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i E:(FF] B FREAZA 2o HOFERKE, TEAKRA T REHIFRSHEALE,
RERERFEARKT AR, EFREAZRREE R EEREL, @ BRBA L% F KB
WEIN., FRIEXE ., RRA®BNEFTRALA AT EFREETRERER, MRTELSLT S
ANir . AARILGFELIA D BFELARREFEFTRARLORIA T EALFRZET
BRegkiE. [B 6] 2RI 4 B B 6895 8 T 16 K06 97 09402 35 F K E 09 2V B 4K, JFAF
REARAFHE, [FF]1 AAREFRESBFEOAFLERAR, WRLLHHME, 4R
IRBAT S B sk, R4 T AR LRFIE, RIEFH K DNA @470 KR a5 524, FhH54
P BN et H AR B AT IR, R AT A Rt A AT AR e AT, T4 R ] KA R
CHEFTRAABE, WIAEHFRT B E —HAMEFH IR vB Ncarnea KYD1, £ E-FAR LT
MEAZE<2 mm Wik ey i@z, KARASH AW, vB_Ncarnea KYDIDNA HIRK, K/
66 621 bp, &I 102 N& G & % X (coding sequence, CDS)Z —A tRNA-Ser % #4457 . &4t
ALK G A AR 2 A M ST VA B &, vB_Ncarnea KYD1 4 K B H @ kAo — AN . H &
AP ENT A LGARTALIE. FALAEF AR TAXARSHAR, L& 52 AMNE.
[446] NIRRT AKIRF 5B B —ARZVE R &5 F KB 2 AR vB Ncarnea KYD1, #id w4 Rsh
ABAGH T4, SWRERRARKREEAKR, ARATHRLIATA TIERLEAGMXEE, £
—HAAT AR EFTRALAR. ARERFETEAXEDARTRE, StAHBEHF KA &
e Tk IR0 06 TT RAE X
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Isolation, purification, and genomic analysis of the virulent
phage vB_Ncarnea KYDI1 from Nocardia spp.

XIONG Wenbin, LU Han, LIU Xinchun®

College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 101408, China
Abstract: [Background] Nocardia belongs to aerobic actinomycete. Being widely distributed,
Nocardia can cause local or disseminated infection in human, especially in those with low immune
function. The Nocardia infection is difficult to be clinically identified, and novel Nocardia strains are
constantly being discovered. Different types of Nocardia from different regions have different
prevalences and antibiotic sensitivities, which hinders the treatment. The treatment of Nocardia
infection by the phage isolated from the host bacteria at the lesion has attracted great attention in recent
years. [Objective] To isolate the virulent phage against Nocardia from the environment that can be used
in clinic and explore the genomic characteristics. [Methods] The target phage was isolated by the
double-layer plate method, and the plaque morphology was observed. The phage was purified, and the
characteristics were observed through the transmission electron microscope. The DNA of the phage was
extracted, and the whole genome was sequenced, annotated, and compared with the known phage
genomes in the database. The phylogenetic tree was constructed for genetic evolution analysis. [Results]
The virulent phage vB Ncarnea KYD1 with Nocardia carnea as the host, isolated from the
environmental samples, formed transparent and uniform plaques with a diameter <2 mm on the
double-layer plate. Genome analysis showed that the DNA of vB Ncarnea KYDI1 was circular with a
size of 66 621 bp. A total of 102 proteins and 1 tRNA-Ser were found in coding sequences (CDS).
According to the transmission electron microscope observation and phylogenetic tree analysis,
vB Ncarnea KYD1 was a new phage in the Siphophages, which experienced complex gene
recombination in the evolution. vB_Ncarnea KYD1 had practical value, and no virulence factor-related
genes or antibiotic-resistance genes were found. [Conclusion] The novel virulent phage
vB Ncarnea KYD1 of N. carnea was isolated from the environmental water sample. The transmission
electron microscope observation and genome analysis showed that vB Ncarnea KYDI belonged to the
Siphophages. Since no relevant genes unfavorable to clinical application were found in the genome,
vB Ncarnea KYD1 was a relatively safe virulent phage of Nocardia The findings of this study provided
references for the follow-up treatment of Nocardia infection, and enriched the domestic phage resources.

Keywords: Nocardia carnea; phage; genomic analysis
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R, TR QTN 2 R 0 AL R s
K (Nocardia cyriacigeorgica). KRB R+
& (Nocardia otidiscaviarum) . 5901 KA
(Nocardia farcinica). WK K (Nocardia
carnea), B iR ICH (Nocardia testacea) .
Wit R # (Nocardia asiatica)™ix 6 i FIK
LEIEEE

A 606 FC TR (V. carnea) T 1891 -1 IR #
i Sk N 658 BR 14 (Streptothrix carnea). 1985
4, Akgiin SFCHRAS T — B R A R EC R ek
Y | R A 22 1 B RS A AR R AR AN B b X s
Z R NE R BRI . PR S TR = 5 |
HRRGY , ROIETEPU P AT e R, A
R R AR 5%, HEr, HAN
WE fifh Jiig FH S W (trimethoprim-sulfamethoxazole,
TMP-SMX) 38R 267 v R T B9 1 18 25 )
HHTAE R A Kl 2 8085 R I B 2
Yo Z4E0K, BRSBTS R R ER B A RN
o3 BT B R R IR SR T 25 e A R B, 3%
] 1 38 ¥ A R X i g P X s 0 Y S I i g
S (i 2 e U8 R, AT A B T R
A1 TR 350 H XoF e 245 P 0 R TR

[, 3 PR TE K ™ 9556 7 T 1Y) £ 35
WARK, TEFRFH 2R in R IR B B 2R &%
HNTIE 15%-30%" . FR £ i1 P JE AR B B A 4K
R, FFE—EMIGRXMER . HAGT a2tk
R AT ARy, Bl THiA R
A RE 2 X KA A B 3 e, 3R 2o
—SEHT A R N K IR A A 7 IR A AR 1k
B2t BRI, BT b T AR
PSR BRAR A A DG 1 1Y, R 20U 2 (4 1
R T AEBPURIRTT o WA, iR IR 4
RESAH T BEIR , HA RN E KM, Kk,
Hp R PQTE TE ST {5 7K A B v R 38 4 0 2]
IR — AR, 2 oK 2R T A IR AR 1S AR

MEDL 2B, AR K S R EEY,
AR, PR AKCEAN kA
HARTEY SR, PR EE I
AAAN AR R B2 1 A5 H vp ) Ui T L
SERIE AR, &A™ 'L
£ oY
I T& 1A (bacteriophage , phage) J& & 4L 4ff
PR ELRA . MRS AR BRI ST AE )
W EE PR, LR R TR A A S Sk B A A i i 5
B, HET, MEACgmEE
BTSSR ARAT TN . B TR A AT
PR HARGNE , TEA K — L8R 1 5
PR B S AN ) A 7 A T ) A R N — RS 23 1
BCHAD BT 5, B R A i R A
H BTEF X5 345 I~ FQ R 20 125 4l Ak i s o A F 2R AR
A JC A SE R R (R I B AR TR . FR
W, R SRR XU R IR R AR, A
RPN R A LT 2 IR A R . ABIESR
Pl R R A TE 3, MK o #4528 T —#E
KEWEFE A& vB Ncarnea KYDI1, JfEMNIEA
Je S R 21 22 5 TN LR T R A e, DA
F & R AR BT BT

WEERE

1.1 ##

PLIA {838 R R (CGMCC 4.1167) M 15
BRI AT IG5 TR A 1) 43 g a4k I R I B R
5 B Il AR 0 WF 5 i 5 3 Gl A P T e O B
1 .> (China General Microbiological Culture
Collection Center, CGMCC), f{# F%E [ IEEEHE
5 1% 7% B (peptone-yeast-calcium , PYCa)!' F
30 °C. 120 r/min ¥5 378 £ 5 -

BT RIVEAUZR TSI R, He—
e REURTE , B, FrBUKRELEEA R T
15K A H T BRI T KIR B4, IS5 &
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FIK IR K RE T B AR IK A o S8 i F K
FEALFE A T R G K T RO R KR G L b
T PN KRE | T N KR S R
B T T KR
1.2 EEANS S5 ILE
1.2.1 BEENSS

B 100 mL 7Kk 5 000xg B0 10 min, VA2
R IR BT AR o o B S T S e IR BB
W, 3 0.22 pm JESFERTE o B UEBOIN A TSR 25
i, BT 4 °C UKAEAR . K 1 mL XA K
W(10° CFUML)W RS 15 mL KB 30 mL
PYCa ARG ARG, EWFE 1 h, MEE
T30 °C. 150 r/min HRZEFRH P E SR 24 he
4°C. 8000xg B5.0> 10 min Ji7, JHEST#$0% B
W, 12 0.22 pm URERBRTA, 15 2 W5 A5

T S0 SR B AT VR D DR 2 A L
W B . K5 20 mL 1 B RRCE TR 51 K AR
PEATHIREE , ARG IRZR (A, FRASAHE XS 359 J5T 1) TR VR o
WEHL 100 puL ¥ 50 T 18 PYCa Bi 55 I,
F—RMETR AR 510 A . FEHTR S, R
s TR AR JFO TR L TR SRR . MG EE T
30 °C fHIRIEFRFE P 5 TR 48 h, WA T A E W]
0] g s P BRE A B

AT R/ N BEBCRA TR R TEE T 1 mL
SM ZZ bl b . EIRERE 1 h, (I BR BE P
PRI 8 0 i0F A8 i b o B R 28 R 10 £ A
M ERBEE 107 KRB T 2% il
S5 EERE 12 RS T 7 mL B.0%8
W, BEJGMA 45 °C (AR IRIE, Peidifs]
FERA SR SRR MITAI S . FRHBER S, I
BI'E R FETF 30 °C fHIREE A . 48 h 5153
WIR AL I WE DA BE . ERILL R ZE D 3 1k, L
BB TR — W BE
1.2.2 EREAHIIEE

NT OTER SR T, WA R A

A2 1R UM A A AR T o I 1 mL W P AR S
1 mL ¥R E IR S T34 25 mL PYCa &8s
FRHEA 50 mL B.O0E Y, BRFHE 1 h, HEEE
FIRGE IR PR 24 he M EHERH AR
5, T 30°C. 150 r/min #%3% 15 min 5, ¥ b
HRE TR EOEF, 4 °C. 10 000xg .0
10 min 5, BCEIEWT 0.22 wm JEA, 153]0E
DRSS B o L2 P A v DN e TR A 35007 o
Mt T 4% 250 (PFU/mL y=F- 4] It T7 BE 550 = s 6 A%
#x10 PFU/mL, BRI FA 3-5 ¥k, BIA[3K
A58 58 v R O D RS R o v A R I T A
SEFEW AT R PR T 2 RAE (1) A 1% 7
BT 4°C HTREBO; Q) HERERS SM
LR LA 1:9 WILLENR A, B S fETR A
ATCH H M ELRE N 50%, FFFE-80 °C K
AT
1.3 FB il Uk i B

B30 mL XF%(10° CFU/ML)TE E K
5 1 mL S80GSR TR & B T O
W, FIREE 15 mine BEIGAE IR R G R 5
#iP, 30°C. 150 r/min LR T 2 R E T
TERIE W A&, 4F2e4R% 10 min,
BJSHCHE, 4°C. 8 000xg &5.0> 10 min, HX [
Ho EEEL—IFI FIEM . A DNase I
5 RNase A, 37 °C K 30 min, JIA 1 mL
SN BELWE R 1% (EF5ED, 37 °C Kik
30 min, % 5.84 g/100 mL HHLBIINAZALEN, FE5
WIS VKIS 1 h, 9 000xg B.0> 10 min, 0.22 pm
UERRE VR FIE . RBOEW, %4 10 g/100 mL
1 EL A PEG8000, 42 Sah i Hs g, 4R
Ja VKB . 4 °C. 15 000xg B5.0> 30 min, FF
o B A RS TR A HEBR AR . e
£} 100 mL BRI 2 mL SM [ EL i, 48
A SM IR VAR IINE . SEE, FYE
ERAERIFhUEE R . A SR EAN IR
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305, 5000xg &5.0> 10 min, W4E FZKAHEE
AfifhdE—x.
1.4 MEEEAAYER SR 22

K AR IR T Y LA T SR, iR
W AL A W TR A B 20 pL T TAR M |, BRI
HAR T 15 min J5, FHURACM N I 25 22 4 0
BRI 5 I 1T 2% R T4 I Y4 5 10 min,
FRUE AT W ey, TS 64T i S L B
pUR=SIE i3
1.5 BREAARERE M E

B 100 pL Mg 4 31F 0. 10, 20,
30,40 #1 50 °C py/K#HHAER 1 ho B HCH
10 A5 A5 LA B2 5 B% J5 I 58 00, 800 AW TR
BEIE B B (plaque forming unit, PFU)ZE /R .
WIGHE 3 WK 2 T AN Y B E R
2 Bt Sl A= W F 8 T 3 el A 0 TR R AR A B
. (CGMCO).
1.6 MEEARRTEES E M E

ARSI S ERRRIATT PYCa MARE 57
FEHY pH E/ 9 E 1.0-12.0 (&%), HL 900 uL
ANA) pH (B AR EE SR 2T 30 °C /KA,
JESEA JE A 100 pL W ARV, THIEAEM 1 h,
B JE A FE S 10 A% HO B A B SR FH AUZ
A 2 W R A A . SRR A 3 IR
1.7 BEAREREERNE

I A3 R Y &2 8 (multiplicity of infection,
MOI)J2: 5 91 b TR B i A s B R i B0 S5 7 2
PRI o A LR, BRI A A, SER Tk
W TR LA 1:100 (4 HL B3RP 2] 10 mL PYCa i)
B SR, 30 °C, 150 r/min 37 %% 2 5 5RTHA
(10° CFU/mL), 32 B 74 3155005 0 38 B Rk
P BRI G H0A 0.001, 0.01, 0.1, 1. 10 fyLE
B, IAWER AR FE F 0, BN PYCa
B SR WA A R B R, B RS AR
30 °C. 150 r/min #5555 3 ho FReEET,

TE 4 °C. 10 000xg B5.0> 10 min, H 35w E
R o LAY A= S e Wt B AR 1) MO Sy S AR 1%
PG, TRELE 3R,
1.8 MEEAEEIENE

SR B2~ Al v D e R AAS ) 78 3. g
100 puL 75 @ . 100 pL BEEIAR N 4.5 mL 1Y
e [ R RE SRR ST B B R R SR, RS,
30 °C I ERTFF 48 h MERZE . 1 53 I o s
BBEIC R+, JoWR B BREE R =
19 KEEAEFERINSEE

WE A& DNA $EBUS 2 7E Moineau ZE1'7
B Rl RS AEAE . T R 0K RO A
DNase I fll RNase A DL[#f#7E FH ) DNA Fl
RNA, fillA pH 8.0 i) EDTA Ak EL&UIE N
20 mmol/L, F 65 °C /K& {# F 43 DNase 1 5
o MAEA K5 10%M) SDS i, 1R,
37 °C 7K¥#3 30 min, B/ 56 °C /Kift 1h, UKk
B A SRR B -G 0 -7 G (25:24:1,
R, WARAT, H 2B AR -
5000xg .0 10 min, WEBCGEKFER PR, 1L
£ L2 KM o A G ARFRE 5 % KA A T4 32
5000xg &5.0> 10 min, WA FJZKAM. A 1/10
PRFRAY pH 5.2 W FEEN 3 mol/L 11k R &M A P £
PR JC K UK Z (=20 °C), Bl B T —20°C fif
PR S5 43 DT TENT H 04 °C . 14 000xg B.0> 20 min.
HIA 70% .4 °C Z.1# .4 °C .12 000xg &> 10 min,
7 b, EEWRLLE &5 HH-20 °C k4
FEXTITTESEA TR . 4 °C . 12 000xg &.L» 10 min,
7+ 1% 100 uL TE Fe40 i fR0TTE , IRAET-20 °C,
1.10 EFEBFBESHH

ik PHASTER 78 2 T 330 Bk 05 B 4% 1) IF
Ji )2 HE (open reading frame, ORF)!'™, Fi
BLASTp (E<107)X FF il 58] 52 HE AR 22 3 K 24 5
B & AP H T DB B¢, ExPASy Compute
pl/Mw tool (https://web.expasy.org/compute pi/)

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



RE SO W5 IR# ZUPEIE H /& vB Ncarnea KYDI )43 B9 4lifl 5 3L (K 41 43 #7

4837

FFIHREARS TR s,
VFDB  (http://www.mgc.ac.cn/VFs/search
VFs.htm)?”/Fl ResFinder 3.2 (https://cge.cbs.dtu.

dk/services/ResFinder/)" i T #6125 F7 X 7 il
YUk 3£ A ; tRNAscan-SE V2.0 il 3% [H 1y
tRNAP; TMHMM Server V2.0 (https:/services.
healthtech.dtu.dk/service.php? TMHMM-2.0) Fiiill
FE PRI FIH GC View (http:/
cgview.ca/) % il 3 R G Y o 1 U T R
FRE L £ R, H MEGA X f4# neighbor-
joining ¥, bootstrap {Hi% & K 1 0002, ffi ]
28 |4k} Circoletto (http://tools.bat.infspire.org/
circoletto/), AN [F] J R K B PRI 2 =[] Ay A RL
PATHZAERO,

2 ERE500

21 EFREEREANSS

PLA {535 [G T CGMCC 4.1167 18 F i
MK FE 3 B — BRI TR AR, A4 vB_
Ncarnea KYD1 . MW B 1R 7 76 - B G
W . EBIERE BT, WE 1 R, BT EYS
Kl 2 iR o BER A vB_Ncarnea KYD1 i
K2y 329.71 nm, KIEARLHN 67.79 nm, B
HA220 10.87 nm,
22 MEERBEMNELSER

K 3 Frsn, vB Ncarnea KYD1 FE7E
0-40 °C B ¥ RE(R4F 10° PFU/mL VL %A,
vB_Ncarnea KYDI1 1 &% # 7 ¥ 53 il FF & T
40 °C BB R REAG, IL/E B T &, &L
MR RN BRI EER] 50 °C B, BRRE{A
vB Ncarnea KYD1 IR E A 10° PFU/mL;
ML A 60 °C B OV 58 200 o R SLgn 4 R W,
LM R TRT A P A 2 35— e o

SR, PR FHEREE Y, IR IFA 2
I 40 °C DL ERYTRLEE , i Lh AN 52 e s 7 44
vB_ Ncarnea KYDI1 7EIIf IR _F#fE AHE -

&1 WMEE{S vB_Ncarnea KYD1 BEE T
Figure 1 Plaque morphology of phage vB_
Ncarnea KYDI.

2 WEE{F vB_Ncarnea KYDI1 EiESTHET
B S

Figure 2 Morphology of bacteriophages vB
Ncarnea KYDI1 observed under TEM.

1E+11
1E+10
1E+09
1E+08
1E+07
1E+06
1E+05
1E+04
1E+03
1E+02
1E+01
1E+00 t— L L L L L -

0 10 20 30 40 50 60

Temperature (°C)

E\T—"‘I\

Titer (PFU/mL)

3 EE%f vB_Ncarnea KYDI1 & E 14 RIS
Figure 3 Thermal Stability of phage vB Ncarnea
KYDI.
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2.3 TR BB AR S 1N E 25 SR

K 4 Fr7s, vB_Ncarnea KYDI1 7£ pH<2.0
a>13.0 MR 582 00E, 76 pH {E-M 8.0 1)
WEE NS s Y EREE pH>8.0 5(<6.0 B, %
Mt P A 3 T 0 2R T B 5 7EFREE pH>12.0 B,
W AR R et SEIR 25 AR
IHY ARG I TR (A XT3 2 5 B P i 2 1 4 A 2,
H RIS B R T
24 MEEARERREEHHINELSSR

B 1 afH, %4 MOI=0.1 B}, MEEIA
vB Ncarnea KYDI 5% T 6.27x10" PFU/mL,
FEFTH MOT H g B AR B i o JIr LA G v 7 1
B MOI & 0.1, {3 MOI A LA35 S 3 AT fnfa]
P00t D AR AR AT 85 K 7 o o

1E+11 | T/!’T
1E+10 E
1E+09 |
_ 1E+08 | g
i /T -

1E+00 L 1 1 1 1 1 - 1
0 2 4 6 8 10 12 14

pH
4 [MEBEKX vB_Necarnea KYDI1 BYELHE MY 52 14
Figure 4 pH stability of phage vB Ncarnea KYDI.

25 EEAEEIEMNESESR

SR FH AT 12 R 0 2 O AR I TR AR P T 3
KRR T 18 FREFRIRE SN, BEEIK vB_
Ncarnea KYD1 if G817 44 IK B H- & 6 R IR TE
(4.1168) . R AT R QTR (4.1169) A B AR R [
H(4.1165), 5 W 2,
2.6 BEFRIKEEEA vB_Ncarnea KYDI1
B2 B &lLH 554

Wi B 1A DNA b5 FF A wl 47005 R
54 7%: (shotgun method)I 77, KiEEA DNA
BEMLATWIF IR I K B2 R DNA B, fH
NEB it il @ e P e #6k , X DNA
AT SCE R 2 - agilent 2100 #6500 SC2E F
BRI, qPCR i SCPEE IR MR o PEAS B A% J
i Nlumina 575 o #4520 09 7 510 #
Spades JEA7 PR , 153 5 B WK TE A SL I H ¥ 51
2.6.1 EFEEKRER

FIH Spades £ A & T WER 1A vB_Ncarnea_
KYD1 FJE R 20 7 91 (K] 5) 0 120 T 1A ik PR 4 K
/Ny 66 621 bp, R TEEEERARIE A, I BLAST
XSRS, Hoh—MRm BEan e ik, 5
HFP 91— i R A Helpful (77.31%),
HAg F N B FF B (Mycobacterium) . B I AR FE
Web of Science £ 4 H 6 & 2| Mycobacterium
phage Helpful fAHCSCE, 7E GenBank 4%
HOF R IE S O SC A: Bl PR . I ek

# 1 EEE{K vB Ncarnea KYD1 IR EREEH

Table 1 The optimal MOI of phage vB_Ncarnea KYDI1

[E=) I TR R vB_Ncarnea KYDI1 R /1

Serial number Bacterial quantity (CFU/mL) Multiplicity of infection (MOI) Titer of vB Ncarnea KYD1(PFU/mL)
1 10° 0.0001 1.13x10°

2 10° 0.001 8.6x107

3 106 0.01 1.33x10°

4 106 0.1 6.27x10"

5 106 1 5.59x10°

6 106 10 4.40x10°
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< 2 WMEE{K vB_Ncarnea KYD1 HI15 £
Table 2 The host range of phage vB Ncarnea
KYDI

Strain (type) Source vB Ncarnea KYDI1
WK SRR K (4.1168) CGMCC  +
Nocardia

otitidiscaviarum (4.1168)

AR B (4.1705) CGMCC -
Nocardia nova (4.1705)

PR QR (4.1167) CGMCC  +
Nocardia carnea (4.1167)

BIR# R ICIRE(4.1169) CGMCC +
Nocardia transvalensis

(4.1169)

R R IKE4.1165) CGMCC +
Nocardia asteroids (4.1165)

o+ AP - TWREEIE

Note: +: There is plaque formation; —: No plaque formed.

vB_Ncarnea KYDI1 #4714 ¥2# ek By HeAs.
iid PHASTER 7E£k PN X Bk Wk 14 14 ) T 7k )
BEAE, LA B 102 4~ ORF Ji—~ tRNA-Ser [
i LN . MICHCZE R E , A4 H A
U R AR 254 . f0dE DNA &g
SRR . BRI S DNA f3 ﬁléﬂ
A% . vB Ncarnea KYDI1 & [H ¥ %1 £ # 3¢
GenBank #7, &35 MW582532.1,

262 ZHMEBEREKEZEHRAF
Ik T A 25 A 2 1 TRV T 45 16 T DN fu B A

Hepfhifr , alw ML EIE B R AL IT G, 2R )5 7=
B sLAERENET MEIK vB Ncarnea
KYD1 #5E RS R E P A, 1k
HRLH 2t tp ) vB Ncarnea KYD1 HAA N F

N-acetylmuramoyl-L-alanine amidase

Minor tail protein
Minor tail protein
Minor tail protem \

Tape measure protein

Tail assembly chaperone
Major tail protein \\

Tail terminator__
Minor capsid protein—

Major capsid protein—

M67 family metallopeptidase —
Capsid maturation protease

Portal protein s

Terminase large subunit/

Met-tRNA

|
DNA primase/polymerase |

m CDS

m tRNA

m GC Content
m GC Skew+
m GC Skew—

-_— DNA helicase

:‘ Cas4 family exonuclease

.~ RecA-like recombinase

ThyX-like thymidylate synthase

RuvC-like resolvase

Nucleoside triphosphate pyrophosphohydrolase family protein

5 EEE{K vB_Ncarnea KYD1 Y E [ Eit

Figure 5 Genetic map of phage vB_Ncarnea KYDI.
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&M E N, IS FEEAKTEE H (major capsid
protein)5 X A 5¢ & [ (minor capsid protein) .
A7t i AR 1 i (capsid maturation protease) 2
I"] 25 F (portal protein)& . 1< FE Mg g A — i 2>
ot FEARFEE S N SR Ry 3[R 4 2
RAGEACTE, SR G F FHAC ST 2B 11 I ) 7 3
b5 DAL e g6 Ah R Y (AR R,
vB_Ncarnea KYD1 H1/ orf79 i T 254 FE A5
Perp AR 50 BV TR R, P ga S M67
family metallopeptidase , f&— i PEAR i — Fp ol
Zia)E B AL IRSE T P B KK %
1) — 2R . 122 1 il 7 Ik R 2 2 oot A v
) HARVE T B AT AEAE

I TR A 11 S 0 2 A A ] . A e
7 20 L RS T R O S AR 454, A1 DNA 1 ATE &
YRR BT . WETR AR R A 2 0 S 2 AN R R
BT RIS P, ok S 1 5T DA v BE P R A 22 20 BR
M, RIS LT, B4R 5 1M (tail tube
protein, TTP)HI%: R4 H (tape measure protein,
TMP). TMP IRJE T BIHIKE, & TTP R4
M4k . — Mk, 45 R F i S iy 28 I
i, XAEKERERER PR WL, Hd, vB_
Ncarnea KYD1 W I {4 4 i 15 5 R 1Y
orf97 IR AR, Hy 2 051 MM, 5 IHAE
PR B T ROMEAS RV & . TMP fE DNA
TEAN B E TR, UM R A
MR G A T B DR 2 3 o e T A o AN R
AT . dhts RO ) B0 5 A o
Y 2 B2 2 -1 (tail assembly chaperone, TAC),
TACs RN — M TREEAMEREAZ
], BT KR . XF R E T
Z 55 BRSPS BIE, FHF LIRS 04 L 2=
Az AR [REAR S A L R 7= 420
2.6.3 MREFRAFRIR

K2 B0 i R4 A < 2E LR - AL i —

LR ARG . —ORUL, ZRFLER AT LITE 40 o
B, JRTEREE ] AR TG, 7R BB
TSR ) AL BT {68 2R 1 i 23 5 440 o Bk A )
S, B 2 R T A R SRR A R RO
vB Ncarnea KYD1 & A N-Z ki BERE-L-19 &
T 5% B2 Tt (N -acetylmuramoyl-lalanine amidase,
NAMLAA), % T 5 8 2 i () 5 i i o JIRER
B (peptidoglycan, PGN)J& K 22 K04 1 41 fy ¥ vh
M FELE R AW o N- T RE G- L- TN 24 R Tt
i it A JOR SR WH K e I, P DT BT R 2 TR 1) N T g
FER L-TN R R Y o- %3 2 ) A Ik e s ) e 3
LA rh ok L B M ZE LR P8 . 58 L,
IR A R AR ES B —OU R R GE, ML)
L1 Bl 45 A6 B R FE AL A T A L g E T . R
F AT ATy 2% 3 D TR 2 3 B b R, R A
vB_Ncarnea KYD1 J& 15 77 7E A g 4 i 2 L &R
MR, —Bokil, ZFALRERE T LT
2L BT, 2 /N KRR
FIRHAA RIS RR S, IEDSE
— ™ 55 IR X 45 #4 38 (transmembrane helices ,
TMHSs)™* o FRATTEF X 42 2 [K 21 T i A 1 2 1k
A7 85 JEE R S A e PR o b, SRR 3 R
LRaRTE, HATIAN orf3 BT a5 i) 4 A7 7] AE
LR EN, ARRA#HITH L RIE
2.6.4 DNA SH/4HKER

BEHEAT, SR ZE08 4w A H A
Hifl) DNA A il DI H AL 28 # HES B4
PR A DNA 025 b R o 5 2 Pl 2R i 1 L
Fo b, RISR RGN I 35 1A St 1 Rl 30
{HYE vB_Ncarnea KYD1 &K 2 Fh{LICHCE] orf73
Fr i 25 115 Mycobacterium phage Fowlmouth
AR v il [ R R 58.87%, TE orf73 I
(A L (0rf65—72) I REAR AL .

TE vB_Ncarnea KYDI f) DNA 21 % &2 il 4
Perf, f£7F DNA f# i¢ii(DNA helicase), Cas4
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*®3 ARHVEEBEBEB SN

Table 3  Analysis of hypothetical proteins possessing transmembrane domains

FEHCRBEHE BRI YA AR AR FAERECE BREIECE SEA S s e S P i
Open reading Strand Coordinates Size (aa) Number of Isoelectric Aliphatic Grand average
frame predicted TMHs point (pl) index of hydropathicity
3 + 1285-1584 99 1 5.07 106.36 —0.084

5 + 1 805-2 230 141 4 9.51 94.89 0.188

8 + 4322-4750 142 1 4.48 80.35 —0.226

16 + 6771-7 163 130 3 5.76 105.69 0.927

34 + 15682—-15942 86 1 9.58 88.49 —0.152

Note: +: On the positive chain; —: On the negative chain.

K A% B2 S8 V) i (Cas4 family exonuclease)
RecA £ 5 4 fiff(RecA-like recombinase) . E AL it
J W 45 ¥y 48 & M (oxidoreductase domain
protein), DnaE #f DNA ¥4 i (DnaE-like DNA
polymerase III), DNA & Jif(DNA primase/
polymerase)% , #¢H vB Ncarnea KYD1 f£7E3f
WA HZFE ) DNA 4238 5 A, m HAR R
BLASTp X455 K 7H, vB_Ncarnea KYD1 &
%11 DNA ZH BRI T IR T 2 L N FE 4,
Z2 A Tl A G A [R) Tl e 240 PR P s T A

{EfFE RN 2, 7£ vB_Ncarnea KYD1 Wk
BT RuvC FEf# 2 (RuvC-like resolvase), 1E
DNA FEHFE M. 55, RuvC-like
resolvase i & IUAE 4 22 [CEAVEQH R b, T
== IR MW A mE AR R IR (Nocardia
transvalensis)if H = RuvC FEMESEE . A
M, XZEE= RuvC H MG R — 2 A
FA o5 — RS O 1 7 B2 FR AT, B RecUP), H
WRB, WERIRTTRELT T2 A2 L N B 5
1, DA By HC A B 3 W 18 F IR RIEAS .
2.6.5 EEREREBFS

FWE R R vB Ncarnea KYD1 4R 4
FF3I7E NCBI _F k47 BLASTn HXt . 2550 R,
WEFE A vB Ncarnea KYDI1 AY4 3[R 4 FF 41 5
GenBank (i 2 v A 2 M1 T 1A 5 1R 4 75 91

M 55 R ICT 2%, [ A B — B3Ik
80%. FIH] Circoletto TEL AT M4k /F, K LxF 45
SR RN B B — B AT R R ) 22 SRR 4
FEAN A TR A B[RRI 53 AT, 65 77 51 AR AR
P Circos MJE AT rl AL AL B, 25 R KB,
GenBank H T %1 Y W T 44 4 3K R 41 )% 41 5
vB Ncarnea KYDI1 (143K 21 7 51| =2 (1) 5L [
BE/NF 5 A4~ ULBIRERE A vB Ncarnea KYDI
SR — R e BE SRR A G TR AA T AR T A
RICHE WK, WEF K vB_Ncarnea KYDI1 fBI-F
55 53 K FF B W B8 A& (Mycobacterium  phage) ) 3%
GORR W . UL IR RE 4 T A
e PR E 2H b R

HHI, 7 GenBank %4 FE v & 11
Nocardia phage FHH /D, (LHef R 2 HE
vB_Ncarnea_KYDI1 7£ N 10 &k Nocardia phage
FEN A, Wk 4 For, {UF 6 Pk Nocardia
phage H.AG 5¢ 2 1y L DRI 2 5098 o o~ 1 B IR A Ml
Tfi# vB_Ncarnea KYD1 itk #2 J 5 HiAth
Nocardia phage JFEL I FR , FATRIX 6 PRIE T
IR AR e 3L 1) Mycobacterium phage Helpful
AT T i — 2 LR TR R G L B
AfE

i 1 Progressive Mauve X JURRIE B AR E T
IR R, LR R A 6 FR .
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% 4 GenBank HIEERZE Nocardia phage 25 R
Table 4 Search results of Nocardia phage in GenBank database

AR e e KJE EALTEININ GC & GenBank % 5% 5
Name Sequence integrity Length (bp)  Linear/Circular ~ GC content (%)  GenBank accession No.
vB Ncarnea KYD1 Complete sequence 66 621 Circular 57.03 MW582532

P69 Complete sequence 68 903 Linear 65.56 MW582531
KYD2 Complete sequence 46 380 Circular 67.03 MW654182

NC1 Complete sequence 68 913 Circular 65.56 MW452562

NIL Cohesive ends 123 Linear N/A D12696.1

NOC1 Partial genome 34189 Linear 56.70 KF879861
NOC2 Partial genome 28 456 Linear 61.17 KF879862
NOC3 Partial genome 28 465 Linear 67.49 KF879863

NBRI1 Complete sequence 46 140 Linear 67.51 NC_016569
NTR1 Complete sequence 65275 Circular 68.17 MF477236

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60 000

Mycobactorium phage
5000 10000

Nocardia phage KYD2, complets

5000 10000 15000 20% 25 000 30000 35 oao 40'000 45000
Ty | b il AL A o Ml il

[

30'000 35000 40000 45000 50000 55000 60000 65 000
=T 17 1 ¥ | Y

Nocard}z\phage P69- o
5 GOO\Hﬂ)OO 15000 2000625000 30000 35000 40000 4500Q 50000 55 000 6000065000

|
| 9 F
Nocardia phage vB Ncarnea KYDI, complete genome.fasta

6 WEE{F vB_Ncarnea_KYD1 £ EFEHRIHE MM MFZE LR FIETF]
Figure 6 Progressive MAUVE alignment of vB_Ncarnea KYD1 and homologous phages genome. The same
colored local colinear blocks indicate homologous regions among the genomes.
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SR RW], X 7 BRI AR HA R RS
LeMERIHL(LCB), 1 LCB /& 378 7 41 Al L1
VLA B K vB_ Ncarnea KYD1 5 %5 4b 6 BRI
PR A AR A AR I, o BES , $1 %) vB_Ncarnea
KYD1 5 Mycobacterium phage Helpful 17 5.
M ILLNE M. G5 RWE 7 s, I
IUAFAE 2 DR g i, R\ ZFH AR
5w AR

FIH MEGA X A, SEXTIE 7 PRI A 42 5k
RHMHE R G K BW, %A maximum likelihood
method, Z5RUNE 8 iR, WA R AMEE
Nocardia phage NBR1 5 KYD2, NTRI1 JEZ K&
T 5 1 vB_Ncarnea KYD1 N5 Mycobacterium
phage Helpful ) Nocardia phage P69, NC1 3£ %
KRB NI, B2 S s EUE B
7 BRIE AR Z [ R 4 O RIF A KR, R

ERERKBWHE LR vB_Ncarnea KYDI
A HET L5 Helpful . NC1 K& P69 )1 h—2, {H
VLR AN o 75 224X vB_Ncarnea KYDI
HEAT B — 0 AR A, DUER 9 R A
vB Ncarnea KYDI1 [3EZ xR 5L #E
2.6.6 FLXRS

PE— 8 B MEGA X 4] 3 2 it i I
e e FEARFCE A RGN 255 - 9 1PN
P RZGE AL TR, BEIE R vB_Ncarnea KYDI
5 57 2 QW W 5 1K (Gordonia phage)Fll 43 &L T
B W B K (Mycobacterium phage) £ 1E — %€ )
FG KRR, R IK vB Ncarnea KYD1 4
Jiad 52 ey BL A 2 it Ak A, el agm
DRI Z 0. ST gi L, FATEIN
FWE K vB Ncarnea KYD1 HZE K K & W
A

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000

Ll

l

_—
//
e
-
Mycobacterium phage Helpful, complete genome.fasta
5000 10000 15000 20000 25000307000 35000 40000 43T 000 55000 60000 65000

\ ’nnwmm_ﬁm MM LA

Nocardia phage vB_Ncarnea KYDI1, complete genome.fasta

7 W&B{A vB_Ncarnea KYD1 5 Mycobacterium phage Helpful £ B FHHE LMot  MFEZiI©G
EZNGIN a2l

Figure 7 Progressive MAUVE alignment of vB Ncarnea KYDI1 and Mycobacterium phage Helpful and
homologous phages genome. The same colored local colinear blocks indicate homologous regions among the

genomes.
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0.053 12239 Mycobacterium phage Helpful (MN284908.1)
0.004 9 28090 nocardia phage P69 (MW582531.1)
3.1678 28568  Nocardia phage NC1 (MW452562.1)
5. (1) 32 f; Nocardia phage vB Nearnea KYD1 (MW582532.1)
7.97 .
51749 32153 Nocardia phage NBR1 (NC 016569.1)

Nocardia phage KYD2 (MW654182.1)

m Nocardia phage NTR1 (MF477236.1)

8 LUEEEEHWE vB_Ncarnea KYD1 5E M Nocardia phage % Mycobacterium phage Helpful £J
ARG AER  GenBank HUEEHRER AT AR EHAE 20, B BEEA =4 GenBank H4fE %
VE# PAGINER R 240 55 P ORERE IR NCBI 555 03 fTF REEE LR, vk
Figure 8 The phylogenetic trees of vB Ncarnea KYD1 with were other Nocardia phage and Mycobacterium
phage Helpful constructed with the whole genome. The phage in GenBank database is not marked with the full
name of its host. The bacteriological name in the figure is the full name of the bacteriophage uploaded by the

author in GenBank database; The number in brackets is the accession number of phage; The number of
branches represents the distance of kinship, and the larger the number, the farther the kinship.

A 0.002 5

0.002 5 (- "= Gordonia phage Gibbin (NC_048812.1)
0.005 1 0,004 Gordonia phage Sadboi (NC_048815.1)

Gordonia phage Ranch (NC_048813.1)
0.003 2 00025
0.0003 0.0001 0.003 § Gordonia phage Zany (OL455887.1)
102105 0004 5 Gordonia phage Lambo (NC_048814.1)
| 0.080 1 Gordonia phage Wojtek (OL455890.1)
9387 ¢ Cordonia phage DumpTruck (MZ005671.1)
0.903 0 Sesq3 Nocardia phage vB Neamnea KYDI (MW582532.1) o
6.523 7 Mycobacterium phage MrMiyagi (MT776806.1)

0.000 1 Mycobacterium phage Fowlmouth (NC_048734.1)

0.8852 — 52728 ypcobacterium phage Fowlmouth (NC_048734.1)
9.0394 4 rcobacterium phage Cuke (NC_048696.1)
93448 nocardia phage vB Nearnea KYD1 (MW582532.1) A
6.024 5 —>100 Gordonia phage Wojtek (OL435890.1)
L_0.0000 5 gonia phage DumpTruck (MZ005671.1)
0.000 1 5 gonia phage Lambo (NC_048814.1)
0000 1 - donia phage Gibbin (NC_048812.1)

41,9850 .
0I5 888421 L Gordonia phage Yike (NC_048826.1)

0.002 1 Gordonia phage Zany (OL455887.1)
W@ Gordonia phage Jalebi (OL455895.1)
9 UEEI/KFHIE vB_Ncarnea KYD1 WRZLAER A FEXKIFCEAMSEIER ALY
ARG LFM: B ARIBEIE IS 5 SR N B 1 R SR B GenBank dha 128 g 3 14
AARTEHAE E2FK, ETh R A2 GenBank B EE FAEMINREIK 2424 55 AR
K NCBI 535 73 BT RRRGE KRR, BT BRI RGO R BT
Figure 9 The phylogenetic trees of vB_Ncarnea KYD1 were constructed at the amino acid level. A: Major
capsid protein-encoded amino acid level; B: Terminase large subunit-encoded amino acid level. The phage in
GenBank database is not marked with the full name of its host. The bacteriological name in the figure is the full
name of the bacteriophage uploaded by the author in GenBank database; The number in brackets is the

accession number of phage; The number of branches represents the distance of kinship, and the larger the
number, the farther the kinship.
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3 & #

W K B (Nocardia) 3 — Fh 3835 40 A5 )
IR, B — ML EBOR B, REE R

T R AR R 2 R G — FR I R R e
F)ZEREHE H AN EZ A, I g BRI R
BRI KRR IR 2 B A 22 vk Kb e &
it 25 PR # A — 2 BB b2 ma i R 3G y7 i RIS
BRI R 53R 08

Ik B A 5 7 R B 2 W0 st 1 0 B8 T I R
IT ARG A, E IR B A W TR AR T I
PRIGIT o FHSL b, A AH 22— 40 Wik 1] 4 iy ik [
2 R A A T 2 R, I S A AR R IR A 2
YHTR B — R R ek, TR T A AR
FEE IR SR A 2 i A SR B o BRI,
TENG R F WSR2/, 75 2 W AR 4742
ZRIFER A, At eS8 ise,

A SN IR G AE A v g3 B AR BB X A
RICHE AW A vB Ncarnea KYD1, MZEW
RIKF, LB IEDUZ R =B85 3E 5
RIWEEBE, A vB Ncarnea KYD1 KRR
— R ZU M W TR A i ) B TR AR T AR
TEFHE T WAL O IE A, JF 2 U DNA
AT I AL 50 B o A6 HL B R AT LA B W5 o
vB Ncarnea KYD1 E#fK 329.71 nm, k¥ H
##09 67.79 nm, FEAEAEN 10.87 nm,

L HE A 5B, e BRWE TR 14 vB_Ncarnea_
KYDI1 S4By Bt fbgbt), K]
Y RNATEA B . IR A . LA R
S DNA &I H A oA 55 35 il 5% e il
PPk 5L N DA K 7 R - S AR O BE ] o 0 W e 7
f& vB_Ncarnea KYDI1 J& FHH X4 42 1 B I
AR, — R, W AR <28 £l R -2 g
TOUHRRGR IR P ARG FAMEA EH R, &
FERER LB, BEE{K vB Ncarnea KYDI

AE A 24 i g, 6 5 DR 4 A R L X B 2 0 2
FLZR T o iF— 20 % 4 J IR 2 1 47 5 FRE a4
%, RATAI orf3 Firgmbd i) 2 1 7] BE A ZE AL
REM, HX TGPk, 75K 8N
WFoE B, AT DL E N I WE R AR vB_
Ncarnea KYD1 RHEATHAFIAIT , & AT DL i
HERIRTB, H 0z 2R R 6 N 0
RNNEEE S 3 P TR UR (35 E . F R 0bri X X PN e
PRI L4 T DA KB, W T i vB_Ncarnea_ KYDI
AR TR ZAMBENEASE, SHEZRE
Wit T A LA R 3 A0 A T I BT A 110 53 % 06 R 4
T . 454 vB Ncarnea KYD1 7EFI i 5% T A8
o 25 4, FRATT AT LA WE TR & vB_Ncarnea_
KYDI1 J& T R R A F

ARBEFE 3 B IR R E T — R B A R K R
Wit A A B 1 R FC B 20 1k W T 1K vB_Ncarnea_
KYD1, GenBank %3¢ 58 MW582532.1, il
FERA Al 0, MR AN & A 1 R
DUk B R AR AH DG A, — R AR 42 4 iy 21
WA, A N- T A RE 5t - L- 74 24 R O I 7 -
IR TR AR RS Ry 4 R IR 97 1 TR R e f2 1t
T MBI A AR R
Bost: Rty BMF RN ADER R E S
K Y E N E-F 6 (Public Facilities of State Key
Laboratory of Membrane Biology)#24% 200 kV 4%
% Z A& AR F 24445200 kV TEM electronic

microscope).

REFERENCES

[1] REE, SREEEE, ZE9RZE, JTHOMR. ¥ RICHBIRIE ]
L IE R 2R, 2012, 28(6): 628-634
Zhang Y, Zhang YY, Li ZJ, Wan KL. Research progress
on Nocardia[J]. Chinese Journal of Zoonoses, 2012,
28(6): 628-634 (in Chinese)

[2] Radcliffe C, Peaper D, Grant M. Nocardia veterana
infections: case report and systematic review[J]. New
Microbes and New Infections, 2020, 39: 100833

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



4846 WA

FiERk

Microbiol. China

[3] Lynch JP III, Reid G, Clark NM. Nocardia spp.: a rare
cause of pneumonia globally[J]. Seminars in Respiratory
and Critical Care Medicine, 2020, 41(4): 538-554

[4] Taj-Aldeen SJ, Deshmukh A, Doiphode S, Abdul Wahab
A, Allangawi M, AlMuzrkchi A, Klaassen CH, Meis JF.
Molecular identification and susceptibility pattern of
clinical Nocardia species: emergence of Nocardia
crassostreae as an agent of invasive nocardiosis[J].
Canadian Journal of Infectious Diseases and Medical
Microbiology, 2013, 24: 256025

[5] Akgilin Y, Ozsan K. Multiple skin abscesses caused by
Nocardia carnea[J]. Mikrobiyoloji Bulteni, 1985, 19(2):
100-103

[6] Guedez Loépez GV, Rodriguez Tejedor M, de Pablos
Gomez M, Sanchez Castellano M, Diaz Pollan B,
Cadifnanos Loidi J, Mora M, Mingorance J, De Miguel
Buckley R. Pacemaker pocket infection by Nocardia
carnea. First case description and literature review[J].
Microbes and Infection, 2022, 24(4): 104944

[7] Uhde KB, Pathak S, McCullum I, Jannat-Khah DP,
Shadomy SV, Dykewicz CA, Clark TA, Smith TL,
Brown JM. Antimicrobial-resistant Nocardia isolates,
United States, 1995-2004[J]. Clinical Infectious Diseases,
2010, 51(12): 1445-1448

[8] Larruskain J, Idigoras P, Marimén JM, Pérez-Trallero E.
Susceptibility of 186 Nocardia sp. isolates to 20
antimicrobial agents[J]. Antimicrobial Agents and
Chemotherapy, 2011, 55(6): 2995-2998

(9] IR, ERERE, 5%, R AR R IRERR NG
ERBFIA1T]. BhEFR4, 2010(5): 52
Li SY, Wang GL, Xu YJ. Hazards and control of
nocardiosis in cultured fish[J]. Scientific Fish Farming,
2010(5): 52 (in Chinese)

[10] REA, BA0, WG, MG, VFHERM, EEE, F4
B, KRBl AR IR R OF SRR (D], KSR
B, 2018, 39(1): 48-52
Zhu ZD, Lu L, Deng JH, Feng D, Xu JN, Cai YQ, Xin
NX, Zhu SS. Research review of fish nocardiosis[J].
Journal of Aquaculture, 2018, 39(1): 48-52 (in Chinese)

(11] 28, skH, ek, 240, LM, BE2% f@mikgk
R WFFE R [T]. K77 R, 2017, 36(3): 391-394
Duo T, Zhang C, Zhao XJ, Li L, Pei C, Li AJ. A review
of research progress of Nocardia seriolae[J]. Fisheries
Science, 2017, 36(3): 391-394 (in Chinese)

[12] RMA, e, EEA, XDBUL. W5 K30 %
HIRAEYIIRIE T (1], R #id i, 2019, 46(8):
1954-1970
Song Y, Jiang CY, Wang AJ, Liu SJ. Research progress

towards biological foaming of activated sludge in
municipal wastewater treatment plants[J]. Microbiology
China, 2019, 46(8): 1954-1970 (in Chinese)

[13] Ujmajuridze A, Chanishvili N, Goderdzishvili M, Leitner
L, Mehnert U, Chkhotua A, Kessler TM, Sybesma W.
Adapted bacteriophages for treating urinary tract
infections[J]. Frontiers in Microbiology, 2018, 9: 1832

[14] Nikapitiya C, Dananjaya SHS, Chandrarathna HPSU,
Senevirathne A, Zoysa M, Lee J. Isolation and
characterization of multidrug resistance Aeromonas
salmonicida subsp. salmonicida and its infecting novel
phage ASP-1 from goldfish (Carassius auratus)[J].
Indian Journal of Microbiology, 2019, 59(2): 161-170

[15] Chibeu A, Balamurugan S. Application of a virucidal
agent to avoid overestimation of phage kill during phage
decontamination assays on ready-to-eat meats[J].
Methods in Molecular Biology: Clifton, N J, 2018, 1681:
97-105

[16] Petrovski S, Seviour RJ, Tillett D. Genome sequence and
characterization of the Tsukamurella bacteriophage
TPA2[J]. Applied and Environmental Microbiology,
2011, 77(4): 1389-1398

[17] Moineau S, Pandian S, Klaenhammer TR. Evolution of a
lytic bacteriophage via DNA acquisition from the
Lactococcus  lactis  chromosome[J]. Applied and
Environmental Microbiology, 1994, 60(6): 1832-1841

[18] Arndt D, Grant JR, Marcu A, Sajed T, Pon A, Liang Y]J,
Wishart DS. PHASTER: a better, faster version of the
PHAST phage search tool[J]. Nucleic Acids Research,
2016, 44(W1): W16-W21

[19] Bjellqvist B, Basse B, Olsen E, Celis JE. Reference
points for comparisons of two-dimensional maps of
proteins from different human cell types defined in a pH
scale where isoelectric points correlate with polypeptide
compositions[J]. Electrophoresis, 1994, 15(1): 529-539

[20] Liu B, Zheng DD, Jin Q, Chen LH, Yang J. VFDB 2019:
a comparative pathogenomic platform with an interactive
web interface[J]. Nucleic Acids Research, 2019, 47(D1):
D687-D692

[21] Zankari E, Hasman H, Cosentino S, Vestergaard M,
Rasmussen S, Lund O, Aarestrup FM, Larsen MV.
Identification of acquired antimicrobial resistance
genes[J]. Journal of Antimicrobial Chemotherapy, 2012,
67(11): 2640-2644

[22] Lowe TM, Chan PP. tRNAscan-SE On-line: integrating
search and context for analysis of transfer RNA genes[J].
Nucleic Acids Research, 2016, 44(W1): W54-W57

[23] Krogh A, Larsson B, Von Heijne G, Sonnhammer ELL.

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



RESOMEE: 1R IRHH ZUMEWE R 14 vB_Ncarnea KYDI (157 B 4lifh 5 3 K1 20 73 bt 4847
Predicting transmembrane protein topology with a hidden two-component cell lysis cassette[J]. Journal of

Markov model: application to complete genomes[J].
Journal of Molecular Biology, 2001, 305(3): 567-580
[24] Petkau A, Stuart-Edwards M, Stothard P, Van Domselaar
G. Interactive microbial genome visualization with

GView/[]]. Bioinformatics, 2010, 26(24): 3125-3126

[25] Adzhubei TA, Schmidt S, Peshkin L, Ramensky VE,
Gerasimova A, Bork P, Kondrashov AS, Sunyaev SR. A
method and server for predicting damaging missense
mutations[J]. Nature Methods, 2010, 7(4): 248-249

[26] fTi:, ZRIBHL, FIIETT, Hutin. —HRIET AR R
Wit AT 1A 25 0 2 e e S A R TR AL A3 A (0. B 24t
2022, 62(2): 650-660
He Y, Qin XY, Jing ZY, Yang HJ. Biological
characteristics and genomic analysis of a Plesiomonas
shigelloides phage phiP4-7[J]. Acta Microbiologica
Sinica, 2022, 62(2): 650-660 (in Chinese)

[27] Pedulla ML, Ford ME, Houtz JM, Karthikeyan T,
Wadsworth C, Lewis JA, Jacobs-Sera D, Falbo J, Gross J,
Pannunzio NR, et al. Origins of highly mosaic
mycobacteriophage genomes[J]. Cell, 2003, 113(2):
171-182

[28] Duda RL, Oh B, Hendrix RW. Functional domains of the
HK97 capsid maturation protease and the mechanisms of
protein encapsidation[J]. Journal of Molecular Biology,
2013, 425(15): 2765-2781

[29] Maxwell KL, Davidson AR. A shifty chaperone for
phage tail assembly[J]. Journal of Molecular Biology,
2014, 426(5): 1001-1003

[30] Bernhardt TG, Wang IN, Struck DK, Young R. A protein
antibiotic in the phage qf virion: diversity in lysis
targets[J]. Science, 2001, 292(5525): 2326-2329

[31] Srividhya KV, Krishnaswamy S. Subclassification and

characterization  of

targeted prophage-encoded

Biosciences, 2007, 32(5): 979-990

[32] Mesnage S, Foster SJ. N-acetylmuramoyl-l-alanine
amidase[M]. Handbook of Proteolytic Enzymes.
Amsterdam, Netherlands: Elsevier, 2013: 1401-1407

[33] sl — 1. 3 ok T ik 4 25 £L 3% (holim) & AT PR A 37
IR N EE 7 bR RO ) M R S s 5 S NS
LA, 2012
Shi YB. Identification and characterization of holin gene
from Streptococcus suis phage[D]. Shanghai: Doctoral
Dissertation of Shanghai Jiao Tong University, 2012 (in
Chinese)

[34] Dyson ZA, Tucci J, Seviour RJ, Petrovski S. Lysis to kill:
evaluation of the lytic abilities, and genomics of nine
bacteriophages infective for Gordonia spp. and their
potential use in activated sludge foam biocontrol[J].
PLoS One, 2015, 10(8): e0134512

[35] Petrovski S, Seviour RJ, Tillett D. Genome sequence and
characterization of a Rhodococcus equi phage REQ1[J].
Virus Genes, 2013, 46(3): 588-590

[36] Taylor S, Brown TL, Tucci J, Lock P, Seviour RJ,
Petrovski S. Isolation and characterization of bacteriophage
NTRI infectious for Nocardia transvalensis and other
Nocardia species[J]. Virus Genes, 2019, 55(2): 257-265

[37] E5AE, sk, W RIREER S Z RS 1 B[],
R 212247, 2018, 19(10): 709-712
Wang JC, Lu HQ. One case of recurrent infection caused
by NocardialJ]. Journal of Clinical Emergency, 2018,
19(10): 709-712 (in Chinese)

[38]Valdezate S, Garrido N, Carrasco G, Medina-Pascual MJ,
Villalon P, Navarro AM, Saéz-Nieto JA. Epidemiology
and susceptibility to antimicrobial agents of the main
Nocardia species in Spain[J]. Journal of Antimicrobial
Chemotherapy, 2016, 72(3): 754-761

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



