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The kinetics of single-substrate enzyme systems have received a good deal of attention 
since the publication of the classical equation of MICH.\ELlS .-XXD MENTE.~L and 
numerous efforts to simplify the calculations involved in these studies have been 
made. ].LXEWI=..XW.;R .\~,I~ BruSK 2 converted the Michat:lis equation into a useful linear 
form, and since then several other linear modifications of the equation have been 
pointed out. DIXON s suggested further graphical simplifications of the methods of 
LINEWF...WVR ant) Bt:RK based on extrapolations to the baseline (ordinate = zero). 

The more complicated enzyme systems in which two substrates are involved 
have only recently begun to receive e.xtensive attention. (See for example Scnwv.Rr 
AND HaKAL.-\4.) AI.I~ERTY s has suggested a number of mechanisms for such reactions, 
and ha.s marie available criteria for evaluating these possibilities on the basis of 
kinetic data. Recently FmEI)EN 6 has discussed the calculation of dissociation con- 
stants for two-substrate systems and has used a graphical method very similar to 
that of this report to calculate dissociation constants from data already pul)lished 
for several systems. 

ALI3ERrY'S most general inechanism, and the corresponding dissociation con- 
stants, are as follows': 
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* This investigation was supported by a research grant  (C-1856) from the National Cancer 
Ins t i tu te  of tile National Ins t i tu tes  of Health,  United States Public Health Service. The work 
described was taken in par t  from a thesis submi t ted  by J. R. FLORINI in partial fulfilment of 
the requirements  for the degree of Doctor  of Philosophy in ( 'hemist rv  in the Graduate  College 
of  the Irniversi tv of Illinois. 

*" In this paper  the symbols  used have their usual significance. Brackets denote molar concen- 
t rat ion.  The following comment  will assist in identifying them:  I'2. is enzyme; A, B, C a nd  D are 
subs t ra tes ;  k 1 and k 2 are rate constants ;  v is the initial reaction velocity; V/ is the max imum 
initial reaction velocity for the forward reaction (when both subs t ra tes  are present  in high concen- 
t rat ion);  [El T is total enzyme c,mcentrat ion;  S indicates substrate .  
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[EC] [D] 
ECD .~- EC + D K6 [ECD] 

lED] [C] 
ECD ~-  E D  + C K7 [ECD] 

[E] ~C] 
EC ~-  E + C Ks = [EC] 

[E] [D] 
ED ~--- E + C K o 

lED]  

The initial velocity of the forward reaction by this mechanism is given by equation 
(i), assuming that the rate-limiting step is the conversion of EAB into ECD, and 
that all the other equilibria are adjusted rapidly. 

V = V]  (I) 
KA KB , KAB 

I + ~ - ~  + [B] ' [A] [B] 

The dissociation constants (K,--Kg) can be determined from kinetically determined 
Michaelis constants (KA, Kn, KAB) according to the following equations: 

KAB 
K 1 = 

KB 

KAB 
K 2 = KA 

K a = K B 

K 4 = K A 

K 6 = K D 

K r = K C h ,=  Vl 
[E] T 

KCD 
kz = V[ K8 = K D 

[E] T KC D 
K 0 = KC 

The present paper describes a simple graphical method for the calculation of KA, KB, 
and KAB from kinetic data obtained by measuring the effect of variations in [A] 
and [Bj on the initial velocity. These simplifications may be regarded as extensions 
of the earlier suggestions of DIxoN'. 

Equation (I) may be readily converted to the slope-intercept form by inverting 
and rearranging terms. 

KAB KB 
KA ' I + - -  

I [B] , [B] 

Thus, a series of straight lines (Fig. I) is obtained when I/V is plotted against I/[A~ 
for a series of constant values of [B]. (Experimentally, [A] and [B] should be of 
the order of magnitude of their MichaelJs constants, K A and KB.) Extrapolation of 
these lines to the ordinate axis gives a series of intercepts each of which equals 
I/VMA, where V~ A corresponds to the maximum velocity obtainable at infinite [A] 
and given [Bj, and is defined by equation (3). 

VMA V/ (3) 
KB 

' + [B--~ 

Additional information may be obtained from these plots of reciprocal initial velocity 
versus reciprocal substrate concentration. When two different concentrations of B 

Re/erences p. 578. 



voL 25 (1957) mSSOCLXTU)N CONSTANTS FOR TWO-SUBSTR.VFI. ENZYME SYSTEMS 577 

are employed ([B-, and [B-~), two lines of different slopes and intercepts will result, 
and the coordinates of their point of intersection may be derived. Equation (2) is 
written for the two different concentrations of B and the resulting e(luations solved 
in turn for I..'v and I/[Ni. The two I/V expressions are set equal and solved for I/rAi, 
which corresponds to the abscissa of the point of intersection. The two I..'~A~ ex- 
pressions are then set equal and solved for I:V, which yMds the ordinate of the point 
of intersection. 

Setting the I/V expressions equal: 

/ l A B  /X'B K A B  /X'B 
/t" A + - -  i - -  - -  t f A  . . . .  t - -  

i [B] t ' [B] ,  [B] 2 ' [B] 2 (4) 
~, r ;  [.,\] v/ r" t [:x? I" t 

and solving for I/~A'" 

, = .--s;~ (5) ~.\] IVAB 

Similarly setting the i/[A[ expressions equal and solving for I/V : 

i KAB - - -  ]~'A/£B 

V I~'ABV/" 
(6) 

Thus it is apparent from equations (5) and (6) that  the coordinates of the point of 
intersection of the I/V versus I/[IA - lines for two values of rB~ are independent of 
(IAJ, [B I, and v, and hence the lines for any number of values of iB] can be expected 
to meet in a single point, as shown in Fig. I. The behavior predicted here is quite 
similar to that  pointed out by Dixon for cases of enzyme inhibition. 

o 

¢ 
/ Y  

. . . .  %/K~, K,.- K,% 

~/[A1 

F i g .  I.  x/v vs. I / [ A ] .  I n t e r c e p t s  o n  1/v a x i s  
a r e  UVMA v a l u e s .  C o o r d i n a t e s  o f  c o m m o n  
i n t e r s e c t i o n  p o i n t ,  Q,  a r c - - - K B I K A B ,  K A B - - -  

I(AKBI, KABVf. 

vv. y /  

- 1 /  - 

F i g .  2.  I/V M "cs I / [ S ]  ; ( u r v e  a :  IIVMu v$ i / [ : \ ]  ; 
C u r v e  b :  t/VMA VS, I / [131.  

Since equation (i) is symmetrical  with respect to t-A] and [B~, tile point of inter- 
section of i /v  vs. z/[B~ lines can readily be demonstrated to have ttle coordinates, 
- - K A / K A B ,  K A B  - - K A K B / K A B V  I. Similar relationships apply to the reverse reaction. 

The Michaelis constants, K A and KB, can be readily evaluated by plotting the 
i /Vu A and I / V , ,  values obtained on the previous graphs against the corresponding 
I/~B~ and i/iA~ values, respectively, as shown in Fig. 2. Rearrangement of equation 
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(3) shows tha t  this will give a s t ra ight  line of o rd ina te  in tercept  I /V /and  abscissa 
in tercept  - - I / K B  when I/VMA is p lo t ted  against  I / i B  J. 

x K B I I = . . . . .  
VMA V/ [B~ + V/ (7) 

The two lines ob ta ined  have the same ord ina te  intercept ,  which corresponds to the 
reciprocal  of V/, the m a x i m u m  veloci ty  ob ta inab le  a t  infinite iA] and [B], under  the 
condi t ions of the  exper iment .  Thus from this th i rd  graph can be ob ta ined  values of 
KA, KB, and V/. These da ta ,  coupled with the KB/KAIs and KA/KAR values ob ta ined  
from the previous graphs,  allow calculat ion of all the dissociat ion cons tants  for the 
forward react ion based,  of course, only  on ALBERTY'S most  general  mechanism. The 
cons tants  for the  reverse react ion can be de te rmined  in a comple te ly  analogous 
manner .  

I t  should be noted tha t  the ordinates  of the  points  of intersect ion for the I/[A~ 
and i / i B  ~ plots  are equal.  Since the calcula ted value for this term involves all four 
kinet ic  quant i t ies ,  i t  m a y  be compared  to the graphica l ly  ob ta ined  values as an index 
of the accuracy  of the  d a t a  and  self-consistency of an exper iment .  

The ord ina te  of the poin t  of intersect ion is also an indicat ion of the effect tha t  
the presence of one subs t ra te  on the act ive site of the enzyme has upon complexing 
of the second subst ra te .  If  the ord ina te  is equal  to zero, then  KAB equals  KAKB, 
and hence K n = K 1 = K ,  and K B = K 2 = K 3. This s i tua t ion  corresponds to 
ALBERTY'S special case of his Mechanism I, I,  when the presence of one subs t ra te  
has no effect on the complexing of the second subst ra te .  

In  conclusion, it  m a y  be po in ted  out  tha t  the above  analys is  has been appl ied  
to the  l iver lactic dehydrogenase  system. The full results  will be publ ished elsewhere. 

SUMMARY 

A simple graphical method for the determination of the dissociation constants for two-substrate 
enzyme systems has been presented. 
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