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Discrete Stochastic Mammalian Model

This model is the discrete stochastic version of the model in [1], which, in turn, is constructed from Leloup
and Goldbeter’s [2] 16-state mammalian model. In Tables 1 and 2, we list the reactions involved in a single
cell. To convert molar concentrations in the deterministic model to populations (number of each chemical
species) requires converting the concentration to units of molecules per liter then multiplying by a cell volume
V. The scaling constant € is given by

Q) = N4 [molecules/liter] x V' [liters] (1)
where Avogadro’s number Ny = 6.022 x 1023, For = 600 used in this model
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Solving for V' gives a volume of V = 1.7e~15 liters.

Due to the small grid size currently feasible in a reasonable simulation run time, the coupling topology
was changed from the 1/r distance weighting used in [1], to a mean-field coupling. This eliminates grid
boundary effects that may skew results if the 1/r coupling were used in such a small grid. The VIP coupling
(see Fig. 1 in [1]) is given in the algebraic equations 3 - 9. See [1] for the values of the constants used in this
model.
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«v; is the VIP observed by cell 7 due to cell j and oy  is the reciprocal of the distance between cells 7 and j.
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Table 1: Reactions 1 — 27 in 17 state model based on 16 state Leloup & Goldbeter model with added CREB

equation
Reaction Probability of reaction Transitions
BT

1 Mp— w1 = (VP G BT Mp—Mp —1
2 Mp—> wgzl{)dmpMp Mp—>MP—1
4 Mc— wi = (Vo) ma T iIs Mc—Mc —1
5 Mgc— ws = kgmeMc Mc—Mc -1
6 G—>G+MB U)GZ(VSBQ)% MB—>MB+1
7 MB—> Wy = (Vmbg)mméwﬁ MB—)MB -1
8 MB—> wgzkdmbMB MB—>MB—1
9 Mp — Po wWg = kspMp Pec—Po+1
10 Pc — Pop wio = (VirQ) eorps Pc—Pc — 1, Pcp—Pep +1
].]. PCP_>PC w11 = (VQPQ)(KM)I;% PC_>PC+]-,PCP_)PCP_1
12 PCec—Pe+ Ce wis = ksPCo Po—Po+1,Cc—Ce +1

13 Po+Cc—PCec wiz = (%)Pccc Po—Po —1,Cc—Ce — 1
PCc—PCc +1

14 PCH W14 = kanC PCHPC -1

15 MC — CC W15 = ksCMC CC%CC +1

16 Co — Ccop Wi = (Vlcﬁ)(l(pgﬁ Co—Ce —1,Cop—Cep +1

17 Cep — Co Wiy = (%CQ)M;% Co—Ceo+1,Cop—Cecp — 1

18 Ceo— wig = kancCc Cc—Ceo -1

19 Pep — wig = (varc) mnteey  Pop—Pep —1

20 Pop— wao = kanPcp Pep—FPep —1

21 Ccp — war = (ace) atoes  Cop—Ceop —1

22 Ccp— wa2 = kanCcp Cop—Ccp —1

PCc—PCe—1

23 PCec — PCcop  was = (vlpcgz)mpg)% PCc—PCc —1,PCop—PCcp +1

24 PCcp — PCc  wau = (VareQ) groy fhoey  PCo—PCc+1,PCop—PCep — 1
25 PCNn—PCgo wos = ko PC' iy PCeo—PCec+1,PCyn—PCxN —1
26 PCec—PCyN wog = k1 PCe PCe—PCe—1,PCn—PCxN +1
27 PCC—> w27=/€anCc PCC—>PCC—1



Table 2: Reactions 28 — 53 in 17 state model based on 16 state Leloup & Goldbeter model with added CREB

CBr ) K;+CB*

equation
Reaction Probability of reaction Transition

PCn

28 PCyx — PCpNp WQSZ(%PCQ)(KPQ% PCny—PCyn —1,PCnp—PCpnp +1

29 PCyp — PCN  wog = (VZLPCQ)(IQ:;)C% PCy—PCN +1,PCnp—PCnp — 1

30 PCy + By—In w3 = (2)PCnBy PCNy—PCy —1,By—By — 1
In—In +1

31 INn—PCyN + By w31 = ksln PCNn—PCNn+1,By—By +1
In—Iny—1

32 PCN—> w32=k‘anCN PCN—>PCN—1

33 PCcp — w3z = (VchcQ)(Kdg)C% PCop—PCcp—1

34 PCCP—> w34:k:anCcp PCCPHPCCp—l

35 PCnp — w35 = (VdPCNQ)(Kdg)C% PCnp—PCnp —1

36 PCNP—> ’u)36:kanCNp PCNP—>PCNP—1

37 MB —>BC w37:kSBMB BC—>BC+1

38 Bec — Bep w3g = (Vwm@ﬁ Bc—B¢ —1,Bep—Bep +1

39 Bep — Be wso = (V26 (g0 2 mer Be—Bc + 1, Bep—Bep — 1

40 Bc— By wyo = ks Bc Bec—Bc—1,By—By +1

41 BN—>BC Wy41 = kﬁBN BC_)BC + 1, BNHBN -1

42 Bc—> Wy2 = kdnBC Bc—>BC -1

43 Bep — wiz = (Vape Q) 6507 Bep—Bep —1

44 Bop— waq = kanBop Bop—Bcp — 1

45 By — Bnp Wys = (V?,BQ)(KP;E;% By—Bny —1,Byp—DByp +1

46 Byp — By Wae = (VZLBQ)(K@?]% By—Bn +1Byp—Byp — 1

47 BN—> Wy7 = kdnBN BN—>BN -1

43 Byp — wyg = (VdBNQ)(Kdg)% Byp—Bnyp —1

49 Byp— w49 = kanBnp Byp—Bnyp —1

50 IN—> w50:(Vd1NQ)(KdSI)% IN—>IN—1

51 IN—> Ws1 = kanN INHIN -1

52 CB*— Wro = Q(CV§T) [(%)Klf@q%}*)] CB*—(CB* +1

53 CB*— wsy = Q&) L CB*—CB* —1




Additional Drosophila Model Coupling Mechanisms
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(a) Coupling Mechanism: tim mRNA
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(b) Coupling Mechanism: Cytoplasmic PER:TIM
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(¢) Coupling Mechanism: Nuclear PER:TIM
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Figure 1: The pIPRC (black dotted line) and signal trace (gray solid line) for coupling mechanisms which up-
regulate tim mRNA degradation. The synchronizing factor is up-regulated by (a) tim mRNA, (b) cytoplasmic
PER:TIM, and (c¢) nuclear PER:TIM. All curves are relative to the nominal maximal rate of tim mRNA
degradation.
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(a) Coupling Mechanism: Cytoplasmic PER
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(b) Coupling Mechanism: Cytoplasmic dCLK
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(¢) Coupling Mechanism: Cytoplasmic dCLK-CYC

Figure 2: The pIPRC (black dotted line) and signal trace (gray solid line) for coupling mechanisms that
up-regulate dClk mRNA degradation. The synchronizing factor is up-regulated by cytoplasmic (a) PER, (b)
dCLK, and (¢) dCLK:CYC. All curves are relative to the nominal maximal rate of dClk mRNA degradation.



