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The a-Helix Folds More Rapidly at the C-Terminus Than at the N-Terminus
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We report results of nanosecond temperature jump experiments 1.0
on a series of-helical model peptides. The helix-coil dynamics
of different peptide sections were observed separately, using isotopic
labeling and IR detection in the amidebland* The results show
that the helix-coil dynamics of the-helical C-terminus are faster
than those of the N-terminus.

The first phase of protein folding is believed to be the formation
of secondary structural elements, which then may act as nucleation
sites for the formation of native structure. Thus, the dynamics of
secondary structure formation is of utmost importance for protein
folding. The folding/unfolding transition af-helical peptides has
been reported to occur on the 100-ns time s&dlanostly from I
experiments using fast temperature jumps. The rise in temperature 1601 cm”
disturbs the helix-coil equilibrium of the peptide, and the ensuing 00 ———— 000
helix-coil relaxation can be observed by a suitable technique, such delay time [ns]
as nanosecond time-resolved IR spectroscopy of the amide | bandrigure 1. Time-dependent absorbance changes at 1601 fanthe labeled
near 1650 cmt, which is highly sensitive to secondary structlire.  peptides 4AL1, 4AL2, 4AL3, and 4AL4 after temperature jumps from 4 to

Conventional IR spectroscopy is limited to the determination of °%n’;0;’;‘;iz’?gsftthAebaS'(T)‘rFt’)'g‘rJ]gz g;;?% Sg’;";"‘;go%og;ﬁg?:Etn?;bgl‘:dloo'
overall secondary structural content and does not allow the ns ur : : . .
distinction between different structures at the residue level. peptide 4A and the labeled peptides, not normalized.

However, IR spectroscopy can be made site-specific by isotopic Table 1. Segmental Helix-Coil Relaxation Time Constants, rel,
labeling of specific residue carbonyls withC, which shifts the ang ?”&p"t“d.edc’f the %gsorbair}(;e Changes, AA, Measured in the
amide | frequency by approximately 40 cin This method has Labeled Peptides at 1601 cm
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been used previously for observing helix-coil stab#ftyand 4c—oc 11°C —~16°C
dynamic8* at the residue level. Here, we report measurements on  peptide TS AA TS AA
the following series of labeled peptides (underlined residues are  4a11 81449 0.0015 382+ 6 0.0011
13C-labeled): 4AL2 801+ 10 0.0035 376t 5 0.0027
4AL3 730+ 6 0.0032 349 3 0.0022
4A AAAAKAAAAKAAAAKAAAAY-NH, A St oo e oo
4AL1 AAAAKAAAAKAAAAKAAAAY-NH, : :
4AL2  AAAAKAAAAKAAAAKAAAAY-NH, aFor comparison, the overall helix-coil relaxation time constant,
4AL3 AAAAKAAAAKAAAAKAAAAY-NH, measured in the unlabeled peptide 4A at 1632 %ris included.? Overall
4AL4 AAAAKAAAAKAAAAKAAAAY-NH, helix-coil relaxation time constant, measured at 1632tm

. . . frequency of®C-labeled residues in helical conformation) and 1632
The synthe5|s,_ CD spectra, and _FT!R analysis of thesg F’Ept'descm‘1 (unlabeled helical peptide) were monitored using an IR laser
have been describédVhereas no significant absorbance is found diode and a 50-MHz detector (signal rise time, 14 ns)

1 .
at 1600 cm . for the unlabeled peptide 4A, '_:T_IR spectra of the Figure 1 shows temperature-jump-induced absorbance changes.
Iabgled pgptldes shpw aband near 1600’cmr|5|ng i . The absorbance of  at 1601 cm?! decreases with increasing
residues in the helical conformation. Its size correlates well with temperature, which is responsible for the major part of the

the _predicted helix content of the labeled sections, which is instantaneous bleaching; a smaller instantaneous bleach arises from
§|gplflgantly Iower.for 4ALL and. 4AL4 than for 4AL.2 and 4A|,‘3’ a temperature-induced shift of the helical amidfedquency? For
indicating the fraying of the helix at both the N- and C-terminus. the unlabeled peptide 4A, no further absorbance changes were

Helix-coil dynamics were observed as described previously. ,pcerved at 1601 cm on the nanosecond time scale (see Figure
Peptides were dissolved at 20 mg/mL in 0.1% phosphoric acid/ 1), although the absorbance at 1632-érdecreases upon helix

D20 and placed in atemperature?controlled lR cell gadspacer). melting on the 100-ns time scale, as expected (Table 1). For the
A Nd:YAG/dyg laser system with an IR dn‘ference_ frequen_cy labeled peptides, the absorbance at 1601 'cdecreases on this
generator provided 3 mJ pump pulses of 7 ns pulse width foiodlrect time scale due to the melting of helical structures in the labeled
heating of RO at 1970 nm, yielding temperature JUmps ofG. peptide sections. In agreement with the previous FTIR results on
Time-resolved IR absorbance changes at 1601*c(amide I these peptidesthe amplitude of these absorbance changes is smaller
t University of Liverpool. for the peptides labeled at the ends than for those labeled in the
* Mount Holyoke College. center (see Figure 1), due to the lower helix content of the peptide
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Figure 2. Segmental helix-coil relaxation time constants measured at 1601
cm~1 for isotopically labeled peptides after temperature jumps from 4 to 9
°C and from 11 to 16C, respectively. Multiple results for the same peptide
result from repeat measurements with fresh samples.

ends. The segmental helix-coil relaxation times, obtained from
single-exponential fitd of the data for temperature jumps from 4
to 9 °C and from 11 to 16°C, are summarized in Table 1 and

tion at the C-terminal end of the helix are not hydrogen bonded,
which results in reduced steric restrictions and a wider conforma-
tional distribution of the final helical residuésMoreover, they

are less protected from solvent access by side chains than those at
the helical N-terminus. Most likely, the faster helix-coil dynamics

at the C-terminal helix end observed here result from these effects
which may lead to a lower activation barrier for intrapeptide
hydrogen bond formation.

Although faster helix folding and unfolding at the C-terminal
end has been predicted by molecular dynamics simulatfothe
results reported here are the first experimental verification of this
effect. They show that helix propagation is direction dependent;
i.e., ana-helix, once nucleated, grows more rapidly toward the
peptide’s C-terminus than toward the N-terminus. Any complete
description of the dynamics odi-helix folding must take this
asymmetry into account, which could be an important aspect of
kinetically controlling the correct folding of protein sections.

In summary, we have shown that time-resolved IR spectroscopy
in combination with isotopic labeling can be used to obtain helix-
coil dynamics at the residue level. Our results show that the folding
of ana-helix proceeds more rapidly at the helical C-terminus than
at the N-terminus, presumably because of reduced steric restrictions
due to the non-hydrogen-bonded carbonyl groups.
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Figure 2. In all cases, the data were found to be well described by Foundation is gratefully acknowledged. We are most grateful for a

a single-exponential function.
It can be clearly seen in Figure 1 and from the fit results that
the third peptide section has the fastest helix-coil relaxation. In
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