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it to gene inactivation of mesophilic bacteria. The subunit of flagellum (fliC) and C4 dicarboxylate orotate:H* symporter
(dctA) genes were chosen as targets in the genome of Escherichia coli HMS174 (DES3) strain. According to recognition roles of
Tel3c/4c intron, the fliC489a, fliC828s, fliC1038s and dctA2a sites were chosen as target sites. Gene-targeting plasmids were
constructed based on pHK-TT1A by using overlap PCR method and transformed into HMS174 cells. An aliquot mid-log phase
cultures of the transformants were shocked at 48 °C and plated on LB plate (containing chloramphenicol). Afterwards, gene
mutants were screened by using colony PCR and DNA sequencing. After the mutants were obtained, the phenotypes of AfliC
and AdctA gene mutants were characterized by using agar puncture and carbon metabolism experiments. Colony PCR and
sequencing results show that Tel3c/4c intron was inserted in the designed sites of fliC and dctA genes. The gene-targeting
efficiency of Thermotargetron system was 100%. Phenotype verification experiments of the mutants demonstrated that the cell
motility of all AfliC mutants was damaged and the malate assimilation ability of AdctA mutant was deprived comparing to
wild-type HMS174 strain. In our study, a temperature-inducible and high-efficiency gene inactivation system was established
for mesophilic bacteria. This system could achieve high efficiency and precise gene inactivation by modulation of the

incubation duration of the transformants at 48 °C.

Keywords: Thermotargetron, group II intorn, temperature induciable, gene inactivation, Escherichia coli, fliC, dctA
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A SRS F ks, PR A s Rl ok 3 R T
2 e v 102 2001 4F Karberg 25 F SR I T
FLERFLER A Lactococcus lactis A — I N & T oo
L1.LtrB, & | —Em R RE RS, LT
H R B P SR TR A 1) 6 15 BT, 2007 4F, Heap
b — 20 R T X P I R ) 2R 0% R G oA
%% ClosTron®!, ClosTron %%t ELA AMKHiAR &5
FIAMIE DNA Bl | 5 DN 2R 06 2508 imy Ak
I AEPL S, IEAHTAME DNA A ReRIR
TAE YL N ik . SR, ClosTron RGEWAFAE—
FEMRBRYE: (1) fEHRsAEY A ClosTron
ARG, HEEEMEEH PR NIES
FIK ARG, LIkl L1.LwB JoiF A& (8
Peps il L k), ) LL1.LtrB Jei2 24 DA
WL T, BB, (2) ClosTron &
GEE IR ST (48-60 °C), B L1.LtrB Joffhsk
%, RREIEH TR,

T 5Ll ClosTron RGAFAEMIA K, FRATHT
L1 I TG S I S B R = 7 > G

Thermosynechococcus elongatus fit) Tel3c/4c — [N

http://journals.im.ac.cn/cjbcn

&F (B W2k) JF& T i Targetron %
4i——Thermotargetront®(&] 1), 1% 2 45 By B3 —
IN & F RNA (Tel3c/dc) Flili%% 5kl (Reverse
transcriptase, RT) 4™, Hip, Tel3c/4c il
B3 B AN SR TR S T 41 DNA AUk | g 4
725, , RT LA 30 i Sy il Rt S A A A% 15 1) VI Tt 1)
EEN2TR, Tel3c/ac I RT 3[R 4258 100 1 W A% 2R
M & A M(RNP). RNPi@id“IH4E (Retrohoming)”
SRR AR E AN A, HaBRm T (E 1)
(A) RNP 1 Tel3c/4c iR 5| 3L F 41 DNA 47 155 (B)
RT DJEI¥EAL S WSS DNA H LIS T RNA Wi
Ha 5 i cDNA (%% s )5 (C) K85 i Tel3c/4c
) cDNA i A BN S . B F BN F4E )7
GRS A B 2 LIRS T B S RNA J5 5
BIFZ e afifhy R AT LS B 80 35 DR 7 B 2R K

{HA3 R A2 Thermotargetron 4.0 o
Tel3c/4c RN &+ HAER RS (48-60 C) H
AT E M, M, Thermotargetron B A
2 ANERAE (1) 3 T 08 A B g 3 D 2 3 1
(2) TERT T & A R E T, A RS S
FRAE . IRE A SR TYHES, ML ClosTron
REmtbFiES, BA 5L (Jo M ki i
WP RIERG) . HRE O B0 $ il R 15 B E))



BITIT FREIES Targetron REATRKBHESYERE LT 1661

M B (EEEmH Tel3c/de WHTE) S,
&tk 2 #h Thermotargetron 2 45 iR 5 F 41 N
“AAnnnnnnnnnnnnnA”, X} F GC & & FL KA

Thermotargetron
plasmid

Intron

I

I

I
v

5

Inserted intron
— =
-_—

L2 th
L 2

ET" Disrupted gene E2’
c

1 Thermotargetron £ R “}T# " RIE R EE

Fig. 1  Schematic diagram of the Thermotargetron
system. (A) The mature ribonucleoprotein complex (RNP)
was composed of the group II intron RNA (Tel3c/4c)

and its RT enzyme. RNP recognizes the target DNA by
the principle of base complementary pairing (mainly by
Tel3c/4c), and the recognition target is
“5-AAnnnnnnnnnnnnnA-3"" (16 bases in total, n=A, T,
G or C). (B) The Tel3c/4c intron sequence was reverse
transcribed into cDNA and inserted into the target site by
the reverse splicing process. (C) DNA gaps were repaired
by the host DNA repairing system. As the Tel3c/4c
cDNA sequence contains stop codons and could easily
form hairpins after transcription, thus the translation of
the target gene is terminated at translation level.
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W [ bR T A AR A FR 2 B (Aladdin,
). BilgBHEERE DNA [N & . ok
RA & e KRR AR (db) AR A
(TIANGEN , 4t 5t); Bsiw I -HF (R3133L) Fl
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EZA (NEB, dbat) 1E R 0+ v 0 Bk AL
H7E F 4. Thermotargetron Jit A 3T #8 5256 78 K
W F i HMS174 (DE3) Ziffirhififys (AR BEE
H AR H, Novogene, dtnt), LN fEi#k
HMS174, E. coli NEBExpress. E. coli HMS174 1
PRTE LB K533k, 37 CUF ARG IR, LB B gstp
MAFEEZ (10 ug/mL, LB-Chl) LI g4k 1.
AW B TR RIHE#EKRE 7% (VIV) —
H LN R K% A7 (-80 C).
1.2 A%
121 HBREEITET YRS

M National Center for Biotechnology
Information (NCBI) %4 % 13k 15 HMS174 B bk
fliC I detA JL[A P41 . A4 Tel3c/dc UL A M
FE“5'-AANNnNnnnnnnNNnA-3" v/ 25 1% 11 HMS174

x1 XHEASY

Table 1 Primers used in this study

fliC Il detA BERHTHEZAARS 1Y) (3% 1). BITHE
PR EwIT 4 %4510, NS FE600 12
(Intron-binding site 12, 1BS12). #h & T iF X4k
&7 145 2 (Exon-binding site 2 sense, EBS2s). 4h
W1 e BE 44 A 1 (Exon-binding site 1
antisense, EBS1a) #1i# 5[4 (Tel3c-universal
primer, Tel3c-UNV),
1.2.2 ks

FTHE ok by i A S EAT PR PCR S FI
—UEHE N o 55—k PCR L pHK-TT1A JURL
i (FE 2), I1BS12/Tel3c-UNV F1 EBS2s/EBSla
VEGIW 53 AT 1S 5 55— PCR b L E—K
PCR =¥ Atk , 1BS12 5 EBSla {4514,
55— K PCR W& H: o — 45 5 B AR R
HAMRC X A B TR B, EHEATE R B

Primer

Sequence (5'-3)

Description

Tel3c-UNV
fliC489alBS12
fliC489aEBS2s
fliC489aEBS1a
fliC828sIBS12
fliC828sEBS2s
fliC828sEBS1a

TAACGAGGCTTCTAGCG

AGCCAAAGCAGGTTGACTAGTAAgagttttagcatcGTGCGACGCGAAAGCTAG
CGCTAGAAGCCTCGTTAaactcAGCAGGCCAAAGATGCTG
CGGAGTTGCTGTCCCCGTACGCTGAagcatctAGCAGCGtATCCAATCC
AGCCAAAGCAGGTTGACTAGTAAtactactaaagctGTGCGACGCGAAAGCTAG
CGCTAGAAGCCTCGTTAtagtaAGCAGGCCAAAGATGCTG
CGGAGTTGCTGTCCCCGTACGCTGAaaagctAGCAGCGTATCCAATCC
fliC1038sIBS12 AGCCAAAGCAGGTTGACTAGTAAaactattacctatGTGCGACGCGAAAGCTAG
fliC1038sEBS2s CGCTAGAAGCCTCGTTAtagttAGCAGGCCAAAGATGCTG

Universal primer

fliC489a targeting
primers

fliC828s targeting
primers

fliC1038s targeting
primers

fliC1038sEBS1la CGGAGTTGCTGTCCCCGTACGCTGAacctatAGCAGCGTATCCAATCC

dctA2alBS12

AGCCAAAGCAGGTTGACTAGTAAcagagaggttttcGTGCGACGCGAAAGCTAG dctA2a targeting

primers

fliC gene detection
primers

dctA gene detection
primers

junction detection
primers

dctA2aEBS2s CGCTAGAAGCCTCGTTACtctgAGCAGGCCAAAGATGCTG
dctA2aEBSla  CGGAGTTGCTGTCCCCGTACGCTGAQLtttctAGCAGCGtATCCAATCC
DPfliC-F AATTACAGTCAGGACGCGT

DPfliC-R ATGTGACCGGGTTAGCC

DPdctA-F CCGCAGGTACCCCATAAC

DPdctA-R CACTCGGGGAAGGGAGT

DPjunction-U ~ GAGGAGGTGGGAAAAAGCGA

DPjunction-D  TCGCTTTTTCCCACCTCCTC

http://journals.im.ac.cn/cjbcn



BITIT FREIES Targetron REATRKBHESYERE LT 1663

®2 XPHTRABEKRERR
Table 2 Strains and plasmids used in this study

Strains and plasmids

Relevant features

Source or reference

Strains
NEB Express Competent fhuA2 [lon] ompT gal sulA11 R(mcr-73::miniTn10--Tet)2[dcm] NEB
E. coli (High efficiency) R(zgb-210::Tn10--Tet%)endAldelta(mcrC-mrr)114::1S10
E. coli HMS174(DE3) F" recAl hsdR(rci, Mk12") (DE3) (RifY) Novogene
AfliC489a Derived from E. coli HMS174(DE3), AfliC489a This work
AfliC828s Derived from E. coli HMS174(DE3), AfliC828s This work
AfliC1038s Derived from E. coli HMS174(DE3), AfliC1038s This work
AdctA2a Derived from E. coli HMS174(DE3), AdctA2a This work
Plasmids
pHK-TT1A Targetron vector, GroEL promoter, CmR [10]
. Derived from pHK-TT1A, targeting the antisense strand 489 site of fliC in .
pHK-TT1A-fliC489a HMS174(DE3) This work
. Derived from pHK-TT1A, targeting the sense strand 828 site of fliC in .
pHK-TT1A-fliC828s HMS174(DE3) This work
. Derived from pHK-TT1A, targeting the sense strand 1038 site of fliC in .
pHK-TT1A-fliC1038s HMS174(DE3) This work
pHK-TT1A-dctA2a Derived from pHK-TT1A, targeting the antisense strand 2 site of dctA in This work

HMS174(DE3)

BsiwW I -HF Al Spe I -HF Zkt:4k i pHK-TT1A %
&, fEH T5 exonuclease DNA assembly J ik
(TEDA) HEATEE AN, WA Fohik A TEY
TR () By BR A mIHE T .
1.2.3  ITEBBURLRE b e SR AR bR 16

W7 3641 1F 5% 19 Thermotargetron 7 % 5 ki {ii
FAAL2E P AL HMS174 B2 25401, 3944
T LB-Chl ~F-#i LA e 4% 4k 7 . Bk 7 PRI R
LB-Chl W {3 F S B e b 1 . 3530 i
100 %), BF L5 mL EEE.OE S, 37 CHkL:
AR 1 h, WEEMSERREER SR 48 C,
1 h LT, WIS Tel3c/ac T EEME) . Hulk
JE RS, TR 100 15, 5% T LB-Chl
Vg b, 37 Clgidige, PR B UETE T PCR
ISk

B R R, ] fliC F dotA £
W51Y (3 1), PCR K2 &4 Tel3cldc i A
RA% i i Green Taq Mix i 57 & k4T PCR (35 ME
W, B, ISR 94 °C 5 min; 94 °C 30s,
56 ‘C 30 s, 72 C#Eff 150 s, 30 ¥KfE¥F; 72 C

&: 010-64807509

5min, 4 °C 10 min, 3 2 TECRAR i an T A
.

R DRI 2 5 00 % = 5% AR ARSI T AR
124 FRER

F IR 2 908 5 AR MR 8 ok 3 2 E TCP M Ry FR AL p
RE R ER TR, SRRWF . W50 pL %
G TR (ODgo=0.8-1.2) #| 5 mL LB }iF 4k
Hr, 37 °C. 200 r/min }53% 8 h, REFeWLeAilm ks
AP S 10 I, R RIZT LB AR B
SR TR A I IR b AZ IR b e M A
—TEBEPRELE LB-Chl Fl LB F-Al |, & FHaiE
BRFRAE 37 CHEFR 24 ho TR ERACRME R
A B REE RPN v BB S A I SRR
1.2.5 RASHRR AW

G AR R IZ SRR I AR 7 R . o AR
HMS174 5 AfliC 7RG HIFEF T 5H 0.8%
(WIV) BiieHY LB R EMAR: R 5L v, 37 °C
TR IE SRR, SRR 9 8 1 AR RE G11 AT
[ RTR e o R AN Rl Iy e i
HMS174 5 AdctA Z&7A5#EZ: LB KiF3kidifk, LA
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1%HEEA R (VIV) R T & 0.2% A1) M9
BRI, Kige X EAE K (ODgoo=0.5-
0.8) LAZER LB Higrkryr i mm . 5y
R T 0.2% 5 R ER1E R E— IR 1 MO WA K:
Fideh | 200 r/imin, 37 ‘C}EFE 24 h, ERTEUEE,
I %E ODgoo fH o

2 ER5AM

2.1 ERFEFTIA =

HMS174 fliC %[ (ECHMS174_01916) A
dctA (ECHMS174_03796) 4= K 4> %I K
1 497 bp 11 1 287 bp (K&l 2A). 7& fliC KK ikt
LS A5G Tel3c/dc HAIHLAER) fliC489a (5-AA
gagttttagcatcA-3') . fliC828s (5'-AAtactactaaagct
A-3")#l1 fliC1038s (5'-AAaactattacctatA-3") i 1. .

A 1.5 kb
liC489a/1iC828s fliC1 038s
1.3 kb )
‘
detA2a
B EBS2 EBSI
A C U U
CcU i ccG-EBS‘g
WT  AA TGGAG AC AAGGCAIA
IBS2 BS1 "BS3
Insertion site

CUCAA AA UCGUAGIU
fliC489a AA GAGTT TT AGCATCIA
AUGAU GA UUUCGAIU
JiC828s  AA TACTA CT AAAGCTA
UUGAU AA  UGGAUAIU
JIC1038s  AA AACTA TT ACCTATIA
GUCUC UC CAAAAGIU

dctd2a  AA CAGAG AG GTTTTCIA

2 HMS174 fliC § dctA £ & # & Thermotargetron
FTERIR B
Fig. 2 Gene targeting sites in fliC and dctA genes. (A)
Gene targeting sites in fliC and dctA genes. (B) The bases
composition of fliC489a, fliC828s, fliC1038s and dctA2a
targeting sites.
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1E dotA JERHPE#E dctA2a (5'-AAcagagaggttttc
A-3") i fi ol PCR 2848 7 4= 71 Tel3c/4c IBS1 .
IBS2. EBS1 1 EBS2 {ii /4, M4 fliC489a,

828s. 1038s Al dctA2a VUL sl FT 4 5k
pPHK-TT1A-fliC489a, pHK-TT1A-fliC828s, pHK-
TT1A-fliC1038s I pHK-TT1A-dctA2a (&l 2B).

2.2 Thermotargetron $T#B R fut &

DL pHK-TT1A-fliC489a ] ¥ 2 1A 44 4 i #2
S (K 3), 3R Thermotargetron F7 88 Ji ki 114
P RN ¢ (1) DA pHK-TTL1A A2 B ,
fdi F fliC489alBS12/Tel3c-UNV, fliC489aEBS2s/
fliC489aEBS1a 514 (3% 1),PCR ¥ #4345 1BS1/2
M OEBSL1/2 ®RAE R B, HKESH N 296 bp
(IBS1/2) #1114 bp (EBS1/2) (& 4A). 4 ki1t
& MM PCR Jx i, LI fliC489alBS12/
fliC489aEBS1a iy 51¥), I— PCR 4815311 1BS1/2
1 EBS1/2 578 i B oM, HE & LA PCR 474
RAFHTHE A B (393 bp) (&1 4B). FTHE A Be 54tk
1B pHK-TT1A #4k (Bsiw I -Spe 1 AUEHY)), fi
Ji] TEDA i: T 411 345 pHK-TT1A-fliC489a
FISE R . (R AR 8] 9 7 s A i pHK-TT1A-
fliC828s . pHK-TT1A-fliC1038s FI pHK-TT1A-
dctA2a FTHE KL, WP R 4 T8 TR Y
PR .

2.3 RTIRTFIR

ffiF HMS174 fliC 1 dctA WA 5| )
(DPfliC-F/DPfliC-R #1 DPdctA-F/DPdctA-R, # 1)
PCR %E 2 48 CHUHET 1 h Fmftb+, =
AR Rk PCR 438 25717 L HT AR 76 TR A 34 Jin 839 bp, A&
M gE LB Tel3c/dc —HIN & F LI RTE fliC
(1558 vs. 2397bp) FldctA KE[H (1376 vs. 2 215 bp),
H 4 AT R R 2R TR AR 4 100% (3 3,
ANTHEALAI 15 SoakE), MIFSRE], Tel3c/
4c “HRINETIAZ] HMS174 AfliC489a (X1 5A).
AfliC828s (&l 5B). AfliC1038s (/& 5C) # AdctA2a
(&1 5D) ZASMREERI A i (B 5).
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AiC489alBS12 fliC489aEBS12
] ]

[ ] RT (Tﬂlf
\ ]
T l%.UNV 90,
. else- SliC489aEBS1a
ﬂrC4l8:9lalB312 pHK-TTI1A
T
[ RepB
-
fliC489aEBS1a /
I‘ :Tcl3c/4c intron PeroEL
. . _ BsiWI ColE1 origin
JliC489a target sites ™~ Spel
BsiWI1-HF, Spel-HF double digest
pHK-TTI1A
Cat
pHK-TTIA
f1iC489a
RepB
Tel3c¢/4¢ intron P

Tel3c¢/4¢ intron Pgrokil
¢mm—"  ColEl origin
pHK-TTI1A f1iC489a

3 Thermotargetron &k

Fig. 3 The construction of Thermotargetron gene-targeting vectors. Two rounds of PCRs were carried to construct
pHK-TT1A-fliC48%9a  plasmid, which targeting fliC gene. Firstly, fliC489alBS12/Tel3c-UNV  and
fliC489aEBS2s/fliC489aEBS1a primer pairs were used to generate mutations in 1BS1/2, EBS1/2 sites of wild-type
Tel3c/4c intron, which produce 296 bp and 114 bp amplicons. Secondly, the 296 bp and 114 bp amplicons were
assembled together by using overlap PCR, in which fliC489alBS12/fliC489aEBS1a primers were used. The overlap PCR
produce 393 bp amplicon, which containing desire mutations for targeting fliC gene. Finally, 393 bp amplicon were
assembled with BsiW I -Spe I linerized pHK-TT1A plasmid by using TEDA method and the resultant plasmid was
denoted pHK-TT1A-fliC489a. Same work flow was carried out to construct pHK-TT1A-fliC828s, pHK-TT1A-fliC1038s
and pHK-TT1A-dctA2a plasmids.

Ay v 1 2 By | %3 Thermotargetron £ E &FH R
1 Table 3 Gene inactivation efficiency of Thermotargetron
% system
5.0 : =
. . Gene inactivation
Mutant strain Target sites efficiency (%)
39 39 AfliC489a  GAGTTTTAGCATC 100
10 0 AfliC828s  TACTACTAAAGCT 100
0.7 0.7 AfliC1038s AACTATTACCTAT 100
§;§; 03 AdctA2a  CAGAGAGGTTTTC 100
- 0.3
82 02
: 0.1
B4 W% PCR R Teldc/dc SR HIIRBIL & 2.4 BRER
Fig. 4 Mutate Tel3c/4c gene-targeting sites by two- i e ARAF I K FF B HMS174 AfliC489a .

rounds PCRs. (A) Amplicons containing mutated 1BS1/2 AfliC828s. AfliC1038s il AdctA2a 2875 S~
(296 bp) and EBS1/2 (114 bp) sites. (B) Assemble 296 bp v AR % j‘lﬁm#”ﬂ?
and 114 bp amplicons, containing mutated I1BS1/2 and HELRATH R (4391 pHK-TT1A-fliC489a .

EBS1/2 sites, by using overlap PCR, which produce the PHK-TT1A-fliC828s . pHK-TT1A-fliC1038s F
gene-targeting fragment.
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PHK-TT1A-dctA2a), Z%REHRIEL: 10 EHME  HEHIRMEAUSR, KIAFFE HMS174 AfliC489a.,
B IR, R SO P BE L e A ST F AflIC828s, AfliC1038s il AdctA2a %8 bR BURL AL,
B RAE K, WA AR R RN B (TR ERACER 100%, FAZAHRE
BEJ A ERE, R 6 R, ZidiES: 10T I 15-24 4Tl

A 1.5 kb

< ——
!

fliC489a
= AGGCCAAGAGTTTTAGCATCAATCTGCTTCAGATCGATAreenes
A
Tel3c/4c mtron 0 839 kb
AGGCCAAGAGTTTTAGCATCGTGCGACGCGAAAGUTAGCC sessosnns SGATGCCCCCCTGCTACCCGACAATCTGCTTCAGATCGATA
AAGGCCAAGAGTTTTAGCATC CAATCTGCTTCAGATCGATA

AAGGCCAAGAGTTTTAGCATCETGCGACGCRAAAGOTAGOD GATOCCCCCCTOCTACCCBAICAATCTGCTTCAGATCGATA

kb MWT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

| 1.5 kb |
:
SliC828s
e e s CCGCCTGAAGTGATAGTTGTAGCTTTAGTAGTATTTGCATes 0000
Tel3c¢/4¢ intron 0.839 kb

CCGCCTGAAGTGATAGTTGTGTCGGGTAGCAGGGGGGCATesrenssensesnnssna GGCTAGCTTTCGCGTCGCACAGCTTTAGTAGTATTTGCAT
""" 954,380 1,954,390 1,954,400
CCGCCTGAAGTGATAGTTGT AGCTTTAGTAGTATTTGCAT

ECGE:TEAI«GTGLT!‘GT'GTGTCBGGTRGCAEEGGGGCATGGETAGETTTCGCGTEGEACI»‘-SCTTT}-EJ;GTATTTGEAT

J.\.‘..MJ\ AM.AM Aw W

MWI 1 2 3 4 5 6

10 11 12 13 14 15
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C | 1.5 kb

J1iC1 0385

22ea e GCGGCACCGGAAGAGTCAGTATAGGTAATAGT T TTAACAG##sse
'y

Tel3c¢/4c intron 0.839 kb

GCGGCACCGGAAGAGTCAGTGTCOGOGTAGCAGGGOGGUAT T semnsrnnnsensssns GGCTAGCTTTCGCGTCGCACATAGGTAATAGTTTTAACAG

GCGGCACCGGAAGAGTCAGT ATAGGTAATAGTTTTAACAG
GCGGCACCGGAAGAGTCAGTGTCGGETAGCAGGGGEGCAT GGETAEEI‘TTCGEGI’EECAE‘AT&SG1AAT-"GTT1T.'.AEAB

A N
N A " i 4N
A Na MU ANAAN AN A AN
VY "L._._IJ“A‘I‘A|IIUF\“\JL.‘_1AA_A-|‘_AA“-I“L VA

7 8 9 10 11 12 13 14 15

Y

detA2a
""" ITACTAAAGG, \(':\L‘('('I:\I‘(i.\,-\,-\:\(‘( TCTCTGTTTAAAAs eoeee
0.839 kb
Tel3c¢/4¢ intron 0.839 kb
ITACTAAAGGACACCCTATGTCGOGGTAGCAGGGGGGUATCorererernserersnsGGUTAGCTTTCGCGTCGCACGAAAACCTCTCTGTTTAAAA
TTACTAAAGGACACCCTATG GAAAACCTCTCTGTTTAAAA

TTACTAAAGGACACCCTATGTCGGGTAGCAGEGGEGCATE GGCTAGCTTTCOCETCGCACIGAARACCTCTCTETTTAAAR

1 A AR AN ARARAA ﬂf\J\ |
kb MWL 1 2 3 4 5 6 7 88 9 10 11 12 13 14 15
10.0
§9
o

1.0
0.7

B 5 5 HRIH R R 73 iE

Fig. 5 Screen mutants by using PCR and DNA sequencing. (A) Screen E. coli HMS174 AfliC489a mutants by using PCR.
M: DNA marker; WT: wild type; lane 1-15: E. coli HMS174 AfliC489a mutants. (B) Screen E. coli HMS174 AfliC828s
mutants by using PCR. M: DNA marker; WT: wild type; lane 1-15: E. coli HMS174 AfliC828s mutants. (C) Screen E. coli
HMS174 AfliC1038s mutants by using PCR. M: DNA marker; WT: wild type; Lane 1-15: E. coli HMS174 AfliC1038s
mutants. (D) Screen E. coli HMS174 AdctA2a mutants by using PCR. M: DNA marker; WT: wild type; lane 1-15: E. coli
HMS174 AdctA2a mutants. The Tel3c/4c insertion sites in E. coli HMS174 genome are indicated as blue arrows. Tel3c/4c
intron is depicted in red, E. coli HMS174 genomic DNA was depict in black. The junctions between Tel3c/4c intron DNA
and E. coli HMS 174 genomic DNA are sequenced by using primers DPjunction-U/DPjunction-D. Sequencing data are
visualized using the SnapGene software (GSL Biotech; available at snapgene.com).
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Bl 6 SefEFiRsSIIIERREKFERNERFR

Fig. 6 Detection of plasmids curing by using replica plate method. (A) Replica plate of E. coli AfliC489a mutants. (B)
Replica plate of E. coli AfliC828s mutants. (C) Replica plate of E. coli AfliC1038s mutants. (D) Replica plate of E. coli
AdctA2a mutants; Colonies only formed on LB plate but not on LB-Chl plate, this result indicate that gene targeting
plasmids were cured in all mutants and the plasmids curing efficiency was 100%.

2.5 HMS174 AfliC REHKIZ B RE T A&
i 3 2F i RE TR B A A HMS174 T kS
AfliC489a. AfliC828s Fil AfliC1038s % 48 #iiz & fiE
17284k, BRAERITERRZ T 12 h B3R AT LA S8
RS FRAE , ARlIC 2848 MR FURIBR T He P e 42 i
Bar B AE R (8 7), 37 AfliC S MRAE I
iz ZRe T B R R
2.6 HMS174 AdctA e HRERER IS BE N E
A HMS174 AdctA2a kR 6 1 58 25 R i)

7 4B HMS174 5§ AfliC R ERIEENEE S X bk

SERFRACEE AR 1E, 1 Sk B AR A HMS174 1
FRAT HMS174 AdctA2a 2878 HREE SR F DL 0.2%7Hi %
BEAE A — R MO AR FR 3k, FRgE i 2 DU
0.2%3F FEFR A A ME— BRI B MO SRR S F7- 3% B A
RIKIAFTF B HMSL174 LI EFAERIEAS M9 $53%
FErhHEIE HAE K, AdctA2a ) H BETE 0.2% % %45 b
YERME—RRIREIY MO JARBEFRILPAE K, ANEETE
0.2% 3 MR A Jy Ml — BRI MO 535 B b A K&
(& 8). #2718 detA HEPRE KM AT S SR 1 1) ¢
BEELIA

Fig. 7 Comparison motility of HMS174 strains. (A) Comparison of motility E. coli HMS174 wild-type strain and E.
coli HMS174 AfliC489a mutant. (B) Comparison of E. coli HMS174 wild-type strain and E. coli HMS174 AfliC828s
mutant. (C) Comparison of E. coli HMS174 wild-type strain and E. coli HMS174 AfliC1038s mutant. Wild-type E. coli

HMS174 strain (left), E. coli HMS174 AfliC mutants (right).
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0.6 -
%3 04 | - HMS174
= AdctA2a

02+
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8 Xftk HMS174 Br 481 5 AdctA2a R HKRIERER
A aE

Fig. 8 Comparision of L-malic acid utilization ability
of wild-type E. coli HMS174 and E. coli HMS174
AdctA2a mutant.

3 Wik

Thermotargetron J& & F W # R BR B
Thermosynechococcus elongatus Tel3c/4c FgH — 7l
PN Fr T A ST A ) R TR G 6 R 50, Tel3clde
KA AR i (48-60 C) A HLA G,
RFREME R S IR 1 R 0 DGR . X T T T AZ
IREYRIRGEY) (40 Clostridium J&#1 Escherichia J&
B Z B0 )), ¥ Thermotargetron $7 48 ik 44
AfEFEY, 24 48 CERiES, Bl s
Tel3c/dc Ry “V1 BL " TE M, DT 52 AL [ L PR 2%
. WSS HS (B AKNE =
U8 gL pEis M HAES AR SR
Tl PRI [E]) . TR SCRIE ) B i (& %2 37 °C
TR s R ) F00 A . A,
Thermotargetron if H A7 J A < 16 23 i LA
TEADFFE PB4 TR S B R R TR 08 =
ik 100%, WIS Tl S R4, T,
Thermotargetron F 4t HA )1z 1w FH 1 e it H i
VT, ATZEH IR G S Ak . R i Y A
ESL

ERWI RS, T7 B3 7808 T4
Tel3cldc R IE, FTHIHCRLE 50%4 41, (AL
T7 Rl FEALL WA (1) T7 331 b5
A+, RERBYVERE, REOK A
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AT BERE ], 45536 i Tel3c/de Rkl i,
1T Z 1 Tel3c/dc 2%k 2 1 ol 0§ 11 32 22 i
W (2) T7 JAsh FIFARREAEE G TAE, BT
B DL B IR, ARG AR AT S R T AR
TS (1) BATRER R T7 J3 8T ECh
AR T groEL JR 8 F, A s FRIAEE
W, G AR THE R RO S EARBP (2) B
2 SO AR TS (S 48 C ORI ],
Pl AR A . ORH), bR B9 Thermotargetron
RGEFTHRCR R L 100%, B RLT T7 B8 740
FHLFHE R RS

185 F R AT I 1F 4 Thermotargetron K& K T 48
PR A Y FEE AR (1) KBGF#E MR
RN R H RN T 25 #E; 2 kK
FFEAE 2L B AR, X E TRt 32 v
KT 20 0 BE 25 4 52 2% 1 5 22 ERBH PR T o DAAAT 32
PEARRSE D e s, IREEE S G . BRIt
2N, Al IO A R I T TR K AT B R
FUACIHERAE , 2 R O PO S U R G
P AR 5 5P S T R BRI IR . R R
F T o A 3 TR 5 S ) — 350k, T A SR AR KR 3
ik LB 535 rp 37 CIELeibE 10 ik, 4
BAEWAHM: (1) 582 fk AR SRS E
RIEF R (2) ¥R ) Thermotargetron
FTHE SR 2K o

HMS174 H fIiC J [H 4 i (1) 4 -6 2 11 2 46
Y B, S5 AME N — R E0wE
TR fliC 2 5T B HE B 45 0 R 2 A i
BiEshae s, EENFHME NS B
B, 5 B AN PR B e BRI R B E SR T
FEOINLEF, AN AR S o B k4R
FEEEMMEA: (1) WEBELEYBEAY KB
AR A Z 0] B A ECAE T, DT 7= A A i 1)
P S 2P (2) MBS 0038 S X
FUITIRE . RIGAFIRE . 25 FOFF R AR R AR R B 45
TR 44 0 S A TR B e 4 SRV ).
X R IGFF B HMS174 AfliC 587358 bf 1Y £ U
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HRIZSIRE I, IERA T fliC JEPH 4t = Xt
FHIENZIIREECEE,

HETESMT, RIBFFE 3 Al R
Bt (Dcu) %% DcuA. DcuB il DeuC [/ S xf
DU B - R IR AN L- K4 2 IR L . 38 6 A0 Ak
HERY, e R AR, dotA LIRS 2- K SR 1R
B B 5 | 11 (2-hydroxycarboxylic  acid
transporter, 2-HCT) LA Na'a{ H' {1 fy ik iz i 2
TR R . RIS, %E
A ST PO - —JRIR AT, SRR 2 DU -
2-FRIERIR AT, W FME 2-HCT #is E 1 Yhg
YY) Jiang SEIRIE T dotA FEHZ 5 TR
R A A R A ST 4 dotA S PR f I i 2k
T, BUE T detA S& R FF R SE R B A F 1 055
BMH,

L5 AR A 9 30 2 YL 5 45 Tel3c/4c
FITE ST, msURIE T 4 ANMEEEH LS (SR
100%), JF7ERERN MR A AFIZR, WIET
Thermotargetron 7] J W& Hril  (FT i Uik 19 ) fl 2
W3 DR ) R 06 o A EE T R 9 Hp (s 1R A
Bl R, WEEFESX Tel3c/dc ) H7 1 1 iy 45
il Ak 2 S I B, HIL, EEAES
Targetron 22 4t 44 g Sk v IR ARl A 0 1) 5k TR s e 4
BETRIEE | R ORIV B BT 1k

REFERENCES

[1] Lambowitz AM, Zimmerly S. Group Il introns:
mobile ribozymes that invade DNA. Cold Spring
Harbor Perspect Biol, 2011, 3(8): a003616.

[2] Lambowitz AM, Zimmerly S. Mobile group Il
introns. Ann Rev Genet, 2004, 38: 1-35.

[3] Karberg M, Guo HT, Zhong J, et al. Group Il introns
as controllable gene targeting vectors for genetic
manipulation of bacteria. Nat Biotechnol, 2001,
19(12): 1162-1167.

[4] McNeil BA, Semper C, Zimmerly S. Group Il
introns: versatile ribozymes and retroelements. Wiley
Interdiscipl Rev: RNA, 2016, 7(3): 341-355.

[5] Zimmerly S, Semper C. Evolution of group Il introns.

http://journals.im.ac.cn/cjbcn

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Mobile DNA, 2015, 6: 7.

Qu GS, Kaushal PS, Wang J, et al. Structure of a
group Il intron in complex with its reverse
transcriptase. Nat Struct Mol Biol, 2016, 23(6):
549-557.

Novikova O, Belfort M. Mobile group Il introns as
ancestral eukaryotic elements. Trends Genet, 2017,
33(11): 773-783.

Heap JT, Pennington OJ, Cartman ST, et al. The
ClosTron: A universal gene knock-out system for the

genus Clostridium. J Microbiol Methods, 2007,
70(3): 452-464.

Zhang J, Liu YJ, Cui GZ, et al. A novel
arabinose-inducible  genetic  operation  system

developed for Clostridium cellulolyticum. Biotechnol
Biof, 2015, 8: 36.

Mohr G, Hong W, Zhang J, et al. A targetron system
for gene targeting in thermophiles and its application
in Clostridium thermocellum. PLoS ONE, 2013, 8(7):
€69032.

Zhao C, Pyle AM. The group Il intron maturase: a
reverse transcriptase and splicing factor go hand in
hand. Curr Opin Struct Biol, 2017, 47: 30-39.

Liu YJ, Zhang J, Cui GZ, et al. Current progress of
targetron technology: Development, improvement
and application in metabolic engineering. Biotechnol
J, 2015, 10(6): 855-865.

Zimmerly S, Guo HT, Perlman PS, et al. Group Il
intron mobility occurs by target DNA-primed reverse
transcription. Cell, 1995, 82(4): 545-554.

Hong W, Zhang J, Feng YG, et al. The contribution
of cellulosomal scaffoldins to cellulose hydrolysis by
Clostridium thermocellum analyzed by using
thermotargetrons. Biotechnol Biof, 2014, 7: 80.

Xia YZ, Li K, Li JJ, et al. T5 exonuclease-dependent
assembly offers a low-cost method for efficient
cloning and site-directed mutagenesis. Nucleic Acids
Res, 2018, 47(3): el5.

Hong W, Zhang J, Cui GZ, et al. Multiplexed
CRISPR-Cpfl-mediated  genome  editing in
Clostridium difficile toward the understanding of
pathogenesis of C. difficile infection. ACS Synth
Biol, 2018, 7(6): 1588-1600.

Jiang JQ, Zhang ZL, Xu T, et al. Knock-out of dctA
gene from Escherichia coli K12 and characterization



BITIT FREIES Targetron REATRKBHESYERE LT 1671

[18]

[19]

[20]

[21]

of its function for malic acid transportation. J
Northeast Agric Univ, 2018, 49(5): 45-52 (in
Chinese).

LEA, RIEE, i, 5. KIGHE S detA JEH
R e HE R TR R I RE 2 e . AR bR ML R
1}, 2018, 49(5): 45-52.

Stebbins MJ, Urlinger S, Byrne G, et al.
Tetracycline-inducible systems for Drosophila. Proc
Natl Acad Sci USA, 2001, 98(19): 10775-10780.
Banerjee A, Leang C, Ueki T, et al. Lactose-inducible
system for metabolic engineering of Clostridium
ljungdahlii. Appl & Environ Microbiol, 2014, 80(8):
2410-2416.

Murano EA, Pierson MD. Effect of heat shock and
incubation atmosphere on injury and recovery of
Escherichia coli 0157:H7. J Food Prot, 1993, 56(7):
568-572.

Yu HY, Ma Y.
Escherichia coli on the biofilm formation. Chin J Vet
Sci, 2016, 36(8): 1301-1306 (in Chinese).

WARE, ThatE. KA FIC SE B bR A X R AT
WA YIRETE B2 . o E S 224k, 2016, 36(8):

Influence of FIliC knock-out

&: 010-64807509

[22]

[23]

[24]

[25]

[26]

1301-1306.

Pratt LA, Kolter R. Genetic analysis of Escherichia
coli biofilm formation: Roles of flagella, motility,
chemotaxis and type | pili. Mol Microbiol, 1998,
30(2): 285-293.

Wolska KI, Grudniak AM, Rudnicka Z, et al. Genetic
control of bacterial biofilms. J Appl Genet, 20186,
57(2): 225-238.

Golby P, Davies S, Kelly DJ, et al. Identification and
characterization of a two-component sensor-kinase
and  response-regulator  system  (DcuS-DcuR)
controlling gene expression in response to
C,-dicarboxylates in Escherichia coli. J Bacteriol,
1999, 181(4): 1238-1248.

Sobczak I, Lolkema JS. The 2-hydroxycarboxylate
transporter  family: physiology, structure, and
mechanism. Microbiol Mol Biol Rev, 2005, 69(4):
665-695.

Davies SJ, Golby P, Omrani D, et al. Inactivation and
regulation of the aerobic C,-dicarboxylate transport
(dctA) gene of Escherichia coli. J Bacteriol, 1999,
181(18): 5624-5635.

(B35 BRET)

B<: cjb@im.ac.cn



