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HIGE 2 200 (SRS IEEIRIR ~ 200 EHifE L Tcbd3 SFIRE A - MEEVK SORIRNINEE 5 Tl -
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s B A A 5 B2 101 25 8 (Winpact FS-06)#4ff 7L 7 Tcbd3 HkEEEARK @ 2B RiR 2
e 5x108 cfu/mL o KTl iR EUEE 1L 1% - B EDE NESERH Tt i PR B2 2
s e SE TR R A M R O TR AR B B A B P LAY T 0 VTR DL (Agilent
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Fr31]» BLH A Bacillus spp. 751 HETT 45 14 53 M7 - 16S-rRN AL [ 7 1 ¥ G Aah iR B 40 [8 — > Teb43
BRI E BB, subtilis, B. amyloliquefaciens, B. vallismortis#{TE 5 » #—25 23 HTgyrB gene
& [E PR & R E 208 = » Tcb43 8B amyloliquefaciens Fy[El—FF » MHAEE100% > FHEA |
G AT o R E T cbA3 TR Ko A LU 2F AR I8 Bacillus amyloliquefaciens °
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Ba-BPDI1

—  FEGTANE Teb43 BPR(ZE) b i B Lk S fUAR & Ba-BPD1(F) 2t NA Bk EEEIPRE
EEES -

Fig. 1. Comparison of colony morphology of antagonistic bacteria Tcb43 strain (left) and commercially
microbial agent B. amyloliquefaciens strain Ba-BPD1. (right)
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on [ Bacillus subtilis subsp. spizizenii BCRC 17366 (EF433402)
N Bacillus subtilis subsp. subtilis BCRC 171237 (NR _116017)
77} Bacillus vallismortis BCRC 17183T (EF433404)
%, LBacillus amyloliquefaciens BCRC 11601T (NR _116022)
Teb 43
101U Bacillus atrophaeus BCRC 171237 (EF433409)
Bacillus licheniformis BCRC 117027 (NR 116023)
0L Bacillus sonorensis BCRC 174167 (EF433411)
Bacillus thuringiensis ATCC 107927 (NR 114581)
oot Bacillus cereus ATCC 145791 (AE016877)
Bacillus mycoides DSM 2048 (ACMU01000002)
Escherichia coli ATCC 117757 (X80725)

—
0.020

& ~ LA 168 rRNA 31 #£1T Neighbour-joining J#H{ b4 7747 Tebd3 B Bacillus a4l [H. 2 ¥4 1%:
o FI[FH MEGA7 #kEa Ll maximum-composite-likelihood FE4H #: { TELRIEE %% Bacillus [EANE
16S rRNA 51 2 $1 4 VLS » Escherichia coli ATCC 11775" E#E By Hr (s 2 SMEERE »
75 RA(0.020)F & BRI AR Bk A% EF R AU -

Fig. 2. Neighbour-joining phylogenetic tree of 16S rRNA gene sequences showing the relationships
between strain Tcb 43 (bold) and other Bacillus species. A phylogenic tree was constructed in
MEGA7 by deriving from the maximum-composite-likelihood model. Bootstrap percentages
(>50 %) are shown on the nodes in 1000 replicates. The sequences of Escherichia coli ATCC
11775"(X80725) was used as an outgroup. The bar (0.020) at the bottom represents the number
of nucleotide substitutions per site.
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1oo— Teb 43

61 — Bacillus amyloliquefaciens BCRC 11601T (DQ309294)

— Bacillus vallismortis BCRC 17183T (DQ309298)

66 | 100 { Bacillus subtilis subsp. subtilis BCRC 171237 (DQ309293)
75

Bacillus subtilis subsp. spizizenii BCRC 17366T (DQ309299)

= Bacillus atrophaeus BCRC 171237 (DQ309296)
Bacillus licheniformis BCRC 117027 (DQ309300)
10l Bacillus sonorensis BCRC 174167 (EF433411)
— Bacillus cereus ATCC 145797 (AE016877)
100 Bacillus mycoides DSM 2048T (CM000742)
Escherichia coli ATCC 11775T (NZ_CP033092)
G50

& =LA gyrB FE51#E1T Neighbour-joining {853 H7 Teb 43 Bi& Bacillus B4 > R4 M - FF MEGA7
#i A& L maximum-composite-likelihood 154H #:7 T ELNEE T %% Bacillus BANE gvrB FFH 2 B4k b -
Escherichia coli ATCC 11775" it Ry o3 Mo .2 SNEETE © T 057 RUBR(0.050) Fe s & BRI HIE i B 2 1%
FFEEHLAEL -

Fig, 3. Neighbour-joining phylogenetic tree of gyrB gene sequences showing the relationships between strain Tcb
43 (bold) and other Bacillus species. A phylogenic tree was constructed in MEGA7 by deriving from the
maximum-composite-likelihood model. Bootstrap percentages (>50 %) are shown on the nodes in 1000
replicates. The sequences of Escherichia coli ATCC 117757 (NZ_CP033092) was used as an outgroup. The

bar (0.050) at the bottom represents the number of nucleotide substitutions per site.

=~ SHEYIE R Teb43 INRESS IR I EAEIRE A4
(PR R 2R 53 AR RE T AE
SERE PR TCb43 AR ETT Ry ~ FEE ~ SR ELE o iRRE DM - RS Bl
iR  BEEKRELEY  WEUAZE D - 45 REURTcb43E R B A 77 bt
VURE RSy Z BE ST > A BB CE BB EREUE - T Tebd3E R BB ENFR
— o ek BEE - SR NELE 2 RERES R R4.79 ~ 0.94 ~ 16.15815.75
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&0 ~ Tcbd3 R ARIEZRAESI0T - FEEIN(A) Bl ~ (B) AEE ~ (O Z K(D)YE B E A3
Bk L2 RIE(LEIR o Tebd3 BESMNEZE B o i LiE -

Fig. 4. The evaluation of Tcb43 strain enzyme hydrolysis activity using a different selective medium, (A)
amylase, (B) lipase, (C) cellulase, and (D)protease. The outer limit of the zone with Tcb43
bacterial colony indicate the hydrolysis clearance zone.

Fe— ~ Tebd3 BEPRMIE 4 Tl /3Rl RAE 1.2 ST EUE SR

Table 1. The average dimeters of 4 enzyme hydrolysis zone test of Tcb43 strains

Strain Amylase Lipase Cellulose Protease
Teb43 4.79' 0.94 16.14 5.75
Control —2 — — —

'Re= diameter of the reaction zone-diameter of Tcb43 colony / diameter of Tcb43 colony.
2 ~—7 indicated no hydrolysis zone production.

(PP E RDUR B HE

FIFH B 2 AP Teb43 B bR - BTREMEYIR IR S - BN REWE ~ SIEBEH
B~ SN R ~ SHNZEARE - BSERE R R BRI 79 e e e W 97
BT PAREDTHE » &5 RBURTeba3HRENIE0R R F 39 IS E 4 2 s J1(B 1) - KR
HENEEER - Teh3EIRE TR R B & 2 ARG IHIRE60% L E(R ) -
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[ 71 ~ Teb43 EREA FEEY R B TR 2 RS TURES - B0 (A)SASIER « (B)EHIAESHE -
(OFNEAEE ~ (DYEHNZFIR ~ (BYERIUSIE S ~ (F) A8 I SEREARIE 7 K (G) e & e B3

B4R 2E RANAIEER -

Dual culture of inhibitory activity for Tcb43 strain against 6 distinct plant pathogenic fungi. (A)

Colletotrichum lagenarium, (B) Corynespora cassiicola, (C) Stagonosporopsis cucurbitacearum,

(D) Fusarium oxysporum f. sp. cucumerinum, (E) Colletotrichum acutatum, (F) Monosporascus

cannonballus and (G) C. gloeosporioides. The result showed Tcb43 strain could effectively
inhibited the growth of pathogenic fungi mycelium.

Fig. 5.
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Table 2. Inhibitory activity of against mycelial growth by Tcb43 strain on 7 plant pathogenic fungi in
dual culture assay

Pathogens Mycelium growth inhibition (%)"
Colletotrichum lagenarium 74.90+0.59
Corynespora cassiicola 69.10+1.39
Stagonosporopsis cucurbitacearum 80.30+1.05
Fusarium oxysporum f. sp. cucumerinum 64.50+0.84
Colletotrichum acutatum 75.00+0.99
Monosporascus cannonballus 63.70+1.21
C. gloeosporioides 78.00+0.25

! Inhibition rate (%)= ( (Diameter of treatment mycelial growth - diameter of control mycelial growth) / diameter of
control mycelial growth J x100%.

=~ Teb43 EHREERIN ~ BRIV EHBIS BMHRE 2 £ 187 35 5 HIHNAI

ZCEH48 hri® - SN A 7 T 2P R AR = RIRIIEERE £519.0% » LA
7K L2007 #i B 2 Teb43 38 [ 1% & KL% o7 il £522.0%8218.33% » BURHEHIHIRCR © A
Tcb43 B FE2004% 7 FE 55 1 i 91 5 FRTcb43 5 38 2 200 7 6 28 I 2 i > WA FE R 3 > 73 A= 1
BIFRI50.33% - BLH B RREER B A B 5 {IF2RE#98.25% » Al ARHIHIE K Bk
I B A AR AT 2 2R (181 X)) » &1 I R B 2 G SR A 22 VU » SRS i B (Blank) 38 2 %2 £514.25% »
IO AR 7K (water control))EE200{Z#5F8 2 Teb43 35 B i d 5L 7 T T35 23R 1520.25%5112.5% »
PRI 5 M Teb4 3 TR IR 20015 7 8 45 1 1 B2 25 BR T cb43 R S 2 20015 i Fe 2 B 28 Rk
I3 AT R R A R 2.0%814.25% - BB R B B A B AR MR 93 12 85.96%
J270.18% B/ 2 TebAd3 B g S Ho a8 I 7 vl A RN B i B 2 7 AR 3 2R (8 ) -
BEAh - B E B B 2 o AR AR I S5 SR A0 2R T RIRNEE BE (Blank) 3 27 22 1%60.67% »
IO 7K (water control) 2 Fil -85 5 22 F543.33% » {2 £528.57% ; Tebd3 &g E i 2 1Y
T HFERT528.0% » HIHIZ 1553.85% 5 Teb43EPR200 45 FifE 45 I i B 5 FR Teb43 T g 2 20015
R IER » A TSRS E3.67%H17.33% » BIH T EH B FEEEZR » E
HNHIZE 7 B#E£93.96% 2 87.91% < B/~ Tebd3 B 88 S Ho 45 B K mT A R il G 5 2 E 8 i B
Z o AR () -
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Table 3. Evaluation of antagonist Tcb43 strain treatment on the conidia germination of Podosphaera
xanthii from cucumber

Treatment Germination rate (%) Inhibition rate (%)"
Tcb43 fermentation broth 200- folds 0.33 ¢ 98.25
Filtrate of Tcb43 fermentation 200-folds 0.33¢ 98.25
xzdiﬁliu?itfer fermentation 1833 b 151
Control (water) 22.00a -15.79
Blank (without water) 19.00 ab --

! Inhibition rate = [1- (germination rate of treatment/ germination rate of CK)] x 100
% Statistical analysis by LSD (p < 0.05) was applied to compare the disease severity between each treatment.

[l 75~ L Tebd3 EifR 200 fE35HR(A) ~ 200 (53 BEREIER(B) ~ U EIR(C) KA E /K (D)HEH
TR R 7 A A T3 S R A

Fig. 6. Inhibitory assay on conidia germination inhibition test by using Tcb43 200 folds dilution of
fermentation broth (A), filtrate of 200 folds dilution fermentation broth (B), culture broth (C) and
sterile water (D) to cucumber powdery mildew.
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Table 4. Evaluation the antagonist Tcb43 strain treatment on the conidia germination of Podosphaera
xanthii from melon

Treatment Germination rate (%)  Inhibition rate (%)’
Tcb43 fermentation broth 200-times 2.00¢? 85.96
Filtrate of Tcb43 fermentation 200-folds 4.25¢ 70.18
Medium of Tcb43 12.50b 12.28
Water control 20.25a -42.11
Blank 14.25 ab --

! Inhibition rate = [1- (germination rate of treatment/ germination rate of CK)] x 100

% Statistical analysis by LSD (p < 0.05) was applied to compare the disease severity between each treatment.

[ ~ I Teb43 Bk 200 {H55HEK(A) ~ 200 1ﬁ§'*ﬁ%?§iﬂ}bﬂ§(3) SRS EIR(C) R 7K (D)
TR R 0 A F TS 2 AR s

Fig. 7. Inhibitory assay on conidia germination inhibition test by using Tcb43 200 folds dilution of
fermentation broth (A), 200 times fermentation broth filtrate (B), pure culture broth (C) and
sterile water (D) to melon powdery mildew.
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Table 5. Evaluation the antagonist Tcb43 strain treatment on the conidia germination of Erysiphe pisi
from sweet pea

Treatment Germination rate (%) Inhibition rate (%)"
Tcb43 fermentation broth 200-times 3.67d° 93.96
Filtrate of Tcb43 fermentation 200-folds 733 ¢ 87.91
Medium of Tcb43 28.00b 53.85
Water control 4333 a 28.57
Blank 60.67 ab --

! Inhibition rate = [1- (germination rate of treatment/ germination rate of CK)] x 100

2 Statistical analysis by LSD (p < 0.05) was applied to compare the disease severity between each treatment.

[/~ I Tebd3 Bk 200 fE35HR(A) ~ 200 (53 BB IER(B) ~ SUETEIR(C) KA /K (D)
B 5. I 0 A A TR SR AR AR Bt R,

Fig. 8. Inhibitory assay on conidia germination inhibition test by using Tcb43 200 folds dilution of
fermentation broth (A), 200 times broth filtrate (B), pure (C) culture broth and (D) sterile water
to sweet pea powdery mildew.
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s Tebd3 EMEENEME REZEMAIT

SRR B E T E LS AEYE > TTHlHERAE S EEE R WINPT aRET
BHHRAKNBEBE > ERrEEANFMEREE - REOZXHE FEBREEKS (cyclic
lipopeptides) —ZAEHY) » Ko 2F fAR B 8 4 B B S BAWT 9T i 2 2 HLAEYE - BLAEYE FEHL
HANAEEEEEREERRE - 48) - ZBR4EE - 28BS > RABRMERERE - Z2H
TR R A [E - Hp ZBEEREEEHLE L - ZEE R HRHIREE » Hik > &
SER TR 2 2B 1T 25 HY - HIEl4S SRR > Tebd3 88 Bk 3 AW E S HIEE I IE -
i [ 5 o B R [E LA > Teb4347 517728.85 min (C14) ~ 9.11 min (C15)%9.59 min (C16)EH
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The Study on Antagonistic Bacteria Tcb43:
Identification, Antimicrobial Spectrum and
Antibiotic Assay '

Chien-Chih Kuo, Shih-Chieh Chang and Chung-Ta Liao >

ABSTRACT

In this study, we isolated and screening the beneficial microorganism Tcb43 strain
from the soil of the organic field. The Tcb43 strain was identified as Bacillus
amyloliquefaciens based on molecular analysis and its colony shape was different from
other commercially B. amyloliquefaciens strain. Determined by culture medium, Tcb43
strain has the activity of 4 degrading enzymes such as starch, lipid, cellulose and protein.
The results of antagonism analysis showed that Tcb43 strain has excellent ability against
Colletotrichum lagenarium, C. capsici, C. gloeosporioides, Corynespora cassiicola,
Stagonosporopsis cucurbitacearum, Fusarium oxysporum f. sp. cucumerinum, and
Monosporascus cannonballus. In addition, use the Tcb43 200x dilutions fermentation
broth can inhibit the germination of conidia of powdery mildew, including cucumber,
melon and sweet pea. The inhibition rates could reach 98.25%, 85.96% and 93.96%
respectively. Analysis of Tcb43 fermentation broth components, the results showed there
are antibiotic producing which included iturin A, surfactin and fengycin antibiotic and
other isomers. The results showed that the Tcb43 strain has the ability to inhibit

pathogenic fungi and also the potential to develop into microbial agent.

Key words: Bacillus sp., antibiotic, biopesticide
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