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Abstract

The pH and temperaiure dependences of the free energy stabilization of the Q and Qg semiquinone anions (Q, and Qy are
respectively the primary and secondary quinone electron acceptors) were studied in antenna-reaction centre complex from Rubrivivax (R.)
gelatinosus. This was achieved by measuring the rate constants of the P*Q5 (k,p) and P* Qg (kgp) (P is the primary electron donor)
charge recombination processes by flash-induced absorption spectroscopy. Despite the high primary sequence analogies of the Q, and Qg
protein pockets between R. gelatinosus and the much more studied species as Rps. viridis, Rb. sphaeroides and Rb. capsulatus, the
energetic behaviour of the quinone complex of R. gelatinosus appears to be somewhat different: (i) above pH 10, k,p decreases, whereas
it increases in Rps. viridis; this suggests the presence of a protonatable group that stabilizes I~ (I is a bacteriopheophytin electron
acceptor) rather than Q,; (ii) the pH dependence of kyp is unusually flat in the range 4-7.5, possibly reflecting that a substantial part of
the P* Qg charge recombination proceeds via the direct route through the protein by an electron tunnelling mechanism, at variance to
what is observed in the three species mentioned above; (iii) the very substantial increase of kgp observed above pH 7.5 is reasonably well
described by the presence of two apparent protonatable groups: pK o = 9.4, pK .= 11 and pK;o, =85, pKyo, = 9.4. The latter
group was not reported in Rps. viridis, Rb. sphaeroides or Rb. capsulatus. We conclude that the apparent pK values measured here in R.

gelatinosus may reflect the contribution as a whole of several and /or distant groups rather than of well-defined residues.
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1. Introduction

Photosynthetic purple bacteria present a wide variety of
phylogenetic, physiological, biochemical and spectroscopic
aspects. It is therefore of interest to investigate these
properties on different strains to verify the degree of
generality of the conclusions derived. Rubrivivax (R.)
gelatinosus is a non-sulfur purple bacterium that belongs
to the 8 family (Rhodocyclus), which has been much less
studied than the « family, which contains among others
species, Rhodobacter (Rb). capsulatus, Rb. sphaeroides
and Rhodopseudomonas (Rps.) viridis. The properties of
the photochemical reaction centres (RCs) of these species
have been extensively studied. These membrane proteins
of the two latter strains have been crystallized and their
three-dimensional structures have been resolved [1-6].
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The bacterial RCs are composed of three subunits, L, M
and H with molecular masses in the range 30—35 kDa. In
some species as R. gelatinosus, Chr. minutissimum, and
Rps. viridis, a tetrahemic cytochrome ¢ (=40 kDa) is
tightly bound to the RC at the periplasmic interface. L and
M carry all the chromophores present in the complex. Four
bacteriochlorophylls (two of which are arranged in a dimer
and form the primary electron donor, P), two bacteriopheo-
phytins, two quinone molecules Q, and Qy (the first stable
electron acceptors), a non-heme Fe (or alternatively Mn)
atom and a carotenoid molecule are present in the com-
plex. Many studies have been achieved on the kinetic and
energetic properties of the quinone electron acceptor sys-
tem in RCs from different purple [7] and green bacteria
like Chloroflexus aurantiancus [8]. At variance, those of
the Rhodocyclus family have not yet been characterized.
In R. gelatinosus, Q, is a menaquinone 8 and Qp is a
ubiquinone 8 [9]. The primary sequences of L. and M
subunits of this species ([10,11] and Picaud, M., unpub-
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lished results) are very homologous to the respective one
of Rb. sphaeroides, Rb. capsulatus and Rps. viridis [12—
14], in particular, in the quinone binding sites. However, it
is of interest to note that the BChl and BPhe molecules are
of the ‘a’ type in R gelatinosus and in Rb. sphaeroides
but of the ‘b’ type in Rps. viridis. On the other hand, in R.
gelatinosus Q, and Qg are MQ and UQ, respectively, as
in Rps. viridis, whereas in Rb. sphaeroides and Rb.
capsulatus both quinones are UQ,,. Probably due to this
different pigment composition, charge recombination be-
tween the oxidized primary electron donor, P, and P*Qp
occurs by two different pathways in Rps. viridis and in
Rb. sphaeroides. In the latter, this phenomenon occurs
directly through the protein by an electron tunnelling
effect. In contrast, in Rps. viridis, P*Qj charge recom-
bination proceeds by thermal repopulation of a relaxed
state of P*1™ (where I is the bacteriopheophytin interme-
diate electron acceptor) [15]. It was therefore interesting to
compare the energetics of the quinone system between R.
gelatinosus, Rps. viridis and Rb. sphaeroides to track the
respective roles of the protein and of the chemical nature
of the pigments in these processes.

2. Material and methods

All the experiments described in the present paper have
been done on LH1-RC complexes (which keep 85-100%
Qp) instead of purified RCs which have lost the secondary
quinone [16] and are unstable especially at high pH
(Agalidis, L., unpublished results). The LHI-RC complex
from R. gelatinosus strain S, [17] was prepared as de-
scribed [9] except that it was purified in the presence of
lower detergent concentration (0.04% C,,E; instead of
0.1%). Flash-induced absorbance decays were obtained
using a home made spectrophotometer [18]. P* absorbance
changes decay was monitored at 787 nm. pH buffers used
were: Mes, Bistris propane or CAPS. The Arrhenius plots
of the rate constants of P*Q, (k,p) and P* Qg (kgp)
decays between 0 and 40°C were measured as described
[19]. The low-temperature experiments were carried out in
the presence of 60% glycerol (v/v) in A. Vermeglio’s
group on a home-made spectrophotometer.

3. Results

3.1. Temperature dependence of k,p, the rate constant of
P*Q. charge recombination

The temperature dependence of k,p, between 310 and
90 K is presented in Fig. 1. This curve can be divided in
two parts. The first one, between 310 and 240 K, corre-
sponds to a decrease of k,, from 180 s~' to about 30 s~ ',
Such room-temperature dependence is similar to what was

observed in Rps. viridis [15,20]. In this case, P*Q;,
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Fig. 1. Temperature dependence of k,p, the rate constant of P* Qj

charge recombination in LH1-RC complexes (40,5 nm = 2) from R.
gelatinosus. The line is the result of the fitting of the data with Eq. (2). &,
was taken as 7-107 s~ '. The following parameter values are derived:
AGS =0.344 eV, k(0)=58 s7' and hw =145 cm™'. Conditions: 10
mM Tris (pH 8), 1 mM EDTA, 0.1% C,,E; 50 uM terbutryn + 60%
glycerol (v /v) below 0°C.

recombination was interpreted to occur through a thermal
repopulation of a relaxed state of P*17 [15,20]. It is likely
that this is also the case in R. gelatinosus. To describe the
k,p variations between 275 and 310 K we used the
equation proposed by Shopes and Wraight [15]:

kap = kg X e ACRED 4 g (1)

where &, is the rate constant of charge recombination from
the P*1" state, k; is the limiting value of k,, measured
at low temperature, AGj; is the free energy gap between
the P*I~ and P*Q, charge separated states. AGy, is the
sum of AH,, and —TAS,,, which are deduced from the
slope of the In(k,p — k) vs. 1000/T curve and from the
intercept, respectively. Since &, has not yet been measured
in R. gelatinosus, we have used the value measured in
Rps. viridis: 7- 107 s~' [21]. This is a reasonable assump-
tion, since this parameter is very similar in Rps. viridis
and Rb. sphaeroides [22] which do not possess the same
type of BChl and BPhe (‘4" type vs. ‘a’ type). k; was
taken as the lowest value of k,p, at 240 K, ie., 23 s7'.
However, if the choice of k; does modify the AHY, value,
a compensating effect on TAS;, [23] results in a poor
relationship between k; and the AGI;, value. The activa-
tion parameters calculated at pH 8 and 298 K are presented
in Table 1. The free energy gap between the P*1~ and
P*Q, states is thus estimated to be 0.334 4+ 0.005 eV.
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Table 1
Thermodynamic parameters (eV) associated with the P*Qj charge
recombination process in the antenna-RC complex from R. gelatinosus

AHS, — TASS, AGS,
0.314+0.005 0.02040.005 0.33440.005

The second part of the curve of Fig. 1 corresponding to the
low-temperature range shows a slight acceleration of the
P*Q, back reaction as temperature decreases from 240 K
to 90 K, probably reflecting a tunnelling process for the
electron transfer from Q. to P* as already shown in Rps.
viridis and Rps. sphaeroides [15,24,25]. In Rb.
sphaeroides, the increase of k,p between 240 K and 90 K
was shown to be more pronounced than in R. gelatinosus,
whereas, in Rps. viridis, under the same experimental
conditions (i.., in the presence of 60% glycerol) the
temperature dependence of k,, was found to be flat below
160 K [15].

In order to fit the curve of k,, in the whole temperature
range, the following equation was used:

172
ehe/kT _ 4 /

kyp =ky X e (A6 /KD 4 k() X (2)

eho/kT 1

The second term of the right part of Eq. (2) has been
proposed [26] to account for possible coupling of the
electron transfer to a single polar mode of the protein. ke
designates the average frequency of this mode, and &(0),
the limiting value of the rate constant at 0 K. The fitting of
the data presented in Fig. 1 leads to k(0) =58 s~' and
hw=145cm™".

3.2. pH dependences of k,p and kgp

The pH dependences of k,p and kg, in the pH range
4-12 are presented in Fig. 2. We should point out that the
exceptional stability of the antenna-RC complex from R.
gelatinosus allowed a titration in such a large pH range.
These data were obtained on three different preparations.
The reversibility of the pH dependences of the rates was
systematically checked at low and high pH.

3.2.1. pH dependence of k, »

In the pH range 4-9, k,, smoothly increases, from 45
to 90 s~ ', at 21°C. A plateau is observed from pH 9 to pH
10. Above pH 10, k,, decreases, reaching a value of 45
s~ ' at pH 12. The shape observed below pH 9 is similar to
what was measured in RCs from Rb. sphaeroides and Rb.
capsulatus, but with different absolute values of k,p. It is
considered that, in these species, at room temperature, the
P*Q; charge recombination proceeds directly to the ground
state by an electron tunnelling process, poorly dependent
on the free energy level of P*Qj, and therefore on the
protonation state of the protein near Q,. The decrease of
k,, above pH 10 (Fig. 2) is unusual in species where

P*Q, recombines by a thermally activated process. Thus,
in the case of Rps. viridis, where Q, is an MQ,, a
2-3-fold increase of k,, was observed in the pH range
9-11 [15,19,20]. The same pattern was observed in Rb.
sphaeroides, where QA was replaced by quinones of low
redox potential [27-29]. This acceleration at high pH has
been interpreted as due to deprotonation of a proteic group
with stronger electrostatic interaction with Q, than with
17; the apparent pK of this group in the presence of 17,
pK,, being smaller than in the presence of Q, (pK,). If
we apply this reasoning for R. gelatinosus, it turns out that
a protonatable group could interact more strongly with 1~
than with Q,. To fit the data of Fig. 2, we have used the
equation proposed by Shopes and Wraight [15]:

1+ 10(PH-PKY)

kap = kap, X T g R0 T Kr (3)

where k,p . is the value of k,, at some arbitrary low pH
value. The line drawn through the k,, points results from
these calculations which indicate a pK, value of 12.2 + 0.2
and a pK, value of 11.6 + 0.2 (Table 1). This difference
is consistent with a stronger interaction energy of a puta-
tive protonatable group with I” than with Q. by about 35
meV, ie., 58 meV X (pK, — pK,).

3.2.2. pH dependence of kgp
The pH dependence curve of kg, shows two different
regions. In the pH range 8-12, kg, increases with an
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Fig. 2. pH dependence of the rate constants of P* Q; (open squares,
upper data) and P* Qg (closed squares, lower data) charge recombina-
tion in LH1-RC complexes (AOg,s nm = 2) from R. gelatinosus at room
temperature. The lines are the results of the fitting of the data by Eqs. (3)
and (4), respectively. This adjustment leads to the following parameter
values: For P* Qy, pK;=12.20+0.20, pK, =11.60+£0.20; AGyY =
0.334+0.005 eV (deduced from the fitting of Fig. 1). For P* Qj, the
existence of two protonatable groups is suggested whose pK values are:
PKiq, =845£0.15, pKyq;=940£0.15 and pK,, =1070+0.15,
pK g; =11.551£0.20. kgp; was adjusted to 0.24 s~!. Other conditions
as in Fig. 1 but without glycerol. The pH buffers are indicated in Section
2.
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average slope corresponding to about 0.5 H* /per e~. This
figure is different from those obtained with Rps. viridis,
Rb. sphaeroides and Rb. capsulatus RCs, where destabi-
lization of the P* Qg state (or increase of kgp) starts only
above pH 9.7-10. Assuming a simple model where two
amino-acid residues modulate the free energy level of Qg,
we have fitted the pH dependence of kg, (Fig. 2) by the
following equation:

1+ IO(PH‘PKZQB)
ke = Kap, X T 00 7Ry < 75 100R PKe )

1 + 10(PH—PKigy)

(4)

where kgp . represents the value of kyp at some arbitrary
low pH value, and pK,,, and pKq- (i =1,2) are the pK
of the groups i, depending on whether Qg is in its neutral
or semiquinone form, respectively. The analysis of the
curve leads to the determination of two groups: (pK,, =
10.70 £ 0.15, pK,, = 11.55 £ 0.20) and (pKyq, =845
+0.10, pK,4.=9.40 £ 0.10) respectively (see Table 2).
The pK values of the first group are reminescent of those
estimated for the group responsible for kg, increase at
high pH in Rb. capsulatus [30] and slightly higher than
those estimated for the same group in Rb. sphaeroides
[31]. Although in Rps. viridis an ionizable group with an
apparent pK,_ = 9.20 has been reported by Gao et al. [32],
the examination of kg, dependence on pH in this species
seems to indicate different protonation properties relative
to the group 2 determined here in R gelatinosus.

In the pH range 3.5-8, the P*Qj back reaction is very
slow (kpp =0.25-0.30 s~') and nearly pH-independent.
This is still a different behaviour relative to the other
species. In Rps. viridis [15], Rb. sphaeroides [33] and Rb.
capsulatus [30], k,p substantially decreases at low pH,
reflecting a notable stabilization of P*Qy by some proto-
nations nearby Q. However, this is not the case in E.
mobilis [34] and Chr. minutissimum RCs [35], which both
possess MQ and UQ as first and second electron acceptor,
respectively. In E. mobilis, kgp does not depend on pH in
the range 6-10 and in Chr. minutissimum it varies very
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Fig. 3. Arthenius plots of the rate constants of the P* Qp charge
recombination measured at pH 6.0, 6.8, 9.5 and 10.4. Conditions as in
Fig. 2.

smoothly below pH 7. The slow back reactions observed in
these species (6—10 s) were suggested to reflect a tun-
nelling process for the return of the electron from Qg to
P* directly through the protein. Since the primary se-
quence of Qg protein pocket is very conserved in R.
gelatinosus as compared to Rps. viridis, Rb. sphaeroides
and Rb. capsulatus (see Table 4) the quasi absence of Qg
stabilization observed here is somewhat surprising. We
have therefore investigated the possibility that, below pH
8, in R. gelatinosus, P*Qy charge recombination pro-
ceeds by a two-step mechanism involving an activationless
path through the protein and a thermal reactivation of
P"Q, and P*I” states. We have measured the tempera-
ture dependence of kg, at different pH. This was done at
pH 6.0, 6.8, 9.5 and 10.4. The Arrhenius plots resulting
from these measurements are presented in Fig. 3 and the
deduced activation energies, AH}, in Table 3. The AH}
values measured below pH 8, are identical within the
experimental error and more than 2-times smaller than

Table 2
Apparent pK values involved in the stabilization of Q, and Qg in R. gelatinosus

Pk, pK, pPKigs PKiq; pKigs pKio;
R. gelatinosus 1220+ 0.2 11.60 + 0.20 8.45 +0.15 9.40 +0.15 10.70 £ 0.15 11.55+0.15
Rps. viridis 9.40 *° 9.70 a0 92° 10.20 ® +0.10 1130 ® + 0.20
Rb. sphaeroides 9.80 © 11.30 ©
Rb. capsulatus 103 9+0.10 11.60 9+ 0.30

+0¢ and ¢ respectively relate to the work of Shopes and Wraight [15], Gao et al. [32], Kleinfeld et al. [31] and Baciou et al. [30].

Table 3
pH dependence of the enthalpy of the P*Qp charge recombination process
pH 6.0 pH 6.8 pH9.5 pH 10.5
AHS (eV) 0.129 +0.010 0.137 £ 0.010 0.280 + 0.010 0.289 + 0.010
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Fig. 4. pH dependence of K,, the Q5 Qg = Q,Qp equilibrium constant
value in R. gelatinosus antenna-RC complex determined here (@), in
chromatophores from Rps. viridis [19] (OJ) and in RCs from Rb.
capsulatus [30] (O). Since in R. gelatinosus, below pH 8, the direct
recombination is likely to be the dominant process of P* Qp charge
recombination, the K, values calculated from the expression derived by
Mancino et al. [36], K, = kyp /kyp — 1 may be underestimated. There-
fore, the data points for R. gelatinosus, below pH 8, strictly refer to the
right ordinate axis, i.e., ksp /kgp — 1.

those measured above this pH. This is consistent with the
idea of different pathways for the back electron transfer
from Qg to P*, at pH 6.0 and 6.8 on the one hand and at
pH 9.5 and 10.4 on the other hand. Indeed, the activation-
less process at low pH seems to be more important at low
pH than at high pH.

3.3. pH dependence of the equilibrium constant of the Q4
to Qp electron transfer process

According to Mancino et al. [36], the apparent equilib-
rium constant K, of the Q, to Qg electron transfer
process may be written as: K, =k,p/kgp — 1. However,
in the case of back electron transfer from Qz to P* by an
activationless path, the K, value calculated with the above
equation underestimates its real value. Consequently, in
Fig. 4, for R. gelatinosus, the points below pH 8 are only

relevant to the right-ordinate axis (k,p/kgp — 1). In R.
gelatinosus, due to the concomitant increase of kg, above
pH 8 and the decrease of k,, above pH 10, K, strongly
decreases in the pH range 8—12 from about 300 to about 4.
For comparison, we have also presented in Fig. 4 the pH
dependence of K, in Rps. viridis chromatophores [19] and
in purified RCs from Rb. capsulatus [30). The arrows
show the turning points of the K, curves at high pH: 10.2
in Rps. viridis, 9.8 in Rb. capsulatus. In R. gelatinosus,
this value is about 7.8 or could even be smaller when
considering that, in this species, below this pH value, kg,
is not very sensitive to protonation events. These kinetics
have been carried out on RCs extracted from three species
and having a different degree of purification; nevertheless
the patterns of the kgp curves in the three species are
sufficiently different to suggest a substantial lowering of
the onset of kg, in R. gelatinosus.

4. Discussion

The pH dependence of the energetics of the quinone
acceptor complex of R. gelatinosus appears to be quite
different from that of the extensively studied species Rps.
viridis, Rb. sphaeroides and Rb. capsulatus. The data
presented here show that in R. gelatinosus at room tem-
perature P*Q, recombines by a thermally activated pro-
cess. The free energy gap between this state and P*Q, is
found to be about 0.33 eV. This is somewhat higher than
the values found in Rps. viridis, i.e., 0.25-0.29 eV, de-
pending on the kind of preparations (isolated RCs, chro-
matophores or RCs reconstituted in liposomes) [15,19].
The difference could be accounted for by the different
proteic environments of I and Q, in both species and /or
to the different chemical nature of the acceptors (BPhe a
and MQg in R. gelatinosus vs. BPheo b and MQ, in Rps.
viridis).

We can estimate the free energy gap between P* and
P*Q. (AG™) in R gelatinosus. If we take for the free
energy difference between P* and P7I” the value of 0.2
eV as measured in Rb. sphaeroides by Woodbury and
Parson [37] and for the extent of free energy relaxation
between P*I~ and its totally relaxed state M, a value

Table 4
Comparison of amino-acid sequence of the L subunit between L181-L230 in R. gelatinosus strain S, and in other purple bacteria with identical residues in
bold letters

Species Amino-acid sequence

Vir FYNAMALGLH.GGLILSVANP.GDGDKVKTAE . HENQYFRDVV.GYSIGALSTE

Sph. FTNALALALH.GALVLSAANP . EKGKEMRTPD . HEDTFFRDLV.GYSIGTLGIH

Caps. FTTAWALAMH.GALVLSAANP . VKGKTMRTPD . BREDTYFRDLM. GYSVGTLGIE

Gel. FTTTLAMSMH.GGLILSAANP . KKGEPMKTTD . REDTFFRDAV, GYSIGSLGIH

181 190 200

210 220 230

Sequences from the following: Rps. viridis (Vir.) [13]; Rb. sphaeroides (Sph.) [12]; Rb. capsulatus (Caps.) [14]; and R. gelatinosus (Gel), Picaud, M.,

personal communication.
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< 0.2 eV proposed by Sebban [23], the total difference
between P* and P*Q, states in R. gelatinosus may be
estimated to be < 0.73 eV. This value is close to the limit
(0.8 eV) suggested by Woodbury et al. [38] for the P*Qj
recombination to proceed via a thermal repopulation of
P*17. As far as P*1~ and M energy levels do not change,
AG" is essentially modulated by the midpoint redox po-
tential of Q, as already demonstrated in Rb. sphaeroides
RCs [23,25,38] The temperature dependence curve indi-
cates that below 240 K the electron transfer occurs by a
tunnelling mechanism, whereas above 240 K it occurs by a
thermal repopulation of P"I~ as already determined in
Rps. viridis [15]. One may note that the low-temperature
curve of k,p in R. gelatinosus has a quite similar shape
(with a negative activation energy) to that determined in
Rb. sphaeroides where QA was substituted by a
menaquinone [15].

Differences of the protein region between Q, and I in
R. gelatinosus and in Rps. viridis could explain the pH
dependences of k,;, especially at high pH. In Rps. viridis,
a 2-3-fold increase of k,, was previously observed above
pH 9, suggesting the presence of a protonatable group
between Q, and I, which interacts by about 30-40 meV
more strongly with Q, than with I~ [15,19]. This situation
is inverted in R. gelatinosus, where a group interacts more
strongly with I~ than with Q. (by about 35 meV). This
different behaviour is reminiscent of that of the T; double
mutant from Rps. viridis (Phe'?!® — Ser mutation in the
Qg pocket, ValM?** — Phe mutation in the Q, pocket) in
which k,, decreases above pH 10 [39]. We have previ-
ously assumed that, in this mutant, a protein rearrangement
has occurred near Q,, due to the replacement of Val™?%
by Phe. This proteic modification could result into a
displacement towards 1 of the protonatable group cited
above which is in stronger interaction with Q, than with
I” in the WT. Considering the high sequence homology
between R. gelatinosus and Rps. viridis and the small
number of protonatable groups in this region of the pro-
tein, it is very possible that the same amino acid residue is
involved in the relative stabilization of I~ compared to Q,
at high pH in R. gelatinosus. It has recently been proposed
that Tyr"**® (the hydroxyl oxygen of which is 13.5 A apart
from the centre of Q, and 22.5 A from the centre of I in
Rb. sphaeroides [6D) may participate in the differential
stabilization of I~ and Qj [29]. This ionizable residue is
conserved in Rps. viridis, Rb. sphaeroides and Rb. capsu-
latus.

The overall shape of kg, dependence on pH in R
gelatinosus 1s also significantly different from that mea-
sured in Rb. sphaeroides and Rb. capsulatus. However,
the RCs from these species share very similar primary
sequences of the Q, pocket, including Glu™?'?, Asp'?!3
and Asp™?'" [40] (see Table 4). In RCs of the two later
species these protonatable residues are considered to stabi-
lize the P*Qy state, as indicated by a substantial decrease
of kgp at low pH. No such behaviour was observed here in

R. gelatinosus. It is very unlikely that the pK values of
Asp™?"? and Asp"*'*, could be shifted so much in R.
gelatinosus that the ‘usual’ pH dependence of kg, is
cancelled. Instead, the much lower activation energy val-
ues of kg, measured at pH 6 and 6.8 compared to those at
pH 9.5 and pH 10.4, suggest that in R. gelatinosus, at least
below pH 8, an important part of the P* Q5 recombination
occurs by a tunnelling mechanism through the protein
directly to the ground state. In Rb. sphaeroides, the rate
for such mechanism was estimated to be < 0.04-0.05 s~
[33,41]. The limiting value for this rate would be higher in
R. gelatinosus RCs (=0.25 s7').

The pH dependence of kg, measured here in R. gelati-
nosus above pH 8 is different from Rb. sphaeroides, Rb.
capsulatus and Rps. viridis. In these species, a substantial
increase of kg, is observed above pH 9.7-10 and is
reasonably well described by the apparent deprotonation of
one group (group 1) with pKy in the pH range 9.8-10.5
and pKQyg in the pH range 11.3-11.6. It has been pro-
posed that Glu™*'? could be involved [42] in this protona-
tion event. We show here that, in R. gelatinosus, in
addition to this apparent ionizable group, it is necessary to
postulate the presence of a second one at lower pPH,q. =
8.45 £ 0.15 and pK,,.=9.40 £ 0. 15) interacting with Qg
with a coulombic energy of about 60 meV. Taking a value
of 30-35 for the local dielectric constant leads to a rough
estimation of 7-8 A for the distance between this group
and Qg. However, no obvious difference exists in the
sequence for protonatable residues in the vicinity of Qp at
a distance < 10 A between R. gelatinosus and the other
species. The different patterns of the protonation events
taking place in R. gelatinosus, Rps. viridis and Rb. capsu-
latus is reflected in the pH dependence of K2 (Fig. 4).

It is of interest to note that, in R. gelatinosus, a Met is
present in position M44 at the interface of the L and M
subunit, instead of Asn in Rb. capsulatus and Rb.
sphaeroides. The recent determination of the 3D RC struc-
ture from Rb. sphaeroides strain Y at 3 A resolution [6]
indicates the existence of an H bond between the backbone
oxygen of Asn™** and the hydroxyl group of Tyr*?? and
another one between Asn™** and the backbone oxygen of
Ser'“*. These interactions may have an important struc-
tural role, at least at the level of the Qg binding pocket.
Replacement of Asn by a hydrophobic amino acid residue
like Met in R. gelatinosus could modify the local polarity
and/or structure of this region of the protein, and lead to
the apparition of an apparent new pK group (group 2)
which is not necessarily due to a specific residue, but to a
bulk contribution of several distant protonatable groups.

5. Conclusion
Our data show that the high primary sequence homolo-

gies at the quinone binding sites between R. gelatinosus
and several purple bacteria do not lead to similar protona-
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tion events accompanying the quinone photoreductions.
This may arise from different conformations of the protein
nearby these cofactors in R. gelatinosus, leading to differ-
ent charge distributions. Alternatively, these observations
may underline the influence of distant ionizable residues in
the local electrostatic properties in the vicinity of these
electron acceptors. This highlights the global influence of
the protein in these phenomena and does not support the
hypothesis of a direct relationship between a specific
residue and its electrostatic influence.
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