR) pulsed dipolar spectroscopy iesakéihed technique

to determine precise distance distributions between paramagnetic centers with distances ranging
from around 1.6 nm up to 16m. In combination with sit@lirected spin labeling, it is ideally suited

for structural characterizations of macromolecules and complexes, and has emerged as valuable tool
in structural biology.

In recent years, porphyrins have been introduced ingbkection of spin labels for dipolar

spectroscopy applications. In their ground state, these chromophores are diamagnetic and thus EPR
silent, but, upon laser photoexcitation, their triplet state can be populated via intersystem crossing
from the lowest egited singlet state, generating in this way the paramagnetic center.

Here we present various ligimduced techniques, which exploit the distinctive properties of the

porphyrin triplet state including the electron spin polarization. In combination wiiifoxide spin

labels or using two porphyrin probes, they enable both the distance and angular distributions

between the two paramagnetic moieties to be determined. Pulsed dipolar spectroscopy has been
applied on peptidebased spectroscopic rulers in ord® test the accuracy, sensitivity and distance

limits and it has been extended to paradigmatic proteins, containing an endogenous porphyrin
probety SAFFSNBY (G OKNRY2LIK2NBa gAOGK KAIK (NRLI S
hyperpolarization oft§ Yy AGNBEARS NI RAOIf KIFa 0SSy O2yaiR$

The methodology has a high potential for measuring nanometer distances in more complex biological
systems and for future waell applications.
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INVVO41- Breaking the limits in understanding glycan recognition in NMR
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Bilbao, Spain
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Introduction

Molecular recognition by specific targets is at the heart of the life processes. The interactions
between proteins (lectins, enzymes, antibodies) and carbohydrates mediate a broad range of
biological activities, from fertilization and tissue maturatiorpithological processes. The
elucidation of the mechanisms that govern how sugars are accommodated in the binding sites of
these receptors is currently a topic of interest.

Aims
Thus, unravelling the structural and conformational factors and the physiroidal features that
rule the interactions of these molecules is of paramount interest.

Methods

Solution NMR is unique in providing stereochemical and conformational information. Given the
inherent flexibility and dynamic properties of sugars, we use NiIRey tool for deducing at atomic
resolution molecular recognition processes in which glycans are involved, also assisted by a variety of
synthetic, molecular biology, computational and biophysical techniques. This presentation is focused
on the applicaibn of stateof-the-r NIi baw YS{iK2R&a 020K FTNRBRY GKS f A
to study molecular recognition processes between receptors of biomedical interest and glycans.

Results & Conclusions

As recent examples, key details of glycan recognhipthese receptors will be shown, with special
emphasis in the application of novel B@sed and paramagnetldMR methods, including the
interactions of the spike protein of SARS QoNith human immune lectins and cell glycaszs.t
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PTOO1 New insights on the intrinsically disordered amylbigta peptide
through singletstate, multtquantum and higkpressure NMR and
molecular simulation
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Germany
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Amyloidd SG I 611 0 F3IIAINBIFIIRA2YSAASBEIRETRY NBAE NRRIRY &
disease (AD). A vast body of knowledge on the structure, dynamics and aggregation of itypevild

YR Ydzit GSR !'i KFa 6SSy I OOdzydzZ  iSR 2@0SNJ GKS L
conformationalense@ f S 2F GKS AYyGNAyaAOlffe RAA2NRSNBR !
SELISNAYSyGEt | 00Saa (2 GKS gK2tS NIy3aIS 2F (KS
the complementary experimental and computational techniques. Recently, we have dedelope
glycinebased singlestate NMR method, which allows accessing glycine residues of proteins iR a site
specific manner (1). Using this method, we demonstrate that the ratio between the sstgtetand
spirtlattice relaxation times (Ts/T1) is a sengtprobe of dynamics at intermediate timescales and
reveals the distinctive temperatufB SLISY RSy i NRAIARAFAOIGA2Y 2F NBa
mobilization of its other five glycines. Integrating data from glydiased singlestate and methyl
crosscorrelated relaxation methods, we propose that the @38+M35 segment plays a crucial role

Ay GKS SEFNXe &adsSLia 27F !'i | 33NS5pmdssurk RVR agdithed hy |
recently developed mukguantum CEST methods (3), and proyideour knowledge, the first

experimental evidence of a salt bridge involving R5 sidechain in4heéSNNXY A y I £ NBEIA 2y 2
Through combining with MD simulation and quantum chemical calculations we further characterize
theR50 A SR al f { ndthFp&rehttbeffebtyf ADelated S8 phosphorylation on them.

Finally, we employ highressure NMR and MD simulation and demonstrate that therdi&xed

Ydzi F GA2ya 2F i FfO0SN)I adroAtAGe 2F 1'i FAONRL &
remarkable phenotypical heterogeneity of familial AD (5).

1. Sci Adv 2020,d0i:10.1126/sciadv.aaz1955.

2. ChemPhysChem 2021,d0i:10.1002/cphc.202100542.

3. J Phys Chem Lett 2020,d0i:10.1021/acs.jpclett.0c01322.
4. J Phys Chem Lett 2021,d0i:10.1021/acs.jpdle®2595.

5. J Phys Chem Lett 2023,d0i:10.1021/acs.jpclett.2c03729.
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Cells and most subcellular organelles are defined fromethgronment with lipid membranes. While
membranes are a vemfficient way to define distinct compartments, recently it was shahat the
cells are fundamentally organizedrimuch smaller anciumerous functional membraneless entities.
Currently, growingevidence show that these phaseparated membraneless organelles (Mg
ubiquitous and essential in all kingdoms of life. Essefutiadtions for the cellular homeostasis and
reproduction involving RNgynthesis, processing, storage and translation are linked witiviBs,
indicative examples are the nucleolus, paraspeckles, bajiés, P bodies and stress granules.
Recently we have establishedreethod to study phase separd liquid droplets in biphasic samples
by NMR, EPR and RAMAN spectroscopies. The stabilizationdrbtilets inside an agarose gel
allows not only to studgimultaneously the structure of the molecules in the two phases but

also explore the mechanism dfoplet rigidification over time or maturation. Even though droplet
maturation has been reported on many systems there isapmrted mechanism. We report here the
mechanism of how the dropletsf the RNAbinding protein Fused in Sarcoma (Fu&)sition from a
disordered liquid to a fibrillary solid state. Both solution awdid state NMR confirm the presence of
an invisible species that t®nverted into amyloid. Moreover the rate of amyloid converdioifowed
by NMR in the biphasic samplas/found about two timeaster than in the pure condensed phase.
Combining the data witlether biophysical techniques we propose the first model to exptaw and
why protein droplets transition from liquid into solid stat&his model has great implitans on how
we understand phasseeparation as it implies inhomogeneity inside the liquid droplets MR
should be further developed on this basis.
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G proteircoupled receptors (GCPR) play a vital role in intraleelsignaling pathways and control

various physiological processes in eukaryotes. The oligomerization properties of GPCRs, and hence
their cellular functions, may be modulated by various components within the cell membrane (such as
the presence of cholestol). Modulation may occur directly via specific interaction with the GPCR or
indirectly by affecting the physical properties of the membrane. Despite extensive investigations on
structure-function relationships of membrane G protetoupled receptors (GER), the effects of

membrane components, such as cholesterol and its derivatives, on oligomerization preferences
remains to be clarified.

Using double electron electron resonance (DEER) spectroscopy, we demonstrate different effects of
soluble cholesterahnalog cholesteryl hemisuccinate (CHS) and cholesterol derivative bile salt sodium
OK2t I GS 2y GKS 2fA32YRNSYISNAAY! WEROISS/ 6 3 Blih 20 Iran 057
AR is mostly expressed in cardiac tissue, where failure of cholesterthtiegcan develop into

various heart diseases. Global fitting of DEER echo curves fefr $pin S -ARRpon tiration with

sodium cholate and CHS demonstrates that saturation of micelles with the former induces receptor
dimerization, while specificbiddy 3 2F (GKS €1 GGSNJ G2 i m!'w AYKAOAL
monomeric form.

The more novel technigue for mimicking the natural membrane conditions are nanodiscs. Nanodiscs
are selfassembled phospholipid bilayer enclosed in two helical membrarféostgroteins. To
AYy@SaiaAaAarasS GKS RAYSNA ALl (-adefergicidBe@ tndlecuteSintda O 2 N1
single nanodisc. It appeared that unlike micelles, which restrict GPCR motion, thelikative

environment of nanodiscs provides more degsexd freedom, which is important for recognition by
different binding partners.

Knowledge about the role of membrane composition in modulating the GPCR oligomerization

process has fareaching pharmaceutical application. Our results illustrate how quantéaanalysis

of DEER data can contribute to studies of GPCR oligomerization.
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Histidinerich glycoprotein (HRG) is a ~70 kDa mammalian blood plasma proteineidiwolmany
essential regulatory biological processes, such as blood coagulation, cell migration and adhesion, and
angiogenesis. Surprisingly little is known about the structure of HRG. It exhibits alom#in
arrangement (see Figure) including tweaddminal (N1, N2) and onet€rminal (C) domains, and a
central histidinerich region (HRR) flanked by two prolineh regions (PRR1, PRR2). An experimental
high-resolution structure is only available for the N2 domain, while the PRRRPRR2 stretch is
predicted to be intrinsically disordered.

Metal ion binding to HRG, particularly of zinc(ll), plays a crucial role in regulating protein function.
HRG has multiple metal ion binding sites, however, since mammalian plasma is the main source of
pure HRG protei, systematic investigation of metal ion binding has been limited.

Here, we use a suite of EPR methods in combination with ITC and protein structure prediction to
assemble a holistic picture of metal ion binding to native mammalian HRG. We first demenkaat
copper(ll) can be used as a proxy for zinc(ll). Results show that HRGIfam&€al ion binding sites

of equal and high affinity, involving two or more histidine residues for coordination per site, and a
much larger number of lower affinity siteé®t involving histidine residues.

In summary, data suggest a variable, adapting fold of the predicted intrinsically disordered PRR1
HRRPRR?2 stretch.! Transient structural features of HRG induced by changes in metal ion loading
could be key for enablinggit regulation of HRG affinities for interaction partners and thus, HRG
function.

[1] K. Ackermann, S. Khazaipoul, J. L. Wort, A. I. S. Sobczak, H. EL Mkami, A. J. Stewart, B. E. Bode J
Am. Chem. Soc., accepted/in press.
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Figure 1. Domain structure of rabbit HRG. Disulfide
bridges are indicated by grey lines.
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Stationary phase electron paramietic resonance (EPR) spectroscopy, eresin EPR, has the

potential to considerably simplify purification procedures and functional analysis of G protein
coupled receptors (GPCRs). GPCRs play essential roles in a plethora of biological functgns linkin
extracellular stimuli to intracellular signaling pathways. Accordingly, these proteins represent a major
target for pharmacological treatment and play a crucial role in drug development and discovery.
Adenosine A2A receptor (A2AR) is a prototypical famiGPCR which adopts complex

conformational ensembles, depending on ligand and G protein binding. A stationary phase EPR
spectroscopic platform was developed for characterizing the conformational ensembles of A2AR,
while bound to an immobilized metal iaffinity chromatography (IMAC) resin. Thism@sin

platform provides sufficiently high local A2AR concentrations for conducting experiments ranging
from continuous wave (CW) to pulsed EPR without the risk of protein aggregation. Furthermore, this
approachyields comparable results to traditionalgolution measurements. Specifically, from

double electrorelectron resonance (DEER), we found that transmembrane helix 6 (TM6) of A2AR
adopts four separable conformational states showing a distinct outwardatisptent upon receptor
activation. The relative occupation of the inactive, intermediate and active states in the ensemble
depend on the type of ligand and G protein binding as expected for an allosteric network regulating
GPCR activation. The stationaryagh EPR platform proves to be highly efficient and suitable for
further understanding receptor activation. It could serve as a tool in drug discovery to investigate
signal transduction pathways.
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Recently, a theoretical and experimental study was presented that explains many aspects of the spin
dynamics associatewith the three microwave chirped pulse dynamic nuclear polarization (DNP)
experiments [1]. With an improved understanding of the spin dynamics of chirped pulsed DNP, we
performed experiments using the 94 GHz HIPER (High Powerapi@sil EPR) spectrortex located

at the National

High Magnetic Field Laboratory. Using chirped pulses, the polarization transfer efficiency can be
2LI0AYAT SR I YR =496 %ab Kdsefvedusirg) YaAmM tr@X063 as the polarizing

agent in a standard8-glycerol:D20:H20 : 6:3:1 glassing matrix at 70 K. The frequency swept pulses
enhance the nuclear magnetic resonance (NMR) signal, and also reduce the recycle delay,
accelerating the NMR signal acquisition.

Coherent pulsed DNP is still mostly limitedXdiand and Gband. We believe that our experimental
results at Wbhand provide strong support that coherent pulsed DNP methods should be further
RSOSt 2LISR i KAIKSNI YIFIYySGAOo FASt RaAY 6KSNB (F
DNP is one of #a most promising techniques at high fields.
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Introduction

We present improvements to sokstate nuclear magnetic resonance (SSNMR) methods using
versatile instrumentation comprised ofraagicangle spinning (MAS) dynamic nuclear polarization
(DNP) spectrometer with a highower frequencyagile gyrotron as a microwave source, a Martin
Puplett interferometer (MPI), and an electron paramagnetic resonance (EPR) detection circuit.
Aims

The impementation of the EPR detection will greatly improve the sensitivity of SSNMR as nuclear
coherences can be detected through the more highly polarized electron spins. Moreover, detection
2F (GKS FENRBONRY 2dziiLdzi oAt € SyNBIE SO KINBYOS\TasS iy
utilizing the microwave frequeneggility, such as DNP with electron decoupling.

Methods

This assembly allows for complete control of microwave properties, e.g. frequency, power, and
polarization providing optimal conditiorier DNP experiments with EPR detection. The gyrotron is
able to generate frequeneghirped microwaves over a bandwidth of 600 MHz with a power of
approximately 30 W. The MPI allows adjustments of the microwave power, and polarization from
linear to circuair by changing the path length in the interferometer. While circular polarization is
desirable for DNP experiments, linear polarization will allow for induatiacle EPR detection.

Results

As the interaction with electron spins in DNP and EPR experinseptdarization sensitive, it is
important to understand the generated microwave polarization. In general, gyrotrons emit linearly
polarized radiation, yet in this case elliptically polarized microwaves were observed from the
gyrotron window as was revealghrough the use of the MPI. The effect of the microwave
polarization on the DNP enhanced signal was investigated and an intensity increase of 34% for
circular versus linear polarization was observed. The EPR detection circuit has already been used for
characterizing the gyrotron output, constituting an important step towards electron spin detection.
Conclusion

With the control over the microwave properties, the basic framework for dual MASEMRPwas
established.
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Protondetected solidstate MAS NMR is a promising and versatile method for structure and function
determination of insoluble proteinsugh as amyloid fibrils, protein complexes, and membrane
domains. Multidimensional sequences (>3D)[1] are proposed to resolve spectral overlap challenges
and to yield connectivity between atoms. However, sensitivity remains the major obstacle to broader
applicability due to the integrated loss of sensitivity through multiple magnetisation transfer in high
dimensional pulse schemes.

The sensitivity of the multidimensional experiments can be systematically improved when both
transversal components of the maggisation are transferred simultaneously after an evolution
period, allowing the preservation of equivalent pathways (PEP), known in sekiitenNMR.

Here, we present solidtate home and heteronuclear TRansverse mixing based on Optaratiol
PulseqTROP) in multidimensional pulse schemes that allow one to systematically increase sensitivity
2F GKS SELSNAYSyGa oé | FLFLOG2NI 2F Ku LISN SI OK
collaboration with several partner NMR facilities. Additionahgaiobtained by improving the

robustness of optimatontrotbased pulses againstfield inhomogeneities.[3] Sensitivignhanced

2D hNH and 3D hCONH, hCOcaNH, hCANH, and hCAcoNH experiments with TROP were tested using
standard samples of fMLF and SH8weell as the human lambd#d immunoglobulin light chain. In

this challenging sample, the 300% sensitivity gain enables the detection of minor fibril polymorph

that has escaped detection so far.

We anticipate that the systematic use of the PEP strategyDi spectroscopy of solids presents a
gamechanging factor turning the demanding 5D HNcoCANH experiments (about one month of
acquisition for tryptophan synthase)[1] into a routine tool that provides protein backbone
assignment in couple of days (a factdrl6 in time saving).

References.

[1] Klein, A. et al. PNAS. 119, 2114690119 (2022).

[2] J. Blahut et al. JACS 144, 1733340 (2022).
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Fieldcycling (FC) nuclear magnetic resonance (NMR) was employed for the first time to measure the
spirtlattice relaxation rate T_14¢ 0 2F b[A AY &a2f AR fAUGKADYL YS{l
kHz¢ 10 MHz was covered as well as a temperature (T) range of 28DKK. A detailed discussion

and comparison with literature highlight the benefits of FC NMR and its advantages in the
investigation of diffusion mechanisms in solids. Choosintelal as model system enables us to test
and compare theoretical models using the FC NMR data. We revisited Li metal in terms of Korringa
O2yail yi-diffugio toeflicEnt @ jtintp correlation. It is again shown that a jump
mechanism via monovanaies takes place in metallic lithium. This does not exclude the possible
influence of divacancies at higher temperatures near the melting point (454 K) which were not
investigated here. Understanding mechanisms and effects like correlation and dimeitgiohal

diffusion in solids can be a wide field to be investigated by FC relaxometry. This could supplement
and enhance other solidtate NMR methods.
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Cellulose nanofibrils (CNF) are renewable, biodegradable and biocompatible, which makes them ideal
candidates for numerous applications, including carriers for drug delivery. Howexpih

chemical and structal characterization of the CNF surface chemistry is mandatory to make further
progress. Thanks to the development of Dynamic Nuclear Polarization (DNP), and in particular the
design of improved polarizing agents,[1,2] we and others, are continuously gulsagk sensitivity

limits. Importantly, the latest generation of polarizing agents (CAsyrR®i{, PyrroTriPol, etc.) has
improved performance at high field, fast MAS, and still performs well on protonated systems, which
significantly broadens their applitan range.[3,4]

As a result, we recently showed that suchgoing advances can be used to unravel the surface
chemistry of drugfunctionalized CNFs (using heterogeneous aqueous chemistry). Using 13C and 15N
DNRenhanced soliestate NMR, one can locatle position of functionalization and quantify

adsorption versus covalent grafting (~1 wt% of modified metronidazole in our case).[5] Such results
cannot be achieved with other characterization techniqueslfelemental analysis) which also

missed the pesence of residual coupling agents at the CNF surface. The latter information provides a
unigue opportunity to rationalize the effect of various coupling agents (DMTMM vs EDC/NHS). This
approach was then applied to a large prodrug of ciprofloxacin desifprezbntrolled release.

Besides quantifying the drug grafting, we also evidenced the challenge to control concurrent
adsorption and to optimize efficient washing procedure. Finally, we discovered an unexpected but
highly relevant prodrug cleavage mechamnitriggered by the presence of carboxylates at the CNF
surface.[6]

[1] Mentink-Vigier et al., JACS 2018 140, 35 [2] Halbritter et al., Chemical Science 2023,
10.1039/D2SC05880D [3] Harrabi et al., Angewandte 2022, 10.1002/anie.202114103, [4] Smith et al.,
SSNMR 2023, 123, 101850 [5] Kumar et al., Chemical Science, 2020, 11, 3868, [6] Kumar et al.,
Communications Chemistry (accepted).
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Chemical shift assignments are required for most protein NMR studies and often demand most of the
measurement and analysis time. Here, we present a hybrid automated approach for protein chemical
shift asggnment that allows to reduce the number of spectra to be measured and the time to analyze
them. It is based on machine learning for visual spectra analysis with ARTINA (1,2), structure
prediction with AlphaFold2 (3), chemical shift prediction with UCB@&}ifand automated
F2aA3dyYSyld 6A0GK C[,! O6pu®d wSadzZ Ga FNRBY Y2NB Fk
show that a small number of spectra suffices to establish the backbone andsileassignments.

In conjunction with AlphaFold2 struates, the five 3D spectra 15NOESY, 138OESY, CBCAcoNH,
HCCHIOCSY, and COTBCSY yield on average better assignments than if ARTINA is run with all
available spectra but without AlphaFold2 structures. NOESY spectra are particularly valuable for
automatedassignment. To be beneficial, structures should have an accuracy better than 2 A.

This new version of ARTINA, which is available for use at the open NMRtist web server (2), offers
users the general possibility to load, in addition to NMR spectra, 3@tates, manually or

otherwise prepared peak lists, chemical shifts, distance restraints and torsion angle restraints as
additional input for the ARTINA shift assignment and ARTINA structure determination applications.
The new version of NMRtist also prdes quality scores for peak picking, shift assignments, and
structure calculations that are computed purely on the basis of the input data without recourse to
manually obtained reference results.

1. Klukowski, P. et al. Nat. Commun. 13, 6151 (2022).

2. Kukowski, P. et al. Bioinformatics 39, btad066 (2023).
3. Jumper, J. et al. Nature 596, §889 (2021).

4. Li, J. etal. Chem. Sci. 11, 3{38®1 (2020).

5. Schmidt, E. et al. Am. Chem. Soc. 134, 1281829 (2012).
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Introduction: Robust structral assignment is essential whenever salidte NMR spectra are being
dzZaSR & Y2NB GKFYy &AAYLIES FTAYISNIINAYy(GA 2F az2fAF
ONEBAGIEf2aANI LIKEQwMBIYT gKSNBE GKS | ANBS Ynéryidal 6 S0 g S
shifts calculated from a proposed structure is often used to validate the structural model. Moreover,

the widespread use of DFpredicted shifts has highlighted several examples where 13C spectra of
molecular solids have been incorrectly assigrneblIMR crystallographic approaches are to be used

more widely, more robust methods of assignment are required.

aSiK2RAaY ¢KS YS(iK2R2t238 o0dAfRa& 2y (GKS LINAYyOAL
a relative probability that alternative structes match experimental 13C and 1H shifts. The very

limited resolution of 1H NMR in the solid state, and frequent spectral overlap even in 13C NMR

means, however, that the shifinly approach of DP4 is not practical; the number of potential
assignments rapily becomes impossible to consider. By adding data from additional experiments

within a Bayesian framework, assignments can be refined until a sufficient level of confidence and
completeness is achieved.

Discussion: Tested on a variety of systetn& A & | LILINE I OK NBLINRP RdzOSR G Yt
cases, but crucially allowed more difficult systems to be tackled in aagimmated fashion. By

LINE GARAY3I  O2yaraitcSyd aaO2NAy3IE 2F RAFFSNBy
be easily independently reviewed. Although evaluated using-mberactive Python scripting, this
approach is well suited to implementation in an interactive graphical user interface, with the goal of
improved overall robustness and reproducibility of NMigstallographic studies.

[1] P. Hodgkinson, Prog. Nucl. Magn. Reson. Spectrosc., 2020,19180.
[2] S. G. Smith and J. M. Goodman, J. Am. Chem. Soc., 2010, 132, 12946.
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Xe NMR spectroscopy in molecular cavities and solvents provides detailed local information about
the microscopic structuref the host molecule and surrounding solvent. While Xe NMR spectral
features are very sensitive to physical conditiatependent dynamical processes affecting both the
host and the guest, to connect them to the processes at the microscopic level rechaaetical

first principles modelling.

Here we study recently developed porous liquids (PLs) with permanent intrinsic cavities formed by
porous organic cages (POCs) dissolved iresizeded solvents. Our aim is to increase the amount of
information obtined from Xe NMR spectra by first principles modelling that both confirms and helps
to explain spectral features.

We will describe the approach, in which reliable Xe NMR parameters are obtained by carrying out
state-of-the-art relativistic density fun@dnal theory (DFT) calculations of the Xe NMR shielding
tensors for snapshots extracted from seempirical GFNXTB molecular dynamics (MD) simulations.
We will discuss a few examples of PLs made from scrambled POC mixtureRaG€8C13

precursor cage in different solvents. In TBA solvent (see Figure), we reach quantitative agreement
with experimental Xe NMR chemical shifts [1]. This confirmed the validity of thsitee@xchange
model used in the experimental analysis and allowed quantificationgofoage occupancy and cage
solvent exchange rate.

The developed computational approach for NMR parameters modelling including full dynamics of the
system in real physical conditions is shown to be necessary in detailed Xe NMR studies of neat and
poroussolvents. Universality makes the approach widely applicable in NMR modelling of atoms and
molecules in different environments.

[1] Sarah E. Mailhiot, Petri Peuravaara, Rachel J. Kearsey, Benjamin D. Egleston, Sanna Komulainen,
Rebecca L. Greenaway, AndrevZooper, Juha Vaara, Perttu Lantto, Wikkko Telkki: Cage
Occupancy and Exchange Dynamics in Porous Liquids Elucidated by 129Xe NMR, submitted for
publication (2023).
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With the advent of londived states nuclear magnetic resonance spectroscopy has expanded storage
of spin polarization far from equilibrium for periods much longer than the longitudinal relaxation
time constantX3. This is due to the cancellation of relaxation mechanisms imposed by quantum
mechanical laws, e.g. the immunity of the tspin singletstate to the intrapair dipolar interaction4.
Still, there are many other relaxation mechanisms shortening the lifetime oflleed states as well

as hampering the efficiency of the pulse sequenuased to excite them. Converting equilibrium
magnetization into singlet state usually requires accessing transient states with various spin and
coherence orders via pulses and synchronized delays, imposing a time constraint for efficient
excitation. On tis timescale, relaxation mechanisms like dipolar (DD) or chemical shift anisotropy
(CSA) interactions can significantly shorten the lifetime of transient states, thus reducing the singlet
state yield.

Here, we propose methods that do not require systgpacific delays of free evolution to reach a
steadystate singlet state population. This can be achieved through two different pathways:
coherently by cascades of frequersglective inversion pulses5, or incoherently by exploiting the
intrapair DD/CSA cresorrelation mechanism6 during a loop of hard inversion pulses. These two
methods allow for a parametdree excitation that overcomes the time constraints of other pulse
sequences, as well as sustaining feguilibrium spin correlation indefinitely dung the preparation
stage.
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Translational dynamics is perhaps one subject where NMR best reveals its advantages over other
techniques. Diffusion NMR methodologiéss; instance, include diffusion ordered spectroscopy, a
successful tool used by communities within and outside NMR. But, diffusion NMR is not only a
solution state tool; it is exploited to produce diffusion weighted images (DWI) and diffusion tensor
imagng (DTI) in MRI and to characterize porosity and other structural parameters in porous media
applications. However, all conventional diffusion NMR methods are limited by the duration of spin
memory, i.e., by how long spin order can store positional infaromafor (typically of the order of
seconds, at best).

In my laboratory, we have taken the challenge to extend the capabilities of diffusion NMR
using longlived spin order methods, an NMR topic we have long and deeply specialized ifivieang
spin orde allows information to be stored for long time, typically of the order of several minutes. An
extended spin memory translates into extended diffusion NMR capabilities allowing, for example, to
measure smaller diffusion coefficients or slower flows, torabterize structures with larger pores or
to measure tortuosity in porous media. We are particularly interested in measuring diffusion tensors
and tortuosity in tissue cultured on 3frinted scaffoldings, a heterogeneous system in space and
time with porestoo large 30@p nn >Y0 F2NJ O2y @Sy GAz2ylf RAFTFdzAA 2
susceptibility inhomogeneities varying as the cells infiltrate the scaffoldings complicate the approach.

Here we discuss a methodology that merges fgldling, longived spin oder and pulsed
field gradients that we have developed for these studies. We also discuss a simulation approach that
O 2 Y 0 A-Zdnputed Tomography data, Monte Carlo methods and spin dynamics theory to predict
spin relaxation due to spins diffusing in theepence of magnetic susceptibility inhomogeneities in an
actual sample of arbitrary complexity.
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The design of fast oxiden conductors exhibiting elevated oxiilen conductivity between 600°C
and 800°Ciscrucial fark S RS @St 2LIYSyid 2F SFFTFAOASYG az2tft AR 2
attracted research interest owing to its remarkably high oxiale conductivity in this temperature

range[1]. This work aims at elucidating the differences in structure arkedon dynamics between

0KS LI222Nf & O2yRdzOGADS [ {NDlIihh FYR (KS KAIKf &
Structural information is provided by multinuclear MAS and mukqiaentum MAS (MQMAS) NMR
experiments aided by the computation of NMR parasrstusing an ensembleased approach[2] to

model site disorder. Powerful insight into local dynamics is gained from a range of multinuclear

G NRAFOES GSYLISNI GdzNE 6+¢0 a!{ baw | LIINRIOKSaz
NBf | E2 Y S duNBrechabgeRspentmestopy (EXSY), making use of exciting probe capabilities

which enable experiments up to 700°C to be recorded.

¢KS ubh a!{ baw &LISOGNHzY 2F [ s®dmj { NE ®j DI i ubt
20 aSNIWSR T2NJ [ I {thdbxiddiap interstitials joed-upoa Radlly &ping. A five
O22NRAYIGS DI aAdGS F0O02YY2RIFGAY3 (GKS AyidSNA
AaLISOGNHZY 2F [l s®dmj { NE D] wDIi hhdi hd / 2Ff SEO0SY

0 A

0S
[ I sNEpj{wDlFi ubhh®i h +062@3S onnc/ AYRAOFGSa OKSYA
GAOUK GKS &aLISOGNIt OKIFIy3aSa 20aSNWVWSR Ay GKS buybDI
cross peaks between the bridging oxide ions in the EXSY spectrunft@t 130
The observation of chemical exchange between all framework oxygen sites implies the anticipated
participation of all oxide ions in the diffusion mechanism and addresses a profound debate in the
literature on this extensively studied family of fast a«dn conductors.

[1] Kuang, X., et al., Nat. Mater. 2008, 7 (6),-808.
[2] GrauCrespo, R., et al., J. Phys. Condens. Matter 2007, 19 (25), 256201.
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Desilication of zeolites intragtes secondary mesoporosity to classical microporous zeolites, and the
resulting hierarchical structure shows improved transport properties. However, the underlying
chemistry of zeolite desilication remains unclear since the study of-kglial systems 1

spectroscopic techniques is challenging. Here, we show the structural changes of zeolites and their
chemical environment during the desilication process bgiin MAS NMR spectroscopy.

First, the desilication of zeolite (ZSB Si/Al = 40) was studieind A 1 dz ww{ A YR ub! f
singlepulse experiments. The results show desilication occurs in three steps: (I) the formation of Si

and Al monomers indicating the initial dissolution of the zeolite, (1) the formation®i &id SAl

oligomers duringhe pore growth, and (lll) rnsertion of Al into the zeolite and the formation of the

LI2f @YSNAO &4LISOAS&a® 5dzS (2 GKS GSUONI KSRidskried 352 Y
Al species are commonly considered to be fully incorporated intaztholite framework. We revisited

exda AlGdz ub! f adfiltéred B@ MASqrisk §f an ulttdgh magnetic field (21.1 T) and
20aSNWSR GKS dzyAljdzS OKSYAOIf &KdgF4Lppd)FAlongkith vy S o €
other characterization resudt suchas @ A G dz - w5 YR bi LIKe@&aAaz2zNLIIAzZ2Y
view of zeolite desilication, as well as crystallization, as both processes occur in an alkaline
environment.
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Molecular photoswitches are molecules which can alter their isomeric or tautorsetictures in
response to light. They have a wide range of potential applications including sensing, data storage
and energy conversion. A key requirement for most photoswitches is the availability of sufficient free
volume to allow structural changes take place. In the design of sebthte photoresponsive

materials, the lack of free volume in condensed phase can significantly limit or preclude the
structural change necessary for photoswitching to occur. We have been investigating molecular
photoswitches confined as guest molecules within metafjanic frameworks (MOFs) as a method to
immobilise them within a solid architecture while still retaining sufficient free volume within the pore
to change structure in response to light.

In this work, we have lan studying salicylidenaniline (anil) derivatives confined within the
breathable MOF MH53. Some anils exhibit photochromism due to ligiduced tautomerism

between the grounestate enol and metastable eiand transketo molecular configurations.

However, photochromism is not always observed and the link between structure and photochromic
properties is not well understood. For a set of four model anils, comparison of experimental 1H and
13C chemical shifts shows that all are in the ground state entbmaer in the bulk crystalline state.
Upon incorporation within the MOF, two ngphotochromic anils become photochromic. Single
molecule DFT calculations show that the torsional angle across-thbdhd has a significant

influence on the chemical shiftg the imine and quaternary ring carbons. On this basis it is possible
to infer differences in the molecular conformation between the bulk crystal structure and the MOF
composite that help to explain the onset of photochromism upon confinement. Thesesgsokide
insight into mechanism of photoswitching in MOF composites, as well as intghest interactions

in the wider context of breathable MOFs.

PN _J‘k J’LA\ 1
o e LA

cis-keto ]
A N sl hv 'l
e | T
~7""0H \ )
1 '\
enel . H‘N JMW(/LJ@:\
o ' \ LA 124,
trans-keto ~a

160 140 120
8 "C (ppm)



298

PT018 Benchtop NMR for labn-a-chip
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INTRODUCTION: We have developed a benchtop NMR spectrometeotonagdate microfluidic
platforms containing 3D in vitro models and enable the study of their cellular metabolism 1in real
time, in situ and nordestructively by hyperpolarizatieenhanced MRS.

METHODS & RESULTS: A 1.4 T commercial benchtop NMR spectfOnfeted Instruments) has

been modified to allow for planar microfluidic chips to be inserted into the scanner. A microfluidic
chip was fabricated in PDMS with channels interconnecting a cylindrical science chamber for NMR
detection and a passive membrapamp for delivery of hyperpolarized solutions (Fig.1A). A Tx/Rx 6
turn cylindrical saddle coil was designed to be embedded in the chip and to maximise SNR and B1
homogeneity in the science chamber. The averaged amplitude in the sample volume is 1.155nT at
MHz for 1W of input power. This efficiency approaches 75% of the standard solenoid probe used in
the regular benchtop spectrometer setup. The homogeneity is evaluated in the sample volume at
20% of relative standard deviation. Shimming procedures wested including a 3D spatial field
mapping protocol analogous to gradshim. This protocol could deliver a linewidth of less than 0.1ppm
(Fig.1C). Neither the material used for the chip nor the sample caused susceptibility artifacts. A
carrier was 3D printg from a photopolymer resin to accommodate the chip outside the scanner

prior to the NMR experiment, improving usability (Fig. 1D). Our sample consisted of a 3D cell model
containing liver spheroids onto a carboxymethyl cellulose scaffold. To test trensysyperpolarized
[1-13C]pyruvate will be prepared as in ref.3 and injected into the microfluidic system containing the
celHaden scaffold to follow its metabolic conversion in real time.

CONCLUSION: The equipment developed in this project will besgtoease and lowcost
microfluidic platform for NMR studies of biomedical tissue engineering, environmental control and
chemical industry.
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Figure 1. Left: Microfluidic chip designed for a fast and controlled delivery of a hyperpolarized solution while retaining the media
renewal capabilities of microfluidic chip bioreactors. (A) Design and fabricated chip. (8) Mould designed to facilitate the fabrication
of the chip with an embedded RF coil. (C) NMR signal of water doped with CuSO, in a chip. The system resolution can be deduced
as being better than 0.1ppm as the linewidth is dominated by the intrinsic FWHM of the doped water (~10Hz, 0.17ppm). Right:
Carrier to ease microfluidic chip insertion into the benchtop NMR scanner probe. (D) 3D printed carrier with microfiuidic chip and
demonstration of the carrier fit into the spectrometer’s probe.
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Highentropy alloys (HEAS) are crystalline solid solutions, composed of five or more different

chemical elements in neaquiatomic ratios. A large number of HEAs contain more than one phase
and their multiphase structure frequently results in technolodiiceelevant and tunable physical
mechanical properties like high hardness and strength (due to the precipitation strengthening
mechanism), a combination of hardness and ductility (one phase is hard and the other one ductile)
and a combination of magnetgoftness and zero magnetostriction for supersilent alternating
OdZNNB Yy G | LILI A-QHz X2y ALt ANBRIFI MY FHFT2NYSN omB @
HEASs are characterized by a simultaneous presence of a crystal lattice and an amorphous type
chemical disorder. In order to unval the effect of crystagjlass duality on their physical properties,

we have studied a-6omponent Al0.5TiZrPdCuNi that can be prepared either as a HEA or as a
metallic glass (MG) at the same chemical composition. We performed a comparative 27Al NMR study
2F (G0KS RAAUGNAROdzIAZ2Y 2F 9CD GSyaz2zNBR FyR (4KS f2¢
level at the position of 27Al nuclei for both structural modifications [2]. A theoretical | = 5/2
quadrupoleperturbed NMR spectrum, pertinent to botlubic HEAs and amorphous MGs, has also

been derived. The EFG distribution function of the MG state is about twice broader than that of the
HEA state, reflecting the existence of a (distorted) crystal lattice in the latter and its absence in the
former. TheT 2dependence of the Knight shift indicates that the DOS is changing rapidly within the
Fermtilevel. The local DOS at the 27Al sites of the HEA sample is about 10% larger than that of the
MG state, indicating comparable degrees of disorder.

[1] J. Luzaret al. Adv. Mater. Interfaces 9 (2022) 2201535.
[2] M. Wencka, et al., Phys. Rev. B 105 (2022) 174208.
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Introduction

Redox flow batteries (RFB) are very promising energy storage systems for future renewable energy
resources. High field NRlbased operando analyses of RFB systems have yielded significant insight
into their working mechanisms. Nevertheless, the high cost and large footprint of dieidiNMR

system limit its implementation for a wider electrochemistry community.

Aims
In this study, we demonstrate the feasibility of performing an operando NMR study of a RFB system
on a lowcost and compact 43 MHz benchtop spectrometer.

Methods
Online NMR analyses of an anthraquinone/ferrocyaridsed RFB using a Magritek benchtop NMR
usinga flow tube setting.

Results

Evans method was utilized to estimate the concentrations of paramagnetic anthraquinone radical
and ferricyanide anions. The degradation of-8iBydroxyanthraquinone (DHAQ) to 2dihydroxy
anthrone and 2,&lihydroxyanthrarol has also been quantified. Furthermore, the impurities
commonly present in the DHAQ solution were identified to be acetone, methanol and formamide.
The crossover of DHAQ and impurity molecules through the Nafion® separation membrane was
captured and quatified, and a negative correlation between the molecular size and crossover rate
was established.

Conclusions

This study shows that a benchtop NMR system has sufficient spectral and temporal resolution and
sensitivity for the operando study of RFBs, Adoroange of applications of operando benchtop NMR
methods is anticipated for studying flow electrochemistry targeting a range of environmentally
relevant processes.
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Introduction:

Signal Amplification By Reversible Exchange (SABRE) is a particularly fast and simple
hyperpolarization modality. Since its inception, SABRE has received significant atiemtien

scientific community because of its relative ease and great promise for delivering hyperpolarized
molecular imaging probes. Yet, in vivo measurements have not been shown because of challenges
with biocompatibility. Here we overcome biocompatibildgncerns and present reéime metabolic
tracking, and Chemical Shift Imaging (CSI) in various organs, the whole body at multiple sites, and a
multiple magnetic field strengths.

Aims:

The aim of this study was to demonstrate the detection and imaging of SlgREpolarized [1
13C]pyruvate and its metabolic conversion in vivo. We aimed for demonstrations in multiple organs,
whole body, at multiple sites and at multiple magnetic fielgesgths to illustrate the broad

scalability of the approach.

Methods:

[1-13C]pyruvate was hyperpolarized by SABRE and processed with phase transfer and catalyst
filtration to obtain biocompatible solutions. The solutions were injected into the tail gular veins

of healthy Wistar rats. The Measurements were performed on the liver and kidney with a surface coil
at 4.7 T at MGH to obtain time resolved spectra as well as spectrally resolved CSI. Also, whole body
metabolic measurements were obtained wittvalume coil of a 1.5 T cryogdree MRI system at NC
State.

Results:

Metabolic conversion of pyruvate to lactate, alanine, pyruviayelrate and bicarbonate was
detected. The animals vitals, heart and breathing rate, remained stable, CSI images waredybtai
multi-site validation was provided, and both standdrigih field MRI and cryogeinee lowerfield
approaches were found to deliver comparable results.

Conclusions:

In conclusion, we showcased the feasibility and scalability of SABRE hyperpolasiged)iacross
sites and magnetic fields. Looking ahead, the combination of a simple, and fast SABRE
hyperpolarization scheme with affordable, lesost MRI may lead to broadly scalable molecular
imaging.
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Dynamic nuclear polarization (DNP) is a hyperpolarization method that is widely used for increasing
the sensitivity of nuclear magnetic resonance (NMR) experiments. DNP is efficient istataidnd
liquid-state NMR but its implementation in thatermediate state, namely viscous media, is still less
SELX 2NBR® 2 S NB OSy (Hisdiphéhgen 2pyiehyiald (BDER) radi¢als can e =

used to polarize lipid bilayers in the flyathase through the solid effect mechanism at high magnetic
fields [1]. Here, we show that *H DNP enhancement of over 50 can be obtained in viscous liquids at a
magnetic field of 9.4 T and a temperature of 315 K. This was accomplished by usinglimerow
polarizing agents in glycerol, both a watgluble BDPA anmiarylmethyl radicals, and a

microwave/RF doubleesonance probehead. We observed DNP enhancements with a field profile
indicative of the solid effect and investigated the influence of microwave power, temperature and
concentration on the *H NMR resul#® demonstrate potential applications of this new DNP

approach for chemistry and biology, we show hyperpolarized *H NMR spectra of tripeptides in
glycerolRk wHB8® LYy | RRAGAZ2YSX ¢S aiGdzZRASR RANBOO uw/
aspolarizing agentinglyceref w/ i F 4 F YIFI3IySGAO FASER 2F dpodn ¢

This work was supported by the Deutsche Forschungsgemeinschaft (DFG, grant 518679424) and
FOCUS program funded by Goethe University Frankfurt am Main.

References:

[1] Kuzhelev, A.A., Dai, D., Denysenkov V., Prisner, T. F. J. Am. Chem. Soc, 2022, 144188.1164

[2] Kuzhelev, A.A., Denysenkov V., Ahmad, I. M., Rogozhnikova, O. Yu., Trukhin, D. V., Bagryanskaya
E. G., Tormyshev, V. M., Sigurdsson, S. Th., PrisrterJ. Am. Chem. Soc, 2023, under review.
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Introduction

Nuclear spin hyperpolarization provides new opportunities for biomolecular NMR measurements in
the physiological concentration rage, at faster time scale and with enhanced selectivity. Para
hydrogen based hyperpolarization methods can supply large signal enhancements at low cost, when
they can be made applicable to biological molecules.

Aims

We aim to demonstrate the use of pahgdrogen polarized probes for measuring biological
interactions. Reverse micelles provide a naale phase separated medium optimizing
parahydrogen delivery in an organic environment and solubilizing proteins in the aqueous phase.

Methods

Molecules withnitrogen containing heterocycles were designed to bind to the iridium of a signal
amplification by reversible exchange (SABRE) catalyst, while having the ability to interact specifically
with a target protein. Pardydrogen was introduced to the heterogemgs sample containing

solubilized protein in the reverse micelles, or was introduced to molecules in homogeneous solution,
which were subsequently mixed with protein. 1H and 19F NMR signals were measured.

Results

Signal enhancements of several hundifettl at 400 MHz were obtained for probes targeting the
trypsin protein, when hyperpolarized in methanol solution. A change in the R2 relaxation rate was
observed after dilution of a small aliquot with the protein solution. The binding affinities of
competingligands were derived from the R2 measurements. Alternatively, the interaction of a small
molecule with a protein was detectable in reverse micelles in a single pot reaction (Figure). Thereby,
the repartitioning of the small molecule between the aqueous arghnic phases was sensed using a
change in the strongly enhanced iridium hydride signals.

Conclusions

Parahydrogen polarized probes provide a sensitive means for detecting biomolecular interactions.
Reverse micelles optimize the use of parahydrogendmtaining an organic phase. The application

of parahydrogen polarization to study biomolecular problems is broadened, including topics such as
protein-ligand and proteirmprotein interactions or protein folding.
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The understanding of diffusion within microstructures is crucial in various scientific fields, such as
energy research, cancer research, and neuroscience. Magnetic resonance methods are widely used
for quantitative diffusiormeasurements, but they lack sensitivity in measuring and resolving

diffusion within individual microstructures. In this study, we introduce nitreganancy (NV) center
based nuclear magnetic resonance (NMR) spectroscopy [1] as a novel tool to proberifius

individual structures on a microscopic scale. Our experimental scheme combines pulsed gradient spin
echo (PGSE) with optically detected-NMR, allowing us to quantify molecular diffusion and flow
within nanoto-picoliter sample volumes [2]. We demstrate correlated optical imaging with

spatially resolved PGSE-NWIR experiments to probe anisotropic water diffusion within a model
microstructure [3]. This method has the potential to extend the current capabilities of investigating
diffusion processet the microscopic scale, allowing for the probing of tissue microstructures, single
cells, or ion mobility in thin film materials for battery applications.

[1] R. D. Allert et al., Chem. Commun., 2022,58, &6EL

[2] F. Bruckmaier et al., Imaging lbd#fusion in microstructures using Ndased pulsed gradient
NMR, arXiv:2303.03516v1 [physics.apyg

[3] R. D. Allert et al., Lab Chip, 2022,22, 48340

Measuring spatially resolved flow and diffusion in microstructures using PGSE NV-NMR
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Nitrogenvacancy (NV) centers already proved their beghe field of metrology, especially as highly
sensitive magnetometers. Their application as qubits or spin photon interfaces is also promising
based on their long coherence time and their unique electronic structure resulting in the
phenomenon of opticaspin polarization. In the field of quantum computing this means that just by
continuous optical pumping, the ground state triplet can be initialized into the m=0 spin state due to
intersystem crossings. This effect can be exploited in microwave amptifiesgillators because in

'y SEGSNYIE YI3ySiAaAO FASEtR KAIKSNI GKIYy Fnome
energy therefore the spin polarization leads to population inversion. Previously, continuous masing
was achieved by putting the N¥rters in an »and microwave resonator and applying resonant
external magnetic field[1]. Since then, quantum limited performance of NV based microwave
amplifiers was also reported[2]. Here, we show that the masing can be scaled up to higher magnetic
fields extending the corresponding emission frequency into the Bdlk regime. However, even in

high magnetic fields up to 16T the relative angle between the external magnetic field and the NV axis
I.e. the zero field splitting (ZFS)agbs seems to play awmial role in the spin polarization effect.
Surprisingly, the ZFS can not be handled as a small perturbation in high magnetic field. We present
temperature dependent high field/ high frequency electron spin resonance (ESR) spectra, light
induced ESR andhsillate the population of states in the strongly illuminated limit to achieve a better
understanding of the results[3].

References

[1] J. Breeze et al., Nat. 555, 4936 (2018).

[2] A. Sherman et al., Sci. Adv. 8,49 (2022)

[3] S. Kollarics, et al., Stinatkd THz emission from diamond nitrogeacancy centers: a route
towards tasers (prep.)
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Magnetic resonance (MR) can be used as a testbed for observing, demonstrating and studying
fundamental concepts of quantum cavity interaction with a tlewel system. Suchxperiments are
mostly carried out at low cryogenic temperatures with spin systems that are highly polarized,
embedded in a very high quality {@ctor) superconducting cavity. The photons in the cavity can
excite the spin system, which in turn, can a¢s@ite the cavity back, revealing a plethora of non

linear quantum phenomena, such as splitting the resonance frequency of the cavity (strong coupling),
multiple echo formation and superradiance. In this work we show that using a uniquertslbe

low Qcavity, in conjunction with diamond crystals having large concentration of nitrogen vacancy
(NV) centers, such ndimear quantum phenomena can be observed even at ambient conditions. For
example, we present measurements and theoretical analysis of neiktighoes appearing after a
simple two pulse Hahn sequence. We also discuss the possibility of demonstrating superadiance
with such system. Finally, we show that our experimental system can also be used to cool the
electromagnetic mode of the resonattm a temperature well below its ambient temperature, with
potential implications to microwaweelated quantum circuits, such as superconducting ggbits.
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Introduction

Frontotemporal dementia (FTD) is a heterogeneous neurodegenerative disease with multiple
histopathological subtypes. FTD patients exhibit similarlsfmr2 Ya & Ay ! £ 1 KSA Y SNJ
are often misdiagnosed with AD despite the consensus clinical diagnostic criteria. Therefore,
identification of FTBspecific biomarkers is considered a necessity. For this purpose, NMR could serve
as a powerful toballowing highthroughput quantitative analysis of complex biological matrices with

high reproducibility.

Aims

We aimed to explore metabolic alterations in FTLDP and identify relevant tissue biomarker
candidates. Since protein arginine methylatiocasmnected to pathological processes in
neurodegeneration, we investigated the relation between arginine methylation level and metabolic
phenotypes in FTD and AD.

Methods

A complex analysis of pestortem tissue from different brain regions of contréITLBTDP subtypes
and AD patients was conducted using untargeted and targeted NMR metabolomics. For arginine
methylation quantification, we used NMBased method developed in our lab relying on CPMG and
JRES experiments.

Results

Our results indicate thabrain subdivisions responsible for different functions show different
metabolic patterns. Different FTD subtypes and AD share similar metabolic phenotypes in
cerebellum, but AD exhibits distinct metabolic patterns in frontal and occipital regions comjoared
FTD. We provide NMBased metabolite panels that might help in systematic subtyping of the
diseases. Furthermore, protein arginine methylation levels were revealed to be rsgemific and
correlate with FTBBAD-specific metabolic alterations.

Concusions

NMR spectroscopy was proved to be a suitable technique for detection of metabolic phenotypes in
brain tissues. Identified brain regiespecific biomarkers might serve as a tool for distinguishing FTD
subtypes and AD and provide the first insigint® imetabolic changes related to neurodegenerative
diseases in different brain regions. Our findings highlight the relationship between arginine
methylation and metabolic changes in FTD and AD that could be further explored for a deeper
understanding of pdnogenesis molecular mechanism.
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Introduction. Analytical tools to study cell physiology are critical for optimizing-dosg
interactions. Real time pulse chasedell NMR spectroscopy, RFR®IR, was introduced to monitor
the kinetics of metabolite production IHEK 293T cells treated with CO\I®vaccindike lipid
nanoparticles, LNPs, with and without pseudouridmedified mRNA.

Methods. RTPGIMR, combines the use of 1@&flicose and 13€dited proton NMR with an
ultrasensitive NMR cryoprobe and the improwiekign of a bioreactor to increase the time
resolution of the experiments to 47 s allowing rapid changes in metabolic fluxes in response to
stimuli to be followed. Kinetic flux parameters were resolved for the incorporation of isotopic label
into metaboltes and clearance of labeled metabolites from the cells.

Results. Changes in the characteristic times for alanine production implicated mitochondrial
dysfunction as a consequence of treating the cells with lipid nanoparticles, LNPs. Mitochondrial
dysfundion was largely abated by inclusion of mMRNA in the LNPs, the presence of which increased
the size and uniformity of the LNPs.

Conclusions. The RHR®R methodology is applicable to study metabolic kinetics in all cultured
cells.
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Exposure to endocrine disrupting chemicals (EDCs) including persistent organic pollutants (POPS)
represents one of the most critical public health threats nowadays. EDCs interfere in the body's
endocrine systenand have been associated with a diverse array of health issues. POPs deserve a
particular attention among them since due to their lipophilic properties and resistance regarding the
xenobiotic metabolism, they can baccumulate for long periods of time adipose tissues (AT).!

This innovative untargeted metabolomics study aims to look into thedose and chronic internal
exposure to a cocktail of POPs, on multiple tissues known to accumulate these lipophilic compounds.
In order to mimic a chronic inteat exposure,? a group of donor mice was injected with a cocktail of
12 POPs at different doses (0x, 5x and 15x the LOAEL*). Their adipose tissues were grafted into a
group of receptor mice, from which biopsies of liver, brain, epididymal and retroperitdxiBavere
obtained after different exposure times (3 and 21 days). Polar metabolites were extracted from the
tissues and analysed by NMR.

Interestingly, the metabolic response differs among the selected tissues in mice. In liver, we observed
a dynamic effet according to the exposure time and doses of POPSs. In brain the presence of POPs
gives immediately a saturated effect which is independent of the dose and exposure time studied. In
the opposite, for both adipose tissues nearly no effect is observed.riii&iabolic profiling leads to a
holistic and dynamic vision on the main metabolic pathways impacted in lipophilic tissues by a
cocktail of POPs, extending our knowledge of what could be reproduced in exposed human
population.3

* LOAEL: Lowest Observed Adse Effect Level

1. Miillerova D. et al, Physiol Res. (2007)

2. Joffin N. et al, Environ Int. (2018)

3. LucasTorres, C. et al, NMR in biomedicine (submitted)
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Understanding root water uptake is indispensable for the optimization of plant growth and crop yield
against thebackground of climate change. One strategy is to understand how root water uptake
functions at the rootsoil interface. Whereas direct imaging of fluxes in the abgneeind plant stem

has been performed by the group of Van[Ag little is known about theD flow pattern, dispersion

and velocities in the serbot compartment. This is due to the heterogeneous and hierarchical
structure of the root systen2], resulting in small fluid displacements of some tens of micrometer

per second based on the transaiion rate of the plant. It has been shown by Spindler ef3lthat

mean flow rates of a homogeneous flow as low as 0.06 mm/s can be measured usmerisl
stimulated echo multslice imaging (STEMSI).

Here we report on further developments for tlaequisition of water transport around the roots of a

life plant system. While a 3D MRI image of the root system with sufficient spatial resolution is
necessary it is also important to obtain the 3D information of the water velocity in the plant roots.
The® requirements need to be balanced against the necessary acquisition time for this 6D data set
since the plant is growing and therefore changing its root system over time. To meet this
requirement the Stimulated Echo Acquisition Mode (STEAM)ave beercombined with STEMSI,

thus enabling rapid mukslice acquisition while retaining sufficient signal to noise ratios.

References

[1] H. Van As et al., in Encyclopedia of Magnetic Resonance. 2012, John Wiley & Sons.
[2] Y. Liu et al.: Scientific Rays, 8, 2960 (2018).

[3] N. Spindler et al., Journ. Magn. Reson., 212;2213%(2011).

[4] J. Frahm et al.: Journ. Magn. Reson, 6493{1985).
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MRI (Magnetic Resonance Imaging) is a tool widely used in clinical diagnostics of various diseases,
even though it is limited by a relatively low sensitivity. Parahydreagednced polarization (PHIP) is a
method to rapidly signaénhance 13&nriched molecules by over four orders of magnitude, paving

the way to investigate potential tracers for MR(S)I (Magnetic Resonance (Spectroscopic) Imaging),
and to observe their metabolic conversion in vivo and in-teaé. Pyruvate is a molecule of special
interest, as it is involved in various metabolic pathways such as glycolysis and the TCA cycle. In
cancerous tissue, the metabolic conversion of pyruvate to lactate is upregulated (Warburg effect)
making it a promisingharker for cancer diagnosis and determination of tumor aggressiveness.

The aim of the presented work is to demonstrate the application-8GpyruvateRi7 = NJ LJA Rf &
hyperpolarized with PHIP in seconds, as a robust method to characterize the metabolism in
xenografts of different cancer types.

Humanderived colon and pancreatic cancer cells were injected subcutaneously above the flanks of
athymic mice to generate tumors. Following injection 6fGpyruvateRi A y (i 2 -béakn§ ( dzY 2 |
animals, sliceselective NMR spectra were acquired and the data obtained were analyzed to obtain

rate constants of metabolic conversion. Pyruvate converted to lactate and alanine could be shown

for these two types of cancer.

These data demonstrate the first successipplication of #3GpyruvateRi F2 NJ G K S YSil
analysis of human derived colon and pancreatic tumors and represent a first step towards application
of this noninvasive imaging approach to human malignancies. We envision rapidly hyperpolarized
MRI toaccompany PET and other tools to aid in the early and differential diagnosis of cancer.
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Introduction: Liion batteries (LIBs) with graphite anodes have become ubiquitous in society;
however, improved lifetime of LIBs requires increasedrgn@lensity, achievable partially by using
anodes with higher capacities than graphite (372 mAh/g). Silicon (>3500 mAh/qg) is an attractive
alternative, but huge volume expansion (~300%) upon lithiation and subsequent disintegration
hinders its adoption aa viable anode[1]. Beyond mobile devices, a-Reto future requires
appropriate energy storage for the grid, for which LIBs are impractical. Alternative chemistries are
composed of eartrabundant materials and aqueous electrolytes, which are environmigntal
friendly, sustainable, and cosffective[2]. NMR is uniquely suited to study local atomic
environments in batteries, and the choice of RF probe is crucial to achieving high sensitivity
measurements.

Aims: To monitor aging and defect formation in gas battery chemistries by in situ NMR.

Methods: The parallgblate resonator (PPR) has recently been proposed as a prime choice due to
VEIEGdzZNI £ IS2YSUNRO YIFGOKAY3I (2 LINRaAYFGAO St SOGN
yielding highsensit @A 1@ ®o=Xn8® hLIWGAYAT SR ul FYR bB[A ttwa
with fine temporal resolution.

Results: Repeated cycling of silidmased anodes at moderate/high rates yields accumulation of
irreversible lithium metal and concentratedhium silicides, identifying a key capacity fade
YSOKFYA&Y o6& b[ A bawdnetdl Kighal Bcérdaidng éh&ging gurrdnisiis G SR |
particularly revealing and is quantified using ssNake[5] with a hamitéen intuitive sequential

fitting tool. Additionally, *H NMR identifies the accumulation of Mn(ll) in the aqueous electrolyte of a
ay hi -céllufor repeated cycling.

Conclusions: New insight into Si anode aging and cathode degradation are achieved with in situ and
operando NMR measurementsilizing optimized RF probes. This opens the door to routine NMR
studies of fasicharged electrochemical systems by way of high sensitivity measurements with ample
temporal resolution.

[1]-https://doi.org/10.1021/cr500207g
[2]-https://doi.org/10.1016/jjoule.2020.03.002
[3]-https://doi.org/10.1016/j.mrl.2023.01.002
[4]-https://doi.org/10.1016/j.carbon.2021.12.082
[5]-https://doi.org/10.1016/j.jmr.2019.02.006
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Introduction

Organic mixed ionielectronic conductors (OMIECS) are a rising class of soft functional materials with
coupled ionic and electronic conductivity which are exploited for neural rengrdiensing and

energy storage. At the core of OMIEC device operation is the conversion of ionic fluxes from the
electrolyte to the electronic charges in the doped polymer modulated by an external potential. While
properties in the drystate are reasonablyell understood, the iofpolymer interactions and ion

electron coupling of the polymer in the wstate and during device operation are less well studied.
This is mainly due to challenges in probing the molecular and electronic structure in a heterogeneou
polymer matrix and in differentiating between electronic and ionic charge carriers using electrical
techniques alone.

Aims and Methods

Here, | demonstrate that operando NMR spectroscopy possesses unique advantages in selectively
probing and quantifyingon transport and ionielectronic coupling during doping/dedoping of
poly(3,4ethylene dioxythiophene):polystyrene sulfonate (PEDOT:PSS) films, the most widely used
organic mixed conductor.

Results

By exploiting the quadrupolar nature of the 23Na nusleihhe anisotropy of sodium environments in
heterogeneous polymer films is measured through the quadrupolar interaction between 23Na
quadrupole moments and local EFG tensors, which manifests itself as a quadrupolar splitting.
Operando 23Na NMR studies shtvat the observed 23Na quadrupolar splitting is negatively
correlated with the number of ions stored in the film due to the injection/extraction of sodium ions
near PEDOT/PSS interfaces. Thetiealectron coupling efficiency, measured via 23Na NMR
intensity changes, is close to 100%.

Conclusions

The operando NMR method opens up new routes to obtain quantitative insights into alkaline
dynamics and ion uptake on electrical gating in a wide range of OMIECs. These findings shed light on
the working prirtiples of organic mixed conductors and demonstrate the utility of operando NMR
spectroscopy in revealing structupgoperty relationships in electroactive materials.
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TThere is an increasing need to better emstand MOF structures because of their important and

diverse applications. MIR3, prepared using a benzeiregd-dicarboxylate linker, is known as a
GONBIFIGKAY3 ahCé¢ o0SOFdzasS 2F GKS GFENRFGAZ2Y Ay LX
molecules owith a variation in temperature or pressure. The phase transitions seen vary with the
YSGFE OFGA2y LINBASY IS NI A& AvyF 30 SANAG & NS (6 KASYNBG YOANE
fine tuned.

¢KS ONARIAYI yI (GdzNB 2F 2 EspecBogcopy o poréitidlyiuseiuh Ca Y I
technique for investigating structural changes, such as metal cation substitution and variation in pore
AaKILISad | 26SOSNE ubh baw Aa OKFIffSyaAyas LINRYI
(0.037%). The high &oli  2efiriched reagents requires cesffective and atorrefficient

approaches to isotopic enrichment, minimising the enriched material needed but maximising its
incorporation into the final product.

Here, we compare (Al,G8)IL-53 prepared using different routes; dry gel conversion (DGC) reactions
andtwopostda 8y i KSGAO A2y SEOKIy3ISaod 28 RSY2Yy&a(dNF GS
using DGC reactions[1] there is preferential incorporation oftaltime framework, and a preference

for clustering of like cations. A similar material is obtained using framefvankework ion

exchange[2] but, surprisingly, a very different material is obtained using a framesatirion

exchange. The particles haveaed K St f a0 NUzOGdzZNB X GAGKMILS3 Yo >Y &
I NRdzy R | dwmy -MI¥53@PTR&breattling behawidul of the mixetetal materials is
d0dzRASR dzaAy3 uyw/ +FYR ubh bawl -gorié ®mnkaghar thankes F 2 N
open pore or narrow pore forms that are exhibited by the end members.[3]

[1] Bignami et al., Chem. Sci., 2018, 9, 850
[2] Dauvis et al., submitted
[3] Rice et al., Phys. Chem. Chem. Phys., 2020, 22, 14514
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Formamidiniumd 8 SR K@ oNAR fSIR A2RARS LISNRGJa|iAldSa oC
high-performance photovoltaics. One of the pressing issues lies in the instability of the black

polymorpgK >-Cht 6 L7 = ¢ A ( K -dimkrSionBl Subia peds\Rkiteipkiasd This phase is
metastable and often rapidly converts into a aparovskite onedimensional hexagonal lattice.

Partial substitution of FA with Cs is known to stabilize the material'& @dyovskite structure, as
shownbyXNJ &8 RATFTFNI OlGAz2yd | SNBE ¢S AYydSNNRBRIALGS GKS
quadrupole resonance (NQR), which has been shown to resolve structural changes with accuracies
commensurate with synchrotron-day difNI OG A2y I yR aOF GGSNAYy3Id 2 S NJ
C! mb E/ & E t ®l1)crystalsishoWingmot only the averaged but all the local iodide structures.

| t NBFRe& YAydziS ljdzZ ydAdGdASa 2F /a A2ya RMbmGAOf
ion incorporation leads to immense inhomogeneous line broadening and an additional species
observable at lower frequencies. This new species could be assigned to iodide environments with

one of the four FA neighbours being replaced by Cs, showingeedyuadrupolar coupling

constants and increased asymmetry. For higher amounts of ion substitution, iodide environments

with two cesium neighbours can be observed. This species is highly overrepresented with respect to

a homogeneous halide distributionhi® could be attributed to cesium clustering, foreshadowing the
complete phase segregation occurring upon further cesium addition. These findings showcase the
great potential of halide NQR for characterizing local structures of perovséged materials,

enabling improved models for property calculations, as well as allowing for a better atomic picture of
these complex materials.

FA, Cs.Pbl,
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In organic molecules, *HH couplings are both abundant and valuable for constitutional,
configurational and conformational structure elucidation studies. The downside of their abundance is
that it results in canplex and broad multiplets that may overlap, obstructing extraction of individual
couplings. Pure shift experiments alleviate the overlap problem by delivering fully homodecoupled H
spectra, boosting spectral resolution by an order of magnitude. Theglegiantly be combined with
selective 2D-Besolved experiments, such as SERBERF or PSYCHEDELIC, allowing individual
coupling measurement with a minimum of spectral overlap [1].

However, all of these experiments fail when coupling partners have \@sg chemical shifts. First,

the multiplets of these coupling partners may overlap, preventing selective inversion of one coupling
partner. Second, the strong coupling condition between these protons affects the accuracy of
coupling measurements with thingrotons. Here, a new selective 2DJ experiment based on the BIRD
element [2,3] is presented that avoids this issue by exploiting the property that, at natural 13C
abundance, ondond H3C couplings resolve the chemical shift degeneracy. The new expé&rimen
coined SERFBIRD, thus allows measurementii #duplings that were inaccessible using

established methods, or with an improved accuracy. Although applicable to any compound, it is a
particularly powerful tool for carbohydrate analysis [4].

Animportant limitation of BIRD is that it cannot deal with protons coupled to a geminal proton,
which has hindered homodecoupling of™& experiments of methylene protons in general.
Strategies that overcome this issue will be presented, making indivitlidéd coupling measurement
also possible on the 13C satellites of methylene protons.

[1] D. Sinnaeve, eMagRes 2021, 9, 267. [2] J.R. Garbow et al., Chem. Phys. Lett. 1982, 93, 504. [3] J.
Aguilar et al., Angew. Chem. Int. Ed. 2011, 50, 9716. [4] F.Xelaahd D. Sinnaeve, in prep.
|
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Convection is known to occur all liquid NMR samples, at a rate depending on solvent, temperature
but also on NMR tube and probehead design. While its effects on diffusion experiments are well
documented and can be corrected for, convection can also degrade signals in 1D puxdvihift
experiments, in extreme cases making it impossible to obtain good spectra.

t dzNB aKATG SELISNAYSyGa GeLmAOltte AyOfdRS | Kt
with the coherence transfer pathway (CTP) enforced by gradient pulseASRoelements that

require a long selective pulse, such as the baekkctive, Zanggesterk or PSYCHE elements,

significant flow encoding occurs during this second spin echo, causing the gradient pulses to
attenuate the pure shift signal acquired. Sentii losses can be large, especially when using cold
probeheads, in which thermal gradients and hence convection, are particularly severe.

Fortunately, flow encoding during the ASR can often be compensated for by adjusting the relative
strengths of the CTgradient pulses. The optimal gradient strength balance is as a function of the
experimental parameters (selective pulse duration, gradient pulse timing and amplitudes). Correcting
for flow effects allows the sensitivity of pure shift experiments to bentaned even when a sample

is convecting strongly. This can improve sensitivity by more than an order or magnitude (see Figure
1).

Convectiorcompensated pure shift NMR experiments should maximise the benefit of using cold

probes, and increase the rangeusdes for flowNMR devices.
Conventional pure shift Convection-compensated pure shift
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Figure 1: Zangger-Sterk pure shift spectra for strychnine in CDCI, at 288 K with different VT gas flow rates
on a TClI cryoprobe. v, values are maximum convection speeds.
(Left) typical CTP gradient strengths (+47% and +31%); (right) optimized values (+47 and -41.2%).
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NMR is well suited for the analysis of complex mixtures as it provides both structdrgLantitative
information, but it suffers from a low sensitivity and from peak overlap, especially in 1D 1H NMR. 2D
NMR can improve both the peak discrimination and the assignment of mixture constituents, by
spreading the chemical information over two bagonal axes, but it retains the low sensitivity of

NMR experiments. This limitation can be overcome by dissolution Dynamic Nuclear Polarization (d
DNP), which increases the liquid state NMR sensitivity by 4 orders of magnitude, in sskotgle
experimentfashion. It has successfully been applied to 1D 13C hyperpolarized metabolomics studies.
To benefit from the abovwenentioned 2D NMR advantages while being compatible with the single
shot nature of dDNP, we evaluate the potential of Ultrafast (UF) NMRstimh applications, since its
singlescan nature makes it the perfect candidate feb8IP applications.

The coupling of UF 2D NMR an®NP has already been demonstrated but at an early stage of
development and several improvements are needed to apply Gdomplex metabolite mixtures at

natural abundance. Here, we report the development and optimisation of an UF heteronuclear pulse
sequence called loagange HETCOR, designed for its coupling wiZiNe.

This pulse sequence capitalises on 13C hyperpethsiates and longange scalar couplings to

observe correlations involving quaternary 13C nuclei. Experimental conditions were adapted to
minimize convection effects after sample injection, that can highly impact the quality of spatial
encoding. The anaigal performances of UFONP experiments to study complex mixtures were
assessed, through the repeatability and sensitivity of the technique.

After careful optimizations, a repeatability of 10% and a LOQ of 20 mM can be achieved for
heteronuclear 2D expénents, which open promising perspectives for the study of concentrated
biofluids or extracts in metabolomics.
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solids
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lOCPBPrague, Prague, Czech Republic
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The small mass of hydrogen atom means that it is intrinsically quantum mechanical and that nuclear
quantum effects (NQES), such as nuclear deloc¢adizand tunneling may be of critical importance.

NMR spectroscopy is very sensitive to the local environment of the observed nuclei and a

combination of NMR experiments with quantuchemical computations provides a detailed

information about the positionand dynamic behavior of hydrogen nuclei. NQEs are, nevertheless,

not included in most current computational methods. One route to including NQEs is provided by
CSeyYlyQa LI GK AYyGSaINIE otLO | LIIINERIOK® ¢ldS dzyF
hydrogen bonds are crucial in the field of multicomponent pharmaceutical solids, such as salts and
cocrystals. The experimental distinction between these solid forms is often challenging.

Aims
Get an insight into the sattocrystal problem using sdistate NMR spectroscopy and PIMD
simulations.

Results

We found that the transformation of a salt into a cocrystal can occur as a smooth shift of the
positional probability of the hydrogen atoms. Experimental setitte NMR has revealed a

remarkable temgrature dependence and deuterisotope-induced changes of the chemical shifts

of the atoms involved in the intermolecular hydrogen bond. A combination of-stdig NMR
spectroscopy with DFFPIMD simulations provides evidence of temperatimduced hydogen atom

shift in cocrystals with short hydrogen bonds (J. Am. Chem. Soc. 2022, 144, 7111, J. Magn. Reson.
2022, 345, 107334). When NQEs are included in the calculations, the hydrogen atom can be
significantly delocalized between the acid and the bases ttorming a hydrogebond continuum.
Furthermore, the calculations show that the average position of the hydrogen atom can shift from
the acid towards the salt with decreasing temperature. Experimental NMR data may also serve for an
evaluation of the acaacy of computational methods used for modelling NQEs in molecules.

Acknowledgement: Czech Science Foundation (grant Nd5324S).
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PTO040 Asymmetry in Thre&ite RelaxatiofeExchange NMR

Mr Bernhard Blimich Matthew Parzialg Dr. MatthewAugustiné
'RWTH Aachen University, Aachen, Germ#bgpartment of Chemistry, UC Davis, Davis, USA
Parallel 15: Theory and Computation, Boisdale, July 12, 2023; 13:45

Asymmetry of peak integrals in 2D relaxation maps of exchange between threeegiiarts circular

flow between the relaxation sites. This disagrees with detailed balance according to which the
exchange between any pair of sites must be balanced in thermodynamic equilibrium. Confined
diffusion of particles jumping randomly on a 2D ckerboard grid to any of their eight neighbor
positions and confined gas diffusion were modelled in Monte Carlo simulations to explore the impact
of topological constraints on particle motion. Both models produce density variations across the pore
and reval that up to 1% of the molecules move in circular paths between the relaxation pools. This
motion is driven by different features of either algorithm. It is silent in thermodynamic equilibrium,

so that multisite exchange maps are symmetric in equilibriihe coherent flux is argued to result

from stochastic pore resonance related to diffusion eigenmodes. If it can be driven experimentally by
external oscillating electric, magnetic or ultrasonic fields, this may be a way to enhance
heterogeneous catalysis.

2
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deviation from average population in-plane translation out-of-plane vibration
this work, 2023 E.F.F. Chladni, 1787
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PTO041 Easy to state, difficult to answer: Some basic questions in magnetic
resonance theory.
Professor Malcolm LeviftDr. Christian Bengs

1Southampton University, Southampton, United Kingdom
Parallel 15: Theory and Computation, Boisdale 12118023, 15:4517:45

Magnetic resonance theory has a long history. Nevertheless, there are still some rather basic
questions which might not have been addressed fully, or which are at least a matter of debate. We
will try to highlight some of these questions, and discuss spassible approaches to resolve them.

Question 1: It is widely understood that the spin density operator describes the state of the spin
ensemble, and that the density operator may be expressed as a linear superposition of spin
operators. But are any supgositions physically possible? Or, to put it another way: what is the
physical boundary of Liouville space?

Question 2: Suppose that the spin system has a certain state A at a certain time. The spin system
evolves under a spin Hamiltonian. Which statéthe density operator are physically accessible from
state A?

Question 3: This is a variant of question 2. Suppose that all spin Hamiltonian terms are perrautation
symmetric, meaning that certain exchanges of spins leave the Hamiltonian unchangead.dasth
which states of the spin density operator are physically accessible?

Question 4: Suppose that the spin system is exposed to a set of Hamiltonians, some of which are
coherent (the same for all ensemble members) and some of which are stochaf$éicefd for

different ensemble members, and randomly tirdependent). What are the lonlived states? Can

the longlived states be predicted from the Hamiltonians? If so, how?

Question 5: The phenomenon of hyperpolarization is very important. NMR sigaglée enhanced
by many orders of magnitude. But what is the definition of hyperpolarization?

Discussion of these questions involves the topic of Lie algebra and its relationship to spin dynamics.
We will take the opportunity to introduce some new Spymamica routines, such as Commutant,
LieAlgebra, and SymmetryAdaptedBasis.
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The CLIC protein family displays the unique feature of altering its structure from a soluble form to a
membranebound chloride channel. CLIC1, a member of this family, is found in the cytoplasm or in
internal and the plasma membranes, with membrane relmedion linked to endothelial disfunction,
tumour proliferation and metastasis. We have recently elucidated the mechanism of CLIC1

membrane insertion, involving Zn2+ binding and channel activation at low pH (Varela et al, JCS 2022).
We have used an integted structural biology approach combining solution NMfRay

crystallography and SAXS to elucidate the mechanism of CLIC1 membrane insertion with structural
detail. This mechanism involves a complex equilibrium between a major closed state and a minor
open state in different oligomeric species which, upon binding to Zn2+, leads to tetramerization and
insertion in the membrane (Medin@armona et al, Chem Comms, 2020). We have obtained

structural models and dynamics information of the different states ¢€Clin solution, including the

low populated open state, providing the first molecular detail of the membrane insertion process.
Using the structural models and the dynamics obtained for the opening equilibrium of the CLIC1
structure, we have adopted an Based insilico screening approach to identify a set of inhibitors
targeting specific areas of CLIC1, as well as other CLIC proteins (Olotu et al, CSBJ, 2023). Our top hits
are able to bind CLICs and halt its insertion in the membrane in HUVEC cells.

Insummary, we have elucidated the mechanism of activation and membrane insertion of CLIC1 with
molecular detail and have used this information to develop novel inhibitors of CLICs membrane
insertion, paving the way for the development of new treatments aflifistoma and other types of
endothelial disfunction.



A model for CLIC membrane insertion

Caz+ /zn2+ caZ+ /Zn2+ u ca2+ /zn2+

Varela & Hendry et al. JCS, 2022
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DNAzymes are specific D&guences that have been identified by in vitro selection and are capable
of catalyzing a variety of reactions. RBldaving DNAzymes arguably carry the highest therapeutic
potential. However, the DNAzyme technology is facing a number of limitations, which coincide with
an insufficient understanding of their mode of action.

Usdng an integrative approach that combines tailored Nb#®ed methods with FRET, EPR and MD
simulations, we could obtain detailed insights into different states of one of the most active
DNAzymes(d4).

Our data capture an unexpected but highly efficiertifof the precatalytic DNAzyme:RNA complexes
and provide information about the essential role of meitah cofactors. Using timeesolved NMR we
could further follow the catalysis in retime and identify new ratdimiting intermediate states

during the atalytic cycle.

Exploiting our new insights into structure, dynamics, m@tal binding, and catalysis, we could
rationally design a singiatom replacement that strongly increases catalytic activity.

Overall, our data highlight the importance of dynarprocesses such as transient interactions and

conformational plasticity in these highly dynamic systems. In this respect we also demonstrate the
need for highresolution techniques, in particular NMR, to provide the required mechanistic insights
for rationaldesign strategies with the aim to unravel the full potential of the DNAzyme technology.

1. Borggréfe, J. et al. Timresolved structural analysis of an RilAaving DNA catalyst. Nature

(2022)

2. Borggrafe, J., Gertzen, C. G. W., Viegas, A., GéhlkeEtzkorn, M. The architecture of the

10-23 DNAzyme and its implications for Di&diated catalysis. FEBS J. in press (2022)

3. Rosenbach, H. et al. Influence of monovalent metal ions on metal binding and catalytic

activity of the 1@23 DNAzyme. Biolhém. (2020)

4. Borggréfe, J. & Etzkorn, M. Solution NMR Spectroscopy as a Tool to Study DNAzyme Structure
and Function. Methods Mol. Biol. (2022)
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NMR has been applied to virtually all sites within proteins and biomolecules; rontbe

observation of sulfur sites remains very challenging. Recent studies have examined 77Se as a
replacement for sulfur and applied 77Se NMR in both the solution and solid states. Asl&spin
nuclide, 77Se is attractive as a probe of sulfur sited,iahas a very large chemical shift range (due
to a large Chemical Shift Anisotropy), which makes it potentially very sensitive to structural and/or
binding interactions, as well as dynamics. Despite being al#pinuclide, there have been rather
limited studies of 77Se, and the ability to use-ibHirect detection has been sparse. Some examples
exist, but in the absence of a directly bonded, rexthangeable 1H, these have been largely limited
to smaller molecules. We develop and illustrate approachs#sgidoubleabeling of 13C and 77Se in
proteins that enable more sensitive tripfesonance schemes via muttiep coherence transfers and
1H-detection. These methods require specialized hardware and decoupling schemes, which we have
developed and will beiscussed. The requisite three spin-1BiG77Se systems can be created for
both methionine and cysteine. The triple resonancell3€77Se experiments may be acquired as 2D
or 3D, and NUS may be readily incorporated. The sensitivity gains over direcB&Dé&téction are

on the order of 4€fold (~16006fold in time). Applications to protein:protein and ligand:protein
interactions at low (300 uM) concentration will be presented, illustrating the extreme sensitivity of
77Se chemical shifts and the potentialreveal subtle structural shifts.

weee+81.6 ppm

'H (ppm) 'H (ppm)
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PT045 Stoppedflow NMR reaction monitoring on a stgecond timescale

Dr Andrew Hal] Miss Annabel FloékMr Edward King Professor Guy Lloyibnes
tUniversity Of Edinburgh, Edinburgh, United Kingd®iigK Scientific, Bradformh-Avon, United
Kingdom
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NMR is an extremely versatile and powerful tool for studying reaction kinetics and mechanisms.
Many techniques exist for studying slow irreversible reactions, includisif@esampling, irsitu
monitoring and continuous FIowNMR.! In contrast, fast irreversible reactions pose many challenges,
as the reaction may be significantly faster than the titaleen to initiate the reaction and load the
sample into the spectrometer. For reactions with Hates on a millisecond to second timescale,
stoppedflow techniques are a convenient way of initiating the reaction inside the NMR
spectrometer by mixing twor more reagent streams, before rapidly stopping the flow and acquiring
the spectra.

Previous work in the Lloydiones group, in collaboration with TgK Scientific, resulted in the
development of a stoppeflow NMR instrument that rapidly combines up to derreagent streams,
initiating reactions in under 150 milliseconds.2 We now present a next generation stdjgyvetiMR
instrument with a reduced deatime between initiation of the reaction and acquisition of the first
spectrum of 10 milliseconds, allowingactions to be studied on the tens of millisecond timescale.
We demonstrate the utility of this instrument for studying a variety of rapid reactions, including
approaches for acquiring, processing and interpreting spectra where the reaction is eveoivimg o
NMR timescale.

1. Prog. Nucl. Magn. Reson. Spectrosc. 2022, 129088
2. Eur. J. Org. Chem. 2021, 2021 (17), 23342.
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We discuss two major development milestones recently achieved toward development of a 1.3 GHz
NMR system, which is an @oing project supported by the Japan Science and Techynéggncy

(JST). The first milestone is development of an wdtnmpact 1.01 GHz NMR magnet (see Figure) and
its preliminary NMR applications. The new ub@mpact 1 GHz NMR magnet utilizes high
temperature superconducting (HTS) coils made of bisamatbed cuprates besides conventional lew
temperature superconducting coils. Because of the high current density of the HTS coil, the magnet
weighs only 1.6 tons and its footprint is the smallest among the existing 1 GHz NMR systems. The
cryogenic refrigeratomounted on the magnet eliminates needs of regular ligaédium refilling.

We have successfully collected multimensional solution NMR and sofitate NMR (SSNMR) data

for proteins at a 1H frequency of 1.01 GHz. The second milestone is developmenagicangle
spinning (MAS) probe that allows for spinning at ~160 kHz. Some preliminary SSNMR data will be
presented with prospects and challenge in spinning at a faster rate. Other research progress using
ultra-fast MAS and higfield NMR from the ongag project to develop 1.3 GHz NMR will be also
discussed with applications for amyloid proteins and other systems.
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Introduction

Many materials of key interest for industrial applications, such as porous media and battery
electrodes, possess large internal heterogenous magnetic fields originating from magnetic
susceptibilitymismatches between the porous structure and the péiling medium. This results in
rapid local fluctuating magnetic fields whose magnitude is proportional to the static field and that
drastically reduce the lifetime of transverse magnetization and makeepsequences which rely on
multiple echoes, such as the conversion of magnetization to singlet, very challenging at high
magnetic fields.

Aims

This work describes the development of hardware which seeks to address this challenge and thus
enable the invstigation of structural parameters such as porosity, pore size distributions and
tortuosity in porous media.

Methods

This is practically accomplished through a dualbe system and a sample shuttle able to move a
conventional valved NMR tube between hifield (7.05 T) and low field (46 mT, 500 kHz for 13C).
During transport the sample is kept in alignment with the x and y axis, enabling repeatable gradient
pulses when heterogenous samples are studied. At low fieldaxds3gradient system is availalihe
combination with radiofrequency pulses to implement a variety of (fsfdled) pulse sequences
including those to measure T1, T2, ldhgd spin order decay, and diffusion tensors.

Results

Applications such as access to long lived singlet lifetemediffusion tensor imaging (DTI) in porous
media with large magnetic susceptibility inhomogeneities are of particular interest to us since these
will enable unique insights into diffusion within those media.

Conclusions

This talk will describe hardwardesign, development and validation for the application of a range of
pulse sequences with field cycling and the application of radiofrequency pulses and 3D gradients in
low field.
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Introduction

Pseudocontact shifts (PCSs) induced by lanthanoid ions that are conjugatedi&acbomolecules by
lanthanoid chelating tags (LCTs) have proven to be a versatile tool in biomolecular NMR
spectroscopy. The application of LCTs is often limited in larger or very cystein rich proteines, as most
conjugation techniques rely on single cysttechniques. In addition, the required single cystein

mutants can alter the structure and / or the function of the investigated protein.

G proteircoupled receptors (GPCRSs) are a highly relevant class of protein targets that are

responsible for the reggnition of extracellular ligands and the triggering of crucial signaling cascades
within human cells. The dynamic interaction of GPCRs with various ligands results in delicate
conformational equlibria which are not yet well understood.

Aims

WehaveRS @St 21LISR | ySg | LILINRI OK {adtendrgicickeptyr (MY K § whNEB &
using PCSs in order to characterise the inactive, preactive and fully active conformations of the GPCR
and monitor the structural changes between them [1].

Method

Because our efforts to produce suitable point mutantions foeY¥ ! w G2 | LILJX & [/ ¢& |
limited success, we tagged instead of the GPCR itself, two different nanobodies (Nb60 and Nb80) that
form high affinity complexes with ¥YYs | w ®

Results

The obseved PCS on the GPCR allowd for the assignment of all Val and Tyr resonances in selectively
15N labelled V¥ s ' w O2y a0 NHzZOGA AY O6AYINEB YR GSNYyIFNEB O
with / without NBs. A method to predict suitable mutation sites bie NBs was also developed.
Conclusions

A ~100 kDa sized, detergent solubilised GPCR was characterised in various confomational states by a
new method termed GRBCS. The approach is not limited to GPCRs but could be extended to all
biomacromolecules for wibh suitable stable binders exist.

[1] F.J. Wu, et al. JACS 2022 144(47), 221780.
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Introduction

The high mobility of fluoride ion in metal fluorides with the tysoriite® LJS & & NHzO (i dzNB & dzC
| SCi edalindestigated by various methods. Lestgnding controversies on conduction pathways
FY2y3d GKS GKNBS ONRadl f f 23INF LIKAOFE aArdsSa Ay (&
dzZdAy3 ywC YIIAO Fy3IES ALAYYA YR N(ﬁau'Z{ LFFQHdVE'I'é(JSI\RG [oJ¢
CMbLbCH SEOKIYy3aS A& Y240 NBAGNRAOGSR® ! yF2NIdzyl (¢
paramagnetic effect of Ce3+.

Aims

¢2 dzy NI ¢St (GKS O2yRdzOGAYy3 LI GKgl&a |Y2y3d GKS
Methods

To redwce paramagnetic broadening, we examined sdlid F 4 S uyw0wC baw 2F / SCi I
6ndt ¢0 dzy RSNJ a! { oOoHo YR op 1Lnlnuq§4 MHKST 2d a $ NNBS
to F1~F3 on the bases of the calculated dipolar coupling tensor Beyfve S OK wuwC aLIAyYy
paramagnetic electron spins at Ce3+.

Results

/| £t SIFNf& NBaz2f OSSR ARSOFYR YlI y Ra T2NJ CmdcCo
arisSa Aa y20 Fraag Syz2dAK G2 | s 0 itskrBadar 0 C & LJS
linewidth.

CdZNI KSNE ¢S aK2¢g GKFIG FRRAGAZ2Y 27F 2 yohobiitypm 272 {

2 KAES 0KS CH YR (UKS Co Yl y Adbgng Rhé Fllmanifoldiss / I NB
affected appreciably (Fig). A4@3 , a part of the F2 and most of the F3 manifolds are merged into

the F1 signal.

Conclusions

¢KS LINBFSNBYyOS 2F (KS SEOKIy3S LI GKglea Ay [ Sc
[1] Chem. Mater. 9, 1068 (1997).

[2]J. Phys. Chem. SolitS1, 110432 (2022).

Acknowledgment: This article is based on results obtained from a project, RISING3, JPNP 21006,
commissioned by NEDO, Japan.
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Addition of fluorine atoms on biomolecules is widely used to modify their properties, according
specific applications. This chemical modification enables fluorine NMR spectroscopy offering a very
sensitive tool to explore the structure and dynamics of the system of interest. Proline was one of the
earliest fluorinated amino acid made available for such approach. For this specific case, the
fluorination was shown to modulate both the peptide's backle conformation by favouring either

the cis or trans isomers of the X&ao peptide bond as well as the kinetics of this conformational
exchange. Given the importance of these properties in intrinsically disordered regions of proteins
where proline residas are overepresented, we took advantage of 19F NMR to get insights into the
recognition mechanisms between cognate polyproline sequences and SH3 protein domains. We will
report our findings on the interaction between two distinct SH3 domains from Reticd Receptor

and Binl and cognate PRM (Proline Rich Motifs). We will show how fluorine signal lineshape analysis
allows quantitative binding kinetics data to be measured and how fluorination affects binding rates
[1]. The repertoire of fluorinated privles has been extended [2,3] offering a wide range of
spectroscopic and molecular properties to explore the peculiar role of prolines in protein sequences.

References:

1. Sinneave D. et al., 2021, Magn. Reson. 2,

2. Hofman G. J., et al., 2018, Chemicah@unications 54 5118121
3. Hofman G. J., et al., 2019, J Org Chem 84-3120
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Methyl NMR studies have become highly popular in NMR spectroscopy during the last decades. The
fast threefold reorientation of the methyl group around isymmetry axis (H3C) yields

advantageous relaxation properties and thus weBolved NMR spectra.[1] Moreover, it was

recently shown that the thredold reorientation is still active under DNP conditions being exploited

in SCREANDNP (Specific Cross Re&laon Enhancement by Active Motions under DNP).[2] Here, the
crossrelaxationpromoting methyl dynamics drive the polarization transfer from the hyperpolarized

1H spins to 13C. The specifically hyperpolarized méiB¢ can then be used, for example, for
extracting information about the interface between an RNA and a protein.[3]

This study aims to gather a more detailed molecular understanding of methyl dynamics at low
temperatures, particularly their behavior under DNP conditions, which have not beensxely
described so far. Therefore, selectively deuterated methyl groups of mbtgfing molecules are

used as a model system to investigate methyl dynamics inside a glassy matrix and in the presence of
polarizing agents. The applied 1H 2H CPMAS yeltisDNP enhancements facilitating the
determination of 2HR1 relaxation rates at a range of 100 to 165 K. Our results suggest a distribution
of 2H R1 relaxation rates represented by a stretched exponential, as shown in wetted protein
powder,[4] yieldingan activation energy for the thremld reorientation of 3 kd/mol in the case of
ethanold3. However, the presence of the radical impacts the underlying spectral density of the
measured relaxation rate as observed by comparison of a doped with an undapgales This

indicates the necessity to establish a general and reliable approach to measure methyl dynamics
under DNP.

References:

[1] S.Schitz, R.Sprangers, MethylTROSYspectroscopy:
AversatileNMRapproachtostudychallengingbiologicalsystems,
ProgressinNUearMagneticResonanceSpectroscopy116(202@%6

[2] D.Daube, V.Aladin, J.Heiliger, J.J.Wittmann, D.Barthelmes, C.Bengs, H.Schwalbe, B.Corzilius,
HeteronuclearCrosRelaxationunderSolid
StateDynamicNuclearPolarization,JAmMChemSoc138(51)(2016)}16573.

[3] V.Aladin, A.K.Sreemantula, T.Biedenbander, A.Marchanka, B.Corzilius,
SpecificSignalEnhancementonanRRN#AoteininterfacebyDynamicNuclearPolarization,Chemgstry
AEuropeanJournaln/a(n/a)(2022).

[4] L.Vugmeyster, D.Ostrovsky, K.Penland, G.L.Hoatson, R.L.Vold,
GlassydynamicsofproteinmethylgroupsrevealedbydeuteronNMR,JournalofPhysicalChemistryB117(4)(
2013)10511061
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Marseille , Francélnstitut Universitaire de France, Paris, France

Parallel 19: Solid State NMR and Al, Lamaaly 13, 2023, 13:495:45

W Introduction

Polymorphism is key to understand the properties of solids and optimizing their applications.
Therefore, it is essential to characterize polymorphic forms that are accessible to a molecule of
interest and to mderstand the transformations that may occur between them. Unfortunately, the
low sensitivity of NMR may limit the opportunity to detect small amounts of a minor polymorphic
phase in a mixture with a major polymorphic phase during, for example ;stalid phase
transformations between polymorphs.

() Aims and Methods

The goal of this study is to exploit DNP enhanced stéitte NMR to detect the presence of
structurally distinct domains within inhomogeneous materials. We propose, here, to establish NMR
contrast, which is based on namiform transport of DNfenhanced polarization, between a minor
polymorphic phase within a major polymorph. Numerical simulations ofuraform transport of
DNRenhanced polarization can be achieved through *H spin diffusierptore the spatial

distribution of the different polymorphic phases within the solid particle.

() Results

Our method can detect a minor amount (<4%) of polymorph Ill-aihmmobenzoic acid within a
powder sample of polymorph | at natural isotopic abundarigased on proposed models of the
spatial distribution of the two polymorphs, simulations of *H spin diffusion allow transport of DNP
enhanced polarization to be calculated for each model as a function of particle size and the relative
amounts of the polyrarphs.

() Conclusions

Overall, these results demonstrate the ability of seltdte DNP NMR experiments to reveal the
presence of a minor polymorphic phase within a major polymorph in a powder sample at natural
isotopic abundance and yield quantitative infieation on the spatial distribution of the two
polymorphs. Clearly, the method presented here may be applied in the future to identify the early
onset of transformations between polymorphic forms in a wide range of other systems.
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Proteins

Mr Benedikt Séldnér Dr Kristof Grohg Dr Peter Neidiy Mrs Jelena Aué¢hMr Sebastian BlaéhDr
Alexander Kleify Dr. Suresh K. Vdsdrof Lars SchaferProf. Dr. Rasmus Linser
Technical University Dortmund, Dortmund, GermaBruker BioSpin GmbH, Ettlingen, Germany,
3Center for Theoretical Chemistry, Ruhr University Bochum, Bochum, Germany

Parallel 19: Solid State NMR and Al, Lomond, July 13, 2023; 13:4%5

Magicangle spaning rates exceeding 1({Hz facilitate the usage of protons as detection nuclei in
solid-state NMR spectroscopy even for fufiyotonated proteins and enables a variety of new
methods for investigating proteins under physiological temperatures. Althdligimeasurement of
fully-protonated proteins at such high MAS rates provides a dense network of internuclear proton
proton connectivities, structure elucidation has so far been limited by low reliability of the
internuclear distances determined. In this ikowe demonstrate that timeesolved analysis of
internuclear magnetisation transfer in combination with new methods for correction of dipolar
truncation and spirdiffusion enables structural restraints with unprecedented precision. Spin
diffusion is heustically taken into account by assuming a merely additive effect to the observed
magnetization flow, as has been done in the framework of NOE buildup in solution. In contrast, for
correction of dipolar truncation, a simulatidmased method hinging on nesst-neighbor interactions
was developed. It is based on an extensive data set of RFDR builduparidr3spin scenarios with
different geometries simulated with SIMPSON.

In addition to highresolution structure determination, the dense network of exaotid-state NMR
distances now enables restrained ensemaleeraged MD simulations for solid protein preparations.
Such MD simulations facilitate detailed insights into protein dynamics ands#eific conformability
without the necessity of reproduciripe crystal lattice, which is often unknown and challenging to
implement.

This method was developed for and applied to RFDR experiments but will be adaptable to other
experiments like DREAM, MIRROR or BA3S
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PTO054 Fully Automatic Pulse EPR

Mr Hugo Kards Prof. Stefan StéllProfessor Gunnar Jeschke
ETH Zurich, Zurich, Switzerlafidniversity of Washington, Seattle, USA
Parallel 20: EPR/ESR, Alsh, July 13, 2023,-154%

Pulse EPR spectroscopy as a technique is currently mostly constrained to specialist research
laboratories. One reason for this is the complexity of performing an experiment. Here we present an
approach to reduce this complexity and open pulse EPR upseXperienced users.

AUtoEPR is a Pythdrased spectrometeindependent automation toolbox. It was originally designed
as the back end for automating DEER experiments (autoDEER) but it is also readily expandable to a
large variety of other pulse EPR expeents.

Features included in autoEPR:

() Automated Control: Fully automated experiments from pulse tunning anadigeixperiments
(Fielld 6SSLJar wSaz2ylG2NJ LINPFAf Sas SGOX0 (G2 FAYIf
that the user only neés to press a single button and walk away.

W Integrated Analysis: Whilst the experiment is running, the toolbox can actively process and
analyse the data. This analysis can be used to either set future experimental parameters or to
intelligently end the &periment once specific criteria have been satisfied. It is possible to expand to
all Pythonbased data analysis packages.

W Generalised Sequences: Experimental sequences are written and designed in-to-esesy
objectbased approach. Full support exifts both shaped and chirped pulses, including resonator
and TWT compensation. Experiments and procedures written on one spectrometer are readily
transferable to other spectrometers, even if they are of a different design or model.

W Hardware independencéhis toolbox is spectrometer independent and supports both home
built spectrometers and modern Bruker Elexsly@ising the XeprAPI). Both traditional systems with
multiple pulse forming units (MPFU) and modern AW&Sed systems are supported. For Bruker
systems, autoEPR works by writing PulseSpel files itself.

For more information, please visit https://github.com/JeschkeLab/autoDEER
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PTO55 Electron Paramagnetic Resonance Spectrometer fgitin
Investigation of Dynamic Nuclear Polarization Mechanisms at 14T

Dr llia Kaminkér Orit NirAradt, Dr Alexander FialkévEyal Lastéy Dr Nurit ManukovsKy
Tekaviv University, Tedviv ,Israel

Parallel 20: EPR/ESR, Alsh, July 13, 2023,-1%i4%

Dynamic Nuclear Polarization (DNP) is a hyperpolarization technique that rose to prominence in the
past two decades due to its ability to address the most pressing issue of NMR spectrogsopy

limited sensitivity. DNP is the most general hyperpolarization approach that allows for orders of
magnitude signal enhancements in a wide variety of NME applications ranging from materials
through chemistry to biology.

In the core of DNP lies polaaition transfer from highly polarized electron spins to nuclear spins of
interest. This is a complex quantum mechanical process, which has been the subject of intense
research, one clear conclusion of which is that Electron Paramagnetic Resonance (EPR) data
providing information about the electron spin dynamics, is indispensable for the theoretical
understanding of DNP, and must be collected under conditions that are as close to those of DNP as
possible.

At low (0.31.2 T) fields, where EPR detection iadiy available, multiple insights on DNP

mechanisms have been obtained, and new DNP experiments, e.g. fididedhave been developed.

At higher (37 T) fields, several groups have constructed dedicated dual DNP/EPR instruments
specially tailored for thénvestigation of DNP mechanisms.

In contrast, at higher (>7 T) field DNP experiments, only the nuclear spins have been studied so far,
and electron spin dynamics has been investigated only theoretically using quantum mechanical
simulations. | will preserthe new dual DNP/EPR instrument operating at 14 T / 400 GHz constructed
in our group. This instrument is tailored for the detailed investigation of DNP mechanisms "from the
electron spin perspective" at high fields and low temperatures. The highlightslenmultinuclear

DNP, CW and pulsed (including pulse shaping) EPR for static samples-830¢hK &mperature

range and EPR under magic angle spinning.
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PTO56 Terahertz EPR Spectroscopy Using-d&fa HiglHomogeneity
SeriesConnected Hybhd Magnet

Dr Thierry DubrodaDr. Frederic Mentini/igiet, Prof. Stephen Hill Dr. Jurek Krzysték
National High Magnetic Field Lab / Fsu, Tallahassee, United States
Parallel 20: EPR/ESR, Alsh, July 13, 2023,-154%

Electron Paramagnetic Resoman(EPR) is a powerful technique to study materials and biological
samples on an atomic scale. Hifigld EPR in particular enables extracting very smatigotropies

in organic radicalsand hafA f ft SR oR FTYR n¥ YSilf FTAadywa LIAdzOK A2
one to resolve EPR signals from unpaired spins with very cleakigs, both of which provide high
resolution details of the local atomic environment. The recent commissioning of the high

homogeneity Series Connected Hybrid magnet (3Gpkerconducting + resistive) at the National

High Magnetic Field Laboratory (NHMFL) allows the higliiedgt EPR spectroscopy in existence with
high-resolution. Herein, we report the first EPR experiments performed using the SCH magnet

capable of reachipthe field of 36 T, corresponding to an EPR frequency of 1 THz for g = 2. The
YF3aySiQa AYyUNARyaAO K2Y23aSySAde owp LILIVET GKIFG A
g a LINBGA2dzate YSIF&AdZNBR 6@ bawd 2SS (@QKmTNFeBl S NA T
minutes) using 2;2liphenytl1-picrylhydrazyl (DPPH), and fully resolved the very weakigptropy of

another model radical, 1;Bis(diphenylenep-LIK Sy &8t It t &f 6.5t ! 0X p3a I nd
measurements at 932 GHz and 33 T. Subsequend recorded EPR spectra at multiple frequencies

for two Gdlll complexes with potential applications as spin labels. We demonstrated a significant
reduction in line broadening due to secondder zerafield splitting, and a resolution enhancement

of gtensor anisotropy for halinteger spins in an unprecedented higbld regime.

This new instrument is now part of the NHMFL user program. Interested parties are encouraged to
contact the authors to learn about the process to obtain access to this newrspestier. Funded by

the National Science Foundation (DMER28556) and the State of Florida.
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PTO57 Isotropic Mixing and fast DOSY Experiments

Professor Burkhard LyyMr. Jens D. HallerMr. Sebastian SpahnProfessor Andrea BodoiDr Davy

Sinneavé, Prof Katalin Kovér
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Biologie Structurale Intégrative, Lille, Franténiversity of Debrecen, Debrecen, Hungary
Parallel 21: Small Molecule/Drug Disrgy Boisdale, July 13, 2023, 13:45:45

With the advent of fast pulsing experiments like the ASAP sequences [1], equally fast experiments
with significantly reduced relaxation delays are also searched for in the homonuclear case. A
particularly intrigung experiment is diffusicirdered spectroscopy, DOSY. It will be shown, which
problems arise when the conventional DOSY is transformed intexaifed experiment and how to

solve them. A very critical component in this transformation is the avoidanceugling evolution
RdzZNAYy 3 (GKS f2y3 RStle p> F2NJ 6KAOK 6S LINRLIR2AS
requirements are high for TOGH#Ré periods, fast DOSY experiments significantly below 1 minute

total duration are easily possible. Teduce the power requirements, we also looked into a pulse

delay sequence as an implementation of isotropic mixing, similar to the use of the perfect echo to
approximate planar mixing (PM), which, combined with BURBOP broadband pulses, leads to very
broadband PMTOCSY experiments. The result of a thorough optimization using average Hamiltonian
theory in the interaction frame resulted in the ®alled isotropic perfect echo, which leads to an
isotropic average Hamiltonian, albeit the isotropic interacti®iscaled by a factor three compared to
homonuclear TOCSY experiments. First applications of the IPE sequence are shown.

[1] D. Schulz&unninghausen, J. Becker, M.R.M. Koos, B. Luy, "Improvements, extensions, and
practical aspects of rapid ASAMSQC andLSOFASTSQC pulse sequences for studying small
molecules at natural abundance”, Journal of Magnetic Resonance 284185{2017) and
references cited therein.
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Dr Kirill SheberstdyAma Sonnefeld Mr Geoffrey Bodenhausén
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Parallel 21: Small Molecule/Drug Discovery, Boisdale, July 13, 2023,1E3446

Longlived coherences (LLCs) are zgumntum coherences with lifetimes that are longer than
transverse relaxation times T2. For a pair of two chemically inequivalent spins, LLCs can be excited
between the singlet SO and central triplet TO states [1H]re we present methods to excite LLCs
involving 6 proton spins of three CH2 spin pairs (geminal protons in each group are chemically
equivalent) in aliphatic chains in various biomolecules. The LLCs can be excited by polychromatic
spinlockinduced crosgs (polySLIC) using a superposition of 2 or 3 weak radiguency fields [3].

The resulting LLCs correspond to coherent superpositions between the levels spanned by the SO TO
TOT TOSOTH TO TO SO states and between the levels spanned by SOISOS®TO S§ TO SO

SO states, which evolve under the free precession Hamiltonian, and have lifetimes longer than T2.
The method allows recording 2D spectra that are reminiscent of J spectra with narrow peaks with
linewidths on the order of 0.¢ 0.2 Hz inlhe F1 dimension, and frequencies that are determined by
differences of vicinal 3J couplings. Such coherences may be of interest fortigsed drug

screening.

[1] G. Pileio, M. Carravetta, and M. H. Levitt, Extremely-Emquency Spectroscopy in L-éueld
Nuclear Magnetic Resonance, Phys. Rev. Lett. 103, 083002 (2009).

[2] R. Sarkar, P. Ahuja, P. R. Vasos, and G. Bodenhausehjuszh@oherences for
Homogeneous Line Narrowing in Spectroscopy, Phys. Rev. Lett. 104, 053001 (2010).

[3] A. Sonnefeld, G.d8lenhausen, and K. Sheberstov, Polychromatic Excitation of Delocalized
LongLived Proton Spin States in Aliphatic Chains, Phys. Rev. Lett. 129, 183203 (2022).
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Benchtop NMR Spectrometer Boosted by Phimtduced Hyperpolarization

Ms Gabriela StadlerDr. Takuya SegawaVr Matthias ButikofeY, Dr Barbara CzarnieékDr Sandra
Loss, Dr. Felix Torrés, Mr Roland Riek
'ETH, Swiss Federal Institute of Technology, Laboratory of Physical Chemistry, Zirich, Switzerland,
2Bruker BioSpin AG, Fallanden, SwitzerldNexMR GmbH, Schlieren, Switzerland
Parallel 21: Small Molecule/Drug Discovery, Boisdayel 3uP023, 13:4515:45

The low sensitivity of NMR spectroscopy in drug discovery applications can be overcome by using
photo-chemically induced dynamic nuclear polarization (phGI®NP). We established the praudt
concept by screening a 2X@mpound fagment library on a higfield (600 MHz) NMR

spectrometer, using low micromolar concentrations and sirggian experiments of a few seconds.

[1] The polarization yield obtained by phe@ DNP increases inversely proportional to the magnetic
field, faciliating the use of lowield benchtop magnets. Benchtop NMR spectrometers are about 20
fold cheaper than higffield spectrometers, require little maintenance, and their permanent magnets
do not require cryogenic or helium cooling.

We show that photeCIDNFbased fragment screening is possible on a cryeigea low-field

benchtop NMR spectrometer. The performance of screening in comparison tedftte-art high

field NMR is discussed and reveals the advantages of our approach regarding costs and samplicity
execution.

We present a phot€CIDNP miniscreen against the cancer target PIN1 with 28 compounds measured
2y Iy yn all baw aLSOGNRBYSIOSNI AY 2yfé&é o YAydziS§
protein concentrations.

The miniscreen verified the fadetection of lowmillimolar binders at a benchtop NMR

spectrometer. While the concentrations used are comparable to a siktbe-art NMR screening on
highfield, the measurement time could be reduced by 5 tef@ld. Binding could also be observed at
2SN O2y OSY (N GA2ya R2g¢gy G2 pn >a tfA3AFYR FyR |
was 100 nM after 9 minutes, while without hyperpolarization no signal was detected after days of
continuous measurement.

These results demonstrate the potenitiaf photo-CIDNP to overcome the sensitivity limitation of
NMR spectroscopy, enabling life science applications on cheapdlih\permanent magnets and
opening the door to broader use of NMR in the drug discovery community.

[1] Torres, Stadler et al. thfast NMR fragment screening using phdtgperpolarized (CIDNP) NMR.
(under review)
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() Introduction

NMR is a powerful tool to study proteligand interactions as it unveils atomic details of the
interactions in solution. Imaging NMR is a new technique enabling us to condense any titrafons in
single NMR tube containing a gradient of the analyte of interest.

W Aims

Imaging NMR has the huge potential of accelerating drug discovery and fundamental research. We
aimed at the development of: 1) KD and binding specificity, through the newly implemented Imaging
Saturation Transfer Difference (STD) NMR experiment; and 2)etieemination of enzymatic
parameters KM and VMax from fitting the Michalis Menten equation.

W Methods

Both implementations are performed in a single NMR tube, with a huge reduction of time and
resources compared to conventional methodologies. We preparaeples containing a controlled
gradient of ligand against homogeneous concentration of protein, and developed for the first time
Imaging STD NMR to obtain the KD of the complexes in a single tube. For 2) we prepared substrate
gradients against homogenesenzymes to extract KM and VMax.

W Results and conclusions

We prove that 1) Imaging STD NMR is an effective methodology to extract dissociation constant,
obtaining values in good agreement with literature in 12086 of the experimental time relative to

the manual STD NMR titration. Using the same approach, we can also assess the specificity of
binding, following the evolution of the binding epitope upon increasing ligand excess.

We also demonstrated that 2) by Imaging NMR we can condense enzymatic assaysgle NMR

tube. Whereas UV spectroscopy is the established technique for this, its main limitation is the need
of a chromogen, often precluding direct detection and/or excluding physiological substrates. By
Imaging NMR we manage to obtain accurate &M VMax in a single sample and with no limitation

on the nature of substrate.
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P-121 - Strategies for acquisition and processing of serial NMR data
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1Centre of New Techologies, University of Warsaw, Warsaw, PédRagartment of Mathematical
Methods in Physics, University of Warsaw, Warsaw, Poland

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Introduction

NMRmeasurements are often performed in series and under varying conditions, either controlled
(temperature, pH, concentration) or uncontrolled (reaction progress). As a result, peak signals in the
spectra move from spectrum to spectrum according to some physnodel. One can then use

Maximum Likelihood Estimation (MLE) to find the best parameters that fit the data in agreement

with the model.

Aims

Given that several NMR signals need to be averaged in order to improve the inherently low sensitivity
of the technique, and that spectrometer time is usually limited or expensive, the following question
raises: for fixed spectrometer time for serial measurements, is it better to acquire less spectra with
Y2NBE | OSNIF 3Sa 2N GAOS @S NE I hé fitttndkvBIINSBLE .FortBeiinip@ NE Y S
could other processing methods, like Radon transform [1, 2], improve the results? We aim at giving
concise answers to these research questions.

Methods

We extend on the existing mathematical formulation of the problen¥]3nd compare our findings

with computational simulations.

Results & Conclusions

In general terms, it is usually preferred to acquire more spectra with less averages. Although, this
statement is only true for as long as peak signals can be distinguisimcbise. The use of Radon
transform can help circumvent this impediment.
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P-061- Switching off a GPCR: different facets of receptor desensitization
studied at atomic resolution

Ms Arnelle Loebbert

Poster Session 1, Hall 1 & 2, SEC, July 10, 3323; 15:45

G proteircoupled receptors (GPCRS) represent the largest family of signaling proteins and are
targeted by one third of all clinically used drugs. To control the signaling process of GPCRs, cells have
developed a tightly regulated system ofs#msitization where GPCR kinases (GRKSs) play a vital role.

By selectively phosphorylating thet€minus and/or intracellular loops of activated receptors, GRKs
initiate the recruitment of arrestins to GPCRs, leading to a plethora of cellular responses.

Within this project, our aim is to study the allosteric activation of the kinase, its interaction with

effector molecules and the resulting phosphorylation pattern in tirmsolved manner. We

LIS NF 2 NIY SR ansthidhiddliabelirg) oflGRK1460 kDa) &RIK2 (80 kDa) in insect cells. By
recording characteristic fingerprint spectra, we can determine distinct conformational changes of the
kinase upon binding of physiological effectors (ATR,ENX A Yy I f LISLIWIARS&0 -Ay O7F
subunit, aniont phospholipids) or competitive modulators (paroxetine, sangivamycin). Resonance
assignment by mutagenesis and the determination of KD values by NMR titration experiments were
used to characterize these interactions in unprecedented detail. Additiondlbsphorylation events
catalyzed by GRK1/2 were monitored inrdakh YS 2y (i K-BbelediCG®iiminal tSilRof L, b b

G NA2dza Dt/ wad OKAal s!wX Kaii!wI 020AYS NK2R2LJA
phosphorylation rates for differing sitesd could further investigate the influence of allosteric

modulators and activated receptor preparations on kinase activity. Moreover, we could demonstrate
the high regulatory importance of the dynamiet&fminal stretch of the kinase.

Unraveling detail®f GPCR desensitization in turn may aid in the discovery of new therapeutic agents
targeting specific GRK functions.
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Ms Lauren PriceDr Nicholas AlanivaMs Marthe Miller, Till Epprecht, Michael Urbah Mr
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Introduction

Spherical rotors are an alternative to the current cylindricabrstused for MAS NMR. Initial
implementation used 3D printed ABi8e plastic stators which are ideal for prototyping but wear
during longterm experiments and repeated spin up/spin down procedures due to softness or crack
under the cryogenic conditiongquired for MAS DNP due to a large thermal shrinkage coefficient.

Aims/Methods

Here we introduce a probe assembly for cryogenic temperatures which was used to perform the first
MAS DNP using spherical rotors. The use of a stator machined from the chfaco® in
O2YO0AYlFOA2Y G6AGK | GofAYyR K2f S¢é¢ al LILJKANB &LIKSN
cryogenic temperatures due to the identical thermal shrinkage of the two materials. Spinning is
achieved using a single gas stream at the complemetiteoinagic angle and a second gas stream
provides pneumatic magic angle adjustment at cryogenic temperatures. Cooling utilizes cold variable
temperature (VT) and spinning gas with sample temperatures reaching 90 K as measured using KBr. A
saddle coil prowdes direct vertical access to the sample for microwaves and sample insert/eject while
giving sufficient radio frequency performance for ssSNMR experiments.

Results

Preliminary DNP results have been obtained using 9.5 mm spherical rotors on a standard\f 20
AMUPol, 4 M 13C 15N Urea in 60/30/18 dlycerol/D20/H20 at temperatures below 110 K, sample
aA1 S& dz2lJ 62 HHoOo >[ YR I &aLAYYAYy3d FTNBldSyode 27
createsaspherical KSf f NRGI2NJ K2f RAy3 HHo >[ 2F &l YLX So

Cmclusions

This probe and spherical rotor design is also being scaled for 6 mm spherical rotors which is projected
to increase the spinning frequency to above 5 kHz. In the future this system can be used to reach
temperatures of 5 K using helium without mmamodifications.
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P-203- BulletDissolution Dynamic Nuclear Polarization and Ligand Binding
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Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

In bulletDNP, a sample is hyperpolarized atoggnic temperatures and rapidly transferred to a
second magnet where it is dissolved and ligsidte nuclear magnetic resonance (NMR) spectra are
recorded [1,2]. BulleDNP has advantages for observing lighitling since it is scalable to small
solventvolumes and thus reduces the required amount of protein. Here we present ligizuahg
experiments, in which the sensitivity of the hyperpolarized signal detection is improved further via a
13CG1H reverse INEPT polarization transfer from carbon to mettotbns. As of now, we have
achieved substrate concentrations of 4uM with a significant enhancement in signal.

References:

OMB Y2dmjAf I Y& Y2dmjAf 20t 3 | &3 . | NI NDyfamic{ &3 [ ¢
Nuclear Polarization withdid Transfer of a Polarized Solid, Nat. Commun., 10, 1733,
https://doi.org/10.1038/s41467019-097265, 2019.

WHB Y2dmjAfX Y®dSX DNIFIYOSNAHI adr Wdee]sdnlidutontatedh d> Y 2
apparatus for bulledynamic nuclear polar&ion with improved resolution, Magnetic Resonance, 2,

815, https://doi.org/10.5194/mf2-815-2021, 2021.
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Profiling by Chemical Shift Imaging NMR

Dr Trey Koéy Dr MatthewWallacé
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Probing the metabolomic profile of human primary colonocytes and commensal bacteria has been
gathering a lot of scientific attention in recent years for its ability to highlight early stages of lower
gastrointestinal (Gl) pathologies, such as ulcerativgigonflammatory bowel disease, leaky gut
syndrome, as well as primary colorectal carcinomas. Several studies have highlighted the importance
of small molecular metabolites, such as shdntin fatty acids (SCFAs), on the interplay between
human primarycolonocytes and gut bacterial species. The primary SCFAs produced in the large
intestine are acetate, butyrate and propionate, with all three having important physiological roles in
hepatic gluconeogenesis, influencing metabolic homeostasis markersasuarmones PYY and

GLP1, improving Eecell function, insulin secretion, as well as intracellular signaling molecules.
3Dysregulation of the production of these SCFAs has been linked to cardiovascular disease (CVD),
metabolic syndrome, and diabetes melktu

However, most current in vitro methods for probing this @&l crosstalk involve complex and
expensive setps, featuring multiple vessels, frequent sampling, and-rearsable technologies
(e.g.,orgaron-chip, TIM1,2 and SHIME models).

In this wa'k, we demonstrate a new, rapid seiitomated method for the spatially resolved
quantification of small molecular metabolites directly in an NMR tube, with minimal sample
preparation or sampling. Our method is based on the chemical shift imaging (CBbdolegy,
developed by Wallace et al., and allows for the dynamic and accurate determination of spatially
resolved exchange of small molecular metabolites between bacterial and mammalian cells across a
gradient, as well as pH.
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Introduction

The comprehensive elucidation of the features regulating slg@im recognition in natural contexts
is elusive and far from being completely understood. Indeed, the deep knowledge of these
biologically significant interactns is a great challenge in the glycoscience field.

Aims

The environment in which the interaction takes place strongly influences protein and glycan
presentation. Focusing on the sugar counterpart, the orientation, dynamics, flexibility, accessibility,
and density are aspects that have to be considered and evaluated. Herein, our main objective was to
acquire knowledge on these factors using diverse methodologies, not only in vitro but also inthe cell
like contexts.

Methods
We have employed a panel offfigérent NMRbased protocols.

Results

Firstly, we have highlighted how two different techniques, NMR and microarrays, provide different
results on the recognition of a pair of positionafgycan isomers (LB8land LDM6) by a @ype

lectin, LSECtin. leed, the obtained results depend on whether the glycans are free in solution or
anchored to the microarray surface.

We have also employed NMR to scrutinize glylemtin recognition ircell and orcell using intact

cells. Specifically, an-zell NMR approach using Danio rerio oocytes has been optimized to detect
the binding of an exogenous microinjected lectin (gate@d to the norhydrolysable lactose

analogue thiodigalactoside (TDG). Moreover, arcelh NMR strategy has been applied to study the
recognition features of siglet0, overexpressed in mammalian cells (HEK293), when interacting with
a selective glycominie.

Conclusions

From our results, it is demonstrated how the presentation of the interacting sugar epitope influences
the outcome of the recognition, thus translating the difficult of comparing results obtained from
different techniques. In addition, eyproposed NMR protocols using intact cells are a good
approximation to detect (i) intracellular recognition events involving lectins and sugars in a eellular
like microenvironment and (ii) extracellular binding processes involving receptors embedded into
cellular membranes.
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P-369- Quantifying Distance Measurements in Solids using Rotational
Resonance (R2) Experiments

Miss Neelam Sehrawat
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Introduction

Development of radidrequencypulsebased efficient recoupling/decoupling methods is key to the
accurate measurement of orientatietlependent structural constraints in chemical, materials, and
biological samples using sokthte nuclear magnetic resonance (SSNMR) spectroscopy. NelesH)

the accuracy of these constraints is often compromised due to poor spectral resolution and
sensitivity of the ssSNMR spectra, and lack of theoretical models to quantify such experimental data.
Multiple time-modulations, increased dimensionality duerulti-spin contributions, and the

presence of a noltommuting set of operators in the nuclear spin interaction Hamiltonian are the
main difficulties associated with the theoretical models.

Aim

To develop a theoretical framework based on the concepihefeffective Floquet Hamiltonian for
quantifying the distances in a mukpin network using the Rotational Resonance (R2sed
recoupling experiments in sokstate NMR.

Method

In the present framework, muklspin contributions to the effective Haltonian are incorporated in a
reduced subspace (2x2 block diagonal matrix) and the perturbation corrections are evaluated up to
the third-order using the contact transformation method.

Results

Both the demagnetization effect and broadening of-B2change profiles in the presence of
neighboring protons are mainly governed by the operators resulting from the -teoss

(CSA)protons x (Dipolar)hetero, (Dipolar)protons x (Dipolar)hetero and (CSA)protons x
(Dipolar)protons in the effective Floquet mdtonian. While the secondrder perturbation

corrections to the effective Floquet Hamiltonian are sufficient to explain the magnetization exchange
profiles for N = 1 R2 condition, corrections up to the thorder are essential to describe the N =2 R2
exchange dynamics.

Conclusions

The analytical simulations being computationally less intense, economical, and lesotisweming
compare extremely well with the exact numerical simulations. Integration of the proposed
framework into a routingorogram code would be extremely beneficial in the iterative fitting of the
experimental data and for the extraction of multiple distance constraints in larger biomolecular
systems.
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Purpose: To explore the value of preoperative prediction of pathologrealing of oligodendroglial
tumors (OG) using apparent diffusion coefficient (ADC) histogram analysis in the parenchymal region
of the tumor.

Methods: The clinical, MR, and pathological data of 25 oligodendrogliomas (OD, WHO grade 2) and
26 anaplastic ajjodendrogliomas (AOD, WHO grade 3) confirmed by surgical pathology were
retrospectively analyzed. The parenchymal region of the whole tumor was outlined and histogram
analysis was performed on the axial ADC images using MaZda software. Nine histograetgraram
were obtained, including mean, variance, skewness, kurtosis, 1st, 10th, 50th, 90th, and 99th
percentiles. The differences in histogram parameters between OD and AOD groups were compared,
and operating characteristic curves (ROC) were drawn to antdgzgifferential diagnostic efficacy

of each histogram parameter for OD and AOD.

Results: The mean, 1st, 10th, and 50th percentiles of the histogram parameters in the AOD group
were smaller than those in the OD group, and the differences between therdess were

statistically significant (P<0.05), while the differences in variance, skewness, kurtosis, 90th and 99th
percentiles between the OD and AOD groups were not statistically significant (P>0.05). The best
grading diagnostic efficacy was achieved @8.00x166 mm2 /s, with an area under the curve (AUC),
sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of 0.840,
76.92%, 84.00%, 80.39%, 83.30%, and 77.80%, respectively.

Conclusion: Histogram analysis basedADC in the parenchymal region of the tumor is valuable for
preoperative prediction of OG pathological grading, and the 1st percentile has high diagnostic
efficacy for grading.



Table 1. Comparison of ADC histogram parameters between OD and AOD

Parameters OD (n=25) AOD (n=26) Pvalue
Mean 151.07=19.50 145.56=9.11 0.005942
Variance 472.20+376.19 457.54= 143 47 0.856422
Skewness 021043 043=045 0.077142
Kurtosis -0.18 = 0.95 0.34=0.84 0.076533
ADCI 11594 =8.03 102.78 = 10.72 0.000000
ADC10 130.90=9.06 11864 =11.12 0.000080
ADCS0 151.00=17.00 143.67=9.50 0.003152
ADC90 176.00=43.00 170.50 = 13.75 0.291208
ADCO99 201.49=28.56 199.17+18.32 0.732386

Notes: OD, oligodendrogliomas; AOD, anaplastic oligodendrogliomas; ADC, apparent

diffusion coefficient

Table 2. Diagnostic performance of ADC histogram parameters in differentiating OD and AOD

Parameters  AUC (95%CI)  Cutt-off value Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
Mean .1 148.70 80.77 66.00 74.51 7240 77.30
(0.528,0.840) ’ ’ ’ ) ’ '
0.840
ADC1 108.00 76.92 84.00 80.39 83.30 77.80
(0.710,0.928)
0.815 "
ADCI10 (0.682,0.910) 125.00 80.77 76.00 78.43 77.80 79.20
ADCS0 o 145.00 73.08 76.00 72.55 76.00 73.10
(0.599,0.853)

Notes: CI, confidence intervals; OD, oligodendrogliomas; AOD, anaplastic oligodendrogliomas;
ADC, apparent diffusion coefficient; AUC, area under the receiver operating characteristic curve;
PPV, positive predictive value, NPV, negative predictive value.
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Numerous atomid S@St Ay OGAGNR &dGNHz2OGdzNI f addzRASa adza3d
heterogeneity drives selective binding partner ogaition facilitating its vast regulatory scope;f

| 26 SOSNE &A0GNHzZOGdzNI f Ay ©GOAP2 SPOARSYOS (2 GKAA S
structural heterogeneity at atomic resolution directly within vitrified HeLa cells by utilizinglifigh

field dynamic nuclear polarization soktiate NMR.[5,6] Comparison of our multidimensional NMR

data with computational predictions on the basis of over 1,206cOhtaining structures revealed a
remarkable correlation between imitro Ub plasticity andh-cell NMR spectroscopic signatures.

Similar experiments conducted on proteolytically stressed cells suggested a functional and time
RSLISYRSYlG RSLISYRSYOS 2F dzoAljdzA GAy Qa & i NHzOUG dzNJ f
previously reported higf € ReE YiIIWAIOY P v 2L NBEIA2yadomIos ¢ |
0KS FANRG yFraA@S G2YAO Ayardakida Aydaz2z !'oQa adh
AYRdAzOGA2Yy 2F adGNBaa Y2RdzZvivdiSa | 6Qa O2y F2NXNI (A2

(1)  Science 2008.

(2)  Structure 2017, 25 (5), 73P49.e3.

(3) EMBOJ 2017, 36 (24), 3§3572.

(4) Nat Struct Mol Biol 2013, 20 (5), 5865.

(5) Angewandte Chemie International Edition 2019, 58 (37), 1298973.
(6)  Chem. Sci. 2022, 13 (47), 14t54164.
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Either a short or a long isoform of AUTS2 protein is predominantly expressed depending on different
stages of brain development (1). Misregulations in AUTS2 isoform expression have been corelated t
developmental delay and intellectual disability (2). How this expression switch is regulated on the
molecular level is still unknown. We focused our structural study on a €GA&gion located
approximately 150 base pairs upstream of the transcripstanrt site of the long isoform. As

expected, based on the literature (3,4), the NMR spectra showed that the oligonucleotides from the
CGAG@ich region are structurally polymorphic which could play a role in the expression switch. To
overcome the polymorpic nature of the CGAGch region we focused on three truncated variants to
explain the general sequenatructure relationship. Using NMR we show that all the variants form
thermally stable norcanonical hairpins stabilized predominantly by G:C and GsA pairs. The

different number of CGAG repeats contained in each variant affected the arrangement of the loop,
whereas the stems were dominated by G:C and sheared G:A base pairs in all three constructs. The
loop region architecture is biologically veryeehnt since it contains the predicted protein binding

site. In general, we reveal important driving forces that govern the structural landscape of the CGAG
rich region of AUTS2 promoter. Additionally, the presented approaches will aid in future structural
studies of highly repetitive sequences and characterization of their complicated conformational
landscapes with the use of NMR.

Acknowledgments: This work was supported by Slovenian Research Agency (ARRS,-0at#is P1
and Z13192 as well as Young reselaer grant for A.N.).

References:

(1)  G. MonderefRothkoff, Mol. Psychiatry 2021, 26 (2), 6681.
(2)  A. Biel, Front. Mol. Neurosci. 2022, 15.

(3) V. Kocman, Nat. Commun. 2017, 8, 15355.

(4)  A. Novotny, Nucleic Acids Res. 2021, 49 (20), 1M2Es7.
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P-235- Structural Studies of Fluorid@oped LithiumRich AntiPerovskite
Solid Electrolytes for ABolidState Batteries
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All-solid-state batteries (ASSBs) have the potential to improve the safety and performance of current
lithium-ion (Ltion) battery technology [1], which is unable to delithe performance, safety and

cost requirements of nexjeneration energy storage devices [2]. Lithideh antiperovskites

(LIRAPS) are a promising class of solid electrolyte material owing to their reportedly high ionic
conductivities (1@3 S cm1) ther and tuneable crystal structure, which may be manipulated through
chemical substitution (i.e., doping) to enhance ion transport mechanisms [3]. The hydrated LIRAP
Li2OHCl is just one composition within this family that is currently of considerableshtéris

widely known to undergo an orthorhombic to cubic phase transitioD3% °C, which appears to
correlate with a significant increase in ionic conductivity. However, the precise mechanisms
underpinning this structural transformation are still thelgect of much debate. It has been shown
that the cubic phase of Li2OHCI can also be formed by the substitution@fo®R;, forming the

solid solution Li2(OH)¢X)FxCI [4]. To the best of our knowledge, the Li2(QH)EXCI (x =€0.2)

series and thassociated structural changes have not been investigated experimentally to determine
the complex structurdunctionality relationship within this important class of materials. Here, we
present our recent powder-Kay diffraction (XRD) and multinuclear sedtate NMR (SSNMR) results

in conjunction with our firsprinciples density functional theory (DFT) calculations. Our recent
findings suggest that the true composition of Li2(OENJExQ]based systems differs from what has
previously been reported, andhat the precise location forggdoping may vary depending on
composition. In addition, the synthetic strategy adopted appears to play a considerable role in the
precise phases formed. Our combination of experimental methods with DFT enables us to &hte lo
and longrange structural effects to distinct compositional changes, thereby allowing us to unravel
the complex structurdunction relationships in Li2(OH}{®¥)FxQlbased solid electrolytes, which will

aid us in designing better functioning electrolgtm the future.

[1] J. Janek and W. G. Zeier, Nat. Energy, 2023, §2260

[2] K. Turcheniuk, D. Bondarev, V. Singhal and G. Yushin, Nature, 2018, §890467

[3] J. A. Dawson, T. Famprikis and K. E. Johnston, J. Mater. Chem. A, 2021, 9, 18746.
[4] Y. Li, W. Zhou, S. Xin, S. Li, J. Zhu, X. LU, Z. Cui, Q. Jia, J. Zhou, Y. Zhao, J. B.
Goodenough, Angew. Chem. Int. Ed., 2016, 55, 9965.
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An army marches on its stomach! Biological NMR infnthe same way due to the quantity and
diversity of the data used can claim to march on the software that analyses the data we measure.
Here we showcase 3 projects that are designed to improve the biological NMR toolset, and which
L & 2FF Sangihk. 20 KSN& ad N

NMRPack: Installing Biological NMR software across the currently supported platforms can be
challenging. NMRPack provides a package manager for NMR software installation based on the
supercomputing package manager SPACK. By codifgiadjation processes in Python it can use the
knowledge of the community to ease software distribution. Currently supported software includes
NMRPipe, ARIA2 (including GUI tools) and XMIBR

NEFPipelines: The NMR Exchange Format is a new file fdonatological NMR data exchange.
NEFPipelines takes advantage of the regularity of the NEF file format to create a pipeline of
commands that can manipulate a NEF file as a Unix pipeline. The tools include foreign file 10 for
programs such as NMRView/NR#X, Sparky, XPL-OIR4, ARIA and PINE and more general tools such
as ones for renaming and renumbering peaks and chemical shift tables, merging NEF files and
validating their content to name a subset. NEiBelines provides the software glue for an NMR
project and can minimise the need for custom data conversion scripts. However, when needed it
provides a framework inside which customs scripts and tools can coexist, reducing the biological
NMR spectroscopists workload.

ARIAXC: ARIA is one of the main paiowg used for NMR structure calculation. Unfortunately, the

dzy RSNI @Ay3 ReylYAOa Sy3aayS /b{ Aa y2 f2y3SN RS
restraints such as chemical shifts and PREs. ARIAXC is a working implementation of ARIA2 that uses
XPLORNIH as its molecular dynamics engine. Use of modern forcefield terms will be demonstrated.
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Pseudocontact shift (PCS) NMR spectroscopy has gained a significant impact on protein structure
determination over the last decades. Several lanthanoid chelating tags (LO@&4)den developed

that allow rigid attachment to a protein. Most often, they are based on a DOTA framework, which
allows strong binding of the lanthanoid cation. Attachment to the protein can be achieved via

NEBIFI OGA2y 2F (GKS LINE él&er ghahe LD A coBpley. $he eBeditly R dzS 6 A (
published DOTM7-Nitro tag reached the limit of the achievable anisotropy parameters with DOTA
type LCTs. To further extend the size of the anisotropy parameters, the development of a new
scaffold is necessarWe have, therefore, explored new scaffolds for LCTs, that have intrinsic
susceptibility anisotropy parameters significantly exceeding those of DOTA based chelators. Based on
these new scaffolds, corresponding LCTs were synthesized. Preliminary resséigedted examples

will be presented. The new LCTs might open the door to a new class gidrighmance PCS tags.
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The hepatitis B virus consists of a capsid that surrounds the viral genome and is composed of 120
core protein dimers (Cp). Here, we investigate the functioa@r@inal domain (CTD) of Cphigh

for instance interacts with partner proteins for cellular trafficking. To do this, it has to expose its

signal sequence on the outside of the capsid shell. How this is regulated by phosphorylation remains
largely unknown, mostly because this-8hinoacid peptide is invisible in cry&M, Xray diffraction,
orclassicalsolid i §S baw o6&d&bawid SELSNAYSyG&a RdzS (2 A
transfer during crospolarization times. Here we use a sftdtbelling strategy in which we introdac

a nitroxide radical onto the-€@rminal cysteine of Cp after mutating all other cysteines. We then use

a combination of proton and carbedetected ssNMR to obtain paramagnetic relaxation

enhancements (PRE) by comparing the 3D peak intensities of paratitagnd diamagnetic

samples. This allowed us to obtain s#gecific distance information for over 90 % of the residues of

Cp, which we used to compare the excursions of the CTD under three different conditions: in the
unphosphorylated, RN#lled capsidjn the phosphorylated, empty capsid; and in the presence of a
capsid assembly modulator that induces abnormal capsid assembly. Our results show that in
unphosphorylated capsids, the capsid surface is completely unaffected, indicating that the CTD
remainslargely inside the capsid. In contrast, in phosphorylated empty capsids, the CTD can protrude
through the triangular pores of the capsid, which we therefore identify as the signaling exposure site,
contrary to what was previously postulated. Our work pd®4, for the first time, a molecular view of

the CTD localisation in different Cp forms and more generally positions paramagnetic tags and PREs
as an important tool for elucidating flexible domains in complex assemblies such as viral capsids.



196

P-289- An NMRbased assay informs on the substrate scope of the
Pseudomonal Ethyler®rming enzyme

Mr Siddhant Dhingra

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Introduction

Ethylene is a phytohormone contributing to leaf senescence antrfpening. Several plant

infecting microorganisms have been reported to produce ethylene to alter plant metabolism,
including Pseudomonas which utilises ethyldaaming enzyme (PSEFE) to catalyze the formation of
ethylene from 2oxoglutarate (20G) va a Groktype oxidative fragmentation reaction (Fig.1(i)) 1,2.
Concomitantly, PSEFE catalyses the hydroxylatioraafibine which is coupled to the oxidative
decarboxylation of 20G to succinic acidl.

Aims & Methods

An NMRbased assay was optimised umderied pH conditions and concentrations of the different
assay components using initially& as substrate. To explore the possibility of PSEFE to catalyse the
formation of substituted olefins, the optimized NMR assay was used to monitor the eatallyged
conversion of C3 and/or C4 substitutedD® derivatives.

Results

The optimized 1H NMR assay revealed th&t&@ C4 substituted 20G derivatives are alternative

PsSEFE substrates. However, the formation of the corresponding substituted olefin g@auEig.
MOAAVDD gl a y2i RS(SOGSKdrox\agids{lSAigR @) amddiciod NQNS & LIz
1(ii)) were observed as the only reaction products. These alcohols and diacids are of biological and
industrial importance, broadening the goe of PSEFE for largeale production of relevant

02 YL dzy Ra ® chgdiakyBuBytic ¥adidf(GHB), which is formed fromx@adipate is a

neuroactive natural product known to induce euphoria.

Conclusion

The combined results highlight the scope oEPE in enzymatic synthesis of not only ethylene but
£ a2 @ NA 2 dydraxhdcid@SANRIR aslsaysRvere particularly powerful to investigate the
PSEFE substratzope because they enable quantification of substrate depletion and product
formation andinform on the identity of the product(s) formed thus providing mechanistic insights.

References:
1. Martinez, S. & Hausinger, R.P. Biochem., 2016, 555989
2. Zhang, Z. et al. Proc. Natl. Acad. Sci. US A., 2017, 11448887
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Introduction:

Ficolk is a sythetic polymer obtained by copolymerization of sucrose and epichlorohydrin. It has a
broad range of applications in biochemistry, e.g., as a constituent in a centrifugation media for blood
cells separation[1] or as an agent mimicking crowded environment&[though its physicochemical
properties are well described, a detailed molecular structure has not yet been established.

Aims:

We aim to obtain more detailed information on FieoPM70 structure, including sispecific
information on branching degreand terminal glycerols/polyglycerols occurrences. The obtained
information will support the generation of atomistic models of the polymer in molecular dynamics
simulations.

Methods:

We performed numerous higresolution 2D NMR experiments for peak aseignt, including 1H
13C HSQC, 118C gqHSQC, 118C HSQTOCSY, H3C HSQNOESY, tH3C HMBC, and 11BC
H2BC. Moreover, we investigated-1IHC HSQC chemical shifts at different temperatures and
solvents, monitored the oxidation of Ficolby sodium peridate using serial 1#3C HSQC
experiments, and supported data analysis by chemical shift simulations.

Results and conclusion:

We propose a polymer structure for the Fieolvith probability-weighted, sitespecific information

on the occurrence of branchifterminus in the sucrose mer. The project is in the advanced stage,
but still, some analyses are undergoing to refine the proposed structure.

Our work exploits a variety of NMR experiments and proves the usefulness of NMR spectroscopy in
the structural amlysis of synthetic, highly branched copolymers.

References:

[1] Berthold, F. Isolation of human monocytes by ficoll density gradient centrifugation. Blut 43, 367
371 (1981).

[2] Ranganathan, V.T.; Bazmi, S.; Wallin, S.; Liu, Y.; Yethiraj, A. Macraasdéc{Z0), 9109112
(2022)

Funding:

KK and DG thank the National Science Center for their support through the OPUS grant
OHNM®MPKOPK. K{¢nknmpncou®d® W¢ | yR aC (KJRgsearchy A @S NE
University (202€@H nH c 0 € ¢ [EXcRISN¥eiprojec2 MF acknowledges support from US NIH
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¢KS NRGFGAYI FTNIYS NBftIE2YSGNE ¢ KhbQKizedth Ay RAOI
jdz YGATFTE YIFIONRY2f SOdzf I NJ OKFy3aSa Ay (GA&adzsSa wme
can give information about low frequency biochemical motions, such as chemical exchange or
LINEGSAY ReylIYAOad ¢m ONBENIEZGARY & &t fdat SRy | &2 & K
and MR, the long scan times are the major limitations of the experiments. For that reason, in this
study, we developed a novel, fast method called SPICY (SPIn lock CYcle) [2] for the determination of

i K'S retanation time in a single scan, and we showed that the method can also be applied-to one
RAYSYyaAz2ylf AYIFI3IAyId Ly 02y @SyildAizylt ¢m” YSUiKsz
while increasing the duration of the spin locking period. In SR&pin locking is repeated by

dzGAET AT AYy3 | €£221L) A0NH2OGdzZNB: Fff2gAy3 GKS RSGSN
0KS LISNF2NXIYyOS 2F (KS yS¢ YSGK2R 0@ YSI adzNRAy:
hydrogels modelling the extratiular matrix of articular cartilage and comparing the results with
NEFSNBYyOS @I tdzSa YSIadaNBR gAGK GKS 02y @SydAazyl
version of SPICY gives comparable results with the reference imaging method. Thecsingsure

of the SPICY not only shortens the scan time but gives plenty of opportunities to expand the method
to, for example, the multidimensional LaplabB®R or MRI, or to the hyperpolarized NMR and MRI
studies.

[1] A.G. Redfield. Nuclear Magnetic Resondg®atiration and Rotary Saturation in Solids. Physical
Review. 1955; 98(6): 178¥809.

[2] K. Tolkkinen, S.E. Mailhiot, A. Selent, H. Henschel, M. Nieminen, M. Hanni, A.M. Kantola, T.
Liimatainen, \AV. Telkki. SPICY: A method for single scan rotating fralaxeometry. Submitted for
publication (2023).
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Introduction. Understanding the structure and dynamics of Biy&nd complexes in solution is
valuable in designing novel drlige scaffolds. For example, structural information of minor groove
binders is key to optimising the DNA binding domaiarntificial transcription factors used in treating
triplet expansion diseases. Coupling solution NMR with molecular dynamics simulations provides a
powerful method for structural characterisation, but the complexity of the calculations and their
dependene on model parameters can be a barrier to adoption.

Aims. Our aim is to transform the manual stepstep NMR analysis process into a seamless-start
to-finish uninterrupted calculation, in order to expedite the elucidation of Ei§And atomic
coordinateensembles.

Methods. We present a software package that combines readily available tools to automate NOESY
intensity-to-distance analysis and couple it with the AMBER molecular dynamics program. The
software package reduces unnecessary luis@ractions such that key inputs can be defined at the
start of the workflow. CPU parallelisation reduces the NG&BSi¥stance calculation time enabling

users to receive live data during the assignment process. A template with default parameters and a
tutorial on how to incorporate the workflow in your NMR analysis is presented.

Results. The application of the software is demonstrated for a palindromic dodecamer DNA duplex in
complex with a novel iRpolyamide ligand. The impact of NOESY restrainthesimulated

structure of the DNApbolyamide complex is illustrated by contrasting a restrained and an
unrestrained molecular dynamics simulation. The other factors that impact reproducibility of the
NOESY intensity to distance conversion workflow areudssd.

Conclusion. The automated NOESYistance analysis improves reproducibility and enables
scalability of the process. Precious user time is reallocated from terminal manual interaction to
expert analysis of the results. The tool is provided as egmirce software and can be incorporated

into NMR assignment software (e.g. Sparky) to aid the assignment process.
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During clathrinmediated endocytosis, a dynamic netwasf proteins participates in cargo selection,
clathrin recruitment and bending of the plasma membrane. One of the early initiators, Eps15, is
responsible for locally concentrating downstream components on the membrane surface and it
permits dynamic rearnragement of proteins, within the budding vesicle.

Oligomerization of Eps15 promotes the assembly of Eps15 intodiggeighrotein droplets that

catalyzes endocytosis. Eps15 consists of 3 Eps15 homology (EH) domains;@itaoggibn and an
intrinsically disordered region (IDR). The disordered region is characterized by the presence of
multiple AspPro-Phe motifs, supposed to interact with the endocytic proteins2Adhd Fchol/2.

They have also been speculated to interact with the EH donaaiabling the formation of larger
networks of Eps15 dimers that are connected to each other via this interaction. EH domains are
involved in intracellular trafficking and cell signaling. They bind with particularly low affinities and
specificity to AssPro-Phe motifs, that are present in many endocytic proteins.

To understand the working mechanism of Eps15 in its diverse physiological functions including liquid
liquid phase separation, we analyze its conformational dynamics and binding to its partners by NMR
spectroscopy and single molecule Foérster resonance energy transfer (smFRET).
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This research investigates the genetic incorporation of fluorinated chemical groups and the use of
fluorine-19 (19F) NMR techniques to study the structure and dynamics of large biomacromolecules.
Degite the widespread use of NMR in studying the chemical structures of biomolecules, detecting
the structural changes of large macromolecules in complex biological mixtures remains challenging.
The increase in molecular size and structural complexity arget substrate causes significant signal
broadening and spectral crowding. To overcome these challenges, we employedjpesitic
trifluoromethyl (CF3) incorporation technique to produce d&#led protein oligomers and applied
19F NMR techniques taugly these biomacromolecules. Fluorine nuclei are absent within biological
systems, leading to backgrouficke 19F NMR spectra. In addition, the three chemically equivalent
fluorine atoms of CF3 enhance the signal intensity. We synthesised an unnatuhabniet

analogue with a CF3 chemical group in high yield via two different pathways, which allowed us to use
the reagent in gram scale for protein labelling. Then, we successfully optimised the expression
protocol to produce recombinant proteins labelledtivCF3methionine in a methionine biosynthesis
deficient (auxotrophic) Escherichia coli strain and confirmed the incorporation of CF3 by mass
spectrometry and NMR. Using 1H and 19F diffusion NMR, we confirmed tassethbly of the
chaperone sHspl16.BMethanococcus jannaschii) into monodisperse complexes (24 subunits, 396
kDa), which indicates the oligomerisation is unaffected by the labelling with the fluorinated unnatural
amino acid. The CF3 probe allowed us to examine the stability of these combpiexagable
temperature NMR. We have also studied the 2.5 MBiaef@ viruslike particles formed by labelled

coat proteins (180 subunits) and detected a very fast and complex dynamic equilibrium using 19F
chemical exchange saturation transfer (CEST) @xp@ts. In conclusion, this study opens the door

to backgroundree biomolecular 19F NMR methodologies in the analytical probing of high molecular
weight proteins.
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Introduction

One approach to increasing NMR measurement sampleutjiiput is to implement multiple,
independent NMR detection sites. Radiofrequency interference becomes a significant problem in
multi-detector NMR systems due to inductive coil coupling together with matching network
enhancement, especially among open sytems without excellent electrical isolation [1]. This issue
may cause pulse sequence coupling and signal transfer between multiple detection sites.

Aims

The ultimate objective of this work is to explore methods to handle RF coupling in parallel NMR, i.e
the parallel pulse sequences calibration and parallel signal decomposition.

Methods

The EM simulation was conducted with COMSOL Nphlisics 6.0 while only considering the coil

array with water samples insert. Spin dynamics calculation and sthglerel pulse optimization

were implemented with the Spinach package [2]. The SOBI method [3] was used to split the
simulated and experimental data.

Results

A theoretical framework combining electromagnetic simulation and spin dynamics calculations was
developal for parallel NMR simulation, the coupling matrix was used to design cooperative pulse
sequences which realize the equipment transfer of individual excitation, and the signal
decomposition removed over 90% of coupled components regards the experiment data
Conclusions

The coupling coefficients extracted from parallel signals benefit signal decomposition as well as
parallel pulse sequence calibration. These results will help design parallel NMR probes and explore
the parallelization capacity limit in a fikenagnet system.

Reference

OMB 9@ YdzZLJAOSZ [ ® CNERYlIYZI ! ® D® 2S00 WD wd V
resonance spectroscopy. Nature Reviews Methods Primers2B, (021)

[2] H. J. Hogben, M. Krzystyniak, G. T. CharnockBrel.l. Kuprov. Journal of Magnetic Resonance
208, 172194 (2011).

[3] A. Belouchrani, K. Abeéderaim, JF. Cardoso, E. Moulines. IEEE Transactions on Signal Processing
45, 434444 (1997).
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The development of commercial sofstiate batteries has to date been hindered by the individual
limitations of inorganic and organic solid electrolytes, which has motivated research into hybrid
concepts. Unfortunately, the roostemperature conductivityof hybrid solid electrolytes is still

insufficient to support the required battery performance. A key challenge is to assessidme Li

transport over the inorganic and organic interfaces and relate this to surface chemistry.

Here we study the interphasgructure and the Lion transport across the interface of hybrid solid
electrolytes using solidtate nuclear magnetic resonance spectroscopy. In a hybrid solid

polyethylene oxide polymemorganic electrolyte, we introduce two representative types ofiGon
fAJdAR GKIG KIFEZS RAFFSNBY(G YAAOAOAfAGASA-gAGK
B[ A H5 | SGO02NJ SELISNAYWBIYAl & tl yiRK S aNAY Lot S8 ORY/NIB O
correlated with their performance as a solid eledyte material.

The poorly miscible ionic liquid wets the polymgeiorganic interface and increases the local
polarizability. This lowers the diffusional barrier, resulting in an overall reEamperature

conductivity of 2.47 x 2@ S/cm. A critical currerdensity of 0.25 mA/cm? versus arhetal anode
AaK26a& AYLINROGSR ail oAf A qBmetalsblitistate ey & rodrdteperayuie 2 F
with a Coulombic efficiency of 99.9%.

Tailoring the local interface between the inorganic and orgawiid glectrolyte components in

hybrid solid electrolytes seems to be a viable route towards designing highly conducting hybrid solid
electrolytes.

HSE-EMIM HSE-PP13

8 upsco arse @ W\eeo O Poor Li mobility

EMIM distribution PP13 distribution «®*& Li" transport path
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The presence of large solvent signals in solusitaie NMR degrades spectral quality and hinders
spectral analysis. Line broadening due to radiation damping often overlaps neighbouring signals and
causes baseline distoon, while the high dynamic range between the intense solvent signal(s) and
weak solute signals can make the latter difficult to observe.[1] These problems are often
encountered with pharmaceutical formulations, metabolites, and biological samples, wigich a
commonly analysed in non deuterated water.

Solvent suppression in NMR is used routinely in many laboratories. Typically, presaturation methods
are employed as these are straightforward, efficient, and readily available for common NMR
experiments. Howeer, lengthy continuousvave irradiation prior to application of the pulse

sequence prevents the use of short recovery delays, making the method incompatible with fast pulse
experiments. Furthermore, proton exchange between solute and solvent can causkggtads of
exchanging nuclei to be attenuated or lost completely. WATERGATE[2] is an attractive alternative
solvent suppression technique, as it can be integrated into a pulse sequence, avoiding the need for
long recovery delays and limiting attenuatiohtbe signals of exchangeable spins.

Here, WATERGATE is integrated into pure shift NMR experiments, providiAgigitre@solution

spectra with negligible solvent signal remaining. The new method is compared to previously
published techniques,F3] acheving comparable or improved suppression of the solvent signal, with
the added advantage of retaining exchangeable signals. The benefits of the new method are
demonstrated with peptides and pharmaceutical formulations, including a commercial atropire eye
drop preparation.

References:

1) Prog. Nucl. Magn. Reson. Spectrosc., 2010, 562387
2) J. Magn. Reson., 1998, 132, {P%0.

3) Proteome Res., 2022, 21, 1Q4051.

4) ChemPhysChem, 2020, 21, 2&131.

5) Angew. Chem. Int. Ed., 2014, 639(;6992.
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FAT10? plays an important role in the adaptive and innate immune response in mammals.[1] The
protein consists of two ubiquitifike domains (referred to as-dnd Cdomains), which both show

0 KS G @& LA Olgap fdidh RAT Hxkeisicgvaléntly attached to substrate proteins and beside
ubiquitin, it is the only ubiquitidike modifier that targets substrates for degradation by the 26S
proteasome. In presence of the adaptor protein NUB1L2, degradation of FAT10 pedties
conjugates is accelerated.[2] Via itsddmain, FAT10 can bind na@ovalently to the three ubiquitin
associated domains of NUB1L. FAT10 itself is prone to precipitation and for this reason, only the
structure of a stabilized, cysteiffeee (Cydree) mutant could be determined so far.[3]

Here, we report the first MAS NMR structural study of FAT10. We were able to record highly resolved
BGy w/ 5! wWGHCYRTED@MRR correlation spectra at 800 MHz for the microcrystalline,
uniformly 3Gy, vldbelled Cydree N-domain of FAT10. SHgpecific assignment of backbone and
sidechain carbon and nitrogen resonances was possible for about 70 % of the residd€sCHHand
13G13C DARR spectra at 800 MHz of a precipitate of the wild type (Midmkin of FAT10 showed
poor resolution indicating structural disorder. We are currently preparing a sample containing a
NUBLL construct as well as (@) NFAT10 for sedimentation into a MAS rotor. Chemical shift
perturbations will identify binding siteof (Cydree) NFAT10 to NUB1L. These binding sites can be
verified in vitro and in cellulo for stabilized and WT FAT10, respectively.

1 human leukocyte antigen (H:ER)adjacent transcript 10
2 NEDD8 ultimate bustet long

References:

[1] Aichem A, Groettrup M. 2020. J. Cell Sci. 133: jcs246041
[2] Schmidtke G, et al. 2006. J. Biol. Chem. 281: 200854

[3] Aichem A, et al. 2018. Nat. Commun. 9: 3321
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Since their discovery in 1990 [1,2], DNA aptamers have shown to be promising bioreceptors for small
molecule detection. Numerous articles have apgehdescribing newly raised aptamers capable of
binding with the desired small molecule target with high affinity and selectivity. These aptamers can
then be converted into a biosensor by using a fairly simple and logical design that exploits the
conformaional change of the aptamer induced by the target. Although a number of these biosensors
appear successful, there is still a general lack of knowledge about the underlying molecular events
taking place during an aptamearget interaction. Such knowledgewld aid in further optimisation
towards realworld applications. We describe our efforts to apply NMR based strategies to this end,
using the structureswitching testosterone binding TESS.1 DNA aptamer, developed and extensively
characterized by the Stajavic group, as model system [3].

While NMR spectroscopy is a uniquely suited technique to acquire molecular level information about
conformational changes and intermolecular interactions, the TESS.1 aptamer, being 51 nucleotides
long, did present some aflenges when attempting to go towards an assignment. Therefore, the
aS1ljdzSyO0S KlIa 0SSy GNHzyOF 4GSR | yR T dzNI KriididotRieJi A Y A
long construct, labelled TESS.1_s _mod, which interacts with the testosterone in a fsigtilan as

the originally sized TESS.1 aptamer. Continuing with this new construct, partial assignments provided
a preliminary insight into the conformation of the aptamer and interaction with the testosterone.

Finally, analysis of singteicleotide 3CaR ubb I 0Sff SR &aSljdzSyO0Sa ¢t f:
assignment leading to an improved analysis and interpretation of the aptaanget interaction.

We will present and discuss recent results that provide the first detailed molecular view on this
aptamer am its interaction with the testosterone target.

[1] https://doi.org/10.1126/science.2200121
[2] https://doi.org/10.1038/346818a0
[3] https://doi.org/10.1021/acschembio.7b00634
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Tracerbased metabolic profiling using isotog@riched feedstocks for NMR studies enables tracking
the fate of important metabolic precursors. The liver plays a vital rol@iious metabolic processes.
Non-alcoholic fatty liver disease (NAFLD) is a prevalent health concern characterized by lipid
accumulation in hepatocytes (hepatic steatosis). Investigating the metabolomics of liver steatosis can
provide insights into the wherlying mechanisms and diagnostic markers for personalized medicine
strategies. However, NMR spectroscopy has not yet been applied to such studies, presenting a
research opportunity.

The objectives of this study were to determine the altered metabolitwal/s associated with

hepatic steatosis using NMR in conjunction with different-1&8&led energetic compounds and to
optimize a suitable protocol for NMBased metabolomic studies employing an in vitro model of
steatosis.

To induce steatosis, HepaRGTNeere treated with 13dabeled lactate, pyruvate, and octanoate.
Subsequently, a wetlefined protocol was followed to extract the intracellular components of
HepaRGTM cells. Various samples were prepared and subjected to NMR analysis. The acquired dat
were then processed and statistically analyzed to identify significant changes in key metabolites and
metabolic pathways.

The findings revealed that the progression of steatosis was associated with changes in main lipid
classes, including triglyceridesntaining unsaturated fatty acids, as well as changes in lactate,
alanine, and other intermediates within the tricarboxylic acid cycle (TCA). These identified
metabolites offer valuable insights into potential therapeutic targets for the treatment oftstes.

In conclusion, through the utilization of 13&beled energetic compounds in combination with NMR
spectroscopy, this study successfully identified key metabolites closely linked to the development of
steatosis. The application of this approach fofpteat promise for enhancing our understanding of
steatosis and may pave the way for the development of targeted therapeutic interventions.
Additionally, this research contributes to the advancement of NddRed metabolomics using an in

vitro model of statosis.
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-Introduction

' YRSNAEGFYRAY3I LINPGSAYAQ FdzyOlAz2ya i GKS Y2 S
characteristics. Computeaided calculations and predictions of NMR observables, including the spin
spin coupling constants (SSCCs) have significanggdhd interpret the experimental nuclear
magnetic resonance (NMR) data as well as validate MD force fields employed in protein structure
characterization. Calculations of NMR parameters at the quantum mechanics (QM) level have
become increasingly tractabwith the availability of fragmentation techniques that automate the
construction of molecular clusters representative of protein building blocks. Examples of
fragmentation methods include the automated fragmentation quantum/mechanics/molecular
mechanicsnethod and the adjustable density matrix assembler (ADMA).

-State of art

Accuracy of both have been previously demonstrated for structured proteins only. This project aims
to extend the application of fragmentation techniques to intrinsically disorderedss (IDPs). For
the first time, we show the performance of ADMA in SSCC calculations.

-Methods

The methodology is validated for both the structured proteins GB3 and Ubiquitine, and the
disordered protein fragment Tau(240). We employ molecular dymacs simulations, Uniform
Manifold Approximation and Projection (UMAP) dimensional reduction anme#&ns clustering
techniques along with ADMA and density functional methods for NMR calculations.
-Results/Conclusion

The calculated SSCCs are in a goodeageat with the experimental NMR data as well as with
estimates made using empirically parametrized Karplus equations.
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Surfactants are substances that lower surface tensions of liquids. At higher concentrations, they
create seHassembled molecular clusters called micelles. Application of surfactants include their use
in households as well as in industry as detergents, Isifiers, and food ingredients. Surfactants are
also common component of aerosols and can change the surface tension of cloud droplets.

Research on surfactant mixtures is of considerable interest for numerous technical applications,
because surfactant mtures enhance the performance of applications when compared to the use of
neat surfactants. When mixing surfactants, one can combine properties that are of interest. Most
studies on mixed surfactants have focused on the critical micelle concentratio@)(GMhe system

in order to discuss the miscibility of componentsl. To get more insight into the molecular structure of
mixed micelles it is important to have a deeper understanding of surfactants behavior and properties
in aqueous solutions. Aggregatiohpure surfactants has been widely studied by NMR2 but
aggregation of mixtures has not been investigated so much. Here, we study the mixed micelle
formation in binary surfactant agueous solutions of sodium decanoate/hexanol and SDS/hexanoate
mixtures fordifferent concentration of surfactants. We exploit relaxation and diffusion

measurements to obtain insights into the microscopic structure of mixed micelles in surfactant
solutions. The CMCs of each individual component in the mixed surfactant solutiomebtained

by analyzing changes in relaxation times and by measuring the diffusion constants. Along with the
NMR experiments, we have done largeale atomistic molecular dynamics simulations of the
surfactant mixture solutions corresponding to the erpgental conditions. These clarify further

details of the experimental results.

[1] Bucci, S.; Fagotti, C.; De Giorgio, V.; Piazza, R., 1991asgteheutronscattering study of ionic
nonionic mixed micelles. Langmuir, 7, 8226.

[2] Furg, 1., 2009NMR spectroscopy of micelles and related systems. Journal of molecular liquids,
117(2-3), pp.117137.
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Licontaining materials providing fast ion transport pathways are fundamental in Listatel
electrolytes (SSEs) and the future ofslid-state batteries. Solidtate NMR is an iraluable

analytical technique in the research of potential SSEs due to the capability of probing both the
structures and ion dynamics on the atomic level and across a wide range of timescales that are often
inaccessible by other experimental techniques.

Anarray of solidstate NMR approaches have been utilised in order to probe both the local
structures, via 6Li, 27Al, 31P MAS NMR, as well as-tbe trtansport properties of a range of
materials via complimentary 6,7Li variable temperature NMR techniquets as 6-6Li EXSY, 7Li line
narrowing, relaxometry and spialignment echo NMR.

Some of our recent work into the structural elucidation of two potential solid electrolytes, Li3AIS32
and Li4.3AIS3.3CI0.73 as well as the insights gained into-ive dyramics in these materials, is
summarised in Figure 1. A range of variable temperature 6Li and 7Li NMR approaches su6hias 6Li
EXSYs, 7Li line narrowing and relaxometry were used in order to quatifiydyinamics as well as
determine the ion mobility pthways. 7Li NMR line narrowing spectra of Li3AIS3 revealed both
mobile and immobile Libns, while in Li4.3AIS3.3CI0.7, a single type ofrfasting ion is present and
responsible for the higher conductivity of this phase-@LiEXSYs of Li3AIS3 retieal the slower
moving ions hop between neequivalent Li positions in different structural layers. The same
methodology has also been implemented in some of our previous work, including the lithium
ultraphosphate Li3P5014, liquid electrolyte loaded MgM@QFnd the tin sulphide Li3.3Sn3.3CI0.7.
The identification of factors limiting translationatibn mobility in materials through the
determination of L4on correlation times via NMR, provide a framework for the development of
more highly conductive Lo#d electrolytes.
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Mitochondrial genome codes for 22 different mitochondrial tRNAst@®MNAS) [1]. Both nuclear
tRNAs and mtRNAs agage in the biogenesis of -B% nucleotides long tRNA fragments. It was
shown that tRNA fragments participate in crucial cellular processes, such as gene silencing, RNA
processing, translation, and epigenetic regulation. Additionally, dysregulation &f tRRiyments has
0SSy fAY]1SR (2 OFYOSNI OStft LINRPBftAFTSNIYXGA2YZ Ay Qdl
potential to be used as biomarkers and therapeutic targets in cancer treatment [2]. However,
mechanisms of mtRNA processing into fragmenand their influence on other cellular processes
remain unknown [3].

mt-Gwb! & I NB a0NHzOGdzNI £ f& WQLX adAoQ@ayl yR y2i2N.
crystallography studies less suitable for structural characterization. Consequenthyeblidition
structural and dynamic data are rare [4]. Therefore, kigbolution NMR spectroscopy could provide
the solution to this problem, enabling us to structurally and dynamically characterizBRNAs as

well as their fragments, which would in turn allaus to identify which structural motifs are necessary
for interactions with different maturation enzymes, translation machinery, and other possible
targets.

Herein, we characterize the structure of #fiRNA fragment A2 and its mutant. Analyzing difference
in 1D and 2D NMR spectra will reveal the influence of mutation on structural and dynamic
characteristics of the mtRNA fragment A2. This will allow us to start unraveling the mysteries
surrounding mitochondrial tRNA fragments and their role in cellatabolism as well as in
pathology of mitochondrial diseases and cancers.

Acknowledgments: The authors acknowledge the financial support from the Slovenian Research
Agency (grants P@242 713192, Z13198).
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Introduction

¢KS FoAfAGE (2 AKELISNLREINART SE 2N FdzNYyA &K ydzOf
polarization of unity order has enarous potential in applications of magnetic resonance

spectroscopy (NMR) and magnetic resonance imaging (MRI). The emerging techniquesl@fvultra

field NMR provide a valuable toolset to quantify (e.g. the degree of polarization), investigate (e.g. the
relaxation mechanisms) and control (e.g. via dynamical decoupling) these systems. In this
presentation, | will outline the role of some of the techniques under development in our lab.

Methods & Results

(a) Reatime nuclear spin polarimetry using a zdield magnetometer[1]: Rapid and continuous
quantification of polarization is required for in vivo applications with substances hyperpolarized via
dissolution dynamic nuclear polarization (dDNP). Here, we demonstrate directimesand non
destructive quanfication of the degree of polarization of {#C}pyruvate (see Figure 1), a

metabolite used in oncology for metabolic imaging, that is hyperpolarized via dDNP. In contrast to
current singletime-point polarization measurements, our method does not ratyiang calibrations
procedures. It can tolerate small-*fC Xouplings on the order of a few Hz.

(b) Errortolerant spin control[2,3,4]: The concept of robust composite pulses is and has been used in
conventional higHield NMR. In our lab, we have dewpkd methods that translates this concept to
theultraf 2 ¢ G2 SI NIKQAa T AntabigRlatindaaHoxf Btrodutirig BigniicArH losiesIA Yy
of polarization or coherence.

Conclusion
Using DC magnetometers instead of inductive detection offersradestructive way to investigate
hyperpolarized nuclear spins and that has the potential to outweigh sibtbe-art methods.

References
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Since the end of 2019, the pandemic outbreak C@\APresents a constant aspect of everyday life,
making it so important to study SARS®V2 down to its smallest components. For this purpose, we
present here our results for the study of the first RNA sfert 2 L) LINE &-6nyfanslateyr G KS p
region of the virus, 5_SL1, regarding its structural and functional characteristics.

We report the solution structure of this RNA element solved by NMR spectroscopy. The viral stem
loop is characterised by arith apcal loop and a bulge formed by arCAmismatch and a stacking
adenosine, A27. RDC and SAXS data confirm a nearly coaxial stacking of the lower and the upper
helical part of 5_SL1. Collecting NMR data at varying pH values shows that in each of the-two non
canonical regions, one nucleotide is sensitive to pH: namely A12 in the bulge and C21 in the loop.
Such elevated pKa values for nucleotides at specific sites are a frequent phenomenon in regulatory
RNA structures, influencing the local structure at thesessand thus global RNA folding. However,
prediction algorithms for protonation events are lacking, and force fields do not routinely include the
topologies and potentials for protonated nucleotides. A potentialgipendent RNAased

regulation of 5_SLik under current investigation using additional NMR measurements to complete
the analysis of the protonated nucleotides and their population.

Together with the group at Columbia, we used the solution structure of 5_SL1 for the virtual
screening of sevetamall fragments. Two of these fragments were confirmed as hits of 5_SL1 by
combining NMPbased fragment screenings and affinity estimation as well as NMR binding site
mapping. Binding site mapping moreover indicated fragment binding to the bulge refjiba wiral
RNA element. Additionally, a célee assay was established to screen the small molecules ina cell
mimicking environment.
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Introduction

The Henry Wellcome Building for Biomolecular NMR spectroscopy{#WH is a purposbuilt

facility, located at the University ofilBiingham. We welcome UBased and international

researchers with ambitions to discover key breakthroughs in biomedical science to visit and collect
high-resolution data using our optimised open access NMR spectrometers (R0 MHz with a 1.2
GHz spectrmeter expected in 2025). Our users are pioneering research in the areas of structural
biology, drug design, metabolism and metabolomics. A friendly dedicated team of NMR staff are
available to support users needs (for both expert and-e&pert) offeringcomprehensive training,
consultation, collaborative expertise and mechanisms to integrate NMR into a structural biology
program.

Equipment

HWBNMR houses cryoprobe equipped 900 MHz and 1.0 GHz spectrometers, offering excellent
sensititity and resolutioressential for studies of large proteins, RNA and complex molecular
dynamics. Our 800 MHz spectrometer combined with 1.7 mm cryoprobe provides superb high
resolution data collected on samples where amounts are limited, such as cell extracts of mesabolite
derived from natural cell lines. Three 600 MHz spectrometers operate a range probes including 1.7
mm TCI (for metabolomics and drug discovery samples), 5mm TXO (indispensable for studies of IDPs
and for direct observation of insensitive nuclei). Probmsiological solid state at 900 MHz and 19F
detection (concurrent with 1H decoupling) at 600 MHz will soon be available. Our facility thus caters
for data collection of a wide range of samples at several magnetic fields. Magnets are equipped with
Bruker @mpleJet sample changers enable efficient remote spectrometer operation on multiple
samples.

Conclusion
HWBNMR warmly welcomes users to the facility and encourages scientists to access the state of the

art equipment available. Access is generouslgpstied by the Wellcome Trust allowing {&ased
researchers free access to the 800 MHz, 900 MHz and GHz spectrometers.
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Introduction

Healthy metabolism requires efficientrictioning of the metabolic network. Perturbations within
one compartment can instigate disease by spreading through and altering the entire metabolic
network. Feeding cells with metabolic precursors enriched withddwndance, stable isotopes, such
as 1%, enables tracing of metabolic pathways.

Aims

It is crucial to understand the mechanisms by which cells are able to compensate for pathway
disruptions and to facilitate the discovery of new drug targets. Through the experimental methods
and data analyis strategies outlined here we will develop the next generation of tools to analyse the
highly complex metabolism networks of cancer cells.

Methods

We use the information from signal multiplets arising from 48T in 2B1LH,13CGHSQC spectra
scalar coupligs to measure the relative incorporation of 13C nuclei into metabolites from a
specifically labelled tracer molecule.

Results

Previously we developed the combined analysis of MS and NMR spectra (CANMS) and demonstrated
the beneficial effects originatg from integrating data analysis of these two orthogonal technologies.
We have since then developed experimental protocols to optimise sensitivity and speed of data
acquisition . To enable neexpert NMR users to be able to analyse such NMR spectra vedoged

the MetabolLab and MetabolLabPy software packages, which provides automated peak picking and
multiplet analysis enabling this technology to be used by those with limited NMR experience.

Conclusions
We have designed NMR methods for collecting dadanftracer based studies to complement Mass

Spectrometry data and devolved software that performs automated analysis enabling the
technologies to be used by the ndfiMR specialist.
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Deep Eutectic Solvent (DES) is an umbrella term that covers an immense variety of molecular liquids
with a growing list of applications. Two specific subgroups of DES are attracting much interest in the
pharmaceutical industry: Natural Deep Eutectic SystéNWADES) and Therapeutic Deep Eutectic
Systems (THEDES) because they offer a totally biocompatible alternative to enhance drug solubility
and bioavailability.1 However, very little is known about their molecular structure, even though some
examples are atady marketed formulations such as EMLA (Eutectic Mixture of Local Anaesthetics).
Our aim is to explore the full capabilities of NMR to better characterise eutectic mixtures, making use
of a range the measurable properties and experimental conditioAs.2

In this communication we will demonstrate how the combination of several NMR experiments (such
as 1H, 13C, NOE, ROE, relaxation, diffusion), complemented with molecular dynamic simulations, can
be used to obtain valuable information about the supramalac structure, intermolecular

interactions, molecular behaviour, dynamics, and eutectic properties of THEDES and hydrophobic
drugs solved in NADES.

Alvarez, M. S.; Zhang, Y. F., J. Control. Release 2019, 32B2225

Bergua, F.; Delso, I.; Mun&mbid, J.; Lafuente, C.; Artal, M., Food Chem. 2021, 336, 10.
Lopez, N.; Delso, |.; Matute, D.; Lafuente, C.; Artal, M., Food Chem. 2020, 306, 9.
Delso, I.; Lafuente, C.; Mun@anbid, J.; Artal, M., J. Mol. Liqg. 2019, 290, 8.

NS .
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Lardwith crispy pieces of skin was the premier bread spread before being all but replaced by butter
inthemidmpnna® ¢KS LINPRdAzOG A& (y26y |a DNASOoSyaoOK
Polish, and stegefedt in Danish. Global ambitions of energy congeramd resource utilization has

led to a revival of lard and skin as raw materials for food. Consumer satisfaction depends not only on
the taste, but critically relies on the mouthfeel which is largely determined by the gradual transitions
between varios solid and liquid fat mesophases during biting, chewing, and swallowing. While an
individual batch of lard may comprise triglycerides with acyl chains lengths or degrees of
unsaturation yielding suboptimal melting behavior, a product with improved cust@appeal could

be achieved by blending multiple batches. With the aim of enabling rational blending didaedl
spreads, we here apply a combination of salidte and liquids NMR methods for detailed
characterization of thermotropic phase transitionscimmmerciaigrade lard products and model
systems comprising mixtures of triglycerides, polar lipids, and keratin. MAS angddvigin 1H

decoupling yields 13C spectra with sufficient resolution to identify multiple aliphatic, olefinic, and
allylic carbonsn the triglyceride acyl chains, as well as many amino acid residues in the collagen.
Spectral editing by CP and INEPT, with interpretation of signal intensities withinstgganodel of
CHbond reorientation under moderate MAS, allows identificationraflecular segments having
combinations of correlation times and order parameters that are classified as solid, intermediate,
liquid, and liquid crystalline dynamics. MAS cryoprobe technology enables detection of minute
amounts of compounds that through thBermodynamic mechanism of freezing point depression

may have a decisive influence on the balance between liquid and solid phases. Our results illustrate
that multicomponent fat blends extend the temperature interval of melting, yielding superior
sensoryproperties.
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The ADOR process is an effective way of producing zeolites that would not be feasible through
traditional routes. The ADOR process consists of four stages, assagisasgembhiorganzation
reassembly.® The structure and chemistry of the parent zeolite are an important consideration, with
the current focus on zeolites with silicech layers linked by germaniunich cubic units.
Germanosilicate zeolites are ideal for ADOR as they Ingdolytically sensitive G® bonds that are
preferentially hydrolysed over more stablegSibonds.

y 10{ A-staieMAS NRVIR spectroscopy has been utilised in previous studies to investigate the ratio

2F vuwkvw alLISOASa 6gKA Qe IBEPeidP@d § NS@ LISYOR A0 ST 2N
ratio can be used to track the ADOR process bothiexand inda A 1 dzé ubh a'! { baw Ol
F2ff 206 GKS Ke@RNRBfeéaAa yR NBIFINNIy3aISYSyd adSLi
requiresthedza S 2F A &4202LIA O SYNROKYSYyilid 5dz8 (2 (GKS K
to be used in the reaction which affects which IPC intermediates are formed during an ADOR process.
Other complementary techniques, such as powdeayxdiffraction andRaman spectroscopy, can

assist in understanding the ADOR process.

| SNBE 6S OKINIOGSNRAS | Y2RSt aSdid 2F n !'5hw Ayl
NMR (using a new casfficient enrichment process). The experimental work is supported by

periodic DFT calculations, which provide information on how the dpHRtra are affected by the

I SN} 3S o02yR fSy3dK FyR Fy3atS 2F GKS ONBadGl f 2
ADOR reaction to understand how the changes to the local structure that control the process.

1. S.E. Henkelis et al. Nature Pails, 2019, 14, 78194
2. G.P.M. Bignami et al, Journal of the American Chemical Society, 2017, 13918840
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NMR spectroscopy is often described as a quantitative analytical technique, but typically only the
pulseacquire experiment is intrinsically quantitative. Even then, signal overlap caused by the limited
chemical shifdispersion and prominent signal multiplicity in *H NMR hinders quantitative analysis.
Pure shift NMR techniques[1] suppress signal multiplicity and thus improve signal resolution, but at
the cost of introducing sitelependent signal loss.

If each of thepulse sequence elements that cause this signal loss acts independently, then repeating
each element a variable number of times before acquisition allows extrapolation back to tHedess
signal integral. This is the principle originally proposed intheyH € SELISNAYSY G T oH 8
propose the name EXQUISITE (EXtrapolating QUantitative Integrals by Successive ITEration) for its
more general application. Our initial application of the EXQUISITE method to thesélaative pure

shift NMR experiment[3l] gave relative signal integrals for model systems within 1 % of those
afforded by equivalent pulsacquire spectra.

In our original implementation of EXQUISITE, the experiment time may be prohibitively long as it is
directly proportional to the number faterations required to perform the extrapolation, each of

which must be acquired under quantitative conditions. Here, we investigate a modification that
measures each iteration sequentially within a single acquisition, allowing quantitativededective

pure shift NMR data to be obtained at essentially no additional cost in experiment time over the
conventional experiment. We believe that this has the potential to be a significant development in
the application of multiplepulse solution state NMR methkls to quantitative analysis.

1 Prog. Nucl. Magn. Reson. Spectrosc., 201§3861¢20.
2 J. Am. Chem. Soc., 2011, 133, Xd®55.

3 Chem.- A Eur. J., 2013, 19, 17283 286.

4 J. Magn. Reson., 2018, 29329.
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Zeolites are aluminosilicate frameworks with applications in storage, separation and as industrial
catalystst. These materials are challenging to characterise, owing to the high levels of disorder
present,but NMR spectroscopy provides insight into local structure, disorder and reactivity.

Oxygen is a key linking component of zeolite frameworks, present as Brgnsted acid sites and in the
water and some of the guest molecules that fill the pores, and provides an alternative insight into

1 S2tAiGSa Ay O2yiGNI ald (22&88P8NEFE YiRb w0k A& bla wf & #ISY
(0.037%), and isotopic enrichment is usually required to obtain spectra on a reasonable timescale.

We have recently shown that cesffective and energs F FA OASY G ubh Sy NAROKYSY
achieved at room t¢ LIS NJ (0 dzNB dza Ay 3 tHu X alf fdiNENEdz3 & AT KS | NIy S
LIN2 OS&da GFNASAE gAGK GKS OFrdAz2yad o0S®3IPI |1 aX bl s
long (2100 days).

In this work, we demonstrate a different methd2 NJ ubh SYNROKYSy G GKIF G A2
GKS &t dz2NNEAY3I | LILINRIF OKd 2SS dz&aS I+ 22Ay G SELISNAY
SYNAOKYSy( 2F 1S2tAi6GSa 6A0GK GKS /1! FNIYSE2N]d
to determinethet 0S | yR &St SOGAGAGE 2F ubh SYNAROKYSY(:
different cations present, for zeolites prepared in different ways (e.g., using ion exchange) and with

the conditions under which the reaction is carried out. This studhllghts the complex interaction

of zeolites with water and works to understand this interaction to further develop the use of zeolites

in industrial processes.

0 days 1 day
-10 -10

@
=

£ 104 3 10
a &

z —L g 204 -~ 20 -
L i <

E © 304 © 304

P i 40 40

50 T T T T 50
60 40 20 0 -20 -40 60

"0 8, (ppm)

=
mi
l' =, 7 days
-10 _ -10
,\_‘k o —L 0 % 0

,\\

iy

30 30
/ 40 40
SR 2
50 1 1 T 1 50 T ¥ T L
60 40 20 0 -20 -40 60 40 20 0 -20 -40
0 8, (ppm) 10 5, (ppm)

Figure 1 — Structure of SSZ-13 chabazite crystal and 70 (14.1 T)
MQMAS spectra taken over a 14 day period for a "slurry” of CHA
zeolite and H,'70,,






273

P-037 - Structural basis of carrier protein specificity directegn®@thylation
from gldiolin polyketide synthase

Dr Arun Guptg Dr Marianne CostaDr Christian HobsénMr Munro Passmore Dr Matthew
Jennet, Prof Greg ChallisProf Jozef Lewandwo3ki
tUniversity of Warwick, Coventry, United Kingdahniversity of Western Australia, Rie, Australia,
3Willow Biosciences, Vancouver, Canada

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Introduction: Modular polyketide synthases (PKSs) are responsible for the biosynthesis of gladiolin, a
novel macrolide antibiotic with mising biological activity against Mycobacterium tuberculosis
H37Rv. Also mosaic architecture of modular polyketide synthases often referred to as type | PKSs
presents an attractive opportunity for biosynthetic engineeringn@hylating submodules have a
conserved KSOMT-ACP trddomain architecture with dedicated-@ethyltransferase (OMT)

domains are ubiquitous in traracyltransferase (trar&T) modular PKSs. Nefongating

condensation incompetent ketosynthase (KS0) mediated transacylation overcomagathility of

certain types of catalytic domain to interact productively with the acyl carrier protein (ACP) domain
during the polyketide chain assembly.

Aims: To establish the structural basis for the specific interaction of dedicated OMT domain ®Rith AC
domains in Gmethylation submodule from gladiolin trassT polyketide synthases.

Methods & Significance: In this work, we report that specific proefgtein interactions of ACP

domains for OMT domain directs the incorporation of redlongating KSO donvawithin G

methylation submodule. Integrated muldiisciplinary structural biology approach combining the
solution NMR assignment based structural models of ACPs, structure predictions of ACPs//OMT
protein-protein complexes by opesource AlphaFold2, sdlan NMR based titrations of ACPs//OMT,
MD simulations of Apo and Acyl substrate docked ACP//OMT complexes with carbene footprinting
mass spectrometry (MS) and high resolution intact protein MS based functional assay with rationally
designed sitedirectedmutants have afforded the detailed residue level insights of prepemtein
interface to elucidate the recognition mechanism between OMT and ACP domains in the trans
AT PKSs that assemble the antibiotic gladiolin. Extensive structuralsiggigted into binding and
catalysis in multdomain enzymatic trar&T PKS assembly lines paves the way for future rational
reprogramming of @nethylation.
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Polyethylene terephthalate (PET) is commonly used to produce fibres, films, and bottles due to its
water resistance, safety, and widespread availability. As a result, it is one of thetlaognponents

of postconsumer plastic waste. Consequently, finding an effective recycling strategy for this polymer
is crucial. Glycolysis is one of the most effective methods for PET recycling astasti@nd

involves mild reaction conditions. the presence of a catalyst, PET is converted into its bis
(hydroxyethyl) terephthalate (BHET) monomer. BHET can be repolymerized to PET and used to
synthesize other fine chemicals. Although several catalysts have been developed for PET
depolymerization, tley still have shortcomings such as high costs, possible contamination by metals,
low yield or selectivity.

This work seeks to investigate the structures of new anfiimetionalized supported catalysts

F OKAS@AY 3 dzLJ 2 71 w3 t 9 ted@rintdeninvesigattdby & SAS { A hi
O2YO0oAYIlI A2y 2 Btate NMR. BCYCRMAS experiment8 dlldwRhe identification of the

main alkyl and aromatic groups on the silica surface confirming the successful grafting of the amine

I NP dzLJA 2 Yy éxperinfieRth sho the eistirfct types of silicon environments confirming that

GKS {Ahi &adz2N¥FI OS NBYFIAya AydalOod FFGSN 4dz00SaaT
used to determine the degree of surface functionalization, finding surfacerages between 40

70%. However, no clear correlation between surface coverage and PET conversion was found. These
results indicate that the surface chemistry is more complex than previously thought and that the
catalytic activity may be the result of amterplay between the different species on the surface. The
results demonstrate the potential of catalysts without active metal species for PET glycolysis.
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W Introduction

The primary sequence of a biopolymer encodes the essential information for folding, permitting to
carry out sophisticated functions. Inspit®y natural biopolymers, peptide and nucleic acid
sequences have been designed to adopt particutér $hapes (i.e. foldamers) and programmed to
exert specific functions (A). In contrast, synthetic glycans capable of autonomously folding into
defined 3D conformations have never been explored due to their structural complexity and lack of
design rules.

w Aims

Here we present the rational design and synthesis of a glycan adopting a stable secondary structure,
challenging the common belief that glycans aot capable of folding due to their flexibility.

() Methods

By combining natural glycan motifs (B), stabilized by asamventional hydrogen bond and
hydrophobic interactions, we have designed a glycan hairpin, a secondary structure not present in
nature (GCD). Automated glycan assembly enabled rapid access to synthetic analogs, including site
specific 13dabelled ones, for NMR conformational analysis.

W Results

Longrange interresidue nuclear Overhauser effects (NOEs) unequivocally confirmed the folded
conformation of the synthetic glycan hairpin.

() Conclusions

The vast pool of monosaccharides available, combined with the control overEhshape, has the
potential to create a new class of foldamer scaffolds with programmable properties and functions.
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The assignment of protein backbone resonances is an essential step in protein NMR spectroscopy.
This is often done using sets of triplesonance NMR experiments. The HNCA sequence provides
sequential corelations, but becomes hard to use when chemical shifts overlap.

A new strategy of using-23C and 3L3C pyruvate labelling in bacterial feedstock was recently
developed. This isotope labelling strategy suppresse€BAoupling and yields better resoion

on CA. Isotopomer patterns that emerge during biological synthesis of the amino acids from labelled
pyruvate also yield distinctive peak shapes. This allows for near congbetielaboriously manuag
backbone assignment from a single HNCA experinfdrére is a need for automation in the peak
shape identification process.

In this communication, we report neural network assisted assignment which integrates with the
CCPN framework and reduces assignment times from days to hours. Neural networksawere t

on millions of synthetic HNCA signals generated using parameters (shifts, line widths, CB isotope
fractions, etc.) drawn from experimentally determined probability distributions. Networks are given
the signal itself and its chemical shift locatioformation. For each HNCA signal pair, the networks
return probabilities of the signal belonging to each of the 20 amino acids; these probabilities are then
combined with prior and posterior assignment information.

With only the HNCA and the primary seqae, the new method achieves the accuracy of over 70%

for a 42 kDa protein. This is far greater than using chemical shift predictions alone. If the assignment
is done by human eye an assignment of 85% can be achieved but would take weeks to months of
processing the data visually
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Figure 1. A schematic diagram of the neural network processing flowchart. Top row: an illustration of the fact that pyruvate
labelling described in yields distinctive multiplets for each of the 20 amino acids (except Gly which is missing CB). Bottom
row: J-coupling and CA-CB fraction distributions supplied with chemical shift data are used to generate of synthetic 3D
spectra. From the spectra each image of the residue is isolated and supplied with the truth vector containing the probability
of the residue belonging to each amino acid type. A deep neural network is trained on millions of these residues. The output
of the neural network are the predicted probabilities for the residue image. Inside CCPN standard assignment procedure
follows, but the predictions of residues are based on the neural network instead of the internal chemical shift predictions.
When sequential assignments are made the correct parts of the chain light up.
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Introduction

IgEassociated allergies represent a serious and potentialitHifeatening health problem for about

30% of the population, with symptoms ranging from a simple itching of the throat to severe
anaphylaxis. The most common JgHated allergyin the northern hemisphere is the birgtollen

allergy. A PRO protein that is highly abundant in birch pollen, Bet v 1, is considered to be the
primary sensitizer for birch pollinosis and numerous related food allergies. Bspecific IgE

antibodies ehibit immunologic crosseactivity to PRLO proteins that are contained in plant food,

due to the homologous structure and similar IgE binding epitopes. Recently, clinical trials for passive
immunization with allergesspecific IgG antibodies showed sucgtesA Y AYKAOAGAYy 3 LI
to major allergens. However, the generation of monoclonal IgG is cumbersome and expensive,
whereas recombinant antibody fragments, e.g. nanobodies, are much easier to obtain. Furthermore,
conventional antibodies haveelen inconvenient to study by solution NMR spectroscopy due to their
large size. Nanobodies exhibit the same binding affinity and specificity as their conventional
counterparts, while being easier to produce in the laboratory. Additionally, due to theilt sima

thorough investigation of the antigeantibody complex by NMR spectroscopy is feasible.

Aims
The aims of this work were to gain more insight into the properties of the proposehirigihig
epitope of PRLO proteins and to better understand the wigmics of antigerantibody interactions.

Methdos

Recombinant protein expression was used to prepare milligram amounts of a recently described Bet
v 1 binding nanobody. We subsequently used a variety of 2D and 3D NMR experiments along with
protein isotopelabelling (antigen and antibody) to characterize the interactions between this low
molecularweight antibody and antigen in detail.
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Liquidliquid phase separation (LLPS) phenomena play a vital role in multiple cell biology processes,
providing a mechanism to locally concentrate proteins and nucleic acids and promote cellular
reactions. Proteins containing IDRs and RBDs that can engage iratantthiomolecular

interactions, often induce such biomolecular condensates. Especially intriguing is that upon LLPS,
condensates can adopt a continuum of material properties (liggelsamyloidssolids). One of

many examples is the SAR8V2 Nucleocaps protein that undergoes phase separation with RNA, a
process critical for virion assembly. However, depending on RNA, Nucleocapsid candrm in
droplet-like condensates, but also semisolid gels and irregular assemblies, all awaiting different fates.
Despite its significance, many questions about LLPS remain unanswered because most conventional
approaches fail when tackling these aspects in the condensed phase. Here, we introduce a new,
sensitive, and labdree approach to indirectly probe biphasiordensates relying on NMR diffusion

and magnetization transfer (MT) experiments. Dynamic equilibrium between two phases imparts
valuable information about invisible condensed phase to the diffusion decays of thedkibéRvable

protein in dilute phase. Theiffusion curves can be fitted to restricted diffusion models with

exchange which enabled us to characterize Nucleocapsid:ATP droplets (FigurelA) and extract
RATFdzAA2Y O2STFTAOASY (A -vOSwbrdaz®@>S PRI IdBYASR (F D2 YORI 3 y2 3
droplSi NI} RAdzA O6FH>YO0 | YR LINR)ESWoDLEHOG FREP téchidiqyed. A (i A 3
Furthermore, protein in condensed phase creates a sizeable MT effect in water upon long off
resonance irradiation. Fitting the wateletected MT curves to a multigpool BlochiMcConnell
equations (FigurelB) provides additional relaxation parameters of the Nucleocapsid in droplets
6¢i O2yRSYy&aSRFyy>a0 YR AG& SELRadaNB (2 06dz |
experiments allow us to probe the material propes of the biomolecular condensates and, upon
proper stabilization in agarose, to follow their maturation. Full theoretical models and applications
with other condensates including FUS and PTB will be presented.
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A) Diffusion NMR curves acquired on biphasic ATP-bound Nucleocapsid. Diffusion decays for free and dilute phase Nucleo-
capsid: ATP can be fitted to mono-exponential function and are used as a reference to fit the data for Nucleocapsid condensates
using a two-phase restricted diffusion model with exchange. This provides the diffusion coefficient of invisible protein in con-
densed phase, volume fraction and average radius of the droplets as well as the rate of protein phase change characterizing the
droplet permeability. B) While soluble Nucleocapsid in dilute phase produces distinct CEST dip on the water signal, the Nucle-
ocapsid in condensed phase produces a considerable MT effect far off resonance from water. This MT baseline broadenings can
be fitted to a Bloch-McConnell model to extract the parameters such as condensed protein fraction, transverse relaxation as well
as the chemical exchange to the bulk water describing how liquid-like the condensates are.
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Introduction

Traditionally, the analysis of scalar coupling constants in 1D *HdgbtiRoscopy has been restricted

to first-order analysis, with little tolerance to the s@alled roofeffect, reliant on the interpretation of
previously detected peaks.

Methods

Efforts have been made to transition towards more sophisticated deconvoltegimiques with our
recent contribution being a novel algorithm designed to handle not only spins greater than 1/2 but
also some secondrder effects.

Results and conclusions

In this work, we present a series of illustrative examples showcasing the algorithm's capabilities, as
well as a comprehensive statistical analysis of its performance against a large dataset consisting of
both experimental and simulated data. Furthermowee highlight the latest advancements and
improvements made to this algorithm, marking a significant progression in the field of automated
scalar coupling analysis of NMR spectra.
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Integrin-mediated cell migration is of key importance for fundamental physiological processes like
embryonic development, tissue homeostasis or leucocyte trafficking.[1] Integrin clustering triggered

by interactions with the extracellular matrix induces thenf@tion of focal adhesions (FAs), complex
assemblies of cytoskeleton and scaffold proteins that physically link integrins to the actin
cytoskeleton.[2] Paxillin is a major component present in early FAs [3] and, as a transducer of integrin
signaling, it ismportant for embryonic development and linked to cancer progression.[4]

By combining NMR spectroscopy, cell biology and fluorescence microscopy techniques, we could
NEOSyilte akKz2g¢ GKFG LIEAfEAY RANSiOsTedD dricii & § 2
LI EAfEAYQa [Lan FYR [Lao R2YlFIAya 6Fa RSGSNN¥AYS
GAGK yRMAY A SANRY HSNB OKFNIOGSNART SR adzilF iA2ya
2 T dIf€eBriniCTs impair binding driead to defective cell adhesion. [5]

Taken together our results provide a structural basis for focal adhesion targeting of paxillin.

CdzNI KSNXY2NBSZ 2dzNJ OKF NI OGSNATFGA2Y 2FF KR4I bl EAf
integrin will contributeto understanding integrin activation, which is important for a multitude of
physiological and pathophysiological processes.

Literature:

[1] WinogradKatz SE, Fassler R, Geiger B, Legate KR, Nat Rev Mol Cell Bkd8L.&2R13).

[2] Kanchanawong P, Shigel G, Pasapera AM, Ramko EB, Davidson MW, Hess HF, Waterman CM,
Nature 468:58%1 (2010).

[3] Scales TM, Parsons M, Curr Opin Cell Biol 28%2011).

[4] Zhao CJ, Du SK, Dang XB, Gong M, Med Sci Monit 293 §3915).

[5] T. Baade, M. Michaelis, AeBtel, C. Paone, N. Klishin, L. Scheinost, R. Nedielkov, C. R. Hauck, H.
M. Moller, bioRxiv 2023.01.26.525744
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Benchtop NMR spectrometers offer a portable and more economical alternative teialgh
AYyaidNHzySyda o6x 17¢0d | 26SOSNE GKS AYOINARYyairo aSy
magnetic fields (&, 2.4 T)of benchtop NMR spectrometers. An additional challenge is reduced

chemical shift dispersion, which leads to peak overlap and limits the identification and isolation of
target signals.

The hyperpolarisation technique SABRE (Signal Amplification By Rievergibange) can be used to
overcome limitations in sensitivity in a relatively cheap and easy way. SABRE harnesses the high spin
order of parahydrogen to enhance the detected signal of target molecules through reversible binding
to an iridium complex indution. [1] While the combination of SABRE and benchtop NMR can

increase sensitivity by several orders of magnitude, the development of analytical applications,
particularly quantification, remains a significant challenge. A promising strategy to redhitsedf

detection and promote quantification is the use of asubstrate to stabilise the SABRE catalysis. [2]

In this work we explore the limits of detection and quantification potential of SABRENced

benchtop (1 T) NMR spectroscopy. In particula6 KA IKf AIKG GKS 0SySFAala
which are similar in sensitivity to *H but less prone to peak overlap due to the broader chemical shift
range and minimal background signals. Through the use of dimethylsulfoxide (DMSO} as a co
substrate, thesinglescan limit of detection of 3;8ifluoropyridine (DFP) using SAB&ihanced H

YR uwC baw Fd m ¢ ¢gla F2dzyR G2 6S wmn- >ax |y A
hyperpolarised measurements. Additionally, we report the accurate quantificatibn ot H 1~ >a (1 S
sample of DFP using SABRRerpolarised benchtop (Figure 1).

[1] R. W. Adams et al., J. Chem. Phys., 2009, 131, 194505.

[2] N. Eshuis et al., Angew. Chem., Int. Ed., 2015, 127¢1504.
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Introduction

Knowledge of molecular translational dynamics and the dynamics of molecular bond formation is
instrumental in understanding of multitude of processes in chemistry, biology, or physics. In NMR
high temperature studies of liquid sediffusion rapid molecular motion usually cancels spin dipole
dipole and firstorder quadrupole interactions, if not considering their effect on the spin relaxation.
However, in liquids the effects of molecular and chemical dynamics causing fluctuations in chemical
shift and doupling can attenuate echo similar to attenuation caused by diffusion in inhomogeneous
magnetic field.

Aims
The aim of the study was to test feasibility of the MGSE method to simultaneously measure the
diffusion and chemical exchange speuxtr.

Methods

CPMG is a method for the study of correlation fluctuation functions with the use of successive echo
attenuation in a train of pi RF pulses. Attenuation can be augmented by diffusion in inhomogeneous
magnetic field as employed in MGSE methdte €cho attenuation factor is a sum of a term
proportional to diffusion spectrum multiplied by gradient strength squared and a term proportional

to the spectrum of chemical exchange rate at experimentally controlled frequency given as reciprocal
of time interval between the pi pulses.

Results

Spectra of chemical exchange rate and diffusion of sucrose/water solution were measured by
changing the repetition time pi pulses and gradient strength. Chemical exchange rate spectrum
exhibits previouslyeported features and the diffusion spectrum could be determined showing
features that indicate clustering at low frequencies.

Conclusions
MGSE is suitable for measuring relaxation rate spectra as well as diffusion spectra and can even
discern the effecbf diffusion in internal gradients from the chemical exchange fluctuations.
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Introduction

Bacterial RNA polymerase is controlled bg@psspecific partially disordered proteins, including the
subunit delta, unique for Graspositive Firmicutes, and sigma factors.

Methods

Nonuniform sampling, relaxation and relaxation dispersion analysis;tegblution relaxometry,
computational appoaches were applied

Aim

Our aim is to reveal the relationship between structural features, dynamics, and function of
disordered proteins regulating bacterial transcription

Results

We investigated of the delta subunit of Bacillus subtilis by a quan#aonformational analysis

based on NMR and SAXS data [1], revealing importance of a lysine cluster balancing electrostatic
repulsion in the acidic-€rminal domain. We verified the role of the lysines by mutagenesis and
characterized dynamics of the ltie subunit by combining higheld relaxation data with high
resolution relaxometry and MD simulations [2]. We obtained insight inttasanaccessible time

scales of molecular motions and revealed the specific dynamics of the lysine cluster. Astérasclus
missing in Staphyllococcus aureus, we continued with structural and functional characterization of
the delta subunits of this important pathogen. In parallel, we studied the role of disorder in
vegetative sigma factors of B. subtilis and Mycobaatarsmegmatis differing in the-té¢rminal
domains. In Mycobacteria, the-tédrminal domain is disordered and the distribution of charged
residues resembles delta subunits. Our recent data suggest a novel regulatory role of the charged
amino acids. Thed#&rminal domain of the B. subtilis sigma A factor is well ordered at room
temperature, but relaxation dispersion revealed a less ordered state dominating at elevated
temperatures optimal for the bacterium and facilitating transcription.

Conclusion

Theconformational dynamics precisely defined by charge distribution specifically regulates
transcription in bacterial genera including serious pathogens.

The work was supported by the Czech Science Foundation, Gra2023S.

[1] Kuban et al., J. Am. CheS8oc. 2019, 141, 168116828.



[2] Salvi et al., Biophys. J. 2022, 121, 33894.



370

P-209- Overhauser DNP Solvent Dynamics Measurements of Binary
Mixtures
Dr Timothy Kellér YerChun Huanyy Thorsten Maly

Bridge12 Technologies, Inc, Natick, UniBtdtes
Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Overhauser dynamic nuclear polarization (ODNP) is a technique capable of enhancing the nuclear
spin polarization by omesonance microwave irradiation of a paramagnetic polarizing agdms

technique requires the hyperfine coupling between an electron and nuclear spin to be modulated at
frequencies close to the electron spin Larmor frequency. By measuring the enhancement of the NMR
signal, one can probe the molecular dynamics at fezgties relevant to the rotational and

translational diffusion of molecules.

Recent instrumentation developments have enabled kiggolution ODNP measurements at low
magnetic field. [1,2] At a magnetic field of 0.35 T (15 MHz 1H), we achieve linewidtl2zs3oHz

(0.16 ppm) for a water sample with 200 uM TEMPOL. The improvements in resolution introduce the
possibility of performing site specific solvent dynamics measurements on mixtures to extract a more
detailed understanding of molecular dynamics ingbanixtures.

As a model system, we use binary mixtures of water and acetonitrile. It has long been known that
FOSU2YAUGNRES OG&a Fa | ¢k GSNI adNHzZOGdzNE GSYyKI y
water and acetonitrile are completely miscila a macroscopic level, at the molecular level water
prefers to hydrogen bond with water molecules. In Fig. 1, we show the enhancement of water and
acetonitrile. Water consistently exhibits larger enhancements. We find that the molecular dynamics
of waterbecomes slower as the amount of acetonitrile is increased. This is contrary to the bulk
viscosity which tends to decrease with increasing acetonitrile content. Our results are interpreted as
acetonitrile acting as a water structure enhancer.

[1] T.J. Keflr, et al. J. Magn. Reason. 313 (2020): 106719.
[2] T.J. Keller, et al. Magn. Reason. 2 (2021)¢24.7
[3] H. Kovacs, et al. J. Am. Chem. Soc. 113 (July 1991956596
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The INADEQUATE and-ADREQUATEXperiments were described in the literature in 1980 and 1996
NBaLSOGAGStesr YR KI@S f2y3 06SSy O2yaARSNBR | 2
structures or organic compounds using NMR.

During the same period, computassisted structurelucidation (CASE) has evolved quite

significantly allowing scientists to elucidate large and complex structures using NMR data. Modern
CASE systems are extremely efficient and can generate millions of isomeric structures within
minutes. After the structtes are generated, they are ranked, usually based on the agreement
between the predicted 13C chemical shifts and those observed experimentally.

In this poster, we investigate how relevant experiments like INADEQUATE and ADEQUATE truly are,
given the existace of powerful tools like CASE. To do this, we analysed a series of published
examples in which (IN)ADEQUATE information was stated as being vitally necessary for unambiguous
structure elucidation. We looked to determine whether using HMBC and COSWVittétaa CASE

system could elucidate the structure(s) in a reasonable amount of time without using (IN)ADEQUATE
spectra. We found that using only HMBC and COSY allowed us to get the correct solution in a
reasonable time without utilizing timeonsuming gperiments in a series of examples. However, we
also found that in most cases of large hydrogen deficient molecules, structure elucidation requires
(IN)ADEQUATE spectra, and CASE only facilitates the structure elucidation.

We will be presenting differerexamples to illustrate the observations. Moreover, we will be

showing examples where even though the correct structure has been generated, it was not possible
to clearly identify it as the correct structure because others existed that were ranked $ymnae

will be discussing methods to resolve these ambiguities and get the correct result without necessarily
involving lowsensitivity experiments.
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MXenes is a recently discovered family of tdimensional (2D) early transition metal carbides,

nitrides and carbonitrides. MXenes combine strong covalent bonds and metallic conductivity with the
hydrophilicity of their surfaces (owing to O, OH and F sertarminating groups, denoted Tx),

resulting in high activity in electr@nd thermal catalysis.

Here, we report structural characterization of Mol 8 SR a- Sy S&as az2i/ ¢EYaX &
metal such as Co or Fe. EPR studies reveal that whiledJeessubstitute Mo positions and remain in
GKS t1LGGADOS 2F az2zi/ ¢EYaX F2NJa ' /dzZ fSIOKAyYy3

az2zi/ ¢EYa YIFOSNALIf & 6 SNB -anH tlopant @dgSNXPS SERdtONVR,; w5
among other methodsHowever, unambiguous identification of the local environment remains
OKIftftSyaAayasr SalLISOAlLffte F2Nla I /dzdp 2SS dzaSR 9t
uncover thereby their local structures.

CW and pulsed EPR techniques (HYSCORE and EDOE)ed. The experimental results were
rationalized using crystal field theory and validated by DFT calculations.

a2oéoL+x0 YR a26+0 aAiaSa 6SNB ARSYGAFTASR Ay GKS
3S2YSGNE RAAGAY OO T NERd¥, cangisteaatwiihSlidtortoryof sités Sroaglt i / ¢ E
rotation of Tx groups. Aided by the crystal field theory arguments, analysis of EPR spectra of

az2i/ ¢EYa [ft26SR (2 RA&AGAY3IdzZAAK YIFGSNAIE & G6AGE
the surfacecoordinated sites (Cu).

This study shows the potential of EPR to provide detailed elemseatific information about the
local structure of paramagnetic sites in MXenes, their location (lattice euoface) and identify
defects and distortions in thesareerging 2D structures.
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~

Semiconductive cesium lead halide perovskiies &t 6 - 1 0 KIF @S SYSNHSR | & LJ
their compelling electronic and optical characteristics. While recent efforts mostly focused on

improving the stability and efficiency of perovskliased devices, the relationship between

structural and opoelectronic properties remains poorly understood. In this study, we employ a
O2Y0AY SR | LILINE I Oay difffaction xnethods, aadiDEBmypdtational modeling to

link the structural parameters to key optical properties. This study focuses aanit@alous

behavior of the bandgap with changes in temperature which increases upon heating and the

Gdzyt oAfAGE 2F GKS o0l yYyR3IIL gA0K GKS KIFIfARS 02YL
chemical shift and 1J(PX) coupling. Variable temperatussNMR experiments between 100 K and
NRE2Y GSYLISNIGdINE aK2g | fAYSEFENI O2NNBf Il GAz2zy 27
relation of the 1J(PIX) coupling constant to the octahedral tilting in the crystal structure. Static

CPMG was employed tacquire the inhomogeneously broadened spectra of mixed halide

perovskites obtained from Brigman growth. The local environments and compositions of the

materials could be obtained from these broad spectra over a wide thermal and compositional range.
Fromthese experiments, we can conclude that while the spectroscopic changes with regard to
O2YLRAaAAGAZ2Y IINB R2YAYFIGSR o6& (GKS FfGSNBSR o6l yR:
chemical shift is a result of altered Rborbital overlap. This is supporteg the reduced 1J(PX)

coupling when heating, as well as by DFT calculations on structures obtained from variable
temperature single crystal-y diffraction. This study highlights the combined application of NMR
spectroscopy, Xay diffraction, and comytational methods for local structure determination of

complex systems and their effect on tunable material properties. The obtained information will help
further improve the control over the optoelectronic properties of this next generation of

semiconduobrs.
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Metabolomics is the systeiwide study of all thenetabolites (small molecules with < 1.5KDa) in a
biological sample. Nuclear Magnetic Resonance (NMR) based metabolomics experiments generate
dense spectra consisting of hundreds to thousands of peaks that collectively describe the sample. In
order to ascetain biologically relevant results from these spectra, peaks must be annotated and
assigned to the metabolite/s they represent. As such, proper annotation of NMR spectra requires
high quality reference spectra from previously measured pure metabolitedstals.

Current publicly available databases for NMR metabolomics standards are built around extensive
metabolite collections but do not typically provide a broad range of conditions for each metabolite
and are not designed for spectrum manipulation to@auat for sample condition differences. This
can dramatically limit reference value as metabolite NMR spectra will vary depending on sample
conditions.

We examined experimentally supported metabolite entries from the Human Metabolome Data Base
(HMDB), Biagical Magnetic Resonance data Bank (BMRB) and Guided Ideographic Spin System
Model Optimization (GISSMO) libraries. Experimental spectra were compared to simulated spectra
from annotation data, i.e. peaksts, and automatically assessed for similariggaunting for

moderate global misalignment and solvent/reference artefact interference. Simulated spectra with a
similarity score of < 0.9 were visually inspected and modified where appropriate.

Our analysis revealed issues across all three databases$,cmmmonly missing files and pebst
imprecision but also including improbable pealdths, missing peaks, leguality of the
experimental data, and interference from experimental artefacts. | will report on an integrated,
remediated and freely availabldatabase of annotation data from the three public databases as a
primary source.
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Intrinsically disordered proteins (IDPs) are abundant in the human proteome and also are often
found in the biomolecular condensates that form through ligliephid phase separation. IDPs are

highly dynamic molecules, and their confaational plasticity is a key element of mechanisms
describing interactions with their partners. Inside biomolecular condensates, increased viscosity and
the presence of intermolecular contacts are expected to modulate the dynamics of IDPs and their
interactions with other molecules(1). The 44dsidue human Tau protein (htau40) is involved in the
formation and stabilization of microtubules in neurons. Phase separation of htau40 is believed to be
important part of its functioning. Its malfunction and aggagéign are linked to multiple
neurodegenerative diseases(2). We used 15N NMR relaxation to study conformational dynamics of
the htau40 in the picosecontb-nanosecond timescale range both in monomeric and in the
condensed phase. We observe an overall slgvdawn of htau40 dynamics in the condensate on
multiple timescales. However, the changes in htau40 dynamics across the sequence and at different
timescales can only in part be explained by increased condensate viscosity. Remaining changes in
dynamics obsefed in the condensate are likely to be associated with intermolecular contacts and
possible conformational rearrangement of htau40. Based on obtained results, we propose the
possible nature of these contacts and the timescales of their formation. In tdevea discuss how
relevant could be the observed htau40 dynamics in the condensate to its functional and aggregation
properties.

(1) Abyzov A., Blackledge M., and Zweckstetter M. (2022) Conformational Dynamics of
Intrinsically Disordered Proteins Regul&@@molecular Condensate Chemistry. Chem. Rev. 2022,
122, 6, 67166748

(2) Rai, S. K., Savastano, A., Singh, P., Mukhopadhyay, S., & Zweckstetter, M. (202 figjludjuid
phase separation of tau: From molecular biophysics to physiologgiaedse. Protein Sci., 30, 7,
1294¢1314
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Introduction

Halotellurates represent an emergictass of materials that hold great promise for advancing
optoelectronics. While their fascinating chemistry can be studied using diffraction techniques, the
complementary picture of their local structure has been missing.

Aims

We set out to develop 125TdAS NMR of A2TeX6 compounds, where A is Cs, MA, and FA, and X is I,
Br, and Cl. In addition to exploring the chemical shift range, we were curious to see what microscopic
mechanisms drive 125Te relaxation and how they could be used to study dynamicsasces

Methods

We used materials synthesized in aqueous solutions as polycrystalline powders and studied their
125Te NMR under MAS at 20 T between room temperature and 300°C. We also explored 127Te
NMR.

Results

We discovered that 125Te NMR chemical shaftd T1 relaxation in halotellurates are highly sensitive
to the type of halide and temperature. By considering various contributions to T1 relaxation (dipolar,
CSA, Raman, scalar, Mi8uced heteronuclear polarization exchange), we were able to conclude
that in chlorides, T1 relaxation is driven by phonons, while in bromides and iodides, it is driven by
halide diffusion. Therefore, it can be used to determine the corresponding halide diffusion activation
energies, which are on the order of 80 kJ/mol,depending on the composition. Using high
temperature MAS experiments, we were able to study halide mixing in situ with excellent spectral
resolution and found that it occurs on the timescale of seconds to minutes at elevated temperatures.
In one materialyve observed fascinating interplay between 1253%37Cl seldecoupling and

phonon softening as a phase transition is approached.

Conclusions

125Te NMR is highly sensitive to the halide composition and provides a unique insight into tellurium
coordinationenvironments. By studying 125Te NMR relaxation and its underlying physics, we were
able to quantify halide diffusion and determine its activation energy.
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Leonov, Mr Armin Giesg Dr. Loren AndredsProf. Dr. Christian Griesinger
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bSdZNBRSISYSNI0APS RA&ASIA&ASE adzOK & tIFN]JAYyazyQs
misfolded ad & y dzOf SAyYy 6h {, b0 F33INBIIGSa Ay KdzYly o NI A
observing the pathological process has been a chafleRgsitron emission tomography (PET) is a
nor-invasive in vivo imaging technique useful for early diagnosis of aggregates in the human brain.
However, atargefi LISOA FAO (NI} OSNJ G2 RSGSO0G LI GK2f23A0!I f
report the devebpment of MODA&O5 (PET tracer) based on MOD@@. (2), which in turn is a

derivative of anle138b, a compound shown to have therapeutic activity in animal models of
neurodegenerative diseases. MODAGI p AY G SNI Ola gAGK h{, 6 b of33INB3
phospholipid, a protocol that was developed for anle138b (1). The structure of the fibril was

determined by cryeEM (3) and the binding sites (internal and external) of MODB&were

identified through soliestate nuclear magnetic resonance (NMR) spscopy, specifically NHHC
experiments (4) combined with dynamic nuclear polarization (DNP), a technique that allowed the
determination of the binding site of anle138b in fibrils (5). Interestingly, two binding sites are found
depending on the preparatioprotocol. The internal binding site is similar to the one found for

anle138b (5). The external one had not been detected previously.
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P-295- 19F transverse nuclear spialaxation reveals smatholecule
binding to intrinsically disordered protesn

Dr Gabriella HellérDr. Vaibhav Kumar Shukl®r Angelo FigueiredpProfessor D Flemming
Hansen
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Introduction

Intrinsically disorderegroteins are highly dynamic biomolecules that rapidly interconvert between
YIye ai0NHzZOGdzNI & O2yF2NXIF GA2yad ¢NIXRAGAZ2YIFITfeX
because of their lack of classical ldhged binding pockets for smatholecule drug. Recent evidence
suggests that intrinsically disordered proteins can indeed interact with small;ldkeignolecules,

however, there are limited approaches to characterize these interactions experimentally.

Aims
The aim of this work was testablish experimental NMBased techniques to quantitatively detect
and characterize smatholecule interactions with disordered proteins.

Methods

We investigated several solutiestate NMR observables for their ability to report on interactions
betweensmall molecules and IDPs, including proteind liganddetected chemical shifts,
translational diffusion, and longitudinal and transverse sgilaxation rates. As a model system for a
disordered protein, we employed the disordered domains 2 and 3 (NL2BX8) from the non
structural protein 5A from hepatitis C virus.

Results

We demonstrate that smalholecule liganetetected 19F transverse relaxation (R2) rates are highly
sensitive to the interaction of smatholecules with disordered proteins. Notablgy the scenarios

that we investigated, both liganénd proteirchemical shifts as well as translational diffusion
measurements were relatively insensitive to binding. Using these approaches, and primarily 19F R2
rates, we discovered that-fluoroindole irteracts with a micromolar affinity with NS822D3 (380
>a0® 2 S | { &fRiordgindok demairfs highly gynamic (frdie rotational diffusion time)

while interacting with the disordered protein.

Conclusions

Given the high prevalence of disordereeins in many diseases including cancer, cardiovascular
disease, diabetes, and neurodegeneration, we anticipate that 19F ldetatted spinrelaxation
measurements offer a promising medidmroughput screening strategy to identify small molecules
that bind these dynamic biomolecules.

Small molecule tad - ~0.6 -
19F 3, Binding L3 o
'Sf)' '\g ."."‘.".. ‘\\- S~—

Intrinsically disordered protein [NS5A-D2D3] (uM)
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P-151- Concentration and Loading Dependencies of Copper Coordination
Compounds Studied with Magnetic Resonance in Solution and Solid

Dr Isabelle GetzErlend Aunah Atiga A. Ans&r Dr. Knut T. HylladdDr.Sergio A. V. JannuzzProf.
Karl Petter Lillerug Prof. Mohamed AmedjkodhProf. Serena DeBéer
Max Planck Institute For Chemical Energy Conversion, Milheim An Der Ruhr, GéDeaaytment
of Chemistry, University of Oslo, Oslo, Norway
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Introduction

Copper coordination compounds exhibit a wide range of coordination motifs. Consequently, a single
ligand can be found coordinating in different manners to copper, depending on subtle chartges i
experimental conditions.® The heterogenization of the molecular coordination compounds in metal
organic frameworks (MOFs) allows to spatially separate ligands, preventing e.g. dimerization.2
Selective techniques were employed to characterize thelloopper site.

Aims

NMR and EPR complete each other to probe the concentragind temperaturedependent

aggregation (molecular complexes) and the loading dependencies (solid materials) of Cu(l) and Cu(ll)
materials.

Results

Molecular copper complexesith ligands bearing Meterocycles were synthesized. Their

aggregation behaviour was studied with a combination of \aTw 0 CA 3 dzNB mX {2 L
NMR coordination shifts were determined for the molecular compounds. In one case, a set of shifts
was obtained for both monomer and dimer, highlighting the changes in the coordination

environment upon dimerization.?

These compounds were subsequently incorporated into a MOF. The synthetic heterogenization route
affected the loading scalability of the gipesis. The comparison of the C\Wb&nd EPR spectra

(Figure 1, bottom) of two different copper@i)nctionalised Zr MOFs (isoreticular frameworks,

different ligands, and therefore different incorporation approaches) revealed that while missing

linker defect-coordinating ligands showed a change in the nature of the copper moiety with the

ligand loading, the derivatised linker system displayed no such effect.

Conclusions

The aggregation behaviour of nitrogéigated copper(l) complexes was studied throwgh
combination of NMR techniques. Additionally, the heterogenization of small model complexes into
MOFs was monitored with CWbéand EPR, unveiling the effect of ligand loading.

References

1 Trammell et al., J. Org. Chem., 2017, 82, ¢3904.

2 Nash et al J. Am. Chem. Soc., 2021, 143, 229499.

3 Gerz et al., Eur. J. Inorg. Chem., 2021, 2021, &V&5.
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Figure 1. Top: Partial '"H NMR spectra of a molecular copper(l) complex
at different temperatures (500 MHz, CD,CN).2 Bottom: EPR spectra
(30K, CW X-band, neat) of Zr-MOFs with incorporated copper(ll)
coordination compounds. The ligand loading (LL= low loading; HL= high
loading) affects the nature of the copper site for the compounds to the
left, while it remains unchanged for the material to the right.
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BulletDNP is a powerfulissolution DNP technique. It is especially promising for biological and
pharmaceutical applications due to low sample dilution, remperature dissolution and fast

sample transfer.

Still, bulletDNP suffers from strong relaxation during transfer and/ @tlows one experiment per
hyperpolarised sample. For many NMR drug screening approaches, however, at least two
experiments are required in order to obtain a reference and a +eatdspectrum.

For ligane2 6 & S Ndm&aBurements to detect protein bindinthese challenges can be overcome

by magnetisation splitting and multiple acquisitions in one experiment. This can be combined with
magnetisation storage on slerelaxing 13C nuclei during sample transfer and dissolution, to further
increase the polarisatin levels in solution. Just prior detection, magnetisation is transferred to H for
highest sensitivity and contrast in the recorded spectrum.

Here, we demonstrate the applicability of this approach to identify binders and to determine
dissociation constas (Kd) for pharmaceutically relevant prolyl hydroxylase domains (PHDs). PHDs
play a crucial role in the oxygen sensing mechanism of cells and are therefore potential drug targets
for example in oncology. By introducing 13C labelled pyruvate as repgaedlifor competition
experiments, a qualitative and quantitative characterisation of ligand binding with hyperpolarised
NMR becomes possible.

As an alternative, reportefree approach for Kdletermination, the repeated addition of
hyperpolarised ligand cad offer a direct, liganebbserved method for the quantification of binding.
We assessed the feasibility of this approach, predestined for the application of-BiNIBt by means

of the Kddetermination for pyruvate.

Our results are a first step towardssdolution DNRenhanced drug discovery, which promises high
throughput screening with low protein concentrations and could thus make new drug targets

accessible for NMHRased screening techniques.
Small molecule reporter is polarised by bullet DNP: Reporter relaxation indicates inhibitor binding:
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P-291 - Practical aspects of 13C gNMR

Dr Adolfo Botaa'
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Quantitative NMR is one of the most important tools for the quantification of chemical species in
samples. It is most commonly run throutife measurement of 1H detected single pulse
experiments[1], but severe spectral overlap makes the quantification of analytes a challenging task.
13C detected NMR alleviates the spectral overlap problem, and with modern instruments achieving
higher sensitiity, 13C gNMR becomes a suitable alternative to 1H gNMR. For example, the
resolution achieved in 13C data enables the determination of-[dragn branching in polymers[2].
Several aspects such as the acquisition of data with low sigradise ratio andle larger

bandwidth required to excite the 13C spectrum lead to a number of considerations that must be
taken into account when acquiring 13C qNMR. Here we describe some of the practical aspects and
consideration to take into account to acquire accurat€I@NMR data[3].

OMB® tdzf A DdzAR2 C®X SO It aGvdzryadAdlEiABS wml
Ly 1 LIRFGSPe W2dzNYy € 2F bl GdzNI f ¢8NPDROHzOG &asE @2 @
10.1021/np200993k.

WHB ® L A&KAA Irminalizn lofLowdDégrelest ol om@hairSBradiching in Polybutadiene by
Double. 2y R | @ RNRIASYI A2y C2ftft26SR 6& Mo/ baw | YR
Dec. 2019, p. 121965, DOI: 10.1016/j.polymer.2019.121965.

woB8® . 20Fyl> ! Rdbfaf davdzZ yGAGEHGASBS wmo/
https://attendee.gotowebinar.com/register/2577550346473705743. Accessed 8 Dec. 2022.
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Every day, we are confronted with numerous endogenous and exogenous factors that can
compromise our genomic integrity. To function pesly, our bodies must perform extraordinarily to
prevent and repair potentially harmful disruptions. Failure to do so results in mutations in our DNA
that can ultimately lead to cancer. Depurination/depyrimidination of DNA as part of the base excision
repar mechanism is the most common approach to counteract these. In this process, an
apurinic/apyrimidinic site is created at the "defective" nucleotide site, excised from the double
strand, and replaced with the correct nucleotide.

However, thisnechanism is not limited to DNA. The peptide toxin ricin and its effect on ribosomal
RNA is just one example of abasic sites in RNA. Since abasic sites (AS) are also present in nascend
transcripts, it is reasonable to assume that they have another function

The aim of this work is to investigate the influences of abasic sites on the structures and dynamics of
RNA/RNA and RNA/DNA duplexes using NMR spectroscopy. We have successfully incorporated an
"abasic" building block into several RNA sequences usiitgumse synthesis. Usingl&beled sugar
units, we were able to observe the structural changes and dynamics following photolytic generation
of the abasic site. In addition, we synthesized-specifically labeled RNA/RNA and RNA/DNA
duplexes to obtain@mplete assignment of all aromatic 13CH as well-aSNtpurine and 315N

pyrimidine signals.

Laserassisted deprotection of a photolytic NPE protecting group in the NMR spectrometer allowed
us to follow the equilibrium of Sabeled ribose in RNA at tmoment of release. Xay structures

and cleavage experiments of A8ntaining RNAs with the A$aving enzyme APE 1 complemented
our studies.

Yaojuan Liu et al., RNA abasic sites in yeast and human cells

Pascal A. Kupfer et al, The chemical stabilitghaisic RNA compared to abasic DNA
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Introduction

Nuclear Magnetic Resonance (NMR) applications could benefit from an increase in sensitivity.
Hyperpolarization methods can enhance NMR signals significantly, allowing the detection and
monitoring of lowconcentration species in (beghemical reactions. Pattaydrogenbased methods
provide an attractive approach to hyperpolarization.1,2

Aims

Since the ingenious introduction of the sidem approach (SAH)3 has expanded the molecular
systems amenable to additive pahgdrogeninduced polarization (PHIP), considelaefforts have
been directed toward designing precursors and methods with the aim to achieve high polarizations in
substrates of biological interest.

Methods-Results

We report an easyo-scale approach for synthesizing gram quantities of-le®€led pecursors for
field-independent PHHSAH methods from commonly available reagents.4,5 We polarized pyruvate
and acetate precursors at 18% and alanine precursors at 6% in situ at 21 mT in a portable custom
built system. Using a fast purification proceduse, obtained [113C] pyruvate in neat

biocompatible water solutions with 6.5% polarizations at 40 mM concentrations. Our findings
demonstrate that it is possible to perform timesolved 13C MRI of HP pyruvate at millimetric
resolutions in preclinical scarrs. We used the method to follow the metabolism of pyruvate in vivo.
Thanks to the fast experimental turnover, we were able to monitor metabolism in the brain and the
liver in the same mouse in the same study, demonstrating the feasibility oftfd8 nultiorgan
reaktime metabolic studies in preclinical settings.6

Conclusions

In this work, we presented an accessible PbHBed strategy that facilitates access to hyperpolarized
NMR in preclinical metabolic studies.

References

1)C. R. Bowers et al. hy&.Rev.Lett., 57, 2645, 1986.

2)Ralph W. Adams et al., Science 323, 1708, 2009.

3)F. Reineri et al., Nat. Commun. 6, 1, 2015.

4)S. Mamone et al., Angew.Chem.Int.Ed. 2022, 61, e202206298.
5)S. Mamone, et al., submitted.

6)T. Hune et alsubmitted.
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Introduction:

19F NMR fragment screening was proposed in 2005. The methodology has many benefits:

1) Fast acquisition

2) Quick analysis

3) Lowprotein and fragment consumption

4) Most buffers are tolerated

There is a question whether it is a compromise due to the availability of fluorinated fragments, i.e. is
the chemical space sampled as well as for the traditional fragment libraries that us&RHigand
observed experiments? A comparison is shown of the phydiemnical properties of our well

curated 1H fragment library and a fluorinated library.

Aims

The improvement in physico chemical properties of available 19F fragment libraries. Toligxémep
speed and ease of carrying out 19F fragment screening. The correlation of 19F fragment hits resulting
in crystal structures is a strong indicator of the ligandability of a target.

Methods

Computational analysis of fragment libraries. 19F NMR C&MIG 2 experiments; 1H STD and
waterLOGSY. SPR anRa§ crystallography.

Results

19F fragment libraries are improving in terms of physibemical properties as well as their chemical
diversity. The ligandability of different targets is demonstrated sihgwhat 19F screening is a very
convenient tool for finding hit material and for assessing the suitability of a target as a small molecule
drug discovery project. The process of going from screen to orthogonal validation and then to crystal
structure in <4veeks shows the possibilities for fast progression from the initial 19F NMR ligand
observed screen.
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Introduction:

NMR is welkestablished as a particularly powerful tool for reactionmitoring and mechanistic study

[1]. In recent years, photochemistry has become an increasingly important tool for synthetic
chemistry, with many new reactions being developed and implemented in both industrial and
academic settings. However, the mechanssof many of these reactions remain poorly understood
and few mechanistic studies have been conducted; in part because of the intrinsic challenges of
gathering robust kinetic data on photochemical systems.

Methods and aims:

Here we present the results ofdetailed NMR kinetic study conducted on the silanediated cross
electrophile coupling developed by the MacMillan group (figure 1.a) [2]. This was conducted via a
bespoke irsitu illumination NMR spectroscopy system ({MDR) that we constructed thouse

(figure 1.b). Important considerations for implementation of this type of system are also discussed.
Results:

The simultaneous direct monitoring of a large number of components in the reaction solution by 19F
LEBNMR has enabled several important mechénisbservations. One particularly important

outcome of this monitoring was the direct observation of a key intermediate that is the major resting
state of the Ni catalyst throughout the cycle. The role of this intermediate species in the reaction was
further elucidated through sophisticated isotope labelling studies, taking advantage of the unique
properties of NMR. A subsequent combination of control experiments, systematic variation of the
reaction conditions and kinetic modelling has enabled mecharisticlusions to be drawn [3].
Conclusions:

This case study demonstrates how LERR is a powerful tool for enabling understanding of
photochemical reactivity. Further innovations in hardware for NMR reaction monitoring may also be
discussed.

References:

1. Prog. Nucl. Magn.Reson. Spectrosc, 129,08 2022.
2. J. Am. Chem. Soc, 138, 8@®87, 2016.

3. J. Am. Chem. Soc., 144, 1535382, 2022

a) b) Fibre Optic Cable

—

/ \| ‘ ) ::::Nomelm

Ir photocatalyst Ry

Ni catalyst LED .
tris(trimethylsilyl)silane ! :
e —= o S il g
r+ r P : ’ ST ’,’ |} {
R \ \R blue light R \ NR .,5_'_’_, L . | |

N; Orver Kinetc protie
solvent, rt \
TTL signal

generator




69

P-383- Heteronucleasfiltered 1H homonuclear mukguantum
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Crad YF3IAO Fy3atsS ALAYYAYy3I o6a! {0 o-quantumn 11T 0 ¢
correlation experiments have proven to be useful approaches to improve the resolution of 1H solid
state NMR spectroscopy. Here, we introduce a heteronuclear filteredabibnuclear multiple
quantum correlation strategy available at a MAS speed of 100 kHz, by combining the 1H{X}
heteronuclearfiltered methods and 1H homonuclear mudfuantum correlation experiments. For a
mixture of aluminum lactate (Alac) and zinc ladia (ZnLac), 1H signals of-Bac can be selectively
extracted via 27Alfiltered methods (i.e. 1H{27Al} Heteronuclear Multiple Quantum Correlation
(HMQC) or 1H{27Al} Symmetrgsed Resonandécho SaturatioPulse DOubkResonance (S
RESPDOR)). The incoqd@n of these 27Afiltered methods into twedimensional (2D) 1HH
double-quantum (DQ)/singlguantum (SQ), Triplguantum (TQ)/SQ, and even thre@mensional

(3D) 27Al/1H(DQ)/1H(SQ) experiments allows for the acquisition ofteasyerpret spectra wihout
signaloverlapping. Moreover, this approach facilitates the targeted characterization of the featured
micro-environments of 1H species surrounding 27Al sites, thereby providing a means of extracting
key structural information from complicated spin &®s.
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Protein structure and dynamics determination by nuclear magnetic resonance (NMR) spectroscopy
has long relied on uniform 13C at@N stable isotopic labeling. The expression in eukaryotic cells
ensures the protein's proper folding and relevant parsinslational modifications needed for its

function. However, for a wide range of proteins that are of great interest, the major dediarc

NMR studies is the lack of an affordable eukaryotic expression system for isotope labeling.

We have developed culture media containing stable isotlgeled amino acids (15N and 13C15N)

for mammalian HEK293T and insect Sf9 cells. The culture mredimased on stable isotodabeled

protein hydrolysates from fermented Cupriavidus necator. The media were optimized to achieve high
isotope incorporation and protein yields. For this purpose, the cells were adapted to low serum
culture media. In additionlabeled biomasslerived hydrolysates, labeled yeast autolysates and lipid
extracts were explored as media ingredients. After five passages, 15N incorporation rates of 78 %
were achieved for enhanced Green Fluorescent Protein (eGFP) overexpressed iBTHEHIRO
Overexpressed eGFP yields in the new media were comparable with cells cultured in standard
DMEM/F12 media. Based on pH, osmolality, glucose concentration and turbidity the media are stable
for at least 8 weeks when stored at 4°C.

The 'Silantes tdope-labeled Growth Medium for Mammalian Cells' enables protein structural
investigations in a cosgfficient manner.
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Fluorescent proteins (FPs) that undergo reversible or irreversible pinatsformations when

exposed to light at specific wavelengths are of crucial importance for a wide range of applications in
advanced fluorescence microscopy and biotecbggl The exact mechanisms behind these photo
induced conformational changes remain poorly understood, which makes engineering of improved
variants based on rational protein design a difficult or even impossible task. At present, mechanistic
information onFPs has been derived from crystallographic structures, complemented by data from
optical spectroscopy and gquantuohemical calculations. Solution NMR spectroscopy, combined with
in-situ sample illumination provides an unigue tool to investigate at atoesolution the

conformational and dynamic properties of FPs in their different pksitdgionary states. It also allows

to access the interconversion dynamics of various conformational states and to derive kinetic models
underlying the observed photophysiqadoperties.

We have set up a portable NMRsitu illumination device that is compatible with higleld NMR
spectrometers, and currently permits sample illumination at 3 wavelengths (405, 488, and 561 nm).
Recently, we have added light detection capliéibs to our setup in order to record simultaneously
NMR and fluorescence emission data. This allows to correlate changes in the populations of
conformational states (NMR) with their fluorescent properties (emitted light). Here, we present a
recent appliation of this setup where solution NMR has provided information on conformational
dynamics and structural heterogeneity in the chromophore pocket of FPs from the mEos family. In
particular, we could establish that the 2 NMRserved ground states correspadno different local
hydrogenbond networks caused by a change in the protonation state of aracid side chains in

the chromophore vicinity. Finally, combining NMR and fluorescence data we could show how these 2
states differ in terms of their photoswiting and photoconversion behavior, and shed some new
light on the underlying mechanisms.
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Lipopolysaccharide (LPS), otherwise known as endotoxin, is\@atetiomponent of Grarmegative

bacteria that contributes to bacterial toxicity. During processes such as cell division, shedding of

outer membrane vesicles or bacterial cell death, LP&essed into the surrounding media. If such
contamination got into the bloodstream, it would induce grdlammatory immune responses which

can result in sepsis and death. Therefore, detection of LPS is essential in the pharmaceutical and food
industries b prevent exposure of LPS to patients. The Limulus Amebocyte Lysate (LAL) assay is the
current major assay used by industry to detect and quantify LPS contamination. However, in recent
years the phenomenon of Low Endotoxin Recovery (LER) has gainedasigsifientific attention.

The phenomenon describes the inability of LAL assays, in some cases, to detect LPS due to a masking
effect caused by interaction between LPS and particular formulation excipients (chelating agents and
surfactants). Although the ethanism of LER has not been fully determined, it is widely thought that

the origin of the effect is associated with these interactions perturbing the supramolecular formation

of LPS aggregates. As such, it is imperative to understand the interplay betveesmpramolecular
structure of LPS and the interactions with the formulation excipients.

Our work demonstrates the successful fluorination of LPS molecules to assess their complex
aggregation behaviour upon interaction with formulation excipients 9B NMR spectroscopy.

Utilising 19F NMR allows simplified data interpretation compared to the intricate deciphering of 1H

and 13C NMR spectra that would otherwise be required, due to the complex carbohydrate structure

of LPS and very large size. We usedeb@eriments, including DOSY, to explore how the content of
F2NdzZ F GA2yas AyOfdzZRAYy3a (KS LINBASYyOS 2F OKSft I
LPS assemblies.
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Introduction

Bacterial amyloid fibrils act as scaffolds of biofilms, which provide cheandahntibiotic resistance,
making them a prevalent issue in infections. Pseudomonas aeruginosa has a functional amyloid
system [Fap] which contains FapC, a small intrinsically disordered protein that is a main component
of the amyloid fibrils, and FapB,dfight to be a minor component. FapA is another IDP whose role
has until now been unknown. Due to their intrinsic disorder, NMR is best suited for their biophysical
analysis.

Aims

We aimed to use NMR to calculate the structure and observe the ictierss between the Fap
subunits.

Methods

CD, SAXS, and ThT assays were used for preliminary biophysical analysis of the subunits. NMR triple
resonance and titrations were used to corroborate and further explore the data in detail.

Results

(D and SAXS data revealed that FapA, FapB, and FapC are IDPs. Using the chemical shifts obtained
from NMR triple resonance experiments, d2D confirmed this and calculated residue specific
secondary structure propensities. ThT assays showed that FapA iftapisby preventing

nucleation, while FapB is inhibited at the elongation step. NMR titration of unlabeled FapA into
labeled FapC showed no peak shifts, while the reverse did. Titration experiments between FapA and
FapB showed no changes in the spectrum.

Conclusion

We have concluded that FapA is an intrinsically disordered chaperone of FapC that inhibits the
formation of FapC fibrils in the periplasm. While the mechanism of action is unclear, it seems that
monomeric FapA interacts with oligomeric FapC. This findigserve as an inspiration toward new
approaches to tackling the biofilm problem.
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The use of dynamic nuclear polarization (DNP) NMR to investigate biologically active molecules in
native cél environments is rapidly offering unprecedented levels of structural and functional details.
Efforts to characterise the radical lifetime and its cellular location, the cell integrity and survival rate,
together with engineering of heell protein prodution have generated multiple methods to perform
in-cell DNP NMR. Thus, we previously have shown the benefit of using spin labelled peptides for
targeted DNP NMR in E. coli systems. The protocol led to localized enhancement of the NMR signals
at the membrar interface, and improved prospects for understanding the mechanism of action of
membraneactive peptides, such as antimicrobial peptides (AMPs). While information at the
membrane interface is of particular interest for AMP studies, other internal strasthave been

shown to be perturbed and to contribute to the death of bacteria. Thus, a more global monitoring of
the impact of AMPs on bacteria could provide new insights in their mode of action. We will show that
untargeted DNP NMR is a useful tool tolglthy monitor the effects of AMPs on bacteria by using

15N labelled E. coli (Fig. 1). The wspecific 15N labelling allows simultaneous observation of nucleic
acids, proteins and lipids-+cell. We will show how several AMPs have different impacts orethes
structures. For instance, some AMPs disrupted the lipid packing while some also perturbed the
nucleic acids. Overall, the ability to monitor the action of antimicrobial peptides in situ provides
greater insight into their mukimpact mode of action.
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Over the last 15 years, etected solidstate NMR spectroscopy has emerged as a powerful tool in
structural biology, suitable for various applications rangnegf structure calculation to protein

dynamics covering time scales of multiple orders of magnitude. Despite continuous efforts to
improve solidstate NMR hardware and optimized labeling schemes, the necessity for comprehensive
chemical shift assignmentsmains the major bottleneck.

While for small to mediunsized proteins 3D spectra and derived assignment strategies yield
sufficient chemical shift assignments for downstream applications such as relaxation experiments,
the assignment problem increasesrsfgcantly for proteins exceeding a molecular weight of
approximately 30 kDa especially when manual assignment protocols are applied. In recent times,
new higherdimensionality and interleaved experiments have been introduced to ameliorate this
problem, byincreasing chemical shift redundancy and therefore facilitating access to a molecular
weight regime of proteins that are of great biological interest, e.g., for drug development. Despite
these improvements, most assignment strategies still rely heavibgsolved peaks in a 2D source
SELISNAYSyi(is +a ¢Sttt +a /1 OKSYAOIf &aKAaATda F2N

Here we introduce a new 4D hCAconCANH experiment in combination with a previously published 5D
HNcoCANH experiment that facilitates a pse®@HNCAINCA assignment approach. This

combination consequently continues the shift from disperslionited and overlagprone amideto-

amide experiments towards 3Bource, i.e., HNGBased, assignment protocols. We show that within
competitive measurement timesyll backbone assignment is obtained from only these two

experiments without any residuype specific information for the 7 kDa model protein, the SH3

R2Yl Ay 2 FspeOtinAAdditiSnal preliminary data will be shown for the assignment of the 42
kDaLINE G SAY (1AYylFasS Lloyh F2NI gKAOK (GKS FaaAadayyvySyi
required spectra compared to the previously introduced strategies requiring six or often more
experiments, the user must oversee.
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Introduction:

Chemical exchange saturation transfer (CEST) is a technique offering enhanced contrast in MRI.1 It is
based on the selective saturation of exchangeable protons, and unlike other MirRdstanethods, it

offers the ability to turn contrast on and off within a system. This makes CEST a particularly useful
technique as it provides a method for distinguishing the presence of a contrast agent (CA) in
heterogeneous environments with exchangéaB LINR2 (i 2y 4 ®u  w wuy

A new class of CEST CAs are to be investigated. To evaluate the effectiveness of these new CEST
agents, phantoms are generated to act as in vivo models. By developing phantoms which have a CEST
effect, the ability to switch on and off atrast will allow the spatial localisation of the CEST agents in

the phantom.

Aims:
The goal of this project is to develop a suitable phantom by which new CEST CAs can be investigated.

Method:

1H MRI images were acquired for alginate beads (2% w/@.RiiM CaCl2 solution in the absence of
CEST agents. CEST images were produced from a series of 41 images acquireesatitingpian rf
pulses over a frequency offset range 12800 Hz.

Results:
Figure 1a) shows a spin density image of alginate beada@2 solution, showing no contrast
whereas 1b) shows a CEST image with contrast between the alginate beads and solution.

Conclusion:
Alginate is shown to produce a CEST effect, which will need to be considered when assessing the
behaviour of new CEST £iA this phantom.

References:
1. R. Balaban et al, J. Magn. Reson., 2000, 148,779
2. M. Micheal et al, Chemical Exchange Saturation Tranfer Imaging: Advances and Applications,

Pan Stanford Publishing Pte. Ltd, Singapore, 2017.
3. M. Rivlin et al, Qua. Imaging Med. Surg., 2019, 9, 1¢3746
4. B. Wu et al, EJINMMI Phys., 2016, 3, 19.



b)

Figure 1: a) 'TH MRI spin density and b) CEST map of alginate beads (axial)
in 0.2 M CaCl, solution in the absence of CAs in a 10 mm NMR tube.
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Soft candy confectionery is a popular treat consumed worldwide, and maintatoimgjstent quality

during processing is a critical aspect of product development. Portable devices offer several
advantages over traditional FRMR instruments, such as ease of use, lower cost, and the ability to
perform onsite analysis. Moreover, thesevdces are also suitable for monitoring product quality

during transportation and storage, allowing for timely quality control measures [1].

This study employed FRMR measurements to analyze the structure and composition of soft candy
confectionery duringrocessing using a custehuilt magnetic resonance system based on a Halbach
arrangement. Samples were subjected to a series of processing steps, including boiling, cooling, and
aging, and were analyzed.

The results showed that TRMR was a highly effage technique for characterizing the changes in

the structure and composition of the confectionery during processing, and for measuring key physical
properties such as viscosity, moisture content , and Brix values. Moreover, the effectiveness of
measuringl2eff and T1 in complex soft candy processing was demonstrated to optimize the process
to obtain desired texture and moisture content [2]. As can be seen from Figure 1a, the T1 values
were found to provide information on the moisture content and brix valoéthe prepared sample.
Figure 1b shows the potential of NIMR a quality control method in a continuous flow.

As a valuable tool to maintain consistent output, this system will be integrated into the production
line of a confectionery factory.

Referances
[1] Kramer, M. J., & van der Meer, S. (2016}NNIRbased portable devices for food analysis.
Annual Review of Food Science and Technology, 72289

[2] Varela, P., Fiszman, S., & Salvador, A. (2007). Role of T2 relaxation time in sensory texture
attributes of dairy desserts. Journal of Texture Studies, 38(4)4649
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Chiralinduced spin selectivity (CISS) refers to sf@pendent interactions betweealectrons and

inversion asymmetric materials.! Charge transfer in photoexcited donioal bridgeacceptor (BB-

A) molecules is an ideal system to probe the influence of chirality in these electron transfer reactions,
with implications in biology for theadical pair mechanism and for quantum information science
dz&Ay3 &LAY 1jdzoAld LI ANBDOY w w | 26SOSNE (GKS SEG
coherence in the initial state of spoorrelated radical pairs following charge transfer throwgbhiral

bridge remains an open question.

Here, we introduce a quantum sensing scheme to measure directly the hypothesized spin

polarization in radical pairs using shallow nitrogeacancy (NV) centers in diamond at the sintjde

few-Y 2 £ S Odzt Singte$iiSdpidddynamiés simulations, we demonstrate how frequency

switched LeeGoldberg decoupling, which is a common technique to mitigate homonuclear

AYGSNYI OGA2z2ya Ay &a2tAR a4l 4GS baw &tBSAOnpB@RIe&s®? LR T b
enantioselective detection by a single NV center. Furthermore, we establish critical measurement
design rules to overcome geometrical limitations of dipolar sensing with NV centers, and evaluate the
detection sensitivity for spin polarization resultinginaCISS in experimentally relevant systems.

[1] Naaman R. et al. Nat. Rev. Chem. 2019, 3; 25D

[2] Fay, T. P. J. Phys. Chem. Lett. 2021, 121402

[3] Chiesa, A. et al. J. Phys. Chem. Lett. 2021,12¢6341

[4] Fay, T.P. et al. Nano Lett. 2021, 28966702

[5] Volker, L.A. et al. arXiv:2302.01725

[6] M. Lee and W. I. Goldberg, Phys. Rev. A, 1965, 140, 1261
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Polyglutamine (polyQ) expansion beyond a pathological threshold is associated with a number of
neurodegenerative diseases. The polyQ tract of several proteins, sucldi@gan receptor (AR) [1],
Kdzy G Ay30GAYy wHB | ¥idix cOnfotmatidrs prapagatedyandlstRiized by unusual
bifurcated hydrogen bonds, in which the side and main chains of glutamine residues simultaneously
donate a hydrogen to the backbonarbonyl of residue-#.[1]

Using a combination of solution NMR and molecular dynamics we have studied in detail how the
sequence context influences the helical content of the polyQ tract of AR and expanded the analysis to
the tract of the TBP protein. Wieave exploited our observations to present rules to design linear
LISLIGARSA GKIF G ¥-Adides by goiicatendtifgyNtEming gidé Bhiisto main chain
hydrogen bonds. The resulting peptides are highly soluble, uncharged and contain onbl aatirro

acids. An important feature of these peptides is their versatility: several hydrophobic residues can act
as efficient Hboond acceptors and the design can also incorporate &gmsitive switch or can be
complemented by electrostatic interactiongtween charged side chains. Remarkably, our scaffold
design defines the identity of only a fraction of the peptide residues and the rest can be chosen or
optimized for specific applications. As a proof of concept, we have designed two helical peptides that
successfully bind to the globular target RARTED.[4]
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Liquidstate hight A St R 0 x -dirbamsiotal32Dj ¥EIC cdirél@tion NMR spectroscopy is a
powerful method in the structural determination of natural products and biologieatiyve

molecules by directly probing the carbon connectivity. However, these methods require the presence
of two neighbaing 13C nuclei, leading to low sensitivity and limited practical application. One
promising strategy to improve the sensitivity of ligtgsthate 13C NMR is through Overhauser dynamic
nuclear polarization (ODNP), whereby the polarization of a radmatered electron spin is

transferred to 13C nuclei of the target molecule through cradaxation during microwave

irradiation. To date, several higreld liquidstate ODNINMR setups have been reported, allowing
10110%fold enhancements of the signal intdtysin onedimensional pulsacquire 13C experiments

for small molecules compared with spectra acquired under thermal Boltzmann condition. However,
no report has yet studied the application of ODNP in Highl liquid-state 2D NMR. Herein, we

report the first example of ODNEnhanced liquiestate 2D 13&3C correlation NMR measurements at
9.4 T, enabled by a liqustate doubleresonance ODNRMR setup developed in our group and
optimized towards 2D NMR. ODMRhanced 13€3C COSY, TOCSY, and NOESY parfdrened

using standard pulse sequences oné#iched compounds upon applying continuous microwave
irradiation to the sample. Compared to spectra recorded under Boltzmann conditions, the same set
of diagonal and cross peaks are observed, with up tfoBDenhancements in favorable cases. This
corresponds to ~16fold reduction in experiment time for achieving a similar sigoahoise.
Furthermore, ODNfénhanced 3C INADEQUATE was performed on ~20 mg of a +adtunalant
compound, allowing assignment one-bond scalar coupling constants and carbon connectivity.
Lastly, we observed a correlation between the ODNP 13C enhancement and the chemical
functionalities of the target molecules. Combined, these results present @GibN&hced higHield
liquid-state 2D 13G3C correlation experiments as promising tools for Nb&Red structural

elucidation of small molecules.
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Dynamical Nuclear Polarization (DNP) is a powerful method that allows one to polarize virtually any
spinbearing nucleus by transferring electron polarizatiomfigrowave irradiation of the electron
Zeeman transitions. Under certain conditions, the DNP process can be described in thermodynamical
terms using the thermal mixing (TM) model.

Different nuclear species can exchange energy indirectly through their attens with the electron
spins and reach a common spin temperature. Such "e@gk$ effects can occur between proton (H)
and deuterium (D) nuclei in dand repolarization experiments. In this work, we investigate such
effects experimentally, using eith protonated or deuterated TEMPOL radicals as polarizing agents.
An analysis of these experiments based on Provotorov's equations allows one to extract the relevant
kinetic parameters, such as the rates of energy transfer between the different reseradrshe

heat capacity of the noZeeman (NZ) electron reservoir. In contrast, the heat capacities of the
proton and deuterium reservoirs can be estimated based on their usual expressions. Surprisingly, it
was found that D plays an essential role in paktion transfer, and it has to be included in the

model to describe the visible effects correctly, which was avoided in the previous works exploiting
the TM approach.

These parameters allow one to make predictions of the behaviour of heteronuclei sualbas-t3

or phosphorous31, provided that their heat capacities are negligible. Finally, we present an
experimental study of the dependence of Provotorov's kinetic parameters on the TEMPOL
concentration and the H/D ratio, thus providing insight into theuna of "hidden" spins that are not
observable directly because of their proximity to the radicals, where protons®BEMPOL seems to
suite perfectly on this role.
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Introduction and Aims

Reactive oxygen species (ROS), resulting from the aer@iabolism, are able to oxidize

biomolecules including RNA and DNA. If their concentration in the cell rises over the range, in which
it is normally kept by homeostatic mechanisms, oxidative stress occurs, a redox state which is
related, among others, taumorigenesis. Oxidative damage is the most common DNA altering
mechanism. The nucleobase, which is most prone to oxidation, is guanine.[1] Its oxidation preduct, 8
oxo-guanine, can affect the structure and thermal stability efj@&adruplexes, a foustranded

structural motif found in the guanine rich repeats of promoter regions and telomeres.[2] This
secondary structure element is stabilised by Hoogsteen hydrogen bonds between 4 guanines, it plays
an active role in gene expression and seems to be involvétkeiinhibition of cell proliferation.[2,3]

This study, aims to investigate the relation between the presencecxfd®juanine in G

quadruplexes and their structure and thermal stability, employing NMR spectroscopic techniques
capitalizing on a-15N-abded 8-0xo-H -@eoxyguanosine building block.

Methods

The synthesis of an {15N}deoxyguanosine and andko{1-15N}deoxyguanosine

phosphoramidites, enables the solid phase synthesis of guanine rich DNA quadruplex sequence with
position specific 15Nabeling. The secondary structure and also dynamics are investigated by
solution state NMR spectroscopy.

Results and Conclusion

Atom-specific 15N1 labeling of&o-deoxuguanosine allowed a detailed NMR spectroscopic
investigation of a G quadruplex sequentle dynamics of folding was probed by relaxation
dispersion and reaime NMR experiments.

[1] Hahm, J.Y., Park, J., Jang, ES. etGato§uanine: from oxidative damage to epigenetic and
epitranscriptional modification. Exp Mol Med 54, 162642 (2022).

[218h E23dzZt yAYyS C2N¥& vdzZ NISGa 6AGK | [FNBS /Syl
Janez Plavec. Biochemistry 2022 61 (21), 239 .

[3] Singh, V., Benz, A. and Hartig, J.S. (2011), G Quadruplexes Stabilisaxbley-@oxyguanosine.
Chem. Eur. J., 17: 10838843.
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Solidstate NMR (SSNMR) can be a powerful technique for studying actinide chemistry but has been
significantly limited due to the complex redox chemistry, paramagneismd,radiological hazards
presented by these materials. Lanthanide and actinide salts often feature magnetic ordering and can
be paramagnetic, ferromagnetic, or antiferromagnetic depending on temperature, pressure, etc.
Paramagnetic interactions can manif@s NMR both as secular spectral shifts and/or couplings as

well as norsecular relaxation contributions. Both effects can be directly measured with NMR and
used to extrapolate rich chemical information such as coordination environments, bonding
characterstics, local molecular dynamics, correlation times, etc.1 Typically, these studies are carried
outonhight YR KA IKT(E 2activedistegped (g/gi, 1H &/7ki, 19F, 23Na, etc.) or on
enriched rare isotopes (e.g., 2H and 170).2

Herein, we demonstite facile 35CI SSNMR measurements as a probe for the structural and magnetic
properties of several lanthanide and actinide salts. These salts generally feature one counterion to
chlorine, as XCIn, where X = La3+, Nd3+, U3+, U4+, and UO22+ all at nahdaheb. The relative
magnetic susceptibilities of these counterions are well known,3 and in each case cause unique
manifestations of paramagnetic shift anisotropies and paramagnetic relaxation enhancements as
observed by 35ClI SSNMR at 9.4 T; these eftactde measured independently of the manifestation

of the seconédorder quadrupolar interaction. Results are corroborated by 37ClI SSNMR and
measurements at a second magnetic field. These results demonstrate the feasibility-ofIow
quadrupolar, norspinnng, and natural abundance SSNMR to measure paramagnetic interactions
and can enable new strategies in actinide chemistry.

(1) Pell, A. J.; Pintacuda, G.; Grey, C. P. Prog. Nucl. Magn. Reson. Spectrosc. 204111, 1
(2) Martel, L.; Magnani, N.; Vai, J. F.; et al.. Inorg. Chem. 2014, 53, §8233.
(3) Kindra, D. R.; Evans, W. J. Chem. Rev. 2014, 11438825
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¢KS YSIFadzNBYSyid 2F f2y3AlddzRAYIFE YR (NI} yagdSNAS
Ubb ydzOf SINJ aLIAYya LINPGARSA |y AYLRNIFYy(d (22t
proteins in solutim . Conventional relaxatieencoded Hy b | { v/ SELISNAYSyi{ia |
ueb NBfFEFGA2Y GAYS O2 y-esoltyni2b spédra, with thercBrhbinedNB R 7
0SySFTAlGaAa 2F uwvhb OKSYAOIf &KATFT(O HsensituByNEhe2y Ay
direct dimension!. However, when signal overlap is prevalent in the direct dimension, it can limit the
unambiguous extraction of the crogeak signal intensities needed to measure relaxation times.

Pure shift NMR methods yield spectrawhich the effects of J coupling have been suppressed and
multiplet structure collapsed to singlets2. For proteins, band selective decoupling (BASHD) pure shift
methods are well suited to suppressing the homonuclear coupling between vicinal amidephad al
protons, 3J(HN h 0 = R dzS -defined] segafatdd chetnicdl shift regions?. Using-teaé (i.e.,
singlescan) BASHD, tHb b | { v/ &LISOGN} Oly 06S NBO2NRSR gAi
removing the contribution of multiplet structure togmal overlap2. Here, new relaxati@mcoded
reaHtime BASHD pure shift 4dbb | { v/ SELISNAYSyia KI @S 6SSy RS
NEf I EF A 2 y-ubiguit. £E&mparig8oN it results obtained from the corresponding
conventional experiments slws that ultrahigh resolution 2D spectra can be acquired at no extra
02480 Ay SELISNAYSYG GAYS FYR 6AGK y2 RSONARYSY
intensity, particularly for peaks with higher multiplicity and/or large 3}{HN 0 e} bré sien. One

added advantage is that pure shift spectra eliminate the need to mask multiplet structure with heavy
line broadening, and indeed allow the use of resolution enhancement.

Bibliography
1. N. A. Farrow et.al. Biochemistry, 1994, 33, 56843
2. P. Kiraly et.al., Biomol. NMR, 2015, 62,523
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Introduction:

T I O (e$séhlal comjaBnents of bacterial RNA polymerase (RNAP) as they allow to recognize
LINPY23G2NJ aSIdzSyO0Sa YR AYAGAIFIGS (NI YAONR LI A2y d
LINA Yl NBE OKIFyyStf 2F wb!t FyR If a2 DNNSodeSHeieaweo A Y F
aK2¢g OGKIG R2YIFIAY wmodm 2F . OAfftdza &ddzodGAfAa ! S
equilibrium.

Aims:

To elucidate the structure and dynamics of minor conformation and to discover how does minor

conformation affect trascription.

Methods:

Relaxation dispersion analysis, chemical exchange saturation transfer analysis, in vitro transcription

Results:

The major conformation at room temperature is represented by a previously reporteefolddd

structure solved by nucleamagnetic resonance, but 4 % of the protein molecules are present in a

less thermodynamically favorable state. We show that this population increases with temperature

and we predict its significant elevation at higher but still biologically relevant tenpes We

found that, in contrast to the major state, the detected minor state is partially unfolded. Its

LINR LISy aAde G2 F2N¥ aSO2yRINE A0NHzZOGdzZNBE St SYSy i

KSt A0Saz 6KAES GKS &Sy RerrhinuKaBefmbre stablg’. Rundtional (i NJ y F
NI

SELISNAYSyi(ia 6AGK Fdzft fSy3adkK ! yR AdGa akKzN
GKFEG 6KAES FdzZf €SyadK ! AYyONBlFasSa GNIFyaONR L
transcriptong A 0 K~ ! gk mdm NBYlF Aya O2yadlyiao

Conclusions:

In conclusion, this study reveals conformational dynamics of domain 1.1 and provides a basis for
studies of its
interaction with RNAP and effects on transcription regulation.
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Introduction

Detecting alien life is a difficult task because it's hard to find signs of life that could apply to any life
form. However, complex molecules could be a promising indicator of life and evolution. Currently, it's
not possible to experimentally determine ha@mplex a molecule is and how that correlates with
information-theoretic approaches that estimate molecular complexity. Assembly Theory has been
developed to quantify the complexity of a molecule by finding the shortest path to construct the
molecule fromsimple parts, revealing its molecular assembly index (MA). (1)

Aims
This study aim was to develop an approach to rapidly and exhaustively calculate molecular assembly
and explore the MA of over 10,000 molecules using analytical methods such as NMR.(2)

Methods

Using three independent techniques: nuclear magnetic resonance(NMR), tandem mass
spectrometry(MS) and infrared spectroscopy (IR) we can show how to experimentally measure
molecular complexity (MA) and obtain consistent results with gomdelation. By identifying and
counting the number of carbon resonances in NMR, absorbances in IR spectra, or molecular
fragments in tandem MS, the molecular assembly index of an unknown molecule can be reliably
estimated from experimental data.

Results

This analytical approach is the first experimentally quantifiable method to defining molecular
assembly, a reliable metric for complexity, as an intrinsic property of all molecules and can also be
performed on complex mixtures.

Conclusions
With these resilis, there is now a methodology of spectroscopic techniques to unambiguously detect
alien life in the solar system, and beyond on exoplanets.

Reference

1. Marshall, S.M., Mathis, C., Carrick, E. et al. Identifying molecules as biosignatures with assembly
theory and mass spectrometry. Nat Commun 12, 3033 (2021). https://doi.org/10.1038/s4167
23258x

2. Bame, J., Jirasek, M., Sharma, A. et. al. Multimodal Techniques for Detecting Alien Life using
Assembly Theory and Spectroscopy Feb. 2023 arXiv:23@&3[td3i0.QM]
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The first decades of research in structural biology were guided by tbhetste-function dogma,
emphasizing the importance of the static protein conformation. Gradually it has been recognized that
protein dynamics are also instrumental in modulating their biological function, raising interest in
disordered protein segments, WO St & L2 LJdzf | G SR O2y F2NXI GA2yaz |
shift propels NMR methods, capable of following biomacromolecular dynamics at multiple molecular
sites and under native conditions, to the forefront of mechanistic studies. Here we empénge of
solution NMR applications to investigate functional dynamics in toxins of marine origin and their
binding to the bacterial potassium channel KcsA.-BiKins bind to the turret region and inhibit ion
conduction in K«channels, with subtle vations in sequence determining their affinity and
selectivity. Despite their compact appearance (35 amino acids, 3 disulfide bonds) they present a
f2gfte& LRLMAFTGISR YAY2N O2y F2NXNI GA2Y S Y2404 fA]St
dihedral angls, with an estimated lifetime of 0:2 dp Ya® 2 S LINR6S GKS yI {dz
conformations using twdield relaxation dispersion measurements and NMR under hydrostatic
pressure. A comparison between two KcsA inhibitors, the naturally occurringaHthtte de novo
Huil, is particularly interesting in that they exhibit very different dispersion and pressure profiles
despite obvious structural similarities. These observations are complemented by analysis of
molecular trajectories of toxin domains cted using replicaexchange
metainference/metadynamics simulations that provide structural insight into the nature of minor
conformations and how they may influence channel recognition. This is an excellent example of how
seemingly structured domains harblatent dynamics with functional implications, also
demonstrating unique and newly emerging abilities of NMR to address protein dynamics.
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Glioblastoma multiforme (GBM) is the most aggressive and prevalent form of primary brain cancer

and its poor prognosis makes GBM a public health concern. Increasingly, evidence points towards
Chloride Intracellular Channel 1 promoting oncogenic development with its high level of activity and
SELINB&&A2Y RdzNAYy 3 {dzy2 NRA ISy Saoratdh /Al L& mMyQSal yday AlljKe
separate functions at both the cytoplasm and membrane. Intriguingly, the metamorphic nature of
CLIC1 serves as a biological switch for malignant transformation in which only the merbhbrante

form is carcinogenic. Thistinct feature could pave way for a new selective, conformasipacific

cancer therapy which would potentially spare normal cells making CLIC1 a highly promising
pharmacological target.

Our research focuses on understanding thembranebound structure of CLIC1 as this is currently
unknown and developing selective CLIC1 inhibitors with antiproliferative activity for the treatment of
glioblastoma. To explore the structure of the membrarmund form, we have used solgtate NMR

and TEM/CryoEM with CLIC1 inserted into vesicles/nanodiscs. To detect drug binding, we have
performed solutionrstate NMR and Xay crystallography of the soluble form of CLIC1 to a panel of
FDAapproved compounds derived from an in silico drug screen toguyhg interactions. To test
inhibition, we performed viability assays in U87 human glioblastoma cells in the presence and
absence of the drugs.
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The mortarlayer stratigraphy of Roman wall paintings at Ostia Antica, the historic port of ancient
Rome, was studied at two occasions with nuclear magnetic resonance (NMR) depth profiling [1] to
explore manufacturing details in the context of the use aistory of the buildings. In the first

campaign in 2019 the NMR signature of covered wall paintings was studied [2,3], while in the second
campaign in 2022, depth profiles were compared to answer the question if different painted walls
were prepared for penting at the same time or by the same workshop [4]. The experience gained in
handling the portable NMR hardware for onsite measurements has stimulated the development of
an improved NMR deptprofiling instrument [5,6]. The information provided by NMR theprofiling

is illustrated with experimental data, and progress in hardware development is reported.
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Affinities of biomolecular interactions are important in biochemical research and drug discovery.
With NMR spectroscopy even weak interactions can be studied in solution close to physiologica
conditions and without the need for chemical labeling of the molecules. However, the established
NMR methods still lack the possibility of determining high affinity binding with Kds in the nM range,
which are a necessity for clinical drugs. Furthermormgrudently chosen parameter for titration
experiments can severely limit the reliability of the results. In order to choose optimal parameters,
simulations for different approaches were done, including:

- Proteinobserved experiments in the fast and slewchange regime

- Ligandobserved experiments in the fast exchange regime and CSAR experiments

- Competition titration experiments in the fast and slow exchange regime

Based on these simulations, the influence of different error sources was investigatbdas
concentrations and NMR readouts. Titration patterns were optimized for high accuracy

Using this knowledge, affinities of various ligands for different drug targets can be determined. For
FKBP, a key enzyme in the human immune system, protein olosergeriments were used for
potential immune suppressants with affinities in the medium micromolar range. For Ableson kinase,
the central proteininCM Sdz]l SYAF X FyR KdzYly is I RNBYSNAAO N
cardiovascular regulation, ligds were examined using competition titration in the slow exchange
regime.

Conclusion:

Several approaches have emerged for affinity determination by NMR. Our theoretical analysis helps
in experimental design of different types of titrations and assesdieg tange of validity. Based on

this knowledge, we show experimental approaches for important drug targets, which can serve as
models for general Kd measurements with a large variety of targets and affinities.
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Integrins are a family of heterodimeric transmembrane proteins that link the eatrd intracellular
environments, mediating signal transduction as well as transmission of mechanic forces. [1] It was
recently shown that the focal adhesi@ssociated adaptor protein paxillin [2] binds to the

Oe 2L I &YA O Vil S\F NIyt 0¢ KRSF o 50 M3 andlbAGB{dalzdiBs wast LJ E A f
RSGSNN¥AYSRZ YR GKS O0AYRAY3 AA0SA AY-DtBgimMISR Ay
AYy@2t SR AY h+io YR hLL6i o KSGSNRPRAYSNEB F2NXI
Y| | A firHegrinan attractiver®8 RSt FT2NJ aldzRe Ay 3 A y-intSgAMdmaéhd !
Y2NB LINPYA&aOdz2dza | yR F2NXa&a G f Slidtagrinmmfl] RA T F S NE
Ly fAIKG 2F GKS FT2NB3I2Ay3A> ¢S F20dzaSR @&y GKS A
binding sites on the LIM3 domain of the focal adhesagsociated protein paxillin. NMR titration
aUdZRRASE 2F LI EADAYAPSINBREFHRY RAD! 4 SBRK | -imtehrii bt NJ 0
with approximately one order higher affinity.

To onfirm the putative integrirbinding motif in the paxillin LIM3 domain revealed in earlier studies,

the alanine scanning mutational analysis was applied. A series of alanine mutants were prepared and
characterized. Subsequently, a feaianine mutantwasNB LI NEBR® baw GAGNF GAZY
n! Ydzi | yinfegrid &t 8h&wed a substantial difference in observed affinity compared to the
wild-type protein.

| KENF OGSNRTFGAZ2Y 2F K2¢ LISLI A RSHEI KRINBNBSRyAAE NP o
be recognized by the adaptor protein paxillin could provide detailed insight into integrin activation,
which is important for a multitude of physiological and pathophysiological processes.

Literature:

[1] R.O.Hynes et al., Cell 2002, 110,-683.

[2] N.O.Deakin, C.E.Turner, J. Cell Sci. 2008, 121-22435

[3] T. Baade, M. Michaelis, A. Prestel, C. Paone, N. Klishin, L. Scheinost, R. Nedielkov, C.R. Hauck, H.
Moller, bioRxiv2023.01.26.525744



343
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The successful activation of the B cell receptor (BCR) signaling pathway is crucially depetigent on
organization of signaling intermediates within phaseparated condensates before receptor
stimulation. Past research has focused on the formation of these Hdwedcondensates, but there

are still open questions about how the proteins facilitateithsignaling state after BCR stimulation.

This study introduces a novel intramolecular interaction between the third SH3 domain (SH3C) of
CIN85 and a prolirech motif (CIN88?RM1) located in the adjacent linker region. We used-high
resolution nuclear mgnetic resonance (NMR) experiments to assign the intrinsically disordered
linker via 13@lirect-detection. The determination of residespecific effective correlation times using
TRACT yielded the effective molar fraction of the intramolecular complelN&SE®RM1 bound to

SH3C. Moreover, we observed that phosphorylation of a nearby serine residue likely regulates this
interaction in a contexsensitive manner, which could allow for a dynamic modulation of CIN85's
valency towards SLP65 by the cell. The ganson of in vitro phase separation assays with computer
simulations of SLP65/CIN85 condensate formation using LASSI supported this mechanism of tuning
CIN85 SH3 domain availability. In vitro cell culture experiments further revealed that the- CIN85
PRM1/$13C interaction is crucial for maintaining the physiological level of SLP65/CIN85 condensate
formation, activationinduced membrane recruitment of CIN85, and subsequent mobilization of
calcium ions. Furthermore, using labete mass spectrometry, we fourevidence supporting the
involvement of this interaction in the regulation of steastgte and activatiofinduced cytoskeletal
reorganization. Therefore, the CINERM1 interaction may be a means for the cell to allow for a
dynamic and contextual respond®,SLISY RAy 3 2y (KS OSttQa | QiAgIl G
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With conventional NMR and MRI instruments, samples are insertechimiagnet enclosing the

sensitive volume, thus limiting sample size and accessibility. Siintgd NMR makes use of a

permanent magnet placed close to the sample surface, enabling nondestructive analysis of arbitrarily
sized objects for materials testirmgnd insitu studies, for example, at archaeological and cultural
heritage sites by means of NMR depth profiles.

This work reports progress in constructing a sirgitked NMR system with 1) short echo times

capable of sampling rapidly decaying e¢tans of solid materials and bound water at larger than 15
mm depth access and 2) a sensor system that simplifies rapid alignment of the sensitive slice parallel
to the surface of the object.

A novel analog frontend was designed for a conventional PM2BNIKOUSE sensor and a smaller,
custombuilt magnet for 5 mm depth of access following a modified magnet design. The electronics
combine a currentnode switching power amplifier which drives the excitation coil, a fast Q modified
switch, and a newly proposadadout scheme to achieve both the required excitation currents at the
operating frequency and a low noise figure in the receiver. 8own times below 5 pys can be

achieved with the new front end.

An array of four higiprecision ultrasonic distance sers for rugged industrial environments was
Y2dzy SR 2y GKS YIF3ySi (G2 &dzLILIR2 NI GKS 2LISNI 2N
alignment system was calibrated and tested with a silicon rubber layer confined between two glass
slides by recating the width of the signaamplitude step in the depth profile. A resolution of 200 um
was achieved with 6 ps long RF pulses. Once calibrated thefigtichgensor can be aligned with the
object surface in less than one minute.

Supported by DFG grabi-G AN 984/24
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Introduction

Magnetic nanoparticles (MNPs) can be used as MRI contrast agents, with the aim toanipov
detectability of certain tissues/structures. The sgttice and spirspin interactions which describe

G§KS baw NBtIEIGAZ2Y LINE OS & dlepend oniseelal fcioik,B.Th8 Yy &4 Q
chemical environment of the nuclei, the moldaumotion, the magnetic field, the temperature, and

so on. The MNPs coating could have a role in tuning the magnetic properties and the spin dynamics,
consequently affecting the nuclear relaxation times which characterize the process.

Aims

We attemptedto detect possible effects of the MNPs ceserface spin disorder on the AVIR

nuclear relaxation times in iron ferrite coshell NPs.

Methods

2SS Ay@SaidaA3dl GE€BYhomol AaBIRSHAD OBt 6 O2NE RALFYSGSNI F
or DMSA; QISIKSNICSlithi+s 6 aSR abta ORIy dppnddp Yy-NVMRE O2|
¢s FYR ¢i YSIFadaNBYSyida O6FNRY gKAOK NkB FyR NI N
the range 10 kHz+298 MHz for the first set and 10 kHz+60 MHz for the secend
Results

2A0KAY GKS SELISNAYSYGEFEt SNNEBNY O0AD
O2F dAy3aT O0AAL GKS avlfttSad asSi RAa
frequency behavior between 4.4@MSA and 4.4@PAA.

From the longitudinal MR relaxation data fitting by the Rodhiller-Gillis model, we obtained

further information about the minimum approach distance, the magnetic anisotropy and the Néel
relaxation time.

Conclusions

In the smallest MIPs, due to the higher surfate-volume ratio, the surface spin dynamics and/or

GKS aLAy G2LRft238 INB ' FFSOGSR o6& (GKS L}2f&YSNH
might influence the magnetic dynamics of the MNPs.
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Miss Shrestha Banerjeé’rofessor Arno Kentgeh®Dr. Gilles de Wijs
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Oxyhydrides of rare earth metals such as Yttrium, Scandium and Gadolinium, areamixed
compounds showing reversible darkening under UV irradiation. The underlying mechanism of this
intriguing phenomenon is not well understood. The empirical formuthese systems is ReOxH(3

2X). It has been observed that the arrangement and composition of the anions, particularly the
hydrides, dictate the efficiency of the photochromic behavior in these materials. Nevertheless, the
exact arrangement of the anions ihg FCC cation sublattice is not known in detail. A better insight
into the local environment of the ions is key to understanding the underlying mechanism of the
colour change. We use 1H, 89Y and 45Sc and 17GstsatidNMR spectroscopy and DFT calculation

to unravel different hydride, yttrium and scandium and oxygen local environments in YHO and ScHO
films. The limited sample amounts (1 um films) is challenging for NMR, but nonetheless the hydrogen
content of the samples can be determined. The latticacire, oxidation state of the anions and
cations and mobility of hydrogen species are investigated in detail. Preference for formation of
hydride rich and hydride poor domains over complete mixing of the oxide and hydrides was noted in
the anionic suHattice. Presence of a small percentage of hydroxyl groups and trapped molecular
hydrogen was proved by 1H and 170 NMR and DFT modelling for the first time. We are exploring in
situ illumination in view of a better understanding of the structduaction reldionship. This can

lead to applications in smart windows. Moreover, compounds with mobile hydrides form an
interesting class of novel electrolytes.
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Dynamic nuclear polarization (DNP) has been a powerful technique that utilize polarization of
electron spins to dramatically increase the NMR signal intensities. DNP using theeplogal triplet
state (TripletDNP) have potential to provide highly séive NMR spectra at room temperature for
various molecules; however, applicable molecules were very limited due to poor solubility of
pentacene. Here, we focus on TripeNP of eutectic crystals that are mixtures composed of two
types of molecules.
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Introduction: Structural visualisations of enzymes predominantly focus on mggopdulated
conformations, and singipoint mutations that affect enzymatic activity often produce structures

that are similar or even indistinguishi@from the structure of the wildype/active enzyme.

Likewise, in the histone deacetylase 8 (HDACS8) enzyme, which is a potential target of cancer, wild
type and mutant HDACS8s show very similar structures when bound to substrate/inhibitors.
Therefore, stat structures have not been able to adequately explain observed changes in
biochemical activity and substrate/inhibitor binding affinities for various HDAC8 mutants. This implies
that a dynamic sampling of various conformations could be imperative foiutietion of HDACS.

Aims: Enzymes sample different conformations, and these are often critical for biological function.
Our aim here is to characterise the coupling between intrinsic structural dynamics and enzymatic
activity for HDAC8 and for enzymes moreadly, to enhance our understanding about enzymatic
regulation and to deduce the effect of missense mutants.

Methods: We used methyTROSY based CPMG relaxation dispersion experiments to characterise
intrinsic higher energy conformational states of HIBAand relate the population and lifetimes of
these states to enzymatic activity.

Results: We show that the dynamic sampling of different conformations of HDACS dictate the
enzymatic activity, inhibitor affinity, and inhibitor residence time. Reducedreatig activity as well

as reduced inhibitor affinities and residence time for two missense mutants of HDACS are all
captured by the microkinetic rate constants between intrinsically sampled conformations obtained
independently by NMR CPMG relaxation disg@n methods. Our analysis of HDACS also dissects the
functional role of the conformations sampled, where specific conformations, distinct from those in
available structures, are responsible for substrate/inhibitor binding, catalysis, and product
dissociaton.

Conclusions: Our findings assign the functional roles to conformations of HDACS, but also have
general implications for understanding the mechanisms of missense mutations, including those
implicated in diseases.
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Highly purified and isotopically labeled proteins are essential to modern tébtiRology. Over the

past decades, tremendous efforts and consequently significant advancements have been made
throughout the structural biology community to improve quality and quantity of protein samples. We
present here two improved protocols: firssegmentally labeling of protein subunits using the

Sortase A mediated Ligation (SML); secoadgimplified and highly effective protocol for
perdeuteration of recombinant proteins.

Domainspecific isotopic labeling (segmental labeling), in which only ssledtmain is labeled

within the context of the whole protein, can significantly simplify NMR spectra and reduce signal
crowding. Here, we evaluated the use of different variants of Staphylococcus aureus sortase A for a
range of ligation reactions and demstnated that conditions can readily be adapted to meet specific
goals. In addition to producing high purity, selectively isotope labeled multidomain proteins for NMR
studies, we also explored a broader range of other SML applications, such as lipidationi¢o
posttranslational modifications, and protein circularization to aid in the development of nanodisc
membrane mimetics. We anticipate that our findings in SML may enable many applications in
structural biology.

Highly deuterated protein samples proeidontrast matching in neutron diffraction experiments and
reduction of dipolar spin interactions from normally protonated proteins in magnetic resonance
studies. In NMR applications, deuteration is often combined with other isotopic labeling patterns to
expand the range of conventional NMR spectroscopy research in both solution andtatdid
conditions. We report here a simple, effective, and usemndly protocol to produce highly

deuterated proteins in Escherichia coli cells. One liter expressiocatjypyields 5 to 50 mg of highly
(>96%) deuterated protein. The protocol will enable a broader utilization of deuterated proteins in a
number of biophysical techniques.
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Biomolecules like proteins and RNA adopt intricate three dimensional structures but their function is
often linked to their inherehconformational dynamics. For RNAs that are often highly dynamic,

NMR spectroscopy is the best method to determine the tertiary structure and dynamics. However, to
date the NMR structure bundles derived mostly from NOE distance restraints do not rbtect t
structural dynamics of the RNAs completely.

To understand underlying dynamics, the microscopic description of conformational trajectories is
often derived from MBsimulations. Although forcéeld developments for MBimulations are
constantly improvedaccurate force fields that correctly predict both the RNA conformation and its
dynamics are still missing.

To change that, high quality NMR data of a suitable reference system are needed. Until now, the
UUCG RNA tetraloop was the most widely used refegesystem due to its wealth of experimental
NMR data.

Our work presented here provides an additional dataset of high quality NMR data for the CUUG
tetraloop to complement the currently existing one. It shows how multiple NMR methods can be
used in combinton with MD simulations to elucidate the dynamic structure of the CUUG tetraloop
model hairpin. A near complete set 6€duplings, NOE contacts, RDCs and ecos®lated

relaxation rates were measured. Evaluation of the CUUG tetraloop data shows ¢hedrformation

of the tetraloop cannot be described by a single static state as it was previously stated. This is due to
the partial presence of a GC base pair between the first and the last loop residue. To get a better
understanding of the structure, metular dynamic simulations were performed. The resulting
structures were further refined using reweighting with the experimental data. Multiple structural
clusters are needed to adequately explain the experimentally measured data. In contrast, a single
structure like the previously published 1RNG pdb of CUUG is not sufficient.
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P-141- Conformational Flexibility of the Lipopolysaccharide ABC
Transporter Elucidated Using Pulsed Dipolar Electron Spin Resonance
Spectroscopy

Ms Marina Dajke?, Prof. DrBenesh Josepi
1Goethe University Frankfurt, Frankfurt am Main, Germa&Ryeie Universitat Berlin, Berlin, Germany
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The outer membrane (OM) of Granegative bacteria is an asymmetric bilayer made of

phospholipids and lipopolysaccharides (LPS). The lipatéoligosaccharide and the O antigen are
synthesized in the cytoplasm and are joined at the inner membrane (Ikbyno the LPS molecule. In
Escherichia coli, seven essential proteins, LptABCDEFG form the LPS transport (Lpt) system to export
LPS from the IM to the OM.! 2 Using pulsed dipolar electron spin resonance spectroscopy (PELDOR or
DEER),3 we characterized tbenformational heterogeneity of LptB2FG complex, which is the ATP
binding cassette (ABC) exporter for LPS transport from the outer leaflet of IM to periplasmic domain

of LptC. Our results are in agreement with previous observations that the nucleotidadpidhomains
6b.5a0 Of2aS dz2lRy !¢t O0AYRAYyIdw ¢KAA Ada O2dzLI S
transmembrane domain (TMD) helices TM1 of LptF (TM1 F) and TM5 of Lpt&jTM3he second

other lateral gate formed by TMB and TM1G, the shat loops attached to these helices exhibits a
dynamic behavior. However, a closed conformation yet unseen from structures is most favored. In
RSGSNEBSYy(d YAOStftSa IyR Ay (KS o0aSyosS 2F [t{=Z
limited flexbility. Overall, these observations deviate from the general response in which the TMDs
undergo a synchronized transition between inwaden and outwarebpen states. Such an

asymmetric behavior of the TMDs might have an important role for LPS transpaatds LptC.

References

[1] Li, Y. et al. Nature 2019, 567, 48860.

[2] Owens, T. W. et al. Nature 2019, 567, &8B.

[3] Pannier, M. et al. J. Magn. Reson 2000, 142¢330.
[4] Thélot, F. et al. Curr Opin Struct Biol 2020, 68326
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P-211- SABRE Hyperpolarization with up to 200 bar Parahydrogen in
Standard and Quickly Removable Solvents
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Theis, Dr. Alina Adants
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Parahydrogen based techniques offer a way to drastically enhaktfe dignals. Especially, the SABRE
variant is very versatile and quick. The broad range of substrates and the opportunity to re
hyperpolarize molecules without altering the chemical structure allows for many different
applications. However, the achieved potation and amount of hyperpolarized material
(concentration) are often smaller than in other hyperpolarization techniques or in hydrogenation
reactions with parahydrogen. One reason for this can be a limited parahydrogen supply. Additionally
in SABREgtachieve high polarization levels, it is often necessary to use homogeneous catalysts,
which need to be removed along with the used solvent for many applications.

In this work, we report on SABRE hyperpolarization up to 200 bar in standard and quiaklaibden
solvents. For this, we employ a recently introduced-mst, versatile higipressure setup which
enables spectroscopy measurements with a compact NMR magnet. With this setup, high molar
polarizations, i.e. high polarization and concentration of pladarized material, can be directly
accessed using SABRE. High molar polarizations are typically reached via hydrogenative PHIP or by
concentrating SABRE solutions after polarization. We found that, especially at high concentrations,
high hydrogen pressas allow for higher polarization: We achieved 2% polarization at a substrate
concentration of 60 mmol/l, equal to a molar polarization of 1.2 mmol/l (see Fig. 1a).

Additionally, SABRE hyperpolarization in liquefied ethane and compressed CO2 at 200 bar was
demonstrated (Fig 1b,c). Polarization in liqguefied gases could allow for rapid solvent removal by
reducing the pressure. Eliminating standard SABRE organic solvents such as methanol in
hyperpolarization techniques is a prerequisite for molecular medicdaech. In this way, a solution

of hyperpolarized material in the solvent and concentration of choice can be generated, ready for
injection as a hyperpolarized contrast agent.
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P-139- Understanding the Electronic Structures of Transition Metal
Compexes using Paramagnetic NMR
Dr Jon Kragskdw
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While acquisition and interpretation of NMR spectra is routine for diamagnetic systems, spectra of
systems containing unpaired electrons remain difficult to interpret since i) the chemical shift no
longer shows a characteristic response that can be assigned to specific functional groups, and ii)
signal line widths can become so large as to obscure an esp@etrum.

Here we demonstrate that when coupled with Density Functional Theory (DFT) calculations,
paramagnetic NMR experiments afford a wealth of information not only about the molecular
structure, but also the electronic structure of the paramagnetiotce We calculate the
paramagnetic shift of a nuclear spin as the sum of psematdact (dipolar electromucleus) and
Fermicontact (unpaired electron spin density at nucleus) contributions, using an electrceus
hyperfine coupling tensor (A) from DFand a magnetic susceptibility tensoj (

L MR =AF T+ 13 Trp - AW
We fit such that the difference between calculated and experimental shifts is minimised.

Here, we focus on the dinuclear, bridged, complexes [(tpy)M(tpbziMLJE 0 8 Ha 6éa I bA X
tphz= tetrapyridophenazine; tpy= terpyridine, Figure 1), which were first reported by Ma et al.
Previously, these have been shown to possess considerably different magnetic properties depending
on the oxidation state of theon-innocent tphz ligand. For example, the ne@duced Ni analogue

shows antiferromagnetic exchange between two Ni(ll) centres but, upon reduction, a tphz localised
radical electron mediates a large ferromagnetic exchange coupling between the Ni(iBscafthile

this interaction has been described using spiamiltonian techniques and powder magnetic
susceptibility measurements, here we show that this parameterisation can be vastly improved by
fitting the entire susceptibility tensor of the complex frarsolution pNMR experiment.

Ma, X. et al. J. Am. Chem. Soc. 141, ¢7225, 2019
Ma, X. et al. Angew. Chem. Int. Ed. 57, G845, 2018
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P-009- Quantification of illicit cocaine samples using@NMR
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lllicit cocaine samples vary widely in composition, reported to contain several potential harmful
adulterants and diluents. Benchtop NMR {BWIR) spectroscopy provides a useful alternative to
traditional techniques, such as gas chromatograginyass spectrometry (GMS) and infrared (FT

IR), for both qualitative and quantitative analysis, due to its low cost;destructive analysis. This
study showcases a 1H quantitative NMR (QNMR) method (6 mins), optimised-fK¥IBT with
comparisons made to both high field gNMR and@&; for cocaine in both its hydrochloride and
freebase form, as well as seven common adulterants.

At least one analyte @k for each component was selected for binary mixture analysis. Calibration
standards (& 25 mg/mL) were plotted for cocaine hydrochloride and freebase. Linearity was
reported between 0.997¢ 0.9995 for the three peaks used for analysis. Limits of dete¢t.oD)

and quantification (LoQ) ranged between 0430.59 and 0.9@ 1.71 mg/mL respectively, with good
agreement with QC samples (£2.8%) and good precision (< 5.0% RSD). 59 samples were analysed
showing good agreement ©10% deviation) between thétee techniques. The methodology was
a2 | RILEESR] bF2wWI adyir2 NBRdAzOS O2ai FAdNIKSNDLI gA
respectively. Acceptable linearity (>0.98) was also obtained alongside good agreement with QC
samples (5.0%).

Samples raged between 27.7 98.8% w/w and 20.& 94.5% w/w content for cocaine hydrochloride
and freebase respectively with pharmaceutically active adulterants identified and quantified within
33.9% of samples.

The use of an accurate and robust method usingjEWMRallows a rapid portable, and lewost
approach to traditional cocaine analysis for use irs@te harm reduction testing.



291
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Introduction:

1D nuclear magnetic resonance (NMR) spectroscopy is a standard analytical technique in chemistry,
biochemistry, and related fields. Despite the possibility of performing more complicated and complex
NMR experiments, 1NMR spectra are often preferred when time and simplicity are critical.

However, manual evaluation of 1D NMR spectra can be-tiamsuming and erreprone, especially

for complex spectra with numerous peaks. Deep learning has become an effective method for
processing and interpreting NMR spectra in recent years. Transfdoasead deep learning

architectures are potent tools for machine learning tasks that involve processing sequential data,
such as natural language and computer vision tasks, with-sifatlke-art performance in the latter
domains. However, they have yet to find their way into the processing of NMR spectra.

Aims:

Using transformers, we developed an automated algorithm for processing 1D 1H NMR spectra. It
focuses on extracting multiple types.g. singlet, doublet, etc., and their parameters, such as
chemical shifts and coupling constants.

Methods:

A feature extraction network backbone was combined with an encaldeoderbased transformer
with positional coding that relates these features with objects. The algorithm was trained on an
extensive data set of 100,000 synthetic 1D 1H NMR spectra samples.

Results:

The deep learningpased algorithm extracted multiplets and their parameters from 1D NMR spectra
with high accuracy, nearly 100% on synthetic data, and speed. Furthermore, we demonstrate that
transformerbased neural networks are valuable faopessing experimental NMR spectra.

Conclusion:

Our research demonstrates the potential of transforpiexrsed deep learning algorithms for
automating 1D 1H NMR spectral analysis of small molecules, especially for multiplet extraction and
parameter estiméon. Compared to manual analysis, the algorithm significantly improves speed and
consistency. It can also help NMR specialists to work more efficiently and with fewer errors.

Input Spectrum

Set ol
Spectrum Features Multiphet Predictions Class.

Coupling: 2 Hz

r 1

' |

1 |

] |

' |

! |l

Chemical Shift: 1.2 pg : |

|

Transformer 1 ’ !
v

1 Encoder-Decoder ] :

' ' Network ya : |”| ' ' :

n_ UG Class i W UL US|
]

i |

|} ]

. D07\ Coupling
11 Chemical Shify




293

P-179- Optimal sensitivity regime for proton detected relayed DNP

Dr Saumya BaddnDr. Pierrick BerruyérProf. Lyndon Emsléy
linstitut des Sciences et Ingénierie Chimiquesle Polytechnique Fédérale de Lausanne (EPFL),
1015 Lausanne, Switzerland
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Dyramic Nuclear Polarization (DNP) is a powerful hyperpolarization technique that can significantly
increase the sensitivity of magic angle spinning (MAS)-stdi¢ NMR. There has been tremendous
interest in combining DNP with high magnetic field and fasiSvas these significantly improve *H
resolution in DNP MAS NMR experiments and allow the implementation of *H detected 2D

correlation schemes. Recently, we reported the first DNP MAS experiments at 21.2 T using a 0.7 mm
MAS probe that enabled spinning ratef up to 65 kHz, @100 K [1]. Despite the high

enhancements observed in the radical solution, in the context of relayed DRRR faster MAS

rates have a detrimental effect on the DNP enhancement. Here we study the effect of faster MAS
ratesonthe 6 a2t dziS &SyardAagaie 2F (GKS SELISNAYSyYy(d NI

In MAS DNP, HH spin diffusion is a central component of the hyperpolarization mechanism [2] as it
transfers hyperpolarization to the bulk of impregnated materials. Faster MAS catébe one hand,
increase *H sensitivity and, on the other, reduce the level of hyperpolarization in the polarized
materials by reducing the spin diffusion rate. We thus predict that there should be an optimal
sensitivity regime.

Here we perform FDNP eperiments at fast MAS using 0.7 mm diameter rotors at 21.2 T to obtain a
trend of the overall sensitivity as a function of MAS rate. We find that at faster MAS rates, the
sensitivity gain due to *H detection, overcomes the loss of overall polarizatimpragnated

materials due to slower spin diffusion.

Bibliography:

(1) Berruyer, P., Bjorgvinsdattir, S., Bertarello, A.,...Emsley, L., The Journal of Physical Chemistry
Letters, 2020, 11(19), pp. 8386.

(2) Prisco, N.A., Pinon, A.C., Emsley, L. and ChrBelkaPhysical Chemistry Chemical Physics, 2021,
23(2), pp.1006.
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P-205- A flexible pH2 delivery system for in situ SABRE hyperpolarisation

Mr James McCalIDr Matheus RossettpDr Fraser HilCasey, Mr Sam Gil| Dr Meghan Halse
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Conventional NMR spectrometers, which use strong magnetic fields to improve sensitivity, are
complex and expensive to purchase and maintain. Hypergalgon techniques are an alternative

route to improve the sensitivity of NMR by increasing the population difference between spin states,
breaking the link between magnetic field and sensitivity. Of particular interest here is the Signal
Amplification ByReversible Exchange (SABRE) technique, which uses an iridium catalyst to transfer
the spin order of pardaydrogen(pl i 0 G2 | Gl NBSG adzoadNI S GAl |
solution.[1]

Polarisation transferfrom# i G2 G KS §F NBS (A a 2Y SFOMEt (SS R yo & ! i kS
coupling network and requires a polarisation transfer field (PTF) on the order of uT to mT, depending
on the target nucleus.[2] Typically this means that the sample must be transported from the PTF to

the NMR spectymeter for detection. By using ultd@w-field NMR detection, we can achieve optimal
SABRE in situ, providing improved control over experimental parameters such as magnetic field,
experimentdelays, i LINB&adzNB | YR YA EAY 3 de polgriSaticwdevezt (| vy i
can be used to directly interrogate and optimise the SABRE process.[3]

We present here a new highly versatile platform for in situ SABRE that providésmeahonitoring

and controlofthed i 31 & Ff 26 (KNP deeftAmihis wirk SABRE sigmadis S E LIS
RSGSOGSR o6& | al3aNARGS]T ¢SNNIy20F 9FNIKQa FASEF
achieve the desired PTF. This system is used to explore and optinise pYA EAY 3 | YR G KS
lifetime of pl iderived spin order throughout the experiment, including imaging of the distribution

of polarisation within the reaction cell.

[1] R. Adams et al, Science, 2009, 323, 1708.
[2] T. Theis et al, J. Am. Chem. Soc., 2015, 137, 1404.
[3] F. HiHCasey et al., Moletes, 2009, 24, 4126.
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P-207- Towards Direct Detection of Hyperpolarization via Parahydrogen
Induced Polarization by Signal Amplication By Reversible Exchange at Ultra
Low Field

Mr John Myers
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Introduction

One of the biggest challenges of NMR is its lack of sensitivity. This historically has been compensated
for by using stronger magnets. At low to uliaw field (ULF), sensitivity, which is directly

proportional to polarization, is woesthan three orders of magnitude than that at clinical field
AONBYIGKEAD | 8LISNLIRE I NAT FdA2y GSOKYyAldzSaz &dzOK
increase nuclear spin polarization into the range of percent, allowing for detection at ULF twithou
pre-polarization. This opens up the opportunity to perform detection of hyperpolarized signal along
the axis of the magnetic field.

Aims/Methods

¢CKS FAY 2F GKA&A ¢2N] Aa GKS RANBOG RSGSOlAzy 2
polarization occurs for the strongly fiel SLISY RSy i t 1 Lt LINRPOSaaod ¢2 (K
into a sample inside of a magnetically shielded room, placed directly underneath a one channel,
superconducting quantum interference device (SQUID) gradiometectien system. Polarization

transfer was performed in situ, using the signal amplification by reversible exchange in shield enables
alignment transfer to heteronuclei (SABRE 9! ¢ 1 0 (G SOKYyAljdz2S gAGK | &adl
100s of nT, aligned algrthe sensitive axis of the gradiometer. The buijdof polarization via
SABRESHEATH was then monitored directly without the use of field switching or rf tipping pulses.

Results/Conclusions

Here, we present the first results of direct detection, shagvirow vibrational noise can be
adzLILINB&EaSR (G2 mnnd Fe¢kKEMna FMYIR 0K Al BRLIINI qrNGSlj dzSryk (ke
used, when performing SABSIHHEATH. We show that a minimum polarization of ~0.1% would be
necessary to directly detectarucS I NJ YIF Ay SGAT FGA2y &aA3ylrf 2F du
sample of 50 mM [23C]pyruvate in our setup. This method can be used to further optimize the
SABRISHEATH and other hyperpolarization methodologies.
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At low temperature, methyl group behaves as a quantator, exhibiting rotational quantum
tunneling, which is highly sensitive to a local methyl group environment. Recently, we employed
Mn2+ and Co2+ paramagnetic centres to probe the methyl group tunneling in dimethylammonium
zinc formate [(CH3)2NH2][Zn(HCORIADMAZn) hybrid perovskite using electron spin echo envelope
modulation (ESEEM) spectroscopy [1,2]. These studies provided accurate measurements of the
methyl group rotational barriers and resolved minute differences in their local environments upon
introduction of Mn2+ and Co2+ ions

Here, we further study the feasibility of different paramagnetic centres to probe the methyl group
guantum tunneling by incorporating other transition metal ions (e.g. Ni2+, Cu2+) into the DMAZn
structure. To assess the efft of inorganic framework on the methyl group tunneling, we also study
the tunneling ESEEM using Mn2+ and Co2+ ions in a relatedcDiMa&ining hybrid perovskite
DMACA(N3)3.

Figure. 1. Lovwemperature structure of DMAZn hybrid perovskite. Green linegcatd hyperfine
interactions between the paramagnetic transition metal ions and protons of the nearest methyl

group.

This project has been funded by the Research Council of Lithuania (LMTLT) (agreemevitiezR-S
73).

References:

OMB ad ~AYEesthl.i(Z020m Magnetic 2x&itation and readout of methyl group tunnel
coherence. Sci. Adv., 6, eabal517.

WHB D® | AaSOAG6Adza SO Ff® OHnHOO t NRPOAY3I aSlhKet
Perovskite Using Co2+ EPR. Molecules, 28.3, 979.
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of soluteto-solid conversion provides insights into material formation
mechanisms
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Nuclear magnetic resonance (NMR) spectroscopy is a key method for molecular structure
determination. Due to its intrinsically high, i.e., atomistic resolution and versatility, it has found
numerous applications in gasegids, and solids. However, NMR has found little to no application

to dilute suspensions of solid particles, albeit their abundance and high academic as well as industrial
importance. The resonances of such systems are prohibitively broadened, typicailydode

detection threshold. Herein, we show how to enhance the signals of particle suspensions-feld000
using dissolution dynamic nuclear polarizatioddNP) coupled to rapid substrate solidification. For

the proofof-concept series of experimentsegvemployed calcium phosphate (CaP) as a model

system, as it is essential in applications ranging from biomineralization to heterogeneous catalysis to
artificial bone tissue. By-BNP, we boosted the signals of inorganic phosphate immediately before
rapid precipitation insitu within the NMR spectrometer leading to the inclusion of the

hyperpolarized phosphate within milliseconds into tens of micromsieed particles. With our

approach, we could obtain spectra of dilute solid CaP particles within onlgohd@f acquisition

time and, thus, characterize the soliduid equilibrium in reatime. Integrating the hyperpolarized

data with molecular dynamics simulations and electron microscopy enabled us to understand the
CaP solidification mechanism in atongsdetail¢ from precursor formation to solidification kinetics

to the precipitation mechanism. The presented methodology might be helpful for research programs
aiming to characterize suspended solids, unravel material formation processes, and control the
resulting solidstate morphologies.

References:

[1] EMM Weber, T Kress, D Abergel, S Sewsurn, T Azais, D Kurzbach, Anal. Chem. 2020, 92 (11), 76€
7673.
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P-373- Hyperpolarized and ultrafast MAS NMR at ultrahigh field for the
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Solidstate nuclear magnetic resonance spectroscopy played a crucial role for the investigation of
structure and dynamics of polymers relating to their functional behavior. The unique advantage lies
in the fact that it probes the local environment of nuclei without relying on their crystalline
arrangemen. Herein, we will present an example where conventional 13C CPMAS NMR present
unique advantage over other techniques like FTIR and RAMAN, for understanding the oxidation
chemistry of a complex natural carbohydrate polymer (Arabic Gum). The latter hadieagipn in

making environmentally friendly paints.

However, in case of complex synthetic polymers with industrial importance, conventional SSNMR is
either too insensitive (for low gamma nuclei) or lacks resolution (for example, protons), which limits
its use for the routine atomic scale structural studies at pilot scale. We will demonstrate that it is the
case for studying the complex synthetic polymers like Polyurethanes and polyaramid (Kevlar) fibers.
The complexity lies in their chemical structurespessing polycrystallinity and chain crosslinking,
which influence their mechanical strength.

We will discuss two important methodological developments that can remedy shortcomings of NMR
for studying these polymers, i.e., ultrafast magic angle spinfNf&S) NMR and Dynamic Nuclear
Polarization (DNP). We will present the high resolution 1D 1H NMR and 2D 1H detected 13C and 15N
NMR under ultrafast MAS at ultfaigh magnetic field (>20 T). We further optimize and extend MAS
DNP methodology combined with 1ttrafast MAS NMR to provide the chemical and structural
understandings of different polyaramid fibers possessing high mechanical strength supported by DFT
calculations, and the crosslinking chemistry of three polyurethanes samples that were prepared with
identical synthesis procedure, extracted at different time intervals, but found to differ in molecular
weights. Finally, we will discuss the advantages and limitations of both the ultrafast MAS NMR and
MASDNP for these systems.
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P-271- Magnetic resonance biomarkers of radiation des&te in
glioblastoma cells
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Introduction

The origin of toxicityaring effects in highdosdd 6 S o WC[ ! { | Q0 NI} RA2 i KSNJ L
still under investigation. [1,2]

Aims

We detect by magnetic resonance the effects of radiation doses andrawse on cells at molecular

level. The main aim is to quantiéynd understand the changes of concentrations of cell metabolites

in order to propose magnetic resonance biomarkers of radiation in cells. [3]

Methods and Results

NMR metabolic profiles of irradiated glioblastoma and glia cells were detected wihimolrs after
irradiation. U251 Glioblastoma cell in culture were irradiated using-a @esource and an-xay

clinical irradiator and their metabolic profile was recorded by NMR at different doses and-atese
The spectra of noirradiated and irradiateatells were compared and changes upon irradiation were
observed in several metabolites ratios, e.g. [Cho]/[Cre] and [Lac]/[Ala]. The behavior follows prior
observations in clinical studies by magnetic resonance spectroscopy in vivo [4].

Conclusions

Moleaular biomarkers of radiation in cells are especially useful for short-5oae delivery of
photons and patrticles, e.g. ns pulses of radiation accelerated byittigisity lasers.[5] Molecular
biomarkers detected by NMR can be translated from in vitual&s to inrvivo detection.[4]
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Chromium is released in the effluents of several industries. One strategy to decrease the toxicity of
chromium in water is the reduction of Cr(VI) to Cr(lll). The monitoring of the reduction is often

carried out by measuring the Cr(VI) concentration using the carbazide test. This technique is sensitive
but destructive for the sample and can only be used for clear solutions. Here we propose another
method for the Cr(VI) reduction monitoring, using thagnetic properties of Cr(VI) and Cr(lll): Cr(VI)

is diamagnetic while Cr(lll) is paramagnetic. From the proton NMR relaxation point of view, a solution
of Cr(VI) ions is similar to pure water with long relaxation time&s{, while a solution of Cr(lll)ns

presents faster relaxation, because of the coupling of proton spin with the paramagnetic ion. This
allows the use of NMR relaxometry for the follays of chromium reduction using only a small

volume of sample, and even for turbid solutions. b@soluton NMR devices were used for the
YSIFadz2NBYSyid 2F ¢s | YR -Vis spdctibscapy waa liséd td-medsureitde a | 1 d
NEYIFIAYAYy3a / NO+£LO O2yOSYyidN)I GA2Yyd ¢KS NBRAzOGAZ2Y
LJ a® MK ¢s | YR ingtketreductioy @ G/ iat& pararRagiedic Cr(l1). The correlation
between the relaxation rates and the remaining Cr(VI) concentration in the sample was excellent.
Moreover, it was possible to study the reduction kinetics. The reduction of Cr(VIybsbasacid was

also successfully monitored by NMR relaxometry. The presence of complexing molecules in the
reaction mixture drastically influenced the relaxation induced by Cr(lll). Therefore, the comparison of
results obtained in different reaction mixtes must be done carefully. Finally, as a proof of concept
F2NJ I GdzNDAR az2fdziAzys GKS (1AySGAOa 2F (KS NBF
successfully monitored.
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P-161- Practicalities of correcting PFG NMR diffusion measurenfents
field gradient noruniformity

Mr Ahmed Alsudahi Dr Carmine D'agostiRoDr Pablo Beafp Dr Michal LutecKi Professor Mathias
Nilssort, Professor Gareth Morfis

Department of Chemistry, University of Manchester, Oxford Road, Manchester, M13rifeld, U
Kingdom 2Department of Chemical Engineering and Analytical Science, University of Manchester,
Oxford Road, Manchester, M13 9PL, United Kingdbtaldor Topsge A/S, Haldor Topsges Allé 1, DK
2800, Kongens Lyngby, Denmark

Poster Session 1, Hall 1 &&EC, July 10, 2023, 13:4%:45

Diffusion NMR is an important technique in many scientific fields, both as a mixture analysis tool and
for determining seHkdiffusion coefficients. Determining the latter with sufficient accuracy and
precision is key to any applications. Pulsed field gradient (PFG) NMR experiments have multiple
sources of error, including sample temperature gradients and field instability; the former can cause
detrimental convection and care needs to be taken to minimise them. Anothewriiapt source of
systematic error, which is the focus of this work, is spatiatmoifiormity of the PFGs used. Naturally,
NMR manufacturers try to optimise their systems to minimize systematic errors, but uniform field
gradients are technically challengito achieve given the geometric restrictions imposed by probe
construction. Noruniform gradients (NUGS) result in different diffusional decay rates across the
sample, producing a net signal attenuation that deviates from the expected exponential dezay as
function of gradient squared, and in turn result in incorrect apparent diffusion coefficients.
Fortunately, the effects of NUGs can be measured and accounted for. One possibility is to map the
spatial variation of the gradient across the active sampleme, and use the information to

construct a corrected decay function that more faithfully represents the experimental decay, e.g. by
introducing additional parameters to the Stejsianner equation in the form of the exponential of a
power series. The apping method, although effective, is tinrm@nsuming. This work presents a

more straightforward and usdriendly approach to finding the coefficients for a corrected Stejskal
Tanner equation, by careful acquisition of data from a sample of known diffeseefficient. The

data processing required is implemented in the ofEurce General NMR Analysis Toolbox (GNAT),
allowing easy correction for the effects of gradient aamiformity. This approach was successfully
tested on a range of probes with differegpatial nonuniformities.
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P-091- NMRdetected structural changes of oxidized nucleic acids

aNJ { AY232 PtofJ&nezPladt> 5Nt SGSNI t 2R60SP0S
1Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, Ljubljana, Sitracidty
2F / KSYAAOGNE YR / KSYAOlIf ¢SOKy2f2383 | YAODSNEA
SENFIST Centre of Excellence, Trg OF 13, Ljubljana, Slovenia
Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 13:45

Excessive formation oéactive oxygen species in the cell leads to oxidative damage of DNA, with
guanine being most susceptible to oxidation among the four most common nucleobases. Guanines
exhibit a lower redox potential when several concurrent guanine nucleobases are stacked
nucleotide sequence, forming at@ct. Guanineenriched regions are predominantly found in
promoter and telomere regions of the genome and can form tetrahelical structures called G
quadruplexes. The main building block of-guadruplex is the @uartet, a planar arrangement of

four guanines, which are hydrogen bonded in the Hoogsteen geometry. Since oxidized residues
exhibit different hydrogen bonding capabilities compared to guanine residues, oxidative damage of
guaninerich DNA may lead to struatal rearrangements and therefore affect cellular mechanisms,
such as replication and transcription.[1,2]

Structural changes caused by an oxidative product of guanine were probed by incorporating 8
oxoguanine into a model oligonucleotide sequendsing NMR spectroscopy, we determined that
oxidized residues do not hinderguiadruplex formation and that the oxidized residues can form an
8-oxoguanine quartet with a distinct hydrogdoonding scheme. DFT optimization revealed that the
oxidized quartet®xhibit a larger central cavity compared teq@artets, allowing binding of larger
cations.[3] In some cases, two species differing only in cation coordination were identified and were
found to be in the intermediate exchange regime on the NMR timescailefu@ther studies are

focused on the effect of guanine oxidation on structural equilibria of dSSDNA sequences.
Acknowledgment: This work is supported by CEHREC and ARRS research programm@2R2.

[1] Marsico, G.; Chambers, V. S.; Sahakyan, A. B.uMgCR.; Boutell, J. M.; Di Antonio, M.;
Balasubramanian, S. Nucleic Acids Res. 2019, 47¢38p2.

[2] Redstone, S. C. J.; Fleming, A. M.; Burrows, C. J. Chem. Res. Toxicol. 201@148, 437
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P-219- Using 170 solidtate NMR spectroscopy to investigate AlB©Oand
SAPGEB4

Miss Emma Borthwick

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Aluminophosphates (AIPOs) are a large clad¢ ®fONR L2 NP dzA Y| G SNA It a YIRS
thj GSUNIKSRNI® !'fthas Ay GKSANI dzyR2LISR O2YyY RA(
species are doped into the framework, such as silicon resulting in silicoaluminophosphates (SAPOSs),
this cancreate active sites, allowing for much wider uses to be found.

AIPG34and SAPO N L}2aasSaa GKS OKFoFTAGS 6/71 10 FNIYSg2
studying these materials as oxygens link the framework sites, are present in OH groups,hend in t

water and some of the guest molecules within the pores. Due to its low natural abundance (0.037%),
GKSNE Aa I ySSR (G2 SYNAROK YIUSNARFfa 6A0K ubh
timescale. Owing to the high cost of isotopically enrict®dr3 Sy G& o6 F2NJ SEI YLX § ™
costs ~ £2150), there is a need to develop @&tctive and atorrefficient enrichment methods,
ARSIFftte 6A0GK f26SN) SYSNHe dzal 3S® hyS AY 2F (F
coking process imdustrial catalysts, making the option of pastnthetic enrichment methods

desirable.

Here we compare the rate and selectivity of several approaches (includingyutstetic exchange
GAUK ubhi 030X gSGySaa AYLIND anyichriehtdfiplosphactbdsBdNE A Y
TNFIYSGE2NL &P ¢KS yubh aadaylrta Ay GKS SELISNRYSy
calculations. We show that the substitution of Si into the framework significantly increases the rate

of enrichment, but the seledotity of that enrichment varies significantly both with the approach used
YR GKS SEIOG O2yRAGAZ2ya SYLX28SRe ! aAy3a (KSa
dzaAy3 swmnn >[ 2F dn 22 ligbh of0d 2 SdusthaBy I LILI
relevant SAP@4 catalysts to understand their catalytic behaviour and coking.

oD (N
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P-017- Citrullination of arginineich regions from RNAinding proteins
regulates their phase separation and nuclear import

Ms Aneta Lenard

Poster Session Hall 1 & 2, SEC, July 10, 2023, 1314545

Calcium dependent protein arginine deiminases (PADs) catalyse a conversion of gepgiitye
residues to peptidytitrulline resulting in a loss of positive charge. The elevated levels of protein
citrullination are often seen in patients suffering from multiple sclerosis and several autoimmune,
neurodegenerative and cancer diseases. The-statied PAD4 is involved in chromatin remodelling
during inflammation by citrullinating histone proteins, and is thédyanember of PADs family that
contains nuclear localization signal. The recent study reported that multipled®iig proteins
(RBPs) contain PAR#rullination sites in their disordered arginifreh regions. Argininglycinef
glycineyrich (RG/RGG) ptein regions are highly abundant in RBPs and are involved in a plethora of
cellular processes. The misregulation of aberrant lidigjdid phase separation (LLPS) and
membraneless organelles (MLOs) association of RG/RGG regions have been implicated in
neurodegenerative diseases. LLPS and MLOs recruitment of these regions is regulated by post
translational modifications, such as arginine methylation and phosphorylation, and by binding to
nuclear import receptors, such as transporfinTherefore, we hypothszed that citrullination within
RG/RGG regions regulates their structural and functional properties. With this project, we aimed at
deciphering whether and how PABdediated in vitro citrullination of model RG/RGG regions
regulates their phase separati@nd transportinl binding using RG/RGG regions from RBPs FUS,
G3BP1, and Nucleoprotein from SAR®?2 as paradigms. With the use of solution biomolecular NMR
spectroscopy, we demonstrate that arginines in the disordered regions of RBPs are in vitro
citrullinated by PAD4. By integrating NMR spectroscopy, DIC microscopy, turbidity and cellular
assays, we show that citrullination of RG/RGG regions reduces theim@tliated LLPS, RNA

binding, and transportirl binding in vitro. Furthermore, we uncovered thaethylated arginines are
not demethylated or citrullinated by PAD4 in vitro. In conclusion, our findings imply that citrullination
of RG/RGG regions regulates their LLPS and transgdontiediated chaperoning.
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P-249- Solidstate NMR and Ramastudy of structural phase transitions in
methylhydraziniurAdbased hybrid perovskite

Mr. Laisvydas Giriund<Dr. Maciej Ptak Dr. Marko Bertmet, Professor Miroslaw Maczk®rof.
Juras BanysDr Mantas Simenas
Faculty of Physics, Vilnius Universitynids, Lithuania?Institute of Low Temperature and Structure
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ThreeRAYSyaArz2ylf YSOiKeét KERNITAYyAdzy 6/ 1ibliblibz
methylammonium and formamidinium perovskites, are attractive optoelectronic materials
ONBAaGIEfEATAY3a Ay LI N aid NHngespahiBg(MAS) soitateK A & & 2 N
NMR and Raman study of the orthorhomt¥c2 y 2 Of Ay A O & G4 NHzOG dzNJ € LIKIF &S
reported.

The temperatureRS LISY RSy i SELISNAYSyiGa RSY2yaidNI G8 (KL
are significantly less aftted by the temperaturénduced structural phase transition compared to

the inorganic PKCI framework. This suggests a displacive type of the phase transition dominated by
GAfGAY3 FTYR RSTF2NXNIFIGA2Y 2F GKS t o/ frasevealthé KSR NI
LINSASYyOS 2F (62 RAFTFSNByGfte RAAG2NISR to/ftw 2C
less (more) distorted octahedra in the hitgmperature orthorhombic phase.

This work was funded by the Research Council of Lithuania [DNAdreement no.-BlIP-22-73).
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P-259- NMR compatible Bioreactor without Background Signal

Miss Julia Schulidermann, Dr. Monsur Islaf Prof. Mr. Jan KorviAkDr. Neil MacKinndn
IKarlruhe Institute of Technologggensteideopoldshafen, Germany
Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 13:45

Studying metabolic pathways or profiles of bacteria through NMR provides exciting opportunities in
different fields, including medicine, environmental scienaed biology. Since NMR is Rinivasive

and nondestructive, it allows long term monitoring of chemical processes without having to
interrupt and extract samples, or even destroy the samples in the process. Thereforesdurse
metabolic measurements @he same sample is possible.

In this work, we present an NMR compatible, rapid manufactured bioreactor for incubation of
Escherichia coli (Figure 1). It is compatible with a 10 mm coil of a standard high field NMR
spectrometer and can be inserted direciho the detection area. This bioreactor ensures the vitality
of the organisms and provides a suitable-laaod magnetic fielecompatible environment.

The reactor consists of 3D printed ceramic material, and a carbon microfiber matrix for bacterial
attachment and growth. Since carbon is a highly biocompatible material, it provides beneficial
conditions for the bacteria growth. Furthermore, the material combination enables background
signal free hydrogen (1H) NMR measurements. Since the reactor is 3&dprtrdan be

individualized to different applications, allowing adjusting the complexity of the systems around it to
fit the requirements. Thus, applying a fluidic setup for culture media supply or even other liquids is as
possible as simply using it asealed bioreactor inside the NMR.

We expect the system to enable the monitoring of bacteria metabolism over longer periods, better
correlating to the metabolic rate of E. coli cultures. In future designs, medium flow will enable
evaluation of the impactfochemicals or substances, like antibiotics, on the metabolic pathway of
bacterial cultures.
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P-337 - Extracting Chemical Kinetics from a Single Scan NMR Experiment

Miss Annabel Flook

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 13:45

Solutionphase NMR spectroscopy provides a powerful, yet accessible tool to monitor reaction
progress with quantitative concentrations, detailed structural information and suitable sensitivity
across several nuclei common in organic reactidimsough mechanistic study, reactions can be
evaluated and classified, which can further chemical understanding, support optimisation of known
reactions and guide the discovery of new chemical systems. [1]

However, for fast reactions (lifetimes < 10 sk tiumber of NMR spectra that can be acquired in one
reaction becomes a limiting factor. Obtaining meaningful kinetic information for fast reacting
systems is more challenging, and requires specialist hardware, such as stapped rapid

injection couplel with the NMR system. In these cases, experiments must be repeated with
increasing prescan delay, to obtain suitable data density. This method is both time consuming and
susceptible to problems with reproducibility. [1, 2]

In this work, we show that argyle NMR experiment holds kinetic information of an irreversible
reaction with a lifetime shorter than the acquisition time (5 s). Kinetic data can be extracted by
truncation of the start of the FID followed by typical NMR processing (Fourier transfoasing,

baseline correction and integration). This method allows for an increased temporal resolution in the
order of 0.1 ms and a window into the reaction kinetics of much faster reactions using a comparable
number of experiments and data density to sloweactions.

References:
[1] Y. BerTal et al, Prog. Nucl. Magn. Reson. Spectrosc., 2022, 1-:29628
[2] R. Wei, Eur. J. Org. Chem. 2021, 2021, 2331

Figure: A single FID can be truncated at intervals and upon Fourier transform, spectra are obtained
corresponding to changing concentration over time, over milliseconds.
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P-265- Exploring the impact of probiotic supplementation on the faecal
metabolome of children with coeliac disease autoimmunity using 1H NMR
spectroscopy

Eliska JanickovaCarin Adren Aronssofy Miss Anna Mascellani Betg®ndrej Cinek Ph.D. Jaroslav
Havlik, Daniel Agardh the HEDIMED Investigator Group
1Czech University of Life Sciences, Prague, Czech Refiubiit,University, Malmo, SwidetCharles
University in Praguera University Hospital Motol, Prague, Czech Republic
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Introduction. Coeliac disease (CD) is recognized as a lifelong irnmeatiated enteropathy

manifested as gluten intolerance in individuadsrying specific human leukocyte antigen molecules.

In addition to genetics and gluten consumption, other possible factors may trigger the disease.
Research suggests that the gut microbiome may be one of them. Probiotics have been suggested as a
potential adjunctive therapy.

Aim. Investigate the impact of Lactiplantibacillus plantarum HEAL9 and Lacticaseibacillus paracasei
8700:2 supplementation on the faecal metabolome in genetically predisposed children having CD
autoimmunity as application of magnetiesonance in clinical studies.

Methods. In the present doubiblinded randomized trial, 78 children ageql2 years with ongoing

CD autoimmunity were recruited by the Celiac disease Prevention with Probiotics (CiPP) study,
among which 40 were supplementedth probiotics and 38 with placebo daily for 6 months. Faecal
samples were collected every 3 months and analysed using the *H NMR for metabolome and 16S
rRNA sequencing for bacteriome profiles. The *H Migié&d metabolomics approach consisted in
spectra &quisition at the proton frequency of 500.18MHz using a 1D NOESY pulse sequence with
LINBal GdzNF A2y 6. Nzl SNI Lldzt & $rocessed] vighan dhdusie scipte ¢ K S
consisting of multipoint baseline correction and reduced into predefined.b

Results. During the 6 months of intervention, the stool concentrationshofdtoxyphenylacetate
increased in the intervention group as compared to controls, whereas concentrations of threonine,
valine, leucine, isoleucine, methionine, phenylalanesgpartate, and fumarate decreased.

Association between metabolome and microbiome included Pasteurellaceae and Rikenellaceae with
glucose and isovalerate.

Conclusions. Probiotic supplementation showed marginal, though significant changes in the levels of
amino acids in stool in children genetically predisposed to CD after 6 months of intervention.

1 O1ly26f SRASYSyGad ¢KAA LINRP2SOG KFa NBOSAOSR TFo
Research and Innovation Programme under Grant Agreement No: 874864.
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P-001- Polarization Transfer Methods for Benchtop 13C NBfiectroscopy
under Continuous Flow

Mr Johnnie Phuong
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Process analytical technologies (PAT) are essential fafteetive control and operation of chemical
or biological processes. Nuclear magnetic resonance (NMR) spectroscopy is a powerful PAT
technique because it is nenvasive and allows fast and calibratitree analysis of complex multi
component mixtures. Oglbenchtop NMR spectrometers are suitable for process analytics in
industry as they are robust and do not require a special infrastructure. However, benchtop NMR
instruments have a lower dispersion than hififled instruments. In 13C NMR spectroscopy, thay

not be critical, but new problems arise from low signal intensities and premagnetization problems,
when flowing samples are analysed. Polarization transfer methods have the potential to solve both
problems, because they can enhance the 13C signalleaydcan improve the premagnetization.
However, to the best of our knowledge, polarization transfer methods have never before been
applied in benchtop flow 13C NMR spectroscopy. Therefore, in this work, the feasibility of such
measurements was shown andetin benefits were demonstrated.

Two ternary test mixtures (one with overlapping peaks in the 1H NMR spectrum and a reference
system with wellseparated peaks) were studied with a 43 MHz benchtop NMR spectrometer using
the polarization transfer sequence PBRANT. The mixtures were gquantitatively analysed in stationary
and flow experiments. In addition, continuous dilution experiments were performed, mimicking a
process monitoring application, and rei@he monitoring with 13C NMR spectroscopy with PENDANT
in flow experiments was applied. The results were compared with those obtained by standard
measurements with 1H and 13pectroscopy and important advantages were found. This
demonstrates the high potential of benchtop NMR spectroscopy for applications cegs@nalysis.
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P-131- Deep Neural Network for NMR data analysis
Mr Amir Jahangiri
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We present a novel approach for processing NMR spectra using a deep neural network based on the
WaveNge architecture (WNN). Our method is designed to grasp specific patterns over the entire NMR
spectra.

If trained on a fixed nowniform sampling (NUS) schedule, the WNN benefits from pattern

recognition of the corresponding PSF pattern produced by each. déadk results in higher quality of

the spectrum and more robust reconstruction relative to results produced by the network trained
using random NUS schedules [1].

We demonstrate that the WNN can also successfully perform virtual hadeeoupling in both
NRANBOG wmB YR RANBOG aLISOGNIt RAYSyairzyad {S
presented. For example, the WNN can narrow down peaks and improve spectral resolution.
Moreover, we demonstrate that our approach often outperforms existing rdtigmic methods, and

can be used to design new intelligent NMR processing techniques.

Overall, our results highlight the potential of deep learning techniques for improving NMR data
analysis.

REFERENCES
OMB WIFKIFYIANRZT ! YANE S& 2t ® aa b awl dl SO NS ORB Y 7
of Magnetic Resonance, vol. 346, 2023, p. 107342. https://doi.org/10.1016/j.jmr.2022.107342
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P-195- SABRE Hyperpolarisation of Salpyr Ligands and Their Associated
Zn(1l) and Cu(ll) Complexes

Mr Alexamler Wilcock
Manchester Metropolitan University, Manchester, United Kingdom
Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Signal Amplification By Reversible Exchange (SABRE) is a hyperpolarisation technique that is typically
used to polaise small Neterocyclic molecules. The hyperpolarisation of multidentate ligands and
their respective complexes by SABRE has received little attention. Schiff bases, in particular those
derived from a salen motif, are therefore of interest. A range ¢\gdigands (Schiff base molecules
bearing a pyridyl ring), which have reported biological activity, were synthesised. Ultimately, it was
desired to establish how structural complexity affected hyperpolarisation by SABRE. Complexation of
the half and ful-salpyr ligands (L1 and L2 respectively) to Cu(ll) and Zn(ll) further enabled the effect
of diamagnetic and paramagnetic metal centres upon polarisation transfer to be measured. These
ligands and complexes were analysed by SABRE alongsidiarjaopyridne (DAP) for comparison.

The overall enhancements observed for-BAP and L1 were 484ld and 133fold respectively

when analysed in d1leOH using a magnetic field of 65 G for polarisation transfer. WhevieldH

is exchanged for dBDCM, L1 and L2 yield®6.7 and 13fold overall enhancements respectively.
Comparison of L1 and [ZnL1] was achieved in a 2:1 mixture-Mie®H and d&OMSO and yielded
enhancements of 1fold and 15.2fold respectively. [CuL1] did not show any enhancement; this is
presumed tobe due to the increased relaxation rate of the hyperpolarised state due to the
paramagnetic Cu(ll) ion. The structural differences froraCBP to the fulkalpyr L2 yield significant
reductions to SABRE activity, however, coordination to Zn(ll) didhamtge the observed

enhancements. Haalpyr L1 can be used in the synthesis of a range of asymmetric salen ligands,
and the structureactivity relationship of SABRE may be further investigated.
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P-157- A chipbased cband ODNP platform
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Overhauser dynamic nuclear polarization (ODNP) is an effective method to boost the intrinsically low
sensitivity of chigbased lowfield NMR systems. Therefore, in this contribution, we extend one of our
most recent NMR systems centered on an NMRa-chiptransceiver by ODNP capabilities to

improve its achievable sensitivity and limit of detection.

The presented ODNP probe includes three main parts: an Alde@nant microwave resonator with

an outer diameter of 3 mm, a rotatable guard ring, and a soMNMR coil with an outer diameter

of 1 mm. The former two are printed on a Kapton polyimide film with a thickness of 25 um using
conductive silver ink and a commercially available PCB printer. The central frequency of the printed
MW resonator is 4.58 GHatw a bandwidth of 83 MHz. The rotatable guard ring renders the center
frequency tunable with a range of 700 MHz. The used-fotggrated NMRon-a-chip transceiver
features a working frequency between 5 MHz and 770 MHz.

We have performed NMR experimemath and without microwave irradiation to demonstrate the
excellent performance of the presented ODNP platform. A maximum enhancement factor of 140 is
achieved at a power level of 32.7 dBm delivered to the resonator using a commercial power
amplifier. Thaks to the relatively low Q factor of the presented ODNP probe, we were also able to
observe the hyperfine splitting and Heisenberg spin exchange on the used TEMPO DNP agent by
sweeping the MW frequencies. Finally, we verified experimentally that our syisteompatible with

a multitone MW excitation signal that can provide an additional enhancement factor compared to a
standard singlg¢one excitation for DNP agents displaying a hyperfine splitting. As an example, for a
10 mM TEMPO solution in water, thalencement factor of a thretone irradiation compared to a
standard singlg¢one excitation is 2.4.
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Fig.1 (a) ODNP probe setup. (b) Real part of the Fourier spectrum of the recorded NMR signal of a sampled of
TEMPO in water with and without microwave irradiation. (¢) Peak amplitude of the recorded NMR signal of a
sample of TEMPO in water as a function of MW frequency. (d) Comparison of the NMR spectra obtained using

single-tone vs, three-tone MW irradiation.
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P-229- How a tiny switch in silaffinbased peptide linker stereochemistry
results in silica rods instead of spheres
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bl GdzNBSQa FFoAfAGE G2 &AKFILIS AYGNROIGS aAtA0F akKs
rational materials design and as a model system to understand cladatgd biomineralization
processes. Silaffin  a SR LISLIIARSO{ .t 0 NS RSNAGDSR FTNRBY {A
formation in marine diatoms, by condensing two functional RRIL units by a linker residue. Varying
SBP structure and sequendéows for the precipitation of silica tailored to different needs, such as
alternative drug administration vehicles.! Still, the relation between the chemical structure of SBPs
and the morphology of the silica particles they produce is scarcely understéegresent dynamic
structural insights into the processes leading to precipitation by-tiez@ NMR spectroscopy. By
combining fastsampling solutiorstate NMR techniques and M&mulations, we could elucidate
structural changes induced by a switch irkénstereochemistry of the cental isopeptide bond in a
rrillX*RRIL(X=k,K) peptide, resulting in the precipitation of nanometric needles instead of spheres
(Scanning Electron Microscopy(SEM) pictures,Fig.A).

SBPs form supramolecular ppeecipitation assemiies upon exposure to phosphatmntaining

buffer that facilitate precipitation.2 The stereochemistry switch leads to different morphologies in the
precipitate- a difference also traceable in the density of the assemblies.! Upon exposure of the SBPs
assenblies to silicic acid, silica precipitation is initiated. Tracing the changes in intensity in 1D Proton
spectroscopy throughout the precipitation event, we observed different kinetics in different residues,
showing varying involvement in the process(FigIB initial intensity loss of the central leucine

occurs faster than the-€@rminal region(Fig.C), a motif conserved from the density in precursors.
Merging NMR spectroscopy and Mibdnulations enabled precisely defining the relation between
structural dfferences in supramolecular assemblies formed before the precipitation event and

tracing their influence as the process unfolds.

1 Strobl J,Kozak F,Kamalov M,Reichinger D Kurzbach D,Becker CF. Adv Mater 20282207586
2 Gebauer D,Volkel A,Colfen H. SceeR008;322:1819.
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P-019- Divideto-conquer a large RNA element: stdaop element 5 from
p-OQTR of SARSo\V2

Ms Klara R. Mertinkus

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

This work shows the potential gblution NMR to enable the characterization of large RNA
constructs.

The SARE0V2 virus from the Bet&Coronaviridae family has a large, linear, sirgjtanded RNA
genome. The sequence has regions at its 5' and 3' ends, called untranslated regionsvfitiRjre

not translated into protein. As these UTRs often form conserved elements, in structure as well as in
sequence identity, they are of high interest to characterize. They are potentially involved in RNA
based regulatory functions as well as prot&NA or RNARNA interactions for other cellular or viral
purposes.

Stemf 2 2 LJ p-YUTR] 50h elérpefdt) is a ~160 large RNAelement. Investigation of this
construct by solution NMR proves difficult, due to signal overlap and insufficient resolution.
Nevertheless, the chemical shift assignment is possible by usingosigructs of the big RNA: the
divideto-conquer approach. In this work we show the performed chemical shift assignment of
several sukconstructs and the transfer of assignment to thd-fahgth element. Using NMR and
SAXS we were able to show the modularity of the system. Aim of the work is an as complete as
possible assignment of the large RNA with following structure calculations with the intention of a
final 3D model of the RNA.
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The dipolar field (DF)also known as the dipolar or nigar <i>demagnetizing</i> fietgscales with

the magnetization and contributes to the magnetic field experienced by the spins, rendering the
evolution of the density matrix netinear. The transverse component of the DF gives rise to a-radio
frequency feld. While its magnitude is very small under typical liquid state NMR conditions, the DF
can induce surprisingly large effects such as multiple spin echos [1] edistagce intermolecular
cross peaks in 2D spectra [2], in particular after applicatigpuésed field gradients.

In aforementioned experiments, the DF manifested itself during long free evolution delays, which
were interleaved with short hard pulses where it could be neglected. In this work, we investigate
motivated by previous work oradiation damping [3{; the influence of the DF during continuous
pulse trains used for homonuclear total correlation spectroscopy. It is shown that, under these
circumstances, the DF can mediate inteolecular transfer of phase coherence from one spin
species to another (here, from abundant solvent to dilute solute spins). The efficiency is such that
signal intensities close to those of a single pulse experiment can be achieved [4]. A transfer to an
opposite coherence order is often privileged. The resale rationalized by numerical simulations
with a classical model (using modified Bloch equations) and by a quantum mechanical approach.
Several noteworthy features of the coherence transfer will be examined. Finally, the influence of the
DF in tradition&2D total correlation spectroscopy will be discussed.

[1] Bernier, <i>Phys. Lett. A</i> <b>60</b>, 156 (1977); Bowtell, <i>J. Magn. Reson.</i> <b>88</b>,
643 (1990).

[2] He, <i>J. Chem. Phys.</i> <b>98</b>, 6779 (1993); Warren, <i>Scienbe62</b>, 2005

(1993).

[3] Pelupessy, <i>Magn. Reson.</i> <b>3</b>, 43 (2022).

[4] Pelupessy, <i>J. Chem. Phys.</i> <b>157</b>, 164202 (2022).
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P-153- Design and Performance of a Tabletop DNP Polarizer : Towards
Recyclablédyperpolarization

Miss Charlotte Bocquelet
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Hyperpolarization methods provide a way to tackle the inherently low NMR sensitivity and acquire a
higher signal intensity in a shorter timéwenty years ago, dissolution Dynamic Nuclear Polarization
(d-DNP) [1] was introduced and is now one of the hyperpolarization methods providing boosts of
Y2 NB ( K Ifgld invsan&itivity on a routine basis.

However, this method suffers from two drawtdes narrowing its use. The overall hyperpolarization
experiment is i) destructive and ii) single shot. Indeed, the frozen sample, once polarized, is dissolved
before being analyzed in liquid state NMR. During this process, it is inevitably diluted, sigaats
vanishes within seconds, therefore it cannot be repolarized. On the other hand, the vast majority of
NMR experiments rely on coherence selection through phase cycling, and multidimensional analysis,
thus requiring numerous consecutive acquisitionbjch is impossible today.

We are presently working at turningl@dNP into a new version that will be widely compatible with

NMR spectroscopy. It consists in replenishing the DNP hyperpolarization of a sample flowing through
a closed loop, without dilutie nor contamination using hyperpolarizing sittased material (HYPSO)

as polarizing matrices [2,3] in a compact and helivée DNP polarizer coupled to a benchtop NMR
spectrometer for liquidstate detection.

Here we will present the design of the paker, for now equipped with a cryostat for static
measurements, a doubluned *H/:3C probe, a Kaand generator, and a nitrogen autefill station.

In particular, we show the performances through the DNP enhancement using-sa@tdile radicals

and HYBO matrices. We will also present our latest progress on implementing fast freeze, melt and
flow with the design of a dedicated dual cryostat and heating unit.

[1] ArdenkjaerLarsen, J. H. et al. Proc. Natl. Acad. Sci. 100, £00%5683(2003).
[2] Cavallls, M. et al. Angewandte Chemie. 130, 75879(2018)
[3] Gajan, D. et al., PNAS, 111, 1489897(2014).
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Mr Manuel Réck Ms Sarah He&lIMr Fabian JuénMr Reiner Eidel®, assoz. Prof. Dr. Kathrin
Breuker Kathrin Breuké&rDr. Christoph KreutzDr Martin Tollinger
tUniversity of Innsbruck, Innsbruck, Austria
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Introduction

The peach allergen Pru p 1, a membéthe pathogenesis related protein superfamily-ER is
involved in plant defense. Pru p 1 is upregulated during pathogen infection and essential for
defending the plant against viruses. In addition; BRproteins, which all have common biochemical
and structural features, are known to cause allergic reactions to plant food in-polttén sensitized
individuals. These allergic cras=sactions are caused by structurally similar epitopes ir1lBR
proteins, which are recognized by birpbllen specificdE antibodies. For Pru p 1, it was found that
expression directly correlates with lowered susceptibility for pathogens. Interestingly, this protein
has been postulated to possess RNase activity.

Aims and Methods

Knowledge of substrate and lemolecularweight ligand binding is key for understanding the RNase
activity of Pru p 1. In our approach, we used a combination of paramagnetic relaxation measurement
and mass spectrometry. A fiicleotide RNA molecule was designed that comprises all possible
combinatons of adjacent nucleotides. Using segbidase RNA synthesis, paramagnetic tags were
introduced on either end of the molecule (3' or 5") to investigate the binding to the allergen.
Moreover, mass spectrometry was employed to identify the main cleavag@fihis RNA.

Results

The combined NMR data showed that the substrate RNA exhibits weak binding affinity to Pru p 1.
Paramagnetic effects and chemical shifts were used to probe the binding site of the RNA and to
identify which end is primarily involved binding. Binding of a proposed

low-molecularweight inhibitor was also probed by paramagnetic relaxation. Mass spectrometry
revealed the main cleavage site(s) of the substrate RNA.

Conclusion
Our results confirm that Pru p 1 acts as RNase rélagively weak affinity for substrate RNA and the
observed reaction rate are in accordance with the slow response of peaches to stress.
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P-047- The role of intrinsic disorder in the replication of SARS2
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The study of severe acute resgmay syndrome coronavirus 2 (SARBV2), responsible for the

outbreak of the COVHD9 pandemic, has become of wideread interest. In particular, information
about the mechanisms of genome replication is currently lacking. The nucleoprotein (N), a highly
dynamic protein formed by three intrinsically disorder regions intercalated by two folded domains,
the N-and Cterminal domain (NTD and CTD, respectively)[1], is a fundamental cofactor of the
replication machinery. Following replication in double memm@aesicles, the newly synthesized

RNA appears to be exported through tramembrane pores to the cellular lumen prior to be
encapsidated by the nucleoprotein. The longest viral protein, nsp3, participates in the formation of
these exit pores[2]. Using stion-state NMR combined with SAXS and ITC, we demonstrate that N
interacts with the amingerminal ubiquitinlike domain of nsp3 (Ubl1). We monitor the structure and
dynamics of the complex at atomic resolution using PRE and relaxation NMR experimesi®wand

that Ubl1 colocalizes with N, via folding the central disordered domain around Ubl1. We characterize
the interaction with RNA and the possible role of Ubl1 in the process of encapsidation. Together with
singlepoint mutations experiments that refléthe adaptive mutations leading to the known more
virulent variants, a better understanding of the process of encapsidation could lead to the
development of inhibitors of the viral replication machinery.

[1]Malone B., Urakova N. et al., Nat. Rev. Moll. ®&ol. 1, (2022)
[2]Wolff G., Limpens R. W. A, et al., Science 369, (2020)
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The intrinsically disordered activation domains of transcription factors play a critical role in regulating
gene expression and are therefore promising therapeutic targets. Since intrinsiisaligered

proteins exist as an ensemble of rapidly interconverting structures identifying small molecules that
can target these proteins with selectivity is very challengingOBP| identified by phenotypic

screening, was the first small molecule shawrselectively inhibit the androgen receptor (AR) by
binding to its intrinsically disordered 57kDa activation domain (AD) [1,2] and an analogQ8f1ER|
currently under clinical trials for a late stage of prostate cancer known as castramiant

prostate cancer (CRPC). The molecular basis of hc@OERelectively interacts with its targets

remains an open question.

Here we use solution NMR spectroscopy to characterize weak and transient contacts between EPI
001 and the AR AD: we monitored sealdMR observables including chemical shifts, paramagnetic
relaxation enhancements and NOES to obtain a very detailed description of how the interaction with
EPI001 reshapes the conformational ensemble of the AR AD, including its multimerization
properties, in ways that inhibit its activity as transcription factor. Specifically, we show th@0EPI
interacts selectively with AR, and not with the activation domains of other nuclear hormone
receptors, because it has affinity for a sdbmain and identifytie specific features of this sub

domain that it targets. Our findings emphasize the potential of integrating different NMR observables
measurable by solutiostate methods for IDPs with complementary biophysical techniques to
address this important challge for drug discovery [3].

[1] Andersen, R., J. et al (2010), Cancer Cell 175885
[2] De Mol, E. et al (2016), ACS Chem. Biol. 11,-2895;
[3] Basu, S. et al (2022), bioRxiv.
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Ms Amanda NicotidaDr. Steffen J. GlaseMr Jason Skinnér
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Magnetic Resonance Imaging (MRI) is an imagirfthigae commonly used for its ability to image in

a noninvasive manner. However, it has its downsides, one of them being it is an expensive tool.
Hence, simulating imaging sequences before acquiring the actual image is of the utmost

convenience. KomaMRl] is a software designed to address this issue. It allows the possibility of
simulating the image outcome, which later can be compared to actual experimental data. This work
uses Optimal Control Theory (OCT) to design pulses to improve saturation tamfvéel imaging

[2]. The design of these pulses considers typical MRI issues, such as field inhomogeneity. Using
KomaMRI as a simulation tool for implementing optimally designed pulses, we can acquire images
using the optimally designed pulses and see osy improve contrast and handle said issues.

Moreover, KomaMRI allows us to simulate conditions that would be experimentally unfeasible, such

as long acquisition types and ideal fields, to test the limits of optimized pulses. This optimization is
performed using GRadient Ascent Pulse Engineering (GRAPE) [3] algorithm, implemented on
MATLAB. By defining a cost function that rewards good contrast and robustness against field
inhomogeneities, the algorithm can design, stapstep, the best pulse for each timization. By

Bloch Equation simulation, KomaMRI constructs the simulated images, and it handles the heavy
computation by using parallel computing. It also allows the construction otdesined phantoms,

which can be used to simulate samples with degfgrshapes for different probe types, such as a
micro-imaging probe. The cost function definition is essential for the process. For different goals, it

can be defined and implemented to address issues, for example, signal strength for noisy
experiments. Hece, this method can be used for different applications, targeted contrast images,

and in the food industry.

[1]Castillet F a&aA X /| NI 2a3z Si -SburceFramévork foaGehedl VIRE Y | YV h L.
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Poly methyl methagrate (pbMMA, acrylic) is a lightweight polymer with high impact strength and

shatter resistance. Suitable for a range of commercial and scientific applications, it is best known as a
substitute material for inorganic glass. Production of the MMA monomervia A (1 8 dzo A 8 KA /| K
Alpha Process is a growing technology relying on the use oflsdgsd heterogeneous catalysts with
cesium hydroxide as an active component.

In-depth characterisation of the catalyst surface is required to understand strugenfermance
relationships. Here, the complex and disordered structure is studied on a local scale with a
multinuclear, surfacesensitive solid state NMR spectroscopic approach. Amorphous Cs/ZrO2/SiO2
samples with varying Cs/Zr contents serve as a systemaiilel compound library. 133Cs NMR
spectroscopy at variable field strengths (7.1 T, 14.2 T, 19.97 T) is employed to characterise the
distribution of parameters, with experiments supported by DFT calculation9BHCPMAS,
supplemented by DNBENS, reveassirfacesensitive information about the silicon environments.

Asymmetric line shapes seen for 133Cs MAS NMR spectra indicate contributions from more than one
site. At varying magnetic field strengths, highly disordered Cs environments are revealtdrantli

levels of resolution. Spectral analysis of dehydrated and hydrated surfaces exposes a dependence of
the chemical shift on the presence of water. Based on DFT calculations of crystalline model
compounds, the relationships between NMR parameters thiedCs local structure are proposed.
Meanwhile, surfacesensitive (DNFSENS CP MAS) 29Si NMR highlights differences in the local
structure around silicon as reflected in chemical shift and linewidth variations that are independent

of the CP contact time.

This study offers initial insights into the local structure of Cs and Si in the Alpha Catalyst system.
133Cs and 29Si solid state NMR spectroscopy are promising fodaptim characterisation of the
catalytically active sites and, ultimately, their ughce on the catalytic performance.
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1 EaStCHEM School of Chemistry, University of Edinburgh , Edinburgh,, United Kingdom
Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 18:45

Introduction and aim. Although the number of natural fluorinated compounds is very small,

fluorinated pharm® S dzG A O f & ' yR I ANRPOKSYAOIFf & I NB ydzyYSNEP
potential for the structure elucidation of fluorinated organic molecules, starting with their production

by chemical or chemoenzymatic reactions, through monitoring their structotedyrity, to their

biotic and abiotic transformation and ultimate degradation in the environment. Addressing the
fAYAGLIFGA2ya 2F SEA&AGAY3 uywC baw (SOKyAldzSasz 48
powerful spectroscopic spy to study mixturesfloorinated molecules.

aSiK2Ra& | YR NI i dztetiedNMR KrgalysisINPutiliged tBeRsubstamtial resolution

YR aSyairdAiagaride 2F uywC G2 2060FAYy | fFNBS ydzyo
shifts, values of JHF), J(l = | YR WO C/ 0 O2dzL Ay3a O2yaidlyida Iyl
This was made possible by exploiting the transfer pathways shown in Figure 1. These pathways were
dza SR o0& (KS T2ftf 2 aatet@BdBEIISBNBRY (&Y | Zro®ECT O/ H wT
| 9¢/ hwT -DIPSIS I t f IL H/Tt 4uwC uyw/ béyuvbo | a./ 2LI.
Oz2yaidlryRéark uwCz uyw/ la./ 2LIAYAASR F2NJ uWoC/ 0
correlation experiment. Dashed and full orangecavs connect the initial and final magnetisation

transfer steps, respectively.

2SS RSY2yaidNI S GeenfedsigiciuseNbtetrifinatiok fBocagsdE successfully
elucidating the structures of chloramination disinfectantgmpducts of 3Fluora4-hydroxybenzoic
acid, which would have been impossible otherwise [2]. This novel NMR approach for the structure
elucidation of molecules in complex mixtures represents a major contribution to the analysis of
chemical and biological processes involving flaied compounds.

[1]A.J. Smith, R. York, D. Uhrin, N. G. A. Bell, RSC Advances 2022, 12(:&pAm@2ot article).
[2]A.J. Smith, R. York, D. Uhrin, N. G. A. Bell, Chemical Science 2022,-B3/3766
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Osteoporosis is a bone disease characterlzgthcreased bone resorption, which is a consequence
of increased levels of RANKL expression (1). Studies that would reveal molecular mechanisms of
regulation of RANKL expression, therefore, offer valuable insights into potential therapeutic
strategies. Oa of the possible ways of gene regulation is by the formation-gb&lruplexes, four
stranded structures known to control gene expression on DNA or RNA levels (2).

We identified a 2t long GNA OK & S |j dzZSUTR& thét RANKL igéhe. PR previoudiss on
DNA constructs based on wilde LIS & S |j dzS y-GE>GAGGIGAGCEEGASAGGG) reveal the
formation of two topologically distinct @uadruplexes (3,4). In our recent work, we focused on RNA
constructs derived from the rRANwt sequence. rRANwt consxigerienced severe signal overlap
indicating the formation of diverse conformations. With the use @éb& modifications, we were

able to isolate four different RNAKS dzZ R NHzLX SES &Y vy S Elayerddparaild S WNIB 3 d:
structure, we identified tw different Gquadruplexes with twenucleotide long bulges and one
structure with two concurrently present bulges. In contrast to expectations, all described structures
shared similar thermal stabilities and were found in rRANwt in different populatiaiditidnally, we
have demonstrated that the presence of describedi¢h sequence influences the expression of the
luciferase reporter gene, indicating a possible regulation mechanism of the RANKL gene by the
formation of Glj dzZ RNHzLJX S-BRa Ay Ada pQ

1. Qiin, K:Y. et al., J. Clin. Med., 11, 6434 (2022).

2. Varshney, D. et al. Nat Rev Mol Cell Biol, 214159 (2020).

0P [SYIFINBAG (AP 20A063 ad Sib3wEeEs. ! yaASsgo
nd® [ SYFINBAG ¢AQ120A06% a® SO |fd>X a2t SOdz SAI Hf

This research is funded by Slovenian Research Agency (research core fundin@4g). Phe
authors acknowledge the CEFHRIC Consortium for access to experimental facilities.
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Various classes of batteries have been utilized for broad applications in portable electronic devices,
electric vehicles and energy storage. However, safety issue in current commercial Li rablearge
batteries is a major obstacle to operate higher capacity battery for electric vehicle applications. Such
problems originate from flammable solvenbntaining liquid electrolyte. Herein, we evaluate the
feasibility of utilizing ionic diffusion propees measured by PFG NMR as a design principle to
develop new class of firesistant liquid electrolytes. Liquid electrolyte formulation is composed of
fire-resistant solvent, secondary solvent, salt and additive. New type of liquid electrolyte molecule
with various functional groups and firesistance has been synthesized. Carbonate as a second
solvent is mixed in to optimize high dielectric permittivity and low viscosity. Correlation between
ionic diffusion coefficients, cation transference number anttdrg performance have been
investigated, showing that electrolyte formulation with high Li transference number exhibits high
capacity retention. We conducted 170 NMR measurements and simulation to determine Li+
solvation structure and the interaction b&een ions and each solvent molecule. Based on these
results, we propose how to design molecular structure of electrolyte and electrolyte formulation that
allows fast Li ion transport and display good battery performance.
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While functional motions of biomacromolecules remain often undetected in static crystallographic or
cryo-EM structures, NMR chenaicshift changes give access to invaluable information about these
functional dynamics in solution. Requirement for their interpretation is the assignment of the
observed resonances to the corresponding nuclei. Despite assignment strategies based on scalar
couplings in multdimensional NMR spectroscopy enable complete backbone assignments of up to
80 kDa large proteins, this approach is limited by the fast transverse relaxation rates of large proteins
leading to inefficient magnetization transfer, in addit to the impediment of increased resonance
overlap. Selective isotope labelling can reduce spectral complexity, but require tedious point
mutations to assign the unconnected spins, which may interfere with function.

The presented method here makes useeéudo contact shifts and their walkfined spatial

dependance on the unpaired electron, enabling the assignment of nuclei to the corresponding
resonances without measuring their scalar couplings to the rest of the backbone.

The paramagnetic center istroduced by conjugation of the thulivioaded, rigid DOTA
M7PyridineThiazole variant (FRXOTAM7PT) to single cysteine mutants of nanobodies that
ALISOATAOI € tRNBoy/ASYNHE AOK NBIOSS LIG 2N 61 s! wo Ay @I NR 2 dz
allow spinlabelling at multiple positions enabling triangulation of the receptor atoms and resolving
assignment ambiguities, while the high rigidity of the DOTA chelator, together with minimal motion

of the tag relative to the protein giving sufficient larg€®to identify nuclei at distances >60 A. Using
this GPSPCS approach the assignments of valine and tyrosioestb NBX a2yl yO0Sa 2 7F
various forms were completed and the detected chemical shift changes revealed so far undetected
forces exerted ord the backbone of transmembrane helix 3 (TM3) during activation. The method
described is generally applicable to any biomacromolecules in solution for which suitable antibodies
exist.

[1] J. Am. Chem. Soc. 2022, 144, 47, 2t22840.
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Oxovanadium(1V) complexes (S = 1/2, | = 7/2) are being actively studied as potential candidates for
molecular spin qubits, [1] but have been also proposed as potentiachbtRiast agents. [2] In the

latter case, the paramagnetic V(IVV) complex create a local fluctuating magnetic field that increases
the relaxation efficiency of nearby solvent protons. The relaxivity induced by vanadyl(IV) compounds
are lower respect low moklar weight gadolinium complexes, but still provide significant relaxation
enhancement, particularly at low magnetic field strengths.

We reported an integrated EPR, *H relaxometric and computational study that provides information
on the magnetic and dyamic properties of vanadyl complexes in solution. [3] The focus is the role of
different spatial coordination of the water molecule directly coordinated to the vanadium(lV). So, we
St SOGSR +ho62EFfGS0i T 2hoyAUGNANSESAK| OBLT §SHh o
VO(diethylenetriaminepentaacetate) are measured as reference. The complexes were characterized
using C\WX-band, pulsedQ-band EPR spectroscopy andNMRD studies in the 0.011.20 MHz *H

Larmor frequency range, in conjunction wiiiT calculations. This allowed estimating different
parameters that affect the *H relaxation times in water solutions, including the distances of closest
approach of secongdphere water molecules, the distance between *H nuclei of coordinated water
molecues and the paramagnetic centre and rotational correlation times. The ispleere

contribution to tH relaxivities was found to be influenced by both scalar and dipolar mechanisms.

2 §SNJ SEOKIy3IS Ay (KA& aSNXSa 24l codpexdschdviirga 2 OC
similar water exchange rates. As an overall, the synergistic combination of experimental and
computational studies, represents a significant advance in the characterization of paramagnetic
species in solution providing a more compeaccurate and reliable set of structural and dynamic
information compared to the traditional approach based on the measurement and analysis of data
collected with a single experimental technique.

References
(1] L. Tesi, E. Lucaccini, |. Cimatti, M. Perfetti, M. Mannini, M. Atzori, E. Morra, M. Chiesa, A. Caneschi, L. Sorace and R. Sessoli, Chem, Sci,,
2016, 7, 2074-2083.
[2] J. W. Chen, R. L, Belford and R. B. Clarkson, J. Phys. Chem. A, 1998, 102, 2117-2130.
[3] V. Lagostina, F. Carniato, D. Esteban-Gémez, C. Platas-iglesias, M. Chiesa and M, Botta, Inorg. Chem, Front,, 2023
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Carbon nanotubes (CNTs) have gained a lot of interest for their unique electronic and mechanical
properties. They have beetudied quite extensively both experimentally and computationally using
different methods such as nuclear magnetic resonance (NMR) but no computational Xe NMR results
for CNTs have been reported so far.

In this study, a computational chemical shift ohge in proximity of nanotubes with varying
diameters is analysed to figure out if there are systematic trends as a fuction of diameter or chirality
of a nanotube.

We use both periodic and ngperiodic models of singleall nanotubes. The structures andeth

xenon position are optimised. The sites considered are on the axis and inside or outside, close to the
surface. One doubtevall nanotube is also studied with xenon inside the inner and outside the outer
CNT. In addition, a few bundles of two or three aabes are studied with xenon on the surface

inside or outside one of the CNTSs, in the groove between two CNTSs or in the interstitial channel in
between three nanotubes.

We observe the trends in chemical shift of xenon for nanotubes of different chésaéis a function

of diameter of the nanotube. The deviations between different chirality groups are negligible. We
consider the variation in chemical shift between different sites of xenon. The differences between
chemical shifts in proximity of singlematubes versus nanotube bundles are discussed.

From these results we can see that Xe NMR is a useful tool for finding the diameter of a CNT for small
to mid-sized nanotubes but not for differentiating its chirality. Computational results will help with
understanding the experimental results.

Refereces:
T. Jacklin, R. Khalili, S. Komulainen, J. Vaara, A. M. Kanila,elkki and P. Lantto (2023)-X29
NMR chemical shift in carbon nanotubes. Manuscript in preparation.
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Introduction

Xenon biosensors have gained adbattention in recent years.[1] These biosensors include a cage
encapsulating xenon atom functionalized to bind a specific target. This enables sensitive,
backgroundfree molecular imaging. There are, however, several problems with the current cage
compounds: toxicity, difficult synthetization, low yield etc. Therefore, there is a demand for new
types of cage structures which would be affordable, easily synthesizable and efficient.

Aims
To introduce a class of potential biosensor catgactures based on two easily synthesizable
resorcinarene macrocycles bridged either by aliphatic carbon chains or piperazines.[2]

Methods
2S AYy@SadAaridsS GKSANI LROSYGAlLt a oAzaSya C
chemical exchangdsii dzNJ G A2y (NI} ya¥TSNI 6/ 9{ ¢0v |yﬁe ¢i NJ@t ||

Results

Thermally averaged first principles DFT calculations predicted an extraordinarily high chemical shift
donp LIIYO 2F uyuw-S Ay GKS | A6.Jeé shit i©dutsiledhe 0 NA R 3
G@LIAOKE NIYy3aS 2F yuiw- S NBE2dE YOSWKEENIIKidE FINER OIAf
resonances for the piperazidaidged PBR cages corresponding to single and double loading of

xenon. The computations were confirmed by NMR experiments in methanol. The cages show fast Xe
exchange rates (1200¢49,000 sl), resulting in a high CEST response regardless of the low binding
constant (0.093 M-1).

S
£

Conclusions

Combining statef-the-r NI ReéylF YAOlIf Y2RStAy3a 2F uyuuw-S baw
experimental methods provides valuable informationX& encapsulation in bridged resorcinarene
cages. The sensitivity of the biosensor is strongly affected by the properties of the cages and both
cages presented here exhibit promising features for biosensor applications.

[1] M.M. Spence et al. Proc. Naflcad. Sci., 98, 10680657 (2001).
[2] S. Komulainen et al. Cell Reports Physical Science, 4, 101281 (2022).
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Bullet DNP [1,2] uses pressurised helium gas to rapidly transfer the frozen hyperpolarized sample
from the polarizer magnet to a secondary magnet. The hyperpolarized material is only dissolved
upon arrival. The dissolution happens in ambient temperature environment which allows for
comparatively low dilution and limits the associated signal loss.

DNPbuildup times for low gamma nuclei can be substantially longer than for 1H.-Sotaszation

can be employed in the polarizer to shorten buildup times for low gamma nuclei: 1H polarization is
built up rapidly and repeatedly transferred to the target ispé. This approach has been successfully
used with DissolutiofdNP [3] and its popularity is increasing.

We report our progress on crog®larisation in the context of bullet DNP using a cros DNP
probe design in which two separate orthogonal cails used to create two independent radio
frequency fields. We discuss the trad#fs between different RF circuit designs and arching in the
helium environment.

OMB Y2dmjAf I Y& Y2dmjAf 20t 3 | &3 . | NI NDyfamic{ &3 [ ¢
Nuclear Polarization With Rapid Transfer of a Polarized Solid, Nat. Commun., 10, 1733,
https://doi.org/10.1038/s41467019-097265, 2019.

WHB Y2dmjAfX Y®dSX DNIFIYOSNAHI adr Wdee]sdnlidutontatedh d> Y 2
apparatusfor bullet-dynamic nuclear polarization with improved resolution, Magnetic Resonance, 2,
815, https://doi.org/10.5194/mf2-815-2021, 2021.

[3] Jannin, S., Bornet, A., Colombo, S., Bodenhausen, Gtelnm&rature cross polarization in view

of enhancing disolution Dynamic Nuclear Polarization in NMR, Chemical Physics Letter, 517, 234,
https://doi.org/10.1016/j.cplett.2011.10.042, 2011.
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Introduction

Conventionally, tripleesonance experiments require not only a specialfpMobe that can be
simultaneously tuned to all three frequencies of interest, but also three dedicated RF channels in the
spectrometer console. However, recent advances in spectrometer architecture have enabled the HFC
configuration using only two chanrslalbeit with some limitations which will be discussed here.

Aims
We demonstrate examples of the unique HFC capabilities of modertihaonel JEOL NMR
spectrometers.

Methods

NMR experiments were carried out using simplest-stannel configuration ahe recently
introduced ECZL spectrometer series equipped with a triggenance ROYALFX probe. NMR
spectra were processed and analysed using JASON. Ahianeg method was utilized for the high
frequency nuclei, 1H and 19F, while 13C radiofrequértyes were applied on the other dedicated
channel.

Results

Experiments were evaluated by observing either proton, fluorine or carbon while double decoupling
the other two nuclides. Selective decoupling techniques were also explored to demonstrate rapid
collection of structural information. The limitations imposed by the utilization of tgharing on the

high frequency will be discussed.

Conclusions

Tripleresonance experiments such as HFC can be carried out using the simplestamrel
configurationof JEOL ECZL spectrometers. The only additional hardware requirement compared to
the most basic configuration is the NMR probe.
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Introduction

The Laplace NMR can bignificantly accelerated by using two techniques:

- Ultra-Fast (UF) Laplace NMR

- Timeresolved (TR) Laplace NMR

Both methods are based on different approaches and represent somehow orthogonal properties,
making it crucial to carefully select propeethod for system

Aims

In this work we present the variety of application of UF and TR Laplace methods, including:
1. Insitu photopolymerization monitoring.

2. Hyperpolarized molecules exchange between immiscible solvents.

3. Butter manufacturing.

4. Internal structure studies of gelatin methacrylates (GelMA).

Methods

Ad.1. We have studied the photopolymerization of&ighracene derivatives in situ by combining
the TR Diffusion NMR and TR aamformly-sampled HSQC. The combination of both method
allowed to follow the concentration changes of each mer during the process [1].

Ad.2. By Utilizing the UF Diffusion Exchange Spectroscopy (DEXSY) we were able to monitor the
exchange between system of two immiscible solvents. Additionally to overconeetisstivity issues
we utilized the parahydrogen based hyperpolarization.

Ad.3. The properties of butter depend on the ration between the crystallized anecnatallized fat
in the cream before churning. The ratio is controlled by the specific temperatuanges of the
cream. We utilize UBT2 methods to follow the changes in the fat fraction during this process.
Ad.4. GelMa is used in novel approaches for 3d printing of bionic organs. We utitestridied
diffusion [2] methods for fast analysisthie internal pore structure of this material.

Results and conclusions

We demonstrated the applicability of UF and TR Laplace NMR ranging from chemistry to food
processing. We have shown that with proper approach the multidimensional Laplace NMRaan be
powerful tool to study dynamic processes.

References:
[1] Kristinaityte, et. al. (2022). Journal of the American Chemical Society, 144 (30); 13988
WHB ! NbIl Z0T el SGod |t 0 H IVH5L P Lyl fedaolf
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Introduction: Gas diffusion in nanoporous materials correlates with kepemties for applications.

NMR studies of diffusion and magnetic relaxation in ordered Al203 aerogels are jointly made [1] at

low temperature in Kazan and room temperature in Paris.

Aim: Strongly reduced 3He gas diffusion and diffusion anisotropy (Figra)found in ordered

aerogels at 4.2 K [1]. Data deviate from expectations within Knudsen models. This behaviour was
attributed to the action of the aerogel wall attractive potential on gas atom dynamics. The hereby
reported room temperature studies maywfirm this scenario.

Methods: 3He gas is laspolarised (a& 1 mbar) for high sensitivity, then compressed into a-low
mediumdensity [2] aerogel sample (Fig. b). Each measurement uses a few mbar of 3He mixed with O
-1 bar of buffer gas. NMR is perfoed at 1.3 mT, using pulsed gradients and CPMG sequences or
avYlrtt FEAL Fy3aftSa F2NI ¢i 2NJ ¢s YSFadaNBYSydaz N
studies are given in [2].

Results: Polarisations circa 50% typically yield SNRs of order 1000. Very long relaxation times
OYAYydziSao IINBE FOKASOSR 4AGK y2 |LILXASR 3INF RASY
investigated and effective diffusion coefficients Deff are irddr(Fig. c). Results on the pressure and
orientation dependence of Deff will be presented and discussed, as well as data for gliadigred

¢tsaod

Discussion: Hyperpolarisation provides excellent sensitivity for 3He NMR, even at low gas pressure
andweaky 3y SGAO FASER® t2fFNAalFGA2Y A& St LINBAES
relaxation on this material. Final conclusions on actual processes restricting gas diffusion are

expected to be derived from data obtained with aerogels of diffeéansities and comparison with
low-temperature results and with suitable numerical models.

[1] MARGIN project: anr.fr/Proje@aNR19-CE360023

[2] Kuzmin et al., doi.org/10.1021/acs.jpcb.2c08251
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Introduction

Hyperpolarization techniques allow a strong increase in NMR sensitivity, most often by many orders
of magnitude. The recently discovered PAMP technique yields significant He polarization at high
magnetic field strength, simply obtained by firing a strong rf discharge in the gas!. It is a promising
alternative to laseibased hyperpolarization in pure nem gas by metastability exchange optical
pumping2. The physical mechanism of PAMP remains to be firmly established.

Aim
The reported new investigations aim at further exploration of PAMP dynamics and conditions for
improved efficiency, as well as at aaper insight on the polarization builgp process.

Methods

3He gas contained in sealed glass cells3 of different shapes was polarized in a magnetized plasma
FNRY NR2Y (2 wHwnnc/ GSYLISNYGdzZNBE G odcc & du CAf
powers of up to 60 W were applied to a wired coil to sustain the discharge. Nuclear polarization was
monitored by NMR. Simultaneously, the optical fluorescence spectrum of the plasma and the cell
temperature were recorded.

Results:

A set of 3Hepolarization buildup curves were obtained for a wide range of applied rf power.
Correlations between the 3He steadyate polarization values and the atomic oxygen impurity
number density and cell temperature measurements were observed. A 3He polariaatiugh as 8%
was reached.

Discussion

The collected data indicate that higher polarization values should be achievable with higher rf
discharge power and gas temperature. Further investigations of PAMP alggpih studies with
complementary diagnostiet2 f & | N LI I YYSRvd® ¢KSe& gAff FaasSa
variety of NMRbased applications. They will also help for the development of suitable models of

PAMP.

1A. Maul et al., doi.org/10.1103/PhysRevA.98.063405

2T.R. Gentile et al, doirg/10.1103/RevModPhys.89.045004

3 A. Makarchenko et al., doi.org/10.1134/S0020441221050213

w! & al 1 NOKSy12 Si It dXx R2ADP2NHKMADOMMANOKLt K& a w¢
HHELPING project, anr.fr/ProjeBNR20-CE360021
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Structural analysis by NMR spectroscopy relies on a wide range of 2D experiments. In their
conventional form, 2D NMR experiments are the@nsuming as they require the acquisition of a

large number of increments in order to sample the indirect dimensiah suafficient resolution. This

can lead to a significant load of the spectrometers. Many methods have been developed by the NMR
community to accelerate 2D data acquisition, such asuaiform sampling (NUS), Hadamard

encoding, fastepetition methods, omliasing. Among these methods, ultrafast 2D NMR (UF) allows
the acquisition of the entire indirect dimension in a single scan, by combining spatial encoding of the
indirect dimension with spectroscopic imaging (EPSI).

The COSY method is one of the mostely used 2D experiments for the structural elucidation of

small molecules. In this preliminary study, we explored the potential of the UF COSY experiment for
structural analysis and we optimised the parameters of the pulse sequence to obtain a complete 2D
spectrum in less than 30 seconds.

We worked with cyclosporine A as a standard yet complex test sample. Several aspects were
addressed: optimisation of the parameters to obtain a complete map, sensitivity, phase cycling,
impact of modulation.

It was thuspossible to record a UF COSY spectrum covering the entire spectral range of cyclosporine
A (9 ppm) in 25 seconds. However, some of the correlation spots could not be obtained at this stage.
Several avenues are being explored to try to remedy this, ingjuttiie use of alternative CO®#sed

UF pulse sequences, to better understand the effects that modulate signal intensities in UF 2D NMR.
These initial tests will be extended to other homonuclear techniques (TOCSY, diffusion, etc.) and
applied to structurahnalysis, as well as to the monitoring of requilibrium mixtures.
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Introduction: Molecular motions in nucleic acids are vital for theaogical functions and determine

K2¢ YR 6KSY (KSe& AYyiGSNIOG 6AGK G§KSANI &dzNNE dzy F
SELX 2 A i S Rmdnbtiodsifelale@perimants target motions occurring on the nanosecond

time scale. High Resolution Relaxatny (HRR) has emerged as a unique technique to probe motions
occurring on this timescale by recording multiple low field longitudinal relaxation rates.

Aims: This study aims to develop methods to use HRR andigidispin relaxation experiments to

probe the local motions in nucleic acids and interpret them with molecular dynamics trajectories. We
will identify the motions occurring on the ns time scale and provide a detailed picture of these
motions in the sugar backbone and the nucleobases.

Methods: We have measured carbel3 relaxation in a 12 base pair DNA helix at natural abundance

at sites distributed across the sugar backbone and the nucleobase$ieldwongitudinal relaxation

rates from 2 T to 10 T with a new prototype sample shuttle, and-figit rates (R1, R2, 13CH}

NOE) at fields from 11 T to 23 T (500 MI&Hz proton frequency). These relaxation rates are
AYGSNLIINBGSR 6AGK dtn >& Y2t SOdzZA F NJ ReEyl YAO0a ai)y

Results: We have used the experimental rates and MD simulations to budldlsiat describe the
modes of motion and the interactions leading to relaxation. With these models, we can identify the
forcefields and water models that most accurately describe the motions occurring within our DNA
helix, and in turn describe the motisrthemselves.

Conclusions: We have recorded the most extensive set of relaxation rates to date on a DNA duplex
and demonstrated that the lowand highfield relaxation rates can be combined with MD simulations
to characterize internal motion in nucleicids.

Dynamics

Relaxometry Simulation
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The genome of SARCDHV2 coronauius encodes a number of nestructural accessory proteins
whose function during the infection is not entirely understood. One of those, ORF7b, asgaall
transmembrane protein, is proposed to interact with human transmembrane proteins like
phospholambar(a key regulator of cardiac contractility) angt&dherin (involved in epithelial cell
cell adhesion) based on its amino acid sequence similarity.

Here we study ORF7b by sedithte NMR and puliown experiments. We start from an AlphaFold
model and collecexperimental data from solidtate NMR spectroscopy. The multimerization and
the formation of heteromultimers together with humandadherin and phospholamban are
investigated by NMR and biochemical methods.

The samples are produced using wheat germfce# protein synthesis followed by affinity
purification and reconstitution into ERGIC membrane mimetics, allowing us to utilise selective
isotopic labelling schemes needed due to the broadened and poorly dispersed 1H resonance lines.
Various 1H detectethst MAS (100 kHz) solalate NMR techniques were used including 1
transfer by the reverse MIRROR scheme.

The structure prediction of ORF7b by AlphaFold being entirely helical with a flex@ohe E

terminal region was experimentally evidenced bg@edary chemical shifts. Residues are partially
detected in Chbased spectra suggesting that it has flexible tail regions out of the membrane. The
multimerization of ORF7b was confirmed by the presence efHHransfer in a mixture of Leu
labelled and Phdabelled samples in a 2D hGMHRROR spectrum. The same approach
demonstrated the interaction of Leu irdadherin and Phe in ORF7b. Furthermore, multimers were
shown by crosslink experiments, and interaction with botteBherin and phopholamban was
evidenced by a pullown assay upon eexpression of the interacting proteins in the eeéte

system.

The possible interaction of ORF7b helical multimers with phospholambaicaderin could play an
important role in several heart and olfactory system rethsymptoms of COVAL®.
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Solid state NMR spectroscopy is an importeuhnique to obtain information about molecular

motion with atomic resolution which is essential for the understanding of biological systems. One
commonly used approach to study dynamic processes is the measurement of order parameters from
incompletely aveaged anisotropic interactions such as dipolar couplings, CSA tensors or quadrupolar
couplings. The molecular motion will introduce stochastic fluctuations and the observation of the
averaged interaction gives insight into the amplitude of the underlyygadhic process. Under MAS,

this usually requires the use of a recoupling sequence that reintroduces for example the dipolar
coupling.

We investigated the effects of dynamics on the apparent recoupling behavior for a variety of
recoupling sequences includgyrCP, wPARS, and REDOR by performing numerical simulations. Using
different kinetic jump models to mimic molecular motion allows us to characterize the effects of
parameters such as the MAS frequency, the geometry of the spin system and the recoupling
sequence used. This approach enables us to study both the recoupling efficiency of the pulse
sequence in question as well as the time scales of the dynamic processes that lead to a scaling of the
interaction.

We observe that the range of motional time scalkattresult in an averaged dipolar coupling

depends on the coupling strength and the recoupling sequence used, while the MAS frequenrcy or rf
field amplitudes mostly affect the intermediate exchange regime. Characterizing the molecular
motion in this intermeliate regime is, however, challenging and depends strongly on the length of

the observation window. These observations from simulations show the complexity of the
interference between the different timelependent processes that are present when considering
heteronuclear recoupling under MAS in dynamic systems.
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Lowfield NMR instruments are made of an assembly of magnetic pteeg¢sire placed together to
ISYSNIGS GKS RSAANBR YIFIIYySGAO FASER Ay I aLISOA
these instruments can be objectriented, thus avoiding the concept of one instrument that fits all. In

this project, an Fshape 2VIHz magnet containing a 3 cm diameter bore at the centre of the pole

pieces was designed to be applied in hyphenated MRI experiments with other techniques (e.g. CT,
PET, etc.). Furthermore, these construction constraints imposed further design con&traimes

gradients and shimming coils designs which are not found in commercially available instrumental
solutions.

Here, it is presented the resulting MRI system composed of the magnet, probe, and gradients. The
sweet spot is intended to perform imageside a sphere of 2 cm diameter, having less than 200 ppm
homogeneity (without the shimming coils). Moreover, bgrhjection reconstruction images were
recorded with this system, showing its capabilities to perform MRI experiments. Preliminary results
canbe observed in the figures below, from the left showing the magnet system, the image of a
rectangular phantom with a square 1 cm cragxtion surrounded by water, the image of an
ensemble of 5 mm NMR tubes, filled with liquid and 2 cm in length, and & Sarrot slice.

L alSS
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Global textile fiber production is predicted to reach 149 million tons by 2030, with waste textile
expected to exceed 90 million tons annually [1,2]. Sadly, only 20% is recycled and rest is either
burned or sent to landfills eesing emissions. This alone is huge burden for environment, without
accounting burden from growing cotton. Furthermore, the options for upcycling celkased

textile waste are limited [3].

Aerogels are considered as lightest solid materials, which bawglex porous structure (over 90%
porosity) and variety of exceptional features including thermal and mechanical properties. Therefore,
aerogels are considered as ideal materials for several application e.g. adsorbents and delivery
matrices [3]. Howevettheir complex structure makes characterization challenging, and many
available methods are unsuitable due to their limitations, such as requiring high compressive forces
that can alter or destroy the structure [4].

NMR is one of the most powerful toolséhemical sciences. NMR provides versatile dynamic,
structural and chemical information. NMR cryoporometry can be used to study porous structures in
nanometer scale as melting point of a liquid in small pore is lower than bulk liquid, and melting point
depression is inversely proportional to pore size. Walls of the porous material restrict the diffusion of
liquid inside the material. Therefore, the diffusion information can be used to study microreeas
pores, as well as the pore connectivity [4].

In this presentation we exploit NMR cryoporometry and diffusion NMR to characterize various
aerogels prepared from regenerated cellulose dissolved in ionic liquid or NaOH solutions and then
dried after preparation step. Other optical methods were used as aeat.

References

[1] PFM Market Repox Textile Exchange, 2022, [online 02.03.2023],
https://textileexchange.org/preferrediber-and-materialsmarketreport/.

[2] H. Dahlbo, et al. Sustain.Prod.Consum. 9%A44(2017).

[3] M. Négrier, et al. RSC Sustain., (2023).

[4] Y.Kharbanda et al. J.Phys.Chem. C, 123, 3(B#®5 (2019).
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Hard modeling of NMR spectra using a Gdwum®ntz peak model is an effective way to reduce
dimensionality. In this manner higfimensional measured data are

reduced b low-dimensional information such as peak centers, amplitudes or peak widths.

Since these parameters can typically be assumed to be smooth functions in time, cubic splines can be
used to interpolate these parameter functions, ensuring correct behavisitirations where peaks

may cross, see J. Magn. Reson., 339 (2022) 107212. However, since the underlying nonlinear
optimization is computationally expensive, a machine learning approach is used for much faster
parameter prediction. Neural networks are traithon randomly generated data sets. Since these

neural networks are very specialized (e.g. predicting parameters of exactly 3 peaks in a given spectral
window), it is suitable to combine both methods. Results are presented on model and experimental
data sés.
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In flow chemistry, reactants are pumped in continuous streams, where the reaatmn®in a
temperature-controlled segment, called reactor. Automated reactors are nowadays used to assist
synthetic chemists in their daily assignments; from-selimizing reactors to whole autonomous

flow optimization systems. Different-ime analysisnethods have been used, such as IR
spectroscopy, HPLC or benchtop NMR, to track reaction yields or conversion and seek optimal
experimental conditions, while monitoring the chemical reactions on the fly.-fikdghNMR is a

powerful tool for realtime monitoring, and its higher resolution and sensitivity is needed for

reactions that cannot be addressed with benchtop NMR. The expanding suite of flow NMR methods
creates an opportunity to use higiteld NMR as a detector for automated flow chemistry.

In thiswork, we describe the integrated control of a flow chemical reactor and afietthNMR
spectrometer, as a way to obtain detailed and r8ale information on the outcome of flow
reactions. Several challenges have to be tackled. First, the mixture ahdbr has to be delivered
from the reactor to the NMR spectrometer. Then, the experiments have to be created, launched,
monitored and their acquired spectra investigated in an automated and integrated approach.

We connected a custom flow reactor to a commial flow tube (Bruker, InsightMR) inserted into a

500 MHz spectrometer (Bruker, Avancelll). To perform experiments autonomously, we developed a
MATLABbased graphical user interface (GUI) to remotely control the-figJd spectrometer. The

GUI can be sed to program experiments, and collect and analyse spectra. It is also able to track and
detect deliveries of the mixture that is subsequently studied. This interface is designed to be
integrated in a software for reaction control and optimization.

We wil describe the design of the program, the experimental challenges and how to overcome them
and examples of applications.
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Introduction

Hyperpolarization methods provide a significant enhancement of the sensitivity of the NMR
spectroscopy. One of the most promising hyperpolarization methods is Signal Amplification By
Re\ersible Exchange (SABRE) which exploits the properties of hydrogen, and we will focus on this
method.

Aims
We want to understand the interplay between the SABRE mechanism and the Partially Negative Line
(PNL) of a hydrogen molecule produced from a padabgen molecule in SABRE.

Methods

We prepared a sample containing pyridine and iridium catalyst(Ir(COD)(IMes)CI) dissolved in
benzene. We added parahydrogen(a mixture enriched in parahydrogen spin isomer) to the sample.
Then, we shook the tube to mix it®ntents. Immediately after, we put the sample in the NMR
spectrometer to measure the 1H NMR spectrum. After hyperpolarization relaxation, we took the
sample out of the spectrometer and repeated this procedure a few times. We used benzene as a
solvent insead of more common ones to slow down the processes occurring during the activation of
the catalyst so we could observe them.

Results

In the first spectrum, we have already observed the PNL signal with a small negative part. In
consecutive measurements,éhntensity of the PNL signal grew and reached a maximum around the
second and third spectrum. Then, in the next few spectra, the PNL effect was decreasing. Eventually,
only "normal” Lorentzian hyperpolarized hydrogen signal was visible after several reessus.
Additionally, we analyzed the hydride region. Several hydride signals were present there. By looking
at changes in their intensity, we saw the correlation of two of them with the PNL effect intensity.

Conclusions

We have demonstrated that the RNof hydrogen can be generated by applying the SABRE method.
The PNL can be observed during the activation of the catalyst so that it can be associated with
forming a specific transition structure of the catalyst.



414

P-361- Ultra-selective 1D clean iphase correlation spectroscopy

Mr Daniel Taylor

Poster Session 1, Hall 1 & 2, SEC, July 10, 2023; 13:45

1H NMR spectra contain a wealth of information about molecular structure and conformation, but
extracting this information can be challengingeave there is signal overlap caused by poor chemical
shift dispersion and signal multiplicity. In such cases, 2D homonuclear correlation NMR methods
increase spectral resolution and add connectivity information, but these experiments are time
consuming anaften fail to resolve severe signal overlap. Targeted information can be obtained
much more quickly using 1D selective NMR experiments, but these require the target signal to be
well resolved. Where signals are significantly overlapped, the ps2id8SSgehemical shift

selective filter)* experiment provides better signal discrimination, but it requires extended
experiment time and nottrivial experiment setup.

The GEMSTONE (gradiemhanced multipletselective targeteebbservation NMRexperiment)?

pulse sequence element provides CSSF selectivity in a 1D experiment. We have previously used this
technique in combination with 1D NOESY?2 and 1D TOCSY? to identify tsmamghand through

bond connectivities to nuclei whose NMR signals aerTOCSY methods disperse magnetisation
throughout an entire spin system, which is useful for identifying complete spin systems within a
molecule but is ambiguous in the assignment of individual NMR resonances. Here, we extend our
previous work by combing GEMSTONE and 1D @L@SY (cleanlwK &S / h{ , ow (2 20
correlations to spins which are directly coupled to that excited. The new method is complementary

to GEMSTONE 1D TOCSY, where both direct and relayed correlations are typically observed. We
demonstrate the utility of this new experiment with lasalocid (an antibacterial feed additive) and
cyclosporin (an immunosuppressant), the tH NMR spectra of which contain regions of severe signal
overlap such that conventional selective excitation is pagsible.

1J. Magn. Reson., 1988, 78, 627 .

2 Angew. Chem., Int. Ed., 2021, 60, ¢&0.

3 Chem. Commun., 2021, 57, 28@3871.
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Within the EU project RemotMR (RNMR), we wish to set the common ground needed for

allowing all users to perform NMR measurements remotely with an experience comparablesiie on
accessWhile routine NMR applications are established in every university and in industry, more
specialized applications are often performed in research infrastructures offering access and support
to local and external users. During the pandemic access to th&setructures, in particular by

external users, has dropped significantly highlighting the need to establish standardized procedures
for remote spectrometer access:NRVIR is an inclusive network of European NvfRastructures

with the aim of establishingrotocols for remote NMRisage, including dissemination of research
protocols, sample shipment and C@tnitoring.

We present the results of two surveys within the user community and the community of NMR facility
managers focused on if and how remote NMRossible, including sample shipment procedures.

Our progress towards establishing standardized methodologies will be also shown.

REMOTE NMR (R-NMR) QI\*

MOVING NMR INFRASTRUCTURES TO REMOTE ACCESS CAPABILITIES

Review: Remote NMR Landscape

. -~

.

a w
>
.

Define: Procedures

e R Implement: Standardized Remote NMR
Procedures

&)

WWW.r-nmr.eu
3 @RemoteNMR_eu

This project has received funding from the European
Undon's Horizon Europe research and innovation

programme under Grant Agreement N. 101058595
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Introduction: Biopolymers, such as polylactide (PLA), are used extensively as medical implants,
because they are biocompatible. Knowledge of the degradation mechanism of these plastics is
essential for implant degh and placement. It is known that PLA can undergo either surface or bulk
erosion.1,2 The ratio between surface and bulk erosion is believed to be controlled by the rate of
hydrolysis and solvent diffusion.3

Aim: 1H MRI provides an opportunity to visualtee degradation of PLA and distinguish between
surface and bulk erosion for the first time. Solvent diffusion and hydrolysis processes in PLA have
been investigated to establish better understanding of the degradation mechanism.

Methods: 3 mmdiameter rods of PLA were degraded in a range of solvents and lid&pmnVIR
Images were acquired, in situ, at intervals of 8.5 minutes oveday5period.

Results: 1H MR images show initial solvent ingress into the rod (Fig. 1a), followed by saaftation
18 hours (Fig. 1b). Cracks in the PLA structure were observed after 84 hours (Fig. 1c).

Conclusions: Degradation of PLA has been visualised over time. This is dwaditstat bulk erosion
of a solid polymer has been observed, in situ, followgdracking of the polymer structure. MRI has
been shown to be able to distinguish between the different degradation mechanisms. Future
research will investigate how changing the conditions of degradation will impact the degradation
mechanism.

1. Burkersoda et al., Biomaterials, 2002, 23, 4221.
2. Jong et al., Polymer, 2001, 42, 2795.
3. Nostrum et al., Polymer, 2004, 45, 6779.
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Introduction

Oligopeptides are small biopolymerstiva wide array of biological properties. They are of interest as
biomarkers or mediators of disease and as drug candidates or drug transporters. However, the
complex nature of biological matrices and the low abundance of oligopeptides makes the analysis
their working environment challenging. Herein we show how parahydrogen hyperpolarization
application scope can be extended to sensitivity enhanced NMR chemosensing of unmodified
oligopeptides in solution.

Aims

This work aims to detect oligopeptides wihighfield nonhydrogenative PHIP (HFPHIP)! and

gives insight into how the organometallic parahydrogen hyperpolarization catalyst interacts with
biopolymers. The involved catalyahalyte complexes are elucidated by NMR and DFT calculations.

Methods

We use HMhPHIP for chemoselective oligopeptide detection-ntHPHIP does not require sample
manipulation like labelling or sidearm addition. It detects parahydrogen derived hydrides of short
lived oligopeptideridium complexes and works quantitativelyders of magnitude below the usual
NMR limit of detection.

Results

We show how unmodified oligopeptides ligate to iridium catalyst and form peptideim

complexes detectable by HHhPHIP chemosensor. We present the binding configurations of alanine
oligopeptides supported by a regular NMR and DFT study. We demonstrate that oligopeptides
thermodynamically prefer bidentate binding and form complexes, which resonate in a unique
spectral region free from background signals.

Conclusions

The present worlgives insight into how the versatilellvles chemosensor system interacts with
complex biological molecules with multiple ligation sites. The distinguishable chemical shifts can aid
fast decisions in complex mixture analysis, including determining the asitigm of the sample,

following biological processes, and quantifying analytes. Further development of the approach could
lead to practically applicable neresidue specific oligopeptides detection method.

Fraser, R., et.al., Acc.Chem.Res. (2022)
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Introduction: Aqueousrganic solvent mixtures are commonly used for reactions or analyses where
the components of a system are insoluble in pure water, for example to determine the pKa of small
molecule drugs. Howey, at present the accurate measurement of pH and pKa in aquemanic
solvents is challenging and fraught with experimental pitfalls. pH electrodes suffer from unknown
errors and even damage when placed in these solvents due to incompatibility witietbieode

filling solution.(1) Reliable literature pKa data on which a pH scale can be based is also very sparse.
Here, we demonstrate how the pKa of organic molecules can be measured in agugans

solvents directly and conveniently by *H NMR in arlyent composition, temperature or

deuteration level without external calibration.

Methods: We first create a concentration gradient of-8j@ydroxybenzoic acid (2BHB) in an NMR

tube. By monitoring the *H chemical shift and concentration ofl2;#8 by*H chemical shift imaging,

we obtain the pKa of 2;&HB in the solvent mixture of interest in a single sample via fundamental
equations of dissociation. We have pioneered the use of similar approaches to determine Ca2+/Mg2+
association in aqueous systerfy. The pKa of 2;BHB is used to determine the pKa of 1;2jdzole

in a selfconsistent fashion, and then molecules with higher pKa until we can measure the pH

between 1 and 11 via their *H NMR shifts and thus determine the pKa of unknown analyte lemlecu

Results: Using 50% (v/v) DMSO/wateprtpanol/water and 30% acetonitrile/water as exemplar
mixtures, we obtain pKa values within 0.4 units of literature values. Our highly efficient-single
sample approach offers experimenters unprecedented actep&a and pH in aqueowsganic
solvents, be they supramolecular chemists, ddiscovery scientists or chemical biologists.

1. Deleebeeck et al., Anal. Chim. Acta. X., 2022, 100085.
2. Wallace et al. Anal. Chem. 2022, 94, 10976.
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Organon-a-chip (OOC) platforms are microfluidievices in which cells can be cultured in a 3D
environment to replicate the structure and function of human organs.[1] These microfluidic devices
allow experiments to be carried out with a high degree of repeatability and experimental control, and
providea route to personalized medicine and possibly even a means to replace animal testing. Many
diseases affect cellular metabolism (e.g., cancers), and the changes in metabolic flux provide a
marker to track the disease progression and response to treatmenhi$ work we aim to develop

an OOC platform to study the metabolic activity of human organoid samples. Magnetic resonance
imaging (MRI) is an ideal spectroscopic method for this, as a noninvasive method that provides a
unique signature for individual mabolites, but the sensitivity must be improved.

Parahydrogeanduced polarization (PHIP) is a technique that can be used to hyperpolarize molecules
in solution, to enhance their MRI signals by a factor of around 100,000. In our lab we are using PHIP
to hyperpolarize the metabolites fumarate and pyruvate; two molecules that are used for in vivo
imaging.[2] This involves chemicalBacting a precursor molecule with parahydrogen gas to yield a
hyperpolarized product, and then purifying it from the reactiousion, ready for perfusion into
organoids.

PHIP carries significant advantages for coupling with OOC microfluidics: both methods are famously
low-cost and yield a high experiment turnover rate. Using PHIP, it is possible to produce
hyperpolarized solutios every few minutes, offering the possibility for psetmmtinuous metabolic
monitoring. We are developing this platform to study disease progression and treatment response in
DM1 muscular dystrophy organoids.

C. M. Leung, P. de HaanRkKinaldsorBouchard et al., Nat. Rev. Methods Primers 2022, 2, 33
E.

1.
2. E. Cavallari, C. Carrera, M. Sorge, et al., Sci. Rep. 2018, 8, 8366
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Inorganic nanoparticles (NPs) attract great research interest due to their unique properties, which
derive froma combination of their intrinsic characteristics such as size, shape, chemical composition,
and ability to engineer physical properties by a variety of surface ligands.

Surface ligands may control size and shape of NPs during the synthesis as wellgassaattemplate

for NPs assembly. For instance, specific interaction of surface negatively charged ligands with alkali
metal cations affects formation of NPs assembly.

Since the most of alkali metals have high abundance ofzswsa nuclear spin isot@s, NMR

spectroscopy and relaxometry are powerful tools for tracking chemical environment ofraklis

cations, their mobility, and interactions with neighboring entities.

2S NBLE2NI 2y b[ A I y-Retaloatiods inedmtadnandpadzr assedbly ink € 1 | f A
simple aqueous media. The experimental data provide unambiguous evidences of the formation of
NPs assemblies.

The 133Cs NMR spectra revealed peak broadening, strong chemical shift, and moderation of exchange
between bound and free Cs+ wnAll these effects were interpreted in terms of NPs assembly
F2NXIFGA2Y 2y GKS I RRAGAZ2Y 2F / ab A2ya Ayid2 bt 3
spectra do not reveal any spectral changes on addition of Li+ cation into the NPs solution, which
indicates no NPs assembling.

aSlkadzNBYSyGa 27F b [-lattice rglaRatianiimes @1) ii datofusSabuedusi sobitigh
revealed significant acceleration of the relaxation rates on the complexation of alkali metals by

ligands in comparison witthose in the chloride solution of those cations. This occurs due to

prevailing contribution of nuclear quadrupole interaction appeared on complexation. At the same

time NPs assembling practically does not affect nuclear relaxation pointing out noigprificant)
OKIFIy3aSa Ay OFGAaAzyaQ t20Flf SY@ANRBYYSYyl 2y | aasSy
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In both bio(macro)molecules and small molecules, structure and dynamics conspire in creation of
molecular conformational landscapes. Mapping the landscape is important to uncover function of
(bio)molecular nachineries implicated in mechanisms of diseases (1). Anisotropic NMR data, such as
residual dipolar couplings (RDCSs), is sensitive to dynamics occurringmitpeescales. In the

presence of flexibility, however, the translation of RDCs into conformatiofiormation has

traditionally not been straightforward. Recently, Molecular Dynamics simulations with Orientational
Constraints (MDOC) have been proposed (2, 3). The use of RDCs as orientational constraints
accelerates MD simulations allowing to captdymamics of up to ms timescale motions, effectively
enabling quantification and visualization of complex long timescale dynamics (2, 3).

Here, we explore the use of MDOC simulations with RDCs as experimental restraints to describe the
conformational landcape of biomolecules. To test the potential of the method, we first investigated
isopinocampheol and a trisaccharide raffinose, two small molecules with different degrees of
flexibility. In each case, we aimed to measure a rich dataset of RDCs, indturdjingnge *HH and

13GIH RDCs (4). Next, we applied the methodology to a disordered peptide sequence derived from
non-structural protein 5A of Hepatitis C Virus, whose conformational landscape is relevant for
understanding its viral replication machiryef5). The RDf@strained MDOC simulations provide

insights on the accessible states by the (macro)molecules, allowing for thorough verification of their
conformational landscapes with underlying fluctuations occurring on ps to ms timescales.

References:

1. Ringkjobing Jensen M., et al., Chemical Reviews 114 (201456632

2. Di Pietro M. E., et al., Journal of Physical Chemistry B 123 (201988280
3. Tzvetkova P., et al., Chemical Science 10 (201958791

4. Sinnaeve D., et al., Angamdte Chemie 59 (2020) 535320

5. Dujardin M., et al., Journal of Biological Chemistry 294 (2019) 1133185
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Introduction

Quantitative (QNMR) has proven a useful analysis tool for many years but is of limited use in the case
of mixtures with complex mtiplets or overlapping signals. We decided to envisage the use of a Pure
Shift technique (PSYCHE NMR) as a way to provide decoupled peaks that were suitable to quantify
components in biologically relevant mixtures.

Aims

To quantify a series of commordgcurring, biologically relevant compounds and metabolites using
internally referenced quantitative PSYCHE NMR and compare the precision and accuracy with that
achieved using conventional gNMR. Also, to investigate the effect of various parameters and
evaliate their impact on spectroscopic signal overlap in mixtures in addition to statistical variation.

Method

Samples of the three analytes were prepared in triplicate with three iterations of each NMR
experiment conducted for each sample. Approximately ®hgach analyte and internal reference
standard were accurately weighed in aluminium crucibles. The weight was determined three times
and the average value calculated. Crucibles were added to a clear glass vial and 750mL-d6DMSO
was added. The solutiomas then vortexed for 30s and 600uL of the solution mixture was
transferred to a 5mm NMR tube for analysis.

Results

The parameters, which generated spectral data with accurate purity and clean spectra involved
excitation sculpting, optimisation of sweptise flip angle and receiver gain. According to-taied

F tests, there was no significant difference between both methods. The obtained data indicates that
our PSYCHE method fulfils the criteria of a quantitative analytical technique.

Conclusions

This study indicates that PSYCHE can be used quantitatively over the whole spectral width. This
optimised method offers a reliable and unique approach to allow acquisition of considerably cleaner
high resolution PSYCHE NMR spectra, where artefacts areagtddnile simultaneously producing
precise quantitative results.
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o Introductiork

Organic compounds containing nuclei such as phosphorus and boron often exhibit spectral
complexity and reduced sensitivity due to J couplipgisveen hydrogen and carbon with these

nuclei in NMR analysis. To address this issue, triple resonance experiments are commonly used.
However, the configuration of triple resonance spectrometers can be an obstacle to instrument
installation due to its complication.

o AiIM%

To overcome this, we developed a triple resonance system called Multi Frequency Drive System
(MFDS).

MFDS assigns different nuclear frequencies up to four frequency sources in a single channel. For
example, when using newly developed triple resonance probe, ROYALRPR®BEe frequencies of
31P and X are assigned to a single channel (LF channel). Baeradio frequency pulse output is
divided by a diplexer, which enables input to each port of the probe. As a result, we achieved to triple
resonance measurements even with &l2annel spectrometer.

o Method

To demonstrate the effectiveness of MFDS, wepared borane complexes as catalysts for
asymmetric synthesis and phosphonium salts as phase transfer catalysts, and conducted various
solution NMR measurements using a standaichannel JEOL JNECZL600G spectrometer
equipped with the ROYALPROBE+.

o Resultg

31P and 1H spectra are affected by coupling with the-8frboron (11B) nucleus can complicate
the interpretation of interactions and further reduce the sensitivity of signals. These complicated
NMR spectra are simplified and signal intensitiess enhanced by MFDS driven triple resonance
measurements of 1H, 31P, and 11B.

o Conclusions

By using MFDS, various NMR spectra can be simplified and sensitivity can be enhanced, similar to
conventional triple resonance experiments.
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Nuclear singlet order is protected against common relaxation mechanisms, and decays slower than
f2y3AGdzZRAY T 2NRSNX | y Riighwt lifetim@ af dedidhanfor hd2hgsR A A 2 y
been measured in a rooftemperature solution!. Extended singlet order decay times are anticipated
for coupled 3cpairs in small and highly symmetrical molecules, two promising candidates being
oxalate and squarate.

Toallowacces®2t aAy 3t SG 2NRSNE GKS YIF3IySGiAO-Sljdza gt S
SYNAOKYSyYylGud 2S5 20aSNIIS A a2i2 L3bstitidnFintlading y R 02 d
A0NRY3I GReYyIlIYAOE A&d202LIS aKAT(O S-hascSeqilibiumIromO ! dza S
L, 3skhbstitution. Proton exchange at the oxygen atom is responsible for these unusual effects, and
1y26y (2 AYRdzOS LINB Y| SdfNSw OaSya fukii Sanichelf Ba|ind & y A
dlidzt NI 6 Swae ¢ KSNBE A B8R K Rdyun@td dahfipuratiof NS, diddjiarats i
which has not been examined by singlet NMR yet, due to difficulties in synthesis.

To study this highly symmetrical molecule, we plan to implement a recently devised double
j dzl yidzy SEOAGI GA2Y YS(iK2RbI -An&ntain phdse.Iftlenbnstiatedi K S
higher efficiency in exciting doubtpuantum coherences in systerasnearmagnetic equivalence,
compared to standard techniques. Our aim is to apply the geometric depdatum excitation
LIN2 OSRdzZNE (G2 RS@AAS | FTAf (SNE -isotamlogues prgsent 4 A Iy I f
g A0 KA VS NO QiksGuRatesaniple.
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13C, squarate
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Room temperature 13C spectrum of 180-enriched
13C, squarate in D,O at 9.4 T. There are twelve
inequivalent 180-isotopologues, each giving rise to
a different chemical shift.
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Introduction:

Crosspolarization (CP) phenomen has become an integral part of sefithte nuclear magnetic
resonance for the study of nuclei with low gyromagnetic ratios and natural abundance. Continuous
wave CP and its variants have become regular techniques to transfer polarization of highlyesensi
and abundant nuclei (1H, 19F) to low sensitive ggihnuclei (such as 13C, 15N) under static and
MAS conditions. However, enhancement of quadrupolar spins under MAS conditions is still desired
[1]. The quadrupolar interaction under sample rotatioecbhmes timedependent and, therefore,
renders the spifocking of quadrupolar magnetization inefficient.

Aim:

To develop a new efficient and robust pulse sequence for guotaization from 1H to halinteger
quadrupolar nuclei under MASnNditions.

Method:

A proposed sequence for CPMAS in quadrupolar spin systems is shown in the figure. The pulse
sequence instead of using a continuous dpitk on the quadrupolar channel employs a phase
modulated locking while a simple continuous locidsive on 1H channel. This sequence gives a
transverseto-f 2y IA G dzRAY I f (eSS 2F GNIXyaFSNE KSyOoS |
channel.

Results:

Simulations [2] of sphiocking are shown below the sequence for an isolated pair of THLAB with

5 kHz dipolar coupling, 2.57 MHz quadrupolar coupling (upto second order), and 0.1 value of
asymmetry parameter. The initial density operator in each simulation contains only proton
transverse magnetization (Ix) with zero contribution from 1BBi 1: trajectories during the locking
period. Plot 2 and 3: the Hartmartahn matching curves.

Conclusion:

Theoretical analysis and simulations suggest that the proposed sequence may effect a tratsverse
longitudinal type of crospolarization in rotéing quadrupolar solids. A detailed study will be
presented at the conference.

Reference:

(1) J. P. Amoureux and M. Pruski. Molecular Physics, 100;1635, 2002.

(2) Mads Bak, Jimmy T. Rasmussen, and Niels Chr Nielsen. Journal of MRegsetiance,
147:296;330, 2000.
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For many higkvalue products, it can occur that counterfeiters try to sell inferior goods under a false
name. By means of NMResgroscopy, it is possible to analyze the origin and quality of a large
number of foodstuffs on the basis of their metabolite composition. One advantage is that NMR
spectra of such complex mixtures of metabolites represent a multiparametric system that can
contain a variety of information. In combination with chemometric methods, it is possible to visualize
this information and highlight relevant features. The signal intensities of single features directly
provide information about the concentration of inddual metabolites. This combination of

information allows a comprehensive analysis of products even with highly complex histories and
enables multiple interpretations based on a single measurement. The higher the number of different
parameters the largethe set of samples that is required. In the case of whisky distilled from grain of
different origins, distilled in different stills, stored in a wide variety of casks, in different locations for
different periods of time, there are many parameters that trdsute to quality.

In this work, *H NMR spectroscopy with water and ethanol suppression of whisky was used to
compare a few of these different parameters and identify patterns, for example to make statements
about the origin of different whiskies, withiacotland but also from other countries. Further aspects
are, for example, the storage period or the type or types of barrels used for storage. Therefore, the
study presented here could provide a simple and fast reliable tool to detect counterfeits and
mislabeling more easily, even in the case of products with such complex background.
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Introduction: Nuclear Magnetic Resonance (NMR) spectra of human serum and plasma show,
besides metabolites and lipoproteins, two characteristic signals termed GlycB arigsing from the
acetyl groups of glycoprotein glycans. These resonances are associated with acute phase proteins
and constitute good markers for inflammatory processes. Recently, we have reported a
comprehensive assignment of glycoprotein glycan NMRags observed in human serum/plasma,
showing that GlycA and GlycB signals originate from Neu5Ac and GIcNAc moietiesgiyarans,
respectively. Here, we present a novel NMR preteetabolomics platform for the quantification of
serum/plasma acutg@haseinflammation proteins and their major glycosylation profiles.

Aims: Development of NMR methods that allow a further characterization of several acute phase
inflammation proteins along with their glycosylation profile. Evaluation of the diagnostic pateiti
glycoprotein markers obtained from 120 min long NMR measurements in different disease
settings.

Methods: Preparation of serum/plasma samples follows Bruker IVDr standards, allowing
straightforward clinical routine measurements. The prot@etabobmics platform offers a toolbox
of diffusion edited, 5 R A (i SaRd>scalkari couplingjltered NMR experiments able to isolate
structuratreporter N.glycan signals from glycoproteins directly from serum samplagy®an
profiles are combined with speafprotein signals to allow quantification of acytbase
inflammation glycoproteins. Spectral acquisition, FID processing and data analysis are fully
automated.

Results: As a test system we have analyzed GO Hnhd cardieshock patients against healthy

controls. COVH29 were clearly separated from those of healthy controls solely based on their serum
glycoprotein concentrations. In fact, conventionally determined concentrations of acute phase

3f & 02 LINR (i SHlyyal rAaldMNBscidighigoproteinceruloplasmin, complement factors C3,

C4 and H, haptoglobin, hemopexin and transferrin correlate well with distinct features in NMR
spectra (R2 up to 0.9422;\yalue <0.001), allowing their simultaneous quantification.

Conclusions: This work demonstratie overall potential of NMR protemetabolomics as a rising
technology for complex diagnostic blood analysis.



