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Abstract

A novel variant of the'3C/*®N w, half-filter experiment is reported for studying the hydration of an unlabelled
ligand bound to &°N and?3C uniformly labelled biological macromolecule. This doubly tuned filter experiment
represents a powerful tool for obtaining resonance assignments, structure determination and hydration properties
of a ligand. Its application to the binary complex formed by the inserted-domain (I-domain) of the leukocyte
function-associated antigen-1 (LFA-1) with a ligand reveals the presencgbifitdlecules at the binding interface.

Introduction inhibitor with improved binding affinity. Thus, a better
understanding of the structural and dynamic properties
Water plays a pivotal role in the protein-ligand, of water molecules at the binding interface provide
protein-DNA and protein-protein recognition mecha- important information for the purpose of drug design.
nism. Several structural studies based on X-ray and  Recently, NMR spectroscopy has emerged as a po-
NMR spectroscopy have identified water molecules at tent technique for the identification of,® molecules
the interfaces of macromolecular complexes (Chup- bound to the interior of biological macromolecules in
rina et al., 1993; Qian et al., 1993; Bath et al., 1994; solution (Otting et al., 1989a, 1991; Clore et al., 1990;
Clore et al.,, 1994; Braden et al., 1995). The con- Grzesiek and Bax, 1993; Kriwacki et al., 1993; Mori
tribution of the displacement and/or burial of these etal., 1994, 1996; Dalvit and Hommel, 1995; D6tsch
H>0 molecules to the thermodynamic and energetic and Wider, 1995; Otting and Liepinsh, 1995; Birli-
ligand-protein assembly has been the subject of recentrakis et al., 1996; Béckmann and Guittet, 1996; Dalvit,
theoretical investigations. The entropically favourable 1996; Wider et al., 1996; Hwang et al. 1997). We pro-
liberation of water from an hydrophobic cavity is as- pose here a variant of tHC/A°N w, half-filter NMR
sociated with enthalpically unfavourable effects deriv- experiment which allows sensitive measurement of the
ing from the breaking of HO-H,O and protein-HO hydration of an unlabelled ligand complexed with a
bonds (Renzoni et al., 1997). Therefore, there is a bal- 1°N and/or'3C uniformly labelled biological macro-
ance between the compensatory effects of entropy andmolecule. Application of this technique to the binary
enthalpy. However, recently it has been demonstrated complex formed by the inserted-domain (I domain)
that for weakly hydrogen-bonded water molecules in of the leukocyte function-associated antigen (LFA-
crevices on the protein surface the water displacement1) with a low molecular weight ligand reveals the
may well be accompanied by an entropy loss (Denisov presence of KO molecules at the binding interface.
etal., 1997). Implementation of this new variant of tA8C/2°N w,

A rational design of the ligand aimed at optimizing half-filter scheme into 2D and 3D experiments allows
the favourable enthalpy of # molecules at the in-  one, similar to other filter experiments published in the
terface between receptor and ligand can yield a novel literature, to obtain resonance assignments and to de-
termine the 3D structure of an unlabelled ligand bound
*To whom correspondence should be addressed. to a13C/15N labelled protein dissolved in4O.
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Figure 1. A, B. Pulse sequences of two differelC/A°N w5 half-filter schemes and their incorporation in the ePHOGSY-NOE (C), TOCSY
(D) and NOESY (E) experiments. Narrow and wide bars correspond®@®@ 180 hard pulses, respectively. The twa® selective 189
pulses of the detection scheme are either rectangular or strongly truncated Gaussian pulses for better selectivdysdleetide 180 pulse

in (C) is a Gaussian pulse of length 30-50 ms. This pulse is flanked by two gradigifseGual sign and strength. The delyis equal to

the length of the gradient plus a gradient recovery time, but, if necessary, it can be set to longer valgefdtésing out the broad signals
resonating at the $ chemical shift. The phases are in (AB) = (X, =y, =X, ¥); d2 = (=X, ¥, X, =Y); ¢3 = 8(X), 8(—X); ¢4 = 4(X), 4(—X);

d5 = 16(x), 16€-X); drec= (X, =x); In (C) ¢1 = 4(X), 4(=y), 4(=x), 4(y); b2 = 4(—x), 4(y), 4(x), 4CY); 3 = 32 (x), 32(-X); b4 = 16(X),
16(=x); d5 = 64(x), 64X); dg = (X, =Y, =X, ¥); drec = 2(X, —x), 2(=X, X); in (D,E) ¢1 = 2(x), 2(=y), 2(=X), 2(y); 2 = 2(=X), 2(y),

2(x), 2(=y); d3 = 16(x), 16(X); dg = 8(X), 8(—X); d5 = 32(X), 32EX); de = (X, —X); drec = (X, —X, —X, X). The phases of the other pulses
are x unless otherwise indicated. If the seconl 8N pulse is applied this is also phase cycled and —x. Quadrature detection in the t
dimension is obtained by changig in (D,E) in the regular TPPI manner (Marion and Withrich, 1983). The length of i@xd¢lective 180
pulses, the length of the gradients plus the gradient recovery time and the different delays are chosen for optimal minimization of Equation 1
and for suppression 8PN-bound proton resonances. The fra 90° pulse is applied 5.3-5.4 ms after tHd 90° pulse. The secontPN 90°

pulse which is optional is set at a delay of 5.3-5.4 ms after the first Yiathard pulse. The delays is equal to the length of the PFG plus the
gradient recovery time. The use of the 3RC 90Ppulse immediately before acquisition is discussed in the text. If only suppression of protons
bound to'3C nuclei is desired it is sufficient to remove thN pulses. Furthermore the delay + to (and consequentlyz + t4) can be set

to a shorter value. The gradient @ (C) and (E) is a weak rectangular PFGs applied for the entire length of the mixing imEhis PFG is
followed by a gradient recovery time of typically 1 ms before application of the heao pulse. A weak bipolar PFG is applied during the
evolution period £ (Sklerar, 1995) in (D) and (E). The deldyin (D) corresponds to the length of the gradientsgus a gradient recovery
time of 100-20Qus.

Materials and methods compound. The molar ratio of the protein-ligand was
1:1. The affinity of the ligand for the protein is in the
The system chosen for application of the novel tech- low micromolar range. This is judged on the pres-
nigue is represented by an aqueous solution of aence of intermediate exchange phenomena observed
protein-ligand complex. The concentration of the for protein resonances affected by ligand binding. All
complex was 0.6 mM. The sample is in phosphate experiments have been recorded at 296 K with a
buffered saline (PBS), pH 7.0, and contains 10 mM 600 MHz spectrometer comprising a Bruker actively
MgSQy. The!3C and'®N uniformly labelled protein  shielded magnet and an Avance Bruker console. The
is the | domain of LFA-1 consisting of 188 amino gradients were generated with an ACCUSTARunit
acids. The ligand is a low molecular weight synthetic connected to a 5 mm triple-resonance inverse probe.
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Results and discussion

Several versions of thE€®C/A°N w, half-filter experi- glycerol
ment have been proposed in the literature (Otting and EtOH
Wiithrich, 1989b, 1990; Wider et al., 1990; Gem- )/

mecker et al., 1992; Ikura and Bax, 1992; Petros et
al.,, 1992; Lee et al., 1993, 1994; Bax et al., 1994,
Folmer et al., 1995; Ogura et al., 1996; Zwahlen
et al., 1997). A novel variant of this type of exper-
iments for recording spectra in aqueous solutions is
shown in Figures 1A and 1B. The detection scheme
is based on the excitation sculpting sequence (Hwang
and Shaka, 1995). The pulse sequence achieves effi- b
cient simultaneous suppression of thgHsignal and

of the resonances of protons boundie and'®N nu-

clei. The purging is obtained by conversion of proton
heteronuclear antiphase magnetization to heteronu-
clear Multiple-Quantum (MQ) coherence (Kogler et
al., 1983). The combination of gradients dephases c
completely the magnetization which has followed this
coherence pathway (Keeler et al., 1994) and conse-
d

guently is not visible. The amount of residual in-phase
and anti-phase magnetization of a proton | bound
to 13C (S) at the end of the scheme of Figure 1 is
proportional to:

T T T T T T T T T T T T
Iy o coSTJisT1 COST Jis (T3 — To) COSTJis(Ts — T4) 80 55 50 45 40 35 30 25 20 15 10 ppm
(1) Figure 2. One-dimensionat3C/A5N «, half-filter reference spec-
. trum (a) and ePHOGSY spectrum (b) recorded with the schemes
21, S; o cosmJisT1 COSTJis(T3—T12) SinTJis(t5—14) of Figure 1A and Figure 1C (with filter A), respectively. (c)
(2) Cross-section taken at the,8 w1 frequency from the 2B3°N and

, i 13¢C w5 half-filter NOESY experiment recorded with the scheme of
where Js is the heteronuclear one bond coupling con- Figure 1E (with filter A). The sample is a 0.6 mM aqueous solution

stant and the different delays are depicted in Figure 1. (5% D;0) of the3C, 1°N labelled LFA-1 protein complexed with
Suppression of thé3c-bound proton signals is per- @ low molecular weight synthetic compound. (d) One-dimensional

f d ding to E ti 1 and 2. b | ePHOGSY-NOE spectrum recorded for the ligand alone dissolved in
ormed, according to Equations 1 and 2, by Properly pgg a total of 64 (a), 8192 (b), 30400 (c) and 4096 (d) scans were

tuning the length of the delaysg and (3 — t2). recorded. The length of the twooB selective rectangular 180
The former is set equal to 1A% ) and the latter ~ pulses was 4.4 ms in all experiments. The length of the figd H
to 1/(21‘],CH) where 1JCH and 1‘],CH are two differ- selective 180 pulse in (b) was 36 ms. The gradients &hd & and

. the gradient recovery time were 800 and 209long, respectively.
ent one bond heteronuclear coupling constants. The o delayty, T2, 13, t4 ands were 2.9 ms (2.8 ms in A), 2.5 ms,

dispersive anti-phase term of Equation 2 is smaller 6.39 ms, 1Qus, 1 ms, respectively. Note that with this combination
compared to the in-phase term of Equation 1 be- of PFGs, value ofc; tuned to theldcy of aromatic protons and

cause the de|ayt§ N t4) is short. Nevertheless. this length of HO selective 180 pulses, the suppression of aliphatic
) ’ protons is achieved withs almost equal to O in agreement with

heteronuclear anti.-phase magnetizqtion can be madecqyation 1. Ifinstead the value of is tuned to thé Jcp of aliphatic
unobservable by simply applying a third"9&C pulse protons then the suppression of aromatic protons is achieved with a
after-cs and |mmed|ate|y before the acquisition period longert4. The length of the mixing time in (b—d) was 200 ms and

: : : : the repetition time was 2.25s. Similar results were obtained with
as dEpICted in Figure 1. The delayl(+ tz) which tm = 100 ms. The gradientsGand &G had sine-shape and the

is equal to the length of the PFG plus the gradient gragient G had a rectangular shape. The gradient strength for G
recovery time and plus the length of the®iselective Gc, G; and G was about 7, 0.2, 6, 16 G/cm, respectively. The

180° pulse is set to 1/(121NH) (% 54 ms) for sup- digital resolution in (b) and (c) is 1 and 7 Hz per point, respectively.
pression of the'>N-bound proton signals. The @ The asterisk in (a) indicates an impurity of the ligand.

selective 180 pulses are rectangular or strongly trun-

cated Gaussian pulses of typical length 4 to 4.4 ms.
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perimental parameters are the same as described in Figure 2b. Note
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Figure 3. One-dimensionat3C/A°N w; half-filter ePHOGSY NOE /-/
spectra recorded with the scheme of Figure 1C (with filter A). The & 6
ixi 1 i 1 - T T T T T T I T T T
length of the mixing time is indicated on the spectra. All other ex 55 50 45 4.0 3"?: 30 25 20 15 1.0 ppm
2

the complete absence of artefacts in the spectrum recorded with the
shortest mixing time. Figure 5. Two-dimensiona3C/A5N w5 half-filter TOCSY (upper
trace) and NOESY (lower trace) spectra recorded for the binary
complex with the pulse sequence of Figure 1D and 1E (with filter
A), respectively. A total of 64 scans (upper trace) with repetition
time 1.14 s and 128 scans (lower trace) with repetition time 1.54 s
were recorded for each of the 320 ihcrements. The number of
points for p was 2048. The spectral width isy andw, was 12 ppm.

The data were multiplied with a cosine window function prior to
Fourier transformation. The lengths of the WALTZ-16 (Shaka et
al., 1983) isotropic mixing period and of the mixing period of the
NOESY were 38 and 102 ms, respectively. The parameters for the
filter are the same as described in Figure 2.

The selectivity of these pulses is sufficient and reso-

° nances very close to the;B signal can be observed.
Computer simulations indicate that for example the
OH OH use of a 4.4 ms rectangular 8pulse yields signal
W attenuation of more than 50% in a narrow bandwidth
of only £114 Hz centered at theJ® frequency. The
— \ . ; : ‘ suppression of multiple solvent signals is also possible
11.0 10.5 10.0 9.5 9.0 8.5 ppm

with the schemes of Figure 1 by simply replacing the
Figure 4. A section of the amide spectral region extracted from 1D H,O soft 180 pulse with a soft 180shifted laminar

ePHOGSY NOE spectra recorded with (a) and without'fi@™5N Ise havina excitation at the different solvent sianal
wy half-filter scheme. The mixing time was 202 ms in both ex- pulse having excitation at the different solvent s gna

periments. All the other experimental parameters are the same asfrequenc'e% S . )
described in Figure 2b. The two peaks in (a) originating from chem- When high selectivity is not required, the purging

ical exchange between OH protons of the protein an® Hre sequence of Figure 1B can also be used. The? 180
labelled. H,0 selective pulses are stronger and the total dura-
tion of the scheme is 2—3 ms shorter compared to the
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a @ respectively, for the assignment and structure determi-
. |2 Wz 5] 6t1 | nation of a Iiggnd bqund to a protein. '
° The one-dimensional spectrum recorded for the bi-
184 n’ A nary complex!3C/A5N LFA-1-ligand with the pulse
s B sequence of Figure 1A is shown in Figure 2a. The
™ | broad resonances observed in this spectrum origi-
PFG N AN o nate mostly from the protons of the ligand and from
Gs G3 G G the OH protons of the protein. However, due to the
non-complete3C labelling of the protein (95%°C
labelling), some very weak protefC-bound proton
b @ signals are also observed. In addition, all the sharp
1y | % - ] "m resonances originating from traces of ethanol, glyc-
o erol and another impurity presentin the ligand solution
18 ’ A are also observed in this spectrum. The linewidth of
is D, B the ligand CH resonances is of the same magnitude
™ | (FWHH = 25-30 Hz) as the linewidth of the protein
PFG Ia) N CHgs resonances and no multiplet fine structure can be
Ga G T Go

Figure 6. Pulse sequences for the 2EPCASN w, half-filter
NOESY with al3C w1 filter (a) and with al3C/A®N w4 filter (b).
Narrow and wide bars correspond to°98nd 180 hard pulses,
respectively. The delays and t7 are equal to 3.4 and 2 ms, re-
spectively. The phases afg = (X, —X); ¢7 = 64(X), 64(X); ¢g

= 128(x), 128¢x). If necessary a z-filter can be used also in (b).

resolved. This indicates that the ligand forms a tight
complex with the protein. The same spectral region of
the experiment recorded with the scheme of Figure 1C
and 1E (cross section taken at theHw; frequency)

are shown in Figure 2b and 2c, respectively. These
two spectra are almost identical, indicating that the

All other phases are the same as described in Figure 1E. For the two experiments provide the same results. The small

experimental parameter of the box A or B see Figure 1. Quadrature

detection in 1 is obtained with the TPPI method.

scheme of Figure 1A. Th&°N 9C° pulse is moved

differences are simply due to the different digital res-
olution of the two spectra. The only real difference is
the superior sensitivity of the ePHOGSY experiment.
This is easily explained by the fact that the desired

between the second and third PFG and an additional H2O-ligand NOE signals are recorded in every scan
15\ 180 pulse is applied simultaneously to the first of the ePHOGSY experiment whereas these signals
1H hard 180 pulse (Ikura and Bax, 1992). The delay are detected in only half of the total number of scans

(11 + 12 + 1) is set equal to 1/@\n) (= 5.4 ms) for
suppression of thé°N-bound proton signals. In our

of the 2D NOESY experiment. The one-dimensional
ePHOGSY-NOE experiment recorded for the ligand

experience this scheme does not provide the same ex-alone is shown in Figure 2d. The resonances in Fig-
cellent!>N-H resonance suppression as the scheme ofures 2b, 2c located downfield from,8 originate

Figure 1A. Thisis probably due to imperfections of the

mostly from chemical exchange betweesHand the

15N 180 pulse. Nevertheless, this scheme representshydroxyl protons of serine and threonine residues. It
an alternative to the scheme of Figure 1A and can be is noteworthy that although these resonances are close

applied in the 2D and 3D versions of th&C/*°N w;
half-filter experiment.

Implementation of the schemes of Figure 1A and
Figure 1B in the one-dimensional ePHOGSY exper-
iment (Dalvit and Hommel, 1995; Dalvit, 1996)
is shown in Figure 1C. This experiment selects
only the water magnetization transferred to the unla-
belled ligand via cross-relaxation and/or chemical ex-

to the KO signal they can be easily observed. The
intermolecular NOEs betweerp® and the molecules
ethanol and glycerol which do not interact with the
protein are negatives( > 0). These NOEs are due
predominantly to a relay process via the OH protons.
On the contrary, the NOEs between® and several
protons of the ligand are negative (> 0) for the
ligand solution (Figure 2d) and are positive & 0)

change. Extension of this scheme to two-dimensions for the binary complex solution (Figures 2b and 2c).

is straightforward as shown previously (Dalvit, 1996).
Finally, Figure 1D and 1E show the insertion of the
filter in the 2D TOCSY and NOESY experiments,

Figures 3a—d show four one-dimensio3C/°N wy
half-filter ePHOGSY spectra recorded with different
mixing times. The NOEs between,B and ligand
are observed even at short mixing times indicating
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Figure 7. An expanded region of the 2BPC/A5N v, half-filter NOESY spectra without (a) and with (b]3C w filter. The experiments have

been recorded for the binary complex with the pulse sequences of Figures 1E and 6a, respectively. The filter A was used for both experiments.

A total of 128 scans with a repetition time 1.54 s were recorded for each of thq &réments. In (b) the delay/2, the first two gradients
and their gradient recovery time were 1.7, 0.5 and 0.2 ms long, respectively. All other parameters are the same as described in Figure 5.

that these effects are not due to spin diffusion, but
represent direct interactions betweeaHand lig-
and. Thel®C/AN w; half-filter ePHOGSY spectrum
recorded with a very short mixing time does not have
any signal. This is an important finding which demon-

strates that the ePHOGSY spectra do not contain any .. A

of those artefacts originating from the effect of radia-
tion damping and/or demagnetizing field (Sobol et al.,
1998).

The positive intermolecular NOEs between®
and protons of the ligand when complexed to the
protein can be explained with the presence of water
molecules at the interface between protein and lig-
and. The lifetime of this bound 0 has to be longer
than~1 ns (Otting et al., 1991). Our studies indi-
cate that several protons of the ligand are close in
space to these # molecules. Some of these pro-
tons belong to the hydrophobic moiety of the ligand.
Preliminary structural inspection of the protein-ligand
complex excludes the possibility that the observed
NOEs stem from a relay process via OH protons of
either protein or ligand. A detailed structural analysis
of these interactions must await the full structure deter-
mination of the protein-ligand complex. In addition to
the 13C-bound proton resonance suppression the filter
achieves also excelleh®N-bound proton resonances
suppression. This can be appreciated in Figure 4 whic
shows a section of the amide spectral region extracte
from ePHOGSY spectra recorded with (a) and with-
out (b) 13C/A5N wy half-filter scheme. All the NH

a
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D,
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Figure 8. Pulse sequences for the 2D (a) and 3D ¥BL v edited
and13C /15N half-filter (in the acquisition dimension) experiment.
Narrow and wide bars correspond to°98nd 180 hard pulses,
respectively. The delay/2 is equal to 1.7 ms. The phases agg

= 64(x), 646X); d7 = (X, —X); drec = 16(x, =X, —X, X), 16(=X,

X, X, —X). All other phases are the same as described in Figure 1E.
Quadrature detection ip {a, b) and4 (b) is obtained with the TPPI

or States-TPPI (Marion et al., 1989) method.

resonances visible in (b) and which originate from
chemical exchange and dipolar interactions witfOH
are efficiently suppressed in (a). The only two ob-

hservable peaks in (a) stem from chemical exchange
dbetween two OH protons of the protein ang®H

Resonance assignments for the bound ligand are
obtained with the schemes of Figures 1D and 1E. Ex-
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|_ppm 13C- and'®N-bound protons results in a narrow diag-
onal, thus facilitating the observation of connectivities
: : ‘ . — I 00 between almost degenerate resonances (see Figure 5).
b 6.0 5.8 5.6 5.4 52  ppm In addition to the ligand intramolecular NOEs,
opm F2 the protein intramolecular NOEs involving the OH
@ B protons and the intermolecular NOEs between ligand
L 0.8 and protein are also observed in the spectrum of Fig-
ure 5 (lower trace). These NOEs are asymmetric with
@ ~1.0 respect to the diagonal and are observed atthire-
: ‘ : 1 ’ guency of the ligand and protein OH resonances. It is
6.0 5.8 5.6 5.4 52  ppm therefore evident that the scheme of Figure 1E can also
F3 be used for deriving important distance constraints
for the hydroxyl protons of the serine and threonine
residues. As seen in Figure 5 both intramolecular and
ppm intermolecular protein-ligand NOEs are positive<
=17 0). The observation of only the ligand intramolecular
a ST =5 NOE in a 2D experiment is possible by inserting in
the pulse sequence of Figure 1E3C/*°N w1 fil-
L 19 ter scheme. The pulse sequences for the! 315N
o w2 half-filter NOESY with a3C w; filter and with
a 13C/"N w filter are depicted in Figures 6a and
. | . , ; 21 6b, respectively. The delay is equal to 1/(2cH)
6.0 5.8 5.6 5.4 52  ppm wherelJcy has an intermediate value between the aro-
F2 matic and aliphatic heteronuclear coupling constant

Figure 9. (a) Expanded region from the 2D spectrum of the bi- Values. The'*C/°N w; filter element of the scheme
nary complex recorded with the pulse sequence of Figure 8a (with Of Figure 6b is the same, with the exception of the
fscheme A)-f(l?r)] T;/VO»z(lH)-ws(lkH} SEiC)eS ttaketn da; the)tlh(lzCD) gradients, to that reported in the literature (Ikura and
requency of the two cross peaks in (a) extracted from the 3D spec- ; -

trum recorded with the pulse sequence of Figure 8b (with scheme Baxl,319?52). Figure 7_ShOWS an expande.d reg|on of the
B). The spectrum in (a) was recorded with 256 scans for each of the 2D ““C/°N w2 half-filter NOESY experiment with-

220 g increments and with 2048 points far. tThe spectral width out (a) and with (b) &3C w1 filter. The experiments

i!‘ o1 ag?hwz was 1:_‘8 and 121p1|%m, rejﬂiczﬁve'y- The rt?Pel““(T’?] have been recorded with the pulse sequences of Fig-
ime and the mixing time were 1.15 s an ms, respectively. The .

data were multipliegd simply with a cosine window func?tion in )l;oth ures 1E and 6?’ re_spectlvely. Several NOE cross peaks
dimensions prior to Fourier transformation. The spectrum in (b)was are observed in Figure 7a between the ligand methyl
recorded with 128 scans for each of the 22d 64  increments groups and some protein aromatic resonances. All
and with 512 points forst The spectral width im1, w2 andws was these NOEs are efficiently removed in Figure 7b and

26, 6.4, 6.4 ppm, respectively. TRel carrier frequency was set at . . g
bp b Y quency only the ligand intramolecular NOEs are visible.

2.89 ppm. The repetition time and the mixing time were 0.9 s and 1315 } ’
142 ms, respectively. The data were multiplied simply with a cosine The *°C/*°N w2 half-filter of Figures 1A and 1B

window function in all three dimensions. The total measuring time  can also be implemented in the 2D and 3fC

was 19 h for (a) and 52 h for (b). edited HSQC-NOESY experiments. This type of ex-
periments is particularly advantageous when problems

panded regions of the$8C/A5N w; half-filter TOCSY o_f severe overlap are encountered in the proton dimen-

and NOESY spectra are shown in Figure 5, upper trace SiN- The pulse sequences for the 2D and«&D'*C

and lower trace, respectively. For unambiguous spin- €dited and*3C/N half-filter (in the acquisition di-

system assignments the 3BC/*5N w,, half-filter PFG mension) HSQC-NOESY experiments are depicted in

DQ experiment was also used (Dalvit et al., 1998). Flgl_Jres 8a a_nd 8b, respgctlvely. The version of the ex-

The excellent HO and protein resonances suppression Periments withwy *N edited and*C/*°N half-flter

in these experiments allowed easy resonance assigni" the acquisition dlmensml_w is ob_talned fron_1 the pulse

ment of the ligand. Therefore there is no requirement S€4Uences of Figure 8 by simply interchanging'tt@

of preparing additional samples dissolved ip@ It and™N pulses before the filter and by setting2 to

should be pointed out that the complete purging of the 2-4—2.7 ms. An expanded region extracted from the
2D spectrum recorded with the pulse sequence of Fig-
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ure 8a is displayed in Figure 9a. Two NOEs between Denisov, V.P., Venu, K., Peters, J., Hérlein, H.D. and Halle, B.

two 13CHjz groups of the protein and two protons not
bound to3C and®N are observed in this spectrum.
The twowz(*H) — w3(*H) slices taken at the; (*3C)
frequency of the two cross peaks of Figure 9a from

(1997)J. Phys. Chem. B101, 9380-9389.
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of Figure 8b (with filter B) are shown in Figure 9b.
The downfield cross peak in Figure 9a is the result of
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Conclusions
In conclusion, it has been shown that the mod-

ified 13C/AN w, half-filter TOCSY, NOESY and
ePHOGSY experiments represent a powerful tool for

obtaining resonance assignment, structure determina-

tion and hydration properties of a ligand bound to a
labelled biological macromolecule.
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