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Summnary. Enzymes of the reductive pentose phosphate cycle including ribulose-
diphosphate carboxylase, ribulose-5-phosphate kinase, ribose-5-phosphate isomerase,
aldolase, glyceraldehyde-3-phosphate dehydrogenase and alkaline fructose-1,6-diphos-
phatase were shown to be present in autotrophically grown Rhodospirillum rubrumn.
Enzyme levels were measured in this organism grown photo- and dark heterotrophi-
cally as well. Several, but not all, of these enzymes appeared to be under metabolic
control, mediated by exogenous carbon and nitrogen compounds. Light had no
effect on the presence or levels of any of these enzymes in this photosynthetic
bacterium.

The enzymes of the tricarboxylic acid cycle and enolase were shown to be present
in R. rutbrun cultured aerobically, autotrophically, or photoheterotrophically, both in
cultures evolving hydrogen and under conditions where hydrogen evolution is not
observed. Light had no clearly demonstrable effect on the presence or levels of any
of these enzymes.

In the previous 2 papers (1, 2) we have shown
that the photometabolism of CO2 and various other
carbon compounds in the facultative photosynthetic
bacterium Rhodospirillumn rubrum is under strict
metabolic control. The reductive pentose phosphate
cycle operates at significant levels only under strict
atutotrophic conditions of growth. Yet all previous
work on the photosynthetic carbon metabolism of
R. rubrum has been done with cells grown on either
acetate or malate.

Although work proposing both an anaerobic
tricarboxylic acid cycle (10) and a reductive pen-
tose phosphate cycle (1) in R. rubrutm has been
carried out, the levels of the various enzymes in-
volved in these reactions in this organism have not
been measured under any conditions of growth.
It is not at all clear whether all of the enzymes
of the reductive pentose phosphate cycle function
in photosynthetic bacteria or if the properties of
the enzymes are similar to those in plants and
algae. Previouisly very high levels of the specific
activity of ribulose 1,5-diP carboxyl,ase in the obli-
gate anaerobic photosynthetic bacteria Chromatium
have been reported (9). There appears to be no
structural associatioln of this enlzyme with the

1 This investigationi w-as supported in part by the
Atomic Energy Commission under Contract AEC AT
(30-1) 2801, and by Public Health Research Grant GM-
10705-04 from the National Institute of General Medical
Sciences.

so-called fraction I as occurs in higher planits an(d
algae (L. Anderson, unpuTblished observations).

With the above considerations in mind, a survey
of some of the key enzymes of both the reductive
pentose ph,osphate and the tricarboxylic acid cycles
and their levels of activity as affected by light and(l
various metabolic variables was undertaken.

Materials and Methods

Culture of Organism1ts. R. rubrum, strain S-1,
was grown on the same basic media which have
been described previously (1, 2). Autotrophically,
cells were grown in Fernbach flasks under an
atmosphere of 1 % CO2 in hydrogen, connected,
through a sterile filter, to a 1 % CO2 buffer pre-
pared as described by Pardee (21). Nitrogen
source was 2.5 mm (NHI)2S04. A 5 % inoculuim
was used to initiate growth. The temperature, not
strictly controlled, was 250. The light soturce con-
sisted of a single General Electric reflector flood
75W, 120V lamp.

When used as a carbon source L-malate was 25
mri. The nitrogen source was 2.5 mm (NH,)2SO.1
or 5 mM L-glutamate, as indicated. A 1 % in-
oculhum was used to initiate growth. Acetate,
when used as a carbon source, was 50 mM, with
the nitrogen source being 2.5 mm (NH4)2SO,4. A
5 % inoculum was used to initiate growth. In an
effort to maintain a constant pH cells cultured
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photoheterotrophically were bltlbbled wvith 1 % CO.,
in He, the finial pH of the medlia was aroun(l 8.0.
UIn(ler these conditionis the apparent growth curve
of cells cuiltuire(d on L-malate, ammoniuimi sulfate
was altere(l. Growth as mIeasiire(I l) turl)i(litv was

miaintained at a constaint rate after (lepletioni of
the nitrogeni souirce; this wvas duie to the (lepositioin
of polysaccharide and(I polyhydroxybuftyrate an(d not
to ani increase in cell nllml)ers. No dlifficultv was
eulcoulntere(l in growing cells oni acetate, ammoniimn
suilfate me(lia buibbled conltinulouisly with 1 % CO.)
He. There was considerable (lepositioni of storage
pro(lllcts in acetate cells. The apparent groTth
curve of cells cuiltuire(d onl L-m11alatC, glutamate Media
was luot altered.

I)ark heterotrophic cuiltulres were growul on n50
or 25 1m\ ,-malate, 2.5 mim (Nl4- )..So(, iun(ler 1 %
C()., in air at 30(. A 10 % inoculumni of (lark,
aerobically cuiltuired cells was uised( to iniitiate
growtth.

Prepa(1ration of EXtracts. Cells from the log-
arithmic phase of growth were harvested by ceni-
trifulgation, washed 2 times with 50 mA. potassilini
phosphate buiffer, pH /7, suispen(led in au appropriate
volunme of 100 mmr tris or 50 mxi potassiuim phos-
phate bluffer, pH /7.6, as indicated, and(I release(d
from 15,000 psi throuigh a French pressuire cell.
The restultanlt extract was centrifuige(d for 10 mill-

iltes at 10,000 X fg andcl uise(d for assays of tricar-
boxylic aci(d cycle enzymes. For other assays the
cril(le extract was cenitrifuiged for an1 additional
30 minlltes at 100,000 X ql. All of the specific
activities reporte(l here are based on the protein
colntenlt of the crulde extract.

Assav Mlethods. A Car) 14 recor(ling spectro-
photometer Nwas uised for d(irect spectrophotometric
assays. Other optical density measuiremenits were
made with a Zeiss spectrophotometer.

Ribullose 1,5-diP carboxylase was measuire(d ac-
cordinig to the metho(d of Racker (25). The reac-
tioIn miixtire colntailIed, in 1 ml, 0.15 ,umole \NADH,
S ,umoles GSH, 0.5 jmole ribullose 1,5-d(iP, 12
Amoles ATP, 10 lumoles MIgCl, 75 kmoles NaHCO,
50 ,umoles tris, pHl 7.8, excess glyceraldehyde 3-P
(lehy(lrogeuiase and 3-phosphoglyceric aci(d kilnase,
and 100,000 X g suiperilatanit fractioni.

Phosphoribiulokinaase activity was measuire(d spec-
trophotometrically (9) . The culvette contained, in
1 ml, 30 Vmoles tris, pH 7.5, 10 ,jumoles MgCI., S
unmoles GSH, 0.33 Mtmole ATP, 0.33 Mkmole phospho-
enolpyruivate, 0.2 ,umole NADH, 0.4 ,umole ribuilose
51-P, alndl 2.8 ,umole ribose 5-P (prepare(d by heating
rilbose 5-P at 37' for 15 mintites in the presence of
partially puirified bacterial iso-merase), excess lactic
dehy(lrogenase andl pxruvvic kinase, and(I 100,000 X q

suipe rnatant.
Phosphoriboisomerase w\as assayed b)y the nletllo(l

of Axelro(d an(d Janig (5).
Glyceraldlehyde 3-P dehydrogena se w as measo red

by the metho(I of \Vu and Racker (30). The rear-
tiol1 mixtiure was .> 1111M xx ith re spect to 3-phospho-

glycerate. The 100,000 X Y suipernatant fluii(d uise(d
in the assay was prepared in plhosphate bulffer.

\ldolase xvas measured uslilng the spectrophoto-
metric method of W\i and( Racker (30) mo(lifie(i
to permit the addition of F- accor(ding t l)Dr.
1. AL. N illard (unpulblished ). The reaction mix-
tuire contained 50 inmoles tris, pH 7.4, 0.105 Mmole
NADH, 2 ,umoles fruictose 1,6-diP, 1 ,umole
Fe(NH4).(Sl 0)2, ,umoles cysteine, excess a-gl-
cerophosphatte dehydrogenase and(I glyce,ralde1hyde
3-P isomerase, and 100,000 X yj suiperniatanit frac--
tion prepare(l in phosphate lbffer.

Fruictose 1,6-(liPase \was measured as described
by Smillie ( 25). \Neutral fru1ctose 1,6-dilP'ase w as

measiiredl ill a reCaction mixture con1taililng, per ill],
/nmoles AIgCL., 100 jAmoles tris, p1- 17.3, 5 pliolcs

friietose 1,6-di 1, an( 100(,000 X q superilatanlt pre
pared in tris bulffer. \ssav mixture for the alkaline
phosphatase wxas identical except the pH of the tris
buffer was 9.0. The iixtuire was inctubated at 250
an(l samples removed at 3 miniute inter-vals (for 12
mills) Inorganic phosphate was measured by the
Tauissk)y and( Shorl- modification of the Suimner
metho(d (27).

Enolase was assayed by following the appearance
of phosphoenlolpyruivate at 230 iiiLu accor(lilng to tlle
metho(l of \Westhead ainld Malmstrom ('28). The
cuivette contailled, in - 3 ml filnal volume, 3 /dmoles
MgCl, 0.03 amo,le F.DT.\, 7.5 ,umoles 2-phospho-
glycerate, 15) Munioles tris, pH 7.4, aind( 1.5 jAmoles
KCI, and(I 100,0(0 X q sulperllatanit.

Coond(lensinig enzyme was measuired by the metho(d
of Srere and Kosicki (26). The reaction mixtuire
containe(d 70 umoles tris, pH 8.0, 0.4 Mmole oxalo-
acetate, 0.14 1xmoile acetyl-CoA\ and extract in a
total volume of 1.0 ml.

Acon,itase xvas measuired( by following the formla-
tioil of cis-aconitate b! the ilncrease in absorption
of 240 in/i. (3). The extract uise(d was prepared inl
phosphate buiffer.

I socitric dehyd(lrogenase was measuired spectro-
photometrically according to the method of Ochoa
(71). The reaction mixtuire coinsiste(I of extract,
5 numoles tris, p1)1 7.4, 1.8 umoles A1nlCl., 0.135

Utmole NA1)DP, alnd 0.6 1/niole DL-isocitrate in a vol-
iime of 3.0 ml.

a-Ketogluttaric (lehydlrogenase was assave(l by
following the formationi of NAI)H at 340 mM (12).
The reaction mixtuire conisiste(l of 0.13 /umole Co.\,
1(1( jxmoles potassiuim11 phosphate, pH 7.4, 0.27 umole
NA1), (0.83 Minole L-cysteine, 2:5 onioles a-ketoghl-
tarate, 30 ,umoles MgCl, 0.3 Mmilole TPP, and ex-

tract ill a total volume of 3.0 ml. The blank
conltaine(l all of the compolnenits of the reactioll
miixtlre except Co \. The reaction was initiate(d
hv- the ad(lition(of CoA, buit coul.d le initiate(l as

-ell 1)v the additionl of a-ketoglutarate. No re-

(Ilictioli of NAD xvas observed in thle absence of
TPP.

SulCCill\I-CO.\ S-ilitlletaLSCe V aI Lassyed( 1W the.'
metho(d of Chta ad P'arks (6).
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Succiniate (lehydrogellasC was measuired spectro-
photometrically according to Massey (20). The
ctivettes contained, in a filnal volume of 1 ml, 50
jumoles potassiuim phosphate, pH /.4, 0.52 mg cyto-
chrome C, 20 /Amoles suieciniate, anld 16.51 ,ug phein-
azinie methosutlfate.

Ftimarase was measuire(d by followinig the dis-
appearanice of fuimarate at 300 mu (19). The
reactioIn mixtiure containe(l, in a voluime of 3 ml,
100 jumoles potassiuim phosphate, pH 7.4, 50 p.moles
potassiuim fuimarate, anid extract prepared in phos-
phate buiffer.

Malate dehvdrogenase was measuire(d by follow-
ing the oxidlatioln of NADH at 340 (18). The
reaction mixtulre contailned, in a final volutme of
3 ml, 100 jumoles tris, pl /7.4, 0.15 ,umole _\ADH,
and 0.3 gnmole oxaloacetate.

Protein was measuired by reactioni writh Bitiret
reagenit (15).

ATP, NADIH, NADP, NADPH, horse heart
cytochromle C, TPP, fruictose 1,6-diP (so(liuim salt),
3-phosphoglycerate (tricyclohexvlammonia salt), the
bariunm salts of ribullose I1,5-diP, 2-phosphoglycerate
and phosphoenlolpyruivate, DL-isocitric aci(l, a-keto-
gllntaric acid, ftumaric acid, tris, and the enlzymes
ise(l in couiple(d reactiolns were obtained from the
Sigma Chemical Company; CoA, acetyl-CoA, anl(
NAD from Pabst Laboratories: oxaloacetic, stic-
cinlic an(d citric aci(ds, L-cysteine, and GSH from
Calbiochem, and(I the barium salt of ribose 5-P from
C. F. Boehrilnger and( Soehlne. Sodiuim salts of
phosphoenolpyruivate, ribuflose 1,5i-diP, and 2-phos-
phoglycerate were prepare(d by the addition of
so(liuim suilfate to a solution of the respective baritum
salt in (liltite ACL. The bariuim salt of ribose s-P
wa.lS dissolved in pH 7.0 tris buffer and Ba 2 pre-
cipitated as T3aS04. L-Malate, tused in growth
media, was C grade, obtainedl from Calbiochem:
sodlitlm acetate (AR grade. Malliilkro(dt) was re-
cryktallized from water. All other chemicals iise(d
were analytical reagent grade.

Results

The levels of several of the enzymes of the
reductive penitose phosphate cycle in R. riubriumt,
grown auitotrophically, photoheterotrophically with
L-malate or acetate as carbon souirces, or und(ler
(lark aerobic con(litions, are given in table 1.

Ribhulose 1,5-diP carboxylase, phosphoriluloki-
nase, and( alkaline fructose 1,6-diPase levels are
highest in ailtotrophically grown cells. The level
of ribhulose ,I-dliP carboxylase is to ouir knowle(dge,
the highest which has h)een reporte(l for any organ-
ism. Levels of these enzymes are significantly
higher in the acetate growln organisnm than in the
malate grown organism. The presence of light,
per se, (lliring growth has little effect oni the levels
of these enizymes, as is seeni by inspection of the
values obtained for light and( (lark grown malate
heterotrophs.

The apparently lower levels of activity for
glyceraldehyde 3-P dehvdrogenase in cells culltuire(d
oni IL-malate may be a resutlt of a dlifference in the
affinitv of the enzvme for the substrate (1,3-di-
phosphoglycerate) anid( not to actuial (lifferences ini
the real levels of the enzyme since the levels of
substrate uised in the assay were lower than those
neededl for optimal activity of the Chronuatium
enzyme as isolate(d from heterotrophically grown
cells, but e(qual to the levels nee(le(d for optimal
activity of the enzyme isolatedI from auitotrophically
culture(d Chr-onl(tiuti,i (11). It is signiificanlt that
the acetate cells resemble the atitotrophs and(I that
light has no affect on the enzyme in malate
heterotrophs.

There wvas a 5-fold stimullation of aldolase
activity by Fe2'. The rate of the reaction was
slightly (abouit 10%) enhanice(d by the addition of
EDTA (to lmNt) in the al)senlce of iron.

The acetate grown cells conitainie(d a neuitral
oiosphatase which was active towar(ds friletose

Table 1. Levcl of En.v:vmis of h1w ReYduclive Penlos, I'lPosphatet Cychl (ind EMIP Palhiwav in Rlhodospirilluni

Extrac('ts pracireCl s(lsescril)ed in Methods sectionl. Specific activities, (MlIlo!es silbstrate conilsille(i mill-
protein), are based o01 proteini in the crll(le extract.

Conditions of ->rowth

Ribulose 1,5-diP carboxylase&'
Ribulose 5-P kinase
Ribose 5-P isonierase

Glyceraldehyde 3-P dehydrogenase
Aldolase
Fructose 1,6-diPase (neutral)
Fructose 1,6-diPase (alkaline)
E-nolase

* ,uMoles of phosphoglveerate formed.
** ATPase interferes.

.Autotropl

240
34
40
49
9.4
0

27
80

Acetate
(NH).,SO
pIhototrop)h

60
33
77
36
7.6

18
18

110

i.-Malate
(NH, ).ISO,
lphlototropli

7
1 2,.!--?

51
11
9?.
2
1

96

(NH4)LSO1l
lark lieterotroph

4

66
12
11
2
1

140
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Table II. LcT cls of En.'mcs of ti/ic Tricarboxiic Acid Cvcle in Rhodospirillum rubrum
Extracts prepared as described in Methods section. Enzyme levels are expressed as amoles min-i g'- protein.

Conditions of grow-th

Acetate
(NH4) 2S04

ANutotroplh phototroph

Condensinig enzyme 140 190
Aconitase 110 100
Isocitric dehydrogenase 190 220
a-Ketogluitaric dehydrogenase 4.1 2.2
Succinvl-CoA sx,nthetase 105 88
Succinlic debydrogenase 1560 2180
Fumarase 580 124
Malic dehydrogenase 1900 3700

1,6-(iP. This activity was not foulnd in this organ-
ism cnilttnred uinlder any other set of coniditions.

In talble 11 the activity of the tricarboxylic acidl
cycle enzymes are liste(d as measuired in extracts of
cuiltuires growNn uindler a variety of con(litions in-
Chiding coll(litionis suich that hydrogen is evolved
(with glultamate as a nitrogeni source) and is not
eVolved (with ammoniutm sul fate as nitrogen
sotirce) (luiriing growth.

The levels of the tricarboxylic acid cycle en-
zvmes are somewhat higher in (lark than in light
growin malate heterotrophs. This probably reflects
the fact that a large percentage of the protein of
the phototroph is in the chromatophore. CoIn-
lensing eizyvme is markedly lower in the malate
1)hotoheterotroph.

The conl(lenising enzyme is likewise markedly,
lower in the nlon-hy(drogen pro(lulcing malate photo-
literotroph thani in the organism from cuiltuires of
malate photoheterotrophs photoevolving hydlrogenl.
l ikeNwise malate dlehydrogenase was higher in the
hy\,drogen evolving organism. The fulmarase from
cuiltuires of glultamate, malate photoheterotrophs re-
(lilire(l the addition of a thiol to the extraction
llle(lia for stability. 20 mi Mercaptoethanol was
uise(d here2. This fumarase activity was lost when
the extract was prepare(l in tris buffer. The
filmarase activity of the malate, ammoniuini suilfate
plotoheterotrophs was not aIffected b)v thiols, nlor
was it affectedI b) tris.

T'he condensing enzyme ain 1(1nialic dehydroge-
ni.ase levels are highi in the acetate photohetero-
troph: funiarlase levels are low.

Discussion
Clearly the enlzyme profile with regatr(l to photo-

synlithetic carbon metabolism of antotrophically
grown R. rutbrini is similar to that of higlher greeni
plants and(I algae. The restults of these experimiienits
and the kinetics of CO. fixation as reporte(d in the
previouis paper are consistent with the operation of
the reductive pentose phosphate cycle, or of a

modification thereof, for the photometabolism of
Co.

2 Thiol stabilization of a bacterial fuimarase was first
observed by Dr. A G. Callely in this laboratory witl
extracts o(f a Chloropscdrnnad

L-Malate
gflutamate
phototroph

105
150
170

6.6
60

2230
420

2460

L,-Malate
(NH4) ,S01
phototroph

35
110
225

6.6
66

1510
510

1390

L M-a\4late
(NNH-I) ,S04

dark lieterotroph
140
170
459

96
2220
800

2350

t'n(ler auitotrophic coln(litionIs ribulose 1,5-diP
carboxvlase, ributlose 5n-P kilnase, alkalinie fruictose
1 ,6-di Pse, and( high levels of glyceraldehyde 3-P
(lehy(lrogenase activity are indull1cedl. Light, per se,
hadl nlo effect oni the !n(luction of these enlzvmes
sinice the levels in cells growni either in (larkness
or in the light oil L-malate, ammoniiiiini suilfate
medlia were similar. It wrouild seem rather that the
carl)on souirce is mnolre (lirectlv involvedl w\ith conl-
trol thall is light.

Ribuilose 1,5-(diP carboxylase levels have been
shown to be a fulnction of the mo(le of growth in
a number of photosynthetic and chemosynlthetic
forms (9, 13, 16, 24). Tin Rhodopseudowonoas splier-
oidcs Lascelles foundi(I that ribtilose 1,5-diP carboxy-
lase activity was light iniduice(d (14). This is in
contrast to the resuilts obtained here. Ribulose
1,5-diP carbox\vlase levels in autotrophically ctul-
ttire(l R. spheroides (L. An(lerson, uipuiblishe(d re-
suilts) are similar to those obtained 1v Lascelles ill
the photoheterotrophicallyl culltture(d organisim. It
wouldlc appear that the (lifference in the effect of
light oni the ind(utiction of this enzymne miiay be a

species (liffereuce: possibly malate repr-esses fornma-
tioni of this enzynme in R. rubruni and R. spli croides
is not subhject to this repressioni.

Ri'btlose 5-P kinase was foulnd( to be higher in
auitotrophically culltuire(d than in heterotrophically)
ciultulre(d Chlawvdom onas ni udana by' Ruissel and
Gibbs (24). Similar resullts wv\ere foulnd( in the pres-
enlt experinments. These authors fouind( that ribose
s P isomerase levels were mitiich higher in auitotro-
phic C. mundanoa. TII R. rid)runi, in contrast, levels
of the latter enzymnie are lowest in the aultotrophically
ctiltiure(I organisism anid highest in the acetatte photo-
heterotroph. in any case the levels of this czvnimc
are high enouigh to accouIilt for photosynthesis.
This enzyme is probablvy not iund(ler metabolic con-
trol in R. rutbriuim.

Fructose 1,6-diP aldolase in this organism ap-
peare(l in metal ionl specificity to be similar to that
fouind( in R. sphlcroides (29), Anacystis nidtlans
(29), anid in heterotrophically cultured Chlamy-
donionas (24). It (loes not appear to be subjiect
to metabolic control relate(d to photosynthesis.

PLAN T PHYSIOLOGY5(o
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The level of glyceraldehvde 3-P dehydrogenase,
as measured in these experiments, is highest in the
autotrophs and in the acetate photoheterotrophs.
The levels of activity in both the light and in dark
grown malate heterotrophs are 4-fold lower than
in the atutotrophs. Clearly this enzyme is subject
to a form of metabolic control related to photo-
synthetic carbon metabolism. Similar results have
been obtained with Chromatium (11). In green
plants the nucleotide specificity of this enzyme is
inder comparable control (8).

Alkaline fruictose 1,6-diP phosphatase in R.
rubrumt appears to be induced under conditions of
autotrophy. This enzyme has been shown to be
associated with the chloroplast in green plants and
to be light induced in the algae, Eutglena (25).
Apparently in R. rubrum, this enzyme is induced
(or de-repressed), not by light, but by autotrophic
growth conditions.

The photometabolism of CO9 by acetate photo-
heterotrophs appeared to be intermediate between
strict photoheterotrophy as exemplified by the
malate photoheterotrophs and strict autotrophy (2).
With regard to the photosynthetic enzymes, the
enzyme profile presented here for the acetate
photoheterotroph is intermediate between that of
the strict heterotrophs (malate cultures) and the
autotrophs. In every instance where a photosyn-
thetic enzyme level was high in the autotroph it
was higher in the acetate photoheterotroph than in
the malate photoheterotroph. It would appear that
this organism, when grown phototrophically on
acetate, can utilize CO, photosynthetically, thus
circumventing the necessity for isocitritase and the
glyoxylate cycle.

It is apparent that light, alone, is not responsible
for the appearance of the enzymes of the reductive
pentose phosphate cycle in this organism. Cohen-
Basire and Ktinisawa (7) have shown that light
is not responsible for the induction of the enzymes
of photophosphorylation or for the formation of
the photochemical apparatuis of this organism.
Clearly, any effect of light on photosynthetic carbon
metabolism in this bacterium is a secondary effect,
related to the changes in levels of adenine nuicleo-
ti(des and possibly reduiced pyridine nucleotides.

Enolase activity was essentially the same re-
gar(dless of the mode of growth. It has been
postuilated that the enzymes of the Embden-Mlever-
hof pathway (from glyceraldehyde 3-P dehvdro-
genase throuigh enolase) are tinider the control of
a single genetic system (22). If this is truie in
R. rubrurm then the relative activity of this pathway
excluisive of glyceraldehyde 3-P (lehydrogenase is
unaffected by light or by the carbon or nitrogen
source used for growth.

All of the enzymes of the tricarboxylic acid
cycle were found in R. rubrum grown under the
conditions tested. The condensing enzyme appears
to be tinder metabolic control in this organism, as
does isocitric dehydrogenase, malic dehydrogenase

and possibly a-ketoglutaric dehydrogenase. The
present experiments are not sufficiently detailed
to allow speculation as to the details of the control
of these 3 enzymes; 02 tension probably in-
fluences the first 3 mentioned enzyme levels since
they are significantly higher in L-malate, ammonium
stilfate ctiltures grown aerobically than phototro-
phically.

Fumarase in extracts of the hydrogen evolving
photoheterotroph appears to have quite different
properties from the fumarase in extracts prepared
from non-hydrogen evolving forms. This enzyme
has been shown to be under allosteric control in
several organisms (4). It is tempting to correlate
the requirement for thiol with the ability of the
cell to produce hydrogen. It is clear from these
experiments that the photoevolution of hydrogen
is not controlled by simple adaptive formation of
1 or more enzymes of the tricarboxylic acid cycle,
since light has little or no effect on the levels of
the tricarboxylic acid cycle enzymes.

Metabolic control in this organism appears to
be mediated entirely by the nature of the carbon
and nitrogen sources utilized for growth. Light
had no demonstrable effect on the presence or
levels of any of the enzymes of photosynthetic and
heterotrophic carbon metabolism studied.
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