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Investigation of Intramolecular Processes in Proteins
by Time Resolved FTIR-Difference Spectroscopy
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Abstract. A new technique is developed by which intramolecular
processes of proteins can be investigated time-resolved in the infrared
spectral region. By this technique the transduction mechanism of light
energy into chemical energy in chromoproteins is explored on an atomic
resolution.
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The elucidation of protein functions on an atomic level challenges life science
today. Great progress in this direction was achieved by X-ray diffraction
analysis which shows the structure of proteins at nearly atomic resolution
[1]. In order to elucidate the mechanism of such complex structures a non-
invasive technique is needed which shows the reactions of the individual
chemical groups on a molecular level time resolved. In principle infrared
spectroscopy fulfills this condition. In order to select the absorbance bands
of functionally relevant groups from the background absorbance of the
whole protein, difference spectra between different states of the protein
have to be taken. An active state of the protein can be stabilized e.g. at a
deep temperature. Since the observed absorbance changes are in the order
of 10-2to 10~ 3, conventional infrared spectroscopy cannot be used because
the baseline distortions are too large. The multiplex advantage of the FTIR
method enables much shorter measuring times, and thereby highly repro-
ducible difference spectra can be taken. By this static method difference
spectra are achieved between protein states which are stabilized (if possible
at all) mostly under unphysiological conditions. In order to measure the
absorbance changes at room temperature time resolved, one can apply the
flash photolysis method in the infrared range [2]. In this case the
absorbance change of one selected wavelength element is measured only
and therefore a large measuring time is needed for the whole spectrum.
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In order to combine the advantages of static FTIR and time-resolved IR
spectroscopy a time resolved FTIR apparatus has been developed (Fig. 1).
The FTIR apparatus is a Bruker IFS88 and the NYD/YAG pulsed dye laser
system is a YG481 of Quantel. The time course is shown in Fig. 2. As
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Fig. 1. Apparatus for time resolved measurements
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Fig. 2. Time course of the apparatus
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reference the “Take Data” signal of the FTIR apparatus is used. When data
of the FTIR apparatus are taken (collect sample) a pulse of the aspect
computer triggers the laser flash after a variable delay time ¢,. The LED
signal triggers the pulse of the laser. By this method interferograms of
different states of chromoproteins can be measured. The time resolution AT
is determined by the velocity of the scanner v,,,, the scan length Ax and the
spectral resolution Av,
1 A = 1 1

AT - Vmax zvmax E}.

At the maximum velocity of 6.3 cm/s a time resolution of 10 ms at 8 cm~!
spectral resolution is achieved.

With this apparatus intramolecular processes of the lightdriven
protonpump bacteriorhodopsin are investigated. The retinal protein
bacteriorhodopsin has a molecular weight of 26 700 Dalton. After light illu-
mination a photocycle of about 10 ms half-time is initiated which is accom-
panied by a vectorial proton transport. In Fig.3 a deep temperature
difference spectrum (200 K) between the ground state (BR) and a photoin-
termediate (M) is shown. The difference spectrum indicates e.g. protonation
of internal aspartic acids [3] (1762 cm~') and alltrans configuration of the
chromophore retinal (1200 cm~?, 1169 cm~1) in BR [4]. By the new time
resolved technique a similar difference spectrum is obtained at room
temperature (Fig. 4). For the difference spectrum 500 scans with and
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Fig. 3. Deep temperature static BR-M difference spectrum
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Fig. 4. Room temperature time resolved BR-M difference spectrum (4 cm~?, 20 ms). Insert
shows difference spectra for three different delay times #, £, #3

without laser flashes are averaged. A spectral resolution of 4cm~' and a
time resolution of 20 ms are used. The time resolved spectrum shows clear
differences above 1640 cm~'. These differences indicate that the protein
shows a distinct behaviour at room temperature compared to the frozen
state. With this new technique the proton transport mechanism will be
investigated. In order to assign the absorbance bands in the difference
spectra isotopically labelled proteins are used.
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