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o B LEERS. ] FEREFEAFBRALE DD ; /3% 16SRNA LA FI LT AWK, A
AAF) IR, AR AL BAT A BB & Gk B E s, WZ '"H NMR. “C NMR #= DEPT (135°)
FAF o B E RS RATEME T, KRR ERE %ikﬁiziuﬂ'a/% MR EEME. [4%] &
SBINR2HRTERNAEDE, Kt P o BRS, &374%. ¥ 17THRFEZRFBRAA 4], DX78 &
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Clove endophyte Bacillus vallismortis DX78: isolation,
identification, and preliminary study of antimicrobial
components

FENG Yuhang, HOU Kaili, YANG Congjun*

Shandong Engineering Research Center for Environment Friendly Agricultural Pest Management, College of Plant
Health and Medicine, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: [Background] Endophytic microorganisms often produce the same, similar or novel
secondary metabolites as host plants. Clove has excellent antimicrobial activities, from which
the endophytic bacteria with strong antimicrobial effects could be isolated. [Objective] To
screen out clove endophytic bacteria against Ralstonia solanacearum and isolate active
components. [Methods] The antimicrobial endophytic bacteria were screened out by oxford-cup
tests and identified by 16S rRNA sequence analysis. The active components were isolated by
organic solvent extraction, silica-gel column chromatography, and preparative thin layer
chromatography, and identified by NMR. The inhibitory effects of the active component on
pathogens were determined by filtering paper method and mycelial growth rate method.
[Results] A total of 112 strains of endophytic bacteria were isolated, and most strains were obtained
from leaves, accounting for 37.4%. Seventeen strains showed inhibitory effect on R. solanacearum.
Among these strains, DX78 demonstrated the strongest activity and was identified as Bacillus
vallismortis. Dibutyl phthalate (DBP) was isolated from the fermentation broth of DX78. The
minimum inhibitory concentrations of DBP against R. solanacearum and Pseudomonas syringae
were 0.3 mg/disc and 0.25 mg/disc, respectively. Furthermore, DBP inhibited plant pathogenic
fungi, with the ECs( values of 3.751, 18.568, and 22.019 ug/mL against Glomerella cingulata,
Botrytis cinerea, and Valsa mali, respectively. With G. cingulata as the target fungus, the
inhibitory toxicity of tebuconazole was about 4.5 times that of DBP, and the inhibitory toxicity
of DBP was about 12.5 times that of carbendazim. [Conclusion] Clove harbors rich
antimicrobial endophytic bacteria, and DBP isolated from B. vallismortis DX78 has strong
inhibitory effect on G. cingulata, which is worthy of further study.

Keywords: clove endophytic bacteria; Bacillus vallismortis DX78; dibutyl phthalate; antimicrobial
activity
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TREESET 2 A BT KRB . 4
N KB NN E SN SR I Y S SR
BRI\ /INAZIREE A R L R 2 AR TR S 2 A R A
FLT IR A T AR T A AE T T A
Yrh, RhEMHAE, W RA R
A B IR G = S RO R BRI T E R
AT, Al A 5 Ay SR AR [R) A [ A
it

BT T AP, RN A
PR PR3 T A 2 A AR
AT LAJE A 28 A2 7 B Ry 7 B I IR T N
PR, o0 0 e 2 A T i T P T A PN A A
P, B ER N BIE PRy, DU N BT Kk el
A B E Bl

1 MR5r%

1.1 EYERNFERE

2021 4F 3-5 J1, T8 S X 2 5ok AR
THEMR. ZE L fE.

Z2959% T (Ral stonia solanacearum) . fiBEpk
15197993 I (Pseudomonas  syringae) . = S JE 2 T
(Valsa mali) , /N2 ZREEd I (Fusarium graminearum)
A6 1B T (Sclerotium rol fsii) | P8 JIK 5 JH 5 T4
(Colletorichum lagenerium) . & #ii JK %5 5 &
(Botrytis cinerea) . Bt 5 75 -5 I (Alternaria mali) |
SR 5 9 M A B (Glomerella cingulata) A1 /)N
7% 4> 1 (Gaeumannomyces graminis), 47
T B AR AP AR 252 S0 & AR AT
1.2 FEAFIFMUBRIEFE

AWNE. EAM. WA, Bs, E2%
AL A R 7 5 DNA filid21:05 & . DNA
HEpEEE R RN &, AR TAY TR ()
et AR w]; ANTPs, RARAEH L)
BHBRAF; Taq™ DNA ZHH, MBI AH;
fild 4 PU M £€ (iodonitrotetrazolium chloride, INT),

b e MR AE AR A R A s NON-Z B
P9t 1% (N,N-dimethylformamide, DMF), LB, K
ARG . Ak, S5, ZROBR. IE TR,
HEE, REmE TR TARAA; B2
Mkl (GF254), & Bl TARA R 6
TERERL(48-75 pm), INARE BHEFHFAT); ¥
JEJENTRERAR (GF254), 75 & FEMHEAG A AL T
AR A F ;R B A 4E & 44 (carboxymethyl
cellulose sodium, CMC), KEH B RILTA
BRA ] MR (97.5%), Jaibliti 2 Bk A BR
OSHly ZH R (97%), HERIIR 250 5 B A R

A=

&l

N HTAL, BOM SRR A R AR 1E
iR, bR A R A s fHR
B, BEMARFRIAIGERARAY; 2
TIReE AL, FEER R RBHE A A AR
WAL, Brucker A,

AN B A B8 55 3% 3 (nutrient agar
medium, NA) (g/L): 4FRH 5.0, &fkin 5.0,
FEHE 10.0, BUE 20.05 FREEA PRI
(nutrient broth, NB) (g/L): A& 5.0, FEfbiH
5.0, K 10.0; 4% 5 40 Bl B 77 2k
(potato dextrose agar medium, PDA) (g/L): 4%
% 200.0, A M 20.0, g 20.0,

1.3 TEREHES SHEK

W T AR S WK vhouk T, B
0.5 cmx0.5 cm 141, IKIKH 70% L BER T
B 60 5,3.5% NaClO 2L 4 min, 25 AR 5 min,
16 1 min, 70% BRI 30 s, JCRE7KIEPE 3 IR,
W o Jo — R VR RO IR T 3R PR |, 2-3d
JEWA W AR, RWHEEADIR, WEFA
o Bl 805 r A B K TR A /D 18 A g
WHbTER R, I AIE 7 0.85% NaCl il —&
WS o o BB A TE KB R 107",
107, 107 Al 107" ¥R EE I FR BRI 100 pL, ¥R
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AT NA PARERTE . #-FARE T 30 CCRRE ST
THEFE, BHME, REEA . BaPkEEYE .
KR L3k i s TR Lk 2-3 Ik aiftk . Aifk
T 4 °CORAET NA FHI |
14 AERARABERNHZERE/ER
M ZE

PRI —3 1.3 srEsaifb N AN, #Fh
A4 30 mL NB 1) 100 mL =3+, F 30 °C,
160 r/min &% 1d. KT 4 °C. 10 000 r/min
B0 10 min, FIEWZ 0.22 um 405 pE ST
UEAS R FEIR W o 7657 A IR A NA AR R TH
BRI TCE KA A, BFHE 1 min J5 mIARHOIIA
200 pL RBEUEM . T 30 °CHi3% 24 h, BUH AR
e, FHFH 2 mg/mL INT 7K 005 55 AR 1
NRZA G L O A, D49 1 B LA R/ N o
1.5 DX78 H#kN FEE

FH DNA il £ 157 £ $2 B DX78 TR bk AL [ 41
DNA, X 16S rRNA EHFEH 514 7F
(5'-CAGAGTTTGATCCTGGCT-3")F 1540R (5'-A
GGAGGTGATCCAGCCGCA-3")i4F PCR,PCR
WA Z (25 pL): DNA (50 ng/uL) 0.5 uL,
10xPFU ZE M (Mg™") 2.5 pL, b, FiEs|9
(10 umol/L)4% 0.5 pL, dNTPs (2.5 mmol/L) 1 pL,
Tag™ DNA £ % (5 U/uL) 0.2 uL, ddH,0 #h 2
25 uL, PCR RJWiZ5fF: 94°C 4 min; 94°C45s,
55°C 455,72 °C 60 s, 30 ¥ ; 72 °C 10 min,
PCR W4T 1.0%BE R BB HL Uk , 7F 1 DNA
TONE W e i i P20 G alife . R ABI3730XL
S R SOk gk Be it AT Y . FIA NCBI
| BLAST F2F#E1T 16S rRNA HE [K 51 AH 1
P 5E, H MEGA 6.0 i Kimura 2 2500 &
BRI B ERE K E R
1.6 DX78 Mk ABBRIERN N BESEE
1.6.1 AEGHANE X 5 ZEBUA 7 i i

R WA AR A, S, &

MR TR . IE THEEZEHL, SR AT“UBAR R 5 ME &
APUHEYE . BUEBUHE 200 uL 0T B4 6 mm
THEBE 1 SRELCH b, RRERET, K
YRR B TE & ZHRIR A1) NA P b, Pk
{58 TR FRH , 30 °CH55% 1d, 1] 2 mg/mL INT
KT TR 55 A T o AR 00 R P 3 A R
BRI, B WM 2 BUA
1.6.2 ABRINERSERSS

K4 DXT8 B R A W 50 L, %k
TR BRI AT WRAR o ARSI FEA
RESE L, T 40 cCHETHUN, PR A i |
Ai. LM ER. WEEFEIL, JlR e AR 1545 2
B . RAT)Z A0 A 5% 2 4 2 IO
P (R BAE T2 B SR, 3
A RUREVR FEFIRFRAR R, 4 s IS v 2 A
THEFRIA, I E ZIEIE R NA FE R,
{5 IR I I 50 3 35 W R AR B P AR R R
FRILWALIS , B SR MBS AR -4, 30 °C
Rege 1 do BUBREFEI, FH 2 mg/mL INT /KI5
W 2 AR K TH , AR PRGNS R . HAR RN,
1 7 2% 2R ORI 12 o
1.6.3 FHMBEREINERSBEIES5LETE

XoF i Pk 2 ORI AR A 24, A 1.8 g,
MU A I Bk A/ 20 R 2R (ARAR L4390
99:1. 95:5. 90:10. 80:20. 60:40). f7iifik/Z
iz g/ R (AR L 2350 60:40:2. 60:40:4
50:50:4. 40:60:4)BLBEPEML, W . & ish
#H 300 mL, %F 20 mL W&E—AME5 .

SEgIMEMAMEEEY A R, AL
WIS, FEXTA IS F2 TS HE
el 0.75% CMC /KW, Fo50 3 I BRI IR
SHEZ TR VAR R LG 3:1 RIS
2IAME, HiAR, #E 12 h, 110 °CiEfk
1h, THEHUES 1.5 cm 255825 2 mm AR
M, F2 o TAEIGR, SaERcHEsr . Mt
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TIE¥SERE LA, RV, RIFHEN,
T, WIR AL, AEHC. W4 .

%€ 'H. *C #1 DEPT (135°) NMR, J%f [
SCHR[12-13], 43 B A% PR A T 45 A S 0
1.7 FEMERSIEERNE
1.7.1 3395 R 40 & & /)0 IR B (MIC) T =E

SR RO 40K 1000 3 A o 3 e 2 9 T A
BRAGERR 59705 1 1 MICP,

1.7.2 HIHFEERERSHNE

SR FEAN ) DA 22 A 4K 3038 30 0 8 M Bl i
F 100 uL DMF, A 30 mL # /@i G PDA,
PR UL, PP IMIA 3 A~ B AR 6 om KA
BE SR LA il ity 88 F- Al . A 100 L DMF (1)
PDA X B o 72 A e 4R AR 0.4 em B,
FEF 28 CCHRMEREF7 o X R4 VK BRI B 5
MLEA 2/3 B, RT3 G # % B
1, UIHSEFEARGREE KN Wk AR
K (%)=(C-T)/(C-0.4)x100, F;ff: C JyxfIEH
% B8 (cm); T NALBEE Y% 45 (cm). R AW
XPEULRE B, SR EE H ECsoo
1.7.3  5RFEFAMFE A K

DL 1.7.2 52 %) DBP f U 5 20 E
FOBRTR , HOEOr B R S O . 2
RIHIEE ST, W E IR 1.7.2,

1.8 HFESH

FIFH IBM SPSS 20.0 B {4847 [|1 15434 Al

#JITHE; FIF Microsoft Excel #AER .

2 EREG5M

21 TEHEAREMHE

T F 45 B AL aifb 3] 112 Mg A4
W, A B o AR A T Y B A 22 BRI
R G ZE R, R BERR Y 5 R 42.0%
28.6% . 26.8%F1 2.7%, MIH 4B N AR A B Y
e Bl e (R 1),

2.2 ANEMEAEERNEZERE A H
ER

TEOTES I 112 ARINZETH, A 17 BRI KT
VRO IR TR R A TR AVE T o £55 10 o Pl
BT R 5 B AR /N, DX78 T Ak & T U v 31 e A
Fildscam, R EE M . B M(15.1£0.2) mm,
DA — 0 58 DXT78 BRI B (18 1),
2.3 DX78 &4k 16S rRNA EFEFFLEE

DX78 Hitk 16S rRNA LK JFH K 1 446 4
B3, K H 5 GenBank H VAT HNHEA 7 Ry AR

x1 SBMNTEALHAR

Table 1 Endophytic bacteria isolated from clove

Syringa oblata

iRz ¥ R ST WM S

Strain No. Plant Numbers Ratio in total
organs of strains strains (%)

DX (1-12, 31-55, - Leaf 47 41.9

100-109)

DX (13-27, 88-99, =& Stem 30 26.8

110-112)

DX (28-30) ## Root 3 2.7

DX (56-87) 1t Flower 32 28.6

1 MHZEFRENT EANEMEIFIE
Figure 1 Screening of clove endophytic bacteria
against Ralstonia solanacearum.
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PELLER, P RS R B (K 2). MRIELRGTTF
gy PANVEEE . BEALVCEL A TR . KT
SIKIIRE, %5E DXT78 Wbk NAEA 2 AT
(Bacillus vallismortis), H7rHE K b iy & k5
y OP175933.
2.4 DX78 E kA EE®& P INEE K S
DX78 BAMRAE BENRIR o 3 ATk . S5
LR . BT EEAEHL, UEAR R 1200 5 &5 25 U
Xof I A A T R /N3 3112 0., 0. (9.040.2)
(9.0+0.3) mm. FER|KEHEPUS RS ,
VEPE TR TR A M TG P o0 1 ZE B 51
DX78 WPk &I LI 50 L £ RO BEF
OYHEB, AR 112 go X LMR RS A BUH
HWEAY A B, YA e S A U
AT S Tk 2 SO o X6F A 9ol ik 4 BB ek e A 23
SE, BIFARE] 3 IR, A BIRIRE A

89
27

57

74

91

56

DX78 (OP175933)

60

AR WA F1 (163.6 mg). 5 (5 BRIMAR K
& F2 (106.2 mg) . #itE ERBORE A F3 (51.4 mg).
F2 i — 20 2 45 W2 00 B A 2E Ak & W F2-1
(32.7 mg), MIRBEIHPIRIE A

k&Y F2-1 CAS: 84-74-2; 'H NMR
(500 MHz, CDCl;) d: 7.71 (dd, J=2.9, 1.5 Hz,
2H),7.53 (dd, J=2.8, 1.8 Hz, 2H),4.30 (t, J=7.5 Hz,
4H), 1.72 (m, 4H), 1.44 (m, 4H), 0.95 (t, J=7.5 Hz,
6H); "*C NMR (126 MHz, CDCl3) d: 167.84,
132.44, 131.04, 128.96, 65.70, 30.70, 19.32,
13.87; ##& DEPT (135°), & (65.70, 30.70 Al
19.32)N—CH, {55, 6 (167.84, 132.44) W Z=THhA5
2.9 (131.04, 128.96)8—-CH {55, 613.87 H
—CH3 55 . FREdR4s & SCHR[12-13 14k iE , FlE
% F2-1 HARZK W R — T HR(dibutyl phthalate,
DBP), Z5HUE 3 iR,

Bacillus subtilis strain FR1 (AB862127.1)
Bacillus tequilensis strain KCTC 13622(T) (MWO009674.1)
Bacillus subtilis strain MONG6 16S (MG833866.1)
Bacillus subtilis strain NB-01 (MF616407.1)

Bacillus subtilis strain GXNN20210425 (MZ461596.1)
Bacillus sp. strain Lewis Bac4 (MH329932.1)

Bacillus tequilensis strain RW12 (MH715223.1)

62 Bacillus vallismortis strain Lewis Bac 18 (MH329945.1)

[ —

0.000 5

B 2 DX78 Btk 16S rRNA EF L HIESFINARFZELBE XE

Bacillus subtilis strain JC43 (MW486968.1)

Bacillus subtilis strain OTG009 (MN305772.1)

$55 NEUE A W R TE GenBank HH % 5

T SO BRCTOREE 1000 K F R BRI 0.000 5 0 AZ IR B R

Figure 2 Phylogenetic relationship of 16S rRNA gene and its neighbor sequence of DX78. Numbers in
parentheses are GenBank accession numbers; Numbers at the nodes indicate the level of bootstrap values
based on 1 000 replications; The scale bar indicates 0.000 5 substitutions per nucleotide position.
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N

O O

3 PE_HBR_TERLFEN
Figure 3 Chemical structure of DBP.

25 PXR_HEBRZTERINEER
2.5.1 DBP ¥i®/RME Y MIC
CUELR M E DBP X Z9E0 T ARk
5979 I MIC 437124 0.3 mg/disc F10.25 mg/disc,
YR —E MR 4). HB500 R R
AH X FAVE IR 55, 5% R 1E 0.03 mg/disc B
XF bR 2 A0 D 4 T A R R ELARATS 43 s #
(15.0+£0.1) mm F1(13.8+0.3) mm,
2,52 DBP MiRFEEEBINGIE N
DBP X 8 Ffr A M Jit I B 1) 410 o B 3 0 o
F, AR TR] B X DBP A SUSEAEFE K25 5% .
DBP X3 5 pie JE Ao B 4 i 85 75 K, ECso
AL K 3.751 pg/mL; DBP X i K E e i« %
TR TR LA A, X ) ECso 1

16
W Ralstonia solanacearum

141 O Pseudomonas syringae

—
(3]
T

=)
:

(=)
T

Inhibition zone (mm)
oo

=S
T

L4354 18.568 pg/mL F1 22.019 pg/mL; DBP
XoF /N A A iU T R AE B 25, ECso A
891.644 png/mL, 5% 3 5 JE Rl s 1 100 i 75
JIMZEZ) 240 £5(3% 2, K 5),
2.53 DBP 5@ MFAEFI M ERKEMNHFEE
B HDHI 5 7 bh AR

SPE SR B JEL MR T 6 DBP AR FHAUER, T I
MR | 2 TRT 28 X S L I A TR A ] ECso
3594 0.840 pg/mL F1 47.524 pg/mL (3% 3). 1%
MR 240k DBP I IR 4.5 4%,
DBP il 5 1290 Z B R 10 12.5 £,
DBP X 3 5 5 S0 v A 97 BT 17 410 1l B ) L 55 T
PR (HAHZ AT BN, HAE ECs U N
3.571 ng/mL, HANGIF: S msm T 1SR W 2
R

3 W54 #®

Moo AR 2 %ok NIt BRI A 25 2 et AE
WEEE R, 2K C &0 1 8™y
AL, LAl il A e 251
ek W R R, Sl B IR R B A AT
PRl . A S TEAYI AR | AT LR

0 0.10 020 025 030 040 050 075 1.00 125 1.50 1.75 2.00

DBP (mg/disc)

4 DBP *f % JR 40 & 89 MIC I E

Figure 4 MIC determination of DBP against two pathogenic bacteria.
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F2 WEZHBER_TENSHMFFEEENINGIEN
Inhibitory toxicity of DBP against eight pathogenic fungi

Table 2

9 Do T B HXZEE  ECs ECso [ 95% B {5 R

Pathogens Regression equation r (pg/mL) 95% confidence interval (pg/mL)
SEIR RS T Valsa mali 1.523%+2.955 0.961 22.019  17.567-26.617

/NG FR IR T Fusarium graminearum 0.963x+2.505 0.954 389.511 218.741-1172.371

A BRI Sclerotium rolfsii 1.085x+2.436 0.981 231.188  160.642—405.098

PG ) 5 9E 9 I Colletorichum lagenerium — 1.090x+2.902 0.942 83.993  64.584-199.556

F K E2 14 Botrytis cinerea 0.971x+3.768 0.980 18.568  14.014-27.051
SESRBE S P 5 # Alternaria mali 0.863%+3.238 0.970 110.091 77.213-184.201
W R Glomerellacingulata  1.215x+4.303 0.944 3.751 2.460-5.421

/NFE AR B Gaeumannomyces graminis  0.840x+2.521 0.945 891.644 369.714—6 693.665

Wi, HEAEAHANEH . ERPLEME . A S
VA ST . B IR AR 4003 I i RE A )
EREE S RGPS A A T
PRI, KRN AT 5 S BOA R
B A, DR AR PN A T R O e B B TR
T A i ) R

& 5 DBP X3 Rk EMHhH & A6 5 71 E
A: ZSHXTHE. B: DMF YR8, C-1: 435I3&R DBP
JE40.625, 1.25, 2.5, 5.0, 10.0, 20.0 F1 40.0 pg/mL

Figure 5 Determination of the inhibitory toxicity
of DBP against Glomerella cingulate. A: Blank control.
B: DMF control. C-I: DBP concentration was 0.625,
1.25, 2.5, 5.0, 10.0, 20.0 and 40.0 pg/mL, respectively.

R, THRNARBRILFES . RN
FTHEMR, ZE. b s 4022 BRINAEER,
e 361k, BT SAH AR 17T AME,
Horp th 2 8 (Aspergil lus) A1 4 1 J& (Fusarium) y
P JE"™, Adelina F N T &AL 4 BIE] 5 HRIN
AL, A5 RS DT A AR A BR A (Sreprococcus
mutans) Fl 7 i)l 1) ik B i & (Por phyromonas
gingivalis) A& i, HH IFBC-01 B #k i M i
s, XURH GRS R T &AL . W R Fnnt o 4y
BE) 9 PN A AnTE, Horp 5 R 22 GV,
FLAE 1 FHERTE A 4 Rk 4 R 2= IR
YINkE, WK 4 R EEPY, Dwimartina
GENTHFMR . ZE. LT 23] 46 PR A 20
P, i 24 BRER P AEWINE 2R, 23 BRXT T R
[ Ralstonia syzygii subsp. syzygii H-# 1 /E
P, 3K LR 0 Rl B 2F AT TR R 2 A A
B2, Sepriana % T A2 HR 4 5 ) 29 BRI
AT, Hrhoo PREEID IR 4 6 A A Bk A
(Saphylococcus aureus), 3 BRI il 4 & €0 4 BR
PR T REBRTAT , 48 3 W] 3 2 EL A ) 0
() P A 2 T i P A R 2 AR AT TR R A T A 2
#1414 (Bacillus amyl oliquefasiens)®? . A fff 57 4t
SYESE) 12 BRNAEANT, 17 BRAT 2N R 2 A
ARBREIRER . ATUE S, THEES
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%3 DBP SEMRENNERREMFERINE SN

Table 3 Inhibitory toxicity of DBP and two fungicides against Glomerella cingulata
Compounds VbR FXRE ECso ECso M 95% {7 bR
Regression equation (pg/mL) 95% confidence interval (pg/mL)
2B " HIR — T 18 Dibutyl phthalate  1.215x+4.303 0.944 3.751 2.460-5.421
%M Tebuconazole 1.007x+5.076 0.995 0.840 0.659-1.103
Z W R Carbendazim 3.038x+0.032 0.992 43.222 39.572-47.637

FEFEFENNARE, MREEES. S5
Pl R /N R 400 TR B3 A R B, AR T A B
DX78 BRI B 1E F fcift , 285808 WIE T4 28100
¥ (Bacillus vallismortis).,
AR A TG MBS, MIET- A 251l
B R T 43 25 %) DBP, X2 E . Btk
BZE R MIC 2351124 0.3 mg/disc. 0.25 mg/disc,
DBP Xf 9 ot 240 G A1 il A P45 o Bk — 2500
DBP X 8 Filv e B M Jir B B A il 2 7 B
DBP X355 IH At R LR I R, ECso
fUH 3.75 pg/mL, XFSESEEEER . oK
I R LA B P, ECso 4058 22.02 pg/mL
F1 18.57 pg/mL. 5 W EEF1 2 18 7 AH [, DBP
Xof 32 SR i SEL IRt A A A 5 5 0 55 T e e
HZE®RTEZHR, Mkl A N2ZHERAD
12.5 £, FFREESIW K., DBP EFEFH . KR
MM IR G Y h 2o B .
Streptomyces nasri submutant H35 & B H 4
2t DBP, X 2% PG BH P TR 4 vt A 2 3K 1
Wi ZE AT I . BOIRZFAAT IR . 2B I A
A GRS B ITE 300 pg/mL DLk
XA 22 IR BAE B K IGAF TR, DL SR e b . A
b 2 B ARG HE S AR & AR R s R
Jit 2 B Sreptomyces sp. PRh5 il FRo2 4 & T
X Z2 i 240 TR A AR Y s T L TR e BHAS [ 410 ) 4R
F, IR¥ N A v P i 4y 5 51) DBPR Y,
AT 5 P A= 40 T I R 45 R Bl T 14 (Aci netobacter
calcoaceticus) KMB-32 Hi 43 4lifk 31| DBP H:illl

SE R X 4 0 T 4 BR A AT A5 1 B A
500 pg/mL 454 T %H 47.52%, DBP #£
A AR Py b O B 2 sy B AR B, XA
(i) ot B ) A0 ) 9 P 2 e ., PR A A
T J& DBP B 6 M 0 ik, 5 000 AT B 5 30T U
B, IEMNASHFFE % B DBP X 3 5 A i A 1)
SEAMENTEPE, DBP X 3 55 0 Al 14 14 1
PLERE A5 3 — 20052 .
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