Mass Action Reactions

Reaction Description or Expansion
) —x Creation (introduction)
X—0 Annihilation (removal)

P1A1 +pohAs+ -+ — q1By + 9By + - - -

Standard mass action with
stoichiometry

A—B
B— A

p1A1+p2A2+"‘:q1B1+q2B2+"'

p1A1_|_..._)q1B1+...
q1B1+..._>p1Aq+...

Representation of A+ X 2 A X 2 B+X

(A +X — AX
AX—>A+X
AX—>B+X
[B+X — AX

Representation of A+ X 2 AX Z2ZBX=B+X

A=B

A+X—AX
AX—A+X
AX —BX
B.X — AX
BX —B+X
| B+ X — BX

Typical Cascades

Ay — Ay —> Ag- -

(A, — A,
Ay — As

A, = A
A, = A;

A=A, 2 Ay

{X1.X2.. }
A2 A=A,




Michaelis-Menten-Henri Style Reactions

Syntax {A = B,MM[K,v]} or {A == B,MM[K, v]}

v[A]
A — B B] = = —[a]
B = g =
Al|X
A % B [B]/: V[ H ] — _[A]/
K + [A]
A B
A <—— B [B]/— VA[ ] . VB[ ] _ —[A]/
Ko +[A] Kg+[B
AllX B||Y
N B = va[Al[X]  ve[B][Y] _ i
¥ Ko+ [A]  Kg+[B]
Syntax {A —> B,MM[ky, ko, ks]} or {A == B, MM[k;,k,, ks]}
ki [A]
A — B Bl = ————— = —[A/
[ ] k2;k3 + [A] [ ]
x ks [A][X]
A= B B = ———— = —[A]
[ ] kz}:k3 + [A] [ ]
Cascades
(Al > A2
A1:A2:A3: A2:>A3
——
X (Al —— A2
A1:>A2:>A3:> AQ%A;:,
L :
( X1
{X1,X2,...} Al T2> A2
A1:>A2:>A3:>"‘ A2:>A3
\




Regulatory Hill Functions

Syntax {A — B,hill[v,n,K,b,

7]}

A—B

B =

v(b + T[A])"

K + (b + T[A])®

and [A]' =0

Syntax {A; + A, +--- + B,hi

11[v,n,K, b, {Ty, To,. ..

H}

Ay +Ay+---—Bor
{Ay, Ay, As,... } = Bor
A, —B
A, — B
A; — B

[B) =

(A1) = [A] = -

V(b + Ty[As] + To[Ag] + -+ )
K2 + (b + Ty[Ay] + To[Ag] + -+ )»

=0

Catalytic Hill Functions

Syntax {A 5 B,hill[v,n,K,b,

T]}

AN B

B =

v[X](b + T[A])"

=[]

K+ (b + T[A])®

Syntax {A; + Ay + -+ — B,hi

11[v,n,K, b, {T1, To, . ..

H}

A+ Ay + - 5 Bor
(A Ap A5, Y S Bor
A S B
A, 5B
As 5 B

[B) =

A = ) = =

v[X](b 4 Ty[Ay] 4 To[A] 4 -+ )"
K2 + (b + Ty[Ay] + To[Ag] + -+ )®

—[Bf




Logistic Rate Functions

Syntax {A — B, GRN[v, 5, n,h|}

\%
/
[B] —+ e_h_ﬁ[A}n

A—B - 1
[A]'=0

Syntax {A; + Ay + -+ — B,GRN[v, {1, Ba, ... }, {n1,ns,... }, 1]}

A1+A2+“"—>B0r

Ay Ay,...}—Bor ) v
| b B } B = I o amp R
1

A, — B

(A =[a] =---=0

S-System Rate Functions
(Synergistic Systems)

Syntax {A — B, SSystem[r,K, ,K_,c,,c_|}

A—B

Syntax {A; + Ay + - - - — B, SSysten|T,K,K_,{p1,p2,--- },{my,my, ... }|}

A1+A2+“"—>BOI'

{A,A;,...} = Bor B) = Ky [Aq]P[Ag]P2 - - — K [Aq]™[Ag]™ - -
A, — B T
B M) = A = =0




(Non-Hierarchical Cooperative Activation)

NHCA Rate Function

Syntax {A — B,NHCA[v, {a, },n,m, k]| }

A—B

o VO T AT
(1 + alA) + k(1 + A[A)"
A =0

Syntax {A; + Ay + - -
SyntaX {Al —+ A2 4+ .-

+— B,NHCA[v, {{a4, f1}, {aa, 2}, ... },n,mk|}

A1+A2+""—>BOI'
{Ai,AQ,"'}|—>BOr

Ay B
Ay B

_ vII;( A+ ayAg]™)"
[1;(2 + ay[A])» + k[T, (1 + B;[B;]™)

B

(A =[a] =---=0

Syntax {A — B,NHCA[v,T,n,m, k|}

Syntax {A; + Ay + - -+

— B,NHCA[V, {Ti,Tg, . }, {nl,ng, Ce },IIl7 k]}

v(1 + TU(T)[A]")"

— B, NHCA[v, {{av, 51}, {2, 5o}, ...}, {n1,ng, ... },m k| }

A B ﬁ/ T (1 + TUT)[A]P)® + k(1 + TU(—T)[A])m
Al =0
Ay +Ay+---—=Bor
{Ay,A,,...} —»Bor , v (1 + TU(T)[A ™)
Ay B B = [T;(2 + TyU(=Ts)[A5]%)" + R [T (1 + Ty (=T;)[A]%)"
s SRR




MWC/GWMC Rate Function
(Generalized Monod-Wyman-Changeaux)

Syntax {A = B, MWC[Kcat, 1, , £, K] }

a(l+ o) T+ cla(l + ca)* ! [A
where o = —
(1+a) +la(l + ca)® K

[ia—

X [B)' = Keat [ X]

s(1+s)* T+ cLs(l+cs)*?

(1+s)*+Ls(1+cs)®

) with L = Gj_;)ng O CI R I

A = [

[B]/ = Keat [X]

_K7l:E7a:K_A

Syntax {{S;,S5,...} = {P1,Ps,... },MWC[{ky, ks ... },n, c,0,K]}
{{A1,As,... },{11,I2,... }}

[T.(1+a)" Hj(l +85)" L sk + €] (css) Hj(l + sy (1 + k)"

P, = kq[X
P = ][ LG T ey LA e L 5
S, A I;
where s, = —2 q; = —% §; = —=
/ Ks, / Ky, / Ki,
Syntax { {S1,Ss,...} 2 {P,,P,,...}  MWC[{ky, ks, ... },n,c, (K]}
{{A17A27'“}7{]:17127"'}}7{{(:/117(:/127"'}{0/2170/227"‘} 7777 {Al117Al127"'}7"'}
here Cj1, Cjs, ... are competitive inhibitors of S;, A;;, Al,, ... are competitive activators of A;
Py — ILA+ai+a@) TI;(1+ s +5)" 1L, sm + LTi(csi) [T,(1+ cs; + ;)" " + T, (1 +in)®
v [LA+a+ @) T1;(1+s;)" + LT (L + es; + c57)» 7 + [, (1 + i)
53] Al L] [Cidl (A
here 5. — il o AL Wl jal o Yl
where §; K, a; K’ tj K Sj Zq Ks, ' a; Zq Kqu




Rational Function Rate Law

{{{A17A27 ce }7 {Bla B2a te }} =X
rationall{ao,...},{bo,... },{p1, -}, {a1,.-- }}
X/ = 20 + as[A P+ ap[AnfP -
bo + by [B1]% + by[By]® + - - -
[M] =[As) =---=[B:] =[Bo) =--- =0

User-Defined Stoichiometric Rate Laws

Syntax {p;A; + poAs + -+ = q1By + qoBa + - -+ ,£[A4[t], Ao[t], ..., B4[t],Baft], ... ]}
[Xi]" = (qi — pi)f[A1[t], Asft], ..., By[t],...]

User-Defined Regulatory Rate Laws

{A +— B,name[r,T,n, h, f|} [B]' = rf(h + T[A]?)
A1+A2+""—>BOI'
{Ai,AQ,...}'—)BOr

Ay —B [B]) = rf(h + Ty[Aq]™ + To[Ax]®2 + - +)
A, — B

Flux-Only Reactions

{piXs +pXo+ - > qa¥o + Vo + -,
Flux[lower bounds , variable name, upper bounds, value, objective coefficient]}

() 2012. Creative Commons Attribution Non-commercial Share Alike 3.0 Unported License
terms apply. For more detail see http://creativecommons.org/licenses/by-nc-sa/3.0/

This document was last revised on August 31, 2012.



