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Protein structures are built up from stretches of secondary E(,)N(_)CI(_)(X-Ray) (s™)

structure elements;, helices angh-sheets, linked together by loop ] ) )
regions varying in length and shape. Loop regions are typically Figure 1. Correlation of cajculated and experimentating,c values.
located at the surface. Beyond their trivial function as connecting A 1-5 MM ubiquitin samplé? 10 mM phosphate, ph 5.6, 26°C was

units between secondary structure elements, loop regions ofter€MPloyed, and a total measuring time of 24 h was used to record the 3D
form protein binding sites or enzyme active sitdespite their g?tza set “IS'"g thetpul_stﬁ Sequ?r.]t?e Otf F'g”r??llz{lgo msd’ GZEX 25 nX
considerable functional importance, structural characterization of - i ﬁﬁg:ii:t); %Zpass\gtls V\?gg“ﬁ;:gur'gzjezn% e gi\;eannas avﬁggé(values
loop regions by solution NMR is still cumbersome. There is an . :
. : o . . __In the calculation values of 244, 178, and 90 ppm were employed for
:Ecrerg'[stel?ng Iz\ilrli/lpFr{egag(?tr;oosfc(i)rg?}STSuCI?] rrﬁl?stev?/or;llid\?vaer Srr)(l)n gilgxaatlonoxx, oyy, andoz, with x andy axes located in the peptide plane and the
me?ho d which meapsures intrare;si dbig)— N (i)—113C’ (i;j digole— y axis of the CSA tensor rotated by ®ith respect to the carbonyl boAd,

X - ; L and using vector projections calculated from the crystal structure
chemical shift anisotropy (CSA) relaxation interferenc&@,*N- coordinated® An overall correlation timerc of 4.2 ns was assumed,
labeled proteins. This cross-correlation rate is sensitive to the aqditional internal dynamic was neglected.
orientation of the Nij—H(i) dipolar vector in the principal frame
of the intraresidué®C'(i) CSA tensor and can be efficiently used  one-hond 5N—1HN scalar coupling modulation during is
as an alternative to NOEs for the discrimination between type-I modified (cosine or sine). Addition or subtraction of the two data
and type-ll-tums in proteins. __sets results in two separate spectra where the cross-peaks are

The pulse sequence is outlined in Figure S1 of the Supporting shifted by 4/, 1y in ti. It is important to note thatsN/:SN—
Information. The experiment is analogous to the HN(CA)CO 1pn csa-dipole cross-correlated relaxation during the seagnd
schem& in terms of the flow of magnetization. The main  period in the sine-modulated experiment (Figure S1B) leads to

difference is a constant-time evolution del@y, during which
differential relaxation of multiplet components &#C' —5N

the build-up of'>N coherences which are in-phase with respect
to HN. This results in an underestimation of the experimental

multiple-quantum coherences is monitored, and the chemical shift cross-correlation ratEygg.cq). For ubiquitin Ao(**N) = —160
of the carbonyl carbon is recorded. To improve the spectral ppm: 7. = 4.2ns), we estimate a contribution of abet@.5 st

resolution, simultaneous 18@ulses to thé®N andHN nuclei
in the middle of the constant time deldy were applied as
proposed by Kay and co-worketdeading to an HNCO-type

to the experimental values. The cross-correlation Fatgrc )
has a maximum value of about 0.2'sdepending on the local
backbone geometry. The valuesI&fjng.cq can be obtained in

cross-peak, centered at the intraresidue carbonyl frequency and straightforward manner from the intensity ratios of the downfield

split by the one-bonéPN—HN scalar coupling. To further increase

(lser) and upfield (,5) multiplet components in the two resulting

the resolution 2-fold, we followed an approach that has been gata sets, respectively. The cross correlation rate is given by

introduced by Yang and Nagayatheand more recently by

Sgrensen et & Two 3D data sets are recorded in which the _ _
W nwh Chongci = (0.5/T¢) In(l /1 4) =
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(4/15) (W27) yyynoc (rNH)73 7c f(ox,0v.07) (1)

wherey; is the gyromagnetic ratio of spin ryy is the distance
between'HN and*®N, wc is the carbon Larmor frequencys is

the correlation time and; is theith principal component of the
chemical shift tensoff(ox,0v,07) describes the relative orientation
of the NH vector in the principal frame of the CSA tensor and
can be calculated as a function ¢fand y. Experimental data
were recorded using®C®N-labeled ubiquitin. Figure 1 shows
the correlation between experimental and theoretical cross-
correlation rates. Theoretical rates were calculated on the basis
of the available X-ray structure of ubiquitthand using CSA
parameters reported by Teng et@Part of the deviation is likely
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Figure 2. H—15N—13C' dipole—CSA cross-correlated relaxatidingn-

G.cq as a function of the intervening dihedral angies. CSA tensor
and motional parameters (correlation timg were identical to those of
Figure 1. Uniform backbone bond angles and bond distances were use

(¢,y) values for D58 {-55°/—39°), Y59 (—91°/5°), K63 (—54°/143)
and E64 (67/19°) are denoted by filled circles. Allowed regions@fy-

space are indicated by shadifg(p,y) dihedral angles typical for the

central pairsi(+ 1,1 + 2) of successive residues in typegi{i =

—60°,9i+1 = —30°; @ir2 = —90°, yit2 = 0°; open circles) and type-Il
(@iv1 = —60°,pir1 = +120; ir2 = +90°, iz = 0°; diamondsp-turns

are also depictett

to be due to the assumption of a unifotiC’ CSA tensor and
the neglect of internal dynamics. In general, rather small values

are found fora-helices (-0.06+ 1.7 s'!) andS-sheets 1.1 +

1.5 s'1). In contrast, reasonably large values| Bfigng.cq | are
measured for residues outsidehelical or 5-sheet regions of
Ramachandran space (e.g., D336; 161—-E64; Figure S3).

Communications to the Editor

preserved in aqueous solution. The backbone dihedral apgles
for D58/Y59 are typical for the central residuést( 1, i + 2) of

a type IB-turn, whereag,y values for K63/E64 are close to the
values found for residues 1,i + 2) in a type II5-turn. Figure

2 indicates thal'wgng).ca values obtained for the central pairs
of consecutive residues{ 1,i + 2) in g-turns can thus be used
to distinguish between the tw®turn conformations in proteins.
For a type-l ﬁ-turn FH(i+l)N(i+l),C(i+l)/TC (ns) = 0.0 st and
Thir2ng+2).cit2)tc (Ns)= +1.0 s’ are observed. In contrast, in
the case of a type-J§-turn values on the order 6f1.0 and+1.0

s 'are obtained fOFH(i+1)N@+1),C(i+1)/TC (ns) andrH(i-*—z)N(i-%—Z),C(i-%—Z)/

7c (ns), respectively.

In summary, a pulse sequence has been presented for measuring
intraresidueH(i)—1N(i)—*3C'(i) dipole—chemical shift anisot-
ropy (CSA) relaxation interference #C,'°N-labeled proteins.
The experiment can be used to extract peptide plane torsion angles
in loop or turn regions. Sensitivity consideration suggests, that
due to the beneficial®’C*-relaxation in?H-labeled proteins, the
experiment is particularly suited to discriminate between type-I
and type-ll 5-turns in large proteins, which require extensive
deuteration and where only a limited number of NOEs are
available. The method can also be applied to enzyme ligand

gSystem&23in the context of SAR by NMR and may provide

valuable structural information about local turn conformations in
protein recognition site¥.

Acknowledgment. This paper is dedicated to Professor Horst Kessler
on the occasion of his 60th birthday. The authors thank Professor A.
Joshua Wand (University of Pennsylvania) for kindly supplying uniformly
13C 15N-labeled ubiquitin. R.K. thanks Professor Bernhard Kiex
(University of Innsbruck) for his continuous support and encouragement.
This research was supported by Grant P 13486 from the Austrian Science
Foundation FWF.

Supporting Information Available: Pulse sequence, representative
spectra, and experimental details for the measuremehtigfip).cq), a
table of experimental and calculatEdg,c() rates based on the X-RAY
and NMR structures, respectively (PDF). This material is available free

Additionally, consecutive residues in these regions typically Show ot charge via the Internet at http://pubs.acs.org.
alternating signs foF wng),cq. Residues D34136 are part of a
loop connecting thex-helix with a short 3 helix adjacent to
p-strand 1ll. The loop comprising residues t6E64 links the
second & helix with the terminal3-strand V. The X-ra}f and
NMR structurd® of ubiquitin reported distinct local backbone (21) Sibanda, B. L.; Thornton, J. NNature 1985 316, 170-174.
geometries for the residue pairs D58/Y59 and K63/E64, respec- (22) Blommers, M. L. J.; Stark, W.; Jones, C. E.; Head, D.; Owen, C. E.;
tively. The theoretical cross-correlation rates agree with experi- Ja?ggseb\gri]d nﬁ;‘;-ng'hgf_?-FSeCI’Iﬁ?QC%Zéz}e%ﬁ%dfgischen R, Sprinzl, M.
mental rates (see also Supporting Information), indicating that gyiesinger, C.J. Am. Chem. Sod999 121, 1945-1948.

these distinct local backbone conformations are reasonably (24) Shuker, S. B.; Hajduk, P. J.; Meadows, R. P.; Fesik, SStdience
1996 274, 1531-1534.

(25) Rose, G. D.; Gierasch, L. M.; Smith, J. Adv. Protein Chem1985
37, 1-109.

JA002314S

(20) Koradi, R.; Billeter, M.; Wthrich, K. J. Mol. Graphics1996 14, 51—

(19) Cornilescu, G.; Marquardt, J. L.; Ottiger, M.; Bax, A.Am. Chem.
Soc 1998 120, 6836-6837.



