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FORTHCOMING NMR MEETINGS

Gordon Research Conference on Magnetic Resonance, June 17-22, 2001, Roger Williams University, Bristol, Rhode
Island (note the new, improved location !!!). Contacts: Rob Tycko, Chair, 301-402-8272, tycko@helix.nih.gov, and

Kurt Zilm, Vice-Chair, kurt.zilm@yale.edu. Site description and application information available at
http: / /www.grc.uri.edu.

ISMRM (International Society for Magnetic Resonance in Medicine) Workshop on “Limits of Detection in Nuclear
Magnetic Resonance”, Univ. Of California, Berkeley, June 23-26, 2001. For details of the program, registration, on-
site accommodations, and call for papers, see http://www.ismrm.org/workshops/nmr/

IX International Symposium on Magnetic Resonance in Colloid and Interface Science, St. Petersburg, Russia, June 26-
30, 2001. Contact: Mrs. L.Ya. Startseva, Secretariat of ISMRCIS, Boreskov Institute of Catalysis, 5, Prosp. Akad.
Lavrentieva, Novosibirsk, 630090, Russia. Tel: +7(3832) 34-12-97; Fax: +7(3832) 34-30-56; E-mail:
star@catalysis.nsk.su.

Roval Society of Chemistry: 15th International Meeting on NMR Spectroscopy, Durham, England, July 8-12, 2001;
Contact: Paula Whelan, 15t International Meeting on NMR Spectroscopy, Royal Society of Chemistry, Burlington
House, Piccadilly, London W1J OBA, United Kingdom. Tel: +44-(0)207-437-8656; Email: conferences@rsc.org\.

ESR and Solid State NMR in High Magnetic Fields, University Stuttgart, Germany, July 22-26, 2001. Contact: Prof.
Hans Paus, 2 Physikalisches Institut, Universitat Stuttgart, Pfaffenwaldring 57, D-70550 Stuttgart, Germany. Tel:
++49-711-685-5223; Fax: ++40-711-685-5282; E-mail: ampere2001@physik.uni-stuttgart.de.

43rd Rocky Mountain Conference on Analytical Chemistry, Denver Marriott City Center, Denver, CO, July 29-August
2, 2001. Email: milestone@bod.net. Web: www.milestoneshows.com /rmcac.

ISMAR 2001, Note change of meeting location: Convention Center of Rodos Palace Hotel in Rhodes, Greece. August 19-
24, 2001; See http://www.tau.ac.il/chemistry /ISMAR.html.

Sixth International Conference on Magnetic Resonance Microscopy, Nottingham, UK, September 2-5, 2001.
http:/ /www.magres.nottingham.ac.uk/conferences/2001 /icmrm.

continued on page 26
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STANFORD UNIVERSITY
STANFORD, CALIFORNIA 94305
STANFORD MAGNETIC RESONANCE LABORATORY (415) 4974062
(415) 4976153

December 5, 1975

Dr. B. L. Shapiro

Department of Chemistry

Texas A&M University

College Station, Texas 77843

Dear Barry,

SATURAT ION-RECOVERY Ty'S
REINVENTION OF THE WHEEL

The accurate measurement of spin-lattice relaxation times is a problem which
is on everyone's mind. As recently summarized by Levy?!, various techniques
show different dependences on factors such as miscalibration of pulses, dis-
tance off-resonance, H; inhomogeneity, etc. The use of equations which
include these factors is in many cases indispensable for obtaining accurate
results. Nothing, however, can replace the selection of an experimental
technique which minimizes -the various difficulties. In this regard, the
most critical factor in measuring accurate relaxation times is the prepara-
tion of the magnetization to a precisely known state at some time in the
experiment. Any imprecision, caused by pulse miscalibration, distance off-
resonance, Hj inhomogeneity, or whatever, will introduce 'distortion' into
the observed behavior of the magnetization with time and will certainly
reduce the expected accuracy.

Some time ago, Markley 93_9132 observed in a footnote that one could measure
Ti1's by a saturation-recovery technique, using white noise to saturate an
entire spectrum. That paper focussed on the reduction in time made possible
by such a technique in connection with the measurement of long relaxation
times. We would like to focus on another aspect of that experiment, i.e.,

the fact that one can prepare a spin system to a known (M0=0) state of mag-
netization at a known time (t=0). Furthermore, one can directly monitor

that state to verify this. |In the standard inversion-recovery T, sequence3,
for example, components of the magnetization left in the x-y plane by the

180° pulse complicate the immediate monitoring of the z-magnetization without
the intervention of a homogeneity spoiling pulse, and the observation of
spectra with M(t)=-MO is'rarely possible. 1In a saturation experiment, how-
ever, there is no net x-y magnetization at time zero, so that an (almost) imme-
diate monitoring of the z-magnetization is possible. At the same time one

has dispensed with the need to calibrate pulse lengths and worries about Hj
inhomogeneity and distance off-resonance. The only requirement is a decoupler
capable of saturating the spins of interest.

This experiment is demonstrated in the accompanying figure, which is a.T]
measurement of ribonuclease. We present the downfield (A) and the upfield (B)
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Varian INOVA 900

S5mm 1H-{13C, 15N}~-triax probe
sample: 0.1% CdCl3 in acetone
test: Hl non spin LSHP

50% = 0.75 Hz

.55%= 4.7 Hz

.11%= 9.7Hz

The 900 MHz magnet has been at field
since early January and is fully persistent
and stable with a measured drift rate of 2
Hz per hour. Fundamental NMR
performance as well as triple resonance
are illustrated by the spectra on this page.

The Inova 900 is currently available for

scientific collaborations and customer
demonstrations.

VARIAN
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Dr. B. L. Shapiro
December 5, 1975

regions of the spectrum at 360 MHz, with T values from bottom to top of
.01, .04, .08, .1, .2, .4, .7, 1.0, and 1.5 seconds. Note that one can look
at .these spectra and be confident that at time zero the magnetizations did
indeed start at 0. Decoupling power used 'in these experiments was approxi-
mately 20 times normal single frequency decoupling experiments. 0.5 second
was allowed to re-saturate the spectrum after each pulse. The approach of

--spin systems to complete saturation is a non-trivial theoretical problem,
given elther single'frequency“ or white noise® decoupling (which is not
used on our Bruker spectrometer in any case). The experimental approach of
lengthening the time for saturation until no magnetization is seen at short
values of T is probably the best solution to the problem in general.

One additional feature should be noted. Like the progressive-saturation
experiment®, no estimate of Ty is needed to begin the experiment, and thus

no wastage of time is incurred. Unlike the progressive-saturation experi-
ment, however, the acquisition time and/or the decay of magnetization in the
x-y plane following the sampling pulse do not place a limitation of the selec-
tion of T values, and hence there is no limitation on the T;'s which can be
measured. The only limitation which must be mentioned is that, for white

noise decoupling at least, the net z-magnetization in the presence of the
decoupling is

o - 2
M, = MO/(I+0 T,/2)

where-o? is the constant power spectral density. In other words, and as
everyone knows intuitively, it is harder to saturate resonances with short
Ty's. We repeat, however, that although this may interfere with the experi-

ment, the state of magnetization at small values of T is subject to direct
experimental measurement.

Sincerely,

oA Woooly Corova
%c Kky mozg/

Steve Patt Oleg Jar Woody Conover

Enclosure
SP/0J/WC/skh

'G. C. Levy and I. R. Peat, J. Mag. Res., 18:500 (1975)

2J. L. Markley, W. S. Horsley, and M. P. Klein, J. Chem. Phys., 55:3604 (1971)
’R. L. Vold, J. S. Waugh, M. P. Klein, and D. E. Phelps, J. Chem. Phys.,

i 48:3831 (1968) } ( 4 )
H. C. Torrey, Phys. Rev., 76:1059 (1949
°R. R. Ernst, J. Mag. Res., 3:10 (1970)
®R. Freeman and H. D. W. Hill, J. Chem. Phys., 54:3307 (1971)
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RNAse A, 36 mg/ml, pH 2.07, 26°C, 200 75° pulses each,
taken on an HXS-360 spectrometer






Tools for Drug Discovery

Drug Discovery requires a variety of tools to prepare for different samples and conditions that might occur during the course of
any particular project. At Bruker, we offer a several add-on accessories to customize the AVANCE NMR spectrometer.

e Structural elucidation of drug metabolites is challenged by limited
sample quantities for typical NMR measurements. CryoProbe™ tech-
nology offers an order of magnitude improvement for sensitivity, such
that NMR spectra can be acquired up to 16 times faster than with con
ventional NMR probes. Now quick results can be obtained even on
very low concentration samples!

e Working with small samples, samples having a gel-like consistency, or
even tissue biopsy samples is made easy with the Bruker HR-MAS™
accessory. The accessory consists of a magic angle spinning probe, con-
trol electronics, and a variety of sample holders to accommodate sample
quantities as low as 9.5 uL up to 80 uL. Complete automation is avail-
able with a sample changer, plus the sample containers can be reused
and samples fully recovered. Now a wide variety of difficult samples
can be measured by NMR.

¢ Identification of contaminants or metabolites in complex mixtures is
greatly facilitated with LC-NMR. On-flow, Stop-flow, and fractionation
protocols are available with our proprietary LC-NMR hardware and our
HyStar™ chromatography software for method development. Structural
elucidation of individual components can be carried out prior
to expensive and time consuming isolation procedures.

Australia : BRUKER (AUSTRALIA) PTY. LTD., ALEXANDRIA, NSW 2015, Phone: (61) 2 95506422
Belgiu m: BRUKER BELGIUM S.A/N.V., 1140 BRUXELLES / BRUSSEL, Phone: (32) 2 7267626
Canada: BRUKER CANADA LTD., MILTON, Ont. L9T 1Y6, Phone: (1) 905 8764641

BRUKER CANADA LTD., SIDNEY, B.C. V8L 5Y8, Phone: (1) 250 6561622

France : BRUKER S.A., 67166 WISSEMBOURG / Cedex, Phone: (33) 3 88 736800

Germany: BRUKER ANALYTIK GMBH, 76287 RHEINSTETTEN, Phone: (49) 721 51610
BRUKER ANALYTIK GMBH 76189 KARLSRUHE, Phone : (49) 721 95280

Great Britain: BRUKER UK LIMITED, COVENTRY CV4 9GH, Phone: (44) 1203 855200

India: BRUKER INDIA SCIENTIFIC PVT. LTD., MUMBAI - 400 063, Phone: (91) 22 849 0060
Israel: BRUKER SCIENTIFIC ISRAEL LTD., REHOVOT 76 123, Phone: (972) 8 9409660

ltaly: BRUKER ITALIANA SRL, 20133 MILANQ, Phone: (39) 2 70636370

Japan: BRUKER JAPAN CO. LTD., IBARAK! 305-0051, Phone: (81) 298 521234

BRUKER JAPAN CO. LTD., OSAKA 564-0051, Phone: (81) 6 3397008

Mexico: BRUKER MEXICANA, S. A. de C. V., MEXICO, D.F. CP 14210, Phone: (52) 5 6305747
Nethe rlands: BRUKER NEDERLAND NV, 1530 AB WORMER, Phone: (31) 75 6285251

P.R. China: BRUKER INSTRUMENTS LTD., BEIJING 100081, Phone: (86) 10 6847-2015

Spain: BRUKER ESPANOLA, S. A, MADRID, Phone: (34) 1 6559013

Sweden: BRUKER SCANDINAVIA AB, 187 66 TABY, Phone: (46) 8 4463630

Switzerland : BRUKER AG, 8117 FALLANDEN, Phone: (41) 18259111

Thailand : BRUKER SOUTH EAST ASIA, BANGKOK 10400, Phone: (66) 2 6426900

Unite d States: BRUKER INSTRUMENTS, INC., BILLERICA, MA. 01821-3991, Phone: (1) 978 6679580
Regionali offices in FREMONT, CA. 94539, Phone: (1) 510 6834300,

WESTMONT, IL. 60532, Phone: (1) 630 3236194, NEWARK, DE. 19810, Phone: (1) 302 8369066
THE WOODLANDS, TX 77381, Phone: (1) 2812922447

For complete details contact your
local Bruker sales representative.

We'd like to hear from you.

www.bruker.com/nmr
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April 12,2001 (received 4/30/2001)

31P-NMR Spectroscopic Assessment of the Viability of
Tissue Engineered Cartilage

Dear Barry,

More and more attention is being given these days to tissue engineering. This includes many
investigators who are seeking to replace damaged or diseased tissues with properly functioning
tissue grown in laboratory cell culture.

One tissue engineering method expanding cartilage cell lines and then transplanting them
into human articular cartilage is called Autologous Chondrocyte Transplantation (ACT) [1], [2].
ACT is receiving increasing attention due to the high morbidity associated with articular joint
diseases such as osteoarthritis and the relatively few options currently available for treatment.

A major challenge to tissue engineers in general is the development of a non-invasive
technique to assess the viability of cells grown in culture. This could enable them to ensure that,
once transplanted, these cells would behave in a physiologically normal way. We have found
that one non-invasive method of assessing viability in chondrocytes is 3!P-NMR spectroscopy.
This technique has already been used to assess pancreatic tissue destined for transplantation [3].
31P-NMR has also been used in the assessment of liver transplants [4].

Few studies to date, however, have used 31P-NMR spectroscopy to examine bioenergetics in
cartilage [5], [6]. We have therefore initiated studies examining the bioenergetics of cartilage
tissue engineered for transplantation.

Cartilage cells (chondrocytes) were harvested from the distal sterna of 16 day-old chick
embryos and inoculated into hollow-fiber bioreactors (HFBRs), sealed glass tubes of 15 mm
diameter that provide a chamber for cell growth [7]. The bioreactor contained twelve porous
fibers and was continuously supplied with tissue culture media (TCM) containing 4.5 g/L
glucose.

3IP-NMR spectroscopy was performed on bioreactors three weeks after inoculation. The
bioreactor was then perfused with glucose-free medium for an additional week and analyzed
spectroscopically again at week 4. A saddle coil was constructed for the experiments which were
carried out on a 9.4 T Bruker DMX spectrometer. A reference sample of methylene
diphosphonic acid (MDP) was built into each bioreactor.
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Spectra acquired before and after the
MDP suspension of glucose were similar with
Pi ﬁ—‘v—"v respect to the energy charge and
o metabolites detected (Figure 1). All

B three resonances associated with
adenosine triphosphate as well as that
of inorganic phosphate (P1) were
observed. Phosphocreatine (PCr) was

vV l not present in detectable concentrations.

Y « B The energy charge (ATP/Pi) of the
sample increased from 0.93 at week 3 to
0.97 at week 4 (Table 1). This increase
may be due in part to a change to
10 5 0 -5 -10 -15 -25 oxidative phosphorylation which allows
Figure 1. 3'P-NMR Spectra of neocartilage tissue: for more efficient production of ATP.

This phenomenon, known as the Crabtree
top) week 3 (4.5 g/L glucose) bottom) week 4 (after Eﬁ_eclz’ has been previously observed in

1 week of 0 g/L glucose). chondrocytes [7]. Unlike other cells

such as myocytes, chondrocytes are
much more flexible in using different types of metabolism to adapt to various energy substrates.

Tissue Culture Media MDP Pi | Gamma ATP | Alpha ATP | Beta ATP | ATP/Pi

MDP

with 4.5 g/L Glucose 19.0 | 9.74 2.35 4.62 2.15 0.93
with 0.0 g/L Glucose 19.0 | 9.33 3.90 3.97 1.72 0.97

Table 1. Peak intensities of spectra from bioreactors in presence and absence of glucose.

This data shows that 31P-NMR spectroscopy provides useful information about the
bioenergetics of cartilage grown in the HFBR system. The absence of detectable concentrations of
PCr is consistent with previous studies [8].

31P-NMR of bioreactors may be utilized in evoloving designs for future bioreactors. Optimal
growth conditions may then be achieved with regard to cell number in the inoculate, bioreactor
dimensions, and the number of fibers needed for adequate nutrient supply and waste product
removal.

The current study is aimed at optimizing the viability of avian cells using the HBFR system.
Future studies will apply the information gained towards the assessment of human cartilage
viability. In addition, we will attempt to correlate the spectroscopic assessment of human cartilage
used in ACT to outcome measures in order to allow the clinician to decide when engineered tissue
is suitable for transplant.

References

1. Jackson D.W., Simon T.M., Arthroscopy, 12(6), 732-738 (1996).

2. Schneider U., Breusch S.J., Von der Mark K., Z Fur Orth Grenz, 137(5), 386-392, (1999).
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4. Wolf R.F.E. et al.,, Transplantation, 64,147-152 (1997).

5. Bjarne et al, Magn Reson Med, 25, 355-361 (1992).

6. Pollesello P, Biochem and Biophys Research Commun, 180(1), 216-222, (1991).

7. Otte, P. Z. Rheumatol, 50, 304-312 (1991).

8. Petersen E.F., Fishbein K.W., McFarland E.W_, Spencer R.G.S., Magn Reson Med., 44, 367-372 (2000).

bok sty Tt Im AL e,
Scott Ellis Kenneth Fishbein Richard G.S. Spencer
sellis@mail.jhmi.edu spencer @helix.nih.gov

NMR Unit,NIH/National Institute on Aging
LémL GRC 4D-06, 5600 Nathan Shock Drive
Erik Petersen Baltimore, Md., Tel: 410-558-8226
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Professor John C. Lindon

Biological Chemistry

Division of Biomedical Sciences

Imperial College of Science, Technology and Medicine
Sir Alexander Fleming Building

South Kensington

London SW7 2AZ UK

Tel: 44-(0) 20-7594-3194 : .
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OF SCIENCE, TECHNOLOGY AND MEDICINE

14 May 2001
Dr. B. L. Shapiro (received 5/21/2001)
The NMR Newsletter

966 Elsinore Court

Palo Alto

CA 94303-3410 USA

Dear Barry,

Proton T;s in crowded 'H NMR spectra

We have previously developed an NMR spectrum editing method, MAXY, based on filtering
through the maximum quantum coherence of CH, groups including the natural abundance “C
spin, and combined it with a variety of one-, two- and three-dimensional 'H, 'H-C and "C-'H
NMR methods to give selective detection of CH, CH; or CHj; resonances. The general approach
has now been extended to allow the determination of 'H longitudinal relaxation times in the
situation of spectral overlap. The relaxation rate (R; = 1/T,) is, in some circumstances determined
by dipole-dipole interactions, and can be used to obtain the correlation time (t.) of the spin.
However, determination of T; of individual resonances in a 'H NMR spectrum is often difficult,

especially in the case of large or complex molecules, where resonance overlap makes it impossible
to distinguish one peak from another.

The pulse sequences used in the experiments are shown in the figure, where four types of
inversion-recovery (IR) scheme have been used to achieve selective and non-selective inversion
and the MAXY sequence is used to read out the magnetization to get selective spectra from CH,
CH; or CH; groups. A single 180° pulse on 'H (Fig. a) gives rise to a non-selective inversion
effect similar to the conventional IR method. The contribution of the cross-relaxation from the
*C to the attached proton is included by simultaneously applying a 180° pulse on °C (Fig. b).
Selective inversion of the magnetizations of the directly bonded 'H and “C can be achieved by a
modified BIRD sequence (Fig. c), where the phase of the last 90°(H) pulse in the BIRD sequence
has been changed from the x axis to the -x axis. By introducing a second 180° pulse on C at the
end of the BIRD sequence (Fig. d), only the magnetization of the protons in >CH, systems will be
selectively inverted resulting in a selective relaxation rate without any cross-relaxation term. It is,
therefore, possible to derive the cross-relaxation rate between the directly attached *C and 'H, or
between the protons bonded to C, and the protons bonded to 2C by taking the difference of the
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relaxation rates obtained from two of the measurements. The methods have been demonstrated
using cholesteryl acetate since the molecular dynamics of cholesteryl esters in cell membranes and
lipoproteins is a subject of considerable importance and the results will be published soon in
Molecular Physics. ‘

@ — 93

¢ ér
H ﬂ t, lA HA } Y, i A —‘ A ‘FI Pulse sequence used for proton

longitudinal relaxation time

measurements. This is essentially
e } ﬂ [ cep_ | the 2D MAXY sequence or a 1D
MAXY scquence if the vanable
delay (t) is fixed at the initial value
(3 us), with additional inversion-
recovery schemes for inverting (a)
all protons, (b) protons and °C, (c)

H ” A y A i ” A y A-x only directly attached 'H and “C

()

with cross-relaxation frgm the °C
(d) only 'H attached to "C.

With best wishes,

s 1 . O \
/% @QV ) JUnta~ (fe),

Maili Liu | John Lindon | eremy Nicholson Duncan Farrant
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The University of Sydney
DEPARTMENT OF BIOCHEMISTRY

Faculty of Science

College of Sciences & Technology
1st May, 2001 (received 5/18/2001)

dphilp@physics.usyd.edu.au
p-kuchel@biochem.usyd.edu.au

Observation of Scalar Coupling with Quadrupolar Nuclei

Dear Bazrry,

We have been investigating scalar coupling with quadrupolar nuclei, from both theoretical and
experimental points of view. The beryllium fluoride complexes are an excellent system for such study,
because the large F-Be coupling constant (J = 34 Hz) leads to well resolved °F and °Be spectra.
We thought that your readers might be interested in seeing how an expression for the evolution of a
system can be used to predict spectra in a novel context.

Miiller, Bodenhausen and Ernst [1] presented the expression [Eq. (1)] for the evolution of a spin

I= % nucleus coupled to a spin S = % system, such as °Be, where scalar coupling acts for a period 7:

S S, 1 ST L. : S
Ti.T5) 2nJrl: S, § [cos(mJT) + cos(3nJ7)] Tia T + 22% [sin(wJ7) + 3sin(37J7)] Tie,T5)
. - B 21 . -
—2sin?(nJ7) cos(mJ7) Thp Toh — 715 sin®(nJ7) T, T5. (1)

The TZII :{:plTlsz +p, T€ the modified irreducible tensor operator products [2], used for describing coupled
spin systems where at least one nuclide has spin S > %

Because the evolution matrix of a spin system is symmetrical, the terms on the right hand side
of Eq. (1) themselves evolve into the term on the left hand side, and the expression for the evolution

would have the same coefficient. For example, the evolution of the coherence Tlltl’fzso must include
the following:

T T8, 2mithS:, g sin?(wJ7) cos(mJ7) T Toy + other terms. (2)

In an experiment where the I nucleus is observed, only the coherence 71,75, induces a signal in

the coil. If we acquire an FID from a coherence that is not in itself observable, but evolves into the

observable coherence during acquisition, then the shape of the FID will be described by an evolution

function, such as in Eq. (2); and the spectrum is described by its Fourier transform. Figure 1 shows

how these spectra may be observed experimentally.
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Figure 1: Experimental !°F spectra of the density operator components in Eq. (1).

coherence FID spectrum experiment
(a) Tr,T5 5 [cos(mJtg) + cos(3mJts)] 1:1:1:1 pulse-acquire
(b)  TL.,TH 5oz [sin(nJty) +3sin(37Jt2)] 3:1.-1:-3 reverse INEPT
(c) TI.,T5 —25sin? (7rJt2) cos(mJtz) 1:=1:-1:1 2QF spin-echo
@) Ti.T% —% sind(wJt2) 1:-3:3:-1 3QF spin-echo
Regards,
David Philp Richard Kemp-Harper Philip Kuchel
References
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18 May 2001
Classifying amino acid type from differences in 3¢ chemical shifts

Dear Barry,

Identifying amino acid type is a key part of sequentially assigning proteins. Grzesiek & Bax (J. Biomolec.
NMR (1993) 3, 185-204) realised that C, and Cg shifts are especially useful for this. They used a data
base of about 600 spin-systems to generate a composite probability surface for C, and Cg shifts relative
to random coil values. This probability distribution can be used to classify unknown spin systems.

One problem with the approach is that it requires consistent 3c referencing. This should not be a
problem because there are straightforward methods of referencing all dimensions of multinuclear
experiments. However, it is fairly clear that the methods are not universally used, especially in the early
stages of assignment. An alternative approach which avoids the referencing problem is to use chemical
shift differences (A613C). If carbonyl chemical shifts are available, then shifts can be expressed as CO-C,
and CO-C;. These values will be unaffected by referencing differences.

The graph overleaf shows the distribution of A8"3C for approximately 750 spin systems from 8 proteins
randomly selected from the BioMagResBank. Points represent the average values for the different types
of amino acid (tryptophan, cysteine, and histidine are not included, because less than 20 examples were
present in the training set). From the distribution, it is clear that A8"C are as well separated as absolute
chemical shifts themselves (compare with Figure 6 from Grzesiek & Bax).

The crosses on the figure are the 49 phenylalanines in the training set. They're shown to give an idea
about how much overlap there is between residue types. The oval surrounding the points is at 1.96
standard deviations, which is the 97.5% confidence limit for a normal distribution. The 1.96 standard
deviation contour for serine is also shown, to demonstrate that variation is different for the different amino
acid types.

For a normally-distributed population, the average and standard deviation of a population can be used to
calculate the probability of another sample being a member of the population. However, assuming
normality needs some justification as 3C shift is strongly dependent on secondary structure so might be
expected to have a bimodal distribution (this is the reason that Grzesiek & Bax calculated the distribution
function instead of assuming a normal distribution). Visual inspection suggests the distributions of AS"C
are not too far from normal for most residue types. This is probably because secondary structure has a
similar effect on both the C,and carbonyl shifts, and its effect is much smaller than total variation in CO-

B.
As*C appears to be at least as good at discriminating residue type as absolute shifts. The main
disadvantage of using shift differences is that the it does require carbonyl shifts, which involves extra
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work and is also more difficult with larger proteins owing to the poor separation of carbonyl shifts and the
role of CSA in relaxation. Using C,-Cg would avoid the need for carbonyl shifts, but this would be
expected to give poorer discrimination between residue types.

This is our first contribution from Jealott's Hill as part of Syngenta, the world's leading research-based
agribusiness, which was formed in November last year from the agribusinesses of Novartis and Zeneca.

Yours sincerely,
D Fevee

Peter Howe.

PS Anyone who'd like the values of the averages and standard deviations for A8"C should get in touch.
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Aventis Pharmaceuticals

Professor Bernard L. Shapiro
Editor/Publisher

The NMR Newsletter

966 Elsinore Court

Palo Alto, CA 94030-3410

May 14", 2001 (peceived 5/16/2001)
Dear Professor Shapiro:

Getting Our Feet ‘WET’

Recently, we implemented LC-NMR and VAST-NMR techniques on a Varian Inova 600 system at Aventis to
support drug discovery activities. We would like to share some of our experiences regarding the utilization of WET
pulse sequence and digital filters to suppress solvent peaks in LC-NMR and VAST-NMR.

It’s widely recognized that suppression of solvent peaks is a primary requirement for any successful application of
LC-NMR and/or VAST-NMR approaches. The solvent peaks in these experiments are usually several orders of
magnitude more intense than the analyte peaks. Frequently, it also means suppressing multiple resonances resulting
from either a binary solvent system used as the mobile phase in LC-NMR or other solvent used in VAST. Varian
developed a solvent suppression technique called WET which is based on the application of selective pulses, Bc
decoupling and gradient pulses, to overcome these spectroscopic problems and is used routinely as an efficient
solvent-suppress pulse to generate high quality LC-NMR and VAST-NMR spectra. We have used WET technique
in case acetonitrile/water and DMSO as solvents in VAST. Typically, proton transmitter offset is set to the methy]
resonances of the solvent (acetonitrile or DMSOQ). However, it will be inconvenient to use this approach if there are
any resonances of interest which are close to these methyl peaks. It is possible, in such cases, to place the proton

transmitter offset (tof) to the residual water peak and use soft digital filters to suppress the solvent’s methyl
resonances.

The following figure represents some typical 'H spectra of a small organic compound in DMSO-d6. The top
spectrum is acquired without any solvent suppression and the intense peak at 3.3 ppm corresponds to the water in
“cheap” DMSO. The next spectrum is obtained with WET pulse applied at 2.5 ppm and 3.3 ppm with both solvent
peaks suppressed significantly. However, not surprisingly, the peaks of interest around 2.5 ppm are “washed out”
completely. The next spectrum shows the effect of further suppression of the residual peaks using digital filters.
Finally, the WET pulse is applied only at the water peak (3.3 ppm) in the last (bottom) spectrum and the resonances
close to 2.5 ppm are clearly observable. Thus, minor tweaking of WET pulse with digital filtering recovers the
valuable spectral information around the solvent resonances.

Yours sincerely,

Gepinng Vacant

Jiping Yang N. Vasant Kumar

Aventis Pharmaceuticals Inc. - Aventis Pharmaceuticals Products Inc. - www.aventis.com
Route 202-206 - PO Box 6800 - Bridgewater, NJ 08807-0800 - Telephone (908) 231-4060
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Figure 1. Four 1D proton spectra with and without solvent suppression and digital filter
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Position Available

Tier I Canada Research Chair in NMR Studies of Materials

Dalhousie University (http://www.dal.ca) invites applications and nominations for a Tier I Canada
Research Chair in NMR Studies of Materials. More details about this position are available at
http://www.chem.dal.ca/nmrcrc/

The CRC in NMR Studies of Materials will be a world leader in NMR investigations of materials,
with a proven ability to work with others in a wide variety of materials programmes. As a senior

Chair, the appointment will be tenured and at the rank of Professor, in the Department(s) most
suited to the candidate’s research and teaching interests.

Applicants should send a curriculum vitae, a detailed research plan and names of three referees to:
Professor Mary Anne White, Killam Research Professor in Materials Science and Chair of the NMR

CRC Search Committee, Department of Chemistry, Dalhousie University, Halifax, Nova Scotia
B3H 4J3, Canada, email: Mary.Anne.White@Dal.ca

Applications will be considered until the position is filled. Please note that the CRC nominations
are subject to review and final approval by the CRC Secretariat. Dalhousie University is an
Employment Equity/Affirmative Action employer. The University encourages applications from
qualified Aboriginal people, persons with a disability, racially visible persons and women.

Position Available.

Postdoctoral Position — Michigan State University
Solid State NMR Studies of Viral Fusion Peptides

This is an NIH-funded project to investigate the structure and motion of membrane-bound viral
fusion peptides. These studies will provide insight into the mechanism of peptide-induced
liposome fusion and ultimately, viral/host cell membrane fusion. We have two 400 MHz solid
state NMR spectrometers available for these studies, including triple resonance capabilities. We
also expect to have access to a 900 MHz NMR spectrometer.

The ideal candidate would have experience in solid state NMR with some experience in solution
NMR. Experience in biochemistry, peptide synthesis, and/or protein expression would also be
valuable. Please send a curriculum vitae and names and contact information for two references
to: Dr. David Weliky, Dept. of Chemistry, Michigan State University, East Lansing, MI 48824.

e-mail: weliky@cem.msu.edu

website: http:/ /poohbah.cem.msu.edu/Faculty/Welikverp/index.html
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Forthcoming NMR Meetings, continued from page 1:

14t European Symposium on Polymer Spectroscopy, Dreikdnigskirche — Haus der Kirche, Dresden, Germany,
September 2-5, 2001. Contact: Institut fiir Polymerforschung Dresden c. V., ESOPS 14, Postfach 12 04 11, 01005
Dresden, Germany. Tel: +49 351 4658-282; Fax: +49 351-4658-214; E-mail: espos@ipfdd.de.

Fourth International Conference on Molecular Structural Biology, Vienna, Austria, September 5-9, 2001. Contact: Dr.
Andreas Kungl, Austrian Chemical Society (GOCH), Biochemistry Subgroup, ¢/0 Institute of Pharmaceutical
Chemistry, Univeristy of Graz, Universitatsplatz 1, A-8010 Graz, Austria. Tel: +43 316 380 5373; Faz: +43 316
382541; E-mail: andreas.kungl@kfunigraz.ac.at. '

2nd Alpine Conference on Solid-State NMR, Chamonix-Mont Blanc, France, September 9-13, 2001; Contact: Alpine
Conference Secretariat, Laboratoire STIM, Ecole Normale Supérieure de Lyon, 46 allée d'ltalie, 69364 Lyon Cedex 7,

France; alpine. SSNMR@ens-lyon fr; Tel. +33-(0)4 72-72-84-86/ 83 84; Fax. +33 (0)4 72 72 84 83; http://www.ens-
lyon.fr/STIM/alpineweb /html.

EMBO Practical Course: Structure Determination of Biological Macromolecules by Solution NMR, EMBL, Meyerhofstr.

1, D-69117 Heidelberg, Germany, September 12-19, 2001; Email: nilges@EMBL-Heidelberg.de; sattler@EMBL-
Heidelberg.de; http:/ /www.embl-heidelberg.de/nmr/sattler/embo.

EMBO Workshop on NMR and Molecular Recognition, Ravello, Italy, October 3-7, 2001; Contact: Dr. T. Tancredi:

ttancredi@icmib.na.cnr.it, or Dr. P. Amodeo: pamodeo@icmib.na.cnr.it. Information:
http:/ /www3.icmib.na.cnr.it/ravello2001.

43rd ENC (Experimental NMR Conference), Asilomar Conference Center, Pacific Grove, CA, April 14-19, 2002. More
information will be posted when available

XXth International Conference on Magnetic Resonance in Biological Systems, Toronto, Ont., August 25-30, 2002. For
further information check www.uso.ca/chem/icmrbs/, or contact: mgordon@julian.uso.ca.

Additional listings of meetings, etc., are invited.

Position Available.

A postdoctoral position is available at Novartis Institute for Biomedical Research, located in
Summit, New Jersey. The work will focus on utilizing NMR technology to identify lead chemical
templates in drug discovery and drug design projects. Candidates must have considerable
experience in NMR instrumentation, methods and pulse sequence development, as applied to
ligand screening. Experience in all aspects of protein NMR spectroscopy, including data collection
and analysis, is required. Strong publications history and communication skills are required.
Thorough knowledge and experience in small molecule libraries for NMR screening are
advantageous.

Please e-mail your resume as a 'Microsoft Word' attachment to: rd@recruitmentsolutions.com.
Include in your e-mail message the following information: 1. In the subject area and in the main
copy of your e-mail, reference the requisition # 10249 for sorting purposes. 2. In a brief note or
cover letter, indicate where core competencies align with requisition.

As an alternate method of submission, fax your resume and cover letter to: 800-343-8850. If you
would like to know more about openings available at Novartis, please visit our website at:
www.joinnovartis.com. We are equal opportunity employers M/F/D/V.











