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pUC118WB . pUC118WC, pUC118WD, pUCL18WE
pUCIL18WF, pUC118WG Fl pUC118WFG.

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



408

Yanxiu Li et a. | Acta Microbiologica Sinica, 2020, 60(2)

Figure 1. Position and size of the replacement fragment on phage WG01 gp37. Red and gray represent the phage
WGO01 and QL 01 gp37 fragments, respectively. The red segmentsin QWA, QWB, QWC, QWD, QWE, QWF, QWG
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and QWFG represent the nucleic acid sequence in which the QLO1 gp37 was replaced by WG01.

* 1 REPEASIIT
Table1. Primer pairsused in the test

Functions

Sequences of primer pairs (5'—3')

Amplification of WA fragment F1* CAGGTCGACTCTAGAGGATCCATGGCTACTTTAAAGCAAATCCAA

R1 TGAGTAAAAGTACCAGACAGATTATAATTACCGGTT
F2 CTGTCTGGTACTTTTACTCAAATTGGTGATTTCAATCTC
R2°TATGACCATGATTACGAATTCTTATTTTAACAATGATTTAATTAGTGCTTTAA

Amplification of WB fragment R1 TTGGACGCGAACGTTCAAGATTTGCTTGGTATCC

F2 TCTTGAACGTTCGCGTCCAAGATTACGCTG

Amplification of WC fragment F1 CAGGTCGACTCTAGAGGATCCAAAGGCGGTAATATCGACGGA

R1 ATGACCGGCTTGAAAACCACCGGAATAAGCA
F2 GTGGTTTTCAAGCCGGTCATTCTATTTCTGTAGG

Amplification of WD fragment F1 CAGGTCGACTCTAGAGGATCCATGGGCGAAGTTTTGGTACG

RIGTGGTTTCTGCAGGAGTTGTAAGTAAAGTATAAGCTCCATTATTAATT
F2 ACAACTCCTGCAGAAACCACCAGTCTTAG

Amplification of WE fragment F1CAGGTCGACTCTAGAGGATCCAATACTGTTAATACAGACAGTAAGAATATTGGC

R1 CAATGTTACCAGGAGTAACCAACAACCC
F2 GGTTACTCCTGGTAACATTGATGTTGTTGGCGGTTCG

Amplification of WE fragment F1CAGGTCGACTCTAGAGGATCCGCTTATACTTTACTTACAACTCCAACTGAA

Amplification of WG fragment

R1 TGGCACCGTACTTATCGTTCCAAATACGAAGACCA
F2 GAACGATAAGTACGGTGCCATTTTCCGC
FI1CAGGTCGACTCTAGAGGATCCCCATTAGTTATTGTTAATACTACTAATGATAAAAA
R1 CCTTACCAGTATCTAATGTAATACTTAACGGTCGTAATGGG
F2 TACATTAGATACTGGTAAGGTTGTTATTCCTGA

Amplification of WFG fragment F1CAGGTCGACTCTAGAGGATCCACCAAAGAAGGTAACTTTATAACTCGG

R1 GAGTTAAGCGGCCAGTCATTGTATCGCCGC

F2 AATGACTGGCCGCTTAACTCTTAAAACCAACTCAGA

R2 AATGGCGATAGAAGAAGCGCCCAATCCATTATC

F3 GCGCTTCTTCTATCGCCATTGGGGACG
R3TATGACCATGATTACGAATTCACCAAAAGAAATAATAGCTCTTCCTGT

@ Primer was used as F1 primer to amplify WA and WB fragments. ® Primer was used as R2 primer to amplify other fragments other than WFG

actamicro@im.ac.cn
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2. EEFFH PCR LT
Figure 2. Identification of recombinant vectors PCR
products. M: Marker; lane 1. pUC118WA; lane 2:
pUC118WB; lane 3: pUC118WC; lane 4: pUC118WD;
lane 5. pUCL18WE; lane 6: pUC118WF; lane 7:
pUC118WG; lane 8: pUC118WFG.

QWA .QWC.QWF.QWG HI QWFG (/& 3).WG01,
QLOL Flifk A MERAFE 1758 Vb1 T FC T B FAl ETE
B W TR BE T A AN 3 R .
it W B AR PCR A I 25 2 S B ik B
PR JIT T oz 9 25 R/INS T RN —30 (18] 4) . %
5 W T R TR 8 0 e 46 L S s HE R Ay R 42 4B 1
FEHEFES R WG0L gp37 #8433k F 51 Br it 44
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L L e e
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QWFG

3. WGO01. QLO1 iz &MEEKTE 1758 BRI
R E DT

Figure 3. Plague formed by WGO01, QLO1 and
chimeric phages on the 1758 strain plate.
Fi%, i 2 A7H WG01, QLOL., QWA. QWC,
QWF. QWG 1 QWFG 435l n] 24fi# 14, 4, 11, 12,
8. 14 Fl 13 MRIPITIRA . 15 T3k o Hr g R0,
5 QLOL AHEL , kA Wik T AR ARAT T AHXS 8 v 1 1
T, QWG Bt i B H s Bk kiR, &
fI13E+E QWG #1475 8201 9% o
24 WEEAR pH FRE Mt

M 5 AIAL, 3 FPERE AL pH Ry 7.0 B, W
FiAE R Z, B WG01, QLOL Al A F A QWG
1 fciE pH o4 7.0, 3R AR TE pH o 4. 5. 6.
7. 8. 91 10 MHORFEEEE , H2Y pH o 3.0 1, Wi
BRI/ T 1.5 1gPFU/mML, >4 pH & 11.0 i),
Ik PR {4 ey D e 1 1gPFU/mL

3 N M 4 4 N M 5 5 N

4. #RAWEEFR) PCR YL E

Figure 4.

Identification of chimeric phage PCR products. M: Marker; lane 1: QWA (3303 bp); lane 2: QWC

(3135 bp); lane 3: QWF (2385 bp); lane 4: QWG (2277 bp); lane 5: QWFG (939 bp).
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2. WGO01., QLO1 Fniiz & Mk B & Y TE £ 1

Table 2. Host range of WG01, QLO1 and chimeric
phage

Strains WG01 QLO1 QWA QWC QWF QWG QWFG
1083 - - - - - - -

1758* + - + + + +
17622  + - + + + +
1766% + - + + - + +
17822 - - - - - - -
1808 + - - + - + +
1563* - - - - - - -
1760% + + + + + + +
1765¢  + - + + - + +
1780° - - - - - - -
1786° - - - - - - -
1812° - - - - - - -
SA049° + - + + +

SA062° + - - - -

SA115° + + + + + + +
SA130° - - - - - - -
SA144° + - + + + + +
SA061° + - - - - + -
SA109° + + + + + + +
SA129° + - + + - + +
SA133° + + + + + + +

+: Salmonella that can be infected by phage; — Salmonella that
cannot be infected by phage; % Strains of Salmonella were
presented by Professor M. Schifferli of the University of
Pennsylvania, ™ Strains of Salmonella were isolated and
preserved by our laboratory.
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—_— N W ks LN X OO

5. WGO1,QLO1 Fx&MEEA QWG B pH faE M
Figure 5. pH stability of WG01, QLO1 and chimeric
phage QWG.
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Figure 6. Thermal stability of WGO01, QLO1 and
chimeric phage QWG
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& 3. WGO01. QLO1 F#E& KE A QWG HRIERREH
Table3. MOI of WG01, QLO01 and the chimeric phage QWG

Concentration of host bacterial/ Concentration of phage/

MOI

Multiples of the proliferation of phage

(CFU/mL) (PFU/mL) WG01 QLO1 QWG
1x10° 1x10%° 100 3 1.1 1.3
1x10° 1x10° 10 25 6.7 2.3
1x10° 1x108 1 1.2x10% 1.0x10° 2.3x10'
1x10® 1x10” 0.1 1.5x10? 3.1x10°  1.0x10?
1x10® 1x10° 0.01  4.0x10? 8.0x10%  4.3x10?
1x10° 1x10° 0.001 5.0x10* 1.7x10* 9.0x10*
12r TEXIFFE A, A1k T4 B4 QLOL Al
E ol WGOL AN AT LA {5 e KM T AT sk T LA 2 v
& B B Pk S UE B T W AT L R [
o0 N e - .
E 8 ZON[E R A A A Y W A R 22 B 1 R
= - ~ .
S TE AR A A AP A AR E
S - WGO1 . . .
z - QWG Le S5 123051 ) 95 2 4L 1) J T Pap 11 IGO0
[ - QLO1 - A
4 © ik 12 22 76 1 AT B, Ando 512906 T3 A T7 1

0 10 20 30 40 50 60 70 80 90
t/min

7. WGO1. QLO1 FIix&MEE A QWG H—FEK

1553

Figure 7. One-step growth curve of WG01, QLO1

and the chimeric phage QWG
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PR AT LATESE 8% o 3X S0 45 R 7R 1 it Bk

QwGist 1 MATLKQIQFKRSKVAGVRPAPAQLAEGELAINLKDRLLFTKDDTGAIIDLGFAKGGNIDGNV
QWG20st 1 MATLKQIQFKRSKVAGVRPAPAQLAEGELAINLKDRLLFTKDDTGAIIDLGFAKGGNIDGNV
QWG1st 63 IHNGNYTQTGNYNLSGTFTQTGSYTTSGSITANGDITAKSRLMTDMGEVLVRGNGTAHVRF
QWG20st 63 IHNGNYTQTGNYNLSGTFTQTGSYTTSGSITANGDITAKSRLMTDMGEVLVRGNGTAHVRF
QwG1st 124 QDLADARERAITYSQNRTGDTKQILNVRV QDY TNSTSNIFAFNGDGLFY APSISAGTSVKSPV
QWG20st124 QDLADARERAITYSQNRTGDTKQILNVRV QDY TNSTSNIFAFNGDGLFY APSISAGTSVKSPV
QWG1st 187 IYTNTVNTDSKNIGDYDISSLANNNSATDKNY LRVVRTDPASAILHEICENNGISWY SGSTPT
QWG20st187 IYTNTVNTDSKNIGDYDISSLANNNSATDKNY LRVVRTDPASAILHEICENNGISWY SGSTPT
QWGl1st 250 DYMLSFAY SGGFQAGHSIAVGMESGPLTY STLGKGSIVLGDNDTGFKWKQDGLFY TINNGA
QWG20st250 DYMLSFAY SGGFQAGHSIAVGMESGPLTY STLGKGSIVLGDNDTGFKWKQDGLFY TINNGA
QWGIst 311 YTLLTTPTEVTSLKQLVAGY STNGSDLILPTTONYPLVIVNTTNDKNSFGDGQTLLGYHQSG
QWG20st311 YTLLTTPTEVTSLKQLVAGY STNGSDLILPTTONY PLVIVNTTNDKNSFGDGQTLLGY HQSG
QwaGlst 373 KYHHYFRGKGVTNVNTAGGLLVTPGNVVVRGGSVNIDGLSNASTVLFKGNTTGY SSVDNI
QWG20st373 KYHHYFRGKGV TNVNTAGGLLV TPGNVVVRGGSVNIDGLSNASTVLFKGNTTGY SSVDNI
QWG1st 433 ELKVWGDTFNTVGGSRKNVMETSDATGWMHY IQRTTEGKVESYLNGTMNVIEGLTVNQD
QWG20st433 ELKVWGDTFNTV GGSRKNVMETSDATGWMHY IQRTTEGKVESYLNGTMNVIEGLTVNQD
QWG1st 492 TSLKRNLYVSNEIKVRAASGLRIWNDKY GVIFRNSEDQLHIIPTNANAGESGGLGPLRPLSIT
QWG20st492 TSLKRNLY VSNEIKVRAASGLRIWNDKY GVIFRNSEDQLHIIPTNANAGESGGLGPLRPLSIT
QWG1st 555 LDTGKVVIPDLDLSHTTFAENGFIKFGGHGAGAGGY DIQY AQAAPIFQEIDDDAVSKY YRV
QWG20st555 LDTGKVVIPDLDLSHTTFAENGFIKFGGHGAGAGGY DIQY AQAAPIFQEIDDDAV SKYY PV
QWG1st 617 KOQKFLQGKAVWSLGTEINSGTFVLHHY KEDGTQGHTSRFNADGTVNFPDNV QVGGGEATI
QWG20st617 KQKFLQGKAVWSLGTEINSGTFVLHHY KEDGTQGHTSRFNADGTVNFPDNV QVGGGEATI
QWG1st 677 ARNGNIFSDIWNGFNGAGNITNIRDAIATRVSKEGDTMTGRLTLKTNSDAVVIDY PADEAGY
QWG20st677 ARNGNIFSDIWNGFNGAGNITNIRDAIATRVSKEGDTMTGRLTLKTNSDAVVIDY PADEAGY
QWG1st 739 VKGKKGGVDNWY VGNGGADNGLAFWSFQSQGGININPNGEVILSPQGTSIFSINRDRIY MN
QWG20st739 VKGKKGGVDNWY VGNGGADNGLAFWSFQSQGGININPNGEVILSPQGTSIFSINRDRIY MN
QWG1st 800 GAHWVARKSGAWGDQWGLEAPYFLEFGSVGEDSYY PIIKGRSVISGQGY TTSVELGMRRTP
QWG20st800 GAHWV ARKSGAWGDQWGLEAPYFLEFGSVGEDSYY PIIKGRSVISGQGY TTSVELGMRRTP
QWGl1st 861 QQWGQAIIRVGNAERGDGPV GIFEFHSSGRFYSPSSV QTPSISVNTDNGLGASSAIGDNDTG
QWG20st861 QOWGQAIIRVGNAERGDGPV GIFEFHSSGRFY SPSSV QTPSISVNTDNGLGASSAIGDNDTG
QWG1st 924 LVHGGDGRINMYANSMHIASWGAGYHIHEGLWDTTGALWTETGRAIISFGHLY QQNDSYS
QWG20st924 LVHGGDGRINM YANSMHIASWGAGY HIHEGLWDTTGALWTETGRAIISFGHLY QQNDSYS
QWG1st 984 TFVRDVY VRSDIRVKKDLVKFENASQTLSKINGY TY MQKRGLDEEGNQKWEPNAGLIAQE
QWG20st984 TFVRDVY VRSDIRVKKDLVKFENASQTLSKINGY TY MOKRGLDEEGNQKWEPNAGLIAQE
QWG1st 1044 VQAILPELVEGDPDGEALLRLNYNGVIGLNTAAINEHTAEIAELKSEIEELKALIKSLLK
QWG20st1044 VQAILPELVEGDPDGEALLRLNYNGVIGLNTAAINEHTAEIAELKSEIEEL KALIKSLLK

8. MAMKEMR QWG IREREM
Figure8. Genetic stahility of Chimeric phage QWG
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Recombinant T4 coliphage gp37 gene can expand its host range
in Salmonella

Yanxiu Li*, Donglin Shi', Min Li*, Yuyi Xiao', Zibo Zhang', Zhengyang Chen’,
Huangxin Zhong', Qingxin Liu*?, Huochun Y ao®, Wei Zhang"

! School of Animal Medicine, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
2 school of Animal Husbandry and Veterinary, Jiangsu Agriculture and Forestry Vocational and Technical College, Jurong
212400, Jiangsu Province, China

Abstract: [Objective] In this study, the host range of phage QLO01 was changed by replacing the gene fragment of
QLO1 gp37. This lays the foundation for studying the host range mechanism of T4 phage and rapid screening of
phages targeting specific pathogens. [M ethods] Eight gene fragments on WGO01 gp37 were substituted by QL01
using homologous recombination, and then the different chimeric phages were screened and their host range
determined by using Salmonella as the host strain. Finaly, the biological characteristics such as the optimal
multiplicity of infection, one-step growth curve, and other biological characteristics of the chimeric phage QWG
were analyzed, as well as the genetic stability. [Results] A total of five chimeric phages (QWA, QWC, QWF, QWG
QWEFG) were obtained in this experiment. The results of the host range analysis test showed that chimeric phage
could lyse 7, 8, 4, 10 and 9 strains of Salmonella, respectively, compared to phage QLOL. That is to say, chimeric
phages have all obtained a relatively broad host range of which the host bacteria of QWG widened the most. The
results of biological characteristics test showed that the chimeric phage QWG has stable biological properties. We
cultured the chimeric phage QWG continuously for 20 generations, sequenced the tail genes from the first and 20th
generation chimeric phage and analyzed their hereditary stability. The sequencing results indicated that the gene
fragment of the chimeric phage engineered part could stably inherit. [Conclusion] Genetic engineering can
generate chimeric phage with broadened host range and hereditary stability, which provides a possibility for rapid
screening of phage against specific pathogens.

Keywords: genetic engineered, chimeric phage, host range, homol ogous recombination, biological characteristics
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