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Abstract

The photoreduction of the secondary quinone acceptor Qg in reaction centers (RCs) of the photosynthetic bacteria
Rhodobacter (Rb.) capsulatus has been investigated by light-induced FTIR difference spectroscopy in 'H,O and 2H,0. The
Qp/Qgp FTIR spectra reflect reorganization of the protein upon electron transfer, changes of protonation state of carboxylic
acid groups, and (semi)quinone—protein interactions. As expected from the conservation of most of the amino acids near Qg
in the RCs from Rb. capsulatus and Rb. sphaeroides, several protein and quinone IR bands are common to both spectra, e.g.,
the 1728 cm™! band is assigned to proton uptake by a carboxylic acid residue, most probably Glu L212 as previously
proposed for Rb. sphaeroides RCs. However, noticeable changes are observed at 1709 cm™! (deprotonation of a Glu or Asp
residue), 1674 and 1659 cm™! (side chain and/or backbone), around 1540 cm ™! (amide II), and in the semiquinone absorption
range. This FTIR study demonstrates that the environment of the secondary quinone in Rb. capsulatus is close but not
identical to that in Rb. sphaeroides suggesting slight differences in the structural organization of side chains and/or ordered
water molecules near Qg. © 1999 Elsevier Science B.V. All rights reserved.
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Coupling between electron and proton transfer re-
actions is a key mechanism in a number of function-
ally important membrane proteins. In the photosyn-
thetic bacterial reaction center (RC), proton uptake
is coupled to light-induced electron transfer leading
to the double reduction of the secondary quinone Qg
and the formation of the dihydroquinone QgHj,
which then dissociates from the RC [1]. Although
the first electron transfer to Qg does not involve
the direct protonation of Qp, substoichiometric pro-
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ton uptake by the protein following reduction to Qg
has been experimentally measured [2,3] and also pre-
dicted from electrostatic calculations [4-7] based on
the X-ray structures. In the most recent high-resolu-
tion structures of the RCs from two purple bacteria,
Rhodobacter (Rb.) sphaeroides [8—11] and Rhodopseu-
domonas (Rp.) viridis [12], a large number of bound
internal water molecules can be identified which, to-
gether with ionizable amino acid side chains of the L,
M, and H protein subunits, can form hydrogen
bonded networks that might be used for the transfer
of the protons to the (doubly) reduced quinone.
The influence of specific residues in coupled elec-
tron/proton transfer reactions comes from experi-
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mental measurements of electron and proton transfer
rates in RCs that have been genetically modified (for
reviews, see [13,14]). Initially, site-directed mutagen-
esis has been most developed for a bacterial RC for
which the structure is not yet solved, that of Rb.
capsulatus [15] and a considerable amount of bio-
physical data on native and mutant RCs has been
documented (for reviews, see [16,17]) and is still ac-
tively reported. A structural model for the L and M
subunits and the associated cofactors in the Rb. cap-
sulatus RC has been calculated [18] based on se-
quence homology. Indeed, the Rb. capsulatus, Rp.
viridis, and Rb. sphaeroides RCs are structurally ho-
mologous with a sequence identity of 78%, 76%, and
64%, for the L, M, and H subunits, respectively,
between Rb. capsulatus and Rb. sphaeroides, and of
59%, 50%, and 38%, respectively, between Rb. cap-
sulatus and Rp. viridis RCs [19-21]. Hydropathy
plots of the Rb. capsulatus RC [19] strongly suggest
the same pattern of transmembrane helices as is
present in the two other RCs. Thus, it is generally
assumed that the three-dimensional structure of the
RC from Rb. capsulatus should be closely related to
that of the two known RCs. Notably, on the basis of
the conservation of the residues around Qg (ubiqui-
none-10) between RCs from Rb. capsulatus and Rb.
sphaeroides (sequence identity is greater than 90%),
the structure of the Qg binding site of Rb. capsulatus
is expected to resemble that of Rb. sphaeroides. In
Rb. sphaeroides, six carboxylic acids, two arginines,
and one lysine form an electrostatically interacting
cluster near Qg, each residue being within 4.5 A of
a neighboring carboxylic acid or a bridging water
molecule [10]. This cluster may be important for
fast protonation of the reduced quinone. From se-
quence alignments [19-21], it appears that the posi-
tion and the identity of these acid/basic residues is
equivalent in Rb. capsulatus. Moreover, site-directed
mutagenesis developed for Rb. capsulatus and Rb.
sphaeroides suggests the similar functional involve-
ment of specific amino acid residues in the electron/
proton coupled transfer reactions (for reviews, see
[13,14,16,17]). Notably, the importance of Ser
L223, Asp L213, and Glu L212 for rapid coupled
electron/proton transfer has been established in
both RCs. It has been shown that the mutation
Asp L213— Asn almost completely blocks the first
proton transfer to reduced Qg [22,23] while the mu-

tation Glu L212— GlIn [24-27] prevents rapid deliv-
ery of the second proton to reduced Qg. However, in
both Rb. capsulatus and Rb. sphaeroides RCs, several
second-site mutations which compensate for the loss
of Asp L213 and/or Glu L212 have been obtained,
suggesting that other residues can substitute for Asp
L213 or Glu L212 to restore proton transfer [27-34].

On the other hand, some differences have been
reported between the two types of RCs. From the
faster Q, to Qg electron transfer rate in Rb. capsu-
latus than in Rb. sphaeroides, it has been suggested
that the Qa to Qp distance should be smaller by 0.7
A in Rb. capsulatus than in Rb. sphaeroides [35]. Fur-
thermore, the pattern of the proton uptake upon Qg
reduction is somewhat different in the two RCs: for
example, at pH 7, about 0.6-0.8 H"/RC has been
reported in Rb. capsulatus [3,17] compared to 0.4
H*/RC in Rb. sphaeroides [2]. The pH dependence
of H* binding upon formation of the Qy state also
involves a group or a cluster with a high pK, value of
about 10.1 for Rb. capsulatus [28,36] and 9.5 for Rb.
sphaeroides [24,25]. This group was associated with
Glu L212, either directly or indirectly, suggesting
that Glu L212 has an unusual titration behavior
and is essentially protonated at neutral pH. Measure-
ments of the pH dependence of proton uptake in
mutant RCs from Rb. capsulatus lacking Glu L212
support this assignment [27]. From detailed electro-
static calculations based on the X-ray structures of
Rb. sphaeroides, it has been proposed that Glu L212
is fully [4] or partially [5] ionized over the whole pH
range when Qg is neutral becoming protonated fol-
lowing Qg reduction. However, the latest calcula-
tions indicate that Glu L212 is protonated at phys-
iological pHs in Qp (M.R. Gunner, E.G. Alexov,
personal communication). On the other hand, Four-
ier transform infrared (FTIR) difference spectro-
scopy, which is a highly suited experimental method
to analyze the changes in the protonation state of
carboxylic acids, has shown that Glu L212 in Rb.
sphaeroides RCs is partially ionized at pH 7 in the
Qg state becoming more protonated in the Qp state
[37,38]. In the IR absorption region of the C=0
stretching vibration of protonated carboxylic acid
groups (1770-1700 cm™!), the Qz minus Qg FTIR
difference spectrum (Qy/Qgp) corresponding to the
photoreduction of Qg in native RCs shows a positive
band at 1728 cm™! that is sensitive to 'H/?H isotopic
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exchange, as expected for a carboxylic acid group.
This 1728 cm™! signal has been attributed to substoi-
chiometric proton uptake by Glu L212 upon Qg
formation based on its absence when Glu L212 was
replaced with Gln and its presence in mutants con-
structed at different sites of the carboxylic acid clus-
ter, e.g., at Asp L213, Asp L210, or Glu HI173
[37,39,40]. In view of the large number of mutants
constructed around Qg in Rb. capsulatus RC that
would be of interest for FTIR investigations, we
have performed a study of the light-induced FTIR
absorption changes associated with the photoreduc-
tion of Qg in the native RC from Rb. capsulatus in
order to investigate possible changes in the protona-
tion state of carboxylic acid residues and in the pro-
tein—quinone interactions.

RCs from Rb. capsulatus were isolated and puri-
fied following published procedures [41,42]. The RC
samples (~1 mM) for FTIR experiments were pre-
pared at pH 7 (Tris—=HCI, 50 mM) essentially as re-
ported previously for Rb. sphaeroides [37,40], i.e., in
the presence of sodium ascorbate (20 mM) and
2,3,5,6-tetramethyl-p-phenylenediamine (45 mM),
and of an excess of ubiquinone. 'H/’H isotopic ex-
change was performed as described in [40]. The Qg
state was generated under single saturating flash ex-
citation (Nd:YAG laser, 7 ns, 530 nm). Light-in-
duced FTIR difference spectra were acquired at
15°C with a Nicolet 60SX spectrometer, as described
in [37].

Fig. 1a shows the light-induced Qz/Qp FTIR dif-
ference spectrum corresponding to the Qg to Qp
transition in RCs from Rb. capsulatus in 'H,O. In
this spectrum, negative bands originate from the neu-
tral Qg state and positive bands arise from the Qg
state. Prominent positive peaks are seen at 1728,
1651, and 1480 cm~! while negative bands appear
at 1709, 1685, 1674, 1659, 1641, 1614, 1290, and
1265 cm™!. This spectrum presents a large number
of common features with that of Rb. sphaeroides RCs
(Fig. 1d) which displays comparable positive peaks
at 1728, 1651, and 1479 cm™!, and negative ones at
1685, 1640, 1617, 1290, and 1265 cm™! [37,43.44]. It
must be noticed that the amplitude of the absorption
changes associated with the photoreduction of Qg is
about 4-fold smaller in Rb. capsulatus than in Rb.
sphaeroides when the RC samples are normalized to
the amide I absorption (~0.7 a.u). On the basis of
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Fig. 1. Light-induced Qz/Qp FTIR spectra of Rb. capsulatus
RCs at pH 7. (a) 'H,O (nine samples averaged). (b) *H,O
(three samples averaged). (¢c) 2H,O minus 'H>O double-differ-
ence spectrum. (d) Qp/Qg spectra of Rb. sphaeroides [37]. Qg/
Qg spectra were normalized based on the semiquinone (at 1480
cm™') and methoxy (1265 and 1290 cm™!) bands. About 50 000
interferograms at 4 cm™! resolution were coadded. The bar rep-
resents 107* and 4 10™* absorbance units for Rb. capsulatus
and Rb. sphaeroides spectra, respectively.

studies of Rb. sphaeroides RCs reconstituted with
isotope-labeled ubiquinones [44,45] and of in vitro
model quinone compounds [46], assignments of the
neutral and anion quinone modes in the Qg /Qg spec-
trum have been established. The 1480 cm™! peak in
the Qg Qg spectrum of Rb. capsulatus RCs (Fig. 1a)
can be similarly assigned to the semiquinone (C...O
and C...C) modes. The 1641 and 1614 cm™! bands
most probably correspond to the bands observed at
1640 and 1617 cm™! in Rb. sphaeroides which arise at
least partly from the C=0 and the C=C modes of
Qg. Similarly, the 1290 and 1265 cm™! bands ob-
served in both spectra of Rb. capsulatus and Rb.
sphaeroides RCs contain contributions from the me-
thoxy groups of Qg. A positive band at 1651 cm™!
lies in the amide I region mainly due to the C=0
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stretching vibration of peptide groups. In the amide
II region (NH bending and CN stretching modes),
several small signals are observed at 1547 (+), 1542
(—), and 1536 (+) cm™! in the Qgz/Qp spectrum of
Rb. capsulatus in contrast to the positive band peak-
ing at 1537 cm™! in Rb. sphaeroides. Also, additional
negative bands are seen in the spectrum of Rb. cap-
sulatus at 1674 and 1659 cm™! in the absorption
range of peptide groups and/or of amino acid side
chains. The C=0 stretching region of protonated
Asp and Glu residues in the Qg/Qgp spectrum of
Rb. capsulatus RCs displays a positive band at
1728 cm™! and two negative signals at 1709 cm™!
and 1740 cm™! (Fig. 1a). The 1728 and 1740 cm™!
peaks are also present in the spectrum of Rb. sphaer-
oides (Fig. 1d) with, however, a slightly smaller in-
tensity than in Rb. capsulatus. In contrast, the 1709
cm™! band is unique to Rb. capsulatus. Correspond-
ing COO™ stretching modes of carboxylate groups
could contribute to the broad negative signals at
around 1590 (antisymmetric) and 1390 (symmetric)
cm L

Fig. 1b shows the Qz/Qg spectrum of Rb. capsu-
latus RCs in 2H,0 in order to identify bands that are
sensitive to isotopic exchange. This spectrum also
exhibits several features similar to those found in
Rb. sphaeroides RCs [37]. Notably, the quinone
bands do not shift significantly upon 'H/’H ex-
change; e.g., the main anion band of Qp peaks at
1480 cm™!, the Qg modes at 1640 and 1614 cm™!,
and the methoxy groups of Qg at 1289 and 1264
cm~!'. As previously observed for Rb. sphaeroides
[37], the most noticeable changes occur in the spec-
tral region between 1735 and 1645 cm™'. The ampli-
tude of the positive band at 1651 cm™! is reduced. In
the C= O stretching region of protonated carboxylic
groups, the main changes occur at 1728 cm™! where
the intensity of the band is strongly decreased, at
1717 ecm™! where a new positive signal appears,
and at 1709 cm~! where the negative band present
in 'H>O is not seen in 2H,O. The negative signal at
1740 cm™! is not affected in 2H,O, suggesting that it
does not arise from a carboxyl group. These changes
are best seen in the Qg/Qgp double-difference spec-
trum shown in Fig. lc, calculated from the Qz/Qp
spectrum obtained in 2H,O (Fig. 1b) minus the Qg/
Qg spectrum obtained in 'H,O (Fig. la). Fig. Ic
shows negative signals at 1728, 1650, and 1595

cm~! and positive ones at 1710, 1685, 1642, and
1560 cm™'. In the carboxylic acid region, a negative
band at 1728 cm™!, a positive band at 1710 cm™!
with a shoulder at 1719 cm™!, and a trough at
1701 cm™! reflect the frequency downshifts of proto-
nated carboxylic groups from 'H,O to 2H,O. The
signal at 1728 cm™! in 'H,O, which is thus down-
shifted to ~ 1718 cm™! in 2H,O is assigned to the
C =0 stretching mode of an Asp or Glu side chain
becoming protonated upon Qg reduction. The nega-
tive signal observed at 1709 cm™! in 'H,O is assigned
to the C=0 mode of a carboxylic acid becoming
deprotonated in the Qp state. It is most probably
downshifted to ~1701 cm™! in 2H,O. Such ~8-10
cm~! deuteration-induced downshifts are indeed
characteristic of protonated carboxylic acid groups
accessible to the solvent [47].

The present FTIR data on the photoreduction of
Qg in the RC from Rb. capsulatus show that the
protonation of a carboxylic acid group occurs (at
1728 cm™!) together with the deprotonation of an-
other carboxylic group (at 1709 cm™'). The ampli-
tude of the band at 1728 cm™! is larger (about 3-
fold) than that at 1709 cm™! which does not favor a
coupled protonation/deprotonation event. Assuming
that the extinction coefficient of the two carbonyls
absorbing at 1728 and 1709 cm™! are comparable,
the greater amplitude of the band at 1728 cm™! com-
pared to that at 1709 cm™! indicates a net proton
uptake by the carboxylic acid groups of the RC upon
Qg reduction. The low-frequency position of the v
(C=0) vibration at 1709 cm™!, close to that of car-
boxylic acids in solution [48] would correspond to a
protonated carboxylic acid involved in a strong hy-
drogen bond and/or in a very polar environment.
The carbonyl absorbing at 1728 cm™' would be
weakly hydrogen bonded. Thus, the question is
raised: which residues protonate and deprotonate
upon Qg reduction in the RC from Rb. capsulatus?

The Qg binding pocket of Rb. sphaeroides is taken
as a model for that of Rb. capsulatus on the basis of
the conservation of most of the residues in the sur-
rounding of Qg in both RCs. In Rb. sphaeroides, the
side chains of His L1190, Ser L223, and Ile L.224 (Val
in Rb. capsulatus) are in proximity to the carbonyls
of Qg, and a cluster of interacting acid and basic
residues located near Qp has been described [10].
Such a cluster probably also exists in Rb. capsulatus,
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since identical residues are found at the same posi-
tion in this RC [19,20], i.e., Glu L212, Asp L213,
Asp L210, Glu H175 (Glu H173 in Rb. sphaeroides),
Asp H127 (Asp H124 in Rb. sphaeroides), Arg L217,
Lys H133, and Arg H179 (Lys H130 and Arg H177
in Rb. sphaeroides). The only change is the replace-
ment of Asp M17 in Rb. sphaeroides by Glu in Rb.
capsulatus. In agreement with this high homology of
the residues around Qg in both RCs, the Qz/Qp
spectra of Rb. capsulatus and Rb. sphaeroides bear
a number of similar spectral features. Notably, the
1728 cm~! band is present in both spectra and ex-
hibits the same ~10 cm™! downshift in 2H,O. In
RCs from Rb. sphaeroides, this band has been as-
signed to proton uptake by Glu L212 following Qg
reduction [37-40]. It is thus probable that the 1728
cm~! band in Rb. capsulatus can be also assigned to
the C=0 mode of Glu L212 becoming more proto-
nated upon Qp formation. Studies of the effect of
mutations at Glu L212 in Rb. capsulatus are neces-
sary to ascertain this tentative assignment. Note that
the intensity of the 1728 cm™! signal in Rb. capsula-
tus is slightly larger (30 +10%) than in Rb. sphaer-
oides, suggesting a greater proton uptake by Glu
L212 in Rb. capsulatus than in Rb. sphaeroides at
pH 7. Such an increased proton uptake by Glu
L212 upon Qp formation has been previously ob-
served in several mutant/revertant RCs from Rb.
sphaeroides compared to native RCs and has been
interpreted in terms of electrostatic (i.e., a more pos-
itive electrostatic potential around Qg) and/or struc-
tural changes [37,39,40,49]. Furthermore, the Qz/Qp
spectra of Rb. sphaeroides RCs in 'H,O (Fig. 1d) and
’H,0 [37] do not show evidence for changes of pro-
tonation state of carboxylic groups other than Glu
L212 [37,39,40]. Since the residues near Qg are con-
served in both RCs, a similar pattern could be ex-
pected in Rb. capsulatus. However, a major difference
is observed in the Qg /Qg spectrum of Rb. capsulatus
RCs where a new signal appears at 1709 cm™! and
corresponds to a deprotonation of a carboxylic acid.
Nevertheless, it should be noted that the overall pro-
ton uptake by carboxylic groups in Rb. capsulatus
RCs, as reflected by the positive band at 1728
cm™! and the negative band at 1709 cm™!, is roughly
equivalent to the proton uptake measured at 1728
cm~! in Rb. sphaeroides.

How does one explain the differences observed be-

tween the FTIR spectra of RCs from Rb. capsulatus
and Rb. sphaeroides? One possibility is that the or-
ganization and/or the number of bound water mole-
cules near Qp might not be conserved in Rb. capsu-
latus and thus some of the interactions between polar
side chains and water molecules within the network
could be different in the two RCs. In Rb. sphaeroides,
three fixed water molecules are in contact with sev-
eral carboxylic side chains belonging to the cluster
[10]. In Rb. capsulatus, water molecules could be lo-
cated in different places. Such a perturbation of
water molecules near Qg in Rb. capsulatus could af-
fect the electrostatic interactions between the residues
forming the cluster or between residues located at
more distant sites, and consequently induce pK,
shifts of carboxylic acids within the Qg pocket.
More specifically, the latest crystal RC structure
from Rb. sphaeroides [10] shows three possible pro-
ton transfer pathways named P1, P2, and P3. They
connect the three functionally important residues Ser
L223, Asp L213, and Glu L212 to the cytoplasmic
exposed surface, via internal water molecules. P1
connects Glu L212 with the cytoplasmic surface
near Glu H224 and Asp M240, and thus is divided
in two branches. P2 connects Asp L213 with the sur-
face at Tyr M3 via Glu H173. P3 connects Asp L213
to the surface at Asp M17 via a single water mole-
cule. In Rb. capsulatus, most of the connecting resi-
dues located near the surface of the protein are con-
served and thus similar proton transfer pathways
might exist except for a major change at the outset
of one of the P1 branch where a Val residue (Val
H226 in the Rb. capsulatus sequence) is substituted
to Glu. Thus, in Rb. capsulatus, the P1 proton path-
way could be affected. Only the detailed three-dimen-
sional structure of this RC would reveal possible
channels for proton transfer. The carboxylic acid
that deprotonates upon Qg reduction in Rb. capsu-
latus and gives rise to the negative signal at 1709
cm~! might be either a residue from the cluster or
a residue located at a more distant site. It has been
documented that long range electrostatic effects oc-
cur in RCs and affect the proton/coupled electron
transfer rates [28-32,34,49,50]. Studies of the effects
of mutations near Qg in the RC from Rb. capsulatus
are required to attribute the observed signals in the
carboxylic acid region of the Qz/Qg spectrum to in-
dividual side chains. FTIR data on Rb. sphaeroides
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mutant RCs have shown that the ionization state of
Asp L213, Asp L210, and Glu H173 does not change
in response to the formation of Qg at pH 7
[37,39,40]. It would be of interest to know if these
carboxylic acids behave differently in Rb. capsulatus.
In Rb. sphaeroides, we had previously proposed that,
in addition to proton uptake by Glu L212 visualized
at 1728 cm™!, the peptide C=0 of Glu L212 is also
affected by the photoreduction of Qg and gives rise
to the negative band at 1685 cm™! in the Qg/Qp
spectra of native RCs and of mutants that do not
contain the Glu L212— GlIn substitution [37,39,40].
A negative signal at 1685 cm™! is also observed in
the Q5 /Qgp spectrum of Rb. capsulatus RC (Fig. 1a).
In addition, the similar differential signal observed at
1651/1641 cm™! in both RCs can be attributed in
part (contribution from the quinone carbonyls occurs
at 1641 cm™') to a conformational change or a
movement of a backbone C=0 or of a side chain
following Qg reduction.

The Qgz/Qp spectra of Rb. capsulatus RCs also
exhibit a broad continuum band at ~2600 cm™! in
'H,O shifting to 2100 cm™! in ?H,O (data not
shown). Comparable bands have been previously ob-
served in Rb. sphaeroides at identical frequencies as
well as in Rp. viridis at ~2800 cm™! in 'H,O and at
~2200 cm~! in ?H,O, respectively [51]. These IR
continua have been interpreted in terms of highly
polarizable hydrogen bonds [52] in a large web in-
volving carboxylic acid groups and/or polar residues
and ordered water molecules [51]. Such bands could
reflect a net increase of the proton concentration or
an increase of the polarizability of the protons in the
network upon quinone photoreduction.

It is striking that the Qgz/Qp FTIR spectra of the
RCs from Rb. capsulatus and Rb. sphaeroides display
a number of common features both in the protein
(side chain and backbone) and the quinone/semiqui-
none absorption regions, as well as at 2600 cm™'. In
contrast, it is worth noting that they are significantly
different from the Q5 /Qg spectrum of Rp. viridis RCs
[43,44], at least in several absorption regions of the
protein (amide I, amide II, side chains). Differences
seen notably in the carboxylic acid region of the
FTIR spectra between Rb. sphaeroides and Rp. viridis
have been extensively discussed in previous reports
[44,49,51]. Although the semiquinone band is ob-
served at 1480-1479 cm™' in both Rb. capsulatus

and Rb. sphaeroides RCs (Fig. 1), the band is slightly
broader in Rb. capsulatus than in Rb. sphaeroides
showing a shoulder at around 1493 cm™!. This is
most probably indicative of slight differences in the
interactions between the protein and the quinone
anion. Such a larger width of the main semiquinone
peak and the presence of a shoulder at higher energy
have been previously observed in several mutant/re-
vertant RCs from Rb. sphaeroides [37,39,40,49,53].
Also, the 1440-1390 cm™! region of the Qz/Qp spec-
tra of Rb. capsulatus shows small differences in shape
and intensity of the bands, possibly resulting from
altered interactions between the methoxy groups of
Qg and their binding site.

The Qy/Qp spectra of Rb. capsulatus and Rb.
sphaeroides RCs further display several distinct fea-
tures, notably at 1709 cm™!, 1674 cm™!, 1659 cm™!,
and around 1540 cm™!. Interestingly, the 1680 to
1655 cm™! region (amide I and/or side chains) of
Rb. sphaeroides Qz/Qp spectra has been observed
to be sensitive to point mutations of carboxylic res-
idues from the cluster near Qg [37,39,49]. For exam-
ple, the mutant RCs containing the Asn L213 — Asn
substitution (DN L213) as well as several revertants
of the DN L213 mutation show additional negative
signals at around 1657 and 1676 cm™! with respect to
native RCs [37,49]. Comparable signals are indeed
observed at 1659 and 1674 cm™! in the RC from
Rb. capsulatus (Fig. 1a). The 1659 cm™! signal is
not significantly sensitive to 'H/*H exchange, sug-
gesting that it arises from a buried peptide C=0
group while the 1674 cm™! band that is downshifted
in 2H,0 could arise from either an accessible peptide
group or a side chain.

On the basis of the present FTIR study on Rb.
capsulatus, and of previous data obtained on native
and mutant/revertant RCs from Rb. sphaeroides
[37,39,40,49], it appears that the differences seen by
FTIR between Rb. capsulatus and Rb. sphaeroides
are comparable to those found in Rb. sphaeroides
between native RCs and several mutants like DN
L213 or EQ H173 (Glu H173 — GIn). Upon forma-
tion of Qg, the Rb. capsulatus RC similarly under-
goes small changes in the conformation of peptide/
side chain groups and in the interactions of some of
the groups of the semiquinone with the protein. De-
spite of the conserved residues found near Qg in both
RCs from Rb. capsulatus and Rb. sphaeroides, the



212 E. Nabedryk | Biochimica et Biophysica Acta 1411 (1999) 206-213

non-identity of the two Qp/Qg spectra points to a
slightly different behavior of the protein involved in
conformational change and proton uptake upon Qg
reduction. Importantly, and in contrast to native
RCs and most of the studied mutants/revertants
from Rb. sphaeroides [37,39,40,49,53], it appears
that (at least) two carboxylic acids are involved in
proton events in the RC from Rb. capsulatus. Thus,
the structural organization of some of the side chains
and/or the ordered water molecules along the proton
transfer pathways may be slightly different in Rb.
capsulatus and Rb. sphaeroides.

I would like to thank Jacques Breton for stimulat-
ing discussions and critical comments on the manu-
script.
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