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Wk B AR I ARAE T & P& sh 3 T, A8 B AR TR . B2 IE
= NI GRS = N 1 i P (R 2T 4 < N R 2 S - S E R N el
K H TR IR, 2B A5 3] 35 NEER. HRE 16S TRNA JEK /751 734t
ENAET 4 NI 13 AN E, BFE 6 MEEHF. M, @2 FEER CH
S, M3IANEHEFIHEAS T 3 Bk REIRME F A, Bl QHL-VHI. QHL-VBS #l
QHL-VC10-3, ‘&A114) 5l B 4% Methylobacterium sp. H1 . Halomonassp. B5 Al
Halomonas sp. C10-3 Bk, X QHL-VBS #t47 7 H#t— L 0#r, ZEEw oK 2N
WA, HIEHAN dsDNA, G+C &8N 61.72%. 8@t FERAE T 3% 3 K 4
Feal, FERIAKEEZI Y 40,078 bp, LA 61 > ORFs. FERIERER R, ZWRE 4
It sE R R AN R R S R A A X B B iR SDS-PAGE
N, WREEARRIURL S 4 DT B EH, K240y 55kDa. 40kDa. 35kDa
A 11kDa, FiG%E Sox, BN nl AT &EH (phage portal protein)  fBE &
I Chypothetical protein) . FZ K524 H (major capsid protein) A€ & H
(hypothetical protein) o A5 H CHRIE 17 HEWIE AR 1) 70 S 24k, A iRR
WARTEF I AES KRG E RS HE T HE).

KRB FIE; NG IR WA B E SR, QHL-VBS; WRIE 1A E



Abstract

Abstract

Bacteriophages widely exist in various salt-containing
environments and serve important ecological functions. Qinghai Lake is
the largest inland lake as well as the largest saltwater lake in- China.
However, few reports on bacteriophages in Qinghai Lake are available at
the present. In this study, 35 bacterial strains were isolated from sediment
samples collected from Qinghai Lake. As revealed by 16S rRNA gene
sequence analysis, they belong to 13 genera of four phyla, including six
potential new species. Three head-tailed phages, named QHL-VHI,
QHL-VB5 and QHL-VCI10-3, were purified through mitomycin C
induction from three of the strains, identified as Methylobacterium sp. H1,
Halomonas sp. BS and Halomonas sp. C10-3, respectively. QHL-VBS5
was further studied. It belongs to Siphoviridae, and contains a dsDNA
genome with a G+C content of 61.72%. The partial genome sequences of
QHL-VBS5 were obtained, the length of the genome is about 40,078 bp
with 61 ORFs. Gene annotation revealed that the phage encodes
structural proteins, integrases, transcriptional regulators, and proteins
associated with host cell lysis. According to SDS-PAGE analysis, the
phage particle contains four major structural proteins. They were

identified as a phage portal protein (~55kDa), a major capsid protein (~35



Abstract

kDa) and two hypothetical proteins (~40and ~11kDa) by mass
spectrometry. This is the first report of the isolation and purification of
phages from Qinghai Lake. Our results contribute to the understanding of

the role of bacteriophages in the Qinghai Lake ecosystem.

Key Words: Qinghai Lake, Isolation of bacteria, Isolation of phages,

QHL-VBS, Phage identification
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F1E Zip

1.1 RS =

1.1.1 TMEFFEHLA

g e — R A BRAE TS A0 N 25 AR M AR AR B AE Y, e AR Hors AU R 4
REFILIR . A REERE, A5 @SR DI R AR T 52K
girk, BRSNS, mEAERRE S ERT R KK EZ —, JREEAERRIIK
JERTIE 1094 /mLI . R B4 3 Mg th i A B Vg B AR B, 520 1 32 0K 50
R TCER BRI AR, RSN AL R F212), DRI e R S B AR S
Dhfig.

HHET, AMIMNEERIAEE A O B4 2] 100 RH R, AAHEE N 5 EZEY
T (6300 R MAF 1.6%5. #1EZ 2016 424 H, A 100 ZHkiE £h 5 75
et AR, Hod 90 ZARBGGE T, 14 PRIBCGLYHTRD.

RN B IR B R AME B /& (Bacteriophage) - HAT, M@ shEH I
R 14 EEA (R 1D N, fFEKE. JUR BMEMIIE 4 g, # 3 F
HETHRWEIEE (Caudovirales)

2R 1.1 )\ R P AP 20 7 B B 4 B T A

Table 1.1 Bacteriophages isolated from hypersaline environments

LREN K (eSS & LERN S HENAN
N Genome size
Phage Origin Host Morphology Type (kb)
PHHE wdh g b £h A
Fo-11 " Halomonas halophila G-2 KE oyl ND
QA JED
PEHEZF i dh g b £h A
F5-4 . Halomonas halophila KE gl ND
Q& JED
PHHEZF i dh g b £h A
F12-9 . Halomonas halophila KE R ND
GFJED
HM-15 LA h 435 Uncharacterized strain 121 KE 2 ik ND
HM-5 PHPEF = h -3 Uncharacterized strain 131 KE 2 ND
SCTP-I BRI Salicola sp. PV3 KE i ND
B . Halomonas ventosae
QHHSV-1 i E Z TG B KE i 37

QH52-2
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4k 1.1

Ps-G3 YN Pseudomonas sp. G3 R 4 ND
UTAK T Salinivibri; lcosticola sp. W o %0
dgspC % [ Bhmi L b AR B Halomonas sp. 21 WLE g 340
SCTP-2 BRI Salicola sp. PV4 WLE 2 ND
SCTP-3 AT Salicola sp. S3-1 R i ND
CWO02 ESES N Salinivibrio sp. SA50 HE B i 49
SSIP-I DISERTINEYIN Salisaeta sp. SP9-1 TR 2 ik 44

RN PR E A AR T2 Rt R R E AR TR,
Ik H &8 52 2507« AR AT 304E FA 7T, (H g 5 Wk mAA 2 SACH 10RRAS
oy 55I%, Bk, Bl 5 2 0 5 B R A A B TR A UGR FAEY) 4
TEAI ST RE, 3K 1Y Ik T A T s 5 o

1.1.2 '8 R EBEEE AR

T MR Hh AL T B AR RS, PE T PR, AT ARZ99°36'~100°16', b
74i36°32'~37°15", & E KRN R EUKS, A0 -1.5°C~1.5°CP), i
T N4456 km2°), pHAEZIN9.2, #h & N13.23~14.04 g /L), 1Z3H1 40T 7 XA
RIATEE B ZFE N = KA R G WA AL, Rk L) L HER A T WS 1T
AR, RERFERAY X, EbRE R XE, T4 E i R A
WM AES T AAEEZ L.

HHEHEA FE AR, BT Bk, oS+ 8uK,
BAMRER. KA. midk. mEN BRI Z KSR . HILHIERN, Hilg4
BARAE TR AEM Z e, HoKIE ST P S B E L M FIEmRcE 2
FRGRAER), {8 B RGOS T 5 I 25 1 W B 4 0 A DGR IE P

113 IEEA-TEEHE/ER

(1) MR AR gL A
s TR A SRR e 1 AT o N R I (lytic) « ¥R (lysogenic) A
IR MY (pseudo lysogenic) « f@PEYY (chronic) PYFpETN0N, 5 i i) 24
77 TN R AR TR AR T M S g A o«
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(1) AR s ZUPE NG A BT R I FR 2 AR . RN L 2%

O RRIX ﬁ/\mﬁﬂ FENAR A 32 40 M I 2R A0 A 0 o A S B 3dE N SR

A, W R A A DR A A B 0, 2 ol Al T AR, S8 i T8 g T2 4 R
R,

(2) VDRI s 5] T IR B L 1) ek T A e R il R B Ak o L AT LIE N
VRGN, e 2 DR 2 5 BI040 TR e Rk O TR B 44 (prophage)
FAENTE F QAR —E 0. E2REZR C (Mitomycin C, MMC) <
EHME (UV) 101055 R, B R AE SOS [BE, Rifl: b Ak [
HYIH, FENRIEI ﬁ%/m*ﬂllﬁllei’@/\kiﬁﬁfﬁ)ﬁﬁ’]Ekﬁ”ﬁfp'ﬁﬁ
W S B EE, (BIER I  —FARR S RPIRAS: AEEFRRZ

ST, MR R AR RS AEE RIRRE, 8RR GE
I, R TR AR A SR B AR A A T (LA 1.1) D

=

152 i _
_43\_ R AA s e s 21

o W|—{o o 1At L

R

A 11 BREEESEE (3R, IRRATE, 2019)

Figure 1.1 Schematic diagram of pseudolysogenicity

(2) WR B A ~Fa T 2T HL

KIS R, MR BAA S 40 b TR BRI RS, BAT]
ZIRTE R T —Fh 8 = 0 EARHRG T LA O, W T A B e 25 A T E 4, 75 24
W N R B0 AR 1 A0 B R A B DA ) B e SO A 2T R TS A R B AR T
B R A ar i B . — 7T, A8 F UM IR AR AR, i 2 MR
ey BLFE DS Bh e b 1A e B sl T2 g 0 TOoRA B3 BRI TR AR 1 B 0,

W A8 F= B0 B A R B AL A

T AIRAEN R T A SR, A TR A B AR G L i R T A I PR BB 1 3
DNA &, HHl, WARBZMPIENLEA, CRISPR-Cas R4E. i &G
(abortive-infection mechanisms, ABID) . [RFMEMH RS (R-Msystem) . FHETK
PSS HL AR OS]

(@) Wit B AARHELAE = 1% B AL )
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BEXTAH R S RS, W ARTE S5 1E E RSP REP G T PuiEALE,
FEH Anti-CRISPR R4t HHR-PIEH R RS (toxin antitoxin system, TA) X}
PUPR HI A2 52 1) 2R G A IE BLFT 2 AR S5 LI ST

1.1.4 FER R E A FE F R

HAT, e A% R 2R 2R 1) vy SR 21 S50 6 T W 1 4 32k (R 4 351 9 XU DN,
SR R AR 7T B TP AR TR A B L UYRHIE b, T 10 4F SR A X6 I T AR i
1T EUBTR A S R A A 9T BEE I P BOR B A e, W T 1A dgspC SSIP-1
CWO2 SEfateill e, JEHEAT 1 LR A 1E B i, Hody, &5l AvEH
I R A DgspC, HIED L% JE K, 1831 340 kbU'6l. #1l- 2016 4 6 H , NCBI
| 80% LA TG A FA) 2k AT 413/ T 100 kbl

LRI, W 2k DAk o A 0 25 DR 2H 2 i e Ak TS 2D B B, TR e ¥ 8 2 I T )
AHE (open reading frames,ORFs) DJREAR A, CAIN DI RE— b I B 451 L A |
BEMCHEDE . BHIARIE I, DL SR B va Y P PR S A R o B R PR W T AR ]
REA B — BRI A e iG s R R A &R 1, (Kb, ORFs 1) ThRE x4y B %
Wt .

1.1.5 IR AR T2

s 8 AR OREAE 3 3N, — MRAE 50-200 nm 2 18], R XMEFE G 24 WA T 42,
W IEVER 73 MO BEE AT TH . H I, % T 20 Bk TR A AT B I ) R T
A BEEBREG (Plaque-forming unit, PFU) . SER%¢ Y6 8 & PCR Hi AR (qPCR)
FiEH B 5K (Transmission electron microscopy, TEM) .

(1) Wb BT 4%

FEIE 26 Ty — DR BRI B — Wk B B o W B8 DX T 802 2 AR 4 A o
FEXJZ A 3~ ARCE TP RSk B B P 280 B ofe 11 JR Mk T 4k 1) i & PRU o O FH T
DR GLRT 55 7508 T W ZUPERR A4, (IR I8 A L) 1%40 5 P 7L L5 = 55 97
U7, HAE F AR P HE FH T O Mk T A 2 e 1 0 2 iR AR A Pt AN TR s T 4 o
R, Z 7R — E R RR M. HB T Z R LR i, s R, 1ErEE
)53 B A AN AW 7 o B D7 TR 21 1 AN AT Bk R H

(2) SERFZ265E & PCR HiR

SIS B PCR HiR 3243 5 DNA 44kl (3 H SYBR Green I. SYBR
Gold. EvaGreeEB 5 EB) . WOGIRENE . /KMFRENE. WL R IR ME PCR 14
RPN T ZOR: SR Rl I RO6E S AR R REAS 5L I B IR S
PCR WA, FEAE R G 2E; € B2 TR IZBORBRE ST AT IE AR R
FE 4TS, I EK PCR N HTRT 15 MERRIRGE SENRICARIRE S,

10
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WE NRIGIAE (threshold) U190, FEAN S NE N G AE 5 BIIE W€ IR I e
2 FIAEA BN Ct i (Cycle threshold) WFFEM, AEAMRE I Ct {8 5iZ M
(R aG 5 DL AR R R, Alid e O ah #5 LB A v i 15 B b v i
2. REBRAFARIBES CE, BIATMARME LR b T 50 H 120 il IS i 4 DL %5120
o IZFEARXS PCR N H AR 34T € B, 45 € BB Al . REK.

(3) EH TR

375 5 PR AR 2 U T W R A SURE 1) 5 FH 7925, A FH R RSV 55 G R A i
BTG, RIFEIES T R N X R R AR AT 2 50 8. 5 PFU 0%
FHEG, TEM BIARIAAE T W A4 TG 75 Kk g - B0 o] BT 4, R R 8 SR A i
(St NANNIE 18 ISR AN E I SSEa

12 RBHEENX

T A B R N Bl R AT R B BRARRFALE A B B AR SR A
PRI, T MR AR 2 BEPEA 132 B 5GTE o (B 5T 75 Wl W 1 4 O B 72 41 38 22 4
AR o AT T IR FETT HE T URAN (14 <56 1 W T . 58 2 8 0T 7 T T P Mt T
AT AR AR, TR, S T A DR % o

F22E MIRABRERFZE
2.1 SEEGHR
2.1.1 g, 5 k=
£ 2.1 FELBAFFIR

Table 2.1 List of main experimental reagents

AR s

22 RERC MedChemExpres
A Amresco

Vo PR Omega

HHEE K Takara

i EILenWalk=a JE

DNA ladder TIANGEN
Protein ladder Fermentas
Bacterial DNA Kit Omega

2XT5 Super PCR Mix (Colony) Tsingke

oAttt [H 25 £E 141

11
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212 Ex%E

(1) BRI
L1 (gL) : NTI/K, 1L; fHERHER, 2; BRERE:, 0.1; FUKEARR
BN, 2.5 BRIREEN, 2; 4EAEZ, 2.5mL; pHI.0.
B AREFREE I 1.5 g/mL EZJIE#Y, 121 °C KT 20 min.
1/32216E (g/L) : 1/3 NTi#F/K 1L, EAW 1.67, BEHZR 033, i
R4k 0.03, pH9.0.
B AEFREE I 1.5 g/mL E2JIEHY, 121 °CKHE 20 min.
(2) A5 B 3G R4k
R2A (g/L) : ANTi/K, 1L; FEEHERW), 0.5; EAM, 0.5; WEH
IKIEYD, 0.5; Hi&ME, 0.5; HEERE, 0.5; O-JEM, 0.5; HWEIREN, 0.3; pHI.0.
AR FRIE NN 1.5 g/mL BfeH, 121 °CK I 20 min.
1/3 2216E (g/L)
(3) FRAREEFR KIS VLS i I 5 77 4«
1/3 2216E (g/L)

2.13 EEilk7

(1) NTHgK

NaCl, 23.477 g; NaxSOs, 3.917 g; MgCl-6H,0, 4.981 g; CaCl, 1.102 g;
NaHCOs3, 192 mg; KCl, 664 mg; KBr, 6 mg; H3BOs3, 20 mg; SrCl, 24 mg;
NaF, 3 mg; ddH.O, 1L

(2) SM ZZpil

10 mM Tris-HCI (pH 7.5) ; 100 mM NaCl; 10 mM MgSO4

(3) 5 A

2% LIRS, ] ddH.O iEf#, 4 °CIRAF

(4) SDS-PAGE _EFEZEMHIE (2x)

100 mM Tris-HCl (pH 6.8) , 0.2%{RE>%, 4%SDS, 200 mM -3k /B¢,
20% H i

2.1.4 5|4

ZMTE 16S rDNA #F 5|9
27F: 5-AGAGTTTGATCCTGGCTCAG-3'
1492R: 5-GGTTACCTTGTTACGACTT-3'

12
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2.2 SERG AL
2.2.1 sS4 S

AT 6 1 75 VR DX TR DA i R AS S 36 == 40/ ME 1 T 2018 4E 8
HREAFTEW, FEM%S9S1. S2. S3. S4. S5. S7, UIAWEE N VEgn(E

1%‘%%% 2.20

K22 FEHTIRMERERR
Table 2.2 Sediment samples from Lake Qinghai

Sample number Depth of water N E T/C pH
S1 26.80m 36°42'41.44" 100°24'59.40" 12 9.84
S2 24.40m 36°41'54.08" 100°26'50.46" / /
S3 20.00m 36°22'4.54" 100°28'45.11" 124 9.84
S4 22.00m 36°40'46.70" 100°28'22.82" / /
S5 24.00m 36°4123.10" 100°27'0.38" / /
S7 20.00m 36°4025.30" 100°26'26.09" 121 9.82

222 WHEME EIES

(1) [FEEFE FREL S g PURRWIFE N T 100 mLL1 5% 1/3 2216E K57t
TR E SRR TR, TR 18 °C. 180 rpm FEIKE 7% 30 Ko

(2) TAMTE: BRULS g PURIREM, BT 20 mLLI 5% 1/3 2216E 775k
i, RAREMES, RES, RES W, FHEZEH 18°C. 100 rpm JEHK

e 30 Ko

223 HEMYEMAL

WA 2.1.2 WA RS R 05 & A5 103,104 A1 105 /545 B8 J5 B 50 pl 34341 T R2A
J% 1/3 2216E [EfREE 774, 18 °C ¥57%. R KM AT HHARE G, R, it
KNERSAEHEAT X 2y, PRBUR TS T R2A K 1/3 2216E [EAR; 773 F, /X Rl

AT AR
2.2.4 MR

13
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P18 EHAE 1/3 2216E 55373 13% 55 3 ODe00 2125 0.5, HU 1 mL B0 2 mL
HAFEH, N 1 mL30% H b Tl & i, -80 CCUKFRIHAT -

225 HEMVIZEE

SRR F5 BR A5 B 08 T VEPHEAT AR W0 %€

AR MERIEAR, DE 16S rRNA L F51], MR 22l 1 [ 747 b B3k
B 7% % 1.5 mL EP B, I 0.4 M NaOH Al 2% SDS 4% 5 uL, =iLZES
min, BN 90 uLddH2O iR £ i AR R . ML 1 L TR B T 1R R E A
Bk, LA 27F F1 1492R A5, 4 T5 Super PCR Mix (Colony) #E4T 16S rRNA
BRI 93 o

PCR X NiAA FH:

2xT5 Super PCR Mix (Colony) 25 uL

27F (10 uM) ims

1492R (10 pM) 1 pL

TR TR AR ol

ddH:0  #MEZE 50 uL

PCR ¥ B2 ¥ M-

98°C 3 min

98°C 10

56°C  10s 35 MIEH

72°C 155

72 °C “5min

J5 Bk PCR 7= ¥ @ 47 W /7, % W 7 45 R IR %2 2] NCBI M
Chttps://www.ncbi.nlm.nih.gov/) , 57 IR Bk LK 7 513047 Leoxr,  HEd
FriEdsit (| 2.0 .

14
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I b R 2 PR S A EAR AR

« 18°C, 100 rpm, FEARKETE
ERER

B EEEETIRETR, 18°CH:FE

« 18°C, 100 rpm, {RIAH;IE

« EERIZEEFE, BIEPCR, 16S rDNAZT

B 2.1 AEESEEEERE

Figure 2.1 Flow chart of single colony isolation and strain identification

2.2.6 FLFR e B AR B R A

B S g PURBRWIRE SV ART 80 mL 28 0.22 pm 33 U8 K 1 1 N g 7K A7, Jin 4 mL
EV5HIE (0.1M EDTA, 0.1M RN, 1% 80) , 18 °C, 150 rpm FEIK
VIR T DU IR, IO 100 uL 22585 % C Ak EEPR IR 555 5 hy BU% SR
45 mL TEOE S, 8000 rpmy 4 °CES L 10 min, HUH _BiEWR, Koiie At ig
KN T /KEBIRIEED 30s, 8000 rpm, 4 °CE.Cr 10 min; HUH FIEWR,
SR BB, 0.22 pm JEEE, 27000 rpm, 4 °CHEE S0 1 hy FF LG
, UIRER 1 ml KB SM ZZ il B BT IEE, DS W IR4EH T 4 °C
UKFERAT (E2.2)

SR BB
7 Y OmEEEE R EEER . mmmsm
MY — BEERY - L EKiSMERE T mE CsCIZ & .
samy MEERR BEED
BRI N
® P ETLE
B 2.2 BREE A ) 2 B8 5 AR

Figure 2.2 Flow chart of virus separation and purification

15



TR 1 AR 2 AR S S 18 A AR

227 EABN TS

(1) W B PR TR 45 A 1) ) %

28 Domelier 25 1 /732, [A] 1/3 2216E 15955 2 1% & W b 14675 3=,
18 °C, 150 rpm #RFGHEFRL 5 hy UBEFRIM ODooo y 0.4-0.6 B, MIAZHE R
C BZIREN 1 pg/mL, 5 FURRMARRN keGR4 12 h, WIGFRBET
50 mL BE0E S, EEEEOHLT 4°C, 10000 rpm &0 30 min; B EIEWR, 0.22
um JEMEJE, EB EIETRER, 27000 rpm, 4 °CHEE O 1h, F B, I
JER] 0.5-1 mL K1 J5 ¥ SM 2% i 2 Ak, 15 21 B R 48, 4 *CUKARTRAT 4%

(2) WEREARTEA I R M5

WESCTC L 15 s Y A I, EDUE TR R VR 48 OB 20 L W 7E 3 CUIRLE, 44 40 Y
FFOAEWGR B 1 min FFRET H 2% CERACABNIE R Q402 30 s, H AR T8 15
min LA b, {8/ JEM-1400 B F BT WS IHRERA, WREEETES,
SRR 1 e 5 TR 1) W A A BT 70 R AR R0 A TR TR A4 07 2

(3) MR A4l

KRG (CsCD 25 B B B Coy R 48 I e i AR B AT 4k . 4% 0.9
g/mL SALEE 10% H Il g A7, JEH 2l Ak rmes i R i A ddH0 ks, I N =S
Erhs R Y E DEECE, AREE I, RO E R DIER S SR, R R
ZAHLE 10 mg; 4 °C, 45,000 rpm 20524 h; FBRSARERIG I & 4, H
NSESNEEE ETRA, RSN ERTE RS SIS SRS,
R [ €0 B89 R €0 R W T A Bt e FLAR A 30 kDa 368 A8 ot 4 B A 1 e B A
WOEAT I SR AL B, AN SR WK B AR F SML 22 il B B

BRENERARE T 4 cC&AM NEDGIRAE, T )5 B2 AR I T S A%
PR PR S5 505

2.2.8 BEEF{R DNA BUIER S5 X E

I B 145 1) . DNA K FHH OMEGA ) Bacterial DNA Kitg} Viral DNAKit#2H(, HAK
>R

HY ODe0o A 0.5 T 1 mL, 12000 rpm 2.0 1 min J5 35 _EiEWHR, 3R H &
UUUEs MMANIERE IxTE ZMRESFEA, MEETIIA 10 uL F w8, 37 °C/Kif
1 E 30 min; IS EE K (20 mg/mL) A1 20% SDS, {24 75108 1.4 pg/ul
Al 1%, BAKFRN 710 L, 50 °C/K#E 4-5h; 1 pL RNaseA, 37 °C/KIAHEE 30 min
s IV 100 uL 5 M NaCl, JBA1)E, IIATHVE SR F 2% CTAB,
65 °C/KIF E 10 min; IIANSFEARIREY: &7 =LEE (25: 24: 1), 4°C, 13000

16
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rpm &0 30 min; HU_EZI7KAH 800 pl, MIANGEARIRE G : 7 EE (24: 1), 4°C
» 13000 rpm, &0 10 min; HU_EJZ7KAH 800 uL, A 2 AR TGK 0%, RS
J5i-20 °CYLHE 2 hs 4 °C, 13000 rpm, 2.0 30 min, FF i, F 70%0K £ B %
—X; TG, BUEE ddH20 B 1XTE 22l % DNA, Nanodrop Jll7E DNA
WRE, -20 °CIFAT .

FEREA TN, FHE BHEAE 3 NCBI W% Chttps:/www.ncebinlm.nih.gov/) ,
L5 B R Wk T A ) R R A T LR

229 BEE B5 %N E

Feim AL I (1975 1w BS #5801 K iwJa (R 772 1/3 2216E 1, 45 ODeoo 414
0.02, 25 °CREREEFF o B30 2-3 h WESIRIBH B, FH 5 Ah 0 Y66 B DI € ODsoos
ST F i SRR AR G RE S, K59RE 10 h INANZLRER CEZIREN 1 pg/mL.

2.2.10 MEEREHER

HY2l4k J5 W B AR 4R, IO\ 2x EREZE i, &% 5 min, 13000 rppm &
> 10 min, 15% SDS-PAGE Hiyk, 110V, 2-3 h; ¥ SDS-PAGE |4 B [ 2% 17 1%
V1T, JREGEEM ST G 42, ik B a2 4 H MASCOT B2 4>
*ﬁo

2.2.11 BREARTE £ 35E E

I HE R o J R ERE (M3 2) : K3, D4y C15. K9. C7.
K2-2. C17. C5. C10-3. K5. K6, A& Aoy 250 B AR i1 2 6

fic B BRI E N 1.5 g/ml () 1/3 2216E [El /A 7L, BIFERTFR I, 5 PR
B, B 1 mL 0 3804 K ) [R]85 mL 2 45 °CERAIREE T 0.6 g/ml (1)
1/3 2216E 57 3L iR AN, )R 285 R 0t b, FpP Akt 5, Haifhm)
W AR 5 pl, WELE TR B, BT IR, WS A B H I

2212 IEEAEEBMARZ L BFENT

(1) WEpE PRI PR D e R

FEMEATINR J5, SR 26 B E FAEMERE by (NCBD JET04R
(Non-Redundant, NR) &5 HE#E M) protein-protein BLAST (Blastp) #7245
%, LA E-value < e-3 A B X)Wk B 745 R H 7t /) ORFs HEAT &R LLxS, R4S
I Py [ 5 25 TR P D) R AT VA o

(2) Wk ] s o IR 7 ) i B 5 A e ol
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T I W T 2 R e S R AR LA

KH TMHMM (http://www.cbs.dtu.dk/services/ TMHMM/) 1E 28 U 41 24 5
Wi ] A4 325 D] 7 ) AT 3265 B2 5 ) S P o

(3) MR ARG K B BRI 2

fFH MEGA #ftF, BTV AEEAES (integrase) 2T, 5 20 PRR
AR A BT LU AR, WEAREE RS R B W . [FIRF, {1 MEGA #ff:, %
FWE B R AR TR ARIERTFS], 5 15 8 H a2 2 2110 3 50 B 41 1 vk
PRR F 2R T E AT, WEAEERAKER .

(4) 953 B JE R 41 5 1 22 1) A 2 DR Iy ey

F K ORFs A NCBIBLASTp #EAT/FHILLXT, xSRI #EAT DhRe iR
(E-value <e-3) . KM easyfig 42 5 AL A 2H K] 0

BIT MRERESH

3.1 BN TERBEDN S BEFR R LS

N T IR B A TR AR, FRAT 26 22 el N T IR 40 = A A PT g =2 R
WAATE F R Bk . AR 6 4 BRI TTAR AL il R 3L B . 4lifkA5 3 35
PRI CILPHSR 1D o EREEERHMEL, TIRCLETE . #hEE R 2 wigsit
DHEM. LAGEZ, Mowk2at. ni. wi.

AT X LR PR ] 16S rRNA BB FP A1 #EAT I E , AL A 28 #hJE T4
JE B 1] (Proteobacteria) , 3 ¥k)J& T Firmicutes (JEEERE []), 3 #kJE T Actinobacteria

(RZRTETT) » 1 ¥RJE T Bacteroidetes (FIAFETT) (K 3.1)

A\

B Proteobacteria M Firmicutes B Actinobacteria W Bacteroidetes

B 3.1 2EERITKFST

Figure 3.1 Taxonomic distribution of isolated strains at the phylum level
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I b R 2 PR S A EAR AR

Gy BRI 35 HRANIE AN 14 Mg, 530 A, Methylobacterium (F AT B

J&) , Planktosalinus, Pseudomonas (RHHEEE)E) » Microbacterium (TUAT )&

), Idiomarina GEJEHE ) , Halomonas ((LHMEEJE) , Thalassospira (HEiEH

), Paracoccus (B|BREEJE) , Planococcus (FMEEKEE) , Kocuria (7577 [N

J&) , Marinobacter ¥ JE) , Neorhizobium CHIRIEEJE) , Lysinibacter

AR 8D » Nocardioides (KikRIKEE) (K 3.2) o K, Idiomarina
GHJETE)D » Halomonas (LM JE) , Thalassospira GEEE) NILHJE

12
= 10
T
il 2
6
4
2
. I | I I H BB B R NN
S \ X 5
.\\\\ '\\\ \\ \\ \“ & ,‘\ C \3‘ '\ '\\Q\ C:\Q :
e Osé\x & \’\Q\ 'O\\\@\ & ‘QOQ QQOOI QC,\/ *Q.QC\ KWOC vov '&6 \&\Qx
RN R R R G G g SR
k@‘\\l QT ¢ S Q W $u Vo
A\
K 3.2 B R R EAKE A

Figure 3.2 Taxonomic distribution of isolates at the genus level

W5 B 28 5 NCBI W3 A 250 s B ik 1) 228 DR 2 347 Eexs, o 6 ik 8 ik
H3. Cl. C4. C6-1B. KID Fll C6-1A 5 H gt X 7 AR AUME KT 97%.
FHTF 16S1DNA KA K E b, HENIX 6 NHEAK AT BE LB R

3.2 FEMIMARYIEE AR S

N T T R TR IR R AR (1 22 R, BATT R W i A OR A TAR Y
Vel Bk, PRJEAEXINEIT YU g & AT IE S BT B BOW S . Wil 3.3 Fros, BE
P A AEAR 22 TS /IS R IR T AR RORE . 22 JORORE A Sk IR, AR B8 70 1
PO RIRRIR . 224K Bk GRS L A& R R AR FERURL,  $27n 35 I AR
AR R T RS R
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B 3.3 5 UUAR YO o A B it P B 1

Figure 3.3 Electron micrographs of virus-like particles eluted from the sediment

samples of Lake Qinghai

A. ST FE sk e i e B. S4 £ 55 e i H s 1
C. S5 Ff sy il Fi s 1 D. S6 FF e it v s

3.3 BEE B BRI SIS

POy E L AR 35 MRANEE I REAIT 21 E R C S, WA Bk
(Methylobacterium sp.H1. Halomonassp. B5 1 Halomonas sp. C10-3) J4li}% 7
M ERAE 7 =Rk BB E &, Z5 9l i 4 8 QHL-VH1 . QHL-VB5 Hl
QHL-VC10-3. FEH ML RE IR, = HEEEEESERL, BAkER, A
A TR, IR OXER, BIKEAEERER (K 3.4) . QHL-VHI
L EAAL A 65 nm, A — ARtk R, FEBAKY 135 nm; QHL-VBS ki
HAL N 60 nm, RunAKFHMARELZ, EKL 160 nm; QHL-C10-3 kil &
2189 60 nm, JEKZ) 350 nme. AR V5 A5 B R I B 1R B R o AR R PO R,
=HBE T KEGFEAFR}

F34h, QHL-C10-3 ME BRI ARV P AR AE RRAIR TR (B 3.4C) , HSLERIR
FEARER 73204 100 nm, FEEBZIN 175 nm. ZFRLR 15 90 E A G 15—
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Bl 3.4 ZARIR BRI S BB R

Figure 3.4 Transmission electron micrographs of 3 virus strains

A. W& QHL-VHI &K B. B & QHL-VBS 4K
C. QHL-C10-3 R4 HIRICIR BRI LA K D. Wi & QHL-C10-3 XK

34 FBEE BS BE Kz

T Bk B5 75.1/3 2216 57 B0 N & H, ol LR ER IR, Muk#F
WPk BS M H MR QHL-VBS WA AT i — 0 o dr . FRATE 6 ME T BS 1Y
A g, AR ZE T DR R AN B AR K 4 NI IR 0N, CF A .
FETH, RMHEEE . ERKROEZ D HEEER. WK 33 s, BS AR
FHRZZH. XU, “Fa W, 8598 10h IMALRER C J5, 5XEMLE, ODesowo
EHR TR, RREN N 130 4, WHZRER CIFESWMEERRER, #miE
TR ALK,
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ODes00
W
l
(]

—BS5

—#B5+mmc

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time (h)

Bl 3.5 75 Z A BS KIZEK LR
Figure 3.5 Growth curve of host bacteria BS

3.5 BEEA QHL-VB5 Z&faE B9

T TR QHL-VBS &M B, FRATIASF S R 25 A0 R 0 0o V2 0] W T A
AT AL, R A X A4k S IR B AR 34T SDS-PAGE 734, 7% G iw g e f5
PR B 3R A A iR /NE R B Wl 3.6 s, 78 QHL-VBS HA il 2 4 Fh 3=
BAERE A, AR/ 3 55kDa. 40kDa. 35kDa Al 11kDa. £ X1 Jifi i, )
W, AEH MASCOT Ffhxt frfs B ik i &= 7 (s 5. sk 60, 4f
REIR, EWERE R 4 MR E A 25811 & E (phage portal protein) + &
sEHH Chypothetical protein)  FEAKFHEH (major capsid protein) &€ &
H Chypothetical protein) o & H B/ T 2GRN SEIRKANEARRFFE, Ky
B2 @B TEMNME (40kDa) KT HIR(E (35.001kDa) , HENi%HE AAFAE

(A
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Marker VBS
kDa

180
135
100
75 —

65 W
45 e

——

— portal protein

hypothetical protein

35 M — major capsid protein

=

15 .

o — hypothetical protein

&l 3.6 QHL-VB5 BB #5251 5 SDS-PAGE 747
Figure 3.6 SDS-PAGE analysis of structural proteins from QHL-VB5

3.6 BEE{R QHL-VBS5 T8 E£IeENE

B AR IFE TR 0 B 1) £ 5 B & 1 12 ST iR (B¢ 20,
Xt QHL-VBS [ 23 Bl BEAT I g o 5 M B 43 52 AE XU TARE 15 7% 24 h, #9R
TR R BT o AL HEDN - W TAR QHL-VBS )1 £ Va7 o

3.7 BB QHL-VB5 RETEFE Halomonas B5S FIEFEHZF

AT 7 QHL-VBS HI78 = Halomonas B5 T W 15 H 43 25 4l A 0 1 4K
FRIRIUIL DNA, £)F, 343 T QHL-VBS R R HEE . QHL-VBS XU
DNA, G+C F &N 61.72%. M F73k45 7 HaB B AH 31, P 4 % contig,
MK 3.7 s, HEKEZN 40,078 bp, Zwfid 61 4 ORFs, MERHAMEMHEKE
FERf € - FEDRIERR 45 R 7R, 59 A ORFs 7E NCBI ##i 2 A AHALF 51 (Ht % 4),
2 /> ORFs NARMIIGEF ). QHL-VBS 4wt b /4285 [ (phage tail protein)
1/ & (phage portal protein)  FEAK5EEH (major capsid) « WEFE KRS
JRE H (phage tail tape measure protein) - k#2411 85 [ (head decoration protein)
W i - - e 5 S R 1T IR T+ Chelix-turn-helix transcriptional regulator) ¥4 [ [
RrrD (lysozyme RrrD) 2525 . R4l TMHMM T, %W AR 10 MEAS
FEREX (BSR4 .

23



I b R 2 PR S A EAR AR

s0007 10,0000 15,0007
e ] 4E @a » (FEOoEp B Ep » -_—p hz 3
VBS5_00007 W 1 VBS_00024 Lysozyme RrrD  VBS_000:
VB5_00003 sri-helix transcriptional regulator VBS_ vB5_00019 vB5_00021 " i
- a » »
2 VB5_000 VBS_ RR-h 4 BS_00026 VB
typ
QHL-VB5 Contigl
16,158 bp
=y BT 7500 TC.000T 125000
L : dor > [ [maforc, mpm) Em) EEEEp B B) [ oo tal tape messure protein - Ep INEENEETEP
ge tail protein VBS_00036 VB5_00039 VB5_00040
et phage portal protein nead decoration protein VBS5_00037 g /BS_00041 VBS_00042 VBS5_00045
=8
VB5_00035 VB5_00038 signal peptidase T
QHL-VB5 Contig2
13,888 bp
40007 80007
= [ _—) » mp yedK [ vBs ooose ]
VB5._00048 tyr t mb B 05z VBS_00053 VBS5_D00S4
0057
00 helix lix dom g protel B'5_000S55
VB5_00049
QHL-VBS5 Contig3
80706p
T

oy

QHL-VB5 Contig4
1962 bp

& 3.7 W& QHL-VB5 R AR E

Figure 3.7 Schematic representation of the genome sequences of QHL-VB5

FATEW QHL-VBS 5 TR 3K AP ik 25 B0 i B & Wk B AR HAP-1. QHHS V-1
BEATERE, e B RS R (R 3.1) . BRATR I, 5 QHL-VB5 —F£, GHAP-1
hmiLAmEr, NREAREES. [THAEA. FERREH, BWREARERE
H4F, HFEZEMELDRESEE MY 1 QHHSV-1 WgmigEMHMCEH . B

AR,

% 3.1 QHL-VB5. QHHSV-1 K ® HAP-1 [ R 40 Eb 8¢
Table 3.1 Comparison of the genomes of QHL-VB5, QHHSV-1 and @ HAP-1

W T A SN JPROEHEAE B GC & & HEF5 EE PN
Total size
Phage Genome ORFs (bp) GC content  Repeat sequence Reference
P
QHL-VB5  ds DNA 61 40,078 61.72% ND
QHHSV-1 ds DNA 72 37,270 66.80% 1(92bp,inverted) [25]
®HAP-1  L-ds DNA 46 39,245 59.00% 1(1,631 bp) [24]
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Ak, BATENE 716 F Halomonas BS WI3ERIH 5K . Halomonas B5 3£ [X
HBKEZH 457,090 bp, GHC 8N 62.91%, FFHAEHIFEFA FRIL T H#E
] QHL-VBS5 51,

3.8 QHL-VBS IRZ A BFESHT

WGt B 7 22 [ 1) 236 25 0% 30l ol o LR e AT T 45 0 B 1 I U IR 7 B A Al ik
Kt . EXIHENT BT, BT EERRREARERTIIME T QHL-VBS
B H R RS R B M. SR ER, QHL-VBS 5 H At 7 & 2 ik 5
W B W B AR AR E . B 3.8 Y, QHL-VBS F B4R 72 2K [ T AE () — 3 it N
Kt ke B Atk 2 5P R B 4 B 0% W TR A 2 BEAK SR B bRV TR B A W] LA A
HE S, AHE QHL-VBS 7E W 192k B R AR I EZER R E A RN %, XA+
S MR AR R .

Halomonas sp. TDO1

Halomonas lutea

VB5

Halomonas campaniensis
Halomonas caseinilytica
Halomonas borealis
Salinicola sp. CPAS7
Halomonas sp. PC

Halomonas sp. FME16
100

Salinicola acroporae

Burkholderia multivorans
100 ‘ tBurkhoIderia ambifania
94 L Burkholderia anthina

Halomonas phage phiNB5ah-OM
Halomonas phage QHHSV-1

74 Halomonas virus HAP1

0.20
B 38 ETEERTEAAERFIINAERETN

Figure 3.8 Phylogenetic tree based on the amino acid sequences of capsid proteins

% 18 3] QHL-VBS5 NANGEF A, FRATIEF FHE AR (integrase) HEAT 728
A TR RS K B F i (K 3.9) . 45 R B IR, QHL-VBS #45W 5 Marinobacter
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phage PS3 ¥ G BER Ny — 30, M EMIERM R R E BRI QHL-VBS B4
5 [F) 9 6 B M T ) QHHS V-1 (B S AL T AN A 7250, B —FH HIRG R REL
o R T A B AR TR G R R G W, BATHEN, W A S R A i
ANTR] T BE BT AT E T DUAH S A0 37 A A [R] I BR A 2 () R AT A H 2 5

Escherichia phage lambda
g7| Enterobacleria phage 0276
Escherichia phage HK630
Escherichia phage HK629
Enterobacteria phage HK97

74
70

100
Enterobacteria phage HK106

& Enterobacteria phage 434
Escherichia phage HK022

100
100 | Enterobacteria phage mEp235

4 L Salmonelia phage SI8
Pectobacterium phage ZF40
58 55—_| Kilebsiefla phage ST13-OXA48phi12.4
97 Entsrobacieria phage P21
Pseudomonas phage phi2
g1 VB5
_{ Marinobacter phage PS3
99 Acinetobacter phage Ab105-2phi
?' Alterormonas phage P24
Halomonas phage QHHSV-1
100 Pseudomonas phage AUS531phi
?' Mannheimia phage vB MhS 587AP2
IT!

Bl 3.9 ETREMEERFIINARZREN

Figure 3.9 Phylogenetic tree based on the amino acid sequences of integrases
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H A E AR Z R R 518 EAHEAER
xr S
F4E Wi

AT S N IR oy A3 5 35 MR AR, E TR TR (28
B L EEEETT 3R L UERETT G RR AT QB . the e E
(1 « WFEEE S FERERE (SH NRHEE. 1ERALER, AgE
6151 F 3@ B T G o BRI A (V3-V4 XD 1 16S rRNA JE K470 5
IINTRAEVITETE AR, RN FETE D) 33 1 66 44 395 &, AT NEE
17 (60.53%) « AFFETT (17.39%) FJHEE T (11.61%) o A5 R55E
16S rDNA Blast 73 #7 75 # K 2% B 2= Bt A VA5 S i S IA 1) 35 MR I Rg 2R A
, BORFEFE 10 BREARE Ty- 2 i R AR B B AR i R R 3 R
Ub, ABTEBETT PR ] AR B TR B, oI 3 i 1 7E R . £
FERE R IZ A7,

AHFRIR, FEEEEANEESZ 2R, KZhREBIR, ta 2R, Bk
W, HEBR, Gk, XEIEAWE TR 2 i PS5 R
IR, R, HIEHIHAEENCN T E 2R R AR .

Wit 22 R/ R C BT, WANINEABEHRAIRAG 7R E 4, B QHL-VHI.
QHL-VB5 A1 QHL-VC10-3, ‘Bl 7 7l /& 4% & ¥k Methylobacterium sp. H1
Halomonas sp. B5 1 Halomonas sp. C10-3+ JEFRATFTHI, X2 H IR H 3RS
AR R, 5 S B R A 2, 7 B R AR AR R Y
Sk RIRWR B A . T fa, A0 6 5 HU TR Wk B 48 QHL-VBS 4T 1 73 #r. %8tk
{1 dsDNA E[FH, MFRGILEFHEE, EiXEF5]+HH 61 1~ ORFs, ¥
7E NCBI 048 e rp A AT 21 . Horh, ZIR ARG S E . BAR . F%H
BT MEE A RAEMEAECE T RE TMHMM B, 10 NME A SEREX .
R F5 o 1 B AR SR SDS-PAGE 43 #7, QHL-VB5 4 4 N EEEMEH, KN
WI%1A 55kDa. 40kDa. 35kDa. 11kDa. {#i ] MASCOT /%t i 5 1 Hcdis 44
ZOrHT A MEBLEHWEAS AT ES. BeEsEn. TEXKRED. BEs
Ho M PSP SR R i, YD HEWNZMRE AR T R A H . KR
FRAARR} 11 W 6 1 6 T

P
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BSE RE

FEABT T AEA E, SRE— BT LT TAF:

(1) WETE A& QHL-VBS [ M T 78 /70 & R 2 IR AR A 7 1 0
1 I T A1

(2) RAEIR S B (A UKL (1 %5 %€ - £E QHL-C10-3 YW T 1A IR 4 Y P A LA
FERRACIRABTRL, LB AL (CsCD B RO L B OET 08, Ml e 128
L 753 g W T A

(3) WA BITER B SRR PR S B, AR
Rig BRE 10°4/mL, HR] 7 BETR MR R R D2 3D o JUEIHT R, Bt
PRI B A B AL T, 4 BORAS BE 22  R oa
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B 3%
ST 1 TS B 45 R 7
Appendix 1 Sequence analysis of single bacteria in Qinghai Lake
Lbxt P
Btk 16S —BH) b e X X "
PR RIR Fl BMBUF%] (GenBank $3%5) e &
4T FAbwEEk
& (bp)
1/3 2216E H4, Methylobacterium phyllosphaerae strain
H1 H7 1315 1
QH18-4/QH18-5 CBMB27(CP015367.1)
1/3 2216E %, Planktosalinus lacus strain X14M-14 .
H3 1346 95.62% B AEH T
QHI18-4 (NR_149250.1)
1/3 2216E %, Pseudomonas bauzanensis strain
H4 1382 99.20%
QHI18-7 BZ93(NR_117232.1)
1/32216E A% Microbacterium paraoxydans strain DSM
H6 1357 99.93%
QHI18-1 15019 genome assembly(LT629770.1)
B4 B6/B7/B1 1/3 2216E K%, 1378 Idiomarina donghaiensis culture-collection
Al QHI18-1 MCCC:1A03108 (KM407730.1)
K5/KIC/K  1/32216E R4 Halomonas desiderata strain FB2
BS 1495 98.10%
2A QHI18-1 (NR_026274.1)
- Thalassospira mesophila strain MBE#74
C2 C13 R2A JR% QHIS8-7 904 97.98%
(NR_114387.1)
C7/C12/C1
C5 R2A [R% QHI8-7 895 Halomonas arcis strain AJ282 (NR_044115.1) 98.39%
Halomonas aquamarina strain DSM 30161
C9B C15 R2A K& QHI8-7 888 98.15%
(MH283883.1)
1/32216E R4 Halomonas zhaodongensis
K3 K9 1410 99.45%
QHI18-1 strainNEAU-ST10-25 (NR_125612.1)
1/32216E R4
K6 1453 Halomonas titanicae BH1 (NR_116997.1)  99.04%
QHI18-1
C10- - Halomonas sulfidaeris ATCC BAA-803
C8/Cl4 R2A JR% QHI8-7 1073 97.68%
3 DNA( AP019514.1)
C10- - Paracoccus speluncae strain 0911 TES13M5
R2A R4 QHIS-7 982 97.88%
1 (NR _149253.1)
1/3 2216E [R%, Halomonas dagingensis strain DQD2-30
K2-2 1088 98.06%
QHI18-1 (NR_044100.1)
1/32216E R4 Planococcus rifietoensis strain
K8 1053 99.05%
QHI18-1 MB8(CP013659.2)
B1A 1/32216E R4 910 Idiomarina donghaiensis culture-collection
2 QHI18-1 MCCC:1A03058 (KM407694.1)
. Thalassospira mesophila strain MBE#74
C9A R2A JR& QHI8-7 942 97.13%

(NR_114387.1)
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Htk 16S—B M . o ;
BB SRR PR RIR FlK BMHALUF5] (GenBank 5% 5) A &
& (bp)
1/32216E R4 Thalassospira mesophila strain MBE#74
D1 922 97.38%
QHI18-7 (NR_114387.1)
1/3 2216E R4 Kocuria rhizophila strain DSM 11926
D3A 833 98.43%
QHI18-7 (KJ476722.1)
1/32216E KA
D3B 838  Marinobacter algicola DG893 (NR_042807.1) 98.32%
QH18-7
1/3 2216E K& Idiomarina donghaiensis culture-collection
B3 918 97.47%
QHI18-1 MCCC:1A03058 (KM407694.1)
Halomonas sulfidaeris ATCC BAA-803
C17 R2A JR& QHI18-7 1078 97.15%
DNA( AP019514.1)
1/3 2216E R4, Idiomarina donghaiensis culture-collection
B2 983 97.10%
QHI18-1 MCCC:1A03108(KM407730.1)
Thalassospira mesophila strain .
Cl c3 R2A JR* QH18-7 931 96.66% EF LR
MBE#74(NR_114387.1)
1/3 2216E K4
D2  D4/D5 945  Halomonas arcis strain AJ282 (NR_044115.1) 98.09%
QHI18-7
1/3 2216E K& Halomonas sulfidaeris ATCC BAA-803
D7 1049 98.00%
QH18-7 DNA( AP019514.1)
1/3 2216E K& Thalassospira mesophila strain MBE#74
D6 897 98.21%
QH18-7 (NR _114387.1)
Halomonas sulfidaeris ATCC BAA-803 .
C4 R2A R4, QHIS8-7 1042 96.82% TELEHTFH
DNA( AP019514.1)
Ceé-1 Neorhizobium huautlense strain SO2 .
R2A R4 QHI8-7 1085 96.00% LR
B (NR_024863.1)
1/3 2216E R4, Idiomarina donghaiensis culture-collection .
KID 1062 94.87% TETEHTH
QHI18-1 MCCC:1A03058 (KM407694.1)
Ceé-1 Lysinibacter cavernae strain CC5-806 .
R2A JR%#( QHI18-7 876 96.94% LRl
A (NR_137362.1)
C10- Nocardioides zeicaulis strain
R2A K% QHI8-7 903 98.56%
2A IM-601(NR_148831.1)
1/3 2216E HH Microbacterium profundi strain Shh49
H2A 951 98.63%
QHI18-1 (NR_044321.1)
1/3 2216E HH Pseudomonas bauzanensis strain BZ93
H2B 914 98.69%

QH18-1

(NR_117232.1)
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Appendix 2 Halomonas strains used in the host range test for QHL-VB35

B S 16S rRNA Z R BAABIE (GenBank #3%5) T B
B5 Halomonas desiderata strain FB2 (NR_026274.1) +
K2-2 Halomonas daqingensis strain DQD2-30 (NR_044100.1) -
K3 Halomonas zhaodongensis strain NEAU-ST10-25 (NR_125612.1) -
K5 Halomonas desiderata strain FB2 (NR_026274.1) -
K6 Halomonas titanicae BH1 (NR_116997.1) -
K9 Halomonas zhaodongensis strain NEAU-ST10-25 (NR_125612.1) -
C5 Halomonas arcis strain AJ282 (NR_044115.1) -
Cc7 Halomonas arcis strain AJ282 (NR_044115.1) -
Cl15 Halomonas aquamarina strain DSM 30161 ( MH283883.1) -
C17 Halomonas sulfidaeris ATCC BAA-803 DNA( AP019514.1) -
C10-3 Halomonas sulfidaeris ATCC BAA-803 DNA( AP019514.1) -
D4 Halomonas arcis strain AJ282 (NR_044115.1)

RN sz ekl ies o VEZ 00072

fi% 3 QHL-VBS 4 E A HIESHKX

Appendix3 Transmembrane regions in QHL-VBS5 proteins
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Appendix 4 Functional annotation of phage QHL-VBS gene

ORF no.  Nucleotide
Prediced function Related BLASTP hit(s)(accession no.;E value)
(orientation) position
recombination-associated protein recombination-associated protein RdgC
1 (=) 485-1420
RdgC [Halomonas sp. L5] (WP_149326608.1;6e-169)
hypothetical protein [Halomonas sp. L5]
2 (=) 1433-1750 hypothetical protein
(WP_149326610.1;2¢-37)
hypothetical protein [Halomonas nitroreducens]
3 (=) 1747-2088 hypothetical protein
(WP_126484868.1;6¢-45)
) ) hypothetical protein [Halomonas sp. L5]
4 (=) 2085-2366 hypothetical protein
(WP_149326612.1;0.041)
) ) hypothetical protein [Halomonas sp. JCM 18142]
5 (=) 2377-2589 hypothetical protein
(WP_127059946.1;6€-25)
helix-turn-helix transcriptional helix-turn-helix transcriptional regulator
6 () 2592-2909
regulator [Halomonas muralis] (WP_089729138.1;4¢-28)
7 (=) 3046-3228 hypothetical protein No significant similarity found
hypothetical protein hypothetical protein EKK97 22755
8 (=) 3592-4035 P P P P B
EKK97 22755 [Halomonas sp. BC-M4-5] (QHC51854.1;2¢-51)
e II toxin-antitoxin system type Il toxin-antitoxin system HicB family antitoxin
9 (=) 4032-4514 op Y P Y Y
HicB family antitoxin [Halomonas sp. BC-M4-5] (QHC51855.1;1¢-81)
type Il toxin-antitoxin system type 1I toxin-antitoxin system HicA family toxin
10 (= 4511-4750 P ) ) ) Y P Y Y
HicA family toxin [Halomonas sp. BC-M4-5] (QHC51856.1;1e-37)
helix-turn-helix transcriptional helix-turn-helix transcriptional regulator
11 (= 4940-5482
regulator [Halomonas muralis] (WP_089729132.1;2e-57)
hypothetical protein hypothetical protein SAMNO05661010 02545
12 (£ 5622-5852
SAMNO05661010 02545 [Halomonas muralis] (SDL78468.1;2e-28)
hypothetical protein [Halomonas sp. 3(2)]
13 (£ 5883-6188 hypothetical protein
(WP_151444267.1;0.003)
helix-turn-helix domain-containing protein
helix-turn-helix
14 () 6185-7141 . . _ [Halomonas sp. TBZ202]
domain-containing protein
(WP_134845226.1;2¢-83)
) ) hypothetical protein [Halomonas borealis]
15 (+) 7155-7775 hypothetical protein
(WP_136247956.1;1e-109)
hypothetical protein [Halomonas sp. 3(2)]
16 () 7778-8065 hypothetical protein
(WP_151444271.1; 5e-39)
DUF1643 domain-containing DUF1643 domain-containing protein
17 () 8062-8547

protein

[Halomonas meridiana] (WP_074210827.1;8¢-86)
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) ] hypothetical protein [Halomonas shengliensis]
18 () 8544-8858 hypothetical protein
(WP_089680341.1;2¢-14)
) ) hypothetical protein [Halomonas sp. L5]
19 () 8851-9636 hypothetical protein
(WP_149326622.1;9¢-51)
hypothetical protein hypothetical protein EKK97 13920
20 (+) 9633-9914 P P P P -
EKK97 13920 [Halomonas sp. BC-M4-5] (QHC50462.1;2¢-05)
) ) hypothetical protein [Halomonas nitroreducens]|
21 (+) 9911-10189 hypothetical protein
(WP_126484837.1;5¢-44)
) ] hypothetical protein [Halomonas sp. L5]
22 () 10186-10446 hypothetical protein

VRR-NUC domain-containing

(WP_149326623.1;2¢-34)

VRR-NUC domain-containing protein

23 (+) 10443-11042 ) [Halomonas campaniensis]
protein
(WP_051626474.1;2¢-68)
hypothetical protein hypothetical protein HALO32 02590
24 (+) 11005-11670 P P P P N
HALO32 02590 [Halomonas sp. 3(2)](VVZ96490.1;1e-61)
EAL domain-containing protein
25 (+) EAL domain-containing protein
11920-14160 [Halomonas sp. BC-M4-5] (QHC50393.1;0.0)
) ) hypothetical protein [Halomonas sp. TBZ202]
26 (+) 14628-14909 hypothetical protein
(WP_134848779.1;2¢-31)
lysozyme RirD [Halomonas taeanensis]
27 () Lysozyme RirD
14906-15406 (WP_092522532.1;1e-73)
hypothetical protein AAY80 234
28 (+) 15399-15617 hypothetical protein AAY80 234  [Stenotrophomonas phage vB_SmaS-DLP 6]
(AMQ66010.1;0.39)
) ) hypothetical protein [Halomonas borealis]
29 () 15614-16039 hypothetical protein
(WP _136247946.1;5¢-33)
WEES f& QHL-VBS BRI DIRETERE (contig 2)
ORF no.  Nucleotide
Prediced function Related BLASTP hit(s)(accession no.;E value)
(orientation) position
) ) phage tail protein [Halomonas borealis]
30 (£ 48-269 phage tail protein
(WP_136247943.1;5¢-27)
) phage portal protein [Halomonas hydrothermalis]
31 (£ 271-1764 phage portal protein
(WP_096922190.1;0.0)
ATP-dependent Clp protease Clp protease ClpP [Halomonas muralis
32 (O 1768-2898 P ) pp. PP PPl ]
proteolytic subunit (WP_089729092.1 ;0.0)
) ) head decoration protein [Halomonas campaniensis]
33 (O 2948-3313 head decoration protein

(WP_038484539.1;2¢-55)
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) ) ) major capsid protein [Halomonas caseinilytica)]
34 (+) 3380-4360 major capsid protein
(WP_064699324.1;0.0)
) ) hypothetical protein [Halomonas sp. TDO1]
35 (+) 4367-4690 hypothetical protein
(WP_039869658.1;1e-24)
) ) hypothetical protein [Halomonas sp. 1513]
36 (+) 4690-5244 hypothetical protein
(WP_076749159.1;1e-92)
) ) hypothetical protein [Halomonas sp. TD01]
37 (9 5254-5673 hypothetical protein
(WP_009724509.1;2¢-37)
) ) hypothetical protein [Halomonas sp.
38 () 5688-6014 hypothetical protein
TBZ202](WP_134848690.1;1¢-47)
DUF1566 domain-containing ~ DUF1566 domain-containing protein [Halomonas
39 (O 5996-6616
protein borealis] (WP_136247934.1;1e-32)
) ) hypothetical protein [Halomonas sp. TBZ202]
40 (+) 6713-7705 hypothetical protein
(WP_134848693.1;0.0)
hypothetical protein hypothetical protein HORIV_35300
41 (9 7779-8276 P P ) i P -~
HORIV_35300 [Halomonas olivaria] (BBI51109.1;1e-68)
DUF4124 domain-containing DUF4124 domain-containing protein
42 () 8444-8701 )
protein [Halomonas sp. BC04] (WP_043515673.1;8¢-09)
) ) signal peptidase I [Rummeliibacillus sp. TYF005]
43 (+) 8827-9096 signal peptidase I
(WP_124218171.1;7.6)
\ ) phage tail tape measure protein [Halomonas sp.
44 (+) 9089-11881 phage tail tape measure protein
TBZ202] (WP_134848727.1;0.0)
) ) hypothetical protein [Halomonas sp. TBZ202]
45 (+) 11897-12244 hypothetical protein
(WP _134848771.1;3¢-53)
) ) hypothetical protein [Halomonas sp. TBZ202]
46 (+) 12315-13535 hypothetical protein
(WP _134848726.1;5¢-85)
WA & QHL-VBS ZF TIRETERE (contig 3)
ORF no. Nucleotide
Prediced function Related BLASTP hit(s)(accession no.;E value)
(orientation) position
) ) hypothetical protein [Halomonas caseinilytica]
47 (+) 62-361 hypothetical protein
(WP_069384006.1; 6¢-08)
hypothetical protein [ Pseudomonas syringae grou
48 (+) 358-879 hypothetical protein P P [ yringac sotp
genomo sp. 3] (WP_054090025.1;3e-62)
hypothetical protein [Halomonas smyrnensis]
49 () 876-1397 hypothetical protein

(WP_016854757.1;1e-72)
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helix-turn-helix helix-turn-helix domain-containing protein
50 () 1401-1619
domain-containing protein [Halomonas sp. L5] (WP_149326605.1;1e-40)
rosine-type tyrosine-type recombinase/integrase
51 (6 1619-2752 Y P . P &
recombinase/integrase [Halomonas sp. L5] (WP_149326604.1;0.0)
) ) hypothetical protein [Halomonas sp. PC]
52 () 3059-3466 hypothetical protein
(WP_127042946.1;5¢e-13)
) ) hypothetical protein [Halomonas sp. PYCTW]
53 (9 3733-3951 hypothetical protein
(WP_114480771.1;2e-40)
hypothetical protein QHH. 28
54 (+) 4156-4461  hypothetical protein QHH_28 [Halomonas phage QHHSV-1]
(APC45940.1;5¢-36)
55 (+) 4378-4569 hypothetical protein No significant similarity found
Putative SOS ) )
) ] SOS response-associated peptidase
56 (+) 5329-5985  response-associated peptidase )
[Halomonaskorlensis] (WP_089796396.1;1¢-106)
YedK
) ) hypothetical protein [Halomonas sp. KCTC 52281]
57 (+) 6223-6375 hypothetical protein
(WP_111414572.1;1e-14)
) ] hypothetical protein [Halomonas sp. TBZ202]
58 (+) 6487-7941 hypothetical protein
(WP_134848724.1;1e-131)
BB 4% QHL-VBS ZF R8I RE (contig 4)
ORF no.  Nucleotide
Prediced function Related BLASTP hit(s)(accession no.;E value)
(orientation)  position
) ) hypothetical protein [Halomonas sp. KHS3]
59 (+) 89-310 hypothetical protein
(WP_041159147.1;2¢-32)
phosphoadenosine phosphosulfate reductase family
Thioredoxin-dependent
60 (+) 488-1351 protein [SAR202 cluster bacterium]
5'-adenylylsulfate reductase
(MQG77640.1;2e-123)
) ) hypothetical protein [Halomonas sp. SL1]
61 (+) 1452-1712 hypothetical protein

(WP_107182127.1;3¢-19)
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Appendix 5 Identification of phage protein bands by protein mass spectrometry

Protein sequence Nominal mass

Number Protein View Description
coverage (kDa)
phage portal protein [Halomonas sp. DX6]
1 B5 01269 36% 55.505
(WP_167112622.1)
hypothetical protein [Halomonas sp. DX6]
2 B5_ 01260 38% 35.001
(WP_167112640.1)
major capsid protein [Halomonas sp. DX6]
3 B5 01266 67% 35.841
(WP_167112628.1)
hypothetical protein [Halomonas sp. DX6]
4 B5_01263 28% 14.725
(WP_167112634.1)
Fi3% 6 MASCOT EHRFFIBEmESTER
Appendix 6 Results of protein sequence coverage analysis from MASCOT
" e
Protein sequence coverage: 36% 1 Protein sequence coverage: 38% 3
Matched peptides shown in bold red.
Matched peptides shown in bold red.
1 MTVTAKPRLR YRGQQLVQVR ASAYEGASTK RRMAGKGTVA SGPNGPIERS
o1 'TEMLYSESHIN AIRNNEYAAS AKEKYVVSNLY GIGIKPOWGD PLIORLWDRW 1 MAITENGLLE YESGQAFNDW EEMSDAGDGQ VFEASFAPWS GRSGFDTHVR
101 VEEGORRGYT NFXGLOSLAA. GSOFRAGERL, GRIRIRRRSD GLSVEROLOV 51 PWGLATGGRV VAGTGNDSVE VEALTAYMPS ATGADSDGLL AVASDDVEVT
151 IEAEHLDPTF SQAFGGRLIK MGIEFDGIGQ RRAYHLWRFH PHEQLTAQMN o i o
R N——— - 101 RAATSTHQIS SIVLSASGTL SAVAGTEGSS FTETRDAAGG PPLIPVDAVE
251 LSQLFGTFVK RKTAHDPEDD GPNFGELVSM PGDREQIDEF VPGGIHYLED 151 VAQVRLSSAD AAPVSDTEIF QVVGVHQERY DFPIWSEDPA AGEVKFATAL
301 DEEVIFSNPP DIQ L RSELLAVAAG AGITYEQLTG DLKGVNYSSI 201 PAIHTGEVPK RVSVKGYTPI FAELPYCSDF VPADESHSVN STDTYSGELG
921 RECLIEFRRR JEALOROTMV' HOWCRRTARK WIDVAVISGR: LTANYWOGR 251 SVSRTLGQAS FTHRANDGIT DPIVRLKNQR LWFRWFQDRN RAPFSLTRGI
401 RELALAIDWI APKWAWVDPL KEVTADLLEV RAGFKPRSEA AGERGWSLEQ 3 A b5
ey s 301 LGIARQYPVG DHVIVNATIS AELATVDFDG
451 LDAEIQKGNQ SADGHGLVLD SDPRITAKNG ALQKALEALA ADTDEED
Protein sequence coverage: 67% 3 Protein sequence coverage: 28% 4
Matched peptides shown in bold red.
SEISGIppesERaRRaie Matched peptides shown in bold red.
1 MGIFDSDIFT LSSLTAAINE VEYVPNQIGS LGLFEAEGIT TTSLVIEKDG
51 EKLGLIENKP RGAPGTVVGA DKRTGISFQT AHLPTVGTVL ADEVQNVRAF 1 MPTPKREAIF AATATAMNAH RARADIDKRD LPARVLWAGE DADVQRDRYG
101 “GEEDQEQAVQ| TVVEERIAKM  ARRETMIEEY: HECCAIMGRY, LDSNGTTVLY 51 EVSVTTGASL IAQHSAAANP DGWDAQGNDI MAQITADATG GDRTLGGLAD
151 DLFQAFGFTQ QTVAMALGTA TTDVQGKCLD IHEKVEDALG GLPYTGITVL 101 DVAYTTTAIL YPDAGSNIIT VGVDFAIRWS HPLGNPYID
201 CGKSFWRKFI GHKLVKEAYE RWQAGERLRG DPREGFMFGG IFWERYRGGG
251 TIKVADTEAY AVPTGVMDLF ITRFAPGDYM ETVNTLGLPF YSSSDPLKHG
301 KGVELEAQSN PAHLCTRPKA CIKLTE
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