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facturers and, in practically every case, our standards meet or exceed 
the manufacturer's specifications. 
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$ 32.00 

32.00 

33.00 

■3 .00 

33.00 

33.00 

32.00 

33.00 

33.00 

33.00 

33.00 

31.00 

33.00 

32.00 

WILMAD CJLASS COMPANY, INC. 
Rt. 40 & Oak Road, Buena, New Jersey 08310, U.S.A. 

Phone: (609) 697-3000 • TWX 510-687-8911 

f 



All Newsletter Correspondence 
Should be Addressed to: 

TEXAS A&M UNIVERSITY 

Professor Bernard L. Shapiro 
Department of Chemistry 
Texas A&M University 

College Station, Texas 77843 U.S.A. 

DEADLINE DATES 

No. 315 ------- 3 December 1984 

No. 316 -------- 7 January 1985 

NEWSLETTER 

SPONSORS 
Abbott Laboratories 
The British Petroleum Co., Ltd. (England) 
Bruker Instruments, Inc. 
Eastman Kodak Company 
E. I. du Pont de Nemours & Company 
General Electric Company, Medical Systems Group, 

NMR Instruments 
IBM Instruments, Inc. 
JEOL (U.S.A.) Inc., Analytical Instruments Division 
Dr. R. Kosfeld, FB 5 Physikalische Chemie, University 

of Duisburg, D-4100 Duisburg 1, West Germany 
D-4100 Duisburg 1, West Germany 

The Lilly Research Laboratories, Eli Lilly & Company 
The Monsanto Company 
The Procter & Gamble Company, Miami Valley Labs 
Programmed Test Sources, Inc. 
Shell Development Company 
Unilever Research 
Union Carbide Corporation · 
Varian, Analytical Instrument Division 

CONTRIBUTORS 
Chemagneti cs, Inc. 
Intermagnetics General Corporation 

ADVERTISERS 
Bruker Instruments, Inc. . • 
General Electric Company, Medical 

Systems Group, NMR Instruments 
IBM Instruments, Inc. 
JEOL . • • . 
New Era Enterprises 
TECMAG, Inc. . 
Varian. • • • 
Wilmad Glass Company, Inc. 

• 6 

. inside back cover 
• 28 
• outside back cover 
• page (i) 
• 16 
• 36 
• inside front cover 

NJTHOR IIIDEX --- TNIJ lllt IIEIISLETTER NO. 313, OCTOBER 1984 
Ancian, B. . 8 Gouesnard, J.P. . . 42 
Barcza, S. • 20 Johnson, M.D., Jr. . 45 
Begemann, J.H. . • 23 Levy, G.C. . 23 
Bolton, P.H. . • • 38 Lindon, J.C. . 41 
Bothner-By, A.A. . 47 Live, D.H. . 1 
Boyd, R.A. • • 31 Mechin, B. . 42 
Braunlin, W.H. • 43 Morris, P.G. • • 25 
Briguet, A. • . 8 Nieuwenhuizen, M;S. 18 
Colebrook, L.D. . 5 Patterson, D. 29 
Cory, D. • • • 29 Peters, J.A. • 18 
Cowburn, D. • • • 1 Petillo, P.A. 3 
Creyghton, J.H.N. • 39 Ritchey, W.M. 29 
Davis, D.G. . . 1 Sanders, J.K.M. . 13 
Delville, A. • • 21 Satoh, S. . . • 47 
Detellier, C. • 21 Schraml, J. . . 35 
Diehl, P. • • • 15 Shapiro, M.J. . 20 
Dorie, J. . . . 42 Tiffon, B. . • 8 
Dupressoir, C. • 21 Vachon, D.J. • • 3 
Emid, S. . . • 39 Vogel, H.J. . . 43 
Fesik, S.W. • • 11 Weisman, G.R. . 3 
Gamcsik, M.P. • . 33 Williams, J.M. . 41 
Gerig, J.T. . . 33,34 

NMR SAMPLE TUBES 
From: The Alternative Source 

■ A selection of high quality, precision 5 and 10 MM 
0.0. NMR Sample Tubes is being offered. Where 
quality, value, consistency of results, and 
interchangeability are important you will want 
to use our tubes. 

Other services include the design and 
manufacture of custom-made insert tubing 
and dewars in glass and quartz. 

Call or write for free literature, TODAY. 
~,\1111 ,//¼ 

~-~ 
NEW ERA ENTERPRISES 
P.O. BOX 425 • VINELAND, NJ 08360 

PHONE: 609-794-2005 



The Seventh International Meeting on NMR Spectroscopy, sponsored by the 
Royal Society of Chemistry and the NMR Discussion Group of the U.K., will 
be held at the University of Cambridge, U.K., 8-12 July 1985. There will 
be Poster Sessions and a limited number of short Contributed Papers, in 
addition to the Invited Lectures. 

Details will appear in a future issue of the TAMU NMR Newsletter. 

For application forms, etc., please write to: 

Dr . John F. Gibson 
Secretary (Scientific) 
The Royal Society of Chemistry 
Burlington House 
London WlV OBN, England 
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Bernard L. Shapiro, 

The Rockefeller University 

1230 York Avenue, 
New York, New York, 10021-6399 

Texas A & M University, 
Department or Chemistry 
College Station, Texas 77843-3255 

Dear Dr. Shapiro: 
22 Aug 1984 

Thousand fold enhancement of 15N NMR via Proton Detected' Multiquantum Chher­
ences. 1 

The severe sensitivity . llm ltatlons assoc lated with the observation or 15 N NMR signals, 
especially at natural abundance, make a.ny Improvement In sensitivity or considerable 
lmportance.2 •3 The potential advantages or using Indirect detection via protons for nu­
clei like 15 N and 13 C over conventional direct detection methods have been 
recognlzed, 4-8 but the enhancement has not been explicitly measured.8 It Is Impor­
tant to know If the theoretical enhancement over simple direct detection (11 H/,15 N) 3 , 
about 1000 fold, can be achieved, and, If so, whether this can be done routinely on sam­
ples or Interest at natural abundance. 

\\e wish to report here the quantitative determination or the enhancement under typi­
cal conditions for biological macromolecules using a 50 mM solution or 2-pyrrolldlnone, 
(I), In water.9 The spectrum or (I) with 15 N detection using INEPT 2 and with Indirect 1H 
detection or 15 N sate lites using m ultlquantum coherence transfer 5 •8 are shown In Fig 1. 
The signal to noise ratios (S/N) or the two spectra are comparable, but the directly­
detected 15 N spectrum was obtained with 10-fold greater volume or sample, and 35-fold 
longer time. Arter correction for (a) dlfferr8t acquisition times, (b) relative sample 
volumes, (c) the INEPT enhancement factor , and (d) the total Intensity or the doub­
lets In Fig 1B, the enhancement between the direct and Indirect detection Is found to ' 11 ' ' 
be about ,1,230, compared to the theoretical 961. The S/N or the 15 N projection or a 
two-dimensional data set gives a similar value for the sensitivity gain. The. line width or 
the conventional amide proton spectrum or (I) Is very broad (fig lD ), because of 14 N 
quadrupolar relaxation. The sharpness or the ,sN satellites suggests additionally that 
mucti more precise NMR measurments or the proton spectra or amides are possible by 
this method. 

The demonstration or a thousand-fold sensitivity lnc.rease via heteronuclear m ultlquan­
tum coherence transfer substantially reduces the restrictions on ,sN NMR arising from 

.low sensitivity for compounds In which such coherence transfer can be obtained. It may 
be expected that Important enhancements, though less dramatic, can be observed for 
other nuclei (e.g. 13 C, 20 S1, and 113 Cd ). Preliminary results for 13 C support this expec­
tation. 

. u Sincerely, /J /f . 
9 -Yr~ · tYm~ 

David Cowburn David H. Live Donald G. Davis 
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( 1) A longer report or this work wlll appear In J. Am. Chem. Soc. 
(2) Morris. G.A.; Freeman, R. J. Am. Chem. Soc. 1070, 101, 760-762. 
(3) Morris, G.A. J. Am. Chem. Soc. 1080. 102, 428-420. 
(4) Aue, P.W.; Bartholdi, W.; Ernst, R.R. J. Chem. Phys. 1076, 64, 2220-2246. 
(5) MOiier, L. J. Am. Chem. Soc. 1070, 101. 4481-4484. 
(6) Bodenhausen, G.; Ruben, D.J. Chem. Phys. Lett. 1080, 60,185-190; Freeman, R.: Maree I, 
T.H.: Morris, G.A.: J. Mago. Res. 1081, 42, 343-351. 
(7) Redfield, A.G. Chem. Phys. Lett, 1083, 06, 530-543; Roy,S.: Apapstavros,M.Z.: Sanchez,V.: 
Redfield, A.G. Blochemlstry,1084, In press. 
(8) Bax, A.; Griffey, R.H.: Hawkins, B.L. J. Mago. Res. 1083. 55, 301-312: J. Am. Chem. Soc. 
1084, 105, 7188-7100; Griffey, R.H.; Poulter C.D.; Bax, A.; Hawkins, B.L.; Yamalzuml, Z.; Nishimu­
ra, S. Proc. Nat. Acad. Sci. 1083, 80, 5805-5807. 
(0) The spectra were obtained on an NT-300Wspectrometer, with a top entry probe stack sys­
tem. For Indirect detection experiments, an additional synthesizer based radlorrequency genera­
tor was used, A 1H 12 mm probe was modified by Inclusion or a second coll matched ror uN. The 
separate coll eliminates lock lnterrerence previously observed by others In single coll designs, 
rer. 8 (Live, D.H'.; Cowburn. D. , unpublished results). Sequences used were generally those 
described previously ( rer. 8., Mlnorettl A.; Aue, W.P.; Reinhold, M; Ernst, R.R. J. Mag. Res. 1070, 
40, 175-186) • with proton excitation generated by a selective pulse ( Redfield, A.; Kunz, J.; Ralph, 
E.K. J. Mago. Res. 1075, 10,114-110) 
(IO) In theory, the advantage or INEPT should be 10 rotd,rer 2. \\e achieve experimentally a 
ractor or8.5. . 
(11) The third power dependence on (1H/1N) arises rrom the difference In spin polarization, 
magnetic moment, and detection rrequency orl.he nuclei. \\e have neglected adjustments ror In­
strumental effects such as differences In the Q ractors or probes used, see Abragam, A.· The 
Principles or Nuclear Magnetism", Oxford U.P., (1061), p 83, or ror Integrated Intensities. 

0 . 
Figure. Comparison or direct uN and Indirect proton detected spectra or pyrrolldlnone (I) (50 
mM. 05%H

2
0/ 5%D2 0 ). 

(A) Directly detected INEPT 2 •3 spectrum or 20mm o.d. sample, active volume 10 ml, 2180 scans 
In 28 min, S/N ' ' o. 

(B) 1H detected uN spectrum or (I) taken In a 12mm tube In a modified 12mm 1H probe, active 
volume 1 ml, 128 scans In 0.8 min, S/N =11. The signals are at the position or the 15 N satellites. 

(C) uN projection or a complete two-dimensional data set ror (I), as In (b) . Total accumulation 
time 13 min( 16 blocks), S/N =70. 

(D) 1 H spectrum or (I) using Redfield pulse acquisition. 

A B 

200 0 -200 Hz 

C 

-200 H2 



UNIVERSITY OF NEW HAMPSHIRE 
Department of Chemistry 
College of Engineering and Physical Sciences 
Parsons Hall 
Durham, New Hampshire 03824-3598 
(603) 862-1550 

Professor Bernard L. Shapiro 
Department of Chemistry 
Texas A. & M. University 
College Station, Texas 77843 

Dear Professor Shapiro: 

August 28, 1984 

NMR Studies of Tripodand-Alkali Ion Complexation 
and 

I . 
A· Two-Site DNMR Program in C 

As part of our ongoing conformational studies of+ 
oligopodand-alkali metal ion complexation, we have examined Na 
complexation by cyclic triamine based tripodands 1,_ and A· 

~ r(C1H2~n R = CH 2CH_OCH~ 
1,_: n = f ~ 

N N-
(H2CYn 7 A: n = 2 

\_~-(cH,)n 
R = CD 2CHtOCH 3 .,g: n = 

R .! : n = 2 

Each of the compounds sdlubilizes one equivalent of NaBPh 4 
in CDC1 3 within experimental error. AA me§~urements have shown 
the soluoilty of NaB1h 4 in CHC1 3 to be 2x10 M. After the meth~d 
of Reinhoudt et al. , simple equilibrium consideratioJ:JS and H 
NMR integrations allow us to place a lower limit of 10 on the 
associ~tion constants. Compei;ition experiments are planned. 
. C chemical shifts (FX-90O) of the tripodands and the 
corresponding complexes are given in thr Table. Despite the 
simplicity of the H spectra, selecr~ve H decoupling did not 
allow unambiguous assignment of the C resonances (N-£H2 , ring 
.Y.§. sidearm). The assignments were easily made, however, on the 
basis of the carbon spectra of deuterated analogs 3 and~, which 
were prepared by LiA1D4 reduction of the corresponding amides. It 
is probably worthwhile for NMR spectroscopists to remember that 
chemistry can still be useful! 1:1 mixtures of ff~e host and 
NaBPh

4
-complexed tripodand exhibited slow exchange C spectra at 

ambient probe temperature. All of the resonances of 1 were in the 
slow exchange limit; a+lower. limit of 6Gi= 17 !~al/mole (323°K.) 
may be placed on the Na exchange barrier. The Clines of A and 
its complex are slightly

1 

exchange broadened at ambient 
temperature. At 

O 
the coali!scence temperat.ure of the -CH2-o­

resonances (326 • K.), ~G+ = 16.0 kcal/mole. Thus, with the 
reasonable assumption that decomplexation is rate determining 
(which we have established in ot.her similar cases), the 
difference between the free energies of association of i and ~ 

L -
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wi t,h NaBPh 4 may - be est,imat,ed as > 1 kcal/mole at, room 
temperature, 1 being the better host. The relatively large 
complexat,ion induced shift,s suggest, subst,ant,ial conformat,ional 

_changes upon complexation. The details of our interpretations of 
t,he spect,ra and MM2 molecular mechanics calculat,ions will be 
reported in a future publication. 

TABLE: 13c Shifts of 1, Z, and NaBPh 4 Complexes in CDC1 3 , 

Compound Free Host Compl.ex 6 o Assignment 

1 56.29 
57.70 
58.73 
71.51 

21.67 
50.00 
53.42 
58.67 
71.46 

51.95 
58.03 
59.16 
69.72 

25.90 
59.48 
57.48 
58.73 
68.75 

-4.34 
0.33 
0.43 

-1.79 

4.34 
9.48 
4.06 
0.55 

-2.71 

NCH 2 (ring) 
NCH2 (sidearm) 
OCH 3 OCH~ 

- 2 

CH2~H2CH 2 NCH2 (ring) 
NCH2 (sidearm) 
OCH3 OCH 2 

During the course of these studies, one of us (PAP) has 
writ,t,en a two sit,e simulat,ion program (DNMR.c) which handles bot,h 
uncoupled and couil.ed systems using the Gutowsky-Holm equations · 
and modificat,ions. There are lots of t,hese programs around but 
this one is unique because of its portability. Written in C under 
Berkeley UNIK, DNMR.c can easily be moved to any machine 
supporting a standard C compiler. The program has been run on a 
VAK-780 and on a DEC Rainbow. The graphics routines also strive 
to be portable: Some simple definitions at the beginning of the 
program allow DNMR.c to interface with most hardware situations. 
Currently supported configurations are Tektronix 401X and BBN 
Bitgraph terminals, t,he Tektronix 4662 plot,ter , and any devices 
supported under the GSX graphics system. Our plan is to make 
DNMR.c publicly available soon (free). 

Please credit this contribution to _Kathy Gallagher's account 
(in the nick of time we hope). 

Gary R. Weisman 
Associate Professor 

David J. Vachon 

References 

Peter A. Petillo 

(1) Reinhoudt, D. N,; Gray, R. T.; DeJong, F.; Smit, C. J. 
Tetrahedron 1977, ~' 563. 

(2) Sandstrom, J. "Dynamic NMR Spectroscopy" 1982, Academic 
Press, New York. 
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CONCORDIA 
UNIVERSITY 

DEPARTMENT OF 

Professor Bernard L. Shapiro, 
Department of Chemistry, 
Texas A & M University, 
College Station, Texas 77843 
U.S.A. 

September 6, 1984 

Re: 19F Spectra on the WP-80SY 

Dear Barry, 

Recently, we have been running many 19F spectra at 75.4 MHz 
on our Bruker WP-80SY. The source of the samples is the Positron 
Emission Tomography (PET} group at the Montr~al Neurological Institute , 
McGill University , under the direction of Dr. M. Diksic. 

One of the short-lived radioactive nuclides used for labelling 
PET samples is 18F. The chemists at the Neurological Institute 
work out their synthetic procedur~s using 19F before incorporating 
the radioactive label. We monitor their reaction mixtures, and help to 
identify their products, using 19F, supplemented by lH NMR. 
Proton spectra are usually taken on the XL-200 or 300 at McGill, rather 
than on our low-field instrument. The Bruker spectral simulation 
program PANIC has proved invaluable for spectral analysis. 

The WP-80SY is equ.ipped with a dual 5 mm 1H/19F probe, 
which we have found very satisfactory and convenient to use. Data are 
typically collected into 16K and zero-filled to 32K. 

PET s~mple preparation at the Neurological Institute has led to 
improved 18F-labelling procedures, and to new organo-fluorine 
chemistry. · We have been able to ¼dentify previously unobserved 
intermediates, and to gain a bett~r understanding of the course of some 
fluorination reactions. This work is being prepared for publication. 

Best regards, 

Yours sincerely, 

I 
f-· - -!i (. ;_ .r--... -( 

LDC/dg L.D. Colebrook 

Sir George Williams Campus• 1455 de Maisonneuve Blvd . West, Montreal, Quebec H3G 1M8 

TENTH · ANNIVERSARY 



For Liquids, Solids and Imaging. 
AM Series Spectrometers: 
For simplicity, versatility and pro­
ductivity in high resolution NMR, 
Bruker offers a series of auto­
mated microprocessor-con­
trolled spectrometers. Features 
include advanced pulse pro­
grammer, automated shim and 
lock system, autosampler, time 
sharing, bit-slice CPU, high 
speed array processor, 14'' color 
display and fast dedicated proc­
essor, extensive software, and a 
choice of supercon magnet 
systems from 200 to 500 MHz. 
Performance characteristics 
include high sensitivity, excellent 
resolution and superior stability. 

MSL Series Spectrometers: 
For unparalleled flexibility in 
NMR, Bruker has developed a 
true multipurpose spectrometer. 
The series allows a choice of 
frequencies from 90 MHz to 
400 MHz, and provides the high 
power and speed necessary 
for even the most demanding 
experiments. All system 
parameters are supervised by 
distributed processors for data 
acquisition, spectrometer 
control and display functions. 
Experiments include CP/MAS, 
wide line, multipulse line­
narrowing, HR-NMR, 2D, 
imaging and more. 

NMR Imaging Systems: 
For in-vivo spectroscopy and 
NMR imaging, Bruker Medical 
Instruments offers a versatile 
console with a comprehensive 
line of horizontal magnets-from 
fields of 1.5T to 4.7T and bore 
sizes from 300 mm to 1000 mm. 
The Biospec system offers multi­
nuclear capability, FT imaging , 
flexible pulse programming and 
a powerful data handling facility. 
In addition , complete NMR 
imaging systems for industrial 
applications are also available. 
Write for details and 
applications. 

Bruker delivers. 

D<7 
BRUKER 

(_X__j 
NMR Systems· design.ea to solve problems. 
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NMR imag_e·ination 

BIOSPEC ad,ls new dimensions 
to NMR imaging. 

·- : -; ~ ! ~ ~ ; ~ : ;; " ~ ::,-- · 
- .., ... 0 't,, 't 'n "f V b" T O' "7' ~~ f - ~--:: 

-:::. r=., "'A "r. o r' r: ·n j K 1." "f r \ 1$1 
1::: "":" ": ~x "c 'Q 1l ti M-... ,.- 'f-::-- i:;::', 

.. . 

A new concept in NMR research 
from Bruker combines NMR 
imaging and in-vivo NMR spectro­
scopy in the same instrument. Both 
research functions are possible with 
a single BIOSPEC system, using 
small bore superconducting 
magnets matched with flexible, 
versatile electronics and a powerful 
data handling system. In addition, 
the system easily adapts to imaging 
and spectroscopy on any nuclei. 

Both the tomographic image 
and its related biochemical 
spectrum can be displayed, 
plotted or photographed. 

Bruker has combined all these 
advantages in its revolutionary 
new BIOSPEC in-vivo 
spectrometer to allow the 

researcher to 
see what is 
happening, where 
it's happening, 
while it 's happen­
ing . . . by NMR. 

Bruker's Total System approach 
means that all BIOSPEC systems 
offer: 
□ Choice of magnet size and field, 
from 1.9T to 4.7T 
□ Multinuclear observe capability 
(3'P, 19f, 13C, 23Na, or 'H) 
□ Fourier imaging 
□ A powerful and accessible pulse 
programmer 
□ Complete data system with array 
processor and operating software 
□ Complete spectroscopy 

... and they are backed by 
complete support services: 

□ Expert consultation on best 
configuration for your initial needs 
□ Installation planning and 
assistance 
□ User-training, including on-site 
□ On-site assembly and final com­
missioning by Bruker engineers 
□ Warranty and contract 
maintenance 
□ Information bulletins on new 
techniques and upgrading 
possibilities 
□ Powerful software options 

For more information or a 
discussion of your specific needs, 
please contact: 
Bruker Medical Instruments, Inc. 
Manning Park, Billerica, MA 01821 
(617) 663-7406. 

BIOSPEC-your new research associate. 
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UNIVERSITE PARIS VII 

INSTITUT DE TOPO.LOGIE ET DE DYNAMIQUE DES SVSTEME~ 
1, rue G~y de la Brosse - 75005 PARIS Tel. : 336 25.25, poste 36d1fi 

LABORATOIRE DE CHIMIE 

ORGANIQUE PHYSIQUE 

J. -E. DUBOIS, Dirsctsur 

Paris, September 20th, 1984 

Dr. B.L. Shapiro 
TAMU NMR Newsletter 
Department of Chemistry 
Texas A & M University 
College Station 
Texas 77843 
U.S.A. 

Surface Coil on a Narrow Bore Supercon Magnet 

Dear Professor Shapiro, 

Since last year we have been focusing our attention on 
biochemical applications of NMR, particularly on 13c NMR studies 
of living tissues and organisms. We are developing a surface 
coil tuned at 50.32 MHz on our Bruker WP 200 spectrometer 
equipped with a narrow-bore (52 mm i.d. clear bore) supercon 
magnet. 

To save space for placing small animals like mice, we have 
chosen to remove the original Bruker shim coil-holder. So, on 
an appropriate plexiglas cylinder (</> t = 53 mm, <I>. = 47 mm) 
we have engraved x, y and z gradient 0 ~nims, using lnone-turn coil 
to minimize the room occupied by these circuits as described in 
the literature.1 However, these shims require a rather high 
current (1 ~ 2 A), so it is convenient to use the powerful current 
amplifiers (5 A max) normally feeding the original Bruker second­
order shim coils. 

2 - \ -..l;\cY\. 

~J\j (,;'(' 
c.....,-~l 

The below-described circuit 2 has been used. 

_).,r:, rr 

----.---- ~-- - --- -

l_ff~'' 
. ® 

.i:,~ °'•\A¼·, 
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The probe is shielded using ' a thin copper sheet wound inside 
the plexiglas tube. This circuit can be easily tuned with the SWR 
meter of the Bruker pulse amplifier which gives a slightly better 
SWR ratio than our Bruker 15 mm broadband probe tuned for 1 3c and 
a very low noise level. 

Unfortunately, the magnet homogeneity of about 2 cm off-axis 
is rather poor, and gives a linewidth of ca. 12 Hz for a 0.5 g 
9 0 % enriched CS2 sample contain'ed in a 8mm o. d. glass tube, and 
a SIN ratio~ 160 for a pulse width of 70 µs giving the maximum 
signal; the same sample in the 15 mm 13c probe gives a linewidth 
of ca. 4 Hz with a SIN ratio~ 360 with a single 90° pulse. 

Some proton measurements on a very small sample using a 
similar circuit at 200 MHz placed at different off-axis points 
inside the original Bruker shim coil holder (¢b = 40 mm) 

. d . d d h. ore d . bl convince us that second and thir or er s ims o not noi:1cea y 
improve off-axis resolution. So we do not want to try to add 
second order shim coils to our probe. 

Figure 1 shows the non-decQupled 13 c spectrum of neat acetone 
contained in a polyethylene bott'le ( o. d. ~ 3 0 mm) . On the onset 
recorded with only 10 Hz line broadening, the coupling between 13 c 
and the four hydrogens becomes 'apparent. 

The next step will be broadband proton decoupling using a 
second proton tuned coil, also useful for shimming magnets, as 
developed by Ackerman et al. 3 

We hope this letter annuls 'the pink "ultimatum" we received 
• just after the holidays~ 

B. Tiffon 

Sincerely yours, with best regards, 

B. Ancian A. Briguet 
(Universite C. Ber~ard, 
Lyon) 

1. M.D. Sauzade a~d S.K. Kan, Adv. Electronics and Electron Physics, 
34, 1 (1973). 

2·. ~I. Hoult, Progress in NMR Spectroscopy, 12, 41 (1978). 
3. J .. H. Ackerman et al., J.M.R., ~' 76 (1984~ 
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2J ABBOTT 

Abbott Park 
North Chicago, Illinois 60064, U .S.A. 

August 29. 1984 

Professor B. L. Shapiro 
Department of Chemistry 

'Texas A & M University 
College Station, Texas 77843 

Remote Connectivities From 2D Double Quantum NMR 

Dear Barry, 

In order to elucidate the structural requirements associated with anti­
bacterial activity in a series of gly,copeptide antibiotics, we have been in­
vestigating their conformational pro~erties and interactions with Ac 2-Lys-D­
ala-D-ala, a Jnodel for the antibiotids 1 site of a~tion. A critical require­
ment for obtaining structural informa1tion from our 1 H NMR studies is the 
unambiguous assignment of the 1 H resdnances. In .order to assign the 1 H 
resonances, we have been using two-di'mensional double quantum NMR and relayed 
correlation spectroscopy. Both methods proved useful in identifying the 
connectivities between remote nucle i !belonging to the same spin system. 

I 

A contour plot of a 2D-double q~antum NMR experiment of ristocetin 
aglycone alcohol (figure 1) is depictled in figure 2. The experiment was 
performed using a (90°-y-180°-y-90°~~1-a) pulse sequence in which the obser­
vation pu 1 se, a, was t hosen to opt i miize tRe direct connectivities in the lower 
quadrant (figure 2b). Due to the magnitude of these cross-peaks, it was 
difficult to observe some of the con~ectivities between the remote spins in 
this quadrant. However, in the uppe rl quadrant (figure 2a), the remote 
connectivities were easily identifieq and are indicated by the arrows in the 
figure. These cross-peaks appear at a w2 frequency of the common nucleus 
(middle number in the subscript) and !at the 2um of the frequencies of the 
remote spins (outer numbers) on the ~l axis. · 

Sincerely yours, 

Stephen W. Fesik 

1 

2 

T.H. Mareci and R. Freeman, J. Magn. Reson., 21._, 531-535 (1983). 

L. Braunschweiler, G. Bodenhausen, and R.R. Ernst, Malec. Phys.~. 535-
560 (1983). . L 
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30 August 1984 

Professor BL Shapiro 
Department of Chemistry 
Texas A and M University 
College Station 
Texas 
US A 

Dear Barry 

UNIVERSITY CHEMICAL LABORATORY, 
LENSFIELD ROAD, 

CAMBRIDGE, 
CB2 1 EW 

TELEPHONE (0223) 66499 

NMR of One Carbon Metabolism by Methanotrophic Bacteria 

Follo~ing on our in vivo work on formaldehyde metabolism in 

E.coli, 112 we have been looking at a variety of different 

organisms. The spectra ·opposite show the time course (with 

4 · minute time resolution) of methanol oxidation through for­

maldehyde and formate in the obligate methanotroph Methylosinus 

trichosporium OB3b. All the added methanol (10 mM) is consumed 

in about 20 minutes, to generate formaldehyde which is itself 

all oxidised within half an hour or so. If the experiment 

is continued, the formate can be seen to go to bicarbonate/CO 2 . 

With this rather splendid analytical tool in hand we have 

been able, in collaboration with the Biotechnology group at 

Cranfield Institute of Technology, to elucidate many hitherto 

puzzling features of the relationship between growth conditions 

and metabolic behaviour. This work will shortly appear in 

the Journal of General Microbiology~ 

Yours sincerely 

Dr J KM Sanders · 

1. Hunter et al, Biochemistry, 23, 508 (1984). 
2. Doddrell et al, FEBS Letters, 170, 73 (1984). 
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INSTITUT FOR PHYSIK DER UNIVERSITXT BASEL 

EXPERIMENTELLE KERNPHYSIK 

Klingelbergstrasse 82, Telefon 061 - 44 22 80 

CH - 4066 Basel (Schweiz) Sep . 3 , 19 8 4 

Prof. Dr. P. Diehl 

Prof. B.L. Shapiro 
Department of Chemistry 
Texas A and M University 

College Station, Texas 77843 

USA 

Simple relations for the structure of partially oriented molecules with 
C2-symmetry

1
based on the use of two different solvents 

Dear Barry 

It is well known that the determination of molecular structure from the spectra 
of oriented molecules must generally be performed by computer, because already 
for a four spin system with D2-syrmnetry the molecular shape is a relatively 
complex implicit function of the measured direct couplings (see eq. 1). 

4f?13 
l~t (1) 

The situation is improved drastically if the same molecule is studied in two 
different liquid crystals. We then observe the direct couplings D1 2 , D23 and 
D13 in the first solvent and D1 2', D23 ', D1 3 ' in the second. D1 3and D1 3 ' can be 
expressed in terms of the other direct coupling constants! 

D13 X D12 + y D23 
D13 ' = X D12 ' + Y D23 I 

with 

X = (E.ll) 3 cos 2a., y =(r23r 
r13 i;13 

i.e. X. =(E.u)3 tg2a. 
X r12 

Now we derive from (2) 

-y_ = D12D13' 
x D13D2 3' 

=(E.uf r12 

(2) 

sin2a. 

(3) 

so that the molecular structure can be expressed explicitly in terms of the 
measured quantities. 

This approach is not limited to systems of D2-symmetry but can be generalized 
for planar molecules of C2 -symmetry. 

With best regards 
Yours sincerely 

f.e.Mr 
( Peter Diehl) 
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Are you building your 
NMR research systen1? 

Before you make any decision. 
Look at '\¥hat TECMAG has to oiler ... 

NMRkit: A Broadband Transmitter, Receiver and Filter: 
The Heart of your Spectrometer. 

PULSkit: A powerful Pulse Programmer with 100 nsec resolution, 
2K x 128 bits of memory and five loop counters. 

ADCkit: A two-channel 333-KHz Analog-to-Digital converter 
which can be directly interfaced to your computer. 

DECkit-2: A complete broadband unit for homo- and hetero­
decou pling experiments. 

All these products come fully assembled and tested, 
and carry a full one-year warranty. 

ADCkit NMRkit 
Filter 

NMRkit 
Receiver 

To 
Computer 

From 
Computer 

PULSkit Transmitter 

From Frequency 
Synthesizer 

To Gradient 
Power Supplies 

:,,-----.. To Power 
Amplifier 



The NMRkit is the broadband control unit of the spectrometer. Four different bandwidths are ~ · 
available, including 2-32 MHz, 3.5-80 MHz, 7-160 MHz and 50-500 MHz, (other bandwidths are 
available on request). The N'MRkit consists of three boards: 

-The Transmitter board delivers the necessary signals to drive the power amplifier, 
and control the phase of the observe pulses. The only inputs required are a 10 MHz clock and 
the syn the sized frequency. 

-The Receiver board consists of three sections: the broadband amplification to bring 
the NMR signal at an acceptable level for the detection, the IF section with detection and 
amplification, and the quadrature detection with another stage of amplification. 

-The Filter board is composed of two four-pole Butterworth or Bessel filters (one set of 
filters for each channel). The selection of the bandwidth and filter type (Bessel or Butterworth) is 
under computer control. 

The PULSkit is a universal pulse programmer specifically designed for NMR applications. It 
generates the different intervals required in an NMR experiment, controls the magnetic field 
gradients and the shape of the selective pulse, and can also drive a two-channel analog-to­
digital converter (the ADCkit, for example). Besides a time resolution of 100 ns and a minimum 
pulse width of 500 ns, the PULSkit has five, independent, 16-bit loop counters and a memory of 
2K x 128 bits, providing 76 control lines for your instrument. The PULSkit can be interfaced to a 
VAX-11/750 or PDP-11 computer via a DR-11/W interface board, or any other 16-bit bus using the 
appropriate interface. 

■ 

The ADCkit is a two-channel 12-bit Analog to Digital Converter Board, which consists of: 
-Two high speed sample-and-hold amplifiers 
-A two-channel analog multiplexer 
-A 12-bit Analog to Digital Converter with a 3 µ.s conversion time 
-A 16-bit adder/subtractor to control the sign of the output signal 

Each of these components is controlled by a separate bit in the control word. This simplifies the 
acquisition software and allows maximum flexibility in the choice of the acquisition mode. 
Controlled directly by the pulse programmer, the ADCkit offers an elegant solution to fast 
acquisition of NMR signals. 
For maximum convenience, a 12-bit Digital-to-Analog converter is also included on the board. - ■ 

The DECkit-2 is a fully broad-banded decoupler: it allows homo- or hetero-decoupling (WALTZ-
16) on any nucleus from 3.5 MHz to 80 MHz. Optional ranges (2-32 MHz, 7-160 MHz or 50-400 MHz) 
are also available. In order to operate properly, it requires an external frequency synthesizer as 
well as an appropriate broadband power amplifier. 

6006 Bellaire Blvd., # 118-0 
Houston, Tx 77081 
(713) 667-1507 
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DELFT UNIVERSITY OF TECHNOLOGY 

Dear Professor Shapiro, 

Laboratory of Organic Chemistry 
Jullanalaan 136 

2628 BL DELFT 
The Netherlands 

Professor B.L. Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, Texas 77843 
U .S .A. 

Delft. September 10, 1984 

The complexation of lanthanide(III) cations with sodium triphosphate 

Previously, in a search towards new builders for detergent formulations, we 

have studied with the use of m.iltinuclear NMR several (hydr)oxycarboxylates 

in the presence of Ln(III) cations as probes for Ca(II). 1 

Recently, we studied the complexation of Ln(III) cations with the 

classical builder triphosphate (TP) with the use of NMR shift and 

o0 o0 o0 

e I I I .. 
· O-~a-O-~r-0-;y-O TP 

0 0 0 

relaxation rate measurements ( 17o and 31P). Depending upon the choice of 

the Ln(III) cation, separate signals for the 1:2 Ln(III)-TP complex and the 

free TP ligand, or averaged spectra were obtained (see Fig. 1). The 

longitudinal relaxation rates, however, were always in the fast exchange 

region. In those cases where separate signals were observed for free and 

complexed ligand (TP) the 31P relaxation rates for both signals appeared to 

be identical. The magnetization recovery curve after the inverting 180° 

pulse was always single exponential within the experimental accuracy. 

Application of a selective pulse on either the signals for the free or 

complexed TP gave analogous results: the magnetization transfer between 

free and complexed nuclei is fast on the experimental time scale. As far as 
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Fig. 1. Examples of 31P spectra of Ln(TP) 2 complexes, illustrating fast and 

slow exchange on the 31P NMR time scale (25 °C; p= 0.25). 

a· Ce( III) fast exchange o = 9 .7 (Pa, Y), o = -3 .7 (Pe) • 

b: Eu-(III) fast exchange for P 
8

: -o = · -13 .9, slow exchange 

o = 0 .O (free ligand), o = -48 .3 (complex). 

for P 

c: Yb( nr)· slow exchange o = 0 ~O (P _, free ligand), o = -14 .4 
. a,y 

(P 0 , free ligand), o· = -5'2 .6 (P 
0

, complex), o = -58 .6 (P , 
µ µ a,y 

cdmplex). 
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Fig .. 2. Structure of the Ln( TP) I- system.-

a,-y 



we know this phenomenon does not often occur when separate signals are 

observed for exchanging m1clei. 
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From the analyses of the 170 and 31P shift and relaxation data it is 

concluded that the Ln(III) ion is coordinated with two TP ligands and one 

water in the first coordination sphere, while from Ln(III) induced 6Li 

relaxation rates it is concluded that 7 alkali counter ions are present in 

the second coordination sphere. TP is coordinated to Ln(III) via two 

oxygens of one P0 3 group, one oxygen of the other P03 group and one oxygen 

of the P02 moiety (see Fig. 2). 

Sincerely yours, 

M.S. Nieuwenhuizen J .A. Peters 

I. J.A. Peters and A.P.G. Kieboom, Reel. Trav. Chim. Pays-Bas 102, 381-392 

( I 983) • 

SANDOZ, iNC., a maJor pharmaceutical company has an immediate 
opening for an NMR SPECTROSCOPIST, 
recent Ph.D. graduate or equivalent training, experience with 
NMR of biological-biochemical systems required. 
Responsibilities include operation of high field spectrometers 
for routine spectral analysis and spectral-structural interpretation, 
developing research proJects, and interaction in organic-biochemical 
studies. The NMR Laboratory at Sandoz is presently equipped with 
JEOL 90G and 200 MHz instruments, with a very high field spectrometer 
expected in 1985. 

SANDOZ is an equal opportunity employer. 

Please send resume in confidence to: Mrs.J.O'Hagan, Personnel, 
404-1, Sandoz Research Institute, Rte 10, East Hanover,N.J., 07936. 

M.J.Shapiro 
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UNIVERSITE D'OTTAWA 

Prof. B.L. Shapiro, 
Department of Chemistry, 
Texas A & M University, 
College Station, 
Texas 77843, U.S.A. 

Dear Prof. Shapiro~ 

Le simple, c'est le beau? 

OTTAWA ONTARIO 
CANADA 

UNIVERSITY OF OTTAWA 

September 7, 1984. 

Except in the extreme-narrowihg conditions, the relaxation of quadru­
polar nuclei results from the summation of several exponentials. Hubbard (l) 
has shown that, in an isotropic system, I+½ (half-integral I) exponent­
ials can describe the decay of the magnetization. If the 3/2 case was 
easily solved (l, 2), for I~ 5/2 numerical solutions (3), or an analytical 
approximation resulting from a perturbational treatment (4) have to be used. 

Al(Ir'I) forms long-lived complexes with ATP in aqueous solutions (5). 
With Dr. Alfred Delville, on leave' from Liege for a few months (until the 
beginning of the canadian winter), we are investigating their stoichiometry, 
and their thermodynamic and kinetic properties. At 78.16 MHz (Varian XL-300), 
the Al-27 (I=5/2) spectrum of .an Al (III)-ATP mixt.ure (pH 7 .4) i .s composed of 
several b~oad lorentzian lines which originate in the coexistence of different 
chemical species and/or of different relaxation exponentials characterizing 
a single large chemical species. At 20.72 MHz (Varian FT-80), a single 
broad line with an uncertain lineshape, is observed. . . . 

Our first approach to the problem has been to simplify it by llkilling" 
as many lines as possible. And we were successful as it is shown on the 
figure. Using a long delay· betwe~n the end of the puls~ ~hd the start 
of ·the acquisition(> 1500 µsec) we obtain 6ne and only one resonance (v~ = 
500 ± 50 Hz) whose linewidth is independent of the field and whiGh, plau~ibly, 
represents the aquated cation in fast exchange with .a l:l Al-ATP complex. 

Mais si, pour ' citer Edgar Morin, 11 la simplification contient de la 
mort 11

, alors il ne nous reste plus, maintenant, qu'a partir a la recherche 
du temps perdu. 

Dcpartcmcnt de chimic 
Faculte des sciences et de genie 

365 Nicholas 
KIN 9B4 

Depart men! of ( 'hcmi,1ry 

Faculty of Science and Engineering 
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Please, credit this contribution to the subscription of Prof. R.R. Fraser. 

Sincerely yours, 

C. Dupressoir Ao De 1 ville C. Detellier 

References 

(1) P.S. HUBBARD, Jo Chem. Phys., 53, 985 (1970). 
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SYRACUSE UNIVERSITY 

N. I. H. RESOURCE FOR MULTI - N U1C LE I NM R AND DAT A PROCESS I NG 
DEPARTMENT OF CHEMISTRY, BOWNE HALL, SYRACUSE UNIVERSITY, SYRACUSE, NY 13210 

Professor Bernard L. Shapiro 
Dep:trbnent of Olanistry 
Texas A & M University 
College Station, Texas 77843 

September 10, 1984 

Tr.ll.E: SCPlWME AVAILABLE FC:m Nim D!\'m RmJCrlm~ A PROORESS REEOl'r. 

Dear Barry, 

Oller the i;ast six years, one i:art 9f our research has been involved in 
developnent of software for processing NMR FIDs on general purpose canputers. 
mml. is a large program 'designed for 32rbit computers such as DECVNI. or Data 
General m systans. In 1983, we began supporting NMRl. installations outside ~ 
of our laboratory; Release 2.1 was mailed in August 1984 to 47 University Labora-
tories (8 in Europe). NMR2, our software for processing 2D FT NMR experiments 
has just gone into beta-test at five universities. 

One of the design conditions for our software is its ability to adapt to 
various hardware configurations; most installations to-date are on VNI. 11/750 
or 11/780 systems. 

Release 2.1 of INU has a nt.nnber of major new features which are described 
below. Also, we are currently exi;anding support of peripherals to include: 
Raster Technology, Lexidata and AED Il'.IA graphics systems as well as Tektronix 
4107, Graphos, and DEC ~240, 241 terminals. We also plan to support HP and 
Houston HiPlot plotters; currently Zeta and Watanabe plotters can be used. 

INU (and !Ma after beta-testing) software is available 
wit:hput: dlarge to academic or gov·ernnent laboratories. For infomation 
write or call us. 

A FROORESS REroRT 00 NMR1 

This TAMUNMR contribution will briefly summarize three new modules of Yml: 

1. '!he PRocess (PR) command language and its applications. 

2. Regression (RG) Analysis. 

3. Polymer analysis. 
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Work on the first and third modules was overseen by Chuck Dumoulin in his 
last few months at the Resource (Chuck is nCM at GE Corporate R&D in Schenectady). 

1. '!hem ccmnand allCMs experienced users to set up very complex data reduction 
protocols which can then be invoked by themselves or others. Protocols 
may include branching based on results of autanatic operations and there 
is virtually no limit to the canplexity of the autanated sequence of opera­
tions. Release 2.1 includes a rolling demonstration of NMRl features which 
is actually a single m camnand file. 

2. R; is a large module which contains sophisticated autanatic and interactive 
routines for non-linear regression analysis. Various modes of operation 
are possible, including the ability to autanatically extract information 
about a specific peak (height, integration, linewidth, or position) fran 
a set of spectra taken over time or through variation of experimental con­
ditions. '!he user can fit the variation of the extracted quantity to any 
of several supplied equations or, using the R; parser-interpreter, the 
user can type in any desired equation (up to 8 variables). m uses a modified 
Levenberg-Marquardt non-linear optimization to fit experimental data points 
to the proposed relationship. Extensive statistical information is provided, 
both numerically and graphically. As in other modules of mml. , RG can 
operate totally autanatically or users can select various levels of control 
over the processing. 

3. :Eblymer Analysis. '!he polymer analysis module calculates tacticities for 
vinyl polymers using Bernoullian or Markov Statistics. Furthermore, the 
module, which is still under developnent, will calculate number average 
sequence lengths and block runs in copolymers. Polymer analyses are performed 
using internal user-supplied database assignments. '!he software matches 
observed peaks with database entries and, using NMRl quantitation, determines 
the statistical parameters best fitting the experimental data. Spectral 
simulations are also provided. 

Our NMR2 software system (pre-release version 0.0) for 2D ~ NMR is currently 
limited to DMA graphics systems (Lexidata, Raster Technology, AED) . The first 
general releases of ?Na, supporting DMA and serial graphics systems and integrating 
various array processors, will be announced later this year~ laboratories wishing 
pre-release tapes for VM or 00 machines should contact us. 

John H. Begemann, Ph.D. 
Software Projects Manager 

GCI/JHB:ana 
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Medical Research Council 

reference 

21st August 1984 

Professor B.L. Shapiro 
Department of Chemistry 
Texas A and M University 
College Station 
Texas 77843 

Dear Professor Shapiro, 

MRC Biomedical Nuclear Magnetic Resonance Centre 
National Institute for Medical Research 

The Ridgeway, Mill Hill 
London NW7 1 AA 

tel~grams Natimed LondonNW7 
telex 922666 (MRCNAT G) 
telephone 01-959 3666 

31P NMR Double Resonance Techniques for the Study of Living Tissue 

In some tissues, notably brain and liver, measurement of the concentrations 
of phosphorylated me~abolites is hindered by the presence of an underlying broad 
resonance. This arises from the chemical shift anisotropy of phospholipids which 
are present in large . quantities in these tissues . By pre-irradiating this phospho­
lipid resonance at a , suitable point it is possible to selectively saturate the 
whole of it, thus providing a flat baseline against which the sharper peaks of the 
metabolites can be more easily observed. We have used this approach in conjunction 
with 3lp nmr surface coil methods in order to demonstrate the existence of phospho-

A 

B e 

a 

10 0 -10 -20 -30 
ppm 

Fig. 1: 31 P nmr spectra of rat liver: A control; B with 1.71 s pre-irradiation 
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diesters in the in vivo rat liver which were previously masked by the rising edge 
of the phospholipid "hump" (figure 1). Quanti tation, particularly of the sugar 
and inorganic phosphate region is also greatly simplified by this approach. 

The same method has been applied to a superfused brain slice preparation 
(Cox et al 1983) using a conventional 25 mm 3lp probe (Fig. 2). 

A b 

a 

8 

20 10 

C 

0 

ppm 
-10 -20 -30 

rig. 2: Removal of the phospholipid resonance from the 31 P spectrum of 
superfused guinea-pig brain slices. Peak assignments are as for Fig. 1 with 
the exception of peak c which in this case is phosphocreatine. 

The removal of the entire phospholipid resonance is , itself an interesting 
phenomenon which occurs by virtue of the (slow) motion of the phospholipids 
enabling them to explore all possible orientations of the 31 P chemical shift 
tensor and hence experience the effects of the fixed frequency irradiation 
(De Kruyff et al 1980). Studies in which the length of the pre-saturation 
interval has been varied have enabled us to estimate the correlation time 
associated with this motion (Table 1). 
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Table 1: Effect of presaturation interval on 
phospholipid resonance. 

Time (sec) 

0 
0.1 
0. 25 
0.5 
1.0 I 

1. 75 • 
2.0 , 

Relative area(± 0.06) 

1 
0.59 
0.36 
0.22 
0 .17 
0.12 
0 

i Thus the time constant associated with this 
motion is~ 0.25 s. 

References 

Cox, D.W.G., Morris, P.G., Feeney, .J., and Bachelard, H.S. (1983) Biochem. J. 
212, 365 

I 
\_.__./ 

De Kruyff, B., Morris, G.A., and Cullis, P.R. (1980) Biochim. et Biophys. Acta. \___,, 
598, 206. 

Yours sincerely, 

?\> Peter G. Morris 



New Advanced Function Series FI'NMR fram IBM Instruments 

Automation makes it easy 
to use ... Standard ~extras" make 

it easier on the budget 

New automation features and a new 
bit-slice multiprocessor combined with 
proven electronics make this FTNMR 
extraordinarily easy to use. And many 
features usually regarded as extras 
have been made standard equipment 
... so high performance capability 
doesn't have to mean high price. 

Single-knob control 
A single knob controls magnet and 
lock functions and a digital readout 
panel displays settings. Entering com­
mands on the alphanumeric keyboard 
is simple and quick. Key functions 
such as shim, lock and receiver gain 
are automated. The Advanced Func­
tion FTNMR will perform complex ex­
periments unattended for long periods. 

Multiprocessor data system 
The fast, micro-programmed, bit-slice CPU is supported 
by specialized processors that handle Fourier Transform, 
instrument control, data acquisition and output devices. 
This gives the instrument exceptional power and versatil­
ity, including multitasking capability. 

Extras are standard 
Features frequently costing extra, such as a broadband 
transmitter, digital plotter, diskette drive, hard disk drive 
and color display, are standard. And because of the econ-

B 

Available in 80MHz electromagnet and 100MHz, 200 MHz 
and 270MHz superconducting magnet models. 

omies that standardization brings, you get powerful per­
formance at a modest price. 

Let us tell you more 
To learn more about the new Advanced Function Series 
FTNMR Spectrometers from IBM Instruments, call 
800-243-7054. In Connecticut, 800-952-1073. Or write 
IBM Instruments, Inc., Orchard Park, PO Box 332, 
Danbury, CT 06810. 

--------- - - --- - -- - ---- - - ------ --___ ,_ Instruments 
Inc. 
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CASE WESTERN RESERVE UNIVERSITY• CLEVELAND, OHIO 44106 

Professor Bernard. L. Shapiro 
Department of Chemistry 
Texas A S': M University 
College Station, Texas 77:34J 

Title! Inversion Recovery Cross Polarization of Polymers. 
! 

Dear Barry, 

September 10, 19:::4 

Ther are m:a.ny polymers that have both a crystalline and an amorphous 
phase in the sol;id state. When these systems are observed by CF/MAS, 
resonances for both phases are usually seen, and generally overlap, In 
previous studiels, separation of these c□ mponets have been acheived by 
letting one dep h1se by dipolar or some relaxation process, and observing the 
other. The dephased signal may then be recovered by spectral subtraction, 

Mike Melch!i □r demonstrated, at the 22 nd ENC, that Inversioh Recovery 
Cross Polarization <IRCP) may be used to suppress resonances selectively, 
based on diffeirences in TcH's, The appropriate expression for the . 
magnetization is given by 

I . H 
i M(T

1
,T

2
) = [l-2e~AT2/TcH + e-AT/TcH]e-T/T1p 

which is null a.t 1 

2e-ATl/TcH 

! 

T = Tl + T2 
TcH 

A= 1 + -c -
Tip 

or if Tl >> T CH t ~e null occurs at 

! T 2 = T CH l n2 

TCH fn:., 1 
lp 

which is rernanisc.a.nt of inversion recovery sequences in solution. 

' 
We have applied IRCP to resona.ce separation in several polymer 

systems. The figures shows th~ separation of amorphous and crystalline 
conponets for delrin (palyoxymethylene) <Fig. 1) and l ow density polyethylene 
<Fig,2)t I 

David Cory 
D~ 

Dwight Patterson William M. Ritchey 

Department of Chemistry 

----.,. 
\ 

L 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service (~ -----·- -·-·····--·-··---·· ·- ··--- . ·---~. 

Food and Drug Administration 
Bethesda, MD 20205 

Professor B .L. Shapiro 
Dept. of Chemistry 
Texas A & M University 
College Station, TX 77843 

Dear Prof. Shapiro: 

September 14, 1984 

New Begining and 2n Powder Spectra~~ JEOL GX-400 

It is a pleasure to initiate a subscription to the TAMU NHR Newletter 
new laboratory at the FDA!° I have recently relocated here after six 
pleasant years in Ottawa, Ontario at the National Research Council. 

from my 
very 

As a brief introduction, my laboratory is part of the Biophysics Branch within 
the Center for Drugs and Biologics. The Branch also includes Bill Egan 
(Branch director, chemist and NMR spectroscopist with interests in 
polysaccharides and in vivo cell metabolism studies) and Richard Pastor 
(a theoretician fromDr. Karplus laboratory, who is working in the . molecular 
dynamics and graphics area). My laboratory is primarily involved with 
biological applications of solid state NMR. We are equipped with three 
spectrometers(JEOL .GS-400 & FX-100, and Bruker WM-300) and a additional 
home-built spectrometer is under construction. This new spectrometer. is 
mainly for solid state studies using all three magnets. 

As an initial contribution to the New~letter, I would like to illustrate what 
we have been able accomplish in observing 2H powder spectra on the GX-400, 
with fairly minor modifications. First of all, a home-made probe was 
constructed of a fairly standard configuration, using a S mm diameter coil. 
Without any additional ampl_ifiers other than the broadband unit in the 
spectrometer, we obtained 

1
,a 90° pulse lengt.h of .4. 7 usec. However, the 

sensitivity for broad powder spectra was very low. By replacing the normal 
duplexer and preamplifier system of the GX-400 with a simple · 
quarter-wavelength duplexer and MITEQ :preamp, this problem was solved and a 
representative spectrum is shown in the figure. The main problem at this 
point is the limitation of ADC speed (max. allowed spectral width). We have 
found that, although the system permi ts spectral widths up to 166 ~~. useful 
spectra are only obtained at spectral widths of 125 KHz or less. The use of a 
faster external digitizer would correct this problem. This approach has been 
implemented by others, and it will also be .taken in our laboratory. All 
spectra to-date have been acquired with a simple phase cycled quadrupole echo 
sequence; attempts . to implement a composite pulse version of this sequence 
(TAMU #309) have not been successful. The pulse shape and phase switching 
are quite adequate for solution sequences; however, the fast time scale of the 
solid-state sequence has presented d i fficulties. There are remaining problems 
to optimum performance; however this illustrates that certain projects may be 
pursued while solutions to these probl:ems are being implemented! 

I 
i 

L 



By the way, the GX-400 is generally used for more conventional high-resolution 
studies. It's sensitivity and RF performance are quite good, and the .software 
J.s steacli Ly improving. We will report later on our research in this area. 

Best regards, 

/4✓i 
R. ' ~ Byrd 

KHZ ~, ~, m,-.-,-.--,.-,--,,--,-1---.-, ~,,_,.,-.-, ~~, ,--.-,-r-r--,-,1 1r.1-r-rTT. 
60 40 20 0 -20 -40 -60 

Perdeuterated plexiglass 
2
H NMR spectrum at 61.4 MHz 
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UNIVERSITY OF CALIFORNIA:, SANTA BARBARA 

BERKELEY • DAVIS • IRVI:SE • LOS A:--GELES • RI\,. ERSIDE • SAN DIEGO • SAN FRANCISCO SANTA lJAHBA!lA • SAKTA CHUZ 

Professor B.L. Shapiro 
Deparbnent of Chemistry 
Texas A & M University 
College Station, TX 77843 

DEP,\IIT:\IE:XT OF CIIE:\IISTl!Y 

SAI\TA llAIIDAII .\, CALIFOll:SIA 93106 

17 September 1984 

"Fluorine NMR of Carbonmonoxyhemoglobin" 

Dear Barry, 

Hemoglobin isolated from rabbits receivmg 0.3% by weight of D,L-4-fluoro­
phenylalanine in their diet contains approximately one fluorophenylalanine per 
hemoglobin tetramer (1). Since fluorine nmr signals are particularly sensitive to 
environment, this fluorine "enrichment" provides useful spectroscopic reporter 
groups at several locations in each chain of the protein. Earlier our group 
reported tentative assignment of many of the 16 fluorophe resonances observed 
for rabbit cyanomethemoglobin; your readers may be interested in further work l 

along these lines. "----' 

I 
0 

I 
-5· PPM. 

Figure _!_. Fluorine.:...19 Spectrum of RJbbit Carbonmonoxyhemoglobin, pH 7.5, O.lM 
Tris-HCl, O.lM NaCl, 25 p-M EDTA, 5% deuterium oxide • 

. I 
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A fluorine-19 spectrum of rabbit carbonmonoxyhemoglobin at 282 MHz is 
shown in the Figure. The spectrum is dramatically different from that of the 
paramagnetic cyanomet form and, unlike the · cyanomet species, T1 and 19 F[ 1 HJ NOE 
values do not differ greatly from resonance to resonance. Several of the signals 
observed may be assigned to specific fluorophe residues from the dependence of 
their chemical shifts on pH and the effect of a nitroxide spin-label attached to. 
the sulfhydryl group of cys-93 of the beta chain. An intriguing aspect of the 
spectrum is the presence of resonances ~non-integral intensities even though 
the protein samples are homogeneous by a variety of chromatographic criteria; 
two of the most blatant are la belled A and B in the Figure. We felt that these · · 
might arise because of protein conformational changes that are in the slow 
exchange limit but there was no detectable transfer of saturation when these 
signals were selectively saturated by the DANTE sequence (2). A possible explana­
tion is that there exists an appreciable amount of heme disorder, arising because 
of 180 ° rotation of the heme ring within its binding pocket. Such isomerism has 
been detected in a number of monomeric hemoglobins as well as horse and human 
hemoglobin (3,4). Assignment of the signals of the carbonmonoxy spectrum are 
still underway and we hope to be able to use these to examine changes in hemo­
globin structure produced by ligand binding and variation of solution variables 
such as pH and temperature. 

Sincerely, 

M.P. Gamcsik J .T. Gerig 
Postgraduate Research Chemist Professor of Chemistry 

(1) Gerig, J.T., Klinkenberg, J.C., and Nieman, R.A. Biochemistry 22 2076 (1983). 

(2) Morris, G.A., and Freeman, R. l_. Magn. Reson. 29 433 (1978). 

(3) Jue, T., and La Mar, G.N. Biochem. Biophys. Res. Commun. 119 649 (1984). 

(4) Docherty, J.C., and Brown, S.B. Biochem J. 207 583 (1982). 

Postdoctoral Research Associate 

Applications are invited from chemists and biochemists for postdoctoral research 
involving high field nmr studies of enzymes, hemeproteins and calcium-binding 
proteins. Experience with organic synthesis, protein isolation, nmr and hplc 
des ired. Salary commensurate with experience. 

Please submit C.V. and names of two persons who may be contacted as references 
to J .T. Gerig, Department of Chemistry, University of California, Santa Barbara, 
CA 93106. 
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INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS 
ckechoslovak Academy of Sciences 

I I 
165 02 Prague, Czechoslovakia 

I 

August 27, 1984 
Professor B. L. Shapiro 

I Department of Chemistry 
Texas A&M University 

1 
• 

College Station, TX 77843 
U.S.A. 

I 29 
Subject: 
Steroids 

Application\: of Si-NMR to Stereo chemical Diagnostics of 

Dear Barry, 

We continue our( work on routine and practical applications of 
Si-NMR to trimethylsi!lylated products. The "new" techniques for signal 
enhancement (INEPT~ DEPT) permit not only to measure compounds which 
are available in a small quantity (e.g. 5 mg of a compound with mol.wt. 
around 300 on our Varian XL-200 spectrometer) but also to measure 

I 

compounds in sufficient supply at much lowe~ concentrations than before. 
In Si-NMR lower solu~e concentrations in deuterichloroform solutions 
mean more pronounce~ effects of molecular structure on the silicon 

I 
chemical shifts. 

So we went back ~o steroid derivatives some of which were measured 
10 years ago ( Col~.Czech. Chem. Commun. 41, 360 (1976) ) as neat 
liquids. The results I show: (i) concentration and solvent effects up 

I 

to 1 p.p.m. and (ii)! clear stereochemical dependence of the chemical 
shift. For example, in trimethylsilylated cholestanol and coprostanol we 

. r 
have found the following shifts: 

I 
i trimethylsilylated cholestanol coprostanol 

3-alpha 13.23 15.26 
3-beta 15.04 13.25 

Clearly, the trim1ethylsiloxy group in the axial-axial arrangement 
with the gamma . hydro~en atom on carbon 5 has the silicon shielded by 
some 2 p.p.m. ; more 

1

than in other arrangements.Hence , the silicon 
chemical shift indicates the stereochemical position of the original OH 
group in the parent c:ompound tha.t was trimethylsilylated. 

We hope that ~his communication will reach you 
"Ultimatum" deadline . 1 

before the 

I 
With the best re 1gards, 

. ' 

Sincerely, 

r,,/' ' • • 

Jan Schraml L 
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Now you can move effortlessly into the next generation of NMR. 
Varian continues its tradition of leading NMR instrumentation 

with the Generation Ill XL Series of superconducting FT NMR spec­
trometers. Generation Ill gives you the following new features: 

The only NMR data system with 32-bit computer technol­
ogy. Five independent computers-controlled by Varian's 
high-level concurrent Pascal operating system-comprise 
a single, powerful system that dramatically increases your 
speed and productivity. 
A fresh new console layout and new input/output devices. 
The console's large, clean work surface and the indepen­
dently controlled 1/0 devices combine to increase your 
productivity and efficiency. In addition to a 16-color CRT 
display and a free-standing keyboard, you can choose 
from a family of fast digital printers and plotters. 
The Generation Ill family of probes, now including 
solids. The most sensitive probes available for high­
resolution NMR, the Generation Ill family of probes 

Another advance in NMR ... 
from Varian 

features the industry's only proton-broadband computer­
switchable probe. Also, the new broadband solids 
accessory lets you change samples without disturbing 
the probe or its adjustments. 
Plus: the new ADS 4000 Data Station. This stand-alone 
system, an exact duplication of the XL'.s host CPU and 
operator interface, offers all the data processing capa­
bilities of the XL. You can double your data processing 
power at a fraction of the cost of a second spectrometer. 

Find out more about Varian's latest generation of NMR 
spectrometers. Varian's instrumentation continues to grow 
as we lead the way in NMR technology. For all the facts 

about the latest NMR generation, call your nearest 
Varian Sales Office today. Or write Varian NMR, D-070, 

611 Hansen Way, Palo Alto, CA 94303. 

For assistance contact: Florham Park , NJ (201) 822-3700 • Park Ridge, 
IL (312) 825-7772 • Sugar Land, TX (713) 240-7330 In Europe: Steinhauser­
strasse, CH-6300 Zug, Switzerland. 



XL performance for demanding biological NMR studies 
Recently, NMR has become an impor­
tant tool for biochemists interested in 
studying metabolism in vivo. The appli­
cations shown on this page illustrate the 
broad range of capabilities required in 
an NMR spectrometer used in biological 
research . These capabilities demand 
superb sensitivity, flexibility in pulse 
programming, and software that per­
mits taking advantage of available 
experiments and techniques. 

Biological NMR often requires the observation of 
protons in H20, particularly for observation of 
exchangeable protons. The strong signal from the 
solvent can be suppressed effectively by pulse 
sequences such as time-shared Redfield 2-1-4 or, 
as here, the Jump-and-Return pulse sequence. 
This XL-400 spectrum is the result of only 16 
accumulations using a 1-millimolar solution. The 
aromatic expansion [rephased for upright presen­
tation) shows the single-proton sensitivity that can 
be obtained in a half-minute period. 

Perfusion of Tissue 

Perchloric-Acid Extract of ~- hepatica 

I 

.. 

J 
The high-sensitivity probes of the XL-200 allow spectra to be obtained from biologically relevant 
compounds at low concentration. The 31 P spectrum above is of a perchloric-acid extract of F. 
hepatica [bovine liver flukes) and was obtained in 4 hours [1500 transients) at 81 MHz, using a 
10-mm probe. The spectrum has been resolution -enhanced to facilitate the identification of the 

31 P-containing compounds present. The average concentrations of metabolites present in the 
sample are submillimolar. 

Two-dimensional NMR is a powerful method for analyzing complex mixtures. The contour plot 
shown above the spectrum is the result of a 31 P homonuclear shift correlation experiment carried 
out on a portion of the fluke extract using a 5-mm 1H broadband switchable probe at 81 MHz. The 
total experiment time was approximately 12 hours. The experiment led to the discovery of a 
nucleotide pyrophosphate compound whose presence is indicated by the cross peaks between 
the P-a-nucleotide peaks and the peak·at 800 Hz. 

1 H Somatostatin 

SAMPLE: 1 mM in 90% H20 

J 

Spectrum of Perfusion Medium 

IOU 50 10 

Use of a modified 10-mm tube permits the NMR study of intact tissue 
while perfusing with temperature-controlled nutrient. No hardware 
modification of the spectrometer is necessary. The stacked plot shows 
the time course of ATP resonances during tissue perfusion with a 
nutrient medium and illustrates how tissue preparations can be 
maintained in a viable state during experiments. Insufficient or poor 
perfusion causes rapid degradation of the ATP and resultant cell or 
organism death. The ability to retain viability over many hours permits 
extensive study of metabolism in metabolic, n'utrative, and cell research. 

NMR is a valuable tool for following metabolism in isotope labeling experiments. This 
spectrum is of the perfusion medium taken at the end of an experiment in which the 
bovine liver flukes [above) were perfused with [1- 13CJ glucose. A large number of 
labeled species are formed as the [1- 13CJ glucose is metabolized. Subsequent 
analysis of the sample using spectral editing pulse sequences and heteronuclear 
correlation experiments are essential for assignment of these resonances. 

C 
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HALL-ATWATER LABORATORIES 

MIDDLETOWN, CONNECTICUT 06457 

TEL. : (203) 347-9411 

DEPARTMENT OF CHEMISTRY 

Professor Bernard L. Shapiro 
Department of Chemistry 
Texas A&M 
College Station, Texas 77843 

Dear Barry: 

September 21, 1984 

"A few words on TPPI 
in phase sensitive 
corrleation experiments" 

A little while ago I became interested in a paper by Marion 
and Wutrich, BBRC 113, 967 (1983), which showed some of the 
advantages to be gained by using phase sensitive two-dimensional 
correlation experiments. After thinking about the approach, I did 
a couple of experiments and found out that there is an extra twist 
to time proportional phase incrementation (TPPI) which I had not 
been aware of. In a TPPI experiment the phase of the first proton 
90° pulse in a conventional correlation experiment is increased 
by 90° in phase with each increment of the evolution time. The net 
result is allegedly to introduce the F1 frequencies equal to the 
chemical shifts of the protons by TPPI. However, the F1 frequencies 
introduced by this procedure are not the proton frequencies but 
rather are given by 

ol,.s-r,,,~✓ 

~ 2... 

- .sw 1 ..:- $fee. tr.._ I _ 
) "I/ I "d. ,t-<._ cJ-1 r :1.. 

Thus, to obtain the proper frequencies one must set SW2=3/~SW1. 
Marion and Wutrich were certainly aware of this since this is 
precisely the ratio of SWl to SW2 that they used but anyone else 
trying to use the method may hot. The reason for the offset is 
simply due to the precession which occurs during the evolution 
time and is not a feature of the two-dimensional experiment 
per se. 

Sincerely, 

~#~ 
Philip H. Bolton 

PHB:lb 
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Uw kenmerk 

Onderwerp 

Dear 

Uw brief van 

TECHNISCHE HOGESCHOOL DELFT 
Laboratorium voor Technische Natuurkunde 

Bereikbaar met buslijn 60 en 63 (station N.S.-De/ft) 

Professor B. L. Shapiro 

Department of Chemistry 

Texas A & M University 

COLLEGE STATION TX 77843 

U S A 

Ons kenmerk 

!; SE.JC/I 

Datum 

26 September 1984 

Delft. Lorentzweg 1 

Doorklesnummer (015) 78 6109 

H!IGH RESOLUTION IMAGING IN SOLIDS 
I 
I Barry; 

I 
I 

Your ultim~tum prompted us to write this letter and to report 

on the results we got rec_ently on spin imaging. 

We found a simple ;method to remove all line broadening effects 

in imaging, justl by · observing the free induction decay signal at a 
I 

fixed time whil , the experiment is repeated each time with incremented 

field gradient in equal steps. Details of the method and results are 
I , 

given in two forthcoming papers (1,2). Reprints will be available soon. 
! 

With regard to the stepped gradient, this technique is connnomly used in 

imaging of liquids (3), but the crucial aspect of using it to remove 

line broadenings has not been recognized before. 

As ~n illustratio~ we compare in Fig.I the conventional method (Fig.lb) 
I I 

with our method l(Fig.lc). In Fig.lb the images of the two tubes of 
I I 

adamantane are riot resolved. In Fig. le the images of the two tubes are 

well-resolved. We thus obtained high resolution imaging in solids. 

I. S. Emid, Physica B (in press). 

2. S. Emid and J. H. N. Creyghton, Physica B (in press). 
r 

3. A. Kumar, D . . Welti ~nd R.R. Ernst, J. Magn. Reson. 18 (1975) 69. 
i 

Emid 
I 

Algemeen telefoonnummer T.H. C015) 789111 

Yours 

✓ 
l. 

Ir. J. H. N. Creyghton 

Correspondentieadres: Postbus 5046, 2600 GA Delft 012340 

P.S.Please credit this bontribution to the subscription of Prof. Smidt. 
We hope this letter lwill arrive in time. 

I I 



TWO TUBES OF ADAMANTANE, INNER DIAMETER 6. 5 MM-, CENTRES 20 MM APART 

{a) 

THE SPECTRUM IN A 
HOMOGENEOUS FIELD 

(b) 

NMR IMAGES IN A STATIC 
GRADIENT OF 8 kHz/cm 

(c) 

NMR IMAGES WITH THE 
STEPPED GRADIENT FROM 
-8 to 8 kHz/cm IN 64 STEPS 
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The Wellco e Research Laboratorie·s Langley Court 
The Wellcome founda11on l id 

Professor Bernard L. Shapiro, 
I , I 

Department of Chemistry, 
I • I 

Texas A & M University, 
COLLEGE STATION, 1 

Texas 77843, 
USA. 

Dear Professor Shapiro, 

I 
STRUCTURES OF ~CTERIAL POLYSACCBARIDES 

Beckenham 
Kent BR3 3BS 

telephone 01 -658 2211 

~ 
Wellcome 
telegrams and cables 
WELLAB BECKENHAM 
telex 
WELLAB 
BECKENHM 23937 

10th September 1984. 

I i, · . 
For the past couple of years we have been applying NMR spectroscopy, mainly 

• I • • 
using our WM-360, to the structuring of polysaccharides from the capsule~ of 
Gram-negative I bacteria. In collaboration with Dr. Chris Adlam, a 
bacteriologist colleague, we have concentrated on Pasteurella haemolytica as 
an organism which causes pneumonia and septicaemia in sheep and cattle. This 
organism again!st which we are developing a vaccine exists as two biotypes 
known as A and JT, with several serotypes in each. 

Using principally NMR but backed up by other analytical techniques, we have 
elucidated thel struct~res of the polysaccharides from five serotypes. All 
have fairly J imple 1repeating units, some of them containing phosphate 
diester linki n~ groups. Rather than rely solely on the use of degradation 
techniques for ldeter,f ning the sugar

13
infage positions we have managed using 

such techniques as ~- H COSY and C- H 2D correlation to Lj_rgily fSS~~n 
many

1
o_f ~e re~onances and through the use of chemical shifts, H- H, H- p 

and C- P c6uplings to determine the structures, including positions of 

0-acetylation ~ I 
As examples, the Al serotype polysaccharide has the repeating unit 

but the T4 pplysaccharide is quite different, in this case containing 
galactose, gly !erol and phosphate, with non-stoichiometric 0-acetylation . 

0 

-CB B 0 

. 120- be-QocH2 

J.,.. • • -
These substances form the basis for publications accepted by the J.Gen.Mic­
robiology in khich t he structures, their immunology and bacteriology are 
discussed. I 
Yours sincerely, 

I 

J.C. LINDON J.M. jWILLIAMS 
Department of . h sical Chemistr 
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FACULTE DES SCIENCES 
Universite de Nantes . u E R DE CHIMIE 

CHIMIE OROANIQUE PHYSIQUE 
E. R. A. n° 315. C.N. R. S. 

KETO-ENOL EQUILIBRIUM - 15N STUDY 

Dear Prof. Shapiro, 

NANTES, le 20 Septembre 1984 

Prof. B.L. SHAPIRO 
Department of Chemistry 
Texas A.EM. University 
College Station 
Texas 77843 U.S.A. 

313-42 

We have studied by 15N NMR the rotation around the C-N bond for se­
veral amides. The introduction in the s-position of a second carbonyl group 
allows the detection of a keto-enol equilibrium and induces a variation of the 
rotational barrier of the amide function. The attribution of the two 15N NMR 
lines observed for compound.!_ was achieved by comparison with the values for 
compounds land i (1), where the enol function is very disadvantaged. 

(Et) 2N - co - CH - CO - CH ~ 1 250,9 ppm/CH3No 2 
- CH

2
= C(OH) - ~H3~ 

-
(Et) 2N - co 2 259,3 
(Et) 2N - CO - CH2 - COOEt 3 251,5 

(CH3)2N - CO - CH2 - CO - N(CH3)2 If 
.. 278,2 

The 250,9 ppm value, comparable to the 15N NMR chemical shift observed for 
compound l, is assigned to the S-diketone form 1. Compound i leads to the same 
conclusion, if we consider the substituent effect (28,4 ppm between N(CH3)2 and 
N(Et) 2 for the amides) (1). 
Furthermore the detection of an allylic coupling constant between CH3 and the 
ethylenic proton shows the existence of form _g_, assigned at 259,3 ppm by 15N 
NMR. This form would have a lower rotational barrier around the c~N bond thah 
form 1 (2). This consideration is confirmed by a 1H NMR study. 

Sincerely yours. 

References 
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~ -

J. DORIE B. MECHIN J.P. GOUESNARD 
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Professor B.L. Shapiro 
Department of Chemistry 
Texas A & M Un~versity 
College Statio , TX 7!7843 

Dear Dr. Shapi o, 

Shift reagents enhance resolution in 43Ca NMR spectra 

Various 4 jca NMR~; studies of a variety of small calcium-binding proteins 
(MW< 25000) have demonstrated that it is feasible to observe slowly ex­
changing 43Ca 2t -ions bound to these proteins (1). Despite the fact that 
the chemical s?ift range measured for a series of low molecular weight 
Ca 2+-chelating l agents! is almost 80 ppm (2), we have found that the range 
for protein-bound 43Ca 2 + does not 8xceed 20 ppm (1). This situation gives 
rise to practi~al problems, since the protein-bound resonances are often 
broad (300 - 1000 Hz) and they overlap with those of free Ca 2 + or Ca 2+ in 
fast exchange *ith weak binding sites on the surface of these proteins. 
Although such ~pectra, can in principle be resolved with the help of 
spectral simulition programs, we have found that different combinations 
of Lorentzians Jlead tp equal fits in many instances. Hence, we felt the 
need to look f0r a method which would artificially increase the resolution 
in our spectra l To this end we decided to test the anionic shift reagents 
that have receritly become popular through the in vivo 23Na NMR work of the 

I . --- . 
groups of C. SP,ringer and R. Gupta. We have found that upfield and downfield 
shif_ts of -120 J to 60 ppm can be obtained using these agents and standard 
calcium soluti~ns. Figure 1 shows that these shift reagents a~e indeed 
successful at improvi~g the resolution in 43Ca NMR spectra of calcium­
binding proteirls. Fast exchanging Ca 2+ ions are shifted, while tightly­
bound slow exclianging l resonances are not aff_ected. The details of this 
method, as well as id application to the study of different calcium­
binding proteiris will :; be reported (3,4). It is conceivable that the same 
methodology cotlld be useful in the study of other slowly exchanging quadru­
polar nuclei wi th small chemical shift ranges. 

Please er Jdit this contribution to the subscription of Sture Forsen. 

,_...,,,._,,f Yours sincerely, 

~~~ 
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Fig. 1. 24.3 MHz NMR spectra of 43.Ca 2 + (60 % isotopically enriched) bound 
to the bovine milk protein a~lactalbumin. This protein comprises 
one- strong 43Ca2 +-binding site (Kd ~ 10- 8M), which gives rise to 
the~ 300 Hz broad resonance at -6 ppm, and several weak Ca 2 +­
binding sites (Ka~ 10- 3M) which give rise to the fast exchaneing 
resonance at +3 ppm. (See Fig. 1A and lE). Addition of different 
amounts of the upfield shifting shift reagent Dy(PPP)1- gives rise 
to spectra Band C. Addition of different amounts of the downfield 
shifting shift reagent Dy(TTHA) 3

- gives rise to spectra F and G. 
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Prof. B. L. Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, TX 77843-3255 

Dear Barry: 

84.09.25 

Method have lexisted for several years to determine 
equilibrium constants and bound shifts resulting from the 
following NMR fast-exchange system: 

A + B ,:_ ...,. AB 

AB B 

If we observe the shift behavior of molecule B, we can 
express the bbserved incremental shift as 

where j is the shift index (for~ total shifts) and i is a 
concentratioh index <n total concentrations). «~ and a~ are the 
bound fracti 1[ons o~ th; AB and AB2 species and A1J and A2J are the 
bound shifts for nucleus j of these respective complexes. 

The sy, em is characterized in total by 2 equilibrium 
constants an~ by 2~ bound shifts. The best values for these 
parameters are found by minimizing the quantity 

I 

n s 

Q = E [ E CAS~J - «~A1J - a~A2J> 2 J 
i =1 j=l 

I 
Getting the best values of these various parameters is 
easily accom~lish~d by any of a number of re~dily available 
compute,~ pro:grams J However, what is not general 1 y kno"m is 
the uncertainties of the parameters obtained. In this short 
note, we l □□:k at one such set of uncertainties, namely that 
Tor the bound shiTts. 

. I. 

I 
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If we let 

n n 
s __ = E «~ 2 , S~~ = E «~A~, etc., 

i=l, i=1 

then, through a rather intricate argument, the uncertainties 
in the bound shifts can be easi.ly derived. What is 
interesting here is that all the uncertainties for the 
A 1 -values are equal to each other; this is true also for the 
A 2 -values. That is, in a statistical analysis involving fits 
to multiple nuclei (such as with applications using LSR's), 
all bound shifts for a given complex <AB or AB2> are the §ame 
in ~bsolute uncertainty. Without further ado, we give the 
final result: 

First, let the sample variance be 

Se 2 = Q/[(n - 2)s - 2] 

then, if we let 

then the variances in A1 and A2 are given, respectively, by 

and 

These shor-t formulas allow a rapid assessment of how good 
bound shifts are for a given set of data and allows one a 
more accurate estimate of how well such derived quantities 
may be applied to determining molecular structures. 

Sincerely yours, 

' Milton D. Johnston, Jr. 
Associate Professor 

Suggested Title: Uncertainties in Bound Shifts 
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VAR 1AN NMR APPLICATIONS CHEMIST - TOKYO 

F th f tl . I h . . . d . . l . . or e our 1 time t is , year Varian is expan ing its app ications 
staff, this time j in our Tokyo, Japan laboratory. This position 
involves a wide range of activities directed toward customer suport, 
product support, arid product and technique development. These activi­
ties include: use~ trairting, implementation and evaluation of new 
techniques, hardw~re a~d software development, demonstrating equip­
ment, independent :riesearch, teaching workshops and short course-s, 
assisting sales nersonnel, lecturing, market evaluation and new pro­
duct definition, user assistance, and collaborative research, to name 
just a few. 

Relevant experience reflects the diverse nature of the job, an<l 
includes liquid-state nmr of all types, solid-state nmr, 2D nmr, 
hardware develop~ent, software development, and teaching. 
"Technique"-oriente(l researph, public speaking ability, and the. ab.iJ .. -
i ty to interact we1\1 with others are all characteristics which will ·be 
sought. Experiencf with VARIAN XL-series instrumentation is an asset 
but not a requirement. Fluent Japanese and English are both require­
ment~ for this p~si~ion; Chinese or other languages will be a plus. 

Please send resumes \ to Dr. Shiro Satoh, Varian Instruments Lttl., 3rd 
Matsuda Bldg., 2-!2-6 Okubo Shinjuku-ku Tokyo, 160 Japan, or call 03-
204-1211. VARIAN i i an equal opportunity employer. 

Carnegie ellon Umvers1ty 

Dr. B. L. Shap ro 
Texas A & M Uniiersity1 

Dept. of Chemis
1
ry 

College Station TX 77843 

Dear Barry: 

Department of Chemistry 
4400 Fifth Avenue 
Pittsburgh, Pennsylvania 15213 

September 24, 1984 

I have ava lable immediately a postdoctoral fellowship position 
for research on \genera;i.ized nuclear Overhauser effects. At present, 
we are working ~n transverse .Overhauser effects (CAMELSPIN), but we 
have plans for investigating multiquantum Overhauser effects, relayed 
effects, and ot1er odd 1 species, all with a view to eventual biochemical 
applications. If you know of someone who is qualified and interested, 
please put us id communication. The proposed salary is $22,000/year. 

With best lishes and thanks. 

Sincerely, 

~ 
Aksel A. Bothner-By 

L 



Find out how friendly 
0 and versatile NMR 
can be. 

The QE-300 spectrometer was 
specifically developed for high effi­
ciency, high-throughput carbon 
and hydrogen NMR It provides a 
complete range of routine and high 
resolution capabilities with a 300 
MHz (7 Telsa) superconducting mag­
net, synthesizer based frequency 
control, quadrature phase detection, 
high-speed pulse programming, 
and a dual 'lC/'H switchable probe. 
To make operation dramatically 
simple, the QE-300 also features 
auto-locking, auto-shimming, and 
auto-spectral phasing plus an 
incredible menu driven software 
package called CHA.RM. 

And now, to make the QE-300 
even more versatile, we've added 
a number of accessories to make 
your work faster and more efficient 
than ever before. 

Around-the-clock 
data acquisition 
and processing 

First, there's the QE-300 Automatic 
Sample Changer for unattended, 
sequential analysis of up to 100 

Iii samples. It lets you 
•◄ collect spectra con­

tinuously-overnight 
and even over week­
ends. So, instead of 
facing a stack of 
samples when you 
walk into your lab 
in the morning, 

rl you have a stack 
· of results, com­

pletely phased and 
annotated to your 
specifications. 

Multiple megabyte 
speed and power 

Winchester and other optional 
. hard disk accessories for the QE-300 

dramatically expand your data 
handling capacity. And to speed 
up Fourier Transforms and spectral 
phasing, you can add a high­
powered array processor as well. 

Remote data stations 
for multi-user productivity 

Increased data requires more data 
processing capability. To meet that 
need, you can add a remote, inter­
active data station to the QE-300. 
It communicates directly with the 
QE-300 as well as other Nicolet 
1280-based NMR spectrometers and 
enables you to process NMR data 
off-line while the main spectromet­
er is being used to acquire spectra. 

VT capability 
for temperature 

dependent studies 

A new microprocessor controlled 
Variable Temperature accessory 
for the QE-300 allows acquisition 
of experimental data at differing 
sample temperatures. The controller 
ranges from + I60C to - lO0C 
with ± 0.1 C precision. 

Enhanced 13C sensitivity 

An optional dual 10mm "C/5mm 
'H switchable probe increases "C 
sensitivity to more than three times 
that of the standard "C/'H probe. 

Broadband 
console electronics 

and X nucleus probes 

Broadband console electronics 
and X nucleus probes for the 

*A business formerly operated by Nicolet Magnetics Corporation. 

QE-300 are offered for observing 
nuclei other than "C and 'H, includ­
ing a dual 5mm. "P/ 'H switchable 
probe for analyzing phosphorous 
in biological, medical, and related 
applications. 

Call or write today for com-
plete information on the QE-300. 
We'll help you select the accessories 
to meet your NMR needs. 

The QE-300 with CHA.RM. 
Friendly, versatile NMR for the 
laboratory that has alot of work 
todo. 

You've never had NMR 
like this before. 

General Electric Company 
NMR Instruments* 
255 Fourier Avenue 
Fremont, California 94539 
(415) 490-8310/TWX 910 381 7025 

GENERALfj ELECTRIC 
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GX Series FT NMR Systems 

-\X/hy do twd experim«:!nts when one will do?* 
COSY 
BLOCK 1 

• Simultaneous acquis tion of COSY 
and NOESY 

COSY 
ul 

• 

*COCONOSY (Haasnoot, et. al., . Magn. Reson ., 
56,343 [1984]) 

Rotenone 

0 

6 

,.• 

NOESY 
BLOCK2 

if. 

CD 

NOESY 

' b 

• 
•· 

0 
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New techniques are easy to implement 
on a GX Series NMR Spectrometer. Ask 
today about your application . 

.. 

dEOL. 
Serving Advanced Technology 

11 Dearborn Road, Peabody, MA 01960 
(617) 535-5900 




