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L1 $EFFEMENR

M B LB £ 3 . ( Modified Luria-Bertani
medium, fij ¥ MLB) : NaCl, 80.00 g; Tryptone,
10.00 g; Yeast extract,; 5.00 g; KCI, 13.75 mg;
Na,CO;, 4. 00 mg; Fe (I) citrate, 2.50 mg; NaF,
0.06 mg; KBr, 0.02 g; SrCl,, 8.50 mg; H,BO,,
5.50 mg; Na-silicate, 1. 00 mg; Na,HPO,, 2. 00 mg;
NH,NO,,0. 40 mg; % & 1 /K £ 1000 mL, {4 pH
£7.2 7.6, [T IRIE IR A E N 2% , ~F [H 45 55
TR BERE AL Ny 0. 65%

SM 2% (Saline magnesium buffer) :100 mmol /L
NaCl,8 mmol/L. MgSO,, 50 mmol/L Tris (pH7.5),

0.002% gelatin (W/V) , KB J5 Z iR ARAE «
1.2 HRXERFEESE

FESOR A =1 5 A8 (1 L8R s K (B 1)
KB F VA N5 B T 5 BT G T A I o
ERERNIE =Rl S TR eI TS E = 2
B AR AT 5 S VEL T R B PR R R U XU AN
BB E M BB, 2 -3 g hEE 2 -
5 mLik /K B2 R0 & 100 mL MLB ¥ 44 £ 72 5L T 47 K
28 C 120 r/min % 3% 15 d & 55 35 JE AR YR b, T
6000 x g« &0 15 min WA 3,0, 22 pum G 1 i 98
B BT R4 20008 7 AR

100 km
— TR
Yipinglang salt mine
+101°90°E, 25°28'N |

Fengang salt m
100°72'E, 23°4
B

Moxie salt mine
101°69°E, 21°35'N

Mohei salt mine
101°15'E, 23°15'N

1. RERSHE

Figure 1. Location of samples.

1.3 EERPHFREETRERENE

bR 95 % 5 429 37 mL,5000 x g5.0315 min,
FBR B AR AR B I B M 10000 x g, B L
15 min, 25 BR 40 0 0% fvs e B0 BV W T
100000 x g, #BI# B5 0> 1 h, B PiiE T T 37 mL Tris—
EDTA (TE) £Zyh i (pHS. 0) £ 100000 x g, 5.0
1 h g PiiE s T 1 mL TE Z2 i vh 7 28 12000 x g, 29
> 15 min J5 4 B3 (2 IREE) ,0.22 um L HE L
P8 UEWH 2% WS BRI A 2 1 min, BRI TS B
T35 5 i % (JEM2100) F W0 22 HL % A RR1F .
1.4 FENIE GUREENE

A3 HL UL % 0 16 H A 78 0 2 AR UKL IR FE
DA SI2 86 5 1010 30 40 B9 3R A9 I 7 I 300 F— PR ER 0™
g (TR ) R B 1 3 B 20 20 Mk R e WA R A T
Al A SR FHOBUZ B 7 B TUAF A5 0 5 FF BORE 1 £
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mi AR 100 WL 55 8 57 2 0 B g G ) 26 17 s
W 280 WL T B0 TR A, JF T 28 °C i E WM
1S min, PRI 4 mL 2 X1 2 45 C /43 () MLB 2 [i]
PR B IR IE R 2 5 o 5 (81 4E MLB [ P4 L, T8 e
JEAPAR e A XUZ PR 58 4z Bk I Jn PR R T 28 C B 5R
L5 WG TR IRE 1R T s o AR A S5 L I T ok 1) WA 17
FRITE 25~ KNSR AL > I T 24 28 P BB A W T A 22
SM 2 iy Fii B Ji 5 AH I (1 o) 5 30 4 3 1 B TR A
W B 5 A XS A S By S B s 3 L b HO#
R B L i T B H W T X T 25 KN 3 50 49 380 20
BEM L WAL 1.3,
1.5 7EEH 16S rRNA ERE ¥ & N FS5 S

K H Lysis Buffer for Microorganism to Direct PCR
(TaKaRa) ZEfif 40 14, $EHIE I 41 DNA. 16S rRNA &
PCR 4 38 K FH 40 W18 FH 519 27F (57-AgA gTT TgA
TCC Tgg CTC Ag37),1541R (5°-AAg gAg gTg ATC
CAg CCg CA3") ", PCR #1945 % (50 wL) :10 x Ex
Taq Buffer (2.5 mmol/L), 5 pL; dNTP Mix
(2.5 mmol/L) , 4 pL; 27F (25 pmol/pL), 1 plL;
1541R (25 pmol/pL) , 1 wL; DNA K (£ 10 ng) ,
2 pL; Ex Tag (5 U/pL), 0.3 pL; il ddH,0 %=
50 wLo PCR ¥ #4 x . :95 C 5 min; 95 C 45 s,
56 C 45 5,72 °C 2 min, 25 ME¥ ;72 C 10 min.

P58 OG- IS WL 389 7 T 1% B 5 Bl e i
VKA o 1Y pe ik A b A AR TR R R 55
W 2w W Fe 16S rRNA JE P 2 41 £ www.
ezbiocloud. net/eztaxon W 3k | AT 7E 28 LL X -
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2.1 R HRPHEESHETAEENRE

TR FE S A ERAE S LR 82 5 3 FhA [R] 2K Y
(98 5 A R : Sk R (| 2) 5 kT 2 (I
3)sERIEE (B 4) o 3 REEMMELES M
T o A
2.1.1 K EWHK =+ Bk (Head-tailed viruses) :
Bl 2 TR Nz i #h 7 A s oy 6 20 358 4 it e SR
W53 A% 2 Sk BB TV 9 75 FF URL Sk 38 52 20 1 A4 45
Mo B 2-A, % K0 EE o LR BN i, HAR AN
55 nm, H4i kK 2, K240 153 nm, i% 0% 58 A 10
BERE R W W T L B 2B, % K0 BN LR
R 35, Sk AR 2 4 55 nm, JR K45 50 nm, 1% 2500
B HAETR G S B2 AN 00 & S Wb W8 3 Hoy &
BIE#FD B 2-C 12Ky KR &, LA
53 —=58 nm, B K 145 — 212 nm, K & 95 55
KEAES AN 23 B #h AT FF dh B 4 15 90 Wb A A 3 3

il 8®

100 nm

100 nm_

B2 ZERTPHNIERFEETNENBRERES

Figure 2. Transmission electron micrographes of head—ailed viruses from salt mine in Yunnan. A: Myovirus; B: Podovirus; C: Siphovirus.

2.1.2 ZFHmESHTA (Linear viruses) : £k JE ¥
B AN BRI B T A A H L, B rh ol R
Lo o A H 1) Sulfolobus Acidianus Fl
Thermoproteus . M B AFFAE » ¥4 2 B0 28 73 4 2 A
b BUNFOIR 9 28 FF (Rudiviridae) F14E R i 6 0 75
A} (Lipothrixviridae) ; 7€ 41 B 3% ', ¥ 22 FF IR 95 5
(Inoviridae) 4> BN & » B 2200095 85 J@ (Inovirus) K

FFR W 55 J& (Plectrovirus) o M\ 25 7 3207 # o 3y £5 2R
B RE 5w AR 7R R O 5% B AR L 2Ok B2 R
M SRR (B 3) o« R WREN 5
i 2ok i, s Wi L, AR KA A — . 2B B
FERUORLAE 5 A 2 B sh 0 FF Bl s SR B R ) i o %
T, Forb, AU SR AT B B R AT R B BCR BT 3 AN AR A
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3. ZHERYPHEARFSHRNMNEBESRERS

Figure 3. Transmission electron micrographes of linear viruses from salt mine in Yunnan.

2.1.3 Ik 9% &= # B o (Spherical viruses) :
6o MR W, W2 B LR LR BRI
Jo B FE UKL, L — FOE RS W 2R T, B Y
53 nm, HANGE B (A MZE g5/ ([ 4A) ;5

— M REAAR, AN 43 -73 nm, B

L

a WA

»

HERUIR A%, WRBH 7E 40 M 4 B (B 4-B) 5 3L 4y Bk
R FE R/ 20 - 110 nm A %5 (B 4-C) o £ 5
A2 F AR R R R AR AR R M W
B T AZ K, LIRS B — PR
WA Z .

400 nm

B4 ZERTPHKRFESHERRESRBERS

Figure 4. Transmission electron micrographes of spherical viruses from salt mine in Yunnan.

2.2 BEABMSBELRIESHIE
A 37 SR HL R IR U7 RN S T RE i R ATORL O ik
PEATRE & A7 BEAEBORL I SR FF il K XUZ ST B
VEOR RSN Ry B ARAT 2 R R R (Halomonas
sp. ) 95 55 & 1 KR 2 AT B (Chromohalobacter sp. )
B AR A i RUE 0T R TR A S B S R e AT
0 fr % A QHHSVA  ( Qiachou
Virus 1 ). YPHSVA ( Yipinglang
Siphoviridae  Virus 1) J YPCPVA
(Yipinglang Chromohalobacter Pleomorphic Virus 1) o
R 07, QHHSVH A YPHSVH 2 05 K 2 A 75
ZRTATEAE S A2z ER T AE O op 0L 5 21 HACE Ak
% YPCPVA WiBE B A HHPVA 2 &80 i
FAABL, KRG AE S A 2 B R HE il o #8 R E L %%
2, W] e AR ORI

Halomonas
Siphoviridae

Halomonas

2.2.1 QHHSVA.YPHSVA & YPCPVA &Mk &
BES 7S : QHHSVH BEYE MLB ~PH [ % f i 2 B <
375 W IR WG BB S LE BRI 200 8 h, 5595 24 h, JLE R
BEH AR 1k 3 mm; YPHSVA 75 F 4R b8 B id 40
BAT 325 B 1D W5k B B L0 B BN R £ 8 12 h, 8595 24 b, JE
W 4 BE B A2 A 1 mm; YPCPVA 26 V4R b i
REERI 37 6 TR AN By L TR W B BE, H BRE I (R0 04 72 h,
B 7% 96 h, HBE TR BE HAAn 152 -4 mm (] 5) .
2.2.2 QHHSVA MHBEDS: L HEsE L RE
E, GESE QHHSVA B SL IR, Sk A4 2 47 nm,
RN 75 nm; F R S W2 (Can ] 6-A J €] 6-
B ik FT7R) o

QHHSV - Jj 5 iR K 2 AN B A% 1 S 52 5 A 4
B AP i 2 8 B A R S A K B3 2 OB A7 AE, IR
23998 FE WP T A MR B 2 1 (QHHSVA 2
o) (K|7) .
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5. QHHSVA.YPHSVA X YPCPV 7f MLB 4R g REE B 7S (35 F M E 2 90 mm)
Figure 5. Plaques of phages QHHSV-, YPHSVH and YPCPVH on MLB (petri dish 90 mm in diameter) .

100 nm

E 6. QHHSVA E5t BT
Figure 6. Transmission electron micrographes of QHHSVH.

7. QHHSVH (EAF B Wi 5L, B H &1 ki R) KRB A
Figure 7. Transmission electron micrographes of QHHSVH and its host

cell fragments.

2.2.3 YPHSVA W EERS: WK 8 x,
YPHSVA 3k RBE, kM EHLLA R 50 nm, B A4k
W s K R, K 29 140 nm.

2.2.4 YPCPVA W BEEES: WE 9 ix,
YPCPVH K /N 20 - 50 nm (£ ¥ @ik K /N4 N
30 nm) HE A RE.

YPCPVH B IE & 50 & A K AAL Lt
0 2 [ S G BIE 2 DA B RO ) N A5 b £ sy B 5
(HRPVH . HRPV2. HRPV3. HRPV-6. HGPVA,
HHPV-) "7 ML [FI, YPCPVA L5 gk e 3 J5
i 2 A5 T 05 1 MVLI727 7 AL (0 b MV-
L172 /NE 2 (& 10) . MVLIT2 K/ 42 -
116 nm, ‘3 K/ 69 nmo.
2.2.5 1EE&E16S rRNAE F 4 #7: QHHSVA (115
T QH52 -2 [J16S rRNAJE K 7 %1 (KP233711) 5
Halomonas ventosae Al12" (AY268080) 1 #H L BE Ik
99.6% , ¥ H ¥ 2 % % N Halomonas wventosae.
YPHSVA ) 15 & H5 [ 16S tRNA 3 [& & %)
(KP233710) 5 Halomonas titanicae (DQ645593) ]
L 5 98.3%, ¥ H 4] & % € & Halomonas
titanicae. YPCPV- [ 15 = # F7 1) 16S rRNA &
¥ % (KP233709) 5 Chromohalobacter canadensis
(AJ295143) [ AHALLFE 155 98. 9% » K I A1 20 %5 52 Hy

Chromohalobacter canadensis o
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8. YPHSVA E5 BERS

Figure 8. Transmission electron micrographes of YPHSV .

B 9. YPCPV E 5 BB S
Figure 9. TEM morphology of YPCPV.

10. 8k Z M HES YPCPVA ALK
Figure 10. Eight pleolipoviruses show similarities to YPCPV-, Scare bar: 100 nm.

[ 28 R0 10 995 18 K% BORL: (D Sk R B % 1 @ 2R
3 e QBRI X LR B A S E AR L
@8] J8 18 P§ JEF L K K ) SE 468 b 1) 75 56 R 85 %

AT S AR KA AL SO AT R EBAAI. ASREMHREN, ZHE A&
SRR, TR B D R AR R PR I R BB R R 2R . 2R
FWIAT BB, (6 5 A AR E T 3 A W IR RERE IO AR AR T AR . TRATR A XUR
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W5 211 55 2 LR BOIR DL R 22 4R 9 585 1X AT e A2
FH JRATTHT R 15 1 g A A e AT R DL R Al 55 R
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Atanasova 2550 R G M9 AN M B A7 B AH BE
I (1 v R PR BT R 4y 85 B 49 Bk A (4 Bk 40 B
BEL45 PR R ) JF AT T 18 350 B 1) I AH B4
AT B o AT T 4 B B RS i 34 5 A
SEAFR PR EESMEL, MEA KRR L2 &R
PRI B« FRATTPT 23 B 1 QHHSVA Al YPHSV A #f
Je& T B M TR K R B B, Y Sk B AR A ZE AR
(350 % 50 nm<47 nm) , B K & 7 (50 h
75 nm<140 nm) , 38 X H ARKYL, Ky 2 ¥k [\ 10 2
B o Bl Pietilid 2542 1 “Pleolipoviridae (£ & &
JREERL) TR IR R A RRAREIE R &
eI EE. 124 A1k, CARIER g Sh b 2 S TE Wt
HRPV- .HRPV=2.HRPV3.HRPV-6.HGPV-.HHPV-
1 A1 HHPV2, EA1¥ & T W8 3h i o 2 & 8 Wi i H &
DRI 41 K /I 3 Bl 7 7048 — 10656 bp 72 2 . Ho i,
HHPV -2 iy ji) 2 %5 N IL 72 #1275 1 46 3% 43 B 3k
B IR, HHPV2 fl HHPVA ) 5 P 41
S50 43 ) A B FAOIR RN SUEE #4k DNA, 43 25 Hb i
FHPE LG , (HIX bR 55 B 19 25 I8 4 05 ) 20 A HE ) 3
EEMIAL. B2 T HHPV=2 4F, HRPVH fil HRPV=2 [f)
LR AL RO DNA, TR 3 A2 & B S
W)y WEE BRI DNA®Y . YPCPVA 9 & 5
Atanasova %% 20 Pietili %[lﬂ PL & Roine %5[22] T4y
BRI A g ol R 2 A B A L. [
YPCPVH L2 5 B4y S I ARk 4 B i 41 i 2 & %
95 1 MV-L172 " th A4

&4 0 ik, CRIE g R R 5 100 R, 5 B
BTG 6300 % Ff S5 % 3 0 75 16 1%-2% 7L 5
e R PR B AT I o o R B A L AT T SR AR
8 BRI AR H D, 1 Eh 5 d X — BRI R IR S S N R
i R N TF A o [R5 0 3 26 995 35 19 1 A Y

JR BR T T A L8, A D BB IR B T 4 T KT
£ 5% BILYY O SNJTMY | Hisl 5 His2PY L oH
eCh1 ™ (HF1 5 HF2™ " ) & SH1PY .,
RGN G T R BT o B e IR ik
W G v S K i g g I P VK S T IR G L G R TR
2 2 DA S B e e A R 2 0 g PR 1 (0 E A 40
TR BRI TR . BAR B AT A D H v R
TEHE O B RIS 75 5 AEATE S0 8RR AT R AT RE R H S A
(RIHT 35 o AN R AT X Pl ey 6 PR 8% o 43 2919 20 1) 9 6 1
Wi BEAR LA B, 0 2y B 30 5 2 00 b B B B
ANAURT LS B 3RATT T AR e AT AR ER AT 1) g A Kk
fiE B A B 1 = R g BR o i R bR AT
T B 2 FEE NI

DAL, 5 25 R R A I R B B R IE S AN R] B
B AT TR EANLE = 76 S0 10 00 A AR AE 38
A BT 35 TR Y 2 A S0 g R R A R X
Xt 3R AT AT N T S5 A4 BT 2 B ik DR LA % 1 WA A S
Wi EE g () ShALH R A w2 . ME— D g
TR 00 G B DR < B U R A g A 2 R AT A
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= dE A EAE
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Diversity of virusdike particles from salt mines in
Yunnan, China
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Abstract: [Objective] For exploring and characterizing the diversity of virusdike particles from salt mines in Yunnan,
China. [Methods] Virusdike particles were identified from enriched brine or saline soil samples by transmission
electronic microscopy and doubledayer plate, and their morphological properties were further characterized. [Results]
Three types of virusike particles, head-tailed virus, linear virus and spherical virus, were observed by using transmission
electronic microscopy. Then, two Halomonas viruses and one Chromohalobacter virus were subsequently isolated from
Qiaohou salt mine and Yipinglang salt mine. According to the sample sources, their morphological characteristics and the
character of host strains, those viruses were named as Qiaohou Halomonas Siphoviridae Virus 1 (QHHSV) , Yipinglang
Halomonas Siphoviridae Virus 1 ( YPHSVH ) and Yipinglang Chromohalobacter Pleomorphic Virus 1 (YPCPVH ).
QHHSV- was head-tailed virus with a diameter of 47 nm icosahedrons-ike head, and an easily broken 75 nm length tail.
YPHSV - was head-tailed virus with a diameter of 50 nm icosahedronsike head, and a 140 nm length tail. YPCPV- was
a pleomorphic, variable-sized (20 —50 nm) virus, which possessed protuberances on the virus particles.

Keywords: salt mine, virus, diversity, bacteria
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