JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by INST DE TECNOLOGIA QUIM BIOLOG

Molecular Recognition and Screening Using
a N Group Selective STD NMR Method

Katalin E. Kvr, Patrick Groves, Jess Jimnez-Barbero, and Gyula Batta
J. Am. Chem. Soc., 2007, 129 (37), 11579-11582 » DOI: 10.1021/ja073291I
Downloaded from http://pubs.acs.org on February 2, 2009

[ 15N-labeled receptor SL 100 ms
= =

, o |
' J,'“’// NIH Hn L:‘Ts
‘ W) ___,J\,uu_d,JAJJ U

Ligand mixture

(i T
1110 9 8 7 6 5 4 3 2 1 ppm

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 9 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja073291l

A\C\S

ARTICLES

Published on Web 08/28/2007

Molecular Recognition and Screening Usinga N Group
Selective STD NMR Method

Katalin E. Kovér,*»T Patrick Groves,* Jests Jiménez-Barbero,® and Gyula Batta'

Contribution from the Department of Inorganic and Analytical Chemistry and Department of
Biochemistry, Centre of Arts, Humanities and Sciencesyéigity of Debrecen, Egyeterir té,
H-4010 Debrecen, Hungary, School of Biomedical Sciences;disity of Ulster, Cromore
Road, Coleraine BT52 1SA, Northern Ireland, and Department of Protein Science, Centro de
Investigaciones Bidlgicas, CSIC, Ramiro de Maeztu 9, 28040 Madrid, Spain

Received May 18, 2007; E-mail: kover@tigris.unideb.hu

Abstract: We present a novel saturation transfer difference (STD) experiment where group selective (GS)
saturation of amide protons in >N labeled hosts is achieved. It is demonstrated that a train of BIRD? pulses
that inverts only protons attached to '°N indeed results in saturation of the amide protons, while the
background proton magnetization is much less affected. The undesired effect of partial saturation of the
unlabeled protons can be completely cancelled out in difference spectra by switching the 1°N carrier between
the on- and the off-resonance frequencies. As a result, clean and artifact-free STD spectra are obtained
without the need of time-consuming optimization of experimental parameters and acquiring control spectra
in the absence of the host. The use of the ®N-GS STD experiment is demonstrated for the case of a
glycopeptide antibiotic (dimeric eremomycin)—cell-wall analogue peptide (N—Ac—b-Ala) model system where
the host and guest *H signals overlap. The application seems feasible for ligand screening against proteins
without the prerequisite of a clean on-resonance frequency or defined ligand library. The new experiment
can be used as the basis for studying intermolecular interactions where the standard STD experiment is
difficult to optimize.

Introduction screening technology to identify small molecules whose moieties
can be incorporated into rationally designed drtigEhe
semiselective irradiation of the receptor protein is usually
performed at ca—1 or —2 ppnY (or at ca. 7 ppm, provided
that the potential ligands do not have aromatic protons).
However, for many polypeptide systems, especially those
including unfolded, partly folded, or molten globule proteins,
the perturbation at—2 ppm might be very inefficiently
transferred along the polypeptide chain, thus compromising the
success of the experiment. Moreover, ligand peptides might also
show signals in this spectral region. In addition, when STD is
applied to the screening of defined combinatorial libraries with
unknown NMR properties, such as heterogeneous, undefined
samples (e.g., plant or cell extracts), it can produce high
incidences of false positive STD signals, due to the presence
of ligand signals along many different frequencies. STD
screening frequently utilizes large volumes of low-concentration
recombinant protein, for which cost-effectiVeN labeling is

T Department of Inorganic and Analytical Chemistry, University of often possible, and thus, the met_hOd presented herein may be
Debrecen. of general use, even when no assignment ofthe>N HSQC

¥ University of Ulster. spectrum has been performed yet. The amide region of the

§ Centro de Investigaciones Bigizas. . . . . .
I Department of Biochemistry, Centre of Arts, Humanities and Sciences, Proteins can overlap with aromatic and amide signals from small

Molecular recognition is at the heart of key biomedical and
biological events. Thus, detecting interactions between mol-
ecules is of paramount importance for drug development. From
the chemical, and particularly from a NMR viewpoint, saturation
transfer difference spectroscopy (STD) is the key method to
identify and characterize ligargeceptor interactions? STD
experiments generally start by a few seconds of semiselective
irradiation of protons in the receptor whose magnetization is
then transferred to ligand protons by NOE and spin-diffusion
through a relay of close contacts. Comparison to a reference
spectrum reveals which ligand resonances make intimate
contacts with the receptor. Not surprisingly, the STD technique
has found widespread applications in carbohydram®tein
recognition phenomeri The STD signals are typically in the
0—10% range when compared to reference intensitisnon-
binding ligands provide no STD signals, STD is used as a

University of Debrecen. molecules whoséH signals should not be subjected to any
(1) Mayer, M.; Meyer, BAngew. Chem., Int. EAL999 38, 1784-1788. i iati i i i 0,
(2) Mayer. M.: Mever. B.J. Am. Chem. S0@001 123 61086117, irradiation. However, th'e ligand will cpntam a 0.36 A). natural
(3) Johnson, M. A’; Pinto, B. MCarbohydr. Res2004 339, 907-928. abundance of°N, and this could result in artifacts, particularly
(4) Groves, P.; Canales, A.; Chavez, M. |.; Palczewska, M.; Diaz, D.a@an
F. J.; Jinl@ez-Barbero, J.Lectin Analytical TechnologiesElsevier: (6) Meyer, B.; Peters, TAngew. Chem., Int. EQ2003 42, 864—890.
Amsterdam, 2007; pp 5173. (7) Moser, R.; Snyers, L.; Wruss, J.; Angulo, J.; Peters, H.; Peters, T.; Blaas,
(5) Krishna, N. R.; Jayalakshmi, \Prog. NMR. Spectros@006 49, 1—25. D. Virology 2005 338 259-269.

10.1021/ja0732911 CCC: $37.00 © 2007 American Chemical Society J. AM. CHEM. SOC. 2007, 129, 11579—11582 = 11579



ARTICLES Kovér et al.

N-times
X Vi by 1l
18%
” I I W EE_LEJH‘]]JH"? o 19%
'H D1 1zs oo B a) WSPInTock fitervas Mol 5 5 ||||”| A o) 27 ° 18% Lu
1|||||w\“‘ LA G 7\
15N I . I CPD 18%
Gradient B f l I 19% 18%
BIRD?  spoil | Watergate ® 89% I N AT
('®N)-"H filtering scheme CH
3
Figure 1. Pulse sequence of tH&N-GS STD experiment. Hard 90 and H
180 pulses are marked by solid bafs, relaxation filter SL pulse is applied NH “ H,
at reduced power, ca. 780 us duration for'H 90° pulse. BIRD delay is (AULA_/\_A@_MJJ
set to 1/(Inn), and the phase setting &f pulses as indicated leads to —
inversion of'tH—15N while non-labeled protons are left unaffected. Duration T T w w w T T
of the interpulse delayA, within the BIRD! saturation pulse train varies 7 6 5 4 3 2 1 ppm

between 100 and 300 ms, depending upon the size of the host molecule.Fjgure 2. Saturation efficiency achieved with BIR[pulse train demon-
After the relaxation filter, a heteronuclear spiecho sequence was included  strated oriSN labeledL-Val. (A) *H NMR spectrum recorded withodN

to create antiphastH—!N magnetization, which can be eliminated with  decoupling during acquisition. (BJH—15N saturation with BIRD pulse

15N decoupling during acquisition. For solvent suppression, a gradient train, whereD1 =4 s,A = 240 msN = 30, and number of scans is8N
enhanced Watergate sequence is applied. Between on- and off-resonancearrier frequency is set to amideN. Numbers in percentages indicate the
experiments, only th&®N carrier frequency is changed. Phase cycligg: efficiency of saturation ofH—15N and partial saturation of backgroufid

= x, —xand® = x, —x for on-resonance andt = —x, x for off-resonance, magnetization, respectively. (C) Experimental setup is the same as in
respectively. After four transients, the phases of all pulses subsequent tospectrum B, except that tHEN carrier frequency is offset. Note that the
the saturation train as well as that of the receiver are incremented°by 90 partial saturation of backgrourﬂﬂ{ magnetization remains the same as in
Sine bell shaped gradients of 2 ms duration were used, followed by a spectrum B; correspondingly, this undesired effect is cancelled out in the
recovery delay of 20Qis. Gradient strengths for purging: 37% and for  15\-GS STD difference experiment.

Watergate: 20%, given as a percentage of the absolute gradient strength

of 50 G/cm.

off-resonance experiment, thus resulting in its perfect elimination

if present in 100-fold excess over the receptor concentration. : . .
in the difference spectrum. The signals that appear in the

These potential artifacts will be reduced if ligand HN proton

i __15
exchange with bulk solvent is fast as compared to the duration difference spectrum belong to the BIRI:c)at.uratele N .
of the group selective (GS) saturation pulse train and because' €SONances of the host molecule (e.g., protein and glycopeptide)

magnetization transfer within a small molecule is less efficient. and to those resonances of the host, as v_veII as to those I|gand
Therefore, we decided to design and te$tGS STD NMR molecules. These are affe_cted by spln-dlffysmn or s_aturatlon
experiment that could achieve the exclusive excitation of transfer durlqg the satur.atlon BIRDulse train of a typically
receptor amide protons in the presence of an undefined, andz_4 s duration. The ,S'g,n,als of the host mOIeCU|e. can be
even heterogeneous, ligand library. We think that this kind of remove_zd, or at least significantly reducc_ed,_by ap_plylnql@
multiple site saturation can compensate for sensitivity losses relaxation filter after the Siread pulse, as indicated in the pulse

due to partial saturation and leakage inherent with this techniqueSChC?_me 9f Figure 1In _the CI?Se _Of relatively STna:]l hostsuch
and can potentially disclose binding sites that are hidden to as dimeric eremomycin;'3 kDa in our examplethe suppres-

selective methods sion of the!H—15N magnetization of the host molecule can be

further enhanced with the use of a heteronuclear-spamo

Results and Discussion sequence of 1Ry duration and applyinég®N decoupling during

The scheme of the propos&iN-GS STD difference experi- ~ a@cquisition to cancel ouH—*N antiphase proton signals. As
ment is depicted in Figure 1. GS saturation of the amide protons & "esult, in the case of an efficient saturation transfer mechanism,
attached td*N is achieved by a BIRBpulse train. The BIRD ~ the *®N-GS STDH difference spectrum contains the ligand
pulse inverts théH—15N magnetization, while the background STD signals, and some attenuated signals of the host molecule,
proton magnetization is left unaffected. As a result, the BIRD Which pass the filters due to inefficient relaxation.
pulse train with aA interpulse delay will efficiently saturate The performance of the BIRDsaturation pulse train was
the IH—15N magnetization and cause only a partial saturation tested on a simple model compourit labeled Boc-protected
of the non-labeled proton magnetization, due to pulse imperfec- 2MiNO ?ud,lfN)-N‘l-t-B(.)c#-vallne. The eﬁlglency of saturation
tions and incomplete relaxation. It is important to note that the ©f the *H—""N magnetization was ca. 89% under the experi-
effect of this partial saturation is entirely eliminated in the Mental conditions given in the figure legend of Figure 2. Note
difference experiment, yielding a clean and artifact-free satura- that the n(zn-labeled &and side chain protons were also affected
tion transfer difference spectrum. The perfect suppression of €& 18-19% due to pulse imperfections. However, as mentioned
any undesired signals is based on the following: the on- and Previously, this undesired effect is perfectly cancelled out in
off-resonance experiments are accomplished with exactly the the difference experiment. This fact is verified by the spectrum
same pulse sequence, as shown in Figure 1. Onlifthearrier of Figure 2C, which was recorded under the same experimental
frequency is switched between on-resonance (center of amideconditions as Figure 2B except that #i# irradiation frequency
15\ region) and off-resonance frequencies for the corresponding Was set away. The partial saturation of the background proton
experiment. Since the proton carrier frequency remains the sameMagnetization was not affected by th#l frequency switch.

t_hrOL_JghOUt the measurement, the background proton magnetiza- (8) Claasen, B.; Axmann, M.; Meinecke, R.; Meyer, B.Am. Chem. Soc.
tion is affected by the same pulse train in both the on- and the 2005 127, 916-919.
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Figure 3. 15N-GS STD spectra of eremomycin and-Rc—bp-Ala complex
recorded with the pulse sequence of Figure 1. (A) Watergate spectrum of
the host-guest mixture. (B}°N-GS STD spectrum recorded in the absence
of the SL relaxation filter. Other parameters were set as follo%:= 5

s, A = 300 ms,N = 8, number of transients 2 1440 for the difference
spectrum. (CYSN-GS STD spectrum recorded with a 100 ms relaxation
filter otherwise using the same experimental parameters as in spectrum B
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Scheme 1. Hydrogen-Bond Network (Dotted Lines) Formed by
the Dimeric Eremomycin N—Ac—b-Ala Complex
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Finally, a well-described model system was used to prove
the utility of the 15N-GS STD experiment. We were able to
highlight the intermolecular interactions within th& labeled
(ca. 60% abundance &) dimeric eremomycin and NAc—
p-Ala cell-wall analogue peptide complex (Schemé 1} A
comparison with the traditional STD experim&gbncerning
the sensitivity/insensitivity upon the applied experimental condi-
tions is also discussed. TH&l Watergate and®N-GS STD
spectra of the eremomycin and-Mc—b-Ala mixture (in ca.

1:6 molar ratio) are shown in Figure 3. The GS STD spectra,
Figure 3B,C, were acquired with the pulse sequence of Figure
1, without and with using a spin-lock (SL) relaxation filter pulse,

respectively. The ligand signals appearing in the difference

(9) Batta, G.; Sztaricskai, F.; Keér, K. E.; Rudel, C.; Berdnikova, T. K.
Antibiot. 1991, 44, 1208-1221.
(10) Batta, G.; Sztaricskai, F.; Makarova, M. O.; Gladkikh, E. G.; Pogozheva,
V. V.; Berdnikova, T. F.Chem. Commur2001, 501—-502.
(11) Groves, P.; Searle, M. S.; Mackay, J. P.; Williams, D Sttucture1994
2, 747754,
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Figure 4. H STD spectra of eremomycin and-Mc—Db-Ala complex

‘recorded with the standard pulse sequence.A\Watergate spectrum:

irradiation frequencies, 9.1 and 10.6 ppm, respectively, are indicated by
arrows in the inset. (B) STD spectrum obtained with on-resonance irradiation
at 10.6 ppm. Train of Gaussian pulses of 50 ms applied for 2.4 s was used
for selective saturatiorD1 = 5 s,A = 100 ms, and number of transients

2 x 800 were used for the difference spectrum. For the off-resonance
experiment, the proton carrier frequency was set-29 ppm. (C) STD
spectrum obtained with on-resonance irradiation at 10.6 ppm and off-
resonance irradiation at30 ppm, respectively. Otherwise, the experimental
condition was applied as stated previously. (D) STD spectrum obtained
with on-resonance irradiation at 9.1 ppm and off-resonance irradiation at
—29 ppm.

spectrum-such as NH, |, N—Ac, and CH as indicated by
the dotted linesunambiguously confirm the intermolecular
interaction with the eremomycin host. In Figure 3C, the host
signals are significantly attenuated with the use of a SL filter,
rendering the assignment of ligand signals even more straight-
forward. In our case, the use of a high host concentratighX
mM for the dimer) did not allow the perfect elimination of all
host signals. Under these conditions, the additional use of an
even longer SL pulse>100 ms) would further diminish the
ligand signals, compromising the aim of the experiment.
When the cell-wall analogue NAc—D-Ala sits in the
carboxylate anion binding pocket, the nearby amide protons of
eremomycin shift to a clean low-field spectral region, which
allows the acquisition of control, semiselective STD experiments
without affecting the ligand resonances. (Note that in our model,
the ligand binding affinity is ca. 0:51 mM, while the host
dimerizes with a submicromolar affinity. Under our experimental
conditions, more than 95% of the host is bound to the ligand.)
For comparison, conventional STD experiments were undertaken
separately with irradiation at two of the low-field NH frequen-
cies: 9.1 (3-NH) and 10.6 (2-NH) ppm. The difference spectra
are depicted in Figure 4B,D, respectively. The artifacts due to
accidental excitation with the DANTE side-bands of the
Gaussian pulse train and spilloV&are marked by asterisks.
Again, a conventional selective STD spectrum of Figure 4C
was recorded with a slightly different off-resonance reference.
Upon comparison of the spectra in panetsB of Figure 4, it

(12) Morris, G. A.; Freeman, Rl. Magn. Resonl1978 29, 433-462.
(13) Baguet, E.; Roby, Cl. Magn. Reson1997 128 149-160.
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is apparent that the intensities and phase properties of the artifacé ns at 278 K, the method is probably transferable at least to
signals were strongly affected by the position of the on- and small proteins. However, to increase the sensitivity, we recom-
off-resonance frequencies in every regular STD experiment but mend checking the saturation efficierethis is fast and simple,
not in the experiment described herein (Figure 3). just omitting theT,, relaxation and>N—2H filtering blocks as
well as the difference part of the experimeibefore running
the complete experiments. For example, in our case, the

The advantages of the proposéiN-GS STD difference  saturation efficiency was increased from 30 to 80% when the
experiment are as follows: (1) it is potentially applicable to interpulse delay was increased from 100 to 300 ms between
the study of intermolecular interactions of all types of biomo- repeated BIRD trains.
lecular systems exhibiting STD effects (provided that isotope
labeling is included), such as glycopeptide antibietell-wall
analogue peptide complexes and others in which the ligand and
protein or glycopeptide proton signals overlap, leaving no
appropriate spectral region for selective saturation of the host
proton resonances. We have also recently applied the sequenc
to a protein-peptide complex? (2) From a technical viewpoint,
in contrast to the conventiond STD difference experiment,  Materials and Methods
the proposed experiment does not require the recording of a
control spectrum on a sample containing the ligand alone. Here, Samples.*N labeledN-t-Boc--valine was purchased from Cam-
due to thelSN frequency jump between the on- and the off- bridge Isotope Laboratories, Inc. (Andover, MA) and used without
resonance experiments with a constant proton carrier frequency,further purification. A total of 100 mg of sample was dissolv_ed in 0.5
any undesired partial saturation is canceled out in the difference™L °f DMSO-ds. The sample of*N labeled (60%) eremomycihand

. N—Ac—b-Ala was prepared by dissolving 6.5 and 3.3 mg, respectively,

spectrum. (3) A further technical advantage of ¢ frequency . ) -

. . . . .. in 0.5 mL of a HO/D,0O (9:1) solvent mixture.
switching is that careful checking and time-consuming optimi- NMR All NMR ) ¢ d
zation of the on- and off-resonance frequeneigsavoid partial Spectroscopy. experiments were performed on a

. . . . Bruker Avance DRX 500 spectrometer (Bruker BioSpin, Rheinstetten,
3 A -
saturatiof® of ligand resonances with the DANTEside-bands Germany) equipped wita 5 mm zgradient multinuclear proton

of irradiation pulse trairbecomes needless. (4) The duration jetected (bbi) probehead. All spectra were processed with XWINNMR
of the interpulse delay between consecutive BIRBturation 5 The duration of théH 90° pulse was 12.5s and that of théN
pulse trains may be varied between 100 and 300 ms dependin®o pulse was 23us. The WALTZ-16 scheme applied fofN
upon the size of the host. Note that, to minimize the partial decoupling was used at reduced power (i.e., tHep@se duration for
saturation of ligand resonances due to imperfect BiRilses, nitrogen was 20(«s).

longer delays are preferred to allow for relaxation recovery of

ligand proton magnetization. (5) The present study with the ~Acknowledgment. **N labeled eremomycin was a generous
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Conclusion

To summarize, thé>N-GS STD experiment and concept
described herein is a robust experiment that can be applied to
a variety of interacting molecules that also displays fewer
artifacts than the standafti selective STD experiments and
will be especially useful (and unique) for screening heteroge-
fieous ligand libraries that exhibit overlapp#t spectra.
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