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Summary 

Rhodosp i r i l lum rubrum strain F24.1 is a spontaneous revertant of  nonphoto-  
trophic mutant  F24 derived from wild-type strain S1. Strain F24 shows no 
detectable photochemical  activity and contains, at most,  traces of  the photo- 
reaction center polypeptides.  Strain F24.1 has a phototrophic  growth rate close 
to that  of  the wild-type strain (Picorel, R., del Valle-TascSn, S. and Ramirez,  
J.M. (1977) Arch. Biophys. Biochem. 181, 665--670) bu t  shows little photo- 
chemical activity. Light-induced absorbance changes in the near-infrared, 
photoinduced EPR signals and ferricyanide-elicited absorbance changes indicate 
that  strain F24.1 has a photoreact ion center content  of  7--8% as compared to  
strain S1. Polyacrylamide gel electrophoresis of  isolated F24.1 chromatophores  
shows the photoreact ion center polypept ides  to be present in amounts  com- 
patible with this value. Photoreact ion center was prepared from strain F24.1 
and showed no detectable difference with that  of  strain $1. It is concluded that  
strain F24.1 photosynthesis  is due entirely to its residual 7--8% of typical 
photoreact ion center. 

Introduct ion 

Various mutants  carrying specific defects in their photosynthet ic  system 
have been isolated from the Rhodospirillaceae (see Refs. 1 and 2 for recent 

* To  w h o m  c o r r e s p o n d e n c e  shou ld  be  a d d r e s s e d .  
A b b r e v i a t i o n s :  P -800  a n d  P - 8 7 0 ,  the  p h o t o r e a c t i o n  c e n t e r  b a c t e r i o c h l o r o p h y l l s  w i t h  a b s o r p t i o n  b a n d s  
n e a r  8 0 0  and  8 7 0  n m ,  r e spec t i ve ly ;  B - 8 8 0 ,  a n t e n n a  b a c t e r i o c h l o r o p h y l l  w i t h  an  a b s o r p t i o n  b a n d  nea r  

8 8 0  n m .  
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reviews). Several of those strains are still photochemically competent because 
mutation has affected only secondary electron transfer [ 2,3], while others lack 
photoreaction center altogether. Mutants of the latter group obtained from 
Rhodopseudomonas sphaeroides have made an important contribution to our 
understanding of the role and structure of the photoreaction center [4--6]. We 
recently reported the isolation of similar nonphototrophic mutants from 
Rhodospirillum rubrum [7]. From one of those mutants, strain F24, we ob- 
tained a spontaneous revertant, F24.1, which grew phototrophically at a rate 
close to that of the wild type but which showed no evidence of P-800 or of any 
photochemical activity. This led to the suggestion that this strain contains a 
photoreaction center carrying an alteration, perhaps of Po800 [7]. However, it 
is also possible that photosynthesis in the revertant is due to a small residue of 
unaltered reaction center which we could not detect in the previous studies 
[7]. The present work was aimed at discerning between those alternatives. 

Our findings are that isolated chromatophores of strain F24.1 contain a 
small but significant amount of photoreaction center with spectral and electro- 
phoretic properties that are indistinguishable from those of similar preparations 
from wild-type strain S1. According to all appearances, this small amount of 
photoreaction center is sufficient to permit the relatively high growth rate of 
this strain. 

Materials and Methods 

The isolation of mutant derivatives F24 and F24.1 from wild-type strain S1 
of R. rubrum has been described before [3,7]. Lascelles [8] growth medium 
used in the cultures was supplemented with 2 g/1 yeast extract. Unless other- 
wise indicated, the phototrophic strains (S1 and F24.1) were grown under 
photoanaerobic conditions and nonphototrophic strain F24 was cultured in the 
dark under low oxygen tension [9]. Cells were collected by centrifugation at 
0--2°C, when the cultures reached 1.5--1.8 mg dry weight of cells per ml and 
contained between 2 and 4 nmol bacteriochlorophyll per mg dry weight. Chro- 
matophores were extracted by grinding the cells with alumina powder [10]. 
The bacteriochlorophyll content of chromatophores was estimated from the 
absorbance at the peak near 880 nm, using an extinction coefficient of 153 
mM -1. cm -1 [11]. Photoreaction center was isolated from strain S1 by the 
method of Noel et al. [12] as modified by Vadeboncoeur et al. [13]. Possibly 
because of its small amount in that strain, photoreaction center from strain 
F24.1 was found to be more easily prepared with the method developed for 
strain G9 [13]. For the same reason, such preparations were still contaminated 
by other membrane proteins, as shown by sodium dodecyl sulfate gel electro- 
phoresis. Further purification was obtained by precipitating the DEAE~el- 
lulose column eluate (in 10 mM Tris-HC1, pH 7.5) with 35% saturated am- 
monium sulfate. This step was carried out as described in Ref. 13. The poly- 
peptide constituents of chromatophores and of photoreaction center prepara- 
tions were resolved by polyacrylamide gel electrophoresis in the presence of 
urea and sodium dodecyl sulfate [14]. 

Absorption spectra were obtained with a Hitachi spectrophotometer (model 
356) and stored in a digital signal averager (Tracor Northern NS-570) which 
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also performed baseline substraction. Light-induced absorbance changes in the 
near-infrared were moni tored with the  same spect rophotometer ,  except  for the 
changes at 1245 nm for which a Cary ! 4 R  spect rophotometer  was used. In the 
Hitachi spect rophotometer ,  actinic illumination (120 W • m -2) was provided by 
a slide projector with a broad-band interference filter (Balzers K3). The photo- 
multiplier tube  was shielded from scattered light with complementary  narrow 
band interference filters (Balzers BIR and Schot t  PIL-1). In the Cary 14R 
spectrophotometer ,  the pho to tube  was shielded from scattered actinic light by 
a Baird Atomic 1~b8444 interference filter. All assays were performed with 
saturating actinic light. 

The EPR spectra were recorded on a Bruker Spectrospin, model  B-ER-418, 
operating in the X band at 9.7 GHz, equipped with a rectangular cavity of  the 
TE 102 type,  Modulation frequency of  the magnetic field was 100 kHz and 
microwave power was 4 mW. The sample was in a (300 ~l) rectangular quartz 
cell. A No 1180 Nicolet  computer  with a L A B l l W  program was used to 
improve the signal-to-noise ratio and to substract the dark baseline. Illumina- 
tion was provided by a slide projector through 5 cm of water and Balzers 
Kristal-gl~isser JR-filter. Light intensity was saturating. 

Fluorescence induction curves were obtained with the following arrange- 
ment. The chromatophore  suspension in a 1 cm × 1 cm cuvette was illuminated 
by  the collimated beam of  a 450-W xenon arc through 5 cm of water,  a Corning 
9-54 glass filter and an Ealing electrochemical shutter. Fluorescence was moni- 
tored at 90 ° through a Schot t  RG 10 cut-off filter by  a Hamamatsu R663 
photomultipl ier  tube  run at 900 V. After suitable amplification, the signal was 
displayed on the screen of  a Tektronix D l l  storage oscilloscope. 

Results 

The absorption spectrum of chromatophores  from R. rubrum shows two dis- 
t inct  near-infrared bands: a major band centered around 880 nm (its exact  loca- 
tion depends on the particular strain), due mainly to light-harvesting bacterio- 
chlorophyll,  and a lesser band near 800 nm corresponding to P-800 of  the 
photoreact ion center [5].  The absence of  most  of  the latter spectral consti- 
tuent  in strains F24 and F24.1 [7] indicates that  both  mutants  carry pheno- 
typic alterations in their photoreact ion center. 

Because of  its high growth rate [7] and despite its apparent lack of  P-800, 
strain F24.1 would be expected to  show light-elicited signals which would 
reflect the operation of  its photoreact ion center. We set ou t  to check this possi- 
bility by different methods.  Photoinduced spectral changes in isolated chro- 
matophores  was the first of  these methods.  When the chromatophore  suspen- 
sion (F24.1) was placed f a r  from the photomultipl ier  tube  in the Hitachi 
spectrophotometer ,  interference from fluorescence was minimized and a small 
but  reproducible light-induced change could be detected.  The light-minus-dark 
difference spectrum of  chromatophores  from strain F24.1 shows the typical 
reversible bleaching and blue-shift of  P-870 and P-800 that  are associated with 
photoreact ion center activity in strain S1 (Fig. 1). However,  another optical 
change centered at 905 nm, an absorbance increase which probably reflects a 
bathochromic shift of  the far red band [15],  can also be observed. The light- 



79 

i l I 1 

,' \ lmin / ', . . . .  
/ ' ~F24 

~' .c.-~. F2L. 1 5 ~ I I i 

o 

, l , .o,  ?" ,,o-'~ t / %  / / J  
",,, I? ' 

I 0 t 
\ \ / 

-10 

-15 " ~ 7 / "  

750 790 830 870 910 
wavelength ( n m) 

Fig. 1. Absorban~e  changes induced  b y  c o n t i n u o u s  Hght in e h z o m a t o p h o r e s  f rom strains S1 and F 2 4 . 1 .  
Suspens ions  in 50 mM NaOH-Tricine (pH 8.0);  A 880 = 0 .8 .  Circles, strain S1 ; triangles,  strain F24 .1;  sol id 
l ines ,  no  addit ions;  dashed l ines,  w i th  5 /~M gzamicidin D.  Insert (upper  right).  Kinetics  o f  the  change at 
1245  nm; A 8 8 0  = 20; light was  turned o n  ( t )  and o f f  (~)  w h e n  indicated.  

induced changes are greatly reduced by gramicidin D (Fig. 1) indicating that 
they are due mainly to an energized state of  the membrane rather than to the 
photoreaction center itself [15]. The bathochromic shift also occurs in wild- 
type chromatophores, but is a comparatively much smaller fraction of  the total 
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Fig. 2.  Light- induced EPR spectra (g = 2 . 0 0 2 6 )  o f  c h t o m a t o p h o r e s  f rom strains S1 and F24 .1  at 20~C.  
Suspens ions  in 50  mM NaOH-Tric ine  (pH 8.0);  A 8 8 0  = 60 .  
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light-induced change (Fig. 1). No light-induced signal was observed in non- 
phototrophic  strain F24 (not  shown). When assayed in the presence of  grami- 
cidin D, P-870 in strain F24.1 amounts  to  about  8% of that  found in wild-type 
chromatophores.  

However,  the relatively high amplitude of  the electrochromic shift found in 
strain F24.1 cast some doubts  in our minds on the reliability of  that  estimate 
as an index of its photoreact ion center level. To avoid this difficulty, we turned 
to the 1250 nm region of  the spectrum, where the oxidized primary electron 
donor has a characteristic band and where absorption by antenna pigments is 
minimal. The extent  of  the light-induced change at this wavelength in F24.1 
was about  7% of that  observed in S1 chromatophores.  No signal was observed 
with chromatophores  from strain F24 (insert, Fig. 1). 

The data reported above seem to indicate that  strain F24.1 contains a small 
amount  of  photooxidizable  primary donor.  Since they  were obtained by  
optical methods,  we thought  it desirable to complement  these data by  an inde- 
pendent  technique,  namely EPR. Fig. 2 shows the light-induced g = 2.0026 
signals obtained in chromatophore  suspensions from strain S1 and from strain 
F24.1. The relative peak-to-peak amplitude of  these signals is consistent with 
the optical data: in strain F24.1,  it is about  8% of that  of  the wild type.  No 
light-induced signal was observed in chromatophores  from strain F24. Another 
important  point  is that  the peak-to-peak derivative linewidth of  these spectra is 
the same in strain F24.1 as in the wild type,  about  9.5 G. This falls well within 
the range of  previously reported values [ 16--18].  

The signals induced by cont inuous illumination reflect the difference 
between the levels of oxidized primary donor  in the light and in the dark 
steady states. Since that  difference may not  correspond to the total  levels of  
primary donor  -- because the extent  of  its photooxidat ion  may be limited by 
the availability of  another consti tuent ,  such as an electron acceptor --  we ana- 
lyzed also the spectral changes which are elicited by  oxidants in the dark. The 
spectra shown in Fig. 3 indicate that  the P-800 shifts which are induced by 
potassium ferricyanide in revertant and wild-type chromatophores  keep the 
same ratio as the light-induced changes. Therefore,  it may be concluded that  
the residual photoreact ion center levels of  strain F24.1 are about  7--8% of 
those present in the wild-type strain. The spectra beyond  840 nm (not  shown) 
could not  be used for quantitative analysis because, in addition to P-870 
bleaching, the oxidant  elicited reversible decoloration of  a part of  antenna 
bacteriochlorophyll .  Since this latter change represented a large fraction of  the 
total  change in F24.1 chromatophores ,  P-870 could not  be reliably estimated. 

Fig. 4 shows the induction curves of  fluorescence emit ted by  antenna bac- 
teriochlorophyll  in chromatophores  of  the three strains used in this work. Since 
the photoreact ion center quenches excitation of  antenna bacteriochlorophyll  
[19,20] ,  the high intensity of  the fluorescence emit ted by  strains F24 and 
F24.1 may be explained by  the low photoreaction-center  content  of  both  
mutants.  The ratio of  fluorescence intensities when all the traps are closed is 
about  3.4--3.5 (F24/S1).  This value is comparable to  that  obtained in chromato- 
phores of  Rps. sphaeroides strain PM8/strain Ga [19].  It is no tewor thy  also 
that, whereas no fluorescence induction is observed in strain F24 {cf. Ref. 19), 
its relative extent  in strain F24.1 is consistent with the  occurrence of  a small 
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Fig. 3, Reversible  absorbance  changes induced  b y  potass ium ferrlcyanide in c h r o m a t o p h o r e s  f rom strains 
$1 ,  F 2 4  and F 2 4 . 1 ,  2-ml  a l iquots  o f  the suspens ion  ( A 8 8 0  = 3) in 50  mM s o d i u m  phosphate  (pH 7.0)  
were  p laced  in each (the sample and the reference)  cuvette .  15  ~I of  a 0 .5  M ferr icyanide / ferrocyanide  
mix ture  ( 5 0 / I )  were  added to  the  sample  and 1 5  bfl o f  water  to  the  reference .  After  1 0  rain in the dark,  a 
first spec trum was  scanned.  Then ,  15  /~I o f  1 .5  M s o d i u m  aseorbate  and 1 5  ~l  o f  water  added to  the 
sample  and reference  suspens ions ,  respect ive ly .  A second  spec trum was  scanned 10 rain later and used as 
basel ine.  

Fig. 4.  F luorescence  induct ion  curves in  c h r o m a t o p h o r e s  f rom strains S1 ,  F 2 4  and F 2 4 . 1 .  Suspens ions  
in 50  mM NaOH-Tric ine  (pH 8 .0) ;  A 8 8 0  = 0 .1 .  The  arrows  indicate  the turning on  o f  the  excit ing l ight.  

but distinct amount  of  photoreaction center [21] .  
The low level o f  photoreaction center in strain F24.1  and its complete 

absence from strain F24  may receive two types of  interpretation: (1) the 
photoreaction center protein is present in the membrane but in partially 
(F24.1)  or complete ly  (F24)  inactivated form; (2) an unaltered photoreaction 
center protein is present in low amounts  (F24.1)  or is absent (F24)  from the 
membrane. We therefore performed polyacryalmide gel electrophoresis o f  the 
same quantities of  chromatophores from strain $1, F24  and F24.1,  as esti- 
mated on a bacteriochlorophyU basis. The gels o f  strains F24  and F24.1  
showed no detectable bands or very faint ones at the level o f  the characteristic 
three polypeptides of  strain $1 (not  shown).  The mutants either contain low 
levels o f  the three polypeptides or cannot incorporate these constituents into 
the membrane. They are to be compared, therefore, to Rps. sphaeroides 
mutants such as PM-8 [6] .  For comparison purposes, we next  set out  to isolate 
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Fig. 5. P o l y a c r y l a m i d e  gel e l ec txophores i s  of pu r i f i ed  p h o t o r e a c t i o n  cen te r s  f r o m  s t ra ins  S1 and  F24 .1 .  I ,  
$1 p h o t o r e a c t i o n  cen te r ;  n ,  S1 + F24 .1  p h o t o r e a c t i o n  cen te r ;  III, F24.1 p h o t o r e a c t i o n  cen te r .  Ar rows  
i n d i c a t e  the  t h r ee  cha rac te r i s t i c  p o l y p e p t i d e s .  

Fig. 6. Near - inf ra red  a b s o r p t i o n  spec t ra  of  p h o t o r e a c t i o n  cen te r  pu r i f i ed  f r o m  s t ra in  F24 .1 .  Sol id  l ine ,  
s p e c t r u m  r e c o r d e d  w i t h o u t  ac t in i c  l igh t ;  da shed  l ine ,  s p e c t r u m  r e c o r d e d  u n d e r  ac t in i c  l igh t .  

the photoreact ion center of  strain F24.1. Because of  its small quantities in that  
strain, its purification required a few modifications of  our usual procedure 
(Materials and Methods) including the solubilization of  larger quantities of 
chromatophores.  Polyacrylamide gel electrophoresis showed no difference in 
the migration pattern of  the three typical polypept ides  even when the prepara- 
tions from strain F24.1 and from strain S1 were co-electrophoresed (Fig. 5). 
Fig. 6 shows the near-infrared absorption spectrum of  the photoreact ion center 
from strain F24.1: it is essentially identical with that  of  strain S1. 

Discussion 

The phenotypic  properties of  strain F24 indicate that  it is a photoreaction- 
centerless mutant  similar to those obtained from Rps. sphaeroides and Rps. 
capsulata in other laboratories [4,22,23].  To our knowledge, F24 is the first 
R. rubrum strain of  this kind to be reported.  The simultaneous absence of  any 
photoreact ion center and of  the  800 nm band in chromatophores  of  strain F24 
is a strong indication that  this spectral component  of  R. rubrum is identical 
with P-800 of  the photoreact ion center. In fact, the absorption spectrum of 
strain F2.4 chromatophores  can serve as a baseline to determine the P-800/ 
B-880 ratio in cl lromatophores f rom strain S1. Using the extinction coefficients 
of  these pigments  [11,24] we obtain a value of  abou t  1/30, which is in sub- 
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stantial agreement with the ratio for photoreact ion center/B-880 measured by 
other  methods  (see Refs. 25 and 26, for example).  Our interpretation is consis- 
tent  with the results obtained with photoreact ion-center  depleted chromato- 
phores [27,28] or with antenna-bacteriochlorophyll  protein complexes [29] 
but  is at variance with the observation by  Sauer and Austin [30] of  a small but  
distinct 800 nm band in such complexes. 

In contrast  to strain F24, its spontaneous photot rophic  revertant, F24.1,  
contains low but  significant levels of  photoreact ion center. All the methods we 
have used give or are consistent with an estimate of  about  7--8% photoreact ion 
center with respect to the wild type  on a bacteriochlorophyll  basis. Moreover, 
the photoreact ion center of  strain F24.1 carries no obvious features  that  dis- 
tinguish it from that  of  the wild type.  Absorpt ion spectra of  the reduced and 
oxidized forms of  the primary donor  are, to all purposes, identical. The same is 
true of  EPR spectra the linewidth of  which is about  9.5 G as previously 
reported by  others for wild-type strains [16--18] .  The size and the relative 
amounts  of  the three polypept ides  also appear to be the same. Thus the only 
obvious effect  of  mutat ion is the considerable decrease of  the photoreact ion 
center/B-880 ratio, a parameter which in wild-type R. rubrum remains un- 
changed under diverse growth condit ions [25].  It remains to be seen whether 
or not  mutat ion is accompanied by  some more subtle difference in the primary 
structure of  the photoreact ion-center  protein or with alterations of  some other 
constituents.  Such knowledge might give us some clues as to the site and mech- 
anism of  these mutations. 

Considering that the revertant significantly contains more photoreact ion 
center than strain F24, f rom which it was selected for restoration of  photo- 
trophic growth only, and that we have found no evidence for another photo- 
reaction center in strain F24.1, we feel that  its photosynthesis  is due entirely 
to its residual 7--8% of  typical photoreact ion center. This, however, raises the 
question of  how such a small amount  of  photoreact ion center can sustain a 
photot rophic  growth rate close to that  of  wild-type strain S1 [7].  We have pre- 
liminary evidence suggesting that electron flux is of  comparable magnitude in 
the transport  chains of  both  strains. In the first place, the effective size of  the 
photosynthet ic  unit  of  strain F24.1 seems to be much larger than that of  strain 
S1. And secondly,  the reduction of  the photo-oxidized primary donor takes 
place with a shorter half-time in F24.1 than in the wild-type strain [31],  so 
that  its photoreact ion center may have a faster turnover under cont inuous 
illumination. 
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