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pH effect on the biphasicity of the P *Q, charge recombination kinetics
in the reaction centers from Rhodobacter sphaeroides, reconstituted
with antliraquinones
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The rate constant of decay of the flash-induced absorbance changes related to the primary electron donor,
P*, was d in anthraqui econstituted i trom wild type Rhodobacter sphaeroides
(strain Y). The decay was found to be biphasic. At pH 9, the two rate constants are equal to 166 + 20 s~!
(K gor) and 350 430 5! (k,.,.), and their amplitudes are 55% and 45%, respectively. This app
biphasicity is ly pH: dent. At pH 112, bath comp are accelerated (k,,, = 370 + 40 s !
and Koo = 1440 = 100 s") but their relative amplitudes are inverted to 25% and 75%, respectively The pH
dependence curves of both the rate constants and relative amplitudes of the two phases are very similar to
what was recently observed in the native ti ters from Rhodopseud: viridis (Sebban, P. and
Wraight, C.A., unpublished data). The increase in the rate constants above pH 9 reflects a diminution of the
free energy difference between the P*Q, state and a thermally excited state (possibly P*17) via which
P*and Q7 bine. The pH depend curves of kg, ki, OF the average rate constant, display a pX
value (pKq, ) of about 10.3, indicating that the replacement of the native ubiquinone by an anthraquinone
shifts the pK of protonation of Q, compared to the native ubiquinone (pK = 9.8). The replacement of the
native Q, by the 1-amino-5-chloroanthraquinone or the 1-chloroanthraquinone confirmed this pKq, shift.
The obtained pKg, value is independent of the prescnce of terbutryn. In addition to these similarities, the
activation parameters of k., amd ki, also behave as in Rps. viridis. From the Arrhenius plots of the two
components, we determined that AH,,,, < AHj,,, but because of the quite large entropic contributions,
AGye, = 0295 + 0.01 eV > AGy,, = 0.276 + 0.01 eV. It is suggested that the cbserved biphasicity of the
charge recombmntmn is due to the fast recombination rate in the anthraquinone-reconstituted Rb.
(as in native reaction centers from Rps. viridis), which prevents the different
protonahon smtes reached aﬂer the flash from equilibrating. This is in contrast to what is observed in native

i\ g where the bination rate is much slower.
- Intreduction
Abbreviali CAPS, cyclohexylami lfonic acid; )
LDAO, lauryldimethylamine N-oxide. The electromagnetic energy absorbed by the
F antenna of photosynthetic organisms is converted
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centers. The first stable charge separation takes
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place between the primary electron donor {a dimer
of bacteriochlorophyll in the case of the purple
photosynthetic bacteria), P, and a molecule of
quinone, Q.. The electron present on Q, is then
transferred to a secondary quinone molecule Qg.
When Qj, is chemically extracted, or in the pres-
ence of an inhibitor of the Q, to Qp electron
transfer, the charges on P* and Qj will recom-
bine. In the reaction centers from Rhodobacter
sphaeroides, this recombination occurs in about
100 ms, directly to the ground state. However, it
has been shown that, when the nativé Q,
(ubiguinone 10; UQ,,) is replaced by other
quinones of lower in vivo redox potential, the rate
constant of P*Qj charge recombination is nota-
bly increased. For sufficiently low-potential
quinones, the rate of bination is
directly dependent on the in vivo redox potential
of Q4 [1) The lower the E; of the Q,/Qa
couple, the faster the recombination kinetics. This
interp, sted in werms of the recombination between
P* and Q5 occurring either directly to the ground
state PQ,, or partly via a thermally excited state,
M[1-7]. The amount of P*Q; that repopulates M
depends on the free energy difference, AG, be-
tween P*Qj and M. It has been proposed that M
could be identical to P*17, the first charge-sep-
arated state in the forward pathway [2,6,7], where
I is a bacteriopheophytin molecule. However, this
hypothesis implies a substantial relaxation (= 0.2
eV) of the free energy of P17, in the millisecond
time range [1). In Rhodopseudomonas viridis, the
P*Q, recombination kinetics are much faster (= 1
ms) than in Rb. sphaeroides {7-9). This probably
arises from a ller energy spacing b
P*Q, and M, compared to Rb. sphaeroides. Fur-
thermore, the charge recombination kinetics in the
P of o-ph h , or when Qjp is ab-
sent, are biphasic in Rps. viridis, contrary to Rb.
sphaeroides (P. Sebban and C.A. Wraight, unpub-
lished data). This was interpreted as due to the
kinetic competition between the recombination
rate and the establishment of protonation equi-
libria after the flash, i.e. the protonation and
deprotonation rates are presumably competitive
with the recombination rate of Rps. viridis, but
much faster than the recombination rate in Rb.
sphaeroides.

In order to test this hypothesis concerning the
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origin of biphasicity in Rps. viridis, we replaced
the native UQ,; in the reaction centers from Rb.
sphaeroides by an anthraqg In such prep
tions, the rate of charge recombination is similar
to that in Rps. viridis [1,7]. At variance to what
was previously reported for such preparations [2},
we find the kinetics te be biphasic. The energetics
and the pH dependence behavior of the two com-
ponents are similar to what we observed in Rps.
viridis.

Material and Methods

The native reaction centers from the wild type
Rb. sphaeroides, strain Y, were prepared as previ-
ously described by Rivas et al. [10]. To remove the
primary ubiquinone (Q, ), the method of Okamura
et al. {11] was used with some modifications intro-
duced by Woodbury et al. [1}. The Q,-depleted
reaction centers were eiuted from the DEAE-52
Sephacryl (Pharmacia) column with 0.33 M NaCl
instead of 0375 M. The Ad g 40/A Az pm ratio
was in the range 1.28-1.32. Judging from the
obtained kinetics of charge-recombination, about
95% of the reaction centers were depleted of
ubigninone. The remaining 5% displayed a 116 ms
decay lifetime as native reaction centers, in the
presence of an inhibitor of Q, to Qj electron
transfer. In addition, when depleted reaction
centers were reconstituted with UQ,,, they dis-
played a mono-exponential decay, in the presence
of terbutryn, with 2 lifetime of 110 ms.

The anthraquinone (from Fluka, 99% pure by
HPLC) solution was dissolved in dimethyl sulfo-
xide. A 10-fold excess was used in the experi-
ments. The final ation of this sol was
less than 0.5%. 40 pM terbutryn was commonly
added to the solution, but no noticeable effect
could be ascribed to this inhibitor, suggesting that
the Qj site was not reactivated by anthraguinone.
The quantum yield of P*Qj formation in the
anthraquinone-reconstituted reaction centers was
90% of that of 1JQ,,-reconstituted reaction centers.

The absorbance changes were recorded on a
home-made flash spectrophotometer described
elsewhere [12). The exponential decomposition
analysis of the kinetics was performed as de-
scribed previously [12]. The standard error on: the
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pH measurements was 0.05 unit, The temperature
measurements were done with a thermocouple with
a precision of 0.3°,

Biphasicity of the charge recombination kinetics

The P*Q, decay kinetics of the anthra-
i d reaction from Rb.
sphaeroides, observed at 865 nm and 23°C, are
shown in Fig. 1. The average lifetime of the decay
is about 5 ms, in the pH range 6-8, in agreement
with earlier studies [1-7].

The traces of Fig. 1 were fitted either with two
exponentials (a and b) or with three exponentials
(c and d). In both cases, one component decays
with a 110 ms lifetime and represents about 5% of
the total amplitude. It arises from the P*Qj
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Fig. 1. Charge kinetics,

ubiquinone, Qy,, is replaced by an anthraquinone. Except for the 5%

recombination occurring in the reaction centers
that had retained the native Q,.

When an exponential is used to fit the fast part
(95% of the total amplitude) of the decays (Fig. 1a
and b), the noise of the data-model curves, repre-
sented below the decays, is clearly not random.
Two exponentials (at least) are needed to fit the
fast part of the decay. At pH 8.6 (Fig. 1¢), their
lifetimes are 6 ms (k3),) and 2.9 ms (k;)) and
the ratio of their amplitudes 55:45. The result
varies strongly with pH. At pH 11.2 (Fig. 1d) both
components are faster (2.9 ms and 0.75 ms), and
their litude ratio has changed to 25:75. It
must be noted that the total amplitude of the
observed P* decay is the same within 10% in both
cases, suggesting that both components intercon-

Sms
e
pH11.2
2.107}
b
AAges
Sms
i
2 ||°_ ' pH1Y.2
d
AAggs

al 865 nm and 23°C, in Rb. sphaeroides reaction centers wheve the native

due to the native ubi these decays

are fitted either with an exponential (a and b) or by the sum of 1wo exponentials (c and d). At pH 8.6 (c), the two lifetimes are 6 ms

and 2.9 ms, with relative amplitudes of 55% and 45%, respectively. At pH 11.2 (d), the lifetimes are 2.9 ms and 0.75 ms, and the

amplitudes 25% and 75%, respectively. The total observed amplitude of the P* signal is the same in bath cases, within 10%. The

differences beiween the experimental and the model curves are shown at the tep of the decays. Conditions: at pH 8.6, 20 mM
Tris-HCl, 0.1% LDAO, 40 pM terbutryn; at pH 11.2, idem except 20 mM CAPS, in place of Tris.



vert as the pH changes. The same decompositions
were obtained at 430 nm and 600 nm.

These data are not in agreement with those of
Kleinfeld et al. [6]. These authors reported a single
component for the P*Qy decay from the R26
reaction centers from Rb. sphaeroides, recon-
stituted with anthraquinone. We do not think that
our results are due to some type of heterogeneity
of the reaction centers preparation since the
UQ,y-reconstituted reaction centers gave a mono-
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Fig. 2. Archenius plots of the rate constants for charge recom-

bination in anthraquinone-reconstituted reaction centers from

Rb. sphaeroides. For the reasons described in the text, ky was

taken as 10 s™'. Conditions: 20 mM Tris-HCl (pH 9), 0.1%
LDAO, 40 gM terbutryn.
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exponential P*Q; decay. We exclude too the
presence of an impurity in our anthraquinone
solution since the relative amplitudes of &, and
k5 vary as the pH increases (see below) in a very
similar way to that observed in the native reaction
centers from Rps. viridis (P. Sebban and C.A.
Wraight, unpublished data).

Temperature depends of both comp

The Arrhenius plots of %, and k., mea-
sured at pH 9 are shown on Fig. 2. The low
temperature dependence (down to 80 K) of the
rate constant of the average decay kinetics of
anthraquinone-reconstituted reaction centers from
Rb. sphueroides has heen recently measured by
Shopes and Wraight [7]. These authors found that
the beh of these i was similar
10 that of the native reaction centers from Rps.
viridis. It was postulated that, in both cases, the
charge recombination process occurs by two com-
petitive p ys: a direct elec ling pro-
cess that dominates at low ( < 250 K) temperature
and a thermally activated process via an energeti-
cally elevated state, M, at higher temperature.
This was described by the equation:

K i = kg exp(~ 8G/KT) + ki ®

where 4G represents the free energy difference
between the P*Qj state and M. k,, represenis
tit inverse of the average lifetime of the fast part
of ihe decay. Ak is the limiting value of k.,
measured at temperatures below 200 K. k, is the
rate constant of decay from this state to the
ground state. If one assumes that M is P*1, then
k4 represents the rate constant of P*I~ charge
recombination. Similarly, Sebban and Wraight
(unpublished data) proposed for both components
observed in Rps. viridis:

oo = kg eXP( = 8Guuow /KT ) + Kt iow
Ko = ko~ OXP{— AGpapt /KT ) + K1 pent @

with corresponding definitions as for k..
Consequently, in the Arrhenius plots, we have
subtracted from kg, and kg, the limiting value
of the rate constant measured at low temperature
by Shopes and Wraight [7]. This can only be an
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TABLE 1

ACTIVATION PARAMETERS FOR THE P* Q,- CHARGE
RECOMBINATION IN ANTHRAQUINONE-RECON-
STITUTED REACTION CENTERS FROM RB.
SPHAERQIDES

Conditions: 20 mM Tris-HCl (pH 9), 0.1% LDAQ, 40 uM
terbutryn, 7 =295 K.

k. AH as “TAS 4G
7" (V) (meV/degree) (eV) (V)
Keiow 10 0350 0185 0055 0295
(£04025) (£0.05) (£0015) (+001)
Kt 10 0439 0551 ~0163 0276
(£0.025) (10.06) (+0.016) (£0.01)
Ko 10 0413 0412 -0122 0291

(£0.025) (£0.05) (£002) (0.01)

approximate solution because we subtracted the
same value (ky) for kg, and kg (instead of
krgow and kqgy), and also because this value
was obtained in glycerol instead of aqueous
solvent, as we used here. But in fact, because the
difference in enthalpy (A H) measured in anthra-
quinone-reconstituted reaction centers is very
large, the limiting value of the rate constant, mea-
sured at low temperature, is almost negligible
compared to its value at room temperature. Thus,
the results are rather insensitive to the small cor-
rection we have used.

The thermodynamic parameters derived from
the plots of Fig. 2 are shown in Table I. At pH 9,
AH,.,, AH;,, and AH,,, are found to be 0.35 +
0.025 eV, 0.439 1 0.025 ¢V and 0.413 + 0.025 eV,
respectively, AH,, and AH,, are substantially

for anthraquinone-reconstituted reaction centers
in 60% glycerol at pH 7, AH =047 + 0.02 eV [7],
in aqueous buffer at pH 8, 0.37 + 0.02 eV [1] and
in lipid bilayers, 0.43 +0.02 eV [2].

The choice of k4 is important in the determina-
tion of the entropic contribution to the AG. We
took here a value of 2:107 57! as discussed by
Shopes and Wraight [7] and by Woodbury et al.
[1]. The decay rate of P*I™ in the reaction centers
from Rb. sphaeroides, with Q, extracted was
estimated to be k=7-10" 5" [13-15). However,
in open reaction centers, when the P*Qj state is
allowed to be populated, rapid mixing of '[P* Q]
and ’[P* Q4] occurs because of the fast spin cou-
pling between the electron on Q4 and the iron
atom in the §=2 state, As a consequence, the
same spin distribution as that induced between
I[P*Q2] and 3[P*Qa] (25:75) is generated by
back electron transfer between '[P*I”] and
3[P*I"]. For these reasons, and because the return
to the ground state from PF occurs mainly via the
singlet channel {14], i.e. from ![P*1"], the decay
rate of the PT state reached after charge recombi-
nation between P* and Q}, is necessarily different
from k, and may be taken as k/4, i.e. 2-107 s7?
[7). The above AG values were obtained assuming
this value, Taking k4=7-10" s’ would lead to
AG 5y = 0.322 eV, instead of 0.291 eV, The former
value is in excellent agreement with the results of
Gunner et al. {4] (0.326 V), but ve rather think
that the lower figure obtained with k,=2-10"
s™! should be used. However, one could object
that if the P*Qj state effectively recombines as
described above, a k; value closer to k&, the rate
of recombination from P*I~ via the tri-

higher than those found for kg, and kg, in Rps.
viridis. However, similarly to what is observed for
Rps. viridis, the entropic contributions (obtained
from the intercept of the line with the ¥ axis) are
not negligible (Tabie i). They boili muke negative
contributions to the AG values, It is interesting to
note that, AH,,, <A4H,,,, but AG,,,, > AGy,,. At
295 K, we obtain AG,, =0.295+0.01 eV and
AG, = 0276 £ 0.01 €V (4G, = 0291 £ 0.01
eV). According to Eqns. 2, this 21 meV difference
should imply a kg,,/Kq.. ratio of 2.3. We obtain
at pH 9 a value of about 2.1.

The AH,yy value (0.413 + 0.025 €V) measured
at pH 9 is in reasonable agreement with the data

plet channel, should be used here. If we taken
kq=5-10°% 571, the k, value suggested by Norris
et al. [16], we find AG, = 0.37 eV. Even with
such a substantial AG,,, diff (0.08 €V, our
conclusions of the next paragraph about the possi-
ble relaxation of the PF state in the ms time range
are not much changed.

By measuring the delayed fluorescence of
anthraquinone-reconstituted reaction centers from
R26, Woodbury et al. [1] estimated the free energy
difference between P* and P*Qj to be 0.7 eV at
room temperature. If 0.29 eV {obiained here for
AG ) is subtracted from this value, we find that
M should be about 04 eV below P*, in free




energy. The above authors found 0.188 eV free
energy difference between P* and the most re-
laxed state of PF, since it was previously suggested
that this state is stabilized (in the ns time range)
during its lifetime [17-20). To identify M with PF,
one must then assume that PF can relax by abont
0.22 eV, in the ms time range. Even in the imiting
case where ky=k,=5-10% s~', which leads to
AG,o1 = 0.37 eV (see above), a 0.14 eV relaxation
of P is still needed to identify M with Pf. The
same hypothesis had tc be proposed for the native
reaction centers from Rps, viridis [7). However, in
that case the amplitude of the putative relaxation

500

Fig. 3. pH dependence of kyo,, ki and kg, observed at
865 nm and 23°C in anthraquinone-reconstituted reaction
centers from Rb. sphoeroides, in the presence of 40 pM
terbutryn. The lines are dmwn aceordmg 10 Eqn. 3 with ki,

and k,b,, equnl w0125~ andm 571, respectively, K}l and
kfon. 345 57 and 1770 5~ !, respectively. With these parame-
lers. lhe best fit is obw'ned for pKqa =10.3 for k. and

PKoa =10.35 for k¢,
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of PF (in the ms timne range) is much smaller if not
negligible, since M was proposed to be only 0.3 eV
(and even less if kg is taken equal to k, and not
2:107 s7!) below P*, and PF was found to be
0.25 eV below P* in free energy [21). Thus, if M is
a relaxed ¥ .-m of PF, the amplitude of the relaxa-
tion of this state in the long time range appears to
be very diiferent in Rb. sphaeroides compared to
Rps. viridis.

PH dependence of k., and kg,

The pH dependence curves of kg, kg, and
ko are shown in Fig. 3. According to Eqns. 2,
any change in ihe AG; affects the corresponding
k; values. Thus, any variation iii ihe £; values can
be understood in terms of the interaction of a
proton with Q,, that modifies the AG;, as was
previously suggested [6]. To fit the curves of Fig. 3
we used the equation:

K +10(PKa =PH) g H*
e @
where i denotes total, slow or fast. &? and ki"" are
the rate cc of charge ion mea-
sured in the unprotonated or protonated form of
the reaction centers. pKq, is the pK of protona-
tion of a site near Q. From the fit of Fig. 3, we
find that pKq, is about 10.3-10.4 for kg, and
Ko (and also for k). The absence of terbutryn
doesn’t shift this pK to lower pH, at variance to
what is commonly observed for o-phenanthroline
in Rps. viridis reaction centers [22]. The above
pKqa figure disagrees witix previous data [6] which
supported a pKg, value of 9.8 in anthraquinone-
reconstituted reaction centers from Rb,
sphaeroides, unchanged compared 10 the native
reaction centers. However, we also found (P. Seb-
ban, unpublished data) a pKg, value of 10 3in
the cases of the 1-amino-5-chloro-antt
and 1-chloro-anthraqui tiuied itoi)
centers from Rb. sphaemdes This change in the
pK of protonation of Q5 is not really surprising.
A 0.5 pH unit shift in the pKq, value is equiv-
alent to an el tatic i ton energy chang
of about 0.029 eV between Q7 and a proton that
probably binds to a nearby amino-acid residue.
Kleinfeld et al. {6] have suggested that the distance
(d) between Q; and the protonation site could be
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Fig, 4. pH dependence of A, (@) and Ay (O), the relative

amplitudes of Ky, and &y, measured at 865 nm, in anthra-

quinone-reconstituted reaction centers from Rb. sphaeroides.
Conditions: 0.1% LDAQO, 40 gM terbutryn.

>5A. Taking d= 6Aleadstoachangeof045A
(d=17 A leads to 0.6 A) in the distance from the
negative charge present on Q to the protonation
site, if the native ubiquinone is replaced by an
anth.raqumone Replacmg the native ubiquinone
by an anthraqr bably ds the delo-
calization of the negauve charge to the three con-
jugated rings and may be responsible for the ob-
served distance change and pKg, shift.

From the magnitude of the increases in the rate
constants between pH < 8.5 and pH > 11, one can
estimate the interaction energy (changes in the
AG) due to the effect of protonation: AAG,,, =
0.034 £ 0.03 eV, AAG,,, =0.040 + 0.04 V.

The pH dependence curves of the relative am-
plitades of the slow (A,,,) and the fast phase
(Ag,y) are shown in Fig, 4, They are very similar
to what was observed in the reaction centers from
Rps. viridis. These curves display two waves, sep-
arated by a plateau from pH 8 to pH 10. Below
pPH 8, A4, dominates. Between pH 8 and pH 10,
both amplitudes stay roughly constant, but at high
pH, Ay, b the main cc . For elec-
trostatic reasons, 1t is reasonable to assume thai
Ay, is proportional to the number of reaction
centers that recombine via the P*Q state instead
of the protonated state P*Q.(H™), the former
state being more and more populated as the pH
increases. In support of this hypothesis, the total
amplitude of the P* signal is constant within 10%
ap to pH 11.4, suggesting that we observe an
interconversion of the amplitudes of both compo-

hv 3
Kfast

I . —

P* QA

rategrs rateg,

K
POA ) 2 pros 4%

Scheme I. Scheme representing the competition between the
recombination to the ground state and the establishment of
equilibrium between protonated and unprotonated forms of
P*Qa-. Kgows Krasts Tt and rate,y are defined in the text.

nents, as the pH increases, instead of the degrada-
tion of a part of the reaction center preparation.
These ideas are worked out more fully in a model
that will be p d elsewhere (P. Sebban and
C.A. Wraight, unpublished data), on the basis of
results obtained on Rps. viridis reaction centers.

Discussion

Mar6ti and Wraight [23] and Maréti (unpub-
lished data) have suggested that the molar rate
constant (X,,) of proton binding to the reaction
centers could be as high as 10'2-10"® M~1.s"1,
The establishment of equilibrinm between the pro-
tonated and unprotonated forms of P*Qjy de-
pends on the magnitude of the term (rate,, +
rate,;) compared to the decay rate constant to the
ground state (i.e. ky,, and k) (see Scheme I).
rate,, and rate,, are the first-order rate constants
of proton uptake and release to the Q, protona-
tion site, respectively. rate,, is equal to k, - 107PH,
and rate,;; which is pH-independeat, equals rate,,
at pH=pK,. If we take ko, 2102 M~'-57),
and pXoa ~ 9.8 as in native Rb, sphaeroides teac-
tion centers, then rate,y = 102 571 = 160 s~7.

At pH <10, (rate,, + ratey) = 102-107" +
160 =100 + 160 =~ 260 s~', This value is much
greater than the rate constant of charge recombi-
nation (10 s~') observed in the native reaction
centers from Rb. sphaeroides. The observed P*Qy
decay is then exponential. At pH > 11, rate,, be-
comes negligible, but rate,, is still >160 s~



which maintains the monophasicity of the mea-
sured decay.

In Rps. viridis, or in Rb. sphaeroides where Q4
has been replaced by a low-potential quinone, the
rale constants of charge recombinaiion are much
higher (200-1060 5™} and compete with (rate,, +
rate,) at pH > 9. Thus, the equilibrium between
the protonation statcs, reached after the flash,
cannot be established and the P*Qy decay is
biphasic. At pH < 7, (rate,, + rate,) > 102- 107
=10°s"! > 1000 s~ !. The observed P*Qj decay
is then exponential. This is shown in Fig. 4 where
A becomes smaller than 20% at pH < 7.

Parot et al. {24] have recently detected a bi-
phasicity of the charge recombination kinetics
from P*Q, in native reaction centers from Rb.
sphaeroides and Rhodospirillum rubrum at low
temnperature. These kinetics exhibited lifetimes of
36 ms and 11 ms. The ratio of these two compo-
nents was 40 : 60, respectively. However, there are
two significant differences compared to the bi-
phasicity that we observe here or in the native
reaction centers from Rps. viridis. First, the kinet-
ics in Rb. sphaeroides and R. rubrum were bi-
phasic only at low tc:aperature. Second, the am-
plitude ratio of the two components was not sensi-
tive to pH. The relationship between the observa-
tions of Parot et al. and the present work is
obscure. It is not sufficient to suggest that the
biphasicity, in Rb. sphaeroides and R. rubrum
were biphasic only at low temperature. Second,
the amplitude ratio of the two components was
not sensitive to pH. The relationship between the
observations of Parot et al. and the present work
is obscure. It is not sufficient to suggest that the
biphasicity, in Rb. sphaeroides is observable at
low temperature because the kinetics accelerate
enough to be in competition with rate,, and ratey;.
One would still expect to observe a pH sensitivity
of the relative amplitudes of the two components,
unless this arises outside the range observed by
these authors — pH 6-9 — or if there were some
remarkable e cC ion of the pH
effect.

Conclusion

Tt was recently shown that the kinetics of P* Q5
decay are biphasic , at room temperature, in reac-
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tion centers of Rps. viridis, in contrast to what is
observed in reaction centers of Ré. sphaeroides. It
was suggested that this reflects non-equilibrium
between distinct protonated states of P*Qj, after
a flash. At variance to Rb. spraeroides, where the
rate constant of charge recombination is slow, the
fast rate observed in Rps. viridis competes with
the establishment of protonation equilibrium. In
order to check this hypothesis, we replaced in the
reaction centers of Rb. sphaeroides the native UQ,,,
by an anthraquinone which has a lower in vivo
midpoint redox potential. The P*Qj recombina-
tion decay is then accelerated to a rate close to
what is observed in the native reaction centers of
Rps. viridis. In these modified preparations, we
observe the same type of biphasicity of the P*Qj
decay as in Rps. viridis, varying in a very similar
way as a function of pH. In addition, we observe
the same relationship between the thermodynamic
activation parameters related 1o kg, and kg,
For these reasons, we think that we observe here
the same ph n as p ly in the native
reaction centers from Rps. viridis.
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