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WE: N ERERE ML EAEEEERTE, BTENRENREMTELELS LEPHREFE K
EEEMX, AMEEERNELEFHNREFREREREFTNKARGEH AR, RXUEF#RRE
B — PR A A SR P3 RAIAT T A FHENE, FHETEALNE EARE -3 b F A
RHBEN TS, %m%mﬁi%aﬁf%%%ﬂ&f~ﬁ%ﬁ& HRERKYW, HHEK P3
FE-—ANTEERGLB G ENRRER; HEA L, TRMEEE. . 7R TRAEZAHE
WEARE; RERLERA 0.0001; HKH 60 min, ZAMH 80 min, HMEE 179; T 1%AHT &K
R 55 CUUT K pHA~12 (BT R RFRE; RN EGR, B4 18 min kiE; 20 C~28 CHHE —
MABMAEE., RELET, SNEERF L EFFERRERE, FTHANEHENE S 1.79X10°
CFU/g, T " W AR U % 52 UAE 4 2.83 X 10° CFU/g, 9 WA "4 11 fAo ke I 3 oy R 4% T A6 U 3% 7 10 13
AR AR E RSN ERN THEERF LN EERERE, A5 B E TR AT H R
AR X F.
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The Biological Characteristics of Ralstonia Phage P3 strain and Its Application

LIN Zhijianl, WU Xiuqinl, LIANG Banjie, GU Gangz*, ZHOU Tingz, HU Fangpingl, CAI Xueqingl*
(1. College of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Institute of Tobacco Science,
Fujian Provincial Tobacco Company, Fuzhou 35003, China; 3. Fujian Sanming Tobacco Company, Sanming 365000, China)

Abstract: Plant bacterial wilt caused by Ralstonia solanacearum is a serious vascular soil-borne disease. Occurrence
and severity of the disease is positively related to the population of bacteria in the soil, therefore rapid and accurate
detection of the bacteria population in the soil is the premise of the disease forecasting and effective control. In this
study, the biological characteristics of a potential biocontrol Ralstonia phage P3 strain were tested, and the
feasibility detecting of R. solanacearum in soil by the phage strain was also determined. The results showed that
phage P3 strain had an icosahedron head and a very short tail under the transmission electron microscopy (TEM).
The host range of phage P3 strain was wide, and it could infect the R. solanacearum isolated from tobacco, tomato,
pepper, potato and sweet potato. Its multiplicity of infection was 0.0001, incubation period was about 60 min, lysis
period was about 80 min, and burst size was about 179. Phage P3 strain was not sensitive to chloroform, and it could
maintain high activity in the surroundings at less than 55 ‘C and pH 4—12. It was sensitive to ultraviolet ray and
lost activity under UV vertical irradiation for 18 min. The titers of phage P3 strain was stable in one month under the
environment of 20 ‘C—28 ‘C. Under the same conditions, the sensitivity of detecting the population of R.
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solanacearum in soil by phage was 10 times of the method by the plate culture, the population was 2.83% 10’
CFU/g in soil by the phage test, but the population was only 1.79 X 10* CFU/g by the plate culture. In this study, the
population of R. solanacearum in tobacco rhizosphere was detected by the phage method, which could provide a
technical support for the forecasting of tobacco bacterial wilt disease in the future.

Key words: Ralstonia solanacearum; lytic phage; biological characteristics; detection

VEV Rl 2 (i R 3 7K IR TS Ralstonia solanacearum 5|2 i) —Fi SR BB RO 3, 1200 1 E2E4E
AN ik bl AT R S b RO s S I AR G (0 BT, B v s G - 53 e )
S TR B ATHE . B AT, 5 AR VA R Ze o Bk MU TV ER ARk . Graham
LR R R PEE BIG JR A (SMSAD » RIBE N 10 CFU/g 35 Jansel 5 37 11 /5] 32 0 98 e Yt
7 (IFAS) , Ry BU% N 10° CFU/mL;  5kig#E% I E v 1 5 98k 52 Bt PCR (qPCR) ilfiAR, R
BU%RIA 1X10° CFU/mL: Notomi IR/ SR IRY 1 (LAMP) FiHiA, nI X #LAR P40 BEA T 5 208
1, e IR SRR AT T ok, T AR RS AR AR T A AR EEUTEE (VEMUIR) BY
# i £ SYBR GREEN [ %¢ 't QUR} it 75 A2 2 A A Wi 7 Al 181 10T 0, R BBUSEAET 38 PCR 42 1 10 1o
ARV FHE R AR S ZERAC, GRS BNE A0, (RTINS (A AC . 5 2 8 s . RIBUEAR, 1
AL EYE; PCR A MNEAALSZ 5| W e PR A B A P BRI, 1o HL 338 b Ak 2 3R A & 3
DNA $2H0, 4l DNA MESEH, 1 H40 B 1) AR A HE I T o I SIS () AT ) 295 L3 b i A
o5 BRI B30 (R HEE AR DU

WG BRI A i T A A LA AR O BRI S 0 25 L — bk, HASSEm LA B B I 5 A K Rk, R
JEIVE B ARG I TS0 -5 937 9699 5 F A AT DRI A0 a0 21 4 2 U O] P e o A 0 s T P oA 1T, F
SR o R E W R 2O RTINS, M A BCREE 10° PRU/ML BV £ R
RAMITIE o ST 04 IRFH W T AR AR I 498 b 1 22 R, solanacearum, R RGBSR, 4
398 PO TR (B ELAE 10° CRU/g I, I Ny 57.4%, RS 398 hoi 31 35 8140k 107 CFU/g IR BERS 1
Bl o H AL W TR AR 0 AR o - 3 rp R R R R SR WARGE, ASCIE T R R A B A 9 I
WERB AR P3 PRRIAED S RE Ve, I 00 0 0 B b2 o 35 b A e e A, R B R B R A U
R —FB k.

1 #RE5RZE

11 ki

L1l R Ek  EHINE R solanacearum TPk TBRS1-TBRS18. PORS19. TMRS20. SWPRS21 Al
PPRS22-23 735l 73 25 R 0 THA8 8, onhi s T BRI BB V0 JINAN B M SR 181 Acidovoras citrulli Aac7500,
Aacl13. Aacl. Aac3, B4 1% fLI B Xanthomonas arboricola pv. pruni Xapl0. Xap20, AHivtz9
X. citri subsp. citri Xac5, H WIS R X. campestris pv. campestris Xced-1, BABIENINE B X. campestris pv.
vesicatoria Xcvl, /INEASEERIEINE Pectobacteria carotovora subsp. carotovora Ecc04. Ecc2-3, BRI
P. carotovora subsp. carotovora Ecc8, BiWEBkitIzi i Pseudomonas syringae pv. actinidiae Psa6-2, U I
BRIPR DLW B A P3 AR 2R 180 FHAN S0 35 4 B M 0 S ARAF

112 S EEM RE 1S, diEds e A = 4et.

113 fRERELSRA TTC FKRFRFM NB B IR IE M Ty A2 0y vk i Jr k™. PCCG w0k
B R HL 0 )7 28 Hara 2515k, SMZE0Fi: 2%/ 5 mL, MgSO,-7H,0 2.0 g, NaCl 5.8 g, 1 mol/mL
Tris-HCI pH 7.5 50 mL, JNZEM8 /K2 %4 1000 mL.

1.2 fREEREE KSR

3 SR TR B85 95 BL-75  CORAE IR AN B A LA B B 23 70 45 Fh T~ TTC A NB [ AP As 770k Eis iR
7%, PRIUH R YA A B NB 8598360, 180 r/min. 28 ‘CH5FE 24~48 h, RAF ARG I M9 I i B, H
T W A Y 2R T R A o
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W ARG 7R B4 CORAFIIVE TR, % 1% LL BN 2035 A TR R, TRAJHRE 15 min, 28 C.
130 r/min ¥ 7R £ HWIEIE G (24~48 h) , 12000 r/min 50> 5 min, U008, IS 0.45 pm JEEHh
L8, RAT I IR A I T A S
1.3 REES

SRS L. Sl E T SRR B, PR R T IR R E A, AR, 25 T,
16L:8D & 22 3 Jy ELIFIf, FBEAka AB150 BUfe%: (Wi KB 300 ¢ 1I3E/%5) , &M MHEE A
B AL AR TR A w AR
1.4 EEE{KRAERYE

B (yTrikEsci e R, BUME AR 100 mL, A 100 pL DNase I (1 mg/mL) Fl
10 uL RNase A (10 mg/mL) , 37 C/K¥# 1 h, BN 5.84 g SAcih, WRIRS, K LJCE 2~3h, 4 C.
10000 r/min 0> 10 min, B E3W, B 10 g PEG8000, WWMHIRA], 4 CHUERER, 4 ‘C. 14000 r/min
B0 10 min, F ETEWG M0 2 mL SM AR &UTIE, AEDTE e 2 id: N 2 mL =S b, AR
A730s, 10000 r/min &0 10 min, [FIACKAH,  FRAGE B AR IR .

1.5 [EEKBEME

SRR A 0 o W R KL R BURE 28 2% (MBS IR L Js , 76BN L7 MBS (Hitachi HT7700)
I RS B AR T S 4T R
1.6 FREAMNNE

W B A (plaque-forming unit, 455 PFUD , $RAFZTHRE S P51 12 G MEME B AR IR 2. SRR
R, 2R T7 s T vk . BOVE AR SRR 1 mL, T SMOIREEATES: 10 R (FikeE] 10° £%)
B 500 pL BB 500 pL FASE (1X 10 CFU/mL) JR%J, # & 15 min, I 6 mL %150 ‘C[¥ CPG
AR TR (BB IE 0.7%) , WRA, SERMEIN CPG [ ARH: 75 H AR B BOSUREM, 5 b R R R gkt
Wlf5, 28 CHIERFF 24~48 h 5, WEIFG U WREHEE, “PATHES 3 K. WEASN (PFU/mL)="-}0%
T BEH X 2 X AR A 5
1.7 FEREARBILNE

S5k SO VAT E W B AR SR . I 6 mL 4 45 CHI CPG “ERRRIRAE, A TR IRIF IR
TS JE B B (1X 108 CFU/mML) 1 mL, JR41Ja 3 BME N SR L0 (K16 CPG [ AR R R b, AR IRt
RIS, PR 1 pL MR RIS (1X10° PFU/mL) , KT, THE 3K, 28 CHIERFE 24 h, W
Wik AT B 1) B B AR 200 o
1.8 MEFEREYFIFENE
1.8.1 HERLEEH (MOL) ME  LEHFHR R BT S HCh 0.0001, 0.001, 0.01. 0.1, 1. 10
fT EL A 0 N R4 S5 (1 X 10° PFU/mL) , 84, ## % 15 min, 28 ‘C. 130 r/min R 1555 12 h, S
1.6 J5 32500 5 Wik B A5 A
182 —FAKWENE WEEAF®K (1X10° PFU/mML) 576 X B (1X10°CFU/mL) (10:1) , &
& JE EiF#E 15 min, 12000 r/min &0 1 min, % F3EE A PO, FHE 2 K I 100 mL NB £ 558 5
AYCRE, FELRIBN 130 t/min. 28 CHREIRH, FFURTIR, M O B FFERHURE, 45 10 min B 1 IRk, FLHUFE
15 %, ZM 1.6 J7kE s AR, kS, 2400 i = 1 ROR WG R A4 8 /B G W1 A 1 3 P
WRE .

1.83 1%AGERENE B 990 pL WEE A5 (1.2X 10" PFU/mML) 45 10 puL 547 (ZWRE R 1%) T8
4], 28 C. 130 r/min #%3% 5597 30 min J5, 12000 r/min 5.0 1 min, B 2R, S 1.6 J7 300 & WA
B, CAAS IS (W3 VA SO E 5 TR

1.8.4 EwAA MM E  7F 900 uL AN pH A (1~13) ) NB FEFEHE P20 B0 100 pl W AR5 (3.7
X 10" PFU/mL) , 8%, 28 ‘C. 130 v/min R HF7 1 h, S 1.6 5300 i W 425401

1.8.5 EANERGRMNE WWEREAE (1.1X 10" PFU/mML) 15 40 W IR 4MT T4 WIFE B (IR S 60 cm)
TS0 30 64 9. 120 15, 18, 21. 24, 27. 30 min 5, MW 1.6 J7i2:00 & W AR
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1.8.6 HMAEHNE BB (1.1X 10°PFU/mML) 4> %% T 45 ‘C. 50 ‘C. 55 C. 60 C. 70 C.
80 ‘CH1 90 °C HEHVIH KK 13 HI /K 100 60 120 min J5HUH, S 1.6 J732 00 5 W AR5
1.8.7 WA AN E MR (4.96X 10" PFU/mL) 48 & T76 20 °C. % (23 C£3) .
28 CHI37 CHRAELAH, BB 5 d BUEE, S 1.6 J7 k@ W= AR«
1.9 EEE{K P33 HIEPHHFREENNE
1.9.1 #M CHMEBEREEELEEKER 300 g HEKTEE T, 3~4d )5, BUKEE S S,
6 Mk—41, 23 LA AL BE . Kb BE A BF 7558 30 mL 754495 B B ODgoo=0.8, W 4 1.83 X 10 CFU/mL);
AbFE B: BEGIRE 30 mL T K. K IR B UL 30 °C, JEMR 16L:8D B E N E R ARG 7 d U1 X
TR, HRMEERN . WFERER RS T, BUEERP 13, IR — N iT A LIRS, 3
WER, B Sg THEE T ICHE M 100 mL (1) =Mk & H .
192 FHRA2EZE K20 mL LH KD BIMALEHT LFRERIJCR B =M, 28 C. 180 r/min #R%455% 2 h
IR R HIRERIF U A TIES: 10 5868, B 100 L FB il A4 T PCCG e £k
Feht b, MARREAEE 2 ANEE, 28 CHIERFE 72 h, St BEE. HHIEE SR (CFU/g) =R Ft
(1P 2 T V& 50X 10 X MB35 450/5
1.9.3 WEEMAGE IR AR R 35, AEANFIALEE . A3 1: NN 20 mL SM 2809, 28 °C.. 130 r/min
P15 7% 8 h s TRV, B 3 h, AT BORE I i ph s ARBE 2. [FWI AN 20 mL SM 2%
MYERT 1 mL BRI AR P3 5 (1X10° PFU/mL) , 28 “C. 130 r/min #8%% 8 h i HIE R, # % 3 h,
FH 000 5 B B - S V7 A S AL N RO BT A P3 R FH L33 m () 5 A 1 Ok i 32 S P ek e A 1 (1) 5
AFE 3. ff 3 E TR KE (121 °C, 30 min) Ji, M 20 mL SM 223, 1 mL WEE {4 P3, 28 ‘C. 130 r/min
P 8 h il LI RIFI, #RE 3 h, HFIECrE EAAAENERE AR E, EASAXE. S8 1.6 77kl
S 75 A R P s R RS

AEFE 2 W R 55 AR B 3 S AR 1 )Gk AT A AR M P 2 1 DAy W B ) ) 8 e R R R 1 S
BRI P A ol DU A SO RIS . IR (CFU/g) = (B 2
FRIIEE TR AR RN — AR TR 3 R B A — AL BE 1 FOWE R AR ) X 20/ R XS5)

2 ZFRESH

2.1 EEEARSNE

S BT PSR R R (B D, BREA P3 A A AR SRS R RS, Sk
%21 75~80 nm, JBITKL 15~20 nm, ZWistkRJE T EWinE H Caudovirales. %2 7 £l Podoviridae
22 IEEK PIMKAARBENELER

Wk A P3 AR ZR0T 23 BRTFAGT BRI 13 BRAETTRl08 B () 2217 L o 45 SR, B4 P3 PR RN 2
K49 7 (E#E TBRS3.TBRS6. TBRS12. TBRS15.
TBRS16) . HHEH MW F K TMRS20. H#E
I 095 B B BK SWPRS21 1 B B Al WS T B BR
PPRS23 A uZRMRAEH], ~FA e/ BT, & W]
() (53] T2 Wk 7 B s R 0 0 5 A 5 T TR Bk TBRSS
TBRS13 1 5h 4% 5 Kl i B #k PORS19 2 1EH
BT, VAR S A R ANIE I IR B B s XA
L5 K9 B K (TBRS1. TBRS2. TBRS4. TBRS7.
TBRS8. TBRS9. TBRS10. TBRSI1. TBRSI14.
TBRS17. TBRS18) HIBATE Al 7 B bk PPRS22
DA AT Ailoa s J i v B R E R, AR R T
BEHUL (1) o WIS Tk BAT B L 1k, 1 EERRRE
Xﬂ_z: E Tﬁ i E"J %% ﬁ%{:’ ‘]‘i ﬁ?’fiﬁ j(ﬁ"] % 7‘% i Fig. 1 The morphology of phages under electron microscopy
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R1 EEKPIRARBENELR
Table 1 The host range of bacteriophage P3 strain
1 7 Host I P4 Plaque 1 7 Host KT DT Plaque 15 7 Host I B4 Plaque 1 7 Host I P4 Plaque
TBRS1 - TBRS10 - PORS19 + Aac3 -
TBRS2 - TBRSI11 - TMRS20 ++ Xapl0 -
TBRS3 ++ TBRS12 ++ SWPRS21 ++ Xap20 -
TBRS4 - TBRS13 + PPRS22 - Xac5 -
TBRSS + TBRS14 - PPRS23 ++ Ecc08 -
TBRS6 ++ TBRS15 ++ Ecc04 - Ecc2-3 -
TBRS7 - TBRS16 ++ Aac7500 - Xccd-1 -
TBRSS8 - TBRS17 - Aac 13 - Psa6-2 -
TBRS9 - TBRS18 - Aacl - Xcevl -

He A+ RORMR R B TE W RN R R REANE Y RN TR R .

Note: ++ indicated the plaque round and transparent; + indicated the plaque round but not transparent; — indicated no plaque.

2.3 MEEK P3 MRARERRELMABENESER

WG R AR P3 R R I B HE I 2K @% 2) , 24 MOI 2 0.0001 I, Zthtm, N 2.54X10"° PFU/MmL,
Vi B R P31 G Eh 0.0001 ; 38— 25 A K dh 2l o2 45 SR W, WETE4A P3 (IR IMIZ) 60 min,

22 80 min, FEEL 179 (K] 2)

R2 BEAPIHRASREBRREHNEER
Table 2 Determination of the optional multiplicity of infection (MOI) of Ralstonia phage P3 strain

WU T Rl R R RGPS HL I T A AN 7 L T A AN
Concentration (CFU/mL) MOI (PFU/CFU) Titer (PFU/mL) Titer (PFU/mL)

1x10 10 1x10° 1.96X10°e

1 1x10* 2.53%X10°de

0.1 1Xx107 4.76X10°d

0.01 1x10° 9.74%X10° ¢

0.001 1X10° 1.84%10"b

0.0001 1x10* 2.54%10"a

Ee A RN P REROR 2R B G RN P<0.05), R,

Note: Values followed by the different letter within a column indicated the significant difference at 0.05 level. The same below.

2.4 IEFEK P3HRRIZEMENE 80
241 VEHEK P3 HRAS 1%AGBERENEER
X 1% ST P RUBE I E 5 0, WA P3 HRRE
1% 7 A0 30 min Jio BT 50 IR ZE S AN 3

VMR A P3 BE RN 1% ST ABUR (£ 3) .

242 YEHAR P3 HRANREMEMELER  WEREA
P3 ¥RARAE 45 "C. 50 CHI55 CHIRE T, B
2h WEAAENS 4EFF7E 10°~10° PFU/mL. 60 °C /b

F 3 BEEK P3HRAEI 1% ABRENESER

7.5

7.0

6.5

6.0

55

5.0

WEE AR O %0 Logl0 (PFU/mL)

4.5

4.0 A S T R S T TR R S SR T TR R S

Table 3 The sensitivity of phage P3 strain to chloroform 0 10 20 30 40 50 60 70 80 90 100110120130 140150 160
4t 3 Treatment AN Titer (PFU/mL) i} 1) Time (min)
1%3%(4)7 chloroform 9X10°a 2 BEE{R P3HRAE—SERKEL

CK 1.13X10"a Fig.2 One-step growth curve of phage P3 strain
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B2 h, ZMEEZE 10° PFU/ML, R 2 MRS, 70 CARE 10 min J&, 20 FHE S MRS, B2 h
JEREA 05 80 "CHI190 CAREE 10 min, WER AR, XKWL A P3 AR R M 52 VRS, )
ik T 60 CHEMRFFE =S TE (K13 .

243 YEERPIMRABBA TN T LR  WEHK P3 KRR IR O UREI E LR (B 4) , RIE
. 4~12 2 B AR AR RR R R I3 24 pH<<4 B pH>12 I, WS R 13% Y452 81— 5E 105% 0, pH
M1 20 130, BEEEAARE .

WETR AR (K% Logl0 (PFU/mL)

BEBARZ M (K% Logl0 (PFU/mL)
(=] — 58] w E>N W (=)} ~ o0 e

AN ININININENI NI RN
0 10 20 30 40 50 60 70 80 90 100 110 120 130 01 2 3 4 5 6 7 8 9 1011 12 13
I Time (min) Fhd s pH
B3 BEEK P3 HRARMBIRELNELS R 4 FBEEK P3 4R A pH MY 3214
Fig.3 Thermal stability of phages P3 strain Fig. 4 Sensitivity of phage P3 strain to pH

244 EHERPIRAMNENEBEENEER  WRRAK P3 FERIERAMEGUE, 40 W RAMT EH (S
60 cm) MG 18 min, ML 0; 27 min J5, &K (K5 .

245 WHEEPIMRAL BTN T LR WEA P3 MARIEREMEI S R RN, 20 C. % (23 C+
3 °C) L 28 CAF 10 d N ASASK, SRR AL R MRS A7 1 A H R B4 10°~10° PFU/mL,
TEET 1~2 MR 137 CAE S d RN TR, 292 MRS, AL AN HL BN IR 4 M
4%, %1% 10° PFU/mML (K 6) .

11r

(=3
r4

=) =)
E of £
=) =)
E st 3
(= (=1
W 7T )
Q Q
- 6} =
® st ®
= =y
S 4l Z
£ &
= 3F S
& ®
® 2T i
b e
=
0 5 L L L L L L )
0 3 6 9 12 15 18 21 24 27 30 33 0 5 10 15 20 25 30 35
I 1] Time (min) [ 1) Time (min)
Bl 5 BEER P3 #RAXTE SN R BUBAEN E 6 MEEM P3 HRARIEIREMLNELSR
Fig.5 Sensitivity of Phage P3 strain to UV Fig. 6 The titers of phage P3 strain preserved under different

temperatures

2.5 TIEPEREHENESER
251 PR \EBFFFEMNEER PR ETNE TEDERBE LR & 4 o 4iRRW], TR
Je s TR T RO B I TR HESE AT, R 21 d Ja, RO R IR IRERES . AR, BRI S R R R SR
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N 179X 10* CFU/g; 28d Ji, MHERAET:, LIS 38554590 B A0 B 7.23 X 10* CFU/g.
252 WEEERENESER  WEREAAER I IR E A R AR SRR, AR AR (hEE AD s
TR B P B Pl i I (R AR T . e 7 d S, RIS R R R0 N 1.17X10° CFU/g; 14 d
FI%CR A 2.46X10° CFU/g; 21 d IR 2.83X10° CFU/g, BLISTIH A HILZE AR, 28 d MR H 21 d
I8 2 %, h 5.54X10° CFU/g (£ 5) o LHEAKMI (AbH B) R AERINETE R0 T G ek W 5 1A 1 24
REEEHEMENEEAR 14, 2R .

F4 FHESOEEANLEAERFESENER

Table 4 The population of R. solanacearum in soil tested by plate separation

s TV ¥ Concentration of R. solanacearium (CFU/g)
Treatment 7d 14d 21d 28d
TR R. solanacearum 9.62X10°a 137X10%a 1.79X10%a 7.23X10%a
T K Water 0b 0b 0b 0b

F5 BEEFENLEPESHFRENENER
Table S The population of R. solanacearum in soil determinated by phage P3

il 7d 14d 21d 28d

Treatment

MR A ERIE SR WEAN  EAES R WA ERESE O WEAY  HRE SR

Titer Population Titer Population Titer Population Titer Population

(PFU/g) (CFU/g) (PFU/g) (CFU/g) (PFU/g) (CFU/g) (PFU/g) (CFU/g)

TR R 2.10X10"a 1.17X10° a 440%X10" a 246X10°a 5.23%X10"a 2.83%X10°a 9.55%X10"a 5.54X10°a

solanacearum
Tow 7K Water 3.40X10b 0.19b 6.88%X10b 0.38b 1.20X10°b 0.67b 1.54X10°b 0.86b

3 itie

e T AR POVt AR T Al R A € RS-1 RN 9508 7 A5 e MR 7 A B B A RS-PII-1 (FST R, B
RASTHCN 0.01~1, RN 10~30 min, HEXRHIN 80~100 min, ‘KiFHEHN 60 C, HrrERS-1 %4k
HE5F 9 min J5 R BE I FAK, pH 3~8 WA HRUIR . AWFFTMWERE A P3 FRR, RIS S, WIRIK, &
ARG B WO, pH 4~12 B RERRE RIEAME; XPRAMRIIRUBR TS, TGS 18 min 5 4 JEA
Rifdi, ULEARE R K P3 AR RLE HARIAET A E

Tto 22V S PRSP Ik B ME R 75 (PCCG) AT 375 Rl 181 70 BRI IN & DR L R J
AR IR 2 B JCO L PCR 386315 15 R9s B 1R S 4ty s B0 8 Ja PR AR KR s v U D40 H
PREAR, XU B R A T 2 52 e T4, SURe e AN s ABERUTT PR Oy i 4 R 5 I
—%; Saleema 24P PG E RIS PCR (qQRT-PCR) Kyilldi A, HARAEE R, HHA R A
T A AN AR O, H R AR . A HUTSEA S T3 RNA $RHG Mok R4 P3 AR R LA
AN TS A, HATIRSR L, RO R R R AT AR AR, (R R LR, RE AR
TR . SR R R PR B RS B A 2 R RS AR B, BRI, R e ke ]
DA Al (Ui R, EORTE BT 8, A2 s AP SRS, &Pk 0 - 338 75 R vl 3 41
M BT i

TR AR K R A, 24 3 b T R R R IE 1.21X10° CFU/g I, MM IFGh R0, I
B AR 2R L8 b R AR PG K, RS Bt BER DO AR A R AR N, R R R
O3 R BT R 3 VIR T R R B S T A T TR DG R o 4 AR AR WY g v R R B R R A
1.79X 10* CFU/g ML FRIEM 805 B 2.83 X 10° CFU/g (WA B, SR TTaA R, X
W TRTRE AT 6 B A2 52 1) 75 s A PR B TR iy 100 %, ISR WG T AR o) - 5 A P A
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