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measurement of enzyme kinetics data, we developed a kinetic model for the threonine biosynthesis pathway in Escherichia coli.

This model integrates the central pathways that produce precursors, ATP and reducing power with the threonine biosynthesis

pathway from aspartate. In contrast to the previous models, we considered the energy and reducing power balance rather than

artificially set their concentrations. Metabolic control analysis of the model showed that enzymes PTS, G6PDH, HDH etc. have

great flux control coefficients on the threonine biosynthesis flux. This indicates higher threonine synthesis flux could be achieved

by overexpressing these enzymes.

Keywords: kinetic model, Escherichia coli, threonine biosynthesis, metabolic control analysis
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Fig. 1 Metabolic pathways in the E. coli threonine biosynthesis model and the flux distribution in the metabolic
pathways at steady state.
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Table 1 New reactions and kinetic rate equations in the integrated model

Index Reaction Kinetic rate equations Reference
1 PPC  pep + HCO;3 = phos + oaa; asp, fdp: [11]
Nppctdp C ppCetp
eC. . 1+(J 1+(gtp J
P KPPCfdp KPPCgtp
PPC = NppCas
Casp PPCasp
KPPCpep ar KPPCpep Ki T Cpep
PPCaspinh
2 GOT  oaa+ glu=asp + akg: [12]
__ pmax Coaa Cglu r-G aXI(GOTeqCaLkgCasp
rGOT - rGOT -
KGOToaanlu + KGOTglucoaa + Coaacglu KGOTakgCasp + KGOTaspCakg + Cakgcasp
3 GluS  glut + akg + NADPH = 2glu + NADP: [13]
r _ rmax Cakgcnadph _ ani‘fl}S( KGluSequluCnadp
GluS — "GluS
KGluSakgCnadph + KGluSnadphCakg + Cakgcnadph KGluSgluCnadp + KGluSasnglu + Cglucnadp
4 LS asa + pyr + NADPH + succinyl-CoA + glu -> lys + NADP + akg + CoA + CO;: [14]

max
rLS Casa

fis = n
1+ G
I<LSIy sinh
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gkl
5 PWD  ATP + pyr + H,O = AMP + pep + phos: [15]
r _ rP"\:\’(;XDCatp prr
PWD — [ Thep Noaa
K C K C 1 ﬂ 1 i 1 C¢ Cc. C
PWDpyr atp T P pwDatp Zpyr | 1 T K + K + K + Cappyr
PWDampinh PWDpepinh PWDoaainhi
rPT)SXDKPWDequp prr
n
c loaa
Cpepcamp + KPWDampCpep + KPWDpepCamp [1 + (%) ]
PWDoaainh
6 AdeK  ATP+AMP = 2ADP: [16]
r — r:;?l((catpcamp
AdeK — C —
KAdeKatp KAdeKamp + KAdeKalpCamp + KAdeKampCatp + Catpcamp (1 + Kadp]
AdeKadpinh
r::::)l(( KAdeKeq('\"cu:lp2
2 2 Camp
KAdeKadp + Cadp L+ Ki +2 KAdeKadeadp
AdeKampinh
7 PDH  pyr+ ADP +4NAD + FAD = ATP + 4NADH + FADH, + 3CO,: [9]
. _ rl;?)aécpyrnPDH
PDH KPDH Py prrnPDH
8 NT NADPH + NAD = NADH + NADP: [17]
max Cnadph Cnad
It = Inr -
KNTnadthNTnad + KNTnadhCnad + KNTnaanadph + CnadphCnad
rT:II'lI'aXKNTeanadpcnadh
KNTnadeNTnadh + KNTnadenadh + KNTnadhCnadp + Cnadenadh
9 RCR1 NADH + 1.85ADP = NAD + 1.85ATP: [18]
3
Treri = r]?él; 3 Cnadpcadp 3
KRCRnadhCadp + KRCRnadenadh + Ca\dpcnadh
10 RCR2 ADP + FADH, = ATP + FAD: [9]
r _ rl?géZCFADHZ rew
RCR2 — n
KRCRZ + CFADHZ rer
11 NDPK ATP + GDP = GTP + ADP: [19]
r _ rﬁ];;l(catpcgdp _ rI\IIKS;K KNDPKequtpCadp
NDPK —
KNDPKgdeatp + KNDPKatngdp + ngpcatp KNDPthpCadp + KNDPKadegtp + Cgtpcadp
12 TD  thr=:
Mrp = KpCuy
13 LD lys =.
fip = KDCIys
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Table 2 Initial concentrations of metabolites given

in the integrated model

Species Concentration

(mmol/L)

exGlc: Extracellular glucose 4.4 (fixed)

pyr: Pyruvate 2.70

pep: Phosphoenol pyruvate 2.5

g6p: Glucose-6-phosphate 3.42

fop: Fructose-6-phosphate 0.59

6pg: 6-Phosphogluconate 0.80

fdp: Fructose-1,6-bisphosphate 0.255

sed7p: Sedoheptulose-7-phosphate 0.27

gap: Glyceraldehyde-3-phosphate 0.21

e4p: Erythrose-4-phosphate 0.095

xyl5p: Xylulose-5-phosphate 0.135

rib5p: Ribose-5-phosphate 0.39

dhap: Dihydroxyacetone phosphate 0.16

pgp: 1,3-Diphosphosphoglycerate 0.007 5

3pg: 3-Phosphoglycerate 2

2pg: 2-Phosphoglycerate 0.37

ribu5p: Ribulose-5-phosphate 0.11

aspp: Aspartyl phosphate 0.2

asa: Aspartate beta-semialdehyde 0.2

phs: O-Phospho-homoserine 0.2

hs: Homoserine 0.2

asp: Aspartate 0.2

oaa: Oxaloacetate 2

glu: Glutamate 1

akg: alpha-Ketoglutarate 0.5

thr: Threonine 0.2

lys: Lysine 0.46

GTP 1

GDP 1

ATP 4.27

ADP 2

AMP 0.955

NADP 1

NADPH 1

NAD 2

NADH 2

FAD 2

FADH, 2

CoA 1 (fixed)

succinyl-CoA 1 (fixed)

phos: Phosphate 10 (fixed)

CO, 10 (fixed)
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Table 3 Final . values in the model

Reactions (mm:)nl]/aEL-s))
PTS: Phosphotransferase system 8000
PGI: Glucose-6-phosphate isomerase 650.99
PFK: Phosphofructokinase 1 840.58
TKa: Transketolase a 9.47
TKb: Transketolase b 86.56
TA: Transaldolase 10.87
ALDO: Aldolase 17.41
TPI: Triosephosphate isomerase 68.67
PGK: Phosphoglycerate kinase 3021.77
PGM: Phosphoglycerate mutase 89.05
ENO: Enolase 330.45
PK: Pyruvate kinase 0.06
RSPI: Ribose-phosphate isomerase 4.84
Ru5P: Ribulose-phosphate epimerase 6.74
PGDH: 6-Phosphogluconate dehydrogenase 16.23
LS: Hydroxy tetrahydrodipicolinate synthase 4
etc.
GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase 921.59
GluS: Glutamate synthase 1.5
AK: Aspartate kinase 25;12.5
HDH: Homoserine dehydrogenase 16.7
HK: Homoserine kinase 1.00
TS: Threonine synthetase 0.42
PWD: Pyruvate water dikinase 0.2
AdeK: Adenylate kinase 1
PDH: Pyruvate dehydrogenase etc. 6.06
NT: NAD(P)+ transhydrogenase 15
RCRI: respiratory chain reaction 1 0.3
RCR2: respiratory chain reaction 2 6.06
NDPK: nucleoside-diphosphate kinase 0.1
GOT: Glutamic oxalacetic transaminase 20
PPC: PEP carboxylase 0.11
ASADH: Aspartate beta-semialdehyde 011
dehydrogenase
G6PDH: Glucose-6-phosphate 138

dehydrogenase

MY RN 0.268 mmol/(L-s), 7% FR& i &
9 0.155 mmol/(L-s), 7~k 45 45 55 £k > Dd ik
1) I3 AR MR JEE SR A2 R 38.56%, ik [ 1 2 12
Gy, BRI RIEE N 91.17%, $2if FBA 1T
SRR IR KRR AR, 3 SR AR B SR A 95 A R AR
Rt mdew EED R b & RN R A
M FEZP R NE 1 i,
2.2 RigHzHl 2
i A R B
FCC) 2B TR a8 428 v %) il 1% 1 el 2 e s 12
fadam A, & X ()P b
B AR v A% il 2 3 R X S — i A2 3 1 4
ZB N, LA E SH SR (R g
XF 0 2 R BGE ) RO HE AR R A R, S T
3 AT 9T DGR R 1) R R R ok e AR i A R Y
A PO X TFRCC oA TEH0 A i S0, 2 B 3
TG i A T LSRR bR RO 3 e X
TFCCH TR S0, 1 0 G - sl il 0, )
X B e b SR A 38 AN ) O R 3R I i g
XoF 368 S 5 M A, B P R 67 a5

(Flux control coefficient,

a
J E, aJ

Fec=-J -5 Y 1
3E I g W
E

2.2.1 SRR

i AR A, FATTHRAT TR AR AR
A N EES RON [E] Y FCC FEFE . b4 FCC [
25 Tl XF 75 R A A R A A R S B = 1Y
FCCAE, srAtni& 2 s,

H 2 AT, FCC BB R KIS 350 i 4%
RS T 3 S W B 43 3, EERAE e
P it 3ok R LA R B B AN JE g 1) A it AR 3 idd B
R | R A ) A5 2 05 R 6 i) 2 2
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Fig. 2 Flux control coefficients of enzymes on the threonine and lysine biosynthesis. (A) FCCs of different enzymes at
unrelieved threonine inhibition. (B) completely relieve the threonine inhibition.
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Fig. 3 Effect of enzyme amounts on the PTS, threonine synthesis and lysine synthesis fluxes. (A) PTS over expression.

(B) G6PDH over expression. (C) HDH over expression.
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