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The assignment of the ‘H nuclear magnetic resonance spectrum of the trypsin 
inhibitor E from the venom of Dendroaspis polylepis potylepis is described and 
documented. A sample of 18 mg of the protein was investigated with two- 
dimensional nuclear magnetic resonance experiments at !%O MHz. The assignments 
are based entirely on the amino acid sequence and the nuclear magnetic resonance 
data. lndividual assignments were obtained for the backbone and CB protons of all 
59 residues of inhibitor E, with the exceptions of the N-terminal amino group, Pro& 
Pro13 and the amide proton of Gly37. The amino acid side-chain resonance 
assignments are complete, with the exception of l’ro8, Pro13, CYHz of Glu49, all the 
lysyl and arginpl residues and the three histidyl residues 1,34 and 53, for which the 
imidazole ring proton lines have not been assigned individually. The chemical shifts 
for the assigned resonances are listed for an aqueous solution at 50°C and pH 3.2. 

1. Introduction 

This paper is part of a comparative nuclear magnetic resonance investigation of 
three protease inhibitors with molecular weights of 6500 to 7000, i.e. the basic 
pancreatic trypsin inhibitor from bovine organs (Tschesche, 1974) and the trypsin 
inhibitors E and K from the venom of the snake Dendroaspis polylepis polytepis 

(Strydom, 1973; Joubert & Strydom, 1978). As a basis for the determination of the 
three-dimensional structures in solution (Wiithrich et al., 1982), the ‘H n.m.r.$ 
spectra of these three proteins have been assigned, and this paper describes these 
data for the inhibitor E. The individual assignments for BPTI were published 

t On leave from the Shemyakin Instit,ute of Rioorganic Chemistry. r.S.S.R. Academy of Sciences, 
hloscow, V.S.S.R. 

1 Abbreviations used: n.m.r.. nuclear magnetic resonance; BPTI. basic pancreatic trypsin inhibitor: 
p.p.m., parts per million; 2D n.m.r.. two-dimensional n.m.r.; COSY, 2D correlated spectroscopy: 
SECSY. SD spin echo correlated spectroscopy; NOISY. 2D nuclear Overhauser enhancement 
spectroscopy: SOE, nuclear Overhauser enhancement. 
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recently (Wagner & Wiithrich, 1982), and corresponding data for the inhibitor K 
will be presented in a forthcoming article. Work on the elucidation of t,he solut,ion 
conformations of the three inhibitors is in progress in our laboratory. 

In the three inhibitors selected for this project, one has on the one hand readily 
apparent sequence homologies, i.e. after proper alignment of the six homologous 
cysteinyl residues, 20 out of a total of 57 to 59 residues are invariant among the 
three species (Joubert $ Strydom, 1978). On the other hand, one finds numerous 
non-conservative amino acid substitutions in the variant positions, e.g. Trp for Ala. 
or Pro for Ile and for Thr in positions that are located in regular p-sheet structure in 
BPTI. Preliminary circular dichroism and ‘H n.m.r. (unpublished work) spectral 
st,udies indicated that overall similar conformation types prevail for the three 
proteins. It appeared interesting, therefore. to obtain the dat,a needed for a 
comparison of the solution conformations of these three species. since this should 
provide detailed insight into the influence of localized primary structure variations 
on the spatial structures. With regard to correlations between structure and 
function, it is an interesting starting point that two of the three homologous 
proteins are potent prot,ease inhibitors. whereas inhibitor K has practically no 
protease inhibitory action (,Joubert & Strpdom, 1978). Finally. work with these 
three proteins was ideal for further elaboration of the recently proposed novel 
techniques for spatial protein structure determination in solution (Wiithrich rt al.. 
1982; Billeter et al., 1982; Wagner & Wiithrich. 1982; Wider et a,l., 1982). While this 
new n.m.r. approach resulted largely from work with BPTI (Dubs ut d., 1979: 
Nagayama & Wiithrich, 1981; Wagner et al.. 1981). the analysis of the inhibit.ors E 
and K, for which no data on the spatial structure are available, provided important 
tests for a variety of different aspects of the new procedures. With regard to future 
developments of protein ‘H n.m.r. studies, structural comparisons of the thrcr 
inhibitors based on nearly complete individual resonance assignments should also 
provide new information on correlations between st,ructure and n.m.r. parameters. 

This paper describes and documents the assignment of the ‘H n.m.r. spectrum of 
the inhibitor E with two-dimensional n.m.r. experiments. In contrast) to the 
previously described corresponding results for BPTT (Wagner 11 Wiithrich. 1982). 
where numerous resonance assignments had been obt,ained with ~onrrntional. ant*- 
dimensional n.m.r. techniques (Wiithrich & Wagner. 1979), all the assignments fot 
t.he inhibitor E resulted from analysis of a small number of two-dimensional ‘H 
n.m.r. spectra recorded with a single sample of about 16 mg of the prot,ein. 

2. Materials and Methods 

Trypsin inhibitor !A uas isolated from the venom of I). polylepis polylrpis and purified as 
described (Strydom. 1976). In all. 18 mg of the toxin were available for the n.rI1.r. 
experiments. The total amount of the toxin was rcpeat,edly dissolved and Iyophilized t,o 
obtain approx. 0007 M-solutions in 035 ml of the following solvents: (1) *H,O. p2H 2.7. This 
sample a-as measured immediately after dissolving t,he protein in ‘H,O. so that the slowly 
exchanging interior amide protons could be observed (Wiithrich, 1976). (2) 2H20, p2H 3.2. 
In this sample, the labile protons of the protein were replaced with ‘H by heating the 
solution to 65°C for 1 h, and the residual water protons were minimized by repeated 
lyophilization from 2H20. (3) 90% H,O+ 10% ‘H,O. pH 3.2. 
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The three 2-dimensional n.m.r. experiments used to obtain the resonance assignments 
have been described in detail. They are 2-dimensional correlated spectroscopy (COSY). 
which was recorded with the pulse sequence (Aue et al., 1976: Nagayama et al., 1980; Bax & 
Freeman, 1981): 

where t, and t, are the.evolution period and the observation period. respectively. To obtain a 
P-dimensional n.m.r. spectrum, the measurement is repeated for a set of equidistant t, 
values. To improve the signal-to-noise ratio, n transients were accumulated for each value of 
t,. At the end of each recording, the system was allowed to reach equilibrium during a fixed 
delay of 1.2 s. All the COSY spectra for this study were obtained from 512 measurements. 
with t, values from 0 to 47 ms. Two-dimensional spin echo correlated spectroscopy (SECSY) 
used the pulse sequence (Nagayama et al., 1979.1980): 

[ 
go.--~-go”+, 1 ” 

The SECSY spectra were obtained from 512 measurements, with t, values from 0 to 197 ms. 
Two-dimensional nuclear Overhauser enhancement spectroscopy (NOESY) used a sequence 
of 3 pulses (Jeener et wl., 1979; Anil Kumar et al.. 1980a): 

where 7, is the so-called mixing time. The NOESY spectra used here were obtained from 512 
measurements, with t, values from 0 to 47 ms. Mixing times of 50, 109 and 200 ms were used. 
To suppress contributions from coherent magnetization transfer to the cross peak intensities, 
the 50 ms and 100 ms mixing t,imes were stochastically modulated with a modulation 
amplitude corresponding to 10% and 5% of T,, respectively (Macura et al., 1981). 

The 2-dimensional n.m.r. spectra were recorded at 500 MHz on a Bruker WM 500 
spectrometer. Quadrature detection was used, with the carrier frequency at the low field end 
of the spectrum. To eliminate experimental artifacts, groups of 16 recordings with different 
phases were added for each value oft, (Nagayama et al.. 1979,198O). For measurements in 
Hz<>. the solvent resonance was suppressed by selective, continuous irradiation at all times 
except during data acquisition (4nil Kumar et al.. 1980b). To end up with a 1024 x 1024 
point frequency domain data matrix for COSY and NOESY, which corresponds to the 
digital resolution given in the Figure legends. the time domain matrix was expanded to 2048 
points in t, and 4096 points in t, by “zero-tilling”. For the SECSY spectra, the time domain 
matrix was expanded to 2048 x 4096 data points. Prior to Fourier transformation, the time 
domain data matrix was multiplied in the t, direction with a phase shifted sine bell. 
sin (n(t+tc)&). and in the t, directions with a phase shifted sine-squared bell. 
sin’ (r(t+tc)/t,). The length of the window functions. t,. was adjusted for the bells to reach 
zero at the last experimental data point in the t, or t, direction, respectively. The phase 
shifts, tc/t,, were l/l6 and l/64 in the 1, and t, directions, respectively. All the spectra are 
shown in the absolute value representation. 

3. Results and Discussion 

The complete primary structure of the inhibitor E from D. po2ylepi.s polylepis is 
known (Joubert & Strydom, 1978), but no spectroscopic data have been published. 
This section therefore starts with a qualitative survey of the n.m.r. spectral 
properties, followed by a description of the experiments used to obtain individual 
‘H n.m.r. assignments. 
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(a) ‘H n.m.r. spectra of the inhibitor E 

The ‘H n.m.r. spectra used for the rcsona,nce assignments were recorded from 
solutions in H,O or ‘H,O at pH 3.2 and at, temperatures bet,ween 25 and 50°C. At. 
this slightly acidic pH value, one is at or near the minitnum rates for the exchange 
of the polypeptide amide protons wit,h the solvent, (Englander et nl., 1972; Richarz 
et al., 1979). The denaturation temperature at pH 3.2 was found to be 79°C from the 
temperature dependence of the circular dichroism spectrum. Thus, the gIobula1 
conformation of the protein was preserved under the conditions used for the n.tn.r. 
experiments. The t.emperature dependence of the aromatic resonances further 
showed that at 50°C and pH 3.2 all the phenylalanine and t.grosine rings in the 
inhibitor E are, wit’h the single exception of Tyr35. sufficiently mobile t,o give 
symmetric A,M2X and A2X, spin systems (Wiithrich. 1976). At 25”(‘, asymmetric* 
spin syst,ems were observed for Phe21, Tyr23. Tyr35 and Phe45. which thus have 
only limited rotational mobility at this temperaturc3 ((‘ampbell et nl., 1975.1976; 
Wiithrich XE Wagner, 1975: Wagner et nl., 1976). 

A survey of the n.m.r. spectral properties of the inhibitor E is presented in 
Figures I t)o 6 (the resonance assignments indicated in these Figures will be 
discussed later). COSY and SECSY spectra recorded in ‘Hz0 after completr 
exchange of all labile hydrogen atoms (Figs 1 t,o 4) were used to identify the spin 
systems of the amino acid side-chains. As discussed in det,aiI elsewhere (Aue et ~1.. 
1976; Bax & Freeman, 1981: Xagayama B Wiithrich. I981 : Wider et al., 1982). 
both COSY and SECSY manifest connectivities between J-coupled protons. \$‘hile 
fundamentally the two experiments thus provide t,he same information. pmctiral 
experience has shown that) more extensive and tnore reliable informat,ion on t,hc 
amino acid spin systems in proteins is obtained frotn combined use of the t\\,o 
techniques. This is mainly a consequence of the different spectral resolution that 
arises frotn the combined effects of the different geometric arrangement of the J- 
coupling fine structure component’s in COSY and SECSI’ cross peaks (Nagayama 
et al., 1980) and the higher digital resolution that is generally applied for SECSJ’ 
(Nagayama et nl., 1979). Figures I and 2 show the complete (‘OSY spectrum; and 
Figures 3 and 4 show the complete SECSY spectrum of the inhibitor E in 2H2C). It 
is seen that both spectra contain a large number of resolved cross peaks, which 
connect individual groups of ,I-coupled protons. At the digit,al resolut’ion selecstrd 
for these experiments, the cross peaks in COSY have largely unstructured. square 
shapes, whereas the .I coupling fine st,ructure is readily apparent in most of the 
SECSY cross peaks. 

A POSY spectrum was also obtained from a freshly prepared solution of thr 
inhibitor E in ‘H,O. where only t,he solvent-accessible labile protons of the 
polypeptide were replaced by deuterium before the sprc:t,rum was recorded. 
Compared to the spectrum in Figures I and 2, the only additional cross peaks in a 
COSY spectrum obtained from such a sample are those linking unexchanged amide 
protons with the c” protons of the same residues. The spectral region that contains 
these cross peaks is shown in Figure 5. Since each amino acid residue can give rise 
to only one NH-C”H cross peak (except for My, which gives generally 2 peaks with 
identical NH chemical shifts, and Pro and the N-terminal residue, which give 
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. . . . . . . . . . ..r..............*..........................*...*.......-.....~...........*.....-... 

I I 

4 

w2 ( f3.p.m.) 

Frc:. 1. Contour plot of the spectral region for -0% t,o 6 p.p,m. of a 560 MHz ‘H COSY 
spectrum of a 0.007 M solution of trypsin inhibit,or E from n. polylepis po/ylepis in ‘H20. pZH 3.2 at 
WC. The digital resolution is 5.3 Hz/point’. The spectrum was recorded in approx. 22 h. The strong 
vertical noise band at 45 p.p,m. is at the chemical shift of the residual water protons Proton-proton J 
connectivities am indicated for the following amino acid side-chains: Thr3 ( - - - ). Ala9 (, . .), Ala16. 
Ala20. Asn24 ( - - - ), Ala26. Ala27. Ala42. His53, Ala54. Val56 (- ). In order not to overcrowd the 
Figure. only the C”H--CaH, cross peaks are identified for the AIX and A,X spin systems in the lower 
right triangle. 
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FIG:. 4. Contour plot of the region from 6.3 to 8.7 p.p,m. of the same SEC‘S!’ spectrum as in Fig. 3 The 
J connectivities are indicat,ed for the following aromatic spin systems. Phrll ( - - - ). Tyr22 (. .). 
Tyr23 ( -. -. - ). Phe4 or Phe33 (--- SW the text and Table 1) and the 3 histidyl residues. which 
have not brrn assigned individually and are thwefow marked HI (----). HII (- - - ) and HI11 
( - .- .- ). At the top of the Figure. the spin systim of Tyr3.5. which was identified in the 1 -dimensional 
spectra (see the text). is indicated. 

none), we conclude that at 25°C and p2H 2.7 (Fig. 5). the inhibitor E contains 24 
slowly exchanging amide protons. In a COSY spectrum recorded in slightly acidic 
HzO, where all the polypeptide backbone amide protons arc preserved, the number 
of NH-C”H cross peaks coincided closely with that expected from the amino acid 
sequence of the inhibitor E (see Figs 11 and 17). This “fingerprint” of the protein 
structure thus showed that nearly all the residues could be resolved in thr ‘H n.m.r. 
spectra. 

NOESY spectra of the inhibitor E recorded in H,O (Fig. 6) or *H,O cont,ain 
numerous cross peaks in all the different regions. For example. it is readily seen in 
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FIN:. 5. Spectral region (~1 = I.9 to 6.0p.p.m.. w2 = 6.3 to 109 p,p.m.) of a 500 MHz ‘H COSY 

spectrum of a 0007 M solution of the trypsin inhibitor E in *H,O. p2H = 2.7 at 25°C; digital resolution 
3.3 Hz/point. The spectrum was recorded from 20 to 44 h after the solution had been prepared. The 
resonance of the residual solvent protons was suppressed by weak, selective irradiation so that no cross 
peaks were bleached out. The assignments for the individual cross peaks are indicated by the l-letter 
symbol for the amino acid residue and the position in the amino acid sequence. 

Figure 6 that there are nuclear Overhauser enhancement’ connectivities linking the 
high field methyl resonance at -036 p.p.m. with aromatic protons near 7 p.p.m., 
and aromatic protons and backbone amide protons between 6.5 and 1@6 p.p.m., 
with a large number of aliphatic side-chain protons and C” protons between 0 and 
6 p.p.m. Since the through-space proton-proton connectivities determined by 
NOESY have a pivotal role for both the individual resonance assignments and the 
determination of the conformation, a good NOESY spectrum, such as that in 
Figure 6, is an essential spectral property for a protein to be amenable for structure 
determination by ‘H n.m.r. 
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FIG. 6. Contour plot of a 500 MHz ‘H NOESY spectrum of a 0907 M solution of trypsin inhibitor E in 
H,O, pH 3.2 at 45°C. The digital resolution is 5.3 Hz/point. The spectrum was recorded in approx. 22 h 
and a mixing time of 200 ms was used. The strong vertical noise band at 45 p.p,m, is at t,he chrmical 
shift of the water, which was suppressed by selertive irradiation as described in Materials and Methods 

(b) Identijfication of complete amino acid side-chain spin systems before sequential 
assignment of the polypeptide backbone protons 

Here, the spin systems of different types of amino acid residues are identified. 
From this first step of the spectral analysis, assignments to specific positions in the 
amino acid sequence are obtained only when there are single residues of a given 
type, such as Va156 in the inhibitor E. 
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The COSY and SECSY spectra of the inhibitor E in ‘Hz0 solution were screened 
for the cross peak patterns that are characteristic for the different types of amino 
acid residues (Wider et al., 1982; Nagayama & Wiithrich. 1981). The identifications 
of the non-aromatic amino acid spin systems are documented in Figures 1, 3 and 7 
to 9, and those for the aromatic rings in Figures 2 and 4. In these Figures, the 
individual assignments obtained as a final result of all the experiments described in 
this paper are given, and the connectivities are also indicated for the spin systems 
that were identified only after the sequential assignments of t,he backbone protons 
had been obtained. 

E 1’ 

3 

S (p.p.mJ 

I 

FIN:. 7. (‘ontour plot of the rrgion from 1% to 5.1 p p.m. ofthe same SECSY ypwtruI11 as in Fig. 3. The 
(‘“H-(‘OH, .I wnnectivities are indicated for OlnO (-.-‘- ). (:I~10 ( -). (:ln31 (- - -). for thesr 3 
rwidues the C’@H,-(‘YH, connectivities are shown in Fig. 8. (‘~6 ( -). Cys14 .( - - - ) and Trp2.i 
(. .). In order not to overcrowd the Figure. only the C”H-CUH, cross peaks of the AbW spin systwns of 
Srrli. His34. Asnll. As1143 and CysT,l, and the A,X spin system of Phe4 are identified. 

12 



-0.2 

0.2 

The spin systems that were identified compkely in the initial analysis of t’he 
COST and SECSY spectra are t,hose of t.he five glycyl ( Fig. 9). seven alanyl (Fig. 1 ), 
and two threonyl residues (Figs 1 and 3). Va1.56 (Fig. 1). the five-proton system that 
was later assigned to GlulO (Figs 7 and 8), and 18 of the 22 (‘“H-C”H, three-spin 
systems (Figs 1. 3 and 7), i.e. all except those which were later found and assigned 
to Phe4. Asn41. As1143 and Cys.51 (Fig. 7). All the aromatic spin syst,ems were 
identified as indicated in Figures 2 and 4. An intermediate state of mobility 
(Wagner et al.. 1975: Wiithrich, 1976) was observed for Tyr35 at NY‘, where the 
C3,5H resonances are equivalent but the C2,6H lines are non-equivalent and are too 
broad to be seen in the spectra of Figures 2 or 4. This spin system (Fig. 4) was 
unravelled by one-dimensional spin decoupling difference spectra. 
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(c)Sequential resonance assign,ments for the poiyprptide backbone protons 

A general strategy based on stereochemical considerations of polypeptides (Dubs 
et al., 1979; Billeter et al., 1982) and the use of two-dimensional n.m.r. for the 
practical realization (Wagner et al., 1981; Wagner d Wiithrich, 1982; Wider et (11.. 
1982) of sequential. individual resonance assignments have been described in detail. 
Here, we follow closely the procedures outlined in these earlier papers. The crucial 
quantities for this method of assignment, are the distances d,, dz and d3 between the 
amide proton of residue i+ 1 and the (1” proton, amide proton and VP protons. 
respectively, of the preceding residue i (Fig. 10). The intrinsic reliability of t’he 
identification of sequentially neighbouring amino acid residues is of the order of 
SO0/O when it is based on the observation of one of these through-spacca 
connectivities, and Z90’y0 when it is based on any two of the three conne&vit,ies 
(Billeter et al., 1982). Additional checks of the sequential assignments are obtained 
with the use of the previously identified amino arid side-ehain spin systems. FOI 
example. when starting with the unique valyl residue in position 56 of the inhibit01 
E, one knows from the amino acid sequence (Fig. 1 I ) that sequential assignments in 
the direction towards the C” terminus must lead to (:ly. and in the N-terminal 
direction to (‘ys-Ala-His- Or. once sequential assignmentIn including any of the 
seven alanyl residues in the inhibitor E extend over t,wo to four residues. these 
segments can be located uniquely in the sequence. and further sequential 
assignments can then again be checked against the amino acid sequence. 

Figure I I presents a survey of the sequential assignmentJs obtained in the 
inhibitor E, and t.he chemical shifts for the assigned resonances are list,4 in 
Table 1. It is seen that nearly complete assignments were obtained. and that most 
of the sequent,ial connectivities are based on observation of eit,her rl, and d,. or d, 
and d3. The first stretch of cont,inuous assignments extends from residues - 1 to 6. 
Between residues 6 and 7 there are no d, and d3 connectivities. and t’he d, cross 
peak would be too close to the strong diagonal peaks t,o be identified 
unambiguously (see Table 1 ). The conneetivities with Pro8 and Pro 13 c*ould not be 

; I 
- N' ,_--- ’ - "C' 

I:' 
-\ I , 

'?I! 

H H e 
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FIG:. 11. Amino acid sequence of trypsin inhibitor E from I). poiy/~pis polylepis and survey of the 
sequential connectivities by which the individual resonance assignments listed in Table I were obtained In 
orderto hareidrnticalnumbersforthehomologousC~sresidursasinl~asicpanrreatic trypsininhibitor, the 
numeration starts with Leu - 1, GlnO. Hisl. Vertical-lined boxes, sequential assignments& d, (NOE from 
XHi+, toPHi); horizontal-lined boxes,sequentialassignmentsviadz (NOEfromNHI+, toNH,): hatched 
boxes, sequential assignments via d, (NON from NH,+, to (‘OH,); broken box. sequential assignmwts tin 
X0% from proline CdH,, , to C”H,. 0 and l . th? individual assignment relied primarily on the 
identification of the complete spin system of the amino acid residues without or with the amide proton. 
respectively. Once all but one residue of a given type have Bern assigned. this information is obviously 
sufficient fortheindividualassignmentin theaminoacidwqucnce.even when noneoftheconnectivitiPsd, 
d, wdg could be established. The arrows indicate locations where all the resonances were assigned but the 
connectivity between 2 neighbouring residues was not established. The signs above the sequence indicate 
the residues for which the amide protonswere also observed in ‘Hz0 solution (m) and where the sequential 
c~onnectivitiesaereobtainedin2H,0solution (+).Thespeatrum in’H,O (Fig. 5)wasrecordedfromPOto 
44 h after the solution was prepared at 25°C and pZH 2.7. 

established, but the tetrapeptide segment between these two residues was assigned 
completely. All backbone NH, C”H and CPH lines were assigned for the segment 
comprising residues 14 to 36, but two connectivities could not be esta,blished. 
Between Lysl5 and Ala16, d3 was absent and d, and d2 would not have been 
sufficiently well-resolved to provide unambiguous evidence for the connectivity. 
Between Trp25 and Ala26, d, was absent and d, and d3 would not have been 
sufficiently well-resolved. For Gly37, the amide proton-C”Hz J cross peaks could 
not be observed. ,4 final stretch of continuous assignments extends from residue 38 
to the C-terminal Gly57. The sequential connectivities are documented in Figures 
12 to 16. whereby at least one connectivity is shown for each pair of neighbouring 
residues. 

Figures 12 to 14 show d, connectivities in the inhibitor E. In the combined 
COSY-NOESY connectivity diagrams (Wagner et a!.. 1981), the region of the NH- 
(“ZH cross peaks in the upper left triangle of a NOESY spectrum (Fig. 6) is 
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T.WI,IS 1 

Chemical shifts, 8 a, of the assigned ‘H SMR linrs oj th,c trypin irr,hihitor kl from 
D. polylepis polylepis pH 3.2. tj = 50°C 

6 (iWO1 p.pm.)‘~b 
Amino acid 

Itrsidw NH (‘“H (“‘H others 

1,eu - 1 

(:tno 

His1 X.53 468 
A& X~36 424 
Thr3 X.13 3% I 
I’he4 7,16d 4.49 

(lvs5 
Lvs6 
I,t=Ui 

Pro8 

Ala9 
Glu10 
Pro I 1 

GIyl% 
Pi-013 
(‘ysl4 
L?;SlT, 
Ala16 
Serl7 
Ilr18 

T,Vl%3 

Am24 
Trpf5 

Ala%ti 
Ala27 
Lps%U 
L@l 
(‘y&l 

854 

7.35 
7.04 
i,lUd 

7.31 
7.73 

8.62 

8% 
9.10 

!b71 

10.44 

uw 
797 

4.33 

4.46 
4.24 
4.4,i 

$16 

4.40 
5.77 

(‘)H 1.X 
(“H O+C 0+-C 3 
(‘YH2 “~29. 2%) 
S’H, X.1.i. ;.!)I 

(“H, 120 
(‘P.HH i.1 t 
(‘3.5H i.01 or 7.48’ 
(‘4H 6.81 01 740’ 

(‘YH2 1.45. 1.06 
PH3 0!)4 
(‘“H W7” 
C”.H: 225. t ,114 
(‘“H 4.07. ‘%MI 2 ” 

(‘%.6H 6.X 
(“3.5H 7.14 *. t 
(‘4H 734’ 
(‘2.6H 7m 
(‘:S.;iH 6.64 
(‘%.BH 7.41 
(‘3.5H 6.44 
S’H, 7G. 6.87 
NlH 10.19 
(‘ZH 7.33 I . 
(‘4H 7Si 
(5H 7.03 
(‘6H 7.18 
(‘7H 754 
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TABLE: l-cod. 

Amino acid 
rrsidue NH 

8 ()OOl p.p.m.)a.b 

C”H C@H Others 

(:ln:il 

I’hr33 

His34 8.19 
T~r35 9.10 

(:lyX 
t:1y37 
rys3x 
L,vs3!1 
(:ly40 
Asn41 
Ala42 
As1143 
Arg4.t 
I’hr45 

Sri-46 
‘I’hr47 
I lr48 

(:lU40 
LVS.50 
C&l 
Arg.52 
H is53 
A I a.i4 
(‘VS5.5 
?a156 
(+ii 

9.36 

8.35 d 

8.73 

7 %4 
9.10 
8.39 
7.15 
7.52 
737 
652 
!%I 

0.27 
7.1-j 
826 

xao 
7%1 
6+3) 
8.46 
8.18 
7.30 
7.47 
797 
7+si 

4.80 

4.60 

432 

4i2 
462 

4.69 
4.82 
3.03 

3.81 
392 
2.10 
3.66 
4.30 
422 
4.68 
3.91 

3.78. 360 

2.07 1.73 

152. 1.41 

3.1 1. 3.1 1 

340. 2.60 
2,SB. 2.35 

390. 2.86 8 
2.oi. 191 

3.18. 2.79 
098 

3.12. 3.00 
151. 1.33 
3.27, 2%9 

4 13. 40.5 
4.37 
0.66 

1 ,I)ti. 1.81 
TOi. 191 
3.19. 294 
1.78. 16 
3.18. 3.18 

152 
192. 1.7.5 

2.17 

(“H, 2.24. 2.24 
U”H 7.46. 7.10 
&Hzl.18 
CdH3 055. 0.49 
C2.6H 7.11 
C3.5H i.48 or 7.01 ’ 
C4H 681 or 7.40’ 

C2.6H 7.11. iG2 
(‘3.5H 6.64 

NdH2 8.16. i91 

N’H, 8.04 

(‘26H 7.17 
C3.5H 7%8 
C4H 7.42 

PH, 1.26: 
PH, 0.79. 0.79 
CyYH 3 0% 
P&H 0.70 3 

PH, 0900. O.!)O 

a The chemical shifts. 6. are relative to internal sodium 3-trimeth~l-sil~l-[2.2.3,3-ZH]-propinat~, 
’ Whew no numbers are given in the columns for NH. C”H and C”H. and where mow peripheral side- 

chain hydrogen atoms aw not listed in the last column. no individual resonance assignment was 
ohtainvd (ner the text). 

’ The imidazole proton resonances of the 3 histidyl residues were not assigned individually. Thrir 
chrmical shifts at pH 3.2 and 50°C are HI: C2H = 858. C’4H = 7.29: HII: C2H = 8.53. P4H = 7.28; 
HI11 : C2H = 8.54. CPH = 6.79. 

d Because for these residues the NH-C”H cross peaks in the COSY spectrum at 5O’C were bleached out 
by thr solvent irradiation. the amide proton chemical shifts were mwsured at 2R’C for Cysl4 and at 45 (‘ 
for the others. 

’ Since the c4.6 protons of Phe4 and Phe33 have identical chemical shifts. the C3.5H and C4H 
wsonanws of thesr 2 rings could not bP assigned individually. ewn though 2 completr spin systems WWP 
identified. 

’ From the multiplicity of the cross peak of C3,5H with Cd.BH and the absence of a cross-peak 
between C3.5H and C4H (Fig. 4). thv chemical shifts for C3.5H and C4H of PhePl must be nearly 
identical. 

r The (‘” proton resonances of (‘ys38 could not be obserwd at 50-C and. therefore. the chemical shifts 
at 25 C are listed. 
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6 (p.p.m.) 

4- 

i 
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IO 9 8 
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NOESY 
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640 

f 

F21 
la9 -- 

Y22 

Y23 - 1 & COSY 
____r_____l_- 

5 4 
6 ( p.p.m.) 

G40 
K39 
V56 

s17 
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Y23 
G40 
A20 
N24 
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c3a 
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F21 

FIN:. 12. f’omhinrd (‘OS\‘~~SOESI~ connwtirit~ diagram fi)r srqurntial WJO~PIIW asaipnmrwts rsirr 
SOEs hrtwveen amide protons and the (‘” protons of the prrwding residur (d,) In thr upprr Irft the 
region (WI = 35 to 59 p,p.m., w;! = 7.4 to 105 p.p.m.) of the ‘H NOIC81’ spwtrum of trypsin inhibitor R 
in Fig. 6 is presented. In the lower right. the region (WI = 7.4 to 105 p.11.m.. wl = 3.5 to .59 p.p.n.) 
from a ‘H COSY spectrum recorded from the same samplr undw idrrrtkal conditions. i.e. 4.5-C‘ and 
pH = 32. is shown. The straight lines and arrows indicate the connert~ivitirs brtwwn neightwurilly 
residues in the segments 16 to 18. 19 to 25.38 to 44 alrd 56 to 57. The ~1rrou~s and the filled circles idrntifj 
the start and the end for each segment. rrspwtivrly. The itmidr protjon chemical shifts air indicatrd 1)) 
the assignments in the lower left comer, those for the (“’ protons hy the assignments in thca upprr right 
corner of t,he Figure. 
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6 (p.p.m.) 

9 8 7 

( 
El0 , 

T3 
H34- ; 
I48 I 
L32 ’ 

1 
G36 ; 

Y35 
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031 i 

F45 
F33 

A9 

I 
L32 
Y35 

I’ H34 
R44 

FIN:. 13. Combined COSY-NOESY connectivity diagram for sequential resonance assignments virr 
NOES between amide protons and C” protons of the preceding residues (d,). In the upper left. the region 
(WI = 29 to 5.5 p.p,m.. w2 = 6.4 to 9.8 p,p,m.) of the ‘H NOISY spectrum of trypsin inhibitor E in 
Fig. 6 is presented. In the lower right. the region (wl = 6.4 to 9.8 p,p.m., w2 = 2.9 to 55 p.p.m.) from a 
‘H COST spectrum recorded from the same sample under ident,ical conditions, i.e. 45°C and pH = 32. is 
shown. The straight lines and arrows indicate the connectivities between neighbowing residues in the 
segments 2 to 3. 9 to 10, 30 to 36. 43 to 46 and 47 to 48 of trypsin inhibit,or E. Arrows and filled circles 
identify the start and end point of the d, connectivity patterns. respectively. The amide proton chemical 
shifts are indicated by the assignments in the lower left comer and those for the C” protons hy the 
assignments in the upper right co~‘ncr of the Figure. 
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6 ( p.p.m ) 

F4 

c5 

Kl5 

R2 
0% 
HI 

c30 i- 
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CL-1 1 

Q 
t 

T3 

L 9 

FIG:. 11. (“ombined (‘OSY-NOESY connectivity diagram for sequential rwona~rw assignments vin 
NOES between amide protons and the C” protons of the preceding residue (d,). In the upper left. thr 
region (WI = 3.7 to 55 p.p.m., w2 = 6% to 9.3 p.p,m.) of a ‘H POESY spectrum of trypsin inhibitor E in 
H,O recorded at pH 3.2 and 25°C with a mixing time of 100 ms and a digital resolution of 5.3 Hz/point is 
presented. In the lower right, the region (WI = 64 to 9.3 p.p,m.. w2 = 3.i to 55 p,p,m.) of a ‘H COST 
spectrum recorded from the same sample. under identical conditions is show. The straight lines and 
arrow indicate the connectivities between neighbouring residues in the segme&s - 1 to 2. 3 to 5. 15 to 
1.5 and 29 to 30 of trypsin inhibitor E. Arrows and filled circles identify the start and end point of the 
connectivity patterns. respectively. The amide proton chemical shifts are indicated by the assignments 
in the lower left corner. and those for the C” protons by the assignments in the upper right corner of thv 
Figure. 



‘H N.M.R. ASSIGNMENTS FOR INHIBITOR E 343 

combined with the corresponding spectral region from the lower right triangle of a 
POSY spectrum recorded under identical conditi0ns.t Such a plot contains both 
the d, connectivities between NH,+ I and CaHi and the J connectivities between 
CaHi and NH, (Fig. 10). When one follows the polypeptide chain in the direction 
from the N to the C terminus, the lines that connect successive COSY and NOESY 
cross peaks (Fig. 10) describe a counterclockwise spiral. The data in Figures 12 and 
13 are at 45”C, those in Figure 14 at 25°C. To this it may be added that, while the 
most complete assignments were obtained at’ 45°C and 50°C (Table 1), nearly 
complete assignments resulted also at 25°C. For the polypeptide segments in 
Figure 14, the COSY and NOESY peaks were. as a result of small temperature 
variat,ions of the chemical shifts, better resolved at, 25°C than at the higher 
t.emperatures. 

d, and d3 connectivities are documented entirely in the NOESY spectrum 
(Wagner & Wiithrich, 1982). In the presentation of d, connectivities (Fig. 15), the 
diagonal amide proton resonances of neighbouring residues are connected via the 
NOE cross peaks. In the plots of d3 connectivities (Fig. 16), one uses also 
information obtained from the COSY and SECSY spectra (Wider et al., 1982). For 
example, the assignments for the peptide segment Ala26-Ala27-Lys28 started with 
the observation of the NOE cross peak between Lys28 NH and Ala27 CBH,. A 
connecting line was then drawn to the NOE cross peak between NH and C?H, of 
Ala27, of which the location was known from the J connectivities between NH. C”H 
and CPH, of Ala27 observed in the COSY spectra in H,O. Next, the d3 connectivity 
from 41a27 NH to Ala26 C’@H, was detected in the NOESY spectrum, and then the 
location of the NOE cross peak between NH and C?H, of Ala26 was again obtained 
from COSY. When checking the d3 connectivities involving residues with non- 
equivalent CP methylene protons, it is helpful to remember that the NOES between 
the t,wo methylene protons and a given amide proton may have different 
intensities. For example for the two CD methylene protons of Glu49, a strong NOE 
cross peak with NH of Glu49 is observed only for the resonance at 1.96 p.p.m.. and 
a strong NOESY cross peak wit’h NH of Lys50 only for the resonance at 1.81 p.p.m, 
(Fig. 16). 

The COSY spectrum in Figure 17 provides a final check of the sequential 
resonance assignments. i\ll t,he strong C”H-NH J cross peaks in the typical C”H 
chemical shift range from 3-5 to 5 p.p.m. have been assigned and each cross peak 
has been assigned only once. 

Two practical aspects are not documented explicitly. The first is that’ initial 
sequential assignments of short peptide segments were obtained in a freshly 
prepared 2Hz0 solution of the inhibitor E (Fig. 5). Obviously, because of the lesser 
number of resonances present (e.g. compare Figs 5 and 17), the analysis of this 
spectrum was somewhat easier. The data obtained in 2Ht0 then served as startsing 
points for the spectral analysis in H20. Secondly, once any one of the three 
connertivities d 1, d2 or d3 is established, the locations of the NOESY peaks that 
manifest the other two connectivities can be predicted from the J connectivities 

t In practivr. to wade interference with the strong. vertical tail of the wakr rt~~mt~ncc (Fig. 6). the 
mirror image of t.hts upper left. triangle of the (‘OST spectrum was used. 



344 

N43 A42 C5 K6 

A54 - 

C55 - 

K50- 

E49 
\ 

V56- 

H53 - 
I48- 

R52 - 

I 9 
I 

S46 
~2 ( p.p.m.) I 

T47 

- K29 

-7 A27 

-K28 

__ A26 

-8 

E 
!i 
d 

-5 

-9 

FIN:. I.5 (‘ontour plot of’ thv spwtral rrgion from (i.5 t<) !M p.p.m of the 500MHz ‘H ?I’OW\. 
spectrum of Fig. 6. which was recorded from a solution of thf% inhibitor E in H,O at pH 32 and .A5 (’ 
with a mixing time of 200 ms. This spectral region contains the diagonal peaks of thv hulk of thr 
backbone amide protons and man)- cross-peaks manifest SO& betwren different amide protons fll, 
connectivities bc*twren the amide protons of neighbouring residues are indicatc~d by the unbroken and 
broken tines. and the resonance positions of the cwnnrcted amide protons are indicated on the margins of 
the Figure. Thr upper left triangle contains the connectivities for the polypeptide segments 5 to 6 and 42 
to 43 ( - - - chemical shifts 6 indicated at the top of the Figure). and 48 to 56 (---. 6 on the left). 
The tower right triangle contains the sryuential resonance assiRnmrnts for the segments Zti to 29 
( -. 8 on the right) and 46 to 4i (- - - , 6 at the bottom). Filled and empty circles indicate thtl start 
and the end for the d2 connectivity patterns. rrspwtivt*l\ 
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FIN:. Iti. (‘ontour plot of the spectral region (wl = -137 to 3.3 p.p.m.. w2 = 6.5 to 8.7 p.p.m,) of the 
500 MHz ‘H NOESE’ spectrum in Fig. 6. which was recorded from a solution of the inhibitor E in Hz0 
at pH 3.2 and 4.W with a mixing time of 200 ms. The unbroken lines with arrows indicate the sequential 
resonance assignments for the polypeptide segments 9 to 10. 1 I to Ii. 2ti to 28 and 48 to 55. which wwc 
obtained from NOES twtween anude protons and Cp protons of the preceding residues (da). Arrows and 
arrow heads indicate the start and the end of each d, connectivity pattern. respectively. The resonance 
assignments at the top and at the bottom of the Figure indicate the amide proton chemical shifts; those 
on the left and thy right margins. the Cp proton chemical shifts. 
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@I48 

S 

F33@ 
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NH 

FIG:. 17. Spectral region (WI = I.7 to 5.9 p.p.m., w:! = ti,:J to IO6 p.pm,) of a 500 MHz ‘H (‘OS\ 
spectrum recorded in a MOT x-solution of tr,vpsin inhibitor E in Hz0 at pH 3.1 and WV. The digital 
resolution is $3 Hz/point. and the. spectrum was rrccrrded in approx. f3 h. Thr letters and numbers 
indicates the assignments for the C”H-NH .J crow peaks in the inhibitor I+. f’eaks are present for all t.hr 
assigned residues except Leu - 1 and 61~37. which have not been observed, and (:vsl4 and L,vs’LR. u hich 
are not visible in this spectrum since their peaks coincide in the ~1 direction with the water signal ant1 
are therefore bleached out, by the solvent irradiation (see Table 1). The unassigned peaks in the upper 
right correspond to arginine and Iysine side-chains (Hundi Ih Wiithrich. 1979). 

between NH. C”H and CBH (Fig. 10) obtained from COST and SECST. Checks for 
multiple connectivities between neighbouring residues can then be based on 
comparison of these predicted cross-peak positions with the experimental NOESY 
spectra. The predicted positions may coincide with a resolved cross peak, which 
would unambiguously determine a connectivity, fall into an empty region of the 
spectrum, which would rule out that there is a connect,ivity, or fall into a spectral 
region that is too crowded with cross peaks or too close to the diagonal for an 
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unambiguous identification of individual cross peaks (see Wider et ni., 1982, for an 
illustration. All the connectivities included in Fig. 11 rely on unambiguously 
identified NOESY cross peaks). Finally. it should be added that. while the NOESY 
spectra shown in Figures 12.13,15 and 16 were recorded with a mixing time of 200 
milliseconds, all connectivities indicated in Figure 11 have been confirmed with 
NOESY spectra recorded with a mixing time of 100 milliseconds. 

(d) Fwther assignments of amino acid side-chain spin systems after sequentinl 
assignments of the polypeptide backbone 

After the sequential assignments of the NH, PH and @H, resonances, there 
remained only relatively few unidentified cross peaks in the COST and SECSY 
spectra of Figures 1 to 4. Further, it was known for each C”H-CaH, fragment t,o 
which type of amino acid residue it belonged. While most of the simple amino acid 
side-chain spin systems were completely identified before the sequential 
assignments. many of the more complex side-chains could now, with the 
availability of this additional information, be assigned. As an illustration, some 
examples are now described and documented. 

The peripheral methyl groups and the CYH-C6H3 J connectivities were readily 
identified for all three leucyl residues. For Leu- 1 and Leu32, these were then 
connected to the sequentially assigned C”H-CPH, fragments (Fig. 3). For Leu7. no 
sequential connectivity was available (Fig. 11). However. towards the end of the 
spectral analysis there was only one unidentified COSY cross peak left in the PH - 
?jH region (Fig. 17). Starting from the C”H chemical shift, of this cross peak. t’he 
connectivities with the third and last leucine CYH-(C6H3)2 fragment could be 
established in SECSY (Fig. 3). 

For Ile18, t,he *J connectivities C”H-C”H, COH-PH, and C6H3-CYH2 were readily 
apparent, and these three fragments could be connected to the complete spin 
system (Fig. 18). For Ile48. the C”H-CaH fragment with the unusual C”H high field 
chemical shift was sequentially assigned, and (‘“H and CYH3 were found to have 
identical chemical shifts (Table 1). This degeneracy was confirmed by the 
observation of a singlet methyl resonance at @66 p.p.m. in the conventional, one- 
dimensional spectrum and in the two-dimensional, J-resolved spectrum. There was 
only one unidentified methyl t.riplet left. which thus had to come from C’H, of 
Ile48. The connectivity of CYHz was determined by SECSY (Fig. 3). The C”H-CYH, 
connectivity for this residue, however, was not observed. 

For Pro1 1, the C’H, resonances were sequentially assigned via NOES with the Pa 
proton of GlulO (Fig. 18) and one CPH resonance was assigned via a NOE with the 
amide proton of 01~12 (Fig. 16). For Prol9. the C6H, resonances were assigned fin 
NOE wit,h C”H of Ile18 (Fig. 18) and the C”H ~icl XOE with NH of Ala20 (Fig. 12). 
As described in detail in the legend to Figure 18, the complete spin systems of t,hese 
two prolyl residues could then be identified. 

Individual assignments for the previously identified (Figs 2 and 4) aromatic spin 
systems were obtained on the basis of NOE connectivities between aromatic 
protons and the sequentially assigned C”H-CPH, fragments (Fig. 19). The only 
ambiguit,y left in the assignments of the aromatics is that bet.ween Phe4 and Phe33. 



348 A. s. AKSENIE\’ 67 .-II, 

6 (pp.d 

5 4 3 2 I 

3 

c I18 Ch! 
\ PI9 C& 

PI9 cyli, 

El0 PII 
c%l C% 

PI I PII PII El0 
Cati Chi c&l C&H 

FIN;. 18. Kesonancr assignments for thr prptide wgmrnts (:lulO to I’rol I and IlrlX to I’rol!J in the 
inhibitor E. A combined plot, is shown. which was obtained from the regions 0.5 to 6 p.p.m. of the spwtr;l 
in Figs 1 and 10 and where the upper left trianglv comes from SOESY and the lower right triangle from 
(‘OS\‘. The chemical shifts for the residues (:lulO and l’roll are indicated at the hottom. thaw for IklX 
and t+oICJ on the right of the Figure. The cwnnwtivities in the segment (~IulCtProl 1 arc’ indicated 1)) 
unbrokrn lines. Thry start from the previously assigned C”“H,- C”H rwmanws of (:lulO (Fig. 7). from 
which the NOR connwtivity to C’H, of Pro1 1 was ol)taiwd LVithin the l’rol 1 spin system. the 
connwtivities vin .J-coupling could he &ablishrd in all ~ast~b: clxwpt from CYHL to (‘“Hz. 1, hrre a NC )E 
ronnrctiritv was used. Thr .J connrctivities within thr spin systrrn of Ilc~lX WC indicated 1)~ dotted lines 
in the COSY spectrum. The NOE connectivitirs from (‘“H of lIeI to V6Hz of Pro19 and the .I 
conncctivities within the spin system of f’rol9 are indic-atcld with I)rokrn lirws. 

which arose because these two residues have ident’ical (‘%,6H chemical shift,s 
(Table 1). 

(lompletc assignments were obt,ainrd for (:lnO. for t,hc previously identified tivcl- 
spin system of GlulO, and for Gln31. First. the connrctivities from the seyuentiall~ 
assigned C!“H-CPH2 fragment,s to V’H, were established in SECSY (Figs 7 and 8). 
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Then the E amide proton resonances of the two glutamyl residues were assigned 
from the NOE connectivities with CYH2 (Billeter et al., 1982). Similarly, the 6 amide 
protons of Asn24, Asn41 and Asn43 were assigned from the NOE connectivities 
with C?H,. 

4. Conclusions 

The inhibitor E is the first protein for which the ‘H n.m.r. spectrum was assigned 
entirely according to the recently proposed strategy of sequential assignments with 
the use of two-dimensional n.m.r. experiments (Nagayama & Wiithrich, 1981: 
WagnerPt al., 1981; Billeteret al., 1982). Incontrast to thepreviouslydescribed BPTI 
(Wagner & Wiithrich, 1982) and micelle-bound glucagon (Wider et al., 1982), where 
t,he two-dimensional n.m.r. studies were a continuation of extensive investigations by 
conventional one-dimensional n.m.r., this paperdescribes the first n.m.r. experiments 
with the inhibitor E. As may be judged from the documentation in this paper, the 
resonance assignments are based exclusively on the amino acid sequence and the 
n.m.r. spectra,and they wereobtainedwithoutreferenee to thecorrespondingdataon 
BPTI. With regard to future applications of the presently used assignment) 
techniques, the experience with the inhibitor E is most encouraging. The entire 
analysis was performed with a single sample of about 18 mg, and we have still about, 
14 mgoftheproteinleftforfurtherstudiesofthemolecularconformation.Overall.less 
than one man-year of work was invested to obtain the assignments in Table 1. 

Let us briefly consider why a few assignments are not given in Table 1. The 
missing sequential connectivities are indicated in Figure 11 and have already been 
discussed. Quite generally, it appears that cont,inuous connectivities across prolyl 
residues can be established only under favourable conditions. Since the chemical 
shifts for Pro8 and Pro13 are not known, it is not clear whether for these two 
residues the absence of NOE connectivities with the neighbouring amino acid 
residues is due to lack of spectral resolution or to other reasons. It is also unclear at 
present. why the amide proton of Gly37 was not observed, but it seems worth noting 
t)hat the amide proton resonance of Gly37 was also missing in BPTI (Wagner & 
Wiit’hrich. 1982). Besides Pro8 and Prol3. the side-chain assignments beyond CDH, 
are also missing for Glu49, where the connectivities wit,h CYHz could not be 
identified unambiguously, and for the three histidyl. the three arginyl and the six 
lysyl residues. For the histidyl residues, the NOE connectivities between the 
sequentially assigned C”H-CPH, fragments and the imidazole ring protons were not 
observed. This was not unexpected, since stereochemical considerations indicat’e 
that this method should work reliably for Phe, Tyr and Trp (Fig. 19), but not 
necessarily for His (Billeter et al., 1982). Intense cross peaks that manifest ,I 
connectivities with C”Hz of Lys and C”H2 of Xrg can be recognized readily. e.g. in 
Figures 1 and 3. However, no special effort was made to obt,ain individual 
assignments for the side-chains of Lys and Arg. 

The exploitation of the resonance assignments in Table 1 for studies of the 
solution conformation of the inhibitor E, structural comparisons with homologous 
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FIG:. IS. Spectral region (WI = 2.2 to 4.1 p.p.m., ~2 = f?d to 7.7 p.p.m.) of’ a 500 MHz ‘H SOES\r 
spectrum recorded in a@007 M solution oftrypsin inhibitor E in *H&j. p2H 3.2 at 5O’C. The mixing timr 
was 100 ms, the digital resolution is 53 Hz/point. and the spectrum was recorded in approx. 2,l h. The 
Figure illustrates how the connectivities between C”H, and the rings were obtained for the aromatit 
side-chains. C”H chemical shifts are indicat,ed on the left. and right. Chrmical shifts for C2.6H of Fht, tind 
Tyr and C2H and C4H of Trp25 are indicated at thr top and at the hottom. 

proteins and investigations of’ correlations between prot,ein conformat~ion and 
n.m.r. parameters, as outlined in the Introduction. is in progress in our laboratory. 
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Bchweizerischer Nationalfonds (project 3.X28.79) and hy a spr&l grant from the 
Eidgenijssische Technische Hochschule. Ziirich. for the purrhase of the .‘,of) MHz 
spectrometer. 

RFFFRFN(‘W 1 1 A 1, 

Anil Kumar. Ernst. R. R. & Wiithrich, K. (l!Mk~). Hio~hrw. Rio&qs. Kes. C’orrrw~c,~. 95. I- 6. 
Anil Kumar. Wagner. G.. kknst. R. R. & Wiithrich. K. (l%Oh). Riochern. Rio&/s. 12~s. 

Coommzrn. 96. I I.563 163. 



‘H N.M.R. ASSIGNMENTS FOR INHIBITOR E 351 

Aue. W. J’., Hnrtholdi. E. &. Ernst. R. R. (1976). J. Chem. P&s. 64, 2229-2246. 
Hax, A. & Freeman. R. (1981). .J. Mugn. Reson. 44, 542-561. 
Hilleter, M.. Rraun. W. & Wiithrich. K. (1982). J. Mol. Biol. 155. 321-346. 
Hundi. A. & Wiithrich. K. (1979). Biopolymrrs. 18, 285-297. 
(lampbell. I. II., Dobson. C. M. & Williams, R. J. P. (1975). E’roc. Roy. Sot. SPT. B. 189, 503 

(Campbell. 1. I).. Dobson. C. 11.. Moore, ($. R., Perkins. S. .J. & Williams. R. J. P. (1976). 

Dubs. A.. Wagner. G. & Wiithrich, K. (1979). Biochim. Biophys. Actn, 577. 177-194. 
Englander. S. W.. Downer. N. W. &L Teitelbaum. H. (1972). Annu. Rrv. Bioche,m. 41. 903 

!)24. 
.Jrenw. ,J.. M&r, B. H.. Hachmann. P. & Ernst. R. R. (l!t79). J. Chrm. J’hy.s. 71, 4546-4553. 
,Joubert. F. J. & Strydom, 1). J. (1978). Eur. 1. Biochem. 87, 191-198. 
Macura. S.. Huang. I”.. Suter, 1). & Ernst. R. R. (1981). ,J. Magn. Rrwn. 43. 259-281. 
Nagayama. K. & Wiithrich. K. (1981). Eur. 1. Biochrm. 114, 365-374. 
Nagayama. K.. Wiithrich. K. & Ernst. R. R. (1979). Biochrm. Biophys. Res. C’ornnwn. 90. 

Nagayama. K.. Anil Kumar. Wiithrich. K. 8 Ernst, R. R. (1980). J. Magn. I&son. 400,32JP 
334. 

Richarz. R.. Sehr. I’., Wagner. G. & Wiithrich. K. (1979). J. Mol. Biol. 130, 19-30. 
Strydom. I). ,J. (1973). ,Wurr AV~u~. Biol. 243. 88-89. 
Strydom. I). ,J. (1976). Eur. J. Biochwn. 69. 169-176. 
Tscheschr, H. (1974). rlrrgrw. Chrmiu. Jnt. Ed. Engl. 13. 10-28. 
LVagner. G. & Wiithrich. K. (1982). 1. Mol. Biol. 155. 347-366. 
Wagner. (i.. DeMarco, A. & Wiithrich. K. (1975). J. Magn. RPson. 20, 565-569. 
Wagrwr. (i., &Marco, A. & Wiithrich. K. (1976). Biophys. Struct. Mrchaz. 2. 339p158. 
Wagner. t:.. Anil Kumar. & Wiithrich. K. (1981). Eur. J. Biochrm.. 114, 375384. 
Wider. (i.. Lee. H. K. & Wtithrieh. K. (1982). 1. Mol. Biol. 155. 367-388. 
Wiit’hrivh, K. (1976). SMR in Biologicnl Rwwch: I’eptidrs and f’rokitts. North-Holland 

I’ublishing (>ompany, Amsterdam. 
Wiithrich. K. & Wagner. (:. (1975). FEBS Lrttrrs. 50. 265268. 
Wiithrich. K. & Wagner. (4. (1979). J. Mol. Biol. 130, l-18. 
Wi.ithrivh. K., Wider. G.. Wagner. (G. 8: Hraun. W. (1982). .J. Mol. Biol. 155. 311~-319. 

Edited by V. Luzznti 


