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CARBON DIOXIDE FIXATION BY RHODOPSEUDOMONAS CAPSULATUS* 

A. 0. M. stoppani,** R. C. Fuller and M~ Calvin 

Radiation Laboratory and Department of Chemistry 
University of.California, Berkeley, California 

I 

October 6, 1954 

ABSTRACT 

1. The mechanism of carbon dioxide fixation by the nonsulfur purple 

bacterii.un, Rhodopseudomon.as ca.psulatus, has been studied. A special a~nge

ment has been devised which .allows the fixation process to take place in a 

closed gaseous space. 

2. The average rate of fixation of- c14o
2 

in the light is about ten 

times the rate of fixation in the dark. In the inorganic medium hydrogen 

is essential for an efficient assimilation in the light, while a mixture 

of hydrogen and ~gen gives the highest assimilation in the dark. 

3. r.n· the light, carbon dioxide j,s mainly as,similated through the phos-

phoglyceric acid cycle, and slowly through the "malic reactionlll or Krebs 

cycle. In the dark, the assimilation seems to take place primarily through 

the "malic reaction" and the Krebs cycle. A slow but significant rate of 

formation of :ffiA indicates that the "photoreduction pathway" is stili func-

(*) The work described in this paper was sponsored by the U. S. Atomic 
Energy Co.mniission. 

( **) On leave from the Dep:trtment of Biochemistry, School of' Medicine, 
University of Buenos Aires, Buenos Aires, Argentina. 
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4. After long enough incubation of Rhodonseudamonas · capsulat'll§. with 

radioactive bicarb~nat.e, in the light or dark, cl4 labels the intel"'II,ediates 

of glycolysis, 'the Krebs cycle, arid a large niunber of amino a~ids. The 

sugar phosphates and the amino acids are respectively the main reservoirs 

of the cl4 assimilated in the light or dark.· 
; 

5. Hydrogen gas provides the reducing power required for the assimila-

tion o£ carbon diarlde by Rhodopseud,omonas C§psUlatu§ in an inorganic 

medium. An additional source o£ energy is required which may be· provided 

by- light or oxygen. The latter source is much the p()orer ·of the two arid 

in the presence · o£ 'light is inhibited. 
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CARBON DIOXIDE FIXATION BY RHODOPSEUDOl"fONAS CAPSULATUS* . 

A. 0. M. Stoppani, ** R. C. Fuller and M. Calvin 

Radiation Laboratory and Department of Cheinistry 
University of California, Berkeley, California 

October 6, 1954 

flhod.o.pseudomonas gapsulatus is a nonsulfur purple bacterium (Athior

hodaceae) which photoreduces carbon dioxide with organic hydrogen donors 

(fatty acids, amino acids, etc.) or molecular hydrogen1-3 and, on the other 

hand, can grow in the dark in the presence of oxygen, with the same organic 

substrates as source of carbon .4 The fact that RhodospirillJli!l, another of 

the Athiorhodaceae, ax.idizes hydrogen in the. dark5 makes it reasonable to 

assume the exis~ence of a similar process in RhodgpseuaOU!onas and that the 

energy set free in the cocidation could be made available for a further 

assimilation of carbon dioxide. 

In plants, the main p:1thway for carbon assimilation is the conden

sation of carbon dioxide with a c5 acceptor (ribulose diJilosphate) With sub= 

sequent formation of phosphoglyceric acid, which is a key intermediate in the 

fixation process.6 ' 7 To drive. these dark reactions, "reducing power" gen

erated by the photolysis of ~ter is required, 
8 

a reaction whicli presumably 

is the single photochemical step in photosynthesis. The extensive applica= 

tian of radioactive carbon (~4) has made possible the dev~lopnent of analyti-

(*) The work described in this paper was sponsored by the U. S. Atomic 
Energy Coonnission. · 

( **) On leave from the Department of Biochemistry, School of Medicine, 
University of Buenos Aires, Buenos Aires, Argentina. 
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cal met.'hods 'sensitive enough to provide direct information 011 t.he. initial 

steps of. the co2 assimilation process o 
9 These meto.b.ods have now been used 

. . . 

in a. study of the mechanism of carbon~ diOrlde fixation by Rhgd,gweuc;Lompnas 
• I 

capsula'ty§, to com:Pare. the photO'C'autotropb.ic and chem~utotrophi.c mecha.ni~ 

of carbon. assim.Uat.ion in purpl:e bacteria, which. heretofore was unexpleored o 

B:hodopseudggwna~a gapsu1,atyg has the advant.age ov·er other species of the 

s~e group that .:i.t does not require hydrogen donors (or oxygen acceptors), 
· .. 

' 
which, inte;r.f'ere with the. chroinatog:raphy of.~ the :fixation •. products o . 

MATERIALS AND METHODS 
. . . ' • . . . >~ . . : 

ggodopseudQl!l,Q:g@£ ~~Ed?.¥§' _was cultured· at; 30° in a medium of 

0 ~3% yeast ~trc:t'ct; (Difco), 0 o5% .Na. ·l·=malate and 11/30 rn2ro4,, kept in com= 
': . . ... 

plet.ely filled one:=~iter glass-=stoppsred bo·ttles, under 12 General Electric 

4.0 w Lumil:i.ne tungsten lamps o The &'USpsn.slon of organisms was spun at 

42,000 g in a Spi.nco ref'ri.gerated centrifuge, tbe sediments collected and 

washed once with di.st:Uled lt.l8.ter, and t.b.e cEm:t.:rifugat;ion repeated as above o 

. . . .. . . ... . 

The cells vrere finally suspen~ed ir.t Oo005 l1 KH2~4. ·to make a concentration 

of 20=70 mg/ml o The final pH of' the suspension vJaS a. bout 6 oO o 

Prior to each experiment, ·the cells l-rere adapted for 16.o18 hour~ t.o . 

4% Co2 i.n\~;drogen (for light fixation) or to 2% Co2_ and 50/o hydrogen in air 

(for dark fixation.) o The difference in. the co2 concentration is not con~ 

s.i.dered significant for the adapt.ation process 0 

'; 

We are indebted to ~ofesso:t' Roger Stan.J.er . (Department of Bacterio
logy, Uriiversi.t.y of Gal.ti"or:bia) for kindly suppiyi.ng the strain 
used in this work o 

': .. · 

. -
• 

• 
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for carbon dioxide fixation in the light, the arrangement described 

in Figure 1 was devised. Thirty ml cell susp:msion was placed in a nat 

flask ! (11lollipopn) about 40 m1 volume, illuminated from both sides by 

.300 w lamps (D ,D v) • Infrared fil tars ( c, c t) were kept filled with running 

water to prevent .. any heating of the cell suspension. During the adaptation 

period, the gas inlet l. was kept long enough to reach the bottom of the 

lollipop in order to obtain homogeneous flushing of the cell suspension o 

Thirty min before starting the actual experiment, the gas mixture was re-

placed by hydrogen to eliminate all traces of co2 • The one-liter reser

voir g was filled with the proper gas mixture, through the gas inlet g~ 

This, vjas controlled by draining out water thz.'ough stopcock /;,o stopper 2 

was thep removed and the gas inlet l. cut, to pljevent its dripping in~o the 

cell sdspension. l).f'ter placing stopcocks g and J in the proper position, 

500 A(0.025 ml.f).of radioactive NaHco3 (specific activity 4o8•x 10
6 

cpm/J..I.mole) 
~ 

was added to 30 1I)]. of cell suspension. stopper 2 was replaced and, with 

stopcock l. open, the gas stored in Q was pushed through the system by allow-

ing water to flow into the gas reservoir o The 30-ml gas compensator ~ was 

allowed to fill with the gas mixture o Stopcoaks l. and g were then closed, 

leaving the cell suspension in a closed gaseous system o The whole opera'"" 

tion took no longer than .30 sec o Rocking of the lollipop at a rate of 150 

oscillations per min was started by stirrer li in order~ :to··-keep the cells 
,/',/ ' 

from settling and to equilibrate the liquid and gaseous phases inside ·the 

lollipop. Samples of the cell suspension were . collected by opening the 
. i 

lollipop stopcock and· pushing the plunger· of compensator ~. When a change 

in the gaseous atmosph~re was necessary, Q was conveniently refilled. Then 



·.~ 

~ 
0' 

-7- UCRL-2745 

0 
E $=2======~3====d 

Q:n· 
0 

C' 

8 

.. . r ... : , ,,. . . .. :. : 
gas 1nlet 2 

' / 

.F / 
' / 

' '· ' / ' 
/ ' 
•/ 

Safety · 
, outlet ' 

'. 

F . 1 D . f c 14 f' b Rh d 1g. ev1ce or o
2 

1xation y odopseu a-
monas capsulatus in a closed space. 

·A, reac~ion cell ("lollipop"); !h stirrer; · 
~ ~ infrared filters;·.~ b'., 300 w light·· 
s·ources; ~ volume compensator; 9.,_ gas 
reservo.it•. ·.For fur.ther details see text. 

4·®==== 

Water 
inlet 

... 

Water 
: outlet 

MU-7698 

t ... 

• 



f 

stopcock 1. was opened ~nd g conn$cted tog through .2_. The whole system was 

flushed with the new gas mixture and the operation completed as above. For 

.fixation o.f co2 in the dark, a similar system was, used but the lollipop was 

replaced by a 125-ml. aluminum.-coated separatory funnel, which was light

tight o .All expe~iments were carried out at 22-25°C, unless otherwise stated. 

The samples of the .cell suspensions (1 o0-2 .0 ml) were dropp3d into 

and thoroughly mi;x:ed with 9 .o ml methanol o .Aliquots ytere plated and counted 

with Geiger-mller tubes of the Scott type o ~he methanol suspensions were 

spun off in the cold a:t 2500 rpn and aliquots from the clear supernatant.s 

were counted as w~l o The methanolP-water-soluble extracts were distilled 
.. 

off in vacuum at lpw temperature until about 0.5 ml was left o The small 

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

supernatants finally evaporated for chromatography on Whatman No o 4 paper. 

Chromatography and radioautogra~y were carried out as described by Benson 

~ alo9 

Expelrl.mental Results. - The relative proportion of the radi.oactive 

compounds after· cl4o2 fixatio~ lias been represented by its percentage o£ 

the total radioactivity found on each chromatogram. The absoluts ·amount 

could 'then be calculated by multiplying the .percentage factor times the 

total activity found in the respective methanol....:water..;:soluble extract, and. 

will be referred to as cpn/g of cells. (cts .g=l, min-1 ) •. Rates of fixation 

will be expressed as cpn incorporated by 1 g of cells per minute (cts g-1 

0 -2) . 
nun " 

Identi.fication of Radioactive Compounds o ~ The radioautographs of 

the chromatograms obtained· after cl4o2 f~tion by Rhodopseudomonas capsulatus 



have the same· pattern as, tho~e f':'rorq. Scenede6mus D3, which have been exten.-. 

sively studied in this ·laboratory. · This gives good preliminary information ·· 

in regard to the •:fiature of' the products & fixation and allows, after their . . 

elution, the further identification by rechromatogra}ily with the respective. 

pure nonradioactive specimen.~ The eluates from the ·sugar phosphate areas 

were dephosphorylated with II Polidase" (Schwarz Laboratories) and t.he free 

Sugars rechromatographed in the butanol-propionic acid.'=water system for 

identif'ica ti on~-

RESULTS 

1. Rate of carbon dioxide fixation. - Rhodopseudomonas capsulatus can 

fix c14o2 both in light and dark.. In the light (with hydrogen.) the ~ate of' 

assimilation is almost constant f'or the first 30 min 9 and with the closed 

arrangement ·d~scribed above, rates about 2.5 x 105 cts g~lmin-2 have been 

currently obtained (Figures 2 and 3). In a less elaborate setup, t.rhere the 
. . 14 

reaction cell had been opened f'or taking the. samples, the ass~ation of' C · 

was significantly less (about 5 x 104 cts g""'1mtn""'2), probably. owing to dilu

tion of the hydrogen which is essential £:or. a high rate of assimilation. In 

the.dark wit~ a hydrogen-oxygen gas mixture the rate of fixation diminishes 

continuously thro)lgh the first 30 min before reaching a near constant value.· 

Thus, in the experiment shown in Figure 3, the fixation. rate .was 2 .o X 104 

cts g~lmin~2 at 1 min . and 1.5 x 103 at 60 min. other dark fixation experi

ments gave similar results. 

2. Factor limiting the rate. of cl4o2 fixation. - Light and hydrogen are 

essential for the fast assimilation of carbon dioxide by Rhodopseudgmonas 

capsulatus. After steady=state photofixation has been established, shutting 

,,.., 
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off the l~ght compLetely stops the assimilation process (Figure 2)· and, 

furthermore' during the dark perioq the total c14 incorporated into the cells 

diminishes somewhat owing to the fermentation of sugars and proteins. r In 
. 2 \ 

relation to this effect, it should be pointed out that French had evidence 

of anaerobic endogeneous fermentation in Streptococcus varians (i.e. Rhode-

pseud,pmona s capsula tus) in the dark • 

Hydrogen is also required for a high rate of fixation (Figure 3) o 

' . 
Thus, flushing- the reaction chamber with helium 'significantly diminishes the · 

assimilation of c14o2 o Some slow fixation still remains, but· it must be 

pointed out that in our experimental device the hydrogen dissolved in the 

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

the dissolved radioactive carbon dioxide o Besides, the possible formation 

of small amounts of hydrogen by fermentation of cellular reserve material 

10 cannot be ruled out, which, as shown by Siegel and Kamen, _takes pLace in 

other species of Rhodopseudomonas. 

In the dark, with hydrogen atmosphere, a fast but short-lived fixa

tion (about 2.0 x 1rf cts g-1min-
2

) takes place immediately after addition 

of radioactive .bicarbonate (Figure 4), which may be explained as the. exchange 

of al4o2 with the intracellular carbon compounds Closely related to the 

terminal decarboxylation steps o Introduction of oxygen into the gas atmos= 

phere immediately induces a steady rate of fixation o This shows that in the 

dark, carbon assimilation is bound to cell respiratory processes o In agree

ment with this experiment is the one shown in Figure 5, which proves that 

the fixation in the dark ~epends on the presence· of hydrogen and oxygen, 

and, mth both gases {2H
2

:o2 mixture), the rate of ~s~imilation (7.7 x 10-3 
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cts g-1mirC2 ) . is higher than with the equivale:nt amou.iJ.t of oxygen in nitrogen 

( 3 -1 -2) 5.6 x 10 cts g min . If the magnitude of exchange_ and respiratory fix·~ 

ation is taken into account, the chemoreductive assimilation of car"!Jon dioxide 

seems to be small in relation to the assimilation by photoreduction with hydro-

gen. Thus in the experiment shmm in Figure 5, the fixation that could be 

attributed to chamoreduction is about 2.1 x 103 cts g-1min-
2

, that is, 27.3% 
' . 

. of the total rate of fixation. Badin and Cal vin11 have made similar obser-· 

vations with Scenedesmus n3 adap~ed to hydrogen. 

3. Distribution of fixed radioactive carbon. - Rhodqpseudomonas capsula-

1Y§ incorporates cl4o2 into materials.both soluble and insoluble in the 

methanol-water mixture. At the beginning of the fiXation, c14 appears mainly 

in the low-molecular-weight methanol-water-s~lubl~ compounds (Figure 6), 

whereas in later steps, a large amount is incorporated into the insoluble 

. 11 
material which may be considered formed by proteins and polysaccharides. 

c14 fixed in the insOluble fraction amounts to from .35oQ60% of the total fixed •. 

The rate of distribution change varies a·ccordtng to the ex:periment,al condi.-

tions. At first the incorporation in the insoluble fraction .is higher in 

the light, but later the position is reversed and in. :t.he dark c14 
goes into 

the· insoluble material in a larger proportion. The initial distribution of 

tJ1e curves may be _due t~ the fact that the cell proteins and polysaccharides 

do not incorporate Cl4 until the soluble reservoirs become saturated, which 

takes ptace much sooner in the light, and the later crossing of the c~res 

can be attributed to the~elatively smaller size of the soluble reservoirs 

in the dark fixation, as the c14o2-as~imila~ting mechanisms are then far less 

active. If', during light fiY...ation·,: the light is turned off, the cl-4 fixed 

.. 
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in the insOluble reservoir diminishes, which is a further evidence of the 

fermentation of proteins and polysaccharides. 

In longer fixation times, either in the light or in the dark, a large 

number of substances are labeled by c14. The main ones have been listed in 

Table I, which provides a qualitative comparison of the products of fixation. 

On account of the·ver,y different rates of incorporation of c14 in the light 

and in the dark respectively, it has not been practical to give the di.stri-

. bution of radioactivity af~er fixation of equal amounts of cl'~. However, in 

both cases the fixation products are similar although the distribution of 

radiocarbon is quantitatively different. Thus, the main reservoirs of cl4 in 

/ 

the light are the sugar phosphates, l-Thile in the dark they are the amino 

acids. The compounds referred to in Table I are those having enough activity 

to give accurate counts. There are, howeyer, some very faint spots' vJhich 

in other chromatograms have been eluted and identified. Succinic and fumaric 

acids are additional Krebs cycle intermediates present o Among amino acids, 

valine, l7sine, ornithine, leucine (and isoleucine), methionine, serine, 
- . . . ... . 

aminobutyric, and proline are also labeled with 24. All these amino acids 

appear late in the light experiments and none of them exceeds 2% of the total 

radioactivity· fixed. In long~tifue ·experiments the amino acids as a >..rhole 

represent the largest fraction of the total radioactive carbon assimilated . 

either in light or dark o 

4. Kinetics of carbon dioxide fixati,_on. - The high rate '?,f carbon 

dioxide assimilation in the l.,ight makes . difficult the analysis of the .initial 

st.eps of the process, as a iarge number of compounds become labeled even 

. after short-time incubation with 11 adioearbon. ·rn. order to reduce this diffi-



Table I 

Distribution of Radioactivity after ,cl4o2 Fixation by Rhodopseudomonas 

qapsul,atus 

1,4.6 myml cells. Light fixation~ 31 m1 suspension; 2H2 gHe atmosphere. 

Activity .fixed after 2 ming . total 2 o8 x 106 cts g-1min-1 ; in methanol

J~rater fraction g 2 .1 x 106 cts g =lmin - 1 
o Dark fixation g .U ml cell sus= 

psnsion.9 2H2 go2 atmosphere. Activity.fixed after 10 ming total 2.5 105 

=1 =1· 5 1 1 0 c:ts g- min ; in methanol=water fraqtion& 1 .9 10 cts g-· min- . Temp~ 22 

Compound 
Distribution of activity in methanol-water

soluble fraction (%) 
2 min light fixation 10 min dark fixation 

~3..1' Phosphates· and Allied C£Y!lPOunds 
Hexose. mono- and diphosphates (glu-
cost, fructose, ribose and ribulose) 43.2 

_ · Pentose phosphates (ribose and ri= 
bulose) 1·.3 
HJ.os}:boglyceric acid 4 .6 
Phosphoenolp,lfruvic acid Oo7 
Triose phosphate 1.9 
Phosphoglycolic acid o·.6 

It/~ng tricarbgxylic Acids 
Ci.tric · 0 .6 
a=Ketoglutaric 0.6 
Mali~ 5.5 

"' • A 0 rl ~.9.. c~~s 

Glutamic 
Glutamine 
.Aspar·Uc 
Alanine 
Glycine 
Threonine 
Methionine sulfoxide 

20.6 
0.9 
6o7 
4.5 
4.8 
Oo4 
0.8 

I 

l 

19.6 

o.o 
8.4 
0.8 
4.0 
0.0 

2.1 
0.8 
1.8 

34.5 
3.2 
5.6 
2o3 
8.6 
2.6 
2o6' 
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cul ty, experiments have been carried out at lou temperature to slow down 

the bacterial metabolism and make clearer the initial steps of fixation. 

The results of these experiments have been quite consistent wlth similar 

observations at 22°. In the_dark this is not necessary, as the rate of 

fixation is slow enough by itself to grant an easier analysis of the assim= 

ilating mechanism~ 

(a) Light fixatio:;u- For convenience, the. initial fixation re

actions and the later assimilation of rf4. in amino acids will be dealt with 

·separately. The relative distri~ution. of c14 
in phosphoglyceric acid and 

sugar phosphates as an index of the role of the phos}iloglyceric acid in 

fixation and,. on the other hand, malic acid, representative of C:4 fixation 

through the Krebs cycle, is shown in Figure 7. Glutamic acid, relatively 

the more important of amino acids, has been included: also to help represent 

the latter. In the first minutes of fixation the only compounds showing 

finite and negative initial slopeal2,l3 in the pe;ce~tage distribution plot 

are phosphoglyce:i:-ic acid and malic acid, suggesting two at least partially 

independent· carb~lations, with the one leading to PGA more important under 

these conditions. c14 appears somewhat later in the.sugar phosphates and 

glutamic acid, t..rhi'ch increase steadily. The malic acid percentage curve 

shows a minimum at 10 min 51 and then increases again. If after 20 min fixa

tion the light is turned orr, the most significant changes are the steady 

increase in malic, after a sharp qiminution, and the continuous decrease 
. \ 

in the sugar phosphates (at first very fast) to reach zero value at the end 

of the dark period 0 Glutamic and phosy:jloglyceric acids, but· for a short 

initial rise, keep a constant level. At the beginning of the second light 

\,:1 
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period, the sharP' increase in the_,.Jl.bsolute values (Figul-e 8) of p.'fiosphogly

ceric and sugar phosphates as·"~;ell as the transient d~ninution in malic are / . 

remarkable. In the percentage distribution curves there is a fast increase 

in the sugar phosphates and ,a .strong diminution in malic and glutamic, ivhile · 

phosphoglyceric changes are far less significant. 

(b) Dark fixation experiments. -These have been carried out with 

·a 2H2 g02 mixture as the gas phase. Here, again, FGA and malic acid show 

finite and negative slopes in the e~rly minutes of the percentage distribu

tion curves (Figure 9). However, the significance of the t1.;ro carboxylation 

processes represented in cl-4 incorporation is reversed from viha.t it is in 

the light. In longer times, the malic reaches a low saturation level while 

the FGA is still rising at even three times .the level of malic acid. Phos

phoglyceric increases fast at the beginning (Figure 10) and then more slNily; 

the sugar phosphates appear still later. The percentage distribution of c14· 

in glutamic, after a transient initial rise., keeps constant and the total 

amount labeled, but for small variations, increases steadily. In other ex-

periments of, this kind, the appearance of the sugar phosphates took place 

even later and their relative radioactivity was also less • 

. (c) Q!-4 distribution in amino acids. - Amino acids are a main · 

product of carbon dioxide assimilation. Glutamic acid is one of the first 

labeled, and either in light (Figure 11) ·or dark (Figure 12) its reservoir is 

the largest. Glycine and alanine are labeled next; about in the same propor

tion in the light, whereas in the dark -labeling is higher in glycin(3. Threo

nine, serine, methionine," glut~imine, leucine ·(and ·iscl.eucine), and other amin~ 

acids appear later, but, except for threonine and glutamine, have not been 

-v 

'-' 
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included in the figures. Aspsrtic acid may be singled out by the different 

pg.tterri. of its changes o In the light the total concentration increases fast 

at first to diminish later, -vrP.ile in the dark it decreases continuously all 

through the experiment" This resemblance to malic acid reflects the close 

metabolic relationship betH·een aspsrtic and malic, whose behavior is com-

pared in Figure 13. Aspartic acid appears in the chromatograms after malic 

acid, and, therefore, it may be assumed that malic acid may generate aspartic 

acid via transamination of' oxala cetic .. acid. 

DIXUSSION 

BhQdopseudamonas gapsulatus assimilates carbon dioxide in the light 

mainly through the photosynthetic cycle, 
6 

although some malic acid fixation 

takes place o The evidence lies in the fact ·that the perce.ntage distribution 

curves show only PGA and malic acid l.Jith negative slopes, •.J'it.h RiA starting 

as by. far the major component (Figure 7). Labeled malic may be formed from 

cl4o2 through two different mechanisms, namely, direc~ly by reductive: carboxy

lation of a c
3 

compound (pyruvic acid) by the malic enzyine,l4,l5 :or by fermen

t.ation, via aspartic and oxalacetic, or labeled P:roteins or carbohydrates 

formed from the labeled phosphoglyceric acid. The feTlilentative formation of 

t.he malic in the dark from substrates l~beled in the prior light period seems 

to be large. enoy.gh to compensate the lack of direct labeling from the photo

produced and maintained c3 pool and co
2

• This is shown by· the Dlcrease in 

the relative and abs:olut.e amoUn.t of cl4· in ma_liq acid during the dark period 

i..11 Figures 7 and B,. an effect· l.Jhich. was already:. Visj_ble in the previous light 

period. Light brings about opposite effects, very likely by reducing the rate. 

of fennentation and starting fresh photoreductive assimilation of carbon dioxide. 

' I 
\ 
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Thus, in the second light period (Figures 7 and 8) the relative and absolute 

concentration of malic decreases for a while, as the lack of synthesis by 

fermentation is not yet compensated by s~thesis by photoreduction of cl4o2 . 

On the _other hand, ph~sphoglyceric acid and the sugar phosphates increase 

immediately, which confirms the secondary role of the "malic reaction11 in .. . 

carbon dioxide assimilation by Rhodopseudomonas capsulatus. In a later step, 

phosphoglyceric synthesis may provide enough C3 compounds to feed the reductive 

malic, labeling either ·by' net forma.tiori or ·exchange, which vTould account for 

the sharp increase of malic at the end of the experiment. In the dark the 

malic acid is the major compound showing a finite and negative slope in the 

early minutes of the percentage- distribution plot (Figure 9). The finite and 

negative slope of the PGA curve is not as obvious, but its presence and form 

indicate the functioning of the carboxylation _re~ction leading directly to 

PGA in the dark in the presence of H2 and o2 • However, it is functioning 

at a muGh slower rate than in the photoreduction. 

The reducing power required for carbon dioxide .assimilation in Rhode-· 

J2§.eUdQ!!l.On~S capsulatus Seems to be gener~ted:fram hydrogen. activated by two . ·. . . 

main mechanisms, ~amely, by light (photoactivati.on), .or during the oxidation . . . -

of hydrogen by ·ox:ygen(qhemoactivation). Photolysis of vJater, if any, must 

be insignificant', as" shown by the almost complete arrest of fixation when 

byd:'ogen· is replaced by helium. This .tallies with manometric studies by 
. I 

French, 2 which sho-w that the uptake ~f carbon di.ax:ide by the bacteria in the 

light ceases at low hydrogen pressures. · Fi:itatio1,1 .by photoreduction is by far 
.: '• . . •'' 

the more important as shown by the relation between· the amount of cl4 fixed 

by a cell suspension'in the light, under a 2H2 zHe gas phase.(2 x 105 cts g-l 



·' 
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min-2 ) and in the dark, under 2H2 g02 (2 x lo4 cts g-1min-
2
). The difference · 

is still larger if the figures are corrected f9r exchange or respiratory 

fixation. 

It is interesting to note that the effe~~ of illumination of Rhode

pseudomonas c;apsulatus in reducing the rate of flow of newly labeled three

carbon compounds (PGA} into the Krebs cycle is very similar to that reported 

. 8 
for green algae. It is to be expected that a relation exists between this 

phenomenon and the reported3 and confirmed16 photoinhibition of oxygen ab-

sorption by another purpte bacterium, Rhodospirillum rubrum. If the two 

phenomena are to be encomrttssed by a single exptanation, then the photoin

hibition of o2 absorption is not due solely to the pho~oproduction of another 

and better oxidizing agent which competes t-rith o2 for the activated H2 • The 
8 

exptanation offered in the case of the green algae is so far tenable in 

this case as well. If the light diminishes the amount of oxidized pyruvic 

acid oxidase (thioctic acid) available, it would thus constrict the n·ow of 

substrate available for the absorption of axygen via the various aiidase 

systems and thus reduce the rate of oxygen absorption. It would Simultaneously 

produce an intermediate oxidizing agent which could cpmpete with molecular 

oxygen for activated reducing agents (H2- or 0-H- containing fragments, depend

ing upon the actual photosubstrate). 

SUMMARY 

1. The mechanism of carbon dioxide fixation by the nonsulfur purpte 

ba~terimn,Rhodopseudomonas capsulatus, has been studied. A special arrange-

ment has been devised which allows the fixation process to take ptace in a 

closed gaseous space. 
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2. .. ,.The average rate of fix.ation of cl4o2 . in the li~~t is about ten 

times the rate of fixation in the dark. In the. ixwrganic medium hydrogen 

is essential for an efficient assimilation in the light, while a mix.ture 

of hydrogen and oxygen gives the highest assimilation in the dark • 

3 .. . In the light, carbon dioxide is mainly assimilated through the 

phosphqglyceric acid cycle,_ and sl9wly. through the "malic reactionY' or 

Krebs cycle. In the dark, the as~imilatio~ seems to _take place. primarily 

throl;lgh the "malic reaction" and the Krebs cycle. A slow but significant 

rate of formation of PG~ indicates ~hat the "photoreduction pathway" is

still functioning in the. dark. 

4. After long enough incubation of Rhodopseudom·onas Qapsulatus with 

radioactive bicarbonate' in light or dark,. c14 labels the intermediates of·. 

·glycolysis, the Krebs cycle and a large number of amino acids. The sugar 

phosphates and.the ami~o acids are res~ctively the.main reservoirs of the ' 

cl4 assimilated'in the light or dark • 
• J • ',, •••• • -

5. Hydrogen gas provides the reducing pmfer required for the assimila- . 

. tlon of ,carbon dioxide by Rhodgpseudomonas capsulatus in an inorganic medJ_um" 

An additional .source of energy is required Hhich may be provided by light 

.or oxygen. The latter source is much the poorer of the t\vo and in the 

presence of light is inhibited. 

•• 
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