A SR IR Jul. 20, 2024, 51(7): 24632474
Microbiology China DOI: 10.13344/j.microbiol.china.230780
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

RAEW, A, #ug? A4, BHEE

1 TSRO KA AR 2B ML A LARR ST L, BT S8R5 830052
2 F R IAE Y AL SR T RIHT A SR % AR B R LA AL, VIR B AU 210095

KA, 95, FEER, (P, WAL, ML ST KF-43-1 (9558 5 3 R 30 H 7] i 3G AR X L], ek Pod i,
2024, 51(7): 2463-2474.
SONG Dongbo, SU Feihong, GUO Wangzhen, HE Dan, GU Aixing. Identification of strain KF-43-1 against cotton verticillium

wilt and comparison of biocontrol effects among three application methods in the field[J]. Microbiology China, 2024, 51(7):
2463-2474.

B OE (TR A EEREARLBREZAR, SHRENTERTLERELERRELE, AW
Wb A C D E R A G SR B R AR E LR A S, BT LI EME A G
AR R ERAARRA T I EA T2 E, [ Bdx EARRMSE R EZRAERN GREE
KF-43-1 #t 47 F L 2 R A FZ AN, BAAREER 7 X, AF LI EARREEZREDEH H
R LF. [ F T AR KF-43-1 #4745 T 52, R S4FERAE R, N2 @ # KF-43-1
stm RAB I E AR, PAAEIR KF-43-1 69 4£ 30 A uFr, BH9EKR & E KF-43-1 REEA F X
AR EE R B B RR. [ER]) BB IR L HFIEES T L5 ERE A/ KF-43-1 5%
H & XK AHEE @ (Sreptomyces albogriseolus); & Ak KF-43-1 xF & /& # V991 4| Rk X 3] 82.05%,
B3k & T AR 5406, TR T0%k7 8 %5 EA STRY Hp4I s FiA %] 2581%, 1KTFR&E 5406
WBr 3, BMk KF-43-1 RE KRR, MBAERBORIL. THKM. FRALRBEFAME, T FA L
CE, REE MO EEORD, B KF-43-1 £ pH 7.0-8.0 B A KAF L REF, £ HIRE N 2%
BR—FTEREALARZIWH TR E — 26 at b, 1A RE KF-43-1 & B4 R A *F
WL EEROG RS THOROURFB SR T @R, BLAZEIREA KF-43-1 £ LIE F 252545
EERBAEA ZIahir 4R (40 AL E X RBERAARE KF-43-1 A —RFHEAGH,
T ARG AR E Z RO ENE N RAEETG R TR, A BT LM A A5 NA.
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Identification of strain KF-43-1 against cotton verticillium wilt
and comparison of biocontrol effects among three application
methods in the field

SONG Dongbo', SU Feihong', GUO Wangzhen®, HE Dan', GU Aixing

1 Engineering Research Centre of Cotton, Ministry of Education, College of Agriculture, Xinjiang Agricultural

University, Urumqi 830052, Xinjiang, China
2 State Key Laboratory of Crop Genetics & Germplasm Innovation, Hybrid Cotton Research and Development

Engineering Research Center (Ministry of Education), Nanjing Agricultural University, Nanjing 210095,

Jiangsu, China
Abstract: [Background] Cotton verticillium wilt, known as the “cancer” of cotton, causes
serious harm to the yield and fiber quality of cotton. Biocontrol with eco-friendliness and high
safety has become the key research content in the prevention and treatment of cotton
verticillium wilt. Therefore, developing new biological agents to control cotton verticillium wilt
is of great significance for cotton production. [Objective] To preliminarily identify and
characterize the actinomycete strain KF-43-1 with antagonistic effect on cotton verticillium wilt
and determine the best application method of this strain, so as to provide support for the
development of new biocontrol agents against cotton verticillium wilt. [Methods] Strain
KF-43-1 was identified based on molecular evidence, and its morphological and growth
characteristics were observed. The inhibitory effects of KF-43-1 on pathogenic fungi were
determined. The physiological and biochemical characteristics of the strain were determined,
and verify the field control effect of different uses of actinomyces KF-43-1 on cotton
verticillium wilt. [Results] Strain KF-43-1 was identified as Streptomyces albogriseolus. It
showed inhibitory effect of 82.05% on the pathogen V991, which was higher than that of the
actinomycete strain 5406. It demonstrated the inhibitory effect of 25.81% on Fusarium
oxysporum ST89, which was lower than that of strain 5406. Strain KF-43-1 had no fluorescence
reaction and can liquefy gelatin, hydrolyze starch, yield positive results in the methyl red test,
and produce melanin. However, it did not have the ability to decompose cellulose. Strain
KF-43-1 grew well at pH 7.0-8.0, and was inhibited in Actinomycetes culture medium with 2%
salt concentration and showed some salt tolerance. The effect of antagonistic KF-43-1 on cotton
verticillium wilt was higher than that of centrifuge coating and centrifuge spraying, indicating
that antagonistic KF-43-1 had better inhibition effect on cotton verticillium wilt outbreak after
colonizing in soil. [Conclusion] The actinomycete strain KF-43-1 serves as a candidate for the
development and application of biological agents for the prevention and control of cotton
verticillium wilt.
Keywords: cotton verticillium wilt; antagonistic strain; physiological and biochemical
characteristics
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e b DR ] 2 A0 A R X, Al
TERT R 2RV R vh 2 OGB4y, AR R
FT 2 B A P 2 i zs . AR S
TR AL A = TS — IO, JRIEAR AL B
25 i T K He s 1 (Verticil lium dahliae)
W AR O Je 2 B i AR A e e i L 7 B U
R AL REARAGIE , (AR AL 1) i T I T 5 iR 2F
He R AR, MR 2 SRS R 8, B
i 22 b 25 % 1 R

B A AL B 2205 1 1R AT A B AR AR A
fol B EFHARFIARZ A FBIG . EFHOE
TR S EIBRY, ARG RasR A
RIS AR A A FH R 2 ) Ak R TR X FH ) A A
EEHE TR, WIS 4 n) i ™ E S
A A REIS ORI R A B, bR
PRI 253G, BB IR . M TFAR gk
A BB FARAE B G, AV BTG T I R BSOS TS G
S5 Jmy BRAE (58 PR VR T AR 0% A= 7 T R A A
ZRHTHIR, A S5 ERARAEE FN ) A B
PE o AR BT e — MR IR T A AR i R Y
XIS AT, DAAE B TR A i A ) T R AT
BARAL R TR ML B E e, b
A DAY SR 6 2 2 () JO ] Bt A 9 R S AT AR
TIEERE, BRI IEREE, CEh
FRAE 5 2290 b7 A TR A 2 A U

AT — PP LA S, B RUIR T 22
PG, 2o A TE 338 T FAR A
N HARIREG, ROHTERE FR BT B AR R i
SRR GE A I LARR R i 2 BT o ZE AR 2B 7 v i
P R TR R R TR A, TR A AP R

. ERTH R A 64 5 8 (Sreptomyces) . #R
K W )& VA S N /U <R
(Micromonospora) . Jit & i J& (Actinomyces) #1 i
B £k i JE (Actinoplanes) %, & 42 BUR FHHTAE
FMEZEM BT A R EH AR A A Yk
1o S SR ) 7 A W — B o B AR B

(Nocardia) .

fib A= 15 4 & B DO RE 1 — IR P AR = P
ARG X — Wk A 5P A 2 22 00 I B 1
PR TR KF-43-1 JE7T %7 , Rl 5 A% B AR AR
PRAE AR, IR I KF-43-1 A [ml i 7 =X
XA AL B Z I F DB %, DAA B #E KF-43-1
TF R R A P R R D)7 Y S A 9 2505 1 B it

1 HE5xZ

1.1 #&

WCLR T KF-43-1 F1 5406 {17 Tl K
2ERRAE G B SLH0 2E

AL B 25 9% 1A K B FE B T (Verticillium
dahliae) V991 Fil 4 1€ Hi 25 Jik 22 78 % /]
(Fusarium oxysporum)Zs#5 £{k %1 ST89 H i
Al K 2EAR AL I S 00 = R AF

TLAE 18 FIHTIEFE 13 H BT A b A f A S 2
1.2 ExFH

PDA }i7idk | & [R—S 3G 22 SR 2]
Bol s ABE-BIRC IR . JEm KR53 . NI
RLTEEFHAGAC )" R I A Y HoR
AHIRAF

e 63K 1 35 2 (King B) (g/L): & M1
20.0, HiH 10.0, K,HPO, 1.5, MgS0,-7H,0 1.5,
Bl 15.0, pH 7.2, 121 °CKT# 20 min,

LT (a5 R 3 (/L) B 5.0, #%
B 5.0, K,HPO, 5.0, pH 7.0-7.2, 115 °CK i 30 min,
1.3 EERXFIFNE

B YL ) S AR M e e iR £, b
SRR A PR | 5 4078 DNA $2 500 &
Omega A Fl .

LKA, Jemis—ARHEA R A5 372K
JENZRK A, B ZEITRm
1.4 ®HREIIEST

TR KF-43-1 42570 T8 [ — 5 ARG R
B, 28 CIEIRIEFRAE I E 7 d, WESHMREI(,
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HIRE . REFREAAERKE.

fifi 5 mm FTFLARHUR AR KF-43-1 19 TR G2
Pl T s R— S i A 52 56w, 28 °C. 220 r/min
W EEF 5d, WEREKERKES.
1.5 HHRERHUE

(1) LWL 2t 121 °CKIA 30 min
MR LA 45 CCRMA A & R — 5 [ ARG 57 5
b, fERRYE R SRR B IS CE 5 mm
BE, 28 CCEIREEFE 7 d, AT LIS 5122 fh i B
A AR, R IR, XTRfR KF-43-1
P T AN, A N R R AT A AT

(2) F RGP E YLt . [ E LI
B W = 1 7 O G 7. W1 = Ol /S
KF-43-1 #Ff e e i g,
1.6 16S rRNA EEFFI0 4

K FH CTAB : FH 4N DNA $#2BG] £ 42
B KF-43-1 (9 DNAM!, R H 314 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R
(5'-TACGGCTACCTTGTTACGACTT-3") ¥ 14
PR 16S rRNA K, PCR [ W {A £ (50 pL): PCR
mix 25 uL, 514 27F F1 1492R (10 pmol/L)#% 2 pL,
DNA #i#7(20 ng/uL) 2 uL, ddH,O %2 50 pL.
PCR JZ i 4614 : 94 °C 5 min; 94 °C 1 min, 54 °C
1 min, 72 °C 2 min, 32 ME¥#; 72 °C 10 min,
4 °CLR-AF . PCR =W e 3% 2 B i A7 B A=
RHE A BRA A HEAT 16S rRNA FE[H 414347
1.7 MEMRMNE

TE X i D LA A AR T Y 2 T
5406 W S A5 KF-43-1 11 RI6 ) R, R
FHTR 22 15 T3R5 43 45 T 15 7 2% R AR W] A K
IHACHE IR V991, SRk /] B ZEs L 1b A ST89 1
FUET PDA 533 e, 7EFERGIFE 2 om Abjig
BRSPS H5PUREAE RO SRS & IO RE K
FINEAR AR A RTIR, 28 °CHEFR 5 d, MEHEE
BRI

1.8 HIBA LFFENE

XTHEPUIE KF-43-1 (298662 KOV IR IR
. VEMIKIG . SFYEZR R . WL SO R 6
e S AR PR TR, S T
RIS 7 A TAS
1.9 E#k KF-43-1 Xf pH B9 =14

B il /85 FC— 5 MR AR 1 57 0 4326 250 mL #ETE
M, B 150 mL 85384, 4375 pH {EN
6.0. 7.0, 8.0, 9.0, DA K—5HEF:RIE(pHIEN
7.2-7.4) %I, ERD 5 mm FUFT R K—5R
fREE IR, 28 °C, 220 v/min FR¥%EESE 7d, 4 °C,
12 000 r/min %> 15 min J5 BUITHEM & .
1.10 B #k KF-43-1 B9t E2 1450 2

57 1.9 ik, BHHi%E 100 mL 55373, NaCl
WRE D SETTH 2%, 5%, 7%. 10%, LI K—
SR 373£(0.05% NaCl) k% B, 4 °C 12 000 r/min
B0 15 min 5 BGITEN
1.11 N E KF-43-1 =#0E AR 8T
HERAHEERRR

B2 PR 3% 7 d 5 B KF-43-1 B0k
P % 30 mg/L 5, BriEAEHim KF-43-1 Bkl
A L B U IR AT A R B0 YR TET e 3 O A
6B 2955 19 HH R B 4550 o A AL A B [ Do Py
FERN 7 =S SCHR[17-18100 7 e, HH ) R s 5 12
IR B ST A, R A RStudio #F1 744
30T .

I AT RO

02 : HEARTCRIN;

1% M GRERRI 7 25%L0 T

2% M R A 25%-50%;

39%: M R A 50%—75%;

4 % M SRR R 75%0 F

AR S AL QAR /N W
S SORTE SR X 2R B ER)

100 ;
TR R
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(X HE 175 8 250 < AL B 175 45 20
X R R 2

2 ZERE54

2.1 EHRBIFSHIE

kR KF-43-1 765 [K—5 MR B
it 7 dREFRIE , R 1S B B TR R m s S
W22 A TR LB AR SRR, VR T
PR 22 M BLLATE DA o i L a B f 2L,
AR EEERTE
2.2 E#k KF-43-1 B & /U4HE
221 HEEREWE

P45 A R et o B e R T e R

B350 (Yo)= x100 .

Pk KF-43-1 A 22 k5, BIAEAR, flF 5
WAL T T 22 101 3 I 58 4 T8 1l 488 T 75 itk AR 65 4
(8 2), WRIEFAERI A FI M R KF-43-1 ik
AR T E
222 EFEZREEMRBRMELEER

WK 3 Fs, Wbk KF-43-1 2835 > YL (0
W22 AT 5, 2 CRHMET, AR
JEH BERRPUI LT PrRRPE e s , R
Pk KF-43-1 JCHIRRRE 1 , ASREN FHAERR IR BT .
2.3 E¥k KF-43-1 # 16S rRNA EH 77
SHER

DI R KF-43-1 JE[R4] DNA it , %A
YT 16S rRNA JE PR % 38 5 [ 27F Fil 1492R,,

1 BE#k KF-43-1 BSR4 A: FV%IEM. B: Hy& S

Figure 1

Culture characterization of strain KF-43-1. A: Colony frontal surface. B: Back of colony.

E2 EHRUEETEN KF-43-1 WEZ2ES

A: HMAEK 9d. B: HikkEK S5d

Figure 2 Mycelial morphology of strain KF-43-1 under microscope. A: The strain grew 9 d. B: The strain
grew 5 d.
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B3 B KF-43-1 WE=REEA)MREMELEB)

Figure 3 Gram staining (A) and antacid staining (B) of strain KF-43-1.

2 PCR P HE3RTGHC B 1 391 bp AL T4, albogriseolus HBUM 174069 A {Bl 1414 5] 99.93%,
GenBank #3850 PP196120, 7& NCBI #flafE  Wn AT BRSO R, MR A0 T 70 28 5 b e
HEAT BLAST XS R G R B, 450 ANKIGLs S itk KF-43-1 %008 0 AR IKEE RS
& 4 FIf /R, F Rk KF-43-1 5 E I E Rk Sreptomyces 1 (Streptomyces albogriseolus) .

4 TEHk KF-43-1 T 16S rRNA EREFINWEMBRZLBER 0 LAEEICFE bootstrap 1H; 55N

A GenBank #3555 #1R 0.001 0 fR3R 75 19 L2 5
Figure 4 Phylogenetic tree of strain KF-43-1 based on 16S rRNA gene sequence. Numbers at branch nodes
present bootstrap value; Numbers in parentheses are GenBank accession numbers; The scale bar 0.001 0

represents sequence variance.
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2.4 HE#k KF-43-1 B9 E SR

iR KF-43-1 545 5406 X RSk e
V991 FAus IR ZEH L LAY ST P
R X URR G 45 SR AN 1 S B, e X He ] & B
Pk KF-43-1 %] RKAEFEAL P V91 il 25 5 F i
2R 5406, XA IR 25 L LR ST89 Ay
TR TR 54065 FUZEE 5406 Xt 2 Flof
JECTA (R A R IEA BT 69%,  H L HEKT 45 HT iR
KF-43-1 H[A]BhiA AL B SRR AT
25 HBEEUNESER

TR KF-43-1 #1774 A AL AR I 2 ik
By, AN 1A 6-8 B, B @E RN N
B, ik KF-43-1 Al b, HAS KA vE
KIIRE ), ANRE AR AT 4R, W BRZ L A PR
AT A REA R,

2.6 Etk KF-43-1 89 pH it 1%

FIFE KF-43-1 7£ pH{E 4 6.0, 7.0, 8.0, 9.0
UG BRI A4 12 (G —5- 35 33 e R i A= KB I an
% 2 iR, 78 pH 6.0 AR K IR B B Rk KF-43-1
BRI, MilER 33.23%; 7E pH 7.0 AUZEK
WP RRA 9.32%, ARG R, 76 pH
8.0, 9.0 Ak KF-43-1 1IE A, k] W
Pk KF-43-1 7ER M 251 T s AAE AR K, R TE
T 95 S T ) R MRS b B A AR R T

90 82.05  =KF-43-1 =5406

69.09 68.62

~J]
(=]

B U
o o o

25.81

V991 ST89
775 IR A
Pathogenic bacteria species

(o5
(=]

el
Inhibition rate (%)

—
o o

[}

5 FEHE KF-43-1 5KZ%E 5406 X fxRE
V991 F ST89 AIHNHI R

Figure 5 Inhibitory effects of antagonistic bacteria
KF-43-1 and actinomyces 5406 on pathogens V991
and ST89.

F1 EkKF-43-1 £S5 RIS

Table 1 Physiological and biochemical test results
of strain KF-43-1

Wi H Item 25 Result
¢t K Fluorescent light response -

B it w4k, Gelatin liquefaction +

TEMI 7K A Starch hydrolysis +

2P E 43 f# Cellulose decomposition -

FH 21 3056 Methyl red test +

H,S 24 4 H,S melanin production +

+r PBETE; - BATE

+: Positive; — Negative.

Bl 6 Btk KF-43-1 MR BERERN A AN B: 3dR/MEIS. C: 7d 5N
Figure 6 Fluorescent pigment reaction of strain KF-43-1. A: Natural light. B: 3 d ultraviolet irradiation. C: 7 d

ultraviolet irradiation.
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7 E#¥k KF-43-1 BBARSRIL(A). EHIKARB). FELIRNI(C)
Figure 7 Gelatin liquefaction (A), starch hydrolysis (B) and methyl red test (C) of strain KF-43-1.

8 Wtk KF-43-1 BB RS RA)F H,S BERTEIKBB. O
Figure 8 Cellulose decomposition (A) and H,;S melanin production assays (B, C) of strain KF-43-1.

R2 EHk KF-43-1 X pH T AR
Table 2 pH tolerance studies of strain KF-43-1

pH I R
Colony weight (g) Growth rate (%)
CK 0.933 -
6.0 0.623 -33.23
7.0 1.021 +9.32
8.0 1.016 +8.25
9.0 0.994 +6.53

2.7 B#k KF-43-1 BT iRt E 45 R

Fkk KF-43-1 7E 100 mL $h B H 2% . 5% .
7% . 10%FXF B [R— S R B R e h AR K
TEBLANZE 3 s, 2%Ehuk e i e — S 4 37 ik
AR IR RE KF-43-1 38K H-27.23%,
R ZFINE 5 7E 5% . T%ER e 1w e — S 4%
IR AR AT K R R S (e, 10 I TR Ak
KF-43-1 B4 K342 2R [RI AR BE A o
2.8 FEIE KF-43-1 RREM{ERA AR ITHEE
HEFBHEERRR

FH [F] %5 510 8 KF-43-1 f4 3 Fh )y 2040 BE A A

PRI TR B A, AR 4 ] DU H XA
18 HMUHr IR 13 Sl , S AR AL 3 22
B R4 T o SRR AL B, AR R 5 53K 6 AHC
PEOM AT, TR RS TR | AR S U
K, UHRTE SR RO, ARPRI = R IR,
FRAERY =M e 4 B S A AR S &R
B0 /N el I AR SC AT RE S rh T e P A L AE L
AR

R 3 Eik KF-43-1 B s R R
Table 3  Salt tolerance studies of strain KF-43-1
e WHE LB

Salt concentration Colony weight (g)  Growth rate (%)

(%)

CK 1.623 -

2 1.181 -27.23
5 0.264 —83.73
7 0.138 -91.50
10 - -
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F 4 EEkKF-43-1 893 B A8t B EmE BN

Table 4 Field control effect of three treatments of strain KF-43-1 on cotton verticillium wilt.

b3 = LA 18 Wit 13
Processing mode Liaomian18 Xinhail3
UCACELE S Bk UCACELE S Bl
Diseases index Control effect (%) Diseases index Control effect (%)
X HR 67.50 - 62.50 -
Contrast
TR LA 24.64 63.49 30.03 51.95
Bacterial solution coating
EOWEAR 37.64 44.24 37.54 39.94
Centrifugal liquid coating
IR T it 55.20 18.22 42.54 31.93

Centrifugal liquid foliar spray

R5 K KF-43-1 BRI HR 18 RmiIFHR S =2 RBX LS

Table 5 Correlation analysis of disease index and yield traits of Liaomian18 treated with strain KF-43-1

SyE| HEE Ky T VAR
Item Boll weight Lint percentage Seed index Diseases index
AR 1

Boll weight

Ky 0.573 1

Lint percentage

T4 0.614 -0.265 1

Seed index

VSRR -0.724 0.144 —0.982* 1
Diseases index

*: P<0.05.

%6 HEiKk KF-43-1 RERFHIE 13 FIERB S HREXES R
Table 6 Correlation analysis of disease index and yield traits of Xinhail3 treated with strain KF-43-1

WiH R Koy T I i 46 4L
Item Boll weight Lint percentage Seed index Diseases index
AR 1

Boll weight

Ky 0.621 1

Lint percentage

TH 0.980* 0.563 1

Seed index

UCHIEIE S —0.991%** -0.511 —0.975* 1

Diseases index
*: P<0.05; **: P<0.01.

3 it B= T A= 2 A A% B0 2O SR AR A e K Y
IS A] o T B AR\ A AR 2R L 43 g

FRRERTAAE R —FIAE FHARFE P ZAFE M B sk th AR T8 RX2-2 36 /\ S BRI LA 4
RGBT, HRE ™ A 2R RAEVE T, 76 MIBITARCR . XURT T2 DA b 8 v a5 43 25 HH
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AW 15-5, ZHPRN KRR B e | BFIT 3R
SR B B R ROR | mT LA R A B
ERDRBRAL G ERR R PRI R B
RIA LG-9 Xf HH [R]RR A8 B 2205 10 410 1) S8R = i
49.07% . ASHFFE R A KF-43-1 X AR AL 51
FHRBE LA EN T 63.49%, HATIF LN
R IG A AL B 2200 A 0 TR 0 At o S AR B
U6 555 o3 i 41 4t 2R e ) TR TR iR R VR A
. AT AR GRS AR Be il e R T5 0%, itk
A UL TR TR TE 2 G R A8 — e I Rk

T R R AR R ] iR B — & L SR
BoR, BB PY 0 Y IR o R O R A
(Sreptomyces griseoaurantiacus) S16 X} 32 HR fif
R RAF R BIIARCR . 8 R S & B R A
i # Ak IRHB47 X Fusarium oxysporum .
Slerotium rolfsii, Botrytis cinerea, Pyricularia
oryzae % Z ik J5 LA HA W3 A RIRCR o o
e 2OV 43 B ) Y R R TR 1 TR K B R
(Sreptomyces albogriseolus) A2002 H A il
e o A B9 % e ) — PR TR K BE &R
(Sreptomyces albogriseolus) KF-43-1 X # £ it 25
TR V91 BNy 82.05%, KA H:
BABSEDT ). BRIKET Sreptomyces
albogriseolus B A AL BT 225 I BF9E AN 2 L,
PR AE B 220 B R a9l e, vl r &
Ry g (02 A L R AR ) AR 24 0 R AR B R s
THEYIBNG .

R KF-43-1 J&— RN A6 2 2205 B A%
BB, 52 H B SRR R 2R 5, &5
B AF H R FH A R BRI 10 D VR AR , [
A AT A Bl 700 B A 2 A TR R D4 o X A A
BRI BIAROCR , A% bk KF-43-1 Hrig
oA B AR AR R]BIIE ROR RS, R —
DU KF-43-1 1 A i B8 B il

4 Hik

ABFFERTBME KF-43-1 $E4THE SR 00 AL i
TR S o258 , BT bR KF-43-1 %556 0 K
K 4% 5 T (Sreptomyces albogriseolus) ; 1 i %I
R & LR AR KF-43-1 X5 A3 28 25 25 955 9% IR i
V991 HA BT MBI, XA AEAG 2200 [
ST89 1 fig i 2| — & MM Hil R 5 % BT Ak
KF-43-1 #4714 AR R RS, 45 R 30 itk
KF-43-1 oA, R B tL . ¥
KA HILLORIG M v RE R, A
B iR 4t R I RE ST 5 AR KF-43-1 7 pH 7.0
A K AR R AT, 78 pH 6.0 B A2 K 2 31| P Y
s FEFRVRIE A 2% IR— SR HAE K
Z FNIN I EA — 2 (TR SR 5 3 R 3 Fak
PR B, KF-43-1 Bl A e i 28
Joa IR 8 R U, TR TRIVE RN AR E A TR A
AP KF-43-1 fe7E L3 e 5l , XL
IR IR R T
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