List of Common Rate Laws

Abbreviations are given at the end of this appendix.
Mass-Action Rate Laws

2. Irreversible Mass-action (1.8)

v=k1_[Si"i
i

3. Reversible Mass-action (1.10)

v:k1 l_ISini —kzl_[Pimi

4. Modified Reversible Mass-action (1.19)

) r
v =k11_[Sinl (1_ Keq)
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Non-Mechanistic Approximations

5. Single Substrate Linear Model 8.1

v
aSO

6. Linear Model Using Elasticities (8.5)

V=10, + (S —3S)

Z M
i e

7. Power Law (8.6)

8. Lin-Log Model (8.7)
e Si
= — 11 Voo [ 22
v Vo [eo]( +ZZ<9SI_ H(Slo))

Single Substrate Michaelis-Menten

10. Briggs-Haldane (3.5)

Vfa

4«
11. Reversible Michaelis-Menten (3.19)

_Vfa—Vrn
4o+
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12. Reversible Michaelis-Menten with Haldane Substitution (3.23)
_ Via(l—p)
l+a+n
13. Michaelis-Menten with Product Inhibition (4.5)
V.
= Sr
l+a+7w
14. Membrane Transport Carrier Model: Iso Uni-Uni

v — Vra(l —p)
l+a+ 7+ aP/K;j

Inhibition Rate Laws

16. Irreversible Competitive Inhibition (4.3)
B Via
S l4a+

17. Reversible Competitive Inhibition (4.4)

B Via —Vim
v l+a+4+m+1
18. Irreversible Uncompetitive Inhibition (4.9)
. Via
T ltald+o
19. Reversible Uncompetitive Inhibition (4.10)
Via —Vim
v =
1+ (a@+m)(1+10)




282 APPENDIX B. LIST OF COMMON RATE LAWS

20. Irreversible Noncompetitive Inhibition (4.13)

Via
V= ——————
14+a)(1+y
21. Reversible Noncompetitive Inhibition (4.14)

vV =
I4+a+m)(1+0)

22. Irreversible Mixed Inhibition (4.11)

Vfa
V=
A+ 4+a(l+ fo)
23. Reversible Mixed Inhibition

B Via —Vim
T UF 0+ @rn+fo

24. Irreversible Mixed Partial Inhibition (4.1)

Cooperative and Allosteric Rate Laws
16. Hill Equation using Dissociation constant, K ; (6.3)

_ Vypsh
Ky + Sh
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17.

18.

19.

20.

21.

22,

23.

Hill Equation using Half Maximal activity, K (6.4)

VSt

V= ————
Kl + Sh

Adair Equation for a Dimer (6.13)

v K1S + 2K K>S?
vV =
20 + K1S + K1 K252)

Adair Equation for a Trimer

v K1S +2K1K>S? + 3K K7 K383
vV =
T30+ KiS + K1 K252 + K1K2K353)

MWC Cooperative Model (6.14)

. a(l+a)" !
IREATET )

Allosteric MWC Model with Inhibitor, ¢ (7.2)

v a(l4+a)"!
vV =
A +a)y"+L(1+0)"

Allosteric MWC Model with Activator, u (7.3)

a(l+a)" !

v=Vr

Simplified Reversible MWC Model (6.20)

B Vfoz(l—,o)(l—i—oz—i—yr)"_1
v L+0+a+m)"
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24.

25.

26.

27.

25.

Simplified Reversible MWC Model with inhibitor ¢

_Vre(—p) (I +et+m)"!
LA+t + (1 +a+ )
Reversible Hill Equation (6.6)

L Ve (—p) @+m)"!
1+ (o + )"
Reversible Hill with One Modifier, . (7.7)

e (d—p) (o 4 )1
1+/Lh
1 +ouh

+(@+m)

M acts as an inhibitor when o < 1 and an activator when o > 1.

Reversible Hill with Two Modifiers, 1., and uj (7.8)

L Ve —p@+m)"!
B D

1+ ph 1+ pd
D =(oz+71)h+ 'ulh Mzh
I+ oy I+ ozu;

o1 and o, represent the factors that determine whether 1 and puy are
activators or inhibitors (See above). This equation assumes that both
modifiers bind independently.

Two Substrate Rate Laws

Random Order Bi-Uni Rate Law (8.10)

_ Viaraz (1 —p)
I+ o1 +ax + ooz + my
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26.

27.

28.

29.

30.

Random Order Uni-Bi Rate Law (8.11)

b= Vra (1 — p)
l+a+m +mimy + 12

Alberty Two Substrate Irreversible (5.3)

VrS$1Ss
vV =
Ks2S81 + Kg152 + 8152 + Kis, Ks2

Random Order Bi-Bi Rate Law (8.9)

b Vi araz (1 —p)
(1 +ay +m2) (1 +az + 71)

Ordered Bi-Uni Rate Law

b Veajaz (1 - p)
14+a1 +a2 +oja2 + a1 + mp

Ordered Bi-Bi Rate Law (5.1)

B Vi AB (1 —p)
v D
where

KyK,AP  KpKigP
D=K;4Kp + KyA+ KB + AB + —274 bKia PO

KpKig KpKig
KpK;a BPQ ABP+KaBQ KyKpKia P KpKia O
KpKigKip Kip Kiq KpKiq Kiq
(B.1)

Generalized Rate Laws



286 APPENDIX B. LIST OF COMMON RATE LAWS

1. Bi-Bi Enzyme with Cooperativity (8.13)

r _ _
Veaon (1 - ) (@1 + 7)™ (a2 + m)" !
Keq

v (1+ (a1 + m)") (14 (a2 + m2)")

2. Uni-Bi Enzyme with Cooperativity (8.15)

Via (1 — K%q) (o + er)h_1
vV =
1+ (@+m)"+ @+ p)" + (@ + 7p)" —2a"

3. Bi-Uni Enzyme with Cooperativity (8.16)

ViaB (1 — KLM) (B + Jr)h_1
' l+@+0)"+B+0)"+ @B + )t —2xh

4. Common Modular (8.19)

nj __r
v=Vf nai (1 Keq)
L (14 a)™ + 11, A + )" —1
5. Direct Binding (8.20)

]‘[a;’i (1 o KC:/)

v="Vr . .
1—1—]_[0(;'"’ —i—]_[nihn’

Gene Expression
30. Gene Expression Activation (9.16)

Vst
Ky + Sh
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31.

32.

33.

34.

35.

36.

37.

Gene Expression Inhibition (9.17)
V.
b V1
Ks + Sh

In all the following examples, cooperativity can be included by raising
the species with an appropriate Hill coefficient.

Gene Expression AND Function (9.8)

v KiK>A-B
V=
TT+ KiA+ K2B + K1K2A - B

Gene Expression AND Function with Cooperativity (2 = 4)

v Ki1K,A* - B*
vV =
TT+ K A* + K, B* + K1 K, A% - B

Gene Expression OR Function (9.6)

v Ki A+ K> B
V=
'TYK A+ K, B

Gene Expression NOR Function (9.9)

1
—V
U T YK AX KuB + KaA-B

Gene Expression NAND Function (9.10)

v 1+ Ki1A+ KB
V=
1Y KA+ K2B + K3A-B

Gene Expression XOR Function (9.11)

y KA+ K>B
vV =
T KA+ K2B + K3A-B
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38. Gene Expression EQ Function (9.12)

v 1+ K,A- B
vV =
TT¥KiA+ K2B + K34+ B

39. Counter Regulation (Non-Competitive Model (9.13))

y K A
vV =
TTYKiA+ K2R+ K3A-R

where A is the activator and R the repressor.

40. Counter Regulation (Competitive Model (9.14))

, KA
vV =
TTY KA+ K2R+ K34 -R

where A is the activator and R the repressor.
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Abbreviations for Appendix B:

Substrate i concentration

Product i concentration

Inhibitor concentration

Activator concentration

Modifier concentration

Modifier x concentration

Effect of M, if M < 1: Inhibitor; M > 1: Activator
Forward V4

Reverse Viax

Equilibrium constant

Mass-action ratio

Rate constant

Concentration of substrate at half-maximal velocity
Concentration of product at half-maximal velocity
Concentration of modifier at half-maximal velocity
Dissociation constant

Microscopic association constant

Abbreviation for S/Kg

Abbreviation for P/ Kp

Abbreviation for /Ky

Abbreviation for M/ Ky

Abbreviation for P/S

Abbreviation for I'/ Kg4

Modifier action in reversible Hill equation
Elasticity of rate, v, with respect to species S
Stoichiometric amounts

Hill coefficient

Number of binding sites

Allosteric constant

Reference reaction rate for approximate rate laws
Reference concentration for approximate rate laws
Reference enzyme activity for approximate rate laws




