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Fig.1 A baisc signaling network with shared components.
The network consists of three pathways, X, Y and Z. Each
pathway has three components; component X, Y, Z, are
respectively input signal, or is activated in manner that is
strictly proportional to the input signal, component X, is
shared by three pathways; component x, vy, 2z, are

respectively output signal. The parameters a, b, ¢; (i=1,2)

d), d,

2

b

. . x
are activation rate constants, and d,, d 5

. are

deactivation, or decay, rate constants

155 xo(0)~ yo®) A 2o() BT > AEL73 3 28 Fh AH [ (1 3
i x, L, 19 2A F BB A S @)y M
zo(t)e 5 SCHRE T L SABL,  FRATT ] Ao A vHE 1) 0T =
fEH  (mass action) JREIECK K 52 (Michelis-
Menton equations), HNZAF 54 SR VY 3))
J1EETT R e AEARSCPT e L RLURI LR B A 1 7 2
M, TR CREIREEY, ADRRIEL E ]

IR, %%ﬁ Ao BERTI ¢ B LR,
LA0] =V FViytVi=V,
dt

dXZ(t) :V3x_ V4x
t

d
dy,(t
GOV,

diizl(t) = V3z_ V4z

HAV =a(t), Viy=b1yo(t), Vi=cizo(t), Vi=dix(t),
Vimas (), Visda),  Vambwi(t),  Vasdyyi(t),
V= (1), Vi=d,s(t)e EEWHIKE @), x0),
1), () B ST TR) PRI AR A4 30 S5 T 703X — I i) 9 3R 1511
IR EMIURINE . an by o) RN FHIHE
W an by o RETEN BRI REL, d.
do . R NFERR A B, 3T
H Ry T R4
AQ%Fl:aﬂ&ﬂ+bﬁdﬂ+€@&0—dﬂ(ﬂ

D) 1) d et

S ,. (1
%Zb 2(1)=d (1)

%=cle(t)—d;zz(t)

1.2 B MAPK R EX # Scaffold &8 Ste5 715
HIESHSIERAEE

MAPK & VF 2 4l 5 5 % 5 30 2% 1) 3 52 v []
g, BRI MMV 2 E A A S — R
MAPK 5, K 40 i A Al 2 22 4 i A Y
S AN MU e . b AL IR T A R AE R
Noo LEEERES. cerevisiae W, [F]—ZK[1 Stell &5
A MAPK i@ (il 2A) . XFNAE L&
(pheromone) Hll ¥, Stell. Ste7 Fl scaffold £ [
Ste5 45 &, WO Fus3 TAFEATHC I B 6 W 3E F= 1)
(nutrient) F¥, Stell Al Ste7 454, WG Kssl if
BEANRAEK; NNBIEERT (stress) AL,
Stell Al Pbs2 45 %, ¥ih Hogl ¥ H il = 4=
MAPK & 42 [ FE MR 0% & SRS B 2 Horh,
Ji7 7 scaffold &5 [ Ste5 #INAFEIE MR 5 M4 1%
— DT AL T AR IR, 0 AR B 2 R,
Ste5 ¥ iGN E A4 Stell. Ste7. Fus3 [ 55,
TENTRNE TR IE @ (8 2B); UEFRY
N J7 3@ A2 BrE (P I, SteS 1] L5 AH M. (19 8 (1
MR EEY, R RSN EEW5R%
B IR 1At 2 A5 5 A Z (K] 20,
J T I # scaffold 25 (A RIS EHLE], BoEfE B
FANHM A BB X e, E IR AR
BRI Y B, VBIE R A
1N Z ik . H x, oK Fus3, ‘& H BERE 1 Scaf-
fold H2F Ste5. _LEJF I HIC Ste7 M Stell Ky &2
Y Gl oy, “HEAE X M Y S vy,



4 W

() Starvation

Pheromone Stress

Step11
A/ -
AN
R

‘ Fus3 ‘ ‘ Kssl ‘ ‘ Hogl ‘
v
v
Mating Invasive Glycerol
growth production
(B)
Pheromone
pos
©) Starvation

\ Stress

- Pbs2
“a
Invasive Glycerol
growth production

Fig.2 (A) Shared MAPK cascade components signal to
three distinct endpoints; (B),(C) Models for how the Ste5

scaffold protein may promote signaling specificity
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THE QUANTITATIVE ANALYSIS OF SPECIFICITY IN SCAFFOLD-MEDIATED
CELL SIGNALING

ZOU Xiu-fen', XU Zhi-giang', PAN Zi-shu?
(1. College of Mathematics and Statistics, Wuhan University, Wuhan 430072, China;
2. College of Life Science, Wuhan University, Wuhan 430072, China)

Abstract: Cells use only a relatively limited number of component proteins to transmit a plethora of
signals. Accordingly pathways that transduce distinct signals can share protein components. An important
yet poorly understood problem in cell and developmental biology is how these component proteins
selectively perceive different signaling pathways to transmit different stimuli with “high fidelity” so that
distinct signals produce specific cellular response. Current data indicate that scaffold proteins play key
roles in the maintenance of specificity and fidelity, hence, based on experimental data, the mathematical
models of the yeast mating, invasive growth and stress-responsive MAPK cascades for
scaffolding-mediated were developed. Literature (Komarova NL, Zou XF, Nie Q, Bardwell L. A
theoretical framework for specificity in cell signaling, Molecular Systems Biology, 2005, doi:
10.1038/msb4100031: EI-E5) was extended to include multipathways, and the precise mathematical
definition of “specificity” and “fidelity” was proposed. The authors calculated the analytic solutions
of MAPK cascade networks and used these results to quantitatively analyze the relationship between
“specificity” ,  “fidelity” and kinetic parameters in signaling pathways. It may help to understand cell
signaling mechanisms and regulatory processes, and provide a rationale for revealing mechanisms of
diseases caused by abnormalities of signal transduction, and novel tools for the prevention and treatment
of disease.
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