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1, Introduction

Bireactant enzyme mechanisms may be divided
into two classes, sequential and Ping Pong {1] and they
may be readily separated by initial rate experiments
[2]. The cardinal feature of the Ping Pong mechanism
is that the enzyme reacts with the subsiraie to forma
product which dissociates before the second substraie
adds to the active site of the enzyme. In the case of
the sequential mechanism both substrates must be

present on-the enzyme simuli aneously before produet
formation may ocear.

One characteristic of the Ping Pong mechanism is
the requirement for partial exchange reactions; how-
ever, these exchanges are often slow relative to the
initial reaction velocity. Bridger et al. [3] have
attempted to acsount for these slow pamal ri:xchaznge
reactions in Ping Pong mechenisms by sugges: »g that
~ if net reaction 1aies are rapid compared to partial
reactions, syne:gism would appear probable. We wish
to suggest here that before the concept of substrate
synergism is invoked an important expression which

© yelates the partial e:xchange rates and :mma] velocities

must be samf‘ ed.

2 Th’eory and .d:iscussim

Scheme 1 illustrates the well knovm ng PongBi

- Bi mechanism along with ths initial rate eqpation used

~ teraction in Dalmel foxm 14]
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Eps v. @p. 9. 95, A, and B represent total enzyme
concentration, initial velocity Kok, J(kytks),
(kQ'a'k?,)ij k3.. (Aﬁﬂ-k?)iksk‘?) SﬂbS’[TaﬁfB A and sub-
straie B, respectively.

Some rather troublesome pmblems have become
apparent in recent years in the case of Ping Pong
mechanisms. One of these is that scguential mechan-

~ isms may appear 1o be Ping Pong if the $,,/(A)B).
term is smal) velative 1o other terms in eg. 1. Indeed,
- this situation has occurred with at least three enzymes:
~ brain hexokinase [5], phosphof nctokinase {6], and
. D-amino acid oxidase [7]. That the Ping Pong mechan-.

ism for these enzymes may be #n amfai:i was Iemgmze:
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- One wouhi expaci that an enzyme wluth ﬂx}ubﬁs

" a Ping Pong mechanism should eatalyz: so-called half
S reactions, In scheme 1, the enzyme fshmald ‘tamlyze an:
to describe this pathway of . anyme and subsmame -

A~—P exchange in the absence of B and Q and &

- B+~ Q ekchange in‘the absence-of A and P. If ”these e
"7fmdependem vexchanges are slow relative to the initial - -
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laminating actwmes which are responsible fm ithe ‘
partial exchange(s) and the mechanism is not really
Ping Pong; (b) Either the enzyme or a particular sub-
sirate—product pair is contaminated by one or both
of the substrates and producis; {¢) The Ping Pong paih-
way s not a feature of the primary ! kinetic mecfhamsm

- and {d) Substrate synergism is occurring.

When considering the rationale behind slow partial
exchanges the first three explanations are obvious ard do
not warrant additional explanation. Substrate synergism,
however, is a concept which requires further discussion

_in this context. This idea was first proposed by Bridger
et al. [3)] to explain certain slow partial exchange reac-
tions obtained with suceinyl coenzyme A synthetase.
Similar slow exchanges werz observed with other Ping
Pong enzymes and the reader is referred to [3] for
additional information on this point.

Bridger et al. [3] suggest that if net reaction rates
are rapid compared with partial reactions, synergism

- would apoear probable. These authors go on to suggest
that net rzaction rates (initial velocities) are measured
in the absence of product required for the partial

- reaction and thus a comparison between the two dif-
ferent rates is difficult to make unarabiguously. in-
tuitively, one would expect in viewing scheme 1 that
the A — P and B ~— Q exchanges should be egual to
or greater than the initial velocity of the reaction. In-
tuition in this setting appears to be misleading and no
direct reiationship exists between the maximal exchange
rates and the maximal initial reaction velocity. These
points are readily demonstrated as follows:

The rate equation for the A — Pexchange is:

1 (kytks) q:ka kyky Mks | ﬂ}
RA:—-"P klkﬂ‘(E@) k') kzk&(P} A

2

:Pl‘ms of /R, _.p against 1/A at different fined con-
centrations of P give a family of parallel lines with
intercept (K, kg koka(Ep) + (ko vkg)/Eo X, (Eg)(P))
."and slope ; /E;. A secondary plot of intercepis versus
P will yield a straight line with intercept (%, +k3)f
Kok (E,D) This term is equal 10 1/Rppay AP By
. analogy, one may- determine 1 iR{max Bﬁm, whlch is
equﬂ] to 1( kﬁ‘}'k?)ikﬁk?(E')

- These equations reveal immediately mm no admm
: _xelanmnsmp exists between the rate of the partial ex-
‘changs resctions ‘and maximal vek}miy in either ﬁ:irex:-
tlD:n, 3.:& Vf kBkI?E@,!{kﬂ*k’]) and V k‘ykbEDi
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(kﬁké) wherre ':Vf anﬁ V mpmes**m m’ne mamma:!
initial rates for the fr:ommd and reverse reactions,
respectively.

1In c@nsxdoa:rmg the forward reaction and the maximal
AP exchange, if ko > k5 and k> kg, 7=

" Rppax, Arop- On the other hami V; may be greater or

less than Ry, 5 ,.p depending upon the rel: tionship
between k,, k5 cod k- . Similar arguments can be made
with reference to the Vyand R, g. g exchange.
Although no direct relationship exic s betveen the
partial exchange rates and the initial reaction velocities,
the following 2quation pertains,
1, _i.1
Rmax, AP Rma:x, B—Q Vi‘ Vsr

3

- From these considerations it is clear that one must
evaluaie all four parameters shown in eq. 3 before
any definitive conclusions can be drawn regarding ihe
importance of, and explanation for, “slow™ partial ex-
change reactions, relative to initial rates.

Another criterion that has been used to evaluate
subsirate synergism involves comparison of the partial
exchange reactions in the presence and absence of the
substrate—product pair not invelved in the isotopic
exchange reaction {3]. Here it would be expected that
the presence of B and () would serve to decrease the
A P exchange of scheme 1. If the A —= P exchange
increases, the concept of synergism may be invoked.

1t can be seen that in the case of the Ping Pong Bi Bi

mechanism the overall exchange, A «— Q, is zelated to
the partial exchanges in the presence of both substrates
and products as follows:

S

B‘_fAsdQ 7 RAH}P RIBrAQ

@

Eg. 4 sugpesis that the partial exchange rates must be
equal to or gieater than the overall exchange rate.

3. Conclusion

~ The purpose 'o-f this report is 1o point out those.
 criteria which may be used to invoke subsirate syner-
“ gism in ordes to account for © ‘slow™ pama“ exchanga

, ﬂ;macimns. 1t is quite valid to compars partial ex«,hange
. - reactions in t}xe prg¢sence of the other substrate and -
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' pmduci x:omp(mems wof "tbe ng Pmng system as'was . -'

_ done by Bridger et al, {3], On the other hand, it is niot
-pn’saxble to relate pa;rnal exmanges 10 initial’ reammn

“velocities in on attempt to explain so-called slow ex-
* change reactions. Unfmﬁ'mnamy, this z:mrelaimn is o

‘100 m”mn maﬁe
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