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The conventional HNCA pulse sequence suffers from the ambi-
guity that it cannot distinguish inter- and intraresidue correlations
because the one-bond and two-bond J(NC*) coupling constants are
of similar magnitude. This paper presents a novel pulse sequence,
sequential HNCA, that leads to a spectrum exhibiting exclusively in-
terresidue correlations. This important sequential information has
so far usually been obtained by an HN(CO)CA experiment that
for medium field strengths typically also is more sensitive than
HNCA. However, for increasing static magnetic fields the chemical
shift anisotropy relaxation mechanism of carbonyl carbons becomes
more and more efficient, leading to a degradation of the HN(CO)CA

is dominated by the chemical shift anisotropy mechanism higl
fields are detrimental for the sensitivity of the experiment. There
is an estimate in the literaturg)where a clear sensitivity advan-
tage of HN(CO)CA over HNCA for the sequential correlations
at 600 MHz is turned into a disadvantage at 900 MHz. It is not
the purpose of this paper to theorize about the exact rotation:
correlation time or static magnetic field strength where the sens
tivities are equal but rather to show how to resolve the ambiguity
of conventional HNCA.

It is of interest to have an unambiguous way of correlating

sensitivity. Hence there is a point where the sequential HNCA ex-
periment becomes the most sensitive option for sequential N-C*
correlation.  © 2001 Academic Press

Key Words: multidimensional NMR; TROSY; sequential HNCA;

I5N(i) and3C*(i — 1) that avoids a period with transverSEO
magnetization. That is accomplished with the resquential
HNCA pulse sequence outlined in Fig. 1. It is related to the
conventional HNCA pulse sequence but modified to suppres

sequential assignment; HN(CO)CA. the coherence transfer pathway involving magnetization trans

fer via the! J(NC*) coupling constant. An alternative modified
HNCA experiment by Permi and Annild)introduces different

The assignment of the backbone resonances is a crugilltiplet structures of inter- and intraresidual peaks in the sam
step in NMR structure determination &iC,'*N-labeled pro- spectrum allowing to distinguish the two types of correlations
teins. One element of the experimental protocol is the carrthat way.
relation of 1*N(i) with the intra-*3C*(i) and the interresidue  The basic idea is related to a feature of experiments for dete
13Cx(i — 1), where the latter is part of the sequential assigmination of relative signs of coupling constan®: (Introduce
ment. The experiment HNCAL) and its various extensions de-the |,(*3CO) operator vid J(NC') and**N magnetization, and
liver these two correlations in a single spectrum becausd theemove it viat J(C*C') and*3C* magnetization. This works fine
coupling constants mediating the coherence transfé(siC*) for the sequential correlation vfal (NC?), e.g.,
and?J(NC%), are of similar magnitude. Hence the HNCA spec-
trum exhibits an ambiguity that needs to be resolved by an-
other experiment. That is typically the HN(CO)CA experiment ly[*°N(i)] — 41,[*°N()]1[**C*(i — 1)]I,[**COG — 1)]
(1, 2 or variations thereof, where only the sequential corre- . .
lations are observed. This selectivity is based on the fact that — 4N )]ly[lsca(' - DIICOq - 1)]
the2J(NC') coupling constant is too small for efficient coher- — 21,[BN@] I [BCH (i - 1)]
ence transfer so that the amide magnetizatiot®bKi) can

— 21y [N [BC (i — 1)]

— L[PNG),

be channeled exclusively through the sequerfi@iOo( — 1)
viatJ(NC).

A drawback of the otherwise unambiguous HN(CO)CA ap-
proach at high magnetic fields is the delays with transverse car-
bonyl carbon magnetization required for the GO C* trans- where the boldface arrows indicalesvolution and the smaller
fers. Since the transverse relaxation rate of the carbonyl carbansws a pair of°N and3C* /2 pulses.
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FIG. 1. SequentiaHNCA pulse sequence. For Bruker instruments, phases —y, gs = —y — Ags and gradient ratios}; : G : G3) = (—7:3:1987)
select the echo, whereas the settiig= y, 9s = y — Ags and G1:G2:G3) = (—8:2:3013) selects the antiecho. On Varian instrumentsghand s
phases must be inverted. In order to include the ndfiiemagnetizationy is y and —y on Bruker and Varian instruments, respectively. The prefiX to
pulse phases indicates independenphase shift two-step cycles with alternating receiver phase. All delag on the order of (&) ~1: 7 andrs can
be adjusted according tean TROSY () while ¢’ typically is slightly shorter than (B)~! to compensate decay by transverse relaxaticis.a gradient
delay.T is adjusted for optimum transfer betwetN and3C* via the2J(NC¥) coupling constant whild¢ is the usual compromise fdtJ(C'C*) evolution
while not allowing excessiveéJ(C*CF) evolution (see Figs. 2 and 3 captions). Water-selecti¥2 pulses serving to avoid saturating the water resonance are
indicated.

The corresponding intra-residual pathway Wid(NC*) TROSY and anti-TROSY resonances in #isl—'H segments

is, e.g., a second (*H) pulse is included at the end of theperiod. This
. . . pair of 7 (*H) pulses would be replaced by multipulse deuterium
Iy [P°NG)T = 41y [N ()]1[*COoq — 1)] decoupling during3C® evolution in perdeuterated proteins. The
— 41,[*N(i)] Iy[lSC(x(i N1L[RCoq —1)] dotteds (*°N) pulse in thet; period can be considered optional

sinceTc is so short that there is no appreciable evolution due tc
= 8I,[°N()]L[MC*()]1,[**CO( — 1)]1,[**CO()]  I(NC) coupling constants.
N 8Iy[15N(i N1 (DO]1,[2CO — D)]1,[2Ccoq)] Figure 2 \(erifie_s _by 2D projections of 800 MHz spectra of
Chymotrypsin Inhibitor 27, 8) that the same (sequential) cor-
— 4L, [N(i)]1,[CO — 1)]I,[**COg)]. [1b] relations are observed sequentiaHNCA and in HN(CO)CA.
It is also noteworthy that the relative intensities within the two
The last term in expression [1b] will not lead to observablepectra are similar.
magnetization because tAdéNC') couplings are suppressed dur- In Fig. 3, the 2DsequentiaHNCA spectrum is held up against
ing the rest of the pulse sequence. Even withd@O decou- a conventional HNCA spectrum exhibiting both intra- and inter-
pling during acquisition the term would be unobservable beesidual correlation peaks. Finally, the figure also shows a lin:
cause?J(NC)) vanishes. Thus the intraresidual correlation isar combination where the two spectra are subtracted from eax
suppressed. other to yield an exclusive intraresidual HNCA correlation spec-
The sequentiaHNCA pulse sequence outlined in Fig. 1 intrum. If both the conventional and tBequentiaHNCA spectra
cludes acleanTROSY element®) for the final transfer of mag- are recorded it requires more instrument time. Nevertheless, th
netization from!®N to the attached protons but the scheme faeems the way of choice for large molecules at high fields wher
suppression of intraresidual correlations is independent of whila¢ sensitivity of HN(CO)CA is unattractive. Since the sequen-
element is used fo®N — H magnetization transfer. tial correlations are weaker than the intraresidual ones the overe
In contrast to the conventional HNCA experiment obtained lsensitivity increases if more scans are recordedsémuential
omitting the first*COx pulse, displacing the secondy/2to  HNCA than for conventional HNCA. Ideally the signal-to-noise
the right, and changing the phase of the sed8Ndr /2 pulse by ratio for the weakest signals of interest should be the same i
90, the intensity irsequentiaHNCA is for the pertinent peaks the two edited spectra.
multiplied by si{zJ(NC)T} sin{zXJ(C*C)Tc}. The sign of  Although there are variations in thi{NC*) coupling con-
this product reflects the relative signs of the t@acoupling stants the editing of the intraresidual correlations is rather clea

constants involved. as can be seen from the sections in Fig. 4 taken from the frame
There are a few additional technical details of the pulse segions in Fig. 3.
guence in Fig. 1 to mention. The(*H) pulse in thet; pe- In conclusion, we have introduced a new pulse sequence

riod serves to suppres3$(C*H®) but since it also interchangessequentiaHNCA, for correlation of'>N(i) with interresidue
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FIG.2. Comparison of excerpts from the fitgtinterferogram (echo) of the®Gegion ofsequentiaHNCA and HN(CO)CA TROSY experiments, respectively
of 15N, 13C-labeled CI2 21-83 (90% D/10%Dx0, 25°C, pH 4.2, 4.18 mM). TheequentiaHNCA spectrum (left) was recorded with the pulse sequence in Fig. 1
on a Varian Unity Inova 800 MHz spectrometer. Parameters: relaxation delay 4.5=s7j = 7s = 5.43 ms;T = 22.00 ms;T’ = 21.00 ms;T¢c = 7.60 ms;

§ = 1.10 ms;ty(max) = 7.28 ms; 64 scans. Sinc-shap&) ¢electiverr /2 water pulses (1000,0s) and iBurp-shaped.() selective carborr pulses (930.Q:s)
were used. Rectangulay2 andr C* pulses were calibrated to have a zero excitation profile in the CO region. Adiabatic decoupling of CO'eNrangstant
time evolution covering 20 ppm was applied using WURST-2 decouplidy GARP decouplingX2) was used during data acquisition. The gradients in the
self-compensating pairs had relative amplitudes of 1.0 in the initial INEPT transfer, 0.5Trpiiods, 1.0 in the first¥CT element of TROSY transfer, and 6.0 in
the final SCT/Watergate element. Data matrices 082048 points covering 5632 12,000 Hz were zero-filled to 1024 2048 prior to Fourier transformation
and the window function was cosine in both dimensions. A modified HN(CO)CA TRQASY) (vas recorded (right) with the same parameters except for an N
< CO transfer delay of 33.30 ms; a delay for GO C* transfer of 8.90 ms; and a delay for constant-tinfeeRolution of 7.6 ms. Proton decoupling and the
TROSY mixing sequence with gradients were as shown in Fig. 1. Adiabatic decouplifgaifriig 1°N constant-time evolution covering 20 ppm was applied
using WURST-2 decoupling.
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FIG.3. HNCA TROSY (left),sequentiaHNCA (middle) and edited intraresidual HNCA (right) spectrdtf,13C-labeled CI2 21-83 (90% D/10%D,0,
25°C, pH 4.2, 4.18 mM). The HNCA TROSY spectrum was recorded with the pulse sequence in Fig. 1 where the first shapgmad<@Qvas omitted and the
second COr pulse displaced to be simultaneous with treand®N 7 pulse within the € constant-time period. The phase of the secoir /2 pulse wasty.
Same parameters were used as listed in the Fig. 2 capticedorentiaHNCA. The intraresidual HNCA spectrum, showing only HNCA correlations within the
same amino acid, was obtained by linear combination of HNCA TROSYsagdentiaHNCA in a ratio of 0.65 —1. F; traces along the center of the boxes in
the spectra are shown in Fig. 4.
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FIG.4. 1D sections along the center of the boxes as indicated in Fig. 3."(aprtd (&) HNCA TROSY where both sequential - %71)) and intraresidual

(Hi) — C‘g;)) correlations are present. (b), fand () SequentiaHNCA TROSY showing only the sequential {iH- C‘(ﬁ 71)) correlations. (c), (9, and (¢) Linear
combination of HNCA TROSY andequentiaHNCA in the ratio 0.65 —1 yielding the spectrum containing only intraresiduaj{H- C‘(’j)) correlations.

13C°‘(i — _’]_) in |arge proteins at high fields. The technique calPoulsen, Pia Skovgaard, and Mathilde H. Lerche forlfiy 13C-labeled CI2
be extended to other experiments benefiting from unambiguc@gwrle:
magnetization transfer betwe&iN(i) and3C*(i — 1).
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