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B LB T MRS Pk, 0020 AR R AR Dy 25 A TR N0 A6 38 R A I Rl A7 [ s ] X ( BREAFE 4 i 6 355 (5 E A7
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Isolation , identification and biological characterization of a strain of
Bacillus pumilus TS1 from yak cattle

LIU Yinkun',LI Hao',LI Zixin', LI Zhixin® ,ZHANG Yuyan’,LI Wencai’, REN Jianjun’, TANG Shu'"

(1.College of Veterinary Medicine , Nanjing Agricultural University , Nanjing 210095, China;
2.Ningxia Animal Disease Prevention and Control Center,Yinchuan 750199, China;
3.Ningxia Anlisen Biotechnology Co. Ltd., Yinchuan 750001, China)

Abstract ; [ Objectives ] The aim of this experiment was to study the isolation and identification, resistance to common antimicrobial
drugs and antibacterial activity of a strain of Bacillus subtilis of yak origin ( named: TS1), and to explore the feasibility of its
application as a probiotic additive in animal husbandry. [ Methods ] The fresh manure of healthy cattle was treated with water bath at
100 °C for 10 min to screen the resistant Bacillus ,and then the morphological , physiological and biochemical characteristics and 16S
rRNA sequence analysis were integrated to identify them, and their biological characteristics were studied by measuring growth
curves,acid and bile salt resistance tests, drug sensitivity tests and inhibition tests, and their possible production of the types of
antibacterial substances they may produce. [ Results ] TS1 was Bacillus pumilus with acid-resistant and bile salt-resistant growth
characteristics ; TS1 was sensitive to 12 common antibacterial drugs and had inhibitory effects on Escherichia coli, Salmonella,
Staphylococcus aureus and Streptococcus suis. Sequencing analysis showed that this strain could encode a novel antimicrobial peptide
with 48.90% homology to Amylocyclicin, and thus exerted its antimicrobial activity. [ Conclusions ] This Bacillus pumilus TS1 has
certain resistance and potential probiotic ability and broad-spectrum antibacterial effect, and has low risk of antibiotic resistance
transmission in the livestock and poultry intestinal microbial system, and is suitable as a probiotic additive class antibiotic
replacement product.

Keywords : Bacillus pumilus ;isolation and identification ; bacterial inhibition ;alternative to antibiotics ; probiotics additive
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HITIEA SRVFHT R 25 VR RS ISR AT, P F 2020 AFTTdR -t A8 1F 75 7 & FRAd B vh A D ARDRH S
FUERBUAER ) e AABURGT RIT T, A F IR R A BB W0 T & &R A 7 908, Bl
gt A TR N B AP i 22—, g A2 RS IR A AR LA o Sl A6 (S8 RE | 3 vl LAk 455 i 1 1 -1
i, I HAT LA 1 VA R A 1 T TR AR A L BB AS  N I i 2 B I R R T R R AR B R
AR W) AT IS PURAE T , DR SR A [R] S oA DR A0 i A T BT R BT R 53 R P A AR T
KA

AV FR 2013 AF20 A 1 ARDRAS 0700 9 ah Bl F S, A 13 B, HE A A 6 B /N 25 AT BT ( Bacillus
pumilus) ' RN MUAF ) Z R IE 1) B R AF BB VRS, 4385 B 75 RO B 2% 1 BT 20, % T
AL TA = EARERAK, RERGTE R 1B b OR 35850 11 FH O EL AR 45 A g 306 78 5 L2 M o A 11938 25 3R 58 (A
P SRONR L BSARATAMIR pH S8 ) A BSIRARPUIE T 52) MHR AR R AR B s TS R
ik FUBAE IR, T A= i R S e Wik 3 8 feyie 0 1) (M i T AR A AT oL i O
WHICE TR SRR A AR g b RN AT I A 5 R A R R SRR (AR
HEAESFINIH]

AT AR FREAE A= FE i v 7 B 1) 1 B BT 4 A2 0 ) O/ R AT I, 0 OB 22 AR LA A TRFRR | T
FIEER 6T FHATC TR 249 04 BB B g i UL D PO 400 05 PR SR A TR 5, B P A T i i 4 A R R
FURRTATIE , S Sh R IR B4 i 2 28 MU 51 0 I M St B el

1 #RERFE

1.1 HmEiE

TH A ZE P4 D3 0 I R AR A R AR 28, — AR 00 T 3 T o B S/ N ZF UM I, R A - 80 C
A7
1.2 FEiKH

I i E Ry LB 5 R (3 By I AR W HOR AT IR 7)) (LB WA R0 (7 5 W AR W R
ARAT]) Landy 53k (Rl R YR IRA R]) BEIRER 22 /il (PBS, B 5t im MERE A= WY BH R B0y
ATPRZAA]) 22 TR IR (R U A ) T AR S T ) (R (L2l HCL & 5 36% ~38% ) (AFHER (B
IR YR A BR A F] ,Eﬂ@ﬁ/ﬁ\%j{ﬂ:%ﬂ: 60% ) VY 16S RNA 3@ 549 M PCR 2x Taq Master Mix
(B SRR A= DR B A FR A R ) RS E S (T MR E MR R A R ) 25840 (BT i
Pk A R A A AL ZERHA IR A ) 55,
1.3 EHmIESHL

UL g e AR MR 22260 5 mL JOR AR BRER /K A0 v, P D R4 1 T K ik 10 ming
WEMBIE Y 100 pl L3 RELEA 5 mL LB AT IR EP A SRR, 37 C (160~ 180 r+min™ {k %
HiF% 16~ 18 h; 100 pL W ANA 5 mL AARE IR I P IR G 55 97 16 h WEICERTE LB [ {4 8: F kv
Rk, T 37 CHERAEHEIE TR 12~18 h, PRI R TVE RN LB AR IR AL T 37 CHERARHE IR 12~18 h,
PR PRI TRV 2 5 mL LB IR SR 3 PR 5557 16~ 18 h, 45 B alifb ik .
1.4 40 16S rRNA PCR # 1% U LUK RIRER REH U D47

Koy B aiALS (TR 16S tRNA 51 94% BRI B #E4T PCR 973, P W)7E 10 g- L™ A9 B AR M e g
HEATHIK, B A B 1) PCR PRk 20 mt SR AE YRR IR ) AT — AR 5 e 4l ik 5 1)
HRE 2 L BAE YR A A F 3 T 3L R 41 DNA $2 DL e 3R ALY, f ] PacBio RS Al
Mlumina 575 %5 TS1 FEFH AT 2R F M, {4 ABySS (http ://www. begse. ca/platform/bioinfo/
software/abyss ) #4173 R 2L 41 2% , P08 F canu ( https : //github. com/marbl/ canu ) K 2H %% PacBio & 1E J5 I
BERL, B2 )5 GapCloser ( https : //sourceforge. net/ projects/ soapdenovo2/files/ GapCloser/ ) S AN EI 43 B9 Jai 55 14
a1, I IE PR FE 2 A 1S B Al 26 45 R . FH Circos v0.64 (http://circos. ca/ ) £ il 58 #& FE R 40
PEIIT, R 45 20 g — AR BD 16S rRNA JF 514258 ) NCBI Hifi 4T BLAST FEXT, 4 [R] UM 5 F 99% 1Y
AR LS HC A 2 RO B8 ) AR TR Mega 5.0 BPFEEST RGEIEALRT 3 B2 BL I AH I ¥ 1) 47 D IF 5 v
B4 3 BAGELA (http ://bagel. molgenrug.nl/ ) 540408 FE AT HXT, 00 TS1 & A BT R, 4 F 2
AIUE RS F B SnapGene 4.3.6 A4 134K,



514 KGRI A5 ARAR IR/ N2 AT I TST A0 B M S A A R PR 52 71

L5 BEHROESURENLETERE
B TST BT IR 22 RO (R G A U B AT Qe GBS 25 R 2l AL Y TST BRI % A A 48

TG VLA HER TR A AR AL 4 TP, T 37 CEMRIRAT I IR 24 h, WAL RIS A AL 28 2
G i A T 00

1.6  FEHRAY A< B 2 8 R i R | i RE 2R 08

W4l TST TERHE 10 mL- L™ A i B Fh 2364 19 LB BrgR 3t rp L 200 pL BEINA 96 FLAR T,
W 3ANEE BT 37 CHBFR D, BERR 1 h Ml Dy, i, 2l E R h 4.

B 50 wL 46465 ) TST EHA B A 4 950 wl pH (B4 3.02.4.06.5.03.6.04 () LB AR 7236 | Ff
HU50 wL glifb)5 RN A 4 950 pL 1EH LB ARG SR 0 I [FIR A 37 °C (160 ~ 180 r+min™
TR IR R FRAE R % 16~ 18 b, F AR o3 50 2 JR 3% 35 TRRI T A 5% 5 R 5% B BRI TR Do 1L, A3 BT R
FEIE R

FHC50 WL A4k 5 B TS R A 4 950 wL 4= JHERH FE 4 0.05% .0.1% .0.2% .0.3% 1) LB A
B FEE 50 pL 3G LS BN 4 950 wL LB YA 35 3L i/ %ot B8 IRl Bs i AL 37 °C . 160 ~ 180
remin” fE IR R FRAE IR KT % 16~ 18 b, FHEGEARA o3 30 6 5 IF R 1) 355 53 980 RGT B 35 8 5 199 TR T
Do 8, TR EHRAATE 3
1.7 AEREZHEYIT TS1 BN INEFE M

PTG A FER K TS1 2L VAR R 2 0.5 22 [V B (20 1x10° CFU-mL™") CKEAR B JS AY TS1 BTREY
SJEET LB MRS R SRS KIS 15 Fht 204, K-B 258048351 ) B — a2 BE 1 0l 24 4 A
(HARBS LR 1) ,F 37 CHEESEFE 18 h J5 30 B2 B AR (mm) , 288 CLSI MI00ED30 14553
TERRE O HE R TST MR 254528

®1 GHEEREE

Table 1 Information on susceptibility test disk

THACH Susceptibility test disk W4 AN Acquisition of companies %% Code number
57 Wi Cotrimoxazole FEE Solarbio CT0051B
BTk 2 Amikacin FIKE Solarbio CT0107B
SR & Ofloxacin HUM 344 Hangzhou Microbiology S1049
FRTEAR Ampicillin HUM 424 Hangzhou Microbiology S1009
FHH & Penicillin BUM A= ¥ Hangzhou Microbiology 51001
JKRK#EZE Gentamicin HUM 429 Hangzhou Microbiology 51028
Z PG E Doxycycline HUM 429 Hangzhou Microbiology S1037
NV A Ciprofloxacin B4 Hangzhou Microbiology S1050
P ZEPE AR Amoxicillin FHE Solarbio CT0538B
KB B R Meropenem HUM #4424 Hangzhou Microbiology S1066
SLFEMEHK Cefazolin HUM #4424 Hangzhou Microbiology S1012
AR Cefuroxime B A ¥ Hangzhou Microbiology S1015
KALIE Ceftazidime BUINLAE ) Hangzhou Microbiology S1019
LAUMENT Cefotaxime HUM 429 Hangzhou Microbiology 51022
LA f5 Cefepime B A Y Hangzhou Microbiology S1077

1.8 TS1 BEHRRIEIMIEIRTE

PARIGHT H ( ATCC25922) . ¥ 171 FR T ( ATCCS58785) | 4 {0 7 % BR i ( ATCC25923 ) | 4% 4% 3K T
(WH1609) VE A7~ , R FHIEAR D HOFT FLI 0 0 ey B, AR 8 3 A L % 100 L F5 7R B #4504
T LB EAREE SR TFLUSZEFLHIMA 50~80 wl AY4lifk TS1 B, 37 °CHEEEEFE 24 h, #4016 P A
7, LA B P SP-35 B2 (mm ) SR BT RICR

PEICH == G A PR TR o =2 TG B M T Ay AR 2 T AR 4 B 68 A 4 3K I ( ATCC25923) 1K I #T I
(ATCC25922) VE MR w R HEAT Ja SL i 50, K 4l 4k J5 1 TR RO /8 38 R 50 WL 5000 1 min™' 2500
5 min FRAS AR W50, I JCH PBS TP AR 1 ~2 WARIERR A . SR R T T &R 44
X BEZH ST 2T . F ISR LA R AR ZH 37 “CH55% 24 h, 34T TS1 WA B sk, g
TCA B Bl ) A TR AR
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2 HRESH

2.1 E/NEFRIAFE TS1 16S rRNA PCR #7185 RE# UK S

I 49 H 354 B A AR 2 1 R4S T P REAR T FLA AR I B AR K A 44 ok TS, FR AR T
BTSRRI G 5 NO.2022538,, TS1 16S rRNA PCR 445 5 (18] 1-A) 75 : 78 1 000~2 000 bp
Ab BRI 45ty ELBAMS BREA A IR LR . RGEA A WA R ULE 1-B,BLAST 43#Hr &AL 5 TSI 16S rRNA
[R5 T 99% M A EY &8 T8/ N2E AT, HS Bacillus pumilus EE112-P4 4 —37

o TSI
LB Landy MNS581187.1 Bacillus pumilus strain EE112-P4
MNS581185.1 Bacillus pumilus strain EE112-P1

MN581169.1 Bacillus pumilus strain EE104-P3
MNO006153.1 Bacillus zhangzouensis strain
MN826481.1 Bacillus pumilus strain IMAUB1015
MNG650262.1 Bacillus pumilus strain 125

MG674691.1 Bacillus pumilus strain IEB-4(2)
KT583512.1 Bacillus sp. B-3-17(2)
KC414711.1 Bacillus aerophilus strain KUDC1733

NR 043242.1 Bacillus pumilus strain ATCC 7061

KR085935.1 Bacillus pumilus strain IHBB 1092
KT583512.1 Bacillus sp. B-3-17
LC373525.1 Bacillus sp. (in: Bacteria) MHS50
MG674691.1 Bacillus pumilus strain IEB-4

bp M TS1 con TSI con M

5000
3000
2 000
1500
1 000

750 NR 1121116.2 Bacillus pumilus strain IAM 12118

4 -E NR 041455.1 Bacillus amyloliquefaciens strain NBRC 15535
500 NR 074923.1 Bacillus licheniformis strain ATCC 14580
250 ————— NR074540.1 Bacillus cereus ATCC 14579
250 GU384688.1 Bacillus megaterium strain AUO2
100 LC337960.1 Bacillus coagulans JC18

U0

0.010
B

1 TS116S rRNA PCR ¥ i8%ER 5 ZEH WM 1
Fig.1 Results of TS1 16S rRNA PCR amplification and phylogenetic tree analysis
A. TS1 163 rRNA PCR 4" %5 R (con MRS IE, LB Fl Landy fCFA[R PRI SEFREE M 2 DNA SRR 5
B. JETF R TS1 MAIDEHERAY 16S RNA JFHIR AR AT N R K L BM .,
A. TSI 16S rRNA PCR amplification results (con is the negative control, LB and Landy represent different liquid
medium, M indicates DNA marker) ; B. Phylogenetic tree established using neighbour-joining method based on 16S rRNA

sequence of strain TS1 and related strains.
2.2 TS1 AHHIESURENEESR
TST 822 [CHL 0 FITE, L0 B> B AR (BT 2-A) ;TS 7E LB 1SRk A KOIREE R, i
A RZ N EAE 2~3 mm PIEIFA MIFE R RIE SCE B (18 2-B) ;8% TS1 20 5 EeR AN [R] #9452 45 e
BT IR IR E A M e 45 R (3R 2) FFRS IR T A= A5 7 S M 5 16 T b DR /N2 AT 7

'
N

2 TS1E=ZREBERREKRES
Fig.2 TS1 Gram staining results and strain morphology
A, 2 R ZE R Gram staining results; B. TS1 TR IEZS Colony morphology of TSI.

2.3 TS1 HYAE K 2 E K i B4 if A 2158

FHBEARICEERR 2 hSE TS1 48 h BYAERIHZ (18] 3-A) 4R EIR  TS1 FERRZ) 4 h AR, %
ARG, TR BERGIN 72 22 h 2247 3035 F- 5 1 H 48 h AR RAFRRE , U8 BHRRE W R 4 RR N ) 5 iy 151 3-B
G ATL, TS AEAR pH ELRTS AHER S 2 P AAG RADIRE R, B TS REAE 7 & 1 B LA S A3
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T2 TSIWAELKEEER

Table 2 Biochemical identification results of TS1

Wi H Projects 25 Results i H Projects 25 Results
TH%EHE Glucose + H,S -
FLB¥% Lactose - 6.5% =545 %% 6.5% high salt broth H K Growth
- FLH¥ Galactose + P 24k Malonic acid salt -

2 ZEHE Maltose + FrEERER Citrate -
H #&% Mannitol + T BR Eh 34 IR Nitrate reduction -
TEHE Sucrose + HKRNE R Phenylalanine -
1114 Sorbitol + JRZ Urea -
258 Rhamnose - iz g% Sporty +

H T N BEME, R A AR B N 5 = A BAYE R A AR AUV " +" s positive, the corresponding color development reaction occurs ;" —"

is negative,no color development reaction occurs.

08¢ A L 100p B L1000 ¢
g E
— — L
0.6 - g 751 § 90
Z 2
s 5 5
< 04t ZE 2 80+
L M L M- L
0.2 o 25 ot 70
& &
0 Il Il Il Il Il Il Il Il Il Il Il J O Il Il Il Il J 60 Il Il Il Il J
0 4 8 12 16 20 24 28 32 36 40 44 48 80 70 60 50 40 30 0.05 0.10 0.15 0.20 0.25 0.3
t/h pHfH pH value E: 75 5/% Bile salt content

E3 TSI K%K 2 R HiAE s R
Fig.3 Growth curve of TS1 and results of acid and bile salt resistance
A. TS1 48 h A= 2k ; B. TSI AEANIR] pH T AYAFIG 2 C. TS1 AEARIRIIEER &4 T I7FTG 3,
A. TSI 48 h growth curve;B. Survival rate of TSI at different pH value ;C. Survival rate of TSI at different bile salt content.
2.4 TS1 HZAEIKEER
HIZE 3 AT, S/ NZE AT I TST X B- PRI BA RS | DUBRZE MRS BB 2 k7l 1/2/3/4
PR IR LS A2 T7 B ] B R 2 VRPN IR S B R R RER SRR RN
TR BSEPGAR 562 B e Sk F P AR B, XoF Sk A0 A 7 AR T 24, X S F60 I 5 701 Sk PRt A i R URR oSk 4
IRV fr EE AR
&3 "NFREE TS1 WHSIRKEER
Table 3 Results of the drug sensitivity test of Bacillus pumilus TS1

A Drug sensitive paper sheets i TS1 H42/mm  Inhibition of TSI diameter UM Sensitivity
)71 Cotrimoxazole 30 S
Pk 4 B Amikacin 23 S
FFVPEE Ofloxacin 28 S
ZRVPEHR Ampicillin 15 I
HZ Penicillin 27 S
PEKEFZ Gentamicin 25 S
ZFGHE Doxycycline 31 S
AV AL Ciprofloxacin 31 S
BIZCPEAR Amoxicillin 27 S
F B 15 ¥ Meropenem 39 S
AR Cefazolin 40 S
SKAEE Cefuroxime 20 S
SLAIE Ceftazidime 0 R
SLAEWENT Cefotaxime 14 R
SKAENENG Cefepime 13 R

W17 mm PL AR SCRURY) ,15~16 mm FIE2 RN T(HFAY) , 14 mm DL FHIEE8 R(I25) . Above 17 mm is interpreted as S( sensitive) ,

15-16 mm as I(intermediary)and below 14 mm as R(resistant).
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2.5 TS1 BIERSMNEIRIEE R
AR 4 A1 B8/ N ZEAT BT TST X KA V01T I 4 5 (O R AT R ARG REER T 4 FPEE /R (522 [0

FE P TR RT A 22 FC B TR 4% 2 ) 277 A e B S A o VR T, S0 08 LA 4300 R 18,21 .28 1 23 mm , X 424 G FH

PER BOIIERAE PSR 2, B X BRZH JCH B P (&1 4—A—D) ,U6H] TS1 7 A T 3B 7=400 5 4 RIBORIT TR 1A% K
FFR LS i (s A BRI 2 T T, L3 A B BAEXT IR TE A el (18] 4-E . F) XA RES TS1 A%

FRAIFA R,

4 E/INEFRFFE TS1SMIEIRIEE R
Fig.4 Results of in vitro inhibition test of Bacillus pumilus TS1
A. TS1 X RIGFF RGNS B, TS1 XD T TR B AR A55E ; C. TS1 X & 3 A BRIA AN B 25 2 5 D. TST X HEER B A0 I 1 45 51
E. TSI WA TER ., LV R AIORE LA X B LB P RIGFF R IO ZE R F. TS M2 TR 3 BHADTRE U PR I8 LB ¥

Xof 4 B O TR ER T A R 45
A. Inhibition results of TSI against Escherichia coli; B. Inhibition results of TS1 against Salmonella; C. Inhibition results of TS1 against

Staphylococcus aureus ;D. Inhibition results of TS1 against Streptococcus suis; E. Inhibition results of TSI in whole solution, supernatant, bacterial

precipitate and negative control LB broth against Escherichia coli;F. Inhibition results of TSI in whole solution, supernatant, bacterial precipitate and

negative control LB broth against Staphylococcus aureus.

26 TS1HEEEANFER
H1 /& 5 AT 231, TST KP4 Kl 3 646 887 bp,GC &M 42.09% , BAGELA )48 5 R Hos A i

K5 Amylocyclicin MR , H-5 %03 B i BT K EL 0TS & SRAHRUE R 48.90% , iR TS1 7= A= 4L #
JETT B2 — P AT R

B O Notuncicn determined
W shast i with Uninefoo
0 corepestice
B vodifcation
B immunty /Tanspon
O segulaton
O Transpert & Leaderceavage
B rrotese

. ?'fsi%f ir"’f’f ?’Ef'

TS1.scaffna AOI_D1

\ i
N W,
\\\‘ \\\\\M\\ W Iy, 4 l///'//,

iy W,

g/

T T g

i

Non-cning HNA categones GOG Funcional caegories Acedist —
mRNA RNA prosessing and madfcaton  Cell molity (110) Tkt oot 4
55 ANA Chomatin stciure and dynamics W Poxtiranslatinsl mod fcabor, prolein Linover, chaperones 7245 (0) (100) Taqur apt Tsot (235) @)
165 RNA Energy production and comversion W norganic fon ransport and metabolisT: |
masmiA  mou ison. Soccndary —~ — = T g
o acd transport and etabclism Ganera knchor precetionony
mosharisme
Coanzyme ransgr and metaboliem niraceluar aficirg, socroion, and ves cuar trareport
= Liod trangport and molabolem mDofonze mechanims
u velici
mToscrpton = Nuclear structure Amylocyclicin
Replication, recomsination and repaic WCytosteleton

5 FNFHME TS1 £ERABNFRANER
Fig.5 Sequencing and analysis results of the whole genome of Bacillus pumilus TS1
A. TS1 2FEH AL E B, TS1 HHY Amylocyclicin A3 E LA K5 DR FEXT HERIARINE ; C. Amylocyelicin FERFE

A. Sketch of the whole genome of TS1;B. Amylocyclicin location in TSI and similarity to gene bank comparison;C. Amylocyclicin gene cluster.

3 ifiesst
BEIIHT AT MG PR H g™ 02, XA R BT AT S 2N 2%, i A AR R AN
AT IE S AR A, T B R (7] 1o 1Y 5 8 Ml i Rl b AR D AR 1 7 8 M i



514 KGRI A5 ARAR IR/ N2 AT I TST A0 B M S A A R PR 52 75

JFELON E R LR S 2 AR TR S R ORI B ZE AT T ( Bacillus ubtilis ) /> HUCh HAC ZE AT T
(Bacillus licheniformis ) J&FEZEMUFTER ( Bacillus cereus) 55" ASIRYS MARERIEA- 2 /3 %8 tH T — R L
A za AW INZERAT TR TS1, 2 MOFT @ A% 45 I RS rh ol LI B2 ML I A3 , DR BT P PR AT 5
AT . ATFFT RN, 2EMFT 088 R 45 5 1 2 B il v e i mi e s e Ve Y

BB IR AT LN 0 25 2E BN B AR KM RE R T 327 0 45 AR YRR e DR I 3 1 R A T A2 SR R |
fen IR B DL K e il SR A R TR AR L S, AR E Y /N ZEUAT R TS1 7E pH3 oA B S 2N
31.4% ,FEFIER R B 0.3% B ARG 3R 65.4% , Ul I HEAA R 1N i AHERBE 1. B & B RKZ ik
FRIASE Wil P YRR ER 55 0.05% ~0.3% , TS HAT B85 A TR Rt LR RE 7 , /2 4% ik 9 TS1 ] RLid g B
1, W o 4 A 2 4 25 A 400 o 0 1 A s 3, ol D B 1R

TST ARSMMGRIEEE R, TS T2 TR AT SO A B AN 2 [Q R A 2 [R P B A —
FOTERIFE T . AT 5E 2 /N 2 R TR &A% BRI AT B2 A AR AE A FEVE Y A TR 9 S 40 e
FHMER ) ARSI A P4 e 235 SR TS 2% #2300 B 4 FH A0 40 5l B2 BT K Amylocyclicin,
XA 2 PR B R B AT BB TS M BB LA P R 7 L Amylocyclicin JEFRIRANER 2 M — 5, X & —
FRHEAAS U 22 RS, EATT R RAER R P R v W R 5 AT ( P 71T DX 1) 7 At A48 2R 053 A 7 T 28
FRARZSRER ™ TRV [ PHPE A R PR PR A TR 2 ARG & BLAY Amylocyclicin 5 H AL IR M
TR M RE A B A, A0 K FF T8 19 Carnocyelin'™ (33.7%) . 3% 1 BR T4 (¥ Enterocin'™’ (38.2% ) . FL IR I 11
Lactocyclicin™"(35.6%) , 5[] J& 2 Mi T % FZB42 () Amyloliquefaciens'™ A1 [t [A] 95 1 & 48.9%, TS1
Amylocyclicin BT R ITH -5 ZF M B & 17 S AR UM N 97% ~99%%) | A5 Amylocyclicin K4
BRIV P ) S B L S B R B0 P A0 M B 0 AL, L s N, Ao DR G kA 7 IE AR sE =
R, ASRER T 435 1 TS1 A W AE IR AE R AR FAN . Suda 2554 5T W 28 BT B 7= AR B R IR A
HE 551475 % F BHI(brain heart infusion) 55373, F 30 CHE KM TR (150 r-min™" ) 5535, (W E
SR AN Landy 35 5% 3% 1 25 42 1 BU B K A9 7= A R4 i) FR AT 2% B TS1 P 3 R A G 5 Bt A BK
Amylocyclicin FFERIE  (BASSLIRA LI TS BY3EFR FISWCEA W S B0 B TG e, HE DU 2 B R PR B A —
PSR AR EE GG RS P K RIE I i i — DU R A A T IR AR SR .
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