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[HZE] MEEE [ E0E KM E ZYCHH-O01 7547 24 402M1 16S rRNA WP, #aEHAE,; @i
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Identification, Purification of Secretory Product and Antibacterial

Mechanism of Bacillus ZYCHH-01
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Abstract: The traditional classification method and 16S rRNA gene sequencing were used to identify
Bacillus ZYCHH-01 strain isolated in our laboratory. The crude bacteriocin extract was obtained by ethyl
acetate extraction, and the antibacterial components were confirmed by high performance liquid chromatogra-
phy and quadrupole time-of flight mass spectrometer. Based on the scanning electron microscope and alkaline

phosphatase leakage experiment, the antibacterial mechanism of antibacterial substances was analyzed. The
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fermentation liquid and extraction of Bactllus ZYCHH-01 could inhibit the growth of gram-positive bacteria in-
cluding Staphylococcus aureus and Listeria monocytogenes; Gram-negative bacteria such as FEscherichia coli,
Shigella flexneri, Salmonella typhimurium and Vibrio parahaemolyticus and fungi containing Mucor racemosus
and Rhizopus nigricans. The mass spectral molecular weight of the effective antibacterial components were
1 072.686 2,1 058. 667 2,1 044. 651 1,1 030. 639 5 u, respectively. The antibacterial substances produced
by Bacillus ZYCHH-01 may inhibit bacterial growth by disturbing synthesis of bacterial cell wall. The Bacillus
ZYCHH-01 was Bacillus velezensis, and the antibacterial components were surfactin containing 14-16 carbon
atoms and its homologs.

Keywords: Bacillus; purification of secretory product; surfactin; antibacterial mechanism; polyphase sorting
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AT (Bacillus) & — 07 A PE S R AU 5 22 (R PR A B8, )2 AP T R =S K
T AR K S ImiE S5 T, BTN R R A B RS 1945 4E | Johnson 41 HfE T A
AT E BRI PURETE R BT, TS, BFSEE TG A TR Y 2R F AT i R 3 T 60 Z R
BT, B AP R R, SHHTRSTR 29 H s Ul 2R R AR R T Y B T
]z R pHABFEREIR . SEBLSAPUERAN, R E S 5 M, R ha 5k
Yy, ELBURTE A 20 f e R RN Y ZEIAT I AR C RN T BT . B Al A
B R A0, 1R ik AR ) 32 BB BT 3 DG

SEAFT R AENE AR | BRIRIET D IR A RN R S 2 Y T, X e Y
AACRT LA s EC PR Y T 22 A AR T R . AL, 3B RE RS L B A 22 AR K R AR I, oSl
ALK . AR 0  ZEAAT B A  B  OR AR R R, S R T R
(surfactin) . FIHEK (fengycin) FIFAEEIRHR (iturin) , EANTER ARG S AR IS L &
W) WEARIE, ZEARAT B e AR I LA A s A FH A = o R PR A B T ik 5% ~8%
IARIERK (cyelic lipid peptides, CLPs) HAPURIEVELF . HUAIE | #EPEARRAEN 5w 450 T A &
RS, S MBTERMLIL, CLPs fEid 2 3 /E HIB IR E00 T A0 40 OB, DTk 20 1 A 1<
Sa =R B R, R L BOR R CLPs F=A: M 25 P k) ik, CLPs gl k2 % M
YA ZHsRA AR . Meena 2513 R I B. velezensis KLP2016 3 iz & BEfE 7= A HLAG 40 B 76 PEAE FH Y
Surfactin, REXT A SNAHLIMBEA TR, ok A& SBLITS Y B, AR B 2F AT 1 B 55 01 & 5 1 F H Ri
WS TIFZHCR, (HH KRNI G AP, 5 AR 2 B 58 2 4 th e e 2k Bl T
PRI Y B3 26 S e, AR THEZ AN Y B s HLEE . W (S T B T AT R
A SCRI S8 % [ SR 1Y 2R AT R ZYCHH-01 47 2404028, o L EARRE | B v kw46
FEIERAEHT, MSBNEAINE YR & 14 ~ 16 DNk E TR MG R, [FEH 28 A Z2Y-
CHH-O1 MR, BREEABONAY M BENLEE, R 2R EE RS Tl . K5 Siaet e Byy TR
S QTUR Y O FH B BRIB LA

1 #RE5FEE
1.1 E#, FS5ExRE

LB [ FFHEER 2 AFT I ZYCHH-01" | LRI COMCC No. 26758, 2% [CHIE R £ ¥ (4
WZEIEKEE  (Staphylococcus aureus) CMCC (B) 26003, HpZHiAE 2R ( Listeria monocytogenes) ATCC
14028, # 22 [CEAVER KT (Escherichia coli) ATCC 25922 . &R ICE  (Shigella flexneri) CMCC
(B) 51572, BUGFEVSITIRE (Salmonella typhimurium) ATCC 19430 Wy [ i &R A BRAR] ;. 2
MR R MR (Vibrio parahaemolyticus) 5205 FHESE R FERDRME A P2 LS . R BARE  (Rhizopus
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nigricans) AS3.31 FIEARTEREE (Mucor racemosus) CICC3116 M H FifFE 4R AR AF

SAbah . B BEREREECY . AFRREW A DIBAE TAY TRARAR; OB, KL
Bl [ PE R fE T, SRRy, MfEPSRE (PL) W HIL R REERH A RN A, MEEA (AKP) 1§
PRI G0 [ Rt AR T BESERT s B H e E YRR A R A F] 5 PDA BE R I b
PR AR A BR AR, e, FE A LR ] S aiaRa RA R R {162 sk
AR A BR A

LB 3iFedt, R 10 g, BEEHERS ¢, SHAN10 g, E4 % 1000 mL, 8 pH{EH7.0~7.2;
BRI, ANRE 3 g, A0 g, FIbBN5 g, Wi%i4 ¢, TR 4 ¢, EZZE1000 mL; LB
IR REEIR 10 o, BERREHUYIS ¢, EALEN 10 ¢, BAR 15 ¢, A E 1000 mL, ## pH {HN
7.0 ~7.2; FRBEEAMEAERE. FREHFE3 g, EOMK10 g, ES5 g, BE15 g, EXE
1 000 mL,

1.2 UBEHEH

NU-543- 400s B A Y% 44 (Nuire (EE) FARAF); ZQPZ-17 BIFEIR ( KEHSRBE R B3
WRARAT]); Velocityl4R BIG A B 0L (KREENR]) ; SCIENTZ-IID HBUE 75 B REAL B2 Ak
WARAT); N-1300V-W Bz AL (RBHEEPR 2 (1) ARAF); Seq3050 # il
TIOR3 (LIl TR A BRA ) 5 1290-6545-XT U8 25 R0 AH (438 55 43 P DUBAT KA T
] BRI A (ZPEfe (SEE) BHCABRA T ) FDU-1200 B VR THRAL (3R MR [ PR R )
( b)) ABRAF]); Synergy HIMF BIZUJRERGHR L (1AM (£H) UAFARAF); RVL-100 BE
BRE RO M (ECHO (EE) HRAHR) .

1.3 XWHE
1.3.1 ZHs3

1E LB [EAREFREE XML ZYCHH-01 1 TRIZE, 37 CHiFE 12 h, WEHEEILERME, HRW
TREMDEMAS % CF WA RS T RSCER 16 ] 338 BB o8 it mvEG ek, Kok
[ AR RS SO R AR R I SO AR SR 75 . W FIRIRRE IR AL, 1T 19% R0 9EH LB 3538 565 5%
X PARGFREL, T RIS IR, TR TR AR M B E B AR AR R SR

PRHL LB EART IR LAY ZYCHH-01 PAEE, REATAY TR () ARAF, RAH#EHSG
) 27F (5-AGAGTTTGATCCTGGCTCAG-3") #l 1492R (5’-GGTTACCTTGTTACGACTT-3") 47 %,
ARG FEFIAE NCBI Wb gE47 e, F MEGA 11 #f4, RAISBICIEDAT RE L F AR, Ik ZY-
CHH-01 FyFh g,

1.3.2  ZEAOFTFE ZYCHH-01 005 540 S U5 A il 4
1.3.2. 1 REERATH &

SEZICHL [14] W5k, BULB KiR3edb i F A kIR, 15 1L 2E 74T 1 ZYCHH-01 B Fh, HU LB &5
FREH BRI T 37 °C . 200 r/min Z50F N HEFE 24 b 420 1% ZEAIAF I ZYCHH-O1 Fp - 2 A BE R
Feder ) 37 °C . 190 v/min £cfF R 535 27.5 h, 4 °C . 12 000 r/min B5.0> 30 min 43 B TUHEM FIEW,
FIEWOH 0,22 wm PR DR A R R, 2.
1.3.2.2  BHRHLP AT Y W il 45

SIBAHATE R EAEARLRE", B 1.3, 2.1 REERDEE, &1 g BEAEEIA
S5mL () 1 x PBS ¥k B, 7E8 S BAERT (200 W, 60 min) BEEAM, 2.0 (4 C,
8 000 r/min, 10 min) WEE FIEW, AFMNTTEYIHR, %H.

1.3.3  HiP il
1.3.3.1 k#wsife
SHER (18] Mk, HL400 mL KW, IMA SRR OTREW, RGHBOFEL 3 1K,
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B3 AR, MR E 20 mL, 135 ZR LHEHBURK .
1.3.3.2 &b B e i o i Il

SR I A AR (i A T - i il 25 2tk . A AE . 240 FEHE (40 wm, 30 mm x 250 mm) ;
TREIAE R V(S ) VP EE) =8:2; WK 5 mL/min; A 254 nm, WA [RIGEBET ] o RE i
A THI R B E

A P BEAE FH 00 B 53 FH B =5 S50B0RH (3% 55 43 3% DU AR FF -4 T B[] B3 56 FH . (UPLC Q-TOF MS) iff
PRI, JFXT B FRIGESEAT s, ST S5
1.3.4 S0P PR AR

B 100 L 99878 BBOR AR TAINL G R A, R B A AR T AR . A 100 wL RFIUWE , &
FER K BIRE R K™ (33 mg/L), 4 CHE 4 h 5, 37 CHERFES b, I IFiC sH BB R/,
K FH AR AR I 22 2 AT 18 ZY CHH-01 $2EUY) X 40 B8 A I G 15 1 o 045 DR 0 40 AT TR AR H I A 4% 1%
WRPEERPBIARN ARG Fe e rh, Horb RIBATIA . S ERAIRE , P4 R T LB 55575
37 °C, 200 r/min }55% 24 h; RIS IMINE , RAGFEVDTTICH | 8 [C A2 IC A 4 KB 238 R o 9
37 °C, 200 r/min K535 24 h, B A0 TR B R 16 PR VR0 UR AT R N 1 AR B 3R 3 1 I AE AR BRI A
100 WL MRFINA, 7F 37 °C TH55% 12 h, WSS A H BB, 002 e B 9 LA

S F /MBS 77 I E AT E ZYCHH-01 2 U0 B M R, BARE . SOREE N
SR FERTE PDA BARSSEFR3E . 7ESFS R 1.5 om AbRCE 4 AR, - HEARTPIA 100 L B9 75
W, BARESFEE 28 CHIERFE2 d, BREBHSAMGEAE 28 CHREEEFES d, JFFWEEELEKE
oL, TR RE, MEEMITHEARS

WER /% = [ (MIBAFETE AR - LRAREER)/ XTRARE ER] x 100, (1)

1.3.5 HERIE

SR E A IR, 10 pL 88 E A 10 mL AR SRR 5535 12 h )5, Sesdiim A
1 mL AR IS5 B A, X REZE A | mL AR (R shAl (Vv & W B : VI EE) =
8:2), HFE12h, HIK4 °C . 8000 r/min B> 10 min, JLIENNA 20 mL TR ECH 2. 5% I A,
4 CHEE 12 h, 4 °C, 8000 r/min .0 10 min, FFRIC AR, HIBLAKVRATIIEY 3 K, KKIMA
8 mLANFATR MR Z BRI (30% , 50% , 80% , 95% , 100% ). HMEMW/KIE, 1E-40 C Tkt
2.d, BEEIRIZ100 s, R F B TSR,
1.3.6  AHMEAREE S E

Y Li 250 HGE Ak, RIS aliAL 5 A £ 62 O R AR BOR A B4 ¥ (R A9 BR TR . BRI A 2
Wrkeed . KIAFEER . VDTTECTR I i 0 b A QAR B IS TR, FH R P e e 6o 1 — 20 UE S AP B Z2Y -
CHH-01 fR = Wrxt e /R AN 3473 . 2F9RAF 1A ZYCHH-01 ZEBUR SR IR A 555 8 h, RIS
BAETRIEG R (1 mg/L) FERRREHXTH/R Y0 20 min, PEIRAIELGIG, FEDOL RS P,
1.3.7  4UfEER B PE NI

S8 Wang 252V HRIE /775, BU1 mL 1 x 107 CFU/mL $5/R TR, ALBRLLANA 100 pL i AH 6
TELEAL T I LR, A A ISR 0, 4, 8 h, XFHRZHIN ASEAF RS A, 8 000 r/min B0
15 min, B EWERAH AKP 5 &0 E AKP BEG T
1.4 GEit=4biE

JIFA SES I YA 3 AP AT, E G5 R DS ME « FiE 22 3R . 1 Origin 2022 #RF 47 IR
AEBR, SEYGZH AN BRZH ] SPSS Geit AL HE, SR Tukey s-b K50 8007 o (EAG 5 04T 70 Hr, P <
0.05 R HEHARENEES,
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2 XWERSHM
2.1 HHRHIEBENFTLE

TEAMER LI, Wtk ZYCHH-01 W5 2FE, (i, REEEIEH (WA 1a), F2 YA
PR, ARR, MIAERE, A4, K 0.39 ~0.60 pm, FE0.12 pm (VLK 1b) . XFERE ZYCHH-01 #F
17 16S TRNA ZEHFAMF, 76 NCBI Wb 47 Luxd, e A0 R AL R 9 16S TRNA LR 3 51 fifi
MEGA 11 B RG KB, R BR, Bk ZYCHHO01 283 — 4% F (WK 2), 5 Bacillus sp.
strain y2 ML, HILBEIAE] 99.57% . ¥ ik 16S rRNA HL K 95t 1% 2 Z ik Ykl 8dis vhoe
(national microbiology data center, NMDC) , 3455415 & NMDCN0O001CQH,,

'\‘: . —

|08}

a) Wik b) i
B 1 BE#k ZYCHH-01 By & % 1 B 4 B 2 2 45 1
Fig.1 Colonial and cellular morphology of ZYCHH-01 strain

Bacillus sp. strain 3 (MH217569.1)

Bacillus sp. strain RM1 (OR826575.1)

Bacillus siamensis strain HBUMO07072 (MF662498.1)

Bacillus amyloliquefaciens strain BHS (MN174660.1)

62 I Bacillus velezensis strain LMR41 (MN841778.1)
40l Bacillus siamensis strain HBUM07010 (MF662436.1)
—— Bacillus amyloliquefaciens strain YN0904 (MW647760.1)

Bacillus sp. strain HS15-17 (MH769165.1)

Bacillus velezensis strain LES1 (MN841781.1)

ZYCHH-01
7 |

21 Bacillus sp.strain y2 (MG208853.1)

61

33

32

—
0.0002

2 E# ZYCHH-01 MESZEZEFH
Fig.2 Phylogenetic tree of ZYCHH-01 strain

SERASR R, B ZYCHH-01 AT AR IS EME . Dk . FL0E . (LB D-H R i AL
BEAENBRIR, T2 0% ~10% NaCl 120 ~40 CEREE, M52 pH fEH 6 ~9 (W3R 1), SXIRAMIL,
Wtk ZYCHH-O01 BEfERARC ML, FITIREIRER | A4-05 AP FImsbe, M. R. SCHRZ R BIME, LU R45
53R 22 - 23 [ HRIEAY B. velezensis M= BRAEALEREAIL,, BRI AWML ZYCHH-01 N B. velezensis .
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F1 FHATHE ZYCHH-O1 B94 IR & L 454E

Tab. 1 Physiological and biochemical characteristics of ZYCHH-01 strain

451 s 5 Ago FHERYE || 4151 i 5 Ago I3 BH P
Al ZHHMEXE)  0.12+0.02 - C10 4<C 0.03 +0.01 -
A2 D-i%hE 1.90+0.10 W D1 10 C 0.08 +0. 07 -
A3 D-21- 4 — 1.78 £0.03 W D2 20 °C 2.80 +0.01 +
A4 i 2.99 +0.05 + D3 25 C 2.83 +0.01 +
A5 D-Hikr 1.34+0.02 W D4 28 C 2.83 +0.00 +
A6 L-FRA 0.17 +0.07 - D5 37 C 2.60 +0.18 +
A7 S0 1.99+0.14 W D6 40 °C 2.23 +0.08 +
A8 E 3 1.24 £0.71 \\% D7 45 C 1.98+0.73 W
A9 L-11 595 0.09 +0. 01 - D8 50 C 0.02 +0.01 -
Al0 D-AWE 0.88 +0. 16 - D9 pH =6 2.81 +0.01 +
Bl D-F3LHE 1.51+0.85 A D10 pH=8 2.77 £0.00 +
B2 D-T M 2.71 +0. 04 + El pH=10 0.01 +0. 01 -
B3 A 2.59 +0. 11 + E2 AL — +
B4 G 1.80 £0.36 W E3 T A S — +
B5 HEw 2.65 £0.01 + E4 IR T — -
B6 PiN i 0.07 £0.05 - E5 it 3 -20 — +
B7 g 2.62 +0.06 + E6 3 - 40 — +
BS D-H &z 2.55+0.15 + E7 i 7R-80 — +
B9 LRl 1.71 £0. 18 W E8 2l — +
B10 TEH 0.42 +0. 00 - E9 TE Ry il — +
cl JUL T 2.25£0.04 + E10 e N — -
c2 L-NAR 1.09 +0. 32 W Fl e — +
c3 LY ez iR 2.23 £0.80 - F2 fmfb &l — +
C4 0% NaCl 2.80 +0.01 + F3 BER — -
cs 2% NaCl 2.43 +0.37 + F4 V-p — +
6 4% NaCl 2.82+0.04 + F5 M. R. — -
c7 6% NaCl 2.82 £0.02 + F6 AT 53 fid — +
c8 8% NaCl 2.79 £0.01 + F7 FrER A — +
C9 10% NaCl 2.62£0. 12 + F8 LIS — +

YA € L Agyy >2 WFAME (+)5 1 <Agy <2 ABBHTE (W) ;5 Agp <1 ABIE (-).
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2.2 FHAFE ZYCHH-01 HIE K 53 kIR il E %2 BN, BSMIRIME RS KR
FARIBEE AR A PSR AR 3R /KA BT R MIMEBSWER
MR N . RSN B 2 B R A Bk R . A Tab.2 The inhibition zone of extraction from
TEYEZ I R I Bl a2 s, 50 (W 2) FH, intracellular and extracellular substances
ZEAFF R A FTIE YN SR Y BT, 2R LT ZYCHH- HiH TP B A2/ mm
01 A IEWE )4 o Bl ) J | 9 Y % Tl BRI L A vk v 35 e HRER K 0*
FER R BRI, FH LR TR 7 BN % T 1 1 W3R IR 18. 66 +0. 37°
TREEHUR, ZZEBOR AN TR B SE I 4, LR LR X i WO o
H, MERE LIS REY, LM ORI TCH T . 10,53 20.70"
A CRAD TR B ELAR A R AR AL K, UL SR 1R T U
R, WA BUR AR M, kR RO o
WEAT T — 4k, LR LBEAHGHR 17.90 +0.93°

2.3 MEYRNGENK, EERIMEE
2.3.1 MRtk

H T8 T8 A OB TE 25 W 4 Jei P RE ISR o A BUYROAH i b AT 2l lifb 25 SRR 3 i, Al 3
ALUL, CREABSIEISA 25, 29, 32, 34 min ZE45 AT T 06, 20 ISCAR W g HE W R A T T TR BT S 5, AT
BN TR P B T e B A SRR R SR IR A5 R (WL 3) R, REEEEICY 29, 32 min AYUEA U] K
RSO, L, BURERTIAN 29, 32 min WG I PITE RIEA T RS 2R A40E

| %3 FERBRHEERHDIDERS
SRIBMITEE LR ER
o) oor Tab.3 The inhibition zone of extraction from
E peak effluent of different retention time
= 400
= {4 B[]/ min A B A%/ mm
& 200 | »
h N\ 25 2411 +1.24"
’ 0O 10 20 30 40 50 60 2 32.91 £4.84°
3 ﬁﬁ&ﬁwzggﬁﬁmﬁé%@ 32 32.41 £2.57*
Fig.3 The chromatography of ethyl acetate 34 2776 + 1. 52

extraction purified by silica gel column

2.3.2 IR S E

KR BABTIRI 29, 32 min AU 1 W HE AT BB A0, — SR BTl R 45 R (LR 4) R, A
1072.6862, 1058.6672, 1044.651 1, 1030.639 5 u4 MFEWE, 4 MSEAEIEFXT TR EY
14 u, WAERMZE - CH,AFERY), (R ITTN 29 min B—Z T A 1 036. 686 9, 1022.673 8 u
2 NRRIEWE ) 2 AMRRIEUEAE X 0 F BT AR 25 14 u, WRAECAIRIA, 1036.686 9, 1 022.673 8 u Al HEE
TR AR R R Y2 XS ANMREE AT ke, RLE S, RES T, 5 A4
FRIEIEAE R B B AR R A AU, BB & 4 DR &R (Leu) . 1 DMHIERR (Val), 1| MREAH
2 (Asp) M1 DHEEMR (Glu), X7 NEAIERH MR, BHA 14 ~ 16 0% 54158 IR i
BE (FA), ZRISEEE . WS 558 A B Bacillus pumilus 53R AR F= W12 q0), It 5% 1m
TP B AR S A R HEA T B AT ABRIA ZE AT 18 ZYCHH-01 AYA RO B A 202 28 I 16 P R M
., RIETEERE—FIRRMEY, tEK IR IR S i K KRR IR ARG, 2 R AR AR (A i%
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B LA B 50 BRIA R A E LRI A . L-Glu — L-Leu — D-Leu — L-Val - L-Asp - D-Leu - L-
Leu, HLAY L-Glu 155 7 (LAY L-Leu B ML IKIR T MR SLI0 25 R IF45 5 © A W SCkIRE, 25
FUFF IR ZYCHH-01 A0 T& A FH N A 32 11 16 P 28 S A AR 0 BRI B 4

1058.6672

100 r 100r1
80 :
80 1058.6672
I S
= 60} N L
i: 40 | 1044.6511 ﬁ 40k
jran = 1044.6511
= =z
201 20¢ 10306395
1072.‘6862 1016.6233 ! 1072.6862
0 e L 0 ; ||. lis Ll Jl
1000 1020 1040 1060 1080 11001000 1020 1040 1060 1080 1 100
m:z m:z
a) PB4 29 min b) £ B4 B [E] 24 32 min
B4 ZEBZEERBYE—RREE
Fig.4 The MS of ethyl acetate extraction
393 506 619 718 833 946 1059 357 470 583 682 797 910 1023 365 478 591 690 805 918 1031
FA+Glu Leu Leu Val Asp Leu Leu FA+Glu Leu Leu Val Asp Leu Leu FA+Glu Leu Leu Val Asp Leu Leu
100 10596713 9y 10236707 () 10316309
80 801 686.4444 80
S S S
i . ospsezt| 2 0 ] 60
- 717.4912 ; o 4 6854421
= 40 391.266 = 40T = 40
= i = =<
= 506.320 i =
* 20 *20¢ 910.5898 < 20
i 105130,
0 200 400 600 800 1000 1200 O 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
m:z m:z m:z
a) BEEF R 1023.670 7 u b) BEE T4 1 031.630 9 u c) BEES 70 1 .037.690 4 u
371 484 597 696 811 924 1037 | 361 474 587 686 801 932 1045
FA+Glu Leu Leu Val Asp Leu Leu ! FA+Glu ILeu’ILeUIVaI I‘AsplLeul LeuI
100 ¢ 1037.690 4 100 1 045.6524
80 80
R S
= & 60
m 481.2615 9325744
;Hi ﬁ 40 | 5953513 |
= e | 65845
= = '
20
O 0 b,
0 200 400 600 800 1000 1200 0200 400 600 800 1000 1200
m:z m:z
d) BEE T4 1 045.652 4 u e) BT 1059.671 3 u
B 5 ZERZERIWEZREEE
Fig.5 The MS-MS of ethyl acetate extraction
2.3.3 Mg

Rl TR | B dh T MUK IR A5 7l 3 B A SO s AT o 48 s T R Y I i e, Herp
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Fig.6 The results of antibacterial zone
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Fig.7 The results of antifungus rate
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Tab.4 The antibacterial activity of purified extraction
B B2/ mm
LS
Y K" iR AR = A BER K
& AR T 13.01 1. 16" 17.91 +1.32° 0°
AR A 2RI R T 14.94 +2.94" 18.66 0. 37" 0°
KIGHF 15.00 =1. 06" 16.12 £0. 64" 0°
e G G P 25.09 £2.31° 22.91 +0. 82" 0°
B FRYD T TR B 14.88 =1.23" 16.42 +0.59" 0°
RIS R 28.08 £2.48" 21.05 +1.35" 0°
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R5 REYMHNEERNEE

Tab.5 The antifungus activity of purified extraction

n TH 7% H A%/ mm W%/ %

i s A P Ak
AR 18.05 +3.71*" 45.13 £4.23*° 60.0 —
BAREREH 10.36 0. 68 " 20.19 +£3.20"" 64.5 —

Vi . ™ R P <0.001,
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Fig.8 Scanning electron microscope of indicator bacteria
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Fig.9 The results of PI staining of indicator bacteria
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Fig.10 AKP test results of various indicator bacteria
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VEABEDR  ERE . D-MgSERE . FUBE . WLWALEE . D-H R REAILEE, &G S AAT IR A A AR A L-
LR, fefE NaCl BUEIRIE R 1% , SERBHRE R 28 °C, SERBEpH =7, il LR OHERAEL
Il 43T o AR A €5 i R 1S S R AF 7k, RAE ZYCHH-01 A RGN E Y R B oA 14 ~ 16 A5
FRRETEHER MREESRERM, ZYCHH-01 [ 53IA4%t & UL 2% FCPHME B . 2% IR TR AL
WA —E NI EER, Bfh 7B Es . ML gL R AKP 7 L5025 3R, SREBUIVE RS
KIGFFER . BRAGFEVDTTICE . mvA s G AR FC R oY I TR A A e e 2, X 8 2 [ BH PR e 4 e (A A
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