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Supplementary Table 1. Initial concentrations of all metabolites

Metabolite Concentration (mM) Reference

Suc_cyt 1 Arbitrarily
UDP_cyt 0.0524 Tiessen et al. (2002)
UDPglc_cyt 0.571 Tiessen et al. (2002)
Fru_cyt 1.37 Tiessen et al. (2002)
PP_cyt 0.012* Tiessen et al. (2002)
G1P_cyt 0.0427 Tiessen et al. (2002)
UTP_cyt 0.238 Tiessen et al. (2002)
G6P_cyt 0.51 Tiessen et al. (2002)
ATP_cyt 0.292 Tiessen et al. (2002)
F6P_cyt 0.147 Tiessen et al. (2002)
ADP_cyt 0.0873 Tiessen et al. (2002)
Glc_cyt 10 Arbitrarily

Pi_cyt 2.4 Tiessen et al. (2002)
S6P_cyt 0 Arbitrarily
G6P_amp 0.379 Tiessen et al. (2002)
G1P_amp 0 Arbitrarily
ATP_amp 0.179 Tiessen et al. (2002)
ADPglc_amp 0 Arbitrarily

PP_amp 0.00236 Tiessen et al. (2002)
AL_amp 0 Arbitrarily

LG_amp 0 Arbitrarily

PG_amp 0 Arbitrarily

AP_amp 0 Arbitrarily
ADP_amp 0.149 Tiessen et al. (2002)
Pi_amp 0.87 Tiessen et al. (2002)
Suc_supply 300* Kihn et al. (1999)
PGA3_amp 0.198* Tiessen et al. (2002)
Glc_a 0 Arbitrarily

Glc_b 0 Arbitrarily




Note: * is a constant during simulation. PGA3_amp, Glc_a, and Glc_b are used in rate laws that are not shown in Fig. 1 in the
main text.



Supplementary Table 2. Rate laws for enzymes, transporters and summarized reactions and the values of kinetic parameters
used in the constructed model

Name Reaction Rate
An irreversible uni-uni Michaelis-Menten mechanism (Kihn et al., 1999).
Vl —vV [Sucsupply]
max
ST Km,Suc + [Sucsupply]
Parameter Value Reference Parameter Value Reference
Vinax 1.3833E- Weise et al. Kpsye 6 Weise et al
4 (2000) (2000)
A reversible ordered bi-reactant mechanism with UDP binding first and UDPglc dissociating last from the enzyme
(Junker, 2004).
Fru][UDPglc
[UDP] [Suc] _ M
V2=v, =
[Fru] Vs
[UDP][Suc] 1+—— |+ K, SUC([UDP]+ K uop )+ K., uop [SUC]+ X
Ki,Fru ' ' ’ Vr Keq
SuSy
[UDP] K muor [SUC] [Suc]
EC24.113 [Frulk,, uoegic 1+K7 +[UDPgIck K, ey 1+K”‘7 +[Fru] 1+ <
i,UDP i,UDP " *m,Suc i,Suc
Parameter Value Reference Parameter Value Reference
7 0.035 Junker (2004) Kin.Eru 7.8 Junker (2004)
Vr 0.08 ” Kin.ubpalc 0.076 ”
Keq 0.36 ” Ki.upp 0.058 ”
Km,Suc 50 ? Ki‘Fru 7.8 ?
Km.uop 0.058 ? Ki suc 40 ”
The “ordered Bi-Bi” kinetic type with UDPglc binding first and UTP dissociating last from the enzyme. No effectors
are considered (Junker, 2004).
G1P][UTP
[UDPgIc][PP]—[i[U]
V3=v, =
[G1P] ( )
[UDPgIc][PP] 1+ + K, pp \[UDPglc] + Ki,UDPgIc + Km,UDPgIc[PP]+
i,G1P
UGPase V; [UDPgic] K uopgl [PP] [PP]
EC2.7.7.9 K Kaure[GIP] 1+ === |+ [UTPR K| 15| 1+ Km = +[G1P] 1+7K
r'teq i,UDPglc i,UDPglc " *m,PP i,PP
Parameter Value Reference Parameter Value Reference
Vs 1.31 Junker (2004) Kmnc1p 0.16 Junker (2004)
Vr 0.78 ” Kmute 0.142 ”
Keq 32 7 Ki.uppalc 0.137 7
Kom,ubPglc 0.137 » Kipp 0.127 »
Kmpp 0.127 ” Kicp 0.16 ”
“Uni-Uni” type reaction without inhibition (Junker, 2004).
G6P
[G1p] - [5¢P
V4=v, A
PGM 1P]+ K, oo 1+ L2OF]
EC5422 [G1P] m,G1P K
m,G6P
Parameter Value Reference Parameter Value Reference
Vs 0.023 Junker (2004) Kmncip 0.06 Junker (2004)

Keg 19 ? Km.cep 0.5 ?




An irreversible Michalis-Menten mechanism with competitive inhibition by fructose and non-competitive inhibition by
glucose (Junker, 2004).

v Suc
Vo=—lcig =
Fru
INV 1+ . 14 Lyl +[Suc]
EC 3.2.1.26 i,Gle ’ i Fru
Parameter Value Reference Parameter Value Reference
Vinax 0.015 * Kiclc 31 Junker (2004)
Kin.suc 41 Junker (2004) Ki Fru 0.01 ”
An irreversible random order bi-reactant mechanism (Junker, 2004).
[GIC][ATP]
V6 =V Km,GIL:Km,ATP
ATP Glc Glc6P
E'(l:<2711 1+[ : 1+[ ]+[ :
T m,ATP Km,GIc Ki,GIcGP
Parameter Value Reference Parameter Value Reference
Vinax 0.015 Junker (2004) KmaTp 0.185 Junker (2004)
Km.cic 0.13 7 Ki.cep 4.1 7
Irreversible random-order bi-reactant kinetic, including competitive inhibition by ADP and non-competitive inhibition
by Fru (Junker, 2004).
[Fru][ATP]
V7= Vimex % Km,FruKm,ATP
Fru Fru ATP Fru][ATP ADP
< L LFrul " TFrul [ATP] [Frul[ATP] [ADP]
cz7.1 Ki,Fru Km,Fru Km,ATP Km,Fru Km,ATP Ki,ADP
Parameter Value Reference Parameter Value Reference
Vimax 0.058 Junker (2004) Ki Fru 5.9 Junker (2004)
K Fru 0.077 ? Ki app 0.078 ”
Kmatp 0.026 ?
“Uni-Uni” type reaction without inhibition (Junker, 2004).
F6P
(g
Keg
V8=v,
PGI [F6P]
EC53.19 [G6P]+ K, gep| 1+
m,F6P
Parameter Value Reference Parameter Value Reference
Vs 0.041 Junker (2004) Km.Fep 0.15 Junker (2004)
Keg 2 ” Km.cep 0.27 ”
A single reaction proceeding from Fru6P as an irreversible random order bi-reactant mechanism, including
competitive inhibition by ATP (Junker, 2004).
[Fru6P][ADP]
Vg_V Km,FruGPKm,ADP
— Ymax
ADP Fru6P ATP
bGly L [ADPTY, [Fru6P] [ATP]
m,ADP Km,FruGP Ki,ATP
Parameter Value Reference Parameter Value Reference
Vinax 0.1 * Km.app 0.018 Junker (2004)

Km.Fep 0.14 Junker (2004) Kiatp 0.21 ”?




A reversible ordered bi-reactant mechanism, with UDP-glucose binding first and UDP dissociating last from the
enzyme; Pi was modeled as a competitive inhibitor with respect to Fru6P (Junker, 2004).

[FrusP][UDPgic] — SUCOPIUDPT
V10=v, K
[Fru6P][UDPgIC][1+ [Suc6P]J+ Km,ms{h LP']]([UDPglc] Ky yorgee )+ Konoopge [FTUBPT +

i,Suc6P

i,Pi

[Suc6PIK , uop 1+W +
i,UDPglc
SPS Vi
EC24.1.14 v. K K Fruc6P
rNeq [UDPH K., 0| 1+ m,UDPgIc[ ] +[Suc6P] 1+ [Fru6P]
[Pi] i,Fru6p
Ki,UDPgIcKm,Fru(iP[:I'_|—K o
i,Pi
Parameter Value Reference Parameter Value Reference
V¢ 0.0077 Junker (2004) Km.sep 0.41 Junker (2004)
A 0.0041 ” Ki sep 0.07 ”
Keq 10 » Ki rep 0.14 »
Kmn.Fep 0.3 7 Kipi 3 7
Km.ubralc 4.6 7 Ki.uopalc 1.4 *
Km,uop 0.3 7
An irreversible Michaelis-Menten mechanism with non-competitive inhibition by sucrose (Junker, 2004).
Suc6P
Vil=v,, [ ]
[Suc] [Suc]
SpPp Ko susp| 1+ K +[Suc6P] 1+K—
EC 3.1.3.24 i,Suc i,suc
Parameter Value Reference Parameter Value Reference
Vinax 0.0025 Junker (2004) Ki suc 41 Junker (2004)
Kin,sep 0.1 7

Balancing Pi in cytosol

ATPcons
V12 = 28VbGIy —Vspp —Vooer

A reversible mass action (Assmus, 2005)

ATPUDP | \113—y _ (k,[ATP, JUDR, ]k [ADP, JIUTR, ])

phospho-
transferase
(EC Parameter Value Reference Parameter Value Reference
2.7.4.6) Vinax 1 * ke 0.1 *
ks 0.1 *
A reversible mass action
V14 =v,, (k,[G6P, I[Pism] —k [G6P,, [Pic.])
G6PT
Parameter Value Reference Parameter Value Reference
Vinax 0.01 Assmus (2005) ke 0.1 Assmus (2005)
ks 0.1 ”
“Uni-Uni” type reaction without inhibition
G1P
[G6P]— [GP]
V15=v, &
G1P
pPGM [G6P]+ Km,GGP(lJr [ ]}
EC5.4.22 Kncp
Parameter Value Reference Parameter Value Reference
V¢ 0.023 Junker (2004) Km.cep 0.5 Junker (2004)
Keq 0.053 Calculated by Kneip 0.06 ”

1/Keg™M




The “ordered Bi-Bi” kinetic type with ATP binding first and ADPglc dissociating last from the enzyme with activation
by 3-phosphoglyceric acid (3PGA) and inhibition by Pi (Kleczkowski et al., 1993; Assmus, 2005).

[ATP][GIP]— [PP][ADPgIc]

— &q
V16=v,,

[ATP][GlP](uLPP]j Ko (ATPT 4 K )+ Ko [G1PT+

i,PP

Km,ADPgIc [PP](]- + [ATP]J +

V¢ i,ATP
v, K
T [ADPgm]I(mw(1+k%”mJG”ﬂJ+[PP{é+U3”qj
Ki,ATP Km,GlP Ki,GlP
3PGA
1+
AGPase K., spon
EC 2.7.7.27 Vapp = Vs Isi
1+—
i,Pi
Parameter Value Reference Parameter Value Reference
Vs 2.53E-6 Sowokinos and Kjgp 0.14 *
Preiss (1982)
vy 3.24E-5 Sowokinos Kmeip 0.14 Sowokinos  and
(2981) Preiss (1982)
Keq 1 Assmus (2005) Kmpp 0.10 Sowokinos  and
Preiss (1982)
Kipp 0.00038 Amir and Cherry  Kjarp 0.19
(1972)
K, aDPglc 0.24 Sowokinos Kaspca 0.01 Assmus (2005)
(1981)
Kmatp 0.19 Sowokinos and  Kjp; 0.16 Assmus (2005)
Preiss (1982)
To represent GBSS reaction, there were two sub-reactions lumped together as follows:
i. ADP-Glc separation sub-reaction used an irreversible uni-uni Michaelis-Menten mechanism, where Glc, was Glc
residue for GBSS reaction.
ADPglc_amp > Glc, + ADP_amp
Vi71-y_ — LADPII
Km,ADPgI(: + [ADPgIC]
GBSS Parameter Value Reference Parameter Value Reference
EC Vinax 6E-7 * Km,aDPglc 1.3 Edwards et al.
241242 (1999)

ii. Glc polymerization sub-reaction used a mass action law. The number of Glc residues (Glc,) used in the
polymerization into AL_amp was assumed to be 5000, which was in the range of 1000 — 10,000 (Blennow et al.,
1998).

5000 Glc, > AL_amp

V17.2 =kDP[GIc, ]

Parameter Value Reference
kDP 10 *




To respresent SS reaction, there were two sub-reactions lumped together as follows:

i. ADP-Glc separation sub-reaction used an irreversible uni-uni Michaelis-Menten mechanism, where Glc, was Glc
residue for SS reaction.

ADPglc_amp - Glc, + ADP_amp

ADPqgl
vigi-y,  —LADPdC]
Km,ADPgIc + [ADPgIC]
sS Parameter Value Reference Parameter Value Reference
EC 24121 Viax 1.75E-7 * Kmn,aDPglc 0.07 Edwards et al.
(1999)
ii. Glc polymerization sub-reaction used a mass action law. The number of Glc residues (Glcy,) used in the
polymerization into LG_amp was assumed to be 21 that was in the range of 20 — 25 (Blennow et al., 1998).
21 Glc, > LG_amp
V18.2 = kDP[GICb]
Parameter Value Reference
kDP 10 *
An irreversible uni-uni Michaelis-Menten mechanism
LG
vig-vy _ — Gl
SBE Knic +[LCI
EC24.1.18
Parameter Value Reference Parameter Value Reference
Vinax 6.2E-9 * KnLe 0.13 Blennow et al.
(1998)
An irreversible uni-uni Michaelis-Menten mechanism
PG
v2o-y,_ — PGl __
DBE Kinpe +[PG]
EC3.2.141
Parameter Value Reference Parameter Value Reference
Vinax 1.868E-5 Hussain et al. Kppg 0.37 Wau et al. (2002)
(2003)
A reversible mass action.
v21=v,, (k,[ATP, J[ADP, -k [ATP, ][ADP,])
ATPT
Parameter Value Reference Parameter Value Reference
Vinax 0.001 * K 0.002 Assmus (2005)
ks 0.002 ”
A near-equilibrium (Assmus, 2005)
Pi
V22=v_|1- 7[ ]
iPPtase Keq [PP]
EC3.6.1.1
Parameter Value Reference Parameter Value Reference
Vinax 8.3333E-  Assmus (2005) Keq 750000 Assmus (2005)
6
Balancing Pi in amyloplast
PiT

V23 =NVippase ~Vaser

Note: All Viq, Vi, and v, are given in mM-sec and all K,, and K; are given in mM.
* The value of parameter was arbitrarily determined so that the simulation was compromised to reach the steady state and be closed
to the literature data.
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Supplementary Table 3. Starch content and AC% from the perturbation of dual parameters

starch content (mg/L) AC% (% w/w)
Dual parameter from each cases of parameter change from each case of parameter change
(-50%,-50%) (-50%,100%) (100%,-50%) (100%,100%) (-50%,-50%) (-50%,100%) (100%,-50%) (100%,100%)

Vi 258 Kom ADPalc 245,53 239.56 394.68 354,45 18.70 26.01 21.45 31.35
Vinax 2 Vi 245.98 334.01 27.86 17.99 36.92 16.55
Vinax 2 Kmaopaico o> | 244.08 242.24 393.52 361.24 26.27 18.64 33.36 19.99
Vinax 25 Kapoas oo 247.92 390.27 346.09 21.84 21.70 26.67 2453
Vinax 2 kA TPT 242.08 243.37 319.08 21.75 21.77 23.55 27.64
Va2 Vinae T 242.09 243.36 319.19 21.75 21.77 23.56 27.64
Vi 258 GPase 248.07 343.46 390.30 21.70 21.84 24.41 26.67
Vi 258 K pi cFase 238.82 247.02 348.18 388.47 21.70 21.82 24.62 26.57
Vi 258 kT 240.36 244.74 345.65 393.05 21.71 21.80 2451 26.82
Vinas' e Vinaso oo 242.24 244.11 360.55 394.91 18.61 26.39 19.72 33.97
K aopalc> Vinac® 302.45 319.93 289.47 312.47 28.84 iZog e 2082
K aopalc> K aDpalc® 316.45 313.75 308.63 296.69 23.41 15.50 35.96 2278
K ADPalc Kapcas o8 320.20 305.38 306.86 293.50 18.82 18.55 28.97 28.35
Km.ADPalc kA TET 308.73 316.11 290.83 305.16 18.61 18.73 28.21 28.89
Km.ADPalc > Vina 308.79 316.10 290.92 305.14 18.61 18.73 28.22 28.89
Km.ADPalc vy oPase 304.37 320.32 292.56 306.92 18.54 18.82 28.30 28.97
Kim ADPglc K pi CPase 306.11 319.42 294.22 306.32 18.56 18.80 28.38 28.94
Km.aoPalc> ko 308.83 317.67 293.08 307.32 18.60 18.76 28.32 28.99
K aopalc> Vi oS 313.73 316.49 296.41 308.96 15.45 23.57 22.53 36.40
Vi Kmnaopaicoo> 306.20 284.48 317.85 316.65 I 2716 20.88 | 1410 |
Vina> Kapoas' oo 300.36 287.94 322.92 307.28 33.53 32.33 16.64 16.78
Vinax kATPT 283.65 299.56 311.84 318.08 31.89 33.47 16.73 16.67
Vinax Vinase T 283.73 299.54 311.89 318.07 31.90 33.47 16.73 16.67
Vinasc > vy \CPase 287.08 300.41 306.25 323.06 32.25 33.54 16.79 16.64
Vinax K pi cFase 288.61 299.88 308.02 322.01 32.39 33.49 16.77 16.65
Vinax GoPT 286.35 301.77 311.65 319.50 32.17 33.68 16.73 16.66
Vinax S 283.65 306.74 316.64 317.87 26.80 B 208 21.00
K aopalc® Kapoas" o 317.95 303.34 311.17 297.86 29.50 28.80 18.62 18.45
Kmaopalc” kA TPT 305.52 314.33 297.26 308.86 28.90 29.32 18.45 18.59
Kmaopalc” Vinase T T 305.60 314.31 297.35 308.84 28.91 29.32 18.45 18.59
K ADPglc - vy oPase 302.33 318.06 296.91 311.24 28.75 29.51 18.44 18.62
Kmaopalcs Kipi oPese 304.07 317.23 298.56 310.60 28.83 29.46 18.46 18.61
Kmaopalcos kST 306.05 316.03 298.68 310.81 28.92 29.41 18.46 18.62
Kmaopalco® Voo 309.58 316.15 304.71 309.83 22.85 36.88 15.48 23.29
Kapoas' o ¢ kA TPT 306.04 316.20 289.80 302.80 23.03 23.36 22.56 22.92
Kapoas o Vinase T T 306.10 316.19 289.91 302.78 23.03 23.36 22.56 22.92
Kapoag S yoPase 309.55 316.98 275.54 310.12 23.14 23.39 22.21 23.16
Kapoas S Kjp oPe® 310.27 316.56 279.46 308.78 23.16 23.37 22.30 23.11

aPGAT or e GO 308.80 317.94 283.54 306.35 23.11 23.42 22.40 23.03
Kapoas oo Vinaso oo 311.08 318.11 297.80 303.46 18.49 29.81 18.35 29.06




kaTPT VmaxATPT 261.40
kaTPT VfAGPase 288.68
kaTPT K. P.AGPase 290.65
1Pl .
kaTPT kaGPT 289.15
KATPT Vi 55 297.17
Vinax' | v o 288.79
VmaxATPT Ki.PiAGPase 29075
vmaxATPT kaGPT 289.28
VmaxATPT VmaxGBSS 297.25
vaGPase Ki PiAGPase 277.27
vaG Pase kaGPT 281.52
vaGPase VmaxGBSS 206.85
Ki,PiAGPase kaGPT 285.04
Ki,PiAGPase VmaxGBSS 208.50
kaSPT VmaxGBSS 208.59

309.71
306.10
305.41
307.42
305.71
306.17
305.48
307.47
305.78
308.31
305.69
302.44
306.82
304.19
306.21

309.77
301.91
303.45
305.40
308.78
301.89
303.43
305.37
308.76
310.42
308.89
311.15
308.00
310.51
310.73

312.05
316.31
315.51
314.27
314.45
316.29
315.49
314.26
314.44
316.62
318.06
318.22
317.21
317.38
316.14

22.09
22.53
22.58
22.54
18.34
22.53
22.58
22.55
18.34
22.25
22.35
18.34
22.43
18.36
18.36

23.14
23.03
23.01
23.07
29.18
23.03
23.01
23.07
29.18
23.10
23.01
29.01
23.05
29.10
29.20

23.14
22.90
22.94
23.00
18.47
22.90
22.94
23.00
18.47
23.17
23.12
18.50
23.09
18.49
18.49

23.22
23.36
23.34
23.29
29.62
23.36
23.34
23.29
29.62
23.38
23.43
29.82
23.40
29.77
29.71

Note: The highlighted cells in red and green represent the top three highest values and the bottom three lowest values, respectively.




