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Studies of carbon dioxide fixation in green plants using th
have shown that in very short times phosphoglyceric acid contains most of the
radioactivity.l’2’3 The tracer is present almost entirely in the carboxyl
groupo4 The importance of crganic phosphates in the subsequent metabolism cof
phosphoglyceric acid can be seen from the accompanying photographe.

Figures (1) and (2) show radioautographs of & photosynthetic sxperiment
with Scenedesmus. Figure (1) indicates the compounds containing P2 efter
exposure to radioactive phosphate for tweniy hours, whereas Figurs (2) is a

photograph of the same chromatogram showing the carbon-labeled compounds

* The work described in this paper was sponsored by the U. S. Atomic

Energy Commission.

%% It,, USHR, Office of Naval Research Unit Fu. One, University of

Californic, Berkeleyo. The opinions contained ‘eredn ere the private
ones of the writer and are not to be consirued we offieial o ruillect-
ing the views of the Navy Department or the naval services &b lal o
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after five minutes in rad;oactive COp. Many of the phosphates alsc contain
a carbon label.

Even after sixty seconds photosynthesis by Chlorella, by far the mejor
paert of the radioactivi£y is in the form of phosphates (Figure (3).

Since the discovery of radioactive phosphoglyceric acid as a primsry
carboxylation product,‘our attention has been directed towards the path by
which the radiocarbon becomes converted into the various cell constituents.

The effect of numerous external factors on the total fixation and on
the fixation pattern, as shown by radioautographs of the two=dimensional
paper chromatograms, has been investigated. Before these results could be
satisfactorily interpreted, it was essential that each radicactive spot on
the chromatograms could be identified, and much of our work has been directed
to this end.

The identification of small quantities of radicactive compounds has
required the use of new techniques, the most important of which is the paper
chromatography of the unknown compound together with non—rﬁdioaetive carrier.
Complete coincidence of the radioautograph and the spot produced by a color
reaction of the carrier is strong evidence for the identity of the two. The
effect of different chemical treatments or enzymes on the Ry values of unknown
compound and carrier provides further confirmation. Ion exchange chromatography,
solvent diétributiong co=crystallization of derivatives, determination of radio-
activity distribution among individual carbon atoms in fully labeled compounds
and the velue of CX4/P32 ratios in doubly labeled compounds have all been
used to characterize and identify unknown radioactive areas.

The separation and identification of the organic phosphates which are

among the early products of photosynthesis will now be described.
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(1) Phosphoglyceric Acid - Carrier-free radicactive phosphoglyceric

acid has been isolated from Scenedesmus which had phctosynthesized for filve
seconds in 0140202 The yield of crystallire barium salt contained one=
third of the total radiocactivity fixed by the aléaeo It was directly com~
pared with authentic barium=3-phosphoglycerate and the two shown to be
identical in phosphorus analysis, elution characteristics from Dowex A=l
resin, and the molybdate-enhancement of molecular rotation. Hydrolysis
gives radiocactive glyceric acid identical with an authentic specimen.

(2) Hexose Monophosphates = During the first few seconds of photo=-

synthesis, a characteristic radiocactive area appears on the chromatogram
below the pﬁosphoglyceric acid. Treatment of the compounds in this area
with phosphatase yields several other compounds with the properties of sugars.
These sugars have been identified by co-chromatography as glucose, fructose
and mannose. The glucose and fructose phosphates are stable to mild acid
hydrolysis and, when run in f~butanol/picric acid/water as solvent, co-chroma-
tograph with glucose=-6-phosphate and fructose-6-phosphate, respectively. The
mannose phésphate is likewise stable to mild acid hydrolysis and is probably
identical with the mannose phosphate isclated from the hexose moncphosphates
of yeast, i.e., the 6=-phosphateo5

On many of the two-dimensional chromatograms, the hexose phosphate ares
is divided’into two distinet halves. The left-hand spot, on treatment with
pliosphatase, gives fructose, mannose and a trace of glucose. The right=hand
spot, on similar treatment, gives glucose and a heptose sugar, sedcheptulose,
which is discussed in the following section.

The quantity of radiqactive manncse phosphate is considerably higher in
the algae, Chlorells and Scenedesmus, than in the leaves of the higher plants

€ogo, SOy bean, sugar beet and barleyo@
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(3) Sedoheptulose Phosphate - The "hexose monophosphate" area was

found tc give, on treatment with phosphaﬁaéeg a sugar which was not identi-
cal with any of the common hexcses. This suger has been shown to be sedo-
heptulose (Qraltroheptulose)o798 The evidence for its structure can be
sumnarized s

(a) The radicactive spot co=chromatographs with authentic sedo-
heptulose.

() Treatment with 1 N hydrochloric acid at 100° for five minutes
gives a radioactive compound which comchromatographs with authentic sedo-
heptulosan. The equilibrium value of the ratio of the two radicactive areas
after acid treatment is about 4:l, the value obtained for sedoheptulose and |
sedocheptulosan,

(e) Periodate oxidation of the uniformly labeled sugar gives the
theorétical quantities of radicactive formic acid and formaldehyde. Similar
treatment of the acid transformation product gives the theoretical amount

£ formic acid and no formaldehyde.

(d) The hydrogenation product co-chrometegraphs with sedcheptitol
and on periédate oxidation yields the theoretical amount of formaldehyde
and formic acid.

From the éhromatographic coordinates of the phosphate, it is probably
a monophosphate. The location of the phosphoryl group has not been estab=
lished, but in view of its relative stability towards acid, it is probably
not on the Gy or Gy hydroxyls.

9 isolated & hepbulose phosphate from

Robisons'Macfarlcne and Tazelaar
a yeast juice fermentation. We have been able, through the courtesy of

Drs. M. G, Macfarlane and J. Baddiley, to examine concentrates ¢f ihis ester.
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It behaves chromatographically in the same way as the radicactive sedoheptulose
phosphate, and gives & héptulose on trestment with phosphatese which is readily
converted to an anhydride by acid. The Ry values of these products ars identi-
cal with those of authentic sedoheptulose amnd sedohepivloBsie

(4) Yentose Monophosphate and Diphosphate = When ths slowest-moving

radioactive spot (in both solvents) is treated with phosphatase, i% iz con-
verted mainly into & sugar which has the chromatographic properties of a

pentcsa. The sugar has been identified as ribulose. 10 14 gomchremato-

grapas with ribulose, and on epimerization in pyridine gives ribose and
arabinoses. The 2,4-diniftrophenylosazone crystallizes with that of De=arabincss.

Catulytic reduction yields a compound which co-chromatographs with ribitol.
When the original phosphate is allowed to oxidize in the air, phosphoglyceris
- N LY Rl 1 o x EY ) " 2
aud phosphoglycolie acids are formed. A determination of the Cl“]TV2 ratio

3 e e 3 ey I—‘Bz 3 clzl' ™A +.z 4 o Tl %
in the compound saturated with and indicates that the compound is &
dirtozphates It is concluded on this evidence that the unknown compound is

-

ribulose=1,5~diphospheate.
When the diphosphate area is tresated with phosphatase, verying small
smounts of PDucose, fructose and manncse are produced.
Pertoses are alsc Lliberated when a radicactive area to the Left ol the

.

i BRSIY

. . , . 10 .,
hexose monophosphates is hydrolyzed by phosphatuase. We heve re

able to separate this aree intc twe spois, one of which gives ribuse and the

other ribulose on hydrolysis (Figures (4) and (5j}. In all wmrc
these are monophosphates.

(5} Tricse Fhosphates - To the leit of the pentose

area there is g radicactive gpot which rields dilydroxyace

so treatment. Co-chromatogs

Fo o am
f=2
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dihydroxyacetone, detected by the yellow color it gives with the aniline
trichloroacetate spray, shows complete coincidence of color and radioaétivity
(Figure‘(é))o Experiments to demonstrate the presence of 3~phosphoglyceralde-
hyde have been inconclusive, due probably to the difficulty of chromatographing
this compound or its hydrolysis product.® The triose phosphate equilibrium is,
in any case, strongly in favor of phoéphodihydroxyacetoneo

(6)  Phosphoglycolic Acid = A characteristic radioactive spot appears
above that due to phosphoglyceric acid on chromatograms of clé- and P32
containing metabolites. It is hydrolyzed by phosphatase to give glycolic
acid, identified by co-chromatography with an authentic sample.

(7) Phosphopyruviec Acid -~ Authentic phosphopyruvic acid has the same

Ry values as a radiocactive spot in the standard solvents. Acid hydrolysis of
the radioactive spot gives pyruvic acid, identifiea by its distribution coef-=
ficients between ether and water, its volatility and the formation of a 2,4~
dinitrophenylhydrazone which co-crystallized with that from pyruvie acido?
The same spot appears on chromatograms of metabolites labeled with P32° The
action of phosphatase on the carbon-labeled comp&und causes volatilization

of the radiocactivity.

(8) Sucrose Phosphate -~ When a hexose monophosphate area from sugar

beet was hydrolyzed with an invertase-free phosphatase preparstion, a com=
pound was formed which had the chromatographic coordinates of sucrose. It
was shown to be sucrose by co-chromatography, and by enzymatic hydrolysis
to glucose and fructose, identified by co-chromatography.

The hexose monophosphate area from another chromatogram of the same
photosynthetic experiment was rechromatographed in t~butanol/pieric acid/
water and gave, besides other radioactive suger phosphates, a slow=moving

radioactive spot. This was freed from pierie acid and free sugars by cne-
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dimensiondl chromatography in phenol and treated with phosphatase. Chroma-
tography in two dimensions gave a radioactive spot in the same position as
sucrose. When the other spots from the pieric acid chromatogram were treated
in the same way, 1o sucrose was producede

4lthougk the occurrence of & phosphate of sucrose has been postulated

by several workers, we believe that this is the first direct evidence of its

O

=

presence in plantse. Of other plant sources so far examined, algae appear Lo

sontain no detectable sucrose phosphate under our conditions, and other leaves

£

ain mach less than sugar beet.

[l
(9]
IS

From the position of the compound on paper chromatograms, it is probably
& moncphosphate, but we have, as yst; no evidence as to ths location of the
phosphate group in the molecule.

{3) Hucleotides’t ~ On all chromatograms from plente which have been

ellowed to photosynthesize in 8140 for periods of longer than thirty seconds

there is & spot which appears below the hexcse monophosphale arcae Early
work had shown that it contalus glucose, ecasily liberated by acid hydrolysis.
In our earlier publications it has been named "Unknown Glucose Fhosphate”.

I+ has now been shown that when phosphatase acts on the spoi, glucose, manncse

Al

YT

and palactose are formed, idsntified Uy co-chromatography. These three sugars
passess the major part of the carbon radioactivity, the glucose being the
argest single repository for the radiosctivity,
When working with plants which had photeosynthesized Ior some time in
ot {(five-ten minutes) it was found that phosphatuse-treatment of the unkuown

sadiooetive wridine ard relicective inosine. The

Yo

FPAE R R T P I
Lile LnoSine oy LWE Ly Talue in

B, . i e,
S ?O..;’a.u thine ang rioee
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&z

ribose was identiiied by co-chromslograpiy sul the Lypoxanthine by id

T 2 4 R Y e e
& values in three scliventis
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Acid hydrolysis of the original spot gave adenine, identified by the
u.v. absorption spectrum and Ry value; adenosine-5'-phosphate, identified
by the u.v. absorption spectrum and Re value in t-butanol/boric acid/water;
uridine-5'-phosphate, identified by Re values; WoVo spectrum and reactivity
towards sodium periodate. The inosine in the phosphatase~treated product
arises by enzymatic deamination. A sample of adenosine was deaminated,
when subjected to the same conditions, to give inosine.

Whéﬁ the original compound was extracted from a two-dimensional chro-
matogram and subjected to rechromatography, at least eight spots appeared
on the chromatogram. Of these, five have been identified. Ihey ares
(1) Glucose; (ii) gelactose; (i1i) mannose; (iv) adenosine=5'=phosphate;

(v) uridine~5'=phosphate.

Of the remainder there are, besides the original compound, two other
radiocactive spots. On treatment with phosphatase, the latter each give
glucose and galactose. One spot moves in the hexose monophosphate area,
and the other moves nearly as far as the free sugars in both phenol and butanol/
propionic acid. There is evidence that the fast=moving spot is a mixture of
cyclic phosphates of glucose and galactose. When it is treated with a phos-
phatase preparation for a short length of time, glucose, galactose and a spot
in the hexose monophosphate area are produced, while some of the original
remains unhydrolyzed.

When the original compound produced during photosynthesis is allowed to
déeompose slowly on a dried chromatogram, the fast-moving phosphate is the
first decomposition product to be formed. We believe, therefore, that the
two unknown decomposition products are (a) the 1,2-cyclic phosphates of glu-

cose and galactose and (b) the 2-phosphates of glucose and galactoseolz913
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When the original unknown compound is chromatographed in ethanol/
ammonium acetate at pl 705,13 the main radiscactive spol moves at the same
Ry as uridine diphosphate glucose,*** and gives uridine, glucose and galac=
tose, as well as traces of other sﬁéérs, on phosphatase treatment. Another
spot on the ethanol/ammonium acetate chromatogram absorbs strongly in the

UeVe, has the same R_, as adenose triphosphate, and gives adenosine on treat-

£
ment with "Polidase."

For these reasohs, we believe that the original spot contains at least
four different compounds: (i) uridine diphosphate glucose; (ii) uridine
diphosphate gelactose; (1i1i) adenosine triphosphate; and (iv) a compound
giving mannose on hydrolysise.

One significant observation with regard to the mannose is that when
the“original spot decomposes, mannose does not appear in either the '"cyclic
phosphate" or the "2-phosphate" regions of the chromatogram. If the mannose
iswpresent originally in a nucleotide structure of the UDPG type, and if the
cﬁﬁ%iguration at the glycosidic center is the same as in the other compounds
of this group, then this behavior can be explained. Mannose differs from
glucose and galactose in the configuration of the hydroxyl group at 02, and
cannot, therefore, form an alpha 1l,2-cyclic phosphate. A mannose-nucleotide
structure would decompose to give free mannose., The observation of Leloir
and Cabib14 that yeast contains a compound which yields mannose, guanine and
phosphate on hydrolysis is of great interest in this comnection.

In comperative experiments, it has been found that soy bean and sugar

beet leaves contain little or no radiocactive mannose, while the algae,

##%  YWe agre indebted to Drs. L. Fo Leloir and H. M, Kalckar for specimens
of UDPG, to Dr. J. T. Park for a sample of uridine=5'-diphosphate and
to Dr. Wo E, Cohn for a sample of uridine~5'-phosphate.
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Scenedesmug and Chlorella, give rise to mannose derivatives in both the

hexose monophosphate and nucleotide areas of the chromatogram.

KINETICS

The second part of the main problem has been-to find out the actu
mechanisms by which carbon dioxide becomes reduced. We know what are the
main radioactive compounds appearing during short periods of photosynthesis
in the presence of 01402° I% remains to find how they are interrelated. When
algae, undergoing photosynthesis in a steady state, are given a sample of
01402, it is clear that the labeled carbon will pass through a sequence of.
intermediates between CO, and the ultimate products of plant synthesis. It
will, of course, take time for the carbon to reach and saturate each of these
intermediates. Furthermore, since practicelly all of these compounds con=
tain more than one carbon atom, the overall rate of appearance of radicactivity
in &1l of the carbon atoms must be the sum of the rates of appearance in each

one., Thus, the experiment to be performed consists in stopping the photo=-

14
02

with respeect to the distribution of radiocactivity (1) smong the compounds and

synthesis after suitable pericds of contact with C and analyzing thé products
(2) among the carbon atoms in each com.poundo6 A wide variety of steady states
depending on the effect of external variables, e.g., light intensity, CO, pres-
sure, temperature and pH, and the effect of inhibitors on (1) and (2) are
examined.

Isotopes other than those of carbon can be used in these studies. Experi-
ments have been initiated to study the rapidity with which labeled phosphate
is incorporated into algae. In sixty seconds there is appreciable incorporation,
both in the light and in the dark, and the compounds in which the label is found
are mainly those which the carbon experiments have shown to be early products

of photosynthesis. (See Figure (7)).
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In the work to find out the first stable reduction product of carbon
dioxide, algae were allowed to photesyanthesize for very short periods in
01402. Phosphoglyceric acid was found to ccntein most of the radicactivity.
This compound was hydrolyzed to glyceric acid, and the 1ébel in each posi~
tion determined by degradation with periodateo4 It can be seecn from Table 1
that the carboxyl group is the first to beccome labeled, followed by the G-

., &
and p~carbons, which are equally labeled.l’

Table 1

Distribution of Radiocarbon in Phosphoglyceric Acid
end Hexose Labeled During Photosynthesis

CGonditions
Compound
Preillum 4 Sec, IS
2 MinJDark | Photosynthesis 15 Sec. B8 | 60 Sec, BS
COO0H 96.0 87.C 49 YA
o CH(OH) 2.6 645 25 30
B CHy0H 1.7 608 26 25
He c 5
el :
su= = Cp 5 =5
crose) >
C1,6 24

Waen the sucrose is isclated from shori~term photosynthetic experiments,
and the radioactive hexose obtained from it are degraded, carbon atoms 3,4
are found to be most active (Table 1). The other carbon avoms are egually
labeled. This, togebher with the fact that in the fcrmeiticn of sucrose and

fructose moiety becomes labelsd bhefore the glucose, incicaies that sucroge
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is formed by a reversal of the normal glycolytic pathway. Since sucrose is
the first free sugar to become radioactive it appears that neither free glu~-
cose nor free fructose is directly involved in sucrose synthesis. The actual
step by which sucrose is formed is something of a mystery. The sucrose-~forming
enzyme from'Pseudomonas saccharophila catalyzes the reactimn:ls’lg

Sucrose + inorganic phosphate T—=G-D~glucose-l-phosphate + D=fructose
So far it has not been possible to isclate a similar enzyme from green plantsol9

It is of interest to speculate as to the role of the UPFGlucose and
UDPGglactose which have now been found in green plants. UDPGalactose has
hitherto been found only in yeasts which have been galactose-adapted. It
appears that in green plants it figures in galactose formation from glucose.
Leloir is of the opinion that UDPG has some other function than the inter-
conversion of galactose and glucoseal4 We believe that these compounds may
well be involved in‘the synthesis of polysaccharides in the plant, functioning
in a manner similar to that of glucose-~l=-phosphate in the numerous phosphory-
lase reactions. ‘In particular, we would like to suggest that it may be involved
in sucrose synthesis, by the following series of reactions (Figure (g)).
In Figure (9), the labeling of the unknéwn glucose phésphate (mainly UDPGlucose
and UDPGalactose) is more rapid than that of sucrose, and this would agree with
the mechanism just proposed. Recent work by Putman and Hassidlévgives further
support for the idea that only phosphorylated derivatives of glucose and frue=
tose are involved in suecrose synthesis in higher plants. It has been found that
in sucrose synthesis from labeled glucose in leaf punches, no free fructose is
formed, although the sucrose becomes equally labeled in both the glucose and
fructose portions. Conversely, when labeled frustose is used, nc free labeled

glucose appears, while the sucrose is uniformly labeled.
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It is possible that compounds of the UDPG type could be concerned in
the transformatlon of sugars and their subsequent incorporation into poly-
saccharides. Uridine diphosphate would thus serve as a carbon carrier in
the same way that the'pyridine nucleotidéé and flavin nucleotides are involved
in hydrogen transport, the adenylic acid syétem in phosphate transfer and
coenzyme A in the transfer of acyl groups. There is already some evidence for
the existence of other members of the uri&ine diphosphate groupo13’l7

The early kinetic and degradative experiments indicatéd that the path
of carbon in photosynthesis involved a primary carboxylation to give phospho-
glyceric acid whose conversion to sucrose was essentially a reversal of gly-
colysise More refined kinetic data have fully supporﬁed this woi'k,6 In the
ideal experimeﬁt described above, if the rate of appearance of a radiocactive
compound is plotted againét time, only those compounds which have no appre-
ciable stable reservoirs lying betweeﬁ’them and the 61402 should show a
finite slope at zero time. In other words, if the percentage distributioh
of 014 amongst a group of compounds is plottea againsf time, the earliest~
labeled compounds will show a negative slope, and the reservoii of a pre-
cursor will become éaturated before that of its pfoducto

Phosphoglyceric acid (Figures (10) (11)) has a finite slope st zero
time and is also the first product to become saturated. Fhosphoenel pyruviec
acid, on the other hand, although it apparently has a finite slope at zero
time, does not become saturated until after phosphoglycerlc acid (Pigure
(ll)). Tt is possible that phosphoencl pyruvic acid has an initial zero
slope, followedrby rapid equilibration with phosﬁhoglyceric acide

The rapld labellng of maliec acid (Figure (101) hlght indicate that it,

too, is a primary carboxylaticn producte. Thls can, hﬂwevcr, be accounted
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for by considering that malic acid is in rapid equilibrium with & compound
arising by carboxylation of a 03 compound derived from phosphoglyceric acid.
Degradation experiments on the radiocactive melic acid produced during short-
'termrphotosynthesis are in progress. ‘The malonate~inhibition experiments
of Bassham g§a§;°4 make it uniikely that malic acid is directly concerned
in photosynthetic carbon dioxide reduction.v |

From the foregoing work, it seems that CO, reacts with a 02 compound
to give phosphoglyceric acid. The nature and the origin of this compound
are the next questions which must be answered. The new kinetic date lead
to the conclusioh that sedoheptulose phosphate and ribulose diphosphate are
concerned in ﬁhé early stages of C02 fixation. The early labeling, and the
fact that neither sugar is stereochemically related to glucose while being
related to each octher, suggests that these compounds may be concerned in
the fegeneration of the C, acceptor for carbon dioxide.

There is a growing bod& of evidence that ribose phosphate and ribulose

phosphate can undergo scission to give a G, and a C3 fragment.zo Lactobacillus

pentoaceticus will ferment arabinose—l—G14 to give lactic acid together with
acetic acid labeled exclusively in the methyl group.21 Similar results have
been reported for Lagtobacillug pgm;qm.zz There is evidgnce, too, that
ribulose phosphate and sedoheptulose phosphate are enzgymically interconver-
tible,23s24 |

it appeafs, then, that sedoheptulose phosphate.may be converted suc~
cessively to‘ribulose diphosphate and to triose phosphate, with the libera-
tion of Oy fragments which are themsélves, or may be converted to, the GO,
acceptor. The sedoheptulose phosphate itself céuld arise by en aldclase
reaction between triose phos‘pha.te and & tetrose, presumably erythrose, pro—
duced by reduction of a secondary carboxylation product. The operation of

this cycle may be as illustrated in Figure (12).
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The 04 secondary carboxylation product would be in rapid equilibrium
with malic acide In confirmation of this scheme it has been found that
when the sedcheptulose phosphate from short term experiments is degraded
(by periodate oxidation of the sedcheptulosan derived from it), the G,
atom is more radiocactive than for a uniformly labeled compound (Table 2).

The data in Table 3 afe a striking indication of the raepidity with
which the sedoheptulose phosphate becomes labeled.

Other schemes involving a 07—-3'05—‘7 03 ——>G7 cycle are, of
course, possible, as well as one involving the 05 or 07 compounds as reser-
voirs of reactive C, fragments. The necessity of a second carboxylation
reaction for the production of a 04 compound can be obviated by a
Cé:-5’04’+ C, reaction, the 04 then entering into the Cn cycle as in
Figure (12). (cf. Gaffron et ale?)e

The exact nature of the 02 fragment is; as yelt, unknown.

For an understanding of the results of kinetic experiments, it is

necessary to know the steady state concentrations of several key metabolites,

and the way in which these are affected by the variables just mentioned. In
preliminary experiments using Sgenedesmus grown in radioactive phosphate
buffer, it appears that variations in light intensity and GO, pressure have
a profound effect on the relative quentities of organic phosphates in the cell.
These results afe now being directed towards the design of kinetic experiments
whose conditions will conform more exactly to the study of the path of carbon

during steady state photogynthesiso
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Table 2

Sedoheptulosan

Percentage of Radioactivity in 04

~ Sample % Activity No. of Expts.
Calco. for
Equal Labeling 1403 -
5 Min. Soy Bean 14 2
20 Sec. Soy Bean 21 1
10 Sec. Soy Bean 28 3
Table 3
10 Second Photosynthesis Soy Bean.
Percentage Radioactivities (C14)
Compound Percent
Phosphoglyceric acid 32
Sedoheptulose phosphate 24
Fructose phosphate 19
Iriose phosphate 8
Glucose phosphate &
Pentose phosphate 5
Diphosphates 4
Phosphoenol pyruvate 3

UCRL-1871
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CAPTIONS TO FIGURES

le- Radiogram of extrect of Scenedesmus grown for 20 hours in radio-
active phosphate and ellowed to photosynthesize for 5 minutes in
6L40,, A sheet of exposed £ilm was used to filter out the CL4
radistion.

2 = Radiogram of same e#tract as in Figure 1. The exposure wes made
after the phosphorus radiation had decayed.

3 - Radiogram of cold alcohol extract of Chlorelle which had photo=
synthesized for 60 seconds in 01402.

4 = Identification of ribose monophosphate.

5 = Identification of ribulcse monophosphate.

6 - Phosphodihydroxyacetone identification.

7 - Radiograms of Scenedesmus exposed to radioactive phosphate for
one minute. Light and darke

8 = Scheme for sucrose synthesis from phosphorylated intermediates.

9 - 01402 fixation in the sugar phosphates and sucrose during photc-

synthesis by Scenedesmus at 15° c,b

01402 fixetion in the major soluble compounds during phctosynthesi

by Scenedesmus at 15° C.”

11 -~ 01402 fization in Co~- and Cz-compounds during photosynthesis T

‘
Sceredesms at 15° Co-

12 = Proposed carbon cycle for regeneration of two=cerbon Cly asceptor.
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