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Introduction

Different cyt ¢ serve astheimmediate aswell as the secondary eectron donorsto the oxidized
primary donor in bacteria photochemica reaction centers (RCs). RC complexes of purple
bacteriaare very smilar among different species both in amino acid sequences of the core
polypeptides and in bound functiond ligands, however, they show arich variety of eectron
trandfer pathways involving the primary donor and cyt ¢ (Fig. 1). For example, the RC complex
of Rhodopseudononas (Rp.) viridisbinds atetraheme cyt ¢, while thet of Rhodobacter (Rb.)
sphaeroidesdoes not. Rb. sphaeroides contains asoluble cyt ¢ with Mr of about 12 kDa(cyt ¢,),
which receives an eectron from acyt bc; complex and donetesit directly to the primary donor.
Rp. viridisaso contains oyt ¢, which receives an dectron from acyt bc; complex and donatesiit
indirectly to the primary donor via RC-bound tetraheme cyt ¢. The RC complex of Rb.
capsulatus has no firmly bound cyt ¢, and the bacterium contains soluble cyt ¢, aswell asa
membrane-bound cyt ¢ (cyt ¢,). Thesetwo c-type cytochromes condtitute dternative electron
transfer pathways between the cyt be, complex and the primary donor (Jenney et d. 1994).

The RCs of green sulfur bacteria (PS-C) belong to an Fe-Stype RC like PSI, and the
oxidized primary donor (P840) is reduced by RC-bound monohemetype cyt c-551 (Okkds et d.
1992). Inadditionto this green sulfur bacteriacontain asoluble cyt ¢ (~10 kDa, a-pesk
maximum: 553-555 nm) presumed to donate an dectronto PS-C (Meyer et d. 1968). Okumura
et d. (1994) showed that a soluble cyt cisoxidized by membrane preparaion from Chlorobium
tepidum. It isnot yet determined which of the two, the bound cyt ¢-551 and P840, isthe direct
electron acceptor of soluble cyt ¢ (~10 kDa). Recently, Oh-okaet d. (1998) reported that RC
bound cyt ¢-551 isdirectly reduced by acyt bc; complex inaC. tepidummembrane preparation.
In this paper, we characterize the soluble ~10 kDacyt ¢ and sudied dectron transfer kinetics
between purified RC and purified soluble cyt ¢ from C. tepidum
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Fig. 1. Eledron trandfer pathwaysinvalving the spedid peir and cyt cin RCs of purple becteriaand C. tepidum. RC of
C. tepidum bindstwo cyt ¢-551 per P840, and they function asdirect dectron donorsto P340 in kineticaly equivaent
menner.

Materialsand Methods

C. tepidum cdllswere cultured, harvested anaerobicaly, and disrupted by a French pressure cell
(Seo et d. 2001). Soluble cyt cinthe cdl extract was purified asdescribed by Itoh M. e d.
(submitted to Photosynthesis Research): briefly, by anmonium sulfate fractionation and by
DEAE-cdlulose, gd-permestion, hydrophobic (Phenyl Superose) column chromatographies.
Purification of PS-C and flash+induced absorbance change measurements were as described by
Kusumoto & d. (1994 and 1999).

Reaultsand Discusson

Properties of purified cyt c-554

The dithionite-reduced absorbance spectrum showed an a-pesk maximum at 554 nm, and the
cyt cwill bereferred to as cyt ¢-554. Thea-band maximum of thiscyt ¢ from the same organism
was previoudy reported to be either & 554 or a 553 nm. The shape of the a-pesk isbroad and
asymmetric. Thisproperty of C. tepidum cyt c may be one of the causes of the dightly different
a-peak reported by different reseerchers.

From redox titrations, the Eh-dependence of the absorbance wasfittedtoann=1 Nernd’s
curve, and the E,,7 was estimated to be +148 mV, avaue doseto the 135 mV reported by
Sdvarg et d. (1998), but sgnificantly more negetive then the value of 195 mV reported by
Okumuraet d. (1994). Thus, cyt c-554 isvery smilar in Er,7, in Mr and in absorption spectrum
to the mgjority of its counterparts found in green sulfur bacteria.

Function of cyt c-554

Effects of soluble cyt ¢-554 on the redox kinetics of photo-oxidized PS-C and of cyt ¢-551 were
gudied inthe mstime range a 545 and 558 nm (Fig. 2A). In the absence of cyt ¢-554, Asss
showed aninitia rapid decrease upon flash excitation, which recovered dowly with aty, longer
than 500 ms. The bleaching is ascribed to oxidation of cyt c-551 by P840" and the recovery
phese to reduction of cyt ¢-551 by reductants (mainly ascorbate) present in the reaction mixture.



Inthe presence of soluble cyt ¢-554, the bleaching a 545 nm &fter the flash was followed by a
fagter recovery, the rate of which was accderated by increasing the concentration of cyt ¢-554.
At 558 nm, there were little absorbance changesin the absence of cyt ¢-554. In the presence of
cyt ¢-554, Assg showed aninitid decrease with kingtics Smiilar to thet of the faster recovery of
Asss, followed by avery dow recovery. These dataindicate thet soluble cyt ¢-554 donates an
electron to bound cyt ¢-551 and/or P840" asreported with amembrane preparation (Okumuraet
d. 1994).
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Fig. 2A. Multiple flash experiments monitored a 545 nm and a 558 nm. B. Decay kinetics of PB40" at 1150 nm
during aseries of three flashes. Different kinetics observed in the presence of 3 uM oyt 554 and varisble ddays
between thefirg and the sscond flashes (0.5, 11 and 57 msfor curvesa, b, ¢, reppectivdy. Theinterva between the
sscond and thethird flash was 0.5 ).

In order to determine whether cyt ¢-554 donates an dectron to bound cyt ¢-551° or directly to
P840", we andyzed AAy1s, (Oxidation of P840 gives riseto anincreasein AA) obtained by
multiple flash experimentsin which the intervals between the first and the second flash was
varied (Fg. 2B). From the redox equilibrium between P340 and bound cyt ¢-551, thisRC
preparation wasfound to contain about 1.8 cyt ¢-551/RC ontheaverage (Kusumoto et d. 1999).
At 1 ms&ter thefird flash, + charge resdeslessthan 0.1/RC in P840 and more than 0.9/RCin
cyt ¢-551. Increasing theinterva between thefirg and the second flash induced measurable
effects on the reduction kinetics of P840 after the third flash, which indicates an efficient
electron donation from cyt ¢-554 during the above intervas. At 1 msafter the third flash,
caculations show thet + chargesresde about 0.8/RCin P840 and 1.7/RCincyt ¢-551 (curvea),
but the rate of the reduction of P840 (decrease of absorbance) was much dower then thet
predicted from direct reduction of P840 by cyt ¢-554.

The second-order rate condant for the electron donation from cyt ¢-554 to cyt ¢-551 was
estimated to be 1.7 x 10" M™s™, A fast reduction of the oxidized donorsof PS-C by the cyt be;
complex with aty, = 150 s (Kq = 4.6 x 10° s?) isreported with amembrane preparation from
C. tepidum. One can cdculae the concentration of cyt ¢-554 that would give asimilar rate
assuming asecond-order rate congtart k of 1.7 x 10” M™s™ and with kg, = 0.94 x k x [cyt
c-554], which leadsto [cyt ¢-554] = 0.29 mM. Thisisahigh concentration, which may suggest
that reduction of PS-C by cyt ¢-554 occurs only when dectron transfer from cyt bc; complex to
PS-Cislimited. However, ascyt ¢-554 isassumed to be locdized in the periplasmic space, it is
concelvable that thein vivo concertration of cyt ¢-554 is high and thet cyt ¢-554 playsan



important rolein eectron trandfer to PS-C. The reaction center of Rp. viridisbindstetraheme cyt
¢, and periplasmic soluble cyt ¢, isgeneraly admitted to be aphysiologica eectron donor to the
tetraheme cyt ¢, dthough Fe-S proteins (HiPIP) may function as an dternative donor. Therate
congtant between the tetraheme cyt ¢ and oyt ¢ isreported to be 1.1 x 10" M™'s* (Ortegaet 4.
1999), avadue comparable to that estimated above for the reaction between cyt ¢-551 and cyt
¢-554in C. tepidum. Our results thusra sethe question of whether cyt bc; complex or solublecyt
¢-554 isthe physologica donor to cyt ¢-551 bound to PS-Cin C. tepidum (Fig.1). (For full
discussons, seeltoh M. e d. (Photosynthes's Reaearch, submitted)).
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