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Abstract: Transverse relaxation-optimized spectroscopy (TROSY) was implemented in the four triple resonance
experimentsPN,'H]-TROSY-HN(CO)CA, [5N,!H]-TROSY-HN(CA)CO, [1°N,H]-TROSY-HNCACB, and
[**N,H]-TROSY-HN(CO)CACB. Combined with 1PN,'H]-TROSY-HNCA and [°N,'H]-TROSY-HNCO
(Salzmann, M.; Pervushin, K.; Wider, G.; Senn, H.Which, K. Proc. Natl. Acad. Sci. U.S.A998 13585

13590) these experiments represent a suite of TROSY-type triple resonance experiments that enables sequential
backbone assignment of proteins. When used with the 23 #IB®C/*5N-labeled protein gyrase 23B, a
comparison with the corresponding conventional NMR experiments showed, on average over the entire amino
acid sequence, a 3-fold sensitivity gain for each of the four experiments. The use of the TROSY principle in
triple resonance experiments thus promises to enable resonance assignments for significantly larger proteins
than what is achievable today with the corresponding conventional NMR experiments.

Introduction transfer steps is only little affected by deuterati8in contrast,
transverse relaxation-optimized spectroscopy (TRG5¥
yields substantial reduction of the transverse relaxation rates in
I5N—IHN moieties by constructive use of the interference be-
tween DD coupling and chemical shift anisotropy (CSA) inter-
actions. Previously, the implementation &MN,'H]-TROSY in

the HNCA and HNCO experimerifsyielded more than 3-fold
sensitivity improvement when applied #1/23C/*5N-labeled
proteins, and a significant gain in sensitivity was also obtained
for protonated proteins. In this paper we describe the imple-
mentation of [°N,’H]-TROSY in additional triple-resonance
NMR experiments that are commonly used for the sequential
assignment ofH/13C/*N-labeled proteins, i.e.1iN,'H]-TROSY-
HN(CO)CA, [5N,H]-TROSY-HN(CA)CO, [5N,H]-TROSY-
HNCACB, and [°N,H]-TROSY-HN(CO)CACB.

The assignment of chemical shifts to the individual nuclei is
a prerequisite of protein structure determination by nuclear
magnetic resonance (NMRspectroscopy:3 Assignments for
the largest proteins so far have been obtained by using triple
resonance experiments witlC/*N-labeled proteins, which use
through-bond scalar coupling connectivities for sequential
assignment of the backbofN, 15N, 13C*, and*CO spins’~8
Size limitations for the use of triple-resonance experiments arise
from fast transverse relaxation of the heteronuclei, especially
13Ce, which is efficiently relaxed by dipotedipole (DD)
interactions with!H®. Deuteration significantly decreases the
transversé3C* relaxation rate and extends the accessible molec-
ular size rangé& but transversé®N relaxation during coherence

* Address correspondence to this author.

T Eidgerissische Technische Hochschuléndgerberg. Experimental Section
*F. Hoffmann-La Roche AG, Pharma Research, CH-4070 Basel, )
Switzerland. All spectra were recorded at 2C with the same 1 mM sample of
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to-single transition polarization transfer; TPPI, time-proportional phase ' “H, **C, and"N rf pulses, a pulsed field gradient unit, and a triple-
incrementation; TROSY, transverse relaxation-optimized spectroscopy; 3D, fesonance probehead with an actively shieldegtadient coil. The
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4667. Bax, A.; Grzesiek, \cc. Chem. Red4.993 26, 131-138. Edison, (11) Pervushin, K.; Riek, R.; Wider, G.; \thrich, K. Proc. Natl. Acad.
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ments: [N H]-TROSY-HN(CO)CA data size 26() x 24(,) x and 3C#, and betweer®C* and N, respectively. Between the time
512(3) complex pointstima(*®N) = 10.8,tomaf**C%) = 4.8, andtzmax points h and i the magnetization is transferred back fréf€* via
(*H) = 48.7 ms; spectral widths i:(**N), w2(*3C%), andws(*H) 2400, 13CO to™N, and*®N evolves due td°N chemical shift during the dt
5000, and 10504 Hz, respectively; 32 scans per increment were acquirecevolution period.

and the data set was zero-filled to 83(x 64(t,) x 1024(s) complex The magnetization flow in théN,'H]-TROSY-HN(CA)CO experi-

points.[**N,'H]-TROSY-HN(CA)CO26(1) x 30(2) x 512¢s) complex ment (Figure 1b) is

points;tima(*>N) = 10.8,tomax(**CO) = 12.0, andizma(*H) = 48.7 ms;

spectral widths inw;(**N), w,(*3CO), andws(*H) 2400, 2500, and 10504 H—N—C% . —CO. .(t)—C% . — N(t.)— H(t 2
Hz, respectively; 24 scans per increment were acquired and the data b= () H=l () (&) @)
set was zero-filled to 64 x 64(,) x 1024¢;) complex points.

[15N IH]-TROSY-HNCACB 26(t;) x 42(t) x 512(s) complex points; where the indice<C;_; and CO;-; indicate that the coherence is
tlma)(’lsN) = 10.8, toma°C¥F) = 4.4, andama(*H) = 48.7 ms; spectrail transferred to both the sequentially and the intraresidually adjoining

widths in wi(3N), w(3C4), andws(*H) 2400, 9615, and 10504 Hz, 13C* and *CO groups, respectively. _The m_agnetiza_tion is transferred
respectively; 32 scans per increment were acquired and the data seffom'H _throughlSNlandBCﬁ to *CO (time pointe). Duringtz, between
was zero-filled to 64f) x 128(,) x 1024¢:) complex points[*N H]- time pointsf andg, 33CO evolves due to thECO chemical shift only,

- i 1 15 i 1 i
TROSY-HN(CO)CACE26(t;) x 33() x 512¢s) complex pointstimar 5|nce13C‘1 ar?d1 Naareltgecoupled. T_he magnetlzatl_on is tlr?nsferred back
(15N) = 10.8, tama(°C¥) = 3.4, andtsma(*H) = 48.7 ms: spectral from 13CO via'3C* to 1N between time pointk andi, and'*N evolves
widths in ws(3N), 0z(5C), andws(H) 2400, 9615, and 10504 Hz, ~ duringt. . _
respectively; 32 scans per increment were acquired and the data set M ["N."HI-TROSY-HNCACB (Figure 1c), the coherence flow is
was zero-filled to 64() x 128(t,) x 1024;) complex points. Identical
experimental settings were used with the corresponding conventional H—N—Ci_,— Cffi'él(tz) —C%_,— N(t)—H(t) (3)
triple-resonance experiments. Prior to Fourier transformation the data

matrices were multlplled with a 75shifted sine bell window in the whereC«s represents magnetization that is distribute¢f@s and13df’
indirect dimensions and a 68hifted sine bell window in the acquisition  and the indice€®_, andC%’, again indicate that coherence transfer

dimension:® Data processing was performed with the program PRO-  gceyrs both intraresidually and sequentially. After the coherence transfer

SA! and for the data analysis the program XEASWas used. from H via 5N to 23Ce, the magnetization at time poidis relayed to
the attached3C? by the COSY-type transfer betweenand e,?° and
Methods 13Ce and 13C# thus evolve simultaneously duririg Betweenh andi

For the incorporation of TROSY into the triple-resonance experi- the magnetization offC*is collected back oA°C* and transferred

ments discussed in this paper, we followed the procedure developedt0 N, )

recently for the HNCA and HNCO experimerisyielding [5N,H]- In [**N,*H]-TROSY-HN(CO)CACB (Figure 1d) we have the coher-
TROSY-HN(CO)CA, [5N,'H]-TROSY-HN(CA)CO, [5N,H]-TROSY- ence flow

HNCACB, and [5N,'H]-TROSY-HN(CO)CACB (Figure 1 ad). The

four experiments differ only in the pulses and delays applied between H, —~ N, —~ CO_, —~ C, — C*i(t,) —~ C", —

the time points andk. The common features include that both the CO_, — N(t) — Hi(t) (4)
and >N steady-state magnetizations are used at the outset of the =1 -1 R3
experiment-3and that there is #H—5N INEPT transfer between time o o
pointsa andc. At time pointsa, b, andk, the water magnetization is 1€ magnetization transfer is similar as f&N,"H]-TROSY-HN(CO)-
flipped back to thetz-axis by using selective pulses on the water CA (Figure 1a), except that the coherence'#r at time pointe is

resonancé® From time pointk onward the ST2-PT element transfers ~ Partly transferred td°C’ betweene andf, as in (3). Thus, PN, H]-
the N single transition to the'H single transition selected in ~ TROSY-HN(CO)CACB differs from PN,'H]-TROSY-HN(CO)CA

TROSY1213TROSY is active or*N during the first'SN—13C INEPT only by the simultaneous evolution of botfC* and**C# during t,2°.
between time points andd, and during the reverséC—15N INEPT The maximal'®N evolution time,timax in all the experiments of

betweeri andk, which encompasses the constant time&@)evolution Figure 1 is limited by the ct period, which was no limitation in the
period, and orfHN during data acquisition. spectra shown in this paper. If desiréghaxcould be doubled by using

The individual experimental schemes of Figure-tiaare closely thele;pprgach introducedlisn thel,"H]-TROSY-HNCA,'* where both
related to the corresponding conventional triple-resonance NMR experi- e "N—*°C out- and“*C—**N back-transfer times are used for i
ments, which have been discussed in the literature in deFhiérefore, evolut_lon. Thl_s tec‘hnlque would be applicable to all the triple-resonance
we give only a brief outline of the coherence flow in each experiment. €XPeriments in this paper.

In the [5N,2H]-TROSY-HN(CO)CA experiment (Figure 1a) we have The recent implementation of TROSY into the triple resonance
' experiment HNCA for use with protonated proteins resulted in a 1.5-

fold sensitivity enhancement when compared to conventional HRCA.

H— N, —CO_, — C. () =~ CO_, — Ni(ty) ~ Hi(ta) (1) Although the pulse sequences of Figure 1 have been designed for use
with 2H/*3C/**N-labeled proteins, they can in principle readily be adapted
where H, N, C% and CO represent théHN, 15N, 13Ce, and $3CO for protonated proteins by replacing deuterium decoupling with selective
magnetizationst; andt, are the!®N and*3C evolution timests is the decoupling of thex-protons in Figure 1, parts a and b, and theand

IH acquisition time, and the indicésindi—1 indicate two neighboring ~ S-protons in Figure 1, parts ¢ and d, respectively.
residues in the amino acid sequence. The time periods where TROSY ) )
is active are underlinede. the 1®N—3CO INEPT, the reverse INEPT ~ Results and Discussion

and the ct®N evolution periodt, and the data acquisition periog, For all four pulse sequences in Figure 1 and their conventional
After the 'TH—'N INEPT the magnetization is transferred frofiN PL q 9 .
counterparts without TROSY, experiments were performed with

via 3CO to *C* between time points ande. Betweenf and g, the 13~ /15 .
13Ce magnetization evolves due to th€® chemical shift, sincé3CO the 23 kDa?H/*3C/*N-labeled gyrase-23B at 750 MHz. Figure

is decoupled and the maximal evolution tingsax is usually chosen 2a shows @o(13C),w3(*H)] strips from a 3D [°N,'H]-TROSY-

short to minimize the influence of the scalar couplings betwéen HN(CA)CO spectrum and Figure 2b the corresponding strips
from a conventional HN(CA)C8 experiment recorded with

(16) DeMarco, A.; Wthrich, K. J. Magn. Resonl976 24, 201—204.

(17) Gintert, P.; Dsch, V.; Wider, G.; Wthrich, K. J. Biomol. NMR (20) Grzesiek, S.; Bax, AJ. Am. Chem. So0d.992 114,6291-6292.
1992 2, 619-629. Grzesiek, S.; Bax, AJ. Magn. Resonl992 99,201-207. Wittekind, M.;
(18) Bartels, C.; Xia, T.; Billeter, M.; Gutert, P.; Wthrich, K. J. Biomol. Mueller, L. J. Magn. Reson. B993 101,201-205.
NMR 1995 5, 1-10. (21) Matsuo, H.; Li, H.; Wagner, G.. Magn. Reson. 8996 110,112—

(19) Grzesiek, S.; Bax, Al. Am. Chem. S04993 115 12593-12594. 115.
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Figure 1. Experimental schemes fol®N,'H]-TROSY triple-resonance NMR experiments for use with deuterated proteins (for the modifications
needed for work with protonated proteins, see ref 10): {&),jH]-TROSY-HN(CO)CA, (b) [°N,H]-TROSY-HN(CA)CO, (c) [°N,!H]-TROSY-
HNCACSB, (d) ['*N,*H]-TROSY-HN(CO)CACB. The radio frequency (rf) pulses t 15N, 13CO, 13C, 13C#, and?H are applied at 4.8, 119, 174,

55, 46, and 3.8 ppm, respectively. Narrow and wide black bars indicate nonselectiard080 pulses, respectively. On the line market] sine

bell shapes indicate selective°9fulses with a duration of 1 ms, a rectangular shape, and a strength of 250 Hz applied on-resonance with the water
line. Sine bell shapes on the lines markédo, 13C¢, and3C*#, respectively, indicate selective off-resonance°lglises at the corresponding
frequencies with a duration of 98s and a Gaussian shape. The line marked PFG indicates durations and amplitudes of pulsed magnetic field
gradients applied along theaxis: G, 800us, 15 G/cm; G, 800us, 9 G/cm; G, 800us, 22 G/cm. The delays arte= 2.7 ms,0 = 4.0 ms,e =
3.55ms, and = 21.8 ms. In all four experiments the same phase cycle is applied, with the pHase$y, —y, —x, X}, W> = {—V}, W3 ={—V},

¢1 = {4, 4(—X)}, andgrec = {Y, =Y, =X X, =V, ¥, X, —x}. In parts c and d the additional rf pulsg¢s ¢s, and¢, are applied with phases x, and

X, respectively. All other rf pulses are applied with phasén parts a, b, and d off-resonance effects'#O and'3C* produced by the shaped
pulses on'3C%, 13C¥ and!3CO are corrected by the addition of appropriate phase differences to the phasegando, = x. In the 15N(ty)
dimension a phase-sensitive spectrum is obtained by recording a second FID for each incramevittof!'; = {y, -y, x, —=x}; W> = {y}; W3

= {y}, and the data are processed as described by Kay?&tQaladrature detection in thEC(t;) dimension is achieved by the States-TPPI
method® applied to the phasg; in parts a and b and to the phagesgs, andg, in parts ¢ and d. The water magnetization stays aligned along the
+z-axis throughout the experiments by the use of water flip-back pfllaesmesa, b,andk. Residual transverse water magnetization is suppressed
by a WATERGATE sequenégimmediately before data acquisition. Fbt-decoupling, WALTZ-167 was used with a field strength of 2.5 kHz.
Special features of the individual experimental schemes are the following: In parts a, b, and d, 908 and 1808 pid€@s ¥, and3C¥F are
applied with field strenghts of 6.33 and 13.89 kHz, respectively, so that their application produces minimal excitatidfQyratia'*CO frequencies,
respectively. In part ct3CO decoupling is performed by using off-resonance SEDU&EBwith a field strength of 0.83 kHz, which allows the
application of strong rf pulses on tHé&C*# channel with a field strength of 21 kHz to excite the complete chemical shift range of-thad
B-carbons from approximately $@0 ppm. In part a thé3C carrier is switched from 174 to 55 ppm at time pogdnd returned to 174 ppm at
point h; in part b, the'*C carrier is switched from 55 to 174 ppm at poénd returned to 55 ppm at poiht and in part d thésC carrier is
switched from 174 to 46 ppm at time poietand returned to 174 ppm at poiht

identical conditions. The strips were taken at tP\¢ chemical [**N,'H]-TROSY-HNCACB, as indicated by the broken lines
shifts of residues 223228, and the dotted line in Figure 2a (Figure 3a), whereas only a small fraction of the connectivities
indicates the “sequential walk” from the intraresidual peak at could be identified in the corresponding conventional HNCACB
w1(*Ni—1)/w2(BCO-1)/w3z(*HN;-1), through the sequential peak  spectrum (Figure 3b).
atw1(*Ni)w(BCO-1)lwz(*HN), to the next intraresidual peak For a more quantitative assessment of the gain in signal-to-
at o1(™Ni)/wx(**CO)/wz(*HN). With the use of PN,*H]- noise from the use of TROSY in triple-resonance experiments,
TROSY-HN(CA)CO, all sequentidHN~13CO connectivities in  Figure 4 presents cross sections along ¢hgtH) dimension
the gyrase-23B could be identified (Figure 2a), whereas with through peaks from the following spectra: (a) 3BN,H]-
conventional HN(CA)CO no reliable sequential assignment was TROSY-HN(CO)CA (Figure 1a); (RHN(CO)CAS (b) [15N,1H]-
possible (Figure 2b). TROSY-HN(CA)CO (Figure 1b); (b) HN(CA)C@ (c) [15N,H]-
Figure 3a presentap(13C),ws(*H)] strips from a 3D {N,*H]- TROSY-HNCACB (Figure 1c); (¢ HNCACB:® (d) [**N,H]-
TROSY-HNCACB spectrum, taken at tAeN chemical shifts TROSY-HN(CO)CACB (Figure 1d); (3l HN(CO)CACBS In
of residues 69 74. The corresponding strips from a conventional general, the sensitivity in the spectra obtained with the TROSY-
3D HNCACB? spectrum are shown in Figure 3b. All sequential type experiments of Figure 1 is significantly enhanced (Figure
IHN-13Ce and HN-13C# connectivities could be identified in ~ 4a—d) when compared with the results obtained with the
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Figure 2. Comparison of corresponding§(*3C%),ws(*H)] strips from
two 3D experiments recorded Wia 1 mMsolution of uniformly?H/
13C/*N-labeled gyrase 23B: (a)®N,*H]-TROSY-HN(CA)CO (Figure
1b); (b) conventional HN(CA)C®: The strips were taken at tHeN
chemical shifts of residues 22228 and are centered about the
correspondingdHN chemical shifts. At the top the sequence-specific

assignments are indicated by the one-letter amino acid symbol and the

number of the residue in the amino acid sequence. In part a those
sequential connectivities that could be reliably identified are indicated
by dashed lines. Since ribiN and**N broad band decoupling is used

in TROSY, the amidéHN and!°N resonances in part a are shifted by
about 45 Hz relative to the corresponding resonances in part b. In the
conventional HN(CA)CO experiment, DIPS#2decoupling (field
strength 3.13 kHz) was used f8# decoupling, WALTZ-16 (2.5 kHz)

was used foPH decoupling during,, and WALTZ-16 (1.6 kHz) was
applied for’>N decoupling during acquisition.
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Figure 3. Comparison of corresponding§(*3C%),ws(*H)] strips from

two 3D experiments recorded Wi 1 mMsolution of uniformly?H/
13C/*N-labeled gyrase 23B: (a}N,'H]-TROSY-HNCACB (Figure

1c); (b) conventional HNCACB.Same presentation as in Figure 2.
The same decoupling routines were used in the conventional HNCACB
experiment as described in Figure 2 for HN(CA)CO.

corresponding conventional NMR experiments (Figure-4§.
For the HN(CA)CO (Figure 4bb') and the HN(CO)CACB
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Figure 4. Cross sections along the(*H) dimension through individual
peaks in the following 3D spectra: (afiN,'H]-TROSY-HN(CO)CA
(Figure 1a); (9 conventional HN(CO)CA.(b) [**N,*H]-TROSY-HN-
(CA)CO (Figure 1b); (B conventional HN(CA)CG! (c) [*°N,H]-
TROSY-HNCACB (Figure 1c); (3 conventional HNCACE. (d)
[**N,*H]-TROSY-HN(CO)CACB (Figure 1d); (d conventional HN-
(CO)CACBS® The experimental conditions used are described in the
captions to Figures 1 and 2. In each panel the observed peak is identified
by the one-letter amino acid symbol and the residue number in the
amino acid sequence, and thg(*®N) andw,(*3C) chemical shifts are
indicated in parentheses.

experiments (Figure 4€ld'), workable signal intensities were
obtained only with TROSY.

The intensities of all peaks in the 3D spectra of gyrase-23B
were determined and compared for each pair of experiments
recorded with and without}N,*H]-TROSY. Figure 5 shows
these data forlfN,!H]-TROSY-HN(CO)CA and conventional
HN(CO)CAS® For almost all sequentiabi(*>N;)/w2(*3C%—_1)/
w3(*HY)) correlation peaks the!N,'H]-TROSY-HN(CO)CA
experiment yields significant improvements in sensitivity com-
pared to the conventional HN(CO)CA experiment. In line with
theoretical predictiori81! the highest sensitivity gains were
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acid sequence of gyrase-23B are 2.3-fold f8N['H]-TROSY-
HN(CO)CA, 3.2-fold for [*N,!H]-TROSY-HN(CA)CO, 2.8-

fold for [*5N,'H]-TROSY-HNCACB, and 3.1-fold forPN,H]-
TROSY-HN(CO)CACB. The sensitivity gains for-helical and
[B-sheet regions are slightly higher than the average, in the extent
of 6—13% and 16-35%, respectively.

Together with the previously describetPNl,'H]-TROSY-
HNCA and [°N,'H]-TROSY-HNCO scheme¥, the experi-
ments of Figure 1 represent a complete set of measurements
for obtaining sequential assignment in protein®N[*H]-
TROSY-HN(CO)CA (Figure 1l1a), which detects only the
sequential correlation peak witRC*(i—1) at theHN(i)/*5N(i)
position of residu&, complements thé§N,'H]-TROSY-HNCA
experiment? and allows a distinguishion to be made between
the13C(i) and3C*(i—1) peaks in PN,'H]-TROSY-HNCA#*10
Similarly, [**N,!H]-TROSY-HN(CA)CO and °N,*H]-TROSY-

40 80 120 160 200 HNCOY can be combineé?23 In principle, the HN(CA)CO/
Residue number HNCO pair of experiments is to be preferred over the HNCA/
Figure 5. Plots of relative signal intensitieke, versus the amino acid ~ HN(CO)CA pair, since the spectral resolution is higher*f@rO
sequence of uniforml§H/13C/A5N-labeled gyrase 23B (1 mM, 95%6/ than for3C*.2223The improved sensitivity offN,'H]-TROSY-
5% D,O at pH 6.5 andl = 20 °C). (a) Sequential correlation peaks HN(CA)CO may actually make the use of this combination a
(w2("C%-1)lws(*H)) in [*N,"H]-TROSY-HN(CO)CA (Figure 1a). (b)  valid alternative.
Same as part a measured with conventional HN(COj®Ath spectra In conclusion, the implementation of TROSY in triple-
yvere_recorded with_the same experimentgl conditions and p_rocessedresonance experiments for the sequential assignm@rysC/
identically, as described in the text. Thenelical ands-sheet regions 15N-labeled proteins shows significant gains in sensitivity
in the X-ray structure of gyrase 23Bare identified in panel b as open . . .
and filled bars, respectively. compared to the corresponding conventional experiments. The
enhancements are most pronounced for regular secondary struc-

Table 1 Sensitivity Gains Obtained witPH/**C/*>N-Labeled ture elements in the protein (Table 1). The gain in sensitivity is
Gyrase 23B When UsingN,'H]-TROSY in Triple Resonance of particular interest for'fN,*H]-TROSY-HN(CA)CO (Figure
Experiments 1b) and 5N,*H]-TROSY-HNCACB (Figure 1c), since these
enhancement two experiments reveal both sequential and intraresidual cor-
experiment overall B-sheets a-helices relation peaks and thus allow the determination of sequential
[15N,'H]-TROSY-HN(CO)CA 53 31 26 connectivities in a single experiment. In practical applications
[15N,H]-TROSY-HN(CA)CO 392 3.9 3.4 of these two triple-resonance experiments, the TROSY-type
[15N,*H]-TROSY-HNCACB' 2.8 3.4 2.9 pulse schemes enabled a much more complete identification of
[*°N,!H]-TROSY-HN(CO)CACB 3.1 34 3.3 sequential correlation peaks than the conventional spectra.

a Signal-to-noise ratio in the experiment with TROSY divided by AI'Fhough all the experimental resu]ts presented .here were
the signal-to-noise ratio in the conventional experiment. Pairs of Obtained with &H/**C/*N-labeled protein, corresponding pulse
corresponding peaks were compared and the average taken either foschemes for use with protonated proteins can readily be
the entire protein, the-helices, or thed-sheets.” Average calculated  designed? A theoretical analysis of the transverse relaxation
from all detected peaks ati(*N)/wx(*Ci- )/ws(*H}'); missing peaks  of 15N in triple-resonance experiments showed @5t relax-

in conventional HN(CO)CA, which were present #N,*H]-TROSY- P : s : i
HN(CO)CA, were assigned to the noise-valueAverage calculated ation is only little affected by the additional protons in a nondeu

from all detected peaks at:(18N:)/wx(COYwy(tHY) and w(8N;)/ teratgd proteid? and hence _the_ TROSY principle yields S|g_n|f|
02(13CO_)lws(*HY); missing peaks in conventional HN(CA)CO, cant improvement of sensitivity also in protonated proteins.
which were present in'fN,'H]-TROSY-HN(CA)CO, were assigned Acknowledgment. Financial support was obtained from the

to the noise-value.d Average calculated from all detected peaks
at o1(5N)w,(°Cws(*HY), 01N w(ChYlwa*HY),  wi(t5Ni)/
w:(BC ws(*HY), andwi(N)w(**Cl)iws(*HY); missing peaks in
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