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A new method for the measurement of homonuclear *J(HyH.) correlations {2) and the accuracy is also somewhat limited by
coupling constants in **N-labeled small proteins is described. The  the resolution in a 3D spectrum.
method is based on a modified sensitivity enhanced HSQC exper- The 2D HMQC-J experiment@, 14 relies on measurement
iment, where the “J(HyH.) couplings are multiplied in the f.-  of gpittings in a resolution enhanced 2BI—*N correlation
dimension. The J-multiplication of homonuclear “J(HyH.) cou- g0 0ym  This experiment inspired us to implemamoulti-
plings is based on simultaneous incrementation of "N chemical L
plication (15, 1§ for the measurement of homonuclear cou-

shift and homonuclear coupling evolution periods. The time in- i ) . f th o hanchd-°
crement for the homonuclear coupling evolution period is chosen plings using a variation of the sensitivity-enhan N

to be a suitable multiple (2N x t,) of the corresponding increment HSQC 7). The resulting spectrum]-multiplied sensitivity
for ®*N-shift evolution. This results in the splitting of the HSQC ~€nhanced HSQC (MJ-HSQC), allows direct observation of th
correlation in the f,-dimension by 2N x *J(H\H.). Because the °J(HyH,) coupling constants with very good water suppressiol
pulse sequence has good sensitivity and water suppression prop- properties.

erties, it is particularly useful for natural abundance samples.
© 1999 Academic Press

. DESCRIPTION OF THE PULSE SEQUENCE
Key Words: NMR; HSQC; coupling constant; ubiquitin. sC ON O ULSE SEQUENC

The pulse sequence for MJ-HSQC is presented in Fig. 1.
The response of the MJ-HSQC sequence was analyzed w
product operator calculations neglecting the signs, trigonome
factors, and homonucleal-evolutions during the three
EPT steps 20). The sequence starts with a common homo
nuclear spin-echo sequence, where the delsyincremented

. . . in concert witht,. The increment is a multiplet oft, incre-
coupling constants, which can be related to ¢hangle using ! P !

N rooriatel rametrized Karol it How- ment (N X t;). This results in modulation of the signal by
an appropriately parametrized Karplus equation2. 0 homonuclear coupling(s). If an"i“N system with the initial

ever, accurate measurement of homonuclear .couplmg “Uhte being BIHN, (where | is the identity operator) is con-
stants in proteins is often problematic as the linewidths aiored the product operators after thg,96-180,,—r prop
1 J— H) -

large and relaxation times short. .
. 3 O agator are of type FHN, and H{H:N,. The first one of these
In principle, the antiphase splitting in a COSY spectrum Can?/es rise to a signal that is cosine modulated with the desire

) : ol
be measured and fitted with observed (or assumed) Imew'dﬁléoupling. The pulse sequence continues with an INEPT ste
(3-9. Also, J-modulated, HSQC based methods have b.e N = 1/(2"J,)) and subsequent evolution. After the INEPT
suggestedg-98), as well as methods that are based on trlpS ep, the operators are of the forn{'#'Ny and H'HZN,.

: ie 13 .
resonance techniques withiN/“C-labeled proteins ¢ 10. During thet,-period only the'®N chemical shifts are active for

;223?:#22:22‘?\/;‘]-iﬁ?e::neslstlO;ff?rit:ggsabégvégiezignortng? atrr]1§se operators as the proton magnetization is refocused by 1
y 9 ntral 18Q,-pulse resulting in the operators YHENY,

cross peaks in a 3D HNHA spectrum BN-labeled proteins. ¢

. HYHINy, HYH:N,, and H'H;N,. Both theY- and X-compo-
The triple resonance-based methods, as well as the HNHA, AGhts of the nitrogen magnetization are taken into accoul

relatively robust, but problems may be encountered with Iarggécause of the sensitivity enhancement method. Theo9g,

s i e e esonance based xprinents e OB v comers hese Mo TR, TN
9 P y nd H'HsN,. After the refocusing delayA, these have

evolved into HH!N,, HYHNy, HHiN,, and H'H:iN,
1 To whom correspondence should be addressed. (HZHgN, is not affected as there is no large coupling betwee
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INTRODUCTION

. . . (

The ¢-angle is an important parameter for the calculation Eﬁ
protein structures from NMR data. In literature, several meth-
ods have been proposed for the determinatior’JgHH,)
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FIG. 1. Pulse sequence for tllemultiplied, sensitivity enhanced HSQC with gradient selection. Narrow white bars and wide black bars indicate 90 anc
degree hard rectangular pulses. Gradient pulses are represented with grey half-ellipses and a selective 90 degree pulse on water resoeatee liy repre
white half-ellipse. All the pulses havephase unless otherwise indicated. Defay= 1/(2'Jy.); the delayr is incremented in steps of X t,. Incrementation
of 7in concert witht, results in the multiplication ofJ(H\H.) in the f;-dimension. The phase cycle employedlis = 8(x), 8(—x), ®, = X, —x, ®; =
X %Y, Y, =X =X —y, -y, &, = x, &5 = X, receiver= X, X, —x, —X. The N- and P-type coherences are recorded separately, which is achieved
simultaneously inverting the sign of gradient 5 and the phasie,ofxial peak displacement is obtained via the States-TPPI mett®)dy inverting the phase
of @5 and receiver on every second increment. Decoupling®fduring the acquisition was performed using the WALTZ-16 sequeti®g The water
suppression can be further improved using weak bipolar gradients (0.2 G/cm) duringéhieds to prevent the radiation dampirgg)

H. and™N). The 90 degree pulses wiyhphases on proton andHYH{'N,, H{H{'N,, H{H{Ny, and H'H{Ny by the last 9Q,-
nitrogen and the secona result in operators PH{N,, pulse. Only the operatorsiifN, and H/H{'N, (cosine mod-
HYHIN,, HYH:sN,, and H'H$Ny, which will be converted into ulated by*J(HyH.) in the f,-dimension) contribute to observ-
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J(measured) [Hz] 203 34.5 50.7
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FIG. 2. Expansion of the MJ-HSQC spectra of the Tec SH3 domain measured at 298 K using a 500 MHz Varian Unity spectrometer. Sample contai
mM protein and 20 mM sodium phosphate buffer in 97%0¥8% D,O at pH 6. Spectral widths were 8000 Hij and 2100 Hz N). The spectra were acquired
with 1152 (H) X 200 (*°N) points and 16—128 scans per time increment. All the gradient pulses were block-shaped. Gradient 0: 4.0 G/cm, 1.000 ms, g
1: 5.0 G/cm, 0.750 ms, gradient 2:15.0 G/cm, 1.500 ms, gradient 3: 30.0 G/cm, 1.250 ms, gradient 4: 4.0 G/cm, 0.500 ms, and gradient 5: 27.8 G/cm,
ms. A 90-degree shifted squared sine bell apodization function was used in both dimensions. After zero-filling the matrix size was2#points. The
correlation for residue Glu26 are shows('H) = 7.54 ppm). The upper correlatiof({H) = 7.73 ppm) originates from the side-chain amide proton of GIn16.
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60.00 T TABLE 1
Comparison of Measured *J(HH,) Coupling Constants (Hz)
50.00 & y =7.203x - 0.6512 for Some Residues of Tec SH3 Domain®
R? = 0.9982
Residue COosy MJ method
40.00 +
M 12 7.33 5.90
- F 15 7.88 6.78
Tt 8000t A 17 6.09 4.46
< D 22 6.88 6.32
o L 23 8.30 8.15
O, 20.00 +
< E 26 7.27 6.55
R 27 9.38 8.34
10.00 + L 32 7.07 6.22
133 9.36 9.02
L 34 9.98 9.44
0.00 } t } { t t 4 V 39 _ 3.00
1 2 3 4 5 6 7 8 R 43 9.28 8.51
1000 L Multiplication factor (2 N) A 44 9.81 8.91
1 54 7.95 8.72
FIG. 3. Least-squares fitting of the apparéa¢H,H.) coupling constants N 57 6.52 5.73
for residue Glu26, measured with different multiplication factors. S 64 6.44 6.67

# J-values from the MJ-method were obtained as mentioned in the text, ar
. . _ values from the COSY spectrum were optimized by using the simulate
able proton signal and are processed like an echo—antiegffkaling line fitting procedure implemented in the FELIX prograf.(Out
dataset to obtain pure absorptive in-phase signals. The obseruhese residues, D22, L23, L32-L34, R43, A44, and 154 are situated i
able signal will be split by Rl X 3‘](HNH(X) in thef,-dimension typical B-sheet structures and the others in turning regions.

(N can be any positive number).

predicted from Karplus relationship (parametrized using th
values of Vuister and Bax2@)) calculated from the X-ray

We have tested the MJ-HSQC pulse sequence with the .Is&ucture £3).
SH3 domain (65 amino acids), which is currently under struc-
ture determination in our laboratory. In Fig. 2, a series of

RESULTS

MJ-HSQC spectra acquired with increasing values of the mul- ' R o
tiplication factor are shown for residue Glu28H(s = 7.54 ’ =
ppm). The increase in the apparent coupling constant is clearly ’ °
visible. In Fig. 3 the least-squares fitting of measured coupling 3 g 8

. . . . . 9 ] e — E
constants for this residue is presented. The line was fitted tq 8 Q0 3 g
three experimental data points (spectra run with multiplication . ) ) ‘ o
factors N = 3, 5, and 7) and extrapolated tdl2= 1 yielding 8 S 8 "oy =z
the true three-bond-coupling. The extremely higiR-factor L8 o 0 ) ! L8
shows, however, that a fitting procedure is usually not neces- e 090 ¢ |o

. 6o g ) @ 80 8 N
sary, and thatJ(H\H,) values can simply be extracted from a Yo g %@Q
single spectrum (measured, for example, with 2 3). Ob- fs ¢ 8 o
viously, the accuracy of the obtained coupling values will be sy 'y &
increased (especially in case of small coupling constants), by+— ; ; ; ; ;
.. 9.6 9.2 8.8 8.4 8.0 7.6 7.2 6.8 6.4 6.0

the fitting procedure. Di_HI (ppm)

Table 1 lists some of the coupling constants of the SH3 N —

. . . FIG. 4. The MJ-HSQC spectrum (multiplication facter 3) of ubiquitin
domain of Tec, measured as mentioned above, tOgether VW\ sured at 300 K, processed with a 90-degree shifted squared sine k
values from a common COSY spectrum. In order to evaluaigodization function in thé,-dimension (spectral widtk= 9600 Hz, number
the accuracy of the MJ-HSQC experiment, we applied it 9 points= 1024) and 70-degree shifted squared sine bell apodization functio
Ubiquitin, a protein with well-determined 3D structure. In Figin thef.-dimension (spectral width- 2000 Hz, number of time increments
4, the MJ-HSQC spectrum of ubiquitin recorded using a mu:f_56). The spectrum was measured with two scans (relaxation dethy s)

tivlication factor of thr R = 3)is pr nted. In Table 2 and the total measurement time was about 17 min using a Bruker DRX 6C
plication factor o ee ( - ) S presented. able aspectrometer. Th&N labeled ubiquitin sample was obtained from VLI Re-

set of *J(H\H,) values measured with MJ-HSQC are cOMsearch and the sample concentration was 1 mM (50 mM sodium phosphe
pared with values obtained with HNHALZ) and with values buffer in 90% HO/10% D,O at pH 5.3).
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TABLE 2 enhancement ify-domain and/or line fitting procedures for the

Comparison of Measured *J(HyH,) Coupling Constants in-phase doublets, as the apparent coupling tends to be sma

of Some Residues of Ubiquitin® than the true value, when the two lines of the doublet overlay

Residue MJ-HSQC HNHAI2 Karplus @2, 2
Q i Plus €2, 29 ACKNOWLEDGMENT
E18 9.60 8.8 9.87
K27 3.21 3.4 421 This work was supported by the Academy of Finland.

D32 2.93 3.7 3.33
161 7.37 7.3 7.85
H68 9.48 9.6 9.41
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