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The cis—trans double bond chromophore photoisomerization Figure 1. AHk. vs AV, for the Ksio— L process for:1: pSRII-WT,
in biological photosensors triggers a cascade of reactions involving®0 MM NaCl, 2 pSRII-WT, 150 mM NaCl,3: pSRII-WT, purple
conformational changes in chromophore and protein responsibleMémbrane lipids (PML) 20:14: pSRIl-His (His tagged for purification
for the specific function of each sensérin archaeal retinal ~ Purposes)n-dodecyl-o-maltoside (DM), 10 mM NaCI5: pSRIl-His,
proteins (bacteriorhodopsin, BR, as well as the sensors SRI and®™: 150 mM NaCl,&: pSRIl-His, PML 20:1,7: pSRIl-trHirl, PML
SRI) an eary,recshifed ntermeciate ( n BR and ICiie n 201 AL SSmoles 1 prosphete bullr 29 . Sctalor ues wih o
the L mtermediate s Ahough their mejor conformational i SAPIEEL, 2 4, ands (o ransducen) in the range 356 °C and

. . . . ... with 7 (pSRII-trHtrll) in the range 430 °C. The results from the two-
changes occur in the ms to s time, all retinal proteins exhibit temperatures method were used 0and 6.5
movements accompanying the early steps of the respective pho-
tocycle. These movements, detected as structural volume change
(AV) by laser-induced opto-acoustic spectroscopy (LIOAS),
reflect the response of the protein upon chromophore photo-
isomerization and indicate how the sub-ns conformational changes
drive the functional process® We have reported enthalpy
changesAH, andAV values for the formation and decay oK
in purified wild-type sensory rhodopsin Il frofdatronobacterium
pharaonis(pSRII-WT) and its histidine-tagged analogue (pSRII-
His) in a variety of aqueous media (various ionic strengths
detergent, and lipids in different concentrationsjhe large
expansion (10 mL/mol) upon 4, formation is restricted to the
chromophore-protein cavity displaying no medium influence,
although the K0 energy level is affected by the medidm.

With the study of pSRII-His assembled with its C-terminally
truncated transducer, —1159-Htrll = trHtrll (pSRII-trHtrll,
prepared as already publisigdeported here, we complete the
characterization of this sensory rhodopsin. The linear correlation
found betweem\Hy and AV, for the Ks;o — L decay in all
samples (including pSRII-trHtrll) is attributed to an enthatpy
entropy compensation and affords the value of the intringg,
for the us step, not accessible by other methods.

Experimental conditions were as descrilfe@he narrow

?emperatures method. The LIOAS signal for each sample was
deconvoluted with that for a calorimetric reference (bromocresol
green) in the same mediunThe amplitudesg; and ¢,, of the
biexponential pressure evolutiop;[= g/E, + AV; ®i/E; (¢, p/),
g:: total heat emitted during each step] plotted gs d/f3) (cp:
heat capacityp: mass densityj: cubic expansion coefficient)
afforded, respectively, th&Hx andAVk values for ko formation
andAHy_. andAVy, for its decay to L. Theé\Hy = Ex (the energy
' level of Ks;0) values were calculated with the equatiomy/[E;
=1— &k Ex/E), E; the molar laser energy, arek the quantum
yield for Ksioformation® AHx, = — gu/®x, under the assumption
that the k,0— L efficiency is unity.®x = 0.4 for pSRII-trHtrll
was determined as described for the transducer-free saffiles.
detailed analysis of the 45 — L decay in pSRIl under all
condition$ (including the data for the pSRII-trHtrll sample),
shows thatAH, linearly correlates witl/AVy, (Figure 1), that
iS, AHyx, = C + X AV,

A linear correlation was previously found betweAil; and
AV, for the formation and the decay of transient species upon
photoinduced intra- and intermolecular electron-transfer reactions
in aqueous solutions in the presence of various monovalent%alts.
: - The linear correlation was the result of an enthalpntropy
temperature ranges used with samlie3, 4, andS (see caption compensation reflecting the fact that in those reactions both

to Figure 1) allow to consider thatH andASduring the transition thal d ent h ¢ v dominated by th
under scrutiny are constant over the range for each of the media ENthalPy and entropy changes were strongly dominated by the

Data obtained with the two-temperatures method (at two close !E?]teracn(ins off the chdromgphtore W'éh tthe fotIV&m both c?fsesl:, db
temperature8) were very similar to those from the several- € Spectra of ground and Intermediate states were unafiected by

the added salts. The free energy of the monitored reaction was in
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Figure 2. Eyring activation parameters for the;4— L decay, derived Figure 3. AV vs for the pSRIl samples (numbering as in Figure 1).

from the T-dependence of thes decay determined by LIOAS.ranges: ;I'heﬁ values were calculated with the measureg/f’) andp (all at 5
11-56 °C for 1—6,5 4—30 °C for 7. Numbering as in Figure 1. C), and with a constarg, = Gy for HZO_. The Ilng through the points is
a linear regression and has no physical meaning.

caption for the samples numbering). Furthermore, the lifetime of L .
Ksioat 25°C, 7 = (1.3 + 0.2) us, is the same for all samples trHtril falls out of the line in Figure 3 is that the substates
(including 7) without any recognizable trend. These observations Participating in the Ko — L transition for this complex are
strongly indicate a constant free energy for thgok> L reaction, different than for free pSRII. ,
AGy, along the mild media variation. Therefore, again in this 1 "€ enthalpy content ofdto and of L for pSRII-trHtrll is (78
case it is possible to use Gibbs eiHx. = AGx. + TAS«) to + 18) and (32t 22) I§J/mol, respectively, the latter cqrrespondmg
calculateAGy, = —(77 £ 3) kd/mol, directly from the intercept ~ t0 15% of the exciting energy (239.17 kJ/mol). This low value
in Figure 1 (i.e., a\Vi_ = 0). The fact that the values for pSRII- underlines the importance of entropic changes as driving force
trHtrll fall into the same correlation as those for the transducer- for the subsequent steps in the cycle. The large entropic
free samples (Figure 1, within the experimental error viijh ~ contribution, for exampleTASq (31 kJ/mol)~40% of AGi
indicates that the chromoproteitransducer interaction is similar ~ for PSRII-trHtril (7) shows the weight of the reorganization of
in nature to the chromoproteirsolvent interaction. the environment during thegf— L transition. Using eq 1 with
From Figure 1 and Gibbs ed, AV, = TAS.. The slope in X = 3.8 kJ/ml, for the Koo — L t_ransmon in BR with the
Figure 1,X = (3.8 0.2) kJ/ml, is smaller than those previously Measured\Vi, = —5.2 mL/mol® (with @y = 0.65); affords a
measured in our laboratory: (1 1) and (14.4t 0.8) kJ/ml for TASq = —20 kJ/mol, in excellent agreement with the value
intra- and intermolecular electron-transfer reactions, respec- previously calculate_él? The nature of the |nteract|ons_respon3|ble
tively.1°110bviously, the equilibrium shifted by the various media for the compensation effect should then be similar for both
(detergent, diverse ionic strengths, membranes) in the present casBrotéins during the K= L step.
is of a different nature than that in homogeneous aqueous |Nhe constani\Vk = (10 & 1) mL/mol for samplesl—6 (no
solutions. Notwithstanding the errors, a compensation effect is transducer) and the variabig point to energy changes intrinsic
found also between the activation parameters for Hecay in to Ksip structure, not affecting its volunfeand documents the
the seven samples (Figure 2). fact Fhat the volume changes accompanymgdformanon are
We attribute the enthalpyentropy compensation effect in  restricted to the chromophore protein cavitAHx = (78 + 18)
pSRII to subtle changes induced by the various environments kJ/mol andAVic = (12.5 & 1) mL/mol for pSRII-trHtrll are
(including the transducer in pSRII-trHtrll) in the equilibrium  different from the values for pSRHWT evidencing that already
between fluctuating structures (substates) linked to the variousduring Keio formation both properties are affected by the
possible chromophore conformatiovianost likely resulting in transducer. i , o
different number and strength of hydrogen bonds and salt bridges. The present is the first report of a direct determination of a
The type of states participating in the— L transition depends time-resolved free energy change in a photoinduced relatively

on the medium, changing the magnitude & and AS, rapid reaction in photosensors. The data demonstrate how mild

whereas the value ckGy, is constant because it is intrinsic to ~ changes in the environment modify the thermodynamic profile

the reaction. of transient species decay, as long as the medium has a strong
The proportionality betweeAVy, and the respectivg values influence on it.

for transducer-free pSRIl in all media at the same temperature
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