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Abstract: L-threonine, an essential amino acid; is widely used in the agricultural, pharmaceutical, and cosmetic industries. In
the L-threonine fermentation process, the glyoxylate cycle functions as part of the feedback pathway. In this work, Escherichia coli THRD that
can produce L-threonine were used as original strains. Red recanstruction technology was used to construct a strain lacking iclR (Escherichia
coli THRD AicIR) and THRD P1 and THRD P2, in which aceBAK promoter in E. coli THRD was replaced by promoters of various strength..
Fluorescent quantitative real-time. PCR analysis:showed that the expression of the aceB gene in the different strains was upregulated by 1.89-,
2.11-, and 2.96-fold, respectively, compared with the original strain. The results from fermentation in shaken flasks showed that the L-threonine
and sugar-acid conversion rate of E. coli THRD AicIR were 42.60+1.23 g/L and 32.77 g/g, respectively, which were 20.61% and 20.7% higher
than those of the control strain THRD (35.32:41.07 g/L and 27.17 g/g). The L-threonine and sugar-acid conversion rate of E. coli THRD P1 were
36.504142 g/L and 28.08 g/g, which.increased by 3.34% and 3.39% from those obtained from the control strain, respectively. However, E. coli
THRD P2 stopped growing after.8'h and resulted in L-threonine production of 8.31+1.31 g/L and a sugar-acid conversion rate of 20.78 g/, which
were 76.47% and 23.52%, respectively, lower than those of the control strain THRD. In conclusion, moderate enhancement of the glyoxylate
cycle benefited L-threonine accumulation, while excessive enhancement of glyoxylate cycle had a negative effect on the normal cell metabolism.
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Table 1 Strains and plasmids used in this study

Strains and Plasmids Characteristics Source
E. coli DH5a Efficiency competent cell Lab stock
E. coli THRD L-threonine producer (ILE", AHV") Lab stock
E. coli THRD AicIR ILEYAHV', iclR° This study
E. coli THRD P1 ILE", AHV', replacement aceBAK natural promoter with Pirc-cgta This study
E. coli THRD P2 ILE", AHV", replacement aceBAK natural promoter with Py iaa This study
pKD3 CcmR, Template vector Lab stock
pKD46 Amp®, A Red-expressing vector Lab stock
pCP20 AmpR.CmR FLP-expressing vector Lab stock
Puccgta~ T AmpR, T-vector with Pye.cqra Lab stock
Piotata-T AmpR, T-vector with Py.a Lab stock

112 #EHA EHUMEREN P B 145 LL E. coli THRD SE[H 411 pKD3

LB 595k, 2-YT #5372k, SOC 7k M9 it
ARG FIES WA T 7o S ™.

T8 97 3L . B 40 g/l (NH,),S0,20 g/L,
KH,PO, 1'g/L, MgSO47H,0 1 g/L, B RHZE) 1 g/L,
FeSO,4H,0 0.01 g/ls. MnSQ, H,0 0.01 g/L, L-57%
% 0.000g/L, pH 7.0~7.2¢

RIERIRE: WP 40 g/, (NH,),S0,18 g/L,
KH,PO, 2 g/L, MgS0, 7H,0 1.5 g/L, EARHZEMW) 1
g/L, FeSO,7¥H,00.01g/L, MnSO,H,00.01g/L, L-
S 2 0.001 g/L, pH 7.0~7.2.

12 LB

1.2.1 iclR AR #4934

Hi#E GenBank H E. coli MG1655 1] icIR JE[H 7
1), K Primer Premier 5 ¥t 51407 513 1 icIR £ X
fbE. FIABG BAUBTRL pKD3 ARG & A S
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ISR, 73 3 icIR bR B R R PR AL
LI IERERE R K VIR 4% RS B R ELIR AR
N PCR AR, LA icIR-1 Al iclR-4 Jy5| #1347 558 PCR,
RIFH T icIR ZEFIR R A B AicIR.

BALEI AiclR B N & A pKD46 (1) E.
coli THRD [ #£/&37 1, 37 “CE 75 1 h, 8, 000 r/min,
B0 2 min JEIRA TS ERPUE LB TR (30 pg/mb).
HEEKHE, FH51 icR-1 M iclR-4 #HTHEE
PCR.

¥k pCP20 % N il FH M etk Tisz 5+,
37 CHIF 1 h, mTANEHZR LB ik (100
pg/mb) . R G, 8 % 514 iclR-1 A iclR-4
BEATTETE PCR, F PCR BuiF4iith B RV BRIFIBH 1 4%
T LB Bigidkdr, 42 Cilmassss, Rldksrat,
BRI TR RN 4 LB PR S5 B P T
B, BREEE T EHERPUEARAKINTE LB ~Fik I
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Table 2 Main primers used in this study

Main oligonucleotides

Sequences (5-3")

Purpose

pKD3-up GGTTTCGTGCTGTGTAGGCTGGAGCTGCTTC Primers for amplifying
pKD3-down GCAAGGCAACGCCATGGTCCATATGAATATCCT chloromycetin resistance fragment
iclR-1 AACAAACCATACTGGCATAAACG
iclR-2 CAGCCTACACAGCACGAAACCCTGCTGTTG ) )
. Primers for the knockout of icIR
iclR-3 GGACCATGGCGTTGCCTTGCAGCGTGTATTT
iclR-4 TCGCTCAATCTCATAATGCAGC
aceB-cgta-1 GAATTTTTCCGCGATGTGGA
aceB-cgta-2 CAGCAGAAAGATCCGAAAACTTCCCCACTGT ) :
Primers for the construction of
aceB-cgta-3 GTTTTCGGATCTTTCTGCTGTAGGCTGGAGC ) \
semi-constitutive promoter
aceB-cgta-4 GTTCAGTCATGGTCTGTTTCCTGTGTGAAATTG )
overlapping fragment
aceB-cgta-5 GAAACAGACCATGACTGAACAGGCAACAACAAC
aceB-cgta-6 ATTTTGCCTGCTTCATTGGTG
aceB-tata-1 GAATTTTTCCGCGATGTGGA
aceB-tata-2 CAGCAGAAAGATCCGAAAACTTCCCCACTGT ) )
Primers for the construction of
aceB-tata-3 GTTTTCGGATCTTTCTGCTGTAGGCTGGAGC o .
constitutive promoter overlapping
aceB-tata-4 GTTCAGTCATGGTCTGTTICCTGTGTGAAATTG ‘ .
ragmen
aceB-tata-5 GAAACAGACCATGACTGAACAGGCAACAACAAC 9
aceB-tata-6 ATTTTGCCTGCTTCATTGGTG
RT-aceB-1 CAACGACATTCTCGGCTCEC Primers for RT-PCR
RT-aceB-2 TTCGATGTACTGCACAGCCAC

1.2.2 aceBAK A F B 3hT a9k

Puc 72 KT H B 8+, ¥ IHIEZ) 7+
lacO; #3870 W ik 3E A7 @ w2, A A (1)
GAGCGGATA 75115845 CAGCGGTTA il TAACG
GTTA, A JEME 3T 7 alinsahn Pirc-cgta A Pyrc-tatao
R AR R BT, e A AL RS T
HEFIREIET Pyosaa ™

R4 GenBank H E. coli MG1655 ] aceBAK J&i 5y
F4, KH Primer Premier 5 BiF5 |94 iy 14
T TEG  PABRE Precy T R 18 & H RE R
PE+EZH A JE 21 B BUSURE Py tata- T AR 1Y
THRBERMEAH A BT B DL R
Ja sl TN, Frh 514 aceB-cgta-2 Fl aceB-cgta-3,
aceB-cgta-4 Fl aceB-cgta-5 A HEX . H/LL E.
coli THRD EE[RIZHJgtsitR, 43lly 39 e v BoR i
F B VA Pueogan T ORISR 1Y ) B B Bl
Ja, PR R B, B, RUE HPIEBLERER 1010
[FIEE R ELIR A JR1EN PCR A4, DL aceB-cgta-1 A1
aceB-cgta-6 514, FIHGIVINAIMES B, il E
B PCR [NERAS B AU FE D 0 S 31 1 [R1YE 2k
PEF B AL S 1 B NS pKD46 (1) E. coli

THRD FHFERZY . SR 1.2.1 AT BRI,
K% 58 51 aceB-cgta-1 £l aceB-cgta-6 HHT % &
1.2.3 L-HRBRK B

PR R ¥4 E. coli THRD. THRD AiclR. THRD
P1. THRD P2 BHE&RIIEEHR T RaE 30
mL fIFh 7% 33Ed (500 mL F83H), 15523 ODggo
N 4~6 Bf, DL 1008 Rh AT 30 mL KRR TR A+

(500 mL #&jffD. FHZ/KITT pH 4EHF7E 6.7~7.0. K
T2 FEI 1A 28 h,  HTEIRNINIAR 2 60% 11 & -
124 57 %k

WA EDVEAT EROR, B 10 mL K FE,
13000 r/min £5.0» 20 min, AR HZBKGEE 3 G E
TR TEA 80 CHIEEEE, TR PHRE.

HI AR B R SBA-40C (Ll R RF# B Mt 7t
BT AR A E -

L-FR BRI K FH s ROBAH T R . i oy
%At Agilent Cyg (15 mm>4.6 mm, 1213.5 yum), 24—
TREIEREORAERIRTAEIE ,  ZIER RNV B e
Jit, FEE 33 °C, JBAHRGE 1 mL/min, #5360
nm, SKH IR T .

1.25 % RNA #9323 f= %0 L2 2 PCR
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R4 aceB & E. coli W3110 16S rDNA (rrnb, P
%) R4 Primer Premier 5.0 #4151 52
it & & RT-PCR 5|4 RT-aceB-1 #ll RT-aceB-2 (£ 2) .
ZH RNAiso Plus A7 & B HBIEEUE RNA, ]
PrimeScriptTM RT reagent Kit with gDNA Eraser
(Perfect Real Time)if 1l & 1T 53 - RT-PCR 7R 5 &
77152 SYBRR Premix EX-Tag TM ILi&7) %
PCR MAET N 95 CTIAEME30 s, 1 AMEH; 95 C
APES5s, 60 CiRB KA 34's, 40 MEH. KH
A A CT FEX e EiEN} aceB ¥ T /04T,
1.2.6 FAESHT

Fir G SRR 3 AT, EE 3R, HdEy
PP 22 0, RS SPSS 12.0 i
TR T £, P<0.05 NEFEENZR. BF
WK AN AN FRER R 22 7 0 35 SR P AR A 7 BER
AR

2 ZER5vHS

21 EAWMWER

THRD AiclR RAZK % %, 7 3 LA pKD3.
THRD R4 R, L5149 pKD3-up. pKD3-down.
iclR-1. iclR-2. icIR-3. iclR-4 #17 PCR, icIR s
N Pt B PCR 35K/ i) 378 bp. 388 bp
F111024 bp, HE PCR 3Rf5K/NA 1790 bp (1) AiclR
Bt. ¥ AiclR FrEXHAALE THRD B82S 55
90 min JEiRfi TR EH R Rt b, P mvE it
17 PCR 56IF, icIR FBRFHMEEE PCR P24 K/NA 1790
bp, JFE PCR P41 Kk/NA 1207 bp, 455K a1 1a Fis.
# E. coli THRD AicIR LUEES |4 icIR=1 A iclR=4 41
H) DNA FBotATil . W4SE R ER, iR FEH

CLpRslR, FFH A R AR TRAE , RIFE PRI RR R ) o

M 1 2 M 1 2 M 1 2 3

3000 bp
3000 by
3000 bp P

1000 bp

1000 bp 1000 bp

E 1 EHEMREE
Fig.1 Identification of recombinant strains
7E£: a: M: marker, 1: E.coli THRD, 2: AiclR #4#% icIR,
3: MRFEA R cat; b: M: marker, 1: E. coli THRD, 2:
Puccgta B4 Pacepa> 30 MIER#LMEIAE cat; ¢ M: marker, 1:
E.coli THRD, 2: Pygua B4t Paepar> 31 MIRATIEA R cat,
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¥ aceB PN 5 )1 B N AH AR 31 R
%58, 3 HILA Pyooga-T~ THRD FEFIZARAT, LA
aceB-cgta-1. aceB-cgta-2. aceB-cgta-3. aceB-cgta-4.
aceB-cgta-5. aceB-cgta-6 5 |#)i#t 1T PCR, L.
W PUME+Pycoga FBE PCR 38 K/N A 443 bps
458 bp 11328 bp, & PCR 3%15 k/NA 2229 bp )
B KPR R B 1 B Bk 2 THRD H
IRz, HI5 90 min IR TR N E SRR
&, BREUR YA HEAT PCR B84, PHIEEPCR Fo4k
/N 2229 bp, JREE PCR ) K/NA941 bp, 4554
1b Ffi7n. % THRD P1<RL %554 aceB-cgta-1
aceB-cgta-6 71 H (1) DNA J7E, BETIE o JUFPZE:
RIR, BT ORI,

¥ aceB FEDN 5 B B4 N RLA 31 R AR PR
(% ETE G Y 8 R e Fos. #
THRD P2 LL%52 5|7 aceB-tata-1 f1 aceB-tata-6 9/ 1# H}
1) DNA J B g TIF, WPesRioR, Bairo
BT .

2.2 SLupE & PCR 747

ERZHFTE S, aceBAK A—ANEIT, JEidsz
I A2 0 PCROI 52 S SR A B 2 [R] (aceB) [ K
BPfE W AN R T TR . TERR I 2
HEURE, SREUEIAR RNA & s o T sem i &
PCR il . Z55wE 2 R, fERfRE R,
aceB [k /K PAEE A THRD AiclR, THRD P1 .
THRD P2 H45 54 THRD 4 i, FikEr5)
TR 1.89 15, 2.11 f55F1 2.96 1%,

35F 1 THRD ¢
5 2 THRD AiclR T
% 3.0F 3 THRDPI b
g 4 THRD P2 l
5 25F b I
(]
Z 20 I 1
=
g 15t J
2 a
2 1.0k I
[Sa]
S 05
1 1 1 1
00 1 2 3 4

Strains
2 EHET aceB EE W RE
Fig.2 Relative gene transcription quantitation of the aceB gene in

the recombinant strains

2.3 icIR # & 4 & aceBAK 2 zh F th & e 3t L-

TR KB R
N TR icIR FIREFRXT E. coli THRD ki
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L-ZR 2 BRI, AT T R AR R s se, K
B AR T EORE DN 8 A L2 - i,
Seas et Rl 3 Fror . B AT 1, THRDL THRD AiclR,
THRD P1 A= Kitash—35, RIFED icIR IRk A -2k
R B E T A2 %] E. coli THRD A=Kk s .
1M THRD P2 AR B 32 230, A 8 h J5 s
KA FAZAPRA . HHSEi) 2 & PCR ISR nT %0,
B A BT B STl aceBAK JERIFIFRIA &
e, EEAERK BB R ke, &4
PSR SRE RS BES  RIRMIThRE, (H I LR
TE TG AR AL, SRR KA RS . 18
PR KA IR R AT RS (1) ZRERRIEH IS
FESEBREES T —RIRIGIA T, (A3 S T () A
FE) o 58 R A R o T o 3 R R i R
Pfahe- AR R ST R, AR A 2 38 0h 2 5 TR
PRI K (2) = FRRRIEEA 2 B /AR A s LA i
PR ENEA XTI, RIS R EEA
W AR A s iRt R W Re R,  FEOLAE KA

14
12 - :%ﬁg AicIR

{0l —+THRDPI
—— THRD P2

Biomass / (g DCW/L)
oo
T

0 4 8 12 16 20 24 28 32
Time / h

—=— THRD
40 - _o THRD AicIR
34 - —a— THRD PI
——THRD P2

L-threonine / (g/L)

4: é 1|2 1I6 Zb 2|4 ZIS I
Time /h
& 3 EFEpEwt L-FrEiR & BEREE
Fig.3 Effects of gene modification on L-threonine fermentation

Wil 3 gk 3 mrh, AN KIS FEH, THRD

AicIR (1) L- 752 i~ &= T THRD; THRD P1 L-

IrE R ERRE THRD HigA 15, 1 THRD P2

T E AR K22 B RAH], L7572 R &85 #

THRD Kl NF%. K% 28 h 45 )5, THRD AiclR ¥

L- IR 2 R 5 IMEIR AL 2R 53l 42.604.23 g/L #il

32.77 g/g, # THRD (35.3241.07 g/L 1 27.17 glg) /3

HBER 20.61%F1 20.70%. THRD P1 L-5 2R & K
PEBRFE L3354 36504142 g/L A1 28.08 glg, #K
THRD (35.32:4.07 g/L A1 27.17 glg) 7545 3.34%
M1 3.39%. ZMtAMELREEA R, icIR MR A T L-
TREIRINA K, ¥ aceBAK FE [ & 3l F & - 4k
MRS T, L-IraRmRm L R s A 1 mH
% THRD AiclR %, ik aceBAK J: [ & T B e 2l
BAAEN TG, L-ova R BN TR, LR
RE L 2 4 5 £ B RRAG P R MR i Ak TE S A AR
W, BRI T - R IR R
7 3 MUEMRER A A BESH
Table 3 Parameters of fed-batch fermentation of the four strains

XN L-52BR. #4E | HERR4E

/(g DCWIL) o)  IglL), &%

THRD 9.5910.40 35.32#4.07 130 27.17

=

THRD AiclR 9.8420.32 " 42.60+1.23* 130 32.77*
THRD P1 0273021 / 36.50H.42 130 28.08
THRD P2  3.65#0.21* 831#.31* 40* 20.78*

VE: *R 5B AE THRD Ak, AREFMHEF
(p<0.05),

3 g

AR bk aceBAK PHIEEE FAgmfid LA iclR &
B 3 T BAR IT 1A A2 R R £ B R AE
X} E. coli THRD A1l L- 7R 2 BRI . 5 53K,
THRD AicIR #1 THRD P1 L-/ &R A2 FFEE
Hh$E i, THRD P2 L-Z5 2B~ Kl N, B &K
P UiHIE M3 N ORI IMUTE R R

o =

B E L-AR R =,
Ak
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