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Sale 53 8T sl s, 4 Veharveyi g5 5 b, SU a5 50184 o K5 51 ol =9 s

SLY pe dls i e dla ki
&S O 4 yoi b | S T &) o %h 3I6Zh 1Z 54h 7122h OF 31 o Ly | VY I e Ly
el Celo

M 001 Al 834) sls > Grarlrjlaré?ﬁ?tive Vibrio sp. - - - - 0 0

MO002 | > 034 sls 5 Grailaifﬁ?tive Vibrio sp. - - - _ 0 0

M 003 Al 834) sls > Grarlrjlaré?ﬁ?tive Vibrio sp. - - - - 0 0

MO004 | > 034 sls 5 Gralgalzfﬁfmve Vibrio sp. - - - _ 0 0

M 005 Al 834) sls > Gralgalzfﬁfmve Vibrio sp. - - - - 0 0

MO06 | e | ey | sl | Cmmemive [y T T ; 0

M 007 e 033, sls 5 Grargalzfﬁiative Vibrio sp. _ B B B 0 0

M 008 > 033, sls = Gralll;alzfﬁfmve Vibrio sp. _ _ B B 0 0

M 009 . 033, sls 5 Gralll;alzfﬁfmve Vibrio sp. _ B B B 0 0
50

M 010 > Jus sl I Gran(l):ce(;giative unknown - - - - 0 0
S2903

MOl11 > e sls = Gram positive Bacillus sp. _ B B 3 0 0

Ju

bacilli

ARR




2909

Gram positive

M 012 a> ] uT sls = bacilli Bacillus sp.
M 013 > ] ;.)T sls = Grar;lagi(ﬁiltlve Bacillus sp.
M 014 > el QT sls = Grar;)lar;?ﬁiatwe Vibrio sp.
M 015 > el uT sls = Grar;lagi(ﬁiltlve Bacillus sp.
M 016 > ] uT sls = GraI:)lar;?lgliatlve Vibrio sp.
MO17 | = | el OT | sl = Gralﬁa’é;glftwe Vibrio sp.
M 018 > ] uT sls = Grar;lagi(ifiltlve Bacillus sp.
M020 | de | pal OT | sl | Gramnesaive Vibrio sp.
M 021 > ] uT sls & Grar;)laré?ﬁiatlve Vibrio sp.
M 022 al> J-&alw\ uT sl S~ GraI:)lar;?lgliatlve Plesiomonas sp.
. T . Gram negative .
- T &
M 023 a> el o sls = bacilli Vibrio sp.
o el T s = Gram negative I
M 024 el o sls = bacilli Vibrio sp.
Jus T .
M025 | al> sls = ralga‘;fﬁf e Vibrio sp.
$2909
Js T . |
Mozs | o | Cramnemaive |
$2909
M027 | 4l gy sl 5 | Gram positive Bacillus sp.

bacilli

VY




JO19 > ] uT g™ Gran;:cecgiatlve Unknown
|SSLgls :
1028 Jlgls B Gralgalzfﬁfltwe Vibrio sp.
e
LSSLgls :
J029 B] }5-3 g Grar:)largﬁiatlve Photobacterium sp.
o
1,560 gla
Jg' P - Gram negative
J0O30 B] }5-3 B bacilli Aeromonas sp.
e
1,560 gla
Jg' P - Gram negative
JO31 Jlgds B bacilli Aeromonas sp.
e
7032 Jlgls 033 o Grargalzfﬁianve Vibrio sp.
J033 Sl | Al OT % Grar;lagi(ilsiltlve Bacillus sp.
1034 | Llds | el T | s Oram negative Vibrio sp.
J035 Dlsds | Al uT % Gralgaré?ﬁ?twe Vibrio sp.
J036 B }53 ] uT g™ Granclof(): (é?ltlve Unknown
J037 Jlgls 639 % Gran(lxl)lce(;giatlve Unknown
J038 Ao | el OT % Gran;:cecgianve Unknown
7039 Lo Pl uT % Gran(lxl)lce(;giatlve Unknown.

Y




0

Gram positive

J040 w B bacilli Bacillus sp. 0
J041 535, 5 Gr ar;lafc’ﬁlsimve Bacillus sp. 21.15
) ..
: . Gram positive .
J042 o - Bacillus sp. 0
s | bacilli
: . Gram positive .
J043 o - Bacillus sp. 0
s | bacilli
) ..
: - Gram positive .
Jo44 w o bacilli Bacillus sp. 0
) ..
. - Gram positive .
J045 o o bacilli Bacillus sp. 0
LSS ska :
Jod6 o Gran; (I)lce(;giatlve Unknown 0
S
LSS sla .
Jo47 o Gran; (I)lce(;giatlve Unknown 0
o
IS gla
Jg' T . Gram negative I
J048 B bacilli Vibrio sp. 0
o
LSS sla .
J049 % Gl‘ané (r)lcecgiauve Unknown 0
Sy

V¥




LSl ska

Gram negative

JO50 a> g cocci Unknown 0
e
|SSL gls -
JOs1 > % Grar;lagi(ilsiltlve Bacillus sp. 0
e
LSS ska .
1052 | 4> S5 Grall‘;alzflglfuve Vibrio sp. 0
e
LSS sla .
J053 al> oo Grar:)largﬁiatlve Photobacterium sp. 0
e
J054 > 034 o Grarlilag i(;fimve Bacillus sp. 0
LSS sla .
JO55 al> o Grar:)lar(l:?ﬁiatlve Vibrio sp. 0
e
JO56 > 033 % Gl‘aII(l: élce(;giauve Unknown 0
1057 | 4> 835, s Grafagﬁlsimve Bacillus sp. 0
- Gram negative I
JO58 a> 639 o bacil%i Vibrio sp. 0
1059 | 4 034, I Grafalzflglfuve Vibrio sp. 0
JO60 > 034 I Gl‘aII(l: élce(;giauve Unknown 11.74
Jo61 al> 0349 % Grarglaré?ﬁiauve Aeromonas sp. 0
J062 > 039, S Grarlr)laré?ﬁ?twe Pseudomonas sp. 0

ARIA




Gram negative

J063 > 639 o bacilli Pseudomonas sp. 0 0
J064 al> 0350 » Gra?azfﬁfﬁve Pseudomonas sp. 0 0
1065 | 4l 035, E Grarsaré?ﬁf‘ﬁve Vibrio sp. 0 0
1066 | 4> 835, S Gralﬁaifﬁf‘ﬁve Vibrio sp. 0 0
1067 | 4l 235, 5 Grarsa’éfﬁf‘ﬁve Vibrio sp. 0 0
J068 al> 633, S Grar;laré?ﬁftive Plesiomonas sp. 0 0
et
1069 | 4l Jus” I Grafa’éfﬁfﬁve Vibrio sp. 17.52 17.52
S39,3
e e
1070 | 4> Jus” e Gra‘]‘;alzflglfﬁve Photobacterium sp. 0 0
S35,3
JO71 al> Al uT oo Gran(l:élce(;giative Unknown 0 0
072 | de | el OT | Grarélagﬁlsiitive Bacillus sp. 0 0
1073 | ds | paal OT | s Gra?alzfﬁfﬁve Vibrio sp. 0 0
1074 > Pl uT % Gralgalzﬁfmve Vibrio sp. 0 0
1075 | A | pualoT | s Grancloi‘giﬁve Unknown 0 0
J076 d> | Al uT S Grarlilag Sfiitive Bacillus sp. 0 0

\Rl4




Gram positive

J077 al> el sﬁT o bacilli Bacillus sp. 0 0
1078 | ds | gl OT | s Gra‘;‘agﬁfiiﬁve Bacillus sp. 0 0
1079 | de | el OT | s Grar;lagﬁfiitive Bacillus sp. 0 0
J080 do | el OT " Grané(r)lce;giative Unknown 0 0
Jos1 do | el OT 45 Grarzlor:;?itive Unknown 0 0
N1 | Al | rielgw, | o Grarsarglglf‘ﬁve Pseudomonas sp. 0 0
J182 do | el gy % GraI:)laré?lgliative Pseudomonas sp. 0 0
J183 N 033, I Granclof():(;?iﬁ"e Unknown 0 0
N84 | L 034, I Gralﬁ;gﬁfﬁve Vibrio sp. 0 0
1185 | A St S5 Gralgaifﬁfﬁve Vibrio sp. 0 0
o

186 | lsds | Azabism, " Gral:)laré?ﬁfﬁve Vibrio sp. 0 0
187 | s | Azabism, S GraIEar::lglftive Vibrio sp. 0 0
Ju082 d> | el OT NI Grarlr)largﬁfﬁve Pseudomonas sp. 0 0

Ju 083 al> Al uT 315 e GraI;)lar;?lghative Pseudomonas sp. 0 0

Jus T ,
Ju0sd | al ' 313 5 Gralﬁ negative Vibrio sp. 0 0
3555 acilli
Ju0ss | 4= | JUS T | sls,. | Grampositive Bacillus sp. 20.42 24.28

bacilli

VY




2909

el ) .
: Gram negative
Ju 086 a> 315 4 o Pseudomonas sp.
s | bacilli
LSSl sla .
Ju087 | Llgs sl Grarlr)largﬁf“ve Plesiomonas sp.
v
LSS sla .
Ju08s | Llgs NI Grarlr)largﬁf“ve Plesiomonas sp.
v
LSS 5la .
Ju089 | Llgls 515 Grarlr)laré?ﬁ?tlve Vibrio sp.
S
LSS sla .
Ju09o | jjb 315 0 Grar:)lar(l:?ﬁiatlve Vibrio sp.
o
Ju 091 B) }33 039 sls P Grarlrjlaré?ﬁiatwe Vibrio sp.
w092 | Llds | el OT | sls e Grall‘;alzflglfuve Vibrio sp.
Ju093 | Llsls | Al O 315 4 Grariloi(():?mve Unknown
094 | Ll | el OT | sl | Orempositive Unknown
Ju09s | Llgds | Al O 315 4 Grar;lagi(ils;tlve Bacillus sp.
Ju 096 B) }33 039 sls P Grar;lagi(ils;tlve Bacillus sp.
Ju 097 Lo il uT 315 4 Grar;lagi(ils;tlve Bacillus sp.

A




Gram positive

Ju 098 il uT 315 4 bacilli Bacillus sp. 0 0
<50
Tu 099 Jus sls e Gr ar;lafc’ﬁlsimve Bacillus sp. 0 0
u’.')L’.'
0
Ju 100 Jus’ sls ,e Gra‘;lafc’ﬁlsimve Bacillus sp. 2291 2291
2909
Jus T 5 )
Ju 101 315 4 rarsaré?ﬁ? e Pseudomonas sp. 0 0
39009
) ..
: Gram positive .
Ju 102 315 4 . Bacillus sp. 24.11 29.5
s | bacilli
) ..
: Gram positive .
Ju 103 315 4 - Bacillus sp. 0 0
s | bacilli
: Gram positive .
Ju 104 315 4 - Bacillus sp. 11.23 11.23
s | bacilli
LSSLgls -
Ju 105 515 4 Grar;lagi(ilsiltlve Bacillus sp. 222 22.2
J
LSSLgls "
Ju 106 315 0 Grarl;lag ﬁfimve Bacillus sp. 0 0
J

ARRY




LSl ska

Gram positive

Ju 107 315 4 bacilli Bacillus sp. 0 0
v
LSS sla .
Ju 108 515 40 Grallglaré?ﬁfuve Vibrio sp. 0 0
o
LSS ska .
Ju 109 315 e Grar:)largﬁiatlve Pseudomonas sp. 0 0
v
LSS sla .
Ju 110 315 Grar:)largﬁiatlve Plesiomonas sp. 0 0
v
LSS s "
Ju 11 313 5 Gra‘;‘agﬁlsimve Bacillus sp. 0 0
v
N "
Ju112 sls e Gra‘;‘agﬁlsimve Bacillus sp. 17.03 20.62
v
el ) .
. Gram negative .
Ju 170 35 4 . Vibrio sp. 0 0
s | bacilli
el ) .
: Gram negative .
f g
Ju 171 o 31> 40 bacilli Vibrio sp. 0 0
LS o7
J = Gram negative -
Ju 172 315 4 bacilli Vibrio sp. 0 0
2909
Ju 173 JUS ST | sls e | Cramnegative Bacillus sp. 0 0

bacilli

VY.




2909

Gram negative

Ju 174 al> 639 315 bacilli Pseudomonas sp.
Ju188 | Llsls | Ateliguwy 315 4 posit(i}\f:lr)l;cilli Bacillus sp.
Jul189 | Llsls Al g 315 GraI;)lar;?lghative Vibrio sp.
Ju190 | Hlsds | Aalisw, 315 0 Grar:)laré?lghative Vibrio sp.
Jul9l | leds | Al gy 315 4 Grar:)lar;?lgliative Vibrio sp.
Ju192 | A | Awbsw, | 3ls e Gralﬁa’gﬁfﬁve Vibrio sp.
Ju 193 Lo el gy 315 4 GraI:)lar;?lgliative Vibrio sp.
A 113 al> 039 R J'€":" GraI:)laré;ghative Vibrio sp.
Alld | 4> LS s | Cramnesatve Vibrio sp.
e

A 115 > 033 BPgPs) Grarlr)largﬁiative Vibrio sp.
All6 al> 0339 BX J.g.& GraI:)lar;?lghative Photobacterium sp.
A 117 nes 034, Fyges Grarlrjlargﬁ?ﬁve Pseudomonas sp.
A 118 al> 039 BEY J'€":" GraI:)lar;?lgliative Pseudomonas sp.
A 119 > 039, B GraI:)laré?lgliative Vibrio sp.
A120 | > &').}M) ST Gralgazfﬁfmve Photobacterium sp.

el

AR




Gram negative

4‘1’_ £ . .
A 121 w DR bacilli Vibrio sp.
e : N Gram positive .

A 122 w DR bacilli Bacillus sp.
e ;

A 123 al> B Gral;; néﬁ.atlve Pseudomonas sp.

s | acilli

A 124 a> el ol | e es Grar;)lalzfﬁiatlve Vibrio sp.

A 125 d | pal OT | e s Gral;)lal(fﬁ?twe Plesiomonas sp.

A 126 > il uT DB A Grar:)lar;?ﬁiatlve Photobacterium sp.

Jus T . )

A 127 al> IP A rarlr;aré?ﬁf e Pseudomonas sp.

T ﬁJ’.'
Jus T 5 )

A 128 al> B railaifﬁ? e Pseudomonas sp.
e ﬁJ’.'
S5

A 129 al> Jus B Grar:)largﬁiatlve Pseudomonas sp.
-~ J".
S5

A 130 al> Jus DP A Grar:)lar;?ﬁiatlve Pseudomonas sp.
T )L’.'

\YY




0

Gram negative

A 131 w DR bacilli Vibrio sp. 0 0
Jus T . )
A 132 B rarlr;aré?ﬁf e Aeromonas sp. 0 0
‘_5’.'3}5'
Jus T -
A 133 D5 A rar;la[c) ﬁ;l e Bacillus sp. 0 0
23909
Jus T -
A 134 D5 A rar;la[c) ﬁ;l e Bacillus sp. 0 0
$23909
e
A 135 Ju DA Gra‘;‘agﬁlsimve Bacillus sp. 22.58 22.58
=909
e
A 136 Jus By Grall‘;algflglfmve Vibrio sp. 0 0
=909
0
A 137 Juls BRI Grarlrjlaré?ﬁ?twe Pseudomonas sp. 0 0
23909
: N Gram negative .
A 138 S SED, uet bacilli Vibrio sp. 30.41 3041

\YY




2909

e
A140 | 4> US| e e Graﬁaﬁfﬁfﬁve Vibrio sp.
23909
A 141 L 034 IP A Grar;)lal(l:?ﬁiative Aeromonas sp.
A175 | 4> 033, BPes- Gra?aifﬁfﬁve Vibrio sp.
A176 | 4l s B Gra?aifﬁfﬁve Vibrio sp.
e
A17T | 4> e By Gra?aifﬁfﬁve Vibrio sp.
e
e
A 178 > Jus SR J-g—& Gralsaré?ﬁfﬁve Vibrio sp.
aile
A179 | al | Srebigwy | e e GraIlI)Iar(l:fiﬁ?tive Vibrio sp.
A 180 a> Peligwy | e s Grar:)largﬁiative Vibrio sp.
S
S 139 al> Jus B Grar:)largﬁiative Plesiomonas sp.
=909
S 142 A 235, e Gram negative Aeromonas sp.

bacilli

\Y¥




Gram negative

S 143 L 039 e bacilli Aeromonas sp. 0 0
NI .
S144 | L e Gram negative | po tomonas sp. 16.0 16.03
bacilli
o
LSSL sla
. s Gram negative
S 145 Lo Pro) bacilli Pseudomonas sp. 0 0
o
Higun]
S 146 Ao J = Gram negative Pseud 0 0
g2 bacill seudomonas sp.
S2909
hraan)
S147 | Jus e Grag‘agﬁfimve Bacillus sp. 26.14 26.14
$2909
S 148 B) }5.3 034 e Grar;lagi(ilsiltlve Bacillus sp. 0 0
S 149 B) }5.3 033 e Grar;lagi(ilsiltlve Bacillus sp. 0 0
S150 | Llgs 039, A Gra?alzflglfuve Vibrio sp. 0 0
S 151 B) }5.3 033 e Gralglaré?ﬁfuve Vibrio sp. 0 0
S152 | ls 639, e Gra?alzfﬁfuve Vibrio sp. 0 0
S 153 B) }35 0339 e Grarlr)lar:;ﬁfuve Pseudomonas sp. 0 0
LSSl sla .
S154 | Lls ™ Grarlr)laré?ﬁ?twe Vibrio sp. 0 0
e
S155 | iy | el OT | e Gram positive Unknown 0 0

cocci

YO




Gram positive

S156 | Ll | el O bacilli Bacillus sp. 0 0
) -
: Gram positive .
| p
S 157 B} }SJ o bacilli Bacillus sp. 0 0
e
. Gram positive .
S158 | Llgs Juls bacill: Bacillus sp. 0 0
T )L’.'
0
. Gram negative -
S159 | Ll Jus bacill Vibrio sp. 0 0
$23909
Jus T G "
‘ . ram positive .
S 160 B} jh oy bacilli Bacillus sp. 0 0
e -
S161 | 4= Gram positive Bacillus sp. 0 0
s | bacilli
e it
S162 | 4> Gram positive Bacillus sp. 26.63 26.63
s | bacilli
e ;
S163 | Jw Gram negative Vibrio sp. 0 0
s bacilli
0 :
S 164 > Gram nég.atlve Aeromonas sp. 0 0
s bacilli

\Y$#




S 165

0

Gram negative

Aeromonas sp.

27.7

27.7

s bacilli
e )
S 166 Jus Gram negative Vibrio sp. 0 0
bacilli
-~ J".
LSS ska .
S 167 Gram negative Bacillus sp. 0 0
o bacilli
e
S 168 Jus Gram positive Bacillus sp. 0 0
bacilli
T )L"
Gram positive .
S 169 634 bacilli Bacillus sp. 18.08 26.20
) ;
S 194 Gram nég.atwe Pseudomonas sp. 0 0
s | bacilli
el Gram negative
S 195 Pl gw )y bacilli Pseudomonas sp. 0 0
) ;
S 196 Gram nég.atwe Photobacterium sp. 0 0
| bacilli
eV :
S 197 Gram nég.atwe Aeromonas sp. 0 0
| bacilli
S 198 g Gram negative Vibrio sp. 0 0

bacilli
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Neighbor Joining %3, s CLC Sequence Viewer 6 (Distance tree of results I ;-3 e Sleslanal U
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Bacillus_thuringiensis_strain_IAM_12077_165_ribosomal_RNA__partial_sequence
Bacillus_aquimaris_strain_TF_12_165_ribosomal_RNA__partial_sequence
Bacillus_shackletonii_strain_LMG_18435_16S_ribosomal_RNA__partial_sequence
Bacillus_acidicola_strain_105_2_16S_ribosomal_RNA__complete_sequence
Virgibacillus_halodenitrificans_strain_DSM_10037_16S_ribosomal_RNA__partial_sequence
Bacillus_halodurans_strain_DSM_497_16S_ribosomal_RNA__partial_sequence
Bacillus_azotoformans_strain_NBRC_15712_16S_ribosomal_RNA__partial_sequence
Bacillus_indicus_strain_Sd_3_16S_ribosomal_RNA__partial_sequence
Bacillus_safensis_strain_FO_036b_165S_ribosomal_RNA__partial_sequence
Bacillus_pumilus_strain_ATCC_7061_16S_ribosomal_RNA__partial_sequence
Bacillus_altitudinis_strain__41KF2b_16S_ribosomal_RNA__partial_sequence
Bacillus_aerophilus_strain__28K_16S_ribosomal_RNA__partial_sequence
Bacillus_stratosphericus_strain__41KF2a_16S_ribosomal_RNA__partial_sequence
E Bacillus_aerius_strain__24K_16S_ribosomal_RNA__partial_sequence
Bacillus_sonorensis_strain_NRRL_B_23154 165_ribosomal RNA__partial_sequence
Bacillus_atrophaeus_strain_JCM9070_16S_ribosomal_RNA__partial_sequence
Bacillus_amyloliquefaciens_strain_NBRC_15535_16S_ribosomal_RNA__partial_sequence
Bacillus_vallismortis_strain_DSM11031_165_ribosomal_RNA__partial_sequence
Bacillus_subtilis_subsp__inaquosorum_strain_|S02_16S_ribosomal_RNA_gene__partial_sequence
Bacillus_subtilis_subsp__subtilis_strain_DSM_10_16S_ribosomal_RNA__ partial_sequence
_Brevibacterium__halotolerans_strain_DSM_8802_16S_ribosomal_RNA__complete_sequence
Bacillus_mojavensis_strain_IFO15718_16S_ribosomal_RNA__partial_sequence
Bacillus_subtilis_subsp__spizizenii_strain_NRRL_B_23049_16S_ribosomal_RNA__partial_sequence

) 0.035

Rectangle rja 4 Bacillus subtilis subsp. inaquosorum strain 1S02 L;J.:fb woskd L3 =F-  sas

—* Bacillus_idriensis_strain_SMC_4352_2_16S_ribosomal_RNA__partial_sequence
L Bacillus_indicus_strain_Sd_3_16S_ribosomal_RNA__partial_sequence
= Bacillus_shackletonii_strain_LMG_18435_16S_ribosomal_RNA__partial_sequence
Bacillus_aquimaris_strain_TF_12_16S_ribosomal_RNA__partial_sequence
Bacillus_vietnamensis_strain_15_1_16S_ribosomal_RNA__partial_sequence
Bacillus_marisflavi_strain_TF_11_16S_ribosomal_RNA__partial_sequence
Bacillus_seohaeanensis_strain_BH724_16S_ribosomal_RNA__partial_sequence
E Bacillus_sonorensis_strain_NRRL_B_23154_16S_ribosomal_RNA__partial_sequence
— Bacillus_aerius_strain__24K_16S_ribosomal_RNA__partial_sequence
Bacillus_atrophaeus_strain_JCM9070_16S_ribosomal_RNA__partial_sequence
Bacillus_aerophilus_strain__28K_16S_ribosomal_RNA__partial_sequence
Bacillus_stratosphericus_strain__41KF2a_16S_ribosomal_RNA__partial_sequence
Bacillus_altitudinis_strain__41KF2b_16S_ribosomal_RNA__partial_sequence
Bacillus_safensis_strain_FO_036b_16S_ribosomal_RNA__partial_sequence
Bacillus_pumilus_strain_ATCC_7061_16S_ribosomal_RNA__partial_sequence
Bacillus_subtilis_subsp__subtilis_strain_DSM_10_16S_ribosomal_RNA__partial_sequence
Bacillus_subtilis_subsp__spizizenii_strain_NRRL_B_23049_16S_ribosomal_RNA__partial_sequence
_Brevibacterium__halotolerans_strain_DSM_8802_16S_ribosomal_RNA__complete_sequence
Bacillus_mojavensis_strain_IFO15718_16S_ribosomal_RNA__partial_sequence
Bacillus_amyloliquefaciens_strain_NBRC_15535_16S_ribosomal_RNA__partial_sequence
Bacillus_vallismortis_strain_IS03_16S_ribosomal_RNA_gene__partial_sequence
Bacillus_vallismortis_strain_DSM11031_16S_ribosomal_RNA__partial_sequence

0.025

Rectangle CIJB 4 Bacillus vallismotis 1803 (6 ;S\ 55 sld &t js —V=+ , gas
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1025 S\
() 555 1.5 2.5 3.5 45 5.5

24h 14.59 15.59 17.50 11.25 9.89
24h 14.32 15.67 17.47 11.32 9.93
24h 15.30 15.78 17.65 11.41 9.21
Mean 14.74 15.68 17.54 11.33 9.68
SD 0.51 0.10 0.10 0.08 0.40
48h 31.86 25.55 25.87 28.60 0.00
48h 31.91 24.12 25.72 27.78 0.00
48h 30.56 23.43 25.61 28.23 0.00
Mean 31.44 24.37 25.73 28.20 0.00
SD 0.77 1.08 0.13 0.41 0.00
Biomass 95.00 95.00 95.20 94.80 95.30
Biomass 95.00 94.75 94.98 93.60 95.30
Biomass 94.87 93.23 94.65 94.30 95.30
Mean 94.96 94.33 94.94 94.23 95.30
SD 0.08 0.96 0.28 0.60 0.00
oD 2.08 1.94 1.93 2.00 1.96
oD 2.08 1.99 1.90 1.49 1.96
oD 1.99 1.46 1.77 1.54 1.96
Mean 2.05 1.80 1.86 1.68 1.96
SD 0.06 0.30 0.09 0.28 0.00
AU 12121.10 9720.47 9842.21 10880.84 0.00
AU 12140.12 9176.43 9785.14 10568.87 0.00
AU 11626.52 8913.92 9743.30 10740.07 0.00
Mean 11962.58 9270.27 9790.22 10729.93 0.00
SD 291.19 411.38 49.65 156.23 0.00
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I1S03 ¢ S'L
(1) 95 1.5 2.5 3.5 4.5 5.5
1Z 24h 13.50 24.00 18.91 19.21 14.69
12 24h 12.89 24.50 18.52 19.34 14.62
1Z24h 13.34 23.87 17.81 18.91 14.57
Mean 13.24 24.12 18.41 19.15 14.63
SD 0.32 0.33 0.56 0.22 0.06
1Z 48h 29.77 30.08 33.09 35.19 33.68
1Z 48h 26.89 28.76 33.10 34.44 32.38
12 48h 28.23 27.55 33.06 3521 33.50
Mean 28.30 28.80 33.08 34.95 33.19
SD 1.44 1.27 0.02 0.4 0.70
Biomass 95.30 97.60 94.90 95.00 97.10
Biomass 94.80 95.20 94.70 95.50 97.40
Biomass 95.10 94.60 93.80 95.60 97.30
Mean 95.07 95.80 94.47 95.37 97.27
SD 0.25 1.59 0.59 0.32 0.15
oD 1.98 2.08 1.87 1.77 1.68
oD 1.89 2.06 1.85 1.78 1.70
oD 1.97 2.04 1.80 1.82 1.72
Mean 1.95 2.06 1.84 1.79 1.70
SD 0.05 0.02 0.04 0.03 0.02
AU 3240.71 3274.45 3602.12 383072 | 3666.34
AU 2927.20 3130.76 3603.20 3749.07 | 3524.83
AU 3073.07 2999.04 3598.85 383290 | 3646.75
Mean 3080.32 3134.75 3601.39 380423 | 3612.64
SD 156.88 137.75 2.27 4778 76.68
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Calies glales 102

1802 ¢ S
°C) s 30 35 40
1Z 48h 25.6 18.61 18.64
1Z 48h 25.5 19.37 19.6
1Z 48h 26.89 20 19.61
Mean 25.997 19.33 19.28
SD 0.7753 0.696 0.557
oD 1.9437 1.78 1.84
oD 1.9889 1.27 1.39
oD 1.4555 1.06 1.37
Mean 1.796 1.37 1.533
SD 0.2958 0.37 0.266
AU 9739.5 7080 7092
AU 9701.4 7369 7457
AU 10230 7609 7461
Mean 9890.4 7353 7336
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calises glales
1S03 5 SL

(°C) s 30 35 40
1Z 48h 29.30 18.61 16.02
1Z 48h 30.08 18.50 16.38
1Z 48h 29.34 19.00 16.73
Mean 29.57 18.70 16.38
SD 0.44 0.26 0.36
oD 2.08 1.44 1.49
oD 2.06 1.62 1.50
oD 2.04 1.34 1.41
Mean 2.06 1.47 1.47
SD 0.02 0.14 0.05
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AU 3189.54 2025.85 1743.91
AU 3274.45 2013.88 1783.10
AU 3193.90 2068.30 1821.20
Mean 3219.30 2036.01 1782.73
SD 47.82 28.60 38.65
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20 Olabl oo 53 PH Caliine (sla 05 8 bl 1802 (5 5L o35 Clab sty § —YA=+ 13 o
7.

1802 5 ;SL Lo s o5 ,Se A 5lse A 5 s Calies (S pH 31-VY-1 s s

ng’f\.go}uﬁ,?‘béjoéj6)'46)}35)30.-44;0\#?/\)4:5\#\’?MJCJ&JLAOUCA—\F-' J gl

Colises s pH 5 1S02

1802 ¢ ;S 5 p ; g 0
pH
24h 15.75 17.65 15.50 15.04 0.00
24h 15.61 17.56 15.64 15.07 0.00
24h 15.79 17.69 15.42 15.12 0.00
Mean 15.72 17.63 15.52 15.08 0.00
SD 0.09 0.07 0.11 0.04 0.00
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48h 25.42 24.25 26.79 24.85 11.24
48h 25.38 2431 26.62 24.89 11.32
48h 25.45 24.17 26.76 25.14 10.84

Mean 25.42 24.24 26.72 24.96 11.13
SD 0.04 0.07 0.09 0.16 0.26
oD 2.09 2.13 2.04 2.11 1.94
oD 2.13 2.12 2.04 2.12 1.95
oD 2.07 2.13 2.04 2.11 1.90

Mean 2.09 2.12 2.04 2.11 1.93
SD 0.03 0.01 0.00 0.01 0.03
AU 9671.01 9225.88 10192.22 9454.15 4276.25
AU 9655.79 9248.71 10127.55 9469.37 4306.68
AU 9682.42 9195.45 10180.81 9564.48 4124.07

Mean 9669.74 9223.35 10166.86 9496.00 4235.66
SD 13.36 26.72 34.52 59.79 97.83
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1803 (6 ;S b 5 o9 Ko b 3l A 5 s Caliies Sla pH SI VY= s

6}‘15\.3oj.uC,ébé)obj&jcéjjg;\q-cwb\c/\)wb\’\c J«i)rJ&U\AO‘}:A—\O-' d)v‘"

Calies cla pH ,51S03

1S03 s S 5 6 ; g
pH
24h 18.10 19.58 24.23 22.38 17.27
24h 18.23 19.54 25.32 22.36 17.22
24h 17.92 19.65 24.89 2243 16.96
Mean 18.08 19.59 24.81 22.39 17.15

o



SD 0.16 0.06 0.55 0.04 0.17
48h 21.35 21.31 28.34 22.62 18.75
48h 21.37 21.29 28.41 22.32 18.67
48h 21.41 21.34 28.65 22.53 18.78
Mean 21.38 21.31 28.47 22.49 18.73
SD 0.03 0.03 0.16 0.15 0.06
OD 2.17 2.12 1.99 2.00 2.01
OD 2.15 2.12 1.90 2.00 2.11
OD 2.12 2.12 1.93 2.01 2.00
Mean 2.14 2.12 1.94 2.01 2.04
SD 0.02 0.00 0.05 0.01 0.06
AU 2324.12 2319.77 3085.04 2462.37 2041.09
AU 2326.30 2317.59 3092.66 2429.71 2032.38
AU 2330.65 2323.03 3118.79 2452.57 2044.36
Mean 2327.02 2320.13 3098.83 2448.22 2039.28
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T 5000
2
> 5000
E
= 4000
<
3000
2000
1000
0 T T T T T 1
0 20 23 30 35 12 50 57
(%) 55~ -8-AU
Calizes sba (6558 431802 L;J:f\.go)l«a.c—&jjg.fw 3lge 059 Clad O e =¥V =+ Hls 4ol
Cakides sl (645 31802 (5 SLojlas Lsgjfiz.o-h.é 3l g0 < xb Ol jus =VP=4 J g
1S02 (s S _
. ,u,r.wsu,w (AUMI) o35 5 Cdled | Cdled (6,8 Lleds s
(ppY) S 5+
. 16.99 6463.83 70.09
. 16.97 6456.22 70.01
. 16.97 6456.22 70.01
il 16.98 6458.75 70.04
SD 0.01 4.39 0.05
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Y. 17.50 6657.85 72.19
Y. 17.81 6775.79 73.47
Y. 17.81 6775.79 73.47

il 17.71 6736.48 73.05
SD 0.18 68.09 0.74
- 16.08 6117.62 66.34
™ 16.08 6117.62 66.34
vy 16.10 612523 66.42

il 16.09 6120.15 66.36
SD 0.01 439 0.05
. 17.32 6589.37 71.45
. 17.32 6589.37 71.45
. 17.35 6600.79 71.58

il 17.33 6593.18 71.49
SD 0.02 6.59 0.07
¥ 19.12 7274.18 78.88
¥ 19.12 7274.18 78.88
¥ 19.15 7285.60 79.00

il 19.13 7277.99 78.92
SD 0.02 6.59 0.07
£y 18.16 6908.95 74.92
£y 18.16 6908.95 74.92
£y 18.19 6920.36 75.04

il 18.17 6912.76 74.96
SD 0.02 6.59 0.07
N 16.01 6090.99 66.05
N 16.01 6090.99 66.05
N 16.05 6106.20 66.21

il 16.02 6096.06 66.10
SD 0.02 8.79 0.10
N 15.64 5950.22 64.52
N 15.64 5950.22 64.52
N 15.66 5957.83 64.60

il 15.65 5952.76 64.55
SD 0.01 439 0.05
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1S03 ¢ S /
.,\..Zj(a.ls‘—c\jbbﬁ (AUMI) o3 5 Clled | Cled (6,8 ke ds s
(PPY) (S
. 21.69 2361.13 75.00
. 21.27 2315.41 73.55
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. 21.63 2354.60 74.79
=<u 21.53 2343.72 74.45
SD 0.23 24.73 0.79
Y. 22.50 2449.31 77.80
Y. 22.81 2483.05 78.87
Y. 23.66 2575.04 81.79
il 22.99 2502.47 79.49
SD 0.60 65.07 2.07
v 21.08 2294.73 72.89
v 21.10 2296.91 72.96
vy 21.09 2295.82 72.93
=<w 21.09 2295.82 72.93
SD 0.01 1.09 0.03
. 22.34 2431.89 71.25
. 22.32 2429.71 77.18
. 22.35 2432.98 77.28
=" 22.34 2431.53 77.24
SD 0.02 1.66 0.05
¥ 24.13 2626.75 83.44
¥ 24.15 2628.92 83.51
¥ 24.12 2625.66 83.40
=W 24.13 2627.11 83.45
SD 0.02 1.66 0.05
£y 23.18 2523.33 80.15
£y 23.16 2521.15 80.08
£y 23.20 2525.51 80.22
=" 23.18 252333 80.15
SD 0.02 2.18 0.07
A 21.03 2289.29 72.72
A 21.01 2287.11 72.65
A 20.90 2275.14 72.27
<" 20.98 2283.84 72.54
SD 0.07 7.62 0.24
A 20.64 2246.83 71.37
N 20.66 2249.01 71.44
N 20.63 2245.74 71.33
Sil 20.64 2247.20 71.38
SD 0.02 1.66 0.05
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*d 20.33 7734.53 83.87 19.09 7262.77 78.75
o 20.32 7730.72 83.83 19.09 7262.77 78.75
o 20.34 7738.33 83.91 19.08 7258.96 78.71
il 20.33 7734.53 83.87 19.09 7261.50 78.74
SD 0.01 3.80 0.04 0.01 2.20 0.02
[ 18.57 7064.94 76.61 20.82 7920.95 85.89
f. 18.56 7061.13 76.57 20.86 7936.16 86.06
€. 18.59 7072.54 76.69 20.83 7924.75 85.93
il 18.57 7066.20 76.62 20.84 7927.29 85.96
SD 0.02 5.81 0.06 0.02 7.92 0.09
£ 19.56 7441.58 80.69 19.66 7479.62 81.11
£ 19.59 7452.99 80.82 19.70 7494.84 81.27
£ 19.58 7449.19 80.78 19.67 7483.43 81.15
il 19.58 7447.92 80.76 19.68 7485.97 81.17
SD 0.02 5.81 0.06 0.02 7.92 0.09
D 21.56 8202.48 88.94 21.85 8312.81 90.14
DD 21.54 8194.87 88.86 21.84 8309.00 90.10
DD 21.51 8183.45 88.74 21.85 8312.81 90.14
il 21.54 8193.60 88.85 21.85 8311.54 90.13
SD 0.03 9.57 0.10 0.01 2.20 0.02
£ 21.82 8301.39 90.02 19.82 7540.50 81.77
A 21.81 8297.59 89.98 19.87 7559.52 81.97
£ 21.83 8305.20 90.06 19.82 7540.50 81.77
Sl 21.82 8301.39 90.02 19.84 7546.84 81.83
SD 0.01 3.80 0.04 0.03 10.98 0.12
Vo 22.05 8388.90 90.97 22.05 8388.90 90.97
Vo 22.05 8388.90 90.97 22.05 8388.90 90.97
v 22.08 8400.31 91.09 22.01 8373.68 90.80
il 22.06 8392.70 91.01 22.04 8383.82 90.91
SD 0.02 6.59 0.07 0.02 8.79 0.10
AD 17.57 6684.49 72.48 10.84 4124.07 44.72
AD 17.57 6684.49 72.48 10.84 4124.07 44.72
AD 17.52 6665.46 72.28 10.82 4116.46 44.64
Sl 17.55 6678.15 72.41 10.83 4121.53 44.69
SD 0.03 10.98 0.12 0.01 4.39 0.05
Yoo 0.00 0.00 0.00 0.00 0.00 0.00
Yoo 0.00 0.00 0.00 0.00 0.00 0.00
Yoo 0.00 0.00 0.00 0.00 0.00 0.00
Sl 0.00 0.00 0.00 0.00 0.00 0.00
SD 0.00 0.00 0.00 0.00 0.00 0.00
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Calizes slales H51S03 L;ff\.go)l.&cd),(:a-‘.é 3l g0 o€ uk Ol jae =44 J g
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(4 (a2s (a2s
*d 19.01 2069.39 65.73 19.09 2078.10 66.01
o 19.20 2090.08 66.39 19.08 2077.01 65.98
o 19.11 2079.74 66.06 19.09 2077.56 65.99
_‘iu 19.11 2079.74 66.06 19.09 2077.56 65.99
SD 0.09 10.34 0.33 0.01 0.54 0.02
€. 19.43 2115.11 67.19 17.80 1937.68 61.55
€. 19.40 2111.85 67.08 16.98 1848.41 58.71
€. 19.42 2113.48 67.13 17.39 1893.04 60.13
_‘iu 19.42 2113.48 67.13 17.39 1893.04 60.13
SD 0.02 1.63 0.05 0.41 44.63 1.42
£ 17.80 1937.68 61.55 15.59 1697.10 53.91
£ 16.98 1848.41 58.71 15.58 1696.01 53.87
£ 17.39 1893.04 60.13 15.76 1715.60 54.50
_‘iu 17.39 1893.04 60.13 15.64 1702.90 54.09
SD 0.41 44.63 1.42 0.10 11.01 0.35
DD 20.10 2188.05 69.50 15.06 1639.40 52.07
DD 20.10 2188.05 69.50 14.90 1621.99 51.52
DD 20.10 2188.05 69.50 14.93 1625.25 51.63
_‘iu 20.10 2188.05 69.50 14.96 1628.88 51.74
SD 0.00 0.00 0.00 0.09 9.26 0.29
£ 20.15 2193.49 69.67 18.80 2046.53 65.01
A 20.14 2192.40 69.64 18.71 2036.74 64.70
£ 20.15 2192.95 69.66 18.76 2042.18 64.87
..il..» 20.15 2192.95 69.66 18.76 2041.82 64.86
SD 0.00 0.54 0.02 0.05 491 0.16
Vo 13.78 1500.07 47.65 11.10 1208.33 38.38
Vo 13.88 1510.95 47.99 11.10 1208.33 38.38
Vo 13.89 1512.04 48.03 11.23 1222.48 38.83
_iu 13.85 1507.69 47.89 11.14 1213.04 38.53
SD 0.06 6.62 0.21 0.08 8.17 0.26
AD 12.99 1414.07 44.92 10.13 1102.73 35.03
AD 12.97 1411.89 44.85 9.14 994.96 31.60
AD 12.82 1395.56 44.33 9.98 1086.40 34.51
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il 12.93 1407.17 44.70 9.75 1061.37 33.71
SD 0.09 10.11 0.32 0.53 58.08 1.84
Yo 0.00 0.00 0.00 0.00 0.00 0.00
Yoo 0.00 0.00 0.00 0.00 0.00 0.00
Yo 0.00 0.00 0.00 0.00 0.00 0.00

il 0.00 0.00 0.00 0.00 0.00 0.00
SD 0.00 0.00 0.00 0.00 0.00 0.00

ks clapH > u‘.ﬁJgt‘ L osle Lg)lf.\sl.a—\é—?

1802 ¢ SL

Y oL 5 Y Gdwl pH 3 Viharveyi ¢ 5Sb 55y 21802 5 ST o5 S b o3be i1 (58 ile
)J}PQ@%JM@):&)&MJ\yo}JQ@ O‘kﬂj(\‘b"}‘b}c}) %ﬂ)d‘ﬂd‘jz&;

(Yoms Jgds) Cosls halS oy 00 350 (ol Hlaw Jases

10000
9000

8000 o S,
7000 /W' \
6000 / \Q

5000 / \
4000 \\
3000 \
2000
1000
\,

—o=AU 1502

:AU’mi) ahs g u:...._.‘.".n.i

alises cla pH 5 1S02 ngzf\{o)w&)ﬁyu:\yo}qu Ol a0 =¥0=+ 515 505

\ld



Calides slapH H31S02 (6 SLoylas 633,(;»-&& 3l g0 8 Lk Ol e =Yr=v Jgd

1802 ¢ S'L

A pds dla s (AUMI) o5 5 Cdlad | b o, Lle sy
pH

Y 12.33 4690.93 50.87
Y 1231 4683.33 50.78
Y 12.28 467191 50.66
Q_.is\,f 12.31 4682.06 50.77
SD 0.03 9.57 0.10
¥f 20.65 7856.27 85.19
20.69 7871.49 85.35
¥ 20.67 7863.88 85.27
Qg;u 20.67 7863.88 85.27
SD 0.02 7.61 0.08
$ 2272 8643.80 93.73
$ 2275 8655.21 93.85
$ 22.78 8666.62 93.98
g;:i'L:“ 2275 8655.21 93.85
SD 0.03 11.41 0.12
A 22,61 8601.95 93.28
A 22.67 8624.78 93.52
A 2271 8639.99 93.69
Q_.is\,f 22.66 8622.24 93.50
SD 0.05 19.15 0.21
Ve 17.25 6562.74 71.16
Ve 17.23 6555.13 71.08
Ve 17.31 6585.57 71.41
¢c§5L:‘ 17.26 6567.82 71.22
SD 0.04 15.84 0.17
VY 0.00 0.00 0.00
VY 0.00 0.00 0.00

\7Y




\Y 0.00 0.00 0.00

= 0.00 0.00 0.00

SD 0.00 0.00 0.00
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elies sla pH 5 1S03 éﬁbo)w&)&w e <ofuk Ol sae =Y V=+ J g

1803 (5 S, o adls , Ls 0% 9 S dlad o€l dws s
pH NS5 (AU/ml) [P

\ 11.21 1220.30 38.76

\ 11.82 1286.70 40.87

Y 11.19 1218.12 38.69
Sl 11.41 1241.71 39.44
SD 0.36 38.98 1.24
\i 18.42 2005.17 63.69

¥ 18.41 2004.08 63.66

\ 18.21 1982.31 62.97
Aol 18.35 1997.18 63.44
SD 0.12 12.90 0.41
§ 27.42 2984.89 94.81

§ 27.35 2977.27 94.57

4 27.21 2962.03 94.09
Sl 27.33 2974.73 94.49
SD 0.11 11.64 0.37
A 27.22 2963.12 94.12

A 27.21 2962.03 94.09

A 27.23 2964.21 94.16
Sl 27.22 2963.12 94.12
SD 0.01 1.09 0.03
) 18.90 2057.42 65.35
) 18.86 2053.06 65.21
) 18.87 2054.15 65.25
Sl 18.88 2054.88 65.27
SD 0.02 227 0.07
\Y 0.00 0.00 0.00
\Y 0.00 0.00 0.00
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VY 0.00 0.00 0.00
Sl 0.00 0.00 0.00
SD 0.00 0.00 0.00
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(B0pg) WSSl 5 WSl 29.24 29.52 27.07

(15u8) yaus Lo 525 yius! 11.8 8.45 0

J5leS gold s o0 5 520 55
41.93 38.28 24.85
(1.25/23.75 pg)

(15ug) poes Lo 5 5 5 31.23 31.3 15.19

sl s w5 535 2 5 Sy sl (sl (5 S s ST SV
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Sl
-3 C.J& dSla jbé B.cereus B.subtilis
(mm)
1 9.59 0
2 9.4 0
3 9.72 0
Sl 9.57 0
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/Sl
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(mm)
1 20.54 10.93
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oSl 20.80 10.20
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Recovervpercent = ; ¥ 100
Totalproteino ferudeextract

Total protein = Total volume (ml) ¥ Fraction protein concentration (mg/ml)
Total activity=Total volume (ml) * Activity(U/ml)

fraction activity (U/ml)

Frotein concentration (mg/ml)

Specific activity =

Specificactivitvo fpurifiedfraction

Purificationfactor (fold) = —
f f (fold) Specificactivitve ferudeextract
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102 (6 :SLoslas Sl g 5 Tl Al Caliten Jou 51 ool (gls o3l YA=+ J st

1802 s S Culture liquid Before diyalysis After Dialysis
(ml) & 505 = 30 17.202 18.261
(unit/ml) s 5 CJlad 13833.12 6437.31 4845.36
J5 el 414993.61 110734.61 88481.15
(mg/ml) .54, CLle 0.3894 0.2305
(mg) S 55 11.682 421
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Olekily Lo ys 100 46.54 35.03
3L 5L oy 100 36.03
el oo 8 1 0.592
1803 (5 SL o )las I iy | el Gt Jom1 o 51 ol (5l 0ala- YA- 0 g
1S03 ¢ S Culture liquid Before diyalysis After Dialysis
(ml) & gos e 30 16.026 17.016
(unit/ml) s j Culed 3148.18 6118.69 11212.66
J5 e 94445.34 98058.12 190794.56
(mg/ml) .5, Cble 0.54 _ 0.49
(mg) JS" 555 16.323 _ 8.3820816
(U/mb)o 3 5 CJlad 5786.03 _ 22762.19
Olekly Aoy 100 194.36 356.16
b5k Loy 100 - 51.35
el e 1 - 3.93

\\%4




SDS-PAGE 555 4 s ) 599 7SI —F-V-\A-F
1803 ¢ S U 1 ol slpe (Il (il en 1902 (6 5SL 55525 2S5 Jool ol

09 03 9dkwe 4> r).) .»\._:L)Q‘}.Z”.}}_.L;YO &Jj_gj.a 09 039w 4> J)‘ AJ\;ASMUM..\_:LJJ

OW-r s 5ai) 5 Ol S FO-FO S ST s

“w 66.2
we 45.0
35.0

== 25.0

18.4

14.4
1 2 3 4 5 m

1803 (6 SL o jlas ju iy 589 2SN 5 -VV-0 s g

Sl g L sl o SIS03 (6 S oylas f clas y ol Lg)lJ_g_{ZIS(B L;,:fl_ge)l.?co:\

055 c
okd ;JLsIS03 5 SLoylas 0 les y3olli ‘_;Jl.\_@i' 1803 (¢ S °JL“;%
;)Ld m

0l S 1803 (5 S o ylas ¥

AN



o 4gd Sba 4 sed A Sl sbe e b -0V VA-F
WOl IS (65 ¢ sy gl sl I 531803 51802 (6 ;5L 4 gad meiw L Hls sad bl
OT sl e 48 35 08 5 I ilie 5> 55k 93 o (sl ok stalicn b o 2 Jilin 5 p s IS 01 S
331802 (6 5L o )luas (001 513 0l (FA= 515 4 (FF= 0 15 5ad (FO-+ 15 i) sl 0l 0355 o3 55 b
AL Ol ST (65 531803 L;;flgo)L&O)c})jlf

Smootd Ded-0 Smootn: 0 Deri:0

T T T T T T T T e i m 080 T T e e e
b m = - m o m b m = 210 20 20 240 260 260 20 280 290 300 310 32 30 kY 30

1902 (¢ ;SLojlas (65 Cad —FF-r Hls gu 1902 (¢ ;:SL ojlas (65 b —FF-1 Hls 4o

J.:. J.Z:.: }I..w‘ DL QL'LA 9 JJ{ S LISL]
Smooth: 1 Deri:0 Smooth:0 Deri..0
I e e e e e e e e T a0 e e L e L R e e e L e L e
210 220 20 240 250 260 210 280 20 300 310 320 30 340 30 30 260 21 280 20 300 310 320 330 340 350

1902 (¢ ;SL ojluas (65 Cadb —FF-1 Hls gu I1S02 (¢ ;SLojluas (55 Cadb —FO-+ Hls gu

Q‘;A 2 ‘J};L:.n 2

\YA



Smooth:0 Deri:0 Smooth: 0 Deri:0

L A L Ll A M0 AL VLAY AL ML LA L L L A L Ll At VAR ALY VLAY ML ML LA L
I1S03 (6 :S'Lo)las (55 Cab —FA-+ ,ls 50l I1S03 (¢ ;SL ojluas (65 b —FV-1 Hls gu
r})ﬁ)’ Jif:l}h‘).}
I1S03 (¢ ;SL osluas (65 Cab =00 -0 Hls ga I1S03 (¢ ;SL ojlas (65 Cab —Fa-+ Hls 4ol
=
O‘}iﬁ).} d};'\.:ﬁ)}

5 S S b 85 b Caale b g5 S S sl ge W5 oUl5 gy 2 Y- IAF
e sl (5 SL o jluae (GC-MS) o o 315 5leg S 58 VY VA-F

1802 5 S

e o2le 4 gyt 3 8 Jlazsl b 6y 0 855 0V 515 500) ¢85 5les 57 ol ga ol
by e gdn éi:l 3 3L o Lo )3 +/FYF Ol 5w 518V o sl Ao 5 L Cycloheptasiloxane, tetradecamethyl
Ao )3 IMA Ol 3188 o gl ds s L Pyrrolo] 1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl) 4

sl

V4



Chromatogram Plot 2 - 8/24/2011 12:04 PM
File dwananws'data\mirbakhsh\15bl sms.

Sample: 15BL Operator.
Scan Range' 1 - 1880 Time Range: 0.00 - 30.43 min. Date 8/22/2011 12.50 PM
MCares] TsBLSMS e ]
weso

1S02 Lg,‘.’fl.v a)L..a& C\J?jbj;—a\-')b}d
1 1S03 Lg,tfl.'

bt e3le by o o )3 80 Jlazd b 6y 0 5 500515 500) ¢85 5les 57 ol g bl
L gds di_:l 3L o Ao )30 /FYF Ol e 58V o s I Ao s> L Cycloheptasiloxane, tetradecamethyl
L Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl) o le esls 45 by e do 4 Jla>d

YA



Print Date: 24 Aug 2011 12.06:10

Chromatogram Plot 2 - 8/24/2011 12:06 PM

File: d \varianws\data\mirbakhsh\1021 sms

Sample: 102L
Scan Range:

1 - 1880 Time Range: 0.00 - 30 43 min

Operator
Date: 8/22/2011 11.41 AM

MCouns

060

02 SMS 40 650

1S03 (5 S o slae o1 8 ke s S —0Y-1 s s

AN



\AY



o

3,505 ¥ 3,Lke VA s9u> 55,51 8 T (o s 655 2T 5 Ol 0L 3T M5 Ao ys Jer

Sl Ol s ULy glalde ol s lols 2l s Sl sl OT jlas, o dwe s 4 .(FAO, 2007)
SLe olos 3,15 DI 5 opl 2alS 53 gage 285 7 ol g 51 (SG anl 4Bl (sl el 5 Comnl (65
G5 o ST s 3. A5 e (Aeromonas spp.) U ses 5\ 5 (Vibrio spp.) s s 5 sl 55 b
I 5 W Soles 55 3 6Ny Sl 09, S slag s (oS e SR Soysn sl (e 8329
sl ol ol &S 5 48 e eslanal (Phillips, et al., 2004; Wierup, 2001; Witte, 2000) L&, sl a5l
Karunasagar, et al., ) Cowl 4258 LwT 55 oP s ao il sl S5 g G“JTAJ.C-)LEA LS b 4 s

.(1994; Moriarty, 1999

2 S e 3l g 5 La 65 g T Kol Ol gie 4 s S s 3200 % 5345 w5 055 )

2 B s s G Lo 33 035 4 Solows Sola DY uame 5 Sl 0ds 0L BT o 55 sland
i ga ) 558 O sl Ol ol &7 OT (YL (6l 5 (555 2l 53 DY pames ol &S Sl o s
Sslme #1555 S s 3 S S0 OT 4 0T 3555 omed 5 5L i la, 55 ¥ 2Ll
J3l 035 o0 s 457 O gl (2T 5L e ST 4 Lt (S 68 L i &S5 (B e b
Oy 5 3l s (53lular (sla SSsms o nl (oo Sbss dalsE 335 (o 09 Sn Sla s ST
S o s ke i1 Ll syl s gy il (S sy 6o &g sl 1 2 65T 0S5 o b
5 OT o5 L 0y 55 e &S s 5 G (S gt 11 O o g 29,5 5855 33l
Sla 4o ngi‘\_.fc 5 el (giluldm Lioss s opl 5 I (Verschuere, et al., 2000) Ll 0 (s 5T)
G 3 58 58 ois 1 diteen &S 55 5 Ol & 63,115 (sle Skl syls 7 sy b ST

sla 5L 5 (p=0.883) (g Lustl (5lsn oo 9 S5lsn 3,59 8 Sl 6 SU S sl Ol (5o

salizal 3550 b Culu 534S (SSgms 0 595 ool ol «=0.162) 5,15 3 53 5 Colws dus 53 4wl gy o g 0305l

VAV



ol 31 a8 e a3 b (65T sl il adl 3 ol DL U gonn sl 3 53 3,8 (o 13
S5 Lol 33 4 Cod Sl ol Sl el 03 31 ik 51 56 T8 n el o 6 550 5140 5 o sl
Lo sSn 2018 olaws 3 4wl gy 031l 5 3555 28 sl (6 Sk S5l 3 Olsan (p oy ot 3L
53 283 3l ya 3Ll a8 a5 s Sn 055 SRl s 4 o8 b o g sle )3 gy 5 T (sla 5as

AEL on b il 4 S 2 (6 Oljs 2 41 3L 5T sl ole 53 50390 s (6 ol o el o

L;l_a&):fl_gd_l\)'\asu:_w\O.llﬂl_'.:sﬁpf(d\‘b—\\//'\’)@j)e.&)-bu):st)ﬂ.s)}ﬁtgl.a‘,i:a

.Ml{wbﬂ‘j@);b@j)oajbu)aw

Md_a;ﬁp_? ebos sla 6 SU doys A 5l i (VAFF) Uphan o Zobell Silaflas ol

el SL s VAN slaiT 5 5a 40 sas OV @wj‘):iﬂ;}; o) 3 (ZoBell & Upham, 1944)
)ﬂwv,&ar;wpuﬂwﬁm?s%sjfdju,\?uom,ﬁqu,@,\fﬁ:ﬂwu
S S pl STl )3 (65 gms S i3 53 35 50 SIS Gb 5 L ot 8 Jl s 0T s
Aoz 51 Ol gy S il 8 oans I sla (67T 51 oS Bl 0 anlig s i 4 Glate e p 5
5 &slwliar la (6 S oy 5l 5 s ) > (Direkbusarakom, et al., 1997) L b oo < guies 550

bls Vy Gal B op 2 Bacillus sp. g Vibrio sp. o o 5 a4 ol plulld
09 p SliaslesT

adsl s S8 -1-0
o oo B 055l ade 5 gl S s S 4 b S s 4 S35 2 5 Oy g Slikes
SL T C) Bamms 3 0550 6ls (651 o8 bl SIS 0T e s 5 ol 0l S a0 ¢ S
31 o (Al ST sl 55 (g Son s Clab s 0 s 25 a2 5 bl (on sl
Sl gl oo sl ol JLs 3 (Chythanya, et al., 2002; Hielm, et al., 2004; Sugita & Shibuga, 1996)

C0358) 8T s jlasl pa,y canY 53 CoiS iayia,0s ssmg AKalesT Lyl s s sl o S 2

Double layer method’

well diffusion method "

\A¥



Aditya )) 40,13 wlas 5 Ulpe La Jogy ol 51 65 a o7 f&w_gj\,ug\uzbf&u&my,,
uﬁ\ )Lg.m ¢ Paulo u:, 3] )f L;—‘l’ .(Kesarcodi-Watson, et al., 2008; Aditya Kesarcodi-Watson, et al., 2009
iy oSy 1Lt Sy 535300 EKus SIS Sy 4 o (6 2 pmbeo ST 5 lisl i,
LBl oS 5 pun (slo 0,8 4 55187 (09 S s g o b 5 DT 3 Uslowals g0 sy
Lzl gl o adllas ol s (Paulo, 2007) 35,5 8T 4 o5 Ko A slpe Lazl sl iy o S s
St gy 3 Asl op S s 3lsn A5 538 1S o8os 5 65T S5 s 53 oS S0 5
3}_&4:.'9;]23)3-le.ol.i}ﬁui))j’):éi:]}ﬁ)ﬂ.glécj\)sSw&‘wyé.-ww&wl)lfTﬁ
Joe s Sl 05 S 350 55 5 (2T G e 5 Sy 5 51 Jeol s S e S
313 5T a5 iy Gla (et ot S0 By Jome i 5 T kS 15 Bl 0 250
o DA s (65 (S Ol sl 350 53 Cadl g iy Sla el G S loes 30 ol Sl
R 5 50550 O sl 53 9lS SUIS Glyls sla 6 ST > 51 (Aditya Kesarcodi-Watson, et al., 2008) A&
Jlail GUl 5 ay (65 (Seast il 55 eslitul 3550 sla &3 g S35 o5 & 48,5 el sl
)UTLS\JBJ'_:;JJ_&L:L;AoD))C;.s‘,ﬁ)\)f}séﬁg&uéﬁ\{u‘w‘obffﬁoaj)4.:\.&6]5\.1
o S a9 ¢l 0sd\e (solauri, et al., 2004) Wil o OT O gal Lo 5 (55T Ol s (63 2 Sk
1 28,50 A 31g0 a5 5 Bliee & Jlasl 15 Loz o8 o (55 5 ST Joe 3o b o5 51 Lo il

AU 855 1 s Seon bt la o plie Sl 51wy olol 5 g SU 2 zags cpl 5 1
D32 S 0s03T 55 55 gap ST gms y el & adlllae pl s 4y 4 5 1.3 5 Oy g Ko 0557

5 (GenBank accession number GU974342.1) IS01 4 s V.harveyi O 8l (s 2SU 5 o rbﬁs\ RIS RN

J))_A)sz\_w‘..‘?jg_&ﬁﬁ)bﬂléjgfa&)}ﬁ:)ﬁ&';\f)kﬁéu&ﬂjeaﬁ@ﬁg PTCC 1755

.(Mirbakhsh, Ghaednia, Afsharnasab, & Yeganeh, 2012) L3 5 oslizul 5.5 45 5 15 J S50 olulis

Cross - streak method "
Disk diffusion method*

YAD



A5 b Sl gl A5 U5 4 VF e a6 KI5 b ok (5lulitor 45 5 VA ¢ saen |

Vo ls dgu ool w5158 Lds Colu VY B Blis B 1y 31 ol s axdls ) asls 5,00 ade o S
S remy b g 50 b skl CLB sl &S Lis g UVV/FY) shals o 4 Glaze oy 5
Abriouel, et al., 2011; Bairagi, et al., 2004; Jose Luis Balcazar, et al., 2007; Cladera-) "ol bv & ol
.(Olivera, et al., 2004; Olivier Decamp, Moriarty, & Lavens, 2008; Duitman, Hamoen, & Rembold, 1999
(Saola sy e db) pde s ity b (STsmsn Ol Oa L & el g Sl b s
gua;ld,{u,p,uﬂrt?u-\)k;ﬂ\%ww;pL;)u&@w‘m&uumuuduwtf,uu
S Cmilon dla s g okd (giluldr Sl s Sligun)y SITU102 6,56 5035, 5IS 1696, oS W
5 4 (PTCC 1755) 55, 9,09 &, Sb 9y » (1S03) Ju 1026 Sk 5 (1S02) S 169 (5 SL As
,i:ﬁu:,,ﬁwﬁ@b&;,ﬁé@;m,;\@muupwgsuu_ts6>ﬁ,:ﬁdt:ﬁwajr9/v~
Rl 6 55 655U ol 5 Gre o W) dSlul 5 ST 5 o Lo YW/ F) Sl 5 6K o
36 03y ob ST sl o &S BT 55 ol R Ol 4 b 0T o5lae 5 ST 53 ol YL LB
SSL 93 a4 (V. N. Gordon, 2004) L5l s lia S35 g S5 sla asls 51 S T, LT
b 53 (e b 3l5n ez SLET (Y2+0) O s Delgado i) S b sy S5y ol @lyls Coutie
3355 o o> 08 5B s (Ml S8 e 55 15 o R 5 31 0 G| (68Tl sy (0 )80 6
Wb oo RSOl sy 4 5 odkd BBse o 5 ST o sk Colu FA B o b e ol 5
56 53180351502 (5 2SL 55 o5 Seedd esle A 5 Ol s o j2iw 55 iR opl 3 (Delgado, et al., 2005)
035 65 5 0l g S5 Seran 103 51802 (6 S 55 O gon gy Smrad 3051 bl 3 5 55 ol

AL e Al p (b s b STLes s ) cmlie A5 edias DL ST s sy oL ST

35 s o3l W5 an el 5 bed (g5 SI-Y-0
)Y‘;‘OCJV\COC;.,.;J'J.?Q}iﬁaj))ﬁo)jad)&)b%Tdeﬁ‘J})}f\J}galq@jl{

)prQULﬂquL{w‘F\pptjb‘?pptuijjﬁojjsL})bgTé)ﬁblkafﬁjdf.&ﬁ

Lag phase °

\AS



20T o5, ds osle (5,80l 5 e gla (5 S iy St gla O30 3TeVFF-A/YF) 05 5dos

1235 il pH 5 (5550 clos 1o 28 ol
35w b o3l 5 (6) 8

05 d ke (Sla) sSTB e pomes am T b oy STL o et 4 0l STL s S sle WS 5

,k._,w}}' dfu.wjj 3 .(Delgado, et al., 2005; Rajaram, et al., 2010) Ccw! Lo 9 an dow Aﬁb%ﬁ»éh)}fﬁ
G2 4505 53 3 g g Eccoli (6 Comaz 3l 0k dd 5 e 2SL (555 » (Y400 V49A) OIS 5 Gordon
Joe 4 (Ko 53 ke o3 A IV 5 ST A 5 Oln Sl 887 ) g a5 (SIS
g._wlul;wf_;fp@s,G_L»;c)\ﬁ;‘:cop}:ﬁuil.'\'gﬁjjcoméjula?oleL;ﬁQS@l{}:ﬁl,_
Gillor, Etzion, & Riley, 2008; D. Gordon, Riley, & Pinou, 1998; D. M. Gordon, Oliver, & Littlefield-Wyer, )
B. t;JSl_gLﬂjdLiﬁlidﬁT:\y@jol}:a@%x:;&)lf(V'\Y)O\)@)Ansari .(2007
Ansari, ) LU o 2l 5l cpl A 5 6 Ao s il 3IL 5 LBl e sy +/0 NaCl s subtilis KIBGE
SW (6555 531802 (6 S 3 amd 2o o5 e b 3l g0 0% 5 Cdlad .(Aman, Siddiqui, Iqbal, & Qader, 2012
Uvajéﬁbappt‘_;)ﬁ)}‘;) (p>0.05)..\.::$:|.,\36)|>@a.a&))\:5-|rﬁL.pptfbj\"’b YO N0 Calides
3050k 3l Bla 50 cnl Vil 3 s S &y 05 Sn i 3lgm 0305 Clab ety 6 ST o
58 s p s SSS Jous 55y Sradled pptfO (6,55 BIS02 (6 5L .35 8 o 05, Ses A 5lge pl M g5
3505 ogs Codlas 35 (YO INO) (g5 53 5 oikd (g3luldo 035, 5145 pl o dor 5 b 5 LS i Wil g5 o

AL o 55 58S Jld 5 bty (6580 LEosp Sale s eslizul L

JBGJ_gL;‘).sj.gutgjﬁﬁuj\jziﬁféppttg)ﬁjalsmLg;fbd)&-‘.é:\yo}ucﬁﬂ’é
PGS ol diy Ol e 5,8 bas g5 4 OOpPPL (5 50 U l)uiJLlj:fL:L;JTupljsISML;;fb.
03 ol pls sl Qw&.\p\&j&u.ﬂyo}qu Ol (9 Sbls [2alS” oS 00 pptes, o

3505 03wl IS03 (6 25U 51 0155 oo Sl FOppt 51 Lo b ezl T (6558 28] 50

A A esle 5 p s I

YAV



Al (o b e ST o a0l STL sl S e W5 55 e e H5ST6 1SS Lo

Sakacin P e g3 25l A 5 Ol jas 0 iy 457 s gad oMol (Yoo 0) O)Ser 5 Aasen .(Gillor, et al., 2008)
3 Ansari ui)\}f b .(Aasen, et al.,, 2000) Sl a5 Y+ clas 3 Lactobacillus sakei & ;S'U low
B. subtilis KIBGE AL b SLas S 5 e SL A 5 Ol o 2 55 (YY) 0,0
b 3y 05 g Cdlad Ol s o iy 5 iags cpl s (Ansari, et al., 2012) L3L o 4 53 YV (les s

g3 Kl am )3 ¥ (glos 531803 518026 ;STL Ady 5 09 S
i3S A osle A5y andeal il

5 o 2SS adaz 1 gL ST sle S gl OS5 1 6ol (Slidod sl 4l b
o PH<F 3| i oUIsolS 5 s pH s B. subtilis o5 as o sl Sl 4 g Joww g5 5SS gun 5o

Ansari, et ) .J._'.fda ..L:‘)S Iy u;.wﬁjtfl.: Ol e Oy s~ YV PH > B. subtilis KIBGE Lg/.:fb Jle Ol g a4 (il
al., 2012; Barlow et al., 2007; Khalil, Djadouni, Elbahloul, & Omar, 2009; Suwansukho, Rukachisirikul, Kawai,
93¢ VpH ;51802 ¢ SL &LS.:A Ao slge ok g Cdlad Ol o 2 Eags opl 4> (& HeKittikun, 2008

JU L (BT Cdled SILs aital L S a8 iy o) (e OPH 55 555 4 pH 53 OT 0 28

W@l o

j)jﬁ}_(\fg}_w))gTQu\:_w‘jszj_icubojlmfjswtgbdﬁ\{ﬁdlq@jk
SISl 5 L 85 56 S 50 p e 1 L J ST (ST sl 5 S S

sl o 1l 1y Cmis ol 53 colin &K 5m 5 K Ol 4 (6,8 IS0 bl calata

Calises (gls 4ol 5 (6 5 clod 53 03, o 05le (5,8 Ll —¥-0
Lyl i 53 s e Shos & gl ST le S plie ()8 ke Ol b el 3 g3l a8
B. Sledd W5 s 5SL Y0 A) 0L sTung (ls anl wlul e Ol i 4 3505 3 55 Calides
G 0T b a3 VYY) (glos 53 J5 dS o Joowd o @y a5 Vor B F 51 ol o 28 thuringiensis
2l Sl ol il B. cereus 1 (g 4 g L5 S ul"a)l}f O)Sen s Ghanbari .(Jung, et al., 2008) duy oo i
Ghanbari, Rezaei, ) Sl Jlad 4235 Y0 e 4 a- j3 Ar (gles 54 L;lpr).s 45..\:56/4 Ay ij:fb
B. s SU el lalds ey SU o 8000 K a8 43 (Soltani, & Shah-Hosseini, 2009

YA



4i8 pel 4ids Yo e ay )3 Ar (glos 5 VoY ol 55 0lld S (Sl g as amyloliquefaciences
5> (Lim, et al., 2011) 555 oo Jlabd 58 4285 V0 31 ey a 53 Vo v (Glod 53 e g STU cpl pioman 5 Col
39 S5 ) (s g5 5318023 51802 6 STL Lo 5 odd W5 05 Seadd sl ge 09 Clb g ol
SLed 531802 Lo 5 ol A 55 o9 a3l g0 pwimmans i odaline OV ppt (6 55 43 OT Oljae o 205
Ol e sl am 53 VYN g V0 (glos 55 9 Cils 1) g 5 Clad Ol s o 2aS i85 Yo V0 1 ey 4 53 AD
3 a3 AD 5 VO (les 531803 (6 5L baw g5 ol I 5 s e 350 w3 Cdlab by Lho 4
ke 5 sl QLS 1y 059 Cudlad Ol g o 2w 53 70 (los 55 Jg il 1) Ol s op a8 4235 ¥ 5

sy o w0 s St a3 VYY) Ve gles 55 18026 ST

AL Y PH )3 5 dewy Jio 4 VY pH 551803 51502 (gla (¢ 2SL Low 5 ol A 5 o5 okl 51 5o

M‘:G}}a}i}qw pHLgLAc:)JiL.u).)L;)C..&L)

jleokmfjagf.;ﬁ&oéutsjf\{bjoﬁ@j&j&u&}\y&)\thg%jl{\ﬂ
Lg\.:L.é%‘)JS“bMO‘PQWG%T)Jjwwwgﬁ)boﬁahﬁ}ﬂ)bﬁlijd}lw

3 gad 03Ul 5150 5 S0 53 &G (ST o Kl b 5 S

S sla 5 ST IS ol —F-D
5 e gl moslazel oy wleo gl i, 40 LS 546 @lf)ofmawubf\
McCartney, 2002) 25,15 (655 - =T s 33 03litul 590 Sla ES 55 5 (25 oo (S sen olulid
Sl 555w Dlalllan 5 pads |l cddey S5 (o 33 Dl s ol 5 &S psm e Slo B9
S5 sla Sl s b S S50 6555 CiSSl sl 6T 050l 5 Al o B (6 S 51
sla g, (Fasoli et al., 2003; Huys et al., 2006) & 95 o o3leiwl 4 g 5 L asjfﬁ; LRES )3 (§odae
sl 5 (IRl ol 0155 o 1 A3 25 S sl oy 5 168 IDNA 0 milSs tile IS5

(1] .. .5 .(Yeung, Sanders, Kitts, Cano, & Tong, 2002) 5 ;S s3latul 45 g = 3 la &5
B il g > T e

A4



BBl L bl 5o 5 ¢S s snS T VL pld Codd b IS5 sla i il s K5 gy 0 slazel

Sl s G5 4 sla

Skl L sl 6 SL JSUsn alolis & 6550 55T Cnio 53 L sl sl 55 R o) 03

= 53 3 Bacillus sp. i 4 Glaze (6 5L 55 a5 b axtls 5 168 IDNA 0 el bl SSgus
B. (Ehrenberg 1835) g Bacillus licheniformis (Weigmann1898) dile oLa 4 s (V44Y) Priest ;L ol
it Sy 53 Bkes s kel Bl o U35 e ST I 5l 5 axsls Slg ST Subtils
S5 1y G s i 558 Aoy A Sl G b sl el 5 ol o sla 3 5 Bl o DT O g2
(Siefert et al., 2000) 3,15 3 5 5 Sl gany 35 b gl ) i 31 (g lons a1 (Priest, 1993) Las oo
Rengpipat, Phianphak, ) Lgds e 034 fde Olge a jira JZA sy QLi}iT bug u:a-\j L@;T o2l
9o 3 2Bl 6 S gy ol tags sla 4l ulal  (Piyatiratitivorakul, & Menasveta, 1998
B. Lag;fp)'l°.<iW.Ub@wgo\jﬁuﬂﬁuL;uagg&,u\o@&ju.x?,iww”
= Bacillus subtilis subsp. inaquosorum strain 102 0T & g 5 3,15 Slgam (2871 5 487 Al oo subtilis
5 Clods (3 me Yoo 8 dle 5o gl S (g 0 5uSTG Olsie 4 4y o LT bl 57 S
Connor et al., 2010; Rooney, Price, Ehrhardt, Swezey, & ) LS = .,\_:5}5 &:“.gé)j_m A aud .L.::ﬁ},::j é_<.;_

( Bannan, 2009

S5~ 6}-{T 0) 4> 3> 4._:}? ol ol sl (6l 5 oS AaL e Bacillus vallismotis 1S03 Jiia $SLs

)‘ W CM&\ o.»\..&‘.»\:- L)J{JT LQLA a; gffl}- )\ \44¢7 JLw 2 )L: ‘J:S_p‘) Q'M.u\ ol &Lﬂu 9 Lg)l.w‘v\:-
GASL ol 55 g 90 SlaylE wll  (vanova et al., 1999)s s B. subtilis b (SG35 Cul 3 5556 ks
(Y1) 01, s Zhoa (gla 4l 3-b 55,5 eslinul ¢S5 g0, Olge 5 oYU S &l 0I5 o0
Ssb Fbls OLS 5 5l b s (g s>es Bacillus vallismotis 7185 .28 31 ol Glﬁ FU sy oylae
5,5 eslal uAL:f s olew Oloys g LQJ:i‘L“‘:‘, BERCIPIPRT OT 31 4 ol Fusarium graminearum s
Bacillus vallismotis BIT-33 ¢ ;SL sl & golie L5 S (‘M“ (Y++A) O1,Kan 5 Zheong .(Zhao et al., 2010)
Jeong, Park, Kim, Kim, ) Gl Litn 38358 Ol Ol ys 53 5035 Slbw Ao ol slyls obys Lie b

(& Lee, 2008

14



o Lol e 53 (el aneS Law g odld (b jae el 6ls S5m0 S 5 5L 95 A

.(Barlow, et al., 2007 ) il

Bl sla (6 SL o e osle und —0-0

pPl e gL Giags sl 55 45 (Demain, 1998) US” o A5 1) o5 s S plie by (o ST
=8 S s sl ol Cle any p 40103 51502 (sl (6 2L a8 Jghas A3 o ylae JU SL 5T
&S o3l L o lae pH b (5 5L ot ams 31 (5 STU 1 (g5le o )liae 55wy o b s s astls
Lt 5351803 (6 5L (ol 7798 JIF/FY 51802 (6 5L (gl s VIAY JIV/FYos gidoun 55 o)l son 457 LS
el SLislejT (55 55 b al o 53 il ol el 5 51 (36 s OT U STL (8T 51487 55 dls
5T 2l (F (it o L i U o SSTL) U500 (s Coaale U STL (5T 5150 (V1 s
Lyls S g Sl JU ST
(23 A S sm (5 y Conle =) -0-D

S g p 5ol Lo 5 s 55 5 (23 sy B9

djcQMFtH}ATLﬂ}SLAu,:i?)j_iu_hau}w)J})J\(TW\)JJ\.{.«.@jSharmaquUa.n):
53 65 A ool B subtilis 6 ySb 5| S\ & g e g3 5Sb (adi 5 ol Sl (515 SDS-PAGE 5 O sl 2l
. (Sharma, et al., 2011)Cubls 21580 ods el g0 s j Cllad o 0 alS

453}_;(\\"/9\:i:~/\"mm)c,swv:.wl.qu)>oM&uy)M)r.A;ALAJBcISOZL;J:fbjs
r..\_oaJ_;a.sQUJ)(YF/FYiMfmm):ﬁL;JSl{d\J}L»)'l&)Lca)La_o.L.i')rd&dujléj\j:af)\.:m.
23 GRS ol o8 Sen A8 g gl Bl 3 gy ol LS

W&J}(Y/\/QYZ&'/Ome)éJ‘JsLw‘d}bj\d)ba)wv\ﬁjru\&du#dso.@LQJ:;L:)}

a5 OLas (Y/PAE /YA mm) 2alS” (Sl ) g 5 5o T L (25 g

149



s

S 35 A3 OV/YDIS03 (6 ;STL 55 5 o )3 YO/ WIS02 (6 2STL 55 g, 3 ge LU Ao s

055 Solad (oL ST e oslae 4 LS IS02 (6 2L ol 5L (Sla €503 53 55 lin Ol e 02
ey Sl s Sy s e sl Gl sl 284S sl QLS EalS e )3 PO s Sl 5 Ao 5 Fr/A
Wl ails 2l e Sl by S plie e Codom 5 adsed ol e byl il o 6 5STL !
el oslas 53 OT Oljen 22 W0 5 F i 4 () Sdled 5039 Sodlad 015 1S03 (6 STL 3550 55 (I

Bl ol il Bl oL ST
SDS-PAGE o5, 4 e )59 2N

C}_f}ﬁ"-bw;)‘ybOJLﬁccbOJL&)}uﬁ)ﬂfkwfﬁ)}bauij)d\)\

OSSO F L) 05Uzl 1803 51502 (6 5L 5JLs 5 Sl g

Ojs asazr s Lol agd J5 (Vb s 55 51 (50 Lil5 (o0 a7 510 Ol (il 7 1502 (5 STL

ez g bl alos 5 07 55 5 Olen (¥ Clon g8 onlin o @503 53 320 g0 (555 2 3150 (S50 50
L le o 5SL sl i 0 g 4 4Bl 0315 (gl (68Tl 3 5o SLBLIE Gb oS !
Abriouel, et al., ) b oo pslie pH 5 Los Sl it 4y 457 A28 o 5 55 (4/WV=1+ kD) oS ST 50 055
516,L9UL@Qﬂ,iméuhjl‘yu@w@f}&g@\‘}&w,ﬁhﬁdj\‘pa(zon
B. Y+ ) o LKen s Xie gla 4l oll ».Cils o5 Cslie pH 5 bes Ol i 4 6,8 b ol Jghos
LS e A5 ) (I i STl S e g QWS Sl old (Ll LFB 112 & o subrilis
(A Lty 3 ale (DUl (6l olas (e 0,8 5 Ee 0,8 (gl (ST Sl ool 535 2 S
55 S S Gy i ook IS it 50 W) sl ol gt 9 51 g3 e ey 5 D sl
¢SDS —PAGE bl 1 53505 (53 Sn 4 J1 o 8331 o 5558 bl ¢ s 32 o 5575 550 il ¢ o 55 5
& g B. subtilis 133 305 5518 (Y+2V) (25K 5 Yang .(Xie, et al., 2009) ol #/¥ KDa 0T Jla J 3o

)‘W}g_,a_:bLS))JJJ-L{‘;A-L:“’:W}{‘;;LMo;&M&‘{‘y)‘oﬁé)Lw\bMypl

14y



)W\r}u.a?—\' @M‘)Q)\J}Mcabw‘@‘j}ahc)@)ujw L@hf;éuéﬁb

(Yang & Chang, 2007) 3 5 Y/¥ KDa 3 3>~ tricin - SDS - PAGE i3, 3b 0T & ujﬂy O

i By O g 4 UL 551503 Lgffpjgg;;lyu>\yw;)9)ﬂ|j|yu@u,>

SALSYO-F0 S350 s 03 5dkmus 53 £33 45b 5 051> 4LSTYO S5 g0 055 05 9dee Jgl L oS s
Slr Az G (Y 18) 0L Ken 5 Abriouel Lo 5 s ghools Slb o 32 5L Sy ab ol 55 0581
w0 53> SNl 3525 pde 3 4 ol (V4 ¥4 KDa) b OT S50 055 45 05 S Ao ol = (glyls
(" >kDa) &85 1 sLa (55 5 1,8 (o0 3 o ASb e slsm 05 8 53 1 0T 05 L aTitad 15
039 48 sl Bb ol ol (Abriouel, et al., 2011) &,8 o 1 5M 05 8 53 5035 &5k shud ool g1yl
Moy, S an by yo py3 Aol 5 dbl e sy 2STbacd Loy o 3505 0 ls B STV o S5 S0

sl g sy Ga o 53 ST
elobLs VJL.N LS Jawgsy 3l oks I KiB & gw B. subtilis s las 53 (Y++4) 01, 5 Hammami

2313 il 5 03 2L Slade JU STt (ST ol 48 s 87 (gLt [ Bac 14B 2 5SL 4 b5

u_i\cﬁ._.wlr}uﬁ@u* C).LAL{AQ-J.)\" CJJ\J>-Q)ML{GAY\KDaJ}J})JQTJ}g}AOJJJ

.(Hammami,etal.,2009).b'|céjf)l,;4@}“ij)w&%jdﬁfjbﬁwﬁﬁpwjéﬁp

35b oo M5 Sy a8 Ojbes 3l odd I B. subtilis LEF -1 3 alab o 8o 3l 31 Ko S
u;:))JL.N\J;QTQJ}Q}AQ)))@‘)%}J‘Q)\FQuﬂLwo-J})Lﬁ')ﬁ@(}uﬁdjﬁ:a&poalﬁd|

.(Korenblum et al., 2005) <ol ol 03 eSS ¥/0 —\Y KDa J:Slig

5 besT S jaia Lal s (o A5 skl (SLa s S (5320 Sla s ST 4 S|
$be 455 1 GRAS OB (M o 53 b sy 7S 2 )8 SIS oy fage )5 s (225
= La oT sxce plie js A5 YU 4y e ioeen 9 Bosubtilis g B. licheniformis | & & ghesls

.(Abriouel, et al., 2011) AL

14y



295w L5 5 g s g5l (i b

3 0500 (Gl 583505 STl Jle (61,2) 03Le b ucbolie s 2SI (5 1 olize 1 andllan mi o

23 s A i b gLas S o rrege (oS5 il 03l OT (plean s JUT 3,5 1
Jsb 33 51 Le s 5 et ) shie 4 .ol (iS5 (oS 5 lalse adets (Sl e IS 55 ST
o)}fgbﬁff'\/\w\’\" nmoajmjscydjb.aﬁu.aa;um\\’/b nm 5 Y¥'* nm 63 gdeas > s
Al &Sl 5T (sl a4y s 0 YU (sla g0 b rosdle " YooYt m o3 sdoes 55 5 Skt sl
i 4T el 53 (Sl g (63 Saki gy ommn Sl (VT [ 5 (0555 OB s 5 sla el
g.l.g-&il_;’c}.ﬁd}_b);&ﬁh}w\!'\'c‘ﬁ);‘;u@'{@l Syl Cde Y20 nm s g 4 s 50
Aol 5 sz o o3 S pda b ol S 4 bl 53 (6,8 5T o 5 SR la3T i 51 s
&ﬁou&,gkccy@bﬁﬁsw@;\,w\@cu&;u,ﬂg&uéu@T
S5 b BN 555 o S 35 5 S e dsb Pl ksl a5 L Ul Ol gte w358 oo b
Campbell & Dwek, ) 3,13 51,5 slaw 53 aaT ol 487 ol oo (1 G 8 &S 1o st IVl lad

(1984

warg b gos YPYIm 5 Y20 nm 5 5 4 (Jpke) dod IV 55 fol> (el 1S03 9102 4 sai )3

Sl g (63 Slad sy 5 ES5lag,T el (s ol 3.5 4 by o ol i Yoot ok o0 3,150
SV Abriouel i Gb (o sl (Lo e STL sy aib 5 S Ak e S a5 Ly O
OT Ol 534S sl Ta 05 8 15 by uls bl oo oS (JS050 055 L gl50 SIIS02 oy STL
A5b) 45,8 e 18 (6l e 5 Sl ey DDl 5y 50 5 3505 3 s skl e 5 (il Aty K
Abriouel, et al., 2011; Stein, Dusterhus, Stroh, & Entian, 2004; ) (*/¥a kD J s ge 0335 LA 5 skt s
MALDL-TOF mass A5l _oLs ol&iws au JLila dity b 5 s 59 5lisle s 4l (Sutyak, et al., 2008

.31 spectrometry

Far UV range”
Near UV range "

\a¥



SSUE s Jlab sl ¢ oLy gl 3l o (g 5Ll B. vallismortis C89 s 5S'L 1 Ja s 5

A5 g5 5 U S 3 fae 503 S35 (9 Sen A ol s slls 48T Al es ST Ll |
Sedd (giluldr i 5 Jlad slge slstle 4 a5 L g AsL 0 56 3 LS sle Cochlodinium polykrikoides
Sl Ol oo a9 op) SlaobesT 5 Jool> @L"J LOT amslie 5 (\-+ s gu25) Bvallismortis C89 (5 7S 'L
eSS Sl 3T 4 5L el ol andl Cails C89 & gas b aslins |y B. vallismortis 1903 31 ediler e Jlnb
Z. Li, 2009; "Study on the Bioactive Compounds of Bacillus Vallismortis C89 Associated with ) s Sls d—:3>

.(Sponge Dysidea Avara," 2012

' 50 165, R
1 13 NH 14
(Nz) N/ S
32 9 10 —
N" 3 N HN:@_L
2 7 8 10—, \1 X 9
3 HN— N
4 {t4) 0 H(Nﬂ
5

Neobacillamide A (5), bacillamide C (6) (R=0,0H,NHAc¢)

B. vallismortis C89 ;| ol (6 5lulda 2w Jlad 5l g0 jltle —V-0 o005

el 6o g (535 B8l Gl 6 ST (e ST 1 e
W5 e (681 gl 51 aS i (25 0 (05,Sn A 3l n 1 (Kealiog S &Sl o ST
S5 g 0555 Sy s La OT (MLA. Riley & J.E. Wertz, 2002; M.A. Riley & J.E. Wertz, 2002) & 55
1215 65 s b Lals TS (6o 4l s 50 0 liS I 5 (6 ST 801 5l o sl 5 ST
Sl 6 SU 1 (6 i slas (695 #1803 (6 SL iags opl sl 4l wlul 5 .(Jack, etal., 1995) il
A 5l 035 e 9 3SL Jlezt 55 05037 ol 5 Cubls oiyls 3L SITS02 (6, 8°L 4 S 5 03 5l o

2 o RIBI ST ol 20,8

140



S Sn b g 555 g b Loale —Y-0-0

31 BE s S 0 g 6K bo 57 55 4y b s & sl gn i (1S s 858 o8
Aol gy o 3 453 8 (o0 (o i b g e 3,15 ool B Cod Sl ey 5 g 0 o o
b S bl o byl gl (iS5 (oS o Lalid @ plll (s 8 Ly (SC Sl e Ol A 5
S5 g e AT OS5 a2 55 (s osb a i b g, 5103 8 (o T o 4 (S S
Sl 01y o 5528 o 515 o3litul 5y 50 gl la SLS 5 5 lacp s b SIy3 5L gsl (5 ks
S8 5oy S LT (Y41 +) Pandey (sla 4l Lulul o (Yo%) 5 87 s o1y Jshoun 53 &35 o0 LS 5
(i) e 1,5 (J gl iale ilisee s S gl V. parahaemolyticus s ;SG Sl J5V e jlas oo
Sl 0 Kta s (Pandey, Naik, & Dubey, 2010) sls LS | B OLS 5l s dewl oSzl b
pyrrolidine el Szl b i ile ot oL 5STL gls S e 55 A 5 I STL (5T
Chaudhary, et ) Al 3, S o jf Iy ke LS 5 g tetramethyl pyrazine cpyrrolopyrazines «arboximidamide
QszJJ 3ol 3550 C)\_&)\}f ol = .al., 2006; Farzaliev, et al., 2009; Y. Kim, et al., 2004
Slodd 3kt g s S s (ST 5l ABL ey Son S ol 55 s (25l
Js s 45" Pseudomonas pyrrocinia s ;Sb 3l e (g 3laldr " s w5 IS 5 2\ 3 Pseudomonas bromoutilis
Trychophyton o SLas! o5 4 b $lays Gl =56 ade o yB ol lls 5355 o0 odeal o 2
Pyrenophoratritici g Fusarium sambucinum s Rhizoctonia solani J_3\s Ls“sz 0i5L o a BIEIS NT-5) voweag
slays s Coste Oloys ke 4§ Cawl PYRO-ACE (pl5 53 &S5 g0 3T ol (golow ob .l repentis

.(Bhakuni & Rawat, 2005) 34b o ol u:e.la.u

“(e P w T s . _,/ . é . .
Lgffl.:d»ﬂbe)wgsaﬁ@‘;ybj;x)b‘ )D&ﬁ:@;)ﬁ(";fu);ﬂ:}“wu‘ﬁ
Pyrrolo[ 1,2-a]pyrazine-1,4-dione, .  tetradecamethyl Cycloheptasiloxane g lawd 3L 1S03 5 1S02 (gla
Pyrrolo[1,2- 4z b 4 0 La ¢§_f” Aoy p b S jtf L 3> 2 3 9 Lil o hexahydro-3-(2-methylpropyl)

sl LT JL STL u.:;-\' oPls> a4 g Ly LiL s alpyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)

Bromo pyrrole*
Chloropyrrole *

Pyrrolnitrin

V4%



pla by e ol gl o STL L ST u‘""T oPls= 3 i 4S5 )15 5 g 9 Jlaz>| -l pyrrolopyrazines

AL ol ST b

SIS p el (sla (ST o ST

Jla I 10wl 01802 (6 :SL (69 ,u by 5l Cnibon 31 (6l )151803 (6 SL aS™ ol as a5 L

Mb@;dd)})Ja{.\fl)JLgf“fb)ngﬁAobLALJ

\4y



Bacillus subtilis subsp. inaquosorum strain (g Sk o3 945 (6 2Sbo J g0 3lgn 5 385 cw)
1502

03l s dd b (680 e (Smsp b Sl sl s S oL
Taguchi g Response surface method % g, Loy JLLJ:SL gs“‘;T slge W5 9 iy (5l ang
Sla S8 plu 13 La 0T (1 So b slpe 5 2L ST sba S 5 o
O‘ﬂlé}i:ﬁj)}ﬂ)ﬁ&'M)bejww‘b)ydu)i:ﬂ

sl b oo s Wl 8 IS & (S ms 5 Y uamme a5 Caline Gl Bs) (o 2
DAl S Sosn 3 A o 53 1 0T 6,518

A &S (65l ke ST a5 55 b (6 ST o 6,8 LIS i O

WIS 53 Cnlin S5 59 5 &S Ol B (gilulta ol e (6l s 51kl Jaadl ) s o g5
03T 5 sk cpls s o s 4 wlio

) D5 5 ite (SS s 6le 6 Lol A5 0I5 (o0 55 s S 5o
3 ged gt Ko B35 a3 e3lizal g 1y b OT 51 ool

o G148 53 08 o (Ssms DY pame A5 3 0050 2l e
.J}jclqd\‘}.alfésj)lf) al Oladss gyl W g Al b dslen

ARV



S10908 9 K

3 3 D (e S e 5 Ol VS Dlidiond e g ¢ 5387 (5 80 oSt 3 3 o315

0Ll (55

crmeeae (ST ¢ ly damo (LT ¢ e Jruls 575 BT ¢ o 53T 5 s 2875 OLGT

(S st Cpmm L 1 S o 8 o BT 0L ) 5 U550l (BT cObmnd oS 1875 (ST cais

J&}f;‘;mw\,@u,,\wﬁgéuﬂdﬂ,mjV;u‘wu&uméuﬂéww e

ST 5 4K Lyl Y ekige B Glamb T Lo, etige SBT g i o e 2S5 QBT (a5 03
o588 Lo, 5S>

vjlﬁymlgajjﬁdlﬁu}b);Ssuﬂ,@béu;ﬁtp@ﬁ

aj)ﬁtélﬁ‘u\}}))b6)}4‘&56}&_.&0@)2&&)‘&3@‘FQLQJB‘J}A‘J;»];}\W

r)‘b\)ﬁﬁdwwbdw&)}stJ\w

144



DLl sloinl pls &Sy 550 5 ldesl e S5 309 S0 AYAZ I 19AR Ol 1 e 51tz
Ol ) (gwine Slasioss 5 3,1l dan go ¢ 05051 51 JS

5 31kl a3 T (65 T 509 S (sl 350 5T I T AYAS Jla YV Ol e 51zl
Ol gl gme Sl

O o= 65 P 5w s ,Son 6 0 305T 6l ST 51613 2 4 505 AYAF Sl (FYA Ol 5l o 3,1kl
O ) s Sl 5 5 )bkl duas g0

03T oo 10 5 oy oLl 5 gt — OT OYAY Jw VYV Ol ) e s,k
Ol sxie Dlidoes 5 3 |kl dn 30 ¢S5 5) 505 S

ol e ¢ Sl S g 55 iy g U303 sy S STL B VAN up L L e
V= Dlio o235L Lo 0 ¥ ojledi e Ol 22

= Pseudomonas fluorescence s 7S\ ,3) sy p NYAY (5 b 55 Cpsbal up L mnm
= AF Slowis N0 o)l ¢ Sh3le 5 Sinss (s Lo (5550 slag,Y Sl
el g o3l il (Lol 3l (S sz S 5 A (O a5 L e
Il ¢ F o)l Ol ml O ade s 580 b y5 0 55 &S gms Ol i alVibrionaceae)
¥Y =Y\ Slmio 0l

3 Ol OO S oIl AFAFAYACOL 5T ys s 350 Caglas 3 S

9.Aasen IL.M., Moretro T., Katla T., Axelsson L.and Storro 1. 2000. Influence of complex nutrients,
temperature and pH on bacteriocin production by Lactobacillus sakei CCUG 42687. Appl Microbiol Biotechnol,

53(2): 159-166.

10. Abriouel H., Franz C.M., Ben Omar N.and Galvez A. 2011. Diversity and applications of

Bacillus bacteriocins. FEMS Microbiol Rev, 35(1): 201-232.

11. Adabi M., Jabbari M.and Lari A.R. 2009. Distribution of sulfamethoxazole trimethoprim
constin in Vibrio cholerae isolated from patients and environment in Iran. Afr J Microbiol Res, 5(20): 3181-
3185.

12. Akinbowale O.L., Peng H.and Barton M.D. 2006. Antimicrobial resistance in bacteria isolated

from aquaculture sources in Australia. J Appl Microbiol, 100(5): 1103-1113.



13. Ansari A., Aman A., Siddiqui N.N., Igbal S.and Qader S.A.u. 2012. Bacteriocin (BAC-1B17):
Screening, isolation and production from Bacillus subtilis KIBGE IB-17. Pak J Pharm Sci, 25(1): 195-201.

14. Asaduzzaman S.M.and Sonomoto K. 2009. Lantibiotics: diverse activities and unique modes
of action. J Biosci Bioeng, 107: 475-487.

15. Austin B., Stuckey L.F., Bertson P.A.W., Effendi l.and Griffith D.R.W. 1995. A probiotic
strain of Vibrio alginoyticus effective in reducing diseases caused by Aeromonas salmoniioda Vibrio
anguillarum and Vibrio ordalii. J Fish Dis, 18: 93-96.

16. Avendafio R.E.and Riquelme C.E. 1999. Establishment of mixed-culture probiotics and
microalgae as food for bivalve larvae. Aquaculture Research, 30(11-12): 893-900.

17. Bairagi A., Sakar Ghosh K., Sen S.K.and Ray A.K. 2002. Enzyme producing bacterial flora
isolated from fish digestive tracts. Aquaculture International, 10: 109-121.

18. Bairagi A., Sarkar Ghosh K., Sen S.K.and Ray A.K. 2004. Evaluation of the nutritive value of
Leucaena leucocephala leaf meal, inoculated with fish intestinal bacteria Bacillus subtilis and Bacillus circulans
in formulated diets for rohu, Labeo rohita (Hamilton) fingerlings. Aquaculture Research, 35: 436-446.

19. Balcazar J.L. 2003. Evaluation of probiotic bacterial strains in Litopenaeus vannamei.
National Center for Marine and. Aquaculture Research.

20. Balcézar J.L., Blas I.d., Ruiz-Zarzuela 1., Cunningham D., Vendrell D.and Mizquiz J.L. 2006.
The role of probiotics in aquaculture. Vet Mlicrobiol, 114(3-4): 173-186.

21. Balcazar J.L., Rojas-Luna T.and Cunningham D.P. 2007. Effect of the addition of four
potential probiotic strains on the survival of pacific white shrimp (Litopenaeus vannamei) following immersion
challenge with Vibrio parahaemolyticus. J Invertebr Pathol, 96(2): 147-150.

22. Banerjee S., Khatoon H., Shariff M.and Yusoff F.M. 2010. Enhancement of Penaeus monodon
shrimp postlarvae growth and survival without water exchange using marine Bacillus pumilus and periphytic
microalgae. Fish Sci, 76: 481-487.

23. Barlow S., Chesson A., Collins J.D., Dybing E., Flynn A., Fruijtier-Polloth C., et al. 2007.
Introduction of a Qualified Presumption of Safety (QPS) approach for assessment of selected microorganisms
referred to EFSA1. The EFSA Journal, 587: 1-16.

24. Bauer A.W., Kirby W.M., Sherris J.C.and Turck M. 1966. Antibiotic susceptibility testing by
a standardized single disk method. Am J Clin Pathol, 45(4): 493-496.

25. Bhakuni D.S.and Rawat D.S. 2005. Bioactive Marine Natural Products. New York, USA:
Springer.
26. Bierbaum G.and Sahl H.G. 2009. Lantibiotics: mode of action, biosynthesis and

bioengineering. Curr Pharm Biotechno, 10: 2-18.

27. Bradford M.M. 1976. Rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Anal Biochem, 72: 248-254.

28. Bryant D.A.and Frigaard N.U. 2006. Prokaryotic photosynthesis and phototrophy illuminated.
Trends Microbiol, 14(11): 488-496.

KR!



29. Buller N.B. 2004. Bacteria from fish and other aquatic animals: a practical identification
manual. UK: CABI Publishing, Oxford shire.

30. C.L.S.I. 2008. Performance Standards for Antimicrobial Disk Susceptibility Tests (Vol. 28).
USA: Clinical and Laboratory Standards Institute.

31. C.L.S.I. 2011. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-First
Informational Supplement (Vol. 31). USA: Clinical and Laboratory Standards Institute.

32. Campbell L.D.and Dwek R.A. 1984. Biological Spectroscopy. California: Benjamin/Cumming
publishing Co.

33. Cascales E., Buchanan S.K., Duch’e D., Kleanthous C., Lloube's R., Postle K., et al. 2007.
Colicin biology. Microbiol Mol Biol R, 71: 158-229.

34, Chahad Bourouni O., Bour M., Mraouna R., Abdennaceur H.and Boudabous A. 2007.
Preliminary selection study of potential probiotic bacteria from aquacultural area in Tunisia. Annals of
Microbiology, 57: 185-190.

35. Chaudhary P., Kumar R., Verma A.K., Singh D., Yadav V., Chillar A.K., et al. 2006.
Synthesis and antimicrobial activity of N-alkyl and N-aryl piperazine derivatives. Bioorg Med Chem, 14(6):
1819-1826.

36. Chun J., Lee, J.-H., Jung, Y., Kim, M., Kim, S., Kim, B. K. & Lim, Y. W. . 2007. EzTaxon: a
web-based tool for the identification of prokaryotes based on 16S ribosomal RNA gene sequences. Int J Syst
Evol Microbiol 57: 2259-2261.

37. Chythanya R., Karunasagar l.and Karunasagar 1. 2002. Inhibition of shrimp pathogenic
vibriosis by a marine Pseudomonas 1-2 strain. Aquaculture, 208(1-2): 1-10.

38. Cladera-Olivera F., Caron G.R.and Brandelli A. 2004. Bacteriocin-like substance production
by Bacillus licheniformis strain P40. Lett Appl Microbiol, 38: 251-256.

39. Connor N., Sikorski J., Rooney A.P., Kopac S., Koeppel A.F., Burger A., et al. 2010. Ecology
of Speciation in the Genus Bacillus. Appl Environ Microbiol, 1349-1358.

40. Dalmin G., Kathiresan K.and Purushothaman A. 2001. Effect of probiotics on bacterial
population and health status of shrimp in culture pond ecosystem. Indian J Exp Biol, 39(9): 939-942.

41. Day J.G.and Stacey G. (Eds.). 2007. Cryopreservation and Freeze-Drying Protocols (Vol.
368). Totowa, New Jersey: A product of Humana Press.

42. Decamp O.and Moriarty D.J.W. 2006. Probiotics as alternative to antimicrobials:limitations
and potential. World Aquaculture, 37(4): 60-62.

43. Decamp O., Moriarty D.J.W.and Lavens P. 2008. Probiotics for shrimp larviculture: review of
field data from Asia and Latin America. Aquaculture Research, 39(4): 334-338.

44, Defoirdt T., Thanh L.D., Delsen B.V., Schryver P.D., Sorgeloos P., Boon N., et al. 2011. N-
acylhomoserine lactone-degrading Bacillus strains isolated from aquaculture animals. Aquaculture, 311: 258-
260.

Y+¥



45. Delgado A.l, Brito D., Peres C.., Noe-Arroyo F.and Garrido-Ferna” ndez A. 2005.
Bacteriocin production by Lactobacillus pentosus B96 can be expressed as a function of temperature and NaCl
concentration. Food Microbiol, 22: 521-528.

46. Delgadoa A.l., Britoa D., Fevereiro P., Tenreiro R.r.and Peresa C.. 2005. Bioactivity
quantification of crude bacteriocin solutions. J Microbiol Meth, 62: 121- 124.

47. Delsol A.A., Randall L., Cooles S., Woodward M.J., Sunderland J.and Roe J.M. 2005. Effect
of the growth promoter avilamycin on emergence and persistence of antimicrobial resistance in enteric bacteria
in the pig. J Appl Microbiol, 98(564-571).

48. Demain A.L. 1998. Induction of microbial secondary metabolism. INTERNATL MICROBIOL,
1: 259-264.
49, Direkbusarakom S., Yoshimizu M., Ezura Y., Ruangpah L.and Danayadol Y. 1997. Vibrio

spp. the dominant flora in shrimp hatchery against some fish pathogens. Paper presented at the Poster session of
the 2nd Asia-Pacific marine biotechnology conference and 3rd Asia-pacific conference on algal biotechnology,
Phuket Thailand.

50. Dong X., Li Y., Zhang X.H., Liu J., Hu Z.and Chen J. 2007. Identification and inhibitory
activity to pathogenic Vibrio species of a marine bacterium Phaeobacter DL2. JFishery Sci China: 996-1003.

51. Dong Y.H., Gusti AR, Zhang Q., Xu J.L.and Zhang L.H. 2002. Identification of
quorumquenching N-acyl homoserine lactonases from Bacillus species. Apll Eviron Microb, 68: 1754-1759.

52. Douillet P.A.and Langdon C.J. 1994. Use of a probiotic for the culture of larvae of the pacific
oyster (Crassostrea gigas Thunberg). Aquaculture, 119: 25-40.

53. Duitman E., Hamoen L.and Rembold M. 1999. The mycosubtilin synthetase of Bacillus
subtilis ATCC 6633: a multifunctional hybrid between a peptide synthetase, an amino transferase, and a fatty
acid synthase. P Natl Acad Sci USA, 96: 13294-13299.

54. Dworkin M., Falkow S., Rosenberg E., Schleifer K.and Stackebrandt E. 2006. The
Prokaryotes, a Handbook on the Biology of Bacteria (3rd edn ed.). Singapore: Springer.

55. FAO. State of world aquaculture: 2006. Rome, Italy: Fisheries Department, Food and
Agriculture Organization of the United Nations2006.

56. FAO. Fishery Information, Data and Statistics Unit (FIDI) ¢2002, 2007. Fishery Statistical
Collections. FIGIS Data Collection. Rome2007.

57. Farzaliev V.M., Abbasova M.T., Ashurova A.A., Babaeva G.B., Ladokhina N.P.and
Kerimova Y.M. 2009. Synthesis of N,N- bis(alkyloxymethyl)piperazines and examination of their antimicrobial
properties. Rus J Appl Chem, 82(5): 928-930.

58. Fasoli S., Marzotto M., Rizzotti L., Rossi F., Dellaglio F.and Torriani S. 2003. Bacterial
composition of commercial probiotic products as evaluated by PCR-DGGE analysis. Int J Food Microbiol, 82:
59-70.

59. Fjellheim A.J., Klinkenberg G., Skjermo J., Aasen I.M.and Vadstein O. 2010. Selection of
candidate probionts by two different screening strategies from Atlantic cod (Gadus morhua L.) larvae. Vet
Microbiol, 144(1-2): 153-159.

60. Fuller R. 1989. Probiotics in man and animals. J Appl Bact, 66: 365-378.

Yor



61. Garcia T., Otto K., Kjelleberg S.and Nelson D.R. 1997. Growth of Vibrio anguillarum in
salmon intestinal mucus. Apll Eviron Microb, 63(3): 1034-1039.

62. Garriques D.and Arevalo G. An evaluation of the production and use of a live bacterial isolate
to manipulate the microbial flora in the commercial production of Penaeus vannamei postlarvae in Ecuador.
Baton Rouge: World Aquaculture Society1995.

63. Ghanbari M., Rezaei M., Soltani M.and Shah-Hosseini G. 2009. Production of bacteriocin by
a novel Bacillus sp. strain RF 140, an intestinal bacterium of Caspian Frisian Roach (Rutilus frisii kutum). Iran
J Vet Res, 10( 3).

64. Gillor O., Etzion A.and Riley M.A. 2008. The dual role of bacteriocins as anti- and probiotics.
Appl Microbiol Biotechnol, 81: 591-606.

65. Gismondo M.R., Drago L.and Lombardi A. 1999. Review of probiotics available to modify
gastrointestinal flora. Int J Antimicrob Ag, 12: 287-292.

66. Gomez-Gil B., Roque A.and Velasco-Blanco G. 2002. Culture of Vibrio alginolyticus C7b, a
potential probiotic bacterium, with the microalga Chaetoceros muelleri. Aquaculture, 211(1-4): 43-48.

67. Gordon D., Riley M.A.and Pinou T. 1998. Temporal changes in the frequency of colicinogeny
in Escherichia coli from house mice. Microbiol Mol Biol R, 144: 2233-2240.

68. Gordon D.M., Oliver E.and Littlefield-Wyer J. 2007. Bacteriocins: ecology and evolution.
Berlin: Springer.

69. Gordon V.N. Towrds the development of a protocole for the selection of probiotics in marine
fish larviculture: Rhodes University; 2004.

70. Gram L., Lgvold T., Nielsen J., Melchiorsen J.and Spanggaard B. 2001. In vitro antagonism
of the probiont Pseudomonas fluorescens strain AH2 against Aeromonas salmonicida does not confer protection
of salmon against furnculosis. Aquaculture, 199: 1-11.

71. Gram L., Melchiorsen J., Spanggaard B., Huber I.and Nielsen T.F. 1999. Inhibition of Vibrio
anguillarum by Pseudomonas fluorescens AH2, a possible probiotic treatment of fish. Apll Eviron Microb,
65(3): 969-973.

72. Gullian M., Thompson F.and Rodriguez J. 2004. Selection of probiotic bacteria and study of
their immunostimulatory effect in Penaeus vannamei. Aquaculture, 233: 1-14.

73. Guo J.-J., Liu K.-F., Cheng S.-H., Chang C.-I., Lay J.-J., Hsu Y.-O., et al. 2009. Selection of
probiotic bacteria for use in shrimp larviculture. Aquaculture Research, 40(5): 609-618.

74. Hagi T., Tanaka D., Iwamura Y.and Hoshino T. 2004. Diversity and seasonal changes in lactic
acid bacteria in the intestinal tract of cultured freshwater fish. Aquaculture, 234: 335-346.

75. Hammami I, Rhouma A., Jaouadi B., Rebai A.and Nesme X. 2009. Optimization and
biochemical characterization of a bacteriocin from a newly isolated Bacillus subtilis strain 14B for biocontrol of
Agrobacterium spp. strains. Lett Appl Microbiol, 48: 253-260.

76. Hansen G.H.and Olafsen J.A. 1999. Bacterial interactions in early life stages of marine cold
water fish. Microbial Ecology, 38: 1-26.

Yof



77. Heckman R. 2004. What else can happen? Other problems for fish production. Aquaculture
Magazine, 30(3): 27-40.

78. Hill J.E., Baiano J.C.F.and Barnes A.C. 2009. Isolation of a novel strain of Bacillus pumilus
from penaeid shrimp that is inhibitory against marine pathogens. J Fish Dis, 32(12): 1007-1016.

79. Hill J.E., Baiano J.C.F.and Barnes A.C. 2009. Isolation of a novel strain of Bacillus pumilus
from penaeid shrimp that is inhibitory against marine pathogens. J Fish Dis, 32(12): 1007-1016.

80. Hjelm M., Bergh @., Riaza A., Nielsen J., Melchiorsen Sigmund Jensen J., Duncan H., et al.
2004. Selection and Identification of Autochthonous Potential Probiotic Bacteria from Turbot Larvae
(Scophthalmus maximus) Rearing Units. System Appl Microbiol, 27: 360-371.

81. Holme D.J.and Peck H. 1998. Analytical Biochemistry (Third ed.). England: Pearson
Education.
82. Hong H.A., Duc L.H.and Cutting S.M. 2005. The use of bacterial spore formers as probiotics.

FEMS Microbiol Rev, 29(4): 813-835.

83. Hosoi T.and Kiuchi K. 2003. Natto - a food made by fermenting cooked soybeans with
Bacillus subtilis (natto). In Farnworth E.R. (Ed.), Handbook of Fermented Functional Foods (pp. 227-245).

84. Hu K.and Yang X.L. 2006. Current progress of microbial ecological agents in aquaculture in
China. Fish Mod, 6: 36-38.

85. Huys G., Vancanneyt M., D'Haene K., Vankerckhoven V., Goossens H.and Swings J. 2006.

Accuracy of species identity of commercial bacterial cultures intended for probiotic or nutritional use. Res
Microbiol, 157: 803-810.

86. Irianto A.and Austin B. 2002. Probiotics in aquaculture. J Fish Dis, 25: 633-642.

87. Irianto A.and Austin B. 2002. Use of probiotics to control furunculosis in rainbow trout,
Oncorhynchus mykiss (Walbaum). J Fish Dis, 25: 333-342.

88. Isolauri E., Salminen S.and Ouwehand A.C. 2004. Probiotics. Best Practice and Research in
Clinical Gastroenterology, 18(2): 299-313.

89. Itami T., Asano M., Tokushige K., Kubono K., Nakagawa A., Noboru T., et al. 1998.
Enhancement of disease resistance of kuruma shrimp, Penaeus japonicus, after oral administration of
peptidoglycan derived from Bifidobacterium thermophilum. Aquaculture, 164: 277-288.

90. Ivanova E.P., Vysotskii M.V., Svetashev V.., Nedashkovskaya O.I., Gorshkova N.,
Mikhailov V.V., et al. 1999. Characterization of Bacillus strains of marine origin. INTERNATL MICROBIOL, 2:
267-271.

91. Jack R.W., Tagg J.R.and Ray B. 1995. Bacteriocins of Gram-positive bacteria. Microbiol Rev,
59: 171-200.
92. Jeong S.Y., Park S.Y., Kim Y.H., Kim M.and Lee S.J. 2008. Cytotoxicity and apoptosis

induction of Bacillus vallismortis BIT-33 metabolites on colon cancer carcinoma cells. J Appl Microbiol,
104(3): 796-807.

93. Jiravanichpaisal P., Chuaychuwong P.and Menasveta P. 1997. The use of Lactobacillus sp. as
the probiotic bacteria in the giant tiger shrimp (Penaeus monodon Fabricius). Paper presented at the Poster

Y0



session of the 2nd Asia-Pacific marine biotechnology conference and 3rd Asia-pacific conference on algal
biotechnology, Phuket Thailand.

94, Jung W.J., Mabood F., Souleimanov A., Zhou X., Jaoua S., Kamoun F., et al. 2008. Stability
and antibacterial activity of bacteriocins produced by Bacillus thuringiensis and Bacillus thuringiensis spp.
kurstaki. J Microbiol Biotechnol, 18(11): 1836-1840.

95. Karunasagar 1., Pai R., Malathi G.R.and Karunasagar I. 1994. Mass mortality of Penaeus
monodon larvae due to antibiotic resistant Vibrio harveyi infection. Aquaculture, 128: 203-209.

96. Kawano Y., Nagawa Y., Nakanishi H., Nakajima H., Matsuo M.and Higashihara T. 1997.
Production of thiotropocin by a marine bacterium, Caulobacter sp. and its antimicroalgal activites. J Mar
Biotechnol, 5: 225-229.

97. Kelecom A. 2002. Secondary metabolites from marine microorganisms. An Acad Bras Ciénc,
74(1): 151-170.

98. Kesarcodi-Watson A., Kaspar H., Lategan M.J.and Gibson L. 2008. Probiotics in aquaculture:
The need, principles and mechanisms of action and screening processes. Aquaculture, 274(1): 1-14.

99. Kesarcodi-Watson A., Kaspar H., Lategan M.J.and Gibson L. 2009. Screening for probiotics
of Greenshell™ mussel larvae, Perna canaliculus, using a larval challenge bioassay. Aquaculture, 296: 159-164.

100. Khalil R., Djadouni F., Elbahloul Y.and Omar S. 2009. The influence of cultural and physical
conditions on the antimicrobial activity of bacteriocin produced by a newly isolated Bacillus megaterium 22
strain. African Journal of Food Science, 3(1): 011-022.

101. Kim J.K., Park K.J., Cho K.S., Nam S.W., Park T.J.and Bajpai R. 2005. Aerobic nitrification-
denitrification by heterotrophic Bacillus strains. Bioresour Technol, 96: 1897-1906.

102. Kim S.R., Nonaka L.and Suzuki S. 2004. Occurrence of tetracycline resistance genes tet(M)
and tet(S) in bacteria from marine aquaculture sites. FEMS Microbiol Lett, 237(1): 147-156.

103. Kim Y., Jeong-Yong C., Ju-Hee K., Jae-Hak M., Young-Cheol K.and Keun-Hyung P. 2004.
Identification and antimicrobial activity of phenyl acetic acid produced by Bacillus licheniformis isolated from
fermented soybean chungkook-jang. Current Microbiology, 48: 312-317.

104. Klewicki R.and Klewicka E. 2004. Antagonistic activity of lactic acid bacteria as probiotics
against selected bacteria of the Enterobaceriacae family in the presence of polyols and their galactosyl
derivatives. Biotech Lett, 26: 317-320.

105. Kobayashi M.and Kurata S. 1978. The mass culture and cell utilization of photosynthetic
bacteria. Process Biochem, 13: 27-30.

106. Korenblum E., der Weid 1., Santos A.L., Rosado A.S., Sebasti’an G.V., Coutinho C.M., et al.
2005. Production of antimicrobial substances by Bacillus subtilis LFE-1, B. firmus HO-1 and B. licheniformis
T6-5 isolated from an oil reservoir in Brazil. J Appl Microbiol, 98: 667-675.

107. Lategan M.J.and Gibson L.F. 2003. Antagonistic activity of Aeromonas media strain A199
against Saprolegnia sp., an opportunistic pathogen of the eel Anguilla australis Richardson. J Fish Dis, 26: 147-
153.

108. Lawton E.M., Ross R.P., Hill C.and Cotter P.D. 2007. Two-peptide lantibiotics: a medical
perspective. Mini Rev Med Chem, 7: 1236-1247.

Y. ¥



109. Lee C.-S. 2003. Biotechnological advances in finfish hatchery production: a review.
Aquaculture, 227(1-4): 439-458.

110. Lee K.H., Jun K.D., Kim W.S.and Paik H.D. 2001. Partial characterization of polyfermenticin
SCD, a newly identified bacteriocin of Bacillus polyfermenticus. Lett Appl Microbiol, 32: 146-151.

111. Li J., Tan B., Mai K., Ai Q., Zhang W., Xu W., et al. 2006. Comparative study between
probiotic bacterium Arthrobacter XE-7 and chloramphenicol on protection of Penaeus chinensis post-larvae
from pathogenic vibrios. Aquaculture, 253(1-4): 140-147.

112. Li Z. 2009. Advances in Marine Microbial Symbionts in the China Sea and Related
Pharmaceutical Metabolites. Marin Drugs, 7: 113-129.

113. Liao S., Zheng G., Wang A., Huang H.and Sun R. 2006. Isolation and characterization of a
novel aerobic denitrifier from shrimp pond. Acta Ecol Sin, 26(11): 3018-3724.

114. Lightner D.V. 1993. Diseases of cultured Penaeid shrimp. In McVey J.P. (Ed.), CRC
Handbook of Mariculture (2 ed., Vol. 1, pp. 393—486). Boca Raton, Florida: CRC Press.

115. Lilly D.M.and Stillwell R.H. 1965. Probiotics: growth promoting factors produced by
microorganisms. Science, 147: 747-748.

116. Lim J.-H., Jeong H.-Y.and Kim S.-D. 2011. Characterization of the Bacteriocin J4 Produced
by Bacillus amyloliquefaciens J4 Isolated from Korean Traditional Fermented Soybean Paste. J Korean Soc
Appl Biol Chem, 54(3): 468-474.

117. Liu K.F., Chiu C.H., Shiu Y.L., Cheng W.and Liu C.H. 2010. Effects of the probiotic,
Bacillus subtilis E20, on the survival, development, stress tolerance, and immune status of white shrimp,
Litopenaeus vannamei larvae. Fish Shellfish Immu, 28: 837-844.

118. Liu X.M., Nie J.H.and Wang Q.R. 2002. Research progress in the probiotics of compound
microorganisms. Chin J Eco-Agriculture, 10(4): 80-83.

119. Lodemann U., Lorenz B.M., Weyrauch K.D.and Martens H. 2008. Effects of Bacillus cereus
var. toyoi as probiotic feed supplement on intestinal transport and barrier function in piglets. Arch Anim Nutr,
62: 87-106.

120. Lowry O.H., Rosebrough N.J., Farr A.L.and Randall R.J. 1951. Protein measurement with the
Folin Phenol reagent. JBiolChem, 193( 265-275).

121. Lutz G., Chavarr'ia M., Arias M.L.and Mata-Segreda J.F. 2006. Microbial degradation of
palm (Elaeis guineensis) biodiesel. Rev Biol Trop (Int J Trop Biol), 54: 59-63.

122. Ma C.W., Cho Y.S.and Oh K.H. 2009. Removal of pathogenic bacteria and nitrogens by
Lactobacillus spp. JK-8 and JK-11. Aquaculture, 287(3—4): 266-270.

123. Maeda M.and Nogami K. 1998. Some aspects of the biocontrolling method in aquaculture.,
Current topics in marine biotechnology, pp. 395-397.

124. Makridis P., Costa R.A.and Dinis M.T. 2006. Microbial conditions and antimicrobial activity
in cultures of two microalgae species, Tetraselmis chuii and Chlorella minutissima, and effect on bacterial load
of enriched Artemia metanauplii. Aquaculture, 255(1-4): 76-81.

YV



125. Maroni K. 2000. Monitoring and regulation of marine aquaculture in Norway. Journal of
Applied Ichthyology, 16: 192-195.

126. Matinfar A. 1992. Multiplication and culture of the Persian gulfshrimp (Penaeus semisulcatus
De Haan). iranian fisheries bulletin, 1: 8.

127. McCartney A.L. 2002. Application of molecular biological methods for studying probiotics
and the gut flora. British Journal of Nutrition, 88: s29-s37.

128. Metchnikoff E. The Prolongation of Life. London, United Kingdom1907.

129. Mevel G.and Prieur D. 2000. Heterotrophic nitrification by a thermophilic Bacillus species as
influenced by different culture conditions. Can J Microbiol, 46: 465-473.

130. Mirbakhsh M., Ghaednia B., Afsharnasab M.and Yeganeh V. 2012. Molecular Identification
of Vibrio harveyi From Larval Stage of Pacific White Shrimp (Litopenaeus vannamei) Boone
(Crustacea:Decapoda) By Polymerase Chain Reaction and 16S rDNA Sequencing. Iran J Fish Res, in press.

131. Mo Z., Yu Y., Li H,, Li Y., Ji W.and Xu H. 2001. Selection of vibrios-antagonism bacteria.
Period Ocean Univ Qingdao, 31(2): 225-231.

132. Mombelli B.and Gismondo M.R. 2000. The use of probiotics in medicinal practice. Int J
Antimicrb Ag, 16: 531-536.

133. Moriarty D.J.W. 1999. Disease control in shrimp aquaculture with probiotic bacteria. Paper
presented at the 8th International Symposium on Microbial Ecology, Halifax, Canada.

134. Naviner M., Bergé J.P., Durand P.and Le Bris H. 1999. Antibacterial activity of the marine
diatom Skeletonema costatum against aquacultural pathogens. Aquaculture, 174(1-2): 15-24.

135. Nawaz M.S., Erickson B.D., Khan A.A., Khan S.A., Pothuluri J.V., Rafii F., et al. 2001.
Human health impact and regulatory issues involving antimicrobial resistance in the food animal production
environment. Reg Res Pers, 1 (1): 1-10.

136. Nes LF., Yoon S.S.and Diep D.B. 2007. Ribosomally synthesiszed antimicrobial peptides
(bacteriocins) in lactic acid bacteria: a review. Food Sci Biotechnol, 16: 675-690.

137. Nicholson W.L. 2002. Roles of Bacillus endospores in the environment. Cell Mol Life Sci, 59:
410-416.
138. Nimrat S., Boonthai T.and Vuthiphandchai V. 2011. Effects of probiotic forms, compositions

of and mode of probiotic administration on rearing of Pacific white shrimp (Litopenaeus vannamei) larvae and
postlarvae. Animal Feed Science and Technology, 169(3): 244-258.

139. Nimrat S., Suksawat S., Boonthai T.and Vuthiphandchai V. 2012. Potential Bacillus probiotics
enhance bacterial numbers, water quality and growth during early development of white shrimp (Litopenaeus
vannamei). Vet Microbiol, 30: 30.

140. Nogami K.and Meada M. 1992. Bacteria as biocontrol agents for rearing larvae of the Crab
Portunus trituber Culatus. Can J fish aqua sci, 49: 2373-2376.

141. O’Sullivan L., Ross R.P.and Hill C. 2002. Potential of bacteriocin producing lactic acid
bacteria for improvements in food safety and quality. Biochimie, 84: 593-604.

YA



142. Ochoa-Solano J.L.and Olmos-Soto J. 2006. The functional property of Bacillus for shrimp
feeds. Food Microbiol, 23: 519-525.

143. Oguntoyinbo A., Sanni A.L., Franz C.M.A.P.and Holzapfel W.H. 2007. In vitro fermentation
studies for selection and evaluation of Bacillus strains as starter cultures for teh production of okpehe, a
traditional African fermented condiment. Int J Food Microbiol, 113: 208-218.

144. Oman T.J.and van der Donk W.A. 2009. Insights into the mode of action of the two-peptide
lantibiotic haloduracin. ACS Chem Biol, 4: 865-874.

145. Ouwehand A.C., Salminen S.and Isolauri E. 2002. Probiotics: an overview of beneficial
effects. Antonie van Leewenhoek, 82: 279-289.

146. Pandey A., Naik M.M.and Dubey S.K. 2010. Organic metabolites produced by Vibrio
parahaemolyticus strain An3 isolated from Goan mullet inhibit bacterial fish pathogens. Afr J Biotechnol, 9(42):
7134-7140.

147. Parente E., Brienza C., Moles M.and Ricciardi A. 1995. A comparison of methods for the
measurement of bacteriocin activity. J Microbiol Meth, 22: 95-108.

148. Parvez S., Malik K.A., Ah Kang S.and Kim H.Y. 2006. Probiotics and their fermented food
products are beneficial for health. J Appl Microbiol, 100(6): 1171-1185.

149. Paulo S. 2007. Screening methods to determine antibacterial activity of natural products. Braz
J Microbiol, 38(2). Retrieved from.

150. Pedersen P.B., Bjrnvad M.E., Rasmussen M.D.and Petersen J.N. 2002. Cytotoxic potential of
industrial strains of Bacillus sp. Regul Toxicol Pharm, 36: 155-161.

151. Phillips I., Casewell M., Cox T., De Groot B., Friis C., Jones R., et al. 2004. Does the use of
antibiotics in food animals pose a risk to human health? A critical review of published data. J Antimicrob
Chemother, 53(1): 28-52.

152. Priest F.G. 1993. Bacillus subtilis and Other Gram-Positive Bacteria, Biochemistry,
Physiology, and Molecular Genetics. In A.L.Sonenshein (Ed.), Systematics and ecology of Bacillus (pp. 3-16).
Washington, DC: American Society for Microbiology Press.

153. Proksch P., Edrada R.A.and Ebel R. 2002. Drugs from the seas - current status and
microbiological implications. Appl Microbiol Biotechnol, 59(2-3): 125-134.

154. Qi Z., Zhang X.-H., Boon N.and Bossier P. 2009. Probiotics in aquaculture of China —
Current state, problems and prospect. Aquaculture, 290(1-2): 15-21.

155. Qiao Z.and R. T. 1994. Three strains photosynthetic bacteria applied for Prawn diet and their
cultural effect. Mar Sci, 2: 4-7.

156. Raida M.K., Larsen J.L., Nielsen M.E.and Buchmann K. 2003. Enhanced resistance of
rainbow trout, Oncorhynchus mykiss (Walbaum), against Yersinia ruckeri challenge following oral
administration of Bacillus subtilis and B. licheniformis (BioPlus2B). J Fish Dis, 26: 495-498.

157. Rajaram G., Manivasagan P., Thilagavathi B.and Saravanakumar A. 2010. Purification and
Characterization of a Bacteriocin Produced by Lactobacillus lactis Isolated from Marine Environment. Adv J
Food Sci Technol, 2(2): 138-144.

Y4



158. Ramirez R.F.and Dixon B.A. 2003. Enzyme production by obligate intestinal anaerobic
bacteria isolated from Oscars (Astronotus ocellatus), angelfish (Pterophyllum scalare) and southern flounder
(Paralichthys lethostigma). Aquaculture, 227: 417-426.

159. Rengpipat S., Phianphak W., Piyatiratitivorakul S.and Menasveta P. 1998. Effects of a
probiotic bacterium on black tiger shrimp Penaeus monodon survival and growth. Aquaculture, 167(3-4): 301-
313.

160. Rengpipat S., Rukpratanporn S., Piyatiratitivorakul S.and Menasaveta P. 2000. Immunity
enhancement in black tiger shrimp (Penaeus monodon) by a probiont bacterium (Bacillus S11). Aquaculture,
191(4): 271-288.

161. Riley M.A.and Wertz J.E. 2002. Bacteriocin diversity: ecological and evolutionary
perspectives. Biochimie, 84: 357-364.

162. Riley M.A.and Wertz J.E. 2002. Bacteriocins: evolution, ecology, and application. Annu Rev
Microbiol, 56: 117-137.

163. Ringg E.and Gatesoupe F.J. 1998. Lactic acid bacteria in fish: a review. Aquaculture, 160:
177-203.
164. Rooney A.P., Price N.P.J., Ehrhardt C., Swezey J.L.and Bannan J.D. 2009 Phylogeny and

molecular taxonomy of the Bacillus subtilis species complex and description of Bacillus subtilis subsp.
inaquosorum subsp. nov. Int J Syst Evol Microbiol, 59: 10.

165. Ruiz-Ponte C., Samain J.F., Sanchez J.L.and Nicolas J.L. 1999. The benefit of a Roseobacter
species on the survival of scallop larvae. Mar Biotech, 1: 52-59.

166. Salminen S., Ouwehand A., Benno Y.and Lee Y.K. 1999. Probiotics: how should they be
defined. Trends in Food Science and Technology. 10, 107-110.

167. Schmid F.X. 2001. Biological Macromolecules: UV-visible Spectrophotometry
ENCYCLOPEDIA OF LIFE SCIENCES.

168. Senok A.C., Ismaeel A.Y.and Botta G.A. 2005. Probiotics: facts and myths. Clin Microbiol
Infec, 11(12): 958-966.

169. Sharma N., Kapoor R., Gautam N.and Kumari R. 2011. Purification and Characterization of
Bacteriocin Produced by Bacillus subtilis R75 Isolated from Fermented Chunks of Mung Bean (Phaseolus
radiatus). Food Technol Biotechnol, 49(2): 169-176.

170. Siefert J.L., Larios-Sanz M., Nakamura L.K., Slepecky R.A., Paul J.H., Moore E.R.B., et al.
2000. Phylogeny of marine Bacillus isolates from the Gulf of Mexico. Curr Microbiol, 41: 84-88.

171. Slepecky R.and Hemphill E. 2006. The genus Bacillus Nonmedical. In Dworkin M., Falkow
S., Rosenberg E., Schleifer K.H.&Stackebrandt E. (Eds.), The Prokaryotes (Vol. 4, pp. 530-562). New York:
Springer.

172. Smith D.and Davey S. 1993. Evidence for the competitive exclusion of Aeromonas
Salmenicida from fish with stress-inducible furrnculosis by a fluorescent pseudomonad. J Fish Dis, 16: 521-524.

173. Smith V.J., Brown J.H.and Hauton C. 2003. Immunostimulation in crustaceans: does it really
protect against infection? . Fish Shellfish Immun, 15: 71-90.

\AE



174. Sgrum H. 2006. Antimicrobial drug resistance in fish pathogens. Washington DC: ASM
Press.

175. Stein T. 2005. Bacillus subtilis antibiotics: structures, syntheses and specific functions. Mol
Microbiol, 56: 845-857.

176. Stein T., Dusterhus S., Stroh A.and Entian K.D. 2004. Subtilosin production by two Bacillus
subtilis subspecies and variance of the sbo-alb cluster. Appl Environ Microb, 70: 2349-2353.

177. Study on the Bioactive Compounds of Bacillus Vallismortis C89 Associated with Sponge
Dysidea Avara. 2012. 197. Retrieved from http://www.rescancer.com/cancer-research/21997.html website.

178. Sugita H.and Shibuga K. 1996. Antibacterial abilities of intestinal bacteria in freshwater
cultured fish. Aquaculture, 145(1/4): 195-203.

179. Sutyak K.E., Anderson R.A., Dover S.E., Feathergill K.A., Aroutcheva A.A., Faro S., et al.
2008. Spermicidal activity of the safe natural antimicrobial peptide subtilosin. Infect Dis Obstet Gynecol.

180. Suwansukho P., Rukachisirikul V., Kawai F.and H-Kittikun A. 2008. Production and
applications of biosurfactant from Bacillus subtilis MUV4. Songklanakarin J Sci Technol, 30(1): 87-93.

181. Teasdale M.E., Liu J., Wallace J., Akhlaghi F.and Rowley D.C. 2009. Secondary Metabolites
Produced by the Marine Bacterium Halobacillus salinus That Inhibit Quorum Sensing-Controlled Phenotypes in
Gram-Negative Bacteria. Apll Eviron Microb, 75(3): 567-572.

182. Terlabie N.N., Sakyi-Dawson E.and Amoa-Awua W.K. 2006. The comparative ability of four
isolates of Bacillus subtilis to ferment soybeans into dawadawa. Int J Food Microbiol, 106: 145-152.

183. Timmerman H.M., Koning C.J.M., Mulder L., Rombouts F.M.and Beynen A.C. 2004.
Monostrain, multistrain and multispecies probiotics - a comparison of functionality and efficacy. Int J Food
Microbiol, 96: 219-233.

184. Turnidge J. 2004. Antibiotic use in animals - prejudices, perceptions and realities. J
Antimicrob Agents Chemother, 53: 26-27.

185. Van Belkum M.J.and Stiles M.E. 2000. Nonlantibiotic antibacterial peptides from lactic acid
bacteria. Nat Prod Rep, 17: 323-335.

186. Van den Bogaard A.E.and Stobberingh E.E. 2000. Epidemiology of resistance to antibiotics:
links between animals and humans. Int J Antimicrob Ag, 14: 327-335.

187. Van der Aa Kiihle A., Skovgaard K.and Jespersen L. 2005. In vitro screening of probiotic
properties of Saccharomyces cerevisiae var. boulardii and foodborne Saccharomyces cerevisiae strains. Int J
Food Microbiol, 101: 29-39.

188. Vaseeharan B., Lin J.and Ramasamy P. 2004. Effect of probiotics, antibiotic sensitivity,
pathogenicity, and plasmid profiles of Listonella anguillarum-like bacteria isolated from Penaeus monodon
culture systems. Aquaculture, 241(1-4): 77-91.

189. Vaseeharan B.and Ramasamy P. 2003. Control of pathogenic Vibrio spp. by Bacillus subtilis
BT23, a possible probiotic treatment for black tiger shrimp Penaeus monodon. Lett Appl Microbiol, 36(2): 83-
87.

Y\



190. Verschuere L., Rombaut G., Sorgeloos P.and Verstraete W. 2000. Probiotic bacteria as
biological control agents in aquaculture. Microbiol Mol Biol Rev, 64: 655-671.

191. Vijayagopal P., Babu Philip M.and Sathianandan T.V. 2008. Evaluation of compounded feeds
with varying protein: energy ratios for the Indian white shrimp Fenneropenaeus indicus. J Mar biol Ass India,
50: 202 - 208.

192. Vine N.G., Leukes W.D., Kaiser H., Daya S., Baxter J.and Hecht T. 2004. Competition for
attachment of aquaculture candidate probiotic and pathogenic bacteria on fish intestinal mucus. J Fish Dis, 27:
319-326.

193. Wang A., Zheng G., Liao S., Huang H.and Sun R. 2007. Diversity analysis of bacteria capable
of removing nitrate/nitrite in a shrimp pond. Acta Ecol Sin, 27(5): 1937-1943.

194. Wang B., Yu J., Li Y., Ji W.and Xu H. 2002. Isolation and identification of pathogen (Vibrio
harveyi) from sea perch, Lateolabrax japonicus. J Fish Sci Chin, 1: 52-55.

195. Wang X., Du Z., Chen G., Li Y., Ji W.and Xu H. 2002. Application of probiotic A18 to larvae
culture of bay scallop (Argopecten irradians). Chin High Technol Lett, 8: 86-90.

196. Wang Y., Han Y., Li Y., Chen J.and Zhang X.H. 2007. Isolation of Photobacterium damselae
subsp. piscicida from diseased tongue sole (Cynoglossus semilaevis Gunther) in China. Acta Microbiol Sin, 47:
763-768.

197. Westerop B. 2003. Abstracts of Marine Biotechnology: Basics and Applications.
Biomolecular Engineering, 20: 37-82.

198. WHO. Food safety associated with products from aquaculture1999.

199. WHO. Joint FAO/OIE/WHO expert consultation on antimicrobial use in aquaculture and
antimicrobial resistance. Seoul, Republic of Korea2006.

200. Wierup M. 2001. The experience of reducing antibiotics used in animal production in the
Nordic countries. Int J Antimicrob Ag, 18(3): 287-290.

201. Willey J.M.and van der Donk W.A. 2007. Lantibiotics: peptides of diverse structure and
function. Annu Rev Microbiol, 61: 477-501.

202. Witte W. 2000. Selective pressure by antibiotic use in livestock. Int J Antimicrob Ag, 16: S19-
S24.

203. Xie J., Zhang R., Shang C.and Guo Y. 2009. Isolation and characterization of a bacteriocin
produced by an isolated Bacillus subtilis LFB112 that exhibits antimicrobial activity against domestic animal
pathogens. Afr J Biotechnol, 8: 5611-5619.

204. Yan L., Boyd K.G.and Burgess J.G. 2002. Surface attachment induced production of
antimicrobial compounds by marine epiphytic bacteria using modified roller bottle cultivation. Mar Biotech, 4:
356-366.

205. Yang E.J.and Chang H.C. 2007. Characterization of bacteriocin-like substances produced by
Bacillus subtilis MIP1. Kor J Microbiol Biotechnol, 35: 339-346.

206. Yeung P.S.M., Sanders M.E., Kitts C.L., Cano R.and Tong P.S. 2002. Species-specific
identification of commercial probiotic strains. J Dairy Sci, 85: 1039-1051.

Y\Y



207. Zhao Z., Wang Q., Wang K., Brian K., Liu C.and Gu Y. 2010. Study of the antifungal activity
of Bacillus vallismortis ZZ185 in vitro and identification of its antifungal components. Bioresour Technol,
101(1): 292-297.

208. Zhou X.-x., Wang Y.-b.and Li W.-f. 2009. Effect of probiotic on larvae shrimp (Penaeus
vannamei) based on water quality, survival rate and digestive enzyme activities. Aquaculture, 287: 349-353.

209. Ziaei-Nejad S., Rezaei M.H., Takami G.A., Lovett D.L., Mirvaghefi A.-R.and Shakouri M.
2006. The effect of Bacillus spp. bacteria used as probiotics on digestive enzyme activity, survival and growth
in the Indian white shrimp Fenneropenaeus indicus. Aquaculture, 252(2-4): 516-524.

210. ZoBell C.E.and Upham H.C. 1944. A list of marine bacteria including descriptions of sixty
new species. Bull Scripps Inst Oceanogr, 5: 239-292.

211. Zokaeifar H., Balcazar J.L., Saad C.R., Kamarudin M.S., Sijam K., Arshad A., et al. 2012.
Effects of Bacillus subtilis on the growth performance, digestive enzymes, immune gene expression and disease
resistance of white shrimp, Litopenaeus vannamei. Fish Shellfish Immunol, 30: 30.

YV



Abstract:

Isolation and Molecular Identification of Probiotic Bacteria from Cultured White leg Shrimps (Lifopanaeus
vannamei) in Bushehr province

Shrimp culture and rearing industry in particular white leg shrimp species (Litopenaeus
vannamei) is one of the major activities in the world, including Iran. The outbreaks of diseases are the main
factors limiting production. Due to the adverse effects of abusing antibiotics and chemical disinfectants, disease
control and prevention requires novel methods that are affordable, effective and safe for the environment and
humans. For this purpose during the five months, sampling was done from three main sites of shrimp culture in
Bushehr province and 150 pieces cultured white leg shrimp, 135 water and sediment samples were collected
from the ponds, input and output channels by standard methods. Physicochemical parameters of water and
biometry of shrimps were done and recorded. Probiotic isolation was performed by culturing samples in Tryptic
soy agar and TCBS after incubation in 30° C for 24-48 h. The antimicrobial effects of culture extract of isolates
were evaluated against V. harveyi with the well diffusion method and the best isolates were selected. The
molecular identification of selected bacteria was performed by 16S ribosomal DNA gene sequence analysis
technique. The growth kinetics of selected bacteria and effect of environmental factors on antimicrobial
compound production and stability of them in salinity (1.5-5.5%) and (0-50ppt), pH (5-9) and temperature (30-
40° C) and (35-100° C) were studied respectively.

After the determination of antibiotic resistance profiles of them, the In vivo test on the L. vannamei
post larvae was performed and effect of these bacteria on growth performance, prevention of vibriosis and water
quality include (ammonia, nitrate nitrite, turbidity, total bacteria and Vibrionaceae load were examined. For
extraction and identification of bioactive material with anti-bacterial properties produced by selected bacteria,
dialysis, SDS-PAGE electrophoresis, ultraviolet spectroscopy and gas chromatography mass was performed.

According to the results of this dissertation the most frequency of facultative aerobic and anaerobic

heterotrophic bacteria was seen in shrimp digestion tract (3.04 + 0.75) x10° CFU/g in September .Genus Vibrio
spp. (37.88%) and Bacillus spp. (27.27%) had the most frequency respectively.

Of the 198 bacterial isolates, two bacterial strains from the digestive tract and sediment which had the
highest inhibition and a stability antagonistic effect on V. harveyi were selected. Based on 16S ribosomal DNA
gene sequence analysis, they were identified as Bacillus subtilis subsp. inaquosorum strain 1S02
(GenBank: JN856456.1) and Bacillus vallismotis 1S03 (GenBank: JQ085958.1) and recorded in the National
Center for Biotechnology Information (NCBI).

According to results of identifying bioactive material produced by selected bacteria, in SDS-PAGE
electrophoresis Bacillus subtilis subsp. inaquosorum strain IS02 did not have any band but Bacillus vallismotis
IS03 had two band in 25 kDa and 34-45 kDa molecular weight which probably bacteriocin like substances and
group III Bacillus bacteriocin respectively. UV spectra of selected bacteria were in the range (260-265nm)
which related to peptide groups. In GC-MS the highest percent of chromatogram was belonged to
pyrrolopyrazines in both of selected bacteria, which have antibacterial properties.

Overall, according to results both of the selected bacteria were adapted to the ecological conditions of
shrimp culture and could be used as appropriate probiotics in this industry. It is hoped that the results of this
research is to produce a step towards the realization of national production of indigenous probiotic in Iran.
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