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New strain development strategy using kinetic models and metabolic control analysis was investigated. In this study,
previously reported mathematical models describing the enzyme kinetics of intracellular threonine synthesis were modified for
mutant threonine producer Escherichia coli TF5015. Using the modified models, metabolic control analysis was carried out to

identify the rate

limiting step by evaluating the flux control coefficient on the overall threonine synthesis flux exerted by

individual enzymatic reactions. The result suggested the production of threonine could be enhanced most efficiently by
increasing aspartate semialdehyde dehydrogenase (asd) activity of this strain. Amplification of asd gene in recombinant strain
TF5015 (pCL-Paor-asd) increased the threonine production up to 23%, which is much higher than 14% obtained by
amplifying aspartate kinse (thrA), other gene in threonine biosynthesis pathway.
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olglgt WHE JhHA  HIde WAEE O E4
(metabolic flux anlysis)o|1} thALZA FA (metabolic control
analysis) 7]&-& AHESl, Bt §&2¢ Wiog thrlzst
ATE Fst Jrk3-6). AIEE 4 Visol@ mlAE
UlolA dojutar Qle AEsr W2l vjAlEe] BN &
FEAY Ehlske dAMIES AR oEN vdE Wi
o] tAERY 5ES dF3e Vleolth AERE EAML

drhg Al BF0] 54 540 4N g skl et

MRS ol3sty] A% FAA Edg 7oty diAt
24 BAL tiit A2RY 2SS 26 AT WHe
313 FHE AFsty HPHA ¥ (parameters)7} AL
s2olU gAY ¥E (variables)o] FEFE FE AhE

= HARM

HAZ WA (Escherichia coli)) A €] L-threonine AY3HA
A2 gt & ¥kgY A KEdo] Christophe
Chassagnole 5(7, )] ©}3}) 2E I}, Threonine B
ofpli=ite} AFog Alm B AF HA7HAIEA d AH
o oekgog Az P odFe Y IEREE AMEHI
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AlE A3 4 plasmid

th A NovaBlue SinglesTM Competent Cells (Novagen, San
Diego, CA, USA)+= plasmid®] AZHs 3 #F29 AL
St{Th. Threonine A4t #FE& HIlH TF5015-§— A}--3}
Foh (10). hAFANA e A FAA AEe BRuH E
coli K12 genome sequenceE ARE-3LFTH(1D). |- dl} g Rt
3 plasmidZ = pCL1920 (12)-& AFE3}¥ o™, promoter
2% AT aroF promoterE ARE3LETE dFo] A}g-g
primer5- Table 19] Az sHtt. £FaA A8
(PCRH)S  Expand™ High Fidelity PCR system (Roche
Molecular Biochemicals, Mannheim, Germany)E ©|-£ 3}
PCR Thermal Cycler MP (Takara Shuzo Co., Shiga, Japan)=
T3t HTE. DNA  sequencingS Bigdye terminator cycle
sequencing kit (PerkinElmer Co., Boston, MA, USA)3} Taq
polymeraseE A}l§3}o] ABI Prism'™ 377 DNA sequencer
(Perkin Elmer Co)2 E-AstHt).

Table 1. Primers used in PCR experiments

Primer 1 5’ - cgg ggtace tge tgg tea agg ttg gegegt -3 gpoF
Primer 2 5’ - ccg gat atc gat cct gtt tat get cgt ttg - 3 promoter
Primer 3 5’ - ggg ccc ggg atg aaa aat gt ggt titat - 3°  asd
Primer 4 5’ - gggctge agg tac gec agttgacgaag - 3

Primer 5 5" - ggg gat atc atg cga gtg ttg aag ttc - 3° thrA
Primer 6 5’ - ggg ctg cag tca gac tec taacttcca - 3

asd, thrA overexpression vectore| x|=

Mz o] HQ3I promoterE WHE S Zgx=ns
pCL19200| AFSaholch el Aaalo] ZA3HE aroF
329 promoterE A&-3}7] 93ked 747t primer 1 F 2
g o] &3l thgd ofF W31109] d4 3 DNAE 3
S8 o FHEL AAREEYH (PCRY)(13) (PCR =Z:
Denaturing = 95C, 30%/Annealing = 53, 303/Polymer-
ization = 72°C, 13, 303 23] <k 700 %<l aroF &A1z}
9] promoter F-#& FZ3}rtk doJ3l DNA ©H-S Kpnl
3} EcoRVE A3+ 48 Adsla 28 A3 5§47 A
H. pCL1920 plasmidE T4 DNA ligaseE ©|-&3}of o] A
o] A3l pCL-PuorE A 23} T

g, AT W31100.2%8E  aspartate  semialdehyde
dehydrogenase (asd)E F2Y317] 93t primer 3 2 45
oj &3t mix7EA] WMo R oF 1104 7149 asd FHAE
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%— stttk Hojx DNA ©HE Smal 3 Pstle] Ak a4

2 At 28 A d48 A9y pCL-Pur ZEVT
E T4 DNA #o|Ao|=E o]gsto zho]Ao]dste] Azt
vector pCL-Puor-asdZ A|%3}gT}. aspartate kinase (thrd)<
primer 33 4% o]&3}a] HdojA PCR productE EcoRV-Pstl
A BAE 083t pCL-Puor-thrAE A 213} 31T

T

FRAA 2AE Y XY el v Luria-Bertani
)z (LB, 10 g of Bacto tryptone, 5 g of Bacto-yeast
extract, 10 g of NaCl per liter)E A}8-3}0). Threonine Y
S A% 9t wjgde) A FEAA 70 gL, &8 F
25 2 gL, t2F HH0|E 28 g/L, vl1g AHOE 0.5
g/l, #Ej2 HHolE 5 mg/L, ¥ HH|E 5 mg/L, L-v
Blod 0.15 gL, Zx 7IE2HEYE 30 gL, XEg U=
2AZAHE | gL# 2tk g7} vk 250 mL flasko]
25 mLe) WA A8 wjFstaTh vl 21 33°C, 200

rpmo| Al 48A1ZF  wikElETh E8® A% A
spectinomycin (Sp, 50 mg/L)E wix|d| 718l Flask nj
& A7} triplicate & 2 8] HughS ARE-FAT

=A] gk

M 3E AAS 562 nmo)| A 2] optical density2 ZAEH ATt
(Beckman DU659, Fullerton, CA, USA). Threonined] T+
high performance liquid chromatography (Waters, Milford,

MA, USA)E o]-8-3he] R4
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Threonine A} $HA1-& aspartate = H-E] threonine7} 2| 57} X
aA, =, aspartate kinase (thrA, IlysC, metl), aspartate
semialdehyde dehydrogenase (asd), homoserine dehydrogenase
(thrA, metl), homoserine kinase (thrB), threonine synthase
(thrC),7} #Ast= Aox: d4A Aok gAY
threonine A4 Az thet &4 39 584 g2
Christophe Chassagnole Sof ¢]3ste] o|m] T H T, 8).
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SRt & TF50159] @A AE EA ZAAzZRY
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dehydrogenase®| F+Q F3AQ thrd U F7IAE Holr}
81 7] wj & o)), aspartate kinase & A 9] =Wl A 37}
Aoz =Fo A3H 4287 do|Ar threonine
o 2% aspartate kinase ¢ inhibition §&& A A st HTh.

olgdA HEF modelE JWS onlined| A @] variabled]
3 k=9l W3t concentration control coefficient®} flux
control coefficient Z}5-S AHAFsFA ). Reference fluxz &=
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Table 2. Flux control coefficient (FCC) of threonine biosynthetic
enzyme

Enzyme FCC for threonine synthase flux
aspartate kinase 24.7

aspartate semialdehyde dehydrogenase  56.5

homoserine dehydrogenase 18.2

homoserine kinase 0.6

threonine synthase 0

u}2tA] aspartate semialdehyde dehydrogenase (asd)®] %S
S7WHE A5 threonine YA H2 9 tjAlaEo] 7
2A F7Mgde 2HE AUk ol 3, WFF TF5015
o A threonine AJFA FEo|A threonined] MIAA £ &
A grel= QA= aspartate semialdehyde dehydrogenaseol] <]
S HAYE & 5 U

asdl thrA1tsiof
threonine Al Al

ALZE B 714 93k flux control coefficient 23}
& HIol7] Htd WFEE FHLE 39 asdE coding
3l F#AE low copy number plasmid pCL1920 vectoro]
cloningdt vt LAE 3 promoterZ= AT weak
promoterQ] aroF promoterE A}E3}H Tl 3 threonine
pathway¢] ©h& #FHAE FE AT wlwsly] 93
threonine  pathwayol| 4]  aspartate  kinase®}  homoserine
dehydrogenase S codingd}l= thrA §FA 2 vector®
2 aroF promoter?} pCL1920 vectorE ©]|-£3lo AZAsS
o

E7tE MZE RN

A 2+ E pCL-Pyor-asd®} pCL-PucrthrAE Z}7Z} threonine Al
A @5 TF50159] FAAZR3GT doj7 #5E TF5015
(PCL-Puor-asd)2} TFS5015 (pCL-Puop-thrA)E  threonine &7}
Z2MAS o) gl 2Eo) ME £&9) ABL B
At

Flask wjj<} A3+ Table 3o Jebdch 484748 wi %
o] % TF5015, TFS5015(pCL-Puor-asd)®}  TF5015(pCL-Paror-
thrA)x= 25 H|$2% 4 555 715 94, threonine =%
NN < asd®} thrA7} HEEE FFANA ZF Fr1sdnt
TF50159F  vector?2 2z Qle  TF5015(pCL-Puor) &)
threonine F X+ =5 °F 9.6 g threonine/Le] S 7L
1}, TF5015(pCL-Pyor-asd)$} TFS5015(pCL-Pyop-thrA) ol A= 2}
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Z} 11.81 g threonine/Le} 10.97 g threonine/L FE=& 7}H3
0. 58 asd? W] Z748 AzF uUATINE
threonine T57} 23% =719 0.0, o= thrAS 3da Az
Ao fojR 14%ET 2 2o SIHE BT

Table 3. Results of flask culture of recombinant Escherichia coli
haI'bOI‘ing pCL'ParoF'an or pCL'ParoF'thIA*

0D562 THR (g/L)
TF5015 152+ 0.3 9.6 + 0.4
TF5015(pCL-Prcr) 15.1 + 0.2 9.5+03
TF5015(pCL-Paror-thrA) 153 + 0.2 10.97 + 04
TF5015(pCL-Puor-asd) 15.8 + 0.2 11.81 + 0.3

*Cultures were carried out triplicates
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N AL 9% AAAE ERHOE targeting? 5
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43 pahway?e] modelZREE FF A AFE olF
& qithe AHAE B89

AL TS o] &3 AL #F Ade Y Ve ¢
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