& i % % iﬁ%\ Jan. 20, 2017, 44(1): 2029

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.160101

KBZ#FE TdeC. SstT #0 LIV-1 RS a 4 X pasp
L-A 2B 280220
WA A2 AggY? B TERY 2R FEILY zEm Y

(1. 214122)
Q. 214122)

B OE. [86]) B HFRBMBIE L TdeC. SstT A= LIV-1 #2 Kk 5 K AT i Bl A= AR B 6
S H BB B, [ 2 AE AR E. coli W3110 &, 8RR tdeC. sstT #= livJ LB, #3& TdeC.
SstT #= LIV-1 24 #2852 X AM, FELERAZXFARBATAAN TA L
pKKthrA“' P BC 2 AN R B AT UH , & RE B BN AR I F ARG i [£ R ]
BB tdeC F= sstT B 69 ELLH T04 69 7 RERBACHE A PR H W3110 KT 43.28%, T04
(pKKthrA'®*TBC)iesh # BB AR B % 535 %) 1.09 g/L, TR E W3110(pKKthrA“'®*TBC)
b 172.5%. R tdeC. sstT = livJ KB 9 FL0H TOT 49 7 RERBALEE 7 bk TO4 KT 12.97%,
% TO7(pKKthrA“'®*TBC)IesF # R EEAR R TR KA 0.63 g/L, 5 T04(pKKthrA“'**TBC)Aa 1k
MK T 42.2%. (44 ) M TdeC #= SstT A%, feh KK MATH SO R B 0G4E ., 37
B AREAIINARE E. LB LIV-1 2%, R ARGR Y KA KRB B, 2084 T3
AR B IS R

Effects of TdcC SstT and LIV-1 systems deletion of Escherichia

coli on extracellular L-threonine accumulation
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Abstract: [Objective] The effects of the threonine absorption system deletion, containing TdcC,
SstT and LIV-1, on the extracellular accumulation of threonine were investigated in Escherichia coli.
[Methods] In this paper, the TdcC, SstT and LIV-1 systems single- and muti-deletion of E. coli
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(1]

W3110 were constructed by deleting the corresponding genes (tdcC, sstT, livJ). Subsequently, the
plasmid harboring the operon gene cluster of threonine, pKKthrA“'“*"BC, was transformed into
both the wild type and recombinant strains. The ability of absorption and extracellular accumulation
of threonine was then detected. [Results] Compared with W3110, the threonine absorption ability of
T04 with tdcC and sstT deletion was decreased by 43.28%. Meanwhile, T04 with plasmid
pKKthrAC]034TBC accumulated 1.09 g/L threonine in vitro, which was 2.7 folds of that of strain
W3110 with pKKthrA“'**"BC. Further deletion of /ivJ gene in T04 generated TO7, which resulted in
12.97% decrease of threonine absorption. However, the maximum extracellular threonine
concentration of strain TO7 with pKKthrAC1034TBC was only 0.63 g/L, which was decreased by
42.2% when compared with that of strain T04 with pKKthrAClO3 “TBC. [Conclusion] Deletion of both
TdcC and SstT systems of E. coli significantly decreased threonine absorption and improved
extracellular threonine accumulation. Though inactivation of LIV-1 system reduced threonine
absorption, it would impair the accumulation of threonine in vitro.

Keywords: L-threonine, Escherichia coli, Absorption system, Gene knockout
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Table 1 Strains and plasmids

Strains and plasmids Relevant characteristics Source
Strains
E. coli W3110 Wild type This Lab
E. coli TO1 W3110 (AtdcC) This study
E. coli TO2 W3110 (AsstT) This study
E. coli TO3 W3110 (AlLivJ) This study
E. coli TO4 W3110 (AtdeC, AsstT) This study
E. coli TO5 W3110 (AtdeC, AlivJ) This study
E. coli TO6 W3110 (AsstT, AlivJ) This study
E. coli TO7 W3110 (AtdeC, AsstT, AlivJ) This study
Plasmids
pKKthrA®'**TBC Amp marker, Ptac promoter, carrying thr4“'***"BC This Lab
pKD46 Amp marker, helper plasmid [21]
pKDI13 Amp and Kan markers [21]
pCP20 Amp and Chl markers, helper plasmid [21]
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36 Ygene-FW Ygene-RV k1 k2 PCR
25 100 mg/L
1.1.4 35|4: GenBank  E. coli W3110 pCP20 kan
tdeC  sstT livJ pKD13
Ygene-FW  Ygene-RV PCR kan
gene-FW  gene-RV PCR TA pMD19-T
3 Ygen-FW  Ygene-RV Ygene-FW  kl 42 °C kan
Ygene-RV k2 pCP20
Ygen-FW Ygene-RV
kl k2 kan 122 EREDERNE:
600 nm ODgpo
2 (1 ODgp=0.39 g/L DCW)
1.2 7% 123 HEREFIBRENNE:
1.2.1 KA E BRIEE R ER: SBA-40C
A red [21] pKDI13 1 mL 12 000 r/min
gene-FW  gene-RV FRT 10 min 10% ( )
kan 4 °C 3 h 12 000 r/min
pKD46 20 min

F2 AWRETASIM
Table 2 Primers used in this research

Primers Sequences (5'—3")

tdcC-FW ATGAGTACTTCAGATAGCATTGTATCCAGCCAGACAAAACAATCGTCCTGGCGTAAATCAGTAGG
CTGGAGCTGCTTCG

tdcC-RV CCAGTGTAATCGCGAACGTTGTTTTGGTACCGGTCATGGACGCAAAGTGGTTAGCCAGATTCCGG
GGATCCGTCG

YtdcC-FW CCGGGTAATTTAACTTACGAA

YtdcC-RV CCATTTACGGATAAGAATGC

sstT-FW ATGACTACGCAACGTTCACCGGGGCTATTCCGGCGTCTGGCTCATGGCAGCCTGGTAAAAGTAGG
CTGGAGCTGCTTCGA

sstT-RV TTAATTACGCAGGGCGCTATTTGCCAGACGATCGTCTTCTGCCTGGCAAGCTGCCGCAGTTCCGG
GGATCCGTCG

YsstT-FW GGTGAATTATCGGCATGA

YsstT-RV GCCAGTGCCATCCTTAATGC

livJ-FW ATGAACATAAAGGGTAAAGCGTTACTGGCAGGATGTATCGCGCTGGCATTCAGCAATATGGTAGG
CTGGAGCTGCTTCG

livJ-RV CGGTGATGCCATCAAAGAACACCACGTTTGCATTGCCTTTCTTCAGGCCGTCCTGCACCGATAGA
CTGGATGGAGGCGG

YlivJ-FW GCATAAAACGAAATAAAGT

YlivJ-RV CGCATCCGGCATGAAGCAA

k1 AGGCTATTCGGCTATGACTG

k2 GGACAGGTCGGTCTTGACAA

Note: The underlined part is the homologous sequence of the target knockout gene.
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Waters Cig (250 mmx4.6 mm 5.0 um) 31 °C 250 r/min 10 h 30 min 4 °C
OPA A B 4 000 r/min 20 min 0.9%
40 °C 1 mL/min 3
338 nm A 5¢g 7-8 mL ODgoo 2.0
1L 200 pL 31°C 250 r/min 2h
pH 7.2 5 mL 0.45 pm
B 5¢g 3
200 mL pH 125 EHFEMERAE: SOB
7.2 400 mL 31°C 250 r/min 10 h ODgo0
0.45 pm 0.2 50 mL SOB 31°C
1.2.4 XKBFEBRERRKEEN S 250 r/min 12h ODeo 0.5
0.5 g/L 31°C 250 r/min 36 h
1 g/L
2SR50
21 wrEdmmR
E. coli W3110 1.2.1
[nmol/(min‘mg DCW)] tdeC  sstT  livJ 1A B
SOB 31°C C tdeC  sstT  livJ E.
250 r/min 10 h ODgyo 0.2 coli TO1 E. coli TO2 E. coli TO3 E.
50 mL 0.5 g/L SOB coliTO4 E. coliTO5 E. coliTO6 E. coli TO7

B 1 tdeC. sstT F0 livJ ZEEELFREY PCR ¥ E K E

Figure 1 PCR identification of tdcC, sstT and livJ knockout strains
M MAPst I DNA marker A(1) B(1) C(1) tdeC sstT livJ 1420 1420 2479bp A(2) B(2) C(2) Ygene-FW
k1 PCR 1167 1317 956bp A(3) BB3) C(B) k2  Ygene-RV PCR 1206 1043 2283bp A(4) B(4)
C(4) Ygene-FW  Ygene-RV PCR 2262 2249 3128bp A(5) B(5) C(5) kan Ygene-FW  Ygene-RV PCR
1040 1027 1906bp A(6) B(6) C(6) Ygene-FW  Ygene-RV PCR 1788 2074 1247 bp.

Note: M: MPst | DNA marker; A(1), B(1), C(1): DNA fragments of knocking out tdcC, sstT, livJ, 1 420, 1 420, 2 479 bp; A(2), B(2), C(2):
Ygene-FW and k1 PCR products, 1 167, 1 317, 956 bp; A(3), B(3), C(3): k2 and Ygene-RV PCR products, 1 206, 1 043, 2 283 bp; A(4), B(4),
C(4): Ygene-FW and Ygene-RV PCR products, 2 262, 2 249, 3 128 bp; A(5), B(5), C(5): Ygene-FW and Ygene-RV PCR products of strains
without kan, 1 040, 1 027, 1 906 bp; A(6), B(6), C(6): Ygene-FW and Ygene-RV PCR products of comparison strains, 1 788, 2 074, 1 247 bp.
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2.2 [HET TdeC. SstT FA LIV-1 RFEXEAAR  [11.83 nmol/(min'mg DCW)]
W7 =ER B9 22 M 13.36% 17.24% 2.87% tdeC
1.2.4 W3110 sstT  livJ
TO1 TO02 TO03 TO04 TO5 TO06 TO7 sstT tdeC
10 h livJ
2 T04 TO5 T06 TO0710h
3 6.71 7.59 9.34
2 5.84 nmol/(min‘-mg DCW) W3110
4328% 35.84% 21% 50.63%
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—A—F. coli T04 ——F. coli TO5 S B &1 coliTO6 —<-E. coli TO7
L coli TO6  ~<—E. coli T 1.0 ,
26 e 3 -
. 8
N S
8 2.4 g
2.2 E
)
2'001'23'4'567 89'10'11 0'00 1 2345678910 1'1
¢ (h) ¢ (h)
2 TREMKEFEBRSMEFEPFHEKIFR
Figure 2 The growth of different strains in L-threonine assay medium
247 ~=—E. coli W3110-o-E. coli T01 #3 TREEKE L-7 RERIRI A A
__:g ggz ¥8zz‘ __Z:g ggz ?82 Table 3 L-threonine uptake assay of different strains

20

[ coliTO6  ——E. coli TO7

L-Thr specific consumption rate
(nmol/(min‘mg DCW))
)

t (h)
3 FEIEMHER RS T2 PR S8 LLEFR R
Figure 3 The specific consumption rate of different
strains in L-threonine assay medium

10h L-
Strains Knockout L-Thr average specific
genes consumption rate in 10 h
[nmol/(min‘mg DCW)]
E. coli W3110 — 11.83
E. coli TO1 tdcC 10.25
E. coli TO2 sstT 9.79
E. coli TO3 livJ 11.49
E. coli TO4 tdcC, sstT 6.71
E. coli TOS tdcC, livJ 7.59
E. coli TO6 sstT, livJ 9.34
E. coli TO7 tdcC, sstT, livJ 5.84
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Figure 4 Shake-flask fermentations of single gene knockout mutants of tdcC, sstT and livJ of E. coli W3110(pKKthrA®'®TBC)

x4 TREHEMEREZESLY

Table 4 Shake-flask fermentation parameters of different recombinant strains

ODsoo . . .

. Knockout Maximum M.a XU Consumption of Maxllmur.n L-Thr yield

Strains enes oD specific growth s (i) threonine titer on glucose

£ 00 rate (h) (L) (grm/gan)
W3110(pKKthrA“'®*TBC) 13.55 0.68 20.18 0.40 0.020
TO1(pKKthrA“'**TBC) tdeC 13.36 0.65 20.91 0.73 0.035
TO02(pKKthrA“'®*TBC) sstT 13.08 0.59 21.05 0.85 0.040
T03(pKKthrA“'**'BC) livJ 13.25 0.61 20.62 0.46 0.022
TO04(pKKthrA“'**TBC) tdcC, sstT 13.26 0.66 22.24 1.09 0.049
T05(pKKthrA®'®*TBC) tdeC, livJ 12.99 0.64 20.82 0.69 0.033
T06(pKKthrA“'**BC) sstT, livJ 13.20 0.60 21.16 0.83 0.039
TO07(pKKthrA“'**TBC) tdcC, sstT, livJ 12.78 0.59 19.32 0.63 0.033
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Figure 5 Shake-flask fermentations of multi-gene knockout mutants of #dcC, sstT and livJ of E. coli
W3110(pKKthrA€'**TBC)
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