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ABSTRACT. The primary light-induced events in the reversiblesPPfr phototransformation are investigated

by femtosecond absorption spectroscopy using a pyonpbe technique. After the selective electronic
excitation of Pr and Pfr with pulses at 610 and 730 nm, respectively, the transient absorption spectra were
measured as a function of the delay time and subjected to a global fit analysis. As a result of this analysis,
the decay-associated spectra of the kinetic components involved in the formation of the first photoproducts
in the forward and back reaction are obtained. These spectra provide a more detailed understanding of the
primary stages in the light-induced transformations. In addition, the influence of the solvent viscosity on
the initial reaction steps was studied. In each direction of reaction, a short-lifetime component is found
to be strongly viscosity-dependent, indicating that the primary photochemistry encompasses intramolecular
motions of the chromophore or its proximal amino acid side chairsDHxchange has no significant

effect on the kinetics of the initial photoprocesses. This suggests that the isomerization reaction in both
directions is not accompanied by a rate-limiting proton transfer.

Phytochromes make up a class of photoreceptors in plantsof FT Raman and FTIR studies using low-temperature
and cyanobacteria which absorb light in the red and far-red trapping techniques is that the double-bond isomerization of
region of the spectruml{3). Light perception is mediated the tetrapyrrolic chromophore has occurred already in the
by two different phytochrome forms, the red light-absorbing first detectable photoproducts of Pr and Pfr, viz., lumi-R and
form (Pr) and the far-red light-absorbing form (Pfr). These lumi-F, respectively 11-15). However, there is a gap in
two forms can be reversibly interconverted by the sequential the understanding of the early light-induced ultrafast events
absorption of red and far-red light. The molecular changes leading to the formation of these first photoproducts. The
associated with the Pr and Pfr photoconversion affect signal elucidation of the primary events following the light absorp-
transduction processes which result in a modification of tion is of great interest because they are related to key ques-
developmental responses according to the prevailing lighttions such as the causes for the selectivity of the photore-
conditions. action which excludes unwanted side reactions as well as

The first photochemical step following the light absorption the molecular mechanism by which light energy is initially
involves aZ,E isomerization of the tetrapyrrolic chromophore stored in the excited chromophore and subsequently used
(4, 5). The initial, fast isomerization triggers a series of for protein conformational changes which drive the functional
thermal reactions during which a number of metastable processes.

intermediates with lifetimes in the microsecond to mil- In the past years, picosecond and femtosecond spectro-
lisecond time domain are generate6—(0). Up to six  scopic techniques have been employed to gain some insight
intermediates have been identified in the forward phototrans-nto the first steps of the phototransformation. With respect
formation (from Pr to Pfr) and three intermediates in the to the Pr— Pfr transformation, early experiments with
back reaction (from Pfr to Pr). On the basis of a comparison picosecond time resolution indicated the presence of two
of the spectral and kinetic properties, it seems very likely excited electronic states with lifetimes in the range 6fl5
that the Pr phototransformation pathway does not share anyand~40 ps depending on the experimental conditic&-(
intermediate with the Pfr photoreversion pathway. ~ 20). These experiments further indicated the formation of a
The issue of structural changes forming the intermediate first transient reaction product, assigned to lumi-R, within
states is the central question in current studies. The consensuens of picoseconds. Through the use of femtosecond
spectroscopy at a low repetition rate of 1 Hz, we have since
" The financial support of this work by the Deutsche Forschungs- established lifetimes of~3 and 32 ps for the two excited
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another electronic state which converts with 4.5 ps into an, reported previously23). For the time-resolved experiments,
as yet poorly characterized, intermediate product state. it was dissolved in a 10 mM phosphate buffer at pH 7.8.

In our previous femtosecond studies, we carried out kinetic The final sample absorption was set to 0.4 at 666 nm, as
measurements at distinct probe wavelengths. In this papermeasured in a quartz cell with a path length of 1 mm. Over
we present a more detailed analysis of the ultrafast eventsthe period of the measurements, the phytochrome sample
in the Pr— Pfr and Pfr— Pr phototransformation path which ~ was pumped by a peristaltic pump trough a flow cell with a
became available by measuring the transient absorptionpath length of 2 mm. The flow rate was adjusted such that
spectra over a wide spectral range of 4850 nm at a great  €ach sample volume was excited only once. In the case of
wealth of different delay times and estimating the decay- the measurements with Pfr, Pr was converted to Pfr by
associated spectra of the distinct kinetic components by asaturating illumination with red light before the experiments.
global analysis approach. Furthermore, to probe the molec- Phytochrome solutions with 67% (v/v) glycerol were pre-
ular nature of the ultrafast events, both the viscosity de- pared by mixing phytochrome in phosphate buffer with the
pendence of the kinetic components and the effect of deu-appropriate amount of glycerol. To eliminate air bubbles,
teration on these components were examined. The experithe resulting solution was degassed by vacuum and then
ments were carried out with native phytochrome from oat flushed with nitrogen.

(molecular mass of 124 kDa/monomer). For the preparation of deuterated Pfr, phytochrome was
precipitated with ammonium sulfate (230 g/L). The pellet
EXPERIMENTAL PROCEDURES was then washed and resuspended with deuterated phosphate

Instrumentation and Measuring Procedur&éhe laser buger.nﬁft?rdthart], dthe pmygfr}r%mv?’itshmgt'o? ‘r’v";‘:’ drepheoasteﬁze
system and method of measurement employed in the time-concentrated and aga ute euterated phosp

resolved experiments have been described in detalil eIsewher?lmeL During this procedure, the phytochrome was main-

(23, 24). Excitation of Pr was performed by femtosecond _ai_ned as Pfr since the_extent of protaﬂeuteron e_xchange
pulses at 610 nm [pulse duration of 100 fs (fwhm)] which is increased by the residency of phytochrome in its Pfr form
were produced by a colliding pulse mode-locked dye laser

(26).
with a four-stage dye amplifier. The repetition rate of the  Before and after the pumgprobe experiments, the pho-

laser system was 15 Hz. A broadband femtosecond Whitetorevgrsibility and i_ntegrity of the phytochrome samples were
light continuum (spectral range of 45850 nm) generated examined by UV-vis spectroscopy and SDS electrophoresis.
in a sapphire plate was used for probing. The chirp of the The results obtal_ned showed that both the spectral and the
white light continuum was numerically compensatedt?2 structural properties were not affected by the laser exposure.
fs/nm. The pump and probe beams were aligned parallel toRESULTS
each other. For the excitation of Pfr, the continuum pulses
served as seed pulses for a two-stage postamplifier that pr to Pfr Phototransformation Figure 1a shows the
produced pulses at 730 nm [pulse duration of 150 fs (fwhm)] absorption difference spectra obtained at several delay times
after recompression. The probe light transmitted through the after femtosecond excitation of Pr at 610 nm. Immediately
samples was detected by a CCD camera after the light hadafter excitation, a strong negative band occurs in the region
been passed through a grating polychromator. The spectrabf the Pr ground-state absorption which is accompanied by
resolution of the measurements was better than 5 nm. Theweak positive absorption changes at either side. In addition,
absorption changes were measured as the difference betweeg weak negative band is discernible in the far-red region (
the optical densitiesAA) with and without excitation. To > 725 nm) where the Pr absorption is negligible. On the
monitor the time evolution of the absorption changes, the pasis of our previous work, these spectral features are due
probe pulse was delayed with respect to the excitation pulseto photobleaching of Pr, excited-state absorptions, and stimu-
by means of a variable optical delay line. By averaging over |ated emission of PrXl). At longer delay times, the spectra
at least 50 laser shots at each delay time, statisticalexhibit a photobleaching band and a small positive absorption
fluctuations of the excitation and probe pulse were compen- hand around 690 nm that persists for times well beyond the
sated. All instrumentation in the pumprobe spectrometer 500 ps time window accessible to our femtosecond measure-
was controlled by a computer using homemade software. Thements. These spectra obviously arise from the absorption of
measurements were carried out at 293 K. a comparatively long-lived photointermediate.

Each series of measurement was first run at a pump power For a kinetic analysis, the time-dependent absorption
2 and 5 times lower than that ultimately used for data changes were fitted to a sum of exponential functions using
collecting to ensure the linearity of the results with power. g global fit approach. The best fit was obtained when a sum

For a kinetic analysis, the experimentally measured dataof three exponentials and a constant term was used in the
were first compensated for the probe chirp and then fitted analysis. The constant term was added to simulate the long-
to a sum of exponentials including a constant term by a lived residual absorption in the transient spectra, the lifetime
global fit analysis 25). The constant term was added to of which cannot be determined under the femtosecond time
simulate a long-lived component, the lifetime of which resolution. The lifetimes estimated for the three exponential
cannot be determined in the time window of the femtosecond components are 360 fg§, 1.8 ps ¢»), and 34 ps1). Figure
measurements. The accuracy of the estimated kinetic con-1b shows the amplitudes) of these components plotted
stants is better tha#25%. versus probe wavelength (decay-associated spectra).

Preparation of PhytochromeNative phytochrome (mo- The 360 fs spectrum exhibits two positive bands at around
lecular mass of 124 kDa/monomer) was isolated from 5-day- 660 and>720 nm, both reflecting most likely the decay of
old etiolated oat seedling®\{ena satia L. cv. Adamo) as excited-state absorptions. Furthermore, the spectrum reveals
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Ficure 2: Comparison of the amplitude spectrum for the long-
lived component, (—) in the Pr— Pfr transformation with the
difference spectrum (- - -) between lumi-R and Pr measured in
nanosecond laser flash studi@s)(

Table 1: Kinetic Constants Estimated for the Primary Processes in
the Pr— Pfr and Pfr— Pr Phototransformatién

aqueous  67% glycerol/buffer deuterated

buffer mixture phytochrome
Pr— Pfr
71 (ps) 0.36 0.62 0.38
72 (pS) 1.8 3.6 2.3
73 (pS) 34 39 31
Pfr— Pr
0154 | 71 (pS) 0.56 0.99 0.68
’ 72 (pS) 3.8 4.0 4.0

T T T T T T a 1 1 H 1 1 1 H
500 550 600 650 700 750 800 850 For the kinetic analysis, a sum of exponential functions including

a constant term which accounts for the formation of a comparatively
A (nm) long-living intermediate was used as a fit function. The kinetic constants
were obtained from a global analystsThe kinetic constants determined
Ficure 1: (a) Absorption difference spectrAf\(2)] recorded after  for deuterated Pr are included in the table to complete the picture. The
excitation of Pr with 100 fs pulses at 610 nm. Eight spectra data confirm results of earlier studies demonstrating that the primary
corresponding to delay times of 0.3 ps (bottom) and 1.0, 2.0, 5.0, processes in the P+ Pfr transformation are not subject to a kinetic
10, 20, 50, and 100 ps (top) are shown. (b) Amplitude speaffa [ isotope effect 15, 16, 29).
(A)] of the individual kinetic components in the Pr Pfr

transformation estimated from the global fit analysis in comparison b ibl | | . fthe ch h
with the negative static absorption spectrum of Pr. The spectrarefer 10 Probe possible molecular motions of the chromophore
to the 360 fs component-f), the 1.8 ps component-¢—), the 34 and/or amino acid side chains in the course of the primary

ps component (- - -), the long-lived component + —), and the photoprocesses, these processes were examined in a solvent
negative static absorption spectrum of P1)( with increased viscosity. A 67% glycerol/buffer mixture was

) used as such a solvent. Table 1 shows the time constants
the Stokes and anti-Stokes Raman peaks of the aqueougsiimated for the kinetic components in the glycerol/buffer
buffer at around 770 and 510 nm (see 2&j. Inthe 1.8 ps  mjxture and compares these values with those in the aqueous
spectrum, the negative band looks similar to the inverted pyffer. As is evident, the two fastest time constamtsand
stationary absorption band of Pr. The negative minimum is 7, are significantly lengthened in the more viscous medium,
only slightly blue-shifted from the absorption maximum due \hereas the slower time constant,is only slightly affected.
to the positive amplitudes in the region of the red excited- Figure 3 gives in addition the amplitude spectra obtained in
state absorption. The 34 ps spectrum exhibits positive the glycerol buffer. With respect to their spectral shape and
amplitudes in the region of the blue excited-state absorption position, they do not differ from the spectra in the aqueous
and negative amplitudes where the ground-state bleachingpuffer, indicating that the spectroscopic and photochemical
is observed. The negative band is slightly red-shifted with properties of native Pr are retained in the glycerol/buffer
respect to the Pr ground-state absorption and contains a broaghixture.
negative contribution in the spectral region of the stimulated  Pfr to Pr Phototransformation Figure 4a depicts the
emission. Altogether, the spectral shape and position of theabsorption difference spectra observed for several pump
negative band are closely related to the inverted stationaryprobe delay times after femtosecond excitation of Pfr at 730
fluorescence spectrum of Pr. The spectrum of the long-lived nm. The spectra are characterized by the prompt appearance
component exhibits a negative band that matches the Prof a negative band at the spectral position of the steady-
photobleaching band and a well-developed positive band with state absorption, implying that this band is mostly due to
a maximum at~690 nm. The amplitude spectrum agrees the bleaching of the initial Pfr absorption. Concurrent with
quite well with the difference spectrum between Pr and bleaching, positive absorption bands are discernible on the
lumi-R (Figure 2) as it is obtained from time-resolved red and blue sides of the ground-state bleach. They are
measurements on the nanosecond time s@ale) 19, 28). probably related to excited-state absorptions. At longer delay
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A(nm) components in the Pfr~ Pr transformation estimated in a 67%

glycerol/buffer mixture. The spectra refer to the 990 fs component
(---), the 4.0 ps component-¢—), the long-lived component
(= — —), and the negative static absorption spectrum of Pi. (

Ficure 3: Amplitude spectrad(4)] of the individual kinetic
components in the P> Pfr transformation estimated in a 67%
glycerol/buffer mixture. The spectra refer to the 620 fs component
(+++), the 3.6 ps component-¢—), the 39 ps component (- - -), the )
long-lived component — —), and the negative static absorption state not only decays to the ground state directly but also

spectrum of Pr<). undergoes relaxation toward an intermediate state.
A kinetic analysis using the global fit routine reveals that

2 oo two exponential components with lifetimes of 560 fs)(
002+ 1 and 3.8 pst), in addition to a long-lived components},
give rise to the observed absorption changes (Table 1). Figure
0.0 4b shows the amplitude spectra for each of the kinetic
-0,024 components. The spectrum of the 560 fs component has a
AA 004 strong negative band in the spectral region of the Pfr ground-
' state absorption and broad positive contributions flanking
0,06 the shortwave side of the negative band. The negative band
0,08 is slightly shifted to the red from the ground-state absorption
spectrum and obviously contains negative contributions in
0107 the red wing due to stimulated emission. The 3.8 ps
012 component also has negative amplitudes in the region of the

ground-state absorption and strong positive amplitudes in the
adjacent far-red region. In the spectrum of the long-lived
b 01 i component, only a small negative band remains around the
' oo position of the ground-state absorption, but at the blue wing,
the amplitude spectrum declines more steeply than the Pfr
absorption band (cf. the inset in Figure 4b). This indicates
that a positive absorption of the long-lived component is ob-
viously overridden here by the strong ground-state bleaching.
To elucidate the role of proton transfer during the primary
stages of the Pfr back conversion, experiments were carried
out in which the protons of the chromophore and the
apoprotein were replaced with deuterium ions. Table 1
compiles the time constants of the kinetic processes observed
in deuterated Pfr. When compared to the results with
'°-12500 o o oo o 70 sw 850 nonde'uterated Pfr, no significant differences indicative of a
A (nm) H—D isotope effect can be detected. The time constants

FicURe4: (a) Absorption difference spectraA(Z)] recorded after ~ '€Main nearly unchanged, irespective of B exchange.
excitation of Pfr with 150 fs pulses at 730 nm. Seven spectra Further, the amplitude spectra (not shown) are essentially
corresponding to delay times of 0.5 ps (bottom) and 0.8, 1.0, 1.5, the same for deuterated and nondeuterated Pfr.

2.0, 4.0, and 8.0 ps (top) are shown. (b) Amplitude speci(a)] Table 1 also shows the time constants determined in a

of the individual kinetic components in the Pff Pr transformation 0 ; i
obtained from the global fit analysis in comparison with the negative 67% glycerol/buffer mixture. The most striking feature of

static absorption spectrum of Pfr. The spectra refer to the 560 fs these data is a significant lengthening of the shortest time
component (---), the 3.8 ps component-£), the long-lived constant ;) from 560 fs in the aqueous buffer to 990 fs in

component £ — —), and the negative static absorption spectrum the glycerol/buffer mixture. In contrast, the longer time
of Pfr (—). The inset shows a comparison between the amplitude gnstant t,) remains approximately the same. Figure 5
zfeﬁfgr;&g:ptt?fnlgggga’fg g?rggffem (- —) and the negative compares the amplitude spectra of the two kinetic compo-
nents in the aqueous and glycerol buffer. These spectra are
times, the ground-state depletion recovers more slowly thannearly identical in the two solvents, except for a small red
the excited-state absorptions decay, indicating that the excitedshift of ca. 10 nm in the spectrum of the 990 fs component
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which is most likely due to an increase in the stimulated The amplitude spectrum of the long-lived component
emission. gualitatively resembles, in band position and relative am-
plitudes, the difference spectrum between lumi-R and Pr
DISCUSSION measured in absorption studies with nanosecond time resolu-
Pr to Pfr PhototransformationThe excited-state relaxation tion (7, 10, 28). This clearly indicates that the primary
processes in the P+ Pfr phototransformation have been photoproduct observed under femtosecond excitation is
studied intensively by several research groups in the pastidentical to lumi-R. The appearance of lumi-R coincides with
years. Our results presented here confirm previous findingsthe 34 ps decay of the stimulated emission and excited-state
by showing that three kinetic components are involved in absorption. It seems therefore very likely that lumi-R is
the primary photoprocesses leading to the formation of the directly populated from the,Sexcited state of Pr with a rise
first photoproduct. On the basis of the global analysis of the time of 34 ps.
time-resolved absorption difference spectra, the lifetimes The kinetics of the two fastest componentsandz,, are
associated with these components are 360:js1.8 ps ¢>), noticeably affected by solvent viscosity, while the component
and 34 ps13). The first photoproduct itself is seen as an 73 does not change significantly. Although the latter com-
additional comparatively long-lived component)( the ponent is related to the formation of lumi-R which should
lifetime of which is beyond the time resolution of our involve a substantial torsional motion around the C{5)
femtosecond measurements. However, our investigations are_(16) double bond of the Pr chromophore, it is not distinctly
not restricted to a lifetime analysis but include the estimation viscosity-dependent. The fact that the two fastest components
of the amplitude spectra for the individual kinetic compo- 71 and 7, are influenced by solvent viscosity therefore
nents, which allows for a more reliable interpretation of the suggests that coordinates associated with the surrounding
kinetic mechanism underlying the primary events in the Pr protein matrix play a role in the initial excited-state motion
photoconversion. out of the Franck- Condon state. Accordingly, the viscosity
In this respect, the amplitude spectrum of the 34 ps effect might reflect the hindrance of protein relaxational
component clearly reveals that this component can bemotions in the more viscous medium which obviously assist
assigned to the Sexcited state of Pr. This follows from the the relaxational processes in the chromophore.
spectral shape of the amplitude spectrum in the red and far- Pfr to Pr PhototransformationAs could be shown from
red region: (1) This spectrum is red-shifted by several the kinetic analysis of the time-resolved absorption difference
nanometers from the ground-state absorption spectrum of Prspectra, the primary processes in the PfiPr phototrans-
and (2) it closely matches the mirror-image type band formation involve three kinetic components, one with a
displayed by the ground-state absorption spectrum. Thesdifetime of 560 fs 1), another with a lifetime of 3.8 pg),
spectral features indicate that the 34 ps component is mostlyand a third with a comparatively long lifetimesJ.
due to stimulated emission originating from theeXcited The amplitude spectrum of the fast 560 fs component
state of Pr. reveals two main features: (1) The minimum of the bleaching
According to our kinetic analysis, the 34 ps component is band is slightly red-shifted from the stationary Pfr absorption
preceded by a fast 1.8 ps componen).(On the basis of  spectrum, indicating that the negative amplitudes can be
the amplitude spectrum, this component contributes to anassigned to both ground-state depletion and stimulated
excited-state absorption and ground-state depletion, suggestemission. (2) The amplitude of this component predominates
ing that it is also due to excited-state Pr. throughout the spectral region of the ground-state depletion
The question of whether the 1.8 ps component correspondsand/or stimulated emission. It seems therefore likely that the
to the 5-15 ps component detected in earlier picosecond- 560 fs component corresponds to theeRcited state of Pfr.
resolved experiments arisesg( 17, 19, 20). On one hand, The spectrum of the 3.8 ps component has strong negative
it is possible that the time resolution reached in these amplitudes in the region where ground-state bleaching is
experiments was not adequate to resolve the 1.8 ps lifetime.observed and strong positive amplitudes at the red wing of
On the other hand, it is not impossible that the lifetime of the ground-state bleaching. As can be seen from this
this component is dependent on the excitation wavelengthspectrum, the 3.8 ps component forms directly from the S
within the $—S,; absorption as has been proposed previously excited state. There is no indication of a stimulated emission
(17, 19). With the excitation at 610 nm in our experiments, in the spectrum. It therefore remains unclear whether this
the excited molecules have an excess vibrational energy ofcomponent represents an excited or a (hot) ground state.
~1400 cn1! which could be the reason for a substantial Irrespective of the electronic nature of this state, it precedes
increase in the initial decay rate when compared with the the formation of a comparatively long-lived state, the
excitation at longer wavelengths. difference spectrum of which is given by the amplitude
One could also argue that the 1.8 ps component resultsspectrum of the componery. In this spectrum, only a small
from nonlinear processes due to a two-photon excitation, i.e., bleaching remains around the spectral position of the ground-
from a high pump-pulse intensity or from an additional state absorption. No positive absorption associated with this
excitation caused by the chirp of the broadband white light state is to be seen. But judging from the clear difference
continuum. However, for the following reasons, neither of between the amplitude and the stationary absorption spectrum
these two assumptions is highly plausible. (1) We could show in the region of 606-720 nm, such an absorption is very
that the 1.8 ps kinetics do not change when the energy oflikely masked by the strong ground-state bleaching. With
the pump pulse is reduced to 60 and 30% of its initial value respect to its negative band, the long time amplitude spectrum
(5 x 10% photons cm?). (2) We could not detect any is similar to the difference absorption spectrum between lumi-
absorption changes in experiments with a negative delayF, the first photoproduct observed in time-resolved studies
time, i.e., with the probe pulse preceding the pump pulse. on the nanosecond time scal®),(and unphotolyzed Pfr.



186 Biochemistry, Vol. 40, No. 1, 2001

Bischoff et al.

From these facts, we propose that the long-lived componentREFERENCES

(t3) represents the first photoproduct on the path from Pfr
to Pr. The photoproduct is similar to lumi-F with the
exception that it exhibits a weaker absorption intensity in
the red region. The reason for this effect could be that the
chromophore is initially surrounded by still unrelaxed protein
sites which subsequently undergo conformational relaxation,
to give a relaxed lumi-F species with a well-developed red
absorption band.

The replacement of protons in the Pfr chromophore and
the protein moiety with deuterium ions does not affect the
kinetics of the primary stages in the Pfr transformation.
Neither the kinetic constants (Table 1) nor the amplitude

spectra of the kinetic components are subject to a measurable

isotope effect. This suggests that the primary steps in the
Pfr phototransformation, including the formation of the first
photoproduct, do not involve a rate-limiting proton-transfer
reaction.

In contrast to deuteration, there is a striking effect of
solvent viscosity on the primary relaxation processes. The
depopulation kinetics of the primary excited state slow from
560 to 990 fs when the solvent viscosity is increased by the
addition of 67% glycerol. This result suggests that the
primary process in the Pfr transformation includes a molec-
ular event that is hindered by increasing solvent viscosity.
On the basis of FTIR studies, the Pff lumi-F transition
involves the configurational isomerization at the CED)
C(16) double bond of the chromophorE2( 14). It appears
therefore possible that the viscosity dependenaeg wdflects
the double-bond isomerization of the Pfr chromophore in
its primary photoprocess, or perhaps another torsional motion
at the exocyclic methine bridges accompanying the isomer-
ization process. This interpretation differs from that of the

Pr forward reaction because the viscosity-dependent reaction

step is associated with spectral changes in the amplitude
spectra that might indicate dfZ isomerization. However,

at the present stage of our study, this argumentation does ;g

not definitely exclude the possibility that it is the confor-
mational relaxation of an amino acid chain(s) near the
chromophore which is prevented in a more viscous medium,
similar to the situation in the Pr forward reaction.

A comparison of the primary processes in the photocon-
version of Pr and Pfr indicates distinct differences in the
kinetics of the two pathways. The kinetic processes occurring
up to the formation of the first photoproducts are consider-
ably faster in the Pfr—~ Pr photoreversion reaction than in
the Pr— Pfr forward transformation. The reason for this
could lie in different interactions of the Pr and Pfr chro-
mophore with protein contact sites in the chromophore
binding pocket. Thus, the Pfr chromophore may be in looser
contact with the surrounding protein sites than the Pr
chromophore and may therefore undergo configurational or

conformational changes much faster. On the other hand, the 26.

difference in the reaction kinetics could also result from
different electronic structures of the Pr and Pfr chromophore.
More experimental evidence is required to support either one
of these hypotheses.
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