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Cell free extracts of several anaerobic bacteria catalyze
a rapld exchange between 01402 and the carboxyl group of
pyruvic acid. Previous studies have shown that the exchange

involves several reaction steps with Clostridium butylicum

extracts and may be associated with the phosphoroclastic re-
action producing molecular hydrogen, acetyl-phosphate and CO2
from pyruvate (Wolf and O'Kane, 1955, 1953). A rapid incorpo-

ration of Cluo2 intoApyruvate is also observed with fractions

from Clostridium kluyveri in the absence of either the phos-
phoroclastic reaction or acetoin formatlion. In view of the
established role of enzyme-bound biotin in éarboxylation
(Lynen et al., 1959) and transcarboxylation reactions (Swick
and Wood, 1960), experiments have been designed to determine
a:possible mechanism of CO2 activation in anaerobic a-ketoacid
metabolism.

I

The incorporation of Cl O? into pyruvate with extracts

and fractions of C. kluyveri was measured by a method similar
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to that described previously (Wolf and 0'Kane, 1955). The
activity observed in crude extracts varied greatly among differ-
ent cell preparations, dried cell preparations possessing less
than 20% of the activity observed with extracts of freshly
harvested cells. A protein fraction was obtained by precipi-
tation with acid ammonium sulfate affer dialysis of the crude
extract for 24 hours against 0.05 M K-maleate buffer, pH 6.9,
containing 0.005 M Versene., The active proteins precipitated
between 20 and 60% ammonium sulfate saturation. This fraction,
after further dialysis against maleate-Versene buffer for
%6 hours with several changes of solution, catalyzes no exchange
activity in the absence of added cofactors. Activity is
partially restored, 70 to 80% by the addition of thiamine-pyro-
ohosphate (TPP), adenosine triphosphate (ATP) and magnesium ion
(Table I). The enzyme fractions are fully saturated with re-
spect to TPP at 10°° M and with respect to ATP at 1074 M.

Table I

COQ—Pyruvate Exchange: Cofactor Effects

C.P.M, in % Exchange
Pvruvate
Comﬁlete 4023 5.0%
- TPP 452 0.54
" - ATP 960 1.19
" - TPP
- ADP 106 0.13
" - MgCl? 265 0.*>
N q

Each tube contained (u Moles/0.5 ml): Na-pyruvate, 50; xuci¥o,,
50 (80,000 ¢»p.m.); TPP, 0.25; AT®, 1.0; MgCl,, 5; Mg, K,-Versénate,
;3 Na_S, 1; K-maleate buffer, rH 6.9, 100; C.“kluyveri ?raotion,

1 mg.“protein; 30 minutes at 35°, T

Attempts to resolve protein fractions of TPP by alkaline
treatment resulted in enzyme inactivatior. hut it was found that

an absolute TPP recuirement could be demonstrated after re-
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peated dialysis against neutral Versene solutiorns. The role of
TPP has been implicated previously in the exchange reaction
with C. butylicum, but in contrast to the C. kluyveri system,
no ATP requirement could be demonstrated (Mortlock, Valentine,
and Wolf, 1959). An additional point of difference lies in the
fact that the reaction catalyzed by C. kluyveri extracts 1s not
stimulated by the additions of either orthophosphate or coenzyme A.

Enzyme fractions rapidly lost activity with time and during
fractionation apparently due to exposure to atmospheric oxygen.
Only partial reactivation was achieved by adding low concentrations
of Na,S (10'3 M) to the reaction mixture; other thiol reducing
agents including coenzyme A were found to be inhibitory.

The role of enzyme-bound bilotin in the exchange reaction
is suggested by the fact that the enzyme 1s completely inhibited
by avidin in the preéence of saturating concentrations of co-
factors. When trace amounts of bilotin (0.1 uM) were pre-incu-
bated with avidin, no inhibition 1s observed (Table II).

Table II

Inhibition of Cluoz-Pyruvate Exchange by Avidin

C 0 incorporated into Pyruvate
C. P. M

+ Biotin, 0.1 pM

Complete system 2974 2643
! " 4+ Avidin 0.01 units 8736 2654
" " 4+ Avidin 0.03 units 45y 2476
" " + Avidin 0.06 units 174 2200

Each tube contained (u Moles/0.5 ml): Na-pyruvate, 50; KHCT 0

50 (80,000 c.p.m.); TPP, 0.25; ATP 1. 0; MgCl,, 5; Mg,K?-Versénate,
5; Na,S, 0.1; K-maleate buffer, pH 6.9, 100; é kluyverl fraction,
1 mg. protein; 30 minutes at 359,

The addition of biotin, alone did not stimulate the exchange
éctivitw and higher concentrations (10'3M) proved to be

inhibitory.
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With the implication of a bilotin-linked reaction step,
a correlation exists hbetween cofactor effects of the C02—
pyruvate exchange reaction and the established mechanism of
biotin action in the carboxylation of methylcrotonyl CoA
(Lynen et al., 1959). In view of these observations, the over-
all incorporation of 01402 into pyruvate can be visualized by

the following reaction mechanism:

1. Pyruvate + TPP g======"g-TPP-lactic acid"’
2. "a-TPP-lactic acid” + Biotin-Enzymes=="a-hydroxyethal-TPP"

+ CO?—Biotin—Enzyme

3. cop;Biotin-Enzyme + ADP + Pim===*ATP + Biotin-Enzyme + CO,

4, Sum: Pyruvate + TPP + ADP + Pis==="ua-hydroxyethyl-TPP" + CO2
+ ATP

The intermediate formation of the thiamine compounds in Re-
actions 1 and 2 can only be. presumed. These compounds, "a-TPP-
lactic acid" and "a-hydroxyethyl-TPP", have been proposed and
isolated as Intermediates in thiamine-linked cleavage reactions
of pyruvate (Breslow, 1957, 1958; Krampitz et al., 1958; Holzer,
1959). The proposed structure of the "a-TPP-lactic acid" inter-
mediate is electronically analogous to a B-keto acid (Metzler,
1960) rendering the carboxyl group susceptible to nucleophilic
attack by biotin. The CO2 acceptor function of biotin in

Reaction 2 is entirely analogous to its role in the transfor-
mations of B-methylglutaconyl CoA (Lynen et al., 1959), oxal-
acetate (Swick and Woed, 1959), and methylmalonyl CoA (Stadt-
man et al., 1960; Kaziro, Leone, and Ochoa, 1960). The
function of ATP in CO2 activation, Reaction 3, is entirely

similar to that in the carboxylation of methylcrotonyl CoA

1 a-Pyrophosphoryl-thiaminyl-lactic acid
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and propionyl CoA.
In addition to the properties described, some evidence
was obtained for an alternate mechanism replacing Reaction 3
It was found that trace amounts of caproyl,CoA (a0~ M) to-
gether with acetyl CoA (10_5 M) enhance the rate of exchange
in the absence of either ATP or inorganic phosphate, Table III.
Table III

The Effects of Caproyl CocA and Acetyl CoA on the
CO?-Pyruvate Exchange

14

c O incorporated into Pyruvate
C. P. M

Complete 1900

t - TPP 5)4'2

" - Caproyl CoA 321

" - Acetyl CoA 470
n - Caproyl. CoA

- Acetyl CoA 127

14

Each tube contained (u Moles/0.5 ml) Na-Pyruvate, 50; K.HC™ 0.,
50 (67,000 c.p.m.); TPP, 0.25; Caproyl CoA, 2 X 103 Acefyl -
CoA, 0.02; MgCl,, 5; Mg,K —Versenate, 5; K-Maleate buffer, gH 6.9,
100; C. kluyvePi fractiofi, 1 mg. protein; 60 minutes at 35°.

Although the extent of the stimulation is minor in comparison
with the ATP efféct, the data suggest the presence of a still
undiscloseq mechaﬁism, possibly involving a transcarboxylation
sequence, for the activation of CO2 and carboxylation of the
biotin enzyme. It is perhaps significant that caproyl CoA

is also required for theexchange between the carboxyl grPup

of malonyl CoA and CO, observed in extracts from the same

2
organism (Vagelos, 1959).
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