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DIVERSITY OF THERMOTOLERANT BACTERIA IN HOT SPRINGS IN
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THERMOTOLERANT/ THAI HOT SPRING/ 165 rRNA GENE/ PCR-RFLPKEYWORDS

This project aimed to study the diversity of thermotolerant bacteria of five hot springs

in southern part of Thailand, which were Tanoh Maroh hot spring, Lohjongkra hot spring,

Bannampuron hot spring (Surat Thani), Kaochaison hot spring and Kogzai hot spring. Total

number of bacteria in Tanoh Maroh, Kogzai, Bannampuron, Kaochaison and Lohjongkra hot

springs were 30, 41.45x103, 1.511105,3.651105 and 4.61xt05 CFU/ml respectively. PCR-

Restriction fragment length polymorphism (PCR-RFLP) technique was used to analyze distinct

restriction cutting profiles of l65 rRNA gene ( I ,500- I ,600 bp.) There were I I distinct restriction

cutting profiles generated from restriction cutting with Hinfl, which were named OTUs A, B, C,

D, E, F, G, H, I, J, and K. From analysis of partial 165 rRNA gene sequence of nine group-

representative isolates by BLASTn, it was found that OTU A (isolate KSII_I) had 99% similarity

withBacillus subtilis, OTU B (isolate KAO_P4) bad97% similarity withTepidimonas arfidensis,

OTU C (isolate YTM5) had98%6 similarity withGeobacillus thermoleovorans, OUT D (isolate

SROB45_5) l:mid 98o/o similarity with Caldimonas taiwanensrs, OTU F (isolate KAO_P2) l:rrd 99%

similarity with Caldimonc$ manganoxidans, OTU H (isolate SROSL60_I) bad 97% similarity

with Geobacillus stearothermophilus, OTU I (isolate l<2060_4) bad 99% similarity with

Anoxybacillus gonensis strain ,{4, OTU J (isolate YTM2) had 97% similarity with Thermus

brockianus and OTU K (isolateYTM4) was related to members of the genus Bacillus and genus

Geobacillus. Most isolate had an ability to produce et:zpe lipase at 50'C. But there were only

13 isolates capable of producing enzyme cellulase under condition tested. The ability to produce

enzyme amylase was found only in isolate YTM5 and SRO45 l. Moreover YTM5 and SRO45 I

fi



.:

were the only two isolates capable of producing all three enzymes (amylase, cellulase and lipase)

under condition tested.
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'ldornrrrnfi6uryoufouitit Bacrttus lrldluosrarun::rrrflrrrnsnr:,{anar:1#nrrruH'r'ru

nr:1# Inaq DNA Polymerase fi'ldtrnrrunfiGorurfu n Thermus aquaticuslunr:tfilrJ?rurar

fir6utoluraoamnno{ (Brock and Madisan. l99lt nr:ld Ca&imonas taiwanensis lunt:eioo
.r)

ruflruavu:l'rriudrilsrd'.r 1#rilurirnrarn^o1drfluar:6'.:6'ulunr:r.rfinfl'rry1aIn:mu Inuld

Clostridium butyricumccs2 ttav C. pasteurianu. rnioldrflund'qlrulgtttytu (Wen-Ming et al.,
)l

2005) u o n o r n df,': fi n r : fi n u r n r : rrryn.: o o n I o.:E u fi r.r fi sr ro u'l ryril a rrj a m u io u fi 1 dr r n

Geobacittus thermoleovoro^ lfluaa{oonlu Escherichiacoli tnjoru6grrou'lryri'lnrr]avruiouhJ

ldluqnarun::uo1r{'r: Endtun::uul uayrndo.:iirox (yasser et al., 2008) oyrfiulddr
-"- g 4r - 

t 
oi< r r a <d

ttunmt:uYlu:0uruuYl:T{ulR:r5:uY19rmuqiln1 rraRl:flnu1n?luHn1niln'lulo{rrrunmr:u

vtuiou Inurqy{rvlurir4furrlrurrirrir.:1r0.:il:vrmR'lvruilr1:iuf,.:fi{oryahirurn 6.:rflufi
v,

rjrauloodr.r0.rfinvfinu',or',rnu',nilaruro{ril5vyrn:uunfi6ulurjrnfourrrrirfi rfiorjrhJri
ai"du

n 1rflfl u rril ouluunmF urrrirfr hJldrj: slomisio'lrJlu ou rnsr

h a oo j hgrs a ia
tm u rray: vulu ax 0itrrun fi r: ufr uon 

-[6 
lnon r:':rn: ryfiEu I 65 rRNA{

- - v a I o av
1.2 ?9tctu:yc[{ftfl o{n]:n1{lu?0u

4 dd y a ! ,, I orlnurfi?1ur.rarfl?raluto{rrunmrSuyru:ou tuurfl:ou 5 rr?{{ tunrnldto,::_,l:yrytR



1.3 lrourl,gtl, o{n'r:efi'u

f;nurnrr:rroruHaruro.rrrunfi6oluri',nfuu o'.tn ri''niurr',ruryuurary ri nfuu
aqq

! e t d -e ! y ! y s6, - : e *rtrfrudu rir4fouq:ruAirrfi trirurir4fou) rirrlfouIfiyfi'.rn:v unrd14ioujnn'[rn:
.r) ,s o1= i da a !;a; (uruurqr tvtt) tounr:ttunr$orrunfiForrnsrrou'r.:nuuavuryrrnururrrnrrralpilour{ rnnqu

rru n fi G odr urm n fi n PCR-RFLp rrfrr : s u ryu^e rru n fi rE u6'1 rryr u n ri u d? u n 15 rfi uu rd u.: d r 6'u
aqq

u?nd t0 lmflut{arux0{tiu l65 rRNA nugtulorya NCBI (http://www.ncbi.hlm.gov/)

I

t .l rJ : sft, rrivin ro dror'kiiu o rn.r rui fti

yrr'ruryu-flrravn?rrfin'rflra1uro{uunfiriulurirrlfoufifinur rrCIsn?'lur{lulilldii
o a 4l , J

rvri r1 fr u vr3urn ri rfu 1il ldil:y Iuryf

a



,rd,
av <l < 2)

Ionfl -l:lllu20untnu?10{

z. t r,'rd'w runr uriouldfi nuuo rrin rfouq

z. t.t nd'r r runarrufouldfi nyr

vr fir r r u n r r ru io u 1 dn'n u no o u d'r r r u r : : rL yr sr d, n^rl du ut.i n'.t o 1 u I n n r rr ri.:{
s 9 qira ja- 6t 6 j< A j ra s d a

ila':':luft?1u:0u tsrT,lRY{muflnuntTIq{ ?IU tuu:t?iltYtunl:tnoouyn o.:ruaon tan il:0 u:t?itr
ia h r r a h 4 o ia6 4 y ,i I r a o q y 9
fifinrtr'[v,lrravrrr^iuou'[rr riouTrrnrfifir?uiluel:ououmun?runfl mr riln?ru:ounrulu]an{{

o r 3 16 s j ! t 4 ! ,! " u I j
0nu'Iil'lttovil'lurYtluulflH1tafl tu0u1r.lul.t:ou'tgllurruulalna0{ tilnr{tuSoutnouttnsq{
9tv

fufiurJufifi:il:uo{1ilri{'ufiu:vduf;n rrnvldiunr:6irurmn?rruiou nrnfiuuu'niourlxkigsa{

lan rirl#rirdflu*nofi,ravn?rx6'ua.:du rrasrfl'erur.:aoueTrlo.:rir#ou'lrar.iru'l:Jsrrlrrur
."tqa.jq+gudq^ltt-4Y

ttnfl ttos:outaoutrnfr:sn'udnt{rurdnrfiulur?utu'ov,ltu (permeable rock) rfou^urfionqu
- jd t - | a I as I at h d
(porous rock) fifinrturu'lttiluurn (rJ:vivrd vrr{nd:rfl, 2533) n:eu?unt:'liloriuulJoitn?'lu
9 qro i a h d ! t, dt r a I d . n

: o u t glTt Ril cr.: rn a n r n fl 1 : tfi o r ? uu 1, o { u'l : ou ru u 6I? u I u ni 15 0 n'i 1 : e u u d r f o u

(hydrothermal system) dlu'l: ouilrl i ro 1 o on tfJ u 3 : s:L u'ldr rri
)

2.l.l.l : uU U n 1 til1t o q d r$o u (hydrothermal convection system) n'15 ti 1 UtYl
I

n?rufounlnrirSouunvloririouriJuuuunr:,lilnflr xinn'j1n1:dra?rxiou riruf'ur-urit1
y a q a I ,r i - ! ,, ! Aa , r

n1:vtlR?lU50Urflfi tul{uru0T{1u ruo{11nfl1:a0ugr?t o{il150u illylruun?ltrayfiu'ltruu
'd';vau1R R ?t0ynun{a.: fl m:eailaR{

l,

2.I.l.2 : vu u fl^u gou (hot dry rock system) q il r I ux o { I an rn'u du sr Iil n ? Iil dn
s j, i .L,s o A 3 r o rq a : J a,Inofrrirtq6ufi':Innfint:rfrrufiu:J:vru1il 30 "cltm rrsiluur.:uir?ilnr5rr{-ut-uto.:0mfi4n-rio

n?rildn0vq.rn'irrirra6ud d.r,ilu^uxr0lnuir?nrriurfidriil#n:rrufou rsiu rilfionIanul{I

idseY
: o utao u fl : o fl t: n u fu sr f.: iio d1n dn'u rr-u$

2.1 .1.3 : s uut t t { eTu r : fi fueopressured system) tfr n o qj 1 u u irr or d t : fi urj u d":
.i4qt{''tl

(geosyncline) fifinr:vrqrrsT:alotix:':otT: rir}{n:rl6"u1u#uH-urr{^uurnrou lorurln6uir:nr
Ir < u a rr o Cl q C1, alHalu u n tn a o u: ?u R ur rn rYD: : uslfl t tay r rn du tyt u{



4

z.t.z rirrXfou
! ,, 4t J q r a o a jo 6 j

u ril f o u ril u r ru d { d r r : : ru yr sr ri e u 1 r ai rn- o lu r r r? ru yr r{ u rn n r o u ra o u r ra yqo

A,
s outtnn ioutnou:ouuanrfi rirfi fi tu rfl lHnirravfi n r:rn fi oufi rua rrnnt:rn6oufi t o.r : o urfi ou

r o q ra t ,, : a ! y att o a
n'l9t?'lYll tHrn9nl:trr"lfl?]il:0u5y14?1{:0utaouttns:0uttnn10':l{u u]fl:0ulJgtunltu9tultln

o I 4 v 6 q a <o Y Ul 6 9, t v
ulilum9|nn{ul ttnvun0ttnn tuu:l?flrytu11efl0{ tl.to00nulgtlur::uyt9t 0uu'lnuouglt.:nu
a t a ra i;u ,i tq '3 tv ! y dlulrflnvu:r?il il:urilrro{iltyr [rno0nxr0vdurldu0 trutuoufluilfrflro uruSou0yrL

{ l{ q

pn rilrilun:grnSorir.: fidt:u-t.tyu^qasatuo(i t'fu carbonate ion (Cor2-), ferrous sulphide (FeS),

bicarbonate (HCO,'), monohydrogen sulphide (HS'), hydrogen sulphide (HrS), silicon dioxide

(SiO2), thiosulphite (S2or2-), sulphite (Sor2-), thiosulphate (Sroo2-), sulphate ion (Soo2-), boron

(Br-), calcium (Ca'*), chloride ion (Cl ), fluoride ion (F-), potassium (K*), magnesium (Mg'*),

sodium ion (Na.) ttoe sulphide ion (S2-) il:ytyrn'lvruldtirunr:finurrir4fourrnvrfiud':odx
lyattrd!,rorq-"r!yl

u'Iil50u?rn:rvfi?r]fl?ulj:sn0uYrl{rnu n{rrerll vt.?(. 2489 lJ 0 0uuflurrilo.:ulfl50uYrir14u9r

l l2 rrrd{ (?::flrnr iir:rr, 2546) inqiun4ru^fin'r6uuoqilurir.: 40-100 "c n:yoruoqjri:lil
99v | 4 s OY rlrl I I o I q q d 4gt{tt$lvt'1.:fl'lnlHu0 nlnnv?unn rtavfl'tfi ta r[9r tullUrr?ra':u'lv{:ou tunlnflvlu00ntQU.1tl,tuo

rJ:vrvrs'lvrohildoqjluuitrarfivrlqttrh-Ifin6'.: (active volcano) ttncfiuSttrlv,lfiorgrioofiqor

finulu:J:vrma'lmufiorarrnn'irnutr.rudutl d'qriu rurri.:rirvriuuornuoiluu?reilil^'uflrrr'ly,l
f, - I 4 ," J , da 

" 
oo 

t to

vlFrurra? n1:f,flu1:lJrruu10{u1y{50u Isru?vrul 0mnr:0r?Ytu1 rrayn'r:r0'ryrYl:?r
o qg ot 

q q

m 1 r?r fl ]u't: CI 0 1r ru n n lru-sr rirvr 3o u rfj u 2 il : ym yr

fi r n' n o ti 1 u u^ u t t n : u- sr
oldalu'r:0uu0tufinruil: yu1il

a{

o I d a ro a2.1.2.1 ulT,l50uYrrnooutufi
t{2.t.2.1 ri r vr f o u fi r n- pr o til u u-u rr n : u- er ri r f o u fi o nr r n n il : y u r il 2 5 0 "ct{a{

vrji"o'
lfiatuurenu:ouraou rras:0urrnnluu-urrn:fisrfiotifin:rudnurnn'ir 3 n-farrun: rfrant:{
t ,t d a taa6 av ^ 

g 4 4 a v v - ! j v
fi'lurYlfi?11J:ou H5otfl9r1jan:ulYt1{rnilnuHul1.lrfiuit l.t:0tnnn15dljr{dnuululfllayt5y9tu
4- -q-q-y- F i, tt u J ,.a a d1 ! y i< aq y4 , ! 9gluvl1t1,l00t?{0uannln{ ua? tHnludr.r?9rurljuulil:ouYtuofuHRU tnarftogt rTuu11150u{ { { q q g -a- - ''

io q ! y t ! , ' Y

firfrnluil'.:uin:vuo't rirrlfoudr.r rir4foul:J{rn'oo rir4iourfio.:url.: rirrlfounno.:ila1u1i
-l--.-y--.-tl^-.-!^-.-- ---l--zt- sqrs, ! y , ,so' ! y
u]u50uu1uu0u1fl la u1?l:0u tas !{n:u ulfl :0u1Jluulyt{ tT{r ttavu lTI: 0u 9lltu lstmr:]y{ q a i -'- ri --''--'' ''

49
tuu9lu

) ' 'r, tr J j
2.t.2.2 ri ru fo u fi o tilu r^u n vn o u ua v fi-u r ril : d r : o u r ?i o i, u u I sl I u : o u ra o uq{

ttav5outtnn1ufiuttn:u-srfrfifiunvnou riou'urr:J:flnri'uoduufiutrn:u-sr otifinrrru6n{{
utnn'it 3 n^latrun: tiliurlnuduulerlu:ourajourravrourrunlufiurrn:u-srfiod:vdudndulrg

c v a ru 6'r l u n- u n v n o u fi fi n ? r u fl ! u (r t r n riu rir f o u r v rn^ n n r : n a ru fi r rir u r n r a ri r h?o o{ fi R n-a s -"-{-'-.':qi--

^.^--!.^y^-.^^^i-^-..E-!r---4-.-r..o-. dt ! y vte , ! e u q1'o.:u'l:ouann'la.: rra? t?la1urr9{?ounaluniuulq50u [nrrn ilrrlSouarrru n{?tiosil?I:

I



5

rirqioului'.rrinq:ruAfrrfi rirrlfouluo-.u.riern:yfi rirrliouqyruruilorirYou
! ,, <t v ! ct q u ! ,, - ! eulv,l:0u:lJtuu 0{?t19r1In{-r u1?1:ou tun{r?nfl:{ u1il:our1JlTUflu rtayu'1il50uqqql

9t
u'lu :yl.t'l -1.:n ?u n.:il ?9rfl m a {

z. t.s fi nqimu 1r o {ri rrl fou (:J : yivr d r.r rn'n fr ril, 2s33)

! y 4r , ! 6 r o r a o a jo 6 A
u tl\ : o u ru u [ [H a { u ]t : 5 ru yr gt- d r u 1 r ni rn-n 1 u u : r? ru vr 1{ u [n n 5 o u ra o u t t o yqU

ty

sourrerfl:ou160u:ourranrfid'rfifirurnltrnirrayfinr:rn6oufi Harrnnr:rnfioufiro.r:ourfiou
I o q t) a r yt t j - I y ay o a

ntn?'lYtl tilrn9nt:rrr.tfi?-lu:0u:v?1'11.::outoouttny:outrsrnl0nHu u'tY'l:ouu9rufl1ru9llJ101n
9 t tl

rirr.lufisrno.:u'r rrovfn0vrn^aluu;r?rufirirovdor'lunoonrurflrutr::ustsr rvrrnfloositrd'u

l u usi n v uir r nr rJ i ru r nr r o.: ri r fi '[ r a o o n r r o v arj r r a u o hi du o gi ri'u q e n l o rir rl f o u r r fi

pH vi.:tilun:nniodt fidr:ut.tyu^qavatuod t'iu carbonate ion (Cor2'), ferrous sulphide (FeS),

bicarbonate (HCO3-), monohydrogen sulphide (HS-), hydrogen sulphide (HrS), silicon dioxide

(Sio2), thiosulphite (S2or2'), sulphite (Sor2-), thiosulphate (Sroo2 ), sulphate ion (Soo2-), boron

(B3'), calcium (Ca'*), chloride ion (Cl'), fluoride ion (F-), potassium (C), magnesium (Mg'*),
t9

sodium ion (Na.) ttfiy sulphide ion (S2-) rirrl#outvfinr:'lnato.rrirrliouhJf,ldrrr:nao.t
o qYd e 9) j , - A <ao j q ro ! , d d t@ v q9t
Yrln4U:VfiUn'llU:0UYrlr9lnal{nu d{us?9rYt0lflu0gtuulil:0u0{un1:il5usl?tl.r6Y1il1:i]

oqjlufiqarrQr-qr1 uunfiGurflufr.rfifiisrru'srnd.:fiarrur:nrriqldlutil43uud{uunfi6uuei
a d I u s a q v 9 r v Og ,t 

-avYu9lt.:ttnnnl{nufl1u:voufl0{l00lHRUttavil00u9r'tu9t1{c"l0u tattn il!0uYlt{nluRlTt

fl t fluvr t.: rn fi rrnyil 0 0-uyn.:6rn ril
r9

2.t.3.r il r f,amx n run rr{fi fi r^rasi onr: mirut o.r fr r fi fi in 1u ri rn fou lduri

tud{ rri r { q il fi 8 rr- ua v n ? lu rfl u n : n -ei r { (pH) fi n a si o n r : rnity t o.: 1 fr u vr3 d,i q f u u ;i n +. u

o j o q9i <da q 
^ I o da rhy ad r

0ililniln{m0em1t?td{ufl?9r tuu:t?tuuudlu1:CI9t1:.:1?910u [n rrny0iu?tfluuHafl0n1:ag{a{
a at ! y Aa dln:vttt,toilqauvrS6 rirrlfoufifirynry{rflun:nrrriniorirlruirsdrri'nn1:rt?qro.:1fiuvr56

,ty

lu ri r4 $o u rl o ri rrl fo u fi r{l u n : rr r s fi n r: o o n fi lsr "f, (oxidize) H,S l#n u'.r o,il ui,u r 6'u
! y i dr r o s A a<o 6r r : a atA rulil:0uYltljun:nun!v!rnnnl:n:vn1u10{rr{u1?91[udnly'lr1url laumiuytdlulSr'tog509t

ltil id,,ri Thiobacittus sp. lrflurrunfiGavrrn chemotitrothropns ldfund'.:rruorntu?ufl1:

oonfirnfutorl sulphide) rrunfiGu Bacillus sp. rravflt'lt Acontium valatum hifiaru:rudrfiu:
t,
oadlttnudltiu frttsiarudruduat cyoridium catdarrr* i'tgloufirflurir.rfinr:rilduuuilnlro.:

qa{ilflfinmtn-ulu'dr.: l0 "c ivvtuarudrotryadrdr, l,i',,ri synechococusludrrr:firflud:ud,:
-totfrqnrnqn:vu'jrt SI-SO t tvfi Masttgocladus laminosus, Phormidium laminosum ttay



,
synechococcuus sp. arnirtltxritfiovrJuoqjri'urrunfi6ogrJir.:rilurrvi.ruqrflurn6ur rrunfiGu

I r 4< iv d u9
aurlYt{[[oyrruFr?1[: uYl fl {tn 5]v1{rrrY{ tfl

2. 1 .3.2 il t fi'ovr t{ rn fi fi fi r.ra qi o n r : r oio t o.r fi .: fi 6in 1 u rhu io u lduri rjil r nr

e 6 ; q J 9 9 , 
" 

a di e <to.:ritsoonrytoufrovarolurirrlfou rras n?'rur{rriuto.:oum5uflt: drfroonfrrouayo'lulu
v..Jo I o I a d<6 6 < q ; d U ' Iu]u0u1]u?ulJ: vry]fl :10{ d{t,Y?9l tvnfl a{ ttas00ncrtou?1ayalu [uilrnnsrta{ 0u [u?ro9to

n ?]rufl o{fl 1:1o.ld{uslafl 1(lcl 6Y.tus?fl rHotuun trudtul: CIuy?91 0 g t9t d?u n 1 lil t1 ulux o {
,

A 4d q o I
o u yr : u d r : tu u r! r o u ri': u l r ni o v fi n r r u r{ru riu l u rji ru r ar d r d.: r iJ u il o f,u d r rin yu-n r o lqo

A alA 6
0aum5uYt0st0:flJqU

t9

2.r.3.3 fl t fl u vr r.: f, 'r n ru fi fl r.r a si o n r : rt?n I o r fr .: fi 6i sr 1 u ri r n f o u ldudoq

n?ttdrunaflt':fi?n'ry{ lurirniouturprlrainvfinrrruarnodvrr.rfi:Rtrrrujo.rrtnfinr:tqsl

ruJ 6 o u u rJ n.: u vr u d t o.r fi .: fi Bi n o qj r a ru o 6.r yi r }{fi .: fi fi i or o qj l u n r ? y n { eT?

ilttrTuldfinr:finuruavldrj:vluryriornureirrirnfoufiaruotirr uiu rfjuurri.:aa

, i 4 ' le cd
vto{tYtul ?t:ottHa{o]uu1:ou tljurtfiti.rnf,.r.:ru'lr,lfir n:rudrriatto.:nr:finurnrrn

iln]nraluyr1.rs?RlilI0{naum:u tuulq:0uuuuulnulu [9trrn

c4tv
( I ) rlj u r rHo.r fl o { n ? tu l.f olfl fl n 1 uyt 1{ il u r n : r u

a

(2) rlJutr?rn{1 o{n ?'lu1{ a'lnfi aluyt 1{ilonrulrnn uayB:rn n
4rd

(3 ) rlj u r r1.r o.: I o.: fi ? lu 1.r a 1 n H a lu1 0 { dt: rn il

a dl v t , v 4 E
2.2 qaun:ulrayRl:o9tnqil (u {anuil ry?: :0{T{u 0 rravils Tr q?: :alfl u n, 2547)

a alA s ro gl ' rhd aJ Y

taum:uvtotfrtroqjluanrnta?fruulnfifr.:fi6inlsrorf,ooqjld ril:lyqaumsriurrirriu
Atssrlo4gvL
rnonr::Jiuri"lotir.:0rru'luyt'.:yn.:atuBrrnfirrasilt{d'lufiuqn::x nun:yfi'{ldrlt:oiliud'r

rrlinluanrnurprdorudorfroh?ogl:onurld' ilrfi'uu?qfloxeir.r1fifinan:vvr:Loio16uvr5dl6'uri{ r'_ a -'---'
gctdCdr'

n?lruiou ttnd n?tutUu n?tutilun:n-gi1.r n?rxfru rr:{eTuo0flIrust'n rrayrr:.:d'ula]pr:a
6 a al v v iq o d g ''

ryu-n t o.r t au vrE ri t v dru rflu f fiu q nr r 4 l l o { d.: r r? a n o ru lu an ru fi riu f l fi u vr3 rio v

rYtutrotet-uInldlud:{enrnnfrfinJ6uuurjn.rdua':riuro{Inufrfi.rdtrriJudo{yt:1un4o

(l) minimum temperature frorirqar4n'drqnfilfiuvr5tlatrr:nmiqrn'ulorrrnvdrrriu

n^ I n : 5 u yr r.: dru rru n rl o fi fi rusi o hJ ld
(2) maximum temperatur" fiorirqotu4n^fi1fiuvr3tlarrur:nroiqrravrirru^un^in::ru

It a4 |
m 1 { dt u til n t :L o a fr ru si o hJ 1 d dr q anr 4 ru^ q.: fr u 6 n 16 n r7o u n r : t i ry r v n g n a { u a y d1 f, .: q { du 6 n
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drtar,6uSodj$t
t0nU0UnlttttQjtgl{UAn{tl0vtllOilt?{flUU{dntUOn0{04?{UillOU [cUU [t6lV nucleic acid 0yOnu q t s q q -- - - -- - {

vi rl#aarrdo6on : : l nioG un'ir Inactication o drsn rr: rtavlud aq o au vrE do vsn uqs c a

(3) optimum temperature n'odxqatrquottnul dloqj:;n'jx minimum temperature

4t oi i o q 9 a </ o 4v ad
ttau maximum temperature tljU0tll?lflllYltl,lUl&dUYlYl'l tl'l0AUmiutorOttayndn:rrrunrU0AryX

a44rroivtvrtrfli
d{ dfl r nu u : u 0 y t tu.1 0 0 n n ]u ry? { 00r fi ,r x yl 0 lfl u 0 u9t { gl 0 llj uqqaq{9

(3.I) Psychrophile roirylddiiqarrqfrdrn'jr -15 "c dun:nrt?iu1d6fi o "c
vr r a rnrj a r

rras"[rjd]ul:nrr;q,ietyrqrurguq{n?t 20 "c niu n{ru1fiuvrErifirriquu4'.rr-ruv rir,,{u
61 9, 4 dt It
tamvrnnn uju9ru

4 t G alAa o q I d a
(3.2) Mesophile rflun{ru1o'uvr3rlfifinrrruiirriiyvrxdrufltslrr{vtu roSqllurix

oiuunfiilrunar.: Jnuoruunru^firrurvdrJro.:tfiuvririei':uluniotilurir.: 20-40 "c,ilrnri,
q{q{quq-{

t fi u vr5 dfi ri o 1 #rn^n I : n r r o y u r rr su^ n rfl u a r rr n t o { n r : ril r rfiurl o.: o r ?{'r rtq

(3.3) Thermophile rniiu 1d6 d q nrr 4 n'g.r n'j r 45-80'c u r.r rfi n r r?iu ldd ii

qilil4u'fiqru?IAfi 250 
oc rnruyu^nrflulfiuvririilruonofr.rarJof (spore-formirg uu.t.riu;q{t{a

r4rg
L'tU Bacillus, Clostridium tUUglU

2.2.1 nilrlfiisr.rifr'ehfl u n r: ilo d ruu nuu nfi #u
t

n r : {'sr d r t tu n t tu n fi t5 u fl r u i6 t o r Bergey fu yr u r o r u r I : I u a s 16 u fl {o r rsr n si r.:

5 v il'j1{ uu n fi G ol#ru r n fi qn d.:vr o r v aq il 1d6'{ d (fu m u r o : ru q n f, 2s4e)

2.2.1 .l q nr au ri6n r r ru do I n r : o 1 1'l 1 5 (Nutritional requirement) t ru n fi G ofi
9 t s a y Av ct r a d a

fl?'lu9lo{n1:o1?l'1:rrerfl9r'r{nuil1n u1{tuo9lo{R1:o1il'ltylryucirourrgtlJ1.:suflnrn:iluu01l.t1:
i, \9 a d< 4 A <<o j o d6fiiru11d dutfrnro':uunfiGurilufr.:ijBisrvralulsiren:.:ry:nod'ldun:ilrruu f,nuruynr:{qq

pir:.:6isruri.:nrun?1udo{nrrrrl.rd.:ndrnu rravrrl4d.rnlfilouldrflu + :J:vrnm d.:tras.:lu
i oo ia a d : .!n1:t{fi 2.1 uunfi6ufifinurrurn1urflouJg.ririnr: or?r1:rdu.:rdori:l:JrJ:enoud?urrqolil15d

q

drslunt:rniruto.:lfiuvrEri ulr,rdrurdorr.:rfiprfirfiuqn6oou-umErl usiur.:ryfind'o{finr:gl

)
t6uet:afintrnrriofrsrjniofimriolfiumEd rdu beef extract, malt extract rroE yeast extract



Type Energy source Carbon source Member

Photolithotroph

(photoautotroph)

Photoheterotroph

Chemolithotroph

(Chemoautotroph)

Chemoheterotroph

Light

Light

Inorganic matter

organic matter

CO,

organic mafter

CO,

organic matter

Photosynthetic Sulfur bacteria

Purple photosynthetic bacteria

Hydrogen bacteria

Most of organism

d a o d6 << d t In1:l{Y|2.1 anuilsnl:al:.:ry?n10{ttunYttsuYttlu.tgnun?'tu9lo{nt:ttHa{fla.:.tlu ttay
rt

ttua{n1:uou

2.2.1.2 n ?lil do{ n t: m1{ d'l u n I un 1fl (Physical requirement)'ldrrri qiu rq fi

01flrfl rrd{ n?rurflun:o ei'r.: n?rudo{n1:rr6'aurlsu'o rfjudu rTRt?rylt{n1unt}rdtu'l:0ld
u I <d t4gY ad , <d Cd a j
i9rl{u1o{rrunmr:u to 6r'rQ01nofl?tflIn6I1rulrilrru{uunm[:u0onrilu 3 1I1n fio u'lnfiro?allu{ { a I o -'

qflrqfr({ 6un'jr thermophilic bacteria drryoloatr4frrJrunnr.:6on'jr mesophilic bacteria
I ol <

t tA v0 l$OU OtU 1.1 I U 91 1 t, Un ? 1 psychrophilic bacteria
ty

2.2.1.3 finuruynr:toiqluuorut:fitiltyt6u{ (Cultural characteristic) 01f'tfl1I
A dd 4r t gt Aa r s < a - a u a -, 'to5tuxo.tuunfrtTotijun{ufioufirEon;rtntaA (colony) r4rl#arlr:ofinurfrnuilsrfion1R

t t'o I v 
", 

q d q9 v dt d 4
tn tau tsu n?'lulJu n?]ufilu td rlu Ytu t?t5{n,,flqrilunyrouar50r01il lJoljt1fln1:rrtfl

n:v0'luooflniorflulnrf;nl fif,nuarvxouriuxilSotqt:v rfJurfionriour{.: niorfJurnf;n rfluI

2r-.-.-----:t a d ,) o 4 cr d o rau uoRn'lnuanHilyn'lttt:i!.luu0l?t'l:trlj{Hu19lft0l:{ 1{:0 [u0114'l:tila? nrr1u1:0il1u1s?t

lunr:f,n{rrrun'16'

2.2.1.4 qilf,nuilsdrudnrgruimor (Uorphological characteristic) rfl u
-oj U r d I tt I I qy I 44 d

n al fl ru :idfr u o.:'[ rj tri u d r u n r til ri t ri o r ao.: q n r okin do l l o yl : : fl il fi t u rn rfi n u r n l do l l d

rirdltotuil:uultu 1000 rvir 6.:rsulurrjir.rld'ir rfluuvi.: yr:{Rail riorndo: finr:frnGuroTr
- tr l a . <o o 

t 
-ttuu lilu:?ruri'.:frnurq:lttilnilt:uunr:!erdir{arJofafr.:rrnilgn (capsule) nio rn:ry (cyst)

Arr
rEonJ ri r r rayg Tu^a x o.tul,l an m a a t (fl agella)" 

r.r.r., quflufsr-ro.:n:yu?unr:ruuyruoadrurioqnrerfn^mr.:f;rrnfi

(Metabolic or biochemical characteristic) nr:finuttuttytuofifilfi.:rjrrurld1un',r,,unru-firo{
-----C< rt t dd r a <
ttunfrtEu6?u ty{:tv'i1 rrunfrtEurrsiavyu-ofin?1uflM:n1uRt:do0rr15o'l?n:uflnsir{rYuurn

---4.-. r-i ..-r---.- < o.i- J s j q ! I a rn15rinu18n1:tilAuuttila.:vtl{B?rnilfrrn-.nru Ioronr:rfru{"luorrr:rdu.:rfroyrlsrsitil fi1ri



driorl.r'r:ur.:odr{or'lilrrdrdrrnnnr:rrjdournjoofi,n^r'ffu1uu,nrlAuo,du olurrflvr:1u
r66a oi ^ J

rJ 6 n-? o ln fi fi r n- n t-u n r u 1 u rry n d'l d

2.2.1.6 q iu du fsir- I o r ri r u rJ : s n o u yt I { 6't u rn fi (Chemical composition

characterristic) iloqriurmnrjnlnrjrfidtu'l:ottunln:.:air.:sir{"lto{rcrnd'ld rrnvluttunfiGufi

n r: fi n u rri'uru rn r.du nyi rrru n fi 6 orrn : u r rn rrovrtn : u o ufi rir u rJ: v n ou m rntn fi t o { t.ua d
a - Aar r I I

r rn n fl r n n u fl n u r q dl : 1r u r n : : u r [n u fl r: vr tlj u d'] u 1J : v n 0 u I 0'l tcrCI o

2.2.1.7 fi ilr du u fl n 1 : rlj u t to u gt r0 u fl n u 10.1 fi 0r du u 9t I 0 { rru n m 15 orn u ? n u
aq

rJg^friorrroun^rou-rrousruod InufiqrrunfiGouir'hJ1uir.:nrutorii'sr{mna0.:ttd?q:?0douq'jr
4 I o oJ q <s 

^tn,l 
raaa lat raaa i4 o

nnt:a5rlrr0uetuogtlu [u.u:ufi:0 tu cx{ilan:ulurljuilafl:ulYlufi?'lu0lrfl]vt0'ls0{q.l
,

fi :J: vJumilunl:rrunrrunfi ri u ur.:nf{ dru'r: nrtun nvt6uo'hJ6.rarurfi'ufld

2.2. I .8 q il du f6m'l r drur{u q n : r u (Genetic characteristic) n r: flq d rtru n fi 6o

t ?A 4 i A - o <4 qetYq I
?leIUu:illldnn ?: 0 yfln u 1rn u?nu d]:Y'lu tr n : 5 u rfl 0n r: I 9l t ltlu n rrunmt: u l?f[1 1 tn a5 su u

D::uslel'u'rnfida lnori'r'lrjrrri.:oonrflu z ii6o irn:rv#r-rrrji:rtnrtorn:nu^':n6o'n

(nucleic ,"ial IFrul.rrrJirurnr guanine ttay cytocin" lurryad ttnvRl:tttrtrrrud'rur{'ufrJfln-ior

:yfl'ir{ pNe d'u DNA r5o :gil'ir{ DNA ri'u RNA uo.rrrunfi6usir.rsu^prti'u lunt:tn^pt

DNA hybridization r5o oNR-.RNA hybridization rniortn?r:rit'ur{'uf,:vrjr':rtunfi6uryu-sttiu
: 4 4 ds d r q s o l,l 9

u o n 0'r n fr n r : tn u r n-.: t u'r a 1 o {A I u u ( genome ) fi dr tr 1 u n r : fi'q d t r tu n'[ ri

o a X 6 da v av 4 A,al
2.2.2 n 1r 0ruu nru9rfl o {ru0 qaum ru lu :vou oufl ?r : ocrrjr cr

v

n'r r {'u ru n su-n r o.: rdo o fi u vri ril u : s siui riarf o aij f, da r u r : n ri r 1 dfl a r u ii
fqs To*n", uov cockyn" lduil.rffinr:druun1fiuvr?ritilu s ffi d'.rd (qiuqr tmiu, zsso)

2.2.2.1 Bioryping rfl unr:mnaolrioirttunru'nuo'ttrtnfi Ga Isrflorfra

finunrvvrni{lulvrrl d.:1{i6nr:rn,r,6ou,duuayR1:yrerflounildufsr^yrxtnfidril:vnord':o
t

flrsmnryoufinunrvlnlnfi nr:1#ar:rnfilunr:rriiyr6ula n?lrud'uJr:nlunr:tioudrnrn

n?lrurr1u1tnlunr:ldal5fl1{uou rrnvn?rudrrur:nlunr:frruynuurilg'f,rus Inoiid,flra;
jt ll rs g agq r r ro raua dq o Ifriru'trjdu{ou uavl{riuotjr.:un:Hnru ueiluvrrrrJfr:ifiovfiilrynr1unr:rrila,.raru'o.:0'rn

ttu?10vu5frmnflouYll{n1:fi1 tl.l ts rr9rTlu?lrtnavul.t0rvuRilnnuilyyr1{tlrnumrrflnfl1'tfluia
i oqru jt u9r s a q hr d t

tstvirhiHnfroruldsir.:riu ttnsol0tn-ailqflrn?ru"trjrdfiu:0tn metabotic tunction:rrufi'lilq1rr
, ! , o 

u_

ttnn?truuelnsirttol:vuvt?arlun1:rirurnrvrfio uayiliurilxo.:r60fil#rntyrAu': r,ilurnu'lnu
vyy

flqrrnrrruurJ:il:':uro{nr:doeiourrJqfi':uv uonorndffidf,.:rflunr:yrnaoufido.:1{u:r.:ru
4 o q !, ^ la actd, a arata ! e)

tuu 0lu ?uu1n o {uu ?nu 0.: tltilu n 1: i lrrun rrilyd tu ruoil glu



l0

2.2.2.2 Phage typing ldu d'n n r : I o': n I : ldh fa (uacteriophage) ri rl#rrya d
9At9/

rrunfiGusr^erfio rrdrilrioufruriruro.r nhase fisr^erfiooonur Rr:yrerdoufiorflunrrrL'hlunr:

sr5?rflu bacteriophag" d{rnrrvri'urrunfiGudror{u,{riu1 Iorolulafinaror{uffilnfirdurri'u

ovfi bacteriophage profile finf,rud'u tuJnr:mnaordtrfior'.tr,'h ttsifin::rffifi{.rurnfirio{rfln
y.q

fiaruil5sn'r::rrufi'.rdo.:ldnr:nrunrri'rrril:r.rarud'? loorql^{rvotir.r8.rnu'iranrwrnndor
hq

ttaufl n [nm'1.:li{urf't: :u
)t' 

2.2.2.3 Serotyping 1 d r d'n n r : t n' n t t o u st' u o 6 fi 6 r tn r v si o J n : .r a f r I fr ril u

rrouel-r0u1,o'rrrunfiGosir.rl d.rriluiGfiarrur:nl#ldfiunaru6ria lorofiI:'lvr:lrorrrrnfrGurs

noutt.:rdou:rrCIyrilu9l?u{syru1rs000 rr9r0u1{ tsnn'rru fl'r:macYouulilun]:vrgrdouYr
u I o t49 q9, I - 6 q q a :gruci,ou yt'l lftuln rtay ttt?a]u]u :?uyt.tlJntnflilfl,l41 tunl:r.togtrr0ugtuontlavrutn:{'Iu10.1

-in55il?tYtttgtnfl1.1flu

2.2.2.4 Bacteriocin Uping ttuntflo;lofiutfl uar:fiIri:urutnrfl uhl:6ufi
dd o i a !r r r i o i - ! 4 4t

ttunlirSuTugll.tu{,.tCIgloonrlrtov lilfllr9toTu9tou ft.luu bacteriocin ryping t{tilun'l:Yl9td0u
ul u I 4o ivr, r as 6 i lAat

n?ru [?xo{d]uilutlrunrlrSuri lum:'lugtorlunrmos Ioryu ry{r.rofltlnfllu?ruryrrl]uu19r:f,lu
' 6 t I 

"",r.r i 0 m n rYo u rru fl li ri u d t uyt u q 1. I r il : ]il [ u n t : n a m rru fl ryr 0 : I o ryu n 0 Fn u ?a r]J u sn yt fi d 0 u

rul'irnr:rufiflrrunrm0;Iofiu rrav:Jfrfiiurn'lru'lr0vrfluE0rdrufsr'fira6u: rreialilr:oQfl:uR?u

'ldrrnnr:riir R-plasmid ld :u,vi.rrflui6nr:mnaoudfinrrrutjrornuavfiraroriusrou

2.2.2.5 Molecular approach tfl u n r : 1d{o1 a o qim u tx o.: tcra dttu n fi G u rfl u
o if,rrJ v t o a a s !

rvrnfrnfi"trifrurirn':rrurrnnrir.:1uanr?ynlsrnsqrfiulnro.rrf;oruiayru-nlortlni.:rflu
a / a ad A o io f

I ) n 1: ?rn : lrfi il n1du9r fr rou r0 (plasmid DNA) ril u lyr Ru Ryr ?rfr :'rul.r
@ v I s I i d s a ad *!a,

n?lrrYuilu[10{cllulrur10.rrYo1as}r t9ruo1flu01u?urraelularo{flnldu919rrour0?IurlJu
<i, t dy d h r d a j o J o J
?IYl.tlU ttgr0l0ul,ordunlnn?'lu turdou:10{lta1duam01trnolu tu:euvr?a1ul?:?uytit

'lilarrur:nldldrYr 1afir rfi hiaii.:n arafi n

z) nr:irn:ry#In:Illryuoa6tduro (chromosomal DNA) riluiid
uunln:lruIryuoaGt6urooonur ud:irn:rvr{:iluuutocln:fulmroa6r6urodrun:su?uRr:

tuund?un:vualyhti rfluffifiatrr:oldrYrrof,yrfihiarul:odgr{rrarafipr n6ofinarafinfi

hita6er:ld usiln:Iulvruon6rduroriu,flrluunufifiturnlrniuayfin?rrr6'udou rfiorirhJ

tuund?un:sualr{flrtyrirlfrirutor6,6r,u,,rnrio.i,urrurio,firduriru{ru:uurnfirl#nr:

druuavrril: Harir'ldorn



ll

3) ryrn u-n'l aui 1nrry6u (hybridization procedure) rflu n r: : v:1 d rfi
)r

ui o hi fi t o.: rfi o 1 n fi r r r ut r 1 1 u n-r o d x m r'r n fi u^ n nS o rT: o ri r { 0 r n d{ r r ? q do il I n o l drvr n fi n
a 4 h ah 

o 

-6rdurotauilQrry6u (DNA hybridization analysis) ttasnlrl{ restriction endonuclease analysis
rv

d.rfiueirut-lo.:ln: IllryuondrdurofiqnoTerdrotoulryri restriction endonuclease tvqnrir'lilrurn

dron:vrra'llh{rrrdrrirotvr'lilf,.:ruururu (membrane) ttnvqnt'ud:u labeled prou" drJ:vn0u'lil
,, s 4 4 <l< /< a d ca i 4
9?U lflAUnr0Ur00lndusdtau?nu 01u?u10{9ttout0tull.tuluyt9t:?tl,tuts1,unu1,ulflrray

n 2 r u d r rrr r y I 0.r probe fi 1 4 : r ru yi.: r : : u 11 et^ lJ o I sr''r o ti x n : : o
4t4) Amplification procedure tt03 sequencing technique tl-JUnl:ill

,
- A o o , h rq a /

fiuri:utordr:?i'uqn::rufrtrrnrvurynn'r:rryr:nr{rhJluvrarafrnnnroof (plasmid vectors)

9t--JdVog?U recombinant DNA technique HA{0]nUU RNA transcript nUQnttUnttAvtiU{Al9tU ttA?O'lAU

t o.: 6 r 6 u r o r fl r r ru r o rr n v G u r d r 6u r u d ?r d'n r r n rfu d r d'rL u' r n 6 I o'[ yr pifi 1 do y n n ri r 1 rJ{

rlj: uurYruljnu nlnilarouroYro g luglutou o

5) 165 rRNA PCR-RFLP (qiuqr rmeu,2550) rflun:vlrunt:fld{

d ldAr r ;u fi n u run verfl : rv #d r d'rl ar : fiu q n : : u lu ri r uu ri.: l 65 rRNA g.n" d ufl u d r un rj.: fi
ut4o.uvo"t!,arori<oe

ou:nuttavufi?'lu6llflaJnunl:Yl'1{'lul,o{rcran :?u?1.:lilua'lu]1u{ilun?]xn]ty{lyriu fiJAd.U

dd s vt I o t 6 ds h 4d dl0.lttunmt:U [9lUtoU [cXU endonuclease CtlUl:009111nUgllttilU{U?na tO-tmnHtOUtO ttas
ad ! o qtt4d dt j a j o

dlu1:oflflrYlU9rtOUrOYr{d0.:fllU Yrl tl4grr0UrOQnlre'nOOnrtJuvurnnl qildrururrnvlu't9t10.1
J , Avry I tv o q ds r/r tA" u h I
YurY?uYl t9lov1uognUalauu?fiCI to tyloYltltfl'luflUtou tcxu rravd?uil:ynolto.:6r6uro{

riul 6r5uroro.:rdorfior.iru#unounr:rfilil?urnrflrsriuDnrru (pcR) uflrarudrdurofildrvq

t 9 ut t - J i , iuy
Qfluoua?utou tcrru endonuclease rd'.:ntnuusurT?uyr toiy0ndtlilrrundrun:vrra'lv{rtr{ _ai

Ioutmnu'nnr:itn:tsf Rplps firio66o aurr:nrirdrldnnrani.: uaycnur:01#{ruunafl6d
v4 v v I . s 4 a4ln9t4t | <dIo.:t1ottav:vUn?'ludu1'{uD:eil?1{rYlUTIu!Io{ttun?ir5u tnrijuo0r.:0 Eu I6S rRNACa

4 A dd ioq 4 a tav s v I t daaotlJutfl:0.tHUlu9lt0ut0Ylo Iun1:flnu1?tn51y?f ?ifilu1n1: rrayn?tuduriuf :vr.tit.rd.:il8:gr
4 s j q 4<ao < yjj r o Aa<otr,trtvtilulutnnafiy{ulur1ndrilBTn ilnrirfrfrrniuou'[ud.:fiBTsr lrronr:rufisr]rJ:6uryfrnrn^ruq{

rduoryr0n?lruoq:09txo{d{ilBrnuu1 nnr:n:vnlud'?10.:luraflafrodr.:nir.:trr.:{r

nuInor{':hJuasfidr6utuddfin?luoufnfrjrunnl{ frorldrlrlddruunru-oIo{uunfi6oq

d o dd a 4 | dlr{:'lvt,u l65 rRNA ?1u [urruntlrSuylnrufi nturnrJ:yu1il 1,500-1,600 tud uayl n?1il
,i

Itflneir{urnnofrnsdrrurldlunr::vuyu-erllo.rrrunfi6u1u: sdlalJfid nrrudlr[uf,:yn'jr.:q

-.-.^d-4-.- 4 -'e I s o v dttu rl Yl t5 u 0 s xu o gri u n ? 1u n 6 1 un u I o { atn'u ru dll o {Eu I 6S rRNA n'l 5d rd rdu{

u- l n 6 I o 1vr riu r 1d: r q ru'n x o { uu n fi rE u rfi n ri o I: n il i o fi u u n 1d r r n m r.: n i: u}r fl ri



t2

- Y d | 6 a I o 4 a, s s aurtnvd{rt?odorufrrJ:sfrvrrnry{q.:uoyil5sdunrrrudrrinulrrd? InufnT{'erroron{ru

(Weisburg et al., 2000: Petti et al., 2005)

o) n r: irn : ryr{n rlr-,l : 6 u (prorein analysis) r{l u n r: irn : ryr{hj : 6 u

fiodnrulurryod Inuorfiunr:ril3uurfiuu:rJuurro.:JrJ:6un$olvr6rilrJlvrri d,rhJ:6uild'n
,,oA .r) <d q 414 d4 u < I .i 4 q ro d a

md:1.:0"rflttuFrYrr:u tuflilYdrou?nu0vu:ljrluuytrl.tuounu [[9tlullflnyd]uvruttytrnrrru

tuflnsir{xo{grJuuuhJ:6urf;nrJoo nr:irn:rv#hJ:6uovriJun'r:yrerdoud'nuruymrrillulvrrl

du o, o n o. r n u I or u d'n u u y vr r.ri I u'l vr fl r r n v iJ o i'u vr r r fi .r r r r o do ru

7) nr:irn:ty#tahJIn6rrrynnrl:ri (lipopolysaccharide) rfJunr:

irn : rsr{'la }J In6 uryn n r l: rin6o 16 u I q il o n Gu (endotoxin) dr rilu rir u r u o,u r,r r r dr r u n

(outer membrane) xo.:rcradttunfitiuttn:unu leunr:irn:rs#dorfionrrruusrnsirrlu

n'l -uJ 6n x'r : o l u n r l n a' o u d"l l u n : u r r d'l yl fl r r i o n ?'r u d r u l : o l u n r : r fl u r r o u s,l- r 0 u
i lv r I s h s rs d ttr /s t A
dstvdlr{'uiti'uri:u:J:vnoulo.:lrurnqalahlludrrrynnr'l:silourqy{ryodr.:u-.:ru'rero{r

lipopolysaccharide side chain

2.23 nr:6insruaylirj:ylsurfornuunfi riuornrimtiu,
"' -' ^ . 4' -.-4 - 4 - -' - ^ -rur{6nnraluuo{r,*rU or6od o,,,,un et ar., 200 ln 1:ttun tTotll 0fln u'1n ?'l

,t

ldfinurrJ:vsln:to{uunfi6uludrvrioulurJ:vrmno^ulprfirfiu lnorirnr:ri'e',,unrdoluorrr:

rfinoir':1 l#tvrnfin PCR-Restriction frugrn"rrt length polymorphism (PCR-RFI.P) lunr:fi'ern{l
4< qrty dd q - i a

ttufiYlt:u ttav tflljo1la l65 rRNA 1o{rrunmr:u tun15:yuyu9tfl0{r9io 0tnR1:finuldtul:n
,ny

rril.rn{rurfrortunfi6trlurirrlfouoonld I n{u 6o Proteobacteri4 Flavobacteria Ltdl, Baciltus
A arA v, I

iAUT:UylttUn tA tsU Frateuria auranti, Pantoea anan(N, Flavobacterium meningosepticum,

)o"itt^ megaterium, Bacillus simplex LldY Bacillus thermoleovoro^'dlt)Haouari et al., 2008

dlu'1:ottUntlunfitiuTrjnlrrj do Thermodesul,fovibrio hydrogenioplrrlus tlftrioti',iu,
Tunisian d.:rfluuunfiGurtn:uau fir:J:'r.rId.: hiafrra:lofarlr:nrna'oufi1dur:ivfi

polar flagella rtityldfiqnru4n-:vu'ir., so-zo "c rreiqorrqr-firurursdrufio os "c pH 7.1

Adiguzel et al.,2009 6ruunuunfirEufiuan'ldrrnriorir4fouluil:vryreq:fi lnol#d'nsflv

phenotype ttnv genotyp" d.:rJ:vnouhJd':u fatry acid -.*r, ester, REp pcR profile rrov

l 65 rRNA sequencing ftlul: o { lttu n rrun fi 6 u ii uon ldlilu n { u Geobacittus, Anorybaciilus

LLdz Bacillus spp. vick et al., zoto finurrJ:vsln:to{lfiuvr5dluriuti',qiu, Long Valley

Caldera nl'jrrrunfi6ofidr:rtnlrirulnqjoqjlulv,lf,u Archeoglobles tnv Desutfurococcates
,t

uon01nfi Kublanov et al., zoog f;nurn?ruHalflraruroiluunfi6uvru$oudarrur:oHfisl
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hydrolyase enzyme trnrjoritSou Uzon Caldera luil:vrvrnfarfiu Iqurfiuoi'rotir.rornrjorjriou

rtf,rttonttunfi6ofiarur:nnnn hydrolyic enzyme Inofinr:tsr'u subsrrate tfiorrixl ldrrri

albumin, casein, chitin t[0e agarose rfludu vru'jrrrunfi6ufitrun'ldornd'rotir':airLr:nflerr{roij

1un{ru Caldicellulosiruptor LLdz Dictyoglomus LLdYCtlUl:o6'lttun Archaea fiHngr hydrolyic
i hyqy

enzyme fi rron ldh?o qilu lil fi'l, C rearchae ota

n'r : fi n u r uu n fi rE o d u u n 1 do r n rir u io u 1 rJ 1 drJ :, I u rririu zhao etar., 20 1 0

4 <o i a [r s o 'frnuttrunfiGufiflan'[a]n:t0uttoytoynuonludnl'tE extreme thermophiliclnul#rfior.rail1ei
vvAuot[s4

fi?[YOU10lnO{flUn tA ln:t0U fInUlil00UXO.l glucose, peptone, FeSO., N2HCO,, yeast extract,

trace mineral salt, vitamin ttoy pH rirudufifir.rasionr:r.rosrIaln:rtuttaytoyr-luon y{u'jrn'r:

r.rfifl'[a]fl:routtavtovtluonduoqjri'u pH ttavo{r{il:vnouto.tor?n: glucose, initial pH, mineral

salr ttnv FeSoo fiHadont:r.rfisr'laIo:rou tnrvdnrsr^rAfltoynuoo initial pH, glucose rrou

mineral satt finasiont:Hnntoynuoo trnn'r:'t^tn:rv#?u l65 rRNA gene nu'jtuunfi6ufil#lu
lo I

n1:ilIn 0n0q tUnON Thermoanaerobacter, Thermoanaerobacterium lLdY Caldanaerobactert 
a" o - i A agta a h s

o-Tong er al., 2009 flnulR1rtersorufilrtsorujold1unr:r.rfisr'laIn:touluanrrsfi1{qnrx4n-q.:

S ii ldrtrinr:1d base, acid, 2-bromoethanesulfonic acid (BESA), load shock ,,u, n*, *""U

lu an r rv n r: n rin rru u'lio o n fr r n u l rr oor n r : n fi sr'[ a] o : ro u rfi uu flu il : s sr n : r o.r rru n fi 6 u

vryir nr:l#iG toaa shock rreatm"il riJ;ffiddiirnirnr:uunilsvrrn:ro{uunfiGufiHfier
h s d< o j'[aJq:rtuoonrrnlnrrunfiGuryrjndul drur:0ri1fi'rrnrn methanogen 16'rArl#Lill4]n:rou1u

n:vrl?uRl:urinq.: (1.96 mol Hrlhexose) ttlnfi6afivruluiG load shock ttau heat shock

dlill:CIf,nof.ilundlJ Thermoanaerobacterium, Thermosacchalolyticus d:u brr" ttCIu acid treatt t 

oo o r <
meat 6YlUl5tlilUttUnfi6UlUn{u Clostidium sp. ttCIY iG base treatment dlU1:01,{Uttunfi6tl1u

niu Bacittussp. !1flfl1rtilEulrfitruHnn6n'laJn:roufi'ldotnnr:nrind:a#ardofin'prrdondro

iioirtl nu'jr ii load shock drur:CIuunri:rdofinfisr'laIsr:rou'ldlrnfi(rrrfionJEuurfioud'u
tj<44

?r ou dl u o R t tR u Koskinen et al.,2007 1drtu n fi 6 o 2 ru-n fr uetn tl'o',n l u ri fou t o l il : y ryr a

lodrrauri lrl#tfluri:r#olunr:nrinroynuoa uav'la]n:r0u nu'irrdofiutln'ldn'o crostridium
ian

uzonii LLAY Thermoanaerobacterium aciditolerans rtl Clostridium uzonii cY1Ul:ur.lnn'[aIfl:tou
lll, o . r _ - a Vlgtt90]nn1:UUfl glucose ttOU xylose Cl1il T.aciditolerans fl]lJ1:0flAfltoYllU0n'[910'lnnl:14 Un

glucose ttdv xylose'ldruanfrnurndl t.O mol-EtOFVmol-glucose ttay l.l mol-EtotVmol-xylose
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a<i o A av?fio]tuufll:?0u

vd
3.1 2CIn rravd-r:rfrrJ

d s d<O 9rO augt't:l{Yt 3.1 ?dnrlnurYt:rnum tT lunt:?tu
q

ot:lfllJ av 4l a
u:unllf{a9r

Absolute ethanol

Beefextract

Cetyltrimethylammonium bromide (CTAB)

Chloroform

Ethylenediamenetetraacetic acid (EDTA)

Glycerol

Isopropanol

Peptone

Phenol:chloroform:isoamyl alcohol 25 :24 :l

Sodium chloride

Sodium dodecyl sulphate

Agarose

Ethidium bromide

Fdl primer

(5'AGAGTTTGATCCTGGCAG3' )

Hinfl

Lambda Hindlll DNA size marker

Lysozyme

Proteinase K

PCR Master Mix

Carlo erba

Italmar

Fluka

Fluka

Carlo erba

Carlo erba

Italmar

Carlo erba

Sigma

Vivantis

Fluka

Toyobo

Biolabs

AMRESCO

AMRESCO

Promega



c[1:tftil
AU 4 q

U:UYIYI'{A9I

Rdlprimer

(5' AAGGAGGTGATCCAC,CC 3' )

Ribonuclease A

100 bp DNA ladder

TAE buffer

Tris-hydrocholic acid

AMRESCO

Promega

l5

i - <iayo
9r1:t.rIr 3.1 lflqrrnvdts[num t{, tunl:?0u (mo)

q

iatl
tn:o.tilotlavoiln:CItq

AL
3.2.1 rn5o{frr z dtrrrilr

atl
3.2.2 na0{nnm::f,u

,.
1.2.1 rnioriprfirory du m"trohm 713

jj
3.2.4 rn:0':HUUTH?U.:

, ."
3.2.s rn6orrn'ruiliu ru a'r:?Vurn :: ud:oiG pcn

:.2.0 eir.rrirn ?u EU qilHQU^ (w;ter bath)

3.2.7 automatic pipette

3.2.8 Gel electrophoresis set

3.2.9 hot air oven

3.2.10 incubator

3.2.1I autoclave

3.2.12 UV-light transilluminator

<vl
3.3 nt:tnun?ou1.1

q\ 40301

,ts)i
floiln?r0$nilq,

vtlrri4e
et?ou1{u ]v{:ouytftRU'ln ?]uilalfl ma1u1o.1rrilnfi G ulu.:ruii'r,fi il:yn oud:o

a

,! , ! e v
trHa,iYt I u0u lTt t 0un'lru'lytrur:1y 0{fi ?a uyalt

,J
l<lo9vse

ttfia{m 2 uoulY{:0ut1l1udu 0{il?aflma{lat
ttl<toYshsvq

rrfla{m 3 uoulil:0u tnn tm5 n{il?nilma{{a
,! , ! tt 9 ! ,t q u r 4

rrHa{m 4 u0u14:0uuluu1Tr:0u i.:fi ?fl q:]uCI:r'lu

User
Oval

User
Rectangle
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' i : , sc,
lrHa{Yl 5 u0ul}1:ou tnyr.:n:y t.:?t?9r?rman

d-!,!et,sadqt6!
rRU9r?OU'.r{UltrOv9rU0'lflUOU-lq:OUrlrn{fl1.tfl tfiuroon[RUgr?oulnqurtayula.:1?9r

v,
I 4 I o I ta ua 4 o t h I

]J CI O 9r rTO r [A ? U 1 n A U U 1 U { 1r O { U 0 U m n 1 : rfl O Yr lfl 1 : m A n 0 { sr O t tJ

a dd i a o ia a
3.4 nt:6'0tulnttunfiGufiro':-ar'luonrrvfifioonfitou (aerobic bacteria) lurin1flou

,!et.a
ritsr':outrrirrlfoururt6o0'r.:rluu serial dilution nr:vd'un?rut6o0r{ to''o udrdur

v.
firnr:n:vnrutfiouuorl.r'r: 0.5x Nutrient agar (NA) rirlrJrirufiqoruqfifinrrurvdurflur?a'r

rtir9
ssuduloytda.qrolq

24-48%1tu.r fr{u sr?0ut,ru'rq:ouerlrulvrrur:]v uumqiufiQU 70 "C er?0ulrru1Tr50ur1'r5udu
, j a -o- u , ! y s !r , j a o e r ! ,t ,t ! 9)

ljUvroml.rflu 50 "C a?0ut{ulil50u tnn tm: uuYroiu?rRU 50 "c 9r?0u]{tu'ril50uu]uil'ril50utqaltqt

' i a ' J I sq, s I j
rilfionrnnru- 45 "c unvn:ou'r{uril5ou tav0.:n:v urJvroanrRrJ 4s "c rfionlnlnfifirtnnrixriuqoqq{

<d ' o I y a I ,nrra /
lrtrouuolr4l: 0.5x{A nrulnilou'ldrffou':avmrrn?rnur$o rrnnurluriusio'l:-,l

3.5 n l:ofro Ch romosomal DNA lJ o.r rtu nfi r:.unufous1au?f; crag/Nact

: / d4 q 4t ,1, s o 4 & j j
rau{rcraarrufrYu:u [uo]rr: 0.5x NB 30 ml rilur?a1241t1[u.r U'rrryaoulljurl,rau{vr

fl?lurs? 5,000 sousiourfi l5 ulfi qndr:ayalud?uuuvr^.: drrsrsnourryadd?u TE buffer

(pH 8.0) I ml louasarurryodlu TE buffer (pH 8.0) udriJurrriu.:d r,ooo :ousiourfi 3 u1fi
t9aYYiq

ftello.:rila?m.: ua?avaroflourryaa'tu re buffer (pH 8.0) 400 pl ,,tdur.rad1#rfJurfior6u:fiu

tn^u l0 mg/ml Lysozyme 30 pl Hdul#tdrri'u rjufi sz t t #tll.r ter^lJ l0% SDS (Sodium dodesyl

sulfate) 30 pl rrav 20 mglmlProtienase K 6 pl r.raul#uirrYuriufiqnrr,r4n- 50 t t #rIru.r trnriu

rjiunrrrur{rudutoqnfioh?rilu 0.7 M Nacl dao 5 M NaCl rer-ufllra&n1u crABnracl0.l ryir
ta -ia , i n d 4 j rd

1O.tU:U101:YlU UUyl 65 C l5 ulyl tglU 25:24:l Phenol: Chloroform: Isoamyl alcohol fittfttlU

rjiurn:tvirniud":otjr.r nal}ir{rriurul1iJurriu{d 13,000:orsiourfi d + "c rflur':ar l5 urfi

endl: nsarulari:uuu1rilu naofl 1.5 ml raonlrrjr6n rdu{n r: gorflu FtyR ourryn d

(cell debris) oonxtd?u tst^tJ 24:l chloroform : Isoamyl alcohol firnir6u rJirursr:rvirril6':otirl

naru1#tdrti'uilutrrio.rfi 13,000 :ousiourfi ii + "c rflur':ar l5 urfi nflryl:ayalolaci'ruuulri

luraopr 1.5 mt naonlnri tsr'u Isopropa,ot firrdr6u iliruin: o.o ryirrorrJ?ursr:6'rotir.:

ilunriu'rfi 13,000:ousiourfi d +"c rflunnr l5 ufi qnflr:ayarori':uuudrdrrnvnou oNa
cr'tt+tj
6ttttobEthanol500 pl ilunriurfi 13,000:o:rcisurfi rflurrar 5 utfi endlrayalufi{:Jrioul#
DNe tn?llprunr:rflsrrh Eppendorf dolirJrrrlru 15 utfi ayatu oNe dro TE buffer (pH 8.0)
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80 pl tot^u lOmg/ml DNase free RNase I pl rudru1#trirri'urjrufi 37 "C 20 urfi rfiu Chromosomal-

DNA fi -zo'c rnjoldlun r:meoo.:riusiohj

3.6 nl:91:2ofloU Chromosomal nN,q, gifutnafin agarose gel electrophoresis

d t chromosomal DNA fi ldrrndo 2 r rer : ? 0 doun'l tu t{u r1u I n on t: rflE 0u ugu.o."
/

n?rur{u{u o.s9/, drnvnrulurivfuv{of reg buffer (pH 8.0) rirliluaorud2un?rugou ornrfuvir

1#r6u a.r fi qnr n4n 55 "c rrfi? ril n {1u nrn r0 a (gel chamber) nir h?rt ntr{':fi qnnrqru#o.: fl du
ooa 

t- 
o u 

'-, 
, s q, I 

" 
dt ad

dt:ayaru firdurod'u lOX Loading buffer ludsr:tri:u + sio t lprol# Lambda Hind l\l rilufirdu

rouret:Iru lrtn:vrra'lilr{rfifin':rlsir{finri80 had }?fito{ Loading buffer rnf,oufild z lu :u, 
, aa s ur I 9 ,t dt d

ro{r0a dourond':udr:nyalurorrGuuJu:'[ruprnrrrur{u{u 0.5 pglml rflurrnr t5 urfi
y y t t, ! ,, 4t d - J ad , i

rra?a1{rrr.rur0afl?uulrualrilur?n'r l0 u'lm ra{n1fluu9r:?r610urr0lJflrouroHlurfi:o{

UV transilluminator

i6deaddl
3.7 n't:tfrurJ3rurarEu l65 rRNA sirunnnfinfifiori (poty-erase chain reaction, PCR)

rfi r :Ji ru r nr6 rd u ro ul r r u r ono oE u I 65 rRNA t r n 6 16 u rofi dn-n rru n'l ddr o tm n fi n

fifior$Inut#h^r:truoifidrrnrvrirurnfi6u Fdl (s'-AGAGTTTGATCCTGGCAG-3') uav Rdl

(5'-AAGGAGGTGATCCAGCC-3') rmnu'nfifiorf r rJfl'n^iur ilirursr:::u 25 pl rJ:vnoudro

12.5 pl 2X PCR Go Taq@ Colorless Master Mix, 2.5 pl 50 pM Fdl primer, 2.5 pl 50 pM Rdl

primer, 5 pl Nuclease free water $av 2.5 pl DNA template anr:vfildlun1:1Uludl:fi'uqn5:x

(pcn.onaition) d'.:dPreheat d g+ "C tflutrar t urfi rrd?ntud?u Denaturation frqruu4n^ x "c
Aadtflut:ar ro Tutfi Annealing fiqnrr4fr ss "c rflunar 30 iurfi Extension fri*nqr- ,, "a
dtdtilutrnr z u1fi ttdv final extension fiqnnr4fi l2'c tflut2n1 l0 urfi 6olddrriusrounr:r4r
f AAA a !, t J v t4 d 9t a

ila n : u1rd5 0 rYu 0 ul{duu: or fl : ? n doil Han 1: d{rn5 lsH9u0ut06?utmnun agarose gel

electrophoresis tfi ou titd t6u to u o n t u tnu lel : g tu (Lambda H ind ttt )

3.8 n r : fi'n n{u or u. uu an'riu si'au rn fl fi n pcR-RFLp

dtnar^rfisr pcR 0rn{o + rursTod':uroul"rfeio{ 1l"n'tv Hinfr InorJfl'n-iurro{nr:der

ilirurn:::U 20 pl:J:rnoud':u tg.g pl Deionized water, 0.2 pl l0 pe/ ptAcetylated BSA, 2 pl

lOX buffer, 0.5 pl l0 lJl pl Hinflttav 4 pl Hdsrriar,fi pCn rjlfiqtuuflu- 37 "C z fr,:Iu.r n:?nflou
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4@a4ftnnt:d'q{ttfltvto{t6ulryridru 2oh agarose gel electrophoresis rfiuufi'ufirdurourer:gtu

(100 bp DNA ladder) tt#rf,flnduotur to.:rrsiay'loiuroororrrugilrruunr:d''etro{rou'lryf
squt-:aq0rtutv teuter loIrytasrfifi:ilttuunr:d'qdrrflryro{iln,{fifl pcn firrfioun-u1#odnrirL

lnu'lnu

3.9 n l:irn: rv#ii rfiufi andlo'lvr sir o.r6u r os rRNA

o h s s ivr y v | , 6 et I
u'r t 0 t crran 9l ? lrvr u yr ta r I n n ] : 0 q n n ufl ? ulil n u n PCR-RFLP rra ? ry{ a : ? 0 l.t I

alnuu?nn t0 tyrgryrl.ru?r,?rn5tsl.ld'l:"t1 turnflo n1fl?Tts?rnx nilyilflytufl]flai
ruxrimurd'oxouuriu rirdr6'rfirn6lolvrrito.:6u l65 rRNA dlilrl,,Eourfioufiigru{oryoror

,,
GenBank IouldJil:ttn:u BLASTn (http://www.ncbi.hlm.govf ttdr:v:iyu^nto.:rfiorrunfi6ufifi

Jariautlsi
n?]urYruilu5 tnaryoRU to tcrrafl ulnmfYgl

3.10 n1:nnoouruao{6'uflo.luunfi6s1unt:afilrou\qri fipase, cettutase u0v amytas" Isruit^

plate method

9tY

n1:yter610urfioldutorrrunfiGofirrun'ldornilrnfoulunr:air.:tou'lryri Jnorii

trrnfi6ufiuonldlrJtdulluorur: 0.5X nutrient broth rflur:o'l ,o trlul ornriurirrrunfi6u

ttsiasryu-n rJirursr: 5 pl. 14ufl0rrruorrr:dldyrnaoulunr:dgr{rou'lvrlrrsiasru^nd'.rd

3.10.I toultriliprr"
v,

tfiolrrlnfitiuuuottil: tributyrin ug* firot^tt tributyrin n:rlr{rudu 1.0% (vlv)

' i a ^ 4 J,s
rjrufiqarnnfr so "c tilut:ar z+ frh.: drrnn clear zone:oulnlafito.:rrunfi6u drfi clear zoneq{

r rda {'i r r ru n fi 6 u ar ru r : n af i.r ro u'l ryrl rpur.'l d'

3.10.2 roultri cellulase
,,,

16 u.: r tu n fi G u u u o 1 r 1 : CMC aear fi tgt^u carboxvmethvlcellulose n : r ru tdu {u
0.5% (wlv)riufiqtunqn^ so "c rflur:ar 24 f':]rr.: ornriu:rnd?ud1:nsarulolofiudrll s urfi

d':tnn clear zone :ouinIafitoluunfiGa drfi clear zone ufln{'iruunfiGualut:ndft{rou1ryri

cellulase'ld
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3.10.3 rou'lryri amylase
v,

rdu.rrrunfiGuuuollll: starch 
"gu, 

fitol^tJ soluble srarch fi?-tur{rudu 2o/o (w/v)

rjrufiqnnr0r'50 "c rfjunnr z+ *r]l.: olnriu:rnd?uflr:avo1u'lolo6u d.:rnn crear zone 5oua{

lnInfito.rrrunfiGo frrfi clear zone trGIet{'jrtruflfi6ufluJt:odgt':roulryri amylase 'ld

3.11 Rr:yrocrouRr:nuoo{ilAfi ll0 "C ro{uuflfi#snlol%asr SRosL60 I

yv

?roryoun?rudtxt:01unt:ytuoml.tRfi f fO"Ctot'lo]ryrnsr SROSL60 t lflurGu,:rfroq{

lu o.sx nutrienr brorh rirufi +s "c rflunar z+ fr]ru.: olnrfu rirrfio t mt rfiuallu 200 ml
.i9^'

0.5X nutrient agar fiunorutrfrrqnrr4fi so "c 6tu:u r qn Inofiqerr:n drr?notrr:firsr'rurfi0

uav lilrfirurfiohjdrLlurirt6on rilurrnr 20 urfi rnfido.r rirurflorHr:frrsr-.trfrorrns"[rirsrrurfro
nlil 

autoctave d t to "c 20 urfi uavrqdd]udrtrnorrr:fitsr-rurdorrav'hirsr'rurdolil1r? autocravet

d--.-o---.-.40iqy9t-igohrtfi tzt 'c 20 urfi drorur:m trn?lu:0usr1.:nururryra{uunrurr{lyrryo rrn?ut tuuufi 45 "c

rrdrqnanr::onf,isrro.r'lolryrosr sRosL60 I
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,{an1:?ou

v dd i a o ;d a
4.1 Rl:nfl tllrRtrunnt:unto:a, luctntlvlluooRcut0u

9t9vU

u1450U 5 rrHA{mflf]ur tarrn u'rvl:ouu'ruu]4:ou (q51u0:r]u) ulq:0u
! ,t sclr s ! ,t - ! I s u jl ^glltulytrut:]s u]T{tou [nyo{n:y ulll5ourl,lTudu lrosu't1{:0u tnn tm: mn{ oiu14i]u rrnvqqqa{

tdtruiirdrtvrly
rirnrrrurilu n5n-Fi'r{ ruyq{6'{enrr':fr 4.1 fi.:rirnrtrurilun:a-eir{ro.:6rotit.rrirrlfouoqjlurie':

raurlrr.rr.l
5yfi'ir{ 7.7-B.o rravoflir.rRruro.:a?our.:urfliou otilu'f'x:vr{'j'r{ 45-80 t nr:rir{ruluryoqqqQ

,r944 9 v 6l I ; Lt d< Y Y 4t
ttunmt:UYIU:0UYl.:1'lUfltUUOUlq:OUttflAvttl4.:91?UO'11'l'l: nutrient agar YllJfl?1U[lUlJUllJU

ndrruirtorn:rrurdruduilnn' (o.sx nutrienr ugu. ; rJrdqnrrqn-1ndr6u{niuqflrfiqfitord":otir.:
9Ytrt

rirvrflourilu na124 frr]u.r 'ldr^ra6'{nr:r{fi 4.2 {ruruuunfiGsfi'.:fiuerfiriuldlu rirniouqq
JY"'J

Ifryi'rn5y il'rilfourtr#uau rirniouriruritnfou rirvrfoulnn'lvr: rrnydry{iou
tqqqa

glttutvtuJtsrvtvird'u 4.61x105,3.65r105, 1.51x105, l.45x10rttnv 30 CFU/ml grrUdrd'u ovrrlu
ulyr o dd 

Y t q v a
ta?r01u?uuunmr:ufi'{?trunfiriuld tril:nnfi'uri'uoilfinrt^to.rrtrrrird'rotir.: rfioournr-ro.:a{a{

i v , ! ct 4 o dd i ' y <a i
rrHn{fl?ou]{u]fl:ouGI.l1,u 0'lu?urrunmr:ufr'{I1{UnfiriuldfiilirursuanuouCI,rl rrunylr:uylrruflq{

,
lllyv q o v s a I a 4 J
tfiL.:iluafid.:itniltutst:?0d0udRUa{vyr1.:tiargtu?ytu'l tru nt:slfttit0{lrc[na (Gram's stain)

f r I s I , << j hrq , ! 9 I 6 d
:]J:l{tcraattdgr.:ft{911:]{Yt4.3 TIU?lrrUnYtrSUytrrun ta tuu0ulTI50ud'luulflflnrlrrn:uu?n
9q

(Gram's positive) ttastryadfidnuorvrflurrvi.: (bacilli) nrrlfinuorvrryadrrnvnr:sr^nfirorrryadtrsi

av'lolryrasr d.:flolrryadd?ui6 Gram's stain rrarriruRtlrryadnruldndo.:ram::gfrird.rruru
t

looo rYir urro{lunlfl fr q:-q.q
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Ity
dY^oytd!nl:]nn 4.1 rr?14.:Fr?0u]{uril50u o0IHnlJ10.:1lt{50u trayntn?]urilun:n-a1{ (pH)

!r.id
I O{ A ? 0 U1 { U ]V'l : OU mflnH 1

i-'
er"r:r{fi 4.2,{an 15 fiu 6 ru ru rru n fi G oluri rn $ouusi ayrru d.:

atou
ao9
T0ulYt:ou

Yl9lll o0ll,lRllqg

('c)
pHlrt

fitJUtu 0IRo o{?t29r

I a'lru'tvltut:ty
, ittuou'l:0u tu9t.t usn'l 80 7.8

2 lav0{fl:v Inv 0{n5v fl.1l.t:'l ?\mn': 46 8.0

J [ltYUdU tllStJdU t1J'IYUflU 1,.{ylo{ 57 7.7

4 Jnn 1vr:
od

ulm{ [T{f n.:?t:1 vtvro.: 50 8.0

5
9or,
u1uul?I:0u

o9u]fl50u 'lvur 44d:tufl:f tu 45 7.7

4to9t
YOtlfi4{UtYt:OUq

a
OBIIIRUqg

x o.rrlfl d{ 6'? odr,r ("c) qiln4fidilil (c)

,iruau
441

lrunmt:u

(CFU/ml)

9llrulvltur:'lv 80 70 30

tfl1suflu 55 55 3.65 x 105

Inn'lvr: 50 50 1.45 x 103

tnv0{n:v 46 45 4.61 x 105

e;e
u]uu11150U 45 45 1.51 x 105
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i v di vrr, t ! ,t s 14 ! n - : e
9t-t:1{n 4.3 onuilstcunnmrron tq0tnu0u-ty{:0u tnn tm: utlI5ourlt-tsufYu u1il50uqeq

e ! y d 4. ! y sq, s ! y
uluu ]u: ou (q: rua: I'ru ) u lq: 0u t ou 0{n 5s rrayu'rY{5 ougt trutsrrur:'ry

atoull v4:ltfltvo

vl
onuo{yl,0iucraa

Rt:flocr
L'u0ilun:il

grldr.rrrad

I
1'UtOtcuaa

(pm)

I t<zT_7 Positive Bacilli lx3-4

2 KZO60_4 Positive Bacilli lx4

3 KZO45_5 Positive Bacilli 1x4-5

4 KC45 Positive Short rod lx3

5 KC5O_G Positive Bacilli 0.8x3

6 sRoB45_5 Positive Bacilli 1.5x4

7 SROSL5O_I Positive Bacilli 1.5x4

8 SROSL6O_I Positive Rod lx5

9 sRo45_l Positive Rods in chain lx7-9

l0 sRo50_2 Positive Bacilli 0.8x3

ll SRTBF45-I Positive Bacilli 0.8x4

t2 LJ45_t Positive Bacilli lx5

l3 LJ50_2 Positive Bacilli 0.8x3

t4 sTw45_5 Positive Bacilli lx3-4

15 sTw60_3 Positive Bacilli 0.8x4-5

l6 YTMI Positive Bacilli lx4

t7 YTM2 Positive Bacilli 1x5

l8 YTM3 Positive Bacilli 0.8x5

t9 YTM4 Positive Bacilli 0.8x4

20 YTM5 Positive Bacilli 0.8x4-6

2t KAO_PI Positive Bacilli lx3-4

22 KAO-P2 Positive Bacilli lx3
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i - iA u, ! u '
etl:l{yt 4.3 aflu0lvrcxaamrrun rq0tnuoutflgoulnnlvr: drniourtrd'Uau rirnfouqqa

y ! y t a- ! e, sq, - ! 9 t

uruilr45ou (q:ruA:rril) ilrr15ou Iav,0rn:v rravu'rvr5ousr'rrursrrur:'rs (fl0)

atfluYt
v4:ltfltIo

vl
onuotyxo{ttaa

Rt:9tofl
,)
u0tfltR:tI

grJdr.rrrad

t
1,U'tgu.UACI

(pm)

23 KAO-P3 Positive Bacilli 0.8x4-5

24 KAO-P4 Positive Bacilli lx3

25 KSII_I Positive Bacilli I x4-5

26 KSII-2 Positive Bacilli lx4

27 KSII-3 Positive Bacilli 0.8x3

28 KSII_4 Positive Bacilli 1x5

ri r n u n lrtdn u : d o { rT? u: n lu : fidrdo u o n dr un ri.: rirr1 3o u d ru r t o.: l o l ryra sr si r.r 1 l n o fi
I

vrat
rcc:ri o ri r n io u rfl r #u du Kz:lJotiru f o u l n n'l vr : sn:ri o ri ryr io u rlru ri rvr Yo u

laqq

(q:ruqfrrfi) u=riorirrlfouIfivfr.:n5s yr:ilorirqfouonrur&uur:'rv rcs=rjorir4You
tv

Slrllo/qlo9
tnn tm: KA=IJ0ulfl 5 0u11 lludu lrav ST:u0u'rfl 5 0uduoYroir

aq
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YTMl YTM2

YTM3 YTM4

YTM5 KAO PI

; . - u d <4 ur s .i rll y ! e, t et il JRlYlYl4.l anuilvtcunalo{ttunmt5u 6 
'[o luosr frrrun"[riorndrrlfourirud'lundo.:oam::flil

,y

ritd'.:crutu 1000 ryir (rirnuql#d'nu:do{d'?rr:n1u:#drdo uonfr.:rrrri.:rjrnYou
imtY
fi ru rt o,:'[o]crra rl ei'r{ "l iq ufr KA:ilorj ru iou rr rfoauq

I

vr:riori r4 #ou n rru ryr uJ r: ty)

5umH
a
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KAO P2

KAO P4

KSII-2

KAO-P3

KSII-I

KSII-3

j . - v d d< h s j \y ! y t 9t e d
RlYlYl 4.2 nnuiuvt$aaIo{tlunYt[tu 6 [0 lrytosr frtrun"[6orniltrl5ountudrun6olroyt::fld

9y
ri r d'l t u t u 1 000 tyi'r ri r n u n l #dn u : d o.: ei'? r r : n 1 u : ri'arfi o r o n 6,r r rr ri.: ri r yr #o u
im''o
fi ru rt o.:'[o ]cxrafl ei r.:dl lpr ufi rs:ilorj ru flou Jn n'lm : rrayq

I

re:ilorirufourrrfuau

a

1

5umH

5umH
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trt e+
Dfr\s

5umH
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I

r{-. tfrtfl*
n1

**

I

I

tJ

a
a

-

L.
KSII-4

t<2o45_5

SROSLsO I

KC45

iliE,'u o;,t:
KZO60 4

r
*,*

lI

*i
t

I I
SROB45 5

- i -- - d ad tr s i urr ! v t e, I dRliln 4.3 nnuilvtryacto.:rrufiyrrtu 6 [o [ryrosr frrrun-[6orniltrl5ounrudrundolram::gti

rird.rttltu tooo rvir rirnuql#dnu:ao.:6'rrr:n1u:ri'ardouon6.:rrtrri.rrirnioufirur
q

t o l'lo ]ryranri t'r1 Je ufi KZ:rjoriruiou In n 1m : rc:ilorirn flou mr rfuauq
I

s n:il ori rr1 flou riru rirq #ou ( q: ru 0 ;n rA I r rns rs:rioril4 iuu :o n 1r,
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sTw45_5

KZTII SROSL6O I

---.-A , t dd h s .i uy ! et t 9 e J
R]?lYl 4.4 anuilvtcrnafl 0{tlunYlt:u 4 to tcrran tirrun [orrnilt45ouotUfiran6otoam::f,il

o s 
l000ryi'rrirnurrl#d'nu:do.:6'?rr:nlu:fi'arryouono,:rrra,:urndounta{tutu1000tYirrirnuol#d'n},:do{6'?u:n1u:#ai a' 3 e

jm'e-e-,q
fi ru rt o.:'[olsranei r{"1 ]pr ofr rz:rj orj ru fou lnn'lvr : sr:rjorj ru flou aruom o,:q{

rras sR:ilorirq#ourirutirrliu, (q: ruqfr rfi )

KZTII

5il
H

STS5O-I
b

5umH



4.2 nrtn:?oaourjErurgr Chromosomat DNA

i"m'rfiorir Chromosomal DNA'hlsr::oaourJirurnrfi ad'olduu 0.8%o agarose gel

electrophoresis vtl'jt Chromosomal DNA iitan I ltou tnfioufilu agarose get 'ld:vttvmr,:

tvirri'uttnltura 23,130 bp to.rdr6urourer:gru (Lambda Hindlt)d'lrrapxlunrnd +.s rrns
j ' , ,o 

" ' 
e

fl'Iilyt 4.6 chromosomal DNA fian-qldfiil?rutnrrutnrlourraneil{ri'uhJ fiuotiri'urfiorrsins

'lolryrasr rravil;ruriuro.:rryodfrriruraflod16uro 6.rorori.rrua1#ldrjiruriuro,r tnro*oro,,u,

nNe d16'firjirurarrurn#ootrirvirrYu rrsiodr,rl:finrrurlirurnr Chromosomal DNA tildfirffiul*
d i qyo J , u,

rTIU.:il0mns try tunt:mano{1usr0 tlj

nmd 4.5 chromosomal DNA to.:t#otrunfiGuvrufou tr 'lolryrnsr lpraraufi l:yTMl,

2:YTM2, 3:YTM3, 4:YTM4, 5:YTM5,6:KSII_1, 7:KSII_2, 8:KSII_3, 9:KSII 4,

I 0:KAO_P l, I I :KAO_P 2, tz:KAO _p3, I 3:KAO_p+, t +:6r6u roru tel :$ tu

(Lambda Hindlll)

t2
(D

3 4 5 6 7I 9 r0 lt12 13 14

-a-e- fl r]
-+- 

till0r<- 4i61

: +- loll

+ i6l
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olrrrt o.o Chromosomal DNA tolrdortunfiGuvruSou tg'loJuaflIeuroufil:STS50-1,

2:KZTII, 3:KZT7, 4:SRO5O-2, 5:SRTBF45-I,6:KC5O-G, 7:STW6O-3,

8=STW45_5, 9:SROSL50_1, l0:SROSL60_1, lI:KZO60_4, |2:KZO45_5,

l3:LJ45_2, l4:LJ50_2, l5:SROB45_6, l6:SROB45_5, l1:KZTll, l8:STS50 l,

I 9:KC45, ZO:6rdurorurrl:gtu (Lambda Hind lll)

i^d
4.3 nt:t?iild3iltofiu 163 rRNA drsrnnfinfifior{ lfoly-erase Chain Reaction, pCR)

A to ad , < 9 a dd d
nrn n-r: rvru lJ: u linet rourorul?1u]u1o':Eu l 6s rRNA pitUrmnrinfi fr ori Jn uld

chromosomal DNA xo'tttunfiGufirton'ldornrirufoutflurrritruu rrnytd'lvr:ruof Fdl

(5',AGAGTTTGATCCTGGCAG3',) rrny Rdl (S',aaCCACGTGATCCAGCC3') ornrju
^9^-.--.3..-4s.--1eqyu r^ I . d s < d
UlrunrunflY{crol:Yl to tU?tn:lY?lUU 0.8% agarose gel electrophoresis tllUUflUdt0UtOUtgtT$tU

(Lambda Hindlll)nly{d 4.7 trav 4.8 rraqrl#r#u'irarrur:nrn^rurjirurnr6u l65 rRNA ro.:rdo

rrsiav'lolryrasr'ld r.ror.rfia pcR fi16'fiturnrJ:sruriu 1,500 bp rravfiilirurnrrrrnnodrvldlunr:
-J- ..r-,,t-, , 14 d d ^ . -- __ I o { 

"mgao.:{uqio'[ti otjt.:'[:frn1ufi Nonspecific Product tutflil:villil 700-800 bp rn^nr'ulunt:yn

pcR tor'lolryrnm yrMl, yrM2 rrav yrM3 rT.:rJ:rnglunry{fi 4.7 Laufi 2-4 rrasfi

:'loJunsr (nrflfi 4.8 taud t2, tB rrav 19) fihjarrur:nui'rurj3rurnr DNA xo.:Au 165 rRNA

'ldrfiu{il0 6o'loJryrofl sRoB45 6, sRo50 2 rrav sRTBF45 5 mrrudrdu

t?
rF
I

*

34

,"fi:
9 10 ll 12 13 14 15 16 L7 18 19 20

r: l=l- lc
,-trf,dlf -t;t1 -r, {-]:,:,

D {- !r..llij
,|I] {_ .-l:,: l

ts !,-1?!,

{- !,rl'll
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jaJa
ntilfr 4.7 nt:Ttn:rvdruaruam PCR to{ t:'lo]vrnn dtu o.sbagarose gel electrophoresislnu

i <a
IAUYI l:9lt0Ut0ula:$1u (Lambda Hind lll),2:YTMI, 3:YTM2, 4:YTM3,

5:YTM4, 6:YTM5, 7=KSII_1, S:KSII_2, 9:KSII_3, l0:KSII_4, I l:KAO_Pl,

I2:KAO P2, I3=KAO P3 ttnc I4:KAO P4

ia
nlilYl- 4.8 nt:Ttntrs#naruo^gr PCR to.t tq 'loJuafl dlu o.aNagarose gel electrophoresis Jou

rn u d I :KZT I t, 2=KZT'7, 3:STW60_3, 4:STw45_5, 5 :SROSL50_ I,

6:SRO SL60_ l, 7:STS50_ 1, 8:KC45, 9:KZO 60 _4, |0:KZO45_5, I I :KC45_G,

l2:SROB45_6, l3:SROB45_5, l4:LJ45 _2, 15:LJ50_2, l6:SRO45_1,

I 7:SRO50_2, I 8:SRO50_2, I 9:SRTBF45*5, 20:Positive control, 2 I :Negative

control, ZZ:6rdurorutfl:gtu (Lambda Hind ilt)

| 2 3 4 5 6 7 8 9 l0 ll t2 13 14

l-ii-ii---+a
9l:6 - > f}

t-

lSlt ----->

561+

121,,1 5 61t t la tt ll l, l4 ts t5 t? lt lt 2a ,t t,

Ir +iilirl
L,{- 1141tir { r-il,5T

cr{}{tlr'a,(}{Illllt{lt tffi].t {}

+ 4:_46t

+ L122
+ 2t)2.1
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4.4 n r:fondxuunfi riud'ru rnafi n pcR-RFLp

A o << i \y - ! ,t 4 r/ 6
tuou-lttunmtSBytttun lfl01na?ou't{u1il:0ulJ]flnH1fl?1ltfia'lnHn1u9l?urmnufi

q

PCR-RFLP ?u tos rRNA Inoor#onr:rir.:ruto.:roulryriri'edrr:yrly Hinfl uu'irarrur:ni'fln6iu
4-4 --- - -- t4 s . t q o i a - utr)41 .tfrofi'rrrun zz 'loIryrasr 1nrru;ilurunr:ri'ndrrurvfirrfiounlul ldrilu ll n{ru (orUs) n'o

n{ru n, B, c, D, E, F, G, H, I, J rrny K (nrvrfi +.q) Iflundu oru A rl:ynoudro'}olryrnsr

KCsO-G, KZT-7, KZO45-5, STS5O_I, SROSLsO-I, LJ45-2, KSII_I, KSII-2, KSII-3 IIAV

KSII-4 n{ru oru s il:vnoudro'lolrytnsr Llso-zune KAo_p+ n{u oru c ldurilolryrasr

sRo45-l ttns YTM5 n{ru oru n il:vnord:o'loJryrasr sRoB45_5 n{ru oru e :J:vnoudru

loJryrnEr srw45_5 n{ru oru p :J:ynoudru'loJuasr srw60_3, KAo_pl, KAo_p2 rray

KAo_p3 n{ru oru c il:ynord:o'loJryrnn rc+s n{ru oru H :J:ynoudro'[o]ryraEr

sRosl60_l n{ru oru t il:vnoud:ololryrasr KZo60_4 n{ru oru r il:cnoudro'lo]uasr

YTMl, YTM2 ttnv YTM3 uav n{ru oTU K rJ:vnoudru'lolryrnsr YTM4 (trapxd'.:nr:r.:fi +.+)
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er r i r {nj 4.4 d5 il fl n n r : {'er n ri u'l o I un n d'r u rm n u- n pc R- R-r' l pqq

I
nalr

(OTUs)
\oluasr

4d <do v a dS U I
ltufll1[:unila 10uu2na to tl10

cr vd i
lnalnu{illnnqn (% Similarity)

A KSII-I, KC5O-G, KZT 
-7 

. KZO45 -5,
STS5O- I, SROSL5O- I, LJ45 -2, KSII-2,

KSII 3 llCIg KSII 4

Bacillus subtilis (:99%)

B KAO P4 rrav LJ50 2 Tep idimonas arfide ns is (97%)

C YTMs rrny SRO45_l Ge obqc illus thermoleovorans (97o/o)

D sRoB45_5 C al dimo nas ta iw ane ns is (98%)

E sTw45_5
d rdu u-': n 6 I o lvr sifi ei ru ld
vdllrd
u.:rniun'Iil tuafl0

F KAO_P2, STW60_3, KAO_P I rrov

KAO-P3

C al dimonas manganoxidans (98o/o)

G KC45
d t d'u u^ r n6 I o 1 vr r{fr ei r u ld
v4l,lrd
u.: u fi ilr R'lYI lu9t?I 0

H SROSL6O_1 Geobac il lus s te ctrotherruophilus (97 %)

I t<,Lo60_4 A noxy b ac il I us go ne ns is (99%)

J YTM2,YTMI IIAV YTM3 T he rmus b ro c k ianus (97 %)

K YTM4
Cre

rljurY0r^rfYil

firJrur?rer loIryranfivird':rur6o6'?uyruro.rrrsiavnrirufiri.:lrJirn:ry#dr6'ru'rn6Iolvrdqq

e qrty d ' J y A !r s , '
rirnusrhio'nu:do.:d'?tt:nlu:fi'flrfr0 uonfr.:unri.:riir1foufiu1ro.:loIryrasrsir.r1 Iorufi

vyltt

rc=riori tn f ou rt rfraau r,z:ilortrn f ou I n n'lvr : sn:ri ori rx io u riru ri rn 9o utlqa

.td.-,lrsqrv--_ ,J9-!9(q:1u0:rlu) LJ:u0u1T{50u lau0{n5y YT:uoU1q5ouetlru'lyrnJr:ly KS: uoil1450u
'JInn'[vr: xe:riori rn iourrrfucu uay sr:riorirn fou fl uoyr o{qq

a dd q ! ,, o o,
0 ]fl n 1: fln u ]fr ?luH a ln ra1 ul o {rrufi ytr: u tuu lT{ : ou tu n lfl tsrl olil : yrm g'lm U

5 rnrti.: d.:fiqanr4fiunvdln?turflun:n-dx oqjlu:i':l +s-so 'c uov pH 7.:-S.onrtdrd'l
,".n"t,

dlut:0ttuRtfiofiusrnsitrri'uldr{.rnrusrzz'lolunfl une6'endurrunfi6ururirfinrlgrJuilunts
q o o 4q o u ct '
erfr01rvrlvlo{rrou Icruanrlrlrly tfi lt nriu otus ell:1{fi +.+ ]ou oTUA il:yno:Ld:u

to'lolryrasr 6o rslt-t, KC50-c, r<zr-7,ioor-r,srs50-1, sRosI-5o-l ,LJ45-:,KSII-2,
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KSII-3 rtav KSII-4 rlionlSuurfroudr6'uu^r6Iotvrdrirrryrufl0.:rrunfirEon{ru (KSII-l)
4 o <s u /q I a d < - j o ! Iualauu?rla to tvlgl lnAtn u1fiY Bacillus subtilis (99%) rlunfr15uyuoilvtlludrnSou
-rt--.-l--.y^- -i-- y--.s9v ,- ! ,t ! t, s ur ! y , j
UluulUs0u ulil:ou tnut.:n:v u]U:ou[1]ryudu rlayu'l1I50u lnn [m: ilrn5ou 4 rtHa{u
a--,,-^- to t 

- o^ 
"", 

tq , 
o q

freiuvauo(i1u't''x +s-sz "c nrrrurt.lun:a-ri1{ oqjlurir.r 7.7-B.o oru B il:vnord'ro

,lu:r*, 6u *oo-ro ttau LJ50 z rrujorilSourfiurdrd'uu^r6lolvrrid'rrryrulro{rrunfiGondru

(KAO-P4) fidrd'uu'':ndIotvrdlnfr'tfr0.:ri'u Tepidimonas arfidensis (97%) ilurrunfiGuryu'prd
yy

1urirr13ouIfrvi'.rn:v rtavd'rilgoururfudu oru c rl:ynoud:u z'loluon n^o yrM5 rray

sRo4s I tu^otilEuurfruud16'rriefilo'[vrriri'rrrmuro{rrunfiriun{rL (yrMs) fidrdu
I

u^rn6Io'lvrri1ndr6o.:ri'u Geobacillus thermoleovorans (gB%) flurrunfirEuryu^qdlu
! ,t scr, - ! ,t ,t ! y tdruf ou lrfv d'rn: v rrnvdruiouf ruurrlfou oru o il:sn oudru'lolryrosr sRoB4s 5

,"qq;A t4 d a <s vt I d < 6 jo 
"rfi o r rjs fl u l fr u u d i d' u u r n t o t m a r o { rru n yr r: r, su er u u CI t n u u' r n 6 I o 1 vr ril n dr6 u.: ri'u

y9!

Caldimonas taiwanensis (g8%)iluttrnfit5uvu^ofilurirufourlrurirnSou oru F il:ynoud':u
"rq

+'loluasr n*o KAo-p2, srw60_3, KAo_plrrav KAo_p3 rruaonj6uurfiuudrd'ufr'rfiIolvrr{

6':ttvtu1,o{uunfirion{ru (KAo_p2) fidrrTuu'rn6lo1vrrilndr6o.:ri'u Cqtdimonqs
9rt

manganoxidans (99%) TIUflt:n:vttu6'?xo.rttunfiGuru^nfiluriruiourrrfuaurfiolrrillrdur

oru H rJ:snoud:u'lolrytosr sRosl60 t rfioril3uurfiordrd'uriri,ulroi,u.:uunfi6uyu'nd
,t

frdrd'ufirn6Iolvrrilnitt6u.:ri'u Geobacillus stearothermophitus (g7%) flulrunfiGuyu'ndlu
lvr,levvrrirqfourirurirr1fou i'rrinq:ruafrrfi oru r :J:vnoudru'lolryrnn KZo6o_4

_li-...-r<- -. < e e' a ds ut J d < a lo 
"rfrorrj3 uutfi uudrd'uurfilo'[vrdt oruun mr:urueru u arnu firn6Io1vrri1nflr6 u{n-u

,ry
Anorybacillus gonensis (gg%) iluttunfi6flvu^nfi lurirufloulnn'lyr: rray oru r il:snoildru

: 'lolrytasr n'o yrM2, yrMl rrnv yrM3rfionjiuurfiuudrd'uu^r6Iolvrdd':rrvruro.:rrunfiGu

n{n lvruz) fidrd'ufi':n6]olvrd1ndr6o.:ri'u Thermus brockianus (gl%)flurrunfiGflryu'ndlu
voy

ti t4 iou nrru rvurur: ry flrHirr uyar

4.s n'r :i rn : r y#ri r6'u fi aadlo'lvr rfu o.rdu r os rnNa loul iTil : rrR : u BLASTn

----4-. << i urs tan'r:dflu'rrrunfrtSofrrrun'[rilrronr:Trn:ryri?u l65 rRNA drrfiunr:Jnorn^uil3urar
ad d 6 r h cdtdutoto.tEu tos rRNA turrsias'loJmnn rrd':drr^ranfisr pcn fildlrd'nd:urou'[vri
d'ndrrvrrv Hinn ilanq:u'loJrytnnl#ogjlun{ru our 16u.rdunru;iluuuni:d'rr6rrnry

trfl':rilnanfrn PCR d'aunutosuoiavn{u our hJeirudrd'uu^rn6Iolmri riidrd'ufi:n6lolmri

to.:Eul65 rRNA til'fllr.l,tJE uurfior6'rgru{orynro.r GenBank Inul{Jil:uniu BLASTn
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(http://www.ncbi.hlm.govl) rrd::vqryfisrto.rrfiorrunfi6ofifin?rudrllfu,f,lndfrnti'uloIuasr
jsvalq;

u 1 n Yt d9r 3 0u 9r u r r: fl r,r on'l: ? rfr : 1 v 14 r rrYq { tu n 1:'t.t y] 4.5

i a lo u dgnttitn 4.5 nt5?rn:1u?1n19uru6110.1uu l65 rRNA xo{rrsiav'lol%ngr tilSaurfiuufi'u
I

T1U10UA GenBank
d{

OTUs /

loltrasr

Accession

number

ruun fi Gufi fi ei ro-u fi a ndlolm d
o v< i
lnalflu{il1nnc[6t

o//o

Similarity

fl?tuul?alnulucr

rql{ril:uilrmuu

OTU A

KSII_I

EU982528. r

A83l 1020.1

KC92l2l8.l

Bacillus subtilis strain 1245

Bacillus subtilis

Baci I lus subti lis CLBI-LB

99

99

99

5t3t5t7

5t3l5t7

5t3t5t7

OTU B

KAO_P4

AY594193.1

NR t 09514. I

NR025755. l

Tepi d i ntonas arfi d ens is

Te p i d i m o n as .fo n t i c a I d i

Tepidimonas aquatica

97

97

95

52U535

52U535

50U526

OTU C

YTM5

JN87 r595.1

cP003 r25. I

cP002050. r

G eobaci I lus t h ermo I eovorans

G eo baci I I us I h er mo I eovorans ccB us3

Geobacillus sp. C56-T3

97

97

97

541t555

541/555

541t555

OTU D

sRo845_5

A8682r75. r

AM283038.1

NR040787. I

C aldimonas t aiwanensis

C aldimonas hydrothermale

Caldimonas manganoxidans

98

98

98

509/522

s09/522

509t522

OTU F

KAO_P2

NR040787. I

A8682175. I

NR040787. I

C aldimon as man ganoxid ans

C aldimonas laiwaaensis

C aldi mon as t aiu,an ensi s Onl

98

98

98

5521561

552t561

552/561
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i 6 /o s 4
nr:I.rfr 4.5 nrsTrnrrvvidrd'uructro{Eu l65 rRNA ro{rreiae'lolryrnsr ril5sutfiuuflu

9)
{'lUlJOUn GenBankdq

OTUs /

'loltrasr

Accession

number

a< i<" - o << u a
uunfl [:umila]ouu?fl a lo lllo

1n#rds.rurndro

o//o

Similarity

n?tilut?atoutufl
icv ,< d
l] tlttj:uur?t8u

OTU H

sRosL60_l

4Y49t497.1

KC252989. r

KC252988. I

G eobac i I I us s I earo I h enno ph i I us

G. stearotherrnophilus strain Da7

G. slearothertnophilus strain Da6

97

97

97

527t545

s26t54s

526t545

OTU I

KZO60_4

4Y248707.1

KC895925. r

KC310456.1

Anoxybacillus gonensis A4

A noxyb aci I I us Jl av i thermus

Attoxybacillus gonensis A5

99

99

99

543t550

542/550

542t550

OTU J

YTM2

NR036983. I

8U330 r 95. r

FR74995 l. I

Thennus brockianus

Thermus scotoductus

Thermus filifurmis

97

92

92

520t537

496t538

494t537

'YTM4 1.8234284.t Uncultured bacterium 80 t09t205

"r{aflrrirn:rv#6utos rRNAl,o.l yrM4 Jrrold}J:trflilJ Blastn iit#;.r Similarity riou{r.rdr
: 9 a I 4 dt J j- r,r, o JA a v oe

lJlnu ttvl0:{[tn?Xdltl'lEU10ln YTM4 tlJUtt0YlU{ tUil:qYlI cr.:UUUU [9101fl Sequence trace

rrayarontseTndrrury

n'l:R:vt'lu6'?10.:ttilnfiGufittunldrtan{d{nrflfi 4.10 Bacittus subtitis?{ilnry!tu
-dtyqlrt,j<rhrqrlrtgl?tlju?.:n?1.1 T{U tUUlY{:0U 4 rrl{.lvlflnu1rr$l [UtlU B. subtilis tUU0l]1{50u9lltu'tyttut:1&

rirrlfouriodfiq*n4r'so "c d.:rfluqilfiCU-firiou{rrqrort0uq.:rn'ud B. subtilis 0vdlu1:nq a { a s ' '- - 't - '- --

rtiqld dtu Th"r*us brockianns tvnufirir4lounrturyuuer:lsryirriu d.:uunfiriurfietd

drx r : o rn;q 1d6 1u dr { q il fi g fr : e ri r., zo-zs t aon n fio.: rYu q il fi g u x o.: rir lu unri r
-e---!- !- s, A o a a< j aor'roor.rilrrlfoufrvruiru?uyu-.erxo.:uunmr:uulnyrrynno ri afuuri*ri'.t4iuu d.:flu

Bacillus. ,u)n|, Caldimonas taiwanensis, Geobacillus stearothermophilus ttdy, Geobacillus

thermoleovorans
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q
a
.:

subtilis,

I
B.

G. stearothernruphilus

C. taiwanensis

cllR:v

Tepi dinto ncu arfi de ns is

C.

G, thernnleovorans

Tlrernms brockianus

jee
nrnvr 4.I0 n r: n : s o ru6'rt oqr run fi rE ulu ri rn iou rt,.r s r rr ri.:

4.6 ,{anrrnofloufl?rilf,rrur:n'lunr:a{r.rrou'lryriro.ruunfirisduun\d'ornrinriouq

n r: sr : ? t dou n ?t u dr ru r: nlu n r: air.: ro u lryri cellulase, lipase rr0& amylase

dd ' h s urt - ! b J I i
toltrunfrGurreins'[o]rytaflrY'rur:oer:roaor'[pi d.:fr rou'[ryru cellulose rru'orfroro?ryuuotli'l:

r9

CMC agar : lel d'l: a v a lu iodine a{u u ot'n: fi fi rfi oroiry o qj lo Iman fi arrur: rr air{rou'lryri

cellulase ldovfi clear zone : ouln lafi d'lnrvrfi 4. I I n rirun r: n: r tryount: dir.:rou lryri

lipase t o': uu n fi rE u trei nv'lol rytan ri r ldln u,dt .t,ru n fi rE uu u o tl.n : tributyrin agar
i d< 6 14 s A c)rn-ottunfiGtlroiru '[o'lrytoflfrctut:orYf ]{tou'lrf tipur" 1dryfi clear zone :ouInIofr

,'y

d"rnrnfi 4.ll t ttnvflr:el:?0ryounr:dflr.rrou'lryriamylase rirldlou 16urrrunfirEurreiay

'lolryrasruuo'lH'lr starch agar trflr:todrudrsnearu iodine 'loluasrfialu-rsodgr{roulryri
t49, d s s dq

amylase 1doyfi clear zone:ou]nlafisT.rnrnfr +.t t n

A.

Pl',
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nmni n.rt 6'rodx,{anr:yrerflornr:a3xrou'lryrl druffi plare method (n) rrunfiGofi,duoru

o'l?t't: CMC agar,dump,aourou'lryri cellulase (t) trunfiGofi,duuruu',n-',
al rn d oo -i i

tributyrin agar [YlOYl9ldOUtOU ['XU lipase (n) ttUnil[:UmtAU{UU01?11i starch agar

zirnJ
tiloYtrtdoutou tryu amylase (nrnnurn n;

il:vfivrr^nrnlunr:a#r.rrou'lryrlto':rrrias'loIrytan 0s:ru{rurflurir Extracellular

enzyme production ratios (EPR) n^o 6'n:rdru:vn'jt.:rdur^iruqutinat.:lJoil clear zone giordu

r.irugutinar.:ro.:lnlnfirrunfirSu d.rrJ:yfivrinry{to.:flr5di-l,trlrri rsiavryu^prtor'lolmnsr
t@i

9t'I.:dl rrdg{0r{911:l{vl 4.6

flr:mnrYoun?rud'rur:0lunr:r{Anroulryri amylase rLo.:tdorrunfiGofirrunldtrn

,il4iuunuir firrunfiriu z lryraflfiaru'r5odgr.:roulryri amylase 16'6o '[o]ryron YTM5 ttav
A<truov

sRo45 I cr{unr EPR rmlnu 1.25 rrav 1.36 n]ilol9ru

,{onr:yrndoufr?tud'rur:nlunt:nfisrrou'lryri cellulase nu'ir loIflandatrut:rr

afr':rou'lryri cellulase ldrrri rsu l, KSII 3, KSII_4, sRo45_1, srs50_1, srw45-5, KC50-G,

KC45-C, KZO45 
-5, 

KZT 50 -7, LJ45 
-2, 

LJ 50 -2 
rrns YTM5 1 O I %n sr fi fi ri r epn il rn fi qn fr O

KC 45 (EpR:s.46) : O{ A{U lfl"O'lO l%nn yTM5 (EpR:4. 1 2)

,{anr:yrerdoun?'rudltJt:n1unr:aft':rou'lryrl lipase nu'j1'loIunnfiaril'r:odgr.:

rou'lryrilipase 'ldn^o loJqrnqr KSII_I, KSII_3, KSII_4, sRo45_1, sRosl60_1, sRoB45_5,

sTS50_1, sTw45_5, KC50_G, KC45_C, KZO45_5, KZT50_7, LJ45 2, LJ50 2, KZO60 4,

u s J<, j a
KAO_Pl rrou YTM5 t0 tcxrnflmunl EPR tJtnytqoflo YTM5 (EPR=3.33)

I



nlolryrnsr ril Bpn (Enzyme production ratios)

amylase cellulase lipase

KSII-I 1.24 1.37

KSII 3 t.62 l.l8

KSII-4 1.39 1.27

sRo45_t 1.36 1.95 1.53

SROSL6O-1 t.69

sRoB45_5 t.26

STS5O-I 2.12 1.23

sTw45_5 2.93 r.43

KC5O-G 1.24 1.37

KC45_C 5.46 1.94

KZO45_5 1.76 1.73

KZO60_4 1.50

KZT50-7 1.46 t.2l

KAO-PI 1.33

LI45_2 1.43 t.20

Lts0-2 1.08 1.65

YTM5 1.25 4.r2 3.33

39

i r a a q 9t vt d <dgrl:trrlr 4.6 1J5 y fl Yrrn 111 tu n 15 d: r.rlou lryilI 0.:rrunmr: u

Ahrd
l{Ulut?fq - n0 tUU clear zone

4.7 frl:nodounl:iluqo{il4fi 110 "c l,o{ilunfiGs'.lolflan sRosl60 I

rfi o.r orn'lolcrrnfl sRosl60 I fi rua n r:irn : is fEu I 65 rRNA udlfi ou 16 o.: ldrYr

Geobacillus stearothermophilus (g7%) ttavfi:lu{1un1:1{ G. stearothermophilusrflud'rri'rd

rJ:vfrvrinrilnr:sirrfrotil:rudlrJ1:amuqilil8n'1d6l I l0 t 6.:do.:nr:mnraou'irloluasr

SRoSL60-l fin:rruarrut:nd{nrit?n;utr; Haflt:mndoun?tud1u1:CIyluQ0ll.tBU-ro.r
lrs"tolryran sRosl60 r fi tto "c nu'jr urnfiGo'tolman sRosl6o-l lrjolrlroruu"*r4r-
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--, o- trty..-r----yq!+odl 4r4e/Au9
I l0'c t9l ttgl6Ilill:fiYlugrofll:9rrJ tuu't[9r09r (99 "c) rilut?nt 20 utyt t9 tu0.:0]nHa{nt:frru

999,

r6oe zo urfi tfiofr.rfifiin:oerravd'rilr:ort;iuluorrr:rdo.rrfio rirufi 45 "c '16'6'rnr:r,:fi +.2

sn:r{d 4.7 nr:rt;irrrol'lolmnn sRosl60 I fiilild 4s'c 24$'r]ru.: nfisnr:.}irrdofi

^
oilt?t[!u9t'1.16"|qq

n r:ro? n fl o {nloluo n sRosl60 r r6'.rn I : dr rrooiio ormnfi six q
q-qgl

slruroooo (99 "c) 20 urfi Autoclave fi tto "c zo urfi Autoclave fi tzl 'c 20 urfi

Tqn?unil
tY

dad
T9tYttgtutYo TAn?!nL

tY<^4
T9rYrr9lrJrso T9IFI?UflU

4a 4
T9rlttglu[u0

+

+

+

4d^j
?1U1Ut?19t + n0 ilnt5tt:ai1o{tYoqU

Alnrda- fio tuuflr:r0:il

iah
ntflfr 4.12 Nanllo?qto.r'lolcxrafl sRosI-60 I fi 45'c24frlru.: rd.rnr:drurdoo 20 urfi

r9
(n) Tq n'lu E u (t ) Tq fi rer^rurfi o'lo Jrytam sRosI-60_ I

A
-'

I

ffi



4t

nrild 4.r3 flanl:roiruto.:lolcurnn sRosloo t fi 45'c 24f':fu'r r6'rnr: Autoclave d

I l0 "c ,o uln (n) Tna?uqu ttl qnd,n^rurdo1olry,as, sRosI-60-l

olnd 4.r4 ilanr:roiruror'lo]crrnn sRosl60 I d +s "c z+ #rh.r rd'snr: Autoclave d

l2l "c zo urfi (n) Ton?uE, tnl lrd,arLrdololryron sRost-60-r



umn 5

oqrJraa ofi rJ:rur^ra uay{orauouuy

s.t aqrha ofirJ:rsr.ra

4 dd q o I r t4, r o It
HAfl 15 fln U tn ?tUra'lnratul 0':ttufiYtrS u tuu lTt5 0u 5 rrl.t 0.1 [fl ttn u tq: 0u

! y - ! e e ! ,, ! y scr, v ! ,,
enrulvrrlJr:tv rirrliourtr#udu rirrlfourirurirrlfou rirrlfoulffvi'rn:y rrovdlqfoulnn'[vr:

Ytt9

ilu'irdrur:0rrunrfiorrunfiriofiroiiytuanrryfifiornrsldri'{r.ruer 27'lolryrafl fro rcso_c,

KZT-7,1<2045_5, SROSLsO-I,LI45_2, KSII_I, SRTBF45_I, KSII-2, KSII-3, KSII-4, LI5O_2,

KAO_P4, SRO45-I, YTM5, SROB45-5, STW45-5, STW6O-3, KAO-PI, KAO_P2, KAO-P3,

KC45, SROSL6O_I , KZO6O-4, YTMI, YTM2, YTM3 IIAU YTM4 dlU'I:O{,flNdU OTUS

r#ovi.rrrun zz 'lo]ryrasrdrormnu^n pcR-RFLp lunr:irn:r v#?tu l6s rRNAldr{lu n orUs

nrugilrruunr:6'nirrnrvro.rroulryfeiedrrury Hrnft 6o n{u orus A, B, c, D, E, F, c, H,I, J

rrav K Inu oru e rj:vnoudruloluan KC50-G, KZT-\,K2o45-5, srs50-1, sRosI-50-1,
a lo v a ds h /

LI45_2, KSII_1, KSII_2, KSII_3 trnv KSII_4 
'{nn',l:?rfl51vila]fluu?nn 

t0 tyl9l10{ KSII I
j 4 d q ya
frrrilu6"rrtmuto.:n{rufinrrru1ndrfi aifril Bacittus subtilis (gg%) n{ru oru s il:vnoudru

'lolryran LJso-2unv KAo-p+ nanr:irn:rv#drd'uu^':ndJolmdro{ KAo-p+ d.:rflu6'ruvru

nolnrinfin':rrulndr6o tf,u Tepidimonas arlidensis O7%\ nril oru c :J:snoldro'loJryrast

snoas-r uav yrM5 ,^ran'r:ern:rvr{drriufirnhIolvrd ro{ yrM5 d.:rflud'ruvrur0{ndufi
q 91 onrrllndt6u.:ril Geobacillus thermoleovorans (97Yo)n{l OfU p :J:ynoudroluluu,

sRoB45_5 Hanr:irn:rs#drd'uu''rndIo'lvrd ro.r sRoB45_5 nu'irfinrrllndr6u.:6'u

Caldimonas taiwanensis (g8%) n{t oru E ttav c:J:snoud?u STw45_5 rray rcso nrrudrsi:t

rfiolorndr6'ru':n6Iolvrdiidruldf,.:finornrxhi6nofitynjsourfiuuriurrurloruald6.rhi

arrrr:nirn:rv#1ddr1fiuvr5&nrirdfior'.rrln6',fiurri'u1a'uvr5,isfir1r1r;;rr.U; rirun{ru

oru F il:snoudru'lolmasr KAo_pl, KAo_p2, KAo_p3 uav srw60_3 Hnnr:arn:rs#dr6'u
A ds U I - -^ 

J al q r d o y4
u?fln l0 tiln10.: KAO_P2 cr.:tIusl?ttYlutolnqliinrrruln6tfroldu Caldtmona mqngqnoxidans

(s8%) n{l oru H il:vnoudro'lo]man sRosL60_I nanr:irn:rv#drrTuu^':n6Iolvrdrr:tdrfi

n:rnlndtfi tttiltt Geobacillus stearothermophilus (g7%), n{l oru t il:ynoudro'lolmasr
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KZO60-4d.:fidrd'ufi:nfiIolvrsilnfirfiu{fi'u .4rto.r.t'ltucilhrs gorrerrsr-s srrain A4 (gg%) n{u Ofu I

:J:snoud:o'lolmasr yrMl. yrM2 rrau yrM3 ftnnr:irnsry#drd'uu^ro6]ulroinu.r yrM2

fr.:tilu6'rrrmutolnriufinrrrulndrfiol il'u Th"r,rus brockianus (91%) atun{ru OrU rc

rJ:vnoudru'loIuafl yrM4 d.rf,.rn.rrilu rdu^ou

d'rrrmundu oru A n^o KSII t rfionj6urrfioudrd'ru'rn6]olvrd Ioruld]il:un:il
I

BLASTn nuj'.rd'.r,i'rrirn6Iolvrdfiur'.rrlnd,6o tflu Bacittus subtilis (ss%\runfiGovu-rrfivrulu
, ! 9 ss, s rn !

uoritufoulriv{'.rn:s urrfoau lnnlvr: rravriorir4foug:ruqirrfi rrsihjy{u B. subtitis
;"qq I o 9 qY r s / ! otuu0u1il50u9l'ltulvuut:tu n'l: l,['il:y IuTu01n B. subtilis uutJ:1u.:1un15u't B. subtilis

u I oldt dd rad 4d s o i ^ i
aruu'u { LrDD r- r rurl4rfJu ur nfi 15 orJfl iln d lu n r: n rr q ru I : n lu q q fi rn^a ur n rfi o : r Atrcrnaria

tongipes lueinad'ofirJqnlu:vuulaIpr:lrJrjnd Iprunrnsrrilu Hn'srfi'nr.yfgn: drrE ofifigrJuuurflu

ttn:uaavarodtdru:-uviu y{u'jrd'r:rJfrflnrlfir.ramornrfio B. subtilis aror[uf LPDD l-t frr^ra

- J 9 q I qy - I r ti utst - a d
uuu{rcYu tur9t0:1 rrav [rruan'r:uuu{n1:{0nxo.rdil0:[9,0:'r [9r (?]uo :09rruuu, 2552)

rirurnqnr: nr6'uvn (2553)\il n. suotitr TN5l lunr:r.rfrEr6'rriltrrfi:nujr ti'rnirfinfnntn

"t 
I o o'os a 4 d a d < A r A d s d

na1r50u:rYilr ilanuilyy{tflun0 utu0flr14uu?[tauuflou].10u lJ:1fl01nflnu[?tuulJ0{tt0u ttJtuu

fiqarrirvrt.rlnryu'rnr:qnn'irtirrrirfiurTnd:aiGdrro-ru lnofiiliurrur0.:cy1:il:ynor
) Y as i" 4r o J Jil I u fr n fi'.: r r n ili u r cu n : n o s ru' l u fi'.: r ru o rr n y n : a o y u^ I u fi { r ril u rfr l fr u u o n r r n u u

Dagmar et al., 2001 14 B. subtrtrr DSM675 rilulfruvr5rinruqrufildvrnaolrJ:sfimi'nrntolnr:
o qv t ! i <a : 

", 
r /i t ,, et

vt'l tt{iln0nr50 ru0{0lflrrunmtruudlul:ud:1.rd1J0:yrd'rut:0ytu9t0dn]fli0urrl,t.: rrae
9rt@
erluynuero Ethylene oxide dru6'?umundu OTU B (KAo-P4) fidr6'1fi':n6lolvrdfifinrru
q 94 i dr d< i he, - ! rt
tnfitfiU.:nil Tepidimonas arJidensb (97%) cr{tiluttuntitiUlittun trt0ln0{U150U (hot water tank)

dd o J a nY<! a n Ja rt dt , I
tuunfrtEusilnfrerur:ntticgld6frquHquq.: 50 "c pH 7.5-8 rrynafi;:J:r.:riluuvirdu (short-rod)

tula 0.5-1.0 pmxl.0-2.0 pm ot-nfitrn:uau rryadarrur:nrnfioufi'[drn:rvfi pohr flagella

(Mariana et al., 2003) rTruvrun{l oru c (YTMs) fidrd'ufr'lnfiIolvrdlndrdu.rd'l Geobaciuus
It

thermoleovorans (97%o) Muhammad et al., 20 l l ttun ttun fi rE uyfr nfi t rnrirU fou lu il: styt g
Y a h 4u r i o u YairJrfiaoru uu'jruunfi6uru^nfiarilr:0,{anroulryrilanJafirir.:ru166fiqanr4fi oo oc

tryadfid'nuuvrflurrvi.: (roa) frrrfirrR:uu?n air.rroulnarJof (endospore) ;rJ:.:5 r,radfnod
i A dl ! e iny* altGtlrl rSorfluarud'u1 arrur:ntnn'oufildlnu peritrichous flagella rflurrunfrGulun{rufi

dolnr:orntglunr:toit! (aerobic bacteria tl6o facultative anaerobic bacteria) rriryldlurir.:

qilrQfi 37-75'C rrayrn;qld'lurir.: pH 6.0-8.5 (Nazinaet al., 2001; Muhammad et al., 20u)
v t o q 6 <s tl lA, \9o a h rd a td 4 q
el?ttYluROU OTUs E ttnv G alnuu?na t0 tyrfiliolu tau{:.JnalfltT{-[un?{ofi0yrrj5uurilUurIillq
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grudoryold oi'ruvrundru oru p n^otolmnn KAo p2 fidrd'uu'rn6lolvrrilndr6u.:ri'u-r*0,*rr^ 

^onrono*,d)ns @9%\f r,,r#r4r.'r..rr.''n-rolrn-,rroiryrron ldornrirrliou
I rt 4r t '

rtniigrJ:xrflutrvi.r (rod) tureradu o.o x 2.6 pm rryndsr-efirrn:uu?n rriryld'GluqrurQru-

50 "C ttov pH 8.0-9.0 dlu t: orn CIiou fi ld ttastrun fi t; oryu^o fi'arru r: n o onfi 'lndrrruln ru^a

(manganese)'[d (uino* et al., 2002) drrryrundru oru H frolo]mnn sRosl60 r fidret-u

u-rn6Iotvrdlndtdulri'1'J Geobacillus stearothrr*opt itu, (g7%),iJu,dufi,,on1rio-{'.lrlvrn
+l i t d d1 4d i I q a 4 9n:silo.rfirrjrtdu tilurrunfrriofrrio.rn'r:ornrrllunr:rt;iu uior{o.rnr:otntfllunt:roiq;rf;nriou
,av dt r q , ,f, 

' 

"o 
o ,:tcxnaunnuilv nJuttYl.:1 u'lq trE 0u16 u?dl 1 u 19 0.8-3.5 pm rvfl ano drrn : ruu rn "[rj arru r: n

.i jrn y ^ tt 9a.'
rndoufrld roiql'tdfifiqilrQfi 50 "c (Donk and Bacteriol, 1920) d'rrtvrun{l oTU I ds r,zoao q

fidrd'uu^'rn6lulvrr{lof,,6u.:nn Anoxybacittus gonensisstrain 44 ,J;;;rr,r-rr,r".r.;t
q. a d d ,) utet ^ i ! y d<v dt , 6 <tunl:[t:tulflu.:tanu00 ltun tq0tnq?0u'l.tfiurlnyU]0tnUtq5ou trynnuanuuyrilultyt{ gtod

rrn:uu?fl olu',roog.rrailofrravruu^urfil,fl roiryld6luri:.:qnruqfi 5s-60'c (Ati et al., 2003)

ri':rtvrun{ru oru J n^o'loluan yrM2 fidrd'uu^rn6lo1vrrilndr6o.rn1l Thermus brockianus

(s7%) tfluuunfi6odduon',rurnrfllun15roiiu rryadfid'nunryrfluuvi.:du 6n?un:uau rriru1d
ai
6fi zo "c (natpn et al., 1995) 'ldfinr:vroa st}il Thermus brockianus lunr:nn^nrou'lryrlnysryraa

fildluqorariln::uA{mo (vicki et aI.,2003) rrnnr:finurldrou'lryrinvflyraadmufl?'luiou uay

pH d.: n'iltou'lvrlnvsrvraa6'r6u1 firnofinr:6n-ur{ 6.:finrrlrflu'[rJldiiryrirhJl{1u

oadtrnssrufilmottav d'rrrvrun{ru oru K n'o yrM4 fidr6'uu-'lnfiIolvrrilndr6u{ri'il
YJv

Uncultured bacterium nifirir 80% Similaritv frriou{r.:drurnfi hjldrran.:'j1 yrM4 riluail6d
olrro
lrrjtrsiotitsln rrnusidoryod.:nrirril.:uon#qrnudr yru+ ,flu,du^cu ruio.:orn6r6urornirruu

fiari'nldrirtvrfludtdurop.rarudrutorn,fiolrnn'irrutr.:4flf;d d.ruiuldfsrr0u rrn Sequence trace
;doo
fr fr x a r u peak 1 u d l ru ri.: rd o r niu ( hi 1 du an.r 1 il u ii fi I

I
5.2 l'otfluottuy

d r o q a ds l,l la 4 - r I
n ?:iln lt eilu d td'1fr rnfr I o "[mn?u 165 rRNA x o{rfi o6'?uvrun {urroiav orus 1#

atq:ai rfio}ildrunnr:finurnrrrdlrYuf,mr.:iisuurnr:ror'lolmansTrumunril firirrfio6o
j

4ulnlu

t1n:1u.:1ufinnr:if,u1o{ Sheu et al. 2009 xu'ir Caldimonas taiwanensis GTtUt:t)

etvdu Polyhydroxylbutyrate (PHB) lilurryadldornni:1#gluconate, fructose, maltose rray

glycerol nruldant:vfifiIuIn:rou,f,r6'sr do pHe fifina,arrjsr-yn.:nlflnrxrsiurGurfi'ufi'u
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rvrofluvrarasr^n atur:nrirrurrirrflufldrurioto.r r#ulurrovru^iu riorirruiunorurfJunrruvrit.:1
vyA ay aa I ut99 ^ 

j t q : J
tn cr{il109rfio fl]u1:0riouflntu'[9i9i?un:yu?un]5r55lJ51e1 ,r{0y'd?uaqilrur.rrnr:rrlu1ul,o.1

oiaYurqqdau6dst4/d
tuvilnrdflnm tsnuodluiltoriu ornnl:Tln:lyrarquu?no to tflFr?u l65 rRNA to.:'loluasr

,dLo"-Adti,o...
KAo-P2 nu'jrfinrrrulndtfrolri'u C. tqiwanens,b (98%) i{riluyrilrdulofitvfrnure'jr lolmasr

KAo-P2 drxr:odovdsdu PHB 1{1urryad1dr6ohi
oo J uty ! y h s a 9)

rrufiYrr:uYrrrun tq0]nu1q50u 2 l0 tcrrafl no YTM5 rrav sRO45_l d'rul5od:1{
i,

roulryrildri'{dturu'erfl'o amylase, cettulase rrav tipase 6.:riJufirjraulorfJuodr.:E.rfitvrir
9t9

ruunfirEufi'{ro.:vfiofihJfrnurf,nunrnlunr:rflurt'rrfro{onrin Iorufinurn?1ud1ur:n1unr:

tjouaarorsuo'rln:rrnnf':r$ou (d.:rinfirrfl.rrfluorrirJ:snouHd'nrrasfiltriurJvrJuoqjdruy
,

rrayrf,uidErrn^ovt<':ornn'r:rnufl: rriu r,{r.rrh: u{r luhi nJfionnahi rraynar'hI dfi celtulose

dt ! t s r t o',nv r d
tilu0{nil5vflou?f an il']n YTM5 rrau sRo45_l d]u'r:0uoucYo'rulflu1,uvrHa'ru tfr0u't{:?f]r:?

fi ovrflurJ: vluvriotir':8.:siorn un:n::ru1urJ:yrvra'lvrud{iiannrfiod.rmr{nr:rn un: {ru?u
i o e agdt s a o 6 + a 44 

" 
a, o o

rJr.nflrnmrfiurvnrilfuldrfluisrno'u1unr:mruu0uyr:u uay0srllufl'rFrou tunr:ur{flruur
t6

u:urmruvrnun?rud'nJr:n1unr:rirf,n firyusuruoowurqlilnirird'.rr^rfrruodluanrrvilnoriutoUSt
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!Y6
loncn:o'l{lo{l

rn qn ri e r i'u yn. n r: r.raortirrrfi o {Hfin (d'rtilrt fi fi niurirm r lnryu in r: ar lo urdo ar"iu^
!

s u b t it is . i vr o r u^vr u f,rJ i iy ry rq u fi flnr fr' n, ru r r i n o r d'u rfi u': 1 n rj, z s s r.
r 6 J av I at

u:v?Yru flmnu?]lj. ur?fl?

f,.r n iq rfi u r1ril. ivr orrivru fiJiqql ru n rriar fin : ru r rim ordurfi ortr.rrj, zs: 1.

u.:d'nuni d?::rurr{^u'r rrnsilSvr d?::nl r{-u^0. tafirivrurri'rhj. firur{nf.:fi 7. flr.rryr?r"{ :q I 

- 

I

osAita
d'l u n il 1l il ! wla { n : iu u }1 11"vlil1ail, 2547 .

q

riuvrur olmqnd. nr:{rrrunrrunfiGerndrrrourrol:r. fll{ryrfl"r 
'Iorduualn{,zsqg.qra

d,!
?: 5 ruRl 0 t5 ts. nil onu ucyt't{rn uu}r n{ urvr Youlu rj:vrmfl 'lm u. fl s.tryty{ "1 :

a

Rrilmiflu1n:n:fi, 2546.

A < v 4 d o d ' io
?lu-.o :oatfruru. nr:ri'ntn^onttnytnEuruqn:drt5o.aacr7lussuDlrzrs tn^on:uEll:nl:lQofitn=ot

nln Atternaria tensines lufi'naa'srfiilanlu:vuu1aIfl:Jflfinri. imuru^vtufiliflill
asaasai
? Yl U 1 fl 1 d9l 5 U 1'l'l U tll cvl 9l : U 1'l 1 1 Yl U'l fl t d.: I A lU n : Unl, 25 52.

)
aAoasA4Sol

d:un1 tYt?u. n1:0lttun5uflttauanuilvl0{uu10.:tsottafl t9tutcunarTttun0lnulaluttlJttavaq

9,aJra
angt?urmnun l65 rRNA RFLP-PCR rrav AP-PCR. ?vrulurruril:n ru'r?vrrJlfl1da:

rur.rrriarfisr : uHrimard'ud{xnlun;u ni, zsso.
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nr:[n?uil 0.5x Nutrient agar rJ?rursr: t 6sr: rJ:vnousYas

peptone 2.5 g

meat extract 1.5 g

agar 15 g

peptone

yeast extract

agar

tributyrin

0.5 g

o.l g

15g

5g

nraru1#r{rti'ulnuldn rrruYou ouayarurUn u : : oleit rn ri rhJdo nil,duii l 2 l "c zo u rfr ufl r
4oAr:l
0.1 u'ltJ ttYt tfl t tu 0'11{'l: to u.: tTo

ettqatl,
nl:tglluu 0.5x Nutrient broth il:il191: 1 Afl: UtvnOUO?U

peptone 2.5 g

meat extract 1.5 g

q9s u o lr I I i; ^ d 14 o a ' 3 I
Hdu tl.tr,tjtnu0uoyn'lul.tu9l u'l tilBrllyoyt l2l "c 20 ulyt tta?t{ultJlrYt tdt]u01fi1:tau{tso

nt:1fl;uil Tributyrin agar o1flli t 6gr: il:vnous1as

5.0 g

3.0 g

15g

l0 ml

,{fl}J nrrrrnu rrnuudlhj'}irrfiofi l2l "c zo urfi rrdr6':rirurryrkirruoirr:r6u.:rfio

nr:tniuru CMC agar or?r'r: f 6n: d:vnousYau

peptone

yeast extract

agar

carboxymethylcellulose

ftdud?u,.rdru1#uirniulnoldn:rru3ou rrnriurirhJcirrdofi tzL"czo urfr ud':6.:ritrrrvrki
yrt

da
01u01l.t-r:tau{rso
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nl:tfl;sril Soluble starch agar olfill f figr: rJ:vnougirg

peptone 0.5 g

yeast extract 0.1 g

soluble starch 20 g

agar 15 g

I o I I u * qY , ' 
t '

,.ldud?ur{du rHrllnu rau rryn?]u:ou 0lnfuilrhjslrrfrofi l2l "c 20 ulfi rrfl:6.:drurtillri
:i

0]uo1141:rAU{110

Rl:tstiuuol:avalu iodine lu potassium iodide (KI)
!;,ds

rJ:vnoudro iodine I g, potassium iodine (KI) 2 g ttavillnf,u rOO mt tn3uulflufiau

n q n tn dt iodine t to y potassium iodinel#t{r rYu ri ou I rn tiu t I rst-l ti n d',

nr:tg6uil 20% SDS (Sodium dodecyl sulfate)

nvatu sDS 200 g lrrirnfiu 900 ml rirliludluejxririoufiqnru4n 68 "c nu1#
4 I tv ra 4 d l,l ,-i 4,

ayalufi rr6?il:ulj:u19r:[]Ju 1000 ml rnu t?mqiu?lnufio.l

n]:tn;sil 5 M NaCl

nyalu Nacl 292 g lrti'nflu 800 ml nu1#nvnruud:ilfurJiurfl:rflu 1000 ml
/

u : : o kit r n ud'r ri r'hJ ri r 1 #:J n o rr rfi o rfi r ar : a v a 1 u NAC I fi o nr u n fi #o.r
-aqr

nr:rn;uil cTAB/t{aCl 200 ml

NaCl 16.36 g

CTAB (cetyltrimethylammonium bromide) 4 g

2M Tris-HCL (pH8.0) l0 ml

0.5M EDTA 8 ml

PVP-40 2 g
I

rJiurjirurn: d:urhl#ld 2oo rnl
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nlftglEuil 20 mg/mt Proteinase K

oyarun{ Proteinase r fidornr:laEuun']rrLt{rL{u 20 mg/ml 1u so mM Tris

(pH 8.0) trnyl.5 mM calvium acerate fi*irrfiorrfr'l ruaru1#r{rri'u ttriqlrieppendrof tfiul{ii
^ i ae

-20 -c rilo:ont: ts{]u

nl:lfl?Uil lOmg/ml Dnase free Rnase

aua'rur.rir lysozyme dduun''t,rturunrrrur{ru{u to mg/mllu to mM Tris-Cl

(pH 8.0) r"rarLh{rrirri'unoulfi 6o':fulo'jrdrr6rsoru Tris fi pH 8.0 tfl:tv lysozyme 0uil
raa.iJ'

il:edmrn]ilfl 1:vr1{ruann{rr0 pH 9l'ln?1 8.0

d
nl:tn:Uil I mg/ml Rllase

avalu pancreatic RNase | 2 mg 1u z rnt TE buffer (pH 7.6) rfiul{i'i -20"C

nrrrn3uil TAE buffer pH 8.0 rJ:-iltn: r 6sr:
9l

er?{ 50x TAE buffer (stock solution) 20 ml ililrJirurn:d'roritnd'utflu t fisr:

nl:tn?uil 10X Loading buffer tnturu tO mt

bromophenol blue

xylene cyanol

l0% (w/v) SDS

O.5M EDTA
I

rjiurj3ru rsr: dr ori r}?Id ro -t

0.025 g

0.025 g

500 pl

200 pl

nt:tfl;uil 0.5 M EDTA (pH 8.0) r a'n:
Lq!;,t

{'.: sore.zH2o 186.1 g nvaru"ludrndu 800 mt rJfu pn hflrilu s dro NaoH

:J:vruru 2o g :liurJiutn:rflu t fisr: (EnrR rs'hjayarotun'jrdrsayorutyfi pH rl:vtrnr
- I o u rA , !

8) tra?u1tlju.:tlllrTo
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nt:lfliuil 1M Tris-HCl (pH S.0) 250 ml

ayaru Tris-base 30.275 g lrthnf,u 250 ml rJfu pu l#rflu s d?u HCI rJ:vrutru

100 ml

100 pl

lml

rJfurJirurqr:6:udrndu oun:u Ioo ml

nl:lfl5uil 10 mg/ml Ethidium Bromide

asoru Ethidium Bromide rg lurirnd'u 100 mt nul#osntur6llutrrrfiryrdodru

aluminum ron trfi:rfi I 1{1u fr n^n hil#Ifl u rra.l

nt:tgl?uil 50x TAE buffer (stock solution) rJtrursr: t fisr:
9r

ayntu Tris-base 2a2 glufitnd'u 500 ml t91-Ll 57.1 ml glacial acetic acid ltov 100 ml

0.s M EDTA (pH 8.0) rJiurJirursr:qnfrrorilu 1,000 ml

10.5 ml rJrioal#ar:avarurEudoiuilnil-#o{udrrJ:-urjirurn:rfJu 250 ml rirhluo.r.rirrfio

nr:lfl;uil TE buffer (pH 8.0) rJ:vnousYru

I mM EDTA (pH 8.0)

l0 mM Tris-HCl (pH 8.0)

tn5uu TE buffer il?rLrsr:

I M EDTA (pH 8.0)

I M Tris-base
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loluasr KAo_P2

GTCCTTCGGGATGCCGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAAC

GTACCCAGTCGTGGGGGATAACTACTCGAAAGAGTAGCTAATACCGCATACGACCTG

AGGGTGAAAGCGGGGGACCGCAAGGCCTCGCGCGATTTGGAGCGGCCGATGTCCTGAT

TAGCTAGTTGGTGGGGTAAAGGCTTACCAAGGCGACGATCCGTAGCTGGTCTGAGAG

GACGGCCAGCCACAC TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCArcAGT

GGGGAATTTTGGAC AAATGGGCGC AAGCCTGATCCAGCCATGC CGCGTCCGGGAAGA

AGGC CTTCGGGTTGTAAAC C GC TTTTGTC AGGGAANAAAAGC TC TGGGCTAATACCTC

GGAGTGATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCG

GTAATACGTAGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCG

GTTGGTGCCAGACAGATGTGAAATCC C C GGGCTTTACC TGGGGAACTTGCATT

\oluan KAo_P4

GCCTCAGTCACGGTACAGGCCTTCGGGTGCTGACGAGTGGCGAACGGGTG

AGTAATGCATC GGAACGTGCCCAGAGGTGGGGGATAACGCAGCG A'TA.T{GCTGTGCTAA

TAC CGC ATGTGATCTGAGGATGAAAGCGGGGGAC C AAGCAGC AATGTTTGGNCC TCG

C GC CCTTTGGAGC GGCC GATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCC TAC CAA

GCC GAC GATC TGTAGC TGGTC TGAGAGGAC GACCAGCCACAC TGGGACTGAGACACG

GC CCAGACTCC TACGGGAGGCAGCAGTGGGGAATTTTTGGACAATGGGCGCAAACCC

TGATCCACAATTGC C GC GTGCGGGA AAG AAGGCC TTC GGGTTTGTAAACC GCTTTTGT

ACGGAAC G fuA.]q.AGGC TC TGGC TTATTCCTGGGGC TGATGAC GGTACCGTAAGfu{Tfu{

GCACC GGCTAAC TAC GTGCC AGCAGC CGCGGTAATACGTAGGTGCGAGCGTTAATCG

GAATTACTGGGC GTAAAGCGTGCGC AGC GGTCT

nloluasr 
YTM2

AGAC TGC AGTCGGCCGGGCAC GGGGTTTTAC TC TGTGGTCAGCGGC GGAC

CTGGTGAGTAACGCGTGGGTGAC TAC CCGGAAGTGTCGGGACAACCCGGGGAAACTCG

GGC TAATC C C GC ATGTGGTC ATGTC C TGTGGGGCATGATTAJq.AC,C,GCCGAGTCCTC TG

CTTCC GGATGGGCCC GC GTCCCATCAGCTAGTTGGTGGGGT AJqAGGCC CACCAAGGC
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GACGACGGGTAGCCGGTCTGAGAGGATGGCCGGCC ACAGGGGCACTGAGACACGGG

CCCCACTCCTACGGGAGGCAGCAGTTAGGAATCTTCCGCAATGGGCGCAAGCCTGAC

GGAGCGACcccccTTGGAGGAGGAAGCCCTTCGGGGTGTAAAC TCCTGAACTGGGGA

CGAAAGCCCATGATGAGGGGGATGACGGTACCCAGGTAATAGCrcCC,GCCAACTCCG

TGCCAGCAGCCGCGGTAATACGGAGGGCGCGAGCGTTACCC GGATTTACTGGGCGTA

AGGGCGTTAGCGGCATTGGGGCGT

'loluasr sRos160_1

AGTCGNAGCGGACGAATC AGGAGCTTGCTC TGTATTGGGTCAGCGGC GGA

C GGGTGAGTAAC AC GTGGGCAAC C TGC C C GC AAGAC CGGGATAACTTCGGG fuA\T{CCG

GAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTGGTTGAAAGCGGCCTTTG

GC TGTCC TTGCGGATGGGC C CGC GGCGC ATTAGC TAGTTGGGTGAGGTAACGGCTCA

CCAAGGCGACAGATGCGTAGCCGGCCTGAGAGGGTGACCGGCCACACTGGGACTGA

GACAC GGCC CAAGAC TC CTACGGGAGGCAGC AAGTAGGGAATCTTCCGCAATGGGCG

AAAGCCTGACGGAGC GACGC CGC GTGAGCGAAGAAGGC C TTC GGGTCGTA'TA'T{GCTCT

GTTGTGAGGGACGAAGGAGCGCCGTTTGAACAAGCGGC GCGGTGACGGTACCTCACG

AGAAAGCC C C GGC TAACTACGTTGCCGCCGCCGCGGTTAATAC C GTAGGGGCGAGCG

TTGTCC GGAATTATTGGGCGTAAAGC GCGCGCAGC

nlolman Kslr-l

CAGC GGACAGATGGGAC,C TTCIC TC CC TGATGTTAGC GGCGGACGGGTGAG

TAACACGTGGGTACC TC,CCTGTAAGAC TGGGATAACTCCGGG fuAJMCCGGGGCTAAT

ACCGGATGGTTGTTTGAACC GCATGGTTCAAACAT fuA.]A.AGGTGGCTTCGGC TACCACT

TAC AGATGGACCC GCGGC GCATTACIC TAGTTGGTGAGGTAAC GGC TCACCAAGGC AA

CGATGCGTACrCCGACC TGAGAGGGTGATCGGCCACAC TGGGAC TGAGACAC GGCCCA

GACTCC TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACG A.Tq,AGTCTGACGGA

GCAAC C,CCGC GTGAGTGA TGAAGGTTTTC GGATC GTA\]qJ{GC TC TGTTGTTAGGGAAG

AACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAG fuq.]qAGCCAC G



-s9

GGCTAACTACGTGCCAGCAMCMrcTAATACGTAAGTGGCAAGCGTTGTCCGGAAT

TATTGGC,CGT

nlolmasr 
YTMs

TAATAC ATGCAAGTCGAGCGGACCAGATCGGAGCTTGCTCTGGTTTGGTCA

GCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCGCAAGACCGGGATAACTCCG

GGAAACCGGAGCTAATACCGGATAACACCGAAGACCGCATGGTCTTTGGTTG fuA.AGG

CGGCCTTTTTGGGCTGTCACTTGCGGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAG

GTAACGGC TC ACCAAGGC GAC GATGCGTAGC CGGC C TGAGAGCCTGACCGGCCACAC

TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCA

ATGGGCGAAAGCCTGACGGAGCGACGCCGCGTGAGCGAAGAAGGCCTTCGGGTCGT

AAAGCTCTGTTGTTGAGGGACGAAGGAGCGCC GTTC GAAGAGGGCGGCGCGGTGACG

GTAACCTCACGAAGAAGCCCCGGCTAACTACGTNCCAGCAGCCGCGGTAATACGTAA

GGGG

nlolryrasr 
wLo6o_4

ATAC ATGC AAGTCGAGCGGAC GATTCAAAAGC TTGCTTTTGGATCGTTAGC

GGCGGACGGGTGAGTAACAC GTGGGC AACCTGCC C TGTAAC GGGGATAACACCGAG

fuMTCGGTGCTAATACCGGATAATACGAAAGGC CGCATGGTC TTTCGTTG fuq.AGGCG

GC GCAAGCTGTCGCTACAGGATGGGCCCGCGGCGCAT'TAGCTAGTTGGTGAGGTAAC

GGC TCACCAAGGCGAC GATGC GTAGC CGACCTGANAGGGTGATCGGCCACACTGGGA

CTGAGACACGGCCCAGACTC CTAC GGGAGGCAGCAGTAGCIGAATCTTCCGCAATCGA

CG fuqIT{GTCTGACGGAGCAACGCCGCGTGAGCG AAG AAGGCCTTCGCCTCGTAuqu{GCT

CTGTTGTTAGGGAAGAACAAGTACC GCAGTCAC TGGC GGTAC C TTGACGGTAC CTAA

C GAGAAGCCACGCTCTAACTAC GTGCCAGCAGCCGCGGTAATAC GTAGTCIGCAAGCGT

TGTCCGGAATTATTGGGCGTAAGCGC GC GC CAGCGGTTCC
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sRoB4s_r

CTTTACAC ATCC AAGTCCGAACGGC AGCGCTGTCCTTCGGGATCCCCTGCGA

GTGGCGAACGGGTGAGTAATCC ATC GGAAC GTAC CC AGTC GTGGMGATAAC TACTC

GAAAGAGTAGC TAATAC C C,C ATACGACCTGAGGGTGAAAGC GGGGGACC CrC AAGCC

TCNCGCC ATTGGGAGC GGCCGATGTC GGATTAGCTAGTTGGTGGGGTAAAGGC TTTTA

CCCAGGCGACGATCCGTAGCTGGTCTGAGAGGACGACCAGCCACAC TCCGACTGAGA

CAC GGC CC AGACTCC TAC GGGAGGC AGCAGTGGGGAATTTTGGAC AATGGCTC GC AAG

C C TGATC CAGCCATGCC rc GTGCGGGAAGAAC,CC TTCGGGTTGTAAACC GC TTTTGTC

AGGGAAGAAAAGCTCTGGGCTTAATAC C TCGGGGTGATGAC GGTAC C TGAAGAATAA

GCACCGGCTAACTAC GTGCC AGC AGCC GCGGTAATAC GTAACCTGC GAC,C GTTAATC

GGAATTACTCfiGC

loluasr YTM4

TATACTTGCAAGTCGATGCGGACCTGGATCGGCAGACCTCTGCTCTGGT'TT

GGTCTAGACGTGCGCGCACGTGGTGTAGNCTATACACCGNTGGAGCTANGCCTGCCC

GCCACAGGACCGAGGAC TAAC TC CGGGTCACACACCGGGATC TACAC TCACCGGCAA

TAAGCACCGAGAGAACCGCATGGC TCTTTGNGGTTTGAACAGGGCNGCC TTC TGGGC

TTGCTCACT'TGCTGGATGGGTCCC GGCTGCGCGATTCAGC TAGTTGGTGAGGTAATCG

GC TCATCCTAGAAGGAC GACTGATGC CGTAGAC CGGGCC TGAGTANGGTGACCGGCC

ACACTTGGGACGTGAGACAC GGCCCAGAAATCCC TACNNGGAGGCAGCAATAGGGA

ATCTTCCNCAATGGGCGAAAGCC TGAAGGAC C GACGC CGNGTGAGCGAATGAAGGCC

TTCGGGTAC GTACCCAGC TCTGTGTGTGCANGGAC GAACC GAGCGCAC GTAA
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Rlfi9{u?n n

R1?I9{A nl:9lt ? OdO U nr: Ai1iltOU'ltri amylase, cellulase ilOu lipase

1, o {uun fi 6 u ugiav'lolryta er
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t. rou'lryri amylase

nrfld n L{anr:yrerdounr:dir.:rou'lui amylase 'lolunsr YTM5 d.rt#r.rnriluu':n

d.rrnsrr#u clear zone frqrou rirulolryrafl sRosl60 t 'hiatur:na#rrrou'Iryrl
t49

amylase [g

d
R]fln n 2 rua n r: yr er GYo u n'r: dgt{ ro u lryri amylase'lo l ua sr SRo45- l d,: h?r.r n r{J u u r n

drrnnrtlu clear zone fsrrtu ri:u'lolman KSII 4, KSII 3 rrav srw45 5 lil
dttJ 1: od$1.: rou 1ryri a*ylas"'ld'

I
\,.'

^a

(_

\
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Z. rou'lryricellulase

nrild fl 3 ,{aRr:yreryounr:dgr.rrou'lryrl cellulase 'lolryrasr yrMs rrnv KC45 l#r.rarfjurrn

f,':rnnr#u ctear zone ldfnttu

.i
RlYItt fi 4 fl nfl r: yrFt doun 15 etfr{ rou 1ryri cellulase'loIfl asr Lt 50 _2,TR52-8, STS50-l,

SRoSL60-t .LJ45-2rrau KSII-l h{r.rotfluurn d.rtnnt#u clear zone ld#srttu

ciru 1olry sRoB45 s'hiarru r: n a#r.rrou'lryri cellulase'[d

1.r u r u r?,t E 1 o I uan fi rJ : r n n fi o ru rn n'i r r o #u tfl u na n r: m, u u u d'-,

J

\R(rB-15 5

h'lt t" '
k \i l

\,--/
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nflrd n s ,{nflr:vredounr:d#r.:tou'lryrl cellulase 'lolmam LI45-I,KSII-1, KC50-c,

yTM5, KC45, STw45 5 LLav KZo4s s 1#r.rar{luu?n drrnsrr#u .1"u. ,on" 'ld

frnrou

s. rounlqri[pase

j
nruii n 6 ,{aflr:yrrrdounr:cygr.:roulryrl lipase tor'loluam yrM5, sRosl60_1, srs50_2,

SROB45 5. TR52 8 ttav LJ50 Z h?e.rarfluurn d.:tnglr#u clear zone

\

N

\.il KCsO G
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nrild fl 7 ilanr:yrerdounrragr.rrou'lryrl lipase to{'lolrytam KSII-1, srw45-5, sRo45-1,

KSII_3, SROSL60_ l, KAO_P l, KZO6} _4 r rov KZT50_Z l#e.rnrfl u u rn ii'S rnfl rfi U

clear zone

ie)\idntilfr fl 8 ,{onr:yrrr6Y0unr:dfl.:rou'[,uu lipase nor'lolryrasr KSII_1, LJ50_2,KC50 G rrau

KZo45 
-5 

l#narfluu rn dlrn nr#u clear zone

a

P-orr
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r.?vru. ur. 40(2) 524-533 (2555) KKU Sci. J.40Q) 524-533 Q012)

a ? 1 u u a 1 n u a 1 u r o .r uu n ii rE u vr u io uvrd uu n tfr o r n rh q ia u

Diversity of Thermophilic Bacteria lsotated from Hot Springs

1 u r , + 1'fl1n nnnon uas dn21ail unutd

uvrfrntia
-o ta- , t A a dd a q / , q

sruir"ufifiifintJ:vasd rfiof,nurnr ruual nila'rutro.:uunfrt5uvtuiouturlrrlioulunr nlsitot

rJ:crratru g u?ir 16'uri rirnYounrru'rurlrJm1v rlrfliounrrt'rrau uavrlrl{oufiruurvi$yrd 0nnlvr:) io
rirrriaurfi g uvit firiruruuunfirisryirfi'u 30,3.65x 105 ras 1.45 x 103 cFulml. qruGirfiu uunfiriufi

uunl,i'firiorrq 13lolman o-rrn{uki 6 n{l (a, b, c, d, e uav fl mrri:iluuutornr:n'niirurrvzuaar6flfifi

oritosdu 165 rRNA 'uurn 1.5 kb druurnin Polymerase Chain Reaction-Restriction Fragment

Length PoLymorphisms (PCR RFLP)Inuli'rSutuid'oiirrr:w, Hinfl nr:itn:rvridroYuirnf,latviei6u 165

rRNA ur.rdrurortohraorrYruilutosudavn{lnudr n{l a (oltran YTM2) finarillndf,nrYu Thermus

brockionus O7o/o) n{l O 0oltran YTM4) finrruf,lfiurin'ualrintror6ria Baciltus uav6ria

Geobociltus n{l c 0altiasr YTM5) finrrulndtarriu Geobociltus thermoleovorons (98o/o) nril O 0o

Itrafi KSll_1) iln:r:rtndiqfiu 8ocrl{us subtitis (99%) ndil e 0oltran Kao_P2) finrrllnd?nriu

Col.dimonas mongonoxidons (99o/o) uav n{l f 0oltran Kao_P4) fiarrllnfrtorrTu Tepidimonos

ofidensis 97o/o)

lqa.q'rrnitrivrurrtranif,anu nruvTnurrraqi ul,triuurauqla:rtari o.rriud'r:'lx n.qua:1rori Eatgo

tonesponding Author, E-Mait: scsungka6lmail.2.ubu.ac.th, samghamit6hotmaiL.com
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ABSTRACT

This research aims to study the diversity of thermophi[ic bacteria of three hot springs in

southern ThaiLand. Total bacteria number in Tanoh Maroh, Kaochaison and Ban Natungpo hot

spring were 30, 3.6x105 and 1.45x10t CFU/.|, respectivel.y. The 13 isotates were put into 6

groups according to their distinct restriction cutting profites of 165 rRNA gene obtained from

employing PCR-RFLP technique uslng restriction en4yme HinJl.Ihe 6 groups were named group

a, b, c, d, e and f, and anatysis of their partial 165 rRNA gene sequence showed that group a

(isolate YTM2) had 97o/o simil.arity with Thermus brockionus, group b (isol.ate YTM4) is retated to

members of the genera Bocillus and Geobocillus, group c (isotate YTM5) is retated to G.

thermoleovorons (98o/o), group d (isolate KSll_1) is related to 8. subtrls (990lo), group e (isolate

Kao_P2) is re[ated to Coldimonos mongonoxidons 99o/o) and group f (isol.ate Kao_P4) is retated

to Tepidimonos ofrdensis 97o/o).

irdra'rg: utnfiriuvru{ou rlrrliou 165 rRNA gene PCR-RFLP

Keywords: Thermophite, Hot spring, 16s rRNA gene, PCR RFLP
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Qaur:ua'ru Lvruruua{ilt?n?u19 ran !u

- a 
t" 

, - v
: u o u yl il o n L 1l 114 u n ? s fl 1 Lil a' r I o u vTll il il"nt ri u : r u

uvtu'tvt q.[ d 1 $au arr udr dq;'u o {vt i1,{ u1 n:

1 6uuEdldo ti'l{ rfl u?il8: :rJ rirr o : n

o oY d I r q Y 4yr:l\ u1 n:E:51Jt1 0l9r1UOU tUU u1 L! Il?'l't:ltu tlau
u .t I - - - ea a
dn?n'r{1 s.:611J15nf,ilh16 :uYlllu IAJtg1!Qn{

6 u \Y ' n a a a drd
a?1xd'r n f|J Ln{1u LUJ [ua'] "r:Jruui :n Qaur:ulJ

uyr u'r yr ri'r dqu r n ri oi inr ul n 1:,r, 0 { d{fi ti n du u u
s ( u d Ja o
[a n tuuvr :yt u'] n : t ? n'r nyl :J n 1 u? 1.1 u a v q ru a't

:J r 1 fi 'r a a r :r 1 : n dllill{rJ : vI u t rj dr u d u 1 ld'6 n

il1n:J1U n',r:afru1n?1ilila1nila1uyrllfrrarnrol
a d td J - d a /

1AUr58il R?1tJ6',tRrUil1n tr0.:Q1 n QaUvl:UrUU

uu d w o { n'r 1 rJ lra 1 n r a r uyr 1 { TYu o fl r : il rfl u ur,r a'r

'uorrJfr n-iulnfi uavtrraiuar nr,rar ugrJ ruu ua u

arJ
tfl uuuiirfi ulra{alirniedrr 1 riu6'u (qrrr{,

2553)

ddvaddC
uuflvt r:ut0u50u R0 LtuRllLSuvl

a a ? f -.JroBrgifi ulorlrr 6fi qrura4i:cu'irr 45 70 o{n1

rra rdua 6Mrnrrru uunfi rEurvdrdld'rar u u]ir
X u cu! o

ttlJ u 0 ulTt: 0Ll lt14a {Tta { {1u Lt'tl'rllolJ ux a{l n

ra'rvrlrfio{ui (Bae et a1.., 2008) uuafirEovruiau

rfludriraulnrs{finir ur fi1amirflu otirsrr n
lor

rfi o{a 1 n 6 1il'riodr1il1drJ:clurirrr dru

rvrnlula6fi rnrnldrrnlr u rd! nr:dr r6utd
rJreadvdu

0 afl 1 0c l,x ra6y'r In i 1 fl ttunvl[:uYr u: 01JQua

Bocitlus rrl{luqnarun::il$tJitraunr:nr6nar:l,ri'

n?1ill,r?1u nli1d log DNA Pol.ymerur" dtrorn
dd v 

-.[unfr t5utou 5au Thermus oquoticuslunr:tfir
dAa

tj5:irrun=tduroluraonrna0.t (Brock and

Madi ga n, 1 99 1) 1urir.:iliv rr fi fi n 1i f, nu1 LLUnfi tiu

yruiouotirruviir4aru Inurafl rylu{rniou (Brock

and Madigan, l99l; Abde[nasser et a[., 2007;

Adiguzel et at., 2009; Etnasser et a[., 2007;

.i1u?ou
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Research

Kanso 2003; Reda et a1.., 2007) odr':t:fintr
avf,v.Ja

n15 6 n Bl UU Ar L5 UvrU501JA',rnUlT!50Uil{:J0 U

il1 n nir 1 1 2 ur,irlurj:c rr nlvruflJ fl oo fuu'sfi lil
u a a C, l J - 

'

il1nufl n{Luuvlu1f, 1J lQvlQvfi nuln?1ilua'rnila1 u

Z - , I ) or .,
u o{u:ut 1 fl Suunvttsu Luulv{: a utTalu tT'tou1 LU{

nT : fl n uT rd a n r:rirhfl {tj:clutdti olil'h ou, nn

inorJ:carirawluii'er
't

6nuramuva'rnila'ruro{uunfi 6uvruiou

" Z v t.
lu{rniouaru uvirlunrnleiu oril:v rrnlvuuta uiuu

aa A {F a .d
rflo'uoruunfr rEufr runldlou nlii rnilulidu 1 65

rRNA

ad c - -u26n1tn1[UU.:1U?0U
I

1. n1'uufllta

1.1 nr:uiufiradrl
du,tt-

[nufl ?ou'liu1 uacRunlnuoulr{:0u n1
.v , Z v

ru'tu [rJ t:1 u (fr uil odr f ou uri 2 cq'r uan 1 ru1 v LuJ

Lr'r v d1 m0 rufl { i'{l4iff uu ar ) u orlr4iourr'tt'u

au (rirururfsar ilil a n'rtanrrt'uau €i'lmatt't

frrau druinfirqr) ruayilorhuiauurrlrInf tlan

lvr:) (riruurrirlnd druaurri.:Ind dr m o n t,rar
.s a c - g

e.: x'r I ?rr q.: ) [n u ta 0 fl r n un ? a ul { tlu tta 3 u 1 a {t'] tl
. I t o e ra.^ d .

ua0n rt0 ua?u1nauil1u{x a{u,un n'l:r1\ 0vl1 n15

ilnao{edolil

1.2 n1tfiud1u?ulCa uuifi riunuiau
!

uasfl1:ltt,nrta

dr n r: riul'ru?u uu nfi Li u f{ril oIn a

i6 n r : S pre a d p lat e In u rl r 6"r o d r I fr'urr t6 o o r.t tt o

Q'r{ 10 ryir uavrtoors 100 rvir lrrirnr:n:vnrs

rdauuorur: 0.5X Nutrient agar (NN {{ililrrd

oruunidrmrrvdilrfl!1141 24 48 ddil{ riuo'ru'lu

l#rdro;ryu olxli o.5x ruR ud': riru':ru c FUlml.

v & a s s aJ
fl:otJr{ La0 n Ln Laur$ann1.:nuil1v1n1:?Jouu

01141: o.5x ruR orulr,rrirulpi'rdorBaydudrr6u
I roo o !, , h .

L?ra11f,fl1j1[U't UnA LU

t. g ilnuT dnuol!?rl{dorf luemu'rro{
aa d ry , I v

uufl ?ll:BYl uun lff o1 nuauTllou
,!e-t

rlrrfr ofiuiqvr6udrorntio 1.2 rrf,nur
ussdle
dnBruuLnLaI nltnoAunirJ ta{Ltort?ar 24
.is u a a d ev
t? Ll.t': Fr:?Qaau anufuv rtaa[aun1:n oanlu [Fl

ndarlavr::nri

z. nr:ira:r#fru 16s rRNA taudauuafiriu

2. 1 n1:d fi'rIa:Iulsxaa6rdura
(ChromosomaI DNA) ?a{uuafitiuf,rui6

CTAB/NaCl.
t.d

tau{r$aarunvrrEuluorur: o.5x NB 30

mt. rtur':ar zq d:Iur rirrradlrflurudurd

n?l:Jri'r 5,000 :oueioulfi 15 u']fi n06'l:auaru
,:9drutufrr 6rrncnauttaaidru TE buffer pH8

1 mt.lrruacalurradlu rr udrflrrvCu{d 13,ooo

' d- - ! v e
SBURAIlyl 3 U',tYr rlFIuo{Lra?r{ UA?AUalUnou

rtadlx TE buffer pH8 a00pl.. ila!Ltadl#tflu

rdordurfir 16l t0 mg/mL Lysozyme 30 pl.. eral

lfrrtrfi'u tiur'az a{filrsalfiua t d'rllr rfil

10%SDS (Sodium dodesyl. sul.fate) 30 pl.. uav

20mglml. Protienase K 6 pl.. araltrirrirriu tild
qruv{i 50 

oc 
1 tirhr ornu'utJiunrrurdl{utor

rnfiohirflu 0.7 M Nacl. d':u 5 M NaCl. rfil

a1:ava1u CTAB/NaCI. 0. 1 rviTroqrjBu.rrdfi tilJd

65 asnrrsalfiua 15 u1fi t6t 25:24:7 Phenol:

Chtoroform: lsoamyL al.cohol. urir6urJfu'rol:
I cy u u ri J I

lrlnun?au1{ HfltJlxrl,lnuru'l'l uurulunvl
t aA d d

13,000 :ouqtou1fr fr 4 0{f,'tl?,ar{ua rilul?al 15

u1fi oo61:ava1u1ad?uulLil,ur,raao 1.5 mL.

aA
uaonlvil radn 16uinr:qg r6unun out{ad (ceLl.
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'i'lu?ou

debris) oonilid'1g tiu 24:l Chtoroform:

lsoamyl alcohol utir6r.r Glrn:rvirn-usr-:odrl

ruauhir{rrYu f,u,,rnC€,od 13,000 :ousiolrfi d q

ornlre,ar6ua rtur:ar 15 urfi ooar:acarula

druuul,ritur,raoei 1.5 mL. uaootvil rfillolq

h:rrruoa udrdu dBurm: 0.6 rvirsostlilrn:
n-':otirr flur,t,rimd 13,000 :oueiourfi i q o.:nr

rrai6ua rflurrar ts urfi qqar:acarudrrrrfi'o
9dc.
drrncnou616urodtorooruoa (70%) 500 pt. flu

rviard 13,000 :ouriourfi rflurrar 5 urfi go
:o9da9r

6 r : a v a r a fr ': rJ a o ulri 6 rd u ra [ri.: lo u n r : ril o r,] r

*uurd,1{rltuil'rtu 15 u1fi ava'ru6rdurod':u lE

buffer pH8 80 pl.. 161 10 mglml. Dnase free

Rnase 1 pl. arauhi'uirnu r-ird 37 orart$atfiua

rflurrar 20 urfi rfirln:Illuoadr6urod zo

osntrariua

z.z nr:rdlGrlrudu 16s rRNA lzu

wraiafiiiar{ (Potymerase chain reaction,

PCR)
r rJo q I .- d
[T'lr ru 0i14 Lt lxn1: rfl ilU5!1ru8u 165

rRNA 6O TOT (5'AGAGTTTGATCCTGGCAG3')

ltaU Rd1 (5,MGGAGGTGATCCAGCC3') rirU-

rJ:vnoulunr:r{tJfrffiurfifioriilErrn: zs pt.

{:vnau6':u 12.5 pl. 2X PCR Go Taq@

Cotorless Master Mix, 5pM Fd1 primer, 5pM

Rd1 primer, 5 p[ Nuclease free water uac 2.5

pl. DNA temptate Irrufilil:rrun:lrlfrffiurfifiori

n1,f Ad preheat d 9q ,on.rr'uardsa 1 urfi udr

nrilri'rs Denaturation 94 orarrtarfiua 30 iu1fi

Anneal.ing 55 olnrtsatfiua 30 iurfi uac

Extension 72 osnrrtariud 2 r:rfi iiruru 30 :0u

n :?Qfl auilanr:a-s rR:r vin'16urodru rrniaa cn r

I:aroa6rdnlvr:L^tBfia (agarose gel. etec-

trophoresis) rfi uu riu 6 rdu to u o n t !'r o :J1 n :I'r1.1

(Lambda Hind lll DNA size marker)

2.3 n1i6'nndxuuafiriudeu rxaiin

PCR-RFLP

rirr.ar.rf;nfifiori(pcn product)tas
' { i u d \ lu .

l'tq a v L0 Lfl ta n ! 1 F'] nn 1 tYr 1 u o ? u rou Lt il 0r o n 1 r?{l v

Hi nfl lnuldar:railurJiursr: rr-.:ri olild r s.a p I

Deionized water, 0.2 Ul. 10 pgl pl. Acetyl.ated

BSA, 2 prL 10X buffer,0.5 pL 10 U/ pl. Hrnfl uav

4 pl. PCR product iludqeuuqn' 37 a.:qrttat6ua

z drll r fl :? n 6 o u ar a n r : 6'o dr ru r ; r a r l5u1ri 6'r u

ASaCiSddaodC

ryl auR ac n1 156 rn a 0 ra 6 lYr 5 Lv{:?Jfl l,?r uu n u0 ra u r0

u0nuu1nil1n:gru (100 bp DNA Ladder)

2. c nr :i ra:r s rldri'u 0r adlalvrr{r a q

Eu tos rRttR

frr uvuloh ra nt or n dldldo r n n r :o'sl

n {ld'r u rr ni n PC R RF LP q n iirhJr,r r rir o-uir aa'lo
r rJ d d s a a d
Lyl ovrl4u? t 1 tn:1u14a1 5t? Lil taqa n1 n?t1t?tR:J

n ol c ul,{vl u 6 1 a n i r uri vr or 6'u? o u uri u rir rir 6'u

irnfilotrdtros6u r6s rRNA dtd'hjrGrurfi uurYu

grudorator GenBank loutdlil:un:l BLASTn

( http ://www. ncbi. h l. m. gov/) udr : v lti m o o r{o

uu n fi ri u fi fi n r r u f,u vYuril n di or n'ulalt ua ru r n d a u,

g o'uduu:n

flanltnRao{
- t e o a- J
1. nTBAnrtauaJn1'lruvrulutrufi?tltuilutau

rua n r : u-un'rrr u r{a uu n fi G uv rio uluti o

rlrliou a ur,ir ki'uri tiarLrliaunrrurvurr:rv
' i v u , i - ,s.(.s

uoulr!:outl,1tu6u uacu0u'rrrr:ouu1vl.: L'lrE ( Lnn

h.-Jlg
lvl: ) [ao{ff {r11:1{v1 1 fl an']5 [un t?0 !!unv.i141lti

td ra loIsran rturdorrntiofrrliaunrru1ulll

rrrv 5lal$mfl ran.:o-snr:rsd z orntjarlrliou

[,,r:]i,-,1-I,,1
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rulfi'uau q lalrrno [6o{el'.rn'rr1{fi 3 uavornilo o'ror:1{fi q

r"1r r iau rir uur vi.:L^rf u u n r{ald' q lalt ra n ua o r

..lvo
nr:fi fi 1 r{ afl r:u! a ru?u ilu nr r: uluf rrrSouau uvifl unr 41fr'u o':tJ :v tvnlv a

iia6':atirs quu4fitaruudrdraeiT r ("c) quu4idtil 1"c1 iiruruuuafiEa(cFUlmt)

fi'1tu'rvrut:'rv

rt'1.r,06u

rjruuti$rrf (Innlvr:) 50

70" 30

55 3.65 x 105

50 1.45 x 103

80

55

"6', ,
':h?1x:ou.na.lfi?'r1l

) - N ) tv , 3 e
n'lt'I{vt 2 a nuilv tt ovr ttu n tfl {1 nu ou']11:oufl 'l tulvLr,u t:'l u

I

"oa-ta19uyt :ualta
d'nnrusTnIafi nr:f,afl

g0llun:!

lUlntta8
(pm)nuln (mm) 9J?UU'r

rUirr

tsaa

1

2

5

4

5

YTM1 Gau

YTM2 Guu

YTM3 riuu

YTM4 6uu

YTM5 radn

tuaon

t1460{

tuao{oou

tuao.l

1't??JU

ldruu

l,q{uu

l,RilulJ

l,R,iluu

uuu:'tu

Positive

Positive

Positive

Positive

Positive

L-3

2-4

2-3

t

T5

Bacil.l.i 0.5x1-3

Bacitii 0.5x3-5

Bacitti 0.5x3-6

Bacitti 0.5Y2-6

Bacil.ti 0.5x2-6

J u t ) re ' Z v u
n1:1{til 3 afluilvttovr$un[nQ'lnuou1l'{:ourgltuau

!

a10ur -t:$6ria
frnuor:InIafi n'r:f,at turortad

(pm)

gUirr

ItEEturt (mm) ^tUt{21ru',1 uolJun:}l

1

2

3

4

lGo_Pl 6au

Kao_P2 tiuu

Kao_P3 6tru

lGo_P4 Liuu

2-3

L-2

L-2

1

ln'l

1t1?

1',r?

t'r?

uu

uu

uu

uLl

Positive

Positive

Positive

Positive

BaciLl.i 0.5x1-3

Bacitti 0.5x1-3

Bacitti 0.5x1-3

Bacil.ti 0.5x1-2

n 1r'r {d a a'n tgru v rd'o d u u n16'o r n ti orir 11 iourir uu rr{ ilri6 0n nh :)

alnuYt -t51,r6rta
dnusuclalafi nT:finfl grJirr nu'rnlsad

3.1?uu1
UIgalllrn:il tga8 (pm)turn (mm)

1

2

J

4

KSil_1

KSil_2

KSil_3

KSil_4

2-4

2-4

2-3

2-3

14Ufl

I:UU

uun

15U1J

112n:U UU

1'',]? [uu:'lu

1'1? UU

1',]? uu

Positive

Positive

Positive

Positive

Baciiti 0.5x1-4

Bacil.ti 0.5x1-4

BaciU.i 0.5x1-3

Bacitl.i 0.5x1-3
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2. n1rerffi1srl6u tos rnNnTaui6 pcR-RFLp

d ot q r dc ! &
rlJ0u1 Lar !!LttJoaor01J L0t0n rtoytn 1 3

"l, oln ra n d a fi o16hj i rn : r v rioir u rvr n i n o u n 1Ii a

roatsrsa1vr:Triifi a udrrJ:r nnaradruaoslunlild 1

i - dc
aranlilfiililExrfudlSuro.uoldu 165 rRNA lorsi6

fifiorid':util:uroi Fd1 uav Rd1 (nrnd z) riaon
au c t / i
lrirfiu'ir arrrmnfinvrfirriSlrru6u 165 rRNA uos

r#o uoi a cl ok ra orl pY Io u r{ a ar 6 sr fi fi o r i dl di t u r n

il:vrrfu 1,500 bp uayfirJilrrulrnnodo;ldl,u

n',rmaosniuriohJ otjxl:6nrlfi Non specific

Product trrortj:vrrfu 700 800 bp rfiodulunr:

,ns
rirfrfrori to{loltran YTM1, YTM2 uac YTM3 nl

rJ:rnglunrlrd z r,ud rz oranr:dondllaluan

rirsrrnin PCR-RFLP arlr:oo'nndllolrran

#oru, ts tofurantflu o n{l6o n{l a, b, c, d, e

uac f nrrr:iluuu nr:d'ndr rfl rcro.: r6utqrid'rr
U

dtrrv Hinfl (nrnd 3) nd! a ld'uri tol,rran

YTM1, YTM2 uuav YTM3 n(u Uki*n"loluan

YTM4 n{l c kiunlaltraar YTM5 n{u O 16'unlolr

rafl KSll_1, KSII_2, KSll_3 uav KSll_ n{u ebinri

lottiaqr Kao_P1, Kao_P2 uav Kao_P3 uacndil f
ldunloluran Kao_p4

n1ll?t t In:Iulsrroadrdurorarrdouuafir':'uyruiau#sts lottran lrruraul = yrM1, z =yrM2,3 =

YTM3,4 =YTM4,5 = YTM5,6 = KSll_1,7 =KStt_Z,8 = KSll_3,9 = KSll_4, 10 = Kao_P1, 11

= Kao P2, 72 = Kao P3,13 = lGo P4, 14 = Lambda Hind lll DNA marker

.J - a dd t ! dd a t'
n1T{fr 2 araaranfifiori'uo.ttfrouunfrt5ur!5au1i'{ tllofurafl lourau M = Lambda Hind |l DNA marker,

1 = yTM1, 2 =yrM2,3 = yrM3, 4 =yTM4, 5 = yTM5, 6 = Kslt_i, 7 = KSil_2, 8 = KSil_3, 9 =

KSll 4, 10 = Kao P1, 11 = Kao P2,L2=Kao P3,13= Kao P4

::
f-a--(D

.;

I

9 l0 ll l: 13 l,l

bp
+ llt]o

+ ai6l

+ l0:7

+ i6l

lo lt lt 13

._(rD__(DrDtD_tD___
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=YTM2, 3 = YTM3, 4 =YTM4, 5 = YTM5, 6 = KSlr_l, 7 = KSil_2, 8 = KSil_3, 9 = KSil_4, 10 =

Kao_P1, L1 = Kao_P2, 12 = Kao_P3, 13 = Kao_P4, M = 100 bp DNA marker, frrd'nU: a, b,

c, d, e $au f $aor{JUuu!nl:frodlrnrvdunnrir.:rYu

J-nlfl{fr 5 aranl:-?rn:1vridr6'uruato.rdu 165 rRNA racuriavlokran nJiutrfiuuri'uglueioila GenBank

uu6fi 6uiifi sir iuii ra f,Ialyi t 1 . a ----

tu0:tgufiR21!tl/tll0u a?1uu1?6lnurudyrti
lolrmn . ud J[nat6u{I'tflil69

I
(7o Simitarity) rGuurfiuu

n1T{d3r{af] =yTM1,2

YTM2

Thermus brockionus

Thermus scoto<luctus

Thermusflformis

97

94

93

491/503

451/447

468/477

urrM4
Bocillus coldovelox

C'e obo ci I I u s kousto phi lu s

Ge oboci llu s the rmoleovoro n s

80

80

80

395/488

395/448

395/488

YTM5

Geobocillus sp. C56-T3, Geobocillus

thermoleovorons

C,eobocillus sp. M7

98

98

98

502/511

50y511

50u511

KSil_1

Bocillus subtilk slrain 7245

Bociltus subtilis

Bocillus subtilis lS13

99

99

99

497/s00

497/s00

495/501

Kao P2

Coldimonos mongonoxi dons

Co ld im on o s to i won e n s i s

Coldimonos sp.

99

99

9B

497/501

497/501

497/501

Kao_P4

Tepilimonos orfidensis

TepkCimwos oquotico

TepkCkello xoviei

97

94

92

440/451

441,/456

441/453
u uanl:iin:rvri EuloS rRNa ro{ yTM4

l(r) 2(e) 3(r) aO) Xc) 6(0 7(O 8(O e(O l0(e) ll(e) l?(e) l3(0 M

h
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3. n1:ira:rcr{drr'uOradlalnCtat0u ros

rnxn Inulfilil:ufl :r BLASTn

orn nr:{n n{r1o1r ran'uoruunfi rBsrr

fou n ru:d uuu nr:rYqiir rr r vd r6ura'uar uriav
!

latr ra n d'r u rdulti n"o dr rn x H i nfl udr d.: or"r ur u

tu o r u ri a v n { rtrJ ai r u ri r d'u fi ': n 6I olvr ri ar a n 1 :
d.uJ
?rn5'lvruag':Fl{o'15'l{yl 5 fr':umundlJ a fio rruz
rd o nJEuurfi uuriro'uir nf,talvr ri Ioulfirj: un : n

B LASTn nu'i r rir rr-tir nStotrdi n : rlln dr6 m rYu

Thermus brockionus 97o/o) iltulun{l O 6o

YTM4 fidT rr"ufirnf,lolvrflndrfiusfi'u6fa *ocittu

urau Geobocillvs rr'oda'.l 80% stmil.artty i
t e i Jr r s

riou,rlr rdrurnfl biid'uao s'ir YTM4 rfl u uunfi riu
v d ' { tv

a1 Ufl UE lrll Ltn 0 U1.: LO 14',1 n ltfl 'ttoil a n{na 1?u{u a n

t'"loui', wMq rfl ur{.^ur r}roor npr'r6uro
y e o tu I a 1. / !
FllJUUUTdnn lOU10v ruUO tour0 RailII1nlfl LtB

, J - J rrrrnn'iruiirtiirr firniutridnroueln Sequence

trace dfiuaru Peak luel'ruril+fiurfiu(llduaor
rc JJ. E, - . i t {
t? Luyru) u0 nQ'r nuu rJan 1:nnn1 r?r1vn?u r01J Lrlr

, 4 - J -, u r d c
fl9rQ1rTr1u (r',rlrvr 3 raur 4) rJ{U:'rnlu0uoLarlo
i J a 4 e C { ar t,

tT{lJljuo nl,lu.: [nuu L:Jo: ?lJ't u10tj 0.1t1] n t0 uto Yf i
,. _ .,. j

xilo[6?nurfrur,1J1nt0{ 165 rRNA (1.5 kb) frs

rtuhfl,rild' n': uvru n {l c 6a wtr,ls fi dr o'ui': a610

trnlndrfiulrTu Geofucillus thermoleovorons

(98%) d":uvrun{l o 6o rst_t idro"ui:ndlolvr{

lndrf,urn"u Bocittus subtilis (99%) n":uyrutros

n{u e fio rao_Pz drdui':nSlotvrstrdo

ruji uu rfi su rYuorudo u auf,r fi nr rl1n dr6 uI fi'uAU

Coldimonos mongonoxidon s (99%) uavd'ruvu

ndl r fio rao_pq fidro"ufiraa-lolvrddin'ltr

tndrfiu.l,iu Tepidimonos ofidensis (gZo16) rdo

dIil9.ran'rrilq6a.l
! uo v , !v , i

nl5uuntr0a1nu11.t:0u 3 tt14{ loLtn u1y{
,tf,n
50u01'l tl]1 e $il t: 1 v 1J'tT{: au tg1 tua1J Lta g ull: ou
. ' s .( I dd v \y

u't u u't yr { LTr6 a I il't : 0 Lru n Lt a [un vt t5 uvt u5 0 u L9t

fr'luuo tl lottrarr 6a YrM1, YTM2, YTM3,

YTM4, YTM5, KSII_1, KSII_2, KSII_3, KSII-4,

Kao_P1, Kao_P2, Kao_P3 ua; Kao_P  qnn"qnErl

Inul{irnin PCR RFLp ld'o nrir nru:iluuunr:

6'oiirrrrvaaafinfifiaritrorOurus r**o dx
r6uttriri'orirrwru H,nfl n{l o rJ:vnaud'ruloltr

ran YTM1, YTM2 me YTM3 n'r:irff:rvrieird'u

ir n frlotrrit o { yrM 2 ds rijun'': uvrus o r n d r ru'ir

l,ndrdu.:riu Thermus brockionus (97026) n{u b

rj:vnoudru YTM4 drdrrtur{oHailod ndrr c

rj:c n ouri'rolo1uan yrvs drfi ar.r gr*'rgt*t,

il Geobociltus thermoteovorons (98%) n{u d

il:vnaud'ru KSI_I, KSI_2 uac KSI_a drn"ui':a6

Iolvrriro{ KStt_1 fia':rldun'udlndio6'u

Bociltus subtitis (99%) n{u e {:vnoud'rslolt

mn Kao_P1, Kao_P2 rau Kao_P3 drn"ui':aHlo

lvrduor Kao_P2 finrrua'ufiurftnd0nriu

Coldimonos mongonoxidons (99%) ndil f
d:vnoudrulofu rao Kao_P4 fidrrr-riraf,Iolvrol

1ndr6 or n"u Te pid i m o n a s o rfi d e ns i s 97 o/o)

fi :1ur1unr:{r uunfi riuduunld'ornJrrl

iou lil{rJ:clutrilud,usir{l rrnillu ldu nr:td

Co t d i mo n o s toiwo n e n si s 1u n r :ti o s ufl ': ua v uf, .:

riu dlJ v radr tfi rfl u rh or r a id sldrfl ua r :d"r riutu n r :
n6orfirtlalo:roulo uuunfi riu ctostridium

butyricum CGS2 uav C. posteurionum (Wen

Ming et a1.., 2005) nrrarior6ultfrraqraaorn

Geobocittus thermoleovorons fq rdol{

il:ylotiluafr alyni:!01141T on6rrn::rdry o

,au
tU:UU tYI UUN Ufi 'I UlJ O ilAa!

531
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uae nl:arAflolxlra'fli (Shang Kai et a1.., 2004)
tu a a a J -! 0 n 3'r n u u n! fl 1 : 6 nul n 1 r $6 9.: 0 0 fl r a { ur ?l r.J a Fl

d i .a )v t
t0x lslJ Ia lUAytul 0 uyr !o 11 fi Geobocillus

thermoleovorons tu Escherichio coli rfroar6n

rdulrrilauiavruiaudryir:lfillomarun::il o11,t1r

Qgla'riln5:ilu1 $acrn€o{drorl uasser et aL.,ta

2008) uonn1nfi1Jdlfi:rurrunr:nin l5ultJ
frun u raatfi oluri Or n The rm u s br ockio n us (Vicki

et a 1., 2003) t6uts{a vor v raadarioloi'yrun?'rli0u

uav pH qr ndt6ultincncraadul drnoinr:
dA a a d d t .t a A E , .o E
0r 1\ tJ 11 i': 1./ R ? 1 1r Lu U LU !O ri 1 n Vr 0 U U 1 lu Lt L U

qndrvnr:udiilo n'rrfuor nnr: fl n urviu,tun
, to t A ' o J o aa J tyx

rvarfr is rijufr ura ult fr o c d1 runfr !5u fr ru nlo 1il

FlnuT uavrirhfl{tj:vlurririoh.flu ournsr

fa
Landl:a'l'ia{

6rrfl 12n:vl6, . (30 qalarr 2553). nl:ldil:clut{
ornoiuvritf. t urir. URL://www.sa.ac

.tf,ZUloA ivers itylcontents/articl.esls ute

ap1_01.htm1..
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