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ABSTRACT: A Gram-positive, rod-shaped bacteria named DY5S was isolated from a peat sample collected from
Daeam mountain in Korea. The culture filtrate of the bacterial isolate DYS showed a broad spectrum of antifungal
activity on various crop pathogenic fungi such as Trichoderma koningii, Fusarium oxysporum, Colletotrichum
gloeosporioides, Sclerotinia sclerotiorum, Rhizoctonia solani AG-1(IA) For the identification of the DYS, morpho-
logical, biochemical, API 50 CHB test, analysis of fatty acid and molecular phylogenetic approaches were per-
formed. The DYS was found to be a member of the genus Paenibacillus on the basis of morphological and
biochemical analysis. The 16S rRNA of DYS5 showed high similarity(98%) with Paenibacillus polymyxa. On the basis
of these results, the DYS was identified as Paenibacillus polymyxa. Antifungal substance of the DYS would be mild
alkaline proteine molecule. The DYS seems to have a great potential to be a biocontrol agent against various crop

pathogens.

KEYWORDS: Antifungal substance, Biocontrol agent, Crop pathogens, Paenibacillus polymyxa, 16S rRNA

S AL S R AES 918 SIS Aol
BAAES vEst A 3R/ B A Fol Huie &
e zHYsh= HEFHE aHom WAE=
Aatad s Q18 vl TeEith @A SRS R
theFet WaEsl WAE frI18sker Azt 7F vebeick
5=50] kel 5, 2008; Wheeler, 2002).

5 AREHL I Ede 2 f71Ud4t
esterZl], carbamate”], pyrethroidAl, 94 Al 5718433+
EEolth. AAFSR oldt frIdEere]l tEeR
AME-ElO] Aggito] dA8] FoE Yo, AUA|A| E-8-3t
of 1 #s)| w3k AZbsithe] &, 2008; Takama, 2008).
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ol& WAE] gk A=A HAIEe] HAF AskE L Atk
(Bale et al., 2008; Hiroshi, 1996).

gk 2o o, AEiA Y, RS Qg e
A, Azl 2 259 ol A7 A7 AL ik 58] 2,
4, 5 - Trichlorophenoxy acetic acids= 387, aldrin, chlodane,
lindane &2 154 &tolu} 7L lo] e B
295§ (Casida, 2009; Hiroshi, 1995), 2Fe] &
717k AHgo 2 gtet Al AGAHS e dlE=
57331 2™ (Bravo and Soberon, 2008), 71944 2 7]
7 {715 A BI5S welske 944
PHlRRRA@ TR 4850 4248 BAZ op)
332 dtk(Bretveld et al., 2006).
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o83l FAAES FE3] Yt N7 vhHo g sy
Z3= o|BE A A EFE Y, A2 WA, A&

WAAR o] &5e nAE sof 52 /ided g d77}

=8 %] th(Bai and Shaner, 2004; Montesinos, 2003).
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sl AAAlN ARslso]l B SR 3o
WUAS e YR EE o)So] A IAE
AL olgstElt ARA YA F A7t A&HoE
o] Fox] 3L tk(©] &, 2008; Fravel, 2005).

HAE ASARE 25 virus?] Baculovirus(Cheng and
Lynn, 2009), Al<-(Bacillus thuringiensis: BT)2] AT 2 (4
5, 2007; & &, 2004; ©] 5, 2006; Rosas-Garcia, 2009), 7!
o (Fernandes and Bittencourt, 2008; Lacey and Shapiro-
Ilan, 2008) ¥ FZ3st=(d &, 2004; Holder and Keyhani,
2005; Vu ef al., 2008) 52 o183+ AEZ] WAl Fet A
7F RgEQen, Mg ol&d EFTY A
(Jegathambigai et al., 2008), 55714 WS o|&3t 2154
BT Flare] AR, 1994)9F WALl & e F 3 Al
4 E@e] @A (Gilardoni er al., 2007; Quang et al.,
2006) ol tall A=At

AEEFe A4 548 seHEA ] oF 1%E HfdtL
A TH(Fravel, 2005). 73 2 X353 2E 23717 (European
and Mediterranean Plant Protection Organization (EPPO))<]
2008 137421 Standards on Safe use of Biological Control -
PM 6/3(3) - Version 2008, List of biological control agents
widely used in the EPPO region®ll 2|3 2008 AlHo2
oF 100%5-2] AEFo] FESE Ho] B3l WAl =
How FHPAIGNAM ] AR-EH AL ATHEPPO, 2009).

AR R o gl rEse AA9 7% FEY
EdSE 21 T, A Sl A TS woern=,
ag Ao $o] g Ede] Zjolrt Avkal deA Utk
wEhA] vl 719 ESSEl she AEEore] i
o] M43 Fasitt. H2 dF o5 Azt 55
AE7IdE0] Felvet AxgAlel AUzl 53858 A
shal, AXafrd BAS dorle ARIZE BeH, ol2ld
FgelA -2 A v dxree] gRe ne T4
afth. 2 AolMe =l 7150k el Adtela mAE
FUOE AT F e MRS F IFED WA TE
At BRI oH, AZe A EEGe 2 e 7k
goll gk 71248 S SEskaAt s

Frrell 9113ttt 85 oA Aol 2 B

g AAste, 9ad A
OFAFEO R 2~50m ol EE °F 50~100g AFH AT
ANFE EFS Hatd HdEAe] ¥o] Iee boxol| Bt
AREE 7 4 W BaAA JHEES ALehe
#FE 7] 9 AAAERE AT

2 HHX|
2|¥ Paenibacillus polymyxa DY52] &84
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Table 1. Fungi tested in this study

Isolate No. Fungi

KACC40779 Trichoderma koningii
KACC40896 Colleototrichum gloeosporioides
KACC40037 Fusarium oxysporium
KACC40457 Sclerotinia sclerotiorum
KACC40101 Rhizoctonia solani AG-1(1A)

< Yotry] 95t FHEsHASTANA T 559
A5 YPFS AIdF2 ARSI TH(Table 1).

Aol AHga WA= #F BEIXZ Nutrint agar(NA),
Potato dextrose agar(PDA) WIX & AM8-31%3L, Add55
E2lsk7] 9t miAZ Al 2] (Selestive media)ys AHE-
st om, M2l 5 8 wiXZ Nutrint broth(NB), Brain
heart infusion(BHI), Muller hinton(MH) ¥JA| &, Z#9] &
& ¥R Z Potato dextrose broth(PDB) B <] S AR8-51S T},

ygEFO &4 £22|
ANHAST EY 1g8 FASHT 9mlol] F32 3027+ 150 pm
o= wyksle] AL AFS 80°CAlA 10 w7 EAE 313
o} o] &S 1,000 ¥i= 3A7E T, 314 0.1 mbe A
4 pg/ml penicillin G, 5 gg/ml polymixin B
sulfate)ol] =8} 28°ColA] 48 A17F vl SIS T, A eiul#]
NN AR Zzke] Hehe WFol = st NB w0
1 WFo] HEato] 30°ColA 48A17F wiFet 5, nj kel o)
ARe Fo B ASARL, G ArE FAED
(e}

A RS Felaet] AHEEIAT

o= Y FY(CI23 =HY)

PDA W] 4ol =B+ FES §, 753 B+
o] A, sk, 2 9= 1em Bojzl 3ol B+#¥ paper disk(27
6mm)E E37, disk 1o 48A17F wijtE w e felS- 50
ol the 27°CollA 48A17F wieFet 5, A (R
B3] A& Sgste] e 48 2ABII

02|_|

T2 MiMEFe 53

tad AT FEE 58 oty 918t NA
HiR]ol] 24 A7 wiFEE S THAA slo] o] =7, B
& B parasporal cystal 378 52| FEIH 54E ARSI
o A2} 7 (SEM; Hitachi S 0570, Japan)S ©]-8-3}
o 79 JeE A48

AYseba] 548 Ui y] 9151¢d API 20E kit(Bio Merieux
Co, France) A|&3} API 50 CHB kit(Bio Merieux Co, France)
AlA-S AT API kit AlE-S 913ke] BHI Al o
55 JET F 35°ColA 18-24A17F v Fet vl &
AR89 API 50 CHB kit$} API 20E kite] AF-&
AzAre] FF2Q Al wet dAsidoh A9 4
= 30°CollA] 297k u e & A5t
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FEd ArTE $AS] f1ste] 168 rRNA 9714
AEX(Baker et al, 2003)Z AW4HEA(Yoon et al.,
2003)& A& sto] & F7gstint.

FEd AT 542 Bergeys Manual of Systematic
Bacteriology(David and Castenhol, 2001)2} The Genus
Bacillus(Gordon et al., 1973)°] &/71& o|&sl] &5
2. o2 16S rRNA A9 714E 279} Reva
5(001)9] T/ EAFA o] EFI wet 45
3.

oo

TEEe 2Z0f Ciet oFEM 24

Fage] 25l digh QP8-S doky] S8k, & %
AL 10°ColA 60°CTHA] 10°C7FE 0.2 7F2Fe] Lo 4
HREAIZ] &, T 238t oz A ] 273
< S5k =0l g S AT

W
ZE

nEF9| pHO| CHEh eFEd &4

e pHoll WeE HAHS Gotrr] 5t
acetate buffer(pH 3-5), phosphate buffer(pH 6-8), Tris
buffer(pH 9-11)5 A&-3} T}

77} buffer 50 49 FetEAo] 23R wFAT 50
£ g o 30°CelA 30 REEAIRT & ==
Hog AgAel #7E 75t pHell tigh by
2 zATE

{1

O

n

HHE B2oiS A0 CHeE A&k

FaEde] vhl Ba g ol ok G dotrr] $
8Fe] 25 pg/ml, 50 pg/ml, 75 pg/ml, 100 pg/mle] proteinase K
&Hg A zstATh.

Z}zZte] proteinase K 84 50 p¢} o] 3 H4E=4
3 o 30°CelA 30, 60, 90, 1205 ¥HEAIZ] &, T
At oz gt H7s Sk whld
s & ol ek FFS AP

ot

2

Tt

28| MUY

Paenibacillus polymyxa DY5 57t AAilsl= &t
AL AEFFOE AT T e AE oty S8t
el el e dshks Trichoderma koningii
& AREste] 284S siith

LR TS HEet] 7UTE MiAA =ERHA
AR 7 e 470 9] Wl A| ol oA E A 2|skA] e
Z(A), Trichoderma koningire 2|8t 7 (B), dd=4d<
3kt e widAN S Mg Z(C), Trichoderma
koningii®t 3 XdEdS Z3elaL Y v S 3
A3 ZUD) & he] A = st 22°ColA 10¢7+
o wjgate] FAAIE ABGAIH T

TAAE ABAAZL W aiRE 15°CAllA] 144 7F ulj sl
A7 WA 3/4 oo R AsE W + HUIE

itid

AlYBLAL, FHFETF 90% ool il F717 2 He 15°C
HjF7] oA wFate] AHAA @Al mAl= Y ZAFSE
o, Paenibacillus polymyxa DY5 7t il &+t
E4E AEFHOR AEE F YA E otE AT

& 3 nF

rx 0%

T2 diEFe| 22

2] (penicilline G 4 pg/ml, polymyxin B sulfate
S g olg3lel, I AFBAL WU 3 1| AFE
Felsiglon, o] #5E DYIOA DY 112 HHsisic). 22
St 115 5 DYS @57F Zh=elatel] tish AgeiA
FL 7V e AR UEth DYS 8 MdS &
AaBeIS] Qe FEAE LEelsl FEFPol
(Trichoderma koningii), N S8 (Fusarium oxysporum), Bt
AW (Colletotrichum  gloeosporioides), T3t (Sclerotinia
sclerotiorum), AT PEY | Rhizoctonia solani AG-
1(IA)]°] HEE PDA FyuiA|el 50 ¥ Doj=dd 5 ¢
238 MO E 27°CollA 48717 vk & A ATl (R
B3hE A A3, DYS w5 559 2t Al
gk A S Yk th(Fig. 1).

Fig. 1. Antagonistic effects of the isolated DY5 against five
crop pathogenic fungi. Antagonistic effects are shown
by the inhibition zones formed around disk papers on
the PDA cultures.

A, Trichoderma koningii, B, Fusarium oxysporum; C,
Colletotrichum gloeosporioides; D, Sclerotinia sclerotiorum;
E, Rhizoctonia solani AG-1(1A).
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Table 2. Morphological and biochemical characteristics of the bacterial isolate DY5

Test items Results Test items Results
Cell diameter > 1.0 um Egg-yolk lecithinase -
Gram stain + Formation of indole -
Catalase Hemolysis of blood agar plate -
Anaerobic growth - Sporangium swollen +
Oxidase - Parasporal crystal -
Dihydrolase of grainine - Motility -
[-Galactosidase + Ortho-nitro-phenyl-b-D-galactopyranoside +
Argnine dihydrolase - Lysine decarboxylase -
Ornithin decarboxylase - Citrate utilization -
H2S production - Urase -
Tryptophane deaminase - Indol production +
Voges-Proskauer + Gelatinase
galzFel 53 s 4 TR
el 9 sk 54 2o DYs 358 2N Lim & s -«
o]olNo 1, catalase ¥ SB-galactosidase EATYE 7 PSR T np
Aol Fgdnk-g-& YERATH (Table 2). 23 Aike-S e LR 1
o] agPIEoR AAAYOH(Fig 24), FN=A T b s s
7o, egg-yolk lecithinase €%, hemolysis o3+, A L

254, oxidase SHE HHg FoA EF SAHSE e
SW3l(Table 2), 9173=Hn7d 2 SEMeE AZS A
e & 2] A 2} (endospore)S FA s THUS Bl
3 th(Fig. 2B, 2C).

welh, gerEd AAATE 5457 flete] doES
B 2SS YolHe API 50 CHB tests 1331 t).
API 50 CHB testE Al3¥sto] 49 T/ FOZHE LAY
A5S 2 A3} L-arabinose 5 24 9] Dol ¥4

W3S JERA oW, erythritol 5 25 F°] Felle &/t
-2 YERATHTable 3). API 50 CHB test 435 ©]-835}

o5 4% A3 DYS &= Bacillus circulans ©
89.6%, Paenibacillus polymyxa ©l 98.8%2] FAIE=S U
ERATE GliAlE JIAIE Yoty 9138ke] APL 20E tests
3k A3} ONPG(Ortho-nitro-phenyl-b-D-galacctopyranoside)
test, IND(Indol production) test, VP(Voges - Proskauer)
A&, GEL(Gelatinase) HH-s-ollX= AduksS e

ADH(Argine dihydrolase) test, LDC(Lysine decarboxylase)
test, ODC(Ornithin decarboxylase) test, CIT(Citrate utilization)
test, H,S A3/d9H-8-, URE(Urase) test, TDA(Tryptophane
deaminase) WF-3-ll= 244 WH-8-S YERY o] (Table 2) DY5
e GliAlFe] ofd Zoz FHE I

Xt 24

Az AAE FA4004 DYS #5 Wolls 2 iso-
branched fatty acid®} ante iso-branched fatty acidZ T3 %] ©]
O™, 71 F Cs, ante iso-fatty acid’} 65.09%= 7}
E2 FFES HolH, Cs, iso-fatty acidE 6.85%, C,q is0-

T nll o=

C

Fig. 2. Microphotographs of the bacterial isolate DYS5.
A, Gram stain(x1,000); B, phase-contrast(x2,000); C,
scanning electron microscope(*5,000).

fatty acidE 6.76% T1-3tal o= FRASHATH Table 4).
&5 W A 24 E4 4% 8T DYSE tHE Gram
P #E2] 541 iso-typed} ante iso-type A|HAto] =2
TAAE0I o, ante iso-type®] iso-typeoll IS & H|FE

2R BEAL S-S FRIsT). ol AW =4S MIDI
libraryoll Al &4t A3} DYS 455 Paenibacillus %

(genus)oll &3l 52 E1ERt}. ©] A= Yoon
(2003)°] P. kribbensis °} P. terrae T2 A3 A4k
A4 anteiso Cys ©] FL AR Z A E]0] QT

fu

o
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Table 3. Acid production of the isolate DY5 from carbohydrates
(API 50 CHB)

Carbohydrate source Utilization Carbohydrate source Utilization

Glycerol - Salicin +
Erythritol - Celibiose +
D-arabinose - Maltose +
L-arabinose + Lactose +
Ribose + Melibiose +
D-xylose + Sucrose +
L-xylose - Trehalose +
Adonitol - Inulin +
Methyl-D-Xylose - Melezitose -
Galactose + Raffinose +
Glucose + Starch +
Fructose + Glycogen +
Mannose + Xylitol -
Sorbose - Gentiobiose +
Rhamnose - D-turRanose +
Dulcitol - D-lyxose -
Inositol - D-tagatose -
Mannitol - D-fucose -
Sorbitol - L-fucose -
o~Methyl-D-Mannoside + D-arabitol -
o~Methyl-D-Glucoside - L-arabitol -
N-Acetyl-Glucosamine - Gluconate -
Amygdalin + 2-Keto-Gluconate -
Arbutin + 5-Keto-Gluconate -
Esculin +

BT} AR Ak,

16S rRNA 24 S8 ASEAN
PCR & 9 1,445bp2] 16S rRNA FAxA714<L
(Fig. 3} NCBI BLAST A A3} Paenibacillus polymyxa
+F2] 16S rRNA 712} 9714 ¥E (accession number AY
359632)3 98% ol’de] fAMdS YERIAT. AlSEA
A3} DYS5 45 P. polymyxa, P. jamilae, P. peoriae, P.
kribbensisSt FrABAZE W9 =& 2 OR UERsiTh o3
Fe 2 AAsker Aol 71t o 2771 A2 (Reva et dl.,
2001) 5, AT 27 A4E T3 DYS 4+ 7|
&9 Paenibacillus polymyxa DSM36 -2} 98% ©]/d-<]
AP S YeElll = N2 #72 A=A
Phaenibacillus’= MZ-8- 492 19931 Ash 52 A-ollA
ARKE o] % B A7} o|FARA] G HFE, WaH &
AM|A] (Piuri et al., 1998), #<~(Aguilera, 2001), ¥ E(Elo et al.,
2001), = (Yoon et al., 2003), 2] A Z(Mah et al., 2003),

4 Agol st st SAE Hol= Paenibacillus polymyxa DY52] 4 2 54 185

Table. 4. Cellular fatty acid composition of the isolate DY5

Fatty acid Composition (%)

Straight-chain saturated

Cis0 2.29

Cieo 6.76

Ciso 0.00
Mono-unsaturated

Cie1 @7¢ alcohol 0.45

Cie1 wllc 1.44
Branched saturated

180-C14:0 2.14

1850-Cis:0 6.85

180-C16:0 6.20

180-Ci7:0 2.65

is0-Ci7:1 w10c 0.32

anteiso-Cis:o 65.09

anteiso-Ci7:0 5.81

Paenibacillus jamilac CECTS266"
ﬁuifm‘f{hmpc‘.ir,'m_\.'x.'i I).SM.\!:' ,
Pacnibacillus periae DSME320
Paenibacillus kribbensis AM497
DYSA
—_  Pacnibacillus larvae ATCC95457

Pacnibacillus validus ATCC299487
Pacnibacillus chitimolyticus IFO1 56607
Pagnibacillus kobensis DSM 102497
Paembacillus ch WG
LI P illus phyllosph PALXILO"
Pacnibacillus is JCMI3 186"

Bacillus subtills

001

Fig. 3. Phylogenetic dendrogram constructed from a comparative
analysis of 16S rRNA gene sequences showing the
relationships between the isolate DYS5 and related
species of the genus Paenibacillus.

¥l 54 (Bae et al., 2009) ol B2t} o] 745
7} ohedek AelE SdolA welE ASRE Hol, o] Alte]
A A 2ol gk AP} B o] FojAof & Aol
g A Ao B8 E Paenibacillus polymixa= S
B8 YO (Piuri ef al., 1998), Paenibacillus polymixa
SCE2= QIARtel] A4S B3 (Seldin ef al., 1999),
21FolA E2E Paenibacilluss 2155wl S 2o
FANGirardin et al., 2002). Paenibacillus peorige strain
NRRL BD-62%& 2 EHA#E FHLN F+8S B
FAOH (Weid et al., 2003), 21&2] @A E=
Paenibacillus brasilensis Sa3= 2EH Y Cryptococcus
neoformans®l| A&/ 7H1 S AAHFATHFortes
et al., 2008). M= T72] IAEZ T polymyxins 54|l
AY2¥SV= Paenibacillus polymyxa strain®] 2] S
SH(He et al., 2007), F 7FA F7<l peptide FAYAE
FA0l AAYSl= Paenibacillus alvei NP757F B.IL% {1t}
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Fig. 4. Effect of temperature on the stability of antifungal substance
of the isolate DY 5. The antifungal activity against
Trichoderma koningii was measured after incubation of the
antifungal sustance for 30 min at differerent temperatures.

(Anandaraj et al., 2009).

grnEde Y
Paenibacillus polymyxa DY5 d=ollA Arksl= ‘EJ‘H‘%

—mﬁ

_0,] L0 sk oYAdS 2AVSE Ad) 3()"031]14 30 Wt
&, Hd 249 22mme] oA B JE :q,

40°Ce} 50°CollM &= o] Sl Ao ure}ym Sedl]

60°CoAE A3 8ol LRt SiolFig 4), o] BAL 2
o] Bty e W 2o A BEA= whgn)
pHell gt P84S ZAFSH A3 pH 3, 4, 5 o= &

g o] s YRR eske, pH 6, 7, 8, 9 oﬂH
3058 E<9F HH3- Al pH 9914 23 mme] o] oA 32 Er
H Ao Z HolFig 5) ©] BEZL & ‘Q%\’/]/‘Q(Alkalophlhc)
== ddET.

T Bl gl sk JEks /‘}ﬂ A3} Paenibacillus
polymyxa DY57} A4l d+t=2 - proteinase Ko &
ST 25 il 50 pefml, 75 p/ml, 100 pe/mlOE o}
A4E o] ol A o® YehTthFig. 6). ©] 4
HAIZ Paenibacillus polymyxa DY5 @571 AAksl=

3 AFEH e Ty B2 AotEc,

oo

o229 I-I.E.AIoJ

tado] AR =ElRWAl FEFO MR Trichoderma
koningii©ll W3l WA EH7F A=AE Lotir] flte] 4
SAHS A A, Fig. 79149k 20| Trichoderma
koningiis A% 3 viA|(Fig. 7B)E A|&8l2L, o}F A%
2@ 8kA] ¢S wiA| (Fig. 7A), Wi 8-S 7135k wj=|
(Fig. 7C), Trichoderma koningii®} W %Fe] o8- o]
71k Wi A] (Fig. 7D)elIA = =efHAl AdAI7F 3= U
t}. ©|i= Paenibacillus polymyxa DY5 a7+ A4ket &
Td=Z0] Trichoderma koningii®] 7L A 7] Wil A

O 7 A7V, Paenibacillus polymyxa DY5 57} AJ4+s}

= HELS AETYOE AME F S Ao=E
Q‘:}
S48 Zl= Paenibacillus polymyxa= =HollX= A

Ho

ol

25

20

15

10

Inhibition zone Diameter (mm)

10

Fig. 5. Effect of pH on the stability of antifungal substance of
the iolate DY 5. The antifungal activity against
Trichoderma koningii was measured after incubation of
the antifungal substance for 30 min at different pH.

Inhibiton zone Diem eterimm)
&

Tirms(rmin)

Fig. 6. Inhibition of the antifungal substance by proteinase K
produced from the isolate DY5. Reaction was carried
out at 27°C for 48hrs. 4 :25mg/ml, M : 50 mg/ml,
A :75mg/ml, X : 100 mg/ml, @ : none.

o] B ERA] et} B AFolA E8 F5AE Paenibacillus
polymyxa DY57F ABitehe ahtede 2t A4sh

24s "IrE]r"uo‘:‘%(Fig 1), AESF 284F 43, el
WA FEFFoIHE 8= Trichoderma koningii©®l T3l

e AROARS ekl oz MRS e B
AEL 717 Aoz AhE),

e
it 85 EQlA 2HEH YA ol tisle] et
S = AE ;}T DY5E ®gsta, 435k DY5
TTe T2 Jé@ltﬂ& NEHT, SR, e, o
el s A AR HE el e, 13k
HAr) 737} SEMOZ et A, E]—Gﬂ«] WA 32 (endospore)
£ Fste 2P THIS g1kt APL 50 CHB

teste] 2HY/3%5, FeNA] 2 sl APAAE Al o
F5 4% A3}, DYS @FE  Bacillus  circulansSt
Paenibacillus polymyxa® 7V 7W7kg 2448 UeERI T
Al AR 24 A4S Bot] 585 A3 DYS 7
Paenibacillus %9 &3l= 452 1= AT DYSS] 168



ZHEHY ol thsle] st B2 WOls= Paenibacillus polymyxa DY52] 54 2L EA 187

>

Fig. 7. In vivo antifungal activity of Paenibacillus polymyxa DYS5 on the production of fruiting bodies of Pleurotus ostreatus. A,
non-treated(control); B, Trichoderma koningii inoculated; C, Paenibacillus polymyxa DYS5 filtrate treated; D, Trichoderma
koningii inoculated, and Paenibacillus polymyxa DYS5 filtrate treated.

RNA Q71X L Paenibacillus polymyxa 45 98%
o] FAMIS YERAUTE £ AollA #e] F8H 9]
Paenibacillus polymyxa DY57} A4 el Jda=2dL T2
o, sdZE|olaL, Sy EHE dAdEe, 2=
Hwto] 7 B4E Vel Ao AEEcke R siuE
FAEE 7 o7 AdEn

=8

Arje}, Atiol, Ao, WA, W05, TS, B, F-E.
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