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FORTHCOMING NMR MEETINGS

30th New Mexico Regional NMR Meeting Lovelace Respiratory Research Inst., Albuquerque, NM, March 8, 1997;
Contact: E. Fukushima at <eiichi@audrey.tli.org>, 505-262-7155, or 505-262-7043 (fax). See Newsletter 461, 2.

Sth Annual "Advances in NMR Applications” Symposium, Orlando, FL, March 23, 1997; Contact: Ms. Chris Tierney,
Nalorac, 841-A Arnold Drive, Martinez, CA 94553; )510) 229-3501; Fax: (510) 229-1651; Email:
christierney@nalorac.com. See Newsletter 460, 42.

38th ENC (Experimental NMR Conference), Orlando, FL, March 23 - 27, 1997; Contact: ENC, 1201 Don Diego
Avenue, Santa Fe, NM 87505; (505) 989-4573; Fax: (505) 989-1073. See Newsletter 460, 41.

International Society for Magnetic Resonance in Medicine, Fifth Scientific Meeting and Exhibition, Vancouver, BC,
Canada, April 12-18, 1997; Contact: ISMRM, 2118 Milvia St., Suite 201, Berkeley, CA 94704, USA; (510) 841-
1899; Fax (510) 841-2340; Email: info@ismrm.org,.

Symposium on NMR Spectroscopy of Synthetic Macromolcules, ACS National Meeting, San Francisco, April 13-17,
1997; Contact: H. N. Cheng or English, A. D. See Newsletter 456, 20.

International School of Structural Biology and Magnetic Resonance, 3™ Course: Protein Dynamics, Function and
Design; Erice, Sicily, Italy; April 18-28, 1997; Contact: Ms. Robin Holbrook, Stanford Magnetic Resonance
Laboratory, Stanford University, Stanford, CA 94305-5055; (415} 723-6270; Fax: (415) 723-2253;
Email: holbrook@smi.stanford.edu. See Newsletter 460, 30.

6t Meeting of AUREMN (NMR Users Association of Brazil), Rio de Janeiro, Brazil, 12 - 16 May, 1977; Contact: Snia
Maria C. de Menezes, Petrobas/Cenpes/Diquim/Radial 2, Quadra 07 - Ilha do Fundio, 21949-900 Rio de Janeiro,
Brazil; Tel. +55 21 598-6171 and 598-6914; Fax. +55 21 598-6296; Email; sonia@cenpes.petrobas.gov.br.
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The 30th New Mexico Regional NMR Meeting (otherwise known as the NMR? Meeting) will be
held at the Lovelace Respiratory Research Institute (formerly the Lovelace Institutes and, before that,
the Lovelace Medical Foundation), 2425 Ridgecrest Drive, SE, Albuquerque, NM, on Saturday,
March 8th, 1997.

This is an informal meeting of anyone (even those outside New Mexico) interested in any kind of
magnetic resonance, including electron resonance. Mark Conradi of Washington University, St.
Louis, will be our guest, following a long list of past guest speakers including Richard Emst, Paul
Lauterbur, Irv Lowe, Ad Bax, Paul Callaghan, Alex Pines, Al Garroway, and Al Redfield. Conradi
might (you are warned - this is an informal meeting) talk on how to do traditional high resolution
NMR in an inhomogeneous field, how to transfer large amounts of Xe-129 polarization to something
else, and/or a new take on SEDOR as an alternative to MQ magnetic resonance to count coupled
spins in solids.

Over the years, we have received consistent financial assistance from several sources including
Bruker, JEOL, CIL, NCC, and Isotec. All inquiries should be directed to Eiichi Fukushima at
<eiichi@audrey.tli.org>, 505-262-7155, or 505-262-7043 (fax).

L A e O R B R A R

NMR Spectroscopist

The Characterization Science & Services Directorate of Corning Incorporated Science and
Technology Division seeks to hire a PhD NMR spectroscopist with substantial experience beyond
the doctorate in solid state NMR analysis of glasses and ceramics. The successful candidate must
have hands-on experience with state-of-the-art NMR instrumentation and applications with
emphasis on the solid state spectroscopy of quadrupolar nuclei in inorganic glasses.
Demonstrated ability in system administration and facility management is also required, with
some oversight responsibility for existing solutions NMR instrumentation. The successful
individual must communicate well with materials scientists within the research organization, and
be able to create collaborative research projects on materials of interest. Publication will be
encouraged.

s

Corning is a producer of technical glass, ceramic, and polymer products, and has a long standing
reputation of advanced scientific invention and development of related materials. Inquiries and
resumes should be submitted to: David C. Larsen v

CORNING INCORPORATED

Characterization Science/ SP-FR-4

Corning, NY 14831

CORNING IS AN EQUAL OPPORTUNITY EMPLOYER
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NORTHWESTERN UNIVERSITY
January 17, 1997

Joseph B. Lambert (received 1/22/97) Department of Chemistry
Clare Hamilton Hall Professor of Chemistry 2145 Sheridan Road
: Evanston, Illinois 60208-3113
Dr. Bernard L. Shap1r0 Telephone (847) 491-5437
The NMR Newsletter Internet lambernt@casbah.acns.nwu.edu
966 Elsinore Court Facsimile (847) 491-7713

Palo Alto, CA 94303
Dear Barry:

This letter is to describe two NMR-related results from our recent work in organosilicon
chemistry. Silicon-29 NMR has proved to be the critical structural tool in this field when X-ray
structures cannot be obtained. Resonance positions often are diagnostic for specific structural classes.
A class that has been lacking in silicon chemistry has been the analogue of the carbocation, R3Si+.
We have recently prepared the first example of this species and proved its existence by its 25i
chemical shift. Because silicon is prone to form strong bonds with electronegative elements and to
assume high oxidation states, the chemical problem is to avoid reaction of tricoordinate silicon with
nucleophiles. Consequently, we reduced the nucleophilicity of the medium by the use of hydrocarbon
solvents (arenes such as benzene or toluene), and we used a remarkably unreactive anion, tetrakis-
(pentafluorophenyl)borate ((C4F5),B7). Further protection even from these weak nucleophiles was ob-
tained by the use of mesityl (2,4,6-trimethylphenyl) substituents: Mes3Si+. The species was generated
from Mes,Si-allyl by reaction with various electrophiles to expel the allyl group. The proof of the
success of the reaction was the 2°Si chemical shift of 8 225. This very high frequency position, indi-
cative of low coordination, was corroborated by ab initio calculations carried out by Thomas Miiller
of the Humboldt University in Berlin.

We also have found 2°Si NMR to be invaluable in structural analysis of branched and dendri-
tic polysilanes. The 'H and 13C chemical shifts for the permethylated molecules tend to be very
uninformative, but the 2°Si chemical shifts are diagnostic for the number of Si-Si bonds to a given
atom. Of even more use is 2D silicon-silicon INADEQUATE, which can provide connectivity infor-
mation on the skeleton of the species. This technique to our knowledge has not previously been used,
probably because it would not be of use for polydisperse linear polysilanes. Monodisperse dendritic
polysilanes, however, are natural substrates for the technique. We have applied it to the system
[(Me,Si),SiMeSiMe,],SiMe, which contains a core silicon attached to three wings. The wings are
composed of a spacer dimethylsilyl group between the core and a branchpoint silicon, which in turn
is attached to two trimethylsilyl groups. When we originally reported this material, we were unable
to obtain crystals for X-ray analysis. Thus the INADEQUATE method proved to be ideal for a struc-
ture proof. The 2D spectrum is shown on the next page and provides all the connectivities expected
for this dendritic species. The method should be of general use with dendritic and branched polysi-
lanes, particularly in the absence of crystal structures.

Sincerely,

).
I e
Joseph B. Lambert LEﬁz’m"“" av80 Yan Zhao

Short title;: New results in silicon-29 NMR c als
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COLLEGE OF ARTS AND SCIENCES
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Postdoctoral Position
NMR Studies of Protein Structure and Protein-Water Interactions

Applications are invited for a 3 year (maximum) postdoctoral position in the NMR laboratory of the Water
Research Institute. Candidates must have extensive experience in protein structure determination using high resolution
NMR techniques and be prepared to work relatively independently. The Water Research Institute is located in Tsukuba
Science City about 60 km north-east of Tokyo. Tsukuba provides a very cosmopolitan atmosphere and there is easy access
to Tokyo (1 hr). The institute has excellent research facilities including Bruker DMX 500 and DRX 300 spectrometers
together with a number of networked-work stations with a wide selection of protein structure determination software. The
position is available from April 1997.

Salary will be commensurate with age and experience, but in any case more than sufficient to ensure very
comfortable living conditions. Fluency in English or Japanese is essential. Applicants should submit a detailed curriculum
vitae, research interests and plans and three letters of recommendation. Informal enquiries are encouraged.

Dr. William S. Price, Chief Scientist Professor Yoji Arata, Director
wprice @wri.co.jp arata@wri.co.jp
Water Research Institute
Sengen 2-1-6,
Tsukuba
Ibaraki 305
Japan

Ph: (81-298) 58 6183, FAX: (81-298) 58 6166
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Department of Chemistry

Buchtel College of Arts and Sciences
Akron, OH 44325-3601
(330) 972-7372 (330) 972-5256 Fax

January 15, 1997
(received 1/16/96)

Dr. B.L. Shapiro

The NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Subject: Heteronuclear 3D-NMR of Polymers
Dear Barry,

Over the past couple of years, we have had tremendous success in applying 'H/**C/X heteronuclear 3D-
NMR experiments to the study of polymer structure. These experiments have all succeeded without the benefit of
isotopic labeling. However, we have been cheating; most of our published work to date has involved X-isotopes
which are present in 100 % natural abundance (e.g. '°F and *'P).

We have recently started to study linear and dendrimeric polycarbosilanes. In these systems the three
nuclei of interest are 'H/**C/*Si, which are present in 100%, 1.1% and 4.7% natural abundance, respectively.
Detection of this three spin system is equivalent to doing NMR spectroscopy on 0.05% of the molecules in
solution. Sensitivity is achieved by using 'H detection and relatively high concentrations of polymer (typically 20-
200 mg/mL). In indirect detection experiments we must be able to suppress signals from the 99.95% of the
molecules which don’t contain the necessary combination of NMR active isotopes. Pulsed field gradients (PFG’s)
are absolutely essential for this purpose. If the undergird signals are suppressed by PFG’s, they do not reach the
receiver system of the instrument and more than 10® improvement in dynamic range is achieved. For this
purpose, a variation of the pulse sequence described in J. Magn. Reson., Ser. A, 120, 125 (1996) was used.

Figure 1a shows the "H/Si HMQC spectrum of poly(1-phenyl-1-silabutane) (PPSB), using three bond
"H/*Si couplings. The three main resonances (A-C) are from Si in mm, mr/rm, and rr triads. The three weaker
signals (D-F) are from the penultimate Si in the chain. Figure 1b-c are slices from the 'H/**C/*Si 3D-NMR
spectrum at the shifis of Si A, B, and C, respectively. The spectra are interpreted in much the same way as the
"H/"*C/*F spectra of fluoropolymers reported in Macromolecules, 29, 4808 (1996). We are using 'J; and 2
to relate the **Si shifts with the *H and *C shifts of methylene groups two bonds away. This permits us to
unambiguously assign the resonances of Si centered in mm, mr and rr triads.

Bes ards,

zéh -
Peter L.Rinaldi
Professor of Chemistry

Director of the Molecular Spectroscopy Laboratory

The University of Akron is an Equal Education and Employmeant Institution
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Figure 1. 'H/"*C/*Si Triple resonance NMR spectra of PPSB (250 mg) obtained in C,Dq: (2) long-range (Jgz =
9 Hz) 'H-*Si HMQC 2D-NMR spectrum showing the 'H and *Si 1D- spectra along the f, and f; axes, (b-c) £f;
slices at different #Si chemical shifts from the 'H/*C/*Si 3D-NMR,; b) £f; slice at 5% = -10.49 ppm; c) £f; slice
at 8% = -10.56 ppm; and d) £f; slice at 85, = -10.62 ppm. The 3D-NMR spectrum was obtained on a Varian
Unityplus 600 MHz spectrometer with a Nalorac 5 mm 'H/ ?H/ *C/X gradient probe, at 30 °C, with 90° pulses
for 'H, BC and Si of 10.2 ps, 22.0 ps and 14.0 ps, respectively, relaxation delay 1s, A = 1.78 ms (1/(4x'J ),
7 =10 ms (1/(4x%s), Jes; = 5 Hz ), acquisition time = 0.117 s ( with simultaneous *C Wurst and *Si Waltz-16
decoupling); 4 transients were averaged for each of 2 x 32 increments during t, and 2 x 27 increments during t,,
1909.6 Hz spectral window in f;, 357.0 Hz spectral window in f;, and a 100 Hz spectral window in f, dimensions.
The durations and amplitudes of the gradient pulses were 2, 1 and 1 ms; and 0.364, 0.243, and 0.064 T/m,
respectively. The first gradient pulse serves as a homospoil pulse, so its value relative to the other two is not
critical. The total experiment time was 14 hours.
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Water Research Institute
Sengen 2-1-6
Tsukuba
Ibaraki 305
Japan
Ph: (81-298) 58 6186
FAX: (81-298) 58 6144
e-mail: wprice@wri.co.jp

Dr. B. L. Shapiro January 13, 1997
The NMR Newsletter (received 1/17/97)
966 Elsinore Court

Palo Alto, CA 94303

USA

Water Suppression with (almost) no effort
Dear Barry,

Simple is best ! The WEFT pulse sequence (1-3) for water suppression in protein solutions is
about as simple as it gets. WEFT" is perhaps the only method that can be used if resonances under the
water resonances (e.g., protein o-protons) are to be observed. Unfortunately, due to the increasing
effects of radiation damping at high fields and in more sensitive probes, the WEFT method fails since
radiation damping results in the water resonance having an effective relaxation time close to that of the
protein resonances. We have recently developed an extremely simple variant of WEFT which we have
termed Water-PRESS (4) (see Figure 1) which circumvents the problems of radiation damping.

T T/2 Acquisition

e Deno Dy

Figure 1 The Water-PRESS subunit consists of a relaxation delay (DHZO) to allow the water
magnetization to reach thermal equilibrium. Next a « pulse is applied to rotate the magnetization to the -
z axis. A delay (D,;) of sufficient length is used to allow the water magnetization to relax to the origin.
During D, a series of n very weak homospoil pulses (0.5 ms, ~1 G cm™) are applied so as to inhibit
the effects of radiation damping. At the end of the D,,, the protein resonances, by virtue of their faster

relaxation rate, have achieved thermal equilibrium. If, as in the present example, a non-selective /2
pulse is applied an almost pure protein spectrum will be acquired (see Fig. 2).
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ARGONNE NATIONAL LABORATORY

9700 South Cass Avenue, ARgonne, llinois 60439

December 18, 1996
(received 12/24/96)
Dr. Bernard L. Shapiro
The NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Re: NMR Imaging of Polymer Dissolution
Dear Barry,

In recent years there has been an ongoing effort in our lab to study solvent
transport behavior in polymer and coal samples. Time-resolved NMR imaging
methods have been employed to monitor solvent uptake in polymers
(Macromolecules, 1994, 27, 2607-2614.) Data obtained from imaging experiments
has been used to construct a theoretical model for solvent transport. Very recently,
we have had to opportunity to observe the opposite effect: dissolution of a polymer
into a solvent.

Poly(ethyl methacrylate) with average My=850,000 was purchased from
Aldrich. This was hot pressed to form a clear solid pellet. A 2 x 2 x 10 mm specimen
was placed in a Smm NMR tube with methanol and allowed to dissolve. Spin-echo
2-D images were obtained using a slice selection technique. The slice was 2mm thick
and taken through the center of the long axis of the sample.

The Figure presents time-resolved proton images of the methanol. The dark
regions in the center represent the PEMA sample. The first image (a) shows the
sample in the initial stages of the dissolution process. The non-uniform signal
intensity in the image may be due to colloidal particles of PEMA which have
separated from the main sample but which have not yet fully dissolved. The second
(b) and third (c) parts of the Figure show later stages of dissolution. Here, the
methanol signal has become more uniform. It is interesting to note the effect of
molecular weight on this process. PEMA with a molecular weight of Myw=515,000 or
less does not dissolve in methanol, but instead, undergoes a phase transition to
become a rubber.

Studies such as these have potential for the study of physical and chemical
properties of polymers. Also, NMR imaging may be used in this way as a method for
the study of drug delivery systems.

Sincerely
S 1 L /%
David M. Gregory Robert E. Botto
Chemistry Division Chemistry Division

*Work performed under the auspices of the Office of Basic Energy Sciences, Division of Chemical Sciences, U. S.
Department of Energy, under contract no. W-31-109-ENG-38.

Operated by The University of Chicago for The United Srates Departvent of Energy
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Figure. 2-D transient proton NMR
images of methanol solvent: (a) the
initial stage of dissolution. (b) after 30
minures. (c) after 60 minutes.



Triple resonance applications in solid-state NMR have increased in number and sophistication in the
last few years. Chemagnetics triple resonance probes and instruments provide the necessary state-
of-the-art technology to keep pace with these new experiments.

Synchronize pulse programs to spinning speed with the TTL output on the tachometer. Obtain maxi-
mum flexibility in console configuration from standard, broadbanded RF transmitters.

With the Chemagnetics broadband triple resonance probe, you will: obtain H,X,Y channel isolation,
high decoupling powers, and X or Y channel decoupling; and obtain minimum frequency separation

between the X and Y channels, if necessary.

13c/1SN REDOR with 'H decoupling,
obtained on [2-13C,15N]-glycine.

TH decoupling field, stable RF and stable
spinning speed are all critical for REDOR
experiments.

Control experiments (1st, 3rd, etc. peaks)
demonstrate high decoupling powers.
Significant signal remains after 64 rotor
periods, as seen in the next to last peak.

27A1/15SN TRAPDOR with 1H decoupling,
of monomethyl amine (MMA) on a zeolite
surface, obtained at -140°C to freeze amine
motion on the zeolite surface.

Stability in probe tuning and spinning speed
must be maintained at -140°C in order to
obtain TRAPDOR data.

The TRAPDOR technique is similar to
REDOR in that distance information is
obtained through dipolar couplings.

data courtesy of C. Grey, SUNY, Stony Brook.

2607 Midpoint Drive = Fort Collins, CO 80525

MMAH (Bronsted site)

MMA... Al (Lewis acid site)

Control MMA (free)

15N irradiation on

Difference

T 1

(970) 484-0428 FAX (970) 484-0487 1-800-4-OTSUKA
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UNIVERSITY OF CALIFORNIA, SAN FRANCISCO

BERKELEY ¢ DAVIS » IRVINE o LOS ANGELES  RIVERSIDE « SAN DIEGO ¢ SAN FRANCISCO ¢ SANTA BARBARA « SANTA CRUZ

MAGNETIC RESONANCE UNIT
Veterans Administration Medical Center
4150 Clement Street (114M)

San Francisco, CA 94121

Tel: (415) 221-4810, Ext. 3644

Fax: (415) 668-2864

E-mail: jerrym@itsa.ucsf.edu

January 21, 1997
Dr. Barry Shapiro (received 1/25/97)
Editor, The NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

Dear Dr. Shapiro:
RE: New Version of MATPULSE

A new version of MATPULSE is available from the Internet (http://nmrsg.bioiphys.upenn.edu/). As
described in reference 1, this menu-driven, GUI program uses the Shinnar - Le Roux scheme (2) for generation
of computer optimized frequency selective RF pulses. A separate menu is provided for examination of the
gradient refocusing needed for excitation pulses. The program includes Bloch equations menus which enable the
excitation bandwidths to be examined in the presence and absence of nuclear relaxation, and also features the
ability to generate shaped pulses with modulated gradients (1,3). The program does require that the user have
MATLAB (The Math Works, Inc.) version 3.x or higher, as well as the MATLAB Signal Processing Toolbox.

The program produces numerous kinds of frequency selective RF pulses which are of interest to high
resolution NMR researchers, including computer optimized saturation, inversion, spin echo, and water
suppression pulses (1). The rapid generation and display of these pulses and profiles facilitates examination of
the effects of the various pulse parameters.

Features added to the new version of MATPULSE include the ability observe the effects of cascaded
pulses, and a new menu to generate frequency selective self-refocused pulses via root reflection as described by
James B. Murdoch in the Society of Magnetic Resonance Abstracts, pg. 552, 1995. In this scheme, a conjugate
pair of roots from the A polynomial (one of the pair of polynomials representing the rotation produced by the
pulse (2)) are reflected about the unit circle. The procedure for generation of a z-magnetization excitation pulse

(4) is illustrated below in Fig. 1. Although several steps are involved, MATPULSE requires only a few mouse
clicks to step through the procedure.

Typically, some adjustment of the pulse length is required to achieve the desired refocusing. Generation
of a general rotation self-refocused pulse (4) is achieved by starting with a linear phase (symmetrical) pulse and
following the scheme illustrated in Fig. 1. The advantage of using MATPULSE is that the tradeoffs of various
parameters may be readily examined and adjusted, and the pulse shapes tailored for particular uses.
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Fig. 1. The steps required for generation of self-refocused z-magnetization excitation pulse.
A. Initia] minimum phase pulse: Width, 500 Hz, duration 8.02 ms, 128 points, passband ripple selection .05%,

rejectionband ripple selection .005%.

B. Resulting excitation magnitude profile (magnetization is not refocused).

C. A portion of the A polynomial roots shown around the unit circle.
D. Reflection of the selected roots about the unit circle.
E. The resulting self-refocused RF pulse shape.

F. The resulting pulse profile, depicting the Mx magnetization.

Please credit this to Michael W. Weiner's account.

1. G.B. Matson, "An integrated program for amplitude-modulated RF pulse generation and re-mapping with
shaped gradients", Magn Reson Imaging 12: 1205-1225 (1994).

2. I Pauly, P. Le Roux, D. Nishimura, and A. Macovski, "Parameter Relations for the Shinnar-Le Roux
Selective Excitation Pulse Design Algorithm", IEEE Trans Med Imaging 10: 53 - 65, (1991).

3. S. Conolly, D. Nishimura, A. Macovski, and G. Glover, "Variable-Rate Selective Excitation", J Magn Reson

78: 440 - 458, (1988).

4. H. Geen and R. Freeman, "Band-Selective Radiofrequency Pulses", J Magn Reson 93: 93-141, (1991).

Sinceyely,

ol e

rald B. Matson

Adjunct Prof., Pharm. Chem., and

Facilities Manager, MR Unit, DVAMC

k-l






Bruker delivers more imaging/spectroscopy choices

The AVAI;\JCETM digital spectrometer philosophy provides

a major advance in overall system performance for both
MRI and |MRS. The digital electronics architecture

provides
and immunity to external disturbances.

significant improvements in stability, reliability

The AVANCE™ system uses intelligent coprocessor

moduleslinterfaced to a VME bus for the control of data
acquisition. All imaging systems use ParaVision™
software for acquisition, reconstruction and processing.

Biospec AVANCE™ Magnet Systems

Modular, high-level design using RISC coprocessors
Digital frequency synthesis and digital phase gener-
ation with fast phase-coherent frequency switching
Digital rf signal routing

Digital filtering

Digital receiver concept with A/D oversampling and
“on the fly” digital filtering

Upgradable components for state-of-the-art
performance

Dedicated Ethernet® connection between host com-
puter, data acquisition computer and spectrometer

o o ggoo og

Biospec AVANCE™ Actively
Shielded Gradient Systems

Magnet Designation 24/30  24/40 47/20  47/30  47/40 47/50 70/20 70/30  94/20
By, field (1) 24 24 4.7 47 47 47 705  7.05 94 Gradient System B-G6 B-GA12 B-GA20 B-GA26
Bore dlamelerj(mm) 305 400 210 305 400 500 210 310 210 Feature Micro- Mini-  General General
Magnet Fiange to Field Center 550 605 550 550 758 825 550 825 735 Imaging  Imaging
L Shielding (%) o 99 99 99
Max. Drift rate! (ppm/hr.) 0.06 0.05 0.05 0.05 0.056 0.05 0.05 0.05 0.05 nner/Outer
—— nner/Outel
froan“niZ;'ngceeﬁ'grd Diemeters (mm) 60/106 120/184 202/280 258/350
— radially (m) 3.7 4.8 4.6 5.1 6.8 8.2 53 7.0 6.7 Max. gradient
— axially (m) 47 5.9 5.8 6.3 8.5 10.4 6.6 8.9 8.4 {mi/m) 950 200 100 50
Homogeneous Volume (mm dsv)* at given current (&) 100 100 100 100
shimmed to linewidth less than: 5 20 Voltage (V) 150 150 150 150
+ 10 ppm 1 180 120 160 220 250 1 160 120 -
+ 5 ppm 140 150 95 140 180 225 95 140  10o  Switching (s 50 80 200 180
+0.1 ppm 70 90 50 70 100 120 50 70 50 Effective Volume, 40 80 120 180
Min. Helium Refill Interval (days) 50 50 50 50 50 60 50 920 60 dsv {mm)
Min. Nitrogen Refill Interval (days) 8 8 8 8 14 15 8 14 14 Linearity (%) over dsv 5 4 4 4

*dsv=diameter of a spherical volume; line width=full line width at signal haif height

Medspec AVANCE™ Magnet Systems

*Shielding not necessary due to small diameter

Medspec AVANCE™ Actively
Shielded Gradient Systems

Specifications: 30/80 30/100 40/80
Overall heigh/length: 2554/2188 mm 2600/2420 mm 2600/2420 mm Gradient System Feature Data
Room temperature clear bore: 800 mm 940 mm 815 mm B-Ga63 outer diameter 890 mm
Weight (with cryogens, without gradient systems) 7.8 tons 12 tons 13 tons inner di.amel.er 630 mm
Minimum ceiling height: 330 cm 330 cm 330 cm llneda}nts{ + 7‘;@031 ?7\' 4?% gz)rR
Cryogens (helium) max. gradien ml/ma
Typical boil-off (refrigerated) 100 mbh 100 mbh 100 mi/m switching 1ig &i:;fgggggggx
Refill mt‘erv.al: 125 days 160 days 160 days BGAG outer diameter 780 mm
Magnetic field: 2947 2947 407 inner diameter 550 mm
1H-Frequency: 125 MHz 125 MHz 170 MHz linearity -+ 7% at dsv 300 mm
Field stability in persistent mode: 0.05 ppmv/h 0.05 ppm/h 0.05 ppm/h max. g(adignt 45 mT/m at 600A
Stray field (0.5 m1): axial: 85 m" 145m 145m switching 150 is at 250A/300V
radial: 6.5 m" 115m 11.5m 300 s at B00A/350V
. 110 ps at 600A/1000V
Homogeneity dsv {mm) ppm dsv(mm)  ppm dsv(mm)  ppm ,
v Tt ne-wid 20 015 20 01 20 0.1 B-GA38 outer diameter 610 mm
half-height line- width - : : inner diameter 380 mm
** peak-peak variation in 12-plane-plot 300 2.5 300 0.5 300 1.5 max. gradient 30 mT/m at 400A
** peak-peak variation in 12/plane-plot 400 10 450 3 400 5 switching 75 ps at 400A/400V
Special magnet designs are available on request. 1)Width 22 tons iron yoke shield *For investigational use only Special gradient designs are available on request
(“)(7 For complete details or to arrange In the USA: In Europe:
: a demonstration please contact Bruker Instruments, Inc. Bruker Medizintechnik GmbH
BRUKER o 5uker representative. Billerica, MA 01821 D-76287 Rheinstetten, Germany
Phone (508) 667-9580 Phone +49-7243-504-531

%

Fax: (508) 667-0985 Fax +49-7243-504-539



FOX CHASE e

Fernando Arias-Mendoza, M.D., Ph.D.
Nuclear Magnetic Resonance
and Medical Spectroscopy

7701 Burholme Avenue
Philadelphia, Pennsylvania 19111
215 728 35353/3049

FAX 215 728 2822

(received 1/17/97)

Intracellular Magnesium in Human Brain

Dear Dr. Shapiro:

Intracellular magnesium concentration ([Mgl,) has been measured under
in vivo conditions through the pH-dependent complexation of the ion with the
phosphates of nucleotides tri- and diphosphates (NTP and NDP) which affects
the chemical shift (8) of the nucleotides' signals in *P magnetic resonance
spectroscopy (*'P MRS). In order to ensure reliable brain-localized *P MRS to
quantify [Mgl; a number of improvements to a 3-dimensional chemical shift
imaging protocol (3D-CSI) were made resulting in faster collection times, better
spectral baselines, higher spectral resolution, and optimized spectral localization
(Fig.1). A dual-tuned 'H-'P birdcage resonator’ minimized moving the
subject's head by using the same coil for imaging and spectroscopy and allowed
the study of the whole brain volume; shimming was done using an automated
procedure’ giving optimal values in 3-5 min; 'H-decoupling and NOE increased
the s/n ratio of the spectra’; and presaturation of the broad spectral components
plus shorter gradient ramping times improved the baseline of the localized
spectra®. The utilization of 3D-CSI to localize the *'P signals has the advantage of
lacking chemical shift artifacts however there is contamination due to point
spread function effects. To minimize contamination, the coil geometry and
subject's positioning are such that excitation of the strong neck muscles signals
is kept to a minimum and a tight selection of brain spectra is done in
postprocessing.

To obtain the & of BNTP (85 n1p) the original methods were modified to use
the phosphocreatine (PCr) signal as reference, because it is a strong, well
resolved brain signal and its & is insensitive to physiological changes and
because the original reference signal (a-NTP) is contaminated with other signals
in brain spectra (diphosphodiesters). The brain §; \;, determined in this way was
-18.92 ppm + 0.009 (mean + S.E. in 5 volunteers with an average of 20 voxels per
volunteer). pH was determined from the & of inorganic phosphate, giving a
constant brain pH value of 6.99 +0.012 (mean +S.E.; in 30 voxels total from 5
volunteers).  Brain 0y, values were transformed to [Mgl, using the
complexation endpoints (free and totally [Mg]; -complexed) at the corresponding
cellular [Mgl,/NTP mole ratio, and a dissociation constant of 0.055mM at
pH 6.99. The calculated brain [Mg], value was 0.162 mM +0.003 (mean +S.E.,
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Hercules Incorporated
Research Center

' Hercules Road
NHERCULES Witnington. DE 10806-1599

Telephone: (302) 995-3505
FAX:(302) 995-4117

December 30, 1996
(received 1/2/97)

Dr. Bernard L. Shapiro
The NMR Newsletter

966 Elsinore Court
Palo Alto, CA 94303

Dear Dr. Shapiro:

Tacticity of Polvystvrene

Owing to its industrial importance, polystyrene has often been
studied by NMR. Since tacticity is a major determinant of polymer
properties, it has attracted a fair amount of attention'™?. Through
the efforts of many research groups, a consensus has emerged on the 3¢
NMR assignments of the aromatic C; carbon at the triad level and even
for most of the pentads. However, there is a greater divergence of
opinion on the assignments of the backbone methylene carbon. As for
the other carbons (backbone methine and aromatic C,, C;, and C,),
complete '3C assignments have not been made.

Recently, G. H. Lee (at Sun Refining and Manufacturing) and I
reviewed and re-examined the NMR spectral assignments of polystyrene.
We used 2D NMR, curve deconvolution, and spectral simulation
approaches and obtained revised 3C NMR assignments of the tacticity of
the backbone methylene carbon. Furthermore, we provided tentative
tacticity assignments for the backbone methine carbon.

For example, the deconvoluted spectrum and the assignments of the
backbone CH, carbon are shown in Figure 1 and Table 1. The observed
intensities agree well with a Bernoullian model. Further details on
this work may be found in a recent publication3.

Yours very truly,

H. N. Cheng

References: i

1. 1H NMR studies of polystyrene include: (a) H. J. Harwood, T. K. Chen, A.
DasGupta, J. F. Kinstle, E. R. Santee, L. Shepherd, F.-T. Lin, ACS
Polym. Prepr., 26(1), 39 (1985). (b) G. J. Ray, R. E. Pauls, J. J.

Lewis, L. B. Rogers, Makromol. Chem., 186, 1135 (1985). (c) N. Ishihara,
T. Seimiya, M. Kuramoto, M. Uoli, Macromolecules, 19, 2465 (1986).

2. 13¢ NMR studies of polystyrene include: (a) H. Sato, Y. Tanaka, ACS
Symp. Ser., 247, 181 (1984). (b) H. J. Harwood, T. XK. Chen, F.-T. Lin,
ACS Symp. Ser., 247, 197 (1984). (c) A. E. Tonelli, Macromolecules, 16,
604 (1983). (d) T. Kawamura, N. Toshima, K. Matsuzaki, Macromol. Rapid
Comm., 15, 479 (1994). (e) D. R. Hensley, S. D. Goodrich, H. dJ.
Harwood, P. L. Rinaldi, Macromolecules, 27, 2351 (1994).

3. H. N. Cheng, G. H. Lee, International Journal of Polymer Analysis and

Characterization, Vol. 2, pp. 439-455 (199s6).
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Table 1. BAssignments of backbone CH, carbon of atactic polystyrene: first-
order Markovian probabilities and the observed versus calculated intensities

No 13c ghift Assignment Probability Observed Calculated
(P, = 0.48)
1 46.8 mrmrm P 2P 2 3.5 3.0
2 46.5 rrmrm 2P, 2P, 2P, . 7.1 6.5
3 46.2 rrmrr PP P2 4.6 3.5
4  45.9 mrrrm PP ?P,, 2 4.9 3.2
5  45.4 } mrrrr 2P, P P..2 6.6 7.0
6  45.2
7 44.9 mrmmr 2P, 2P, 2P
8 44.8 T {mrmomm) x 2P, %P, %P 2 11.6 11.5
44.8 m (mrmmm) x 2P, P %P 3
9 44.7 rrrrr,rrmmm Py P %+2P P P 2P
44.6 { m(rmmrr)x 2P *P 2P P 16.4 15.8
10  44.5 r (rmmrr)x 2P 2P, PP .2
11 44.3 rmommr Prr 2 PonPrm 3.6 3.0
12 44.1 rmrrm 2P 2P 2P . 7.1 6.5
13 43.8 mmmmr 2P, P, P 3 2.4 5.5
14 43.7 Tmnmram PorPrm’ 2.2 2.5
15  43.5 rmrrr 2P PP, 2 11.7 13.0
16  43.4 YT 2P, P 2P Py }
17  43.2 mmrrr 2P PP P’ 6.7 6.5
18  42.8 rmrmr : Py Pop? 2.0 3.2
19 42.7 rmrmm 2P 2P %P 5.9 6.0
20 42.5 mmrm P Py 2 P 3.7 2.8

Figure 1. Curve deconvolution of the CH, carbon: top trace, observed
spectrum; middle trace, fitted spectrum; lower trace, individual components.












INTRQDUQINQ NMlegm Pulsed

RF power amplifier

| . systems
RF Power Amplifiers
Specifications: Models: 14T300 147100 20T400 22T100
Operating frequency 5-245 MHz 280-620 MHz 30-350 MHz  650-950 MHz
Pulse power into. 50 ohms 300w 100 W 400 W 100w
CW power ' ow now 40w now
Pulse width 20 ms 300 ms 20 ms 300 ms
Linearity (1 dB, ‘class AB) 250 W 60 W 250 W 50w
Gain(0 dBm input, nom.) 55 dB 50 dB 56 dB 50 dB
Gain flatness -+3dB
Harmonic content - -12 dB/ -20 dBc, typ. (Inband/out of band)
Input/Output impedance - 50 chms
Input VSWR - Less than 2:1
Duty cycle - 10%
Amplitude rise/fall time - 250 ns, typ . '
Amplitude droop - 5% to 20 ms, typ., 8% max.
Phase change/output power - 12° to rated power, typ. 25° max.
Phase error overpulse - 5°to 10 ms duration, typ.
Noise figure ; - 12 dB typ.
Output noise (blanked) - 20 dB over thermal, typ.
Bianking delay - 1 ps, typ., on/off, TTL signal
System features:
Protection functions: - Auto/manual reset
: - Audible indication
- Maximum Forward power
- Maximum average power
- Maximum VSWR
- Over temperature
- Power supply Over Voltage
Controls, front panel: - AC power on/off
: - Forward/Reflected RF power
Connectors, rear panel: - AC mains, Terminals, EMI filtered 300 oV e
- RF input: BNC (F) — e
- RF output: Type N(F)

Front panel indicators:

interface functions

- Noise blanking: BNC (F) dual polarity
- Interface: 15 pin D(F), EMI filtered

- AC power on - CW mode

- Stand by - Power supply
- RF overdrive - Thermal

- VSWR - Blanking

- Energy

- Power limit select, HilLo

- RF power (F/R linear) - CW mode (C/F)

NMRgpws~ 14T-300

C= Control input - Stand By (C/F) - Power Supply (F)
F= Flag output - RF overdrive (F) - Thermal (F)
- VSWR (F)
- Energy (F)
- Power limit select Po or Po/2 (C/F)
Environmental:
Cooling | - Internal forced air, front to back flow with demand fans For additional information

Operating température

AC line voltage

AC power requirements
Package, Size (HWD, inches)
Rack mountable

Net weight (Est.)
Compliance

and/or di

+10 to 40°C
- 120-240 VAC, £10%, 1¢, 47-63 Hz

5.25x19x24 5.25x19x24

- 65 Ibs. 62 Ibs.
- CE, IEC 555 (Pending)

75 ibs.

CPC to change

this product without notice © CPC, 1996

14T300, 400 VA 14T100, 200 VA 20T400, 500 VA 22T100, 200 VA
7.00x19x24

please contact:

Broad Band Technology

5.25x19x24 2501 N. Rose Dr.
Placentia, CA 92870
62 Ibs. Ph: 714 528 7217

Fx: 714 528 3513
Email: bbt@edm.net

Rev. 1.0
12/22/96
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(received 12/24/96)

Dr. B. L. Shapiro
The NMR Newsletter
966 Elsinore Court
Palo Alto, CA 94303

NMR & x-ray Measurements of Adenosine Conformation: Position Available

Dear Barry,
Thank you for your reminder, I hope we meet the Dec. 20 deadline.

NMR and x-ray crystallography are clearly the two most extensively used techniques
for macromolecular structural investigation. Our results on the adenosine
conformations of a number of nucleotides bound to ATP-utilizing enzymes have led
us to compare the results on glycosidic orientation obtained by the two techniques.
The table (on the next page) lists these results for a group of these enzymes. The
NMR results were obtained by us in recent years on the basis of TRNOESY
measurements. The x-ray data given are from the Protein Data Bank (PDB). The
interesting point is that the glycosidic orientations obtained by NMR fall in a narrow
range of about £8° around 51°. Note that the group of enzyme include those that
catalyze phosphoryl transfer (kinases), adenylyl transfer (amino-acyl tRNA
synthetase), and pyrophosphoryl transfer (PRPP synthetase). The rather narrow range
for these orientations suggests a protein structural motif for the recognition and
binding of the adenosine nucleotides. On the other hand, the orientations in the x-ray
data vary all over the place. Since the x-ray data were obtained in the solid state in
which the enzymatic reaction does not take place, it may well be that the substrate is
trapped during the crystallization process in a conformation that may not be
productive. In contrast, the NMR data are obtained in an active state of the complex,
although the amino-acid environment cannot be easily investigated by NMR for some
of these enzymes (with the exception of adenylate kinase). Thus, while the
crystallographic data is the best source for the protein structure information, NMR
results offer the best means to obtain substrate conformation in enzyme-bound
reaction complexes. It makes sense to put the results together by appropriate
modeling methods to gain insight into the mechanism. That is what we are planning
to do.

With best regards,

Sincerely yours,

B.D. N:éeswara Rao

461-33
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NMR studied glycosidic x-ray studied PDB glycosidic
Complexest angle ComplexesE entry angle
(deg) id (deg)
Adenylate KeAMPT 43 Adenylate K-AP5A lake 7-14
(AMP site)
Adenylate KeMgATPT 44 Adenylate KeAPsA lake 99-107
(MgATP site)
Arginine KeMgATP* 50 3-Phospho-glycerate K 3pgk -8
*MgATP+3-PG
Creatine KsMgATP# 51 3-phospho-glycerate K 1gpg 96
*MgAMPPNP
3-phospho-glycerate K 46 aspartyl-TRS-ATP lasy 72
*MgATP-3-PG¥
Pyruvate KeMgATP$ 44 glutaminyl-TRS<ATP lgtr 60
PRPPS#MgATP! 50 seryl-TRS.AMP-AHX 1ses 32(AMP)
Methionyl-TRS*MgA TP 54 glutamine llgr 63
synthetaseeMn*AMP
Free ATP* 5

£. K represents kinase, TRS represents tRNA synthetase; *. PRPPS represents 5-phospho-o-D-
ribose 1-diphosphate synthetase; *. Murali et al., 1994, Biochemistry, 33:14227-14236; *.
Murali et al., 1993, ibid, 32:12941-12948; §. Jarori et al., 1994, ibid, 33:6784-6791; Il. Jarori et
al., 1995, Eur J. Biochemistry, 230:517-524; §. Murali et al., submitted; T-Lin et al.,
unpublished results; ¥- Murali et al., unpublished results.

Position Available: Application are invited for the position of a postdoctoral Research
Associate on an NIH project entitled "Active-Site Structures of ATP-utilizing Enzymes".
Experience in structural computations/molecular biology methods pertinent to NMR will be a
real plus. Appointment will be initially for a year; extension is possible for several years on the
basis of progress and mutual satisfaction. Interested applicants may send their c.v. and at least
two letters of recommendation to the above address (on the previous page). IUPUI is an equal
opportunity/affirmative action employer. For further information contact by email:
brao@iupui.edu, or phone: (317)274-6901.









461-37

University of Illinois
College of Medicine at Urbana-Champaign

December 18, 1996
Department of Medical Information Sciences . ;
BIOMEDICAL MAGNETIC RESONANCE LABORATORY (received 12/27/96)
1307 West Park Street
Urbana, Ilinois 61801
Phone: (217) 244-0600
Fax: (217) 244-1330 . . .
Email: berl@bmrl. med.uiuc.edu Silent Field Mapplng

Dear Barry,
Greetings from the frozen prairie!

Shimming used to be an art, and many a spectroscopist was understandably proud of being able to beat
any machine at getting a good lineshape. Lately, though, the machines are doing a lot better. This is
largely due to use of various field mapping techniques. Rather than using a single response (lock level
or FID area) to characterize the field, the map uses many simultaneous responses to simultaneously
(and hopefully independently) determine all of the shim currents.

Those of you who have heard the high-tech field mapping robots whirring through their routine, or
listened to the ticking (or pounding, depending on magnet size) of a modern PFG system imaging the
field, may be interested to know that the same thing can be done on an older spectrometer, without
making any noise at all, and indeed without investing in much new hardware (more about that later).

"Silent field mapping" is based on projection-reconstruction spectroscopic imaging (PRSI). Like its
cousin, pulsed-gradient, phase-encoded, fourier spectroscopic imaging (FSI) (employed in one form or
another in most of the recently published methods), PRSI generates an (N+1)-dimensional data set: N
spatial dimensions, and one spectral (frequency) dimension. (1) Unlike its cousin, PRSI uses static
gradients, not pulsed ones, and therefore doesn't make any noise. You could even do this by hand on a
CW instrument, if you had enough patience. [A variation uses a quasi-static gradient to produce a
phase map (2) which is, of course, proportional to the field /frequency map, but is complicated by
"phase wrapping" effects and multiple peaks. ]

We decided to try resurrecting this technique for use with large sample tubes (20mm) on our GN-300.
This instrument has computer-controlled shim coils. We measured gradient strengths of: Z, 105
Hz/mm;Y, 24 Hz/mm; X, 23 Hz/mm, corresponding to the maximum DAC values available, so it
seemed to be possible to map a small range of frequency shifts in 3 dimensions, and a larger range in 1
dimension (Z). Settling times of the shim currents are on the order of a second for large changes, less for
small ones.

The procedure (1a) involves selecting a set of projection angles and computing the required gradients.
The spectral dimension involves a pseudo-angle, and a change in the spectral width which must also be
calculated for each projection. These calculations, and the automation of the procedure, are carried out
on our system by an NMRScript™ controlling a Tecmag Libra system (the aforementioned new
hardware) which replaced the venerable 1280 computer a few years ago.

After the data are acquired, the spectroscopic image is reconstructed using viewit (3), our all-purpose
software package (available in the public domain). Peak-picking in the spectral dimension produces
the N-dimensional field map. With this technique in hand, one can map each shim coil in the usual
way, and then fit an arbitrary field to a sum of coil fields using least squares.
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So far, we have produced 1D and 2D field maps, and we are getting our courage up to go all the way to
3D after the first of the year. Some 1D examples are shown to illustrate the principle.

May all your fields be homogeneous,

Carl D Gregory, Clint S. Potter H. Douglas is, and Paul C terbur
L// ’i ;;4/(/

(*) to whose account this should be credlted

1. (@) M.L.Bernardo, Jr., P.C.Lauterbur, K.L.Hedges, "Experimental Example of NMR Spectroscopic
Imaging by Projection Reconstruction Involving an Intrinsic Frequency Dimension”, J. Magn. Reson.,
61, 168 (1985). (b) P.C.Lauterbur, D.N.Levin, R.B.Marr, "Theory and Simulation of NMR
Spectroscopic Imaging and Field Plotting by Projection Reconstruction Involving an Intrinsic
Frequency Dimension”, J. Magn. Reson., 59, 536 (1984).

2. 5.Sukumar, M. O'Neil-Johnson, J.A.B.Lohman, "An Image Based Autoshimming Procedure Using
Unshielded Gradient Systems”, 37th ENC, Abstract WP 206 (1996)

3. http:/ /kepler.ncsa.uiuc.edu/ viewit.html; C.S. Potter and P.J. Moran, "Viewit: A Software System
for Multi-Dimensional Biomedical Image Processing, Analysis, and Visualization", SPIE

Conference on Biomedical Image Processing IIT and Three-Dimensional Microscopy, 1660, 767-773,
(February 1992)

(Thanks to: National Institutes of Health-Center for Research Resources; National Center for
Supercomputing Applications; and Illinois Department of Commerce and Community Affairs)

Figure 1: 1D spectroscopic image (along the Z axis) of a layer of toluene (two peaks) floating on a layer
of water (1 peak). 32 projections reconstructed to 128x128 image. In addition to the spectra of
the two layers, one can see some bending of the field, especially at the bottom of the tube. A:
sample geometry; B: spectroscopic image (note ray artifacts from limited sampling); C:
spectra of individual layers from SI experiment compared with conventional 1D spectrum; D:
stacked plot of central region of SI image.

Figure 2: 1D spectroscopic images of a tube of water showing field along the Z axis: A: properly
shimrned; B: Z1 error (deliberate misadjustment of Z1); C: Z2 error; D: Z3 error; E: Z4 error; F:
Z5 error (note additional transmit frequency offset).
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Department of Mail Siop 015 Voice: 617-736- .

Cheistry P.0. Box 9110 FAX: 017-736-251¢ (Teceived 12/27/36)
Waltham. Massachusetts Internet:
02254-9110

Edison Lecks 211

Dr. Barry Shapiro
The NMR Newsletter
966 Elsinore Court
Palo Alto, CA $4303

Title: Saved by the Flip-Back and a Dangerous Computer Virus

Dear Barry;

I have been meaning to write up a short note about how much difference the use of water flip-
back pulses has made in our NMR analysis of a gallium-reconstituted ferredoxin. I sat down
to the computer and wrote an absolutely stunning little vignette describing our work for the
NMR Newsletter. Little did I know that my Macintosh's hard drive had been infected by the
deadly virus BAD POETRY, which I had inadvertently down-loaded with a mail message
warning me against good times. This truly hideous piece of code converted my high-minded
(nay, deathless) scientific prose to a mishmash of mindless drivel, as you can see. I could
rewrite the whole thing for you, but I would rather drink beer and watch Babylon 5 reruns, so
I will just send along what the cruel software demons left me, to wit:

We have a redoxin (two Fe, two S)

and because of line broadening, we have to guess
what the metal site looks like.!

Oy, vey! What a mess.2

Until young Sophia looked up and said "Gee...
if we replace it with gallium, then we can see
all the cross-pezks and

then I can get my degree!"

She worked very hard, and the story's been told 3
how the new ferredoxin proceeded to fold.

but as for rejoicing,

we put it on hold.

Our NOESY s looked empty, our inverses bare;
of problems it seems we had more than our share;
for despite our best efforts and all of our care,
Not all of the peaks we expected were there.

RF we'd been using to flatten the water
Our signal-to-noise spin diffusion did slaughter.
And then to our rescue came Grzesiek and Bax

I forget in which journal (I think it was JACS).4



They spoke of the flip-back and WATERGATES too,

so [ asked for some help from my loving spouse Sue.

She took us to Bruker (U.S., not AG),
and ran the pulse programs in order to see
if it made any change in our HSQC.

Oh wonder of wonders, the sight to behold

of the many new cross peaks

our new spectra showed.

They liked it at Bruker and chose this to be

their Web Page display for the next year or three.

(if you want to look at it type http:
//bruker.com and there it will be).
We quickly adapted these pulse schemes brand new
into many a pulprog, ZG and AU.

Now this work is finished and we are content,
and manuscripts off to the journals we sent.

Please count this towards Brandeis's debt to your book,

and I hope it lets Redfield off of the hook.

1) Pochapsky et al., Biochemistry 33, 6424 (1994).

2) A background in Yiddish idiom is not a requirement at Brandeis, but it can't hurt.

3) Kazanis et al., J. Am. Chem. Soc. 117, 6625 (1995).

4) Itwas. Grzesiek and Bax, J. Am. Chem. Soc. 115, 12593 (1993).

5) Piotto et al., J. Biomol. NMR 2, 661 (1992).

Sincerely,
YA /’/ . < L <
ﬁ;ﬁ ‘S gé\?fﬂg . Loy e /%,%
Susan Pochapsky , Sophia Kazanis
Bruker Instruments, Inc. Brandeis University

Billerica, MA Waltham, MA

77 g{w\(/

Thomas Pochapsky -
Brandeis University
Waltham, MA
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Figure 1: Comparison of Gallium Ferredoxin spectra. (A) HSQC with
WATERGATE and water flip—back pulse. (B) HSQC with presaturation.
(C) Row from flip—-back HSQC. (D) Row from presat HSQC.
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Aksel A Bothner—-DBy
6°377 Darlingtor R
Pittsburgh, LA 15277

: 8 Jan 1997
Dr. B. L. Shapiro, (Teceived 1/13/97)
966 Elsinore Ct. -
Palo Alto, CA 94303 COSINE DIVISION
Dear Barry:

Stupid error in my letter to you of 7 December 1996 reproduced in Newsletter No. 460. Everywhere

in letter, read TJt for mJt/2. Sorry about that.
Wile
Aksel

Questions? Call me at 412 521 6734, or email ab6d@andrew.cmu.edu.











