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When an inhibitor binds to an enzyme, new downfield resonances Scheme 1

(>11 ppm) often appear in the proton NMR spectrum. These Asp292

resonances usually belong to the protons of NH and OH groups K Qf(_z.éuzo H

that form strong hydrogen bonds upon binding. Typically, the N/Ce\ T/Nz Y /\c*“\C N
assignment of these resonances is important for understanding Cau ",\N/BH o 29"N|‘ ||5 NCg-H
binding and/or mechanism. The assignment of NH proton reso- HooNg ) ki RN /04\N9/
nances can be achieved via isotopic labeling of either the enzyme R Na |

or the inhibitor with15N and use of &H—15N correlation NMR PR ADA bound DHPR R

experiment such as HMQES? Assignment is more difficult for
OH proton resonances, and one often needs to rely on the sequentiq

assignments of most protein resonaficesslimination of all other and O6H would stabilize this structure and promote catalysis.

possibilities’ Crystallographic studies show that the active sité"Zroordinates
Here, we show that when these well-resolved resonances canno(Nith 06 and hydrogen bonds on N1H and O6H of the bound DHPR

be assigned by transient NOE methods due to their fast relaxationare formed with the active site carboxyl grodbalthough the
rates_, ?t may bs possib.le to achieve the assignments, under favorabl%rystallographic distance between N1 and oxygen of Glu214 is not
conditions, using a time-dependent saturation transferred NOEvery short, 2.9 Aindicating only a modest hydrogen bond, Raman

(STNOE) e_xperiment. STNOE is t_)ased on the principles of studies suggest that N1H of DHPR must be strongly hydrogen
truncated driven NOE and the saturation/exchange transferred NOE jded in the compleX Thus, assignments of the N1H and O6H

tﬁ ugpounq Iigand.lt IS exp‘ec.tedhto wobrk \.ll\ll.ith clomplex%s ‘F‘ Whicr; resonances in the complex will be helpful to characterize these
the |ssoc_|at|on cqnstant IS ”.” € submifimolar to_su micromoiar hydrogen bonds. Of the five resolved resonances in the downfield
range, typical for ligand binding to enzymes. The implementation region >12 ppm, at 14.9, 14.2, 13.7, 13.3, and 12.9 ppm (inset

of the STNOE measurement is similar to recently published STD Figure 1), we sllwow belc;w tha’t the ,resonr;mces at 14.9 and 13’3

StUd'eS? exce;()jt Lhat Just one p“?t%“, rel.solna;ce E se!gclte’\(liof(E)r ppm belong, respectively, to the O6H and N1H protons of DHPR
za?llératlon,han t; satlljrat_lonl period IS imited to ft ﬁ m(;tla field complexed with ADA, thus confirming that the enzyme does indeed
ulld-up phase. By selectively saturating one of the downfie supply important and strong hydogen bonds to these key protons.

proton resonances observed in the pro&ﬁgand_complex, an NOE STNOE measurements were conducted on the downfield reso-
may be observed on one or more of the free ligand protons throughnances at 14.9, 14.2, 13.7, 13.3, 12.9, and 11.9 ppm. The STNOE

relaxation between the bound ligand and protein protons within buildup of CH resonances of free PR, located at 8.8, 8.6, and 8.4
the complex followed by exchange between bound and free ligands. ' A, '

This type of NOE should occur when the proton of the bound ligand
is spatially close to the proton being saturated, or via spin diffusion

DHPR), which is believed to resemble the enzyme reaction
termediate (Scheme &)Cleary, strong hydrogen bonds to N1H

ppm from C6H, C2H, and C8H protons, respectively, in the ADA
plus excess PR mixture upon saturation of the resonance at 14.9
e T ppm (indicated by the arrow in the inset) is shown in Figure 1A.
when the saturation time is _Iong enough. _The assumptlon 1S madeThe STNOE on the C6H resonance appears at a saturation time of
th&.‘t the closer the bound ligand proton_ls rela_tlve to th(_e Proton 150 ms and increases as the saturation time increases. The STNOE
being saturated, the faster the STNOE buildup will be on this proton on the C2H appears at500 ms, suggesting that it results from

in the free ligand. Thus, by monitoring the NOE buiIqup .Of the spin diffusion, possibly through the C6H/N1H protons. No STNOE
proton resonance of the free ligand versus the saturation time, one

determine th it of thi ton to that bei twurated is observed on the C8H resonance with saturation times ulto
can determine the proximity ot this proton to that being saturated. ¢ reqe resylts establish that the 14.9 ppm resonance belongs to a
Our relaxation and exchange matrix analyses (to be published)

indi h h hort i | ref N iiable. th proton that is closer to the C6H of bound DHPR in the complex
n |Cat_e that when a short internal re erence I1s avalable, the than to the C2H proton and still further away from the C8H proton.
downfield proton resonance may be unambiguously assigned.

W lov thi h d ine d 8 ADA The STNOE buildup of the free PR CH resonances upon
e employ this approach on adenosine deaminase ( ) to saturation of the resonance at 13.3 ppm is shown in Figure 1B.

investigate how the enzyme brings about its catalytic rate enhance-The STNOES on both the C6H and the C2H resonances appear at
ment. ADA catalyzes the hydrolysis of adenosine or deoxyadenosineabout the same time~350 ms. and increase at the same rate as

to their respective inosine product and ammonia. Purine rlbonucleo-the saturation time on the 13.3 ppm resonance increases. On the

side (PR) is a competitive inhibitor of ADA, with an apparent other hand, the STNOE on the C8H appears-@00 ms. Hence,

inhibition constant of 2.8M.” Upon binding to ADA, PR is : .
. o ) the 13.3 ppm resonance likely belongs to a proton that is about
hydrated at N1 and C6 to yield 6-hydroxyl-1,6-dihydropurine equidistance from the C6H and C2H protons of bound DHPR.

 Albert Einstein College of Medicine. Furthermore, the. results shown in Figure 1_A and B also suggest
*Washington University School of Medicine. that the proton with resonance at 14.9 ppm is closer to the C6H of

1952 m J. AM. CHEM. SOC. 2004, 126, 1952—1953 10.1021/ja0378714 CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

C6H
| | e e —]

3‘;‘ C2H 16 14

|

/ A
IS IPNIA Pt A\x\,f«w g A
-,mwwmmkm,dv\»"/‘/ quWW%WWM'w\/“w'MVWN 700 ms

waw‘»w”wwwﬁw*wj e | gttt 500 Ms
]

e, g, LA Al 350 mMs

16 14

CéH c2H
i )} C8H

| i
fl I A

A A ol 'WAW\WWV/\M'MAWNWMJw 1s
I

A A W/‘kaw,mww’”’wwv\”vwwv‘fv 700 ms
A i
Atan i Ao iiaivn) Wonadd i ovns AR it 500 MS

Aot e e gt i A on, 350 MS

C t’
fon )
/v
6 14 12 ppm

1
C6H C2HcgH
1 ] #
B Tt R R I
Al St Aol s iosre 700 s
WP AT AN it A N st 500 MS

A SN ot 0 g st 350 M

f"“ﬂ't‘W‘N"M,”J’"\I‘M,‘W’\WM’S“\%/MW.V\”-MMWM"AWMJA 250 ms AN A i e Mg A o™ D50 Ms s o A A NI s shried 250 S
AP A i A WA Pt Ml 450 ms WA A e N Wit e 150 ms SNSRI it i i 150 ms
PR b NSNS 400 s AR A NI A AN S M 400 i WISt Mo [N et 100 ms
*wmnmmwwmwwwww‘wm‘\wwmwww 50 ms A S Mty Ayl L oAl 50 ms AN A g [t [Wsounsh, AR A s 50 M
94 92 90 88 86 84 82 ppm 94 92 90 88 86 84 82 ppm 94 92 90 88 86 84 82 ppm

Figure 1. STNOE build-up experiments with the calf intestine ABRR mixture (0.3 mM:3 mM) in 5 mM trigh,, 0.1 M NacCl, pH 7.0 (5% BO) at 10

°C. (A) In the pulse sequence, a selective Gaussian shaped inversion pulse (25 ms) is applied repeatedly on or off the resonance at 14.9 ppm (see arrow in
inset, in which the jump-return spectrum of the complex is shown) in alternative runs for a specified saturation time, and then a spin lock pulse of 10 ms
duration and 4 kHz field strength is applied, followed by the observation pulse. The difference is achieved byglafi80the receiver phase in alternative

runs. A DPFGSE pulse sequence is used for water supprédsidre acquisition time was set to 0.92 s, and the recycle delay was 2.5 s. The data were
sampled with 16k points with 512 scans for each spectrum. (B) The selective pulse was set on resonance at 13.3 ppm (see arrow in inset). (C) The selective
pulse was set on resonance at 11.9 ppm (see arrow in inset). All experiments are conducted on a Bruker Avance DRX300 spectrometer.

respectively. The top spectrum is a difference spectrum obtained

Y : _ Im i !

s with and without!>N decoupling in alternative runs. The results
he pling

WNW’-WW clearly show atH—1N coupling betweed®N1 and the 13.3 ppm
Wadpminslihapipr o ad

proton resonance. Hence, the 13.3 ppm resonance can be assigned
NJ\/\W/\ f\/\/\J to the N1H of the bound DHPR in the complex. The fact that the
o / 13.3 ppm resonance belongs to N1H indicates that the relative late
\ ~ appearance of the STNOE on the C2H and C6H resonances of the
/\/\/\f\mw,/ free PR upon saturation of the 13.3 ppm resonance is mostly due
MN/

to the relatively slow exchange between free PR and bound DHPR.
15

In addition, it also suggests that when the selective saturation is
limited to just one isolated resonance, the effect of the spin diffusion
is negligible until the saturation time is longer than about 0.5 s
under our experimental conditions. Because the time-dependent
positioning the carrier of thé&®N decoupling pulse in and out of tH&N STNOE results have shown that the resonance at 14.9 ppm belongs
spectral region and with a 18&hift of the receiver phase in alternative  to a proton closer to C6H than N1H in the ABAHPR complex,

runs. Other sample conditions were the same as those in Figure 1, excepit can be assigned to the O6H proton of bound DHPR.

the temperature was .

DHPR in the complex than the proton with resonance at 13.3 ppm  Acknowledgment. This work was supported by research grants
because the STNOE on C6H appears about 200 ms earlier wherEB001958 (R.C.) and GM33851 (L.K.) from the NIH.

the resonance at 14.9 ppm is saturated than when the resonance at

13.3 ppm is saturated. References
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Figure 2 shows the downfield region of the proton spectrum of
the ADA—['5N1]PR mixture. The bottom and the middle spectrum
were obtained with and withodtN decoupling during acquisition,

Dpn’K‘

Figure 2. Jump-return proton spectra of the ABA®N1]PR mixture (0.5
mM:2 mM) with (bottom) or without (middle)!®N decoupling during
acquisition. The top spectrum is the difference spectrum obtained by
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