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DRERMBENE YN-2-2HDBESEE
BEET BB ORNHEY MR EREC 4NEY

1 TERSAER THE #) 750021

2 PEPFEERMAEYFE T Jbat 100101

3 WEH AR K DR EALRA ) R AR B A F S0 = N5 R DI/R 021000
4 TP AR XL R R A I6 BB AR = HOR IR 4536 TG il 547100

W B (¥R ask, AhRhELEBLAELAIZ P RERLAAE, LEZRF WIS, HBEH
BEFBREZ, SHEEERTTNRFME. ARARLRKEDITH RRAEH, FRLLELE,
AR A L E ARG AR L. [ B 69 ikt amm B E EA SRR B, S S a
SARARN . ARG LAEZRBAREAF TR, [T EIANEBREES TN EaRBEALAE R
BREARIF LI, 98, BAKRMZHEAREIERARGEHR, BEHEZIR, A2A WS
AEHT A2 16S IRNA A B 5 51 52 5 7 sk AT A AP S8, Fxd AR = 4 6948 2 M Ao B ZOR BAT
o, (4R FRF—HBERZXRAIH@E YN-2-2, EHERY, $FE, %%t k. F
B, FREA UG, BHAAFIK, K AH(251-4.09) umx(1.09-1.68) um, F 2K FE &AM, 16S rRNA
3B &%) 5 Bacillus thuringiensis ATCC 107927 (ACNF01000156) &9 A8 4kt £ £ 99.79%. YN-2-2 #94X,
W AA BT, pH WL E 7 (3.0-13.0), & @ K SR EEIK, MAREER G E B
AARKA 228mm. &HXIL R KR Rk 100 mL JKE A 1x10° CFU/mML #93efrik, TR EH%
KD EMA Z o mmth 464k, Gk 36.11%. [4£] ik YN-2-2 25 A F =2 FRATH
(Bacillus thuringiensis), =T A4k % &2 56 661 ) 49 1E L H .
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| solation and char acterization of the antagonistic bacterium
Y N-2-2 against potato common scab
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Autonomous Region, Hechi, Guangxi 547100, China

Abstract: [Background] The potato common scab is a highly destructive disease caused by Streptomyces
scabies, which leads to severe economic loss in the main producing areas of China. Due to the increasing
disease risk and lack of efficient control means, identification of antagonistic microorganisms is becoming
a hotspot in the relevant research field. [Objective] This study is aimed to screen antagonistic bacterial
strains against Sreptomyces scabies, ultimately providing candidates for developing applicable microbial
agents. [M ethods] The near-rhizosphere soil was collected from potato fields in Zhaotong, Yunnan, where
severe scab disease raged, and strains with antagonistic effects were isolated. Morphological observation,
physiological and biochemical analyses, and 16S rRNA gene segquence determination were performed to
characterize the strains isolated. The stability and bacteriostatic function of their metabolites were further
examined. [Results] A strain with high antagonistic capacity was obtained and named YN-2-2. The
bacterial cells were rod-shaped and gram-positive with a size range of (2.51-4.09) pmx(1.09-1.68) um. Its
16S rRNA gene sequence had 99.79% identity to Bacillus thuringiensis ATCC 10792" (ACNF01000156).
The secondary metabolites of YN-2-2 showed good thermal stability, a wide pH tolerance between pH 3.0
and pH 13.0, and low sensitivity to proteinase K. The diameter of the largest inhibition zone against
Sreptomyces scabies was 22.8 mm. Pot experiments indicated that the disease index of common scab
decreased significantly when potato plants were inoculated with 100 mL YN-2-2 culture with a final
concentration of 1x10° CFU/mL, and the control effect was 36.11%. [Conclusion] Strain YN-2-2 was
identified as Bacillus thuringiensis, it can be included into compound microbial agent against potato
common scab.

Keywords. Potato common scab, Antagonistic strain, Bacillus thuringiensis, Identification, Biological
control
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amyloliquefaciens) BACO3 At A& X & i 55 55 A A7
BEVREIEIER LC A, A ie ik 57%% .
Chen 577 2§ % 5E 1) 0 #4085 27 64 147 (Brevibacillus

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR DRI ARSI YN-2-2 15> B 5 20

2427

laterosporus) AMCC100017, 7 it %8 7 4% 156 v by
ROKF 70.51961 25 WA M - ERE i b4 B Y R
FE8 SR 2R K14 (Bacil lus methyl otrophicus), HA1J
W EA 2L 19.7 mm, 1ERAR I T BiiaRUR
48.66%™ . {H i B 45 10 B R RO AT 0 A
B, 24 i AR 3 B R T B R A
[pille

AHIFFE LLAE i 5% 25 14 (Sreptomyces  scabies) 1
AR, TR A SRS P E R AN B I
TTHE, DU Ry EL S St giis 1 A 887 v B A i
PR TEUR .
1 RS hE
11 M8

I i 4% T3 i (Sreptomyces  scabies) CGMCC
4.1765 4 [ H [ BL 2 BE AR P 0E 5T T DA R AR
BRI s BT AR bR R T A Rk Y
H (2018 4= 10 /1 16 H )2k H = B 44 W T I FHIX K
I FH AT o RAE ATV EY S5, JEi
RIRHRIE 34%, FRIEFEHCN 18%; LB K537k . OMA
BRI | SNBSS (T
WSO TE ) 45 3 MR AL BUR A 1x10° Pa X
30 min YE SR IS A

AP IE A DNA $RBURF &, TARA AR
AbEO) A RAF; 2xT5 Super PCR Mix, Jbai#f)
Bl A E ARG R A W] Biolog GENIIE % 5E Ak
1030 #i L3R APl 20NE JE & [ G-HT 1R 45 2 1R £
API 20E It FE G- 2 10 & APL ZY M il
MR, U AR E YR BRA R X5
FITFE S | 490 Fh T30 A 4 TR A BR A 75 o

KL D ENE BT, Zeiss A w]; B
H 2 4%, JEDL 22 H]; PCR Y, Bio-Rad 2\l ;
HL UK SR E B B AR A3 BT A, i R BE R AT BR
N
12 7%
121 FmEEBETFEZRIOEE

W TR EE R IR R T OMA KRt
I, 28 °CH53% 14 d, HIEE Kby, S35

T R B AT AL VR 3T B I TR TR
% 1x10° CFU/mL, BT 4°C ukAfi# M.
122 HERENSBESHE

BFIRRAGAT S B 1 g TR A 50 mL #5045 H
JIA 10 mL KR ¥5) . W 100 pL +HEETRR
WA T LB [, 28 °C 1535 24 h; Pkt
AT TR alifl, K aifb A5 2 bR EERN T
LB RS2 H .

FEFUEWI0 . WE 100 pl e e s i B
PRSI TR I | SRR SRIE, 8Pl bk
B ICHIELCH (d=6 mm) & o Koy B3R AN i
PR TR LB 55373k, 37 °C. 200 r/min 535
24h, W6 pL B3R TRt R g, DITCHR
1 LB Ri g3 A 2s (AR, 28 °C 5557 5-7 d J5 i
I B ) E A%

FEHURE T . 7RI 100 pL Sk i T8
TR G T S35 5 PR B ATCE 4 R &
F o BRimas 200 MR TR LB KiaRsih,
37 °C.200 r/min 3555 48 h, B 1 mL 35359k 8 000 r/min
B 10 min, ISR Z 0.22 pm BRI DUIEH
R 1 mL A LB BRIk B TE . SRR
VRV SN E SR SR R B AR
PRI TEE, FFLLCREMAR LB KR E s
FAXTE

PUBARCRINE < W B TRAS 2 (1) B AR TG fb e B
F LB Rk, 37°C. 200 r/min 3%, 12, 24,
36. 48, 60, 72h 5ol EUE IR 8 000 r/min 5.0
10 min, FIERZ 0.22 um BRI IE, R4 EAR
P FIEWRINTEIE T, DTSRI LB BigR
FAE R 2s IR HR
123 FEIMEMNEE

TS MR FVR S SR TRk LB
BeFedt, 37 °CHiFE 24 h, WMEEEES,; B
S B AR EAARTE S RN FIHIZE Rl
B8 BB R A 2 R R B RS .

AR E AT SR Biolog GENIIIE 2878
Bz 1030, HEHI¥R APl 20NE JE & 18 G-FF B % 2 i
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& APl 20E T RRF G-HF IR 4 i & L APL ZYM
it 1% P i) R I R TR R A T A FE s s FE i
WIS R AN R 5% T )P

ST RGFT: RN S PR R bk
[KZH DNA. DIHSHER , SR TR 16S rRNA SE[A
R BOB By S, EmS1Y) 27F. 5-AGAGTTT
GATCCTGGCTCAG-3 ; X [ 5l ¥ 1492R
5-CTACGGCTACCTTGTTACGA-3', PCR JZ i {4
Z(25 uL): 2xT5 Super PCR Mix 12.5 uL, JER4H
DNA 2 uL, | Fif#54(10 pmol/L)4% 1 uL, ddH,0
85uL. PCR W 4MF: 95°C5min; 95°C30s,
55°C30s, 72°C2min, 35/ F¥; 72°C 10 min,
PCR 7= T 7 A ) 1T AR B A5 RN w1064 100
Fe o KSR ¥ 5I7E EzBioCloud MIsbHLRT, M
FE X 45 R IBORA I s B Tk, LA S SRl — BT PN R
2R R E A S wbR, W MEGA 5.0 ¥
W ARG L T
124 FERELZEFIREMENE

BRIA G R AH A TSRS B R RRIERD TR
& LB 5353, 37°C, 200 r/min 3535 48 h, 53¢
W% 8 000 r/min B.0» 10 min J5H F3E, 1 0.22 pm
UEIE L IEBR IR AE T 4 °C UKAR A -

PREMEE . 1 mL BRE FIR9IE T
40, 60. 80 F1 100°C 7K AbFE 30 min, SRIGREIE
F, R4 EAEE SR 57 d R E I E B EAE,
DI T A 3R A BRI A A B e
i 3w,

pH T 32 3 FEE . ] 1 mol/L HCI 1 1 mol/L
NaOH #Br 1A i pH {Hi# % 3.0, 5.0, 7.0, 9.0,
11.0, 13.0, 4 °C 4P, FifiJe°Hs pH 8% pH 7.0,
28 0.22 um JEME S IERR G S A HAR G 5% 57 d
Jer DN R B AR, DASRIETY pH AOAL R R %t
g dEs 3w,

BTG KOG & T A R P (R 52 0 - 76 1 mL
KT EWB A 20 mg/mL & [/ K 5uL, 37 °C
K 30 min, 48 0.22 um I I 5 5 AF R

PSR 57 d IEIM R EAR, DRINE A K
(LB a3 M,
125 B#EHAFHINE

S WA FEP I, fEilRE, Kk
30 d By LR AR (Al BB RIR
e F% L AR A (L3)WAEZE (B AR 17 em)H, B K
10 d JEBEICK S — i 4, R AR I
100 mL JEHiBERE# CGMCC 4.1765 i T2 iF ik
(1x10" CFU/mL) F-464+ , A1 10 d 54 100 mL
FEPURRFRR(1x10" CRU/ML), 3 BRALASHE RIS L
YN-2-2, I LURIEREA0] & 550 i A BRAE Ry 28 Ff
M, BN 6 K. TR BIORG i
S o o a e QT O 15 W S S Y |4
BRIARICR .

FETTIG E o HbrvE: O Z. B R, TR
BE; 1 9 RERBEEECY 0-16; 2 2. Kk
BEMIFCN 1/6-13; 39 : RIRHEHEN 13-1/2;
A% RIRBERFN 12 L L.

R (Yo) =R IR HRZEELNMR S B =55 1005

975 15 48 B =3 (4598 G B 25 B0z B 3%
(EL)/ (PR A S A < e R 0 X 1005

RS B 3850 (Vo) = (%ot HE 2L 9 175 6 B —4b BR A 1754
H50) < 100/} HEZH R 5 54
126 #HiELE

TR T A SRR B SPSS 20 # /4 4bHE, i
JH MEGA 5.0 A HE R G LB

2 GR54W
21 SHRERMRENMENS S S

MR B 3E T Y A SR S b ko B RS
T2 BRANTE, Horb 5 pRosE s R A TS BUSCR
G5 R YN-2-2 I TRARIN B ASCR 83 X A Ak
3R 48h e, BRI EIH AN I BRI 21.4 mm,
5 FRM 21.8 mm [P0 TR BE /M S (B 1A), i
RS TR IO A B AR 14.4 mm, B RN F
B TR b3 I, 2 B LS HO0E P I AR G AR =
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Bacterial ~
solution

Sterilized Fermentation
supernatant broth

1 B YN-2-2 3t S E eI HHER

Diameter of inhibitory zone (mm)

Figurel Theinhibitory effect of strain YN-2-2 on Streptomyces scabies

T A: TEBUSCREGIE; B: AFEEFRE BRI FIER I AR

Note: A: Antagonistic effect verification; B: Antibacterial effect of sterilized supernatant at different culture times.

XTPARE YN-2-2 535 1 12 h AR, I
ISR SCR A 1B R, 12 h i A
h 175 mm; BEE AR RI G, REPTRCRZ
H5E, % 60 h Bk RNAE , MITE B B AR R 21.8 mm,
Z IR HAEPUSUR R R %45 R 60 h 2%
BRI =4 ) Fee AR T
22 HHEE
221 FIFE

B MBS RN 2 R, WIEERE, %k
W, NGEEST, RETE, PIEAMEE, NEH,

2 B YN-2-2 FEASHHE
Figure2 Morphological characteristics of strain YN-2-2

W A BB B: HZERYE; C. dIES.

Note: A: Colony morphology; B: Gram staining; C: Cell morphology.

—_

PRFRIR, MsmEER, 088k 1.09-1.68 um, K&
g 2.51-4.09 um, H22 YL BHYE .
222 HBHEEMSH

PAIRE YN-2-2 REFIFIENE . fZps . a5,
AV e — B, AR R e e A e AR A A
M AR , RE(EFARCRAL , AHPRER I RS AR E: ,
A HENREERRAL S, FrAERERIAL . V-P Ry
SEFAYE, miwee s HYE, 7575 0-7% NaCl 1 LB
A LA K 28-45 °C 553255 FHIRBIE AR K A
4°C, 55°C fHi#%F% 48 h R ILEEIE MG 1),
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Fz1 EWYN-2-2 EBRE NIRRT

Tablel Physiological and biochemical propertiesof strain YN-2-2

AIGTH Test items 25 Results D IREIH Test items 255 Results
JREAHE Sucrose + b HAE Contact enzyme test +
D-#j%4¥% D-glucose + V-P iR V-Ptest +
D-H ## D-mannitol + P Citrate tes +
FlZ=}# Rhamnose + 1 I3|WEES Indole test —
JIRHE Urease = filifR R4 )5t Nitrate reduction +
JERE Lipase + B fk Gelatin hydrolysis +
5% NaCl + i ft &l Hydrogen sulfide -
7% NaCl + | 4°C /EK Growthat 4°C —
9% NaCl - | 55°C kK Growth at 55 °C -

W o+ FEE; - PR
Note: +: Positive; —: Negative.

223 ET 16SrRNA EEARIIN S FREFE S

DITE R YN-2-2 JEKZH DNA St , F 20
16S rRNA K3 H5 [T P44 H 1 500 bp 2471
HirH Br. Fl MEGA 5.0 Sy EER R G4 & RN
K 3 ffin, Btk YN-2-2 5 Bacillus thuringiensis
ATCC 10792" (ACNF01000156) . Bacillus mobilis
0711P9-1" (MACF01000036) . Bacillus toyonensis

99

99

BCT-7112" (CP006863) 7E [f] — 43 %, #H Bl 1tk ik
99.79%. ', Bacillus mobilis 78RR £h i I BT ,
BRI SR BAYE , SRR YN-2-2 145 AR ;
Bacillus toyonensis HH i i 1k i 30 FH M, 5 TR Ak
YN-2-2 #i52; HA Bacillus thuringiensis (4 34
PR S TR YN-2-2 M IR, PRIICHE iR YN-2-2 48
RE NI 7 4 2R AAT 1R (Bacil lus thuringiensis) .

YN-2-2 (MN607037)

Bacillus tovonensis BCT-7112" (CP006863)

Bacillus thuringiensis ATCC 10792' (ACNTF01000156)
Bacilhis mebifis 0711P9-1" (MACFO1000036)

Bucilhus pacificus EB4227 (KJ812450)

Bacillus proteotviicus TD42" (MACHO1000033)

Bacillus myeoides DSM 2048' (ACMUO1000002)

Baciltus anthracis Ames' (AEG16879)
Bacillus bingmavongensis FIAT-13831" (AKCS01000011)
Bacilius cvtotoxicus NVH 391-98" (CP000764)

Bacillus coalilensis md-4' (ABFUOL000135)

—gglj Bacillus shackietonii LMG 184357 (1L11C01000006)

83 Buacillus acidicola 103-2' (AF547209)

67 4{7
93

£

Bacillus marisflavi JICM 11544" (LGUEG1000011)

Bacillus haikouensis C-89" (KJ868191)

]

Baciflus punacirerrae Gsoil 1517 (AB245380)

78
—_——
0.002

Baciffus herbersteinensis D=1-3a' (AJ781029)

E 3 ET 16SrRNA EEFFIMZENEK YN-2-2 ARG L EH
Figure3 Phylogenetic tree of strain YN-2-2 based on 16SrRNA gene sequences
T T BURERR; 155U GenBank Bt S A AMRTEA AR, AR 0.002 1R R R K.

Note: - Model strain; Numbersin parentheses are GenBank accession numbers; The bootstrap values are shown at the node and the scale bar

indicates 0.002 substitutions per nucleotide position.
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23 EAEEFYREMNE
231 AREMME

AR YN-2-2 1% 55 W U8 BRI S 4 i &
40-80 °C BHJEIREALTE 30 min J&, 1A W&y
PTG PE . (HBERLE BT, SIRTEHE 2 T R (A
4A), Hr, 40 °C AbFRABR B LI O B B E AR N
15.6 mm, #:XF IR 18.2 mm AT FF#; 60 °C 4bFg
FIINTE R AR 13.4 mm, B IERFE 25.99%);
80 °C Ab BRI GBI B A2 M 13.0 mm, BOXf AT BE
28.41%; 100 °C 435 BRI FIE WA TE B 1%
PGP b gl B2 B M /0 1 9 oA el i 3R
FEE S
232 pH WZSEEME

J T W ERR YN-2-2 SRR G pH it 52
JEH, B RE % 48 h IBRTA FIE W& A [A] pH b3
WG KB, pH 9.0 4b PR A 5 6 P A, A
B EAE R 228 mm, 5ZAHE, pH 3.0-11.0 b3
(A TR I P T R R 38 /N (29 10%) 5 pH 13.0
A0 SRR ER G PR R BRIE B e K, A 19.42%. 4
JLRW, B AN B P pH Y A2 75 Bl g (R
4B), HAF—HEMJE, Wk YN-2-2 350 % pH 7.0
MR LB Ri R P 55 9% 48 h 5, HE IR pH

[yl
=

251
18 ™

The diameter of inhibitory zone (mm)
The diameler of inhibitory zone (mm)

g SR N R NI
T r 1 1 T T T 7T

ok 9.0, MULAT WEHE YN-2-2 fyiid pH H
A 9.0,
233 EBE K A BAMIEEMRN

BRTA 3R M K ZRBE 30 min J5, HIEE
B HA R 14.15 mm, XFHE4LAY 18.16 mm R
22.08%, (A4S PR:E RAFAOTETE, FRIIACUHHPrxs
HEHG K U RAR (A 4C).
24 FEREBEMRGIEMRAZRIALE

RSN RRAAAK 92 d JFHMiE
KN A em Aty ORGSR 25 A SR il 1
WE 5 PR, WIS R BCRBHARCR G R 3% 2,
o, KAEHR R ZS FIXTIRZ 6 kil 21 Rifym
B, YR BRI s e AL FIZ 6 ISR
21 KLi B, i R 100%, gtk 4 2
g%, i 57.14%, W9k 3 %l 28.57%, i
THIEECH 85.71%; i 5 A +H5HU R ALFRA 6 A3kl
A 21 RIS, HEINE AEFE L 100%, {HAE{A
R, RPN 1 R, 5 57.14%, K
ik 4 HINLY 33.3%, FTETRECH 54.76%, Bisk
N 36.11%. ARSI A5 A PR IR = 4 2R AT
Y N-2-2 X5 T ES 88 S s A BT i B8R, AT A
KA R RE A

— . I3 (=]
< i [==] n
T T

Lh
T

The diameter of inhibitory zone (mm)

<

CK 40 60 80 100
Temperature (°C)

B4 BELERREMESH
Figure4 Thestability analysis of sterilized supernatant

TE: A RERUEYNE; B: pHAREN:; C: HHAM K e

Note: A: Temperature stability; B: pH stability; C: Proteinase K stability.

0 1 1 1 1 1 1
3.0 50 7.0 90 11.013.0

CK Proteinase K
pH
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E5 ZFXELE
Figure5 Thepotted experiment results

TE: A AR B: IR C R EUE -+ HTRAL P

Note: A: Control; B: Pathogen treatment; C: Pathogen+antagonistic treatment.

*2 FFHAEWER
Table2 Thepotted experiment results

s O RLEL CE Ve A ER THRATBITRL

Treatment Number of grains  Sickness Occurrencerate (%) Diseaseindex (%) Relative control effects (%)
harvested 0 1 2 3 4

RSN 21 0 12 0 2 7 54.76 36.11

Pathogen+antagonistic

S I AL FR 21 0 0 3 6 12 85.71 -

Pathogen

25 X IR 21 220 0 0 O 0 _

Blank control

e - KA.

Note: —: No morbidity.

3 WikE4®

TR BR A H A R P s )y, B
ek mife, PG e, e g
FEBURIF S AR PB4 00 1 95 i 1A 1) A= A
AR, Bz T PRAEYIRE . AT T
A B B EF AR R OA A B ZE 4B T T (Bacillus
subtilies) . #i&tk 2E AT 14 (Bacillus cereus) . F K2
FF 1 (Bacillus megaterium) . fi# 3 K 2F 1 FT 1
(Bacillus amyloliquefaciens) 1 & /)N ZF 41 #F
(Bacillus pumilus)ZM ™ {H FH T3 s b7 455 1 B e
A oA, 24 MR E . &'
RIEAUE E AR, T — S5 2
FIGEIR, ST ShAR B S R AR AL th
M RRUE B RS

AT LA EE e 5 T -3 h 4 | i

Ve — Bk S YN-2-2 BTERE, HO s
A B EFEPUSCR, M R B AR R 22.8 mm,
HARZEANEE D AT R R, 4
YE NI G 2 HFF IR . AR ZE ARG 45 S P
R TR S BT B AL AR B & 6 100%,
HRTERHE 3 R EWEL, HiEE B
85.71%, WilEa%itk 85.71%; T ja&-F Ll F¥h
1R, RIETRECN 54.76%. HILal WL, et
AT YN-2-2 J5 S5 S i i 5 A
RS, R ATE M E A E 25 e
AR TR

B HFBEHEA 1901 £ ELSCH
—HZEMIE, FRHAEY RS, e,
PR L R, B BRSO TR
o2 )T R ) R RIS P
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i &-#% 2 (5-endotoxins) B A% HL ik A [ (insecticidal
crystal protein, ICP)&EZRAR BN, CHAT
Piic@E e . SR E . BEHE . F3E . #3E .
W B 2R E R A, i E R A
FAPEIS ) s RIS A AT B R
HARARE A Cry LR Bk . RS CAE I RNE
Bl Y2 R, S RS A B R P R Y AR
K, WA FEWRE T 924 SEAFT 3 X R 0 2 Y
B va R . Dong %5 & B 2~ 4 25 i F1 7# (Bacillus
thuringiensis) AE /= A& m Z AR N XL &9
(acyl-homoserine lactones, AHLS), il 41 & O E0H
P2 Roy 28 A T+ 3ERE & 20 B HH P2 B K 2
R4 20T (Bacillus thuringiensis) , X 221k
LB AT IIBORE . s BB R T A A 2 A
FFIABR A BE A Z AN YR, AR T 5 b T
fi A AR R G IVER .

A WIS B 2 AT TR R ) — SE bR AT o
ARRIRREREE R . PR R MR R, M2
FhIELE RIS I B PSR AT T A
WL, DA S 6 2 LR A7 1 DL SR 0 2 AT 1A
(Bacillus velezensis) . fi# UE ¥ 2 8 #T 1 (Bacillus
amyloliquefaciens) . #fi %L ZE 1T 7 (Bacillus subtilies)
FIRIN R TR B OGS BRI, (HR R
S YN-2-2 thoRY I Binh B, J4h,
R ERT & & A AR BIER R
[ (3= e 1 7 K Y S b R A S w4
396 Da F/KIEENAE & Zwittermicin A, AU
PEAL SRR EE R AIIERIR], X — B 2% FCRH M 2 B
B FL R HA W I ROR , IR T %
Yotk & Wk 2 45 4 1% Silo-Suh % 56 3F T
Zwittermicin A X} i Bjj 1 %% % & (Phytophthora
medicaginis)F | i £ 75 AR A 2. 3l 1%
11T Zwittermicin A A 3SR 7 HR R IR AL D) RE Sk
IR FYES 1, (BT 4 2R YN-2-2 [k
21 DNA Ryt Bhr B, HHAMRETE MY
JE AT 80 °C i 30 min, XK A K U
i, 7£ pH 9.0 FREE T MRS PE Ao, X 2eReE 5 X

USSR Zwittermicin A PYFRALPE RS K —
P, g, YN-2-2 IS RO
B A L

KT I = HAFE YN-2-2 HI7E 8 820 55
R HA FERIATETTRAM S, FFE o &
WE R P BT . ARSI . s T AR A
i, AR AN Y R AR, S YN-2-2
A A TR I FH 25 BEAi
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