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Phage Resistance of Corynebacterium crenatum Conferred by
the Restriction and Modification System cgll
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Abstract: In order to prevent phage contamination in amino acid fermentation, we introduced the restriction and modification system
cgll gene complex into Corynebacterium crenatum and studied their phage-resistance. The cgll gene complex was amplified from
Corynebacterium glutamicum by PCR and constructed into pJL23 vector. The recombinant strains were obtained by transformation
of the recombinant plasmid pJL23-cgll into C. crenatum. Results showed that the recombinant strains possessed strong phage-
resistance activity and broad phage-resistance spectrum, demonstrating the feasibility of using cgll gene complex for construction of
phage-resistance recombinant C. crenatum strains and presenting a powerful way to solve the problem of phage contamination in

amino acid fermentation industry.
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YITRECRE) ARRAFRME, Bk pJL23 hi H R
2EFBIR B AT BN L B ERAT R ME AR AS-IV3C44
AS-IV3C45, AS-IV3C46, AS-IV3C47 £l AS-IV3C48
P30 T v AR A e DU w9
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4l GenBank ™ cgll ZEHFHEIF514 Pl:
5" -CGGGATCCATGAGTACAAAACCCACTATTG-3’
il P2: 5" -CGGGATCCTTAATCCTGCCCAATCTGT
GTC-3', 5' s hn BamH 1 FEYIA7 5 55 (565
id)o MFHABIY RV-M i Tz & pMDI18-T
Simple EcOR V BV 5 _FilF, M13-47 43 F v p 4
pMD18-T Simple EcoR V EgHI{; 55 i, P3. P4, P5
i F cgll BRE AR, BHAKFH18: RV-M: 5" -CG

CCAGGGTTTTCCCAGTCACGAC-3' , M13-47: 5" -G
AGCGGATAACAATTTCACAGG-3' , P3: 5’ -TGAAG
ACCTCGAAGCTGTTG-3", P4: 5' -AAATCGAGCA
TTGACCAACC-3', P5: 5' -GACTACTTAAGCGAC
CATGA-3' . T % cgl I B EE M54 P6
PL pJL23 BamH 1 BiPI{57 55 L3 200 bp &b 51151t
P7 Lk cgll JEH A GAK R BeN 1100 bp &bikit, Hy
5 K: P6: 5" -GAATTCACACGAGCTCAACTG-3',
P7: 5’ -CGGGATCCTTAATCAGCTTCCTGATCAGC
C-3' o kg Wi h AR TR ARRA R .
1.1.4 L7

LB #5383k, Tyt Zir, Ky A Amp M3
TNy BE 44 50 pg/mL.
12 A%
1.2.1  EH TR pMDI18-T Simple-cgll (14

PIR A PRVEFT B CICC10226 K20 DNA W
M, F514 P1/P2 ¥E4T PCR §3 . PCR S 214 1
94°C iZEPE 5 min, 94°C ZEME 30 s, 55°C iRk 30 s,
72°C JEAf 2 min, 30 MER I, 72°C FHLEM 2 min,
[ coll B[R B, 37 R fin“ A7 2 J5 5 pMD18-T
Simple % 4%, 7535 2H Fok pMD18-T Simple-cgll.
1.2.2  FHEZEAFM pIL23-cgll #9147

fi BamH 1 43 5|l 5ol # 41 ik pMD18-T
Simple-cgll FIFeik#AA pIL23, HifgHEEER K,
Gy VR B 5E I8 R B, FH 25 i e Ak a5 G A 33
1T 6 kb 24 R R BeJE, SR A DNA R BeiE #2i
F R cgll JE A R Be 5 2B 84K pIL23 K v Brik#z .
133 20 FRIR #AA pIL23-cgll,
1.2.3  FRFEAFM pIL23-cgll #TEE

F R R IB A pIL23-cgll 1k & KW
HB101', $2BUTRL S ] BamH 1(10 uw/pL)7E 30°C 4%
PR, BEYIE4 FOkL pIL23-cgll 1 ho FFHH 7% PCR
RN E cgll FER A7 10, FrAS1%0 Pe Al
P7. G5 BLIE %%, PCR ¥ 14 J5 K153 1300 bp
W B IR S ) i B AR AN BN 1 )
124 FRHEAFM pIL23-cgll FE1LAHFHFFFE

PRBCHT Al B R AT IR Te-13 B A
0.5% %% B0 2 mL AR LB K5 353EH, 30°C, 200 1/min
HIRESR o #e 1% R R & 3% H 2R 0.1%
Tween 80 f4 50 mL #{A& LB K373, 30°C, 200 r/min
FFE R ML ODgoo 35 0.6, 4R VKA 15 min, B0
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21 cgll BEEMRIERFIISH

DI AR FEFF# (C. glutamicum CICC10226)%:
K40 DNA J#itk, i P1/P2 N34, PCR 4744 cgll
FE R B LIRS ALRM, PR BN
AR B R /IN2177 bp)—E0(E 1), ¥ cgll FEH A
Brol e i, AR JE LU, RG-S kR ik
pMDI18-T Simple 4%, AL Z RKHATFE IM109 H
WA T 50 pg/mL 2N EH R R M LB P4k, 37°C i
WHEFE . PREUCHR BV, FYE PCR fiiik, FRAFBHYE
P XM s VR R N fE, R 2 SRR, RA
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Sanger fE AR U2 1L EXT cgll LR #EA TP . BLAST
P8P B R B, P45 R 5 GenBank HP 8L 1Y
cgll F& K ¢ 51 52 4= — 2,

bp

2322
2027

1 cgll ZFEH PCR ¥ 15 BB ik EiL
Fig. 1 Agarose gel electrophoresis of PCR amplification
fragment of cgll gene
M: A-Hind I1I DNA marker;
1: PCR amplification fragment of cgll gene

2.2 EHHFFK pIL23-cgll BIHEE

& JFk pMDI18-T Simple-cgll 45 BamH 1 {4k
J5, BUS pL #E T BRRRMEEE R Bk (B 2). YT 1Tk
2177 bp cgll F:H B, BamH 1 WAL 50 ik ik
pJL23, B 5 pL #FAT B AR MHEERS LUK (& 3). pIL23
2 BamH 11k, HUKJE H B 6.2 kb F12.2 kb 4%,
Horfr2.2 kb B R xylE #8555 B, 6.2 kb i BEH
WIAK B, VIR 6.2 kb KB, ZEmmfbabr
J&, 5 2177 bp cgll P BebA 134 e 3 41 okr
pIL23-cgll, FLLJFRL pIL23-cgll HIMEES R UL 4.

M 1 M2
bp

B2 FHERHKpMDI8-T-cgll BamH | B 5 B BE HE 5E A
K E i
Fig. 2 Agarose gel electrophoresis of pMD18-T-cgll
digested by BamH |
M1: A-Hind Il DNA marker; 1: pMD18-T-cglI digested by BamH I;
M2: DL2000 DNA marker
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bp

3 JRHL pJL23 22 BamH | 5] /5 A K EliE
Fig. 3 Agarose gel electrophoresis of plasmid pJL23
digested by BamH |
M: A-Hind IIl DNA marker; 1: pJL23 digested by BamH I
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EcoV IPKP_H I
lacZ ik |
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oriC
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Ampr

orill
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! “BamH 1 Kmr Eam}l 1
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EcoV1_ Kpnl
Pa " pamh
oriC

cgl12177bp
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6,2kI§

orils

Kmi' !;‘mnll I

eoV 1 Kpnl
Eco 'IP i f —~BamH 1

pJL23-cgl 1
oril

Km" BamH 1

4 pJL23-cgll B REE
Fig. 4 The construction of pJL23-cgll

2.3 EHFRR pIL23-cgll BETE
AR pIL23-cgll #54L KT B HB101 J&5Z
AN, SRBUTCRL, VEE 94K UEATEEYI S E .

ik

HL UK AT DL (D 5), cgll &R B K/ Ry
2177 bp, SHEUHI R BER/N—5, Ry T3 HIE ) 3% £
TR, dE—2XT 94 FORIET T PCR %542 o S B0 45
SRR cgll FEH R B IE mEE(E 6).

bp
6557

2322
2027

5 EHFK pJL23-cgll & BamH | Eg 115 A9 Bk BliE
Fig. 5 Agarose gel electrophoresis of recombinant plasmid
pJL23-cgll digested by BamH |
M1: A-Hind Il DNA marker; 1: pJL23 digested by BamH I; 2:
pJL23-cgll by BamH [; 3: pMDI18-T simple-cgll digested by
BamH I; M2: DL2000 DNA marker

M 1 2
bp

2000

1000 1300

6 coll ZEEEAELEE
Fig. 6 Identification of ligation oritation of cgll gene by PCR
M: DL2000 DNA marker; 1: only primers P6/P7; 2: amplification
product with primers P6/P7

24 EBHAEBMEMREREEEMHEE

MK H I HB101 Hr $& HCE 4H kL pJL23-cgll
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S A T 9% A R A R T T T T A
Yo BB 7 RTLAE H, BF A Bl oe B 1A A i i)
ol e R A S AL A T B 114 3 B P, T 2 A R AT
R 19 T %) e T A SR A T 3% B L, R W] BT AL
AT cgll KPR A G A 3> 1 F 4 B 140 MR AT 2R X A
O W AT AR £ ) S8
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Fig. 7 Resistance detection of the recombinant C. crenatum
against phages
Plate A: Wild C. cretanum; plate B: recombinant C. cretanum. As
showed in the figure, phages AS-1V3C44, AS-1V3C45, AS-1V3C46,
AS-TV3C47, AS-IV3C48 (10% pfu/mL) were clockwise added with
beginning from the arrow on the top, and the circles on the plates
indicate the position of original phage liquid added

26 EHMAENENEREEAIENEELTE
SRy T A A A AT I I R AT SR
K FHRUZ S 28 BE A0 S0 5 Fofvdal kg AT T e T AR
AS-IV3C44 ., AS-IV3C45. AS-IV3C46., AS-IV3C47,
AS-1V3C48 HEATWE A BERCR I, [FIm, DLE A Bl
VIFRAFBRAEXT IR, SC0 85 IR (R 1), T
FREXT 5 FHIBER AR EOP ¥/hF 107%, %KM
TR F A B U R AT TR A S RE N I R A TE B P R
BT
F 1 EESSETRERIRERREMEREZE AN (pfu/mL)

Table 1 Quantitative detection of the resistance of
recombinant C. crenatum against phages (pfu/mL)

Strains

Phages EOP
C. crenatum Recombinant C. crenatum

AS-TV3C44 3.1x10° 10° <10°®

AS-1V3C45 6.8x10° 10° <10°®

AS-TV3C46 4.6x10° 10° <10°®

AS-1V3C47 4.9x10° 10° <10°®

AS-TV3C48 4.3x10° 10° <107

27 ERFAEBHELABIERPREREKEEETE

N T 20 U SR A ) R 2 A R AT T Y
A, BATHEAT T R BERE IR A0 T EALBE R
TR AR D W T AR O BT TS PRI I . SRR EE SR 3R
W18 8), KBl Irad 8 sl R AT B AE R 5% 2 ol
AWEHEA)E, 4 b WEIFIR A, BERE IR A,
P AEEETIA, B 12 h Rk TR R Mok
TN T A 10 B 047 A A TR X B, B ) A I, R
BTN, B 10 h EEETEE, KRBT R
XA R A R . SRR PR AT R E 3R 2 b
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AWER ARG, B FRI ASE R, W B m, 5
RN T A Y T A R AT O PR L, TR
S HE ARk, 3% WY E 2 B R AT A X AL W R A B AT
AR 7N

0.7 S<recombinant C.crenatum +phage

——recombinant C.crenatum
0.6 - _mm-C crenatum+phage
&= crenatum

ODsoo

0.3

0.2

0.1

0.0

t/h

8 ABEFHEASEETFENEEMRFELE
Fig. 8 Phage resistance activity of recombinant C. crenatum
in fermentation culture
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S it S DNA g2 AL,

A SCHE S A gl B[R 2 A R 3 20 ok Al 14
PEFF T, ShReS el e WY, ) dl iy o 20 4 O MR AT
PR AR SR 0 ) IO B A M, e B 5 A
T AR AT R W D AR R Sk e, T HL, A B AR AT TR
R Mo B 5 2ok R eho i AW B R R R B T ) S B
X SERE T 45 R R WK A A 2 BRAR R 1 0 BRI 16 &
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cgll K& [N A& M BE AN BEG PRAT RS, 1 sad i
M FEFERS S UM PP o) L g £ N2 DNA g e
AL, DURESEARNY R B HO)H] OB 4l &
BITE JRAZ AN T, R IEE R (A) FY LA 0 20 i A JLA
A —RE R, T PR (C) FF A X 240 M ) 52 i 3 A
BRI, cgll B A X E 5K 4] DNA ()i
W W P R A 77 2 R I O PR AT T Y A AR, R
IIELERTE .

W AT e R AABIE S ) AN TR A LA B E TR T
RETAR B2 N, T SRS A A e T A T R A
BTG, IR 7B RRCR . EHRE R
Wit 2 A W BB TP L SO RNA R L A%
BEBIF L I A7 H e AR R A 28 48 A o FH 25 TR
By SR w2 e SR B RURE A 2R e 1
F8b, Pty 2R i AR D A9 5 8, 1=t o H:
JTRZ AR T — R R BRI PR A A A AR
A T M TR A TR R ) DG 5 0 2 i T A TR 4 Y
RSN, R I2SR I ] 7y T P R AT e T A T
(=151 e LA, BRI 1 R G cgll HETH 52 4 A
70 T A L 2Ll AT T A R R TR e
F BRI AR T3 e [ LA P Y IO T 35
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