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CARBON DICXIDE FIXATION BY RHODOPSEUDOMONAS CAPSULATUS”

A. '-o ‘M. Stoppani,” " R. C. Fuller and M: Gaivin |
Radlatlon Laboratory and Department of Chemistry
Uhlver31ty of California, Berkeley, California

t
October 6, 1954

ABSTRACT

1. - The mechanism.of carbon dioxide fixation by the nonsulfur purplel

bacterium, Rhodopseudomonas

latus, has been studied° A special arrange-
ment has been devised which allows the fization process to take place in a
closed gaseous space. |

2. | The average rate of fixation of-01402
times the rate of fixation in the dark. In the inorganic medium hydrogen

in the light is about ten

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

of hydrogen and oxygen gives the highest assimilation in the dark. |
3. In the light, carbon diaxide is meinly assimilated through the phos-
phoglyceric acid_eyole, and sloﬁly through the "malio reaction” or Krebo
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 PGA indicates that the "photoreduction pathway" is still func-

(%) The work described in this paper was sponsored by the U, ‘S. Atomic
' Energy Commission.

(*#) On leave from the Department of Biochemistry, échool of Medicine,
‘ University of Buenos Aires, Buenos Aires, Argentina.
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tioning in the dark.

‘capsulatus with
radioactive bicarbonate, in the light or dark, C% labels the intermediates

L. After long enough incubation of Rhodopseudomonas

of glycolysis, the Krebs cycle, and a large number éf’aminq acids. The
sugar phoéphates and the amino acids are respéctively fhe main reservoirs
of the C'4 assimilated in the light or dark.’

50. ' Hydrégen gas provides the reducing poﬁer required for the assimila~-

tion of carbon dioxide by

38 in an inorganic
medium. An additional source of energy is required which may be' provided
by light or axygen. The latter source is much the poorer of the two and

in the presence of light is inhibited.
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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

‘ October 6, 1954

ﬁggggpgggggmgggg capsulatus is a nonsulfur purple bacterium (Athior-

hodaceae) which photoreduces carbon dicxide with organiec hydrogen donors

‘(fatty acids, amino acids, etc.) or molecular hydrogen.l"'3 and, on the other

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

substrates as source of carbon.4 The fact that Rhodospiri , another of

5

the Athiorhodaceae, oxidizes hydrogen in the dark’ makes it reasonable to

assume the existence of a similar process in Rhodopse

ga,ﬂpnaé and that the
energy set free in the oxidation could be made available for a fuither
assimilation of carbon dioxide.

In plants, the main pathway for carbon assimilation is the céndenm
sation of carbon dioxide with a 05 acceptor (ribuloséldiphqsphate) with sub-
sequent formation of phosphoglyceric‘aéid, which is a key inte:mediéte in the
fixation process06’7 To dfiva}these dark reactions, "reducing power" geﬁw
eraied by the photolysis of water is required,8 a reaction which pmesﬁmably
is the single photéchemical step in photosynthesis° The extensive applica- |

titn of radicactive carbon (C-%) has made possible the development of analybi-

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

(*#)  On leave from the Department of Biochemistry, School of Medieine,
University of Buenos Aires, Buenos Aires, Argentina.
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cal methods ‘sensitive e_nough to provide direct information on the initial
steps of the 002 assimilation pwoeess 09 These methods have now been used
in a study of =bhe mecham,am of carbon dioxide fixation by Rhgmgxﬁgy._g_ monas
capsulatus to compare the photOmawitotrophlc and chemwutotrophic mecham,sm
of carbon assimilation in purpke bacteria, which heretofore was unexplored.

Rhodopseudomonag

gapsulatus has the advantage over other species of the
same group that it does not require hydrogen donors {or-axygen accepbors),

whi\eh,.. interfere with the chromstography of. 'bhe:fi.xa‘taioh -products. -

MATERIALS AND mmons | |
Bhodogseudomonﬁs ggulaﬁus was cul“Du:red ab 300 in a med:l,um of

0 3% yeash ex‘cract (Di.fco), 0.5% Na L-malate and M/jO IG{QPOA, kept in com- |

pletely :f,":l_lled oneallber glass»stoppared bot't_Les, under 12 Ceneral Elec'trle

40 w Lumiline tungs‘ben Zlampso The &uSpﬁsnSJ on of orgamsms was spun at

4R, OOO g in a Spmco refrigerated centm_f‘uge, "bhe edz.m-eants collected and
wasbed once with d: smlled wa'ber, and the cem’crlfuga‘tﬂlon repeated as above.
The cells were fmally suspended in O OOS M K’HZP% to make a concentzatlon
of 20=70 mg/ml. The final pH of he suspengion s about 6.0, o

Prior to each experiment tbe cells were adapted for l6m18 hours ’to

L% 002 in hydrogen (for light fixation) or °bo 2% (302 and 50% hydrogen in air '

(for dark fnxatlon) The dli’ierence in the 002 concentra’tﬁlon is no’t con=

sidered s1gn1fmant for the adaptd‘tlon pmoce SE .

(%) We are indebted to Professor Roger St,amer (Departmert of Ban‘terzo-
" logy, University of Ciliforhis) for kindly wuppilvmg ‘the q%ram
uged in this worko .

\ e o : . -
N . . . .
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For carbon dicxide fixation in the light, the arrangementv descril.aea.
in Figure 1 was devised. Thirty ml cell sﬁSpension was placed in a flat |
flask A ("lollipop") about 40 ml volume, illuminated from both sides by
30o w lamps (D,D'). Infrared filters (C,C!') were kept filled with running
water to prevent“any heating of the cell suspension. During the adaptation
period, the gas lnlet 1l was kept long enough to reach the bottom of the

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

Thirty mm before startlng the actual exper:unen‘b the gas mixture was re-

placed by hydrogen to eliminate all traces of 'COZ° The one-l:.ter reser=
voir G was filled with the proper gas mixture, thr‘ough the gas inlet 2.
Thisi\FWas controlled by draining ocut water through stopcock 4. Stopper 5 |
was 'l::hep rémoved and the gas :‘i.nlet 1 cut, to prevent its dripping into the

cell s&Spension, After placlng stopcocks 2 and 3 in the proper position,

_500 A(O 025 miM) of radloacthe NaHC»O3 (spec:.f’lc activrby 4.8.x l()6 epm/Hmole)

was added to 30 ml of cell suspension. Stopper 5 was replaced and, with™

stopcock 1 open,: the gas stored in G was pushed through the system by allow
ing water to flow into the gas reservoir. The 30-ml Agas compensator E was
allowed to fill with the gas mixture. Stopcooks L and 2 were then closed,
leaving the cell suSpensi‘on in a closed gaseous system. The whole opera=
tion took no longer than 30 sec. Rocking of the lollipop at a rate of 150
oscillations per min was started by stirrer B in order» tokeep the cells
from settling and to equilibrate the liquid and gaseous phases inside the
lollipop. Samﬁl.e‘s éf the cell .mévpens:‘i;bn‘ were . collected by léﬁening the
lol-];ipqp stopcock and’ puShing Vt.h_er plunger of" cqmpensa't,}or E. VWhen a change

in the gaseous atmosphere was necessary, G was conveniently refilled. Then
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Device for C14O fixation by Rhodopseudo-
monas capsulatus in a closed space.

A, rea'c__t'ion‘ce'll_ ("lollipop"); B, stirrer; °
T, C', infrared filters;..D, D', 300 w light

sources; E, volume compensator; G, gas
reservoir. “For further details see text.
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stopcock 1 was opened and 2 connected to G through 3. The"wii‘ele."‘sjf‘stér& was

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

* fixation of CO, in the dark, a similar system was used but the lollipop was

replaced by a 125-ml aluminum-coated separatory funnel, which was light-
‘t;ightu A1l 'experiments were carried out at 22«2500, unless otherwise stated.
) The samples of’ the .cell sus;;ens:.,ons (1 0=2 O ml) ‘were dropped into
and thoroughly mn:xed w:l_'bh 9 0 ml meth,anolo Allquo“bs were plated and counted
wrbh Gelgeru-mller 'bubes of the Scott 1;ypee The methanol suspens:.ons were
spun off in the cold at 2500 rpn and aliquots from the clear superna‘bants
were counted as well. The methanol—»waternSoluble extracts were dist:.lled
off in vacuum at low temperature until abou‘b O 5 ml was lef"b The small
amount of water-lnsoluble ma'berlal in. suspens:.on was spun of‘f and the clear
supernatants flnally evaporated for chroma’bography on Whatman No 4 papera_
Chromatography_and radicautography were carried ocut as described byABez_zson
ot al.’ |

Experimental Results. - The relative proportion of the radicactive

compouhds_b after 01‘402 :E"j’xa‘tior; has been represented -by- its percentage of .
the to'tel‘ radioaetivity f’oimd on each chrematogram. The absolute -amount
could ‘then be ‘calculated by multi‘plyiﬁg the ,pe‘rceritage factor tlmes ‘th'e
totai .ectivity found in the respective me'bhanoln-iuraterm“»sduble: e:'le?fréct‘, ‘and.

L pirl).

will be referred to as cm/g of cells--. (ets.g™ Rates ofvfixation

will be expressed as cmm J.,ncorporated by 1 g of cells per minute (cts g -1
. -2) C

.= The radloautographs of.

cagsulatu's

the chroma'bograms obtamed ‘after 01402 fl.xatlon by- pseudomonas

t
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have the same’ pattern as. those from Seenedesmis D3, which -have beén exten=
sively studied in this laboratory. - This ‘gives good preliminary 1nformatlon'
in regard to the nature of the products of fixation and allows, after thelr
elution, the further identification by rechromatography with the respective.
pure nonradicactive specimen. The eluates from the sugar phosphate areas
were dephosphorylated with "Polidase™ (Schwarz Laboratories) and the free
 sugars rechrcmatographed in the butancl-propionic acid-water syStom for
identification. |

RESULTS

1. iwation, - Rhodggseudomonas.gagsulatus can

fix 40, both in light and dark. In the light (with hydrogen) the rate of
assimilation‘is almost.constant for the first 30 min, and with the closed
arrangement deScrlbed above, rates about 2.5 x lO5 cts g lmJ.n = ﬁave been
currently obtalned CFlgures 2 and 3). In a less elaborate Qetup, where the
reaction cell had been opened for taklng the , samples, the a331mllatlon of ClA
was 31gn1flcantly less (about 5 x 104 cts g ~Lin” 2), probably owing to dilu~
tion of the hydrogen whlch 1s essential for a hlgh rate of assmllatlon° In
the dark w1th a hydrogenwoxygen gas mlxture the rate of fixatlon dlmlnishes
contlnuously through the flrst 30 min before reachlng a near constant value°

Thus, in the experiment shown in Figure 3, the fixation rate was 2.0 x,lo4

cts g"‘_’lmj’.,n"'2 at 1 min ‘and 1.5 x 10 at 60 min. Other dark fixation experi-
ments gave similar results.

2. Factor llmltlng the rate of 01402 fixation, = nght and hydrogen are

essential for the fast assimilation of carbon dlox1de by Rhod,,me_mwmmmnm .

sapsulatus. After steady-state photofixation has been established, shuttlng
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off the light completely stops the assimilation process (Figure 2) and,
furthemore, during the dark period the total C** incorporated into ihe? cells
diminishes somewhat owing to the fermenfation of sugars and proteins. gﬁn
relation to this effect, 1t should be pointed out that French® had evidence

of anaerobic endogeneous fermentation in Streptococcus varians {i.e. Rhodo~

_pseudomonas ggpsulatu g) in the dark.

| Hydrogen is also required for a high rate of fixation {Figure 3).
Thus, flushing the reaction chamber with helium ‘significantly diminishes the °
assimilation of C*0,. Some slow fixation still remains, but it mist be
poihted out that in our experimental device the hydrogen dissolved in the
cell suspension cannot be remcvea without, at the same time, washing out

the dissolved radioactive carbon dioxide. Besides, the possible formation

of small amounts of hydrogen by fermentation of cellular reserve material
cannot be ruled out, which, as shown by Siegel and Kamen,lO takes place in

other species of Rhodopseudomonas.

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

tion (about 2.0 x 10* cts g~

min"?')‘takes place immediately after addition
of radioactive bicarbonate (Figure 4), which may be explained as the exchange
of 0140 with the intracellular carbon compounds closely related to the

terminal decarbcxyiatlon steps Introduction of oxygen into the gas atmos-

- phere immediately induces a steady rate of fixatlono This shows that in the

dark, carbon assimilation is bound to cell respiratory processes. In agree-
ment with this experlment 1s the one shown in Flgure 5, whlch proves that
the flxatlon in the dark depends on the pmesence of hydrogen and oxygen,
and, with both gases (2H 230 mixture), the rate of assimilation (7.7 x 1073
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cts gélmin’z).is higher than with the equivalent amount Ef oxygen in nitrogen

(5.6 x 103 cts g?lminnz), If the magnitude of exchange and respiratory fix-

ation is taken into account, the chemoreductive assimilation of carbon dicxide
seems to be small in relation to the assimilation by photoreduction with hydro-

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

o - f
3 ots g L ntn 2, that is, 27.3%

"of the total rate of fixation. Badin and Calvin't

attributed to chemoreduction is about 2.1 x 10
have made similar obser-

| vationé with Scenedesmus Dy adapﬁed to hydrogen.

| ﬂ,.pgno - ggpdggseudomonas capsula=

‘ : : \
tus incorporates 01402 into materials both soluble and insoluble in the

3.

methancl-water mix#ure, At the beginning of the fiﬁation, 014 appears mainly
~ in the low-molecular-weight methanoL-waterbsélublé compounds (Figure 6), -
whereas in‘later'steps, a iarge amount is incorporated into the insoluble
material which may be considered formed by proteins and'polysaccharidesoll
64 fixed in the inscluble fraction amounts to from 35-60% of the total fixed.
The rate of distribution change varies éCcording to the eiperimental condi-
tions. At first the incorporation in the insoluble fraction is higher in

the 1light, but later the position is reversed and in the dark 014 goes into
the'insaluble.material in a larger proportion. The initial distribution of
the curves may‘be‘aue fo the fact that the cell proteins and polysaccharides
do not incorporate c until the soluble reservoirs become saturated, which
takes place much soonefﬁin the light, and the iéter crossing of the curves
can be attributed to ﬁhé_relatively smallei size of the soluble reservoirs
in the dark fixétion, as the'GlAOzmaséimiiéting mechanisms are then far less

active. If, during light fixatioﬁ,:the light is turned off, the G:L['L fixed
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in the insdluble 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 014. The main ones have beén listed in
Taﬂle I, which provides a qualitative comparison of the products of fixation.
On account of the:very different rates of incorporation of 014 in the light
: and';n'the dark respectively, it has not been practical to give the distri-
‘bution of radioactivity after fixation of equal amounts of G%. However, in
Doth cases the fixation products are similar although the gistribution of
- radiocarbon is quantitatively different. Thus, the main reservoirs of CL4 in
the 1light are the sugar phosphates, while in the dark they are the amino
acids. The compounds referred to in Table I are those having enough éctivity
to give accurate counts. There are, howeyef7 Some véry faint spotS’which
in other'chromatoérams have been eluted and identified. Suecinic and fumaric
acids are additional Krebs cycle interﬁediates present. Among amino acids,
valiné, lysine, ornithine, leucine (and.isolgqciée), methionine; serine,
éminobutyricv and proline are also labeled with G4, A1l these amino acids
appear léte in the light experiments and none of them exceeds é% of the total
radioac{ivity'fixéd. In long~timé experiments the amino acids as a whole \
fepwesent ihevlargest fraction of the total radioactive carbon assimilated:
either in light or dark. |

A Kinetigs of

bon dicxide fixation. - The high rate of carbon
dioxide assimilation in the light makesbdifficult the analysis of the initial
- steps of the process, as a lafge number of compounds become labeled even

- .after short-time incubation with radiodarbon. In order to reduce this diffi-
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Table I |

’ Distrlbutlon of Radloact1v1fy after 61402 Fixation by Rhodggseudomona

44, 6 mg/ml cells. Light fixation: 31 ml suspension; 2H,sHe atmosphere.
_ » L _

Agtivity fixed after.Q_ming total 2.8 x 10 cts‘g“>minf1§vin methanol-

water fraction: 2.1 x 106_cts gmlminwlo Dark fixation: 41 ml cell sus-
pensions 2Ho30, atmosphere. Activity fixed after 10 min: total 2.5 10°

cte g~ minﬁlé in methancl-water fraction: 1.9 10° cts g”lmin’lu Temp3>22°

' o Distribution of activity in methancl—water-
Compound . soluble fraction (%)
' i ~2.min 1ight fixation 10 min dark fixation

Hexose mono- and dlphosphates (gluw
cost, fructose, ribose and ribulose) 43.2
 Pembose phosphates {ribose and ri-
bulose) 1.3
Phosphoglyceric aeid 4.6 -
Phosphoenolpyruvic acid 0.7
: 1.9
0.6

H
o

OO ®RO O
loReXs ¥ o)

°

®

Triose phosphate
Phosphoglycolic acid

s °

Die- and tricarbo
Citric ' , : 0.6
o=Ketoglutaric , ' 0.6
Malicz , ~ 5.5

xylic Acids

o
e 0o H

Aming Acids
Glutanic : , 20.
Glutamine '

@

0.6

0.9
bzpartic R S v 6.7
Alanine _ 4.5
Glyeine o : . : 4.8
Threonine 0.4
Methionine sulfoxide 0.8

)

oo oo v o n

o

)
DN 00N B
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culty, experiments have been carried out at low température to siow down
the bacterial metabolism and make clearer the initisl steps of fixation.
The results of these experiments have'Beén guite consistent with similar
observations at 226° In the dark this is not necessary, as thé-rate of
fixation is slowbenough by itself to grént an easier analysis of the assim=
ilating mechanism.

(a) Light gi;atigng - For convenience, thé,initiél fixation re-
actions and the later assimilation of C™* in smino acids will be dealt with
‘separately. The relative distribution 'c:f‘clv'l+ in phosphoglyceric acid and
sugar phosphates as an index of the role of the phOSphoglyéeric‘apid in
fixation and, on the other hand, malic acid, representative of C-* fixation

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

the more important of amino acids, has beeh included, also to help repmeéent

the latter. In the first minutes of fixation the only compounds showing
finite and negative initial slopnesl“?’13 in the peféentage distribution plot

are phosphoglyceric acid and malic acid, suggesting two at least partially

independent'éarboxylations, Qith the one leading to fGA more important under

these conditions. Cl4 appears somewhat later in the:sugar phosphates and
glutamic acid, which increase steadily. The malie gcid.perceﬁtage curve
shows a minimum at 10 min, and then increases again. If after 20 min fixa-
tion the light is turned off, the most significant changes are the steady
increase in malic,lafter a sharp diminution, and thé continuoﬁs deérease‘
in the sugar phosphgtes (at first very fast) to reach zero value at the end

. of the dark period. Glutamic and phosphoglyceric acids, but for a short

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

L 2

N
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period, the sharﬁiincrease in the absclute values {(Figure 8) of phosphogly-
ceric and sugar phosyhates‘gs’géll as the transient diminution in malic are 4
remarkable. In the percentage distribution curves there is a fast increase | Wt
in the sugar phosphates and .a.strong diminution in melic and glutamic, while
ﬁhosphoglyceric changesvare far_lesé significant; _

(b) - Dark fixation exgggiménts; - These have been carried out with
‘a 2Hy30, mixtﬁre as the gas phase. Here, again, PGA and malic acid show
finite &nd negative slopes in the early minuteé &f the'pefcentage-distribuw
tion cufves (Figure 9). However, the significance of the two carboxylation
processes represented in L4 incorporation is reversed from what it is in
the light. In longer times, the malic reaches a low saturation level while
the PGA is still rising at even ﬁhree times the level of malic acid. Phos~
phoglyceric increases fast at the beginning (Figure 10) and then more slowlys
the sugar phosphates appear still later. The percentage distribution of o4
in glutaﬁic, after a transient initial rise, keeps_constanﬁ and the total
amoun£ labeled, but for small variations, increases steadily. In other ex-
peiiments of, this kind, the‘appearance of the sugar vhosphates tock place
even later and their relative radioactivity was also less.

(e)

producf of carbon dioxide assimilation. Glutamic acid is one of the first -

ids. ~ Amino acids are a main

'labeled, and either in iight (Figurelll)'or dark (Figure 12) its reservoir is
the largeét, Glycing and ‘alanine are labeled next, about in the same propor=-
tion in the light, whereas‘ih ﬁhé darkvigbeling is.higher in glyciné° Threo-
nine, serine, methionine;'gluﬁémine, leﬁéine‘(éndtisdleucihe), and other amino

acids appear later, but, except for threonine and glutamine, have not been
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. C'* distribution.
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included in the figures. Aspartic acid may be singled out by the different
pattern of its changes. In the light the total concentration increases fast
at first to diminish later, while in the dark it decreaseéhcontinuously all
through the experiment. This resemblance to malié acid reflects the close
metabolic relationship between aspartic and malie, 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 oxalacetic.acid.

DISCUSSION

Rhodopseudomonag gggsuiatds aésimilétes carbon dioxide in the light
mainly through the photosynthetic cycle,6 although some malic acid fixation
takes p'l,ace° The ev1dence lies in the facht that the percentage dlstrlbutlon
curves show only PGA and malic acid with negative slopes, w1th PGA starting
as by far the major component (Figure 7). Labeled malic may‘be.formed from
01402 through two different mechanisms, namely, directly by reductivé carboxy-
lation of a QB compound (py?uvic acid) by the malic enzyme, 14 15 o by fermen-
tation, via aspaftic and axalacetic, or labeled proteins or carbohydrates
formed from the labeled phosphoglyceric acid. The fermentative formation of
the malic in the dark from substrates labeled in the prior. llgh* pprlod seems
to be 1arge enough to compenqate the lack of direct abeling from the photo=-
produced and maintained 03 pool and Q02, This is shown_by'thé increase in
the relative and abspluie éﬁoﬁnt Qf ct4 in mg}ig“é§id during'thé dark period
in Figures 7 and 8, an effect vhich was already visible in the previous light

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

of fermentation and starting fresh photoreductive assimilation of carbon dioxide.
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Thus, in the second light period (Figures 7 and 8) the relﬁtive and absclute
concentration of malic decredses for a while, as the lack of synthesis by
fermentation is not yet compensated by éyﬁthesis by photoreduction of 01402. ‘.M
On the other hand, phosphoglyceric acid and the sugar phosphates increase ‘
immédiqtely, which confirms the secondary role of ﬁhe "malic reaction” in
carbon diaxide assimilation b& Rhodopseudomonas capsulatus. In a later step,
phosphoglyceric synthesis may provide enough C3 compounds to feed the reductive
malic, labeling either by net fdrmaﬁiéﬁ or‘éichange, which would account for |

the sharp increase of malic at the end of the experiment. In the dark the
'maliclacid is the major ccﬁpéund showing a finité‘and negative slope in the
early minutes of the percentage‘distfibutiQn plot (Figure 9), 'The finite and
negative slope of the PGA curve is not as obvious, but its p&eSence and form
indicate the functioning of the carbaxylation reaction leading directly to

PGA in the.dark in_the presence of H2 and O,. However, it is fﬁnctioning
at a much slower rate than in the phoﬁoreduction° | |

The reducing power requiyedffor eérbon dioxide(assimilation in Rhodo-

pseudomonas capsulatus seems to bé'geneféteﬁéjrom_hydrogeﬁiéétivated by two
ﬁain chhanisms; héﬁely; by light (photoactivatioq),,or during the oxidation
of hydrogen byi;x&gen(tﬁemdéétivaﬁioh>,h'Phéééijsis:of water, if any, must
be-insignificant} as’ shown by the.aimoéf complete arrest of fixation when
hydrogen is replacgd by helium. This tallies with manometric studies by
Freﬁch,2 vhich show that the uptake Qf carbon dioxide by tbe_baéteria in the AV
light ceases at IOWiHydr°ge¥_PTéSsurés. iFiiéﬁiép'by photoreduction is by far e

«©

the more important as shown by the relation between the amount of Cl4 fixed

by a cell suspension'in thé>lighf, under a 2H,:He gas phase (2 x 10° cts g”l
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minﬁz) and in the dark, under 2H,:0, (2 x 104 cts g”lminnz). The difference
is still larger if the figures are corrected for exchahge or respiratory .
fixation. ‘

It is interesting to note that the effect of illumination of Rhodo-
pseudomonas capsulatus in reducing the raﬁe of flow of newly lébeled three-
carbon compounds (PGA)'into the Krebs cycle is ver& similar to that reported
for green'algaé.8 It is to be expected that a relation exists between this
phenomenon and the rej;orte_d3 and confirmedl6 photoinhibition of oxygen ab-
sorption by another purple bactérium,-Rhgdosgirillgm_gggggm. -If the two
phepomena are to be enccmpassed by a single explanation, then the photoin-
hibition of O, absorption is not due solely to the phétoproduction of»anofher

and better oxidizing agent which competes with O, for the activated H The

o
explanation offered in the case of the green algae8 is so far tenable in

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

acid oxidase (thioctic acid) available, it would thus constrict the flow of'
substrate availabie for the absorption of &xygen via the various axidase
systems and thus reduce the rate of oxygen absorption. It would simultanecusly
produce an intefmediate axidizing agent which could compete wiﬁh molecular
oxygen for activated reducing agenté (H2= or C=H- containing fragments, depend-

ing upon the actual photosubstrate).

SUMMARY
1. The mechanism of carbpg dioxide fixation by.the nonsulfur purpie
bapterihm,Rhodogseudomonas capsulatus, has been studied. A special arrange-
ment hés been devised which allows the fixation précess to take place in a

closed gaseous space.
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2. --The average rate of fixation of ClAOz‘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 oxygen gives the highest assimilation in the dark.

3..., In the_light,_carbon dioxide is mainly assimilated through tbe
phosphoglyceric acid cycle, and slowly through the."malié reactiqn" or
Krebsvcycle,‘ In the dark, thé assimilatio@ seems to take place. .primarily
through the "malic reaction" and the Krebs cycle. A slow but Significant
rate of formation of PQA ind?cates thgt the "photoreduction pathway" is- o
still functioning in the dark. _ ‘ _ .

4o . After long enough incubation of Rhodopseudomonas gapsulatus with
radioactive bicarbonate, in light or dark,4014 labels the intermedlates of .

'glygolysig,'the Krebs cycle and a large number of amino acidso The sugar

-phOSphates and .the aminotaéids are respectively the main reservoirs of the"

Clénassimiléteéjinrthe light or dark.

5. Hydrogen gas pfovideé the reducing power required for the assimilan‘

~-bion of carbon dioxide by Rhodopseudomonas capsulatus in an inorganic medium.

An additional source of energ& is required which méy be provided by light

or oxygen. The latter source is much the poorer of the two and in the

presence of light is -inhibited.
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