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A modification of the TROSY experiment which al- is selected in an eight-step phase cyale= {y, -y, —X, X,
lows for sensitivity enhancement without introduction of ad- v —y —x x}; ¢, = {4(X), 4(—X)}; ¢, = {4(y), 4(-Y)};
ditional delays is presented. The method relies on the |[aceiver = {X, =X, =Yy, ¥, X, =X VY, —y}. A detailed
combination of two orthogonal pathways and results in a description of the pathway selection by the phase cycl
signal-to-noise gain of V2 independent of the size of the can be found in the original papet)(and will not be re-
molecule. The sensitivity enhanced TROSY scheme can . .

produced here. Only the major features shall be pointe

be combined with gradient coherence selection. The method ) .
has been applied to the 269 residue serine protease PB92. ©1ss OUL: €ven and uneven phase cycling steps serve for sele

Academic Press ing the >N pathway. Phase cycling stepgsand n + 2
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gradient spectroscopy. w,, While keeping both the sine and the cosine compo

nent of the signal. The distinction between the latter com
ponents is made by adding the first four phase cyclin

Recently, a new heteronuclear correlation experimefitePs to the last four steps. In the originally proposed &
(TROSY) was introduced by Pervushét al. (1) who ex- periment this leads to an inevitable loss of one of the

ploited constructive interference between dipolar relax§°mPonents. , _ _
tion and relaxation due to chemical shift anisotropy to S€nsitivity enhancement can be achieved in two ways:

drastically reduce the linewidth in both dimensions at (1) Two different experiments are performed with four
higher field strengths. The method has clear advantagfsns each corresponding to the first half and the seco
at high fields for large proteins when compared to thgalf of the original experiment, respectively (Experiment 1
regular HSQC experiment2]. It has been shown thaty, = {y, —y, —x, x}; ¢, = X; ¢, = y; receiver= {x, —X,
the regular HSQC experiment can be improved by eX-y yi- Experiment 2: ¢, = {y, -y, =X, X}; ¥, = —X;
ploiting the preservation of two orthogonal magnetizaqf,1 = —vy; receiver= {x, =X, y, —y}). Since frequency
tion pathways 8, 4). This scheme was not used in thejiscrimination is achieved by incrementation ¢f in a
original experiment by Pervushiet al. Modification of STATES-type manner 7) the time domain data of
the TROSY experiment allows for an additional senspoth independent experiments can be combined by adc
tivity enhancement (SE) by separately storing the patfipn (resulting in the sine component) and subtractiol
ways which are phase modulated ipas —i exp(wist;) (resulting in the cosine component). The two data se
andi exp(-iwyty), as described below. These two pathean pe processed in the normal way and added afterwa
ways can be combined by simple addition or subtractiog, give the sensitivity enhanced spectrum. The sine ar
leading to t\_/vp.independentspectral data sets. In full analogys cosine spectra contain the same signal intensity sin
to the sensitivity enhancement scheme by Kagl. (5) the g additional delay had to be introduced in the origina
new pulse scheme can also be adapted with a gradigBhuence. This results in a full signal-to-noise gain o
coherence selection scheme instead of water suppressionpy \when added.

WATERGATE (6). (I A phase modulated data set can be produced I

The original sequence by Pervushet al. (1) is re- giqring the first FID recorded with the same phase cycle
produced in Fig. 1. They showed that the magnetizatiqRa¢ in method I. The second FID will have a slightly
pathway corresponding to the slowest relaxing coherengg,qified phase cyclap, = {—X, X, Y, =y} ¥, = —X; ¢y =

—y; receiver= {Xx, —X, —V, y}. The resulting data can be
1 To whom correspondence should be addressed. treated like an echo—antiecho data set and processed accc
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ingly. The echo—antiecho modification also allows for addi-
tional implementation of coherence selection gradients —> 100
which can drastically improve the performance of the ex- , )
periment by better artifact suppression. In principle, the L
introduction of additional gradient delays will allow for the A o"
full S/N gain of /2. In practice, introduction of additional , ! o ’
gradient delays might reduce this gain slightly. In our case ; “o,
the S/N gain was found to be 1.35. For molecules with ja 200 0ty 0 110
molecular weight beyond 30 kDa approach (I) or approach ’ °, W ' !
(1) without gradient coherence selection might therefore he R ot
advantageous. ety e F1 [ppm]
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Go Gy Gy
PFG  G1 Gy ii Gz @3 FIG. 2. N-H correlation spectrum of serine protease PB92 as obtained t
JANA! ANaNA O pulse sequence 1B with eight scans per FID. The position of Gly 223 i

indicated by an arrow &, = 100.57 ppm.

B

Ty protein containing 269 residues, at 600 MHz on a BRUKEF
AMXII spectrometer equipped with a BGU-lt-gradient
accessory. Sample conditions were 50nNaAc buffer,

15 pH 5.0 and 315 K. Spectra were acquired accumulal
ing eight scans per FID for the reference TROSY) (

and SE HSQC %), and for the SE TROSY acquired
using method Il. Two times four scans were measure

PFG G G .16 Gy 64 G4 o) for SE TROSY with method I, giving the same total ex-
EANNA! A A AN A AT perimental time. In all cases 160 complex points ir

U F, and 1 K complex points inF, were recorded. The

Gsel(N) spectral width was 10 kHz and 2227 Hz iR, and

F,, respectively. Figure 2 shows the heteronuclear col

FIG. 1. (A) TROSY sequence as described by Pervustirel. (1). relation acquired with the pulse sequence of Fig. 1B. Fig
Open and filled rectangles correspond to 90 and 180 degree pulses,ute 3 shows traces through the correlation spectra .
spectively.r, corresponds to 1/(dy.). All pulses are applied out of the the F, position of Gly 223. It is obvious that our pro-

x direction if not stated otherwise. Phase cycling is as described in tfﬁ%sed Sensitivity enhanced pulse sequence (method
text. Water suppression is achieved by the WATERGATE sequence, and

frequency discrimination i, by shifting the phasej; according to the gives the theoretically expected sensitivity gain as com

STATES method. (B) Sensitivity-enhanced TROSY with gradient cd?@red to the original sequence. At 600 MHz the signal
herence selection. The gradienB., and Geu are placed in spin- to-noise ratio of the SE TROSY comes close to the

echo blocks 4 = 800 us) to avoid chemical shift evolution. Phase cyclingyalues as obtained by the classical SE HSQC scheme. T

is as described in the text. Frequency discriminatiorfrjris achieved by advantage of the TROSY experiment at higher fielc

echo—-antiecho combination. Gradient pulses had a duration of 400 . .

with a relative gradient strength &, = 0, G, = 27,G; = 15,G, = 73, S”er?gth _WaS _predICted_ by Pervushiet al (1) Qur
modification will result in a further sensitivity gain of

Gseiny = 10.134,Ggeiny = —100 for uneven FIDSGge ) = +100 for i ’ o ) '
even FIDs. V2 in this promising TROSY technique, independent
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