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The intracellular and phylogenetic distribution of
the NAD and the NADP dependent triosephosphate
dehydrogenases ('TPD) in photosynthetic organisms
has been examined in many laboratories (8,11,12,
20,22). Studies by Fuller and Gibbs (6), and
Smillie and Fuller (21) have indicated that the
NADP enzyme occurs only in green tissues of higher
plants and in O, evolving photosynthetic microorga-
nisms. Brawerman and Konigsberg (4) have studied
the kinetics of the formation of the NADP enzyme
in Euglena and found that the rates of synthesis of
chlorophyll and the increase in NADP activity are
approximately equal. . These results led to the sug-
gestion that the NADP enzyme functions in photo-
synthetic metabolism while the NAD enzyme is op-
erative in oxidative or glycolytic metabolism. This
suggestion received further support from the demon-
stration by Heber, Pon and Heber (12) that the
NAD linked TPD is confined to the chloroplast in
several higher plant species. In contrast to these
findings, however, no NADP dependent TP'DD ac-
tivity has been observed in photosynthetic bacteria
(6.7).

To examine further the question of pyridine
nucleotide specificity in photosynthesis, we have
studied the kinetics of changes in NADP and NAD
linked dependent TPD activities in bleaching and re-
greening cultures of Chlamydomonas reinhardi and
Euglena gracilis, and the activity and properties of
the NAD dependent TPD from Chromatiwm strain
D grown under either photolithotrophic or photo-
organotrophic conditions.

Materials and Methods

Organisins and Growth Conditions. 'The wild
type strain (137¢) of Chlamydomonas reinhardi and
the mutant strain y-2 derived from it have been previ-
ously described (13). Cultures were grown in either
a minimal medium containing only inorganic salts or
in this medium supplemented with 0.2 9, sodium ace-
tate (13). Chromatium strain D was grown as
previously described (7). The medium for photo-
lithotrophic conditions contained CO, as the sole
source of carbon and Na,S,O; as a source of reduct-
ant. The photoorganotrophic growth medium con-
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tained sodium malate as carbon source. All cultures
were grown at an incident light intensity of 20.000
lux.

Euglena gracilis strain Z was grown in organ-
otrophic medium at a light intensity of 1500 to 2000
lux or in the dark. Bleached cultures were allowed
to regreen in a resting medium as previously de-
scribed (22) at an incident light intensity of 1500 to
2000 lux.

Preparation of Encyme Extracts. Crude enzyme
preparations were prepared in the same way for all
3 organisms. Concentrated suspensions of cells were
disrupted by sonic oscillation with a Mullard 20 kc
ultrasonic disintegrator for 3 minutes at 0°. The
suspensions were then centrifuged at 20.000 X ¢ for
30 minutes and the supernatant fluid was used as a
crude enzyme preparation.

TPD was extensively purified from Chromatiuimn.
Following disruption and initial centrifugation. the
material precipitating between 0.5 and 0.8 saturation
with (NH,).SO, was collected. 'This fraction con-
tained 70 to 80 % of the TPD activity. The pre-
cipitate was resuspended in a small volume of 0.1 M
K phosphate buffer at pH 8.4 and centrifuged for 90
minutes at 144,000 X g. The supernatant fluid con-
tained all of the remaining enzyme activity and was
a clear, straw color. The enzyme was further puri-
fied by passage through a 150 ml (2.8 X 25 cm)
colunm of Sephadex G-200 equilibrated with 0.1 M
K phosphate buffer at pH 8.4 from which it eluted in
about 1.5 times the void volume. In order to crys-
tallize the enzyme, the Sephadex eluant was brought
to turbidity with (NH,),SO, and allowed to stand
for 3 to 5 days. Twice recrystallized enzyme had no
higher activity than the Sephadex eluant and the
latter used for most studies. Purified enzvme was
dialized against saturated (NH,),SO, and stored in
the cold in this manner until it was uced.

Ensyme Assay. Triosephosphate dehydrogenase
activity was assaved in both the oxidative and the
reductive direction. In the oxidative reaction from
glvceraldehyde-3-P to 1.3 diP-glycerate (DiPGA),
the method of Fuller and Gibbs was used (6). In the
reductive reaction from DiPGA to glyceraldehyde-
3-P, the method of Heber, Pon and Heber (12) was
used, except that PGA kinase was added to 2-fold
excess in all cases. The OD change at 340 mp was
measured for at least 3 minutes and the rate of re-
action was calculated from the linear portion of the
curve. A\ unit of enzyme activity is defined as the
amount that will oxidize 1 pmole of reduced pyridine
nucleotide per minute.
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Protetn Determination.  Protein  concentration
was determined with the biuret reaction (9).

-SH  Determination.  Determinations of  thiol
groups were made with the nitroprusside reaction
(10).

Results

Chlamydomonas. ‘I'he activities of NAD  and
NADP dependent TP were measured in cell-free
extracts of wild type and mutant strain v-2 C. rein-
hardi following growth for 72 hours in the light on
minimal medium, growth for 72 hours in the light on
acetate supplenented medium and growth in the dark
for 96 hours on acetate supplemented medium. "The
results given in table T for the 2 strains show that in
no case was more NADP than NAD linked activity
detected.  Addition of sodium acetate to the growth
medium in the light resulted in a 2-fold reduction in
the NADP linked activity. Little change was de-
tected in the NAD activity under these circum-
stances.  Growth of both wild tyvpe and the y-2 mu-
tant strain in the dark resulted in an increase in NAD
activity. In the case of ¥-2, dark growth was accom-
panied by a 13-fold reduction in chlorophyll content
and a decerease in NADD activity comparable to that
caused by the sodium acetate in the light. The
NAD/NADP ratio varies from 1.7 to 3.0, depending
upon environmental conditions (table T).

The chlorophyll content and NAD and NADP
dependent activities were then examined during the
entire process of bleaching and regreening in the
mutant strain y-2 (fig 1). During growth in the
dark, chlorophyll svnthesis is completely stopped.
NADP linked TPD activity per cell begins to de-
creasc at the same time but at a lower rate than the
chlorophyll content.  NAD linked activity increases
almost 2-fold during this period. On return to the
light, there is a rapid decrease in the NAD activity
and increases in both chlorophyll content and NADP
activity. A\ plot of units of enzyme per cell against
chiorophyll per cell is given in figure 2. Changes in
the NADP and NAD linked enzyme activities hegin
concomitantly with changes in chlorophyll content
and the level of both enzymes characteristic of light
grown cells is reestablished by the time the culture
was fully regreened (table 1). Thus. it is clear that
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activity and NADP dependent TPD activity during
bleaching and regreening of the y-2 mutant strain of
Chlamydomonas. @ = pg chlorophyll/cell; A = units
NAD dependent TPD per cell (X 10): O = units
NADP dependent TPD per cell (X 10").

the kinetics of the formation of NADP linked ac-
tivity and the disappearance of NAD activity do not
follow thosc of other photosynthetic enzymes in (.
reinhardi (13, 14). Both ribulose 1,3-diP carboxy-
lase and photosynthetic pyridine nucleotide reductase
(PPNR) activity show a lag in formation relative
to chlorophyll svnthesis that the TPD enzymes do
not.

Chromatiwn.  Enzyme was purified from cultures
of Chromativm strain D grown either photolitho-
trophically or photoorganotrophically. Enzyme from
both sources eluted from Sephadex G-200 (in which
the enzyme was included) or (G-100 columns (from
which the enzyme was just excluded) in a volume cor-
responding to a molecular weight of 110,000 to 130).-
000 (1.15.16). The molecular weight of the puri-
fied enzyme was also determined by sedimentation
velocity in the ultracentrifuge. For this purpose.
purified enzyme was suspended in 0.1 Mz cysteine at
pH 8.4, If this cysteine was omitted, the enzyme

Table 1. Triosc Phosphate Dchydrogenase Levels in Chlamydomonas
Measurements of enzyme activity and chlorophyll determinations were carried out as described in Materials and
Methods.
Growth conditions

Basic medium

+ or — Na  Units enzyme cell (X 10?) rg Chlorophyll
Strain light acetate NAD NADP  NAD/NADP  per 105 cells
Wild Type - - 27 16 7 143
Wild Type - + 2.6 0.88 3.0 1.47
Wild Type - + 5.1 1.00 5.1 1.03
V-2 - - 3.2 1.9 1.7 1.58
ve2 . 27 0.67 10 1.61
v-2 - - 3.5 7.9 0.11

0.70
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CHLAMYDOMONAS
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F1c. 2. Units of NAD and NADP dependent TPDs
and of RuDP carboxylase per cell plotted as a function
of chlorophyll content during regreening of y-2 Chlamydo-
monas. The arrow indicates the time at which paired
lamellae are first seen in the developing chloroplast.

broke down completely during ultracentrifugation,
and even the stabilized system shows a tendency to
disassociate upon standing. However, an S, of
7.0 was obtained which is identical to that of the rab-
bit muscle TPD (23). If it is assumed that Chro-
matium TPD and rabbit muscle TPD have the same
partial specific volumes and diffusion coefficients,
the molecular weight of 118,000 can be calculated
for Chromatium TPD, which is in agreement with
the Sephadex method.

Whereas the enzymes prepared from cultures
grown under these 2 different conditions were quite
similar in terms of molecular weight, and both had
the same pH optimum (pH 8.3-8.5), other proper-
ties were different. The Michaelis constants of the
enzymes for DiPGA, glyceraldehyde-3-P, NAD and
NADH were determined for both the purified en-
zyme preparations and the crude preparations from
Lineweaver-Burk plots which were linear (table IT).
Measurements of both the purified and crude prep-
arations were identical indicating that differences in
K,, values were not purification artifacts. The re-
sults of these experiments are given in table II. En-
zymes from cells grown under both sets of metabolic
conditions had approximately the same K,, values
for NAD and NADH but the K, values for DiPGA
and glyceraldehyde-3-P differed by a factor of 3.
The enzyme prepared from photolithotrophically
grown cells had a K, for DiPGA of 3.0 X 10 M
(1.7-43 X 10% M) and that prepared from photo-
organotrophically grown cells had a K, for DiPGA
of 102 M (0.9-1.2 X 1072 M).
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The difference in the properties of T'PDs prepared
from cultures grown under 2 different growth condi-
tions leads to the question of whether there are 2
separate proteins, as in higher plants, or a single pro-
tein, the properties of which vary with growth con-
ditions. The major differences between the growth
conditions are source of carbon (inorganic vs. or-
ganic) and the redox potential of the growth medium.
Thiosulfate or H,S as reductant have lower redox
potentials than does an organic source of hydrogen.
Since Bose and Gest (3) have shown that photosyn-
thetic bacteria will carry out photosynthetic phos-
phorylation within only a very narrow range of redox
potential, the effect of mild oxidation or reduction on
the properties of the enzyme was studied. Reduction
of the enzyme prepared from cells grown with malate
as a source of carbon and reductant was reduced by
treating the enzyme with 0.1 M Na ascorbate (pH
8.5). Treatments for periods of 1 to 15 hours were
examined and all produced the same result. Mild
oxidation of the enzyme prepared from cells grown
with CO, as the sole source of carbon was also car-
ried out. Since the purified enzyme was stored in
the presence of cysteine, the cysteine was removed
from a standard preparation by dialysis against 0.1 M
K phosphate buffer at pH 84 for 12 hours. The

Table I1I. K Values (M) for Purified Triose
Phosphate Dehydrogenase from Chromatium

Reaction mixtures: A, glyceraldehyde 3-P — DiPGA.
The reaction mixture contained in a total of 3.0 ml: 100
umoles of Tris (hydroxy methyl)-aminomethane, pH
8.4; 17 umoles of Na arsenate; 12 umoles cysteine, pH
8.4; 0.18 umole of NAD in standard reaction mixtures
in determination of K for G-3-P (varied from 0.002
umole-0.36 umole for determination of K, for NAD) and
0.1 ml enzyme preparation. The reaction mixture was
incubated at 25° for 7 minutes and 1.0 umole glyceral-
dehyde 3-P was added (varied from 0.10-2.0 wmoles in
determination of K for G-3-P). After 30 seconds, the
OD change at 340 mu was followed for 3 minutes. B,
DiPGA — glyceraldehyde-3-P. The reaction mixture
contained in a total of 3.0 ml: 100 umoles Tris, pH 8.4:
20 wmoles of MgSO, « 7H,0: 12.0 umoles cysteine, pH
8.4; 45 umoles of PGA in standard assay (3.0-67.5 umoles
in determination of K for DIiPGA); 2-fold excess of
PGA-kinase (Sigma) in 0.10 ml; 5.0 umoles of ATP,
0.80 umole of NADH in standard assay (0.01-1.0 umole
in determination of K, for NADH); 0.10 ml enzyme
preparation. The OD change at 340 mu was followed
for 3 minutes.

Cells grown on:

H,S and CO, Malate

Glycerate 1,

3-DiP 30 (= 1.3) X 10 1.0 (%= 02) X 102
NADH 50 (£ 1.2) X 10 6.5 (= 0.8) X 10
Glyceral-

dehyde-

3-P 1.7 (%= 0.5) X 10 50 (x 1.0) X 10+
NAD 30 (= 09) X 10°¢ 40 (= 1.2) X 10

* K, values, range of at least 5 separate determinations
is given.
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results are given in table L1, Mild oxidation of the
enzyme prepared from CO, grown material altered
the K, of the enzyme for DiPGA from 3 X 107 M
to 9 X 107 am (811 X 10% ), that is, approxi-
mately equal to enzyme prepared from malate grown
material. Conversely, mild reduction of enzyme
freshly prepared from malate grown cells changed
the K, for DiPGA from 102 m to 4+ X 1073 a (2.6-
4.4 X 107 M) approximating the enzyme from CO,
grown material. Both changes were reversible.

The number of reactive SH groups per mole of
protein was measured in highly purified enzyme pre-
pared from both sources immediately after elution
from Sephadex G-200 (table III). Determinations
of thiol groups, therefore, were unaffected by added
cysteine. The native enzyme prepared from CO,
grown material contained 4 (3.8-4.3) available -SH
groups per protein molecule. The enzywe prepared
from malate grown material contained about 2.4
(1.9-2.7). Oxidation of the former reduced the
number of reactive -SH groups to 2.4 (2.1-2.6) and
the reduction of the latter increased the number to
3.3 (29-34). The change in the K, values were
accompanied by a change in the number of reactive
-SH groups per protein molecule and all changes
were reversible. Thus, these in vitro changes in
both the available -SH groups and K,, parallel the
in vivo differences, suggesting the existence of 1 al-
terable protein in the 2 metabolic states.

Euglena. A culture of E. gracilis was grown in
the dark on heterotrophic medium at 23°. After
total bleaching the cells were harvested and returned
to the light in resting medium. Samples were taken at
daily intervals and the chlorophyll content and NADP
and NAD linked TPD activities were measured (fig
3). The results agree quite well with those of
Brawerman and Konigsberg (4). who found that
during regreening. NAD linked activity decreased
about 209 and NADP linked activity increased
about 10-fold. We suggest that the decrease in NAD
linked activity may be more significant than relative
constancy. Quantitatively, there is a decrease in
NAD linked activity of about 0.03 unit per 106 cells
and a net increase in NADP linked activity of 0.06
unit per 10° cells. Tn the absence of information
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F1c. 3. Chlorophyll content, NAD dependent TPD

activity and NADP dependent TPD activity during
bleaching and regreening of Euglena.

concerning the turnover number of the 2 enzymes, it
can still be suggested that a conversion of NAD
linked activity to NADP linked activity might take
place during regreening. This hypothesis was tested
by analyzing the first 25 hours of regreening of a
bleached culture of Euglena in detail. A dark grown
culture was returned to the light in resting medium
and aliquots were taken every hour for 7 hours and
then roughly every 3 hours. Chlorophyll content
and NAD and NADP linked activity were then meas-
ured. These results are given in figure 4. During
the first 25 hours of regreening, there was a 5 to 6-
fold increase in NADP linked activity but no de-
crease in NAD linked activity.

Discussion

The results obtained in bleaching and regrecning
cultures of Euglena (fig 3) agree well with those
obtained in other laboratories (4). Chlorophyll syn-

Table 111 [iffect of Oxidation and Reduction on Purified Triose Phosphate
Dehydrogenase Purified From Chromatium
Reduction of oxidized TPD was effected by adding one-tenth volume of 0.10 a Na ascorbate to the enzyme prep-
aration. Oxidation of reduced TPD was carried out by overnight dialysis against 0.10 M K-phosphate, pH 8.4, to
remove cysteine and other possible reductants. In the former treatment, there was no loss of activity ; in the latter

treatment no more than 20 9, of the activity was lost.
were measured as described.

Reactions carried out as described in table I1.  Thiol groups

Enzymes from

Enzymes from

Enzymes from

CO,, cells

Enzymes from
malate cells

CO, cells malate cells oxidized ( 0,) reduced (ascorbate)
Available 4.2 24 3.3
-SH Groups
K, for 3 > 103 10 X 10 9 X 1078 4.0 X 103

DiPGA
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activity and NADP dependent TPD activity during the
first 24 hours of regreening of a dark grown culture of
Euglena.

thesis and increase in NADP linked TPD activity
have been separated in higher plants by Marcus (17)
and by Mego and Jagendorf (18). It was shown
that an increase in enzyme activity could be induced
in etiolated seedlings by irradiation with red light
absorbed by phytochrome but not light absorbed by
protochlorophyll. Such irradiation initiated an in-
crease in leaf area and in NADP enzyme activity but
not in chlorophyll content. Although these results
indicate that chlorophyll synthesis and the increase
in the activity of NADP dependent TPD are sep-
arable, a well-integrated control over the develop-
ment of the overall photosynthetic activity is still sug-
gested. An increase in NADP linked TPD in the
dark has not been demonstrated. '

The kinetics of the formation of TPD obtained
with the y-2 strain Chlamvydomonas are different
from those obtained by Hudock and Levine (13) for
changes in the activity of both ribulose 1. 5-diP car-
hoxylase and photosynthetic pyridine nucleotide re-
ductase. A 2-fold decrease in NADP linked activity
was caused by the addition of sodium acetate to the
growth medium. Growth of the wild type strain of
C. reinhardi in the dark produced no further decrease
in NADP linked activity and little decrease in chloro-
phyll content. But, growth of the mutant strain y-2
in the dark resulted in a 15-fold reduction in chloro-
phyll content and an overall 3-fold reduction of
NADP linked enzyme activity. The effect of ace-
tate in the growth medium alone was almost as ef-
fective as decrease in chlorophyll content in reduc-
ing NADP linked TPD activity. :

There are thus, major quantitative differences be-
tween the control of ribulose 1,5-diP carboxylase and
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NADP linked TPD in C. reinhardi since bleaching
resulted in a large decrease in the activity of the
former enzyme. Changes in dehydrogenase activity
are considerably less well correlated with changes in
chlorophyll content in Chlamydomonas than in
Euglena. However, variation of the ratio of NAD
to NADP dependent activity under various growth
conditions (table I) still indicate a primarily photo-
synthetic function of the NADP dehydrogenase. and
a primarily glyvcolytic function for the NAD dehy-
drogenase in C. reinhardi.

The presence of acetate in the growth medium in
the light, under conditions where photosynthetic ac-
tivity is still high (13). resulted in a 2-fold decrease
in NADP linked TPD activity. Organotrophic
growth in the dark resulted in a 2-fold decrease in
DPN linked dehydrogenase activity. Thus, in C.
reinhardi, the type of metabolism, i.e. phototrophic,
myxotrophic or organotrophic, seems to control a
balance between the 2 TPD activities rather than the
synthesis of one or the other.

Control of NADP linked dehydrogenase in C.
reinhardi can be contrasted further with control of
ribulose 1,5-diP carboxylase activity. Increase in
ribulose 1,5-diP carboxylase and PPNR activities.
the rate of photosynthetic O, evolution, and increases
in the value of enhancement of photosynthesis do not
begin until a chlorophyll content of 0.5 pg/cell is ob-
tained during regreening (13). This chlorophyll
content can be correlated with the appearance of
paired lamellae within the chloroplast (14). In con-
trast to this, NADP dependent dehydrogenase ac-
tivity began to increase and NAD dependent ac-
tivity hegan to decrease simultaneously with the onset
of chlorophvll synthesis, indicating a different type of
control mechanism for these enzymes.

The metabolic situation in the photosynthetic bac-
teria in the regulation of TPD activity is consider-
ably different than that in green plants. In the bac-
teria, the photosynthetic apparatus does not contain
the enzymes of the Calvin cycle (2). In this pro-
carvotic cell there is no separation of the function of
TPD as a consequence of the isolation of 1 enzyme
within the photosynthetic organelle. In addition.
whereas the green plants must support high TPD in
hoth the glycolytic and synthetic direction, the pri-
mary direction of reaction in Chromatium is biosyn-
thetic, regardless of carbon source (7).

During the photolithotrophic growth, Chromatium
contains high ribulose 1,5-diP carboxylase activity
and actively reduces CO, via the Calvin cycle (7).
TPD activity is needed both for maintenance of the
Calvin cycle and for biosynthesis. Under photo-
organotrophic conditions, ribulose 1,5-diP carboxyl-
ase activity is reduced 10-fold and there is little Cal-
vin cycle activity (7). The main function of TPD
under such conditions would be the biosynthesis of 6
carbon compounds and glycolysis.

From the results obtained, it can be suggested
that Chromatinm may have developed a control
mechanism which combines constitutive synthesis of
TPD with the control of its activity. Extracts of
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Chromatium  grown either photolithotrophically or
photoorganotrophically contain the same amount of
TPD activity. Control of activity is indicated by the
variation of propertics of the enzyme prepared from
Chromatium grown under the 2 conditions studied.
Studies of carbon metabolism in Chromatium have
failed to detect any sizable pool of DiPGA or triose-
phosphate within the cell (6). implying low intra-
cellular concentrations. With a large amount of
enzyme, minor changes in K, values under the 2
metabolic conditions could alter strikingly rates (or
direction) of T'PD reactions.

In view of the results obtained with Chromatium,
one might ask if pvridine nucleotide specificity of
green plants is related to an altered form of 1 pro-
tein rather than the induction of a new protein for
the specific enzyme function. The results presented
in figure 4 provide a tentative answer to this ques-
tion in Luglena. While there is decrease in NAD
linked activity per cell during the total regreening
process (fig 3) (4). during the first 25 hours of re-
greening, there is a 6-fold increase in NADP linked
dehydrogenase activity but no decrease in NAD
linked activity.

In Chlamydomonas however, a different situation
exists. The entire regreening process under the con-
ditions studied requires only 8 to 10 hours. During
the first 2 to 3 hours, both an increase in NADP
linked activity and a decrease in the NAD linked
activity are observed and these changes do not follow
the kinetics of formation of other photosynthetic en-
zymes (fig 2). This result is necessary for the hypo-
thesis that 1 enzyme is converted to the other but
clearly is not sufficient to prove it. It is particularly
interesting in view of the recent findings of Ogren
and Krogmann that there is a light dependent conver-
sion of NAD to NADP in several (), evolving photo-
synthetic organisms (19).

With the exception of the blue-green algae (3).
all organisms that show a NADP linked 'I'PD ac-
tivity are true eucarvotic photosynthetic cells. Their
carbon metabolism, along with their other photo-
synthetic reactions are contained in the chloroplast
compartment. The bacteria, however. do not show
this evolved compartmentalization. ‘I'he 2 alternate
forms of TPD in Chromatitm might provide for a
rapid direct metabolic control or biochemical com-
partmentalization of the Calvin photosynthetic cycle
in a procaryotic cell. It can be suggested that. as the
photosynthetic apparatus evolved from the light ab-
sorbing, A'TP producing particle to the level of the
chloroplast of higher plants, numerous functions
were included until all of the enzyme of photosynthesis
were included in the photosynthetic organelle. The
isolation of these functions within the chloroplast
clearly would constitute a strong selective agent. A
vrimarily photosynthetic ‘I'PD) would seem to be a
logical development in such an organelle. TFurther-
more, the occurrence of a photosynthetic T'PD) which
is NADP specific and the light dependent conversion
of NAD to NADP would seem to be natural con-
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comitants, although primacy cannot be ascribed to
either development.

Summary

The kinetics of changes in chlorophyll content
and in NAD and NADP dependent triosephosphate
dehydrogenases were studied in Euglena gracilis and
in Chlamydomonas reinhardi during bleaching and re-
greening. In Euglena, the kinetics of changes in
NADP dependent enzyme activity closely paralleled
changes in chlorophyll content under all conditions.
Changes in NADP linked activity were less marked
in Chlamydomonas and the presence of a reduced
carbon source in the growth medium was as effee-
tive in causing a decrease in activity as was blench-
ing during growth in the dark. The kinetics of
changes in the activities of the 2 enzymes during re-
greening of chlorotic Lnglena indicate no conversion
of NAD to NADP dependent enzyme. The kinetics
of changes in activity ohserved in Clhlamydontonas are
compatible with such a conversion.

The NAD dependent triosephosphate dehydro-
genase of the obligately phototrophic bacterium
Chromatium was purified extensively. While enzyme
from photoorganotrophically and photolithotroph-
ically grown cells were identical in some respects. the
affinities of the 2 enzymes for triose substrates dif-
fered. It was found that these K, values and the
reactive -SH contents of one form of the enzyme
could be varied in vitro by mild oxidation and reduc-
tion to approximate those of the other form. It was
suggested that Chromatium contains a single NAD
dependent enzyme, the properties of which vary with
growth conditions, and may play a role in the regu-
lation of photosynthesis and glycolytic carbon metabo-
lism.
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