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M K MAT# Escherichia coli THR 7 284 miEZ 6 AE 6 E £ R, 17 R AL FRBA R E b X4k
B, ME—WAFRRESTHEM. [Fx] AR FLPIFRT €408 4 %, 3% E. coli THR F lysC. pfkB
Fo sstT, F)BF#EAT - REARATH F lysC™ . thrE £= 7 87 T B3 AR B + gapC 44 & 407 4o 4 22 4610 ) 75
EEAY. [4R]1v4E coli THR A B R AR, 345 5 RERA RER T KA R LR BB 111 (AKII
893 lysC. BRBR R A4 H 1| 2L E pfkB A BB R E & R XA B sotT, AR E F R =5
A3 75.64+0.35 g/L, b K ARG 0.9%. MG F IR A S BBABATE T ER T KA 4 69 R4
BB (lysC™) . FR BB AHE E G (thrE) R A BN TEEAR H F b gapC %At NADP R #i A H b
BA-3-ABFBR L ABE, RIFELE M E. coli THRE Bk, ZEAMMRE H 2B )~ 2R 53] 105.3:059/L,

PRI FEIR ST 43.20%, 117 BRA IR 5% 5.76 g/)gDCW, m KA E#H 1826 gDCWI/L. [4
] FRERE AN KRR RBGEEN R FRBRRESRAFRE, AL MRARELR HER
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Construction and fermentation of L-threonine-producing
recombinant Escherichia coli
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Abstract: [Background] Escherichia coli is often used to produce threonine because of its excellent
growth performance and clear genetic background. [Objective] In order to construct a high-yield strain of
threonine, the nonessential genes of the E. coli THR in threonine biosynthetic pathway were knocked out
while the key enzymes essential for threonine synthesis were heterologously expressed. [M ethods] The
lysC, pfkB and sstT of E. coli THR were deleted by using the FLP/FRT recombinant enzyme system. In
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addition, the recombinant plasmid with the genes IysCfbr and thrE from Corynebacterium glutamicum and
the gene gapC from Clostridium acetobutylicum was constructed. Then this plasmid was introduced into
different host strains. [Results] The target strain E. coli THR3 as obtained from the parental strain E. coli
THR by deleting its threonine synthesis pathway: aspartate kinase 111-coding gene lysC and phospho
fructose kinase 1l-coding gene pfkB as well as the threonine absorption protein-coding gene sstT. The
threonine production of strain E. coli THR3 as up to 75.64+0.35 g/L, was 9.9% higher than that of the
parental stain E. coli THR (68.7 g/L). In addition, heterogonous expression of threonine secretory
transporter-coding gene thrE and aspartic kinase-coding lysC™ from C. glutamicum as well as
heterologous expression of NADP" dependent glyceral dehyde-3-phosphate dehydrogenase coding gapC
from Clostridium acetobutylicum were beneficial to increase the threonine production. The recombinant
strain E. coli THR6 could produce 105.3+0.5 g/L of threonine with a biomass of 18.26 g DCW/L and the
threonine yield (g/g) from glucose increased by 43.20% and the acid production capacity per unit
increased to 5.76 g/g DCW in fed-batch culture accumulation. [Conclusion] Knocking out a gene alone or
modifying a pathway does not allow large amounts of threonine to be synthesized and accumulated.
Co-transformation of multiple metabolic pathways is the most effective way to construct threonine
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engineered strains.

Keywords: L-Threonine, Escherichia coli, Gene knockout, Heterologous expression, Transport pathway
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R 6 R e IR B S L0 2 M it iy H .
TEESL, Lee 253t R A0 TR el K AT
INEBR A AR B, MR AR AR A
7| 82.4 g/L® AHFFE LKA FFH E. coli THR 2
RIERR, i AR TRk SRR AR . R SR
W IR EFHART B, B 2 B AR R 2 R
At , e NADPH A, /48 T —fkm =
IR KT A
1 MHETE
11 #8
111 SKIGEHRS RAL

A SE T B TR A BRI 1,
1.1.2 #EHxE

IR LB 55t : ZHESCHR[9], Hid NaCl 5.0 g/l

LB [EABEFREL : ZHESCHR9], D3 it 200 g/L .
PUPETR LR IN ALK E S 70 mg/ll WIS HEE
ot 25 mg/L [ -RAREE R (LBK 25)

&1 AW PERBEMFRA
Tablel Strainsand plasmidsused in thisstudy

FEARSEFR B (g/L): Hi%kE 2.0, NHNO; 1.0,
NaCl 1.0, KH,P0O, 0.5, Na,HPO, 1.5, MgSO,- 7H,0 0.1,

PERA PRI (L) AR 120, BEERE
8.0, NaCl 5.0, /] 30% NaOH 5 pH 7.1, 1x10° Pa
K 20 min,

TR TR FR I (/L) A 20.0, H3PO,
0.6 mL, MgSO,7H,00.5, KCl 0.6, FeSO4 7H,0
0.01, MnSO4-4H,0 0.01, CSL (TN) 0.6, 415
0.5mL, HIEKE%E(BM) 12.0 mL, A4 /KIE pH
5.6, 1x10° PaKi# 20 min (%M FIBERE —k K
W, Hp—EKE, REMERS).

KBRS (g/L) : #i%HE 20.0, H3PO, 0.5 mL,
MgSO,-7H,0 0.4, KCl 0.6, FeSO,-7H,0 001,
MnSO,-4H,00.01, CSL (TN) 0.3, 4751 0.5 mL,
H3EE95 (BM) 18.0 mL, #3554 (Betaine) 1.0, A
KIS pH 5.0, 1x10° Pa K& 20 min (G %4 A1
BEIR — KR, Hap—'KE, K5 =HE)-

PARRA TR Rt HeIR
Strains and plasmids Characteristics Sources

itk Strains

E. coli IM109 el4-(McrA-) RecAl endA1 gyrA96 thi-1 hsdR17 supE44 relAl Stratagene

A(lac-proAB) [F/traD36 proAB+lacq lacZ AM15]

E. coli THR L-threonine producing strain (ILE', AHV") Laboratory stock

Corynebacterium glutamicum Wild type strain Laboratory stock
ATCC13032

Clostridium acetobutylicum ATCC 824 Wild type strain L aboratory stock

E. coli THR/pEC-XK99E E. coli THR strain carrying pEC-XK99E This study

E. coli THR1 E. coli THRAIysC This study

E. coli THR2 E. coli THRAIysCApfkB This study

E. coli THR3 E. coli THRAIysCApfkBAsstT This study

E. coli THR4 E. coli THR1 strain carrying pEC-X K 99E-lysC™ This study

E. coli THR5 E. coli THR2 strain carrying pEC-XK99E-lysC™thrE This study

E. coli THR6 E. coli THR3 strain carrying pEC-X K 99E-lysC™thrEgapC This study
JEAE Plasmids

PEC-XK99E Expression shuttle plasmid, kanamycin resistance Laboratory stock

PEC-X K 99E-lysC™ pEC-XK99E carrying lysC™ This study

PEC-XK99E-lysC™ thrE PEC-XK99E carrying lysC™ and thrE This study

PEC-X K 99E-lysC™thr EgapC PEC-XK99E carrying lysC™, thrE and gapC This study
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1.1.3 FERAFIFNLEE

DNA R4, T4 DNA 55, wMERE (R a0)
AR BR A AL AR RGN YT, A T
FECRIE) A BR A AL RO & L e Ik
S UARAZATIR Fr BealiAian &, BeiE A (dest) 2k
YRR A A @ W EFRREMRIER, 14
PR () et A IR A | o], =254
() A BRA ]

AU AN LR, JUJe AT () (U as AR
ol BEROKERIKAL, Jbmos—A0ER T g
I, IR B B LE DRI T 5 VR VR 5L,
Beckman Coulter 2w ; miE B.001L, Sigma /A ;
BEI 1% 248, Bio-Rad 2Nl g A A 43
(HPLO) RS, ZHERBHARAF,

1.1.4 PCR 3|4
FLTF NCBI #5727 E. coli THR ZE[H4 ¥4,

% 2 PCR #1834
Table2 Primersused for PCR

JH DNAMAN Bt & 5L B | BRAE Y 47 3
MISUES Yy, sk 2 PR,
12 A&
1.2.1 H&iB& lysC. pfkB. sstT £[F

E. coli THR FE#k lysC JE A () r bRt FEan e 1
Fimmo H—2H kan JER B fF BRI . DL
pKD131Fh PCRAE , {1514 AlysC-F F1AlysC-R
PGS DNA F Br(fudE lysC 19 b An T i A i
R3], kan FERAT 2 4~ FRT f745), 1 mmE
HARTE 1800 V HLE T 444k E. coli THR/pKDA46 &
ZAAEHE. mdE, BaELE 37 CCIEF 2 h
JEEATE LBK s AL . pKDA6 FE BT H A M 15
T TR EHE I, A TR ERAE [ P50 5L R AR
PR R A R F 2 . 3557 12 h JE PRIBCRA TRV
5 XSG 5 [ M EF 7 PCR 4738, # 2 mbR & |
TR BORNER, HIE lysC bR .

ElLY e 731 PR P o7 5
Primers name Primers sequence (5'—3') Restriction sites
AlysC-F TAGTGACAAGAAAATCAATACGGCCCGAAATATAGCTTCCAGGCCATACAGTAT -
CGTCTTGAGCGATTGTG

AlysC-R CTCTTCCCTTGTGCCAAGGCTGAAAATGGATCCCCTGACACGAGGTAGTTGATAA -
GCTGTCAAACATGAGA

lysC-F TTACTCAAACAAATTACTATGCA -

lysC-R ATGTCTGAAATTGTTGTCTCC -

ApfkB-F TTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCAGCCTATAGGAGGAAAT -
GCGTCTTGAGCGATTGTG

ApfkB-R AACGCGTTGCCGACAGGTTGGTGATGATTCCCCCAATGCTGGGGGAATGTTTTTGG -
ATAAGCTGTCAAACATGAGA

Y ApfkB-F GCTCCAATAAATCATATTG -

Y ApfkB-R CATGACTTTTGAGCATAGTC -

ASStT-F AGATGCGTCGACAGAACGCACCAGGGATGTGCGACAACACAATGAAAGGATCGAA -
AACGTCTTGAGCGATTGTG

ASSIT-R ATTGATCCGTTTAAAGTTGAGAAAACCCCTTCCGCCGTAGACGAAAGGGGTTAAAC -
AAGATAAGCTGTCAAACATGAGA

Y AsStT-F ATGACTACGCAACGTTCAC -

YASStT-R TTAATTACGCAGGGCG -

lysC™-F GGAATTCGTGGCCCTGGTCGTACAG EcoR |

lysC™-R GGGGTACCTTAGCGTCCGGTGCCTG Kpn

thrE-F GGGGTACCAAGGAGATATAATGTTGAGTTTTGCGACC Kpn |

thrE-R ACGCGTCGACTTACCTTTTATTACCGAATCTCTG Sal |

gapC-F ACGCGTCGACAAGGAGATATAATGGCAAAGATAGCTATTAATG Sal |

gapC-R ACGCGTCGACTTAAACTATTTTGCTATTTTTGC Sal |

T MRS R BRI S; —: TOREYIRLAT.

Note: Underlined sequences are homologous extensions; Italics are sequences of restriction sites; —: No restriction sites.
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IysC-F

kan

>

PCR

FRT

[ —

kan

Bl 1 &k lysC EERIE
Figurel Flow chart of making lysC knock-out

THFR kan FLFF pCP20 JFikri: A T ikFIH PR kan
(4 B Y, 5 SR B0 FUk pCP20 471 I 4w bt iy FLP
NG, %A LS 24 FRT 47 85 2 AW
HL¥% pCP20 it A E. coli THRAIysC::kan &1k
W, fE 42 °C 1555 12 h 5 W B IR A 7E LB [ AL
Ak b PRBURATTE , 730 s R TE LBK o5 AR
LB F#, 37 °C Ki3% 12 h, BREUVAETLE LB St -
ARBBAEEHAT PCR KAE, HEBORK/NERRIY
E. coli THRAlysC. FH[RIFER ikl pfkB. sstT.
1.2.2 ik lysC™, thrE. gapC RAMHESH
314

(1) BBy g

K5 GenBank HH /A KMAFFE E. coli
MG1655, 72 BakEATH# Corynebacterium glutamicum
ATCC13032 K 15 Wi T P # B Clostridium
acetobutylicum ATCC 824 #/EE K 4 41 % 14
BAMNEETIYER 2), I Fik 3 FhER 4
Y0 PCR ALY 1 H 2L [H . PCR & #4415 B
Tk, PCR W 25M4: 95°C5min; 95°C30s,
AR IR AR 30's, 72 °CAHMIE], 35 MEFF;
72°C 10 min; 12 °C {Rf . #4598 KGRE F H
b i B B 18 8 236 T A 3R I B R A ffr s (1] I

Electroporation

N N/
—

kan
E. coli THR/pKD46

S Chromosome
Eliminate FRT
R S
Electroporation ~ pKD46 @

% 3o 51 ORI DRI P 2 A0 FH A= 9 TR
NCIE

(2) ki 551k

J 3 PCR 474 1ysC™ | thrE il gapC %L L) 3k
5 EBR B, LB RIS B 5 A T
FrBealidk, RASEHIE Y lysC™ | thrE 1 gapC Jit
K A B, ] EcoR | A1 Kpn | i) pEC-XK99E,
alidk [0, S5 RIS A lysC™ SR F B 1 il
. ek, B EPRIBCRA VR T TS PCR &
JECRL VI 6 IE o 16 4544 2 1 4 17 SR (PEC-X K 99E-
lysC™)f] Kpn | 1 Sal | xWfiGy], Z4ifb)5 5 thrE
SR E, 251k, BiEkfS pEC-XK99E-
lysC™'thrE Bk, Fil Sal | By, alife ., WSS
gapC MR &z | #ib . W% PCREFVISIE ., %
TR, pPEC-XK99E- lysC™thrEgapC, ¥t/ 2h
AR I I A %) E 4 SR 0 i F A TS E TR
JAkFIE, MRRA LN TRER E. coli THRAIlysC/
PEC-XK99E-lysC™ (Hl E. coli THR4). E. coli
THRAIlYsCAsstT/pEC-X K 99E-lysC™'thrE (i E. coli
THR5)Hl E. coli THRAlySCASStTApfKB/PEC-XK99E-
lysC™'thrEgapC (El E. coli THR6).
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#* 3 PCRRMHEXER
Table3 Therelated information of PCR experiments

SR A MY A nEIE7] B AR S e i 7] 7N 3
Reaction bUInose Forward Reverse Annealing Extension Product
purpo primer primer temperature (°C) time (s) length (bp)
P18 1ysC Rilg: A Bt AlysC-F AlysC-R 50 90 1447
Amplification of lysC knockout fragment
P pfkB sk B ApfkB-F ApfkB-R 53 60 1039
Amplification of pfkB knockout fragment
1Y sstT Rl Bt AsStT-F AsStT-R 50 80 1344
Amplification of sstT knockout fragment
lysC i BRIGHIE lysC-F lysC-R 57 - -
lysC knockout verification
pfkB FiBRIRIE Y ApfkB-F Y ApfkB-R 60 - -
pfkB knockout verification
SStT FiIA IAIE Y AsstT-F Y AsstT-R 55 - -
sstT knockout verification
B lysC™ BBt lysC™'"-F lysC™-R 56 75 1266
Amplification of lysC™ fragment
Y1 thrE BBt thrE-F thrE-R 60 90 1485
Amplification of thrE fragment
471 gapC H Bt gapC-F gapC-R 53 60 1005

Amplification of gapC fragment

Note: —: No data.

1.2.3 HHERMFKIL

B HEIALE 37 °C. 100 r/min &/ FHFE R
ODgoo {84 0.6-0.8, 7 37 °C L) 1.0 mmol/L f £k
FEEGIN PTG, %% 4 h 5t ab B K. @t
SDS-PAGE #E it LUK /A1 8 11 R B 1 L o
124 5L AMEHEABEER

FEREERAE SIS AR . AN IRIR VKA 80 °C
TRAF TG LT IR —5 L AR B 57
T AU 1 mL B A 0.12 mL
BRIRAT AR, T 37 °C fHIEE IR 24 hy $RfRG SR
(34 F1 100 mL/500 mL =fifi): EJF 37 °C,
#5890 r/min, pH 6.8-7.2, 1i3Eta] 5-7 h,
2 hrpja) i #RIRRE, D E pH Al ODgoo fl; 5L &
P HE 1 5 (RS R AR AN 2 L) JEEWH 30 o/L, i Ik
i 800 g/L . N LO%ZE ki L ¥ . ¥ 2 /K 4 il
pH 7.00£0.05; i 37.0+0.1 °C, DO (Dissolved
oxygen) >25%, K L3R 36 h.
125 MEHE

BRI B 5 5 2 W B — VR AR, W 0.2 mL

R, FFMGERIRAGRE 25 6%, HBGETHE
600 nm Ak IR S

BTG PRI A R A S TR I (AK) T T o 5
HESCHR[10] o 3-i H Ve Mot Ul A 24 B 18 2K
F & P 2 B SOk 1)

A PRR B E . SR SBA-40C AIA: W14 )8k
U=

TRETRUREEIE . B 1 mL &, 10000 r/min
B0 5min ZRREAR, 25042 0.22 um A UE g i
THIEWR, R RORAH 1S (HPL C)l i H b 95 24 R
e, Agilent 1200 i, @itk R Agilent
ZORBAX Eclipse AAA, Tl 2 -2 BRANZE v
W, WEE 1 mL/min, FHU#ER DAD Z ARSI
WIS, KK 360 nm, fEiEHNE AR A 33 °C,
2 HR54W
21 AHEEREHEEZES lysC. pfkB, sstT EH
RS

KGFHE B EAE 3 PR DRI AKI,
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AKIL, AKIIL, 435 lysC. metl. thrA Zifd, fi#
KEAARWEIRAIS 73 A L-Lys, L-Met, L-Thr
A Rz, Hodr, i lysC mfiBiy AKIN LR
FEIR TR TG YRR DL L - 22 R BH i A ] o B ok
WA FBA ) lysC R I FH A 2 BR HE AR AT TR i R 4 2
iR s 1ysC™ OB . KM I AR LE B 1 20 T 75 & R
T EHFE 307 NADPH, [RlH 1= ) i ik SR
WO 1 BEDH pfkB, 0 A TR SO 1442 (PPP) Y
i B AR HE B &2 NADPH ., K 75 2 BR W
FHEEA TdeC FI SstT, Horb SstT & #% 54k
FH, B ST mBRpe A R TR 2 BRI %, 3
DRI R, T4 S K AT R 5 2 R A il o

F PCR %58 K B lysC #% kan i #i e, 4%
WK 2A s, 15 42 °C K mild iish 64k 1,
T B IR ARl B Bk pCP20 K kan JE[H . FHIRIFE
(5 PRk pfkB. sstT HEA .
22 BHRFREFRNHWESRIE
221 EBAFTIEFRNAIEE

R IAAT I , TEAS 2 RT3 A —FP R
R GZPRIEENE, ©h lysC FEH gD, ARS8 5
Br KW FF R A 5 KA AR AKINY, If 7R
IR G TR AT R P B T RS A 1 R A< 2R
i 1ysC™ ; i T4 7 35 44 R 1 1A 22 K ik NADPH,
SIRFEINER TR B H gapC 4% NADP'

haf

bp

2 000
1 000

250

2000

1 000

500
250

RS R Il T - 3- W IR I U, AR ik A
NADPH 4t A& RFEAT 1 thrE Sk iE
B, AR R RS A X 3 FPEA
(AT R0 SR I S R B RN 20 M AR 3R o TR A
WS EE T ik, pEC-XK99E-lysC™thrEgapC,
Tix 3N A mRE, WK 3.

g Bk pEC-X K 99E-lysC™ thrEgapC 4 iiF
WM& 4 TR, pEC-XK99E-lysC™ ] EcoR | ML)
451 8 284 bp A B, pEC-XK99E-lysC™ F EcoR |
H1Kpn 1 BUED) 455 7 018 bp F1 1 266 bp P4 1 Bt
PEC-XK99E-lysC™thrE i Kpn | BAI15%] 9 769 bp
(IR BE, pEC-XK99E-lysC™thrE Fii Kpn | 1 Sal |
WEEIIFS5) 8 284 bp F1 1 485 bp M B; pEC-
XK99E-lysC™thrEgapC Fi| Sal | Bt 155 9 769 bp
11005 bp B4 Br. 34N TORLE . DI, £
PEARREE S HL PRGN, S5ty A/ N8 5 T 45 SR — 3
222 HREEWFESRIE

HH T 37 °C K55, Z ODego M 0.6-0.8 Hif
LA FE Sy 1.0 mmol/L (19 IPTGE S H & %
K, An AR, MR TR, JRE
it SDS-PAGE HLykr#r. DA AP E. coli
THR/PEC-XK99E 75 (X I, K  H AL 737
RE IR, 258K 5 R, S5 R4
., E. coli THR/pEC-XK99E-lysC™ 7£ 47 kD 4t H

B2 PCR WiE lysC £ EAIRFR(A)ARIIE pfkB F1 sstT EEAIRIFR(B)

Figure2 Confirmation of lysC, pfkB and sstT deletion in E. coli THR

Note: M: DL10000 DNA marker. A: 1: E. coli THR genomic DNA (1 350 bp); 2: E. coli THRAIlysC::kan (No band); 3: E. coli THRAlysC
(254 bp). B: 1: E. coli THR1 genomic DNA (1 090 bp); 2: E. coli THRAIysCApfkB::kan (1 503 bp); 3: E. coli THRAlysCApfkB (260 bp); 4:
E. coli THR2 genomic DNA (1 415 bp); 5: E. coli THRAIysCApfkBAsstT::kan (1 513 bp); 6: E. coli THRAlysCApfkBASStT (255 bp).
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Smal(19)
Kpn 1(17) Bam H1(22)
Sac1(11) Xba 1 (28)
EcoR 1 Sal 1(34)

- EcoR1
PO TI Pst 1(44)
Laclq per

pEC-XK99E

IysC™ (1266 bp)

KX X 5NN
\ ori (6 303)

Kpn 1 Laclq

pEC-XK99E-lysC'™r

7018 bp
ori E. coli

pGALI

ori (7 773)

pEC-XK99E-lys " thrE
9753 bp

8283 bp per

r

Sal 1

\WAVAWAWAWA
thrE (1 485 bp)

Kpn 1

Laclq
ori (8 778)

pEC-XK99E-lysC™ thrl gapC }

[E 3 pEC-XK99E-lysC™thrEgapC FRki#iE E
Figure3 Construction of pEC-XK 99E-lysC™thrEgapC

AR AN, 5oCHk[14] IR —5. E4LH
E. coli THR/PEC-XK99E-lysC™'thrE Hi#i 2 44 5
P& | 43 BITE 47 KD 152 KD FFHIE AL, 3% 5 lysC™
thrE JE [ b i & I PRS0+ s Al — 2. R
1 E. coli THR/PEC-XK99E-lysC™thrEgapC %
IS, SRSIFE 47, 52 Fil 36 kDS O4k A B WL i
JIRLAS TR0 255, 100 S 35 IR 3 4 40 1 P A o
Tik,
223 RBEFEZBMESEMNE

30 X L il VR %) A 1 e PR T N o, RS
FHI B LU TG DLER 4. AR 4 ATLUE H, SR
AL, FUEFRA lysC BF AK IS MEREE T
45.6 1%, XT3 AP AN R R TE PR LR e . 24>
SR H BRIk, ThrE, GADPH (5552 T
MTCEAT A HiE s s i . A BN,

—

Sai1 8PC (1005bp) ¢ )y

\J

10 758 bp

Wil 7 H IR SE R R (0, S 2 Bl WA
X F IR TR AR o B M 5 R0, R AR
TR AT DRURI TN R T A2 o 1) 6 IR 3 BB AE K FF
PR H Bk FLTE I LA
23 ZEEREIGX L-ARERLZE~ENFN
¥ R E M E. coli THR FIE4AE E. coli
THR4. E. coli THR5, E. coli THR6 43 4 A {4
LB 15323, T 37°C. 90 r/min &4 F&53% 30 h,
2 h R, # BE A5 50E TN E 600 nm Ak (4 1%
JE, X IR R E Rl AE R 2, X BCh R G
Hitk E. coli THR. 4K 6 fifas, 3 bRl EkAEL:
A i o AR I HE R AR R AR E. coli THR 5 4E
K, JER AT REAE TR A A MR TR X B A A K 3
JEJ7, T EAE TAREXEHIMA IPTG XA K
BIVHIEA . EARERERE, WG TR /N
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B4 EHHFRAABESYIIIERKE

Figure4 Enzymatic digestion of recombinant plasmid

7E: M: DL10000 DNA marker; 1: pEC-XK99E-lysC™ Fifitit];
2: PEC-XK99E-lysC™ XUl =¥ lysC™; 3. pEC-XK99E-
lysC™"thrE Y] ; 4: pEC-XK99E-lysC™thr E 3] =47 thrE;
5: PEC-XK99E-lysC™thrEgapC .1 gapC.

Note: M: DL10000 DNA marker; 1: pEC-XK99E-lysC™ single
digestion; 2: PEC-XK99E- IysCﬂ:’r double digestion product
lysC™: 3: pEC-XK99E-lysC™thrE single digestion; 4

PEC-XK99E-lysC™thrE double digestion product thrE; 5:
PEC-X K 99E-lysC™thr EgapC single digestion product gapC.

kD M 1 2 3 4

170 —
130 —
100 —

70 —
55— S

40 — S

35— v

AR5

B 5 E. coli THR H3Rik
SDS-PAGE Hajk 6l ]
Figure 5 Analysis of lysC™, thrE and gapC expression in
E. coli THR by SDS-PAGE gel electrophoresis

Note: M: Protein ladder; 1. E. coli THR/pEC-XK99E; 2: E. coli
THR/PEC-XK99E-lysC™: 3: E. coli THR/pEC-XK99ElysC™'thrE;
4: E. coli THR/PEC-XK 99E-lysC™ thrEgapC.

lysC™, thrE #1 gapC K4

TN, JFOREX PR SE IS S HE S AR I A X

A REE PR AR LA 35 5B R A e 25 AN 22 % BR
REOE, BRI R THGER . FEE
i5 thrE AT LR BESR &R0, R PN 9 2 R e
JEE, TR ol 290 6 0% AL B 22 F) e 5P TR AR A 1R

%4 #l}_%L EE’]EE/E&I)”]JE

Table 4 Determination of enzyme activity of heterologousy
expressed proteins (U/mg)

[ﬂ_%l‘fﬁ'i AK 111 ThrE GADPH
Strains
E. coli THR/pEC-XK99E 0.003 0.002 0.002
E. coli THR/pEC-XK99E- 0.143 0.001 0.002
|ySCfbr
E. coli THR/pEC-XK99E- 0.125 0.478 0.001
lysC™thrE
E. coli THR/pEC-XK99E- 0.116 0.298 0.254
lysC™'thr EgapC
1.0
08}
061
3
041 —=—THR
—e— THR4
0.2+ —»— THRS
—a— THR6
0.0 ; 1 N ) N 1 1 1 |
0 3 10 15 20 25 30

t{h)

6 E.coli THR RHEEHEMRE KLk
Figure 6 The growth curve of E. coli THR and its
recombinant strains

PRI . AN, gapC I F kT DL i i Y
NADPH MW, 1ERZ R HEEAR, fEdk A
PIBHEERR . TCA TEIA A RN, il fE it
EAA K. B8 E. coli THRA e A WA K3 G5 FH &
kAL, E. coli THR5 Fil E. coli THR6 5 2 (1) 41 fits
P TR R TR

Zit 5 L R IERE K BE AR IR TR R 5 3R T
PR P AR A RGO 25 R A 6 R, M5
(A TR AR X O A G, U JRAR TR PRRGE 2—-4 h 1E A
R, I 7 eIH, K36 hE, ML E. coli
THR1. E. coli THR2. E. coli THR3 i KA Y&,
E. coli THR4. E. coli THR5. E. coli THR6 44 fif
P28, BAH lysC™ | thrE. gapC ¥ Ih7EfE £
ik, JFIRENT lysC. pfkB. sstT JE[A RBR1 KA
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B 7 EREBUEN A RERL R0

Figure 7 Effect of genetic modification on threonine
fermentation

Note: A: E. coli THR; B: E. cali THR1; C: E. coli THR2; D: E.
coli THR3; E: E. coli THR4; F: E. coli THRS5; G: E. coli THR®.

AHIFE . R IELEHT, E. coli THR6 (75 & 1R
HEEEHTXERA E. coli THR, HI&Em " & .
WEIR S A2 M B 77 BRAE 71437124 105.30£0.50 g/L
43.20%f11 5.76 g/g DCW, %%} 841 (68.78+1.18 g/L .
30.25%71 4.38 g/g DCW)43 34 5 54.4%., 42.8%
1 31.5%.

JUR TR AN TR BRI AR R TR P - R
i SRR S R, 45 RN 5 BR, ATAIEE
JRIAE MR E. coli THR AR L-75 &R
68.78+1.18 g/L, S [N T #2 [ E. coli THR4 Fil E. coli

x5 EHREMSMILESY

Table5 Theparameters of fed-batch fermentation with strains

THRS LI L-J3 BRI 534 80.68+1.23 g/l
1 91.27+0.67 g/L, 1 T.FEH E. coli THR6 & FEi
LR SRR G 7 Rk #) 105.30+0.50 g/l Xl
RS2 T L-7h &M JE T R E IR KR AR,
HL-RA&ARE , RE&ARMEGFAK) S 55—
WAL Y . B E. coli THR 1K 4% % W2 I i
(AK ), A RT3 m 95 2 B2 G BGE % 1 ik 38 o5t
(] Ff S5 9058 S 3K 4 U PR AR AT BT R AR IR 0 e i A
Fi4) K 4 4 TR B 1ysC™ , 3K B84 B L -5 & R i 1A
B 22 R H Y AE IR E Bl KT R IR R
PR W R (1 SstT,  [] B 55 5 2 3k 4% 2 R M A 1
IR IR I E T ThrE, MK & 78 & R
s RGBS TR R S Y [ B Ak 4y
WRG, HEZMB R L-AER. T AW
HHEANR 1 547 L-BRARTENE 3 o1
NADPH, Frlk, MIEGMAEA NADPH i B i
K, PR IR R 1 KN pfkB, A pEA
T TR 00 W A 78 P i o, [R) B S R SRR TN R T
P bR 8 gapC 4 i i NADP & i 4 H i
T -3-BE R i AU, B A& T NADPH Ay fit
Mo TR L-7h R sk, gmA
REZ, MO EA L A oo ) 5 s TR GG
HRCMANK, MW 0 AT 2 K i A e gk
15— AR

ik RREY IR R MR 3 AL ERRE
Strains Maximum biomass L-Threonine Sugar and acid conversion rate Unit acid production capacity

(gDCWIL) (9L) (%) (9/g DCW)
E. coli THR 15.70+5.31 68.78+8.78 30.25 4.38
E. coli THR1 13.46+3.46 69.16+9.16 25.78 514
E. coli THR2 12.98+2.98 72.25+2.25 29.24 5.57
E. coli THR3 15.09+5.09 75.64+5.64 33.29 5.04
E. coli THR4 14.48+4.48 80.68+0.68 39.21 5.57
E. coli THR5 16.70+6.26 91.27+0.67 37.75 5.47
E. coli THR6 18.26+8.26 105.30+0.50 43.20 5.76

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BAESE: 77 L- AR L A I AL AN A e e

705

3 WikE4w
KGR &A 3 M RAEARIEEE AKI,

AKIl, AKII, 4351 lysC. metl . thrA Zifid, fii
REDRBEIRA G /3 #IPEA L-Lys, L-Met, L-Thr
G BURARE , AT Z R AT T A —Fh R AR
W LysCM, SRR RIS RGH, KB EA
3 ML ] RHtA . RhtB. RhtC FI 3 Flz it & 1]
TdeC. SoT il LIV-1, AR A 1 F
BEBREAER ThrE™ KpAFwE b 8 E7E
NAD*{&#6i%! GADPH (NAD'-GADPH)!*® | [ iti&
of SR IR N R T B AR B NADP'-GADPH
(gapC)Zwtith, Hahm NADPH 4. JEFICH TR
F B KA A TR &R i Loalk kA~ 2 51
T KT . RS ] Red B4
ARAFER S R A, fEiE ik rhtC 1 [FE L RR
T osstT 3, g5 R RS L-A a2 mRi b fe
B RO, L- AR REANI R ERIL, 5
AR IRRAH L, L-JR 2 BRI 7 i3 N T 15.33%.
W4 %20 )\ Bikk E. coli W3110 %, M T
TdcC. SstT Hl LIV-1 Z 5 B ik F1 22 e 5% T K
IF ¥ E 40 ik pKKthrAC1034TBC 43 51 4% A J5
T T A ZH T, R TR O R M RE T [ TO4 B
K17 12.97%, Msh xR R R & o B E
W3110(pKKthrAC1034TBC) & i 172.5%. Siedler
£ 2U5 ) AR pfkA pfkB. pai B LR pfkA Fil
pfkB, HEMIEA PPP &4 AR £, M3 it
i RE NADPH #9415 4512205 1o i s 4 D
kK pMD19-T 235 thrA**BC 1240 7, flily
AU P E. coli W3110 7 L- & R it /MR R ik
7] 9.2 g/l Lee % —kk E. coli L-5 M 7 i
o, X A S R K B (TD) Y iIVA E17 8
Z7F C290T, FAK T HAALvE v, Jhalad ik et
& F tdh JERGERE D L- AR B i N T FE R H
(). I E B K B FEE E. coli THRD (1 2, BE R
W, EBR icIR I AN B 1 ) 3 FBUY aceBAK
BT, R BRI FORE R e Ak R A BB T

20.61%F1 20.70%.

ASHIF 5T 8 2w B O 2 R A i A P lysC
pfkB. sstT FE[A, ik B34 14 I8 2 FR G i i ok
BT R o NADPH [ 7 AR RO 5 42 1k
G R M MANEE ) B B 5 R, R T Rk ik
PEC-XK99E-lysC™thrEgapC, 117t E. coli THR
BRI 33k lysC™ | thrE il gapC 2535, i
HET 5 AR AR T A R, AR i AR
NADPH [ Fl o 2 BRI M sz, 4 KIGFF I
IR EIR I e R F 105 g/L, RAS T —Fkkm
IR KT
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