Appendix 1. Derivation of complete rate equation for Bi Ter Ping Pong Uni-Uni Uni-Bi kinetic mechanism with substrate inhibition by substrate B and ordered release of products Q and R.
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Part 1. REFERASS input

Names of species
X1 = E
X2 = EA/FP
X3 = F
X4 = FB/EQR
X5 = ER
X6 = EB

Constants
K1,2 = k+1[A]
K2,1 = k-1
K2,3 = k+2
K3,2 = k-2[P]
K3,4 = k+3[B]
K4,3 = k-3
K4,5 = k+4
K5,4 = k-4[Q]
K5,1 = k+5
K1,5 = k-5[R]
K1,6 = k+6[B]
K6,1 = k-6

Part 2. REFERASS output

Distribution equations
[E] = N(E)[E]o/Den
[EA/FP] = N(EA/FP)[E]o/Den
[F] = N(F)[E]o/Den
[FB/EQR] = N(FB/EQR)[E]o/Den
[ER] = N(ER)[E]o/Den
[EB] = N(EB)[E]o/Den

Definitions
(Note: K6 = k-6/k+6)

N(E) = k-1k-2k+5K6(k-3 + k+4}[P] + k+3k+4k+5K6(k-1 + k+2)[B] + k-1k-2k-3k-4K6[P][Q]

N(EA/FP) = k+1k-2k+5K6(k-3 + k+4)[A][P] + k+1k+3k+4k+5K6[A][B] + k+1k-2k-3k-4K6[A][P][Q] 
		+ k-2k-3k-4k-5K6[P][Q][R]

N(F) = k+1k+2k+5K6(k-3 + k+4)[A] + k+1k+2k-3k-4K6[A][Q] + k-3k-4k-5K6(k-1 + k+2)[Q][R]

N(FB/EQR) = k+1k+2k+3k+5K6[A][B] + k+1k+2k+3k-4K6[A][B][Q] + k-1k-2k-4k-5K6[P][Q][R]
+ k+3k-4k-5K6(k-1 + k+2)[B][Q][R]

N(ER) = k+1k+2k+3k+4K6[A][B] + k-1k-2k-5K6(k-3 + k+4)[P][R] + k+3k+4k-5K6(k-1 + k+2)[B][R]

N(EB) = k-1k-2k+5(k-3 + k+4)[B][P] + k+3k+4k+5(k-1 + k+2)[B]^2 + k-1k-2k-3k-4[B][P][Q]

Den = k+1k+2k+5K6(k-3 + k+4)[A] + k-1k-2k+5K6(k-3 + k+4)[P] + k+3k+4k+5K6(k-1 + k+2)[B] + 
	k+1k+3K6(k+2k+4 + k+2k+5 + k+4k+5)[A][B] + k+1k+2k-3k-4K6[A][Q] +
k+1k-2k+5K6(k-3 + k+4)[A][P] + k-1k-2k-3k-4K6[P][Q] + k-1k-2k-5K6(k-3 + k+4)[P][R] +
k+3k+4k-5K6(k-1 + k+2)[B][R] + k-3k-4k-5K6(k-1 + k+2)[Q][R] + k-1k-2k+5(k-3 + k+4)[B][P]
+ k+3k+4k+5(k-1 + k+2)[B]^2 + k+1k+2k+3k-4K6[A][B][Q] + k+1k-2k-3k-4K6[A][P][Q] +
k-2k-4k-5K6(k-1 + k-3)[P][Q][R] + k+3k-4k-5K6(k-1 + k+2)[B][Q][R] + k-1k-2k-3k-4[B][P][Q]

M(P) = M(Q) = M(R) = k+1k+2k+3k+4k+5K6[A][B] – k-1k-2k-3k-4k-5K6[P][Q][R]

Part 3. Coefficients

CoefA = k+1k+2k+5K6(k-3 + k+4)
CoefP = k-1k-2k+5K6(k-3 + k+4)
CoefB = k+3k+4k+5K6(k-1 + k+2)
CoefAB = k+1k+3K6(k+2k+4 + k+2k+5 + k+4k+5)
CoefAQ = k+1k+2k-3k-4K6
CoefAP = k+1k-2k+5K6(k-3 + k+4)
CoefPQ = k-1k-2k-3k-4K6
CoefPR = k-1k-2k-5K6(k-3 + k+4)
CoefBR = k+3k+4k-5K6(k-1 + k+2)
CoefQR = k-3k-4k-5K6(k-1 + k+2)
CoefBP = k-1k-2k+5(k-3 + k+4)
CoefB2 = k+3k+4k+5(k-1 + k+2)
CoefABQ = k+1k+2k+3k-4K6
CoefAPQ = k+1k-2k-3k-4K6
CoefPQR = k-2k-4k-5K6(k-1 + k-3)
CoefBQR = k+3k-4k-5K6(k-1 + k+2)
CoefBPQ = k-1k-2k-3k-4

Part 4. Kinetic constants

num1 = k+1k+2k+3k+4k+5K6[E]t
num2 = k-1k-2k-3k-4k-5K6[E]t
Keq = num1/num2

Vmaxf = num1/CoefAB = k+2k+4k+5[E]t/(k+2k+4 + k+2k+5 + k+4k+5)
Vmaxr = num2/CoefPQR = k-1k-3[E]t/(k-1 + k-3)

KmA = CoefB/CoefAB = k+4k+5(k-1 + k+2)/[k+1(k+2k+4 + k+2k+5 + k+4k+5)]
KmB = CoefA/CoefAB = k+2k+5(k-3 + k+4)/[k+3(k+2k+4 + k+2k+5 + k+4k+5)]
KmP = CoefQR/CoefPQR = k-3(k-1 + k+2)/[k-2(k-1 + k-3)]
KmQ = CoefPR/CoefPQR = k-1(k-3 + k+4)/[k-4(k-1 + k-3)]
KmR = CoefPQ/CoefPQR = k-1k-3/[k-5(k-1 + k-3)]

Kia = CoefP/CoefAP = CoefPQ/CoefAPQ = k-1/k+1
Kib = CoefAQ/CoefABQ = CoefQR/CoefBQR = k-3/k+3
Kip = CoefA/CoefAP = CoefAQ/CoefAPQ = k+2/k-2
Kiq = CoefBR/CoefBQR = k+4/k-4
Kir = CoefP/CoefPR = CoefB/CoefBR = k+5/k-5
KI = CoefP/CoefBP = CoefB/CoefB^2 = CoefPQ/CoefBPQ = K6 = k-6/k+6

Part 5. Haldane relationship

Vmaxf/(VmaxrKeq) = KiaKmB/(KipKmQKir) = KmAKib/(KmPKiqKir) =
k-2k-4k-5(k-1 + k-3)/[k+1k+3(k+2k+4 + k+2k+5 + k+4k+5)]

Part 6. Complete rate equation

V = (num1[A][B] – num2[P][Q][R])/Den

Den = CoefA[A] + CoefP[P] + CoefB[B] + CoefAB[A][B] + CoefAQ[A][Q] + CoefAP[A][P] + CoefPQ[P][Q] + CoefPR[P][R] + CoefBR[B][R] + CoefQR[Q][R] + CoefABQ[A][B][Q] + CoefAPQ[A][P][Q] + CoefPQR[P][Q][R] + CoefBQR[B][Q][R] + + CoefBP[B][P] + CoefB^2[B]^2 + CoefBPQ[B][P][Q]

Multiply numerator and denominator by num2/(CoefABCoefPQR) or, equivalently, num1num2/(num1CoefABCoefPQR) as needed, where num1num2/(num1CoefAB) = Vmaxf/Keq

V = {num1num2[A][B]/(CoefABCoefPQR) –
	num1num2num2[P][Q][R]/(num1CoefABCoefPQR)}/Den =
{VmaxfVmaxr[A][B] – VmaxfVmaxr[P][Q][R]/Keq}/Den

Substitute kinetic constants for coefficients in denominator, as follows:

CoefA: num2CoefA/(CoefABCoefPQR) = KmBVmaxr

CoefB: num2CoefB/(CoefABCoefPQR) = VmaxrKmA

CoefB2: num2CoefB2/(CoefABCoefPQR) = VmaxrKmA/KI 

CoefAB: num2CoefAB/(CoefABCoefPQR) = Vmaxr

CoefP: num2CoefP/(CoefABCoefPQR) = VmaxrKiaCoefAP/(CoefAB) = 
	VmaxrKiaCoefA/(KipCoefAB) = VmaxrKiaKmB/Kip

CoefAP: num2CoefAP/(CoefABCoefPQR) = num2CoefA/(KipCoefABCoefPQR) = VmaxrKmB/Kip

CoefAQ: num1num2CoefAQ/(num1CoefABCoefPQR) = VmaxfKipCoefAPQ/(KeqCoefPQR) =
	VmaxfKipCoefPQ/(KeqCoefPQRKia) = VmaxfKipKmR/(KeqKia)

CoefPQ: num1num2CoefPQ/(num1CoefABCoefPQR) = VmaxfKmR/Keq

CoefPR: num1num2CoefPR/(num1CoefABCoefPQR) = VmaxfKmQ/Keq

CoefBR: num2CoefBR/(CoefABCoefPQR) = VmaxrCoefB/(CoefABKir) = VmaxrKmA/Kir

CoefQR: num1num2CoefQR/(num1CoefABCoefPQR) = VmaxfKmP/Keq

CoefABQ: num1num2CoefABQ/(num1CoefABCoefPQR) = VmaxfCoefAQ/(KeqKibCoefPQR) =
VmaxfKipCoefAPQ/(KeqKibCoefPQR) = VmaxfKipCoefPQ/(KeqKiaKibCoefPQR) =
VmaxfKipKmR/(KeqKiaKib)

CoefAPQ: num1num2CoefAPQ/(num1CoefABCoefPQR) = VmaxfCoefPQ/(KeqKiaCoefPQR) =
	   VmaxfKmR/(KeqKia)

CoefPQR: num1num2CoefPQR/(num1CoefABCoefPQR) = Vmaxf/Keq

CoefBQR: num1num2CoefBQR/(num1CoefABCoefPQR) = VmaxfCoefQR/(KeqKibCoefPQR) = 
	   VmaxfKmP/(KeqKib)

CoefBP: num1num2CoefBP/(num1CoefABCoefPQR) = VmaxfCoefP/(KeqKICoefPQR) =
	 VmaxfKirCoefPR/(KeqKICoefPQR) = VmaxfKmQKir/(KeqKI)

CoefBPQ: num1num2CoefBPQ/(num1CoefABCoefPQR) = VmaxfCoefPQ/(KeqKICoefPQR) =
	     VmaxfKmR/(KeqKI)

Den = VmaxrKmB[A] + VmaxfKmQKir[P]/Keq + VmaxrKmA[B] + Vmaxr[A][B] +
VmaxfKipKmR[A][Q]/(KeqKia) + VmaxrKmB[A][P]/Kip + VmaxfKmR[P][Q]/Keq+ 
VmaxfKmQ[P][R]/Keq + VmaxrKmA[B][R]/Kir + VmaxfKmP[Q][R]/Keq + 
VmaxfKipKmR[A][B][Q]/(KeqKiaKib) + VmaxfKmR[A][P][Q]/(KeqKia) + 
Vmaxf[P]Q][R]/Keq + VmaxfKmP[B][Q][R]/(KeqKib) + VmaxfKmQKir[B][P]/(KeqKI) + 
VmaxrKmA[B]2/KI + VmaxfKmR[B][P][Q]/(KeqKI)

Divide numerator and denominator by Vmaxr.
Substitute Haldane relationship:
Vmaxf/(VmaxrKeq) = KiaKmB/(KipKmQKir) = KmAKib/(KmPKiqKir)

V = {Vmaxf[A][B] – Vmaxf[P][Q][R]/Keq}/Den

Den = KmB[A] + KmA[B] + (KmA/KI)[B]2 + [A][B] + (KiaKmB/Kip)[P] + (Kmb/Kip)[A][P] + 
	{KmBKmR/(KmQKir)}[A][Q] + {KiaKmBKmR/(KipKmQKir)}[P][Q] + 
	{KiaKmB/(KipKir)}[P][R] + (KmA/Kir)[B][R] + {KmAKib/(KiqKir)}[Q][R] +
	{KmBKmR/(KibKmQKir)}[A][B][Q] + {KmRKmB/(KipKmQKir)}[A][P][Q] + 
	{KiaKmB/(KipKmQKir)}[P][Q][R] + {KmA/(KiqKir)}[B][Q][R] + 
	{KiaKmB/(KipKI)}[B][P] + {KiaKmBKmR/(KipKmQKirKI)}[B][P][Q]

Part 7. No- and one-product rate equations

For measurements of initial rates when at least one product is absent, the numerator reduces to 
Vmaxf[A][B].

For measurements of initial rates with no products initially present, the rate equation reduces to:

V = Vmax[A][B]/{KmB[A] + KmA[B] + (KmA/KI)[B]2 + [A][B]} or
V = Vmax[A][B]/{KmB[A] + KmA[B](1 + [B]/KI) + [A][B]}
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product P and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P] + (KmB/Kip)[A][P] + 
	{KiaKmB/(KipKI)}[B][P]

Grouping the [P] terms gives:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P](1 + [A]/Kia + [B]/KI) or

Den = KmB[A](1 + [P]/Kip) + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P](1 + [B]/KI)

The latter arrangement of the equation shows that product P acts in part as a dead-end inhibitor by binding to the enzyme form F, represented in the equation by the term KmB[A], in competition with substrate B. The equation also shows that inhibition by product P and substrate inhibition by substrate B are interdependent, such that substrate inhibition by B reduces the effect of product inhibition by P.
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product Q and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B](1 + [B]/KI)+ [A][B] +{KmBKmR/(KmQKir)}[A][Q] + 
	+{KmBKmR/(KibKmQKir)}[A][B][Q] or

Den = KmB[A] + KmA[B](1 + [B]/KI)+ [A][B] +{KmBKmR/(KmQKir)}[A][Q](1+[B]/Kib) or

Den = KmB[A]{1 + KmR/(KmQKir)[Q] (1+[B]/Kib)} + KmA[B](1 + [B]/KI)+ [A][B]

The last arrangement of the equation shows that product Q acts as a dead-end inhibitor by binding to enzyme form F, represented by the term KmB[A], in competition with substrate B.
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product R and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KmA/Kir)[B][R] or

Den = KmB[A] + KmA[B](1 + [B]/KI + [R]/Kir) + [A][B]

The latter equation shows that product R acts as a dead-end inhibitor by binding to the unliganded enzyme E in a manner that is mutually exclusive with substrate inhibition by substrate B.



Appendix 2. Derivation of complete rate equation for Bi Ter Ping Pong Uni-Uni Uni-Bi kinetic mechanism with substrate inhibition by substrate B and rapid equilibrium random release of products Q and R.

The derivation of the rate equation was first performed without substrate inhibition according to the following mechanism.
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Part 1. REFERASS input

Names of species
X1 = E
X2 = EA/FP
X3 = F
X4 = FB/EQR
X5 = EQ
X6 = ER

Constants
K1,2 = k+1[A]
K2,1 = k-1
K2,3 = k+2
K3,2 = k-2[P]
K3,4 = k+3[B]
K4,3 = k-3
K4,5 = k+4
K5,4 = k-4[R]
K4,6 = k+5
K6,4 = k-5[Q]
K5,1 = k+6
K1,5 = k-6[Q]
K6,1 = k+7
K1,6 = k-7[R]
RE 4,5
RE 5,1
RE 4,6
RE 6,1

Part 2. REFERASS output

Distribution equations
[E] = N(E)[E]o/Den
[EA/FP] = N(EA/FP)[E]o/Den
[F] = N(F)[E]o/Den
[FB/EQR] = N(FB/EQR)[E]o/Den
[EQ] = N(EQ)[E]o/Den
[ER] = N(ER)[E]o/Den

v(P) = M(P)[E]o/Den

N(E) = k-1k-2[P] + k+3(k-1 + k+2)[B]

N(EA/FP) = k+1k-2[A][P] + k+1k+3[A][B] + k-2k-3K4K6[P][Q][R]

N(F) = k+1k+2[A] + k-3K4K6(k-1 + k+2)[Q][R]

N(FB/EQR) = k-1k-2K4K6[P][Q][R] + k+3K4K6(k-1 + k+2)[B][Q][R]

N(EQ) = k-1k-2K6[P][Q] + k+3K6(k-1 + k+2)[B][Q]

N(ER) = k-1k-2K7[P][R] + k+3K7(k-1 + k+2)[B][R]

Den = k+1k+2[A] + k-1k-2[P] + k+3(k-1 + k+2)[B] + k+1k-2[A][P]
k+1k+3[A][B] + k-1k-2K6[P][Q] + k+3K6(k-1 + k+2)[B][Q] + k-3K4K6(k-1 + k+2)[Q][R] +  k-1k-2K7[P][R] + k+3K7(k-1 + k+2)[B][R] + k-2K4K6(k-1 + k-3)[P][Q][R] +
k+3K4K6(k-1 + k+2)[B][Q][R]

M(P) = k+1k+2k+3[A][B] – k-1k-2k-3K4K6[P][Q][R]

K7K5 = K4K6
K4 = k-4/k+4
K5 = k-5/k+5
K6 = k-7/k+7
K7 = k-7/k+7

Part 3. Coefficients

CoefA = k+1k+2
CoefP = k-1k-2
CoefB = k+3(k-1 + k+2)
CoefAP = k+1k-2
CoefAB = k+1k+3
CoefPQ = k-1k-2K6
CoefBQ = k+3K6(k-1 + k+2)
CoefQR = k-3K4K6(k-1 + k+2)
CoefPR = k-1k-2K7
CoefBR = k+3K7(k-1 + k+2)
CoefPQR = k-2K4K6(k-1 + k-3)
CoefBQR = k+3K4K6(k-1 + k+2)

Part 4. Kinetic constants

num1 = k+1k+2k+3[E]t
num2 = k-1k-2k-3K4K6[E]t
Keq = num1/num2

Vmaxf = num1/CoefAB = k+2[E]t
Vmaxr = num2/CoefPQR = k-1k-3[E]t/(k-1 + k-3)

KmA = CoefB/CoefAB = (k-1 + k+2)/k+1
KmB = CoefA/CoefAB = k+2/k+3
KmP = CoefQR/CoefPQR = k-3(k-1 + k+2)/[k-2(k-1 + k-3)]
KmQ = CoefPR/CoefPQR = k-1/[K5(k-1 + k-3)]
KmR = CoefPQ/CoefPQR = k-1/[K4(k-1 + k-3)]

Kia = CoefP/CoefAP = k-1/k+1
Kib = CoefQR/CoefBQR = k-3/k+3
Kip = CoefA/CoefAP = k+2/k-2
Kiq = CoefP/CoefPQ = CoefB/CoefBQ = 1/K6 = k+6/k-6  and CoefBR/CoefBQR = K7/(K4K6) =
	1/K5 = k+5/k-5
Kir = CoefP/CoefPR = CoefB/CoefBR = k+7/k-7 and CoefBQ/CoefBQR = 1/K4 = k+4/k-4

Part 5. Haldane relationship

Vmaxf/(VmaxrKeq) = KiaKmB/(KipKmQKir) = KmAKib/(KmPKiqKir) = KiaKmB/(KipKiqKmR)
       = k-2K4K6(k-1 + k-3)/(k+1k+3)
 
Part 6. Complete rate equation

V = (num1[A][B] – num2[P][Q][R])/Den

Den = CoefA[A] + CoefP[P] + CoefB[B] + CoefAP[A][P] + CoefAB[A][B] + CoefPQ[P][Q]
+ CoefBQ[B][Q] + CoefQR[Q][R] + CoefPR[P][R] + CoefBR[B][R] + CoefPQR[P][Q][R] 
+ CoefBQR[B][Q][R]

Multiply numerator and denominator by num2/(CoefABCoefPQR) or, equivalently, num1num2/(num1CoefABCoefPQR) as needed, where num1num2/(num1CoefAB) = Vmaxf/Keq

V = {num1num2[A][B]/(CoefABCoefPQR) –
	num1num2num2[P][Q][R]/(num1CoefABCoefPQR)}/Den =
{VmaxfVmaxr[A][B] – VmaxfVmaxr[P][Q][R]/Keq}/Den

Substitute kinetic constants for coefficients in denominator, as follows:

CoefA: num2CoefA/(CoefABCoefPQR) = KmBVmaxr

CoefB: num2CoefB/(CoefABCoefPQR) = VmaxrKmA

CoefAB: num2CoefAB/(CoefABCoefPQR) = Vmaxr

CoefP: num2CoefP/(CoefABCoefPQR) = VmaxrKiaCoefAP/(CoefAB) = 
	VmaxrKiaCoefA/(KipCoefAB) = VmaxrKiaKmB/Kip

CoefAP: num2CoefAP/(CoefABCoefPQR) = num2CoefA/(KipCoefABCoefPQR) = VmaxrKmB/Kip

CoefPQ: num1num2CoefPQ/(num1CoefABCoefPQR) = VmaxfKmR/Keq

CoefBQ: num2CoefBQ/(CoefABCoefPQR) = num2CoefB/(KiqCoefABCoefPQR) = VmaxrKmA/Kiq

CoefQR: num1num2CoefQR/(num1CoefABCoefPQR) = VmaxfKmP/Keq

CoefPR: num1num2CoefPR/(num1CoefABCoefPQR) = VmaxfKmQ/Keq

CoefBR: num2CoefBR/(CoefABCoefPQR) = VmaxrCoefB/(CoefABKir) = VmaxrKmA/Kir

CoefPQR: num1num2CoefPQR/(num1CoefABCoefPQR) = Vmaxf/Keq

CoefBQR: num1num2CoefBQR/(num1CoefABCoefPQR) = VmaxfCoefQR/(KeqKibCoefPQR) = 
	   VmaxfKmP/(KeqKib)


Den = VmaxrKmB[A] + VmaxrKmA[B] + Vmaxr[A][B] + VmaxrKiaKimB[P]/Kip +
VmaxrKmB[A][P]/Kip + VmaxfKmR[P][Q]/Keq+ VmaxrKmA[B][Q]/Kiq +
VmaxfKmP[Q][R]/Keq + VmaxfKmQ[P][R]/Keq + VmaxrKmA[B][R]/Kir + 
Vmaxf[P]Q][R]/Keq + VmaxfKmP[B][Q][R]/(KeqKib)

Divide numerator and denominator by Vmaxr.
Substitute Haldane relationship:
Vmaxf/(VmaxrKeq) = KiaKmB/(KipKmQKir) = KmAKib/(KmPKiqKir) = KiaKmB/(KipKiqKmR)

V = {Vmaxf[A][B] – Vmaxf[P][Q][R]/Keq}/Den

Den = KmB[A] + KmA[B] + [A][B] + (KiaKmB/Kip)[P] + (Kmb/Kip)[A][P] + 
{KiaKmB/(KipKiq)}[P][Q] + (KmA/Kiq)[B][Q] + {KmAKib/(KiqKir)}[Q][R]  + {KiaKmB/(KipKir)}[P][R] + (KmA/Kir)[B][R] + 
	{KiaKmB/(KipKmQKir)}[P][Q][R] + {KmA/(KiqKir)}[B][Q][R]

To account for substrate inhibition by B, multiply by (1 + [B]/KI) each of the denominator terms that appears in the distribution equation N(E), i.e. KmA[B], (KiaKmB/Kip)[P], and {KiaKmB/(KipKiq)}[P][Q], where KI is the dissociation constant for the binding of B to E.

Part 7. No- and one-product rate equations

For measurements of initial rates when at least one product is absent, the numerator reduces to 
Vmaxf[A][B].

For measurements of initial rates with no products initially present, the rate equation reduces to:

V = Vmax[A][B]/{KmB[A] + KmA[B](1 + [B]/KI) + [A][B]}
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product P and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P] (1 + [B]/KI) + 
	(KmB/Kip)[A][P] 

Grouping the [P] terms gives:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P](1 + [A]/Kia + [B]/KI) or

Den = KmB[A](1 + [P]/Kip) + KmA[B](1 + [B]/KI) + [A][B] + (KiaKmB/Kip)[P](1 + [B]/KI)

The latter arrangement of the equation shows that product P acts in part as a dead-end inhibitor by binding to the enzyme form F, represented in the equation by the term KmB[A], in competition with substrate B. The equation also shows that inhibition by product P and substrate inhibition by substrate B are interdependent, such that substrate inhibition by B reduces the effect of product inhibition by P.
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product Q and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B] (1 + [B]/KI) + [A][B] +  (KmA/Kiq)[B][Q] or

Den = KmB[A] + KmA[B](1 + [B]/KI + [Q]/Kiq)+ [A][B]

The latter arrangement of the equation shows that product Q acts as a dead-end inhibitor by binding to the unliganded enzyme form E, represented by the term KmA[B], in competition with substrate A.
-----------------------------------------------------------------------------------------------------------------
For measurements of initial rates with only product R and substrates present, the denominator reduces to:

Den = KmB[A] + KmA[B](1 + [B]/KI) + [A][B] + (KmA/Kir)[B][R] or

Den = KmB[A] + KmA[B](1 + [B]/KI + [R]/Kir) + [A][B]

The latter arrangement of the equation shows that product R acts as a dead-end inhibitor by binding to the unliganded enzyme form E in competition with substrate A.













image1.emf
E + A

k

+1

[A]

(EA         FP)

k

-1

k

-2

[P]

k

+2

F+ P

k

+3

[B]

k

-3

(EQR         FB)

k

+4

k

-4

[Q]

ER + Q

k

+5

k

-5

[R]

k

+6

[B]

k

-6

EB


image2.emf
E + A

k

+1

[A]

(EA         FP)

k

-1

k

-2

[P]

k

+2

F+ P

k

+3

[B]

k

-3

(EQR         FB)

k

+4

k

-4

[R]

EQ + R

k

+6

k

-6

[Q]

ER

+

Q

k

+5

k

-5

[Q]

k

+7

k

-7

[R]


