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Screening of Antagonistic Bacteria having Antifungal
Activity against Various Phytopathogens

Hee-Jong Yang, Su-Ji Jeong, Seong-Yeop Jeong and Do-Youn Jeong*

Microbial Institute for Fermentation Industry (MIFI), Sunchang 595-804, Korea

ABSTRACT : The aim of this study was to isolate a potential multifunctional biocontrol agent from bacteria for control of multiple
plant diseases as an alternative to fungicides. A total of 201 strains were isolated from soil undamaged by repeated cultivation in
Sunchang and their ability to produce antibiotics, siderophores and extracellular enzymes such as protease, cellulase and amylase
was investigated. Selected strain SCS3 produced cellulose, protease and amylase. This strain also produced siderophores and
showed excellent antifungal activity against various phytopathogens. SCS3 was identified as Bacillus subtilis using 16S rRNA
sequencing, and named Bacillus subtilis SCS3. Finally, physiological and biochemical characteristics of B. subtilis SCS3 were
examined. From the results, B. subtilis SCS3 was found to be a useful multifunctional biocontrol agent against various phyto-

pathogens.

KEYWORDS : Antagonistic bacteria, Antifungal activity, Bacillus subtilis, Biological control, Phytopathogen
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HHHAL s g o] Ao B
olojAAA o]Z AT = &
tE FAEE UEaL 3l o)™
Ade7] feted f7IHdEeRs tAld $1
AAE e vAES A 3 H8ol tieh A7 ekt
o g 3L T2, 3).

TAES o8 A= WAle mdEe sl AE
He fdehe nidEe) A B e 2ds 59O
(413, W] LA =S ARSsto] @7 0= qksial
e S7HIA AEHddel g s S3

= 1= 0

SR (5102 BRE 4 S0, AR W 2 vjo)
22, Al B Xl SJaiA AL o] 5 wgolel ¢
& A8 e 5ol 13 2 HekE 7 910} oIF Ao
0 oAsie e b 2a9 W 3 shie S8
ATH6]. HEAR] A& W i 0= Oomycetes, Asco-

=<
mycetes, Basidiomycetes 39l 478h= FZo|FE°] FE ©]
Fa1 glom, gt A8 WL Ascomycetes 2701 2]l
dojufar o} EFgolZ B/ AT Oomycete <5
9] Phytophthora %3} Phythium &% 95 A& = &

o =T
TS FaL ATH7].



21Ee] BE] T Bk AE9] eyt AHe=m
Ed HEsle 9oz AE et EY vAEY] 4
AR a5 akgo] FHSSHA o] FofA= Xo= bt
gk EQF mAlEo] AMAstal (8] 53] <1 HAES
H|A m| A& BIs)] IHH S =2 protein, cellulose, star-
ch, Z}& S5, gelatin 52 w3l S @S, o5
do] wig- =AM, Y& 874d0] Tt glucose, F714,
o=k gtele AE]d EAS Ad Aol o
xR ATH9]. TS AE 2 FoldlA i
o] FFE FXIst A=9] el Bodsiar, AW
o EAllshes B FBrdE 2 Walse] ds ¢
Ao zy 20 A5 2dde Ta3 A9TS 59
geH10]. oF] =elolMe 24 PdE AAE it J
©o g 7hste] AE] A AR RS AN
71e #Y 22 Tt AEY S wshrTIE Al

& AT7Eo] AP lem (11, 12], HETH UA9
Bl thet ookt A WHoE Ag A e AT
oA ¥ i -2 oS Sl mAER 4 Bl
o] TEEJATH13-15].

A& Wl tisk AEEHE AR R Bol AREHIL e
Bacillus < T 21529 474 3-8 5 plant growth
promoting rhizobacteria (PGPR)Z AFgol| A BIW e do|H,
Ud A Ad gram A Ao 2 frA; 23o] 7t
skl wjo] Bolgk 5445 AU Jlth16]. 3, A=
Bl digh 3 S4S Ze JAEL L aAE A
ARelaL(17], BAEAR Faol diste] WS 7=
83 Moz deA UTH18]. B. thuringiensis, B. lich-
eniformis, B. brevis, B. cereus, B. subtilis 5-°] WAAZ 5=
2 olg5al glom, 53] B. subtilise 5430 71 & 5t
¥ rhizobacterium© 2 3}8} FoFS- thal| gk AE-5H2] vk
A} 7P Fa3 rERZ 5 B §lom [19], o]
Theket A& A2 AlE AL Qo). o9} HHEE AR
= B. subtilis S1-0210-=- ©|-8-3¢ Botriytis cinerea®] 1A} A3
S A4 [20], B. subtilis S54 TF= 083 15 oH
3} g o] MESA WA G39}[21], B. subtilis R2-1 75
£ o|&3t 117 S7FEE Al B3 [22], W =FHEE (Pyri-
cularia oryzae) R ¥ AXIF-E|wE T (Rhizoctonia solani)
o] i3k A a3= HolE B. subtilis §J-22] 54 [23] &
B. subtilisE ©]-&-3 thFgt WAA ] &gk A7} By
At

A B dAFexe AFs7t gle &3 U E
S 2HE tFst As Bdd F3old d3sEs 2t
=S 12} 8k, ol59] vkt a4 A 2

o
Or

h o
s, A8 Belre SARAS o] 489Uy 29
olo] WAlel AHg Fe R Al T B Pl 9
sfarat shsick.

M2 2

O|4=e| 22| W Hiek

teket AEY #EE fste] ARE fle &%
T U =3 2] B9 505 5 305 AL, A
gk AlEE 4°Coll BHAsPaA o AlEE ARSI
AR A 8= SF7HS 9mLdll ZF B 1gS I8k 10°
7HA] 828k 3 200 uLE F31] LB (Tryptone 1%, Sodium
chloride 1%, Yeast extract 0.5%, Agar 1.5%)°l] =3}al
30°Ce] wi71el miFshiA T ettt el vA
52 ulgo]Z o]83le] LB HeujAo] M= 3 &
30°CollA 243E wiBlSitt. Eele] HEEES A8
7] $lsled F2YE TSB (Tryptone soya broth, OXOID
LTD., Hampshire, England) ¥i=]el] &3 5 30°CollA] 2
A7F kel TR 12,000 rpmollA 3083 YAEE] Sl
A} 35RO & Ve - ARESAT

M=zZe| 40| gds W e HH

e Tt A9 2 Edhe XS] 845 F cellu-
lase, protease, amylase®] &/ 55 138t well diffu-
sion "S- ARSSFAAL, ZH2te] A9} o)z
718 Aol E3E AR AEuAE ARSI |
Z] protease AJ2Fs-2 Vermelho 5 [24]] WS A3
o, skim milkE 7|22 AN 2% skim milk
(Difco™, MI, USA)ell 1.5%%] agarg F7Fst skim milk
agar WiAJoll 2 Mg 750 viYF AFEAE 045 um
membrane filter (Sartorius, Frankfurt, Germany)= A3k
% 100 uLAS 013 wellol] B30, 25°CollA] 244
F WA $ EaleS AR (Clear zone)d] 2702
ZAYSITE. Cellulase A4Fs-2 1% carboxylmetyl-cellu-
lose (CMC, JUNSEI chemical Co. Ltd., Tokyo, Japan)=
gk CMC agar HiAJol| 2} Ak w#=9] v 5=
A3 5 100 uLALS FHI3E welldl] EF31aL 25°CollA
24717 HESAIZ] 3 Teather2} Wood®] congo red plate W
H (25102 cellulase®] 23735 SRISIATE TS, amylase
Arkse starchE 7122 AFE3F] 1%2] soluble starch
(JUNSEI chemical Co. Ltd., Tokyo, Japan)E &3t starch
agar WAl 2t g 750 wi s S Alsiar
100 uLAS FHIZE wellol] #3150 25°CollA] 24413F
HES-A)Z1 $ lugol solution (Sigma aldrich, MO, USA)S.Z
Al 5 135S AR (Clear zone)o] H7HO 2 FAL

=

T B2 2N ko] 45
B FgolE toE ARSI A=HUd T80l
= A} Bl o|H (Streptomyces scabies KACC 20176), 14+
5 (Pythium ultimum KACC 40705), 115 AT



(Colletotrichum acutatum KACC 40042), AZgo|d
(Botrytis cinerea KACC 40573), 4+ B2) - 3 (Cyli-
ndrocarpon destructans KACC 41077), 115~ 73T (Scle-
rotinia sclerotiorum KACC 41065), 215 ¥ (Phytoph-
thora cactorum KACC 40166), 14t Z-=EH4 (Rhizoctonia
solani AG-2-2(IV) KACC 40123), ¥t2]8 31 (Fusarium
solani KACC 40384), 4t A5 Wt (Alternaria panax
KACC 42141) 522 % 10 #5-5 tPdo g 34319t
AT FY] AAL Kim 5[26]9] W0l we} Potato Dex-
trose agar (PDA, Difco™) plateZ ©]-8-3F well diffusion'y
< ol&ster, miAel w2 w9 45 100 pLAS
wellell E31aL AATTE thxPgste] w4 =91 3
3% AFAA (clear zone)o] H710) whet 3wt B4
2 24390

Siderophore ‘M s &4

A8 759] sideropore &/ Lee 5 [27]9] W<
w2} Chrome azurol sulfonate (CAS, sigma) assayS AHS-
3t SF7F 50 mLoll CAS 60 mgS 0], 10 mM
HCH-9 10 mLol| 2.7 mg®] FeClL6H,05 Ft}. 72.9 mg
©] HDTMA (Hexadecyltrimet-hylammonium bromide)E
SHT 40 mLol| o] o] Foj7kA] A far, Al g4
Egsto] PATt SIS B0 S 750 mL, 10X
MM salt (10X Minimal Media 9 salt) 100 mL, agar 15 g,
PIPES 30.24 g, 10% casamino acid &2 30 mL, 20% glu-
cose?} NaOH, vitamin 5= 33 & (pH 6.8)= 119+
e - 50°CE 413§ FHIl = CAS BR8-S AF
o] U] Qw2 HH3] H7I5l plateol] £ CAS 3
RS SRS AIZEE CAs =]l vl 20
uL¥ FFsilorn, tiETE LB WiAE ARSI
30°CollA] 2¢7t st 3 orange halo zone 4 575
31| siderophore H4H A5 SR18I51 T

=2 #Fe 3

A8 2] TS 918t 165 rRNA 304} 418 4
Attt WA, & 72 F8S fIste] FAIE NB (Nu-
tient broth, Difco™, MI, USA)*ll &3t 30°CollA] 244]
2k 5 QUL TAS 45k 95 A
©] DNA<= ZR Fungal/Bacterial DNA MiniPrep kit (Zymo
Research corp., CA, USA)E AR&3le] F=313Tt. 16S
rRNA -34S 53317] 9131141 universal primer?] 27F
o} 1492RS AFE-314, Ki 5 [28]9] RS we} PCR WHS-
< xS SZ 4 PCR 4H2-2 QIAquick PCR Puri-
fication kit (QIAGEN, CA, USA)E AH&3}o] A5t}
Q71 EEA2 Cosmogenetech Co.(Seoul, Korea)oll £]=]
ST, o= B2l 3k Eelite] 16S rRNA 714D Seq-
man (DNASTAR, Madison, USA) 2138 o]-8-3}o] &
E=319t}h. 971498 NCBI databaseZHE] BLASTN pro-

oo

T 23 zhe vl 94 335

gram¥} EzTaxon-e A1H (http://www.eztaxon.org)E &3l
The-2 = Wl 5 F5F59] 168 rRNA 341 714
5 84S o Q7] AMEE 1] s vlaE 918l Clustal
W 20 Z2TS ARSSIH. AleE 42 4552
16S rRNA 34+ A7 EES JE3slal MEGA 3.0 T2
I 291 ARSSte] ATES AT AT A
Neighbor-joining €312 (301 AH8-3}9aL, 1000%] HE
B0 F bootstrappings Y3t ATl A1FS E1

o] deld 545 dobR] #1814 Gram stain
kit(Bio-rad, CA, USA)E AH&-3}o] AlA1E el whe} <=
g 5 AvBE o]t BRIt B3 e w50
S3e ol flste] Feie R Askeky S4e AR
3ol Bergey’s manual of determinative bacteriology[31]
9 Bergey’s mannual of determinative bacteriology. 9"[32]
of] Falo] BAstet. Bika E4S API 50CH kit(Bio-
mérieux, Marcy-L ‘Etoile, France)S ©]-8-3t] £AI514 1L,
A #F7F EHlshe 840 54 #4912 API ZYM kit
(Biomérieux, Marcy-L ‘Etoile, France)& AME-3te] 23]

At
Zm o oz

nlge| £a)

E% nlgRe) 2ot 37 At g )
ol B9 50% % 30%0) WelE 9 AR 5] )y
F 2o AN 2019 YRS 55 Reskant 2
% BFE 14502 LB AAo) FES] 223F 1Y
F e Al olg3ksict.

EElTFe| MEL 54 Y

QYRS ol 3lel A% 2 5 ofe) 7 A
B ] Aeish WA F SR chitinase, B-
1,3-glucanase, protease, cellulase, amylase, lipase 5 2]
Sl Az aasd o3 A=HdA i s
Asfshs WiHol de ARSHAL Tt o] A4S A
k= W34 A E 2= Bacillus sp.2} Streptomyces sp. ‘&
o] A QlaL, o]Ee] HIehk= it oY TEel Al
= 2] AES A7) S 2HE- (degrada-
tive parasitism)< S~} B E 3 QIv}(33,34]. w2}
A B Aol A= BEl5 20152 UPOE protease, cell-
ulase®} amylase 455 ZAFIAT 83 P]AE 201
T ZolA 1589 257} protease, cellulase, amylaseS
A HTo 2 FHlshs 2o BRlERlon, 53] sCS3
Y57t 3744 A4S BT EHlshH, 245 B v ¢
43 Ao 7 BRI ATH(Table 1). 212HYA F3o]9] A




Table 1. Extracellular enzyme activities of the isolated strains

Clear zone diameter (mm)

Strains (NZ?ET?H) Cellulase o-Amylase
SCs2 - - 14.2
SCS3 18.2 15.8 15.0
SCS28 18.8 - 12.4
SCS57 10.0 - 12.8
SCS90 - 12.5 15.0
SCS91 15.0 10.4 144

SCS102 14.8 9.4 13.8

SCS155 17.7 - -

SCS171 12.2 14.4 -

SCS178 10.2 16.4 10.2

SCS181 13.6 18.8 -

SCS183 13.0 - 114

SCS189 18.4 - 10.8

SCS192 12.7 124 12.1

SCS199 - 12.1 134

‘-, No formation of clear zone.

EH0] cellulose® T/3E O] oS 71 u)) o] HE9]
AAER= cellulased] ZHgo 2 A o] &7k o]
&5 L, 0|2 Balel AU Fholo) 4L sl

= T
& Ue WIsE A 7L S-S RIS AT

2el@Fel S Y
AEe] B 97 OF 1552 e s X &
A= dokiy] fja AU gl AAEAS o7

£ PDA HjR]dl] %] v4S F3 ASAAY SHe=
AV, A 8Tt 1059 AEHYE8 +
sgolof| tiste T A8 ZEal e, 11 5 SCS3,
SCS91, SCS102, SCS178, SCS192 5%F0| tlokal 215189
A Fgold At EAS Zhal JlomA, BT B 7

2
o]QJol| = thok3} B. subtilis ol o3} IR EA
AT Aok %Mo WAL gew, ol A
s ks vkl Fgolell B. subtilis 501 A
SIS 2t The Haeks gxjehe 279S ER1E &
Ak 53], BT T SCS32 AW FHo|HS sk
Botrytis cinerea, BRI ¥SEE U= Cylindrocarpon
destructans, TG-S F4SR= Sclerotinia sclerotiorum, <
WS f8Sh= Phytophthora cactorum, S| A<
Rhizoctonia solani <43 Tl tisle] F3ish Aa=s
YERN A ol= B. subtilis7} 35, Plve], X=of 73y
S = S, sclerotioum®] THEF 10 mme] AsiEAdLS-
K I1[37], B. subtilis ©19|©] Z3}W|AWE B. coagulans[38],
B. amyloliguetaciens[39] ‘2] A3}e} Blusl % 3t
Aol SAS zhe AR RIS b, 75 et
A= AAS St &2 WAAEAMS] 7FsAS FUHE
SRIgthd A8 3] WAE AT AAE &
7FsE Aoz g

o

rr

£22[7F2| siderophore 4N &

Siderophore™ # o] 5] A2 A5 Ao
AES Asfiske 23282 F3shaA FAlo 21E0] o]
£ 7 gle ES 7HEEAA A=Y Al Ewol He
Ao dHA ArH(40]. wEbA AT 53] HeFE

Table 2. Production of siderophore and antifungal inhibitory activity against the phytopathogens by selected strains isolated

from soil
Clear zone diameter (mm)
Fungi
SCS3 SCS91 SCS102 SCS178 SCS192
Streptomyces scabies ++ S + +++ ++
Pythium ultimum - ++ - - 4
Colletotrichum acutatum - - - T+ T+
Botrytis cinerea +++ ++ ++ ++ -
Cylindrocarpon destructans +++ ++ ++ - -
Sclerotinia sclerotiorum +++ ++ - - ++
Phytophthora cactorum +++ ++ + . -
Rhizoctonia solani +++ ++ + ++ -
Fusarium solani f. sp. pisi ++ ++ ++ +++ -
Alternaria panax ++ - + ++ ++
Production of siderophore ++ + ++ + +

“+, A degree of inhibition of fungal growth by tested strains: +, inhibition zone of 1~10 mm; ++, 11~20 mm; +++, >20 mm.

b .
-, No formation of clear zone.



Fo =2 7tA)|9] siderophore B35S CASE AM&-gH A4
2 chromogenic assay= ZAFSIATE. AAE3E 559 7= &
7 siderophore A/d5-5 B3 0™, SCS3¥} SCS102 T+
U2 339 dF¢} vluste] o 93 AAdsS BT
(Table 2). od2] AI}E npFoz sjof Alxe] A28}
R4, siderophore %5 ol 7P sk A
I vEd sCs3s HF T2 TR Agsisit:

HF A3 sCS3 TF-2] 168 rRNA F-AA G714 E%E
X A} E o]&3}] BLAST search 23} SCS3E Bacillus
subtilis®2 BHE|IL, Bacillus subtilis SCS32. 2 HHSFY
o}, 3 AU LEE o] 838k Eztaxon servedll A X+

S0

oo

1 B4 2 vlage)
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FE FEAS AAZ At sCS3 T (1511 bp)= B.
subtilis NCDO 1769 (X60646), Bacillus licheniformis DSM
13'(X68416), Bacillus pumilus NCDO 1766' (X68416) “2}
Z¥Zt 100%, 99%, 97%2] FAMd= VFEFA ™, 16S rRNA
A A71MES ENZE 31 phylogenetic trees 2
3t Fig. 19 YERAAT}. Bacillus 452 Thd3t 75004
EAE st AES 5= Qo] e met F thdol
- & MO E 16S rRNA D71ALNA 100%2] 54
S Yehlidels A2 g Foz ERE 4= 7] ujiol
[41] F7H o2 e H 38ty 54 £S5 3333t

et o Ma|8tE Sy

Bergey’s manual of determinative bacteriology<] "ol

Bacillus litoralis SW-211T(AY608605)
Bacillus fastidiosus DSM 91T (X60615)
Bacillus cibi JG-30T (AY550276)
Bacillusindicus Sd/3T (AJ583158)
Bacillus colmiiDSM 60377 (X76437)
Bacillus halmapalus DSM 8723T(X76447)
Bacillus horikoshiiDSM 8719T (AB043865)
Bacillus flexus IFO 15715T(AB021185)
Bacillus megateriumIAM 13418T(D16273)
Bacillus simplex DSM 1321T(D78478)
Bacillus aquaemaris TF-12T(AF483625)
Bacillus marisflavi TF-11T (AF483624)
Bacillus cereus TAM 12605T(D16266)

—— Bacillus pumilusNCDO 1766T(X60637)

Bacillus licheniformisDSM 13T (X68416)
Bacillus subtilis SCS3
Bacillus subtilisNCDO 1769T(X60646)

Bacillus circulansTAM 12462T(D78312)
Bacillus benzoevoransDSM 5391T(D78311)
Bacillus firnuis TAM 12464T(D16268)

Bacillus methanolicus C1T (X64465)

Bacillus fumarioli LMG 174897 (AJ250056)
Bacillus sp. YKJ-10T (AF221061)

Halobacillus halophilus NCIMB 92517 (X62174)
Bacillus polymyxa NCDO 17747 (X60632)
Bacillus acidocaldarius DSM 4467 (X60742)

Fig. 1. Phylogenetic tree based on nearly complete 16S rRNA gene sequence of strain SCS3. All the sequences used here were
from Bacillus type strains. Bacillus species and other related bacteria, based on 16S rRNA sequences. GenBank accession
numbers are given in parentheses. The branching pattern was generated by the neighbor-joining method. Bar, 0.01 substitutions
per nucleotide position. Bootstrap values are expressed as percentages of 1000 replicates.



338 T - AFA - Y - B=

W} B. subtilis 3EF w2t FESE B AsleE EAS
Hw213E AFb= Table 39 YERNRI). SFe)sts 54
NNE 58S ALJstale & xfolE HolA] etoH,
kel e FE ek EUA ety A5t
2] 573 nitrate reduction®l|A] 2}o)E BRaL, TS lyso-
zyme sensitivityol] A= SCS3 571 AgdS AU+ 54
S 1o 94 165 rRNA FAHAFNME 100% B. subtilis
o} XIS AARY, FejE|ets] S0 e I Ajols
1ol B @SR O AR Folt WolEd 7F5

Table 3. Morphological and physiological characteristics of
isolated strain SCS3

Morphological Characteristics SCS3 Bacillus subtilis
Gram staining/shape +/R +/R
Motility + D
Spores + +

Spore shape X X

Spore position U U

Cultural characteristics SCS3 Bacillus subtilis

Growth in air + +
Growth anaerobically + D
Anaerobic growth in glucose i i
broth
Growth at 45°C + +
Growth at 65°C - -
Growth at pH 5.7 + +
Growth in 7% NaCl + +

Physiological characteristics SCS3 Bacillus subtilis
Catalase reaction + +
Oxidase reaction + D
Urease reaction - d&
Acid from glucose + D

Oxidation/Fermentation test Fermentation Fermentation

Utilization of citrate + +
Voges-Proskauer test + +
Nitrate reduction - +

Formation of indole - -

Starch hydrolysis + +
Gelatin hydrolysis + +
Casein hydrolysis + +

Lecithovitellin(LV) test - -
Lysozyme sensitivity r d

‘R, Rod-shaped (bacillus).

"D, Different reactions in different species of the genus; d, Differ-
ent reactions in different strains.

X, spore oval.

‘U, central spore.

°r, resistant.

= AABHATE. API 50CH kitE A3t £2]5 SCS39]
T Ui leS #2418 A3 Table 49F 22 AoE YA
T}, Glycerol, L-Arabinose, D-Ribose, D-glucose, D-Fruc-
tose, D-Mannose, Inositol, D-Mannitol, D-Sorbitol &
g sk = 91O, Erythritol, D-Arabinose, D-Xylose, L-
Xylose, D-Adonitol “5oll= B] &3S YERN™ Bacillus
subtilis/amyloliquefaciensZ 5°3%]%] 16S rRNA sequen-
cing 239} Ix|sh= AHE BA}. SCS3 w57} HISH
B 540 AL API ZYM kitZ o|8slo] B3 A3,
alkaline phosphatase, esterase(C4), esterase(C8), leucine
arylamidase, B-glucosidase 52| BEAHM-ol| th3|x] SRk
8= B3t} 53] API 50CHS} ZYM kitoll A cellobioset
B-glucosidase E/Jol PJHhE-S Hof MBS 5 SCS3
2 celluloseE 72381 glucoseZ HBAIZ 4= =

Table 4. Carbohydrates assimilation of B. subtilis SCS3 by
API 50 CHB kit

Enzyme' SCS3 Enzyme SCS3
Control - Esculin +
Glycerol + Salicin +
Erythritol - D-Cellobiose +
D-Arabinose - D-Maltose +
L-Arabinose + D-Lactose -
D-Ribose + D-Melibiose -
D-Xylose - D-Saccharose +
L-Xylose - D-Trehalose +
D-Adonitol - Inulin -
B-Methyl-D-xyloside - D-Melezitose -
D-Galactose - D-Raffinose +
D-Glucose + Starch -
D-Fructose + Glycogen -
D-Mannose + Xylitol -
L-Sorbose - Gentiobiose +
L-Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol + D-Tagatose -
D-Mannitol + D-Fucose -
D-Sorbitol + L-Fucose -
o-Methyl-D-mannoside - D-Arabitol -
Zﬁfgﬁ}f@ + L-Arabitol :

N-Acetyl glucosamine + Potassium Gluconate -

Potassium 2

Amygdalin keto-gluconate

. Potassium 5
Arbutin + -
keto-gluconate

“+, utilized; -, not utilized.



Table 5. Enzymatic activities of strains Bacillus subtilis SCS3
by API ZYM kit

Enzyme' Bacillus subtilis SCS3
Alkaline phosphatase +
Esterase (C4) +
Esterase (C8) +

Lipase (C14) -
Leucine arylamidase +
Valine arylamidase -

Crystine arylamidase -

Trypsin -
a-chymotrypsin -

Acid phosphatase w
Naphtol-AS-BI-phosphohydrolase w

o-galactosidase -
B-galactosidase -
B-glucuronidase -
a-glucosidase w
B-glucosidase +
N-acetyl-B-glucosaminase -
o-mannosidase -

a-fucosidase -

*+, utilized; -, not utilized; w, weak positive.

A S AU vRER AAET, mEpA AEEAA
ol gk X oY 7ieiel] s Ad 452 e
&H] Aol -85t AR A= Z|hETh

St AvERE a7 fle o B 2R
3 T 2l FollA] sCS3e AW Fgol, Hie
gy, 7Y, o S 49l A8 Fgolo]
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