JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Neighbor Effect on PPIl Conformation in Alanine Peptides
Kang Chen, Zhigang Liu, Chunhui Zhou, Zhengshuang Shi, and Neville R. Kallenbach
J. Am. Chem. Soc., 2005, 127 (29), 10146-10147+ DOI: 10.1021/ja0520940 « Publication Date (Web): 30 June 2005
Downloaded from http://pubs.acs.org on March 25, 2009

GGIAIGG (high B) £

o

A
'
®

—

4
2o

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 2 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja052094o

JIAIC[S

COMMUNICATIONS

Published on Web 06/30/2005

Neighbor Effect on PPII Conformation in Alanine Peptides

Kang Chen, Zhigang Liu, Chunhui Zhou, Zhengshuang Shi," and Neville R. Kallenbach*
Department of Chemistry, New York Waisity, 100 Washington Square East, New York, New York 10003

Received April 1, 2005; E-mail: nrkl@nyu.edu

Unfolded polypeptides have been demonstrated to have signifi-
cant local structufe® while obeying overall random coil chain
statistics?10 In particular the backbone polyproline Il (PPIp (=
—75°, W = +145’) conformation is present in unfolded proteins
and short peptidésas well as coil libraries from the PDB:1?
Temperature studies show that PPII conformation is in equilibrium
with 8 structuret?-16 The propensity for a given residue to favor
PPII structure is influenced by its side chain, with alanine among
the strongest while isoleucine is wetlkAs well, the neighboring
i —1ori+ 1 residues influence the conformation of the residue
i: aresidue in the denatured state of a protein is shifted to a more
negative® angle by neighboring aromatic Grbranched side chains
(FHITVWY).1819 Baldwin and Avbelj recently surveyed the coll
library and calculated the electrostatic solvation free energy (ESF)
for PPII andp structures. They interpret the neighbor effect as due
to shielding from water by the + 1 side chain so that branched
neighbors favops structure over PPH?

NMR and CD studies on model alanine peptidesA?0O, and
G,AG; and similar oligomers of alanine have confirmed that PPII
is dominant314 Recently, we found that the Ala residues in the
peptide ACGGAA*AGGNH2 (AAA) (* represent$®N label) are
in PPII. The conformation of Ala* is not affected by flanking
alanines from 0 to 80C.2° Thus, the PPIl conformation of Ala is
noncooperative, and the Flory isolated pair theory holds in the
PPII regior?! To investigate the origin of the neighbor effect
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Figure 1. Far-UV CD temperature spectra of the peptiddL" and IAI.

due to branched side chains, we synthesized the series of pep-The measurements and instrument are as described previ8usly.

tides AcGGI'A*L "GGNH, (L"AL" L" represents norleucine), 70
AcCGGIA*AGGNH, (IAA), and AcGGIA*IGGNH, (IAl) as de- os {
scribed previously? The norleucine peptide "AL" serves as a ' = LA I
negative control for neighbor effect frofftbranched side chains. 66 I I i
The isoleucine peptides IAA and IAl are expected to show moderate Teal LY
and strong effects. Here the side-chain shielding explanation is < I '
. 3 62 1 v [
confirmed by NMR spectroscopy. = ]
The temperature dependence of the far-UV CD spectréAif L, 6.0 S - % g
IAA, and IAI are consistent with a PPf-transition as observed g i :
in AAA peptide?® The positive 215-nm band for PPII conforma- 38 i
tion?2 is the weakest for |Al peptide at all temperatures, consistent 56 . : ; ‘
0 20 40 60 80

with lowest amount of PPII (Figure 1). The two-state behavior is
indicated in each case by an isodichroic point near 203 nm in all
peptides. The conformation of the central Ala can be studied in
detail by NMR by means of th&N label.

The NMR 3J, coupling constant is related t® angle by
parametrized Karplus equatié®?* 1N labeling the central Ala
affords more accurate measurementhf, temperature profilé?
Standard®J.y values for PPII are around 5.5 H3-6)2 and forf3
are 8-10 Hz (3 ~ 9 Hz) 25 At 20 °C the PPII1% results, estimated
from (Jz — I1)/(Ip — Jppi), are 91% and 84% for AA*A and IA*],
respectively. The central alanines in IA*A and 1A*l show higher
3J.n values than AA*A especially at high temperatures (Figure 2),
corresponding to more negatiée angles. IPA*L " shows similar
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Figure 2. Temperature profiles ofJun coupling constant of the central
alanine in peptides of this series. The one-dimensional (1D) NMR high-
resolution measurements have been described previgusly.

3Jun Values to AA*A at most temperatures. The conformation of
Ala in L"A*L " is affected, but not as strong as those for IAA or
IAl. If we apply a two-state transition analysis to Ala* we calculate
apparent free energy differences from PPIIAGAG) using the
equationAG = —RTIn[(Jr — Jppi)/(Jp — I7)], whereRis the gas
constant,T is the temperature}; is the measured AldJ,y at
temperaturdl. The AAG values decrease in the presence of lle’s.
At 20 °C the AAG (AAG = AGja — AGAAA) of IAl is —0.4 +

0.1 kcal/mol, and that of IAA is close to zero. At 8 the

10.1021/ja0520940 CCC: $30.25 © 2005 American Chemical Society
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T helix propensity scales as well. The norleucine side chain, for

AA*A, k= (1.54 +0.02) X 10~ s o . . . .

L"A'L", k=(125+0.03) X 10° 5" example, stabilizesi-helix more than alanin&;2° while exerting

:Q:f'k":(‘;_é"; 3_50)-‘;"13‘}2_7 ¢ only a minor effect, if any, on PPIl. We conclude that the difference
in propensity must apply to the natieehelical state.

Mounting evidence suggests that local determinants of folding
strongly influence folding behavidP, so that deciphering the
intrinsic structural propensity of each amino acid within a limited
neighboring sequence context may prove useful and practical. The
roles of locally determined backbone conformational preferences
0 200 400 600 800 1000 1200 1400 1600 1800 in the unfolded state need to be determined, since they influence

Time (s) early events and guide the subsequent events in folding a given
Figure 3. HX rate measurements of the central alanine HN in the peptide S€JUence. Any propensity scale farhelix or  strand or turns
series. Each peptide-. mg) was dissolved in 60@L of 20 mM potassium must address the role of residual structure in the unfolded state.

phosphate buffer at pH 3.6 and lyophilized. 99%CDwas added to the The results in this study demonstrate that the scale is dependent
dry powder, and spectra were recorded after loading into a preshimmed g, sequence context.

Bruker Avance 500 spectrometer. Temperature wa%2Both inside and

outside the probe. The dead time is ca. 2 min. The 1D HMQC followed by ~ Acknowledgment. This work was supported by a grant from

a 3919 WATERGATE pulse sequence was used to monitor spectra. Al ONR. We thank Leland Mayne for calculating HX factors.
FIDs were processed identically in XWINNMR 3.5. Exponential fits to the
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