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Halotolerant biosurfactant producing bacteria were isolated from various sources 

including soil, sand, marine water and fermented food. Among these, a strain designated BBK-l 

which was later identified as Bacillus subtilis gave the best biosurfactant activity. The strain gave 

high biosurfactant yield upon cultivated by using 0.5 % w/v sucrose as carbon source, 0.2 % w/v 

NH4N03 as nitrogen source, 0.5 % w/v yeast extract as nitrogen source and trace mineral, 3 % 

o 
w/v NaCl, pH 7.5 at room temperature (30+ 2 C), 200 rpm agitation for 24 hours. Under such 

condition Bacillus subtilis BBK-1 could produce biosurfactant with a relative biosurfactants 

concentration at 40. The methanol extracted biosurfactant is found stable to temperature ranging 
o 0 

from 50 to 100 C upto 5 hours while at 121 C for 30 min. The biosurfactant showed activity in 

the present of 15 % w/v NaCI as well as to pH from 5.0-10.0. The CMC value of product was at 

12 mg/l which was lower than that of chemical surfactants such as sodium dodecyl sulfate, 

cetylpyridinium chloride, tween 80 and triton X-I00. The results from HPLC, LC-MS and amino 

acid composition analyses indicated that Bacillus subtilis BBK-1 produced 3 types of lipopeptide 

biosurfactants identified as bacillomycin L, plipastatin and surfactin. Regulatory gene for 

biosynthesis of these biosurfactants in Bacillus subtilis BBK-l was cloned by Southern and 
o 

colony hybridization using sfp gene from surfactin nonproducing Bacillus subtilis MI113 as 

probe. The recombinant plasmid obtained containing 4 kb-DNA insert which was the BcoR! 

fragment of the BBK-1 chromosomal DNA could transform Bacillus subtilis MI113 to a surfactin 

producer. Frame shift mutation at Sac! site on the DNA insert resulted in losing surfactin 

producing ability of Bacillus subtilis MI113. Nucleotide sequence between SacI site was 

determined upon which a one large open reading frame (672 bp., 224 amino acid residues) was 

identified. The deduced amino acid sequence of this open reading frame shares high identity with 

regulatory protein of lipopeptide biosurfactants production in Bacillus subtilis strains. 
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. , i'" fI , 

Vliitl'J~ff'Vl~.fl1'W~~ ,YJml1 itltl'J~~fl91l 'lI'~llJ911~'1 . llPlfJtJ1~filPltiltJfl111~i1lJ'Vl~fJVl~llJ1'J()~i191 
"" . ~1'J~IPlU 'J ~~~~ l;l.fl1'W~lfl1inlJ'lI'l~ mflU lJ 111lJ1fffl1:l1tJ~f1t1'J~fltJUU t'l~~lJl1~'\JtJ~~l'J it91 

, . " , 
fll'J fffl1:l1tnfJl nUU UflVl'~rJ'VllJtfllJVl~ i191 ~1'J ~ IPlU 'J ~~~~ 1;1.fl1'W '1 lPliJ~ii ilJlJ1fl (Cameotra U ~~ 

" " , . 
Makkar, . 1998) ~~U lJ llJ fll'Ji~fJlA\i~'ll~Vl1l~Yi1 fl1'J~ i191~l'J~IPlU 'J ~~~~l;}l.fl1'W~lflU UflVlt~U 

tI ." I JI "tI "" 

'VllJt~lJ~lfJ~lJ1iVlfllPltWfl '11Pl . fffl1:l1~lJl1~'\JtJ~~1'JVi~i191 '1lPlu~~itfl'J1~l1tJ~f1t1'J~fltlUi,jtJ~~lJ • " . , . 
'\Jtl~~l'J 'JllJn~Yi1m'J lf1~lJ~lJllfllUfllJfll'J~i1~~l'J~IPlUN~~~l;l.fl1'W llPlfJfI1lPll1~1'J~IPlUN • 



.... 

2 

"" d d "" "I" d i ' ~ "" "I ., .A '1 1 d ~~~1')j'1fl1l'fYl~Hl\9l !~HI~lJfl11lJ't'l'T1J1'H) 'Wfl1'j'(;'I\PIfI1UH\9l~~1 !\PIt1JtH)~ 'W't'l'n(;'l~(;'I1t1 9H\PItllJ 

fI(;'IV i 'j';fl11lJt;lJ;'W 't'l' ~ ~~~~tl1'W 't'l'lJ11~~~~ ~~'t'l'l1J1'j'OU 1 i til ;tl1'W 't'l'1'j' (;'I~U 'j' '1~~~11 'W~ ~\9l 
OJ 

.fiw cy{1J1~')j'U\PI~lj19H~tllJfI (;'IV i 'j';tl1'W V~~tI'j'~fHl1J \9l(;'lV\PI~'W 't'l'llJ1'j'Otl'j'~tlfl~1 ;tl1'W 't'l'U(;'I\PI • , ., 
uH~~~11'Wff~u1\P1(;'1VlJ 

<J/ " " • 

tI'j'~flv1JtihH\9l'W 'lJV~'t'l'U· 'j'1lJvr~l'hflU 1 fI (;'I'W ~'WYifl11JfJlJfl1'j'~ ~\9l't'l'l'j'(;'I\PIU 'j' '1~'1~ 1;1fl1'V'1 

o dd ~ 

2. ~lU'W fl't'l'fl(;'l'IJV~U1JmH'j'tll'll~V'W fl'j'lJ1li1'W • • 

3. flmnl1~~tl1J1~tI'j'~fl1'j'~lj~(;'I~Vfl1'j't~ltyU(;'I~fl1'j'~~\9l't'l'U(;'I\PIU'j''1~'1~1;1fl1'V'1 
., ., 

~ _. ~""d 

4. ffflll1't'l'lJ1J\9lt1JV~\9l'W 'lJV~'t'l'l'j'(;'I\PIU 'j' ~\9l~~1')j'1fl1'V'1 

" tI . 0' -' "" 

5. Yl1't'l'U(;'I\PIU 'j' ~~~~1;1fl1'V'1 i '\11J1't'l'l'lli1J1~'t'l'1'W U(;'l~itfl'j'l~'\1V~fI1h~flV1Jnjv~\9l'W • 

f! , • " 

tI'a~ lfJ'lfl,!'nm~r:n\l~'Vlr1J 
., ~, 

't'l'llJ noYi 1 fl1'j'~ ~ \9l 't'l'1'j' "\PIU 'j'~~~~ 1;hn 1'V'1 i IPl 'il1flU 1JflYit~ tll'l 'W tftlJ(;1'lt1~'W liYirllPlti1Vfl • 
".A . """,., ." ~ 

ilPl t'V'lVU1 itltl'j'~~n\9l i')j'~l'W iIPlVtI1~fl11~'lJ11~ l'l'j'11J'lJV~(;'Itfitl1n1J't'l'lJ11~u(;'I~V~fltI'j'~flV1J . .". , , " 
1 \PI tlfI 1 \PI 11't'l'1'j'(;'I\PIU 'j' ~~'1~1Yi~ ~\9l ilPl'W l~~lj't'l'lJ11~Yi~Yi 'il~'t'l'llJ1'j'OU llJ11 ')j' 
'fl ", • .dl":::'dQl .c:).d d d Q.ld d 

Ul'll.! 't'l'l'j'(;'I\PIU 'j' ~\9l~~111't'l' ~tfl'j'1~'\1'il1fl1lil'l1~tfllJ · \9l(;'l(J1Pl 'ill.! l'l'j'11J'lJV~(;'Itfltl1fl1J'il.l.! 1'If111JfJlJ fll'j 



, 
ct 

1J'YI'YI 2 

.di .Q, d &.dl .Q, 

't1'11(;l~U1\1~\I~1'Jf1.fl1'V'1 (Biosurfactants) l1lJ1tlfl\l 't1'11(;l~UH~\I~1 (surface-active 

molecule) ~~ii~1l1fl~\lii~1~ 1~mll'V'l1~~ii'W'V11; i;u~ u1Jfl'ni1t1 V't1': U(;l~ n (Cooper U(;l~ 
,~ ~ 

Zajic, 1980 ; Fieclier, 1992) 1~tl111hI1l~iil~H't1'11\lt11'WU1J1JUtllJVl'V'llU~ (ainphipatbic) CJf\l 
" , , , , " 

lh~fltl1J~1t1't1'1'Wll'1ftl1Ji'U,j'W (lipophilic portion) U(;l~'t1'1'WYl'Jftl1JU1 (hydrophilic portion) 

U 't1'~\I~\I~11~ 2.1 ff1'W ~'Jftl1J i 'U,j'W ll~t11'W ff1'W 'Utl\l't1'lnh~fltl1J ieJ 1 ~1m;1Jtl'W t~'W fl1~ i 'U,j'W 

cR\ltJ1llt11'W fl1~ i 'U,j'W 'Jf11 ~glJ~1111tl i~glJ~1 u(;l~tJ1lliil1~ieJ~1tlflCM(;l;1lJtl~;1t1 ffl1111Jff1'W .. .. 
." '" " • I " 

Yl'Jftl1JU 1tJ1ll111~fltl1J~1t1l1lJm11JtlflCMiifl l1lJ ieJ~1tlflCM(;l lIlJyJtl't1'!yJ~ U 1m(;l 111tlfl1~ .. .. .. 

, ~ 
ct 0 

't1'1'W'VI'Jftl1J'W1 

(lipophilic portion) (hydrophilic portion) 

, ~ , 
~11Yl 2.1 U't1'~\I"fll:jW~ 1~H't1'11\ll~tl111i11'Utl\l't1'11(;l~UH91\1f71~1.fl1'V'1 (Cooper, 1986) 

't1'1':i (;l ~U 1 \l91\1f71~1fl1'V'l ff1'W lJ1f)1l~ii11':i~1l 't1''VIU! 11'W fl(;ll\l111tJ111'W (;l1J 1 ~tI't1'11(;l~U 1 \191\1 •• 
f71~1.fl1'V'1~ ii111~ ~ t11'W (;llll! 'W tJl1l1it tl\llJl1l1fl5'V1U'V'I (;l 'U tl\ll1~m;1J tl flCMii fl l1~YI tl 't1't yJ~ 111 tl 

. , . , " 
.c::I .:t do 

'Utl\ll1lJUtllJ'W (amine) U~1'VI1'VI'V'l1JlJ1l1'W1'W'Wtltl (Cooper, 1986) 

't1'11(;l~UH91\1f71trltltl~''W~1111(;l~mm~'W J1 1l~tn~fl1n1lJ~1n'W'n~t11'W l~H't1';l\l~ .. 
." . , "" " ., " " 

t~tlfl11 · ilJtCJf(;l(;l (micelle) 1~tlll~11'W!tJ1't1'1'WYl'Jftl1JU1 i1~1'W'W tlf) U(;l~'t1'1'WYl'lftl1J '1'U,j'W '11~1'W 
, J/ " • ,,, 

i'W U't1'~\I~\l111Yl 2.2 f111lJt'UlJ'U'WYlmlJ1~'t1'lJYl111 il1't1'11(;l~U1 \l91\1f71!n~fl1111lJ~1!11'W ilJ .. ..' ~ ~.. ~ , 
!CJf(;l(;l!~tlfl11~11lJt'UlJ'U'W'Utl\lfl11!n~ ilJ1CJf(;l(;l Critical Micelle Concentration (CMC) CJf\lll~iim 

~1! 'V'I1~ffl1111J 't1'11(;l~U 1 \l91\1f71U~(;l~ 'lf11 ~ 1 ~1 \I 't1';l\l '1lJtCJfm;i 'W Jlll~tl~~1lit tl~ 111m! 1 \I~\I~~ .. .. 
., "d'" "", 

1~1111\l'l1lJ ieJ 1~1m11Jtl'WCJf\ltlQ~1'W 1'W 'Uf.N ilJtCJf(;l(;l UHih~tlfl11 hydrophobic interaction fl11 
~ . .. ~ ~ ~ , 

tn~ 1~1\1't1'11\l i'W111ilJl9ftl(;l111 il1't1'11(;l~U H91\1~1(;l~(;lltlU1 i~ U(;l~'t1'llJl1f1(;l~UH~\l1~1111\l .. 



4 

" ,"," . "" "" 
i''W (phase) '\Jt),:n1'1'jV1jj'li1UlPlfWl1\1n'W i~ l'lf'W 'j~1111\l'\.hlJ'W n'W U 1 flltllft'nUU 1 11~t)U lnU 

. ~O 

monomers circular micelle 

flW~, 1994) 

(interfacial tension) 

1.1 n1'ji~fl1UH~\I~h (surface tension) lil'Wtll'ji~~lUH~\lii1'j~11~l\l'\J5\1m"nnU 

flltllft' ~ \llil'W i1i~';u 5 nflWfll'Vi'\J 5\1 ffl'j 'l~U H ~\lii 1~1.fll'Vi~ i:Y1rl't1J . jj11~ 1m il'W iJ'l iI Ul9i'W 
• u . .."., " , ," "" " 

IPIfltlJIPI'j (mN/m) 1115 i~'W (dyne) ff1'Wh1ty"j'i1ii~\llnff1'W'ffV1i~\l1f)tll'jl~(J\ll;f5 l~(Jm 
." . ". . . 

\lil'W111(JffllJl'jfI'l~fllU 'j \I~\lii1 i~~ln11 40 mN/m U ff~\l11ffllJl'jfI~i1lP1ffl'j'l~U H~\lii1~1 • 
" JI, ,. • 

.fll'Vii~ m~ln11 35 mN/m Uff~\l11jjlh~iYl1~f11'Vi~ (Cooper, 1986) 1')j''Wff1'j'l~U'j\l~\lii1~1 

.fll'Vi~~i1IP1\lln Arthrobacter sp. MIS38 (Morikawa U'l~flW~, 1993), Bacillus subtilis (Arima 

~ 

U'l~flW~, 1972) U'l~ Bacillus lichenifomlls (Yakimov. U'l~flW~, 1995) ffllJl'j()'l~fl1UHIPI\I 

ii1i;1~lnu 24 , 27 U'l~ 28 mN/m IPIllJih~U ~\I,rU~11il'Wffl'j'l~UH~\lii1~1f11'Vi~jj1.J'j~ 
"" "" "" ffl11i .fll 'Vi ~ lJ 1 n 

1.2 tll'ji~~lU'j\l~\I'j~11~l\lii1~1.J'j~~'W n'W (interfacial tension) lil'W nl'ji~~lUH~\I 

'j~11~l\l'\J5\1m'llnu'\J5"i11'l1 jj11~lmil'Wii'liliJJ9ilJ~fltlJlPI'j (mN/m) t')j''Wtll'ji~fl1UH~\I 
• 51 f/ ." d " 

'j~111l\lUlnUff1'j1.J'j~n5Ui~ 1~'jfl1'ju5'W 1'lf'W UllJ'W , l~nC)j'll~mfl'W (hexadecane) , UllJ'W 



~ "..." d ,,~. 

fll'lf (kerosene) L~'Wll'W 1\Pltl111 i,jfl1UH~'l'j~1111,nhn1JLeJf)9f1L\PlfUrl'W u~~lhl1'Wfll'lfljfl1 

,j5~lJ1W 50 U~~ 30 - 40 mN/m U~~'V'l1J~lff15~\PlUH~'IN1:)hm'V'l1\Pltl~li,jff1lJnf,)~\Pl~lU5'1 .. ". . 
& '" d_1 '" '" I!J <!I 9 
1l'l5~1111'l~1'VlU'j~1I'W f)'W ~'I t\PlLl1~tltltl t'W'lfl'1 0.1- 1.0 mN/m (Gerson, 1993) .. . 

2. fll'jLn\Plul1~oif'W (Emulsification) 
. "" fll5i~fll'jLft~Ul1~i'W (Emulsification) L~'W f)ni~rll1lJff1lJ1'jf,) 1'W fllHh ll1'U 1H~~ 

ffn,j5~f)tl1J ieJ 1 ~'jfll;1Jtl'W L;'W Jll1U 51lJ~ln'W ~'IL~'W fflJD~~ 'tY1rlru'lJtl'l1l~'W 'Vl~~l1~ltl 
OJ • 

, "" " . ." " 
'lfU ~ 1 ~tlffn~~u 'j 'I~'IN1Vi 11 ~'W 'Vl~tI~ ~1l~'W lI~'Yh 111Ln~ul1~i'W 5~1111'llhn1J'u 111'W L~'W~ m11 • 

"" .". ", ."" 
111 lh 11'W ljffm'V'lL ~'W l1t1~L~ f)'ltl~ 1 'W U 1L~'W f)15LVilJ'~'W ViNl'j~1111'lU 1 nmJ 1 11'W (Cooper U ~~ 

Zajic, 1980) 

" " '" '" ., & '" d 

3. fll5111rl1rll1lJL'lJlJ'lJ'W fflJ'V'l'Vlli'lJtl'l ff15~~UHll'l~1'lflm'V'l ( Relative Biosurfactants 
-1 

Concentration (CMC )) 
I " "" •• 

fl15111rl1rll1lJ L 'lJlJ'lJ'W fflJ~'Vlli'lJ tl'l ff15~~U 5 'I~'IN1:)hfl1'V'lL~'WViUtllJ 1 'W f)15i~111rll 
"" " ."., , 

rll1lJL'lJlJ'lJ'W'Vl1'ltltllJ'lJtl'l ff15~~U 5 'I~'IN1:)hm'V'lVi~ ~1l~'W 1 ~tlfll51~rl1U 5 'I~'IN l'lJtl'lffl'W 1 ffVi 
" "" " JJ ,. "'J/. • " 'J/ 

i~ \I1f)fll5L~tI'IL~tl mtll1~'I1I1f)f)nL ~tl\ll'l~lVU 1f)~'W Virll1lJL 'lJlJ'lJ'W 111'1'1 fllrll1lJL'IllJ'lJ'W'lJtl'l 

., . " 
'lJ tl'l ff15~~U 5 'I~'IN1:)hmw 1 ~tI\I~·ljrll1lJfflJ~'W lin1J1HlJ1WL~lJll'W'lJtl'lff15~~U 5 'I~'IN1tJflm'V'l 

• ." "'JJ 

1'Wffl'WlffVii~1I1f)fll'jL~tI'IL~tl ( Cooper U~~rlW~, 1981 ; Sheppard U~~ Mulligan, 1987 ; 

Ghurye U~~ Vipulanandan, 1994) 

. " " " 
4. fll'jl~,j5~i1'Vllim'V'l'lJtl'lffn 1 ~tl11ifll5111fllrll1lJL'lJlJ'lJ'W 'lJtl'l fll5Ln~ ilJL9f~~ 

. " " 
L~lJ fll'ji~,j5~i1'Vllifl1'V'l'lJtl'lff15 ~~U5 'I~'IN ltJflm'V'l 1 \PlVf)15111rl1rll1lJL 'lJlJ'lJ'W 'lJtl'lf)15 

".& • " " t" . . " " 
Ln~ ilJL9f~~ 9f'll1lJ1VO'lfllrll1lJL'lJlJ'lJlJ VilJ tltlViff~Vi'Yh 111ff15~~U 5 'I~'IN 151lJ~lt~'W ilJLt]f~~ • . ". 
U~~ff1lJ15f,)~~rl1UH~'INl i~11l1,,!~ (Desai U~~rlW~, 1994 ; Lin, 1996 ) 1~tlff15~~U.H~'1N1 

, " " "".. 
tJflm'V'l'lfU ~ '~ljfllrll1lJL'lJlJ'lJ'W 'lJtl'lfll5Ln~ ilJL9f~~lJ fltlU 'Ul1L~'U ff15Vilj,j5~i1'Vllim'V'l~ 

., ., 
5. iliieJL'V'lfl5lJ1'W9f~rli~ lrl5lJ1lllf)51-W 

ljf)15~\Pll'W1U1iliiliieJ1Wfl;lJ1'W;~rli~ lrl'jlJl11lf)'n-wu1J1J reversed phase lJ1l;111. 

,j~lJ1W ff15~~U'j 'I~'IN1tJflm'V'l ~'I1~'Wili~ljrll'llJ~11rn~ 'jl~l~l 1 ;ff1'j~lfl~1'lllJ,j~lJ1W 
" .,.. sJ ..,,,,, 

l-Antl U~~ljrll1lJUlJ'WV1t1'1 UllUtllJYill~l 'jfffn~~UH~'INltJflm'V'lVi~~'W 'Vl1t1'lfU ~':r 'W '1 ~ ~1l~'W 

lJl1 ;l~lJ ff15lJlll'jl!1'W 1,1 fl'l\llf)~ mjw~'lJfl'll rl'jlJ1lllUf)5lJ'lJfl'lff15~~U 'j 'I~'INltJflm'V'l~~ ~1l 
\I1f)~~'W'Vl~~U~~~'jfU~Ullf)~1'ln'W 1,j (Carreru U~~rlW~, 1993 ; Lin U~~rlW~, 1993 ; 

Yakimov U~~rlW~, 1996) 
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" 
'WVfHllflU Sandrin U(;l~flW~ (1990) ; Peypoux U(;l~ Michel (1992) 11111~lJ1W 

! C)fV;U yJfl~'W ~~ illPl \llfl Bacillus subtilis S499 1 ~£Jfl1'j1!fl'n~11"11111~lJ1W 'UV\lfl'j~uv'ffll1;~fl 
oJ _q "'1 '" oJ l' III" " "'d 1 d 
C)f\l!U'Wfl'j~V~lJ 'W'll''W~11'W\I 'W'ff1'WtVn-. t'VI~~1£J1li dinitrophenylation 'W'UW~l'l Kim U(;l~ 

flW~ (1997a) 11111~lJ1W'UV\I'ffU(;l~U'j\I~\I~1'hm .... C9-BS ~~illPl\llfl Bacillus subtilis C9 

; 1£Jfl1'j1t fl'j1~~l1Ttl~lJ1W 'U V\lt ........ il'l~; 1£J1n'U V\I Bradford 1'W 'UW ~~ fl1'j1111l~lJ1W 'U V\lU 'jlJ 

" .. " 
1 'W ilif~tI1\l1'll'1nflU1tfl'j1~1111111~lJ1WU11Pl1(;lU'jlJ 1'W 'ff (Guerra-Santos U(;l~flW~, 1984 ; 

1986 ; Ramana U(;l~ Karanth, 1989 ; Zhang U(;l~ Miller, 1992 ; Patel U(;l~ Desai, 1997 ; Sim 

" !!(;l~flW~, 1997) tiJ'WIPl'W 

QJ ~ "" ~ 
2.2 fl1·H)Vlflilllltll·HlVlH"a..:;j~..:;jN1'lf1i11'Vi 

". " 
'ff1'j (;l~U 'j\I~\I~1;1m""tI1\l 'ff1lJ1'jt:l~~~lU 'W flVVfl i~tiJ'W 6 fl~lJIPl1lJr:r fl1:IW~ 1 fl'j \I 'ff'j 1\1 

" . .. 
l'll\1!fliji~Ufl l.ifl(;llflilif~ (Glycolipid) 2. i(;l111! ........ 1'V1~ (Upopeptides) U(;l~i(;l hnll'j~'W 

(Lipoprotein) 3. fl'j~ i'UlJ'WU(;l~i'UlJ'W . (Fatty acid and Neutral lipid) 4. yJV'ff1yJilif~ 

(Phospholipid) 5. 'ff1'j(;l~U 'j\I~\I~1;1fl1 .... ~ij1 fl'j \I 'ff;l\1tiJ'W .... V iltlJ V; (Polymeric 

Biosurfactants) un~ 6. 'ff1'j(;l~U'j\I~\I~1;1m .... ~ijr:rfl1:lW~tiJ'WtIl.!fl1fl . (ParticUlate 

Biosurfactants) 

1. '1 fl(;ll fl ilif~ (Glycolipid) 
• ,'JJ", • 

i fl(;ll fl ilif~ti1'W fl(;llJ 'UV\I'ff1'j (;l~U 'j \I ~\I~ 1;1.f11 .... Yill'j~flv11~1£Jfl1'j 111 i~!~'jlPlttjfVlJIPlV • 
'" <!I III 1 "'_9 dd «!i "''''1' fl11 aliphatic acid l1'jV hydroxy-aliphatic acid tfl(;l fl(;lu~l'llJfl1'jfl'fl1:l1'fflJ111Pl 'WU\I'UV\I'ffU(;l~ 

" . 
U 'j \I~\I~1 i~Ufl 

1.1 Yi~11(;l'ffilif~ (Trehalose lipids) 
" .. 

Yi~11 (;l 'ffil if~ 'ff1lJ1'jt:l~ illPl i ~ \llfl~ il 'W l'l1£J11(;l1£J'ff'1(;l t'Jf'W Rhodococcus· sp. 

Arthrobacter sp. Mycobacterium sp. Brevibacterium sp. Corynebacterium sp. U(;l~ Nocardia . 

" , " " 
sp. 1fl'j\l'ff'j1\11~£Jn1 ill'UV\I'ff1'j(;l~U'j\I~\I~111'j~tfll'lull'j~flv11~1£Jfl'j~ ilJ 1flilfl (mycolic 

& ".. " ; " 
acid) C)f\lti1'W fl'j~ i 'UlJ'W 'ff1£J£J11Yiijl1lJ i~~'jVfl~6~1Pl'j \I~hu 11'W \l1i1Pl1fl1'j11V'W U(;l~fl1'j11V'W 

~hUl1~\lttv(;lyJ1t11\lt~VlJ~Vf)1111~t1(;lfb (alkyl) t'W'l U'ff~\I~\ltll~ 2.3 l~£Jl1~fl1;11Vfl~(;l 
'Uv\lm~ ilJ 1flilflif\l~t~vlJ~Vn11J11Pl1(;lYi~11(;l'ffIPl'j\lfl1'j"11V'W\9l1Ul1~\I~ 6 ;1£J~'Wli~ acyl 

" . 
(Rosenberg, 1986) tiJ'WYi~11 (;l'ffilif~ 1 fl'j\l'ff'j1\1U'ff~\I~\ltllYi 2.4 . . 

d 1 · ~_4..::t Q .::g .c:::), ~ 
l'l~1 (;l'ff(;lu~l'l~(;lIPl\llfl Rhodococcus erythropolis 'ff1lJ1'jt:l(;l~U'j\lIPl\l~1 U(;l~fllU'j\IIPl\l 

. " 
'j~1111\1~111'j~~'W i~tl1ilv· 25-30 mN/m H(;l~ ImN/m 1Pl1lJ~1~11 



o H OH 
II I I 

HO - C - C- C-R 
I I 1 

~ H 

. " -·n.Hi 2_3 iflHt1''Jl'l'll'el'lm~ ilJ ifli'lfl (Cooper u,,~ Zajic, 1980) .. 

.J 

OH 

I 
CH O-CO -CH-CH-(CH) -CH 22m 3 

OH 

I 
(CH2)n-CH3 

'---0 

OH 

OH 
I 

-CO-CH-CH-(CH ) -CH 
12m 3 

(CH2)n-CH3 

tlJ'el m+n = 27 to 31 

,", , " 

7 

~lHl 2.4 iflHt1''Jl'l'll'el'lVl~li"t1'i'lif~VlNi'lI'I\llfl Rhodococcus erythropolis Vllh~fl'el1JW.lfJflnl 
I" .., I , 

. ilJ ifli'lfl 2 ilJt"fJm';f)lJfl1J'U1I'ITflVl~li"t1'Vlfl1'J1J'elu\phUl1U'lVl 6 (Rosenberg~ 1986) 

1.2 U'JlJ iui'lif~ (Rhamnolipids) 
~ " 

~i'lu'YI1fJ1ut1'fJ" Pseudomonas sp_ U"~ Artbrobacter sp. t1'llJl'Jt:lNi'lI'IU'JlJ iui'lif~'~ 
". " " • .J • 

l1"lfJ'lfU~ ifl'J'It1''Jl'li~fJ111 'lhh~fl'el1J~1fJthI'l1"U'JlJ iUt1' 1 11~'el 2 ilJt"fl"Vlt'lf'ellJl'lfHl1J • 

fl'J~ij~l'~~'J'elfl~t~flliuUfl (j3-hydroxydecanoic acid) 1 11~'el 2 ilJt"fJ" ~~lU-U"lfJ1~1; 
(reducing end) Ut1'~'1~'1~-U~ 2.5 U'JlJ iui'lif~ RLI U"~ RL3 Ni'lI'I\llfl Pseudomonas 

"". " 
aeruginosa DSM 2659 lU'ell111'Jt~fJ'It';fl lu'llw~Vlu'JlJ iui'lif~ RL2 U"~ RL4 Ni'lI'I~U1U 

'J~fJ~-Wfl'll'elW)j''' (Fiechter, 1992) 



o 
II 

O-CH-CH - C-O-R 
I 2 3 

~ 

RLl, RL2 ; Rl =H 

= -(CH2)6-CH3 

R3 : (RLI) = -CH-CH -COOH I 2 

(CH2)6-CH3 

~: (RL2) = H 

RL3, RL4; Rl = rhamnosyl 

= -(CH2)6-CH3 

R3 : (RL3) = -CH-CH -COOH I 2 

(CH2)6-CH3 

R3: (RL4) = H 

RL5, RL6 ; Rl : (RL5) 

Rl : (RL6) 

= -CO-CH=CH-(CH2)6-CH3 

= rhamnosyl-O-CO-CH;:::CH-(CH2\-CH
3 

= -(C~)6-CH3 

= -CH-CH -COOH I 2 

(CH2)6-CH3 

." . 

8 

~tJVi 2.5 lf1H(;1"n:J'Utl'lU'HJ luilil~Vij:-jil\1l~lfl Pseudomonas aeruginosa ~~UtJ~'11l1fl Fiechter 

(1992) ; Lang U~~ Wallbrandt (1999) 
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v v 

'j~11~l\l~"J1h~iu'lJv·nhnlJt~nC)flt~mrl'w1~m~v 1 mN/m (Rosenberg, 1986) U?I~')j'1£J'ff\l 

rct'1lJf11'H1J1ty'lJV\I~~Ul1~;'UVl111'j~ij'fflnh~nvlJ'1~ l~'jrn;lJvu (Coopt?r U?I~ Zajic, 

1980) 

1.3 C)fVlJ'V'IV 15'ff~iI~ (Sophorose lipids) 
" v v 

~~Ul1~£J'U'fffJ?I Torulopsis sp. l1m£J')j'ii~'ffllJl'jtl~~91C)fVlJ'V'IV 15'ff~iI~ '1~ lf1H'ff'jl\l 
, v v 'cj v v 

1~£J111 '11h.h~nVlJ~1£JUl911?lC)fVlJ'V'IV 15'ff (n~ lf1'ff 2 llJt?lfJ?I.yjt')j'VlJnU~1£J~Ull~ U911 1-2) 

t~VlJ~Vv~nlJn'j~ 1~~'jvnCMrn;lJvnci~n (hydroxycarboxylic acids) 'ffl£J£J1191'j\l~lUl1~\I 
~ ~ 'v 

lIm£J~~1C)f 1 ~£J1J?ll£Jrn'jlJvnci~ n'lJV\I n'j~ '1 'lJ,ju V11Jtn~f11'j'j1lJ~1nlJl1lJ '1~~'jV nCM'lJV\lU 1 
'" 

I " • I 

9l1?ltn~t11u1\1U?lfll91U (lactone ring) U'ff~\I~\ltll.yj 2.6'\1~vmvQ'Utllfl'ff'j~1J~t11u 'ff11.yjij 

lI'j~~t11U?llJ (Rosenberg, 1986) 

o 
II 

C~-O-C-CH3 

~ 0 CH-CH3 
/OH 

HO 

o 
11 

H -O-C-CH 0 (CH2)15 
2 3 

r---O 

I 
OH 

O----------------------C=O 

d v 1 .C). .d..Q ~ tI ~C\ 
tlll1 2.6 U'ff~\llf1H'ff'jl\l'lJV\lC)fVlJ'V'IV 'j'ff?lil~l1~?l911Jln Torulopsis sp. tlJvlI?ll£Jrn'jlJVnC)f?ln 

, v 

'lJV\ln'j~ '1 'lJ,jU 'j1lJ~1nlJl1\! '1~~'jVnCM'lJV\lU 1911?lt11U1\1U?lfll91U (Cooper U?I~ Zajic, 

1980) 

J. "" ,. 

C)fVlJ'V'IV 15'ff~iI~lJ1~l1~ .yjfl11lJt'lJlJ'lJUlI'j~lJ1W 10 mg/1 'ffllJl'jtl?l~rnU'j \I~\l1~1111\l~1 
v , , 

lI'j~iu'\Jv\lUlnlJt~nC)flt~iufl1.!?I\l1Jln 40 mN/m milv 5 mN/m U?I~')j'1£J'ff.:jt'ff1lJf11'jt1J1ty'lJV.:j 
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~~'U'YI~~1'U mMl'j~li(;1'l'j1.J'j~m)1J 1el l~'jfll;1JeJ'U 1;t~'Ut~tJ1n1Jllelll ,,(;1'~U~ tW~U'jlJ 1 'U ~U~ 
• ." . 

. u~1~lifl11lJ(;1'llJnf.11'U f)1'jf)eJ lmn~fliJ"i'U (Rosenberg, 1986) 

1.4 f)~ lfl(;1'~U~ (glucoselipid) 

f)" 1 fl (;1'~ if ~ til 'U (;1'n" ~ U H ~ 'I ~ 1~hflll~1.J 'j~tfl'YI1 f)" 1 fl ~UW)j'i1 ~ 1 M~ f)~ 11~eJ .. 
"" ~ "" Matsuyama u"~mu~ (1990) 'jlt1'11'U11 Serratia rubidaea ATCC 27593 JlHl~(;1'1'j"~UH~'1~1 . . " .. 

~1m~')j'i1~ lMlJt~tlf)11 rubiwettin RG 1 ''If)f)1'jffmn lfl'j '1(;1''Jl'l'YI1'ltflli~1J11(;1'1'Uilu~ 
" , " , , " 

lh~f)eJ1J~1t1 jJ-hydroxy fatty acid lllifln1JeJ'U~1'U1'U 10 U,,~ 14 eJ~~eJlJt~eJlJ~eJn'U~1t1 
" I "~." I fI .," 

~'U 1j~W (;1't'YI eJ'j U ,,~(;1'1'U ~u~i1 "~t')j'eJlJ~eJn1J1.h~l"f)~ 1 fl(;1'Yifll'j1JeJ'U ~lU M'U 'Ill 1 ~1t1~'U 1j~ 
" " " 1f)" 1 fliNlf) 1 flH(;1''jl'lU (;1'~'1~'1~1.J 2.7 rubiwettin RG 1 ffllJnf.1"~UH~'1~1'UeJ'IlhM 1~m~eJ 

26 mN/m 

." . 
~1.JYi 2.7 lflH(;1''jl'l'UV'I rubiwettin RGI Yi~~~"lf) Serratia rubidaea ATCC 27593 

(Matsuyama U,,~fltU~, 1990) 

Passed U"~flW~ (1992) ; Yakimov U"~flW~ (1998) 'jltl'l1'U1l Alcanivortp[ 

bor~ensis (;1'ltl~'U; MMI ~'1dhm1JflYii~tI(;1'f)" lM~~~~f)" lfl(;1'~U~~~1'Uilu~1.J'j~f)V1J . . .. 
" • .. • <!\ • " 
~1t1 {J-hydroxy fatty acid Yilifll'j1JV'U~1'U1'U 10 V~~VlJ~1'U1'U 4 llJt"fJ"llt')j'VlJ~eJn'U~1t1 

" , J/.d.'" • tI .." 

~'U1j~tV(;1't'YIeJ'j U,,~(;1'1'Uilu~i1 ,,~t')j'VlJ~vn1Jlh~l"f)" lfl(;1'Yifll'j1JeJ'U~lUM'U'IYi 1 ~1t1~'U1j~ . .. . 

" , "" 
1f)" lfl~~f) lfl'j'l(;1'n'lU(;1'~'1~'1~1.J 2.8 f)~ lfl(;1'ilU~ MMI Yifl11lJt'UlJ'U'U 25 mg/l (;1'llJl'jf.1"~ 

U 'j '1~'1~1'UV'IJ1"'1 ';m~v 30 mN/m U"~"~~lH 'j '1~'1'j~"'~1'1~11.J'j~~'U 'UeJ'IJ1U"~telf)9flt~ f) 
" " . 

tfl'U 1~m~eJ'U Vtlf)11 5 mN/m 

2. 1" 11.Jt~~1'Y1~ (Lipopeptides) u"~1,, l1.Jl1.J'j~'U (Lipoprotein) 

"", " (;1'l'j"~U 'j '1~'1~1~1fll~1.J'j~tfl'YI '1" l1.Jt~~ '1'Y1~uiJf)n'j'U (;1'l'jYiliflW (;1'lJiJ~l iJ f)1'j V1J V'! . . 

..::. .c:::.. e:J" ~ ~. " QJ " ".c), 4!9. 

m'jt"'jty'UeJ'I~"'U'YI'jtl')j''U~V'U'j1lJ~1t1 (antibiotic) ~1Vtll'lt')j''U t9feJ'jUvJfl~'U (surfactin) M'jeJ 

ci'1J'Vi1,,~'U (subtilysin) l~~'1lJ~" (polymyxins) u,,~ 1"tfl'Ui1~'U (lichenysin) ~~~~"1f) 



11 

Bacillus subtilis, Bacillus polymyxa ml~ Bacillus licheniformis ~l')Jih~lJ (Rosenberg 1986) 

, Q d "OJ & _c::4' ~ tI ~ d Q d._c:::t 
U~')fW ~l'l i~'llJfl1'H1fl1l1tlJlH)tJ1'llJ1flflmGJl'V'Ht -Wfl~U l'l!}HI~"lfl Bacillus subtilis tu V'I " 1flt lJU . ,. " 
~l'HI~U 'l 'I~'I~1~bfl1~VHhh~ffl'lTIfl1~~ivtJlJ l~tJvhHlJlWtwtJ'I 0.005% I~V111'l1lT fl~llJ1'l() 

t .c:i Q .c!l. 

~~fl1UH~'I~1'UV'I 0.1 M NaHC03 "lfl 71.6 mN/m ~'It'I1~V 27.9 mN/m (Anma U~~flW~, 

1968) 

o - CHC~COO-CHC~COO-CHC~COO-CHC~COOH 
I I I I 

(C~)6 (CH2) 6 (CH2)6 (C~)6 

I I I I 
CH3 CH3 CH3 CH3 

OH 

.'" " nHi 2.8 If1H~'ll'l'UV'Ifl~ If1~ii1J~Vi~ii~"lfl Alcanivorax borkumensis «lV~Uli MMI ~~ 
~ ~ . 

"tI JJ tI ,. 

f1lJ fl'l ~ um i~ ~ 'l V fl~fI1'llJ V flcifii fl 1 ~Vfl'l ~u~ 1 i~ ~ 'l Vfl~fI1'llJ V flcifii fl5'1 t :}fVlJ~ V f1lJ fl'l ~ 
" •• SI " 0' I " 

fl1'llJVflcifiifl Vfl 1 IlJt~fl~ViIPl1U'l1U'IU~li~~'lVfl~~1V~Uli~tvfftl'lV'l u~~'I~'I'll1Vi 2.9 VV'l . ~ 

""'" ""_4 "'1 "_<4 .!t "'! _I _I i 1 .J ",' 
Ul'lU~lJ~lJ flH~'ll'ltlJU zwitterion flVlJl'l'llJ'l~"1J1flU~~lJ'l~"~lJ U lJHlfl~ t'UV'I"lfllJ'I1lJ 

q q q cu 

tI Q ,,'.c:t. dOJ' Q ..:::t" Q d. I 

fl1'llJVflGJl'~U~~tV llJ~V~'l~ UVfl"lflUtJ'I~lJ11~~UVI'lV'll'U~VlH'll'U 1'hiobacillus thiooxidans 

, """ "" "''''1 "" , Agrobacterium temefaciens U~~ Gluconobacter cerinus ~~~~l'll'llJ flH~'ll'lfl~lVVV'lU 

Viuii1J~ I~VV1"U~fl~1'lf1U~'ll'U~'UV'Ifl'l~v~iJIU'I11V'll'U~'UV'Ifl'l~ i'lJiJu (Cooper U~~ Zajic, 

1980) 

3. fl'l~ i'UiJuu~~ i'UiJu (Fatty acid and Neutral lipid) 
" " ' .J" • 

fl'l~ i'UiJuu~~ i'UiJu~lJ i~ iUtGJl'~~iiUl'l~(Jl1fl'll'U~ tlJV~ii~u~1iJfll1~~11~vvvvflUVfl 
,J . "" "" " " tGJl'~GJI''I11'l~flVlJ~1(J fl'l~fI1'llJVflcifiifl UV~flV~V~ tv~tl'lV'l IlJ lUfliitGJl'V i'l~ . i~fliitGJl'V i'l~ 

U~~i~'lfliitGJl'V i'l~ lj~lJ,j~iUflU~~UH~'I~1 t~U fl'l~ If1~lu ilJ If1iifl (corynomycolic acid) 
. "" .' " 

11f111lJt'UlJ'UU 0.5 gil 'Ci'llJ1'l()~~fl1UH~'I~1'UV'I111"lfl 72 mN/m ~'It'I1~Vl1'l~lJ1W 40 mN/m 
, & I.Q d Q.I QI '~Q.I d d ~ 

U ~~~~fl1!t 'l 'I\9l'l'l~'I111'l~ 11'111'l~ "U flU 'l~'I111'lU 1fllJt~ flGJl'lt~ fltflU ~'1t'11~ Vl1'l~lJ1W 10 mN/m 
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, . "" Q.I .c:::i ~ d 

hnJ'U (neutral lipid) YUHIIPHllfi Mycobacterium rhodochrous 'YIf111lH'UlJ'U'U 0.5 g/l ffllJl'Hl 
" . . 

"~~lU~~~~~1'Utl~Ul"~m~mh~lJ1W 44 mN/m ffllJl~t)fimti~vl1"i'U U,,~iJ~')j'1(Jff~1ff~lJ 
.. " Q ~ ad..d 

f11~t~~ty'Utl~~"'U'YI~(Jtlfi~1(J (Cooper u,,~ Zajic, 1980) 

o 
II 

H N-(CH ) -CH-C-OH 
2 23 I 

NH 
I 

R-CH-CH2 -C=O 
I 
o 
I 

R-C=O 

• " " t • 

nHi 2.9 lm~ff~l~'Utl~tltl~ijyi'Ui'liI~l1Hi'I\Pl\llfi Pseudomonas rubescens ; R U'YI'UlflJU"~1 
~ ~ 

(Cooper u,,~ Zajic, 1980) 

Matsuyama U"~flW~ (1990) ~1(J~1'U11 Serratia rubidaeaATCC 27593 'Utlfi\llfi\l~ 

rubiwettin RG1 ~~t1j'Uffl'HI~U~~~~~Tth~Ul'YIifi" lf1i'1i1~')j'u~llf~u;1 . iJ~Hi'I\Pl 
.ok 5:1'" dc.l 1 ""i .., ""i " c.I 

rubiwettin R1 C]f~t1J'U "iI~'YIlJfl11lJffllJl~t) 'U f11~"~UH\Pl~H1 \I1fif11Hl'mn lf1Hff~1~'YI1~tfllJ 

'V'I1J~1 rubiwettin R1 t1j'UffnHfflJ'Utl~i'liI~')j'u~ P.hydroxy fatty acid ~ijfl1;1Jtl'U~1'U1'U 10 

d • Q.I dod " 0 ct " 
tl~\PltllJt')j'tllJ\Pltlfi1J ,B-hydroxy fatty acid 'YIlJfll~1Jtl'U~1'U1'U 12 , 14 l1~tl 16 tl~\PltllJ~1t1 

.." . 
~'U 1i~ttlfft'YI tl~ 1 flH ff~l~U ff~~~~~l1l1 2.10 

HOCHCH2COOCHCH2COOH 
I I 

(CH2)n CH2)6 
I I 
CH3 CH3 

..A 
tlJtl n = 8 , 10 , 12 

." . _ I c.I '1 c.I .., 

ru'YI 2.10 ~flHff~l'l'Utl'l rubiwettin R1 'YIH"\Pl\llfi Serratia rubidaea ATCC 27593 
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4. vJtl~1vHli1~ (Phospholipid) 

vJtl ~ 1 vJiii1~ll1u tl'ly{1l1::fltllJ~'1:hfltu'Utl'l1C)f(;H) iiu 'VI~; u~ijfflU u" tl£J~ll'1:l~ll~mmtlfl 
, u • 

v • 

lJ1~U tlfllC)f'1:l .. 1 flH~1l'l1 ~£J111 '1ll'Utl'l 
" , . . " 

vJtl~ 1 vJiii1~1l1::fltllJ~l£Jfl~1C)ftl1tl'1:ll'ltl nlJfl1~ i 'Ul1u 2 111qJ U '1:I::vJtl~l'vJI'l 1 l11qJ~l£JWU 1i::1tl~ 

1'VItl; U~~'l~'l11l~ 2.11 ~iiU'VI~;11'1:1l£J'IfU~~llJ11(l~iil'lvJtl~lvJiii1~i; 1~-'\.,\ Thiobacillus .. . 
• v 

thiooxidans ~iil'l~l1n~llJl1(l'1:l~UH~'lfil'Utl'lml1l11llfl 72 mN/m Mi~O'l 49 mN/m 
• v. 

vJtl ~ 1 vJiii1~n~ iil'l~llJl1mWfl i~l1'1:l1£J'Ifu ~ 1'IfU vJtl~vJl~~'1:Iiil U c1f'VItl'1:l (phosphatidylinositol) 

,vJtl~vJl~~'1:Ifl~1C)ftl1tl'1:l (phosphatidylglycerol) U'1:I::m~vJtl~vJl~~fl (phosphatidic acid) 

vJtl~vJl~~'1:IW'VI1i11U'1:l1iju (phosphatidylethanolamine) ~~iil'llllfl Rhodococcus erythropolis 

v 

flll 1 mN/m 'W tlfllllflUV'l'WlJfl11~ iil'lrltl~ 1 vJiii1~ 1u Corynebacterium alkanolyticum, 
v 

Candida tropicalis U'1:I:: Micrococcus cerificans 111UI'lU (Cooper U'1:I:: Zajic, 1980 ; 

Rosenberg, 1986) 

o 
II 

R-C-O-CH 
1 2 

o I II 
~-C-O-CH 

o 
II 

HC-O-P-O-X 
2 I _ 

o 
, ". ," tI 

rUn 2.11 1 flH ~1l'l1 ~ £1111 i 1l'U tl'lvJ tl ~ lyJiii1~nu£Jfl '1~lllfl~iiu'VI~£J (Cooper U'1:I:: Zajic, 

1980) R} U'1:I:: R2 fitll1~V'1:lfh, X=H 111u fl1~vJtl~vJl~~fl, X=CH2NH2 111u 

vJtl~vJl~~'1:I1tl'VI1i11U'1:IlijU, x=~lUc1f'VItl'1:l (inositol) 111u rJtl~vJl~~'1:I~l'Wc1f'VItl'1:l, 

X=C~CHOHC~ tllu vJtl~vJl~~'1:Ifl~tC)ftl1tl'1:l 

• v ~ 

5. ~11'1:1~UH~'l~1;}lfn'Wnijlf1H~1l'ltllu'WtliitlJtl1 (Polymeric Biosurfactants) 
" ~ , " 

~11'1:1~UH~'l~1;}1,fl1'W1l1::Ul'VlUtllu ilJ1 tl'WtliitlJtl1nijthmrflllJt'1:lfl'1:l~'l t'IfU ~11'1:1 . .. 
1tC)fU (Emulsan) ilJ ln~~t'Wtl;UC)fU (Biodispersan) i'1:l11lUC)fU (Liposan) ' tW::'IfU~tU'l 

v 

(Desai U'1:I:: Desai, 1993) tllul'l'U 
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5.1viJ"ur-lfU (Emulsan) 

viJm~C)flHillJff11~t1~n~viJ"ilJ~~ilmnn Acinetobacter calcoaceticus RAG-1 ii 

~nlJw~~illJi" hJ~~'VH'VItI hl'jtJiluC)fflfl1;i1~" (lipoheteropolysaccharide) ~iilh~~~illJ"lJ ii 

" 5......." " 
unn!n llJmn,,1.J1~lJ1W 9.9X 10 ~l"~lJ ~~'VI~'VIt11 h 1vJ~UC)fflflnh~1.J1~ntllJ~1tJu1IPI1" 3 • . ". 
'lfU~ (1 'I1lJ1tJ) i~un N-acetyl-D-galactosamine , N-acetylgalactosamine uronic acid U" N-

acetyl amino acid ~~'1 i~'VI11lJ'lfU~~tltJ~~1i1'lnlJ 840 11~1tJ 1~tJiin1~ i'\JiJlJlJ1~~t1lJ~t1 
~ v ~ I 

nlJ 1flHff11'l'l1~n~1tJ~lJ1J~ 1fl11~"lJIPI (Rosenberg, 1986) viJ"UC)fWillJff11ViilJiifflJ'JJ'~llJ 
I •• .." 

m1"~U 1 '1~'11~'I111'lH11.J1~~lJ UIPI~illJ ff11Viii~w fflJ'JJ'~~llJ m1 nmn~fliJ"'lflJ 1 ~tJ 1 'lf1.J~lJ1W 
f" I" ,." 

~~tJ'I 0.001 - 0.01 % ~ff1lJ11(,lntll'l1~n~fliJ"'lflJ i~ ~m~fliJ"'lflJVi~n~~lJ ~iifl11lJ!fftltJ1 
III 1 <=I .. 

5.2 &lJ t1~ff~'VW1UC)flJ (Biodispersan) 

1111<=1 .. _q ,J", <=I _q 
&lJ t1~m'Vw1UC)fW1JlJff11'V1~"1PI'i11n Acinetobacter calcoaceticus A2 lJ~nlJW~~1JlJ 

... .. . " 
m'YH'VItl1n~t1iluC)fflfl11h~ · (heteropolysaccharide) Viii1.J1~~~illJ"lJ iiU1'l1un llJ~"fl" 

" " " " I 1.J1~lJ1W 51,400 ~l"~lJ 1flHff11'l'l1~n1.J1~ntllJ~1tJU1IPI1" 4 'lfU~ i~un glucosamine, 6-. . 
<=I '" '1 '" methylaminohexose , galactosamine uronic acid U,,~ amino sugar 'VItJ'I &lJl'I'j1lJ'lflJ~ (Desai 

U,,~ Desai, 1993) 

5.3 i" l1.JUC)flJ (Liposan) 

i" l1.JUC)flJ~illJ ff1'j~~t11;~n~fliJ"ilJ i;~'lfU~'I1;1'1~~illPl'il1n Candida lipolytica 
" tI 'tI" " 

1.J'j~ntllJ~1tJfl1'j llJ i~~~'j1Pl 83% U,,~ l1.J'j~lJ 17% 1~tJff1lJfl1'j llJ i~H~'jIPl1.J'j~ntllJ~1tJU1IPI1" 
" . . 

4 'lfU~ i~un n~ 1flff mU""fl1lP1ff mU"fl11P1C)f1iilJ n'j~mu"fl1IP1Q hUfl (Desai u,,~ Desai, 

1993) 

5.4 t1~"lUC)flJ (Alas an) 

Navon-Venezia U"~flW~ (1995) 'j1tJ'I1lJ11 Acinetobacter radioresistens KA53 ~illPl 

t1~"lU C)flJ~'1~illJ ff1'j~~t11 ;~n~fliJ"ilJ'lfU ~ 1 '11~ t1~mu C)flJ ii1.J'j~~~illJ "lJliJll1U n llJ~"fl" 
" tI • tI 

1.J'j~lJ1W 900,000 ~l"~lJ 1.J'j~ntllJ~1tJfln llJ i~~~'jlPlu,,~ l1.J'j~lJ 1~tJff1lJfl1'j llJ i~H~'j1Pl 
" " " 1.J'j~ntllJ~1tJU 11Pl 1"'11 "ltJ'lfU ~~ltJ'I~1CJf1'l nlJ u,,~iin'j~t1~lJ1lJ'lfU ~t1~"lUlJ~illJ ~llJ 1lJlJ1n 

6. ff1'j"~U'j'l~'1H1~1fl1'Yi~li~nlJw~~illJm.pnfl (Particulate Biosurfactants) 
• ", tI 

~ dd _I 
Acinetobacter sp. H01-N ~"IPI vesicles 'VIlJ'\JlJ1~~fflJ~llJfJ'lJtJn"1'l1J'j~lJ1W 20-50 lJ1 

lWlJlPI'j iifl11lJ'I1lJ1U~lJ 1.158 glcm
3
. ·vesicles 1.J'j~ntllJ;1tJ11.J'j~lJ vJtlfflvJili1~ u"~'1,, 

0'. tI" ! " 

11.J1vJ~UC)fflfl1'j h~ vesicles Uff1lJ1'j()'j1lJ~1nlJ~n~~illJ ilJ 1fl1"fliJ"'lflJ U"~ff'l~"IPIt1m'jU1 
" . . 

ff1'j1.J'j~ntllJfl"~flW'\JT~tC)f" (Roserberg 1987) llJ'UW~Vi Burd u,,~ Ward, (1996a , b , 1997) 
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~ d 

'jlfJ.:J1Ul1 Pseudomonas marginalis PD-14B fH'I\Jl spherical-shaped particales rwnl1 PM-
.J" d''' . • " 

factor C]f.:Jll":i~ntl'U~lfJ l1h~UU€l~ l€l hJ'V'Itl~W·]j'f1f11 h~ hw PM-factor iht'llJl'jtlntl hHn~ 
• d' " 

fll1€liU n'U~nll'j~ntl'U iel 1 ~'jfl1'j'UtlU i~11 mfJll'j~tf)'Vl 
• 

2.3 tll1UJ'I1£nfl'l1{;llfJ"a~tr"H'vm~~~hfh;hillrnh~Uln'{;l111A'VfW'nVl 
" d' 1 U 'U'j'j~l~l'j€l~U 'j .:J~.:J~h;bm'V'll1.:J11lJ~~n€l~U 'j .:J~.:J~b;bm'V'l'th~u)'t1 i €l 111 t'V'l 'V'I i 'Vl~ 

U'U~lti1U ~n€l~U 'j .:J~.:J~1:jflm'V'l~i~i''Ufll1lJ~U 1 \I lu f1l'jffmmi1Utl~l.:JlJln 1l7tl\l\llmi1u 
• d" 

~n€l~U 'j 'l~\I~lViiill'j~ff'Vliif)l'V'l~ \I ~n€l~U 'j 'l~\I~l:jflm'V'll1'j~lf)'Vl i €l hh'V'l'V'l i 'Vl~Viffmmi1u .. 
(/ , " " , 

')n1~u'jn;{tl lC]ftl'jUvJfI~uVi~~\Jl\lln Bacillus subtilis ATCC 21332 ihh11UnllJl€lfJ€l~\lU\Jl . " , , 
1007-1035 ~l€l~U ~lli~iJ~11~nll'j~ntl'U~lfJ P-hydroxy fatty acids ViiimllJllJVI€lU'U'U iso ii 

tI ", ." 

fI1'j'UtlU~lU1U 15 tl~\JltllJ ( isoCI5 ) U€l~iJ\I~'jl.:J~lU~iJ~Viiifl1'j'UtlU~lU1U 13 U€l~ 14 
. ~" " , 

tl~\JltllJ ril11i''U~lUt'V'l'V'l i'Vl~l1'j~ntl'U~lfJn'j~tl~lJl u 4 'MU~ i~un n'j~n~mlJfI n'j~Utl~ 

111;~n 11ilu U€l~~lc]}uluv~'jlfflU 1:1:1:4 \JlllJ~l~'U l~fJiin'j~n~\JlllJfI'Vll-\lfflUllmfJ N-
." • d ." d' 

tenninal U€l~~lC]}Uti1U~lUll€llfJ~lU C-tenninal Vil'MtllJ\JltlnU~lfJ~Ull~ lf1111€lU'Vl n'j~ 

n€l \JlllJfI \I ~l ~tllJ~ tl n'U11~f11i'U tl nCM€l'U tl\l ~iJ~ U €l~~lC]}Ul~tllJ~ tl n'U11~ iel ~'jtl nCM€lln~l i1u 1\1 .... .. 
" . 

lWfll\JlU (Arima mi~f1w~, 1968 Kakinuma U€l~f1W~, 1969a,b,c,d) lf1'j\1~'jl\lU~~\I~\I'jllVi .. 
," ." . " 

2.12 \JltllJ1ii'jlfJ\llU f1l'jflU'V'I'U~l'j€l~U'j \I~\I~1:jf1m'V'l i€l 111 1'V'l 'V'I i'Vl~'MU~ 111lJU€l~tlU~Ull'Utl\l • 

. (1) (2) (3) (4) (5) (6) (1) 
RI_5-(CHz)7-CHCHzCO-L-Glu -L-Leu -D-Leu -L-Val -L-Asp -D-Leu -L-Leu 

I () I 

R MW (Da.) 

RI (iso Cl3) = (CH3)2-CH- 1007 

Rz (anteiso Cl3) = CH3-CH(CH3)- 1007 

~ (normal CI4) = CH3-CHz-CHz-CHz- 1021 

R4 (iso CI5) = (CH3)2-CH-CHz-CHz- 1035 

R5 (anteiso CI5) = CH3-CHz-CH(CH3)-CHz- 1035 
t " tI , 

~l1Vi 2.12 lf1H~·'il\l'Utl\llC]ftl'iUvJfI~uVi~~\Jl\lln Bacillus subtilis ATCC 21332 ~~ull€l\l\lln 

Kakinuma U€l~tlW~ (1969a,b,c,d) ; Fiechter (1992) ~11€l'U1Ul\1t~'Ull~~\I~1~'U'Utl\l 

n'j~tl~lJl U u'U\llnllmfJ N-tenninal 
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v • 

Peypoux U~~flW~ (1984) ttfl1n 1fl'.i 'HY'n~1'I1'llfl]j'UfJ'Iffl'Jllii::ihw~ (h,!n'llJU1J~'U 
d. d ' ~1 l1 ~ ~ _c:4 OJ ~ 4Q ~ d ~ 

(iturin) 1'Il'.itlfll1l1J9f ~ UJ9f'U L (bacillomycin L) 9f'lllJ'Uffl'.itl1Jtl'lfll'.il~'.ity'UfJ'Il')j'fJ'.i11'lN~1Fl 
v v • 

~lfl Bacillus subtilis NCIB8872 l1JCM1 ~ 1lJCM'U L ]j111'1'f'W fl1lJl~fJ~~'1UIFl 1020-1048 ~1~~'U 
r "J/ " • e' " 

ffl'Ul'Vf,,~11'1~1l'.i~flfJ1J~ltlfl'.i~fJ~ii1'U 6 ')j'U~ 1~Ufl fl'.i~UfJff1l1'.i~fl 11'1 h~'U UfJff1l1'.i'.il~'U 
• • v 

<=I <=11 <=I <=I 1 '" 0 '" .... _"1 _I 
fl~lFlllJ'U Ii'.i fJ'U'U- U~~l9f'.i'U 'UfJlFl'.ilffl'U 1:1:1:1:1:2 IFlllJm~1J ffl'U~u~1:I'.i~flfJ1J~ltl P-

• • 0' " 
.Q A do..::!.c:::t. dd QI 

amino fatty acids ')j''U~ffltlIFlHU~~')j''U~1'IlJfl'llJllJ1'I~U1J1J iso U~~ anteiso 1'IlJfl1'.i1JfJ'UIFl'lUIFl 
v • 

14 i1'1 16 fJ~lFlfJlJ 1flHff'.il'lUff~'1~'1~1lY1 2.13 

RI_5-(C~)8-CHC~CO-L-Asp-D-Tyr-D-Asn-L-Ser-L-Gln-D-Ser-L-Thr 

I 

R MW (Da.) 

RI (normal C14) = CH3-CH2-C~- 1020 

~ (iso C15) = (CH3)2-CH-C~- 1034 

R3 (anteiso CI5) = CH3-C~-CH(CH3)- 1034 

R4 (iso C16) = (CH3)2-CH-C~-C~- 1048 

R5 (normal C16) = CH3-CH2-C~-C~-C~- 1048 

• JI . , 

!lln 2.13 1flHff'.il'l'UfJ'Il1JCM1~1lJCM'U L Y1N~IFl'illfl Bacillus subtilis NCIB8872 ~~Ull~'1'illfl 

Peypoux U~~flW~ (1984) 

v 

Nishikiori U~~flW~ (1986) ttmn 1flHff'.il'l1'l1'llfl]j'UfJ'I1~~'VnfflFll~'U (plipastatins) 

~N~IFl'illfl Bacillus cereus BMG302-fF67 ~'1li1'U ffl'.i~]jfflJ-U~1'U fll'.iU1Ji'lfll'.il11'l1'U'UfJ'I 

lfJ'U 19f,J phospholipase ~ ~1J~1 Bacillus cereus BMG302-fF67 ffllJ1H1N~1Fl1~~~lfflFll~'U 
" " . "" . 

1~ 4 'lfU~1~llfl1~~~lfflFll~'U AI, A2, Bl U~~ B2 ]jUl'l'nrflllJl~fJ~~'1UIFl 1462-1504 ~l~ 

~'U ffl'Ul~~11'1~1l'.i~flfJ1J;ltlti'.i~fJ~ii1'U 8 'lfU~ 1;u~ fJfJ;u~'UIi11fJt1'U fJ~mt1'U (111fJl1 

i\'U) 11l'.i~'U 1fJ 19f~1~'U fl~lFll]j'U 11'1 h~'U u~~m~fl~lFlliifl 1'U~IFl'nffl'U 1:1:1:1:1:1:2:2 
,ttl . • • 

IFlllJ"l~1J ffl'Ul~~11'1~'UfJ'I1~~~lfflFll~'U Al U~~ A2 IFll'l~lfl Bl U~~ B2 IFlHY1]jfJ~~lt1'U 

(89 ~1~~'U) U1'I'U~11~U (117 ~1~~'U) ffl'U~iJ~'UfJ'I'~~'V'llfflFll~'W Al U~~ Bl ll'.i~flfJ1J 
" I 0' ' • 

~ltl {:J-hydroxy fatty acids ')j'U~ffltlIFlHY1]jfl1'.i1JfJ'U~l'Ul'U 16 fJ~lFlfJlJ 1'U'Uw~Viffl'U~iJ~'UtN 
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irHI'Vn~~I1&llJ A2 U~~ B2 lh~f)Vll~"'W ,B-hydroxy fatty acids ~lif)~'mlJi1~Ullll anteiso ~\I 
" ' "I . 

lifl,l'illVlJt'VI1nll 17 V~\PlVlJ 1f1H~'i1\1U~~\I~\I~1.JVi 2.14 Tsuge U~~f1W~ (1996) 'i1£1\11lJ11 

" Bacillus subtilis YB8 ~llJ1'itl~i1\PltC)fV'iUvJfI&llJU~~lVl~Vl1~\Pl1&llJ BI 1~£I1Vl~Vl1~\Pl1&llJ BI 

" " 
li ~lJ'l1&lllJ f)l'iiJlliJ\I f)TH 1) ~ ty 'UV\lt:}fv 'i1U ~ ~U ~~\I ~lJ'l1&l'U V\I f)l'i t 11lJ ~T.i ~~U 'i \I~\lii 1~1fl1Vl 

R -(CHz)9CHCHzCO-L-Glu-D-Om-L-Tyr':D-allo-Thr-L-Glu-D-[X]-L-Pro-L-Gln-D-Tyr-L-lIe 

ok I 0 I 

plipastatins R X MW (Da.) 

Al normal C16 = CH3-CHz-CH2-CHz- Ala 1462 

A2 anteiso C17 = CH3-CHz-CH(CH3)-CHz- Ala 1476 

BI normal C16 = CH3-CHz-CHz-CHz- Val 1490 

B2 anteiso C17 = CH3-CHz-CH(CH3)-CHz- Val 1504 

." . 
~1.JVi 2.14 1f1H~'i1\1'UV\liVl~Vl1~m&llJVi~i1\Pl111f) Bacillus cereus BMG302-fF67 ~~u1.J~\I 

111f) Nishikiori U~~f1W~ (1986) 

" Neu U~~f1W~ (1990) f1lJVl1l11 Pseudomonas fluorescens ~llJ1'itl~i1\Pl1~1f1c)flJ 
oJ _~ .dI :c. d _I 11 1-1 11 " oJ d ~ .., 1 . .., 

(viscosin) C)f\lt'UlJ~1'i~~UH\Pl\l~1'b'1mVl1J'i~tfll'll~ 1JtVlVl1l'l~ C)f\llJlJ111lJf) lJt~fJ~tl'llf)ll 

, "" " , 
1126 ~l~~lJ ~1lJtVlVlil'l~1.J'i~f)Vll~1£1f)'i~V~inlJ 6 'b'iJ~i~Uf) i11tMlJ lC)f1lJ iv 1C)fi11tMlJ 11 

. ." 
~lJ f)'i.~f)~miJfI U~~1i~lVlllJ llJti\Pl'i1~1lJ 3:2:1:1:1:1 \Pl1lJih~1l ~1lJi1iJ~1.J'i~f)n1J~1£1 ,B-

, " ", 
hydroxy fatty acids 'b'iJ~~l£1\PlHVilim'illVlJ~llJ1lJ 10 V~\PlVlJ lf1H~'i1\1U~~\I~\I~1.JVi 2.15 

t " J/ tI • " 

1~ 1 f1c)flJ limfl11'm'UlJ'UlJ 'UV\lf)l'itn~ ilJtC)f~ ~t'VIln1J 150 mg/l U~~~llJ1'itl~~U<N~\lii1'UV\ll-h 
.!I 

111f) 72 roN/m tl1~V 26.5 roN/m 

CH (CU ) CHCu CO-L-Leu-D-Glu-D-ailo-Thr-D-Val-L-Leu-D-Ser-L-Leu-D-Ser-L-lIe 3 ~-'-2 6 I ~-'-2 

OH ' I 0 I 

, v • 

~1.JVi 2.15 lf1H~'i1\1'UtI\l1~1f1c)flJVi~i1\Pl111f) Pseudomonas fluorescens (Neu, 1996) 
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,1 '" '" _ I "l 1- I "l "'"" '" ..J..J 
lHlfHllfl'U Pseudomonas fluorescens tI'I~H'l~€1'l'lu'l~tfl'Vl H'l utvn"l t'Vl~tlfl'}j''U~l1'U'I9f'l 

", • '" sJ " , 

iiU5:IJ1W'U tltlflll1€1' 1 fl~'U €1'l'Ut'Vfr~ i'Vl~U'l~fltlU~1t1fl'l~tl~iJ1 'U 3 ')fU~ l~ufl ill9f'U ll~'U . ",,,.,, 
UCl~ 1U'l~'U ''Ufl~'ll€1'l'U 1:1:6 ~l:IJih~U lCl1Utl'll"ll'Vl~'}j'u~iJ€1'l:IJ1'lf.1Cl~muH~'I~li~ 

tl1~tl 38.5 mN/m 
" ",. 

Baumgart . UCl~flW~ (1991) ffmn 1fl'l'l€1'1l'l'Vll'ltflii'lltl'lt9ftl1ttyJfl~'UYi~il~"lfl 
, "",,, 

Bacillus subtilis ATCC 21332 UCl~ OKBI05 l'lUll Bacillus subtilis €1'1l'lt9ftl1UyJfl~'U11'1 
. " . '" 

11:IJ~ 3 ')fU~ 1~tI')fU~YiiJU5:IJ1W:lJlfl (70-80%) ii1flH€1'1l'lYitl1jjtl'UtlUt9ftl1UyJfl~'U~l:IJ11tl 
• QI ct'd, .Q .di do .::t. 

'Il'U'lltl'l Kakinuma UCl~flW~ (1969a,b,c,d) €1'l'Utl~l"I'U1itlfl 2 ')f'U~9f'l:IJU1:IJ1WU1~:lJ1W lO-
t e' " • " I , 

20% t~tlflllt9ftl1UyJfl~'U 1j UCl~t9ftl1UyJfl~'U C)} ''U€1'1'U'lltl'ltl''ll''li'Vl~fl'J~tl~iJ1w,hUl1'U'IYi 7 

tU~tI'U "lflill9f'Util'U ll~'UUCl~ i tll9fill9f'U ~l:IJ"l~U 
" . 

Jenny UCl~ flW~ (1991) ffmn 1fl'l'l€1''ll'1'Vll'ltflii'lltl'l lCltfl'Uu~'U 9f (lichenysin C) Yi 
, ," , 

~il~"lfl Bacillus licheniformis PG204 l"IUll€1'1'Uilil~U1~fltlU~1t1 j3-hydroxy fatty acids Yiii 
t • fI t 

.Q o.c:::). dd QI 

flCl:IJt:IJ'VlClUUU iso UCl~ anteiso "l'Ul'U 4 ')f'U~'Vl:IJfll1Utl'Ut'VllflU 14 UCl~ 15 tl~~tl:IJ €1'1'U • 'II" " . 'II 

tl'll'l i'Vl~U1~fltlU~1t1fl1~tl~iJ1 'U 5 ')fu~ i~Ufl fl1~fl~miJfl fl1~Utl€1'U11~fl ll~'U illC)}'U . "., 
UCl~itll9fillc)}'Ul'Ufl~1l€1'1'U 1:1:1:3:1 ~l:IJ"l~U lfl1'1€1'1l'lU€1'~'I~'I1uYi 2.16 l~tI€1'l'Utl"ll'l .. 

fl. ,tI , • , " 

i 'Vl~UCl~ €1'1'U ilil~u~fl~l'l "lflt9ftl1U yJfl~'U ~H~ lU 11'U 'I'lltl'l illC)}'U "l~UYi 7 ~ fltt'Vl'U Yi~lt1 i tl 
• I • tI 1 , tI 

19fill~'U U Cl~ i:IJl"IlI€1'l'U ilil~Yiiim1Utl'U 13 tl~~ tl:IJ~'It')f'U Yil"lU ''Ut9ftl1UyJfl~'U i Cltfl'U U ~'U 

. " 
U5:IJ1W 15 mg/1 €1'l:lJ11f.1Cl~mUH~'I~1'lltl'lUl"lfl 72 mN/m Cl'ltl1~tl 27 mN/m 

RI-4-(C~)8-CHC~CO-Glu-Leu-Leu-Val-Asp-Leu-Ile 

I 0 I 

RI (iso CI4) = (CH3)2-CH-

R2 (normal CI4) = CH3-CH2-CH2-

R3 (iso CIS) = (CH3)2-CH-CH2-

R4 (anteiso CIS) = CH3-C~-CH(CH3)-

." . 
_I"" '1 "I "'''' "" "" '" '" _I 

1;u'Vl 2.16 !flH€1'1l'l'lltl'l !Cltfl'U'U9f'U 9f 'Vl~Cl~"lfl Bacillus licheniformis PG204 ~~UUCl'l"lfl 

Jenny UCl:;;flW~ (1991) 
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" Horowitz U~~ Griffm (1991) flfnn ifl'j\lff'j1\1Y1l~Hfllj'Utl,r(;1'1'j~llUH~\I~bihttl~ 86 . ," , 
(surfactant BL86) Yif.lil~Hnfl Bacillus licheniformis 86 WlJ11ff1'j~llUH~\libi1tihJff1'\.mfflJ 

.,. " " . . " . 
'Utl\l'1~ iutwwiYlllYiljl1l'I1l1fl ilJWfl~\9l\lU~ 979-1091 1l1~\9llJ illVlj'UlJ11ltVilJ~lJYi~~ 14 1l1~ • 

\9lW ~ tl\l1l1flfll'jtU~VlJU u~\I'Utl\ll1~tlJii~lJ (-C~-) 111tlfl11lJU~fl~l\1'Utl\lJ111t1 fl ilJt~ fl~ . . ., " 
'j~1111\1 11~lJ (117 1l1~\9llJ) nlJ itl i9fil1CMlJ (131 1l1~\9llJ) ff1WWwiYlllu'j~fltllJ1l1Vfl'jlltl~ 

" . 
jji lJ 5 'lfiJll illUfl fl'jllfl~~ljjfl111tlfl~~lljlJ fl'jllUtlffU1~fl111tlUtlfftl1'j1~lJ 11~lJ il1CMlJ 

u~~itl i9fil1CMlJ llJU91'j1~1lJ 1.0:1.0:1.4:3.0:0.6 9l1lJih~lJ U~~ 40% 'Utl\l ilJt~fl~U'j~fltllJ • ", ," . 
1l1V11~lJ ttYIlJYi itl i9fil1CMlJ (60%) ri1111lJff1lJili1llu'j~fltllJ1l1vili11l'lfiJllff1V91HU~~ i9fn\l . ". 
~lU l1lJ \I'Utl\l1\1U~fI i 9llJ t.mHnll~lJ ~lfll1\! i~ll'jtlflcM~'Utl\l ,B-hydroxy 

. . 
• <!I '" 

fatty aCIds t'lftllJ91tlfllJ 
'" , J" I 

l1lJfI1'jlJtl flcM~ 1 lJ ff1lJtWW '1Y11l i flH ff'j1\1U ffll\l~\I'jUYi 2.17 
~ ~ 

CH -CH -CH -(CH) -CHC» CO-L-glx-L-leu-D-leu-L-val-L-asx-D-leu-L-ile(60%) 
3 I (2) I (2) 2 n I ""'"2: : 

CH3 CH3 . b : ... .... ..... " ....................... .. : ... ... ... ... .. L-val(40%) 

n = 8-9 
." . _I"" i ~ ..::.. .c::S d ~ 

t;lJYI 2.17 flHff'j1\1'Utl\lffn~llUH91\lf.l11JUtl~ 86 Y1f.l~91~lfl Bacillus licheniformis 86 

(Horowitz U~~ Griffin, 1991) 

. 
1l1flfll'jflmnfl11lJff1lJ1'jfll lJ fl11~llfl1U 'j ~~\I~1'Utl\lffll~llU'j \I~\I~1ihttl ~ 86 W1J11 . . , " . 

ff1lJ'Utl\lffll~llUH~\lf,b1juv~ 86 Yilj1111111fl ilJt~fl~tYI1n1J1007 , 1021 , 1035 , 1049 U~~ 

t , " " 

mN/m 9l1lJ~1~1J U~~ff1lJf.lfflJ'Utl\lff1'j~llUH~\I~11jUV~ 86 ljfl1f111lJt'UlJ'UlJ'UV\lfllltnll ilJ 

t J •• 

Peypoux U"~flW~ (1991) llV\llU11 Bacillus subtilis S499 f.lil91t9fV1Ul1f1~lJYiljff1\"! 
f/ • ." " • tI 

tWWiVlllU91fl9l1\1nlJ 2 'lfiJ~ fl~11fiv t9fv'ml1f1~lJ tvff 1 ljiflHffl1\1YimljVlJnU9fV1Ul1f1 

~lJt~lJ illVljJ111l1fl ilJt~fl~t~ln1J 1007, 1021 U,,~ 1035 ~l~\9llJ t~tl\l~lfl~1lJili1~Ul~flV1J 
" .. '''.ok'' 
~1VfI111JVlJ 13 , 14 U~~ 15 V~91tllJ911lJ~1~1J ff1W9fV'jUl1f1~lJ ttlff 2 9f\ltillJVlJ~lJli'UV\I • 

f/'" ..J ." • " 
t9ftllUl1f1~lJlj11111l1fl ilJ!~flmYl1n1J 993 , 1007 U~~ 1021 ~l~\9llJ 9f\lljfl1lJVUfl11t9fV'Htl1f1 • 

~lJ tVff 1 VQ'lfiJ~j;j~ 14 1l1~\9lUt~V\I~lflfl'j~V~iJilJ~htm~\I~ 7 tU~VlJ~lflil1CMlJ (131 ~1~ 

\9lU) tVlJ11~lJ (117 1l1~~U) t~W~V1n1Jt9ftl-itrvJfI~lJ 1j ~f.lil91~lfl Bacillus subtilis 

ATCC21332 (Baumgart U~~flW~, 1991) 
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Matsuyama U"~f1W~ (1992) 'jlfJ'IllJl1 Serratia marcescens NS25 ~~1Vl Serrawettin 

W2 ~'1!lllJ ~nnh~!.fl'Vl 1" hhvfW 1'Vl~~iifll1lJffllJl'j(11lJ fll'j"~U'j'l~'1~l l~fJffllJl'jf:l"~U'j'I 
" " " ~'1~1'UV'I'\.h"'11~Hl1~V 33.9 mN/m ~lf)fll'jffm,:n lf1'j'lff'jl'l'Vll'l!f1ii'Uv'I Serrawettin W2 WU 

~liiJll1Uf) llJWfJ"!~lnU 731 ~l"~lJ ffllJ~iJ~!lllJ fJ-hydroxy fatty acids 'lfU~fflVIVl'j'l~ii 
., ..," JJ t 

f11'jUV'U~1'Ul'U 10 V~IVlVlJ ffl'U!ww1'Vl~nh~f)vU~lfJf)'j~v~iJl'U 5 'lfU~1~Uf) ~l9flJ !t]'1lJ 
, " , 

li11vu'U -wu"vmu" U"~ 1vlt]'ih9f'U l'UVIVl'jlffl1J 1:1:1:1:11f1'j'lff'jl'lUff~'1~'111ln 2.1S 

CH (CT-l ) CHCH CO-D-Leu-L-Ser-L-Thr-D-Phe-L-Ile 
3 ~~ 61 2 1 

o 
I" ; 

_Ia 1 a ~ 
'jlJ'Vl 2.1S f1Hff'jl'l'UV.:J Serrawettin W2 'Vl~"1Vl~1f) Serratia marcescens NS25 (Matsuyama 
'" 

U"~f1W~, 1992) 

~ " a " 
Morikawa U"~f1W~ (1993) ffmn lf1'j '1ff'jl'l'Vll'l!f1lJ'UV'Itll'j 1 'Vl'jUvJfI~lJ (arthrofactin) 

oJ ~ '" " '_c::j III 1-1 '1 "~G) 'da: '" 
·t]''1~''1Vl~1f) Arthrobacter sp fflfJWlJl! MIS3S WU11!1J'Uffl'j t" lJ!WW t'V1~'lf'U~ tl1lJ'VllJ'Ull1lJf) 

llJ!"fJ" 1354 ~l"~lJ ffl'U~iJ~!lllJ fJ-hydroxy fatty acids 'lfii~ffWIVlH~iifll;UVlJ~llJl'W 10 

V~IVlVlJ~'1! lllJ ih1~~~ f)W1I1 ~fJrtl 1 ll.flifJ 1 'U!t]'" ffl111UffTI.I!WW 1'Vl~1l'j~f)VU;lvn'j~v~iJl 'U 
" , , 

~ '1 _I ~ al a a '1 1 ~ a ~ a G) '" 
5 'lflJ~ t~Uf) f)'j~!!tlfflJllVlf) li'j V'U'U !t]''j'U tV t]'''1t]''U U,,~ "1t]''U t'UVIVl'jlffl'U 2:1:2:2:4 

" 'III I '" , " 

.. \VlllJ(!h~u lf1'j'lff'jl'1Uff~'1~'111ln 2.19 vn 1'Vl'juvJfI~lJiill'j~ff'Vl~mW~f)11!t]'V'jUvJfI~lJnl'lf 
" , d " , " " " , 

''U'IllJ1~fJUll'i~lJ1W 6 t'Vll !lJV'I'l1f)iifllf111lJ!'UlJ'U'U'UV'If)n!n~ 1mt]''' "t'VllnU 13.5' mg/l llJ 
,tI • " " " • fI 

'Uw~n!t]'v'juvJfI~lJiifllfll11J!'UlJ'U'U'Ufl\lfll'Hn~ 1lJ!t]'''''t'VllnU 72.5 mg/l . U,,~tl1'j 1 'Vl'jUvJfI 

. "" ," ~d. .c:i.Q 0 .c!l 
.. 1Vl'U'Vlfll1m'UlJ'UlJ 135.5 -mg/l ffllJl'jf:l"~fIlU'j'lIVl'l~l'Ufl'ltll~lf) 72 mN/m "'1m"fl 24 mN/m 

" ." " " ~lf)fll'j'Vl ~ ffflU fll'j f)'j~ ~ lfJU 1~'UW1Il1tll'j 1 'Vl'jU vJfI~lJiifll1lJffllJl'jf:ll 'U fl1'jf)'j~~lfJU 1~'U 1~ 
.:t' oJ .. c::j ~~'" "~QJIII" 
~f)11 Triton X-IOO u,,~ Sodium dodecyl sulfate t]''1!1J'Uffl'j''~U'j'lIVl'l~1ff'l!f1'jl~11 M'U1I .. t~ 

. ~lVl;l 'Vl·'jU vJfI~W1j'U ffl'j,,~U 'j '1~.:j~1~h.fllWll'j~!.fl'Vl 1 "lll!ww 1 'Vl~"~iilh~ff'Vl~.fllW~'lfii ~ 
oJ 

11'U'I 

CH/C~)6CHC~CO-D-Leu-D-Asp-D-Thr-D-Leu-D-Leu-D-Ser:'L-Leu-D-Ser-L-lle-L-Ile-L-Asp 

I 0 I 
• " fl· d 

11ln 2.19 lf1'j'lff'jl'1'\JV'I~l'j l'Vl'jUvJfI~lJn~~IVl~lf) Arthrobacter sp fflfJWlJl! MIS38 

(Morikawa U"~f1W~, 1993) 



... 

Peypoux ml~flW~ (1994) ~lV-31U~1 Bacillus subtilis S499 trltlt'il1tylUVl'I11~tiV-3 
t4v~iiv~mihHlIuul1~-31u l\P1~t'ilU 'il~~il\PIVlp~/U;'lfU~ 111~'UV-3t9fV~tvJfI~u~iiJll1U n 

'hJmn€l~VVn~lt9fV~tvJfI~U 28 ~l€l~urdv-3'illnm~v~ljlu\phUl1~-3~ 4 t1J~VU'illn11i\u 
• .... " 

(117 ~l€l~U) tlluv~muu (89 ~l€l~U) V'4~Uli'UV-3t9fV~UvJfI~U'lfu~uiifl11lJn'llJl~(llU f11~ 

€l~U ~ -3 ~-3~ 1~~ 1 n~lt 9fV;U vJ fI~U ~-3t lIu; V1.!€ltifv-3;u~l'h 1 ","1'l~llJfl-3fl11lJ11'lJ~U;'Uv-31 fI~-3 
n';1-3~Vfl11lJn'llJl~(lluf11~€l~UH~-3~1' n'llJl~(l1;tllu;v1.!€lluf11~~il\PIn'1~€l~U~-3~-3~1~h 
ilW~ 'lfU ~ 111~~ii1.1~~~l'lfifll'vf~-3~V 11.1 

" . & 1 .d. 1JI C).d d .d. c), 

Lin U€l~flW~(1994a) fff11:J1 flHn'~l-31'1l-3tfllJ'UV-3 ~€ltflUU9fU lJ (lichenysin B) l'l~€l\PI . " . 
'illn Bacillus licheniformis JF-2 (ATCC3097) l'llJ11iiull1UnllJt€lfJ€l 1035 ~l€l~U n'1uilil~ 

" . . ... 1 .c:::\. C), dd c), 

. 1J~~nVlJ~1V ,B-hydroxy fatty acids 'lfU~n'lV\PI~-3U€l~'lfU~l'llJn"llJtlJl'l€lUlJlJ iso U€l~ anteiso 

iifll;lJVU ~lU 1U 15 V~\PI VlJt~VlJv~tim11utl'll'l11'1~"~iin~~v~ljl umlivu tilJt9fV;UvJfI~U 
, " J/ tI , 

i€ltflUU9fU 1j iifllfl11lJt'UlJ'UU'UV-3f11~tn~ ilJt9f€l€ltl'lltilJ 10 mg/l 

Yakimov U€l~flW~ (1995, 1999) ~lV-31U~1 Bacillus licheniformis BASSO ~il\PIimflu 

U9fU tV (lichenysin A) ~-3tllun'1~€l~UH~-3~1~1ml'l1.1~~tfl1'l1€ll1.1tl'll'l11'1~'lfU~111~~1U 
" . . 

'UV-3ilil~1.1~~nVlJ~1tJ ,B-hydroxy fatty acids 'lfU~n'ltJ\PI~-3U€l~'lfu~l'ViiimllJtlJil€lUlJlJ iso U€l~ 
• ., J.'. ,tI 

anteiso ~lU1U 14 'lfU~ niifll~lJvu~-3U\PI 12 fl-3 17 V~\PIVlJ ffll1f1Jff1Utl'll'lil'l~1.1~~nVlJ 
" J/ t tI 

~1vn~~v~ljlu 5 'lfU~ i~un n~\PIliiu, n~~UVn'1.11~~n, 11i\u, 1'0 19fil19fU U€l~il19fulu . .. . 
QI 0 01 1 _c::t & '" A I lit lA I \I) '" dd 
V\PI~1n'1U 1:1:1:1:3 \PIllJ€ll~lJ ~mlJUn'1~€l~UH\PI-3~11J~~tfll'l ~€l 1Jtl'll'l tl'l~'lfu~u~nl'llJ 

. " 
n~\PIliiu (146 ~l€l~U) t!l'lUnn~~n~\PIllJfI (147 ~l€l~U) ~-31''h ill i€ltfluu~u " d 0 QI 

tv lJUll1Un 
" • tI, " , 

llU€ln€luvVn11t9fV~UvJfI~UVtJ 1 ~l€l~U lf1Hn''jl':)Un'~-3~-3~1.1n 2.20 . .. .. 
tI ., .c:i .c::i • 

f11~1t'fI~1~11f111lJffllJl~(l i Uf11~€l~fIlU ~ -3~-3~ 1'UV-3n'1U~ n'lJ 1 €ltflU U~U tv 9f-3lJff1U 

ilil~u\PIn~l-3 tiUl'llJ~1~1U~fflJ i €ltflUU~U tV ~ii~1U ilil~tllu 'lfU ~fflV\PI~ -3U€l~iifll;lJVU 

~lU1U 14 V~\PIVlJ (n C 14) lu1.11lJ1W~-3ii1.1~~~l'lfiml'lluf11~€l~U~-3~-3~1~~n~1~1U~fflJ1€l 
C),C), -dd' ,q ... 4 _CC C), 1 ..::t' " " 

tflUU9fU tv l'llJ~1U€l1J~t1JU'lflJ.~ iso C 14 ' iso CIS U€l~ anteiso CIS ~VlJfIlfl11lJt'UlJ'UU'UV-3 
.. . " 

nntn~ ilJt9f€l€l!l'lltilJ 12 mg/l U€l~ffllJl~(l€l~U~-3~-3~1'UV-3Ul€l-3m~V 28 mN/m (Yakimov 

U€l~flW~, 1996) 

• tI .,' " 

. Ul1"-3f11~lJVUtlllfU'il~VnfflrityniiVl€l\PIVf11~~il\PIU€l~ lf1Hn'~1-3'lJV-3n'1~€l~UH~-3~1 
, '11" • • 

'lfU ~'U'el-3U 11 €l-3 fIl'j'lJ VU nmlJl~ n'lJ \PI V f11~~ il\PI n'l~ €l~U ~ -3~-3~ 1~hfl ll'l U \PI n \PI l -3 tiu 11.1 
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" d' • fI' d' " 

;i'U nlJ'ln1 ~'\m,:j (1'l'H\~U ';i ,:j9i,:j~ 1;bfl1vm{;\~'lfiJ~'\m,:j~~'U 'Y11tJ u l1{;\,:jfl1';ilJ~'U Yi~ ~u 'YI~mlllJll 'If 

, 'U nl';i~~\9l(1'1';i{;\~UH9i,:j~1:jf1fl1'Ylff1U 111~rl1u(1'1';i1h~n~lJvu'YI1; cR,:jVl~u~,:j~~n '1:dlu 2 

lh~Ul'YI ~~ 

R-{C~)6CHC~CO -Gln-Leu-Leu-Val-Asp-Leu-lle 

I . 0 I 

R= 

normal 

Cl2 = CH3-C~-C~-

C I3 = CH3-C~-C~-C~-

C l4 = CH3-C~-C~-C~-CH2-

C l5 = CH3-C~-C~-C~-C~-C~-

Cl6 = CH3-C~-CH2-C~-C~-C~-C~-

iso 

Cl2 = (CH3)2-CH-

C I3 = (CH3)2-CH-C~-

Cl4 = (CH3)2-CH-C~-C~-

Cl5 = (CtI3)2-CH-C~-C~-CI12-

C l6 = (C~)2-CH-C~-C~-C~-C~-

C l7 = (CH3)2-CH-C~-C~-C~-C~-C~-

anteiso 

C I3 = C~-C~-CH(CH3)-

CIS = CH3-C~-CH(CH3)-C~-C~-

Cl7 = CH3-C~-CH(C~)-C~-C~-C~-C~-

." . 
~,jYi 2.20 lf1';i.:j(1'';il.:j'U~.:j'{;\lfluiJCM'U l~ Yi~~\9l'lln Bacillus licheniformis BAS50 ~~u,j{;\,:j 

'lln Yakimov U{;\~flW~ (1995, 1999) 
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sp. 9il'Ot:JT~H')fU f11'H.j~\PlU'jlJ 1U~U~'il1fl Pseudomonas aeruginosa CFfR-6 'ildhHlJ1t\H~lJ 

~utrl'O 1; fl~ 1m\' fl~h9f'O'j'O"Gl U"Gl~ ulJuihm~ n'h..lU11~.:J~1;lJ'OU\Pl1lJih~lJ (Ramana U~~ 
. " ". ~.c:::.. q .c::!.r:!l .c::!d 

Karanth, 1989) Roubin U"Gl~ Mulligan (1989) ~lJl1f11'jt\PllJc]H\Pl'j'YI &UVl111'jt"Glt:J.:Jt'll''O'YIlJ 
," • I J 

fl~ 1mmjutm~.:Jm'jlJ'OU'il~'ll'lmVilJtJ~lJ1Wf11'jJ:.l~\Plt9f'O'jU'W~~U'il1fl Bacillus subtilis ATCC .. . ." 
21332 'Uwdl Sandrin U"Gl~~W~ (1990) 'j1t:J.:J1Ul1f11'jJ:.l~\Plt9f'O'ju'W~~u1~t:J · Bacillus subtilis 

• ".!\" ." .,," 
S499 'il~tVilJ~.:J~utlJ'O 1'll' fl~ 1m,. 'Wlfl111ff 111'0 11~'jfftlluu11~.:Jm'jlJ'Ou U\Pltll 1'll' U"Gl~ l\Plff 

" ." " fl~t9f'O'j'O~ 9f'Ofi'YI'O"Gl UlJUU'YI'O"Gl 111'0 utJ.:Jt~Uu11~.:Jm'jlJ'OutJ~lJ1Wf11'jJ:.l~\Plt9f'O'ju'W~~U'il~ 

" ." " " . " t~U\PlU U11~.:Jm'jlJ'OutJ'j~tfl'YIUmlJ1~fflJnlJ~~u'V11t:J1UfffJ"Gl Pseudomonas sp. t'll'ulhl1u 

lJ~fl'Omiluu11~.:Jm;lJ'Ou~~~~~ 1t.!fll'jJ:.l~\PlU'jlJ 1U~U~'il1fl Pseudomonas aeruginosa 44Tl 

, " ,,,. ". ~ "" 
U"Gl~'ll'U~'U'O.:JU'jlJ 1U~U~'il~ttJ~t:JUUtJ"Gl.:J itJ~UnlJU11~'1m'jlJ'Ol.!V1·1'll' t'll'U llJ'O l'll'thl1UlJ~fl'Ofl 

' 0' J " 

t~UU11n.:Jm'jlJ'OU~~U'YI1m)~J:.I~91u'jlJ lu~u~ i~l~t:J.:J 2 'll'U~(Robert U~~~W~, 1989) 'UW~ . 

d '" ~ 1 
l~t:JlnU'il1flf11'jffmn ~£.l Cooper U"Gl~~W~ (1981) : Sandrin U~~~W~ (1990) U~~ Kim U"Gl~ 

t • J " , "tI 
~W~ (1997a) ~lJ11U11"Gl"m'ilJt:lUtJ'j~lfl'YIUl'lfU l~fl9f1l~m~U )jJ:.l~VlJV.:Jf11'jJ:.l~\Pll9f'O'jU'W~ 

. " " 
~U U~~ff1'jtJ'j~flt:llJ~~l~UV1lim'jUflU 10 U"Gl~ 12-16 'O~\Pl'OlJ 'il~V1JV.:Jf11'jJ:.l~91U'jlJ lu~u~ 

" 
'il1fl Pseudomonas aeruginosa 44Tl i~ (Robert U"Gl~~W~, 1989) 

0' . tI "t,," . 
'il~tI'Yl1t:JlJ1.:Jff1t:J-WU liff1lJ1'i() 1 'll'U 11"Gl.:Jm'jlJ'OUl1.:J 2 tJ'j~lfl'YI'j1lJnU ffl111lJfl1'jJ:.l ~91 • • 

ff1'j~~UH~.:J~b~lfl1~ ~l'O~l.:Jl~U Bacillus sp. AB-2 J:.I~\Plff1'j"Gl~UH~.:J~b i~~itrltl1;fl~ l~ff 
U~~fl'j~ h.l~Vm~uu11~.:Jm'i"lJ'OU;1lJnU (Banat, 1993) Deshpande U"Gl~ Daniels (1995) 'j1t:J 

.:J1U~1f11'jJ:.l~\Pl9ftllJ~tl hff~U~'il1fl Candida· bombicola ATCC 22214 'il~i~lJff.:J~Ulrltl1; .. 
" ' J' "" " • 

fl~ l~ffu~~ i'Ul1u «\Plll~UU11"Gl.:Jm'jlJ'OU'jllJnU U'Ofl'il1flU ~~U'YI1£.llJ1.:J'lfU~ff1lJ1'i() l'lfU11".:J 
" tI ,tI tI 

~nlJaU lU'jtJtlUU'YI1£.lff1'jl'lfU m'jlJ'OU i~tltlfl '1C)f~ ffl111lJf11'jl'il1ruU"Gl::f11'jJ:.l~\Plff1'j"Gl~U'j.:J 
.. u 

~ .... d ~ 

9l.:JJ:.I1'lf1fl1~ l'lfU'il1flf11'jfffl1:l1'Utl.:J · Morikawa U"~ Imanaka (1993) ~'lJ11 Pseudomonas sp. 

" " tI·" 
HD-l ff1lJl'j() 1 'lfm'jlJtlu '1~tltlfl '1 9f~l~UU '\1".:J~nlJtlU ffl111lJf11'jl 'il~tyU"::ffllJl'j()ff~fflJ 

"" " " .!\ " 
ffl'jtJ'j::ntllJ '1~ l~'jm'jlJtlU '11fl1£.llUl9fa 1~£.lffn.:Jffn~~U'j.:J~.:J~1~lfl1~~ut~tll'lflu f11'jUl 

" ". 
ffntJ'j::fltllJ '1~ 1 ~'jm'jlJtlUl'Ul~l9f~ 

2. U11~.:J'1U l\Pl'iHIU 

U 11~.:J '1 U 1 \Pl'jl 'ilU i~u 11 'il~t:J~fflrltyVfltJ'j::f11'j11it .:J~liJ:.l "Gl~tl f1l'jJ:.l~\PlU"Gl:: 1 fl'j ,1 ff;l.:J'UtN 

ff1'j~~U 'j .:J~.:J~1~lfl1~1~Ul~t:JlnlJU 11~~m;'UtlU UlT~.:J i U l\Pl'jl'ilU~mlJl::fflJtll'iltl~ 1 U 'jtJ .. .. 
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~.d, " <t.Q.d,.! ~ lev .<::t. ~.<::t.d .<::t. 

'lJtl'ltlU 'YI'HJdnlf'jtltlUU 'YI'jtld1'j'IJU tl~f)lJ')j'U ~'lJtl'ld1'j~~U 'j '1\Pl'l~1')j'1m'Y'l U ~~')j'U ~'lJtl'l 

~iiu'YI~; ~1tl~1'1t~U tttllJ llJtUtllJ iut\Pl'j'YIu~~UtllJ llJtutllJi'~t-W\PltiJuulf~'1 iu l\Pl'jtllu m1u 
• 
'YI~;~mlJ1~dlJ~tlf)1mii\Pltt)ftl'j"U-Wfl~U (Cooper U~~flW~, 1981 ; Roubin U~~ Mulligan, 

1989 ; Sen, 1997) u~~l~tfluiJ~u (Lin U~~flW~, 1993) 'lJw~~lt)ft~tllJiut\Pl'j'YIll~tiJuulf~'1 
iu 1\Pl'jtllUtliJU'YI1;d1'j~mlJ1~dlJ~tlf)1'j~ii\Plu'jlJ 1Uiiil~1l1f) Pseudomonas aeruginosa 

(Arino U~~flW~, 1996 ; Guerra-Santose U~~flW~, 1984 ; Ramana u~~ Karanth, 1989 ; 

Robert U~~flW~, 1989 ; Sim U~~flW~, 1997) 

U If ~'1 i U 1 \Pl'j t llU UU 'YI~;t iJUtm ~'1 't U l\Pl'jt llU~ljlJ'YIlJ1'Y1~hrlty~tlf)1'j~ ii\PlU~~ 1 flH 
v .. ' 

d1 1'1 'IJ fl 'I dn ~ ~ U'j.:) ~ 'I ~ 1~h.fl1'Y'11h ~ ttl 'YI '1 ~ 11lt 'Y'I'Y'I '1 'YI~11~ ii \Pl ~ 1f)U lJfll1t~tll U dfJ~'IJ tl'l 

Bacillus sp. tiJu ~1U llf~ ~1f)f)1'jffmn'Y'llJ~1f)'j~tl~jj1 U 1 U ~1U 'lJtl'lt'Y'l'Y'l i 'YI:'lJtl.:)tt)ftl;U-Wfi 

~u~~ ii\Pl 11 1f) Bacillus subtilis S499ff1lJ1'jflttl~tlUU tl~'1 i;trltl')j'iJ~ f)'j~tl~jj1 U~tiJuu lf~'1 
iu l\Pl'jtllUttl~tlu 'ttl t~Uf)1'j~ii\Pltt)ftl;U-Wfl~U~f)'j~tl~jj1 U~hUlf~'1~ 7 ttl~tlU1l1f)ii1CMUtiJU 

d ~ .% ..Al
v 

d «!I "I1oQd 5:t ''11 
11~Ull~t'Y'llJlJ1f)'\JUtlJtl ')j' tttl~-11~U lf1tlUtl~- ttl t)f~1t)fUt1JUUlf~':) tU \Pl'jt~U (Peypoux . 

U~~ Michel, 1992) Sandrin U~~fltU~ (1990) 'j1t1'11U~lm'j~ii\Pltt)ftliU-Wfl~U1l1f) Bacillus 

~ .%..Alvd v oQ oQ d <!I '1d 
subtilis S499 ll~t'Y'llJ\1''1'IJUtlJtl '}j' lJ\Pl1:-V~mUU, Utl~-f)~\Pl1lJfI, Utl~-11~U lf1tl uv~- t~t)fU 

tiJuulf~.:)'1u1\Pl'jt~U 'lJW~t~tl1nUf)11~ii\Pli~tflUiJ~U tV 1l1f) Bacillus licheniformis BASSO 

• " '.:9 " • 
~~t~lJ;ju 2 u~~ 4 t'YI1tlJtll'}j' Utl~-f)~\Pl1jjfl U~~Utl~-Utldtl'j1'j1\lUtiJUUlf~':) iu 1\Pl1tllUtt'YIu .. 

I ". " 

UtllJ llJtUtI i Ut\Pl'j'YI\Pl1mh~lJ U~~f)1'jttliltluu tl~'1'lfiJ~'lJtl'lf)'j~tl~jj1 UUV'l~ '1~ ~ ilftn~f)1'j 

ttl~tluutl~'1'IJtl'l'}j'iJ~'lJtl'liiil~~tiJu tl'l;tl'j~f)tllJ'lJtl'l i~tfliJCiu ttl (Y akimov U~~fltU~, 1996) 
" • J/ J/ " • 

U tlf)~lf)U tl~lJ1W i U l\Pl'jt ~U111 '}j'1'Uf)11~ii\Pld1'j~~U'j '1~'1~1;r1m'Y'l\Pltl'l i~ff~d1U nlJ 

" , • J/. " . 

fl1f1lV\Pl'j1d1UUljflllJ1f) lf1tl~ln~tl~lJ1W '1 U 1\Pl1t~U ~~1111lfm'j~ ii\Pld1'j~~U 'j '1~'1~1;}1m'Y'l 
, " " 

tYilJ\1'.:);ju ~1tltl1.:)t'}j'Uf)1'j~ii\PlunJ 1Uiiil~1l1f) Pseudomonas aeruginosa ATCC 9027 var 

RC II ~~~~~'1trltlljtl~lJ1W iu l\Pl'jt~u\1'·'1~U 1~tltl~lJ1W iu 1\Pl'jt~u~t'~lJ~ulj~~1111;ttlU 
'1t)f~f)~\Pl1jjuCiUl1t'YId~~~'1 (Mulligan U~~ Gibbs, 1989) Guerra-Santose'U~~flW~ (1984) 

'j1t1'11U~1f)l'mii\Plu'jlJ 1Uiiil~~1f) Pseudomonas aeruginosa DSM 2659 ~::t~lJ\1'':)~Utrltl~l 
V\Pl'j1~1U 'j::lf~l'1f1l;lJtlUU~~ i U 1 \Pl'H~Ut~lnlJ 1.8 U~~f)1'j~ ii\Pl~~~~~'1trltl~lV\Pl'j1d1U 

. .. . . " . 
Pseudomonas aeruginosa· CFfR-6 11'Y'1lJ11f1lV\Pl'j1d1U'j~lf11'1f1l'jlJtlUU~~iU 1\Pl'jtllUl1mlJ1~ 

~lJ~d~t~lnlJ 38 (Ramana U~~ Karanth, 1989) f)1'j~ln~tl~lJ1WiU 1\Pl'jt~UUtlf)1l1f)1l::lj~~ • 
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" . "tI . 
9lV fl15~ ~91UCl1 rhrr -3~ ClVi1111v-3fl'lh~ flV1J'UV-3 Cl'15C1~U 5 -39i<l~1~lb.fll'vnJl-3'lfi!~ln~fl1511.J~tl1.J 

" " u1.JCI-311.J1~Vfl~lfJ (Desai UCl~ Banat, 1997) 

~ I ,tQ,tQ ~c:t Q.I d ~ d 0''' COl " ~ 4 .c!l • 

lflCl V U 5U CI~1911lJU l1JU 'I1~~fJ'YI~ClU'YI5fJ91V-3fl15 t 'lflYWfl151~5WU Vtlll1U V~lflU 11C1-3 
• u 

fll;1Jm.JUCl~'h.J 19151~U UVfl~lflOV-3ii~Clfl5~;Ul1~VV1J5-3fl15~~91Cl'l1C1~UH~-3~1;b.fll'W l~fJ .. 
~ .etd 0 Q.I 

lflClVU 5'Y1lJfl11lJCI'lflty91 V fl15 

~ 

1992 ; Kim UCI~flW~, 1997a ; Sen, 1997) ~lflfl15fffll:l1'UV-3 Cooper UCI~flW~ (1981) 'W1J11 

"'" ~ "'" ..:. .%.A <=f "'" <!I 
fl15~Cl911C]fV5UvJfl91U~lfl Bacillus subtilis ATCC 21332 ~~l'WlJ"l-3'UUllJVlJfll'H91lJm~V'UV-3 

d <=f 'I d " "d .... <=f <=f 

m~fl U~~UlJ-3fllUCI' tU'UW~'YIfll5fl11JfJlJfl11lJl'UlJ'UU'UV-3m~fl vJVCI'vJV5C1' UlJflU1CJffJlJ 
" .. 

l1.J~CI'l~fJlJU~~ lC]fl~fJlJ lml1lJ1~CI'lJ~~'lf1fJ1~lJ1.J1lJ1Wfll5~~91U5lJ lu ~i1~~lfl · 

Pseudomonas aeruginosa DSM 2659 (Guerra-Santose U~~flW~, 1984 ; 1986) lU'YIl-391HnU 

" 4.c!l d Q.I ~ 4 ,tQ 

'U1lJfll5191lJlfl~V'UV-3m~fl ~~fJ1JfJ-3fll5~~91U5lJ lu~i1~~lfl · Pseudomonas aeruginosa CFfR-6 

(Ramana U~~ Karanth, 1989) U~~fll51~lJUfl~1~fJlJ U~~ lC]fl~fJlJ'1~ii~~~Vfll5~~911C]fV; 
. " • .1 "'" <=fl d do Q.I Q.I 

Unfl91U C9-BS ~lfl Bacillus subtilis C9 (Kim U~~flW~, 1997a) 'UW~'YI ']j'1~tllJlJ~~tl1JtI-3fll5 

~~91 '1~lfli!CMU ~lfl Bacillus licheniformis JF-2 lu 5~~1J'U1~1'U~1 (Lin U~~flW~, 1993) U~ 

~1fJ1 ~lJ fll5~ ~91 '1 ;lrlml1 fll51itl-31u 0'-3 11 lJ' fl i-30 V1~l1j V-3lJ1~lflfl11lJU91 fl~1'l'UV'l1.J1lJ1W 
" " "'" 'I <=f <!I 

VVflC]fl~U tU.fl11~'UV-3fll51~tI'l1'lfV (Lin UCI~flW~ , 1994b) 

U V fl~ 1 flOUl1 ~'llfl~ VU5 U ~~1911lJU 'lfi! ~ VU 'YI~~l~U Cl'15C1'n~ ~ 1 flfjCl'~ '1~ii~ ~ ~ V ri15 

~ " 
~~911C]fV5UvJfl~U~lfl Bacillus subtilis ATCC 21332 (Cooper U~~flW~, 1981) U~~V1JV'lfll5 

~~91U5lJ lu~i1~~lfl Pseudomonas aeruginosa DSM 2659 (Guerra-Santose U~~flW~, 1984) 
• ,., I 

. U91~~'lf1fJ1C1'1lJfl15~~911C]fV5UvJfl~U C9-BS U~~C]fV1J'WV hCl'~i1~ ll~~91~lfl Bacillus subtilis 

C9 lW~ Torulopsis apicola !MET 43747 9l1lJih~1J (Kim U~~flW~, 1997a ; Hommel U~~ 

flW~, 1987) 

4. 'I1~~tI'YI1'lflltl.fl1'W .. ~ 

'11 ~ ~ tI'YI1'l flltl.fl1'W1i "h tiw 91 V flll 1 ~~W'U V'l ~~U 'YI1t1U ~~ flll~ ~91Cl'11 ~~U 1 'l9i'l~ 1;f1fl1'W u u. 

JI • , '" 

'1~Uf) fllVhV'lf VWl1.fllJ t19111flllfl1U U~~t19111flll111V1fllff VilV'lflilu'I1~~tlllii1J'YI1J1'Y1 . .. . . " 
"htiW91Vflll~ ~91Cl'n~~U 1 'l9i'l~1;f1fl1'W U ~~ lu flTm ~91i!tllJVi1flllfl11JfllJfl1Vi1V'lf~1t1C1'TI~~ 

u • 

~lt1'l1vJlvJV; ~lflfl11ffmh'Uv'l Guerra-Santose U~~flW~ (1984) 'W1J~1~lVil'D'lf~mlJ1~CI'lJ~V 
• SI , I ," " 

flll~~91UllJ lu ~iJ~1'Y11n1J 6.25mfl1VilV'lf91111~VCI''lfl11'W ~~Vi1111flll~ ~91UllJ lu ~i1~~~~'l .. 
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1 d...:::. .ci~.c::I ..::t.c::jl 
flV1\1i~n)u U'UW~l1fll'j'f!~~ffl'.Hl~UH~\lf!1'lf1fll'VHJlflUUfll1t'j'V UfffJ~ Bacillus sp. fl1 

~tfl'lf~tl1lJ1~ffln)~fl~lu~1\1 8.0-8.5 (llU'Ulty l.J1=I1JU, 2539 ; U\lfl'lf ~11~11W'lffJ~, 2540 ; 

Kim U~~flW~, 1997a) fll'j'f!il~C)fflUV'lfl hffilll~~lfl Candida bombicola ATCC 22214 tJ~tvilJ 
" .,j • " • 

ff\l~utlJflfl1UfllJfl1~w'lfhu111nU 3.4 (Deshpande U~~ Daniels, 1995) 
OJ • 

f. ". I • tI 

tltU 11 fliJU ~ fl~ 1fl~~t l1u U ~ ~VYl fjf! ~~flfll'j'f! il~U~1V\lff \If! ~~flfll'j'ttli;lvumJ~\lfl\lfl 
• OJ 

_ fd _ f "'_ f.,j 0 _ f '" d.£ 
Acinetobacter calcoaceticus RAG-l ~~tu~VUUlJ~\lllJtlJtl111fll'j'UlJ'j'~Wl11JlJ'Utl\lfll'j'WV\lt'lftl 

. " 4d oCl d oC), d .ei Q/ oC), 

(Kim U~~flW~, 1997b) ~Wl11JlJl1tl1lJ1~fflJ~tlfll'j'f!~~ff1'j'~~UH~\lf!1'lf1fl1V'1'UUf)U'lfU~'Ufl\l 

oC.\ e:J.~Q/ ' • C), .ci':::::"d. ~ 0 ~ 
tJ~Ul1'j'V ~1flm\lt'lfU Arthrobacter protophormiae f!~~ff1'j'~~U'j'\I~\lf!1'lf1fl1V'1tlJtl111fll'j't~V\l • 
.d oC.\ 0 • 
l1~Wl11JlJ 10 C)f (Prathi U~~ Cameotra, 1997) Guerra-Santose U~~flW~ (1986) 'j'lV\l1U11 

~Wl11JiJ~tl1lJ1~fflJ~flfll'j'f!il~u'j'lJ lWiill~'llfl Pseudomonas aeruginosa DSM 2659 fl~lu 
, 0 • • .,," ~. ." 

'lf1\1 31-34 C)f 1~VflWl1fliJYlIPl1111tlff\lfl11U tJ~,.h 111fll'j'f!il~~~~\1 C)f\ltl1U'lf1\1flWl1fliJ.yj'1fl~ 
"" " q " . 

do Q/ 4d. Q,I d. d. 1 
tflV\lflU~Wl11JlJl1tl1lJ1~fflJflUUUfll1t'j'V UfffJ~ Bacillus sp. (Kim U~~flW~, 1997a ; Sen U~~ . ~ 

Swaminathan; 1997) lu'Uw~Yl Bacillus sp. U1\1ff1V-W1J1!ff1lJ1'j'(lf!il~ff1'j'~~UH~\I~h,hfl1V'1 
Old .,j ",' 0 

'1~~tlJfltlWl1fllJff\lfl11 40 C)f (Banat, 1993 ; GUfJ'ar U~~flW~, 1995 ; Lin U~~flW~, 1993 ; 
• OJ .. 

Yakimov U~~flW~, 1995) 
" . 

t1~'j'lfll'j'fl1UU~~t1~'j'lfll'j'111tl1fllfftl1uUtJ~V.yjff1rlty tJ1flfll'j'ffmn'Utl\l Sheppard 
." '" tI 

U~~ Cooper (1990) V'lU11fll'j' 111fllfllfftl1u UtJ~(J.yj ff1rlty~fl fll'j't~lJf! ~f!il~tC)ftl'j' U~fl91U tJ1fl 
~ 

Bacillus subtilis ATCC 21332 ti~~fll'j'f!il~tC)ffl'j'U~fl91U~l1fl Bacillus subtilis DSM 3256 tJ~ 
t "" 1 •• "II " 

t~lJ\! \I~U mfjt1~'j'lfll'j'fl1U .yj1Pl1U~~t~lJt1~'Jlfll'j' 111fllfllff1l1'~ \I;ju (Sen U~~ Swaminathan, 
" " ~ 

1997) 1U111\1~HnU'U1lJfll'j'~ln~1.11lJ1Wtlflfl~ttJUtJ~l'h 1111l1'j'f!il~ '1~tflUU~U · U~~tC)ffl'j' 
. " .. J ..:::. c), & 

Unfl~U C9-BS tV'llJ\!\I'UU (Lin U~~flW~, 1994b ; Kirri U~~flW~ 1997a) . 

,," " " 
2.5 tnnhi,lTH1VlU'l"Vl,,~b;bi11'WhiU1q't1i Uil~1~fl'l1~110.:lfl1.1'l~flO1J'UtHtJl'l 

, "tI"" . 
1~fll'j'.yjU(JlJ 1 U fll'j'l'hff1'j'~~U 'j' \I~\I~1;1fl1V'11111J1~11~ 1.1'j'~f)flU '11.1~1(J';U~flUYl 

" " " ff1rlru~\lU ';UU'j'ml1ufll'j'~f)~~f)tlU~1(Jf)'j'~ '1~ 1~'j'fl~fl1fl UfllJ llJtu(JlJcM~l~~ 111fl '1~11 
u 

~ "" ~ . "" " 
t ~u l1U fll'l ~ fl fl U U1\1'lfU ~ U ~1l'i1 fll'j' ffn~ ~1tJ~TVh ~~(j l(JflU l1~(J.yjtl1lJl~fflJ u ~~l'i 1111 t 'UlJ'UU 

" " "" ~ " ~U 1~(Jfll'j"j'~tl1Jfl1(J1~fffl11~\!tyiYlf)1ff tJ1mrull1lJ1l'i1111U1~11~~1(JTI·lf1'j'lJll~fl'j'l'W 

UUU~l\1"l t~U lf1'j'lJ11~fl'Jl-wuu1JU~U1J1\1 (thin layer chromatography) lfl'j'lJ11~f)'j'1-WU1J1J 
. " 

~~ci'1J (adsorption chromatography) t'j'~u.yju(JlJ1'lffifl~ilfllttJ~ (silica gel) lf1'j'lJ11~fl'j'1-w 

U1J1Ju~m1.1~(Ju1.1'j'~~ (ion exchange chromatography) ~".ifl~l\1t~U ~Utfl~-tC)fYh hff (DEAE-



27 

Sepharose) hl':nJ11(1ln<.nwu1J1Jfl~Hwn'lluwl hmHJ~ (gel permeation chromatography) ~ln 

JU111 i,j(1ln~{1'U1Jfl11lJ1J~{1''VIf;1mfl~U'I i~lVH);lJ1W;~fli~ 1 fl':ilJl1(1ln':il.w ilfl':il~;U 'Iri' • 
" " " " " " ,j':i~nU1JliJU'I(1lU ~1t111ivu Vhll ':i~ttl,jn1 'VI':i lvH (1l1lJ'VI~ ilfl':il~l1lnl1l'I1,r n1lJwfJ~~1tJi1i 

" " UlJttttl,jfl1'V1':illJ'VI~ ilfl':il~l1'}j'i!~'lIU'In':i~ i'lllJ'u~1tJi1iun{1'~flifl1fl':ilJl1(1lnn.w - UlJtt{1'l,jfl 

~ ~.Q d. tI.oC::). tI.f::l tI .Q '::'1" d "'" 
l'V1':illJ'VI':i 11':iUU1tfl~tJ':iUlJmU(1lm':iCJfUU1UCJf U~~11fl':il~11'}j'U~'lIU'Ifl'l~n~lJ U~1mfl':iU'I1 

lfl':il~l1"n':i~ udf1 U'I'!~Ui! 11fl~tJ;UlJmu ~ f11':iCJfUU lU; ~1UtJl'l f11':il11{1'l':i~~U ':i '1~'1~h~1f11"" 
"tI tI ., ", 

l111J~,,!'VIli1 ~tJ,r ni'VItJlffl{1'(1l':in~lJ(1l1'l~ i~un 
" . 

Arima U~~fltU~ (1968) l111CJfU':iUyJfl~Ul1~~(1l~ln Bacillus subtilis ATCC 21332 

"0''' " " ". , 
l111J~tt'VIli~1t1f11':i(1ln(1l~nUu~1tJn':i~ i~ l~':ifl~u~m'lllJ'lIU 1~tJ,ji'1Jfl1fl11lJli1U fl':i~ - ~l'l'llU'I • 
. t" 51"" • " " tI " 

{1'1U lttl1i~~lnf11':il~tI'Il~U 1111'V11n1J 2 l11f11':i(1ln(1l~nUUCJfl~1tJUfl~lCMtJlJfl~U i':i~ mnl11f11':i 

" tI " • tI 1 I • "tI" " 
{1'n~~1tJV1'Vltl':i ~ln,r U 111lJl~lU fltl ~lJu~'1murVl tl ill .ij~iY{1'1U lnu l111111Jl{1''VIli~u ~1tJi1i • 

" 1fl':ilJl1(1ln':il.wU1J1J~~UtJfl'llUl~ llJl~fJ~ l~tJl'}j' Sephadex LH 20 li1Ul':iCMU 

. " 
Mulligan U~~ Gibbs (1990) ':iltJ'I1U11ttllJl':itll'}j'in~~(1l':ilvt~1(1liU (ultrafiltration) 

" . tI , . ." <a1 01 " 

1 WtJ'IoUU (1l tlU 1~ 'tJ11u f11':il111CJftl':iU yJfl~UU~~U ':ilJ 1 ti ~if~~lfltt1U 1 {1'11 i~~lflf11':il~tJ'Il~tll11 
.Q.£ "" ~ 1 0 Q.I '.Q.A '~ Q1 "'" 

1J':i,,!'VI1iU~~l'l1lJ'lIU'lIU ~tJ{1'llJl':itlf11~~ttl':itt1U1nUtlU~ l'}j'U lfl~tl n':i~tl~lJ Utltt':i~ U~~ 

1 ,j':i9iu ~;j'llU l~l~n~u ~ tltl fl i; 1 ~tJ~ltJU~~ i~ln~f11':i~tyliYtJ'lItl'lttl':i~~U ':i '1~'1~1~1f11"" 
"" . 

Jenny U~~flW~ (1991) ffmnf11':il111111Jl,,!'VIli'lltl'li~lflUi!CMU CM l1~~(1l~lfl Bacillus 

" " "" " " licheniformis PG 204 oUU(1ltlUU':inl11f11':i(1ln(1l~fltlU~1tJn':i~ i~ l~':ifl~tl~m'llU'lIU U~1l11111 
.,,, " tI · tI." 

1Jltt'VIli~U~1t1fltl~lJU Amberlite XAD-7 1~tJ;j1tlfb1tltt1'Vltl':ili1Ul':iCMU l11{1'1U'1'l1lJ'ull1 • 
" . " 1Jltt'VIli(1ltl~1tJi1i1 fl':i1l11 (1l fl':il.wU1J1J~~cM1J 1 ~tJ;jCM~ f111~~1i1U1':iCMU . ~ 

" 

"t" " . 
fl11lJUH'lItl'loU1rWlJ~'1~U(1l1lJih~1J'1~un CHC~ > C~COCH3 > CHC~/CH30H (2:1) > 

." . 
l,j~tJU,j':i~~ l~tJl'}j' DEAE- Sepharose CL6B li1Ul':iCMU .... 1J11{1'1':i~~UH~'1~1~~\ln'}j'~tltlfllJl 

d "d" " • 
llJtl111 i,j(1l':i1~tttl1J~1mfl':itl'l i~mtl':ilJ1UCJf~fli~ 1fl':ilJl1(1ln':il.w .... 1J11,j':i~ntl1J 

""' nu 
." . 

Peypoux U~~flW~ (1991,1994) ':ilt1'11U1TG11lJl':itll'}j'in1fl':ilJl1(1lfl<Jl.wU1J1JU~U1Jl'1 
1 "". 

Cjf-:t;jCMilf111~~ 60 li1U1':iCMU lUf11':iutJfltlU~U1i'lltl'llCJftl':iUyJfl~U 2 '}j'i!~l1n':i~tl~iJ1ulu • • 
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tI ",." 

11~'UVVml1fHt})'V'iHvJfI&l'UlJll9l'i~1'U 1~tI'l'll'~11'hi:l~i:l1tll1mlJ1~~lJ111h~f1VU~1t1 chloroform 

/ methanol / propan-l-ol / 0.25%KCl / ethyl acetate ( 25 : 13 : 25 : 9 : 15 v/v ) Hi:I~ butanol 

/ acetone / water (32 : 48 : 8 v/v ) 19l1lJiiW1U 
rI t t" " 

Imanaka Ui:l~flW~ (1994) VIlf11'iUtlf1V1'i 11'1'iHvJfI&l'U 1~tllh~1'U'~l1i~1l1f1f11'i!~tI\I 
" sJ" " • " ," " 

!tMVlJ11'h hU'lJlJ'lJ'U lh~lJ1W 10 !l'I1~1t1i1iVi:lI9l'i1Vfi:l!I9l-M'U Hi:l1Y11 fll'iI9lf1I9l~f1VU ~lt1f11'i!&llJ • 
rI t " " 

Hfli:I!C)ftllJfli:lV h~Hi:I~m~ i~ l~'ifli:lV~f1 t1119l~f1VUl1i~lJ1i:l~i:l1tl~1t1~1'ii:l~i:l1tllt})'!~tllJ 

i~~'iVf1 it})'~ H;1Y11f11'i~fl~~1'U i'lJlJ'U~lt1!~fHt})'Ul1~mVVli:lHV9f!l9ll'l 11 ii'\I 11 1m1 UYl1'; 

fiJI sJ ~c:4 ~Q1Jt rI 

U~rrl'lTI~1t1i1ilf1'ilJlll9lm1-WHuu~~ci'u l~tI''ll'9f~f11!1li:l ~ 200 !U'\.J!'i9f'U Hi:I~lli &~!WV'i 
0' 

lJ1Ut})'~fli~ lf1'ilJlll9lf1'i1-W 

--- ~ .... q 
2.6 tnJ1JVI'UV.:Jtl'l'H1VlUl.:JVI.:JN'l'if'l.fll'W 

~l':ii:l~H 'i \I~\I~ 1:Jf1.fl1WU V f11l 1f11l~lJfl11lJl1i:1lf1l1i:1ltl '1 'U 'll'11 ~H;l V\lWU~l!~'U ~l':i:Jf1 
. " " 

llJ!i:I f1i:1VilJ~lJ'U&ll1i:1lf1l1i:11tl V11l~llJ1'ifl~'itJ~lJiJ&l'lJV\I~l':i i:I~H 'i \I~\I~ 1:Jf1.fl1W i~~\li1 • • .. " 
1. lJfl11lJ~llJ1'ifl''U f1l';ji:l~H H~\I~l i:I~fI1H ';j \I~\I';j~1111\l~ltJ';j~~U ~llJ1';jflYl1 'l1!n~ 

. " 
ulJi:I-MU ( Cooper Ui:l~ Zajic, 1980) \9li:lV~1l'UlJfl11lJ~llJ1';jfl'l'Uf11';jf1'i~1l1tlt11lJU (Morikawa 

" ,,,. 
Hi:I~flW~ , 1993) l~tI~l';ji:l~H H~\I~1:Jf1.fl1W1l~lJtJ'i~ffl'lTI.fl1W~!m~ hj"UtJ~lJ1WViU Vtlf111 

!rlV!VitlU flU~l';ji:l~H ';j \I~\I~ 1'~ \I!fI';j1~'; f1~llfiv 1 ~tli1 i tJ~l';ji:l~H ';j \I~\I~1:Jf1.fl1W1l~ii~lfl11lJ 
" " fl. • rI • 

!'lJlJ'lJU'lJV\lf11'i!n~ ilJ!t})'i:li:I~1f111~1';ji:l~HH~\I~1~\I!fI'i1~l1tJ';j~lJ1W 10 0\1 40 !l'I1 (Desai . . " 
Ui:I~ Banat, 1997) \9li:lV~1I'U lJfl11lJ!~Uyhl~lU i:I~\!f1t1VtI~i:l1tl i~ 1 ~tlf1';j~U1'U fll'il'll\lli';j';jlJ'll'l&l 

. " , " 
\1\1 ilJiiYh~l9lf1f11\1 'lu ff\lU l~i:lVlJ (Fiechter, 1992) 

2. ~l';ji:l~U ';j \I~\I~ 1:Jf1.fl1Wl1i:1ltl'll'11~lJ~lJiJ&l'l U f11';j!~U ~1';jtJB:Jf1U~ 1 ~tlWU~llJfl11lJ 

~llJ1';jfl , 'U f11';j VU 5\1 f11';j! 1l~f.U'lJV\l1l ~u 1'I1~'lf11~g'U !~U!t})'V;U vJfI&lU~~ ~19l1l1f1 Bacillus subtilis 
u • 

(Rosenberg, 1986) ii:l!fll19fU~~~19l1l1f1 Bacillus licheniformis (Jenny Ui:I~flW~ , 1991 ; 

Yakimov Ui:I~flW~ , 1995) U'ilJ lu~iJ~ it})' lf19f'U~~~mnf1 Pseudomonas sp. (Itoh Ui:I~flW~, 

1971; Neu Ui:I~flW~, 1990) Ui:I~if1i:11f1~iJ~~~~19l1l1f1 Torulopsis apicola (Hommel Ui:I~ 

flW~, 1987) 
0''' 0' 

3. !t})'V';jUvJfI&lU~llJ1';jflYl1 '11!n~f11';j~i:l1tl~1'lJV\I!~~!~V~U!~\I ltJ';j 1I9lWi:Il~I9lUi:I~~!-Wtl 
0' " 

hWi:Il~\9l'lJV\lUUflVi!1t1 ~llJ1';jflVUV\lf11';jU~\I~1'lJV\livJu~u (Arima Ui:l~flW~ , 1968) 

" . "" 
~llJ1';jfli' f1lJ 1!! i:I~tJ V\I fl'U tl1 f11';j hypercholesterolemia 'll'lt1VU V\I f11';j "ltlJ! ~(JtJ ';j~ ffl'lTI .fl1W'lJ V\I 

" . . 
~1';jtJB:Jf1'U~U1\l'll'11~ (Arima Ui:l~flW~ , 1972) V'lJV\I!t})'i:llJ~!~\I (Kameda , 1974) 'll'lt1!~lJ 
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," " " 
lh~ii'VIij.f1TVHll':i'Vh:nu'UtI\I~l';j\9ltl\9ll'U!.jffl'jl (Thimon U~~fltU~ , . 1992a) 'UtlfllllflUiJ\lW1Jll 

~ " " " !~t1'H!-Wfl~'U ~nJ1':ifliJ1JiJ\lfll'rnl\ll'U 'UtI\I!U'U 1~lJ cyclic AMP phosphodiesterase (til \I G\I 1'U 

" VolIenbroich U~~flW~ , 1997) u~~!U'U1~lJ alkaline phosphatase (Bortolato , 1997) 
• SI " " 

4. ~l':i~~UH~\I~1:jhmw~llJl':iflvllfll':i1H'1J't.I~\I!V.lJlh~ii'VIijmwhY~\I;i'U1~ !'ll''U 
, . , 

Thimon U~~flW~ (1992b) ':iltl\ll'Ull!~t1':iU-Wfl~'U11~~\9IlIlfl Bacillus subtilis· S499 lIdhh~ 
, "" . ~ ", 

ii'VIij mw! v.lJ ~ \I;i'U ~lt1fll':i !~1JU fI'VI Uti t1ul 'U ~l':i ~~ ~ ltl'U t1\1! CJftl':i U -Wfl~'U CJf\l lI~vll 111f1lflll1J ... 
" "'" " !'UlJ'U'U'UtI\lfll':i!f1~ 1lJ!~~~~~J;NlIlfl 240 mg/l !11~t1!Vltl\l 8-90 mg/l. ;i'Ufi1J'Ij"U~U~~tl1lJ1W 

., i" " )J 

'U t1\1U fI'VI U tI t1'U 'UW~!~tll fl'U W1J ll!jj till 1 ! ~t1':i U -Wfl~'U UlJlvlllJ ~ f11t1l! t1~!'Vl tI ':i1Vhfl'}f'U lI~ '1 ~ 
" .," " , " 

!~t1 ':i U -W fI ~'U 11 l1lJ flU 1J tI fl~~ 'U tI \I U 'U'U \I'Ul\l 1 'U fl':i~ fl~ \9IllJfI! tl~tI'U! iJ'U !lJn~HtI~! 'VI tI ':i ... ... 
" .. J <Cl J'.c::t' " " C\ lJI " ~ 

(surfactm-Glu-y -methl ester) ! CJftl':i U nfl \9I'U 'U lJfIlfllllJ! 'UlJ'U'U 'U t1\1 fll':i!fl~ !lJ! CJf~ ~ ~~ ~\I!11 ~.t1 

d 9 09"'" <!! c:::.d..J" 
!'VW\I 30 mg/l U~~fllllJ~llJl':ifl !'Ufll':i'VIl !'I1!lJ~Wtl~U~\lU\9IflmWlJ~\I'U'U~lt1 (Thimon U~~ 

fltU~ ,1994) 
, 

C\Cl.I d C\ 

Kim !W~flW~ n997b) ; Gorkovynko U~~flW~ (1997) ':iltl\ll'UlltllJ~UCJf'U'VI~~\9IlIlfl . 

.c::t .Q Cl Cit • C\Q.I ci.., .d ~ .4 1 " 
Acinetobacter calcoaceticus RAG-l lI~lJlh~~VllimW !'Ufll':ifltltllJ~'ll''U!WlJ'U'UtlJtI flH~':il\l 

, " 
1 ~tI~llJl':i fl~ ~u 11 ~\I ~1'U 'U tI \I ~1I~'U t1\1 ul1~u CJf'U ~lt1fll':i 

. .". " " " 
. !tl~tI'U 'll'U ~'U t1\1fl':i~ '1 'UiJ'U 111 'lHiJ'UUl1~\lfIl':i1JtI'U U ~~ml~'UtI\lfll':it~tI\lt.jftl 

5. ~l':i~~U ':i \I~\I~l:jhmw 1~tJ'Vtl 'hHJfllllJ!~~tI':i~tI~lfllllJ!iJ'U fl':i~-~l\l "'" tlWl1.f11J . ... 
0' • " 0' " " " 

U~~ 1~!~tl1JfI,1tI h~ l'U'1fl\1flll\l ~\I~llJl':ifll-h 'hhh~~n\9l1'lfl'U'VI1\lfll1f1l '1~ (Horowitz U~: 

flW~ ,1990) 

" .' 6. ~l':i~~U ') \I~\I~l~ihmw1Jl\l'll'U~~llJl':ifliJ1JiJ\lfll':i~~!fll~fl1J!CJf~'UtI\I~~'U 'VIlt1fltl1 ':ifl 
, 

.e!lC\d .c::t.Q 

!'ll''U~1':i~~U':i\l\9l\l~1'll'1.f11W'VIIJ..j~\9I''lfl Lactobacillus sp. (VeIraeds U~~flW~ , 1996) U~~ 

" '" '" ~ Streptococcus thermophilus (Busscher U~~flW~ , 1997) ~llJl':ifltl1JtI\lfl1')tI~!fll~'UtI\I 

.Enterococcus faecalis U~~ Candida albicans , Candida tropicalis \9IllJr;ll~1J 
, ", 

7. ~l':i~~U ':i \I~\I~1:jhmw~11Jl':ifl~~\Pl\nn1\P1Q~1J11ijfll':i~~\PIVl~U'VI'U.;i'U 1111J ~l1Jl':ifl 
. " "" " vllfll':i~Wl'U In':i~1Jl'U nl':i~ ~\9I!.y;tI~~\9I'U 'VI'U fllm ~\9I vllfll':itli'1Jtl':i \I~ltl~'U li'UtI\I lI~'U'VI1t1 111~ 

ct; q q q 

" " " • ", J/. " 

;i'U ~\I~llJl':ifltl':i~~n\PIl 'll'fl1J \I l'U \911\1") '1~tltI1\1nll~'Ull\l !'ll''U ~llJl':ifll-h '1tlhHiJ'UuiJ~~-Wltl . 

'II " . I "" 

!UtI':i ~l':ivll 1'11!f1~-Wtl\l ~1';j'}ntl1'U nl':ivll~~~ltl U~~~1':i~~fllllJ1111~ !iJ'U;Il'U ~\I~l1Jl':ifl hr 
~ "'" '" • .t' 9 d d d 0 -41 

U'VI'U ~l':i~~U H\9I\I~l~ \I!fI':il~l1'V1\1 !'U ~\9I~ll1nnlJtlll1l':i !fI':itl\l~lJ til !fI':itl\l~ltl1\11J \9I'.i 

" !~tllJU~~U1\91'.i!flij !iJ'Wm~ 



30 

,t " If I! 

2. 7 ~l!'rhn[Jl'Ufl.,:Jn11fl1'jtT':Url'n~a'W1Hl·mrJflflUmf) Bacillus subtilis 
" d' tI d' 

111 n f11 'j fff11:11'V11\1 ~ 1U :]f1~ fl ii u €I ~ ~ U 1! fl'1 't1'1'1 'j'j ~ ~ 11 1m €I fl €I 'lI tJ \I f11'j'~ \ltfl'j 1~ lH CJftJ'j 

UvJfl~U111n Bacillus subtilis ~U~l srfA operon, ~U comA U'tl~ ~U sfp tilu~u~iifl11lJ~1 
ti1u~tJf11'jNiil'ltCJftJ;UvJfl~U U't1'~\I~\I'j,j~ 2.21 .. 

" 1. srfA operon ii'llU1~,j'j~lJ1W 25 nl't1tu't1',j'j~ntJ1J~11:.1 4 . open- reading frame 
" . 

(ORF) i~un ORF1 (srfA-A) , ORF2' (srfA-B) , ORF3 (srfA-C) Url~ ORF4 (srfA-D) 

~ "1 tI &d: Q.ll '" 
(Cosmina U'tl~flW~ , 1993) ORF1 N'tIl'lttJU !CJflJ ElA CJf\llJU111Un m'tlfl'tl,j'j~lJ1W 460 nl't1 

d ", • 

~l't1~U ttJuiCJflJUiifl11lJ~lt~1~l'ItJf11'jt~lJ m~n~1'I1iJfl U'tl~ ii1CMU lUVI'I'n't1'1U 1 : 2 lu 

f11'j-ff\ltfl'j1~';tCJftJ;UvJfl~U ORF2 Niil'lttJU iCJf~ Em ~\liiJ1l1'W nllJt'tlfl'tl,j'j~lJ1W 435 nl €I 

tI" t " , 

~l't1~U ttJU iCJflJuiifl11lJ~lt~1~l'ItJf11'jt~lJ 11~U, n'j~utJ't1',j1'j~n U'tl~ii1CMU lu VI'I'i1't1'1U 1 

". " 
: 1 ': 1 muiCJflJ E2 9f\lNii1'l111n ORF3 iilhl1'wn1lJmfl'tl,j'j~lJ1tu 160' nl't1~l't1~U :Jfl11lJ 

o • "''''d.&_~ "", 1 111~1~l'ItJf11'jt\9llJ'tI1CJfUCJf\lt1JU C-terminus 'lItJ\ltCJftJ'jUvJflI'lU (Menkhaus U'tl~flW~, 1993) . U 

, tI t " ", " 

'lItu~Vi ORF4 . Niil'lttJU iCJflJViiiu111Un1lJt'tlflmh~lJltu 29 n1't1~1't1~U ttJU iCJflJulhlmlw~ 
" ", " "" 'tI"."" fl'tlll:.1fl~\I n1J thioesterases ~lmCJf'tl-ff1'l1t~I:.I\I~ n~11:.1U 1UlJ .1 ~l:.Ifl1~11mU i CJflJutnI:.l1'l1tJ\I nucUu 

I'ItJuluf11'jtn~1'1u'tlfl1I'1u (Peypoux U'tl~flW~, 1999) 

" " 2. ~U comA ii'llU1~ 642 t1J't1'u,j'tl'j11't1'111n'j~tJ~iJlu 214 ~1 iiu1l1'wnllJt'tln'tl . . 
" " ,j'j~lJ1W 24 nl't1~l't1~U l~l:.I~lu,j€l11:.1 C-terminal 'lItJ\ll,j'j~u comA ,j'j~ntJ1J~11:.1 helix-

"'1 .& -~ '" 0 tum-helix motif 20 n'j~tJ~lJ U CJf\lt1JU'tIn1:lW~111t~1~'lItJ\I DNA-binding protein (Weinrauch 
"tI t " 

U'tl~flW~, 1989) l~l:.Il,j'j~u comA ~~ti1u~1n'j~~U 1,j'j llJt\9ltJ'i'lltJ\I srfA operon ntJ llHn~ 

nl'HltJ~'jl1't1''lItJ'I srfA operon (Roggiani U'tl~Dubnau, 1993; Nakano U'tl~ Zuber, 1989) 

" " 3. ~U sfp ii'llU1~ 672 t1J't1'u,j'tl'j11't1'111m~tJ~lj1u 224 ~1 iiU111l!nllJt'tlfl'tl ' 

" "" ,j'j~lJ1W 28 nl't1~l't1~U ~UUijIPl1Ul1U\ltJQ'VI1\1~lU'lI11ijtJ (downstream) 'lItJ\I srfA operon 
" . , 

,j'j~lJ1W 4 nl't1t1J't1' (Nakano U'tl~fltu~, 1992) ~UUijfl11lJri1rlty91tJf11'jNiil'ltCJftJ'jUvJfl~U 

n~11fitJtrltJU1~u.if~lmCJf'tl~Nill'ltCJftJ;UvJfl~lJt;1~tCJf'tl~i~Nill'ltCJftJ;UvJfl~U t'lfU 'Bacillus .. 
.& d _I ",' • 1 . d 0 0 1 " 

subtilis 168 CJf.\llJ srfA operon 1Jnl'lu\p}un~'jtJ\I U't1'1U1lU sfp (sfp) 'VI1 11 Bacillus subtilis 
tI " . I tI 

, 168 't1'llJ1'j(lNiil'ltCJftJ'jUvJfl~U'1~ Quadri · U'tl~flW~ (1998) 'j1I:.1\11U11~U sfp Nil91ttJuiCJflJ 
.&d Old .A'" 

phosphopantetheiny Itransferase (PPTase) CJf \llJ l1U 1 'VI 1 U nl1 t fl €I tJ U 1:.111:.111 ~ phosphopantethein 
•• " . .& 

111n Coenzyme A '1,j"J:tCJf1UUI'I'tl~~1'l1tJ\lttJU '1CJflJ ElA, Em U'tl~ E2 CJf\ll1~'11l1n(ltJ~U'tl~!\,j'tl 
tI ," , ". tI, "" , 

'jM't1'1l1n srfA operon ' WU '19flJtl1€11UV'I ilJ't1'llJ1'i(l'Vl1'11U i~ ,ijmtJu iCJflJtl1mui~1Ul1~ 
" " phosphopantethein U'tl1'i1~'t1'llJl1(l'Vl1'11U i~ 
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srfA operon sfp 

comA box 

promoter 
---------------+ --------------+~ ----+ ---+ 

srfA-A srfA-B srfA-C srfA-D 

1 
comA protein TE like protein 

PPTase 

Glu Leu Leu Val Asp Leu ~D D 
GGHSL GGHSL GGHSL GGHSL GGHSL GGHSL GGHSL 

inactive EIA inactive ElB inactive Ez 

Coenzym,A t 
active EIA active ElB active Ez 

Giu ceu I ceu V'aI ASP I ceu I· ceu I 
GGHSL GGHSL GGHSL GGHSL GGHSL GGHSL GGHSL 

I I I I I I I 
R-CH(OH)-CHz-COOH 0 0 0 0 0 0 0 

I I I 1 E3 

I I I I 
Panl Pan2 Pan3 Pan4 PanS Pan6 Pan7 

I I I I i 1 I 
s s s s s s s 
I I I I I I I 

R-CH(OH)-CHz-CO-NH-Glu - __ i~u Leu 
t~t 

Val Asp Leu Leu 
~ t ---+ t ---+ t----+ t 

R-CH(OH)-CHz-CO-NH-Glu ru ¥u tal Af Le.f 

R-CH(OH)-CHz-CO-NH-Glu Leu Leu 
t t 

Val 
t 

Leu 

Asp 
t 

Val R-CH(OH)-CHz-CO-NH-Glu Leu 

R-CH(OH)-CHz-CO-NHJJlU It 
t 

Leu 
t 

R-CH(OH)-CHz-CO-NH-Glu 

llactonization (TIl like pro1ein) 

rlu 
t 

R-CH(OH)-CHz-CO-NH-Glu 

R-CH-C~-CO-L-Glu-L-Leu-D-Leu-L-Va1-L-Asp-D-Leu-L-Leu 

'----------------- 0 ______________ -.J 

'J1l~ 2.21 ~'U~ljf11111~ldj.umt~f)" '1f)fl1'Jff~tf1'Jl~l1"tC)fV;uyJf1~hHnf) Bacillus subtilis ~\01 .. 
Ull"~'illf) Cosmina U"~f1W~ (1993) ; Nakano u,,~ Zuber (1993) ; Peypoux U"~f1W~ (1999) 
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ru~ 2.21(~tJ) lflJl£Hlf\9l ' 1. box ~'jg;1Jn'j~tJg;iJ1tm{1'~'1t~tlJU'UtJ'IttJUiCJf~~~ltVng;~tJf11'j 
, 0' rI . 

t~lJn'j~tJg;iJtu~'1n?llllunna'ltfl'jlg;lft9ftJ'jtt'rlfl~U 2. GGHSL ~tJ consensus amino 

.. " 
acids -n'WU1UU\1l?lg; t~tlJU'UtJ'IttlU i9flJ 

d'dd ~,.,o' ~o 1 

UtJn~lnW)lJ'VIfllUfJlJf11'jf:.l?l\1lttJU !9flJ acyltransferase (E3) 9f'l1l1t'Wlg;\1ltJ j3-hydroxy 

. " " 
fatty acids ~'1ilJiif11'j tfl?lU (Peypoux' tt?lg;mug;, 1999) ttlUi9flJ E3 iillllfuntlJWfJ?I 

rI" SI " tI 

1hg;lJ1W 40 fit ?I~l?l~U tl1UttJU i 9flJ-ntf)Vl'UtJ'I nu'Ilu \1ltJUU 'jn'UtJ'If11'jf:.l ~\1lt9ftJ'jU vJfI~U E3 
. " ~ 

~g;lll j3-hydroxy fatty acids 'hJ~ttJui9flJ EIA tfi~tl1U j3-hydroxyacyl-L-glutamate 9f'ltl1U 

" " "" {1'1'j intermediate ~ltt'jn1uf11'ja'ltfl'jlg;lft9ftJ'jUvJfl~U lf~'1~lnihtJu i9flJ EIA U?lg; EIB ~g; 
""" " " " n'jg;\1lU f11'j{1''j1'1 {1'1£H'W'W , 'VI~'UtJ'I m~ tJg;iJtu 6 ~1 \1l1lJJ;\1~U tt?lg; 1u 'IlU \1l tJU {1'~'VIlmtJU' 9flJ • • 

• " I til 

E2 ~g;t:jftJlJ~lG]fUt'UTtl{1'lm'W'W '1'V1~-nll?llV C- terminal (Menkhaus U?lg;flWg;, 1993 ; Peypoux 

U?Ig;mUg;, 1999) 

• • 
2.8 fl111frtlu~ufifI1UfltJfl11N~~tlntlVlUl'i~'iNl1l1g;Ul'n'tllll!'w'W''t1Vl ' • . ". 

do 1 d d.,d d ct QI.c:::i dd 1 
lJ'jlV'I1Unn !fI?lU~U'VIlJlfUl'VItlflJtlUnu'\lU sfp ~lfHtUfl'VH'jV U{1'fJ?I Bacillus spp. 

. . " 
od od '" _ I "'od.!i ~ '" I "I '1- I II) od 

. 'WU 11~U 'VIfllUfJlJf11'jf:.l ?I\1l{1'l'j1J!)'1l'll4g;l1'jtJ{1'l'j?l~U 'j '1\1l'lf:.llU'j~t.f)'VI !?1 !1Jt'W'W !'VI~lJ'UU l~U\1ln 
. ." 
\9l1'lnl4~'1\9ltJ 'llil 

Morikawa U?lg;mug; (1992) Y11f11'j tfl?ll4~U psf-l ~ln Bacillus pumilus Al ~'1tl1u 
, rI SI " " 

UUfl-n{1VVif:.l~\9lt9ftJ'jUvJfl~U~lVl~ Shot gun cloning t~w1'1l''Wm{1'iJ~ pTB522 tl1l4'Wllfg; t'Ul 

• ~ _c4 d..d d"1 'Q 0' ~ 0 d ~ rI 

~ Bacillus subtilis MI 113 9f'l!UUU Ufl'VI! 'jV'VI tlJf:.I ?I\9lt9ftJ'jU vJfl\9lU (sfp) 'WU'jfltJlJUU 14 U 'VI 

~ d do ' d_ I " : d d .<Qi dd 
'Wm{1'lJ~'VIt'jvn11 pTB522-2 kb 'VI1J'jg;ntJU~lV'1l'l4~ttJUttl'Ul4l~ 2 n !mU'ft' 'VIlJ open reading 

" frame 'UU1~ 699 !U{1' {1''jl'ln'j~tJg;iJtu 233 ~1 iifll1lJtlf1itJl4nU PPTase 1l'jg;lJ1W 47 % 

" """ . U?lg;iillllfU ntlJt?l n?lll'jg;lJ1W 25 fit ?I~l?l~U1f1 tllJUUl4 14 'VI'W?ll{1'ij~il {1'llJl'jfj;rnlll111 • 
" " Bacillus subtilis MI1l3 f:.I~\9lt9ftJ'jUvJfl~U'~ 

Hiraoka tWg;flWg; (1992) ; Huang U?lg;flWg; (1993) tfl?lU~l4 Ipa-14 'Illfl Bacillus 
d _c::t .d d d C\ ~ C\ ", c\" C\d 

subtilis RB14 9f'ltUl4UUfI'VIt'jV'VIf:.I?I\9ltJl'J?ll4 A (iturin A) U?lg;t9ftJ'jttvJfl\9lU~lVl]j' Shot gun 

cloning 'WU1fltJlJUUl4l4y{'Wm{1'iJ~~t1Vn~1 pIB III ~ll'jg;ntJU;lV~U~!~UttJ'UU l~ 10 nt?l 
I" tI ", • 

tU{1' Clf'l {1'llJl'j fj;rnll 1 hf Bacillus subtilis MI1l3 f:.I~\9lt9ftl'jttvJfl~U'~ t1itJYI1 f11'j tfl?lUVtJV 

" I .d C\ rI C\ dd .dd.f at d 
(subcloning) t'Ul~ pC194 'WU'jfltJlJUUl4lJ'VI'W?ll{1'lJ~'VIt'jVn11 pC1l2 'VIlJ'Jj'lJ~HtJWtJ'UU1~ 3.3 

nt?ltU{1' '~'1~'1f1'1Y111~ Bacillus subtilis MI1l3 f:.I~\9lt9ftJ;ttvJfl~ui; !rltJYllf11'j~~~lt~lJttJ 
" rI I, • I 

1l'jg;lJ1W 800 !U{1'tJtJn~ln pC1l2 '~1f1tJlJUUUU'VI'W?ll{1'iJ~vh1vn11 pC1l2~ Clf'lilJ{1'llJl'jfj 
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<JJ " 'j/, " , 

'lffnh hI Bacillus subtilis MII13 ~il\PIL9H)~ttvJfI~lJ 1~ Lijtl<Mm,h pC112~ L'U1~ Bacillus 
v ~. 

subtilis RB 14 tt~~'lfm,hhHn~f11n1lJI911tllJ if1~ ill it)flJ'Utl'Hn(J~lJ~ RB14 'V'llJ11 Bacillus 
, tI" , 

subtilis RB14 Ln~fl11lJlJfl'V'l~tl'lllJf11~~il\PIfhJillJ A tt~~L9)'tl~ttvJfI~lJ tt{1'~'IhHlilJ11~lJ lpa-

14 lJfl11lJ~lLlllJ~tlf11~~il\PIVl'JillJ A tt~~L9)'tl~~LvJfI~lJ Lrlm11f11~ if1~lJ~tl(J pCl12 5mm1(J 
" tI, I" I 

flf'l'V'llJ1f1tllJiJttlJU'VI'V'lm{1'iJ~YiL1(Jfl11 pC115 lJ~lJ~h~lJLtl'IJlJ1~lh~lJ1W 1 ni~LlJ{1' YilJ 
v 

open reading frame 'UlJ1~ 672 LlJ{1" tt,j~~11{1'1'1fl~~tl~iJilJ 224 1911 lJfl11lJmijtllJtllJ 

PPTase ,j~~lJ1W 73 % ~'I~lLlllJ~tlf11~~il\PIVl'JillJ A tt~~L9)'();ttvJfI~lJ 

Borchert tt~~flW~ (1994) Yhf11~ if1~lJ~lJ gsp \l1fl Bacillus brevis ATCC9999 
& _c::4 d d .d.<Q _ 1.<Q.c:::t .<Q~.<Q d dO " 

' 9)''ILlJlJttlJfI'VIL~(J'VI~~\PI{1'nlJt)'lf1lJ~fl~llJ9)'~U Ltl{1' (gramicidin S) \llJ gsp lJ\PI1tt11lJ'ItlQ'VI1'1 
v v • ..J' 

9)'l(Jijtl (upstream) 'Utl'l gramicidin S 'operon L'lJ1~ Bacillus ,subtilis JH642 9)''ILlllJttlJflYiL1(JYi 

lI) " Cl tI.o:::t. 0 d ~ 0' .<Q.d iI ~ d d 
, tlJ~ ~\PIL9)'tl~tt vJfI\PIlJ (sip) ~fltllJlJtt lJ lJ 'VI'V'l~1{1'lJ~'VI,j~~fltllJ~1(J'DlJ ~ttllJLtl'IJlJ 1~,,j~~lJ1W 1 

• v. 

nimlJ{1' YilJ open readmg frame 'lJlJ1~ 711 L·lJ{1' tt,j~~11{1'111fl~~tl~iJilJ 237 1911 YilJfl11lJ 
v 

mijtllJtllJ PPTase ,j~~lJ1W 34 % tt~~lJU111Ufl llJL~fJ~,j~~lJ1W 28 ni~~l~l91lJ {1'llJ1~t:l'lffl 
v ~ v 

u1111 Bacillus subtilis JH642 ~il\PIL9)'tl~ttvJfI~lJ'~ 

Tsuge tt~~flW~ (1996) l'l1f11~ lf1~lJ~lJ Ipa-8 \l1fl Bacillus subtilis YB8 ~'ILlllJ . . ". " 
ttlJflYiL1(JYi~ il\PI"'V'l~'V'l1{1'\PI1~lJ B 1 tt~~L9)'tl~LlvJfI~'U~1(Jili • d 

Shot gun c10nmg 'V'llJ~fltllJ 

.<Q tI .r.::. d d I d ... 1 "~ d d ~..J Q.I 

lJtt 'U lJ l'l'V'l~1{1'lJ~'VIL~(Jfl11 pTB81 'VIlJ~~fltllJ~1(J'lflJ ~LtllJLtl'U'U 1~ 10.5 fl 1 ~LlJ {1' 9)''1 {1'llJ11t:l'lffl 

" tI ". , " I 

u1111 Bacillus subtilis MI113 ~il\PIL9)'tl~ttvJfI~lJ1~ Lijtll'llf11~ if1~lJ(Jtl(J (subc1oning) L'U1~ 
tI .." I 

pUB110 'V'llJ1f1tllJiJttlJU'VI'V'l~1{1'iJ~YiL1(Jfl11 pUB8 lJ~lJ~h~lJLV'UlJ1~ 1.3 ni~L1J{1' YilJ open 
v 

reading frame 'lJlJ1~ 672 LlJ{1' tt,j~~l1{1'l11fl~~tl~iJilJ 224 1911 lJfl11lJmijtllJtllJ PPTase 

,j~~lJ1W 99 %' ~'IV'lfl'll'll h; Bacillus subtilis MI113 ~il\PIL9)'V;ttvJfI~lJ'; !rlv<Mmh h;Ln~ 
• "" " " 1 

f11~ L,jil(JlJ tt ,j~'I~'U tllJ~lJi1 1 ~(Jf11~{1'tl~tt 'VI~n~lJ \PI1lJ(J1f1~ tltt llJVfitfl~V L'U1~lJ~nW flm'l 
v c\ v • v 

'Utl'l~lJ~lJ LlJV<MflU1L'lJ1{1' Bacillus subtilis YB8 tt~~<Mf)u1111Ln~f11n1lJI911tltllf1~ llJ 19)'lJ .. 
'V'llJ~l Bacillus subtilis YB8 Lf)~fl11lJlJfl'V'l~tl'l1'U f11~~il\PI ''V'l~'V'l1{1'\PI1~'U B 1 tt~~L9)'V~LvJfI~'W 

" , • tI 

tt{1'~'IlmlilJ11~lJ Ipa-8 lJfl11lJ~lLlllJ\PIvf)n~il\PI ''V'l~'W1{1'\PI1~lJ B 1 tt~~L9)'tl~ttvJfI~lJ 
dd a 

2.9 UlJft't'U'UJ'YllJ!ftlJ 

tt lJflYiL1(J'VIlJLftlJ (halotolerant bacteria) LlllJ fl~lJ'lJV'lttlJflYiL1(J~ 1~;V'If11~ i9fL~(JlJ 
tI '''' tI 

fI~tl h~d111flJf11~L\I~tyL~lJ 1 \PI tt\PItl1\1L\I~ty 1~~'lJ.fI11~Yiljl9fL~(JlJfI~tl1~~ 0-1.75 % 
. ", " " tl

iI ." 

(Gilmour, 1990) a~~tl1\1L~lJ l\P11~ 1 UYiljfl11lJL'UlJ'U'W'UfJ'Ii (;lH~(JlJfI~tl h~I91'1tt\PI 10 % ~lJ',j 
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& "1 I" tI " 

9f~i~UflUUfll1i~t:Jl1{1'·nH"Utl'j,. Micrococci , Staphylococci UJ;l~ Streptococci dh...!\9l'U 

(Kusher, 1968) 

f11'j ftfl1:l1t ~t:J1f1Utt Ufll1t'1 t:J'VI'U t~ll~~ il \9l {1'1'j J;l~tt 'j ~~ ~~ 1~1fll'V'l €i~lj i~ll lflU fI 

(Cameotra UJ;l~ Makkar, 1998) 1Pl1tWl~t'lf'U Javaheri UJ;l~flW~ (1985) ; McInerney UJ;l~flW~ 

(1985, 1990) 'jl£Jn'U~l Bacillus licheniformis JF-2 (ATCC 39307) t'il'UUUflYii~t:J'VI'Ut~ll~ri~ 
J/ • " " " "" 

ttt:JfI 1~'llflU~nWUtll.1111'U {1'llll'jf:l!'il~ty 1~,;r~, 'Ufl11~ljtl1f11r1UJ;l~ 1 'jtllfl1r1 t'l~ty 1~ ''Ufl11~ 

'lJtl~fI1'jtit:J~t4tl~ljl9ft~t:JllflJ;ltl h~o'{1'~()~ 10 % tlWl1 fliJ{1'~()~ 50 0 9f ~lfl111Jt11'U f1'j~-~l~t~l 
qJ q v tU 

,,,, v 

flU 4.6-9.0 {1'1'jJ;l~U'j~~~~1~1fl1'V'111~il\9l 1~lJfl111Jt{1'Ot:J'j\9ltltlWl1fliJ {1'11l1'jf.)J;l~UH~~~1 1~ . ... 
~ , tI tI" " t, 

tlltltlt:Jl'U {1'l'jJ;l~mt:J 19ft~t:Jllfl~tl 1'j~ UflJ;lttMt:JllflJ;ltl h~fl1111t'Ull'IJ'U{1'~ UJ;l~l1fl1fl1111tl1'U f1'j~-... ... 

(Banat, 

1995) 

Pfiffner tlJ;l~flW~ (1986) 'jlt:J~1'U11 Bacillus sp. {1'lCJ~'UlISPOI8 {1'llll1f.)~il\9l{1'l1J;l~ 
" ". 0' ' 

UH~.:j~1~1fll'V'l'1~~''Ufl11~'1'jtnfl1r1l1lJl9ft~t:JllflJ;ltlh~ 4-10 % l'U'lJW~l1 Bacillus 



. 
q 

U1111 3 

A QI '_ &.c::.. I..c::), Q.I 

tfl'.itl'l1~fI1UN~'1J}-.11 (tensiometer) ~'U K6 UHJ'VI Kross, Germany 

tfl~t1'1t'U~l (shaker) i'U G-lO, G-35 u~l1''VI New Brunswick Scientific Co.Inc. U.S.A. 

tfl~t1'1t'IJ~lf11UfllJtlWl1.niJ ;'U R-88 u~l1''VI New Brunswick Scientific Co.Inc. U.S.A. 
II II cu II 

~ Q.I ' ...:!I ' .Q Q.I 

tfl'.itl'll~fI1f11'.i~~ml1m't1'1 '.i'U 21 UHJ'Vl Bausch & Lomb, U.S.A. 
... . 

~ Q.I ....:!I • , ~ QI 

tfl'.itl'll~fI1f11'.i~~mt'UU't1'1 (UV/Vis) ~'U PR-l UHJ'Vl Shimadzu, Japan 
~ 1 .d Q.I d' AQ./ 

tfl'.itl'l'J!'Utl11fJ'Il.l'.iUfll1lJW'U '.i'U J2-21 UHJ'Vl Beckman, U.S.A . • 

tfl~t1'1miJ'U11'Vh;1 i'U BV-124 u~l1''VI International Scientific supply, Thailand 
" ; . 

mW'l~!:t'VI'.i'.ir1'U ~'U CH-COI-764604 u~l1''VI Olympus, Japan 
" ,,,,, ". 

l1lJtltlUCJ-l1ttiftl~lfJ'1m,h ~'U HA-36 u~l1''VI Hirayama, Japan 

tfl~t1'1J}-.1 't1lJ't11'.i '.i'U G-560 u~l1''VI Scientific Industries,Ine., U.S.A. • 

'lf~tfl~t1'1]jm'htl~f11 h't1tl1!:t~t!:tfll 'VI'.i 1 m~'t1 • 

- tfl~t1'1fht11~ '1vJJ1;U 2301 u~l1''VI LKB, Sweden • 
; " ; 

-t l1!:tu ')j'lJtUtJ'.i'V'l'.itJlJtJVf1'.iWt~1(JlJtJ~m h't1t 11!:t • 
.A "'101'.<IQ.o Q.I .<IQ. • AQ./ 

tfl'.itJ'ItJ~ 'UlJ~'t1111'.i1JtWf1'V'1!:t1't11J~\l1f1 B. coli ~tI PI-50 UHJ'Vl Kurabo, Japan 

lf1~tJ'IV~ l'UiJ~f11UfJlJVBf1~fJ1 PCR iu 2400 u~l1''VI Perkin-Elmer, U.S.A. 

tfl~t1'1V~ 1 'UiJ~ltfl'.i1~';ih~Ut1J't1'IJtI'I~hg'Uw ;U' 310 u~l1''VI Perkin-Elmer, U.S.A . • 
11( ~ d ~ 

3.1.2 W'U ~9flJU!:t~tfllJnWCVl 

DNA polymerase, DNA Blunting Kit, Takara ligation Kit, ttlU19f~I9i~~lt'V'l1~ u!:t~ 
;' " 

wu'19flJlii'lfiUf11'.i lf1!:t'U~'U 111f1U~l1''VI.Takara, Japan 

Japan 

; 

Primer ~'11f1'.i1~111~(J1J~l1''VI' Sawady Technology U!:t~ Life' Technology, Tokyo, 

DNA Sequencing Kit 111f1 PE Applied Biosystem, U.S.A. 

DNA labelling Kit 111f1 Amersham, Life Science, U.S.A. 

')j'~UfJf1Ut:lU~hg'UWtltlf1111ml1!:t GeneClean Kit, Biol0l , U.S .A . • 

'l!~'t1n~tWf1'V'1mffiJ~ Qiagen plasmid Maxi Kit 111f1U~l1''VI Qiagen, Hilden, Germany 
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X-gal (S-bromo-4-chloro-3-indolyl-p-D-galactoside) H(;l~ IPTG (isopropyl-j3-D­

thiogalactoside) 1l1f)1J~lil'l Sigma, U.S.A. 

" tC)f'fl'jtrvJfl~14 1l1f)1J~lil'l Sigma, U.S.A. 

i'Vi~t1.hn\Pl14 1'I~1.Ii\Pl14 1l1f)1J~lil'l Difo Laboratories, U.S.A. 

'C11'j'C1n~1l1f)V'C1~ 1l1f)'C1mV14 l~(J~141!lfflm'jlHt(;l~tl'Ifli 14 i (;lV~hfl1'Vi ~W1Mf)'jW 

"" OJ lJlf111'l(J1(;l(J 

f)~ ifl'C1, 1ifl'j'C1, f)~tC)f'fJ'j'fl(;l H(;l~'Vi1'j1~14 mf)1J~lil'l E. Merck, Germany 

. C)f ifl'j'C1tfl'j~'fl\Pl'C11lff)'j'jlJ'fJllfn 1l1f)1J~lil'liJ\Plm(;l 1.I'j~tl'Iff'11'1(J .. . 
H'fllJ ilJtU(JcM(;ltvJ\Pl, H'fllJ ilJtu(JlJ '1Ut\Pl'jl'l, tlJ 1'I 114 'fl(;l, t'fll'll14'fl(;l H(;l~'fl~~i\Pl '11,1 '1 1'I 14" 

1l1f)1J~1:l1'l E. Merck, Germany 

'1\Pl'jvJ~ i'fl i 'j'fl~~~mt'fJ~fl 1l1f)1J~lil'l Sigma, U.S.A. 

.d.Q.I e'~.A 5::4 dQl "QI~ " 
tfllJm.uCVI'lf14~'fl14COj t1JUtfllJflWCVI'j~~1Jllfl'j1~lf (Analytical Reagent Grade) 1l1f) 

'd " .", "" 
1J~1:l1'l\Pl1"COj C)f·:nl1lJ11 'If i ~(J ilJ\Pl'fl"~ 11,1 fll'jlh llf1J~,,!l'IliVf) 

~ ...... ... 
3.2 lilil14't1'Hmil~'VHnty~VI 

Bacillus subtilis BBK-l tilUH1JflYhl(J~~~\Plt1J~i(;l ilJ~14 L, i'Vi(;l'Vi1'C1\Pll~14 H(;l~ 
e' ' " " " tC)f'fl'jHvJfl~UVlf'i~H(Jf) '1~ l14"lul~(Jflf..:)u 

Bacillus subtilis MIl13 (arg-15 trpC2 hsrM hsmM) til14'fJl~~U1i",J'fJ" Bacillus 
, " 

subtilis 168 H(;l~ljfllllJ1Jf)'Vi'j'fl" 11,1 fll'j~ ~\PltC)f'fl'jHvJfl~14 

E. coli DHSa [F-, <1>80, lacZ~lS, recAl, endAl, gyrA96, tbi-l, hsdR17(rk-,mk\ 

SupE44, re1Al, deoR, ~(1acZYA-argF)U169,A- ] 

'Vi(;ll'C1iJ~ pUC19, peR2.l (ampicillin resistance, lac promoter). 

'Vi(;ll'C1iJ~ pTBS23 (tetracycline resistance) 
, ,,~ 

.t::\.cI OJ "'_. 0 tV.&:I QJ IV cr 
3.3 llifll'a't11 mtyl'11'a1Jfll~ rI fl'Hl't1HVllln\fU~rlltyg)'a'a~Vl1J m&ilfJil· 

" " 3.3.1 fll'j'C1n~HtJf) ifl1ilJ iC)flJ'fl(;l~tg14t'fJ1.I~lJ1W14 'fl(J~l(J'If~H(Jf) lf1'jllJ iC)flJ InstraGene • 

Matrix (BIO-RAD, U.S.A.) 

, " • 1 

nm 1 U1Vl lhtC)f(;lVli~lJl(;l~(;lltJ114 200 ilJ ifl'j~\Pl'j'U'fl" InstraGene Matrix . 1JlJY1'fJtUlffliJ . .. 
S6 0C)f til14nm IS 141Y1~'C1lJh;t;ln14til14nm 10 l141Vl H;lv'llfll'j~lJ~'flWlffliJ 100 0C)f . .. 
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<J/ 'Jl , , 

t~'WnJ;n 8 'W1Yl J:.lfflJhH'\Jlfl'Wt~'Wrnn 10 1'W1Yl lhlh.hl'WYlfllllH~l 12,000 ';iU1J\9lU'W1Yl 

.c:l "" d "" d dllJ ... d "" 0 
tu'WnJ;ll 2 'W1'V1 m1Jffl';iI;1~J;ll[J~W'WtU'VI t~'VI~W1HJlJ -20 9f 

3.3.2 fl1';ifffl~U[Jfl lfl';i llJ 19f1JUI;1~hg'WtmJ1lJ1WlJlfl'llU~ Bacillus sp. 
... ... ... 

"" "I "" <!! tl"" tl;1[J~ Bacillus sp. t'WU1'l11';itl;1[J~t'lfU~\9l';i L (fllflJ:.l'Wlfl fl 'I1lJlml;1'll 3) ';ilJl\9l';i 100 

d ~ 0 <il ~ ." d d " ... cf ddt 
lJl;1. 'VI~W'I1.fJlJ 37 -9f t'Wtfl';iU~t'll[Jl 'llllJfl'W U[Jmfl1Jt9fI;1~1[Jfl1';i1J'W'VIfllllJt11 8,000 ';iU1J\9lU 

• 0 ", "" rI 

'W1Yl Yl 4 9f t~lJnJ;ll 5 lJ1Yl I;1l~t9fI;1Yli~~l[Jffl';iI;1~J;ll[J,r'VhvJu';i 50 mM TE pH 8.0 tl1lJl\9l';i 
, "'.II rI , 

10 lJl;1. 1;1~J;llm9fI;1Yli~~lVffl';i"~l;1l[JUvJtvJU';i'llU~ 50 mM TE pH 8.0 YlJ:.lfflJ 15% 11fl';iff 

rI' """ • " " "" 

tl1lJl\9l';i 3 lJl;1. U,,~t~lJiI;119fi9flJYlfllllJt'lllJ'll'W~~'VI1[J 5 lJfl.\9lUlJ1;1. J:.lfflJlm'lllflWtI;111JlJYl 

~W'I1.fJiJ 37 0 9f t~lJnl;1l 30 lJ1Yl t~lJffl';i"~l;1l[Jffl';iI;1~"l[J,rvJtvJU;'UU~ 50 mM TE pH 8.0 ~ 
... ... 

J:.lfflJ 1% N-Lauryl sarcosine sodium salt (Sarkosyl reagent) tl1lJl\9l';i 3 lJl;1. J:.lfflJlm'lllfllJ 

t~lJC)}tC)}[JlJflm) h~ (CsCI) 6 fli'lJ U~~r()ijl;1t~[JlJ l'IJ';iilJ~" (100 lJfl.~UlJl;1.) tl1lJ1I9\';i 0.3 lJl;1. 

0111 • d d d • ""d "" 0 .c:l 
'Wl ttl11'Wml[J~'YIfllllJt';il 100,000 ';itl1J\Pltl'Wl'VI 'VI~W'I1.fJlJ 20 9f tu'Wnl;1l 4.50 'lflJ. t1l1~U[Jfl 

.. ... .. ... 

Ufl1J lfllllJ 19f1JtlUfl\llfl'l1l;1tl~t9flJ~Vb\l U"lfffl~Wijl;1t~[JlJ l1J';iilJ~Utlfl~l[J isoamyl alcohol 
~ . d.4:::l .c:::Id " ~ rI ~ d 

3 flN U[Jmfll;1tlfflWfllJtltlfl"lflffl';iI;1~l;1l[J~WlJW~l[Jfl1';i dialysis ltfl';il~'I1fllllJ1J';i~'VI1i 

UI;1~fllllJt;lJ;lJ'lltl~~tglJW l~[J11ifl1';i'j'~~lfl1';i~~llillJUff~ U,,~tl~fl1 hfft\ll;1~t"fll'V1';i lvJ1c'iff 

"""""I'" d "" d d", ... d "" 0 
\9lllJl1i tlJ'llU 3.3.6 tfl1Jffl';i"~J;ll[J~WlJttl'VI k~'VItlUm.fllJ -20 9f . .. 

Q;' ..::.. C:l do d 
3.3.3 fl1';ifffl~~l;1lfflJ~lntl~WlJttl~flJ:.lfflJ"lfl E.coli UI;1~ Bacillus subtilis MII13 

, ... 

Q;' ~ d do d tl"" 
3.3.3.1 fl1';ifffl~~l;1lfflJ~'I1';itl~WlJW~flJ:.lfflJ ';ilJ1WlJtltl\llfl E. coli . ,., . " " . 
"" <!! '1 '1 "" "" "I "" <!! tl"" """" tl ""r-I t'llm'lftl\llfl tfl tl;1lJt~[Jl"i;1~ tlJtll'l1l';itl;1[J~t'lftl~\9l';i L ';ilJl\9l';i 5 lJl;1. 'VIlJ[Jl ~'lfl'W~ 

"" SI • I , 0 j/ 

UtllJVic'il;1illJ (ampiCillin) fllllJt'lltJ'll'W~~'VIltl 50 ilJ lfl';ifli'lJ\9ltlUI;1. t'lltllYl~W11.fJiJ 37 9f 'llllJ 

ftlJlllt9fl;1~i;itlfffl~tWfl~J;llffiJ~'I11tl~t~lJttl~flJ:.lfflJ;lmfl~tl~v\9l1lJlJ~"h'l1i'1JUtlfl~"lffiJ~ 
(Kurabo PI-50, Japan) 

Q.I ~ ddQ A" 
3.3.3.2 fl1';ifffl~~J;llfflJ~l'I1';itl~ttllJttl~flJ:.lfflJtl';ilJ1WlJUtl\llfl Bacillus subtilis MII13 

I ". " " 

t~m';tl\l1fl lflll;1i1t~tll'lltl~ Bacillus subtilis MII13 llJm'l1l';it~tl~t';tlff\9l';i L tl1lJl\9l';i .. 
I """, 

5 lJ". Ylii[JltlB~]hlJ~t\9l\9l';il i9fflillJ (tetracycline) fllllJt'lllJ'lllJ ~~'VIltl 15 ilJ 1 fl';ifli'lJ\9ltllJl;1 . 
• I 0 51 • d tI 

t'lltllYl~W'I1.fJiJ 37 9f 'llllJftlJ 11lJtfl1Jt9f"tl1lJl\9l';i 1.5 lJl;1. llJ'I1I;1U~ ilJ lfl';iVtl\l'll'Wl~ 1.5 lJl;1. 

rt d 1.:=i_c:4 '=A 
'VIfllllJt11 10,000 ';itl1J\9ltllJl'VI tUlJn"l 1 lJl'VI t\9llJffl';iI;1~J;lltl I (50 mM fll;11flff, 10 mM .. 

"I "" 
EDTA UI;1~ 25 mM Tris-HCI pH 8.0) tl1lJl\9l';i 100 ilJ lfl';iil\9l';i UI;1~iI;119fi9flJYlfl1llJt'lllJ'lllJ 

• " Y "0 • 
4 lJfl.\9ltllJl;1. J:.lfflJl'l1!'lllfllJ 1JlJYl~W'I1.fJiJ 37 9f t~'WnJ;ll 30 lJ1Vi lfffflnl~l;1ltl II ( 1 % SDS 

'Jl '" , " 

1'W 0.2 M NaOH) tl1lJl\9l';i 200 ilJ lfl';ii\\9l';i ml1J'I1"tl~ 2-3 fli'~ UI;11U'lfllJtll~lhu~~ralJ 
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nm 5 ulVi t91lJ"'U~~mV ill (3M hM''''t~VlJ'e)~9h~Hl pH 4~ 8) ~tgU'tJ~lJl~'j 150 
v I , " , , 

1lJ 1fl'iil~'j mrUl1~tWl 2-3 fl1\1 U'lf1Ufll,nl1u~\ltllun~1 5 ulVi 1h 1'tJuuViwnlJt~1 12,000 
• I 0 ' , , 

'jvu~vulVi ViVtlJl1fliJ 4 C)f tllun~l 5 ulVi mV"'lu1"'r;t\llUl1~V~111lJ t91lJ"'l'j~~~lV~ . .. 
'" " " "d 

U V~fl~V hyJV'jlJ'tJ~lJl~'j 1 t'Yll'IJV\I'tJ~lJl~'j"'U~~~lm~lJ ~"'lJ 1m'IJlnU1h 1'tJuuVifll1lJtn 

12,000 'jvu~vulVi ~~tlmfJiJ 4 0C)f tllun~l 5 ulVi ~~"'1'j~~mv.ffuuu1~11~V~111~t91lJ 
• " " d'" " 

tvjjluvmHlJl~'j 2 t'Yll'IJV\I'tJ~lJl~'j"'l'j~~~lm~lJ ~"'lJlm'IJlnU tflU11ViVtlJl1fliJl1V\ltllu . .. 
, , .." ", " 

nm 2 ulVi 1h i'tJuuVi 12,000 'jvu~vulVi Vi~Wl1fJiJl1V\I tllunm 20 ulVi m\l~~flvuVii~ 
" " " d"'" " " " ~lV 70 % tv]jlUV~ u~~vh 1m tl1 \I ~~mV~tvutV~lVlhmlu'tJr;tV~t~V itfl'jl~l1fll1lJU~"'Vl1j • 

" "d " U~~fll1lJt'IJlJ'lJU'lJV\I~tVUtV~llJililu'lJV 3.3.6 

" 3.3.3.3 fl1'j"'n~'V'Im",iJ~11~V~tgUtV~fl~"'lJ'tJ~lJ1WlJlfl~lV'lt~UVfl'V'lr;t1",iJ~ Qiagen 

plasmid Maxi Kit 
. ", ". " 

'Vh~llJiliVi1~1J l~vu~f1'Vl~~ii~ t:Um:Jfmnfllfll~ih~Vl'IJV\l E. coli r;t\lluflll1UtilV\I . .. 
" , S1"". 

t~V'Q'~'j L 'tJ~lJl~'j 5 lJ~. ViljVl'tJB~]hu~uVlJVicMr;tilUfll1lJt'IJlJ'lJlJ.,,!~VllV 50 ilJ lfl'jfl1lJ~fJ 

lJ~. t'IJ~l~VWl1fliJ 37 0C)f tllun~l 8 'lflJ. ~lmC)f~~i;'tJ~lJl~'j 1 lJ~. ~\l1Ufll111'jtiV\lt4v . .. 
'Q'~'j L ~ljvl'tJB;lU~~llJ'Q'~'jt~lJ'tJ1lJl~'j 100 lJ~. ~lJ~,"'flll~t~lJtllunm 12~18 'lflJ. 1fu 

d d d 'd _c4 d ~ dill "" 
. tfl1JtC)f~Vlfll1lJt'jl 8,000 'jVU~fJU1Vl tuunm 5 U1Vl ~lflUUfl'j~~lmC)f~Vl t~~lV"'l'j~~~lV 

" " " ,j'yJtyJv'j PI 'tJ~lJl~'j 10 lJ~. U~lt91lJ"'l'jr;t~mv,j'yJtyJfJ'j P2 'tJ~lJl~'j 10 lJr;t. mrUl1~V~tul"l 
'J/ ". " " , 

4-6 fl1\1 11\lilVi~Wl11JiJl1tNtllun~1 5 ulVi t91lJ"'l'j~~~iv,j'yJtyJv'j P3 Vitgu 'tJ~lJl~'j 10 
",. . " , , 

lJ~. fl~1Jl1~V~tUl"l 4-6 fl1\1UlJ1UV1\llhu~\ltllun~1 20 ulVi 1h i'tJuuVifll1lJt~1 12,000 

'jvu~vulVi ~~tlJl11JiJ 4 0C)f .tllunm 30 ulVi 1h~lulrilJl1fu~"'ml~t~lJtllun~1 15 ulVi 

" , '" 
t~~VlJflfJ~lJU l~m91lJ"'l'j~~mv,jyJtyJv'j QBT 'tJ~lJl~'j 10 lJr;t. ~lUflV~lJU (QIAGEN-tip 

, " , " "<IV " 

500) 1h"'lU'",vi\ll1lJ~lJl~lUflfJ~lJU ~l\1flV~lJU~lr.l"'l'j~~~lV,j'yJtyJV'j QC 'tJ~lJl~'j 30 
o ~ lIdd" Q.I"..c::\ d d 

lJ~. ~lU1U 2 fl'j\l 'Jf~~tvUtv~lV"'l'jr;t~mvuyJtyJv'j QE 'tJ'jlJl~'j 15 lJ~. tflU"'l'j~~~lV~ 
d 'III "" d ,"" 

tfJWflVi t~ 1Ul1~v~tC)fu91rb~fll1lJ~ 50 lJ~. ~fl~~flflU~tflUtflVii~~lVifllC)f l'V'1'j~lufl~ 
~ "0 ',J d • dd .Q o_c:::1 

. 'tJ'jlJl~'j 10.5 lJ~. U~lUllJ1UUVlfll1lJt'jl 12,000 'jflU~flU1Vl VlflWl1fllJ 4 C)f tuunm 30 . .. 
" , "" . , 

ulVi m\l~tgutvVii~~lV 70% tfl]jlUflr;t'tJ~lJl~'j 5 lJ~. U'WVi"'fll1~t~lJtllunr;tl 10 ulVi vh 

, v , 

'Ufl'jw"'n~'V'Ir;tli1iJ~ pTB523 'illfl Bacillus subtilis MI1l3 t:Um~fl~lfllfll~Ut~Vl~\I 
" j/ , "SI " 

1 d CI _I"" d"" _I ""d IlJ "" 
Ufll111'jtr;tV\It'Mfl'Q'~'j L lJJlJl~'j 25 lJ~. VllJV1lJtl'lnU~t~~'jl tC)ffl~Ufll1lJt'IJlJ'lJU,,!~VllV 15 
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1 • , 0 V • ," " 

ilJ 1fr;jf)flJ~tllJ(;'I . !'U(J1Vimul1f1lJ 37 C)$ 'U1lJfiU mmC)$(;'IVii~1l1lJl~'J 25 lJ(;'I. (;'I.:J1Utll111'J!~fN 
q ., 

" , . , , 
!:Jftl~~'J L Viii(J11l~:jf1U~~llJ~~'J!~lJ1l1lJ1~'J 500 lJ(;'I. UlJVitrfl11~!~lJ!l1un(;'l1 8 ']flJ. {fu 

!nU!C)$(;'I~fl11lJ!~1 8,000 'JtlU~tlU1Vi !l1un(;'ll 5 u1Vi 1l1fllfum~'il1mC)$(;'I~i~~1(Jtr1'J(;'I~(;'I1(J 
d <6' t "" , " J/ • 

'lJ'vJrvJtl'J PI 1l1lJ1~'J 10 lJ(;'I. U(;'I~!91lJi(;'l 1C)$iC)$lJVifl11lJ!'U1J'UU 5 lJf1.~tllJ(;'I. ~trlJlm'U1t1u UlJ 

~tlWl1f1lJ 37 0C)$ n1un(;'l1 30 u1Vi mr.:J1l1f)if'111~llJ,fU~tlU~.:J~f)~11U;1;1.:J;U 
q ., 

I" tI" " 
111~llJ1TIVi'J~1J 1 ~(Jf;i~ ~~ fI1(Jl1~.:J 1l1f)01'Jl!fl'J1~11~hgu!tl~1(J1TIB!(;'Ifl hl'J 1 vJ1~trU (;'11 

• " I , " ," • ." 

11101'JIPi~tl~ 01 htr! 'il (;'IViii~u tr1U 'Utl.:J~hg'U!tlVi~tl.:J01'J fh~~! ll(;'ltr1U!nU 111lJ1f)Vitr~ i.:J~u 
q 

tI tI, " 

!ll(;'l lul1(;'1tl~ ilJ 1fl'J-W1'il !91lJtr1'J(;'I~(;'I1(J 1C)$!~(JlJitl1tl i~1l1lJ1~'J 3 !'VI1'Utl.:J11111Uf1!'il(;'l (100 

'", i 1 "" 'd "" 0 _~ dCl.t 
lJf). !'VI1f)U 100 lJ ~fl'J(;'I~'J) UlJl'HlWl1fJlJ 55 C)$ !Uun(;'l1 5-10 U11'1 11'Jtl'ilUf)'J~1'1.:J!'il(;'l(;'l~(;'I1(J 

• 0' I • 'If' " " 

tlCJ1.:JtrlJ\j'JW !jjtl!ll(;'l(;'l~(;'I1(Jtl(J1.:JtrlJ\j'JWU(;'I1~.:J!91lJ glassmilk 1l1lJ1~'J 5 ilJ 1fl'J~~'J ~trlJll1 

!;lt1U ~lJ1U~1.:JJ1u~.:J!l1un(;'l1 5 u1Vi 111f)1'JlfU~fl11lJ!~1 7,000 'JtlU~tlU1Vi !l1U!d(;'ll 5 
" • J1" 51 

lU1Vi(;'l1.:J glassmilk Vii¢l~1(Jtr1'J(;'I~(;'I1(J New wash 1l1lJ1~'J. 0.7 lJ(;'I. ~lU1U 3 flf.:J (;'I~(;'I1(J~ 
d d Q.t I cv " -: ~ _ t .K.'.d C\ 0 _c:4 d 0 

ttlUttl1'1llUtlQf)U glassmilk. ~1(JU1f)(;'IUu(;'ltl~!']ftl UlJ1'1~Wl1fJ1J 55 C)$ !Uun(;'l1 3 ,U11'1 1'1101'J 

lfU!Wf) glassmilk ~fl11lJ!~1 10,000 'JtlU~tlU1Vi !llU!d(;'ll 30 lU1Vi i!fl'i1~;fl11lJU1,,!1'1i 
" " d " 

U (;'I~fl11lJ t 'UlJ'UU 'U tl.:J trl'J (;'I~ (;'I 1(J~! tlU ttl mlJ1TI 1 U 'U tl 3.3.6 
d ~ 

3.3.S O1'i!~'J(JlJ competent cell U(;'I~m'i1'1'J1U trvJtl'JlJ (transformation) 

d 

3.3.S.1 m'i!~'i(JlJ competent cell 'Utl.:J E. coli 
. , " " 
m(J 1 fl1 (;'IU!~(J1'Utl.:J E. coli DHSU M lu tll111'i!~(J.:J!';tl!l1(;'11tr~'i L 1l1lJ1~'J S lJ(;'I . ., 

• • 0"" " J/ " 

t'UCJ1VitlWl1f1lJ 37 C)$ '1J1lJfiU mmC)$(;'IVii~(;'I.:J1Utll111'i!~(J.:J!:Jftl!l1(;'11tr~'i L 1l1lJ1~'i 40 lJ(;'I. q ., ., 

. , "t , . , 
d ..:), _q ~ Q.I Q.I d.:9 

UlJ1'1trflld~t~lJt1JU!d(;'ll 2.S-3 ']flJ. l1'itl'il'U f)'i~1'1.:J1~fl1fl11lJ'UU 'Utl.:JtC)$(;'I1'1fl11lJ(J11fl(;'lU 660 
q 

i " d I. d I 0 

u11'U!lJ~'J ~1l'i~lJ1W 0.5 tf1uC)$(;'I 1~(Jm'i{fuVifll1lJt'Jd. 8,000 'itlU~tlU1Vi tlWl1f1lJ 4 C)$ 
q ., 

" • "" tI 

tllun(;'ll S u1Vi (;'I1.:J!C)$(;'IVii~~1(Jtr1'i(;'l~(;'I1(J SO mM Ufl(;'l!CM(JlJfl(;'lt) h~ 1l1lJ1~'i 20 lJ(;'I. 
I "" tI v 

(;l~(;llmC)$(;lVi'1~~1(Jtr1'j(;l~(;'I1(J SO mM Ufl(;l!CM(JlJfl(;lt) i'J~ 1l1lJ1~'J 4 lJ(;l. !91lJf)~!C)$t)'Jt)(;lll1ii , 
""" • d • ." 

fl11lJ!'UlJ'Uutr~1'11mllu 15% uU.:Jltrl1"t)~ ilJ hl'J-W1'il 11(;lt)~(;l~ 100 ilJ 1rl'J~~'J UlJ1Utll.:J111 
q 

d ~ d ~ ° u'\J.:J!1JUn(;ll 3 ']flJ. tf1Utrl'J(;l~(;llmC)$(;l i11'1 -80 C)$ 

~ " d d ' 

3.3.S.2 m'J1'1'JTutrvJt)'JlJ E. coli DHSU ~1(J~!t)U!tl(;'lf)~trlJ ., 
, " "" "d "<!\" 

!JJfll']f E. coli DHSU tllU!C)$(;'I!1l1U1U ~U~ttlU!flll~~tl.:Jt']ffllJ!'U1nUW(;'l1trlJ~ pUC19 

CI ",, ' "" d d q 
'\1'Jt) pCR2.1 u'Jnw lacZ t~lJtr1'J(;'I~(;'I1(J~ttlU!tJ~f)~trlJM ~U competent cell 'Ut).:J E. coli 

I I I" • • , 

DHSU Vi!gU1l1lJ1~'J 100 ilJ 1fl'J~~'J UlJ1Utll.:J111u~.:Jtllun(;'l1 30 u1Vi U(;l~UlJVit)Wl1f1lJ 42 
q ., 
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" , t J/ " " 

0C]f t,J'Unm 1 'U1Yl 'I1~'Hl1flihhfl1'Hn.n1'UYll'U'tn:l'thu~\lt,J'Un'j;n 3 'U1Yl t~lJV1'11l'H~V\lt~fl 

t'\1~1'(;1'1PI':i L tJ~lJ1IPI':i 800 ilJ lfl':iillPl':i ~lJ~tlW'l1niJ 37 0C]f t,J'Unm 1 'lflJ. fi'~t~flfltC]f~~i;i'lJ 
CUI q . CUI 

~ ~ d ' ~ ~ 

~tV'UW ~ fl~ '(;1'lJlJ'U V1'111':it~V\lt'lftlU 'U\I~IPI':i L Yl~ '(;1'lJV1tJ~~1'U~UtllJV.cM~ il'U fl11lJt 'UlJ'U'U ~~ 
" . ". 

'VI1V 50 ilJ lfl':ifli'lJlPlfllJ~. U~~':il~YllJ~1V 40 lJfl.lPlfllJ~. 'Ufl\l X-gal U~~ 100 mM IPTG 

fl~l\l~~ 40 ilJ lfl':iillPl':i ~lJ~mlJ'\1niJ 37 0C]f t,J'Unm 12-18 'lflJ . fi'~t~flfllfll~iH1'U11trlml1 . .. 
itJIPI':i11l'(;1'tllJ~'U~tV'UteJ'(;1'tl~U'VI':ifl~fl itJ . 

.,. ~ <Of d A<Of 

3.3 .5 .3 fl1':i'VI':il'U'(;1'~fl':ilJ Bacillus subtilis MIl13 ~1V~ttl'Utfl~fl~'(;1'lJIPIllJ1li'Ufl\l 

Anagostopoulous U ~~ Spizizen (1961) 
• ~ ~ ~ ~ d ~ c\ ~ 

tljeJ l'lf Bacillus subtilis MIl13 t,J'UtC]f~t\lllJl'U ~'U~ttl'UWll~lPIfl\lt'lffllJt'Ulf11J'V'l~l'(;1'iJ~ 
, , " " <Of <;' <;' <Of <Of GJ <Of <!t 

pTB523 t'UV tfl t~'Ut~V1'Ufl\l Bacillus subtilis MIl13 ~\I t'UV1'11l':iWV\lt'lfm'l1~1~1PI':i L 
, , ., 0" I ." 

tJ~lJlIPI':i' 5 lJ~ . lJlJlJ'Utfl~fl\lt'UVl'Vi~W'I1JJiJ 37 C]f 'UllJfi'U mmC]f~Yli~ 1 lJ~ . ~\ll'UV1'111':i 

t'\1~1~1PI':i TF I (.fllfl~'U1fl fl 'I1lJ1VW'U 18) tJ~lJ1IPI':i .20 lJ~. ~lJ~'(;1'.fll1~t~lJt,J'Un~1 4 'lflJ . . 
• •• c\ ~ & ~ • 

'I1~tl1~fllfl11lJ'U'UYlfl11lJU11fl~lJ 660 'Ull 'UtlJIPI':i i~tJ':i~lJ1W 0.4 C]f\ltC]f~ll~t'Ul'(;1'':i~V~ late . .. . . ~ 

log phase mmC]f~Yli~ 4 lJ~ . ~\ll 'U V1'11l':it'\1~1~1PI':i TF II (.fllfl~'U1f) fl 'I1lJlm~'U 19) 

tJ~lJlIPI':i 36 lJ~. ~lJ~'(;1'.fll1~t~lJt,J'Unm 1.5 'If]J. t~lJ'(;1'l':i~~~lU~tV'UW~fl~~lJ~\ll'U 1 lJ~ . .. 
'Ufl\l~1':i~~mmC]f~~tIPl1UlJi; ~lJlJ'Utfl~fl\lt'U~l~~W'I1JJiJ 37 ° C]f t~'Unm 30lJ1YlJ'UtOlJ 

tC]f~~fl11lJt~1 3,000 ':ifllJ~tllJ1Yl ~~W'I1JJiJ;fl\l t,J'Unm 10 'U1Yl ~~mmC]f~~i;l'U 1 lJ~. 
'Ufl\ltll'l11':itiV\lt4tlt'\1~1'(;1'1PI':i L ~lJlJ'Utfl~fl':H'U~l~tlW'I1niJ 37 0C]f t,J'Un~l 2 'lflJ. lhtC]f~~i; .. . .. 

, "" . . "" " 
i tJtfl~VlJlJ fll'l11':it~U\lt:;;flU ~\I~IPI':i L YlliVltJ~~1'U~tlPllPl':il i C]fflil'U fl11lJt'UlJ'U'U ~~'VI1V 15 

. " " . , 
ilJ lfl':ifli'lJlPlfllJ~. U~~':il~YllJ~1Vl1.1JJ''W~lJ 30 ilJ lfl':iillPl':i 'ill'U~~ 100 ilJ lfl':iillPl':i lJlJYl 

flW'I1niJ 37 ° C]f t,J'Un~l 12-18 'lflJ. . . .. 

.,. .,. ~ ~ ~ 

3.3.6.1 fll':iitfl':il~'I1fl11lJlJ~~'VIn U~~fl11lJt'UlJ'UlJ~tl\l~tVlJttl~1Vilh)~IPI'jl i11 m~1PI • .,. 
UfllJC]ftl':ilJi'U~ttJflllP1':i'(;1'lflil (Ultraviolet Absorbtion Spectroscopy) 

t " ". • do''' • 

(~60 U~~ A 280) f11'U1Wfll A2&!A280 mi~t'VIlf1lJ 1.80 U'(;1'~'l11~W'UttllJ~~'VI1l m~\lfl11" 
" • o'd ," ,. "d d ,:; 

tfitllJlfl~ 2.00 U~~\l11liV1':iW'Uttl (RNA) tJ'UtlQlJlfl mlifll~lfl11 1.80 . U'(;1'~\l11~W'UW'U'U 
'; " , 

ilJlJ~'(;1''VInlil tJ':i~'U 'I1~flYl'U tl~tJ'Ut'tltl'U tlU . .. 
, :J "d ' ", ,. 

f11'U1Wfllfl11lJt'UlJ'U'U'Utl\l~ttl'UW l~mYlulJ11 mfllfl1':i~~fl~'UU'(;1'~\lYl A 260 t'vnf1lJ 1 

" " " . , 
'(;1'l':i~~mV~tVlJw,r 'U 1l~lifl11lJt'UlJ'U'Ut'VIlf1lJ 50 ilJ 1 fl'jfli'lJlPltllJ~. 
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3.3.6.2 f)1'jl!f1'j1~11"'lJ'W1~'lJtJ-:I~:hfl'WW 1~tll1itl~f)1 h~!11t"lV!t"lfl1'V1'j 1~~9f~ 

!\Pl~mJtI~f)1 hml1t"l 1.0% ~'Il1t"ltllJl'W~l'jt"l~t"lltlU~!~tI'j" TEA (.fl1f1~'W1f1 'lJ l1lJ1tl 

~ cfdi.c::::!.c:! d t _I ' G)" d Q.I .c::::! d Q.I 

!t"l'lJ 8) t"l'l1'WUUU'V'IlJ'V'I9f'llJ111 (comb) !~tlUtI~ lJt"ltltl tl1!11t"lU'lJ'I\Pl1 ~~lJ~l'jt"l~t"lltl~!t1'W!t1f1U 

~~~\Pl1lJ (tracking dye fl1fl~'W1f1 'lJ l1lJ1tl!t"l'lJ 9) 1'WV\Pl'j1ff1'W 1 : 5 11t1t1~911t1~1'lt"l'l1'W11'llJ 
" cf " • tI 

U'WtI~f)1 hml1t"l 11-1 mJ'W 'l.h i1JihV!t"lfl1'V1'j 1~~9f~1'W!\lt"lU'lflJ!UtI'j 1~tll'lffl11lJ\Pl1'lfff1t1 100 
... :-cJ:"" ~ ..A.d.dl cJ".di 

11t"l\Pl\Pltl9flJ. 'lJtI'I! \It"l 11'W f1'j~'VI'1~'W 1!,1'W'lJtI'IU'jtllJl1'W t1t"lU~!f1t"ltl'W 'VIlJ1tl'l'lJtlU! \It"ltlf1~l'W 11'W 'I 
j/ " tI t 

tltllJtI~f)1 h~!l1t"l~lt1wii!~tllJ 1 U'j ilJ~ 2.5 ilJ 1f1'jf1flJ\PltllJt"l. !1j'Wnt"ll 5-10 'W 1Vl \Plnl1~f11'j .. 
<!I cJ~" '" i cJ cJ~ '" cJ~ 

!'jtl'lU ~ 'I'lJtI'IUtlU~W'W!t1~lt1U ~ 'Itlt"l\Pl'j1 11 t1!t"J\Pl !mtlU!'VItlU'lJ'W l~'lJtI'I~!tI'W!t1 f1U~W'W!tl 

lJ1\Pl'j~1'W;{tI Ut"llJ~l~!fl'WW~91~;lt1!t1'W i9f;91~~1!'V'I1~ Hindill (ADNA/Hindill) l1~tI!!t"llJ~l 
." .. 

~!fl'WWVl91~~lt1!t1'W i9flJ91~~1!'V'I1~ EcoT14I (ADNA/EcoTI4I) 

" , " ", 
'Il'W \Pltl'WU 'jf1v11 f)1'j!VilJ~l'W 1'W ~!fl'W!t1~1t11JBn~tl1 PCR T~tll 'lf~!fl'WW ~f1~ ~lJVlfl11lJ 

" " .," . 
!'lJlJ'lJ'W 0.4-1.0 ilJ 1 f1'jf1flJ !1juUlJUUU 1 U~lU~~lJ hnn~1JBn~tl1 1J~lJ1\Pl'j 20 ilJ 1f1'j~\Pl'j Vl 

" 1J'j~f1t1U~lt1 DNA sequencing kit 1J~lJ1\Pl'j - 8 ilJ 1f1'j~\Pl'j forward primer 11~t1 reverse 

" " " " , 
primer f111lJ!'lJlJ'lJ'W 3.2 Vi1f1t"l1lJCl1J~lJ1\Pl'j.1 ilJ 1f1'j~\Pl'j 11"'I1JfU1J~lJ1\Pl'j~lt1lhm\u1Jt"ltl~ 
"". "I , 

!~tlUt"ll'1.h i1J!VilJ~lU1U~!flWtl~1t11JBn~tI1 PCR Vlfl1UfJlJ~Wl11JlJ~'IU~~'Ilu~1JVl 3.1 

o 
96 C 

5 min 

o 
96 C 

10 sec 

o 
50 C 

5 sec 

+----- 25 cycles 

.. 
1!f1'j1~l1(!h~U!u~ 

o 
60 C 

4 min 

o 
60 C 

1 min 

o 
4 C 

00 

Q.I 4~~ 0 .c::t d di " d d " ~ 
.fl1t111 t"l'l111f11J!} f1'jtll PCR U l~l'jCl~t"lltl~!t1U!tJ'VI ~lJ1\Pl f1\Pl~ f1tl'U ~!tlUW~lt1f)1'j !\PllJ -

3 M 19f!~tllJtl~9f!\Pl'VI pH -5.2 1J~lJ1\Pl'j 2 ilJ 1f1'j~\Pl'j Ut"l~ 95 % ltl1i1UtlCI 1J~lJ1\Pl'j 50 

ilJ 1f1'j~\Pl'j ~lJl'W~1'lJ1U~'I!1j'Wnt"l1 10 U1Vl U1 i1J.j'W~f111lJ!~1 15,000 'jtlU~tI'W1Vl 
" ". "" " " 

tlWl1fllJl1t1'1 !1j'Wnt"ll 20 U1Vl t"ll'l\Pl~f1t1UVli~~lt1 70 % ~tl1i1'Wtlt"l v11111Ul1'1 t"l~C11tl\Pl~f1tlU . .. -

~!fl'W!t1~i;;lt1 template- suppression reagent 1J~lJ1\Pl'j 25 ill 1f1'j~\Pl'j ~lJ~~Wl11JlJ 95 09f 

. I" ,. " .. 
!1j'Wnt"ll 2 'W1Vl ml~ulJlutJ1'1U1U~'I11\!Vll'tl'Wnt"l1 1 lnVl Ul911t1t11'1Vl!\Pl1t1lJi~i1Jl!f1'j1~11 
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o cv 'j) ~ Q.I 1 Q,f.c:::),A "0 Q.I .o::::t d TM 
m~DtD{1'~lmfl'H)'1tll'l UlJl'lltfl'j1~'I1€ll~DtD{1''lJtl'l~ttllHtl ABI Prism '310 (Perkin-Elmer, 

6''' ,"" 
U.S.A.) ltfl'j1~'I1'lJtl1.J€lVi'1~~1£J hhUf1'jlJ DNASIS (Hitachi Software, Tokyo) 

at 0 
3.3.8 f1l'jl'l f11'l~ f1tlU ~ttlUttl~lmtl1l1U tl €l 

U1{1'n€l~€ll£J~t~UttllJ1t&llJ 3 M 19ft~£JlJtl~~tI'lHI pH 5.2 h,\t11'l'j1~lU 1 : 10 'lJtl'l 

,j~lJ11'l'jt~lJ U€l~ttl1l1'Wtl€l,j~lJ11'l'j 2 t~1'lJtl'l,j~lJ1I'lHf'l'l1lJ~ tnD '1;~'Qt\m3JlJ -80 ° 9f dlw 

t1m 20 'W1Vi U1'1,jJU~f111lJt~1 15,000''jtlD~tlU1Vi ~'QW'I1JJlJ 20 09f t11unm 20 'W1Vi ;1'1 

.c::I d ..dllJ sJ" " j} d' "" " . 
1'l~f1tlU~ttllHtl'Y\ t~~l£J 70 % ttl1l1'Wtl€l vhl'l1u'I1'1 U€l~€l~€ll£J~ttluttlVi'1~~1£JU1f1~'W,j€ltl~ 

v ~ • 
l'11f11'j~~'VW1{1'lJ~'V'I1'l1~ pUC19 U€l~ pTB523 ~l£JttlU'19flJ~~~lt'V'll~ EcoR! lU{1'l'W 

" " , 'j) iI ," 

N{1'lJlmn~,j~n~£J1 50 '1lJ lf1'jill'l'j 1~£Jl'lf~t~uttlVifll1lJt'lJlJ'lJU 5 '1lJ lf1'jf1flJ Vi,j'j~f1tlD~l£J 
rI "'JI, <I • 

{1'n€l~€ll£J11'VJtvJtl'jfll1lJt'lJlJ'lJ'W 10 t'YI1 5 '1lJ lf1'jill'l'j um:ttl'W'19flJ 15 'I1'Wl£J 'I1~'1,jfD 
" ", "",. 0 'JJ" 

,j~lJ11'l'j~1£JU1f1'~'W,j€ltl~t~tlU€ll DlJVi'QW'I1JJlJ 37 9f t11'Wt1m '2 'lflJ. tWf1:jfu~h~'Wttl~l£Jl1i, 
v v 

tl~f11 hml1€l~t€lfll'Y\'j lvJ1~{1' 1'l1lJl1il'W'lJtl 3.3.6.2 U€l~U£Jf1~t~Uttltltlf1111f1tl1€l~1£J'lf~U£Jf1 • 
ad Ad V 0 dd.d d " "<J/ 

U(lD~ttllHtl GeneClean Kit I'lllJl1l1'W'lJtl 3.3.4 'W1{1'1'j€l~€l1£J~ttlUttl'Y\tl'l'j£JlJ'1¥lfll1lJt'lJlJ'lJ'W 2 

'1lJ 1 f1'jnflJ lJl'Vh,j~n1£J1nDttl'W '19f~W€lfl1 '1€l'W~vJtl{1'vJ1t'YI{1''lJtl'l E. coli A19 (alkaline 

." ." 
phophatase E. coli A19) 1'W {1'lU~{1'lJ 1 mn~,j~n~£J1 50 '1lJ lf1'jill'l'j Vi,j'j~f1tlD~1£Jff1'j€l~€ll£J 

rI "" , J' " " 

irvJtvJtl'jfll1lJt'lJlJ'lJ'W 10 t'YI1 5 '1lJ lf1'jill'l'j U€l~ttl'W'19flJ 0.5 'I1'Wl£J 'I1~'1,jfD,j1lJ11'l'j~1£JU1 
• "", t 0 _c:( tI"" 

f1~U,j€ltl~t~mt€ll DlJVi'QW'I1JJlJ 55 9f tlJ'Wt1€l1 30 'W1Vi 'lJ~~ttlU '19flJtltlf1~l£Jf11'j{1'n~~l£J 

ff1'j€l~€l1£JW'Wtl€lfl€ltl hvJtl;lJ,j~lJ11'l'j 1 t~1'lJtl'l,j1lJ11'l'jt~lJ, ~~{1'l'j€l~€ll£J.fUD'WlJll'lf1 

OJ ~ "'" 

3.4.1 flln~fI1U H~'1~l (surface tension) 

JlHWf1t9f€lUDflVit1£J 1~£Jf11'jJUt'l1~£J'I~f111lJt~1 8,000 ''jtlD~tlU1Vi t11Ut1€ll 20 'W1Vi 

~ 4·
o
9f 1~~lU'j'l~'1~1'lJtl'lfflUlff~'1~111f1f11'jti£J'It4tll~£Jl1i DeNuoy ring method ~lmfl~tl'l 

1~~lU'j'l~'1~1 (ring tensiometer) i'W K6 (fl1fl~Ulf1 fI ) ~'QW'I1JJlJf11Tl~f1'1~tl~~ 25 + 2 

o 
9f 

QI " " Q.I Q.I " .dl .c:::r.. do 

3.4.2 f11'jl~fI1f111lJt 'lJlJ'lJ'W {1'lJ'V'I'Y\ll'lJtl'l{1'l'j€l~U 'j '11'l'lHl'lflfl1'V'1 (relative biosurfactants 

concentration) 
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f111lJ~;lJ;'U i1m~''VI;'Utl'Hn',j~~U ',j \I~-:J~ 1~1m~~1~ l'U m',j'VI~~tl-:Jii d1'U m',j1~'Hl~1 
J/ J/ t " " " 

f111lJt'UlJ'U'U 'Utl-:Jffl',j~~U ',j -:J~-:J~ 1~1m~~Yitl1Jn1Jfllfl11lJ~'UlJ'U'U 'Utl-:Jm',j ~fl~ '1lJ~9l'~~ [critical 

~~ 1 micelle concentration (CMC)] \PIllJ11i'Utl-:J Sheppard U~~ Mulligan (1987) ; Sen (1997) ~tI 

, ." "" J/ " 1 I " 

1-hff1'UlffYi'1~HI1f1m',j~~tI-:J~:;;tl lJl' .. hfll'.i~;tl1l1-:J~1t1Ulfl~'U ( % ll~lJl\PI',j\PItlll~lJl\PI',j) U~11~ 
, ,J/ J/ " , I 

fIlU ',j -:J~-:J~1 'Hlfllfl11lJ~'UlJ'U'U 'Utl-:Jm',j~fl~ '1lJ~9l'~ ~ 1 ~tlm',j~~tI'U f1',jlvh~'H1·1-:JfIlU ',j -:J~-:J~1n1J 
, "V , • J/ "J/ • 

f11fl11lJt'UlJ'U'U 'Utl-:J ff1'U' ffYi '1~1l1flm',j ~~tI-:J~:;;tlU ff~-:J~-:JtllYi 3.2 

70 

60 
,.-.. 

-€ 
] 50 
'-' D (CMC) 
r 

40 a~ 
"7' 

'UG: 
"7' 

!:: 30 
r 

F "(9: B C 
20 

10 't . 

0 5 10 15 20 25 30 

"" • I JI "" , ~IIJ ~ CI 
f111lJt'UlJ'U'U'Utl-:J~1'U ~'Y1 ~~1l1flf)1',jmtJ'I~'lJ'tl (%v/v) 

, t J/ " ". ., Sf 

t1lYi 3.2 llim',j'Hlfllfl11lJ1'UlJ'U'U'Utl-:Jm',j~fl~ '1lJ~9l'~~ · 1~tlm',j1~fIlu ',j -:J~-:J~1'Utl-:Jff1'U lffYi'1~ 

" YI = blxl+al ~l1'UfflJm',j'Utl-:J~ff'Ui1mrff AB 

" Y2 = b2~+~ ~l1'UfflJfll',j'Utl-:J~ff'Ui1mrff BC 

. . " 
l~tlfIlll~\9I~Yill~ B 'Hl'1~'j)lfl • • 

x(bCb2) = ~-al 

X = (~-al)/(bl-b2) 

.A 
~lJtl Xl = X2 

~rlml1'U~lll~\9I~~'j)~ B • • 
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" " " . ," 
W ~~H91~ B (l10!{fW\9IH BD ~'1U10n1J!~'W~1l~~ EF ll~~ D W.~~ D !ljtJ(l1m~'W 

, ," I " " d' 

\9IHll1~~UO'W X fl1ll1~f1ml1f11111!'llll'll'W'lltJ'I01'Hn~ 1lJ!9f(l(l [critical micelle concentration 

.d." t ," , " 

(CMC)] U(I~!lltJ(l1m~'W\9IHll1~~UO'W y fIl1l1~f1tJfl1u';j '1~'1~h W. ~~'lltJ'If)1';j!n~ l11!9f(l(l 

.di d OJ J QI QI fI odd d ~ 
(YCMC) 9f'l \J~llfllU\9I O\9l1'10'W 'll'W OUU1fl'V'l'W l1'lltJ'IU UfI'Yl!';jfl U (I~flld~'lltJ'I f)1';j!(lflW}ftJ 

" " '" '" .. ""i "'" "" -1 <!\ '" 
fll111!'llll'llU ~ll'V'l'Ylll'lltl'l~l';j(l~U H\9I'I~l'll'lf11'V'1 (CMC ) fltJfIl~l'W O(lU'lltJ'IfIlfll111 

" " .. !'llll'll'W'lltJ'If)1';j!n~ 111 !9f(l (I (100jCMC) . 
., 

3.5 fln't1Vl{,'Hl1Jfl1·Hl~~mtl'J.!Ur'U (oil displacement test) 

" " 'Yl~~tJUf)1';j0';j~\J1fllhl1'W\9I11111i'lltJ'I Morikawa U(I~flW~ (1993) 1~ml1\J1W'V'l1~!~tJ 
", G' ." " 

'll'W1~!~'W~1'Wf1'WflOm'l· 150 llll. llun\Jl.h 40 ll(l. lW~lhl1'W~UU1lJl\9l';j 15 111 1f1';ji)\9I';j M 
~ . 

" "" I ," 

U'W~1'11'W1'lJtJ'Ilh 'llmr'W;i'll1fl~~ltJfJ1'1ll\9ltJ'If)1';j'Yl~~tJUU1111\91';j 10 111 1f1';ji)\9I';j (I'Iu'W~h 
" " "" ". fI 

11'W 1'll tJ '111111U ~ U ~ 'I !f)\9Il'1 0 (Ill'll tJ'I f)1';j O';j~ \J 1fl11111'W ~U ·1~ fll111 011'1 'lltJ'I! ~'W ~ 1'W t]''W flO(l 1.;J 

dd d OJ I .dd \Ii" 
3.6.1 f)1';j UflOU UfI'Yl!';jfl'Yl'W!flll\J10\9l1tJfl1'1'Yltf11J t~· 

, " " I " 

'rl~Uflmt1Jflllt'~fl'Yl'W!~1l\J10~1tJfl1'1~'W 'Yl';j1fl 111 111'Yl~t(l U (I~t:Il111H'I110~tJ'I1l '1~'\Ih 
, • • v 

f)1';jt~U~ltJfJ1'1\J10U 11(1'1\911,:)'1 1 U!'ll\9IO~ '1t'Yl'Yi1l111'W fI';jHU~~''1111~ 10(l!~fl'l 1 ~flf)1';j11.1 1 U(l10 

.1.fd"" d 1"" (streak) UUt:Il111';jtmHl'll'tJU'll'IUtJftU (LB agar .fI1f1N'Wl0 0 11111fJ1(1'll 1) 'Yl~~ll 9fl~flllfl(ltJ 

.. .A" " • " • . 
·1';j~ 5 % !'V'ItJ 111 1~ 1 fl1 (li11~fll \J1fl,rlJ111U\9l(l~ 1 fl1(1i1'1U'Yl~~tJUfll111~111l';itll 'W f)1';j~i)\9I 

"" . ~1';j(l~U';j'l~~~1~1f11'V'1 1~Wf)1';j111 '1u~~ (spot) U'Wt:Il111';jl~fl'l1~tJU~'1utJ(llill~~1l 19f1~flll 
., " " • t 

fI(ltJ1';j~ 5 % Ufo~';j1~111J.~lfl11111'W~U (crude oil) U1111\91';j 30 1111f11i)\9I';j 111~hJUllll . 
"'" 0 .ct <V <!\ .f d'l """, 'I .A 0 '1 """i • 

~Wl1.fJll 30 9f !1J'W!1m 24 'll'll. fI~l(1tJmll'V'll~l'll:tJ'Yl tl1U';j!1W t~t'V'ltJU1 tUl'll'f101:l1\91tJ 

. 3.6.2 f)1';j\9l';jl\J~tJUfll111~1111';jtllU 0l';i~i)\9I~1';j(l~UH~\I~1~lf11'V'11~flUUflll(1fl'Yl'W 
",' " "" tflllllrl~tWO 1~ 1 'W tJ1111';j!~fl'l1~tJ1l1(11 

. ""'" 
111U Ufllli1fl'Yl 'W !~1l1lljfll111 ~l11l';jtll 'W f)1';j O';j~ '1 1fl11111'W 'Yl O~lfl~U llll rl~ Uflfl '1 ~ \J 1 0 • • 

" " . 
"" 'I "" "" 1 "" 'lltJ 3.6.1 1111(1M t'W t:Il111';j1l1 (llUtJ (lU (LB medium fI1f1~'W 10 0 11111fJ1(1'll 2) 'Yl~~ll 9fl~flll 

.. " .A •• 
fI(ltJ h\91 5 % U1111\91';j 50 ll(l. 1'W'lll~Ufll'Yl';j'l0';jlfl'llU1~ 250 ll(l. U'Wtfl';jtJ'It'llfl1ll~Wl1.fJlJ 

" . . " 
+ 0 '" '" "" <!\ _ct _t:! "" GJ 

30 _ 2 9f ~lfltJ\9I';j1!';jl 200';jtJU/'W1'Yl Ull!'ll'tJ!1J'W!1(11 24 'll'll. !lJ';jflUt'YlflUfll111~1111';jtl t'W . .. . 
f)1';j~i)\9I~1';j(l~U';j'l~'1~1~lf11'V'1'lltJ'IUUflll(1fJ11\91(1~~lfl~'W11 1~Wm';j1~fIlU';j'l~'1~h U(I~fI1 

" " " ," 
fll1111'llll'll'W ~ll~'Ylll'lltJ'l~l';j(l~U ';j '1~.:j~l~lf11'V'1 \9I11111ill tJ~U1fl 1 'W'lltJ 3.4 ft~t~tJoml'n~ 
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, , " " ". , d 

U UflVlt~t:JVlijfllllJffllJl'H) lu fll:nWlfllU 'i '1~'1~ l'UV'IVll1l'i t~t:J'It:}fv t~\ph flll 35 mN/m U(;l~lJ 

, " "tI " , 
fllfllll.H 'UlJ'UU -fflJ~VJ1j'U v'IffU (;l~U 'i '1~'1~ l:]fl.flTV'lff '1tlfrmn\9lV t 11 ... 

.fI1'W 

.J' d d d '" .. ~ d .. "'" ~ "'" d 

t(;lt:J'IU UflVH'it:JVlU tfllJ 3 fflt:J~U 1i9f'llJfllllJffllJUtl ff'l t U fll'i~ (;l\9lffl'i(;l~U H\9l'l~l'lfl . ... 

1 " " , rI 

.fl1~VlVhfll'ifl~t~Vfl tmllfl'UV 3 .6.2 lUVll1l'im(;llUV(;ltiVl~fflJ l'lft~t:JlJfl(;lV h~ 5 % 111lJl\9l'i 

" , " 0" d 
50 lJ(;l . lU'Ul~UfllVlHfl'ilt:J'UUI~ 250 lJ(;l. UUtfl~V'It'Ut:JIVl~Wl11JiJ 30 + 2 9f ~lmj\9l'ilt'il 

200 'iVU/UIVl ~~\9lllJU(;l~tmt:JUtVlt:JUfll'it~1ty'UV'IUUflVlt~t:J~n(;lI~I'l"l l~t:Jfll'il~~lfll'i~~ 

fl~UUff'l~fllllJt:JllflgU 600 ullutlJ\9l'i tmt:JUVlt:JUfllllJffllJntllufll'i~~\9lffl'i(;l~UH~'1~l 
• " " rI 

:]fl.fl1~ 1 ~t:Jfll'il~fllfllllJt'UlJ'UU -fflJ~Vl1i'UV~ffIHI~U 'i '1~'1~ l:]fl.fl1~ 
" . 

fllllJffllJ1'itlff'lff~ lUfll'i~~\9lffl'i(;l~U'i '1~'1~l:]fl.fl1~ tlfrmn\9lV t 11 ... . 
o "" "" "" 3.8 fl1'HllHUfltrQt\'U0~H1Jf)'t1!'HJ't1H0~fl'nJ1lilU 

-WI u UflVli~t:J~]:j fllllJ ffllJl'itlff 'I ff~ lu fll'i~ ~\9lffl'i(;l~U 'i '1~'1~l:]fl.fl1~lJlfrm:l1~m:IW~ ... . 
fll'it~1ty (Cultural characteristics) ~fll:lru~VlI'l-ffW!IU1Vlt:J1 (Morphological characteristics) 

U(;l~~fll:lW~VlI'l~~'ilVlt:JIU(;l~:]fltflij (Physiological and biochemical characteristics) lu 

.J' ~ "",' ~ _<:I 9 '" 0 "'" 1 dd 

Vll1Ut(;lt:J'It'lfV'lfU ~m'l'l t~Vt UUUU1VlI'l t U fll'i ~~~IUU flVlI'lV\i mlJllilU ~t:Jlli'UV'l 

.. . .. 
.c:t, 0 cu do QQ.I 

Sneath (1986) \9l(;lV~~ufllntfl'iI~11m~UtUff'UV'I~UVlff'ltfl'il~l1 16S rRNA 

o dod d .c:t, d ~ d.c:t, d rI 

UIUUflVlt'it:JVlt~'ityUUVll1l'it(;lfJ'It'lfVU'U'IUltVl'ifJUVl (Nutrient agar .fl1fl~Ulfl fl 

11lJlfJt(;l'U 4) lJlfrfll:ll~11;I'l 'UUI~ ff fllllJ 1~'i '11ff 11~tJ.fllllJYiUU ff'l'U V'! 1 fll (;lU ~fll:lW~'UV'I 
" " lfll~rwuuVll1l'it~~m:}fv 

3.8.2 ~fll:lW~VlI'l-ffW!IU1VlfJ1 
.c:t, .d 0 odd d .c:t, d .l. d.c:t, d tI_c:f 

fll'i\9l~ffUfl'UJ UIUUflVlt'it:JVlt~'ityUUVll1UWt:J'It'lfVU'U'IUltVl'it:JUVl tuUn(;l1 24 'b'lJ. 

t rI , "" " , .", " " 

lJlfl'i~~It:JUUU~U ffi(;l~Vlff~VI~ ii'lll1U11'1Vl~Wl11JiJl1V'I Ul i11~IUt11(;ll ivJ 2-3 fl1'1 fJVlJff· 

" ~lfJffl'i(;l~mfJUfl'ilJfl1ff\9lV(;l illvt~\9l (Gram's cry tal violet solution) .fl1fl~Ulfl 'U 11lJlfJt(;l'U 

" "" " -I tl1un(;l1 1 UIV1 tVlffii'lU(;llfJVlJ~lfJffl'i(;l~(;llfJUfl'ilJ'1V lv~u (Gram's iodine solution) 
", " 

mfl~Ulfl 'U l1lJlfJt(;l'U 2 il1un(;l1 1 U1Vl ClI'lfffflWnUVVfl~lfJ 95 % tVliIUV(;l tl1un(;l1 20 

", """ 
lUIVl ti(;l~'\.hfl~U U{;llt:JVlJ~lfJTIU(;l~mtlUfl'ilJ9flvJTWU lv (Gram's safranin straining 
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,., v v "V ," 

solution) mfllWW1f) 'lJ 'nJ1m~'lJ 3 t1hH1~1 30 1'W111 ~nnhu~1cMuhHm~ lh'hJ'fftl~~~1(J 
" 

f)~tl~~~'Ylnfl''W • 
" <=I i .. 0 <=1<=1 d '" ef .% d '" <=I .. _~ 

fll'n/tlllffte:J1,t ~ffIJtl'j 'W lU Ufl'Ylt'j(J'Ylt~'jtyU1Hll'l1nt~(JW]ftlU 'lJ~'W 1t'Yl'j(J'W 'Yl tlJ'Wt1m 

t ~ , "" " I" " 
48 'lflJ. lJlf)'j~~l(JU'WU~'W 'ffiu~l1'ff~tl1~ Vi~ 1'11tm~11~tu'l11JjJ'I1tl~ 'I1(J~'ffl'j~~~l(JlJlm iml 

" " 
f)5'W (Malachite green) .fllfl~'W1f) 'lJ 'I1lJlm~'lJ 4 1'lf'1~~'W'V'ltll'11tn~'1mll'Wn~1 1-2 'W111 

• " " " " "d "" " " " " 'j~1~tlCJ11'11~tm~ Vi~'111'11t(J'Wm~lhu~~(JtllJ~CJfl~'jl'U'W itl tll'Wn~l 1 'W111 ~1~U1U~1cMU 

Q.I. .c:::!.c:::t. d. d. 

3.8.3 ~f)1:ltu~'Yll~'ffn~1'Yl(J1U~~'lf1tfllJ 

v " " tI , " " 

fll'jff'jl~ttl'WjCJfllUfl\Pl~Wff 'I1(J~'ffl'j~~~l(J '1~ i ~'jt~'WtIJtl'jtltlf) '1 CJf~l1iifl1llJt'lJlJ'lJ'W 3% 

" "t " (mfl~'W1f) 'lJ 'I1lJlm~'lJ 5) MU'W ifll~U'lJtl~UUfll1t5(J tllii~tl~f)1CJftn~~'WU'ff.~~1l1'11~~tll'W 
," . " " 

U1f) U\Pltll '1lJii~tl~fllCJftn~~'W lmJ'WYlm-l ~tll'W ~U 
.c:::.. tlC!J,. V j} 

fllnl~ff'fl1HllIi~fll'jU'Wtl~ (Voges-Prokauer test) IJ~m~tlUUfll1t5(J~~ h.J tl1'11l'jt~(J~ 
" " t~tli~ (Voges - Proskaver broth) .fllfl~'W1f) f) 'I1lJlm~'lJ 6 rll'Wn~l 3-7 1],\ t~lJU1(Jl'YI~'fftlU; 

. " . <=1<=1 

'ffl'j~~~l(J f) U~~'ffl'j~~~l(J 'lJ (mfl~'W1f) 'lJ 'I1lJlm~'lJ 6) tl(Jl~~~ 2-3 'I1(J~ ()1tll'l1l'jlJ'ffU~~ 

" " . tn~~'Wm(Jl'W 10 'W111 iJ'WYif)~~tll'Wu1f) tll'1lJtn~~u~~iJ'WYlf)~~!l1'W~u . 

. "" " " "I "I i '1 _I <!! <=1<=1 9 <=I 
fll'j1'W1ff'fl1Jfl1l11ffllll'jfUlJ fllH'lffl1'j 1J m~U1lJ~ m'lftlU Ufll'U1(J~~ t 'W tll'l1l'jt~(J~ 

" . 
t~m'l1~1-W'Wtl~ t1~ tU'ff (Phenol red broth base· mfl~'W1f) f) 'I1lJlm~'lJ 8) l1iif)~ lf1'ff ~'jf) .. . 

"" " i\Pl'ff ulJln1'Yltl~ '1CJf i~'ff U~~tl~'jliJl'W'ff 1 % -&~tfl\Plfll'j'ff'jl~f)1~()1UUfll1t5(Jl'lf 
tI """ " "". • " 

f111i U '1~t~'j'Yl '1~~~'ff1l~f)'j~~'WlJl vh 1'11tl1i1l'jt~(J~t';tll1·ii-w'W tl~ t'j~ tIJ~(J'W ~~nf)~'fflJti1'W ~ . 
" " " " , " t'I1~tl~iJ'WVif)~mll'Wu1f) ()1t';tl'ff'jl~UtllJ ilJtu(J~~vh 1'11-wtJtl~ t'j~ tIJ~(J'W ~~lf)~'fflJtll'W ~U~~ 

" " "d • 
iJ'WVif)~~tll'W ~U ()1\Pltl~fll'j~fll'j'ff'jl~fllCJff) 1'ff'l1~tl~~f)f)1CJf (Durham's tube) 

"" " " '" 1 '1 _I <!! <=1<=1 "I <=I <!! '1 
fll'm),H~ 'Wm1~ 'jtl1fllfl' lJ~m'lftlUUfI'Ylt'j(J~~ t'Wtll'l1l1t~(J~t'lftlm~1tl1'11nm~1 Ii 

" " itl'1f) iflt~\Pl (Thioglycolate broth) mfl~'W1f) f) 'I1lJl(Jt~'lJ 14 tll'Wn~l 21'W ()1t~tliifll'jt~1ty 
" . 

iJ'WVif)~~tll'Wu1f) ()1 '1lJiifll1t~1tyiJ'WVif)~~tll'W ~U 
. " 

. fll1'Y1~'ff'fl1Jfll'n/'fl(JUtI~ (Starch 

." " 
agar) . mfl~'W1f) f) 'I1lJim~'lJ 11 tll'Wnm 2-3 1'W \Pl11~~fll'WtlmtIJ~ 1~(Jfllnl~~1(J'ffn 
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j/, j/" )J 

~~mt'J 1tll tl~U hnr;nnurvn~t~tl mtfl~11~nW l~'jtl11 lfll ~i1 U ~~\l11U11flVi{~t'J~llJ1'jfl~'j1\l 
fit "'J/ 

ttlU 19f1Jt'Jtlt'JUU\I i~uuVinN~tilu111n 
. dd ... I ~ d d <>} d.$ d ~ ~ " 

O1'iY!~ijtl1J01'HmfJtf)9H)U u~m'lftlU11fl'VH'jt'J~\I tUtlTl1nt~t'J\lt'lfmt'IJ\I~nlJ lJ1U (Skim 

, " 
milk agar) .fl1flNU1n n 'I1lJ1t'JW'IJ l3 tilUn~l 2-3 -1U \p!n~~01'jt'JtlfJtflCMUU l~t'Jmtfl~11~nw 

, "til" 
l~'jtl11 lfll ~i1 U~~\l11U11flVi{~t'J~llJ1'jfl~'j1\l!tlU i9flJt'JtlfJtflCMUU i~'I1uVinNmilu111n 

, '" _1'£ dd <) .J''£ d '" d 0' 

O1'Jl'I~ijtl1J O1'HJVfJt~~J..2l.Y u~m'lftlU 11fll'lt 'jt'J~\I t U tll'l1nt~t'J,H'lftlU 'IJ\I'U 1tl'l'jt'JU 1'I t ~ .. 
~l~U (Nutrient gelatin medium) .fl1flNU1n n 'I1lJ1fJt~'IJ 12 tilunm 2-3 -1U \p!'j1~~01'j~tlfJt~ 

j/ , "I "" 
m~u 1~t'J01n1~~1t'J~1'j~~mt'JUtllJ llJti1t'Jci'~tvJ\P!UlJ\9l11 'I1111~lW~1~t~tl mtfl~11~nw 1 ~ 

, "0"" 
'jtl11 1 fll ~i1 U~~\l11U11flVit1t'J~llJ1'jfl~'j1\l!tlU i9flJt'JtlfJt\1~l~U i~uuVin~ ~tilu111n 

"" " " 1 '" _I <!\ d d _'I' 1 d <!\ d '" 
O1'Jl'I~ijtl1J O1'J 'lf9H\P!U] u~m'lftlU 11fll'lt'jt'JU1111u n\p!'j \I~\I U tll'l11'jt~t'J\lt'lffiU 'IJ\l9flJ .. 

lJtlU cMt\P!'jl'l (Simmon citrate medium) fl1flNU1n n 'I1lJ1t1W'IJ 7 lilun~l 2-3 -1U \P!'j1~~~1~ .. 
It" t " , " " " 

'IJtl\ltll'l11'jtU~t'JU ~'I11tl ilJ mtU~t'Jwilu ~111t~'UU ~~\l11t~tl~llJ1'jfl1 'lfcMt\P!'jl'l i~'I1u VinN milu 

111n 

" " " _I <!\ dd 1 d <!\ '" 1 
u~m'lftlU 11fll'lt'jt'J~\I U tll'l11'jt~t'J\lt'lftl!'l1~1t1U t ~ ~ 

" O1UWlijtl1J01'J~D\lvul~~ 

lu'j~niu (Indole production medium) fl1fl~U1n n 'I1lJ1fJt~'IJ 9 \P!'j1~~t111~1'jUU l~~~tfl~ 
" " " " ~l '" 1 <) d <!\ "'d 

'IJU t~fJt\P!lJ~n~~~lt'J tflnfl (fl1flNU1n 'IJ. 'I1lJ1fJt~'IJ ·7) 2 lJ~. ~\I tUtl1'l11'jWt'J\lt'lftl . mtn~~ 

. " "" t" " " U~\ltlt'J11'U~l'11U 1'IJtl\ltll'l11'jt~t'J\lt~tl U ff~\l11t:;Stl ~llJnfl~'j1\lUU 1 ~~ i~uu Vi nN mil'U 111n .. 
'" 1 <!\ ,£ dd .J' ,£. 0' 

O1'Jl'1~ijtl1J O1'J1\1'Jty wmu) u~ U ~ fH'lftlU 11fll'lt'jt'J~\l1u tll'l11'j t~fJ\lt'lftlm~l9ftl~l'I 
0' " " ,.. ctd ~ Q/.dl 

tl'lWtlU~Ul'I (Salt tolerance medium) .fl1flNU1n n 'I1lJ1t'JW'IJ 10 mt'lftllJ01'jt~'jty11Ul'InN~ 

tilU111n 

t " " " ~ d .C\ _I ct dod. 9 d ~ A 

O1'Jl'1~ijtl1Jnnt~'Jtyl'1~W'l1~lJ\P!l\l'1 u~m'li't1U11fll'lt'jt'J~\I t'Utl1'l11'jt~t'J\lt'li'm'l1~lU1 

d 0' 0 'LI' d '" 0" ,£ d 

!l'I'jt'JUl'I (Nutrient broth) fl1flNU1n n 'I1lJ1fJt~'IJ 5 U1 tu11lJl'ItlW'I1fllJ 25-55 .9f mt'lftllJ01'j . . .. 
t \1~ty'l1u VinN ~tilu 111n 

.. '0' 
~ 0 QI' d d Q.I 

3.8.4 O1'j1tfl'j1~'I1m~11t11~'IJtI\I\1Ul'I~\ltfl'j1~'I1 16S rRNA 
t 'tI" " 

Vi101'jtv.lJ~lU 1U~tu'U!tlVi-ff\ltfl'n~'I1 16S rRNA ~lt'JU~fl~t'Jl PCR 1~lt'J1'li' lfl'j llJ 19f1J 
. I" ", 

'IJtl\lU11flVit1t'JVi\1~1'I~~tl11Vi~n~~1t'J InstraGene Matrix \P!llJi1i1U'lJtI 3.3.1 tilUUlJU111J 1u 
." , " 
~lUN~lJ1'11tfl~uBn~t'J1 100 ilJ lfl'ji\\p!'j ViU'j~ntl11~lt'J dNTP mixture, Taq DNA 

QI .. d 

polymerase U~~~l'j~~~lt'J11vJtvJtI'j l~t'JlJ primer E-7 ( S'-AAGAGTTTGATCATGGCTCAG-

3' ) U~~ primer E-1SlO ( 5'-AGGAGGTGATCCAACCGCA-3' ) tilu primer U~fl~t'J1 PCR 

fl11JfllJtlW'I1fliJU~~\I~\I'jU~ 3.3 
q q cu q, 
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0 0 0 0 0 0 
95 C 95 C 45 C 72 C 72 C 4 C 

5 min 1 min 1 min 1.5 min 10 min 00 

30 cycles 

0' 

~\ltfl'j'l~'11 16S rRNA 

" . " 
UVf1~h"!~UV1li'UU1~lh~lJ1tu 1,500 tlH1' ~1vinv~f111n1't\)f:lflt'i;'Ifl1'V1'j' 1~~9fff 1?l1lJin 

" d~ "",,~ "''''' " 

lu'UV 3.3.6.2 tW~UVf1~tVUWVVf1\)lm\)f:l~1V'b'~tWf1UfllJmVUW GeneClean Kit I?lllJ11l1u'UV • 
, " d ," " • 

3.3.4 Yi1f11'j't~mJ~U~tVUWV11~t'U1~'V'lf:l1ff)j~ pCR2.1 (TA Cloning Kit; Invitrogen, U.S.A.) 
, d ' 'J/ , ., 

lUtl\9l'j'lff1wilu 1lJf:l'UV\I~tVUtVI?lV'V'lf:l1ff)j~ 1 : 3 ~1V T4 DNA ligase 4 'I1U1V lJlJV1 

'" 0 "~ 0 0' ""~ " • "''''' " 
VW'I1.fUJ 4 9f 'U1lJflU 'VI1f11'j''VI'j'lUff~V'j'lJ~tVWVf:lf1~fflJt'U1ff E. coli DHSU· I?lllJ11l1u'Uv 

q ~ ~ ~ 

Q.I oC), .:::ld "::::"d" ~ d d 
3.3.5.2 fff1~UVf1'V'lmfflJ~\)1f11 fl1 f:lU ff'U111?l1lJ11l1 U'UV 3.3.3.1 1?l'j'1\) ffV lJ'll'U ~WUtVffV~U'VI'j'f1 

" "0' " 

~1Vf11'j'~~~1mvu 19f1J~~~lt'V'l1~ EcoR! Uf:l~1?l'j'1\)ffVlJ~1Vinv~f111nn\)f:lfltf:lfl1'V1'j' 1~~9fff 

.f ~ <I ""d 1 "" I.! 0' 
tf:lV\lt'll'V BacilluS subtilis · BBK-l tUm'l11'j'mf:l1UVf:llJ'VI~fflJ 9ft~VlJflf:lV t'j'~ S %. 

'" 1" ~ 'd ~ 0" 
lhlJll?l'j' 50 lJf:l. U'U1~Uf11'V1Hf1';i1V'UU1~ 250 lJf:l. lJWfl'j'V\lt'UV1'VIVW'I1.fllJ 30 + 2 9f ~1V . ... 

fll?l'j'lt~1 200 'j'VlJ/U1V1 ~~l?lllJ~m:ltu~f11'j't\)1ty 1~Vf11'j'1~~1f1n~~f1~UUff\l~fl11lJV11flgu 
, , t " " 

600 U 11 UtlJl?l'j' ~~l?lllJf11'j'tll~V\lU llf:l\l'UV\lfl1fl11lJ1ilu f1'j'~-~1\1'UV\lVl'11n1~V\l1;fV l~fl1U H 

" , " . "" .., ~ 1 "" ~ "" """" tl?l'j'VlJlf1t'll'V'UV\I Bacillus subtilis BBK-l ~m'Um'll'V\)1f1'11f:lV~V1'l11'j'lfW\l'VIlJV1n 24 'll'lJ. f:l\l • 
lum'l11'j'mf:l1UVf:l1i~~fflJ 19ft~VlJflf:lfl h; S % 11~lJ11?l'j' 50 lJf:l. ~\llJn\) lu'U1~u;1'V1'j'\I • 

. ' "* . d '" 0".... d d f1'j'1V'UU1~ 250 lJf:l. lJlJlJWfl'j'f1\11'UV1'V1~W'I1lJlJ 30 + 2 9f ~1VVI?l'j'lt'j'1 200 'j'f1lJ/U1'VI 1111..1 
" ,,, I , ,. , 

11f:l1 13 'll'lJ. \)Ul~fl11lJ'I1U1UUU'UV\lt;fV 2.S djml11111~fl1f11'j'~~f1~UUff\lV1fl11lJV11fl~U ... 
" " . 

600 U11U1lJl?l';i \)lmrull~m~f1 4 % (11~lJ1~'j'/11~lJll?l'j') f:l ·~lum'l11'j'mf:l1Uflf:l1iV1~'t1'lJ 
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" . " 
Vi1fll'H~tI\I Bacillus subtilis BBK-l 1'W 'Q'\1l'Hll'l1 1'.i\PI 1\1'1 ~\li1 

V1'l11'.ifh'l1'W~ff\PI'.i (Defined mediwn) fllfll'!'W1fl fl 'I1lJ1m~'lJ 17 .. 
d 

tl1'111'.il'\1~1UV~U (Luria broth mediwn) fllfll'!'W1fl fl 'I1lJ1m~'lJ 2 
• 0' 

tl1'\11'.ilH:jV\lfllh~flVU~\I'.i1tl\ll'W'lJV\I Carrillo U~~flW~ (1996) fllfll'!'W1fl fl 'I1lJ1m~'lJ 
• fI"" • • " 1 

16 ViI'! fflJ 19ft~tllJfl~V h~ 5 % ('111'l1'U fl\PI"mJ1lJ1\PI'.i) fIlfl11lJtl1'W fl'.i~-~l\lt1lJ\PI'Wt1'11f1U 7.5 

~ < ~ J! ~ 1 ~ 
3.11 fll'Hlfl'H1el\lfllh~fH)1J'Uel.:tell'l11"H(lU.:t!'1HI'YIt'MlJl~tn.J 'U fll".i!(lU.:t Bacillus subtilis 

tI " ". • o .ei _I d .ct d .c::), .ei ~ 
1'11 fl1 '.iff flll1'l11 V \I fllJ '.i~ fl VU'lJ '0\1 V I'll l'.i t~tI\lt'll'V1'1l'\1lJ 1~ fflJ \PI V fll'.il'! ~ \PI ff1'.i ~~U '.i 'I \PI \I I'! 1 

• ," Jl fI 

~1.flWHllfl Bacillus subtilis BBK~ 1 1'W'u1~U'lJtl1 1~tlfil'.i1~fIlfl11lJt'lJlJ'lJ'W fflJ'Vr1'1li'lJV'lff1'.i 

" " " ", V\lfltJ'.i~ flVU'lJV\lV1'l1l'.i t~tI\lt~V i~u fl 
0" 

3.11.1 1'!~'lJV\ll9ft~tllJfl~V h~\PIVfll'.il'!il\/lffl'.i~~U'.i\l9i\l~h~ihflll"l 
tI "" ". 

1~tlVi1fll'.iUtJ'.i~'WtJ1lJ1W 19ft~tllJmH) h~ 1'Wtl1'111'.it~tI\lt~tHW,,1iI'l\lu\PI 0.5, 3 , 5 , 

" . 
8 U,,~ 10 % ('11 1 'I1'Ufl \PI V tJ1lJ 1 \PI '.i) 

" .d .Q d.Qd 

3.11.2 U 'I1~\lfIl'.iUV'W1'1l'\1lJ1~fflJ\PIVfll'.iI'!~\PIff1'.i~~U'.i \I \PI \I I'! 1'll'1flll"l 

flflll1U'I1~\lfIl'.io'UVU~l'\1lJ1~fflJ~tlfll'.il'!il\/lff1'.i~~UH9i\l~1~1flll"l l~mitl\l · Bacillus 
. "" ttl· , , 

subtilis BBK-l lu V1'\11'.it~tI\lt~tH'I1~1Vil'!fflJ 19ft~tllJfmV i'.i~ 3 % fIlfl11lJtl1'W fl'.i~-~l\lt1lJ 
" , 'tI" • " 

\/IUt'Yl1f1U 7.5 l~tlutJ'.iU'\1MfIl'.iUtl'W i~Ufl fl~ lflff 9f lfl'.ifftfl'.i~1tfl'.i1~'11 9f lfl'.ifftfl'.i~tl\PIff1'l1 IIIJ" cu q 

, ""," . ." 
fl11lJtl1'11l'.i fl~t9ftl'.iV" U~~l"I1'.i1yt'W Vifl11lJt'ulJ'lJ'Wt1lJ\PI'W 10 fl1lJ\/IVil\PI'.i tijv i~'ll'U~'lJV\I 

, .",,, .. " 
U '11 ~'l fl1'.iU V 'W Vit '\1lJ1~ fflJ U i:t1~\lVi1 fll'.i U tJ '.i~ 'W 'I11tJ1lJ1W Vit 'I1lJ1~ fflJ'lJ V\lU '11 ~ \lfIl'.iU V 'W 

. "" 
. 1'11tJ1\/1'W lvJ~ttJtJl\/1'W tWlJ llJtUtllJi'Wt\PI'.i1'1 Ut:ilJ llJtUtllJcM~tvJ\PI Vifl11lJt'lJlJ'lJ'W'lJV\li'W 1\/1 '.it'il 'W 

I ". • "" 

t1lJ\/I'Wt'Yl1f1U 1.37 fl1lJ\PItlil\PI'.i U~~1'11Ul\P1'Wl'!fflJtWlJ llJtUtllJiUt\PI'.i1'1 Vifl11lJt'lJlJ'lJ'W'lJtl\l 
, " • A" , • " 

i'W l\/1'.it'ilUt~lJ\PI'W'll'''!~~~ 0.69 fl1lJ\PIVil\PI'.i tlJtl i~'ll'U~'lJV\lU'\1~\I i'W l\P1'.it'il'WVil'\1lJ1~fflJU"1~\I 

Vi lfll'JU tJ'J~U 'I11tJ1lJ1W~t'\1lJl~fflJ'lJtl\lU 'I1~\I i U 1 \/I'.it 'il'W 
0" • 

3.11.4 tJ1lJ1W'lJtl\lff1'Jfff1~'illflVff\/lVil'\11J1~fflJ\PIVfll'.il'!il\PIffU~~U 'J \l9i\l~1~1flll"l 
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v V 
.c9 ~ .ciCld 1 <=I 9 <=I 

fffl1:Jlf11'jIl'Hl~C1'l'HWlt!H~\lf\l1')f1m'V'l ~m~HN Bacillus subtilis BBK-l tlHlll1nnH'J\I 

!4tlm~1~f\lC1'lJ 19f!~(JlJfl~tl h~ 3 % lJ9f lfl'jC1'11~lJ1W 5 flflJ~tlil~'jdhml1~\lfll;1Jtl'U lJUtllJ 
~ . . . , , . " , 

llJ!u(JlJ '1'U!~'j'Vl11~lJ1W 2 flflJ~tlil~'j!i1'UUl1~\I '1'U 1~'j!\1'U fllfl11lJ!i1'U m~-~l\l!~lJ~'U!'Vlln1J 
fiJI • , 

7 .5 1~(JVilf11'jul1'j~'U11~lJ1WC1'1'jC1'n~\1lfl£jC1'~~\lU~ 0 , 3, 5, 7 U~~ 9 flflJ~tlil~'j nn(J1J!Vl(J1J 

n1J f11'j! ~lJl1~lJ1W '1 'U 1~'j! \1'U i 'UUtllJ llJ!U (JlJ '1 'U!~'j'Vl~!~ln1J11~lJ1W '1 'U l~'jn}'U i 'U C1'l'jC1'n~ 

... . 
~ C\ 1 C\ «!\"" 3.12 t11·HH1'Hliln~'m'Htll~rJtI Ufll"H£UJ-:t Bacillus subtilis BBK-l !l'H1NttVlrJl':i£WIU'H 

• v 
UH~\I~1~hm'V'lC1'\lC1'~ l~(Jul1'jfll'j~tI~nm'l'Uf11'j!~tI\I Bacillus subtilis BBK-l i'Utll111'j 

~ . 
" "iI , d ~ ~ ~ .ci 

nW\l!')ftl~\lU~ 0-60 ')flJ.1J'U'Vlflf\l~l'JflC'l 12 ')flJ. 
t • " , t 

3.12.2 fl11lJ!i1'U fl'j~-~l\l!~lJ~'UVlmlJl~C1'lJ~tl fll'jf\l il~C1'l'j{l~U 'j \I~\I~ 1~h.fll'W 

"" I " 9 '" <!I <=I 1 <=I III <=I 1 _I"" Bacillus subtilis BBK-l t'Utll'11<H~(JWlftlm~1'Vlf\lC1'lJ 9f!~tllJfl~tl !'j~ 3 % lJ9f fl'j ·C1'lJ'.ilJ1W . ~ 

5 flflJ~tlil~'j!i1'UUl1~\lfll'j"1Jtl'U lJUtllJ llJ!UtI'1'U!~'j'Vl11~lJ1W 2 flflJ~tlil~'i !i1'U!m~\I 

'1'U 1~'j!\1'U lJC1'1'jC1'n~\1lfl£jC1'~11~lJ1W 5 flflJ~tlil~'j 1~(JVilf11'jul1'jrr'U~lfl11lJ!i1'Ufl'j~-~l\l 
, " " • I "" 

!~lJ~'U~\lU~ 5.0-9.0 (Ul1'j~'UfllVl~~ 0.5) !~(J\I!~mi1'Unm 24 ')flJ. 
v v. 

~ .d.::!td Cl .e2Cld 

3.12.3 mu l1.fllJ'Utl\lfll'jt~(J\lt')ftl'VlmlJl~C1'lJ~tlf11'jf\l ~~C1'l'j~~U 'j \I~\lf\l1')f1.fll'V'l . ~ 

• v 
~fl1:JltlW l1.fliJVlmlJl~C1'lJ~ tlfll'jf\l il~C1'n~~u 'j \I~\I~1~hm'V'l 1 ~m~tI\I Bacillus . ~ 

"" I .. • 

subtilis BBK-l '1 'U tll111'jt~(J\lt~m'l1~1Vlf\lC1'lJl9ft~tllJfl~V 'h~ 3 % lJ~ 1 fl'jC1'11~lJ1W 5 flflJ~tl 

il~'jti1'Utm~\lfll;1JV'U lJUtllJllJti1(J'1'Ut~'i'Vl11~U1W 2 flflJ~tlil~'jti1'Utm~\I'1'U l~'il\1'U lJC1'l'j 

24 ')flJ . 

d • • " 

111fl11lJ!'i1'jV1J i'U f11'jl'U(J1VlmlJl~C1'lJ l~m~tI\I Bacillus subtilis BBK-l 'l'U Vl111'j 

li(J\I!4ml1~1~f\lC1'lJ 19f1~(JlJfl~V h~ 3 % lJ~ lfl'jC1'11~lJ1W 5 flflJ~Vil~'jti1'Utm~\lfll;1JV'U lJ 

UtllJ llJti1t1'1'U!~'j'Vl11~lJ1W 2 fli'lJ~tlil~'j!i1'Utm~\I'1'U 1~'j!\1'U lJC1'1'jC1'n~\11fl£jC1'~11~lJ1W ' 5 
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Itt , "I ," I ,. d 

tlflJ~vil~':i fl1fll1lJ!lhJtl':i~-~n.:j!~lJ~lH'VllnU 7.5 UlJ! ~VUlHfl~ V.:j! 'UtIlYim.hfl11lJ!':il':i vu 1 U 

tl1':i!'U~l;.:jU~ 100 , 150 , 200 U~~ 250 ':iVU/U1Yi ~~Wl1JJiJ';V.:j (30b 0C]f) dlunm 24 'lflJ. 

• ." "" • , <J/ 

lhff1U1ffYi l~\Jltltl1':i!~£m~v'Uv.:j Bacillus subtilis BBK-i 1U.flll~Yi!11lJl~fflJYil~ 
" "" . \Jltltl1':i'Vl~~v.:j1u'UV 3.11 , 3.12 lJll'!f1~~tlVU~1£J 6 UmlJv~tl':i~1~1~':ifl~V~tl\Ju1jfl1fl11lJ 

, , d ". - 0" d ' I 

!l1Utl':i~-~l.:j!'VllnU 2.0 lhl11!flul1Yi~Wl1JJiJ 4 C]f 'UllJ~U U£JmtlU~~tlVU l~£Jtl1':iuuYi 
d d _c;f d d <Q 0" d~ "" : dd I 

fl11lJ!':il 10,000 ':iVU/Ulll !lJUn~l 10 Ul'Vl 'Vl~Wl1JJlJ 4 C]f ~l.:j~~tlVU'Vl t~~1£JU1'VllJfl1 

, " t " " "" fll1lJ!l1Utl':i~-~1.:j 2.0 ~lU1U 3 flf.:j lh~~tlVuYil~lJlvlltl1':iffn~~1mlJ'VllUV~ 3 flf.:j vl1111 

" """ " , " . 
U l1.:jU ~~!'UlJ'UU';U 1 ~£Jtl1n~! 11£J.fl1£J 1~ff.fl11~ffrurultl1r1 U lffl':iYi l~lJl'Vl~ffVUfflJ1:r~~.:j~V '1 11 

q u u 

• " " tI I" 
3.13.1 !m£JU!'n£JUfl1fl11m'UlJ'UU'Uv.:jtl1':i!n~ '1lJ!C]f~~ (CMC) 'lJV.:jffl':iYi~il~ l~tlUffl':i 

, " tI.. " • 

Uli1'1':i~~UH~.:jN1:]i1.fl1wYiffn~ 1~ U~~ffl':i~~UH~.:jNTN.:j!fl':il~l1 '1~Utl Triton X-

" " " 
. 

od 

. 100, Sodium dodecyl sulfate, Cetylpyridinium chloride U~~ Tween 80 'Vlfll1m'IJlJ'lJU~1.:j'llJl . . . " " . 
1~fl1U':i .:j~.:jN1· !~£JU tl':ilVh~1111.:jfl1 log 'lJV.:jfll1lJ!'lJlJ'lJU'lJV.:jffl':i~~U':i .:j~.:jNlnUfl1U':i .:j~.:jNl 
. " 
Vi1~1~ ~llJi1i'IJV.:j Thimon U~~flW~ (l992b) 

3.13.2 
Iii, " " . 

!m£JU!Yi£J'Uflltl1':itl':i~\Jl£JUliJU'lJV.:jffl':iYi~il~ '~nU!C]fV':i!!l~fl~UU~~ffl':i~~ 

I " ~ fI.. " 1 

Ulffl':i~~U':i.:j~~N1:]il.fl1l~Yiffn~ 1~ !C]fV':iUvJfl~UU~~ffl':i~~U':i.:j~.:jN1ff.:j!fl':il~11'1~Hn 
. " od 

Triton X-lOO, Sodium dodecyl sulfate, Cetylpyridinium chloride U~~ Tween 80 'Vlfll1lJ!'UlJ 

" , I "" .." " 

'lJU~1.:j'llJ11~fl1tl1':itl':i~\Jl£JUliJU~llJ1~1u'IJV 3.5 !~£JUtl'Jl'rh~1111.:jfl1fll1lJ!'lJlJ'lJU'lJV.:jffl'J 
. " . " ~ ~ Q,I .:!t. d 0 Q.I 

~~u 'J .:j~.:j~ltlUfl1WU'Vl'IJV.:jtl1'jtl'J~\Jl£JU llJU 

3.13.3 ~~'lJV.:j lC]f!~m.Jfl~V h~ ~lfll1lJ!l1Utl'J~-~1~ ~Vfll1lJffllJl'J(l1Utl1'J~~~lUH 
~...:::.. ~ d. ~<9.d 

~.:j~1 U~~~ ~'lJV.:jVW l1.fllJ~ Vfl11lJ!ff(l£J':i'IJV.:jffl':i~~H 'J ~~.:j~1'lfl.fllW 
q ... . "" . o .odi .c:::t.. d. d .c:::t.. ~ Q.I ~ 

Ulffl':i~~~1£Jffl':i~~UH~.:j~1'}j'1.fllW'Vlfl11m'IJ1J'lJU 20 lJ~~tl':ilJ~V~~'J lJl'Vl~ffVU ... . 
3.13.3.1. ~~'lJV~ lC]f!~£JlJfl~V h~~Vfll1lJffllJl':i(l hAtl1'J~~fl1UH~~Nl'IJV.:jffl'J~~UH . 

.. " " " ~~~1£J 1 C]f!~£JlJfl ~v h~ 1u ffl'J~~~l£J'lJV.:jffl':i~~U 'J .:j~\lNl:]i1.flll~ 1111jfll1lJl'IJlJ'lJU ff~ 
q 

';lm~ltlU 0 , 3 , 5 , 8 , 10 , 15 , 20 U~~ 30 % ~lJ~~tUl1JJiJ 25 0C]f !l1unm 60 lnYi H;l 

Ul '1111~~lUH~.:jN1 
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3.13.3.2 

I ," ~ 

U ltrl';j);!~mtl'UV\I trTHW1U ';j \I~\lN l:Jflfll'VnJl1.JfufllfllllJ!i1'W f1';j~-~l\l~ltl 1 'W V';jlJV);! 

'UV\lf1';j~ leJ 1~';jfl);!V~f1l11V 1 llJm;l9f!~tllJ leJ~';jVf1 19f~ l~tll'hf11';ju1.J';j~'W~lfllllJ!i1'W f1';j~-

.q'. d ~.oC::\.d 
3.13.3.3 f-I );!'UV\lVWl1 fllJ~VfllllJ!trf.1m'UV\ltrl';j);!~U ';j \I~\lf-Il']j'lfll~ . '" 

o «£ '" d 'LI' d '" 0 _<=4 
'Wltrl';j);!~);!ltl'UV\ltrl';j);!~UH~\lf-Il']j'lfll~ ~UUlJl'IQWl1fJ1J 50, 80 U);!~ 100 9f !1J'W!d);!1 

5 ']j'lJ. U);!~~ 121 09f !i1'Wntll 30 'W1Yl U;lUll1.Ji~~lUH~\lNl~QWl1fJn 25 09f 

"" •• l\" ~""~ 
3.14 fll"lltfl"ll~lHl\lflt.J"l~flO1JnJO\lUll!'UO\ltn"l(;lVlU"l\lUl.:lNl'}fli1l'W 

tI ii, tI tI 

3.14.1 f11';ji!fI';jl~l1trl.';j);!~U';j \I~\lNl:Jflfll~~lmfl1V\lleJ!~V';jlJ1U9filfli~ 1 fI';jlJll~ 

f1';jl-W 
• v v 

);!~mtltrn);!~u';j\l~\lNl:Jflfll~Yltrn~~lmlJ1'I1UV);!lu 10 % !lJ1'I1UV);! U);!lUlltJ 

fI'" tI tI 

i!fl';jl~l1~lmfl1V\I lm~v';jlJlu9filfll~ lf1';jlJll~ml-w (Hewlett Packard . 1100, Germany) l~w 
V d' 

l']j'flV~lJU C18 reversed phase cosmosil 'UU1~ 4.6 X 150 mm (Nacalai, Japan) iitrn);!~mtl 

A ( 10 % v~cMl~lull'1n; 0.1 % 'Uv\lf1';j~l~';i'VJ~vv hV~cM~f1) U);!~'ffl';j);!~(;lltl B (100 % V~ 
d' v. 

cMl~ lu 11'1';j);! 0.05 % 'UV\lf1';j~ l~';i'VJ~vv hV~cM~f1) !i1U~1~1~lm)\9l';jlf11';jll1);!!l'IlnU 0.5 lJ);! . 

, ,"" " " a' 

~V'W1Yl !~lJ~U';j~1JU~ltlf11';j']j'~flV~lJU~ltltrl';j);!~mtl A !i1u n);! 1 5 U1Yl U);!~iiiltijtl';j 
d' V V 

..do _c:f..=t Q.I d 

!f1';j!~tlUl'I1l1f1 10-100% 'UV\ltr;';j);!~mtl B!1Junm 20 UTVI l1);!\l1l1f1U']j'~~ltl trl';j);!~mtl B 
. v . v v 

!i1un);!l 20 'W1Yl U);!~']j'~~llJ~lfJtrn);!~mtl A !i1U!d);!l 5 'W1Yll~tll']j'!dm-n\ll1lJ~lUf11';j']j'~ 
Q.I tI d Q,I" d.A 1 

flV);!lJU 50 'Wll'l l~f-I);!~l£J UV detertor 1'If111lJtlllfl);!U 220 Ul ~WlJ~';j 
, v v 

3.14.2 f11';ji!fI';jl~l1l11Ull1Uf11lJ!);!fJ);!~1t1i1iUlJtr!tJflll'1';j!lJl'I~ 
• ", tI 0' 

U ltrl';j);!~U H~\I~ l;}lfll~YlU£Jf1 i~1l1mfl1V\I·ieJ!~V';ilJ1U 9filfli~ 1 fI';jlJ11 ~f1';j1-W lJ1l'11. 
fI 'J/ "I tI 

f11';ji!fI';j1~l1U ll1U flllJ!);!fJil~lmfl1V\lulJtrtr!tJflll'1';jn!~v';j (LCQ, Finnigan; U~S.A.) 
, 

3.14.3 flni!fI';j1~l1l11']j'iJ~'UV\lfl';j~V~nl U 

U1tr1';j);!~UH~\lNl,hfll~~U£Jfl i;1l1mfl~v\lleJ!~V;1J1w;ilfli~ lf1';jlJ11~fl';j1-w 10 

• "." " " tI 

nmol lJ1£JVtJtr);!1t1fl1£Jl~fl11~YltJ';j~flV1J~ltlfl';j~ leJl~';jfl);!v~m'UlJ'Uu 6 UV';jlJVtl . U);!~ 0.2 % 

.51 d '" 0 _<=4 ",' '" "'1 v . <!\ '" d' 

YiUV);! l'IVWl1fllJ 110 9f !1J'Wn);!l 24 'JflJ. 1!fI';j1~l1l11'JfU~'UV\lfl';j~V~lJ ~U~lmfl';jV\ll!fI';j1~l1 . '" 

1 d 0 
3.15.1 f11';j ~fI~'Wll'W sfp 1l1fl Bacillus subtilis MIl13 
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do"" 0 " _I""''''''''' 1 "I "1 1 1 
!VUJ111'U11HI'U sfp 111f1 Bacillus subtilis MII13 ~1t:Ju!lm£J1 PCR ~~t:J ~'lf ~f1~ ~lJ ~C)j' 

I v - " " 
"" 0;:; "" OJ "I A"""1 _~ "I 

lJfl{;l~!fl'U!fl'lJfl\l Bacillussubtilis MI113 'Vlfff1~ &~~llJ1li &'U'lJfl 3.3.2 !1J'UHlJUlJlJ &'Uff1'Uf.lfflJ 
" ,,, 

hHfl~U~fl1t:J1 100 ilJ lf1~il~~ l1U~~f1fllJ~1t:J dNTP mixture, Taq DNA polymerase U{;l~ 

ffn{;l~{;llt:J1J~n.Jfl;l~t:Jij primer-l (5 '-CTAGAATTCAGATTTACGGAATTTATATG-3') 

& ' 
!W~ primer-2 (5'-GGGGAATTCAGGGTGTGCGGCGCATAC-3') !11'U primer C)j'\I~1!l11~~fl 
" " ~1'U C)j'1t:J]jflU{;l~'lJ11]jfl'lJfl\l open reading frame 'Ufl\l~'U sfp 111f1 Bacillus subtilis OKB 105 

. " 
(Nakano U{;l~f1W~, 1992) U~fl1t:J1 PCR f11lJfJlJtlWl1fJihtff~\I~\I~Ul1 3.3 11~\l111f1ih11f11~ 

" " 'Vl~{;lfl\l~llJ'l1'U ~ fl'U l'U 'Ufl 3.8.4' 

A "" OdOJ "'''I'',J "I"_~ ",,0;:; OJ 
3.15.2 m~~~\l{;llf111'U sfp 'Vlff\llf1~l~l1 &~!l1fl &'lft1J'U~tfl'Utfl~~11111lJ 

o .t "" 0 "" 0;:; 0" OJ" "I '" 
'Vl1m~tWf1'lf'U11'U sfp flflf1111f1~!fl'Utfl~f1f.lfflJ (pCR2.1-sfp) ~1t:Jm~~~~1mfl'U &C)j'lJ 

OJo .t"" 0&"" "A"" "" ~~111tl11~ BcoR! tWf1'lf'U11'U sfp C)j'\llJ'U'U1~1.h~lJlW 600tlJff ~1t:J1lifl~m hfft11{;lflt{;lf11YI~ 
AA A""" "" 0;:; " "" 0;:; 

1 ~~C)j'ff ~llJ1li l'U 'lJfl 3.3.6.2 U{;l~tWf1~tfl'U'tflflfl f1111f1t 11{;l~1t:J'I!~tWf1U()lJ~tfl'Utfl GeneClean 
" " 'JI , • 

Kit ~llJiTI1'U'Ufl 3.3.4 lhff1~{;l~m(J~t~'Utflf111lJt'lJlJ'lJ:U 0.1 ilJ lf1~f1i'lJ lJ1lJlJl1flWl1fliJ 100 
• OJ 

0C)j' tl1'Ut1m 5 'U1l1 U{;l~~lJl'U~l\lJ1U~\l11'Ul1ri1'Ut1{;l1 5 'U1l1 ~~\lmf1;1(J'lf~~~\l{;l1f1 • ,,, , 

AlkPhose Direct ~llJiTIl1~~'41~(JlJ1li'Vl~f.lil~ (Amersham, Life Science, England) l'Uff1'U 

f.lfflJl~tfl~U~fl1(J1 32 ilJ lf1~il~~ ~U~~f1fllJ;1mY1'Ut~fllJ'U11\l (cross linker) 2 'lJ lf1~il~~ 
~tflt11'U'Vl"'~~llmf1 (labelling reagent) 2 ilJ lf1~il~~ U{;l~ reaction buffer 10 ilJ lf1~il~~ 11~\1 

ui'lJU1lJ1~~;1mi1f1~'UU{;lfl~t~flU;1U1 iU~lJ~tlWl1fJiJ 37 0 C)j' tl1'Ut1{;ll 30 lnVl ~t~'Utfl~ 
" " . " " ," il 

.yhm~~~\l{;l1f1U{;l1ff1lJl~() 1'lftl1'U~t~'Utfl~'J111.ijlJ i~l1'Ul1 111flt~lJ i11'U fJl\1U 1U~\I i~'U1'U 2 

3.15.3 Southern 

hybridization 

," " 
U1lf1~ llJ lC)j'lJfl{;l~t~'Utfl'Ufl\l Bacillus subtilis BBK-I Yiffn~ i~~llJiTI1'U'UV 3.3.2 lJ1 

" '" ." d ' "" ~~~1mV'U iC)j'lJ~~~ltl11~ BamHI, BcoR!, Pstl U{;l~ SaIl 1~(Jl'lf~tfl'UtvYif111lJt'UlJ'U'U 10 
." f" (/ 

ilJ lf1~f1i'lJ h'!ff1'Uf.lfflJ1mfl~U~fl1(J1 100 ilJ lf1~il~~ Yiu~~f1VlJ~1(Jff1~{;l~{;l1(J1J~t~V~ 
"" • d , 

f111lJt'UlJ'U'U 10 t'Vll U1lJl~~ 10 ilJ lf1~il~~ U{;l~tfl'U iC)j'lJ 30 11'U1(J (BcoR! U{;l~ SaIl) 111V 

• " ". "" t • 0 
40 11'U1(J (BamHI U{;l~ PstI) 11~\lUi'lJU1lJl~~~1(JUlf1~'UU{;lfl~t:;;flU{;l1 lJlJl1VWl1fliJ 37 C)j' . .. ",,,,, '" 
tl1'Ut1m 3 'lflJ. 'U.ij~tflU iC)j'lJVVf1~1(Jm~ffn~~1(Jffl~{;l~m(J-W'Ufl{;lf1{;lfl h~V~lJ U1lJl\91~ 1 

. "" " 
t'Vll'Ufl\lU1lJl~~ t~lJ ~~fflnl~{;ll(Ji'U lJ'U lJl~ f1~~f1V'U ~1(Jtflli1'U fl{;l~llJiTIl 'W 'U fl 3.3.8 {;l~{;l1t:J~ .. 
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d dtl( "iJ ~ ~ J' A tI( "1 A .c::::t d 'J/ Ad 1 A 

WlH'fl'YI ~\pWI1t1l.!1mnJtlt;l'fl\pH'lf'fltl'J'lJllPl'J 20 ~'lJ~fl'Jt;lIPl'J mJf)lPltfllH'fl1Pl1t111l'fl~fn ~Hn11t;lfltt;lfl 
AA Ac:! '" .c:t d dOd OJ " 

l'Y1':f hh9ffflPll'lJ11l1lJ'U'fl 3.3.6.2 'ltlPlfl1UfJ'lJU1flfl'flIPlWUW~fl~ff'lJ pCR2.1-siP 'YI1Pl1Pl1Pl1t1 
" " ,"" , 

WU i9f'lJ BeoRl mtl'l1~'l111flfn'Jl'hflLt;lfll'Y1'J lvJ~ciff Vllfn'Jt;l1'lL11t;ll1iIPl1Pl1t1fn'JH'lflu 0.25 

" " 'J,I I " 

U'fl'J'lJ'flt;lfl'JlPl i~ llPl'Jflt;l'fl~fl L1iunm 15 Ul111 flf'l Ht;l~'\.hfl~u Vllfn'J~hUL11'fl'J (denature) ~ 
d" • ~cl 

L'flUL'fl1Pl1t1fn'JU'lH11t;llU denaturation buffer (mfl~U1fl 'IJ 'I1'lJltILt;l'IJ 10) LUlH1m 30 Ull1 Vll 

" . " 
fn'Jtlltl~LUUtfl111flL11t;l~ nylon membrane 1Pl1t11ti vacuum transfer lUffl'Jt;l~t;lltl lOX SSC 

. " . 
(mfl~U1fl 'IJ 'I1'lJltILt;l'IJ 12) L1iunt;ll 90 Ull1 l1fl11'lJ~U 5 ihtl'J'fl'YI lhH~U nylon 

• " " " " " " d 
membrane l1ilPl'lJlt;l1'l1Pl1t1ffl'Jt;l~mtl 2X ssc Vlllmm'l Vllfn'Ji~U~ilPl9f (hybridize) ~WUW 

• " dO " 
UUH~U nylon membrane 1Pl1t1~L'flUWIPl'J111~U siP ' ,1Uffl'Jt;l~t;l1t1UvJLvJ'fl'J (hybridization 

. " 
buffer) tl~'lJllPl'J 20 i'lJ lfl'J~IPl'J l1tl'J~fl'flUIPl1t1 NaCl 0.5 M Ht;l~ Blocking reagent 4 % (w/v) 

d A () "ct iI. "QI " A 

'VI'flWl1,fJ'lJ 55' 9f 'IJl'lJf.I'U m'lH~U nylon membrane 1Pl1t1ff'1'Jt;l~mtlUvJL'vJ'fl'Jtl~'lJ;fJ'lJ (mfl 

,~U1fl 'IJ l1'lJltILt;l'IJ 13) ~'flW'I1,fJiJ 55 09f L1iunm 10 Ull1 2 fl#'l Ht;l~ffl'Jt;l~t;lltlUvJLvJ'fl;l'!~tI 
." " " "" . 

,fJiJ (.fllfl~U1fl 'IJ 'I1'lJltILt;l'IJ 14) l1'flW'I1,fJiJ'I1'fl'l L1iUL1t;ll 5 Ull1 2 flf'l Ht;l1V111mL11'l lhn~u 
" 51 t " 

nylon membrane 'lJ1Vlltl~n~tllnU detection reagent \9i'li111'flW'I1,fJiJl1'fl'lL1iunm -3 Ull1 Ht;l~ , 

Vllfn'J autoradiograph 'nuH~uVl';'lJlu'fl~'fl'lYiuHff'l L1iUDt;ll 2 'lI''lJ. U;1~'lVllfn'J;1'lU~U 

I V " " 
'" <!I 1 """I '" "" tl """" 3.15.4 fn'JflIPlLt;l'flfl ~flt;lU'YI ~1Pl'JU11UL 1'l1'lJltlIPl1t111l Colony hybridization 

1 1 1 "" d do"," "I" d"" 
, ~fl'J ~'lJ ~9f'lJ'flt;lIPlL'flUW'IJ'fl'l Bacillus subtilis BBK-l 'YI'YIlfn'J1Pl1Pl1Pl1t1WU ~9f'lJ BeoRl 'YI'lJ 

'IJU llPltl'J~'lJ1W 4 nlt;lLuff ffllJl'JmnlPlfn'J '1~u~'1IPl;nU~!UlH'flIPl'j111~U Utlfl~LUUL'fl~iJ'lJUllPl 
'" • " "" d """"1" 0 <!\,f 
lPl'lflt;l11'fl'flfl111flLllt;l1Pl1t1'ltIPlLWflUf:lUIPlL'flUW GeneClean Kit IPll'lJ11l U'IJ'fl 3.3.4 'YIlfn'JL'lI''fl'lJ'lfU 

, "" , ." tI " 

~LUU!'fll1ilPl!'IJ1~WlffiJIPlWl'l1~ pUC19 Clf'l\9i1Pl1Pl1t1L'flU '19f'lJ BtoRIUt;l~Vlltl~n~tllnUWU '19f'lJ ' 

U'flt;lm'1t;lu"vJ'flff'Vhmff!~mh~lPll1~vJ'flffLvJlPllPll'lJl1iiu;'fl 3.3.9 llPltll;wmffiJIPlWl'l1~Ut;l~~ .. 
,,, , " 

LUUL'fliUVIPl'jlff1U 1:10 llPltllh'l1'Ufl tl~'lJllPl'J 10 '1'lJlfl'j~IPl'J iUff1U~ff'lJll1LnlPltl~n~tI1 20 . " , , 
i'lJ lfl'j~IPl'j l1tl'J~fl'flUIPl1t1 Takara ligation Kit, Solution I tl~'lJllPl'J 10 '1'lJ lfl'J~IPl'J U'lJl1 

"tI dAd J' d dd 
lh'YI11U ffvJ'fl'JU'lJU 'YI (transformant) 'YIL 11'JtyUU 'f)1'111'JLt;ltl'lL'lI''flU 'IJ'l~IPl'5 L 'YI'lJtI1 

. """. , 
tl~,hU~UU'lJYicit;l~Ufl11'lJL'IJ'lJ'lJU ,,!1Pl'YI1Cl 50 i'lJ 1 fl'Jflf'lJIPlU'lJt;l. 'lJ1Vll replica plating . ~ nylon 

" "." dO'" 
membrane 'ltlPlfl1UfJ'lJU1flfl'fl'YI'J1U ffvJ'fl'JH'lJU 'YIl1 '1lPlfU~L'flUL'fl~fl~ ff'lJ pCR2.I-stp U t;l111'l 
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, d~d td ~ O_ct 
u~U nylon membrane ~\I'lJUtl1lfl'H~tI\lt']H)U'U\I~\Wj L 'lJlJ'Vl~WlftJlJ 37 9f t'lJUn~l 5 'JflJ . 

..A 'j/ .d ~ ~ ~ 0 ' 0 9 'j/ d"'d d 
,tVW lm9f~lJfl1'H~'j\YtWlJ'UU U1U~U nylon membrane lJl'Vll ~lft9f~U\PlflU~~~tUt~tl'j~WUttl 

l~tlfl1'ju~lu denaturation buffer (.fllfl~Ulfl 'U lflJlm~'U 10) tl1unm 5 U1Yl U~~ neutralize 

" . 
~t~UW lu neutralization buffer (.fllfl~Ulfl 'U lflJlm~'U 11) tl1unm 5 U1Yl ~l\lU~U nylon 

" " " " " " 
membrane ~lt1ffl'j~~mtl 2X SSC vhllfulf\l If''\I~lflUv11fl1'j1eJ'lJ~i~9f~t~U!tl~fl~fflJ~1t1~ 

'" 
" d w 0 ~d9 

WU!tl\Pl'jl~~'lJ U~~"Illfl1'j'Vl~~tl\l\PlllJl1i ~'W'Utl 3.15.3 

3.15.5 fl1'j\Pl'jl~fftl'lJ~~'Utl\l~lJ'UU1~ 4 nl m'lJff~tlfl1'j~i\\Plff1'j~~UH~\lfil'b.fllW l~tI 

Bacillus subtilis MJ 113 
,'j/ " • 

1 fl~U~U 'UU l~ 4 nl m'lJffYlf1~t~tlfl i~ ~lflW~lffiJ~ pUC19 t'Ul~WlffiJ~'V'lllf~ 
o .A.t d ~l'" ~ ..J w" 1lJ'-

pTB523 1~tI'Vllfl1'jt'Jj'tllJ'Jj'U~U'UU1~ 4 fl ~~t'lJfft'Ul~WlfflJ~Wllf~ pTB5239f\l\Pl~~lmtlU t9flJ 

BcoR! U ~~v111.JBn~tlln'lJtmI1C)f~ttl~fl11 ~U\~tl ffvhmff ti4mh,j~lf~yJ v fftyJ\Pl mlJi1il U;tl 

3 .3 . 91~tll;W~lffiJ~Wllf~U~~~t~uwl'Wfl\Pl'jl~ltJ 1:10 l~tIlfllfUfl1.J~lJl\Pl'j 10 ilJlfl'ji\\Pl'j ' 
." ," 

'1'Wffl'W~'1'1Jlmn~1.JBn~tll , 20 1lJ lfl'ji\\Pl'j Yl1.J'j~fltl1J~lt1 Takara ligation Kit, Solution I 

1.J~lJl\Pl'j 10 1lJ lfl'ji\\Pl'j ~lJ~mUl11liJ 16 09f ;llJ~'W v11fl1'j'Vl'j'l'WffyJtl;lJ~t~'WW~fl~fflJt;1~ 
q CUI . CUI cu 

" " Bacillus subtilis MJ113 mlJi1il'W'Utl 3.3.5.3 \Pl'jl~fftl'lJfll1lJ'i1'llJl'j(11'W fl1'jfl'j~~lt1l.hl1'W'lJ'W 

" ffn~wlffiJ~\PlllJi1il'W'Utl 3.3.3.2 
.-

3.15.6 fl1'jitfl'jl~lf~lfl'lJ!'lJff'Utl\l~'W'UU1~ 4 nlm'lJff 

njtl\l~lfl~U'U'Wl~ 4 nl~!'lJffli~lUlf~\I'Utl\lttl'W19flJ"~~~lt'V'l1~ SacI tl~ 1 ~lUlf~\I trltl .. 
" " ., " " , 

~~~'Wu~1U!tl'W19flJ SacI ~~1~~'W~'WYlli'U'Wl~ 1.4 nl~t1Jff U~~ 2.6 nl~t'lJff v11m'jlfl~u 
I .t::t d J''' t ~ & "1" cv d d ~ d d • 

tltltl~ttl'WW'Wt'Ul~WmfflJ~ pUC19 9f\l~~ t~'j'lJ~ttlU!tl~fl~fflJ 2 'Jj'U~'Vlt'jtlfll1 pUC19-1.4kb 

U ~~ pUCI9-2.6kb ~lt1fl1'j 1 ;~t~'Ww~ fl~ fflJiftl1'Wu~u 'lJ'lJ v11fl1'jitfl'jl~';~lfl'lJt'lJff'Utl\l~'W 
" ~d9 

\PlllJl1i ~'W'Utl 3.3.7 

" " 
3.15.7 fl1'jv111lftn~fl1'jfl"ltl~U1! (mutation) 'Utl\l~'W'\J'Wl~ 4 nl"t'lJff 

. . " 
3.15.7.1 fl1'jt\PlltllJWlffiJ~Wllf~ pUC19 Yl'Ul~~lUlfWI'Utl\lttl'W '9flJ~~~lt'V'll~ SacI 

(pUCI9~SacI) 
"'" "." " v11fl1'j~~'V'l"Tft'iJ~ pUC19 ~lmtl'W i9flJ~~~ltWl~ SacI i~tll'Jj'~t~u!tlYlfll1lJt'UlJ'U'W 5 

." ,'j/", 

1lJ 1 fl'jfli'lJ 1 'W ffl'W~ fflJ llftn~1.JBn~tll 50 ilJ 1 fl'ji\\Pl'j Yl1.J'j~fltl'lJ~lt1ffl'j"~mtl'lJyJtyJtl'j 
" " , ",." " 

fll1lJt'UlJ'UU 10 t'Vll 1.J~lJl\Pl'j 5 1lJ lm'i\\Pl'j a~~tm~19flJ 10 If'Wlt1 If''\l1.Ji''lJ1.J~lJl\Pl',j~lm,h 



,. 
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" " " o 5~ .c::t 0 d cl Cldl 0 

65 9f ~u'Wni:ll 15 'W1Vl Ui:l1V1lfll';j~fWl~fltl'W~~tl'W~tl~1t1Wlil'Wtli:l~llJ1li 'W'tItl 3.3.8 'Wl{1'l';j 

, "" "" , 
i:l~mtl~h~'WWVl~~~t1lJ1~lJl'th hHfi~fll';jflmtl-W'W~~lt1'll~ DNA Blunting Kit ~llJlliVl5~'4 

" " " v ." 
l~t1u~f1V1~Vlil~ 1~t11<Jf~~~'Wttlfl1l1J!'tIlJ'tI'W 1 1lJ lfl';jfli'lJ 1'W{1'1'WVl{1'lJh1tfi~t1fifi~tI1 9 

t" "" " t 

1lJ lfl';jil~';j Vltl';j~fltl1J~1t1{1'1';ji:l~i:llt1Ul'h-Wtl';jfl1l1J!'tIlJ'tI'W 10 ~l'Il'tltl'l dNTPs t1~lJl~';j 1 

1lJ lfl';jil~';j "Hl'lfll';jtli'1JtI~lJ1~';j;lt1Jlfl~'W ~lJ~mUl1.nlJ 70 09f ~~'Wni:ll 5 'W1Vl Ui:l~~lJ1'W . .. . " , "'" " 
tll'l\hu~'1~~'Wnm 2 'W1Vl l1l{1'ni:l~mf.iVl1~lJl~~lJw'Wi9flJ T4 DNA polymerase fl1llJ~'tIlJ 
" ,t , • 0 ' 

'tI'W 1 11'W1t1~tl1lJ lfl';jil~';j t1~1J1~';j 1 1lJ lfl';jil~';j 1JlJVltltUl1.nlJ 37 9f ~~'Wnm 30 'W1Vl 'l1'W . .. 
", .A ",' " d 
~lmfl~tl'lVl{1'lJ{1'n~'V'Itlvlli:llmtl'W 19f1J Ui:l~1JlJ 1'W tll'll1lu'tI'Ini'Wnm 1 'W1Vl vllfll';j~~mn'l{1'l';j 

• "" 0' "" i:l~mtl~~~'W~tlVli~~lt1{1'ni:l~mtl'l1-w~-Wtl';jvll~~ml1'1 (dilution buffer) 111)jtl~lJl~';j~~V1lm~'W 

50 ilJ lfl';jil~';j l1l{1'1';ji:l~i:lltl~~~'W~tll1~'1~lflfll';j~~tl~1'ltl~1J1~';j 5 ilJ lfl';jil~';jVl{1'lJfi1J{1'l';ji:l~ 

mtl1i:ltfli'W A t1~lJl\9i';j 30 '1lJ lfl';jil~';j ~W~{1'ni:l~i:lltl1i:l~fli'W B t1~lJl~';j 5 ilJ lfl';jil~';j ~1J~ 

mlJl1.nlJ 16 09f ;llJfl'W l1l{1'l';ji:l~i:lltl~h~'W~tl~i;t1~lJl~';j 20 '1lJ 1 fl';jil~';j lJlvllfll';jVl';jl'W . .. 
tI " , " ., 0' 

{1'-Wtl';jlJ~'tIl{1' E. coli DH5U ~'lJllil'W'tItl 3:3.5.2 ~';j1~111'V'li:ll{1'lJ~Vl'tll~~lUl1'W'I'tItl'l~tl'W i9flJ .. 
" "III • 

~~~1~'V'I1~ Sacl ~lfllflli:liH1't1l1 ~lt1fll';j~~~lmtl'Wi9f1J Sacl tW~ Dral 'V'Ii:ll{1'lJ~Vl'tll~ 

~lUl1~'1't1tl'lttl'Wi9f~~~~lt'V'll~ Sacl ~~t1';jlfltlU(l1J~t~'WW'tl'Wl~ 700 1U{1' Ui:l~ 2000 t1J{1' 

. " " , 
3.15.7.2 fli';jt';tl1J:jf'W~'W'tI'Wl~ 4 fili:l~1J{1' ~'tIl~'V'Ii:ll{1'lJ~ pUC19LlSacl . 

" " vllfll';j~~'V'Im{1'lJ~'V'Ill1~ pUCI9LlSacI. ~lt1W'W i9flJ EcoRI Hi:l~vlltififi~t11n1J 
tI tI " " , " 

W'W 19f1JU tli:lfll i i:l'W -Wtl{1'-WllVl{1' l'y;jtlfh.ij~l1lJ-Wtl{1'~-W~~llJlli1 'W 'tItl 3.3.9 vll fll'H';tllJ:jf'W~'W .. 
JI , t " " I 

'tI'W l~ 4 fil i:lt1J{1' ~'tIl{1''V'Im{1'lJ~Vl~~~t1lJ 1~ 1~t11<Jf'V'li:ll{1'lJ~'V'I111~Ui:l~~~~'Wttll'W V~';jl{1'l'W 1: 10 .. 
" ," , 

l~t1l1ll1irfl t1~lJl~';j 101lJ lfl';jil~';j 1'W{1'1'WVl{1'1J1mfi~t1fifi~t1l 20 ilJ lfl';jil~1 Vltl';j~fltl1J 

;1£.1 Takara ligation Kit, Solution I t1~1Jl~';j 10 i1Jlfl';jil~';j ~lJ~~Wl11JlJ 16 09f ;llJfl'W vll 

" ~ d " , ""~1 " .A flnVl';jl'W{1'-Wtl'jlJ~W'Wttli:lflVl{1'1J!'tIl{1' E. coli DH5U ~l1Jlli 'W'tItl 3.3.5.2 ~'Wtl'l~lfll'lfl .. .. . 
" "dl1" -~ 1 1 ~d' " .. 

1'I1l'W {1'-Wtl1UlJ'WVIVI &¢l ~~~U'W fl i:l'W {1''tIll ~lJl'I'jl'W {1'-Wtl'jU1J'WVl1Jl{1'n~Utlfl'V'lm{1'lJ~~llJlli 
" .A .t~d 

1'W'tItl 3.3.3.1 t'V'ltl~';j1~{1'tl1J<Jf'W~ttl'Wttl{1'tl~UVI';jfl 
"" " tI 

3.15.7:3 fll';jvll 111tfi~fll';jflmtl-w'W~'tItl'l~'W'tI'W l~ 4 fili:lt1J{1' Vl~lUl1'W'I'tItl'lttl'W 19f1J~~ 

~lt'V'll~ Sacl 

. "" " o~d A ~ ~ 11 01 "" 
'Wl~ttl'WW~flVl{1'lJ pUCl9L.lSacl-4kb V1t~';jtllJ &~~lfl'tltl 3.15.7.2 lJ1Vll mfl~fll'j 

tI ., tI " 

fli:lltl-W'W li'Utl'l~'W 'tI'Wl~ 4 fil m1J{1' Vl~lUl1'W'I'IJtl'lW'W i9f1J~~~lt'V'll~ Sacl ~llJl1il'W'tItl • 
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d d ~"1 d d 

umWHtJ'UW'll'Ul~ 6.7 fl !~mH" !WfJ'lUt:l'!J!~fJ1 

3.15.7.4 fl1'l\1l'n~~tJ1Jr-Hl'lltJ'l~'U'll'Ul~ 4 fit ~!1J~~!fi~fl1'lfl~lfJ~'U;~tJfl1'l~ i1\1l~1'l • 
<'!I <> "" 1 

~~U'l'l\1l'lH1')j'1mW !~fJ Bacillus subtilis MII13 

, ~ I "" " • 

lfl~'U~'U'll'Ul~ 4 film1J~Vl!fi~fl1'lflmfJ~'Ul1Vlrl~!~tJfl'1~~lfl'lltJ 3.15.7.3 !'lll~Wl~iJ~ 

" <>""9 subtilis MI113 \1l1lJ111 !'U'lltJ 3.15.5 

. ~ 



. 
ct 

lJ'YI'YI 4 

"" 0' , , 

-:j 1'14 i~£J'l1 '14 ~ tl '14 U jj 1~flll';i~~ -:jrl'Vi~~ri~H~tltlU UrI'Yh~£J'VI'Ut~l,rVi~uJ1';ifl~ ~~~lnwlU ';i-:j • . ~ ~ 

&i-:j~l;lm~ hwri~U£JmtUflYit~£J'VItH~lJ~1f1~ltl£J1-:j~lJ 'VI';i1£J 1h U1'VI~nl U~~tl1111';i1111f1 
, ." d I , • 

~tl-:j ~1'U 1'14 65 ~ltl£J1-:jYi 1~'Vhf1l';itf1U~ltl£J1-:j~1f1U l1~-:j~l-:j"l 1 'Ut'lJ~ f1~ -:jt'VI~lJ111'U fl';iU ~~ 
" "'" "" ~-:j111~ lf1~tjlj£J-:j 14 ~-:j111~ 1JlJtl1111';it~£J-:jt~mt~-:jUtl~ljYi~~lJ lC}ft~£JlJfl~tl h~ 5 % t~tl 

U~~'VIi~U£Jf11; 165 ~ltiW'U'; trltlU111l'VI~~tlUfl11lJ~llJ1';iflllJf1l';i~~~~n~~uH&i-:j~1;1 • • 
"". <II " " m~ ' 1~£Jf11';i;j~UlJtll111~t~£J-:jt~tlU~-:jUtl~uYi~~lJ lC}ft~£JlJfl~tl h~ 5 % U~~';i1~111J~1£JUll1'U 

" ~ ~ ~ 

~U ~UUUflYit~£J~llJ1'U 23 ~l£JWlJ1i jjfl11lJ~llJnfll'Uf1l';im~~1£JUll1'UU'Utl1111';it~£J-:jt~tl • 

0" "t " 
. UUflYit~£J'VIUt~lJ 23 ~1£JW'U1iYiri~t~tlf11~ 1~£Jf11';i1~muH&i-:j~1~llJi1il'U'lJtl 3~4 ~lJ • 

.. • I " " ". • • 

UUflYit~£J 9 ~l£JW'Ul! Yi~llJ1';ifl~~mU';i-:j&i-:j~1'lJtl-:jtl1111';it~£J-:jt~tl1~~1f111 35 mN/m U~~-:j11 . ~ . 
~n~~u ';i -:j&i-:j~l;l.fI1~Yi~~~~lJjjll';i~ff'VInm~ 1 '14 f1l';i~~UH&i-:j~lYi~ (Cooper, 1986) 1~£J 

<II t " " tI ~.c::t Q.I .c:::t QI Q,I ~ 

UUfl'VIt';i£J~l£J~'Ul! BBW2-2, BBK-l U~~ BBT-2 lJmfl11lJt'lJlJ'lI'U~lJ~'VI1i'lJtl-:j~1';i~~UH~-:j 
~ ,,~ ~ " 

~1;1.fl1~~-:jU~ 16-28 ~l'UUUflYit~£Jflf1 6 ~l£JWlJ1i jjmfl11lJt'lJlJ'lJlJ~lJW'VI1i'lJtl-:j~1';i~~UH • 

&i-:j~l;lm~~lf1~l ~-:jU~~-:jl'U~1';i1-:j~ 4.1 

. trl tl t ll~£JUt Yi £JUf1l';it ~lU1U~~f1l';i~ ~~~l';i~~U ';i -:j&i-:j~1;1.fl1~'lJtl-:jU UflYit~£J~l£JW'U'; 
u • 

BBW2-2, BBK-l U~~ BBT-2 ~n~l~l-:j"l (~1l~ 4.1) ~U~lUUflYi!~£J~l£JW'U1i BBW2-2 jjf1l';i 

• tI ' " , ". 

t~~U1~-:j~~ ~llJUuflYit~mn£JWlJ1i BBK-l- U~~ BBT-2 jjf1l';it~~U1Yilf1~tjljn-:jtl'U 1~m~lJt'lJ1~ 
U <u III III U <u 

"" sJ " ",. ." " tI 

1 ~£JU 1U 1t~£J-:jt~el'lJtl-:jU UflYit~£Jl1-:j 3 ~l£JWlJl!Yin~l~l-:j"l lJ11~111mfl11lJt'lJlJ'lJlJ ~lJW'VI1i'lJtll 
. "tI " 

~1';i~~UH&i-:j~1;1.fl1~ ~U11UUflYit~£J11-:j 3 ~1£JW'U1!~llJ1';ifl~~~~1';i~~UH&i-:j~1;1.fl1~1~ 
I " " 'II' " " tI 

~-:j,,!~t]jm~£J-:jt~tlt,j'Un~l 24 'JflJ. l~£JU1JflYit~£J~l£JW'Ul! BBK-l jjmfl11lJt'lJlJ'lJ'U~lJW'VI1i 
. " 

'lJtl-:j~1';i~~UH&i-:j~1;lm~~-:jf111~1£JWlJl! BBT-2 U~~ BBW2-2 u~~jjll';i~ff'VIn.fl1~f1l';i~~~ 
• , "." 0' 

YifltllJ'lJ1-:j~iht~lJtl ~-:j,rlJ~-:jt~tlf1UUflYit~£J~l£JW'Ul! BBK-l lJ1ffmn';i1£J~~tfl£J~ lu f1l';i~~~ 

~n~~U';i-:j&i'l~1:]f1.fl1~~tl11l 
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" " , " " ", fI 

,~ 9 tYlVW14l! lijtll~V.:j'14m'\1l'H~v'u.jf~mHnUtl~liViJlHnJ 19f1~mJfltHl '1'.i~ 5 % 

" d d Q.I 
. . 

& "'" 
-or " " '" '" '" '" 

~lV'V'I141i f1~lWfl ~m14l11fllJ\9I1tlV1.:j fIlUH\9I.:jj:-.l1 f1111Jl'U1J'U14 ~1J'V'I111i • 
" " '" .d ~ & "'" 

\l1fl '\1~.:jm'.il~VW}j'tl 'Utl.:j~l'.i~~UH\9I.:jj:-.l1 

(mN/m) 
d 

'lf1fl1'V'1 

~ 

BSTI-2 1fl~tl \I. ~1Jl1Hnfl'.i 30.0 6 • 
" BBWI-2 
0 

141 
.d 

l'U\9I'.i1'lfl111 30.7 7 

flH1l1'V'1"1 • 
" 0 

BBW2-2 141 f1~tl.:jU~14U~lJ 31.2 16 

flH1l1'V'1"1 • . 
.d 

BBK-1 fl'.i~1l1V1J \9I~1~~11JV114 28.0 28 

~tl.:j flH1l1'V'1"1 • 
" C>I .d 

BBT-2 l\9111\1V1 \9Im~f1~tl.:jl\91V 28.0 24 

flHll1'V'1"1 • 
" "'" BBSI-IO ~14 \lW1~.:jfl'.iW • 28.5 3 

"'" '" 
1J'\11111V1~V 

fl'.i .:jll1'V'1"1 • 
" BCW3-2 
0 

14111~1~ 
.d 

'\11~\ltl1Jll1V14 33.5 2 
.d 

\I. 'lf~lJ'.i • . . 
"'" BKS2-2 ~14 tl. 1111J1.:j 31.5 3 

.d 

\I. mt1J\l14lJ'.i ... • 
" "'" BBS-I ~14 \lW1~.:jfl'.iW • 29.0 2 

"'" '" 
1J'\11111V1~V 

flH1l1'V'1"1 • 
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8 

;::f 
"'11~ 7 

G: 
r , 6 ;:) 

;ri 
II'" , 

r s 5 G: 3 
"'(/~ ;::f 

"7' -E , 4 
;::f 

;::f 

0 '11~ 0 3 G:: \0 

(0) 

S 
s~ 

2 II'" , 
G:: , 

"G: 1 

0 

0 12 24 36 48 60 

1~fJ~nm (i'111J~) 

('\I) 

o ~~--------~----------------4--------------+----------------+-------------~ 

o 12 24 36 48 60 

1~tI~n~1 (i'111J\I) 

cj cj "," cj cj "," 

-.- UlJrl'VIt1fJfflfJ'Wl.!1! BBW2-2 ......-. UlJrl'VIt'ifJffltl'Wl.!1i BBK-l • 
cj cj "," 

- UlJrl'VIt1fJfflfJ'Wl.!1! BBT-2 

, ." 'Jl tI 

~llVl 4.1 f111t'il~ty (f1) U~~fllfl111Jt'UlJ'U~!~lJ-W'VI1i'UU\I~lHl~UH~\I~1~hnl'v~ ('U) 'UV\I 

cjcj d OJ ".J -1 9 cjd 1 cj '1" 
UlJfl'VIt:ill'VI1HfllJ 3 ~ltl'Vn.!1i tlJUt~tI\I tUU1'\1l'H'\1~1UU~lJ'VI~~lJ CIH~tllJfl~U n~ 5 % . • 

, , ," t .d. • I " 0" 
fllfl111JtllU f1'i~-~l\lt~lJ\PlU 7.5 lJlJlJlHfl'iU\li'UtllVl'QW'\1{liJ'\1U\I (30 + 2 9f) ~1t1 

OJ cj 

U\Pl'ilf11'it'UCll 200 'iUlJ\PlUl.! 1 'VI 
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< 
o ct...:t QJ ~ 

4.2 fl1'amHUfliJfltl'U~NHUfl'ru·H.JiJltl'Vnni BBK-l 111-~elUn'a2J'JlilU 
~ ~ ~ 

~1f1f111\9l11~~UUUUflVi(~t:J~1t:J~'U; BBK-1 ~'Iti1'U ~1t:J~'U;~iifl11lJ~llJl1tl~ '11 'U . . . '" 
, .. 

f11'H-l~\9lffl'HI~UH~'I~1~1m~ ~U11~mIW~ lfll?1uu'UUl1111iht'VI~t:J'U'VIiiiY'lJ11'U1?1 'U'U 
'" ~ v , t 

\9lHf1?11'l (umbonate) ~1~1'U tm~'lJUU lfll?1Ut~t:JU ~~iY'\.hi~'U'lJu'IUmlJU1f1 ~1.J11'lti1'U'VIU'U 
.. "d/ .A ," , " .A 

iJW'U 1~~1.Ju1~1.J1'lJU~f1'If1?11'1tC)f?l U?l~tfl?lu'UVi1~ (m11'lVi 4.2) 1m-l?lu1mlJul'hf111'V1~~UU 
, SI I f SI 

Ufl\9l~t?lff u\9l1m-l?l?lut~UVilf111'V1~~UUV'U 1~?I 1W tm~1lJ~~\9lf11C)f~1f1f1?11fl~ ~~\9lf11~ 1~ 
'" 

trlmit:J'I1'Um1111~iJJlm?ll1?11t:J'lfl1~ iJfJWfflJ-u~l'U f111~UmflCMV'U t~?I1~'U ttl!'I U?I~iJfl11lJ 
" ." ". 

ffl1J11tl1'U f1111 'Jfclft\9l 1 'VI 1lJt~~ru 1'Um1~ 11Ulfllf( ffl1J11tlt~~ru 1~ 1'U m1111ViiJ1C)ft~t:JlJfil?lU u u 

.. " , 
~'U11u~~ut:Jl'Ufff1?1'lJU'I Bacillus . '" . 

, '<II" tI. " 

t)jU\9l11~ffUUr;l1~UlU~'lJU'I~'UVii1'1tfil11~11 16S rRNA ~U11r;l1~UtUffViltfl11~'\11~ii 

fil11lJt:J11 1450 tUff ~'IUff~'I1'U11.J~ 4.2 trlmmt:JutVit:JuilUr;l1~UtU~'lJU'I~'U~i1'1tfil11~11" 16S 
'" , , 

• . •• d dd .<!I 
rRNA 'lJU'I BacIllus subtJlls ATCC21331 ~U11~1f11431 tU~~~lJ 1421 tUff 'VIlJfl11lJtl1lJU'U 

f JI, <II 0' 

il'U~~ti1'U 99 % Uff~'I~'I\9l111'lVi 4.4 ~'IU1~ff11.J1~11UUfilVii~t:Jfflt:J~'U11 BBK-1 Li1'U~~'U'VI11:J • •• 

Bacillus subtilis 1~u~~t1t:Jf1~1 Bacillus subtilis BBK-1 \9l?lU~f11HI~?lU'I 

, .. 
d ~ ..::::.. Q.f Q.I ~ dod Q.I 

\9l111'l'VI 4.2 ?lf1llW~f111t ~1ruU ?I~?lf1llW~'VI1'lffW ~1'U 1'V1t:Jl'lJU'IU Ufil'VIt 1t:Jfflt:J~'U 11 BBK-1 
u .. • 

d ~ " d 

ff'lJ11'U1?1 ~'U\9lHf1?11'l (umbonate) ~1~1'U 'lJUUl1t:JU 

o 3-5 lJlJ. 
" .. ~ d 

1'U 'U 1t'VI1t:J'U 'VI • 

ti1'U~u'U 
" ~ do":::::' 

\9l~ff'Ult'l'U 

: 'lJ'Ul~ 1.2X3.8 1lJ lfil1tlJ\9l1 
.. 

tU'U 1~ff1.Ju1 

: ~1.J;1'l 
: vllUl1'U'I 

, , 
.<!I d 

f111tfl ?I U'U 'VI 
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. . .... '" .ct .... '" .ct 

il fl 'tH1A ~ 't1 't1 vHHHJ Nilfll'iflfl'Hl il fl 'H W~ 't1 't1 yHH) 'IJ Nil fll 'i fl fl 'Hl 

• 
Ufll'l~til~ + fll'i!<ij~qJ' t! 1 Glf!~mJrmel 1'iYl 

<=t <=t 
O1'J'YII'l~tl'IJ 1- 'Vi - 2% + 

"" 5% fll'iNilYl fl'i Yl + 

~-t1(;l1f1~ + 7% + 
" 

~-vJ'jf111'l~ + 10% + • 
<=t "" I'l-UlJ'W'W'YItl(;l + 12 % + 

~-1C)fh~ + 14 % + 

Utl(;l-tl~)liJl 'W~ + 16 % + 

t1l)~S\PIt11C)f'1t1t191f1~ - 20 % -
" . 

01) "1qJ i'Will1~ 1 )tl101fl "" '" "" - !<ij'iru't1elW'liil~ 
u ~ ... 

0 
fll 'i trill rJ 1OC)f ND 

<=t<=t 0 
tflC)ftl'W + 25 C)f + 

"" 0 
t,ml'l'W + 30 C)f + 

" 0 
mJ.:J + 40 C)f + 

" 0 
01) i'lf~!\PIn1 + 50 C)f + 

O1)~S\PIfl'W 1\Pl(;l 
0 

- 55 C)f -

. " 
'IHnCJ! 'Ii \PI - l1lntJG'I ill "b" N (;l1 hi fl1 ';j 11 ~HH)1J • 

" + 'lillltJG'I 111N~1h1fl1';j11~~fl1J 
. " 

ND 11111tJG'I ill '1~'V11fl1';j11\Pl~fl1J 
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10 20 30 40 50 60 70 
GGCGGACGGC TCAGTAACAC GTGGGTAACC TGCCTGTAAG ACTGGGATAA CTCCGGGAAA CCGGGGCTAA 

80 90 100 110 120 130 140 
TACCGGATGG TTGTTTGAAC CGCATGGTTC AGACATAAAA GGTGGCTTCG GCTACCACTT ACAGATGGAC 

150 160 170 180 190 200 210 
CCGCGGCGCA TTAGCTAGTT GGTGAGGTAA CGGCTCACCA AGGCAACGAT GCGTAGCCGA CCTGAGAGGG 

220 230 240 250 260 270 280 
TGATCGGCCA CACTGGGACT GAGACACGGC C(AGACTCCT ACGGGAGGCA GCAGTAGGGA ATCTTCCGCA 

290 300 310 320 330 340 350 
ATGGACGAAA GTCTGACG~A GCAACGCCGC GTGAGTGATG AAGGTTTTCG GATCGTAAAG CTCTGTTGTT 

360 370 380 390 400 410 420 
AGGGAAGAAC AAGTGCCGTT CAAATAGGGC GGCACCTTGA CGGTACCTAA CCAGAAAGCC ACGGCTAACT 

430 440 450 460 470 480 490 
ACGTGCCAGC AGCCGCGGTA ATACGTAGGT GGCAAGCGTT GTCCGGAATT ATTGGGCGTA AAGGGCTCGC 

500 510 520 530 540 550 560 
AGGCGGTTTC TTAAGTCTGA TGTGAAAGCC CCCGGCTCAA CCGGGGAGGG TCATTGGAAA CTGGGGAACT 

570 580 590 600 610 620 630 
TGAGTGCAGA AGAGGAGAGT GGAATTCCAC GTGTAGCGGT GAAATGCGTA GAGATGTGGA GGAACACCAG 

640 6~0 660 670 680 690 700 
TGGCGAAGGC GACTCTCTGG TCTGTAACTG ACGCTGAGGA GCGAAAGCGT GGGGAGCGAA CAGGATTAGA 

710 720 730 740 750 760 770 
TACCCTGGTA GTCCACGCCG TAAACGATGA GTGCTAAGTG TTAGGGGGTT TCCGCCCCTT AGTG,CTGCAG 

780 790 800 810 820 830 840 
CTAACGCATT AAGCACTCCG CCTGGGG4GT ACGGTCGCAA GACTGAAACT CAAAGGAATT ~ACGGGGGCC 

850 860 870 880 390 900 910 
CGCACAAGCG GTGGAGCATG TGGTTTAATT CGAAGCAACG CGAAGAACCT TACCAGGTCT TGACATCCTC 

920 930 940 950 960 970 980 
TGACAATCCT AGAGATAGGA CGTCCCCTTC GGG~GCAGAG TGACAGGTGG TGCATGGTTG TCGTCAGCTC 

990 1000 1010 1020 1030 1040 1050 
GTGTCGTGAG ATGTTGGGTT AAGTCCCGCA ACGAGCGCAA CCCTTGATCT TAAGTTGCCA GCATTCAGTT 

1060 1070 1080 1090 1100 1110 1120 
GGGCACTCTA AG~TGACTGC CGGTGACAAA CCGGAGGAAG GTGGGGATGA CGTCAAATCA TCATGCCCCT 

i130 1140 1150 1160 1170 1180 1190 
TATGACCTGG GCTACACACG TGCTACAATG GACAGAACAA AGGGCAGCGA AACCGCGAGG TTAAGCCAAT 

1200 1210 1220 1230 1240 1250 1260 
CCCACAAATC TCGTTCTCAG TTCGGATCGC AGTCTGCAAC TCGACTGCGT GAAGCTGGAA TCGCTAGTAA 

1270 1280 1290 1300 1310 1320 1i30 
TCGCGGATCA GCATGCCGCG GTGAATACGT TCCCGGGCCT TGTACACACC GCCGTCACAC CACGAGAGTT 

1340 1350 1360 1370 1380 1390 1400 
rGTAACACCC GAAGTCGGTG AGGTAACCTT TATGGAGCCA GCCGCCGAAG GTGGGACAGA TGATTGGGGT 

1410 1420 1430 1440 1450 1460 1470 
jAAGTCGAAC AAGGTAGCCG TATCGGAAGC CTGCGGTTGG ATCACCTCCT 

t I" (" 
'J'l.Hi 4.2 ih~ULU'ff'Ufl,:j'Ufl,:j!l'Wvh.y'Hr.1'Jl~'H 16S rRNA 'Ufl\lLL1JflYii1tJ'ffltJ~'W~BBK-l ... 
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d .ct t:::i dQ.l tI .cLd Q.I tI ~ 
\91 11 1\1 'VI 4.4 f1111Hl1lJV'W'lJV\I~'W'VI'ff\lLfl11~11 16S rRNA 'lJV\lU1JfI'VIL1t1'ff1tl'Vi'W~ BBK-l LlJV 

, tI <It 

Lmtl1JLl1t11Jti1J~'Wvhi'\lLfl11~11 16S r~A 'lJV\I Bacillus sp. 'ff1tl~'W~\9I1\l"l 

Bacteria Strain Accession number * Identities 

(XfY) 

B. subtilis ATCC21331 AB018487 1421/1431 (99%) 

B. licheniformis DSM13 X68416 1419/1453 (97%) 

B. amyloliquefaciens ATCC23350 X60605 1313/1341 (97%) 

B. popilliae ATCC14706 X60633 1310/1341 (97%) 

B.lautus NCIMB12780 X60621 1297/1342 (97%) 

B. lentimorbus ATCC14707 X60622 1287/1341 (95%) 

B. methanolicus Cl X64465 1287/1346 (95%) 

B. thuringiensis WS2614 Z84593 1362/1452 (93%) 

B. marismortui 123 AJ009793 1269/1327 (95%) 

B. sporothermodurans M215 U49078 1257/1313 (95%) 

B. cereus IAM12605 D16266 1324/1408 (94%) 

B. mycoides MWS5303-1-4 Z84591 1332/1423 (93%) 

B. pantothenticus IAMll061 D16275 . 1224/1283 (95%) 

B. pseudofirmus DSM8715 X76439 1245/1314 (94%) 

B. atrophaeus NCIMB12899 X60607 1242/1341 (92%) 

B. smithii DSM4216 Z26935 1234/1303 (94%) 

. 
o aid CI. Q.I 

X = ~1'Wl'WL1J'ff'VIlJfl11lJmlJV'Wf)'W 
" . 

y = ~1'Wl'WL1J'ff,;r\ll1lJ~l1vhf)11Lmtl1JLl1£J1J 
d 

* 'VIlJl : GenB ank 
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'" <! , 

4.3 ftfnnfll'l!uil[JumJ(;l-!lf1Ul'JUm1ufl'l~-~N H(;l~~~VlUJf1'J11ltYlI-WUlJ'l~lnNfll'lH)~tyf)1J 

fll'l(;l;H(;l1'l(;l~H'l-!l~-!lfh~'Jil1Vf'Uij-!l Bacillus subtilis BBK-l 

mflm':i&l~\9Illl':iUU1J1Jm'H\I~UJ'U'O'I Bacillus subtilis BBK-l 1'W'01111':inHnu'O(;lli~ 
.. OJ 

~H11J 1CM!~tlllf1(;l'O h~' 5 % 1~tlfll':il~~1~~fl~'WUfl''I~f111lltl11f1g'W 600 'W11 'W!ll~':i ~(;lm':i .. 
'1 ., 5/, 

'VI~(;l'O'IU fl'~'I~'I':iUY1 4.3 W1J11U1Jf1Y1!~tlijm':i!\I~UJU(;l~!-rlll~1'W1'W 'Om'l':i1~!~1 1'1lll1f1l~~ 
.. OJ .. 

fl~'WUfl''I!~llfl''I~'W U(;l~!;lff':i~tI~~mrlvi'11ll'l~ 36 rlll1f1Jm':i&l~~lllf111llfl'llll':itll'Wm':i .. .. 
, , I' " "" 

1 ~tlfll':il~f1lU ':i 'I~'I~1Y1 (;l~(;l'l'U'O'I fl'1'W 1 fl'Y11~ \l1flm':i!~tI'I!:)f'O 

I • "" I I ".., " " 

~'I~l~]hmw U(;l~U(;l~U(;l'OtI'O'Oflfl'fll111':i!~tI'I!:)f'O!jj't:l!hH'U1fl'i11ll'lY1 12 'U'O'Im':i!~tI'I!:)f't) .. .. 
" , I" " I " " 9 c:id.et Q.I i d i & ~ d .et 

U(;l~\I~ m~(;l~'VIfl'~!ll't:l!'U1fl''lf1 ~ll'l'VI 24 ~~tlfl'11Jl':itl(;l~U':i'l~'I~1'U'O'Ifll111':i!(;ltl'l!'lf'O\l1fl 50 . .. 
I " 'JJ d' I 

mN/m (;l'l!l1~'O 28mN/m ijf1lf111ll!'UlJ'U'W~lJ~'VI1i'U'O'Ifl'l':i(;l~U':i'l~'I~1'lhfIlW!'Vl1n1J 28 l~fJij 
", I "d I ." 4' 

u'W11'WlJY1\1~f1'1Y1~(;l'O~ 1u Ufl'~'Ilml1'W11fl'l':i(;l~U':i'l~'I~1'lhm'VfYi~~~ihl1'Wfl'1':i!ll~11J'O 1(;l'VI 
~ . 

fl''O~f1(;l'O'In1Jfl'l':i(;l~U':i'l~'I~1'lhmwY1':i1tl'l1'Wllm1Jf1Y1!~tI . . 
&.q~ alA 

fl'fJ(;l Bacillus !'1f'W fl'l':i(;l~U':i'l~'I~1'lf1mW'VI~(;l~mfl Bacillus sp. AB-2 (Banat, 1993) ; 

Bacillus licheniformis JF-2 (Lin U(;l~f1W~, 1994b); Bacillus licheniformis BAS50 

(Yakimov U(;l~f1W~, 1995) ; Bacillus subtilis 3/38 (li'W'UlqJ 1,!l:nJ'W, 2539) U(;l~ Bacillus 
'jI " 'JJ, 

licheniformis F2.2 (1J'Ifl'1f "l'VIii11W'lfQ(;l, 2540) !11'W~'W rlll1f1J':i~tI~n(;lll'Wm':i!~tI'I!:)f'OY1 
" ",. It" 

nm 24 'lfll. \I~ 111~ (;l~~~fl''Ifl'~U(;l~iju'W 11 'W llY1\1~f1'1Y1~(;l'O~ 1u !'If'W!~tl1n1J'Yh1t1'11'W 11'U'O'I .. . 
~ ~ <!\ ~ 

Bacillus subtilis RB 14 (Olmo U(;l~f1W~, 1992) l1'1lJ fll\l!'W 'O'Ill1\llfll1'tl'ln(;l1 24 'lfll. !11'W ~'W 
• I ". , • 51",,, 1II .. 15:4 d aid A Cl.I &. \Ii dAd .et ~ & 

~ u! lJ'W ':i~tI~ 'VIU 1Jf1'V1! ':i tI\I~! ':i ll! 'U 1fl'':i~tJ~W fl \1'1 ~lllJ m':i~ (;l ~ fl'l':i '0 '0 fl fl''El1111':i! (;l tJ'I! 'If'O! Wll'U'W .. .. 
, ," "t I ., 

"\J 1flm':i &1 ~ ~ III m':i! 11~ tJ'W U 11 (;l'lf111ll! 11'W fl':i ~-~ 1'1'U '0'1 '01111':i!~ tJ'I !:)f'OY11~tJ~! 1 (;l1~ 1'1'1 W1J 11 i II 
• ", ,. .&.A 

ijm':i!1I~tI'Wu1I(;l'llllmr fl~flll1f1lf1111J!11'W fl':i~-~1'11'W'lf1'1 6.2-7.5 CM'Ifll\l!'W '0 'I lll\11fl'Ol111':i 

I J J "tI 
!l1(;llu'O(;lli!l1'W '01111':iY1ijfl'lf1U':i~ fl'01Jfl'll\!':iW (coinplex medium) U':i~flfl1J~ltJfl'l':ifl'W 'VI~tJ 

tI .& I, , 
! 'If'W 'VI ~u 1 ~'W U (;l~ fl'l':i fl'n~ \l1f)Vfl'~ CM'I fll\l fl'llll':itl'lf1tJW~'If1lf111ll!11'W f)':i~-~ 1'1 'U '0 'I fll111':i 

" " " , . " ., " 
!~tJ'I!:)f'O 1~ U(;l~~'I!f)~W1J11f1lf111ll!11'W f)':i.~-~1'11 'W'lf1'1U':if)\I~(;l~(;l'lU(;l~f1'OtJ'1 !-rlll~'W l'W'j~tJ~ 

"". . .,," I 

11 'tl'l'U '0'1 m':i l~ tJ'I!:)f'O 1 'W 'Uru~Vi \I~ij m'j~ ~~ fl'1':i (;l~U ':i 'I~'I~ l'lhfllW! -rill fl' 'I~'W fl''O~f1 (;l '0 'I n1JY1 .. 
~ 

':i1tJ'I1U i 1'U'O'I Bacillus subtilis YB8 (Tsuge U(;l~f1W~, 1995) 

. .. 
Ci d .q &,,q.c::t. 

f)l':i'VI ~ (;l '0 'I! 'W '0 111~~ ':i '0 111l':i'VI! '\1lJ 1~ fl'lJ~ '0 f)l':i~ (;l~ fl'u (;l ~!t ':i 'I~'I~ 1'JS1f11W\l1f) .. 
,v 'I " tI 

Bacillus subtilis BBK-l 1'W'U1~!'Utll1~tll'1f~~':ifll111':i 3 '1fU~Y1!&llJ!-rlll~1£J1CM!~tlllf1(;l'Oi':i~ 5 
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1 aa 
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o 12 24 36 48 60 

, " SI " " 

" " 0 " " fl1!!H~\I~1'UtI'H1'1tJl~nhHl1flfl1'.H~fJ\lt~t1 

nJ~ 4.3 'j1..lU1J1J fln t'11t1J fll'j t 1..l~fJ'U U 1..l r;l'l~1~11lJ! il'U flHl-~ 1\1 ~ltt H~\I~ 1'UtI\I~1'U 1 {l' .... " 
, " "" , " " .. 

Vi '1 ~ '11 fl fl n t~fJ\lt ~t1 U ~~~ 1~1UJt 'lJlJ'lJU fflJ~'V11i'lJ t1\1 {l'n~~tt 'j \I~\I~ 1;1fl1'V'1'lJ tI \I 

.A d 1 Qd i Q '1 '-Bacillus subtilis BBK-I tlJtlt~fJ\I 'Utl111ntlf~1tttl€l1J'V1J:.l{l'lJ !G)j't~fJlJ~~t1 'j~ 

I , ,,, • , " " 0 

5 % ~1~11lJ!il'Ufl';j~-~l\1t1lJlil'U 7 .5 1JlJ1J'Ut~1t1\1t'lJfJ1Vi'QWl1lJiJl1t1\1 (30 + 2 G)j') 

~ Q 

~ltIBIil'j1fl1'jt'lJm 200 'jtl1Jliltl'U1'V1 
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" , • I " 

% 1 ~u fl elll1l'H '11 ~ 1 fhl1'U ~ {1'1'!'J9f ·:U {It..! nllnimal medium Yi U I:/]J 1 'lfrl1 '11 i'1J f11'J ~ ill'! {1'·1'J ~ ~u H .. 
di~.c::::! ddG') 

1'!":]~1'lf1.fll'W'OlflU1JfI'VIt'J(J t'U{1'fJ~ Bacillus U~~ Pseudomonas (Jenny U~~f1W~? 1993) elll11'J 

dd "_I d.J _c;j 
'VIlJV":]f1u'J~ flV1Jl'!llJ'J1(J":]1'U 'UV..:] Carrillo U~~f1W~ (1996) U ~~Vll11'Jtl1~lU V~1Jt)f":]t1J'U {1'1'!'J .. 

, " , " , 
elll11'Jt~lJl'!'UYi1 'lf1 'U fll'Jfl~U(Jmt1JflYit~tIll>j1J11 Bacillus subtilis BBK-l 'O~lJf11'Jt'O~tyu~~~ill'! 

" I , • 

{1'l'J~~U 'J ":]~":]~l:jhmw 1~~Yi{1'~ 1'U elll1l'JtW~1j ~ ~f11'J'VI~~V":]U{1'~..:]~..:]'JuYi 4.4 1~(JlJfI1f111lJ 
q .. 

" "0' . " " 
t'UlJ'U'U-fflJ'W'VI1i'UV..:]{1'1'J~~UH~":]~1~lmVH'VI1n1J 28 m(Jl1-5":]f11'Jt~(J..:]t~tlti1'Unm 24 'lflJ. 

, " " 0' 

U'J~ flV1Jl'!llJ'J1(J":]1'U 'UV":] Carrillo U ~~f1W~ (1996) 9f":]f111lJt'UlJ'U'U -fflJ-W'VI1i'O~~~~..:]m(Jl1-5..:] 
" v " " • 

f11'H~(Jwi1tlti1'Ut1m 24 'lJ'lJ. U~~ 36 'lJ'lJ. 1'!1mh~1J 11..:]i1{1'1tl1<}\YiVll11'Jtl1~lfhl1'U~{1'I'!'J U~~ 
q .. . " 

Vll11'JYilJV":]f1U'J~ flV1Jl'!llJ'J1(J":]1'U 'UV":] Carrillo tW~f1W~ (1996) iJf11'J~ ill'!{1'l'J~~U H~'1~ 1~1 
, , '" '!l 

mW\9l1fl11Vll1l'Jtl1~ltW~1j ell'OtUV,,:]'01 flfl1f111lJ ti1'U fl'J~-~l'll 'U Vll11'Jtl1~rn1'1 2 'lJ'U ~~~~'1 

. 
Q/ Q.I d .c). ~.c:::'),d 

f11'J'VwmV'I'UV'I1i'U'U1ty 1.Jll1J'U (2539) 'VIW1J11f11'Jf./ ~1'!{1'l'J~~U HI'!'1f./1'lJ'1.fl1W'Olfl Bacillus 
'J/ " " • '" d,!j _c;j ,!j _c;j 

subtilis 3/38 'O~~~~'1m(Jl1~'1f11'JW(J'It'lJ'Vt1J'Un~l 24 'lJ'lJ. t'UV'I'Olflfl1fl11lJt1J'Ufl'J~-~1'l'lJV'I 

v v. " " 
Vll11'Jt ~ (J'I t tifVlJfI1~ ~ M ~'1U lA ~'1 t ~ V fl1 'lJ'elll1l'J tl1 ~ 1U V ~ 1j rl1 '11 i'1J f11'J f./ ill'! {1'1'J ~ ~U 'J '1~'1 ~ 1~1 

" . 
mw 1'U f11'J'VI~~V'I'Il'U I'! V 1 U 

< .: J\..i ~.: 
4.5 0'1flll'.l~ml1J'UtH01'l11·HtlfJ'It'lJ'0'Y1mlJl~iIlJ mfll'.lttlfJ'I Bacillus subtilis BBK-l 

" " . <It 

4.5.1 f111lJt'UlJ'U'U'UV'Ilt)ft~(JlJfI~V 'h~I'!'e)f11'Jf./ill'!{1'1'J~~UH~'1~1~1.fl1W 
jI " 0'" 

'01 fl f11'Jflflll1f./ ~'UV'Ifl11lJt'UlJ'U'U 'Uv'Il t)ft~(JlJfI ~ V 1 'J~Yitl1lJ1~{1'lJI'!V f11'Jf./ ill'!{1'l'J~~U 'J 'I 
~ '" d 9 d 'l _ 1 '" _ I'" 'l d 
1'!'1~1'lJ'lmW'Olfl Bacillus. subtilis BBK-I- tlAelll11'Jtl1~lUV~1J t~(Jttu'if./'Uu'ilJ1W tt)ft~(JlJ 

". "" " f1~V 1'J~Yifl11lJt'UlJ'U'U 0.5, 3, 5, 8 tt~~ 10 % ('l11l1U fl/U~lJ11'!'J) ~~l'!llJf11'it'O~tytt~~f11'Jf./ill'! 
. " "" , 

1 ~ (Jl~f11fl11lJt 'UlJ'U'U -fflJ-W'VI1i'U v'! {1'1'J ~~tt 'J 'I ~'1~ 1~1.fl 1WW1J 11 

'" 11 "dd 9 d 'l d "I" '" 
Bacillus subtilis BBK-l t'O'Jtu t~~'VI'~~ t'Uelll11'J'VIf./{1'lJ tt)ft~(JlJfI~V &'i~ 0.5 % tt~~f11'Jt'O'Jtu 

u q u 

, " " .,. ," " 
,!j 'l d 11 '" ~ 'l,!j '" ~ '" d 

. 'O~~~ ~'1tlJVfl11lJt'UlJ'U'U'UV'I & t)ft~(JlJfI~V & 'J~tWlJ~ '1'U'U t ~tIt'lJ'V'O~f./ tll'!{1'l'J~~U HI'!'1f./1'lJ'lmW 

" d ". " ." " " 1~~tlJtlt~(J'I1'U elll11'iY1f./{1'lJ It)ft~(JlJfI~V h~ 0.5 U~~ 3 % 1~ltIlJfI1f111lJt'UlJ'U'U -fflJ-W'VI1i'UV'I 

. . 
Q.I • d ~... di ..:::t. .c=:I 

fl1Jf11'J'VI~~V'I'UV'I Lin tt~~f1W~ (1994b) llW1JTlf11'Jf./~1'!{1'1'J~~UHI'!'1N1'lJ'1.fl1W'Olfl Bacillus 
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o 12 24 36 48 60 
'.i~u~nm (41 LlH) 

<!I "" • mf11'.iYl~fl~'UU'ff'l'IJv ·Hn111'.innnUV~1J 
, CII ~ .d..c.t J 

• fllf11'.i~~fl~'UU'ff'l'IJV'IV1111'.im~1V1lJV'Ifl1.h~flV1J~llJ'.ilU'l1'U'lJV'I Carrillo 
<!I 0 

• mf11'.i~~fl~'UU'ff'l'IJV'IV1111'.im~1f1111'U~'ffm 

- - -tr •• ~lfl11~ti1'Ufl'.i~-~1'l'IJV'IV1111'.im~1UV~if 
- - -0 - . ~lfl11lJti1'Ufl'.i~-~1'l'IJV'IV1111'.im~1~iiv'I;tJ'.i~flV1JVlllJ'.ilU'IJV'I Carrillo 
. - Q - - ~lfl11lJti1'Ufl'.i~-~1'l'IJV'IV1111'.im~1nll1'UVl'ffm .. 

,.-.., 35 'IJ 
-;' 

U 
::E 30 
U 
'-" 

;::: 25 .. 
c:;; 
r 20 'Uif'I 
r 

Q;S: 
15 '7 

'1/6: 
'7 

~ 10 -6: 
(t:D 
fro 5 .. 
(I:; 

0 

0 12 24 . 36 48 60 
'.i~U~n~l (~11lJ'I) 

"" -.- V1111'.im~1UV~1J 
dd tI 

---.- V1111'.im~1V1lJV'IfltJ'.i~flV1JVlllJ'.ilU'l1'U'lJV'I Carrillo 

- V1111'.im~1nll1'U~'ffm .. 
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t •• t ." " tI 

~tlVi 4.4 flTH~~ty fl11ttl~(J'UUtl~'1f11fl11lJtlh..lfllVl-~1'l (fl) U~~rnfl11lJt'IJlJ'IJ'U_fflJW\'I1i'UV'I . 

'ffntl~uH~'1~1~hnl'Y'I ('11) 'Uti.:! Bacillus subtilis BBK-l trlVti(J.:!1'UVl1111ti(J':! 
" , tI. • I" , 

<!I "'.". 1"" 11 ."4 '" t'lfVtl1~1 3 'lfU~ 'VI~'fflJ CJft~(JlJfI~tI ~l~ 5 % rnfl11lJt1J'Ufll~-\Pll'ltllJVl'U 7.5 1JlJ1J'U . 
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, " " tI ." 

0.5 U~~ 2 % u~~fll'Jj:-Jil~til'J\l~~~~\Hjj'fJfl11lJt'UlJ'U'U'U'fJ'Ilt))'t~£JlJfl~'fJ 1 'J~ti'H11TW 1~£J .. 
1 t))'t~£JlJfl~'fJ h;~fl11lJt;lJ;'U ti'lfl~l 3 % 'fJl\ln1J6'1fll'Jj:-Jil~tilnl~U'J 'I~'1~1~hilTVi\l1f) .. 

'd 'jI " d' " '" 

Bacillus subtilis BBK-l 'fJ£Jl'l 1'Jfl~llJfl11lJt'UlJ'U'U'U'fJ'Ilt))'t~£JlJfl~'fJ h~ l'U'ln'lVl'VI~~'fJ'IU'U 1lJlJ 

" . I' ." "" 
1 t))'t~£JlJfl ~ 'fJ h~~'fJfl11lJtillJl'JfI , 'U fll'J~~fllU 'J '1~'1~1'U'fJ'Iti1'U' tiVl 1~\llflfll'Jt~£J'It;ftl , 'Um1~ 

, " fI '" " "" " 

Vllh~fltl1J~1£J It))'t~£JlJfl~t11h~ 0.5 U~~ 3 % V'l1J11ti1'U 'tiVl1~\llflfll'Jt~£J'It;fm;'1 2 m1~V'l 
I "1' "" " • 

fl'ltillJl'JfI~~fllU 'J '1~'I~1 i~tjjtltl~' 'U til'J~~~l£J It))'t~£JlJfl~'fJ h~t'UlJ'U'U 15 % t'VIln'U U~~1.h~ 
I ," ~ " " ", • 

~'VI~mV'l 1 'U fll'J~~fllU 'J 'I~'1~1\l~t~lJti '1~'UtlJtlfl11lJt'U)J'U'U'U'fJ'Il t))'t~£JlJfl~t1 h~ t1£J 1 'U'lf1'1 3-.. .. 
, 1 ." "" ," d' 

10 % U~ti1'U 1tiVli~\llflfll'Jt~£J'It;f'fJ 1'Um1~Vllh~fltl1J~1£J It))'t~£JlJfl~t1 hr. 3 % lJlh~~'VI~ 

mV'll'U fll'J~~U 'J '1~'1~1~~fl~1 j:-J ~fll'J'VI~~'fJ'IUti~'1~'1~l'Jl'l~ 4.5 tIl\lt,jtl'l'illfld'~~1'U'UtI'I 
" ,", " , d' 

til'J~~U'J'I~'1~1~JhillV'lvl'l 3 'lfW~Vlj:-Jil~~Wt~fl~l'ln'U 19i1'fJ£Jl'lt'lfUfll CMC 'UtI'Itt))'t1'JUvJfl 

~'U~~~'1'illfl 250 mg/l n1~t1 130 mg/l trltlj:-JtilJfl'YJilu A ~U~'Jl~1U 1:1 1~£J llJ~ (Thimon 
"" , tI 

u~~mu~, 1992a) ~'1UU ~'1t~t1fl 1 'lftll'l11'Jn1~1UtI~1iVlj:-JtilJ It))'t~£JlJfl~t1 h~ 3 % 'tYl'l111Jfll'J 

" . 
j:-J il~tin~~u 'J '1~'1~ 1~hmV'l 1 'U fll'J'VI~ ~ 'fJ'I'l1'U ~t1 i 1.J 

. " " , ~ Q d <I'} d ~ 1 """" 
~'Ij:-J1'lf1mV'l'illfl Bacillus subtilis BBK-l lU'U1~t'U£Jl tmJ'lt'lftl U'fJl'l11'Jn1~1Utl~1J'VIj:-JtilJ 

" '" • "" t " It))'t~£JlJfl~t1 i'J~ 3 % l~£Jmh~u'lfu~'U'fJ'Itil'Jfll'J1JtlU~l'l"l nUVlfl11lJt'UlJ'UUt1lJ~U 10 fl1lJ 

. , "" ," 
~'fJil~'J V'l1J11 Bacillus subtilis BBK-l 'il~j:-Jil~til'J~~UH~'1~1~hfllV'li~ 1flmft£J'Inut;jtl h)'fl~ 

tt))''fJ'J'fJ~ fl~ 1 flti t))' 1 fl'Jtitfl'J~1tfl'Jl~~t ~~tfl'J~ fl~til'l1m'JlJ'fJl'l11'Jtllu til'Jfll'J"1JtlU 1 ~£JlJ~l .. .. . 
" "III' , , 

fl11lJt'UlJ'UU d'lJ~'VIli'U'fJ'Itil'J~~U H~'1~1;}1mV'lt'VIln1J 40 j:-J~fll'J'VI~~t1'1U ti~'1~'1'J1.JVl 4.6 .. . 
~ "" 

titl~fl~'fJ'Ifl1Jfll'J'VI~~t1'1'U'fJ'I Sandrin U~~flW~ (1990) ; Yakimov U~~flW~ (1995) 'UW~'V1 

" t • " "J I 

V'll'JTWU' 'I1j:-J ~j:-J il~ ilJ~U fll ~£JlJfllfl11lJt'UlJ'UU d'lJ~'VIli'UtI'Itil'J~~U 'J '1~'1~1;}1mV'lt'VIln1J 30 

• " " "".<!i' 
tjjtlt~V'lt ;fmllunm 24 'lflJ. vl'lU tIl'ilt'U 'fJ'IlJl'illfl11V'l111YlUttl'ltllu til'J1.J'J~ntl1J i~ 1 ~'J 

fll'J"1JtlU ~ i~~~~lmi'l U~~t11'ilv1J6'1fll'Jj:-J il~til'J~lIU 'J '1~'I~1~1mV'l t1~1'lt~U~'J1V'I1U i; 
'tYl'l111JU1JflVl(~V'UtifJ~ Bacillus (Cooper U~~flW~, 1981 ; Sandrin U~~flW~, 

" " " U~~flW~, 1997a) 1u fll'J'VI~~fl'lui~t~m) 1'lf~ lfl'Jtitm~~~til'l1fl'J'JlJtll'l11'J 
.. " . 

fll'JUtI'U "h'l1i'1Jfll'Jj:-J il~til'J~~tl'J '1~'1~1;}1f11V'llU fll'J'VI~~ tN'UU ~ 'fJ 1 1.J 

fll;1J'fJ'U ~lJ'Jlfll i~ti '1U flO U~~'I11~1£J 1 'U 1.J'J~t'VIrl' .. 

1990 ; Kim 

tllutn1~'1 
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, tI d tI ,,, " tI , ," 

lI1':il\lVl 4 .5 lUtl~W1fU 11 fll'j J;WHN'Utl\lfllfllUH'UlJ'UU 'Utl\l fll'jln~ !lJl9HHl'Utl\l(;1'lU 1 (;1'Vl!~ 'illfl 

" " " • " OJ ~ 

fllllJl 'UlJ'UU (;1'~'Vlltl'Utl\l % fllnl~~\I'Utl\lfllfllllJl'UlJ'UU 'U tl\l fl1'jln~ !lJ1Clf~ ~ • 
~ • OJ . . 

lClfl~tllJfl~tl'h~ 1u (;1'lUlh 1(;1' 
.oj .oj .oj .oj 

tlllfl'jl'l1~lUtl~lJ'YI~(;1'lJ 0.5 mlfl'jl'l1~lUtl~lJ'Vl~(;1'lJ 3 % 

(%) 
.oj '1 ~ 

% lClfl~tllJfl~tl 'j~ .oj '1 ~ lClfl~tllJfl~tl l~ 

3 28 36 

5 36 44 

8 20 44 

10 12 36 

15 0 0 

20 -20 -12 

30 -40 -24 

• " tI " e' • 

Yilfll'jl~tl'ill\l(;1'lUlh 1(;1'mtllf~\I'illm~lJ lClfl~fJlJfl~tl h~ ~ltl(;1'l'j~~~ltllClfl~tllJfl~tl '1 'j~Vl 

0' d " ," " tI 

lUtl'jlClfU 11 fll'j~~~\I'Utl\lfllfllllJl'UlJ'UU 'Utl\l fll'jln~ '1lJ1Clf~ ~ (CMC) 
• . . " I I 0' 

= [fll CMC !~!l~U - fll CMC lf~\lfl1'jl-wlJU~lJ1W lClfl~tllJfl~tl h~] X 100 

fll CMC l~lJ;U 

" , . '" . 
miiflll'VlltllJ 0 U(;1'~\lll'1lJiifll'jlU~fJUUU~\lfll CMC 

OJ • • 

miifll~~ "lJU (;1'~\lllU'j~~'Vllitn'V'l1 U fll'j~~U 'j \I~\lHl"~~\I 
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• ttf If1H1'1m~t)\PI~THm';ilJml11';i .. . - - <> • - fWllf1~ .. 
D 'Ynnwu d 

• fHUttft) ';it)" 
.-

A ttf 1 fI';j~lm~11fl';jl~l1 .. 
I ." " " 

~UYl 4.6 nl':i!~1ty en) U"~f11fll1lJ!'UlJ'UlJihJlhlli'\Hl·HnHI~uH&i.:)~1~1flTW ('U) 'Ut).:) 

d J' <1 dd '1 d i" 
Bacillus subtilis BBK-l !lJ~H€HJ':) tlJt)ll1l'H'lHI1Ut)"'U'VIJ!-l~lJ tC)f!~l:JlJmlt) ':i~ 

I I ,j} • " , "" 

3 % f11fl11lJ!lllJn':i~-\PI1.:)!1lJ(i1'W 7.S UU':i'.IfW~'Ut).:)Ull".:)f11':i'Ut)lJYlfl11lJ!'UlJ'UlJ 10 

Q.I' ~. ~ ',d Q" 0" <V ' 

nHJ\PItJ€WI'i 'UlJ'UlJ!f1':it).:)!'Ul:Jl'VI~WllfJlJllt).:) (30 + 2 9$) ~11:Jt)\PI':i1f11':i!'lI1:J1 200 'it)'U 

d 

\PI t)u 1'YI 
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" " . 
Y11 fll'j'\11U~lJlW ~ 1 flnYVimll1~ 'fflllWfJ fll'j~ ~~ hWYl1 fll'jU u'j~ 'W U~lllW I'i\lU~ 1.25, 

2.5, 5, 10, 15, 20, 25 ml~ 30 f)fll~fl~~'j l'rlJ~lC)f lfl'j'ffU~lJlW 5 f)fll~fl~~'jL1]'WU~lllW~ 
" , , " "tI . 

mll1~'ffllVi,!~ 1~tlijfl1fl11llL'lJll'lJ'W ~ll-WYl1i'lJfl\l'ff1'j~~U'j \I~\lH1:}f1flll'HYl1n1J 50 U~~f)1'j~~~ 

l1~~~~\lLrlflU~lJlW'lJfl\lC)f 1 fl'j'ff~ mJU~~lllf)f)~l 5 f)fll~fl~~'j ~~fll'jYl~~fl\lU'ff~\I~\I'jU~ 4.7 
" " 

," " , I 

~ f) 1:1 W ~ L'lf'W U 'V'/1J 1 ~ L'lf'W n'W 1'W fll 'j ~ ~ ~ U'j iJ 1 'W ~ 11 ~ 111 f) Pseudomonas aeruginosa CFfR -6 Vi 

I .J. " "t I 

'V'/1J 11Lll flfl11llL'lJll'lJ'W 'lJfl\lf)~ 1 fl 'ff'ff \I f)11 20 f)f:IJ/~~'j fllm ~~U 'jll 1 'W ~1I~11~~~~\I fltl1\1i~L 11'W 
" " 

,A ": dd <u 

L'W fl\l111f)fl11ll'ff1lJl'Jo1'W f)1'j 1 'If'W l~l~'lJfl\lU1JflYlL'jtl~~M (Ramana U~~ Karanth, 1989) ~\I 

" 11 'W ~\lL~flf)C)f 1 fl'j'ffU~lllW 5 f)flJ~fl~~'j 
" " . 

Y1~~fl\l.;r'W~fl i U 

4 .5.4 Lm~\li'W l~'jLl1'W~mlJl~'ffll 

I " " , & "'" d "I d .<!I "I d 

U'j\I~\I~1'lf1fll'V'/111f) Bacillus subtilis BBK-l ~'W'lJ1~L'lJtl1 L~tI\lL'lffl ~'Wm'\1l'Jm~1Y1~'ffll 

1 C)fL~tlllfl~fl i'j~ 3 % u~djC)f 1 fl'j'ffU~lJ1W 5 f)fll~fl~~'jL1]'WLm~\lfl1;1Jfl'W UU'j~'W'lfU ~'lJfl\l 
" 

• rI.. " I rI.. " • 

H'\1~\ll'W l~'jLl1'Wfl'WYI~tli~Uf) Y1~ui~'W l'V'/~Luul~'W U~~'ff1'jl'W l~'jLl1'Wflu'W'Vl~tli~Uf) 
" .. 

UfllJ l:1Jti1t1i'WL~'jYl UfllJ l:1JtUtllJcM~LvJ~ 1~mVitl1Jl'\1iiU~lJ1W lul~'jLl1'WLYl1n'W 1 'WU'\1~\I 

l'W l~'jLl1uYlf)'lfU~ L~ln1JU~lJlwiul~'jLl1'W1'Wll~ul~'W 10 f)flJ~flil~'j ~\liiU~1I1W • 

i'W l~'jLl1UL~ln1J 1.37 f)fll~fl~~'j U~~f)l'Jl;Y1~ul~u;1lJn1JLLfllJ l:1JtUtll'WL~'jYl~\lii . ,. " . 
U~lJ1W i'W 1~'jL'ilUfltl1\1~~ 0.69 f)fll~flil~'j 'V'/1J11 Bacillus subtilis BBK-l L'il~UJ1~~Y1'ff~ 1'W 

OJ • 

m'\11'jm~1~ii'ff1'j i 'W l~'jLl1'W'lfU~fl'WYI~rit1]'WLm~\I i'W l~'jL'ilU l~tlYI~Ul~lJL1]u 'ffl'J 

· " " 
l'W 1 ~'jL 'ilU Vi1 '\1u'j~i1Y1li fll'V'/ fll'j~ ~~'ff1'j ~~u 'j \I~\lH 1:}f1fll'V'/ l~ 'ff \I 'ff~ " . .J d • 

C)f \I II fl1 fl11 II L'lJ II 'lJ U 
" " 

tI ., " " 

~lJ-WYl1i'lW\l'ff1n)~U'j\l~\lH1:}f1fll'V'/LYI1n1J 50 LljflL~tI\lL~m1]'Wnm 24 'lfll . ~~fll'jYl~~fl\l 
. " . 

U'ff~\I~\ltUY1 4.8 'jfl\l~\lll1~fll'V'/~Luul~'W ~~~lll~1t1UfllJ llJLi1t1lli'WL~'jYl Y1~Ul~'W'j1lln1J 

. UfllJ llJLU tllJ i 'WL~'jYl U ~~Uflll 1 :lJtUtlllcM~LvJ~ ~\lJu ~\lL~fl flU fllJ llJLUtill 1 UL~'jYl~\lL1]'WLm~\I 
", " " ,,, 

lui ~'jL 'il'W flUU Y1~tlVil '\1U'j~i1Y1lifll'V'/fll'jN ~~ 'ff1'j~~U 'j \I~\lH 1~bfll'V'/ l~~ u~~iifl11 f)~Lfttl\l 
" , , " " tI 

n1Jfll'j 1 'lfYl~ul ~'W 'j1lln1JUfllJ llJLUti 1 'WL~'jYl 1 ~tliifl1fl11llL'lJll'lJ'W ~ll-WYl1i'lJfl\l'ff1'j~~U 'j \I~\I 
• I " • 

H1~bfll'V'/LYI1n1J 40 lJ1fff)1:I1Lntl1n1Jfll'j~~~'ff1'j~~U'j \I~\lH1:}f1fll'V'/1'W fll'jYl~~fl\l.;r'W~fl 1 U 
d. ., I tI 

L'W fl\l 11 1f)ii'j 1 fl1Y1 0 f)f)11U '\1~\I i ul ~'jL 11'W fl'W Y1~tI 
" 
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" " ". . " " 
\Pl'U 7.5 U,j<nHlJlru11rI'H,.i'Uvl'I111!~V'H:}fV 1JlJ1J'U!fl~V\l!'UV1Yl~rul1fJiJl1V\l (30 + 2 
0" • t • 

91") 1P11m)\Pl11fl11!'UVl 200 1V1J\PlV'U1Yi !i1'UnJ;n 24 <M11lJ\l 
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~lHi 4.8 fll'H~~ty (fl) U"~f11f111lJl'\llJ'U'UfflJW'V11i'\l~'l'j;1'n"~UH~'lih~1fll'W ('\I) '\I~'l 
- d.J'q d <;'-= "," -=<;' 

Bacillus subtilis BBK-I llJ~t"tJ'l ~U~llfl'jt"""1'V1~'j;1'lJ tC)ft~UlJmHl !':i~ 3 % lJC)f ~f1':i'j;1' .. 
, ,"'. • • ,I t 

5 fl5lJ\Pl~~~':iti1'WUlf"'1f1nlH)'W fIlfl11lJli1U fl'J~-~l'll~lJ\Pl'U 7.5 mh']j'i!~'\Ifl.:JUlf".:J 
, ,,!, . " t. t ., 

, 'W l\Pl'jl 'iI'U Vlfl'J1lJl'UlJ'lJ'W 'lJfl'l i'W 1\Pl'J1 'iI'Ul~lJ~'W 1.37 fl5lJ\Plfl~\Pl':i 1JlJ1J'Ulfl~fl'll'lJUl'V1 
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4.5.5 'iJ~lJ1W 1u 119l':i!~U lUUVlJ IlJd1t:JlJ1u!I9l':il'l~mlJl~fflJ 

Vilfllnn'iJ~lJ1W 1u 119l':i!~U 1UUVlJ lmuvlJ 1WI9l':il'l~mlJl~fflJ~Vfll':i~ill9l i~VVilfll':i 
" , t , 

u'iJ':i~U'iJ~lJ1WIPl.:jUI9l 0.35, 0.70, 1.0, 1.37 , 1.70, 2.0 , !n1~ 2.35 fli'lJI9lVill9l':i VnnlUVlJ ilJ 

, "" , " I" 
!UVlJ1U!I9l':il'lYifl11lJ!'UlJ'Uu'Uv.:j1u 119l':i!~U 0.7 if.:j 1.70 fli'lJI9lVill9l':i"'ffll':i~ilI9lYilmHiliv.:jnu 

, " " 0' I 

1 ~vijmfl11lJ!'UlJ'UU fflJ'Wl'11j'UV.:jffl':i"~U ':i .:j~.:jN1'h.fl1'V'1'iJ':i~lJ1W 40 U"~fll':i~ ill9l ~~"~".:j!Jjv 
"1 . . . 

'iJ~lJlw'Uv.:j1u il9l':i!~UUVVfl11 0.7 fli'lJI9lVill9l':i U"~lJlflfl11 1.70 fli'lJI9lVill9l':i ~"fll':il'l~"V.:j 

U ff~.:j~.:j':i'iJ~ 4.9 U ff~.:j "';!tfu ~lU lJflYi!'1V;V.:jfll':iUVlJ IlJ!UV i WI9l':il'lffll1i'lJfll':i~ ill9lffl':i"~ ... 
~' • I I 

U H~.:jN1;h.fl1'V'1 CJf.:jij':ilV.:jlU11!WlJ IlJ!UVlJ 1U!I9l':il'l!~UUl1".:j iu 119l':i!~uYimlJl~fflJI9lVfll':i 
" ~ill9l!CJfV':iUvJfl~U~lfl Bacillus subtilis (Cooper U"~flW~, 1981 ; Roubin U"~flW~, 1989) 

" , . " " 
'V'I':iVlJ':ilV.:jlUYi11U lJflYi!'1v~~ 1 'lf1 U 119l':i! 11'U11.:j 1 U ~'iJ'Uv.:jUVlJ IlJ!uvm!"~ 1'U!I9l':il'lffll1i'lJfll':i 

" . " ~ill9l!CJfV':iUvJfl~U i~v1U'lf1.:jU':iflUlJflYi!'1v~~ ''lf1u 119l':i!~'U 1u ':i'iJ'UV.:j i WI9l':il'lffll1i'lJfll':i!~~t1:J 
... u 

1 U ~1.:jii' 'iJ~lJ1W 'Uv.:j!CJfV;U vJfl~U ~~v.:jv~ 1 U ':i~~lJ~l!rlV'Ul~ 1 U!I9l':il'lUlJflYi!'1V'il~ 1;' U i 19l':i! ~u . ... 
" . " 

''U~'iJ'UV.:jUVlJ ilJ!UVlJffll1i'lJfll':i~ill9l!CJfV':iUvJfl~'UI9lV 1'iJ (Roubin U"~flW~, 1989) ~.:jUU~.:j 

!~VflUVlJ ilJ!UV1U!\9l':il'l~ij'iJ~lJlw1'U 119l':i!11'U 0.70 fli'lJ~t)ill9l':i fi~u~u'iJ~lJlwut)ulmuv'lu . . " . 
!19l':il'l!l'llnlJ 2 fli'lJI9lVill9l':i ffll1i'lJfll':i~ ill9lffl':i"~U H~.:jN1;}lfll'V'l1 U fll':il'l~"t).:j'l'1u \9lV '1'iJ 

" . 
4.5.6 'iJ~lJ1W ffln1'fi~~lflVffI9lYimlJl~fflJ 

d • "" " .J . • 
!'Ut).:j'illfl1U~I9l':it:l1111':iYi1'lfv.:j'iJ':i~flt)lJ~lVffnffn~'illflVffl9l CJf.:jij'iJ~lJ1W 1'U il9l':it'ilU!l'11 

" ." . ". 
nlJ 11.42 % (Ull1Ufll9lt:llhl1Ufl) 'iJ~lJ1W 5 fli'lJl9lt)~I9l':i UlJflYit'1Vt)l~ ,l'1ft~UUl1".:jiu 119l':itl1'U . 

.. ' " ",. . 
U'U V1'1V'j llJ~ 1V ~.:jVil fll'j111'iJ~lJ1W ~n'jffn~ 'illflVff\9lYit l1lJl~fflJl9l tl fll'j~ il\9l1 ~VVil fll'jU 'iJ'j~ U 

" , , . 
'iJ~lJ1WIPl.:jU\9l 1.0 , 3.0 , 5.0, 7.0 , U,,~ 9.0 fli'lJ\9lt)~\9l'j fi~t~U'iJ~lJ1W'U i\9l'jt'il'U!l'11nlJ 0.10, 

0.34, 0.57, 0.80 U,,~ 1.03 fli'lJ~t)ill9l':i19l1lJih~lJ tmVlJtYiVlJnlJtrlt)t~lJ'iJ~lJlw1u i\9l'jt'ilu'UV.:j 
, "" f. J 

Ut)lJ imuv iU!I9l'jl'lYifl11m'UlJ'UU~.:jflm1Ul'l'U fll':itnlJ 1u il9l':itl1U 'illflffl'jffn~~lflVff\9l ' 'V'IlJ11 

trlt:lt~lJ'iJjlJ1WUVlJ ilJtUV 1 WI9l':il'li ~v i~ijffl'jffn~'illflVff~ UlJflYit'1V~~ 1~~ ill9lffn"~U':i .:j~.:j 

" " ..::i .. • tI • "" 

t:l1111':it~V.:jt~vijffl'jffn~ 'illflVffl9l U "~'V'IlJ11ffl':i ffn~ 'illflVffI9lYifl11lJt'UlJ'UU 'U V.:j 1 U 1 \9l'j 1 ~'U 
• " ." ." " 0' 

0.57 if.:j 1.03 fli'lJl9lt)~I9l'jhffll'j~ilI9lYi'fl"tiliv.:jnu 1~fjijmfl11lJt'UlJ'U'UfflJ~1'l1i'UV.:jffln'~UH 

~.:jN 1;}1.fl1'V'1'iJ'j~lJ1W 40 ~ ~fll'jl'l~"V.:jU ff~.:j~.:j~'iJ~ 4.10 ~.:jU ff~.:j 1 ";ttfu ~lffl'jffn~'illflVffl9l" 
~lt~'U ffll1i'lJfll'j! 'il~t1:JU"~fll'j~ill9lffl'j"~U H~.:jN1;}1.fl1'V'1~lfl . Bacillus subtilis BBK-l fft)~ 

u 

" . . ~ d 

fl"t).:jfllJflnl'l~"V.:j'UV.:j Kim U"~flW~ (1997a) ; Hommel U"~flW~ (1987) 1'l':ilV.:jlU11ffl'j 
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0 0.35 0.7 1.05 1.4 1.75 2.1 2.45 

, ,., t • • " 

% ii9f lf1';H1' 5 flflJvH)i1~'HillHl'IHt'lfl1<,jlH)U fI1f1111Jtilufl<,j~-~1'1!llJ~U 7.5 m..h .. . ~ .. " 
DllJ1W iu l~'H~u lumllJ llJtihJlJ iU!~n'1 1JlJ1JU!fI<,jt)'1!'lJtJ1Yi~W1UJihH)'I (30 + 
0" • I • 

2 9f) ~lm1~nfl1<,j!'lJV1 200 <,jt)1J~t)U1Yi !ilunm 24 -ih llJ'I 
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o 0.2 0.4 0.6 0.8 1 1.2 

• 

'n.J~ 4.10 rHl'UtNfll'nYilJU1lJ1W ilJ l~lt~lJ llJ'jUffl'H"fi~~lf1fjff~U~~UfllJ llJ til VlJ ilJt~'jl'l~fl 
~ . ~ 

'" e$"'.:I" ~.J"I d 
fll'jYl~~ffl1~~UH~'1Yl1'lf1.fl1'V'1 t~V Bacillus subtilis BBK-l tlJm~v'I tlJm1111tl1~11'1 

YlfflJ 19$t~VlJfl~fl h~ 3 % ii,lfl1ff 5 f1i'lJ~flil~1t~lJUl1~'1fl11"llfllJ iiUfllJ llJtilVlJ 
, • .I' " • , • 

ilJt~11'1 2 f1i'lJ~flil~'n~lJu 11~'1 ilJ 1~1t~lJ flUlJ 1'I~m1lJ~lJ fl1fl11lJt~1.I f11~-~1'1t1lJ 
" ... 
~lJ 7.5 U U1U1lJ1W ilJ i~1t~1.I11.1'jUffl1fffi~ ~lf1fjff~U~~UfllJ llJ til VlJ i lHIPi11'1 lllJlll.l 

~ 

, ,. " 0" • t 

tfl~fl'lt'UVl'Yi~Wl1fJjjl1fl'l (30 + 2 9$) ~1m)~11fll1t'UVl 200 1flll~fll.ll'Yi t~l.I n~l 

24 i'11lJ'I 
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.. . .. 
titl~1l1f1riti~1l~'lf1f.Hti~lJfl1·H.,~~t9fij1UvJfl91'U C9-BS ml~9fijlJYm hti~iI~1l1f1 Bacillus 

subtilis C9 U~~ Torulopsis apicola IMET 43747 mmh~lJ 

i1111 

. . " " ". ~ ~ d ~ d 

4.6.1 f111lJtlJ'U m~-~n~t1lJ~'U '\Iij\lm1111t~£J\lt'lfij'YU11lJl~tilJ 

.:!' • , " " ", • 
111 f1 fl11fff1l:l1t ~ ij111fllfl111H 11 'U fn~-~ l\lt~ lJ ~'U '\Iij\l ij 111nti!i£J\lt~ijYlmlJl~tilJ~ijfl11 

~~~ti11~~UH~\I~1~h.fl1~1l1f1 Bacillus subtilis BBK-l l'U'\I1~t'\l~1 1~£Jm.h~'U~lfl11lJtl1'U 

". . . , 
'" ~ '" .d 11.d.d.d _c:t 

Bacillus subtilis BBK-l tillJ1HI~~~ti11~~U 1 \I~\I~1'lf1.fl1~ t~~rVlti~'VIf11f111lJtlJ'U f11~-~l\l • . ." " " . 
t'VIlnlJ 7.5 1~£Jiifl1f111lJt'\llJ'\I'Ui1lJYr'VI1i'\lij\ltin~~UH~\I~ljhfl1~~\I~~t'VIlnlJ 40 · ~~fl11 

'VI~~ij\lU ti~\I~\I~-U~ 4.11 mlltit ij\llJl1l1f1~~lfl11lJtl1'U f11~-~l\l~\lf)~11tl1'U ~l~mlJl~i)1JtlJ 
fI • I tI .ci • 

~llJij~~lJ'\Iij\lt9f~~ 1PI1ij£J1\1t'lf'U fl11~~~t9fij1UvJfl91'U 1l1f1 Bacillus subtilis ll~~~~\ltlJijfFI 
, , , " 0' " .A I • 

f111lJtl1'U f11~-~l\lt'VIlnlJ 5.0 111ij~1f)11 U~ fl11~~~t9fij1UvJfl91'U lI~ti \I~'UtlJijt~lJfI1f111lJtl1'U .. 
• "". • • .A 

f11~-~l\ll 111f1~tfi£J\I nlJfI1f111lJtl114 f11~-~1'1Vitl1'U f1~l\l 1'U ij\l1l1f1fl11U ti~\lijijf1'\1ij\l srfA 
., tI 111"" tI", 'J/ 

operon Yl~1111'U~ijfl11i1 \ltfl11~11tij'U i 9f'U Yll 'lfl 'U fl11i1 \ltfl11~m9fij1uvJfl91'Ul'WlJ~ \I~'U . (Cosby 

u~~mu~, 1998) 

" ". Q do ~ d 

4.6.2 mU11.fllJ'\Iij\lfl11t~£J\lt'lfij'VImlJl~tilJ . .. 
~.ci ,q d ~d '~ ~,qc.t 

111 f1 f111 ~ f1l:l1t ~ ij 111~W 111.1 lJ'\I ij\l f1n W£J\lt 'lfij 'VI 1 11lJ1~ tilJ~ ij fl11 ~ ~~ til1 ~~U 1 \I~\I~ 1'lf1 
• ;J " • 

.fl1~1I1fl Bacillus subtilis BBK- l1'U'\I1~t'\l£Jl 1~£JU-U1~'U~W111.1iJ'\Iij\lfl11ti!i£J\lt~ij l'U'lf1\1 25-

o d '" "",.A 
40 9f 1f1lJ~lij£Jl\l~1ijlJf1'UtlJijfl1lJ 24 'lflJ. ~lJ11 Bacillus subtilis BBK-l ""llJ11(l~~~ti11 

"" • """ , 0 0 
~~UH~\I~l~ih.fll~i~~lf1~tfi£J\ln'Ut]jm'hf1nti!i£J\lt~ij i1YlijW11.flij 25 9f 30 9f U~~ . .. 
~W111.1ij';ij\l (30 + 2 0 9f) 1~£Jii~lfl11lJ1;lJ;'U i1lJYr'VI;'\Iij\ltil'j~~U H~\I~l~lh.fll~t~lnlJ 4b 

~ ~fl11'V1~~ ij\lU ti~\I~\l1-U~ 4.12 ~\1111'U~1\1 mu 11.flij~lf1;tfi£J\I nlJijW11.flij~mlJl~tilJnlJ 
~ q ~ q ~ 

.d.d 1 UlJfI'VI11£J 'UtifJ~ Bacillus (Kim U~~f1W~, 1997a ; Sen U~~ Swaminathan, 1997) 
d • , 

4.6.3 f111lJt 111ijlJ 1 14 fl11t'\l£J1YlmlJl~tilJ 
. & ~ d G1 'c:r ',q I::i...::.,d 

111 f1 fl11 ~f1l:l1t ~ ij 111fl11lJt 111 ijlJ t 14 fl11 t'\l£J1'V1mlJl~ tilJ~ ij fl11~ ~ ~ ti11~~U 1 \I~\I~ 1'lf1 
, d • I 

.fll~1I1f1 Bacillus subtilis 1'U'\I1~t'\l£J1 1~£Jm.h~'UfI'.nlJtn1ijlJ1'Ufl11t'\l£J1Yl 100, 150, 200 

, d d QI • " Q.I 4 • d d 1 

U~~ 250 1ijlJ~ij'Ul'VI 1f1lJ~lij£Jl\l~1ijlJf1'UtlJijfl1lJ 24 'lflJ. ~lJ11'VIfl11lJt111ijlJ 1'U fl11t'\l£J1 . . " , d ~ ~ ,q d \Ii t=:!d 

200 1ijlJ~ij'Ul'VI Bacillus subtilis BBK-l tillJl'j(l~~~tin~~UH~\I~1'lf1.fl1~ t~~'VIti~~~m1 • . t" "tI , 
'VI~ ~tl'lU ti~\I~\l1-UYl 4.13 1 ~£Jiifl1f111lJt'\llJ'\I'U i1lJYr'VI1i'\lij\lti11~~U 1 \I~\I~ 1~h.fll~1'V11nlJ 40 .. 
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5 5.5 6 6.5 7 7.5 8 8.5 9 

, 1 , " 

mml1Jt~'Wm~-~nH11JVI'W 

I • 1 , " 'JJ ". 

',nJYi 4.11 rH'I'\JV.:jfllfl11lJ1i1'W n'j~-~ l.:j;'~lJVI'W '\JV.:jV1111'H~tl.:j1';VVltlm'H'1 i1V1ffl'j""'~11'j .:j&j.:jH 1~h .. 
1 -A.J'Gj d ld ~ .. 

.fl1'V'1 t~tl Bacillus subtilis BBK-l 1lJV1(;1tl.:j t'WV1111'jm(;l11'1NfflJtc)H~tllJfI(;Itl t'j~ 

3 % iiC)f lf1'jff 5 n1lJ~tlilVl'j1i1tml1~.:jfll'j"1JV'U 11VlJ lmutllJi'U1V1::il'l 2 n1lJ~tlilVl'j .. 
• f/ ~." • 

1 i1 'U 1111 (;I.:j '1 'U 1 VI 'j 111 'UVU 'U l'l~ tl ii ffl'j ffn~ 111 nv ff~ 5 n1lJVlV i1V1'j1 i1'U 11.:j1111 (;I.:j 
, f • • " " " I 

i'U 1 VI'j111'U 1n~V11 'j11(;1~1~1i1'U mhfllfl11lJ1i1'U n'j~-~1.:j1~lJ~'U '\JV.:jVl111'j1~tl.:j1';V 1JlJ 

A I' " 0" • • 
1JlJ1f1'jV.:j1'\JtllYi ~Wl1fJill1v.:j (30 + 2 C)f)~1tlVVl'jlm'j1'\Jtll 200 'jV1J~V'U1Yi 1i1'U 

11m 24 i11lJ.:j 
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" "" 25 tlWl1.f1lJ1Hl\l . .. 30 40 

CI 

(30 ± 2 C) 

• v v. 
'nHi 4.12 rHl'Utl\ltlW l1.f1lJ'Utl\l fll'H~(I\ll~tl~tlfll'j'~~91ffl'HWIU'j' \I~\I~1~h.f11'Y'l1~w Bacillus 
v q ~ • 

A.11 did 11)" di <V subtilis BBK-l llJtll'tW\I 'W'tll'l1.1'j'm'tl1'Yl~fflJ c)H~WlJfl'tltl ~'j'~ 3 % lJC)f fl'j'ff 5 nnl .. 
~ tl ~~)'j l ih,l U 11 ~ \I fll{1J tl U U tllJ 1m i1 (llJ i U 191 'j' 'Yl 2 nflJ~ tl ~91'j' l ilUlm~\I '1 u i 9l'j' 

tI .,." , I 

l 'OU tlUU 'Yll(1 liffl'j'ffn~'Olnfjff91 5 nflJ91fl~911lilUl1\1U l1'tl\l '1 U i91'j'l'OU If)~tlU 'j'U'tl~ 

1911lJU ~lfl11lJlilu n'j'~-~l\1l~lJ;U 7.5 mh~wl1 SJlJ'Utl\lfll'j'ti(l\ll4tl IJlJ1JUlfl~tl\l 
t " " • 

l'U(ll~1(1591nf)1'j'l'Um 200 'j'tl1J91tlUll1 lilUl1'tll 24 'ih ilJ\I 
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10 

o 4---------~--~~------------4_------------~ 

100 150 200 250 

d •• 

fll1lJ!11'Hl1JhJfll'H'IWl ( 1V1JI'lVlllV1 ) 

fI .,." , • 

! ~ U vihJ 'Vl~ (J ih"nfftl\9l ~lflfjff\9l 5 fl1lJl'lViil'l1!llU li'ltm~'1' U 11'l1 t ~U tflgVU 1U~~ 
• • ." " 0 

11'l1lJU fIlfll1mllu flHl-~1'l!1lJ\9lU 7.5 ~rul1fJlJl1V'I (30 + 2 t])') mhfll1lJ!~11V1J 
• " " t 

lUfll1t'lJCJ1 !~(J'It~mllunm 24 ·ih llJ'I 
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• d ' I I "I ," 

U ~~m'j~ ~\pH)~~\P1 ~"UlJUfl11lH'j1H)'U i 'U fl1'jl'Utl1\Pl1U~~{1' \I n11U 9f\lih1tl\ll'U 11fl1'j hfUlfl1fl' ... 

li]'U'l1~itl~,hfity~Ufl1'jl~lJ~~~~\PIl'lfU;UvJfI~'U'il1fl Bacillus subtilis ATCC 21332 (Sheppard 
0' , "" 

U~~ Cooper, 1990) U~~fl1'j~~\PIl'lfU'jUvJfI~ml1n Bacillus subtilis DSM 3256 ~~rvhJ~\I~'Um 
t" "," 

ihi\PI'j1m'jn1'U1l\Pl1U~~rVilJti'\PI'j1nniYlUlmfl'1l~\I~'U (Sen U~~ Swaminathan, 1997) i'U'YI1\l 

" " .. 
\PI'j \In'U'U1lJnn~ln\P11.J~lJ1WUUf)~l~'U~~'Vh i Ylm'j~~\PI '1mfl'Uu~'U U U~~l'lfU'jUvJfI~'U C9-BS 
. " '" & 

l'V'llJ~\I'U'U (Lin U~~f1W~, 1994b ; Kim U~~f1W~ 1997a) 

~lnnnffmn{1'\PI'jU1YlnU~~'l1~i£J'U1\l1.J'j~m'j~lYllJ1~{1'lJ~um'j~~\PI{1'n~\P1u'j\l~\I~1 ... .. "" 
~lm'V'l~ln Bacillus subtilis BBK-1 'V'l'U11UlYl1'jll'Vhm'j1.Ji''U{1'\PI'jU~11h~nu'U\P11t1'lf lf1'j{1' 5 

... ... 
, , tI· 

ni'lJ\PIU~\PI'j, UUlJ llHUtI'1lH\PI'j'YI 2 f)i'lJ\PIU~\PI'j, {1'l'j{1'n\P1~ln£j{1'\PI 5 ni'lJ\PIU~\PI'j H~~ l'lfl~tllJ 
0' " I ," • •• " 

f1~U h\P1 30 ni'lJ\PIU~\PI'j fIlfl11lJli]'U n'j\P1-\P11\ll~lJ\PI'U 7.5 llJUl11m'j'UlJlltlWYltJlJYlU\I (30 + 

2 0 'If) ti'\PI'j1m'jl'U~1 200 'jU1J~U'U III {1'l'j~\P1H'j \I~\I~l~lhm'V'l~~~\PI '1;ii~l CMC-
1 l~ln'U 40 

,r 'U~lU~ 1 'U 'j~~'U~~lrlm1.J1t11Jllltl1Jn'U{1'1'j~\PIH 'j \I~\I~ l~l.f)l'V'l~~ ~\PI~lnH 'Ufllll1t1{1'ltl~lJ; ... . 
ci '" d 
U'U~ H{1'\P1\1\P1\1\P11'j1\l'YI 4.6 

dd ,J' .; -1 '" '" H'UfI'YIl'jfj UlYl1'j l~fj\ll'll'U CMC lU n{1'l'jUl\lU\I 

B. subtilis BBK-1 semisynthetic 40 '" '" ,J' 
\l1'U1~£J'U 

B. subtilis ATCC 21332 synthetic 40 Cooper H~~f1W~ (1981) 

B. subtilis ATCC 21332 peat hydrolysate 70 Sheppard U~~ Mulligan (1987) 

B. subtilis DSM 3256 synthetic 45 Sen (1997) 

B. subtilis DSM 3256 synthetic 53 Sen H~~ Swaminathan (1997) 

B. ficheniformis 86 synthetic 32 Horowitz H~~f1W~ (1991) 

P. aeruginosa DSM 2659 synthetic 60 Guerra-Santos H"~f1W~ (1984) 

P. aeruginosa ATCC 9027 semisynthetic 25 Mulligan H~~ Gibbs (1989) 

P. aeruginosa 44T1 semisynthetic 20. Robert U~~f1W~ (1989) 
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~ ~ ~ & ~ 
4.7.1. ~HI'UfJ'I'ffl"HWHt 1 '1(/\'1~1'lf1m'VWlflf)1~ ~~~'1'UfJ'IfllU H(/\'1~l 

1)lflf)111tfl11~~'ffn~~UH~'1~h~ihm~~'ffn~ 1;;lmlJ'VI1'UfJ~;1(J11i LC-MS (~1.J~ 
• ,,, ~'''.::A 01 • • 

4 .22) ~lJ 11 'ff11Yl 'ffn~ '1 ~ii fl11lJlJ~ 'ff'VI15fl fJ 'U 'U 1'1 'ff'l tlJ fJ'VI~ ~ fJ'I111fl11lJ j;flJ~'U li1~1111'1fllU 1 'I . .. 
• " " I " 

~'1~ 1nlJfl1fl11lJt'UlJ'U'U 'UfJ'I 'ff11~~U 1 \!~'1~l~bm~Yl'ffn~ '1~ ~lJ11fl1U 1 '1~'1~11)~~~ ~'1fJ(J1'1 
Q & .4 <"I ... & "" "" • ~ ... 

~J~tn1)lfl 70 mN/m (l'l 33 mN/m tlJfJ L'lf'ffn~~U~'1(/\'1~lt~(J'I 40 mg/l U(/\111m~lJfl11lJt'UlJ 
" " t'" , , 

'U'U 'UfJ'I'ff1~~~U 1 '1~'1~l~hmYl'ff '1;;'U lJ1flfl11U fllU 1 '1~'1~11)~ '1lJt1.J~(J'UU 1.J~'1lJ1mr fl ~ ~ f)1~ .. 
'VI~~fJ'IU 'ff~'11l'l~1.J~ 4.14 U~~1l~n1'U '1;~ltrlfJfl1'U 1W fl11lJj;flJ-W'U1;1~11~1'1~lU 1 '1~'1~lnlJ~l .. 

" " . ." . . 
fl11lJt'UlJ'U'U 'UfJ'I'ff11~~UH~'1~1 l'U'lf1'1Yl'U fJ(Jfl11 6 mg/l U~~lJlflfl11 50 mg/l' l~(JfJlrY(J'fflJ 

• .d. "".., f 

fln y = ax + b ~lJ11tlJfJfl11lJt'UlJ'U'Un~1'U'lf1'1 0-6 mg/l fll a = -4.57 mN/m/mg/l U~~fll b 
, .d. "",' • 

= 69.8 mN/m (~1.JYl 4.14a) tUfJfl11lJt'UlJ'U'U fJ~1'U 'lf1'1 50-200 mg/l fll a = -0.004 mN/m/mg/l 
, ., d ' tI v 

U~~fll b = 31.9 mN/m (~1.JYl 4.14b) 9f'l1l~t11'U()'1fl11lJU(/\n(/\1'l'UfJ'Ifl11lJj;flJ-W'Ulit~'1t'ff'U l'U 
• I " • VI • I •• I 

'lfl'1ll'l fl~ll 1l'l,r 'U \l'lfl~11 i~11'ff11~~U 1 '1~'1~ 11 'U 'lfl'1ll'lflmliilJ'VIlJl'VIYlU(/\fl(/\l'l n'U fl~llflfJ 
· "" ". . . , , 

Ylfll1lJt'UlJ'U'U 'UfJ'I'ff11~~U 1 '1~'1~ l;hm~'U ~Wfll1 6 mg/l 1)~iifl'VI15~~(/\fJfllU 1 '1~'1~ltl1'U mn'l .. ... ... ... 
d d~ .C), 

lJ1fl U¢l'VIfl11lJt'UlJ'U'U "l'lfll1 50 mg/l "~lJfJ'VIli~~'U tl(JlJ1fl 

• " " .,. & ~ d 
4.7 .2.ttIT(JlJtYl(JlJfllfll1lJt'UlJ'U'U 'Utl'l f)11tn~ '1lJtC)f~ ~ (CMC) 'Utl'l'ff11~~U H(/\'1~ 1 'VI 

... ~ 

~ ~(/\ '1~nlJ'ff11~~U 1 '1~'1~1j;f '1tfln~11lJl'l'lfU ~ 
, "," " 

'fflJU~Yl rilrlty'UfJ'I'ff11~~U 1 "~'1~l~ih.fll~ ll~(/\tl'l'ffllJn(l ~~fllU 1 'I~'I~1'1~ lfl~t~(J'I 
• , "f" " I' " , 

30 mN/m U~~iifll CMC \PIl fl(lllfltll'lf'ffl~1'U1.J~lJ1W'Utl(J~t'W(J'I~tlYl"~~~fllUH~'1~11~\PIl . _f'::! d ~ .C), d & .C), 

'ff~ "lflf)11t1J1t1lH'VItl1J1'1l CMC 'Utl'l'ffl~~~UH(/\'1~l'lflm~ BBK-l U~~'ff11~~U1'1(/\'1~1 • 
"" , , I " " 

j;f 'Itfl~1~111 ~tI'ff~l'l fl11'Vh~1111'lfllU HW'l~ lnlJfll log 'Utl'I fl11lJt 'UlJ'U'U'Utl'l'ff11~~U H~'1~l 
I • • " "" 

U'ff~'1ll'l~1.JYl 4~ 15 U~~ 4.16 fll CMC fltl~~Ylt'ff'Uj;fmr'fffl11-W 2 t'ff'UlJllPl~n'U m~"11Wl"lfl 

• • • I. "." " " 
fl1U1 '1~'1~lll~t1.J~tI'Utt1.J~'1 ilJlJlfl,r f'l U(/\~~(/\l'1'llJ~nW lfl~fllfll1lJt'UlJ'U'U'Utl'lf)1~tn~ '1lJtC)f~~ 

fJllltritl'ltlJ'U i 1.J"lflU 'U It;'U j;flJrr'ffi; nj fJ'I1l1flf)11ii'ff111.J'Utif tl'U ~tl~ 1 'U 'ffn~~U 1 'I~'1~ 1,!'U'l 

(Clint, 1992) 
t ".. ,. 

'ff11~~UH~'1~1;b.fll~Yl~~(/\ i~iifll CMC t'VI1nlJ 12 mg/l U~~iifl1 YCMC t'VIlnlJ 32 .. ".. 
mN/m ~~f)11'V1~~fJ'IU'ff~'I1l'l11.JYl 4 .15 fllUH~'l~llJ~nWlfl~fll CMC tijtl'ltlJ'U'11.J"lflU'Ul .. 

" "I , , 
t 'ff'U~lJrr 'ff5'Utl1'U~ ~lJ11liflf)111.J'Wi.ij tl'W 'UfJ'I'ff11~~U ~ '1~'1~l'lfU ~~'U Ylii1.J~~if'VI15 m~ 1 'U f)1~~~ 

~lU~ '1~'1~1~~lfl~1'ff11~~U~ 'I~'1~l11~fl ' (Clint, 1992) 1~(JlPlltl~1'l~1l1lJ1ffmnt'a'U 'ff11~'fflJ 
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'j'lHl 4.14 rH'I'll5~f11'j'tyhJ~'h.J'll5~tJ1lJ1WTI'lHl~UH~~~1~h.flWI 'BBK-l \Pl5f11UH~~~1 ... 
d ~ Q d 1 OJ" " " tlJ5~~~1£JTI'TH1~UH\Pl~~1'lf1.flWI 'UTI'l'Hl~~1£J1J~rrl5'j' Tris-HCl f111lJt'lllJ'llU 20 

mM ~li~1f111lJtllUfl'j'~-~1~ t~ltl1J 8.0 
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m log 'U{)\lfl111U'UlJ'U'W (mg/l) 

, 0' " " " • 

'n.Hi 4.15 fl11lHYlJW'W1i'J~1111"fI1f111lJt'UlJ'U'W'Utl·HnHI~UH~"~1:jh.flWI BBK-l il1lflltt'J" .. 
, tI" " 

~"~1 tijtll;)~1;)1£J'ffl'j"I;)~UH~"~1:jh.fl1 .... 1'W 'ffl'JI;)~l;)l£J-U'VhvJtl'j" Tris-HCl f111lJ t'UlJ'U'W 

20 mM ~ij~1f111lJtl1'W fl'j"~-~l"t~lti1J 8.0 
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f11 log 'U'e).:Jfl1l1H'UlJ'U'U (mg/l) 

• 0' " " " 0' • 

'j1.Hi 4.16 f111lJfflJ-W'U1J'j~111l.:JfIlfl1llJl'UlJ'U'U 'UtJ·:n1'1nl~u 'j 'l~'lfhff 'l!f1'jl~mi1.JfI1U 'j 'l~'l~1 .. 
Sodium dodecyl sulfate (0) Cetylpyridinium chloride ('U) Tween 80 (1'1) U~~ Triton 

X-lOO ('I) 
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, • ",' I t 

'UV'Hn1~IPIUH~':)~1~hm~ 3 'lfUIPI fIl CMC 'UV':)~l'j~IPIUH~':)~lVl~i191 ilPliifllVl~lfll1~1'j~1PI 
0' " • 

U'j':)~':)~Tff.:)tfl'j1::;1111~ltl'Jj'i11P1 ilPlUfl Sodium dodecyl sulfate, Cetylpyridinium chloride, 
~ d Q..I 

Tween 80 U~::; Triton X-IOO C)j'.:)lJfIl CMC tYl1fl'U 900, 500, 200 U~::; 120 mg/l ~llJ~l~'U 

~~flU'VIIPI~V':)U~IPI.:)~.:)'jll~ 4.16 U~::;911'j1':)~ 4.7 ., 
." 0' 

4.7.3 tmtl'UtVltl'UfIlfll'jfl'j::; 111tlU 1lJU 'UV':)~U~IPIU 'j ':)~':)~1~1111~n'UtC)j'V'jUyJfl~UU~::; 

t " I sJ 

11 1flfll'jtmtl'UtVltl'UfIlfl'j::; 11 1tlU 1lJU 'UV':)~l'j~IPIU H~':)~l~hfl1~ BBK -1 Vl~ i191 ilPln'U 
; ., , . j} , " • 

tC)j'V'jUyJfl~U U~::;~l'j~IPIU 'j .:)~.:)~ Tff .:)tfl'j1::;11~'Ul1.wU Vlfll'jfl'j::;111tlU 1lJU l1::;dlu fflPl ~lU 1 IPItI 

1 "" " 

9l'j .:)n'Ufl1fll1lJt'UlJ'UU llP1LJUll1U fl'UV':)~1'j~IPIUH~':)~111P1t1~1'j~IPIUH~':)~1~lm~ BBK-l ii 
" ",., . 

ll'j::;i1'V1iim~ lu fll'jfl'j::;111tlU 1lJU ilPl~tYl1tVltl'Un'UtC)j'V'juyJfI~UU~::; Tween 80 llP1t1~fll1 

Cetylpyridinium chloride U~::; Sodium dodecyl sulfate lh::;lJ1W 8.4 U~::; 34 t~1911lJ~1~'U . " . 
'UW::;Vl Triton X-IOO iill'j::;i1'V1ii1n~lufll'jfl'j::;111t:JU1lJU~fll1~1'j~IPIUH~':)~1~lh1n~ BBK-l 

1l'j::;lJ1W 1.9 t~l ~~fll'j'VIIPI~V':)U~IPI.:)~.:)~ll~ 4.17 
..:2 ." • ,. • 

Tween 80 U~::; Triton X-IOO tilU.~1'j~IPIU'j':)91':)~1Vlhll'j::;~iifll CMC ~lfl11U~::;iifll 
" • • & 

fl1'jfl'j::;1l1t:JU1lJUVl~':)fll1 Sodium dodecyl sulfate U~~ Cetylpyridinium chloride C)j'.:)tilU~l'j 
, " " . 

.<0/ "" <Oi<Oi_1 _c::j 0 '" <!I .<0/ "" <Oil'! _I l'! <Oi 
~IPIU 'j ':)91':)~l'V1lJIJ'j::;lltlJU ~'UU~::;'Ulfl911lJ~11Pl'U tU V':)1l1fl~1'j~IPIU 'j ':)91':)~1'V1 t 'jIJ'j::;ll\l::; tlJlJU'j':) • • 

, " tI VI 

~~flnU 'j::;1111.:) llJt~fl~ V11 111fll'j'jllJ~ltilU ilJtC)j'~~tnIPl11P1':)1t1 (Clint, 1992) 

, ." " tI , d .. Iod d ~'1 ~.qd .:::t,q 

91 U 1,:) 'VI 4.7 t IJ'j t1'U tYltl'Ufl1fll1lJt'UlJ'UU'UV':)fll'jtfllPl tlJtC)j'~~'UV':)~l'j~IPIU H91':)~1'Jj'1fl1~'VI~ ~91 

" 0' 

11P11l1fl Bacillus subtilis BBK-ln'U~l'j~IPIU'j ':)~':)~lff.:)tfl'j1::;11'U1.:)'Jj'i11P1 

.<0/ "" 
. ... ... . 

.<0/ "" 
~l'j~IPIUH91':)~l fIlfl11lJt 'UlJ'UU 'II V.:) fll'j fIlUH91':)~1 W 1l1Pl'UV':)fll'j • 

tnIPl1lJtC)j'~; (mg/l) tnIPl1lJtC)j'~; (mN/m) 

.<0/ "" <Oi 
~1'j~IPIUH91':)~1'Jj'1fl1~ BBK-l 12 32 

Cetylpyridinium chloride 500 41 

Sodium dodecyl sulfate 900 37 

Tween 80 200 39 

Triton X -100 120 31 
I 
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• " 1 " • " 

'nJVi 4.17 fll11,J'fflJW'Uli1~1111,:nJ~lJ1W'IJ{).:)ff11(;1~UH~':)~ln1J'~'UVifl11fl1~~ltJl1111'U (;I~(;I1tJ .. 
ffl1(;1~UH~':)~1~h.fllW U(;l~ffl1(;1~UH~':)~1-ff'Hfl11~~1'Uffl1(;1~(;IltJlJvJt'VJ{); Tris-

" " t , " " • 

Hel fll1lJ!'lJlJ'IJ'U 20 mM Viiifllfll1lJ!11'Ufl1~-~1':) rVlln1J 8.0 u(;I~lhml'U ~llJ 
" t " " • 

ih~1J U(;ll'\lhfl111~fl1fl11fl1~~lmhlJ''U 1~tJ''lfffl1lPll{)tJl.:)1..l~lJl~1 10 '1lJ lfl1~~1 
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". . 
OJ d 1 & "" '1.<!t 1 i d Bacillus subtilis BBK-l tI~fI~lJfl11lJ~llJl1f1 'Wf11'H'I~U~~\Pl~~1 ~llJ'e)'e)~ 'W~l~€'I~€'Ilt1 ~t)j'l~tllJ 

" & OJ 

fI€'Ilt1f1€'1~fl1J~lt1~l'W'U'e)~ McInerney U€'I~flW~ (1985) ; Horowitz U€'I~flW~ (1990) ; Lin U€'I~ 
, , , 'JI , 

.::::t .& .C). d d ... 1 Cl.c). 1 .&.C). .c:t. ~ ~ 

flW~ (1994a) 'YI~1J11~11€'1~U~ ~\Pl~~1'.lf1mWil~lJu~~~'YIlim~ 'W f11~€'I~U~ ~\Pl~~1l~lJ'U'WllJ'e) 

.. . " 
100 mMl'W~Tr€'l~€'Ilt1'U'e)~lt)j''e)~UyJfI~'WYi~~\Pl\llfl Bacillus subtilis S499 \l~vhhnhdi'YIn 

I" "t 
m~1'Wf11~€'I~UH~~~1lYllJ~~~'W l~tI\l~'Vhhffll CMC €'I~€'I~\llfl 240 mgll m~'e)lWtl~ 8 mg/l 

.". , 
"" & d"l OJ _"4 

(Thimon U€'I~flW~, 1992b) f11~l~lJ'U'W'U'e)~fIl ionic strength 'YImlJl~~lJ ~'W~l~€'I~€'Ilt1'e)'Wl1J'W 

~€'IlJl\llflfll1l~lJ It)j'l~tllJfI€'I'e) h~~~llj'W~l~ul~fll'Y1~'1m;'· \l~Vil1';UH~~fl~~11~1~ llJl€'lfJ€'I 

. " " 'U'e)~~l~€'I~U~ ~~~~1€'1~€'I~ ~~~€'I 1111lJl€'lfJ€'I'U'e)~~1~€'I~UH~~~11n~fl1~':i1lJIPl11lj'W '1lJlCJrml'1~ 
• " t " ", 

~1t1~'W . (Clint, 1992) ~l~€'I~U~ ~~~~1~'hm~Yi~~\Pl '1~]jfl11lJ~llJl~fl1'W f11~€'I~U~ ~~~~1 '1~Yi 
• •• c\ ' 

fIlfl11lJllj'W fl~~-~l~ 1'W'.lf1~ 5-10 · u€'I~u~~n'YInm~ 1'W f11~€'I~U~ ~~~~1,",~€'I~MllJ'e)fI1f111lJllj'W 
" ." t ," , 

fl~~-~1~\Pll111'e)~~fl11i11~tlfllU ~ ~~~~1\l~lYllJ~~~'W ~€'If11~'YI~€'I'e)~U~~~~~~uYi 4.19 fl1~~ru 
" '\I "" u 

fl11lJ~llJl1n1'Wf11~€'I~UH~~~1~~'1~nJ~tI'Wuu€'l~ ~€'Ifll1'Y1~€'I'e)~U~~~~~~U~ 4.20 ... 
, " " .. 

~l~€'I~U ~ ~~~~1,hfl1~Yi~~\Pl '1~]jfl11lJ~llJl~fl1'W fl1~€'I~U ~ ~~~~·1 '1~~Yifl1f111lJllj'W 
• ." d' .. "" 

fl~~-~l~ 1'W'.lf1~fi11~ U€'I~llJ'e)'e)tl1'W~1~€'I~€'Ilt11t)j'1~tllJfI€'I'e) h~fl11lJl'UlJ'U'W~~ \Pl€'l'e)~\l'W]jfl11lJ ... ... 

l~f.)tI~~m~W11lJiJ~~ ~~llj'W~lJ-U~~~~'ll~~llJl~mll'1uu~~~fl\Pl"l;''W~\Pl~l11fl~~lJ (Horowitz 
• • tI , 

U€'I~flW~, 1990) ~1'e)tll~t'.lf'W1'Wf11~~~\Pl~~\Pl.fiWCVlVilf111lJ~~m~~1~f11t11J1~'.lfiA~iAtllJ~~lJ 
.. d " " It)j'l~tllJfI€'I'e) h~lh~lJ1W 3 % 1~t:J hHlj'W thickening agent U€'I~fl1~~~lJ~l~\l~]jfl1~ 111 fI 11lJ 

;t:J'Whj~1~4O-80 0t)j' ~'Wti1J~'W\Plt:Jl.If11~~~\Pl (YllJ€'I1nW Yl'YItll'4 fJ€'I , 2533 ; Fiedler U€'l~ 
Umbach, 1987) ril11~1Jfl11lJl~f.)tI~~'e)~W11lJn~~ 1'W~1~ 100-121 ° t)j' 'll~]jlh~ lt1'.lfu"'ll.1f11~Vil 

" " ~1~€'I~UH~~~1:.1f1fl1~111,j~1f('illm:]f'e) (Navon-Venezia H€'I~flW~, 1995) 
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t " " 0" tliVi 4.18 ~HI'lJtI~fll1lJ!'lJlJ'lJ'W'lJtI~ lC)f!~£JlJfll:ltl h~~t1fll1lJ~llJl'Hll 'Ufl1'jl:l~U'j ~~~~l'lJtI~~1'j 
.e9 oQ d d A' ~ • d A 0 _c:4 

"~UH~~Yll')flflWfVJYl"~'11fl Bacillus subtilis BBK-l !lJtl1J1J'VItlWl1fllJ 25 C)f !1J'W . ... 
,.. 

nm 60 'Wl'VI 
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'j1J~ 4.19 fHl'\JV~fl11lJtihJ f1'j~-~1~~Vfl11lJ11'1lJl'H) llJ f11'j~~U'j ~~~H1'\JV~11'l'j~~U'j ~~~H1,h .. 
• , 'JJ" • 

illViVlf4ilIPHllf1 Bacillus subtilis BBK-I Vlfl11lJt'\JlJ'\JlJ 20 iJ~ilf1flJ\9lVil\9l'j l~(J'tJf1J 
I I" ; " 

fllfl11WillJ f1'j~-~ H~1(J 1 llJ~n'\Jv~f1'j~ 1~ 1~'jfl~v1m11v lC)ft~(JlJ '1~~'jVf11C)f~ 
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- - 0 - - f11UHI'I.:jN1 (mN/m) 1lltlUll'YIf-ltul11Jll 80 C)j' 

~ ~lUH~.:j~b (mN/m) 1rltl~ll~f-ltul11JiJ 100°C)j' 

. <nJ~ 4.20 N "'lJtI'Itltu 11.f1lJ~tlfll1lJl~()(J';j'IJtI'I~l'Hl~U H~'1~ 1:]}1.f1ll'l~N ill'l 'Olf) Bacillus 
~ . ~ 

" " .ci .t=!l .oQ d dd 
subtilis BBK-l III t11JlJ~n"~"l(J'lJtI'I~n"~u HI'I'IWJ'lf1.f11'V'lYllJfl11lJ!'lJll'IJU 20 

lJ"ilf)fll~t1ill'l';j ~t1tlm.f1lJ 50, 80 u,,~ 100
0 

C)j' dlunm 5 i11ll'l . ~ 
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Q.lA ~ " • dd "d ' .ci Add A 

~lmnJU~!Utl'l\9)'Wtl1J;!l'W'lfhml'l..nlTI'l'Hl~ttH~'If'.Il'lflmVfVlIl-HWHnn Bacillus subtilis 

BBK-I ijTI'lJ'tJ'~~~ n~lTI'1'jJ;!~tt H9i'l~hff 'I!fl'jl~~ ttJ;!~ijlh~~'VInmvw~ 1 'W!f1W CVJ"'~~!rltl 

nnfJu!VifJu tlU TI'l'jJ;!~tt 'j 'I9i'lH l:j}lflwnh~!fl'VI 1 J;! 1IJ1'v'41"l 1 'VI~"'YiJ;!lfJ']fU ~u TI'~'I~'I~l'jl'l~ 4.8 

" Jt.. .:t~<:\ 
4.8 ij~flU"a~mIU!1JMVI'J.,!'Uij~!;1'T'H'IVlH"a~VI~Nl'1$l.fll'W 

tt UflVii~fJ 1 'W TI'nJ;! Bacillus ij'jlfJ'Il'W ~Tffl'W lJln~~f'.I il~ TI'l'jJ;!~tt 'j 'I9i'lHl:j}lm'V'lIJ'j~!fl'VI • 
",,, "" '" '" h 1IJ!'V'l'V'l 1 'VI~ ~'IU U 1 'W m'j'VI~J;! tl'li1~'1 i~vhm'j1!fl'jl~Yitl'lflIJ'j~ ntlU'Utl'lTI'l'j J;!~tt 'j 'I 9i'l Hl:j}l 

, "" 'J/, , 

m'V'lVif'.l il~ 1~ 'Il'W~tl'Wu'jmhm'jttfJnTI'l'j l~fJm'j~n~~ntl'W ~lfJn'j~ lel 1~'jflJ;!tl~ncM'I!11'W1TIVi 
", '" 

iJ fJlJ 1 'lftt r;t~ijIJ'j~~'VInfll'V'lVi~1 'W m'jttfJnTI'1'jJ;!~u 'j 'I9i'lH 1:j}lm'V'lIJ'j~!fl'VI1 J;! 1IJ!'V'l'V'l i 'VI~ tltln~ln 
" " "" '" o d 0 Q.I A 

UlnW'l (McInerney ttJ;!~flW~, 1990) ttJ;!1'V11nUTI'n~~lmlJ'VI1'WtlJ;! f'.IJ;!m'jl!fl'jl~YiTI'l'jJ;!~UH 
," ", tI «' 1 

. 9i'lHl:j}lm'V'lViTI'tl~~lmlJ'VI1'W tlJ;!~lmfl1tl'l lel!'V'ltl'jlJ1W1filfl1~ 1 fl'jlJl1~n'jl~ . 'V'luih~UTI'1'W . 
'I d d d d 'I 
t'W'lfl'1!1m (RT) 18.5-22.5 'Wl'VI 23-24 'Wl'VI ttJ;!~ 29-32 'Wl'VI· lJfll1lJTI'llJl'j(l t'Wm'jn'j~~lfJ 
" . . , 

lhi1u ~'I!~£Jnl1TI'1'jJ;!~ttH9i'lHl:j}lm'V'l A, B !W~ c ~llJ(;h~U UTI'~'I~'I~IJVi 4.21 (n) !jjmh' 

fI " • • " 

n1'j1!fl'jl~YiU1YiU n1lJmflJ;!'Utl\lTI'1'jJ;!~UH9i'lHl:j}1m'V'lVifll RT ~l'l"l ~1£J1TIUlJTI'!IJfl1 'VI'j 

!lJ'I'1~UTI'~'I~'I~IJ~ 4.22 'V'lU~lTI'l'jJ;!llUH9i'lHl:j}lm'V'l A li~llJ1J;!~tlIJ'j~~ (m/z) l'Wt;u'Utl'l 

[M+Ht !~ltlU 993, 1007, 1021, 1035, 1049 !W~ 1063 (t;IJ~ 4.23 ) TI'1'jJ;!~UH9i'lHl:j}lm'V'l 
• I + • I 

B ijfl1lJ1J;!~tlIJ'j~~ (m/z) l'Wt;IJ'Utl'l [M+H] !'I'11nU 1463, 1477 ttJ;!~ 1505 (t;IJVi 4.24) 1~£J 

1~'V'lU~llJ1J;!~tlIJ'j~~~ 1491 UJ;!~TI'1'jJ;!~uH9i'l~h:j}lm'V'l C ij~llJ1J;!~tlIJ'j~~ (m/z) 1'Wt;IJ 

'Utl'l [M+Ht !~ltlU 994, 1008, 1022 UJ;!~ 1036 (t;IJ~ 4.25 ) 

m'j 1!fl 'jl~~Yiln'j ~ tl~ iJ1 'W ~! 11'W tl 'I fl"'U 'j~ ntlu'Utl'l TI'1'j J;!~U 'j 'I9i'lH l:j}lfll'V'lU ~J;!~'lfiJ ~ 

'V'lUl1 TI'1'jJ;!~tt'j'l9i'lHl~lm'V'l A ijffl'WIJ'j~ntlu'Utl'l li~ltli1'W (Thr) 1'1'1 h9f'W (Tyr) n'j~ 
'" . 

n~~liJfl (Glu) n'j~UtlTI'IJ1'j~n (Asp) UJ;!~!C1f~'W (Ser) l'WU~'jlTI'l'W 1: 1: 1:2:2 ~llJih~U TI'1'j 

. '" 
J;!~UH9i'lHl:j}lm'V'l B ijTI'l'W'lh~ntlu'Utl'l tltl'jiJViJ;! (Om) li~ltli1'W (Thr) tl~J;lli1'W(Ala) 

1IJ'j~'W (Pro) '1tl1C1fihc)}u (Ile) \1'V1 h9f'W (Tyr) ttJ;!~n'j~n~~liJfl (Glu) 1'WU~'jlffl'W 

1:1:1:1:1:2:3 ~llJill~U ffl'jJ;!~UH9i'lHl:j}lm'V'l c ijffl'WIJ'j~ntlu'Utl'l n'j~n~~liJfl (Glu) 

'" . 
m~UtlTI'IJ1'j~n (Asp) 11~'W (Val) UJ;!~ih9f'W (Leu) l'WU~'jlTI'l'W 1:1:1:4 ~llJill~Uf'.IJ;!m'j 

. '" 
'I'1~J;!tl'lUTI'~\I~'I~l'jl'lVi 4.9 l~£Jn~~lij'W (GIn) UJ;!~UtlTI'Ul'j'jl~'W (Asn) ~~~'jl~'V'lUl'Wt;IJ 

'Utl'ln'j~nJ;!~liJfl (Glu) uJ;!~n'j~UtlTI'l.h;~n (Asp) ~llJill~U !~tl\l~lnml~l'Wm'j~tl£JTI'J;ll£J .. 
" " ~~Yhlmfl~·m'j deamlnation 'Utl'ln'j~tl~iJ1'W 2 'lfiJ~i1 (Yakimov UJ;!~flW~, 1995) 



\91l'n'l~ 4.8 'fflJU91Ul'llh~rn';i'Utl'l'ffl<Hl~UH~'1~l~'"lflTV'/'lJ';i~!fl'V1 i~ 1 tJ!'vn'li'V1~"~~i1\91~lf) Bacillus sp. 'ffltl-w'Ui~l'lC") 

rll1lJ'ffllJl';itl1 'U rll1lJ . . 
~ "" d d 

rn';i~~U';i'l\91'1~l'V1 !'fftltl'l\91tl 

~ "" dd 

1t]f!~tllJ "" 'ffl';i~~UH\91'1~l UUrl'V1!';itl CMC YCMC pH tlWlffllJ • ... 
" .. 

rl~tli';i; 0 
lh~!fl'V1i~ 1tJ!YfV'li'V1~ (mg/l) (mN/m) ( t]f) 

(%) 
~ "" d 

'ffl';i~~U';i'l\91'1~l'll'lfl1Y1 BBK-l B. subtilis BBK-l 12 32 5.0-10.0 0-15 50-121 

~ "" d 
'ffl';i~~U';i'l\91'1~l'll'lfl1Y1 KP-2 Bacillus sp. KP-2 35 35 6.0-10.0 0-10 25-121 

.. 
!t]ftl'J U ~rl91'U B. subtilis ATCC 21332 25 27 6.0-12.0 ND 25-120 

" !t]ftl';iU~rl~'U C9-BS B. subtilis C9 40 28.5 5.0-9.5 0-6.0 20-100 

i~trl'Ut1cM'U A B. licheniformis BASSO 12 28 ND 0-10 ND 

h!rl'UucMlJ B B. lichenifonnis JF-2 20 28 6.2-10.0 0-15 25-120 

i~!m4iAcM'U C B. licheniformis PG204 15 27 5.0-9.0 ND 20-60 

" .. 
!t]ftl';iU~rlU\91'U'V1 BL 86 B. lichenifonnis 86 10 27 4.0-13.0 0-30 25-120 

~ "" d 
'ffl';i~~UH{91'1~1'll'lfl1Y1 BSI B. licheniformis BS 1 67 34 5.0-10.0 ND 20-80 

" "" !tl f) 'ffl';i tll'l tl'l 

""... ,J' 
'11'U l~tI'U 

Roongsawang U~~rlW~ (1999) 

Arima U~~rlW~ (1972) 

Kim. U~~rlW~ (1997a) 

Yakimov U~~rlW~ (1995) 

McInerney U~~rlW~ (1985) 

Jenny U~~rlW~ (1991) 

Horowitz U~~rlW~ (1990) 

Babu U'G'l~rlW~ (1994) 

I 
I 

\0 
VI 

chula
Typewritten Text
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(fl) 

~c.~ 
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~ 
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'" '" '" ~ 

~ M M :::: : 
Time (min) 

('\I) 

~ ~ m ;:; '" '" ~ 

'" N M '" :: '" M ~ ~ 

Ti:ne (min) 

'I,j~ 4.21 lf1'IlJl1V1UO'IlJ-UV'H"n"V1HH~~H1'hfll~~NilVl\J10 Bacilius subtilis BBK-I 
'" • __ v I "" 

tiJVltfl'Il~'I1V11mfl1V':] L~t~~'jlJllJ9fi\fl1V11f1)lJl1V1ml-W (0) Blank ('\I) 
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Time (min) 

NL: 
?DE? 
Base Peak 
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(0) 

('U) 

"sfft73 RT: 18.82 AV: 1 NL: 7.75E5 r + C Full ms [ 150.00 - 2000.00] 

Q) 
u 
c 

. ro 
i-g 
I OJ 
1 .0 j « 

Q) 

~ 
ro 

Qj 
n:: 

100 . 

S#: 796' RT: 19.32 AV: 1 NL: 1.41E6 
T: + c Full ms [150.00 - 2000.00] 

100 ! 

-90· ; 

80 ; 
-' 

Q) 70j 
u 

60-~ c 
ro 

, "0 
c 
OJ 

50~ ' ~ 
Q) 

.~ 

4°1 
~ 
Q) 

n:: 30 

20~ 279.2 

993.4 

I 

mlz 

1007.5 

I 

1.9..08.5 

1Q09.5 

10 .1 i 391 .2 990.5 . 1101.7 1181 .5 1531 .8 1623.9 1778.9 
.:iji . \ ' 684,,4 867...13... i L, ' . i :1 I ,. ,:. ,", , 

. 0-ij~ ... i. ~~"'·'---""~·'--""'~T""'4,.,L. ·· JW...i..-4.j.~,,*u..L...L.:.. ... ...I.l!.~ _ ... ~; ~~ ._ ~.L-:.:_ . -\ 
. 500 ' 1000 1500 2000 

m/z 

18.82 (n) ltj;j~ 19.32 ('U) 
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(rl) 

!5#: 834 RT: 20.21 AV: 1 NL: 1.72E-7----·------­
:T: + c Full ms [ 150.00 - 2000.00) 

! 100 , 
i , 

90 

, 80 

I 
I QJ 70 , u 
i ~ 
'"0 60 
I § 
' n 
I « 50 
I QJ 

I ~ 40 
QJ 

a: 30 

20 

10 

1021 .5 

1022.4 

10 3.3 
1Q13.4 

279.2 391 .2 1<2957 
O~~~~~I~~~~·'~~~~·~~~·~~~~~~~-~~~'~I I 

500 1000 15'00 2000 
I m/z 
~----... _._---_.- .. _._. __ ._----_._- -

(~) 

S#: 874 RT: 20.98 AV: 1 NLf""::'2".3"'0""E"'7------------­
T: + c Full ms [ 150.00 - 2000.00) 

-.-~ , , 
1035.4 

10 6.4 

i 
I 10 

I 0 .. ,. 

L __ . 
560 I , ..... 1426.5 ~ __ ,..,.----.-, ___ ' ~9~. 2 : 

1000 1500 2000 I 
m~ ! 

__ . __ .... ___ _ .• ____ ___ •• ___ •.• __ . _ .. ______ _ _ ___ • ___ . _. __ ____ - ._ .. _ 1 

20.21 (ft) UJ;j~ 20.98 (-3) 
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(~) 

" 

S#: 915 RT: 21.-88 AV: 1 NL: 1.72E6 
T: + C Full ms [ 150.00 - 2000.00] 

'::l 
80 

<lJ 70 
u 
c 
i'l 60 
c 
::> 

~ 50 
<lJ 

~ 40 
.EQ 

1049.5 

10 0.4 

1449.6 

~ 30~ 288.5 725.7 

~ 1Q11 .5 14 0.6 

! 500 1 000 1500 2000 

L ___ . ___ ..... m/z .. . __ .. _-_._------ -- - - '-- ' " ._-_._----- - _ ... __ ._--_.- . . _--

(~) 

b<-rr--,,--,.,.--""""~"'"'__;;:......_.-...._--:;--,==_-----------------.-__i 
S#: 943 RT: 22.51 AV: 1 NL: 1.23E6 1 
T: + c Full ms ( 150.00 - 2000.00] 

100 1063.4 I 

<lJ 
u 
c 
ro 

'"Cl 
C 
::> 
.D « 
<lJ 

.2: ro 
w 
a:: 

90 

80 

70 

60-

50 

40 

30 

20 288.5 

10-

10 4.4 

I 
I 
I 
I 
I 
I 
I 
1 
I , 
i 

.1Q85.5 I 
1194.9 1464.7 

0 
\, ~44.~li" I',T .. " , ,1894.0 I 

..J.WM~-WJjJw,..;,"+4l,..540,...0~.;J.),t(~w.,.j .......... t+-A>1-\1l100&jllO:Lrn~~ - 1500 ., 'i I 20'00 1 

m/z i 
, ________ . _ .. _ . . __ . ____ . _____ . _ __________ .. _ _ . __ .. _ . . _ ._ ... . ___ . ________ .J 

21.88 (~) tn'l~ 22.51 (ll) 

100 



( fl ) 

('11) 

S#: 953 RT: 22.72 AV: 1 NL: 4.94E6 
T: + c Full ms [ 150.00 - 2000.00) 

Q) 
u 
C 
I1l 
"0 
c 
::J 
D « 
Q) 

> 
~ 
(jj 
0:::: 

100 

732.7 

A3.7 

3g.7.5 

1463.7 

14 4.7 

14 5.7 

H.85.8 

14 6.7 
14 7.7 

106.3.& 1159.9 1§29.5 1870.6 

, • ' '1 abo)" I ' , I +..-·....,....~r-""'1Y:5t"'00,......,+--..,..,..,..r" ", 20bo 

m/z I ______ _ .. __ .. . __ - ... .. _ ...... __ __ . __ ..... ,. _ . ......... . _._. ___ ___ . _______ .. _________ ____ ._ . .. . 0' 

S#: 969 RT: 23.06 AV: 1 NL: 3.64E6 
T: + c Full ms [ 150.00 - 2000.00) 

100· 

90 739.7 

80 

~ 70 
c 
I1l 60 "0 
c 
::J 

D 50 « 
Q) 

.~ 40 ro 
(jj 
0:::: 30 7~0.7 

20 

10 

1477.7 

11418.7 

1419.8 

1499.8 
J§.OO.7 

15 1.9 

I , 
I 
I 
i 
I ' 
I 

I 
I 

I 
! 
: 

i 
0 

1680.2 i 
I~~~~~~~~~~~~~~~~~~~~~r-~~~~l ! 

2000 i 
m/z i 

... ... .. . - .... _ . _ __ . ______ .. . _ ..... ..... ..... . ..... ...... J 

22.72 (f1) tW~ 23.06 ('IJ) 

fOf 



S#: 1000 RT: 23.70 AV: 1 NL: 2.74E6 
T: + C Full ms [ 150.00 - 2000.00J 

100 

90 

80 

Q) 70 
u 
c 
-2 60 
c 
::J 

~ 50 
Q) 

753.7 

1505.9 

15 6.7 

.2: 40 
}§ 15 7.7 

~ 30~ 754.8 l§28.0 

2°~1 

10~ 2760 ~ 
1~ l' 3§l.1.4 74li: 7Q.5.2 967.2 1867.3 

O· ,II I~ I I ....,.,~. ''' .. ~ _~~, ,I' 
1"'""1 ~~·- I ~ , " I' 

500 1000 1500 2000 

L __ . _ ..... _ ...... _ .. _ . __ ...... _. __ . __ ._ ... _ .. __ ._ ...... _ . !!'~~ . __ .. __ ._ .. _ ... ".' __ . _____ ._. ____ J 

23.70 (ft) ' 
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(fl) 

('U) 

S#: 1257 RT: 29.40 AV: 1 NL: 2.18E7 
T: + c Full ms [ 150.00·2000.001 

Q) 
u 
c 
ro 
"0 
C 
:l 

.D « 
Q) 

.~ ro 
ID 
cr: 

1001 
90~ 

80 

70 

60 

50 

40 

30 

519.6 685.7 

1016.7 

994.7 

...1Qj7.8 

1Q38.6 

10 9.7 
1Q60.6 

1196.3 J2.86.9 ::1 
I" I 

56~ I I ,~ 
1000 

m/z 
'-------_ .. _- .. _ ..... . . _ ... _--_ .•. .. _ .. _ .. _._. 

S#: 1281 RT: 29.88 AV: 1 NL: 4.45E7 
T: + c Full ms [ 150.00 - 2000.001 

23 
c 
ro 
"0 
c 
:l 
.D « 
Q) 

.~ ro 
ID 
cr: 

685.8 

1030.7 

100U 

10 1.7 

10 2.7 
jQ52.7 

4.7 

1589.0 1l.O6.9 198.8.2 

1500 2000 

I 
1822.1 I 

0'~~~~~~~~~~~~1~0~0~0~~~~~~15~O~O~~1~~'~~2~dool 

m/z i 

981J 

29.40 (n) ml~ 29.88 ('U) 
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(i'l) 

(.:1) 

S#: 1342 RT: 31 .07 AV: 1 NL: 1.3BE7 
T: + c Full ms [ 150.00 - 2000.00] 

100 

90 

1044.B 

BO . 102£.§ 

Q.l 70 
u 
C 
<II 60 "0 10 5.B 
c 
:::l 
.0 50 <{ 
Q.l 
> 40 ~ 
Qi 1Q66.7 
oc 30 

20 

10 

0 

S#: 1396 RT: 32.10 AV: 1-Nl: 6.73Er-­
T: + c Full ms [ 150.00 - 2000.00] 

--j 

~ 
c 
<II 
"0 c 
:::l 
.0 
<{ 
Q) 

.~ ro 
Qi 
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100 1036.7 

90 

80 
1Q5B.B 

70 

60 

10 9.7 

685.5 
01~~'~~~5~6~o~~~li~' ~'~i'~"~-10~OHO~~~~~~1~50~0~~~~~'~aOO 

m/z 
-_. __ ._---_ . . .. _._---------

31.07 (rI) U(;l~ 32_iO ('I) 

I 

! 
1 
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• " I fI , 

1'l1'jl'lYl 4.9 U nn! nllH~n~u~~nHltl~iJl 'UYldhH)'Ifllh~ntllJ'lJtl'lffl'j~~uH9i'l~h;,;ltl1WYl • " .. 
J:-lill'l\lln Bacillus subtilis BBK-I n'j~tl~iJl'Uuff~'1WJtlrl'ty~f11:JWUlJlJ 3 ~1Vf11:J'j 

(fllflJ:-l'U1n 'I) 

~11J1~~tl1h~\1 • n'j~tl~iJl'U 

" ,j~1J1W~ ..:/ "" + -I-
UllnTn m~tl~iJl'U 

<V 

ffl'j~~UHI'l'lJ:-l1 [M+H] [M+Na] tll'l'jl . 
'" l1Jt~n~ 'lf1fllW • 1'l'j1\1WlJ ff1'U 

<V 

(~1~1'l'U) (runol) 

A 993 1015 992 Thr 0.400 1 

(t1J;l~'1J;'U L) 1007 1029 1006 Tyr 0.483 1 

1021 1043 1020 Glu 0.602 1 

1035 1057 1034 Asp 0.847 2 

1049 1071 1048 Ser 0.928 2 

1063 108:' 1062 

B 1463 1485 1462 Om 0.247 1 

(i W~Wlffl'll~'U) 1477 1499 1476 Thr 0.160 1 

1505 1527 1504 Ala 0.123 1 

Pro 0.127 1 

lIe 0.159 1 

Tyr 0.337 2 

Giu 0.571 3 

C 994 1016 993 Glu 1.207 1 
.. "" 

(tCJftl'jUvJfll'l'U) 1008 1030 1007 Asp 1.141 1 

1022 1044 1021 Val 1.198 1 

1036 1058 1035 Leu 4.596 4 



106 

1l1mH'Ifl1'l'VI~"tl 'H"'lU~\lIPlTn~~ 4.9 trltllPlnm"tl1HnJ1J~nlJ~1'l~;~n'WlJ11~1'l"~ . ~ 

uH9i\l~h~ihf)l'W A, B U"~ C iitl\lrl'u'l~ntllJ~tl1jjtl'Un1JtlJcMl" ilJcM'U L, i'W"'Wl~lPll~'U n~lJ • 
0' , 

A U,,~t9ftl'lUvJfl~'UVlf-lilIPl1l1n Bacillus subtilis NCIB8872 (Peypoux U"~flW~, 1986) ; 

Bacillus cereus BMG 302-fF67 (Nisbikiori U"~flW~, 1986) U,,~ Bacillus subtilis 
, " 

ATCC21332 (Kakinuma U"~flW~, 1969a,b,c,d) IPlllHh~lJ fl11lJUlPlnlPll\l'Utl\lunnTnlm"fJ" 

'Utl\l~l'l"~U H9i\l~h~ihm'Wu~"~']fU ~ 1 'U ~1\1 14 ~1"\9l'U rd tl\l1l1nfl11lJUlPln~l\l'Utl\l~1'U 1'U 11~ 
~ 

tlJn~'U ~t'l'j'U tl\lrl'U'l~ntllJ'Utl\l~1'U ili1~ ~\lt~'U ~ m:lw~~'WlJ 1 ~(Ji1 i u1 'U ~l'l"~U 'l \l9i\l~1~ih 

m'Wu'l~U1'Vl 1" 1 Ut'W'W i'VI~o' \9l1tl~l\lt~'U Bacillus subtilis ATCC 21332 f-lillPl~l'lf-l~lJ'Utl\lt9ftl; 
• I • ." 

UvJfl~'UVllJ~1'U'Utl\lili1~ulPlnlPll\ln'U 5 ')fii~ Vl1ifl1'llJtl'U~1'U1'U 13, 14 U,,~ 15 tl~lPltllJ lJ 
" , 

ull1'wnllJt"fJ"t'VIlnlJ 1007, 1021 U"~ 1035 ~l"\9l'UlPlllJ~l~lJ (Kakinuma U"~flW~, 1969 
" V ' I , 

a,b,c,d ; Fiechter, 1992) ~\I,r'Utl1ll-ff'Uiil:l!l'U i~11~1'Uili1~'Utl\l~1'l"~U'l\l9i\l~1~1f)l'W A, B 

" 0' " 

U,,~ C U'l~ntllJ~1(Jfl1'llJtl'U ~1'U 1'U 12-17, 16-19 U,,~ 12-15 tl~lPltllJlPlllJ~l~lJ lflH~'ll\l 

IPlllJfl11lJfl1~l1lJl(JU~~\I'lU~ 4. 26 
~ 

(0) 

CH -(CH ) -CHCH CO-L-Asp-D-Tyr-D-Asn-L-Ser-L-Gln-D-Ser-L-Thr 
3 2 n I ~'"2 I 

NH 

n = 8-13 

('U) 

CH _(CH ) CHCH CO-L-Glu-D-Om-L-Tyr-D-allo-Thr-L-Glu-D-Ala-L-Pro-L-Gln-D-Tyr-L-Ile 3 ~'"2 n ~r 

OH I . 0 I 

n = 12, 13, 15 

(fJ) 

CH _(CH ) -CHCH CO-L-Glu-L-Leu-D-Leu-L-Val-L-Asp-D-Leu-L-Leu 
3 ~'"2nl ~'"2 I 

o 

n = 8-11 

, " 
~UVl 4.26 lflH~'ll\llPlllJfl11lJfll~l1lJl(J'Utl\ltlJcMl,,1lJcM'U L (n), i'Wmn~lPll~'U ('II) U"~ 

..' " t9ftl'lUvJfl~'U (fJ) · Vlf-lillPl'lln Bacillus subtilis BBK-1tl1\1~\I'lln Peypoux U"~flW~ 

(1986) ; Nisbikiori U"~flW~ (1986) ; Kakinuma U"~flW~ (1969a,b,c,d) 
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Bacillussubtilis BBK-1 ,rlJ~ltihmlJflV1{1fJ{1'lfJ-W'U;U'jfl~~~\9l{1'1'j~~U1\I~\I~1~1 • 
4'.. 'JJ, '&' 

fi1'V'11h~l.f1Vl h hh'V'l'V'l 'l'l~ '1~ 3 'lfiJ~ U\9lfl\9l1\1111fl Bacillus subtilis RB 14 CJf\liinfJ\l1'U11~~\9l 

VlJ~'U A U~~lCJftl;UvJfI~'U (Huang U~~f1W~, 1993) l'U'\Jw~~ Bacillus subtilis YB8 dl'U 
, ~ . . 

UlJflV1l~fJV1~~\9l'1'V'1~'V'I1{1'\9l1~'U B1 U~~lCJftl'jUvJfI~'U (Tsuge U~~f1W~, 1996) ~\I'U1{1''Ull1V1l1~ 
I , "r, 

fffl1:mnfJ1f1lJ;i'U V1f11lJfllJfll'j~ ~\9l{1'n~~U 'j \I~\I~1~)hfl1'V'111\1 3 'lfiJ~11lil'U;i'Ul~fJ1f1'U 111t1 '1lJ • . ," . 
1 ..:9. d. ~ do dod d. ~ Q.I.do 

~m~tlfll'll1~r1fllJ111'Ul'llJl1'U11'1mlJtI'U fl1J'il'U sfp 'UtI\I Bacillus subtilis OKB 105 (Nakano 
. " 

U~~f1W~, 1992) flm1fltl{1'llJ1Hlimh 1 mn~fll'j~~\9l{1'l'j~~U 'j \I~\I~1:Jf1.fl1'V'1 l'U Bacillus 

subtilis MI 113 ~\llil'UUlJflV1l~fJ~ '1~{1'UJ1'j(l~ ~\9l{1'l'j~~U 'j \I~\I~ 1:Jf1f11'V'1lii tI\l111flfl11lJlJ fl 
•• 0 

'V'I'jtl\l1'U{1'1'U'UtI\I;i'U sip (sip ) 

t ."" JI do <!I <!I d 
primer 1'1111!'V'I1~\9ltl~1'UCJf1fJlJtlU~~~1'U'U11lJtI'UtI\I open readmg frame 'Ue\ll1'U sip 111fl 

d 0 .:11 '1 "d '" _1.:1 .J d 
Bacillus subtilis OKB105 11'U sip l'l f1~'U ~lJ'U'U1~ 642 !1J{1' U{1'~\I~\I~1Jl'l 4.27 CJf\llJfl11lJ 

. " 
mlitl'Uf1lJ;i'U sip 111fl Bacillus subtilis OKB105 98 % !limhfll'j!mfJ1J!V1fJlJ~1tll1.J'jufl'jlJ 

BLAST 

4.9.2 

BBK-1 . ~ . 
~ ~fll'jl'l~~tI\I'V'IlJ111 f1'j llJ lCJflJtI~~ltl'U!tI'UtI\I Bacillus subtilis BBK-1 V1111fll'j~~ 

"".J " ~1mtl'U '1CJflJl'i~~1!'V'I1~ EcoR! CJf\lii'U'U1~ 4 nl ~!1J{1' {1'llJ1'jmn~fll'j '1~lJ1'1~CJff1lJ~!~'U!tI\9l'j111 
Q.I OlJt"do 1 da e!'" ~ Q,I.c!t ~ 
l1lJ sip &~ !lJtll'llfln f1~'U~!t1'U!t1'U!'UTQ'l'l1{1'lJ~'V'I111~ pUC19 U~~f1~!~tlfll'l'j1'U{1'vJtI'jlJ 

cfd." "Q.I d d d JI " .~ cf 0' 

UlJ'Ul'll'l &~'jlJ~!tI'U!t1~fl~{1'lJl'l\9ltNfll'j~1tl11i' colony hybridization 'V'IlJl'l'j1'U{1'vJtI'jlJUlJ'Ul'l 1 

" .J " " lf11~ul'U~1'U1'U11\111lJ~ 300 lf11~u CJf\l~!~'U!tI~fl~{1'lJ1.J'j~fltllJ~1tl;r'U~!~'U!tI'U'U1~ 4 nl~ 
.:I "" '1 """I "", d d '" 0 "I" .A 0 1 .t d d ,J'" 

!lJ{1'1'l{1'llJ1'j(l!fl~ fll'j ~lJ'j &~CJffllJ~!tI'U!tI\9l'j11111lJ sip &~ !lJtll'llfll'j fI ~'U 'If'U~!tI'U!tI'U!'U1''l 

'" " , , 
'V'I1{1'il~'V'I111~ pTB523 U~~1'l'j1'U{1'vJtI'jlJ!'U1"l Bacillus subtilis MI113 'V'IlJ11 Bacillus subtilis 

MIl13 ~'1~flJ~!~'Ultl~fl~i1'lJ~l1tlfl~1 pTB523-4kb U{1'~\llJ1nW l{1''jtllJ lf11~utrltlt'V'l1~titl\l 
, ,,, "" 

1 d'1 d <!I d 
U ~~ {1'1'U {1'1'l ~ 111 flfll'j t~tl\l!'Jj't1lJfl11lJ {1'llJ1'j(l 

" . " 
l'Ufll'jfl'j~111fJl.hl1'U U{1'~\l11 Bacillus subtilis MIl13 {1'llJn(l~~\9l{1'1'j~~U1\I~\I~1:Jf1f11'V'1'1~ 
,sJ "" cf ." 7J • t 

tlitl111 lmn~fll'jflmtl-w'UTi\9l'j \I~lUl1'U\lttl'U '1CJflJl'i~t1l1~ SacI 'V'IlJ11ii~~111111t:Mtl11\1flm1'1lJ • 
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I ." d 

U'i:l~flW~ (1993) ; Tsuge U'i:I~flW~ (1996) V'I1r.l1 Bacillus. subtilis MII13 Yi1~i'lJ~nllHtI~fl 
." . 

r-H"lJ'lltl\l~'U psf-l (~'UYifl'JlJfllJfll'jf-./ii\PItt)j't1·mvJfl~wnfl Bacillus pumilus AI), Ipa-14 (~'UYi 
" . 

flllJfllJfll'jf-./ii\PIVlJii'U A U'i:I~tt)j't1'jUvJfl~'U \llfl Bacillus subtilis RB 14) U'i:I~ Ipa-8 (~'UYiflllJ 
.. 

fllJfll'jf-./ii\PIiv.'i:lv.1~m~'U Bl U'i:I~tt)j't1'jUvJfl~'U\llfl Bacillus subtilis YB8) ~llJ1'jflf-./ii\PI~1':i' • 
.ci ~ d '1 " d .::::t. d ~ tI ~ 0 1 "d • 

'i:I~UH\PI\lf-./l'Jfl,f11V. !~HV.f.J\I'Jf'U~t~f.Jlntltt)j't1'jUvJfl\PI'U U'U~'U1 lHl1'Ul1 Bacillus subtilis MI113 
, ", 

ilJii operon ~hl1i'lJfl1':i'f-./ii\PIVlJii'U A U(;l~iV.'i:lV.1~\PI1~'U ~\lU'U~l'j'i:l~UH~\I~h~lhfnv.Yif-./ii\PI 
." d • _c::t tI t 

\llfl Bacillus subtilis MII13 Yii~i'lJ~W'UW~flf-./~lJ'lltl\l~'U sJP-B 'U1\l~tlJ'Utt)j't1'jUvJfl~'UrVI1 
" '" 'U'U 

, " 
~ltV.1~ Sac! U'i:I~l-hlJ1U1JmiJ'Uii1~U'lltl\lfl'j~t1~iJ1'U v.lJll'l:h~fltllJ~lf.J open reading frame 

~\lii'll'U1~ 672 tU~ u1.J'i:I'j11~1;fl'j~t1~lJ1'U 224 9111~f.Jii'j11~!~lJ ATG t1~~~lUl1~\I 723 

'j11~11~~ TAA t1~~~lUl1~'I 1395 U'i:l~lJ1nW~fl1~~ltiJ'U~lUl1~\I'lltl\l ribosome binding site 

~ 708 t1\1 717 U~~\I~\I~1.J~ 4.28 trlm'lhf.JutYif.JUfll111tM;jtl'U 'lltl\lfl~~t1~lJ1 'U~U1.J'i:I'j11~\llfl 
", , 

open reading frame i1 1~f.J\l~t~f.Jfll1 11.J'j~'U SFP-B fllJ l1.J'j~'UYifllUfllJfll'mii\PI~l'j'i:l~UH 
.. ' , 

4 .q .c::t QI 1 ... I d d Cl QI 

\PI\lf-./l'Jflfnv.\11fl Bacillus subtilis ~1f.JV.'U1!\PI1\1"1 V.Ul1 lJ'j\PI'U SFP-B lIfll1lJtMlJtI'UflU 
, .. 

11.J'j~'U LPA-14 Yifl1lJfllJfll'jf-./ii\PIV'VIii'W A U'i:l~tt)j'tl'mvJfl~'W\11fl Bacillus subti1is RB14 98 . '" 

tI .c:t. Cl Q,I 

U'i:l~tt)j't1'jUvJfl\PI'U\11fl Bacillus subtilis YB8 66 % (Tsuge U'i:I~flW~, 1996) U'i:l~tMlJtl'UfllJ 
, , .. 

11.J'j~'U SFP Yifl1UfllJfll'jf-./ii\PIYi!t)j't1'jUvJfl~'U\llfl Bacillus subtilis OKB105 66 % (Nakano 

U'i:I~flW~, 1992) fl'j~t1~lJ1 'U'lltl'l 11.J'j~'U SFP-B ~l\1\11fl11.J'j~'U LPA-14 t~f.J'I 4 911 fl~11~t1 

tl~'i:l1i1'U-22, ifl'i:lC}f'U-65, ifl'i:lC}f'U-69 U'i:I~m~fl~\PI1lJfl-216 'lltl\ll1.J'j~'U LPA-14 \1~!1.J~f.J'U 

tiJ'U1i~lt1i1'U, t1~'i:Ili1'U, tt)j'~'W U'i:I~tl~'i:l1i1'W}'l1lJii1~ul'W 11.J'j~'W SFP-B U~~\I~'I'j1.J~ 4.29 
'" 

11.J'j~'U SFP-B iifl11lJtM;Jtl'UfllJ 11.J'j~'U SFP ~fllUflllfll';jf-./ii\PI!t)j'tl-it!vJfl~'W\11fl • 

Bacillus subtilis OKB105 66 % (Nakano U'i:I~flW~, 1992) 11.J';j~'W SFP 111mtl'Uit)j''; 
" . .". <=i <=il <!\ 

phosphopantetheiny Itransferase lJ 11 'U 1 'VI 'U fll';j! fl 'i:I tl 'W f.Jl fll1lqJ phosphopantethein . \11 fl 

Coenzyme A i 1.J~tt)j'~'UU~'i:I~911'lltl\lttl'U i t)j'lJ"~~ltiJ'U ~t1fll';jff \ltfl11~';~lm~v. i 'VI~'lltl\l 
tI ""., J/ 

tt)j't1'jUvJfl~'W (Quadri U'i:I~flW~, 1998) ~\llT'UtJl\1ff'UUlJ!1'Ui~1111.J';j~'W SFP-B 'W1\1~iil1'U1 
<=i<=i <!\ '" 1 <=i 1 .A'" 11( '<=i • '" 
'VI'V1tMlJtl'U fllJ 1.J';j\PI'U SFP 'Wfl1':i'tfl'i:ltl'Wf.Jlfll1lqJ phosphopantethein !1.J"ltt)j'';j'UU\PI'i:l~\PI1'\Jtl\l 

ttl'U i t)j'~~~ltiJ'U ~ tlfl1':i'ff ~tfl';j1~';~lmv.YI i 'VI~'lltl\l~l'j'i:l~tt 'j \I~\lr:b~·Jfnv.l'U Bacillus subtilis 
I "I tI 

BBK-l t1f11\1'U t1f.JYi~~~t1tt)j'tl';jUvJfl~'U • 
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10 20 30 40 50 60 
CTAGAATTCA GATTTACGGA ATTTATATGG ACCGCCCGCT TTCACAGGAA GAAAATGAAC 

70 80 90 100 110 120 
GGTTCATGTC TTTCATATCA CCTGAA.t..AAC GGGAGAAATG CCGGAGATTT TATCATAAAG 

130 140 150 160 170 180 
AAGATGCTCA CCGCACCCTG CTGGGAGATG TGCTCGTTCG CTCAGTCATA AGCAGGCAGT 

190 200 210 220 230 240 
ATCAGTTGGA CAAATCCGAT ATCCGCTTTA GCACGCAGGA ATACGGGAAG CCGTGCATCC 

250 260 270 280 290 300 
CTGATCTTCC CGACGCTCAT TTCAACATTT CTCACTCCGG ACGCTGGGTC ATTTGCGCGT 

310 320 330 340 350 360 
TTGATTCACA GCCGATCGGC ATAGATATCG AAAAAACGAA ACCGATCAGC CTTGAGATCG 

370 380 390 400 410 420 
CCAAGCGCTT CTTTTCAAAA ACAGAGTACA GCGACCTTTT AGCAAAAGAC AAGGACGAGC 

430 440 450 460 470 480 
AGACAGACTA TTTTTATCAT CTATGGTCAA TGAAAGAAAG CTTTATCAAA CAAGGAAGGC 

490 500 510 520 530 540 
AAAGGCTTAT CGCTTCCGCT TGATTCCTTT CTAGTGCGCC TGCACCAGGA CGGACAAGTA 

550 560 570 580 590 600 
TCCATTGAGC TTCCGGACAG CCATTCCCCA TGCTATATCA AAACGTATGA GGTCGATCCC 

610 620 630 640 650 660 
GGCTACAAAA TGGCTGTATG CGCCGCACAC CCTGAATTCC CC ........ • .o .. .... .......... 

... I.d 0 Q;' d 0 .d 
~ul'l 4.27 ~l~1H1Jff'IJV'l~ll sip 1'I1fl~1l~ln Bacillus subtilis :MI1l3 
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EcoRI 
GAA.l'..!.C.:rTGA TGCGC TGGACG TTTTATT TTGCCGGTC TG TTGA TTTTG TCTT'!'CGGGGTA TCGTTAACC ATT AAAGGAAAAGCTCTCGGCA T 92 

93 CAGCCCTTGGGATGCCTTTCATTATGGGCTTTTTCAGCATTTCGGGCTATCTGTCGGCCAATGGTCCATCTTGGTCGGCGCGGTCATCGT 182 

183 GGCTTTAACCTGCCTGTTCACGAGGACACTCCCGAAAATCAGGCGCTATCTTAAACATGGTGCTGATGGGAATGTTTATTGATTTCTTCT 272 

273 CGTTTCTGCTTCCTGAGGCGCACGCTTTTTCCTTAGCGGCCGTGTTTTTTTCTATCGGATTGCTGCTGATCGGCTGCGGCGTCGGTATTT 362 

363 ACGTATCGGCTGGGCTCGGCGCGGGCCCCCGGGACTCTCTGATGATGCTGATATCTGAF~AAACGGGCTTGGAACGTGCAATGGGTGCGG 452 

453 AACGGCATTGAGCTGACGATTCTTGCCGCAGCCTGGGTGATGGGCGGACCGATCGGCGCCGGAACCATTATTACGGCTGTTTTGACGGGG 542 

543 CTTGATTCTGCGTTTTTCTTTGCCGCAGTCCTCTAAACTGTTAACATACGCGATCTCCGGGCGGGCAACGTCCGTGCATTAAAAACAAAG 632 

rbs 
633 CCGAAACGGTTTTGTTTTTTTATTTTCGGACAGCTTTCGTTTGATATGATAGGATGGTTTTGACAATATTTTCAGACGG!GGATCTGGAC 722 

723 ATGAhGATTTACGGAGTATATATGGACCGCCCGCTTTCTGCAGGGGAAGAGGA~CGGATGATGACGGCCGTGTCCGCTGAAAAGCGGGAA 812 
H K I Y G V Y H D R P L S A G E E 0 R H H T A V S A E K R E 30 

813 AAATGCCGGCGCTTTTACCATAAGGAGGATGCTCACCGCACCTTGATCGGCGACATGCTGATCCGChCCGCTGCGGCGAAAGCTTACGGA 902 
30 K C R R f Y H KED A H R T L I G 0 H L R T A A A KAY G 60 

903 CTTGATCCGGCCGCGATTTCATTCAGCGTCCAGGAATACGGAAAGCCGTACATCCCCGCGCTTCCGGACATGCACTTTAATATTTCCCAC 992 

60 LOP A A I S F S v Q E Y G K P YIP ALP 0 H H F N ISH 90 

993 TCCGGGCGCTGGATCGTGTGTGCCGTTGATTCAAAACCGATCGGCATTGATATTGAAAAAATGAAGCCCGGCACGATTGATATCGCCAAA 1082 
90 S G R W I V C A V 0 S K PIG I 0 I E K H K P G TID I A K 120 

1083 CGTTTTTTTTCGCCGACGGAATACAGTGATCTGCAAGCGAAACACCCCGATCAGCAGACCGATTATTTTTACCACCTGTGGTCGATGAAA 1172 
120 R f f S T E Y SOL Q A K H PDQ Q TOY F Y H L W S H K 150 

1173 GAAAGCTTTATCAAGCAGGCCGGAh'~GGGCTTTCCCTGCCGCTTGATTCATTCAGCGTCCGCCTCAAAGACGACGGCCATGTGTCCATT 1262 
150 E srI K Q A G K G L S L P LOS r S V R L K DOG H V S I 180 

Sa cI 
1263 ~CCGGACGGACATGAACCATGTTTCATCCGCACATATGATGCGGACGAGGAATATAAGCTGGCCGTTTGTGCGGCGCATCCCGAT 1352 

180 E L P 0 G H E P C r I ' R T Y 0 A 0 E E Y K L A V C A A Po P 0 210 

1353 TTTTGTGACGGGATTGCGATGAAAACGTATGAAGAGCTGCTG!AAGCATAGAAAAAGGAGGGTCTCCCCCTCCTTTTTTGTCAGCTTGAT 1442 
210 F COG I A H K T Y EEL L 225 

1443 ATT1CCGCCTGTTTCTGCAGCTGCTTTGCTTCTTGATAAATTTCTTCGAACAGATCCGCGATGTGTTCTTCTTCAACACATGAAAATGCG, 1532 

1533 ATTCGCAAATCGGTTTCATTAATGGATATCGTCCCGATTCCTCTCTTTTCAAGCAACGACACTCTCAATTCGCCGGCGTTTATGTCTTTC 1622 

1623 AGCCGGACACACATGAAATAACCCGAGTTAAACGGATAAGGTGTCCATACGTCTTCATAGTGCTTGTTTTCTGCAAGAACGGC 1705 

~,j~ 4.28 ih~1JllH1'U~~~Hl1J'lJO·H)':i~H)~i11'W'lJO'l~'W'lJ'Wl\P1 4 nl~l1J'ff 1J111tuv'hUl1~'1'lJO'l 
~. ~ . 

lO'W'9flJlPl\PI~ll'V'll~ Sac! Vilf1~'W~lf) Bacillus subtilis BBK-I f)':i\PIO~i11'WU'ff\PI'l\PIlfJ 
., 

~ty~f)1:JtuU1J1J 1 IPllt1f)1:J':i (mfl~'Wlf) 'I) 



SFP-B 
LPA-14 
LPA-8 
SFP 

10 20 30 40 50 
1 ~~IV~VV~D~ PLSAGEED~ ~TAVSAEKRE KCR~FVHK~D A~RTLIGD~l 
1 ~~IVGVV~D~ PLSAGEEDR~ ~AAVSAEKRE KCRRfVM~ED A~~YLI'D~L 
1 S>.IIc{xVGXV~D~ PLSQlEE~ERF ~S FISPEKRE. KCRR;:VWI(ED AHftYLLGDV1.. 
1 ~~IVGIV~O~ PLSQEE~ERF ~TFISPEKRE KCRRFV~I(ED ~~~TLLGDvt 

60 70 80 90 100 

III 

50 
50 
50 
50 

51 XRT~AAK~VG LDPAAISfSV qeVGKPYIPA LPDM~F~ISH $~~WXVC~V~ 100 
51 XRT~A~KAVG LDPAGISfGV ~EVGKPYIPA LPDM~~~ISH S~~WXVCAV~ · 100 
51 VRSVIS~QVQ LDKSDXRfSY q!VGKPCIPD lPDA¥'F~ISH SGRWYICAFD 100 
51 VRSVISc-tQVQ LDt{SDIRfSY QEVGKPCIPD lPDAi-';F~ISH SG~WVXGAF[o 100 

110 120 130· 140 150 
101 SKPX~!OX~K ~KPGTXDXAK RFFSPYEVSD lQ~KHPDQQY DVfVHl~S~~ 150 
101 SKPIGIDIEK ~KPGTXDXAK RFFSPYEVSD LQAKHPDQQY DVFVHl~S~~ 150 
101 SQPXGIDXEK TKPISLEXAK RI=FSKTEVSD lLAKO;(DEQY DVFVHlWS~t\ 150 
101 SQPIGIDIEK TI(PISLEXAK RFFSKTEVSD LLAKO:<DEQY DVFVHl~S~t( 150 

160 170 180 190 200 
151 ESFIKQAGKG LSLPlDSFSY RLKDDGHYSI~lPDGHEPCf IRYVDADEEY 200 
151 ESfIKQ~GK' lSLPlDSfSY Ri..KDDGHYSI ElPOC:;V,!EPCF . IRTVDADEEY 200 . 
151 ESFIKQEGKG lSlPLDSfSY RLHQDGQYSI ElPDSKSPCY IKTVEVDPGY 200 
151 ESFIKQEGKG lSlPlOSfSY F.lHQDGQYSI ELPDS~SPCY IKTVEVDPGV · 200 

210 220 
201 KLAYCAAMPD FCDGIA~I(TV 
201 KLAYCAAHPO fCDGIE~KTV 
201 KMAYCAAHPD FPEOlij!fVSV 
201 KMAYCAAHPD FPEDIT~VSV 

230 240 
fELL ...... ................ 
EELL ...... .. .. .. .. .. .. .. .. .. .. 
~ELL ...... .................... 
EELL ...... .................... 

250 
.. .. .. . .. .... .. .... 
.................... 
.. .. .... ..... ..... 
.. .. ................ 

250 
250 
250 
250 

,tJ~ 4.29 fl"lllJl11ijt)U'UtN hh~u SFP-B flU ltJl91U~fl"lUfJlJflllNa~ffll"'~UH~~ih;1tlll'i 
. '"~ 

\l1f) Bacillus subtilis ffltJliti.ll~l~'l ; ltJ1~u LPA-14 fl"lUfJlJf)11Na~6lJaU A 
" . 

U~:a'lft)lU~fl9lU\llf) BaCillus subtilis RB14 ;ltJl~U LPA-8 fl1UfJlJflllNa~'l'i'" 
" l'ilff~19lU B 1 U"'::1'lft)lU~fl9lU\lln Bacillus subtilis YB8 ; ltJl~u SFP fl"l1JfllJ . . 

.:::.. ~ .. .I 4 " e' 

f)l1N"'~l'lft)'Htl"tfl~U\lln Bacillus subtilis ·OKBI05 f)1~t)::inuUff~~~1tJ~ru"m':IW 
u 

U1JU 1 ~1tlm':I'j (tllflNU1n ~) 



, 
q 

'U'tl'tl 5 

fl'lt.Jfnlm ':i'tl Vifl M 

1. 't11lJl'HHWfHl Ufllh~tf'YllH~lJ~iJfl11lJ't11lJl1t:ll 'W m1~ il~'t11nW1U 1 ~~~~1,bm~u'W 
v ~ v ~ 

Vll1nu~~i~~1'W1'W 23 't11tf~'Wli 1'W~1'W1'Wi1~UUUfllh~tf'Yl'Wl~lJ~1'W1'W 9 't11tf~'Wli't11lJ11t:l • • 
v ~ 

~il~'t111(;l~UH~~~1~1m~i~ 1'W Vll1 11 111 (;l1 1~tfUUfllh~tf'Yl'Wl~lJ't11tf~'W~ BBK-l iJth~ 

ii'Yln m~'t1 ~ 't1~ 1 'W m1~ il~ 't111(;l~U 1 ~~~~i~1m~ 
... . 

.A 0 dd OJ tI ~ 'II ~ 
2. llltHllU'W fl't1fJ(;l'IJU~U1Jfl'Yll1tf't11tf~'W~ BBK-l 'Yl1~U~fl1lJ1li1'W~llJlflWCVIm1~~ 

~ 

~lU'Wfluufllll~tfl'W Bergey's Mannual of Systematic Bacteriology U(;l~ilfl11~11~1~1JlU't1 
,tI • tI " , 

'lJU~~'Wll«~lfl11~1116S rRNA ~U11UUfllll~tf't11tf~'Wlii1~~Utfl'W't1fl(;l Bacillus 1~tfiJfl11lJ . ... . 
1l1)jUW1U Bacillus subtilis ATCC 21331 ~~~~ 

, v-%.A v, 
3. 't111(;l~UH~~~1~1m~1l~il~~ln Bacillus subtilis BBK-l ~~t:lfl't111~'IJ'WllJm'IJ1't1 

... ... 

"" m1l~1ty 

4. ff~ 1ill1111 m'l~,j ~ ~tfU1~t.J1~ m1~ll1lJ1~ 't1lJ~ U m1~ il ~ 't1n (;l~U 1 ~~~~ 1~1fl1~ ~lfl ... 
v, , 

Bacillus subtilis BBK-l lh~flUU~1tfC!f lfl1't1 5 flflJ~Uil~1, UUlJ llJli1ui'Wl~1'Yl 2 flflJ~U 

il~1, 't111't1n~~lfl£j't1~ 5 flflJ~uil~1 U(;l~ lC)fl~tflJfl(;lU i1~ 30 fl1lJ~uil~1 ~lfl11lJli1'Wfl1~-
• ~" A. 0 '.d. . IQ," 0 QI ' 'd 

~1~l1lJ~'W 7.5 llJU'Yl1m11JlJ'Yl~UJl1lJlJl1U~ (30 + 2 C)f) U~11m1l'IJtfl 200 1UU~U'W1'Yl 't111 

(;l~U1~~~~1~1fl1~~~il~ i~ii~l CMC-
1 l~lnu 40 ,ru~luQl'W1~~u~~lrlunrttfmlltfun1J't111 

, ~, 

..::i .c::t. d d.Q ..:::1..:::1 OJ 

(;l~U 1 ~~ ~~ 1')f1m~'Yl~ (;l ~ ~ 1 flU Ufl'Yll1tf't11tf~'W ~~ 1~'1 
, v 

..dl IQ, d .cI oC\ " d <II 
5. 't111(;l~UH~~~1')f1m~'Yl~(;l~ !~Hllfl Bacillus subtilis BBK-l lJfl11lJ't11lJ11t:l t'Wm1 

"~ . .,,, " ,. , 
(;l~Un~~~1 i~llJUUtfl'W't111(;l~(;lltf lC)fl~tflJfl(;lU i1~l'IJlJ'IJ'W 15 % U(;l~llfllfl11lJl1j'Wfl1~-~n~ ... 

. "t ,. 
1'W')f1~ 5-10 'WUfl~lfli1iJ~~1J11't111(;l~U1 ~~~~1~1m~iJfl11lJl't1i1tf1~UUWl1fliJ't1~ 1'W')f1~ 50-. ... ... 

100°C)f li1'Wn(;ll 5 ')flJ. U(;l~~UWl1fliJ 121 0C)f li1'Wn(;ll 30 'Wlll 't111(;lWlUH~~~1~1fll~~~il~ . ... 
" , , d' • tI" . 

i~iJfll CMC l'YllnU 12 mg/l C)f~lPllfl11't11'j(;l~UH~~~1«~lfl11~1111mtf')fU~ i~Ufl Sodium . 

d. QI d_1 
dodecyl sulfate, Cetylpyridinium chloride, Tween 80 lW~ Triton X-100 'lJW~l~tf1fl'WlJlJ1~ 

" ", tI . • 

ii'Ylnfll~ 1'W m1fl1~~1m.hlJ''W i~~l'Ylln1JlC)fU1U~fl~'WU(;l~ . Tween 80 1~tf~fl11 Sodium 
v, , 

OIllJ ..::i.c::t.d d<Q 

dbdecylsulfate . U(;l~ Cetylpyridinium chloride 'WU !~11't11'j(;l~UH~~~1')f1m~'Yl~(;l~~lfl . 
, ~ v 

BBK-l· iJ't1lJ'JJ'~ll~l'W mnh '1tJtJ1~tffl~ l')flU U~'t1111flnlJ U(;l~iitJ1~ii'Yln • • Bacillus subtilis 
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6. Bacillus subtilis BBK-l tihJUlJfl'ni1tJff1tJW'Uiu1fl~~il91ffl'H\~UH~'1ii1:]bmw 

lh~Ul1'1 i" 111tWW 'l'l~i; 3 'lfU~ iiv'I;111~flVlJ~tl1iJv'UnlJtlJ~1" ilJ~'U L, iWm'nff911~'U 
" ... 

U "~tt]fV1 U vJfl91'U 

7. ~'U ~fI1~~ltil'U~'U~f11lJfJlJfl11~il91ff11"~U H~'Iii1:]f1mW'llfl Bacillus subtilis 

" BBK-l ii'U'U1~ 672 mff u11"111ffh1fl1~v~iJ1'U 224 ~1 iifl11lJtl1iJv'UnlJ 1111~'U LPA-14, 

~ 5:4 1- I '" .J ... .dl ... '" - I 11 1- I LPA-8 U"~ SFP t]f'ltlJ'U 1J191'Ul'lfl1lJfJlJfl11~~91ffl1~~UH91'l~1'lf1mW1J1~U1l'll~ 1JtWW 

" ". 
'l'l~'llfl Bacillus subtilis ff1tJW'U1!911'l~ 

.. 
'UfUi;rUf)HU~ 

1. titV'l'llfl Bacillus subtilis BBK-l ff1lJ11t1~il91ff11~~UH~'Iii1:]bmw'; 3 'lfU~ 
" J .,,,. " " , 

~'I,r 'U f111 tttJfl1tfl11~1111~lJ1W ff11 U 91 ~~'lfU ~n~ il91;i'U 1 'UU91 "~tl11~'UV'I flJ1 t ~tJ'It;fV 1 'If'U fl111 

"" "" " lf111~11~1tJ11i'~lWV1lJ1'Ut]filfl1~ 1f11lJll91fl11-WUlJlJ reversed phase 1~Wl'lfffl1~~UH~'Iii1 
.. " 

:]f1tl1WU91 ~~'lfU~nU lJflnt~tJ~ i191;iwil'U ff11lJl911!1'U 
fI " ", 

2: 'llflfl1111f111~111hl1irfl1lJl~fJ~'UV'Iff11~~UH~'Iii1:]f1mWl1'1 3 'lfU~. WlJ11'W~ 
, , + • • 

W1ff911~'UUff~'1f11lJ1~91v111~~ l'U1;11'Uv'I [M + 2H ] l'VnnlJ 732, 739 U~~ 753 VtJ1'l'l1~1'l'U 
• )I, , " 

Uff~'I11 'W~'Vnff911~'Ulfi~fl11 protonate '~'11tJfl111lJ~1~ 'lJ~'U L, U~~tt]fV1UvJfI~'U u'U~lh 

~1~1 pJ 'UV'I 'W~W1ff911~lAU91fl~1~"lflffl1~~UH~'Iii1:]f1mWtlfl 2 'lfU~ ~'1t:1l'll~lJ 
" " "" " 

l11v11c')}'U 91 fl11ffn~ , W ~W1ff911~'U VV fl'l1fl111t~tJ'Il;fV U ~~UtJflV V fl'llflffl1 ~~U 1 '1~'Iii 1:]f1tl1W 
"" , . . . ." 

tlfl2 'lfU ~ '~~1tJfl11111~tJ'Uu11~'1f11f111lJlil'U fl1~-~l'lnl'lf 1 'U fl1191fl91~flV'U 

." . 
Bacillus subtilis BBK-l l1lV ilJ t:Il'l91V'In1fl111'1~~V'ItntJ1nlJ gene disruption 'UV'I~'U sfp-B 

fI • " I fI 1 "" • 

l'Uff1tJli'U1!~ fl~11~1tJ~'U sfp-B l1lV~'U . sfp-B ntfi~fl11fl~ltJW'U1!n1f1~'U'~ U~1~~~916 
" .. 

fl11ff11'l ff11~~U 1 '1~'1ii1;r1tl1WU91~~'lfU ~91V '11 
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cl d 

1. VJl1J'W'lJ,mml-lJ (LB- Agar) 

"" d" 
ffJ'HHWI1l1 flt'J ff \91 

fl\jl fl ff 

'YI~1.Jl\91'U 

lC)f!~mJfl~V h~ 
" 
" . 

illflNlfJfl fl 

5.0 fli'lJ 

10.0 fli'lJ 

10.0 fli'lJ 

50.0 fli'lJ 

15.0 fli'lJ 

lhml'U 1000 lJ~. 
, f i1 di ' v , 

1.Ji'1Jfl1fl11lJ!iJ'Um~-~1.:Jl11!iJ'U 7.5 U.:JCJJ1!~Vl1VWl1fliJU~~fl11lJ~'UlJl\9l·Hn'U . .. ... 
d 

2. Vll1J1tlUnUV~-lJ (LB- Broth) 

"" d" 
ff11fffl~ 11 1 flt'J ff\91 

fl~lflff .. 
'YI11.Jl\91'U 

lC)f!~t'JlJfl~V h~ 
" . 

lhmlU 

3. VJllJ'H1UI1\1\911 L (L - Broth) 

'YI~1.Jl\91'U . 

lC)f!~t'JlJfl~V h~" 
" . 

lhml'U 

cl "" d .. 

4. VJllJ1U'lJ.:Jl.l11'Y11t'J'U'YI (Nutrient Agar) 

" 
1U~.:J • 
" . 

lhml'U 

5.0 fli'lJ 

10.0 fli'lJ 

10.0 fli'lJ 

50.0 fli'lJ 

1000 lJ~. 

5.0 fli'lJ 

10.0 fli'lJ 

5.0 fli'lJ 

1000 lJ~. 

3.0 fli'lJ 

5.0 fli'lJ 

20.0 fli'lJ 

1000 lJ~. 
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"" d .-

5. Vll1J11lUnY1mnJ1UI (Nutrient Broth) 

" ~ '" tlHl'tl'fWl 

mm lsPlt1.hJ1sPlU 
" . 

111mlU 

" " do ~ d d 

6. Vll111t€lt:l'll'litl1- 'Vi (Voges- Proskaver 'Broth) 

hJ';i~ltl'tl'tlhJ1sPlU 

n't'll fl'tl' .. 

" . 

3.0 nflJ 

5.0 nflJ 

1000 lJ't'I. 

7.0 nflJ 

5.0 nflJ 

5.0 nflJ 

111mlU 1000 lJ't'I. 
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." • .& • v 

1.Jf1Jfl1JlJtl1un';i~-~J'I'l1tl1U 6.8 ''tl'l1't'1tl~'UUJ~ 20.0 lJ't'I. l1't'1tl~'t'I~5.0 lJ't'I. U'ICJJJt~tl . 
d "" '" 
Y1flWl11JlJU't'l~fl1JlJ~UlJJsPl';i~JU 

7. Vll111CMlJlJtly9flsPlUI (Simmon Citrate Medium) 

ulJnih~tJlJcM't'ItvJsPl (MgS0,J 

UtllJ llJti1tJlJi~ i~ 1~';it~uvJtl'tl'tvJsPl(NH4H2PO,J 

i~ l1.J~'tl't~t:llJi~ l~';it~uvJtl'tl'tvJsPl (K2HP04) 

1 C)ft~tJlJ9ftsPl';iYl 

lC)ft~tJlJfl't'ltl h~'-
" 

~'11U 

1J';itllJ i lllJtl't'l1J't'I . .. 
" . 

0.2 nflJ 

1.0 nflJ 

1.0 nflJ 

2.0 nflJ 

5.0 nflJ 

20.0 nflJ 

0.08 nflJ 

111mlU 1000 lJ't'I. 
." , t I 

1.Jf1Jfl1JlJtl1un';i~-~1'1'l1tl1U 6.9 1'tl'l1't'1tl~'UlJ1~ 20.0 lJ't'I.l1't'1tl~'t'I~ 5.0 lJ't'I. U'ICJJ1 
" . ~ d A ~ 

t'.lftlYlflWl11JlJU't'l~fl11lJ~UlJ1sPl';i~lU 

8. Vll111llUn-WYtl't'l l1~ tU'tl' (Phenol Red Broth Base) 

11.J';i~1 tl'tl't1.J1.Jl sPlU 

" ~ '" 
tUtl'tl'n~ 

. .-
lC)ft~t:llJfl't'ltl' ';i~ 

~Utl't'lt';i~ 

10.0 nflJ 

1.0 nflJ 

5.0 nflJ 

0.018 nflJ 

" 1 % 0111111 n/1.J1lJlsPl';i) 

1000 lJ't'I . 
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" ,"". 
U1\911"Vihfi~un ~-n" 1m,. ~-'Vhn1\91~ ~-UlJ'UU'VIU" ~-19f 1,,~ u,,~ uu,,-u~'niJ-.. . 

." t .& • " 
1 'U ~ 1.Ji'1Jfl11lJtil'U n'J~-~l~ huil'U 6.8 1 ~lf"U~'IJ'U1~ 20.0 lJ". If''U~''~ 5.0 lJ". 'U~Cl.I1l:}fU 
, 

d "" OJ 

'VI mu If fllJU "~f11 nJ~ 'U 1J1\91'J1i1'U . .. ~ 

9. mlf1'jij'U1~"hJalni'U (Indole Production Medium) 

'VI~1.J1\91'U 10.0 ni'lJ 

" , 
U1n~'U 1000 lJ". 

~ ~ 

10. mlf]'j9HUlYIhU£HW'J'Ul'l (Salt Tolerance Medium) 

"" d 
~ 

U1lf1'Jtlf"1'U1t'VI'JfJ'U'VI (fl1f11!-l'U1nlflJ1fJ1"'IJ 5 ) 100 lJ". 

19ft~fJlJfI"U i'J~ 2.0, 5.0, 7.0, 10.0, 12, 14, 16 u,,~ 20% 

d 
11. mlf1'JU'IJ~~m'j')f (Starch Agar) 

d'J'd Q QI 

'U ~Cl.I1t ')fU'VI mll If fllJU "~f111lJ~'U lJ 1\91 'J ~ 1'U . .. ~ 

d "" d ~ "" 

12. mlf]'jU'IJ~lJ1m'jfJlJl'l UI-gJ\91lJ (Nutrient Gelatin Agar) 

d A.Q 1I' 

13. ml11'JU'IJ~~ntJtJ1lJ (Skim Milk Agar) 
, 

d 

U1lf1'J~1'U'VI 1 

" , 
U1n~'U 

d 
mlf1'J~1'U'VI 2 

" , 
U1n~'U 

" U llf'!! n/1.J~lJ1\91'J 

100 lJ". 

100 lJ". 

0.4 ni'lJ 

5.0 ni'lJ 

50 lJ". 

50 lJ". 

d .di'.J'd . "" 0 d .di'.J'd "" 0 
mlf1'J~1'U'VI 1 'U~Cl.I1t')fU'VI~Wlf1JlJ 110 9f mlf1'J~1'U'VI 2 'U~Cl.I1t')fU'VI~Wlf1JlJ 121 9f 

d OJ . .A "" ~ 0 ~ ~ " " 
'VIfl11lJ~'UU "~n"llJ1\91'J~1'U ilJUUWlf fllJ"V1"~~'U tl~ 45 9f ~'11!-l ~lJmlf1'J'VI~~U~ ~1'Ut'IJ1~1fJ .., ... 



14. V]11],Hl1£l11'Y11V101fU£l~ (Thioglycolate Broth) 

U1Jfll~fl]cMl~lJ (Casitone) 

" !~09f 1 'YJ'HY 

19ft~t'JJJfl£lV h~ 
d d 

UV£I-9f't1''YIlJ (L-Cystine) 

19ft~t'JJJ'1'Y11v 10 Iflt£l~ 
" . 

15.0 OfJJ 

5.00fJJ 

5.5 OfJJ 

2.5 OfJJ 

0.50fJJ 

0.50fJJ 

U]O~lJ 1000 JJ£l. 

129 

, .ei ' v , 

1't1'l1£lV~'lJlJ]~ 20.0 JJ£l. l1£lV~£l~ 5.0 JJ£l. W1CJ.1]~~Vl1f;jtlmiJlJU£l~fl1]JJ~lJJJ]~1-!]lJ 
.J d 

15. tJJl1Ufl'jU'lJ'I (Semi-Solid Medium) 

'YI~ul~'t1' 

19ft~t'JJJfl£lV '11~ 
" 1lJfH • 
'~1-WihlJ"t~~1~ 19f!~t'JJJfl£lV \h~ 

(Triphenyl Tetrazolium Chloride) 

" . 

2.00fJJ 

2.00fJJ 

1.00fJJ 

20.0 JJ£l. 

U]O~lJ 180 JJ£l. 

" "" " "" l1£lVJJV]11]11m'lJ]nlJU£l1~'I!~JJ 1~1-Wih'W!~~1~ 19f!~t'JJJfl£lV h~ (0.5% U]11110/ 
'" l' ..:k'J'd ~ l.hmm') 20.0 JJ£l. 't1'l1£lV~'lJ'W]~ 20.0 JJ£l. l1£lV~£l~ 5.0 JJ£l. 'W'ICJ.I]!')j'V'YIVWl1.f1JJU£l~fl1]JJ 

UVJJ IJJ!i1t'JJJti'£l!vJ~ (NH4)2S0 4 

UJJOi1tCMt'JJJti'mvJ~ (MgS04 .7~O) 

1~ 19f!~t'JJJ1eT 1~1!~lJvJV't1'!vJ~ (N~HP04 .12~O) 

hJ~'t1'!CMt'JJJ 1~ 1eT 1~1!~'WvJv't1'!vJ~ (K~PO,J 

" . 

200fJJ 

7 ofJJ 

0.70fJJ 

3.8 ofJJ 

3.50fJJ 

0.5 ofJJ 

U]O~lJ 1000 JJ£l. 

. .. 

. ," ~ , " , 
llf1JTlJfl1]JJ!il'W 01~-~]'I1l1!illJ 7.5 'W 'ICJ.I]!~Vl1VW 11.f1lJU£l~fl1]JJ~lJ JJ]~1"']lJ 

q ~ . ~ 



17. Vll1J'HIHll0J111H1UVl1 (Defined medium) 

mllfH1' ... 

UVlJ llJtU£J1'UtVl1Y1 (NH4N03) 

UlJf)UtCM£JlJci'~tyJVl (MgS04 .7~O) ., 
hJIPi'fftCM£JlJfl~V 11~ (KCl) 

UrJ~tCM£JlJrJ~V h~" (CaC~ .2H20)" 

f)1~yJmnyJV1f) (H3POJ 

f)1~1JV~f) (H
3
B03) 

., 
rJvtlnJv1ci'~tyJVl (CuS04 .5~O) 

UlJ'If)]U'ffci'~tyJVl (MnS04 .~O) 

lC)ft~£JlJ llJ~1Jt~Vl (N~o04 .2~O) 
., 

c)f'lrJci'~tyJVl (ZnS04 .7~O) 

tyJvi''ffci'~tyJVl (FeS04 .7~O) ., 
lrJ1JV~rJ~vh~ (CoC~ .6~O) 
ddd 

V~Yltv (EDTA) 

d 1 d 
UrJ~tC)f£JlJ-U~'U 1111t'UVl (Calcium Pantothenate) 

11J lv~'W (Biotin) 

f)1~yJV1f) (Folic acid) 

U'U l'Uc)fYlV~ (Inositol) 

1'U Vlc)f'U (Niacin) 

f)1~~J1JV~inlH1J'U lC)fUf) (p-Aminobenzoic acid) 
., 

1~11~Vf)c)f'U- i~ l~lrJ~v i1~ (Pyrodoxine-HC1) 

h l1JyJ~Ji'U (Riboflavin) 
., 

il1Vlij'U-i~ l~lrJ~v '1~ (Thiamine-HC1) 

i~ 19l't~£JlJi~ 1~1t~'UvJV'fftyJVl (N~HP04 .12~O) 
" . 

lhml'U 

20.0 f)i'lJ 

4 f)i'lJ 

0.4 f)i'lJ 

0.2 f)i'lJ 

0.1 f)i'lJ 

0.5 lJ~. 

1.53 ij~~f)i'lJ 

"" "" <V 0.284 lJ~~f)1lJ 

"" "" <V 1.71 lJ~~f)1lJ 

0.7 ij~~f)i'lJ 

2.9 ij~~f)i'lJ 

4.3 ij~~f)i'lJ 

"" "" <V 0.1 lJ~~f)1lJ 

"" "" <V 200 lJ~~f)1lJ 

1.176 ij~~f)i'lJ 

5.88 ilJ lrJ1f)i'lJ 

5.88 ilJ 1 rJ1f)i'lJ 

0.588 ij~~f)flJ 

1.176 ij~~f)flJ 

0.588 ij~~f)flJ 

1.176 ij~~f)flJ 

0.588 ij~~f)flJ 

"" "" <V 1.176 lJ~~f)1lJ 

14 f)i'lJ 

1000 lJ~. 

130 



18. Vll1J'Hl1g1{YI9I'j IF I ., 

o~lfl{y 

UfllJ llJru£JlJcM~tvJI9I (NH4)2S04 

hJ~m9f£JlJ1~ 1~ l~'H~l'wvJfl{YtvJI9I (K~P04) 

1~ hJ~{Yt9f(llJ1~ l~'m)'WvJfl{YtvJI9I (~HP04) 

19ft~ (llJ 9ftl9l 'J 'VI 

UlJOih9f(llJcM~tvJI9I (MgS04 .7~O) 

Vitamine assay casammo acid 

"'""",,, 
U fl ~ - fl J'J 1) 'W 'W (L- arginine) 

U fl ~- 'VI1t11 I9ItvJ'W (L-tryptophane) 

I I " I .di. ~ d C\ . Q.I 

'W \lCJJJt 'lffl'VI ~W l11JlJ U ~::fllJlJ~ 'W lJJI9I'J ~J'W 

19. Vl}fJ'Jtlml\yI9I'j IF II 

o~lfl{y 

UfllJ llJtU£JlJi~tvJl9I (NHJ2S04 

lt1~{Yt9f£JlJ1~ 1~ l~'H1l'WvJtHnvJI9I (K~POJ 

1~ lt1~m9ftJlJ1~ l~'H\l'WvJmnvJI9I (~HP04) 

19ft~£JlJcitl9l'J'VI 

UlJOUt9f£JlJcMmvJI9I (MgS04 .7H20) 

Vitamine assay casammo acid 
"'"",,,,, 

Ufl~-Vl'J1)'W'W (L- arginine) 

Ufl~- 'VI1t11I91tvJ'W (L-tryptophane) 

5 01lJ 

2 01lJ 

6 01lJ 

14 01lJ 

1 01lJ 

0.2 01lJ 

0.2 01lJ 

50 lJ~~01lJ 

50 lJ~~01lJ 

1000 lJ~. 

5 01lJ 

2 01lJ 

6 01lJ 

14 01lJ 

1 fl1lJ 

0.2 01lJ 

0.2 01lJ 

"'" "'" '" 5 lJ~~O'JlJ 

5 lJ~~01lJ 

1000 lJ~. 
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.fllflNl!lfl 'U 

" . " 
~VVlJU~~ffl'HfliiVihfl U fl1'j'VI~~V\I 

1 ffl'j~~mVUfl'jlJfl1-t]'I'l't)'gj11iHgl'l (Gram's Cry tal Violet Solution) 

fflnl~mv fl 

tV1llUV~ 95% 20 lJ~. 

ffln'l~mtl 'U 

UVlJ llJti1VlJVVfl9flt~1'l 
" . 

111fl~U 80 lJ~. 

• " " " d f.jfflJffn~~mtl fl U~~ 'U VitI'l1t1lJi~t'Ul~1t1tlU tfllJ1U'U1~~'1fl 

2 fflH'l~mtlUfl'jlJ"illv~u (Gram's Iodine Solution) 

'1vlv~ufl1ffI'lV~ 

hJ~fft~tllJiV lvi~; 

• " " d 
~~~ltlff1lJf.jfflJ hU'UltlU tfllJ i U 'U1~~'1fl 

300 lJ~. 

3 ffl'Hl9imtlUfl"UJ9flyhUU1V (Gram's Safranin Straining Solution) 

0.25 flflJ 

tVlillJV~ 95 % 

100 lJ~ . 

" ", " " ~~~ltl9f]'vhi1u 1 'UtVlilU V~ U ~1~\lt~lJl1 lfl~Uf.jfflJ hu'U 1 tlU tnlJ llJ 'U1~~'1fl 
"1 "d 

4. ffl'Ul~mfJ1Jl~lJfI'VIfl'j'b! (Malachite green Solution) 

lJl~l iflv{fl1U 5 flflJ 

" . 
111fl~lJ 100 lJ~. 

" " "" " d " 5 fflH'l9imtljvlfl'mn.m.h)"HH)Oj9f~fl11lJt'UlJ'U'b! 3 l'Ufl1t9I'UI'l 

ffl'j~~mtli~ l~'jt~Ut1.Jv;vvfl '191'; 10 lJ~. 
. " " "d" 

(Viiifl11lJt'UlJ'UlJ 30 t1.JV'jt9I'lJl'l) 

90 lJ~. 
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d d 

6 ffJ'Bl:::£ll£J1-Yi (VP Reagent) 

ffl~£l:::£l]£J n (ffn£l~£ll£J 5 % U'eH'I'VhtuvJVI'e:J£l) 

UV£lvJltUvJVI'e:J£l (a-Naphthol) 

" " 
WlilUV£lt'\llJ'\IU 100 % 100 lJ£l. 

• " " d 
£l:::£ll£Jff1U~ fflJ hu '\I1f1U tfllJ lu '\I1IPliY'lfl 

ffl~£l:::£l]fJ '\I (ffn£l:::£ll£J 40% 1 tl~fftCM£JlJ l~lPl~vn lC)f~) 

hMfftCM£JlJl~lPl~vnlC)f~ 40 nflJ 

" . 
'ihmlu 

• " " d 
£l:::£l]£Jff1U~ fflJ hU'\llf1U tfllJlu '\I1IPliY'lfl 

7. ffJ'Bl:::£l]£JlfUl1f) (Kovac's Solution) 

" ~l~lllPltlJYi£ltl:::iJl WlJUcM£l~l~1Pl 

(P-Dimethylamenobenzaldehye) 

(Amyl or Butyl Alcohol) 

" " n~1Pl '1~ llPl~fl£lvlm'\llJ'\IU 

" 8. ffJ'ul:::mmlykyhI'J TEA 
. "" d d 

t\il~£JlJVlfl11lJt'\llJ'\IU 5 tVll 

VllfflJltlJff 

" " 

1 
J .d.et.d 

0.5 lJ£ll~ VIPlVltV pH 8.0 

" . 
lhmlu 

r " "", , 

nvul'lft~ml1'l1Pl1£JUln'tlU 5 t'VIl 

d"'" 

9. ff\illPl\illlJ (Tracking dye) 
. "" d d 

t\il~£JlJVlfl11lJt'\llJ'\IU 5 l111 

'lflfl~ff 

llJ~ llJ~U V£llJ£l .. 
VllfflJll~ llPl~fl£lV 1'j1Pl" pH 8.0 

lC)fl~mJfl£lV h~ . 

100 lJ£l. 

75 lJ£l. 

25 lJ£l. 

24.2 nflJ 

5.71 lJ£l. 

10 lJ£l. 

990 lJ£l. 

60 % 

0.25 % 
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10. Denaturation buffer 

19ft~(JlJ1~~'H)n19f~ 

19ft~(JlJfn)'eJ h~ 

11 . Neutralization buffer 

19ft~(JlJfI~'eJ h~ 

1'I1fflJli~1~1f1~'eJ11~ pH 7.2 

12. ff]'Ul~m(J lOX sse 

19ft~(JlJfI~'eJ h~" 

19H~(JlJc)ft\9l11'1 
" . 

Uln"u . . " 
1.Ji'llfl1f111lJtiJU n1~-~1':) hm'1u 7.0 

" l3. ffTH' ~ m (JV rJryhrub lJ IJ jj 
.Q 

~t1(J 

19ft~(JlJt\911~c)f~cM~tW\9l (SDS) 

19ft~(JlJw'eJfftW\9l pH 7.0 

19ft~(JlJfI~'eJ i1~ 

HlJni1tCM(JlJfI~'eJ h~ 

Blocking reagent 

" "' • .1 • .1 "" "" 14. fflJ]'~~JVlJY'itY'itl1l:J\9lfJlJlJ 

1'I1fftllff 

19ft~(JlJfI~'eJ i1\91" 

HlJni1tCM(JlJfI~'eJ i 1~ . . " 
1.Ji'llfllfl11lJtiJU n1~-~1':) huiJu 10.0 

20 ni'lJ 

87.75 ni'lJ 

1000 lJ~ . 

1000 lJ~. 

1% 

" 50 jj~iillJ~11 

0.2 % 

" 200 jj~iillJm1 

2 jj~iillJ~11" 
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illflNU1fl fI 

Q.I cf' ... 1 .A Q..I' eS A ..c::), QJ' 

i:lfl1:lW~Ui:l~tl'lflu'J~fWlJ'\Itl'l!fl'H)'I1~rnUH~'H:n (Tensiometer) 1'W K6 '\Itl'llJ'J1:lYl 

KRUSS U'J~!YIf(Wtl'JlT'W Uff~'I~'I~U 

fl1'J1~rnU 'J 'I~'I~1'\1tl'l'\ltl'lmi:l1;1mfl~tl'l1~U 'J 'I~'I~1if 1 ;lnfl1'J~(1tJfl~1 ring 
,,, .. . 

method rll'W infl1'Jnhffl'W tltJl'lU 'Vt'J11i:lltJ1 'W fl1'j1~rnU 'J 'I~'I~1'\1tl'l'\ltl'lmi:l1 (surface tension) 
, .ci ~ '..c::), _ I Q.I QI' ~.Q" ~ ..et.J''1'' 0 

Ui:l~rnUH~'I~1'j~1111'l~1u'J~\I'W (interfacial tension) fl1'J1~rnU'j'l~'I~1~1mfl'jtl'llJtl'W !~Y11 

fl1'i1~~f,JWl1.fJiJ 25 + 2 0t.]f ~i:ltl~fl1'jYl~i:ltl'l 

lnfl1'Jl;!fl~tl'l1~~lUH~'I~1~'W K6lj~'W~tl'W~'Iif . . 
v • ~ 

I.U1'lJ handwheel with pointer (2) 111fftfli:lljfll!i1'WIJ''WtJ 
d v • 

2.u1'lJ zero adjustment (8) 1~tJl1~'WYl1'W!'\IlJlnwfl1h1 balance beam (9) tl~l'W 
o & 
~lUl1'W'IfflJ~i:lfl'lfli:ll'l'\ltl'l mark (7) • .. " " ". I" 

3. U1'lJ'J~~lJn11'lffl'j~1tltJl'l1 fltJl1~'W (10) Ui:l1tJfl;j'W 111tl~ 1 'W'j~~lJn~tl'lfl1'j 
v • • 

4J!'\I1'W ring . i:l'l1'W balance beam (9) u1'lJll1tl~l'W~h!m'W'IfflJ~i:ll~tJl1~'W zero 

d '" adjustment (8) ~llJ!'\IlJ'W1Wfl1 

5.1~ffl'j~1tl~1'li'W~i~ffl'j~1tl~HU'j~lJ1W 10-50 lJi:l. 11'li:l'llJ'W sample table (6) 

" d .Q ~ di ' Q,I' , J i "Q.I Q.I Q.I 

Ui:l111~'W micrometer screw (5) ~llJl'\1lJ'W1Wfl11'VttltJflYl ffffl'j~1tltJl'l'\l'W l1fflJ~fff)lJ ring 
" . " " . 

l~tJil1 ring \IlJtl~i'W~1tltJl'l'lJ'WVtJfl11 5 lJlJ . 
.A • v v v. • 

6JlJV ring . ~lJ~fffi'lJ~1VtJl'lUi:l1tl1\1~tl'lU1'lJ balance beam (9) 111tl~1'Wv~i'W 
• v 

~lUl1'W'lfflJ~i:lflflfl1''l l~tJl1~'W zero adjustment (8) 

7J~lJ1~~lUH~'l~11~tJl1~'W micrometer screw (5) Y11'Wl~lJ'W1Wfl1V~H;1'l l'W'\Iw~ 
1~tJ1fi''W~11~'W pointer (2) ~llJl~lJ'W1Wfl1V~1'l;1'l 1~tJffl1:l1i'; balance beam (9) vQl'W 

~lUl1'W'lfflJ~i:l • 



8----:=~ 
1-----: 
7----:::: 
9----!:;;;;: 

2-----
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IO======~~~1 11 
12 

5 ----;;; 

] 

4 

- " 
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(1) scale in mN/m (2) handwheel with pointer (3) screws for regulation of the level (4) box 

level (5) micrometer screw (6) sample-table (7) mark (8) hand wheel for zero-adjustment (9) 

balance-beam (10) and (12) handwheels for fixing the crossbar (11) carrier of sample-table 



illflNU1fl ~ 

ffty~f)lIw"''UtI'If)'j~t1~iihm1J1J 3 ~1~f)1I'j U(;1~U1J1J 1 ~1~f)1I'j 

'" . t1~m'U'U (Alamne) 
.. """, 

t1l':i'il'U'U (Arginine) 

UtI(;1'Ul'jl~'U (Asparagine) 
.. 

f)'j~UtI(;1'Ul'j~fl (Aspartic acid) 

"" '" C}f(;1'!~t1'U (Cysteine) 

fl'j~fl~~liifl (Glutamic acid) 

f)~~lii'U (Glutanrine) 

"" ""'" ~(;1'~~'U (Histidine) 

i fJ 1 C}fibCM'U (Isoleucine) 

"" '" (;11C}f'U (Leucine) 

i(;1CM'U (Lysine) 

!lJ ili 1 tI i1 'U (Methionine) 

!'vh1(;1t1~~ni1'U (Phenylalanine) 

1u'j~'U (Proline) 

'" !C}f'j'U (Serine) 

"'1 d li'j t1'U'U (Threonine) 

n~u1~!-w'U (Tryptophan) 

in hCM'U (Tyrosine) 

.. 
ffty~f)lIW 

U1J1J 3 ~1~f)1I'j 

Ala 

Arg 

Asn 

Asp 

Asx 

Cys 

Glu 

GIn 

Glx 

Gly 

His 

He 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

The 

Trp 

Tyr 

Val 

.. 
ffty~f)lIW 

U1J1J 1 ~1~f)1I'j 

A 

R 

N 

D 

B 

c 

E 

Q 

z 
G 

H 

I 

L 

K 

M 

F 

P 

S 

T 

W 

Y 

V 
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50 ~----------------------------------------. 

40 
,-... 

-€ 
] 30 
'-" 

r 
qQI: 
'7 

'116: 
20 '7 

!::: 
r 

- G: 

10 

o 2 4 6 8 10 

" " " fl11lJl'lJlJ'lJhI'lJfl'l1C)fl~mJfU;lfl h~ (%) 

. " " 
--.- fllU 1'1 ~ 'I ~ I'll c;1'1 fnil~tf'l':;;fl1 ~ hi 11m 24 'lflJ. 

"" . .,. I " " 

~ ~ 'lJ tl'l fl11lJ 1 'lJlJ'lJlJ 'lJ tl'll C)f'~ tflJ fI ~ fl '1 'J ~ \PI fl fil'j"(;l ~ fll11 'J '191 'I ~ 1'lJ t:l \I t:lll1 n 1 ~ V\ll {ft:l 
"" J/ , I fI 

t:l1111'Jl~V,:u:}fmh:;flt:l1J~1VfHllml' 10 fli'lJ\PIt:l~\PI'J 'VJ~111\P1h1 10 fli'lJ\PIt:l~\PI'J 't1'l'J't1'n~~lflV't1'\PI .. 
, " " .I 

5 fli'lJ\PIt:l~\PI'J 11~:;1111'Jfl11lJl'lJlJ'lJlJ'lJt:l\llC)fl~tllJfI~t:l h~ 



fllUJ'ilU1J~ ril!~'ilf11'Jfffl}:nU~UJUJllPl~lYlVlfl'l~IPl'JuWcVilPl ~l'Ul'il~:jblYlfJ1 filfll'll'1'il~:j}11YlVl 
u q uu q q 

d''' " • 
flW!::lYlfJ1ffl~IPl'J 'ilWl~\ln'JWlJl1l1YlVl~V lUilf11'Jfffl}:n 2538 U~!::!'\Jlfffl}:nIPlV lUl1~n~IPl'J . ... .. 

flW!::lYlfJ1f1'l~IPl'J . ~ ~ 

lJl1l1YlfJ1~V luilf11'Jffmn 2539 lU'J!::111l\lfffl}:n '~11JYlU'illnlJl1l1YlVl~V lVCJflf11 filVllPl • 
f11'J~U 1J~'4 U 'illn~lJlfllJf11'JffmnU lU l'll'l~U ~\lU'J!::tYlfl'~~U (AIEJ) !~V , ul'ilf11'Jl~V;U 

" ., • 'I t Cl.Q .dZ 

fl11U'J!::nV1Jf11'Jl'illYlVTih'iU1iY1lJl1l1YlfJ1~V lVCJfln1 ~'W'lf1\1!~VUVU'lfl''ilf11VU W.fI'. 2541 t'J\I 

!~VU~~lfl'-J W.fI'. 2542 !llu'J!::V!::n~l 1 il 

Roongsawang N. , Thaniyavam, J. and Thaniyavam, S. 1999. Properties of biosurfactant 

produced by Bacillus sp. strain KP-2. Thai J. Biotechnol. 1 : 54-60 . . ~ . 
H ~ \llU Yll\ll'll'lf11'JY1! 'Ul'J1lJU'J!::'l!lJ 

Roongsawang, N. and Thaniyavam, J. 1997. Microbial biosurfactant produced by Bacillus 
th 

sp. strain KP-2. Poster presented at the 9 Annual Meeting of the Thai Society for 
nd 

Biotechnology and 2 JSPS-NRCT-DOST-LIPI-VCC Seminar, 19-22 November, 

Nakhon Ratchasima, Thailand. Abstracts book. p. 181. 
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Abstracts book. p. 321 
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