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~'lEJ?l1'\.111(;11-1 111-uf'i'il ?l1'\.111 ISP2 mmi Soybean meal 'tl1'\.111 Oatmeal 'el1'\.111 ISP2+u.1:iTu-11 

U.fi::: 'tl1'\.111 ISP2+ '11:iTuum U.fi:::(;ln•H'\'tltJn11t'\h-1t'\11Nf'l')i,J(1U.fi:::f1'Vl"iftTu£-1"'lft'UYiiEJ1U'llru:::,~mnu . ., . 
Y'IU'l1mm1 ISP2 ~W,~:1-Jm'\.111tm:1-J"ll1~~u 11'1Xe.Jfim1t'\11-1t'\1n-1F11'1,1tJufi:::1ik1'Vl"iftTu6-1~~n,j1 Ufi::: 

,~'ilnU.'ilf'l~Lu:iTEJ:il'Vl~t'\1m1cit'\11-1m1Nf'li(;lci~t'\11-1NF11'1,1ci~u.t>1-1 '\.lj'il ut>1-1F1J1 m,~m1u'il1'\.111 ISP2 . . 

t'\1~f'lft1£JLY'11~~L'il:nm-,fi1EJ"ll'W"1 t'\11t'lnt>1'\.lmtJ'll'tl--'l LL'tlf'l~Lu:iTEJ:il'Vl A 16-1 1'1Xt'l1n-1F1if'IQ~LLr,i-1~1u1'U:IJ1n 

,"liunu bbfi:::i'i spectrum peak ~1n~\ialmnu f'i'il A16-11~ spectrum peak t'\--'lt'\"1 ~ 480 nm L'U'llru:::~ 
... ' 

t'\1191n U.'tlf'l~Lu:iTti:il'Vl 54-4 1-iX spectrum peak t'\-11.'\r,i ~ 520 nm bbfi::: 560 mai91nn11!,11'l"'lt'\'iltJt'\1J'~ 
'II • 

Y111~u1~'Vl"ifrn-1~1u'll'il--'lbb'tlf'l~Lu:iTEJ;'Vl 54-4 Cil'lEJ HPLC Y'IU'l1t'\1:i'LU fraction~ 8-15 YitJ'l1i'J peak~ 
1 I t ' 

"D"1b"'lU'eltj 2 peak vi~1 Rt vi 23 Ufi::: Rt vi 27 'U1Yl Ufi:::Yl Rt 23 'U1Yl"'l!::'V'l'lJ 2 peaks J'!::\.111-1 220-270 nm 

U.fi:::Y'lu 3 peaks 'eltj1:::\.1')1-1 450-550 nm zj--'l peaks b'\.lf.'i1~f'lft1£Jf'l~-1fltJ peak ~Y'IUL'Ut'\1:i't'\ll"1\.1mu ~'lU 

U'tlf'l~bu:iTEJ:il'VlA 1-3 bbfl::: A3-3 1-iXt'l11~u.t>1-1:iJ1-1'111>l1fl LLfl:::~:iJ1-1~1i::5u (,11:1-Jih(;)tJ u.fl:::t'\111.'\nc,i\.lmu 

'll'el--'lbb'elf'l~Lu:iTEJ:il'Vl 54-5 1:iJ1iX9'Vl"ift1tJ6-1r;i'tl,"llfii:1-J:::,;-1"li'il-11..hn (KB) 1.'\11t'\nt>1'\,,lmU"'l1m~'tl'VJn(;l'l L-iX9Y1"if 

tTu£-1iftuY11J u,r;i,'tlm:::LL'tlf'l~bu:iTt.J:il'Vl 54-4 LLfi::: A 16-1 1-iX9'Vl"ifiu6-1,"llf'li:1-J:::,;--'l~'lt.J b"1£J U.'elfl~Lu:iTti;'Vl 

54-4 iu£-1,"llfii:1-J:::,;-1,J1n:1-Jt>1f_3n i'i~1 IC
0
./=8. 50 µg/ml ~'lUt'\1:i'"'l1n A 16-1 'fl'fln9'Vl"iftTu6--'l,"llfii:1-J:::,;-1,~1 

U:1-l i'i~11c __ =1. 72, 1.56, 3. 1 O LLfi::: 2.61 µg/ml 1u fraction Yl 5, 6, 7-8 LLfi::: 9-12 (911:I-Jii1(;)tJ :il-1uu,j1'el'eln 

9Y1"ifu.1-1mnnrh doxorubicine zj-1,tlumfo~1L1F1:1-J:::,;-11uiJ"'l"fUU U'eln"'l1n.n t'l1:i't'ltl"1WJ1U'll'el-1bb'elf'l~bu:lTEJ 
,, ,, 

:il'Vl 'Vl-1 54-4U.fi::: A 16-1 t'\1:IJ11'1tJUtJ--'lb"lli:1-J:::b;.,,i1"1b~'elm1'l~'lm"liunu "'l1nn1:m1ii1(;)1..JbU1.'\"ll'el--'l 16S rDNA 

~u Y'ltJ11U'elf1~Lu:iTEJ:il'VlJ--'l 2 'l!'Wt>1,tluu'eJFi~bu:iTti:il'VlLU~Uf:'\ Streptomyces zj-,iJuu'l b'WJ~"'l:::,Uuf:'\U:;if:'\1'1,,1:iJ 
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Abstract 

Seven isolates of actinomycetes pigment producing strains were selected and cultured 

on various types of media: ISP2, soybean meal, oatmeal, ISP2+sesami oil and ISP2+ fish oil, in 

which pigment and antimicrobial production were investigated at the same time. The result revealed 

that on ISP2 without any other natural substrate supplement gave better pigment and antimicrobial 

production. Strains giving red or dark red pigment production were selected to culture in ISP2 for 

extraction the red pigment. It was found that ethyl acetate extraction of Actinomycete 54-4 in ISP2 

medium could yield 0. 150 g crude pigment per litre medium. Partial purification of the crude 

pigment by column chromatography revealed more than 40 components of the substances in red, 

orange, and pink, but real prodigiosin substance was not found from Actinomycete 54-4, but 

analogue substances of prodigiosin may be mixed. Crude extract of Actinomycete A 16-1 gave 

vanous components of red pigments as same as strain 54-4 with the highest spectrum peaks at 480 

nm, while Act1nomycete 54-4 gave the highest peaks at 520 and 560 nm. The result of HPLC 

analyses of 54-4 partial purification of the red pigments gave 2 unique peaks at Rt 23 and Rt 27. At 

Rt 23 found 2 peaks between 220-270 and 3 peaks between 450-550 nm in which resemble to those 

found in the crude extract. Actinomycetes A 1-3 and A3-3 gave dark purplish-brown red and 

pupltsh-blue in color when purification, respectively. The crude extract of Actinomycete 54-5 did not 

give apoptosis of KB cell lines. All of the crude pigments in every strain gave antimicrobial activity, 

but only the pigments of Actinomycete 54-4 and A 16-1 gave inducing apoptos1s of Hela cell lines 

and breast cancer cell lines with IC_ .. =8.50 µg/ml for crude extract of Actinomycetes 54-4 and 

IC0 •• =1.72, 1.56, 3.10 u.~:::: 2.61 µg/ml , for fraction 5, 6, 7-8, and 9-12 of A16-1, respectively, which 

stronger than the IC
5

,:. of doxorubicine . The crude extract of Actinomycete 54-4 and A 16-1 could 

induce apoptos1s of leukemia cell lines as well. The analysis of 16S rDNA base sequences, revealed 

that both of the actinomycetes are members of genus Streptomyces which has a tendency to be 

new species . 
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2003-2005 (Lam, 2006) 

2 ~'l'elrJ1-.:l'll'el-.:1~111.li:Yihu::~bUU£11fo1±1 hr1ufl::~~1-.:itut"1£JU'elri~t,~Jfo;'Vl 

(Borgos, 2006) 7 

3. b~tl:i'1l'elUL"11'1'1i~t-ii1.un11~n1±1 u£Jn 1~·-nn-rl'l!i.hinmflui,h-.:i 7'l1'U."1 ufl::n11 

~1uun'l!'U."1m£J1~n~'el-.:iifl'Vl:i':i'f'!'W 9 

4 U'elr1~tuaTr.J;'Vl~~"1b~'elm-11~ntt1 u£Jn L~"'l1n 1n::n'elU'll'U."1W1-.:i 7 10 
., ' 

5 ~Jl1':i::n11b~r.J-.:i111umi-,11bi-,ti,;iY1~ntt1 11 

6 e.m antibiosis 1::wj1-.:i11b~UL"1L'l'linrn1~1li-,t,Jhri-rl'll A. brassicicola, C. 

gloeosporioides Ufl:: F. oxysporum b~'el'Vlfil~'elUbUUl'lfl1 4 iu 17 

7 t:Jfl'll'el'1~1:i'~f1fil"'l1nnb~UL"11'1'!i~bimuu'el1m1w1-.:inu W'eln1:i'£J't.J6-.:im:i'b"'l1')Jn~1bi-,191 

hri-rl'll A. brassicicola, C. gloeosporioides blfl:: 

b'Jfl141U 

,,i ;"I F. oxysporum b:i.J'el'Vl"1~'el't.JbuU 

8 1::t1::b'Jfl1~bi-,:i . .n::~:i-l'll'el-'.ln1:i'bln1m.-1~11~nfil"'l1nn~i-,:irn LU 0. 5xPOB 

W'eln11ir't.J6-'.111~1 b 'IAl9l L:i'r1Y4'1l 

19 

20 

9 1::t1::b'Jfl1~bi-,m::~:l.J'll'el-'.ln1n1n1£J:i.J~1:i'~f1(il"'l1m1~i-,:i:Tn1u SOB W'fln11£J't.J6-'.l:i'1~1bW')L:i'riY4'll 21 

1 0. ri':11:i.J bfl:i.J~b i-,:i.J 1::~:l.J'll'el-.:l'el1,...,1:i'b,...,fl'J 1umn1n1'.£1:i-1~11~n (il£J't.JET-:i11 L:i'r!Y4'll 

"'l1ntl1i-,:i:Tn:n~bimb'UUb'Jfl1 3 iu 1umm1 0.5xPDB 

11 t:Jfl'll'el-'.l~11~nfil"'l1m1l~ULfilL'l'!i~bimuumm1 0.5xPDB ~1'1':11:i-llfl:i.JW1-'.lf1U l'UUb'Jfl1 

3 iu W'eln11£i'rnT-m1n"'l1')J11~1m191trn-rl'll ~'el'Vlfil~'elrnUUb'Jfl1 4 iu 

12 t:Jfl'll'el-.:!~11~n"1"'l1m1b~Ut"11'1'1i~limuummn•h-.:inu W'elm1tlu6-:imn"'l1')J11~1 

'i' ""' .,, :'I ~ 
bi-,(,J~:i'rl'V'l'll A brassicicola. C gloeosporioides Ufl:: F. oxysporum IJJ'el'Vlfil~Tl't.JluUb'Jfl1 4 'JU 

13 t:Jfl'll'fl-'.l~11~nfil"'l1m1biiut"1 LYh1 Br834 r1,;i1m.if:l-l.ifui.h-:i 7 i.i'elmt6u6-:imn"'l1'1J11~1bW•.] 

22 

23 

24 

L:i'f'1Y4'll A. brassicicola l'U'tl1'1A1:i':l'1.if1,;it:J~:i.Jf1't.J6U1':!Yh-'.1 26 

. ., . 
c:,I .::,I "' 0 ...... 

'Vlbln:i'£1:i.Jfil'J£JU1 nflU 27 

16 n1:i''el'eln9'Vlifou6-:ib;'el,~u'Vl1tl ~mim~':!£Jmm1i.i1-:i 1 'll'el-'.IU'elri~tu31'£J;'Vl~u£Jn'll1n-i.J1 

'll1mflU 29 

17 n11'el'eln9'Vlifou6-.:ib;'el,~U'Vl1tl ~'elbim~':!£J'el1m1'l!'U."1W1-.:i 7 'll'el-'.IU'elr1~tuaT£J;'Vl~bbr.Jn"'l1n 30 

u1'l11mflu 
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18 LL~r,i..:i.:j1ur;iu'el..:tl'l'th:::n'el'U"ll?l..:t~1J' ~L~utJi' 'Uuu.e.iuLf'lJ':ln L'Vlu.m:i.J ~1J'L:1-J1>11 LULfl'\'1~~11..:itJi"ll?J..:t 

bb?lf'l~LWJtJ"n'Vl~bit1..:1Lt.!?l1tnm.mr;i GY, SCA, AB2, TSA U.fi::: ISP2 

19 u.~r,i..:iuhrnun11~11..:i~11u.'ilu~tut?J~miu£..:iL~'el~fiuY11'tlmmn'l-lfi'lfiJ'J':1-J"l!1~ (nfa/1 oo ml) 

20 u.~r,i..:ie.Jfl"ll?l..:ln1J'Pim~n Bioautography assay "ll?l..:lbb?lf'l~LWJtl"n'VI A 1-3, A3-3, A 16-1, 
., 

54-4, 54-5 l,l'elb;?l MRSA 22 

31 

32 

33 

21 U.M1..:te.Jfin11U.tJn~1J'~f1r,\'\.ltl1U"ll?l..:lb~?lU.?lf'l~Lt.!:iTt1;'VI 1'1i~ A 1-3 ~'ltl Column Chromatography 35 

22 bl~r,\..:te.Jfin1J'U.t1n~1J'~flr,\'\.lt11U"ll'el..:tbt'elu.'elf'l~Lt.!:0't1<n'VI ro~ A3-3 Ji'lt1 Column Chromatography 36 

23 u.~r,i..:te.Jfin1J'U.£Jn~1J'~flr,\'\.ltl1U"ll?l..:tbt?lu.?lf'l~LWJtl"n'VI J''li~ A 16-1 Jir;itJ Column Chromatography 37 

24 u.~r,i..:ie.Jfin1ffl(,l~'eJUL'UL?l?l'elLt,m11vl"ll'el..:tlt'el A1-3 Lun11£1J£..:imw,ih1J"llil..:tbt?l'Vlr,\~?Ju MRSA P86 38 

25 u.~r,i..:te.Jfi mfflr,i~?J'ULUL?l?l'elL1>1m1vl"ll'el..:tbt?l A3-3 Lt.!mJ'iu£..:imn"l1qJ"ll?l..:tlt?l'Vlr,\~?Ju MRSA H78 38 

39 
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1:;~1J antibiosis L'W')'W~ 4 "ll'el-:ln1W•ih1,1 Th 121 (Lf'I Lfl'U~1'W'D1U"ll'el-:l'°l1'W'el1\n1) Li1'E!Liu-:i:h:1-Jn1J 

11~1L'l,1(9JL1f'l'Vi'll A brassicicola (Lf'1LflU~1'W"ll'l1"ll'el-:J"l1'Wmm1), n: 1:;~uM1:1-Ju.n 3+ 1J'W'El1'1,111 

0.5xPDA; "ll: 1::~1Jf'1'l1:1-JU.'.i'-:l 3+ 1J'W'el1'1,11'.i' SDA; f'I: hi'V'ltJ antibiosis 1J'W'fl1m1 LNA 

'.i'::iu antibiosis "ll'el-:1 SC15A3 (Lf'ILflU~1'W'D1U"ll'el-:l'°l1'W'el1'1,111) L~'elLim:r'l:1-Jn1Jn~1 

b'l,1(91 L11'l'Vi'll F. oxysporum (Lf'I LflU~1'W"ll'l1"ll'El-:l'°l1'W'el1'\,111) u-umm'.i'~L(911U:1-J~'luJ1ni-u . 
d'.h.1L'lt:'l1 4 -5'-u, n: 1::~1Jf'1'l1:I-JU.N 2+ U'W'el1'1,111 0.5xPDA; "ll: 1::i1Jf'1'l1:I-JU.N 2+ 1J'W'El1'1,111 

SDA; f'I: hiiui-:imn'-l'i()JU'W'El1'\,111 LNA 

3. '.i'::iu antibiosis ~'elLim'.i'1L'el'WL"11v-Ji Br830 (Ll'l LflU~1'W'D1U"ll'el-:l'°l1'W'el1tn'.i' Li1'flLiu-:i:r'l:1-J 

nm1~1L'1,1(9JL1f'1Yi'll F. oxysporum (Lf'I LflU~1'W"ll'l1"ll'el-:l'°l1'W'fl1m1) U'W'fl1m~L(911m..J~'luJ1 

n~-udJm'lfl1 4 -5'-u, n: 1::i1Jf'l'l1:1-JU.N 4+ u-umm1 O.SxPDA; "ll: 1:;iuf'1'l1:1-JU.N 3+ 1J'W'El1'\,111 

SDA; f'I: '.i'::~Uf'1'l1:I-JU.'.i'-:! 1 + '1.J'W'el1'1,11:i' LNA 

17 

18 

18 

4 m'.i'iru5-:i'.11~1 L'\,l(;J L1f'l~'ll'!l'el-:J~11~ 17"1~ Ll911U:1-J'°l1ntl1mJm1 Lfl'W L"1 L v-Ji~.im 1-u'El1m1'llu"1~1-:i7 24 

1-u-5'-u~ 4 "ll'el-:ln11l"l1ru, n: ~1:i'~f1"1"l1n Th111 '1.J'WbLt-h .. disc b~'el'l1-:J:r'l:I-Jf1'1.JJ'1~1L'l,1(91L1f'1vi'll 
~ . 

gloeosporioides; 1 = POB, 2 = 0.5xPOB, 3 = YMB, 4 = LNB, 

disc 'll'I.J~1rn::fl1U 0.5%DMSO 1-nd'.l-ui;i'lf'l'l1Jf'l:1-Ji:.Jflfl1J . . 
5 = SOB, CT-= u.e.J-u 

5 mn"l1cy:11L~'WL"1Lv-li A brassicicola ~Liu-:i1-u'el1mn(911U:1-J"l1n€{]Jvi'll4ll'W"1i;i1-:i7 1u.Yu~ 4 

"ll'el-:ln1:i'l"l'iru, n: hn1'li:.J~:1-Jnutl1niu 't)(9111fkm 60 nf:i.J: 40 i11ilfifil911; 'Ji: 1.Jt:'l1U-ii'1'l'\,1'1~n 
~ ' . 

1 oo nf:1-J; f'I: -if1'l-W1'1'1,1-:J~n 1 oo nf:1-J . ' 
6 n1:i'L"l'icy A brassicicola l~'elYl"1~'el1J11'U~1:t~n"1"11n11L'ElUL"1Lv-li Br834 ~.im1u 

'el1'\,11:i'Lt,l1U:I-J"l1nfi{]J~'lli1-if1'li:.J~:I-Jf1'1.J-if1'l'W1-:l f'1'l1:1-Jl-n':1-J-if'W~1:i'~fl"1 4,000 µg/ml (40 µg 

/diac). n: ~1:1~nt>1"l1ni1-ii'1'li:.J~:1-Jn'I.J-n'1'l-W1'1'fl(91:i'1~'l'W 1: 1; '!I: ~1:t~fl"1"l1n Br834 

~Lim'I.JU'el1'1,11:i'11-n'1'li:.J~:1-Jnu-if1'l-w1-:ii1,111~'l'W 1: 1; f'I: ~11~n"1-.i1n Br834 ~Liu-:iuu 

-eJ1'1,11:ri1'li1')CJ~:1-Jn'I.J'li1,.vh-:ii1,1:r1~,.u 1 :2; -:i: ~1n~::::rn£J 10%0MSO 

7 ~1ru1::n'el1J~l~"'llnn11':3Lf'1:i'1::i TLC "ll'el'1~1:i'~f1"1"l1n11L'el'\.J,L"1 Lv-li Th121 1u~nm1l'\,lt:'l'l 
. ., . 

'll'W"1i;i1-:i 1 vi Ll,11U:1-J"l1ml1n~'U; n: 0.5 POB, "ll: POB, f'1 :YMB, -:i: LNB. '°l: SOB 

8 u.~"1-:i ~1'W'l'W~1~LU'W'el'1l'liJ1::n'E!U'el~1-u~1rn'fln~Y1if 'I.Juu.e.Jutf'l1m LYIU.m:1-J Li1'E!'l11~11~n"1 

'\,lmu r.i1m~'elU.'elf'l~t'WJ'u:iiY1 ~-mim~'lumm1i;i1-:inu -.i:::'V'l'I.J'l1~1u'l'W'el-:il'liJ1:::n'Elu'll'el-:i 

25 

26 

28 

~1,-.i:::u.1,1nt,11'1'el'elnliJ 32 

9 Ll'l'll-.11 LY1u.nn.1u.~C>1'1~1'.i'~l'U'W'el'1l'liJ1:::n'flU'!l'el'1~1t'El'eln~Yl'if1u U.t,1t:'l:::fract1on "ll'El'1U.'flf'1~LuaTu:iiY1 54- 4 34 

1 o Ll'l'l:1-J1LYIU.n'l:I-JLL~"1'1 ~1~L'UU'el'1l'liJ1:::n'flU"ll'el'1~1,'fl'fln~Yl'if1u LLt,1fl::; fraction '!l'el'1 U.'ell'l~L'WTU::JiYI A1-3 34 

11 Lf'l:i'l-.11 LYIU.n1:I-JLL~"1'1 ~1~d'.lwe1-:il'liJ:1:::n'fl1J'!l'el'1~1rn'eln~Y1'if1u u.i;it:'l::: fraction"ll'el'1 U.'ell'l~L'WJ'u::JiYI A3-3 35 
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0 

'U'Vl'U1 

U1'll1tl Lfl'WL t.h.m Vl~.:J'lltl.:JVl1~ll1 m-r.i~tJVl1u~~1 V'l n I ~-ltJtl n91 nr.i :::Yi1viu1~~ Utlll~rl 1 ll~tJVlj'tJ~ 1mlb ' ·~ ~ 

u-iil,~tJVlj'U'Jlili;i1,h-1 7 i-111 LLUAVlLTll LLrl:::LL'flrl~LtJ,rlliiVI L(;ltJL1lm:::'EJU1.:J~-l11~LUtJL'fltJL(;ILYh1LLri:::LLtlrl~LtJ,rlliiVI 

L ~11::: LUU"j ~tJVl1U~Vlrl1 m1 tl-l1tJ~U'l1 LUU LL Vl~.:J'JJ'fl.:J rn1~n..i ~11LL'iltJ~1u L tl ~ nviri1t1'llili;i LLrl:::'llili;i ~ LLll n L~91 nu1L 'l ru 

11nvi'll'll1t1Lriuu..ihiiln11~m~ni-nnun1u1.h:::LV1f'l1V1t1 n11~m~1Mn'l:::~Lm-11:::~l-JLurn1~'1-1..i~11LL'EltJ~LUL'El~nr.i1n 

"l~tJVl1ULV1~1tl nLilu~n.ffw,1'EltJV1n-1~~1r-icy'll'fl-ln11iltt1rn~fltJ~U~11'JlU.(;ILmJ 7 Lti'tl.:J91nC11'tl1Vl1fflffi~m'l:::LtJn11 

Llu..i1aJmm:::~l-J~11~~n..i:€'umr.iiluhnrut!tlt1Lnu1tlr.iu1il~1i-nrn1,mr.i~u Yi11il~ft1(;1~9:::1~~U~11'llilVILVlli 7 ~il 

U1:::~VlfiJ71~~ ~LtJn11tl'tl n 9Vliurnf..i Utl nr.i1nilf u~'JJ'fl.:JU1'll1 ll LfttJL UtJU1L'l ru~iJn11L~'fl)-J!ri'flflUVl:::Lrl vi'..i\!u 

~.:JLL'lVl~'fl)-J'll'iNi..in L£uti;i hh1 LLft:::LL'tlr1~tu,ruiiV1~m iu'flu ru u1L'lruil9..i ~'fl.:JLUu'llili;i~ilrn1tlfoiri'lL'ii1nu 
~ 

LL~:::'flruw1i1~~1ft.:JLU"lh'1L'lrl1J1:€'u ~..iile.iftlri'tlm1~n..i~11m1r111u1ft't11ri1..i 7 hbnnnU'flll LLri:::i..i11L'fltJLV1hM 'lltl-l ' ~ 

vi'llu1'll1mriunilr1'l1)-JV1~1nviri1t1'll'fl.:J'llilV1 L(i'}tJLll'Yi1:::~1~r.i1n~utn..in1..i1u1ml) (Rhiizophora mucronata) 

Ananda and Sridhar (2002) LLri:::LL'flA~tu,ruiiVI u1L'lrutl1-n1mriunil11u..i1u11lTnr.i:::LuuLmci..i~m.i'll'il.:J LL'flA~LulTu 
~ 

;VILVla.i 7 LLri:::il-nili;i~l:'11mrn~'i1..il:'1111u1mLMVlvl~viri1nviri1t1'llilV191tJ'ltJl-J1n (fr1u1n1rw, 2541; Hong et al, 

2007; Srivibool and Sukchotiratana, 2006) ~..ivnn1~~nM1~m'l:::~LVll-J1:::l:'1l-JLtJrn1~n..il:'111LV1ci1ilnr.i:::vh 1ili1L'flrnl:'1 

.J 1" 1 ' .J' 1· 1" Vl9::: Vl~11 Vll-J 1 i-nn'lltJrl1l-J UVl'lll 

11 Li1tJ ti;i 1 Yl'r1LUU11~'i.l1 lu'iltjLuL'1'il L~'fl'll'il.:Jvi'll LLft:::l:'11m1mr.i1cy1~~LVlllLa.iv'h 1 iiLn VI L1f'lV!j''eJn11 

LU~lltJLLUrl.:JVl1-:J~1flV1t11~i'JV1tln~LLrivh'llilV1\!t.1 7 (Petrini, 1991) ~1i-nrn~rn1L'iltJLV11YlVl1~1uvl'llr11:::,;irii;h..i7 LUU 

91tJ'ltJl-J1n LLft:::~ui111ntjl-Jili:J rl'l1l-J~1 V'l cylri'flvhi~m iu'fltji..im-i rlN LLft:::m..ittm L(;ltJ9:::'lh ti L ~l-Jr\'l1l-J~1l-J11'1 L tJ 

n11~1tJVl1tJl r11Yi-n !ri1-:i7 L ~l-J A'l 1l-J LL'n-:J m..i LLft:::VltJVl1tJl>i'fl~Jl1'l:::LL 'l VI ~tll-J~hlL Vll-J1:::~l-J 1~ ~ n11vhi~1iii1 Li1tJ LVI 1 yjfi 

m~t1'fltj i-:iu-:iiJ~Vlfi~ftli"i'ilA'l1l-Jtm1nV1rl1tlVl1fhrn~Vl1'flvi'llntjl-l'1tJ 7 ~'lll ;-lr)M'll-JilliLV1~1ilr.i:::LUtJU1:::Ltl'll1.Jli"i'fl 

mnnMr11m'nJLl.ft:::vl'llLf'l1M1ln9 (Saikkonen, 2007) 9..iiJn11~nM119tl11L'fltJL(;l1Yl't1ntJ'ilU1-:Jn11-:i'll'l1-:J il11m1ui1 
"" 

11 L'fl'W L(i1 L'\-+v1~7l-J1HIC-J~(i1 L tl'W L'll;J~"i7 LU'W ~Tvlfum imiti1m il'flL~tl'll'il.:Jv1"ll 'W'fln97 nilu-:i~u'J717Lfl'W Lt,\ 1 Yl't197n'Yh 
~ 

l>11.:J 7 l:'11m1r;i~'i1..i~1rn'iln9v1iil'lrn~~1u"j~\JV11uV1ri1t1'llilV1 nl-Ji-1~1u11~LUtJ~1LVl!?)L1AYh (Park et al., 2005; 

Xu et al., 2009; Chaeprasert et al., 2010) 

'i'l'ltJLL'ilA ~t'W,r uiivin LU'WLLVl~..i,rn..i rnrn'i1..i~1rn'il n 9viim.:i:il1rn~~w,n nviri1 u'JliJ{,\ r.i1 nrn1~1nr.i 

1'lU1'll-l;m;1m~mnul:'11ffi'iln9v;i LLft:::l:'111LL'iltJ~LuL'il~n 'll'fl-:J Lazzarini et al (2000) ~ui1 LtJ91tJ'ltJ~11LL'iltJ~LUl'il~n 
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1tl.:Jft•Un Hi LLri Micromonosporaceae, 

Pseudonocardiaceae, Nocardiaceae Llft::: Streptosporangiaceae mii~1~u LLft:::91n ilft1tl 7 rim1'WL!ilLL~1'1.:JL~ 

L~irh LL'ilri~t'W,rt1;Y1iJn1m'V'lim:::-,1utviuiri1ulw,1:::m1'W'ln1.:iY1:::Lft'll1t1~.:i ~ii1u~.:i~.:iLL'lv1~'iliim.:iY1:::Lftt-w 7 LLft:::v1:::n'il'W 

f1'WYl:::Lft~n 7 Cil'ltl (Ghanem et al., 2000; Pathom-aree,et al. 2006; Bull, et al. 2005; Maldonado, et al., 2005; 

Bredholdt, et al. 2007, Bredholdt, et al. 2008). i!u~1LL'ilfl~L'W,rt1:nY1nLU'WLLUriviCfo~nnfiiii1il.:i~ilr1ri1ml1~'WL9 L'W . . 

111:::L Ylr'\LYltl LU'Wth:::LYl f"\ LU'W1h:::L Ylf"I L'llvl'itl'W ~,Tnu1:::~uif '1)\1111ri'il L1rl L 'WYi'JlLr'l11-tln9 LLft:::11 

{v1Lil'W~1Li11,J~~1ri'1)~vi1r1ri12-1L~t1mt11ihlrivhemmn~~1'1 i111m1'W~1ilnmnnri'1 s,ooo 'Jltlv1~dJ'W~1Li11,Jhrivh 

LLft:::iJvl'llim~..:Jj''l:i.J~..:JYj'jjeJftYl1.:J mnmoJ-vlj'Ln1'1 hmti'il.:J91n11 hiu'il\'J n~1 100,000 Ljfl 11nfiii'il:::'W1:i.J'ilffiLU'WT1nfi:i.r1,1~.:i 
~ . . 

~i1T1\'J.:J1'Wn11LU'Wm L ilvl hrivh1 'Wvl'll Lr'\ J'l-t~n9ilft1\'J'llU1'1 i.:i L'Wlh::: L YI Pl LLft:::i;h.:i1.h:::LY1Pli'l Lft n L-rl'W Col/etotrichum ' .. 
spp. LU'W~1Lil(;J'll'il.:JL1"'1LL'il'WLlY1TnL'W~ Fusarium spp. ~1L'\-l(;JL1flL'W1LLft:::LJriL~\'J'l Alternaria spp. ri'il LTFlLU',v1~1L'WYh 

v11:::Qftn:::m~1 (Menzies et al., 1990; Zulfiqar et al., 1996; Adaskaveg and Hartin, 1997; lntana et al., 2005; Muto 

et al., 2006; Srinon et al., 2006) hr1vl'JlLi1fi1tl111m1m~umui.:immruLLft:::f)ruJl1Yl'll'il.:Jt:.iftt-1~v1Lu'Wmh.:imn 

~.:i eJft 1~eJfteJ~vl~LCili'.191'W'l'WUtll'JL:i.i~:i.Jnumrn.:iYl'W LLft:::lilt1.:Jiln11 H~1nfliiL ~'ilU'il.:J ll'WLim1ri'il LdAL i1ri1tl :a-:i~1j'Lfli°J~ . ' 

ritJ9vii~~nv191nmm1Li1mL{'ill11ft1m1~LU'W~1Lil(;JLTflYi'll (Hostettmann and Marston, 1994; lntana et al., 2005; 

Xie et al., 2008) n11H~11~nv191m111.Jn11uuG.:i11~d'.l'W~1mi;ihr1vl'll (antifungal activity) iinm1'W11l-wt:iummrit1 

L viuunu1ii LLTnLLlilL'WT:::l'J::: 10 il~r..h-wmi1m~Fl'l1:i.J~'W L911'Wmnef 'W L i1'a-:ir.i1 n'WU~111 L'a'W L1'11vh-T ~1mrn~n-:i~11urnf.:i 
~ 

mn91'1)T1~1mt;JL1Fl"Yi'lll!il'l-1ft1\'J'llti1'1 (Park et al., 2005) 

m1n9vii°;'lJl1YlLL1,Jnr;i1.:in'W LL1JL'W11~1\'J~'WfiL~\'J'lll'W~Lim1:i.i'V'l°¼'ill-Jll'l..l'l-11'ilLim1'W~f11'l:::~fii1.:in'W L1?1m,m1:::m.h.:i~.:i 

L~tl'llU1'1 LLri::: r1ri12-1 Lfii.Jmmnirm{'ili;i1-:i n'W .:i1'W75f utf 9-:iiJi i;i q1.h:::~-:i A'l-1in L~'el~ nM1~mri:::~Li1m:::~l-l ~ilfiifl 

fl'l1l-l~1l-l1rn'll'e1.:JnL-a'WL1?1LY'li1r.i1nvl'Jl'Jl1t1Lft'WL'Wmr~n-:i~11uuG-:in11v-11ru'llt:i..:JL{m1~1Lm1trnvl'Jl L1?1t11ii11~1m1,1hr1 - ' ' 
vl'il 3 'llt!.1?1iil'il Alternaria brassicicola, Col/etotrichum gloeosporioides LLri::: Fusarium oxysporum LU'Wi;J'lLLYl'WT1~ 

-w1mY11?1MlUL'Wn1·fifutf9-:iiJiv1~1.h:::~.:ir1L~'el~n1-t1~mri:::~mm:::~i11'Wn11~'¼1-:i~1rn'el'W~Lut'il~n'!l'el..:JnL-a'WL1?1LYh-1 

ul'<:::'lJ<rMLL'elri~'i:'WlT\'J;'Yl ~LLun1~r.i1nu1Lriru11nvhth'll1mri'W L~'e1r.i:::1firrn.nn1Li1mLim1 iih1L:fi!lLL'ilfl~L'WlTtJ;'l'l 

~ ~\1, ~1 nL ':l'Wf'i1 u LtJ ~ n 1fi 1 ililn1rn\1.:i 1 'Wmmrum m ~t19:::1~:'1?1111 kl11hn oi1, vi u.:ivrn fii'e1n1TY11?1~'elu~vii'l'l1.:i 

:U'"lllli'l:oll~ 7 
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'i'1L'a'WL111Lvll1LU'W11~'il1P1'ti'fltj1'WLi1mt'il~'l'Wvh:i 7 'll'il-l'Yi'llLn'ilUVjn'llU(;) L(;)t1'il1PTmL1.J1J~.:ivnLLft::hlri'fl1iiLnr;i 

L'i'fl LLriYhi~'il1PTt1 Yi'll~ LU'WLe'.l'i'l 1?19::Yl1'\,IU1~ LU'WLL\l~'1'il1v11'i' 1 iinrnim1 'Jlru::L~tl'"lf1'W'i'1~LU'WL'fi'W Lr;) 1 Yli 9:; 1 ii 

1.lr::'iu'llilLLrifj'll~'il1 PTti'iltj;,Y.:ivrn lilN LLft::vrn'1imJ Lr;iur.:i::,hm ~l-J r1ri1J-J'i'l1mrn 1-wn11~h'WYn'Wl'f lill'Yi'lli;i1.:i7 L~l-Jfl'"l1J-J 

LLii'1LLNLLft::'Yl'WY\1'Wi;im'lmri:::LL'"lr;i~'ill-J~Ll-imm:::~m1Lii'WL(;)Lvli (Guo et al., 2008; Tan et al., 2001) LLft:::n'Yl:::Lft 

(Bugai and Ireland, 2002) r.:i1n1ii1'WU1'll1t1Lft'W LU'Wi'"l'ilU1'1'll'il'111i'W'i'l.:in~J-J1v11-i~i'ln11~mi11'W1h::LYlr'\L'Ylm~'il " . 
1h::mru 15 tl~c.h'Wmil LU'W~Y\11un'W'i1ntjmi'fl11Lu'WLm~.:it:.1~lil~11'ilt:JmJYliiirimv;~i'l1.h:::fo'llu,.,,mmilr;i 

91n11ll'11'W14'tl'\,lft1U'i'1tl'11'WYi1J'l1'i'1L'a'WL(;)Lvll1LU'WLL'\,l~..:j~1iqJLL'\,l~-l'\,1;1..:j~~rN'i'l1ffitln9'YliY\1.:iiirimv;'ii'Wi1J~'f)'1 
' ., 

'il'iln9V1Buuu.:i,~'WY11u,.,,ft1t1'llilr;i 

1'Wur.:i,u'Wmr1iit11fol_j'1hr1ri1i.:itlr::~uuqJmn11it:Jt11 v'h1iitl'n1'Ylt11f'\1~lilf~'fl.:i~'Wmlii1m1inJ 7 L'W 

n1'i'Tnl_j-1Ldrl ~'1L'WU9,U'W'fl19iln11tlh .. JLtl~m.JLflN~n.:im.:iLfli'lL'Wi'Jt11L~l-JLiii19Yli~~{'W ,.,,1'ilmrn11ii1m1ml 1 

r.:i1mrn~.:i1mJ-J'll1~i;i1.:i 7 L'li'W 91mL1JflviLTt1 r.:i1m1 nmff.:ir.:i1nnLii'WLr;i1vJi ilnm1'Wn1r~nl_j'1v;1J'i1n1mt1n~11 

'fl'iln9Y\iY\1.:iiirimv;L(;)UL'ilYi1::~11~i'.J9Y1iurnf-1L'llfl~l-J:::L~'1LLft:::Li'ilu1.Jfll1~tlri'flhfl'llilr;ii'i)t1191n11Lii'WL(;)Lti"1~lltlnHi 

r.:i1 n'Yi'll ~l-J'W Li'i'i' LY\tl LLft:::fi-nil1-n1t1 Lft'W Lr;im-um:::11 L'a'W Lr;i 1 Yli~ LLtl n 1i}ir.:i1 nfj'lliJ1'll1t1 Lft'W'll'il-:i 1 'Yltii'l m1m,h~-w 1 r.:im n . 
Lti'il.:ir.:i1m1rn~1illTnt:.1~lil~1'i'~mr11..:i~n-:i~ti1~'W19LLft:::il9'YliY11-:iiirimi'i~~ Lil'il'191n1J1L1ruil1'll1t1Lft'Wi'Jrl'J1l-J 

cr-wLLtlrmni-:iV11-:iY11-:i n1t1rni'i LLft:::iirimi'i~-:i i;i'i} hJilL il'W11m1'Wr.:i1 nn11~ nl.j'111 L ii'W Lr;i 1 Ylir.:i1 ni.:i 1-wi.Jr:::L 'Y1 f'l1 'Ylti 
" 

LLft:: 1'Wi;i1-:ii.J1:::LY1PI 

11Lii'WLr;i1Yli~'l'WL'l,lajLU'Wi'i1n'il:::'W1l-J'ilffi (Lumyong et al.., 2004) 'i'1'Y1:::Lft91n'Yi"l!LLft:::1ftLfl'Wi~1'W1,.,,ajLU'W 

11ntjJ-JLL'il~Lr1lTt1ii~ ~.:iLil'Wr1ntjJ-J1v1'1)'ll'il-1Lftn LLi;iLil-w11ntjJ-J~il~~nl_j'1LLft:::11m1'W1~u'ilmnn Lr;im-ui'i1:::mh.:i~-:i1'W 

il1'll1t1Lft'Wtl'i':::LYlf'ILYlt1 ~1-w1v1aju-:i'fltjL'Wr::t1:::'ll'fl.:in11~1nr.:iLLft:::nunl-J~1t1~'W~ Li1'fl-:ir.:i1nn1nmm1ntjJ-JLL'il~Lr1l!u:ii~ 

r.:i1nLL,.,,~.:ii1'flu1-:i1'Wfi'i'1l-J'll1~lJ1LYn:::LimLu'Wi'Wlil'fl'W~~mmPTt1vinl_j':::LLft:::tlr:::~rn1nu LLi;imn1i}imu?hilt'ilm~~-:i 

~111-wntjJ-Jil9:::~1mrni:nmHtlr:::fo-nmviJJ 7 (lsaka et al., 2002; Guan et al., 2005) Lti'fl.:i"nnil1-n1mffWLU'W 

1:::uufo1P1 ~i'.JLLV1~.:immmft::~rn1:::~LV1m:::~J-JLiiLil'W~'flU'll'il.:invift1t1n~l-J 1::1J1Jfa1f'li'.Jinl_j'ru::;L-uv;1:::~ii11iin~ 
" ' 

ml'f t1'iltj~'fl.:ii'J n11tJfui;i'1 LL ft::: LL 'Ji-:J'n'WL~'iln1'i'L91qJ 'r111ii~'fl-li'J nft 1nU'fl-:J fl'W(;]'J L'il-l'i"J J.,J;,Y,:i iJn1rn~lil~1,i;i1-:i 1 Vl i'.j 

irniru:::L'ilYn::: LLft:::Lil-wtlr::Lt1'll'Wi;i'fli1,1L'iN'il'flnm (Guan et al., 2005) ~1l-J1rn-w1m 1iitlr:::fo-nw.i}i 

Kumaresan et al.. (2001) ~nl_j'1rnii-wLr;i1Yli1 'll'fl.:J'Yi'll 7 'llur;i L'WU1"ll1t1Lft'WL'llfnf1n¾m.1'll'il.:J1.l,:::LY1Pl:S'WL~t1 

LL!'l:::Yiu'i1 ~1mnmt1m1 Ll-J Llil~U'ilf ( 'fl::'W1J-J'ilffl) LL'tl~ LAl!ti; ~ LLft::11~Y'l1JLLfl L ~m L~u 1uroi1 n~ri'W 1u'll'il.:J'Yi'll 

11LiiuLr;i 1vh,,.,,ft1t1'llilr;i~1l-J1rnY'l1.JL~1.J'WLe'.l~Y1mnn'i1 1 'll'W!il tb~::: 1u fo~vii;i1-:i"Jlur;i"llur;iY'lrn1Lii'WLv11vML~u 1 i;i1.:i-nilv1 
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nu Schmeda-Hirschmann et al. (2004) 11u.:i1,.m11~h.:i secondary metabolite -nfo,1l1.nJ 2 -nili;i 1,1m1vaut1111vh12 

'llUl1l ~'il Penicillium janczewskii LL~:::11~1l-i~1mrn4'11141LL'Wn1~~n 1 -nili;i ~'vl~n1u potato dextrose broth 

Guo et al. (2008) 1c}inu.:i1u-:i111Li1ut1111Ylvi"Ylu1~uuvl'llYJn'llUi1l LLft::Y1urJ111Lw~1fld:Juuw~.:i'll!l-l~1'i'il'iln9vii 

,l•lfnYl1m.i 7 mm.nu ~~1mrntl1m1ihh::fo'lltl°Y11.:in1mY1Y1u mnnMlil'i LLri::t:ivJl.'\T,mnl! ti;iutf1ci.:in11~nM1 

U'Vlu1vi~11ri !l9Yli,l1111Y191 n L 'B'W ti;i 1 Ylvi" nl! ci-:i i m~ru:;.:i1u14' u 1 u'ilm r1v1 LLri::il C\Jm~Y1u 1un11~ nc;i l.'\1man 9vii 

,l1111Y11,1n L'tl'W 11111 Ylvi" ,l,:i LU'W1.h::: ltl'll'W'ilt.h.:imnlii'il.:i1u14'u 1uu9'1U'W 

Schmeda-Hirschmann et al. (2005) 1c}i11m1un11~'¼1.:i secondary metabolite 'llUi1l1'vlii 2 'llUi1l ~1Cii 

1,1nnL'B'Uli11LYlvi" 2 'llUi1l i-i'il Penicillium janczewskii LL~::n~hi~1mrn4'i1l91LL'Wn1c}i;n 1 'llUi1l li1lU'vllXn1u potato 

dextrose broth 

Joseph and Priya (2010) Lei1YIUYl'l'W'lnrunnl!L~mnun11~'f1.:i~11~hun1,1m~uti;i1Yli LL~::inumYI 

1un11tl1m1ii1um.:in1mY1Y1ULLri::n1nnMv11 L'll'U Muscodor a/bus ~h.:i~1n::L'vlU'vlri1u'Jlili1l~~1mrnuutT.:in1n1,1(\j 

1~i.:i11LL~::LLUflvi (fo 'U!l n"il ntlu-:i L \J'W 1 {i L~'UCl.:J fl'l 1l!~1 i'1 C\J'll'il.:J-l 1'U19 u L~m nm iiu tvi 1 YlY11 'U~l'Unl nnMm 

li1lU~1'j'~ ni1l91 m'B'U tri 1 Yli'l'vlftl n'vl~ 1U'llUi1l~1m rnuutT.:i11~d'.lu~ 1L 'vii'! hrivl'll1c}i 

Strobel et al. (2004) 1c}i11m1uLiiunuri1-,~uY11u~LU'UL'11'Uli1lLYlvi"t!ul.'\1mrnY1u1Cii'luvl'll'l'Jn'llu111 ,l,:i 

i~uY11uL'v1~1flm1,'il1 iu'iltj v11m tl'm~t11ii1..:i 7 'llt1.:ivl'll~ LU'W le'.l~vi" uri:;iji nliru::m1l!im{ufi1 'W'vlri1u 7 inMru::rT.:i LLvi 

m~.:immiunu Symbiosis) 9'Wm:::sA'.:ici.:iri'l1lli~iJ~'Wfi~'l.iHVlli L'll'U rit1'li1Lnrihr1 (pathogenic) ,~'WV\j'rJ~LU'U 

L'B'U tri 1 Ylvi" i,:;1 {i fl'll ll'll'l u L 'vl~'il LLrivhi~ L nw le'.l ~'11Ci1')Unl'i~'¼1.:i ~l'j'~ L U'Wth:: lt.J'll'W ·ihmJ nU'il-.1Y1'll1 ~i1:n11r1'iltjrn 1111c}i 

c}i1u~ LLri::Lri'ilij n1'i~f1 "1~11L'v1~1fl'ilt1nm ~nM1 F1YIU11 ~1'j'~'j'1 L't)'W Ltr1 Lvli'l~n.:iii'umfi1fl~1mrn-w1m 'lii LU'W 

mfo,~n hri 1uui,i,u-w 1~ nlli.:i LUu1.h::tu'll-wY11.:ic}i1un11mM1r11 LLri::!l1r1~1'vlmrn LLri::~1n'vl'ci1ili1'vl~1u'llilv1 irT-:iur;i 
' ' 

' 
1,1nn11~nlil'llt1.:i iufl'il-J'W 1.JC\Jl-l1n1r'I LLri::riru:; (2550) 1Cii~1n11~nM1~numY11un1rn~1r1~1rnt1n9Vlfi 

Y11.:i,l1mY11,1nnL'tl'WLtr11Ylvi"~mr;fo'ilti1uvl'll1.:i"'1 stemonaceae (WW!l'Uvl1t.J'vlmn) 1um'iuutT.:in11L91C\JL~ULlil'llt1,1L:ft1 
~ 

LLUflVl~Un'ilhri i-i'El Erwinia carotovora, Pseudomonas solanacearum subvar.1. Pseudomonas 

solanacearum subvar.2 LLri:: Xanthomonas citrii YIU'Jl 'i1Lii-w1v11Yliu1.:i1!lL'llLftlrl~1mrnuutT-:imn"i1CJJL~ULlil 

'll!l.:JL:fi'tlLLUflVJLj'UL~i.:i 4 ~1U~'W( 

91nm'i~nlil'll'il-:i~uri111 ut1rnu.:i LLri::riru:; (2550) ,l,:i1c}iv1n9nn1-:im'it1'iln9Y1iLC'il-:i~u'll'1N'i1L'11utv11vM 

LC'iJ.:i~ueii'lU1fi dual-culture agar diffusion ~'il'iln9Y1i~hu1~-wVl1u Staphylococcus aureus, Enterococcus 

faecalis, Escherichia coli. Pseudomonas aeruginosa and Candida a/bicans YIU'i1Lii'Wlv11Yl(il~LLUn"l1nlilCJ'ilU1.:J 

~'ll~l-lu1~'i (nnm'.h wm1 mi::nt1l!'lll-l) ~i1'5ru-ey1u1Y1mY11.:itr1t~i1 inliru::'ll'il.:i~u'ilf LL(ilnr;i1-1n-w 91-wriu 40 
' ~ 

Ltil'l!Lrilil ,l,:iL~'iltJ1ll1LYi1::Lit.J~U'W1Jw,1vrn::L:i''il~LL(ilni;h.:iri-w 6 'lli!v1 i'.J91-w1u~~ 15 L'ill'llL~lil (37 5 %) ~j'j~viiilh-w 

' 
"l~'WY11UYli1l~'ilUU1.:J'llUL>l um1l'W P aeruginosa 'i1L'tl'Wli1ll'W(il'iilCJ'Wlm1)'1l'1ln~Ylfi~1'W S. aureus YIU11'lltll>l'll'tl.:I 
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mmn Yi1::Litlii t.J'i'l f;Jtl'i'1 L ii'W Llfl 1 vfof YT.:i 1'W~1'Wn11i'\n.:ii'\1rntl n qvii LL'i'l::rYnl.l LlN'1ltl.:Ji'\1'i'tl'tl nqvii 11 Lii'W Lf;l L Yl i~'l'W 1 Vl(\j 

~'i.l'i.lnqvii~1ui~'Wvihrd:l'W'i'1~L'Yi1::Liu.:iu'W malt extract agar n1'i'L'Yi1::Liu.:i11Lii1.Jt1t11Yl~1'Wi'\rn'l::~LLvinvh.:inufi'i.l 

Lri'i.lL,tJ.:JU'W'e11V11'i'LL'll.:J"l:;1~civii~1'W ,~'WYlj'iJ~LL~nr;i1.:inuL~'i.lLiu.:i11.Jmm'i'LV1'i'l'l;n~'l'WV1ii.:i~'lU 

LL'i.lr1tit"Wl1u:ilviLU'WLL'\-l~.:i'1J'i.l.:in1,i'\11.:ii'\1,tl'i.lnqYlivi1.:i:il'lrn'Yi~Vl'i'l1nVl'i'l1t.J'!l'W1t1 r.i1nn1,~1nr.inunl.lii'i.l¾J'i'l 

L~tl'l17Ui'\1ffitinqvii LL'i'l::i'\1'i'LL'elU~LUL'eltin '1l'i.l.:J Lazzarini LL'i'l::riru:; (2000) Yiur.i1 L'W91'W'l'Wi'\1'i'LL'el'Wti1ut'i.l~n~i'.J'i.ltjlu 

ur.iiui..n.h:;mrunr.i1 8000 'll'Wf;lt!U YiU')1l.l1nnr.i1 60% CJni'\j'1.:Jl.J1"l1nLL'i.lrl~L'WlYtJ:nYl LltltJ~d'.l'Wi'\1ril Streptomycetes 

~11,fLu 45.6 % U'i'l:;;m.J1:;mru 16% ~11.:i1~r.i1mL'i.lriRL'WlYu:ilY1~mmn LL'i'l::i'\1'i'LL'i.lutilut'i.ltin~i'\11.:it!'W~'lu1V1aj 

Streptomyceteaceae rn.:i'i'l.:Jl.l1L~LLri Micromonosporaceae, 

Pseudonocardiaceae, Nocardiaceae LL'i'l:: Streptosporangiaceae ml.l~1iu LL'i'l::r.i1n Vl'i'l1tl 7nm1u1~LL'i'lf;l.:JL~ 

L~U') 7 LL'i.lrlm'W,r u:ilviil n1'i'LL"t"l1n'i'::"l1tJ LltltlvT'l Llli'W~::n'el'W'JJ'i.l.:JVl::L'i'l'll1tJ ~.:i 'i"ll.J 1,J~ .:i~.:i LL 'l ltl~'i.Jl..JVl1.:JVl::L'i'l~'W 7 
., .. ., 

LL'i'l::~:;n'i.l'Wnuvi::L'i'l'i'ln 7 ltl'ltl (Ghanem et al., 2000; Pathom-aree,et al. 2006; Bull, et al. 2005; Maldonado, et al., 

2005; Bredholdt, et al. 2007, Bredholdt. et al. 2008). 

n11fiu"l"lu'i'l1mtluti1ut'i.ltinr.i1nLL'i.lr1~t1.Jl1u:nY1~1~r.i1m:;uuilL'lPIY11.:iY1:;L'i'lt!u cil.li.:iLLi;iih1u.:i1u 
' ' ., 

'JJ'i.l.:J Okami (1976) ;.:i1~"1"lU'i'l1'i' istamycin r.i1n Streptomyces tenjimariensis viuun1~r.i1nLr1'i'l'W1uvi::L'i'l~'W 7 'JJ'i.l.:J 

'fl7'l'll1n1;J ,J,::LVlPictii:J'W ~.:i'i'l1'i' istamycin tl,J,:;ntlU~'lmf1~1'i'l'i.l::ilti.mii.:itm'i'l~'i'l LL'i'l:: aminocyclitol ilnVl~.:J 

Ll.l L'i'l ~'i'l LL'i'l::'1'l1mrnuu J.:i n1 H "l 1ry'1l'i.l.:J LLlJrlYI ~tl lLn'i'l.llJ'ln Ll'i'l::LLnn.rnum n mu 'i"l l.lvT.:ii~uYl1uvi ~'i.ltl1 liltlntjl.l 
.,; .., 

aminoglycoside 'i.l'W 7 ltl'lt.J 

1-wtl 1989 Miyado LL'i'l::riru:; (Miyado et al. 1989) 1~Li..l°fornviuuimtru::vn.:iiruJ1'W';JVlm mnr.i1C1)1'W 

mm,~~'1l'i.l.:Jn1'i'fl'WYiU'i'l1'i'LL'elU~LlJLtl~n'!l'Wltl LVI~ Lf;ltJL 'tl"t"l1::mh.:i~.:i 1'W Streptosporangium spp. 

mnnr.i1 30 -nfo111-w-rl'l.:iL'l'i'l1 30 tl ~~1-wmtl'-wur.i1nnu.:i1-wn11fi-w"t"lur1¥.:iLLrn1-w tl 1966 ~.:iV1mtJ'!l'Wti1'1J'i.l.:i 

LL'el-wti1u t 'el~ n~'i'ln-:iif-wtl'~'l'Wm n LL~'rnu1 -w1i.J'JJ'el.:i'i'l 1,,J ,::ntlu~iltri 1-:i i'\n.:i Ll.l L'i'l n'i'l~-n'u~tl'WLL'i'l::V1'i'l1nV1'i'l1 um n 
" " ' 

., 
rl'W'YilJ 

r.nnn11~mt1';J~u'1Jtl-:i Hong LL'i'l::riru:; ( 2009) ~.:i1~Lmn1~r.i1n~-wu1'l11m'i'l'W'i"ll.l 8 LLt-1.:J'1J'i.l-:i,J1:;LY1P1r.iu 

L(;ltJLLtJ nLL'i.lrl tit-wiru:ilYJ 1~vf.:im.Jv1i.J1:;mru 2000 nr.i1 L'tl L'!ll'i'l~ LL'i'l:: 1'W91'W'l'WUYiU'l1il Ll'tlrl ~t-wlYu:ilYl~'i'l1mrni'\n-:i'i'l7'i' 

Ll.lmtu1m1-ei-wviu 2 ~~1flC\J91\J'lUl-.!1n Lf;lt.Ji'.J'YT-:ii'\1,~urnf-:in1nr.i1C)J'1l'i.l.:JL'll'i'l~Lt1'i.l.:i'i.ln'1J'i.l-:i~11~ (human colon 

tumor) uuJ.:imnr.i1C)J'1l'tM Candida albicans ll'i'l::uuJ.:i Staphylococcus aureus 97'W'l'W 1.h:;i.nru 20%, 50% 

LL'i'l::: 10% ml.l~7!11U '1Jru:::~iiwEJr1~t-wlYriliY1~n 3 % ~~'i'l1mrnuucT.:it,J1~u1Ylh<n-wYl'i.li'\LYI~ 1 u (Protein tyrosine 

phosphate 18, PTP1B) ~.:JLlh,\LU'i'YIU~YllJ')7j'.jrl'l1l.l~l.Ji1'WfilliJ'tl1n1'i''JJ'i.l.:JL'i'rlliJ1Vl'l1'W 'W'Eln"'l1ntlu.:iiltin 9 L'EJL'lll~in 

~1:11m rnfr1.A-11 ~'Wh: i.r aurora kinaseA ~.:iLU\JL'eUL'll,!~iiri'l1l--lil--lrY'W€ nti-rn nia'El.:i hr1u,:::~1YlL~m-1 

(neurodegenerat1ve) 1'rl t 'll l'ii ~'YT.:JVll-.1 v1'11~ t,1ninm~m~nzui1-:ii n1tru:::L ~'i.l91 lL'Wn'l1Ucr,1 'W,:: (iliJ9'WZ1 Y'lUr.i1i1i.:iV1l.l "1 
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13 ~,r~ ~Yiumn~~v'i~'cl Micromonospora U'l'1::: Streptomyces ~'l'WLL'clfl~fo,J'u;ivi~1i:\e.J'1'1~i1m1mil'W~1ii;iilL'll'1'1'1f 

(cytotoxic activity) ni~'\,UJv'I 7 9'\fa LL'1'1:::Lv'ltl!11Yi:i"lJ.JLLft'l~'W"l1nih'll1UL'1'1'WYiULL'clfl~L'W,rtJiiYl~a'J~11'5'fln~YliYl1~ 

ii'lmYi~1'W'l'WmmL'1'1:::1u'llr;i~1:::u:::L~1 6-8 i'.l~t11uJ.J1i'.1 v,u'i1i1n11~uYiu~1rn'cl'W~1ut'5~ni~~Lil'W~11irutT~ 

i~uvi1u LL'1'1:::~1nTurT~L'll'1'1'ifJ.d~·~ LL'1'1:::LJ.J(i]1LU1'1'1-vii5'W 7~d'Ju~111tnJ 7 91'W'l'Wmn "nn Actinomycetes vi:::L~ (mn~ 

vi 1) 

(;11n~vi 1 LL~v'l.:J~11LJ.Jmtu1'1'1VlLVIJ.J 7~~rwnn marine actinomycetes 1:::wh~il 2003-2005 (Lam, 2006) 

Compounds 

Abyssomicins 

Aureoverticillactam 

Bonactin 

Caprolactones 

Chandrananimycins 

Chinikomycins 

Chloro-dihydroquinones 

Diazepinomicin 

3,6-disubstituted indoles 

Frigocyclinones 

Glaciapyrroles 

Gutinimycin 

Helquinoline 

Himalomycins 

IB-00208 

Komodoquinone A 

Lajollamycin 

Marinomycins 

Michercharmycins 

MKN-349A 

Salinosporamide A (NPl-0052) 

Sporolides 

T rioxacarcins 

Source 

Verrucosispora sp. 

Streptomyces aureoverticillatus 

Streptomyces sp. 

Streptomyces sp. 

Activity 

Antibacterial 

Anticancer 

Antibacterial, ;antifungal 

Anticancer 

Actinomadura sp. 

Streptomyces sp. 

Novel Actinomycete 

Micromonospora sp. 

Anticancer; antialgal; antifungal; antibacterial 

Anticancer 

Streptomyces sp. 

Streptomyces griseus 

Streptomyces sp. 

Streptomyces sp . 

Janibacter limosus 

Antibacterial, Anticancer 

Antibacterial; anticancer; anti-inflamatory 

Anticancer 

Antibacterial 

Antibacterial 

Antibacterial 

Antibacterial 

Streptomyces sp. Antibacterial 

Actinomadura sp. Anticancer 

Streptomyces sp. Neuritogenic activity 

Streptomyces nodusus Antibacterial 

Marinispora Antibacterial; anticancer 

Thermoactinomyces sp. Anticancer 

Nocardiopsis sp. Unknown biological activity 

Salinispora tropica Anticancer 

Salinispora tropica Unknown biological activity 

Streptomyces sp. Antibacterial; anticancer; antimalarial 

-------------------------------------- ----
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91 n i;n,1-:iii1-:iu-uifLLZ1lr1-:I 1 i:i l ~'Wt)-:! i ntJJl1'V'l L 'Wn1 T'i'l11~'i'l 1 T'il'il n9vii'11t1-:I LL'ilrl ~L 'Ull'tJ:iiYl ~u-:i rl-:IZ11)-!1 Tri 

'V'llJL~j'iltJ 1 LLrl:::L'WLL'ilrl~L'Wll't1:iiwnu1r1virt-:i 1 'il191 i:i'i'l1T'il'iln9vii~~1 ri cyvirl1m.h:::LJ1Yl i-:i~LU'W'i'l11urnf-:i-,~-uvi1u 

l 'llrl~lJ:::L1~ vi1'ilil'i'l1,urnf ~Z11V1¾1 tJ vi1'ilm rl 1Lj'tJ i'l'l--1 ~'ltJ L U'W!il'W 'W'il n91 nif i'l'il U1-:l'lltl-:I mulj:n'l-u:::~'i'l11-:I L~91 n 

LL 'il rl ~L -wl!u:iiYI 1-wi:r-,-,u-un i1 LU'W~1'W'l'WlJ1 n~ilm, 1 ii-:i 1'W LLrl:::ilmrn~ vi L 'WY11-:I~ l?IZ11Vln nm i'l'ilU1-:l'll'il-:ltJ1'LJ~Yn'l'W::: 

~'i'l11~ Llr1tJLL'ilrl~L 'Wl!tJ;jYILLZ11r1~ L'W1?1111-:I~ 2 

Antibiotic class Example drug Producing actinomycete 

Glycopeptides Vancomycin Amycolatopsis orientalis 

Aminoglycosides Streptomycin Streptomyces griseus 

Macrolides Erythromycin Saccharopolyspora erythraea 

T etracyclins Chlortetracycline Streptomyces aureofaciens 

Chloramphenicol Chloramphenicol Streptomyces venezuelae 

Lipopeptides Daptomycin Streptomyces roseosporus 

Rifamycins Rifampicin Amycolatopsis mediterranei 

Polyenes Nystatin Streptomyces noursei 

• Xiao et al. (2008) 1Mmi19Y1iuutT-:i'il'il-:ILL'ilrl~L'WlYu:iiY1~LLtJn1~-,1nih'll1mrl'WL'WL~t1-:i Zhangzhou 

• 

• 

LLrl::: L~!l-1 Fujian 'il'il-:l'LJ'i':::LYll'l~'U Llr1tJ1ii-,~'WYl1tJVllr1MlU 5 'llUrl A'il Bacillus subtilis, Staphylococcus aureus, 

Esherichia coli, Candida albicans u~::: Rhizoctonia solani nllJ~L'llrl~L1l'il-:i'iln 3 '!1Ulr1 A'il BEL 7402, A549 LLrl::: 

HL 60 cell ines 'V'lU'l1 42.3 % 'lltl-:ILLtlrl~L'WlTtJ:iiY1~lLUnL~il'i'l1,LL'il'W~LULt1~nuurr'-:i,~'WYl1tJ 37.4 % 'll'il-:1 

U'ilfl~'h..i;Yt1,lYI YiU'l1i'l'i'l1,uutT-:iL"ll~illl'il-1'1ln (anti-tumor activities) LLrl:::"nnn1'i'~Lf111~~1iULU'i'l'll'il~ 16S rDNA 

'il'il-1lL'ilA~L'WlTtl:iiYILVl'ci1il i'lU'l1LU'U Streptomyces 89% Microomonospora 6.1 % Saccharomonospora 0.6 % 

Actinomadura 3.7 % LL~::: Nocardiopsis 0.6 % lLrl:::i'lU'l1lU'W Streptomyces 'll'Wlr1L'\,nJi:i-:i 3 isolates 

r.nn11U-.l1'W'il'il-:I Bister et al. (2004) 1~~rn~Z11ffi'iln9Y1iihm'V'l~ririL~'ilm{'il1~-,1n Actinomyces ~1'W'l'W 

200 L'il L'll L~l?I 91ni~u'UUnLL~::: 1 'WYl:::L~ LL~::: L~'i'ln rl'i'l1ffi'iln9Vli91nLL'ilrl~L'Wl!tJ:iiY1~Y'lULVl~'ll'd' l~'V'lU'i'l1ffiBn9vii"l!u1r11mJ 

~rnm-wn1rn\1-1m1r1 para-aminobenzoic (pABA) ~-:ILU'W'i'l1, intermediate ~~1f1(1!~1.J11u~n1rn'h:i'i'l1'i' 

tetrahydrofolate Lvc,:::n11'A'I.JY'lrn-if-1tl'1~-Cn1i.J~m,fi'W'V'lUZ11, 'il'iln9Y1i'!lu1r11mJ abyssomicin G, H LL~::: abyssomicin- C 
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~'1LU'W~1ru~n'ElUL'tt'1.;;'tl'Wth:::Ul'Vl polyketyde ~~71'1 Hh1n Verrucosispora AB-18-032 ~,1 LU'WLL'ElA ~t wru:n'V191n'Yl:::L~ 

LLt1m=B'tlLCil91nvJ:::n'EJ'Wfl'W'Vl:::Lr.'ll'El'1U~LYl~cn~'W ~"1':l1l.J~n 289 Ll.Jv]j ~1j abyssomicin C i'.lq'VliuuJ,1 MRSA 1Cii~mn 

LL~:::iJ1-h MIC~ 4 µg/ ml LL~::: ~1mwuuG,1 VRSA leil~ 13 µg /ml (Keller et al., 2007) 

91nn11~nM1'll'El'1 Gunnarsson et al., (2003) 1Cii~nM1n1rn't1,1~11 A 40926 91nLL'ElA~L'WlJtJ,iYl~ifa 

Nonomuraea sp. ATCC 39727 "i1nn1n/u,1L=B'ElCil'"Jt1'tl1\.11J~LLvlnt,h,1ri'W,X'W 'l"lU'l11un11~'t1'1~1J'Ll.Jv11 LUlr.Yl'll'tl'1Lf'El 

iritl'1lJ1CiiQnn1:::~u1ii~n,11Ciimni1'WLrimi'Eli'.ln1n91qJL~l.J~ LL!,19:::Gl.Ji'.Jn11~'t1,1~1nri'Eln1n9)cyGl.J~l?l~'1 iff'ElLnVli1'W 

Lri'El~1J''El1Vf11~41 L'LJ'W!,l'El n1n 9TC)J L½l-l'll1Vl LLArl'Wr.'1 ~,1 Ll?IUYT'"J 1t.lLLli'l ~11mvm,X'Wi'.J A'l1l.J~1rl C)Ji'1~1Vlfu'iiv111n11~n,1 

~1J'Ll.J In 1 LUlr.Yl'tl'Wl•iU~'El,1 LLr.:::~'1Vlfun1 rn J:::~'W1 ii Lnl?l'lJU'l'Wn11~71'1 ~11 tJ n j;l'J'EJU1'11 'Wnnil'll'tl'1n1rn't1,1~1 j 
' 

actinorhodin tviu S. coelicolor ~,1cmm:::~'W1iiLnvin11~'t1,1Lri'tl L'l"lLLvl~L:iit1l.Jvl'El~Lvlv1 LL~:::l'WLvlJ'L"l'W Gl-l'll1l?ILLA~'W 
"' ' ' ' ., 

vi1mrl!l'ti'v1nn1n-,1C)J Gl.Jr. Vl~'1 'W!l n-,1n-J'W'ti'v111 n1rn't1,1 Actinorhodin u,1 LU'Wt.lljm Aniunuwnm;l.J;'W'll'El'1 

~1J'El1Vl1J~LU'WLLVlri'1L'WLvlJ'L"i'W LL~:::n11~n,1 chloramphenicol 1'W S. venezualae "l:::L~llmn-TI'WLri'tln1111ii C- LL~::: 

N- 1'W'El1Vl1J~11iiLim LU'WLU'tlci1,11lJri'flt1 ~ 'tlci1,111nml.J A'"J1l.J Liil.Jii'W'll'tl'1n~ LA~~il'tlcil.J1 n 1 'W'l1'"l'1 L1'l-l ~'W'll'tl'1 n1niu,1,X'W 
"' "' 

i'.JC-J~1n1,1nui11l-lriun11~'t1,1~11 chloramphenicol LLi;i'i11,Jcl,1C-J~1iin11C¼l.J'llU'l'Wn1J~'t1,1 LL'El'W~LUL'tl~n1'W 

S. venezualae 1ii11t.l1'WmnimLLUU batch culture clri'W1'W Amycolatopsis orientalis ~~1mrn~rN vancomycin ,r'W 

'l"liJ'l1 Lri!l 1'WmVl11i'.lmm ruvl'fl~ L y.j vl'W'tltl 1 n-, :::'llrim ~l.Jn1j~j'1,1~1nL'tl'W~liJ L'tl ~ ni'11 'Wt1'1VllJ nLLUUbatch LL~::: 

continuous LL~:::A~1tl 1 1liJnJ'llin11~71'1~1J' teichoplanin 1'W Actinoplanes teichomyceticus ,ri'EJA'l1l.JL;l.JiJ'W'll'tl'1 

vl'El~ Lvlvl LLr.:::LL'tll.JLl.J LUtJl.J1 'l,l'tl1Vl1rn V]~,1 r.i:::vh 1 iin11~'t1,1~11 teichoplanin ~vi~,11tl1un1 nitM LLiJU batch 

fermentation 

r.i1m1t1'11'l.l'll'El'1 Parungao et al. (2007) ~'1LCil~nM1LL!lA~tu,Ju,i'Vl~LLrm1Ciir.i1n1?1:::n'tlu~uvf,1r.i1nu1v;iru 

J1ni'tlt1 J1Y1:::Lri LL~:::u1nru~uLLii,1-,1mn1::: Samal tl1:::LY1~vHhlilui tvimLt1mL'tlA~L'WlTt1:iiY11Ciivr,1vil.Jl?I 54 L'tlL'lH~ln 

L~m.11m~nM1qY1iuuG,1i;im{'El-,~'l.l'V11uvf'1LLUAvi(foLL~:::11 L'l1'l.l Escherichia coli, Staphylococcus aureus, 

Candida utilis LL~::: Aspergilus niger 'l'lU'l1i1LL'ElA~LulJu,iYl 14 l!lL"llL~vl r.i1nJ,1vil.Jvi 54 l!lL"llL~1?1~1mrnuuG,1 

',~l,!'Vlj'UYIVl~'EliJLCil'ElU1'1'W'eltl 1 "ll'WVJ i'.J 13 l'El L"llL~"1~~1mrnuuG,1LLUA'V11Stl'Vll?l~'EliJLCil'tlU1'1'W'tltl 1 "ll'WVJ LL~:::vmrj1iJ 4 
' 

L'El t-nL~1?1~~~1mrnuuG,1Li'El11'EJci1,1-w'Elt1 1 "!l'Wvi 'l"lU'l11?1'l!lU1'1~Lmn 1Ciir.i1 n~'l.lLLii,11Xu1iiZ11rn'flnqY1i~,1 n'i1u1L'l rw~-w 

Ll?ltii'.Jil,1 52 % ~1ii~11uuG'1LLiJA'Vl1SmL~::: 13 % ~1iiZ111uuJ,1,im1 LL'ElA~L'l.llJtJ'i!Yl~Lmn1Ciir.nn"1:::n'el'lJYl:::L~Ll-J1iiZ111 

'El'tlnqY1iLLri:::i11 L'El L"llLr.1?1~LLt1nr.i1nu1,'lruS1ni'tlt1~1ii~11'El'Elnq'Vli 
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3.1. L=f'el'Vlf;lil'eltl 

11hr1Yl-n: Altemalia brassicicola DOAC 0436, Colletotrichum gloeosporioides DOAC 0782 LL~::: 
., 

• Fusarium oxysporum DOAC 0436 9r,i;t1r..nnnnfi'lnmnnM(,]1 

Q~ q' ~ 

uur1m1mL~:::t1~(,]: Bacillus subtilis TISTR, Escherichia coli, Candida albicans TISTR 5239, 4'r,i;'B-,1n 

TISTR L\.~::: Methicillin Resistant Staphylococcus aureus, MRSA uun1~-,1nr1'W1; 

3.2. '5"1L;'IJLf;11Vh1 

LU'W11 VB'W1r,i1 vM~ LLtl n1~-,1 n1utY'liV1:::L~ ~1Y'l LL~:::t1h-:ittr,i-:i -,1 n h-:i (1u'Wu1-:itl:::n-:iur.i11V1U1t1'W 
" 

',~V111Pl\J 
q 

L~'Wtr,i1vh1 host 
~ 0 

n11',(?)91LL'Wn 

Th021 1Y'lfiV1:::L~ Mycelia sterilia 

Th121 l'l"lfiVl:::L~ Hyphomycete 

• Sc10A3 
0 

Ascomycete ~1~ 

0 

Sc15A3 ~1~ Mycelia sterilia 

Br830 tt11-:iur,i-:i Colletotrichum sp. 

Br834 ttlrntr,i-:i Mycelia sterilia 

3.3 U.'elfl~'l.lirti:n'VI 
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LL'elr1~'h.1lYt1:il'Vl ' .. .J' 
mr~1LL'Wnmu1~n~'fl-:ir.ifl'Vlnf'\~ LLVlfl-:J'VlLLtlnL'll'el . 

CH 54-4 u1'll1mfl-w4'-wV11.f? Streptomyces 

A1-3 u1'll1mfl'W'llr1tj? Streptomyces 

A3-3 U1'll1tl Lrl'W'llr11.J1 Streptomyces 

A11-8 U1'll1tlLfl'W'llrlU1 . Streptomyces 

A16-1 u1'll1mr1-w'llr1u1 Streptomyces 
' 

SM16-2 u1'll1mr1-w'llfl1.J1 Streptomyces 

A19-5 u1'll1mr1-w'llr1u1 
' 

Streptomyces 

3.4 ~fin1'a'Vltvl~'el~~1'111W'a1L"B'W11Pl1\'Jvi 

n1'i'YIPlffi111i'iutJut.lfli'uwuti'i~Vl?1,3£ Gu LPl? W'nU~~'i1ff1L Viv] L 'iFIW11 

3.4.1 1lii cork borer ("ll'W1l>IL~'We.l1'Wv'\'WtJnfl1'1 6 ilr1fol-J1nr) Lr-i1:::i'-wli-wr.i1nu1nru"ll'flULr1 tr1ilL:if'flr1L'fi'WLl>lLYlY1 
~ ' 

~'Vl111.J~1~1mrnuuJ-:ir1~1LVll?)LdAYl'Jl ~L'V'l1:::Lil'J-:iLli l-J1fl-:JL'W'el1Vl1nimL:!'el PDA, SDA LLfl::: LNA 

3.4.21; cork borer "ll'W1l>ll~l'J'lfl'W L"l1::::a'-w1'WL:['fl11~1LVll?!hr1vh A brassicicola, C. gloeosporoides vi1'fl 

F. oxysporum l-J1')1-:Jrl-:JL'Wlol1'Wl'V'l1:::Lil'J'1L~mn'WnUL'~'WLl>lLYlYl Ll>ll'JL~ni,:i 2 'llUl>lll1-:Jfl'W 2.5 l'll'W~Ll-JlnJ 

3.4.3 Ul-J~'flruvinil 25 'fl'1v'l1L'llrlL'ifo~ Lil-wr:::u:::Lrir11 3-7 i'W ' ~ 

3.4.4 U'Wvim:::u:::ii1-:i"ll'fl-:JL~'W1m1J,1Zl'fl'1'llUl>l LLfl:::m.lmJmU'Wr:::iuuutT-:iLLUU antibiosis (antibiosis level or 

inhibition level, I.L.) 

,J il
., .., "..,,J' 

m':i'LL ~r..i~ 'll'lll~mnni'fl tv1~'W 

Inhibition level; Very Strong (4+) 1.L. >1 cm, Strong (3+) I.L. >0.6 -1cm, Moderate (2+) I.L. >0.2- 0.6 cm, 

Weak (1 +) I.L. :S 0.2 cm 

m'iL rn~,f £1.:JL :f 'il, Gu iti? W'Yli umVl,'iL Vl~'J"~~m'iff llPJff,'i 

3.4.5 1; cork borer ('ll'W1l>lL~'Wf-h'W~'WUnfl1-:J 6 ilfl~Ll-J1,11) L"l1:::u1L'"lnJ'll'flU'll'fl-:JLr1 Lrl'WJ1l~'WLl>l LYlY1~Zl1mrn 

urnf-:iJ1Zl1LV11,1LJr1Yi'll 5 :a'-w 1'i'l1'W"ll'"ll>IJU'll:Wvl "ll'W1l>l 250 ilr1~~1nr ~i1'fl1Vl110.5x PDB Llrl::: SOB illl-nlnJ 100 ilr1~~1'1J ' ~ ~ 

3.4.7. tl111L~'WLl>lLYlY1~Li1:J-:i1limm'fl-:i~ri1:Jm:::l>l1Mnrn,1 No.3 L~'flLLtin'i'lri'W'll'fl-:JL~'W1m1ur1:::'el1V11JLim,{'fl 

'1l'iln"l1nri'W tl1,iqri-wmvi1ni1:J'1J1~L~l-J1Zlfll>!Zl1Jrit1~'Vlii1rim'V'l ~'"ll'Jlil'"l'111fl:::mu ethyl acetate L'lltl1LLN 7 2 J'ill.J 

-w1-wJ'ilufl::: 15-20 -w1Y1 

3.4.8 tl1,iqri-w ethyl acetate i-:i 2 rnumn:wn-w tl11tJL~ilr1'"l1:WL'1l:W'1l'W~'"lmrii'il-:iJ:::LVlmL~-:J (evaporator) 

fl:::fl1tJZl1J~fll>l~L~~')tJ 0.5% DMSO ill:w1!'1J 1.0 ilfl~~lnJ 
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m'iiiln1:1111n1?::~, vr:.n::iu/l u n1'iL ia~n, fi'il 'l 1i:?1ri~:?11'iri'iltp1 ii?n1w 

u1.j.~n11~n1:r1LU'W 2 .ffw,1'tl'W 

-:5 .J'y.,i il ,J' il 3.4.9. n1'i1"1n'lfl'lU111:::L'U'el-3(;lUVILVIJ-11:::i'l3-l Un1'iL~~-3'i1 U'el1Vl1'aLm1 

vhn11~ni:r1'Jli:ilflmm1Lfu,u:f m'\.-lfl1 r111mfii11'Wmm1~L'\.-ll--n:::~ii LLfl:::1:::t1:::L1fl1n11Lfm "lltl-:in 

Lil'Wt1n'tvM~~1mrnuutr-:i11~1L'\.-ltilt1fl~']j ("nnr.J~tlljrl'J-J'l~"t.!fi) LlilLLt11n~h-:inu 6 ~1tJYi'W{ 'W1~1rnn1>1r.i1nmmnitmi'tl 

(tl1'\.-ll1'n) LUYllfl~'tlUn11UrnT-:i iruvinr.J~Luu1:::iun1nTutr-:i (I.L.) 

L iJ'W ti;i L vl11 'lli:llflmm1 r111mfiJ-J 1:::u:::L1~1n1rnJJn 11Ylln'i'l'tlU 

Th21 C.gfoeosporioides 

Th121 A .brassicico/a 

Sc10A3 0.5xPDB, SOB, 0, 10, 15, 20 3 iu 7 ')'W LL~::: 14 A.brassicicofa, F.oxysporum 

Sc15A3 LNB LLfl::: 30 ppt ')'W A.brassicico/a, F.oxysporum 

Br830 C.gfoeosporioides, F.oxysporum 

Br834 C.gloeosporioides, F.oxysporum 

'W1'i:'11711:::~~~~lfl"nniJ'tl 3.3.1 vi~:::,Jr.i~tJ l--J1~n1:r1r.Jfl~'tln11~rM~11fl'e1')Yli"ll'tl-:i11LiJ'Wt"1Lvll12 ~1UYi'Wfi 

~ri1nL~'tlnL~ LL~:::Y1'1l~'tlun1nTutr-:in11Lr.i1ru~'tl11'i:'11L'\.-lt11L1r1~'lli-:i 3 'i:'11tJYi'Wfi iruvinr.Jmuu1:::u:::n1nTutT,i (Inhibition 
~ ' . 

distance) 

ad J ~ 
1. n11Lt111t.il-J'tl1'\.-111L~tJ-:iL"ll1lLLUU solid state 

2. 'W1fiC)JC)J~'ll~HLimlt11'lvl'i'rnJ'llU'11 ~'i:'ll-Jfl'ULtJ'il!,111ih'WLLt11n~1-:inu m1,,~-:ihivl~1'i:'lnmmm 250 

il~~~t111 LL~1'W1l-J1Yllfl~'tl-:J Lim Li'elL~'tl 1~~'1-'1-:i~11uutr-:i11~1m~hr1Yl"ll i-:itl 

- i1iJ11r.J~l-J!1Utl1n-i'W 'ilt1111~1U 60 nfii: 40 i'J~~~t,11 (;1iJ11: tl1n-it.1) 

- tl~1uii11M 1 oo nfii (1: 1) (Lil'Wn11v1-:itl~1uii11 1 n1ut111-:i 1utl1nit.1 1 ci1t1t11'N) . ' 

- tl~1uii11M 1 oo nfii (2: 1) (Lil'Wn11mtl~1uii11 2 n1ut111-:i L'W.11nit.1 1 ci1ut,11-:i) . ' 
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- ii11vh:i 100 nfl-J (1:1) (LUUn7'i''1'1iJ1,:dh:i 1 (l'JUIWN h1ii'1niu 1 (l'Jtllil'l-:!) 

- 11ii1':lr.J~l-Jnuuinuii1'l ( 1: 1) -w111ii11 50 nfl-Jmr.J~l-JllUUmt1ii11~V1'1~nLL~'l 50 nfl-J 
' ' 

- 11ii11r.J~l-Jnrn.Jirn1ii11 (2: 1) -w111ii11 65 nfl-Jmr.J~l-Jnutl~1't.lii11~'1'1~mL~'l 35 nfl-J 

- i1ii11r.J~l-Jnuii11vh,_i (1:1) -w1hih1 50 nfl-lmr.J~l-Jriutlm't.lii7'll17'1~m~mLfl'l 50 nfl--1 
' ' 

- 11ii11r.J~l-Jnuii11vl1,3 (2: 1) ini1ii11 65 nfomr.i~l-JflUUm't.lii11vl1.:i~V1-:!MU¾i1 35 nfl-J 
' . 

mvi 

4. mrnJJn 

1. riv1L~<em11Lilutv11r-li~1~r.i~uutT-:i11~1mlilhflvl'll1~th.imvi1rn;-:iLL~hi~1u'il1vi11m~1 Lim~.:iuu 
' 

'il1Vl1'i'Licm:a'mLUU solid state ~1~Lli11ul-J1~~'1ii'il 3.4.1 LUff'l'i'Ylvlfl'fl-:Ji11r}iL~'Elm1 Br834 

2. -w1n Br834 l-11LY'l7:::lu-:iuumvm PDA LL~'lUl-J~'flruvini1 25 'fl-:!Pl1L'llm;'i.l~ Li'.lm1ri1 7 ,fo 
' ~ 

1ur-J~1~rnl1Vl71LfmLi'ElLLUU solid state r-Jri1~n~::; 5 :fu ('l!Uvl~::: 4 r-Jri1~n) 

4. ii1muiJ~'Elruvinil~'El'1 LUuL1ri1 14 iu . ~ 

5. ii1r-lri1~1l'El1Vl1'i'lrnn:a''ElLLUU solid state 'l!Wvlfl::: 2 r-l~1~nm~nv1i}i1u absolute ethanol lli'l-J11i11 

1 oo i1ri~~m LL~1i,_i1Jj 3 -fi'1 Ll-J-:J ri'iluii1mm'il.:ii}i1um:::'1l1'!:tnnmu'Elf 3 Lnu'l'l1rn:::~1u~m'El.:i1r}i1~V1ri'Elviu11Pl"nm:a''il 

' ' 
LYi'El'W7 LU'i':::LVl'i.1 LL~'1 ~')'i.l Lflj''e),:!'j':;L Vl'i.l LL~-:! 

6. ii1'V'l~1~1l'il1V111LimLi'ElLLUU solid state 'l!U'1lfl::: 2 Ylm'l'lnmr.J~l-JflUJ1niuu11P1r.i1m:a'tl 50 

ilri~~lil'i' "1n'1l~1'i.l ethyl acetate lli'l-111il'i' 50 ;'.Jfl~~lil'i' L'JJU1LLN 1 V!"'17tl 1 flf-l U~'li-31~ 3 i1 Ll-J'1f1'ElU'.J16-11n1'tl'1i}i1u 

m:::'1l1'trnrn'1LU'Elf 3 

7. L~l-J ethyl acetate lli'l-111il'i' 100 i3fl~~lilrn.:i1ur-Jri1"1nii'El 3.4.2.6 ~nrif,_i U~1L'JJU1L~'il"1n'1l'Zi7'i' 

1.h:::mru 10 u1V1 LL~1ii1mm'El'1~1um:::'1l7'1:tm'il-lLUtlf 3 uri:::uun"'11rn'ilni}i1unnmLt1m~'ilLLt1mtl1~1u'll'il.:i ethyl 

acetate Ln1.JL~V!ft'ilv1u'i'1Plr.i1mim1l-lriu1uii'il 3.2.2.6 LL~1-w11tl1:::LV1mL~-:ic}i1mflitl-l'i':::LV1mL~-l 

3.4.11. 'VIIPli'l'elU'Ur.;ih1fil\1Yt"ll'el•:nl1'ii'ln1?1"1.um'im.ii~'i1i'11m1?1trnvl"ll ~'l~1fi Disc diffusion . 
C. gloeosporoides V11tl F. oxysporum m11.:iuu'El1V11'i'Yl'1l'Zi'ilU PDA Ul-JVl'tlru'l-tiJi'.l~tl-l 3 iu 

2. 1ii1l-lLfl'i'ULUlil~vl'Zi7'i'"'111'1l'i'191milut'1l1r-li 20 ll-JLfl'i'~lil'i' VIU'1lft-lUU disc l-171il'i'37'1..l~Lli11ul-J17i n1 

i,nnrll-JL~LL~-1~w'Vl"l1mfuinm11,3uur.i1umm1 PDA tvim1.:i1~~1:::u:::ih.:i"nn"ll'ilULflfau11L'iiutv11Yh1 tl1:::mru 1.0 

L'll'W~liim tll-J~'ilruV1ni1ifo,3 4 1u H~1rn:::ft1u 0.5% DMSO Li'.Ju~11fl1uAimflflU (v\1 2 -i1) 
' ~ ' 
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3. U'Wvinlni:rru::m1uutT-mTn"l1ry11~1m(;Jt1r1vhi Lviuuriu~1n~::mu o.5% DMSO (vh 3 .f1) tc;rnn11 

,ji;w::u::ih~L~'W1unnrnu:.i'W disc LLtlm.JmU'W1::ium1uutT.:i (inhibition Distance, 1.L.) 'l-l1'ilU'Wvim::u::urnf.:i 

(inhibition Distance, I.D.)"l1nm11'1n1::u::1,h.:iL~'W1m1rirnLc.l'W disc t1nurin 

.I "I""' .,.,,,r 
n1'iu.uaC.Ja L"liVlamnru'fl CPt~'U 

Inhibition level: Very strong 3+, I.L. 2:0.6 cm; Strong 2+, I.L. 2:0.3 -< 0.6 cm; weak 1+, I.L. 2: 0.1 - < 

0.3 cm; not inhibit-, IL< 0.1 cm; 1.L. = Level of Inhibition distance between colony and disc 

3.4.12 An'l-t1fl'J1m-n>-1-ii'u~1i'ICPt"ll'el~i'l1'i'&'lt1CPt<it1n'i1L 'Um'iit1!T~'i1i'l1LVlvlb'iflVi"li ;{'Jt'l1fi Disc diffusion . . 
1. U1~11'i'H11n"l1nL'fi'Wlin 1rM~1ih-1riuutT.:inri'fl trnrhimL~'il',1.:l~'lrn'l11'Cl::mu 10% DMSO 1il1~rl'l1J-J 

LiiJ-Jii'W s.ooo, 4,000, 3,ooo, 2,000 LLri:: 1,0001J-Jtmnnii;i'flilri~~m mJ-Jihiu ~1n1rn1n~'ilun11uutT.:i11ri'ilhr1 ~riu 

% Disc diffusion ui;i1ii~11~rilfl"l1nhii1'lC.J~J-Jriuii1riYh.:i~hhtiJ-J~11~n1n 'ilrl11'i'l'l'W 1: 1 LLri::~1rn::ri1u 10% DMSO 

LU'W~1rn::ri1t1r1riurp.1 (~1 2 .f1) 

2. u'Wvinlni:rru::n11uutT.:in11L"l1ru11~1L'l-lrihr1Yi'll Lvit1uriu~11ri::ri1t1r1riur1J-J t1num11'1n1::t1::ih.:iL~1.J 
~ . . 

1m1rirnLc.l1.J disc LLUriC.Jmtlu1::t1::ii1.:i'll'flULFlLriiJ"nnLLc.l1.J disc (inhibition Distance, I.D.) 'l-l1fl1Lll~tl U'Wvim::t1:: 

uutT.:i~~1'W'ln.!l~LU1.JL'll'W~lJ-Jrl1 

3.4.13 An'l-t1ru LLtltli'l1'i'el~fi,Jnn'eltlL 'U'&'l1'ii'll1!Pt~'Je1fi Thin layer chromatography (TLC) .. 
1. '\-lt11n~11~n1n~~'fl.:imrn1n~'flU 20 x20 lJ-JLr11~r11 ri.:iumLc.lu silica gel 60F 254 '1l1.J11fl 20x20 L'll1.J~LJ-Jrl1 

1i-i-,1n'ilzji.h.:i"l1rnmrnh.:i'JJ'fl.:ILLc.i1.J 1.5 L'll'W~LJ-Jm ri1.:iri.:i1i-i~1m~.:i 

2. tJ1LLc.l'W TLC ri1.:i1wi1'll'W::il1n~il'Vl Jl1t1L'WU1T"'l~1rn::ri1t1 chloroform LLri:: methano11u'tir111'i'lri'W 9:1 . 
1i-i1::~u~11ri::ri1'flu~1n11~11 

3. L~'il~'l~1ri::ri1mr1~'fl1.Jn.:ivhmil.:i 0.5 L'll'W~LJ-Jrl1 "11n'JJ'ilUU1.JU1llt.i'W TLC 'il'iln"11ntn'll'W::'l1.:Jri.:i1~m~.:i 

4. rl1'l"l~'flU~11tl1::n'flU~LLtln'fl'fln"l1nn'WL~ll~.:J UV Fl'l1J-Jtl1'll'l~'W 254 'W1 l'WLJ-Jrl1 
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3.5.1 m1riv1L~'tlnmin~L'l,UJ1:::'1'1l-l~1'\!lrrn:i'tlLL'tlrl~LUl!tfJh1~1~'1'111LL'tlU~LUL'tl~n 

L ti'cl.:J"l1 n LL'tl rl ~L ul1't1=ilV1iir11J1l-l Llt,l n l?i1.:J'Jl'c),:j n11'1'1rN'1'11nL 'tl'W~LU L'tl ~ n 1'11lJr11)1 lJ LLt,J n i,i 1 ,:j'Jl 'f),:j'Jlilv1mm 1 

Li!m:fim.nn~~v1 ~.:i'll'tlLiJu 1uG'tl-:iild:Ju~ Lf'\1:t u1 L:fimL11r1 ~Lul1't1=ilVl~LLt1 n L(1\"11nu1mu11 n-rl'lliJ1'll1m~u (~ihP11:t'll1 n 

'llm11nvh)~'1'11mrn'1'1\1.:i'1'111LL'elU~LUL'fl~nL(1\ il1Vlvl'1'1'flUn11'1'1h.:i'1'11rn'flU~LUL'fl~n(1\1Jtl'lfi Streak plate technique 

!111Jt1mnimtumm1~LL1'1mh.:inu 5 'llilv1 L(1\llri Antibiotic Production Medium2 , ISP2 (International 

Streptomyces Project 2), Glucose Yeast Extract, Starch Casein Agar LL~::: TSA.(Trypticase Soy Agar) Lvltl 

Streak L:f'tl1iiL"11'1)UU"l1U'tl1ln1 Ul-l"11U'fl1ln1~ 30 °C LUUL1~1 2-5 fu iunu'llilv1L:f'el ri'tl'W~"I::: Streak L:f'tl 

Vlvl'1'1'tlU("l1nmmm-1m) m~ 18-24 "D1LlN (Staphylococcus aureus, Micrococcus luteus, Methicillin Resistant 

Staphylococcus aureus (MRSA, Bacillus subtilis Escherichia coli, Uft::: Candida albicans) timil'tll>i'tll'l.Fiin 24---

48 i1Ll-J,:j LL¾hi.:iLntileJ~ uuvini:.Jft!111tln11'Jvl1:::t1:::'1J'cl,:m1nrrnf.:i 

3.5.2 n1rnnv1'1'11rn'tlu~1ut'tl~n-,1rnL11r1~Lul!t1=ilVl 

-w1Lil'tl LL'tlr1~tulTt1;Vl mLim1ummnV1~1~rnm:::'1'1l-l~mnn~1 1 'llilv1 L~'tl 1ii1!11illmru'1'11rn1niu Lvltl 

til-l1u~til.l 30 °C L'llU1~r111l-lL11rnu 110 rnul>i'tlU1Yl LUUL'lft1 5-7 fu '1'1llvl'1'111'el'tln"l1nL'llft~llft::: medium (1\IJtl 
~ 

'W1'1'111'1'1flvl'\!lt.11U~L(1\ lJ1ft:::~1tlLU OMSO (Dimethyl Sulphoxide) LL~'l'W1l-l1LLt1n'1'111,Tu~U(1\1t1% Thin 

Layer Chromatography (TLC) Lv1t11iiLLe-lu Silia Gel Aluminium sheet (Silica Gel 60 F254) 111v11iil~"llU1vl~ 

~1m1m1.:i~.:i1u Petridish L!11 LLt1n~11!1\'lt1 solvent system ~L'\!llJ1:::'1'1l-l Lv1t1Gm1n Chloroform: methanol 9:1 ( Vl1'tl 

8:2/ 7:3 '\!lj''tl solvent system tu 7 LU'W~'W) "1Un~1'1'111'1'1nv1"1:::LLt1nL(1\A eJ~n1nmn'1'111Yi11(1\Lvltl'W1LLc.i'W 

chromatogram l-l1zi'el.:i(iJ(1\1mL'1'1.:i UV LL~11'11Lri1'el.:i'\!llJ1tl Spot '1l'fl.:J'1'111L1 'W1LLe-lu chromatogram ilm11.:iuur.i1u 

'il1i-111Yl swab L:['elVlvlM1UL1LL~1 U1"11'W'tl1'\!111L1~ 4 °C 2-4 i'1Ll-l.:J LLihA'tltl'W1l-l1 Ul-l~ 32 °C 24 i'1Ll-l'1 

~fontiln11ruuui.:iLi'el"ll'el'1'1'11rnl?i~::: component Lih'tl'\JLYltl'\Jf7'\Jn11U'\JJ.:i"ll'el'1 Chromatogram ~L(1\"11n'1'111~llvl 

i-ltl1'\J~L(1\91 n n11L,tM !1\'ltl't11'\!111'llilvl~'W 7 1 'WLi'elLL'elrl ~L'Wl!tl;Vl'llilvl LAmnu 

3.5.4 n119vl~1LL'Wn'll1Jvl'll'el'1Li'el Actinomycetes LL~::: J1L'0ULvlL'YlYl~~h:i~111(1\A lLft:::1.J1~'Wl9 9::;u1m 

~n1:t1i'.:iin1:tru:::Y11.:i-z~'ru "17'W1Ylm til 11"l'1'1'el'IJin1:tru:::Lil'el L~u~1t1~u'elf/ in1:tru:::~u'elf mu 1~ n fi 'il~"I mntfll,iJ/ Lb~ :::i-lr'el 
~ . 
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~')f.Jn¾i'tl-:i;L~rll;]:f'cl'W LL~::91LL'Wn'l!il'1l~')tJ1fiY11-:J;i') tm~ri~~')tJn1T'Vl1~1111ULU~ 'll'tl-:J 16S rRNA gene LL~:; 28S rRNA 

gene 1'WLL'ilrl&1t'W~tJ;iY1 LL"1:;:r1 "11:IJ~1f;\U ~f1"1 DNA 1;]1:IJ%'ll'tl-:Jn11~f1'1l'll'tl-:J1'1l~f1"1 

~1~fULL'ilr1&1tul1'u;lviLil'tlYhn11LfimB-mru DNA 1'1lti1ihviriuritj'j~L:IJ'ilLT~ L'll'W1LL'tlri-B'u (Polymerase chain 

reaction) LL¾i'l 9-:JYl1 DNA 1-~u1~vii~hu 'l!"1Yhrl'l1:IJU1~vii DNA (DNA purification Kit) i;in"'ll'l'tlUlli':IJ1N'll'il-:J DNA , , ' 

U'W'tl::mh~ L"'l~ ~L~r1ti;i1tm=E~ LL"1::~1~1f;\ULU!'l'll'il-:JU'W 16S rRNA ~1{};t'1lti1ihrii'tl-:i ABI automated DNA 

sequencer LL¾i'lL~!l:1JrJ'tl-ti1111ULU~'ll'tl-:IU'W 16S rRNA ~1~1~~:IJ\!TCU LL"1::'t11 sequence alignment 'll'tl-:JU'W 16S rRNA 

LL¾i'l9-:JLlli'tJULVlt.lU-ti1111ULU~~1~nuih111rnu~~mu GenBank L~!l'lLrlT1::iXi1LL'tlrl&1t'Wl1't.1;lvi LU'W'llil"11"1 ~,'tl~,r~1(,\ 
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s .. .,,. ..s.., .,,. ..., ,.{ a-;-l·-'"'"l 
4.1. l"ln'lf1"ll'lWl'il1'l,n'i'¥1L 1,rn1:;i13-hnWru'Vl lPli1'elU'nLL'a::L Yi'ili1nlPli11'a'il'ilnCj'Vlfi~1n'i1L'il'U b!Pl TI'Vl 'U 

m'iiui~'i1i'l1m1P11'ifl~"lf 
• 

brassicicola LL~::: Colletotrichum gloeosporioides UW'fl1Vl11 0.5xPDA, SDA LL~::: LNA Vi1J'l1 L'a'I.JLfnLi'lYl Th21 

~1mrnuuJ,:i C. gloeosporioides 1r}i~1J'W'fl1'\.rn'i,l 3 'llilrn LL~hluuJ,:i A. brassicicola 1u'llru:::~ Th121 uul:i 

A. brassicicola 1r}iuu'el1V111J,:i 3 'llilrn LL~hluuJ,:i C. gloeosporioides Vi1J'l11:::viu antibiosis 'il'el.:J Th121 uumm1 
' ' 

0.5x PDA LL~::: SDA LV11fl'I.JLL~:::~nri1 uumvnt LNA (111ViVl 1-3 LL~:::i,i111;iV1 6) 

n11~n1,-1 antibiosis 'il'tl.:J11Liiutrn1Yli Sc10A3 LL~::: Sc15A3 r.nn1u~1Yi1un11uutr-:i11~1mi,itrnvh 
~ ' ., 

A. brassicicola LL~::: Fusarium oxysporum 1J'I.J'fl1Vl110.5xPDA, SDA LL~::: LNA Vi1J'l1Yl-:I Sc10A3 LL~::: Sc15A3 

~1l-J1rniruJ-:i11~1Lilt,Jhflr'l'll A. brassicicola LL~::: F. oxysporum 1J'W'fl1Vl11 0.5x PDA LL~::: SDA 1r}i~1n~LAtNfl'I.J LL~ 

L~uuJ-:iuumm1 LNA 

n11~n1,-1 antibiosis 'il!l-l11Lfl'WLrn1vM Br830 LL~::: Br834 •nn1uhh.::iLLrn-:i 1un1nruJ.::i11Z\1LV1t,Jhr1rl'll 

C. gloeosporioides LL~::: F. oxysporum 1J'W'fl1Vl11 0.5xPDA, SDA LL~::: LNA Vi1J'l1 Br830 ~1mrnuuJ-:inZ\1Lilr)Lrn 

rl'll C .gloeosporioides LL~::: F. oxysporum 1J'W'fl1Vl11 0.5xPDA LL~::: SDA 1r}i1n{hArNfl'I.J LL~:::~nri1 U'I.J'fl1Vl11 LNA 

~'l'I.J Br834 uuG;ini-:i~m'llilrn1r}i~1J'I.J'fl1'\!11j SDA 

cmn11~n-tt1LL~rn-11~L~'I.Jri1 11LiiutrnhMLLZ\rn;in11uuJ;i11Z\1Liii,itrnrl'll1r}i~uumvn1w~-:i~i1inrn1m1~iimru ' ~ 

(SDA) ~-lf1'el'I.J;1-:i~u1.i1ru (0.5xPDA) 'ilru:::~uu LNA ~,:ii'.i~1rn1vn1~1Liiutrn1Yli~r:i'W1miJ~~ni=t11~iTuJ-:in~1LV1r) 

Ltfl~'ll i-:itl'iun1J"Jlti(;l'il'el-:!1'1 L iiu trn 1 Yli LL~:::11~ 1 L ilv) LtrlYi'll r}ir:iu 'Elth-l hn mii ij14' ti 1r}i ri rn L~'tl n L 'il'Vi1 :::mvnm ,i-:i~ i1 

~11mmt~l-li.JHWVi'elfl'lt (SDA LL~::: 0.5x PDA) 1uv'hn11~nm1ui'I.J~'tlLU 
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' 
m,NYl 6 r.m antibiosis 1::'\-l11.:JT1Lii-wti;i1Yl'l1nrn1~1L'\-lvlLTl'l~"ll A. brassicico/a 

' ' 
C. gloeosporioides LL'i'l:: 

F. oxysporum L~'tlV1~MlULU'WL'lft1 4 'l'W 

., ., 
1::c,i'um1~~1mrn 1-wmnii~ antibiosis u-wmvnn~rm,l'tl 

L ii-w Li;) 1 yJ.,, 
A. brassicicola C. gloeosporioides F. oxysporum 

0.5x 0.5x 0.5x 
SOA LNA SOA LNA SDA LNA 

POA PDA POA 

Th21 3+ 2+ 3+ NO NO 

Th121 3+ 3+ ND NO 

Sc10A3 2+ 2+ NO ND NO 2+ 2+ 

Sc15A3 3+ 3+ ND NO ND 2+ 2+ 

Br830 NO NO NO 4+ 4+ 1+ 4+ 3+ 

Br834 ND NO ND 4+ 3+ 4+ 1+ 3+ 

l-ll-J1UL'\-lvl ND= hl1~vi~~'flU 
' 

Jl1Yi~ 1 1::Cilu antibiosis 1-wi-w~ 4 ,m.:imw~1qJ Th121 (Ll'lL'i'li'l~1-wihu'll'cN"l,'Wtnm1) Lrimiu-:ii'll-Jnm,~,L'\-lli'! 

trnvl"ll A. brassicicola (Ll'lL'i'li'l~1'W'll'l1'll'fl.:J"l1'W'tl1'\-l11), n: 1!:CilUl'l'l,l-JLL1.:J 3+ U'W'fl1Vl110.5xPOA; 'll: 1:;c,i'u 

l'l'l1~LLN 3+ U'W'fl1Vl11 SDA; Fl: Ll-iYiU antibiosis u-wmm1 LNA 

NO 

ND 

1+ 

1+ 



• 

• 

, 

• 

• 

ll7Yi~ 2 i::viu antibiosis 'll'fl.:i SC15A3 (tr1tr1i1~1uii1tJ'll'fl'1"11UminT) L~mimtninun?i1L'vlCiJLTf'lYhi 

F. oxysporum (Lr1Lr1il~1lJ'll'l1'll'fl'1"11lJ'tl1mT) UlJ'tl1'v11T~L!,11t1l-l~'ltJ1f1niudJUL'l'C'11 4 iu, n: i::viuri'.l1l-l 

LLN 2+ UlJ'tl1'v11T 0 .5xPDA; 'll: T::vi'Url'l1l-JLLN 2+ U\Jtl1'vl1T SDA; rt: hlurnT.:imTL"11(1JU\Jtl1'vl17 LNA 

18 

ll7YiYi 3 i::viu antibiosis L~'mim11L~lJLV11vh1 Br830 (Lr! t~il~1uii1t1'll'tl'1"11\J'fl1'\,11T Ltmiu..:ii'll-lnUT1~1L1,1CiJLTrl 

~'ll F. oxysporum (Lr1foi1~1lJ'll'l1'1l'fl..:J"l1\J'El1tnT) uummT~L!,11tJl-l~'lml1niud'.JuL'l'C'l14 iu, n: i::viu 

rl'l1l-JLLN 4+ uumm7 0.5xPOA; 'll : i::vi'Urt'l1l-JLL7-.l 3+ uummT SDA; rt: i::viurt'l1l-JLLN 1 + UlJ'tl1'\.117LNA 

""' ... ---i., J' a 'i' '1 . .1 .- ~ .., • ,: 
4.2. fi1'ifllfi'ifl"ll'UWel1'Vl1'H wa1Y1 L"llL'a~.:l'i1L'el'U ~j;I ~ TIYILVi'el'GlnlPl'Gl1'ifi'elC]YI fi 

:a1n1Vi 

~r1"i1nmn:i~ 7 LL~vi..:i1ih~ui1 Lt'fl~m:t1~11~nvi~L!,11t1l-l"l1ml1mJnn Th21 ~Liu.:i1u o.5xPDB ur1 :: 

SOB YiU'l1~1T~nvii.:i~L!,11tJl-l"l1ntl11,1iJn 0.5xPOB LL'C'I:: SOB 201l-lLf'l7~!,1T ~1l-l1TC1Uuir.:i C. gloeosporioides 1~~ 
~'tl1~m'lmiuutT.:ii::iu 3+ L'vli'.l'fluriu ?111~nvi~L!,11t1l-l"l1ntl1'1-1l1'n o.5xPOA 'll'fl.:i11 Th121 201l-lLf'l7~!,17 ~1mrn 

urnr~ A. brassicicola 1~1ui::iu 1 + '1Jru::~~1rnnvi~L!,lj'tJl-J"l1ntl11,1iJn SOB hiuutT.:i LLf;lbt'tlL~l-Jllil-l1~17~!1"1 ~ 

VlVl~'tlULU\J 401l-lLrlT~!,17 ~1l-J1rnuutT.:i A. brassicicola 1~1u1::viu 1 + 
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Lri'fl~nlfi~11~1l"1~U;11m-1r.i1mhmrm1 Sc1 0A3 Ll'il::: Sc15A3 ~L,U-:ll'W 0.5xPDB m~::: SOB 'YiU')1~11~1l"1 

~UnTm-1r.i1n 0.5xPDB LL'il::: SOB 201iJLr11ftiil1 ~1m1riuutr-:i F. oxysporum ~1:::CilU 2+ lL1'i1~~1m1riuutr-:i 

A. brassicicola 

Zl11Zlll"1"l1nn Br830 ~L,U-:ll'W 0.5xPDA hlurnr-:i C. gloeosporioides LLi;iuutr-:i F. oxysporum Hiif1 (2+) -nru:::~ 

Lri-mlu-:il\J SDA 1~urnr-:ivf-:i C. gloeosporioides LL~::: F. oxysporum ~1j'~fl"1"l1nn Br834 ~~ll"1"l1n culture filtrate 

vf.:i 0.5xPDB LL'il::: SOB 1~~1mrntiu!T.:inhr1vl'lli-:i 2 'llilc,i 

A. brassicicola, C. gloeosporioides u~::: F. oxysporum Lri'ilY1"1MlULU\JVlm 4 'l'W 

A. brassicicola C. gloeosporioides F. oxysporum 

0.5x PDB SOB 0.5x PDB SOB 0.5x PDB SOB 

Th21 ND ND 3+ 3+ ND ND 

Th121 1+ 1+ ND ND ND ND 

Sc10A3 ND ND 2+ 2+ 

Sc15A3 ND ND 2+ 2+ 

Br830 ND ND 2+ 

Br834 ND ND 

~mmi1~ ND: hi1~V1'11~'flULU'il-:J"l1n1i-i1:m antibiosis LU\J~U 

~ .di ,J' .d ~ O.,QJ~ 

4 .3. 0111"1 m:nn!l~L 'J~TVIL 'VI in::;iUJ'll'el-3 n1iL'ii!J,3'j')L 'Vi'ilL!Plifl :1Ji'l1ii'ln Cilfl'U fl,3'j') 

'&11 L 'VI !Pl tifl ~"li . 
ii1111-:i~ 8 LL~'11-:ic.J~n11~mi1Lmurnv\uum1uu!T-:in~1L~~hr1vl'll 'll'il-:i~11~nc,ir.i1ntl1i1lTm1Lii1.Jtc,i1l'livY-:i 6 

~1mfoi ~Liu-:i1-wmm1 0.5xPDB LU\JL'J~1 3 'l'W 7 '1\J LL~:; 14 'l'W 'Yiur.i1 Lrimfu-:iL'B'WL'111vh11i.J 0.5xPDB ~11~nc,i 

r.i1n 0.5xPDB 'll'il-:J Th21 'il1tj 3 'l'W 7 f'W u~:; 14 f'W l~C-J'i'HJU!T-:i C. gtoeosporioides 1m:;iu 3+ 1~utilmh-:irii1 

~1rnnc,ir.i1n Th121 ~Lfm1'Wmm1 0.5xPDB 3 1'-w LL~:; 7 '1\J 1i-iC-Jiln11uutT-:i A. brassicicota 2+ LL"1::: 1 + 

Lil1iJ~1'1\U ·1mi:;~Lri'ilLim-w1-w 14 i-w Zl11~Zin'11m r.i1ntl1'vllJ'nL~Zl1mrnuutT-1 A brassicicola 

Zi15Zifl'11"nm11'vl~'lLi'WLfilhM Sc10A3 LW::: Sc15A3 ~im1\Jmm1 0.5xPDB 3 'l'W 7 'l'W Lll"l::: 14 'l'W 1ilC-JilUrnT-:i 

F. oxysporum ll'i'i::: A brassicicola L~Llt-m1'i1-:iri-w ~11Zif7"1"l1m'1 Br830 ~Li tl-1l'Wtl1'vl1'.i' 0.5xPDB 3 'l'W 7 'l'W LLil::: 
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14 'J'W ~1mrnuutr.:i F. oxysporum 1~hlLL1r1mh.:i1fo LL~~11~ri111-,1mf11,1l1'n Br830 ~Liu.:id:J'Wvrn1 14 i'W ~1mrn 

urnr.:i C. gloeosporioides 1~~nrj1~11~ri111-,1n Br830 ~Lim1'W'il1\.111'llU111L~U'lfl'W LU'WL'lrll 3 ')'W LL~::: 7 ')'W 1 1:::~u 

v1111.:i~ 9 LL~111.:iCJ~m1~m~millurnviuu~1rnri111-,1mf11,1l1'm1Lii'W'l1111vlvT.:i 6 ~1u~'Wfi ~Lim1umm1 SOB d:ltJ 
' 

L'l~1 3 ')'W 7 ')'W LL~::: 14 ')\J ~'1lrl'l1l-J~1mrn1un11uutr.:incl1rnvihri~'ll ~U')1C-Jfl'JJ'!).:)~1rnn111~~ri1111~-,1n Th21, 

Sc10A3 LL~::: Sc15A3 ~'1l111r1~'1l-:!1lUCJ~'ll'!l.:i~1,~n111~~n111-,1n11'llil111L~U'lfl'W~Lim1'W 0.5xPDB ~11~ri111-,1n Br830 

~Liu.:i1'Wmm1 SOB ~1-:i-,1n~Lim1'W'1l1'.111 0.5xPDB L~nlJ'!lU ~'ll.!~11~fl111"l1nL'5UL1111vli Br834 ~Lim1umm1 

SOB LUUL'lfl1 3 'J'W 7 'J'W LL~::: 14 hi~1mrnuutr.:in11L"l°1qJ11ri'!lLrn~'ll A. brassicicola LL~::: C. gloeosporioides 

Lti'!l-:i-,1nn11Lirm1Liiu'l1111vlYl1u 0.5xPDB LLfl::: SOB vT-:i 3 'J'W 7 'J'WLL~::: 14 iui.luii'lLlJl-Jll-lLLrlnt,i1.:iritJ L~'!l 

mn..h:::1,1u111rh1ilci1u~1'Wmmrnfl:::L'lm1un111,1l1'm1L~'Elvhn1,~ri111~1~.:i1~L~'Eln'El1m1 o.5xPDB LL~:::n1,1,1l1'n 

LU'Wmn 3 ')'W 1utii11.Jn1,~m~n·n\.i~'El1u 

1'1111-:!~ 8 ,:::u:::L'l~1~L'-llJ1:::~l-J'll'el-ln1JLv11t.1l-J~11~17111"l1n11~'.ll1'n1tJ 0.5xPDB 

~'!ln11uutr-:i11~1mvi'l1ri~'ll 

A. brassicicola C. gloeosporioides 

L'fl'WL111LvlY1 
3 7 14 3 7 14 

')\J ')\J ')lJ ')'W 'JU ')lJ 

Th21 ND ND ND 3+ 3+ 3+ 

Th121 2+ 1+ ND ND ND 

Sc10A3 ND ND ND 

Sc15A3 ND ND ND 

Br830 ND ND ND 1+ 

Br834 ND ND ND 

1,1mmt-1~ ND: 1JJ1~Yl111~'ElULU'El.:i"l1n 1~e.i~ antibiosis LU'W~U 

3 

')\.! 

ND 

ND 

2+ 

2+ 

1+ 

F. oxysporum 

7 

ND 

ND 

2+ 

2+ 

14 

')'W 

ND 

ND 

2+ 

2+ 
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.. 

L~'Wl1?1LYli1 

Th21 

Th121 

Sc10A3 

Sc15A3 

Br830 

Br834 

3 

iw 

ND 

1+ 

ND 

ND 

A. brassicicola 

7 

iw 

ND 

1+ 

ND 

ND 

14 

iw 

ND 

ND 

ND 

C. gloeosporioides 

3 7 14 

iw iw i'W 

3+ 3+ 3+ 

ND ND ND 

ND ND ND 

ND ND ND 

1+ 1+ 

.., a ..i .-,1,i .., J' a 'i' l··' ., 4 ..., 
4.4. ffliflnH1~~'ll'el.:lfl'J1mfl:IJ'VlL\!l:IJ1::'6'l:IJ'Vl L'liL~fl.:Jj1L'el'\Hl?I TI'V1L'W'eli'lnl?li'l1i 

n'elCJ'Vli;11J11-w 

3 

iw 

ND 

ND 

2+ 

2+ 

21 

A. brassicico/a 

7 

iw 

ND 

ND 

2+ 

2+ 

14 

iw 

ND 

ND 

2+ 

2+ 

n1'i"Yll?1~'ilU~1'i"~f71?1~1'i""l1nif1mJn-nv0wt1?11Yli ~Liu-HU'WL'Jrl1 3 1''WL'Wt"l1'1.-l1'i" 0.SxPDB ~L1,ifol--l~1uif1 

niw u~::~Ll,l1t.1l--l~'JEJ,i1Y1::L~~tlfotiii1ri1r111mAii 1 o, 15. 20 LL~:: 30 ppt (~1wtu~w~1u) !Pi'..:iLL~1?1..:im'i"1..:i~ 7 V'lufi1 

rl'J1lJLAl-l~LV1m::~l-J'Jl'il..:Jt"l1Vl1'i" l 'Wn1'i"L"1j'UlJ~1'i"~ fl 1?1"l1 m1~vilYn'iltj1::vi11..:i 0-15 ppt ll?1U,i1ni'WL VllJ1::~lJvi'il n1'i" H 

L"1j'UlJ'il1Vl1'i"L~'ilLit.1..:i'i"1l'Wn1'i"L"11UlJ~1'i"~nl?1urnT..:i'i"1~1LVl"1l'i"rl'W'llmn~~l?1 m:i~..:imA'il 10 LL~:; 15 ppt 'll(\,!::Vl~A1 . ' 

r111l-JLAlJ~u ~1'i"~n1?1 tiic.irlY1Ci\~'ilu~u 

4.5. miAnH1i'lm1::~L~m::i'l:1-1"lumffl>Jni1~ii;iLi'eln 

L~1lm'1 TH121 LL~:; Br830 ;..:itiic.imJrnT..:i (antibiosis) ~ (3+ - 4+) LLvic.J~n1'i"YlCi\~tJU?11'i"~ni?1'eltJ'Wn11l-J1 

V\(i\~tJUA'\rl'l1l-JLAl-JLL~::'llil1?1mmi~rm.n::~l-JLUin1iru::r1t1ur1~..:inu~mh1mln1..:i~u;nr1i..:iv1ti..:i (vn 3 ~1) LLviL~l-J 

'llU1?11l1V11'i"LU'W 5 'lltl1?1 u1~1'i"~n1?1~1~mVl1?1M1unm1ri'il t1r1Yl'lli..:i 3 -ni:i1?1 i1?11::u::nTi'UuJ..:iu~:;f\1'W'JDJV11ri1L'il~t.1 

c.i~ L 'W[,1111..:i~ 1 o LL~1?1.:i 1iiL~'W11mvnnf m Li'il~L"11t.1l-l"l1nif1nit.lmm:;~ l-l~~1?1~r.i::-w1i.rniu..:in Lilti Ll?11 rM 

Th121 L~tl 1il?1~1..:i~11ri'ilqY1iurnT..:i'i"18uJ-:in~1LVlvjl'i"rl'W'll LCi\m'ilV'l1::'ilu1..:i~..:i A. brassicicola LLrl::: F. oxysporum 

~'Jt.lmvnnim L;'il~i1ri1r111lJLAlJ 1 o ppt mm::~i.J~~c;i~r.i:;-w1mLimnv0ut1?11rli Br830 L~tJ 1ii~h-1?11'i"nt1qYli 

urnT..:in ~1LV!vjl'i"rl'W'll A. brassicicola LLrl:: C. gloeosporioides 

"11'i"1-1~ 11 u~1?1-1n1rn1?1"1tJUmV111~mm::?1i.Jr.i::tl1mLiu..:inLilutc;i1rlr1 5 'llil1?1 L1?1m~i.Jmm1~i1?11'i"mvi11 

~ll\]'i"CU;n 2 'llUl?1 (PDB LL~:; YMB) L~t11{fo\1-1?111ri'ilqY1iurnT..:in?11LV1vjl'i"rl'W'll ;..:ir.i::L~'\..!11 0.5xPDB LL\'1:: PDB 



• 
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Lil'Wmtn1~mm::f'll-J~1vin.m11lu-:i11Lil'Wti;i1vM Th111 L~tll'~~'h..:i~11ri'fltp1i;1mi'l (mwVJ 4n) ,m.di SOB 

mm:;~l,J~1V1fun1niu..:i11L'fl'WL(;]LYh1 Br830 L~tl1ifo'1-1-:i~11ri'fl~i'liihmi'l (Jl1i'l~ 4'11) ~i'liuu£T-:i'llti..:1~1~~ni;i1(1) 

r.nn11~Lim1'W YMB 'flt.i1u1::iuth'Wmn..:iL~tlLvit.1unumi.n1'llU(?l~tJ LLrli°JLL'W'lLiJl-JLU'Wmvi11~~~1vifun1niu-:inLilu 
"' 

(;1111-1~ 10 Pl'l1l-J LAl-J~ LV1l-J1::f'll-J'll'El..:ltl1Vl11LVlft') 1 Un11L~j'tJl-J~11~!l(?ltJ1J5..:i11 L1PIYi'll 

91nJ'1vil1'm1~LifNLU'WL'lftl 3 ,fo 1'Wtl1Vl11 0.5xPDB 

Th21 C. gloeosporioides 

Th111 A. brassicico/a 

A. brassicico!a 
Sc10A3 

F.oxysporum 

A. brassicicola 
Sc15A3 

F.oxysporum 

C. gloeosporioides 
Br830 

F.oxysporum 

C. gloeosporioides 
Br834 

F.oxysporum 

1::iun11uuu..:in11L"l1t1J11f'l1LVll?JL1Plvl'llLiitlLfit.1..:ivifi1P1')1l-J 

L~l-Jr11..:lll'W 

0 

ppt 

3+ 

1+ 

1+ 

2+ 

1+ 

1+ 

10 

ppt 

2+ 

1+ 

1+ 

1+ 

15 

ppt 

1+ 

20 

ppt 

30 

ppt 
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• 

• 

• 

• 

r;i1ri-:ivi 11 CH'l'll'cl..:i~11~n(;l91m'1L°Ei'Wtr11Yh1~Lit1..:iu'Wtnm1 0.5xPDB ~P1':l1mfi1-Jr;h-:in'W LU'Wmn 31'-w vi'cln11 

uutr-:in11L91C1J111:'11L~i?JL1Plvl'll Lri'cJYl{;)~'cJULU'WL':lm 4 ')'W 

nL'fl'WL(;)LYM 5'1~1m17Jtrnrl'll 

A. brassicicola 

Th121 C. gloeosporioides 

F. oxysporum 

A. brassicicola 

Br830 C. gloeosporioides 

F. oxysporum 

' ., ' 
d'1'clL~t1-:iv\ri1m1mfi1-Ji;i1-:i7 ('ll.l-l.) 

0 

ppt 

0.27 

± 0.05 

0.1 

0.27 

±0.05 

0 

0 

0.07 

±0.02 

10 

ppt 

15 

ppt 

0.13 0.13 

±0.05 ±0.05 

0.1± 

0.02 

0.13 

±0.05 

0.23 

±0.12 

0.13 

±0.05 

0 

0 

0.13±0.05 

0.17 ±0.05 

0 

0 

301406 

20 

ppt 

30 

ppt 

0 0 

0 0 

0.1 0.1 

0 0 

0 0 

23 
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i;nn-3~ 12 ~~'ll'fl-3~11~ri~r.i1nnLii'Wt~hh1~Lit1-lU'Wmm1i;i1,3fitJ lri'fln11uutr,3n11Lr.i1C1Jn~1lll(;JLTF1~"!! 

A. brassicicola, C. gloeosporioides ll~::: F. oxysporum L~'flVl"1?l'1lUlU'WV}~1 4 ')'\.J 

l'i1 L ll~m:::u:::uuu-3 n1Tl r.i1'1)r1?l1 l lllij LTFl~'lll~'fll~tl-3 L'W'fl1ll1T 

'llU~lri1,37 ('lUJ .) 

lii'Ut~hM 11~1mliJLTFl~'ll 0.5x 
LNB PDB SOB YMB 

PDB 

0.16 0.46 0.37 0.05 0.25 
A. brassicicola 

±0.06 ± 0.08 ±0.09 ± 0.05 ± 0.08 

0.06 0.16 0.27 0.10 0.14 
Th121 C. gloeosporioides 

±0.04 ±0.06 ±0.07 ±0.4 ± 0.08 

0.05 0.08 0.11 0.08 ±0.07 0.12 ±0.04 
F. oxysporum 

±0.05 ±0.03 ±0.05 

0.06 0.06 0.1 0.04 0.26 0.04 0.15 0.05 
A. brassicicola 

0.04 0.04 

0.07 0.1 0.1 0.27 0.2 
Br830 C. gloeosporioides 

±0.07 ±0.04 ±0.04 ±0.06 

0.04 0.08 0.07 0.22 0.16 ±0.08 
F. oxysporum 

±0.04 ±0.05 ±0.04 ±0.1 

Jl1i"l~ 4 mnTutT-3T1?l1mlij LTF\yj'Jl'JJ'1l-3~1T?l n~~ L1,11t1l-Jr.i1nS1i1iJm1 lii'WL~ 1 Yll'l~l,tl-3 L 'W'1l1'\-l1T'llU"111i1.:i7 1 '\.J')'\.J~ 4 

'll'fl-3n1Tl91C1). n: ~1rnt1(Pl91n Th111 U'Wlli:.i'W disc ln'fl'l1-1j")l-JflUT1Z11lllliJLTFl~'ll A. brassicico/a; 'll: 111T?lfl"191n 

Br830 u• .. mi:.i'W disc lnm1-1frmnunZ11LV.lijLTFly;'ll C. gloeosporioides; 1 = PDB, 2 = 0.5xPDB, 3 = YMB, 4 = LNB. 

5 = SOB, CT- = ,Lci'U disc 'llUZ11rn:::mt1 0.5%DMSO 1ihtl'Wi;i'lFl')UrllJ~'l'l'l'lU . . 
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Lrl'!1vi1n1n-urm1Lii'\.JLv!LY'M Br834 ;-:JLU'\.J11~1ih.i~ antibiosis ~mn LLvi1ii~n-:i~1rri'!1~Yliuutr-:ir1~1L'vli;ihf'l 

vl-n 'v11'!1~'j-1-:iiJ'!1m.i1mri'!1LitNL'\.Jmm1L'vl~'l utJmmrnii-:i~L1,11ul-Jr.i1n€ryvh1"l!uv1v11-:i7 LtJiv1~'ltJv11-:i7 ntJ (Solid 

state fermentation) YiU'J1 Br834 L"11(1J1~~L'\.J'El1'v111Lfl'!1UYJn"l!wv1 um1tJm'vl1r~ili11rh-:id'.ltJ~'lW.J~l-J (rn'Yi~ 5) LLvi 

Lrl'!1ii1~1r~nv1 ethanol LL~:: ethyl acetate r.i1nmm1~Litm1 Br834 1tlYlv1f!'!1U YiU'J1L'il'Yi1::~1r~nv1 ethanol r.i1n 

11~Liu-:ittJmmr~iii11rh-:iLiJtJ~'l'\.J~~l-J i'l'l1l-JL~l-J;'\.J 1,000 µg/ml (10 µg /disc) r111miil-J;'\.Jfu1tl wh,Xu~~1mrn 
t, l I,; I t, 

UUU-:J A. brassicicola viii,l-J1Ylv1~'!1U ~~n11U1JU-:J"l::L~'\.J'Dv!L~'!1~11~::~1miJl-J;'\.J!ii-:JLLvl 3,000-4,000 µg/ml (40 µg 

/diac) LL~::Yiu'J1mmr~ii£1,1r1~1tJhv1'!1i1-:irh-:i 1: 1 r.i:: tii~~~~~v11umrLiu-:i Br834 L~'!1 tii~'j-1-:i~1rtl'utr-:i (mr1-:i 
' ' ' 

vi 12 LL~::Jl1Yivi 6) 

mYivi 5 mrLr.i1(1Jr1Liiutv1hh1 A. brassicicola ~L/u-:i1tJm'v111L!,lnJl-J"11nfi(1Jvl"l!"l!Uv1v11-:i7 L'\.J'l'\.J~ 4 'll'El-:Jn1nr.i1ry, 

n: nii11~~l-JflU,i1mr'\.J £1,1n~'l'\.J 60 nfl-l: 40 n~~~m; 'II: tl~1u;1r;i~-:i~n 100 nfl-l; rt i11rh-:i~-:i~n 

100 nfl-J 
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' 
mn:ivi 13 tJ~'lJ'cl.:i~1,~nv1i,1nrwti1.JTv11Yli Br834 m1l.JL'nl-lii1.J~h.:i 7 ~t1m,uutT.:imn"i1(l:J,1~1mli!hr1Yl'!! 

A. brassicicola 11.Jmmn1ii1'le.J~l.Jnuii1'lvh.:i 

(µg/ml) 
11ii1'l :ii1'lvh:i 1 :2 

1000 0.5 0 

2000 

3000 1.8 1.2 

4000 1.8 1.2 

5000 1.6 1.5 

Jl1YiYl 6 mm1(l:J A. brassicicola L~m-1v1~tiuriu~1,~riv1i,1m1Lii'I.JlvlLYli Br834 ~Liu.:i11.Jmmni;irum1nfi(\JYh 

;1ii1'ltJ~l.Jriuii1'lrh.:i f'l'l1l.JL'nl.Jii'I.J~1,~flvl 4,000 µg/ml (40 µg /diac), n : ~1rnnv1i,1n;1-ii1'ltJ~l.JflU'n1'lYh.:J 

t)(;lrl~'l'I.J 1: 1; 'lJ : ~1rnnv1i,1n Br834 ~Limu'I.J'cl1t-11,h-ii1'le.J~l.Jll1Jii1'lrh.:i'iii;i,1~'l'I.J 1 :1; f'l : ~1,~flv'l"i1n Br834 ~ 
Lfmu'I.J'1l1\.115'11ii1'le.J~l.Jnu-ii1'lY-h-:i'iii;i,1~'l'I.J 1:2; -:i: ~1rn::mu 10% DMSO 
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4.7 m'iPim~1'l11'i'il~Atl'a!:n'el1.111PlfJ1fi thin layer chromatography 

n11'l LF111::i'llU"1~11'1M Atl,::n'tlU hi~1,~ n "1'v1t.J1U~1~"l1 n n11inrm1 L flt.! L"11 i"i'rl Th 121 ;,:i Ltlt.!,1~ 

vl'clU~t.l'cl-:!!lUn1n.Jfu~m1:;~~~(,11tJmmn·M11 PDB ~i1ri1r111mi>1iii;h-:i 7 nu YiU')1!tlLLUU'IJ'cl'1~11~'lLF111::i-11~ 

i-li-:ir.i1mitNLt.!'cl1'\!111 PDB u-:i1l-iLLvln~h-:int.i-n"1L"lt.l ~1,~n~i-ltnui-:ii-1iJ"1lh::n'rlU~')t.J~1,tl1::n'tlU >2 'l!U"1 ~i1ri1 Rf 

~1-:in1.JL~m1flt.J (i;i111-:i~ 14) LL~i-li-:ir.i1ni'.m1Li1t.it~1Yli1tJ,.,,,rn~'rl1t.imi-11,m~1-nil~~1-:i7 ~Lv11uii~hmf1niu YiU'l1 

~1,~n"1r.i1m1~Lim1umm1~1-:inu 1ihtlLLUU~1,'tl-:irhh::n'tlu~1-:inu (v1111-:i~ 15) 1t.i~1,~n"1r.i1m1L~ut~1vM 
~ 

Th121 ~Liu-:i1u PDB u~:: YMB =B-:iLuumm,~Li-lm::~ii YiU~11tl1::mru 3 tJ-:ir11.h::nflu ~LUt.i'cl-:ir1tl1::m1rn~u (1l1Yi 

Y17) 

r111lJLfllJ (ppt) ~1,tJ,:;n'clU~YiU 

0 2,3 

10 1, 2 

15 1,2 

20 1,2 

30 2, 3 

. ,, . 
VJL(;l1t1ii~1uv.1 nit.i 

'tl1i-111 ~1,tJ,::n'ilU~YiU 

LNB 4 

0.5 PDB 2,3 

PDB 1,2 

SOB 1,2 

YMB 3 
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Lt,11tJl-J"'l1n'W1ni'W; n: 0 .5 PDB, 'll: PDB, l'l :YMB, ~: LNB, "'l: SOB 

• 

• 

• 
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l t, .. , ..... .,l:,..., A .. ""' Qi 
4.8 fl'lHl6li'l'iil Ufl11alfl'U.11'iCI U01'ifl'i'l./li'l1'iU'i!lUi;t 1JL'i!li;t O!IU!I./IL11'iil"!flUYI 'i!I LU'iil'l\1'l'iU11./I 

1.~v.1Li?l1.1.?Jf'l~Lul1'1:1;'Vl~A'~b~?Jnu.~"J -h1 .. mJ 7 ~11:1~-uif ~?l A 1-3. A3-3. A 11-8. A 11-9, A 16-1. A 

16-2. Lbfl:: A 19-5 ln'Vl~~?l'Uf'l'l1:IJ~1:1J1,'1~!f1~~1m?J'U~L'UL?J~mT1Jrl'~Li?li~u'Vl1tJ'Vl~~?l'U (Methicilin Resistant 

Staphylococcus aureus. Micrococcus luteus, E.coli, Candida albicans. ) L'U?l1t.nni1:1~bi?l 5 'l!U~ 1.~u.ri?J1\.l1, 

International Streptomyces Project 2 (ISP2), U.f'I:: ?11\.111 ISP2 vib~:IJ~1,?l1\.l1rnn:1J'l!1~ b"l!'U ISP2+soybean meal. 

ISP2+ oatmeal, ISP2+ tl1l1'u~1 ISP2+ tl1l1'u,Jm n:1.1J~bWl:l1JLvi1:1un1,~h~~1,?J?JmJV1if6mT~1fiuV11t1L'UtJ?J1m, 

Glucose Yeast Extract (GY), ?11\.11, Antibiotic Production medium 2(AB2). International Streptomyces ProJect 2 

(ISP2). T rypticase Soy medium (TSA), Starch Casein Agar (SCA) (L911:i'1~~ 17) C-Jf'ln1,'Vl~t'l?l'U~'U~1 bi?JIJ.?lfl~L'U 
., ., 

,~:1.1~~~1:1.11rntTmT~ MRSA P 39 (Methicilin 
' ., ., 

Resistant Staphylococcus aureus P39)Mffi MRSA P37 LL~::(MRSA SP 22 u.ti::~n~11:1~uif?J?1mp11ilif1Jtl~b'n'el 

'Vl~~'el'UL~~ u.ti::Lllu~u.'lli~~1'el1m, ISP2 L'UtJ'fl1\.l1~Li?Ju.?Jf'l~h.1l1'1:1-li'Vl~'ltJL\.laj~!f1~~1'ffi?JmJ'Vlif~mn 

(t,11,1~vi 16, 1 7) 

t,11,1~~ 16 mffi?Jn9'Vliftl'u6'~bi?J-,~u'Vl16 L~?lJ1:1~~'l1:J'fl11,n,~L~1:1.1~'l1:J'fl1m,nn:1.1'l!1~1911~ 1 nu 'll'fl~LL'flf'l~Lt.1lT1:1-liV1 

~bbl:l n'l11n-tl1'l!1mf'lt.1 

Antibiosis to (cm) 
M MRSA 

Isolate ID Medium luteus E.coli C. albicans SP37 MRSA P39 

54-4 ISP2+oatmeal - 0.5 - 0.7 0.5 

ISP2+sovbean meal 

ISP2 + sesami 
- --- ---· --- - ----------- - . - ------ ---------- -----

ISP2+ fishoil 

ISP2 

A1-3 ISP2+oatmeal - 0.6 - 4.3 5 

ISP2+soybean meal - 0-5 - 4.5 5.5 
ISP2 + sesami - - - - -

1SP2+ fishoil - - - - -
ISP2 - 1.2 0.2 1 1.2 

MRSA 
SP22 MRSA P39 

A3-3 ISP2+oatmeal - 1.3 0.2 1.2 1.5 

ISP2+soybean meal 1.5 - 1.2 1.5 

ISP2 + sesami 1.8 d 1.5 1.8 

ISP2+ fishoil 1 0.6 >4.0 >4.0 

--~-
1.8 0.3 2.1 1.9 

----------- -~--------~-- - ------- --------·- ~--

A16-1 ISP2+oatmeal - 0.7 - 0.6 0.6 

ISP2+soybean meal 1.2 - 1 1 

ISP2 + sesami 0.9 - 0.8 0.8 

ISP2+ fishoil 1 - 0.5 1 
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ISP2 3.5 - 1 2.5 
A16-2 ISP2+oatmeal 0.7 - 0.6 0.6 

ISP2+soybean meal 1 - 0.9 0.9 

ISP2 + sesami 0.8 - 0.5 0.7 
ISP2+ fishoil - - -

ISP2 2.3 1.2 1.8 >3.0 
scarce scarce scarce scarce 

A11-8 ISP2+oatmeal growth arowth growth growth 

• ISP2+soybean meal 3.8 NG 3.5 3.5 
scarce scarce scarce scarce 

ISP2 + sesami arowth orowth growth arowth ------ -------
scarce scarce scarce scarce 

ISP2+ fishoil arowth orowth orowth orowth 

ISP2 5.2 1.5 2.8 5 

A11-9 ISP2+oatmeal 0.6 - 0.6 0.6 

ISP2+sovbean meal - - 0 

ISP2 + sesami 0.6 - 1 0.8 

ISP2+ fishoil 0.2 0.2 0.2 

ISP2 1.7 0.2 1.2 2 

• 
4 

1:::t1:::n11irmT~n1:n~1qJi.i'e1b"ll'e1'Vl~i1l'el'IJ (cm) 

Isolate ID Medium M. luteus E.coli C. a/bicans MRSA SP37 MRSA P39 
CH 54-4 GY - - - - -

SCA - 1,1 - 1.5 1.6 
AB2 0.3 - - - -
TSA - - 1.5 - -
ISP2 - - 0.2 - -

A1-3 GY - - - - -
SCA - 1.0 0.1 1.0 1.0 
AB2 - >3.5 - - -

- ---- --- . -- - --- -- r-- ------ -- - - - ------ --- -- - - ---- ----

TSA - 0.3 0.1 0.3 0.4 
ISP2 - 1.2 0.2 1.0 1.2 

A3-3 GY - - - - -
SCA - 1.8 0.2 1.6 1.8 

- - - ------- - - ---- -- ----- ---- -- ----- --- -·--· ----------

AB2 - >3.5 - - -
TSA - - 0.5 - -

ISP2 - 1.8 0.3 2.1 1.9 

A11-8 GY - 0.9 - - -
SCA - 3.0 - 2.8 2.8 
AB2 - 1.6 - 2.2 1.8 

• TSA - 3.1 - 3.0 3.3 
ISP2 - 5.2 1.5 2.8 5.0 

A11-9 GY - - - - -
SCA - 1.2 - 1.1 1.2 
AB2 - - - - -
TSA - - - - -

ISP2 - 1.7 0.5 1.2 2.0 

., 
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A16-1 GY - - - - -
SCA - 0.6 - 0.7 
A82 - 1.2 0.1 1.1 1.2 
TSA 
ISP2 - 3.5 - 1.0 2.5 

A16-2 GY - - - - -
SCA - 0.7 - 0.6 0.8 
AB2 - 0.9 - 0.8 0.8 
TSA - 0.5 - 1.1 1.2 
ISP2 - 2.3 1.2 1.8 >3.5 

b~'elnU.'ell"l~L'\.l31'£J;1'1'1~1-i'i~1ffi'eln9'Vlif U.fl:::1J11~1m~\.1lfn~h~.1M(911.J ~')£! ~'el A 11-8, A 16-1 bLfl::: A3-3 

m'Vlvlfl'el1Li£111ii'e!L'\.l'el1'Vl1:i'L'Vlfl'l ~1 5 "l!'Wl ~'el 'el1'Vl1, ISP2, AB2, GY, SCA U.fl:::'el1'Vl1:i' TSA L'l.lflask "ll'l,l1vl 250 ml 

~~ru.VIJJ~ 30 ° C L"llthihm11 ~'l£Jl"l'l1:I-.IL;'l 110 ffi1.J 11i'el'l.l1'Vl b'U'Wb'lfl1 10- 14 •fo ~fl(?l~'J£J ethyl acetate/ 

methanol/Chloroform/methanol (~un,;i1~1~:::'elfln'Vl:l-J(?J 'Vlffi,i'Wfl1.J~1:i"'ll'el1Li'elu.liif'l:::"l!il(?l'J1~1:l-J1:i''1fl:::fl1£JL'\.l[;l'J'Vl1 

fl:::fl1£JL(?l~~n,;i1) LL~'l,:::mmm solvent 'el'eln ~'lml"l1'el1 evaporator U.~'lLT11.J~1~Lvli:w vial ~'Vl,11.Jll1wirn 

(911i11~ 18 LLM1~1u1u'el1f'11h:::n'el1.J"ll'el1~1. ~L~u1~ 1.J'l.lbLe.i'WLM:l-J1 L'VlLLnrn ~1.L:l-JWtL1.JLfl'Vl~~111~"ll'el1U.'ell"l~'i:'l.l3T£J 

;J'Vl~J£11L'W'el1'1!11:i'b'l!lfl'l GY, SCA, AB2, TSA bbfl::: ISP2 

Medium GY SCA AB2 TSB ISP2 

Isolate ID 

A3-3 6 No growth 7 8 6 

Al 1-8 4 No growth 6 5 6 

A 16-1 7 No growth 5 8 7 

~1wn~V1m1.J "ll'el1U.'ell'lwi'i:'l.l3T£J;1'1'1"ll'il~l1i11 1 bri'elbi£11L'WmV11,lii11nu Yi1.J'l1bi'el'll'U~b~mnum~~¥11~1. 

'el'ein9'Vli~u.(9lnlii11n'Whl (~1mmruu.f1:::'ll'U~) ~'Wfl1.J'el1'1!11d~H'.im b'l)'W U.'ell"lwil'W:IJ£1;1'Vl A3-3 ~1mw~¥11~1.L1.JL'e!U.'eli'l'Vl'Y1 

1~1:i1 8, 7 bbfl::: 6 ntj:l-J ~1."f'i1 Rf lii11n'i.l'tl'elnh.J1.'Wm1ntj:l-J~1. L'W'el1'1!111b'Vlfl'l TSB, AB2 u.ri::: ISP 2 1111:l-J~1~1.J (L'W 

mV11, SCA b~'elbJL~1'1J)U.'ell"l~'i:'l.l3T£J;1'Vl A 11-8 ~h1 ~1.11.JL'elU.'ell"l'VlY1L~ 6, 5 u.ri::: 4 ntj:l-J L'W'el1'1!11• ISP2 . TSB u.fl::: GY 

1111:l-J~1~1.J (1.umV11, SCA L;'elbib~1ru)~'l'W bb'ell"lwifo:1fo,h1 A 16-1 ~111~1.11.JL'elbb'ell'l'VlYlL~ 8, 7. u.ri::: 7 ntj:l-J L'W'el1'1!11• 

TSB, GY u.ri::: ISP2 i.t1:i..J~1~1.J 
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mri'Yl 7 1.1.~~-:i r.;1'l..!'l'l..!~1rilbi'.h.1fl-:iff1b-::nfluflzj1.'l..!~1ffifln9'Vlif u'l..!1.1.t:-i'l..!'Ll"l:t:1-11'L'Vl1.1.m-:1-1 Lilflu1~1:t~n~,m1u •nmifl 

bb'el "1 ~b 'WT ti ;i'V] Lilfl iti-:i ~'lf.J'el1\l 1:i'l,h-:Jn'l..! ~ ::'Yl'U~1.;1'l..!'l'l..!fl-:I ff t.l:t::nfl'lJ,Jfl-:J~1:t~::bbl,l n 1,11-:Jflfln 'l.tl 

Isolate ID ISP2+Glucose Oat meal Kidney bean Soybean meal Wheat bran 

CH 54-4 0.1107 0.0470 0.0566 0.0340 0.0195 

A1-3 0.320 0.1218 0.0566 0.0363 0.0421 

A19-5 0.2248 0.2137 0.0477 0.0480 0.2015 

Lilfl bimbifllJ.fll'l~b'l..!3TtJ;'Vl~'lf.Jtl1\11 :i'b\lM ~1nn :i':i':I-J'll1~b'Ylf.J'Un'U Lilflbiti-:iL'l..!fl1\11:i' ISP2+ glucose ~:; 

'YltJ~1 fl1m:t ISP2 tT-:ibi'.l'Wfl1'\.11~1J.flf'l~b'WTt1;l'Vl'll'il~i,l1-:i 1flr1-:Jfl1ffifln'J'Vlif'l.~:1-11nn~1fl1'\.11:t~1nn:r:t:1-1'll1~~'l..! 1 ~ 

U1:I-J1'Vl~~'eltl i-:i'\,l:i.J~ b,i'l.,l'e)1\11:Ml1'l 'L£1,1 5'llJ.~,:j 5'lb\l;fl-:J 1J.fl::hif 1'l 

4.10 elflfl1'iffn'li1fl1'i'rh Bioautograpgy Assay 

.di! a .J~ ,.t, t, 

b:I-Jfl'l..!1~1ffif1~'\Atl'ltJ,Jtl-:!~1f.J~'l..!{ A 1-3, A3-3, A 16-1, 54-4, 54-5 A 11-8, A 19-5 'V1 w1 :1-11 fl::fl1f.l~'lf.J 

DMSO (Dimethyl sulphoxide) ~1ut1n~11Ln?l~~u~fiVl1~Li°lnJ1Lvin11~~'Jtll~ (Thin Layer Chromatography) lf'lti 

U1fl1:tfln~'!Atl1tl~1m~t11J.M~b'l..!3Tti;l'V11.1.1,1fl:: strain m spot fl-:Jtl'l..!IJ.t:-i'l..! Silica gel 60 F 
254 

(Merck) 1.1.~'llJ.tJn~'ltl 

Chloroform : Methanol 9: 1 L'l..! Chromatography tank vi11"''Vl:t1'U~11J.tll"l~b'l..!3Tti;i'V11.1.i,lfl::~1t1~'l..!{tl''l..! ~1:i.J1:i'Clfl11-:Jfl1:i' 
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-u1iq11iqfll'l'\,l£n'U"l1nL~ilU.ill'l~L'WT£J,l'Vlu.vii;.:: strain :in spot ~-!l'U'UU.e-i'U Silica gel 60 F 
254 

(Merck) U.~'lU.rln~'ll"J 

Chloroform: Methanol 9: 1 1'U Chromatography tank Yi11,h•'l11'1J'l1bbilf'l~L'UlJtJ'jj'VIU.vii;.::~1tJ~'Ulf"il'U ~1:i.nit1~h-!liq1:t 

~'\,lfl11"l'l!il~ u.i;.:: •nnm:t~mt1 Bioautoassay 'Vi11°"'Vl:i'1'U'J1 LLvii;.::iq11"J~'Ulfi.'lh~iq1ffiilm]V1i\Ji':innn-i1 1 iq11 

(1,1111,:i~ 20) L5ll"lii MRSA22 LU'Ub;il'Vl~iqil'U 

MRSA 22 

n~m11:t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

., 
LL~~~c.Jflant1~n11~nM1 Bioautography assay °ll'tl~IJ/el"~b~tJ;'Vl A 1-3, A3-3, A 16-1, 54-4, 54-5 ~~b~fl 

fl1 R, 'llil-!ln~iiiq1ri11h1n{]u1Ju.e-i1J'i:l'lnn'i:Y1u.nni 

A1-3 A3-3 A16-1 

0.5609(+) 0.0300(-) 0 0170(+) 

0.8414(+) 0 0850(-) 0.0820(+} 

0 1280(-) 0.1350(+) 

0. 1700(-) 0 1760(+) 

0 3650(-) 0.2240(-) 

0.4570(+) 0.6350(-) 

0.6400(+) 0 8940(-) 

0.8170(+) 

(+) ii1P1'l1iiiq1:init111JmnTu!:T,:iL;'el'Vl~i.'l-Bu MRSA 22 

(-) hi~1mnitiutT-:iL;'fl'Vl~~'fl'lJ MRSA 22 

54-4 

0.2317(+) 

0.2804(+) 

0 3353(+) 

0 3963(+) 

0.5670(-) 

0.6280(-) 

0 6890(-) 

0.7560(+) 

0 8902(-) 

54-5 

0.1066(-) 

0.1800(+) 

0.2266(+} 

0.2600(+) 

0.2933(+) 

0.3133(+} 

0.3466(+) 

0.3733(-) 

0.4000(-) 

0.4600(-) 

0.5600(-) 

06733(-) 
--

0.8200(-) 

0.8800(-) 

4.11 Yi1fl1'ili1Ji1!Ylit11~fl1U "11!1 Column Chromatography LLfl:: TLC 

~'eJU1L~"flU.'ell'l~L'Uliti,l'Vl~i.'lri-:i~,1'e1TJnf;j'Vlil~u.~,:i~~ :inLil"l-!IL'U'l.fimru:innt'U L'U'e11\111L'!Jf.'l ISP2 ;,:i 

1.h::n"fl'U~'ltl L;"elU.'ell'l~L'Ul4£l,l'VI 54-4, A 1-3, A3-3 u.i;.:: A 16-1 L5lmimL;'eJU.'e)f'l~Ltil4tl;l'VI 'U'U"l1'ULYn::L;''el b~'el 1m~ 

i.'l'LJ'el!fr~Tlm:i.nruii1n ~ 30 ° C LU'UL'lf.1 3-4 'ltifl'el'Uci,m~'elf.-!IL'U flask 'IJ'U,~ 1000 ml 4-6 flasks ~Tli.'lll~i.'l1:i'~'ltl 

ethyl acetate U.f.::'IJ1'el chloroform: methanol 2: 1 ~1'\,lnJLiii'eJU.!lf'l~L~tJ;l'VI 54-4 1~~1:i"VT-!l'\,l~~ 0.150 g/1 ~!lYl1 
., 

fractionation ~'ltl Colum Cromatography (Lfl'IJ fraction f'lf-!lf.:: 10 ml} U.~'l ~-!IU1fl1:i' :in spot fl-!l'U'UU.e-i'U Silica 

gel 60 I.I.fl:: u.rmi.'l,ffi'elnroi1nn'UP1'ltl Chloroform : methanol 91, 8 2, u.i;.:: 7:3 (~Wl'IJl.'l1ri1~roi1n fraction {;11-!l 7) 
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u.~::1~~1~1:tr.i1m~t1U.tlPl~b'U34£Ji'Vl A1-3, A3-3 ~1-l'i1 Fractionation ~':1£1 Column Chromatograpgy 111tlL'U 'L~mj~ 

r.i1n~1ffin~'\,1£]1'lJ A 1-3 m~,ru 0.1791 nnJ t:J~n1:tU.£Jn~,:t~f)~'\,1£11'lJU.~Mi;)-.:J!>11:i'1_,,~ 21 U.f'l:: A3-3 L'U!>11:i'')-.:J~ 22 

., - . fraction 

. - ., 
t:Jf'lm:tn~ fraction :t::'lJ'lJ!>l':l'Vl1f'l::f'l1£1 U,'\,1-Unu.'\,I_,, 

(nf~) 

1 
Chloroform 0.0162 1 

2 
Chloroform 0.0051 2 

3 
Chloroform: Methanol 3:7 0.0532 3 

4 
Chloroform: Methanol 3:7 0.0128 4 

5 ' Chloroform: Methanol 2:8 0.0029 

6 
Chloroform: Methanol 2:8 0.0030 5-8 

> 
7 

Methanol 0.0021 

8 
Methanol 0.0019 

__,, 
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' ., 
9 

Methanol : Acetone : '11 0.0014 

4: 4: 2 9-10 

10 
., 

Methanol : Acetone : 'W1 0.0009 

4: 4: 2 .. 

fraction iif'l'Vl1~::::~1tl '11·wtlnu. "'-:i(nnJ) e.J~n11n:1.1 fraction 
-----------·-

1 Chloroform 0.1228 ' 
2 Chloroform 0.0470 1-4 

3 Chloroform 0.0274 

4 Chloroform 0.0235 

-
• 5 mix 0.0120 5-6 

>--
6 Chloroform : Methanol 90:10 0.0159 

-
7 Chloroform : Methanol 90: 10 0.0193 7-8 

>-
8 Chloroform : Methanol 90: 10 0.0223 

9 Chloroform : Methanol 90:10 0.0247 9-10 

10 Mix 0.0271 r 
11 Chloroform : Methanol 80:20 0.0218 

12 Chloroform : Methanol 80:20 0.0287 

13 Chloroform : Methanol 80:20 0.0276 11-16 

14 Chloroform • Methanol 70:30 0.0245 
---------- ---- --------~--~------~-- --~---- ---

15 Chloroform : Methanol 70:30 0.0084 

16 Chloroform : Methanol 70:30 0.0019 

17 Mix 0.0148 
)I 

18 Chloroform : Methanol 50:50 0.0179 17-20 

>-
19 Mix 0.0036 

• 20 Methanol 0.0093 

• 
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,. 
- 0 fraction t;l'l'Vl1fl:;fl1El tl1...,,,!m.1.,l~(n¾'l-l) t-Jfln1:ln:IJ fraction 

1 Chloroform 0.1285 1 

2 Chloroform 0.0030 2 

3 Chloroform 0.0012 3 

4 Chloroform 0.0022 4 

5 mix 0.0014 5 

6 Chloroform : Methanol 95:5 0.0149 6 

7 Chloroform : Methanol 95:5 0.0062 

8 Chloroform : Methanol 95:5 0.0035 > 7-9 

9 Chloroform : Methanol 95:5 0.0047 

10 Chloroform : Methanol 90: 10 0.0216 

11 Chloroform : Methanol 90:10 0.0089 > 10-12 

12 Chloroform: Methanol 90:10 0.0028 

13 Chloroform : Methanol 90: 10 0.0008 
I 

14 Mix 0.0045 13-16 I 
I 

> i 
I 

15 Chloroform: Methanol 70:30 0.0064 

16 Chloroform : Methanol 70:30 0.0006 

17 Mix 0.0124 
i - ---·- ~--·- ·--·--- . ·-·· -- I 

18 Chloroform : Methanol 50:50 0.0081 > 17-19 I 
I 
i 
I 

19 Mix 0.0032 i 

20 Methanol 0.0093 20-21 

• 

21 Methanol 0.0113 

bi1?Ju1~1ril,i'h1,~\j}~'Vlfu.~'l~'lEl Column Chromatography m1,1n-,~m.J9'Vlfir1J6-'l11im;'?l'Vl~~?l'IJ t1Mf-'l 'Y'4'1J';J1~1:I~ 

'Vi111"1J:i-~'Vlfm-'l~'l'l.!.-,1nlJn~1mr'I.!( il~1'1.!'l'l.!?l-'li-1'1.h::n?J1J~bD'l.!~1rei?Jn9'Vlimn;''l.!mn 1~,;i1-,:;bi]'I.! A 1-3, A3-3 '\,11?1 

A16-1 ~-'11911:11-'lvi 24, 25 U.fl:; 26 
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fraction 

1 

2 

3 

4 

5-8 

9-10 

., 
'W1'Vl"Wnu.,X-:i (nf~) f'i1 ~ 'll'el-:iu.r;i~:::ntj~~1:i 

1 2 

0.0162 0.5469 0.7679 

+ + 

0.0051 0.8066 

+ 

0.0532 0.2544 0.6804 

+ -

0.0128 0.1538 0.7514 

+ -

0.0099 0.1803 0.5519 

+ + 

0.0023 0.0437 

-

- -
+ iJl"l':l1~~1~1:i'l:IL'Un1:i'tl'!Jtl-:Jb;'el'Vl~~ti'IJ (MRSA P86) 

- b.J~1~1rnri'IJ£1'-:Jb;'el'Vl~~'el'IJ P86) 

3 

0.7158 

+ 

4 

0.8579 

-

l.9l1:i1-:i~ 25 u.~~-:it:mn1:i"Vl~~ti'IJL'IJLtititi'i:l.9ln:i1Yl'llti-:ib~ti A3-31un1:irimT-:in1'.i'v,1qJ'llti-:Jb~ti'Vl~~ti'IJ MRSA H78 

., 
tl1wwn l'i1 ~ 'll'el-:iu.r;i~:::ntj~~1'.i' 

., 
U.'Vl-:J 

(nni) 
1 2 3 4 5 6 7 

fraction 

1-4 0.0090 0.3380 0.7660 0.8550 0.9330 

- + - -

5-6 0.0041 00770 0.1940 0.2500 0.3330 0.3830 0.8270 

+ + - - -

7-8 0.0039 0.0550 0.1270 0.1880 0.2380 0.3830 04440 0.7000 

+ + + + + + -

- ------- -----·- ·- -- - -- ---- ·-

9-10 0.0059 0.1330 

+ 

38 
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11-16 

17-20 

0.0350 0.0550 0.1000 0.2380 

+ + + 

0.0035 0.0330 0.1000 0.2330 

+ + + 
., ., 

+ iJf'l'l1:IJ!:'l1m:i'tJL'Un1W'!Jtl~L;'tl'Vlflf:'l'tl'IJ (MRSA H78) 

- l~t'l1:IJ1W6'1.J£1'-:JL~'tl'Vlflf:'l'tl'IJ (MRSA H78) 

111111-:i~ 26 LL~fl-:Jt-Jf'l m:i''Vlfl ~'tl'!Jl'IJ L'tl'tl'el ti;i n:i'1vl'll'tl ~L~'tl A 16-1 1tJ.n116mT~Li'tlvi fl~'tlu M RSA P45 

fraction 

1 

2 

3 

4 

5 

6 

7-9 

10-12 

13-16 

17-19 

20-21 

\l:IJ11"Jb\ll,j 

., 
0 ~ ., 

f11 R1 'll'tl-:JLLl>if'l::ntj:IJ~1:i' 'I.J.1\l'UnLL \1-:J 

(nf:1.J) 
1 2 3 

0.1285 0.1345 (-) 0.9122 (-) 

0.0030 0.0643 (-) 0.2397 (-) 0.9064 (-) 

0.0012 0.0529 (-) 0.1941(-) 0.2235 (-) 

0.0022 0.0647 (-) 0.2000 (-) 0.2235 (-) 

0.0014 0.5853 (-) 0.7012 (-) 0.7865 (+) 

0.0149 0.5487 (+) 0.6219 (+) 0.7256 (+) 

·- -- ----------------

0.0144 0.36477 (-) 0.4402 (+) 0.5094 (+) 

0.0333 0.2955 (+) 0.3522 (+) 0.3836 (-) 

0.0123 0.0389 (-) 0.0947 (-) 0.1688 (-) 

0.0237 0.0389 (-) 0.0714 (-) 0.1168(-) 

0.01476 0.0413(-) 0.1448(-) 0.2896 (-) 

-- .. -··· ·----- --------~-

(+) aJf'l'l1:IJ!:'l1:IJ1:i'!JL'Un1:i>6m1\J'tl'Vlflt'l'tl'IJ (MRSA P45) 

(-) ~~1mn16u£1'-:iL~'el'Vlfl~'tl'IJ (MRSA P45) 

4 5 

0.9117 (-) 

0.8823 (-) 

0.9207 (+) 

0.7865 (+) 0.8597 (+) 

---- ---- ------ - ----

0.5974 (+) 0.7106 (+) 

04402 (-) 0.5660 (-) 

0.2727 (-) 0.3831 (-) 

0.1623(-) 

0.6551 (-) 0.7793 (-) 

-------- ---- -------

39 

6 

0.9451 (+) 

--- ·---·--- - -

0.786 (+) 

0.6729 (-) 

---- -· -

"l::L~'U1MflL"l'U11 Lb'tlf'l~L~ti;lvi 'l')n 1~1t1~'Uif iJ'el~i1h::n'tl'IJ'll'el-:J~1:i--'tl'eln9'Vli'tlzjd"lu~1'U'l'U:IJ1n L'i\Yn:: 

LL'elf'l~L~ti;lvi A16-1 ~1t1~u{L~tl'lllL"M~1:i--'eltln9Vli "l1n'l')n 1 fraction :i"l:IJ!l'U:IJ1ni:i-:i 15 'tl~"'11h::nm.J (191111~~ 26) 

"l1nn1:i'ltl:i"l"lt'l'tl'!Jfl'Vli6urT~bbf'l::f'lru.~:IJ'U~'Vl1~f;fo.l:j1'W,';j'YltJ1 ",'j'IJ'l1 A 16-1 bbf'l:: A 16-2 b1J'U'D'Uflb~mrfa LLf'l:: A 11-8 ·1 • .. 

1'1¥t-Jf'l ~i'flb"l'Ui.im·l'Yliti'IJ6~ r.;-:i~1rJh11m-v'h fractionation 
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mV111~u;i!t1:1-10,1ntl1niu~'W~t:J1.UJtl1vi:::Lfl bi!tll"t'l1:IJ ~:1-1'lwe11V111 2:20 ppt 11Ltl'U ~ 1vh1f.'l½'1-:if.'l1tritl 9vii,i'lm'Yi 

'W~Vl 1tl f.'l ½'1-:i 1111-utltJ:IJ 1 n l'l ruf.'l :1-1mitlf.'ltl Pii'l ~'el-:1 ll'l.J n m1 u~u7 ~ ~ 1-u:1-11 'lu11vi::: Lfl il 11m1u'i 1 nvi::: Lflfl'JU 'l Vlajf.'l ½'1-:i 

f.'l1triTl9vii,i'lm'Yi~~'luJ1n«u L-ri'el-:i-,1nhi~'el-:!~(1JL~t1Yi~-:i-:i1u'lun11f.'l½'1-:if.'l1n~T.l'Untl'el-:ii,1UL'el-:l.,1ni'l'J1:IJ~:IJ 

(Bugni and Ireland, 2004) L'U'UL'ULl11'J1f.'l:1J:1J~~1uUf.'l1mrn'l11:1-11'linm1L'el'ULP1Lvlvi1u-rl'll'll1mflu~ Lil'el-:io,1nil11L'el'U . "" 
~Lvl'l'lo,1 nvl'll'i11mt'lu~n4'PiL'U'U11Vl:::Lmh:::LllVlVli1-:i (Miller. 2000; Proksch et al., 201 O) 

i'l'J1:1Jf.'l:1J\jtCU"lltl-:lf.'l1~1V111ilfl'J1:1J~1~(1JT.lri1-:i:1-11n i;iT.ln11f.'l½'1-:if.'l1nT'l.J6-:i11f.'l1LV119Jb:i'i'IY1"ll 

extract LLfl::: malt extract) 0.3 nf:1-1i;i'B~i,1:i' (Motti et al, 2007) 'l"t:Jflf;J1-:l'B'BflL'U'Bri1-:iiP1LO,'U 'U'tlno,1ni'l'J1:1Jf.'l:IJ\j:i'CU"ll'el-:I 

f.'l1ffi1'\-11:i'LL~'J "ll'WP1"ll'el-:lf.'l11'el1Vl11'fl1',illfl'U~1~(1JL'll'UL~mnu .a-:i,11~0,11ru1'el-:i~,J1:::n'fl'l.J"ll'fl-:l'B1Vl11 POB Lbfl::: SOB 

'lu,;f 1-uLL Vlfi-:i 1 Uli,1:i'L o,ULLfl:::LL Vlfi-:i i'\1 fu'tlu 'l U'B 1V11 ni t1-:ib ~'fl bb~ 'Jo, :::Yi'l.J 'i1ii 1-,:::il'el-:i~ i.J1:::n'tl'l.JP11-:i nu 'CPi m -u'Yi 1:::'B ri 1-:i~ -:i 

LLVlfi-:IL'UL!,11Lo,'U~-:lb'U'ULLV1fi-:i'fl1Vl11~1Vlfumrn~i,1L:1Ji,11'1.J'flLfl'l'l"ll'el-:l:i'1 (Li at al, 2007) Abbanat et al. (1998) nt1-:i1u 

'J1 'el1Vl11 SOA iJLLVlfi-:lfl1fo'el'U (glucose LLfl::: maltose) 20 nf:IJPl'fl~l,]1 bbf'l:::bbVlfl-:!L'UL!,l:i'bO,'U (pep tone) 10 nf:IJPl'el~!,11 

"lln!:::~ POB iJLLVlfl-:li'l1nJ'fl'U (dextrose) 20 nf:IJPl'B~l9l1 LLVlfl-:IL'UL!,l:i'lo,'UL'U'U potato infusion (Oh et al, 1999) ~-:itl'u 

Lilu1,J~,;i1 t:Jfl"ll'el-:if.'l11f.'lnPi~P11-:inu"ll'fl-:I Th121 bLfl::: BR830 ~bim'lutl1V11t'llilPib~mnu i-:imru."ll'fl-:1 POB bLfl::: SOB 

(o,1ni,1111-:i~ 8) ,i1-,::;m-,1n i'l'J1:IJLL!,l np\ 1-:i"ll'el-:lf.'l1ffi 1m1~ dJuLL Vlfii-:i L'UL!,1:i'Lo,u U'fl mwu.T.lo,1n l'Jn!f.'l:1J'l.J°1i~1 b'Yi1:::"ll'el-:lt1 

L'B'ULPiL'Yl'l'lLTl-:!Vl"i'fli1-,"fo~u7 ~6-:i'W1~~n"M1 'lu~tl i-:i Th 121 LLf'l::: BR830 f.'l1:1J1wf.'lh-:if.'l116rnJ-:i11f.'l1LV119JLt~Y1'il~~ 

Yi'el~'J:i' 'lu YMB b'U'UL'U~'J1'fl1',ilLLVlfi-:i1uTuitb",'U~bVl:IJ1:::f.'l:IJYi'fl~'J:i'M'fli-:i Th121 LLf'l::: BR830 

-,1nm1~n"M1Yi'l.J'i1L'lf-l1 3-14 ,fo 'lun11Lit1-:i11 'Wilt:Jt'lM1-:inu'elri1-:iihrt1~1~(1JP1'fl mrn½'1-:if.'l1W'l.J6-:i11f.'l1 LVll9J 

'Ci~vl'll ~-:i LU'Uf.'l11'VJ &iti,Q ij 'el1., L il'fl-:i-, 1 n'l.JU'fl1Vl1 t~f.'l:IJ\jtCU 11 f.'l1:IJ 11m., 1(1) ~tlri 1-:in Pi L1'l'Yl 1 'l"dh ~t:::tJ::: sta tio nary 

~'elri1-:inP1L;'l 1:::t1:::L'Jfl1Lim11L'tl'ULP1Lvl'l'l 3-14 ·fo 'l"t:Jf'l'lumw'l.J6-:inh~vl"ll~hiLLt;JnP11-:inu ~J1ri~~-:inrn1ri-:i1u 

"llil-:1 Vichitsoonthonkul et al. (2008) ~~n"M1f.'l111.'lllP111L'el'UlPil'Yl'l'l.,1nWuil'W.19l1tJVltl1nPl'eln1ffi1Jff-:iu:uflvh1mi'el 'Cm 

Vlf'l1ti"llilPi Yi'IJ'J1f.'l11f.'lnr1~Lim11~1:::t1:::L'Jf'l1 7 fo 14 fo LLfl::: 28 iu 'lu'el1V111 POB 'l'IXt:JflirrnT-:i'WLLi;inp\1-:inu 'lu 

'Yl1U'B-:IL~mnun11~116-:ihJf.'l½'1-:if.'l116'1.J6-:i11f.'l1LV119Jhflvl"ll Li1'BLim'lu LNB mu 14 iu ?J10,Lilmm1:::11il"e1t;Jt1m1 

Lo,1(1)~ 1 ~-:i6-:i 'WLi1~1:::1'.1::: stationary Vli'rliJLL Vlfl-:1 L'W l!,11bo,'W L~L 'Yil'.l-:!Yi'el~1Vlfun1tt:J~t;JL:IJ!,l1'1.J'el Lf-l'l'l 

t:Jf'ln1t~ntt1i1-,4't1~u~1uih-:i~uut'l:::f.'l:1J:1J&i~1u~nfi1'Jm 6-:ihif.'l1mrnMi.J~'i1Ltlu-,1-:i~1V1fu11L'el'WlffelL'Vli 
d.9 q d.9 .. 

1Ylvi1ui.J1"ll1tJLfl'Wir-:iiJ'W:1-11rn.rn (Lin et al. 2005. Xu et al, 2009; Chaeprasert et al, 2010) 
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~e.Jfl n1 ffi1Jtl'1 '.i'1 ~, L 'VI !,j L'.i'l"l'Vi'!! L~tl'ifi coc ultu re U\J/el 1'\!11 '.i'LL i1 LLfl :::e.Jfl n1ffi1J tl'1"ll'el1~1 ffi fl~,, 1 n n~ LitJ1 L 'W'el1'Vl1 n 'Vlfl'J 

bJ~'el~lil~'el11l'W 'Yi1Ji1Ld'elLU~tJ'W:1.J1Lim11i.-u~m1:::~L'Vl:1.J,:::~:1.J Th121 LLfl::: Br830 ~1:1.J1rne..i~1nft116mT111ft,L'Vll,J 

3 'J'W L'W'el1'V11'.i' 0.5xPDB LLfl::: PDB ~LlnW:1.J-,,n-tl1ni-u 

' ' ' t, 

Th121 iln1ffi111~116mT1n~1L'Vl~h1-1Yi'!! 

m'V11'.i' PDB 61Jtl'111~1LV1!9JL'.i'lil'Vi'!! 
.., .l'"""".... ..,. di ...... ~ 

C. gloelosporiodes b()>Jl91'Vlql91 "llN:::'VlL:i.Jmfltl1 Br830 L1.J'WL'Jfl1 3 

brassicico/a LLfl::: 

" 
~'J'Wn1'.i'tl1Jtl1 F. oxysporum tl1'elzjvh:::irn.~:I.J ('.i':::~1.J 2+) 

i.-un11~mntl'Yi1Ji1611:i.i~1:1.J1'.i'CJ'V11~.rrn:::~ L'Vlm:::~:I.JL'W'el1'V11'.i'L 'Vlfl'J yj~1e.Jfl W Br834 
., 

~111~1ffi1Jtl1'.i'1 

' ,, 
0., ., •• , "I" ...... ·-'I" - -~., 
'.i'1"ll1'J : "ll1'JTI11 1: 1 b'Vlt.lfll91'Vlq~ LLlntl1 b'Vlt.lfltl1Jtl1 b~L'tl'Yi1::: A brassicicola 

i.-u1:::~1.J ,J1-unm1~'el 1 + i1tlLil-eM-,, mT-:iilif-,•fo~-u 1"ll'el1n1'.i''Vl:wn i.-um'Vl,'.i'LL ,i1yj ile.Jfl!?l'eln1'.i'ft111~1'.i'ri'el9'Vlif 

,i,;i111'Yi'Vlffi mffin~ii nm n~ ~Mv'i, m1~mn L ~:1.J li\:1..1 'el,"ln:1..1~1~'el 1~mn~m,;i::: i.-um'.i'~ n i,i~ ,mfl:::~,;ivi,fl:::fl 1£1~ 

mm:::~:1.JL'Wn,ffin~ -,,nmffin~~'Jtl ethanol LLfl::: ethyl acetate Yi1Ji1tl1"l:::il~1~-u7 L~'elU'W'flzjmn L~'W~"l1n1(ffel 

ft,'.i'~n l91i'.lifo1ei~1 '.i'f!~,tl 1"ll:iT-uL~'fl,J'W (bJ1~uM11H) ~11~1nth,;im-,il9'Vlif ffutl'1n 11ri'fl9'Vlif"ll'fl1~1'.i"VI~ 111"l 1 n L'fl'WL~ 

1vhf 

~1'.i'~lll91yjtl1Jtl'11~ ti1"l:::b'lJ'W~1'.i'L'Wntj:1..1bJi1,T,;i'l,llffiihT,;i-w'flti 19l'J'elri11~1'.i'L'Wntj:1.J1:i.ii1,T,;i~c.h-un11~n~'Vl£111J 

(ffel'Jtl ethyl acetate ~1(ffel"l1nnL'fl'WL1911vh'l L,i'W deoxybostrycin, aloesol LLfl::: deoxytetrahydrobostrycin b1J'W~'W (KJer, 

2009) fi'J'W'.i'1L'fl'WL~1vhfyj61Jtl'1i.'W,T'W1n'fl'WLL'.i'nL"1ti~fi dual culture ~'fl'W1:1.J1~f1191~1'.i'LL~'J 1:i.i~1mrn6mT111h1-1vJ'!! A 

brass,cicola 

,Jful'i11-1,;i1m?1:I.J"l!'fl1'fl1'V11'.i' PDB 

LLfl:::~1ru1:::n'fl1.J~ 2 LLft::: 3 'fl1"lLtl'Wft1'.i''!!'W.191L~£l'Jll'WLil'el1"l1n'ellnnn1'.i'bfl~'fl'Wyjb'Wbbt-l'W TLC i.n~Lis)mn'Wmn Lb!?l n'l'.i' 

'V\1 TLC "ll'el1~1'.i'~ll~"l1nL'el'WL~1vli L~'flW'flt'V11'.i"!!'W.~~117 nuyj,Jfo1-1'11-1,;i1:1..1~:1.Ji.'IXL'Vl:1.J1:::~:1.J bL~l911i.'IXL'l'.i'Wi,JLL1J1.J"ll'fl1 

~1ffi1f'fi.J'.i':::n'fl1JYlLi.J~t1'W1i.J~unrnUl91'el1'V11'.i'yji,i Lim i.uft,'.i'ftlll91"l1nmV11'.i"Vlm:1..11:::ft:1..1yji.-n Lim11 L'fl'W Ll911 vli Th 121 

'Yi1J~11i.J1:::n'el1JyjLLl9ln1?1,1\1i'flillmruyj1,111"l1nyj'Yi1JL'W~,'.i'~lll91~Ll911ti:1..1"l1n'el,'V11'.i'yj1:i.iL'Vl:1.J1:::~:1.J 

'll1"l:::Lth.1~,'.i'~aJ1J'Vl1J 1'Vl i.'Wn116utl'~11~1 L'VI~ t11-1vh ~-:i"l::: ~vi, m'.i'~ mn~'fl 1,J 

,, 
'Yi1Ji1n1'.i'b~tJ1(ffel'Jtl'fl1'V11'.i'"11-:l'!!'W.l911l'WiltJft"1'eln1'.i'~11-:J 

~11-:i~111~-W'fltl'!!'Wl91 n':i11'W'fl1'V11'.i' ISP2 bbft::: AB2 8 "l!N:::L~m!l'Wb'WL~'el A 3-3 "l:::t'l;:,1~111(ffelmn'!!U191~'elLim1u 

'el1'Vl1'.i' TSB LL~L'W'el,'Vl,'.i'~'W 1 ~}11t'l111~i('flti'!!'W.l91 LLfl:::~'elLimi.-umm1 1sP2 Li'flLL'el1-1~fo:!TtJ1'Vlfi'J'WL'Vl'lJ 
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L"l 1qJL~1J 1~ ~;; LLf,l:;i:q11~i:q1ffi'el nq'Vlif1.lfan n ffi~fl~a.11 ~'fl 'el1Vl1n1'l b~~~~b'U'U'el1Vl1:i'fi:i'J1.J'll1~~~ ~ni1.,J~';JtJLLin1~LLfl:; 

~~1il'U ii '11'1!::b~ti'lfl'U L'U'el1Vl1:i' SCA Li'flLL'elfl~bl~lJtJ;j'Vl'VJni:q1tJ~'Uif~1.h1.J1'Vli,)j;q'f)1Jj;q')3,l1:i't:lj;qr')~j;q')ffi'e}n9'Vlitl'rnr~,i!i 

'U'Vl1tii.,;f•k~vi:IJ~ LLl1i~tiLiti~L'U Starch Casein Broth ni1JL~i1i:q1tJ~'U1!LPlL"11qJ1.,;f L~'elv.1i:q1:1i:qri~Vlm1J~L,;f"l1nn1:1 

Liti~b~'eli..fh.nrumn \,Jvi11."'1J1q'Vlifm~~,;iu,;f-;iti Column Chromatography 'Yi1J11L;'elLL'elfl~b'UlJti;l'Vl'l'Jni:q1t1~uif~ 

'11m~m:nd j;q1')~j;q1:i'L:IJ~1b1JLfl'V1~1U'lU:IJ1n~SJmn zj~i1i~j;q')ffi'eln9'Vlifbbfl::~'eltln9V1itTrnr~,i!i'U'VlW bbfl::'Yi1J11LU 

i:q1n:1J~1 b1JLfl'VlLV1fhiWi:q1ffiti n9'Vlif~1u1U:1J 1 nLLfl::Lzj'el11i1f1 ':11:IJVlfl 1nvimt1'll'fl~ 'ifl:1~i:q~1~~-:it1 L6liwi'u~~f1~"1:: 1.,;f 

vi1n1:1~mt1t;l'f!Li.J e.Jfl"11nm:1~mt1imtru::'Vl1~~ru~1u~'Vlt11mt11.!iln~'fl~"lfl'Vlnf{'l!~"1-if'lmf1J 'Yi1J11 'Vlni:q1tJ~'Ufi~ 
,d.9 .. .. q 
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