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The Enzymatic Formation of Succinic and Glyoxylic Acids
From iso-Citric Acid in My cobacferium avium

TAKAFUMi MORIYAMAJ, MiTuo His AN0:! 1< AzuYA HiGASH 2
CORO YUI AND 1<1HEI SAKAGUTi2

D, panme"! of Tuberci, 10sis, Research Instill, te for Microbi@I DiffaJeJt and the Third
Department of I'llerJi@! Medicine, Qink" Uniaersity Medical School2

(Recci"ed for publicn!ion, Decomber 3, 1958)

SUMMARY

The simultaneous formation or succinic and glyoxylic acids durin enz mat' b kd I
iso-citric acid was confirmed by using a purified fraction or cell free extracts of M b
avium, Takeo strain, fractionaled witl, ammonium sulfate. This su SI Ih
active in the organism.

INTRODUCTION

An earlier publication nom this laboratory reported that a substa f h
same RF as authentic succinic acid offered on the a CT chromat I
the reaction products \\, hen citric acid was incubated \\, ith crude exract I M -
cobacterium avium, Takco strain. (Moriyama at ft/., 1958). This substance
not definitely identified as succinic acid for' several reasons airead d' d.

in the experiments described in this paper, this substance was further t d' d
and shown to be succinic acid. Glyoxylic acid was also reco nized in th
mixture as the result or purification or the cell free extracts. ISO-citric 'd ' d
of citric acid was used as substrate for production of succinic and I ox I' a
in the later stages of purification or extracts. The results su est that ' 't '
may be active in this organism.

I. Plenum/ion of tell lyee ex/inclJ
Crude extracts of Mycobacterium avium, Takeo strain, Town I I

bouillon were prepared as described previously CMoriyama at a/., 1958). The
extracts were centrifuged at 14,500 x g for 20 minutes. The an ernatant w
subjected to CGtrifugation at the same gravity for. the same time. The su
thus obtained was almost completely free from bacterial cells. All d
were carried out between O' and 5'C.

2. Salamiio" of organic acidJ by chroma!ogrn/147
Column chromatography according to Phares at a!. (1952) \\, as used to se arate

a substance described in the introduction of this pa er. The station d b'I
phaser we"e celite 545 (100-200 mesh) and 10 pe" cent butano1 in chlorofo"
respectively.

Me/froth
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After identification of the substance by column chromatography, the paper
chromatographic method of Buch at rr1. (1952) was used for demonstration of
succinic acid in the reaction mixture.

3. Identification of keto acids

Keto acids were converted to 2:4-dinitrophenylhydrazone and \\, ere chromato-
g, 'aphed on filter pape" (No. 50, Toy, Roshi Co. , Ltd. ) following the method of
in Hawa"y at "I. (1953).

174

RESULTS

I. Sendra!io?I of' fitrtinir and nom Ihe yearno?I mix/Mie 200 PM. potassium citrate
was incubated aerobically with 10 inI. of cell free extracts at pH 7.4 <200 ItM.
phosphate buffer) and 37.9'C. The total volume was 34 inI. 200 I'M potassium
arsenite \\, as added to the reaction mixture to inhibit succinic acid formation
From orketoglutaric acid (Moriyama at at. , 1958).

After 2 hours the reaction mixture was deproteinized with 50 per cent sulfuric
acid. The filtrate was extracted for. 5 hours at 55'C. with ethyl ether in a Soxlhet s
apparatus.

The ether Mas evaporated and the residue was dissolved in a small quantity
of potassium hydroxide. T'he solution was thoroughly mixed with a sufficient
amount of cellte 545 and adsorbcd on the latter. Then the mixture was applied
to a column chromatography according to the method of Phares at a/. (1952). The
"lution pattern of this chromatogram is presented in Fig. I. There are I\\. o peaks.

.
co
.

Peak I

co

\

0.02

L

o
.

Z

Z

tv 0.01
o

o

Peak 11

E

,

No peak was seer In the control run without
citric acid. Peak H in Fig. I. was shown to
be rv-ketoglutaric acid, by conversion to the
corresponding 2 : +-dinitrophenylhydi. azone
and identificatioil by paper chromatogra-
phy. The emuents \\, hicl} formed peal< I were
gathered and the solvent was evaporated.
'The residue \\, as taken up in a small qu-
antity of alkali and was Techromatographed.
After the solvent had been evaporated, the
properties of the residual crystals were

studied. They had a Thornboid form and
sublimed on heating. The melting point was
183-186'C. coinciding with authentic succ-
in IC acid.

2. Siinttl!ruleowJ occtii!wife 41' $11cci"if "iid
gb, Dullr acid$ in Ihe yearno!! Intr/if re

Cell free extracts were subjected to
charcoal treatment or fraction at 1011 with
ammonium sulfate. Almost no oxygen up-
take was observed after these procedures
w. ith citric acid as substrate. The Fraction

precipitating between 45 and 60 per cent

000

Volume o1 elllueni, in I.
Fig. I ChromafograPhic fractionalion of

ethyl ether extract of reocfion mixture
on celife 545.

The size of the column was IPx50cm. .
The mobile phase was 10% butano1 in
chloroform. Elufion was performed o1
room temperature.

100 150 200 250 300
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Table I. Effect of chcrcool treatment or fractionalion of cell free extracts

upon enzymotic formation of succinic acid from citric acid

Cell free extracts

Cell free exirocis Ireoied wiih charcoal

0-3096 IN H 11" So. I saturation

30-4596 If

45,6096 "

60,8006 if

Each vessels conjoined jin a total volume mode up 10 3.00 in I. . with H=0120 I'M. polossiim

citroie, 20 PM. MgS0 I, 20 PM. potassium arse nilie, 20 I'M. phosphate buffe r pH 73 and 1.0 in I
of enzyme solution. Temperature 36.5'C. ; lime 60 minutes : gas phase oir

Each fraction precipitated with cinchium sulfate was dissolved 10 half the volume of Ihe
original cell I ree exirocl and wos not dialyzed

,I

,/

Chromalogrophic demonstration of succinic
acid in Ihe reaction mixture
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Fig. 2 Schematic chromafograms of ke*o acies and succinic ocid

saturaion \\, as the most active for succinic acid formation from citric acid, as
sho^. n in Table I. After perchloric acid deproteinization, followed by filtration,
neutralization and removal or potassium perchlorate, the filtrate was Iyophilized
and then dissolved in a small quantity or water. The insoluble residue was removed
by centrifugation and a chromatographic analysis of the keto acids in the
supernatant \\, as made. Fom. spots were recognized as shown in Fig. 2. Two of
the four spots showed Rf values corresponding to those of glyoxylic 2:4-dinitropheny-
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Ihydrazones. Authentic glyoxylic hydrazones showed the two spots of the trans-and
cis-forms, the Rf values of which were 0.44 and 0.32. The other two hydrazones

Table 2. Fractionalion of cell free extracts with ammonium sulfate

cell I ree extract

I25% saturation of INHtl=Sol

centrifugation

L76

su pernotoni precipilole

I di. Iy, "d onomighi .9.1", I MISOO phonph. re bin", pH 7.3 ."d
I M/1000 cysteine

centrifugal ion

Frociio n- PS-su pe r noto nt precipilaie

I0.7 ,. I'm. ,. 1.1, in ph. ,ph, to 9.1 12.6 ing. /in 1.1 .dd. d

cenlrifugolion

supe r noto nl

I70% saturation of INH. ,!=Sol

centrif ugolion

super notoni

I thus. had in MISOo pho, ph. t. biter pH 7.3 ."d M/1000
I cysteine
I0.1 volume proiomine sulfate !20 ing. /in 1.1 added

centrifugation

precipiiof e

precipitate

precipitate su pe rnolo nl

I4396 o1 INHti, sol
I Saturation

centrif ugoiion

supe rnoianl

centrif ugolion

supe rnolonl

56% of INH. ,1.50. I soluroiion

--Fraction- GS

pre cipilole

precipitate

Dissolved in MISOO phosphate buffer pH 73

I alkaline INH*I. . SolipH 7.51 added 10 5096 soluroiion

su peInclonl

cenliifugoiion

su pe rn o10nl

alkaline INH41=Sol ipH 7.51

I added to 54% saturation
centrifugation

precipitate

precipitate Frociion-As 111



were those of or-ketoglutaric and pyruvic acids. At the same time, the presence
of succinic acid in the reaction mixture was proved by paper chromatography
according to the ,nethod of Buch at "I. (1952)

acid (s) through theSimultaneous emergence or glyoxylic and
enzymatic degradation of citric acid provides evidence for' activity of ISOCitritase
in the strain of M. drillm. The occurrence of this enzyme in bacteria or the genus
PJeiidomonaJ. many strains or EJrherir/!iu roh. many moulds and RitinuJ seedling,
was reviewed by 1<0rngerg at at. (1957). The fraction of the cell free extract
piecipitating bet\^cen 25 and 70 per cent satuation of ammonium sulfate \\, as further
purified according to the method used by Smith at ti1. (1957) for cell free extracts of
Pseudomonas aeruginosa. The purification procedure is sumlnarized in Table 2.
All procedures were carried out at between O' and 5'C. The presence or succinic
acid and keto acids \\, as checked by paper chromatography in each step of
purification (Fig. 2). lit Fraction-PS, ISO-citric acid instead of citric acid served
as substrate, perhaps due to removal of aconitase as the result of protamine and
Galcium phosphate gel treatment.

No pyruvic acid but or-ketoglutaric acid \\, as still demonstrated in the
I. eaction mixture at this state. In the final state of purification glyoxylic acid
\\, as sho\\n to be the only keto compound. The presence of succinic acid was
shown at this stage or purification.

ENZYMIC FORMATION OF SUGCINIC AND GLYOXYLIC ACIDS

DISCUSSION

The previous studies or cirtic acid degradation in crude extract of All
(Moilyama e/ ti1. . 1958) \\, ei. e not consistent \\, ith the idea or 1<. us unose at al
(1954) that in this organism citric acid was metabolized exclusively through the
tricarboxylic acid cycle. In Fact, with crude cell extracts, no othei. keto acid
except er-ketoglutaric 11nd pyruvic acids <0xa!oacetic acid \vhcn hydroxylamine
\\, as added to the reaction mixture (Nakagami, 1957) ) have been PI. oved during
citric acid breakdown.

Glyoxylic acid Ilad not been demonstrated, as cell free extracts ITad not been
purified. Production OF this acid was always accompanied by that or succinic
acid, even when extracts \\, ei. e fractionated, as shown in Fig. 2. Fraction-CS
could no longer utilize citric acid but used ISO-citric acid as substrate. These
facts suggest that ISOCitritasc \\. hich breaks down ISO-citric acid into succinic and
glyoxylic acids may be active in this organism. The discrepancy between the
results described in this papei. and the results obtained by 1< us unose at a/. (1954)
may be due to a difference in preparation of the enzyme.

ISOCitritase activity may exist also in IW. phiei and M. Jinggina/if, for' the assay
method in which citric acid and arsenite \\. as incubated ariaerobically with cell
free extracts of these organisms revealed marked succinic acid formation in the
reaction mixture. A biological significance for. this enzyme has been suggested
by 1<0rnberg at at. (1957). That is, the enzyme participates in the glyoxylate
cycle and plays a role in conversion of fatty acids to carbohydrates. Investigations
of \\, he ther this cycle may be active in M. drillm and of some properties of the
enzyme, such as optimum pH and requirements for co- factors, are in progress.

succinic

1.77

am{in
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