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Abstract: This paper describes an experiment that allows the quantitative measurement of thecCS8SA
cross-correlation between backbdfe and3CO nuclei in uniformly enriched proteins. The CS&SA cross-
correlation is obtained from the cross-peak intensity ratios of the double- and the zero-quantum components
observed with a modified triple-quantum 2D CT-HNCO experiment. In addition Hthe-15N/"HN—13CO
dipole—dipole cross-correlation was measured without relying on resolved scalar couplings using a
complementary quantum 2D CT-HNCO experiment. The cross-correlation rates measured for the protein binase
(12.3 kDa) were obtained with high precision but show a surprisingly large range of values. Calculations
show that this range is at least partially caused by dynamical processes. The potential use of this information
to characterize internal anisotropic motion is discussed.

Recent years have witnessed increasing interest in thecorrelations have been successfully employed to determine CSA
observation of various forms of cross-correlatiérfsi.e., cross- tensors or angles subtended by dipolar vectors or by dipolar
correlated fluctuations of different dipolar couplings (DD) and and CSA vectors. In some very elegant applications, these angles
of dipolar couplings and chemical shielding anisotropy (CSA). have been used to indirectly determine dihedral angles in
These interference effects are being studied because of theiproteind®1®or to determine sugar ring puckeritgFinally, the
disturbing effect upon conventional measurements of hetero- phenomenon of differential line broadening caused by-DD
nuclear relaxation rates in protefrand their correlation with CSA cross-correlations inspired the development of a series of
local internal motior?14 In addition, measurements of cross- novel double and triple resonance experiments with attenuated
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and Kumar® showed that the relaxation of the double- and zero-
guantum coherences of two spins is affected by the cross-
correlation of their respective CSA tensors. While this paper
was under revision, two different groups also described the
differential line-broadening effect in zero-and double-quantum
coherences forSN—!HN nuclei due to CSA-CSA cross-
correlation?”

In this paper we will show that the CSACSA cross-
correlation between backbone amide nitrogéNY and carbonyl
(*3CO) nuclei (CGyc) is manifested in differential relaxation

in double- and zero-quantum coherences detected in modified

2D CT-HNCO experiments. In addition, we will show that the
cross-correlation betweetHN—15N and *HN—-13CO dipole-

dipole interactions (Cf,cH) can be also measured from these
experiments. While it is difficult to separate the dynamic and

the structural contribution on the values of the measured cross-

correlations, we found our results particularly interesting for
the following reasons. First, the potential of nuclear spin cross-
correlated relaxation as a source of dynamic information is
particularly intriguing as it relates to the way in which the two
interaction vectors follow one another during reorientation. In
addition, the novel CSACSA cross-correlation may provide
information on chemical shielding tensors and their relative
orientation, which may in turn provide useful information on
dihedral angles and hydrogen bonding. Moreover, the large
differential line broadening observed in the multiple quantum
spectrum of backbon®N and!3CO nuclei, due to their CSA
CSA cross-correlation, may represent at higher magnetic fields,

Pellecchia et al.
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Figure 1. (A) Pulse sequence for determination of transvef&O

and !N CSA—CSA cross-correlation rates (Gg) and*HN—N and
IHN-13CO dipole-dipole cross-correlation rates (f&er). Narrow and

thin bars represent 90 and F8®pulses, respectively. Unless specified
otherwise, pulse phases are along trexis. The durations of th&-

CO and*3C pulses have been optimized not to interfere with each
other. Pulsed field gradients are half-sinebell shaped with 1 ms duration
and strengths of; = 20 G/cm,g; = 40 G/cm,g; = 30 G/cm,gs = 50
Gl/cm. The delays arer = 2.7 ms,T = 11.0 ms, andA = 22 ms.
States-TTPI quadrature detection is achieved by incremegngo

that cross-peaks aic + wn were observed. To reduce the resonance
overlap between double- and zero-quantum cross-peak&\tvarrier
frequency was shifted to the edge of thll spectral envelope prior
chemical shift evolution (indicated by vertical arrows), and subsequently
shifted back to the center of the spectrum. Alternative schemes for this

a novel means to attenuate transverse relaxation in a fashiontask have also been proposéd™N decoupling durind, was achieved

alternative (and/or complementary) to the TROSY principle. The
fact, finally, that the CSA-CSA cross-correlation does not
depend on the distance between the nuclei involved but only
on the possibility to generate multiple quantum coherence
between them opens a window on a myriad of multiple quantum
experiments with the potentialities listed above.

Theory

The experimental 2D-CT HNCO schemes used to measure
the 15N, 13CO CSA-CSA cross-correlation (G) are reported
in Figure 1. In the following discussion we will indicate with
H the amide proton, witiN the amide nitrogen, and wit@ the
carbonyl carbon nuclei. The magnetization transfer is very
similar to the original CT-HNCO experiment used for backbone
resonance assignment8;therefore we will focus only on the
essential part of our experiment that is the central constant time
period of lengthA. At the beginning of this time period the
two-spin coherence termNXCxis present in the spin-density
operator. This term can be decomposed into zero-quantum
coherences!(z)(N+C- + N-C;) and double-quantum coher-
ences¥2)(N+C+ — N_C_). These coherences experience during
the constant time evolution periofl (Figure 1A) auto- and
cross-correlated relaxation together with chemical shift evolu-
tion. Amide proton and alpha carbon are decoupled by’ 180
pulses in the middle of the constant time evolution perdod
(Figure 1A). The 180 pulses in the middle of thé period

with a 1.25 kHz WALTZ-16 decoupling sequence. Water suppression
was achieved with a WATERGATE scherffePhase cycleip; = X, X,

=X, =X ¢2 = X, X, =X, =X, p3 = =Y, Y, ¢a = 4(x), 40); ¢s = 16(X),
16(—X); ¢ = 16(X), 16(—X); ¢z = 8(X), 8(); Prec = X, =X, =X, %
2(—X, X, X,—X), X, =X, =X, X. (B) The pulse scheme is identical to the
one in (A) except for the two delays 2r = 2.7ms) and two 90proton
pulses just before and after the chemical shift evolution time period,
A. Phase cyclegps = X, X, =X, =X; ¢2 = X, X, =X, =X; ¢3= =Y, Y, ¢a

= 8(x), 8(y); ¢s = 16(), 16(~X); ds = 4(X), 4(); ¢7 = 16(4), 16());

Wree = X, =X, =X, % 2(=X, X, X,=X), X, =X, =X, X, =X, X, X,—X, 2(X,

—X, =X, X), =X, X, X,—X. For nonperdeuterated proteins, to reduce losses
due the homonucleal coupling evolution during the delay, it is
advisable to substitute thel 180° pulse in the middle of the chemical
shift evolution with an amide proton-selective 28fulse.

rates, retaining the secular approximation, and yield an average
relaxation of the components, canceling various CSA/dipole
dipole cross-correlated relaxation mechanisms arising mainly
from the amide proton. With amide proton decoupling the two
doublet components of the zero- and double-quantum coherences
are degenerate and the logarithmic ratio between the cross-peaks
intensities of the doubledfg) and zero-quantumifg) coher-
ences is given by?

(A)_l In(l,o/1pg)a = —2Ryc no(@N — wC) +
12R ey (N + 0C) + 2CCyy c(0) + 2CCypy M) +

2CCG(0) (1)

also cause the relaxation of the doublet components of the zero-

and double-quantum coherences to interchange their relaxatio

(25) Konrat, R.; Sterk, HChem. Phys. Lettl993 203 75-81.

(26) Kumar, P.; Kumar, AJ. Magn. Resan1996 119A 29-37.

(27) (a) Norwood, T. J.; Tillett, M. L.; Lian, L. Y.Chem. Phys. Lett.
1999 300, 429-434. (b) Pervushin, K.; Wider, G.; Rieck, R.; \ftuich,
K. Proc. Natl. Acad. Sci. U.S.A999 96, 9607-9612.

(28) Grzesiek, S.; Bax, Al. Magn. Reson1992 96, 432-440.

n

where Ryc nc(w) is the transverse autorelaxation rate due to
fluctuations at frequenciesj for the 1SN—13CO dipole inter-
action, CGyn,cr(w) represents the transverse cross-correlated
relaxation rate of théHN—5N and internucleatHN —13CO
vectors due to fluctuations at frequencieg,(and CGc(w) is
the transverse cross-correlation relaxation ratéfand3CO

nuclei chemical shielding anisotropy at frequencie¥. (
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Assuming isotropic motion, the various rates of eq 1 can be the protons, but the evolution of only théN and!3C double-

expressed by2°2 and zero-quantum coherences takes place during delta period.
The generation of the three-spin coherence between the amide

Ruend@N + oC) = proton and'>N and®3C ensures that th&0) dipolar relaxation

(M) (o 4m) (027) %y Pyp (e O[27e/5(1+ (we+ between these nuclei is eliminat&iConsequently the dipolar

> 2 term in eq 3 can be dropped and we obtain
wy)7)] (2a)
Rycnd(@oN — 0C) = A+ In(l,o/lpgle = 2CCGyc(0) (4)
C,NC! -
(M) (o Am)(h27) %y Py (e D[27e/5(1+ (e — where the subscript B is underlining that the cross-peaks

intensity ratios are taken from the experiment of Figure 1B.

In principle, dipolar cross-correlation terms of the type given

C H) = in egs (2c and d) involving other nuclei, e.g. the alpha proton
Cuncr(@H) = and alpha carbon, are not suppressed in the triple-quantum
[(,) (o 47)°(0270) ]y vy u(Tin D (Fen DP, experiment. However, it can be easily calculated that their

2 2 contributions can be neglected in good approximation as the

cos@) 6r/5(1+ w"1c) (2¢) dipolar interactions themselves are small. Thereféixg 13CO
CSA—CSA cross-correlation can be directly measured according

o)t (2b)

CCu.cH0) = to eq 4 from the cross-peaks intensity ratio between the zero-
() 4)°(0270) ]y vy u(Fin D (Fen P, and double-quantum components of a triple-quantum spectrum
cos@) 8rJ5 (2d) recorded with the experimental scheme reported in Figure 1B.

The cross-correlation rate between th¢N—15N and HN—
13CO dipole-dipole interaction can than be obtained from the
_ 72 2 _
CCyc(0) = (T19dvnycBy (Aoy){ [0z, ~ 03] P, cOSO,, + difference of the cross-peaks intensity ratios measured in spectra
90)] + [01, — 034l[P, 080,71} 87/5 (2€) recorded with both schemes of Figure 1, according to eqs 3
and 4. It should be pointed out that the cross-correlation rates

In eq 2, ruy and rcy denote the!HN™N and *HN —13CO determined by these experiments are obtained without relying
internuclear distances, respectives. cos@) = 0.5(3 cos 6 on resolved scalar coupling.

— 1) wheref represents the angle between these two vectors.
Aoy denotes the difference between the parallel and perpen-Results and Discussion
dicular components of the axially symmetriéN chemical
shielding tensorso11 — o033 and 02> — o33 are the principal
components of the rhombi®CO chemical shielding tensor,
expressed as the sum of two axially symmetric tensors and the
corresponding anglg#;; and @11+ 90) define the orientations

of each of these tensors with respect to the unique axis of the
15N chemical shielding tensorz. is the overall isotropic
correlation time of the molecule. Note that the coefficients of
eq 1 differ from those reported in ref 25 because of the different
coefficients used in the definition of the spectral density
functions. However, the two formulations are numerically
identical.

Assuming standard bond length and angles, the value of the
various rates can be easily calculated from ef@& biological
macromolecules the rates of £8a,b,c are generally much
smaller than those of eqs 2d;Ene protein binase (12.3 kDa)
used in our study, reorients in solution with an overall correlation
time of 6.0 ns at 30C 2% |t can be easily calculated that the
terms containing spectral density functions at higher frequencies

(egs 2a,b,c) represent less than 4% of the cross-correlation term%bserved in the crystal structure for bin¥seere also unsuc-
containing spectral density functions at zero frequency (eqgs cessful

i?i’t(ta()a'nT:se' former terms can thus be neglected, and eq 1 can be The observed variations can depend on local internal aniso-
) tropic motion, on variations of tensors and angles between

-1 _ tensors, or combinations thereof. Current knowledge about
(A) " In(lzo/loga = 2CCuncn(0) +2CGic(0) - (3) protein®N and3C CSA tensors in solution seems to indicate

that N tensors are subject to much larger variations tan

Figure 2 shows representativéCO*N zero- and double-
guantum cross-peaks measured with the experimental schemes
reported in Figure 1 for the protein binase (12.3 kDa) from
Bacillus intermediusThe resulting values of the Gg(0) and
CCuh,cH(0) rates measured from the cross-peak intensity ratios
according to egs 3 and 4 are plotted versus the amino acid
sequence of binase in Figure BN, 13CO CSA-CSA cross-
correlation rates vary between5.23 and 1.18 s with an
average value of-2.27 + 1.37 s, while and*HN—15N and
IHN—13CO dipole-dipole cross-correlation rates vary between
—3.82 and—0.10 s with an average value 0f2.02+ 0.78
s, Although the average values for both cross-correlations fall
within the expected ranges calculated with eq 2 (see below),
the large deviations along the polypeptide chain are quite
unexpected. These variation are not caused by experimental
uncertainties, which are on average less than 10% (see legends
to Figures 2 and 3). Neither can the variations be correlated to
the secondary structure of the protein (see Figure 3). Attempts
to correlate the variations with hydrogen bonding patterns as

In an additional experiment we can separate the contribution
of the CSA-CSA cross-correlation from thgHN—15N, 1HN— (30) Cavanagh, J.; Fairbrother, W. J.; Palmer, A. G.; Skelton, N. J.
13CO dipole-dipole cross-correlation. This is achieved with the Protein NMR Spectroscoppcademic Press: New York, 1996.
pulse scheme of Figure 1B, in which prior to the constant time 321(31) Sitkoff, D.; Case, D. AProg. Nucl. Magn. Reson. Spectroté98

165-190.

evolution periodA, triple-quantum coherence of the type (32) Fushman, D.; Tjandra, N.; Cowburn, D.Am. Chem. Sod.999

4HXNxCxis generated, by application of another $ulse on 120,10947-10952

(33) Asakawa, N.; Kuroki, S.; Kurosu, H.; Ando, I.; Shoji, A.; Ozaki,
(29) (a)Fischer, M. W. F.; Majumdar, A.; Zuiderweg, E. R. ®og. T.J. Am. Chem. S0d.992 114,3261-3265.

Nucl. Magn. Reson. Spectrod®98 33, 207-272. (b)Pang, Y.; Zuiderweg, (34) Pavlovsky, A. G.; Vagin, A. A.; Vainstein, B. K.; Chepurnova, M.

E. R. P., unpublished data. K.; Karpeisky, M. Y.FEBS Lett 1983 162 167—170.
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Figure 2. Representative region of the 2D CT-HNCO type spectra sequence

recorded with (A) the pulse scheme of Figure 1A, and (B), the pulse Figure 3. Plot versus the amino-acid sequence of (A) ¥i¢—13CO
scheme of Figure 1B. Panels (C) and (D) show traces ainrgken CSA—CSA cross-correlation rates G@0), and (B) theHN—15N and

at the HNCO resonance of the residues Ala31-Leu32 from the spectralHN—13CO dipole-dipole cross-correlation rates G&cH(0) measured

in (A) and (B), respectively. The spectra were acquired on a Bruker for the protein binase (12.3 kDa) for well-resolved cross-peaks. The
AMX500 spectrometer operating at 500 MM frequency equipped  error bars were obtained as follows. The intrinsic experimental error
with four rf channels and a Nalorac 8 mm triple resonance probe with was estimated from the signal peak height-to-noise ratio, where care
a shieldedz-gradient coil. All spectra were measured at 303 K with a  was taken to analyze only those signals unaffected by single quantum
1.0 mM sample of*N,**C-labeled binase (12.3 kDa) froB. inter- peaks (see legend to Figure 2). The baseline was defined in areas where
medius The measuring times for the two experiments were 12 and 24 such single-quantum peaks did not occur. The intrinsic experimental
h, respectively. The assignments were extended from ref 46. The smallererrors were 0.4% on average, and were propagated through egs 3 and
cross-peaks seen in the traces are caused by incompletely suppresseflaccording to standard error thedfAdditional systematic errors arise
single-guantum coherences and their quadrature images that occur afrom spectral density terms at higher frequencies that contribute for
known locations in the spectra. Quantitative analysis was only carried about 4% (see text), and from magnetic field inhomogeneities. The
out for those double- and zero-quantum cross-peaks that were knownlatter contribution has been experimentally estimated to account for

to be unaffected by the single-quantum peaks. an additional 4% uncertainty. The secondary structure elements for
binase are also indicated with empty and filled boxes ddhmelices

tensorsi! A computation of the dependence of G£0) on Aoy and -strands, respectively.

and6;; according to eq 2e is shown in Figure Aoy defines

the difference between the parallel and perpendicular compo- -

Vot
e

nents of theé>N chemical shielding tensors, afigh defines the / 7
orientation of one of the principal components of €0 , f;ﬁ%‘a@é’#@ <
chemical shielding tensors with respect to the unique axis of ‘i{\ o e |
the 1N chemical shielding tensor. The anglg was varied to CCy, I 140
D s 160

comprise the reported variation of the angles between the unique
axis of the™>N CSA tensor and théHN—15N bond vector
between 6 and 262 the variation of the angle between the
13CO 05, tensor and thé3C=0 bond vector between 3.6 to
+5.8°,33 and the deviations from planarity=(7°) of the peptide  Figure 4. Dependence of the CSACSA cross-correlation GE(0)
bond as observed in the crystal structure of birfAségure 4 on the variations of!SN chemical shielding tensordoy,3? and
demonstrates quite a large dependence on variations of thentervector angle$:; between thé3CO tensors and the unique axis of
intervector angle but a relatively small dependence on variations the **N tensors, according to eq 2exf — 033) and @11 — g33) were
of Aoy. Although such (putative) structural variations would —set to—88 and—154 ppm, respectivel. The anglef1, was varied to
thus explain the majority of the observed variations in account foisthe reported variations Sf tlr;e angles betW(Zaen the unique
CCuc(0) cross-correlations, it still cannot account for the even XS of the'®N CSA tensor and théH"—**N bond vectof? between
larger variations observed for binase in Figure 3A, where, for the *CO oz tensor and the*C=0 bond vecto?” and for small
. . . . T, : deviations from peptide plane planarity (see text).

example, some residues display inversion of the sign of the
cross-correlations.

The analysis of the Gy cH(0) cross-correlation rates (Figure to large variations (see eq 2d). This dipeldipole cross-
3B) is, from a theoretical basis, more simple since its values correlation rate is thus expected to be constant, and should,
depend only on distances and angles that should not be subjectonsidering standard bond lengths and angles, amoun210
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s 1. However, also in this case the deviations from the average 1 e
¢ A /./,/k e
value are very large, and cannot be explained from geometrical A / 11
arguments. 0.5 ¢
Recent observations based on both NMR data and molecular __ 0 ¥

dynamics simulations show that backbdfid and3CO spin T 4 T IR L S S

. ; . . . - - v -0.5 Val * (e2))
motion is dominated by anisotropic axial fluctuations of the  ~ A *
peptide planes along th&C*(i — 1)—13C%(i) axeg%3538 o -1 A *
(“crank-shaft” motion). For the measured CSESA cross- 5 -1.5 '4\1\l
correlation, such a motion would affect the cross-correlation 2 n
term involving the 13CO (022—033) sub-tensor (cf. eq 2e) " - .
differently than the term involving th&’CO (011~033) Sub- -2.5 il TP
tensor®® To gain more insight, we calculated the effect of
anisotropic local motion around three different axes on the cross- 0
correlations. This was carried out by replacing the teRps B e o o,

: A ” : °d
cosP) 2t/5 in egs 2d and 2e with “model free” spectral density -05 v o1
functionsJi(w) for (cross) correlation between relaxation vectors = //
i andj accounting for local motiof: 13 29 Z 4 y g HEE NS
= ' ‘/'/I/ 633
" T Qo //
I (w) = 2/5 LZ (5) = -1.5 A"
1+ (wty) 5 A
o -2 -ty *xa

The quantity Sj is the product of the (nonsquared) order ok, . O
parametersS and § of the vectorsi andj, i.e., the “cross- -25 ok
correlation order parameter/Rx(cos6;)| = |S;| = 0) which is 0 20 40 60 80
sensitive to local motions. The cross-correlation order parameter Angle (degree)

can be computed from Figure 5. (A) A computation of the variations in G{z(0) cross-

4y 2 correlation rates with local anisotropic motions according egs 2e, 5, 6,

_ and 7. The following values were used for the calculations: {6©
SJ' - ? z DYZm(@i'qﬁi)‘:lmcrn(ei'901')D (6) chemical shielding sub tensorsy{ — 033) and @22 — 033) Were set to

m=-2 —154 and—88 ppm, respectivel§? the 15N chemical shielding tensor
was assumed axially symmetric withoy = —170 ppm and the
corresponding anglé:; defining the orientation of that tensor with
o _ the 01, axis of the carbonyl tensor was set to 11@) Computation
o603 ) OF L/(.) L Yor(Oii,@ii) Pii(6;i,%;i) Sin 6 df dg of the variations of Cgucn(0) cross-correlation rates with local
@) anisotropic motions according egs 2d, 5, 6, and 7. Values used in the
computation: ryy andryc (See text) were set to 1.02 A and 2.05 A,

P(6i,¢)) is a probability descriptor of the local motion of the respectively; the angle between tHegN—>N and *H"—'3CO bond
relaxation vector; similar definitions apply to the vectgr The vectors was set to 35The diamonds, stars, and squares show the
functions Yan(6,¢) are normalized spherical harmonics. The variation of the cross-correlation rate upon Gausswlln rotational diffusion
probability was modeldd4 as a Gaussian distribution of ~2around vectors parallel tou, 02, andoss, respectively. The angle
rotational states of these vectors around the direction of the 'SPO"S motion over a range correspondingth standard deviation

. L L . of the axial Gaussian distribution. The computations were made with
an_Stltr)gsS for the rangetl standard deviation as indicated in o program Mathematica 3.0.

igu .

The figure indicates that differences in extent and direction
of anisotropic local motions can cause significant differences
in the CGyc(0) (Figure 5A) and C@Gy cn(0) (Figure 5B) cross-
correlation rates. From Figure 5A, one can observe that rapid
“crank-shaft” rotational fluctuations of abodt30° around an
axis parallel tas;; would indeed cause an inversion of sign in
the CGyc(0) cross-correlation rates. Local motion affects cross-
correlation rates differently when different choices for the values
of the CSA tensors, and especially the directions of their
principal axes, are made (simulations not shown). In general

the effect is that the presence of local anisotropic motion will spread even furthéf. While it is thus currently difficult to

.gr.e.atly amplify the sp‘r‘ead. 'P cross-gorrelatlons which can separate the dynamic and structural contributions to the varia-
initially be caused by a “static” spread in tensors and angles asqns in CGic and CGuy.cn Cross-correlation rates, it can be

shown in_Figure 4. Large anisotropic rotational quctuations_of stated that our present data does disclose that the peptide plane
the peptide plane do account for most of the otherwise yeometry and dynamics is surprisingly heterogeneous for this

where

completely inexplicable variations in the GGcn(0) cross-
correlations rates. We may thus conclude that the measured
experimental spread in both cross-correlation rates indicates the
presence of extensive anisotropic local motions of the individual
peptide planes. However, local motion of otherwise rigid peptide
planes still cannot explain the very large values of cross-
correlations rates observed for several residues. It is conceivable
that the motions themselves cause transient distortions of the
peptide plane geometry, thus transiently affecting tensor values
which by itself can cause relaxative effects and increase the

(35) Bremi, T.; Bfischweiler, R.J. Am. Chem. Sod.997, 119,6672- enzyme. We are currently investigating other cross-correlations
6673 _ involving the different nuclei of the peptide plane in an effort
AnS?@hLeI;r."goiggé ?;%tsggf&gé%; Bsohweiler, R.; Ermst, R. RJ. to estimate the degree of local structural variability and to further

(37) Brunne, R. M.; Berndt, K. D.: Guert, P.. Wihrich, K.: Van characterize internal anisotropic motidfisAt this stage we
Gunsteren, W. FProteins, Struct., Funct., Genet995,23, 49-62.

(38) Fadel, A. R.; Jin, D. Q.; Montelione, G. T.; Levy, R. M.Biomol. (39) Scheuer, C.; Skrynnikov, N. R.; Lienin, S. F.; Strausss, S. K.;

NMR 1995 6, 221—226. Bruschweiler, R.; Ernst, R. R.. Am. Chem. S0d 999 121, 4242-4251.
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cannot correlate the variations in G€(0) (Figure 5a) and CSA—CSA cross-correlation can be designed and the resulting
CCun,cH(0) (Figure 5b) very well, especially for the C terminus rates be correlated with dihedral angles. Another aspect of the
of the protein. It is of interest to note that the active site of the CSA—CSA cross-correlations deserves particular attention for
enzyme, for which extensive ms dynamics has been measureduture applications. Recently, Pervushin et al. reported a very
as well (to be published), is located in this area. useful exploitation of the differential line broadening due to
The CSA-CSA cross-correlation does not depend on the DD—CSA cross-correlation betweéhlN and 1N to attenuate
distance between the nuclei involved but only on the possibility the transverse relaxation (TROSY¥)° Considering the depen-
of creating a multiple-quantum coherence between them, justdence of the CSACSA cross-correlation with the magnetic
as other “remote” cross-correlations such as those reported byfield (eq 2) one can exploit such a cross-correlation to attenuate
Reif et al!®If, for example, one would evolve the amide proton transverse relaxation at high magnetic field and in situations
instead of the amide nitrogen together wii€O during the where CSA is a dominant mechanism of nuclear spin relax-
time periodA in Figure 1B, one would obtain a spectrum where ation2’ We are currently investigating other situations were we
the cross-peak intensity ratio would be a measure oflitie can further exploit such possibilities.
and13CO CSA-CSA cross-correlation. Accordingly, one can )
devise a novel series of multiple-quantum experiments to Acknowledgment. We thank Dr. Guy Dodson for high-
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