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36* 
A .  0 .  14, S o p p n i ,  R .  C, Fuller  and M. Calvin 

Radiation Laboratory and Depis2;men% of Chemistry 
University of CalSornia,  Berkeley, California 

October 6, 19% 

1. The mechanism af carbon & d d e  f ixa t f  on by the  nonsulfur p.ur@e 

bacterium, caTlsulatus, has been studied. A special arrange- 

ment has been devised w h i c h  allows %he f ixat ion process t o  take place i n  a 

dosed  gaseous space. 

2, 
u 

The average r a t e  of f F w t i m  of C O2 in the l i g h t  i s  about t en  

times the s a t e  of f ixat ion i n  the dark. In %he inorganic medium hydrogen 

i s  essential  f o r  an eff f cient assfnfba-bf on in %he l i g h t ,  while a %Mare 

of hydrogen and q g e n  gives the highest a a s W a % i o n  fn the dark. 

3 0 Tzi t he  l i g h t ,  a r b o n  diesri.de i s  maireby assimilated e3?rough %he phos- 

phoglyeerf c acid eyde ,  and slowly through +;he "malf c reac%f onm or b b s  

cycle. Ln the dark, the  a s s M a t i o n  seems t o  t ake  @ace primarily through 

the "malie reaction" and the Krebs cycle, A slow but significan% r a t e  of 

formation of' PGA h d i e a t e s  tha t  the "photoreduction pat'nwayw is still func- 

PI The work described i n  %his papr was sponsored by the U, S. - 4 t d c  
Energy C o d s s i  on. 

(*%) On leave from ehe Departmen% of B f o e h d s t r y ,  Sehool of EiledhiYle, 
University af Buenos Aires, Buenos Aires, Argentina. 





35% 
A .  0 .  M. Stoppmi, R .  C, Fuller and M. Calvin 

Radiation Laboratory and Department of Chemistry 
W v e r s i t y  of California, Berkeley, CaliTomf a 

October 6 ,  1954. 

Rh -onas ~ a ~ s u l a t u s  i s  a nonsulfur purple bacterium ( ~ t h i o r -  

hodaceae ) which photoreduce s carbon dioxi.de w i t h  organic hydrogen donors 

(fatty acids, amino acids, e t c  . ) o r  mdecular hydrogen'-3 and, on the  other 

hand, can grow in  the dark i n  the presence of corygen, ~5th the same organic 

substrates a s  source of carbon? The fac t  tha t  RhodosrdrFUq, another of' 

5 the Athiorhodaceae, oxidizes hydrogen i n  the dark makes it reasonable t o  

assume the existence of' a sfnflar process in Rhodo~seudamms and tha t  the 

energy s e t  f r ee  i n  the a i d a t i o n  could be made aanUaUe f o r  a fur ther  

a s sh i l a t i on  of carbon dioxide. 

h $ants, the  main pathway fo r  carbon a s e ~ a t f o n  i s  the conden- 

astion of carbon diaxide with a C5 acceptor ( r i w o s e  diljlosphate) with sub- 

sequent formation of phosphoglyce~ic acid, which i s  a key intermecEate fn the 

f ixat ion process. 6?7 To drive these dark reactions, Veducing powern gen- 

erafed by the photdysis of water i s  required,' a reaction which presrrmablJ. 

f s the single photochemical s tep i n  photoqmthesia , The extensive applica- 

4 t i an  a0 radioactive carbon (2 ) has made possible the developnent of' analyti- 

("3 The work described in this paper was sponsored by %he U. S. Atomic 
Energy Canrmissi on. 

(s*) On leave from the Department of Biochemistry, Schod of Mediche, 
Unigersity of Buenos 8f res, Buenos Aires , Argentina . 



~ R J I  g a ~ w * '  ma c u ~ t i m e d  st 30° in a meam of 

0.3% yeast ~ f x t r n o ~  ( ~ i f c a ) ,  0.5% Na l-malato a d  l$$3/70 KH2KIL, Ice$ in cornw 

$e%eJ,y f Uked one-E%er glass-stopred bo%t%es, I X B ~ ~ P  $2 General. Qectrf e 

42,000 g in a Spinoo refrigerated aenLrifuge, the sedbe&s coEle~ted and 

washed once ~ 5 t h  &is%ZLled m%er, and %he ~~snt~~~3zhga~~i~)n repa%ed as above, 

(9 We are bdeb"&e;d to Professor Roger S%ani.er [ ~ e p r h e n t  of Bactorf c+ 
bogy, Uni~peref %y ct" Gabkfomia) f ~ r  TcPnt3.y m,p$ging $he atmin 
used in %his work 



For carbon dioxide fixation i n  the I f  ght, the arrangement descri5ed 

i n  Figure 1 was devf sed . Thirty ml ce l l  suspension was placed i n  a f l a t  

flask A ("lollipopn) about 4.0 ml. volume, ill&a%ed Tram both sides by 

300 w lamps (D ,D ') . Infrared f i l t e r s  (C ,C ) were kept f f i l ed  with running 

-&ter t o  prevent 'any heating cxf the ce l l  suspension, Dusfng the adaptation 

period, the gas i n l e t  was kept long enough t o  reach the bottcmr af the 

l6Ll.f pop Fs? order t o  obtain homogeneous flushing of the eel1 suspnsf on. 

Thirty min before s tar t f ig  the actual experhen%, the gas mixture was re- 

placed by hydrogen t o  eliminate a l l  traces rzf" C02. The we-l i ter  r e s e r  

voir was f i l l e d  with the proper gas mixewe, through Wle gas Enlet 2 .  

This was controlled by draining out water through stopcock &. aopper 5 

was then removed and the gas i n l e t &  cut, t o  qevent  its dripphg in to  the 

cel l  mspensi on. After f l a c h g  stopcocks 2 and 2 i n  the proper position, 

6 
500 h(0.025 mM) of radioactive NaHC03 (specific aetfvi%y 4 x 10 c p $ m d e )  

was added t o  30 ml of cel l  suspension, Stopper 5 was reyilaced and, w i t h  

stopcodk & open, the gas stored i n  _G was pushed through %he system by allow- 

ing water t o  flow into  the gas reservoir. The 30-& gas campensator was 

allowed t o  f i l l  with the gas mixture . StopeoQks & and 2 were then closed, 

l e avhg  the cell  suspension i n  a  closed gaseous system, The whole opera- 

ti an took no longer than 30 sec , Rocking of the l d f  pop a t  a ra te  of 150 

oscillations per m i n  m s  started by s t i r r e r  2 5.1 order t o  keep %he cel ls  

from set t l ing and t o  equilibrate the liquLd and gaseous phases inside %he 

lollipop. Samples of %he cel l  suspension were collected by opening the 

lol l ipop stopcock and pushing the plunger of cmpensa%or g, When a change 

i n  the gaseous atmosphere was necessary, g was conveniently re f i l l ed ,  Then 



Fig.  1 Device for c1402 fixation by Rhodopseudo- 
monas capsulatus in a closed space. 

A ,  react ion cell ("lollipop"); B, s t i r r e r ;  
C', infrared f i l te rs ;  D,  D' , 300 w light 

sources ;  E, volume compensator; G, gas 
rese rvo i r .  F o r  fur ther  detai ls  see  text. 



stopcock & was opened and 2 connected Ro *ough 3.  The whole system was 

flushed with the new gas mkture and the operation completed a s  above. For 

f ixat ion of C02 in the  dark, a similar system was used but the  lo l l ipop  was 

replaced by a 125ml  aluu&num-coated separatory Tunnel, which was l igh t -  

t i g h t .  821 axperiments were carried out a t  22-25V~, unless otherwise s tated.  

The samfles of the  ce l l  suspensions (1.9-2 -0 ml) were dropped in to  

and thoroughly mixed with 9 o0 ml methanol. Aliquots were f la ted and counted 

w i t h  Geiger-Miles tubes c8 the Scott type, The methand suspensions were 

spun off i n  t h e  c d d  a t  2500 rpn and a l iquots  f r m  the c l ea r  supernatants 

were counted a s  w e l l .  The me+Jmmb-water-soluble extracts  were d i s t U e d  

off i n  vacuum a t  low temperature u n t i l  about 0.5 n i l  was l e f t .  The small 

amount of water-insoluble material in suspension was spun off and the c lear  

supernatants f i n a l l y  evaporated f o r  chromatography on Whatman Roe 4 paper e 

Chromatography and radioautography were carried out a s  described by Benson 

e t  a1 ., -- 9 

. - The re la t ive  poport ion of the  radioactive 

compounds a f t e r  f ixat ion has been represented by i t s  prcentage of 

the t o t a l  radioact ivi ty  found on each chromatogram. The absolute amount 

could 'then be calculated try multiplying the percentage f ac to r  times %he 

t o t a l  a c t i v i t y  found i n  t h e  respective methnoLwater-sduble extract,  and 

ulll be referred t o  a s  cW/g of ce l l s  (cRsOg-' m h - I ) .  Rates of f ixat ion 

w i l l  be expressed a s  cpn incorporated by 1 g of ce l l s  per minute (c t s  g-' 

&r2) , 
Identiff  cation of Radi oac t iw  Cam1pounds. - The radi  oauitographs af 

the chromat ograms obtained a f t e r  f i o 2  f ixstion by Bhodomeudanonas c a ~ s u l a t u s  



have the same pattern a s  %hose from Scenedeanus Dg, which have been exten- 

s ively studied in t h i s  laboretoryo Thf s gives g o d  preliminary information 

in regard t o  the  nature of %he products d fixatifon and allows, a f t e r  t h e f r  

elutfon, the fur ther  ident if icat ion by re&romatogra+y with the respective 

pure nonradioactive specimene The eluates  from %be sugar phosphate areas 

were. dephos$orylated w i  -t;h gf Polidasen ( Schmra ~abomPiorf es) and %he f r e e  

sugars rechroma tograpRed i n  %he butand-pro$oni e a cid-water system f o r  

f dent f f lca t i  on, 

RESULTS 

1. - Rhodo~seudomonas cansulatus can 

fix ~ ' ~ 0 ,  both i n  l i g h t  and dark. In the l i g h t  (with hydrogen) the r a t e  of 

a s s ~ a t i o n  i s  almost constant f o r  the f i r s t  30 min, and wi%h the closed 

5 -1 -2 arrangement described above, ra tes  about 2,5 x 10 c-ts g min have been 

cursenWy obtained ( ~ i g u r e s  2 and 31, In a l e s s  elaborate setup, where the 

ILL 
reaction ce l l  had been opened fo r  taking the samples, the assimilation of C 

4 was significantly l e s s  (about 5 x 10 cts  g-1min-2), pobab ly  owing t o  dFZu- 

%ion of the hydrogen whi Gh i s  essential  f o r  a high ra t e  of a s s W a % f  on, In 

%he dark with .a hydrogen-wgen gas mktu9"e -bhe rate of $fxEa-&ion dMr, i&es  

oon%inuously through the first 30 m i n  before reaching a near eonstant value. 

r, Thus, in the experbent shown i n  Figure 3, ithe f ixa t ion  sa te  was 2,O x 1 0  

3 cts ,g-'min-* a t  1 min and 1.5 x 10 a t  60 min. Other dark f fxatf on expert- 

rnents gave similar rest l l ts ,  

2. Factor l imit ing the sate  of clkI3 f h a t i  on, - Light and hydrogen are 

essent ial  f o r  the f a s t  a s s ~ a t i  on of carbon df axf de by 

camulatus . Afker steady-stale $ o t o f k a t i  on has been esbblished,  s h u t t i  ng 



LIGHT 

Rhodopseudomonas capsulotus 

DARK 

He: 2H2 

v I I I I 

10 20 30 40 50 60 70 80 
TlME (MIN.) 

MU-7969 

Fig .  2 L\g$t-dark-light e f fec t  on the r a t e  of 
C O2 flxation by Rhodopseudomonas 

capsulatus .  72  mg/ml  ce l l s .  30 m l  
suspension.  



Rhodopseudomonos copsu/atus 

I I 
I 

He:2H2 I I He I He:2H, 
I I 

TIME (MIN.) 

MU-7970 

Fig.  3 Action of hydrogen on the rate of fixation of 
C 140 by Rhodopseudomonas capsulatus in 2 
the light. 57 mg/ml cel ls  31  ml suspen- 
sion 9 Light fixation; d dark fixation. 



off the l igh t  com@.etely s % o p  the a s s W a % i o n  process (Figure 2) and, 

f urthermare, during the dark p r f d  the to ta l  cU, incorporated in to  the ce l l s  

diminishes somewhat awing t o  the fermentation of sugars and po te fns ,  In 

2 relation t o  th i s  effect,  it should be pointed out that French had evidence 

of anaerobic endogeneous f e m e n h t i  on f n Strevbococ@us varians ( i  ,e . Rhodo- 

peudoanonas causulatus) in the dark. 

Hydrogen i s  a lso  required f o r  a high ra te  of f b t i o n  ( ~ i g u r e  3 ) .  

Thus, flushing the reaction chamber with helium significantly W n f s h e s  the 

u assfnilation of C 02. Sane &ow fixatfon stfl1 remains, but it must be 

pointed out that in our experhen%al device %he hydrogen dissolved in the 

cell  suspension cannot be removed without, a% the same time, washing out 

the dissdved radimctive carbon dicoride Besides, the possible f o m t i  on 

of small amounts of hydrogen by fermentation of cellular reserve material 

cannot be ruled out, which, a s  shown by Siege1 and &nen, l0  takes place in 

other species of Rhodo~seudananaa . 
In the dark, with hydrogen atmospPlere, a %as% but short-lived f h a -  

t ion (about 2.0 r l& c t s  gm'dn2) takes place immediately a f t e r  addition 

of radioactive b9carbmate ('Figure 4.1, uhi& may be explained a s  the axchange 

of $102 with the intracellular carbon ompounds closely related t o  the 

terminal decarbaxylation steps. Lntroduetian d' Wgen into  the gas atmas- 

$ere immediately induces a steady sate & f k a t f o n ,  Thi s shows that i n  the 

dark, carbon assimilation i s  bound t o  cel l  respiratory processes, In agree- 

ment w i t h  th i s  experbent i s  the one shown i n  Figure 5, which proves that  

the fixation i n  the dark depends on the presence of hydrogen and corygen, 

and, vith both gases (2H2:02 mixture), the ra te  of assimilation (7.7 x 



Fig. 4 A tion of oxygen on the rate of fixation of 
1 4  C 0 by Rhodopseudomonas capsulatus 2 

in the dark. 5 mg/ml ce l ls .  16 ml 
suspension. 



I 
2H,: He 

I 
I 
I 
1 

0 
0 0 

DARK 

Fig. 5 Acti n of hydrogen on the rate of fixation 
74 of C O2 by Rhodopaeudomonas capsulatus 

in the dark. 42 mg/ml cel ls .  32 ml 
suspension. 



ets g-'min-2) i s  higher than with the squivalent amount of oxygen Li nitrogen 

and r e  spTratury fix<- 

a%f on f s "mken i n t o  account, the chemo~educ-t.ive aasimilatf on of car'bon d9 a i d e  

seeins t o  be small in  r e l a t i cn  t o  the assimflation by photoreduction with hydro- 

gen. Thus i n  the experbent  shown i n  Figure 5, the f ixat ion tha t  could be 

3 -1 -2 a-btributed t o  chemoreductf on 98 about 2.1 x 10  c t s  g n , tha t  is, 27 L3$ 

of the  t o t a l  rate of f ixst ion.  Badin and ~alvin ' l  have made similar obser- 

vations with Seenedesmus D3 adapted t o  hydrogen, 

3 . P i  s t r i b u t i  on of fixed radf cactive carbon, - Rhodo~seudomonas ca~s~d .a -  

fxs incorporates &C12 i n t o  materials both soluble and insoluble i n  the - 
methanol-water m&ctu.re . A t  the beginning of the f ixati on, c ' ~  appears maidly 

i n  th.e low-molecular-wef ght methanoL-wa-te~a-so1uble coclpmds (Ff guse 61, 

qhereas in l a t e r  steps, a large amount i s  incorporated illto t h e  insoluble 

material whi ch may be considered f omed by proteins and polysaccharides, 
11 

&4 fixed i n  the insoluble E n c t i o n  amounts t o  f ran 35-60% af the t o t a l  f h e d  . 
The r a t e  sf df stribwbi on change varies  according t c  the a p r h e n t a l  emdf- 

ti o m .  At first the ineorposa%i on in the h s d u b l e  fsactf  on is hfghs in 

t h e  l i g h t ,  but l a t e r  the pasit ion is  reversed and in the dark c~~ goes i n to  

t h e  insoluble material in a l a rge r  poport ion.  The i n i t i a l  df strfbution of 
J 

t he  e w e s  may be due t o  the f a c t  t ha t  the c e l l  proteins and polysacc11aride.s 

do not incorporate d4 u n t i l  the soluble reservoirs become saturated, which 

takes $Lace much sooner i n  the l i g h t ,  and the l a t e r  crossing of the cmrcs  

can be a t t r ibuted  t o  the  re la t ive ly  smaller s ize of %he soEubPe resemofrs  

1.4 in %he d a ~ k  fixation, a s  the C C2-assUa.C;ing me&anims are! then f a r  l e s s  

ac t ive  . If. during l i g h t  k c a t i o n ,  the light i s  turned off ,  the $ f ixed 



PERCENTAGE OF ACTIVITY FIXED IN THE METHANOL-WATER INSOLUBLE FRACTION- 
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i n  %he i nsduble r e  s e s ~ ~ o i r  dimini shes, whi ch is a f rrbher ev i  dence of the 

f armentati on of protei  ns  and polysa ccharides , 

Ill longer f k a t i  on times, e i ther  in %he l i g h t  or i n  the dark, a l a rge  

number of substancss a re  labeled by s4. Tho main ones have been l i s t e d  i n  

Table I, which provides a qual i ta t ive comparison of "tho products of f ixa t ion .  

On accomt of the very d i f fe rent  r a t e s  of incorporation of in the l i g h t  

and in the dark respectfarely, it has not been practical t o  give the distri- 

bution of radioactivity a f t e r  f ixat ion of equal amounts of cue However. i n  

both cases the f k a t i o n  products a re  similar although the dis t r ibut ion of 

radiocarbon is quantitatively dEfe ren t ,  Thus, the main reservoirs of c14 i n  

t h e  l i g h t  are  the sugar phosphates, while i n  the dark they are  the emino 

acids .  The compounds referred t o  i n  Table I a re  those having enough a c t i v i t y  

$0 give accurate counts. There are ,  however, some very f a i n t  spots which 

i n  other chromatogsams have been eluted and ident i f ied.  Succinic and f ~ m a r i c  

ac ids  are additional Krebs cycle intermediates wesen%, horig amino acids,  

?saline, lysf  ne , ornf thine,  leucine (and i soleucine ) , methfonine , serine , 
aminobutyric, and proline a re  a l so  labeled with iill these amino acids 

appear l a t e  i n  the l i g h t  experiments and none of them exceeds 2% of the t o t a l  

radioact ivi ty  f %xed. In long-time exprhen-bs the amino acids a s  a thole 

represent, the la rges t  f rac t ion  of the t o t a l  rad i  oaetive carbon asshXl.ated 

e i t h e r  in lf ght or dark, 

A o Kinetics of carbon dicoeide f k a t i o n .  - The high r a t e  0.2 carbon 

dioxide a s s h i l a t i a n  in the  l i g h t  makes d i f f i c u l t  the analysis of the i n i t i a l  

s teps of the process, a s  a large number of compounds become labeled even 

a f t e r  short-time incubation with In order t o  reduce t h i s  d i f f i -  



Table I 

Distribution of Rsdioactivi1;y a f te r  G402 Fixation by Rhodooseudmonas 

Dfsbibution of a c t i v i t y  i n  methand-water- 
Cmpound s d u b l e  f m c t f  on ($) 

j g h t  frixation 1 0  nxin dark f ixa t ion  

cost, f a a t  ose , ribose and ribxilose ) 
Psn%ose phosphates (ribose and ri- 
bul ose ) 
%os.p;hoglycesic acid 
Fhosphoend~mvic  a c i  d 
Tzf ose phosphate 
%oephogEycdic acf d 



cul ty ,  experiments have been carr ied out a t  l o ~ r  temperature t o  slow dorm 

t h e  bacter ia l  metaboli s m  and make d e a r e r  the  i n i t i a l  s teps  of f ixa t ion .  

The ~ e s u l t s  of these experiments have been qu9te consistent with similar 

obsemations a t  22". In %he dark t h i s  i s  not necessary, a s  the  r a t e  of 

f i x a t i  on i s slow enough by i t s e l f  t o  grant an eas i e r  analysi  s sf the assim- 

i l a t i n g  

a &ions 

mechanism. 

(a) Light f ixa t ion .  - For convenience, the  ini t ia l ,  f ixa t ion  re- 

and the l a t e r  assimilation of &4 i n  amino acids  w i l l  be dea l t  with 
", . 

s e p r a t e l y .  The r e l a t i ve  d i s t r ibu t ion  of cL4 i n  p h o s ~ o g l g o s r i c  acid  and 

ssugar phosphates a s  an index of the  ro le  of the $os$oglyceric acid  i n  

f i xa t ion  and, an the other hand, malio acid,  representative of & f i xa t ion  

through %he Krebs cycle, i s  shown i n  Figure "J Glutamic acfd, r e l a t i ve ly  

%he nore important of amino acids ,  has been included a l s o  t o  help represen% 

t h e  Batter.  In the  f irst  minutes of f k a t i o n  the  only compounds showing 

f i n i t e  and negative i n i t i a l  &ope$2113 i n  the  percentage d i s t r ibu t ion  @Lot 

a re  phosphoglyceric acid  and malic acid,  suggesting two a t  l e a s t  pa r t i a l l y  

f ndependent carboxyla ti ons, with the one leadf ng t o  FGA more inportant under 

these conditions. c'" appears somewhat l a t e r  i n  t he  sugar &osphates and 

glutaxnix acfd, whf & increase s tead i ly ,  The mali e acid percentage curve 

shms a &hum a t  10 min, and then increases aga.%n. If a f t e r  20 mfn f k a -  

$ion the Bight is turned off ,  the  most s ign i f ican t  changes a r e  tAe steady 

h e r e a s e  i n  nalfc,  a f t e r  a sharp diminution, and the  continuous decrease 

in %he sugar phosphates (a t  f i r s t ,  very f a s t )  t o  reach zero value a t  the  end 

02 the dark period, Glutamic and phos;bhoglyceric acids,  but f o r  a short  

f n i t i a l  r i s e ,  keep a constant l eve l  , A t  the  beginning of the  second l i g h t  



LIGHT 

Rhodopseudomonos capsulotus 

He:2H2 
6" C. 

DARK I I LIGHT 

Fig. 7 Action of light-dark-light hanges in the 
relative distribution of C after fixation 
of ~ ' ~ 0 ~  by Rhodopseudomonas capsulah..  
32 rng/ml ce l l s .  35 rnl suspenaion. H y -  
drogen atmosphere. Temp: 6O. 



period, the sha:? increase i n  the absoluts valrzes (9ipp.x 3) of $tospkogl:r- 

cer iz  and sugar phosphates as  1d.2 as 'the trameEouL.t dM~~*uLiolr i n  malic a re  

zmarkable.  In the percentage cEstribmtion cr-krres t h e m  i s  a f a s t  increase 

i n  the sugar phosphates and a stmng ~ ~ n u ~ P o n  i n  m l i c  and gIl,itamic, while 

@-ospho&yceric changes a re  f a r  l e s s  s ignif icant .  

(b) Dark f k a t i o n  e x ~ ~ r i n e n t s ,  - These have been carreed out with 

a 2H2 :0;! xlxture a s  the gas phase, Eere, again, E A  and malie acid show 

f i n i t e  and negative slopes 5.n t h e  early minutes o f  the percentage distribu- 

%ion curves (~fgure 91,  However, the significance i f  the two c a r b m ~ l a t i o n  

processes rspresented i n  incorporatian is reversed f rm wile% it is i n  

the  l i g h t .  In longer t h e s ,  the malic reaches a low aatv;i.~-iirjr: level Vhi?-@ 

the  EL1 i s  sti l l  r i s ing  a t  even three times %ha l e x l  F39 m1ic ac id ,  %os- 

phoglgceric ircreases f sst a t  tho beginning (Z'igurs 13) =nrl then xore s lcr~ly;  

the sugar phosphates a p p a r  stS1 l a t e r .  The preentag3  d f s t r ib~r t ion  of C 14 

in glutamic, a f t e r  a t ransient  i n i t i a l  r i s e ,  ?ec.;eps constant snd the t o t s  

amaunt labeled, but f o r  small v a ~ i a t i o n s ,  increases steadily.  h other ex- 

periments of t h i s  kind, the appearance of %he suga? -ohsjsphatas took @ace 

even l a t e r  and thef a~ r e l a t i  ve radioa ctivf ty xa s a1 so l e s s ,  

(c) 6-4 dis t r ibut ion i n  a d n o  ac ids ,  - h i m  c?lc,id~ are a aah 

poduet, of carbon dioxide assimf3ation. E u t a m i e  eeid I s  one or" the f irsL 

labeled, and e i ther  in l i g h t  (Figme 11) o r  dark ((Figwe 12)  i t s  resemoiz is 

%ke l a r g e s t .  r;lycine and alanfne a re  labeled nex5, about i n  the  s a m  popor- 

t i m  i n  the l i g h t ,  whereas i n  the dark l a b e l f i g  i s  higher i n  glyeine, Thzeo- 

nine,  serine , ine thionine , glutamine , Leacine (and i sdeucfne  ) , and other amf no 

acids appar l a t e r ,  but, except f o r  threonine and glutmine,  have not been 
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Fig. 8 Same as Figure 7 .  Abeolute values for 
c l4 distribution. 
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Fig .  9 Relative distribution of c 1 4  after  fixatim 
of c 1402 by Rhodopseudornonas c a p s u k w  

in the dark .  44 mg/ml ce l l s .  41 ml 
suspension. 2H2: OZ in  the gaseous 
space.  
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Fig. 10 Sa e as Figure 9 .  Absolute values for 1T C distribution. 



Rhodopseudomonus cupsu/ufus 
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Fig.  1 1  c14 distribution in amino acids af ter  
14 C O2 fixation by Rhodopseudomonas 

capsulatus in the light. 44 mg/ml  cel ls .  
3 1 m l  suspension. 2H2: He in  the gaseous 
space.  



Rhodopseudomonas cupsu/ufus 

Fig. 12 c:: distribution in amino acid. after 
C 0, fixation by Rhodopseudomonas 

L 
capsulatus in the dark. 44 mg/ml ce l l s .  
41 ml suspension. 2H2: O2 in the gaseous 
space .  



I a t 3 . a  sf a C compound (wm~f c acid) by -tJhe malic snxym, a 149L5 o r  b;. fenen- 

to be large enough to carapensate the la& of diree"iabel9ng %ram the photo- 

p d u e e d  and maintained C pod. and CO . This is shotdh by the hcrease  in 3 2 

%he rehSCi~~e and absalute amount of 6-4 in malia acid during %he dark p r i s d  

b Pigurea 7 and 8,  an e f f ec t  which was already -visible i.n the pevfous P f g h t  

prfd Light brings about opposite effDaets, very l ikely by reducing Zho sate 

%ementa-bf 0n and . s ~ ~ ~ ~ g  fresh photoredur=%ive as~ im5, IaMm d sarbom dPaLde. 



Rhodopseudomonas copsu/ufus 

LIGHT DARK 

I I I I I I 

10 20 30 40 50 60 
TIME (MIN.) 

MU-7980 

Fig. 1 3  Distribution of cL4 in malic and aspartic 
acids after C 1 4 0 2  fixation by Rhodopreudo- 
monas capsulatus. 36 mg/ml cells. 30  ml 
suspension. 



Thm, in the second l i g h t  period (Figures 7 and 8) the r e l a t ive  and absolute 

ecmcentptf on of malic decreases for a while, as  the lack of" s p t h e s i s  by 

is  not yet cappensated by synthesis by $otoreduction of ~ ' ~ 0 ~ .  

hand, phosphoglyeeric acid and the sugar phosphates increase 

which confirms +&e secondary role of the nmalie reaction" i n  

carbon cEaxi.de asskU.ation by Rhodo~seudomonas c a ~ s u l a t u s .  In a later step, 

phosphoglyceric synthesis may p r o m e  enough Cg campounds t o  feed the reductive 

d f c ,  label ing e i ther  by net  formation or exchange, which would account f o r  

the  sharp increase of malfs a t  -the end of the experbent .  In  the dark the 

mtXlii.c acid is %he major empound showfng a f i n i t e  and negative d o p e  i n  the 

ea r ly  minutes af the percentage diatribu%ion plot (Figure 9 ) .  The f i n i t e  and 

negative s l o p  of %he PGP, cume Ps not a s  ob'g"ious, but its presence and f m  

indicate the functioning of the casbcnr$1ati on reaction leading d i rec t ly  t o  

PGB i n  the dark i n  the presence of H2 and Q T e  *I Elmever, it b flmctionfng 

a t  a much slower sa t e  than in the $otoreduc?;ion, 

The m&ucing power required for  carbon dioz&.de assbELation in 

pel;rdomonas c a ~ s u l a t u s  seems t o  be generated f ram hydrogen ac t i~a%ed  by. two 

main mmhanf m s ,  namely, by I f  ght (photcacttvation), or d u f n g  %he oxf d a t i  on 

of hy&ogen by oxygen(&emoacti~ation) . P h o t ~ l y s i s  of mtes? if any, musk 

be insignif icant ,  a s  shown by the  almost cm$ete a r r e s t  of f b + , P o n  when 

hyib~gen is replaced by h e l i m .  This ta l lPes  wikh manonetric studfes by 

~rench, '  which show tha t  the uptake of ca~bon  dioxide by the bacteria i n  the 

B f  gh% ceases a t  1 ow hydrogen pressures . Fixation by pho-toreductf on is  by f a r  

%he more important a s  shown by the re la t ion  between the amount of f iged 

by a cell  suspension in the l i g h t ,  under a Wa :He gas phase (2 x 105 ets g-' 



and i n  the dark, under 2E2902 (2 x 104 c t s  g - 1 ~ - 2 ) .  The difference 

i s  sti l l  l a rge r  if the f igures  a r e  corrected f o r  exchange or respiratory 

f kmtf on. 

It i s  interest ing t o  note tha t  the  e f fec t  of illumination of Rhodo- 

~seudamonas c a ~ s u l a t u s  i n  reducing the rate of flow of newly labeled three- 

carbon compounds (PGA) irtto the  Krebs cycle i s  very s W a r  t o  t h a t  reported 
8 

fo r  green algae. It is t o  be expectad tha t  a re la t ion  ex i s t s  between t h i s  

phenomenon and the reported3 and confirmed16 $otoiahibifion of crxygen ab- 

sorption by another purple bacterium, RhodosDirilluq rubnun. IT the  two 

phenomena a re  t o  be encompassed by a single explanation, then the photoin- 

hibi t ion of O2 absorption i s  not due solely t o  the photo~oduct ion  of another 

and be t te r  oxidizing agent which competes with O2 f o r  the activated Hz. The 
8 

explanation offered in the case of the green algae i s  s o  f a r  tenable i n  

t h i s  case a s  well. I% the l i g h t  diminishes the amount of midized pymvic 

acid d d a s e  ( thioct ic  acid) available, it would thus constr ic t  the  flow of 

substrate available f o r  the absorption of cagTgen e ria the various oxidase 

systems and thus reduce the r a t e  of oxygen absorption. It would simultaneously 

produce an inkexmediate midizing agent which could compete with molecular 

cagrgen f o r  ac'bivated reducing agents (HZ- or C-H- containing fragments, depend- 

ing upon the actual photosubstrate) . 

S m Y  

1. The mechanimn of' carbon dicoride f ixa t ion  by the  nonsulfur purple 

baeteriam,Rhodo~seudmonas oa~sula tus ,  has been studied. A special arrange- 

aent  has been devised which allows the f ixa t ion  prrocess t o  take place i n  a 

dosed  gaseous s p c e  . 



2.  The avsmge rate of f i ~ a t i o n  of @An "2 i i l  t he  l i g h t  is abcrxt ten 

t imes the rats of s"i,~ation i n  the dark. In the  inorganic :mdf.lam hyclrogen 

i s  essen t ia l  f o r  an  e f f i c i en t  ass i i i i l a t ion  i n  the light, while a mixture 

of hydrogen and oxygen gives the  highest  a s s M l a t i o n  i n  the d ~ & .  

3 * In the  l i g h t ,  carbon diaxi.de Fa mainly assimilated through the  

phoaphogLyceric acid cycle, and sl owlg through the "mali c react f  ont' or  

&obs cycle. In the  dark, t he  asskni la t ion seems t~ take d a c e  primarily 

through the  "mcillc react ionn and the  Krebs cyc le ,  d slow but s ign i f ican t  

r a te  of formation of PGA ind ica tes  t h a t  the lrphotoreduction pp,thwayq' i s  

still functioning in the  dark. 

4 0  After long enough incubatlo11 0.2 &c?oz~aeudomonas oansu2atus with 

radioactive bicarbonate, i n  light or dm?<, cXi4 labe l8  the intermediates of 

glycolgsf s, the  Ikebs cycle and a l a rge  number of amino ac ids .  The sugar 

phos@ates and the  amino acids are sespectiT~ely the  main r e a ~ m o i r s  02 the  

($4 asslmflated i n  the  l i g h t  or  Zark. 

5 . Mydrogen gas provides the seduciirg pc1mr required f o r  the  ass5nZa- 

t i o n  of carbon dimCi.de by Rhodo~ser;domonas ransd.s%us i n  an inorganic medium. 

An addi t f  onal source 02 energy is requiz-ed vbieh my be provided by light 

or  aygen .  The lattzr soume i s  mu& the  poorer af the tmo an6 i n  the 

presence of l i g h t  i s  inhibi ted.  
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