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Residual dipolar couplings measured in a dilute liquid crystal-
line phasé provide unique long-range orientational information
that has been shown to lead to substantial improvements in
backbone accuracy for NMR structures of protéasd protein-
protein complexe$.Much of the focus has been on backbone
dipolar couplings. Recently, it has been shown thatotamers
can be identified from analysis dDcsnp, Deon, Deca, @nd
Dcona couplings? In this paper, we present a simple approach
based on dipolar couplings for obtaining accurate orientations of
the carboxyamide functional group of Aspp( and Gings) side
chains. These are of considerable interest since the functional
groups of Asn and GIn are often involved in specific hydrogen
bonding interactions.

There are five easily measured dipolar couplings that can be
used to determine the orientation of the carboxyamide group of
Asn and GIn in an NMR-based protein structure refinement:
namely,'Dnsz-Ho21, *Dnoz—Hoz2, 1DN<§2—Cy, ch«/—HazL andzDCy—Hézz
for Asn, and'Dnez-e2t, *Dnez-tezz, 'Dnez-cs, ?Des—Hez1, and
?Dcs—neze for GIn. To make use of these couplings, it is first
necessary to stereospecifically assign the side chain@iéions
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Figure 1. Stereospecific assignment and measurement of residual dipolar

couplings for the side chain amide groups of Asn and GIn. (a) The basic

of Asn and GIn. Methods based on three-bond scalar couplingsfyily decoupled, gradient-baseu= 2 multiplicity-edited TH—15N HSQC

between the Nklprotons and 8 atom for Asn and ¢ atom for

experiment designed to selectively observe;Nbtrelations. Narrow and

GIn have been describédThese experiments, however, are wide pulses correspond to flip angles oP@hd 180, respectively. The

relatively time-consuming. We demonstrate a different approach
using two-bond heteronuclear scaldi,fc) couplings between
the NH, protons and side chain carbonyl carbon atomg &@m

for Asn and @ for GIn). The H21 (Asn) and K21 (GIn) protons
are trans to the side-chain oxygend®and Q1, respectively)

length @150) of the 180 3CA/y and*3C carbonyl pulses is chosen such

that they have a null at the positions of tH& carbonyl and*Cf/y

32\, where A is the frequency

resonances, respectivelyifo

difference between thE€Cp/y and3C carbonyl resonances). The delay

7 is set to%,Inw = 2.6 ms. The delay has a value of 40@s. All pulse

of the carboxyamide group, analogous to the relationship betweenphases are, unless otherwise specified. Phase cyclingi = 2(y),
the backbone amide proton and carbonyl oxygen in a trans peptide2(—Y); ¢2 =X =X @3 = 4(x), 4(), 4(—x), 4(-); and receiver phase

bond, and have a positi#énc coupling of 2.5-5.0 Hz; the K22
(Asn) and H22 (GlIn), on the other hand, are cis to the side chain
oxygen, and have a negatif¥@nc coupling of—2.5 to—5.0 Hz®
These couplings are readily measured from a carbonyl-couple
n = 2 multiplicity-edited 2D*H—'N heteronuclear quantum
coherence (HSQC) correlation spectrum in which only cross-peaks
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X 2(=X), X, =X, 2(X), —x. Rance-Kay t; quadrature detection is uséd,
alternating the phase ¢fs betweerx and—x in concert with the polarity

of the pulsed field gradient (PFG) g5. All PFGs are sine-bell shaped (30
G/cm except g4 which is 21 G/cm). The durations of g1, g2, g3, g4, and
g5 are 1.5, 2.0, 0.3, 0.3, and 0.203 ms, respectively. For stereospecific
assignments of the #21 and H22 hydrogens of Asn and the<R1 and
He22 hydrogens of GiIn, and for the measurement of side cHaig
and?Dunc dipolar couplings, the 18Qarbonyl pulse during the evolution
periodt; is omitted; for measurement &by side chain dipolar couplings,

no broad-band decoupling is employed during acquisition. (b) 2D F
carbonyl coupled multiplicity-editetH—1N HSQC spectrum of LAP2
collected in isotropic medium (water) using the pulse sequence shown
in (a) omitting the carbonyl 180pulse duringt;.

for the side chain Nklgroups are observédFigure 1a). The
basic pulse sequence (fully decoupled version) employed is given
in Figure 1a, and theFcarbonyl coupled spectrum for the 168
residue protein LAP2, whose structure has recently been sblved,
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is shown in Figure 1b. Th&lync couplings are measured from
the displacement of the upper component of the multiplet relative
to the lower one in théH (F,) dimension of the spectrum with
positive and negative slopes indicative of positive and negative
2Junc couplings, respectively (Figure 1b). In this particular
instance all the H21 and H21 protons of Asn and GIn are
downfield from their respective 22 and H22 partners (Figure
1b).

The five dipolar couplings involving the side chain amides of
Asn and GIn in LAP2 were measured in a liquid crystalline
medium of phage pft (15 mg/mL). The side-chaifDyc and
2Dunc couplings are determined from the splittings in theaRd
F, dimensions, respectively, of thg-Earbonyl coupled version
of the experiment shown in Figure la. The side-chddyy
couplings are measured in theacquisition dimension from the
F,—5N coupled’*C'-decoupled version of the experiméfit.

The presence of significant motion abgutfor Asn andy;
for GIn was assessed by recording a steady-$tate{'H} NOE
experiment! the side-chain amide groups of Asn23, GIn49,
GIn32, and GIn132 hav®N—{'H} NOE values of 0.87, 0.65,
0.50, and 0.30, respectively; all other side-chain amide groups
had *®N—{'H} NOE values that were either close to zero or
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Figure 2. Impact of side chain dipolar couplings on the orientation of

negative. Thus, the side-chain amide of Asn23 is essentially asthe carboxyamide group of Asn23 of LAP2. Best-fit superposition of the

rigid as the backbone, while the side-chain amide groups of the
other Asn and GIn display varying degrees of internal motion.

main chain of residues &5 and the side chain of Asn23 of 20 simulated
annealing structures calculated (a) without and (b) WBRs21—Hs21,

We therefore chose to use the data on Asn23 to assess théDnsz-Hozz, Dnsz-cy, 2Dhsze-cy, and 2Dusze-c, dipolar couplings for

usefulness and impact of side-chain dipolar couplings on the
refinement of the positions of the carboxyamide groups of Asn

Asn23. The main chain atoms are shown in green and the backbone
carbonyl (C—0) of Glul9 in red; the side chain amide of Asn23 is in

and GIn. Structures were calculated in torsion ang|e space byblue and the remainder of the Asn23 side chain in ye”OW. The distances

simulated annealing by using the NIH version of XPL®Rith

and without the side-chain dipolar couplings of Asn23 included
in the calculationd® All other experimental restraints were
identical in the two sets of calculatiof$? Included in these
restraints were g torsion angle restraint{60 & 20°) for Asn23
(previously determined from a 30 ms mixing time 3BC-
separated NOE spectrum recorded isOf and a weak NOE-
derived interproton distance restraint from the side-chain amide
protons of Asn23 to the €H proton of Glul9. The results are
displayed in Figure 2, which shows a best-fit superposition of 20
simulated annealing structures for the main chain atoms of
residues 1825 and the side-chain atoms of Asn23. In the absence
of side-chain dipolar couplings for Asn23 (Figure 2a), the
orientation of the carboxyamide group falls into two clusters with
%2 angles of—42 + 3° and 1674+ 15°. The value of the dipolar
couplingR-factof* (Ryi”s"?) for the 5 measured dipolar couplings
of the Asn23 side chain is 54 5% for the first cluster and 106

(9) Cai, M.; Huang, Y.; Ghirlando, R.; Wilson, K. L.; Craigie, R.; Clore,
G. M. EMBO J.In press.

(10) Although the accuracy of tH®yy couplings can potentially be affected
by cross-correlations between- and N—-H dipolar couplings, this effect

in A from the N92, H621, and H)22 atoms of Asn23 to the backbone
carbonyl oxygen atom of Glul9 are indicated.

+ 17% for the second cluster. (In both cases,ghangle is very
close to—60°.) In the first cluster, the Nkigroup of Asn23 could
form a potential hydrogen bond with the main chain carbonyl
oxygen atom of Glul9 (Figure 2a). While thedR(23)-0(19)
distance of 2.64 A is reasonable for such a hydrogen bond, the
Ho621 and H22 atoms of Asn23 are almost equidistant from the
carbonyl oxygen of Glu19 (2.74 and 3.07 A, respectively) and
the N92(23)-H621(23)-0(19) angle has a value of &4 2°.
Thus, the hydrogen bond geometry for the first cluster is very
poor. For the second cluster, the amide group of Asn23 is too far
away and in an inappropriate orientation to form a hydrogen bond
with the backbone of Glul9 (Figure 2a). When the side chain
dipolar couplings of Asn23, however, are included in the
calculation (Figure 2b)Rqip*s"2%is reduced to 22t 1% and all
simulated annealing structures display the same side chain
orientation of Asn23 with &, angle of—70 & 3°. The distances
from the N92 and K21 atoms of Asn23 to the backbone carbonyl
oxygen of Glu19 are 2.82 0.10 and 2.05 0.09 A, respectively,

is generally small, and its magnitude can be assessed by processing thegnd the N2(23)-H621(23)-0(19) angle is 135+ 4°, fully

spectrum with varying degrees of line broadening in tthéimension.
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consistent with good stereochemistry for a hydrogen bond between
the HH21 atom of Asn23 and the backbone carbonyl oxygen of
Glul9.

We have shown that side-chain dipolar couplings involving
the carboxyamide group of Asn and GIn are readily measured
and can have a significant impact on the accuracy with which
the orientation of the functional group of Asn and GIn can be
determined by NMR, thereby shedding light on and improving
the geometry of specific hydrogen bonding interactions.
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