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Abstract: L-threonine is an essential amino acid and h: wide}application in food, pharmaceutical and feed fields. It has been reported that
the reduction of the intracellular L-threonine concentration could remove the feedbacks on the enzymes in L-threonine synthetic pathway, which
was benefit for L-threonine production..Hence, in this work, gene sstT was deleted in E. coli TRFC, an L-threonine producer, by Red
recombination technology and gene‘rhtC was over expressed in TRFCASstT. Compared to the control strain TRFC, TRFCASStT was found to
compared to TRFCAsstT+pSTV28, TRFCAsstT+pSTV28-rhtC produced 18.16% more L-threonine in

shake flask fed-batch fermentation. Besi

produce 4% more_L-threonine.
es, the intracellular L-threonine concentrations of all mutants were lower than the control strains.
Finally, in Lﬁ-batch fermentation, L~threonine production and yield on glucose of TRFCAsstT+pSTV28-rhtC were 15.33% and 16.14%
higher than those of TRFC, respectively. The results suggested that modification of transport system could effectively decrease the intracellular
L-threonine concentration and enhance the excretion of internal synthesized L-threonine, and could be benefit for L-threonine production.
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Table 1 Strains and plasmids

A i LiRa
E. coli DH5a Efficiency competent cell Lab stock
E. coli TRFC ILE", AHV', hrABC+St® Lab stock
E. coli TRFCAsstT , AHV", thrABC+Str®, AsstT This study
E. coli TRFCAsstT+pSTV28 T thrABC+Str®, AsstT, Cm® This study
E. coli TRFCAsstT+pSTV28-rhtC E', AHV', thrABC+Str®, AsstT, rhtC+Cm®  This study
pSTV28 Cm®, cloning vector Lab stock
pSTV28-rhtC pSTV28 carrying rhtC gene This study
pKD3 Cm®, Template vector Lab stock
46 Amp®, A Red-expressing vector Lab stock
CP Amp®, Cm®, FLP-expressing vector Lab stock

1.1.2 FEPRIZHAREL, FORIBRICAAG, 0 B I A F

HIREE, 22YT Bk, SOC Rigedt. M9
A RIS F e S e -

FhrEsFRAE: Glucose 40 g/L, (NH4),S0,420 g/L,
KH,PO, 1 g/L,MgSQ4-7H,0 1 g/L, Yeast Extract 1 g/L,
FeSO,-7H,0 0.01 g/L, MnSO4H,0 0.01 g/L, L-ILE
0.001 g/L, pH7.0~7.2.

RIWEREFEHE: Glucose 40 g/L, (NH4),SO,4 18 g/L,
KH,PO, 2 g/, MgSO4 7H,O 1.5 g/L, Yeast Extract 1
g/L, FeSO4-7H,0 0.01 g/L, MnSO4-H,0 0.01 g/L, L-ILE
0.001 g/L, pH7.0~7.2.

1.1.3 XA
PRI VING. T4 &M, WH Fermentas A,

100

1.2 F&%

12,1 31kt 546,

¥H Primer 5.0 #23E GenBank 1 E. coli MG1655 J£[H|

sstT FAIE R thtC FAEE. pSTV28 £ FifEfL il

ARG, HERERAR G (F2),

122 4 pKD46 w4t R A 604 &5 wit
PRELE pKD46 (1) E. coli TRFC ¥ @& T 5 mL

2-YT WifkRE A, 30 CHFRIR . 1% efh it

£ 100 mL 2-YT Ki7fE, IR 2 ODg=0.1~0.2

B, DI\ L-BTHAAsE (29K 1 mMD, $#E35%RE

ODgp=0.6~0.7, K L4, 7000 r/min &> 10 min,
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F 10% H¥E 4 %, #ET 600 pL 10% Hwd, &8
50 uL, -80 ‘C1#7%-
#2354

Table 2 Primers

HEZ] R3] (5-3")

5'-ATGACTACGCAACGTTCACCGGGG
sstT-up CTATTCCGGCGTCTGGCTCATGGCAGCCT
GGTGCCATACCAAACGACGAGC-3'

5'-CGGCAGCTTGCCAGGCAGAAGAC
sstT-down GATCGTCTGGCAAATAGCGCCCTGCGTAAT
TAAAGCGATTGTGTAGGCTGGAG-3'

sstT-jd-up 5'-ACAGAACGCACCAGGGAT-3'
sstT-jd-down 5-TCCGCCGTAGACGAAAG-3'
5'-GACGGGATCCGATGGCGATG
rhtC-up
ACGAAGAGTAG-3'BamH |
5'-CGCCAAGCTTCGCCTTATCCGA
rhtC-down

CTTACTCTG-3' HindIII

Y RNVRE 519y i B R U R R B T2
AU S, T 2500V, 25uF, 200 Q %44 K,
HL o e E I 1 mL SOC £5774£H, 200 t/min, 37 °C
B2 h 2RI TEHAEER (30 pg/mL) HitE P
PR b, O PH AT
123 AR & pCP20 Frtaeg il s

¥ pCP20 AN G EE RPN EA T, 37 CH
75 1h, WA TAFNEE % (100 pg/mL) #it
8 % 50 AL T R VA PCR, 40T
PHESAL TR T LB B gidkdaend2 CRE g%
FERAT T IPUPAR b, X RRE T 2 TS B R DUt
R, PRIEX R TR BUR DI, BRI R RL
) L Rk -
124 &t

¥ rht

—

A oM
I I W J 3 e

pSTV2

PMDI8-T A PCRHIL H1 B PEFE(L . SR,
A Hind IIIA BamH [ ¥k pMD18-T-RhtC A1

pSTV28, W4k E. coliDH5a. JHikiEIb T $2EL
JFREL e BY)SGIEs 53 B ZH 5Tk pSTV28- rhtC.
12.5 L-7rRBRK B

FEI: ¥ E. coli TRFC. TRFCASstT. TRFCAsstT+
pSTV28. TRFCAsstT+pSTV28-rhtC kA4 sk
JEEER TN 30 mL [FRFERFREE S (500 mL
PR, 1597 12 h J5 LA 10%EER s efh T 30 mL K%
Brgedkrr (500 mL #20), B4 3 ANFAT. IRAEE G
UG, AT pH 4EFFTE 6.7~7.0. KR 36 h,
R RN B

5L ORBEGE: TRHUE R KE LB TKT 3 308

2

6 W 0.9%A B ER KRB PRI, TN 20% e AR, HEAE TR

EERTEILRNE, T A E RN 5 L KEHE (50
HHN2L) H. MPRIFEIMGESE | Limin, HiFEE
A 200 t/min, @ E BTN KEER] pH 7E 7.0 72
i, KRR 36.5 °C, H59RE ODgo=12~14 B, F44%
13% M E A 2 RIIP RS, AR RS
FeEE, TG R . RESIFRE |3 ina K s] pH
16 7.0 oA, FEFRIRE 37 °C. i ar it b B A R
PR, K 80% ] T AR LA — 7 Jikard B
INZ I3 o DL R R e ] i VR B A B AR T TR
WREEVEHE N o

12,6 5Tk

IRV EIFATELR, B 10mL KEAR,

13000 r/min 250> 20:min, B ZRIR/KPEL 3 G E

TR TR 80 CF Rt Wik P RRE
RIS SBAMOC (1L ZREBIEE B M 5¢

BT AEMMARIRECE
L-JR BRI ER A S ROBAR T R 4. (i B
%A44F: Agilent C18 (15 mm x4.6 mm, 3.5 um), 2.4-

o

T ECORAEHTATAE I, A RN IR R
i, AR 33%@7@%% 1 mL/min, 3% K 360

1.277 W B0 A, L- 70 R BRI 52

WA L-FR R R AR BT v W2 2% Sk, 7E M9 55
F%H5£37 °CF 200 t/min IE AR, 5500 r/min, 4 CE
£ 10 min PCEERE 0.9%4 B EKBEEM R, EET
T MO AR FRIE A, BSR4 h BURRISCER B 1k

AIJEH0 2 M Na,CO; H 1, 13000 r/min 550> 2 min, |
TEWH HCL (9% 0.02 M) Rkt faid g, JEmEnmTH
T N TR A2

2 #R5VHL
2.1 3 F sstT 88 f2 %t E. coli TRFC & L-

NN AR A

N T T sstT BB L-J5 2R A B, 32E
17T B MANRL R B, R r o IR ORI 2 B
Y. LR . 4R 1A 3 s,

H& 1 A1 3 A%, TRFC 1 TRECAsstT 4K
PF—3, RIEEA sstT B A2} E. coli TREC K
GG, TR K 2, TRFCAsstT | L-
SRR B T R TRFC. KBS, HL-J5
SRR B R 3 N 40.02+1.39 g/L F128.22
g/g, B TRFC (38.48+1.59 g/L #127.35 g/g) 4> Bl
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Fig.1 Effects of sstT deletion on L-threonine fermentation
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Fig.2 Effects of rhtC overexpress on L-threonine fermentation
13 3 F%1, TRECAsstT+pSTV28 £ KM
18T TRFCAsstT+pSTV28-thiC, HJ K il /& Al Y
SN FRGA T BRI N RERE R A E FRT, AT 1
PRI AR —E HAAAE . FEBEAN RS2, A4 h
THEWA TR L5 208 A 25 . RIS
if, 5 TRFCAsstT+pSTV28 ALk, TRFCAsstT+pSTV
28-thtC 1) L-75 2R ™ & IR IR e AL 00 il Fg e

18.16%H1 19.76%. iX 52 il Diesveld /EA R BRFEFT
W P A RIS L- IR e B A SRR, B L-
SRR A e LR g R = A R P i v )
B —F . IXATRER TN 2 A RIS,

AR TR A DU PRI A3 -5 R, s 1
JUAN L-FR 2B & s i) s E R, AT R 1B
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Table 3 The fed-batch fermentation with all strains

i PR S LARE IR
]
/(g DCW/g) A(gL) N(g/2)
TRFC 11.27+0.68 38.48+1.59 27.35
TRFCAsstT 11.30+0.72 40.02+1.39 28.22
TRFCAsstT+
11.18+0.59 39.43+1.52 28.08
pSTV28 | 4
TRFCAsstT+
11.23+0.65 46.59+1.27 33.63

pSTV28-rhtC

23 3% A A A L?v\?ﬁ%ﬂf%
H % v , -y

R HIUT SRR IR IR IS RS S A
BRIRIR RN, HrmfnE R 2. M
Hi2.1 122 Z5 58I M, 7F E. coli TRFC 1, sstT JE[A]
AR LA ghtC SRR RIS Re A R Ig i L-J5

N X R AR TR TREC B #% B 2H PR R

b -7 R 1TIE, U Hriis R4 eust
N ARL- TR BRI 52, LI 25 R B 3 B

S0
——TRFC

. [ —o—Trre

S w 1:::2:::.::}-p5|\':¥ //)g -"i::”:;::}-pm\':x ol
g —— TRFCAsstT+pSTV28-rhC A E —— TRECAsITpSTVIE-rhiC \:—-q__ a
—.//' §$ r ,Ej;//}a\.;%; &
’ L /»}:’/9_ i 7

A
2 2 E op 4 2 1 0
Time /B Time /b

& 3 M9 EAEFRES () FABERA (B) B LS8R

i3
Fig.3 The concentration of L-threonine in M9 minimal medium
(left) and cytoplasma (right)
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sstT Ja, XA L-FR s BB LM AN K TIFE sstT Bk
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2.4 E.coli TRFCAsstT+pSTV28-rhtC #y 5L %

B 6 77 BRI
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PEE b AT o AR A TR S, o B I 5 AR ) L-
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bqi 50K s S
Fig.4 Glucose-controlled L-threonine fed-batch fermentations
of E. coli TRFC and E. coli TRFCAsstT+pSTV28-rhtc
Eb 45 E. coli TRFC A1 TRECAsstT+pSTV28-rhtC [1]
ARG R, EXEAEKT I (12 h~18 h),
TRFCAsstT+pSTV28-rhtC [ &k TRFC i, H
W, B S K512 . T 7E 18 h~24 h, E. coli TRFC
YRGS, KR T BN R A LT — 2
RAEYEZ )N 13.88 ¢ DCW/L. KE£ 14 h
TRECAsstT+pSTV28-rhtC L- 75 2 & (1 4= B s %
TR # TRFC, KM, E. coli™T
TRFCAsstT-+pSTV28-thtC ) Le=ifii 4 127 & 50 H/
94.79 g/L F1109.32 g/L (P20.05), HMEERIEAL RS> TIK
35.14%#H1 40.81%, EZH R L-75 288 S AHER
AR B K FEMIE ST 15.33%40.16:14%. &
Qi1 R AT 1 0

==

3 z%

3.0 AW EERN LR Rk R4 SstT M
RhtC HAMMTSOE, RN L2 RIKE, DI
B HGHEr it R OB Y S i E R, AR B3 s L-
HEIR= R EH . B, AR L5328 R~
TRFC A R EE, Rl sstT ZEK, FHidRIE rhtC FE
K, SEEGAIEWIE A Ffk TRECAsstT+pSTV28-rhtC (1]
L- AR e A B S m . BT, SoE L&
FRECIZ RS, WA L- 72 By MERE 1A ss i st
L- R BRI e, X L-75 BRI s iy —
SEMIFER -

3.2 AN L-JRad i ia R4 sstT Al rhtC K]

BT T s, RIS TR LR R s KA
BIHAU thtA. thtB. thrE. thdC ZEiHT R EAE,
DAE— 3D B RIS RGBT L- IR & B = 2 5
Wil 346, RIS R RS FRAE R R TR oA AT i — A
b, DUHRES IR S L-Jr R & . ARSI S fEi—
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