A SR IR Feb. 20, 2025, 52(2): 833-847

Microbiology China CSTR: 32113.14.j.MC.240749
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240749
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

MREHE S RATEREEN T E5 L E

IR, BN, AREF 2, Rk, KT, B 12

1 MK TLoE N B IL R 2F S S S VLA s i i 5 A L g B s [R) 8 vl
L M 225009
2 PR RO R AR b T 4 AR W a3 T (S IR Fs B S SE8e =, 7198 #M 225009

TR, SR, WRIERD, KRS, BREE, BB, VURRIEYR 7 BORF R B R 0 2 B 5 2 E (], BUEIEE AR, 2025, 52(2):
833-847.

XU Bo, GUO Huimin, XU Zhengzhong, ZHENG Chengkun, CHEN Xiang, JIAO Xin’an. Isolation and identification of four
strains of Mycobacterium smegmatis bacteriophages[J]. Microbiology China, 2025, 52(2): 833-847.

B E: [#%] 584 H B (Mycobacterium) 2 — X e Kk wh, T EHoHRKEKNHEH, HH~
FRMAEF R, LARE L SR AR TH &4, RAREFTBNRIT E R A
A B8] o B %57 B35 o M H (Mycobacterium smegmatis)“ 5 4 -3t 2 347 24 4 3 45 o4,
PN EAERRRIL T E MG A BRI A A . [ F k] ARLE S BATE me?155 A B £8, A
WG TR BAR. LE. AT S B ARG R, T HATAEYFEREAR. (LX) 5
B R I RAT 4 MRBEE B A EF R, 254 % H MP2201. MP2202. MP2203. MP2204,
HZM 5B A 1105, 5x10%. 3x10%. 1x10° PFU/mL; &5 e FRMELRI 7, 4 A FHKRYET
KEZEHE R, MP2204 RAER R I LA 1|, L4 3 AEFRREREEIHINA 0.1; “EK MP2201
RAEFRKE, Tk 500 PFU/cell; 4 MR B KA 40-60 °CRT ¥ T2 A7, 4 pH3.0-11.0 BF, M
TR E; FIELAARGEBRGILEZHELIHAEK, 2AKRLSLE AN 4R EH: MP2201.
MP2202. MP2203 F= MP2204 9K F 284K 54 %4 69 720. 68 282, 47 622 F= 70 950 bp, G+C 4
E5 514 59.14%. 66.58%. 63.22%F 59.02%, FEHAREaHEE. [44] 505 5% 4 HRILBE 5
B E AR, A LA BATA R R OFHA AW b 6 FRRET £ YA R IE
X SHATHE;, ERK 2B LEE; EHRAKGEE

BRI E : [E 5K RO R T RI(2021YFD1800403) s VL7548 AL AHY B QIR 2 8 [CX(21)1004]; 5 5522 A2 2RI 8 5
BiHRI(D18007); TLI5 A L4 2 Fh i B TRE I H (PAPD)

This work was supported by the National Key Research and Development Program of China (2021YFD1800403), the
Agricultural Science and Technology Independent Innovation Fund of Jiangsu Province [CX(21)1004], the Higher
Education Discipline Innovation and Introduction Program (D18007), and the Priority Academic Program Development of
Jiangsu Higher Education Institutions (PAPD).

#These authors contributed equally to this work.

*Corresponding authors. E-mail: CHEN Xiang, chenxiang@yzu.edu.cn; ZHENG Chengkun, zhengchengkun@yzu.edu.cn
Received: 2024-08-31; Accepted: 2025-01-02; Published online: 2025-01-07



834 (YIS Gk Microbiol. China

Isolation and identification of four strains of Mycobacterium
smegmatis bacteriophages

XU Bo*2, GUO Huimin*'?, XU Zhengzhong!?, ZHENG Chengkun‘'?, CHEN Xiang''?, JIAO Xin’an'*
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Animal Infectious Diseases and Zoonoses, Yangzhou University, Yangzhou 225009, Jiangsu, China

2 Key Laboratory of Prevention and Control of Biological Hazard Factors (Animal Origin) for Agrifood Safety
and Quality, Ministry of Agriculture and Rural Affairs, Yangzhou University, Yangzhou 225009, Jiangsu, China

Abstract: [Background] Mycobacterium is a genus of slender, slightly curved, and branching
bacilli, some of which seriously threaten human and animal health. Bacteriophages have
emerged as a substitute of antibiotics because of their high efficiency, high specificity, and easy
preparation. [Objective] To isolate and identify bacteriophages of Mycobacterium smegmatis,
analyze their biological characteristics, and evaluate their adaptability in different environments
and their antibacterial activity in vitro. [Methods] Using M. smegmatis mc?155 as the host, we
isolated virulent bacteriophages from dairy farm wastewater, feces, soil, and bedding and
studied their biological characteristics. [Results] Four strains of M. smegmatis bacteriophages
were isolated, identified, and named MP2201, MP2202, MP2203, and MP2204, with titers of
1x108, 5x108, 3x10%, and 1x10% PFU/mL, respectively. Transmission electron microscopy
results showed that the four strains were long-tailed bacteriophages. The optimal multiplicity of
infection of MP2204 was 1, while that of the other three strains was 0.1. Strain MP2201 had the
highest burst size, which reached 500 PFU/cell. All the four strains remained stable at 40—60 °C,
and their titers did not change significantly within the range of pH 3.0-11.0. Preparing a
bacteriophage cocktail significantly inhibited the growth of the host strain. Whole genome
sequencing of the phages revealed that MP2201, MP2202, MP2203, and MP2204 had the
genome lengths of 69 720, 68 282, 47 622, and 70 950 bp, in which the corresponding G+C
content was 59.14%, 66.58%, 63.22%, and 59.02%, respectively. Notably, none of these
genomes harbored antibiotic resistance genes. [Conclusion] Four strains of M. smegmatis
bacteriophages were successfully isolated and identified, which provided biological materials
and a theoretical basis for the development of new biocontrol methods for mycobacterial
infection.

Keywords: Mycobacterium; bacteriophage; isolation and identification; bacteriophage cocktail
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AR5 R AT B (NTM) & 20 R AT F ) — e,
L) i35 43 45 AT 7 (Mycobacterium smegmatis) | fift
Ji 43 # #T 7 (Mycobacterium abscessus) 55 58 A i

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



PRI S5 | DURRIEYG 20 BT B B A 10 ) 2 5 4 e

835

W, FFTZAAAE T SRR S B SR FRE 0
H NTM 51 2L A PR 2 B R BT 36 K i) 4
PSEST LY E L iOR- g BU Y AT S = W A b oY 97,2
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10.0; 7H9 X555 5E. 1.88 g 7H9 Bk, 200 pL
Tween-80, EZAZE 360 mL ddH,O, 121 °CK
10 min J5 A 40 mL ADC ¥ ; 7H10 B35
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23 EEAESEFEREURER

WK 2 fis, fEESHEF BB, W

1 SRR
Figure 1 The purified phage. A: MP2201; B:

MP2202; C: MP2203; D: MP2204.

50 nm

B2 BEEEHEFERRER
Figure 2  Electronic microscope of phages. A:

MP2201; B: MP2202; C: MP2203; D: MP2204.
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B @b, pH<2.0 5% pH>12.0 B}, JC¥E A6 5]
W AT A
2.7 RE X E A TE M RS20

I 6 Uis, WERE{AR MP2201, MP2202,
MP2203 F1 MP2204 1 40—60 °C 2 1F T gl LA
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A 000 A 1] W A A AT
2.8 EEAHEEINELEGNELR
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A dsc FERIEA H 9143 31020 0.1, 0.1, 0.1 F1 1.0,
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Figure 3  Optimal multiplicity of infection. A: MP2201; B: MP2202; C: MP2203; D: MP2204.
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Figure 4 One-step growth kinetics of phages. A: MP2201; B: MP2202; C: MP2203; D: MP2204.
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Figure 5 pH stability of phages. A: MP2201; B: MP2202; C: MP2203; D: MP2204.
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Figure 6 Thermal stability of phages. A: MP2201; B: MP2202; C: MP2203; D: MP2204.
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Figure 7 Determination of the optimal inhibitory ratio of phages. MP buffer serves as a blank control.
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Figure 8 Phage cocktail in vitro antibacterial. MP
buffer: Blank control; Mix: The phage cocktail.

LR = R TR TR & R LT
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SO/ m M ST M ]
IR RN LLIE | | |
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Time (h) Time (h)
&9 MEAELEDPHREIER A: MP2201; B: MP2202; C: MP2203; D: MP2204; E: W

X i . MP buffer: 25 1%,

Figure 9 Bactericidal effects of phages in milk. A: MP2201; B: MP2202; C: MP2203; D: MP2204; E: The
phage cocktail. MP buffer: Blank control. ***: P<0.001.
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Figure 10 The genome circle map of phage MP2201 (A), MP2202 (B), MP2203 (C) and MP2204 (D). From
the outside to the inside: circle 1 indicates CDSs (coding sequences); Circle 2 indicates G+C content
information; The outward part indicates that the G+C content of the region is higher than the average G+C
content of the whole genome, while the inward part is the opposite; the higher the peak value is, the greater

the difference from the average G+C content is; The innermost circle is the G+C skew value, whose specific
algorithm is (G—C)/(G+C).
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(K2 FP T304 78 1~ ORF , B[R P44 K & oy 548 bp,
I 1A tRNA; BEE K MP2204 JE K 25 rp i
WA 121 4~ ORF, JEFESEKEEN 529 bp, IF
A8 12 /> tRNA 5 3 32 o 5 R 26 75000 20 B &
I 4 AR I TR A1 T 24 3 1]

1l BLAST WEERFAFY, 45878
N WERER MP2201 (/)4 3E K 417 91 5 o kA
P WE & DuncansLeg (J¥41°5 ON755181.1)H.
A 96.84%M)—3 1k, 5 HAR SRR T W T 44 1Y)
—HUELE 95% AT 5 WA MP2202 1) 4= 3
K417 91 5 43 B FT B W TR 1K Roscoe (7415
MK279877.1), Eremos (7515 NC_028690.1) .
CheetO (J¥41'5- MH230875.1). Boehler (J741] 5
MT897902.1)F1 Olive (J¥415 MHO077582.1)1.
A — S0k Bk 98%LA I s MEEE K MP2203
14 B2 P 9 5 20 KO I R 4K Graduation
(7415 NC_022979.1)HA 97.35%M—FtE, 5
ST REER A MrGordo (J¥41°5 NC_042329.1)
HA 97.33%M— 2tk ; WEERA MP2204 )42
DKL 40 7 9 5 4 BT TR W T R MS810 (J7 415
PP465982.1) . Vetrix (J¥%1%5 OL455899.1) .
LilDestine (J¥%%5 MH779511.1)# Crossroads
(7415 NC _022077.1) 54 % & ) — 20k Bk
99%LA I

AR e R, BERA MP2201 .
MP2202. MP2203 1 MP2204 JtPH 20 43 5113 B¢
T 102, 95, 77 #1109 A, HHIIREEIE
U4 57 5 8098 P (Non-Redundant  Protein
Sequence Database) R E|[FYRE . HA, 7
Wi B A MP2201 H, 52 A REEE T 50 41~2H
WL A ER, EE NSRRI CEA
(H Rfdy . B4R MHEED . FEEEN
%), DNA Kl FE SEAHCHE (A0 RNA &%
fiti . HL5E DNA 2545 8 11. DNA £5G 411, WhiB
FWRHE SR 158 e M 32 1 24 A G B 1 (2

ClpP M. lysin A, lysin B 5§), 7EMER A
MP2202 H, 62 MR ; 33 AR
HVER A, 2 Ry 5 ) A0 T A DG 28 1 (A A oy
MRS . AR Sl /NIE 3L | 38 8 1155) . DNA
O T R SRR S B A [N WA IR B E . DNA
41§ 1. DNA 5| WG/ fEERE . queuine(Q)tRNA-
W% L B Tl 55 ) M T 8 B 24 A 6 JR 1 (an
lysin A, lysin B 55), 7EWERIA MP2203 H1, 36 4~
R 4L AATIREC AIMER, FER
SER AR S TN E 1T . AT VA TR
WY RE N . IBE-F M -IRE DNA 454
HFEM55). DNA Kl FEE A& (i DNA
S, Casd SNIIEIRHG . 48 -BEER IR )
T TR AR AR DG 10 Lysin B IR E5E),
FEWER R MP2204 H, 55 k& 54 4
RIINBEC AN B T, R 4 A R A O
PO i il R | AR /N3 | RSk
FE M%), DNA &l A5 A (i DNA
RAEHINIIZ AR 2, . NedH BES HIRE A .
RNA 454 8 M%) K 1 3 5 24 A 56 3 (A (an
lysin A, lysin B, TFILEF).
3 Wik

NTM 7E H R A rp %58 7778, 7E Sz D REAL
TR, NTM J&Ge aT T3 85 2 Wi ti7
R NEI BRI G HRIE TR, BT
A5 R A G R 2 i R % P I AR L AR e 1T R
N7 R A SRR, o A 2 Bl 4 e i
AR . H R B S 2 DU bR R
oA, I HE N X T BRI A A s Bl
b, PR R AT A AN B T 2 S
[va) J51, T DA [ P9 40 5 R RS R S M 4 NTML L
T4 TR A W B AR AR AR 0 A )

UEAER, g FF I TR 4% Sk 877 2 240 1T 5 D D 7
BT S E RIS s RR, A
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PEAV A BT R R AR 5 223697 20 11T 25 3 RS AT
RS, i — R RO TR
Broxmeyer 55202 28 UF B I B (& TM4 A A BB
B B A N 1Y 5 43 A 1A (Mycobacterium
avium) R Z5 1% 50 ROFF 187 5 % I g B 43 0T 1T 1)
NI TR NIRRT, [ TM4 GY7 A
Ul REUE P S BT R B P Trigo 4502
HOUCUE BT AR T X B A BORT T
(Mycobacterium ulcerans) /g4 i) 1 11 . 43 i AT 1
W B 1A D29 J&—FPZIVERERAR, ik B K 2
129 nm, AHFEERB LU 3BT # me155
186 FWIAEIET , D29 PRI 50 min; K
978 90 min, FFZEATIEA 125 min 2247 5 Wk EE
HEZHR 5 mm™, HIBEE K D29 REGE Mk 247
EA% M FF i (Mycobacterium tuberculosis, MTB)
FEYE 23 5 AT B (Mycolicibacterium smegmatis,
MS)Z Y BATH, Wilson ZPUF 1997 4671 Mg
R D29 X —FEPEEE N T —FEREAI MTB 9
BHOR PhaB, X R B 0RO T ZUPE 0 B A TE ST
SAZIBYT N T AT A, B iR T AR
PR AT 29 5 Tk R 212 1) AR Sl
ARGRYT HEA T 12 05 530 B0 R AR Z0 4 I TR

PRERD i LUAS W7 0 15 B 2245 30H) o A o e
RN 2

FHF SR AT, B4 058 A R T T i 1)
BBRER /NS TR AR B B R W2 R e A O, il
Ik BT AACAS B R/ o VR AR U R BT 8 B A 20T, A
W D 5 K /IN AT DUHE A58 4 B A5 BG4 BRI
A SA S U A, O ELWE TR B LA b
49 4 S T T s T A I TR B LA R (R 2 8003 B
FFIE IR A RE B BE A2 1-2 mm). AL, Wi
RN SRR TR R/ANEIC, 5 B ORI
X R o6 i 3 R B R, VAR R L mE A
MP2201. MP2202 1 MP2204 1) 5 Bt 422
5mm, EBRKAHZ A 232, 153 #1193 nm, i

W B X MP2203 FRETR BE E A2 29 8 mm, 1K
2924 105 nm. AHESTF B3R 3 BEWEE/AH D29, Wi
PR MP2203 RIS EERL TR/, IR H AT B
PR (1 VR 3R LB R R A R A I W TR B

Wi PR 14 MP2204 SR EHCY 1, HA
3 PR W DA AR ) S AR IR A E O 0.1, UL b
4 PRI TR 2L 0 B8 7 v 0, T8 SRR MR I gl
REAC B RO AR EEN . — R &R,
4 BRIEE AR 30 min 24, % D29
4506 T3 20 min; & & W4 BIEFSE 210, 240,
180, 240 min, A& w4410 500, 160, 400,
200 PFU/cell,, H:p 14 MP2201 5 % B v
A[35 500 PFU/cell, X ZRHH I 4 #RIE R {44 D29
REME 7 5 LA ] 8 R A TEER, JFERK
FF [ P00 0 i = TR A S 5 T 3 A I R A A
G B E ,, KELL b 4 BRI A e A
Fb 9] 5 S5 R B e 52 B R AARL , 310 I I 1 £
A T RE 7 5 35 S R T BT I SR O
308 3o IV A AL RN pHL U P e R, 4 BRI
BRTE 40-60 °CH ¥ a] LLFa % /245, 78 pH
3.0-11.0 B FEALERFIFRAAN, XK 4 bR
SN IS AN R WAL T

HE 4 AR TR A 433 B 5 FH RV 5 ) 5 s
RS 2, I 5 IR 0 BOFF I me®155 ks 5%
HEAT VRSN BTG PR, 2 B By P sk
XSG A3 A AT B me?155 398 W ke, B
] 8 X G ol R o E X i 3 B 4 o 4
PR 315 43 A A B8 R0 5 AR 3% 2 1) R 2 b e 52
IGRFLIR AR, FATHAT T AR, (1
HEIR A BT B me?155 N LS g Rt s , K ik
4 AR TR A 2 591 BRIk R YR A oFF ARG I oA A 1
BRI R BEAE T, S5 R, DAL 4 PRIGT
A B i R B 35 AT I R AR A 0 A R A
S, P RS R AL RS T AR AR B
.(P<0.001).,
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XPi% 4 KRG TR EA T 42 5 D AL 0 A
45 LB ORWETE A MP2201, MP2202, MP2203
Il MP2204 35 AU R DNA, JER 4 4K 57
MM 69720, 68282, 47622, 70950 bp, G+C
TR 59.14% ., 66.58% ., 63.22% . 59.02%.
Hrr MP2201 SEHZHH#IMA 115 4~ ORF, Ff:
£33 10 1> tRNA; MP2202 R 2H 47 95 4~
ORF, JC tRNA Fl rRNA; MP2203 F [ 41 Tl
A4 78 4~ ORF, FH4L& 1/ tRNA; MP2204
FER A 121 4 ORF, 47 12 4~ tRNA,
IEsh, EilkEE CARD #iaFE, L HUL 4 HRg
HRYINAFAE T 25 56 5, 10 B L HLA R ol
Blibe A 2367 Bk 2 BT R T

4 Z

VU e A 387 L 4 P B 1 3R TRk i 37
W, I H AR R 5 2 R o AT TR
me’155, ] LUK A3 BSAT B 5 R 0 1 2 i FiiG
7, VAR IR WA R 2R e 2 R PRI R LR R
PEHEHT I A PR LS A
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