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GITC PIXATION OF CARSON DIOKIDE BY THRKE MICRO-ORGANIENMS'

v. MosEs®, 0. HOIM-HANSEN, and M. CALVIN
tment of Chemistry, University of Californis,

Radtation Laboratory end Depas
Berksley, Oaliforais

Introduction

Studies by Lynch and Calvin {1952,1953) heve estebliched the nature of the
conpounds incqrpﬁganing elh nopphotosynthetically from Elkqé‘ia thirteen miero«

orgenismbt & yeasht, & pro‘tosoun, twoe water mas, ohe olime mould, thireg mlgaﬁ,

three bacteria, aud the green flegellote Buglens grecilis. With the exception of

B, grooilis; and of Lacwh&cu,maea&ei which fixed no detectable smounts of carbon

. 4ioxigde, all these orgonisme fixed carbon diloxide into amino zmﬁ ergmic acms des
rived from the tmaa.r‘boxyne acid cyele, and {nto & few cmer eempemds 1n inéividn

ual cesss (tm&im,. pheaylalanine, polysaccharides [pmbamy glucose p@ime,mj .
acetic acid and butyric .a,am)a The authors concluded that the presence of 'ﬂl‘u‘ in
almost allithece compounts could be socounted for bly the eaﬁb@xﬁmién of pymvatae
to yisld osalacetic or mlﬁ.c aelds, followed by transaminese reactiond.

in B. gracilis, ﬁ@ﬁeve.r, ecmsmefabm quantities of activity elso appeared

in -ghuéph@wlaéeﬁ compounde in tue derk, espedially in the cugar monophosphates,
mspm@lwerig s.éta, and phosphoenolpyruvic acid., Only with ih&s éwgaéim vae
s Kinetie :am;r performed wo determine the identity and degree of labaeling of the
QWS containing cl b efter vorying pericds of time It was not stated definite~ |

1y Yy which route carbon dloxide entered the pmmésymhae%&ie intepmefiates, but it

wes ioplied (Fig.d, Lynch end Calvin, 1953} that it was incorporated directly into

 phosphioglyceric acid, anf thet the energy for this provess, wileh in photosynthesis

is derived from sunlight, vwad provided by reépimﬁ,m or fermentaticn. Cértain
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aipects of these presumptions hovever, do not adequately aceount for all the
Stoppans, Fuller and Calvin {1955) have also investigated the dark fization

domonas capsulatus.

As in 8. grecilis, this orgeniem incorporated a considershle proportion of the

total fixed ¢** into phosphovylated compownds, as well as fnto the amino acids

A mrther investigation bas now been cmieﬁ aut wit‘h three m&cm-ﬁrmim
to elmmate in more Getail the metebolic pathwags by which eatbon. dioxide 43

-assimtloted acnphotosynthetically, Hev light has been shed on the route by Wh&@h

it may enter the phosphorylated imtermsdiates comwn to resplwatory ond photos
syathetic ﬁé&h&ntm&. The thres ormtm studied were the -algae Ehlemna
' Vidasa (aleo used by Lynch and Galvin (1952)) end Nostoe mu comm and the

f‘ungua ﬁomm moelleri, & megiber of the Phsemetes.,

The culturing techniques for . pyrenoidoss ( Holwiflansen » Bayes end Enith,;3958),

(Linko, HolmeHensen, Baseham end Calvin,1957), and %, i

1954, 1959) have been described elsewhere. After growth, the ¢ells in each case
vere harvested, washed, and resuspented in distilled water at o concentration of
0.033 ml of wet-packed cells/ml of suspeénsion for the alges, and 0.0%5 ml of wete
posked ems/fml of suspensionfor the fungus. Allquots of ﬁhe cell suspenston (i mi
for the algee, and § ml for the fungus) were pipetted m‘ta 8 B@:”i{es of amalld -fEi'lé-r»

meyer flasks which were shalkeén at room tempevature for 30 minutes on a Warburg
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respirometer. The preliminary chaking dnd pubsequent incubation of the alges

vith lsbeled substrate vers performed in complete darkness; no such précsutions
to excluds 1ight wore teken with the mowld. At the begivning of the incubation
period, eash 1 mi sample of algsl cell puspension received G.1 ml of 0.01687 i
Kaﬁclhﬁs (h@ ) and the cells were Killed at the end of the 'm‘::xi’bation period

e of fungal sell cuspet sion

by thé addition of b ml of ethunel. 76 each § ml

vas a4ded 0.25 ml of the AaBr 0y (100 we), end 20 ml of cthenol wes sdded at the
ond of the inoubation period to kill the dells.

After extraction with 80% ethanol, the suspensions were centrifuged, und the
cell sesidues extracted vith 20 (v/v) ethanol, and then with water: The residues
were discarded and the exmta concentrated 1n vacuo belov 40° to & emall volime.
%ith the algal estracts, the wholeé of esdch aa!m‘be was chrematographed on oxalie
Wmstuan No. 4 filter paper; the first solvent vas phenolewater (10 be),

and the second solvent p-butancl-propionic ectd-water (8 hz-) (Benson, st al, 3_95@)
Radfesctive substaneces wore locsted by expomire of the chromstograns to Dupont
viusssensitive singlescosted Eeray film SOTE. The conséntrsted fungal extracts
were edjusted to & volume of 1.5 ml, of which 0.3 nl was chromstogrephed as des«
. exibed @bove. A further 0.6 ml fron ach extract was chromatogrophed for longer
ds (2% nr So phénolevster, dnd 0 b 1o petutanol-peoplonte actdruater) i

order to sttain & betltor separation af puosphoryiated compounds (Moses wﬂ Calviy
i3
1958}, The remaining 0.6 ml of sach extraet wae beld 1o reservé., The chromsto-

grams wers exposed to X-ray film as abova..

The ralicsetivity in each substance on the chromatogréme was counted with a
Beoti~type Gelger-Miller me h&wmg a thin { 1 mg/om oa®) “Eyla.r" wiagow. The counte
mg tube wes flushed with e mixture of 99.05% (v/v) He and 0.95¢ (v/v) isohutane.

o
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Radoantive substances were ldentified in the Prét instance by their |
chromategraphic positions, and identity vae confimmed by cochromatography with
vkwm marker substances. Phosphates anare fizrat %reated with humen eeminal acid
phosphatase in 0.02 ?géaeo;taté butter, g 5, betore being cochromatographed vith

appropriate sugars, acids; ete.

ghlorella pyrenoidocn.

The: di&tri’button of activity i ccmgounds from this organien aner ‘Mbaw
tion periods in the dark with lsbeled earbon dioxide of 19 sec, 32 sec, 46 see,
se see, 121 sec, and 1&3 aee, sad; i.n a semrate exyerimnt, 1590 see, 15 shmm
in Table 1o The plot of the ;percent activity with tme ahm& megatua slayea
i.n the cases of mlie aeid, citrie acid, end alanine, su.ggesting that all three
eompounds are early produets of le% fixa‘&sian in the dark. The first ptms-

. phorylated compound to appess (p‘has})hoglyeerm ac1d) ¥as not ceea wntil @ min

'_W&th labeled substrate hod olapsed. imu‘xe @ﬂt of the fixéd -fwiwity remained
m ‘amino acids (65%) and organic miﬁs (228) after 3@ min, some activity (sbout
3.5%) also asppeared in phosgmrybated nfnbsmga%ﬁ. The fact that 9hiogphoglycerie

8044 was the first of these to incorporate \ellf, foliowed later by iriose and

| 'hemse”phagphates’, suggeats that elh eéntered the éugars by & ‘ée'versal of the
glycolytic Mesctions. | |

The presence of label at the ‘éarli‘est— mnbé.tien periods in s‘:ﬂﬁe and malic
acids, md in alanme, indicates that three carbexylati@n ma.e*tians ey pmceeﬂ
smutmeusly. One of these {6 the carboxylation o.f pyruvate to @m&uee_ qmla
acetate; the poold size of ihe lattaeg‘ is precumably very swall, snd hbel firet |
sppeared in citrate. A second carboxylation of pyruvate by the malic enzyme
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would form malic acid diréctly. ~However, the incorporation of label so rapidly
into alanine suggests that another carboxylation also took place, that of a two-
carbon substance (possibly acetylthiocectic acid) to pyruvate, which was rapidly

transaminated to alanine. Whether or not two different carboxylations of pyruvate

 took place, or whether both malic and citrie acids arose from one carboxylation

only, cannot definitely be decided from the data. One of the radioautograms of

“the C:hlor'elig extracts ie shown in Fig. 1.

Nogtoe muscoXrum.

A 'kinetie» study of the incorporation of Cll‘(‘)a in the dark by the blue-green

algs, N. muscorum,after several exposure periods to the isotope 1é reported in

‘Table 2, and & radicautogram of the cell extﬁa.ct after 30min exposure shown in

Fig. 2. In contrast to C. pyrenoidosa, only one compound, aspartic acid, showed

a negative slope of percentage incorporation of sctivity with time. Activity
appeared in citric and glutamic acids before malic acid, indicating that uptake
14 ) , . , :
of C Op by the malic enzyme was not significant in this alga. The main carboxy-
. . . "

istion reaction appeared to be that forming oxalacetic acid £rom pyruvic acid

(with rapid trensamination to aspartic acid). cll* was €60 incorporated into

citrulliine (Teble 2). Citrulline hes earlier been reported in this organiem

by Linko et al (1950), who found that the early lebel was in the carbamyl group,

 Zygorrhynchus moelleri. | ' ]

‘The suspension of fungal hyphse was exposed to labeled bicarbonate for fours
teen differént incubation periods. The distribution of activity inl seven of these
extracts (4 sec, 11 sec, 30 sec, 60 sec, 105 sec, 180 sec, and 1800 sec) is given
in Table 3, Raﬁi@autogram& of the extract after 30 min incubation, showing all

the compéund‘s present, and of a chromatogram of the extract after 185 gec dev-
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eloped for long periods to spread the phosphate esters, are shown in Figs. 3

and &, respectively.
'With this organism, as with the two algae described above, there is evi-

dence for carboxylation of pyruvate. As in the case of C. pyrenoidosa (Table 1),

the percentage of activity in malic and citric acids showed a decrease with ine

~ereasing tima, Amino acid products (particularly aspartic acid)‘ﬁecame promineit

with increasing time. Citrulline appeared after 30 min. In a number of ways,
however, the incorporation of clh showed differences from the algae. Most

prominent of these was the very early appearance of tracer carbon in phosphogluconic

‘acid,‘whieh reached a maximum percentage activity in 11-15 sec, and thereafter

showed & decline in the percentage activity incorporated. Fhosphoenolpyruvate
was the omly other phoaphorylated respiratory intermediate to‘éontain Clh until
sugar monophosphates and phosphoglyceric acid appeared after 30 mfn. Considerable
amounts of radioactivity also sppeared in various nucleotides, and in fact after
30 min more Clh waS'fbuné'in these compounds then in any other group of aubstanéés
except the amino acids (Table 3).

The presence of unlabeled glucose in the medium (0.022 M), added 30 min before
the labeled bicarbonate, increased the uptake of cl“ at all the incubation periods
studied ( e.g;, to 2%, 160%, and 131% of the Clh fixzé in the absence of glucose

180 sec, . , T %
after 45 see,/and 1800 see, respectively). With glucose present, the percent‘cl

taken up into sugar phosphates, nugleotides, ﬂhcleotide-sugar complexes, and amino

acids fell, after 30 min, by 45-T5§, while that incorporated into organic acids of

the Krebs cycle increased some 5.5 times {Tedle 3.and'Fig. 5). This can prodadly

be explained by the relativel large pools of unlabeled sugar phosphates remeining

from the unlabeled glucose, while the lowered incorporatien'of'clh into the nucleo~

_ tides and amino dcids was probably due to the absence of availsble nitrogen for the
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 synthesis of such substances owing to the prior metaboliem of external lucose
in the absence of a source of nitrogen. Other studies (Mases, 1959) have shown
that in hyphae starved of nirtogen the syntheeis of mucleotides 15 grestly de-
pressed unless an ‘external source of nilrogen is supplied. However, the unlabeled
glucose probably enabled more cl“oé to be fixed by the carboxylation of thg
dertved from the sugar, with the formation of organic acids of the tricarbexy’lic
acid eyt‘:lé.. ‘ ‘ |
'DISCUBSION

The experiments with the dark fixation of ell‘o_g by the two algae have
confirned and extended many of the findings of Lynch end Calvin (1952). The
Rinetic curves for the eéntry of C‘m into the compounds of these cells have in-
dicated that the only carboxylation reaction qf importance was that of pyruvic
acid to o:é.lace‘tic- or malic ecids, except fér‘the synthesis of'citm.lline in
N. muecorum; and of alanine in C».,_ m’ oldosa. The appearance of 1abei in the
sugar phosphates of various types is consitent vith 6 reversa.l of glycolytic
reactions being the route by which this was accomplished. Phdaphoglycerie acid
was the first of the phespherylated oompounds 1n which clh appeared, and only
much later was trscer found in the hexose phosphates (the pegl of phosphoenol-
pyruvate was probably too small for the detection of label in this subsmce‘ in
the early steges). | | ;

Evidence 1s also preseated f;ir 01&02 uptake by cdrboxylation of pyruvate
in 2. moelleri. In this organiem, izowever, label 418 not appeaé to enter the
hexose mﬁéphos‘phates by a réversal of glycolyeis, but ra;i:her b& & reversal of
. the well-khown decafbowlatmn of. 6~phosphogluconic acid to pentose phosphsate

(Gunsalus,Horecker and Wood, 1955). Lsbeled carbon appeared in phosphogluconate
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in significant guantities at the shortest incubation times, and was found in the

~ hexose monophmphates without first appearing in the hexose d.iphosplm.tes ; the

activity in phosphoglyceric acid was also very low compe.z'ed with that 4in the
hexose monophoephates, particularly when unlabeled glucose wes present. . Never-
tnéless, minute quanitites of ot* a1a appear 1in phnsphbenmlpyruvnte after about
60 sec, and much latep shawed up in phosphoglycerate, so that while héxose synthesie
’by & reversal of glycolysis does mot aeem/ti;pgzsible in this mould, cl* 02 entered
the hexose much more resdily by carboxylation of penbose_. ’ |

Other work {Moses, 1959) on the metabolism of labeled glucose Y Ze m_eeileri

has shown that glucose is degraded by both the pentose phosphate cycle and vis

' ‘glycolysis. The first three substances m which clk appeared from uniformly label-

ed glucose were the hex:_aée mnophqéphates and diphosphates, and phosphoglyceric °
acid. Yet when the hyphae vere supplied with 01“02 while simultaneously oxidizing
glucosé; ‘pa.rt.ly via fructose _diphoisphate, activity appea.re@ in the sugar mono~
phosphates but not in the diphosphates. These resulis appear to be particularly

significant with regard to the physical separation within the cells of different

metebolic pools of the same substances, and they suggest that there must be two

pools, at least of phosphogluconate and -of hexose monophosphate, to account for

the absence of label in hexose diphosphate. Other work with C. pyrenoidosa

( Moses, HolmeHansen,Bassham and Calvin, 1959) has also sufgested that pools of

res'pirﬁatory' and photosynthetic intermedtates are not in a state of rapid equilibrium,

even though many of the substances in both systems are chemically identicel.
These conclusions appear to be relévant iin the findings of Lynch and Calvin
’ ‘ 1y

" (1953) vith E. gracilis. There, too, C* from cm@e_ entered the hexose monophose

14

vhich was present in the hexose monophosphates was apparent in the period from 5
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to 40 min., Furthermore, no activity was present in the sugar diphoephate ares

on the radioautogram of dark fixation of carbon dioxide ih B. gracilis (Lynch and

Celvin, 1953). It seems reasonable, therefore, that the initial carboxylation into
hexoses in the dark in E. gracilis, like'z.vmpelleri, may be via phosphogluconic acid,

and not by carboxylation of ribulose diphosphate to yield phosphoglyceric acid.

SUMMARY

1k
Oy

An investigatidn4has been made of the nonphotosynthetic uptake of C

by the algae Chlorella pyrenoidosa and Nostoc muscorum, and the mould Z

‘maelleéi. In both the algae the entry of carbonvaioxide in thé Qark was primarily
by carboxylation of pyruvate to organic acids in; or ¢lose to, the citric écid
cycle., Trecer appeared after about half an hour in phosphorylated sugars, probe
ebly by a reversal of glycolysis reactions. | |

While cgrboxylation reacticns'leading to amino and organic mclds also were
prominent in the fungal byphae, £he first lebeled phosphéte observed was phospho=
gluconic scid, which made its appearance a¢ early as 4 seconds after the addition
of labeled carbon dioxiaévin the cells: this was the shortest period studied. Clh
appeared in the hexose mohophosphates without first being preséent in the hexose 4i-
phosphates or phosphoglyceric acid. Véry‘little'clh wae seen in phosphoglyceric acid
after 30 min, and none at all in the diphosphates. It is céncluded that CluQE was
incorporated into hexoses by carboxylation of pentose phosphﬁte,to 6-phospho-3~
keto-gluconate, which was later reduced to glucoses§ephosphate through 6-phospho«
Zluconste. The significance of these findings with regard to separate pools of
metabolic intermedistes is discussed. |

Another significant difference between the fungus and the algae was thé large

1k
emount of ¢ which, in the fungus, appeared in several nucleotides.
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o ' ) , . 1% ' e
Barlier investigations of the dark fixation of C 0 by Buglena gracilis
(Lynch and Calvin, 1953) have been considered in view of the preseht studies,

dand altérnative conclusions from those o::i‘?j?mally‘ proposed nave been suggested.
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Fixzation of labeled carbon dioxide in the dark by'chiorellaAggrenoidosa

1 ml aliquots of cell suspeénsion, &ntaining 0.033 ml of wetnpacke& cells,

inowdited with 0.1 ml of 0.01687 M-NB.HC

0q (40 ue) for the periods indicated.

The values given represent the percentages of the total fixed €1% in soluble

material which were presént in each campound

Incubation periocd 19 sec 32 sec k8 sec

60 see 121 sec 183 sec

g
-1
Fe: )

Bugar monophosphates
Triose phosphat
Phosphoglyéeric acid’
Phosphoenolpyzuvic acid¥®*
Uridine~phospho-sugar#* .

Malic asecid 7.5 22.3 19.4
Citric acid 10.1 8.5 y
Fumaric secid . 1.8
Bucceinic acid

.Glucoget#

Aspartic acid k.4 50.7 b5.5
Glutamic acid S - 6.8
Alanine 21.9 "~ 18.8 ih.5
Serine plus glycineww#

. Unidentified substances
e 1k :
Total C* fixed 1n sol-

uble gaterials (dis/min/ml cells
x 10° 0.080  0.245  0.377

0.597 0.822 1.88

w

OOPO!‘-‘
B EN A
B3I

Ko
. =

»

.

*
Ll HORWY © o=

L d

-1l2.1

* Separate experiment '
*#* Jdeniity not confirmed by cochromatography
*##%  Not geparated chromatographically
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TABLE 2

Fixation of labeled carbon dioxide in the dark by Nostoc muscorum

: 1 ml aliquots of cell suspensio , containing 0.033 ml of wetupackad cells,
incubated with 0.1 ml of 0.01687 M-NaBC (40 pe) for the aricds inficated. The
* values given représent the percentages of éhe total fixed cl* ymich were present in
- ‘each compound. : '

Incubatien-ﬁeriodA : 3 sec 10 sec 30 sec 60. sec 180 sec 1800 sec

Bugar monophosphates
Pentose phosphates*
Phosphoglyseric acid
Phosphoenolpyruvie acid%

Lol o od
[ ]
[o-X1: B8
L ] L]

P pENO

Sucrose

o

Malic acid
Citric acid , _ 4.8

O

9 L d

FOD  BW.
o

- Aspartic ecid . 100.0 100.0 100.0 . 95.2
Gluteside acid ‘ ‘

Algnine

Glutamine

Thracnine

Citrulline

.
»

L] - »
-~ oW
w‘

@ 4mwm§§ NO W OkMwu

o & Pyrg

‘Unidént{fied substances.

B O RN AW

Total ¢L¥ fixed tn ' - |
solumé,matemg,ls (&1s/min/ 0.0235  0.0085  0.03% 0.165 1.59
2 )

-;"
.

152
o

% ;,:.-.‘{"-l
AL'~Y

#* TIdentity not confirmed by cochromatography
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Fixation of lsbeled cardon dioxide by Zysorrhymchus moellert

- 5 ml aliquets of cell~au3pension containing 0.25 ml of wet-pac&ed cells,
$ncubated with 0.25 nl of 0.01687 M~NaHC1&@ (160 uc) for the pertiois indicated.
".The values given represent the pereentages gf the total fixed (1% which were préseént

in each compound. Glucose conecentration, 0.022 M. ‘

Incubatiol pertod (sec) L 11 -30 80 105 180 1800% 1800%
S | (plus .
glucose)

Buger montphosphatesk# 1.2 0.59
Phosphoglyceric acid. . , 0.8 . 0.0%
“Phosgphoenolpyruvic acid 0.6 0.2 0.02 G.3 0.07
Phosphogluconic acid 10.9 11.1 6.5 1.1 0.4 0.2 0.1 0.23
Uridine triphosphate e 0.2 141 1.0 0.01
Uridine diphosphoribese v : '
{plus inosine triphos- A 0.7 2.0 5.3 k.0 1.3 0.23
Uridine diphosphoglucose _ 0.1 1.2 1.8 1.3 0.31
Adenosine triphosphate (plus ,
uridine diphosphate) 0.3 2.7 k.4 2.8 1.0 2.3
 Adenosine diphosphate ‘ ' 0.39
Nucleotide diphosphates¥its : 0.5 0.7 3.1 4.9 - 8.0
Unidentified nucleoside. .. A
monophosphate C 0.8
Maltose = - 0.8
Fructose
Sueroseitie
Malic acid 23.6
Citric acid 85
Fumarie acid
Succinic acid

DBREPWWONG O FEd
sFobo
-

Aspartic acid , 22.6 k0.9
-Glutemic scid 2.2
2.2
3.5

*
L]
-

Serine plus glycine
Threonine

"Alanine

Proline

Valine

Glutemine

'A
Y

.
W ¢
BBEEEH

-
[

€
LA W R

»

[ ]

.
©

ooomrmrg
O EOWO W
ooarywmg

L]
L3
LS
e

9wwommw'8\o OO

ot

. Tyrosine
~ Bistidine

HOHFOH?OOS#

L3

O DO R T e

Lo

Unidentified substances ' 0.5 - 3.9
Total ¢4 fixed tn solu- :
ble materials gdie/mip/

ml cells x 107 0.183 0.565 3.36 148 .3 'St..a 103

E

¥ Beparate experiments . . RS '
¥* Contains monophosphates of glucose fructose, and possidly seﬁoheptulose ‘
#%¥ Contains diphosphates of inosine,uridine, and guanosine  *¥x¥% Identity not eonfirmed by

AT s



-14- - UCRL-8368

BENSON, A. A., BASSHAM, J. A., CALVIN, M., GOODALE, T. C., HAAS, V.A., AND
STEPKA, W. 1950 The path of carbon in photosynthesis. V. Paper chromstography

“and radioautography of the froducts. J. An. Chem. Soc., 72, 17102718,

GURSALUS, I. C., HORECKER, B. L. AND WOOD, W. A., 1955 Pathways of carbohydrate

metabolism in micreorganisms. Bacteriological Reviews., 19, 79.

HOLM-BANSEN, O., HAYES, P. M. AND SMITH, P., OCT. 1956 “Current methods of
algal culture”, University of California Rediation L&boratorinhemistry Division

Quarﬁerly Report, UCRL-3595%, 56.

LINKO, P,HOLM-HANSEN, O., BASSHAM, J. A. AND CALVIN, M. 1957 Formation of

b

radioactive ciirulline during photosynthetic C 0s fikaﬁion by blue-green algae.

' J. Exptl. Bot., 8, 147.

LYNCH, V. H. AND CALVIN, M., 1952 Carbon dioxide fixation by microorganisms.

.J. Bact., 83, 525.

LYNCH, V. H. AND CALVIN, M., 1953 Carbon dioxide fixation by Buglena. Ann.

N. Y. Acad. Sci., 58, 890.

MOSES, V., 1954 The effect of ammonia on the oxidatlon of glucose by ngorrhynchue

moelleri. Biochem. Ji, 37; 547,

'MOSES, V., 1959 Clh glucose metabolism in fungal cells. Submitted to the Journal

of Gerersl Microbioclogy.

MOSES, V. AND CALVIN, M., 1958 Path of Carbon in Photosynthesis. XXII. The
. , R _ , |
identification of carboxy-ketopentitol diphosphates as products of photosynthesis.

Proc. Nat. Acad. Sci., Lh, 260.



¥

15— UGRL-8368
REFERENCES (continued)

MOSES, V., HOLM<HANSEN, O., BASSHAM, J. A, AND CALVIN, M. 1959 Relationship

between the metebolic pools of photosynthetic and respiratory intermediates.

" Manuseript in preparation.

by Rhodcpseudomonas capswlatus. J. Bact., 89, h?i.

P

e



“p

lo‘

-16~ "UCRL.-8368

F""';-

The work described 1n this paper was sponsarea in part by the U.S. Atomic

Energy Commission, and in part by the Department of Chamistry, Uhiversity
of Californis, Berkeley, Californis.

Present addfess:



-17- UCRL-8368

Fe p
r FUMARATE :
SUCCINATE
BUTANOL- 4
PROPIONIC ACID- I
WATER
CITRATE
~ PLUS GLYCINE
GLUCOSE v
C. PYRENOIDOSA
UK —
30 MIN. DARK ‘
WITH Cc'0,
- Lk
’ PHENOL-WATER NUCLEOTIDES - UDPG
B a - o S !

ZN-1982

Figure 1. Dark fixation of labeled carbon dioxide by C. pyrenoidosa.

Radloautogram of extract of Chlorella cells incubated in the dark for

1
30 min with NaHC h03. Key to abbreviations: PEP, phosphoenolpyruvate;
PGA, phoephoglyceric ecid; Bugar mono-P, sugar monophosphates; Triose-P,

triose phosphate; UDPG, uridine diphosphoglucose; UDPR, uridine diphosphoriboses
UK, unidentified, : #
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Figure 2. Dark fixation of labeled carbon dioxide by N. muscorum.

Radloautogram of extract of Nostoe d1ncubated in the dark for 30 min with
14
NallC 03. Key to abbreviations: Pentose-P, pentose phosphates; 8Bugar di-P,

sugar diphosphates; others as in Figure 1.
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Figure 3. Fixation of labeled carbon dioxide by Z. moelleri.

Radioautogram of extract of Zygorrhynchus cells incubated for 30 min, with Naﬂ‘clhoy

Key to numbers: 1, uridine triphosphate; 2, uridine diphosphoribose plus inosine
triphosphate; 3, phosphogluconate; 4, phosphoglycerate; 5, phosphoenolpyruvate; 6,
uridine diphosphoglucose; 7, sugar monophosphates; 8, nucleoside diphosphates; 9,
adenosine triphosphate plus uridine diphosphate; 11, unidentified; 12, unidentifiled;
14, maltose; 15, sucrose; 16, serine; 1T, glycine; 19, unidentified; 20, glutamine;

21, citrulline; 22, alanine; 24, tyrosine; 25, proline; 27, veline; 29, glutemic acld;
32, malic acid; 3%, unidentified; 35, fumaric acid; 36, eitric acid; 37, aspartic acid;

38, threonine; 39, succinic acid; 4O, phosphoglycollic aeid; 41-50, unidentified.
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Figure 4. Fixation of lebeled carbon dicxide by Z. moelleri.

Redioautogram of extract of Zygorrhynchus cells incubated for 165 sec with

14
NaliC 03. Chromatogram developed for 24 hr with phenol-water, and for 20 hr
with n~butanol-propionic acid-water in order to spread the phosphate area.
Key to abbreviations: ADP, adenosine diphosphate; ATP, adenosine triphosphate]

ITP, inosine triphosphate; UTP, uridine triphosphate; others as in Figu;r"e 1.
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Figure 5. Fixation of labeled carbon dioxide in the presence of glucose by Z. moellori,

tadloautogram of extract of Zygorrhynchus cells incubated for 30 min with I@aAIvECJ"I":'vi,,a}
in the presence of unlabeled glucose (0.022 M). Key to numbers: 10, adenceine
‘ d.%phosphate; 13, unidentified; 18, hjl.stidi.ne; 23, unidentified; 26, unidentifiesd;
. :':‘C}, unidentified; 30, unidentified; 31, unidentified; 33, unildentified; rest as

in Figure 3.
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