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THE UNIVERSITY OF MICHIGAN
INSTITUTE OF SCIENCE AND TECHNOLOGY

BiopHysics RestarcH Division November 30, 1988
(received 12/5/88)

. 2200 BoNisting Bourvakn
Prof. B. L. Shapiro ANN ARIOR, MICIICAN. 48109.2099

TAMU NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Dear Dr. Shapiro,

We've recently started to use a simple and accurate approach for
measuring long-range heteronuclear couplings of isotope-enriched compounds (1)
which may be of general interest. We record homonuclear 2D NMR spectra (e.g.
NOESY, ROESY, RELAY, or TOCSY) of isotope-enriched proteins that contain cross
peaks between the protons bound directly to 13¢ or 15N and the protons for
which long-range coupling to the same enriched nucleus should be measured.
Because the heteronuclei are not pulsed, these cross peaks show an ECOSY-like
pattern with respect to the passive heteronuclzar couplings; they are split in
one dimension by the large direct heteronuclear coupling and, in the other
dimension, by the long-range heteronuclear coupling of interest. The large
splitting provides good resolution of the cross peak components and allows
accurate measurements of both coupling constants. Similar effects have been
observed previously in 2QF-COSY spectra of 113¢d-enriched metallothionein-2
(2).

To illustrate this approach, we have used product operator formalism to
simulate an intraresidue HN-gp NOESY cross peak of the 15N-enriched amino acid
spin system shown in Figure 1. We considered the NOESY peak at ®1 = Qyy and
Wy = QHB for which the magnetization begins on the HN proton. The relevant
terms of the product operator at the end of the evolution period are:

—chos(S)Itl)cos(nJltl)cos(ngtl) + 2Iszsiq(SlItl)sin(nJltl)cos(ngtl) (1]

in which J; = 17 (15Nn-n), Jp = 37(aN-H®), and I and K refer to the HN proton
and 158 nuclei, respectively. The additional terms which are not shown are
eliminated by standard NOESY phase cycles. The second proton pulse of the
NOESY sequence converts the in-phase and anti-phase terms of Eqn 1 into
longitudinal magnetization (I,) and two-spin order (I,K,), respectively.
Because the nitrogen nuclei are not affected by this second proton pulse, the
K, components of the product operator remain aligned along the z-axis. Nuclear
Overhauser effects between the HN and HB protons during the mixing period next
convert longitudinal magnetization and two-spin order of the HN proton into
the corresponding states of the uP proton. Ignoring the diagonal peaks, the
observable y-axis terms of the final two-dimensional product operator are:

-Mycos (Qrt;) cos (Qyty) cos (mI ty) cos (RIpt 1) cos (RI3tp) cos (MI4tp) cos (MIst2)

—Mysin (QItl) sin (QMtZ) sin (TL'Jltl) cos (1L'J2tl) sin (TCJ3t2) cos (TCthz)COS (TCJ5t2) [2]
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in which J3 = 33(15n-#B), g4 = 20mB-sB"), 35 = 30(m%-uP), and M denotes the
up spin. The first term of Egn. 2 is the usual in-phase homonuclear NOESY
cross peak, while the second term, arising from heteronuclear two-spin order
during the mixing time, is a superimposed NOESY cross peak which is in-phase
with respect to all of the homonuclear couplings and anti-phase in tj and t;
relative to 1J(15N-H) and 3J(15N—HB), respectively. This second pathway of
magnetization is converted back into observable magnetization only if the two
protons associated with the NOESY cross peak are coupled to the same 15y
nucleus (except in the special case of simultaneous -1y andg 15n-15n
incoherent magnetization transfer). Schematic diagrams of the cross-peak fine
structures resulting from each of these terms of Eqn 2, and their
superposition, are shown in Figure 1. As in ECOSY, the sign of the long-range
coupling relative to the direct heteronuclear coupling can also be determined.

Uniformly 15N-enriched human type-a transforming growth factor (hTGFQ)
was prepared by Drs. Peter Rauenbuehler and Marjorie Winkler (Genentech, Inc.)
as part of our collaboration on structure-function studies of transforming
growth factors. We have recently determined a nearly complete set of sequence-
specific proton resonance assignments for hTGFO using conventional
homonuclear 2D-NMR methods (3). Examples of HN-pB NOESY cross peaks of this
15N-enriched protein are shown Figure 2. For the downfield up proton of
Cys-34 the ensemble-averaged 3J(15N—HB) coupling is -5.5 * 0.5 Hz (Figure 23),
corresponding to a trans orientation of these two atoms (4). For Cys-21, both
HN—HB-cross peaks are resolved (Figure 3B) with 3J(15N-HB)'S of -1.3 £ 0.5 and
-1.8 £ 0.5 Hz for the downfield and upfield resonances, respectively. These
measurements indicate that both Cys-21 P protons are gauche (4) with respect
to the 19N atom; i.e. the corresponding dihedral angle xl is ca. 180° Such
measurements can be combined with values of homonuclear coupling constants,
measured by homonuclear ECOSY or C0OSY45, to determine HZB methylene
stereospecific assignments and xl rotamer distributions. The same approach can
also be used to measure vicinal 3J(H®-15N) couplings in sequential H®-HN
NOESY cross peaks and to determine long range couplings to enriched 13¢
nuclei. We are quite excited by these results because this information will be
very useful for refining solution structures of proteins and characterizing
subtle conformational changes which may accompany site-directed mutations.

GV%MU’l 41,/ ine (quﬂ»\o“c)\ MQ\W

Gaetano T. Montelione Gerhard Wagner

1. Montelione, G.T.; Winkler, M.E.; Rauenbuehler, P.; Wagner, G.

in press.

2. Neuhaus, D.; Wagner, G.; Vasak, M.; Kigi, J.H.R.; Withrich, K.
Eur, J. Biochem., 143: 659 (1984).

3. Montelione, G.T.; Winkler, M. E.; Burton, L.E.; Rinderknecht, E.;
Sporn, M.B.; Wagner, G. i in press.

4. DeMarco, A.; Llinds, M.; Withrich, K. Biopolvmers 17: 2727 (1978).
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Fig. 1. Schematic drawing of a simulated uN-gB NOESY cross peak for an 15n-
enriched protein. A) A simple amino acid spin system showing the homonuclear
(left) and heteronuclear (right) spin coupling constants used for the cross
peak simulation. The relevent coupling constants J1, J2, J3, J4, and J5 are
defined in the text. In this simulation, J1 > J5 > J2 = J3 > J4 and the
product J1 x J3 > 0. B) Contributions to cross-peak fine structure arising
from longitudinal magnetization transfer I, to M, (left) and from transfer of
heteronuclear two-spin order I, K, to M K, (right) during the NOESY mixing
time T,. C) Superposition of these two components.
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Fig. 2. Expansions of cross peaks involving methylene resonances from a
NOESY spectrum of hTGFa at pH 3.5, temperature 30° C. and ca 5 mM protein
concentration. A) Intraresidue HN-HB cross peak of Cys-34 manifesting an ®
displacement due to vicinal 3J(15N—HB) heteronuclear coupling of -5.5 % 0.5
Hz. B) Both intraresidue 3J(15N—HB) cross peaks of Cys-21, manifesting
heteronuclear couplings of -1.3 £+ 0.5 and -1.8 + 0.5 Hz, respectively.

These measurements indicate an ensemble-averaged dihedral angle xl of ca
180°.



FMR’s business charter is to provide consulting
services and hardware upgrades for performance im-
provement of installed NMR spectrometers. Under this
charter, FMR offers consulting services and accessories
designed to improve and expand a new or vintage NMR
instrument’s ability to do today’s instrumentally de-
manding experiments. FMR is ready to work withyou to
develop any specialized techniques or hardware to ac-
complish this task.

Consulting

FMR provides both telephone and on site con-
sulting services to help the NMR spectroscopist isolate
and understand the instrumental influences on his ex-
periments. These services often lead to an understand-
ing of instrumental limitations. Once the instrumental
limitations are understood techniques and/or hardware
accessories can be developed to eliminate or reduce
them. FMR is ready to provide new hardware modules
and modifications of existing modules to reduce or
eliminate instrumental limitations.

Probes
FMR provides specialized probes for many
applications including new probes and upgrades to exist-
ing probes for improvement of sensitivity and/or other
performance characteristics such as water saturation.
For example, if you are having problems with lead
pickup with water saturation experiments, most probes
can be modified to substantially reduce or eliminate the
lead pickup.
FMR probe services include:
* New probes with competitive specifications.
* Ubpgrades for existing probes to improve per-
formance.
*  Modifications of existing probes to do different
experiments.
* Repair services for probes from all vendors.

Noise Figure Measurements

An NMR system is composed of many inter-
connected modules. When all of these modules are
working properly, the instrument performance optimal.
If any one module fails, the results often make the NMR
experiment difficult or impossible to perform. A very
useful test to see at what level the TOTAL instrument is
working is a system noise figure test. FMR has devel-
oped techniques and inexpensive accessories which al-
low the user to determine the system noise figure on a
routine basis. This allows the NMR operator to always
know at what level his NMR instrument is performing.

PC Based Accessories

As part of our business charter, FMR is devel-
oping a series of hardware and software accessories
based on personal computer (PC) technology. PCs are
on a steep price/performance curve with the level of
performance per dollar increasing daily. In addition,
they are well supported by utility software and all types
of mass storage devices. These characteristics make PCs
an obvious choices for add-on devices. As part of the PC
based hardware upgrades, FMR has developed a Soft-
ware Plotting Package, a Variable Temperature Unit
and a Sample Changer for existing NMR systems.

Offline Plotting

PLOT is a software package for IBM PC and
compatibles that allows you to plot off-line from your
NMR instrument. PLOT supports common graphics
devices, mice, plotters and printers. After you have
transferred the data file by serial transfer, Ethernet or
emulating the spectrometer’s plotter port, the user can
add any desired plot annotations and create the plot on
a variety of hardcopy devices such as an Epson-compat-
ible dot-matrix printer, an HPGL plotter or an HP-
compatible laser printer. The laser produces sharp well
defined plots of a convenient 8.5" by 11" size. Output files
are also directly importable into common desk-top
publishing software packages such as Aldus PageMaker
or Xerox Ventura Publisher.

Variable Temperature Unit
The VT Unit is available as either a stand-alone

device or, optionally, as a keyboard substitute driven by
an auxiliary processor (based ona MS-DOS PC) for the
existing NMR system keyboard . The VT Unit has the
following features:

*  Graphic, mouse driven queueing software.

¢ -196°C to 200°C temperature range.

* 0.1° Short term temperature stability.

¢ Macro capability for automatic operation.

Sample Changer
The PC based Sample Changer for new and
e)ustmg NMR systems has the following features:
Graphic, mouse driven queueing software.
¢ Powerful Macro capabilities for automatic
operation.
* 20 sample carousel type operation for most
spectrometers.
The sample changer installs into an existing spectrome-
ter by replacing the existing keyboard with a new key-
board and auxiliary processor (based on a MS-DOS
PC). A 20 sample carousel is attached to the cryostat
above the sample port.




System Noise Figure

FMR Instrumentation Note I described a method
to determine the overall NMR system noise figure. This
Note describes how to use the information extracted
from these tests. To be most useful, these noise figure
tests should be done routinely as part of preventative
maintenance on the NMR instrument. This history of
performance makes it easy to see when something goes
wrong. They are still useful without this history, since
most working NMR systems have noise figures typical
range (1.0-2.5 dB). If the NMR system is performing
outside this range, other noise tests can help determine
which module of the system is at fault.

FMR markets an inexpensive noise figure meter
kit with procedures for the NMR user to quickly deter-
mine the system noise figure. The test apparatus con-
sists of a meter for displaying the noise level of the audio
channel to the digitizer and a 50 ohm noise source for the
preamp. The meter iscalibrated with the noise source at
room temperature. Then the noise source is cooled in
liquid nitrogen. The system noise figure is then read
directly from the meter. The entire procedure takes only
a few minutes and can be repeated as a diagnostic
procedure. This applications note is written for this
equipment, but the procedures can be easily adapted to
other methods of determining system noise figure such
as those described in FMR Instrumentation Note 1.

The system noise figure is an important factor
in determining the NMR instrument’s overall signal to
noise. The NMR instrument is designed to have the
preamplifier gain and noise figure determine the total
system noise figure. As arule of thumb, a 1dB increase
in the noise figure decreases the signal to noise by 10-
15%. For adequate signal to noise the overall system
noise figure needs to be in the 1.0 to 2.5 dB range. If the
system noise figure is outside that range, further tests are
needed. Remember, if the signal to noise is low, the
most common three problems are:

* Not enough signal from the probe.
*  Poor system noise figure.
*  Noise from other sources

Typlcal Problem Areas

Frequency dependent? Change to another nucleus and
determine the noise figure. Itis best if the other nucleus
uses a different preamp. If the noise figure then falls
within the desirable range the preamp is suspect, but not
proven guilty. Check the other test described.

Transmitter Power Amplifier. In some NMR spectrome-
ters the power amplifier is linear. These amplifiers can
often emits RF noise at the observe frequency. If the
noise blanking circuitry is defective or inadequate this
will add noise to the system. With the noise meter
measuring the system noise level, disconnect the trans-

Instrumentation Note 6

mitter cable. If the noise level (noise level not noise
figure) drops there is noise coming from the power
amplifier. This needs to be fixed before the NMR
system will deliver optimal signal to noise.

Decoupler Power Amplifier. The phenomena is the same
as above except the amplifier to be checked is the
decoupler power amplifier.

Lock. The lock transmitter can also add noise to the
system. Observe the noise level on the noise meter with
the preamp connected to the probe. If the noise level
increases or decreases when the lock cable is discon-
nected from the probe, then the lock is adding noise
(meter increases) to the overall system or the lock may
be overloading the preamp (meter increases or de-
creases). Either way is not desirable. Further filtering
of the lock and/or receiver system is required. Remem-
ber the lock can be putting noise in at the observe
frequency AND/OR the lock transmitter can be over-
loading the preamp.

Transmitter Coupler and Directional Couplers. Most
NMR systems have some circuitryin front of the preamp
to couple on the transmitter and/or decoupler. Measure
the system noise figure with and without this circuitry.
The difference is the loss in this circuitry. It should be
less than 0.5 dB and not more than 1.0 dB.

Filters. Most NMR systems have some circuitry in front
of the preamp to filter out the lock transmitter and/or
decoupler. Once again, measure the system noise figure
withand without this circuitry. The difference is the loss
in this circuitry. It should be between 0.5 and 1.0 dB.
Gain Level. If the preamp’s gain is not much larger than
the console noise figure, then the system noise figure is
not determined by the preamp. In many systems, the dy-
namic range of the NMR signal is very large. This is
especially true for biological samples in water. With
large signals the operating spectrometer gain settings
are sometimes set low to keep the preamp and console
from overloading, Overloading produces artifacts, line-
shape distortion and baseline distortion in the NMR
spectrum. Determine the NMR system noise figure at
several setting ranging from veryhigh to very low. If your
system is forced to operate at a gain setting at which it
has a poor noise figure, you need to improve the dynamic
range of the preamp.

RF Interference. Sometimes the probe or console picks
up RF interference. A good way to detect this interfer-
ence is to connect an amplified speaker to the audio
channel. You can hear the interference. The noise
meter can also indicate the interference by a changing
level reading. The speaker and noise level test needs to
be done with and without the probe connected to deter-
mine the source of interference.




UNIVERSITY OF TURKU

Kalevi Pihlaja, Dr.
Professor
Physical Chemistry

Professor B. L. Shapiro
TAMU NMR News Letter
966 Elsinore Court

Palo Alto,

*H and *®C NMR of Compounds 1-3

Dear Professor Shapiro,

Compounds 1-3 are in pure state

which are believed to crystallize in one isomeric form only

When recording the spectra we

is practically exclusive in solution. Obviously

has structure A. We 1like to

pounds seem to be very sensitive in solution

has be taken to avoid artifact

also

emphasize

peaks

November 29, 1988
(received 12/12/88)

Turku,

California 94303, U.S.A.

fairly high melting solids,
(A).

observed that only one form
this component

that this type of com-

and a great care

in the spectra (see for

instance the COR peaks in the spectra of 2,3-dihvdro-1,3,4-thia-

diazoles in Evans et al., J. Chem. Soc. Perkin 1, 1499 (1986)).
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Table. Proton and carbon chemical shifts for 1-3 in CDCla from
TMS.
1A Me5 2.69 CH 8.40 Ar: 7.79 (2ZH); 7.44 (2H)Y J 8.6 Hz
1A CN 161.9 NC-C 145.9 (C-Ar 138.8 MeS 15.9 Ar: 111.65;
128.0; 129.6; 129.6
2A MeS 2.67 CH 8.42 Ar: 7.81 {2H); 6.97 (2H) J 8.8 H=z
2A CN 163.4 NC-C 144.4 C-Ar 144.1 MeS 15.7 Ar: 111.6;
114.6, 125.7; 131.5 p-MeO 55.6
3A MeS5 Z.67 CH 8.42 Ar: 7.74 (2HY; 7.27 (2H) J 8.2 H=z
3A CN 163.5 NC-C 143.6 C-Ar 145.0 MeS 15.8 Ar: 111.5;
129.5; 129.5; 130.35 p-Me 21.9

Hans-Ulrich Kibbel
Wilhelm-Pieck-Universitat,

Department of Chemistry
SF-20500 Turku, Finland

Lo tdn P

Kalevi PipAaia

Rostock

Telephone 921-645705
Telex 62683 tyf sf
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international Business Machines Corporation IBM Research Division
Almaden Research Center
650 Harry Road
San Jose, CA 95120-6089
(408) 927-1611

November 14, 1988
(received 11/26/88)

L.
Dr. Bernard 87 Shapiro
966 Elsinore Court
Palo Alto, CA 94030

SUBJECT: Big structural effects in little solid molecules
Dear Barry,

Although we have been primarily interested in polymers in the solid state, I have recently spent some
time looking at some smaller molecules which exhibit solid state NMR spectra that are markedly
different from that of the solution spectra.

Enclosed are solution and solid state spectra of 4-Nitroanisole, a), and 4-Nitroaniline, b). Although
the solution spectra shows well resolved single lines for each carbon, the solid spectrum shows
multiple lines for some carbons. Some of these multiple lines are dve to dipolar splitting of the
quadrupolar 14N atoms 1-3. However, the protonated carbons 2 and 6 of each molecule are split
because of the orientation of the group at position 1 in the solid state. There are reports of solid state
effects due crystal packing3, differences in chirality4, and due to hydrogen bonding in other small
moleculess, but the splittings are not as large in general as these small simple ones. These kinds of
observations point out that although simple explanations lead one to think that the isotropic value of
the chemical shift of a carbon in the solid state will be the same as as in solution, the fact is that the
average value in solids is not necessarly the same as the isotropic value in solutions.

Sincerely yours,
William W. Fleming
WF/wf

1. E. Kundla and M. Alla, Proceedings of XXth Cong. Ampere, Tallinn, p. 92-93 (1978).

2. N. Zumbulyadis, P. M. Hendricks, and R. H. Young, J. Chem. Phys., 75, 1603-1611 (1981).

3. C. G. Moreland, E. O. Stjeskal, S. Sumner, J. D. Memory, F. 1. Carroll, G. A. Brine, P. S,
Portoghese, G. 1. Birnbaum, in press.

4. C. S. Yannoni, Acc. Chem. Res., 15, 201-208 (1982).

5. S. Sumner, C. G. Moreland, F. 1. Carroll, G. A. Brine, K. G. Boldt, in press.

6. M. C. Etters and R. C. Hoye, Transactions of the American Crystallographic Association, 22 31-48
(1986).
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@b United States Agricuitural Midwest Area 1925 Linden Drive West
{\g )i} Department of Research U.S. Dairy Forage University of Wisconsin
== Agriculture Service Research Center Madison, Wl 53706
608-263-2030
FTS 364-5240
(608) 264-5407

E-Malil: RALPHJ@VMS.MACC.WISC.EDU
November 23, 1988

Dr B.L. Shapiro (received 12/2/88)
966 Elsinore Court

Palo Allo, CA 94303

Dear Dr Shapiro,

Reading Between the 'Researchese’ Lines

Continuing your lead in introducing some lighter aspects (and to get my new subscription onto a

firmer footing!?), I am offering a selection from a (rather old) article from "The Journal of Tussock

Gr

asslands and Mountain Lands Institute" at Lincoln College in New Zealand. Much of it is

surprisingly relevant — how often have you seen phrases like these recently?

Certain phrases often used in scientific research papers have varying degrees of hidden meaning. What may be "of great

theoretical and practical importance” may simply mean "it's interesting to me."

So that people may better understand other 'researchese’, the following explanations are offered.

1. "It has long been known that . . ." Means: I haven't bothered to look up the original refercnce.
2. "While it has not been possible to provide definite answers to these questions . . ." Mcans: The experiment didn't work
but I figured I could at least get a publication out of it.
3. "Three of the samples were chosen for detailed study . . ." Means: The results of the others didn't makc any scnsc.
4. "Accidentally filtered and purified . . ." Means: Dropped on the floor.
5. "Handled with extreme care throughout the experiment . . ." Means: Not dropped on the floor.
6. "Typical results are shown. Means: The best results are shown.
7. "Itis suggested that ... It may be that ... It is believed that ... Means: I think.
8. "Itis generally belicved that . .." Means: a couple of other blokes think so too.
9. "Itisclear that much additional work will be required before complete understanding . . ." Means: I don't understand il.
10. "Unfortunately, a quantitative theory to account for these results has not been formulated . . ." Means: Neither docs
anybody else.
11. "Correct within an order of magnitude . .." Means: Wrong.
12. "Thanks are due to Bill Bloggs for assistance with the experiments and to Dr Smedley for valuable discussion .. ."
Means: Bloggs did the work and Smedley explained what it meant.
In NMR papers you may additionally find statements of the following types (with their translations):
1. "No effort was made to optimize the parameters . .." Means: I had no idea how the experiment
worked, but the first time I ran it, I got some correlations that looked good.
2. "A section of the 2D contour plot is shown . . ." Means: There were some terrible arlifacts in the rest
of the spectrum; or: There were uninterpretable impurity peaks elsewhere in the spectrum.
3. "One compound in this series was chosen for complete spectral assignment . . ." Means: The one
compound whose proton spectrum was first-order was chosen for complete spectral assignment.
4. "No resolution enhancement was applied . . ." Means: the Z2 shim was so bad that, i I resolution-
enhanced the spectrum, every peak looked like a doublet.
5. "Resolution enhancement was applied . . ." Means: The spectrum was plotted on good paper with a
fine pen.
Cheers,

John Ralph
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December 6, 1988
‘(received 12/10/88)

Dr. Bernard L. Shapiro
Editor/Publisher

TAMU NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303
U.S.A.

H-1 NMR Detection of 2-[C-13] Ethanol in the Rabbit Brain

Dear Dr. Shapiro,

The greater sensitivity of H-1 nucleus and the ability to
resolve the resonance from the C-12 and C-13 coupled protons (1)
has allowed monitoring of metabolism of C~13 labeled compounds in
vivo through the use of spectral editing techniques. We applied

a modification of these techniques to determine the kinetics of
the entry and efflux of 2-[C-13] ethanol (ETOH) from the brain
in signal to noise ratio of +this proton

and the improvement

observe/Carbon decouple pulse
spectroscopy. Female rabbits were prepared in this

Either 0.5 ml/kg of 95% 2-[C-13] ETOH (92 atom% C-13) or 0.4ml/kg
of 2-[C-13] ETOH and 0.6ml/kg of 99% ETOH were mixed with 9cc of
0.9% NaCl and given parenterally. A 20mm single-turn coil,
double tuned to H-1 and C-13 frequencies, was placed 3mm from the
skull and centered 5mm posterior to bregma. In vivo H-1 NMR
spectra were acquired on a Bruker/ORS 4.7T spectrometer. The H-1
edited spectrum obtained immediately before death had a S/N ratio
of 50 for the 102 sec (64 FIDs) collection. The C-13 spectrum
obtained post-mortem had a S/N ratio of 13 for the 1024 sec (640
FIDs) collection. Thus, H-1 techniques gave an improvement 1in
S/N by a factor of 12 or a factor of 4 per atom. This experiment
was performed in collaboration with Dr. E. J. Novotny and Prof.
R. G. Shulman at the Magnetic Resonance Center, Yale University.

sequence over direct C-13 NMR
experiment.

Reference
{1) T.O0gino, Y.Arata and S.Fujiwara, Biochemistry 19, 3684 (1980)
Sincerely,
3 a5 —_
iy /.3“,“
Takashi Ogino, Ph.D. Toshio Yano, Ph.D.
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s United States Agricultural Midwest Area 1925 Linden Drive West

";{ ,) Department of - Research U.S. Dairy Forage University of Wisconsin

IS5 Agriculture Service Research Center Madison, Wl 53706
608-263-2030
FTS 364-5240

(608) 264-5407
E-Mail RALPHJ@VMS.MACC.WISC.EDU
November 22, 1988

i
Dr B.L. Shapiro ved 19/2/88
966 Elsinore Court (receive /2/88)

Palo Alto, CA 94303
Dear Dr Shapiro,

2D Si-H (long-ran rrelation, Mathematica™, Position ilabl

As a very practically oriented spectroscopist, I'm always slightly surprised BuMe;5i0
when NMR theory proves to be invaluable in selting up a simple experiment. BuMe,Si0_ P
We have been examining the NMR spectra of t-butyldimethylsilyl derivatives u
of some lignin model compounds with an aim of augmenting the structural
information that can be gleaned from 3C NMR of lignins. Some of the 295
NMR assignments were assumed, without proof, and we chose 2D Si-H cor-
relation to resolve any ambiguities.

)

(I)(‘l 1,

ociy
)SitBuMe,

The problem is, how do you choose delays in this experiment? Let us look at a single case, that of
the Ho correlation. It has a °J , of about 4 Hz. Setting the Al delay to 1/2J (125 ms) is no prob-
lem. But how should you set AZH My first approach to this (after some consultation with Dr V.V.
Krishnamurihy, Dr Bruce Adams, and Prof. D.E. Wemmer) was to simply remove this delay. That
required removing the decoupling as well, and the stripped-down pulse program that remained is
presumably a simple re-invention of the FUCOUP experiment which leaves full coupling in both di-
mensions. This worked very well to give unambiguous correlations, with all correlation peaks

present, Figures 1.
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Figure 1a. Fully-coupled Si-H correlation, showing Figure 1b. Fully-coupled Si-H correlation, showing

o and y correlations. the Si-tBu and Si-Me, correlations.
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The problem of course is one of sensitivity. Since the contours are spread out over a 15-tet or
worse (from the 15+ coupled protons), it would seem advisable to decouple, as long as the intensity
was not severely or unpredictably modulated. Examining the Intensity dependence on Al and A2:
— . . 6
Iy u, = Sin(nJ A P-Sin (Tl A)). Cos?(nl g _ . A ,).Cos®(nlg_, A)
- indicates that, if you are after the Ha correlation peak, you had better make sure the effects of
the 15 other protons, with coupling constants around 6 Hz, are minimized. That requires seliing
A2 such that these Cos(rnJ'A2)'s are 1 (or -1) [J’ is any J not involved in the correlation], i.e. that A2
= 1/J'. The intensity profile (calculated from the measured J's) can be nicely seen using the pow-
erful Mathematica™ program, used here on a MacIntosh II, Figures 2. Obviously choosing Al=
125 ms and A2 = 167 ms is the optimum here. The appropriate section of the contour plot is
shown in Figure 3, with the Hy correlation (J's to each Hy are about 3 Hz) also showing up, with
reduced intensity.

<< Figures 2: Mathematica™ -derrived surface
(3D), contour, and projection plots
for A1 vs A2 optimization of the
Si-H correlation experiment. The
projection of Intensity vs A2 is at
Al =125 ms.

0.3 lnt‘.r.nllly
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' 4.8
Sincerely,
, H.0
a —— —_— —_— — — —_— .
N J ' . 5.2
o T 205 20.0 T eew
John Ralph

Figure 3:  Si-H correlation showing o: and y
correlations - see text for details.

PostDoc Position and PhD Assistanceships available:

I currently have the capability to hire a further postDoc and to take on 2 funded PhD students to
work on aspects of lignin chemistry, highly involved with (solution-state) NMR. One project is the
silicon work alluded to here. Interested individuals with a good organic chemistry background and
a hankering to experience a refreshing Wisconsin winter should contact me directly.
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Spectroscopy Imaging Systems Corporation

Cofeers wenifanns g Nty cdaed Sienioags

(received 12/2/88)
Metabolite Mapping Using Phase Encoding

It is subscription time again, so | thought | would write another article about localized
spectroscopy (last time | wrote about stimulated echo localization). A number of research groups
have presented posters at SMRM on 4D chemical shift mapping of P-31 resonaces in the head.
This experiment has a lot of advantages compared to slice selective techniques such as ISIS or
stimulated echo. First, the location of an ROI is not subject to chemcial shift effect. Secondly, the
phase encode method is a Fourier technique exciting the whole sample, so that S/N is gained
rather than lost. Typical application in clinical MRI has involved the use of a large uniform
transmitter coil tuned to the appropriate frequency. The pulse sequence is very simple
(especially for P-31 where short echo times are required), consisting of an RF pulse followed
by three simultaneous gradient pulses in the X, Y and Z directions, the data is collected a short
while after the gradient pulses are turned off. (See diagram).

We have tried the experiment in a simplified form using a surface coil rather than a
uniform transmitter to obtain metabolite maps encoded in one dimension, perpendicular to the
plane of the coil. To avoid the "banding" effect that variable flip angle produces in surface coil
imaging, when the surface coil is used as both transmitter and receiver, we employed an
adiabatic half passage pulse of the sech/tanh type. This pulse excites with a fairly uniform flip
angle over a wide range of RF field and typically excites spins up to a diameter for a circular
coil. Our results are shown as the familiar contour plots of 2D spectroscopy, along with a series
of spectra that have been projected out of the data matrix. The map we obtained is from the liver
region of a rat, so that the phosphocreatine peak can be used as a marker to distinguish muscle
from liver. The results from our preliminary experiments are quite encouraging, in that the
entire map can be obtained with 1024 pulses. The length of the phase encode pulse was 2.5 ms
and the TE was 5 ms. The gradients (standard Oxford 33 cm 2G/cm) seem to recover quickly
enough to allow reasonably clean data acquisition.

Phase encoding compares very favourably with the competing ISIS technique. The thing |
like most is that you do not need to choose your ROl before the experiment and this reduces the
need for a pre expeiment proton imaging scan. Needless to say we shall be extending our results
to higher dimensionality and experimenting with different types of RF coils to increase
penetration.

ADIABATIC HALF PASSAGE ACQUISITION

"

PHASE ENCODE

Y GRADIENT

==

Figure 1: Shows the sequence diagram for the simplified 1D version of the phase
encoding experiment. '

1120 Auburn Street, Fremont, California 94538 (415) 659-2600

0









364-19

Figure 2: A contour plot of
ri the metabolite map showing
3 ' "streaks” for each metabolite
resonance. The F1 axis
represents distance in cm,
zero reflects the position of
the surface coil. The F2 axis
is the spectral dimension,
referenced in ppm with PCr
laken as zero.
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Figure 3: A series of spectra

PCr ,

‘ projected from the
metabolite map: (A) the
spectrum projected from the
entire map, (B) a spectrum

A ’ ‘ projected from the upper
~ : part of the map showing the

PCr peak from muscle in the
body wall, (C) the spectrum
from the lower part of the
map showing the spectrum of

liver.
B
C \\\NA
N A A~
With kind regards,
Sincerely,
David Foxall, D. Phil. imon Chu, Ph.D.

Applications Scientist Applications Scientist
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December 6, 1988.

. (received 12/10/88)
Dr. B.L. Shapiro

966 Elsinore Court
Palo Alto, California
94303, U.S.A.

Title: "Molecular Motion in Solid-18-Crown-6: Benzenesulfonamide Complexes as Studied
Via Variable Temperature 13C CPMAS"

During his very productive sabbatical year here, Claude Morat from Grenoble
prepared a series of 18-crown-6 complexes with a variety of neutral and ijonic "guest"
species. Among these were the 1:1 and 1:2 title systems.

The solid phase 13C spectra of these materials show two distinct temperatures
at which broadening of the crown ether carbon resonances is observed. At ca. 298K,
"dipolar washout" (1) occurs, when the correlation times for the C-H vectors are of
the ordersof the inverse of the decoupling field magnitude, i.e. ca. 1/2yHsor ca.
2.7 x 107°s.

At Tower temperatures, broadening is observed when the correlation times are

of the order of the inverse of chemical shift differences, i.e. for a 2 ppm shift
range at 45.3 MHz, t. is ca. 1/45.3 x 2 or ca. 10-%s.

Converting these correlation times to rates, and using the Arrhenius equation,
yields a value of ca. 42 KJ mol1-1 as the activation energy for this motion. A similar
result is found by application of the Waugh-Fedin approximation (2) as applied to
the high temperature process.

We are tentatively ascribing this activation energy as that required for

complete ring inversion in solid 18-crown-6. Further studies on the nature of these
motions are in progress using deuterated crown ethers.

.

-y 7 )
G.W. Buchanan,
Professor of Chemistry.

References:
1. W.P. Rothwell and J.S. Waugh. J. Chem. Phys. 74, 2721 (1981).

2. J.S. Waugh and E.I. Fedin. Soc. Physics Solid State, 4, 1633 (1963).

Department of Chemistry O Steacie Building O (613) 564-2760
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THE UNIVERSITY OF TEXAS AT DALLAS

l D BOX 830688 RICHARDSON, TEXAS 75083-0688

November 21, 1988
(received 11/23/88)

Dr. Barry L. Shapiro
Editor, TAMU Newsletter
966 Elsinore Court

Palo Alto, Ca. 94303

Dear Barry:

Greetings from Texas! We have been busy for the past several months stuffing
perfused rat hearts into o¥§ 51 mm narrow-bore 11.75 Tesla magnet to see what we could
learn about metabolism by Now that Thanksgiving is just around the corner, we
thought it might be appropiate to share some of our "stuffing" with you. Before we
collected the first heart spectrum on our GN-500 using a special order 18 mm C/H probe,
we anticipated the power requirements for complete proton decoupling at this field
across a 140 mM aqueous salt sample might compromise the viability of the tissue.
Surprisingly, this has proven to be the least of our problems as we routinely get
complete proton decoupling using a WALTZ decoupling scheme with about 0.5 watt between
pulses and 3 watts during a 300 msec acquisition. We detect no more than a 1-2 degree
temperature increase and have found no evidence for tissue compromise as detected by
heart pressure and rate recordings with and without proton decoupling. We also find
that the protonated carbons of those intracellular metabolites which are detected by

3¢ NMR have full NOE's, and the T;'s are comparable to those measured in aqueous
solution at 37 °C.

ne series of 13¢ spectra obtained on a beating rat heart perfused with 2 mM
[2,4-""Clacetoacetate ethyl ester is shown below. Tgter easily diffuses into the
heart cells whereupon it is rapidly hydrolyzed to [213 ]Jacetoacetate. This ketone
body is readily metabolized by heart tissue and the C is dlstrlbuted into all citric
acid cycle intermediate and closely related metabolite pools (G2 in the SE Strum
corresponds to the C2 carbon of L-glutamate) in a very prediigable manner Some
small portion of this ketone body also gets reduced to [2,4-"7C]B-hydroxybutyrate via a
dehydrogenase in the mitochondria and this offers the exciting possibility of measuring
the mitochondrial redox state directly. Both metabolites are easily detected by ~~°C
NMR (AA and HB in the figures) and their concentrations seem to increase and decrease
in a predictable manner in response to periods of ischemia and reflow. However, if onc
removes the heart from the NMR tube and scans the aqueous perfusate which surrounded
the heart, one finds significant acetoacetate and B-hydroxybutyrate in the perfusate.
This makes quantitation of the intracellular signals for the redox measurement
problematical. Should any of your readers have suggestions regarding this problem, we
would like to hear from them.

Happy Thanksgiving! Please credit this contribution to Warren Goux. Sincerely,

Dean

Craig R+ Malloy A. Dean Sherry

1. C. R. Malloy, et.al., J. Biol. Chem., 263, 6964 (1988)
2. A. D. Sherry, et.al., Biochem. J., 254, 593 (1988)

AN EQLIAL OPPORTUNITY/AFFIRMATIVE ACTION LINIVERSITY
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POSTDOCTORAL POSITION
NMR OF TISSUES AND CELLS

Two research associate positions are available at UT-Dallas foi 1-3 yeagi to gtudy
metabolism in mutant yeast cells and perfused rat hearts by NMR ( 3C, 1H, P, 2Na

F, plus others). A dedicated GN-500 is in place for these projects. We wish to
receive applications from individuals having a solid background in NMR, metabolism, or
physiology. The project involves a collaborative effort between Dr. Paul Srere, Dr.
Craig Malloy, and Dr. A. Dean Sherry. Please send a resume and 2 recommendation
letters to Dr. Sherry at UT-Dallas, P.O. Box 830688, Richardson, Tx 75083-0688. UT-
Dallas is an affirmative action/equal opportunity employer.
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g ' Public Health Service
DEPARTMENT OF HEALTH & HUMAN SERVICES National Institutes of Health

National Institute of Diabetes and
Digestive and Kidney Diseases

Dr. B.L. Shapiro Bethesda, Maryland 20892
TAMU NMR Newsletter

966 Elsinore Court

Palo Alto, CA 94303
December 7, 1988 (received 12/10/88)

Dear Barry: , Easy 3D

The jump from 1D to 2D has extended dramatically the size of molecules
that can be studied in detail by NMR. It can be speculated that recent 3D
approaches developed by a number of groups may yet offer another quantum
jump in the size of proteins that can be studied. One particularly
promising 3D experiment combines heteronuclear multiple quantum shift
correlation (HMQC) with NOESY. For practical reasons, we use a sequence
that is reversed (NOESY-HMQC instead of HMQC-NOESY) relative to the one
published ?g Fesik and Zuiderweg (1). Details will soon appear in JACS
(2). When N labeling of a protein is used, this experiment enables one
to sigarate the amide region of the regular NOESY spectrum according to
the "°N chemical shifts of the amides. This then gives a schematic 3D
spectrum as shown below:

15y . P

Because the number of resonances in the amide region of the regular NOESY
spectrum and in the 3D spectrum is the same, sensitivity of the 2
experiments is very similar. Figure 1 compares one of the 64 NOESY slices
of the 2.5-day 3D spectrum of a 1.8 mM solution of staphylococcal nuclease
with the corresponding 1.2-day 2D NOESY spectrum. The digital resolution
is much lower in the 3D spectrum but resonance overlap is almost absent
for this 18 kD protein; sensitivity of the 3D spectrum is at least as
good. Dennis Torchia and Steven Sparks have used this 3D spectrum plus
about 4 dozen "high-tech" spectra from selectively labeled nuclease
samples to make virtually complete backbone assignments.

Recording of the 3D data is normally done on our old NT-500 spectrometer;
the experiment is performed as a set of 64 2D experiments, executed
automatically in a macro. The final resolution is largely limited by the
size of 3D matrix, which is limited by the maximum number of t; and t3
increments one can do in a reasonable amount of time. Apart from increased
sensitivity there does not seem to be any urgent advantage in using our
AM-600 for these time-consuming experiments.

For processing the data, Dominique and Lewis have developed a very clever
approach that does not require any 3D matrix transposition and that
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utilizes standard 2D processing software for doing the bulk of the work.
The whole thing, including phasing, works without operator interaction and
is relatively fast. Recording 3D spectra has become more or less routine
now; the main remaining problem is plotting the data. Laser printers do
not quite offer the size needed and our HP-draftmaster plotter requires
lots of TLC plus expensive large paper to display all slices of the 3D
spectrum.

o/i W Dom in i9re

Lewis E. Kay

Kindest regards,

Dominique Marion X:)Bax

1. S.W. Fesik and E.R.P. Zuiderweg, J. Magn. Reson. 78:588 (1988).
2. D. Marion, L. Kay, S. Sparks, D. Torchia, A. Bax JACS, January 1989?
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RESEARCH CENTER

350 KNOTTER DRIVE, P.O. BOX 586

CHESHIRE, CT 06410-0586
(203) 271-4000

October 31,1988
Dr. B.L. Shapiro (received 12/5/88)
TAMU NMR Newsletter
966 Elsinore Ct.
Palo Alto, CA 94303

Dear Dr. Shapiro:
v ion D 1 antum RELAY Techni

RELAY experiments are extremely useful for determining 13¢-13¢c connectivities
and are done quite frequently in our laboratory. However, there are many cases
where 1H overlaps make 3¢ - 13¢ correlations ambiguous. Philip Bolton proposed a
gossible solution to the problem, Dcuble Quantum RELAY! {(DQ-RELAY), which displays

H double quantum rather than single quantum frequencies in Fl1. A few
modifications in the pulse sequence and phase cycle were made to improve
sensitivity, Fig. 1. The preparation pulses,$, , were cycled in 90° steps while
alternating the receiver, ¥ , 180° in order to isolate *H DQT. An additional phase
cycle (the last 1y mixing pulse,, , and the receiver, ¥ , together in 90° steps)
was superimposed on this to isolate a suitable coherence pathway. The last step
necessary to obtain adrature detection in F-1, was to repeat the entire sequence
with a 45° "z-pulse"“ while advancing the receiver, ¥, 90° as shown in the
figure.

The resulting spectrum for an equimolar mixture of 2,5-dimethylphenol and
2,3,4-trichlorophenol taken on our Bruker AC-200 is shown in Fig. 2. Both tp and
t, were 18 msec., and and were 4 and 2 msec respectively. The signals for
trichlorophenol are seen at F-2 = 115 ppm and 127 ppm, and those of
dimethyl-phenol resonate at 112 ppm, 120.5 ppm and 125 ppm. Their corresponding 1y
double quantum frequencies are seen along F-1, making the 13¢ connectivity
determinations easy. Therefore DQ-RELAY seems to be quite useful.

However, DQ-RELAY has a serious shortcoming - sensitivity. As one would
expect, the technique is far less sensitive than other RELAY methods. This
becomes especially troublesome as the complexity of the spin system increases.3 In
Fig.2 the signals from dimethyl phencl are about one fourth as intense as those
from trichlorophenol. DQ-RELAY may be useful in cases of overlaping 14 signals,
but because of its poor sensitivity the conventional RELAY technique® is a better
choice for routine determinations of 13c-13C connectivities.

QZWM/\/
Gary Ju u

GJ/mbt

1. P.H. Bolton, J, Magn, Reson,, 54, 333-337 (1983)

2. R. Freeman, T.A. Frenkiel, M.H. Levitt, J, Magn. Reson., 44, 409 (1981)
3. S.K. Sarkar, A. Bax, J. Magn, Reson., 63, 512-523 (1985)

4. P.H. Bolton, J, Magn, Reson,, 48, 336 (1982)

OLIN CORPORATION
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CGatalytica

(received 12/13/88)
Dr. B.L. Shapiro [sic]
966 Elsinorc Court
Palo Alto,CA 94303

Carbon-Nitrogen Dipolar Interactions in Epoxy Precursors
Dcar Barry,

One of the early puzzles of high resolution 13C CPMAS NMR of solids was the observation of curious assymetric
doublets with 2:1 intensity ratios when nitrogen was present. The dipolar interaction responsible for the observed
splittings has by now become a well understood phenomena !. The splittings arise because the 13C-14N dipolar
intcraction, while small enough to be averaged out by magic angle spinning, is in fact not removed because the 14N
spins arc not z quantized. The angular dependence for rotational averaging is therefore modified. The magic angle
isn't so magic and dipolar splittings are observed Many workers have used isotopic substitution to unravel thesc
dipolar splittings2. The interaction is also dependent on the magnetic ficld strength. The splittings diminish as the
field incrcases. We have used the ficld dependence to understand the observed spectrum of two epoxy precursors,
mecthylenedianiline (I) and methylenedianiline-bis-maleimide (II).

In conjunction with Dr. Barbara Myers-Acosla of the Lockheed Missles and Space Division in Sunnyvale, CA, 13C
CPMAS NMR spectra of these two compounds werc obtained at 50.3 MHz (4.7T, MSL200, Lockheed) and 100.6
MHz (9.4T, MSL400, Catalytica). The spectra, shown in the attached figure, contain splittings due to
configurational effects in the solid state and 14N dipolar coupling. At 4.7T, the carbons directly bonded to nitrogen
appear as triplets with intensity ratios of approximately 1:3:2. At 9.4T, the spectra are significantly simpler. The
resonance at about 146ppm in the methylenedianiline spectrum is now readily recognized as a doublet with equally
intensc lines, cach of which is split by dipolar coupling to nitrogen into doublets with intensity ratios of 1:2. In the
bis-malcimide spectrum, the carbonyl carbon resonance at 170.6ppm is split into a doublet and the dipolar coupling
is now reduced to the point where it cannot be observed. At any rate, we were able to sort out assignments for these
two compounds by running the spectra at two fields.

Sincerely,

(Banie

C.M. Schramm

1a) Groombridge, Harris, Packer, Say, and Tanner, J.C.S. Chem. Comm., 1980, 174., b) Hexem, Frey,

and Opella, J. Am. Chem. Soc. 1981, 103, 224., c¢) Naito, Ganapathy, and McDowell, J. Chem. Phys. 1981, 74,
5393.

2 a)Hexem, Frey, and Opella, ibid.,224., b)Harris, Jonsen, and Packer, Mag. Reson. Chem. 1985, 23,565.

430 FERGUSON DRIVE, BUILDING 3, MOUNTAIN VIEW, CALIFORNIA 94043
CABLE ADDRESS: CATALYTICA i] PHONE: (415) 960-3000 ; TELEX: 176775
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13C CPMAS NMR Spectra of Lpoxy Procursors
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Methylenedianiline-bis-maleimide (I1) ﬁj Mecthylencusaniline (1)
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USED EQUIPMENT AVAILABLE

Two years ago we acquired a new Bruker AC200 supercon system which now
runs 24 hrs. a day and has allowed us to retire our venerable Bruker WP60
FTNMR. Even though this latter machine is 1975 vintage, it continued to exceed
its original specs for sensitivity and resolution prior to shutdown last summer. We
would like to offer this system to any interested parties who will arrange shipment.
The price is quite reasonable and negotiable. Component list follows:

-1.4 Tesla electromagnet (water cooled),3 ph, 208V

-WP series console with plug-in transmitter and decoupler modules; gated
decoupler/multipulser; quadrature detection.

-BNC-12 computer system; 20K (20 bit word) core memory; Diablo Series
30 disk drive with removable 600kword diskpacks; Complete software
collection including DEMON/II DOS, Quadrature FTNMR, Auto - T1 and
many other applications, diagnostics, simulations and utilities.

-Remex high speed paper tape punch/reader

-Digital Decwriter IV printing terminal

-Probes for 1H,19F and 13¢C (5mm) and 11B,13C and 31p (10mm)

-All documentation for software and hardware including complete set of
schematics.

-Selection of spare parts

Interested parties should contact Tim Jones, Jack Miller or Steve Hartman at

Dept. of Chemistry,
Brock University,

St. Catharines, Ontario
Canada L2S 3A1
416-688-5550 (x3406)
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Prof. Bernard L. Shapiro

Tamu NeWSletter afd. dept. abt.iref. zeichen
966 Elsinore Court Dr._P.R. Luyten
Palo Alto, CA 94303 Medical Systems

P.0. Box 10.000
NL-5680 DA Best

doorkiesnummer  in-dialling datum, date
acces intern dir.  durchwahl

(040-7) 62922 October 14, 1988

onderw. re.
conc. betr.

fax: (040-7) 63459 (received 12/14/88 [sic])

Dear Barry,

Recently we have combined a 1.5 T whole body Philips Gyroscan
imager/spectrometer with a decoupling channel. Besides many
applications for in vivo 13C spectroscopy, this channel may be used to
improve spectral resolution in human 31P spectroscopy. At 1.5 T the
region of interest for in vivo 31P spectra may be shimmed within a
range from 0.1 to 0.3 ppm, resulting in 3 - 7 Hz line widths. At this
point residual heteronuclear couplings with protons (5 - 10 Hz) may
contribute substantially to the observed line width, deteriorating the
obtained spectral resolution.

Proton decoupling of the in vivo 31P spectra was performed by a low
power (6 micro-tesla) WALTZ-4 [1] sequence using a proton head coil
with a homogeneous Bl field. 1In combination with surface coils,
decoupling was achieved by a train of adiabatic rapid passage pulses
[2,3], resulting in uniform decoupling over the entire sensitive range
of the proton surface coil. This particular decoupling sequence
resulted for a 16 cm diameter rectangular butterfly coil [4] in an
average applied decoupling power of 3.7 W when used during a 256 ms
aquisition time only and a Tr of 3 s.

Figure 1 shows the effects of 1H broadband decoupling for a 31P human
(calf) muscle spectrum using adiabatic rapid passage decoupling
pulses. Note the remarkable changes in the glycerophosphocholine
(GPC) signal. Figure 2 shows a localized human brain 31P spectra.
Proton decoupling results in clearly resolved signals in the
phosphomono~ and phophodiester regions.
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Please credit this to Dr. J.A.B. Lohman’s account

Sincerely

Q-
Peter Luyten

References

(1] shaka A.J., Keeler J., Frenkiel T., Freeman R., J. Magn. Reson 52
(335- 338) 1983
(2] Baum J., Tycko R., Pines A., J.Chem. Phys. 79 (4643-4644) 1983

[3] Silver M.S., Joseph R.I., Hoult D.I., Phys. Rev. A 31 (2753-2755)
1985

[4] Sobol W.T., Rev. Magn. Reson. in Medicine 1 (181-224) 1986
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EXPERIMENTELLE KERNPHYSIK (received 11/19/88)
Klingelbergstrasse 82, Telefon 061- 44 22 80

Prof. Dr. P. Diehl

"Prof. B.L. Shapiro
966 Elsinore Court

Palo Alto, CA 94303

Program MASTER for corrections of solvent
effects on the molecular structure as de-
termined by NMR of oriented molecules.

Dear Barry,

We have developed a computer program MASTER which is able to
derive solvent independent structure data for molecules
dissolved in liquid crystals. The program basically consists
of a combination of two modified versions of the earlier
programs VIBR which calculates corrections of direct coupling
constants for harmonic vibration and of SHAPE which derives

molecular geometry and order parameters from the direct coup-
lings.

The modifications take into account, that molecules dissolved
in liquid crystals are deformed by the anisotropic medium and
that the same interactions, which we attribute to individual

bond contributions, deform and orient the molecule simultane-
ously.

Starting from a guessed molecular structure and guessed bond
interaction parameters as well as a known molecular force
field the program iteratively determines a final solvent in-
dependent structure as well as bond interaction parameters for
each solvent in agreement with the observed order parameters.

The program MASTER has already been applied successfully to

several molecules as eg. allene 1) and is now available to any-
one interested.

With best regards
sincerely yours

Upter
Peter Diehl
Reference

1) P. Diehl, C. Baraldi, M. Kellerhals and R. Wasser
J. Mol. Struct. 162, 333 (1987)
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: November 25, 1988
Dr. B.L. Shapiro (received 11/26/88)
TAMU NMR Newsletter

966 Elsinore Court

Palo Alto, California

USA 94303

WATANABE PLOTS ON A LASER PRINTER
Dear Dr. Shapiro,

Our Bruker spectrometers are equipped with analog and Watanabe digital plotters, none of
which are capable of producing high quality plots for publication. To circumvent this problem
Watanabe plot commands are sent to a file on an IBM-AT computer which is connected via its serial
port COM1 to either the serial port (channel B) or the parallel port of the ASPECT 3000. A
commercial parallel to serial converter is used on the parallel port. Switching the plot out‘put from the
parallel to the serial port of the ASPECT 3000 is accomplished by the CA command of DISNMR. On
the parallel line, a switch box is used to send the plot commands to the plotter or the IBM AT. Hence,
FIOt files can either be captured via the serial or parallel port Gf the ASPECT 3000, allowing greater
lexibility of operation. When plots are sent via the serial port in one job, other plots can be sent to the
Watanabe plotter in another job.

A simple BASIC program is used to capture the binary data on the COM1 port of the IBM AT.

Then, Turbo PASCAL programs are used to translate the Watanabe plot commands to HPGL format,

draw the plot on the screen and label it if necessary. Finally, the diagram is plotted on a Laserjet

Brinter using the commercial program LaserPlotter |'{I(nsight evelopment Corp., 1024 Country Club

rive, Moraga, CA, 94556, 415-376-9451) which allows HPGL plots to be dumped on HP laser

rinters. The Watanabe file can also be sent to an IBM mainframe, where it is converted to DISSPLA
ormat and plotted on a Talaris laser printer.

If you think this is easier than buying a HP plotter, send us an IBM diskette to receive a copy of
the programs. A conversion program for ZETA to HPGL is also available.

Sincerely,

André Simard Jean-Robert Brisson

Ao ¥onnnt %/{, M/lﬂ;”\

Canada
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The University of Texas Medical Branch at Galveston

Medical School Marine Biomedical Institute )
Graduate School of Biomedical Sciences Institute for .the Medical Humanities
School of Allied Health Sciences UTMB Hospitals at Galveston
School of Nursing
DEPARTMENT OF HUMAN BIOLOGICAL CHEMISTRY & GENETICS Area Code 409

Division of Biochemistry : 761-2289

Phosphorus metabolism in leukemic cells.

November 28, 1988
(received 12/2/88)

Dear Dr. Shapiro,

Since the early summer of this year we have been involved ip
studies of phosphorus metabolism in leukemic cells by obtaining “~P-
NMR spectra of perchloric acid cell extracts. The particular cells
that we use in our studies are the wild type human leukemic CEM-C7
cells and the CEM-Cl mutant, which is resistant to the anti-tumor
drug dexamethasone (l1). Two areas in the ““P-NMR spectrum are
of special importance: 1) the peaks corresponding to phospholipid
metabolism, i.e. phosphomonesters (PME’'s) and phosphodiesters (PDE's)
and 2) the peaks corresponding to the energy status of the cell, i.e.
@-,B-,y- ATP and inorganic phosphate (P;). Two series of experiments
have been performed sofar. The first series was carried out to
quantify changes in phosphorus metabolism while the cells multiply
from early log phase into confluency. Striking differences were
observed-in PME concentrations between the CEM-C7 and CEM-Cl cells.
CEM-C7 cells exhibit high PME concentrations in the log phase, which
drop by 75% when the cells reach confluency, indicating a lower rate
of phospholipid turnover. 1In contrast, the CEM-Cl mutant cells do not
exhibit this drop in PME concentration, suggestive of a decreased
degree of growth inhibition in these cells. In the CEM-Cl extracts a
prominent phosphocholine (PC) peak was observed in the PME region,
which was much smaller or absent in the CEM-C7 extracts. Also
differences in ATP levels were observed between both cell types . 1In
the Cl cells, the ATP levels were observed between 34% and 49% of
total phosphorus, without a clear trend with respect to cell
concentration. For the C7 cells ATP_levels gradually increase from
23% at low cell concentrations (4x10~ cells ml ~) to 51% at high
concentrations (2.7x10” cells ml 7).

A second series of experiments was designed to follow the effect
of dexamethasone. 1In these experiments the absolute concentrations of
the metabolites, expressed as pumoles / 10 cells, could be determined
by adding the reference Diphenylphosphate to the extracts. A major
observation was that, expressed in this manner instead of a percentage
of the total phosphorus intensity, in the CEM-Cl cells all metabolites
occur in concentrations which are about 30% higher than in the CEM-C7
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cells. 48 hours after drug addition the spectrum of the CEM-C7 cells
exhibit strongly decreased ATP and PME levels and an increased level
of PDE’s, indicative of cell membrane breakdown and presence of non-
viable cells. The spectra obtained for the Cl cells continue to show
high cell viability up to 72 hours. Currently attempts are underway
to embed live cells in agarose threads (2) in order to study
phosphorus metabolism and effects of drug addition in-vivo.

Sincerely,
LE%CIA4,/D1/L/ L
Gina et
Erna Baum J.F.M. Post

Credit this contribution to the account of Professor L.L. Smith.

References.

1. R. Zawydiwski, J.M. Harmon, and E.B. Thompson, Cancer Res.‘ég (1983),
3865-3873.

2. J.S. Cohen and R.C. Lyon, Ann, N.Y. Acad. Sci. 508 (1987), 216-228.

NMRi is a rapidly-growing developer of sophicated software packages,
designed for the scientific laboratory. The following opportunity is
open:

DIRECTOR OF SALES...Candidate will assume responsibility for setting

and meeting sales goals of NMR products. 10+ years experience with proven
success. Familiarity with the NMR community a plus! Moderate travel.
Technical and/or advanced degrees preferred {(Chemistry; Computer Science).
Reports directly to Peter Kent, President.

NMRi offers a professional atmosphere, an exciting opportunity in a dynamic
growth business, and comprehensive benefits and salary package. Send
resume to J.R. Yermas, NEW METHODS RESEARCH, INC., 719 East Genesee Street,
Syracuse, New York 13210



THIS PLOT TOOK LESS THAN 2 MINUTES ON
NMRi’S STANDARD POSTSCRIPT™ PLOTTER.

Auvailable on all SpecStations and included as a no—cost option with
several models, including the low cost SpecStation™ S$/2003.

SpecStation is a trademark of New Methods Research, Inc.; SpectIR is a joint
trademark of New Methods Research, Inc. and Digilab, Division of Bio-Rad;
PostScript is a trademark of Adobe Systems, Inc.

New Methods Research, Inc. 719 E. Genesee St. Syracuse, New York 13210
(315) 424-0329 1-800-333-NMRi FAX (315) 424-0356
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NMR2/IMAGE now supports PostScript™ output!

PostScript will be available in the next Releases of NMRI, NMR2
and SpectIR™

New Methods Research, Inc. 719 E. Genesee St. Syracuse, New York 13210
(315) 424-0329 1-800-333-NMRi FAX (315) 424-0356
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HMRI

Professor B.L. Shapiro,

TAMU NMR Newsletter,

966 Elsinore Court,

Palo Alto, CA 94303. , November 21st 1988

(received 11/26/88)
Macintosh Computers and Mice

Dear Professor Shapiro,

In a previous contribution (TAMU NMR Newsletter #355, April 1988) a program
developed for serial file transfers between Nicolet 1280 and IBM PC microcomputers was
described. With the arrival of an Apple Macintosh II computer in our laboratory, we have
now converted this program to allow 1280 to Macintosh II file transfers. A copy of this
program is available to anybody who would like one (please send a blank floppy disk and a
stamped, self-addressed envelope). Although both programs are written in Turbo Pascal,
appreciable changes were required when converting the IBM PC source code to the MAC II.
The serial communications ports on the MAC II are of type RS-422, so an appropriate
connector is required to interface with the RS-232 output on the 1280 (see figure below); the
simplest way of making this is to buy (for instance) an Apple ImageWriter cable, cut off
one end, and solder on a 25-pin D-type connector.

Some frustration was generated when, after having worked reliably for a couple of
weeks, all communication between the 1280 and the Macintosh came to a sudden stop. The
.cause of the problem was eventually traced to a badly eaten cable (!) which had been newly
laid in the roof. The culprit (a small rodent) was caught a couple of days later and punished
appropriately.

One of the nicer features of the Macintosh II is its graphics capabilities; these are
put to good use by an excellent image processing and display program called "IMAGE.88"
which I have recently come across, written (also in Turbo Pascal) by Wayne Rasband,
National Institutes of Health, Bldg 36, Room 2A-03, Bethesda, MD 20892, Attached are a
- couple examples of standard spin echo images recorded at 200 MHz on a GE CSI
spectrometer (a sagittal image of the brain of a young Macaque Monkey , and a coronal
view of an isolated porcine kidney) , printed on an Apple LaserWriter using "Image.88".

Finally, as of February 1st 1989, my new address will be; Department of Radiology,
Division of NMR Research, Johns Hopkins Hospital, Baltimore, MD 21205,

yours sincerely,

Peter B. Barker

let 1 i I Seri munication 1
3 N\ Vd
/7 N\ 3
Mac IT RS-422 N / 1280 RS-232
Port A (Modem) 4 ) \ 7 Channel F
. \\ /s (Rev, Dis)
7 AN
8

Huntington Medical Research Institutes,
Magnetic Resonance Spectroscopy Program,
10 Pico Street, Pasadena, CA 91105 (818) 397 8532
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MACAQUE MONKEY BRAIN ISOLATED KIDMEY

POSITION AVAILABLE

Emory University Department of Radiology, seeks a
Ph.D. or MD with either NMR spectroscopy or imaging
experience for a full-time faculty position. The
candidate must be able to originate fundable
research projects using NMR and collaborate with
other faculty members (in or out of Radiology) on
NMR research. Knowledge of spin behavior is
essential, and medicine, biology, or biochemistry,
analog electronics, and computer science are useful
skills. Two 1 meter clinical imagers operating at
0.5 and 1.5 Tesla and a 30 c¢cm 200 MHz instrument,
all fully programmable, will be available. The
department is part of a 800 bed tertiary care
complex giving ample opportunity for collaborations
requiring clinical material. Seven Ph.D. scientists
in the Radiology Department are currently involved,
full-time, in NMR. Qualified candidates please
contact: Dr. Thomas Dixon, Director

Frederik Philips Magnetic Resonance

Research Center

419 Woodruff Memorial Building

Emory University

Atlanta, GA 30322
Emory University 1is an Equal Opportunity
Affirmative Action Employer.



Koninklijke/Shell-Laboratorium, Amsterdam
Shell Research BV.

Professor B.L. Shapiro
TAMU NMR Newsletter
966 Elsinore Gourt
PALO ALTO, CA 94303
Verenigde Staten

Uw ref.: Amsterdam, Bth December 1988
Badhuisweg 3 (received 12/15/88)
Onze ref.: IDC . Tel. via telefoniste {020) 309111
1 9 4 9 Tel. rechtstreeks (020)
Hr/Mw

Automated Diffusion NMR

Dear Professor Shapiro,

Recently we have started a project at SHELL Research B.V.
directed towards automated diffusion NMR measurements.
In the o0il and chemical industry quite some applied research effort
is put in the investigation of in molecular mobility type
phenomena, like for example self-diffusion of micelles and polymers
in solution. In this context the implementation of an automated
Fourier—transform pulsed—field gradient (FT PFG) NMR diffusion
facility in our research lab is very attractive.

An instrumental setup has been purchased, consisting of a
narrow—-bore VARIAN VXR200S spectrometer and a DOTY probe. This
probe, tuned for protons, has an active shield, that reduces the
gradient field (of maximally 1,000 G/cm) by a factor of at least

10,000 outside the probe. The stepping of the gradients is computer
controlled.

The data-processing has been automated. After Fourier
transformation from the top of the (Hahn or stimulated) echo
the intensity decay (In[A(G)/A(G=0)] versus G2) is analyzed in
terms of an exponential for each of the integration regions in the
spectrum (see Figure). Proper phase correction is of crucial
importance to obtain the correct integrated areas. Thus, a

diffusion coefficient is obtained for isotropically reorientating
molecules.

In the Figure the output of a typical diffusion measurement
from our automated FT PFG NMR set—up i's shown. The sample is 30 wt$%
n—Cy1Hy, dissolved in benzene. The two components are well-resolved
in the spectrum, the aromatic benzene resonance at 7.4 ppm and the
aliphatic n—C21H44 resonances at 1.2 (CHZ) and 0.9 ppm (CH3).
Figure B shows the decrease in the peak intensities (with the
integration regions ranging from 0-3 and 6~9 ppm for n—CpiH,, and
benzene, respectively), which were determined from the spectra in
Figure A. The mono—exponentigl gecays yield Dyonzene = 2.1+1077
m°/s and D, _co1g4s = 1.2%1077 m/s.

Sheil Research B.V. Correspondentie: Postbus 3003, 1003 AA Amsterdam
Gevestigd te Den Haag. H.reg. Amsterdam 111841 Telex: 11224 ksla nl

Telegram: Konshellab
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It is intended to continue these experiments for the
investigation of more viscous solutions and to do such analyses for
solid~like samples, such as gases sorbed in zeolites,

yours sincerely,
KONINKLIJKE/SHELL-LABORATORIUM, AMSTERDAM

Klaas P. Datema Jantina A. Bolt-Westerhoff Alex de Groot
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Figure. (A) 200 MHz 'H-NMR FT PFG NMR spectra of 30 wt$ n-CoH,
dissolved in benzene. The pulse sequence consists of a 5 us 90° and a 10
ps 180° pulse (Hahn echo), in which two 1 ms gradient pulses are
inserted (d2 = d4 = 10 ms and dO = d3 = 40 us). The relaxation delay, dl
= 10 s. The gradient strength was 0, 76, 107, 131, 151, 169, 185, and
200 G/cm, respectively. The gradient was calibrated by a separate
benzene measurement (298 K) with D = 2.3%1077 mz/s.

(B) The frequency-resolved intensity decrease in the spectra of (A) with
the integration regions ranging from 0-3 and 6-9 ppm, i.e. for n—CopqHyy,
and benzene, respectively.
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CHEMISTRY RESEARCH CENTER National Taiwan Universily

ROOSEVELT ROAD, SECTION 4
TAIPEl, TAIWAN, REPUBLIC OF CHINA
PHONE: 39353598 * 3935357

Professor Bernard Shapiro
Editor/Publisher, TAMU NMR Newsletter

966 Elsinore Court November 20, 1988
Palo Alto, Califoirnia 94303 (received 11/29/88)
U. S. A.

Dcar Dr. Shapiro:

Longitudinal Triple Quantum Relaxation Studies of Supercooled

Aqucous LiCl-Solutions

As part of our ongoing research effort into the study of
molecular dynamics, we have been studying 7Li NMR in 11 m aqueous (D,0)
LiCl solution at 192 K by means of multiple quantum relaxations. We
like to report the results of a study which utilizes one—dimensional
analoguc of the triple quantum 2-D experiment via the longitudinal
rclaxation to determine the behavior of 7Li triple quantum coherence.

The pulse sequence untilized is basically a triple quantum
filter pulse sequence (r—7—7/2—A-7/2). In addition, 1800 phase
alternations in the inversion pulse are added in the phase cycling
scheme in order to climinate the transverse contribution of triple
quantum cohercnce due to the imperfection of the 7 pulse.

The description of the relaxation processes during 7 period and
aquisition period may be given in terms of the evolution of the density
matrix following the formalism of Redfield theory. The creation of
longitudinal triple quantum relaxation is found to be due to the
non—uniformdistribution between spin states 3/2 (or —2/3) and 1/2 (or
—1/2). The longitudinal relaxation profile of the triple quantum
coherence is shown in the figure. The calculated curve is obtained
with a quadrupole coupling constant (e2qerl}/h)=50 kllz and the
correlation time 7=2300 ps. Small corrections due to the dipolar
interactions betweceu hydrated Do0) and Li* are also considered.

Further work on transverse double quantum relaxation is
underway in our laboratory.

Truly yours,

Wen—-Tsung Chang Lian—Pin Hwang

[/!/(Zm/ ‘-’75‘4”‘7 O{”//VL? &j\;ﬂ\/?fm HVJ
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Department of Molecular Physics

Wageningen
14 november 1988
(received 11/28/88)

Landbouwuniversiteit
Professor B.L. Shapiro
TAMU NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303
U.S.A.

Dispersive waterflow in a glass bead phantom characterized by NMR.

Dear Professor Shapiro,

Flow of water and diffusion/perfusion have been our interest for more than over a
decade. Recently we have been working on porous glass bead systems through which water
flows continuously, as a model for flow in soil and perfusion in organs.

Working with a modified stimulated echo, MSTE (1) or SE method we are able to
investigate the relation between the average flow velocity and the transversal/longitudinal
dispersion coefficient with NMR.

Our spin echo NMR system consists of a Bruker -Aspect 2000, a 0.5 T magnet, a Z17C
pulse programmer and modified Minispec electronics. Since our Aspect 2000 computer can
not really be equipped with software which can process our data, we surpassed the Aspect
2000 by doing acquisition and data manipulation with ASYST (software) on a P.C., including
an DASH16 ADC. This type of data manipulation gives us an online menudriven way to view
and manipulate data.

Figure(1) is showing the typical online screen information provided by the ASYST
menu driven program from which the dispersion coefficient easily can be read. A typical
dispersion coefficient determination takes at the moment 80 seconds.

Figure (2) shows the relation between the transversal dispersion and the velocity of
water in the glass bead (diameter 1 mm) phantom (1). The negative slope above the 2+10-2
m/s might be due to a transition from laminar to turbulent flow in the phantom (2).
Turbulence introduces vortexes in the system, this could produce a false echo attenuation
which could give cause to the negative slope in fig(2). The results are in reasonable
agreement with the results presented in (2), obtained with other techniques.

The values of the dispersion coefficient, as presented in fig(2) are based on
preliminairy results, and are presented as relative numbers. An inspection of fig(1) learns,
that the first datapoint, at C+(G+Delta)2 = 0, does not coincide with the drawn line through
the other datapoints. This is due to a persistent gradient, originating from the used gradient
pulse generator. We hope that with our new Bruker magnet and gradient system (0.5 T,
1500 kg, 10 cm air gap, 12 shims and 3 gradients with 80 mT/m over 10 cm) it will be
quite easy to quantify the dispersion in the transversal and longitudinal direction. We also
intend to perform the same kind of experiment on the flow of two or more immiscible fluids
by doing data manipulation in the frequency domain. Since the MSTE and SE technique can
easily be adapted for MRI pulse programs, experiments are currently being set up to obtain

spatially resolved images of dispersion in glass beads/porous media, and of perfusion of
blood in organ tissues.

« address Dreijenlaan 3, 6703 HA Wageningen, The Netherlands « telephone + 318370 82044/82634 «  telefax +31 8370 84801
P.O. Box 8128, 6700 ET Wageningen, The Netherlands bitnet fy04 @HWALHWS telex NL 45015
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Figure (1) In(S/Sg) versus C*(G+*Delta)2 (s/cm2) obtained with MSTE (1).
With C = proportionality constant.
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Figure (2) Transverse dispersion (cm2/s) versus velocity.

(1) Snaar, J.E.M.; and van As, H.; Discrimination of Different Types of Motion by Modified
Stimulated Echo NMR submitted to JMR.

(2) Bear, J.; and Yavuz Corapcioglu, M.; Fundamentals of Transport Phenomena in Porous
Media.; 1984 Martinus Nijhoff Publlshers p. 249, p. 163.

Please credit this contribution to the account of the last author.

S'\ncerely,
Wybo Palstra Henk van As Tieefd Schgafsma

« address Dreijjenlaan 3, 6703 HA Wageningen, The Netherlands » telephone + 318370 B2044/82634 « telefax +31 8370 84801
P.O. Box 8128, 6700 ET Wageningen, The Netherlands bitnet fy04 @HWALHWS tetex NL 45015
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THE UNIVERSITY OF SOUTHERN MISSISSIPPI

I |II DEPARTMENT OF POLYMER SCIENCE

Professor B. L. Shapiro

966 Elsinore Court (received 11/26/88)
Palo Alto, CA 94303

Re: Transfer and Off-line Processing of Bruker MSL FID Files

Dear Professor Shapiro:

Two years ago we purchased a Bruker MSL-200 NMR spectrometer and have experienced problems
with data storage due to the large number of solution and solid-state data files generated. Although
the spectrometer is equipped with a CDC disk drive unit which uses removeable 16 Mbyte platters,
the platters are expensive and bulky. In addition, we also needed off-line processing capablity in order
to prepare documents for papers, preprints and manuals. In order to address these problems, we
decided to implement data transfer from the MSL-200 to one of our PC’s.

In order to transfer Bruker data files from the spectrometer to the PC, we used PC programs
which implement KERMIT protocol. KERMIT is especially convenient due to its availablity from
public domain libraries and the existance of a limited version of KERMIT for the Aspect 3000.
Initially, some file transfers in that version 880101 of Aspect KERMIT did not properly flag the PC
that it was sending compressed data, resulting in unsuccessful data transfers. The new version of
Aspect KERMIT has addressed this problem as well as increased the rate of data transfer by ca 30%.

We use port B located on the back of I/O board of the Aspect computer as our communication port.
The baud rate is controlled by a hex switch located on the I/O board and is set to 9600. A DIP
switch controls the communication status of the port and is set to "LINE BUSY" (see the Bruker
KERMIT manual). After transfer from the Aspect computer, the MSL data files can be archived on
31/2" or 51/4" floppies using either high or low density format. If desired, transfer back to the Aspect
can be performed as well.

The program chosen for off-line data processing was SpectraCalc from Galactic Industries.
Although the program initially lacked NMR capablity, we were impressed with its data processing and
graphics capablility. In addition, SpectraCalc can be easily modified for NMR data processing due to
its ability to incorporate ARRAY BASIC programs. Working with the programmers at Galactic
Industries and the support staff at Bruker, we were able to implement suitable modifications.

Figures 1 and 2 illustrate the results of our efforts. Figure 1 shows the solid-state *C NMR
spectrum of polycarbonate, while Figure 2 shows the corresponding solution *C NMR spectrum. Both
spectra were generated from the raw Bruker MSL FID files using SpectraCalc. The corresponding
graphic files were also created by SpectraCalc and imported directly into this Word Perfect 5.0
document (these files can also be imported into Pagemaker documents). Spectral processing includes
application of an exponential linebroadening factor and the "Redfield trick" before the FT, and phase
correction (both zero and first order) and baseline correction of the spectra after the FT. A COMPAQ
DESKPRO 386/20 with 2 Mbytes of memory and a VGA monitor or an AT clone with 1 Mbyte of

memory and an EGA monitor were used as the data stations. Both require a math coprocessor, and a
hard disk is recommended. '

Sincerely,

W. L. Jarrett Paul K. Casey Lon J. Mathias
/

Southern Station * Box 10076 e Hattiesburg, Mississippi ® 39406-0076 = (601) 266-4868
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Figure 1. Solid-state '*C spectrum of polycarbonate.
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Figure 2. Solution C spectrum of polycarbonate.






MSL Performance Characteristics
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The 2H lineshape of deuterated polyethylene. This pattern is a
superposition of a more or less gaussian line from the amorphous
segments of polyethylene and a broad pake doublet for the
crystalline =CD, fragments.

VIMAS D

[0 High decoupling power

O Pneumatic sample insert/eject

[0 Angle and tuning insensitive to VT
1 Ultra-high speed spinning
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The CRAMPS spectrum of o-toluic acid. The peaks for methyl,
phenyl- and carboxyl protons are clearly resolved.
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Crystalline cyclodextrine. A high level of decoupling power is
needed to achieve the high resolution shown in this spectrum.
This is even more true when the sample is wet, as in this case,
since the dielectric losses are greater.

CRAMPS

O Synchronous sampling

O Precise quadrature pulse adjustment
O Ultra-short dead times

[0 Sharp 90-degree pulses

Australia: BRUKER (Australia) Pty. LTD., Earlwood, New South Wales, Tel. 02-5589747
Belgium: BRUKER SPECTROSPIN S.A./NV., Brussels, Tel. (02) 648 53 99

Canada: BRUKER SPECTROSPIN LTD., Milton, Ontario, Tel. (416) 876-4641

England: BRUKER SPECTROSPIN LTD., Coventry, Tel. (0203) 855200

France: SADIS BRUKER SPECTROSPIN SA, Wissembourg, Tel. (088) 94 98 77

India: BRUKER INDIA SCIENTIFIC Pvt. LTD., Andheri (West), Bombay, Tel. 22 62 72 32
Italy: BRUKER SPECTROSPIN SRL, Milano, Tel. (02) 23 50 09, 2 36 40 69

Japan: BRUKER JAPAN CO. LTD., Ibaraki, Tel. 0298-52-1234

BRUKER

‘

Netherlands: BRUKER SPECTROSPIN NV, Wormer, Tel. (75) 28 52 51
Scandinavia: BRUKER SPECTROSPIN AB, Akersberga, Sweden, Tel. (07 64) 6 80 60

Spain: BRUKER ESPANOLA S.A., Madrid, Tel. 341-259-20-71
Switzerland: SPECTROSPIN AG, Fallanden, Tel. 1-82 58 111
W. Germany: BRUKER ANALYTISCHE MESSTECHNIK GMBH, Rheinstetten, Tel. 0721-5161-0
BRUKER ANALYTISCHE MESSTECHNIK GMBH, Karlsruhe, Tel. 0721-5967-0
BRUKER-FRANZEN ANALYTIK GMBH, Bremen, Tel. 0421-8700-80
USA: BRUKER INSTRUMENTS, INC., Billerica, MA 01821, (508) 667-9580
Regional Offices in Chicago/IL, Wilmington/DE, Houston/TX, San Jose/CA



_Brock University
Department St. Catharines, Ontario (416) 688 5550
of Chemistry Canada, L.2S3A1 ext. 3402

Nov. 16, 1988
Dear Prof. Shapiro, (received 11/26/88)

Catherine Duke and I are currently studying the surfaces of KF-alumina and KF-silica
using 19F m.a.s. n.m.r. Although NH4F-alumina and -silica have been studied by 19F n.m.r. (e.g.
JR. Schulp & R. W. Vaughan, J. Catal. 99 304 (1986)), m.a.s. was not used. 19F m.a.s. has
however been used in the analysis of fluorohydroxyapatite (Yennowski & Mobley, JACS 105
6191 (1983)). The two spectra shown in the figure are those of KF-silica and KF-alumina, both at
a loading of 3.3 mmol KF/g support and both air dried at 400°C. The main peak occurs at -129
ppm in KF-silica and -156 ppm in KF-alumina. These positions suggest that the species forming
are SiFg2- on silica (literature value, -129 ppm) and AlFg3- on alumina. A mixed sample of KAIF,
and K3AlFg, diluted with either KBr or alumina to reduce dipolar interactions, gives a peak at -155
ppmy; ir. evidence indicates that AlFg3- is forming rather than AIF4-.

The spectra were obtained on a Bruker AC200 using our home-built 19F m.a.s. probe, and
the samples were spun at abut 3300 Hz. Because of the high chemical shift anisotropy of fluorine

(323 ppm for KF, equivalent to 65 kHz on our instrument), spinning side bands can be seen on
either side of each peak.

Yours Sincerely,

7. w—/

364-59

Jack M. Miller,
Professor of Chemistry.
Figure:
(a) KF-alumina, 3.3 mmol g-1
(b) KF-silica, 3.3 mmol g-1
(a)
(b)
| 1 1 1 1 1 1 L 1 1 J
40 go 120 160 200
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Route 1 at College Farm Road
PQ. Box 191

New Brunswick, NJ 08903-0191
(201) 519-2000

@ The Squibb instituie

for Medical Research
November 29, 1988
(received 12/2/88)
Dr. Bernard L. Shapiro
TAMU NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Characterization and Quantification of the Pseudopolymorphs
of Aztreonam by B¢ CP/MAS

Dear Dr. Shapiro,

Aztreonam is a synthetic, monocyclic beta-lactam antimicrobial agent which is active against
gram-negative organisms. Four distinct crystalline forms of aztreonam (e, 8, §, and ¢) have
been observed through the utilization of powder x-ray diffraction (XRD) techniques. The é and
¢ forms may only be generated by specific recrystallization techniques utilizing
dichloromethane/H,O and dimethylacetamide, respectively. These two forms are not usually
encountered. The B form of aztreonam is the active antimicrobial agent and is obtained through
recrystallization of the a form from ethanol solutions. XRD techniques could be used to
determine the amount of a aztreonam present in production lots of the g pseudopolymorph, but
differential scanning calorimetry has proven to be more sensitive. Solid state carbon-13 NMR
iS now being investigated as a possible quantitative technique.

The solid state °C NMR spectra of @ and B aztreonam are shown below (Figure 1). These
spectra were acquired on a Bruker AM-250 spectrometer under magic angle spinning conditions
(4.5 kHz) utilizing the cross polarization technique (2 msec. contact time, 10 sec. recycle time,
5.50 psec. pulse width, 90°). A total of 256 transients were co-added (4K data set, spectral width
15500 Hz), and a 10 Hz line broadening factor used to improve the signal-to-noise ratio. It is
readily apparent that these experimental conditions were sufficient to acquire excellent spectra.

it is interesting to note that the a form of aztreonam displays three distinct carbonyl resonances
at 174.5, 165.7, and 160.3 ppm (externally referenced to TMS). In contrast, the g form displays
two resonances (170.8 and 162.3 ppm) with the possibility of a third resonance appearing as a
shoulder at approximately 160 ppm. A slight shift in frequency also exists for the amine carbon
(C1) in each compound (@ 60.5 ppm, 8 64.3 ppm). These differences in resonances for
equivalent carbons clearly show the distinct spatial orientation of each pseudopolymorph and
allow one to develop a quantitative solid state NMR assay.

Quantitative analysis by NMR necessitates that a number of precautions are taken as outiined
recently by J.K. Gard etal. (TAMU, 359, p. 50). Saturation was prevented by measuring the spin-
lattice relaxation time in the rotating frame (T,, = 1.5 sec.) and incorporating the appropriate
5 * T, recycle time into the pulse sequence. The outlined experimental parameters previously
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discussed have also addressed any possible problems with adequate S/N, and digitization
errors. The contact time was also optimized by measuring the absolute intensity of the specific
resonance as a function of the contact time, T.,. At the present time, approximately twenty
reference samples are being prepared within the concentration range of 0 - 20 % a content within
B (wt. % basis). Quantitative spectra will be acquired under two different experimental
conditions. One set of spectra will utilize the contact time of 1.0 msec. which is optimized for
quantitation of the amine resonances. The other data set will employ the average optimal
contact time for the carbonyl resonances, 2.0 msec. Peak area measurements will be performed
by integration and by spectral curve fitting. The results will be compared and the appropriate
method used to validate the assay. From the present spectra, it is apparent that the resonances

which will be used for quantitation will overlap with each other, spectral deconvolution techniques
(MEM, LP) may then be utilized.

From the preliminary results obtained, solid state NMR appears to be a very promising technique
to assay. pharmaceutical samples. One of the main advantages is that this technique is non-
destructive and experiences no preferential orientation effects which may be encountered in XRD
and diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) methods.

s Sincerely,
LA
'Y
oA
N, © \503- David E. Bugay
e
CHy
B Aztreonam
N\
a Aztreonam ; N
T — ——e — rreeeeees — qrevereee S— revereee — e a— prre— NA— e Trrreeeres
i80 160 140 120 éga 80 60 40 20

Figure 1. 3C CP/MAS NMR spectrum of @ and 8 Aztreonam. |
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THE JOHNS HOPKINS UNIVERSITY
SCHOOL OF MEDICINE
and
THE JOHNS HOPKINS HOSPITAL

DEPARTMENT OF RADIOLOGY Mailing Address:
AND THE JOHNS HOPKINS HOSPITAL
RADIOLOGICAL SCIENCE Baltimore, Md. 21205

' November 23, 1988
Dr. Bernard L. Shapiro

Editor/Publisher

TAMU NMR Newsletter

966 Elsinore Court

Palo Alto, California 94303

"Evaluation of 3!'P Sensitivity on Wide-Bore Magnets"

Dear Barry:

Many of us have assumed that in order to obtaln higher sensitivity on
biological samples where metabolite concentrations are limited, the larger the
sample volume within the coils, the greater the sensitivity. In theory this is
true, but in practice gains in sensitivity due to an increase in sample volume
are often negated by the increase in linewidth due to the poorer field
homogeneity obtainable in the larger bore probes. We have been conducting 31P
sensitivity tests of our Bruker AM 360 WB in our 10 mm broad-banded probe and
our 20 mm 3!P/13C pneumatically switchable probe. Under the conditions of our
experiment (0.1 M phosphate, pH 7; SW = 2000 Hz; AQ = 2.048 s) we obtain a S/N
of 150 and 130 in the 10 and 20 mm probes, respectively. Most of the
differences can be attributed to the better field homogeneity in the 10 mm
sample. The linewidth obtained on the 10 mm probe was 2.5 Hz and 5.2 Hz for the
20 mm probe. Even in biological samples we see slightly higher sensitivity with
the 10 mm probe. We have obtained quite satisfactory 31P NMR spectra of
perfused murine RIF-1 cells embedded in an
alginate gel In our 10 mm probes (Figure 1).
This spectrum was obtained in 8 minutes from
108 RIF-1 cells embedded in alginate gel. The
savings in the numbers of cells, culture
media, and perfusate realized by using the
smaller volume of the 10 mm probe has made
T this our system of choice for perfused cell
PPH studies.
Figure 1
We would be interested in hearing from other readers about the relative
sensitivity of their 10 and 20 mm probes. Until the next ultimatum...

o
o
&
]
e
1
o
1
3

Sincerely yours,

DN %@W/ﬂ N // /1 % A

Michael P. Gamcsik Jerry D. Glickson ’/Janna P. Wehrle hy A. McGovern

7
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B = @& % X ¥
NATIONAL TSING HUA UNIVERSITY

HSINCHU, TAIWAN 30043, REPUBLIC OF CHINA

DEPARTMENT OF CHEMISTRY

CHEMISTRY BUILDING

Professor Bernard L. Shapiro Dec. 5, 1988

966 Elsinore Court (received 12/12/88)
Palo Alto, CA 94303

U.S. Al

"IH NMR Resonance Assignments in Methyl Group Region of Cobrotoxin"

Dear Professor Shapiro:

Cobrotoxin is a neurotoxic protein isolated from the venom of Taiwan cobra
(naja naja atra). This protein, which blooks the neuromuscular transmission at the
post - synaptic membrane by the specific binding to the acetylcholine receptors,
contains 62 amino acid residue (Mr 6949) with 4 disulfide bond bridges.

Shown in Figure is a DQF - COSY spectrum of methyl group region for a 20
mM cobrotoxin in DO (pH=3.6). There are two isolusine (Ile 50, Ile 52) and a
valine (Val 34) residues in this plot. The assignment of § and 7 methyl groups in

isolusine residue were confirmed by cross peaks in corresponding position in NOESY
spectrum (not shown).

The DQF - COSY experiment were recorded on our Bruker AM - 400
spectrometer equipped with an Aspect 3000 computer. The 2D data was processed

on a micro Vax III computer, using a version of the Fourier transform software of
Dr. Dennis Hare.

Sincerely,

@M? 6’/ U/

Chang - Shin Lee Chin Yu
Research Assistant Associate Prpfessor of Chemistry
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Figure 2QF-COSY spectrum of cobrotoxin of methyl group region
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THEIX Professor B.L.. Shapiro
63122 CEYRAT 966 Elsinore court
FRANCE Palo Alto
California 94303
ETATS UNIS

FOIE GRAS and NMR

Theix, 1988 December 6
(received 12/17/88)

Dear Professor Shapiro,

For Christmas we are very glad to send you some spectra of FOIE GRAS. NMR is a suitable
method to check the quality of this famous French food. Moreover as every one knows, NMR
is a non destructive method, so there were some advantages in carrying out these studies!
Professors G.J. and M.L. Martin in Nantes could give you some information as to the best
drink.

Lipid content was determined by proton spectroscopy (Fig.1) with a magnet of 0.47 T and a
10 cm wide bore. Using 13C spectroscopy, different data could be obtained. The unsaturation
index was easily evaluated by comparison of olefinic carbons. The position of different fatty
acidson Cq 3, Cz" glycerol was determined by selective observation of carbonyl carbons of

triglycerides (Fig. 2). The lipolysis was evaluated by difference in chemical shift between
carbonyl of free fatty acids and triglycerides.

Merry Christmas and Happy New Year !

M_—_* . \ _,>
P

MADELEINE BONNET JP.RENOU
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FOIE GRAS
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Amoco Corporation

Amoco Research4(()3c<]enter
™ Post Qffice Box
December 6, 1988 (received 12/9/88) B e o 66

- 312-420-5111
Dr. Bernard L. Shapiro

TAMU NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Dear Barry:

Rotor Tachometer for a Chemagnetics Solids Probe

Several of our spectrometers (M-100, CMX-200, NTC-300 and VXR-400) are equipped with Chemagnetic probes
used to study a variety of nuclei in the solid state. 1t should be obvious from the range of spectrometers
interfaced to Chemagnetic probes that we are quite pleased with their performance. However, we have found
the absence of a tachometer to be an annoyance that we have recently corrected.

The main components of the tachometer circuit (Figure 1) are a Hewlett Packard fiber optic transmitter
(HP T1512) and receiver (HP R2503). The transmitter provides a constant lLight source to illuminate the
rotor, while the light reflecting from the rotor is sent to the receiver. A black stripe painted down the
side of a white rotor will interrupt the reflected Light and cause the receiver to turn on and off. This
generates a signal out of the receiver that corresponds to the frequency of the revolutions of the rotor.

To implement the design, a duplex fiber optic cable (HP HFBR3610) was inserted into a hole,
perpendicular to the rotor, in the side of the probe spinning module. The cable was then routed through the
top of the probe head and, to avoid sharp bends, out through the top of the magnet bore. Half of the cable
carries light emitted by the transmitter. The intensity of this light can be varied with potentiometer R1
(in series with current limiting resistor R2) in order to achieve optimum signal on the receiver output. Too
much light reflecting off of the rotor gives an unstable signal, while not enough lLight causes the receiver
to malfunction. The receiver (containing a photodetector and a DC amplifier) transforms the reflected light
provided by the other half of the fiber optic cable into a TTL signal. The signal is then fed through a
Schmitt trigger invertor to sharpen its edges. The output of the invertor is tied to a front panel BNC jack
for connection to an external frequency counter to display the rotor speed.

The tachometer has been in use on two Chemagnetics solids probes for over one month (on a Varian VXR

400). Rotor frequency calculations, using spinning side bands on an NMR spectrum, have proven the tachometer
to be extremely accurate.

Figure 1: Rotor Tachomster Circuit

+ov
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