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{. Introduction

Qa the basis of kinetic analysis of the mode of ac-
tion of flavoproteing [t] it has been proposed that a

binary plhg-pong bi-bi mechanism served as a general

mechanism for several of these enzymes. In recent
years, however, considerable evidence has been
gthered by several authors [2—6] to suggest that in
some cases a2 more ordered mechanism exists such as
a Theorell-Chance or an ordered bi-bi mechanism. It
hos also been shown that in many of these cases the
oxidised products acted as competitive inhibitors to
the substrates of the reaction and that they often
formed spectrally observable complexes with the en-
zyme itself. 3

The isolation of N-5 acyl derivatives of flavins [7]
tiien prompted suggestions that flavins might conceiv-
ably function in a group transfer role as well as a
redox one. ] .

In the light of these factors the mode of action of
pyruvate oxidase was studied by observing the effect
of varying thiamine pyrophosphate (TPP), pyruvate

“and ferricyanide concentrations. In pasticular interest

_was given to the order of substrate and cofactor
binding.

2. Materials and methods
" Pyruvate oxidase, in the presence of a cytochrome

b; containing fraction catalyses the oxidative decar-
l_mxylation of pyruvate to yield acetate and CO, [8].
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as products as shown in the basic reactlion:
CH3COCOOH + 3 0 ¥ CH,;COOH + CO,

If, however, oxygen was replaced by ferricyanide the
stoichivinetry became

CH3COCOOH + 2Fe(CN); ~ + H;0 & CH;CO0H
+H* + CO, + 2Fe(CN)*-

For the reaction to proceed at a maximal rate the sys-
tem requires to be preincubated with TPP, Mg2*,
pyruvate and a phospholipid or detergent activator
for a period of 15 min before initiation of the assay
with the acceptor, ferricyanide. Lag phases occurred
in the kmnetics if no preincubation was carried out
but this aspect of the kinetics will be published else-
where. Initial rates of ferricyanide reductian, in the
above uassay sysiemr, were shown to be linear with en-
zyme concentration in the range studied.

In all the ensuing studies the concentrations of
Mg2* and the activator sodium dodecyl sulphate
(SDS) were held at 10 mM and 10— 4 M, respectively.
The concentrations of TPP, pyruvate and ferricya-
nide in the assay were held at 10—4 M, 50 mM and
4 mM, respectively, unless varied in the experiment.
Assays were run in 0.1 M potassium phosphate buft-
er pH 6.0 at 25° by following the change in absor-
bance of the ferricyanide at 450 nm using a Gilford
2000 spectrophotometer. For ferricyanide concentra-
tions < 2 mM the assay was monitored at 420 nm.
The amount of ferricyanide reduced in the assay was
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Fig. 1. Kinetic characteristics of pyrvate and ferricyanide.
Lineweaver—Burk plots obtained with pyruvate as variable
s:bstrate at different ferricyanide levels. Assays contained
107 M SDS and preincubations were carried out for 15 min
before initiating with the acceptor. The ferricyanide concen-
trations used were: .34 mM (e — e—ea), 0.67 mM
(R—X—x). 1.34 mM (s—=—na), 2 mM (»—a—a) and

4 mM (+—+—+). TPP and MpCt, were 10™* M and 10 mM,

respectively,

estimated using an E.:I]Shg of 0.218 cm~ ! mM~1 and an
e:f,f: of 1.076 cr.~! mM—!. Enzyme concentrations
were determined from the flavin content assuming 4
moles FAD bound per molecular weight of 265,000
[8:1 . The flavin concentration was estimated using an
e;‘nhs' of 14.6 cm~! mM~! per FAD. Each assay con-
tained 5 ug of the flavoprotein.

The flavoprotein was isolated from an acelate re-

quiring mutant of Escherichia coli (19]1—-6) and

shown to be > 90% pure by SDS polyacrylainide gel )

electrophoresis and ultracentrifugation [9].

TPP and sodium pyruvate were obtained from the
Sigma,Chemiical Co., potassium ferricyanide (analyti-
cal grade) was from Fisons Ltd. and the sodium do-
decyl sulphate was the specially pure grade supplied
by British Drug Houses. All other compounds were of
anglytical grade and were also obtained from British
Drug Houses.

3. Results and discussion
The effect of varying the concentration of pyru-

vale and ferricyanide are shown in figs. 1 and 2. In -
bath cases the plots remain parallel at both high and
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Fig. 2. Kinetic characteristics of pyruvate and ferricyanide.
Lineweaver— Burk plots obtained with ferricyanide as variable
substrate at different pyruvate levels. Assays contained

10”9 M SPS and preincubations wero carried out {or 15 min
before inltiating with the acceptor. The pyruvale concentra-
tions were: 2 mM (e—e—e), 3.34 mM (X—X—X),
6.67TmM (»—o—e), 13.34 mM (= —a—=a) and 26.7 mM
(+—+—+). TPP and MgClz were 10™% M and 10 mM, respec-
tively.

low concentrations of ferricyanide and pyruvate. Tlus
indicates that neither the substrate nor the acceptor
function as inhibitors in the concentration ranges
used, namely 0.34—4 mM for ferricyanide and
3.34—40 mM for pyruvate. In both cases the K,,, vs
V., plots obtained from [ligs. 1 and 2 were shown to
pass through the origin suggesting the likely absence
of a temary complex involving substrate and acceptor.

No evidence was obtained to suggest that the reac-
lion rate was a function of [ferricyanide| 2, thus sug-
gesling that the reoxidation of the flavin occurs via
discrete one eleclron processes.

The effect of varying pyruvate concentrations at
different TPP levels and vice versa are shown in figs. 3
and 4. In both cases the lines are seen to converge in-
dicating that interactions occur between the cofactor

and the substrate. An increase in pyruvate concentra-
tion gave rise to an apparent decrease in the K,,, for
TPP and a concomitant change in V. In the cases of

" pyruvate an increase in the TPP conceatration pro-

duces a similar change in the kin¢tic parameters al-
though the small variations in V,, lie within the ex-
perimental error of the procedure used.
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Fig. 3. Kinetic characteristics of pyruvate and TPP.
Lineweaver—Burk plots obtained with pyruvale as variable
substraie at different TPP levels. Assays contained 1079 M
SDS and preincubations were carried out for 15 min before
initiating with acceptor. The TPP concentrations used were:
5uM (o—e—a), 10 uM (X—X—X), 20 uM {(6—a—0n),
50 uM (8—o—na) and 100 pM {(+—+—+). Ferricyanide
and MgCl, were held at 4 mb and §0 mM, respeclively.

On the basis of the kinetic data obtained it would
appear that pyruvate oxidase functions via an ordered
mechanism without a ternary complex involving ferri-
cyanide and pyruvate. In terms of the Dalziel notation
[10} a minimum equation required to explain the

data would then be of the form
% % '”z( ¢3)
v Pt aTs U TRP

. in which ¢, ¢, ¢, and ¢5 are complex constants con-

sisting of several rate constanis, and A and S are the

ferricyanide and pyruvate concenirations, respectively.

vis the initial rate of the reaction and e the initial en-

zyme concentration. Values for the ¢ constants can be
evaluated from the Lineweaver—Burk plots and from

, secondary plots involving slopes and intercepts from

the primary plots. The values for the constants ob-
tained are listed in table 1. Since the catalytic activity
eqf/v was plotted as a function of the variables, the ¢
values have been normalised with respect to enzyme

' concentration.
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Fig. 4. Kinetic characteristics for TPP and pyruvate.
Lineweaver —Burk plots obtained with TT'P as variable sub-
strate at different pyruvato levels. Assays contained 1ot M
SDS and preincubations were carmied out for 15 min, before
mitiating with acceptor. The pyruvate concenirations used
were: .34 mM (e—e—e), 6.67 mM (X—X—Xx), 13.4 mM
(o—o—e), 20mMM (a—a—a), 26.7mM (+ —+—+).
Ferricyanide and MgCl; were held at 4 mM and 10 mM,
respectivel /.

In the nowation used ¢ (/¢g and ¢,/¢q represent the
K, values for ferricyanide and pyruvale, respectively,
at infinite TPP concentration. Values obtained were,
2mM and 11 mM, ¢g ! represents the reaction velos:-
ity at infinite substrate and acceptor concentrations
and was estimated as 87,000 uM substrate/min/uM
enzyme. ¢3 (52.7 uM) is the dissociation constant
for the enzyme—TPP complex.

The question arises as to what basic mechanism
will display this sort of rate equation. As the order of
product release is not easily distinguishable one can

propese two possible mechanisms. Both of these

Table |
Kineuc constants for pyruevale oxidase.

Po (seC) @y (M-sev) oz (M-sec) o3 (M)

684%x10°% 135x10°% 727%x100% s527x 107°
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requme an ordered bmdng of TPP and pymvate lo Ihe
flavaprotein. The pyruvate, presumably’ attached to -

_the TPP, is then decarboxylated to yicld an a-hydroxy 7

cthyl TPP intermediate which is then transformed to
a 2-acyl TPP intermediate with concomitant reduc-
tion of the flavin. The diversity of product release can
now occur in that one can get hydrolysis of the 2-acyl
intermediate followed by re-oxidation of the flavin or
vice versa. The overall rate equations obiained are in-
distinguishable. Evidence for the involvement of an
a-hydroxyethyl intermediate in the catalysis was in-
dicated from the finding [11] that it was capable of
reducing ihe enzyme bound flavin.

In such mechanisms one would expect acetate to
be a competitive inhibitor for either pyruvate or
ferricyanide depending on the order of product re-
fease. However, extensive studiez with acetate showed
the absence of any appreciable inhibition indicating
either the low affinity of the enzyme for acetate or
the existence of another mechanism. The low affinity
postulate might be expected on the basis of model
studies and theoretical considerations of the mode of
action of TPP, since it has been shown that TPP does
not attack because of the strongly anionic properties
of the carboxyl group [12]. :

Another mechanism which would explain the data,
including the absence of acetate inhibition would be
one in which V-5 acetyl 1,5 dihydro-FAD [7] is pos-
tutated as an intermediate. The initial steps of the -
mechanism as far as the formation of a-hydroxyethyl
TPP sre the same but at this point group transfer
would occur yielding —~FADHCOCH y. This Aavin de-
rivative would then break down in the presence of
ferricyanide to reform the oxidised flavin.
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At present therefore one cajmot dlfl‘erentiale be

' _‘-tween the mechamsms any further usmg ‘kinetic meth-

ods Isolation of mlemwdiates wzll however narrow

~ the pou.i‘hlhhea
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