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In this communication, we propose a new three-dimensional
triple-resonance NMR experiment for the determination ofithe
angles in doubly**C/**N-labeled protein samples dissolved in
2H,O. This experiment, referred to as 3D HCA(COJN-esolves
the smalJ[*H%(i),'>N(i + 1)] coupling constants combining the
advantages of the exclusive correlation spectroscopy (E.COSY)
principle! with the long relaxation time of thEN nuclei in1>N—
2H groups in a protein after a complete exchange of amide protons:
against deuterons in%d,0 solution. These coupling constants
can be correlated to the dihedral angleising a Karplus relatiof.
The experimental scheme for the 3D HCA(COJMxperiment,
reported in Figure 1, is similar to the HCA(CO)N experiment
used for backbone resonance assignmentherefore we will
only briefly describe the new features of the experiment.

The pulse sequence shown in Figure 1 starts witlutpeoton
magnetization on residue!H%(i), which is transferred by a series
of INEPT (insensitive nuclei enhanced by polarization transfer)
steps via thex-carbon,'3C%(i), to the carbonyl carbord?CO(),
and subsequently to the amide nitrogen of residue L), °N(i
-+ 1).3 This >N magnetization is allowed to evolve during the
period t; with the simultaneous application of continuott$
decoupling with WALTZ-16' Decoupling from!3C* and*3CO
spins is obtained with 180pulses (Figure 1). Since all amide
protons are exchanged against deuterons only long-réhige
1H couplings influence the evolution of tHeN magnetization
during t;. Using the product operator formalismomitting
relaxation terms and constant multiplicative factors, the spectral
density at the time poird in Figure 1 can be described by

o(a) = N,C,Cfcos[y + I )t +

cos[@y — 7 It}
whereN stands for nitrogenC' for the carbonyl carbon, an@
for the a-carbon magnetizatiodJ,x denotes théJ[*H*(i),*5N(i

+ 1)] coupling constant, andy is the resonance frequency of
nitrogen nuclei. The magnetization describeddfg) is trans-
ferred back vid®CO() to 13C%(i) magnetization. This antiphase
magnetization is refocused into in-phasearbon magnetization
and simultaneously frequency labeled with t#&* chemical shift
during the evolution timé,, which is implemented in a constant
time period of durationrs. During t; no proton decoupling is
applied so that the signal is modulated by thi!3C*H*]
coupling. At the time poinb the magnetization of interest can
be described by
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Figure 1. Experimental scheme of the 3D HCA(CO)Nexperiment.

Thin and thick vertical bars indicate 9@nd 180 pulses, respectively.
The pulses of3CO have the shape of a sinc center lobe, are applied
phase-modulated shifting the excitation frequency from 53 to 180 ppm,
and have been optimized to avoid excitatiornearbon magnetization.

All radiofrequency (rf) pulses are applied with phaseexcept when
indicated otherwise above the pulse bars. T8 and*3CO pulses were

not applied simultaneously because they are generated by the same rf
channel. Pulsed field gradients (PFGs) are indicated on the line PFG and
are used to dephase unwanted magnetization components including the
residual solvent liné? The duration and amplitudes of the sine-bell-shaped
PFGs are 40@s and 30 G/cm for g 1 ms and 40 G/cm for £800us

and 20 G/cm for G 800us and 30 G/cm for G 800us and 40 G/cm

for Gs, and 400us and 30 G/cm for @ The constant delays have the
valuesty = 3.4 ms,7; = 3.4 ms,t3 = 7.2 ms, andrs = 22 ms. The
following phase cycling scheme was appliegi =y, —y; ¢2> = X, —X;

B3 =X X, X =X ¢4 = Y; ¢5 = 4%, 4(=X); $6 = Y; ¢7 = 8(X), 8(—X); s
(receiver)= x, =X, =X, X, =X, X, X, =X, =X, X, X, =X, X, =X, —X, X. Phase
differences on'3C* magnetization induced by the application of 180
13CO pulses can be compensated by a slight change of the phosed

¢7. Quadrature detection in the indirect dimensidngndt,, is obtained

by appling the States-TPPI technidtievith the phasesps and ¢7,
respectively. A DIPSI-2 sequeriéavith a strength of 1.2 kHz is applied

to H during the heteronuclear magnetization transfer, and a GARP
sequenc® (1.0 kHz) is employed on'3C* during ts, WALTZ-16
sequencéswith strengths of 0.5 and 1.5 kHz are used to decodie

from 2H duringt; and 13C* from 15N duringt,, respectively.

o(b) = C{cos[y + 7 )t] Cos[(@c, + It +

73]}

[cos@y — 7 Jy)t] cos[(@c, —
where ey stands for 1J[3C*H%] and wc, represents the
resonance frequency of-carbon nuclei. After time poirib the
magnetization is transferred backtd* and detected during.

In the resulting spectrum th&l,y coupling can be measured
accurately from the displacement in t#8l dimension of the two
multiplet components which are separated bythg coupling
(~140 Hz) in the'*C dimension (Figure 2). Possible additional
long-range couplings ofN to remote'H spins were omitted in
the description of the experiment since they are not mutually
coupled to**C* and thus contribute equally to both cross-peak
components as a small line broadening.

Figure 2 shows slices from a 3D HCA(CO)Nspectrum
measured v a 1 mMsample of uniformly*3C/*>N-labeled 434-
repressor(£63) in?H,0. Figure 2 clearly demonstrates that the
3J.n Values are accurately measurable despite of their relatively
small values. They angles can be determined with the Karplus
relation?

IPH(), NG + 1)] = ~0.88 cod(y + 607) -

0.61 cos{ + 60°) — 0.27

The3J,~ coupling constants vary betweerl.2 and—1.8 Hz in
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3('H*) [ppm] P HY(22), 5N 23)=-1.8Hz changed against deuterons, there is no disturbance from the large
373 | 383 [ 389 4.69 ("N K23 ® LJ[**N,'HN] coupling constants during;, and therefore, no
selectiveHN decoupling, as for example in the HN(CO)CA-
experiment is required. Moreover, a very highN resolution
can be achieved due to the prolonged transverse relaxation time
of the N nuclei bound t&H instead of'H, when thé®N nuclei
ol [ | | are decoupled frontH (Figure 1). In this case!®™N nuclei
AI¥E19 represent a preferable choice to resolve the rather siial
-L5Hz) coupling constants, exhibiting a resolution usually not obtainable
when detecting on the-proton as, for example, in the HCACO-
[N]-E.COSY? The latter is in principle a 2D experiment which
. . . . , . . requires a relatively high resolution in the indirect dimension to
R T S A e resolve the smalJ[13COSN] coupling (~15 Hz). However, in

the 3D HCA(CO)NJ experiment, only low resolution in tHéC*

dimension is necessary to resolve the laidig coupling (~140
Hz). The overall size of the data matrices and sensitivity in the
two experiments are comparable. However, the latdg,
coupling can still be resolved in larger molecules, whereas this
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Figure 2. (A) Contour plots of four representative){(*>N),w2(*3C%)]
strips from the 3D HCA(CO)N} experiment taken at thes(*H%)
chemical shifts indicated at the top of the individual strips. The spectrum
was obtained wit a 1 mM sample of uniformly!3C/*5N-labeled 434-
repressor(+63) (solvent?H,O, pD* = 7.0, T = 13 °C) on a Bruker . . .
DRX500 spectrometer operating at 500-MHt:frequency using the pulse IS no Ionger_pOSS|bIe for the Smau[l%o'lsN] couplings. .
scheme reported in Figure 1. The four strips show sequei@a(i)— In conclusion, the novel experiment 3D HCA(COJbrovides

15\(i + 1) correlations where the vertical splitting corresponds to the €asily accessible information ap angles also because there is
1J[13C%(3),2H%(i)] coupling and the horizontal displacement is fdgx no overlap of the values fo,n betweena-helical and3-sheet
Coup”ng' The assignments of the cross-pé%lb.ad the measuretdyn regions. This experiment may therefore also be preferable to the
coupling constants (in brackets) are indicated in the strips. The following recently developed method based on cross-correlation between
parameters were used: the carrier for thiepulses was placed on the  the *H—3C* dipolar and the carbonyl chemical shift anisotropy
solvent line at 4.9 ppm; th&Ce, 15N, and2H carriers were set to 53,  relaxation? that is up to 4-fold degenerate fgrvalues of 180,

116, and 8.0 ppm, respectively. 9pulse lengths of &s for 1H, 48 us and to the direct measurement of intervector angles between CH-
for 13N, 65 us for 3C, and 106us for 3CO were used. 180pulses (i) and NH{ + 1) bondsi® where the necessary knowledge of
were applied with the same rf power as for the @lises. With these  the correlation time may constitute an additional source of

parameters, no significant phase correction for the phasesd¢; was uncertainty. The information obtained from the new experiment
needed (See Caption for Flgure 1) The 3D Spectl’um was recorded in 2cou|d also We" Complement those Obta|ned from the recently
days Wi!‘.h 128><_ 16_>< 512 complex points in thi, t,, andts dimensions, proposed empirical correlation betwegrangles and deuterium

respectively, yielding ma(**N) = 102.4 mstzma{**C) = 7.2 ms, and isotope shifts where smaller shifts are observed for residues in

tama(*H) = 85.2 ms. Linear prediction and mirror image linear predic- a-helical regions and larger shifts #rsheetdl
tionl” were performed in thé>N and 13C dimensions, respectively, 9 9 v '

doubling the time domain size in these dimensions. After zero-filling, Acknowledgment. Financial support was obtained from the
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a-helical regions, whereas very small couplings in the range from  Supporting Information Available: Figure comparing the angles
+0.1 to —0.5 Hz are expected ifi-sheet regions. obtained from the measurements of &gy coupling constants and the

The use of the E.COSY principle requires that tHe nuclear angles in the three-dimensional NMR structure of the N-terminal domain
spin does not change its state between the evolution time periods2f 434-repressor (residues-3) and a list of the quasurédth ;’a'“es .
t; andt, (Figure 1) In practice, nuclear spin relaxation influences (2 pages, print/PDF). See any current masthead page for ordering

- . . information and Web access instructions.
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