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SUMMARY 

z. Crude chromatophores ,  r ibosome-free chromatophores  and l ight  part icles ,  
i sola ted from Rhodopseudomonas spheroides Y cells deficient or not  deficient in iron, 
were used as source mate r ia l  for the  p repara t ion  of react ion centers. I so la t ion  was 
per formed by  incubat ion  with  c e t y l t r i m e t h y l a m m o n i u m  bromide  and  differential  
cen t r i fuga t ion  ; the  purif icat ion was based upon ei ther  cent r i fugat ion  or on (NH4) 2SO4 
prec ip i ta t ion  and gel f i l tration.  

2. In  all cases, the  purified react ion center  conta ined the photo-ac t ive  bacter io-  
chlorophyl ls  P 865 and P 8oo (in a z :2 ratio) wi thout  any  l igh t -harves t ing  bacter io-  
chlorophyl l ;  carotenoids  and bac te r iopheophy t in  were present .  The yield (P 865 
recovered from IOO bacter ioehlorophylls)  and  the P 865 content  (expressed per  g 
protein) var ied  with the source mate r ia l ;  the  highest  values were ob ta ined  when 
s ta r t ing  from low-iron l ight  part icles,  the  lowest when s ta r t ing  from low-iron crude 
chromatophores .  

3. The size of the  par t ic le  bear ing the react ion center  was independen t  of the  
source mater ia l ;  the  par t ic le  weight,  de te rmined  by  gel f i l t rat ion as well as b y  equi- 
l ibr ium sedimenta t ion ,  was about  z5oooo. The midpo in t  po ten t ia l  of the P 865 species 
was 525 mV at p H  7.5. 

4. Some components  of the purified react ion center  from crude chromatophores ,  
and  their  ratios,  were:  in low iron condit ions,  P 865 :ub iqu inone : c - type  h e m e : n o n -  
heme iron, 1 :8 .6 :o .12 :o .2 ;  in normal  condit ions,  P 865 :ub iqu inone :c - type  heme:  
non-heine iron, z : 8 : 1.5 :o.5. 

INTRODUCTION 

Dur ing  the last  3 years,  the  separa t ion  by  means  of a de te rgent  of the  photo-  
chemical  react ion center  from the l igh t -harves t ing  bac ter iochlorophyl l s  has been 

Abl~rcviation : CTAB, cetyltrimethylammonimn bromide. 
* Some of the data have been presented at the 2nd International Congress on Photosynthesis 

Research. Stresa, i97i, ill a communication which will be published in the Proceedings of this 
Congress. 
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performed in a variety of organisms, e.g. carotenoid-less mutants  of Rhodopseudomo- 
has spheroides (R-26) x and Rhodospirillum rubrum (G9) 2, and carotenoid-containing 
strains of Rhodopseudornonas spheroides (Y) ~ and Rhodopseudomonas viridis 4. Partial se- 
paration has been reported for Chromatium ~. In all cases such reaction center fractions 
are particulate; apart  from Chromatium, they are freed from the light-harvesting 
baeteriochlorophylls but still contain, besides the photoactive baeteriochlorophyll, 
bacteriopheophytin in particular, whose significance is unknown. They also contain 
what appear to be residues of the electron transport  chain : ubiquinone, cytochromes, 
iron and copper have been detected and quantified in several cases. Depending on 
the organism, they may or may not be kept in solution without a detergent; their 
particle weight has been reported to be either variable, on account of aggregation 
phenomena (Rps. spheroides Y, Rps. viridis), or in the order of 650000 (Rps. spheroides 
R-26, Chromatiurn). How their resolution depends on source material, nature of 
detergent, the purification procedures, etc. is still an open questicn. 

We recently described the isolation of a crude reaction center fraction from 
Rps. spheroides Y light particles, obtained from cells deficient or not deficient in 
iron 3. Continuing this work, we have a t tempted to further purify the preparations in 
order to obtain more precise information as to particle weight and composition. In 
addition, various chromatophore fractions were used as starting material, i.e. crude 
chromatophores, ribosome-free chromatophores, and "light" particles. The results 
indicate that  such variations, although affecting the specific activities of the purified 
reaction centers, do not modify their spectral characteristics, nor the particle weight 
which is about 15000o. Such a small size of the reaction center particles, as well as 
the low amount of some electron transfer compounds bound to them, indicate that  
in this organism the reaction center particle can be isolated as a complex consisting 
of a few components. 

M A T E R I A L  AND M E T H O D S  

Cultures and particle preparation 
Rhodopseudornonas spheroides strain Y was grown in IO-1 bottles at 33 ~ as 

described elsewhere 6. The synthetic "L  medium" was used to grow "low-iron" cells, 
whereas the "L, 17 /~M iron medium" provided bacteria grown in the presence of 
excess iron. Stationary-phase cells grown for 36-48 h at 8000 lux were routinely used 
in 5o-1 culture batches. 

The fractionation of the cells and tile light particles preparation have been 
described previously 6. Besides the light particles, we used two intermediate chroma- 
tophore fractions as a source of reaction center: "crude chromatophores" (that is, 
the pellet of the first 350000 X g centrifugation), and "purified chronIatophores" 
(that is, ehronlatophores freed from ribosomes by CsC1 treatment,  then washed with 
o.I M phosphate buffer, pH 7.5). 

Reaction center preparation 
Two different fractionation procedures were used, each appropriate to a partic- 

ular starting material. 
(~) Reaction center derived from light particles. A light particle suspension in 

o.I M potassium phosptlate buffer, pH 7.5 (3 mg protein per ml), was incubated with 
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stirring during 5 h at 5 ° with ce ty l t r imethylammonium bromide (CTAB) (final con- 
centration, o.3 °o, w/v). During incubation, part  of the preparat ion aggregated. 
Fractions of this suspension (3 ml) were then layered on 45 ml of o.6 M sucrose in 
SW-25-2 Spinco centrifuge tubes. After centrifugation for i h at 22ooo rev./min, a 
pellet (devoid of raction center activity) was sedimented; a top brownish layer, in 
which act ivi ty was found, was recovered and freed from sucrose either by dialysis or 
Sephadex G-25 chromatography.  At this step it was called "crude reaction center". 

If  necessary, further purification could be done by centrifugation at 35oooo × g 
for 24 h. The supernatant  phase was devoid of any photobleaching act ivi ty and con- 
tained about  7 ° % of the initial protein in weight; all the act ivi ty was recovered in the 
pellet, which could not be redissolved without  the use of a detergent. However,  the 
nature of the detergent strongly influenced the stability of the preparation, in the 
presence of minimal amounts  of CTAB (o.I %) or of sodium dodecyl sulfate, the 
act ivi ty  was labile, whereas it was extremely stable in a non-ionic detergent. There- 
fore, a o.i M potassium phosphate buffer, pH 7.5, containing o.15°.; Triton X - I o o  
{w/v) was used for redissolving the pellet and for further studies of the purified 
reaction center. 

(2) Reaction center derived either from crude or from purified chromatophorcs. These 
particles were suspended in o.I M potassium phosphate buffer, pH 7.5, and incubated 
for I h at 25 ° with CTAB (crude chromatophores,  8 mg protein per ml; purified chro- 
matophores,  9.4 mg protein per ml; final CTAI3 concentration, o.I °'o, w/v). The 
ehromatophore  suspensions were then layered on 0.6 M sucrose and centrifuged as 
described above. A similar top laver containing the activity, called "crude reaction 
center",  was then recovered. 

For further purification, addition of (NH4)2SOa at 5 ~ to a final concentrat ion 
of 70% (w/v) precipitated a component  which contained ali the reaction center  
activity.  I t  was redissolved in a minimum amount  of o.I M potassium phosphate  
buffer plus o.15 % Triton X-Ioo  (w/v), pH 7.5, and dialysed against this buffer. 

A final purification step employed gel filtration chromatography  at 5 ~ on a 
Sepharose 6B column (51 cm X 4 cin) equilibrated in o.1 M potassium phosphate 
buffer, o.I5 ?o Triton, o.25 M NaC1, pH 7.5. Elution of reaction center samples (5-1o ml) 
was carried out at a flow rate of 48 ml/h with the same buffer; 2-ml fractions were 
collected and their spectra assayed. They were usually pooled into a number  of 
fractions, which were concentrated to a small volume by ultrafiltration using an 
Aininco X-5I 5 ° membrane.  

Chemical analyses 
Bacteriochlorophyll,  protein and ubiquinone were determined as described 

previously ~. 
P 865 content  was determined spectroscopically from light mi~us dark difference 

spectra (lem.~ (865 nm) = 93; see ref. 7)- 
Heine was determined on acetone methanol (7:2, v.,'v) residue by the pyridine 

henlochronle method s. Separation of the c and b types was effected 1)5, HCl-acetone 
t reatment .  In the dithonite-reduced minus oxidized pyridine hemochrome difference 
spectHnn, we used ~JemM (550--575 n m ) =  23 for c-type heme, and/[em.~I (556 537 nm) 
= 2o. 7 for b-type heme. 

I ron was determined by  atomic absorption spectroscopy on a Perk in-ElmeI  
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Model 29o. Standard solutions of iron (I-IO/~g/ml) in o.I M phosphate buffer, pH 7.5, 
containing o.15% Triton X-Ioo were used in each series of samples; control deter- 
minations with internal standards were performed. 

Sp~ctrophotometry 
Spectra were recorded on a Model 14 R Cary spectrophotometer. IR-2 and IR-I  

inodes were used to record absolute spectra of active preparations either in light or 
dark conditions. For light minus dark differential spectra, the sample compartment 
was equipped with a unit at right angles to the measuring beam, composed of a 6oo-\V 
Sylvania sun-gun lamp, lens and interference filter. 

Redox potential measuremc.~zts 
The redox potential of reaction center preparations was determined spectro- 

photometrically by recording their absolute infrared spectla, in a redox buffer con- 
taining o.15 % Triton X-loo, as a function of the potential. A special anaerobic cuvette 
designed after CUSAXOVlCH AND KAMEN 9 was used. The preparation was kept under 
nitrogen with intermittent bubbling, additions being made by injection through a 
septum. A couple of platinum and calomel electrodes (P ioi ,  K 4Ol; Radiometer) 
measured the potential of the sample continuously. They were standardized by conl- 
parison with a saturated quinhydrone solution. The titration began on a sample in 
5"IO-2 M ferricyanide; small additions (5 #g) of reductant (o.33 M ferroevanide or 
1% dithionite) were made in order to decrease the potential gradually. 

A ~za@tical ceJzlrifztgatio~z 
Centrifugation experiments were performed using a Beckman Model E ultra- 

centrifuge equipped with absorption optics, with the assistance of Mrs. M. O. Mossd. 
To work selectively on an infrared absorption band of the reaction center, a tungsten 
lamp (Nachet, 3o W) was used instead of the visible source, and an appropriate 
interference filter (Balzers, 8oo nm) was placed behind the lamp. Recording was done 
on infrared-sensitive plates (Kodak, spectroscopic Type IN) ; they were measured on 
a Joyce-Loebl microdensitometer. 

Sedimentation velocity determinations were done at 59 78o rev./min and 22':; 
solutions in o.I M potassium phosphate, o.15 °o Triton, pH 7.5, were used, with an 
absorbance at 8oo nm of around o.8. Sedimentation equilibrium experiments were 
performed at 7747 rev./min; periods of at least 24 h were allowed in order to attain 
equilibrium. The partial specific volume of the reaction center particles was measured 
by comparing the sedimentation equilibrium of the preparation in o.I M potassium 
phosphate, o.15 °o Triton, pH 7.5, buffer solutions containing either H20 or 2H.,O 
(Merck, Uvasol grade) according to the method of EDELSTEIN AND SCHACHMANI°; 

absorbance at 800 nm was 0.8 here, too. Densities of the two buffers were measured 
in a 5-ml pycnometer. 

Molecldar zeeight delerminatio~z, by gel filtration 
The determination of tile apparent molecular weight of the reaction center 

complex was done by gel filtration on a column (1.6 cm × 48 cm) of Sepharose 6B, 
in a o.o5 M Tris-HC1 buffer, pH 7.5, containing o.15 % Triton X-ioo. The temperature 
was maintained at 5 ° and tile flow rate was 4 ml/cm2 per h; fractions of 1.5 ml were 
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collected. Several proteins of known molecular weight (cytochrome c, albumin, 
7-globulin) were used to determine a calibration curve. Blue dextran was used as void 
volunle marker. 

RESULTS 

Reaction center puri/~cation 
CTAB proved to be effective in releasing a reaction center fraction from chro- 

matophores at various stages of purification (crude or purified chromatophores, light 
particles). Only heavy particles appeared to release very little, if any, reaction center 
activity after incubation with CTAB. I t  may  be noted that  the amount of CTAB per 
g protein required for optimal reaction center recovery decreased when going from the 
crude chromatophores to the light particles. 

Various chromatophore fractions were used to produce reaction centers in an 
effort to find the best experimental conditions. Criteria for purification were, on the 
one hand, the specific activity (P 865 content per g protein), and on the other, spectral 
characteristics (absence of light-harvesting bacteriochlorophyll, low level of contami- 
nating pigments) (see below). The specific activities in the various purification proce- 
dures are given in Table I for some representative experiments, together with the 
yields expressed as moles P 865 recovered in the purified fraction, starting from IOO 
moles of bulk bacteriochlorophyll. I t  is obvious from Table I that  the highest specific 
activities and the best yields were obtained when starting from low-iron light particles, 
and lower activities when starting from low-iron crude chromatophores. Light parti- 
cles appeared then to be the best source material for purifying the reaction center. 
However, one may  note that  they did not lend themselves to large-scale production: 
their preparation required lengthy centrifugations and the final yield of reaction 
center was quite low. On the other hand, the method based on crude chromatophores 
was rapid and suitable for large-scale preparation, and was required for quanti tat ive 
determination of iron in low-iron preparations (see below). 

The purification of the light particle reaction center is based on centrifugation. 
The supernatant phase obtained by high-speed centrifugation was devoid of any 
activity and was found to contain solubilized proteins and several pigmented com- 
pounds tentatively identified from their absorption bands: carotenoids (absorbing 

T A B L E  I 

SPECIFIC ACTIVITIES AND YIELDS IN VARIOUS PURIFIED REACTION CENTER FRACTIONS 

M e a n  v a l u e s  of  n p r e p a r a t i o n s .  

Light particles Purified chromatophores Crude chromatopho~ 

Low-iron Normal Low-iron Normal Low-iron Normal 

P 8 6 5 / p r o t e i n  9.1 5-5 - -  4 .4  1.3 2-7 
( ,umoles /g)  (n = 6) (n ~ l) (n 2) (n 4) (u ~ 3) 

P 865 r e c o v e r e d  
f r o m  i o o  i n i t i a l  6 .6  3.4 3.5 1.96 z.S 
b a c t e r i o c h l o r o p h y l l s  (~ - .  6) (n I) (n - -  3) (~ 4) (n - -  3) 
( m o l e / m o l e )  
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at 49 o, 465 and 425 nm), bacteriopheophytin (535, 760 nm), a degradation product of 
bacteriochlorophyll (684 nm), and an unknown component strongly absorbing at 
4Io nm. Exactly the same result was obtained with (NH4)2SO4 precipitation in the 
second procedure: here, too, the supernatant fluid was devoid of activity, contained 
solubilized proteins and had the same type of absorption spectrum. 

Agarose chromatography generally did not greatly improve the specific activity ; 
yet it allowed elimination of spurious components. The first eluted fraction contained 
reaction center particles contaminated with a small amount of the unbleachable 
bacteriochlorophyll absorbing at 84o nm. Then reaction center particles were eluted, 
followed by particles containing increasing amounts of the degradation product, and 
decreasing reaction center activity. The spectra and composition of these fractions 
will be discussed below. 

Absorption spectra 
The absorption spectrum of the reaction center preparation with the highest 

specific activity (that is, the purified fraction from light particles) is given in Fig. I ; 
it is strictly the same whether the preparation is derived from low-iron or from normal 
cells. The 865-, 8o2- and 595-nm bands may be assigned to bacterioehlorophyll, as 
well as the 365-nm maximum and possibly the 385-nm shoulder; the 758- and 535-nm 
bands have been attributed to bacteriopheophytin, and the 684-nm band to a de- 
composition product of bacteriochlorophyll. The 42o-, 44 °- and 47o-nm bands are 
tentatively assigned to residual carotenoids: spheroidene and spheroidenone have 
indeed been found in these preparations by thin-layer chromatography of pigment 
extracts (F. REIss-HussoN AND G. JOLCHI,','E, unpublished results). The 285-nm band, 
mainly due to protein aromatic residues and possibly to pigments, has about the 
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Fig .  i .  A b s o r p t i o n  s p e c t r u l n  of a p u r i f i e d  r e a c t i o n  c e n t e r  f r o m  l o w - i r o n  l i g h t  p a r t i c l e s .  In  the  
i u f r a r e d  r a n g e ,  t h e  s p e c t r u m  w a s  r e c o r d e d  e i t h e r  u n d e r  s t r o n g  a c t i n i c  l i g h t  ( . . . .  ) or  in the  
d a r k  ( ). 
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same in tens i ty  as the  one at  365 nm. The reproduc ib i l i ty  of tiffs spec t rum over ten 
different  p repara t ions  was excellent.  

Purif ied react ion centers  from purified chromatophores ,  ob ta ined  from low-iron 
or  normal  cells, exhib i ted  spec t ra  qui te  similar  to those ci ted above.  Minor var ia t ions  
~.ere no ted :  as the  specific act ivi t ies  were lower, the  ra t io  A865 rim~As65 nm decreased 
b y  a few per  cent, a shoulder  a t  41o nm even tua l ly  appeared,  and  the absorp t ion  in 
the  a romat ic  region (285 nm) increased. In contrast ,  large depar tures  from the spec- 
t rum of Fig. I were ob ta ined  with  crude or poor ly  purified react ion center  p repara t ions .  
The decrease in specific ac t iv i ty  corre la ted  with  a decrease in the 802- and  865-nnl 
bands  and an increase in the  visible range, pa r t i cu la r ly  at  684 and 41o nm. 

The infrared absorpt ion  changes brought  abou t  b y  i l luminat ion  of the react ion 
center  are a shift  towards  the  blue of the  8os-nm band,  and  bleaching of the  one at  
865 mn (Fig. I). This bleaching was to ta l  in all purified react ion center  fractions,  and  
reversible in the  dark  af ter  a few minutes.  These changes are not  exac t ly  ident ica l  
to those seen in the  chromatophores .  Light  mimes dark  spec t ra  of par t ic les  exh ib i ted  
a blue shift  of the  8o5-nm band,  and  two min ima  at  842 and  880 nm, respect ively.  The 
re la t ive  ampl i tudes  of these two min ima  were found to v a r y  with  cul ture condi t ions :  
the  88o-nm m i n i m u m  was more pronounced  in low-iron par t ic les  (one m a y  note  t ha t  
the  B 870 bulk bac te r iochlorophyl l  increased re la t ive ly  to the B 855 componen t  in 
low-iron particles6). The 842-nm m i n i m u m  could be due to a red shift  of the B 855 
component .  In  any  case, invar iable  infrared absolute  and  difference spec t ra  were 
o b t a i n e d  for the  various react ion center  prepara t ions ,  in spite of these var ia t ions .  

Redox pote~tial 
The redox po ten t i a l  of t i le react ion center  was de te rmined  b y  t i t r a t ing  in the  

da rk  the  reduct ion  of a p repara t ion  previously  comple te ly  oxidized,  the  reduct ion 
being measured  b y  the absorbance  in the 865-nnl band.  I t  was ra the r  surpris ing to 
find tha t  a 2 #M P 865 solut ion could not  be bleached comple te ly  bv  a I mM ferri- 
cyan ide  solution, and  t ha t  a t  least  a o .oi  M fer ro- fer r icyanide  buffer was required to 
convenien t ly  cover the  oxidized range. In  such a redox buffer, the  t i t r a t ion  followed 
the  theore t ica l  law for a one-electron change with  a midpo in t  po ten t ia l  Em = 525 m\ :  
a t  p H  7.5 and  22 °. In a control  exper iment ,  i t  was checked tha t ,  in a ch romatophore  
suspension,  the  midpo in t  po ten t ia l  of the  l ight  induced change at  800 n m  was 445 mV, 
a value in good agreement  wi th  previous d a t a  on o ther  organisms H. Thus i t  appears  
t h a t  the  react ion center  when isola ted b y  our methods  had  a redox po ten t ia l  signifi- 
c an t l y  more oxidizing than  i~ vivo. 

3lo;zodispcrsc character and partiel~ weight determinatio~z 
A number  of ana ly t ica l  cen t r i fuga t ion  exper iments  were per formed in order  to 

check the homogene i ty  of the purified fract ions as well as to de termine  their  par t ic le  
weight.  Opt ica l  absorpt ion  at  800 nm was used in order  to select ively de tec t  the  
part icles  bear ing the react ion center,  and  to exclude any  con tamina t ing  mate r i a l  stil l  
present .  W i t h  such a set t ing,  all purif ied fract ions behaved  as a single component ,  as 
judged from sed imenta t ion  veloci ty  exper iments  (Fig. 2), a t  least  in the  ve ry  low 
concent ra t ion  range used (As00 nm "~ I). The sed imenta t ion  coefficients of var ious  
purified react ion centers  are repor ted  in Table I I .  Depending  on the origin of the 
react ion centers, t hey  var ied  in the range of 3.4-4.0 S. No marked  influence of source 
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material  was apparent .  Consequently,  their particle weights did not  vary  appreciably. 
The surpris ingly monodisperse character of the reaction center particles led 

us to determine the partial  specific volume and  the particle weight from sedimentat ion 
equi l ibr ium experiments  in H20 and 2H20 buffers. This was done on a purified reac- 
t ion center preparat ion extracted from purified normal  chromatophores. As infrared 
absorption optics were required for its selectivity, and no scanning system was 
available to us, photographic recording was used. The darkening of the plates was 
measured as microdensi tometer  deflection. A linear relation was found between the 
logari thm of this deflection and r 2, (r being the distance to the rotor axis) (Fig. 3). On 
the basis of this observation, assuming that  the deflection was proport ional  to the 
absorbance at 8o0 nm, i.e. to the reaction center concentrat ion,  we derived the part ial  
specific volume and  the particle weight from the slopes of the plots relative to the 
I-[20 and 2H.,O buffers, according to the method of EDELSTEIN AND S C H A C H M A N  10. 

The ratio of the particle weight in the deuterated to tha t  in the non-deutera ted  solvent  
was taken as 1.oi55, a mean  value for a var ie ty  of proteins. The part ial  specific volmne 
of the reaction center particle thus determined was o.877  cma/g (at 22°), and the 
par tMe weight was I53 ooo. 

I t  should be noted that  infrared absorption optics were a prerequisite for these 

Fig. z. Sedimentation velocity experiment, followed by absorption at 800 nnl, on a purified reaction 
center from low-iron light particles in o.i M potassium phosphate, o.15 % Triton X-too (w/v), 
pH 7.5, at a,~ (As00 nm - -  O.S).  5978o rev./min, 8-min intervals. 

TABLI~ 11 

S E D I M E N T A T I O N  C O E F F I C I E N T S  OF V A R r O U S  P U R I F I E D  R E A C T I O N  C E N T E R S  

Values given in S, at 2 2  °, for reaction center in o.i M potassium phosphate o.i 5 % Triton X-loo, 
pH 7.5 (approx. z.5 l *M P 865). Mean values of n experiments. 

Oriz, in ~f reaction center s (S) n 

Crude chromatophores, low-iron 3.8 i 
Crude chromatophores, normal 3-9 r 
Purified chromatophores, normal 3-4 2 
Light particles, normal 4 .0 4 

Biochim. 13iophys. Acta, 256 (1972) 440-451 



448 v. REISS-HUSSON, G. JOLCHINE 

experiments. Indeed, some of the preparations revealed two components when ab- 
sorbance in the visible range (e.g. 365 nm) was used, and even three components were 
found with the Schlieren method (F. REISS-HUSSON A~D G. JOLCHINE, unpublished 
results). 

An independent determination of the particle weight was done by gel chromato- 
graphy. Purified reaction centers (extracted from light particles or from purified 
chromatophores) were assayed on a Sepharose column calibrated with proteins of 
known molecular weight; all experiments were performed in the same buffer con- 
taining o.I5 % Triton X-Ioo (w/v). The reaction center particles were eluted as a 
single symmetrical peak; a value of 15oooo (L- IO %) was thus obtained for the par- 
ticle weight. 

Reaction center compositio~t 
Purified reaction centers from crude chromatophores (low-iron and normal) 

were analysed for some possible electron carriers (ubiquinone, heine and non-heine 
iron) (Table III). For comparison, data relative to crude chromatophores are also 
given. 

The purified reaction centers contained a high amount of ubiquinone, whatever 
the iron supply; non-heine and c-type heme were also present. No b-type heine was 
apparent, from the pyridine hemochromes as well as from low temperature reduced 
minus oxidized difference spectra(I. AGALIDIS et al., unpublished results). When com- 
pared to the chromatophores from which they were derived, normal reaction centers 
contained as much non-heme iron, and more c-type heine; in contrast, in low-iron 
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Fig. 3. Sed imen ta t i on  equi l ib r ium ana lys i s  of a purif ied reac t ion  cen te r  in o.15 o~, Tr i ton  X- ioo ,  
o.I M p o t a s s i u m  p h o s p h a t e  buffer, p H  7-5, p repared  e i ther  in H 2 0  (© ©) or 2t-I20 ( O - - O )  
(~;/800 nm ~ O , 8 ) ,  at  22 °. Cen t r i fuga t ion  was pe r fo rmed  a t  7447 rev. / ln in ,  w i th  80o n m  l ight  and  
pho tog raph ic  record ing  on inf rared-sens i t ive  plates .  These  were scanned  on a J o y c e - L o e b l  micro-  
dens i tome te r ;  the  l oga r i t hm of the  deflect ion was p lo t t ed  as a func t ion  of the  square  of the  d is tance  
f rom the  axis  of ro ta t ion .  
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T A B L E  I I [  

UBI'QUINONE, ItEME AND NON-HEME IRON CONTENTS OF CRUDE CHROMATOPHORES AND PURIFIED 
REACTION CENTERS PREPARED THEREFROM 

M e a n  v a l u e s  of t h r e e  i n d e p e n d e n t  p r e p a r a t i o n s ,  e x p r e s s e d  in moles .  

Chromalophores Reaction centers 

Low-iron Normal Low-iron Normal 

I }865  t* 1" t*  1" 

U b i q u i n o n e  io .2  8. 4 8.6 8.o 

c - t y p e  he i ne  0.2 0.45 o.12 i.  5 

b - t y p e  he ine  O.Ol 5 o.15 o o 

N o n - h e n l e  i ron*  * 0.59 0 .60  o. 21 o.5o 

* i m o l e  P 865 p e r  i oo  b u l k  b a c t e r i o c h l o r o p h y l l s  w a s  a s s u m e d  on t h e  bas i s  of  t h e  l igh t -  
i n d u c e d  c h a n g e s .  

* * C a l c u l a t e d  as t h e  d i f f e r ence  b e t w e e n  t o t a l  i r o n  a n d  h e m e  i ron  c o n t e n t s .  

reaction centers tile c-type heme was decreased by half, the non-heme iron by one- 
third. When the two types of reaction centers were compared, iron deficiency brought 
about a slight decrease in non-heme iron and a more pronounced fall in c-type heine; 
the molar ratios of these two components to P 865 fell to far below I. 

in several experiments, analyses were performed not only on the purified reac- 
tion centers but also on the various Agarose fractions. It was found that all fractions 
contained ubiquinone and heine iron. Yet heme iron was mostly eluted in the fractions 
which had a high specific activity, whereas ubiquinone and non-heme iron were eluted 
mostly in the last fractions which contained the smallest particles rich in degradation 
pigments and of a very low activity. At this level of purification, it cannot be stated 
that the measured ubiquinone and non-heme iron are characteristic of the reaction 
center particles, and the values of Table I I  are to be taken as maximal. 

D[SCUSSION 

In our experiments, CTAB released from various chromatophore fractions 
(except from the heavy particles) a reaction center with a unique absorption spectrum 
and a size ahvays in the same range (s approx. 4 S; mol.wt, approx, i5o ooo). Yet the 
specific activity of these reaction center fractions (P 865 per protein weight) could 
increase by a factor of 4 when light particles, which were the most purified chromato- 
phores, were used instead of crude chromatophores. The simplest explanation is that 
CTAB releases the reaction center from any chromatophore fraction as a 4-S particle. 
At the same time, inactive parts of the membrane are solubilised. Those particles 
which are of the same size as the reaction center are selected in the purification steps 
and contribute to the decrease in specific activity. 

Tile character of the reaction center does not vary using cells in two different 
metabolic states, and three types of chromatophore fractions. It  may be noted here 
that in the case of the blue-green mutant of Rps. spheroides, Triton X-ioo releases a 
reaction center bound to much larger particles (mol. wt. approx. 65oooo), with a 
specific activity comparable to that of the fraction extracted, in our case, from normal 
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crude chromatophores  12. Such a difference in par t ic le  size m a y  be a t t r i b u t e d  ei ther  
to the  var ia t ion  in de tergent  nature ,  or to  differences in membrane  s t ructure ,  or both .  

The unique absorp t ion  spec t rum observed in our work bears  s t r ik ing similari t ies  
to tha t  publ i shed  for the  react ion centers  of carotenoid-less  m u t a n t s  of Rps. sp]~croidcs 
(R-26) 12 and of Rps. rubrum (G9) 2. Of course, in our case res idual  carotenoids  are 
present  ; one notes also an increase in the  ra t ios  A 865nm/A 865nm and A a6anm/A 280nm, 

due to higher  specific ac t iv i ty .  A p a r t  from these var ia t ions ,  the  posi t ions of the  bands  
are the same. In all cases, 2 P 8oo molecules appear  to be present  for I P $65. Such 
s imi la l i ty  m a y  be t aken  as indirect  proof for the  " n a t i v e "  s ta te  of the  bacter iochtoro-  
phyl l  complex  in the isolated react ion center,  and for the i den t i t y  of s t ruc ture  of this  
complex among var ious  purple  non-sulfur  bacter ia .  Such a " n a t i v e "  s ta te ,  based  
only on spectroscopic cri teria,  does not  mean t ha t  some other  proper t ies  of the react ion 
center  cannot  be modif ied due to its isolat ion in the presence of detergent .  The redox 
potent ia l ,  going from 445 mV in vivo to 525 mV i~z vitro m a y  be such a p roper ty .  

Besides the  photoac t ive  bacter iochlorophyl ls ,  a t  least  two other  p igments  are 
present  in the  react ion centers  p repared  here. The carotenoids  seem to be less easily 
e l imina ted  than  the bulk  bacter iochlorophyl l ,  suggest ing perhaps  a t ighter  link be- 
tween them and the  react ion center.  Bac te r iopheophy t in  is the  other p igment :  i t s  
amoun t  seems to be the  same in this case and in Rps. spheroides R-26 r2, as well as in 
Rps. rubrum G92. If  this  bac te r iopheophy t in  were only  a degrada t ion  product ,  one 
would not  expect  such a cons tan t  product ion  within three  strains,  and two types  of 
de tergent .  

The pa r t i a l  specific volume of the  par t ic le  bear ing the react ion center,  o . ~  cma/g, 
is ind ica t ive  of a l ipoprote in  ra ther  than  a protein.  Analyses  of the  to ta l  l ipid and 
bound  de te rgent  are now in progress,  to de te rmine  their  cont r ibu t ion  to the  par t ic le  
weight.  

The possible electron t r anspor t  components  de tec ted  in the react ion center  
include heme, non-heme iron, and  ubiquinone.  The b- type heine is comple te ly  absent ,  
which is a t  var iance  with the  case of Rps. @heroides R-2612; i ts absence is in be t t e r  
agreement  with i ts locat ion in the  electron t r anspor t  chain, which is qui te  remote  
from the react ion center  bac ter iochloropbyl l .  On the cont rary ,  c- type heine is present  
as expected,  even in low-iron condit ions.  I t  is not  known if i t  belongs to only one 
hemoprote in ,  or to two cytochromes,  the  la ter  being the case for Rps. viridis and 
Chromalium Frac t ion  A ~3. In  low-iron condit ions,  the molar  ra t io  between the c- type 
heme and P 865 decreases from 1.5:1 to o .12 : I ,  whereas  non-heine iron is not  so 
dras t ica l ly  affected, ye t  being very  low, o.2 a tom per P 865 molecule. This amount ,  
which has to be taken  as a max ima l  value (see above) m a y  be compared  to the values 
given r '  for Rps. spheroides R-26 react ion center,  I3.2 and 4.3 non-heine iron a toms  
per  I P 865, respect ively ,  for two prepara t ions  differing in the  Tr i ton  X - I o o  concen- 
t r a t ion  used for incubat ion.  In  our case, such low values are cer ta in ly  connected  with 
the smaller  size of the  react ion center  part icles.  F rom our results  one m a y  conclude 
t ha t  even in iron-deficient  prepara t ions ,  react ion centers  still  conta in  c- type heine 
and non-heme bu t  a t  such low concentra t ions  tha t  these compounds  might  not  a p lay  
role as e lectron donor  or acceptor ,  nor be i n t ima t e ly  associa ted with  bacter iocbloro-  
phyll .  
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