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Isolation and biological characterization of a novel virulent
phage targeting Stenotrophomnas maltophilia

YU Xinting', YU Shijun®, LYU Jinhui’, WEN Huiqi’, ZHANG Yagian®, LIU Huiying?,
Ml Zhiqiang3 , BAI Changqing*l’2
1 307 Clinical College of the People’s Liberation Army, Anhui Medical University, Beijing 100071, China
2 Department of Respiratory and Critical Care Medicine, Southern District, The Fifth Medical Center of Chinese
PLA General Hospital, Beijing 100071, China
3 State Key Laboratory of Pathogen and Biosecurity, Institute of Microbiology and Epidemiology, Academy of
Military Medical Sciences, Beijing 100071, China
Abstract: [Background] Stenotrophomonas maltophilia is an opportunistic pathogen that exists widely
in hospitals and environments, with intrinsic antibiotic resistance. [Objective] This study aims to isolate
virulent phages to provide an alternative therapeutic method for S. maltophilia infection. [Methods] A
phage was isolated from hospital sewage with a clinical strain of S. maltophilia as the host. The phage
genome was sequenced on Illumina platform and its morphology was observed with transmission
electron microscopy. The one-step growth curve was established by double-layer plate method.
[Results] The isolated phage vB _SmaS P11 had an icosahedral head and a long tail, belonging to
Siphoviridae of Caudovirales. The genome of the phage had a length of 44 600 bp and the G+C content
of 63.7%, encoding 66 open reading frames (ORFs), with no tRNA, virulence genes or resistance-related
regions. The phage vB_SmaS P11 was able to lyse 7 strains among 18 clinical isolates of S. maltophilia.
The one-step growth curve showed that the strain had the latent time less than 5 min, the lysis period of
about 60 min, and the burst size of 100 plaque forming units per cell, which indicated high virulence.
[Conclusion] The isolated phage vB SmaS P11 is a novel virulent phage targeting S. maltophilia,
which provides a candidate phage for treating S. maltophilia infection in the future.

Keywords: Stenotrophomonas maltophilia; phage; biological characterization; genomic analysis

W 2 A B WM I (Stenotrophomonas
maltophilia, Sm)j&— s 2% [ PR AE K Y I
R UL A, A, S KA b )T
AR, DLRTARIE 22 25 R 0 ol sl Ve 22 25 v B
BT MR 2019 A v A T 2 W
CHINET (http://www.chinets.com/) X} [& P 3= %
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I TR M — R RE S IR AN BT A i, LRl
REZ | BB K. MR 3w 2% 5E 1)
ANTRT W T A T 1 S 2R A8 AP TR R 0 P
BRI A o T R W R AT R R TN A B B A
ER TR, BEE S U @RS IR e 3
A SRR W TR AR I e AR A T LR
T AR TR AR R BTG T2, h T RESRSE
PRI AT, RFPEVEERTE 100 Z4E R
FF W B RR Y7 LA R A0 o R B A
RIRER, AN 28 @k e E, A
TR SRR ERZ R EA . BEFER
B TR T I PR b Ok B R o B ], PR
MY R HA KRR 54, Frll @ik RiG) 7
AR TR TREN ) R IR AR
RN 2 RS IR AT 5 o W TR 1A o7 A A
2 —Je e RO, B[R] — b 0 BT R
B B 22 PR R TS LA TR 55 A ) 0 9 L A
AT BT T [ 08 A2 25 B TR I PR 20
B, o B — PR 2RV BOR MR K, TR
e [l W8 2 2 7 AU T U T bR SRR e T
VR B AR AR S8

T

1.1 EHRRIESEREH

W 2 25 A ML TR 03 B b N RO
JBERE, B8 High Pure PCR Template Preparation
Kit Ui AR HUAH R L 2, AR ZE 16S rRNA
FEE 519 27F (5'-AGAGTTTGATCMTGG
CTCAG-3")#1 1492R (5'-TACGGYTACCTTACG
ACTT-3") PCR ¥ ¥ )5, j= Wikt mlvm 58 5 K 4
g O A BRA w7 — AR, D 45 R
it BLAST X sr2e i, BFh T 455 =
SRR A VIR AT ST T80 °C {17, 4
PRTE LB H5 573 37 °C 555,

1.2 FZRXFIFNEF

B R . I ERRICY . Bk, OXOID
Awl; WAL, LR R ERARA A
0.22 um flfLif JE 4 , Pall Corporation 4w ; £
Ffff K. RNase A, DNase I , Thermo Fisher
Scientific /A A ; High Pure Viral RNA Kit, High
Pure PCR Template Preparation Kit, Roche
Diagnostics %+ 7] ; NEBNext Ultra I DNA
Library Prep Kit, New England Biolabs /A Fl .
Illumina MiSeq, Illumina 23 F]; #8048 |
3 2501, Beckman A H] .
1.3 BEEFMNIBESETE

LA B AT 1 £ (508 Smil), PR
BE 15 K o 8 BB PEE A . 5K 10 000%g 5
> 10 min, BRI, £ 0.22 pm AL uE RS it
UEE A BOS U (ODsoo 29 0.6) B Sm11 1557
W 100 pL % 2 mL LB ARG 4, 54 mL
15/KIRA); 37 °C. 200 r/min ¥ K IR % 55 57 &
R ;10 000xg #5010 min, B EEH
0.22 pm AL U8 AR UEAS B AR 508 .
500 pL XFEUH(ODgo 29 0.6) Smll HEINZE
4.5 mL LB PRSI, RS, #I7E
LB [ {5 5% 5L Al b, Fp B 5% ik 58 42 BE [
J&, TR e 3 uL YRR, 3 AR
FIa B EARENE T 37 °C AR IR, WM
A T BB B CRAR )
1.4 MEE{RBERAEL

B 100 pL W5 PR A4 IR A 900 uL PBS J&
10 586 AR FE, BL 100 pL 107°-107° #6 O F6
BN 500 pL X 2500) Sm11 55 2 W0R A 5 A
4.5 mL LB Pk 32 5L, IR SEI7ES A LB
[ R 15 5 B - B OSUZ AR ) . REB g B
)5 & T 37 °C [HiRIEFMATE LK. A&
J&, PR IE W R BEIATBOW A Sm11 7
Bk, BT 37 °C. 200 v/min KRG R IR &
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VW, 10 000xg B5.0> 10 min, B FWEH 0.22 pm
(G E{BUR] £ - SuR/ R P o A 0] R N
HRRER 3k, MRRAbE SRR Kraife
JE WIWE TR A 4 °C 1-1F -
1.5 —o4EKihs

I 7 200 AT 50 Wk A A0 i e e S A A
B IR H 0.001 LGRS, #HIRS
BT 37 °CfHIREE FRAMFH S min, GRS
NP oM, RIS IR A YL 10 000xg 5.0
2min, 2R B, BUTEH 6 mL LB AR5+
JEFE R, 37°C. 200 r/min FEIRIE G TR, 4090
ARG E 0. 5. 10, 20, 30, 40, 50, 60,
70, 80. 90 min WAEFE L IFLLUE, HIXUZIEAE
SR TR DN A W AR, BRI E R 3 IR,
DABS ) AR A b, W3k BT ARS8 SRy A A A i —
AR
1.6  Fak B RS AR

Bzl s it 16S rRNA LR U E 1
18 FR I 27 25 7% 1 P D 45 77 2 X500 s 4l L2
AR, B3 pL BERER S TES AR B, TR
{3 TR AR WS Tl i 3 B
1.7 EBIRWEREEARS

¥ 30 puL 4 °C RAFRIMEREANZ 30 mL
XTHIH(ODsoo 29 0.6)fE B, ETF 37 °C.
200 r/min FEIRHRG 3G 280, 19 B MER A
30 mL, 10 000xg &[> 10 min, F3#H 0.22 um
AL UE AR UE s K FIEINE 50 mL R B0
&, B IIGTRENS I A 30% (it A5
BORWHAR, 4 °C. 30 000xg &5.0> 3 h; & b
T, WEEADUEEA 200 pL 1XTNE (10 mmol/L
Tris-HC1, 1 mmol/L EDTA, 100 mmol/L NaCl)
TR B O Al M B A R
AL WETRAAR | pL, ARSI R b, BRI
e, TR R I 7 L LR R AR S

1.8 MEEARERFEBRE. NEFRFFISHF

B 400 pL WETR A5 3N A DNase T (4
B 1 pg/mL)Fl RNase A (&AW 1 pg/mL),
37 °CHFE LK, 80 °C fHik 15 min KIGZMR
fiti, M High Pure Viral RNA Kit it B 5 #2 5t
Wi R AL 2] . 4% NEBNext Ultra 11 DNA
Library Prep Kit {f FHU6EA A 3L R SO, M
ASLHE Tllumina MiSeq Il P 5 047 5L K
P, P Jstin Bdli ff /] SPAdes-3.13.0 Al
CLC Genomics Workbench 3.6.1 # {4 Pfi 4 5t
20741, RAST 7E £k 504 % (https://rast.nmpdr.
org)IERE RS A FH, P A 1Y FT 78 15 152 E {8
H BLASTp (https://blast.ncbi.nlm.nih.gov/Blast.
cg)TELR EXTHff 2 FE [N 2 BE . R JTI MEGA 7.0 4%
4 4B B9 (neighbor-joining  method) X I B {4
PEAT A AT

2 BERXR504

21 EEAMSBEEE

ARG BE B 15 7K rh 43 15 B — AR WG A2 2F 7
BRI R ME R A, #7454 vB_SmaS_P11, gk
s FE 48 G 15 32 T A U2 AR TR s W T
BE, 12 h BERBER/NZ 30 mm?® (& 1), i35t
HL B (1 2) 5% S 7 12 W AT AR HL A LT fg —
THT A Sk 3B R0 A o 4 i R AR, Sk E AR
50 nm, EBIKEZ 175 nm., HELE KN
vB SmaS P11 J& T M5 H(Caudovirales), {2
¥ 75 Bl (Siphoviridae) . M 7% & vB_SmaS P11
GenBank % 5%5 8 MZ701794,
22 —DHEKHMEZ%

vB_SmaS_P11 /&YLf5 1§ Smll J5, #if
JEE AR DN AN RIS ] 2549 vB_SmaS_P11 &4,
BE—H K 3). 53R 58, vB SmaS_
P11 VRN T 5 min, PREUEFE 60 min J5 5]
NFEI, IR RE R 100 PFU/cell,
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E 1 vB_SmaS_P11 7£78 £ & WE TR L/ B HY
ik B B

Figure 1 Plaques of phage vB_SmaS P11.

2 EEE{K vB_SmaS P11 EiE[E
Figure 2  Transmission electron microscopy of
phage vB_SmaS P11.
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3 EEE{K vB_SmaS P11 89— $ 4 K4k
Figure 3 One-step growth curve of phage
vB SmaS P11.

2.3 [EEAHBEE

W AR LR 18 BRIE A ZEAS U
WA 7R LR R R EE(R 1), 635 5 1%
SEWETEBE, 2 ANIE S R NE R BE(E 4).

£ 1 KEE{K vB_SmaS P11 ZUfFit

Table 1 The lytic spectrum of phage vB_SmaS P11
21T 9n 5 Bacterial No. UM Sensitivity

Sml -

Sm2 ++

Sm5 -

Smé6 ++

Sm8 -

Sm9 -

Sm10 -

Sm12 +

Sm15 -

Sm16 -

Sm18 -

Sm19 +

Sm20 -

Sm21 -

Sm22 -

Sm29 ++

Sm548 ++

Sm1785 ++

TE: ++: BB SRR +: TR R IE 58 0 W 1R 3 5
RIS W B

Note: ++: Transparent plaques; +: Semi-transparent plaques;
—: No plaques.

4 vB_SmaS_P11 SiR:E7EARR &k FHR L
MARREER A AEZEER; B: &
Wt 125 3K

Figure 4 Different plaques were formed on plates

of different strains by the spot test. A:
Semi-transparent plaques; B: Transparent plaques.
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24 BEEAREERESH

G RO M AR e kW
vB_SmaS_P11 B4 4 44 600 bp, GC &k
H63.7%, JobiE R 2N L #E A KR
tRNA, £ NCBI %#% % BLASTn Xtk 3
vB_SmaS_P11 5% b BT A & M A4 7 41
LA IMEAR, R5HA—Fk Stenotrophomonas
phage BUCT603 (GenBank % 5% 5 MW934263.1)
IR, BER 92%, HBUE 99.78%.
I TR A Sk 5 0 2 30 1 245 ) B 1 R A 2 B P A
PRI B RSP R T R v TR AR A Ak S
2, K MEGA 7.0 (#4054 1 X5 s B AR 8 <7 P
A1) 2R ity il A IV S A g R e AR (B 5). kAR
Mok BRI R A vB SmaS P11 H 5 IgH A
BUCT603 R7EM —iffbsr32 b, B HA 3

100

99

100

100

[ e s B i = 7 7 P D O
T2 B A2 W TR AR 2 — ok R IR ) 9] AR B 1 ik TR
. B4l RAST HREER B RWEREAES A
66 ~FF i % 2 HE (open reading frame, ORF), %%
4 NCBI $#& )% BLASTp FLXF45 R (£ 2), Hrp
251~ ORF Hlill A LhRE M & (1, AL F5 0 w2 45
MER ., AFE&ET. ZEHR&EA. 7 EAM
SR E N, 26 4> ORF H Xt 45 R /R 34 A1 2L
fIFESI, 15 4~ ORF & %1 U AE M8 2 2 1
(& 6)

A DR 20 25 48 b o A, T B AR R
A . K i B KW 3 (ORFS1) . 3k # & (A
(ORF52). J5iLE 1 (ORF53)H FEAK&HE
FI(ORFSH)! | 2 v T {4 35 DR 401 v o % B A iy
fifg /N VKL

&E&mthomonas virus Xop411 (YP 001285676.1)

Xanthomonas virus Xp10 (NP 858953.1)
Xanthomonas virus OP1 (BAE72709.1)

Xanthomonas phage phiL7 (YP 002922617.1)
Xanthomonas virus CP1 (YP 007238074.1)
100 | Stenotrophomonas phage vB_SmaS_P11 (MZ701794.1)
Stenotrophomonas phage BUCT603 (QVW29548.1)
100 — Stenotrophomonas phage vB_SmaS_DLP 3 (QIN95269.1)
L Stenotrophomonas phage vB_SmaS _DLP 5 (YP 009620003.1)
92 [ Xanthomonas phage KPhil (APQ41906.1)
100 I—Xanthomonas phage OP2 (YP 453630.1)
100 [ Stenotrophomonas phage vB_SmaS_DLP 1 (AKI28793.1)
I‘Stenotrophomonas phage vB_SmaS DLP 2 (AKI28735.1)
[ Xanthomonas phage Xoo-sp2 (YP 009996937.1)

100 “—— Yanthomonas phage Xp12 (QNN97159.1)

P
0.10

5 ETHEARGRBATIEESFINRRTLAEN

o SRR AR B s AR AR AL

Figure 5 Phylogenetic tree based on protein sequence of phages terminase large subunit. The branch
numbers represent the confidence level; The scale represents the genetic distance.

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



1090

DERYESUE

Microbiol. China

%2

EEE K vB_SmaS_P11 ORF LHRES 7

Table 2 ORFs function analysis of phage vB_SmaS P11

ORFs Zif 2313 KE  IEE Efd AEARLEE GenBank accession

Star site Termination Length Function E value Identity (%) No.

site (bp)

1 3 2267 2265  Putative tail component protein ~ 6E—161 38.81 YP 453579.1
2 2310 3485 1176  Phage tail protein 2E-05 27.57 GJH_77789.1
3 3489 3785 297 Hypothetical protein 1E—43 72.45 WP _164186364.1
4 3785 4 453 669 Hypothetical protein 6E—100 66.97 WP 099473297.1
5 4440 4907 468 Hypothetical protein 1E-06 29.57 YP 002922638.1
6 4971 5189 219 Holin 2E-07 41.43 YP_002922641.1
7 5161 5688 219 Endolysin 1E-76 66.03 YP 002922642.1
8 5672 5989 318 I-spanin 5E-13 44.76 YP_008859435.1
9 6 054 6173 120 O-spanin 1E-07 60.00 YP_008859435.1
10 6225 6428 204 No similarity
11 6425 7 090 666 No similarity
12 7 087 7302 216 No similarity
13 7299 7505 207 No similarity
14 7583 7747 165 No similarity
15 7 744 7 881 138 No similarity
16 7 895 10 360 2466  T3/T7-like RNA Polymerase 0 55.42 YP_002922649.1
17 10 365 10 769 405 No similarity
18 10760 10909 150 No similarity
19 10906 11751 846 No similarity
20 11828 12655 828 Hypothetical protein 1E-26 48.55 YP _002922651.1
21 12769 13 668 900 Exonuclease 2E-130  6l1.11 YP_009276320.1
22 13681 14085 405 Endonuclease 1E—46 58.54 YP_008859405.1
23 14082 15020 939 5'—3’ endonuclease 6E-94 50.59 YP_002922655.1
24 15 085 15924 840 Hypothetical protein 1E-50 48.59 YP 002922657.1
25 15936 18440 2505 DNA polymerase 0 63.10 YP_008859402.1
26 18 442 18 999 558 Hypothetical protein 1E-15 33.90 YP 009275485.1
27 19042 20343 1302  DNA helicase 3E-172  54.63 YP_002922661.1
28 20340 21161 822 DNA primase 1E-113 60.08 YP 002922662.1
29 21318 21662 345 Exonuclease of the HNH family ~ 3E-27 49.56 NP 858964.1
30 21665 21943 279 No similarity
31 21956 22264 309 Hypothetical protein 1E-09 41.57 YP 007238113.1
32 22261 22536 276 No similarity
33 22606 22911 306 No similarity
34 22908 23573 666 No similarity
35 23 646 23819 174 No similarity
36 23823 24062 240 No similarity
37 24 116 24 289 174 No similarity

(155%)
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38 24286 24462 177 No similarity

39 24 459 24917 459 No similarity

40 24920 25054 135 No similarity

41 25051 25206 156 No similarity

42 25268 25519 252 No similarity

43 25512 25733 222 No similarity

44 25730 26302 573 No similarity

45 26359 26697 339 Hypothetical protein 3E-04 27.62 YP_009850942.1

46 26760 27 140 381 No similarity

47 27198 27 464 267 No similarity

48 27530 27883 354 No similarity

49 28338 28691 354 Hypothetical protein 0.039 31.03 EUB25753.1

50 29022 29393 372 Hypothetical protein 2E-10 43.48 YP 001285675.1

51 29390 31123 1734  Terminase large subunit 0 57.96 YP 002922617.1

52 31136 32 476 1341 Putative head portal protein S8E—128 50.25 YP 007238076.1

53 32477 33262 786 The prohead protease 2E-90 60.42 WP _058358269.1

54 33292 34 494 1203  Major head protein 1E-173 64.04 YP 002922620.1

55 34550 34981 432 Head-tail connector protein SE-17 38.52 WP _058358294.1

56 34983 35360 378 Hypothetical protein 0.005 29.17 YP_007238081.1

57 35344 35808 465 Hypothetical protein 1E-38 46.90 YP_007238081.1

58 35810 36202 393 Phage coat protein Il 3E-17 36.54 YP_002922625.1

59 36229 36888 660 Major tail 8E-78 55.71 YP_002922628.1

60 36888 37190 303 Hypothetical protein 8E-127  46.00 YP_453571.1

61 37382 37498 117 Hypothetical protein 4E-06 55.56 YP_007238086.1

62 37502 40813 3312  Tail length tape measure protein 0.0 43.52 YP 002922630.1

63 40 830 41 198 369 Hypothetical protein 6E—46 56.90 WP 058358292.1

64 41185 41649 465 DUF1833 family protein 3E-68 66.89 WP_058358293.1

65 41630 42010 381 Peptidoglycan hydrolase SE-23 37.60 NP_858968.1

66 41998 44 598 2601  Phage tail protein 0.0 43.92 YP_001285691.1

Wi 25 LR (ORF6, holin), Z&fi#f#(ORF7,
endolysin), PN T 7°(ORFS, i-spanin), #}K
7% T (ORF9, o-spanin) il Bk 38 M /K i i
(ORF65, peptidoglycan hydrolase)t& 5% T 24 fi# 4fl
[l = A e AR & i s ) R NI D
i 3 FhINREME SR )3T : holin, endolysin Fl
spanin. holin 7E 4l A ISR 42 18 2l S E 5
TE LI #0% endolysin HEA 40 1R | endolysin
BN IK A MO RE f5 K IR ZRBE , spanin B IHTE &4

PG AL I R AR SY, holin M % /N H 5
endolysin FH4B!"%, endolysin = HAIHF C Sish &
SEME, FEREE G AR, N ouhfiE L g i
B, KR UK RN OB R T i S IR
WA 4R Bz ORF65 S 2L g iy —Fh, 7K
e SR OB LS e T B M i TR ARG R 2 R
AR EA 2 > spanin, G145 S o8 8 N R
1 i-spanin (LARUfT 44 A Rz) K 4NN & H
1 o-spanin (PARjfW44 M Rzl), Rz HAG ENLTE
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Phage tail protein
Peptidoglycan hydrolase —__
DUF1833 family protein

Tail length tape measure protein—__

Major tail —
Phage coat protein [[ —

Head-tail connector protein —

Major head protein — vB_Sma$ P11
The prohead protease — 44 600 bp
Putative head portal protein — 30000

Terminase large subunit— 74

/N
Exonuclease of the HNH family

&l 6 MEE 1K vB_SmaS_P11 £ X If g #5515

20 000
%! \

Putative tail component protein
Phage tail protein
_-rhag p

l—/IolinE dolvsi
ndolysin
ZJ/—/ i-spgni_n

0-spanin
— T3/T7-like RNA polymerase
10 000~

— Exonuclease

— Endonuclease

~ 5'—3’ endonuclease [] No similarity
M Replication and regulation

TDNA polymerase [ Packaging
N I Hypothetical protein
DNA helicase M Lysis
DNA primase M Structure

AR HAT AR DIRERT ORF (IS B Sk R m7E

SEDNAHEBE b AT R EEHE , 0 B Sk SRR TESE I A G s b A8 T R B )
Figure 6 Genomic functional modular diagram of phage vB_SmaS P11. Different colors represent different
functions (clockwise arrows represent ORFs in sense strand, anti-clockwise arrows represent ORFs in

anti-sense strand).
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