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Isolation and Characterization of Phages Infecting Halophilic Bacteria from
Yuncheng Salt Lake
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Abstract: Because of the unique genome and biological characteristics, research on the phages derived from high-salt environment
has become a new hotspot in the extremophile field. Using halophilic bacteria as the hosts, eight halophages were isolated by the
double-layer plate method. Virus particles were concentrated and purified by PEG precipitation and SefinoseTM 4B gel filtration
chromatography, and then observed by Transmission Electron Microscopy. The results showed that all phages were microspheres ex-
cept LMH-5 and LMH-8, which showed a typical regular polyhedron with three-dimensional symmetry. They all belonged to tailless
bacteriophages, with the particle size distribution between 25-70 nm in diameter. The phage LMH-1 was selected for furthter study.
It was a DNA virus with a diameter of 70 nm and a genome size of approximately 25.9 kb. The phage contained a lipid envelope,
and was sensitive to low-salt condition. Its capsid contained at least 11 proteins, among which there were six major structural pro-
teins. LMH-1 had a wide host range, and could infect strains from genera Halobacillus and Thalassobacillus. It showed high activity

over broad ranges of temperature (<50 °C), pH (7.0-11.0) and NaCl mass fraction (5%-30%), indicating excellent thermostable, alka-

We#m B A : 2023-12-25; & B A i : 2024-04-08
ESTE : IH7EERHE A1 A A F A H (202204051001035) ; L1 P48 SLalFFE -0 %8 Bhwi H (202303021211114)
YEB B TEBL(1979—) , 2, I TFHRA A, PR, il s PR SR i M  JE 5T, E-mail : yuhuiying1979@163. com
* BIE1EE 258 (L1 Xin) , E-mail : lixin—eva@163.com
BITAGS : T EEHE, TAGH, Foni, 55 A8 YR 19 Mg Eh 40 R Vs T AR 1) B e B LA 2 R e 5 [T ). L 23 CFL AR
R0 L 2026,49(1) :170-178. DOIT: 10.13451/].sxu.ns.2024072.



TR s IR WV R 2 R R AR 14 0 8 S e SR WA R RIS 171

li-tolerant and halotolerant features. Results from this study revealed that Yuncheng Salt Lake may contain rich and diverse halovirus

resources, and further systematic exploration and in-depth research will not only help us to deepen the understanding of haloviruses

biodiversity, but also can provide a theoretical basis for clarifying the function and location of haloviruses in special aquatic ecosys-

tems.
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1.1 EHREEHEREHE

g1 B A s WEL WA v 4 TR R Pk AOH: 16S
rRNA £ [H J# %1 Genbank % 5% 5 . Halobacillus
sp. LY4 (HQ683723) ; Halobacillus sp. 1.Y6
(HQ683725) ; Halobacillus sp. LY7

(HQ683726) 3  Thalassobacillus  sp. 1.Y18
(HQ683736) 5 Salimicrobium — sp.  LY19
(HQ683737) 3 Chromohalobacter sp. 1.Y7-3
(HQ683729) ; Chromohalobacter sp. 1.Y7-4

(JE796143) 5 Gracilibacillus sp. SK1 (JQ045293 ) ;
Halomonas sp. SK6 (JN998407) ; Virgibacillus sp.
SK39 (JN998440) ; Clostridium sp. GQ5
(JQ421339) ; Clostridium sp. GQ8 (JQ421332) ;
Virgibacillus sp. GQ15 (KMO055003 ) ; Clostridium
sp. GQI8 (JQ421334) ; Thalassobacillus sp. GQ23
(JN998389) ; Bacillus sp. GQ39 (JN998395) ; Ba-
cillus sp. 1.X-40 (KF928677) ; Halomonas sp.
GQ44 (JQ421337) ; GQ51

Halomonas  sp.
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(JQO028724) 5 Bacillus sp. 1.1 (JE796144) ; Idioma-
rina sp. W33 (JN112009) . Jir £ BA ¥ 34 g 4% 52

b 3R TR B 43 0l 2 Fh 2= Complicated Medium
(CM) WK S 57 5L (BRK RS B 1 7.5 g, B BRI
100 g, Fr B R = #h 3.0 g, MgSO, - 7TH,0O
20.0 g, KCl 2.0 g, FeSO,-7H,0 0.01 g, NaCl
120.0 g, &K 1 L, pH 7.5) ", 37 ‘CIR % 5 3%
20 h il & 1 32 TR B .
1.2 HEAERESESE

Z M T A B AU R SR Ay i, 4 i T
#l Modified Growth Medium (MGM ) 35 3% 3 Fl 5
BEM B, KA 5 5 o

T3 IR W AR () IX R B2 K B L B 100 mL
K FE 5 100 mL A MGM 1R B 52 B IR & )5
37 °C . 180 r/min ¥ 3% 24 h, ® &£ ¥ 5 )5, 10 000
r/min & 0> 20 min J& B _E 3, 0.22 pm 38 B g
J5i 4 CIRATF -
1.3 FEHRAREREEN S BIFES REEL

DL [ g 3 41 T8 1 PR R 18 3 R U R
i ik 4 5 0 426 R W TR AR, ELAR i R <ok 100
pL K FEE A EW 5 300 uL 15 FHEEWIR S,
25 C#+ & 15 min, fil A 3.0 mL ) MGM > [# &
BRI (B H & 40 CLEL )R AT, 8] A MGM [#
PRS- 12 . 37 CTF B BR 37 W5 W5 1R BAE 1)
TR O o 27 H B0, W0k BR300 2% 38 B 1 PR I
WG, SR AR PRk r s, R D
PR3-S5 M BEWE W B A& KN — . S BAOE
S0y 3k R AT M TR AR ) [ A 8 B S EOW 2
M )2 38 43 I A B W OB, IR %% 5 min J5
10 000 r/min &5 .0> 3 min, X 35 A 0.22 pm € %
L g A R . SR B & Z B (Polyethylene
Glycol, PEG ) 6000 ¥t J& FI Sefinose TM 4B 3t i
W8 e AT J2 B X DR A W AT VR A0 Sl Ak, 3 PR
TIE J 0 4 4l Ak iy s o A
14 BEERSFENE

afi £k J5 A I TR AR SR 200 1Y T R AU ARl i
Wt g, I S L B (JEM-1400, H AR HLF)
W5 FLE 38 R AE
1.5 BEAEEAZBERSREEAEARS T

S FH 9% 75 355 H 20 DNA 2 Bt 7 & (D2410),

AU BRI TR A B2 ) A Wt T A% ik DA 241 ok

17 4 gl Ak, R 43 0606 BE 3 ik 3E 4T & 4
Bro B 100 p Ll W R 44 35 R 20 DNA % W (29 50
pg/ml) , 43 i A 1.0 pL #9 DNase I( Takara, 5
U/pl.) #1 RNase A ( Takara, 10 pg/pl.) , 37 ‘Cif
fif 30 min J5 #E AT HL VKR I, B LA R 2SR
¥ H Sac 1.Xho 1. Xba 1. Pst 1.Sma 1.Sal 1.
Nde 1. Kpn 1H1 Spl 1555 5& PR 41 47 B U143 7 o
W30 L 4l Ak I i W BRI U, A 10 L R
H_EAESR i, IR 21 )5 100 “CR I #4 5 min,
12000 r/min & > 3 min, B b 3 #F 7 SDS-
PAGE (Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis ) F, 3k £ il .
1.6 EEEEYEFERR

Z: IR Wang 41 I TR A K¢ 1 43 A 7 5, BF
5% Wik oA 6 G0 B A2 M DL SO B L pHL L #h
S 0T L AR W = 0 MR R R 5 SR FHOBLJZ P B R
N NS i SO a2 (O & R O QO w1 4 o
K3
1.7 BHRRGEEZEIW

WMk R 48 & B o Bl 1T 510 203 Gene-
bank % ¥ & , J¥ % Lo %t i I Mafft 7.2, fifi H
Bioedit 7.0 X Hi [ # AT Fah 851 . RGE K F W
F4 2 {1 FH} PhyloSuite 3% £, f i #% 1 2 2 AL 1Y
fifi FH Model Test ¥E17 0 & o $5e K AL ER 1 40 B fifF
M IQ-TREE 1 £k Ik 55 &% #1728 B 7 fh A 8
4 TN (‘Tamura-Nei 1993, TN93) . Ul i 3 5 32
4% Mt Af F MrBayes 3.2.1, ¥E B 9 i#F b 45 7
GTR (General Time Reversible ) .

2 ER50HT

2.1 WERAEMEE RS EiFIE

K FRUJZ - Bk DAz 3nf £ 197 7K A v 6 128 3R
o 8 Bk Wi 18 f& LMH-1~LMH-8, H- 15 3 73 5 4
W& £ 4l B B AR Halobacillus sp. 1.Y7 | Virgibacil-
lus sp. SK39 . Halomonas sp. GQ44 . Salimicrobi-
um sp. LY19 . Chromohalobacter sp. 1.Y7-4 | Bacil-
lus sp. 1LX=40 . Chromohalobacter sp. 1.Y7-3 #l
Clostridium sp. GQ8. HrE I 24 h )5, KT
A W B AR 2 T RO 25 SR Y 3 A S
B, HEA28 1 mm~1.5 mm (& 1),
2.2 BEEBHEFEUE

WL B2 UL ¢ & BB W 7 & LMH-5 A1 LMH-8
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(a) i Halobacillus sp. 1LY7; (b)°A Virgibacillus sp. SK39; (¢)>k Halomonas sp. GQ44; (d) K Salimicrobium sp. 1LY19; (e)H
Chromohalobacter sp. 1.Y7-4; (f)°h Bacillus sp. 1.X-40; (g) i Chromohalobacter sp. 1.Y7-3; H K Clostridium sp. GQS
1 DAREER TR i 3253 s 0 e A 0 Eh 1 e P 1k
Fig. 1 Halophages from Yuncheng Salt Lake

LMH-1

LMH-2

LMH-5 LMH-6

LMH-8

LMH-7

B2 W AT s g
Fig. 2 Morphological observation of the halophages

Sy BRI OE b AR S R Ah A ) B R OB
(B 2) o 78345 0w i A b, LMH-1 5067 A5 %
R, B Y 70 nm; LMH-5 #1 LMH-8 i %7 ¥k
2, 2524 50 nm ; LMH-3 . LMH-4 1 LMH-6 i 7
KN 40 nm 3 LMH-2 F1 LMH-7 50k ) £ 4% f
/N2 R 25 nm (B 2) o ARIEIE & F 8RR, BT
¥ & T I )8 Wk A
2.3 BEE LMH-1 #ZER LB L E R EFI 5T

B X I TR AR LMIH-1, FF i A% ik 2 0 % 5

RV 0 A, 45 SR An T8 3 AR 4 BT R o HL UK
% B LMH-1 3% K 41 7] #% DNase i 74 1k ( &
3). MEYIAHT LB, LMH-1 5L K 4 vh & A
Sma 1., Pst 1 ¥ Kpn 1§ VI &5, Horp Sma 1§D
AR 294 15.2.6.3.3.5.0.9 kb 25 4 4 H B,
Pst 11§ V3R 45 43 5 20 9 11.8.8.0.2.7. 2.2,
1.1 kb %5 5 A [a] B, Kpn T4 00 35 45 43 31
25 9.5.58.3.9.2.2.2.0.1.5.1.0 kb 2 74~ &~
A A B (I 4) . b b) 45 % W LMH-1 3%
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Fig. 3 Nucleic acid type of halophage LMH-1
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Fig. 4 Restriction endonuclease digestion analysis of the
halophage LMH-1

2.4 BWEELMH-1KEZEEHHBSH

B AR LMH-T 7 R A s, &
SDS-PAGE MLk E L H AR Ah 20 & A 11
R A (B 5), Horp gy 5 5 5l 29 102.3
44.0.34.2.31.5.23.7.13.5 kDa 1Y 6 Fh & 4 & &
A 55 i, T RE A R AR Y R A

Marker

LMH-1

kDa
200

116

97.2

66.4

443

29.0

20.1

14.3
6.5

B5 WA LMH-1 K588 F 4 BT
Fig. 5 Analysis of the capsid protein of halophage LMH-1

2.5 BHEEEMERFEST
251 Rbpatziksrm £ E ST

2 AT BR B B A LMH-1 R
SERFE R (K 6), RUZWER KT RE S A
Jig BT A B . LLOAS [R] W R 4 R bR R TE EE L R
FHOBUJZE SF- A i 46 0 BT A e T A 1% 1 3 Y L
45 R & 9 LMH-1 B 7T 24 f#% Halobcillus sp. LY7
Ab i A AR B¢ Thalassobacillus sp. 1.Y18 T #£ o
W2 M 55 9% 36 h &, W& 3 0T i &7
W B S — & U] B, H LMH-1 2 fi#
Halobcillus sp. LY7 7= £ 1) W W B 5 72 (44
2 mm ) B & %t Thalassobacillus sp. 1.Y18 ( 24
1 mm) K.

6 WA LMH-1 %05 At 32 1k
(a) A% B 5 (b) g5 Ay
Fig. 6 Sensitivity of phage LMH-1 to chloroform

(a) control; (b) chloroform
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2.5.2 BE HEEApH A LMH-148 2 g% h

W 0 B R LMH-1 2 318 R [F 25 10 F Ab
3 hJE, R B2 A e LA . 5T
KK T 50 CAb S, LMH-1 3% P 45 35 41 %t
;70 CUL A5 PR AR (B 7
(a)). £ pH 7.0~10.0 A9 % PE & 2, w5 B 1k
LMH-1 {2 L G PR AR R A5 A X e, I A B
1) % ( =>10" PFU/mL ) ;5 & ¥ 4 14 (pH<26.0)
LU TR A5 N ECE G (K 7 (b)) o B R
B TR R iR B NaClLIE P I & 5, &3
T#FH AT, LMH-1 42 44 & M 58 4 % % 5 NaCl
i hE A B T 5%, HUE M OR R AR AE X B 4
(E7(c)).
26 HEEABEIELAFERNERZEZELR

ARG Kk H T4 LTS T R 1459 bp /Y P
H1) 4 B, He i A0 35 939 4~ (64.36% ) 4 57 A 4,
519 4~ (35.57% ) A AR A3 55, 376 4~ (25.77 % ) fai 24
5 B AL A o Bl A AL 4 w0, =24.8%, wr=
19.3%, we=31.9%, w.=24.0%, A+T & &
(44.1% ) BEAK T G+C &8 (55.9% ) .

7t W W OR , Chromohalobacter Y WA~ ¥ Fip B2
. — 2, 5 Halomonas B AT BT F S KR, IF
it — 5 Clostridium W 51 8 W — 1> F & W 7
o M 53 A AN P AR B ST — SR 1 A 3
5z X RMK KR, Hh, Halobacillus 5 Sa-
limicrobium F& € 1) RAE — & , {0 Virgibacillus
Bacillus T£3X 57 X - 28 A7 R € (8 .

3 WeHENE

AT AR R, A R 5 TR A 5T U IS T
— R HE R H e B E 4 I T A AT AR
XF AR, 6 B AR IR B B O G A
ZAFK , IR L o 3 T B8 Az 3k ) T R o £ AR
Yoo i, T R T o B B IR RN R 2 AR AR
= i SE A SRR I, R BOFRIE T — A
(IRIER: RN AR VR BT 7/ R R N T E= R P
KT AL IR A S R G0l R AL T ok 5 1k b (o2
8 25 (I B A BT IR AY BF 5, A SR A 20 9 A
Z 0.

oA B GHE B9 ER R AR GA 100 2 Bk, (5
Forbr 9090 LA L D g £k ol B B, LA VE 40 B
i Y W RO A B 20 #k 0 A g ER AR

(@

Titer (Ig PFU/mL)
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ool
1F
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NaClER2 5 8/%
B7 WA LMH-1 RN (a) RIRI 321 (b) K dh:
i 32 P (c)
Fig. 7 Tolerance of halophage LMH-1 to temperature (a),
pH (b) and NaCl (c)
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LMH-5 5 Z AR L A1, Hoa 2 B ook, A0 o
To R MR AR . SRR SE T, A R R AR A 2 A
ORI P i R A RE AR RIVAE AE A IE Y



176 PR AE2A4R (FARBEARR)

49(1) 2026

100/1

100/0.62

100/1

HQ683726 Halobacillus sp. LY7

10011 IJN998440 Virgibacillus sp. SK39

KF928677 Bacillus sp.LX-40

0.06

HQ683737 Salimicrobium sp.LY19

JQ421332 Clostridium sp. GQ8

HQ683729 Chromohalobacter sp.LY7-3
100/
JF796143 Chromohalobacter sp.LY7-6

10011

— JQ421337 Halomonas sp. GQ44

B8 WEEATE EIEEL A M AR R T KR
Fig. 8 Phylogenetic relationships of halophilic bacterial strains as phage hosts
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Al RESE T A AR AR A9, 5 SNI1 F R
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FAAE, Joh ] BRI Ah, WE ST e B
2 W T MR A NaCl s e 73 B0 B AR 0 452 58 19 38
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