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The initracellular anid phylogenietic (listribution of
the NAD anid the NADP dependenit triosephosphate
(lehydrogenases (TPD) in photosynthetic organiisms
has beeni 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.2 evolving photosynthetic microorga-
niisms. 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 inl NADP activity are
approximately equal. These results led to the sug-
gestion that the NADP enzyme functions in photo-
synthetic metabolismii while the _NAD enzyme is op-
erative in oxidative or glycolytic metabolism. This
stuggestioni received further support from the demon-
strationi by Heber, Pon anid Heber (12) that the
NAD linked TPD is confined to the chloroplast in
several higher plant species. In conitrast to these
findiings, lhowever, nlo NADP (lepeindent TPI) ac-
tivity has beeln observed in photosynltlhetic bacteria
(6.7).

To examiinle further the question of p)yridi11e
niucleotide 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 Chlantydornonas reinhardi anid
Eugleuia gracilis, and the activity and properties of
the NAD dependent TPD from Chromnatiumn strain
D grown- unlder either photolithotrophic or photo-
organotrophic conditions.

Materials and Methods

Organiismls anid Growth C'o,iditionis. The 'wild
type strain (137c) of Chlaniydomionas reinihardi and
the mutant strain y-2 derived from it have been previ-
ously described (13). Cultures were grown in either
a minimal miedium containing oinly inorganic salts or
in this medium supplemented With 0.2 % sodium ace-
tate (13). Chrontatimni strain D was grown as
previously described (7). The medium for photo-
lithotrophic conditions contained CO. as the sole
source of carbon and Na,S03 as a source of reduct-
ant. The photoorganotrophic growth medium con-
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taimed so(litimm malate as carbon source. .A\ll cultures
were growni at anl inci(lenit light intensity of 20.000
lux.

Eutglenta gr-acilis straini Z was growni in organi-
otrophic medium at a light intensity of 1500 to 2000
lux or in the dark. Bleached cultures were allowed
to regreen in a resting mediumn as previously de-
scribed (22) at an incident light intensity of 1o00 to
2000 lux.

Preparationz of Tizyiiie Extracts. Crude enzyme
preparations were prepared in the same way for all
3 organismiis. Concentrated suspensions of cells were
disrupted by sonic oscillation with a MIullard 20 kc
ultrasonic disintegrator for 3 minutes at 0°. The
suspensionis were then centrifuged at 20.000 X g for
30 miiinuites andl the superniatanit fluid was used as a
crude enzyme preparation.

TPD was extensively purifiecl fromii Chroniaitilnlln.
Following disruption anid initial centrifugation. the
material precipitating betweell 0.5 an(l(0.8 saturatioll
with (NH,)2So1 was collected. 'T'his fraction conl-
tainied 70 to 80 % of the T.'I) activity. 'T'he l)re-
cil)itate was resusp)en(le(l in a smiiall volumiie of 0.1 al
K phosphate buffer at pH 8.4 and centrifuged for 90
nminutes at 144.000 X 9. The supernatant fluid coni-
tained all of the remlaining enzymire activity anld Nvas
a clear, strawN color. The enzyme was further puri-
fied by passage through a 150 nml (2.8 X 25 cmii)
columiln of Sephadex G-200 equilibrated with 0.1 li
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 eluanit was brought
to turbidity with (\H4)2SO4 and allowed to stand(
for 3 to 5 days. Twice recrystallized enizyme had no
higiher activity tlhan the Sephadex eluant and tlle
latter used for miost studies. Purified enzyme was
dialized against saturated (N-H1) 2SO1 and stored in
the cold in this manner until it was used.

En. vvmc Assay. Triosephosphate dehy-drogenase
activity w-as assayed in both the oxidative and the
reductive direction. In the oxidative reaction from
glyceraldehyde-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 nim was
measured for at least 3 minutes and the rate of re-
action was calculated from- the linear portioni of tlle
curve. A unit of enzyme activitv is defined as the
aimiount thlat will oxidlize I pmnole o)f re(dtuce(d pvr(line
nucleotide per minute.
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Pr-otcin I)cter)'li ioa(ltio i. LProteill concentration
was (leteriniie(l with the biuiret reactioni (9).

-.SH J)ctcroziii(ltion. D)eterminations of thiol
grou)ps w-ere niia(le w ith the niitro)russi(le reaction
(10').

Results

ChlamwldomzonaS. 'T'lhe activities of N Al) and
NAD)P (lel)en(lent TPD1) were llleasure(d in cell-free
extracts of wild type aiuld ilitmanlt strain v-2 C
l(ar(di followxinug growth for 7-2 hours in the light on1
mininml meditiuim growth for 72 hours in the light on
acetate stllppleivelltedl nieditini and growth in tile (lark
for 96 houirs on acetate sup)l)lenlented miie(litiuim. 'Ihe
resuilts given in table I for the 2 strains show that inl
11o case was mlolre NAI)P than NADL) liuiked activity
dletectedl. Addition of sod(iim acetate to tile growth
me(linim ill the light restilte(d in a 2-fol(d re(dtictioni ini
the NADP liniiked activitv. Little chanige was (le-
tectecl ill tile NAI) activity uind(ler these circiium-
stanlces. Growth of both wild type andcl tIle v-2 muti-
tanlt straii ill the (lark resuilted ill aui illcrease in NAI)
activitv. In the case of v-2. (lark growth was accoil-
palliedl by a 1 5-fold, re(duction ill chlorophyll cointelit
a1Il(l a (lecrease ill NADP activity comparahle to that
causedi lbv the sodiuim acetate in the liglht. TI'he
N.\i)/NADP ratio varies fromil 1.7 to 5.0. (dep)enl(linl-
(11)011 enlvironiniieuital conditions (talble I).

The chlorol)hv11 conitenit aiid N.\I) and NADI)1
depenldenlt activities were tliell ex.amilled. dtiring tIle
enitire l)rocess of bleachlilng all(l regreeniilng il the

utanit straill v-2 (fig 1). Dturing growth in the
lark, chlorophvll svllnthesis is coml)letelv stol)pe(l.
NAD)P liniked( 1)Dactivitv per cell hegins to de-
crease at the samile tiile l)lit at a lover rate thlain the
chlorophyll coiliteilt. NAD) lillkedl activity ilncreases
aliliost 2-fol(d (Itiring this perio(l. On rettiril to the
light, there is a ral)i(l (lecrease in tlhe NA) activity
an(! ilicreases in lbothl chlorophyll conltenit all(l NADi)
activity. A plot of tiilits of enzyme per cell againist
chiloroplhyll per cell is giveli ill figuire 2. Chang-es il
the NAD)P and NAD) linike(d eizyme activities begin
concomiitantly with chaniges in chlorophyll colntenit
an(l the level of botlh eilzvllmes characteristic of light
grown cells is reestablished 1hv tile timile the ctiltiure
was fully- regreelled (table 1). htIlis. it is clear that
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NADP (lepeideit ITPD per cell ( X 10(").

the kinetics of thle formation of N Al) I lilkeId ac-
tivitv and thle disappearanlce of N\ADI) activity do niot
follow tlo.io of othier photosynthetic ezvliles ill C.
reinhar(li (13). 14). Botli ribulose 1,5-(diP carl)oxv-
lase an1(d pliotosvintlletic pyridinie llticleoti(le re(luctase
(PPNR ) activity 1show a lag in formation relative
to chlorophyll svnlthesis that the TP[) elnzvllmes do
Ilot.

(Chromatiuzm. Enzyme xx-as lplurifie(l frolil culture.,s
of Chromzatizmn strailn D grown citller pihotolitho-
trop)licalls- or phlotoorgan1otroplhically. Enzyme from
1)oth soturces eltited fromli Sephadex G-200 (in xvhicll
the Cenzll-v iwas inicluded) or G-100 coltumniiis (from
w-hich the ezy-me was just exclud1e(d ) in a voliimie cor-

resp)ond(limlg to a miiolectilar weight of 11().000 to 13().-
000 (1. 15. 16 ). 'I'he Illolecular xweighlt of the purl-
fied elzn-me was also (leternille(l 1)v se(lililelltatioIu
velocitv in the tiltracenitrifuge. For this purpose.
purified enzyvme was stuspelldlen l in 0.1 m cysteinle at
pH 8.4. If this cvsteine wvas olmlittedl the enzyme

Table l. Triosc Pilospi(i I),Dchydro(cunast Lc-v ls in Chlialycivloionas
Measurements of enizymlle activity atllc chlorophyll determiniationis were carrie(l ou1t as (lescribed in Materials and(

Metho(ds.

G;rowtli coilditioils
Basic illecliuml
+ or - Na Uniits enzlyme cell ( X 10'3)

L]igllt acetate NAD NADP NAD/NADP
2.7

2.6
5.1

3.2

2.7

1.6
0.88
1.00
1.9
(0.67
0.70

1.7
3.0
5.1

1.7

4(0
/

.0

,ug Chlorophyll
per 10"l cells

1.43
1.47
1.03
1.58
1.61
0.11

Straill

\V ild Type
WXild Type
N-2ild Type
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FIG. 2. U'liits of NAD anid NADP depenIdenit TPDs
aInd of RuDP carboxylase per cell plotted as a function
of chlorophyll content during regreening of y-2 Chlamndo-
,n1oflas. The arrow indicates the time at which paired
lamellae are first seen in the developing chloroplast.

broke down completely during ultracentrifugationi,
anid even the stabilized system shows a ten(lency to
(lisassociate upon standing. However, an S.,,), of
7.0 was obtained which is identical to that of the rab-
b)it muscle TPD (23). If it is assumed that C1tro-
miiatitui TPD and( rabbit muscle TPD have the same

partial specific volumiies and diffusion coefficients,
the molecuilar -weight of 118,000 can be calculated
for C/l}romactijum TPD, which is in agreemenit with
the Sephadex miiethod.

Wlhereas the enizymes 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 (lifferenit. Lhe Michaelis constanits of the
enzvmes for DiPGA, glyceraldehyde-3-P. NAD and(
NADH xwere determined for both the purified en-

zyme preparations and the crude preparations from
Lineweaver-Burk plots which were linear (table II).
M\easurements of 1)oth the purified and crude prep-

arations were identical indicating that differences in
K., valtues were not purification artifacts. The re-

stults of these experiments are given in table II. En-
zymes fromii cells grown under 1)oth sets of nmetabolic
coni(litions had approximately the same Km valutes
for NAD and( NADH but the Km valutes for DiPGA
and glyceraldehyde-3-P differed by a factor of 3.
The enzymiie prepared from photolithotrophically
grown cells had a Km for DiPGA of 3.0 X 10-3 M

(1.7-4.3 X 10-3 m) and that prepared from photo-
organotrophically grown cells had a Km for DiPGA
of 10-2 M (0.9-1.2 X 10-2 M).

The differenice in the properties of 'T'PDs prel)are(l
from cultures grown under 2 differenit growth conldi-
tioIns leads to the question of whether there are 2
sep)arate proteinis. as in higher lplants, or a sinigle pro-
teiii, the properties of wThich vary with growth con-
ditionis. The major differences between the growth
con(litions are source of carbon (iniorganlic vs. or-
ganic) and the redox potential of the growth mlediumiii.
Thiosulfate or H.,S as reductant have lower redlox
potentials thani does an organiic source of hydrogeln.
Sinice Bose anid Gest (3) have showil that plhotosyn-
thetic bacteria vill carry out photosynthetic phos-
phorylatioln within onlly a very niarrow range of redlox
potential, the effect of mild oxidation or reduction on
the properties of the enizyme was stu(die(l. Redutctioln
of the enzyme prepared fromii cells growni with malate
as a source of carbon and reductant was reduce(d l)v
treatinlg the enzyme with 0.1 Mi Na ascorbate (pH
8.5). Treatmenits for periods of 1 to 15 hours were
examinied and( all l)roduced the sanme result. MIild
oxi(lation of the enlzvymie prepared from cells grown
with CO., as the sole source of carbon was also car-
rie(d out. Since the purifie(d enzyme was store(d in
the presenice of cysteine, the cysteilne was remioved
from a stanidar(d preparation by dialysis against 0.1 al
K phosphate buffer at pH 8.4 for 12 hours. The

Table II. Km Values (Mi) for Putrified Triose
Phosphate Dehvdrogenase fromii Chroniiatiuii i

Reaction mixtures: A, glyceraldehyde 3-P -* DiPGA.
The reaction mixture contained in a total of 3.0 nil: 100
,umoles of Tris (hydroxy methyl)-aminomethane, pH
8.4; 17 /,moles of Na arsenate; 12 ,umoles cysteine, pH
8.4; 0.18 ,mole of NAD in standard reaction mixtures
in determination of Km for G-3-P (varied from 0.002
,umole-0.36 ,mnole for determination of K, for NAD) and
0.1 ml enzyme preparation. The reaction mixture was
incubated at 250 for 7 minutes and 1.0 ,umole glyceral-
dehyde 3-P was added (varied from 0.10-2.0 ,tmoles in
determination of Kni for G-3-P). After 30 seconds, the
OD change at 340 ma 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 ,umoles of MgSO.4 7H.,O; 12.0 Amoles cysteine, pH
8.4; 45 ,umoles of PGA in standard assay (3.0-67.5 Amoles
in determinationi of Kn, for DiPGA) ; 2-fold excess of
PGA-kinase (Sigma) in 0.10 ml; 5.0 umoles of ATP,
0.80 MAmole of NADH in standard assay (0.01-1.0 umole
in determinationi of Km for NADH) ; 0.10 nil enzyme
preparation. The OD change at 340 m,u was followe(d
for 3 minutes.

Cells grown oni:
H.,S anid CO, Malate

Glycerate 1,
3-DiP 3.0 (± 1.3) X 10 * 1.0 (±+ 0.2) X 10-2
NADH 5.0(± 1.2) X 10- 6.5 ( 0.8) X 10--
Glyceral-
(lehyde-
3-P 1.7 (± 0.5) X 10-4 5.0 (± 1.0) X 10-4
NAD 3.0 (± 0.9) X 10-6 4.0 ( + 1.2) X 10-"

* Km values, range of at least 5 separate determinations
is given.
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results are given in table [11. Mild oxidation of the
enzyme prepared froml CO, grow-n material altered
the KM of the enzymiie for DiPGA froml 3 X 10- MI
to 9 X 10(- Mi (8-11 X 10- xi), that is, approxi-
miiately equal to enzymie lprepared from mlalate grow,n
material. Conversely, mild reduiction of enzyme
freshly prepared froml malate grown cells changedl
the Km for DiPGA from 10- ,i to 4 X 10-3 .i (2.6-
4.4 X 10-3 m) approximating the enzymiie from CO.
growln material. Both changes were reversible.

The nuimber of reactive SH groups per mole of
protein was measuredl in highly purifiedI enzymlle pre-
pared froml both sources inmmediatel- after eluitioin
fromii Sephadex G-200 (table III). D)eterminations
of thiol groups, therefore, were unaffected by adde(l
cysteine. The native enzymne prepare(l from CO,
grown material containied 4 (3.8-4.3) available -SH
groups per I)rotein mnolecule. The enzvywe l)repare(l
from malate grown miiaterial containe(d about 2.4
(1.9-2.7). Oxidation of the former redtuced the
number of reactive -SH groups to 2.4 (2.1-2.6) and
the reduction of the latter increase(l the number to
3.3 (2.9-3.4). The change in the Km 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
1)oth the available -SH groups and Kn, parallel the
in vivo differences, suggesting the existence of 1 al-
terable protein in the 2 metabolic states.

EI1gleia. A culture of E. gracilis was grown in
the dark on heterotrophic mediumil at 25°. After
total bleaching the cells were harvested and( returned
to the light in resting niedium. Samnples were taken at
(lailv intervals andl the chlorophyll contenlt and( NAD)P
and NA\D linked TPI) activities were mleastured (fig
3). The restults agree quite well wN-ith those of
lBrawerman and1t Konigsberg (4). who founl1(d that
(luring regreening. NAD linked activitv dlecreased
about 20 % and NADI) linked activity increased
about 10-fold. \Ve stuggest that the (lecrease ini NAD
linke(d activity mlay be more significant than relative
constanicy. Quantitatively, there is a decrease in
NAD linked activity of about 0.03 unlit per IO cells
and a net increase in NADP linkedl activity of 0.06
unit per 106 cells. In the absence of inlformation
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FIG. 3. LChlorophyll content, NAD depenidenit TPI)
activity and NADP dependent TPD activity during
bleaching and regreening of Euglena.

conicerning the turnover niumber of the 2 enzvmies. it
can still be suggested that a conversion of N,AD
linked activity to NADP linked activity might take
place during regreeninlg. This lhypothesis was tested
by analyzing the first 25 hours of regreeninig of a
bleached cuiltture of Euiglcna in (letail. A (lark grown
cultulre was retulrned to the light in restinig mzediumiii
an(l aliquots were takeln everx hour for /7 houirs and(
then roughly every ; houtrs. Chlorophyll conltenlt
all(l NAD and N.\M)P linke(d activity were theni meeas-
ured. 'Tfiese restults are given in figure 4. D)uring
the first 25 lhours of regreenling, there \vas a 5 to 6-
fold inicrease in NADP linke(d activity but lno (le-
crease in N \D linke(d activity.

Discussion

The results obtained in bleaching and regreening
cutltures of Eiiglcii( (fig 3) agree well with those
obtained in other laboratories (4). Chlorophvll syn-

abl)le 111. Effect of O).lidation, and RCdMction on, Putrified 7rios' JPhIosphat/t
I)ehvdrogecise Pitrifi(c(d Froii Clhromat(itimiio

Reduction of oxidized TPD was effecte(d by adding onie-tenith volume of 0.10 Mi Na ascorbate to the enzyme prep-
arationi. Oxidation of reduced TPD was carrie(d out by overnight (lialysis against 0.10 M K-phosphate, pH 8.4, to
remllove cysteinle andlI other possible reductants. In the former treatment, there was nio loss of activity; in the latter
treatment nio more than 20 % of the activity was lost. Reactions carrie(l out as (lescribed in table ff. Thiol grouipsvere imieasuire(d as (lescribed.

Enzymes from
malate cells

_.4

n7zymles from
CO., cells

oxidized (0.,)
2.4

E,'nzymiies from
malate cells

reduced (ascorbate)
3.3

3 X lO-: 10 X 10- 9 x104x-

Available
-SH Groups

K,,, for
DiPGA

E,nzymiies from
CO., cells

4.2

1 208
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FIG. 4. Chlorophyll content NAD depenident TPD
activity and NADP dependent TPD activity during the
first 24 hours of regreening of a dark grown culture of
Eutgleno.

thesis and increase in NADP linked TPD activity
have been separated in higher plants by iIarcus (17)
anld by Mego and Jagendorf (18). It was shown
that an increase in enzyme activity could be iniduced
in etiolated seedlings by irradiation with red light
absorbe(d by phytochrome but not light absorbed by
protochlorophvll. Such irradiation initiated an in-
crease in leaf area and in NADP enzymiie activitv but
not in chlorophyll content. Although these results
indicate that chlorophyll synthesis and(I the increase
in the activity of NADP dependent TPD are sep-

arable. a well-integrated conitrol over the develop-
mlenit of the overall photosynthetic activitv is still stig-
gested. An increase in NADP linked TPD in the
(lark has not been demonstrated.

The kinetics of the formation of TPD obtained
with the v-2 strain Chlamvdomuonas are different
from those obtaine(d by Hudock and Levine (13) for
chaniges in the activity of both ribulose 1, 5-diP car-

boxylase and( photosylntlhetic l)yridine ntucleoti(de re-

lttctase. A 2-fold (lecrease in NADP linked activity
was cautse(l by the addition of sodiumii acetate to the
growth medium. Growth of the wild type strain of
C. reinihardii in the dark produced no further decrease

in NADP linked activity and little (decrease in chloro-
phyll content. Btut, growth of the m1utanit strain y-2
in the dark resulted in a 15-fold reduction in chloro-
phyll content and( anl overall 3-fold reduction of
NADP linked enzyml1e 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

NAI)P linke(d TIAPD in C. rehihardi silce l)leachinig
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 Chla,nvdomonas than in
Eutglenia. 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 glvcolvtic function for the NAD dehy-
dlrogenlase in C. reinwardi.

The presence of acetate in the growth medium in
the light, under conditions where photosynthetic ac-

tivitv is still high (13), resulted in a 2-fold decrease
in NADP linked TPD activity. Organotrophic
growth in the clark resulted in a 2-fold decrease in
DPN linked dehvdrogenase activity. Thus, in C.
r-einihardi, 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 dehydrogeinase 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 regreerning (13). This chlorophyll
content can be correlated with the appearance of
paire(d lamellae within the chloroplast (14). In con-
trast to this, NADP dependent dehydrogenase ac-

tivitv began to increase and NAD dependent ac-

tivitv began to decrease simultaneously with the onset
of chlorophyll synthesis, indicating a different tvpe 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 enizymiies of the Calviin cycle (2). In this pro-
carvotic cell there is nio separation of the function of
'TPD as a consequenice of the isolation of 1 enzyme
within the photosynthetic organelle. In addition.
wvhereas the green plants must support high TPD in
both the glycolytic and(i synthetic direction, the pri-
niiarv (lirection of reactioni in Citronmatium is biosvyn-
thetic, regardless of carbon source (7).

During the photolithotrophic growth, Chirotmatimt
contains high ribulose 1,5-diP carboxylase activity
anid actively reduces CO. via the Calvin cycle (7).
TPI) activity is needed both for maintenance of the
Calvin cycle an(l for biosynlthesis. Under photo-
organotrop)hic con(litionis, ribulose 1,5-diP carboxyl-
ase activity is reduced 10-fold and there is little Cal-
vinl cycle activity (7). The main function of TPD
under such conditions would be the biosynthesis of 6
carbon compounds and glycolysis.

Fronm the results obtained, it can be suggested
that Chromiiatirnt may have developed a control
mechanism which combines constitutive synthesis of
TPD with the control of its activity. Extracts of
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Chiro)iatinl1i g,roxwn eithier- photolithotrophicallv or

photoorganotrophically contaiIn the samie amoutilt of
'T'PI) activitv. Conitrol of activitv is inidicated by the
variation of properties of the enzvnie l)repare(l fromii
Chro(iatimn, grown uini(ler the 2 coi(litionis stuidied.
'Studies of carbon metabolismi in C Iiioomiatiniii have
failed to detect any sizable pool of DiPGA or triose-
phoslhate xithin the cell (6). imilply inig low initra-
cellular concenitrationis. \W ith a large amzotulit of
enzvme, miniiior chan1ges in K values tuinder the
metabolic conlditionis cotil(d alter strikinigly rates (or
directioni) of 'T'PD reactionis.

In viexv of the restilts obtained ith Chiroiatiiiiii,
onie m1ighit ask if l)yridille niucleotide specificity of
green l)lants is relate(d to anl altered forimi of I pro-
teini rather than the ind(luctioni of a new p)roteiln for
the specific enzyme fulictionl. The results preselited
in figure 4 p)rovide a tenltative ansxwer to this (lues-
tion1 in Iithg1lcia. \hile there is (lecrease in N \D
liniked activity per cell (lurinig the total regreeninlg
process (fig 3) (4), durinig the first 25 hours of re-
greening, there is a 6-fold inicrease in NADP linked
dehy(lrogeniase actixity but n1o (lecrease in NAD
linked activity.

In C/ai/anydonowas however, a (lifferent situatioln
exists. The enitire regreeninlg process uni(ler the con-

ditions studie(d requires only 8 to 10 houirs. Dtirinig
the first 2 to 3 hours, 1)oth ani ilicrease in NADP
liniked activitx anid a decrease in the NAD liniked
activitv are observed anid these chaniges (o nlot follox
the kinietics of formatioln of othier photosynthetic eni-
zymnes (fig 2). Thisiresult is nlecessary for the hypo-
thiesis that 1 elizyme is converted to the other but
clearly is niot sufficient to prove it. It is particularly
interestinig in vie\x of the recenit finidinigs of Ogrell
and Krogimannii that there is a light dependent conver-

sion of NAI) to NADP in several 0., evolving l)hoto-
svlnthietic organiisisms (19).

\Vith the exception of the blue-green algae (5).
all organismns that shox a NAI)P linlked T'11) ac-

tivity are trtue eucaryotic photosynthetic cells. Their
carbon metabolism, along xvith their other photo-
synthetic reactions are colitainedl in the chloroplast
comiipartment. The bacteria, however, do niot showv
this evolvedl coimpartimienltalizationi. The 2 alternate
formis of TPil) in Clhronatiiuin iimight l)rovidle for a

rapi(l (lirect metabolic conltrol or biochlemilical coIml-
p)artmentalization of the Calvin photosynthetic cycle
in a l)rocaryotic cell. It cani be ssuggested that. as the
photosynthetic apparatuis exolved fromil the lighit ab-
sorbing, ATIP producinig particle to the level of the
chloroplast of higlher pilants. numinerous futictionis
xvere iniclude(d unitil all of the enzyme of photosynthesis
wvere iiliclu(led in the p)hotosynthetic orgalnelle. The
isolation of these fulictions within the chloroplast
clearly- would colnstitute a strong selective agenit. A

1 rimarily photosynthetic TP'Dl) wouldl seem to be a

logical lexelopmient in such an organlelle. Furtiler-
more, the occurrenice of a photosynthetic TPI) wliich
is NAI)P specific and( the light (lepen(lenit conversion
of NAD to NADP xvould seemii to lbe natural con-

comiiitanits, althouigh l)riiacy cannot be ascribed to
either developmlent.

Summary

TI'he kinietics of chiang-es in chlorophyll conltenit
anid in NAD ani(l NA I)P dependent triosephosphate
clellvdrogeniases were studied in EiT/glena gracilis and
ill (Chla;nndoiionas reinlhardi (lutring l)leaching ani(l r-e-
greenilng. In 1'ugleiia, thle kinietics of changes in
N \A 1)P (lepeii(leilt enzynme activity closely l)aralleledl
chan1ges in chlorophyll conltenlt nlnl(ler all colnditions.
Chaniges in NADP lilike(d actixit were less miarked
in Clilal,invdoiiionas ai(ll the prescnce of a re(llice(l
carl)on souirce in the growth mie(diuim xwas as effec-
tive in causing a (lecrease in activity as xas bleich-
ilng lurillg grrowth in the (lark. The kinetics of
chialiges in the activities of the 2 enzyimes during re-
,greening of chilolotic l,tgylelo ii (licate iio conversioln
of NAI) to NAI)P delpel(lendt enizymile. 'T'he kinietics
of changes in activity observed in Ch/aiiivdoionas1v arc
compatible xith stuch a conversionl.

The NAD dependenit triosep)hosphate dehvdro-
genase of the obligatelv phototrophic bacterituim
Cliromathmio xas puirified extensivelv. \Vhile enzyme
frolml photoorganotroph icallv and( plhotolithotroph-
icallv grown cells w-ere idcentical in somile respects. the
affinlities of the 2 enzymies for triose suibstrates (lif-
fere(l. It was fotuind that these KM, values aln( the
reactive -SH conitenlts of one form of the enzvme
could be vArie(d in vitro by Imlild oxidationl anld re(diuc-
tion to approximiate those of the other form. It xwas
suggestedl that Chromiatinn contailns a single N Al)
(lependenit enizyimie, the properties of which varv with
growth con(litionis, aned may play a role in the regu-
lation of photosynthesis and(1 glvcoltic carbon metabo-
lism.
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