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1. Introduction 

A light-induced positive absorbance peak centered 
around 430 nm has been reported in cells and 
chromatophores of Rhodospirillum rubrum [1 -3 ] .  
This 430 nm band was first attributed to the oxidation 
of reaction center bacteriochlorophyll [2,4] but it 
was later found to become saturated in whole cells at 
lower light intensities and to decay in the dark more 
rapidly than other bacteriochiorophyll bands [3]. It 
was also shown that this 430 nm band could not be 
due to photoreduction and dark reoxidation of 
cytochrome b since it was unaffected by 2-n-heptyl-4- 
hydroxyquinoline-N-oxide (HOQNO) that is known 
to block the reoxidation of cytochrome b [4,2], and 
it was much broader than a typical cytochrome band 
[5]. Arnold and Clayton have reported that this 
band could be observed even at I°K [6] and there- 
fore suggested that it might possibly be associated 
with a primary photochemical process. 

Light induced increases in absorption around 
430 nm have recently been observed also in other 
photosynthetic bacteria. Thus in Rhodopseudomonas 
spheroides an absorption change around 450 nm 
could be induced either photochemically or by strong 
chemical reduction [7]. The kinetics of  this change 
were similar to those of the rise in PsTo fluorescence 
and it was suggested that it could be due to a primary 
electron acceptor. A 424 nm change which was pro- 
nounced at - 2 6 0  mV but was attenuated towards 
higher potentials, was found in Chromatium chio- 
matophores [8,9]. In chloroplasts too an absorbance 
change at 430 nm has been reported and was 
attributed to the primary acceptor of photosystem I 
[10]. 

In the present communication we tested the 
effect of  electron donors, acceptors and inhibitors 
on the light-induced 430 nm absorbance band 
(P430) in R.rubrum chromatophores. Our results 
indicate that P43o does not correspond to the 
reaction center bacteriochlorophyll which serves as 
an electron donor, but seems to reflect the primary 
electron acceptor. 

2. Materials and methods 

The growth ofR.  rubrum ceils and the isolation 
and storage of chromatophores were as previously 
described [11-13] Bacteriochlorophyll was deter- 
mined using the absorbance coefficient in vivo given 
by Clayton [14]. Absorbance changes were followed 
in the Aminco Chance dual wavelength spectrophoto- 
meter equipped with an EMI 9592B S10 or Hama- 
matsu R316 S1 photomultiplier. For measurements 
from 410 to 600 nm, the S10 photomultiplier tube 
was blocked by a Corning CS 4-96 filter. Actinic 
illumination was provided by a 500 W slide pro- 
jector (without its heat filter) and was filtered through 
a combination of  Schott RG 645 and RG 9 filters 
and 8 cm of water. Between 600 and 830 nm the S1 
photomultiplier was blocked by a Schott RG1 f'dter 
and an infrared reflecting mirror, ?~ of reflection 
> 850 nm in order to eliminate interference due to 
bulk bacteriochlorophyll fluorescence. Actinic illumi- 
nation was filtered through a combination of  Corning 
CS 4-96 and Schott OG 1 filters. The light intensity 
in both sets of experiments was 5 X 104 Erg X cm -2 X 
sec- 1. 

The standard reaction mixture contained in a final 
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volume of 3 ml: Tricine-NaOH buffer, pH 7 .5-  
20 mM MgC12-3.3 mM HOQNO-10/aM 1 ~tM 
carbonyl cyanide p-trifluoromethoxyphenylhydrazone 
(FCCP) and 45/ag bacteriochlorophyll. Other con- 
ditions are stated in the text. Experiments under 
anaerobic conditions were carried out in Tunberg 
cuvettes that were evacuated in the dark for three 
minutes at 2 mm Hg. 

3. Results 

Under aerobic conditions the light minus dark 
difference spectrum ofR.  rubrum chromatophores 
features two positive peaks centered around 430 and 
810 nm and two negative peaks at 600 and 790 nm 
(fig. 1). A similar difference spectrum was obtained 
under anaerobic conditions. When however, under 
anaerobic conditions an electron donor couple, 2,6- 
dichloroindophenol (DCIP) + excess ascorbate, was 
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Fig. 1. Light minus dark difference spectrum of R. Rubrum 
chromatophores, o, standard reaction mixture under aerobic 
conditions, o, standard reaction mixture supplemented by 
66/aM DCIP and 13 mM ascorbate under anaerobic con- 
ditions. 

added the light minus dark bands at 810, 790 and 
600 nm were markedly decreased whereas the 
430 nm band was slightly increased (fig. 1). These 
results indicate that the 430 nm band is different than 
the other three bands which have been suggested to 
represent the photooxidation of reaction center 
bacteriochlorophyll. 

In an attempt to further characterize P43o it was 
found that this light-induced increase in absorbance 
was completely reversible in the dark (fig. 2a) and 
could be reproduced many times (not shown here). 
Since addition of dithionite in the dark was found to 
cause an increase in absorbance which was even larger 
than the light induced one, this P43o seems to 
represent a process of  photoreduction and dark re- 
oxidation. This photoreduction at 430 nm is however 
different than the photoreduction of cytochrome b 
because it was observed in the presence of HOQNO 
[4]. In fact both the 'on'  and 'off '  kinetics were 
found to be identical in the absence and presence of 
HOQNO, and HOQNO was therefore added to all 
experiments. A pyrophosphate-induced increase in 
absorbance centered at 433 nm has recently been 
observed in R. rubrum chromatophores, and was 
reported to be inhibited by FCCP [15]. The light- 
induced increase in absorbance observed in fig. 2 
could not be due to this energy dependent change 
since it was not affected by FCCP. In order to elimi- 
nate any complications due to energy dependent 
changes, FCCP was added to all experiments. 

The rapid kinetics of P4ao were not affected by 
depletion of oxygen or by the addition of the electron 
donor couple under air (fig. 2, A-C).  When, however, 
the electron donor couple was added in the absence 
of oxygen, the light induced increase at 430 nm was 
still observable but the reversible decrease in the dark 
was drastically inhibited (fig. 2D). Such over-reducing 
conditions achieved by addition of an electron donor 
system in the absence of any added electron acceptor 
are also known to suppress photophosphorylation 
[16]. Since the inhibition of photophosphorylation 
could be relieved by the addition of  electron 
acceptors [16] we examined their effect on P43o 
under over-reducing conditions (fig. 3). The rapid 
dark reoxidation reappeared upon the addition of 
benzyl viologen at 10 -s M (fig. 3A) and a similar 
effect was obtained in the presence of 10 -4 M methyl 
viologen (the mid point potential of benzyl viologen 
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Fig. 2. Kinetics O f P4ao under aerobic and anaerobic conditions in the absence and presence of an electron donor system. 
Conditions as described in Materials and methods. P430 was measured at 430 vs. 460 nm because 460 nm was found to be an 
isosbestic point (fig. 1). Identical results were obtained when the reference wavelength was set at 410 nm. 

is - 3 2 0  mV and of methyl viologen - 4 4 0  mV). NAD + 

enabled a rapid dark reoxidation of P43o but  of only 
20% of it (fig. 3B). In this case FCCP was omitted 
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Fig. 3. Effect of benzyl wologen and NAD on P43o under 
over reducing conditions. Experiments were carried out as in 
fig. 2D, A-wi th  10 -s  M benzyl viologen, B with 3 X 10 -4 M 
NAD ÷ and without FCCP. 

since it inhibits NAD ÷ reduction [17,18]. Similar 

results were, however, obtained in the presence of 
NAD ÷ and FCCP as well as in the presence of NADP ÷ 
which does not act as an electron acceptor in washed 
chromatophores [17]. 

Although succinate was shown to be a better 
electron donor for NAD ÷ reduction than ascorbate- 
DCIP in R. rubrum chromatophores [18,19] it did 
not behave as an electron donor to P43o because 
addition of  succinate instead of ascorbate-DCtP under 
anaerobic conditions did not  result in any inhibition 

of the dark reoxidation ofP43o. 

4. Discussion 

An interpretation of the above reported results is 
proposed in the following scheme: 
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P430 which is reduced in the light and reox, idized 
in the dark is placed on the acceptor side of  PsTo. The 
dark reoxidation of  reduced P430 (PT, ao) can proceed 
via the cyclic electron transport (through cytochromes 
b and c). Since the P430 change was found to react 
reversibly even at I °K [6] it is suggested that it might 
represent the primary electron acceptor which can 
also be reoxidized via a direct dark return of  electrons 
from P4430 to oxidized PBTo (FaTo). Therefore, in 
presence HOQNO which blocks the cyclic electron 
transport [4],  the photoreduction and dark reoxida- 
tion of  P430 was not affected. When, however, in the 
presence of  HOQNO an excess amount o f  electron 
donor was added so that PaTo was kept in its reduced 
state, the reoxidation of  P~430 via both  pathways was 
inhibited. These overreducing conditions were 
obtained under anaerobic conditions in the presence 
of  DCIP + excess ascorbate (fig. 21)). A resumption 
of  the reoxidation of  P~43o under these conditions will 
depend on the supply of  a suitable electron acceptor. 
Oxygen seems to fulfill this requirement although the 
exact location o f  its electron accepting site is not 
known (dashed line in scheme). Under anaerobic 
conditions benzyl and methyl viologen were found 
to restore the rapid dark reoxidation of P~430. Since 
they are low potential acceptors their activity 
provides further evidence to our suggestion that 
P430 may be identified as the primary electron 
acceptor in R. rubrum. 

The discrepancy between the effect of NAD + and 
other electron acceptors on P4ao and the observation 
that succinate does not serve as an electron donor 
may be explained by assuming that P430 is situated in 
the cyclic electron transport pathway which is not 
affected by succinate. It has been previously suggested 
[18] that the electron transport from succinate is 
mediated by a reaction center different from the one 

initiating the cyclic electron flow to which ATP 
formation is coupled. 

Further investigation of  P430 and its role in the 
electron transport system is now in progress. 
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