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Table 1.0DEs used in the model based on mass bal ances.

ODE'’s

d
T gle_Ext = —Vprs gic
d

ag6p = + Uprs_gic — Vpar
af 6p = —Vypp + Vpgr — Vprk t+ VrBpase

Ef bp = +Vppx — Vrpa — VrBpPase

ag3p = +2Vppa — VGapDH

d

Ebpg = +VgappH — VENO

d

77 PeP = ~Vprsgie + Veno — Vpyk

d

Py = +Vprs Gic — VprL — Vppc + 2Vpyk — VipH
d

pr acetCoA = +Vpgp, — Vagp — Vack

d ,

a acetoin = +Vppc — Vppa — Vace. Trsp.
d

% acetoin_Ext = +v .. Trsp.

T 2,3butanediol = +vgp

d

I mlp = +vypp — Vyp + Vprs mel

d

% mannitol = +vyp — Vyq Trsp

T mannitol_Ext = —Vprgs M + Vmel Trsp.
d

— lactate = +v

i LDH

d thanol = +

— ethanol = +v

T AE

d tat +

— acetate = +v

C(ii ” ACK

apl = +Vsrpase T 217piTrsp. — VgappH T VFBPase

a pi_Ext = ~Upi Trsp.

d
Eatp = — Varpase T Vack — VpiTrsp. — Vprk T VEno T Vpyk

anad = +2Vpg + Vppu + Ympp — VGarpu + Vibu
d
ECOA = +vACK - vPFL + vAE

aformate = +Vppy
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Table 2. Initial and optimizedinetic model parameters.

Enzyme Index Parameter Initial Source Estimated
value value
PTS_Glc 1 yFTs Gle 1 [] 3.71 mmol/s
2 K 0.5 [-] 0.071 mM
3 K/ 05 [-] 1.17 mM
4 Ko 0.1 (1] 0.28 mM
5 K9teext 0.015 (1] 0.049 mM
6 KPe? 0.15 (1] 0.31 mM
7 kP 0.1 (1] 1.96 mM
ATPase 8 VaTPase 1.25 [1] 3.29 mM/s
9 K 1.5 [1] 4.34 mM
10 nATPase 3 [1] []
pi Trsp. 11 Vrﬁgysp- 1 [] 3.60 mmol/s
12 KP 0.5 [-] 0.56 mM
13 Ko 0.5 [ 0.19 mM
14 Katw 0.5 [ 0.52 mM
15 KPLext 0.5 -] 0.75 mM
16 K 0.5 [-] 0.30 mM
PGI 17 KES! 0.43 [3] -]
18 vpel 651 [4] 21.68 mM/s
19 KIeP 0.147 [3] 3.14 mM
20 K9P 0.28 [4] 0.20 mM
PFK 21 VPFK 2.23 [1] 18.36 mM/s
22 K 0.49 [5] 10.74 mM
23 KP 0.18 [1] 0.062 mM
24 KJoP 0.25 [1] 1.02 mM
25 KIbP 16.7 [5] 86.80 mM
FBA 26 KEBA 0.056 [1] [-]
27 VA 9.9 [1] 56.13 mM/s
28 K/bP 0.17 [1] 0.30 mM
29 KIP 2.8 [1] 10.11 mM
GAPDH 30 KGAPPH 0.0007 [1] [-]
31 V,GAPDH 37.58 [1] 30.01 mM/s
32 K29 0.05 [1] 0.048 mM
33 KJ3P 0.25 [1] 0.18 mM
34 Kpet 0.067 [1] 0.64 mM
35 Krad 0.2 [1] 0.048 mM
36 KP 2.35 [1] 6.75 mM
ENO 37 KENO 27.55 [1] [-]
38 V,ENO 14.84 [1] 29.13 mM/s
39 K2 0.2 [1] 0.41 mM
40 Ko 0.3 (1] 0.75 mM
41 KPP 0.003 [1] 0.024 mM
42 0.53 [1] 1.39 mM

pep
Km
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PYK 43 VEYK 4.82 [1] 2.22 mM/s
44 KPP 0.2 [1] 0.039 mM
45 K" 0.5 [1] 3.70 mM
46 K2 1 (1] 3.08 mM
47 K2 10 (1] 29.60 mM
48 KPe? 0.17 [1] 0.33 mM
49 kP 21 [1] 96.42 mM
50 nPYK 3 [1] []
LDH 51 VLDH 36.49 [1] 566.60 mmol/s
52 KJbP 0.002 [1] 0.018 mM
53 K" 0.002 [1] 0.068 mM
54 Klactate 100 [6] 94.12 mM
55 Kadh 0.08 [6] 0.14 mM
56 Krad 2.4 [6] 3.08 mM
57 Ky 1.5 [6] 0.01 mM
PFL 58 KL 650 [7] [-]
59 KCoA 0.02 (8] 0.12 mM
60 VPEL 4.317 [6] 0.0023 mmol/s
61 Kngp 0.001 [9] 0.51 mM
62 Kacetcoa 0.008 (6] 7.34 mM
63 g formate o4 (6] 54.27 mM
64 KPT 1 (6] 5.78 mM
AE 65 VAE, 1.62 [6] 2.12 mmol/s
66 K& 0.5 -] 6.28 mM
67 K:%cetCoA 0.007 (6] 7.38 mM
68 K oA 0.008 (6] 0.092 mM
69 Kethanol 1 (6] 2.28 mM
70 Kpadh 0.025 (6] 0.43 mM
71 Knad 0.08 (6] 1.31 mM
ACK 72 VAcK 8.93 [6] 3.84 mmol/s
73 K 0.5 [6] 1.17 mM
74 K2 0.07 [6] 14.16 mM
75 KacetcoA 0.2 [6] 0.56 mM
76 Kcetate 7 [6] 0.55 mM
77 KEoA 0.1 [6] 0.17 mM
PDC 78 KLpe 900000 [11] -]
79 VPDC 10 [6] 0.35 mM/s
80 K acetoin 0.5 [-] 0.050 mM

81 KPYT 5.2 [10] 0.26 mM
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BDH 82 KBPH 1400 [6] [

83 V,BDH 1.75 (6] 2.29 mmol/s

84 Kcetoin 0.06 (6] 5.62 mM

85 Kbutanediol 3 g [6] 1.81 mM

86 Kpadh 0.02 (6] 3.55 mM

87 Knad 0.16 [6] 1.30 mM
MPD 88 KPP 200 [12] [-]

89 Ve 1 [2] 1.33 mM/s

90 Kif 6p 3.3 [2] 22.03 mM

91 K/eP 1.66 (2] 0.32 mM

92 Knr;up 0.15 [2] 0.089 mM

93 Knadn 0.016 2] 0.030 mM

94 Knad 0.06 (2] 0.37 mM
MP 95 vMPp. 1 [ 3.49 mM/s

96 K 0.2 [13] 3.52 mM

97 | mannitol 0.5 [[] 0.24 mM
PTS_Mtl 98 Vn’fg’”” 1 [] 4.45 mmol/s

99 K 0.5 [ 0.36 mM

100 gmannitol Ext 0.5 [ 0.013 mM

101 KPeP 0.5 [ 2.21 mM

102 kP 0.5 [] 0.34 mM
Ace. Trsp. 103 ydceTrsp. 1 [] 1.60 mmol/s

104 Kgcetoin 0.5 [] 1.89 mM

105 KacetoinExt 0.5 -] 7.05 mM
Mtl. Trsp. 106 MELTrSp. 1 [ 1.62 mmol/s

max

107 gmannitol Ext 0.5 [] 0.94 mM

108 g mannitot 0.5 [ 0.022 mM
FBPase 109 VFBPase 1 [ 0.097 mM/s

110 Kfep 0.5 -] 1.91 mM

111 KPP 0.5 [ 0.41 mM

112 KD 0.5 [ 0.011 mM

Parameters with missing reference or not estimapresented by “[-]”. Here the initidd . values units
are given in mM/s and the initi&l,, values in mM. All the abbreviations for the enzyaee explained in
nomenclature.
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Table 3. Initial conditions of state variables (metabolitemcentrations) for 40mM
glucose pulse in the kinetic model.

Metabolite Initial concentration Source

(mM)
glc_Ext 40 experimental
g6p 0 assumed
fép 0 assumed
fop 15.3 experimental
a3p 0 experimental
bpg 1.26 estimated
pep 2.48 estimated
pyr 0 experimental
lactate 0 experimental
acetoin 0 experimental
acetoin_Ext 0 experimental
2,3-butanediol 0 experimental
acetCoA 0 experimental
CoA 1 [1]
ethanol 0 experimental
formate 0 experimental
acetate 0 experimental
mlp 0 experimental
mannitol 0 experimental
mannitol_Ext 0 experimental
atp 4.89 estimated
adp 20.39 estimated
nad 4.67 experimental
nadh 2.03'19 estimated
pi 38.26 experimental
pi_Ext 50 experimental

All the abbreviations for the metabolites are ekyd in nomenclature.

Reference List

1. Hoefnagel MHN, van der Burgt A, Martens DE, Hugenholtz J, Snoep JL: Time dependent
responses of glycolytic intermediates in a detailed glycolytic model of Lactococcus
lactis during glucose run-out experiments. Molecular Biology Reports 2002, 29: 157-
161.
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Table 4. Kinetic rate expressions used in the model.

Phosphotransferase System (PTS_Glc):

VPTSGle [glc_Ext] [ [pep]
max K;Zlcjﬂ KPEP

( [pi] )( K/ n

TPTSGc = pi . fbp

K2* + [pi]/ \K/"" + [fbp] (1 N E‘iﬁzEE’iE]>(1+ 555@) +<1+ Efggp]xl N Egger) .
m m m m

Phosphoglucose isomerase (PGl):
V.PGL [g6p] _ Vi [f6D]
max Kngfp Ké’q(;l K"ﬁGp

T3 =
T Leonl [fop]
6
K3 K)o

+

Phosphofructokinase (PFK):

prk ( [f6
e 2) )

Tprk =
) B

m

Fructose-1,6-bisphosphate phosphatase (FBPase):
VFBPase M
max K#:lbp

TFBPase = [fbp] [f6p] [pi]
(1+KTEP)+<1+KT6PP)(1 +Kp_,’,’f>_1

m m

Fructose-1,6-bisphosphate aldolase (FBA):

max gIbv - KEgA g Ibe

L+ [l [e3p] ([g3p])2

Krl:lbp Kng13p K‘;z3p

VFBA [fbp] anfﬁ [g3p]2

TrBA =

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH):

yeapon [83p] [nad] [pi] _ Vg™ [bpg] [nadh] 1

max g3p gnad ;,pi GAPDH ;,93p nad pi
K, K3 K., Keq K, K3 K.,

TcappH = ;
(oI5 (- ) ] o o )

K Knad K2P9 Kpadn
Enolase (ENO):
o Logl[adp] _ g [ocp] [2p]
"0 T 7 bpg] "Eadp]m eq[p:o"i = [atp]
(o0 80) (oo ) (o ) (1 ) -
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Pyruvate kinase (PYK):

 nPYK VPYK([adp]) [pep]>
( [fbp] ) C) "NK P )\ K
Tpyk = Tbp b nPYK vk d
T TVAGE + o <1+5?;‘?3>(“%EEJ)*(l*?EE;)(l*—%ﬂ)”

L -lactate dehydrogenase (L DH):

won [ [pyr]) ([nadh]
(i ) i ) v (1) (i)
TLpH =
(1 "

K" + [fb KP' + [pi [pyr] [nadh] [lactate] [nad]
o HIOPVART I (11 10950) (14 Bocl) + (1+ Brctened) (1 + fened)
m

Pyruvate dehydrogenase (PFL):

VPFL [pyr] [CoA] VEFL[acetCoA] [formate]

( Kig3P ) max Krzzyr K#‘loA - Ké’;‘L K:;yr KrgoA
TprL =
K°P + [g3p] 1 4oyl (7 4 [CoALy (| [acetCoA]\ (. [formate])
K‘{l:ly‘f K‘I(I:'LOA K_{:;llcetCoA Kformate
m
coho ydr ogenase :
Alcohol dehyd AE
TAE
acetCoA nadh]\?
( Kiatp Vn‘:lfx (l:K_(('zlcetCoA]) ([K;_;Lladh]>
Ve [atp]> [acetCoA] [nadh] = ([nadh]\? [ethanol] [CoA] [nad] | ([nad])?
: (1 + Kr%CEtCOA ) 1+ K#ﬂdh + (K,%adh) + (1 + K_’t'elthanol ) (1 + K,%OA) 1+ K,%ad + (K,%ad> -1
Acetate kinase (ACK):
VACK ([acetCoA]) ([adp])
max K#lcetCoA Kaclp
Tack = =
acetCoA ad acetate at CoA
(1+ et (1 ¥ E(mfp] > + 1+ g (1 ¥ Eﬁ) (1+god) -1

Pyruvate decar boxylase (PDC):

2 0
yeo (Lpyrl) VPP [acetoin]
KPyT Kqu K.flyr

T oyl (Tovrl), [acetoin]
pyr yr acetoin
(1 + KPYT + (prr> ) + (1 + K;'zlcetoin ) -1
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2,3-Butanediol dehydrogenase (BDH):

V/BD ([acetoin]) ([nadh]) _ Viaax [2,3 — butanediol] [nad]

max K#lcetoin K_{‘rﬁadh Kqu K#lcetoin K_{‘rﬁadh
TepH = (1 [acetoin]) (1 [nadh]) (1 4 [2,3 — butanediol]) (1 + [nad]) _1
Kacetoin Knadh K butanediol Knad
m m m m

Acetoin transport (Ace. Trsp.):

VAce,Trsp, ([acetoin])

max K acetoin
m

(1 n [acetoin]) n (1 n [acetoin_Ext]) 1

acetoin acetoin_Ext
Kq Kacetom-

Tace.Trsp. =

Mannitol-1-Phosphate dehydr ogenase (M PD):

ymeo [f6p] [madh] _ Vyg?” [m1p] [nad]

B < Kifﬁp max Kyl:lﬁp K#ﬂdh Ké\/‘IIPD K7{r‘16p K#ﬂdh
mMPD = | “Fep
K" + [fép] [fép] [nadh] [m1p] [nad]
i 1+—K1{16p 1+—K.,",§adh + 1+W 1+W -1

M annitol-1-Phosphatase (M P):

yMP [milp]
max K.:;lp

Tup = (1 n [m1p]> n (1 n [mannitol]) 1

mlp mannitol
K K

Phosphotransferase System (PTS_Mtl):
Y PTS Mt ([mannitol_Ext]) ([pep])
max Kmanm’tol_Ext erp
m

1+ [mannitol_Ext]) <1+M>+<1+ [m p]) (1_'_%)_1

mannitol_Ext pep
K, K.,

Tprs_mti = (

Mannitol transport (Mtl. Trsp.):

[ MLLTTSP. ( [mannitol]>

max W
m

( 1+ [manmtol]) + ( 1+ [manmtol_Ext]) 1

mannitol mannitol_Ext
K K -

T™tl.Trsp. =

Phosphate transport (pi Trsp.):

) Vpi Trsp. (@) ([pi_.EXt])
. B ( Kipl. > max Krt’zltp K,fll’Ext
piTrsp. — (

Vool 1o ) o ) o e (1)) -

m
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ATP phosphatase (AT Pase):
ATPase
[atp] )"
Katp
TaTPase = Vnﬁ(’{;ase = nATPase

SN~—

\()
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Figure 1. Variance analysis of the parameter set values of the kinetic model. For a better visualization the variance of every parameter are plotted
with alogarithmic scale. The parameter indices correspond to the reaction numbers shown in Additional File 2.
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Kinetic parameter values listed in Additional File 3 and 2, respectively.
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Figure 3. Correlation values of sensitivities between all pairs of fits from wilt-type strain
for 2,3-butanediol (plotsin lower triangle) and mannitol (plotsin upper triangle).
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