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Two new two- or three-dimensional NMR methods for measur-  resonances ofH or °N spectra in amide groups are of similar
ing *Jcw and *Jc coupling constants across hydrogen bonds in  intensity and both doublet components are useful for measut
proteins are presented. They are tailored to suit the size of the  ment of"J coupling constants. In contrast, for large TROSY
TROSY effect, i.e., the degree of interference between dipolar and effects it is only the TROSY peak that exhibits sufficient
chemical shift anisotropy relaxation mechanisms. The methods sensitivity for detection and the pulse sequences must take t
edit 2D or 3D spectra into two separa}teNsubspectra corresponding};c into account
to the two possible spin states of the "H"™ spin during evolution o ) . .

There are two different schools of thought when it comes t

3CO coherences. This allows 2"J.., to be measured in an E.COSY- i )
type way while *'Jc., can be measured in the so-called quantitative ~measurement of coupling constants, which also apply for me

way provided a reference spectrum is also recorded. A demonstra-  Surement of those across hydrogen bonds. E.COSY-type me
tion of the new methods is shown for the N, “C-labeled protein 0ds (L0132 typically combined with spin-state-selective®YS
chymotrypsin inhibitor 2. © 2000 Academic Press editing (L3-15 work on the basis of direct measurement o
Key Words: "J; hydrogen bonds; TROSY; E.COSY; S° editing.  peak displacements in different sections of multidimension:
spectra. On the other hand, so-called quantitative metid@)s (
extract coupling constants from intensity ratios of differen
The discovery ofJ couplings across hydrogen bonds irpeaks. In this Communication we concentrate on measureme
biomolecules 1) has added new very important constraints igf *"J.,, by S-edited E.COSY methods but, in full analogy to
structure determinations of biological macromolecules that garlier work,*"J., can be measured from the same data by th
far could only be inferred indirectly. The largedtcoupling quantitative approach provided that a reference spectrum wi
constants across hydrogen bonds are observed in RN&n@ a different evolution time for"J., is recorded 4—7). Our
DNA (2, 3) but also*Jc, in proteins has proven to be ofexperiments allow measurement of arbitrarily sni&ll,, in-
sufficient magnitude for detectior{£7) and there is also a cluding their signs if the associatétl., is large enough to
report on measurement 68¢ (8). generate cross peaks of adequate intensity. This is in contras
Because techniques for measuremert@bupling constants the method proposed in ReB)(that also exhibits less favor-
across hydrogen bonds necessarily require such a couplingdbfe transverse relaxation characteristics because of long
coherence transfer, their small magnitudes make the techniqlsgs with transverse Mmagnetization. The method proposed
inherently of low sensitivity. Hence it is important to optimizen Ref. 2) includes detection of anti-TROSY peaks, which is
the techniques in any possible way as increasing linewidths faifavorable for large molecules where it leads to significantl
larger biomolecules reduce the sensitivity further. In this Comeduced sensitivity for one of the two subspectra used for ¢
munication we present two techniques for the measurementt€OSY-type measurement of a passiyeoupling constant.
*Jcn and®J,, that are designed to suit two different ranges abur methods proposed below do not detect anti-TROSY peak
the TROSY 0) effect. In this respect, they are similar to earlier Figure 1a shows the pulse sequence applicable for sm
work for measurement of one-bont and residual dipolar TROSY effects. It is conceptually similar to the one propose
'H-"*N coupling constants in orienting media where tectby Pervushinet al. (2) for the measurement af couplings
niques were suggested for three different ranges of the TRO&dtoss hydrogen bonds in DNA and the editing into two sulk
effect. This study extends work did coupling constants by spectra by the final TROSY-type element is identical to whe
Pervushinet al. (2) and Grzesiek and Bax and colleaguewas used for one-bontH—""N coupling constants in isotropic
4-7. and bicelle solutions in Refl{). In thet, period with *CO
In the range of small TROSY effects, the two doubletvolution the two coherences corresponding to specific sp
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FIG. 1. 3D S HNCO pulse sequences for the measuremerft§H", CO) coupling constants across hydrogen bonds in proteins. Filled and open b
representr/2 and pulses, respectively. Selectivé2 water pulses and selectivecarbon pulses are shown as open bell shapes(2J3y) ™ T = n(*Jnco)
n=1,2;T =T - 2 (duration of selective watet/2 pulse);d = gradient delay. The pulse phases are indicated below the pulses. Pulse phases with the pre
indicate independent two-step phase cycles with alternating receiver phastHEL® for molecules with small TROSY effects. Phase settings for recordin
semi-TROSY peaks i/t;. The phasel is cycled to create two data sets that contain both semi-TROSY resonances of the multiplets for the echo and ar

pathways, respectivehA(y = X; receiver= x) is recorded with ¢, = y; ¢s = —Yy) and with (¢, = —y; ¢s = y), and the same foB(y = y; receiver=
y). Then (A — B)(¢, = y; s = —y) and (A + B)(¢, = —Vy; ¢s =) are echo and antiecho, respectively, for the subspectrum containing the lower left multiy
components whileA — B)(¢, = —y; ¢s =Y) and (A + B)(¢, = V; ¢s = —Y) are echo and antiecho, respectively, for the subspectrum containing the up

right multiplet components. The positions of the multiplet components are interchanged on our Bruker DRX 600 instrument. States-TPPI is &eptied on
pulse beford;. (b) S HNCO TROSY for molecules with larger TROSY effects. In order to include the native S spin magnetization in the TROSY reson:
the phase must be—y on our Varian Unity Inova spectrometers while it mustyben our Bruker DRX 600 instrument. States-TPPI is applied oni@epulse
beforet,. In t, echo and antiecho data sets are generated in combination with the shaded pulsed field gradients. The phase settings for echo and antie
Varian instruments areg, = y; ¢s = y} and {¢, = —y; ¢s = —Vy}, respectively, while it would be reversed on the Bruker instrument. Two data sets are recor
without (A) and with (B) two compositer pulses indicated as hatched open bars on the proton channel; they constitute the two edited subspectra. 2L
sequences are obtained by setting- 0 and omitting the Cpulse. The 3J(N, CO) coupling constants can be measured simultaneously@{tH", CO) using
the quantitative approach as described elsewher&)(

states of the M proton are subsequently both transferrefkd advantageous to select the semi-TROSY peakstin :}
coherences while maintaining the same $pin states. Then rather than the pair of TROSY and anti-TROSY peaR} (
the double &CT (or TROSY) (L8) element separates the twoHowever, the fact that this pulse sequence involves an
components into the subspectra corresponding to the two diROSY resonances in at least one of the dimensions make:
ferent spin states of the attach&M spins in thet; period and unsuitable for molecules exhibiting large TROSY effects.
thereby also the differentH spin states in the, andt, Figure 1b shows the pulse sequence that is recommended
dimensions. These two subspectra are constructed from thelecules with large TROSY effects where only the TROS)
same data sets (see Fig. 1 legend). As in R&7),(it is resonances are exploited. Hence heteronuclear gradient ech
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FIG. 2. Excerpt from the 2D SHNCO TROSY experiment oPN,*C-labeled CI2 19-83 (90% #0/10% DO, 25°C, pH 4.2, 9 mg in 30Ql) recorded
with the pulse sequence in Fig. 144N echo and subspectrum without the hatchédpulses) on a Varian Unity Inova 800 MHz spectrometer. Parameter
relaxation delay 1.5 8T = 133.3 ms;r = 5.43 ms;t,;(max) = 48.0 ms; 512 scans for eathincrement. Sinc-shape@1) selectiven/2 water pulses (1000.0
us) and iBurp 22) selective carbonr pulses (930.Qus) were used. Rectangulaf2 carbonyl pulses were calibrated to have a zero excitation profile in‘the (
region. Adiabatic decoupling of ‘Ccovering 20 ppm was applied using WURST-23), The relative gradient strengths of the shaded gradients al
—4.375:1.875:1.250 for echo selection. The other gradients are arranged in self-compensating pairs with relative amplitudes of 0.8 in tE®MitiahE¥er,
1.0 in theT periods, 1.0 in the first®&T element of TROSY transfer, and 6.0 in the findC$/watergate element. Data matrices of 292048 points covering
2000X% 12000 Hz were zero-filled to 2048 4096 prior to Fourier transformation and the window function was cosine in both dimensions. Boxes in the spec
indicates cross peaks from"HCO correlations across hydrogen bonds. Representative sections for the cross peaks in the bold boxes are shown in Fi

can be employed in contrast to the sequence in Fig. 1a, whielhmining accurate values of the coupling constants acro
improves artifact and solvent suppression. The two subspedtsalrogen bonds is the inherent low sensitivity of the expers
corresponding to the differentH spin states in the®CO ments. One interesting aspect of our pulse sequences in Fig
dimension are recorded separately, with and without the two comparison to the approach in Re8) (s that a hydrogen
hatched'H m pulses, respectively. The inherent reduction ibond, Val32—-Asp74, could be identified although the corre
effective sensitivity by\/2, everything else equal, is compensponding®Jcy is zero.
sated by inclusion of the nativéN magnetization.

An experimental demonstration of the described methods is

shown in Fig. 2 with an excerpt from&N-'H 2D S’ HNCO ¥ Pl He76rlye30 A6l e sl flo39 2 39
TROSY spectrum of®N,**C-labeled chymotrypsin inhibitor 2 \

19-83 (CI2) recorded with the pulse sequence in Fig. 1b: \ / . \\
Several cross peaks representihgouplings across hydrogen 03 Hy o 4‘HZ . / on b oare

bonds are observed and a few examples of measurement of .. .| i A.3se e AlT7Phe9  LeuSls Leu6

theseJ., from sections from the two subspectra are shown in /

Fig. 3. CI2 was expressed, purified, aftN,"*C-labeled as \ ;

described previouslyl@, 20. / - i //F\
- 0.8in i 12Hz " 13Hz

A total of 16 hydrogen bonds could be identified in CI2 from 07 He
the spectra recorded (all framed in Fig. 2) while 3 of thk.,, _ _ o
coupling constants could not be measured in the 2D spectra dUdG: 3.‘ 1D sections from.the cross peaks marked with bold boxes in Flg
to spectral overlap. The coubling constants ranae up to abo Z[n he shift between the multiplet components of subspectrum A (top section

P ) P pling ge up o "5 subspectrum B (bottom sections) is given below the traces and represe
Hz and both signs occur although most of them are positive. fg=3(H", co) coupling constants. The sign is given relativaligu o, of the

also mentioned by other authors the major limitation for derotein backbone which is assumed to be positive.
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resona.'nce du.nng the Iong de5lays' An O.ptlo.n for Imprgve_ 7. Y.-X. Wang, J. Jacob, F. Cordier, P. Wingfield, S. J. Stahl, S.
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