3.1

A owoN

10.

.
12
13.

<
unn 3

4 4 e/ o o o - L. 3.
qﬂnsm LANNTUN LRSITATNUUINUINE

allnsaimdlumsmaasas

NITUANARLMNAIAFN 1WA 1 uas 5 Nadans 1Fem Wlls (Uszwalne) 99
gansasd3agilaiia PTFE mumaaunineg 0.2 lulpsiums 15§ Chrom Tech, USA
‘gmﬂ?:ﬂa?zmtluﬁm;mty'm'm (Rotary vacuum evaporator) i35 EYELA, Japan
'gmﬁ?lmm'étﬁnimﬂmﬁa mini Gel migration trough §u i-mupid 1iF¥n COSMO
BIO, Japan

'gmﬂ“éﬂmﬁa‘imm‘imsﬂ (Gas Chromatography, GC)

wisnauialasannng M {u 6890N 138 Agilent Technologies, USA

ARG (column) TiA HP-5 TuadutituAuting s 320 Tulasims 819 30 wms
aalurdausaiawnialalamm Acududu 5% wun 0.25 lulaswng

A o _
LATDIMTIRIA (detector) WA Flame lonization Detector (FID)

dnReenaunman (microsyringe) 110a 10 lulasans

]
d

ﬁt‘nﬂl’%ﬂuuu ISSCO laminar flow §4 HT-122.5 1i3¥ International Scientific supply,
Japan

fuduTeqmianuTesn (deep freezer) arungil —70°% $u ULT1786 131 Forma
Scientific, USA

é’u‘ﬁu‘inmﬁanuﬁqﬁi'\ (deep freezer) REunn —20°4 13 MDF-U332 1i38W Sanyo
Electric, Japan

ingagauugil 30 asranidua fiia Memmert $u BEBOO, Germany

eBe 2Fe

'm’%ﬂqmnqﬁ 37 asAaids e New Brunswick Scientific 18913t Edison,
NJ., USA

lifﬂushl.%ﬂ (hot air oven) §u DO6063 1i3¥M Memmert, Germany

AALWR (oven) 138N Contherm Scientific, New Zealand

: —
naaARLITaUTUEN (cryotube) LTHM Nalgene, USA
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AINFRINAFRANLATNIEATRNTRIIUIA 0.22 TulnAsiums

WinsasdnFag ananundneg 0.22 lulaswns

‘a"le‘ii'lmuauqmvmﬁ (water bath) §u digital water bath SB-1000 13" Eyela,
Japan

Lﬁ?:mﬁmﬁmamm'mﬁqq (ultrasonicator) THAEN §1 FS4000 1i§¥M Decan
Ultrasonics, England

Lﬂ"’a:ﬂawth'nﬁﬁﬂ'mﬁnqmuqﬁ (controlled environment incubator shaker) §u G-27
1i31¥M Newb Brunswick Scientific, USA
iansprLANguIMATiuasTzvauiuLLA1aFey (Digital DryBath) f1 D1100
171" Labnet International, USA

Wissansuasanslalaian 189138 Fotodyne Co., Inc., USA

\3Raa $u P2002-S uaz AG285 13 Mettler Toledo, Swietzerland

m?:mﬁumu (vortex mixer) §4 Gene 2 1i3¥W Scientific Industries, USA
Lﬂ?'ﬂ«flumfim‘nﬁmmuauqmmﬁ (refrigerated centrifuge) $W 1920 1i3¥m Kubota,
Japan

ianathuieaiaglfe (bench-top centrifuge) §4 Mikro20 1 Hettich
zentrifugen, Germany

\F3B9ATI9AELIAA (Gel documentation system) §u Gel DOC 2000™ 1739 Bio-Rad
Laboratories Inc., USA

Lﬂ‘?mi'iaaumf%ﬂ (autoclave) 1i$H¥% Kakusan, Japan

Lﬂ‘ﬁ"ﬂﬁmmsgﬂn‘a’uum (spectrophotometer) §$14 UV-160A 1i38W Shimadzu, Japan
lulastlulmel (micropipette) 117 2, 10, 20, 200, 1000 waz 5000 lulAsdms L
Gilson, France

Cromatofolios AL TLC 20x20 cm; silica gel 60 F, 1i#¥M Merck, Germany
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nsanaiedluBmutalniia (2-[N-morpholinolethanesulfonic acid, MES) 131
Sigma, USA
nemzdsnidudu (CH,COOH) 1i5¥ Merck, Germany
nsalalasaae3n (HCI) 13¥m BDH Chemicals, Australia
naEasea (glycerol) 1i§¥M Research organics, Inc., USA
nglAa (glucose) 1i3¥N Merck, Germany
oy (tryptone) L3 Difco Laboratories, USA
gaanananadinFunnuias QlAprep Spin Miniprep Kit 13%% Qiagen, Germany
TranmaEueaInaznlsaas EASYTRAP ™Ver.2 1i$m TAKARA BIO INC, Japan
‘qmﬂu‘l-nﬁﬁﬁé"nmx Vi BamHI, Bgll, EcoRI, EcoRV, Hindlll, Kpnl, Pstl, Sphl uas
Xbal 131 Promega, USA
‘gmﬂu'hu' Calf Intestinal Alkaline Phosphatase (CIAP) 1% Promega, USA
gaaulasl T4-DNA ligase 13 Promega, USA
uafiaEneu (CH,,) 1S Merck, Germany
WIaimANEAs (yeast extract) 1iF¥n Difco Laboratories, USA
Wgaaususu (fluoranthene) 13 Kanto Chemical Co., INC, Japan
Auaa (phenol) 1T Merck, Germany
AuuwyiTu (phenanthrene) 1T Sigma, USA
slReuAsalss (RbCl) 13 Sigma, USA
a9jiuzpnausuiiines (Chloramphenicol, Cm) (CLLCHCONHCH(CH,0H)CH
(OH)C4H,NO,) 1ii¥n Nacalai Tesque, Japan
AU Truzueniviau (ampicillin, Ap) (C,4H,N.NaO,S) 13 Nacalai Tesque,
Japan
Ausaafuasug (bromphenol blue) 1M Fluka, Germany
enlsaiaa (agarose gel) 1T IUAI, Japan
BLHWUNEY (acenaphthene) 1i3%M Wako, Japan
arFUUNTURA (acenaphthenol) 3% Sigma, USA

BrAUUNERU (acenaphthylene) 153 Kanto Chemical Co., INC, Japan
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aulm (indole) U3EM Kanto Chemical Co., INC, Japan

wafFanaalss (FeCl,.6H,0) 1LiFsM Merck, Germany
\esaazdiem (C,H,) LT Merck, Germany
whaulaeiunnaerdfnuedn (ethylenediaminetetraacetic acid, EDTA),
(C,H..N,O,Na,.2H,0) 17 Sigma, USA

upaLiauAsalsd (CaCl,.2H,0) 17 Merck, Germany

WUNENAY (naphthalene) 1i38M Kanto Chemical Co., INC, Japan

wualaaznIf (bacto agar) 1Fm Difco, USA.

waniamanlsd (MnClL,) 158 Merck, Germany

unnfidenasalss (MgCl,) 1T Merck, Germany

unntdandann (Mgso,.7H,0) 1iFEm Carlo ERBA, France
wanluifianlumss (NH,NO,) 158 Merck, Germany

TnReanAaalss (NaCl) 13sn Merck, Germany

Tnasndanmauaulania (anhydrous Na,SO,) 1iFsM Merck, Germany
Tnranasdmm (CH,COONa.3H,0) 13 Merck, Germany
TaRtnlawmdadainm (sodium dodecyl sulfate, SDS), (C,,H,;0S0;) 1iF¥m Nacalai
Tesque, Japan

{nsnulansanlas (NaOH) 1i3¥m Merck, German

Ing@u (C,H,CH,) 1ism JT. Batker, USA

Tnungdaumaalsd (KCI) Li5En Merck, Germany

unaFanasdinn (CH,COOK) 13 Merck, Germany
unaidsnlalalasiaunasim (KH,PO,) 1i3¥W Merck, Germany

laeanuau (1,4-dioxan) (C,H,0,) 1i3¥n Merck, Germany

Tawsanasunlug (dimethyl formamide, DMF)1i38m BIOBASIC, INC. Japan
Ialadenlalasiaunaging (Na,HPO,.12H,0) 13 Merck, Germany
Insuidaialnsvigealsaziamnlug (N -methyl-N-trimethylsilyltrifluoro acetamide,
MSTFA) 1i5#m Sigma, USA

IW3u (pyrene) 13¥m Sigma, USA

lalalusniuen (isopropanol) 138 Merck, Germany
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IPTG (Isopropy! thio- B-D-galactoside) 1i5W BIO BASIC INC, Canada

Lambda Hindlll i3 Bio-Rad, UK

Proteinase K 1i#¥% US.Biological, US

Ribonuclease A (Rnase A) 1i#¥% Promega, USA

Trizma base (tris [hydroxymethyl] aminomethane), (C,H,,NO,) 1is# Sigma, USA
X-gal (6-Bromo-4-chloro-3-indolyl-8-D-galactoside) 1i5¥W BIO BASIC, INC, Canada
1 kilobase DNA ladder 1i3¥" Bio-Rad, UK

100 base pair DNA ladder 135 Bio-Rad, UK

wuAN S nanaiauazlnsuaimMalunudae

A oy H o o/
AN3T 3.1 udmanTRresuuAnGan 14 luaulee

TR ANMEUTANTR UNEINNN

Sphingomonas sp. SP2 | Ace’, Acele’, Ap' Saiphet

wazAnde, 2006

Escherichia coli JIM109 e14 (mceA) recA1 endA1 gyrA96 thi-1 hsdR17

) Sambrook
(r, m,) supE44 relA1 A (lac-proAB) (F’ traD36
uaTALY, 1989

proAB lac™ ZAM15

wnewg : Ace’; anansairylagdecBumsuiuunasnifuan, Acele’; lignunsondoylaald

asfuundauduunasafueu, Ap'; fEud e njiousuenida




A3 3.2 uamanTArananalan g luanudss
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¥

Fananala | AnwouraNlR Ui
pUC18 Cloning vector, Ap', lacZ, pMB9 replicon Yanisch-Perron
wazAnLe, 1985
pSA3A4 pSTV28 with 1.5 kb Kpnl-BamHI fragment carrying ahdA3 Pingyakong
and ahdA4 from pUPA3A4 , Cm’ URZATLE, 2004
pPC1 pUC18 with 4.7 kb EcoRlI fragment from strain SP2 , Ap' @59 luanuiLae
pPPA1A2 pUC18 with 2.7 kb Pstl fragment carrying arhA1 and arhA2 T T Y
from pPC1, Ap'
pHP9 pUC18 with 0.9 kb HindIll-Pstl fragment from pPC1 , Ap' a¥1alunuase
pPE15 pUC18 with 1.5 kb Psti-EcoRI fragment from pPC1 , Ap’ a5 19lunuade
pPH16 pUC18 with 1.6 kb Psti-Hindlll fragment from pPC1 , Ap’ #5191u91194
pEP4 pUC18 with 0.4 kb EcoRI-Pstl fragment from pPC1, Ap' aFaluuise
pPEV10 pUC18 with 1.0 kb Pstl-EcoRV fragment from pPC1 , Ap’ a¥1aluanuase
pEvB5 pUC18 with 0.5 kb EcoRV-Bglll fragment from pPC1 , Ap' a¥ 1 lusndiae

winewe : Ap; ey fiouzuenidau, cm’ fdushusnljiuzersausiitiines

AN3T 3.3 uamansuiinadlandrasnswamldluanien

Felnses asutioaalalng (5' T 3)
M13F Forward: GTAAAACGACGGCCAGT
M13R Reverse: GCGGATAACAATTTCACACAGG
PC1FF Forward: GAAGCACGTCGAGCAAC
CF1FF Forward: GGAAAGGGCGCTGTTGG
HPYFR Forward: CACGATCTGCTTCACAG
PH16FF Forward: GAGATCGCCCCTGGATC
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34  28ANUUNSINE

341 uwanfuarduunduaandawudann Sphingomonas sp. SP2  WATMIAIAU
fandlalna

3.4.1.1 mapFEavaaunAauLe (plasmid library) 199RENUE SP2

3.4.1.1.1 masranduAidwasanunsnisaseeulsl EFcorl lan
o : H B3 4‘ < . .
Faraniuninunalszuns 4-6 lawaiesiainsayafidue (plasmid library) 189@78
Wug SP2

341111 nsanmalulinABwieaes Sphingomonas sp. &1t
Wug SP2 ANNT5929 Ausubel UATATT (1999) Tandnlalatiataresdessluansias
{F9wa0 Luria-Bertani (LB) (MARuan n) 5 Aaaans dnlilieen 30°% 4w (16-18 1a1.)
dheide 1.5 Tnaans ameantuie 1.5 Naaans dhiudsuiewsnmed® 4°1 5,000
sausiauil 5 uaR nezramznawgad lutines TE (nanuwan 1) 517 lulasans Tl
ednafures Fussscanelalrleidudy 60 Deansusefiadans (MARWIN 1) 50
Lalasdms nanlidnmulnemenduvasalibnuania® 37°1 1 13 wdaRuansazany
nasulaadadamin (SDS) Wudu 10% (Aeeuwan 1) 30 lulasans uasTishiuan
udu 10 RednFusiefiadans (namuan 1) 10 Wlnsdms nanlfdniu Unil 37 °1 1 10
wuansazarnlnfanasalsddndy 5 Tward @eauan 1) 120 lulesdms wazidu
gnsazate CTABNaCl (memuan 1) 220 'ulasame 1n@l 65°1 10 ua¥ anniuidn
analsnefu/lalneliauaansaes (AAnwIN 1) WA BunAsIasazane
gavne dlihuvisedl 13000 seusewt@ 5 wait dhasasaneduLanFiues
aaalswedn (nMARwaN 1) 'luﬂ's"mmﬁwi'\ﬁuﬁmﬁnmmmxmﬂqmv’m dliudeed
SN Thansazaraduuuanidlaliinemiuen 0.6 wihreafupsgaving nduvaen
Widhfusulnngaeidueilithuvied 13,000 seusewnit 10 wift mdaulafiousy
ANAZNAUAILENIUBS 70% (AARwIN 1) 450 lulmsams dlUihuvies wmdaulaiia
wmgianuasauLiLaTazaennaunwmesieiwines TE 100 lulrsansuazldansidu

1aLa (RNase A) udu 10 Rsdnsusieliadans 0.2 lulasams Lind 37°1 1 9.
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341112  nsdealdinfiBuesis EcoRl  wuuanysol

(Sambrook uaz Russell, 2001) Inedaunanaealjizen (sueas 100 lulasang) Asil

alulinmdwe (1 lulasnfusielulasdns) 40 lasams
10x 1iWinef 10 lulnsdms
Talsfu BSA 1 lulasdms
wwulmd EcoRl (12 wisasalulasang) 5 lulas@ms
'ﬁqﬂamﬂszaﬂaﬂm%ﬂ 44 ulasdng

1u% 37°4 16-18 $alua (FruAn)

341113  mAaalusfuseisnuea/raalsvesn  Teennsidu
ﬂuﬂalnaﬂ%ﬂﬂ‘fuﬁmmﬁwi'uﬁml“m'mmnv”nﬂ-nmms‘a:mﬂ antuidailaduuimn
AN AzneuREuiedatdanisanasnaulatanuen 99% Buannisiuasazael AN
arfmdndy 3 uand (meAnuan 9) 0.1 WinreufuAsgaring uaziinen ues 99% 2
wirrenfumsgaine wifi -70°9 15w thawieed 4°9 15000 sevuseu ™ 15 un dau
lanauscdnznoudosianiues 70% 450 lulasans vnluuwiesd 13,000 $RUABUIT
5 wiil mdalaiie stmaemusssuuuazasaeRzneuREedasTies TE 30

ulrsans

3.4.1.1.1.4 mn&umqqm'mauuﬂsm"lumsﬁammﬁté‘umﬁ'aﬁﬂ
uarAndeniudifueiifianaiideins faefsecnlranadidninmesda Taawsien
srnlsalnadindy 0.9% (AANuIN 1) Lwaqlutluuﬁnw‘?aﬂnﬁtﬁﬂUﬂq sedeaein 1l
Wesnma Useslfernilsaudesorszanm 20 uait 9eTusznnlsadldasluutanes w
e TAE (nAnuan 1) Wudu 1 win Wiisuwmileasnilsaia 2-3 . nang1sazans
AdweiuARanuneenadludasia Tﬂﬂ'ﬂaﬁ'auﬁnaznﬂmﬁ'zﬂﬁv'a‘utﬂmn?j'm‘?';nauﬁua
Aamuud 2 lulasng antuinadninseisia Taeldrusnedng 100 Taas 30 i
fianarnisaradnarsazarmedidanluslug 10 lulpsnfusefiaddss (nmAnwan 1) 10

W AmAguaniiusdanusidanslalawnninuenandu 312 wiluwns
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341115  msanameueanaznlsaasdas  EASYTRAP™
Ver.2 (135 TAKARA BIO INC tsznpdi]y) TansadaudiuinaiSuerunasyana 4-6
nlawwgannezniilsdian uazw"q'lﬁu?qw‘ﬁrﬁoﬂ Glass powder for Recovery of DNA
EASYTRAP™Ver.2 smidanssylugiie Taniaafisnléldaclunaanlulasiiod duiin
Fusznlsaian Hn Nal 3 vinassminduernilsaian Lafl 5579 aunssieaznilsaas
TAEMNA (BN glass powder 5 TulAsms naaliidnfuuszialiTignmgiivienszana
5wl e liABues U glass powder Thuwiesd 10,000 sauseu 15 3urd wdauri
laan udaLAn washing buffer 49nN91 50 Winaesiunms glass powder fdussly nay
WidntudonTind dvlufhudedd 10,000 seusiewdt 15 3uns fgnungiiies andaurin
lapanauvus fanaliau washing bufer szweue WBatiWes TE 10 lulasams v luvind
5571 5 W thawieedi 10,000 seusew® 15 Aunfl gadouinlanimSueegiulily
naaalulasiadlng

3.4.1.1.2 nawsaNNees pUCIS #dmdae  FcoRl waldilu

wninaivmelunsairiasayamidue (plasmid library) Te3gneiug SP2

34.1.1.21  nsAmnnmef pUCT8 #ae EcoRl uuuanysnd
(Sambrook uaz Russell, 2001) laevindaunanesjiden (Bums 100 Lulasdng) da
uamlude 3.4.1.1.1.2 mn&uﬁﬁﬂ’m‘ﬂ?ﬁuuﬂ:mmqm'\muqs‘m"lun'\sﬁmmmm‘ pUC18
Aot Ecorl Taedtarmisaastifinineweisds seuanslude 3.4.1.1.13 uaz 3.4.1.1.1.4
ANAIAL  uszAndendudiSueiiane 268 Alawa nlhiEgnssangaaria
EASYTRAP "Ver.2 Auaminslude 3.4.1.1.1.5

34.1.1.22  mandaminesansaaaanaalinnnined
@98l calf intestinal alkaline phosphatase (CIAP) (BHAINSLaENaGRAAINTE 3.4.1.1.2.1
Famniines TE 172 Wulnshms visd 68°1 10 w1# wiluiude 5 will anudn 10X
1iiaf CIAP 20 lulasdms uaziiu CIAP (1 misnsialulasans) 4 lulnsams Unft 37°% 30
u¥ (Fn CIAP 3n 4 laulAsBiag Undl 37°9 30 un¥ Fusnsaransefiaulaeiiunmaesdsn
uadm (EDTA) wndu 0.5 Tuanf (neeuan 1) 4 lulasass SDS Wudu 10% 6 Lilnsass

warTusAiuain 3.02 Wlasdns (Aonandudugaring 250 lulnsnsusiefiafans) Lam 37°4
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60 WM MAnTilssiuseIanues/Asalsnaf uasAnAzNauMEueAedtnIsAnAznaulng
lenues 99% meudmluda 3.4.1.1.1.3 gavinusrarumznauhBuesativines TE 10

Tulnsdms

34.1.1.3 FFunnddueidnatfindduennalsznn 46
Alawa  Arunisimlidend uaznAefmERitumMsiSamnaaauds  Tneni
asarantAiue LA TN AULANTTAIME9ARY 260 UaT 260 WITLIAT (A, LA
A,) ATuaniFn A, sia A, TnemindmsdauilaiiAienndt 1.8 uamindilusiuhaiien
g9 withAgandn 2.0 unmfi'\ﬁﬂ'\ﬁﬁmﬂﬂm{lﬂugq WazATIIN AT U RIS WS

NANNIT

[

adweang (llnsnfuselianans) = A, X 50 X dilution factor

Y 4 aa a o = P
anudsNABuedaaunsn QluRnAEuIeIUIR 4-6 DNlalug) uazlanmainIne
ot T4-DNA ligase (3 mionsinlulnsdms) (Promega, USA) muddaanissminas lae

AasRTd N lunfuAduiadeaunsnsaut unfunRaNINg fall

wlunfupifuedaaaunsn . = MNARBWeRBAUNIN X 3
wlunFumnimainine TUNANLAR NI 1

Inevindaunanreljizen (Fuiss 10 lasdes) sl

lneas pUC18 At EcoRI (Uszunns 20 wrluniv) X lulnsans
lutinAdwerunm 4-6 laug (Uszunos 100 wrluniu) y uinsdms
10x lainduivines 1 Tulnsamg
T4 DNA ligase 1 lulasans
Tntaenlszquaenida 8-x-y Tlulnshms

mMlandun 4°9 16-18 4aTue ()
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3.4.1.1.4 muarefFaendivuwinaaiinainda 3.4.1.1.3 igeen

(3 or i a o
Rnusiaag E.coli anewug JM109 1l pSA3A4 (W1aTiaMussqEiu ahdA3 uas ahdA4 an
Sphingobium sp. sneWug P2) uazfmdenassaenduuwinituiiuifeniseganaluiu

AduBdaAUNS

341141  masENRAANAMUMTIAALALAE Calcium chloride
(Sambrook uae Russell, 2001) méﬂ E.coli mﬂﬁuff JM109 tuamIsudia ¥b (npNwan
n) i 37°% 16-18 Falue udaFnlalatideares £.coi areWug JM109 asluanmsidns
dewan ¥o 5 indans udatliliaeing 37° 4 Falue aunszaia OD4y, WL 0.3-0.5 e ld
duviaiia anudeiaide 5 fedans Wfemnndsademas wb 100 ﬁaa'ﬁmﬁmﬂm
arm flask WlikatinR 37°% aunseie ODgyp WML 0.5 iniTadiasoyauiarn ODy, 7
fiaans Woedeahmeenmuiindilsende uwilwhuis 5 wi uaztin e
mnﬁ:nauwai{ﬁwtﬂ?mﬂumﬁ'mmﬁmmuquqmuqﬁﬁ 4°4 3,000 sRUAGNT 5 W T (Faus
%umuﬁﬁmﬁﬁﬁqmuqﬁ 4°5 Aoem) meWnaRBTeRe Raensazany Tiol (NARaN )
fifiu 40 fadans nezarmmznewseslid T Tz Tl (hadiAsaatiunan) wily
gnarinude 5 wad liuained 409 3,000 SEUARMT 5 wF daurinlane aanthudia
A1902a78 Tholl (MMARWIN 1) Mify 4 adans NTTANLASNAUEAA WdNuAITazA"e Tibll
uilwiuda 15 uniivdeuanndndu uildvaanlulrsiadaendaiiiu 1Bunsmannas

100 lulAs@ns IfuAaNRIMUATag 13T -70%

341142  doalaueeniivuwinanaliadngrenfimudioad
E.coli @eWug JM109 M2t heat shock (Sambrook usz Russell, 2001) Ilaeniy
PaNMURIAE £.coli aeiiug JM109 TiulAR —70°1 mmi'luii'nﬁ'nﬁq'lﬁ’aza'mi'ﬂ 14
Frandiuuwimanaiinainds 3.4.1.1.3 uacwanaiin pSA3A4 1limaz 3 lulmsams aeluprey
Hnusilead £.coli aneiug IM109 100 WnTasans naalfidniuudatinlusainugs 30 it
¥z heat shock # 42°% 90 Fun#t wiluinuSeRsd 3 wndt Buensmas SOC (nARwIN

n) 1 Nadans aaluneesussyde uaztirlihiu 37°9 45 wndt



57

341143  Aadentasirendiuaniisreaduuimaiaiion
FiIBaN13A2LAE Blue/White selection (Sambrook WaT Russell, 2001) wlseningnsazans
LIIUABETRA E.coli uug JM109 insuanafiFrenduuuinanaiiouda 100 lulasans
wunansILueMnLe LB ﬁuaumfﬂﬁ%u:uﬂuﬁ’iau (Ampicilin, Ap) (nMANWIN 1)
A dndugaving 100  lulasnfusefinddms  arsfFouressusaiiinea
(Chloramphenicol, Cm) (MMAKWIN 9) AMMENTUgAYine 34 Nadnfusaliadans 5-Bromo-
4-chloro-3-indolyl-B-D-galactoside (X-gal) udu 2 % (nAnwan 1) Anudindugaine 2
lulasnFuseliadams uas isopropyl-B-D-thiogalactopyranoside (IPTG) (AAHWIN %) il

¥ o ©° ] 4 o 6"
AnAdndugaiie 100 Tulasluand dinluhing 37°9 16-18 datus

3.4.1.2 Aumtuasiuuniueaniliuanniadyaniduiaressewug sp2

o/ A a -3
3.4.1.2.1 Annantaauiitiveaniaug A ndasayadiduiatnsans

wug SP2 Inuldsradtrantuuwinituasaunsnaduusmsudefinanarsiousuenig

2.

a a ’ i o o a 1 &

AU ARBUTNATABA LAY IPTG Unf 30°1 12 49Tue udatulaauudianuidedetivsen

30°9 24 9909 GIRRTABNTILUWTNAIUIREUNATNITONRRRENTALUS TFAINITONAR
3 aan o a a a H a a °

wulnidaljisemaulaoudulaaliduguatn i IWd8uRln (Ensley uazaniz, 1983) finlk

Talatisanaalugaualn

3.4.122 ananaalianiltiueaniaatlutiuaanunsnaanainiaay

P gy ad a daa aa -
NULUDDNTILUALRCULNNANANANNEUDBNTAULUADDNITMNNRIVANA pSA3A4

341221  msatananafinaniraufifitiuesniiug  dosia
alkaline extraction ¥89 Sambrook wss Russell, 2001 Tagdslalafi@uofilrdauningds
nagauURNREuTe 3.4.1.2.1 aaluamamad LB 5 Haaans NILONRTAGY LATARELTNT
firea tliiaeind 30°1 daudu (16-18 93 theide 1.5 N0AaRT AWARATUIA 1.5
finddns tliuisaileusnisadi 4 °1 5000 seuseud 5 wi Buties TEG
(maruan 1) 100 Wilasdms nsvaneaneusdldihudedaafuinines Senals

-y P = -l T Vv ¥
AUNJUNN 5 UM Lﬂuﬁ'l?ﬁzﬂ")ﬂNﬂﬂﬁﬂ\lﬁﬁ?ﬂxﬁ'\ﬂt‘lLﬂﬂulﬁﬁ?ﬂﬂl‘ﬁﬁt‘huﬁlu 1 UaLuQA
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(NMAEWIN 1) SDS 10% wazunlaasda aas1d9u 2:1:7 Auaisu 200 lulasans wanly
Y o o 1 g [~ = a = a
Wndulaenisnaunaealuunuazudluinugs 5 i uaziivatsazatsinunadanesdinm
¥ b % L3 a Il %’ [~3 a : a

Wudu 5 Twand (nenwan 9) 150 Tulasans wilutiude 5-15 wan anduiniuea/
aaalsviafu 450 lulasams nanlidniulaanisnaunaanliun tnluthuwaesd 13,000
SAUABUN 5 WP tarazatstuuuAnlalalnsniuaa 450 lulasans ndaunasallun
Wannnznaunanala 1w lUTumdesh 13,000 sauseud 5 wf indanlafiauazdna
ALNAUARLBNIUEA 70% 450 lulasamns unliTumnes ngdaulana ssmaeniueaauui
uararaupznaudeweseiines TE 100 lulasdamsuasidnanfidueaadudu 10

o

NaansureNanans 1 lulAsans U 37°9 1 1.

A dad

3.4.1.222  usnwaralanNgueandaua (pPC1) 88naINNaIa
Aanaunanalaanndea 3.4.1.2.1 wdasaeulniFasnwiznatesia 1 BamHI, Xbal
i Konl dwsu  Taeaiadneulsdseanancas i iusonsnsni s U uaaaungnaes

Waadiavia 2 (nanuan A) Ineindaunanaesljisen (Jsunms 30 lulasang) fall

waalia (1 llasnfurelulasans) 10 lulasams
10x tiWles 3 lulnsdme
wulniinanne (10 wieselulnsans) 1 lulnsans
ﬁﬂﬂ@'ﬂﬂﬂﬁ‘:’iﬂaﬂm%ﬂ 16 lulasdms

]
1A

UNN 37°0 16-18 Falua (TuAw)

antuindatlsiuuazamannuanysallunisinraaeulmiiandunte  Taedfornilsa

v

lwaglaninswesda fwansluda 3.4.1.1.1.3 amu 2 uauhaum 4.5 dlawa (pSA3A4)

P ppey

) v ]
wazdszanm 8 Alala aANAdIAaNaIANANNEURaNTALE AAlaenTuREueNTuIs
GAReAdnA EASYTRAP Wer2 #auansdsluds

q

dszaneuw 8 Alawa  uazvinlivsgn

3.4.1.1.1.4 azaranaratin luivinas TE 10 1ulasans Bnnisdennanainsananngas T4-

¥
o

DNA ligase Taeiindaunan1edufjizen (Usunms 10 lulasams) fall
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naaiinnunm 8 ilaua (300 wnlunfuselulasdns) 4 lulas@ms
10x lasndurivines 1 lulpsdns
T4 DNA ligase 1 lulasdms
vinlasmlszquasaide 4 Tulnsdns
vinlawndudi 4% 6 Fatua

3.4.123 W BunoumanaiinfinEuseniaiua (pPC1) Tmsnnsdng

lau wanalindandrading Ecoii @wWug JM109 #ed8 heat shock mausmslude
3.4.1.1.4.2 upzineaadsaenduuwiuuewsude LB finausrslffouzuenidedu il

]
1

1un 37°4 16-18 Falag anmiuananaialinmanuns lude 3.4.1.2.2.1

3.4.1.3 TaauudoudiBuiasanunsnuasmsrsuilonileng

mu.uu?';mu'l'nﬁﬁwi'lmwmﬁuﬁféumamLmsn'tuwmaﬁm pPC1 aLsrauaing
Tﬂauﬁﬁa’ﬁﬁuﬁoﬂﬁfﬂhﬂ'ﬁmsiﬂﬁuquﬂm%ﬁuﬁtﬁ'ummmmm (Uszaneu 5 dlawa) Ton
erfpuneed pucts WunnmefnmslunmmansuiisralendaesiuiiSueluusas
Trau Lﬂﬂfmmsi'aﬁuvn"'ﬂﬁmu'\mnﬁna"ﬂﬁuﬁqﬁ‘é’Tﬂ‘lwﬁ;Tmumm‘%uﬁLé'uvammumn
lunanaiim ppC1 14

3.4.1.3.1 nMamusuiaulniFas iz edumsuesaaunsn 189
naaiia pPC1 TanisAnnatafiadanieuladfndniewaaaiin W Ecorl, Hindill, Pstl,
Sphl EcoRV 38 Bgf fi'amm"lLﬂu‘l-nﬁn'qndﬁoaxﬁu?mmﬁ’ﬁﬁﬂLm:nu%ummummm
nanadia Tasinlfjifemsiadoneulnialiaduoviessciia mindounanasalisen

masinantieulsdilaien (Bues 10 lulasans) #ail

nanadia (1 lulasnfusielulasdng) 3 lulmsdms
10x 1iiaF 1 lulns@ms
wulniFadune (10 misssialulasing) 05 lulns@me
ﬁﬂﬂaﬂmﬂ?:qﬂaﬂm%ﬂ 55 lulasams

UNA 37°9 1-2 49T
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$ 3
msanmeiauladfaestiin dieulaiia 2 awnsoldiiinefuiulsfanunsasaldmnuy

gaunan (LFums 10 Wlasdng) sell

naatin(1 Wwlnsnfuselulnsdng) 3 'lulasams
10x 1ines 1 lulas@ms
co © = A ] ) - 3
wulniFnsmizatian 1 (10 miceselulasang) 0.5 lulasams
wulnifasunnzetion 2 (10 wisusalulasang) 0.5 lulasdms
unlasmlszqaamde 5 linsdms

1uh 37°9 1-2 49l

usiteulaafite 2 isnansolitiefanmils Fasiafiazeulniaedadooenlnionly
dounanrenliiien (Fums 30 lulasms) made 3.4.1.2.22 mn&umqmﬂg‘ﬁ"mwm
L‘Ehﬂ‘lilf‘hﬁﬁu?ﬂ‘[ﬁﬂﬂ'lﬂauﬂuﬂﬁ/ﬂﬁE]T?ﬂﬂﬁllﬁ‘u'\ﬂ?lﬁﬁﬁuf?ﬂ’lm?qHV’II'IEI UATANRAZNEY
aduedtiinsannzneulameniuen 99% swusalufe 3.4.1.1.1.3 gavinazans
prnauddueseiniel TE 85 lulasans ufadndoneulnifasumcslinf 2 05

lulrs@ns uaz 10x ines 1 lulasdes tnf 37°9 1-2 42119 uasAmareLILIASURISUE

34.1.32 nslasududouiiSuesenunen Afinmewusilionlnifn
Juwizamda 3.4.1.3.1 laeldionwef pucts Wunnmeiniue ﬁwmm%w?wun 6
Thau Femssdanaradin pPC1 uazanimef pUC18 ilaeiBennmsindonieuladtiia
WBeavFenntiia MndounantealjiFenisfuandude 3.4.1.3.1 uaznmefitnssa
Mueulnirtiadedasimsidamnasianslasaenanafinnnmesfon CIAP &
uamiiludie 3.4.1.1.2.2 wandeaduiiBueseaunsnunnmen st Ta-
DNA ligase (at3nfn Ay, UBE A, tieAInA LIRSS wasAunnERsdoy
wlunfidudidueseaunsnsieuntunfunnmeinms uazindounsurenlizensde
3.4.1.1.3 '-‘nmi’umﬂfﬂu?nﬂuﬁuuuﬁwmaﬁnﬁwjnﬂnﬁmuﬁwm{ E.coli #nWug JM109
MEAB heat shock AN3AEda 3.4.1.1.4.2 uazAndentedsranTiuuudaeia BlueMWhite

% 0 o . o a] -
selection MMlAENIAITATAILLINGRETBY E.COli auAug IM109 ¥insuanefisaeud
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(3 = a J i Q. Qe
wwinagiinuga 100 lulasdse uundassusmnsude LB TnauanslfFoucueniitau

X-gal uaz IPTG 1 lhiad 37°1 16-18 42l

3.4.1.33 nmranmrrantuuwinaalin  MagaaianatafinFuio
188 QlAprep Spin Miniprep Kit (Qiagen, Germany) mu‘i‘%‘ﬁszq’imsu‘?ﬁ%éuﬁm Taeia
E.coli sneniug IM109 FiFreadiuuuimanaiin luamsdeadewmas LB 5 fnddns Al
arsUffouzueniidu tinnaAiasiatin@ 37°9 200 seusau 16-18 dalue thufuadly
uaealulasfadFniriasiiumindd 8,000 sauseun®l 5 Wit uruRBHEARRETHNES
P1 250 Lulsans anshudurivines P2 250 lulpsans uanlnsnisndumasnaunsiesng
urrusesmmilausrlatuneluszznanliciu 5wl Fuasacas N3 350 Lilnsans
nanlanduvaenllinauisnzneuang dllihuisdiguugiives 13,000 seusieund
10 w1 usindawinlaaslu QIAprep spin column tilihuwidssfigmgiives 13,000 seu
sieundl 1 undi mdawinlaie Fahiies PB 500 Talasdnsadlunednd i
oumaiivied 13,000 sauABUT 1wl indautialatie BaWires PE 750 Tulasams asly

o & o

nedan] thluthundsefignamgiives 13,000 sauseut 1 wnd mdausinlanenauinnsiiy
wilnednnafuieidngauinlafivdefnredin]  frerefnindomaenlilasaslmn
Lﬁuﬁ’]ﬂaﬂmﬂi‘:ﬁﬂﬂﬂﬁéﬂﬂ?ﬂﬁﬂMﬂ§ EB 30 lulasAmslinemssuciunsas deiald 1 und
tilfhudesfiqramngiives 13,000 seusieun? 1 ud azldamsazanamanafinegiudautin
la  uszAmassuduASuesesunsnnEhBRea e aiia lnelfjisenissindan
Lﬂu'l-nﬂﬁﬂﬁmmzﬁmm:anﬁoﬂdqunammﬂﬁﬁ“mq (Fues 10 ulrsams) Awassluda

3.4.1.3.2 AUNRI4NAN -20°9 aundtazainun 1

3.4.1.34 nmamdduiinpalendreduiisuesesumente 7 Taau
1#uri wanadim pPC1, pHPY, pPE15, pPH16, PEP4, pPEVI0 WaT pEVB5 §93iATsiansy
flnndlalndlaen@m Macrogen INC Ussmpinva seldwanafisdady 100 wiluniuse
Lilnsdms 10 ldasmssiouffBen dhudduwesuury uerlnsuef MI3F (Forward:
GTAAAACGACGGCCAGT) uar M13R (Reverse: GCGGATAACAATTTCACA CAGG)
divdu 5 Winluadelulasdng 10 ulas@mssienlfiBen AiasassidaeiAies Automatic

Sequencer §u 3730XL
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3.4.1.35 sanuuuinsef WamdFuiasewinsduREue
soaunsnluusiazinau Tateanuuvandrduiardlensiameildands 3.4.1.3.4 3
aenuLLTIMNA 4 Insuef FusssnduiondlalnAlunsd 3.3 niseenuunldlusunsy
primer3  online 'Lum?mu?wm'lwsma#mm:auua:ﬁmﬁaﬂuamauﬁ‘lmmaﬁmﬂlﬁ”
Tusunsn fastPCR Microsoft version 4.0.27 (“PCR Team"” University of Helsinki, Finland)
dadanszisnuiiordlainslaeim Bio Basic Inc UstmALAMIAT F9HUNINLEEM
wliWe lndud 910 Uszindlne uszdiinssidnduionatelnAlanism Macrogen Inc
Usznen v eldwanafin pPC1 Wudu 100 wntunfusiebdasass 10 lulrsansse

UpiseiuABwesuuuy

J o o o < l" ¥ 2/
3.41.36 LﬁﬂuaﬁﬂUuQﬁaTﬂiﬂﬂﬁ?)Lﬂi"\:ﬂﬂmn‘nﬂ 3.4.1.3.4 uay
3.4.1.3.5 faeTilsunsu DNASIS-Mac software version 2.05 (Hitachi Software Engineering
Co. Ltd.)

342 Amrzddnsurmedluanavesduseniiuaresaenug sp2

UINFAUBIUTHALLIA (Open Reading Frame, ORF) LUAIEUA4DAUNTNTAY NAEA
fiandlaunn 4.7 Alaws Taalusunsy pDRAW32 version 1.1.93 (AcaClone software) Waz
inuBsudeusdufiondlelndiudeyneestiuiiily database GenBank DDBJ ua:
EMBL FanfruidieulaeldTilsunsy BlastX uss BlastP Wernnemifesduuesllsiu
NARATUT mnﬁ’uﬁmm:ﬁé']ﬁun?nﬂ:ﬁTwnmuﬁqmiﬂﬂu.amhmm‘ﬁﬁaﬂan“ﬁmaﬁoﬂ
Tusunsu ClustalX version 1.83 uazi phylogenetic tree #aeiltsunss PHYLIP software

J o/ ' =} el' = =
package mmmnquaﬂniqmawuamqn Sphingomonas sp. SP2
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3.4.3 ATIZRANNRTAUNIAENUGURIA1EWUEG SP2 WAL A4

Wisusuaduiandlelnaaes 165 rDNA 189 Sphingomonas sp. &18WWE SP2

o Y

(3gnd @1WNTs, 2545) (MAnuan ) Audeyaniilu database GenBank DDBJ uaz

]
=

EMBL Feuffauiisulasldisunsy BlastN iiedirsziaanuimiounisanaiugaes Sp2
war A4 antudanguateugiasasuliondlelnaaes  16S DNA  TaaldTusunsy

ClustalX version 1.83 WA= phylogenetic tree paelilsunsu PHYLIP software package

3.4.4 MATIRERUNITULAAIRBNUDILUDSTUUNDUBDNTALUALY E.coli

a daa a a < .
3.4.4.1 @51 aNaERNANNEuUNNAnaandalud Inawansaanlaly E coli

3.4.4.1.1 RN S wegeALNEN filBnnesthunefiva
pBNFANE FasaTamicaosueanuazing hanissanataiin pPC1 maeaulaifa
e Pt Ineindounanaelfisen (Fuaes 100 Tulasdng)  Aadaunanlude
3.4.1.1.2.1 mmfuﬁﬁmmsﬁwm:mmﬂqqumuujm”tumsﬁmﬁqa pstl Tneidgaznilsa
wadidninsvenda duuandlude 3.4.1.1.1.3 War 34.1.1.14 ANANFY uazAmEenTun

a

duwenidaun 2.7 Alawa wminliisqrssagaann EASYTRAP™Ver.2 fauanddzlude

Q

3.4.1.1.1.5

3.4.4.1.2 WIENINAes pUC1S Weldiunninesuaaseen Tnsnsg
Andneiaulmiinduwiz Pt Tasvindounanseliten Sunms 100 lulasdng) &
dounanlude 3.4.1.1.2.1 f»nnﬁuﬁﬁm‘[ﬂ?ﬁuummqwmmmgmﬂumsﬁmﬁw Pstl Tag
wermbraatianinavasda dwandlude 3.4.1.1.1.3 uaz 3.4.1.1.1.4 Awuddy way
Adeniumuediioune 2.68 Alawa uwnlEqvsAaegaain EASYTRAP™Ver.2 i
wandinlude 3.4.1.1.1.5 uazindamreamansalanaarenarafianninaifiog CIAP A

35luda 3.4.1.1.22
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A ﬂ’, i £ A o
34413 FRNTUADWDABAUNTN Pvdnestiumesiig

]
P

sandauafunnnefuaneeniisienTudon T4-DNA ligase Tandndn A, UAT Ay N
Anupududuredidue  werAnuiindnniuniduiifuessaunsnaauniy
nfuanmefuaneen uasindounanrenlfitindede 3.4.1.1.3 anudelewreniiun
winaalin 3 UaARAT uaz pSA3A4 3 Nadams ingrannnusieas E.coli @raug

JM109 #2835 heat shock ANN3a4a 3.4.1.1.4.2

3.4.4.1.4 AndanaaaTAeniiuuiAeedd Blue/White selection 1
TtiihansaemeuINAeEeY £.col aeiug IM109 finmuanefidrenduuwinataiin
uga 100 Tulasims wundussuuamsuds LB insusnsuffousuenfidauuscaneusaitn
paa lthisd 37°4 16-18 Falus mn&udu?m‘iaﬁiwﬁumms'qufanéuﬁtﬁumaﬂﬂumn?;
fhAnuredumefMdaeenidmueiiifanslunisuaneenmnaniunnresugaeen

J i 13 1 - Lol =5
Inedslalatinuosinde 3.4.4.1.3 asvusmsuiinausnliouzueniGadu assusudl

v
< ]

finen uaz IPTG Uil 30°% 12 dalue sinmsnsdulaeuudiaudnada inf 30°s 24
falua ﬁ'u'mﬁ's'-nauﬁuuuw"ﬁdqwnmﬁuﬁmmmuﬁnaan‘i‘é’mﬂmmumnﬂg,iluﬁﬁwﬁ
wanzan  sdaansondmeulaiisalfiFsnainudulnaliidududind Wdauatn
(Ensley uasAtuy, 1983) Wawanafiafiiinisuamesniastiuneiiaeaniaiuadn
pPPA1A2
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3.4.4.2 asrrdauAnudnsalumMstaedslstnay PAHs 1limsinge 13

alca . = >3
E. coli Wl recombinant oxygenase e

1] 4
lummeseautiveaniilu 2 4an1IMARSI AR FAAILANLASTANASEY TIYRAILAN
b 1 o '3 4 ~ ! .
18un E. coli. aeiug JM109 Riina1aiin pUC18 uaz pSA3A4 uazganaans ldun E. coli.
A1LALE JIM109 NENS183IA pPPATA2 UaT pSA3A4

3.4.4.2.1 NSWFTLNIIT0TDIYARILANUATIANAASY  INALITAAILIY
i a aaa a ] i o o i 3
awnsuds LB Afenfiouzuenidtunsrassuniifines 1ind 37 °1 16-18 dalu @uige
a oo a;d ac aaa a ] ‘J
adluamaman LB 5 Hadans niendfdouzueuidtuuazrsausuiiinen UnuwieAies
o o ] o 1 X a aa d

wein? 37°9 200 sauFeuIi 12-14 ol died@assluaimisinas LB 95 NaRans Nilan
a aaa -~ 1 Z| o o o o
UfTuzuaniiauuasasausniaes LinuueFasatin 37°9 tsvanns 4 42109 qunseia
ODygy, Wi 0.6 wdatsin IPTG aumduidndugainetlu 50 ulasTuans vnsenirdaiaein
# 30°0 200 sauFewIH 4 Fale dradesdlunaearwiiiafilaende Thawiaennaznau
1 v H a ‘\d o ' :’4 ] :" ¥
adfeATaumItNTtinAILANGMART 4°1 8000 FauAauT® 10 uH (Fuusidunauil
s 4 T Bl N x X
NININARINGUUNH 4°F ASBA) INENIMARENTEN UFIRNLTARA B MTRENTEN
UsAsInuMasAIFLAY (Carbon Free Mineral Medium, CFMM) (nMARWIN n) 50 Aadaes
o . dl fd. < ] By -3 o 1% %l =l :”
ilifusilmesnaznawgadimnudussnaindn uRznawIsauNAINBnAT

qavheazatuAznaudos CFMM Uszano 10 HaAaRs (13247991 0D, Wi 10)

34422 agauANANITalUNTEREdUAATA  PAHS  TlARNAT
lumnivhdeisioands 34421 W 2 gammanauiuaslunaeamaaead
UrAanda 5 fadans antuduusimiueuiifainimegaunaugiunsalumsties
TAun arfuuntu arfuundan Ruuuritu uaunasdu Wgesusudu uazlniu (nAnuan 1)
ANENdugavnedly 0.1 Hadniuseliadans uATUUNEIAY (MARWIN 1) AuTiAIIN
dadugaioady 1 Sednfuseledans uaznuAteaatnf 30°% 200 seusewad 20
dalug
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34423 NIRRT PAHS BANANENMNINGT (HEATIAABLITLS
TP ABUNAAT AR MNIMAT ANTEN1IT99 Grifoll WAZATLE (1992) B
anmshewnsasadamaonfusmaufiunsa-ws  widu 2030 Teensdunee
lalasraeinudnd 1 uum axnfuFneTeesinn 1 wihrenniasde nenlidrtulaeld
Lﬂ?ﬂqﬂuuauﬂ’qmmm‘%qq 2 it dirlihavediuendu axnduuendauetaesinndy
Ul afrdaan 2 A% doeiesaeciian 1 wihasnABeRAERL Mudiuetensd
it Funevlanfalndnudamiafiaindmiivdesy anduuendouedaesdnmn
tiupedfuenlasfalaBendammemdminanaie wiesazansfinsadléidy 2 dau
winfy euandnssiannlsznan PAHs fanmeiia TLC, GC-FID uaz GC-MS anntiutia

M 2 doulilszmeliwisdanrrasssmauiigainAwuumyusuasuiaiundn
- o’ i - o H g
3.4.424 ARTHTUALRTANIABLASHARA U MIN AT NEIMNTIVAY

344241  MPRMSTTUAATATINGD  LATHARATUIMAATY
uawmnaman nawafia TLC (Thin Layer Chromatography) tingaufistimeusieannda
34.42.3 aveufomanu 1 Aedans AnuReanasTatalATTuRuTiaud Ly
gavinenilu 0.15 NiadAnfusielisddns traisaratudating 5-10 lulasans 9ansuuwsy
TLC 1wandne 8 x 8 au. laeldrzuuiinazane flulngdu : 1,4-lasaniau : neanzfn
dudu Wudnsdau 90:25:4 (BamsseBunassoBunms) ArauTUsIRTATINADUAY

- o "d -~ : o/ :
uaRAuTNN AU e lAuadans lalalemdairausnIAdue 215-250 wnluwes

344242 MBAPSFILARIARMAS  LATHRATUITIRATY
Tugwismas Isenalin GC (Gas Chromatography) nmqmmzmﬂﬁﬁﬂmawﬁmw
indugainently 0.15 fis@nfusieliaddns ande 3.4.4.2.4.1 Fums 1 Tndams tute
nresddeqafin PTFE Aflawnmgnsas 0.20 lalrsums snmaswssiasiisdalddon
wAllA Gas Chromatography Tnediasrzikanufialasaninna i fu 6890N (1 Agilent
Technologies, USA) aafanitiin HP-5 sunmdurinugudnats 320 lulasiums 819 30 wms
melueeudon milawialalarudadu 5% wun 025 lulasums WanwmmadnTiia

Flame lonization Detector (FID) Awasevinialsiganiozsail
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NN GEFHFU 80 °9

N 1 25 °afeuT  augoumgi 160°1  hold 3w
arumpRdudl 2 3°asau  AuguMR 220°  hold 2 w1
R AT 3 40 *apiau¥  Augomqfi300°8  hold 7w

T ldEReuTuuiasanidoasnsigs 1.7 Nadansseund

344243  msensiuaasRvae  uasaatueTIneTY
e mrnwas Taumnalin GC-MS (Gas Chromatography - Mass spectrometry) 1gau
szmtuisannda 34.423 sxawdonedaacdian 1 Hedans lummaned i Fuminem
Whieziuunuusraruunddu douduamssdn 5 1lin 1Hun Ruuwiu weunsdu viges
usudu Iy uaz uunsnduazatenzneuson Insuiddddinavigaalsazianilug (MSTFA)
100 ulAsdms Liad 70°% 20 wnil ~'nnﬁutﬁﬂmqm?ﬁaﬁn‘lﬁﬁmumuﬁmmvﬁwﬁu@aﬁm
{lu 0.1 fnAnfusiefinddng nsavansezateflideatcuds 1 fadans Hugansasdagl
aila PTFE Aiflauingnses 0.20 Tulasias msiiasmzdansiianalddaemaiia Go-MS
Tmﬂ'dﬁan:ﬁ‘?ﬁnﬂms’quaﬁq“ﬂuﬁnqﬁﬁ’huﬁqmaﬁauua:mmtﬁﬂﬁumm IneRiAsnsi
é’mmn‘?m Gas Chromatography with Time of Fight Mass spectrometry éﬁﬂ LECO gu
Pegasus Il (L3EmaliBuagsuiug (Uszndlng) 41im) Taeldredinitiia HP-5 swmdy
rugudnane 320 lulasums 819 30 was aaluwedaudeamisudalslamudaudu 5%

w1 0.25 lalmsuns 1AFaansa9dmttin Mass spectrometry (MS) Atasrsinneldnnasiail

fUn)GFNdY 80 °1
- :: 4 o ] a o
HOUNNNTUN 1 16 “gflau¥  Augumli 240°8  hold 8w

TnelddRaiuuAasnisondnsuda 2 Nadanseunh



