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Isolation, identification, and biological characterization of
extremely halophilic pleomorphic archaeal virus HRPV13

SONG Shanshan, DENG Xiaoyuan, DU Xincheng, OUYANG Shushan, CHEN Xiangdong*
State Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan 430072, Hubei, China
Abstract: [Background] Compared with viruses infecting bacteria and eukaryotes, archaeal viruses are
limited in number but morphologically diverse. Therefore, it is of great significance to isolate and
identify new archaeal viruses. [Objective] To gain an in-depth understanding of the diversity of archaeal
viruses, we isolated a new halophilic archaeal virus from water samples of Feicui Lake in Qinghai
Province and analyzed its biological characteristics and taxonomic status. [Methods] Halophilic archaea
were isolated by picking single colonies and the archaeal virus was obtained by plaque assay. Virus
particles were concentrated and purified by two-step precipitation with PEG 6000 and CsCl density
gradient centrifugation. After the negative staining with uranyl acetate, viruses were observed under a
transmission electron microscope. Viral genome was extracted and sequenced and the bioinformation
was analyzed. Virus samples were concentrated by trichloroacetic acid (TCA) and applied to
SDS-PAGE gels for separation of viral proteins, followed by Coomassie brilliant blue staining and
Sudan Black B staining, respectively, to observe the protein and lipid bands. [Results] A halophilic
archaeal virus was isolated on a double-layer plate with Halorubrum sp. K2 as sensitive bacteria. The
plaques were hazy with a polymorphic enveloped virus-like shape under transmission electron
microscope, with a diameter of about 60 nm. It had the double-stranded circular DNA genome of
9 333 bp in size and shared about 75% identity to the reported HRPV11, HRPV12, and HRPV10 in
Betapleolipovirus, which was a new viral species of this genus. According to morphology and genome
characteristics, it was named Halorubrum pleomorphic virus 13 (HRPV13) in Betapleolipovirus. The
virus can still infect bacteria at high salt concentration and had high viability at below 50 °C and pH
5.0-9.0. Moreover, it failed to cause significant lysis of host after infection. [Conclusion] HRPV13 is a
new polymorphic species in Betapleolipovirus, as verified by electron microscopy, biological
characterization, and genome sequencing. The result lays a foundation for research on the evolutionary

relationship of polymorphic viruses in different regions.

Keywords: halophilic archaea; environmental viruses; pleomorphic viruses; isolation and purification
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B i R EEs 0. | 2009 4Rk
B — A Z M R # HRPV T, ok ik
Z N Z IR TR B S ok . 2B T
Bz NI E A ST, B2 40-80 nm,

HA PRI 2540, 9 0 25 o A g IR
ek Bk ik A 18 4l . 2R RA
WS EE AR, R DG AR R S
MAERMPREED, 7 MBS T =
Wi 2 B (nucleoside triphosphatases, NTPase)’!,

Hai & Eag T w2 8 0 5 £ 2 IR 20 R s
(Halorubrum , Hrr.). & W& (Haloarcula ,

Har.), ¥ JUH & (Halogeometricum, Hgm.)Fl
ML TE )& (Natrinema, Nnm)B &5 R 1E £,

Hh N Halorubrum Wy &R ERZ . 4
PR 4 55 43 28 2 51 23 (International Committee on
Taxonomy of Viruses, ICTV)#fiikft) £ 40 ik
Rk (Pleolipoviridae) L 47 15 MiiaE, 40k 3 4
@i, Hdr, 5 #k(HHPV1. HHPV2. HRPV6,
HRPV2 F1 HRPVI1) K o £ K & J8
(Alphapleolipovirus), JH:3E K 21 AT 2 i 4 22 19
B W 2 il & i & F (putative rolling-circle
replication initiation protein); 9 #k(HRPV3 .,

HGPVI1. HHPV3, HHPV4, HRPV9, HRPV10,
HRPV11, HRPVI12 Hil SNJ2)K B £ J% fu i 75
J& (Betapleolipovirus), il il 3= 3 [K] 21 7] 2 A H.
A HIEHEIR DNA 45 & 45 # B (winged-helix
DNA-binding domain) {457 115 1 #k(His2)
vy 240 % B JE (Gammapleolipovirus), 1%
R AL H g BOE B H L B K%k DNA
X4 [ (putative protein-primed family B DNA
polymerase)l'™. H Ak, Af 3 M
(HAPV2., HRPV7 Fl HRPV8)% K /3%, £
PERG B ) S A e X2, A DU sl SR AR PR AR
DA R WURE e 1 A B3 43 1) SUEE PRI, (HEY
7 DNA Ji 21 RS 1] 3 R 41T 0K [

35 —8CEAR, (0 H §TC A 2T 5
DRVZ 1) I DR HE A — BOH L & gt E 85 8
AL Al A1 B 1 A P 2 PR 7

i E BRI AR 22, AR R Bl 2 BRI v 0 g
ES| WP AT E N D@ I I 5 B =3 i e
B, EPBEZ B ZTEE N BN L
A 2 Bk, BRI TE# S 5 B HHPV2
AR S50 2 NI R IR — AR g LR TR Natrinema
sp. J7-1 HAr BRI SNI2U WP AT
FENTE A 5 R W oy B 2 T — MR g
W p 2R #E HRPVI3, Fx HIEA .
SE R IE S A R A T, DI i R
Mg ER T RN BRI 2R, DA B S i AL ] P
1) 58 vy A i o R O B - R R G B S
6 FE R

1 #H57%

1.1 #H
L11 EZEFFINER

PEG 6000, BioFroxx ZvH]; CsCl, Vetec 23
fl; FSHER B, Sigma Aldrich A+ FREIPERN
VI 145 3 Marker, Thermo Fisher Scientific 2
"l ; 2xHieff Mix, bW EYARA A ;
DNasel, RNaseA. Mung bean nuclease (MBN)
F1 Exonuclease 111 (EXO III), TaKaRa 2\l

RIS, BilE— R AR A PR A A 5
TRIRLRE IR, b o0 A A i i A BR 2 W)
/NEY L, Eppendorf 28 H] 5 A A
% E.LHL, Thermo Fisher Scientific 2> Al o
1.1.2  FFEMA KA H

23% MGM 5577 5:F1 18% SW i 8¢ 2% tii 1)
fid 71%2% Halohandbook (http://www.haloarchaea.
com/resources/halohandbook/) , ¥ [ {4 F1 [i] {4
BRI S ¢/L A 1S g/L MBilE, 101 kPa
59 it 5 H K7 30 min.
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IHEB AR . 0.5 g 7S HEBINE] 20 mL
WS 15 mL KRR, FHMAZEFK
85 mL, WEWFEEHFE 30 min B2V,
4 000 r/min 50> 10 min J5 T4

. BUKZ |2 150 mL, PN 200 mL,
IMAZBEFRKERZE1 L.

1.2 A&
1.2.1 EHBSE

FHE i mg £R 0 2 1 18 E M2 4 B | rh
|V 35 20 B K AL 1) Halorubrum sp. K2, fal
FR K2 B#ikk. # 100 uL KEER A TE 23% MGM
B BB |, 37 °C B53% 14 d, f5FM
FRMEREEE, K S 2 PR ECR R
FIESHITEYE, FWTE 16S rRNA JEA A8 A5
YU AT PCR §4, PCR VAR R (25 uL):
2xHieff Mix 12.5 uL, JCR7K 9.5 uL, DNA Bif
1 uL, b, F¥514%(10 pmol/L)4% 1 uL., PCR
JN AT 22 7 il FH B 45 . PCR 73 J5 H]
1% 35 I BHEE I R UK HEA TR I, FHE 7= Pk 2
DB S
1.2.2 EF 16S rRNA EEFIINRFLBE S

MR8 SCHR[ 171850 575 21 (4 )5 5142 H NCBI
i BLAST TEZ0 #1584 (http://blast.ncbi.nlm.nih.
gov/Blast.cgi)E 47 AL PE b FF 10 5% i AR A TR
FER, Mot iR - (MEGA 7.0)
22 AR I BEAL A, FH 48427 (neighbor-joining
method) ¥ i 3% & bootstrap Jy 1 000, fii F
Kimura-2-parameter model £ 20 X} #F {1k A% HE 17
A
123 HmENSBNRSRAAGE &

# 5 mL i T K2 K557 2 ODgoo M 0.4-0.6 i},
A 200 pL B35 FRMIRE VAR, Ki5E 24 h
JE B2 R 55 . MGM 2K [ R R 55 5L s
A 55 °C K frild, B 400 uL IR & 5=
JIA 3 mL 2 [ AR, U 5] 7 [ 4 MGM -4z

b, A, UL 1 h BEEE, A BEREERE,
37 °C #5353 d,

PRBCAAA A W B 2 [ AR, F 400 pL
WA MGM #5523 g E , 37 °C. 200 r/min &
%53 1.5h, 4°C. 12 000 r/min &5.0> 10 min,
BT e dE R, SR PR W TR B
B 3K,

1.24 fHRENSEK

W 1 W DL e &2 K (multiplicity of
infection, MOI)ZJK 10 MIASE 7 2 X F B K
(ODgoo 1 0.4—-0.6)) K2 TR T, AkLLEE5E 24 h,
4 °C, 8000 r/min &.0> 10 min WH FiGw. I
T TR 6% PEG 6000, 4 °CHidk2h)m,
4 °C. 8 000 r/min &[> 40 min, YHC F3F, #b
il PEG 6000 ZZIKE R 11%, [FEE 4 °C Hiidk
2h RO GRER ), 37 BN, TTER 18% SW
JFE IR, WHEE, 1000 r/min &.0> 10 min %
AEZRTT . BRI RRERIMAY 18% SW
(pH 7.5)/ CsCLIF M T3 BERRRE B0, T
BT BE N p=1.30 g/mL (U] 55 Optima XE-100
SW40Ti, 10 °C. 20 000 r/min Z5.0> 17 h), W&
B2l A L N EZA A —2),
18% SW (pH 7.5)3ABHiF:, 10 °C. 45 000 r/min
B2 h, 7E 18% SW H 4 °C I E G E
B, HERLNER.

1.2.5 EFHEEMNR

W 10 pL Alifb s 099 7 O 25 85 1 K B
4 A% I o B4 R E, IR S min, FHUE
IR 1 Z R BRI, 1% A T 1R A4 4
Jufn, 10 s, MEFREA GO BT )5 &S
B BB 7E 100 kV T AR EIE A,

1.2.6 fFHEEFEANRELEED

AL A % B R B0 5 B R
OMEGA Viral Kit % 8815 B 45 i 4 BRZ B A
41, 4r%|F DNasel. RNaseA J PRl 4 PN Yl fif
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37 °C Ab¥E 30 min, #fEIRZER, FEXO I,
MBN Jif 30 °C 4b# 30 min, NaOH =i 4b B
5 min, T DR 2H A0 4 s 1
1.2.7 FEEERANFE D

W R IBUAT 1y 35 R 4 36 2 DL SR B o B R A T —
FANFE, FHXSIER A FRE . W7k A
DNA FEHLFTH 24 500 bp 1A B, WK
JE1Y DNA Fr B, ZJ5#H] NEB AR e i) &
VEPRRR A ek, X AEAR HEA T SO 5 1
Agilent 2100 #:N SC 2 BaR /N, qPCR Kl SC
JEEIRMRRE o A G J5 4 F Tllumina NovaSeq i
7 PE 2x150 )% ¥ 512 H Spades # {417
AN B, R L Prokka TN 25 H Zm il X
(coding sequence, CDS)IX1, FfH eggNOG %\
P A T HMM 3355 CDS 15 .
1.2.8 WRFZENE

I B W B I 22 2 25 2200 o B 208 M B
HHPV4 ()75, 6 K2 BHRREIRE ODeoo H
0.7 (5x10% CFU/mL), 8 000 r/min &.(> 10 min,
AR IR, FELEHELR MGM B53258H, 1045
TRFHeAR, F MOT 2524 0.1 B HLFIIN A HRPV 13
JREEW, FFAE 37 °C. 200 r/min $E¥ K FE .
IG5 (p.i) 0—4 b HUAS [R] Asf [) 161 B 14 B 92
PL 1:100 /9 EL 72 VK2 1) MGM Hi 76 FE, 4 °C.
8 000 r/min B§.0>» 10 min, WrHL b 35§ ¥ FH ik
BRE V00 2 5 B TR B AR A S B I o 3k

g (B
k=—2'3 xlg&
Bxt p

Hrr, poFl p 43 AR B GL B FHE ) B ¢ )5 1Y
TiF B EE IR, B TG A IRV B
1.29 FEHEKEFN

¥ 50 mL B9 K2 WEEEFRE ODgoo A 0.7
(5x10° CFU/mL), LA MOI & 10 A HRPV13 %5
BRI, RS R FR Y T U I O

BRI . 2% 2 h /5, 8 000 r/min
20 15 min AR A, FFARMIpEd 2 0k, YAk
W R RS B , 5 400 i BT Ak v 8 D R R R B
fif MGM " A3F% 1 h R, 2 5 R B
Ui 25 0 B TR B, AR RE IR AT PR GE T HIE TR A,
(] i 0 00 J 4 A TR YL 2H B F2 W OD oo fE -
1.2.10 REMREMN

9o B X G0 SRR I 5 - B S AR B
T£I57) Triton X-100 55528850 3 LUAFR H
1:5 F1 1:1 000 J& & 5] )5 22 °C 403 15 min,
P W TR B 32 00 . 5 B A AT o

9o B X Y SR I B DR
(500 pL)ZrBI7E 4—60 °C AS[aliR B HEE R E
30 min, M E =N

R EEXT NaCl USRI 5« 430 e il 757
0%-30% (FEAARFI40) NaCl (1) 18% SW 1Y%
MR, CBHREEREER IR 1:1 000 OLLBIINA, 1R
J5F 4°C 3 BiCE 3 h Fl 24 h, JUERAN

XoF 9 B T R 2 A U I E - g
P BRIV 5 D — P sl R S 1 18% SW Y
ZEPIIE A 1:1 000 OLLBIINA, IRE)ET
4°C 439 iE 3 h A1 24 h, MERLM

M HRPVI3 X pH AYUEME. LIRm
Tris-HC1 /9 18% SW R BEfliZz i, 43 il B il
61 mmol/L MIBEIR S M (pH HZE 4.0 M
5.0). 61 mmol/L A9 bis-Tris (pH P& = 6.0 Fl 7.0)
#1161 mmol/L Y Tris (pH 15 % 8.0 F1 9.0)f) 2% i
W, BHREERCFE IR 1:1000 I ELBIINA, BA)G
4 °C 43 icE 3 h fil 24 h, MERLM

DL ESEge 448 3 kA
1.2.11 FEWMBEEEE

W 256 2 B Y B AR R 35 S 4
BEARTE 37 °C. 200 r/min $ERKEEFHEE ODgoo N
0.4-0.6 J5EIXZ -4, B2 pL ) HRPV13 J§
BRI FEXT L B2 AR b, 37 °C #55%, #A
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FEAERERBE, MHX TR HRPV13 A BURTE
1.2.12 mEHEBRMERSH

LI o 20 0 B0 A0 PR AR FEAE AL,
10% — 4 £ B (trichloroacetic acid, TCA)J5 X
MR AT, VK EYTEE 30 min, 4 °C. 12 000 r/min
B0 30 mine 8 IEEW TR AWK, Mt
To I500 WL FvA A DS i 7 43 I W B Ak 2R VA TR
ASA], 4 °C. 12 000 r/min #5.0> 30 min, fEIR
&, 37 °C HUE 10 min, ZJEFBE TR b
W 1xSDS FHE buffer (50 pL)7e4) B K
J&, FANaOH R 2=, 95°C 4RI 10 min,
FAEH 15% (5T AR 3550 9 45 T Jie 14 0 25
JE 1A T 2R DS s Tk I #5E Jise FL Uk (SDS-PAGE), il
W il iE R250 Qs E A, o Tk
I SDS-PAGE £t iR BT, 75,1+ B X
JE A T G €5 B €21
1.2.13 FENRIEEE

W9 B UL TCA B L B TR R T

VK, TYE Marker fz KA 557 BUHE 53 B AE 1 mm B
(N i A DR (ST D = 4l
Marker F¥H# 0.5 cm, I DX I8 A9 430 8 IR
VIR, 2% DU AT B0 a6 Bk i 23 8 5t 3% 42 (Thermo
Fisher, Q Exactive HF)X] HRPV13 f#) 445 ik
1 7 M A

2 BREM

21 NBRBOBEREE

W N5 2R 23 B B AR T ET T TP PCR
FEMFE, P4 R AE BLASTn [ FuxE s ix gt
W AR Halorubrum, {HEf1H) 16S rRNA FE[H
A AR, —2kHN 99.22%-99.57%,
B EA IZ MR s TRIFAFRRAC R . HET
T 2P B K2 T FR Y 168 rRNA JEH P41
RERE, FEHTH FLE GenBank, 5%
5 J& ON287093, RAEKBWERIE Dis, HE
Halorubrum yunnanense strain Q85 Hl Q86"

100 — Haloarcula hispanica strain JCM 89117 (AB355985.1)

100

0.020

1 BERHE K2 SHEMMRFTAEN

100 I: Haloarcula amylolytica strain ICM 13557" (AB605776.1)
E Haloarcula aidinensis™ (AB000563.1)
100 Haloarcula tradensis strain JICM 15760 (KF962647.1)
Haloterrigena hispanica strain DSM 183287 (AB663443.1)

100 ——— Haloterrigena jeotgali strain A29" (EF077633.1)

99 _:{aloterrigena salina strain JCM 13891 (AB663448.1)
99 Haloterrigena turkmenic™ (AB004878.1)

100 — Halorubrum yunnanense strain Q85" (NR145880.1)
&[[ Halorubrum yunnanense strain Q86 (KJ644186.1)
K2 (ON287093)

Halorubrum kocurii JCM 149787 (NR113215.1)
gﬁ&ammbmm lipolyticum strain JCM 13559T (NR113480.1)
90

Halorubrum lacusprofundi ATCC 49239T (NR074194.1)

P43 F s A% S BT B (MEGA. 7.0)2 i T8 bk 1 i Ak

B, 4R35 (neighbor-joining method)#4 #4315 & bootstrap 4 1 000, 4337 F 1AL 7R 1 000 K E
B gI 3R, WRFRBEIEE, 5 TF 5251 WH GenBank J¥515

Figure 1

Phylogenetic tree of halophilic archaea K2 and related species. The phylogenetic tree was

constructed by neighbor-joining method and bootstrap was set to 1 000, the number on the branch was the
leading support value of 1 000 replications, and the scale was the genetic distance. The serial number in
parentheses is the GenBank serial number of each archaea.
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FAAL. Halorubrum sp. K2 FEARE. 1% 25 A0 FE HLAELRE
TR PR-AE, G5 J& CCTCC AB 2021151,
22 WEBHIBLER

DL ERS BT A TE L SR ERK
W A RE i L T S 8 N2 SR A T B O 1
25 AL VL Halorubrum sp. K2 S5 3 ) BUZ A
s A B, AN S2, &liEgk
SI U S, N RS 4 HRPVI13, %W
WIS NREIE, W, B2 )5 36 hA] 2  Halorubrum sp. K2 }ZE¥# £ HRPV13
WEFIEAEE, 48 b5, WMBEEER AL AEHEEIYE
8 o 42 HRPVIS RS e o e o e
10" PFU/mML, 7E 4 °C AP JFM FAANAE

23 FREMNARAMEEMEER AR EE 2R 1.26 g/mL, %ZJZXT N IR
W% HRPV13 JEEHET CsCl BRI MM, 294 1.5%10" PFU/mL,
Oy, M EMTFER 1 mL h—)2, AES 32 7 i B g 4l Ak G ) HRPV 13 4K 25 9

WEE R B U (B 3A), MEE—2w KL, B 3C PR, fasg b RECIRE 2204
BT, R 3B R, HRZERT JARE, EAZDN 60 nm.

B 134p T c
132}

: E3 /"'// 410m
130} 1 _
et
£ 1281 f H & 110" é
& 5
> 126F i 1100 &
= =
2 1241 T E

122+
=1 b4
120+ 18
01 2 3 4 56 7 8 910
Fraction

3 HRPVI3FHMANUKRBEMNELER  A: PEG 6000 JIIEM S5 1Y HRPV13 Fi 8 K #E17 CsCl
(1.3 g/mL)% FE A6 B 9.0 S5 TE A E U (/5 2k BT7R) s B BARARSA CsCl BEAR L 9.0 5 A 1 2 F AR
1 mL R AYEE, BRSNS —ZIEEE, SERRREIZREERA N A C: TEM
WLEE 1%BRIR XA 7 55 HRPVI3 1B 25

Figure 3 Purification and electron microscope observation of HRPV13 virus. A: Light scattering band
formed after PEG 6000 precipitation of concentrated HRPV13 virion by CsCl (1.3 g/mL) density gradient
centrifugation (shown by arrow); B: The horizontal axis is the number of layers of 1 mL of viral solution
taken from top to bottom each time after centrifugation of the CsCl density gradient, the line graph indicates

the density of each layer, and the bar graph indicates the titer corresponding to each layer of virus; C: TEM
observation of HRPV 13 after negative staining with 1% uranyl acetate.
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24 fREMERANFEDH

B2 BUE] A9 HRPV 13 3 R 21 FH AN [R] A4 A% 12
fit % BRI N VIR AL B, % PR DNasel 1P
TPE VIR HURE, X RNaseA AU (K 4A),
B LR 2H 2 XBE DNA, & 4A 1, RNaseA 4b
PG 25 HEARAL BRI R, R JE RNaseA fifi
FARIHEE N 5 ng/ug-DNA, B S, 1l HE
HENAFEE, RN RS RN,
PTG 30 R A B 454 R . EXO T Af A
TS DNA By~ Rumsl 3/ MEA S, BA
35 HMIIEEEYE, HRPVI13 HEHZH Al 9k EXO 111
AL, VOS] E A AR B B2 4y, IR,
FERIZH A n] DA 4% B A% R (mung bean nuclease,
MBN)#l NaOH JH b A ] 454 (] 4C), it

W IR 2 A BB gy, XA A 2 T
A & e B \
W M U TR b M U SO

231
9.4

19 19 b on
o Wwin

4 HRPV13 EFBFAAREEELABRER

ﬂ‘\\y\ 0\\‘5

s 25 I A 1 i AE e . B’ 4 R FR Y
g 1 SR A L R 22 5 vk, L DR R AR T RE A
TEB 20 B WSROI DNA FEAifb i #2rh e T
ANEJEA ) DNA, WIFEIRTE | Bk bl %) AU aE
Bz, AR Sk GE , 2B s HRPV3!Y
SN2 L PR 4 HLBE R 4 — BE“GCCCA”
PP A G, WP S [FAERTfE HRPVI3 AL
PrhR BNy, BHR 12 4. 45k, B
HI A E %57 2 78 HRPVI3 g bl
KIEINRE

T S AL P &5 S B R, HRPVI3 [
FERAT R 9 333 bp MUALEEFRIR DNA, &4 154
FF ik )12 HE (open reading frame, ORF), HiAf]
KA BB E 1. ARESLE AN,
AR BRI VTR B, EcoR T (1 M),

N 5 02
A Qﬁl %\l %O“

C
N
@ kb M U WP ¥

A: 453 DNasel (2444 1 U/ug-DNA) . RNaseA

(AU EH 5 ng/ug-DNA) ., EXO IIT (&K 10 U/ug-DNA)W /L HRPV13 R[N 4H; B: FIARFZEAIBR
il 1 9 I EAL B HRPV I3 JEN4L; C: AR E A MBN (10, 5 F1 0.5 U/ug-DNA)FI NaOH (& & H
0.1 mmol/L)Ab ¥ HRPV13 £ 4., M: A-Hind III DNA 4] marker; U: AAub¥ K%L H 4H

Figure 4 The HRPV13 genome was digested with different enzymes. A: HRPV13 genome was digested
with DNasel (final concentration of 1 U/ug-DNA), RNaseA (final concentration of 5 pg/ug-DNA), and EXO III
(final concentration of 10 U/ug-DNA), respectively; B: HRPV13 genome was treated with different kinds of
restriction enzymes; C: HRPV13 genome was treated with different concentrations of MBN (10 U/ug-DNA,
5 U/ug-DNA and 0.5 U/pg-DNA) and NaOH (0.1 mmol/L). M: The A-Hind III DNA single cleavage marker;
U: The untreated genome.
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%1 HRPV13 7 &Y ORF FALj&E

Table 1 HRPV13 predicted ORFs and functions

ORF Direction® ORF GC® (%) ORF product Length, aares. Calc. pI* Predicted function
coordinates (nt) (MW, kDa®)

ORF1 F 37-435 59.1 Putative protein 1 ~ 132/13.8 3.08 Internal membrane protein

ORF2 F 432-689 56.6 Putative protein 2 85/8.7 3.30 -

ORF3 F 689-1 234 60.3 Putative protein 3 181/18.2 3.67 -

ORF4 F 1281-3032 54.7 Putative protein 4  583/61.8 4.05 Spike protein

ORF5 F 3040-3 618  58.0 Putative protein 5 192/21.0 5.16 -

ORF6 F 3618-4397 604 Putative protein 6 259/29.1 4.53 -

ORF7 F 4397-5509 584 Putative protein 7 370/40.2 4.58 NTPase

ORF8 F 5502-5675 563 Putative protein 8  57/6.1 7.94 -

ORF9 F 5672-6 070 559 Putative protein 9 132/14.9 6.83 -

ORF10 R 6073-6318  53.7 Putative protein 10 81/9.3 9.89 -

ORF11 R 6681-8300 564 Putative protein 11  539/60.3 5.16 -

ORF12 R 8297-8596  64.7 Putative protein 12 99/9.9 5.00 -

ORF13 R 8593-8727 57.8 Putative protein 13 44/5.3 4.69 -

ORF14 R 8 724-8 855 59.8 Putative protein 14 43/5.0 4.29 -

ORF15 R 9055-9297 469 Putative protein 15 80/9.1 4.41 -

H: ST ORF MMLZ R — RAEBUMRITHAE; *: JFHI 51 F RiEm, R FRIE; °: GHC &R, < BAMRT

G SRR AR FEAC B RO 43 s 40 TR LR

Note: Conservative ORFs are indicated in bold; —: The function was not predicted; *: Sequence direction: F: Forward, R:

Reverse;
Calculated isoelectric point.

Mun 1 (2 M), Not T (3 M &)M Bgl 11
SAML DB 43 3830 1, 2. 3F 5 A5
PR EGIE T HRPV 13 BSR4 SRR 4 (18] 4B).
2417 NCBI FA BLASTn Hb#, &3
HRPV13 52 kB ZIE R EE HRPVIIL,
HRPV12 Fl HRPV10 AL, FF51—FrE 5
J& 76.52%. 76.48%F 76.57%, KT
H i Joge— M pn e, {H S5l W4 B i 1 T
5 85 43 S I BE R 4H OC & (genome relationship
applied to virus taxonomy, GRAViTy)®"=% i)
&N EZ 0] composite generalized Jaccard (CGJ)
PR R B, R T B A I 2 1) Y [
T A T R 5K PR 2 2 SRR AR (S5 BRI 0 1))
FIARRIE . R HE Demina 25421 () GRAVITy 43
B B5F 4 1 1R )5 9] ] — 1 <95 %A 4l 43 9 B

®. Guanine (G) and cytosine (C) content; °: Protein length in amino acid residues and calculated molecular weight; %:

J& A EFRES, HRPV13 51X 3 A%
BB ERRIF . ik, JF HRPVI3gHERE
IR ATER, AT LAE I, B 2 AR
o5 B R A — A R A, FRATDRE HoAw 4
Betapleolipovirus HRPV13 (Halorubrum pleomorphic
virus 13), 7£ NCBI L7515 /& OM747534,

5B M2 % RN — R,
HRPVI13 &A 5 ML ORF (% 1 HLIAR
ORF), MAMEEA BIEFFA R 2 1 ORF (ORF9
AORF1)!P2220 0 LR M HEA 5 B 2T
PR —E, WE 5 s, HRPVI3 ZLE
15 HRPV11. HRPV12 #l HRPV10 AL
R, JFo—BE R EAE 65%Lh F, BRT
ORF4 [—EPEAE 20%A 47, H'5 HRPVI 19
ORF14 Mo —B ki, 5 48.6%, Hiff
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HRPV11. HRPVI12 FIHRPV10 2 ] B A L1 15
90%LL I, ‘EAI1ZIAf) ORF4 2= HIAR K, nlfE
TR IR A E 2RSS Al T, J
EARMA N S BRI AR R AL P

AH%F HRPV11 Fl HRPV12, HRPVI3 £7T
2 M/ ORF, 43-4iJ2& ORF8 Al ORF14,
BLASTn Z5 R AKX E AL EH . 27K
HRPVI11 Fl HRPV12 Jtllt 2 4~ ORF, {HJE& 24~
JREEH) ORF7 Fll ORF8 Z[E]LA K HRPVIL ¥
ORF14 #| ORF15 Z[i] 1 HRPV12 iy ORF15 %
ORF16 Z [ #8A —Exlalf%, 5 HRPVI13 /) 2 4
ORF JEH|—EME7E 85%LA |, i WX Sy 25 Al
AE & Mt W] 41 56 43 4k T &, HRPVIL Fi
HRPVI2 K 2 4~ ORF 7EMEALAY L FE h i1 %
g, WiAE HRPVI3 W {RA4F T Tk, [FAEH,
HRPV11 I HRPV12 A4 1 ORF9 Fl ORF10 7£
HRPV13 H AR EIX L) ORF, UiHHxX LY
PERG B T BEAF7E L MIAH SE . i T HBFRA B A
[F], FrAb A5 &84k, FeEELEA [ Y PR 5T
i) 5 AN 6] B 1) R4k, 00 3 R i) () 22 S5 ik
KK, (IR B A A5 8 AR IR ST o

¥ HRPV13 )75 5 2BV M 3 MR
F R4l 47 BLAST MWl tbxf, 78
VICTOR (http://ggdc.dsmz.de/victor.php)ft) & K 4
BLAST 55 &5t & & (genome BLAST distance
phylogeny, GBDP) b4 @ i L&, 7E4% R Ml
RITRIKE FERE T4%R RS2 # 6A
6B YA 24 FEN 3, 5k A 2B
AN 3 ANE. 5W—3, HRPVI3 5
HRPV11. HRPVI2 fIHRPVI10 7E[d—433, 5
Betapleolipovirus J& RETE—iL .
2.5 WEBEESFY

24 MOI {H°~ 0.1 B, K2 X} HRPV13 A%
FRFVE PR HL sk, 23 2 h e MR R
Al 3k 82.8% (& 7A), i 30 min W e R b

M7 1.2.8 P AKTHER, i 30 min N K2 R
975 7 A IR B R T ik 7.83x107"2 mL/min.

MG HELL MOI {2 10 {24 K2 BF, 10 h
LA FEARELE 10" PFU/ML, J&YL4H )
ODyoo IR BAR T ARG LL(E 7B). [HAT,
A F ARG AL, BRI 2H 35 4 55 B 4811
1 ARG 20 BT TR A H 978 10° CFU/mL DAk
(K 7C), X LLLE LI HRPV 13 7212 42 K2 ik
I HAE KA BT ER , JF RS R KR AET
2.6 HRPVI13 fmEMTEEMN

ST B R M, KRR A e
ANFIRLBE . pH . R B TR KRR S G 22 i
bR, IR E A . WKL 8A s, iRJE
M 4-50 °C i, HRPVI13 B R ERZEAR X 2
ERPIRA, N 55 °C BN TR 2 N BcR
2%, T 60 °C AbFH 30 min JEHEFE2 LG, U
W 5 AT 32 55 °C LA E B S il -

FAASTRIHE B /Y NaCl B9 SW 2% ik b B 27
if, HRPV13 ALA]—EFE L b 32 (R Eh B +
WERE T LG LT 1 R )k 7 Tt AR AR v 1)
1R YLRE J1( 8B), X5 HGPV1 #ll HRPV3 Jif &
B R 327 I 1k B e — B P2, SR, TR
J& T Betapleolipovirus 1) HHPV3 1 HHPV4
T 3 mol/L 9 NaCl A Gefa e,
Kl 8C fran, fEFASIERhEEh B 7 4b BERT,
HRPV 13 {5522 12 Y4B J1 . #£ pH 4.0 B
HARYeRE I 8RR, 1 pH 5.0 & L EAHe
RYTIILT-AZ 5 m (Kl 8D).

2.7 HRPVI13 B8 £5EH

VEB 18 #5336 B Halorubrum . Haloarcula .
Natrinema Fl Haloterrigena J& 19 Wg £h 1y 1 iF
1796 B UM 2 3 (R 2), HP (UA
Halorubrum J&M R LIgE HRPV13 {2,
HRPV 13 W] Lz 4 5 H N [F] — Hb 75 4 38 1
Halorubrum J& 5 # K2, K12, K4 fI K9, {HA
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E 6 HRPVI3INZHMFEHRFS GBDP HURMME  AEZRKT (ALK - (B)F GBDP 14
HBEERT, DL Y GBDP MY{EE bootstrap 24 100 ¥, &l A Fil B HIi9 GBDP B B A4 51/2 DO
D6, i JE T (R UR T Z s 2R — & 1 i A R B bR, i G X IBINE o 2
TE, sREXR p DA, W OXEERIUR y 2N

Figure 6 Phylogenomic GBDP trees for HRPV13 and other pleolipoviruses. The phylogenetic tree
constructed with GBDP at the nucleic acid level (A) and amino acid level (B), the assumed bootstrap of
GBDP above is 100 times. The GBDP distance formulas used in A and B are D0 and D6, respectively. Viruses
currently belonging (or are proposed to belong) to the same genus of the Polylipoviridae family are marked

with the same color. The blue regions represent Alphapleolipovirus, the green regions represent Betapleolipovirus,
and the yellow regions represent Gammapleolipovirus.
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Bl 7 HRPVI13 BIIRMIFNEsEYSE  A: 37 °C W} Halorubrum sp. K2 %} HRPV13 [, B. JEY
(LR ) ARG (22 O R ) Halorubrum sp. K2 5532 W11 ODgoo [, 210550 B s I GY J5 A ] B
[ R AL W B SR W U0 25 B2 80 s C: (RS (S50 B P )RR AR G (00 B VB s 3 O T D 114 A-C v

R ZELRANRARHE NN 22 (n=3)
Figure 7

Adsorption and life characteristics of HRPV13. A: The adsorption rate of HRPVI13 by

Halorubrum sp. K2 at 37 °C; B: Turbidity of infected (closed circles) and uninfected (open circles)
Halorubrum sp. K2 cultures; The red bars indicate the potency of the free virus in cultures collected at
different times after infection; C: Viable counts of infected virus (filled circles) and uninfected (open circles).
Error bars represent one standard deviation in A, B and C (n=3).

REARYE K1, [F]AF N BB AR e DAt b X 40

# Halorubrum J& BB #E, 1B HRPV13 915 £

NG EE =

2.8 HRPVI3 mEMERMERKS
WKl 9A F7s, HRPVI3 e R84 2 P4

A, FRERELAME N . BT AR S

AR AT A, A e A — R ety
SRR, I BTN T RES7E 100 kDa
VIR, BT R 50 T ay e R -5 BT
HRIIASE RV G . AR B YA RUINZ
WA EE S N IS (B 9B), FH G5 A BH5 9 BEAL
WREAL 5 MEEEHEHRARER), 3] HRPVI3
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B8 HRPVI3AEREZHMBRMBEEN A: HRPVI37E ARG B2 ; B: HRPVI3 A
AIEHEE NaCl AR FE 3 h Al 24 h 9RLH; C: HRPVI3 RG> —Fp sl AR R 2 7 A0 3 h il 24 h 193K
#r; D: HRPVI3 7ER[A] pH Bt AL 3 h Fl 24 h BB o IR 22 RARFARME N 22 (n=3)

Figure 8 Stability of HRPV13 under different conditions. A: The titer of HRPV13 when treated at different
temperatures; B: The titers of HRPV13 treated with different concentrations of NaCl for 3 h and 24 h; C: The

titers of HRPV 13 in the absence of one or both salt ions for 3 h and 24 h; D: The titers of HRPV13 treated at
different pH for 3 h and 24 h. Error bars represent one standard deviation (n=3).

FREER I AR BUR, A Triton X-100 208 WIFEEHANERDARER), HAE 5 FGIZER
G, REERGRE I LT e ek . X BEAREE DLk 3o K BB SR R AR B H e 2 R 2

WiBl HRPV13 J 55 % A N5 Bl 47 o ORF4, Uil k95 8 (1)l 28 2 [ (spike protein),
2.9 HRPVI3 FHEMRIESHLER 2 Z TR R LS F R I —F . SR 55 —Fp

WL FEA , HRPVI13 ME AR I PRSFAIPNESE I (ORFD)AEIAR A MZ], [HIEN 4
M) 7 FEEMZM, Hr 2 /NORF11, ORF15)  HMAFIEIZEM.

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



ARG W £ 22 T RDp 5 HRPV13 (173 1 408 S AW~ A s 1577
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Table 2 Host range of HRPV13
Strains Source Form phage
plaques
Halorubrum sp. K2 CRCE SR +
Isolated from Feicui Lake in Qinghai province, China
Halorubrum sp. K12 BEIFR 4B +
Isolated from Feicui Lake in Qinghai province, China
Halorubrum sp. K4 HGEFR B +
Isolated from Feicui Lake in Qinghai province, China
Halorubrum sp. K9 HHRA N R +

Halorubrum sp. K1

Halorubrum sp. N6

Halorubrum sp. N8

Halorubrum sp. N12

Haloarcula sp. B18

Haloarcula sp. B42

Halorubrum sp. B38

Haloarcula hispanica

Isolated from Feicui Lake in Qinghai province, China
TR AR

Isolated from Feicui Lake in Qinghai province, China

HFE AR B E IR 8

Isolated from Jiner Lake in Dongtai, Qinghai province, China
BBEREE TR

Isolated from Jiner Lake in Dongtai, Qinghai province, China
HIFE ARG E IR e

Isolated from Jiner Lake in Dongtai, Qinghai province, China
HFE AR B E IR e

Isolated from Jiner Lake in Dongtai, Qinghai province, China
BBEREE TR

Isolated from Jiner Lake in Dongtai, Qinghai province, China
HIFE AR B E IR e

Isolated from Jiner Lake in Dongtai, Qinghai province, China
RS20 2= R AF Our laboratory

Halorubrum AB 209310"
Natrinema sp. CJ7
Natrinema gari JICM 14663
Haloterrigena jeotgali A29
Haloterrigena sacchareritans CGMCC 1.3730 CGMCC?®
Haloterrigena thermotolerans CGMCC 1.5399 CGMCC?*”)

CCTCC

ARS8 % A7 Our laboratory!®! -
B bR 2 I B8 29 From CUT Henglin{®®! -
W52 2 i 88 27 From CHEN Shi>”! -

{E: +: HRPVI3 AJRUE IR BE; —: A BEIE sl i 5
Note: +: HRPV13 can form plaques;

3 & #

A BE A — 28 ORI HL TR D
AZERE, HAWPFE HAne AT — B, R
ik, HETE ABAE ER RIS+ e
ﬁ%ﬁﬁ%ﬁ*ﬁ%?&é@?ﬂ%ﬁ'ﬁ%2HE"J§E%“‘T$%
—EH, 21 T5%HIFEN G R R B T, ARME
B PR S E I RES . BRI, T
TEAE D AATD AR AR AL R B F R IR, TERESE

—: It cannot form plaques.

EBRGEME . WEE-E FAEAEN . RE
AR S 5 A PR R Ry T 3 00 2 R) DG R 4 T
HAWEMER,

Z AL AR B 2 AR R R L Z g ER
RN . 2B 22 BRI Plasmaviridae B}
H e BE B R HATME— T A 7Egs iy E RAA 2R
LT 20 M B ) e 5, HRJE R 3 AR Al (4
B TR B AR MR B SRR R T A
WEFE T A 35 A0 o B A5 B — MR i) 208
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B9 HRPVI3RmEZAKRERBES A: W
EOHF DY r SDS-PAGE &, 1-9 &
/N CsCl WM E.OF N EAET R 1 mL h—)2
BRE, Hd 3 ShHM)Z; B: 5 FHE B RIS

ARy, i F 10 kDa 4kif F . M: EE
marker
Figure 9 HRPV13 wviral protein and lipid

components. A: SDS-PAGE of viral proteins stained
with Coomassie brilliant blue, line 1-9 represent
samples taken from top to bottom after CsCl density
gradient centrifugation as one layer per 1 mL, of
which line 3 is the target layer; B: Sudan Black B
detects viral lipid components, located below the
10 kDa band. M: Protein marker.

PERGTE HRPVI13, HAE 3230 R — Hu X 70 25 114
— KRG ER W Halorubrum sp. K2, FEHEANAFST
TR Wy R DR A R S i T B 5%
/8 HRPVI13 B—MZIEEmT, HA/NA
60 nm. 52RO, HiE
FIEEEAER 2, R YA 7] M A 5y 25

# 3 HRPVI3 BfRIZHEMLER

Table 3 HRPV13 mass spectrometry detection results

P, HLEA R A, xS0 SRR
J I A R, KB HRPVI3 7E K
HREPASSEM MR RERMR, EREE
10 h i Ay, TR B3 PRAFAE — 0 I T B
2% 10" PFU/mL. X Fill 24 fig 70 14 42 1y =X
3l A AE T 2 I PR dE R

2T B B R e R, — 2B
ELHIE A AT LA 22772 /9 NaCl ¥R, 1o —
LB U] S IG 7K - 4 NaCl Bl He At 2 7 o A k™),
HRPVI13 JHEE)E TR, ERkERJLT1
FAER S AR PR B e AR G T o XA XoF
2RI R AR BT 2 M e 1 A S FE Rk
B AR

Z I AR R0 o — R SR L
W Z M, B R S0 DNA,
A LPENEE DNAY, 5546, A5 095 3 1Y BUEE
DNA R4 b3 & &R A BaE R4y, Bl £IE
£ 5 95 % 1 i HGPV1 . HRPV3 . SNJ2 .
HHPV4 Fl HRPV11 %5, V)% E, HRPVI3
PR A A BRI o, (HE TR S RRIE 2 R
R, 22 5 220U 75 1Y TR AT 5 0K i) B £
e T A 7 2R T s B R E

HRPV13 (AR HEA 5 2 4k iE 1 HAth 2B
PR BE LA — 2, 1 HA A RFE AR,
FEplJ& 5 HRPVI1., HRPV12 #il HRPV10 7E#%
iz F a2 L KV H AR & 78— Btk . Z 0T
oE & BCY, el — M 43 HRPVIL,

ORF Description Coverage (%) Unique peptides Amino acids (AAs) MW (kDa)
ORF4 Spike protein 65.9 35 583 61.7
ORF7 Putative NTPase 46.8 13 370 40.2
ORF9 Hypothetical protein 61.4 8 132 14.9
ORF6 Hypothetical protein 23.6 7 259 29.1
ORF5 Hypothetical protein 33.9 5 192 20.9
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HRPV12 fil HRPV10 iX 3 #J#5 AY a8t (& A BU 1
WU, H 92%-95%M % R ¥ 51l — 3L
PE R B AT 5 B A LAt 43 85 1 2B M
JEE B 1 22 5 AR s T HRPV3 2 HHiB
BRI —PR5IX 3 Foe g 3L 5 41— Sk 4
o PR 2, 33X OB 5 0 1 1) 3t A% b HL R E
(5% 7 S IR AZ AR R B A R R K 2
FHAZ M A R 52 R DG TR T s 2 AS LA
FEAEMZERIBE AL, AT REA 247 iR B2
20 TR RN TR O 43 S DAHT ZEAR KA B R
HR 4l T 25 4 A0 A T2 b v 2 11, (LT 4 R 0 7
43 2 1E 3% 80 B 285 1) 3k 1 56 R 4 43 Hr R A7 %
AR, F NIRRT LN 4124 ) GRAVITy P
KR i 2 0] CGI FES Ry, 82
975 5 3k PR 22 [ g [ 50 A ) A I PR 2] 2 2
AR PR 177 1) ) AR AR o DA ) s 3L 457
RIEF L1 GBDP & B 45 R & GRAVITy
4381, HRPV13 5504 %2 HRPV11, HRPVI12
FIHRPV10 751 — B e ey L 43 512 76.52%
76.48%7F1 76.57%, KN tJ&E T Betapleolipovirus
() —A e aE T Rl . BAR 2T B aTE 44
BT Lk, (AHSE TR RAL, T
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