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1. lntrol!ucﬁon

(t has long been recognized by kineticists that in-
formation on the kinetic mechanism ol enzyme action
for bircactant systems can be obtained by inspection
of initial rate data. For example, in 1952 Segal et al.
[1] suggesied that a choice could be made between
certain steady-state and equilibrium mechanisms by

' evaluation of double reciprocal plots. Alberty [;!L
wss able to demonstrate in 1953 that ping—-pong
and sequential mechanisms give different Lineweaver—
Burk [4] type graphs. Finally, Rudolph and Fromm
[5] in 1969 were able to show how a choice of mech-
mnism could be made from among a number of terre-
actant mechanisms from slope and intercept replots
of pritnary double reciprocal graphs. In this report, it
will be shown that the point of intersection of sequen-
tial double reciprocal plots may be used as a criterion
to distinguish among bireactant enzyme kinetic mech-
anisms.

2. Theory and discussion
Frieden [6] reported in 1957 that sequential mech-
anisms that conform ta the rate expression described

by eq. 1 give families of straight lines which converpe
al a common point on, above, or below the abscissa.

* The nomenclature is that of Cleland 13-
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In fig. 1 is shown the type of plot in double recip-
rocal form to be expecied for sequential mechanisms.
The graph also indicates the coordinates of the inter-
section point of the extrapofated initial velocity lines.
In the analogous Eyfv verus 1/B plot, the ordinate or
Eqfv coordinate would be the same as indicated in
fig. 1. '

Some rathar interesting relationships, which have
a direct bearing on the kiretic mechanism of yeast
hexokinase action, can be obtained by evaluation of
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Fig. 1. Plot of Eg/u versus 1/A at diffcront lixed levels of sub-
strate B. The coordinates of the point of intersection of the
family of straight lines indicated on the graph was obtained
froan eq. | of the text
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'dle Eefv coordmatc in both the forward'nml n:veme -
reacnm] The' pmnt of mtersectfon "of the. converging
lmcs is somewhat medimlsm-dependént when con-"
sidered-in both diréctions. Thesé | relaihons and how.
they relate lo hcxukinasé is lﬂustmted as fo[lows:
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21 Theareﬂéﬂwzee m.ee}mnum [7] .
Th:s kmctlc pamway ls lllustratcd in schemc I:
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Scheme 1.
The &t velues lor this mechanism are:
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It is clear that lhe Eqfv coordinates for this mech-
anism are,

Efurk k:m

e .
where v; and v, represent velocity in the forward and
reverse reaction, respectively.

From eq. 2 it can be seen that, if Eol‘-‘r" 0,i.e..if
the curves intersect on the abscissa In the forward di-
rection, they must also intersect on this axis in the re-
verse direction in the case of this mechanism. If on
the other hand, intersection is above the abscissa in -
the forward direction, i.e., (1/k5}> (1/k3). then

T ¢ and ¢’ arc taken o mean ¢ values in the forward and re-
varse directions, respectvely.
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-mterwcﬂl'ﬂlml!ﬂ bebelaw the abﬂ:issa m the re-

versé renctwn. Unidér 1o circumstanceés will this =
‘mechariisin'yiéld data'in which plots in both- dlrec-
tlonsare bothaboveorbmit belowthonbuﬂssa '
—Shnilnrly it I not’ ponible tor tee. intersection’ fn, the
axds' n cmé direction and ancrgcnbe either above or

sbelow ; the abscmaln I:hcloth-cr dlrochon in the case
. ol‘ 1he 'l'heorell-—(_‘hnnce mechanism

dt

) 2.2 RandomB:B: rrwchanmn [8]

SCheme 2 dt:picu the random Bi Bl kmeuc mech-
pnimm. [nthisr[wdanisnl,itmmnmd lhatnﬂslcps :
equilibrate rapidly relative to interconversion of the
ternary complexes. The initial rate equation which
describes the kinetic bchavmr of the mechanlsm is .
illustrated in eq. 1-

E +A—EA,"K1 . EPQ-EP+QK
E +B=EB, K, EPQ = EQ+P, &,
EA+B=EAB, K, ‘ EP =E +PK
EB + A= FAB, K, .EQ =E +Q.K
] : : K, .

EAB = EPQ
k2
Scheme 2.

" The ¢ values an: as fol!ows:
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The Eofv coordmales of intersection for the ran-

“dom Bi Bi mechamsm can be obtained from these ¢

values and the equntlon of fig. 1. ’l'hes\c coordlnates
are,
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- .Table |- .
' '[ypes of lntemcﬁom of doubls rndpmcal plols to bo cx-
pu:tcd fur -equenml hlmal::tanl medlunhms.

-FEBS LETTERS

AP .. Inmiersection of lines relative to
Mechinimams: . - - abacisza

TeTe L " Forward Reverse
"L s, -, direction . direction
_— " . Above On Below
'{ﬁedmll‘—(]unm Abave + F F +
" iso 'meortll—ﬂmnce Below + + F F
Random Bi BI 7 Abave + + + +
. On + o+ + +
Below + + + +
Ordered Bi Bi - Above + 4+ + +
and ’ . Om + o+ F F
iso ordered Bi B Below + + F F

* F mans that the type of inlersection is forbidden
+ Indicatex that the type of intersection is permissable.

Two points are obvious from eq. 3. First, the curves
of the random Bi Bi mechanism may intersect above,
befow, or on the 1/substrate axis. Second, the point
of convergence of the data in one direction is unre-
lated to that in the other ii.ire::ljn_n_

2.3. Ordered Bi Bi nze&!:mnisrrz [t}
The ordered Bi Bi mecharism with a single pro-
ductive ternary complex is depicted in scheme 3:

&
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k, ke
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,- , Scheme 3 )
‘The eighi applicable ¢ values based upon this ki-

_ felic mechanism which also is described by equation
'l are
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The Eg/v coordinates of the points of intersection
of the lines obtained from double reciprocal plots for
the ordered Bi Bi mechanism are

1. 1 ] 1 1] }
E If.' =(—-—-+—)—~_—andE ,’U ;(f +*;;-)—--—-
0 Tk Tk TRy 0" "Nk, K, Ky

Il is possiblc from :;knowledge of these coo:d:-
naie points to predict whether certain experimentai-
ly obtained data are consistent with this mechanism.
For example, if, in cne direction {designated forward),
the double reciprocal plots intersect on the abscissa,
what constraints are placed on the point of conver-
gence of the plots in the opposite direction with this
mechanism? If (1/K9) = (k) + (Hkq)(Egfug = ),
then in order for convergence to occur aon the 1/sub-
strate axis$ in the reverse reaction, i.e,, Eglu, =0,
{1/icy) must equal (—1/k g}, a condition which is ki-
netically impossible. Thus, in the case of the ordered’
Bi }i mechanism, it is theorctically nol possible for
double reciprocal plots to converge an the abscisza
in botl. directions.

Table 1 summarizes the possible and forbidden
poiats of intersection of double reciprocal plots for
the three mechanisms that conform to eq. 1.

2.4. Applicability to the iso Theorell - Chance and
iso ordered Bi Bi mechanism |3}
The rules listed in this repaort alsc apply if EA
alone, or EA and EQ isomerize in either the Theorell—
Chance or ordeted Bi Bi mechanism.

2.5. Application ro the mechanism of yeast
hexokinase
The kinetic mechanism of hexckinase action ap-
pears not o have been resolved at this late date.

- Ricard and his co-workers [9] and otliers [10] have
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| prcsentcd evldenoe in support of the nrdered Bi Bl .

rmechanism with glucose b the obligatory Emthl ‘sub-

atrate. Rudolph and Fromm [11] have recuntlyrwm-

marized what they consider to be conclusive evidence
in support of hexokinase’s exhibllmg a random Bi’ Bl .

mechanism. A largé body of évidence has been’pre- -
"sented from Ricard’s [9], Sols’ [10]; and Fromsi’s
[12—14] laboratories which indicates th:lt plots of
1/v versus 1/substrate, at different fixed levels of sec-
ond substrate,.intersect on the Ilsubstra.telaxls :
Furthermore, studies of the back hexokinase reaciion
from onr laboratory [14] and from Sols’ [10] indi-
cate convergence of the double reciprotal plots on
the abscissa. If nothing efse, these data serve to ex-
clude the ordered Bi Bi mechanism with a single

termary complex as bemg a viable pﬂmbﬂjty ‘for
yeast hexokinase.
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