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                                 ABSTRACT

       GIutamate formation from 1-i4C-acetate was studied with cell-free extracts of
    RhodosPirillttm rubrttm. The activity of glutamate synthesis required potassium
    bicarbonate and C3-compound suÅëh as phosphoenolpyruvate and pyruvate, indicating
    an involvement of C02-fixation reaction. Phosphoenolpyruvate was more active
    than pyruvate as an acceptor of C02 fixation. The radioactivity in glutamate
    synthesized from 1-'`C-acetate was found to be diluted by the addition of any
    intermediate from citrate to a-ketoglutarate in the tricarboxylic acid cycle. The
    isotope distribution in glutamate synthesized from 1-'4C-acetate and from i4C-
    bicarbonate also supported the involvement of the mechanism via the tricarboxylic
    acid cycle.
       Discussion was made oR the discrepancy between the results with cell-free
    extracts and those with intact cells.

IntroducÅíion

    Athiorhodaceae is 1<nown to be able to grow eitker anaerobically in light er
aerobically in dark on media containing an adequate organic compound as a
carbon source, Because of its adaptability to such a wlde variety of growth
conditions, it has been utilized as a favorable organism for the study of the
mechanism of metabolic control. In this connection, the current informations
on glutamate biosynthesis in RhodosPirillztm rubrum are of great interest. Under
aerobic-dark conditions, it has been established that glutamate is synthesized
via the TCA cycle* in this organism as in rnost aerobic organisms (1). How-
ever, as to the mechanism of glutamate formation under anaerobic-llght con-
ditions, two theories, incompatible wiSh each otker, have been proposed. Some
workers have claimed the involvemenÅí of the mechanism via the TCA cycle.
On the other hand, there have been a number of reports which suggest the
occurence of a novel rnechanism which cannot be explained by the operation of
the TCA cycle. The former mechanism was first proposed by Cutinel!i et al.
(2) based on the labeling patÅíern of glutamate isolated from the cells grown
on the mediurn containing 1-i3C, 2-i`C-acetate or NaHi`C03. As a support for

* The abbreviations used are : TCA cycle, tricarboxylic acid cycle ; PEP, phosphoenolpyruvate ;

  a-KGA, a-ketoglutarate; G-6-P, glucose-6-phosphate.
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this proposal, the presence of all the enzymes related to the TCA cycle was
demonstrated by Eisenberg (3) in the cell-free extracts of this organism. More-
over, Benedict and Rinne (4) presented some evidence supporting that the radio-
activity of "C-acetate and of NaH'`C03 was incorporated into glutamate via
theTCA cycle in the cell-free extracts. As to the latter mechanism, Hoare (5)
reported a unique labeling pattern of glutamaÅíe in the experiment with resting
cell suspensions using 1-'`C-acetaSe, 2-i`C-acetate or NaH'`C03 as a labeled sub-
strate. Similar results were also obtained by Shigesada et al. (6) using 1, 4-i4C-
succinate. More recently, Evans et al. (7) demonstrated an activity of a-keto-
glutarate synthetase in the cell-free extracts and suggested the possibi!ity that
this enzyme ls involved in glutamate biosynthesis.

    Although these observations are apparently ikcompatible with each other, a
uniiying explanation of them is possible iÅ} we assume that more than two me-
chanisms are involved in glutamate biosynthesis in R. rubrum. At present,
however, detaiied informations on the reaction rnechanisrn of the novel pathway
are Iacking and mttch remains to be clarified for the verificaÅíion of this hypo-
thesis.

    The present report deals with the demonstration of the mechanism via the
TCA• cycle ln glutamate synthesis with the cell-tree extracts as an attempt to
elucidate the control mechanism of glutamate synthesis under various con-
dltiops.

                              EXPERIMENTAL

Materials

    1-i`C-Acetate (25 ptCi/ptmole) was obtained from Daiichi Chemicals Cornpany.
Ba'`C03 (2 ptCi/ptmole), sttpplied by the Radiochemical Center (England), was
converted to KH'`C03. cis-Aconitic anhydride and nucleotides such as ATP and
NADP were purchased trom Sigma Chemical Company. PEP was prepared by
a modification of the method of Yoshikawa et al. (8). All the other organic
acids and inorganic chemicals were obtained trom Nakarai Chemicals Company.

Growth of Bacteria

    RhodosPirillum rubrum was grown on malate-(NH4)2S04 medium devised by
Ormerod el al. (9). Incubation was carried out anaerobically under Åíhe illumina-
tion with 250 watt lamp for 48hr at 280C. The yield of cells from 1.5 liters
media was 12-13g in wet weigbt. The medium used for the stoek culture con-
sisted oi t6e following constituents per liter of distilled water: Ehrlich beef
exfracts, 10g; Peptone, 10g; KH2POa, 6.4g; Na2HPo4•12H20, 3.8g; and agar,

,2e ,.. ..t

 ttt

Preparation of Cell-free ExSracts

• '• The'cells, which were harvested by centrifugation, were washed twice with
'O.05M.potassium phosphate buffer, pH 7.0. Then they were suspended in the
same buffer, and were disrupted with a sonic disintegrator (Kubota KMS-100)
at lekc for 15min. The mixture was centrifuged in a cold at 100,OOOxg for
2hr to remove cell debris and chromatophores. The soluble extracts obtained
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were dialyzed against the phosphate buffer overnlght at 4eC.

Reactien with Cell-free Extraets

   Typical reaction mixture contained the Åíollowing components in a final
volume of 2.0ml ; ATP, 10ptmoles ; NADP, 1 ptmole ; GSK, 2parnoles ; yeast con-
centrate, lmg; (NH4)2S04, 1ptmole; MgS04.7H20, 2ptmoles; MnSO`•4H20, O.2
ptmole; potassium phosphate buffer, pH 7.0, 100ptrnoles; 1.0ml of cell-free
extracts ; and 1-i`C-acetate or KHi`C03 as indicated. The quantities of substrates
used were indicated ln eaeh experiment. Reactions were carried out in test
tubes with a side bulb under hydrogen atmosphere at 300C for 30min. Then
the mixture was deproteinized by adding 1ml of 10%o percltloric acid and the
precipitate was centrlfuged off. The excess of perehloric acid in a supernatant
was precipitated as potassium salt at OOC by adding 1N KOH. The products in
the supernatant were analyzed according to the methods described below.

Analytical Procedure

   The supernatant obtained was passed through a column (1Å~5cm) of Dowex
50 (H" form). The eMuent was collected as the organic-acid fraction. The
amino-acid fraction was obtained by eluting tlte column with 4N NH40H. Both
fractions were chromatographed on filter paper (Toyo Roshi No. 50). The sol-
vent for the separation ot organic acids was ether-acetic acid-water (13:3:1,
v/v) (10) and that for amino acids was phenol-acetic acid-water (65:10:25)
(11). Each area of the paper corresponding to glutamate, aspartate, citrate,
succinate and citramalate was cut oat and lt was eluted with O.1N NH40K.
   Estimation oi a-KGA was carrled out as 2, 4-dinitrophenylhydrazone deriva-
tive according to tlte method of Katsuki et al. (12). The derivatives were sub-
jected to paper chromatograpy using a solvent system of butanol-ethanol-O.1N
NaHC03 (10:3:10). The area corresponding to cr-KGA was eluted with O.1N

NaHC03. '   The radioactivity was counted with a Nuclear Chicago gas fiow counter.

Degradation of Labeled GIutamie Acid

   In general, carbon atoms of the compounds to be considered were converted
into C02 and their specific radioactivities were measured in a form of BaC03.
For the deterrnination of the specific radioactivity of i`C-glutarnate as a whole,
it was submiÅíted to the wet combustion by the procedure of Knight (13), after
the addition of non-labeled glutamate as a carrier.
   (1) Decarboxylation with sodittm azide•••Tke method of Stoppani et al. (14)
was slightly modified : The sample of radioactive glutamate was combined with
an approprlate amount of nonlabeled glutamate and about 100ptmoles of the
mixture were dissolved in e.25ml of 100P06 H2S04 placed in a reaction fiask.
The reaction fiasl< was connected to a scrubber fi11ed with a solution of 55e)6o
potassiurn permanganate in 1 IV H2S04 and the scrubber was further connected
to a trap which contained 5ml of C02-free O.5IV NaOH. After cooling on ice,
50mg of sodium azide were added to the glutamate solution. The flask was
placed in a water bath, the temperature •of which was raised from 350C to 800C
in 40-50min, then .from 800C to 100eC in 10min, and finally kept at 1000C for 15



4 A. KAWAGUCHI, M. MORISHITA, K SHIGESADA and H. KATSUKI

min. Then the system was swept with C02-free air for 15rnin. The '`C02,
which was trapped in NaOH solution, was precipitated by adding 1ml of 5%
BaC12. Bai`C03 obtained, after drying in a desiccaÅíor, was weighed and counted
for its radioactivity. The weighr of BaC03 was corrected for the blanl< value
which was obtalned according to the same procedure as above except for the
omission of glutamate. The radioactivity was corrected for the self absorption.
By this method, the extent of !ocation of i`C at C-5 in glutamate molecule could
be determined.
    (2) Decarboxy!ation with Chloramine T•••This procedure was carried out
according to Hoare's rnethod (5) with a slight modification. A round-bottorn
flask with a side bulb was used in this experiment, The sample containing
about 200 ptmoles of glutamate was dissolved in O.2ml of water and it was placed
in a side bulb. Three ml of 15 fO)6 Chloramine T and 1ml of 1M citrate buffer
(pH 2.5) were placed in the rnain compartment. This flask was connected to
another round-bottom fiask contain2ng 5ml of C02-free O.5N NaOH. The con-
tents of both fiasks were frozen. After the evaeuation of the system, the con-
tents of the side buib were tipped into the main compartment. The fiasl<
containing NaOH solution was cooled in an ice-bath and the reaction flask was
kept at 35eC in a water bath. After 3hr i`C02 produced was counted in a iorm
of Bai`C03 as described above. This method provided an information on the
Iocation of i`C at C-1 in glutamate.

   When the iso!ation oi succinate, the reaction product, was required, the
reaction was carried out using IM acetate buffer (pH 4.7) instead of citrate
buffer. After the reaction, succinic acid was extracted with ether using a
Kutcher-Steudel extractor, and was decarboxylated with sodiurri azide by the
same procedure as described above. By this treatment, both carboxyl-carbons
of succinate, which correspond to C-2 and C-5 of giutamate, were degraded to
C02. The location of i`C at C-2 in glutamate was calculated from the data ob-
tained by these two experiments.

                                RESULTS

Ineorperation of Radioactiyity into Glutamate from 1-i`C-Acetate

    To elucidate the pathway ofi glutamate forrnation with the cell-free extracts,
following experlments were carried out using 1-'`C-acetate as a labeled sub-
strate. Benedict and Rinne (4) suggested that acetate is condensed with oxalace-
tate which is forined by the fixation of C02 with pyruvate. For the reexamina-
tion of their results the effects oi pyruvate and of KHC03 on the conversion of
1-i`C-acetate into glutarnate were investigated. As shown in Fig. !, the lncorpo-
ration oÅ} radioactivity into glutamate from 1-i`C-acetate was enhanced with
increasing concentrations of KHC03 up to 40mM. Most of the subsequent
experiments were carried out at the concentration of 40mM of KHC03 unless
otherwise indicated. From these results it was suggested that KHC03 was
necessary for the converslon of acetate to glutamate. However, it is not clear
whether pyruvate is a true substrate for C02 fixation. There exists the pos-
sibility of the action of PEP in place of pyruvate as substrate for C02 fixation.
Thus the effect of varying the concentration of pyruvate and PEP on the in-
corporation of 1-'"C-acetate into glutamate was investigated. The results are
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Fig. 1. Effect of bicarbonate on the incorpora-
 tion of the radioactivity into glutamate from
 1-i4C-acetate. The reaction mixture in a
 total volume of 2.0ml contained 10ptmoles
 of ATP, 1 ptmo!e of NADP, 2 ptmoles of GSH,
 lmg of yeast concentrate, 101xmoles of
 (NH4)2S04, 2ptTnoles of MgS04.7H20, O.2
 ymole of MnS04•4H20, 100 #moles of potas-
 sium phesphate buffer, pH 7.0, the enzyme
 (19mg of protein), O.5/xmole of pyruvate,
 5.5Å~10' c.p.m. (O.03 ptmole) of CH3'4COONa,
 and indicated amounts of KHC03. The
 reaction was carried out •as described in the
 text.

PEP

Pyruvate

  O l.O 2,O 3,O 4,O 5.0
         Pyruvate or PEP (mM)

Fig. 2. Effect of pyruvate or PEP on the
 incorporation of the radioactivity into
 glutamate from 1-i4C-acetate. The reaction

 mixture was the same as described in Fig.
 1 except for the use of 80 1.tmoles of KHC03

 and indicated amounts of pyruvate or PEP.
 The other conditions were described in the

 text.

sbown in Fig. 2, When pyruvate was used as an acceptor for C02 fixation, the
maximum incorporation of radioactivity was observed at the concentration of
O.25mM. Above this concentration, however, it decreased inversely with in-
creasing concentrations of pyruvate. On the contrary, the incorporation lnto
organic-acid iractlon icreased linearly with increasing concentratlons of pyruvate.
In this case the radioactivity was found to be incorporated into citramalate.
These observations suggested that at higher concentrations of pyruvate, con-
densation reaction of pyruvate with acetyl-CoA becomes predorninant over its
reaction with C02, and that citramalate was not metabolized further to gluta-
mate. On the other hand, such a decrease of the incorporation into glutamate
was not seen in the case of PEP.

Ineorporation of Radioaetivity into Glutamate from KHi`C03

   From the results shown ln Figs.1 and 2, it was expected that glutamate
was synthesized from C3-compound, bicarbonate and acetate. Therefore, the
following experiments were carried out to confirm this idea. The incorporation
of i`C into glutamate and organic acids from '"C-bicarbonate was exarnined when
pyruvate or PEP was used as an acceptor. The results are shown in Fig. 3.
It is evident that C3-compound such as pyruvate or PEP was necessary for C02
fixation and that the latter was more active than the former. These results
suggest an involvement of PEP carboxylase (EC 4.l.1.31) rather than pyruvate
carboxylase (EC 6.4.1.1) in the fixation reaction.
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                                       Cofaetor Require•ment for the 1-i4C-

 - Acetate Cenversion into Glutamate tr b30 PEP -x It was found that the following
 E cofactors were required 2or the for- tt mation oi '`C-glutamate: ATP, CoA,
 g2o pyruvate " NADP, Mg"' and Mn"'. NAD caused
 g. a slight inhibi5on. g When G-6-P was added to the ': reaction mixture for the generation
 g. i,o . of NADPH2, i4C incorporation into
 g gluts` mate decreased, while tkat into
Et organicacidsincreased. Theexami-

                                       nation ofi chromatogram of the i4C-
    O 5 iO is 2o 2s organic acids revealedaremarkable
          P\ruvate or PEP<mM> increment of radioactivity in citrate.
Fig• 3• Effectof pyruvateor PEP on the incor. This indicates tltat G-6-P, catalyzed
  poratlon of the radioactivity into glutamate by the endogenous G-6-P dehydro-
  from KHi4C03. The reaction mixture was genase, took a role in the reduction
  the same as described in Fig. 2 except for of NADP which is necessry for isocit-
  the use of loftmoles of CH3COONa and 2Å~ rate dehydrogenation to a-KGA.
  10Gc.p.m. (10ptmoles) of !<Hi`C03 instead of
  CH3i`COONa and I<HC03.
                                       Dilution of Radioactivity in
Glutamate by the AdditioR of Some Compounds

   If the idea that glutamate is synthesized via the TCA cycle is valid, the
addkion of an intermediate from citrate to a-KGA in the TCA cycle is expected
to cause a dilutlon of the radioactivity of glutarnate synthesized. Tab!e I shows
the results which were obtained when the reaction was carried out in t-he pre-
sence of cr-KGA. As can be seen in the tabie, the radioactivity of glutarnate
was lowered by the addition of cr-KGA. In addition, the specific radioactivity
of a-KGA, after the reactlon, was higher than that of giutamate at any concen-
tration of a-KGA added. This ineans that a-KGA is an intermediate in the bio-

   Table I. Dilution of the Radioactivity in Glutamate Synthesized from 1-'`C-Acetate by
    a-KGA.
      The reaction mixture contained 80ptmoles of KHC03 in addition to the components
    described in Fig. 1.

a-KGA
added

/imoles

  o
  10
  20

 30
  40

Radioactive compound isolated

cr-KGA

Incorporation
   of 14C

Amounts ,.dSig:2iili.City

c.p.m.Å~10-3

    6.42
   92.1
  le7.o
  117.0
  128.0

txmoles

  O. 02

  7. e6

 12.8

 22.2

 35.1

c.p.m. Å~ 10""3

per ptmole

  32i.e
   13. 0

    8.4
    5.3
    3.6

Glutamate

Incorporation
  of 14C
c.p.m.Å~10-3

  189.0
   20.1
    9.3
    5.8
    3.6

  Net
synthesis

ptmoles

 2.04

 3.45
 3.21

 3.93

 4.09

  Specific
radioactivlty

c.p.m.Å~10-3
per fimele

   92.6
    5.8
    2.9
    1.5
    O.9
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synthesis of glutamate. Table II
summarizes the effect of the addi-
tion oÅí citrate, cis-acon!tate, isocit-

rate, citramalate, mesaconate,
malate and succinate on the incor-
poration of tlte radioactivity into
glutamateiroml-i`C-acetate. Simi-
larly to cr-KGA, She compound such
as cltrate, cis-aconitate and isocitrate

caused a dilution of radioactivity
of glutarnate. But citramalate and
mesaconate were ineffective. Suc-
clnate and malate stimulated the
conversion of 1-'`C-acetate to
glutamate. It seems that these two
acids exerted their actions in sup-
plying oxalacetate to form citrate
by the condensation reaction with

Labeling Pattern of Glutamate

   The results described above
the synthesis of glutamate in the
the location of i`C in glutarnate

was examined. As shown in
formed from i"C-bicarbonacte with
radioactivity was located at C-1,
95 Jg)6o of total radioactivity was

  Table III. Location of Label in
     In Expt. 2 and 2, glutamate was
     and 6, with Chloramine T.

Table II. Effect of Some Compounds on the
 Radioactivity in GIutamate Synthesized
 frem 1-i4C-Acetate.
   Ten ttmoles of each compound were added
 to the reaction mixture described in Table I.

Addition

none
Citrate

cis-Aconitate

DL-Isocitrate

DL-Citramalate

Mesaconate
DL-Malate
Succinate

Radioactivity in
  Glutamate

c.p.m.Å~10-3

   57.0

   3.9
   2.7
   3.5
   56.9

  57.2
  138.0

   94.1

1-i4C-acetate.

Synthesized

  suggest an involvement of the TCA cycle iR
  cell-free extracts. To confirm this conclusion,
  formed from 1-MC-acetate or i`C-bicarbonate
 Table III, partial degradation of i`C-glutamate
   Chloramine T reveaied that leOP06o of total
   and when 1-i4C-acetate was used as substrate
present at C-5.

GIutamate Synthesized from 1-i4C-Acetate and KHi`C03.
    degraded with sodium azide, and in Expt. 3, 4, 5

Expt.
No.

Labeled
substrate

ii aNoo4C31HC

03
i;C

KH

 Specific
activity of
Glutamate

l

c.p.m./f2mole

   270.0
   2e9.5
   272.4
   247.0
   210.7
    80.0

 Specific
activity of
 Bac03

c.p.m./ptmele

   250.0
   196.8
     O.5
     1.1
   207.8
    82.5

Percent of radioactivity at

C-5

I 92.6

94.0

5e

C-1

 e.2
 O.5
 98. 6

103.2

ge

                               DISCUSSION

   The observations described in this paper suggest that .glutarnate
sized from acetate via She TCA cycle in the cell-free extracts of
grown even under anaerobic conditions. As summarized in Fig. 4,
is condensed with oxalacetate to form citrate, which is converted to

is synthe-
R. rubn{7n

acetyl-CoA
 glutamate
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                                       via cis-acenitate, isocitrate and cr-
        PYiUVate T Citramalate                                       KGA, succesively.
                                           Cheldelin et al.(!5) proposed that
        PEP AcetylCoA in Acelobactor suboaydans glutamate
     c02S               t-iXs,                                       is synthesized via citramalate and
                                       rnesaconate from acetate. Benedict
        OxelGcetate Citrate                                       (16) also proposed the possibility of       fN                                       the involvement of the citramalate
                            -                                       pathway with R. rubnfm based on     Maiate
   ,,.l,,,,, i-cA,y,i, CiS-ACOni'Ga'e [ci,o.i,isO.,bn./eie.'d,V,e8S'?':nilhi,thi}.jay.tr,ul,vCeaiYe,i-2.o:,A,foW.rabaSi-

     'k,, isocitrake ?:r,theg..`,h.a&lthChafae,gel.ev,a,S5'S,C8,r.P,06

     $"8.Ci,llglr.,,ii,1'iee8,,,/o, li,EP*Yknree,2iaXagt,Wi,ekrS,i:•a3.aO.,Z.&8a`8'AeSalY-

                                           Furthermore, labe!ing pattern of
Fig. 4. Pathway for gJutamate biosynthesis jn
  the cell-free extracts of R. rubrt{m the glUtamate molecttle provided an
                                       additional inforination on this prob-
lem. The following scheme represents the labeling patterns of glutamate which
were synthesized by various mechanisms :

           HOOCCH2CH2CH(NIE[2)CooH (found)
               eb
           HOOCCH2CH2CH(NH2)COOI{ (vla the TCA cycle)
               cb
           HOOCCH2CH2CH(NH2)COOH (via citramalate)
               bc
where b indicates the carbon atom derived from biearbonate, and c from carboxyl
carbon of acetate. The observed pattern was compatible with the mechanism
via the TCA cyc!e but not with the one via the citramalate pathwacy. It is con-
eluded from these results that the citramaclate pathway is of lktle physiological
significance, if any, for gltttamate biosynthesis with the ce!i-free extracts.

   It must be emphaslzed that C3-compound and bicarbonate are necessftc ry for
the conversion of acetate to glutamate. This suggests that C02 fixation with C3-
eompound is an important step for the formation of glutamate. Benedict and
Rinne (4) proposed thae pyruvate carboxylase plays an important role to supply
oxalacetate. As mentioned already, however, PEP was a much more effective
substrate than pyruvate. It is likely that oxalacetate was formed by the actlon
of ?EP carboxyiase rather than pyruvate carboxylase. In our system ac con-
siderable amount of C02 fixation was observed even when pyruvate was used
as substrate. This is explainable if PEP is synthesized from pyruvate by the
action of PEP synthase. In fact the existence of PEP synthase and its operation
for the synthesis of PEP from pyruvate and ATP was demonstrated wlth E. coli
(17) and R. rubrum (18).
   All the observations obtained support the mechanism via the TCA cycle for
the synthesis of glutamate with the cell-free extracts and no evidence suggesting
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the involvemenÅí of other pathway was obtained, In contrast to this conclusion,
however, several lines of evidence for the occurence of a novel mechanism of
glutamate synthesis have been proposed based on the experiments with intact
celis (5, 6). Previously we also observed that giutamate isolated from the cells,
which were incubated with 1-i`C-acetate or 1, 4-i`C-succinate under anaerobic-
light conditions, had unique labeling patterns as illustrated in Table IV. The
.most important point to be noted with these results is tkat a significant propor-
tion of radioactivity was found at C-2 of glutamate from 1-i`C-acetate, and into
C-2 and C-5 from 1, 4-'`C-succinate, respectively. These labeliRg patterns are
extremely different from those expected with the mechanism via the TCA cycle.
These resulÅís rnay be expiained if we assurne the invelvement of either the
redttctive carboxylation of succinate by a-KGA synthase (18) or the succinate-
glycine cycle originaly proposed by Shemin and Russell (19). The preliminary
communication suggesting a possible occurence of both reactions in this organism
were already demonstrated (7, 20). From these considerations, it is attracting
to assume that there exist more than two pathways for glutarnate biosynthesis
in this organism and that the relative contribution of them is controlled by the
environmental conditions under which the cells were grown.

         Table IV. Labeling Pattern of Glutamate Synthesized with Whole Cells.

Labeied substrate

i

1-t4C-Acetate

Conditions for incubation

(Found)
 (1) anaerobic-light in the ab-

    sence of pyruvate
 (2) anaerobic-light in the pre-

    sence of pyruvate

(Theoretical via TCA cycle)

 (1) without recycling

 (2) with extensive recycling

 (3) coupled with the reaction

    by pyruvate synthase*

i, 4-i4c-succinate l

               l
(Found)
 (1) anaerobic-Iight

 (2) aerobic-dark

i (Theoretical via TCA cycle)

Distribution of Iabel at

C-1

g
5s

g 3

30

100

leo

C-2

61

o

ss

g

g3

o

C-3

:
.eo-

E  5

g

C-4 C-5

:
se

:g
s9

s

g
o o

100

 67

 50

g3

o

 * This indicates that acetate is converted to pyruvate by the action of pyruvate synthase.

   One of the reasons for the discrepancy between the results with the cell-
free extracts and those with intact cells inay be attributed to the inadequate
preparation oÅí the cell-free extracts. These experiments were carried out with
the preparation from which chromatophores, the pltotochemical apparatus of
this organism, were depleted. There have been some observations suggesting
that the operation of the novel mechanism is intimately coupled with the activity
of the photochemical reaction system. In addition, it was reported that under
anaerobic-light condkions the unlque labeling pattern of glutamate was not ob-
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tained when the cells were incubated with a substrate at higher level of oxida-
tion such as pyruvate (21). If the above suggestion is the case, it may be
important to investigate this problem using the preparation with intact photo-
chemical activity in order to demonstrate the novel reaction with the cell-free
extracts. For the elucidation of this interesting problem, further cautious experi-

ments are to be undertaken '
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