TRAE SRR Sep. 20, 2021, 48(9): 29822990
Microbiology China DOI: 10.13344/j.microbiol.china.201142

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

RRAHERE R /KMINEZIF S ClosTron ERE T2 R Gt iE

EHM R FERA HIM' KEA' AREM KREE' R4
1 SN BRI RS B 2= B A W it 2. 52N 52FH 550025

2 W5 S B RGN A SR S S M BEFH 550004

3 BNERLR R 5tM 5t 550004

4 SEMERIRAEMEERE 5t 5t 550004

i ZAFFIBAYURAZLAMAR G L ELT CENTREENAR, HETEEFFOARITR
BARARARBHLERBG L AL T2 TR, (B8] ERALEREFHERKORLHF T
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Abstract: [Background] Clostridium cellulolyticum is a mesophilic model strain for ethanol production
from lignocellulose. Constructing the gene targeting technology with controllable induction is an important
means to study the genetic regulation of C. cellulolyticum. [Objective] To construct an
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anhydrotetracycline-inducible ClosTron gene targeting system in C. cellulolyticum. [Methods] Firstly, we
determined the sensitivity of C. cellulolyticum to anhydrotetracycline and selected the appropriate inducer
concentration, and then tested the inducible effect using B-glucosidase gene as reporter gene. Secondly, we
constructed an anhydrotetracycline-induced ClosTron  plasmid by combining the
anhydrotetracycline-inducible operon with group II intron elements. Finally, the mspl, Idh and ack were
selected as targets to determine the targeting efficiency in C. cellulolyticum. [Results] The
anhydrotetracycline-inducible system could induce the ClosTron expression in C. cellulolyticum, and the
targeting efficiency at mspl, Idh and ack sites were 29.48%%15.51%, 23.61%%7.08% and 28.09%16.97%,

respectively. [Conclusion]

The anhydrotetracycline-inducible ClosTron system was successfully

constructed in C. cellulolyticum, which laid a foundation for genetic engineering of Clostridium.

Keywords: Clostridium cellulolyticum, anhydrotetracycline-inducible system, ClosTron, group II intron
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e R CBHPE DR A g iR, R[]
HEAE BB | AR KGO R B CBERY
REJT, N ARTREF 4285 A Yy hn T S L35 s
Rk Y R, FRLTUERR B e ST 4 K i
WEPEIR . SR R Ees, Bk, A CR o
S AT AR TR R TR

SR, LT AR TR i T 5 e s 1 4 =2 [ P
PEDRAAH, T BAFTERR BB M R SF M, (658
Pt ke sl AR PRI FLCR AR, ST 11
N ALY Targetron $5 AR S8 A0 R R FTH#E AR,
Jo i FH TG AR A s Ao FRG, %
HARBCTEMAHEREY . FERARE (Clostridium
beijerinckii)!"™ . IRMERR I (Clostridium difficile)™ |
N T MR B (Clostridium acetobutylicum)™ ™ | A
AR T (Clostridium  botulinum)! V1 77 < 32 AR T4
(Clostridium perfringens)" V4 Z2 AR B W Fh 3451
Mo HFZEEARTER DR I, L Targetron
HARLER AP FBFR N ClosTron £ A1,

ClosTron SEARTERR T I FH I F77E FE 1A ) il
B, WIBESEELG: . A0p AR A PRGSO
I, TR HEATHOR R, TELARTI AR rh AT
&7 BT R AR B 5 = 9 ClosTron 1 #E R 4t
(ARAI-ClosTron), JF7EffLF4EM B SEEE T sl
AT RIS, BERE TR, BRI T AR

G AR, BRI — R R, 7R 2R AN
AR, HR AT RE S BEE IR , AR
R AT, BRI A SR R A 45 Rt
AT $&15 ClosTron FARFER B H BT #RVENE , #E07
ZHAR ClosTron AR, FfiE—2#iJ# ClosTron
RGN TER, AR5 LU R T R 50 S
Fa T K DURR K5 SR ClosTron R4%, HLURLT
AR TR R IR T HATHERCR , LI ClosTron £
AR IO FH B AR T 3 1 At B B
1 PRSI
1.1 #8
1.1.1 AEEk. RNSEFRHZE

AR BN A TR &R LR 1. K
FFRBEARII T LB AT 37 °C 51 T
F%, WABEIIHANIE 100 pg/mL & 5 R AR Mk 4
o e A % A 5 B 2H SRR F 25 100 pg/mL 24
H 82 1Y LB AR FRIECE 15 o/L 3iiR). fleF4E
HRT H10 (ARSCRIFRA H10 BBR) BT GS-2 PR
FREET 34 °C S5 BRI S AMFE 20 pg/mL
) 2L %5 2 AE R 0 18 25 A o GS-2 PRARUH: Fr A i
OB 2 2.1 g/L, KH,PO, 1.5 g/L, MgCl,-6H,0
1.0 g/L, K,HPO,-3H,0 2.1 /L, £hFR 2R 1.0 g/L,
CaCly-2H,0 150 mg/L, BEREE 6.0 g/L, FeSO,-6H,0
1.25 mg/L, MOPS-Na 10.0 g/L, —JKE&FEERH
3.0 g/L, 474k~ 5.0 g/L, JJ KT 0.1 mg/L, pH 7.4,
H10 FARSE SR B T A TE 5 100 mL 1557560
250 mL AU . GS-2 BRI REL &4 15 g/L 355,
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Table 1 Strains and plasmids used in this study

Strains and plasmids

Relevant features

Source or reference

Strains
E. coli DH5a Clone strain, F lacZAM154 (lacZYA-argF) relAl TaKaRa
C. cellulolyticum H10 F, ompT, hsdS (rBB-mB), gal, dcm (DE3) TaKaRa
H10::pGusA2-2tetO1 Derived from C. cellulolyticum H10, carrying plasmid pGusA2-2tetO1 This study
H10::pSY11-mspl Derived from C. cellulolyticum H10, carrying plasmid pSY 11-mspl This study
H10::pSY11-1dh Derived from C. cellulolyticum H10, carrying plasmid pSY11-1dh This study
H10::pSY11-ack Derived from C. cellulolyticum H10, carrying plasmid pSY 11-ack This study
Plasmids
pGusA2-2tetO1 Containing anhydrotetracycline-inducible operon and bg/ [16]
pSY6 Targetron vector, pth promoter, Amp' [12]
pSY6-mspl Targetron vector, containing msp! intron [6]
pSY6-1dh Targetron vector, containing /dh intron [6]
pSY6-ack Targetron vector, containing ack intron [6]
pSY11 Derived from pSY®6, carrying anhydrotetracycline-inducible operon This study
pSY11-mspl Derived from pSY 11, targeting mspl in C. cellulolyticum H10 This study
pSY11-1dh Derived from pSY 11, targeting /dh in C. cellulolyticum H10 This study
pSY1l-ack Derived from pSY 11, targeting ack in C. cellulolyticum H10 This study

1.1.2 EZLFFLE
DNA %R B & . Tag DNA A

DNA i b3 751 & A sk 32 U R 6, TaKaRa 28
Al s Msp 1 W L6 R g AR ) P N VD, New
England Biolabs /A r); DNA E&f. T4 DNA
HAZ R DNA b ife, bl e a 4
ARAAT; IPTG. X-Gluc, Btk % K HAh#w
FAEAREGH . 5IW (R )& U F, A TEY
TR BB ARAFER . A NG5 = ML

x2 AWMRETAEIRIGIY
Table 2 Primers used in this study

B 7K BE il A 100 mg/mL R £ FH, PUIRZE AR
KU 2 23 G OK S BERL il B 2 mg/mL HE
o

AT DA ST RE T L AR R UK AR I K
BAL, AN —EYBHEARAR; PCRAL, &
R OHL, Thermo Fisher Scientific ARl ; H
FAAL, Bio-Rad A w]; RA TAEuT AW400SG,
Electrotec /A7) ; #AAMEHE{Y, Scientz A F%

NG

Primer name Primer sequence (5'—3") Product length (bp)
tetR-U TCGACGGATCCCCGGGAACTCGACATCTTGGTTACCG 756
tetR-D GATAGAGTCCTAGGCCAGGTCGATCGATTATATTGATAAAAATAATAATAGTGG

Pem-tetO1-U ~ CAATATAATCGATCGACCTGGCCTAGGACTCTATCATTGATAGAGTTTGAAACTCTATC 169
Pem-tetO1-D  GATAATTATCTCGAGCATATGAACTAACCTCCTAAACTAGTTACC

Mspl-F GGATTAATATAGAAATTAAAGAAGG 417
MspI-R CAATACTGGTTTCAGCATCATTAC

Ldh-F CAGAGTTATAGGCTCCGGAACAGTTC 322
Ldh-R GATAGCCTCTACAATTCTTCTTACTGC

Ack-F GATTGACAATTCCTTTATAAAGCAATC 245
Ack-R TACACTCTCTTACTGCATTCATAAC
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1.2 H10 B4k X 0 ER 3= 0 fit 7K 0 IR 2= A Bk 1
gl

7E GS-2 [EARFAR L PREL H10 PREETEREFITE
GS-2 ARG FRILA, 34 oC HrE R IR I B XL
W(ODgoo 21°H 0.6)J5, T 1:100 FilJe e &
PRE ALK PUFR R Y GS-2 WA SR 3L rh kS 15 557
FIHZEAN AT WL A3 e EBE TN HAE 600 nm AL 4 24
Js B, HHIE AR H10 Xof PURR 2 ABE /K PUBR 2% 1A
A SRR BRI K DU IR A i
R, 2 H10 K2k,
1.3 R E

pGusA2-2tetO1 H H EI R} BEfs A= i 5% BT
WO Sy 6 Hy R e b A A B A S BT
Frams'® | pSY6-mspl/idh/ack i SZH6 5 (RAEC,

pSY11 ki st BT . woke, a0l
Pcm-tetO1-U/Pecm-tetO1-D 1 tetR-U/tetR-D 5|4
(# 2), Ll pGusA2-2tetO1 Mk, @it PCR P44
Powor J8 3 ¥} PyrtetR FHiBE 1. K5, DA

Xmal Xhol
N\

Xma 1/Xho 1

E1 FRaEinizE

Figure 1 Construction chart of plasmid

CtetR X H A
L pSY 11-mspl/Idh/ack
=l
< Ampt [ r—

Pcm-tetO1-U/tetR-D “F5[47, LA iR PCR F=¥ s
M, i E B FE PCRIY AR PUBR KR T-
i, A Xma UXho 1 XEFY LA PCR =¥ K&
pSY6 Fiki, FFH T4 DNA & REEF4 3545 pSY11

pSY 11-mspl FT#E 5 ks #4) e ad B2 4N F . A
Xho BsrG 1 XY pSY6-mspl/ldh/ack Jikr, [F1ik
0.35 kb A9 Retargetron 7~ Bt (11 8 P 5 U 04 o
(R R DX, B0z e 91, BIVAT e AR SR 0 A T )
SR 5 22 IRE XY pSY 11 JFokr g% , M@ ikis
pSY11-mspl iiki, JFki pSY11-1dh 1 pSY11-ack #4
ISR [A] pSY11-mspl, FiAs ok i e B DL 1
ASCHR I A SRR S |9 02 1 Fnk 2,
1.4 Y

H T HI10 stk & A BRI R SE, i, 5%
ez di, Ay BORIES T Msp 1 I BEEE R it A7
Fedb., BB RITS0. (1) H10 4078 GS-2
WARREFRHE T 34 °C FEEFRZE ODeoo 2974 0.6, LA

Emk_ [ —<_ AmpR

pGusA2-2tetO1

LOverlap PCR

Xmal < KH> Xhol

Xhol BsrG1

| 1EP

on >N

[ pSY6-mspl/ldh/ack
=
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10 mg/mL H&MRAKLEEEFE 2-3 h (H &5 08>
FCFAMESH E AH A E), 4 °C. 5 000 r/min 250> 10 min
WA, (2) ML Buffer (275 mmol/L i
B, 5 mmol/L K.HPO,4, pH 6.5)UE¥ 2 ¥k, T 4°C.
5000 r/min Z5.0> 10 min WA, (3) WREX 200 puL
RZ MM 2-3 ng FEALIMBORIR S, B =
0.2 cm HFAHETK EICE 30 min, (4) FIH
Bio-Rad UL TR, SRIG B 2 3 mL Bifif
GS-2 ¥t | BT 34 °C # B E k. mEE
7 5000 r/min B0 1 min YWEAELNNG, EEERAS
F7 20 pg/mL 2155 R 1Y GS-2 A, B8 T 34 °C
K597 3-4 d H10 F AL A BRI T A S5 T A T
1.5 BERELMEIEE T &

& A7 pGusA2-2tetO1 Jii ki () HI10 4 g
(H10::pGusA2-2tetO1)ZFHF 50 mL %4 20 pg/mL
LI R GS-2 MRS SR 34 °C P E R IR AL
HHA(ODgoo 2974 0.6), SRJE A 100 ng/mL iz Y
WEIFES 6 h, W8 30 min J5T 4 °C. 5 000 r/min
B0 5 min WAEGMDIRE, FIH Tris-EDTA Buffer
(10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0)1: 4%
2 X, #H GusA Buffer (50 mmol/L Na,HPOy,,
1 mmol/L EDTA, pH 7.0)EEEZfE, #HBHE(10 s/
10s, 10 min)J5F 4 °C. 10 000xg &> 10 min YrE
g, HFEEEEEE 04T, Bradford S S8 H
W
1.6 B-BEEEEIEESH

FIH X-Glue 1R 534 B- 20511 BS
PEL B A TR BB E] X-Glue 742 IR AT LAY
WYy, AT LA EEULI R B AT I O
Mo 20 pL HEHA S 1 mL X-Gluc Buffer (GusA
Buffer %745 0.1 mmol/L X-Gluc)iE4,37 °C 1 & 1 h
HEWRLEGAZHI, RN HFIH GusA
Buffer 1R B A B XS BE
1.7 FSRIERITRYEE S

FI TG 2 BRICR 5% 5 1) BHAE 3 b+, 2l
F 3 mL &4 20 pg/mL ZL 8 R 1) GS-2 AR 77 5%
RS, BT 34 °C HEEFEAR. R, A

100 ng/mL MIBKPUAERESF 2. 4. 8 h, Zr5lHL
100 pL 7555 BB SRR B S IR A & A7 20 pug/mL
LIEF RN GS-2 [T, 34 °C 4kZtE55 3-4 d.
Ja, BRI ENL PR TR, R I
PCR 73 Hr HA TR

2 HRE40
2.1 FREFERE HI10 XFMOIRE KK MR RS
RS AT

PUIRZR LK PR R A AR 25 RIS RE
TR EIE TR, E e T H10 ZTEA R
FEM VYA ZE K IR R B F2 5P AR K . 3R
35 ER, HMIUMRWKE KT 300 ng/mL B H10
ARRAER, MK RIEEERT 500 ng/mL B}
H10 AR, REBAMUK DU R LT IUR R,
R BRI K VU R AN, RS, AT
SIHTT H10 785 AN R B2 K DU PR 3R s R b Y
ARk, WE 2 Fon, SBUKUAREERT
100 ng/mL B AN I H10 A1, PRtk
#£ 100 ng/mL JBEK PUFR MR BEAE R 5 22 5000 1155
SRR

3 RAUERE H10 3 TIRZ AR K IR 3= BT 5214
Table 3 Tolerance of C. cellulolyticum H10 to tetracycline
and anhydrotetracycline

Concentration (ng/mL)  Tetracycline  Anhydrotetracycline
0 ++ -+

20 ++ +++

50 ++ +++

100 ++ +++

200 ++ ++

300 +

500 -

1 000 - -

2 000 - -

T RPEIEFRAR HI0 78 GS-2 M-I P 1% 48 h JE i AE
FARBL o +++: ODgoo>0.8, 55551 HEAH LU 4H fL v B e A 2504k,
Eﬂéﬂﬂﬂé‘iﬁﬁﬁ, ++: 0.8>0Dgpp>0.5; +: 0.5>0Dgpp>0.1; —:

0ODgp0<0.1

Note: The data in the table showed the growth status of H10 after
48 hours in GS-2 liquid medium. +++: ODg>0.8, the cell

concentration has no significant change compared with control; ++:
0.8>0Dgp0>0.5; +: 0.5>0Dg0p>0.1; —: ODp0<0.1

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



BT TS A YER DK DU S ClosTron JEHFTHE R Gupl 2987

1.2 —e—0 ng/mL
20 ng/mL
10l _ 50 ng/mL
o R 100 ng/mL
\ —e—-200 ng/mL
0.8 —e—300 ng/mL
- —o—500 ng/mL
< 06 T T —e—1000 ng/mL
Q
0.4+
4
0.2+t
0O = . '
0.0 2.0 4.0 6.0

£(d)

B2 MREAUHERE HI0 K%k
Figure 2 Growth curves of C. cellulolyticum H10

22 BKIIRZRERSWES p-EFREEEE
® =%

Sy 7RI D PR ER A T RN T A T DLTE i
AR EERE, H AR pGusA2- 2tetO1
JORE (-] 7 W T Tl B PRS2 7 U 3 SR 4R N s o
Z)EAL H10, R T B- 2 B T Al A I i
FEIRTARK o A FHE K DU PR 28155 T i 7 M e B2 B
AESRECY, LA X-Glue SRR B~ 25 15 11
Ml 2R 0L o ARl 3 R, AN BORLIY H10 %5 1
AR G B K VO B0 2R 5 S A R A BLE AR AL, T

A H10 B H10::pGusA2-2tetO1
Uninduced Induced Uninduced Induced

. —

— ) l(‘i

R |

B3 BKEIRRES p-BEEEERIAGN
Figure 3 Anhydrotetracycline induced p-glucosidase
expression detection

AL MR H10::pGusA2-2tetO1 7E /K U3 £ 15 &
HIE B A BB ARk, RO B 250 1T i
FEIAE H10 WHR TP IE® 235, PU R G SR
THERETE H10 Wbk i AR Rk LAk, 3,
TR AR B W RAAAE— & AR RIS, WK
3 PR
2.3 BRKIUIRZEIFESAY ClosTron EFEFTHEE (K
iAFES

R T AR R I K DU PR 235 31 ClosTron
250, FATLL pSY6 Fl pGusA2-2tetO1 JFi ki g Hfid
# Targetron L& TR RN FEHIZ T,
BT HKUHRIFHESA ClosTron A ; FLIfRLT
AERRH ) mspl (Ceel 2866, 4ifi Msp 1 BRHI¥EANY]
fitE, FTHEA7 A mspl297s). Idh (Ccel 2485, #fisFL
MR A WAL B, 4T B L A0 1dhS16s) A1 ack
(Ccel 2136, Zt5h L TRIABEHE A, FTHEAL 2 ack195s)
Jfl, FEET 3 FEERITR R, hlar 4l
pSY11-mspl, pSY11-ldh Fl pSY1l-ack, 4%
WA 1R
2.4 fRKMEIREIFZH ClosTron RGEEFTEH
I RERE T

R T AT K IR 2551 ClosTron REEAE
AT AR T T A THDIR L, B 3 3 AR e
1k H10 kR, #MET 3 B TR, 20lamsh
H10::pSY11-mspl H10::pSY11-ldh #
H10:pSY1l-ack, %S 8 h J5¥54i GS-2 BilgF4H,
FIFE % PCR 734 Intron TEERA S HH AT I

] Al Mspl-F/Mspl-R . Ldh-F/Ldh-R
Ack-F/Ack-R 51 ¥4 73 5 %} H10:pSY11-mspl
H10:pSY11-ldh A1 H10:pSY1l-ack BHEIELTHETE
PCR, SRJ5FI BB BE I R DK A , G 4 s
HPLE R H10 BARIE mspI297s. 1dh516s 1 ackl95s
X3 AR S S5 R/ N3 )R 0.4.0.3 F10.2 kb,
M BAPE A BEMRAE 3k 3 AN AP 48 455 K/ Ny
B4 1.3, 1.2 fil 1.1 kb, £ R/NS S R —35k,
FIABOK LA EFHEFH ClosTron FEKFTHL R Gy
AN (E 4),
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A mspl-F mspl-R
04k «|
Wild type mspl
ImSQI-F , 1.3 kb ) mspl-R |
mspl::intron :
intron (0.9 k)
ldh-F0 " Idh-R
wild type ldh -
. Ildh-F 1.2 kb ldh-RI
Idh::intron N\
intron (0.9 k) v
ack-F ack-R
wild type ack 0.2k
Iack-F 1.1 kb ack-R |
ack::intron : 23
intron (0.9 k)
B ack Idh mspl

4 Targetron ZE T HE % PCR 121

Figure 4 Colony PCR verification of Targetron gene targeting

W A DIREIUE R B: BV PCREGIE, WT: BPAAUXTHE, MT: Targetron 2875 HY
Note: A: Schematic diagram of functional verification; B: Colony PCR verification. WT: Wild type, MT: Targetron mutation

2.5 {TEEMED

KT AT RK DUIA K5 T ClosTron FER 4T
HURGAE HI0 tPigF TR, 88 Bk 3 M,
S ARSI GS-2 WAk, BEHLPREL 24 4~
W%, 18I 7 PCR A HATHEACR sk 4 PR,
F 4 BRAKMNIREIFSH ClosTron fTEEME DT

Table 4 Analysis of Targetron gene targeting efficiency
induced by anhydrotetracycline

Time (h) mspl Idh ack

0 0 0 0

2 0 2.78%%3.93%  5.56%£5.2%

4 24.38%%7.57%  19.44%%8.56%  12.5%%9.0%

8 29.48%%15.51% 23.61%%7.08%  28.09%£6.97%

T BRI A EEHLBRE 24 AR BT PCR i, PCR 4%
OB ACR I RbR, 3 WER

Note: At each time point, 24 single colonies were randomly
selected for PCR verification. The positive PCR bands were
representative of positive strains, repeat for 3 times

S8 WG, mspl297s. 1dh516s Fl ackl95s X 3 4
AL R AT B8 2803 43 i) 3k 3] 29.48%%15.51%
23.61%%7.08%7F11 28.09%+6.97% (% 4 Kl 5), ik
R, WK UK 5F19 ClosTron R GLTEARET
AR T v B B 15 ROR
3 R

AW FEAE LT YRR TR ST T T K Y 3
ZiIEFAH A ClosTron JEHFTHE RS, LT
ClosTron 7EAZ W HYEF3R1E . SR, 1 BRI &
2 B A T S TR A, HLAT R
gt v Aot T R, ATRE S S EUR
AL s R ST RIRCRE AR, kR 4 PR,
mspl297s . 1dh516s F ackl95s 3% 3 AL BT T4
BRI —3, XATRES I AN & IR EE A A
R A
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Figure 5 Analysis of targeting efficiency induced by anhydrotetracycline

AN, 5 UARTFRATR AL A i 1 AL R R 3R 1Y
ClosTron J:HFTHERGEHILL!, ABFTEHIH K
VUK S T ClosTron LTI R SE, HATHIZCE
BT AR ClosTron R4, LARiFA A 10 2H
B8 ClosTron REEAHTHEAAIEIR 100%, AT
FRHEIBESH ClosTron RGMFTHEACRGHA
F| 30%. FRATEN, XATHES Intron DHREICIFAYR
TR K FLAE A M A v BE A OG o T A A Y 2 B Y
ClosTron FRGA| AL AIBEIR T Wt A ML N
BT (ptb SR8 T)FK T BT Intron JGPF, A
SCAYEERO AR K DUFRIFE 7Y ClosTron R GEA A UFAER
BTk TRV &7 Intron JCF. R H10 4
MR KRS, FE PR AR K 20 3 d AREIS RN
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4 4w
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