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B OE: (FF] ZFRERLA—HT 2o AT AR EE, TEAKRN AL IR RISHE AL,
KERERZEARIKT MR T . FFREARRAEER LEELT, & ERBH A #F K@ A
WEI. FRER., RRRROEFRAEA AT ERRAEFTHBABRLESR, MATELSTH
ANyir . AARBELGE LA BFEEARREFEFTRAR LGOI T EELFRZET
BRexE, [B 6] 2RI F 45 B B 4895 A T 16 RIGJ7 694238 F KA 69 AV L F R, FFAF
REARAFHFE, [FF] AAREFRESBFE OAFTERAR, WRALEHRBE, %R
REAT o B Sk, EEAT AT T AT HA4FIE, RICLFH A DNA #7208 BanF 528, Fh54
PR CaE AR B ATV, BB M A G ARA AT IR AT, [4R] AR
CiEFTRAABL, NIREFRAT B B —#IEE B R vB Ncarnea KYD1, &£ &P LT H
RAEBZE<2 mm $jiETH ORI . AR5 AW, vB_Ncarnea KYDIDNA HIRK, K/
66 621 bp, &I 102 NE& G K %A X (coding sequence, CDS)Z —/~ tRNA-Ser %4 5 7). &4+
WARULIR b A G AT 2 o T TT VA #H &, vB Ncarnea KYD1 A K EHEARAG—AN3E. L&
AT RFEET A ENARTAIE, FARLXNFNR TAHAXEARSUEAR, L& % RMNL.
(45461 ARIRSFAKART 4 8 b — R K &3 F KE 4 H 4 vB_Ncarnea KYD1, @it w4zl R8s
AEAESH T4, WHREHRAREEAKR, KELAFTHFARALARA TIERLAGHELLR, £
—MAEAT A AR EFRAEAKR. ARLERFETTEAEBRTRE, StAHEEHF KE &
Fe Ik IR 0 06 IT 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 KYD1 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 KYDI1 of N. carnea was isolated from the environmental water sample. The transmission
electron microscope observation and genome analysis showed that vB_Ncarnea KYD1 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

17 2 N AN B iK1 9 N o Ly Ry i 5T (solid organ transplantation, SOT)Z#?, &
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EFE T, TR RER AR R R
K B (Nocardia cyriacigeorgica). KRB R+
[C & (Nocardia otidiscaviarum) . 9801 QA
(Nocardia farcinica). W E# R K # (Nocardia
carnea). &R ICH (Nocardia testacea)FIL.
Wit [RE (Nocardia asiatica)™ix 6 FhifFEIK
B 51

R 4178 FRE (V. carnea) T 1891 H-1 IR #
3R A A 655 B 18 (Streptothrix carnea). 1985
4, Akgiin SFCHRAE T — 01 R A6 R EC R gk
Y | R 10 2 1 RS A AR R AR AN B b X Y
22 R B IR b PR R TR 2 5 R i
G BORTEPGHEF TSR], A
R R YR 2 5%, B, HAN
IE it iz FF X W (trimethoprim-sulfamethoxazole ,
TMP-SMX) 38R 26 97 Vi - T 9 17 1L 25 )
BT A T 0y K 5 B0k R R B 2
PEo 24K, BB R RGBS R RN
oy BRI vE R IRE AT 25 Ve R, %
T 1 328 ¥ A X i g Y s 0 Y 4 I i fl
O i 25 v U, Rk, AT E SR
) U0 BT 500 R X L 2 i R T

[E]NF, VR PR A /K 7 R 7 T Y e
WARK, FEFRFH iR IR 1Y B 2R &%
HATIE 15%-30%" AR £ i1 P JUE 25 B 45 45 4%
K, FFIEE—EGRXERE . HANGT aRiE R
RERA ABC AR, Bl THAERNHEH
A RE 20 KA A B T e, 3R
—SEHT A R K IR A A 7 AR s R v A Ik
B2 it BRI, BT b I AR
FHRCRFRRE A A DG 1Y, R 4 (4 10
R T AIEWPURIRIT o WA, R IR 40
BESA O ROETR , BATSRAUAEKE . I,
R TR RS 5 K AL B Hp R 4 B O 2
IRHE— AR, 2 i K 3R IR S R e

MELL B, AR K S A R ARy,
RAH TR, FHCRACEA", kAT
HEEY AR E, AIRE SR A,
AATANY A R 2 1 A5 HE vh ) Ui TR
SRR IE A 2R, s ™ B &
£ Y
I 7 {A (bacteriophage , phage) J2& /&% 4L 41
PR ELTR . BRI ISR SR E IR S R A
R TE PR, LR A TR A D038 BN 4 B 5
. BHAr, WEADaEEFD L dlpt
AT VSR AR AR AT TR . B R R AT
e —VERH HARAATR , 75 A K — SRR 19 5t
TR B SN ) T A 7 A I ) A TR P — RS 23 1
B R 3, R EAA R A R
H HTET X5 3 I~ TR 20 125 24k i Wi T A F P 2R AR
A JC A SRR (R A I AR R R .
W, MR R XTI R ISR R AR,
S HE WA B R SR T 2 A W TR AR . AR SR
DLt R E B, MoK 815 8 T —#k
K EWEE K vB Ncarnea KYD1, FMWE A2
o BE R 2 07 TN LR PR A TR R e, LA
F= I TR AT BT

1 #RE5xF*

1.1 ##

DL 38R R BE (CGMCC 4.1167) 015 F
P AT G T A 1) O B A4k L I R I B R
7 B S A W T T i 3 3 A A ) T e R S
H .0 (China General Microbiological Culture
Collection Center, CGMCC), i FHE M IEE: 1
FE 12 7% B (peptone-yeast-calcium , PYCa)!'®
30 °C. 120 r/min ¥ 3515 £ 18

BT IR IRE ARSI A MH, Hie—
R REURTE , B, FrBUKEL B EA R T
15 KAL) BRSO R PR K TR B A, B FE &
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KK IRIE KA I H AR WK A o 5256 it FH K
FEALFE A T B 5K T B R KR A L b
BN 1R = N 9 N T S N R 1 & = ]
BT KRR
1.2 EEAMSSS58CIEE
1.2.1 EEENSS

B 100 mL 7K#f 5 000xg B0 10 min, A2
o KUK BT AR ot o B T S e W B
TR, 28 0.22 pm JEARBRTA . FFIERINA TR 75
SR, BT 4°C KA. ¥ 1 mL XA
H(10° CFUmML)W WS 15 mL KFE K 30 mL
PYCa ARG FRAIR G, WA E 1 h, MEE
F 30 °C. 150 r/min HRZEEFRFE P EEFR 24 he
4°C, 8000xg &5.0> 10 min J5 , TS 280 I
W, 1 0.22 pm UEERBRIA, A5 2 W5 R A5

TS R B ST R I S R R 2 A
WEEE AR, K 20 mL 15 FERRCE TS K Ae
HEATHIFRE , AR ZR A, RAR AR XS 349 J5T 1% T VK o
WZHL 100 pL ¥ BT i T 1144 PYCa B5 57 5L |,
F— WA S A . FEE TS, TR
W AT A RV TR L TR SR b MR E T
30 °C fHIR I FRFE 157 48 h, WA R R A E W
0] g s TR B £ B

T R /NOBRBCRA TR A BEE T 1 mL
SM Zzvhif . ZUREE 1 h, ol I TR BE
PR T840 1 A2 b o B B2 bR 10 A5
FEB R R 10°% B AR T % i
SR 122 MRS T 7 mL B0
i, BRI 45 °C By AR R, P 5]
TE SRR SRR M5y . RRHBERN S, #3H
8 HE IR F 30 °C fHREE AT . 48 h 5155
WIR AL IR T EE, EE ML TR =D 3 &, D
RENFKN, B — B RER B
1.2.2 EFEAREE

HT O ERSL R HEAT, WEARR HAT

A2 TR AU A A AR T o BB 1 mL I AR R S
1 mL ¥R HRIRS T34 25 mL PYCa A K:
FRHEER 50 mL B8, FiRFE 1h, MEE
TR R FA DR 24 he B H R P MAL
fi5, F 30 °C. 150 r/min #&%% 15 min J5, ¥ I
THIRE TIWEELE T, 4 °C. 10 000xg Bl
10 min J5, BCEIERE 0.22 um 3828, 15200
PR YE B o OBL)Z S A 7 I e TR AR50 AA o
I BT A R4 M (PFU/mL)=F- 44 It B8 B6E 50 < s T i
¥x10 PFU/mL, & DL FAEE 3-5 ¥k, BIAI3R
A58 A8 ¥R 1 I A AR R o R AR P W T A
S FEW AT R PR I R A7 (1) A 1% %7
BT 4 °C TR Q) ¥kl S SM
R L 1:9 WHBNR A, WS ERA WP
ATCH H i ELHRE R 50%, FF7E-80 °C K
17
1.3 AEHIHURHIEL

Bt 30 mL %% (10° CFU/mML)E FH K
5 1 mL &80 R AR ERIR G5 T R
, FIREE 15 mine BEERCAE IR IR G K5
Fidr, 30°C. 150 r/min LR 2 H IR TB T .
TEE W mMAEEALN;, RERY 10 min.
BEJSHCHE , 4°C. 8 000xg &.0> 10 min, HX [
He EEBE.LO—RIFE FIHW . A DNase I
5 RNase A, 37 °C /K 30 min, 1A 1 mL
S ELWE R 1% (BB E), 37 °C KK
30 min, % 5.84 g/100 mL A LI A G ALEN, 7555
BERSGVKIS 1 h, 9 000xg 50> 10 min, 0.22 pm
PERE L UE 1 . HGEW, % 10 g/100 mL
I EL BN A PEG8000, ke Sahflimm, &
JGUKIBIE K . 4 °C. 15 000xg B5.L>» 30 min, 3
Vo e B RS RUUARE LR R A e
£ 100 mL JAA R 2 mL SM 1 L], Z2ig
A SM R VAR TN . SiEE, FYE
EREHEBIF G R A S RBEANIRG
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30s, 5000xg #5.0> 10 min, W FEKAHEE
AfiheE—x.
1.4 TEREARRIEBSREUER

R B IR T Y A T LB S, RN
K Al Ak Y W T A B 20 L T TR b, TR
HAR T 15 min J5, FHUEACMITAING 2 2 R0
AT 5 0 1 2% R T4 M E 445 10 min,
FRUE AT T W Yoy, T e R4 T3 S e B
WEETF 415 -
1.5 MEEARIRE N E

B 100 pL MR AW 5351 F 0. 10, 20,
30, 40 F1 50 °C K EHEA 1 he Bl ECE ,
10 8% Lo A B2 7 B i I 2 350, 80 AW 0
BB B 57 (plaque forming unit, PFU)E IR .
S ER 3 W R 2 I A T ER
= Bt A W it 9 T 5 3 Tk A= ) TR A DR R A 2
H.0>(CGMCC).
1.6 MEEABRIEES E M E

FIA A AN SER R PYCa W IARE: 57
FE pH (E /M 91%E 1.0-12.0 (B%k), B 900 uL
ANIF] pH (E AR ARG SR 56 T 30 °C fHE KW, i
JES- 5 R T 100 puL W AR, fEEAEH 1 he
Bl AR 10 AR5 B B A R F W2 F
A 0 2 W R AU . SRR EE A 3 IR
1.7 BEAKEREERNE

B A3 S8 Yt 52 B0 (multiplicity of infection,
MOI) 2 45 97 4 Y% Bl i A P (R A 50 5 1 2
I A LR, WRRIR A, SE i
W PR B LA 1:100 9 L1 E2 R 2] 10 mL PYCa i
SR, 30 °C, 150 r/min 3E 3% 2 6 50T
(10° CFU/mL), 38 3 & V& 185005 00 5 R VR VAR B
Fie UYL B2 B0 0.001, 0.01, 0.1, 1., 10 Lk
B, A RERE A RIS ER L, RIEIA PYCa
B IR 45 R B R, B TR R S AR P
30 °C, 150 r/min #R%HEH 3 he BEFRER)E,

7£ 4 °C, 10 000xg 5.0 10 min, B 3B 2
R o VA7 Ae e e Wik R AS KA 1) MLOT Ay e {20
YA B, imE 3R,
1.8 [IEEATE T IENE

SR FE R A 0 7 s R AR 1) 1 2% - f
100 pL 75 EH . 100 pL WEE AR 4.5 mL 1
e R R SRR ST B B SREE , TR)E,
30 °C {8 B 5597 48 h LRSS 0. 30 2775 0 11
WEEIC R+, JolWE W BE il =
1.9 EEAEFERINSEE

WA DNA $EBUT 378 Moineau 25170y
00 LAl b RS AR AE o 1) R R ASURL Ao A
DNase I 1 RNase A LLF#f#ME F ) DNA A
RNA. fillA pH 8.0 ) EDTA IFK ELWKIE N
20 mmol/L, T 65 °C /K¥#Hffifl & i) DNase I &
o MMAZE A K 5 10%H9 SDS i, RS,
37 °C/Kift 30 min, F#Jf5 56 °C /K& 1h, UKif
A A SRR 1 -0 - 5 B (25:24: 1
R L), WRANES, HERIEMR A AR
5000xg Z5.0> 10 min, WBCEKABSMEZR R, 1K
B B2 o I A SEAR TG X K AR EA Tl 3
5000xg 5.0 10 min, Y& FJZ/KAH. IIA 1/10
IRFLAY pH 5.2 R 3 mol/L (BSR4 A Wi £
TR T K UK ZE(—20 °C), B 5 & T--20°C fii
R 78 /0 UL TENT HY .4 °C 14 000%g B5.0> 20 min,,
T 70% .4 °C Z .4 °C .12 000xg #5.(> 10 min,
7 L. EE KL L. fJ5FH-20 °C Tk Z
P ITRERE TR - 4 °C. 12 000%g B5.0> 10 min,
% 3% . 100 uL TE FEANEMUIE , #4720 °C.
1.10 EFEFBRSSH

T PHASTER 7E &R N 35 BR W5 1 14 1 I
T B8 2 HE (open reading frame, ORF)!™!, Fi
BLASTp (E<10")5%F JF it 5] 32 HE A5 R ik IR 4 1
1) 8 1 7 8 AT D REVE B, ExPASy Compute
pl/Mw tool (https://web.expasy.org/compute pi/)
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MFIHREANS TR, sl
VFDB  (http://www.mgc.ac.cn/VFs/search
VFs.htm)?”/Fl ResFinder 3.2 (https://cge.cbs.dtu.

dk/services/ResFinder/)" i - #6 2 F1 K 7
YitkE £ A ; tRNAscan-SE V2.0 T il 3% [H (19
tRNA; TMHMM Server V2.0 (https:/services.
healthtech.dtu.dk/service.php? TMHMM-2.0) il
FE PR BB X FIH GC View (http://
cgview.ca/)22 il L IR BRIP4 Ry 1 6 U i T g
Wik E X R, H MEGA X #J# neighbor-
joining 4, bootstrap {Hi% &K 1 0007, i F
28 34 Circoletto (http:/tools.bat.infspire.org/
circoletto/) , A~ [r] 38 PR K PR 41 2 (] A A fpL
AT H A AEPO,

2 HERE504

2.1 IEFREREEEND S

DA 3R B CGMCC 4.1167 K15 5
MK FE o 3B — BRI R AR, A4 vB_
Ncarnea_ KYD1 . W G {4 AT 76 V-4 _E P BT
B . EBHPYRERBE, WK 1 P, BT
K 2 iR . BER 1K vB_Ncarnea KYD1 B
K25 329.71 nm, K EARZN 67.79 nm, i
HAAZH 10.87 nm,
22 EEARREMNESER

WwE 3 Fr/n, vB Ncarnea KYD1 RETE
0—-40 °C B ¥ REMREE 10° PFU/mL LU AR,
vB_Ncarnea_KYDI1 1 & #t 7£ ¥ 5% ifit FF /& T
40 °C BB R REAL, /SRR TRIE &, &L
MR RN FAEIREE S 50 °C B, WEREK
vB_Ncarnea_KYD1 B LA 10° PFU/mL;
MREEIL 60 °C B E 58 42k TE . LI 4 KRR,
IR I T A ) T 52 P 38— e

SR, SEBRR FHEREE T, AR I A2
HEL 40 °C LUE IR, i LI AN 32 00 Wt 1 1
vB_Ncarnea KYDI1 ZEIIf K _F# 5 M E -

1 [ZE{ vB_Ncarnea KYD1 BRERHES
Figure 1 Plaque morphology of phage VB
Ncarnea KYDI.

2 WEEA vB Ncarnea KYD1 ZEiESTHEET
B 7S

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

IEHOO B e
0 10 20 30 40 50 60

Temperature (°C)

E\T—_'—"T\

Titer (PFU/mL)

3 JREX vB_Ncarnea KYDI1 72 E M4 HI S0
Figure 3 Thermal Stability of phage vB Ncarnea
KYDI.
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2.3 TRE BSR4 N E 25

& 4 pr7s , vB_Ncarnea KYD1 £ pH<2.0
5>13.0 IAEL T84 2K0E, 76 pH{E N 8.0 1Y
WS IEER s S ER pH>R.0 5(<6.0 B, %
Wik B 4T 1 4 T B 5 TERREE pH>12.0 B,
T R AN S U B R P . SRR A AR R
IR 58 AT AR XoF 5 R i ) i 2 Pk B 8 2, 7
H RIS AR S
24 EEAREREEHHINELSSR

i 1 Afs, Y4 MOI=0.1 B, MRk
vB Ncarnea KYD1 i5%| T 6.27x10" PFU/mL,
TEFTA MOT H B TR AR AN e e o T DA M P K
A MOI 2 0.1, ficfE MOI 1] LL4g S e A1 anfa
PO TR A A SRAT B R 7

1E+02 k

/T/'/T\\
T/ —
1E+01 k

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

pH
4 WMEHE A vB_Ncarnea KYD1 BYERTE i 5 1%
Figure 4 pH stability of phage vB_Ncarnea KYDI.

1E+11 |
1E+10 |
1E+09 £
1E+08 |
1E+07 &
1E+06 k
1E+05 &
1E+04 |
1E+03 £

Titer (PFU/mL)

2.5 EEEAEEIERNESSR

SR FH 1t 00 9 DA 00 2 L A s R A 1 A
R T 18 FRAHERIRELSL, WEEE vB_
Ncarnea KYD1 if f81& 4 IK b H- &3 R IR
(4.1168) . FgAET# R QTR (4.1169)F1 AR R IR
BRI (4.1165), 53 2,
2.6 EFIKEEEA vB_Ncarnea_KYD1
& EEE 5

Mg R A& DNA F b 5t IR wl #4700 % o 2Rk
H 2487 (shotgun method)i ¥, ¥ FEA DNA
BEMLET WIS FIr K ) DNA R B, A
NEB Fp i R0 Gk £ AF e #23k . X DNA
YEAT SO 2 F-# F agilent 2100 60 3C % A
BRIV, qPCR R SCEBE IR WK BE o PER A48 Je
fEF Hlumina &M ¥, 15200 7 5 5] A
Spades #FATHF4% , 15 3 78 B mg i AR SL K 4 741
2.6.1 ERFEEKER

FIFH Spades ¢ AWM T Wi & 14 vB_Ncarnea_
KYD1 A4 4 (K] 5)o 32 W5 A R 40 K
/NH 66 621 bp, MITEREIFRIRMEE A . M BLAST
FEXTEESRARTE, Ho—Whm B ik, 5
HFH) — &b B i 12 WA Helpful (77.31%),
HAF T MK AT B (Mycobacterium) . {HIFRAE
Web of Science 4 H 6 R B Mycobacterium
phage Helpful fAHCSCEE, 7E GenBank $4 2
th IR I A AR G AR B R . I e RS

F1 [EFE{K vB_Ncarnea KYD1 IR EREEH

Table 1 The optimal MOI of phage vB Ncarnea KYDI1

i AN JRYL vB Ncarnea KYDI1 &/

Serial number Bacterial quantity (CFU/mL) Multiplicity of infection (MOI) Titer of vB Ncarnea KYDI1(PFU/mL)
1 10° 0.0001 1.13x10°

2 10° 0.001 8.6x10’

3 10° 0.01 1.33x10°

4 10° 0.1 6.27x10"

5 10° 1 5.59x10°

6 10° 10 4.40x10*
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2 MEEE{K vB_Ncarnea KYD1 B978 £if
Table 2 The host range of phage vB_Ncarnea
KYDI

Strain (type) Source vB Ncarnea KYDI1
KB H R i R G (4.1168) CGMCC  +
Nocardia

otitidiscaviarum (4.1168)

BRI (4.1705) CGMCC -
Nocardia nova (4.1705)

R EC TR (4.1167) CGMCC  +
Nocardia carnea (4.1167)

MARH R R (4.1169) CGMCC  +
Nocardia transvalensis

(4.1169)

BRIERKE4.1165) CGMCC +

Nocardia asteroids (4.1165)
TE: + AWERBERG - TR BOE R
Note: +: There is plaque formation; —: No plaque formed.

vB_Ncarnea KYDI1 #E47E W24tk By AL,
it PHASTER 7E4& TN 2 ok e 7 4 14) 7k )
BEAE, &I 102 4~ ORF A—> t(RNA-Ser [y
AL . IDCRECZE KRR, A HA
TR AR AL 2540 . (36 DNA & il ik |
SEE R RLEE & DNA A% BER 21
i . vB Ncarnea KYD1 J:[H F 5 E R &=
GenBank ', %3%'%5 5 MW582532.1,
262 FMEAEEREEERAF

MGk AT A 285 Ky 2 11 L DR 38 5 (37 DNA AL
Hethife, 5 MRS R AR TG, AR5 2
RS & AR, BEEIA vB_Ncarnea
KYD1 (5 RS R i S A . ek
TR B h, vB Ncarnea KYD1 HA N3

N-acetylmuramoyl-L-alanine amidase

Minor tail protein
Minor tail protein
Minor tail proteig

Tail assembly chaperone
Major tail protein

Tail terminator\
Minor capsid protein—

Major capsid protein—

M67 family metallopeptidase //
Capsid maturation protease

Portal protein 4

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 MEBEA vB_Nearnea KYDI1 89 E F E &
Figure 5 Genetic map of phage vB_Ncarnea KYDI.

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



4840 Tl A 2 AR

Microbiol. China

waiE A, 5 FE AT H (major capsid
protein)-5 X % 4K 7¢ 25 [ (minor capsid protein)
A< 7e i AR 1 [ (capsid maturation protease) 2
I"] F13E F (portal protein)a% . KB WE A — &
i I A G S N SR M L ) 2H
RAGHARTE, SRJE R AR TS AR 1 S 1
RS M2 25 g Al v iR i Y (AR T R
vB_Ncarnea_KYD1 H1 1) orf79 {3 T 4544 3 PR AR
e K UAVE R R N UE, LTS Me7
family metallopeptidase , J&— i PEAK it — Fp ok
ZRE R E T AR FNEE 1 BT b IR EEK i
1) — B I . 128 1 il 7 I e AR 2 2 o A o
Ay HARNE ] H AT 2E

s A A ) R S s AR ] . S5 A e
175 240 B JE i 5 1 5 A 454, i DNA TEATE &
YR TT . WE TR AR R A 4 60 ST 2 AN R ER
BT AT P, X S A 5T DA v B PR ) 2228 R
Mo o RARHIRST LT, BL46 48 5 1 (tail tube
protein, TTP)F14 R & [ (tape measure protein,
TMP), TMP HE T B E, & TTP R4
FOERT A & ST e N =g B [ B4 N VR ST
i, XERERIERE AR L, H, vB_
Ncarnea_KYD1 W [# {4 1 da i {5 2 5 R 1Y
orf97 P, h 2051 MR EK, HHAE
F A T ROWEA RIS . TMP 1E DNA
TALRPWEEREER, T FRETA
AR GRS (8 I DR A o R A o Ao AN
AR AT b REE B 5 A e
A9 BB 4H 251115 (tail assembly chaperone, TAC),
TACs BYHH—Bf TREEAMGERERZ
], WAAETRERE AT . X PR AL
Z 55 RS SRS B, FH T LUORG o ) L 2™
A AN [ EAR S A L LR 7= 420
2.6.3 MEEFRAFRIR

R 2 B R AR5 A < op LR -2 g —

LR R G . — Mok, 2L E AT LUTE 40 i 5
B EARER, JRFEREE A AR TS, 7R BB
LA R ) LT L6 2R T 2 3 44 o ek A\ )
i, B 5 S T A I RO AN e RE DO
vB_Ncarnea KYD1 %4 N-Z kM BERE-L-PN 4
P I 1 T (N -acetylmuramoyl-lalanine amidase,
NAMLAA), 2B T H DX 9 i) 1) e i o o SRR
B (peptidoglycan, PGN)JZ K 2 K4 I 4 g % vh
B R EE RS Y . N- I RE fE-L- P4 24 2 1t
Y il A2 JOR SR W K A il , T LT BT R TR 1) PN T
FER - R Y o- 20 2 [a) A e s ), e 2
LA P ok Lux B M ZE LR P8, L L,
IR A W AR R LA O R G, ML
SR LS R A A R T A MR . 2
AT 22 D\ DR AL 43 b b L, R A
vB_Ncarnea KYD1 J& 5 /7 7E Al RE 4w i ZE L &R
EEWER . —Mckit, FALERIEPLE AL T
SRR R, 28/ KRR E
FRBA LRGN, RO SE
— A~ 5 [ X 45 4 J5f (transmembrane helices ,
TMHs)P . FeATEF X 4= 35 5 20 Ty i R 01 86 1 ok
1785 IR e B AP o0 A, 45 2R IR 3 i
ZERA, BRIV orf3 Frdhh i) & F4 vl Ak
EEALREN, ARRAHA T RIE
2.6.4 DNA EFl/HRER

BWEHEA, Sy R ZE0L R IR A
) DNA & S IR He L 25 FHESI DY
PR DNA A9 40 256 1o 2 30 5 75 58 PR R Sy il I
BB R bt /I IV 35 R i AR I 3 T
{HYE vB_Ncarnea KYD1 &K L VLECE] orf73
Frdmts 2 115 Mycobacterium phage Fowlmouth
K i Bl R L [R5 K 58.87%, 1E orf73 L
B FE R (orf65-72) I REARJ

TE vB_Ncarnea KYD1 ) DNA £ % & ifil 152
Perp, f£7E DNA f#ig i (DNA helicase). Cas4
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*®3 RHAVEEEREBEBSN

Table 3  Analysis of hypothetical proteins possessing transmembrane domains

TPHHIEHE  BERRPE FERUER  GUEMSCR  BSBUBHOWECR L PR ROFERK
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 + 6 771-7 163 130 3 5.76 105.69 0.927

34 + 1568215942 86 1 9.58 88.49 —0.152

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

KWW BR 41 V) i (Cas4 family exonuclease) .
RecA 5 4 fiff(RecA-like recombinase) . S fL il
J5 W 245 M) 48 & [ (oxidoreductase domain
protein), DnaE £ DNA ¥4 iff(DnaE-like DNA
polymerase III), DNA & Jif (DNA primase/
polymerase)% . % B vB Ncarnea KYDI1 f77E3E
WA HZHE I DNA 41256 52 il s | i FLAR 3%
BLASTp 45K HE , vB_Ncarnea KYD1 &
Z41 DNA 23S RLT- I8 T 2 0Ok H A, H
22 TR 5T A () e g 4 T P e T A

{HASF B, £ vB_Ncarnea KYDI1 H k&
BT RuvC FEf# B B (RuvC-like resolvase), 1E
DNA EHHFECEAEM . 55, RuvC-like
resolvase i H Y BLAE R 22 QPR R, g
=[G BH M AP 0w AE O R IR R (Vocardia
transvalensis)il # 5= RuvC FEAR BB, 2
i, XZEERZ RuvC HE 2 R — B2
FA 55— FRASAH S 0 35 BT, B RecUP®), iy
WERB, WEREIRRTREL T T E AL N E A
4, DA By Ha Ak B 35 1V 18 R IR RIE A .
2.6.5 EEERERFEBFSM

PEWEE A vB_Ncarnea KYD1 f 43[R 4]
¥ 31 #E NCBI |47 BLASTn HXt o 4550 R,
WEE A vB Ncarnea KYDI ({4 3E N4 ¥4 5
GenBank ¥4k 7 H BT A3 E 105 1 1A Bk (K] 2 5 41

P 55 R IET 2%, [FE A B —BeE s+
80%. FIH Circoletto 7EL ik {4, K L Xt 45
e [E R R B — B AT R i 22 SRR
FE AN AT IR A B [RVEAE 534, IF4 e 5 AR AR
Ph Circos MIE X HEAT AT MLALALHE . S5 3R T,
GenBank H & i1 1Y W5 7R 4 4> Bk R 4H 7 41 5
vB_Ncarnea_KYD1 F4= 3 R 20 )3 1) =2 9 3 [A]
BNT 5 4. UiBHMERE R vB Ncarnea KYDI
STk BB R A, T EARER T H A s
R WE A, BEE K vB Ncarnea KYD1 {1)+F
55 53 R AT B W B K (Mycobacterium phage) ) 3
GRRAWEI ., UL BLVE R AT RR S D R
2 B A b AR

H A, 7€ GenBank % #& JE o & 511
Nocardia phage (4l # /0, (LRER: &R B 4046
vB Ncarnea KYDI 7EN K 10 £k Nocardia phage
FENHEAR, ik 4 Fon, {UF 6 ¥k Nocardia
phage HAT 5848 0 S AL 55040 o R 7 SR At
Tf# vB Ncarnea KYD1 FHJIEAL I #E M 5 HiAh
Nocardia phage WFEZ R, FRATH X 6 BRI F
IR AR F5e 2305 1) Mycobacterium phage Helpful
AT T — 20 A M A F R Gk & WY
P

1 Progressive Mauve X JLFR W & AR EL 7
SRR R, LM a R A 6 s,
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% 4 GenBank ¥IEFEZE Nocardia phage 25 R
Table 4 Search results of Nocardia phage in GenBank database

AR BEEE K AR GC & GenBank & %5
Name Sequence integrity Length (bp)  Linear/Circular  GC content (%) GenBank accession No.
vB_ Ncarnea KYDI1 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

NJL Cohesive ends 123 Linear N/A D12696.1

NOC1 Partial genome 34 189 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 10 000 15 000 20 000 25 000 30000 35000 40000 45000 50000 55 OOO 60 000

Nocardia phage KYD2, complets asta
5000 10000 15000 20

30°000 35000 40'000". 45000 507000 55000 60000 65 000
I L ¥ T Y

Nocll' rdia phage NCJF,
\5 000 10¢(

l
I

Nocardja phage NTR1, complete b
5 46'600 TOOO 20 ([)OQ 25 000 30000 35000 40%00 45 000 50'000 55000 60000 65000

Nocardza\phage P69 o )
500010000 15000 ZOWOOO 30000 35000 40000 45°00Q 50000 55 000- 60 000 65000
[

&

Nocardia phage vB_Ncarnea KYDI1, complete genome.fasta

6 WEE{A vB_Ncarnea_KYD1 £ EFHR KLLMD MFZEFRRFIET S
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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SRR, X 7 PRI N B AT R sk
LEMERHL(LCB), 1fi LCB &3 /R P 5 A L
VA S K vB_ Ncarnea KYD1 5 %5 4b 6 #k I 14
R B BARAIARINE o Bl , 1% vB_Ncarnea
KYDI1 5 Mycobacterium phage Helpful #77H
M ILLNE P, SR WE 7 fon, ZHZIE
UAFTE 2 AN JRdB At tEfie, R HIFAH
R AL

FIFH MEGA X 44, £ X 7 A b A 42 3
WA RS L BEW, M maximum likelihood
method, Z5RANE 8 Frx . MEERHAXER
Nocardia phage NBR1 5 KYD2, NTRI1 FEZ K R
G5 1 vB_ Ncarnea KYD1 |5 Mycobacterium
phage Helpful & Nocardia phage P69, NC1 3:%k
KRY N (A 3 S B 8l B,
7 BRBETR IR Z [ SR 06 RIOF A KR, ]

EREK BSR4 R vB_Ncarnea KYD1
A[BERT L5 Helpful. NC1 &% P69 )1 h—2&, {H
VR AN . T 24X vB_ Ncarnea KYDI
HEAT I — 20 I R AR A, DR 5T W AR
vB_Ncarnea KYD1 [HJ7EZ X R Hilbfb e
2.6.6 FHEXRDH

PE—2 M i B MEGA X F4 S i i A Y
e K FEARFCE ARG SR L5 9 1
P ARG AW s, WEE K vB_Ncarnea KYDI
5 51 £ [C 3 W B 1K (Gordonia phage) 43 £ FF
& Wi I 1K (Mycobacterium phage) ff £ — & )
G KR FPVEE K vB_Ncarnea KYDI1 £
Py ik 52 2% 0 36 DR A Ak el A%, HESe A AT fg AT
DRRETTZINE ., HE TR R, AT
PrWE K vB Ncarnea KYD1 28k K & Wk
AT

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

AN

I

Mycobacterium phage Helpful, complete genome.fasta

Nocardia phage vB_Ncarnea KYDI1, complete genome.fasta

7 W& vB_Ncarnea KYD1 5 Mycobacterium phage Helpful £ 5 [F 40 9 2% 14 53 4

NGVl

5000 10000 15000 20000 25000 30000 35000 40000 451 000 55000 60000 65000
Bl b W

il Wlﬂl I

A TR B3 €

Figure 7 Progressive MAUVE alignment of vB Ncarnea KYD1 5 Mycobacterium phage Helpful and

homologous phages genome. The same colored local colinear blocks indicate homologous regions among the

genomes.
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9.923 9

0.053 1 Mycobacterium phage Helpful (MN284908.1)
0.004 9 28090 niocardia phage P69 (MW582531.1)
3.167 8 28568  Nocardia phage NC1 (MW452562.1)
51303 Nocardia phage vB Nearnea KYD1 (MW582532.1)
7974 8 N o Aix nhaoce NRR1 (N N1A560 1)
51749 T s Nocardia phage NBRI (NC 016569.1)

Nocardia phage KYD2 (MW654182.1)

m Nocardia phage NTR1 (MF477236.1)

8 UEEEFEEME vB_Ncarnea KYD1 5E M Nocardia phage X% Mycobacterium phage Helpful #Y
ARG AER  GenBank Hifs B E R AT RIREH S F20, K BEREIAS=4 0 GenBank A 2
E# FAERIRER R =2 2405 #5 HoRBEREIR NCBI B9 3B IREEGCRBE, 7K
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 0000 4 Gordonia phage Sadboi (NC_048815.1)

0.003 2 Gordonia phage Ranch (NC_048813.1)
' 0.000 1 L0002 - tonia phage Zany (OL455887.1

0.000 3 . 0.003 g C0rdonia phage any ( 1

Gordonia phage Lambo (NC 048814.1)
0.080 1 Gordonia phage Wojtek (OL455890.1)
9'3 376 Gordonia phage DumpTruck (MZ005671.1)

0.903 0 3' 6843 Nocardia phage vB_Ncarnea KYD1 (MW582532.1) A
6'523 7 Mycobacterium phage MrMiyagi (MT776806.1)

0.000 1— Mycobacterium phage Fowlmouth (NC_048734.1)

10.2105 0.004 5

B 98850 — 52728 Mycobacterium phage Fowlmouth (NC_048734.1)
9.0394 3 pcobacterium phage Cuke (NC_048696.1)
93448 cardia phage vB_Ncarnea_KYDI (MW582532.1) a
6,024 5 ,ﬂ Gordonia phage Woijtek (OL455890.1)
L_0.0000 &, omia phage DumpTruck (MZ005671.1)
(0)-(0)(0)8 } Gordonia phage Lambo (NC_048814.1)
: Gordonia phage Gibbin (NC 048812.1)

419850 0.002 1 : .
0.0188 0:004 5 Gordonia phage Yike (NC_048826.1)

0.002 1 Gordonia phage Zany (OL455887.1)
W@ Gordonia phage Jalebi (OL455895.1)
9 UREMRKFE vB_Ncarnea KYD1 HEZLERN A FEKFTHEA G ZILIR IR
R RGRETM; B AR RO HE G5 5 A BT N AR 1 R GE L B GenBank Hdla 128 o 0 i 14
RERTEHAE £, BErPIRE AR 4 0 GenBank 048 2 hVEE FAGBETRIA 24 240 $55P NmEnE
TR NCBI 5k s 70 3CBUTFRFIRGCR IR, B BRI RGO R i
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 b &#

W R K & (Nocardia) /& —Fh A E5 0 A0 )
R, S — ML SO R, R Tk Rl
T RN R AR 2 R G — R A AR
BEZ BB A BRI S, D A R I IR
BITET . SRR R 2 1] 0 25 Sk e i &
it 245 Pk FRAE — o BB _E g ma i R _EyRyTiE R I
B R 5R 08

W P A B 7 i B 2 00 S 0 B T T i DR
7 A R IR A, (RIE R T W B AR RS T I
RIGIT o S b, AR5 We T AR ) 5L
2 BT A 2 D, 3 g A AR R R R
YR B — R ek, TR B AR AR
58 BT SRS A ek AZUVETR 3R . Rt
TE e PR FH W5 R 2 i, 75 S0 W TR AR i 41 &2
ZRIFER A BT, Apete HES 2L,

A ST FRBEFE A oh gy 2 15 3 £ X N 60
KK HE MW E IR vB Ncarnea KYD1, MZW
KIKF, HaBBrE =R b Ay sdE s
RUWEEBE, FHH vB Ncarnea KYD1 K% 2
— AR U I TR A i R BB TR AR TR
TEF G T A ROWIE A, JF 82 BUH: DNA
AT HE R 40 M. FEHLBE R AT LLE B W5 I R
vB Ncarnea KYD1 E# 329.71 nm, k¥#HE
%4 67.79 nm, I EHAEN 10.87 nm.

i FE R 5B, ke BRWE TR 1A vB_Ncarnea_
KYD1 A 2 Iyt fbghity, K]
SRR e B . R B . AR
S DNA & I A A 5 5 Gl e il
Pk DL K5 7 R SRR DGR R 0 B I A
f& vB_Ncarnea KYDI1 J& FHIX % 4 i B I
PR . — Bk, Wi AR <28 FL R -2 i
TIOUHR RGO IR BN A A E A, 8
T IERER LI, WEE{K vB Ncarnea KYDI

A A7 24 ik T, A6 5 DR 4 o R L X 21 2 0 2
LR T o ik — 20 X 4 56 R 20 R4 7 55 Rl 4
&, AT orf3 P dmhidh i 2 11 7] BE M ZE AL
REM, HX TG RE . 75 ARk 0N
WA FE, ANACRT DL B W R AR vB_
Ncarnea_KYD1 SR#FATEMIAYT, AT DLE T
HARIAT B, HHoz 2Rk 20 A s
RIRE ARSI, 0L F 8 R G o S
K20 b g n] DA R P, WE 1A vB Ncarnea KYDI1
AIRES ) TR 4R AR, SHZRE
Wik T A L K 3 A AT AT W T K 110 S 2 OC AR B 4
T . 454 vB_Ncarnea KYDI1 ZEHIH L85 T 18
G L, FRATT AT LUK A2 W TR /& vB_Ncarnea
KYDI1 J& T KRR AR

ABFSE A3 B IR R T — bR B A K
W T AR B S QTR 20 PR W 7 /& vB_Ncarnea
KYD1, GenBank 3% 8 MW582532.1, i id
BTN g TG S B 1 R N N E = A S R i
PO R R SEAH DG HE ], 2 — R AR &2 4 iy ZU T
WEBEA, A N-C T M RE Pt - L - PN 24 PR O i 7 -
R AR RS R 4 R IR Y7 18 R R R e SR 1t
T Mo A H A AR I R
BUgt: gty BHFRAMARITIEANE R E L
K50 F N AL -F 6 (Public Facilities of State Key
Laboratory of Membrane Biology)4&4% 200 kV 7%
) R A B4 B F 4445200 kV TEM electronic

microscope)s.
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