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Preface

This is now the 3rd meeting of the Chianti Workshop series. This
time the Chéirman of the scientific program committee is Prof.
J.W.Emsley of the University of Southampton. The Chairman of the
scientific program for the 3r Workshop was designated by The
International Advisory Board and approved by the opartecipants at the
2" Workshop.

The success of the present Workshop as it appears from this
collection of abstracts seems great. There is a large highly selected
partecipation from the advanced countries.

We have decided to maintain for the time beeing the title "NUCLEAR
AND ELECTRON RELAXATION" since there is little overlap with related
meetings. It appears that the meeting is becoming an international stage
where scientists of different backgrounds can discuss the problems of
nuclear and electronic relaxation. During this meeting will discuss
organizational aspects {(including the Chairman) of the 4 Chianti
Workshop.

We are grateful for patronage and financial contributions to the
three Tuscanian Universities, the Italian Consiglio Naziovnale delle
Ricerche, and the Regional Goverment as well as the Italian Chemical
Society, the TItalian Gruppo Discussione Risonanze Magnetiche, the
Minister of Foreign Affairs, the European Research Office of the US Army
and the US Navy, Bruker Spectrospin S.r.l., Varian S.p.a., Piccinotti
Assistenza Tecnica, Stelar S.r.l., Istituto Guido Donegani - Montedison.

We deeply thanks the Consorzio of Chianti Classico Gallo Nero for
providing the red fluid necessary to keep us in the excited state in a
pleasent and happy atmosphere.

Finally, I would like to acknowledge the Cassa di- Risparmio di San
Miniato for allowing us to held the meeting at I Cappuccini, and Mr.
C.Bertini ("Canapone"), his wife, and all the staff who will take care
of us during the meeting with the usual enthusiasm and good will.

Tvano Bertini
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Synthesis of the Dilactone Derivative of GDlb Ganglioside:
Structure and Conformation Elucidation by Proton N.m.r.
Domenico Acquotti, °‘Giovanni Ffronza, °‘Gunther Kirschner and
Sandro Sonnino

Study Center for .the Functional Biochemistry of Brain
Lipids, Department of Medical Chemistry and Biochemistry,
Medical School, quversity of MIlan; °‘CNR Study Center for
Natural Organic Substances, Department of Chemistry,
Polythecnic of Milan; ""FIDIA Research Laboratories,

Department of Chemistry, Abano Terme {(Italy).

Treatment of GDlb, B8~Gal-(1--3)-B~GalNAc-(1--4)~[a-
NeuSAc-(2--8)-a-NeuSAc-(2--3)1-B-Gal-(1--41-B-Glc-(1--1}~
Cer, with dicychlohexylcarbodi-imide in anhydrous methyl
sulfoxide affords 95-98% of GDlb-dilactone. The invelvement
of the carboxyl groups of the two sialic acid units in the
ester linkages was proved by ammoniolysis and reduction
experiments, which gave ganglioside derivatives containing
the amide of sialic acid and N-acetylneuraminulose,
respectively. H-N.m.r. spectroscopy showed that the lactone
rings involved position 9 of the inner sialic acid and
position 2 of the inner galactose in the ester linkages, and
that the disialosyl chain is extended toward the -D-Gal-(1--

4)-B-Glc- portion of the oligosaccharide ganglioside moiety.




?H-NMR Spectra and Spin-Lattice Relaxation of Some Partially
Deuteriated di-n-alkyl- and di-n-alkyloxy- azoxybenzenes

R.Ambrosetti®, D.Catalano®, C.Forte=, C.A.Veracini®r

*» Istituto di Chimica Quantistica ed Energetica Molecolare, CNR,
1-56100 Pisa, ITALY

* Dipartimento di Chimica e Chimica Industriale, Universita di
Pisa, I~56100 Pisa, ITALY

In order to study the influence of the end chains on the
orientational behaviour of mesogens, we have studied three liquid
crystals (di~n-heptylazoxybenzene (1), di-n-octylazoxybenzene
(II) and di-n-hexyloxyazoxybenzene (III)) which differ either in
the 1length of the chain or in the first member of the terminal

chains. These compounds were deuteriated on the aromatic core
and there was also partlial deuteriation on the chalns. 2H-NMR
spectra were recorded and analysed 1in order to obtain

orientational and structural information; deuterium spin-lattice
relaxation times (T.) were also determined for information on
intramolecular and reorientational motions.

ZH-NMR spertra of di-n-heptylazoxybenzene, di-n-octyl-
azoxybenzene and di-n-hexyloxyazoxybenzene have been recorded at
different temperatures covering all the mesomorphic range of the
three compounds . The data reveal a different degree of
orientational order of the two rings of the aromatic core. The
biaxiality of this central £fragment in the three compounds is

discussed. The dipolar and quadrupolar splittings measured also
give informatlon on the ring C-D bond angles if the quadrupolar
parameters are assumed. The spectra show that such angles are

not all equivalent, and the two rings are structurally different.
The orientational behaviour ¢ the two liquid crystals (I) and
(IIT1), which differ only in the first member of the end chains,
is compared and analysed considering the different conformations
of the terminal chains.

Deuteron spin-lattice relaxation times (T.) of the different
deuterons have been measured at various temperatures. Analysis
of the ¢trend of T, with temperature, furnishes activation
energles for spin-lactice relaxation in the different mesomorphic
phases. The principal relaxation mechanism is shown to be the
reorientation around the 1long molecular axis; the correlation
times for this type of motion can therefore be calculated at the
different temperatures, thus giving information on the internal
motion of the 1liquid crystal molecules both in the nematic and
the smectic range. Preliminary measurements show differences
between the two rings of the aromatic core. This can, in part,
be justified by the structural difference and different
orientational behaviour observed for the two rings from the
previous analysis of the *H-NMR spectra. The trends of the T.'s
for the alkyl- and alkyloxy- compounds in the liquid-crystalline
phases are compared and discussed.




Relaxation studies by 14N Nuclear Quadrupole Resonance: Methodoloyy,
Instrumentation, Results

Roberto Ambrosetti, Claudia Forte, Domenico Ricci

Istituto di Chimica Quantistica ed Energetica Molecolare, CNR
Via Risorgimento 35, I-56100 Pisa (Italy)

Bitnet PI0313 AT ICNUCEVM

lay NQR relaxation offers the experimenter some unique
possibilities, since it samples the lowest range (1-2 MHz!} of the
energy spectral density, in the solid state. This is in a sense
simitating, since the requirements and relatively low sensitivity of
the technique allow only a rather limited range of pure, well
crystallized, N-containing compounds to be studied. On the other
hand, 1in favourable cases valuable information is gained. Examples
will be given, taken mainly from work <carried out in this
iaboratory.

The measured T; values span a wide range, from less than a ms to
minutes (even days at liqulid He temperature). Even at roomr
rerperature, Tj values as long as 1-5 s are not uncommon. This
reflects the "magnetic isolation" of the L4y nucleus, which at first
order, 1in zero external magnetic field, has no effective magnetic
mement. This owvens the possibility of exploring relatively
ineffective relaxation channels, such as modulation of the electric
field gradient, which may become more effective than magnetic
modulation at long internuclear distances.

The measured Ty, Tj, TE are the result of a multitude of effects.
while this is true of any relaxation study, in the solid state the
problem is outstanding. Only when a single mechanism is prevailing
straightforward interpretation of the results is possible. This is
the case of phenomena related to blocking of internal rotation of
groups and to phase transitions.

The equilibrium-recovery dynamics for lax 1 intrinsically
non-exponential, since three levels are invelvea even in  an
"isolated” system. Sc it is difficult to define a single relaxation
time. This kind of problems is not unique to U4y, but affects to

some degree, although for different reasons, all relaxation
measurements.
Finally, the instrumental requirements will b. discussed, with

special attention to a newly developed, PC-based data acquisition
and handling system which can be of interest in a broad set of
magnetic resonance studies.
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Studio LOMENDOR e LOMESR di un cristallo irradiato di
l-alanina: applicazione della nuova metodologia di
misura dei tempi di rilassamento.

R. Angelone, C. Pinzino, R. Settambolo

Istituto di Chimica Quantistica ed Energetica Molecolare
del CNR. Via Risorgimento, 35 56100 PISA.

I tempi di rilassamento elettronici e nucleari e le
probabilitd di transizione del sistema elettrone-protoni
metilici in un cristallo irradiato di l-alanina sono stati
determinati in un intervallo di temperatura compreso da 200 a
3502K, wusando 1le potenzialita delle nuove metodologie
spettroscopiche di multipla irradiazione a risposta non
lineare denominate LOMENDOR e LOMESR (1).

Una piu completa trattazione teorica della metodologia
LOMENDOR & stata formulata allo scopo di renderla applicabile
al sistema in studio.

La tecnica sperimentale & stata semplificata e

sviluppata in alcuni dei suoi aspetti strumentali.

(1) C. Pinzino, J. Magn. Reson. 81 318 (1989).
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2p g analysis of spatial structure of scorpion insectotoxin.
Compl relaxation matrix and DISMAN calculations.

..S. Arseniev, V.N. Matorov, A.L. Lomize, A.G. Sobol,
I.V. Maslennikov and V.F. Bystrov

Shemyakin Institute of Bioorganic Chemistry, USSR Academy of
Sclences, Ul.Miklukho-Maklaya 16710, 117871 Moscow, USSR

Jgverall folding of 1insectotoxin (35 amino acid residues, four
disulride brldges) from the venom of scorpion Buthus eupeus was
revealed previously based on the NMR data (A.S. Arsenlev et al.
:1984) FEBS Lett. 165, 57). At present we continue the refinement
) the structure. The problem of protein 3D structure calculation
is decomposed 1nto two subproblems. At the first stage local
spatial structure of each sequentlal dipeptide fragments are confi-
ned in the conformational space or torslonal angles according to
the experimental NOE Intensitles by complete relazation matrices
approach. The confined conformational space of the t ents 1s
further restricted by use of the vicinal spin-spin coupl con-
stants. At the second stage the obtained information on the local
structure 1is employed to constrain the variable torsion angles in
the process of overall 3D structure calculation by DISMAN algo-
rithmn (W. Braun and N. Go (1985) J. Mol. Biol. 186, 611). It 1is
Zound that Introduction of local structure constralnts signifi-
cantly reduce the conrormation space or the molecule. This results
in efficlency enhancement of DISMAN calculations and increasing
accuracy oY 3D structure determination. The overall fold of insec-
totoxin includes o-helix (Met 12 - Cys 20) and antiparallel
g-structure (Asn 23 - Asn 34) with reverse turn (Phe 27 - Gln 30).
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The 1H NMR Parameters of Magnetically Coupled Dimers. The Fe282 Proteins
and Cu2002 SOD as Examples

Lucia Banci, Ivano Bertini and Claudio Luchinat

Department of Chemistry, University of Florence and Institute of Agricultural

Chemistry, University of Bologna, Italy.

The interaction energy between nuclei and magnetically coupled electrons
is discussed in terms of the Heisenberg formalism. Simplified formalisms are
proposed in order to find coefficients which relate the T1 and isotropic shift
values of a nucleus in a monometallic system with those of a nucleus in a
dimetallic magnetically coupled system. Another aspect which is addressed along
this research is that of providing some guidelines in the understanding of the
effect on electron relaxation times when magnetic coupling interactions occur in a

dimeric system.

111 eIII

The theory is tested for the cases of Cu2C0280D, Fe 'F S2, and

FemFenS2 ferredoxins with quite satisfactory succcess.
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at the temperature of the EPR experiment. As far as nuclear relaxation at room

temperature is concerned this approximation may often break down. As a result, $>1/2

systems can only be treated by including in the spin Hamiltonian the S-D-S term. It can

be shown that, under thess -onditions, the actual g—anisotropy present in the Zeeman term

introduces only a small further perturbation and can be neglected.

2)

3)

1. Bertini, C. Luchinat, M. Mancini, G. Spina, J. Magn. Reson. 59, 213222 (1984)
I. Bertini, F. Briganti, C. Luchinat, M. Mancini, G. Spina, J. Magn. Reson. 63,
41-55 (1985)

I. Bertini, C. Luchinat "NMR of Paramagnetics Species in Biological Systems”
Benjamin Cummings, Boston 1986

J. Kowalewski, L. Nordenskiold, N. Benetis, P. O. Westlund, Progr. NMR Spectr.
17, 141 (1985) and refs. therein.

K. V. Vasavada, B. D. Nageswara Rao, J. Magn. Reson. 81, 275- 283 (1989)
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MIXED LIGAND COMPLEXES OF CU(II)-1,10-0~FJ4ENANTHROLINE AN ITS ANALOGUES
CHARACTERIZED BY COMPUTER AIDED ESR SPECTROSCOPY

Riccardo Basosi, Hcbececa Pogni and *Yan Yang

Department of Chemistry - University of Siena - Italy

An  extensive  reinvestigation based on  computer aided  ESR
spectroscopy,  for  Cu-1,10-o-Phenanthroline (CuOP) and its analogue
Cu=-2,9~bimethyl-1,10-0-Phenanthroline (CuDMP) was performed in liquid
and solid phases under a large range of pH, Lemperature and molar ratio
conditions, Equilibria involved in solution and coordination behaviour
tn function of pH have been characterized by a careful analyesis of
magnetic KSR parameters., Isotopiec selective enrichment and computer
aided EsR spectroscopy have been used for prec.se determination of Spin
Hamiltonlan parameters and correlation times.

Cu~1,lu=-o-Phenanthroline {CuQP) and its analopue
Cu=¢,9~Dimethyl-1,10-0-Phenanthroline (CulMP) have been reported o
possess very ditferent chemical and biological characteristics despite
being conformational homolegous. The 2,9DMP form possesses a marked
specificrity and stereochemistry that confers upon the bidentate cupric
chelate potent oxidative properties. This could be attributed to the
sterie hindrance to normal planar configuration caused by the presence
of methy! proups proximate to the metal coordination site, a feature not
shared by 1,10-Phenanthroline. A structurc-activity relationship is
proposed  on the basis of difference an mapnetlic  parameters and
consequent evaluation of molecular orbital coefficients K and ud under
assumption of an  cffective tetragonally  distorted octahedral
symmetry. =

Jur results are in favour of two digtinet structures for 1,10-0-Fhen
ana 2 ,4-bMbF  cupric complexes  in solution: a  tetraponal  structure
probably with rhombie aistortion for OF and a flat tetrahedral structure
for LME. The presence of one or two ligands coordinating the metal jon
does not seem to play a determinant role in the structural arrangement.
un the cantrary the presence of substituent Methyl groups in position 2-
and 9- is fundamental for expleining the striking differences shown by
the analopue compounds and ecan reconcile the manifestation of unexpected

properties,

*on leave from school of FPharmacy, West China University of Medical
Seiences, Chengdu. The People's Republiec of China.




Heteronuclear relaxation studies of proteins

Ad Bax"', Lewis E
Steven W. Sparks

& Kay,+ Mitsuhiko Ikura&+ Dominique Marion,+
and Dennis A. Torchia

* Laboratory of Chemical khysics, NIDDK, and
Bone Research Branch, NIDR
NIH, Bethesda, MD 20892, USA

15N labeling of cloned proteins is a relatively simple and
inexpensive procedure which permits the measurement of relaxation

properties of these backbone nuclei. We have developed sensitive and
convenjient two-dimensional NMR procedures for measuring both the T;

and T; values of these nuclei, providing insight in the protein
backbone dynamics.

More subtle relaxation effects will also be discussed. For
Tgamgle, it is shown that the relaxation rate of heteronuclear

N-*H muitiple ?uantum coherence is significantly longer

compared to the ¥ T2, providing an opportunity_ to_increase
resolution in 2D “H NMR spectra and to measure "H-"H J
couplings in proteins of up to 20 kD.

As is well known, gross correlation between heteronuclear
dipolar coupling and 13§ chemical shift anisotropy can give rise

to differential decay rates of heteronuclear doublet components. In

Tddicion, we have observed algross correlation effect between
H-"H dipolar couplings and ““N CSA.
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Elisabet Berggren
Division of Physical Chemistry, Arrhenius Laboratory

University of Stockholm, 5-106 91 Stockholm, Sweden

Title:"A Theoretical NMR Lineshape Study cf Quadrupolar lons, 1=3/2, in Chemical

Exchange Between Intracellular Sites”
Abstract

Quadrupolar NMR studies of chemical exchange between different sites in an intracetiular
environment is a complex and interesting problem, both experimentally and theoretically.
This presentation will mainiy treat the case where there is a two site chemical exchange of

sodium ions (I=3/2), between a bounded isotropic site in slowmotion regime, for example

tne ions a550ciated to 4 prowein, a Macromoiecuie Hr alt intracciwiarl Menane, add a fee,

fast modulated, bulk site, where the ions are fully hydrated, when the chemical exchange
time is in the same range and shorter than the correlation thme of the site in slowmotion.
The intricate part of this problemi is how the chiemical exchange rate will disturb the
correlation time of the bounded site and in what way it will allect the lineshape under

these circumstances.

Our calculations are based on the semi—classical Liouville equation.




'H RELAXATION IM HVDRIDO CARBOMYL COMPOUNDS

T. Beringhelli , G. IAlfonso
Dipartimento di Chimica Inorganica e Metallorganica; via Venezian 24 ,20133 Milano
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t) Farrar, T, C. and Becker, E. D., Pulse and Fourier Transform NMR, Academic Press,New
Yark, 11971, chpt.4,

2) Levy, G, C. and Peat, 1. R., J. Magn. Reson, 1%, 500, (1975).

3 Farrar, T. C. and Guinting, G. R., J. Phys. Chem., 90, 2843, (1926,
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1§y NMR STUDIES OF THE OXIDIZED AND PARTIALLY REDUCED 2(4Fe—4S)
FERREDOXIN FROM CLOSTRIDIUM PASTEURIANUM

Ivano Bertini,® Fabrizio Briganti, Claudio Luchinat,” and Andrea Scozzafava®
Contribution from the aD:putment of Chemistry, University of Florence, Via Gino Capponi 7, 50121
Florence, Italy, and blmmute of Agricultural Chemistry, University of Bologna, Viale Berti Pichat 10,
40127 Bologna, Italy.

During the last years iron—sulfur proteins have attracted the interest of researchers owing to their
role in electron—transfer processes during mitochondrial respiration, nitrogen fixation, and

photuynthelil.l These systems are able to reversibly transfer one or mote electrons and at least one of

their oxidation states is paramagnetic; the p of a p netic center makes them quite suitable
for NMR lpec:troocnpy.2 1H NMR apectra of the oxidised ferredoxin from Clostridivm pasteurianum
which contains two weakly paramagnetic Fe 4S 42— clusters, coordinated to the protein through cysteinyl

sulphurs, have been recorded. Use of suitable pulse sequences (Super WEFT and MODEFT)2 has allowed
to reveal signals of protons feeling the paramagnetic clusters well inside the diamagnetic part of the

spectrum. Desapite the protein has a p gnetism roughly corresponding to a single unpaired electron,

and the shifts are relatively amall ({ 18 ppm) expecially with respect to the analogous
(2Fe——2§)3—-yltem.3 the Tl_l values are very long (5—~15 ms). This is possibly to be ascribed to a long

electronic relaxation rate which is unexpected in metal clusters. Indeed, iron (II) is expected to have large

electronic relaxation rates as in FeS 42— or Fezszaﬁ and the electrons of iron (IIl), when coupled with

iron (II), are expected to relax at the same ratc:.:‘x The particular nature of the chemical bonds in the
clusters, i.e. the large delocalisation, makes the above description unrealistic and may account for the

small electronic relaxation rates. IH NOE have been detected for ﬁ—CH2 cysteinyl geminal protons
owing to their short reciprocal distances, despite the short Tl' This allowed us to assign the pairs

of geminal protons, and to try to test the shift dependence on the dihedral angles between the Fe—S—C

and S—C—H planes with respect to the structure of the analogous ferredoxin from Peptococcus aerogenes.

Ir the pr of fully reduced, one elect oxidised, and fully oxidised species, 1H saturation transfer

experiments are possible and they allow to set the lower limit of the electron transfer rate (6){102 l-l)

and provide a tool for the assignment of all the signals of the various species.

(1) Cammack, R. In Iron—Sulfur Protein Research; Matsubasa, H., Katsube, Y., Wada, K., Eds.; Japan
Sci. Soc. Press/ Springer Verlag, Berlin, 1987; p. 40.

(2) Bertini, 1.; Luchinat, C. NMR of Paramagnetic Molecules in Biological Systems; Benjamin/Cummings
Menlo Park, CA, 1986.

(3) Banci, L.; Bertini, [.; Luchinat, C. Structure and Bonding in press.




NUCLEAR RELAXATION IN PARAMAGNETICS SYSTEMS

Ivano Bertini, Claudio Luchinat, Marcello Mancini, Gabriele Spina
and Paola Turazo
Contribution from the Department of Chemistry, University of Florence, Florence, Italy;
the Department of Physics, University of Florence, Florence, Italy; the Institute of
Agricultural Chemistry, University of Bologna, Bologna, Italy.

The general problem of nuclear relaxation in paramagnetic macromolecules is
discussed in terms of the appropriate spin Hamiltonian for paramagnetic metal ions and of
its effects on the electron nucleus coupling. Formally, the cases of interest are those for
which the correlation time for the electron—nucleus interaction is shorter than the
rotational correlation time of the molecule 13 It is assumed that electron relaxation can
be described in the Redfield lizzzit.4 Often the correlation time in macromolecules is the
electronic relaxation time itself. Under these conditions the presence in the spin
Hamiltonian of terms like g—anisotropy, hyperfine coupling with the metal nucleus, and
zero field splitting becomes relevant and must be properly taken into account.

In particular, the cases of g~anisotropy and zero field splitting are re—examined to
ascertain whether and to what extent the effect of zero field splitting can be mimicked by a
fictitiously large g—am'sotropy.5 It is well known that EPR spectra of $>1/2 species can be
reproduced by fictitious spin Hamiltonians with §'=1/2. This usually leads to large
anigotropies in the corresponding g tensor. Physically, the resulting g tensor represents the
Zeeman splitting anisotropy of the ground state Kramers' doublet, and is a good

approximation for the whole spin system when the latter is the only energy level populated
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THE 'H NMR SPECTRA OF THE Co,S,, CLUSTER IN
METALLOTHIONEINS.

Ivano Bertini, Claudio Luchinat, Luigi Messori and Milan Vasak.
Contribution from the Department of Chemistry, University of Florence,
Florence, Italy; the Institute of Agricultural Chemistry, University of Bologna,
Bologna, Italy; and the Biochemical Institute, University of Zurich, Zurich,

Switzerland.

Metallothioneins are a class of low molecular weight, single chain proteins
capable of binding seven bivalent metal ions bound in two independent clusters of
three and four metal ions, respectively. The cobalt(ll)., derivative gives a
surprisingly well resolved g NMR spectrum characterized by more than 20
isotropically shifted signals spread over a region spanning between 300 and ~100
ppm. The signals have been unequivocally assigned to the Co, cluster, by
comparing the spectra of the Co7 derivative and the Cd4003 derivative; the Cos
cluster in the Cd4003 derivative does not give sharp isotropically shifted signals
probably due to exchange phenomena. Most of the far isotropically shifted

g NMR signals of the Coy cluster arise from the B—CH2 protons of the
eleven cysteines involved in metal coordination; some of the less shifted signals,
both up and downfield, might be assigned to Cys a—CH protons.

We have extended the theory for the electron—nucleus interaction in

exchenge—coupled dimetallic systems to the case of a 4—metal cluster in order to
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develop a thecryical model for the experimental 1H NMR spectra. A model is
obtained that qualitatively rationalizes the isotropic shifts pattern and their
temperature dependence in terms of five large and one essentially zero J values for
the six exchange coupling constants operative in the 4-—metal cluster. These
findings are consistent with the results from the X~ray and solution structures of
the protein.

Preliminary 14 NOE studies permit to determine the spatial connectivities
existing among the isotropically shifted signals and are of great help for the
assignment of the lﬂ NMR spectra. Geminal connectivities between the protons
of the same methylene group have been unambiguously identified for at least 9
out of the 11 cysteines of the four metal cluster; further connectivities have been
found between protons of different methylene groups. With the aid of computer
graphics analysis of the cluster, it is possible to propose a preliminary assignment

of some 1H NMR signals and to start mapping the chromophore.
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PROTON NMR STUDIES OF LANTHANIDE TRANSFERRINS.

Ivano Bertini, Claudio Luchinat, Luigi Messori, Mario Piccioli
and Andrea Scozzafava.
Contribution from the Department of Chemistry, University of Florence,
Florence, Italy, and the Institute of Agricultural Chemistry, University of

Bologna, Bologna, Italy.

Transferring are an important class of proteins implicated in iron
metabolism in mammalians. In order to investigate the structural details of the
two metal binding sites, we have replaced the native iron(Ill) with different
lanthanides which behave as excellent shift reagents. The mono and bisderivatives
of human serum transferrin with ytterbium, thulium, dysprosium and terbium
produce well resolved proton NMR spectra showing several isotropically shified
signals spread between 100 and — 100 ppm. The Iy NMR spectra of these
derivatives allow a quite exhaustive description of the interaction between
lanthanides and transferrin. In particular structural inequivalence between the
two metal sites as well as sequential binding have been clearly demonstrated.
Also, the conformational effect of sodium perchlorate has been investigated.

Isotropic shifts induced by lanthanides are mainly dipolar in origin and
depend on the metal proton distance and on a geometrical factor. Therelore, in
principle, analysis of the dipolar shifts permits to get structural information on
the system. We have attempted such an analysis using the recent X-ray
crystallographic data of rabbit serum transferrin; preliminary information on

some structural features of the metal chromophore in solution is obtained.




EPR AND ELECTRON SPIN ECHO STUDIES OF THE MANGANESE SITES ASSOCIATED WITH
PHOTOSYNTHETIC OXYGEN EVOLUTION.* R. David Britt, Yictoria deRose, 5. L. Dexheimer, K. Sauer
and Melvin P_Klein, Chemical Biodynamics Division, Lawrence Berkeley Laborstory, Umiversity of
Californis, Berkeley, CA. 94720, USA. [M. P. Klein on Leave at: Institut fiir Molekiilphysik, Freie
Universitat Berlin, Arnimallee 14, D- 1000 Berlin 33).

A cluster of four Mn atoms is associated with the process by which photosynthetic organisms store
the enerqy of four sequential photans in five intermediste states, S-S54, and ultimately transfer the

oxidizing equivalents to two molecules of water to yield molecular oxygen. Previous work in our
laboratory has shown that the manganese stoms occur, minimelly, a3 binuclear di-p-oxo bridged
dimers with low-Z ligands that undergo photo-induced oxidation.[1,2] Numinstion of dark-edepted
preparations of the Oxugen Evolving Complex (OEC) at 190K produces the S, state of the photo cycle

which exhibits & complex EPR signal near g=2 contsining between 16 and 19 hyperfine lines that is
assignable to an exchange coupled pair of Mn.[3] Comparison with models suggests a Mn(111,I¥)
species. I1lumination at 140 K slso brings about Mn oxidation but yields an EPR signal at g=4.1.{4]
Reports of an apparent non-Curie behavior of the g=2 signal led to the suggestion that it arese from
an excited S$=1/2 level of a quariet whose ground S=3/2 level led to the g=4.1 signal. [5] 1. We
have determined the relaxation rates and signal amplitudes of the g=2 signal by electron spin echo
(ESE) detected EPR at 1.5K and 4.2K. The signal intensity is exactly proportional to the inverse
temperature establishing that the S=1/2 signal is a ground state. The T; increases from several

msec to several hundred msec suggesting that saturation of the CW EPR spectrum was the origin of
the appsrent non-Curie behavior. 2. Based on our X-ray absorption edge measurements (2] we
believe that the light advances correspond to one-electron oxidations of the Mn. Thus we have sought
signals from pon-Kramers species in states oxidized or reduced by one electron from that yieiding
the S=1/2 signal. Using a bimodal cavity we have observed a new signal near g=4.8 for samples in
the dark-adapted Sy state, when the microwave Hy field is parallel to the Zeeman field. The new

signal may arise from so-called AM=2 transitions within an S=1 manifold or similar transitions
within an 5=2 manifold. Upon illumination the intensity of the new signal decreases while that of the
So state signal incresses proportionately. 3. As histidine frequently contributes ligands to metals

in metalloproteins and because there are a pair of highty conserved histidine residues in the
proteins that putstively bind the manganese, it has been assumed that these residues ligate the Mn.
To test the validity of this hypothesis we have grown the oxygenic photosynthetic cyancbacterium
Synechococcus sp on media containing solely 14N or 15N as NOz~ and compared the ESE nuclesr

envelope modulation frequencies of the respective preparations. The frequencies of the major
features are essentially identical in the two samples thus establishing that nitrogen and hence
histidine is not Tiganded to Mn.

*York performned with support from the U. 5. Department of Agriculture (85-CRCR1-1847), U. S.
Department of Energy (DE-ACO3-76SFO0098) and The U. S. National Science Foundation (PCM84~16676).
[1]J. A.Kirby, A. S. Robertson, J. P. Smith, A. C. Thompson, 5. R. Cooper and M P. Klein. o Am. L.
Soc. 103, 5529-5537 (1981).

(2] D. B. Goodin, V. K. Yachandra, R. D. Britt, K. Saver and M. P. Klein. Stouin. Suphys. dcts T61,
209-216 (1984). V. K. Yachandra, R.D. Guiles, A. McDermott, R. D Britt, S. L. Dexheimer, K. Sauer and M.
P.Klein, S, Siyphys. Acts 850, 324-332 (1986). . K. Yachandra, R. D. Guiles, A. E. McDermott, J.
L.Cole,R.D.Britt, S. L. Dexheimer , K. Sauer and M. P. Klein. Sxviwmisty 26, 5974-5981 (1987).

131 6. C. Dismwkes and Y. Siderer. /ZBS Lett 121, 78-80 (1980): Arww. Aet7 Avad Sur. (64 18,
274-278 (1981).

[4) 0. L. Casey and K. Saver , Sixviin. Sxgphys. Acts 767, 21-28 (1984). J.-L. Zimmermann and A. ¥.
Rutherford. Siochin. Ssphys. Acts 831 (416-423) (1986).

[S}J. dePaula, Y. F. Beck and G. W. Brudvig. /. 4m. Liem. Suv. 108, 4002-4009 (1986).




MOLECULAR DYNAMICS OF PHOSPHOLIPID BILAYERS FROM
DEUTERIUM NMR SPECTROSCOPY

Michael F. Brown*, Steven W. Dodd*, Uif Henrikssont, Amir Salmon*, and Olle Sodermun®
*Department of Chemistry, University of Arizona, Tucson, AZ 85721, USA, *Department of
Physical Chemistry, Royal Institute of Technology, Stockholm, Sweden, and #Division of
Physical Chemistry 1, University of Lund, Sweden

The interpretation of longitudinal relaxation rates (R17) of phospholipid bilayers can yield
information about the molecular dynamics of the molecules comprising the bilayers over a range of
different time-scales. We have performed measurements of Rz of 1,2-dimyristoyl-sn-glycero-
3-phosphocholine (DMPC) with perdeuterated and specifically deuterated acyl chains in
multilamellar dispersions as well as in small unilamellar vesicles. Nine magnetic fieldstrengths
were used, corresponding to Larmor-frequencies (wg) ranging from 2.5 MHz to 61.4 MHz. The
Rz data can be approximated by a (03,)"1/2 dependence; fits to (wg)™! or two-step Lorentzians are
less satisfactory. Profiles of the Rz rates of DMPC as a function of the deuterated chain segment
position exhibit a square-law dependence on the corresponding order profiles. The relaxation may
involve fast motions, including trans-gauche isomerizations and rotational diffusion of the chains
superimposed on slower motions due to collective bilayer disturbances (order-director fluctua-

tions).

Work sponsored by NIH Grants GM41413, EY 03754, and RR03529 and by the Swedish Natural

Science Research Council.
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ENDOR STUDY QOF THE METHYL DYNAMICS IN SINGLE CRYSTALS
OF 4-METHYL-2,6-DI-TER-BUTHYLPHENCL

M.Brustolon,A.L.Maniero,and U.Segre
Dipartimento di Chimica Fisica,Universita di Padova

The dynamics of the methyl group in free radicals in solids is
determined by a threefold symmeiry potential. At high temperature,the
methyl rotation <can be described as an hindered diffusion
process,equivalent to jumps between the allowed equilibrium positions.
The activation energy of the motion is equal to the barrier height
between the potential wells..At very low temperarures,the methyl
rotation is due to a quantum mechanical tunneling process through the
potential barrier. This proéess can be considered by introducing in the
spin hamiltonian an exchange term between the methyl proton
spins,proportional to the amplitude of the tunneling splitting J :

it =vs -} L+ 3875 .4 - 27, T - 1,
) ] i<k

The methyl quantum tunneling in free radicals optained by x

irradiation of molecular crystals ran be studied by EFRE and EN

spectroscopies. A single crystal of 4d-methyl-2,t-di-ter-buthyiphern. |
5 oded i e
K. &t high temperature,the hinderod ditfe

ENLGR  spectra have been o

has heen r irradiated &
temperature range of 95-207

strongly 1nfluences the ENITE cnhancement. At low temperature,the ENLOK
frequencies are shifted,!erause ot the tunneling effect, these
processes,the barrier heipht «of the rotational potent it b

independently determined.
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Accurate determination of cross-relaxation and cross-correlation terms by NMR

multipulse techniques.

D. Canet

Université de Nancy-1 . Lab. Method. RMN
B.P. 239 54506- Vandoeuvre- Nancy Cedex
France

It is well known that nuclear spin cross-relaxation and cross-correlation terms
provide an unambiguous means to derive dynamical and/or structural information
because they arise from a single and well-characterized contribution. These guantities
are especially interesting when they are frequency dependent due to the presence of a
motion outside the extreme narrowing range. The following parameters will be
considered: homonuclear and heteronuclear dipolar cross-relaxation terms, and dipolar-
CSA (Chemical Shift Anisotropy) interference {(cross-correlation) terms. One-
dimensional pulse sequences aiming at an accurate determination of these parameters
will be described. For the dipolar cross-relaxation terms, these sequences rest on the
selective (possibly partial) inversion of the magnetization of one partner with emphasis

put on the initial conditions prior to the evolution period. The dipolar-CSA interference
LALX
term leads to the development of the longitudinal two-spin order <2l,1,> after the

inversion of either spin A or spin X. A dedicated pulse sequence is able to convert
~AX
<2l,1;> into observable one- guantum coherences while rejecting all other

contributions. Again, initial conditions prior to the evolution period have to be
accurately characterized. Initial slopes provide the CSA-dipolar spectral density at the
These techniques have been applied to a dynamical study of the aromatic moiety
of micellized surfactants. 'H-'H and YH-13C cross-relaxation terms, and CSA(!3C)-
dipolar('H-13C) interfesence terms have been measured at different frequencies. Results
will be briefly discussed within the framework of the "two(three)-step model” in terms

of fast and slow motions, and of order parameters.
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NUCLEAR RELAXATION STUDIES ON MICELLAR SOLUTIONS AND
LYOTROPIC L1QUID CRYSTALS.

C. CHACHATY, Département d Etude des Lasers et de la
Physico-Chimie, (Centre d'Etudes Nucléaires de Saclay,
91191 Gif-sur-Yvette cedex, france.

The nuclear magnetic resonance and relaxation provide a
wealth of information on the conformations and dynamics of
the components of micellar solutions and lyotropic liquid
crystals. Examples are taken from recent studies on small
single and double tailed surfactants (alkylammonium halides
and alkylphosphates) to give a survey of the main applications
ot these techniques to lyotropic systems.

The proton relaxation in a wide ‘requency range (6-500
Mhz) has proved useful for determinint the micellar size in
pyridinium octylphosphate aqueous solutions. The aggregation
number is concentration dependent and presents a large disper-
sity. Pulsed field gradient spin-echo experiments show a rapid
decay of the monomer concentration above trre CMC and provide
the binding coefficient of the counterion to the micelle. The
reorientational and internal motions of the su~factant have
been inv sblgaL?F by means of the magnetic field dependence
of the P and C relaxation rates. The relaxation data have
been analyzed using the two step model where the spectral dens-
ities are the sum of two terms corresponding to the overall
and to the segmental motions, respectively. A more detailed
interpretation of these data, involving explicitly the trans-
gauche isomerization rates and the conformer populations has
also been proposed. Similar work has been done on the thermotr-
opic and iyotropic lamellar phases of the same surfactant.
The order parameters of C-H bonds obtained from thel3C dipolar
splittings are comparable to those derived from the!}C reiaxat-
ion in miceilar solutions.

The double tailed surfactants with €4 to C10 chains give
rise to highly ordered Jumollar ph< cs (01§ {Smol ¢ 0.9) which
have been investligated by -H, N NMR. In these
?pdses the deuteron quadrupoldr splllenqs as well as the

C relaxation enhanced by a paramagnetic ion bound to the
polar head have shown that the number of accessible contormers
is drastically reduced by steric constraints. The magnetic
field and angular dependences ot the Y'P relaxation in proton-
ated and tully deuterated samples allow an estimate of the
contributions of the rotational diffusion and of the director
orientation tluctuations. Among these surfactants, the
di-z-ethyl-hexylphosphate give rise Lo reversed micelles in
solvents like benzene and cyclohexane. The density distribution
of alkyl chain segments as well as the extent ol the solvent
penctration in the surfactant layer have been calculated from
the 13¢ and 3 paramagnetic relaxation rates.
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NMR INVESTIGATION ON PURINE NUCLEOTIDES USING Cr(II1) PROBES. MOLECULAR
MECHANICS INVESTIGATION ON Cr(III)-, Co(IIT)-PYROPHOSPHATE, -TRIPHOSPHATE
AND -NUCLEOTIDE CO~/LEXES.

L o.a . .a .a ] S1y: D
R.Cini , G.Giorgi , F.Laschi , C.Rossi and L.G.Marzilli . .
{a) Dipartimento di Chimica della Universitad di Siena, Italy;(b) Department
of Chemistry, Emory University, Atlanta, Georgia, U.S.A.

The 1H NMR relaxation effects produced by paramagnetic Cr(I11)
complexes on nucleoside 5'-mono- and -triphosphliates in D_0O solution at
pH' -3 were measured. The paramagnetic  probes were [Cr(I1I)(H_0)_) v,
(L‘r([ll)(H‘O)‘(HATP)] JfertrtnyH_0)_(HCTP)] and [Cr(I_II)(H20)3(U'5}iﬁ_, while
the matrix nucleotides (G.1 M) were H_AMP, HIMP and H_ATP . For the
aromatic base protons, the R? /R ratio was always below 2.33 so the
dipolar term predominates . A’qarg%r relaxation effect was found for the
purine H(&) over H(?) signals with the [Cr(III)(H_ 0} ] * probe, while the
effect on H{2) sighal was larger with all the other Cr{(1II) probes. The
relaxation e ferts 2_t‘ound for s the H{8) signal of the
FCr(UI\(H)n)} /(HPATP (O.1M), Mg~ (0.1M)) system was smaller than that
measured in the absence of the alkaline earth cation while the relaxation
effect on the H(2) signal was enhanced.

Molecutar mechanics computations were carried out on the
Tr(III)(H Jia(HPP‘(a,ﬂﬂ , fer(TIn)(NH ) (HPP)(a.m].[Co(III)(NH,;) (HgPPP)
(a.8,7)] and [C()(III)(N}13)A(HPP)(a.ﬂ)] complexes. The calculated
sperpy-minimized  geometries  are  in good agreement  with  the  crystal
strucrtures. Molecular mechanics calculations were also used %o asses the
geometry  of  the inner sphere [(‘r( ITIV(H O )(_\ " and
F'r(IIIHH)(H§(HA'N')((1,R.*/1] r'ompl‘exes as well  as th«; sf)r‘ucfurcs of r_hc
cuter  sphers f(‘r“lIIIHH)u\(_‘} —{H_AMPY and [Cr(1TT)H 0) ) - i

species. The pas-phase structure of the ‘:l‘r(III)(H kS (HI\TP))(Q,B,‘/)] complex
shows the existence of a hydropen bond interaction bl‘tween a water ligpand
and the adenine N(7), The metal center has an almost regular octahedral
coordination feometry. The structures of the two outer sphere  species
revenl that the phosphate Aroup interacts stronply with the
hexa-aquochromium prote, In both corploxes, the nucleotides have a sinilar
fant " conformation around the N9V =C01') glycosidic bond. For the \HIM}W-
complex, strone hydrosen bond interactions exist between the water [isands
ind the anosine N(Y and 00 atoms. The Cr=H(8) and Cr-H({) distaneces

vevealed ty the enorpy-mtnicgzed pgeometries for the two outer sphore
Spec e 5 wers used to cateulate the R values for the H{8Y  and Hi M
soendls. A comparison between the 4‘Illr‘ll’llﬂti‘d and observed @ values,
Slel, 1aodlob) AYY and OLonted,  OLtob) (HOOY for HEAME,  and
LT leYaLhtteb)  {H(RYY and Galn(ed, VLT (ob) (HEY foorr

HI.‘/’F~ Jrespectively o shows that A semiquantaitat ive rathionatiyation of

retar o offects can be obtayned with moleculas mochanies computat pons,
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Relaxation and Coherence Transfer

Claudio Dalvit, Jean-Marc Bohlen, Lyndon Emsley, Irene Burghardt, Lorenzo Di Bari,
and Geoffrey Bodenhausen”
Institut de Chimie Organique, Université de Lausanne,

Rue de la Barre 2, CH-1005 Lausanne, Switzerland

Many modern NMR techniques are based on the phenomenon of coherence transfer,
i.e. they involve a transfer of transverse magnetization from one transition to another.
Although two-dimensional methods such as correlation spectroscopy and multiple-
quantum NMR are primarily used to explore networks of coupled spins, they can also
be useful to investigate subtle relaxation effects. Thus it is possible to disentangle
various pathways of longitudinal relaxation in coupled spin systems by investigating the
multiplet fine-structure in two-dimensional exchange spectra (small-flip angle
NOESY’). Coherence transfer can also serve to highlight the existence of multi-
exponential decays, both in transverse and longitudinal relaxation. Multi-exponential
behaviour can arise because of cross-correlation between pairs of dipole-dipole
interactions. In systems containing three or more spins with I = %2 in isotropic solution,
the Zeeman terms not only couple with each other through cross-relaxation rates, but
cross-correlation may lead to a partial conversion of Zeeman magnetization into
longitudinal three-spin order. This distribution of eigenstate populations can be
monitored by triple-quantum filtered two-dimensional exchange spectroscopy (TQF-
NOESY). The initial build-up rate is solely determined by cross-correlation spectral
densities which, if the molecular motion is isotropic, depend on second-order Legendre
polynomials of angles subtended by pairs of internuclear vectors.
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31P NMR RELAXATION FEATURES OF PHYTIC ACID, ITS PARAMAGNETIC

COMPLEXES WITH GA(II1) OR Fe(II1) AND ITS ADDUCT WITH LYSINE
1 . 1 2 .3
M.Delfini , M.E.Di Cocco , E,Gaggelli and G.Valensin

1 . .
Dip.Chimica, Universita Roma La Sapienza, I[talia
a

cDip.Chimica. Universita di Siena, Italia

3 . . .
Ist.Chimica, Universita Basilicata, Italia

Phytic acid (myoinositol hexaphosphate) has been attracting a
great piece of biomedical interest as a carrier for the liver 1in
nuclear medicine and as a good complexing agent.

Here we present a thorough 1nvestigation of 31P-NMR relaxation
features in water solution as a function of pH. The relaxation
mechanism has been defined and contributions by paramagnetic
impurities have been characetrized.

Complexes with the paramagnetic Gd{III) and Fe(ILI} ions have

been studied by interpreting paramagnetic relaxation rates at
different molar ratios, 1onic strengths and pH. Consideration of
Solomon-Bloembergen equations yielded all the rcievant structural and

kinetic parameters of metal bindirg cqu:libria.
The 1onic interaction with lysine has been finally characteriz-d
thus obtaining a gond piece of irformation on the biological activity

of phytic acid.
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IH NMR Kinetic Study of DMSO! Exchange on Hexakis(DMSO)-
vanadium(III) at Variable Temperature and Pressure

I. Dellavia, L. Helm, and A.E. Merbach

Institut de Chimie Minérale et Analytique, Université de Lausanne,
CH-1005 LAUSANNE, Switzerland.

Solvent exchange on [V(DMSO)J(CF,SO;); has been studied as a function of
concentration, temperature (240 to 370 K) and pressure (up to 200 MPa, at several
temperatures)? by 'H-NMR spectroscopy at 200 and 400 MHz. In order to obtain the
exchange rates k,, we used two techniques: at low temperatures (240 to 267 K) we
measured the isotopic equilibration of a solution prepared by mixing rapidly solutions ot
[V(DMSO)](CF,50;), and DMSO-d; in the diluent CD;NO,; at higher temperatures
and for the variable pressure measurements we used the broadening of the proton signal
of the bound DMSO to monitor the exchange.

The observed rate constants in CD;NO, varied linearly with the concentration of free
DMSO leading to a second order rate law.

The linewidth of the bound DMSO signal can, in the case of slow exchange, be expressed
as a sum of a term due to iransverse relaxation and a term due to chemical exchange. The
opposite temperature dependence of the two contiibutions allows to separate them. The
activation parameters and rates at 298 K are given in Table I. .

The pressure dependence of the line width of the bound signal was observed at four
different temperatures in order to separate pressure effects on transverse relaxation and
chemical exchange. The parameters cajculated are shown in Table .

TABLE I Parameiers as obtained by non-linear least squares fitting of the variable
temperature and variable pressure data (in pure solvent).

V(DMSO)** V(H,0)3**

k2 /s 131215 500
aH? /% mol”! 385+ 1.6 494
aSt VK mar! 945 £ 4.7 228

N Jem?® mot! -10.1 £ 0.6 8.9
/Ty 2% /5! 194 + 5.8

E, /kd mot! 93+ 05

AV’m /em® mot! 2104

The second order rate law observed in the diluent and the negative values found for the
entropy of activation, AS', and especially the volume of activation, aVY, are in accord with
an associative activation mode for the exchange reaction mechanism.

! DMSO = dimethyi suffoxide (CH,),SO

2 The high pressure NMR probe will also be described

:

A (5. Hug), L. Helm, and A E. Merbach, Helv. Chim. Acta 68, 508 (1985)
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SPIN LATTICE RELAXATION RATES OF TUNNELING CD,; GROUPS

G. Diezemann, H. Sillescu and . van der Putten®

Institut fur physikalische Chemie, Universitat Mainz
Postfach 3108, D - 6500 Mainz. FRG

#) Max - Planck - Institut fir Polymerforschung
Postfach 2148, D-6500 Mainz, FRG

Expressions for the spin lattice relaxation time Ty of tunneling CD4 groups in potentials
of three- and sixfold symmetry are derived and compared with classical results.

in order to compute the relevant transition propabilities, we treat the orientational
degrees of freedom in a quantum mechanical way. From the spin- and the orientatio-
nal wave functions, total wave functions obeying the Pauli-principie are constructed
and used for the calculation of the quadrupolar matrix elements.

The symmetry of the potential determines the transformation properties of the qua-
drupolar Hamiltonian, -- sponsible for relaxation. Consequently, the correlation functi-
ons have to reflect this symmetry and the corresponding spin lattice relaxation rates
contain only anqular dependent terms, which are invariant under the operations of the
point group considered. This fact leads to remarkable differences between three- and
sixfold potential-symmetry.

The angular dependence of the spin lattice relaxation rate for a sixfold potential de-
pends only on the orientation of the symmetry axis of the CD; group relative to the
main magnetic field. For a potential of threefold symmetry this angular dependence is
in addition determined by the orienta’ion of the triangle built from the methyl-deuterons
relative to this field.

In the first case it is possible to assign a unigue T, to each frequenzy in the spec-
trum, but not in the latter one. Thus, for threefold potentials T, is expected to be
nonexponential. This result was also found by Torchia and Szabo [1] for classically
recrienling CD3 groups without exploiting the full symmetry of the problem. However,
this nonexranentiality should be more pronounced for tunneling CDy groups. because
the spectra are not axially symmetric [2].

In conclusion, it should be possible to distinguish three~ and sixfold potentials by
measuring T,. N

Experiments of this kind are carried out on toluene-d;, where the methyl group is
considered to reorient in a threefold potential.

References:
1. D. A, Torchia and A. Szabo: J. Magn. Res.. 49. 107 (1982)

2. Z.7. Lalowicz, U, Werner and W. Miiller -Warmuth; Z. Naturforsch.,
43a, 219 (1988)
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1 3 . .
H- and H-NMR Relaxation Investigations of

Inhibitors Bound to Metalloendopeptidases
o1 2 1 3
V.Dive , A.Lai , F.Toma and G.Valensin

1 . .

Dept.Biologie, CEN, Gif-sur-Yvette, Francia

2 .
Dip.Scienze Chimiche, Universita Cagliari,Italia

3
Ist.Chimica, Universitd Basilicata, Italia

A general approach is presented to extract conformational parame-
ters of inhibitors at the binding sites of metalloendopeptidases. The
approach relies on obtaining 2H— and 3H-labelled inhibitors from
precursors with localized double bonds. Single-selective and double-
selective lH- and 3H—NMR r=laxation rates investigations in the
presence of the enzyme yleld dipolar interaction energies of selected
lH-lH or 3H-3H spin pairs, wherefrom the desired information is

gained. Such approach 1s exemplified by the Suc-Pro-Ala irhibitcr

bound to bacterial Collagenase.

25



g

DYNAMICS OF PHOSPHATE HEADGRQUPS IN MODEL MEMBRANES

E.J. Dufgurc*, C. Mayer, J. Stohrer and G. Kothe
*Inst. of Physical Chemistry, Univ.of Stuttgart, W.-Germany
CRPP/CNRS, Domaine Universitaire, Talence Cedex 33405,
France

Many biological events which occur at the membrane sur-
face depend on th§ structure and dynamics of the membrane
components. The 1p nucleus, naturally abundant in phos-
phatidylcholine lipids, is a potential reporter of struc-
tural and dynamical changes occurring at the interface. Di-
myristoylphosphatidylcholine (DMPC), dispensed in excess
water, was used to model, in a first step, the biological
membrane. Multipulse seguences have been applied to both,
unoriented and macroscopically oriented membrane samples over
a wide temperature range. Lineshapes and echo intensities
have been recorded as functions of interpulse delay times,
temperature and macroscopic orientation of bilayer normal and
magnetic field. For a successful analysis, it was necessary
to experimentally separate the contributions of dipo}ar foup—
ling and of chemical shift anisotropy. The dipolar (“H P)
contribution to the transverse spin relaxation (T,) was eli-
minated by application of a spin-lock sequence to protons,
thus allowing very efficient decoupling with low power radio
frequency. In case of the longitudinal spin relaxation (T;),
the amount of dipolar coupling was evaluated by measuring the
maximum Nuclear Overhauser Enhancement (NOE).

N g?e experimental results show that the contribution of the
H-"*P dipolar coupling and chemical shift anisotropy are
highly orientation dependent. In particular, no dipolar con-
tribution is observed when the bilayer normal is oriented at
the magic angle with respect to the magnetic field. Maximum
NOE was found ~ 30°C below the main transition. Plotted
against the temperature, the T, and T, values exhibit dis-
tinct minima in the fluid and gel phase, respectively. In
addition, both relaxation times show a pronounced variation
with orientation angle between bilayer normal and magnetic
field.

The obtained lineshapes and relaxation rates are presently
analyzed employing a comprehensive relaxation model, based on
the stochastic Liouville equation. Inter~ and intramolecular
motions in an anisotropic medium are explicitly considered.
Computer simulations of the various experiments provide the
order structures and dominant motional modes of the phosphate
headgroups in membranes.
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Tyrosyl radical relaxation enhancement in ribonucleotide reductase

Anders Ehrenberg
Department of Biophysics, University of Stockholm,
Arrhenius Laboratory, S—106 91 Stockholm, Sweden.

Every living cell that has to produce DNA needs ribonucleotide reductase
activity in order to form the deoxyribonucleotides necessary for the DNA
synthesis. The type of ribonucleotide reductase enzyme that is iron
dependent consists of two protein subunits, in £. coli called protein Bl
and protein B2. Protein B2 is a peptide homodimer and contains iron in a
particular type of cluster with two high spin ferric ions antiferromagnetically
coupled by superexchange through an oxo—bridge. (This center is very
similar to the iron cluster in hemerythrin, which has the capacity to bind
molecular oxygen reversibly.) To be active, protein B2 also must have a
particular tyrosine residue oxidized to a radical state. This tyrosyl radical
1s formed when a reduced iron cluster is oxidized by molecular oxygen.
This suggests that the radical is close to the iron center. While the ESR
of the unperturbed radical may be studied at temperatures below 30 K,
progressively increasing relaxation enhancement and line broadening is
ohserved at higher temperatures. This confirms that the iron center and the
radical are fairly close in space and fits with magnetic dipolar interaction
hetween the radical and the antiferromagnetic iron center. Data obtained for
two different enzymes, i.e. from F. colt (protein B2) and from mammalian
cells (protein M2), will be presented and discussed.
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NUCLEAR SPIN RELAXATION IN THE ROTATING FRAME

R.R.Ernst, M.Blackledge, R.Briischweiler and C.Griesinger
Laboratorium fiir Physikalische Chemie Eidgendssische Technische
Hochschule 8092 Ziirich, Switzerland

The utility of the rotating frame in the context of nuclear spin
relaxation measurements and two-~ and three-dimensional NMR experiments
is discussed and exemplified by experimental examples using peptides

and proteins.
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Chain dynamics and NMR relaxation in phoepholipid membranecs.

Alberta Ferrarini §, Pier Luigi Nordio §, Giorgio J. Moro 1, Richard H. Crepeau *,
and Jack H. Freed *.

§ Dept. of Physical Chemistry, University of Padua, 35131 Padova, Italy;

} Institute of Physical Chemistry, University of Parma, 43100 Parma, Italy;

* Baker Laboratory of Chemistry, Cornel] University, Ithaca N. Y. 14853, USA.

Abstract.

Static and dynamic properties related to the internal configurational motions have been cal-
culated for the alkyl chains of phospholipid molecules in 2 membrane environment in the li-
quid crystal phase. The calculations have been performed for the chain 1 of 1,2-dipalmitoyl-
3-sn-phosphatidylcholine (DPPC), a typical constituent of phospholipid membranes. Under
the assumption of fixed bond lengths and bond angles, the internal dynamics of the chain
is described in terms of 15 dihedral angles. The time evolution of the angular variables is
assumed to be diffusional in character, and a master equation for transitions among the
stable corformers is constructed from the energetics and hydrodynamics of the chain. This
method is an extension to the time domain of the rotational isomeric state (RIS) approx-
imation, which has been widely used to compute static properties of the chains. After
calculation of the suitable correlation functions, effective rate constants relevant for spec-
troscopic and kinetic observables have been computed. The position dependence of the rate
constants along the chain has been examined with special reference to understanding the
effects resulting from cooperativity in the conformational transitions.

The theoretical predictions are useful to interpret quadrupole splittings in 2NMR

spectra and selective Ty, T, and T; experimental data.
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MOLECULAR DYNAMICS STUDIED BY MODERN ESR METHODS

Jack H. Freed
Baker Laboratory of Chemistry - Cornell University,Ithaca - New York
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RELAXATION OF HIGH-SPIN NUCLEI IN ANISOTROPIC SYSTEMS

Istvan Furé*, Bertil Halle , Per-Ola Quist and Tuck C. Wong#

Physical Chemistry 1, Chemical Center, University of Lund, Sweden
*now at Central Research Institute for Physics, Budapest, Hungary
#now at Dept of Chemistry, University of Missouri, Columbia, USA

A variety of diffusive processes in complex fluids, such as liquid crystals and
biological materials, occur on a time scale of nanoseconds or longer. Detailed
information about such motions is contained in the spectral density functions
determining the satellite linewidths in NMR spectra of quadrupolar I>1 nuclei,
e.g. 23Na (1=3/2), 170 (I=5/2), 43Ca (I=7/2). However, the satellites are usually
subject to severe inhomogeneity broadening, due to a small (and unavoidable)
residual orientational disorder or to temperature gradients. This problem can
be circumvented by performing a two-dimensional quadrupolar echo
(2D-QE} experiment, wherein the satellite amplitude is Fourier transformed
with respect to the pulse delay 7 in the QE sequence (m/2)x-7-(n/2)y-T-acq. The
resulting spectrum features a central line with the same width — but devoid of
inhomogeneity broadening - as the satellite from which it was derived.

The basic 2-D QE experiment , which probes the evolution of dipolar single-
quantum coherence (1QC), can be modified in several ways. If the initial (7/2)x
pulse is replaced by a suitable excitation sequence, one can monitor, instead, the
rank-(2I-1) 1QC and thus obtain a spectrum with fewer (or inverted) satellites.
This experiment can be used to reduce spectral overlap (in the case of small
splittings) and to separate signal contributions from isotropic and anisotropic
parts of a heterogeneous sample (since even-rank multipole magnetization cannot
be generated in isotropic systems). In another variation of the 2-D QE
experiment, we selectively refocus multiple-quantum coherence of order 21-1.
This experiment yields a tripiet spectrum with inverted satellites and enhanced
splitting. (For 1=5/2, one gets a -5:14:-5 triplet with a 6-fold increase of the
splitting). The central line is homogeneous and yields the same linear combina-
tion of spectral densities (with maximal weight for jg) as the «  2rmost satellite
in the coventional 1QC spectrum.

We have recently exploited the 2-D QE technique in a 23Na NMR study of the
counterions in the reversed hexagonal mesophase of the Aerosol OT-water-
isooctane system. This phase, consisting of very long aqueous cylinders hexa-
gonally embedded in the continuous oil medium, can be oriented in a magnetic
tield. From 2-D QE, 2-D spin echo and inversion recovery experiments at 2
different orientations, we could extract all the spectral densities that characterize
the relaxation behaviour in a system of this symmetry. In particular, the spectral
density function describing counterion diffusion around the cylindrical interface
was obtained at 3 frequencies from data at a single magnetic field. By varying the
cylinder radius, we could thus determine the lateral diffusion coefficient for
sodium ions near the charged interface.
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PROTEIN SIDE CHAINS AS IRON LIGANDS
Betty J. Gaffney

Department of Chemistry - Johns Hopkins University
Baltimore, Maryland 21218
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NMR STUDIES OF CALCIUM-ENTRY BLOCKERS. III. RELATIONSHIPS BETWEEN

THE RECEPTORS FOR CALCIUM ANTAGONIST AND FOR ENDOGENOUS ADENOSINE

E.Gaggelli, A.Lepri and E.Tiezzi

Dipartimento di Chimica, Universitd di Siena, Italia

Various physiological effects of adenosine seem to be mediated by
membrane-bound receptors coupled in inhibitory or stimulatory manner
to adenylate cyclase. However adenosine receptors coupled to other
effector systems, such as ion channels, may exist as well. In fact,
some of the actions of adenosine may not be mediated simply by effects
on adenylate cyclase and (ii) 1in some systems (e.g. 1in nerve
terminals) effects on adenylate cyclase are not likely to occurr.

The geneiral inhibitory effect of adenosine receptor agonists on
neurctransmitter release suggests that adenosine might be exerting its
effect in neurons via inhibition of calcium influx. Similarly, in
eliciting vasodilation, adenosine may act by interfering with calcium
entry and availability by a direct modulation of voltage dependent
fluxes.

At the ligand binding level calcium-entry blockers have specific
effects on both adenosine receptors and uptake sites, thus suggesting
that adenosine sites are selectively coupled with the calcium-
antagonist sites.

Here we present some evidence that the endogenous mediator
adenocsine affects binding of calcium-entry blcckers at the surface of
neutrophils as detected by enhancement of selective proton relaxation

rates.
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NMR STUDIES OF CALCIUM-ENTRY BLOCKERS. I. CONFORMATION OF

NIMODIPINE, DILTIAZEM AND VERAPAMIL IN POLAR AND APOLAR SOLVENTS
1 2
E.Gaggelli and A.Maccotta

1 .
Dipartimento di Chimica, Universitad di1 Siena,Ital:a

2
Istituto di Chimica, Universita Basilicata, I[talia

In the last tew years, the use of a group of drugs collectively
referred to "calc-um antagonists” or "calcium-entry blockers', has
been receiving growing attention. One of the most striking aspects of
these drugs 1s their chemical heterogeneity opposed to their common
action on voltage-dependent calcium channels.

The concentration differential between outer and inner cellular
compartments 1s maintained through regulation of calcium-entry to the
cell and the sequestering of free calcium within the cell into sarco-
plasmic reticulum and mitochondria, or by the binding of calcium to
the inner plasma membrane. Extensive research has indicated that
calcium-entry blockers principally interfere with the entry of calcium
into cells through voltage-sensitive channels,

In order to ascertain whether calcium antagonists belonging to
different chemical classes (n'modipine 1s a dihydropyridine, diltiazem
15 a benzothiazepine, verapamil 1s a aiphenylalkylamine! share common
conformational features 1n solution, 1H- and 13C—NMR relaxation data
has been obtained 1n polar and apolar solvents. In any case absence of
structuring was observed and all compounds were shown to be characte-

rized by high degrees of conformational flexibility.
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NMR STUDIES OF CALCIUM-ENTRY BLOCKERS. II. INTERACTION OF

NIMODIPINE AND DILTIAZEM WITH POLYMORPHONUCLEAR LEUKOCYTES

E.Gaggelli, N.Marchettini and E.Tiezzi

Dipartimento di Chimica, Universita di Siena,Italia

It is known that activation of polymorphonuclear leukocytes (PMN)
induced by particulate or soluble agents initiates a cascade of
biochemical events that are mediated by a rise of free intracellular
calcium and by an increase of the membrane permeability to calcium, It
has been in fact recognized that calcium-entry blocker drugs inhibit
aggregation, enzyme release and superoxide generation ‘from PMN
stimulated by formyl-methionyl-leucyl-phenylalanine or A23187. These
findings have supported the evidence that PMN represents a useful
sxperimental tool for investigating definite cellular functions and
identifying specific targets of pharmacological agents.

Here we present evidence that two calcium-entry blockers belon-
ging to different chemical classes (nimodipine is a dihydropyridine
whereas diltiazem is a benzothiazepine) are both specifically and
aspecifically binding to the surface of PMN in a manner that involves
aromatic moieties of both drugs. The evidence of aspecific hinding, as
detected by enhancement of selective proton NMR relaxation rates, can
Le considered as the first step in delineating the contformation of
boeund caleium-entry blockers, with the aim of characterizing the

d1tferent receptors for the different chemical classes,




STRUCTURAL INFORMATIONS ON METALLOPROTEINS
FROM ELECTRONIC SPIN-LATTICE RELAXATION EXPERIMENTS

Jean~Pierre GAYDA, Patrick BERTRAND, Bruno GUIGLIARELLI

Laboratoire d ‘Electronique des Milieux Condensés,unité associée CNRS,
Université de Provence, Centre St Jérome, 13397 Marseille, France

F Electronic resonance studies of the spin-lattice
relaxation have known an important development during the last
ten years in the domain concerning the biological electron-
transfer systems. This approach is used as a complement to the -

conventional EPR spectroscopy to bring informations on the
vibrations in the protein medium and on structural parameters
b which characterize the active sites.

The main applications concern i) the identification
and characterization of the different types of redox centers.
In our recent work on center X in Photosystem I from plants it
is seen how to take advantage of the differences in the
1. relaxation properties of the acceptors of PSI to improve the
accuracy of the measurement of the stoechiometry of these
centers, 1ii) the determination of spin-hamiltonian
parameters, such as fine structure constants or exchange
integrals in multinuclear redox centers, which can be simply
related in favorable cases to the temperature dependence of
the spin-lattice relaxation time, 1iii) the determination of
the relative position of the active sites. In this case
informations are deduced from the variations of the relaxation
properties which are induced by magnetic interactions with
fast relaxing neighbouring centers.

Different examples concerning heme and non-heme iron

proteins are given to illustrate these applications.

———
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INFLUENCE OF INTERNAL MOTIONS ON THE STRUCTURES DETERMINED BY
NOESY EXPERIMENTS.

Daniel GENEST - Centre de Biophysique Moléculaire - CNRS -

1A Avenue de la Recherche Scientifique - 45071 - Orléans
cedex 2 - France.

The dipolar cross relaxation rate (a;.) between 2 spins is
a linear combination of the Fourier transform of the
autocorrelation functions G, (t) = <Y21(0).Y21(t)/r3(0).r3(t)>

where Y, and r are the spherical harmonics and the modulus
of the vector joining i and j, respectively. Because of the
internal dynamics of biological mclecules in seolutien, V¥9,
and r are fluctuating functions and are generally correlated.

In the homonuclear NOESY experiment used for conformational
analysis, the interproton distances are obtained from the
eguality aij/akl = (rkl/ria) ThisSapproacg assuges that 1?—
Y“, and r afe independant 2)- 1/<r>° = <1/ (0).r (t)>. It is
obvious that in many cases such approximations lead to
erroneous distances.

In order to investigate the effects of the internal
dynamics on the distances deduced from NOESY, simulations of
motions have been performed for spin systems submitted to
restricted brownian motions. The equilibrium coordinates of
each proton are fixed so that the equilibrium distances <r;.>
are known for every proton pair. Time dependant brownian
fluctuations are simulated by MONTE CARLO techniques, and the
autocorrelation functions are computed. After Fourier
Transform, the different true a;; for the spin system are
obtained. One of the proton pairs with an imposed constant
distance r

ref is taken as reference. The value £’y =
rref(aref/aij)l/s is computed for the other couples” of
protons. It represents the distance that a NOESY experiment
would have given for such a spin system. rliﬁ can therefore

be compared to the actual <rij>.

The simulations have been applied to the system of spins
formed by aromatic protons of a hexanucleotide in the B-form.
The influence of the amplitudes of the motions and of the
internal rotational diffusion constants has been
investigated. It was found that, except for small amplitude
motions, the difference between r’i~ and <r;:> can be very
important, depending on motional parameters.
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NMRD of Gd(111) Macrocycles
$

C.F.G.C. Geraldes®, R.D. Brown 111°,W.P. CacherisSS.H. Koenig®,K.T. Kuan®, A.D.

$ $

Sherry” and M. Spiller

&
*Chemistry Department,University of Coimbra,3000 Coimbra,Portuga\;’lBM T.J. Watson
Research Center, Yorktown Heights, NY 10598, USA; §The University of Texas at Dallas,

P.0. Box 830688, Richardson,Tx.75083-0688,USA.

Gd(DTPA)Z- and the polyazamacrocyclic Gd(DOTA)  are paradigms of general purpose
paramagnetic complexes useful for enhancing contrast in MRI, It is of interest to de-
termine how one might modify the chemical structure of these chelates to improve their
utility for MRI in specific circumstances. We describe the results obtained on polyaza-

3+, comparing their NMRD profiles with those of

methylene phosphonate complexes of Gd
their carboxylate analogs and with Gd(DTPA)Z—. A new derivative of DOTA, DOTA-PA, with

a single acetate carboxyl group functionalized into a propylamide moiety was also syn=-
thesized. The chelate Gd{DOTA-PA) was studied, including its thermodynamic and kinetic
stability, its NMRD curve and a comparison with the profiles for Gd(DOTA) ™ and Gd(OTPA)?_

The curves were fitted to various relevant parameters and, in favorable cases,independent

results were obtained using luminescence, ESR and gel filtration techniques.
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Syntheses of Novel Covalently Linked Porphyrin Quinones
- EPR and ENDOR Characterization -

J. v. Gersdorff, M. Huber, H. Schubert, H.Kurreck
Institut fiir Organische Chemie, Freie Universitat Berlin, Takustr. 3

1000 Beriin 33, Deutschland

Biomimetic approaches to structure and function in photosynthesis
principally involve synthesis and physical characterization of
molecules designed to model energy and eilectron transfer
processes occurring in natural reaction centers. Thes§ model
compounds are preferentially composed of a porphyrin donor

covalently linked via a spacer to a quinone acceptor.

In this paper we report on the syntheses of three new porphyrin
quinones using different types of spacers. it is our aim to develop
synthetic strategies of general applicability allowing ready

modifications of the different fragments.

It is demonstrated that the interpretation of the hyperfine
coupling constants - previously obtained from ENDOR
measurements performed on the respective paramagnetic
derivatives - using advanced MO calculations (RHF-INDO/SP)
enables conclusions about geometrical arrangements and
electronic structures of the model compounds Knowledge of
these properties is & prerequisite tar a better understanding ot

the electron transfer processes occurring in these systems.
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Duplex DNA Structures by Complete Relaxation Matrix

NOESY -distance Restrained Molecular Dynamics.
Two-spin or Not Two Spin — That is the Question!

David G Gorenstein®, Carol B. Post, Robert P. Meadows, James T. Metz, Claude R. Jones, Edward
Nikonowitz, Robert Powers, and Vikram A. Roongla

Department of Chemistry
Purdue University
W. Lafayette, IN 47907

Until very recently interproton distances from NOESY experiments have been derived solely from the two-spin
approximation method. Unfortunately, it has been shown that even at short mixing times there is a significant
error in many of these distances. In order to avoid the approximation of the two-spin method we have written
a complete relaxation matrix program (MORASS: Multiple Overhauser Relaxation AnalysiS and Simulation)
which employs a matrix eigenvalue/eigenvector solution to the Bloch equations. Distances (from the rate matrix)
can be directly back-calculated from the experimental NOESY intensity matrix by merging of the theoretical
and experimental intensity matrices. A new structure is then calculated from the MORASS-derived distances
by NOESY-distance restrained, molecular dynamics (AMBER). The resulting partially refined structure is then
used in MORASS to caiculate an improved theoretical intensity matrix which is once again merged with the
experimental matrix. We have calculated the structures of a number of duplex oligonucleotides including 12-iner
d(CGCGAATTGCGC), extra-helical base 13-mer d(CGCAGAATTGCGC), and various base-pair mismatch 12-
mers d(CGXGAATTGX'GC) (X, X’ = G,A, T, C, dU) by this iterative refinement approach using combined
MORASS and restrained molecular dynamics calculations.

It is now widely appreciated that duplex DNA can exist in 2 number of different conformations. Significant con-
formational differences can exist globally along the entire double helix, or as local conformational heterogeneity
in the deoxyribose phosphate backbone in the form of sequence-specific variations. We compare the sequence-
specific variations in these oligonucleotides as determined by both the two-spin approximation and the merged
MORASS/AMBER approach of the duplexes. While the main features of the B DNA structure are observed in
these duplexes, most significantly, a number of sequence-specific variations in the conformation of the oligonu-
cleotides are reproduced by these NOESY-distance testrained calculations.

3P chemical shift and 3'P-'H coupling constant data also serves as an important probe of the conformation
and dynamics of nucleic acids, particularly the deoxyribose phosphate backbone, which is not well defined by the
'H/'H NOESY data. A major limitation in the use of 3! P NMR has been the difficulty in assigning the signals. A
2D 3P - 'H pure absorption phase, constant time NMR approach is shown to provide a staightforward, convenient
method for assigning the 3' P signals of even moderately sized oligonucleotide duplexes.

It has long been our hypothesis that the dispersion seen in the 3P chemical shifts in oligonucleatides are
attributable to sequence-specific changes in the deoxyribose phosphate backbone. This hypothesis is now tested
by the new 3!P assignment methodologies and a 'H/3' P 2-Dimensional J correlated experiment. J(H3™P) coupling
constants (and hence the ¢ (C4’-C3’-03'-P) torsional angles) have been measured for ten different oligonucleotides
at different temperatures. Correlations between these experimentally measured P-O and C-O torsional angles
show that these results are consistent with the hypothesis that sequence-specific variations in 3'P chemical shifts
are attributable to sequence-specific changes in the deoxyribose phosphate backbone. These backbone torsional
angles constraints may also be incorporated into the MORASS/AMBER NOESY distance-restrained molecular
dynamics calculations to accurately define both base-pair and backbone geometries.
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TWO-DIMENSIONAL SOLID STATE *°C EXCHANGE NMR

A. Hagemeyer, K. Schmidt-Rohr, H.W. Spiess
Max-Planck~Institut fiir Polymerforschung
Postfach 3148, D-6500 Mainz, FRG

Information about the dynamic evolution of systems undergoing
molecular reorientation is more directly obtained from the mixing-time
dependence of 2D NMR spectra rather than from conventional relaxation
methods: a 2D NMR exchange spectrum is identical to a two-time distribution
function, whereas their integrals represent the correlation functions
accessible through relaxation data. However, the validity of this
interpretation largely depends on the availability of purely absorptive
spectra and methods are described to obtain pure absorption mode 2D spectra
of static and of rotating samples (MAS).

2D exchange NMR studies on natural abundance '3C are presented for
polyoxymethylene (POM) and isotactic polypropylene (iPP)}, where large angle

jumps in the crystalline domains were detected.
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ESR STUDIES OF DEHYDROGENASES AND ATPases BY MEANS OF
SPIN-LABELED COENZYMES AND SUBSTRATES

D. Hartmann, P. Jakobs, H.E. Sauer and W.E. Trommer
Department of Chemistry, University of Kaiserslautern

B-deroxyacyl—CoA dehydrogenase (BHDH) catalyzes the

NAD -dependent oxidation of L-3-hydroxyacyl-CoA to the
correspending ketone in the B-oxidation of fatty acids. The
nucleotide moiety of CoA is not essential, shorter
substrates are highly active. The X-ray structure clearly
showed the NAD binding site but left the orientation of the
substrate in its binding pocket ambiguous (J.J. Birktoft et
al., 1987).

NAD derivatives spin-labeled at either N6 or C8 of the
adenine ring are highly active coenzymes (40-60 % V } and
yield strongly immobilized ESR spectra in complexes with the
enzyme. We have now prepared active spin-labeled substrate
analogs of acetoacetyl-CoAR comprising the complete CoA
moiety or structural components. Again, strongly immobilized
ESR spectra were observed. These spectra show dipolar
splitting between spin-labeled substrates bound to adjacent
sites in the dimeric enzyme and allow for elucidation of the
substrate's orientation in the binding pocket.

Photoaffinity spin-labeled derivatives of NAD* and ATP as
introduced by us proved to be useful orobes for ESR
investigations under conditions in which non-covalent
interactions are too weak for motionally restricted species
to be easily observed. 2-3zido-ATP and 8-azido-ATP have been
successfully enployed as photoaffinity reagents for various
ATPases. Because of its anti conformation the 2-azido
derivative is to be preferred. We have now synthesized a
spin-labeled analog (SL-2-azido-ATP) with the label being
attached to the ribose moiety.

Irradiation of SL-2-azido-ATP in complexes,with either
mitochondrial or bacterial 7 ATPase or Ca“‘ATPase from SR
resulted in its covalent incorporation. In case of FTATPase
from the thermophilic bacterium PS3 as many as four
eguivalents of SL-2-azido-ATP were covalently attached.

With Ca2+AT?ase two strongly immobilized spectral components
could be discerned in the ESR spectra indicative of two
distinct ATP binding sites. Similarly, different binding
sites were revealed in case of F,ATPases. These sites can be
attributed to catalytic and non-catalytic sites. In
addition, with non-covalently bonded SL-2-azido-ATP
spin-spin interaction between nucleotides bound to adjacent
sites were observed indicating distancies between these
sites of about 12 A.

Author to whom correspondence should be addressed:
Professor Dr. Wolfgang E. Trommer, Fachbereich Chenmie,

Universitdt Kaiserslautern, D-6750 Kaiserslautern
Phone: (49} 631-2052045
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Syntheses and EPR/ENDOR Studies of Novel Modified Flavin
Radicals

N. Henzel, N. Helle, S. Mauder, W. Sperber, F. Triimbach, H. Kurreck
Institut fir Organische Chemie, Freie Universitat Berfin, Takustr. 3

1000 Berlin 33, Deutschland

Flavoproteins form an important class «. enzymes found in almost
all biological redox reactions. Since they are known to mediate
between one and two electron transfer reactions paramagnetic

species are involved in some of the flavin activities.

In this paper we report on the syntheses of a variety of
isotopically labelied tlavins including lumiflavin, riboflavin, FMN,
and FAD. The paramagnetic derivatives of these compounds were
studied by means of EPR and ENDOR technigques in isotropic fluid
soluytions. Moreover, ENDOR spectra could be obtained in frozen
solutions of these radirais embedded within the pocket of
flavopcoteins {D-armno acid ~r.¢ase, riboilavin binding protein}. It
is demonstrated thai spraific deuteration enables unambiguous

assignments of ENDOR signats to niaolecular positions
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AN EVALUATION OF THE PROTON MAGNETIC RESONANCE TEST FOR CANCER
F.G. Herring, P.S. Phillips and P.H. Pritchard, Department of Chemistry,
University of British Columbia, Vancouver, B.C. V6T 1Y6

The line width of the proton magnetic resonance spectrum (MRS) of the
composite methylene and methyl resonances of plasma has been reported as a marker for
the presence of malignancy. In this study, the contribution of very low density
(VLDL), low density (LDL) and high density lipoproteins (HDL) to the MRS line width was
determined. This was achieved by measuring the MRS linewidths for the plasma from
patients with primary disorders of lipoprotein metabolism and from normal individuals.
A negative correlation between plasma trigylceride levels and the average linewidth was
observed and this was confirmed in normal plasma to vwhich pure VLDL was added. Also,
computer simulations were employed to demonstrate how the line width varies in such
complex mixtures of lipoproteins. We demonstrate that the line width is governed by
the relative contribution of VLDL and HDL to the composite line shape. This is partic-
ularly important when the shoulder from HDL line lies near the half-height of the VLDL
line. A changes in VLDL/HJDL ratio occur in patients with malignancy, we propose that
this is the basis of the narrowed MRS lines observed in the proposed test for malignan-
cy. However, any individual with elevated VLDL will be false positive in this test.
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13C NMR Reclaxation Time Studies of Cholesterol (B:167)
in_Dimyristoylphosphatidylcholine Vesicles

J Higinbotham*, R Husain* and H Beswick?
*Department of Physics and *Department of Biological Sciences
Napier Polytechnic of Edinburgh, 10 Colinton Road, Edinburgh EH10 5DT

Cholesterol has been shown by various techniques to regulate the fluidity of
membranes! and numerous studies have been performed on model membrane
systems containing cholesterol. Dimyristoylphosphatidyicholine (DMPC) was chosen
in this study as the main lipid component as DMPC has a Pg, (rippled bilayer
phase) to L, (liquid crystal bilayer phase) phase transition of 23.8 °C? which is
conveniently below the normal body temperature of 37 °C. The vesicle form
was studied in order to achieve sufficient sensitivity to enable the accurate
measurement of C NMR relaxation parameters. All samples contained 100 mg of
DMPC with 2.0 ml of TRIS-EDTA buffer and 0.5 ml of D,0 (as on NMR
deuterium lock) and the required amount of cholesterol. The vesicles were
created by sonication.

At a frequency of 30.56 MHz, '3C NMR spin-lattice relaxation time (T,) and
spin-spin relaxation time (T,) measurements have been performed on [4 - ()
cholesterol and [3 - 13C) cholesterol (97.9 atom % !'3C) in DMPC vesicles over the
concentration range 0 to 30 mol % and over the temperature range 28 to 50 °C.

The T, values of [4 - 13C] cholesterol in DMPC are consistent with those for
{4 - 13C] cholesterol in dipalmitoylphophatidylcholine (DPPC) vesicles previously
reported at the same frequency” For both the C; and C, carbon atoms, T,
increases with increasing temperature but decreases with increasing cholesterol
concentration. Within experimental error, T, is the samec for both the C; and C,
carbon atoms.

In contrast, for both the C; and C4 carbon atoms, T, is observed, within
experimental error, to be independent of cholesterol concentration and
temperature. For the C3 carbon atom, T, is 0.30 & 0.02 s whereas for the Cy
carbon atom it is 0.16 + 0.02 s. Thus, within experimental error, the T1 for the
C, carbon atom is twice that for the Cg4 carbon atom. This is to be expected
since the steroid ring of the cholesterol behaves as a rigid structure and the
rclaxation rate is, to a good approximation, proportional to the number of
directly bonded H atoms adjacent to the carbon atom.*

The C,, mecthyl peak of cholesterol at 17.37 ppm with respect to
Tctramethylsilane (TMS), was observed, even though the cholesterol was not
cnriched at this site. The associated value of T, was long. (approximately 0.1 s)
as a consequence of the rapid reorientation of the methyl group.

In contrast to previous workers,® we have not detected a shift (deshielding)
of the carbonyl resonance with incrcasing cholesterol content.  This sheds doubt
on the popular mode! in which there is hydrogen bonding between the OH group
of cholesterol and the carbonyl groups of DMPC.
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ELECTRON SPIN ECHOES IN ZERO MAGNETIC FIELD
A. J. Hoff

Department of Biophysics Huygens Laboratory of the state University
Leiden - the Netherlands
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EPR OF RADICAL PAIRS IN THE PRIMARY STEPS OF PHOTOSYNTHESIS
P.J. Hore

Physical Chemistry Laboratory,
Oxford University, Oxford, U.K.

Chemical reactions often result in electronically, vibrationally or rotationally
excited molecules. It is less well known that chemical reactions in magnetic fields often
produce paramagnetic species in non—equilibrium electron spin states, that is to say with
spin alignments that differ from the Boltzmann distribution at the ambient temperature

1,2). These effects go by the name of chemically induced dynamic electron polarization
£CI EP) or, more simply, electron spin polarization (ESP). EPR intensities of polarized
species may be enhanced by up to two orders of magnitude with individual resonances
appearing in absorption or emission depending on the sense of the polarized population
difference.

ESP of free radicals in liquids is well understood and is a sensitive probe of a variety
of processes including photophysics and photochemistry, molecular motion, the interactions
within and between molecules, chemical kinetics and electron spin relaxation. However,
initial attempts to interpret the polarized EPR spectra of photosynthetic systems using
existing theories of ESP were largely unsuccessful (3—5). In liquids, radicals formed in
pairs normalily separate rapidly so that EPR detects isolated, non—interacting free radicals.
In photosynthetic organisms, by contrast, translational motion is restricted enabling EPR
spectra of radical pairs with appreciable electron—electron exchange and/or dipolar
interactions to be observed. Rapid formation of such radical pairs in spin—correlated
states gives rise to strongly polarized EPR spectra (6,7). Similar effects have also been
?bse)rved in viscous liquids and in micellar solutions where translational motion is hindered

8,9).

The theory of ESP in radical pairs and its origin in photosynthetic reactions will be
outlined. The interpretation of these effects to give structural information on the primary
steps of photosynthesis will be discussed.
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"Nitrosyl-hemoglobin: EPR- and ENDOR-studies of heme-globin interactions
in single crystals and frozen solutions of myoglobin and hemogiobin and
of hybrids”.

Jiirgen Hiittermann, Reinhard Kappl, André Kreiter and Frank Kleber

Fachrichtung Biophysik und Physikalische Grundlagen der Medizin,
Universitit des Saarlandes, 6650 Homburg/Saar, FRG

Nitrosyl-hemoglobin (HbNO) is a paramagnetic mode! for probing the mole-
cular basis of the reversible, cooperative oxygen binding in hemoglobin. HbNO
undergoes quaternary structural changes detectable by Electron-spin resonance
(ESR) spectroscopy which can be related to the R {-~> T transition in the
quaternary switch of the oxygen affinity of hemoglobin. Consequently, the
model has attracted considerable interest. Several ESR-studies over the past
years have adressed some basic aspects like the stereochemistry of the NO-
figand binding and the spin-density distribution in the Fe~-NO complex. We
have applied, in addition, the electron-nuclear-double resonance (ENDOR)
spectroscopy which expands, due to its increased spectral resolution, greatly
the potential detail of information concerning the interaction of protons and
nitrogens of the porphyrin core and of the proximal and distal amino acid
residues with the Fe-NO complex. Combining single crystal ESR-ENDOR of
myo- and hemogiobin, the isolated a- and B-subunits and ligand hybrids
(aNOBX) and (xXBNO) in R- and T-states we can arrive at a fairly concise
picture of the interplay between the heme-groups and the globin chains in
both quaternary as well as in intermediate states. In this lecture we empha-
size the relation between single-crystal and powder-ENDOR patterns, present
powder-simulation routines and give a detailed account on hybrid hemoglobin

in the frozen solution state.
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ELECTRON PARAMAGNETIC ROTARY RESONANCE
James S. Hyde?, P. B. Sczaniecki®®, and W. Froncisz®<

* National Biomedical ESR Center, Department of Radiology, Medical College of Wisconsin,
Milwaukee, WI 53226

® Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Pofand

¢ Department of Biophysics, Institute of Molecular Biology, Jagiellonian University, Krakow, Poland

Numerous authors have discussed the influence on the transverse magnetization of two
radiofrequency waves simultaneously incident on a single NMR transition. Chiarini et al* have
considered the effect of two coherent resonant microwave frequencies on the z-component of
magnetization in an EPR context. We have found no citations where the effects of two coherent
resonant microwave frequencies on the transverse EPR magnetization have been considered. Nor do
there appear to be reports where the displayed double resonance NMR signal was the output of a
phase sensitive detector (PSD) operating at the difference of two coherent frequencies {or a harmonic
of the difference). This experiment has been set up at X-band. A single sideband modulator (SSM)
produces a 100 kHz sideband of comparable intensity to that of the carrier. Both sideband and
carrier are incident on the sample. Detection is at the carrier frequency followed by a PSD at 100
kHz. Strong signals comparable to ordinary field modulation EPR spectra have been seen in numerous
systems. Line shapes change from dispersion-like to absorption-like as the reference phase of the
PSD is varied and also as the microwave reference phase is varied. Microwave power saturation is
not a requirement for observation of the effect. Because pure absorption signals are detected with
reasonably good baselines, this approach may be a practical alternative to field modulation.

1. F. Chiarini, M. Martinelli, L. Pardi, and S. Santucci, Phys. Rev. B. 12, 847 (1975).
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THE GIBBERELLIC ACID: A NUCLEAR MAGNETIC RELAXATION STUDY OF A PLANT HORMON.

S.IEX, A.LEPRI, N.MARCHETTINI, C.ROSSI, E.TIEZZI AND Y.YANG.
Department of Chemistry University of Siena, Pian dei Mantellini 44, 53100

SIENA, Italy.

) A full understanding of the role of plant hormons in determining biological

events in plants is not obtained yet. Moreover it was not completely
elucidated the main functional activity of the five plant hormon groups
known, i.e. auxins, gibberellins, cytokinins, abscisic acid and ethylene.

The aim of this work is the analysis of the structure of a class of plant
hormons: the gibberellins. Our attention was focused by the gibberellic acid
(GA3) one of the most rappresentative molecule of this class of hormons.

The elucidation of the structure of the gibberellic acid in solution was
obtained by nuclear magnetic relaxation experiments. In particular selective
relaxation techniques were used for the analysis of homonuclear dipolar
connectivities (selective and biselective proton spin-lattice relaxation
experiments) and carbon spin-lattice relaxation rates for the investigation
of dynamical properties. On the basis of these experimental methods the
accurate determination of selected i-j internuclear distances and hence the
delineation of a preferred solution structure was posible. The combination
of NMR experimental results and molecular mechanics calculation allowed a
further refinement of the conformation of the Gibberillic Acid. This
combined approach revealed great potential applications in the determination

of detailed structures of biomolecules in solution.
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Some aspects of biomolecular structure determination using
2D and 3D NMR

R. Kaptein, R. Boelens, G.W, Vuister and T.M.G. Koning,
Department of Chemistry, University of Utrecht, Padualaan 8,
3584 CH Utrecht, The Netherlands.

For the structure determination of small biomolecules such as proteins and nucleic
acids NMR spectroscopy now provides a realistic alternative to X-ray crystallography.
NMR structures are primarily based on proton-proton distance constraints obtained
from NOE's. Therefore, the range of structures and their accuracy depend critically on
how many NOE's can be resolved and how accurate the distance constraints can be
determined.

We have looked at both aspects of the structure determination by NMR. First, the
resolution can be greatly improved by using 3D NMR methods. In particular, for the
resonance assignment step, which is still the bottle-neck is studies of proteins, the non-
selective 'H 3D-NOE-HOHAHA experiment appears to be very useful. Assignment
strategies based on this experiment will be discussed.

Secondly, the determination of distance constraints can be improved by taking into
account the effects of indirect magnetization transfer (spin-diffusion) in the analysis of
NOE's. For this purpose we have developed an jterative relaxation matrix approach
(IRMA). The procedure has good convergence properties for both the distance
constraints and the resulting structures.

It is also relatively straightforward to include dynamic processes such as aromatic
ring flip and methyl group rotation in the IRMA procedure. Applications of these
methods to DNA binding proteins (lac, lexA and Arc repressor) and protein-DNA
complexes will be presented.
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COMPLETE RELAXATION MATRIX ANALYSIS OF 2D NOE SPECTRA FOR REFINE-
MENT OF PROTEIN AND DNA STRUCTURES IN SOLUTION D.J. Kerwood, M. Gochin,
B.A. Borgias, and T.L. James, Department of Pharmaceutical Chemistry, University of Califomnia,
San Francisco, CA 94143 USA

A vast array of specialized 2D NMR experiments is now almost routinely used for spec-
trum assignment and structural characicrization of nucleic acids and proteins. Here we will princi-
pally cxamine the use of thc homonuclcar 2D NOE cxperiment; it has potential for providing
numerous interproton distances. Use of 2D NOE spectra for determination of modest-sized (20000
daltons) macromolecular structures is becoming widespread. While much success has been
achicved using this technique to provide distance constraints for distance geometry or molecular
dynamics calculations leading to structurcs, there are certain limitations and precautions that are not
always appreciated. Refincment of prolcin structures via x-ray crystallography improved substan-
tially with the devclopment of programs for structurc optimization dircctly against the primary dif-
fraction data rather than against a derived quantity, the clectron-density distribution. Likewise, it is
possible to improve solution structures by refining against the 2D NOE spectral intensities directly.

Problems addressed with DNA and with protcin structure studics are often of a different nature.
Usually we arc intcrested in fairly subtle structurat changes in the DNA helix which are sequence-
dependent. These subtle vartations demand accurate distance determinations. But one can probably
definc a protein tertiary structure with moderate accuracy using distance gecometry or restrained
molecular dynamics calculations without accurately determining interproton distances: a qualitative
assessment of distances is sufficient for calculation of a modestly high-resolution protein structure
in solution. But, in protcins possessing less common structural features, it may be especially valu-
able to have morc accurate interproton distances for usc with the computational techniques. And,
even more importantly, we will want better defined structures at ligand binding sites. Use of a com-
plete relaxation matrix approach’? (CORMA) 10 ascertain interproton distances from 2D NOE peak
intensitics offers the opportunity of detcrmining protein solution structure with greater accuracy and
resolution®, There arc diffcrent methods of analyzing 2D NOE spectra for intemuclear distance and
structural information. The most effective techniques employ iterative refinement against experi-
mental 2D NOE spectra, utilizing our program CORMA 10 calculate theoretical spectra of the
molccular structurcs during refinement, in coneent with molecular mechanics, molecular dynamics
or distancc gcometry calculations. Wc have developed a program COMATOSE (complete matrix
analysis forsion optimized structure) for refinement of structures by minimizing the crror between
the calculated and experimental 2D NOE spectra®. Expericnce with COMATOSE to refine experi-
mental data has revealed that it Ieads to intcrproton distances in better agreement with experimental
2D NOE spectra than do the best “manualty” manipulated models, As COMATOSE exhibits the
familiar focal minimum problem, we have subsequently writticn a program MARDIGRAS (matnix
analysis of rclaxation for disceming geomelry of an aqueous structure) which also iteratively fits
theorctical and cxperimental 2D NOE spectra. Work so far indicates that MARDIGRAS is robust
and displays negligible dependence on the initia’ 1odel.

1.).W. Keepers and T.L. James, .J. Magn. Reson. §7, 404 (1984).
2.G.B. Young and T.L. Jamcs, /. Am. Chem. Soc. 106, 7986 (1984).
3. B. Borgias and T.L. Jamcs, J. Magn. Reson. 79, 493 (1988).
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ELECTRON SPIN-ECHO STUDIES OF STEARIC ACID NITROXIDE PROBES IN
VESICLES AND MICELLES: RELATION TO INTERFACE HYDRATION AND
ALKYL CHAIN CONFORMATIONS

Larry Kevan, Piero Baglioni' and Thomas Hift

Department of Chemistry, University of Houston
Houston, Texas 77204-5641 USA

Electron spin-echo studies have been carried out for a series of doxy!-
stearic acid spin probes (x-DSA where x= 57,10,12 and 16) in rapidly frozen
vesicular and micellar solutions. Normalized deuterium modulation due to inter-
actions of the unpaired electron on the nitroxide groups with deuteriums in water
at the surfactant assembly interface or with deuteriums in specifically deuterated
surfactants have been measured as a function of x.

In dodecylsulfate anionic micelles it is found that the counterion affects
the conformation of the surfactant alkyl chains. With sodium counterion the sur-
factant chains are relatively extended but with lithium and tetramethylammonium
counterions the surfactant chains are more disordered with some bent and U-
shaped conformations. In nonionic micelies composed of polyethylene oxide sur-
factants the nitroxide probes are mainly located in the ethylene oxide region. The
results show no water penetration into the alkyl core of the micelle and rela-
tively littlte water penetration into the ethylene oxide region. it is estimated that
only 1-2 ethylene oxide groups out of 6 -8 are hydrated. In anionic micelles
water also does not penetrate significantly into the alkyl region and the
counterion contrals the degree of water penetration into the headgroup region.

In vesicle systems dimethylammonium headgroups are more hydrated
than choline headgroups when comparing zwitterionic phospholipid vesicles and
cationic dioctadecyldimethylammonium chioride (DODAC) vesicles. The alky!
chains show a greater tendency for bending in DODAC vesicles compared to
phospholipid vesicles. Addition of cholesterol to phospholipid vesicles increases
the degree of interface hydration. This is analogous to the effect of n-butanol

on sodium dodecylsulfate micelles.

“Permanent address: University of Udine, 33100 Udine, ltaly
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Reconstruction of the relaxation matrix and structure determination.

P. Koehl & J.F. Lefevre. IBMC, 15 rue Descartes, 67084 Strasbourg Cedex. France

Three major stumbling blocks are encountered during the structure determination of
macromolecules by NMR:
- the spin diffusion
- the internal motion
- the fact that, due to overlaping, all Overhauser effects (NOE) between
protons can not be quantitatively resolved, even in 2D experiments.

Not taking into account the two first problems leads to wrong calculated distances. This
becomes really crucial when there is no folding of the molecular chain, which would provide
constraining contacts between remote residues in the sequence. This is the case of nucleic
acids, which represent a real challenge in the field of structure d=termination , or of small
peptides. Here, the distances are to be estimated between protons of neighbouring residues. To
be usefull, these distances must be calculated accurately.

To include all pathways of magnetisation tranfer, one should use the complete set of
Bloch equations for the longitudinal magnetisation, which can be written under the following
vectorial form:

dM/dt=-T (M-Mo) n
where M is the vector of all longitudinal magnetisation of all interacting protons, (M-Mo) is the

vector formed by the differences between magnetisations at time t and at equilibrium, and T" is
the relaxation matrix:

-
rpl c12 o13
o2l p2 o023
r = 631 032 p3
L~ .
Equation (1) directly transforms in:
dN/dt=-T'N @
where N is the NOE matrix. Integrating the equation (2), in the case of 2D experiment gives:
(N) = exp (-I".tm)(No) ‘ 3)

where tm is the mixing time and No is the NOE matrix for tm = 0.
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This provides directly the relaxation matrix:

I" = -(1 / tm)(In No-1.N) 4

This method in fact takes in account the spin diffusion, but it implies the knowledge of
the full NOE matrix. This ideal case is hardly encountered for macromolecules.

We propose a method to reconstruct the relaxation matrix from an incomplete set of
NOE:s. The goal is to determine the relaxation matrix which minimise the difference (the X2)
between the calculated NOEs (using eq. 3) and their experimental values. The method is based
on the fact that we know the analytical expression of the X2 with respect to the relaxation rate
constants. This allows us to apply a non linear least square minimisation procedure without
resorting to any type of modelisation. At this stage, no hypothesis on the internal motion is
necessary.

We have applied this method to the oligonucleotide d(CGTACG);. The cross relaxatiorn
rates obtained between protons separated by a fixed distance (H6-HS of cytosines, H2'-H2"
and H1'-H2" in sugars) give a direct measurement of the apparent correlation times in different
part of the molecule. As expected, internal motion is observed in sugars. However, the
correlation times observed for the motion of the H2-H2" vectors vary all along the sequence,
while those observed for H1'-H2" are constant and smaller than the former. These
observations allow a modelisation of the internal motions, and the correct interpretation of
other cross relaxation rates in term of averaged distances. The structure of the oligonucleotide
derived from this analysis will be presented.

54bis



PROTEIN-PROTEIN INTERACTIONS, CONFORMATIONAL CHANGE,
AND THE PHASE TRANSITION IN EYE LENS PROTEINS.

S. H. Koenig, C. F. Beaulieu, J. I Clark, R. D. Brown III, and M. Spiller,

IBM T. J. Watson Research Center, Yorktown Heights, NY and Department of
Biological Structure, University of Washington, Seattle, WA.

Diamagnetic solute protein in water induces a magnetic field dependence
of the magnetic relaxation rate 1/T, of water protons, known as an NMRD
profile. From analyses of the profiles of solutions of yp-crystallins (the
smallest but best studied of the eye lens proteins) obtained from calf lens, we
found that monomers oligomerize reversibly at relatively low concentrations:
a ~30-fold increase in mean solute size is observed on going from 3% protein
at 35°C to 16% protein at —4°C. At higher concentration, above ~16% by
volume, much of the protein undergoes a change in tertiary conformation: the
monomeric units reconfigure rather abruptly, increasing the interaction of
protein NH groups with solvent, as evidenced by the onset of “!*N peaks” in
the NMRD profiles. These arise from cross-relaxation between solvent pro-
tons and NH protons of crystallin amino acid residues. The peaks for
y-crystallin, comparable in magnitude to those reported previously for calf
lens nuclear homogenates, are an order of magnitude greater than those ob-
served in other tissues, and are not observed in solutions of other proteins, e.g.
hemoglobin and myoglobin, at similar concentrations. Ia addition, judged
from the variation of the monotonic part of the NMRD profiles, the tertiary
structure appears to reorganize into an extended and open polymeric network,
consistent with the appearance of NH peaks, and in a manner that may be
unique to crystallins. We have followed these effects through the phase sepa-
ration and {ind, as anticipated, few changes in the NMRD profiles: the method
is insensitive to long range density fluctuations. Finally, we speculate on the
evolutionary pressures that led to these properties.

2/20/89, For San Miniato, 5/89.
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ESR study of hydration, unsaturation and curvature effects on slow
tumbling dynamics of lipid bilayers.

L. Korstanje, Y. levine ard E. van Faassen
Dept. of Molecular Biophysics
Utrecht State University, The Netherlands

Abstract

The local anisotropy and molecular motion in lipid bilayers not
only depend on intrinsic properties such as hydration, temperature or
chemical camposition, but on the geometrical packing configuration of
the system as well. Consequently, the question of consistency of
experimental results from different oconfigurations has to be
addressed.

We therefore compared ESR experiments on Cholestane spin labeled
phospholipid systems in planar bilayer, 1liposome and vesicle
configurations. The spectral similations were based on the Stochastic
Licuville Equation for slow molecular tumbling. A subtraction method
considerably reduced the camputational effort for the angle averaging
required for vesicle and liposame spectra.

The various configurations are characterized by different
macroscopic geametry, headgroup hydration and surface curvature.
Taking these aspects into account, the experimental results are
indeed mutually consistent, with the proviso that the planar bilayer
configuration affords higher sensitivity with respect to details of
the spectral lineshape.

¥While microscopic orientational order and tumbling motion are
inversely correlated under hydration ard temperature variations,
changes in surface curvature and lipid unsaturation turn out to have
clear effect on the orientational order only. This demonstrates that
molecular order and reorientational dynamics are not necessarily
correlated as is implied by the common concept of membrane fluidity.
The work is currently being extended to lipid systems in hexagonal
configurations.
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Abstract for Chianti III

NMR RELAXATION AND MOLECULAR DYNAMICS SIMULATIONS FOR
BINARY LIQUID SYSTEMS

J. Kowalewski, H. Kovacs, A. Laaksonen, and A. Maliniak

Division of Physical Chemistry, Arrhenius Laboratory,
University of Stockholm, §—106 91 Stockholm, SWEDEN.

The dynamics of molecular motions in binary systems of small molecules in solution is
investigated using the nuclear spin relaxation measurements and molecular dynamics
simulations.

Results are presented for two types of systems. First, we consider solutions of
quinuclidine. According to the NMR data, quinuclidine reorients isotropically in
non—interacting media, while the rotation becomes strongly anisotropic in hydrogen—
bonding solvents. Benzene holds an intermediate position. The large—scale molecular
dynamics simulations were performed for quinuclidine solutions in benzene and in water.
1t is demonstrated how the interplay between experiments and simulations can provide a
fairly detailed picture of the dynamic effects of intermolecular forces.

The second category of systems are mixtures of acetonitrile and chloroform. The
experimentally observed variation of reorientational correlation times for the symmetry
axes of the symmetric tops with the mixture composition can be explained in a
qualitative way in terms of intermolecular forces in the system. The multinuclear
relaxation studies also permit a critical evaluation of models for rotational diffusion. MD
simulations are shown to be a valuable complement to the experiments.
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ORIENTATION AND MOTION IN POLYMERIC MESOPHASES: NON-
LINEAR ESR SPECTROSCOPY STUDIES L.Andreozzi, M.Giordano,
D.Leporini. M.Martinelli, L.Pardi, Dipartimento di Fisica, P. Torricelli 2
1-56100 Pisa, ITALY

Recently, a growing interest has been devoted to polymers and
polymeric mesophases. Both spatial cooperative order and molecular
dynamics of this wide class of materials are currently investigated.
However, the role of the usual ESR spectroscopy/ spin probe
technique has been severely hindered by: i} a marked decrease of the
spectral sensitivity to the details of the probe dynamics when the
microviscosity falls in the typical range of polymers, ii) the
inhomogeneous broadening of the lines, blurring the very contribution
of interest originated by the motion of the probe. Multiple irradiation
CW schemes sensitive to longitudinal relaxation processes more than
to transverse ones have been designed by the authors in an attempt to
overcome the above drawbacks. We have applied these techniques to
study both static and dynamical properties of selected mesomorphic
polymers. We present some novel results proving that longitudinal
relaxation processes are effectively affected by microdynamics. We
have observed meaningful variations of the linewidth at different
temperatures. Furthermore, we have proven that the linewidth
changes naticeably depending on the particular group of irradiated
spin-packets. This feature suggests a useful display of the results via
contour plots whose properties will be outlined.
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CONFORMATIONAL PROPERTIES OF SOME SELECTIVE B-ADRENERGIC DRUGS IN

1 13
POLAR SOLVENTS AS OBTAINED BY H- AND  C~NMR RELAXATION STUDIES
1 1 . 1 o2
A.Lepri , N.Marchettini , E.Tiezzi and G.Valensin

Dipartimento di Chimica, Universitd di Siena, Italia

2
Istituto di Chimica, Universita Basilicata, Italia

It is known that the nature of the substituent at the amino group
of # -hydroxyphenetylamines determines @{ - or B-adrenergic activity,
whereas the type and position of substituents at the aromatic ring
determine the agonist or antagonist character of the drug.

With the aim of delineating the conformational features that
trigger the QB-adrenergic activity, we have considered both
isoproterenol and dichloroisoproterenol that are a B-agonist and a
B-antagonist respectively and we have determined the conformational
dynamics in pelar solvents by thoroughly interpreting 1H— and 13C—NMR
relaxation rates and scalar couplings. It has been apparent that the
dichloro-derivative 1s characterized by a more gpronounced degree of
conformational flexibility.

Finally we have considered a class of recently synthesized drugs
M-isopropyl-N-{3-14{a-alkyloxybenzoylaminoiphenoxy | -2~hyaroxypropyl |
ammoniun derivatives)  that  display  strong Bl—blook)mz adrenerpic
activ.ty without appreciably affecting i -adrenergic receptors. 1t has
been shown  thiat, 16 this case, extensive intramoleculnr H-bonding
rnctwork yields a 'proterred’ conformation in solution, thus proventing

sepmental motion alonp the quaternary anmonium sidecharn.
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Studies of the structure of cubic lyotropic liquid
crystalline phases.

Goran Lindblom
Department of Physical Chemistry
University of Umed
S5-901 87 Umed
SWEDEN

Several lyotropic liquid crystalline phases with cubic symmetry
have been observed both in surfactant/water and in membrane
lipid/water systems. In phase diagrams determined for micelle-
forming amphiphiles, as for example simple soaps, cubic phases can
be found at different concentrations between any of the well-
known micellar, normal hexagonal (Hj), lamellar, inverted hexagonal
(Hi1), and inverted micellar phases. For the swelling membrane
lipids (generally not forming micelles) cubic phases may form at
low water content and high temperature or may in some cases even
be in equilibrium with a water solution. These lyotropic liquid
crystals exhibit, like the lamellar and hexagonal phases, long range
order but have disordered acyl chains. The aggregates formed by
the amphiphilic molecules are located in a cubic three-dimensional
lattice and quite many different cubic structures are known. Several
physical methods are needed for an unambiguous determination of
the various cubic phase structures and NMR has shown to be a very
useful technique in many respects. In particular the NMR diffusion
method is of great importance here but also the determination of T
and T, relaxation times and line shape analysis. Often also changes
(studied by NMR) in the structure of the phases in equilibrium with
the cubic phase can give an indication on the structure of the cubic
phase.

References

Lindblom, G. et al., J. Am. Chem. Soc. /0], 5465. 1979

Eriksson, P.Q., Lindblom, G. and Arvidson, G., J. Phys. Chem. 89,
1050, 1985.

Eriksson, P.O., Lindblom, G. and Arvidson,G., ibid, 91, 846, 1987,
Lindblom, G. and Rilfors, L., Biochim. Biophys. Acta, (Biomembrane
Review), in press.
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COMPUTER MODELLING OF THE STRUCTURE AND DYNAMICS OF
LIQUID CRYSTALS

by G. R. Luckhurst
Department of Chemistry
The University
Southampton SO9 SNH
England

The characterisation of structured fluids, such as liquid crystals, relies necessarily on the
application of a wide range of techniques. However, it can be argued that NMR
spectroscopy plays a particularly important role because of the wealth of information which
it can provide. Thus for liquid crystals the transition frequencies are related to the long
range orientational order while the spin relaxation times depend on both the order and
the molecular dynamics [1]. In addition, because NMR is site specific, this information
can be obtained for the numerous rigid sub-units which constitute the molecules of a
typical liquid crystal. The many ingenious developments of the technique have also
facilitated the experimental determination of such information, especially for quite complex
molecular structures associated with liquid crystal formation.

An understanding of this detailed information, both static and dynamic, undoubtably
benefits from a theoretical framework with which to describe the molecular behaviour of
liquid crystals. The molecular field theory of nematics produced by Maier and Saupe and
its evolution to mixtures, smectics and systems of biaxial as well as flexible molecules has
been particularly important in understanding the orientational order in liquid crystals [2]).
In addition the orientational dynamics, as described by the diffusion theory developed by
Nordio and his colleagues has been invaluable in understanding a range of experimental
results {2]. Despite the success of such analytic theories their applications are not without
their problems, in particular the major approximations on which the theories are
necessarily founded.

These difficulties can be overcome with the use of the Monte Carlo and molecular
dynamics techniques of computer simulation, since these give essentially exact results for
the behaviour of a collection of particles interacting with a given intermolecular potential
[2). The challenge in such an approach is to design pair potentials which mimic those of
real liquid crystals and yet can still be investigated with the computational resources
available. The first attempt to simulate the behaviour of a nematic was by Lebwohl and
Lasher who employed a lattice model with particles interacting via a soft anisotropic
potential [3]. Despite its simplicity this modei was found to possess properties surprisingly
close to those of real nematogens. Nonetheless the molecular interactions are far removed
from those of real systems and in recent years more realistic potential models have been
developed [4]. The most recent of these was proposed by Gay and Berne (5] based on
their previous gaussian overlap model for rigid, cylindrically symmetric particles.  The
model has been studied using the molecular dynamics method [6] and found to possess
three liquid crystal phases, nematic, smectic A and smectic B, as well as the isotropic
liquid and crystalline phases. The occurrence of this relatively rich phase behaviour
promises to make the Gay-Berne model mesogen especially valuable in understanding the
properties of real liquid crystals. The structure of the phases are being characterised via
orientational and translational order parameters as well as singlet distribution functions and
pair correlation coefficients. In addition the molecular dynamics in the various phases arc
being determined via a selection of time dependent correlation functions.
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Contribution to the theory of CIDNP in viscous and micellar
solutions

K. Liders!'), X.M. Salikhglz)

1) Physical Department, Karl Marx University, Leipzig, GDR
2) Zavoiskii Physical-Technical Institute of the USSR Acad-
emy of Sciences, Kazan, USSR

CIDNP is considered to be a phenomenon that offers
promising possibilities of insight into spin and molecular
and chemical dynamics of radical pairs (RP). Former experi-
ments and theories in this field usually refer to non-vis-
cous solutions. In such systems, any anisotropic interac-
tions are averaged to zero with a high efficiency such that
spin dynamics are determined mostly by the isotropic part of
Zeeman (isotropic g-values of radicals) and isotropic hyper-
fine interactions.

Properties of molecular dynamics, like reencounters of
RP partners and characteristic life-time of RP's, turned out
to be very important for CIDNP. Currently, there is much
more interest rather to study viscous systems, systems with
restricted diffusion of radicals like micellae etec.

We present some results of our theoretical analysis of
how viscosity influences CIDNP, especially the magnetic
field dependence of CICNP, and how anisotropic parts of
Zeeman and hyperfine interactions can contribute to CIDNP in
homogeneous and micellar solutions.

When the viscosity increases, then a maximum of the
curve describing the CIDNP field dependence, can shift or the
whole curve can become narrower, The contribution of aniso-
tropic interactions to CIDNP depends on the degree of corre-
lation of the thermal motion of the two partners in RP's.
When their diffusion can be considered as being completely
independent, one can interpret one effect of anisotropic
interactions on CIDNP in terms of hyperfine component de-
pendent rates of paramagnetic relaxation. This limit - re-
laxation mechanisms in CIDNP - was studied in more detail.

For the case of short-lived RP's, we generalized CIDNP
phase rules (Kaptein rules) including anisotropic interac-
tions alongside with isotropic ones. We also formulated scme
criteria for situations where isotropic or anisotropic
contributions to CIDNP prevaill.
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DEUTERITUM NMR 2D EXCHANGE SPECTROSCOPY OF SOLUTES DISSOLVED IN LIQUID CRYSTALS

Z, Luz
The Weizmarn Institute of Science, 76 100 Rehovot, Israel

As in normal (isotropic) solvents it is also feasible to perform dynamic NVR
studies of solute molecules dissolved in liquid crystalline (anisotropic) sol-
vents. In certain cases liquid crystalline solvents may even be favarable to nor-
mal liquids, particularly when using deuterium NMR of deuterated solutes(l). We
have recently extended these deuterium dynamic NMR studies to the 2D regime(2).
Two dimensional exchange spectroscopy was first introduced by Jeener, Ernst and
coworkers to spin I=1/2 nuclei in isotropic liquids(3) and subsequently by Spiess
et al. to detuerium (I=1) in solids and polymers(4). Here we demonstrate the ap-
plication of this method to several solute molecules dissolved in liquid crystals,
including bullvalene(I), cis-decalin(II) and a muber of saturated six-membered
rings, e.g. s-trioxane(IIl).

% =1y

It

The main advantage of the 2D exchange method in liquid crystalline solution is in
the extreme slow exchange limit where the reaction rate is too slow to affect the
spectral lineshape. Under suitable experimental conditions the reaction rate and
pathway, as well as the relative signs of the quadrupole interactions of the ex-~
changing deuterons can be determined from the positions and intensities of the
cross-peaks in the 2D-exchange spectra. In the case of bullvalene(5) a succession
of cross-peaks appear as function of the mixing time according to whether they
correspond to directly connected sites in the exchange scheme or indirectly via
e or several intermediate steps.

1. Z. Luz, in "Nuclear Magnetic Resonance of Liquid Crystals", J.W. BEmsley ed., D
Reidel Publishing Company (1985) pp. 315.

2, C. Boeffel, Z. Luz, R. Poupko and A.J. Vega, Isr. J. Chem. (in press).

3. J. Jeener, B.H. Meier, P. Bachman and R.R. Ernst, J. Chem. Phys. 71, 4546
71979); B.H. Meier and R. R. Ernst, J. Am. Chem. Soc. 101, 6441 (1979);
Y. Huang, S. Macura dnd R.R. Emst, J. Am. Chem. Soc. 103, 5327 (1987).

4. C. schmigt, S. Wefing, B. Blimich and H.W. Spiess, Chem. Phys. Lett. 130, 84
(1986); C. Schmidt, B. Blimich, S. Wefing, S. Kaufman and H.W. Spiess, J. M Magn.
Reson. 79, 269 (1988); S. Wefing and H.W. Spiess, J. Chem. Phys. 89, 1219
(1988); S. Wefing, S. Kaufmann and H.W. Spiess, J. Chem. Phys. 89, 1234 (1988).

5. C. Boeffel, Z. Luz, R. Poupko and H. Zimmermann, J. Magn. Reson. (submitted).
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PROTON DETECTED '®N NMR STUDIES OF LITTLE GASTRIN

Stefano Mammi”, Henriette Molinari® and Evaristo Péggion”.

“Biopolymer Research Center, Department of Organic Chemistry, University of
Padova, Via Marzolo 1, 35131 padova, Italy.

#pipartimento di Chimica Organica e Industriale, Via Golgi 19, 20133 Milano,
Italy.

The key position occupied by the nitrogen atom in the peptide linkage
makes it a potential source of NMR information on peptide secondary
structure, The relatively recent development of Reverse Detection methods
allowed the application of *®N NMR to biological systems (1), The major
difficulty in the reverse experiments is the suppression of large unwanted
signals. Even if some methods have been so far suggested, water suppression
in the reverse mode still lacks a general solution. We have compared
different sequences and obtained better results employing the recently
described sequence NEMESIS (2), a modified version of the reverse inept (1)
in which the water suppression is accomplished with randomizing spin-lock
pulses applied after the initial refocused inept sequence.

We applied these methods to 10 mM solutions of Nle'® little gastrin
(PEGPWLEEEEEAYGWXDF-amide) at natural abundance 'SN, CD and NMR studies (3)
in different solvents indicated that ordered structures are present only in
TFE or in mice. e solutions. We have identified the peptide '®N resonances
by correlating them with amide protons assigned through Tocsy and Roesy
experiments. Measurements have been performed in different solvents and an
analysis of the results is reported.

1) 6. Bodenhausen, D.J. Ruben, Chem.Phys.Lett. 69, 185, 1980; L. Mueller,
R.A. Schiksnis, S.J. Opella, J.Magn.Reson. 66, 379, 1986.

2) K.S. Lee, G.A. Morris, J.Magn.Reson. 78, 156, 1988.

3) 8. Mammi, N.J. Mammi, M.T. Foffani, E. Peggion, L. Moroder, E. Wuensch,
Biopolymers 26, 81-810, 1987; 8. Mammi, E. Peggion, in preparation.
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VEGETATIVE TWO-IRON TWO-SULFUR FERREDOXIN 1 FROM ANABAENA
7120. SOLUTION STRUCTURE AND RECONSTITUTION STUDIES. John L. Markley,
Byung-Ha Oh, and Lars Skjeldal, National Magnetic Resonance Facility at Madison,
Biochemistry Department, University of Wisconsin-Madison, 420 Henry Mall, Madison, W1
53706, US.A.

A carbon-spin-system-directed approach (1) has led to assignments of nearly all 1-H, 13-C,
and 15-N NMR signals in the diamagnetic spectral regions of oxidized ferredoxin I from Angbaena
7120. From these assignments, it is possible to deduce the sequence positions of residues affected
by hyperfine interactions with the iron-sulfur cluster. The secondary structure has been
determined on the basis of short-range NOEs, J-coupling, and hydrogen exchange patterns. A full
three-dimensional analysis of the structure is in progress. The results to date indicate that this
ferredoxin has a solution structure quite similar to the X-ray structure of the Spiruling platensis
ferredoxin (2). Some minor differences found in secondary structural elements will be discussed.

Three methods for producing apoferredoxin appear to yield similar product:
trichloroacetic acid, 0.1 M HCI, and 40 mM glycine at pH 3.1. The apoprotein is structureless by
NMR criteria. In the absence of reductant (dithiothreitol), the cysteines of the apoferredoxin
form disulfide bridges and are resistant to reaction with p-chloromercuribenzoate; this form of
apoferredoxin also is structureless. Conditions have been found for reconstitution of the
ferredoxin with iron and other metal ions. The absolute requirements for reconstitution and the
refolding pathway are under investigation,

[Supported by USDA Competitive Grant 88-37262-3406 and NIH Grant RR02301; B.-H.
O. holds a Peterson Fellowship from the Biochemistry Department, University of Wisconsin-
Madison, and L.S. holds a Postdoctoral Fellowship from the Norwegian Research Council for
Sciences and Humanities. |

1B.-H. Oh and J. L. Markley, J, Am. Chem. Soc., in press (1989).

2y, Tsukihara, K. Fukuyama, and Y. Katsube. In Iron-Sulfur Protein Research: H. Matsubara,
Y. Kutsube, and K. Wada., Eds.; Japan Scientific Society Press: Tokyo, 1986; pp. 59-68.
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Spin Label Relaxation and the Dynamics of Lipids and Proteins in
Membranes.

Derek MARSH,

Max-Planck-Institut fir biophysikalische cChemie,
Abt. Spektroskopie,

D-3400 Go6ttingen, F.R.G.

Cconventional ESR spectroscopy of spin-labelled lipids and
saturation transfer ESR spectroscopy of spin-labelled proteins have
been used to study the rotational dynamics of the molecular
components of biological membranes. 1) Simulation of the
conventional ESR spectra from oriented dimyristoyl
phosphatidylcholine bilayers containing spin-labelled lipids
bearing a nitroxide free radical at one of three different
positions in the sn-2 chain has allowed determination of the
parameters governing the orientational, conformational and dynamic
properties of the chain motion in lipid membranes. 2) Two-site
exchange simulations of the conventional ESR spectra from
spin-labelled lipids in reconstituted lipid-protein membranes have
been used to measure the lipid exchange rates at the hydrophobic
surface of integral membrane proteins. The intrinsic off-ratés
reflect the selectivity of the lipid-protein interaction and, in
the case of the ADP-ATP carrier, give evidence for a slowly
exchanging population of cardiolipin lipids associated with the
protein. 3) Saturation transfer ESR has been used to study both
the rotational diffusion and segmental mobility of spin-labelled
integral proteins in membranes. A series of new spin labels with
different modes of covalent attachment to the protein have been
introduced to discriminate these two motions via the differential
effects on lineshape and spectral intensity. The rotational
diffusion coefficient reflects the aggregation state of the protein
and has been used to study protein-protein interactions in
reconstituted cytochrome oxidase membranes of varying lipid/protein
ratioc.

References:

1) Moser, M., Marsh, D., Meier, P., Wassmer, K.-H. & Kothe, G.
(19¢9) Biophys. J. 55, 111-123.

2) Horvath, L.I., Brophy, P.J. & Marsh, D. (1988) Biochemistry 27,
46-52 and 5296-5304.

3) Horvath, L.I., Munding, A., Beyer, K., Klingenberg, M. and
Marsh, D. (1989) Biochemistry 28, 407-414.

Esmann, M., Hankovszky, H.0., Hideg, K. & Marsh, D. (1989)

Biochim. Biophys. Acta 978, 209-215.
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Structure and clustering of VO2? lons in ionomeric

Materials: ESR and ENDOR.

G. Martini, M.F. Ottaviani, L. Pedocchi, and S.
Ristori, Department of Chemistry, University of
Florrence, 50121, Florence, Italy.

Typical ionomeric materials are constituted by
perfluorinated polymers consisting of organic backbone and
ionic (-50,-, CO0-) groups, and they are used in many
chemical and electrochemical processes and devices' . The

electron spin resonance spectroscopy of transition metal
ions or of nitroxide radicals have been used to investigate
both ionic mobitity in ionic c¢lusters and the unusual
behavior of adsorbed water «.%. )

In this communication we report on an ESR and ENDOR study on
Vanadyl aqueous solutions at different metal ion
concentration adsorbed on the perfluorosolfonated membrane
Nafion in its acidic form. The structure of this polymer has
been the argument of several papers™. The analysis of the
temperature dependence of the ESR parameters and of the ESr
lineshape gave details on the structural and motional
properties of both VO?* and water molecules. The vanadyl
probe maintained its square pyramidal symmetry. Adsorbed wa-
ter was confirmed to maintain a relatively high motility at
temperatures significantly below 273 K. The occurrence in the
ESR spectra of the typical half field transition (Ams = 2),
usually observed for paramagnetic systems in a triplet state
allowed us %o establish that a small fraction of VO?* ions
aggregated in the ionomer as dimers with an intercationic
distance 2 3.5-3.7 A. Endor spectra gave VO-F distances of
10-13 A which confirmed that the ions were prevalently
located in ionic clusters that are formed after swelling
with water.

1) M. W. Espenscheid et al., J. Chem. Soc.
1, 1986, 82, 1051

Faraday Trans.

2) 5. Schlick, M. G. Alonso-Amigo, J. Chem. Soc., Faraday
Trans?, 1987, 83,3575
3) G. Martini, M. F. Ottaviani, S.Ristori, and M.Visca, J.

Coll. and Interface Sci., in press
4) T.D.Gierke, G.E. MNMunn, F.C. Wilson, J.Polym. Sci.,
1981, 19, 1687
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HUMAN SERUM ALBUMIN (HSA) IN REVERSE MICELLES STUDIED BY ESR

P.Marzola*, C.Pinzino®, C.A.Veracini®®

*Scuola Normale Superiore, Piazza dei Cavalieri, 56100 Pisa

°Istituto di Chimica Quantistica ed Energetica Molecolare, via
Risorgimento 35, 56100 Pisa

°°Djp, Chimica e Chimica Industriale, via Risorgimento 35, 56100 Pisa

A great number of proteins can be solubilized in hydrocarbon
solvents by reverse micelles and small amounts of water (1). The
proteins do not undergo, in many cases, relevant conformational changes
and mantain their activity which sometimes, increases with respect to
the aqueous solution.

We have carried out a study on HSA labelled with a nitroxide radical
and solubilized in reverse micelles constituted by AOT
(Bis(2-ethylhexyl)sodium sulfosuccinate) in isooctane.

The ESR spectra show relevant changes when the water amount added to
the micelles is changed and indicate that the protein increases its
mobility with increasing of the water content. At high values of water
content the ESR spectrum does not change in a considerable way; however
such a spectrum is different from the spectrum obtained in pure water,
and we believe that some structural changes occur in HSA when hosted in
reverse micelles.

1-S.Barbaric, P.L.Luisi, J.Am.Chem.Soc.,103(1981},4239-4244

2-P.L.Luisi, M.Giomini, M.P.Pileni, B.H.Robinson, Biochim.Biophys.Acta
947(1988),209-246
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Sieroalbumina umana (HSA) in micelle inverse studiata
tramite ESR

P.Marzola*, C.Pinzino®, C.A.Veracini®®

“Scuofa Normale Superiore, Piazza dei Cavalieri, 56100
Pisa

°Istituto di Chimica Quantistica ed Energetica
Molecolare, via Risorgimento 35, 56100 Pisa

°e Dip. di Chimica e Chimica Industriale, via
Risorgimento 35, 56100 Pisa

E' stato dimostrato che un gran numero di proteine
possono essere solubilizzate in solventi organici con
l'aiuto di micelle inverse e piccole quantita di acqua (1).
Tali proteine non subiscono, nella maggior parte dei casi,
rilevanti cambiamenti conformazionali e mantengono la
loro attivita che, in alcuni casi, risulta aumentata (2).

Abbiamo svolto uno studio sulla HSA, marcata con un
radicale nitrossido, contenuta in micelle inverse
costituite da AOT (bis-2-etilesil solfosuccinato sodico)
in  isoottano.

Gli spettri ESR mostrano notevoli cambiamenti al
variare della quantita di acqua aggiunta - : micella e
indicano che, al'aumentare del contenut. 1 ::qua, la
proteina aumenta la propria mobilita. Per vaiuri elevati
del contenuto d‘acqua si arriva ad una situazione in cui lo
spettro ESR non varia piu notevolmente; tale spettro &
differente da queilo che si ottiene per 'HSA in acqua pura.
e crediamo sia un effetto del particolare ambiente
sentito dalla HSA nella micella.

(1) S.Barbaric, P.L.Luisi, J.Am.Chem.Soc., 103
(1981),4239 -4244

(2) P.L.Luisi, M. Giomini, M.P.Pileni, B.H.Robinson,
Biochimica Biophysica Acta 947 (1988) 209-246
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ANGULAR AND FREQUENCY DEPENDENT NMR RELAXATION STUDIES
OF LIPID MEMBRANES

C. Mayer, K. Weisz, J. Stohrer and G. Kothe
Inst. of Physical Chemistry, Univ. of Stuttgart, W.-Germany

NMR relaxation studies in one and two dimensions have
been employed to evaluate the dynamic organization of biolo-
gical model membranes [1]. Generally, variation of pulse se-

‘quence, pulse separation, magnetic field orientation and

magnetic field strength provides the large number of inde-
pendent relaxation experiments necessary for a proper mole-
cular characterization of the systems. Analysis of these ex-
periments 1is conveniently achieved by employing a density
matrix treatment based on the stochastic Liouville equation.
Arbitrary relaxation rates, including their angular and fre-
quency dependencies, are considered.

The 2H NMR studies described here provide new information
about the molecular organization of biological membranes.
There is clear evidence for an orientational order parameter
of much less than unity in L, phase [2] and two different
order parameters in the P, phase. From the dynamic point of
view, the primary result is the detection and characteriza-
tion of the dominant motions, such as overall reorientation,
internal isomerization and collective order fluctuations. By
employing multipulse dynamic NMR techniques, it is possible
to follow these motions ver an %xtremely wide dynamic
range, extending from 10~ s to 107° s [3]. Tig dispersion
measurements, carried out over a freguency range of six
orders of magnitude, clearly show that collective order
fluctuations do not constitute a major relaxation mechanism
in the MHz range [4]. Rather, isolated motions of individual
molecules fully account for the observed T,; data. Collec-
tive order fluctuations are observed only at extremely low
f{equencies in the kHz regime by a characteristic Tyz(wp)
I3) dispersion law, predicted for smectic type liqu1g crys-
tals [5].

[1) P. Meier, E. Ohmes and G. Kothe, J. Chem. Phys.
(1986) .

[2] G. Grobner, C. Mayer, K. Weisz, K. Muller and G. Kothe,
Chem. Phys. Letters, 1989, in.press.

{3} C. Mayer, K. Muller, K. Weisz and G. Kothe, Liquid Crys-
tals 3, 797 (1988).

(4] E. Rommel, F. Noack, P. Meier and G. Kothe, J. Phys.
Chem. 92, 2981 (1988).

5, 3598
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RELAXATION, CROSS RELAXATION AND SPIN DIFFUSION IN MESOPHASES

P. Meier
Varian GmbH, Alsfelder Strasse 3, D-6100 Darmstadt, W-Germany

This work has been carried out together with Prof. R.R. Ernst,
Eidgendssische Technische Hochschule, CH-8092 Ziirich, Switzerland

Usually the dense proton spin system of organic liquid crystal molecules does not
seem to be an attractive candidate to perform mesophase NMR-experiments. However
recent approaches combining high-resolution solid-state techniques with relaxation
measurements can give new insight into internal and external relaxation processes.
Many relaxation measurements of magnetic Zeeman and dipolar order on protons have
contributed to the determination of structure and dynamics in liquid crystal phases.
Despite the complex spin system with usvally different inequivalent spins in these
molecules, exponential relaxation has generally been repdrted. Few studies only deal

with processes that do equilibrate magnetic order among these different spins.

NMR cross relaxation and spin diffusion phenomena in thermotropic liquid crystals

are experimentally investigated using (wo-dimensional exchange spectroscopy techniques.
Spectra) spin diffusion of Zeeman and dipolar order between resolved proton lines is
observed in nematic and smectic phases of thermotropic liquid crystals. Mechanism and

rates are discussed in the framework of relaxation theory.

Internal equilibrium of the spin system is achieved on a time scale faster by a factor

of ten than equilibrium with the lattice.
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Arnimallee 14, D-1000 Berlin 33, West Germany

STRUCTURE AND ELECTRON TRANSFER DYNAMICS OF PRIMARY REACTANTS
IN PHOTOSYNTHESIS -~ AN ENDNAR/TRIPLE AND MO STUDY

The X-ray structures of reaction center (RC) single crystals of
the photosynthetic bacteria Rps. viridis and Rb. sphaerocides
confirm tre existence of bacteriochlorophyll (BChl) dimers which
were postudlated earlier to be the primary electron aonors P96Q
and P870. Apart from the spatial structure of these dimers a
knowledge of the electron density distribution in various elec-
tronic states is indispensable for an understanding of their
functional properties.

For P870" and P960" the electron spin density distributions were
obtained by ENDOR/TRIPLE via the hyperfine couplings. The com-
parison between the EPR/ENDOR data of P870" andg PY60° in RC’s and
of monomeric BChl a’ and BChl b’ shows that the primary donors
are sudpermolecales with more or less asymmetric spin densitiy
distributions over the dimer halves,

Theoretical spin and charge densities were calculated by an
all-valence electron 3CF MO method, RHF-INDQ/3P, using coordi-
nates from refinead X-ray data inclading the anino acid resigues
of the protein environment of the pigments. These caloulations
yield asymmetry ratios similar to those obsetved., {onsegquences of
the asymmetries in the charge Jdistribution with respect to the
observed anidirvectionality of the electron transfer Jdynamics will

be discassed.
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SECONDARY STRUCTURE DETERMINATIGN OF SALMON CALCITONIN IN CRYOPROTECTIVE
MIXTURES

Andrea Motta and Maria Antonietta Castiglione Morelli - ICMIB del CNR,
via Toiano € - 80072 Arco Felice (Na}, Italy

Nagana Goud - Bachem Inc., Torrance, CA 90505, U.S.A.

Piero Andrea Temussi - Dipartimento di Chimica, lniversita di Napoli,
via Mezzocannone 4, 80134 Napoli, Italy

Salmon calcjitonin (sCT) has been investigated by NMR at 50C MHz in
90% DMSO _-10% H_O {v/v) mixture at 278 K. All backbone and side-chain
resonances of the hormone have been assigned using high-resolution phase
sensitive two-dimensional techniques. Analysis of the type and magnitude
of the observed sequential nuclear OQverhauser effects, the NH-olCH
spin-~spin cnupling constants, and the H/ H exchange kinetics measured
in 80% DMSQ )~”0% ‘HEO (v/v) at 27& K, enabled prediction of the
secondary structure. Overall, an extended conformation is the dominant
feature of the solution, but there are clear indications for a short
double-stranded antiparallel ﬁ sheet in the central region comprising
residues 12-18, connected by a three-residue hairpin loop formed by
residues 14-16. Two tight turns, made by residues 6-9% and 25-28, were
also identified, but no evidence was found for the presence of regular
helical segment. The /3 sheet favors an amphipathic diftribwgéun of tqg
residues, orienting the predominantly hydrophylic Ser ~, Glu ~ and His
side chains above the plane ?f the sheet, and the predominarntly
hydrophobic Leu , Gln and Leu below it. This is interpreted as the
"seed" of the amphipathic & helix postulated to be responsible for the
interaction of sCT with lipids, o situation reminiscent of the folding
mechanism of signal peptides 1n the interaction with membranes.
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2H NMR RELAXATION STUDIES OF LIQUID CRYSTAL POLYMERS

[ K. Muller, A. Schleicher and G. Kothe
Inst. of Physical Chemistry, Univ. of Stuttgart, W.-Germany

Dynamic solid state 2y NMR techniques are employed to
evaluate the molecular properties of semiflexible liquid
crystalline polymers (LCPs) within their different phases
[1}. Besides the application of conventional 1D relagation
studies we report on a promising extensicn of these “H NMR
methods using 2D procedures [2]. They allow for the direct
representation of angular dependent relaxation times (T, ,
b T,g) which is of importance for a reliable molecular charac-
terization of complex dynamical systems exhibiting a super-
positicn of various motional modes. The advantages of these
2D methods are demonstrated and contrasted with experiments
on simple model compounds.

The main interest of our NMR studies concerns the complex
solid state of the LCPs displaying a typical semicrystalline
behavior, known from conventional non-mesomorphic polymers.
2D NMR relaxation studies reveal two LCP components assigned
to a glassy (frozen nematic) and a crystalline polymer frac-
tion. Investigations on quenched and annealed samples demon-
strate a strong dependence of the relative amount of these
fractions and their particular molecular motional behaviour
on the specific thermal history. It is shown that the glass
transition is related to the freezing of the overall rota-
tional motions, while local conformational motions (pheny-
lene ringflips, conformational jumps) remain unaffected. Al-
though in the crystalline fraction some local conformational
motions (trans-gauche isomerizations) of flexible methylene
spacer segments occur, the phenylene groups of the bulky me-
sogenic units are completely rigid. In addition, the state
of molecular order can be described by a high degree of con-
formational, orientational and macro-order, 1in agreement
with the unusual material properties (good mechanical stabi-
lity, high tensile strengths) reported for this polymer
class [3]. Finally, the presented “H NMR studies of the va-
rious specifically deuteriated LCP samples allow the propo-
sal of a structural model of the frozen nematic and crystal-
line LCP fractions which is supported ky recent X-ray inves-
tigations on these compounds.
f1] K. Muller, P. Meier and G. Kothe, Progr. NMR Spectr.
17, 211 (1925)
K. Muller, A. Schleicher and G. Kothe, Mol. Cryst. Lir.
Cryst. 153, 117 (1987); Polym. Prep. Am. Chem. Soc.
29, 42 (1988)
[3] K. Muller, A.Schleicher, A. Ferrarini, E. Ohmes and

G. Kothe, Macromolecules 20, 2761 (1987)
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NMR STUDIES OF THE ACTIVE SITE OF THE ACETYLCHOLINE RECEPTOR

Gil Navon
School of Chemistry - Tel-~Aviv University
Tel-Aviv 69978, Israel
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Dipolar Relaxation by Surface Diffusion

G. Neue

Physikalische Chemie, Universitdt Dortmund, 4600 Dortmund 50, F.R.G.

Two-dimensional translational diffusiocn causes

interesting phenomena in NMR relaxation and the impli-

cations for intermolecular dipolar interactions of
spins have been well studied for more than 25 year

The most interesting feature is that the spectral

infinity of the motion. It was shown that either a
1 nite lifetime within the plane or a finite size of
plane itself ig sufficient to obtain well-detined

uves of J(0).

S.
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¢
t
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The present work is animed to studv a similar case

n-

sity shows a lcgarithmic divergence towards zero fre-

quency. But this phenomenon is closely related to the

=
he

1-

which is related to many problems of practical impor-

tance. Alse, ia this madel ane spin diffuses in an in-
finite plane but the other spin is at a cortain dis-

\ tance outside of the plane either {ixed or moving in a

? parallel nlane., This is an interesting intermediate ca-

b seobetween 2D and 3D the motion is 2D but the divec-

b
tions of the internuclear vectors span one half ot o
sphere, Faplicin expressians were derived for the spec-
tral densitics amd the limtting cases are drscussed, 1t
i< hown thatl the divergencoe is oabsent o in this casc,
Phe macar peonliaeit res that rematn ate 4 Non-eXponen-
Vol o carredlation tane tien (decaving accarding to g pow-

r o baw g oand oo o =tient commelry o Has) inoa Jog 1= lop
Gopdor s doe wade !l can be used o convenient by o to o derpve
drtiusion coetbicients from expoertmental NMROdata ot
soohade Hrie e Di e it et bt ion componnds,

-
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NMR STUDIES OF STRUCTURE AND DYNAMICS OF BIO-ACTIVE PEPTIDES

N. Niccolai, M. Rustici, L. Lozzi, A. Santucci, A. Bonci,
M. Scarselli and P. Neri

Dipartimento di Chimica, Universita‘ di Siena, 53100 Siena.

The mono-dimensional frequency domain of a  standard
nuclear magnetic resonance spectrum is a very rich source of
structural information. The recent use of 2D and 3D NMR spec-
troscopies has greatly enhanced the possibility of measuring
chemical shifts and scalar coupling constants of complex spin
systems. However, the most powerful information for determining
solution conformations and molecular motions can be obtained in
the time dimension of the nuclear relaxation process provided
that the latter is dominated by the intramolecular dipolar
relaxation mechanism. Thus, nuclear Overhauser Effects (NOE)
from 10 and 2D spectra, 13C and 'H spin-lattice relaxation
rates are the main tools for determining internuclear distances
and molecular dynamics.

The fact that biological activities of many proteins are
related to limited regions of their structures suggests that
high resolution NMR may give a fundamental contribution to the
understanding, at the atomic level, of the recognition process
involving active protein fragments. A detailed conformational
investigation of Active Site Peptides (ASP) in solution can be
performed for defining the steric aspects of the biological
function and for obtaining the structural base for a rational
design of new drugs and vaccines.

For these molecular systems the structural analysis of
relaxation data is not always straightforward since multiple
conformational equilibria and/or Brownian motions which are
intermediate in the NMR time scale may yield undetectable NOEs.

Then, a general strategy has to be followed to select the
most  appropriate experimental conditions and relaxation
techniques for the investigation of each molecular system. The
observation of inter-residue dipolar connectivities from
conventional 1D or 2D NOE experiments is diagnostic of a
secondary structure which can be resolved by calculating
internuclear distances from the measured Overhauser effects.
The absence of the latter NOEs even in ROESY 2D spectra can be
ascribed to the backbone flexibility. In this case, information
on the molecular dynamics can be obtained by measuring the
spin-lattice relaxation contribution of selected internuclear
vectors along the backbone and side chains. Stabilization of
the native structure, may be achieved by chemical modification
of the peptide with a NMR driven molecular design.
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Syntheses and ENDOR Investigations of Novel Semiquinone Anions

D. Niethammer, Th. Stabingis, H. Kurreck
Institut fiir Organische Chemie, Freie Universitat Berlin, Takustr. 3

1000 8erlin 33, Deutschland

Biomimetic approaches to structure and function in photosynthesis
principailly involve synthesis and physical characterization of
molecules designed to modei energy and electron transfer
processes occurring in natural reaction centers. These model
compounds are preferentially composed of a porphyrin donor

covalently linked via a spacer to a qQuinone acceptor.

It is the aim of this paper to examine a variety of modified
semiquinones in order to develop particularly suitabie electron
acceptors as regards efficiency of the electron transfer in

correspondingly modified porphyrin quinones.

ENDOR and TRIPLE resonance measurements yielded sets of
hyperfine coupling constants including their signs. From these
data conclusions about contormational preferences, e.g. of the

cyclohexyl substituent could be drawn.
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New results on spin relaxation by order fluctuations in ne-

matic, smectic and reentrant liquid crystals

¥. Noack, Physikalisches Institut der

Universitat Stuttgart, Stuttgart, PRG

veasuring and analysing the longitudinal nuclear spin relaxati-
on tine T, over a sufficiently broad range of larmor frecuencies
or "eeman fields, i.e. the relaxation dispersion T](VW or T1(B\,
has proved to be one of the most direct and reliable methode to
distinguish different kinds of moleculur recorientation mechanisms
by NMR. The technique is particularly important irn the case of
licuid crystals, where one has to disentangle more complex =zni-
sotropical motional processes than irn normal isotropic lisuids.
Ry means of fast field-cycling devices {17 it nus teen possitle
to study the relaxation dispersion of numerous licuid crystzls
between iarmor frequencies of a few Fertz and about 100 MNHz for
protons | <J7, and thus to detect the vasic churacteristic aisper-
sion profiles of collective reorientations (order fluctuations®,
namely the sauare root law m1OF~ yj/a for rnematic and the line-

. 1 . PO
ar dependence ™ ~ y» for smectic mesophases [5,4V. AS & rule,

10w
these contributions dominute the relaxation rate a2t rather low

frenuencies not accessible without field-cycling {171.

Recent more systematic measurements on various homologous se-
ries (azoxybenzenes, biphenyls, phenylcyclohexanes) and scme sre-
cial mesogens (polymeric, ferroelectric, reentrunt, lyotrorpic}
reveal effects rnot easily describable b, existing theoretical
models. ®.g. the magnitude of the OF contribution is not in quan-
titative accordance with available data on viscoelastic constants,
the dependence of the long cut-off mode on material prorerties

is smaller than expected, the nitrogen nuclei cause a triple in-
stead of a single level crossing resonance, and some results are
hard to combine.with measurements of the dipolar relaxation time
Trg- These phenomena will be discussed in the lecture.

{1 P.voack, Frog. NMR Spectrosc. 18,171(1986); [21 F.Noack et
al., Lig.Cryst. 3,907(1¢88); [3] F.Fincus, Sol. State Conmun. 7,
415(1469); {4] R.Blinc et al., J.Chem.Fhys. 63,3445(1¢75);
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‘T'he Kffects of a Leader Sequence on Protein Structure and Dynamics
S. Opella, P, Schrader, K. Shon, J. Tomich, and J. Richards
Department of Chemisgtry, University of Pennsylvania, Philadelf)hia, PA 19104 USA;

Division of Medical Genetics, Childrens Hospital of Los Angeles, Los Angeles, CA
90027 USA; Division of Chemistry and Chemical Engineering, California Institute of
Technology, Pasadena, CA 91125 USA

Many proteins are made with a 20-30 residue leader sequence attached to the
N-terminus that is subsequently removed. This leader sequence must have a large
effect on the protein, since it is responsible for the insertion into or transport through
membranes of the protein.

We are studying the influences of the leader sequence by comparing the
structure and dynamics of a protein with and without the leader sequence. Procoat
proteiu of the filamentous bacteriophage M13 has 73 residues, 23 of which are
removed from the N-terminus, to form the coat protein. Samples of procoat and coat
proteins labelled at various sites with stable isotopes have been prepared. The
results of NMR experiments on these proteins will be described,
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A SIMULATION BASED MODEL OF NMR Tl RELAXATION IN LIPID BILAYER VESICLES

Richard W.Pastor
Biophysics Laboratory Center for Biologics Evaluation and Research

Bethesda MD 20892

The results of the Brownian dynamics simulation &f a hydrocarbon chain in the mean
field of a membrane bilayer are used to analyze the "C NMR T, relaxation in lipid bilayer
vesicles. The analysis shows that the frequency dependence of the relaxation does not
arise from gauche-trans isomerization or from axial rotation ?f the entire lipid molecule.
However, a model in which fast axial rotation (Dy~2x10 O ) and slow non-collective
diffusive director fluctuations (D ~1-2x10" s °) are superimposed onto the internal
motions quantitatively accounts for both the magnitude and frequency dependence of the T,
data. An effective viscosity for the interior of the bilayer in the range of 1 ¢p, and a
director order parameter of 0.5-0.7 are required to fit the NMR data.
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Relaxation of segment orientation in diluite polymer solutions.
Interpretation of T1 and NOE experiments on diluite poly-3,7-dimethyl-
1-octene and poly-3-methyl-1-octene.

Angelo Perico

Centro di Studi Chimico-Fisici di Macromolecole Sintetiche e Naturali,
CNR e Istituto di Chimica Irdustriale, Universitd di Genova,

Corso Europa 30, 16132 Genova (Italy)

Angelina Altomare, Donata Catalano, Carlo Alberto Veracini
Dipartimento di Chimica e Chimica Industriale dell'Universita,
Via Risorgimento 35, 56100 Pisa {Italy)

The spin relaxation times of nuclei on a polymer chain in solution
are sensitive to the chain segmental dynamics in the nanosecond time
domain. Spin-lattice and spin-spin relaxation times T1 and T2 and the
Nuciear Overhauser Effect, NOE, of 13C over a range of resonance
frequencies are the important NMR measurements to probe this segmental
dynamics. The information on the dynamics is carried on the spectral
density which is the Fourier transform of the second order correlation
function (TCF2) of the relaxing dipoles. The crucial point for a
quantitative interpretation of the time relaxation experiments by NMR is
the availability of a confident dependence of the TCF2 on the Tocal
conformational details of the chain.

Here we try to give structral interpretation of T1 and NOE
experiments on poly-3,7-dimethyl-1-octene and poly-3,7-methyl-1l-octene
in terms of the stiffness of the chain and of the side chain cor-
relation. To this aim the experimental data are analyzed using: (i) a
TCF2 suitable for rigid backbone polymers(l); (i1) the TCF2 by Hall and
Helfand, suitable for flexible backbone polymers(z); (iii) the TCF2
recently proposed by Perico and Guenza 3 for both flexible and semi~
flexible backbone polymers. This last approach is based on the optimum
Rouse-Zimm approximation to the generalized diffusion equation in the
full polymer configuration space.

(1) G.Lipari and A.Szabo, J.Am.Chem.Soc., 1982, 104, 4546

(2) C.k.Hall and E.Helfand, J.Chem.Phys., 1982, 77, 3275
(3) A.Perico and M.Guenza, J.Chem.Phys., 1985, 83, 3103
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AN NMAR STRUCTURAL STUDY OF RAT EGF

A.R.Peters*, R.C.Cavalli’, K.H.Mayo", R.Boelens*, T.M.G.Koning*,
R.Kaptein*

+ Department of Organic Chemistry, University of Utrecht, Padualaan 8, NL-3584 CH,
. The Netherlands .
Department of Chemistry, Temple University, Philadelphia, PA 19122, USA .

2D NMR studies were performed on rat Epidermal Growth Factor
(rEGF), a hormonal polypeptide of 48 amino acids.

187 of the 200 non-oachangeable proton resonances were
assigned, as were all backbone amide protons except for Asni, and the
side chain amide and amine protons of Asn16 and Arg41.

326 NOE's involving one or more exchangeable protons were seen,
and 504 NOE's involving non-exchangeable protons. About 600 NOE's
could be unambiguously assigned, although no stereo-specific
assignments for methyiene and methyl groups were obtained. From
these data, 327 distance constraints could be derived. Using the
distance geometry program DG, 19 structures were generated. For 10
structures, the allowed conformational space was further explored
using Distance Bound Driven Dynamics (DDD). The maximum violations
ranged from 0.07 to 0.7 R in different structures.

The structures are distributed over two types of conformation.
Group A resembles the published structures for human and mouse EGF.
Group B structures resemble globally their mirror images.

Within a group, the rms differences beiween the coordinates is
1 about 3.5 A . The two types of structures fulfil the NMR constraints
equally well. When analyzing ali short proton-proton distances and
backbone dihedral angles, it appears that there are very few significant
differences between the two groups of structures.

More constraints are needed to decide which structure is correct.




MAGNETIC RESONANCE INVESTIGATION OF BIS-THIOSEMICARBAZONATO CU(II)
COMPLEXES IN LIQUID PHASE

R.Pogni, A.Diaz~Garcia, N.Marchettini, E.Gaggelli and R.Basosi

Dept. of Chemistry-University of Siena-Italy

G.Valensin

Dept. of Chemistry-University of Basilicata-Italy

It has been reported that ESR spectra for CuKTS vary as a function
of pH between 7.5 and 1.0, although Copper remains tightly bound over
this pH range. Computer aided ESR spectroscopy allows definition of
equilibria between different species involved in solution. A
multifrequency ESR approach combined with computer simulation of
experimental spectra permits precise evaluation of rotational
correlation time. An independent check of structural and dynamical
configuration_ _of the predominant species can be obtained taking
advantage of C and H spin lattice and spin-spin relaxation rates by
FT~NMR.

Evaluation of ion-proton distances can be interpreted in terms of
conformational changes in the metal complexation for different
antitumor agents. The precise measurement of tc by ESR spectroscopy
can be utilized in the Solomon-Bloembergen-Morgan equations in order
to precisely evaluate the number of coordinated ligands.
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Analysis of the Transverse Relaxation Profiles of
Methylene Protons in Magnetic Resonance Spectra of
Human Tumours

Mieczyslaw Remin**, Rajmund L. Somorjai*, Roxanne Deslauriers®,
Eva J. Princz* and lan C. P. Smith*

#Division of Biological Sciences, National Research Council of Canada,
Ottawa, Ont. K1A 0R6, CANADA
*Department of Biophysics, University of Warsaw,
02-089 Warszawa, POLAND

The transverse relaxation times of methylene proton resonances of lipids in magnetic
resonance spectra of human tumours have been analyzed assuming a continuous distribution
of relaxation times. We have studied 89 colon tumours (27 metastasized), 12 "normal®
colon tissues, 40 breast tumours (24 metastasized) and 13 malignant lymph nodes. All
tumour samples were primary tumours and the patients had received no previous treatment.

NMS experiments were performed nn Bruker CXP 300 and AM 360 spectrometers at
37° C. The CFMG pulse sequence with a 1 msec delay was used 1o obtain transverse
refaxation profiles of the prominent methylene peak at 1.3 ppm. The total delay time before
acquisition ranged from 8 to 1348 msec.

In tumours, the decay of transverse magnetization of the methyfene resonances is not a
single exponential, whereas simple exponential decay is often observed for "normal” colon
tissues (tissue from the pre-resection margin). The sum-of-exponentials approximation
often leads to several solutions which fit the experimental decay; this is clearly a naive
solution at best, given the complex mixture of resonances comprising this peak.

Two continuous distribution approximations were tested: the two-parameter
loghormal distribution provides a simple representation of the relaxation profilte. The
constrained regularization method (Contin) can incorporate prior knowledge as constraints
and provides a smooth, regularized and parsimonious relaxation profile consistent with
noisy data. The average T, values, derived from the lognormal and Contin approximations
are mutually consistent.

Tumour and "normal” colon tissue taken from the same patient show important
differences in relaxation behaviour. A considerable broadening of the lognormal
distribution, with <To> shifted to shorter values, is observed for the colon tumours. This is
verified by the constrained regularization method. The "normal" colon tissues are usually
characterized by a single, relatively narrow distribution, white tumours show one or more

broad peaks.
The ditferent distributions of T in cancerous and “normal” tissue should be useful for

improving contrast in magnetic resonance imaging of patients suspected of having cancer.
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Molecular motion in nematics EBBA and HBT studied with

13C spin lattice relaxation

M. Riced
Dip. di Fisica, Universita di Parma [-43100 Parma

The spin lattice relaxation of the orthoaromatic carbons in the nematic phase
of EBBA has been measured at a Larmor frequency of 50 MHz. The single particle
reorientational dynamics was assumed to be the only motion responsible for this
relaxation (the frequency independence of these relaxation times supports this
assumption} and the biphenylic core of the molecule was supposed rigid.

A small step rotational diffusion mode! was adopted for the description of the
reorientational dynamics. Unfortunately in EBBA the presence of a single family
of equivalent carbons does not allow the determination of the two independent
diffusion coefficients Dy and D, and the laiter has been drawn from fluorescence
depolarization measurements !. Through the numerical solution of the diffusion
equation and the adoption of an iterative procedure the diffusion coefficient relative
to the spinning motion (D)) as well as the Overhauser enhancement factor (NOE),
which allowed the separation of the pure dipolar part of the relaxation, have been

determined.

L to

The Dy values range, in the whole nematic phase, from 1 - 10° sec™
5-10° sec~! and, unlike D, , exhibit an Arrhenius behavior.

The sar:ie measurements have been performed in the nematic phase of HBT
(N-(4-hexoxybenzylidene)4’-toluidine) in which the presence of a methyl group
directly attached to the biphenylic core of the molecule allows the determination

of both the dynamical parameters.

1) I Dozov, N. Kirov, M.P. Fontana, M. Manfredi, B. Rosi, R. Cywinski to be
published in Liquid Crystals.
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ADSORPTION OF NITROXIDE SOLUTIONS ON ZEOLITES; A STUDY OF THE ELECTRON SPIN

ECHO DECAY FUNCTIONS

a . b [«
M.Romanelli , S.Ristori , L.Kevan

a University of Basilicata, Pctenza, Italy;
h University of Florence,Florence, Italy;

& University of Houston, Houston (TX!, U.S.A.;

The awplitude of electron spin echo (ESE) signals exhibits a decayinc Zehaviocur
when reg.stered as a function of the interpulse time.The analysis of tnlis spec-
+ral feature can allow to get informat:ion on the relaxation mechanism alfecting
rhe spln system. We investigated the decay functions of two- and three pulse

ESE patterns of nitroxide radicals in aguecus and alcoholic deuteriatec sclutions
adscrbed cn zeolites. The analysis was carried out by simulation of experimental
spectra. 3oth the Gauss-Markef and sudden-jump models for the reorientar:ion of
the spins causing fluctuating magnetic fields (B-spins) were used to calculate
the decay functions; the presence of nuclear modulation was also taken into ac-
zount in simulations. To satisfactory reproduce the experimental results it was
necessary to include into the decay functions a contribution due to the instanta-
neous diffusion caused by the flips of spins contributing to the e.no (A-spins)
induced by the pulses. The combined analysis of two- and three pulse experiments
allowed to reach conclusions about theconcentration of adsorbed radicals.
Differences were found to exhist depending both on the kind of zeolite and on the

rvpe of sclvernt. A discussion of these effects L1s also presented.
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SOLUTION STRUCTURES OF RIBONUCLEASE Tl‘ ITS COMPLEXES WITH
NUCLEOTIDES, AND RIBONUCLEASE Tl MUTANTS

H. Riiter jans, E. Hoffmann, J. Schmidt, and J. Simon
Institute of Biophvsical Chemistry, Johann Wolfgang Goethe University,
Frankfurt, Germany

The solution structures of Ribonuclease T, and its complexes with 2'-CMP
and 3'-GMP have been investigated by combined use of 2D-NMR spectroscopy and
restrained molecular dynamics (MD) calculations. The secondary structure
elements of RNase T, were derived from the characteristic medium- and long-
. range NOEs, For RNase T,, two antiparallel B-sheets and one a-helix as w1l

as some B-turns were observed. The first B-sheet is located near tho N-
terminus and involves two strands. The second B-sheet is built up by five
strands and forms most of the hvdrophobic core of the protein.  The a-helix
of RNase T, is located between S!3 and D29 and contains 4.5 turns. A low-
resolution "tertiary structure can be derived from corresponding long-range
NOE data. The strands of the N-terminal B-sheet are connected by a f-turn.
This B-sheet is in contact with the N-terminal end of the a-helix. The a-
helix is near the second strand of the large B-sheet. Some contacts of the
a-helix with side chains of the third strand are observed. The a-helix is
followed by a loop. Extended loops are formed between strands 1 and 2 as
well as  between strands 2 and 3 of the large B-sheet. Strands 3 and 4 of
this sheet are connected by a B-turn, and there is another loop between
strands 4 and 5. The NOFs between residues Y4 to €6 and C103 to TIO4 are
proof of the proximity of the N-terminal and the C-terminal ends formed by a
disulfide bridge between C6 and C1073.

The structural differences between free RNase T, and its 2'-GMP  and

3T-GMP complexes are only small. Nearly identical NOF values were obtained

\ for the free enszyme and its nucleotide complexes. Indications of structural
changes induced by the complex formation can be obtained by comparing the
chemical shifts of the resonances of the backbone protons in the free enzyme

and those in its nucleotide complexes. The essential results may be summa-
riced as follows:
1. Interaction of the inhibitors with the active site leads to changes in

the conformation of the backbone of the active-site amino acids.

Conformational changes are also observed in the loop regions that are

directly attached to the active site, and in the contact area hetween

the x~helix and the five-stranded B-sheet .

. The structure of the RNase T -3'-CMP complex is morce similar to that of
the free cenzyme than the structure of the RNase TI—Z'—GMP complex.

o

Restrained MD calculations were performed for the free cenzyme as well as
for the nucleotide complexes for 20 -~ 30 picoseconds in vacuo. About 600 NOFK
restraints were used in these calculations. The complexes between the inhi-
bitors and RNase Tl lead to a possible mechanism of RNase Tl—(ntﬂly7od RNA
hydrolysis,
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ELECTRON SPIN RELAXATION OF SPIN PROBES
IN SOL-GEL GLASSES

Robert N. Schwartz and Kevin W. Kirby
Hughes Research Laboratories

Malibu,

CA 90265, U.S.A.

and

Deanne P. Yamato
Lockheed Aeronautical Systems Company

Burbank,

CA 91520, U.S.A.

Electron paramagnetic resonance (EPR) spectra of nitroxide

spin probes incorported in

in the temperature range 4.

varied in size and shape.

glasses were obtained with
EPR lineshape analysis was
motion of the paramagnetic

silica sol-gel glasses were observed
5-300 K. The nitroxide probes used
By varying process parameters, sol-gel
different structures and pore sizes.
used to characterize the molecular
spin probes located in the pores.
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NEW EPR METHODS FOR TIIE
STRUCTURAL DETERMINATION OF
PARAMAGNETIC SPECIES

A. Schweiger
Laboratory for Physical Chemistry ETHZ, Switzerland

Novel EPR techniques in both the frequency and the time
domain with an improved structural information content

compared to conventional cw-EPR are reviewed.

The survey includes

- Discrete saturation

- EPR-detected nuclear transient nutation

- Optimized pulsed ENDOR schemes

- New electron spin echo envelope modulation
sequences

- Coherence transfer ELDOR
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NMR DETERMINATION OF VISCO-ELASTIC PROPERTIES OF NEMATIC SIDE GROUP POLYMERS

N.Schwenk., D. van der Putten and H.W.Spiess
Max-Planck-Institut fiir Polymerforschung

Postfach 3148, Mainz, FRG

A sample holder containing a nematic side group polymer is rotated about
an axis perpendicular to a magnetic field. The rotation speed of the container
is chosen larger than the critical angular velocity w, = xaR2/271. in which X,
is the anisotropy of the magnetic susceptibility and " the rotational
viscosity. Under this conditinn the director orientation follows th:
orientation of the container, allbeit with a lower mean angular velocity. We
have synchronized the data acquisition with the container orientation. This
enables us to record spectra of the deuterated side group as a function of
container orientation. In order to follow the phase lag between container- and
director orientation. the deuteron line splitting is used to monitor the
director orientation. A simple relation holds between o and the phase lag. By
this method extremely high values of 7y can be determinedl.

After a number of rotations the lines in the deuterium spectrum start to
broaden until finally a steady state is reached. We discuss the possibility
that this broadening is caused by backflow effects. When nematics with a large
anisotropy in the viscosity are placed in a magnetic field perpendicular to
the director orientation, periodic instabilities are being build up. These
instabilities are produced by amplification of the amplitudes of the long wave
length orientational fluctuations. A possible explanation for the occurrence
of the steady state is discussed in terms of "frazen in" orientational waves

i.e. the amplification is damped by the rotation.

1. D. van der Putten, N.Schwenk and H.W.Spiess, Liquid Crystals, in press.
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Applications of NMR in Studics of Enzyme Mechanism

by A. L. Scoft

A, & M. University, Texas - Department of Chemistry

Abstract

Site specific mutagenesis of Porphobilinogen deaminasc, and the development of genetically
engineered strains of £. coli has permitted the labeling of the enzyme with 13¢ at the active site. 'H
and 13C NMR experiments will be described which have led to a dynamic vicw of the mechanism of
this ubiquitous enzyme, which mediates the assembly of natural type I1T porphyrins in bacteria, plants
and mammals via a discernible cascade of successive covalent intermediates. The results will also be
discussed in terms of the evolution of the biosynthctic pathway to Vitamin B3, which in spite of
many complexities, can also be unravelled by NMR spectroscopy.
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ANIONS BINDING TO SUPEROXIDE DISMUTASE
Marco Sette®, Maurizio Paci’, Alessandro Desideri®, and
Giuseppe Rotilio®

of Biology and “Department of Chemical Science and

°Department
Via Orazio Raimondo

Technoiogy University of Rome Tor Vergata,
00173 ROMA.

Bovine erythrocyte superoxide dismutase is a dimeric enzyme
with each subunit containing a catalytically essential copper ion
bridged by an histidinato residue to a solvent inaccessible zinc
The zinc ion can be replaced by cobzlt without altering the
Such substitution gives rise
between the

ion,
catalytic properties of the enzyme.
to a strong magnetic exchange coupling interaction
high spin cobalt{II) and the copper(1l), characterized by an
isotropic exchange coupling constant of 16.5 cm” “.This interaction
shortens the electronic relaxation time of the copper allowing to
observe the Iy NMR signals of the protons of the histidines
coordinated to both the cobalt(II) and the copper(II) metal ions.
In this way it has been possible to study the interactions
this derivative and anions that are known to be
In particular azide, cyanate and
thyocyanate have been reported to push His 44 away from copper

and this interaction has been suggested to be a
including

between
inhibitors of the enzyme.

coordination
general mode sor the binding of singly charged anions,
the substrate 03, to the active site of the enzyme. In this work
we examined the behaviour of several anions and we propose the

possible way of interaction between different classes of anions

and the enzyme.
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2D~-NMR METHODS FOR STUDYING MOLECULAR MOTIONS

H.W. Spiess
Max-Planck-Institut fiir Polymerforschung
Postfach 3148 . 6500 Mainz

Two-dimensional NMR offers unique possibilities for a detailed
characterization of molecular order and dynamics 1in solids and solid

polymers. This holds in particular for ultraslow dynamic processes occuring

on a time-scale above 1 ms.

2D exchange spectra of static samples display characteristic ridge
if the reorientational motion occurs around well-defined angles.
on the other hand,

patterns.
e.g. in crystalline polymers. In amorphous polymers,
rotational motions of both polymer chains and side groups typically involve
rotations about ill-defined angles, leading to angular distributions. These
are directly projected into broad exchange patterns of the 2D NMR spectra.

The angular resolution is highest for static samples, e.g. for ZH-NMR of
isotopically labelled samples or ‘?C-NMR of simple polymers. The spectral
resolution can be increased at the expense of the angular resolution (+ 10°
instead of * 1°) by invoking magic angle spinning (MAS). Rotor-synchronized
MAS together with rotations in spin space, e.g. by the TOSS-sequence, then
not only allows tane detection of molecular order and dynamics separately
but also offers a means to gorrelate these two molecular parameters, which

are often supposed to govern the macroscopic properties of solid polymers.

The techniques will be described and demonstrated by studies of the chain
motion in semicrystalline polymers with helical structure, amorphous

polymers both below and above their glass transition and partially ordered

liquid crystalline polymers.

References

B. Bliumich, H.W. Spiess, Angew. Chem., Int. Ed. 27, 1655-1672 (1988).
S. Wefing, H.W. Spiess, J. Chem. Phys. 89, 1219-1233 (1988).

S. Wefing, S. Kaufmann, H.W. Spiess, ibid. 89, 1234-1244 (1988).

Y. Yang, A. Hagemeyer. B. Bliimich, H.W. Spiess,

Chem. Phys. Lett. 150, 1-5 (1988).
Hagemeyer, K. Schmidt-Rohr. H.W. Spiess, Adv. Magn. Res. (1989).

in press.
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NUCLEAR SPIN RELAXATION OF '9sn AND ?°7pp I[N METALUI) AND
METALUV) COMPOUNDS

Carin Stader, Bernd Wrackmeyer and Klaus Horchler
Laboratorium fur Anorganische Chemie

Universitat Bayreuth

Postfach 10 12 51 D-8580 Bayreuth F.RG.

For normal diamagnetic seclutions (motional narrowing limit m°21°2<<1)
intramolecular interactions will be the dominant source for nuclear
relaxation. Regarding half-spin nuclei, four different mechanisms have

to be considered contributing to the longitudinal relaxation rate ("i‘,)~1 :
(TPt - aPoyt Lo (1 SRyt L (1,88 L (3G
For the transverse relaxation rate (Tz)" it holds that TzDD - TLDD . 1‘25R

. TISR . TQCSA - 6/7 T,CSA and Tzsc << 'I'lsC owing to scalar

interactions with quadrupolar nuclei (e.g. ¥N).

For the molecules 1 the chemical shift anisotropy (TICSA. T2CSA) and

scalar relaxation of the second kind (T,Sc) are

? dominant. The contribution of T2sc to the
Mezsl/N\ linewidth of the metal NMR spectra can be
M calculated from the known magnitude of ‘[(M!SN)
Mozsl\N/ and the '*N quadrupoclar relaxation rate. The
'L importance of the CSA-mechanism is shown by
measurements at different field strengths as weil

as at different temperatures. Since the

1 temperature dependence aof these two

M - Sn. Pb mechanisms are opposite the metal NMR signal
R . 'Bu will be broad both at high and low temperatures.

The short relaxation time of the metal nuclei M
may also hamper the observation of M-satellites in X-NMR spectra (X -
'H, 3¢, N, 295i) for the determination of “J(MX).
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Cross Terms between Dipolar and CSA Interaction.

H.Sterk and R.Konrat

Institute of Organic Chemistry, University Graz, Austria

It will be demonstrated that the chemical shift anisotropy
(CSA) relaxation for protonated carbonyl 13 C nuclei is by no
means negligible. The cross correlation spectral density
arising from dipolar and CSA interactions in the natural
abundance 13C-1H spin system of dimethylformamide is included
in the complete determination of molecular motional
anisotropy.

In the following discussion we will use the normal mode
analysis of relaxation data reviewed by Werbelow and Grant.
Thereby inclusion of the CSA-D cross terms breaks the symmetry
of the Redfield matrix elements and couples the symmetric and
anti symmetric normal modes together. That is to say,
following any given perturbation each individual line in any
doublet will decgy at a unique gate. Two types of experiments
{(1YH or 13C| 1807 -T - |13C| 90~ - acquisition - W)n at two
different field strengths lead to a set of experimental data
which aliow an unambiguous treatment of the three diffusion
constants Dx,Dy, and Dz the two random field spectral
densities ja and jx as well as Ae¢ as variable parameters. The
obtained motional parameters are in excellent accordance with
those values found by Wallach when treating the quadrupolar
relaxation of N and 0 for DMF.

The ration of 0*>*/0% - 0.05 (50MHz) and 0.1 (75MHZ) gs., o
well as the D-CSA correlation spectral densities of K /J
of 0.25 (50MHz) and 0.37 (75MHz) demonstrate the importance of
these terms for an understanding of the relaxation behaviour.
In addition the molecular dynamic of the methylgroups has been
treated, including anisotropic overall tumbling and internal
motion of the molecule. Assuming the methylgroups as fully
dipolar relaxed and treated as A,X spin system leads for the
cis-methyl group (with respect tg the proton) to an int$5nal
ratation described by a diffusion constant Dr of 1.5 10 /s,
"heTE?S the trans-methy) group enas up with a Dr of 6.8

10 S
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Pulse ESR and molecular motions

Yu.D.Tsvetkov, S.A.Dzuba

Institute of Chemic.l Kinetics and Combustion Academy of

Science of the USSR, Sibirian Branch, Novosibirsk-%90,

USSR 630090.

Three pulse methods will be discussed:

1, It is possible to estimate the correlation times ’tc < 10

N

-5
s

from the phase relaxation measurements in two-pulse electron
spin echo (ESE). The results of theoretical and experimental
analysis of CH) groops rotation in nitroxide radicals are

given.

a wide range of possible ’tc detection up to 10'25. The da-

ta for tHz-qroop rotation in tHZCOZ- radicals and for CHy-

groap in CﬂjéHCOZ' radicals will be discussed.

Then 1n the pulse saturation-recovery technique a pulse HD
rapid stepping is added, that gives the possibility to ana-
lyse redistribution of pulse saturation over the ESR spect-
rum. The latter arises due to the anisotropic motion of ra-
dicals. This type of saturation.recovery spectroscopy is ap-

plied to the nitroxide spin probes and spin labeles.
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Relaxation of spin $=3/2 in the doubly rotating tilted frame

J.R.C. van der Maarel, Department of Physical and Macromolecular Chemisty, Gorlaeus
Laboratories, Leiden University, P.O. Box 9502, 2300 RA Leiden, The Netherlands

For spin quantum number $=3/2 the time-evolution of the density operator under spin-
locking is described. It is shown that due to T, , relaxation outside the extreme narrowing
limit triple-quantumn coherences are excited. An experiment is proposed to monitor these
coherences. The corresponding signal evolves according to a simple relaxation function
which is suitable for fitting. Some experimental results are presented.
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Nuclear Spin Relaxation in Liquids Due to Interaction with Paramagnetic
Ions Having Anisotropic g-Tensors

K. V' Vvasavada* and B. D. Nageswara Rao’, Dept. of Physics, Indiana-Purdue
University, Indianapolis, Indiana 46223, USA

Paramagnetic ions are known to make important contributions to the spin lattice (Tm) and

the spin-spin {TzM} relaxation rates of nuclei in the vicinity. It has been recognized for

some time that measurement of spin relaxation rates of nuclei in the proximity of
paramagnetic ions is an attractive method for the determination of distances of these nuclei
with reference 1o the cation such as Co(Il) or Mn(Il)!. The most commonly used form of
the theory? (due to Solomon, Bloembergen and Morgan) assumes that the g-tensor of the
paramagnetic ion is isotropic. Sternlicht has taken into account axially symmetric g-
tensor3, However in many complexes of biomolecules such as enzyme bound substrates,
the magnetic environment is expected to be highly anisotropic. With this fact in mind, we

. . -1 -1 . . .
have derived? expressions for T,,, and T,,, for a general anisotropic g tensor, using the
IM M g P &

density matrix method. These rates have a strong dependence on the orientation of the ion-
nucleus vector in the principal axis system of the g-tensor. The derivation will be presented
and the deviations of the relaxation rates with reference to the corresponding rates for an
isotror:z g-tensor will be numerically illustrated for some typical paramagnetic metal-
complexes.

1. M. Cohn and J. S. Leigh, Jr., Nawre, 193, 1037 (1962); G. K. Jarori, B. D. Ray and
B. D. Nageswara Rao, Biochemistry 24, 3487 (1985). .

2. 1. Solomon and N. Bloembergen, J. Chem. Phys. 25, 261 d(1956); N. Bloembergen

and L. O. Morgan, J. Chem. Phys. 34, 842 (1961).

H. Sternlicht, J. Chem. Phys. 42, 2250 (1965).

K. V. Vasavada and B. D. Nageswara Rao, J. Magn. Reson. (to be published).
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Work supported in part by grants NIH: GMA40132 and Petroleum Research Fund
(American Chemical Society).
+ Work supported in part by grants: NSF DMB 8309120 and DMB 8608185.
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DEUTERIUM NMR AND MOLECULAR DYNAMICS IN SOLIDS
Robert L. Vold and Regitze R. Vold

Department of Chemistry, University of California, San Diego
La Jolla, California 92093 USA

Studies of deuterium relaxation gain much of their power by virtue of the fact that the dominant
(quadrupolar) mechanism is free of many-body complications, being governed instead by the ro-
tational motion of single particles. In many cases of practical interest, molecular motion in solids
is fast enough to permit description of deuterium quadrupolar relaxation in terms of motional
narrowing theory. For these cases, traditional theoretical approaches involve constructing a phy-
sical model which leads to formulae for the time dependent orientational probability distribution
function, followed by calculation of relevant correlation functions by means of ergodic replace-
ment of time averages with space averages. In this paper an alternative approach is explored,
based on direct evaluation of correlation functions constructed from molecular trajectories calcu-
lated by Newtonian dynamics. Thus, the effective correlation times which appear as free param-
eters in typical motional models are replaced by parameters which purport to describe inter-
molecular forces and potentials.

Experimental data will be presented for perdeuterated normal alkanes trapped in urea inclusion
compounds. Measurements of individual spectral density parameters J;(wg) and J,(2wg) as a
function of temperature, field strength, and crystal orientation provide a suitable data base for
stringent tests of molecular dynamic simulations. The alkane molecules are confined by the
walls of the urea host lattice, and they rotate rapidly about their long axes. The rapid motion,
combined with the fact that interactions between alkanes in neighboring channels can be ig-
nore?, permits relatively sophisticated simulations to be carried out with moderate computation-
al effort.
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DEUTERIUM LINESHAPES AND MOLECULAR MOTION IN INCLUSION COMPOUNDS
Regitze R. Vold, Robert L. Vold, Jong H. Ok and Nicholas J. Heaton

Department of Chemistry, University of California, San Diego
La Jolla, California, 92093 USA

Deuterium quadrupole echo NMR spectroscopy is highly useful for studies of the structural and
dynamical properties of a wide variety of solid materials. Work in our laboratory during the last
few years has focused on studies of inclusion compounds such as those based on urea, cyclodext-
rin and other organic compounds as well as intercalates with uranyl hydrogen phosphates. Exam-
ples of this work will be presented. In addition, the effect of dipolar couplings on the deuterium
quadrupole echo lineshapes will be discussed.
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DYNAMIC BEHAVIOR OF COMPARTMENTALIZED VATER
IN CROSS-LINKED GELS WITH VARIOUS PORE SIZES

Tokuko WATANABE and Norio MURASE®

Chemistry lahoratory, Tokyo University of Fisheries, Konan, Minato-ku,Tokyo 108,
and =Tokyo Denki University, Hatoyama, Saitama 350-03, Japan.

INTRODUCT ION

+ Recently, relaxation times of water proton in biological tissues have made
a great contribution for constructing the anatomical images in MRI and also for
T2-tissue characterization in vivo and in vitro. Ti and T2 reflect environment
of water and interaction of water with surrounding tissues or biological macro-
molecules. The biological materials, however, are complex and heterogeneous. The
observed Tl and T2 are generally affected by all! those factors. It is important
to investigate each factor individually which has an influence upon the relaxa-
tion rate and to estimate the existing state of water in tissue and specificity
of the tissue itself from T1 and T2. In the present paper cross-linked polymer
gels are used as mode)l compounds of tissues and nuclear relaxation mechanism of
compartmentaiized water in various pore sizes were discussed. Moreover, correla-
tion time of rotational diffusion of spin probe in the same gels was measured by
ESR method. Dynamic behavior of compartmentalized water will be totally discuss-
ed from NMR and ESR data.

EXPERIMENTAL

Sepadex gels with various pore sizes (GI0, 15, 25, 50, 75, 100) were used.
The polymer beads were soaked by distilled water or agueoussolution of D-Tempone
little by little. The water content ranged frow 30 to 70% of the total weight.
Relaxation measurements were carried out by PC-120(Bruker) NMR spectrometer.
Tt and T2 were calculated from 20 and 169 data points by IR and CPMG methods,
respectively. Tl and T2 were analyzed by multi-exponential analysis. Temperature
of measurement was changed from 5 to 50 degree of centigrade.

RESULTS AND DISCUSSION

wWater in G25 gel with 50X of water content showed a peculiar property both
in nuclear relaxation mechanism and in rotational motion of spin probe. which 1s
different from water in the other gels with larger pore size than G25. That is.
1) proton exchange is dominant in the relaxation process and is superior to di-
polar interaction and 2) thermal motion of water is rapid in G25 gel, although
pore size of G25 gel is smaller.

The authors reported that water compartimentalized by the networ! structure
of G25 gel remains unfrozen during cooling to -50C and crystallizes at about -12
€ during subsequent warming. It is interesting that the specific dynamic prop-
erties mentioned above occur under the same codition that the thermal abnormal-
ity of water occurs.
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Influence of Lateral Diffusion on the Lineshape of Spin Labels in
Lyotropic Systems.

Goéran Wikander, Gdran Lindblom and Per~Olof Eriksson

Department of Physical Chemistry, University of Umei, S-90187 Umel,

Sweden

In amphiphilic systems with curved aggregate surfaces, e.g. micellar
solutions, hexagonal and cubic ligquid crystalline phases, aggregate
tumbling and/or lateral diffusion around the curved aggregate surfaces
often occur at a rate which is in the motional narrowing regime on the
NMR time~scale. However, these processes occur in the intermediate
motional regime on the ESR time-scale. On the other hand,
molecular motions in the amphiphilic aggregates are usually in the
motional narrowing regime both on the NMR and the ESR time-scale.
the present investigation, results from spin labeling of micellar and
cubic isotropic, lamellar and hexagonal phases are discussed. The
lineshapes of dissolved probe molecules are analyzed by means of the
"two-~step model”, earlier developed in NMR contexts, and standard
computer programs for simulations of ESR lineshapes. This procedure
permits an evaluation of the slow correlation time of the label,
From this latter quantity it is possible to estimate the size of
aggregates formed by different types of amphiphilic molecules.
Finally, the difference in the latera] diffusion rate of amphiphilic

molecules and its implication for the lineshape of the label is

discussed.
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USE OF MAL-6 AND LONG CHAIN NITROXIDES IN THE STUDY OF THE STATUS
OF ERYTHROCYTE MEMBRANES IN NEWBORNS

Y.Yang,*’ R.Bracci,* 0G.Buonocore,® 8.Berni," D.Giocia,"™ and
G.Martini.=*

a) West China University of Medical Sciences, Chengdu, Chinaj b)
Division of Neonatology, University of Siena, Giena, Italy; ¢}
Department of Chemistry, University of Florence, Florence, Italy.

A previous study® carried out on the initial reduction rate
of 4-maleimido-2,2,6,6,-tetramethylpiperidine-i-oxyl (MAL-6) in-
troduced as aqueous solution into intact or washed erythrocytes
of cord and 4-day blood has shown a significantly slower reaction
rate of the radical in the cord blood as compared to that of 4-
day-old infants and adults.

In order to study dynamical and structural changes underwent
during the aging of the newborn erythrocytes, the same protein
-SH-specific nitroxide MAL-& was used in the present work with
ghost membranes. A lower availability of -SH mobile groups from
aembrane proteines was demonstrated in cord blood with respect to
4-day and adult blood, with resultant lower flexibility of the
cord ghosts. This was checked by the evaluation of the W/S ratios
between the ESR spectrum intensities of weakly immobilized -SH (W
spectrum) and of strongly immobilized -SH groups (S spectrum),
according to the procedure given by Butterfield.® Computer
simulation of the ESR total absorptions of both type of spectra
allowed to get information on the motional properties of the
radical either in cord and 4-day blood. The membrane structure
changes involved in the membrane physical alterations were dis-—
cussed in terms of membrane proteine network.

The status of the lipid double layers of the same systems
wae investigated with the aid of the lipophylic doxyl derivatives
0f etearic acid (n-DXSA) with the paramagnetic unit located in
different positions of the hydrocarbon chains. The ESR lineshapes
from these nitroxides introduced in ghosts from cord, 4-day, and
adult blood did not show appreciable differences as a function of
the RBC aging, thus suggesting that the protection against oxida-
tive agents in the first days of life involved the proteine net-
work of the erythrocyte membranes of the newborn more than the
lipid bilayers.

1Y R.Bracci, G.Martini, G.Buonocore, B.Talluri, S.Berni,
M.F.Dttaviani, M.P.Picchi, A.Casini, Pediatric Research, 1988,
24, I91.

2) D.A.Rutterfield, Bioclogical Magnetic Resonance, L.J.Berliner,
J.Reuben, Eds., Plenum Fress, New York, vol. 4, (1984), pp.1-78.
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RECENT EPR AND ENDOR STUDIES ON SOME PARAMAGNETIC
MOLECULE-SOLUTE-SOLVENT INTERACTIONS

Nicola D. Yordanov,
Institute of Kinetics and Catalysis,
Bulgarian Academy of Sciences,

1040 Sofia, Bulgaria

Recent developments in the experimental Lechrfique to study
di sordered systems have made the method of ENDOR spectroscopy a
particularly useful tool for clarifying some aspects of weak and

very weak electron-nuclear interactions. Thus it is possible to

find data not only about the electronic but also for gecmetric
structure of the paramagnetic molecules as well as for molecular

arrangements in several systems. In the present lecture the

application of the recently developed method for ENDOR study of

disordered systems will be demonstrated in the case of

mol ecule-sol ute-sol vent interactions. These

-
specific 1nteractions as typically are not accessible by other

The structure of the donor-acceptor complexes

thus formed will be discussed on the ground of the ENDOR results

and will be corelated with the mechaniszms of some chemical

reactions known to take parl with the solute C(or solvent)

molecules as well as with some properties of the paramagnetic

molecules appearing in the studied zolvents.
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AN INTERNATIONAL ORDER APPROACH TO INVESTIGATING INTRAMOLECULAR
ROTATIONS BY NMR IN LIQUID CRYSTALS.
C. Zannoni
Dipartimento di Chimica Fisica e Inorganica
Universita, Viale Risorgimento, 4,

40136 BOLOGNA, ITALY

The feasibility of extracting conformational information from the
proton dipolar couplings of a solute dissolved in a nematic liquid
crystal (1-6) is re-examined. In particular we discuss the possibility
of obtaining information on 1internal order (5) and conformational
distribution using a maximum entropy approach (6). Some recent work on
the analysis of the proton NMR spectrum of 4,4'-dichlorobiphenyl (DCB)
in the nematic liquid crystal I52 (7) where purely orientational order
parameters for the rings as well as an approximate rotamer distribution

have been determined will be discussed.

1) J.W. Emsley, (Ed.) '"Nuclear magnetic Resonance of Liquid Crystals"
(Reidel Publ. Co.), (1985)
2) C.A.Veracini, M.Longer:, in '"Nuclear Magnetic Resonance of Liquid

Crystals" J.W.Emsley Ed. (Reidel Publ. Co.) Chapt. 7, 123 (1985)

3) J.W.Emsley, G.R. Luckhurst, Mol.Phys.,41, 19 (1980)
4) E.T.Samulski, R.Y.Dong, J.Chem.Phys.,77, 5090 (1982)
5) C.Zannoni, 1n “Nuclear Magnetic Resonance of Liquid Crystals"”

J.W.Emsley Ed. (Reidel Publ.Co.}, Chapt.2, 35 (1985)
6) L.D1 Bari, C.Forte, C.A.Veracini, C.Zannoni, Chem. Phys. Letters,

143, 263 (1988)

7) L.Di Bari, D.Catalano, C.A.Veracini, R.Rerardi, S5.Shilstone,
C.Zannoni, to be published, (1989)
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Stereochemistry and Dynamic of a-Cyclodextrin

.[ with D-Tryptophan

PN
o

stercochemistry and the dynamic

13

and C NMR sgspectroscopy.

¢D from the benzene ring side of

molecular motion of D-Trp to

The weak nature of the forces involved

——

independent molion which probably

symmetry axis of n-CD.

-

Gloria Uccello-Barretta, Cario Bertucci, Picro Salvadori

complex formed by a-Cb and D-Trp

\ Results obtained can be summarized as follows:
ala-CD forms a 1:] complex with D-Trp.

b
1

1 b)The aminoacid is incorporated into
groups of the alkyl chain of D-Trp
interactions with cxternal polar groups of
c)The interaction with a-Ch produces

anisotropic motion of the substrate

well as the simmetry of the cavity may be

takes place

Inclusidn Complex

Centro di Studio del! CNR per le Macromolecole Stereordinate ed

Otticamente Attive, Dipartimento Chimica e Chimica
{; Industriale, via Risorgimento 35, 56126 DPisa Italy
t We report here that a-cyclodextrin ( a-CD) induces
i, nonequivalence in the proton and carbon spectra, in DZO solution,
1 of the two enantiomers of underivatized tryptophan (Trp). The

of the inclusion

investigated by Iy

the hydrophobic cavity of a-

indolc moiety, while polar

rise to attractive

cyclodextrin.

slowing down of the
the cxistence of
respect 1o the cavily.
the interaction, as

responsible for this

around the sixfold
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STUDY ON ESR RELAXATION OF HUMAN HAIRS AND
RELATIONSHIP WITH THE HEALTH
CHENG Chaorong FENG Yafei XU Yuanzhi
(Department of Chemistry, Zhejiang University. Hangzhou, China.)
ZHAO Shifang
(The 2nd Affiliated Hospital, Zhejiang Medical University. Hengzhou, China.)
SUMMARY

It is paying extensively deal of attention to studying on radical of
humen hairs in recent years. We would like to report a preliminary study-
ing for ESR relaxation of hair's radical in this paper. The relative
values of relaxation time T; and T; for the cancer patients and healthy
persons have been given.

The expression of the first derivative lineshape for the ESR signal
of radical as follows:

16 2( H = B, )1 TuH Y8 ()
3% (14 (B =8, F4 e 24T, T,)°

Y =

where Y. is the maximm amplitude under the unsaturated cases; 2H, is
the amplitude of linearly polarized microwave field, its value is depan-
dent on the microwave power of entrance into cavity and there is a fune-
tional relationship as follow:

(2 1) = KPy (2)

The ratio of intensities for the ISR signal under certain microwave
povwer with under saturated point denoted by App :

% VA
A = 3% _a(rm ) K’i.pwyg (3)
P& (1suieTT, )
It is clear that the %p is linear relationship with PH’S when the mic-
rowave power is small enough, ie. H{ 1T T,<{1, oand the slope of this
straight line is:

3%
— (T 1 f Kt @)

On the other hend, the relation formula for the peak width of first
derivative line, we have:
2 6yt
(on V= % LHT (5)
31°T, 37T,
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For the saturated point, we have:
1 ERRTE) 6
T = 3/(4% 8K ) (6)

Measured the AR, in saturated point, we can obtain T, from Eq. (6).
In addition to measure a lot of ESR signal which the microwave power is
far from saturated point, we can obtain a series of % " and P, .
Plotting App vs. P"’ﬁ as Fig. 1, the value of slope evaluated by diagram
from Fig. 1, then we have got T, using Eq. (4). Only relative value of
T; could be obtained, because of the constant K containning in slope is
unknown. But it is not important for us to distinguish the cancer pati-
ents from healthy persons., A large number of experimental data
show that the value of K depandent on the position of sample in cavity,
the length of hair sample, but not on the emount of the hair sample for
gilven spectrometer.

Pw -
Fig. 1 Plotting the Relative Intensities vs Microwave power P, .
D w

It may be defined the point A, which is @& crose point of the strai-
ght line A0 and the horizontal line BC, as a threshold value, We find
that if the crose point lie on the left side of point A must be patient,
and if it lie on the right side of point A should be healthy person.

The accuracy reach to more than 80% .
Why the relaxation time T; of the cancer patient hair is longer

than the healthy person's. It is a very interesting problem to be further
studying.
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