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Abstract — In order to investigate the effect of inhibitors on L-threonine biosynthesis in Escherichia coli, we have con-
structed a metabolic network model of amino acid biosynthesis from L-aspartate to L-threonine by using available infor-
mations from literatures and databases. In the model, the effects of inhibitors on the biosynthesis of L-threonine was
included as an appropriate mathematical form. For simulation study, we used initial values as L-aspartate 5 mM, ATP
5 mM, NADPH 2 mM, and observed the concentration changes of intermediate metabolites over concentration changes
of respective inhibitors. As a result, we found that concentrations of intermediate metabolites were not significantly
changed over concentration changes of L-lysine, L-methionine, and L-glutamate. But, there were considerable changes
of intermediates over concentration changes of L-serine, L-cysteine, and L-threonine, which can be considered as essen-
tial effectors on L-threonine synthesis. Contrary, the synthesis of L-threonine seems to be not related to the amounts of
L-aspartate, and inversely proportional to the accumulated amount of D,L-aspartic 3-semialdehyde.
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Table 1. Stoichiometric equations for L-threonine biosynthesis metabolic

network
Enzyme Stoichiometry
AK /111 ASP + ATP<«> ASPP + ADP
ASADH ASPP + NADPH«> ASPSA + NADP* + P,
HDH ASPSA + NAD(P)H <> HSER + NAD(P)"
HSK HSER + ATP — PHSER + ADP
TS PHSER +H,0 — THR + P,

Fig. 1. L-threonine biosynthesis metabolic pathway in E. coli: Inhibitors (SER, CYS, GLU, LYS, MET, THR).
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Table 2. Enzyme Kinetics for L-threonine biosynthesis in E. coli metabolic network

mnyme Kinetics
VAK,[[ASP][ATP}%)
AKI | (LLHR] o
Koo e ISP sty o 1+ R erae
o
VAH([ASP][ATP]_[ASPIP(ﬂj
eq
S el v [ 2 ]
Vaso(taseriNapi) 22 SA]I[(NADP][P,-]]
eq
- {[K"""’P(H[As,,iif ]) ( . ]jJ’[ASPP ]} [KNADPH(H[N’:‘Ef ])+[NADPH]}}
HDH[[ASA][NADPH] WJ
HDH +[[IIH_R])/1W
+( [T;IEI:] o |:1+[ENY'YS.\']:||:1+[I§i1};]:||:KASA(1+%)+[ASA]:H:KNADPH(1+[Kif)1:])+[NADPH]}
AU X K7y
V, [HSER][ATP]
R T R AT B OB o)
TS _ Vis[PHSER]
Kpusprt [PHSER]

Korean Chem. Eng. Res., Vol. 44, No. 1, February, 2006



100 o)Al -

2-4. A& XoliH|

L-threonine 2433 7} gol|A] ASPEH-E| ASPPE Hol7|= 3l ¢t
Alell BEE vlX= AK D FA= THRO| A3jA| 3hs = A
o7 A ¢l o o] W] THR> ASPe]l thal] &= ~EllE](allosteric)
3kl 73782 (competitive) 02 A-8-gtTH 12, 13]. A wHAlel 285
= IO G490 AKIIE] Z-9-olli= L-lysine©] H]73 4 4] (non-
competitive)©] 1, 7 2 3] 2] E] B (cooperative)stAl A sl Sl L-
glutamate™ AA] A3|A|ZA 71237} v]EAA 02 Whg&HEe]
3R M HITH14-16). T E4% ASADHE L-threonine 833 7
29} 7WRE Al 2R AsA] AEe she BAo] gl ZloR
ZAESITE HDH 425 Adlishs 242 AR 212 L-serine,
L-cysteine Z12] 1. L-threonine®] 317 L-threonine®] 7-$-<l 1|73
A2 (non-competitive) A3l AZ P 7] 1c}18-20). Bk HSK
" AR AlAlE F L-serines A$]eE & A A2
P W= R oZ ZAREICH21-24]. 7121 L-homoserine®] 7
-1 mM o) ), TR 71891 ATPE 3 mM ol W 714 A
A ke Sh= Aoz LA Urt E3F THRS: L-homoserine
o] thisl] A A (competitive)©] L WHLEZ ~H| 2] (non-allosteric) 3+ A
s Ao, L- lyslne«] 734l L- homosennei} H]%‘%ﬂ’—‘ﬂ,c"l(non-
competitive) Al al| A2kl &4 Avh3]. B3 L-glutamate, L-
methionine, L-cysteine®] 7--%= HSK #A9] X1 Al eJghs: St 9).
L-threonine A3 27 ol A wiRe}l AL TS &4 HES-olA =
ASADH F4-9} v X2 A A A 0 7 AeljA] 98-S dh= til &
AL YIF Fo= ARSI

3. 210 #

3-1. BA}(simulation)

homoserine 12|31 L-threonine2]
Foke-
dojdl

o=

5 mM,

._L_o

v‘i“—";% 1M e T i

j&

) - O
EEHe

3+ Aa) o

L-threonine®] &%
slo] BEARSISATE

Table 3. Parameters of enzyme kinetics for L-threonine biosynthesis in E. coli
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Fig. 2. Intermediate metabolite concentration profiles in the presence of L-serine as an inhibitor.
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Fig. 3. Intermediate metabolite concentration profiles in the presence of L-cysteine as an inhibitor.
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Fig. 4. Intermediate metabolite concentration profiles in the presence of L-threonine as an inhibitor.
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AK Il : aspartate kinase (EC 2.7.2.4)

ASADH  : aspartate-semialdehyde dehydrogenase (EC 1.2.1.11)

HDH : homoserine dehydrogenase (EC 1.1.1.3)

HSK : homoserine kinase (EC 2.7.1.39)

TS : threonine synthase (EC 4.2.3.1)

ASP : L-aspartate

ASPP : B-aspartyl phosphate

ASA : D,L-aspartic [3-semialdehyde

HSER : L-homoserine

PHSER : O-phospho-homoserine

THR : L-threonine

GLU : L-glutamate

LYS : L-lysine

MET : L-methionine

SER : L-serine

CYS : L-cysteine

ATP : adenosine S-triphosphate

ADP : adenosine 5-diphosphate

NADPH  : dihydrotriphosphopyridine nucleotide
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