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Biological characteristics and genome sequences of two
bacteriophage strains infecting Stenotrophomonas indicatrix
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Abstract: [Objective] Stenotrophomonas can promote the growth of plants and aquatic algae.
However, limited studies have focused on the bacteriophages infecting Stenotrophomonas. In
this study, we isolated bacteriophages infecting Stenotrophomonas from water and studied their
biological and genomic characteristics, aiming to improve our understanding of the ecological
functions of Stenotrophomonas and its bacteriophages. [Methods] The double-layer plate
method was employed to isolate bacteriophages infecting S. indicatrix EB12 from lake water.
The biological characteristics, whole genome sequence characteristics, gene functions,
phylogenetic relationship, and protein structures of the isolates were analyzed. [Results]
Transmission electron microscopy showed that two isolates Ste-X and Ste-D were short-tailed
bacteriophages. The incubation period of both strains was 20 min. Ste-X and Ste-D showed the
optimal multiplicities of infection being 1 000 and 10, burst sizes of 28.8 PFU/cell and
131.1 PFU/cell, temperature tolerance ranges of 20—-60 °C and 20-70 °C, and pH tolerance
ranges of pH 4.0-13.0 and pH 3.0-12.0, respectively. Ste-X and Ste-D were deactivated by UV
irradiation for 60 min and 120 min, respectively. Their host ranges were narrow. The genomes
of both strains showed the lengths of 39 429 bp, with the G+C content of 57.80% and 57.85%,
respectively, and both of them contained 65 open reading frames (ORFs). The genomes of the
two strains contained only three different bases. However, their homology with other
bacteriophages was low, which suggested that the two strains were novel short-tailed
bacteriophages. The structures of the proteins encoded by ORF34 and ORF52 were predicted.
Result showed thant the proteins encoded by ORF34 were acidic, stable, and hydrophilic,
containing two conserved domains, ChtBD3 and PHAO00661, with the three-dimensional
structures dominated by random coils. The proteins encoded by ORF52 were alkaline, unstable,
hydrophilic, with no conserved domain and the three-dimensional structures dominated by
a-helixes. [Conclusion] Two novel strains of short-tailed bacteriophages with high genome
similarity but distinct biological characteristics were isolated from water.

Keywords: Stenotrophomonas; bacteriophage; biological characteristics; genome
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57 A T (Stenotrophomonas) F J& T A2 IE
W 1(Pseudomonadota) s ¥ FH Lysobacteraceae)
(g — 282 RO PR A R, o, g2 2R 055
PR TR (S. maltophilia)VF R NSNS W) 0 554 8k
R IZHEIE, M IR R
3 B A A 5 5 R T 4 RS RIS IN  0e v
HAEBE 5+ 1R B A IS ek
AR ORI R R T 4 R T Y B At 3 R
SERE Ny 0 i (S I | NI N R
IIZAEESESR BRI, e T B AR A R R,
HETAE RS A KN Z B = I, Xt &
Bl HOK AR R R MIF N Z — . Fakhimi 55 A
15 gL G T o B A B BRZE SR FAML T (S, goyi)
LI AR ) S A R 2, AR RRER
il ZURE T E WS e SR Y A2 4K o Lara-Moreno
40V 3 B B — 4k S. indicatrix CPHEL, % Al i
A R AR . ARSI AE DI ZK R 5 53 5 0k
i P ARAT — Mo B EA DR A RSCR Y B A0 T
S. indicatrix EB12, & HA /K e R i B hH
T, UK AR S R A A S R . R,
Qo] 368 2o 0 TR L 240 A A A TR AR B T
RAEA FFRAMIE

I P 1K (bacteriophage) /& — 2 B W8 1= 28 I 4%
AR EE, S g T EAE T A
FUPEIE B R AT 24 1 B BOHLRE T W R AR AE
AW ZREVE L W SR B B L By 1) R L
B ki SRR, HET, SEFR A
W AR 1 B 92 K Z2 5 T AE S, maltophilia W
PR3 DS 7R 4 5 7 B TR (S. indicatrix) N
T 3 R R TR AR WA o A R AT R B
Wik BRARTEAZ H R P 9K | HA 2R, it
TG AT ) s L 235 ) 1 A0 e I AR R ) A
LR RSP SR — A A R AT a5 1 28 AR
A B 23 (o A S DR RS B 1) T BB 2 A 2 Ak it T 2
M I PR A ) A R R R e g Y Rk, 58

70 RIS EJL 14 3 B S5 P e T K 5 PR 24 v
DIRe R 1 R .

IKARBERRAEAE SR A AR, (T e 28 K i BT,
M FEOK AL, B AR IR W AR, mTH 55
IR BESS I A4 o W ff I RS 1) A 0 2 R v &
FERAMEE, A BT sl m i i K Hoqs 50
e ERfR . LT UL, AR UAA R ERE
K S. indicatrix EB12 15 3, MIFIZK 732546
b 2 BR8N A% 5 5% PR B (S, indicatrix) W PR
T, IE AR . BRI ARRAE S 43 8
V18 TR R BT 55 D7 TR #0015 I T W T A
LR W5 A, SR W B A 5 B R R T 9 Y K
A S RGP TR

1 AR5

1.1 BEEAEEAKIE

F& 7R A IR B TR (S. indicatrix) EB12 H
Te LN —4R B R E A B R 2 B Aol 5 B6
Bt A Wy S0 2 7 AR R et R rh o BRI AF
IR A Ste-X F1 Ste-D 7355 H BIp T /\—K B K
= N TiH1(46°35'N, 125°10'E)SRAE (7K AE
1.2 HiXEFERENT

NA R % (gL): 4 A H 3.000, #H 1K
10.000, NaCl 5.000, #ZiE/KEXKZE 1 L, pH
7.2-7.4, 121 °CK# 30 min, SM 2% Mk (g/L):
NaCl 5.800, MgSO,-7H,0 1.968, Tris-HCI
6.057, N =M% 62.500 uL, pH 7.0, 121 °C K
20 min, KCl & (g/L): KCI 74.551, 121 °CK
7 20 min,
1.3 MEERRS BaL

HR B8 8 J L VO 1y ik o s i A I TR AR
X RARKFEATEG, Il 0.22 pm U8
it ug DL BRI o AR S AR A I R, LA g
WG R . B 0.3 mL JHHEE 5 0.2 mL 4b
THFEAE K I (ODgoo (E4 0.8, LR Fr A sE e
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HH I ODgoo T4 0.8)HY S. indicatrix EB12
PV TR T E 1 he SRITDBUZ FARIE 5 15
PRAA, BRECAAN S /INAN [ ) s B B 43 1) T
A NA WK FRILN EP 45, 4 °CUKH i &
24 h DA R BRETR, T RUZ 1B ik 4 Ak v
ik, B4k 5 WP, HE B R B
INIRST, BARAS Al W R A
1.4 [EEEARGESHEEME

R B8 K T o SV Ty AR A B M A
It AR i 40 22 B A BR A W R 3 S 7
ARG PR AR A T A AR o
1.5 REAREREEN

W15 2T EB12 TR -5 WA R 70 A iR e 2.
H(multiplicity of infection, MOI)>& 10 000, 1000,
100, 10, 1, 0.1, 0.01 {5, EiAEESHER
J L AR ko SR RUZ A 2 2 HAUAN
LR K2 X g, AR EE 3K,
e e ARG SR
1.6 HEEA—DSHEKZ, BRE. 2E
REINEREE M

R X TR o 5O ) Dy T W R AR — A5
KithZk. M 0min F4A, %0 10 min Bt 100 pL
TRA, RBUZ AR 52 Ho Ak 14 il —
AR ld, mARDITR.

S =2 A G P AN R 1
FRIVR )

10 L WEBRARJER 430 A 0.99 mL AN
pH 3.0-13.0 [ NA MRS IR, RADBUZF
MR s HokeH s B 2 mL WIS, 40 e
T 20-80 °CHYTEIRK B F IR 1 h J5 I Ak
Hrs B 10 mL WEBEAR B 53 5 & T 3 4> 90 mm
ToEPEIL, BT EAMT(30 W) T 30 em 4bi#EAT
HRSF, 4F 10 min BURE 1 W HAL . DL EAr
AIREIHELE 3K,
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17 MEEEFNEESCHE

PR T2 A 256 5 AR PRI M K A
BT B AT B A 2L O Bk, 2] D e AR
W B (Pseudomonas alcaliphila) EB17. P.
sediminis EB8 ., 7+ XK P ifl I8 (P. guguanensis)
EB4. i [S it #F & K 5. M & (Stutzerimonas
stutzeri) L4.6 . S. nematodicola EB23 . i KR
BB (P, hibiscicola) N5.33 . 16 4% R A 9% B4
(Rhizobium rosettiformans) 1422, Mili & ¥} [ &
(Tsukamurella pulmonis) 15.29 .+ M & B AT
(Sphingobacterium soli) EB19,

[ 0.2 mL i ERE A 6 mL HUE NA
R R SR, IRG Y5 R SL EMEA C e Y
NA AR IREE . R R E st F g, I
2 pL JHRERHEAT KRR, FHRERR TR T 30 °C
BERA BB SR, 24-48 h J5 WA B IE
L
1.8 MR A E ELA IR B S M i

K] CTAB IEAR MU H 1 DNA,  H AP 3R
S CHR[17]. $RIBUS A DNA 38 5 Bria BE
RIS IR T A 28 s Qe e, FEEAT 16S
rRNA J:[A PCR ¥ 8§k, LABRIATCTE 55,
YT 519 (27F . 1492R) 1 52 i 1K 22 5 % X Jik 5
AU Ik

W 14 Ste-X 1 Ste-D fY) DNA FH L iff % 18
AR IR w AT A e K DR, ek
AL 51 © 4 28 2 1 5 A W o 5080 v s
(National Microbiology Data Center, NMDC), %
54393 NMDC60197967 1 NMDC60197966 .
1.9 BEEFERASITSERINGEER

| ] BLASTn (http://blast.ncbi.nlm.nih. gov/)
MR TR P SIS T %7€ ;. 1] Easyfig 2.2.5
251 Ste-X il Ste-D Y 4= JE BRI 2H Leoxf (€] . ik
BLASTYp (http://www.ncbi.nlm.nih. gov/) it — 4%
IE 95000 3 R A A B BE s fF ] tRNAscan-SE
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(http://lowelab.ucsc.edu/tRNAscan-SE/)## 2 tRNA
FF U8 CARD 45 J% (https://card. memaster. ca/
analyze/blast) FH T 3 Bt 24 F i 24 4 2 A
VFDB %4 ¥ J& (https://www. mgc. ac. cn/VFs/main.
htm) F T %6 e 5L Al R i A i B 1 BRI 1
MEGA 11.0 B0 W T % F) 42 JE DR 46 1 91 % A
SEF 9 g A 1 35 BEAK 50 B P 91 R FH AR 4 vk
(neighbor-joining method)f4 7 245 & B
1.10 [EE & ORFs fRIBEH RN — K
TN, BB R R =R
F T

| F Expasy-ProtParam (https://web. expasy.
org/protparam/) TN &5 [ ot (1) KL A BRAL AR ST 5 ]
FH NCBI 2 57 25 #4 3 %5 48 /5 (https://www. nebi.
nlm. nih. gov/Structure/cdd/wrpsb. cgi) # 17 £ <F 4%
¥y 3831 5 FFH SOPMA (https://npsa-prabl.Ibcp.
fr/cgl-bin/npsa_automat. pl? page=npsa%20_sopma.
heml) I — 2% 2544 ; i SWISS-MODEL 7£4k
B A4 (https://swissmodel.expasy.org/) ¥ & [l i1 T
= YELE R TII

2 BR5AHM

2.1 EEAEEYIFESMN

A e N T KA vh 43 B 3 2 BRBEAR L S.
indicatrix EB12 [ WEF IR Ste-X 1 Ste-D, Ste-X
Wk P B /DN FLIE W25 52 (81 1A), 1 Ste-D 5 b B
WRKHAZEBEE 1C), LB, 2 kg
DA R I8 R W AR (8] 1B 1D), Ste-X 1Y
L #B B AR M (61.700+0.972) nm (n=30), EK N
(18.600+1.064) nm (n=30); Ste-D fY 3k B 1 18
4 (59.000+2.170) nm (n=30), J& K H (9.800+
0.621) nm (n=30) .

V8 W TR A 55 i = TR 53 ol A [ SRR e 5
BA, RARUZ AL e i (G- 1). 45
R, WEER Ste-X Fl Ste-D ik £ e KL M B

ARG H53 1 1000 FiT 10,

BT AR Ste-X I Ste-D 4 Bl fe AR YL 52
518 F IR A S E L It dil— LA K
ke 2 MREEPEIARRTERRIIA R 20 min, 24155
4 60 min F1 70 min, 3028 28.8 PFU/cell
F1 131.1 PFU/cell (I8 1E). ¥ 2 B @ik & T
30 W 54MTF 30 cm AbRE ST, Z5 IR, WEE
K Ste-X 78 45 4P S} 60 min J5 58 &%, i
Ste-D 7E£4MEST 120 min J5 A4 56 2K 5 (& 1F).,
7E pH M 32 J7 1, WERE AR Ste-X 7E pH 5.0-9.0
ISR R R, pH 3.0-4.0 B850 il & PR = 5
A J3% T pH 11.0-13.0 I B IR R FEARAEATY
PREF TGP WETHIA Ste-D 7E pH 3.0-12.0 i}
YIREAENG, IAE pH 13.0 BF5E i (B 1G). 7
PRI, WEEAR Ste-X 7 20-40 °CHIZLAT
By, A 40 °CJF IR Bl I BE = IR
70 °CHF 584K 1 ;. WEE{AK Ste-D 7E 20-50 °CHf
RN R, L 50 °C 5 & B I FE T i i
ik, 80 °CHIZE4TE (A 1H).

2.2 EEATEIESEHE

B E FERIE 10 ¥, A BIRET 5 A
JE&, B0 E B R PR K A N A
S. nematodicola 1 R. rosettiformans b , H. 4%
8 AR P XX i A (R AR . W TR A Ste-X Al
Ste-D X REf=Z YL Bk H & 15 F S0 1 ¥k P
sediminis, H G BEFHEATE W, =YL 8 1855
(F 2 FIE 2A ., 2B).

2.3 FE B & Ste-X F0 Ste-D B9 E & 4H
FFIE

I R 1A Ste-X il Ste-D 1Y 35 [ 2H 25 Sk #R00K
DNA, 2 B I B 1A 19 4 35 PR 4 )3 510 AR AL R 36 %]
99.99%, HELHAFREIEAAAR . £ ClustalW
JEA X IR BB, A 3 AMRIEARTE, 435
F 23 219, 23 220 Al 34 748 bp Ab, W K HitS
ORF34 Fl1 ORF52. 2 Bk Wi M & 1 & K 5 K
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Figure 1

7/°C

Biological characteristics of phage Ste-X and Ste-D. A and C are plaque of Ste-X and Ste-D; B and D

are transmission electron microscopy images of Ste-D and Ste-X; E-H indicates one-step growth curves, UV

sensitivity, pH stability and thermal stability of two bacteriophages.

39 429 bp, Ste-X FlI Ste-D ) G+C & &7 3 M
57.80% F1 57.85% (I8 3A. 3B). 2 tkWEE K1Y
LT E] 1 4~ t(RNA FEH, 7T 36 231 bp 5
36 159 bp Z [b), H A FUil 21 2 J) R 245 5L A4 .
TR 47 IR SRS R DL R 18 A 1)
BESRIEI
2.4 MEE{K Ste-X F Ste-D BYThEE %
Xif 2 MR T AR A S R AL AT D e R R

P4 actamicro@im.ac.cn, & 010-64807516

I B AR Ste-X Al Ste-D (3L H & F 65 4
ORFs, ifiid NCBINR #Hf 7 EkiE B n, 4153
29 /> ORFs, 4B ORFs ) 44.62%, Hrb 174
ORFs M, Fax 12 DS LIRE 5N
15 EAREEG ). 4itE @ ). DNA £
REAAMMEHRSHTEAMG ), XEEH
FHEOME, L) 58 U AR B AR Gt 72

5 E2URE M . ORF27 Y bt 5 Jie 24 it it 48
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#=1 MBEEASte-XFSte-DI R ERELEEH
Table 1 Multiplicity of infection of phage Ste-X and Ste-D
Phage Multiplicity of infection ~ Phage concertration Bacteria concertration Phage titer (PFU/mL)
(MOI) (PFU/mL) (CFU/mL)
Ste-X 10 000 107 10° 1.27x107
1 000 107 10* 1.57x10’
100 107 10° 1.47x10’
10 107 10° 6.67x10°
1 107 107 4.89x10°
0.1 107 108 5.56x10°
0.01 10° 108 2.11x10*
Ste-D 10 000 10'° 10° 2.49x10%
1 000 10'° 107 3.03x10°
100 10'° 108 3.27x10°
10 10° 108 4.10x10"
1 10® 108 2.46x10'°
0.1 107 108 1.41x10°
0.01 10° 108 7.89%10°

<2 [EEASte-XFASte-DAYTE E S H
Table 2 The host range of phage Ste-X and Ste-D

Strains Ste-X Ste-D

Pseudomonas alcaliphila EB17 - -
Pseudomonas sediminis EB8 + +
Pseudomonas guguanensis EB4 - -

Stutzerimonas stutzeri L4.6 - -

Stenotrophomonas nematodicola EB23

Stenotrophomonas indicatrix EB12 \ \

Pseudomonas hibiscicola N5.33

Rhizobium rosettiformans 1.4.22

Tsukamurella pulmonis L5.29
Sphingobacterium soli EB19 - -

+: Lysis; —: No lysis; \: Own host.

FIGH s ORFS0 4w /&, J&— ] L
S I 5 B s e T 2 A T ) 3k 2 i RE O RO )
T S NS R (1T ORFS4 i
E VA TR, 1T S AR R A0 B 4N R REROL 4 A
M : ORF28 #tdhig B 45 4L 1 ; ORF35 4
WREEHEH; ORF40 Fifd e FEKRTHEM;
ORF44 ik B % #2811 . DNA i HE M .

. U /’ Ste-X Ste-D

B2 WEE A Ste-X M Ste-D IR F A [E] i B #k B Ik
BT
Figure 2

Plaque of Ste-X and Ste-D infecting
different tested strains. A and B indicate plaque with
host of S. indicatrix EB12 and P. sediminis EBS,

respectively.

ORF48 Zat fith A vty fifg /NP JE o 2l 5 W 1
ORF3 %ifth 2% DnaB & il fitt fig i ; ORF16 i fth
K E A AR s ORF34 % %3 /0 Fa e 46
F1; ORF56 J&—Fh X DNA P [i] 45 44 (holliday
junctions, HIs) B A7 (= BERE S Ve N DTG, ) A
A& DNA JFUERf 7 B YL ok, DIgEde LA
R TP,

http://journals.im.ac.cn/actamicrocn
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A | Lysis/Holin [l Hypothetical protein
B Morphogenesis [l G+C content
¥ DNA packing protein G+C skew +
I Replication and regulation G+C skew —

Putative major capsid protein

MAG TPA: Tail
tubular protein .*

MAG TPA: Stabilization -7, /

rotein, partial

p p Y ( t
(=
Sl !

,w-«‘ >
S T

3T
Ste-X i =)
39429bpy ] oy

M%(C)} TPA: Head to tail connecting protein

Terminase small subunit
- Putative holin
L ; < Putative lysozyme

> MAG TPA: Holliday
\ unction resolvase

‘. o

h»

; o \MAG TPA: DnaB-like
licative heli
Virion structural proteln \‘ PRpHiealive tissease

Pectate lyase superfamily protein

Putative major capsid protein

7«.«4#‘
10 kb Essential recombination function protein

MAG TPA: Head to tail connecting protein

L A Il subunit
s erminase small subuni
MAG TPA: Tail ‘ '~ /_Putative holin
tubular protein .‘* R B

MAG TPA: Stabilization -7 A
protein, partial 'F

2iF
21 f Ste-D 4 Li '
& 39 429 bp , H 5

Virion structural protein \\\‘ ‘ﬂ__ ¥

. 'i;,' - Putative lysozyme

$ - '_ MAG TPA: Holliday
B
Yz Junctlon resolvase

:\ MAG TPA: DnaB-like
replicative helicase

«c-«t*‘*

Pectate lyase superfamily protem

&3 MEEE{RSte-XFNSte-DE £ [F|4A EiE

Figure 3 Genomic circle maps of phage Ste-X and Ste-D.

2.5 MEE K Ste-X F Ste-D KR Gt 1k
vax i

W bk W T IR 22 BLASTn [k %45 3 @R A5
6 A Wik P 1A 1) 4 R DR 2 91 5 R ABLEE 7R 92%
DL, B8 55 I8 (0.09%-0.12%) . | 3551
Rl A 4 I TR 0 7 30 M DR ST I 91 i vy Al i 3 22
A 5T 1 (ORF40) [ - 42 e 1) s BT AR (R A% 1R
FEA, RSP E i i 5 D 2 R 40 & (A
4A . 4B)EE RN, SWEEAK Ste-X Fl Ste-D 3%
2% K Z fie i 1 W T 1K 43 il /& Ralstonia phage
Firinga (NC_054961) #1 Ralstonia phage RSKI
DNA (AB863625), %N 0.12%, ¥jE A
RVERRH; FERFEAMENREREN

>4 actamicro@im.ac.cn, 7 010-64807516

10 kb Essential recombination function protein

SRR, 5 2 BRI TR AR 2% O0C 3 ol 1 0 T
Rt 2 BRA W R A(UOF83055, DAQS54372),
B35 50 100% Fi1 98%,  AHARLEE 4301l
50.00% F1 46.98%; ¥ 2 PRI RS HopZ X &R
o 3T P I TR AR 1 R R 21 A T IR R A (1 S),
WP A Ste-X Fl Ste-D 5 HEZ O R EE MY 2tk
Wik AT A1 B SEAS AR, WP {A Ste-X 1 Ste-D —
HORR R HEA JC 220, 5 55 Ah 2 BRI TR K
IR T LbgE R, AR IR Ste-X
i1 Ste-D 7] BE A HT AT FEWE R .
2.6 FEEKMEEEA ORF34 1 ORF52 47AY
BB R — RS TN K 15 o 4

W 2 R I TR AR P AL Hp 3 AN [R] B3 T 7
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A Isolation area B

100, Ste-X 1 China j Europe 1 100 Uncultured Caudovirales phage (CAB4126141.1)
1'.20 99[lste-D Korea p Others 10.10

100| | Ralstonia phage Firinga (NC_054961.1)

Ralstonia Ehage RSK1 DNA éAB863625 1)
62| 188 Stenotrophomonas phage S1(NC_011589.1 )

Ralstonia phage Hennie (MT740741.1)
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Figure 6 Hydrophilicity and hydrophobicity of ORF34 and ORF52 proteins of two phages. A: Hydrophilicity
and hydrophobicity of ORF34 protein from Ste-D; B: Hydrophilicity and hydrophobicity of ORF34 protein from
Ste-X; C: Hydrophilicity and hydrophobicity of ORF52 protein from Ste-D; D: Hydrophilicity and

hydrophobicity of ORF52 protein from Ste-X.
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