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Amino acid type-selective triple-resonance experiments can be
of great help for the assignment of protein spectra, since they help
to remove ambiguities in either manual or automated assignment
procedures. Here, modified triple-resonance experiments that
yield amino acid type-selective ‘H-"N correlations are presented.
They are based on novel coherence transfer schemes, the MUSIC
pulse sequence elements, that replace the initial INEPT transfer
and are selective for XH, or XH; (X can be **N or **C). The desired
amino acid type is thereby selected based on the topology of the
side chain. Experiments for Gly (G-HSQC); Ala (A-HSQC); Thr,
Val, lle, and Ala (TAVI-HSQC); Thr and Ala (TA-HSQC), as well
as Asn and GIn (N-HSQC and QN-HSQC), are described. The new
experiments are recorded as two-dimensional experiments and
therefore need only small amounts of spectrometer time. The
performance of the experiments is demonstrated with the appli-
cation to two protein domains.
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INTRODUCTION

(9), CBCANNH (or HNCACB) (10, 11, and CC(CO)NNH-
TOCSY (12, 13. Based on these spectra, spin systems
amino acids are linked together to subsequences and tt
matched to the protein sequence to obtain the sequence-spe
assignment. Usually this is done by identifying amino acid
using their C/C? chemical shifts. In addition, the amino acid
types can be distinguished via the topology of the side chai
This is the strategy presented here and amino acids types
conveniently detected by creating selective “fingerprints”, i.e
by recording amino acid type-selective—"°N correlations.
Schemes for obtaining amino acid type-selective spect
have already been proposed. They achieve the selection eit
by using a selective pulse$4—18 or by exploiting the num-
ber of coupling partners with an appropriate tuning of delay
(19-33. Here, a set of 12 new pulse sequences is present
that result in amino acid type-selectivel—°N correlations.
The new sequences are based on the selection of cohere
order via multiple quantum filters and offer a superior suppre:
sion of unwanted signals. Sequences are designed to iden
the residue type itself as well as residues in the+( 1)

For the investigation of structure and dynamics of proteisition.
by NMR a sequence-specific assignment of the resonances of

all NMR-active nuclei is a prerequisite. This crucial step has

RESULTS

been facilitated by the introduction of triple-resonance exper-

iments (1, 2) that allow for an assignment of resonances from The new experiments all select the signals of the desire
proteins with a molecular weight of less than 20 kDa in @mino acid types based on the topology of the side chain. T
straightforward manner. These techniques yield spectra witBw of magnetization that is required to detect certain amin
high sensitivity and good intrinsic resolution and use magn@cid types with the new sequences is depicted in Fig. 1. T
tization pathways that are independent of the three-dimensioiftial step is the selection of a particular group (NKH,, or
structure of the protein. Therefore, the corresponding specfrhls) With MUSIC (multiplicity selective in-phase coherence
are supposed to be ideally suited for an automation of tH@nsfer) 84, 35. After the selection the magnetization is
assignment procedur8<8). Independent of whether the asiransferred along the side chain to thé. rom there it is
signment is done manually or in an automated fashion, tHlayed either via the carbonyl carbon to thet( 1) nitrogen
starting point will usually be @°N-HSQC spectrum, which or directly to both nitrogens coupled to thé @ ori + 1). The
contains a “fingerprint” of the protein, i.e., a pair dH( **N) signal is finally detected on the amide proton.

frequencies for each residue. These frequencies also occur ifhe MUSIC pulse sequence elements have recently be
those three-dimensional triple-resonance spectra that are cfi¢posed 34, 33: they are based on the phase-shifted DEP

monly used for backbone assignment, i.e., CBCA(CO)NN$6) and the POMMIE sequenc8{, 3§ and accomplish an
in-phase transfer of magnetization for eithéd, or XH; (X

15 13 H H
1 To whom correspondence should be addressed. F42:30-51551-235. €an be™N or ~“C). The sequences used here are shown in Fi
E-mail: schmieder@fmp-berlin.de. 2 together with the relevant coherence transfer pathways f
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FIG. 1.
by the new experiments. First a particular group (NEH,, or CH;, indicated

by the hatched rectangle) is selected with the MUSIC sequence. From there tR¢

magnetization is transferred along the side chain to theatbon and finally

to the amide proton, as indicated by the thick lines. The two types of pulse

sequences differ in the transfer from th& G the nitrogen. In the left column
the flow of magnetization in theé (- 1)-HSQCs is depicted from the*@o the

Schematic representation of the magnetization pathway selected

35

pletely removed, beside a generally better suppression of al
facts.

Since all triple-resonance experiments begin and end with
coherence transfer from and to protons, MUSIC can be impls
mented in a variety of techniques replacing the INEPT step
the beginning or at the end. An advantage of the new sequen
is the superior selection that can be obtained by separati
coherence orders, rather than adjusting delays to the size
coupling constants. The latter approach will lead to signa
from other amino acids if the coupling constants differ in the
various amino acids. The multiple quantum filters used here &
also combined with the use of selective pulses that can furth
help to differentiate between types of amino acids based
characteristic carbon chemical shifts. Another advantage col

by b,
1HJA|—|AI_IA:
1 0

X
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carbonyl and then to the nitrogen and amide proton. The right column repre-

sents thei( i + 1)-HSQCs, where the magnetization flows from the ©
either the nitrogen of the same amino acid or that of the (1) neighbor.

protons; the coherence pathway for carbon is trivial and ha:
been omitted for the sake of clarity. The suppression of un= 3
wanted multiplicities is based on the creation of multiple
guantum coherence and their selection by phase cycling, i.e.,

by using a multiple quantum filter. Two types of phase cycle

may be employed, selecting eithéH, or XH; via a double or

a triple quantum filter, respectively. Alternatively pulsed fielthe sake of clarity. The phase cycle for the selectioXldf is: ¢, = 0°, ¢,

+3
+2
+1

—A :

-2
-3

FIG. 2. Pulse sequence and coherence pathway diagram for the MUS
step used here. The coherence pathway for carbon is trivial and is omitted |

gradients could be used for coherence selection but wodki. 135°, 225°, 315%,., = 0°, 180°; for the selection okH; it is: ¢, =0°,

create longer pulse sequences with reduced sensitivity. Pla

three gradients of equal length and sign in the three delays,

C‘fﬁ = 30°, 90°, 150°, 210°, 270°, 3304, = 0°, 180°. This phase cycle can

bée)s%ombined with the conventional phase cycling used in the standard tripl
onance experiments. The delays &re 5.5 ms for NH andA = 3.6 ms

the MUSIC sequence, however, results in an increased perf@fcH,,. To further improve the performance of sequences three gradients
mance. Spurious signals from “wrong” amino acids are coragual sign and strength are implemented in each of the three delays.
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FIG. 3. Pulse sequences of the new amino acid type-selettiv&N correlations. The pulse sequences yield spectra for Gly (a and c), Ala, Thr, lle,
Val (b and d), and Asn and GlIn (e and f). Pulses of 90° and 180° are represented by thin black filled and thick unfilled bars, respectively. The iater-
90° 'H flip-back pulse is represented by a striped thick bar; a hatched thin bar stands for a 90° flijHmdke at the end of théH-decoupling sequence.
Magnetic field gradients as well as shaped 1800 pulses are represented by sine shapes. Pulses applied 3 thEC**, or *CO resonance frequencies
were adjusted to provide a null at the correspondi@p or *C* frequencies. The squaléC* 90° and 180° pulses were set to 54 andu48 respectively. The
square™®C*“# 90° and 180° pulses were set to 49 andu# respectively. The squalqCO 90° and 180° pulses were set to 54 and 88respectively. The
shaped 180%CO were applied as G3 Gaussian casc&f} With a duration of 256us. In the Thr/Ala experiments (b) and (d) the striped thick bar with ar
asterix stands for a band-selective 180° REBURP puidg 4t 68.5 ppm with a duration of 1024s, while this pulse was applied as a normal square 180
pulse in all the other experiments. Unless indicated otherwise, pulses are applied withxpRas®n hard pulses were applied with 25 kHz field strength
WALTZ-16 (52) of 'H spins was achieved using a field strength of 3.1 kHz. The same field strength was used for the subsequent 90*Hliptisek The
water-selective 90° square pulse had a duration of 1 ms. GARP-1 decouiingf (°N was achieved using a field strength of 830 Hz. Water suppression w
obtained using WATERGATE implemented with a 3-9-19 pufs8.(The gradients were applied as a sinusoidal function from#. fbhe carrier frequencies
were centered aH = 4.8 ppm,N = 119.6 ppm,*C* = 55 ppm,”*C*? = 45 ppm, and®*CO = 175 ppm. The following delays were usetk: = 3.5 ms,A, =
5.5ms,A; = 7.0 ms,A, = 13.5 ms,As = 8.0 ms,8, = 4.5 ms,8; = 6.9 ms, 5, = 11.4 ms,8; = 9.3 ms,Ty = 11 ms,7 = 2.25 ms, T = 4.5 ms (except
for the TAVI-experiments wher&; = 3.7 ms),Tc = 4.5 ms. To achieve quadrature detection in the indirect dimension the States-TPPI-States B6toco
was used in all experiments. All spectra were processed using XWINNMR (Bruker AG). (a)}G:J-HSQC. The phase cycling wag; = 16 (x), 16 (—x);
¢, = 2 (45), 2 (135), 2 (225), 2 (315); ¢z = X, —=X; ¢4 = 50°; ¢d5 = X; s = 8 (X), 8 (¥), 8 (=X), 8 (=¥); d7 = =V, ps = =X Prec = 2 (X,

2 (—=x), X), 4 (=X, 2%, —X), 2 (X, 2 (—X), X). States-TPPI phase cycling was appliedptp Gradients had the following duration and strength:=800
s (7 Glem), G = 900 us (28 G/cm), G = 1 ms (21 G/cm). (b) Ad(+ 1)-HSQC (omitting the part in parentheses), TAVI 1)-HSQC (including the
part in parentheses and using a nordi@l*® 180° pulse (*)), and TAd(+ 1)-HSQC (including the part in parentheses and using a Prselective 180°
REBURP pulse (*) at 68.5 ppm).The phase cycling was:= 24 (x), 24 (—x); ¢, = 2 (3C°), 2 (9C), 2 (150), 2 (210), 2 (270), 2 (330); ¢; =
X, =X; ¢4 = 50°% s = X; ds = 12 (X), 12 (y), 12 (—X), 12 (=Y); b7 = —Y; ds = =% drec = 3 (X, 2 (—X), X), 6 (=X, 2 (), —X), 3 (X, 2 (—X),
X). States-TPPI phase cycling was applied to phaseThe gradients had the following duration and strength:=G800 uwms (7 G/cm), G = 800 ums (28
Glcm), G = 1 ms (21 G/cm). (c) Gi(i + 1)-HSQC. The phase cycling wa$; = x, —x; ¢, = 2 (45), 2 (135), 2 (225), 2 (315); ¢5 = 8 (x), 8
(=%); ¢a=4(, 4(), 4(x,4(Y); ds=4(=Y), 4(); &6 = (—X); brec = X, 2 (=X), X, 2 (=X, 2 (X), —X), X, 2 (—X), X. States-TPPI phase
cycling was applied to phasp;. The gradients had the following duration and strength=GL ms (7 G/cm), G = 800 us (28 G/cm), G = 1 ms (21 G/cm).
(d) A-(i, i + 1)-HSQC (omitting the part in parentheses), TAVJH( + 1) (including the part in parentheses and using a nofA@il® 180° pulse (*)), and
TA-(i, i + 1)-HSQC (with the part in parentheses and a This€lective 180° REBURP pulse (*) at 68.5 ppm). The phase cycling $as: 24 (x), 24 (—x);
¢, = 2 (30°), 2 (90°), 2 (150), 2 (210), 2 (270), 2 (330); ¢35 = X, =X ¢4 = 12 (X), 12 (y), 12 (=X), 12 (=Y); d5s = —V; P = =X, Prec =

3 (% 2 (—x), X), 6 (—X%, 2 (x), —x), 3 (x, 2 (—x), x). States-TPPI phase cycling was applied to phaselhe gradients had the following duration and
strength: G = 800 us (7 G/cm), G = 800 us (28 G/cm), G = 1 ms (21 G/cm). (e) Ni(+ 1)-HSQC (omitting the part in parentheses) and @N-(
1)-HSQC (including the part in parentheses). The phase cycling was as follgws: 16 (x), 16 (—X); ¢, = 2 (45°), 2 (135), 2(225), 2(315); ¢5 =
310, ¢s = 32 (X), 32 (=X); ¢ps = 50°% ds = X, =X; p7 = 8 (x), 8 (Y), 8 (=X), 8 (=Y); bs = 4 (=¥), 4 (V); o = =X, drec = 2 (X, 2 (—X), X),

4 (=%, 2(X), =x), 2 (X, 2 (—%), X), 2 (—X%, 2 (X), =X), 4 (X, 2 (—X), X), 2 (—x, 2 (X), —X). States-TPPI phase cycling was applied to phaseThe
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pared to some of the other amino-acid-selective sequencesés b N

that the implementation of MUSIC does not lengthen the . .. [ppm]

sequence compared to the standard triple-resonance experi- ': . .

ments. Therefore no loss of intensity due to relaxation is LIt o F110
. . ® 1% ‘ o® J P

observed. The creation of proton double quantum coherence in .t S W Fene

the selection ofXH, is 100% effective and no reduction of ‘. :.‘;, b ° . >t

intensity is visible in those spectra compared to the standarck. ...,°&"::-‘.J. ° .:’: - 120

triple-resonance experiments. The creation of proton triple ee e O ©3 ."

quantum coherence is only 50% effective and the intensity|is T e ,’.,“ °

reduced by a factor of 2 compared to the standard triple- - B 130

resonance experiments. This has been confirmed experimen- *

tally (data not shown). The time required to record the amine- . — ‘ ‘ -

acid-selective correlations with sufficient intensity is therefore

only in the range of some hours. It should be noted that a peak
. . . age . . . . 15 H H H

missing in a less sensitive experiment is a minor problem in the™!G- 4. “N-HSQC of the two protein domains used for the new exper:

. ts. The spectra are given as a comparison for the spectra from the r
context of automated assignment, compared to the prObIemse ]:ctive experiments (Figs. 5 to 7). (a) HSQC of the SAM domain fron

the occurrence of spurious peaks from residues that have @}%BZ, a protein of 83 residues; (b) HSQC of the SH3 domain from spectri
been properly suppressed. a protein of 62 residues.
We present here 12 different pulse sequences. Six of them

represent thei(+ 1) version and the other 6 thé, ( + 1) o . . . .
version of an amino acid type-selectitid—""N correlation. In Chain signals that will show up in thé, (i + 1) experiment.

analogy to the conventional triple-resonance experiments thaeY can easily be identified in a conventional HSQC based

latter experiments will be somewhat less sensitive and ciIgir chemical shift.

potentially contain two signals per residue of which the-(1) Ala
will be weaker. They are applied to two different protein
domains, the SH3 domain from specti@9) and the SAM Alanine-selective experiments are created by implementir

'H [ppm] 'H [ppm]

domain from EphB240, 47). a selection of CHgroups in the CBCA(CO)NNH9) and the
CBCANNH (10). Since alanine is the only amino acid with a
Gly methyl group in the3-position (Fig. 1), it is the only type of

Glycine is the only amino acid that has a methylene group gnino acid whose coherences can pass through the_expenm'
the C* position. The implementation of a Gidelection into the | N€ Pulse sequence of the A-t 1)-HSQC and the Ai(i +
CA(CO)NNH (42) and the CANNH 43) therefore leads to a 1)-HSQC are shown in Figs. 3b and 3d and the spectra in Fic
selection of the Gly side chain (Fig. 2). The pulse sequences5(9f and 5d.
th_e G-({ + 1)-HSQC and Fhe Gi(i + 1)-HSQC are given in Thr, Ala, Val, lle (TAVI)

Figs. 3a and 3c, respectively. The corresponding two-dimen-

sional spectra are shown in Figs. 5a and 5b. A similar patternThe Ala experiment may be extended by a RELAY step. i
as that of Gly may be found in the Asn and GIn side chain witthis case the amino acids that have a methyl group in tt
respect to the CA(CO)NNH experiment and in Arg with rey-position are selected. Those are Thr, Val, and lle (Fig. 1
spect to the CANNH experiment. Since the delay for magn&ignals from alanine will also be present in the spectrum sin
tization transfer from the nitrogen to the amino proton ithe RELAY sequence does not suppress magnetization tha
chosen to be (2, ', the signals involving side chain nitro-not transferred in the final step before the transfer to carbor
gens of Asn and GIn should not show up. The spectra ave nitrogen. These signals can, however, easily be distil
recorded in 90% KD/10% D,O, however, and some signalsguished with the experiment mentioned before. The puls
from the NHD groups in their side chains will be visible. Sinceequence of the TAVIi(+ 1)-HSQC and the TAVIH i +
side chain amide groups are easily distinguished or identifi@gtHSQC are shown in Figs. 3b and 3d and the spectra in Fig
with a separate experimemt4), this will not affect the infor- 6a and 6b. An experiment to select Thr, Val, and lle has be
mation content of the spectra. The same is true for the Arg sipmposed before, utilizing the fact that tBeposition is a CH

gradients had the following duration and strength:=800 us (28 G/cm), G = 1 ms (21 G/cm). (f) N4, i + 1)-HSQC (omitting the part in parentheses)
and QN-(, i + 1)-HSQC (including the part in parentheses). The phase cyclingdas: 16 (x), 16 (—x); ¢, = 2 (45°), 2 (135), 2 (225), 2 (315);

¢3 = 310, ¢y = 32 (x), 32 (—=X); ¢s = X, =X; s = 8 (X), 8 (¥), 8 (=X), 8 (=Y); 7 =4 (=¥), 4 (¥); s = =X, drec = 2 (X, 2 (=X), X), 4 (=X,
2(X), =%X), 2 (X, 2 (—%), X), 2 (=X, 2 (X), =X), 4 (X, 2 (—X), X), 2 (—X, 2 (x), —x). States-TPPI phase cycling was applied to phiselhe gradients
had the following duration and strength; & 800 us (7 G/cm), G = 800 us (28 G/cm), G = 1 ms (21 G/cm).
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FIG. 5. Amino acid type-selectivéH-""N correlations of the SAM domain from EphB2. (a) The iGH 1)-HSQC was acquired in 25 min using 8 scans
per complex point. The SAM domain contains three glycines which results in three strong signals from sequential neighbors of Gly. Weak sigraksitom
and GIn are present, which are due to NDH groups (see text). (b) TheiG-(1)-HSQC was acquired in 50 min using 16 scans per complex point. In additic
to the three signals of the Gly residues the sequential neighbors are also present with weak intensity. They are marked with small rectarigfegedkg N
also appear in the spectrum (see text). These peaks are weaker and distorted sintés A i the chemical shift range covered by the semiselective pulse
(c)/(d) The A-{ + 1)-HSQC and the A( i + 1)-HSQC were acquiredi2 h 15 mineach using 48 scans per complex point. The SAM domain contains fi\
alanines. In thei(+ 1) experiment (c) the expected five signals from sequential neighbors of Ala are presenti)m thel§ experiment (d) all five Ala residues
show strong signals while two weak signals result from amino acids inithe 1) position of the alanine residues. They are marked with small rectangle:

(27). As already pointed out, the new experiment is cleananagnetization from the Cto the carbonyl or the nitrogen in
since the selection via coherence order is less sensitivetie ( + 1) and {, i + 1) sequence, respectively. At the

variations in the size of the coupling constant. beginning of that delay, the magnetization of Thr, Val, and Il
has just been transferred td @nd the € is anti-phase with
Thr, Ala (TA) respect to the € The Thr-C chemical shifts are similar to

The TAVI sequence can be modified using a selective pulti®se of thex-carbons and a selective pulse affecting only thi
to distinguish Thr and Ala from Val and lle. This pulse reregion will prevent the creation of detectable magnetization ft
places the semiselective pulse in the delay for the transfer\til and lle since the coupling from the’@ the C' cannot be
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FIG. 6. Amino acid type-selectivéH-""N correlations of the SAM domain from EphB2. (a) The TAVI-{ 1)-HSQC was acquirechi2 h 15 minusing
48 scans per complex point. (b) The TAMI-{ + 1)-HSQC was acquiredhi4 h 30 minusing 96 scans per complex point. (c) The TiAK 1)-HSQC was
acquired n 2 h 15 minusing 48 scans per complex point. (d) The TiAi(+ 1)-HSQC was acquireahi4 h 30 minusing 96 scans per complex point. The SAM
domain contains 7 threonines, 6 isoleucines, and 6 valines. In the TIAYI4)-HSQC (a) all 18 expected signals appear (only 5 lle can appear since lle-4 |
a proline as a sequential neighbor). The 7 sequential neighbors of Thr are marked with thick rectangles. Five sequential neighbors of Ala atsarlegzpeal
with thin rectangles) but can easily be identified using the A-(1)-HSQC (Fig. 5c). In the TAVI4( i + 1)-HSQC (b) signals from all 7 Thr are marked with
thick dark rectangles; all signals from Val and lle except that of 166 are also visible. Again signals from alanine appear (marked with thiclafighegetiat
can easily be identified (Fig. 5d). In the TA-¢ 1)-HSQC (c) signals from sequential neighbors of all 7 Thr and all 5 Ala (marked with rectangles) are pres
while signals from lle and Val are suppressed. Finally, in the TA-(+ 1)-HSQC (d) again all Thr and all Ala signals (marked with thick light rectangles
are visible. The rest of the signals are signals from sequential neighbors of Ala or Thr and can be identified by comparison with thel FJN$QC. The
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(i + 1) peaks are marked with thin rectangles.

refocused. In alanine the magnetization is already transferssin, Gin
to the C' and the coupling already refocused at the beginning

of that delay. Thus the selective pulse will only prevents loss of MUSIC can also be used to select Ngroups. In combi-
intensity due to the evolution of coupling to thé.The pulse nation with a transfer to the carbonyl carbon this yields
selection of Asn and GIn3d). From the carbonyl carbon the
1)-HSQC are also shown in Figs. 3b and 3d and the resultintagnetization can then be transferred to tht &@d then

sequences of the TA-(+ 1)-HSQC and the TAi#( i +

spectra in Figs. 6¢ and 6d.

further as described above to yieidf 1) or (i, i + 1) spectra
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FIG. 7. Amino acid type-selectivéH-""N correlations of the SH3 domain from spectrin. The SH3 domain contains three asparagines and two glutar
(a) The N-{ + 1)-HSQC was acquireahi3 h using 64 scans per complex point. All three expected signals are visible. (b) The N-{)-HSQC was acquired
in 4 h 30 minusing 96 scans per complex point and contains all three Asn residues. The other peak marked with a rectangle is a signal from K39, i.e.,
from a sequential neighbor. (c) The QN-{ 1)-HSQC was acquirechi4 h 30 minusing 96 scans per complex point. It contains the five possible signals; t
three signals from Asn are marked with rectangles. (d) The QN-{t 1)-HSQC was acquireai6 h using 128 scans per complex point and contains only th
two signals from GIn. Signals from Asn are too weak to be detectable.

(Fig. 2). In the case of Asn this takes a simple COSY step; deuterated. In that case the delays to transfer the magnetizat
the case of the GIn an additional RELAY step is necessaglong the side chain can be extended to the full length «
Signals from Asn will also show up in the GIn experiment, bu2J.c) * since almost no loss of intensity due to relaxation wil
since the experiment is optimized for GIn their intensity can lmccur and a more efficient transfer via the carbon—carbc
close to zero (see Fig. 7d). The pulse sequences of thietN-( couplings is possible.

1)-HSQC, the N+ i + 1)-HSQC, the NQ-4( + 1)-HSQC, The delays used for the transfer of magnetization in all of th
and the NQ-{, i + 1)-HSQC are shown in Figs. 3e and 3fnew sequences were optimized using the delays from t
They are in part similar to the HN(COCA)CBI®) and the standard experiments as a starting point. The situation in t
HN(COCACB)CG @6) sequences. The spectra are shown gelective experiments is, however, different from that in th
Figs. 7a to 7d. Note that sequences which select bitdups standard experiments. The signal that is finally detected do
will also be applicable in situations where the protein has beant result from all protons of the amino acid. Only magneti
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zation from protons selected by the MUSIC sequence is traid} other spectra were recorded in an identical way but with 6
ferred along the side chain. In the standard sequences del@ysx 512 (t,) complex points. The data were processed usin
are often tuned to @) * to account for the fact that anti- a squared sine bell shifted by 90° as a window function in bot
phase magnetization has to be refocused while in-phase mdigrensions. The™N t, interferograms were quadrupled in
netization should not be defocused during the same delay. Tlesgth by linear prediction using XWINNMR, except for the
restriction does not apply for most of the delays in the nespectrum of the SAM domain. The final spectrum had a size
pulse sequences presented here and delays can usualpBiz(,) X 1024 {,) real points.
chosen to be longer than J4&) *. Only the delayTy in the
TAVI experiment has the standard value, since otherwise the
passive coupling of the'Qo the other Cin Val and lle would
reduce the intensity. In the other sequences a lohgeeduces Support from the Forschungsinstittit Molekulare Pharmakologie is grate-
the intensities of those peaks already identified in other speatng acknowledged. Mario Schubert is supported by the DFG Graduiertenko
(Ala in the TA-HSQCs and Asn in NQ-HSQCs)_ leg GRK 80 “Modellstudien.” Peter Schmieder thanks the Fonds der chemi
If the delays are chosen to be Ionger, however, loss duectign Industrie for a fellowship (Liebig Li 150/9 SZ). The authors thank

. . R o Ifgang Bermel and Riliger Winter for helpful discussions and the assign-
relaxation can occur. The delays givenin Flg' 3 were Optlmlz%&gnt of the SH3 domain and Martina Leidert for the preparation of the SH

eXperimen_ta”y Us_ing two protein domains Qf 62 (SH3) and 83mple. The work was supported by a grant of the BMBF (01 GG 981:
(SAM) amino acids and are longer than in the standard Sesitprojekt “Proteinstrukturfabrik”).

quences. For larger proteins is might be necessary to reduce the
length of the delays back to the original values.
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