Our proposed mechanism for the gas-
tric generation of hydrogen ions sup-
ports Rehm’s concept of an electro-
genic chloride pump (I3) as the pri-
mary cell, with the ion-selective mem-
brane model supplying acid and base
to complete the circuit.
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Alternative Forms of Triosephosphate

Dehydrogenase in Chromatium

Abstract. Triosephosphate dehydrogenase was purified extensively from the
obligately phototrophic bacterium Chromatium. Enzyme prepared from photo-
lithotrophically grown cells differed in several properties from enzyme prepared
from photoorganotrophically grown cells. Either form of the enzyme could be
transformed in vitro to the other by mild oxidation or reduction, which effected
both Michaelis constants and reactive —SH contents of the proteins.

Numerous studies on the intracellular
and phylogenetic distribution of nicotin-
amide adenine dinucleotide (NAD)
and nicotinamide adenine dinucleotide
phosphate (NADP)-linked triosephos-
phate dehydrogenase (TPD) lend
evidence to the hypothesis that the
NADP enzyme functions primarily
in photosynthesis (/-3). However,
the photosynthetic bacteria apparently
lack NADP-linked TPD activity (4).
We have studied the properties of
the NAD-dependent TPD of the obli-
gately phototrophic bacterium Chro-
matium in order to clarify more fully
the function of the NAD-linked TPD
in bacterial photosynthesis.

Chromatium, strain D was grown
either photolithotrophically with CO,
as the sole source of carbon and
Na,S,0, as reductant, or photoorgan-
otrophically with sodium malate as
source of both carbon and reductant
(5). Cells were harvested by centri-
fugation, washed once, and suspended
in 0.10M potassium-phosphate buffer
at pH 8.4. The cells were disrupted by
high-frequency sound, and whole cells
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and debris were removed by high-
speed centrifugation. Most of the TPD
activity was then precipitated by
(NH,),SO, between 0.50 and 0.80
saturation. This precipitate was sus-
pended in the phosphate buffer and a
particle-bound pigment fraction was
removed by centrifugation at 144,000g
for 90 minutes. The supernatant fluid
was then passed through a 150-ml
column (2.8 by 25.0 cm) of Sephadex
G-200. The active eluant fraction was
brought to 0.50 saturation with
(NH,),SO,, and crystallization of
TPD was effected. This product gave a
monodispersed peak in the analytical
ultracentrifuge, although most prepara-
tions showed a marked tendency to
dissociate. A sharp symmetrical peak
of activity was eluted from Sephadex
G-200. The purified enzyme migrated
as a single protein band during electro-
phoresis on acrylamide gel. The specific
activity of twice recrystallized enzyme
was no higher than that of the Sepha-
dex eluate and the latter was used as a
source of enzyme in most experiments.

The TPD activity was measured in

the reductive direction from 1,3-di-
phosphoglyceric acid to glyceraldehyde
3-phosphate (G-3-P) by the method of
Heber, Pon, and Heber (3) except
phosphoglyceric acid kinase was added
in at least twofold excess in all cases.
Activity in the oxidative reaction from
G-3-P to 1,3-diphosphoglyceric acid
was measured as described (2).

Under conditions of saturation, the
assay showed that enzyme from either
photolithotrophically or photoorgano-
trophically grown cells had a pH op-
timum between 8.3 and 8.5. The
specific activities of the enzyme from
both sources were equal. The molec-
ular weights, as judged by ultracentrif-
ugation and elution from Sephadex
G-100 and G-200 columns (6),
were 120,000, which is identical to
that of TPD prepared from other
sources. The enzymes also had similar
Michaelis constants (K,,) for NAD
and for NADH (Table 1). The enzyme
from photolithotrophically grown cells,
however, had affinities three times high-
er for G-3-P and 1,3-diphosphoglyceric
acid than did the enzyme prepared
from photoorganotrophically grown
cells. These observations led to the
question of whether Chromatiuim con-
tains two different NAD-specific TPD’s
or a single TPD, the properties of
which are controlled by growth condi-
tions and the metabolic requirements
of the cell. Since growth medium con-
taining Na,S,0; and CO, has a lower
redox potential than does the sodium
malate medium, the effect of mild oxi-
dation and reduction on the properties
of purified TPD from Chromatium
were examined.

The TPD prepared from photoorgan-
otrophically grown cells was reduced
by treatment with 0.10M sodium
ascorbate for 1 hour. The TPD from
photolithotrophically grown cells was
oxidized by overnight dialysis against
0.10M potassium phosphate buffer, pH
8.0, which removed the cysteine used
to protect the enzyme. Reduction of
the TPD from cells grown on sodium
malate reduced the K,, for 1,3-diphos-
phoglyceric acid from 10—2M to 4
X 10—3M (Table 1), approximately
equal to the enzyme prepared from
cells grown on CO,. Conversely, oxi-
dation of the enzyme prepared from
cells grown on CO, raised the K,, for
the 1,3-diphosphoglyceric acid to 9 X
10—3, a value approximately equal to
enzyme from cells grown on sodium
malate.

The number of active —SH groups
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Table 1. Properties of triosephosphate dehydrogenase from Chromatium. Purified enzyme was
oxidized or reduced as described in text. The K, is an average based on ﬁye independent
experiments. DiPGA is used as an abbreviation for 1,3-diphosphoglyceric acid.

s K, Moles
ource —SH
of _ group per
enzyme DiPGA NAD G-3-P NADH mole enzyme
Untreated COz* 3 X 10-® 5 x 10 1.7 X 10+ 3.0 X 10-° 4.2
Oxidized COz 9 X 10 6.5 X 10-° 5.0 X 10 4.0 X 10-¢ 2.4
Untreated malf 1x 102 2.4
Reduced mal 4.0 X 10 33

* COz refers to cells that were grown photolithotrophically.

photoorganotrophically.

per protein molecule was measured by
the nitroprusside reaction (7) in both
treated and untreated TPD’s from both
sources of cells (Table 1). The un-
treated enzyme from cells grown on
CO, contained 4.2 reactive —SH
groups per molecule, and the untreated
enzyme from cells grown on malate
contained 2.4 —SH groups per protein
molecule—with the assumption of 100
percent purity of the preparations.
Oxidation of the former, which in-
creased the K,, threefold, also reduced
the number of reactive —SH groups
to 2.4. Conversely, reduction of the
latter enzyme, which reduced the K,,,
raised the number of reactive —SH
groups to 3.3. All changes in K,, and
in reactive —SH content were revers-
ible.

These results indicate that Chrom-
atium many contain a single NAD-
dependent TPD, the physical and
chemical properties of which are con-
trolled by the chemical environment
of the cells. Whereas, in higher plants,
the NAD-dependent TPD probably
functions primarily in the direction of
glycolysis and the NADP-dependent
TPD functions primarily in the photo-
synthetic Calvin cycle, the NAD-de-
pendent TPD of Chromatium functions
in the synthetic direction during both
lithotrophic and organotrophic growth
conditions. During photolithotrophic
growth, TPD must support synthesis
of C; compounds and support the
function of a Calvin cycle (5). Organo-
trophic growth results in a tenfold re-
duction of Calvin-cycle activity (5)
and, under such conditions, TPD activ-
ity would be necessary only for the
production of compounds for carbon
storage and for glycolysis. In an organ-
ism with small intracellular pools of
both 1,3-diphosphoglyceric acid and
G-3-P (5), and a high content of
TPD with a relatively low affinity for
these substrates, a small change in K,
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1 Mal refers to cells that were grown

could easily control the rate of the
TPD reaction. Such a control mechan-
ism might be based on direct, environ-
mentally caused, changes in the ter-
tiary structure of the protein molecule.
These results are interesting in view
of the results of Horecker and
Cremona (8) who found that two
—SH groups might play a role in the
regulation of activity of fructose 1,6-
diphosphate aldolase and in view of
the work of several authors demon-
strating the reversible loss of antibody
activity produced by reduction of S—S
linkages (9).

Regulation of TPD activity in
Chromatium by such a mechanism
would provide control of a key reduc-
tive reaction in photosynthesis and
would be rapid in both directions since
the de novo synthesis of a protein is
not required.
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Protein Synthesis in Enucleated
Eggs of Rana pipiens

Abstract. Tritiated leucine of high
specific activity was injected into enu-
cleated Rana pipiens eggs. After 6
hours, there was significant incorpo-
ration of the label into protein. The
amount of incorporation in these eggs
was as great as that in fertilized, nor-
mally developing eggs.

Many kinds of experiments have
shown that early development in the
amphibian egg can occur in the ab-
sence of obvious nuclear control. For
example, partially cleaved blastulae
have been obtained by fertilizing frogs’
eggs with heavily irradiated sperm and
then mechanically removing the egg
nucleus (/). Likewise, development to
the blastula or gastrula stage occurs in
the presence of lethal hybrid nuclei
(2), and in the presence of nuclei with
very abnormal chromosomal comple-
ments (3). However, neither the na-
ture of the synthetic processes occur-
ring during early development nor the
importance of nuclear participation in
the control of these processes is clearly
understood.

Early investigations had suggested
that very little, if any, net RNA, DNA,
or protein synthesis occurs before gas-
trulation (4), but recent reports have
indicated that RNA synthesis (5, 6),
and possibly protein synthesis (5, 7),
does take place during cleavage stages.

Tiedemann and Tiedemann (8)
have presented evidence for protein
synthesis in anucleate halves of li-
gated Triton eggs, indicating that pro-
tein synthesis can occur in the ab-
sence of a nucleus. Further evidence
for the nonparticipation of DNA in
the control of early synthesis was re-
ported by Brachet et al. (7) who
showed that inhibition by actinomycin
D of DNA-directed RNA synthesis
had little effect on cleavage even when
the antibiotic was injected directly in-
to fertilized eggs. On the other hand,
injection of puromycin, an inhibitor of
protein synthesis, effectively stopped
cleavage shortly after treatment. These
results, although somewhat indirect,
suggest that protein synthesis which
does occur during early development
is not necessarily subject to direct nu-
clear control. The following experi-
ments provide direct evidence for the
synthesis of protein in enucleated eggs
of the leopard frog, Rana pipiens.

Ovulation was induced in mature
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