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SUMMARY 

1. The kinetics of 14C02 incorporation into cellular intermediates 

was used to detenni ne the primary pathway of carbon fi xati on by four 

genetically diverse unicellular blue-green algae. In each case label was 

first detected in 3-phosphoglycerate and then in compounds of the reductive 

pentose eyel e. 

2. A light to dark transition evoked the same response in all four 

strains: Immediate cessation of biosynthesis, rapid increase in the con-

centration of 6-phosphogluconate and changes in the concentrations of sugar 

mono- and diphosphates. On the other hand, after the first few seconds of 

dark incubation little or <comparatively slow change was noted in the con

centrati ons of 3-phos phoglyeerate, phosphoenolpyruvate, citrate, aspartate, 

and glutamate. 

3. For one strain (Aphanocapsa 6308) an experiment using both 32p 

and 14C02 as tracers revealed comparatively rapid turnover of metabolites 

cormnon to the oxidative pentose cycle during dark incubation. Much slo~/er 

turnover of labeled carbon was found in other metabolites of glycolysiS and 

the biosynthetic portions of the tricarboxylic acid cycle. 

4 •. During dark incubation of Aphanocapsa 6308 the concentration of 

adenosine triphosphate decreased to approximately 50 percent of the photo-
t 

synthetic value within the first 80 seconds. In the same time period, 

adenosine diphosphate nearly doubled in concentration. By 4 minutes after 

the beginning of the dark period, the steady-state levels of the two 

adenylates had been restored to· photosynthetic levels. 
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PHOTOSYNTHETiC AND DARK CARBON HETABOLLSM IN UNI.CELLULAR 

BLUE-GREEN ALGAE' 

R. A. pelroy and J. A. Bassham 

Contribution from Laboratory of Chemical Biodynamics, Lawrence Berkeley 

Laboratory, and Department of Bacteriology and ImmunOlogy, University of 

Ca 1 iJorni a, Berkeley, Cali forni a 94720 

I NTRODUCT ION 

The pathways of photosynthetic carbon fixation ahd endogenous 

metabolism in unicellular blue-green algae have not been well charac

terized. After photosynthesis in the presence of l4C02 , the principal 

labeled metabolites found include 3-phosphoglycerate (PGA*) and various 

sugar monophosphates and diphosphates which serve as intermediate com

pounds of the reductive pentose phosphate cycle (Calvin Cycle) (r~orris 

ll~' 1955). Photosyntheti c carbon fi xati on has b('en presumed to be 

by means of the reductive pentose phosphate cycle in blue-green algae 

(Holm-Hansen, 1968; Evans and Whatley, 1970), although the kinetic 

'analyses of 14C02 incorporation into metabolic pools necessary for this 

conclusion have not been .reported to date. That the Calvin Cycle is the 

means of CO2 reduction in Anacystis nidulans is supported by the finding 

that the distribution Of 14c wi.th.in glucose molecules after a short period 

*Abbreviations: PGA, 3-phosphoglycerate; G6P, glucQse-6-phosphate; RuOP, 

ribulose-l,5-diphosphate; 6-PGluc, 6-phosphogluconate; FOP, fructose-
. . . I 

1.6-diphosphate; SOP, sedoheptulose~1,7-diphosphate; FMP, fructose-6-

phosphate; S7P, sedoheptulose-7-phosphate; PEPA, phosphoenolpyruvate; 

Asp, aspartate; Glut, glutamate; Cit, citrate; HMP, hexose and heptose 

monophospnates; ATP, adenosine triphosphate; AOP, adenosine diphosphate. 
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of photosynthesis in these o.rginisms is stmiJa,r to that found in glucose 

from the green a)gae Chlorella pyrenoidosi (Kinde.l and Gibbs, 1963), 
'. " ....... ' -", . 

It is known that th~ tricarboxyl ic acid cycle (TCA cycle) is incom

plete. in s.everal sped.e.s of unicellular and filimentous blue-green 

algae (Smith et .1., 1967; Hoare et ~, 1967; Pearce and Carr, 1969; 

Van Bailen, 1971}. The fact that incorporation of 14C from 14C-labeled 

acetate is limited to glutamate and the glutamate family of amino acids, 

the ali phatic ami no aci ds 1 euci ne and i so 1 euci ne, and 1 i pi ds i ndi ca tes 
! 

a block in the oxidation of alpha ketoglutarate to succinate. This is 

corroborated by the lack of alpha keto glutarate dehydrogenase activity 

in cell extracts of these organisms. Uptake of acetate is strictly 

dependent on light and CO2• Thus, cells ~re incapable of oxidizing acetate 

to obtain energy as ATP for the conversion of acetate to cell material. 

We shall describe here the primary pathway of CO2 fixation in four 

strains of unicellular blue-green algae, selected for maximal divergence 

with respect to the mean base composition of their DNA (Stanier et !L.., 
I 

1971). The methodology was basically the same as used to establish the 

pathw~ of carbon dioxide fixation in green algae (Benson et ~, 1950; 
.. 

Bassham and Kirk,' 1960; Pedersen et .!L.., 1966), and involved measurement 

Of' the kinetics of 14(: appearance in the intermediary pools of the 

organisms studied. The second~objective of this study was to determine 
. . . 

the changes in m~tabolite concentrati.on in cells after the transition 

from light to dark~ From analysis of these changes it was hoped that 

insight into the. pathway(s) of endogenous metabolism mi.ght be gained. 

.• 

., 
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. MATERIALS AND METHODS 

Organisms; 
J •.•. 

Synechococcus 6301 (Anacystis ni dul ans L Synechococcus 6307 (Cocco

ch~oris peniocystisL Aphanocapsa 6308 (Gleocapsa alpicola), and Aphano

capsa 6714, all part of the Berkeley culture collection, were used in 

this study. The nomencl ature of these s trai ns is that proposed by Stan; er 

et· al. (197l}; previous des i gnati ons . (i f any) are shown in parentheses. 

Media and Culture Conditions 

Cells were grown photoautotrophically in an inorganic liquid medium, 

8G-ll, described else\'1here (Stanier et~, 1971). 

14C Tr~cerExperiments 
Cells grown on BG-ll were harvested at room temperature by centri

fugati on at 17,000 g for 20 mi n and res uspended in BG-ll at a concentra

tion of l%w/v. The algal suspension was then placed in the steady-state 

apparatus previously described (Bassham and Kirk, 1964). The chamber 

containing the algae is a transparent vessel, equipped with a water 

jack.et, inlet and outle; valves for gas, a sampling valve, pH electrodes, 

a densitometer and automatic pH control and was maintained at a constant 

temperature of 25°C. The light sources were two General Electric photo-DXB 

incandescent bulbs. The light was first passed through infrared filters 
e 

to mi nimize heating. The .... gas phase was. air. enri ched wi th 0.5% CO2 and 

circulated by a small diaphragm pump. The levels of CO2, 02' and 14C in 

the ·gas phase were all monitored automatically.Tna system was closed 

and a bypass contatn"lng a loop of 14C02 was tntroduced by a four-way stop

cock • 

. When th.e cells.. nad achieved the maximum rate of photosynthesis, 

monitored· by 02evol ution and CO2 consumption, the stopcock separati n9 
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14C02 from the. sy~t~m was o~~ned, allowing the is.oto~~ to be circulated 

through the al ~ae by bubb 1 \n~., The. speciJi c acttvH,y of CO2 after addi,

tion of the tracer WqS 20.8 CI mole for Synechoc6ccus 6301 and Aphanocapsa 

6308 and 22.1 CI mole} for ~ynechococcus 6308 and ·Aphanocapsa 6714. After 

10 min of photosynthesis, the lights were turned off and the remainder of 

the experiment carried out i.n the dark. Sampling during the course of 

the experiments was done automatically, samples of approximately 1 ml 

being introduced into weighed test tubes containing 4 ml of methanol. 

These tubes were again weighed to determine sample size. 

Radioactive compounds formed by 'the algae were analyzed by two-dimensional 

paper chromatography and radioautography as previously described (Pedersen 

et ale , 1966). Chromatograms were developed in two directions using Whatman 

No •. 1 chromatographic paper. The solvent system was phenol-water-g1acial 

acetic acid-ethylenediamine tetraacetic acid (1M) (840:160:10:1 v/v) in 

the first direction. The second solvent was made up of equal volumes of n-
. . 

butanol-water (370:25 v/v) and propionic acid-water (180:220 v/v) as 

described (Benson et a1~, 1950). Chromatograms were developed 24 hr in 

each direction for the resolution of amino acids, phosphoglyceric acid (PGA), 

phosphopyruvate (PEPA) and citrate (Cit). For the analysis of mixtures of 

glucose-6-phosphate (G6P), sedoheptulose-7-phosphate· (S7P), fructose-6-

phosphate (FMP), 6-phosphogluc~!1ate (6-PGluc), fructose-1,6-diphosphate 

(FOP), sedoheptulose-l,7-diphosphate (SDP), and ribulose-l,S-diphosphate 

(RuOP}, the chromatograms were developed 48 hr i.n each di recti on. In 

these experi.ments the sugqr phosph.ates and diph.osphates were then dephos-

... : '. phorylated by treatment w'lth. phosph.atase after e1uti.on of the radtoacti."e. 
. ' , . . 

mixtures with 'distilled water. Tl:le rad~oacti.ve sugars we.re. then resolved 

by rechromatography, using the same solve.nt systems. 

\~ 

. . 
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14C and 32p Tracer Experiments 

For cert~tn expartments wi til. Aphanocaps a 6308? ts.oto~~s of both 

c~rbon and phosphorus, were used to measure the synthes is of radioacti ve 

materfal. The procedure of radioautography was modified asdescri bed 

previously (Pedersen et lli" 1966) to remove inorganic 32p. to prevent 

complete development of X-ray films. In these experiments the final 

specific activity of 14C02 was 21.6 C/mo1e. Approximately 5 mC bf 

32p was used to label phosphorus-containing compounds. 

For experiments with either one or two radioactive tracers, areas 

of paper, containing radioactive material ,determined by radioautography, 

were cut out of the chromatograms and counted by means of the "automat; c 

spot-counter ll developed by Moseset ~ (1963) "as modified to permit 

s imul tan eo us measurement of l4C and 32p (Krauseet a 1 ., 1968). 

RESULTS 

Light Phase 

Figures 1-2 shoN the kinetics of 14C02 incorporation into the 

,metabolic pool of Aphanocapsa 6308. As expected for an organism using 

the Calvin Cycle, PGA was the first compound to be labeled (Fig. 1). 

Within 30 sec to 1 min, label was detectable in RuDP, G6P, H1P,. and S7P. 

Thus labeled carbon is first incorporated into PGA and then appears to 
o 

be flowing through the intermed'iates of the Calvin cycle. Also labeled 

in, the first 60 sec are PEPA and Asp lFig. a). 
. 14 
After about 3 min, C 

~ppears in glutamate. 

Figure 3 shows the/incorporation of labeled carbon into insoluble 

~~ter,i al t~ the four species ~t'udied :., 'Subsequent tr~atment",of th'is ' 

material with. amylase solubilized 'nearly all of the. radioactivity which 

<. 
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was tentatively identi:f;ied as a mixture of glucose, di - and tri -saccha

rides and short chain polysaccharides (data nQt shO\'ffi}., Acid hydrolysis 

.' . of amylase-solubilized material yielded a single compound identified by 

chromatography as glucose QvIethods). 'Thus we conclude that the only 

,polymer synthesized in significant amounts during these experiments was 

.a poly-glucose, probably glycogen." 

The results of carbon dioxide incorporation experiments for three 

unicellular blue-green algae are shown in Figure 4. In these experi~ 

ments monophosphate and diphosphate sugars were not separated and analyzed 

individually. ,However, the kinetics. of CO2 ,fixation into intermediary 

metabolites \'las essentually the same as for Aphanocapsa 6308 ,with labeling 

of PGA first, followed by sugar monophQsphates, sugar diphosphates, and 

PEPA. Thus I the kinetics of carbon7l4 assimilation suggests the operation 

of the Calvin cycle. 

Dark Phase 

Figures 1-4 also show the. changes that occur in metabolite pools 

resulting ·from a light-io-dark transition in Aphanocapsa 6308. l4C Incor

porationinto glycogen stops almost instantaneously after ·the light is 

turned off (Fig. 3). Also a nearly ,instantaneous surge of carbon appears 

in PG\, concomitant with the loss of labeled carbon from RuDP (Fig~ 1). 
~ ~ 

.After a 30 sec delay, a loss of label also occurs in the sugar phosphates, 

G6P, FNP, and 57}? (Figs •. 1,.2}. Within the first 15 sec of the dark phase, J 

1.4C begins to appear in 6-PGluc ~d a little later (JO sec) fructose-l,6-

. . ,. diphosphate (FDPl and sedoheptulose-I, 7 -diphosphate.. (~DP)become. labeled . 

. ' ..... ..... '. 'The inc~rporat~~~ Of' 'i4~ ~nto ~~ c~ases ~.~hi~ 30" sec into the ~ark ~hase. 

On the other hand, there is' a slow accwnulation of labeled carbon in Glut 

throughout the 8 -min dark phase. 
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The ctianges during dark. periods wi.thth.e.. th.ree. oUler unicellular 

blue-green algae. lFt9, 41 were si.mi.lar to those.. observed for Aphanocapsa 

6308, 14C was qUlck1y lost from sugar mono- and dtphos.pnates, increased 

in PGA and PEPA, and appeared for the first time in 6-PGluc. As stated 

above, the mono- and diphosphate sugars were not separated for further 

analysis. Thus the dark periods for all four of the unice11ula~ blue~green 

algae e~amined were similar, suggesting that changes in metabolism that 

occurred Were the same in each case. 

Double Labe1inQ Experiments 

The use ·of both l4C and 32p allowed the detection of turnover in 

the metabolite pools of Aphanocapsa 6308. In the dark, 14C was diluted 

out of monophosphates lG6P + S7P} wi th a half time of approximately 

20 min (Fig. 5). Presumably this dilution is due to the f10\'I of 12C 

into these pools from unlabeled endogenous carbohydrate reserves 

(glycogen). The two sugars were not separated in thi s experiment, since 

the phosphorus moiety must be hydrolyzed before chromatographic separa

tion (t1ethods). Thus, the sum of radioactivity in both sugars is pre-

sented in Figure 5. However, as shown 'in Figures 1-2, approximately 

67% of the radioactivity was present in G6P at the end of the light 

period; thus the curves of Figure 5 are probably representative of this 
.... .: 

compound. 

I 1 f 14 h d . t" t . 32p n contras t to the resu ts or C, t e ra loac 1. Vl. Y 1 n . 

decreased only Slightly durtng dark. incubati.on, sugge.sting that the 

32 
.• :P.09ls ofGSP .. ,and S1P di.d not substa,r:ttia.11,y cnan9e..in stze •. P incor-

• ~ • • •• ,': : ... '"0 • .: . ' , '.. . • • • 

porati on into metabo 1 i.tes is of course tne same, \'Ih.etne.r vi a photosyn

thetic phosphorylation, oxidative pnosphory1ation, or pnosphorolysis of 

glycogen. 
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. 14 32 
Fl~ure 6 shows . Cand P labeling of PGA and 6-PG1uc. As was the 

case. for the. s.ugar monophosphAtes, 14C was dU ute.d out of 6-PG1 uc with a 

half time of between 16 and 20 min,whiJe the 32p concentration remained 

e.ssentially constant. The curves for PGA are more complex. Both 32p and 

l4C change together for the. ftrst 44 min. Between 44 and 164 min 14C was .'. 

diluted out of the PGA pool lhalf time of about 60 min}, \'ihile the 32p 

label (total pool indicator} increased sli.ghtly. Accordingly, carbon ~/as 

turning over in both PGA and 6-PG1uc during dark incubation. However, the 

rate of turnover in the PGA pool was only 1/3-1/4 the.rate observed for the 
I . .• 

sugar monophosphates and 6-PGluc. Thus, the data suggest that dark incu

bated cells of Aphanocapsa 6308 metabolize glucose much more actively than 

PGA. 

The concentrations of glutamate, aspartate, and citrate during dark 

incubation are shown in Figure 7. As can be seen, only the glutamate 

pool increased significantly in size during this period. The rise in 

radioactivity began at about 8 min and ceased near the end of the experi

ment between 124 and 164 min. On the other hand, thel 1ncentrations of 

citrate and aspartate were nearly constant throughout the dark period. 

Thus 14C began to flow more rapidly into glutamate at about the same time 

the PGA pool began to lose 14C more rapidly. 
I." 

ATP and ADP ; n the Dark Period 0 

The concentration of 32p in ATP decreased abruptly on entering the 

dark phase (Fig., 8.}, while. ADP increased in concentration. However, at 

approxi.mate1y 1 min after the. 1i.ght source was remQyed, radtoactivity in 
. . ........ '.: .... . 

~. . /" . 

ATPbegan tncre.asi.ng t equalli.ng the. photosynthe.tic 1e.ve1 between 4 and 8 

min of dark incubation. Thus Aphanocapsa 6308 possessed the means for 

, 



'. 
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regenerating AlP depleted in th.e light-darl trans1tion? and for main

taining ATP at concentrations comparable to those. of photosyntheti c 

metabolism. 

DISCUSSION 

The kinetics of 14C incorporation into metabolites during photosyn

thes is are strong evi dence for the operati on of the reducti ve pentose 

cycle (Calvin cycle) as the principal means of carbon reduction in the 

four unicellular blue-green algae used in this study. The genetic diversity 

of these strains was large, spanning the entire range of DNA base compo

sition found in the Chroococcales:Aphanocapsa 6308,34.7 moles % GC; 

Aphanocapsa 6714,47.4 mol'es % GC; Synechococcus 6301, 55.1 moles'% GC; 

Synechoccccus 6307, 69.7 moles % GC (Stanier et al., 1971). Accordingly, 

the Calvin cycle appears to be the characteristic, if not the sole path 

of CO2 fixation in this group of microorganisms. 

A light-dark transi tion in Aphanocapsa 6308 produced a rap; d cessati on 

of. biosynthesis, and of Calvin cycle acitivity, together with activation 

of a pathway that yielded increased concentrations of 6-PGluc, OHAP, FOP 

. and SDP. 

The appearance of. 6-PGluc apparently results from glucose-6-phosphate 

ox; dation and suggests th.at G6P dehydrogenase tncreases in acti vi ty as 
" ... 14 

soon as the dark period ~e.gtns. Moreover, the loss of C label from 

G6Pwith th.e appearance of radioa.ctivity in 6-PGluc, the slower dilution 

........... .... • •••. "" ••• ; •••.•• '0 './ . ':"0 . ....... : .• ~":~' 

:., 
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af label from the latter compound, follwed by the appearance of 14C in 

FDP? sugge.s ts, these cQm~ounds are formed s,e.quenti.a\llY during' the endogenous 

metabolism of glucose. by Aphanocapsa 6308, 

,The increased concetnrati on of 6-PGl uc, together wi th increased 

levels of FOP and SOP, suggest operation of the oxidative pentose phos

phate ,pathway. FOP and SOP must also be produced in the light during 

operati.on of, the Calvin cycle, but apparently the steady-state concentra

tions of these compounds were too low to be detected in thi s experiment. 
I 

FDP accumulation in the ,dark period might be interpreted as an indi-

cation of glycolytic activ1ty. However, as shown elsewhere (Pelroy, 

Rippka, andStanier, 1972), cell-free extracts of this organism are devoid 

of phosphofructoki nase (PFK) acti vi ty . Thus it is more likely that FOP 

results from the action of. fructose diphosphate a1do·lase on triose phos

phate formed by the oxidative pentose phosphate cycle. 

It is of interest that the levels ofg1ucose-6rphosphate and 6-phos

phogluconate dehydrogenase are comparatively high in cell free extracts 

of these organisms Pelroy, Rippka, and Stanier, 1972). Thus the enzymatic 
I 

machinery for the initial steps of the oxidative pentose pathway are 

present. Most of the remaining enzymes which are required for the oxi

dative pentosepathway also operate in the Calvin cycle. On ,the other 

hand,enzyme activitiesspeciffc to the Entner..,Doudoroff· pathway, and, 
I 

as indicated above, phosphofructokinase activtty, ~lf'e not detectable. 
, 

The rapid 'increase of radioactivity, in PGA {,Fig. 1} tn .the first 
, I, 

few seconds of the. dark. phase. is, presumably due to ~he carboxyl9,tion 
. ;". ',' ,,' , 1 .' _ . 

", .. ' reactio'n continuing' in th.e dark (using"up the large pool of RuOP) whi,le 
I . 

, 

the reduction ofPGA to triose. phosphate. ceases due. to exh.austion of the 

... 

.' 
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supply of NADPH from the. lt~ht reactions. The constancy of the PGA pool 

after the f\rst minute. of dar~ incubation suggests this compound is 

metabali.zed much more slowly than. the sugar pnosphates and 6-PGluc. This 

agrees wi.th the observed accumulation of PEPA in the dark phase. The 

. higher levels of both PGA and PEPA in the dark, after changes, suggest 

that pyruvic kinase remains rather inactive during dark incubation. The 

slO\'I metabolism of PGA and the accumulation of PEPA in the dark are not 

observed in Chlore11a pyrenoidosa (Kanazawa et ~, 1972) where there is 

a fairly rapid metabolism of PGA to TCA cycle intermediates, and a rapid 

onset of oxidative phosphorylation in the dark. In this eucaryotic green 

algae, the TCA cycle in the mi tochondri a is comp 1,ete . 

The pool changes in the dark in the other three strains examined were 
, 14 

essentially the same as in Aphanocapsa 6308. The concentration of C in 

dtphosphates (mainly RuDP) and monophosphates (mainly G6P) decreased 

abruptly, while label was accumulating in 6-PGluc. These data suggest 

that the same pathway is activated after a light-dark transition in all 

four unicellular blue-green algae. 

In the double 1 abe 1 i ng experiments wi th Aphanocaps a 6308, l4C was 

diluted out of the sugar phosphates G6P and S7P much faster than 32p , indi

cating the pool sizes for these compounds were relatively constant in the 

light and in the dark and that,J~arbon tracer was being replaced by unlabeled 

material from an endogenous source (probably glycogen}. The turnover of 

carbon in PGA was much slower, at least bya factor of 4. Accordingly, 

carbon was passing th.rough the sugar phosphates and 6-PGluc much faster 
.~. ," .; ... :;~\. ..... .: ' ... ' '!:: :.: .... . .. 

than through PGA during the da~k period. Th'us, the ma·jor metabolic 

activity during th.e. dark period affected metabolites associated with the 

oxidative pentose pathway, not with glycolysis or the Entner-Doudoroff 

hexose monophosphate pathway. 
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For one of ttte s tratns, Apnanocapsa 6714, tne.. evi.de.nce i.me li.catln9 
I 

tneo?,idatlve pentose path\'lay is'more di.rect .. Thts organism 1.S capable of 

heterotropnic growth. i.n the dark usi.ng gl ucose. as the. carbon source (Rippka, 

1972.1, a property very rare in the unicel1ular blue-green algae. More

over, experiments using dffferentially labeled glucose (Pelroy, Rippka, 

and Stanier, 1972) have p~ovided strong evidence for the oxidative pentose. 

phosphate path\'Iay as the means of glucose catabolism. It is of interest 

that this path\'Iay has also been demonstrated in ~he filamentous heterotroph, 

T9lypothrix tennuis (Cheung and Gibbs, 1965) and evidence has be~n.pre~ 

sented implicating this pathway in the filamentous photolithotroph, 

Anabaena variabilus (Pearce and Carr, 1969), 'and several chemolitho-

trophic thiobacil1i (Matin and Rittenberg, 1971). The heterotrophic 

thiobacilli" on the other hand, dissimilate glucose through an inducible 

Entner-Doudoroff pa th~'Iay (Mati nand Ri ttenberg ,. 1971; Tabita and 

Lun'dgren, 19711'. 

It is clear that the vxidative pentose pathway would be well suited 

for maintaining energy requirements during endogenous metabolism by 

.organisms that are strictly or predominantly lithotrophic. A high ratio 

of reduced pyri di ne nucl eoti des to substrate (6 reduced NADP ina cycl i c 
~ 1 . 

pathway) would yi.eld a large amount of potential energy. It would not 
- 1 

be necessary to IIprtme ll gl ucose withATP\as in glyco 1Y5 is). if glycogen 

were a reserve material of the cell , asi.s the..case for both the uni

celJul.~r blue.-~reen alga.~ and the .thi.obacil1t~ln addition, the oxi.dative 
: ..... 

. .... . {>ento.s·e.cycle ,w.Quld not Pfodu,ce toxic .pH. cnanges due .tQ tile. formati.on Qf. 

organic acids .. I' 

! i 

" 

Ii 
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Regardless of wh:ich particular pathway is bel,ng used for cataboli'sm, 

it 1S clear that Aphanocap~a 6308 does pos~ess the means for replenishing 

and maintaini.ng ATP during the, dark. period. However ~ the use of the 

oxidative pentose cycl e woul d almost certai nly requi re respi ratory rather 

than fermentative capacity. It has been known for some time (Biggins, 

1967} that concentrations of ATP and reduced NADP ,in Synechococcus 6301 

tAnacystis nidulans) were lower under anaerobic conditions, and that 

the low uptake by this organism could be stimulated by the uncoupler of 

oxidative phosphorylation, dinitrophenol. 

The means by which endogenous metabolism is controlle'd is of interest. 
. ' 

The rapid rise in 6-PGluc concentration early in the dark period suggests 

that glucose-6-phosphate or 6-phosphogluconate dehydrogenase is under 

metabolic control. Secondly, the very slow rate ofcarbo'n turnover in 

PGA, P~PA, Asp, and Glut relative to that observed in the sugar phosphates 

and 6-PGluc suggests controls that operate to prevent the late reactions 

of glycolysis (possibly at the conversion of PEPA to pyruvate), thus effec

tively limiting the synthesis of carbon skeletons required for biosyn

thesis. 

Many of the pool changes during a light to dark transition in the 

unicellular blue-green algae used in'thisstudy resemble those in 
i..'" a 

Chlorella pyrenoidosa (Pedersen et~, 1966; Kanazawa et lli, 1972). 

Especially interesting is the rapid rise in 6-PGluc concentration in 

'" the chloroplasts of th.is eukaryotic green alga. It may be that the chloro-

" 'plasts ,and the,unice1l u1 ar bl u~-,green algae ',contain man.y reg,ul atory features 
. - -' . '". . 

tnconunon, possibly indicating controls that existed in a common ancestor. 
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FIGURE CAPn ONS 

Fi.g .. 1, 14C-labeled i..ntermediates in Aphanopcapsa6308 duri.ng photosynthesis 

and a sUbse'quent dark. peri..od: 1 abel i ng of PGA, G6P, RuDP ? 6-PGl uc, FOP, and 

SDP. The expertment was carried out in the steady-state. apparatus by the 

introduction of 14C02 at 0 ttme. Carbon concentrati.ons are expressed in 

terms of wet weight of whole cells. Open bar (0-10 min) indicates photo

synthesis; shaded bar (10-20 min) indicates dark incubation. 

Fi.g. 2. Concentrations of 14C-labeled intermediates in Aphanocapsa 6308 

durtng photosynthesis and dark incubation: Labeling of Asp, Glut, FMP, 

S7P, and PEPA. Experimental conditions and specific activities of metabo

lites the same as Fig. 1. 

Fig __ 3. Incorporation of 14C into polyglucose by four strains of unicellular 

blue-green algae in the light and in the dark. Experimental conditions and 

specific activities san.e as for Fig. 1. 

Fig. 4. Concentrations of 14C-1abe1ed intermediates in 3 strains of uni

cellular blue-green algae. Experimental conditions and specific activities 

of metabolites same as Fig. 1. 

Fig. 5. 32p and l4C in HMP dur{ng dark incubati.on of Aphanocapsa 6308 . 

14~02 and 32p were introduced intb-'the steady-state apparatus containing 

an algal suspension at minus 20 mi·n. Samples were taken to establish the 

photosynthetic pool si..ze Lopen barl and then the. ligh.ts were turned off at 

.. ' .. ' '," ... ".:' o·\t~:·(s·had~d barI.·~· s~~c;tfi'~':'a'ctfviti'esoflnt~edlates are expres:~~'d ' 

in tenns of wet wei.ght who1e.cells~ 



t., ," 

-18-

FIGURE CAPTIONS (Cont.) 

Fig. 6. Concentrations of 32p and l4C in PGA and 6~PGluc in Aphanocapsa 

6308 duri ng dark i ncubati on. Experimental conditi ons and speci fi c act; viti es .~ 

of metabolites the same as for Fig. 5. 

Fig. 7. Concentrations of l4C in Asp, Glut, and Cit during dark incubation 

of Aphanocapsa 6308. Experimental conditions and specific activities of 

metabolites same as for Fig. 5. 

Fig. 8. Concentrations of l4C and 32p in ATP and ADP during dark incubation 

of Aphanocapsa 6308. Experimental condition~ and specific activities of 

metabolites same as for Fig. 5. 
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