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Dynamical Size Effect in Mesoscopic Chemical Reaction Systems
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Abstract The effect of internal noise on mesoscopic chemical dynamics is studied using stochastic simulation and
chemical Langevin equations, with special focus on surface catalytic systems and life systems. It is found that internal
noise can induce chemical oscillations, in a parameter region subthreshold to deterministic oscillatory dynamics.
Specifically, the strength of the noise induced oscillation undergoes one or multiple maxima with the variation of the
system size or number of total molecules, and the maximum values can be considerably enhanced when the dynamical
elements are coupled together. Such phenomena demonstrate a possible new mechanism of size effect in mesoscopic

chemical systems.
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Fig.1  Bifurcation diagram of the Brusselator system. The
curves give the maximum and minimum values of x, s, = 1.0,

y,=2.0, a,=1.0
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Table 1 Stochastic reaction steps and corresponding rates in the synthetic gene network

reaction steps

description

reaction rates

DI—=D' +X The expression of ¢l gene to generate CI v e Vek M 1 v
L=ay V= k o My . .
protein. X denotes the CI Protein, X, and (4o 4 o) (144"
2
D'X,~D'X; + X X;X; are the corresponding dimer and Wy=ay-Vs=1Fk M- a T ] SR .V
+ %%+ ox y
tetramer, respectively. D' is the promoter of .

1 ! ; Ws=ay+V=1k- M- i 4
D'X;X,~D'X, X, + X plasmid 1 (14 2% + ax*)(1 + %)
X— Ddegradation of the CI protein Wy=a4*Vebk,+xV=Fk X
P—-D+Y The expression of lac gene to generate Lac Ws=as-Vek M- 1 .y

= = K 1+ 2 T ry
protein. Y denotes Lac protein, D? is the (a4 o)1+ 59
2
DPX,—~D*X, + Y promoter of plasmid 2 We=a¢V=1Fk: M- 1+ 4+ :xl,)(l + 79 -V
y
4
W, =a,-Vazkh M adx v

DZX2XQ"DZXZXZ +Y

O+ 2 +0)(1 + )

Bio ZER 4(b) B4 H T SNR-V & BERH S

B E M BEE B S8 Hopf 42 AU
T, SNR B A 8 MR A, T R BB 60 5% 4 18 10 0B/ B
F B M S R AR S R X AT, B
ERRREMMN, B BRI K, RE R
B K000 4 78 9 B AR, SR 89 KK o

ARERM SRR DR E RPN FE, T
Bk 2 AT P 50 7 1 T Ak TR AR T sk g A o
ABEMER, T E, AREFAERREBEERIK
HWEE, MRE—C&HET, RS A4
RHITH, EEBRESTULERNSHBENRE;

Y- Degradation of the Lac protein We=ag-V=tk-y-V=1k Y
other parameters are: k, = 2.625, M; = 50, M, = 1, a =11, 0 = 2
HP x My 5800 CIH Lac BEAMEE, V AIE R 32
BB, 0., 1T 1 SR H, £ (o) 0520 1 (2.8) R BF 28 |
IR R . EAT ARERER, RS v P
o JUFHE(3.7) MR T R W E 30 HETH. 5 22
WL NEHEE WK k, =0.0038 & k, = 2 st
©0.1778 B 4- B 5 A WS RV UCN R BY Hopf 5281, 7 4}
MEZERBERRSE K, X T BF5 A K E R ot
BELRATE k, > k,, 3 FIBEALEE AL, o leap 7 CLE J7
BT B RMBENS 2T, SHBERTH sof Sy
R RITERRT IR H TR . XX LB AL . BEavie
W AT HAET R AT, 3 R FIE 2 o2 LW SVR, 40 ZEron
RAHFT LR R IR B R {5t SNR B R F g 35 D
BV AL, I 4(a) B . BB P R BT LU S 30}
B IMEND ST EBATHEY —BMER. T 23
TERRB V ~ 10° Bl , SNR 35 3180 8 MR K 1H, £ 9 20
R T RBESEIR R, th 2 — i e 75 B HLSE R K i S . S |

B4 QEREERGMEMAFRIEERRE vRE
Ak (it A 45 ) 5 (b) SNR-V i 48 BE 355 ) 2 B 10 28 b i 1Y
Fig.4 (a)The dependence of SNR (in logarithmic scale) on
the system size in the synthetic gene oscillatory network; (b)

Dependence of the SNR-V curve on the control pa.rameter[m

M A B, ABKRTE PR B3 T 2 B F 4 4
APRGWRBREE. AT H. BRORELT—
TE B B R ME R, B RIR G B M X —#E, FATRE
Br T EwERE B REWTE T H—FogFHEN
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AR R TAE— T RIERE.
3.3 REELER S8 RE SR>
EREEAIESD AMMEZE ERMB T X
BRI FRle, FLEREG FERRLF
R R B R 7 B R R T AR LA R A K
RTREABCIBPHEZAT RUERRHAR.
RMARXTEH KRB FRE COELEIIES,
PO K T Xk S R AR R . BT T P R Y KD
ERYGE TYOROR T R ER, B i K03 % 4% 5 7
POBKTE TR B R KB S R E R B TR T K /NI
WMo RIMNFIRER, R T RN T RAEER , X
NEREGHRESEBRAE, RUKXERPE
FER MR . RATWLRERE BB THRAR
R A% 7 P A YRR BE 20 RE B — R BT BL R & RAL2E R
BRItk R A RE 5 TR EMERESH N ETHHEE
ERM%ER .

EYIARBFRE CO WEAR N IRHIE LH
(Langmuir-Hinshelwood ) HL 3 , 1 ¥ CO f1 0, ## T
WM CO BRI RM S H CO R FMORTFZME
BN RMEN O R FHERTRENY B AT
W, ERORETUHBEMESR CO BT N
RELMHEHNORFH N, URERTRE LR
MHE O JEFH No- KRR, WIE LH XL, &
RN ERENFE Y R P8 0K R AR
MM ERINR 2R, HF, 2 = Nof N,y =
No/Ns B z = No I Ny 5F BRI 3 Rl BN L 89 B
NEEE; N, EPMBETHFRERTFHRE, 28
w = Po(Py + 8sPy) ' RIETH FHEEEMAHE
BE,PF P, 2510 COFO, HEMBE, AXIL
FREARRABYEZAY, FS R XHEK25].

BER 2PN BERERE, J LIRS

F2 Pd KR FRE CO MR P RS R 7 )

Table 2 Reaction steps and rates for CO catalytic oxidation on the surface of Pd nanoparticles

[25]

stochastic reaction steps description reaction rates

Nep =~ Neo +1 CO adsorption Wi = ayNg = ky Peo(l - % - y)Ns

Neo = Ngp -1 CO desorption W, = a3 Ns = kyexp(e, x)zNg

No— Ny +2 0, decomposition and adsorption Wy = a3Ng = ky Poexp(- az)(1 - x - ¥)*Ng/2
(Neos Ng) > (Ngo -1, Ng = 1) production of CO, W, = a4Ns = kgexp( - pw)xyNg

(No, No* )= (No -1, No~ +1) O diffusion to the sublayer Ws = asNg = ksexp(eqx)y(1l - 2) Ny

(Nos No* )+ (Ng + 1, No» - 1) 0" diffusion to the surface. We = agNs = k(1 - y)zNg

parameters are: T =503K, ¢ =10, 8=10, & =2311.2, k, =250 8" "Torr ',

0.01s7', &, =2.5, &g, =2.5, Py =160Torr

WEHBERKLERZ TR

du/di = (a, - ay — a,) + ——

VNg
x (Va & -va & - Va &)

1

v Ng
x (2 a8 - Va6 - Vas& + Vagé)

dz/dt = (as - ag) + ﬁ
x (v a5 - Vag ) (3.8)
FIFI(3.8), RITAT U EMHHFREFRKPIHER
BIHEGTHNNEW, BT VN, SEFER JEHE
MR XR BRI TEEH d RERBTHKD,
B Py =5 Tor, RNTHABXRNBEX H B
GRFTTHEBS, A THEHREE—F MR,

dy/dt = (2a, - a, - a5 + ag) +

ky=68"", ky=350s 'Torr™!, ky=2000s"", ks =0.003s"", k¢ =

RIS RS, RITRATR/ADWEHE K
$70.0001s., B FRIBERVER, EFr KRB RN
BRI G ZFEYRG B3 AT iR 7, 7T L
ERHBHEE, ZREH YNTFERE T
Elret, AR R B BEILERRSG . WT
XERBOSHEE, RINEKALH 7R (<
2.5mm) ATBERRMER THRGEE; TR T X
REf(d > 12nm), HBKE AR UBRRGHO R L,
TRMEERTR/NMEL, FAERERNRTRE, It
HHENERRSWEBEERER, ERERETREL
WHN, BSsFABTHRFERSH R 4.8 F0
12nm B BE ALk % B9 B 0] il % , 7] LAE 2 8nm B R 5
BHAN, A, RMNEITETHENAREREL
SNR,ZBUFE d A1k, SNR &3 — MBI B R K
{8, 6 7, —HiE L T RELRE M. 6
HER 5 T AR B9 4R 9 0 R B R F K /DB B 4k, AT
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Fig.5 Reaction rate oscillations during CO catalylic oxidation

on the surface of Pd nanoparticles of different sizes™

80 0.06
I Peo=5 Torr ]

effective SNR 1
3 3
T A

[X)
<
LN

d (nm)
Bl 6 4o d0R T 3 T B LS N o % 3 915 R LU AL
FRAME (L) BPEBRTREARR 7 X
AN A ()™
Fig.6 Variation of the SNR of the reaction rate oscillations on
Pd nanoparticles with the particle size (left axis, solid line) . Also

shown is the corresponding frequency with the particle size (right

axis,dash line) (28]

HTREREHRYNBEE, RITERH
MConmmiiETRMUNME, FRENA, E—
EH P BEASMESHARERRERS. HE P
BB, R ER BEME MM AR K SVNR EH 4R
HENKE, HFAEXHREFAREEAN:TE Py =
5Torr Bt , REILRMM R NAE , E 7 iR,

RER BN AL, BRREAKBEEA KL
FERE#CIBPITRENEENAREAEM. Tk
b AOR TR b R P R BN — B DA R 2 F
FRRMNBEXE, ESAKRBENAELBEERES
FAEE , T EL AT U8 0 3 2 4 AL R SR F RN
BRI R R, BTN, 1998 4 Goodman %
RET 3nm WE&ABEX coBULEMIRBAEFTRK

M7 AR COERFRLEERFRNNEL, BT
BAE R RO
Fig.7 For different partial pressure of CO, optimal size effects

all exist™’

BENE, X RERERN K ERIEHEET
BESRROAR L B4, S R Gt R S BUR ER M A5
—FERH, KW, RINOAESEREA, IXER
FREE—FHN S N ERERN", ERUER
I fk & M4 A BRIE A R sh M E AR R4
RAFLRETATFETHENSHHEE, 4
R,EMRII TSRS TESHTN , 56
B T e xHX R R BE R BE 2. B A0 A SR IF .

4 REEFUN

EHRRE CO b 2 10 & 40 M 45 1R o 1k
AWHRT , RIIBEUT —FH A BN R EX
R BEE R R R B L, VLIRS R E S AR
AR KA 5 3 B AR K X LT R R B IR % R
FIAR R, F T R R R L2 4R B 0 — Fh B B
Bo RATEI, XMBE 5 & RNBEEFTBEKS
SR £, '
4.1 CO MG FREHRIEF R B LN

R , 7E R E N R R B, A
BRATKENERELEAR, BHFELERY I
R SEESE, YRHREEBRREN,RT
BB AR— MRS MM TT AR,
FEA /NI A R B 43 F o VR R A ) B, T A
SRE/N TR AR TE B R B . LT, AT DUAR IR
147 47 8 30 18 ) % T S 400 40 vk BB T O KO E 1
R HHR,EFEELR T, XEREED NN
BHENIBABELRER, B, YEEIGE
HRABEMMEEFRN, FERK S TR HA
B AR/ , TR 290 BN TR T AR T 4 48 P
5 TR BE K S IR B E MR ALY O B
B, N EENE R ATA, BERMTENFR
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SERTT AT, 2E 4K 3 00 B 0 2 43 45 A B S0E F P K
BRI EERER,

RATHFST T 2845 Pe(110) R A CO AL E kT
B AREN R ERRS W W, LEER
R i £ 1957 184 10 /1 70 18 48 AL, 48 48 7T I B 42
TEREREE . HTTHRER/N, HNBRENR
RT3 8 24 J% 6 40 7T M 18] 6 490 5 3 e o PR R 2 B L
B, WUk, RINEELMBARE LRI K
B E A WA B3 % H R, HTE R A
FETRIT N BT S — A T N BB AL R B R T

CO 7E Pr(110) 2.5 % T i) 4 1k 1k 2 78 ths 4%
LH R ML, RN SBEE CO MK .0, K2 R@
W B MR Bt S CO F O 22 [R] B B , LA B TR B 5 S )
RELEM WM, JFERE LR AN CORENR

e, RKEPRFRHRSRE Ix1 M 1x2FHHE
ZHEIMHAE, CORBAR,1x1 HESWE;M1x1
HXEEMNT O, R, NTH5RMEH CO R
BL, {578 CO YREEW /1N ; CO YR MMl /MER 1 x 2 3%
Z ,EAFT CO WM, LEHMEB CO B K,
WHER, AT RS COBRBENRY . BEX
B, TS H 5 PRE A REVLR BT R R
RN ER, MEI R BHP N No Ny, 53 3R
TTHRARHSM COSF,0RFUALERE 1 x1 M
WIzs 7 SR B B s N O J0IE PL BG TR B AR B R
RIERWREARAN; u = No/N,v = NJ/N, B w =
N /NDRIERHEEHEBRNRE. AXHER
0 3 A2 #Y) B & 40 Y T B 0 SOk (45 ],

£3HE Pu(L10)RE CO REAL 4Lt 1 o O BEAL L IV 2 78 1 3L i

Table 3 Stochastic reaction steps and reaction rates for CO catalytic oxidation on Pt(110) single crystal surface'™’

stochastic processes reaction rates deacription
Neo>Neo + 1 ayN=NPeokeosco(l - uf) CO adsorption
No=*Ng +2 a2N=%NPoko[x},"2(l—w)+x},’”w](l—u)z(l—v)z 0, adsorption
Neo—Ngo - 1 asN=NEZ2(1-w) + k2 ' w)xu CO desorption
Neo—*Neo=-1 Nog—*Np-1 ag N = Nk, w reaction
Nixi™>Nixg +1 asN= Ny (1= w) % fi o (u,w), where £, (u,w) = (1 - &)u* + ew (1x2) o (1x1)
Nixci™Nia -1 agN = Nkyqwx frap(u,w), where fi,(u,w) = (1-e)(1-u)* +e(l-w)? (Ix1) o (1x2)

see ref, [44] for all the parameter values

WYER 3 FH, AT LARE B 5 A 5L B 1k 2 B

ZHHEBWT:
du ( 1
E:a,—aa—a‘;)+\/—W

X (’\/Tlel(t) - \/-‘;;63('3) - \/7464('3))

1
a=(2a2—a4)+- .

v'N
x (2 0,6(¢) - Va,&1))

g'ﬂ = (a5 - a4) + L
d: - v N
x (Vas&(t) - Vas&(1)) (4.1)
HNTEFHBEREZNBEND N ET N, EEFE
TRENREEIZTH, EFEG@.DP  NRE
BB, RSB THRER NETR .
du/dt = (a, - a; -~ a,)
dv/dt = (2a, - a,)
dw/dt = (as - ag) (4.2)
TR@ADWANETHEFER HERFHSEY

T ERTUEBEEN A%ETH,
KAITEERE T=520K.0, 4+ FE P, =9.6mPa,
MiE®E COFE Po A—HMEHZ2E, A
BIFPACK A& A TR, BRINBAK RN E
NE 8 fim, MEEHSEMNEI, T Py ~3.557
x 107 B & 4 #8 1§ 5 Hopf 43 # (Hopf bifurcation,
HB) , AR REMNBEENBENBERBRA L
Poo =~3.6151 x 107° B , 4% BR 3R 0 8 5 & A Rl 18 A
TR 7 L3 5 T M AR PR B B J T e 35 K, BR
WHE AR BRF K & T SNIPER ( saddle-node infinite
period) 7+ % , TEMZ R IR FRFFTH & . MAM, ZiE R B
BE—FEBYIINETH T Py~3.575x 1078,
K& & KR4 CANARD L%, DB E K 2 RO/
Ak, H FRER IR B0 IR IR 28R 8 K", CANARD B
SRBERMEEAERE LM, EIHTE CANARD K
FHERRF MR RGK EE R TmEE Ok
3O canard BB ZMF ). 7E HB 1 CANARD &
ZHE, R B F R /NIEM KRR (harmonic
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Fig.8 Bifurcation diagram for CO catalytic oxidation on Pt

single crystal surface, it can be divided into 4 districts™!

oscillation) ; i #E CANARD £{#1 SNIPER = [8] , 1% PR 3§
2 K UE B b 3 9% ¥ (relaxation oscillation) . BIEH 8,
R ESF 4 X AKX P, <HB, B
X HB < P, < CANARD, C X CANARD < Py <
SNIPER, & D X P, > SNIPER., FHE R UE
B, ERERMXFHEINNIZITHSIRT ABKE
A BN .

RHTHRAAKRENER, RINNHZ AT E
(2.9)ifTHEM S BB K K 0.01s, B 5L, BRAT
RS BR/ Py, =3.5mPa, &b F X A, ME, B
BQINALMAEHI N EITHERBREELR I}
BERG;EENRNEESXRED, H BN HKE{E
R UHAEIRG TN, SEITEIMNERR
W, BINERAMVNRGHANEERERDR IR
B NKZE, SHARMKRE, E 9 s, #
— RS, TR TFE - MEKME(N =10, A B
%K) MRS A KBRS BRIRS , T X & F 56 Mk
KAE(N = 10°, P9 Bk 7% /N ) B 3 5 2 /) 8 B0 787 9 4R
Bho X—-FTHETUMAEHRGMER L (H9),
55 —77 T th AT LA 3R 3 B B )T 5 18 Bl R iE . B
10 FR A H T LA BL BRI N ERE CO ¥ BE B R Ji] g
KEFRMEENNHUE, RERSEHEHNA
M. BTFR MR KREMLEMN MRS EHEH E
FOARXMRENEEAREREASFRENA
BRENMERWEIVRG B EERKMER, XE—
P REEERMN

GEMEE 8, BATAT AN R B 2 #8300 M 2
B, Y2HSBRLETXE AN, /YA KER
A AP IR R A XI5 B, AT 7= A= /1N 8 ) 8 3
=Y MM ABEESRER AR, ARG LIBEFERHEA

9 PrEFRE CO MR R P Ay R % B30

Fig.9 Size-selecting effect during CO catalytic oxidation on Pt

single erystal surface’*!
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Fig.10 Stochastic oscillations of CO concentration for different

cell sizes'™!

KR C, NTTA KIBRBIRSG LM, W TFRME
MRS BEEHENREARERERBER
B AT iR R B, FEEM, T RAAR
I 5 X4 N Bk 7 B B MR B B 2 B 9 18 XU Y
frBRFREES, FHIt, FRH T CANARD i
MEESR T REEEMN.
BARAATAT RART R BE 3% 3R 350 B AE 5 ki 0
WX EESEREREATIEPRRSE
A 2BNER, BRI FARTAER, fTEC2
RE,EUMR MY BT BERRBREH IR
HEMNARFPERBTRANED, FAFEHE
S EHEMAHRINEMHKE S B LR R
MEWER, RENN, RITWTARPESA, A%
A BBA T B MM ; 15 B RS 7 R IHE , K
RN EEATZR, EREEENS B SRS
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Table 4 Reaction steps and rates for intracellular calcium oscillation

[48]

stochastic

ERHI R T R
4.2 MMERGIEPHRELEE

processes

reaction rates

B&B_\‘Z“’]

Efk R, BENEEE,
AEIENEAEEFFEENE
M. B8 TREFSRATEARNA
Myt fr i 18, IR I X7 40 ] 4% 3 5
B L H R RIT . BAXRER
HRER TAERE, AMIERHTH
EHNKE R B RET
THRAR" . HWAKSHHORLK

X>X+1

X+X-1

Z*Z+1

Z+Z~1

a V= Vp(110+ v,

ay V= Vp( vy

P ak (x,P)
+PT T R
d,(d, + P)Px

z) , where

3
k'(x’P)"_"k’[(d,,+P)(da+x)[d2(dl +P)+x(d3+P)]] th

%2 ak {(x,P) x2
m+ g (1+ﬁ)x+aﬂ3m)

P
a; V= Vp(vo+ vum)

2

x
V= 5 —
o Vevs K+ 22

MERFAEEN, FBRELXEAKE
BIRRY o 4R T 40 B 2 — 1 S 7R A 4 TR
RN ER, ARERNERAASTR
B LI F BB TR A AN,
HiR@MmAMEREH B BE, B%
EHELRINBEE. B, AR AFEL LK,
MANKENARABREIENERE T ER
MXBEEELRFEXHEE,

BRGWEMERE , AFRMEREE AR TR
HILE . X ERMTEET Hofer 571999 4E42 il
AP EIRHER . AREANSEFTLES
MO PR R R R L R — B E E R Z (A
nsh, B ELHABBEMAREETR, RE
Hofer B #EAY | 45 B9 1 76 40 52 . P4 S5 99 0 40 B8 411 19
RBBEXBENIE,TUZB BN RTRE,
Lh b CABRARENE YL ER R TR YR A,
Bl s FAENBMBE L H#EE RS LBEAE T
BEMHAXSEREAT ., BHTEEABRIMMBER
BE P42 SR B B B4 SR B B e, B AT AT 4R
WHRESLIERNMAT , MERXAERSEM,
WHBAREMRNSEMUES, ICHARANY
SEFREN X, BN AR (BENEMN) NS E
FHHEN Z,MARANRNERESHE X 12 BH
HIAEL ., fEAMRE SRR R —ERALE, o] LUK A
OB RS 4 N8, K4 iR, &k« Flz
SANRTARAANENARPEEIFHEAEE
TR, VARG 4y A R B, A R B BT T 2R
REAEWMER, AXRXIEANEZATESNX
#k[49,50],

WMEXRA,TURAGEHERENLERZTH
FRA.3IR):

k,=0.025""

parameters are:' @ =2.0, £=0.1, p=0.02u(mol/L) ~', vy =0.2umol/Ls"!, v, = 4.0umol/Ls"",
v3=9.0pumol/Ls ™", v, =3.6pmol/Ls™", ko = 4.0umol/L, k; = 0.12pmol/L, k4 = 0.12umol/L, d,
=0.3umol/L, d; =0.4pmol/L, d; =0.2pmol/L, d, =0.2umol/L, d, =0.4umol/L, k, =40.0s""',

i}

da/dt = (a, - a,) *%v(ﬁf‘“) -V a:6(1))

dz/dt

(as - ay) +y%/(«/2$;(t) — V@ ()

(4.3)
4 22 Wi 7 R A O 9 R B 9K O, R AT AT LA B
W HEF . BAME A 1P, (inositol triphosphate ) i
WE PARKSE NEENSZEWE 11 iR,
AILLEF S, KEE P=1.45umol/L B K A Hopf 4
LM P=1.4Tumo/L BT R RV FE 8 F 8
CANARD % . B TH ] R % E Hopf 41 & A M i
BIAT R, B G BT UK 2 7 B A AR L B 3 D K.
BT LAHA , 244k R 4L F Hopf 43 2 & 25 g B X S 1
ROWATLUMBIREEESN. 12871 P
~1.3 ISR AR SVR BV k. "L
HBHED,ZEV~10FV~10°K SVNR HHBHE K
B, B 12 FhhAd TRHILEGFEMNER, FA
W FT Xof B B 4R 3% 7 B B B R R Bl R K I At TR
WY, MEER/DENEERS. B, FARXMEY
W Bk W ER % 5 & RN T BFBHE,

LS R 5 A A P RUBE ok BN R, B
ENHENARAGEEN=EREERAEEEN
AWM. AT A TEZERRNARREFTE
ENBERAANSE, MEREA — MR, B X
RPN AR A A B BAE A%, BRI
LEW. BREB /O, H— NEX KB E
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Bifurcation diagram for the model of intracellular

calcium oscillation in hepatocytes'™’
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Fig.12 Size-selecting effect for intracellular calcium signaling

RE V~10um’ 618 5 ELHBEKNETF R—A
B, MAMRAF LML LHE T ENMHXIRE
MRS, Bt P AR LGB A 8 51
BRUTHEE-ITRENRE L, #—BHREER
By, 58— N R (L B X 1P, BB A 8O, Bk E 4
T RUBE B 40 BT LA AR 47 3t 0 [ R 5 8 ¥ IR P9 9 4
FR AR E R,

5 NEREBHN

PA LA L T B3 J1 25 BT P R PR K B
SEORERM ., EXRERP XL NFET,
Mg HETEEEERBSE RN, BRET#
TEAS BT ANER £, #E— SRR E
ERPAKBENRBRE—NMRERTMATFEEY
B, MRMNME, ROMEEARE - ERIFH
FRTTMBB KR ERLMAZBE TR BE
BE AR T M NERRNE W, Bk, RAT8F
FTHEHRAMNETTERK RIS #1170 E
B H A S T8 40 M0 b i RBE LR BN A AR K Y
33 R 5 24 40 M B A 2 T B A Ak TR AN R

B, REEIRM AR B IR, B, AMLEAN4
HEMETHREFERMEE, MAARRMET
KA ERIEE, BT HFRTH NIRRT
BERRKRE”, B B ATHR X R 300 “ X
BEREHRM .
5.1 MBEMIEERSIRE SR HONEREBM
RIVBRRAEIFAEPREREGER, &
HL AR 4B B 40 M 2 A AT LA E s B E #E (gap
junction) I T XM EBE , RANERTHI . *
BN AR R, BN R (4.3) 7
AL TR MEZ EESY BHRE 15

NEFBEMNT
%‘? = f(xiiziap) + }’(xi_, + %, _zxi)
dz

FTi glx,,z,P) + y(x,, + x;,, - 2%,),

(i =1,,N) (5.1)
He, f(x,,2,P) Fl g(x,z,P) W RRTE
(4.3) MM R,y HBAEE, ERARIMXE
HAHSAREM T LB BB ELER, REX
BTEANEBRALE RN KRB, B2 X
BE—FEM, HRIEZ A% BT BTG
ERIVESAKEW, NETFHR, RINXBMHR
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R = (o) /() - ()? (5.2)
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Fig.14 Dependences of the R-values of the collective calcium
oscillation on the size of a single cell V and the number of cells
N: (a) For fixed number of cells, R undergoes a maximum with
the cell size V; (b) For fixed cell size, R also shows maximum

with the variation of N
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Fig.15 Contour plot of R for different N and V in which clear
“optimal islands” are displayed, demonstrating a kind of

double-size effect
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Fig.16 (a) For fixed number of the neurons N, 1/R shows a
minimum with the variation of membrane patch size S; (b) For

fixed patch size S, 1/R also undergoes a minimum with N ©**!
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Fig.17 Double-size effect in coupled neuronal network
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