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Recent time-resolved studies of protein folding using IR, fluorescence and CD
spectroscopic techniques established that the first events occur on a nanosecond time
scale. We recently demonstrated that steady state UV resonance Raman (UVRR)
spectroscopy technique is a powerful tool for characterizing protein secondary
structure. We report here the first application of a nanosecond time-resolved UV
resonance Raman spectroscopy for kinetic studies of protein folding.

Several approaches are known to initiate protein structural changes. We used the
rapid temperature change induced by pump laser pulse to study unfolding. We
Raman shifted the YAG fundamental to 1.9 pm (1-
st H, Stokes shift) to selectively heat the water
solvent. Delayed nanosecond UV pulses of 204 nm
(5-th H; antiStokes shifted YAG 3-rd harmonic) is
used for probing,

We report on kinetic study of the temperature-
controlled helix-coil transition of alanine-based
peptide, AsJAAARAJ;A. The secondary structure
of this peptide was characterized by steady state
UV Raman spectroscopy in the temperature range
from -8 to +80° C.

The alanine peptide was evident from CD studies
to have a dominant c-helical secondary structure
and shows a non-cooperative transition on a
temperature increase. UV Raman spectra of the
alanine peptide comprise of five strong bands (Fig.
1, top). Four of them at ca. 1640, 1540, 1380 and
1250 cm™ derive from the amide I, amide II, Co-H
bending and amide III modes, respectively. A
narrow band at ca. 1300 cm™ serves as a signature
of the peptide o-helical content. The contribution of
this band decreases with temperature.
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Fig. 1. Steady state (top) and
time-resolved (bottom) UVRR
spectra of the alanine peptide.
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Transient UVRR spectra of the
alanine peptide (Fig. 1, bottom)
show changes induced by the T-
jump which are similar to those

observed in the equilibrfium spectra

measured at different temperatures.

The difference spectra shown in

Figure 2 are the result of

subtraction  between  transient O delay
spectra recorded with and without a time
pump heating pulse. The difference

spectrum for infinite delay time was =
obtained from the steady state

spectra measured at different 50 ns
temperatures. The changes in the 31/
Raman spectra at short delay time b
were mainly due to the peptide

temperature  increase, without _
substantial changes in its secondary 1100 1300 &0 | 1700 1900
structure. a-Helix melting at longer Wavenumber / em-!

delay times results in the
appearance of four peaks that
dominate the difference spectrum at
about 100 ns. The characteristic .
time, t, for the helix-coil transition was found to depend on the T-jump:
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Fig. 2. Transient UVRR spectra of the alanine
peptide measured at different delay times after
a T-jump of 33° C.

In conclusion, time-resolved UVRR spectroscopy is a voionmz.ﬂoo_.mg w_umcn
studies of protein folding. Transient Raman spectra Eoﬁ% ..._oﬁ_&. Emo:uwaos
about the protein secondary structure and its evolution during nﬁ folding/unfolding
processes. By varying the excitation wavelength, one can selectively oz.wubom. Ww:._mn
. signal from particular groups of protein, for example, from the aromatic amino acid
. residues or the heme. Isotope substitution may also be used to get a Raman signature
. froma particular residue. We use a quantitative approach nm<m~o_umm _.omm_:q in our
..“.. group™” to characterize the protein secondary structure in the transient intermediate
. states which occur during the folding/unfolding processes.
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