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Enzymic activation and cleavage of D- and L-malate

Fhe recent note by Tusol axnp KIKUCHI! on the enzymic cleavage oj malate to glyo-
xvlate and acetyl-CoA in Rhodospirillum spheroides extracts prompts us to report
parallel experiments which also demonstrate the occurrence of this reaction but lead
to different conclusions on its nature. _

Rhodospirillum rubrum cells were grown on glutamate—DL-malate medium? or
nh-malate—glutamate (or ammonia)—phosphate medium?. Escherichia coli K1z was
grown on glucose—tryptophans. Extracts of cells were prepared by sonication and
centrifugation at 100000 - g for 60 min.

TABLE 1
ENZYMIC ACTIVATION OF D- AND L-MALATE
The test system contained (in gmoles): Tris—HCI buffer, pH 7.5 (100}, MgCl, (8}, CoA (0.2),
crystalline ATP (10}, GSH (10), p-malate, L-malate or succinate (100), neutralized NH,OH-HCI
(625) and cnzyme. Volume, 1.0 ml. Incubation, 30 min at 387. Values are umoles of hydroxamic
acid formed and have been corrected for smaller amounts found when substrate was omitted.
Sheep liver was a dialyzed 0.3 to 0.0 satd. (NH,),SO, fraction of crude extract. R. vubrum, 5.4 (1)
and 3.5 (2) mg protein; F. ¢oli, 2.5 mg protein; sheep liver, 20 mg protein.

R. rubrum
Substrate E. coli Sheep Liver
ir) (2
L-Malate 0.50 0.53 0.52 0.23
n-Malate 0.33 0.53 0.52 o0.12
Succinate 4.70 4.05 .30 0.56

The svstem of KAUFMAN? was used to assay malate activation. As seen in Table I,
both L-malate and pD-malate were converted to the corresponding malyl-CoA com-
pounds in extracts of R. rubrum., E. coli, and sheep liver. As anticipated this reaction
required ATP, CoA, and Mg?+ and presumably proceeded according to Reaction 1.

L- or D-malate + \TI’ + Co\ = L- or b-malyi-CoA + ADP + 1 (1)

Since these extracts were even more active in catalyzing the conversion of succinate
to succinyl-CoA, the question arose as to whether Reaction 1 was an unspecific activity
of succinvl-CoA synthetased (EC 6.2.1.4). This seems unlikely since purified succinyl-
CoA synthetase from pig heart? nnd from spinach® does not act on L-malate. The malo-
hydroxamic acid formed in the test system was extracted under mild conditions and
placed on Whatman No. 1 paper. In two solvent systems, water—saturated butanol
and isoamyl alcohol-formic acid, a “‘delayed” iron-positive spot was obtained of
Rp 0.36 and o.19, respectively. However, both succinomonohydroxamic and malo-
monohyvdroxamic acids had the identical Rp value in each solvent. Qualitatively it
was noted that after spraying with FeCl; the purplish color appeared almost at once
with succinomonohydroxamic acid but only after some delay with malomono-
hydroxamic acid. Moreover the b-malic acid (Mann Laboratories) and L-malic acid
(California Corporation) were essentially pure by elementary analysis and specific
rotation data and could not contain significant amounts of succinate which has a low
affinity (Km = 0.015 M) for the enzyme. No acethydroxamic acid (i.e. acetyl-CoA
formation) was detected in these experiments.
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TABLE (I
oF CoASH BY D- AND L-MALATE

Thecsesswestenr was that of Table I except GSH and NH,OH were omitted and 1.50 pmoles
¢ oAFHeerer used. Incubation, 30 min at 38°. Values in parentheses obtained after heating at
vnd of incubation for 1.5 min at 100" before sulfhvdry! determination.

ENZYMIC ACYLATION

- 1 SH { pmoles)

~Nubstrate R.rubrum (5.4 mg) E.coli(z.5 mg; T
1 2 r “.’-"
None 0.25 0.37 (0.56) o 0.08
L-Malate 0.61 0.82 {0.56) 0.37 0.37 -
p-Malate .13 1.18 (0.48) 0.03 0.50" (0}
Succinate 1.50 1.37 _ 1.25" (0)

) \buslmmn,vf-(o-\ accumulated with p-malate, o. 89 ;1mole accumuhted with succinate as
‘st

Fhedhiér evidence for Reaction 1 was obtained by measuring acvlation of sub-
sttt amornts of COASH? in presence o malate and ATP with extracts of R. rubrum
atdfEcad. While some disappearance of CoASH occurred with ATP alone, the
.aditivreio b L-malate, D-malate, or succinate 1esnlted in a large further disappearance
of 0ASHYH The thioester accumulating with D- or L malate, ATP and CoASH, like
-smarub-E6 A was hvdrolvzed by heating for 1.5 min at 100° and pH 7.5 {see below).
Aerti-EO6Ais:stable to this treatment. Succinyl-CoA formation was assayed optically
Sbymmmsiof the coupled succinyl-CoA: 3-oxo0-acid CoA transferase (EC 2.8.3.5) and
ifhtwrbwacvi-CoA dehyvdrogenase (EC 1.1.1.35) reactions8. Only when succinate wax
- thewshdtrate did succinvl-CoA accumulate. This and the chromatographic data above
{cermmsmated unequivocally that the thioester formed from p- or L-malate, ATP and
" CaAHHvas maivi-CoA and not succinyl-CoA.
IEé&remzvrmic cleavage of malate, in presence of ATP and CoA, to acetyl-CoA
Amaéprenmmably glvoxviate) was demonstrated by addition of oxaloacetate to trap
anvestrk-CoA formed as citrate through the action of citrate svnthase {“‘condensing

TABLE IIT

ENZYMIC CLEAVAGE OF D- AND L-MALATE T0 ACETYL CoA

Hrecmatiom mEzcture contained (in gmoles) : Tris—- HCI buffer, pH 7.5 (100), MgCl, (8}, GSH (10:,
- axalueemte ( 1), enzyme, and where indicated ATP (10}, CeA (1), L- or p-malate or acetate (100)
ek ook Inenbation, 30 min at 38%. R. yubrum, 3 mg; E. coli, 5 mg: sheep liver, 2o mg.

Values are gmoles of citrate {ormed.

K. rubrum
-Addations E.coli* Sheep liver™
I 2 3

AEF, CoA 0.30 0.30 0.30 0.08 0.12
VEPR, Cok. L-malate 0.44 .40 0.40 o.11 0.20
ANEP: CoA, p-malate 0.37 0.36 0.34 0.17 0.20
AEP, CoA, acetate 5.093 6.16 — — e
Coh - — — 0.06 - —
Cas; L-malate s - 0.09 — o
CéA, .p-mmalate — — ooy - -

" 1rinrisitionm: 60 min; 50 units of citrate synthase also added.
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cnzyme’', EC 4.1.3.7). As shown in Table I11, extracts of R. rubrum formed sigaificant
amounts of citrate under these conditions. Extracts of E. coli and sheep liverasdeo
showed some activity. In R. rubrum extract, b-malate was about one-half:asactiee
as L-malate in the cleavage reaction although it is converted to malyl-CoA :atldeast
as rapidly as L-malate; and ATP as well as CoA was required for the overall oon-
version to citrate, 7.e., acetyl-CoA.

To determine whether the cleavage reaction proceeded via free mahd-GCoAuse-
cording to Reaction 2 or by a malate cleavage Reaction 3, analogous to the citzacc
cleavage reaction®, L-malyl-CoA and D-malyl-CoA were prepared from -the: coree-
sponding acids via their mixed anhydrides!?. It is not known which carboxvl ofumiias.

Malyl-CoA &= acetyl-CoA -+ glyvoxylate 1z
Malate + ATP 4 CoA & acetyl-CoA + glvoxylate + ADP + P 38

was esterified but it is reasonable to assume that a mixture of a-thicester .amicirhhe
required B-thiocester resulted. The L- and p-malyl-CoA compounds were unstabloaat
neutral pH and were completely hydrolyzed at 100° after 1.5 min, as measarddbby
CoASH release. When either 1- or p-malyl-CoA in substrate amounts (2.2 gmbler)
was incubated with R. rubriun extract, Mg?+, GSH and oxaloacetate, the amcumnt of
citrate formed (0.05 pmole) was not significantly greater than in the controlwibhant
thioester (0.02 pmole). Although some spontaneous and enzyrmic deacylation ofunigi-1-
CoA occurred under these conditions, 55 % of addecd thicester was recovered [JEmzvmiic
CoASH release from L-malyl-CoA, in presence of E. coli extract, was increasddbby
ADP and P; demonstrating the reactivity of L-malyl-CoA in the reverseiReactianri
and presumably ATP synthesis. Sheep liver catalvzed a rapid hvdrélvsis obl
L-malyl-CoA.

These experiments demonstrate the occurrence of two separate enzvmes cazs-
lyzing Reactions 1 and 3 and indicate that, contrary to the conclusion of TeROIA™D
KikuvcHIL, free malvi-CoA is not the substrate of the malate-cleavage reactiamwhiihl
presumably proceeds via enzyme-bound intermediates as does the citrate:-tleaugg:
enzyme®. D-Malate appears to react as such, since no conversion of p=malatetoo
L-malate could be demonstrated in these and other enzyme preparations.
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