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Rk R E, LMEL>MNA 316 AAF 10.22 A, ABEAH A dsDNA, 1 F LA B A K55 H 60~
65 kb #7 40~45 kb. 4% & %% # 4k KH-sph01 #= KH-sph02 4842 # Fl — 18 £ 8 Flavobacterium sp. KHhb03, 12 4 %
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Abstract: As the main biological group in plateau lakes, the cold-active bacteriophages are of great signifi-

cance in regulating the structure of bacterial flora and in the circulation of elements such as C and N. The
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cold-active bacteriophages were isolated from Karakul Lake, and their biological characteristics were stud-
ied. Bacteriophages were isolated and purified with the double-layer plate method. The morphology of the
phages was observed with transmissionelectron microscopy. The 16S rDNA sequence alignment and phylo-
genetic analysis were combined to determine the host bacteria classification status. The basic biological
characteristics, such as the optimal phage infection complex number, one-step growth curve and adsorp-
tion rate, were compared. The effects of temperature, pH and chemical reagents on the phages were ana-
lyzed. The phage particles were concentrated by PEG precipitation. The genome of the phages was extrac-
ted with chloroform extraction. Restriction fragment length polymorphism (RFLP) analysis of the genom-
ic DNA, constituent proteins and physiological analysis of the bacteriophages were carried out to character-
ize the phages. Two lytic cold-active bacteriophages, designated as KH-sphO1 and KH-sph02, were isola-
ted from the Karakul Lake. Their host strain KHhb03 was identified as a member of the genus Flavobac-
terium. They were morphologically classified as Siphoviridae and Myoviridae. Physiological analysis re-
sults showed that both cold-active bacteriophages had infection activity at 4 “C, and were sensitive to heat,
insensitive to chloroform and detergents, but sensitive to protease K. They were most stable at a pH in
the range of 7-8, and their optimal infection complex was 10 and 0. 1, and their cracking volume was 3. 16
and 10. 22, respectively. The genome of KH-sphO1 and KH-sph02 consisted of double-stranded DNA and
were approximately 60-65 kb and 40-45 kb in size, respectively. Kh-sphOl and Kh-sph02 can infect the
same host bacteria Flavobacterium sp. KHhb03, but are different inbiological characteristics.
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1 #wRERFE
1.1 HEmRE&E

2018 4F 10 H, TFAMIK R & R v S Fe 551 (38°25' N, 75°02'E; W4k 3 618 m) WSl R AE K BE, Hf 3T
50 mL BOEPFME N LRE. REELKE 2~4 °C, pH{EN 7. 8~8. 4.
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1.2 EFRESFERA

T TR VB AR N BSOR F PYGV RS20, e [ A s 5% 5 (01 FE A a5 06K A1) B2 s B 68 11 590 (29 %
0.4%). MEEENARBOXFT & Taq M. REVEADIEESES N B 5 H EAYHEAR AR AR .
1.3 BEAEREEES S
1.3.1 BEWMASH

W AR R AL S KRR SIS 10 M55 5 R e, B 200 pL A [ A B B K AR A T PYGV “Fd b, 15 °C
Rig® 3~7 d, AR VA L B VE R S RRAE UEAT R 2R alifh . R4 4l B ik
1.3.2 #RAKRY> S

SR FH U2 Bt i P ks 8 kT 100 A B I T BT S R PR B B Al Ak 1 R T BT A — B T B
RN PYGV WA S SR 5 rp gEATH A IE 95, HEFR KR 13 000 r/min B0 10 min, b V& W R E TR 4.
1.3.3 HH kB EESH

Vo5 2 Ak % W TR A VR 5 4 S 4 B AR 43 0 A T OBL)Z S M S, R R A A M TR B T A, DA E 4 B
TR A2 15 A7 7 oA A £ R
1.4 BIEELTEEREEBRERS
1.4.1 £ 16SDNA AR M F R 2 %K F 54

SR FH A0 B 3 PR 2 4 BGRB8 DNAL DU BI 9 27 F(5'-AGAGTTTGATCCTGGCTCAG-
311 541 R(G5-AAGGAGGTGATCCAGCCGCA-3)H" 74 16S rRNA K F 4. PCR [ & 1F 3 I8 3
BRE R AT, PCR =W 28 1% Bt i b 6 00 Pl KRG D0 U5 26 7E TAE 4 TR C B BE 0 A5 PR 2 /10 . T 18
16S rRNA FEPH ¥ 51 5 GenBank 4 2 € F1 7 5147 BLAST X434, I ClustalX {4 Fl MEGA 6. 0
RS K E R B E 53 .
1.4.2 SERKRE SR

B 29 1X10° PFU/mL M WERE R 100 mL, >R #8250 % (millipore, 10 kD) 45 %2 1 mL. W}
B 20 pL 3 T4 F, 10 min J5 FHMOKARM T 2 Ak, T4 M B 1 3% 2%, pH (N 4.5 BRI YL 6
5~10 min, FFHI A 2K 1485 5 O H 1 2 3088 (JEMI1200EX0 £ 0 B8 14 107 7 12 745
1.5 BEEFEKEEFRGEELEELE
1.5.1 BERAKBATLEME

P FEBEMT PYGV F Iy 29T 4,10,15,20,25,30,37 F1 42 C ;55 3 d, & W WLEEH 7% 42 KA
B, MCHE TR 5 A A R IR 15 3% SR T RE Y [ AR W AR AN AR — I S R SR R IR IR G 8 R . DA
BRI E N e EEayE ki, oie A RKEEER, 3 REXL.
1.5.2 “MAKBREBETLR

B 100 pL WE BR300 pL X 804 K 0 04 1 3 BB TROIR A AT XUZ S-S50 43 ) B 1 32 1 4%
KIRE TR SR 3 d, LSS TR B B bl 2B A 0, o s PR AR R e e R R IR S 1Rl , 3 IR A
1.6 BHEEZWNEREANZM
1.6.1 A D H

15 W TR AR RO P #E S 1 10° PFU/mL, 43 51H 2 mL F 40,50,60 Fil 70 “C/KiEALH, A 0 B4
10 min HOREI E A AR EE N AR BR800, & A0 BRI 3 R A, DA A 3 A kT A YA T R, 3 A AN TR R
JRE A 3T W A AR ) R
1.6.2  BRARA 2 M 447

[ 1.6.1, 43X BIH 500 pL WEE AR IIAE] 4.5 mL A[E pH A2 b, %A 1 h, 12 000 r/min
B0 5 min, WA VE WP E R RS, AL ERYY 3 WE S, LU A B W A IR AR T R
1.6.3 R45. Z®a8 K& @ &M A i 46 om

FAFHURAE: T/ 1.6, 1, 2051 2 mL AR, A 0.5 mL S5 (ZIREN 20%), IRAGETERT

EEM K B /16,1, B2 mL MEEREES mL EPESP, MAEAMN K Z2LKEN
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1 mg/mL, 7E 56 ‘C/KIEALHE 30 min, £ 12 000 r/min 5.0 5 min J5 W& b5 W 0 W 3w AR R, LUK Ab 3
F1R) e AT /K R4 %o TR

FE I MBS W 1.6, 1, B2 mL WERRAARYR . AR IE TG M) SDS BAWEE S 0. 1%, F 56 CAb
P10 min J5 B0 ME W BCP R AR, £5E2 mL MR, A 0. 3 %0 A i 15 P57 Triton X-100
F =W T A 10 min, 250000 & BP0 R R, AR BEIVE 3 E A, LA A B W R IR AR 6T R
1.7 BEGEEZEEMEHFLEST
1.7.1 FAE & % F % (Optimal Multiplicity of infection, OMOD) M| &

DL B AR B0 (PFU/mL) 518 3 W & (CFU/mL) 43 51 0. 001,0.01,0. 1,1,10 F1 100 i EL IR 5T,
ZARF N 30 mL, 15 °C, 180 r/min #E%Hi 9% 4 h, 12 000 r/min .0 5 min. WE FIFR DB EIASAN. &
AR 3 RE A, THEROVE T BT R B 2 1 L B S OMOLL
1.7.2 R Wik Foam e

W W K KH-sph01 F1 KH-sph02 43 LA S (8% e S R 5 X 800 m E B RIRS) . T 15 CR#E ., 7
T 0,2,4,6,8,10,15,20 F1 30 min BfEUFE 100 L., 12 000 r/min B0 5 min, M5 135 A 9l 0% B A
PRARRL 7805 (PFU/mL). DUBCRE B[R] S i A b o 0075 1) I TR AR 80 f g A A s, 2 il 2k
1.7.3 —FA¥kdgng

BB 1 2 BRI 10 mL, JEEEROEEE OD A 0. 6 G ANEELZ) 1 X10° CFU/mL). &=
BOMAVEEARWIR A+ 15 CHH 10 min, PL 12 000 r/min B0 5 min 3 b & P 2% R A B0 BT A0 5 B 14 hr
T A 10 mL 8 PYGV WA T Z VIR T 15 C, 180 r/min R 535, A 0 W4 10 min BURE 1 1K,
12 000 r/min 85000 2 b5 W R AR R p . DA N A = T I TR YRR A o e TR R A i T TR R AR X
R, DUIRURE B[] Ry 8 A b I TR A S50 1) %o 501 Sl N A bR 2 il — 20 A= K ith 2k
1.8 WEEBNKE. EERERRSB®BTISH
1.8.1 B KBARSE

H W6 A /& KH-sphol F1 KH-sph02 5 15 3 18 8 W ¥ fe AE B B BOIR 21 8 A PYGV Ki 5 46, 15 C.,
180 r/min R 557 2 d. B FRW 1 L F 12 000 r/min B0 10 min, 8] b3 00 A BE 4208 0 2% 2 i T
(DNase [ ) HIAZHEAZ IR EE A(RNase A) BLWE N 1 pg/mL, 37 ‘CKHE 30 min J5 A NaCl LMK E N
1 mol/L, ¥K¥& 1 hJ5F 4 °C, 12 000 r/min B.L> 10 min. [6 _E3ERHIIA PEG 8000 ELWE H 10%, 7
DRI T 4 CHrEIdw, 44 °C, 12000 r/min B0 10 min 3 E#E . F 4 mL 19 SM ZZ s EEUURE, N
NS RRGEN 8 E %% 2 min, 8 000 r/min &0 10 min WA KA, RIAH I 45 (14 W TR 4 UK.

1.8.2 cEERAR AR

BB 45 W T PV 500 pl, A 2 B DU 2R (EDTA ) =& ¥l 20 mmol/mL, 2 [/ KMk N
50 pg/ml) Al 10 %0 SDSCAHREE H 50 pL/mL) . 56 ‘C/KIE 1 he DAE -5 7E 4R v AR L N 4. 12 000 r/min
B0 5 min WK, A SERFLVKYE N EETR 2], 12 000 r/min &0 10 min, JTHEH 1 mL JoK 2 BB
%, 12 000 r/min B0 10 min, A 50 pL A9 TE 2% sl i DUVE . BIASHE R &K DNA. SRl 28 /040
Y& BT (Nanodrop 2000) #; 56 4 B FIvk B J5 T — 20 CHATE.

1.8.3 "EHE KA R MEE

53 5 DNase I #l RNase A XJ Wit b (R e R 2H A7 W U0, Sk #0010 L, BDJEPRIZH 1pL, DNase [ 5
RNase A i 1 pL, 10X buffer 1 pL, ddH,O #h% 10 pL. 37 C/K¥# 30 min J5 % H 0. 7 % 3150 5 K i Tk AS:
M, DL e e T AR L DR ZH O AZ R S A, LR 4H o DNA 1y, M 4kszfH EcoR 1 ,BamH 1 , Pst 1 fl Xho 1 %5
IS ] 1 A i P D) B A B0 20 B LA 0. 7 0 Bt IR RO i L Dk ARG

2 # B

2.1 BEESBREBEENSERE
T L P26 B 8 K R T 3 03 B A BRI 20 T 43 k. DO e 32, 2 8545 B PR BB 4R U A — 1 32 5 0 KR
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BER K. 25 A 16S rRNA JFAI X KRG LT b (B 1. EMiZME EHE S5 Flavobacterium frigoris
(JQ712371) MBLRE s i, %50 HOR WFT IR B A 1, 1 45 4 Flavobacterium sp. KHhb03, GenBank J¥ 41 %
45 MT919896.

PR AR I TR AR R G i R TR S T RUZ AR IR R (AR 2 3~5 mm., MG ARG AET) . MEHKEY
1~2 mm, P18 6D WAL 25 00 W B BE (IR 2) . 1 5 e 48 00 ¢ k0 bk I T MAORE TR S I R TR
s TR BRE A K Y — bk Sk T R IF Z AKX AR, AR 55~60 nm, BEAMK, 29 230~250 nm, WIEZX E#)
M e E KR W K RL (Siphoviridae) , iy 44 9 KH-sphO 1. W T BKE W /N 1 — bR w1 4K 7] sk B 2 A 450 .
IEZ WAL I ERm K, 249 70~75 nm, RBEHIMLZHEIR, KN 120~150 nm, BHEHER Y 20~
25 nm, B H U 0 WL W # AR B (Myoviridae) , fit 4% 8 KH-sph02. 245 £ 3% 43 M, 0 AR W T8 4 {2 X 15
E W Flavobacterium sp. KHhb0O3 /g%, &8y ZU 4 Wk 448

Flavobacterium frigoris (NR112816)

100 | A KHhbo3

Flavobacterium frigoris (JQ712371)

65 Flavobacterium urumgiense (KU179852)

Flavobacterium xinjiangense (AF433173)

Flavobacterium hydatis (NR044695)

100 Flavobacterium hydatis (NR113710)

Escherichia coli (NR114042)

0.05
B 1 fFBFHE KHhb03 ZRHELXE O

(a) KH-sphO1#1 7S (b) KH-sph024 22

Shacogm e G T WY ggpx z
o R ; E”\

() KH-sphO 12378 = H AT 2 B R T BE (d) KH-sph02{S3418 = BRI FT 2 B E B B

B2 MEE KH-sph01 1 KH-sph02 Bk 2 75 5% 6 15 B 45 4T
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2.2 BERAKREBEEAEELEESEE Lor

i # 8 Flavobacterium sp. KHhb03 £ Lar
W g, BBIAIAE A~37 CA K, 10 CHE % 2
KA. R FE kg e R g
8). WHMKTE 37 CREAKAME. BHshm S |
IR OD g0 JLFA A4 4 °CHI 30 CHY, 04l
WA KEZE, AR ER. mER 02}
Flavobacterium sp. KHhb03 #% & 4= K iR JE N 0

0 2 . 4 . 6 . 8 l 10- 12l 14.16.18.20.22.24. 26.
B igl/h
B3 AEREEFTEEH
Flavobacterium sp. KHhb03 B9 4 1€ #h &

15~20 C, J& T 5.
M 1 0, KWK KH-sphol 7
4~25 CHEFRIF R T BUZ 1M b 7 A= 5 i 114 10
BEBE . T LR W T iR K H-sph02 {3 4% i 2 7 F
Hh4~30 °C, {HAE 30 °C B i W B BERCEIR T 4~25 °C.
%* 1 TEHE KHhb03 £ K 5EE 4 KH-sph01 1 KH-sph02 2 8 B3t [

¢ n el Ji /°C
ﬁ [2)8)
4 10 15 20 25 30 37 42
KHhb03 + ++ +++ A+t ++ — —
KH-spho1 + ++ +++ ++ + — — -
KH-sph02 + ++ +++ ++ + + -
T+ R AT B ¥ 507 AR TR BE LR 2 SRR T TR AR R 0 B A B TR U M 2 s — RORAATE R

T o7 A N B B
2.3 BRALE SR X AR R
2.3.1 #AGEMSH

Pikk s B AR T — E R EPE (B 4). 40 CAL#R 60 min, KH-sph0l #il KH-sph02 % 4} 43
S AL 826 F1 79%. 50 CALFE 60 min, AR ME B A A ML 50 00 MR, (H Rl IR BE 4R 22T &
T R e TR A T AP B R AR 70 CC AR B 10 min, TR I TR AR SSCHT X R SR ARRCHT B 45 26 I 63065 70 °C Ab 3
60 min, FGARTE A ARG, BRI, T BRI G IR B X B BURR . (H BB — o TR A

- 40°C o 40 C
—A— 50°C 500
1.20E+05 - 60°C 1.50E+05
o~ —— 70°C ~
. —
E 2
: 5 1.OOE+05 }
o 8.00E+04 E
: =
= £
% A
% HOOE+04F & s00E+04 |
4 =
& T
0.00E+00 . . . M —o 0.00E+00 . . : C
0 10 20 30 40 S0 60 0 10 20 30 40 S50 60
Y E)/min B j8]/min
(a) KH-sphO1FAFaE M (b) KH-sphO2F#AF2E M

B 4 mEE{E KH-sph01 #1 KH-sph02 #5814
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2.3.2 BRAERAET Z NS AT 2.00E+05 e KHespho1
KH-sphol Al KH-sph02 7£ pH fH £ L60E+05 — KH-sph02
T8 WM E (5, HRREEARF
ZH . A, KH-sph01 H KH-sph02 E 208109
SR, HAT pH BRI E G, M 5 S00E0
pH {6 B2 YR I A2, 76 pH {H % 4.00F+04
Jpo5 BF A 34% B9 WE K AE . T
KH-sph02 7£ pH i} 7~9 3 B N R fa . 0'00E+043 4 5 6 7 8 5 10 1
6 pH M 6 A pH {2 10 1 240 51 fig pHIE
47 YR 49 %6 B TEIG % . KH-sph02 T RETi} Bl S MR P KH-sphOl #1 KH-sph02 Bt iy 3

Z M PR BE.
2.3.3 A, &abs K fofom &R el H AR 6 ¥R

ZE@ b5 (B 6) » KH-sph0l #l KH-sph02 (20 41 Hb xd BRZH 47345 80. 6 V6 1 85. 3% . ¢ BH 1 Ak I
T A 349 o8 S0 AN SO, 10 B 9 R W R AR A e 4 4 v 1 T I BB R R G

S K L35 . KH-sphol Fl KH-sph02 &M A0 Ry X5 BRZEL Y 10 Y6 R0 17 %6, 150 T 19 Aok gk 1 4K 34 %) 2
FI i K B,

KH-sph01 #l KH-sph02 %} 2 1 i £ 7] (SDS 1 Triton X-100) ¥ & B SR, HSUSRRE 2 73 L4
FES, S Y RE TR EE 85 V0 I 1R YL T .
2.4 FHRBEEENEZEMFRE
2,41 RAEBERFEH K

M 7 AT WL, KH-sphol 575 = 4008 Fe 9 o 10 B 5% 35 300 b Br AR M B (R B i e 22 . il KH-spho2
5 UM LG Ry 0. 1 B, A5 8 IR P AR AL e . W] KH-spho1 5 KH-sph02 J& 44 i 3 1 Fla-
vobacterium sp. KHhbO03 1Y s A Gs 52 %43 %1 o4 10 A 0. 1.

20084050 o 2.00E+05[ )

AR @ KH-sph01 N\ .

N ing % _ KH-sph02 § -

7 1.50E+05 | Triton X-100 2 % 1.50E+05} § X o

g SDS . oy

= : - 2 § %§ -

& 1.00E+05 | & 1.00E+05} %§ %% a

< £ 1 1

& SO0E+04} i 5.00E+04r %\ %§ o
0.00E+00 % 0.00F+00LESER A %Q %&\ N A R\
KH-sph02 0001 001 0.1 1 10 100

BEE RAEH
Ee &Sfh. EAM KMETEEEFIEEMEF 7 WEE K KH-sph01 #1 KH-sph02
KH-sph01 #1 KH-sph02 £ 0f REBRLEEH

2.4.2 Rk E

WA A I T A R e i AN R A B — 2 R L RE A B T R e O S IR SR A 6 R . B 8 WL, P
PRWE B AR LR AEAE 10 min P8 58 BN A5 5T B9 WA, W B 2 min BF, KH-spho1 A #8ad 50 ¥4 i gk 3 1A
T 58 M B 1 KH-sph02 B I B R TR, 2 min J5 A 88 aE 55 %6 10 W5 B (AR 58 U B 5 4 min B 90 %
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P18 I AT A - A B 1) 7 7 A s U P TR AR A O S R
2.4.3 —FAEKML

— 25 AR K R R v T A U e A T AN B e 2 e 0 B R O el o O B A ) 2 i (BD.
KH-sphO1 J& Y4 i 32 3 (9 38 R 1 29 50 min, 24 8129 30 min; KH-sph02 8% Ye 7 3 B A9 W5 AR 300 R 24 M 40
W25 30 min Fl 40 min(& 9). RIEA

B=P/C

Krp, PR 2 AR 08 B R R (PFU/mL), C R B 40 W 15 £ B W E (CFU/min), ° #% H
KH-sph01 Al KH-sph02 1) 24 53 %1k 3. 16 ASF1 10. 22 4.

2.00E+05 5
—e— KH-sph01
<
o —h— -
7y 1.50E+05 KH-sph02 !
& c
5 =)
& 1 g’
£ 1.00E+05 &
& >
% % 2 —— KH-sph01
<
% S 00E+04 1 ‘ —o— KH-sph02
1
#
0 . : : . . . ,
0.00E+00 - P T S 20 40 60 80 100 120 140
A [8]/min HY 8] /min
B 8 Wk KH-sph01 1 KH-sph02 [ i Bt i % B9 WEE{ KH-sph01 71 KH-sph02 ) — 3 £ K H 4

2.5 HEEEERARRSEBISHT

¥ KH-sph01 F1 KH-sph02 % 3t K 26 43 %] 1] DNase [ #1 RNase A B ¥ (& 10a) . 7 B W5 56 1K 2 68 bk
DNase | Ff# . 1ii RNase A [ fift JC 52 Wi, 154 BA P bk 1k -Mﬂﬂa T dsDNA. P R Wit T 7R 34 e Bk 4 b
RS 4 P 1 40 ) B R /NS TR Y R BECIEL 10 A 10¢) ik — 25 356 B KH-sph0o1 Fl KH-sph02 3 X 2 2 4
dsDNA. Z&4 70 A [ B ) 18 3% . % 28 4 8 1 KH-sph01 #93% I 41 DNA K/NH 60~65 kb, KH-sph02
AR 24 DNA K/ K 40~45 kb,

KH-sph01 KH-sph02 KH-sph01 KH-sph02 Ml

KH-
RNass A RNassA DNasel DNasel Sp h01 " EcoR | BamH | Pst] Xho1 Pst] M2 M1 EcoR | BamH 1 Pst | Xhol Pst IM2

Sph02

M1

(a) KH-sph01F1KH-sph024%ES 2 B 47 (b) KH-sphO1E§HIE 1L (¢) KH-sph02E§1 & i

M1 Jg DNA %43 F B AR #E 1(10 000 bp); M2 g DNA FH X 43 F B AR 4 2(15 000 bp).
B 10 mBEE{ KH-sph01 #1 KH-sph02 £ F AP 54
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3 3 it

I T A A ) AU R e BT K A B3 06 K 7 0 D BT L Bh R O L R IR B R SO A O T R 2 R
g5 VR MRS H 3 O 3 e 0 S A T I L R I T B SR . AR 5 DA L B i 4 Y
PIRRAIR R 15 & & KH-spho1 il KH-sph02, BIRFER Y[R —15 £ W Flavobacterium sp. KHhb03, {HIE 754
S ERUZ AR BRI NP RIS BT B, 438 T K R I T R RE A UL e AR i e L
O3 B BYAR YL TRl — 5 EFOCIR BN Pseudomonas fluorescens W-6 Y BRAR I W 5 /& VW-6S Il VW-6B 2
J& TSR AR R I B AR . SR B RN R A BE 4300 R 66.7/233.3 nm Fl 61.1/166. 7 nm, X 5 A
BT ANR). W TR A X i 2 TR A AE v e — M, — A AT D BIOR 25 55 AR B4 W TR A A BE 42 Ul A [
i £, MA#FSE KH-sph01 Fl KH-sph02 fEJE 25 2% FHI 538 T A AN [R] (Wi o AR RE . U600 3 4R b e f2 e
A TR0 i 2 A A AR ol A7, LRI RE S TR SR IE L R

BRI JE A0 TR AR Ry AR B B, 51 K 75 B I A0 B T 20 (AN B ¥ BAT I Flavobacterium
psychrophilum , AERFEFFE Flavobacterium columnare %5, X o 2855 5 &8 /K 26 B A T35 58 5% ) |5
K. WE R ARYT R IRk th T Hu A R S Ak AR 2 4 R AR T Y A I 7 AR A — TR A A ) B IR 4
AR S e T 0 R O A T 1Y A e TR A, e N T R R O S S T B B0 4 1
15 Y (0 A AR ER A I P, DT A Jia) 23 SO0 40 BT AR 7 O s L N R b B0 4N B L TR
TR 2 W T8 AR 7 32 A0 S T R 355 v I B A= W By 3 7 FH A 0 LT 4. Stenholm S5 PS4 — /N i i £ 5% 58 1)
IKFER AR B A F) 22 Bk BOFF B WE AR, BT AR LR R A KN BRI MIE . Hod 5 Bk (FpV-5,
FpV-6.FpV-8,FpV-9 Ml FpV-11) HAT ) M 3%, nl IR 2 Bk AS b 53 55 (1 W8 8 B RT3, LA RAFIIF R
. ABFSE G £ 5 KHhb03 5 Flavobacterium frigoris (JQ712371) AU Bf &% 5 »  EL7E BT ] 9 BF 5%
Hh e B AT T e K X SR BT o e SRR A 3k X Sy T A 9 A X B8R BB bR 1) K SO #E AT T
o 0 A B TR A R

FR G5 53 BT R B TR AR 11 A 2 R R DA TR I T A A R A R, IR I A AR O R R N o
LA, R SRR B ST W A R R T RS A R ) ROC R E AR A AR R
KH-sph01 #l KH-sph02 = 4% 15 3 B 1 fc H2 B e S 8053900 2 10 F 0. 1, X 5 IR E 1A VW-6S Fl VW-6B =
e F DGR E W-6(0. 1 F10. 01) B i ATR] 158 B BV J2 AN () W Ty 4% 42 G A ) i 32 s JFG o AR U g
=R QUL I N 1 BT A S 1 > W 1Bl SR G NRC I i o W S (S E D A B A= R i
KH-spho1 #l KH-sph02 {2 4% 15 & B KHhb03 (¥ V& {11 A1 24 f% 11 45 R A0 7). 24 f% & 43 51 o8 3. 16 4>l
10. 22 A, (81422 52 e T 795 A 5 1 A4 5 1 3 8 R E P D A9 022 2 k. i A S B i & B, KH-spho1 7E 4l
BE 35 5 ME DA SR AT B0 I A . HEI AR LS IR AN, R WE R RSO BN . A 32 T KHAbO3 e By X
KH-sph01 7= A 18 7K S Bt A ske G0 7 397 B e ok m] fi J2 PR O 4l 0% 9% 4 1 F . W1 1 KH-sphol i 201
FEAR T RRE W A — 2 .

5% O IR M B R —FE . KH-sph01 1 KH-sph02 ] LLYE 4 °C B {5 e 4 3 97 77 AR Wi B, {0
S BIAEEBLE 25 “C I 30 “CHF R 2512 Yeidi v 33k th EPIE 1 19 ok e T 70 A G T AR L VO ke T AR A X AR K
Bt 5 Tk R G M B ARH RE T Wells 85T AR ST AR IR BT R OA B & B, 4 IELRE RB 0 35 C I R nl il
LR s I 2 PR T I T R X I R, T R e I 2 2 L g L D IR T R e T AR 4 H R A O
Rt 5 AR A7 R BT 56 2R K, 35 DA O 1 0 30 I T A A 00 R 2990 2720 e R O I AR X ok 77 A A
ANFE T o AR b 3k A v B R S5 A [ T 7 A T A T A A e
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