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YiHI'lf)~Vlfl'U 9 lI'IJlJ IjjmhEj~I'1YiwJf) l~:JJl'\1lJf)!tl'Yl1'U tlr;'!111mhmr;'!19i 1 r;'! ~ 1'U ~m1~YilJmf11fl' 

~lnl'l 'YllJ11'VJf)ltl19i1r;'!l'lrl~l'lltl'Yll'Utlr;'!1~ ~1f)11 Pichia stipitis H~lrlml1:JJl'\1lJf)1'U~ill1~~lJ 

m f11fl' 'YllJ11tj~1'1~HtI f) ! ~ri1'U 1 my rl~I'lItl'Yl1'U tlr;'!l~:JJl f) f)11 Pichia stipitis 'YllJ 11tj~1'11 tl19i1r;'!1'l 

F I ~lW f) 1 ~ rl ~ I'lltl'Yll'U tlr;'!! ~ 3 f)flJ!~ I'l ') Ur;'! ~I iJ~ tllJlYi tllJ iJ ') ~ ~'Yl i ill'Yl f11 ') '\1lJf1ltl'Vll'U tlr;'! 'ill f) 

" il11'l1r;'!!9i1r;'!~,)~'\111'1 Pichia stipitis Ur;'!~ Candida tropicalis FI 'YllJ11 P. stipitis '\1lJf)!tl'Yl1'Utlr;'! 

1'U~ill1~lJmf11fl'~ln~!~~~tl 1.37 gil ri1'U Candida tropicali FI '\1lJf)!tl'Yl1'Utlr;'!1'U~ill1~lJ 
, " 

m f11fl'l~~~tl 2.21 gi l Ur;'! ~Ijjm iJ~ tllJlYi tllJiJ ') ~ ~'Yl i ill'Yl f11') '\1lJ f)!tl 'Yl1'U tlr;'!111f)'l111'l1r;'!!9i 1 r;'! ~')~ 

'\111'1 P.stipitis Hr;'!~ Candida tropicali F1 'YllJ11 Candida tropicali F I ~1:JJl,)f1'\1lJf)!tl'YI1'Utlr;'!1~ 
" ~ f)11 P. stipitis 1m1'1~tl'l~ill1~'YI~~tllJ rlr;'! f11,)Yi ~11 Ultlm1f)fm!'Utl'l! tl19ilr;'!1'l F 11~tlmfftl 

tl'UmlJ1'1i1'U,)~~lJ1lJlr;'!f)r;'!~1t1f11,)'\11ih~lJ'ihfl~1tll'YI~lJ~I1W DI/D2 'Utl'l 26S rDNA 'YllJ11 
q • 

liJ'U Candida tropicalis 
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Abstract 

Isolation of xylose-alcoholic fennenting yeast from 32 herbivore faeces 

by enrichment cuture method resulted in 36 desired yeast isolates. The yeast is 

isolated showed 8 different types of colony morphologies. Fennentation of 

xylose to ethanol under oxygen-limited condition, there was no isolated yeasts 

gave higher ethanol than Pichia stipitis, the control. While under aerobic 

condition, almost all of the isolated yeast gave higher ethanol than control. 

Isolate F 1 gave highest ethanol (3 gil). Comparison efficiency of ethanol 

production of isolate F1 and Pichia stipitis. Pichia stipitis gave ethanol 1.37 

gil at fennentation of xylose to ethanol under oxygen-limited condition. F1 

gave ethanol 2.21 gil fennentation of xylose to ethanol under aerobic 

condition. However, isolate F1 product ethanol more than Pichia stipitis for 

all condition. On the basis of the D1/D2 domain of the 26S rDNA on 

comparative sequencing analysis the isolate F 1 was identified as Candida 

tropicalis. 
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1. f111~~hftruH~~fhJl'Uel,:rUrul'ilfll~1.utl 

" 
u u 

" . 
'lhl1ul'uU 'Vl~.:J.:J1UtI'j~~fl'VI 1~!l ~1'11lJ~ 1 tI fl.:JUU f)nl ~tJ~lU 'Vl~.:J.:J1U 'VI~!l 'VIU ~.:JI~U ~.:J 

rilflWl!(I~ ~ 11~U tJV1.:Jt.:J tI'j ~ I'VI f'l'1 'VI mllutl 'j ~ I'VI f'I'!f) 'l:J 'fl'j m 'j lJ 'Vl~.:J.:J 1U'VI~I!'VI U~ lJ r1f) tJfl1'Vl ff.:J ff~ 
U '" q 

" . 
!!11.:J !!(I~U 1'fl1(1~':Wil ~U 'VI ~V!!~i:J il il'l1U 'j lfll~U 'VI U'U tJ.:J!tl'VllU tJ (ll1 tI 'j ~I 'VI f'l'1 'VI tJN~~ 1~ iT.:J ff.:J III f)

q q q 'U 


I iI iI iJ iI , 


IlJml1 tJ'IJ i\\n lfllU111U 'I'1.:J UI'Vl 'j l~ 11U ri1t1~1'I ~.:JI! (I ~ f) lOU 1'fl1 (ll1 Ullll1~llIu1'fl ()
q 
~'U iT.:J ~ tJ 1~11 

'j lfll!!'Vl.:J 

f)nwI'JJU1I'V1fl1 U hVf) n N~'fl!tJ'VI1U tJ(lillf)'UtJ~'Vll.:J f) n 1f)'l:J'fl'j (agricultural waste) !l(l~ 
. " 

l'lfVh ~.:J11IUllU '1'V11.:Jl1 il~ 'vh1,r'j1f1l~U 'VIU'UtJ .:J!tJ'VI1U tJ (I (I~(I.:J III 1 f)~I~ tJ.:J fl'U'j lfilU 111U 1~ 'IW~ 
q 

'VIl.:J f)l'j!f)'l:J 'fl 'j!l (I~ l'lf.w'lflllu 1'fl ()~'UtI'j~ Ifl'VI ~ f) 1 u~C)!'(I(l1 (I ff ~.:J ~rltJ Ullntli''U ff fl1'Vl~'1tJm~ 1'I ~ tJ 
q 

" 
'" 

". 
~ 1.:J il ~Yll1 ,rltJU 1 C)!'lfff llJ 1 'j () VtJtJff(ll tJ 1 tI ~ 11 UU1'fl1(11~~ ~U ~ i'1 tJ.:J illf) 'Vl'U 11 f)1 'jtl i''U ff fl1'Vl ~ '1 tJ 

m ~ ~ ~ tJ il1.:JYh 1'I1wiJ IC)!'(I (11 (I ff ~.:J 111 U tJ.:JrltI'j ~ f) tJ'U~ lJ III f1lllu ~ fftJ.:J 'jtJ.:J (I.:Jlll il1f1lC)!'(I (11 (I ff () f)
'" '" '" 

" 
VtJtJlllUU1'fll'U 1C)!' 1(1ff1utI~llltlUJlf) 

ii, 'j/ iI 

fl.:JUU~.:J 1¢ilJ~'VltJl tJ1lJ ~VilJtI 'j~ ~'VI TI N(I f)l'j1'l11f1l tJ'VI1 U tJ (11 ~ tJf) n 1'I11f)'I'1.:J U1 'fll (11 C)!' h ffl1 
'" " . 

1 ~ ill f) f) n tli'm1'fll'Vl ~ f) 1 U~C)!'(I (I h ff${ '1 tJ m~~~tJ il N II (I ~ 1'I11f)U l'fll (I f) (11 fl ffl1 1~ill f) f)n VtJ tJ 
'" '" 

" ~C)!'(I(I hff${'1tJltJU 1C)!'lJ'1C)!' (I (I I(! ff hi ~1I wtJ'VllUtJ(I 1 U'Ii'j'jlJ'lfl~lJ~91tl'j 11'lmtJ'lfU~ ~'lfU Rhizobium,
'" '" 

" 
Mucor, Pichia, Candida, Pachysolen, Kluyveromyces ~lIu~u ffl:lJl'j()1'I11f)Ul'fll(l1C)!'hff1t1~lIu 

!tl'VIlutJ(l1${ (Schneider 1!(I~flru~ 1981 ; Jeffiries, 1981 ; Margaritis and Bajpai, 1982 ; Millati 

" 
!!(I~flru~ 2005) UtJf)illf)UUiT.:J'Vl'U11f)nri1tJ 1tJUVU xylose reductase, xylitol dehydrogenase !l(l~ 

xylu10kinase 'Utl.:J Pichia sp. ~'Ii11t11u Saccharomyces cerevisiae (Yong !l(l~flru~ 2002) l~tJ1,r 
iI iJ V ""t.I 

ff1111'j() 1'I11f)'I'1.:JU 1'fl1(1 f) ~1fl ff!! (I~t11'fll (11 C)!' 1 (I ff 1~UU iT.:J 11.1lJ r1f) tJfl1'Vl 1 w 9f.:J 'I'nih6 'I'1.:JU~.u11 il 

" "" 11~f)~illf)i:Jtym redox cofactor imbalance (Gray 1!(I~flru~ 2006) fl.:Juum'jfl~mtJ.:J~91tJ'jlf)~:lJU 
I , I iI 

l1 lJr1f)tJfll'Vl1U ~9f.:J 'Vllih6~.:J ~lIu ~.:Jl1 fl'1H~Yl1 1'Vl'j 1~ ~f)'l:Jru~ iJ iJ tJ1 mf'l''lJtJ.:JtI'j ~ ~'VI f'l'1 'VI tJl~tJ1U 

I 
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, 
<=t 

U'YI'YI 2 

'""'v 
, , 

o '"'" <=t<=t ~ 
t11'l ~1'l1'll ~ ~ 'W 1rl1UJ rl~ ~ ~ tl~ t11'l11'lltl'YItt1tl1~el.:j 

" )I I V • 

trJll1 fll'HU ) 1f1111111'W~1J u~~llll1mhl~ l1),jcM-:.1'lJV1J ~ltr -:.1:UlH)~l-:.1l9ltHi1 tl-:.1 ff -:.1 N~m ~ .. '" 
I " • )I I 

'Yl1Jl9ltl fll )~1H;i\91'Utl-:.1 ~fl'W ,j) ~1'Ylfl'1 'Yl tI~-:.1'V'llfll) 11ll'U'111111'WI~tH'V'lil-:.1I11'W'I1 r;lfl (\911) Nl1 3 ) ~-:.1 
'" 

" trilllffm~'W \91) 1tltl fl'W tlfl,j) ~1'Ylfl''I1 m tI~1'W 1J1'Yl U~~1'Wtl'Wlfl\91) 1fll't.hl1'W 1 'W\91m~ 1~ fllJU'W llU' 
'" u 

" , 
lJ 11~ 1:! -:.1:U 'WI~ tltl "1 'Vl1 1l1'I'i'tl-:.1l1'W lJl1l1'm 1mhrltlju~ ~ I~ -:.1~I'lJ 'W 1 1~ tlfll) ~~fi' 'W 'I11U '11 ri -:.1'V'l ~-:.1-:.11 'W 

'VI~u'Yl'W1mJ "1tlUNl1j-:.1,).:I 

, " 
Vll~l ':I'Yi 2.1 l]{;lf11 fn'J''W WUWHl'l'll'UihiJ\J (l1i-hCHi1'U~'U ti'1'U)

'U 

'", 
0 'V OJ o OJ 

\jtlfll fl1 ~l! WU1'Vitl~~1l! l!nil! 

, " 
11'W1tJ:rHI.nJlfl Unit:Million Bath 

"" GJf'U~ 2545 2546 2547 2548 2549 
y 

'Wll1'U~hJ(crude oil) 286,953 346,057 486,627 644,627 753,783 

" 'WliT'U rll!~ 'i1 'J'U 
'U 

(Petroleum product) 

25,817 30,735 41,533 55,680 60,253 

Vim : http ://www.energy.go.th/moen/default.aspx 

,j )~I'Ylfl'1 'Yl mll'W ,j)~ b'Ylfl'lflll \91) m) lJ 'V'l r;l.:l nw'Yl~ 11'Yl'W~iifffl tlfl1'V'l tr -:.1 tr~tim~r;l-:.1-:.11'W;1.. . 
, " 

lJ l~ btl'Yl1'W tl~b1l'W 'V'lr;l-:.1.:11 'W'lfllJ 1~l11~111 fl fl1)'I111fl N~ Na\9l'VI1-:.1 fl1) Iflll\91) ,j)~ lfl 'Yllltl.:l 11~~1l1\911~ 

~1 tll1 il'W 'Yl~6 ( \91l) 1-:.1~ 2) Ul9liJ 1111D'W )lf11l'i''W 'Yl'W 'lJ tl-:.1ttl'Yll'W tl~~,j) ~l'Ylfl'1 'Yl tlNa\911~v.:Itr.:llJl mrltl 
q It q <u 


')I ")I )I I 


111 tl1Jn1J':i 1f1111 111'W -N.:IUI'V'l) 1~11'W r;h,j~'I1r;l.:lU~~ fllflll1\911~.yjt11lJl1~b1l'W i\91 ~~1J v-:.1il tl1~11)1f11 

http://www.energy.go.th/moen/default.aspx
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. 
~l1Hii 2.2 tJ~1Jl\9l':i IWi:l N~\9l!tl'Vll'Wtl ~ 1l1f11\9lQ ~'lJG))'U \Pl~l\l'l . 
 .
... 

QJ "" <:i <:i 0 QJ QJ 

1~tJ~U'YI~'U111'Uf1 1 ~'U 
Q 

m~l~'j'lJfI ,:m)'nl'UfI(;lii~~~'~(~~'j) 
; 

fllfl'Ull'll(;'1 260 

31
mltl 70 

M1iTmhtl~'H~'HY~ 180 

'Ill1,\,h:J 70 

iq!l~'If(I9f'U 'Ill1 'Ill11'Vi~) 375 

: 31 
'WllJ~'tnl1 83 

e'l~V~ : http://www.region8.m-energy.go.thiethanol.htm 

, ~ ~ 

1 ~ tJ Vi ~ 'U ~ 1'U 'IJ €J ~ tll ~ I'YI fl' 1 'YI tJ I~ 'U tll ~ I'YI fl' Ifl Ell'll fllllJ ~ ~ ij I fl'El11:HJI 'H il €J VI ~ 'YI N 

fll1IflElI'l1'H(;'1~1 'Hil€J 'IJ lfl fll~lJ1'U fll1 Jl-.Iill'llJ lfllJ ltJ ~~ I~ij fll1-W1'lJ'U 11'YIfl1 'U 1 (;'1 Vfll1 r-lill'll€J 'YIl'U €J(;'1 
~ " 

'IJ 1fl11:1'~VI~ 'YIl~ fllllflEll'llll (;'1~ 1'1f~'If elf ~ ItlWI'U 1'Yll ~Vi 'IJ~'I'111 'I111f1ll'i'U 'YI'U'IJ€J ~ fll1 Jl-.Iill'llfJ'Yll'U€J(;'1
q q 

(;'1 ~ (;'1 ~ lJl 1 miI~ tJ ~ f1lJ 11 f11 'W 
~ 

1 iT'U 1 ~ 11:1' ~ 
q 

VI 
~ 

~ 'YIl ~ fllll fl El I'll II (;'1 ~ 1 'If~ 'If I~ 'U 1:1' II tll ~ lil 'YI il fl1 'U 

191(;'1 (;'11 (;'11:1' ~~lrl€J'W llJ 1tlflJ 1:1' j) 1'Vi ~1 tJfll ~ I~€J 'IJ 1~'H ~€J ~1~ ri €J'U 'IJ~'I'11 1'I11€J'U 19f1f'H ~€J 'lJil'U 'YI ~ 6 V€J tJ 
" 

IfI c::: lr] ~QJ ~ ~.c::I ~ ~ 131 "" 

q 

&I Q.J 0 

1:1'm tJ ! tllll'U 'Ull'll(;'1 !~ ~'IJ'U l'U €J~'IJ 1fl'VilJ 11115 fllltlllJ 1:1' i1l'Vi~1tJm ~ I'IJ €J 'IJ 1~ 'YIl 'Hl~lJl9f(;'1 (;'11 (;'11:1'91 ~ 
" 

111 'U €J~rltll ~ fl €J lJ Vi ij lJl flIti'U Vi 1:1'€J ~1 €J ~ (;'1~ lJl 'IJ 1flI9f(;'1 (;'11 (;'11:1' tl fl V€J tJ I ti'U 'W 11'l1(;'119f h 1:1' 1 'U tl~ lJ 1ru 
, , ~ 

" " 
• " 1 '" ... 31 i "I 31 31 "I 31

lJlfl Sumphanwanich (2008) 11tJ~1'U11fllllJllJ1:1'i1l'Vi9f ~'lJl1 !'Vi~U(;'1~~l~ 'lJl1~1tJm~I'IJ€J'lJ1~1l(;'11 

• 31 II] 0' II] 31" I"" 0 

~ 

i 0 

~ 

II] i dI 0 '" 

tJ€JtJ~1tJlfJ'U !9IlJ'IJ~ !~lJllJlru'Ull'll(;'1fl(;'1 !f11:1': 'Wl1'l1(;'1 !9f !(;'11:1'1:1'~tl~ I: 1.2 1l(;'1~ I: 1.4 1'l1lJm~lJ 
" '" 

, ~ 

flll-WI'lJ'U 1m~lJ1'U flll'H iTflI€J'Yll'U €J(;'1 'IJ lflil fl1 'Wl9f(;'1 (;'11 (;'11:1' IYilJ Jl-.I(;'1r-1ill'llfJ'Yll'U €J(;'111'U I~ij
" ," " 

fI11lJ'Vi tJl tJllJVi 'IJ~'HiTm.J 11'l 1(;'1 1911(;'11:1'f11lJ ~1 tl f1lJ 'W 11'l1(;'1 fl(;'11 f11:1' 1 tll~ 'Ul€J'Yll 'U €J(;'11 ~ tJflllriltJ 1 €J'U 
" " 

V'U xylose reductase,xylitol dehydrogenase U(;'1~ xylulokinase 'IJ€J~ Pichia sp. l'Illltl1'U 

Saccharomyces.cerevisiae 1l(;'1~ Zymomonas mobilis UIPl 'VilJ 11 Jl-.I(;'1 Jl-.Iill'llfJ 'YIl'U €J(;'1 ~ 1 ~~~ Illij 

ftfltJi1l'ViI:jf~'Vilt1h6 l'Ill1'IJ '·,hln~'lJlfll1ty'Hl redox cofactor imbalance (Gray ll(;'1~f1ru~ 2006) 
~ 

l'U1illlJ'lflM1:1'I'l'HmtJ'lfl1~ 19f'U Pichia , Pachysolen , Candida 1:1'llJlltl'HiTfl'Wll'll(;'1 
" ~ , 

1911 (;'11:1' 1 tll~ 'WI€J 'Yll 'U €J(;'11 ~ ~~ 11'U flll rl~ f1l €J ~£j 1:1'l'lm ci l'U m·i1 (Schneider U(;'1 ~ fI ru~ 1981) Vi ij 

ftfl tJi1l'Vi 1:1' ~IVi tJ~ 'Vi €J~ 'IJ ~ 'W 11tl1'*1 ~1 'UI:jf ~ 'Vi lt1h6~~I ti'U ~~~f11j 'IJ ~ '1'11 1'Vi 11 ~ ~fl El ru ~ j) lJ €Jl fllfl' 
'" " 

" '1J€J~tll~mfl'1 'YI mB€J1'W ~l'UfI11lJ'Hm fl'Hm tJ'YIl ~;1i1l'Vi'IJ€J~ 1:1'ltJ-W'U i 'IJ€J~ ~il'U'YI~ 6 

http://www.region8.m-energy.go.thiethanol.htm


• • 
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I 

_ l.,j "~I ""'" <=i G
f)1~'U1'Wf)TJTlJIUnWlH1~ ~ i;Hrtu'W!~'YI1'W~ (;l ~ ~UJ'll(;l'W'YI1£J 

~f11 '\-HC1Hl~ 1mntl'\.Hnj1.h~ f1()iJL9f~~()'W~'WiJ1'U ~lT~L91~rl'.w'lf lh~ f1()iJ~1tJL91~~ hff 
~ 	 ~ 

WiJL91~~ l~ff 1L~~~f1iJ'U . . 	 , 

L91~~hmll'U 1'W~L1W{ffltJtJl1'U()~Ul\911~f1~ lflff(6-C) WiJL91~~ l~ffLtI'U l'W~llJ()Hhll'U
~ 	 ~ ~

". 	 . 
Ul\911~fl1{iJ()'U 5 I'll (Xylose) .yr~LeJ"lJI91~ l~ff 1L~~L91~~ hff~'llJl'Jf:l~()tJffmtJhILlI'UUWl1~ 

4 .d "I 9J 9J ~ ,,~ Q.I I ~ 9J lIJ d'd lIj j) ~.c:J d' 

1'lf\lI~tJ1 ~~~1tJm~.f11tJ ~\>1f.JW'YIiJlJll(;l~fl11lJ~'U\P1H"l'YI"j"()~1tJl()'U ~91lJ'Yl ~~,\)lf1~~'U'Yl'j"tJ 
iJ 	 v, 

~(),\)1f1lT'U~m'1~~,\)~ffllJl'j"tlU1Ul\P11(;119f~L~tJ1 1U'YI~f1L1I'UL()'Vll'W()(;I~()1 U ~~llff~~ 1'U.f11'W'Vi 2.1 

Lignocellulose 


(wood, gra&s, corn stalks, bagasse, etc.) 


~ 
physical/chemical treatment , 

lignin HemiceJlulo~e Cellulose
/ l "" 
! 

Fuel acid or enzymatic
(:lOmetimes adhesive treatment 
and other producta) 

Xyl<tse Glucose 

t 	 ~ 
fermentation fermentation by 

by Pachysolen Sacchar. or Xymom. 
or Pichla 

! 	 1 

Ethanol . Ethanol 

f11'j"~~m()'Yll'U()(;I,\)1f1~f11 'WL91(;1~ l(;1ff'\)~iJu'j"~iY'Yl1jf11'W'tJ~ 'YIlf1.yr~Ul\>11~ 191 l(;1fflL~~ 
, " 

f1(;11flff 'Vilfl~~'W tlf1VffI'1UTIJ1'Y1~f1L1I'UW'Yl1'W()(;I
~ ~ 

" , 	 . 
f1~m()~I~() 'j"lcJ1~ffllJl"j"tI'YI~f1L()'Yl1'W()(;I,\)1f1Ul\>11~f1~1flffll~~ 1911~ff1ulll'Wm'Yll'W ()(;I 

_ I " G.,j 	 , l!J Vv 
2.3 	U1~ !£J'l1'W'YIfll~11'il~ ~~1'U 

", " 
mtJvr'W,rI~()"j"l9f~ffllJl'j"tI'YI~f1U 1\>11~ 1911(;Imll'WW'Yll'W()~• • 

'W()(;I,\)1f11\>1Q~iJU"j"~lfl'Vl~f11'Ul91(;l~1(;I ffiJfl11lJ~m1'WlJlf1~'W 
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, 
<:t 

U'YI'YI 3 

",,<:t 

11ifll '1 'YI ~HH)-:j 

3.1 fll 'j IIti fl!~V'j1'ill flll~ t¥frJfh,!'w'tI~ -:j ~l tll 'j tl 't'ilJfl! e)'rm-l eHHll flJ11'11 ~, cu1~~ 
'U 

" " UlI'lTvrll-:J 1.;!);lri'~ 'Hh-!~']f,jJ~lJltu I fl-rl.l iri);l~hH)l't'ilJt~rJ~t~tl Yeast nitrogen base 

(w/o) amino acid ~iJl911m'l'l~'\.Hmri~m{'lJtl'\.H~rJ~']fU~H~rJl pH 5 1I);l~ pH 7 (mflN'Wdfl ~~ 
" " .

~tl1,j'i1~t~rJfll1tll't'ilJt~rJ~t~tl YX) ,j~1.I1~J 20 iJ);lilil~JcH~'lJJJ'i1mji'W flask 'IJ'WWl 250 iJ);lilil~J. ., 
I I ,)J 

,jl.l'lJ'Wtfl~tl~t'IJ~lfllll.lt~l 200 Jtl'lJ~tl'WlYi Yitltu't'i.f1iJ'I1tl~ t~'Wn);ll 24-72 illl.1~ ri1m~tl 2. ., 
iJ)J I I, 

iJ);lil~~J );l~i'Wtll't'ilJt~rJ~t~tl1:1'~Jt~l.IYiiJ,j~lJl~J 20 iJ);l~~m ,jl.lYi1:1'ml~t~l.I dJtlfIJ'lJnm'l'11., 
'11 'jJ 'j/ • 

fllJ rilm~tlBf1Jtl'lJ ~lrJ1it~ rJln'W);l~ i 'W tll't'i1J t~ rJ~t~tl 1:1'~J t~l.I 1I);l~ ,j l.IYi 1:1'ml~ t~l.I H-r;1TW1lJl., 
, " 

t~tl'i11~i'W 0.85%(w/v) NaCI i'l11~m11.1t~tl'i1NYi 10.'-10.
8 'i11flt!'WU1U~);l~f1111.1t~tl'i1NlJl spread 

iJ i1 I 'j/ , 

'lJ'W tll 't'i lJ t~ rJ~t~tl 1:1'~ J YX ']fU~u~ ~ U 11 ,j,jlJ-ntltu 't'i.f1 iJ'I1tl~ 'l'11t~tlJ 1Yi tW fl1~t~'W 1:1'1 rJ~ 'W11 
'U q 'U q 

'lJ~~'Vltl~rJfllJ streak plate 't'i~tl point inoculation );l~'lJ'Wtll't'i1JU~~']fU~t~l.Itt);l~,j1.l~1:1'ml~t~lJ 
jI III • 

tfhJ t<lftlJ 11:1'1 m~'W1r'lJ~ 1:1''Vl~Yi 1~'lJ'W tll't'ilJ U~~tBrJ~ Yi 4 tl~fl'lt91);lt9frJ1:1'. . 

3.2 rlfI f)'j V-:j'~V'j1~~ltll 'j tl't'ilJflJ11'11 ~,cu1~~,ihm),Y1l'lH)~ 

3.2.1 fll'j't'i~flJlfll~'CU1~~til'Wte)'YlnH)~1'W~.f1lOWi1Vlfllrl'i1l0fl 
'jJ V /I 'jJ v 

1. t~rJ~t<lftlJ11:1'lrJ~'W11'lJ~1:1''Vl~i'Wtll't'i1Jt~rJ~t~Vm);l11:1'm YX ~l'Wl'W 9 iJ);l~~~J tll't'ilJ. . ., 

UJJ~i'W't'i);lV~'Vl~);ltl~ 'IJ'W1~ 16x150 iJ);l~tl.lm ~Qtu't'iJJiJ'I1V~ t'U~11'11tllf11f1' 24-72 

illl.1~ 
v , . I V 

2. U1t~tlJ1-n1~'i11fl'll'tl I lJl!'Vl);l~1'W flask 'IJ'W1~ 125 iJ);l~~~J Yi~1'Wf11Ji1~~lt~VU-r;11 
, " 

H);l~t~l.Itll't'ilJm);ll YX Yi,jJlf1''i11fl!~tl,j~1.I1~J 81 iJ);l~~~J tI~rh flask ~lrJ paraffin 

l'1U);l~U'W1;h~,j1.l~1:1'ml~t~1.I1~rJ1l.iiJf11Jt'U~11'11tllf11f1't~'Wnm 72 illl.1~ 
" " 

3. 1l'Wm1rJ~ tflUril'WU111:1' H-r;11U11,j1tfIJ1~"fte)'Vll'Wtl);l1~rJ1i Gas Chromatography 

'lI i1 /I 'jJ '}J 

1. t~rJ~t~tlJl1:1'lrJ~'W1i'U~1:1''Vln'Wtll't'ilJt~rJ~t~tlm);ll1:1'm YX ~l'Wl'W 10 iJ);l~~~J. . ., 

tll't'ilJ U'j"J'iJ1'W 't'i);ltl~'Vl~~V~'U'W 1~ 16x ISO iJ);l~ tl.l~ J~ tl tu 't'i.f1iJ '11V~ t 'IJ ~1 i'l1tllf11f1' 24. . ., 

48 illl.1~ 
'jJ , , I V 

2. U1t~tlJ1Yil~'i11fl'll'tl 1 lJlt'Vl~~i'W flask 'U'W1~ 250 iJ);l~~~J Yi~1'Wf11Ji1~~lt~tlH-r;11 
iI jJ I jJ 

H);l~t~l.Itll't'i1Jt~rJ~t~tlm);l11:1'~J YX Yi,jJlf1''il1m~tl,j~lJl~J 100 iJ~il~m ul1,jt'U~1., 


1'11tllf11f1'~Qtu't'iJJiJ'I1tl~ru'W nm 48 illl.1~ 


http:iJ);l~tl.lm
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9J , 	 I I 9J 

3. 	 Ul!~h),HYii~'illf)'Ii'a 2 1l1!'Vl~.:j1'U flask '\J'Ul~ 125 iJ~ilill'1~ ViNl'Um~if.:jCJ1l!'lfaU~1 

lIm·h flask ~1fJ paraffin UlJ~trfl11~!~hJ 1~£Jil.liJm~!'1Jrh1,rmmfntl'U!1m 72 411lJ.:j 
" 	 " 

4. U'U!l11£J.:j !fhJ'rh'UU11tr Ulii.rhml~l1Wl'l1'Ua~ l~fJl1i Gas Chromatography 

9J iI 	 0' 9J 9J 

I. !~£J.:j!'lfa~ltrl£J-W'U1iU1tr'Yl~1'Umm~!~fJ.:j!9fm'\1mtrl'1~ YX ~1'U1'U 5 iJ~ilill'1~ U~H 
q q 'U 	 q 

9.1 • 	 I I iI 

2. 	 Ul!9fa~lViI~'iJlf)'Ii'a I 1l1!'Yli:l.:j1'U flask '\J'Ul~ 250 iJ~ilill'1~ cl5.:jNl'Um~if.:jCJ11!9fa 
", , 

U~1!~m)1m~!~£J.:j!l1~1 YX ViiJfl11lJ!'Ii'lJ'Ii''U'1Ja.:jlG1fl~trr~hHtI'U 10%(w/v) Ui:ldh1,r 
" , 	 , 

i.hlf1'illm9faU~145 iJ~ilill'1~ ulJViauJ'I1niJ,ra.:J !'\Jd11'11'mmf172 i11lJ.:j . " 
" 	 >I 

3. D'U!l11£J.:J !omY1'U1111tr 111ii.Jl!f1~1~l1Wl'l1'Utli:l hWl1i Gas chromatography 

stipitis Wl~ Candida sp. FI 

<'I "" I . f)1~f1f)EJ1f)1~!'il~ty'1Jtl.:j P. stipitis Ui:l~ Candida sp FI 

i.J~f) lf11i:li1!~fJ1'\Ja.:j P. stipitis '\11a Candida sp FI ~.:j!'il1tyu'Ummm~.:j YPD ~ 30°C 

rll'U!1m 24 411lJ.:J M1'Umm~1'\1~1 YPD (3 ml 1'U'\1~a'PlUfi'1'\J'U1'Pl!tr'UNlf1'U6f)m.:j 16 x 150 
" 

• 	 , • )I 

lJlJ.) UlJVi 30°C !'\Jd-11'11'alf)1f1Vi 150 ~a'U1Vi 24 i11m rilm9fai:l.:J1'Umm~!l1~1 YPD (50 ml 1'U 
, 	 , 

o I 1.<::::1. 'J) 	 I Q.I I d ~.a:.. Q.I 1 

250 ml flask) m'\1'U'Plfllfl11lJ'lJ'U!~lJl'1'U (OD660 nm) !'Yllf)U 0.1 UlJ'Yltrm1~!'PllJ 1'1'Pll'lllJ1'Plfll 
, , " 

f111lJ~'U'\Ja.:j!G1f~~VirwlJ~'U U~~,rU~1'U1'U!G1fi:l~iJ9flI'11'PlfJl1i spread plate i:l.:jU'Um'\11~t!~.:J YPD 

UlJ~ 30°C 48 411lJ.:J !~fJ'Umlvlutr'Pl.:JmllJam~'U1i~~'\1 ';h.:J~lfl11lJ'li'UU~~~~fJ~!1mf)1~UlJ. 
" d 	 Q01 ~ d " Q 	 'J) 'J)

2. !i:l£J.:j P. stipitis '\1~a Candida sp Fl I'lllJ11i 'U'\Ja l.l !'ila'ill.:j!'b'a~~£J~ log phase 'Pl1£Jm'\11~ 

7 	 " 
!l1m YPD 1'11'!t1'U 1.3 x 10 cells/ml u~1i.Ji:lm9fa (10% v/v) ~.:j1'Umm~!l1i:l1 YX (50 ml 1'U 250 

" 
ml flask) UlJ~ 30°C !'\Jd11'11'mmf1 150 ~au~a'U1Vi 72 411lJ.:j '\11aM1'Umm~!l1~1 YX (42 ml 

lu 50 ml flask) 1I'Pl~f) flask ~1mh~I1U~1fJUN'U paraflim UlJ~ 30°C !t1'U!1m 72 411lJ.:j ~'UUfJf) 

chromatography 

9J 9J iJ I 

ll1t~£J-:llG}1try; 4°C gas 
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~nfl~!3'\.H'f)'U'f)\lfj~I'i'~!'Wl~u'Wm'Hl'j YM agar m~ 24-48 i11lJ\llJl~~mtJl9!'~~1'W lysis 

buffer (iOOmM Tris(pH 8.0), 30 mM EDTA (pH8 .0), 0.5% SDS) 1111tJ~:lJ1'W water bath 'H~'f) 
.1 cO "" 9J 9J • I'"

metal block lJ'j~lJlU! IS 'Wl'Vl !\9l:IJ Potassium acetate (pH 7.0) fl11:IJ!'U:IJ'U'W 2.5 M lJ'jlJlU! 200 III 
)I .)1 JJ I I I" I 

N~:lJh1!'Ii'ln'W !!'lf1'WlllU~\lI~'W!1m I 9f11:IJ\l 'illf)'I1'Wlnmh'W1111rill'Wl'H1lJ\ll'Wlfl~'f)\lll'Wl'H1lJ\lYi 
d I C1. <d. d d a Q.I 

fl11:IJ1'j1 13,000 'j'f)U\9l'f)'Wl'Vl 'Wl'W 5 'Wl'Vl 'Vl 4°C !f)Uffn~~mlJl'H'W'f)\9l~f)'f)'W (supernatant) ~f)fl 

ltJ'j~'W'f)'f)f1'\Jlf)~13'Wl'f) lfllJl~:IJ CHCI)-isoamylalcohol U\9l'jlri1'W 24:1 l'WtJ~lJlU! I l'Vll'U'f)\l 

~l'j~~ mlJl'Hi1'f)\9l~ f)'f)'W (supernatant) u ~1N~:IJ 111!.u'ln'W~ '11 tJ~'Wl'H1rJ\l hW!fI~'f)\l~ 'Wl'H1rJ\l~ 
, , " 

fl11:IJ1~1 13,000 'j'f)U~'f)'W1Yi 'Wl'W 5 'W1Yi Yi 4°C !nU~1'j~~mrJ1riri1'Wu'W U~dhCJ11rll'\1'~Uf11'j 
" ,

~nflltJ'j~'W'f)'f)f)'illf)~13'Wl'f) 'illf)'I1'W!~:IJ isopropanol Yi!l'lf!~'W1'WtJ~mU! I !'Vll'U'f)\l~1'j~1'f)cil\l 

~!3'Wl'fl~l'H~'f)'f)Q !l~1'\.h1tJu'lfI~'W~ -20 °C tJ';i~lJlU! 20 'W1Yi ~\l~'W!'H~rJ\l~fl11:lJl~1'j'f)U 14,500 

I £::l .c:::'l d ..:::::t d Q.J <j} 'j) 'j) ~ " 'j'f)U\9l'f)'Wl'Vl 'Wl'W 16 'Wl'Vl !f1U\9l~f)'f)'Wfll'fl'W!'fl 'illf)'W'Wm\l\9l~f)'f)'Wfl1rJ ethanol fl11:IJ!'U:IJ'U'W 70% 

~ ~ ~ l.c:t c:I <j} <J} <J} d 
IW1lJ'WI'H1lJ\l14,500 'j'f)U\9l'f)'Wl'Vl 'Wl'W 5 'Wl'Vl \9l1:IJfl1rJ ethanol fl11:IJ1'U:IJ'U'W 90% lf1U\9l~f)'f)'W 

3.4.2 flU!~)Jmmw~h~hm)IV1tltJ~fl~mgf)lcUvH)~hm)!,:Hl 
!~:lJtJ~:IJlU!~!3'Wl'flU~!1u! DIID2 'U'f)\l 26S rDNA 'U'f)\lfj~I'i'\9l1:IJ1TI~~fl!ltJ~\l'il1f)Kurtzman 

!l~~ Robnett (1998) lflrJ10M F63 (5'-GCA TAT CAA T AA GCG GAG GAA AAG-3') !~'W forward 

primer IW~ LR3 (5' -GGT CCG TGT TTC AAG ACG G-3') 1~'W reverse primer !\9l~ rJ:IJ PCR reaction 
. " 

mixture \9l1:IJfllU'W~111'U'f)\lU~EJ'Vl~N~\9l Taq polymerase (Fermentas, USA) YiiJ'f)\lrltJ'j~f)'f)U ~\lU 

PCR buffer (lOX) 10 1:IJ lf1'j~\9l'j 

MgCI2 (25 mM) 8 1:IJ 1fI'j~\9l'j 

dNTP mix (2.5 mM) 81:IJlf1'j~\9l'j 


Primer NL I (10 pmol) 3 1:IJ lf1'j~\9l'j 


Primer NL4 (J 0 pmol) 3 1:IJ lf1'j~\9l'j 


Taq polymerase (Fermentas; 5UIIlI) 0.51:IJ lf1'j~\9l'j 


DNA template «I Ilg) 11:IJlf1'j~\9l'j 


Sterilized nanopure water 57.3 1:IJ lf1'j~\9l'j 


" tJ~:IJl\9l'j~\l'H:lJfl 100 1:IJ lf1'j~\9l'j 



8 

. . " 
'\Jtl~ 26S 	 rDNA ''W!fl~tl~ PCR System 9700 (Applied Biosystems, USA) Yi~~hhUfl':nJfHi 

" 111~1'U~~i.j 

1. tlW'\1f1ii 94 tl~f1Wlii:'1!9}tlr:Y 	 5 'U 1Yi (pre-denaturation), '" 

I 'UlYi (denaturation) 

3. ~W'\1 iJii 55 tl~f1Wlii:'1!9}tlr:Y 	 I 'U1Yi (annealing) 

4. ~W'\1iJii 72 tl~f1Wlii:'119}tlr:Y 	 I 'UlYi (extension) 

5. -qW'\1 iJii 72 tl~f1Wlii:'1!9}tlr:Y 	 10 'UlYi (final extension) 
'JJ I 'JJ 	 " 

'I'llcih'li'tl 2-4 ~l'U1'U 35 ';itliJ !lJtl~'U~~f11';i111~1'U !niJr-l~\PlilwcnYi1~"l1flfl1';i!Villtl~ :U1W 

~!3'W!tll~tltl~n~tl1~fllcJi'Yjtl~!1ltl!';ir:Y (PCR product) ~~W'\1iJii -20 tl~f1Wlli:'1!9}tlr:Y 

m1'ilr:YtliJfl1111iJ~~'Vlt'\Jtl~ PCR product 1~tlf11';i111tl~f11 hr:Y!'ili:'1V!~fll'Vl';i hJ~9}r:Y !!i:'1~ii 

100 bp DNA Ladder (Fermentas, USA) t1j'U~!3'U!tl!fl~tl~'\1:JJltl (DNA marker) "'h!M1tlvtJll~1{J 
Q "" i 	 "II] ..

!tJ'Vl!~{Jll !iJ';i !ll~ (ethidium bromide) 

d c! i 
transilluminator (Ultra-Lum Inc ., Canada) 'Vlfl1111tl11f1i:'1'U 254 'U1 !'UIll\Pl';i 

< 

3.4.3 fl1'ff11iJ~i:f'Yl~ peR•
" 	 ~ 

'il1flU'Ulh PCR product :JJl111111iJ~~'Vlln~tI'<ti QIAquick PCR Purification Kit (Qiagen, 
. 	 " 

Germany) \Pl11l11iYi !!'U~1.41'il1fliJ~'I:J'Vl~r-l~\Pl~~i.j 1.41 PCR product r-lr:YllniJ PB buffer (tl~:JJl\Pl';i 5 

!'vi1'UtJ~tl~1l1\Pl';i PCR product) 1m1i:'1tl~ microcentrifuge '\J'U1~ 1.5 iir;'\~~m r-lr:Y1l1111'li'ln'U 'il1fl 
'j/ 	 I I I 

U'Uri1{Ji:'1~1'U QIAquick spin column U'Uml{J~Yifl11JJ!~1 6,000 ';itJiJl9ltl'U1Yi 'Ul'U 30 1'U1Yi !'Yl 
• 1.1 'JJ 	 I 

'\JtJ~mmYiN1'UfltJ~mrVl~ 'il1flU'W!~1l PE buffer i:'1~1tl1'U QIAquick spin column 0.75 iii:'1~~\Pl';i U 
• I 	 I 'JJ I I 

'Umlt1~Yifl1111!~1 8,000 ';itliJl'ltJ'UlYi 'U1'U 30 1'U1Yi 1'Vl'\JtJ~mi:'11YiN1'UfltJ~mrVl~ U 'Umlt1~ 
d::~ d ,..:::::t QOI QJ r/

QIAquick spin column tJflflH 'Vlfl11111';i1 8,000 ';itJiJ\PltJ'U1'Vl 'U1'U I 'Ul'Vl 'Ulr:Y1'U'\JtJ~f1tli:'111'U11~ 
. 	 " 

i:'1~1'U'\1i:'1tl~ microcentrifuge '\1i:'1tl~1'\11i '\J'U1~ 1.5 iii:'1~~\Pl';i r:l'1~~13'U!tJYi~~tJ~1'UfltJ~mr~1{J1.4l 
• 'JJ. 	 I • I 

'Ull 'U!'Yj~ tl1YiNl'Uf11';i~1191tJ Ui:'1~11~ HYitlW'\1 f1iil1tl~tl';i~:JJlW 10 'UlYi 1.411tlu'Uml{J~Yifl111J!~1, '" 
" 	 . 

14,000 ';itJiJl9ltJ'UlYi 'Ul'U I 'U1Yi 'il1flU'U\Pl';i1'ilr:YtJiJfl1111I.ull'\JtJ~ PCR product YiNl'Uf11';i111111 

iJ~~'Vlt~1{J QIAquick PCR Purification Kit 1~{J1.41lJl111tJ~f11 hr:YI'ili:'1VI~fll'Vl';i hJ~9}r:Y l~{Jii 100 

~I ",,0; c! 
bp DNA Ladder lu'U ~!tJ'U!tJlfl';jtl~'\1:JJltl 

http:r:l'1~~13'U!tJYi~~tJ~1'UfltJ~mr~1{J1.4l
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3.4.4 f)l1'l11~lvltJibfl~1f1''YI~ll1!,JW DlID2 'lJfI~ 26S rDNA 

'111 PCR product ~~1'Wfl1'Jvh1'11tJ~~'Vli"w.uV4.2 lJl'l'11 cycle sequencing 1~tJl~ BigDye 

Terminator Cycle Sequencing Kit version 3.1 (Applied Biosystems, USA) l'W'JllJtl{ F63 	dj'W 

.<;=JI " "I "'= "I 31forward primer U~:::: LR3 blJ'W reverse primer ~~tJ~1'WN~1l'IJV-.3lJ~f)Hl1lJ'J::::f)VtJ~1tJ 

Sequencing buffer (5X) 1 111 1fl'Jill'1'J 


BigDye (2 .5X) 2 111 1mill'1 'J 


Primer (J .6 pmol) I 111 1m~I'1'J 


Reverse osmosis sterile 4 111 1mill'1'J 


DNA template (5-20 ng) 2 III 1fl'Jill'1'J 


(fl1111t.ulloU'W'UV-.3 ~tfl'Wltlv~l 'W 'li1-.3~tJ~Ei'Vl ~Nill'1 BigDye U 'W:::: '111) 


" iJ~lJll'1'J'I'i-.3'11l1~ 10 1111mill'1 'J 
, 	 ," 

'I11'11~V~ PCR Y1ihh'WN~1l'\JV-.3iJBf)~tJ11d1'Wtfl~V-.3 PCR U~::::~-.31iJ'Jttmllfl1'J'I'11-.31'W 

'" "'" I. 'QtlJ'I1iJll 96 V-.3f1'WIf~t9W~ 	 30 1'WlY1 (pre-denaturation) 

2. VtlJ'I1JliJ 96 V-.3f1'lt9f~t9ftJ~ 	 10 1'W1Y1 (denaturation)
• 'U 

3. 'QtlJ'I1iJiJ 50 V-.3f1'lt9f~t9ftJ~ 	 5 1'W lY1 (annealing) 

4. VtlJ'I1 JliJ 60 V-.3f1'1t9fm9fV~ 	 4 'WlY1 (extension)
• 'U 

10 'WlY1 (final extension) 
" 	 ",

'1'119$1 'li'v 2-4 ~ 1'W 1 'W 25 'J vtJ ~ 1f) '11 'W '111 Nill'1DtlJ cyj'Y1 1 ~~ 1f) f)1'J '1'11 cycle sequencing 

"'" ~ , 	 OJ

(sequencing product) lJll'1f)I'1::::f)V'W~W'WW ~ 'fWN~ll sequencing product f)tJ~1'J~::::mmV'Vl1'WV~/ 
~ " 

19ft~VllV::::~tl'1'Vl (W'Vl1'WV~tJ~~'VI~ 95 iJ~ilill'1'J, 3M 19ft~VllV::::~bl'1'V1 (pH 4.6) 4 iJ~ilill'1'J u~::::"'h 
, " 

'W11'Wt'W~fnY1~1'Wfl1'J~lt~tl I iJ~il~I'1'J) iJ~lJll'1'J 80 III1mill'1 'J l'W'I1~v~ microcentrifuge '\J'W1~ 
~ I 	 r 1 • 

1.5 iJ~~~I'1'J ~-.3HY1tltlJ'I1JliJ'I1tl-.3t~'Wn~l 15 'WlY1 'I111iJllwt'l11tJ'lY1fl11lJt11 14,000 'JtltJl'ltl'WlY1 
• 'U 

d ct d d 	 I QJ QJ d \ri 19 jJ

'W1'W 20 'W1'VI t'WtltWf)I'1::::f)V'W~ttl'Wttl ~~~1'J~::::mtJVVf)~1f)'I1~tl~tlV1'l'J::::ll~'J::::1'lt'WV bll ~'11 

. 	 " 
'U 

1'1::::f)tl'W~tfl'Wttl'l1~~VVf)1J1~1tJ ~lf)l1'W!~lJtV'V1l'WV~ 70 tiJtl{t9f'W~ iJ~lJll'1'J 250 111 1m~I'1'J 

""'~ '13131, 131«i 	 ci '" "'" 
1'1::::f)tl'W~W'Wttl ~'I1U'l1'l ~~V 'lUmtl'l Thermolyne (Barnstead, USA) 'Vlf,]tlJ'I1iJll 90 tl-.3f1'1!9f~t9fV~ 

'Wl'W I 'W 1Y1 ri 'l1 iJ '111 ~ 1~tJi11fl ~ 1v1 'VI~'\JV-.3~! fl'Wl v1 ~ tJ 1i'!fl~V'l 'I11ih ~'lJi11fl ~ 1v1 'VI ~!!'lj'lJ 

51'11mJ~ 
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3.4.5 flll.u~.ij11!'W f)~(;lVlIVlUf)l":ilmtltJ!fitltJihYllJ'U1f'l~1f)' 'YIvltJ1!1W DlID2 'Uf)~26S rDNA 

11 1~WltJu1f'l~1f) I 'VI1'l~ltml::;'I11~:IJltmEJ'lJtllEJ'lJf)111H'I1lim.J n'IJ~1~'lJU1f)~ 1fll'VIl'l 'Ufl-:J 

~-:Jn~1\9l~1-:J"l~fl~1'Ujl'U~mJr;) GenBank (http://www.ncbi.nlm.nih.gov/blast) hw1~BLASTN 

(Basic Local Alignment Search Tool for nucleotide) homology search program (Altschul I!r;)::; 

mu::; 1997) 

!II !II III~'"
3.4.6 flll(;llHVl'W IlJ11Wl'Wlflll 

~ 1hWt 'tJ~ EJ'IJIll EJ'IJ ~ 1~ 'IJ U1f) ~ 1 fll 'VI ~ 'U fl-:J ~i19frl'~1 fHl\ ~ (J-:J~ ~~ 1 ~ EJ 1 'If multiple 

I 3) liJiJ~Q,f 3J 
alignment program CLUSTAL X ver. l.81 (Thompson ur;)::;mu::; 1997) ~1'U\9l'U !lJ11\PlJ'Ulflll~1 

1-:J'illf).umJ(;lf)11lJU\9lf)~1-:J'Vll-:J11\PlJ'Ulfll':i\9l1lJl~ two-parameter 'Ufl-:J Kimura (Kimura, 1980) l~EJ 

19) 	 ... 1 ~ , ~ .t!t ~ til 
'l1neighbor-joining method (Saitou and Nei, 1987) Ur;)::;lJ':i::;tlJ'Uf)11lJ'Ult'l1fltlfl'illf)fll':i1tml::;'I1f) 

" " 
1 bootstrap l~EJfll':i~lcifl 1,000 f)i'-:J (Felsenstien, 1985) 

~ Q.J .et t! ~Iq G cf~ rv 0 Q.J ~ 
3.5 flllfl f)'lIl~ f)'lIW::;U(;lVl (;llJ'tI (;lVlllJ!flWcrJ'YI 1'tI (;ll111 tJ f)'Wfl1lJ11i 1'W 

q 

11 lV~~~'Y'j 'IJ':i1ttl'U ~tl9frl'1mJ trlfl~~ ~ 11!'U f) 1~ EJfl1rYEJflli mlJl1il'U ':i ~ ~'IJ llJmfJr;)~1EJfll ':i 

t'tJ~EJ'lJtllEJ'lJih~'lJU1f)~lfll'VII'l'IJ~nw DlID2 'Ufl-:J 26S rDNA u(;l::;:IJlftmmlf)fjw::;~l-:J"l \9l1lJ 

Q.J .et 4!=t, .et q

3 .5.1 	~f)'lIW::; 'YIl ~(;l111 'YIUlI!~~ 'tI1tf'llJ 

ftf)fj 1 ~f)fj W::;'VI1-:J ~~ ':i 1 'VI EJ It t (;l::; 9f1tf) n ~n f) 11lJ rilfltu ril '11 i''IJ f) 1':i ~1U'U f)'tJ ':i ~ til 'VI V~~ 
<J 

" 
1'U ':i::;~'IJ~tl9frl'ur;)::;1~'tJ':i::;~1 hJf)l':i~~~lU 'U f)V~~ ~-:JU 

c\...:::::., _I r!
3.5.1.1 flll Hf)(;lC)flJt~Vl(;lnlJl~f)f)tJmltJf)'W 

fll':i Ufl~cilJW\9l ~1':i'tJ ':i ~ f)fl'IJf) 1{'IJ fl'Ut ~ 'U f) 1':i'VI~ ~fl'IJ f)11lJ ~llJ l':i t1'Ufl-:Jv~~1 'U f) l':i 1'If 

~l ':i 'tJ ':i::; f)fl'IJm{'IJ fl 'Ut~ 'U U'I1 ci -:J'Y'j ~ -:J-:J 1'U ril'l1 i''IJ fll ':i t'il ~ tuu 'IJ 'IJ 1 'lfflfl f)ci t'il 'U t'U'U fll':i 'VI ~ ~fl'IJ ~1~ 
<J 

" ~1'U1'U 39 'l1U~ ~-:JU 

http://www.ncbi.nlm.nih.gov/blast
http:flll.u~.ij


: 
I J 

!elf) ICJH1' ~-f)~ Ifl'ff, f11U~f) lYI'ff u~~CJfeJ11'lJ'ff 
'" 

l~uCJfflml~~ ICJf~ l~l'lJleJ'ff, U~f) 1'Vl'ff, lJeJ~ 1'1'1 'ff , IlJ~i'll'lJleJ'ff, CJflfl~'ffII~~ 
'" 

'Vl~en h'ff 

l~~wllflml~~ IlJ ~ i'lclil '1'1 'ff 11~~~lyJW I'W 'ff 

1,,~~uCJfflml~~ i)~i'l'W 1I~~ull'! 

n~'W hl~ ~-eJ~~l'iJI'W'ff, l!eJ~-eJ~~l'iJI'W'ff, ~-l~ 1'lJ'ff,IW~-mlJ 1'W'ff I!~~ 

~-ICJfh'ff 

~ ~ art. .c:::I .::::lo. .::::lo. art. 

f11IWf)'Vl'VleJ~, eJ~'Vl~'VleJ~, ~-f)~CJf'VleJ~, eJ'WeJeJCJf'VleJ~, 

~-l!lJ'WU 'VleJ~, f)~ ICJfm eJ~, h'iJ'Vl eJ~, IeJ'Vl1'W eJ~ IW~ IlJ '1'1 1'W eJ~ 

m~cli~~f), m~ll~fl~f), m~9ff)cliuf), m~~-f)~ Ifl bUf),
'" 

m~f11II~f)~ I ~Uf) 1I~~m~~-f)~ IflUf). '" 
If)~ IfllCJf~ 

oj 44 d '1 d d '1 '1 '1
'ff1 nh ~ f) eJ'lJ g'W W'WeJ~CJf~~-~-f)~ ~flCJf1lJ'W, ~-f)~ ~fl ~'W-5-1I~f) ~~'W, 

2-~n~-~-f)~ Ifll'W~ II~~ 5-~1~-~-f)~ Ifll'W~ 
'" '" 

rll115'lJ i~ f11 ~ ~1~'Vl ~ 'ffeJ'lJ f11 m eJ 'ffcliiJl~~ 'ff1 ~ iJ ~ ~ f) eJ 'lJ m 1'lJ eJ'W 1'W eJl111HI1 ~1 Y111 ~ I'J 
i.I I i.I I 

I~~ I'JlJ!CJf~rl'V'ff1'i'1! 'lJ 1'W ~ eJ I'J I ~ I'J 1~~ iJ ri ll'J19feJeJ1l'J 24-48 oH1llJ'! ~ 'II iJ 1tJ'\ll~ n eJ 1 'ffeJ eJ 'ff IlJcli'ffVi'" .
" . " 

~ 1'W f11~ 'l1119feJ 2 iJ ~i'li'lm fl11lJ'li 'W 'lJeJ '!ICJf~ rl'V'ff1'i'1I 'IJ 1'W~ eJ I'JVi I~~ I'JlJ Ifl'I!'W iJ ~ ~ liJ'W I ~1'Jf11 ~1i' 
q 

m~~lfj'IJ11~~l'ff'W~11'J11~f)~1f)11'!iJ~~1J1tl! 0.75 iJ~i'lllJ~~ 1!~~~lff'Wrh'!n'W 5 iJ~i'lllJ~~ 1!~1tJ1 

I iJ 'I'll 'lJ n 'lJ11 ~ eJ~ ~ 'lJ ~ ~ 1) ICJf~ rl'V'ff1'i'11 'IJ 1'W ~ eJ I'J fl11lJ 'li 'W 'lJ eJ '!ICJf~ rl'ti 'ff1'i'11 'lJ 1 'W ~ eJl'J~1~rll115'lJ 111 'W 

" 
• . q 

f) ~119f eJ 1'1'1' 1 n'lJ fl11lJ 'Ii 
q 

'W Vi lJ eJ 'I ~ 1'W 11 ~ eJ ~ ICJf ~ rl'v 'ff l'i'll 'IJ 1 'W ~ eJ I'J II cl'11li 'W Itr 'W I11 'W II t) 'lJ ff ~ 1~ i 1 
I I V i.I I" 

(cH'!l'viln'lJ 1+ IljeJci1'Wt'J~f11~I1)~ty) 1)lf)'I!tJI~l~l9feJ 1~1'J1~~1'ffI1)eJ{thiJ~Vir"'h'Wf11~'l1119feJ 111'J~ 

ICJf~rl'V'ff1'i'1I 'IJ 1'W ~ eJ 1'J~ 'I 1'W eJl1111 '1'1 ~ 'ffeJ'lJ f11meJ'ffclii'Jt~ ~ 'ff1 ~ iJ~~ f)eJ'lJfl11'lJ eJ'W ~ 1'W 1'W 1 111'J~ 1'W 

f11 ~ 'Vl~ 'ffeJ 'lJ 1~eJ1111 ~ ~ III I~ lJ 'ff1 ~ iJ ~ ~ f) eJ'lJfl1 {'lJ eJtJI 11 'W 11 ~ eJ ~fl1 'lJ fJ lJ ~111't'J~ 111 'W ~ 'lJ (negative 

control) 1!~~1i'm111~~I~lJf)~ Ifl'ff11l'W11~eJ~fl1'lJfJlJ~111't'J~11I'W'lJ1f) (positive control) i.llJ~ 

eJtl!11f1lJ 28 eJ'!rnICJf~I9fI'J-rr ~~11)t'J~'Vlf)~iJ~1r11)'Wm'lJ 4 ~iJ~1r11~1'J~~11)1~~~~'lJf11~I1)~f.l.J~'!Y11
<:t qJ q U 

. " 
Ii'WI~1'J1 n'lJVi 1~1 'W f)11 I~~ I'JlJl CJf~rl'ti-rr1'i'1I 'IJ 1'W ~ eJ I'J 'Vl1'lJ11~ eJ~~ '!~1'W m!11tr'W lJ eJ'! ~1'W 11 ~ eJ~l~ 1'J'! 

" ~ll'J'!l'Wt'J~~'!~ll'J~~I~I'J~~eJ1iJij 
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+ '" ~I "! I ~I "! 1
f11~t\J~tylu'UiJ1fl (positive) fltltn'Uf-lt'ltu'U ++ 'I1~tl +++ 'U 

~tJ~lrr~ 1'I1~tl~tJ~lrr~ 2 

'" ~I I !Ii "! I ~I 
f11~l\J~tytu'UiJ1flm'lf1 (delayed positive, latent) fltltn'UNt'ltu'U 

++ 'I1~tl +++ mh-:J~1~t~1 U~ml-:J\J1fl 2 ~tJ~lrr 'I1~C) 'Ul'Ufll1 

s f11~t\J~tyt'1l'UiJ1fl~1 (slow positive) ~mhm'lt'lttl'U ++ 'I1~tl 

+++ ~1'1 1'U~~tI~nm~'U1'Ufll1 2 ~tJ~lrr 

w f11~t\J~tyltl'UiJ1flritl'U (weak positive) ~tlri1'UNt'lttl'U + 

- = ':I1ijf11~t\J~ty ri1'UNt'lrll'U~iJ 

(+) 
" . 
'" d ~I

'U1'U'1 m-:J'VIf-lt'ltu'UiJ1fl (seldom positive) 

v 
QJ '" I ~ Q.I d' ~I Q.J rI 
N'UUu~ (variable) fl tliJ1-:J 1;'\'1 tlY-I'U litu'U iJ1 fl U~~iJ1-:J 1;'\'1 tlY-I 'U li. . 
ltl'U~iJ 

+/w 

w/

. " 
f11~'I1iTflmJ 1t10-:J f11~'11 iTfltW~ fltl ~tl~ eli -:J U1;'\'l'lijfl11111;'\'1111~ tl 1'U f11~'11 iTm1 11'11 ~~ 1-:J'1 n'U 

. " . 
1~ tl111' tJ'W19'I1~'Vl1 ~\91~1 \J 1;'\'tliJm1111;'\'11l1~ tl 1'U f11~'11 iTfl'\J tl-:J UM1 ~ tl ~-fl~ 1fl1;'\', ~-f11U~ fl1 'VI1;'\'

'U 

" lltl~1'VI 1;'\', 9i 
'U 

1m1;'\', 'VI~~11~1;'\', ut'lfl1'V11;'\', ~1~~1'U1;'\' u~~tllt'lil'iJ 1tl1;'\' 1~tI'VI~1;'\'tliJf11~'I1iTfl'W1\911~ 

\91111i~'1w-:J Yarrow (1998) 

" i~ 'VI~ 1;'\' tl iJ '1'111 ~ tlt\91 ~ till tl1 '11 U rl1 '11 ~iJ 'VI ~ 1;'\' tl iJ fll ~ '11 iTflU1 \911 ~ {fermentation basal 

medium) (mfl f-l'U 1fl) hi~-:J1'U 'I1~tl~'VI~1;'\'tliJi-:Jmtl1 'UiJ~~\J'I1 ~tl~flflUn1;'\' (Durham tube) 'I1~tl~. 
I i.I, i.I 

~~ 2 :iJt'lilil\91~ U1'tJi!-:J~ll9ftl'VlmlJ'I1fl:iJ 121 tl.:JfY1t9i~l9itl1;'\' 'U1'U 15 'U1'Vl \J1fltT'U'I'11fll~t~1l 
• 'U 

V. I i.I 

1;'\'1 ~ ~ ~ ~ 1tlU1\911 ~ 'Vl cJ{ tl-:J fll ~ 'VI~ 1;'\'tliJ eli -:J '1'11 111'tJ~ 1fY\J 1flt 9ftl1~ tlfll ~ m tl-:J N1 'UtlllHiJ ~ 'U '\J 'U 1~ 0.2 

10] 1 !lid !Ii !Ii !Ii I '" ~ I 0' cl 0' !Ii ~.I ~1 1 !Ii !Ii !Ii !Ii
~llmtl'U 'I111fl1111t'IJ1l'\J'U"l~'VI1m'VI1fliJ 2 tutl~t9i'U\91 (tlflt1'U~1~~ 'U1;'\' 'lffl1111t'IJ1l'\J'U"l~'VI1t1 

" 
t'vllniJ 4 ltJtl{tcHtJl'l) tJ~ll1\91~ 1 iJ~ilil\91~~m1t'ltl~ t\91~tllll9i~~U1;'\'IP1U'\J1'U~tltl 1~tl1~\ltJti1m9ftl 

" ." 
tn~ 24-48 ~.:J'tJ1tJ'W1~ntl{1;'\'tltl1;'\'111~1;'\''Vl~·hufll~~lt9ftl 2 iJ~ilil\91~ fl1111~U'lJtl-:JI9it'l~U1;'\'1'l 

. " 
U'lJ1U~ tl tlYi ll'l~ tl1l1~tT'UtJ'j~I:iJtJ 1 ~tlfll~ 1~m~ ~1'l:J'IJ 11~ ~ lrYtJ ~1 tI'I1i1m'h fll1.:JtJ ~~ll1W 0.75 

iJ ~ il I 11 \91 ~ U~ ~~ I rY tJl11.:J nus iJ ~ il I11 \91 ~ U~1 'W1 , tJ 'VI 1iJ n iJ '11 ~ tl ~ ~ iJ n ~ I9i ~ rl'u 1;'\' IP1 U'IJ 1 tJ ~ tl tI 
. " . 

m 111 'IiU '\J tl.:J I9i~ ~U 1;'\'I'lU'U1'U ~ tl tlYi 1'If'rl1'11 ~iJ 111 tJ fl ~1t9fm,\,11 n iJ m 111 ~i U 'Vlll tl-:J N1U '11 ~ tl~t9i~ ~. . 
U1;'\'I'lU 'IJ 1W1tltlU~11~ tJ Iffw1luu tliJ ~~ 1Y-1 ~1 (i -:Jt'V11 niJ 1+ lrltlri lU N~fl1 ~ I \J ~ ru) IY-Il~U1;'\'l'll ~ tI 1~ 

" , )I I iI 

Y-Il1;'\'1 \Jtl{thtJ\91Yi ~hu fl1~CJJlt9ftl'l1 tI~I9i~~U 1;'\'IP1U'lJ1tJ ~ tl tlt'l-:J 1'U tn'l11~ 'VI~ 1;'\'tliJ'Vlij1;'\'l~ ~ ~ ~1tI'Wl\911t'l 
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'lJ'i'i~19i1'l "1 ~ltJ1'W 1 rHJ~ lhJ~'QW'\1.fJil28 il'lfl119HH~tJ'" ml'jH..J~m1'\1lJfl1~tJ~'llfl\9l,j~lJ1W 
, , " 

wi", Vi '" ~ "'lJ 1 'W '\1 ~ il ~ ~fl un", U~ ~ m 'J 1,j ~ tJ'W u,j ~ 'l ~ 'U il 'l ill '\1U 'VI 
q 
fl1 'W'\) 'W fl ji.J 7 1'W 'Il 1fl,r tJ 

\9I'Jl'1l"'il1J'I'lfl~,j~lr1'1ltJm1J 28 1tJ ~Wfll'J'\1lJfl'J1 tJ'lltJ 1~tJilltYmlm~1,*1'Wfll'J"'~1'lun"",r1~lJ 
IV (;)I ~ cY.::i lfJ~ Q.J (;'J (lid

'\1~il~~flUfl'" u~~,j'JlJ1WUfl"''VI'''~'''lJ n 1 tJ'\1~il~~flUfl'" ~'l'W 
d Q.I ~ Q (;")J d Q..I C')J 

+ lJ fll'J'\1lJ fl~ 'WU'J'l (strong positive) fl illJUfl "'l\9llJ'\1 ~ il~ ~ flUfl'" 

mfJ1tJ 7 1'W 

010<::\ 19} ~ ~d 

fll'J'\1lJmfl~m'lJ'l (delayed positive '\1'Jil latent positive) flillJ 

(;")J d Q.I C')I I d I Q,I ~ Q,I I 

Ufl"'1\91lJ'\1~ il~ ~ flUfl"'ilfJ1'l11~l11 U\9I fll 'J'\1lJ mfl~'\1~'l 'Il 1fl1J lJ 

UltJ fl11 7 1'W 

QI ~ 3J ~ d C')I I 9J lr]~1 d 
s fll'J'\1lJmfl~'lJ'l'l (slowly positive) flillJUfl"'flilfJ'l 1'U1 ~U'llW\9llJ 

Q,I (;')J Q.I I I OJ 

'\1~il~~flUfl'" '\1~'l'lllfl1JlJUl'Wfl11 71'W 

Q.l1 ~d(;')Jlf]ld cv (;')J 

+w fll'J'\1lJflililtJ (weak positive) flillJUfl'" blJl\9llJ'\1~il~~flUfl'" 

(lJU f)"'"r ilfJfl11'\1~ 'l1 tJ "'llJ'Uil 'l'\1 ~ il~ 1'W 'Uw~ ~ li'llJUf)'" 

lJlflfl11'\1~'l1 tJ "'llJ'Uil'l'\1~ il~;ij~11lll'W1J lfl) 

ilJlJ fll1'\1lJfl ~il1 'W '\1 ~ il~~fluf)",ilJlJuf)'" 

v 1J1'l "'1 fJ'WtJi''\1lJ fll-'l 1\911~ hi1J1'l "'1 fJ~'W iilJ'\1lJfl. " . 

3.5.1.3 fl1'm~H,1'c)HJltl~~n'lh~flt)tJ'Ul~'ll'ilU 

fll'JUil",cliill~\9I"'1'J,j'J~flil1JitJ 1\91'J1'1ltJflmn1J'Will'\11'Ju~'l1~tI1,* starved inoculum mlJ 

lTI'Uil'l Nakase 1W~ Suzuki (1986a) ti",\9l''VIfl'lJ'i'i~1,*uillJ1lJ!iifJlJ~m'Y'l\9l11l'W1t'11ri'l itJ1\91'J1'1l'WI~ 
q 

"'1'J,j1~flil1Ji'W 1m1'1l'W~'~'tJfll'Jflfl1l1fll'JUil",cliiJ1~\9IlJ 6 'lJ'i'i~ l~uri 

UillJ 1lJ1iifJlJ~~1'Y'l\91 (ammonium sulfate) 1,jU\9I"'191fJJJI'W1\91'J\9I (nitrate) 19f1~fJJJitJi\9l1\9l' 

(nitrite)tilYlmlJ'W i eJ 1~'Jfl~ il I Hl (ethylamine HC!) 1til~-I ~~'W (L-lysine) U~~fl1~ 1nil~'W l~ 

leT 1f1'Jfl~il i 'J~ (cadaverinedihydrochloride) 

fll 'J 'VI~"'il1J m 1 U il ",cliill~ \91 "'U,j 'J ~ fl il1J 1'W 1\91 'J 1'Il'W 1 'W ill'\1U U~ 'l vll 1~tJt'Vn~ tiMl1J 'W 
I jJ g.I jJ 
~~ 'jI~ Q./o I ~o 'jI 9 

ill'\11'J YM agar l'VWllJ'Wflm1'lJ'il 'Il1fl'W'W'VI1fll'Jmm'lJ'il'll1'W1'W'WilfJ'l ~'l !'Wil1'\11'J Yeast Carbon 

Base (YCB) broth (mflN'Wlfl) 11JJ~ 28 il'lfl119f~1~fJ'" 'W1'W 1 ~,j~1r1 1~il hw",\9l'l~I'W 1\91'J1'1l'W~ 
II] <j} "<j} ~ <j}" "'" ""'~ "'JJ nm fJ 1'W19f~~ tJ il fl1 '\1 '\1 JJ ~ 'Il 1fl 'W 'W 1'lJ''Vl1 "'1 'Il il 'J 11 1,j \91 '\1 fJ ~19f~ ~ fJ'" \91 U'U 1 'U ~ il tJ 1 '\1 fJ~ ~ 'l1J 'U 

'Il 1'U ill '\1l 'J 'VI~ "'il1J fll 'J Uil ",cliil1~ \91 "'1 'J,j 'J ~ fl il1J 1'U1\91 'J 1'1l 'U 11 JJ ~BtU '\1 fl il 28 il 'l ft'l19f~1~ fJ '" 1 'U fll1 
q <u 
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" .. 

~ _I QJ C C
3.5.1.4 fll'HJ'n:nn'ju'j~m)U'fl~lJmH)£JVl (amyloid) m£J'W'flfll9HHl 

f11'HY~l,:j~l':iiJ':i~n'fliJ'fl~l1rH'ttHJ~'VlWlllJl~'\J'fl-:J Yarrow (I 998) 1mJI'1':il'ilmtl11~-:Jf11':i 

'VI~ ~'fliJ f11':i !!tl~9fiJ!'~1'1 ~l':i'l.h~ ntliJf11{iJtl'U !!~ ~ ~l':i iJ':i ~ ntliJ l'U 11'1':i!'il'U!~1 'il!~ tliJ~tltl l~tl11 tI~ 

Lugol's solution (m'flN'Uln) ~-:J 'l'U11~tl~'VI~ ~tliJf11':i !!'fl~9fiJ~~1'1 ~l':i'l.h~n'fliJ'fll{iJtl'U~ljn~ 1 'fl~ 
'U 

!'U 'U!! ml -:JfI1{iJtl'U !! ~~iJ'U 'iJ l'U tll111':i ~ 'VI ~ ~tliJ f11':i!!tl ~9fiJ!~ 1'1 ~l':i'l.h ~ n 'fliJ l'U 11'1 ':i !'il'U ~lj 
," " 

!!tllJ llJ!'W tllJcif~ !'WI'1!11wl'I1 ci -:J l'U 11'1 ':i ~ 'iJ 'U t1'1 tll111 ':i!iJ ~ tI'U!11 'U ffl1 l!~ 'U ~ 'li'lJ 115'fl ih'h!~'U!!n lJ! ~ til 

3.5.1.5 fll'j!il1~mHl1m'jfithlrH)1nlf11ij'W 

'VI~~tliJ f11':i!'iJ~tyiJ'U tll111':iYiiJ ':ilfl''illnll'1liJ'Ul'1llJl~'\Jtl-:J Komagata !!~~Nakase (I 967) 

. " 
l~tHYn~v~~iJ'Um11l':i YM agar lilJYifJW11.iJiJ 28 tl-:Jfl'WI1~!91t1~ 'Ul'U 2-3 l'U riltH~tliJ~lJlW 

.utltl~ ~,:j'l'Utll'\1l':i~iJ':ilfl''illnl~l1iJ'U (vitamin free medium) (m'flN'Uln) lilJ~fJW11.iJiJ 28 tl-:Jfl'l-
I I "v 

!9J'~!91t1~ 'U l'U 7 l'U 1yj tl 'lffij~~'l ~ll'1liJ'U Yi ~~ ~lJ fl1 tI 'l 'U!9J'~ rl'tl tl n 'l rr11lJ Vl 'illnir'U 'Vllf11':i ri ltll~'fl 

iJ~lJlw.utltl~ ~,:j'l'Utll11l':i~iJ':ilfl''iJlnlI'11iJ'U11~'flVl'lml lilJ~fJW11.iJiJ 28 tl,:jfl'll9J'~l91t1~ 'Ul'U 

" 
4 -ffiJ~lrf ml'ilN~l'Jn 3, 5, 7, 14, 21 !!~~ 281'U 1Vltl-ff,:j!f)I'1f11':i!'iJ~ty'lJ'fl-:Jl~tl !!~~':iltl,:jl'UN~l'1llJ 

n 1 ':i 'VI ~ ~tl iJ n 1 ':i! 1tl ~9fiJ!~I'l ~l':i iJ ':i ~ ntliJ'fll{iJ'fl'U 

3.5.1.6 fllllJ~l'W'Yll'W'9fIfl~leJf)9f'lJvl' 

'VI~~tliJ'fllllJ~l'U 'VIl'U 19J'1 'fl~HJf)9fllJ~l'l1lJl~'lJtl,:j Yarrow (1998) 1~ tIlYn~v~~mtl• 24

48 411lJ -:J 'l 'U tll 11U l'I1 ~ 1 ~ lj!!1J n 11'l-v ~ I'll 'U 11'1 ':i ! 'iJ hi! iJ ~ !! ~ ~ ~ -n ~ 1 'fl ~ ~ lj n 1 ':i !~ lJ 
'U 

, " 
1'1':i l'il~tliJ'fll1lJ~llJl':i fl 'l 'U f11':i 1'il~WiJ'Um111':iYiljl1 1I'1l~'fll1lH.ulJ.,j'U ~ -:Ju~~!n~'fl'fll1lJ 

u 'U 

!oU'lJoU''U~,:jl'1llJl~'lJ'fl-:J Yarrow (J 998) l~tIlYn~v~~tllti 24-48 411lJ,:j ~-:JiJ'Utll111':iU~-:J4 'lfiJ~ fitl 
'U • 

d ~ 

tll'\1l':i!!'lJ-:Jl'Jn 3, 5, 7, 14 !!~~ 21 l'U 
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""
,
3.5.1.9 fll ';j 'YI VI in) 'U fll 'H.I tltl!tl tl WI 'W 

fl11lJ tYl:lJl 'Hllw 01 'J VtJ t1'H ~e)'Vll l1iw m~ lJ l'\1 (;'11 1~ til 'Yll::;[j tY~tJ 1tI• 24-48 i11lJ -:J ~ -:J iJ lJ 
, ", 

tll'H 1'J VilJA'lJiJ l'l'llJH~::;wm~lJ l~tI01m'l'l-:J (stab) !~tJ~-:Jh.JtJ1'Hl'J 'tllJVitJtl!'HfJlJ 20-26 tJ-:Jfl'l
• OJ 

!C)f~!9ftltY !~lJnm 30 llJ 19l'J1'iltYtJiJf)l'HlH111~tIltll'H~tJ~!itl-:J!~tJhJ'tllJllJl'i!~lJ !~lJnm 30 
OJ 

3.5.1.1 0 f)l':i'e11m'tlcHg!~tl 

'I'l~tYtJiJf)n'~ 1~'J '~cHtIl~ t1\9lllJ1TI'UtJ-:J Yarrow (I 998) l~tIlm::;[jtY~tllti 24-48 i11lJ-:J ~-:J 
OJ • 

l.:::::i ~ .::::::s Q)91d 

iJlJtll'Hl1" Christensen 's urea agar (fJ1fl~lJ1f) iJlJ'I'lfJtl!'H5JlJ 28 tJ-:Jfl'l!C)f~!C)ftltY lJllJ21 1lJ tlllJ 
, I ~ I V V 

011"' ~1~ 1"'~CJ1t1l~ t1Vl!tJ'lfVi!'VllJ~lJ'il::;!'u~t1lJ i1'UtJ-.l tll'H n !~t1-:J!9ftJ l1i!'UlJ i1'lflJ'YlH~-:J llJ f) 1':i 'I'l ~ tYtJ1J 
OJ OJ 

9 - "'9 ~I '" d, 'jJ ~ 
l'lftltYl9lllJtYf)~ Rhodotorula !lJlJI9l1fl11JfllJ'I'l 'H~~!iJlJ1J1f) 
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, 
<::! 

U'YI'YI 4 

~HHll 'j 'YI ~ tU)~ 

4.1 N(;)fll'l UtJflI~B'll ~r;n1Il 'l t1't'iiJoJ1Vll (;),9f1(;)tllil'W!e'Yll 'W B(;)'ill OlJ(;)r;lVl1f)'W.w1f.. 
J ~ I QJ r:I.t:::::lo ~ .d. ~ .C\ I .d. 0 

r-H10l11WfH'lfB11'i)lO~'JtHJl~l.J(H"\Wdf1lJ'W'If'Vllf1'\J'i) 1f1'\J'J'l 'Jill ~ N'1 (~111~'Vl 4.1) 'i)llJ 'JlJ 
, " 

321'1'JB~1~ hwi~ Enrichment culture Utl~ spread plate i.JlJtll'l11m~~~~1 YX cJf~ihJ1~ltl 

ll'1l'!tlTI' (2% w/v) l~lJU'I1ci~'fll{'\JBWYltJ~'Ifii~I~£n TI'lm1tHltJf1I~m lTI'ltJ1tJ~~i:hlf1'hlill~U~f1\9il~ 
iI '" I 1 

tilJ 'i)lf1U'I1ri~~l~'1I1~'I1lJ~ 91B 1'1l'ltl~Utl~TI'111l1jJUtJf1I~B111'1l'tl~l~tJ'J (tjTI'~) l1iJ~f1'hlill~ lflltlU 
I I • ,iI iI 

H~f1~l~tllJ 8 Ui.Ji.J~~UTI'~~1lJm11~l1 4.1 Utl~fll'Wl1 4.1 Utl~I)jBlll~~l plate l1nn~l~tJWlh)11 
, I .,., • iJ 

TI'ltJ 1£.1 llil~f1~lJm'VlllJ Btl U~ l)jBlll~ plate l11'Wl~l~tJ~UTI'~ 'i)~ l~f1~lJm'VlllJ Btl UTI'~~ll!~m 1 
, iJ iI I 

TI'1 £.I 1tJl111tJ f11 ~lliTI'llJ 11 f:l '1111f1 U1~ 1tll '1l' 1tl TI'!11lJ! B'Vl1lJ Btl!!~UTI'~11~'I1lJ~l111tJf11~TI'llJ 1 ') jJ '1111f1 

" 
U1mtll'1l' !tlm~WB'Vl1lJBtl 

, 

I'1Tv~l~Utl~lmci~l1m 

Al 0.30 

A2 0.30 

A3 0.20 

A4 0 .30 

AS 0.20 

A6 0.25 

A7 0.25 

A8 0.25 

A9 0 .30 

AlO 0.30 

All 0.30 

Al2 0.30 

Al3 0.25 

A14 0.20 

AIS 0 .20 

Al6 0 .20 
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Al7 0.20 

Al8 0.30 

Al9 0.30 

A20 0.25 

A21 0.25 

A22 0.30 

A23 0.30 

A24 0.30 

A25 0.30 

A26 0.30 

A27 0.25 

A28 0.25 

BI 0.25 

CI 0.15 

DI 0.20 

EI 0.40 

FI I Q.I 0' .c::.. 

lJ~fl1'HYllHY9111'tll~'\.J fl'VllJ. 0,30
" 

GI 0.40 

HI V Q.I a' .t::\o 

lJ~1J1~lmn'\.JMnl'tll~'\.J fl'VllJ. 0.10" 
11 0.10 

'YflJlm'Yf~ : 

A, ~mHu~ Ifl hiHY'tlll~'\.J fl~lJ 'tItl'lJljV'lJ 9)'J.:Jflm.:J~'\.J~'\.JlJllJ'\.Jlll 
B, ~flEJtlJ~ Ifll~iHY'll'lJ~ fl~lJ 'tItl'lJljV'lJ lJ'\.Jlll 

C, ~flEJtlJ~ Ifll~ljff'tlll~'\.J fl~lJ 9)'J.:Jflm.:JiJ~~I~fl'"1~'\.J~'\.JlJl 
D, ~flEJtlJ~ Ifll~Uff'tlll~'\.J .uN'lJ'\.J Ifll~u!ll'\.JnJV'Yfvfl 

E, ~flEJtlJ~ Ifl hUff'tlll~'\.J iJ~flEJtlJ~fl~lVTI'lJtl.:J 

F, ~flEJtlJ~ Ifll~Uff'tlll~'U 'tItl'lJ'I1Vfl 

G, ~flEJtlJ~ ITl hUff'tlll~'U 'tItl'lJ!~V'lJ 9)'J .:Jf1m.:J~'U~'UlJlmiJtlWJ1'tll ivJ 
H, ~flEJtlJ~ Ifl hUff'tlll~'\.J fl~lJ 'tItl'lJ!~V'lJ 9l'J.:Jflm.:J~'U~'UlJllJ'Ulll 'tI'Ul~!~flflll A 

IJflEJtlJ~ Ifll~Uff'll'lJyjcitl'U fl~lJ 'tItl'lJl~V'lJ 9l'J.:Jflm.:J'U'U~'UlJllJ'Ulll 
" " 
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ilTVfVi 4.1-1 !!ft'~-:j"'f1l1ru~!!'lJ'lJ A 

ilTVfVi 4.1-3 Uft'~-:j"'f1l1ru~!!'lJ'lJ C 
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ilWfYi 4.1-4 Uffll.:j"f1l1tu~ll'IJ'IJ D 

ilWlri 4.1-5 Uffll':Hlf1l1tu~U'IJ'IJ E 

illVlri 4.1-6 llffll.:j"'f1l1tu~U'IJ'IJ F 
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ill'V'lfi 4.1-7 tln~.:j~fnHU~l!'tJ'tJ G 
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4.2 f-J(;l fll':i1Afl ':i1::: l1th:::iYfIiiilWHl1':i'tlii'flJ Wl1(;l1cu1(;ltn t1'UWfll'lH)(;l'\Jij ~m(;l'~~HtJfl1~ 
4.2.1 f-J(;l'il1flfll':i'tlii'flJ wll(;l1cu 1(;l(;l'ltl'UWfIl'Uij(;l1'U(;l'fll'W~ijij1fllfHhnYl 

v v ~ I 

~~fll'H~V~v'ff~i'Wmm~!~vw);mrHt'HY~~ YX Viijru11JliJ'I1'ij~ !'Ufhi'l1'mfllfl' 24
" ." 

41 llJ~ !!~:::!~tl'WllJl'yhi'l1'!~'W'ffml'l~iJmfllfl'~ln~ 1'flVfll~!~lJij111n!iv~!4m11~1'ff~~ YX ~~ 
"" , 

'U 

liJ'il'W!fimJ!~lJ flask !!~::: 1J~~h flask ~lV paraffin r1DD'W~mh~uill\9l~Yl~HVi'Qru11iJiJ'I1'ij~ l'flV 

lli!'lHJWltl5fl !~'Wn~l 72 41 llJ~ !~m1J~'ilfl flask 'il:::l~fl~'W!ij'YI1'Utl~ DN flask l'lW!~'Uyj~lJ~. 
I v".. V I 

Nlm!l !ljij!Wfl'Wl!~tJ~!tlfijlJ li!fnl:::r1W'YI1'W ij~l'lDl1V'ff~'YIfl I ij hH~~Vi!Wfl 1~~il~W'YI1'W ij~U\9l. 
_ I"" c: IIJ 'j) 'j) I c: 
lJ~lJlrultl'YI1'Utl~'Y1 !'fl'UtlVflJl Pichia stipitis (ml'l'YI 4.2) 

4.5000 

4.0000 

3.5000 

~ 3.0000 
£: 
0 

2.5000 ~ 
C 
cu 2.0000 · 
0 
£: 
0 
0 1.5000 
0 
£: 1.0000<II 

.t: 
W 0.5000 

....0.0000 

-¥ ..":J ..'\ . ...~ ....... ~":J:'\ ...~ ,.,.... ,.,'b ,.,":J ,.,'\ . ~.... r-..... ".... $:.
·0.500ci: v- '?' '?' '?' '?' '?' '?' '?' Pichia 

Yeast isolate No. 
SliPi:..J 

, ," 
fll'Wl1 4.2 1l'ff'fl~iJ~lJlrulel'YI1'Uij~Vi 1~'illflfll~11l1mA l~l~19fhm~'UW'YI1'Uij~ 

i'U'ffml'l~iJmfl1fl'~ln'fl1'flvv'ff~~UVfl1~ 

!II V • • 

~~fll~'YI'fl~ij~.u'v 2.1 l'lDl1fll~l~v~ltlfm~lJl'i''U1;Yl11fD'\1l1fllmll'Uv~ 1~ 24 i'1 llJ~ 
" " , 

U'W ltlfViJ mllJ~'W11'ij V~~ I ~l ilv flV'ff~1 ij 19f1~~ Vi ~il91Iel'Yll'U v~ I~ ~ ~ 'ill fl ~~ fll ~ 'YI'fl ~ tl~ oUv 2.1 lJl 
v v • " 

5 lvl9fl~~ U~:::l~V~ltlfiji'U'ffml'liJmfllfl'l~'Unm 48 i'1 llJ~ l.wVI'VllJfnllJ~'U'Uv~!9f~~uill~~!'Y1 

mm~!iV~l4v YX ~~liJ!~lJi'U flask 'il'U!fiVD!~lJ flask uill TI'fl~l flask ~lV paraffin r1DD'U~fl 
I 'JI v • I 

bYl~!.wml1 i 111~'W 'ffml'liJtllfllfl'~ 1n'fl \9l~Yl~ I iVi vru '\1 JliJ11ij~ \9lV5 flltl'Wnm 72 i'1 llJ~ l~v lli. " 
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4 .3) 

4.0000 
r

::J 3.5000 -...... 
tn 
-; 3.0000 r---
0 

~ 2.5000 I-
!::
c: 
Q) 2.0000 r---
u 
c: 
0 1.5000 u -

"0 1.0000 c: r---
(\I 

.s::: 
0.5000 -w 
0.0000 

I-

r-1 r 1 D 
A8 A14 A28 E1 11 

Yeast isolate No. Pichia stipitis 

. ." 
ill~fi 4.3 U~~..:JtJ~lJlUJ!V'I'11'1.H:rtlYi 1~'illf)f)l':i'l1l1fnl Wll&119f 1&1m~'\.Htl'Vll'Utl&1 

I • iI I :)J I 

''U~ml''lYiiJmf)1f1~ln~ u~rvhJtJ~lJlUJ!tMtl!~lJJ1'U~'U 1~mVlm~tI~nmf)1':i,jlJ 
" . . 

!tMtl!~lJJ1'\.H~'U 48 o\f11lJ..:J 

" . 
f11':i'Vl~&1tl..:Jijl~ti1tlf)fjm.llJl 9 ltl19f!&1\9l ~..:JiJ~f)lJUJ~ 1fl1&1iju\9lf)~1..:Jn'UlJlfff)1J1 

iI iI ,. I 'jJ I 

1~m~tI..:Jt~tl!~lJJ1'U 24 o\f11lJ..:J U~1!~lJm'l11':im&11 YX YiiJ'l.hm&119f 1&1~tVllJ'illf) 2% (w/v) t~'U 

10% (w/v) &1..:JltJ l"I1J11'\1~..:Jf)1':i,jlJ''U~.f11l''1~iJmf11f1~tlVf) 72 i'11m culture ~1~iJ~f)lJU!~~'U
q 

• I I 1.1 '" iI 

tijtlttl~ ~f) flask llil~f)~'Ut tl'l'11'U tl&1 u~dJmhu lt~ tI..:J!~tlltJltml~ l1ttl'Vll'U tl&1l"11J111~ttl'Vll 
" . . 

'Utl&1lJlf)f)1111..:Jf)1':i'Vl~&1tl..:JYi 2.1 !!&1~ 2.2 (.f11l"1Yi 4.4) 
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.' 

3.5 

~ 3-c 
0 2.5:;::::; 
C'O... 
c 2-
Q) 
0 
c 1.5
0 
0 

'0 
c 
C'O 
..c 0.5 w

0 

r- -
,....

roo-
- -

- ;- roo-

t-- t-- - f -

n 
A14 81 C1 01 E1 F1 G1 H1 11 

Pichia 

Yeast isolate No. stipitis 

n 

, ,v 

fIl~ fi 4.4 U1:1' ~ \l1l~1J1 tlml 'Vll'I-HH:l'Vi i ~1) 1fl fIl 'j' 'I11Jmhl'll ~ i "li 1 r:nnthmrvl1'I.J tl ~ 

'1 'U1:1'm~~iJmfllf11~t:/v1:1'I'1~!ltJfl i~ 

4.3 

stipitis Utl~ Candida sp FI 
v , 

31d 'I "" 0 '1 1
v.l~fIl'j'l~tJ\l Pichia stipitis U~::; Candida sp FI !'Um'l1n!'\1~l YPD 'Vl 30 C !'I1tllfllf1 ~tJfIl'j' 

I ~ I d t do I I ~ <J} tI I Q,I Q,I 

l'UtJl'Vl ISO 'j'tllJl'ltl'Wl'Vl ~lJl1l:Utlmml:U'\l'Wl'j':UI'l'W'\Jtl\ll"li~~ (OD 660 run) l'VllfllJ 0.1 'I1~\lfll'j' 
, v 

1l:uil 6 il1:U\l -n\l Pichia stipitis ll~::; Candida sp FI 1)::;l~l~'j'::;tJ::;flnl1)~ty log phase ~\l!l1:1'~\l 
, , 

'I "" "" !Wll~'Vl 4 .5 ll~::;m~'Vl 4.6 
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• • 
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2.50 

2.00 

-0 '1.50 
CD 
@.. 

0 
a 1.00 

0.50 

0.00 

• • • •• 
• • 

• 

• 
• 

• 
• 

• • 
•

• 

o 5 10 15 

Time (h) 

Pichia stipitis 

2.50 

2.00 

~ 1.50 • 

5£. • 

....g 1.00 

• 
•0.50 •• 

000 

o 5 10 15 20 

Time (h) 

Candida sp. Fl 

20 



25 

" , , 
~(;1f11':irnJfmJ'Vl1lHH1111m1l\P11(;1!911m,..Yi 30

D

C lll'U!1(;11 72 olf11lJ\l hwl~ P. stipitis U(;1::: 
" ,o 7 ~~C:t.~ 1 

Candida sp. F I ':i::: tl::: log phase 111'U1'U 1.3 x I 0 celUml (10% v/v) lll'Ul'lf'f.H ':ilJl'l'U 'WlJ11 P. stipitis 

r'UJfHtJ'VllW)(;11'U {1'fll1d'hl1f11fl'~ln~ !~~fll1{1'm1d'h:l1fnfl' {1'm1:::litl1f11fl'~ln~ P.stipitis ~ill'l 

Itl'YI1'Utl(;11~ 1.37 gil U~ Candida sp. Fl rnJflw'Yll'Utl(;11'U{1'm1:::litl1fllfl'!~~fll1{1'm1:::litl1f11fl' 

~ln~ 1'U{1'm1:::litl1fllfl' Candida sp. FI ~ilI'lW'YI1tl'U(;1!~ 2.21 gil U(;1:::lrt'f.HD1tllJlVitllJ 

" D':i:::iY'YIim'Wf11':il111f1!tl'YI1'Utl(;11l1flU1m(;1 191 1(;1 {1'':i:::l111\l P.stipitis lW::: Candida sp F 1 'WlJl1 

" Candida sp Fl {1'llJl':it1'l111f1!tl'Vl1'Utl(;1!~~fll1 P. stipitis Iml\l{1'tl\l{1'm1:::'YI~{1'tllJ ~\l!!{1'~\lI'U 
.d 

m'W'YI 4.7 

-~3 2.21-
1.53 1.37 

C_anaerobeC aerobeP anaerobeP_aerobe 

Yeast species and ferment condition 
, " 

ill'Wfi 4.7 ~(;1f11':il111f1!tl'YI1'Utl(;1111flU1m(;1!911(;1{1'I~tl Candida sp. Fl IW::: P.stipitis 

.t::::!t. .t::l ~ QJ QJ t! AV 

'IJ'lI1W D1/D2 'liM 26S rDNA !lt1:::fl1'l1Im1:::l'ifl11~(J~'W'U:ti'YlN11~'\.!lfl1'l 

111 flfll':i <ij~ ~1!!'U flvm,n ~tltl1fftltl'4 m lJ l1i 1'U ':i :::~lJ IlJI (;1 fJ ~ ~1tlfll':i l11~1I'llJ 11 1fl~1tl 1 'YI ~ 

lJ~!1u! D11D2 'Utl\l 26S rDNA 'Utl\lV{1'1911tll91W'YI~1\l'llJlID1tllJIVitllJfl11lJ!'\1iJtl'Unm11I'llJ111fl~ 

ltll'YI~'lJtl\lE\lli;ll91~l\l'l ~tl~I'U~l'U<U'm..!(;1 l~tll'lf BLASTN homology search program 
", " 

(Altschul!! (;1:::fl U!::: 1997) <ij~ ~ 1U'U flV{1'IPl! ~111 fl fll':i ji)~l~ tl f1!~tlV{1'IPlVi {1'llJl ':i t1'l111flU 11911(;1 ! 91 1(;1 {1' 

tll'UW'YI1'Utl(;1!Il~\llIlUfl A14, Bl, DI, El , FI , HI U(;1:::Il <ij~~l!1'Uf1!1l Candida tropicalis tl~''U 
" IVhllJ Ascomycota olf'W Hemiascomycetes tl'Ul'llJ Saccharomycetales l~tltl~I'U1\lff Candidaceae 

~\ltll'U ':i:::tl:::~lim'Wl:::f11':i'iY1J'vr'UiUlJlJIlltl1fft,!'Wfl' l~tllitDtl{I9I'U1Pl identity 90-100% tlf1!1'U HI 

lit Dtl{t 91'U IPl identity 89% U(;1::: trttlVl 111':i U! 1fl11lJi'lJ 'Vl'U n 'YIl\l11Wl'W 1 fll':i 111 fllPi' 'U I~111'lJ 'U1 f11':i ~ 

{1'11\l111fl~1I'llJ111fl~ltll'YI~lJ1nU! Dl /D2 'Utl\l 26S rDNA 'Utl\lV{1'IPl{1'ltl'Vl'Un l'l\lflcil1 (m'W~4.8). 
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" 'YI'ldlV{1'~l1-:J 7 {1'lm~\l1fu~lUlPllU11t1-:J!~~ln\Jf)'IJ Candida tropicalis 'IJ'U~'Ul~11W1'U1fl1~ ril'U 

H I ~~U~"U Candida sp. 

A14
63L:' 

Bl 

Candida tropicalis (U45749) 

57 El 

91 Dl 

Fl66 
II 

56 
,--- Candida sojae (U71070) 

rCandida maltosa (U45745) 

Candida parapsilosis (U45754) 

63 Candida loddera e (U45755)
,- 

100 Candida viswana thii (U45752)
97 

HI 

Candida dublin iensis (U57685) 

,--  99 Candida albicans (U45776) 

Candida sake (U45728) 

Pichia stipitis (U45741)--160 Pichia guillier mondii (U45709) 

Sac charomyces cerevisiae (U44806) 

Schizosaccharomyces pombe (U40085) 

0.02 

.f11owfi 4.8 	 ~'U 1~11W1'Ulfl1~~U{1'~-:J~1!ml1-:J'lJu-:JV{1'~'11U19f!~'V1 A14, B1, E I, D 1, HI, F1, II U~~ 

{1'1J~~~limlJJ~JJ~'U,jn'U {1'~1-:J'illfl~Wl'lJ'ihfl~lu1'V1~'lJ1nru DlID2 'lJU-:J 26S rDNA 

~llJJ1TItwo-parameter 'UU-:J Kimura (Kimura, 1980) 1~tl1i' neighbor-joining method 

(Saitouand Nei, 1987) U~~'lh~!iJ'UmlJJt11!~uiiU'illflfl1~1!ml~tf~1 bootstrap 1~~ 
" " 	 ,

flWVhCJ11 1,000 fl-r-:J (Felsenstien, 1985) t!~~U{1'~-:Jm'YI1~~1 bootstrap l1JJ1flfl 'h 50 

~ I "oj " !uu)!9f'U\9I 
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, 


'i11f)fnj~fnmrm:jW~m-:J~1!flli 'WiJ'h~'ffl'1lDhmrVl A14, BI, EI, DI, HI, FIlW~ll 

'ff1JJl'HH'iI~ty~ SO% glucose u(;)~Gh.Jmm':i"~'tl':i"1fl''i11fll\911iJ'W (vitamin free medium) 'ff1JJ1Hl'~ 
~ 

U1\911(;) ~-fl'Jlfl'ff, fllU(;)fl!'YI'ff 9ItJ{liJ'ff, ~lm'ff, lItJ(;)!'YI'ff, !9I(;)hliJltJ'ff, 'YI~~11(;)'ff, !lI(;)~cM 

!'YI'ff, U~~'W, uiJ-:J, ~-l91h'ff, 1':i"1j'YItJ(;), ~-Ull'WU'YItJ(;), ~-fl'JcM'YItJ(;), !W(;)l'llllli1(;)-~-fl'J lfll91IPl,~

fl'J lfll 'W-S-U(;) fll\91 'W, 2-~1\91-~-fl'J lfl 1'W \91 , S-~l\91-~-fl'J lfl 1'W \91 , ml9lcM\91~fl, ml9l1Wfl91fl u(;)~ml9l 
" 

cMflcMU fl ltlWl'H ~-:Jm{iJtJ'W 'W tJfl'il1 flU fl t tJ 191 1(;) 'YI 'ff11J1HllnJ flU 1\911(;) fl(;) 1 fl 'ff, fll U(;) fll\91 'ff, 9I! fl'ff, 
• OJ OJ 

lItJ(;) 1'YI'ff ll(;)~'~ lltJJJ ll1dhJ1JcM(;)ll'l\91 (ammonium sulfate), wi1mli'W t~ 119l':i"fl(;)tJ 1 ':i"~ (ethylamine 

HCl), lltJ(;)- t(;)~'W (L-Iysine) U(;)~mI9l1l1tJ~'W 119l1~ 119l':i"fl(;)tJ h~ (cadaverinedihydrochloride) l'U'W 

ul1~-:Jll.J l\91':i"l'il'Wt~ liw~t'J1iliJ Candida tropicalis ~-:J\911':i"1-:J~ 4.2 

, 
q QJ d 4::t, Q d .:::1 d' 

\9ll1N'YI 4.2 (;) fl£lW~'YI1-:J'ff':i"':i" 1'Y1V1U(;)~'l11lflll'IJtJ-:J V'ff\91 

j 

~ 
<:; 

Characterise/Strain .::l 

-.:t %
~ -~ -CQ -Q -~ -~ -::c -- <..i 

1. Growth on: 

1.1 SO% Glucose + + + + + + + + 

1.2 10% NaCI + S% Glucose + + + + 

1.3 Vitamin free medium + + + + + w + + 

1.4 Cycloheximide 100 ppm + + + + + + + 

I.S Cycloheximide 1000 ppm + + + + + + + 

2. Acid production by glucose + + + + + + + + 

3. Urea Hydrolysis 

4. Gelatin Hydrolysis 

5. Amyloid production 
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, 
,::t ~ d ..::::t. ..:::::1 d £1 0' I 

I'InN'YI4.2 "fllJru~'V11,HYn1'V1t11U"~GlfJ!fllJ'UV\ltll:Y\?I (\?IV) 

~ 

" Characterise/Strain .~ 

~ ~-~ -~ -Q -r.l -~ :r:- -- u 

~ 

f} 

6. Assimilation of Carbon compound: 

6.1 Glucose + + + + + + + 

6.2 Galactose + + + + + + + 

6.3 L-Sorbose + + + v 

6.4 Sucrose + + + + + + v 

6.5 Maltose + + + + + + + 

6.6 Cellobiose + + + + + + +/1 

6.7 Trehalose + + + + + + + 

6.8 Lactose 

6.9 Melibiose 

6.10 Raffinose 

6.11 Melezitose + + + + + + v 

6. 12 Inulin s + s s + 

6.13 Starch + + + + + s + + 

6.14 D-Xylose + + + + + + + 

6.15 L-Arabinose 

6.16 D-Arabinose 

6.17 D-Ribose -/1 

6.18 Rhamnose 

6.19 Ethanol + + + + + + + + 

6.20 Glycerol w v 

6.21 Erythritol 

6.22 Ribitol + + + + + s + +/1 

6.23 Galactitol 

6.24 D-Mannitol + + + + + + + 

6.25 D-Glucitol + + + + + + + 

6.26 a-methyl-glucoside + + + + + + v 
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·' 

. 
et OJ Ci.o:::). ct Q .:::111. 

VIlnn14.2 ~f)1JW::;'YI1\1~n1'Y1tJ1U~::;')j'1tfllJ'Ufl\ltJ~\9l (\9lfl) 

]. 

:.:: 
<:s 

Characterise/Strain .~ 

~ ~ 

CQ- - -Q - - -::t: -.... c..i 

~ 

~ ~ ~ 

6.27 Salicin s s s s s s v 

6.28 Glucono-8-lactone + + + nd 

6.29 2-ketogluconic acid + + + + + + + 

6.30 5-ketogluconic acid + 

6.31 DL-Iactic acid + + + + + s + v 

6.32 Succinic acid + + + + + + + + 

6.33 Citric acid + + + + + + + + 

6.34 Inositol 

6.35 D-Glucuronic acid nd 

6.36 D-galacturonic acid nd 

6.37 Methanol 

7. Fermentation of sugar: 

7.1 Glucose + + + + + + + 

7.2 Galactose + + + + + + + 

7.3 Sucrose + + + + + + + 

7.4 Maltose + + + + + + + 

7.5 Lactose + + + + + + + 

7.6 Raffinose + + + + + + + 

8. Assimilation of Nitrogen: 

8.1 (NH4)104 + + + + + + + nd 

8.1 KN03 
nd 

8. 1 NaNo2 
nd 

8.1 Ethylamine + + + + + + + + 

8.1 L-Lysine + + + + + + + + 

8.1 Cadaverine + + + + + + + + 

'I1lJl£J1'11~ +, positive; I, delayed positive s, slow positive; v, variable; w, weak, -, negative. 

(a) )Data from Kurtzman and Fell (1998 
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, 
.::t 

U'YI'YI 5 


~'JUU~~i'i)l 'J tl1~ ~ fll'J 'YI~~ f).:.J

q 

~ ~ 

Il-Hlfll'J!!tIfH9ftl'Jl'iJlf)lJ(;liY\911fh.JVI'lf 32 1911tl£h~ !~!9ftl'Jl~1t11t1 9 !tllC)f!(;l\91 !!~ 
<u 

i.I , iJ tI I 

!9ftl'Jl'nUtlf) !~!lJ~lm'JtI"nJmll\911(;l!C)f t(;l!lI'iHtl'VllUtl(;l !~!9ftl'Jl!C)f(;lrl'!~tll (V~I'l) 36 !tltC)f!(;l\91 
, , ~ 

elf~ii~f)flW~ tfl hiHh!\91f)~l~nU 9 !!1J1J~~U !!1J1J A lf11(;lU~'Ul1~U f)(;llJ 'Utl1J!~tl1J \91'J~f)m~UU
• <u 

iTU111 , !!1J1J B lf1 hU~'lflJ'W f)(;llJ '\Jtl1J!~tl1J iTU111, !!1J1J C lf1 hU~'1.111'liU f)(;llJ \91'J~f)m~ii
<u • 

~ 

~~!~f)C'p~U~Um, !!1J1J D tfl hU~'Ul1~U .ul~1JU tfll(;lU!lIu'Jtltl'l1i)'f) ,!!1J1J E tfll(;lU~'Ul1~U ii 

~f)flW~fI~lt1~lJtl~ ,!!1J1J F lf11(;lij~'\Jl1~U 'Utl1J'I1i)'f), !!1J1J G lf11(;lij~'\Jl1~U 'Utl1J!~tl1J \91H 

f)m~'U'U!'I1lJtlUil!'\JlhJ, !!1J1J H lf1 hU~'\Jl1'liU f)(;llJ 'Utl1J!~tl1J \9IHf)m~UU iTU111 '\J'U1~!~f)
q.j '\I q 'U 

f)11!!1J1J A, !!1J1J I tfll(;lij~'lflJ'WVtlU f)(;llJ '\Jtl1J!~tl1J \9IHf)m~UU iTU111 !rltl!tI~vh'iJ1Utl1'l11'J 
<u <u 


'lI 'lI, 'jJ" I 


!~tI~!9ftl~ ii tfit (;lij'Utl~tj~I'l'l'1~ 9 !! 1J1Jij! 'iJ ~rutl ~'iJ~!~f)~Wtl 'VllU tl(;l
u <u 

I I jI tI 

!lJml1tj~I'l~!!tlf) !~!'I1cilijml!ml~l,hh~iY'Vl1ifll'Wfll'J'I1iTml1m(;l1C)ft(;lmllu 
, • tI I 

ltl 'Vll'U tl(;l ! VI tlfl~ mU~'I11tj ~1'l1UtC)f! (;l\91 ~ ~llJUti '11 iTmJ1\91l(;l! C)f h ~!1l W U'VllU tl (;l1~~~ ~~. 
" " 

'W1J 11 f)1 'J'I1 iTf) U1\91 1(;l 1 C)f 1 (;l ~!11 U!tl'VllU U(;l 1U~fll'W~ iiu 1f) If'1~ 1n~ tj~1'l~ !!tI f) 1 ~1 rr"JJ~ lJ1W!tl'Vll 
I • I iJ I r 

UU(;l\9l1 f)11 Pichia stipitis elf ~!llu 1911f111J fJ lJlJ If) !!(;l~!UU~ 'iJ 1 f) iY~! f)\91'W1J 11!9ftl!~mi'U -vi 1oliiifll1lJ 
~ , ~ 

~u.utltl ~~iYuUfl ~lU11"JJ~mW!9ftl!~ lJ~UfI~ llJ!Yi tI~yitl ~ ~ 1~till fll'J'Vl~(;lU~'I1iTflU 1\911(;l1C)f h~ 
I I 'lI I j,I 'lI I 

!llWtl'Vll U tl(;l 1 U~ fIl'W-vi iimfllf'1~ln~ !!~!'WlJ"JJ~mW!9ftl!~lJ ~u 1 ~tI!'W 1~!~ tI~!9ftl!~lJ~U! ~!1l U 
I I '}I I tI 

11m 48 'l111lJ~ Il-l(;l-vi l~fitl!9fu-vi!!tlf) !~1rr"JJ~mW!tl'VllU U(;lmf)~U f)11fll'J'Vl ~(;ltl~!!'Jf) !!~"JJ~mw 
I I 'jJ 'lI. 'lI 

!tl'Vl1Utl(;li)'~fI~\9l1f)11 Pichia stipitis elf~!1l'Ul91lf111JfJlJ 'I'1~ijm'iJ!Utl~'iJ1f)"JJ~mWU1\911(;l1C)f 1(;l~ 
tI 'lI 'lII 

2% (w/v) 1Um'l11'J!~tI~!9ftl!'I1(;l1'l\91'J YX !ll'Ui:J'iJ<5'tI~ln~ (limiting factor) ~~i'l11rr!9ftlll-l~\9I 
• v \I iJ " tI 

ltl'VllUtl(;l1~\9l1!'W'Jl~m'l11'J!~tI~!9fU YX iiUl\911(;l!C)fhmYitl~ 2 % (w/v) !!~!'Wl~!~tI~!9fU1U~fIl'W 

iimfllf'148 41tlJ~ !!~1~~U1m'l1iTfHtl'Vll'UU(;l 1u~fIl'Wiimfllf'1~ln~~tl~f) 72 41tlJ~ !!~!~tl~'iJlf) 
• V I '].I tI I I 

... (...:::to do c::. 1 .c:t Q.I .:::::I. do ~ ~ <j) lr] jJ d Q.I i 
lJ'JlJ1Wltl'VllUtl(;l'Vl Pichia Stipitis 1l-l(;l\91 'U~fIl1~'Uf)1J~fIl1~'Vl!(;ltl~!'lftl!'JlJ\9IU n!'WtI~ 24 'lfl !lJ~ 

~ , 

!YllnU~~fl~11"JJ~mWU1\911 (;l !C)f t(;l~llJ'ii l'iJ~!i1U i:J'iJ ~tI~ln~'\JU~ fll'JIl-l~\9Iltl'VllU U(;l ~~ l~!"JJ~tI'U 
I 'lI tI • 'lI I 

~fIl1~fll'J'I1iTfHllu~fIl'W-viiimfllf'1 fiu !~tI~!9ftl1Um'l11'J YX ~iiU1\911(;l1C)fhmVilJ!llu 10% 
" ~ 

(w/v) !'U~11rrtl1fllf'1\91(;ltl~ 72 'l111lJ~ 'W1Jl1tj~I'l-vi!!tlf)!~Il-li1\91!tl'Vllutl(;l1~mf)~uf)11 2 fll'J 

'Vl ~(;l tl~!! 'J f) t~ tltj ~I'l~ !!tlf) ! ~ ~lU 1m1i Il-l i1\91ltl'Vll UU(;ll ~m f) f)11 Pichia stipitis ~~!1lU1911f11'IJf)lJ 

!!(;l~tj~\9IltllC)f!(;l\91 F1 1l-li1\91!tl'VllUtl(;lmf)~,,!~!Ylln1J 3.0 gil 

tl~l~h n\9l1lJ!rltl!"JJ~tl1J!-vitl'IJ"JJ~mWltl'VllUU(;l~tj~1'l F 1 1l-li1\911~1 'U ~fIl1~~iimfllf'1 n'IJ~ 

Pichia stipitis 1l-li1\911~1'U~fIl1~iimfllf'1~ln~ 'W'lJl1tj~\911U lC)f!(;l\91 F1 1l-li1\91m'VllUU(;l!~~1f)11 
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v , v 

~,nh.J ~ ,rVi 1f11 'n1 ~ Cl tl-:J 'I1lJfH tl 'Vll 'U 'tl'1:l h.l tY .fl1 vdHhllfll f1' cJh 1~ tl'\1lJfl 1 'U tl1 '11TH'11 Cl 1 YX .yj II 
" , , 

tJ 11'l1Cl 1911 Cl tY 2% (w/v) l vttl1l m1 ~ 11tJ~lJ1UJ, ltl'Vll'U tlCl.yj Nili'll ~\.yj tJ'lJ n 'lJW'VI1'U tlr;'l Pichia Stipitis 

" Nill'l1'UtJ11'l1r;'l 'l911CltY 2% (w/v) U~1l.!tYi11'~'jlltl1f11f1'~ln~ 

" 
1~ tJ NCl f11'j fffl fJ 11tJ~ tJ'lJl.yj tJ'lJtJ 'j ~ iY'VI TI i1l'W fll'j 'I1lJfl W'VI1 'U tlr;'l 'ill fl tJ 11'l1 Cl 19$1Cl tY'j~ 'I111-:J 

Pichia stipitis UCl~ Candida tropicalis FI 'W'lJ11 P. stipitis 'I1lJfHtl'Vll'UtlCl1'UtY.fl11~lltl1fllf1'~ln~ 

11'1~fl11tYm1~lltl1fllf1' 1~tJtYi111~lltl1fllf1'~ln~ P,stipitis Nill'lltl'VI 1'UtlCl 11'1 1.37 gil ri1'U 

Candida tropicali F I 'I1lJflItl'VI1'U tlCl 1'U tY.fl11~ lltl1fllf1'11'1~fl11tY.fl11~ II tl1 f11f1'~ 1n~ 1~ tJ 1'U tY .fl11~ 

lltl1 fllf1' Candida tropicali F I Nill'lltl'VI1'U tlCl 11'1 2,21 gi l UCl ~ lrimtJ~ tI'lJI.yj tI'lJtJ 'j ~ iY'VITI.fl1'W fln 

" 'I1lJflItl'Vll'UtlCl'il1fltJ11'l1Cll911CltY'j~'I111-:J P.stipitis UCl~ Candida tropicali FI 'W'lJ11 Candida 

" 
tropicali F I tY1lJlnl'l1lJflItl'VI1l.!tlr;'l 11'1~fl11 P. stipitis 1'U~-:JtYtl-:JtY.fl11~'VI~tYtl1J 

NCl fl1'j Y; tY'ilU! tl fl~flfJ ill~ tl-:J 1 tll91l r;'ll'l F n~ tltl1fftJtl'U fl'j lJ11i 1'U 'j ~ ~'lJ llJ!Cl fl Cl 1'11t1fl1'j'l11.. .. 
~l~'lJihfl~ltll'V1~'lJ~nUJ, DIID2 ~tl-:J 26S rDNA ~tl-:JutYl'lltll91lCl'VI~1-:J"1lJlltJ~tJ'lJ!.yjtl'lJfl11lJ 

m]jtll.! n'lJ~l~'lJihfl~ 1tll 'VI ~~tl-:J#-:Jll;11'l~ 1-:J"1 ~tl~1l.!;I1'U,j'tl~r;'l l~tI1 otl BLASTN homology 

search program 'W'lJ11!~l.! Candida tropicalis llfi1 identity I'Vlln'lJ 100% !'lfl.!!~tJ1n'lJtY1tJ~'Ui 

ltll911Cl'VItl.!"1 ~llfi1 identity 90-100% ~-:J.o~tl~1l.!fl~lJ~tl-:J Candida tropicalis u-a'1tJ-:J1,rNCl'VI1-:J 

QJ Q d d dCLI 

tYUJ,;I1'U1'V1tJ1UCl~'ll'1!fllJ U'lJ'lJ!~tJ1fl'lJ type strain Candida tropicalis 

http:tI'lJI.yj
http:tJ'lJl.yj
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i11fl~'W1fl fl. 

Yeast nitrogen base (w/o) amino acid 6.7 tli'lJ /iil9ll" 


Xylose 20.0 tli'lJIiil9ll" 


( Agar 18.0 tli'lJIiil9ll") 

" , 

~~m[J Yeast nitrogen base (w/o) amino acid !!~~ Xylose '1'W111tl1:t'W 800 iJ~iiii\9ll"lHlJ 
" , " 

pH 1~'U 5.0 (rll'l1'i'LJf)1l"fl~tWf)!~Vl"lt'11~~I~tn) iJi'LJ pH 1~'U 7.0 (rll'l1'i'LJf)1l"fl~!!fJf)!~Vl"l 
j,I ,'''' • 

~1[J'1[J) iJi'LJiJ5l.Jl19ll"~~YlltJ!~'W I iil9ll" Vh'1,riJl"lfl''illf)!~V i~[Jtlni!-:J~ll~V-tiVtll'l1'i1iJ 110 V-:Jfl'l 
• • 'U 

" 1'11~I91[J~ mllJ~'U I 0 iJv'Ur1~V\9lnl-:Ji!l 1~'Unm 10 'Wl-ti 
j,I j,I ".. j,I 

Vlml"I~[J-:JI~Vll~-:J~I9ll"YX 119l~[JlJ i~[J~~m[J agar 18 tli'lJ~-:J'1'WVlml"I~[J-:JI~V!'\1'm~l9ll" 
d Q.I cl QI..::::). 'jJ 'jJ I 0 lJ) 0 '1 !V .J 

YX 'VliJl"LJ pH IU'W 5.0 !!~~ 7.0 !!~~iJl"LJiJl"l.JlI9ll"~~'Vllmlm tlV'W'Wl !iJ'Vll 'I1'iJl"lfl''illf)!')fV 

" .. 
2. ell'l'il'H~£J~I.uel YPD '1.h~flvuvi'-m 

Yeast extract 10 tl i'lJIii\9ll" 

Peptone 20 tl i'lJIii 19l1" 

Glucose 20 tl i'lJIii19l1" 

(agar 18 tl~lJ /iil9ll") 

pH 4.5 

" , " 
o '1 !v. I '" "" 0 2 "" 0 '1 !v. I '" 'Vll 'I1'1Jl"lfl''illf)!'IHl'Vl 121 C, 15 lb/inc, 15 'Ul'Vl (~ll"~~m[J glucose tWtl'Vll 'I1'1Jl"lfl''illf)!'IHl 

d 0 2 £:i 'jJCi '1
'Vl 121 C, 15 lb/inc ,3 'Wl'Vl !!m'il-:J~~lJ~-:J 'UVlml") 

Yeast nitrogen base (w/o) amino acids 6.7 tl ~lJIii19l1" 


Xylose 20 tl~lJIiil9ll" 


(agar 18 tl~lJIiil9ll") 


pH 5.0 

o q 9-1,.. I ~ " d . 0 2.:::l
'Vll !'I1'1Jl"lfl''illf)!')fV'Vl 121 C, 15 lb/inc , 15 'Wl'Vl 

" , 
o '1 !v. I '" "" 0 2 ""!v "" '1(~ll"~~mtJ xylose lWtl'Vll 'I1'1Jl"lfl''illf)!'IHl'Vl 121 C, 15 lb/inc ,3 'Ul'Vl !!~l'il-:J~~lJM 'WVl'l1'n) 
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4. Stock carbon solution (lOX) 

~ffI'11'W 11'111ll'Wl'Uff (Difco) 6.7 flflJ 

ff11'l.h~ fltl'Ur1l{'IJt)'W 5 nflJ 

" '\.h~ I1tl{fftltlff llJcUff 	 100 il{1~~1'11 
" 	 . 

~1111'1I{1tl~l~tll~tlf)11mtl'l~,h'WllJlJl'U1'W'Yiij'lJ'W1~~mtl'l 0.2 1m11tl'W ll{1~:an'Ulu 

~~ _I r1 
5. e 1 'In'i 'Yl ~ l;H) 'U fll'HIf) tT C)j' JJ ItlVI tTl"ilJ'i ~ f) e 'U fll'm e 'W 

l~lJ 0.2 il{1~~1'11 'lJtl'l stock carbon solution (lOX) {1'11'W'I1{1tl~'lJ'Wl~ 13 x 100 il{1~llJI'11 
• 	 j.I I 'j) I 

elf '1'U1 1 1l'l-l1~r:ltl{fftltl ff llJcUff'Yi ~1 'W f)1 1 CJ111 ~tl 1.8 il {1~ ~1'1 1 NfflJ 111'1.u1fl'W 11'1 l1''Yimu '11 nil,rtl'l 
• 	 q " . 	 " 

'U 1'W 3 -5 1'W 1'V1 tlm 1ll fftl'U f)1 111 'WIll tl'U f)1 1 11'1 ~ tllJ tl1 '111 HI ~ fftl 'U f)1 1 II tl ffcUil I{11'1 ff1 1 11 n: ntl 'U 
iJ 	 I 'j) I 

m{'Utl'Wu'W ijff11111~fltl'lJf11{'Utl'W 7 'll'iJ~ 'Yil9l'tl'lI91~tllJlmj'Vlflrlf'l'Yi~1f)11'Vl~fftl'U 1~llri V'U~'W 
q 	 " 

6. Yeast carbon base (lOX) 

'" " " tlffl'1r1l1'Utl'Wl'Uff (Difco) 11.7 '" mlJ 

" 'I-l1~ I1tl{fftltlff llJcUff 

" .
CJ111~tl'Yim'u'I1niJ 121 tl'lfl'119f{1IClftiff 1~'Wl1m 15 'Wl'Yi 

q " 

7. 	 Yeast carbon base broth (IX) 

l~lJ 0.2 il{1~~1'11 'lJtl'l yeast carbon base (l OX) {1'11'W'I1{1tl~'lJ'W1~ 13 x 100 il{1~llJm~'1 
" 	 ."

'U11ll'l-l1~l1tl{fftltlffllJcUff'Yi ~1'Wf)11CJ111~tl 1.8 il{1~i)1'11
q 

yh1,r1l{1tl~1~tll~tlf)11 m tl 'I 1'UllJ lJI'U1'W Yiii'lJ'W 1~ mtl'l 0.2 llJmtl'Wlm~ln'U1'U~ 

8. Stock nitrogen solution (lOX) 

'" " " tlffl'1r1l1'Utl'Wl'Uff (Difco) 

ffn1l1~fltl'U1'U 11'111ll'U * X '" mlJ 

" 'I-11~ I1tl{fftltl ff llJcUff 
" . 

~ 	 ~ 
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1.Y1nh~m)1J1'W11'l'H'il'W*: 

urnJ llJl'WVlJcMr;'llvJl'l [(NH4)2S04 ] 0.5 flflJ ,hJUI'l1.YICMVlJ 1'WII'lJI'l (KN03) 0.78 flflJ, 

19fI~vlJ1'W1ml9i' (NaN02) 0.26 flf1.1, ItJ'Vimii'W1g1~Jfl~H)1J~(ethylamine-HCl) 0.64 flflJ, Utlrl

1r1 CM'W (L-Iysine-HCI) 0.56 flflJ UrI~mml1tl~'W 1~ 1 g 1 ~Jfl rI'V 1J~ (cadaverinedihydrochloride) 

0.68 flflJ 

,i.J V , 

~.:Jl'W 1.67 flflJ rI~rllVi'Wll1~l1tl{1.Ytltl1.Yl1.1cM1.Y 90 lJrli1i1I'lJ Url~t.!11uCJ.ill'lf'VYitltUrWlJ 
• • 'U 

121 tl.:Jfl119frlICMV1.Y 11j'Wl1m IS 'W1Yi J'V'il'Wl'Wtltu'l1.fllJUJ~1J1tu 50-60 'V.:Jfl119frlICMV1.Y 1~1.1 stock 
•• 'U 

, " 
nitrogen solution (lOX) U~1JlI'lJ 10 lJrli1i1I'lJ rl1.Y1.1i'l1'l.ultl'W Ilrl~I'Vlrl.:JI'Virl'VlYi~l'Wfl1JCJ.ill9ftl 

10. Fermentation basal medium 
.., 

4.5 flJ1.1 

IUU 1'Vl'W 7.5 flf1.1 

" 
t11~ I1tl {1.Y'V tl1.Y l1.1cM1.Y 1000 lJrli1i1I'lJ 

o c::: 3J ~ i:}Jd d d 3J 
1JJtl1.11'Vl1.1tlrl1Jrl 'il1'W 1'Wlrl fl'W tl m'Vi 'V '111.1 1.Y 1'U V11'U 1.1 

'U 

mJ-:j fermentation basal medium rI.:Jhmrltl~'U'W1~ 13xlOO lJrli1I1.1I'lJ ~.:J.fllvi'Wii'l1r1tl~ 
" , " 

~flltfl1.Y 'I1r1tl~rl~ 2 lJrli1i1I'lJ t111uOJJ119ftlYi'Vtu'l1.fllJ 121 tl.:Jf1W1frlICMV1.Y 1~'WI1rl1 15 'W1Yi 'il1fltT'W 
• 'U 

i.J. ,i.J I 

1~1.1 1.Y1JrI~ rllVt111'l1rlYiI'i''V.:J fl1 J 'Vl~ 1.YB1J ~.:J Vi 1 i rrU J 1 f1'il 1fll9f'V 1~ Vfll J flJ 'V.:J ~ l'Wl1.1 1.1 11JJ'W Yiii 'U'W l~ 

'lflJ'V.:J 0.211.1flJ'V'W U~1JlI'lJ I lJrli1i1I'lJ~tl'l1rl'V~ irriiml1.1I.u1.1~'Wf!~.yl1m'Vhtl'U 2IUtl{lcU'Wl9i' 

(Vflll'W JlvJ~l 'W 1.Yi~ml1.1I.u1.1~'W 1.Y~Yi'lVl'vhtl1J 4 IUtl{lcU'Wl9i'). 

11. Fermentation test of glucose 

4.5 flflJ 

7.5 flf1.1 

20 flf1.1 

" 
t.! l~11 'V {1.Ytltl1.Y l1.1cM1.Y 

1JJ 'V 1.1 1'Vl1.1'Vrl1Jrl ~1'W 1'W!~ fllj''Vm~tl irriiiYl~ V1loU1.1 
'U 

ut.i.:Jiri'l1rl'V~'U'Wl~ 13 x 100 lJrli1I1.1I'lJ ~.:J.fllvi'Wii'l1r1'V~~flUtl1.Y 'I1rl'V~rl~ 5 lJrli1i1m 
" ,

Url~t.!11uOJJll9f'VYitltu'l1.fllJ 110 tl.:Jf1119frlICMV1.Y 11l'W11rl1 15 'WlYi 
• 'U 
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, 
.q~1 .q Q 

12. tll'l1l'i'YIu'ilrHllfl1V11'J.J'U (vitamin free medium) 
..,

fl~1m,. 10 mlJ 
'U 

.., 
Vitamin assay casamino acids (Difco) 5 mlJ 

..,
lV'H!'VlmtM£JlJl~ l~1~,)I1J'W~tlm~\9l mlJ 

.., 
UlJ fli1ltM£JlJim~<fI 0.5 mlJ 

1"1$I~£JlJfl~tl 11191' 0.1 fl~lJ 

~ 1 0'
Ilfl~I"l$£JlJfl~tl ')~ 0.1 

.., 
mlJ 

" tl1~ ntl{'i:Ytltl'i:Y1lJcM'i:Y 1000 '" "'''' 
lJ~~~\9l') 

" , 
'1HtJiiltl'll' 5.5 U~::;CJJll~tlYimlnWn 121 tl\lf1'll"l$~ltM£J'i:Y 1~'Wnm 15 'WlYi 

q 'U 

'" 1) fll'iIVl'iU'J.J Basal medium (lOX) 

1"l$1fl~WflcMllJr11 fl~lJ ~::;m£J1 'Wtl::;cM1<f1'W 2.5 iJ~ililm 

~'i:Y\9l1'W 1<f1,)I1J'WltJ'i:Y (Difco) 6.7 fl~lJ 

" 111~ I1tl{'i:Ytltl'i:Y 1lJcM'i:Y 100 :iJ~ilil<fl,) 
y , 

III1l1'tI~tl~l~tl1~£Jfll')mtl\l r-h'WllJlJltJ')'W Yiii'IJ'W l~')mtl\l 0.2 llJmtl'W 
'U 

2) Active medium 

l~lJ 0.2 :iJ~ilil\91,) 'Utl\l basal medium (lOX) ~\l1ml~tl~'U'Wl<fl13 x 100 :iJ~illlJm~\ltJ,),)1J
q 

v ,v 

1111~ I1tl{'i:Ytltl'i:Y 1lJcM'i:YYi ~1'W fll')CJJll ~tl 1.8 :iJ~ilil\91,) 

, 

14. fll'iA~~~1'Utll't'il'iflihl'i~vl'Umrlll'J.J9i'tT~~ 

1) ill'l1l'i~ijfl~lrm 50 Itlil{AcU'U~ 

fl~ 1fl'i:Y 50 flflJ 
'U 

1 fli'lJ 

1.3 fli'lJ 
v 

111~ntl{'i:Ytltl'i:Y1lJcM'i:Y I 00 :iJ~ilil\91,) 
v , 

CJJll~tlYim.u'l1.fl:iJ J J 0 tl\lfl'll"l$~ltM£J'i:Y AtJ'Wnm 10 'WlYi 
q 'U 
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,dq 'i _I <1" <1 OJ 'i q III <1 _I <1" <1 
2) ell'Hl':i'YllJfl\1 !fltf 5 tuelWlf'WVI fl'U !ClfIVl£JlJfli:1el !':iVl 10 luel':itClf'WVI 

1'111~(jlJ1'li:1tl h~ 100 ni'lJ 

50 ni'lJ 

6.7 ni'lJ 

w 
1'U 20 ni'lJ 

q 

" 'ih~ ldtl{'fftltl'ff1lJcU'ff 1000 lJi:1~~\91'j 
" .

qJll~tll1mU'l1illJ 121 tl\lf1'll'11i:1Iq$(j'ff 1~'Wl1m 15 'Ul11 
q 'U 

IS. fl1':iIVl~£JlJellm':i'YlVltfel'Ufl1':i'E11m'i:1~~t~£J 

ni:11my 1 ni'lJ 
'U 

11hn'VI'il 1 n i'lJ 

1'111~(jlJ1'li:1tll 'j~ (NaCl) 2 ni'lJ 

1'YHl'VI1:Hq$(jlJ 1~1~1 ~'jI'il'ilvlmHvI\91 (KH
2
P04) 2 ni'lJ 

w 
1'i1 20 ni'lJ 

q 

,H1.JV1ltl'lf 6.8111.J'\l'ljj''I1i:1tl~i:1~ 4.5lJi:1~~\91'j lli:1~'\.hhh.ill~tll1tlT,lJ'l'1illJ 121 

0.012 ni'lJ 

" 'ih~ ldtl{jjtltljj1lJcU'ff 1000 lJi:1~~\91'j 
" . 

q 'U 

" tl\lf1'll'11i:1Iq$(jjj I~'illdm 15 'Ul11 'illnl!'ilI~lJjjl'ji:1~m(j~I~(j 20 lUtl{lcHlJI91 ,j~1J1\91'j 0.5lJi:1~~\91'j 
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.fllfl~'W1fl \I. 

1. Bromothymol blue stock solution 

bromothymol blue stock solution ,j~lJl~n 4lJ~~~~~ ~\lhJ fermentation basal medium H~~ 

fermentation test of glucose ,j~lJl~~ 1 00 lJ~~~~~ 

2. Lugol's solution 

1ulU~'W 

1,jH19HH9hJlJ 1ulu1~~ 2 

" t! l~nU{r;,'Uur;,' llJ9fr;,' 300 

3. 50X T AE buffer 

Tris base 

0.5M EDT A (pH 8.0) 

" ~~mfJ111'l.ij'ltl'W l~fJ'~t!ll~nU{r;,'Uur;,' llJ9fr;,' ,jhJ,j~lJl~~111'm1J I00 lJ~~~m H~ ~ 
" ,

t!11 ,jCJJWlfUYiUW '\1 f1lJ 121 U\lf1'll9f~l~fJr;,' l~'Wnm 15 'UlYi 
• OJ 

4. lOX TBE buffer 

'" Tris base 10.8 mlJ 

5.5 ni'lJ 

0.5 mM EDT A (pH 8.0) 

" ~~mfJ'11'l.u'ltl'U l~fJ'~t!1~nu{r;,'UUr;,' llJ9fr;,' ,ji'1J,j~lJl~~111'm1J I00 lJ~~~~~ H~~ 
" ,

t!11,jCJJ1l9fuYiuum f1lJ 121 U\lf1'll9f~l~tJr;,' l~Wlm 15 'UlYi 
• OJ 

5. Stock ethidium bromide 

" 9f\l ethidium bromide I ni'lJ ~ ~ mfJ1'Wt!1~nU{r;,'UUr;,'llJ9fr;,' 100 lJ~~~~~ 1ri'Ul~iY'lf1 
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1. Gas Chromatography {W HP 5890 Series II apparatus 'UU\l'U1'hl'YI Hewlett-Packard, 

USA 

2. GC column i'W Porapak QS 'UU\l'U1'hl'YI Alltech Associates Inc., Deerfield, IL, USA 

(Column of Cabowax 20M (2 m. x 0.32 cm.) '~UflbY~l~mJlll'W carrier ~ 35 mllmin) 

3. Flame Ionization Detector (FID) 

~ 1\9l1!! 'lh~ l\l"l , 'W bY m1~ f)l1'11ml~ 11!tl'YI1'W U~ 

Carrier gas (He) 35 iJ~iiii\9l1'~m.HYi 

Oven temperature 175 U\lfl'll"li~I9f£JbY 

Column temperature 185 U\lfl'll"li~!9f£JbY 

Injection !!~~ detector temperature 150 U\lfl'll"li~!9fUbY 
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