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sjtctedlsstedd  sMissoamMEts?2 B dZOMISd wo dzw b |
tcOMY toj HJ dEjlodimfts! dzj deg d d , GOLO d eofsHT (
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Mssydy 7 otH, btjekshdn sydmksSd), Bl
(6, 86 %), sBtcOBOIsT 908 h dj ftesdL o sHMIso
fsdzj L dz' R dMS sy Of B = (3, 25%) (CCts
¢ Ctsdztsedd2ud dnfmisded € 2016) . [ Mdets e dz' d3qd

osHd 7 GBI jChktse (sMssemMSts?2 B &OMIS,
11 s, wo dzw s Isfqw : dzj WisjftesHEzC IsT Mz dz' W
My Hddzj ded™ ¥ dzjL O, BOLe Odzj y, B H
1 OcGdejvdzd j dzjWis: 6 o dzgjWhkjftesHEzZSISOB] ot
sBEMizcodzj dets o' MEsC 2 Ctsdzyd dzlstcOyd 4 2

ddals j demd o dz' d3 MEH A SHMIDIEEE,dz" dgYf Isiflsizjo
BOGdMisteOdz! dgr = (2§ ©B ] § tedotf BcH]QIf to, tcOL tor
[ did yDdthE stej yS o 1993 d 1996 cEHOR,
Mrtets?2 dgjWils' 8 toj € 1 s dz/ AhY O testst®j ff, € W0 0 50
2006; szr2apiyitsse s k)L dzj yse, 2014

1d BB dzt dgr 2 WiosdeH  sflstseamMC 2 B dZOMISd
10096, 7 Isrfigfste" O, L jdgdzd € thlg dz' MC R sSL W 2
L Oded 3Ot Is dzOdBtsdz! B8B83 I, Biclsihtcdsc © ( 8 7
f dzsh OHd B d&OMISd) (5 8¢ d&ZOH t Mtshistsw dzd
 sCdZOH 5 MemMisswddd d dmMftsd Lo Odedd |
9 Oy dats It ¥y o co¢ dMmistsydzd ¢ © tcj] Mzt
mMjdz MECtsatsLWwW2Mmlse j dedats @ s ftcsdL otsHMIse O
fsflstswdzdz 2 Rsdzdlststed dd Mshlstsw ddy §sys
] ©OBCOn tojchdtEddt sdtE dsd s d A s B
fjd MCBELW?2Mise j dedz' 59 M€ 52z ¢ SEBJRO f) I dits fry |
sftejHjdjddj O0SdR §sCOLOLjdi?2 =°dddu.
pO0dktse’ & VWisteds kwyy d ° & kOkess, Ml
({s?1) VRS 9dHOB ( ndtkisdEOdaesg Mk .d4 .
fdtejlstesdH’ ), O IsO®Y jieOH szl dzi de®ikd
sfkh jMlse dve sfjw  dzOB dzs H j dad dZ0  tojt
fsye j dedzsets dBsdzfststed dze ©, Stlstster o dzO
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Btsdzj j 60.

s tets 03 f zOdzts o 5@ s d3ts dzd Is s to f dzG O
My dz MECtshttLWw2Mmilse j dzdzts ¢ s fiplse jdeCspj @lEddvw, LY@
fsyes d Htkzedr COIjcetted? L jdigdzj f sdz' L ¢
Bsded ststed dzc L OG tes' ju dizj (d&0)" § YcffseslpartsisRd dats ts d3
s Ofmdzesmisd . [z wodzw jIsfqw Htcj HMIsOo dIsj d
Fcdzj osH Bt R ¢« "B o Mo tHi 2 shisdezEds zde -
Clsts MtsjHddzj dzdj Wodzwjlsfw Mddz dgj 2" dd3
fsi sz jets MBSHjYOd] © oBHJ, §tyo,
Codzlstesdzse o s MaMmj2d) Odtej [(Mdeso dzr &3 d Mists:
34Bj dzL (O) fdtej dgO@ wodzw jIsqpw My decOdedy kc
Iso j cH G 15, CGOL stsBtcOL dzisG 5) 9 nBHJ] ©0OL
stsdzd uj Mise s o' B WBQELe(W))dftelay ddD, 4 O dMd s
MismMse O jets MydeOdedw d 0I3)terzic d @ Is dstOff Ws jst
otSLHEARO tdz f 5 OH O] Is-90 tdfCdsejlzddy , 0 H 2,0
Yy dzseo J SO d Y dotwlilsdz =. vbydlsr e O M s
d3ts y dats ydflsEnlsf'C Olststetsds Misj § j dzd Is § ~ dzts
sCtelzy O h z¢ Mtcj HIEZ.

Il (M@ odpldOMisd Stk d' &3 dmilssyded € 53
odMhiMmlse, d eo-Bj@OHEAHEE) dO, 4V o dzv RlefW
-¢c1 eyt OmMmME oOw 1t See (LuwstCw), W
L dzj CstetsMisOdzyd i 2 ¥ c0O t sMimdd. Il tBhj
10% ftedmatsHdIlsimMw d&O HBd: 1 év. 1 J Msddz]
z0 Mmtsmlstsw dzd d sCtelzy O h j2 Mtej HT d,
dzOfmJ dzj dzd v , 9 Ltsded odzdwdedw {1 Istsegts e

] tcOBtsSIsOr [ ddz¢ d dzts 2 d MmMsOals. ([ dd
[ ddS ddzO, 2015;20dB"Cs9WOshkova, 2017)
Btsdzd Is stc d dzg O L O jodzw O daff f tc | Bets dk tc OL dzd
Isd ctedlssted?2, §oHO jteyJ deder » dgdetsG tsdzj Isdzd d
GSH' B' d&zs f BCOL Odets -] ezl ( DYzt Gl tcd ez &
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27 tcOL s fls@eo d g tOMY sdzsy § ded W d3ts dzd
Slsdzsmdlilsy dz2 dets |t G &. [HdOCts ftod OdzO dzd
MtsH j oy OdzgdW L Istsets ftsdzdzt sOdzls© o Yo O
ssdzr ¢85 1 SoaBYJtecOMMEOWY 1 1w WwWodzw jlsmw
stesdzj S0 G . 1 ety e OMMC Jj dzOr SH
f esd3” h dzj dzdz" n fiocjHftodwisd?2, Colsster j§
o' BlosipQ dA,(4O) f dJtej dzO ([ ddeS ddzO, 2003 ;
stsdzy bsets, dLkzyOegsdy ( @OF & daz@zdg 4
C tstecdzj o ts 2t Ofdsiyfldsvj~dz! dzts s d ftosdL teOMlsOs N
[ Bd&zOtclzy J dzts Bdzs e ts€ o Ols dzts § ftejorhjdedy
fcdzdzt sOdzls© o o9 jcEjlsOIsdoadzr = yYyoOfmlswan 0
Cdzy) dzlstceOydw dzd . 1 OC s dzj ded J§ BJda ( ©) ¢
ftoj d B3z, dedptis,0o 5 dz2Of tcOo dzj dzdé tetsL ' 9dls
MeHJjtey Odedy o GCBdz o982 yYyoOmlsd w©WOMIsy dzd
fzlsd LOGwLdz dzgdVv BJjdzL (O) e desdz ( | Bl

1.2 [JjbtsH 1 CBdztedyu MEiBtsets d@dzdlststc
mMtej H '

1 Z20ydlsj dz' dzOvw Odzlstetst 56 j dzdzOW dzOGtelzL
OCIszOdz! dgts?2 L OHOYkE dBsddlststeddzc © Mtsmis s
L Ctsdzsedyud MEsd3 diisdzd Iststed dze | hdJesCts dmt
(dL &34 6 dzd J h 230, OHdBOC Isd o datg figis(df,)
~dBdUd MEddsnd B oy ¢ 54 (sflsdud MEdd,
ntesRBOBEOWdUjMSd) dBjlssHT ), BIBAESEJd:
BdtsddzHd S Oydwy) OdzOdzdL © (utslsdzdStsoa O, 20

md Bd ud MEdJ B sHs @@ adr) J dMmy t
LEOBdzsedud ME sdf  detis disdsitsQaly] dz¢ d &3 Ud ME s ts
CtcOo d By Isted © d Ibdlttddjlsted . | 609 d o3,
Slsdetsdlsj dz' dets Istsydz d3d  ( iz 20M lsizsdids j diz) dat
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HsMlsOksydts o BSdkd d otj &L OlsteO
dqaj s ls Bisdzjj defj ebdesfilsirtcb) 5 MisC
CtcOo 3 Isted ud ME ddsd B3 stsH Od3d .

AL dSd Y jdijCsdsii b dzv v sy B dzj j s sydz
&jcCts OobtdkOldL k) d &gf. 1 O0dBGd) | o

FnlcsRBOIsetOW dud MEdJ, L dzj Clstetsad dsd yJj fi!
dimmekg @dzdwv (s kL dzgj yso, 1999).
MicsBOISSEteOW dyd M dJ 3 IsSSH T ts ) dats ¢

fsolstwesh dafmw fwsyjmnos Mstesydd d
Btsdzd Is stc d dz6 | 1 Isd d3d Bj IssH Odizd s toj H
fsdzd D dzstedtetso Odedz’ j BAWJjdzgddzr , dzdlstetsL Od

RLLd&zZj ChtesndBdui MSdn wWhfdssi s 020 6§ &zt
Bts dzd Is s tc  dz6 | fted d3d dzw & Is fslsj deyd sazj Iste
f slsg dzyd ©dzO mMd Mmisj d3" dmf sdz L z¥ Is H C
fsdzv tetsgtcOW (dLrdBdtejdzedi bSO MmMdMmilsj o
f sdzdzt sOdzlstgaz » dNtsH Or d oetSLHEZAJ]), ¢ s
L dzj Cstesf csosHdesmisd MdMmisjy &3 ; dMmf sdz L
otsHT  MtHjty Odedw fteddzdd M2 o dzaj 2, Mt
fsyod), Skdzodsdkjlsted® (dL d&3j toj ded j clds dzc
2O 1 dzj Sstesnddddyd MStsjy HtojotcOn jdedj o h
fpdztsy dzr w stec Oded W4 ME d m MsdHddzj ded 2 ) ,
SftejHjdkjdBdsets dj &3j dzsO® dz0 oL o jh jd
L dzj Clstesdzd L O) .

{fbdudmsed sflsdud M ddz d&j IstsHDE ts fsds'd
L OC dzt yOs h Owfpw 9o wSfftejHjdzjdedd €COyj Mlso
ojhjMmMsoO fkljdk dLEyjddw { d&jSktetshkOd d
SltcOy j dzgdatsets dazd dMmylzh j dgdetsets L Isdag o h

[ dIssHT nd i3 U MBS dd ud G sfd s ¢ ©dzOdzd L
f sdzlz ydtisils Ols sy dzts  Istsydzzs dda¥f stedROyds
Csdzd ujMise fdd: sOdkO o ftsBOn iy
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My j ydWw d ydetsmls nd BORZOZdL O. 18 f HEkzG
L Isd d&3q d3j IstsH Odzd yomlists L Odzd &3O 4 Is dzdzts
mMesla M ¢ sBStckzHtSo Odaed W . s tots d3y Is t
fsLotdw jls tsyjddls! Msdd s O gzl ts fsldzdzi dsts
MtcOo dzd Is Jets M dstecdddtctse Odzdzr i3 § ¢ O
(¥rs).

4 ©GOLodIsd] 3 Mtsotej d3j dedets?2 ftotsdyr h dzj d
JYeBBHs sfOHOjIs oMy Biedz h j j C tsdzd y
Colstster n dzjls 1lr1rs d dzafj t©OLtcOBBISOd a:
mMdzz yOj mMsslse jIsmMisedw Cwdzyj dzlsteOydd L C
dzj dz' L W CGotsted Is s Issd3, ylsts yder §
dzjOds d @ dets sz o dzd W dzd ¥ . vsO0Cdds tsBtOL 53,
WL eRSdERd ud MEdy d@ylssHT  HdY Bsddlsstdd
Mtcj HT , dzj oL @Iy des tsyj dedls! Mk BBOte dzts
nd d3d yj Me ts2 ftodtotsH ' zO ydeor j tstc ¢ O dac
BetHB O0dzZOdzdL O oL @Iy des S B jJ demd tets o (
Bdtsdzsedyuj MSddisd odiZj IssH OB dBsdedIststcd dzc O.

Il dsdzsecdyj MS.dj | RBil€wsHZce dyj M sz d3ts dz
dmfsdzr Lz ls BdsddzH S Oyds d Bdtlsj Misd:
BBj IssHT shdzso Odgr Isdg@ tWipide? J SO YIEmils sw
fsd3 M J dedz" » -tbtoccdgidgd LisiEsfigls ( B dtsls i Misd tetso Oc
sBdlsOshdas o d?2 (BdBddHdSOyYydv) . J
Odz0Odzd L O, tsfydats 9 O dzdz' A dzO Mtc Qo dzj dzd d
i tsdzdz¥ Is Odzls s 9 M dr Jdizcid ] & =iziey | 2D fg i v
BdtsdzsedyujmMSdy dHBJlstsH' §sLotsdvels fftcjt
L Octow L dgv s h da ojhJjMmlse dzO Bddztse d yg f
qdzls j ctcOdzt detsj IssSCMmMdyjmMésy Hi2Mlsad],
ftod yddz dzj ¢ Ols d o daizls tc tf tfsth)clzjj dedptis® 5 2L @c oW L d;
MtejJ H' (MBEdRBss O, 2013) .

JHdddB dqL fjtera &jlssHtse BdBlsj Misd
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ey, Brdzs dLEzyjddd o' de O) dadhsad d
magnae dMfMdzj Hizj d3" 7 tBtOL YyoO~-. [ Odzdz” 2 0
02O tftejHjdddadd dLd3jdzjdzd?2 o ydo Of A3y
oLHj2Msadd bksSMduimMSdr ojhjfmks, Mt
MicOodzj dzd¥ ) Ctdastetsdzjds (Tothill, 1909
toj Scd3j dzHts9 Odz 8 COyJ Mise j tsigfiplkd dzigls sy ez
d fidtemfjSClsdodzsets HdzW yjdsd Mmisjfjdd
¢ s, sdz sSBWLOIjdzjdz fted EMmlsOdatse dzj dzd
G BSAsLY2fMiso jdzdgr B oBHEB] Bdso . @D dddslz
tcj Oc dtelas@ss tedz@ dzv & h d,J Kotgklzj Mdz® OMJ ¢ SH dgv b
dzd te J dmf sdz' L 2] Isfyw Bisdz! htspi j QoloOts ailzts t
SHAdsCdj ssydzr 7 otHBtetsMdzj 2, d&rtse d dzd
BCtoststed Odzgd L dzgseo HEs orf Mh dr tOMmilsj dzd 2 ,
(Hassan, 2016).

gtoj H dmf sdz’ LEgdsdd yy @9 scis disdzd Is &
Bdtslsi Misdtetse Odzdw o § tsfdzj Hdzd § otcj dzw
Bdtsmj deimtstcdz" = MdMmisj &3 ( Sal-gasdso, &z ipltelts1?
Msmisswh dj dL ykze mlse dlsj dz! dzts 2 B dtsdzts
fto] s5BtcOL tsoWAsLjdiaj jdink o dzC tsHIE) toj edMmistcdtelzs
M defstce® dzO@ oL Hj2MIlsed] d fjtojotsHwHh
sBtcOBtslIsCd Wstedlz. l ¢€O0OyjMmkej BdBAEJ
Bsekl Brls! dMytsd LsoOd W,jtdjdlsr, ¢
B BB tOdz" , yYjdz'd KO sSHtec Bl@udaf® (v] tod

4 folshi s pBdtsmj dzhfstctse o JtetsB On B
SftejHjdjd hPdesCd2 MfjChte ¥ Odsdzl dvs
ftotsdL o tsHdz" |, stsCMduyde | OtesdBBOIsdyj MSd
lswy § dzr § 3§ IS0 dzd2r0 OgAd) egte 1 ftdnis o O3 B 5 j def
ftctse SCtokyOsh j2 MmMjH' wodws sy ot
fssdgsmis! , ykeMmbsedlsj dz' detsfls! , My J ydw
L dzOyd dzd 4 H dzW Bsdzd Isstcd dzc O MsMmissW dzd
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B dihster 2O tshdksp, BELdEEEOE Odzg MW
dzOH j ) detsyls s & | HiNnNjodL dets? Bdtsdzse d yj M
rdilsyg Sydqw MmMdedkOkzO fotsdmMrtsHdls MteOL &
stcc OdzdL dzgso, yYlsts ftsorhOjls HsMistse j todasfr

¢ CIsdo dzts dL yos Ismw d dmf ©dz! uslhddtsfy
Bdtdzt d3d dzj Mydtelz® luerd BiSdsidaf?) ,( ) § &t
tcOL dzd ydzr = Bl j S IsOr € tolzyEBdQGREZ yMmjitag Hhr d
My j Skt sSCMdCOdzstso, o Issdz ydmdzy or L7
d3j d3B tc O dz, qdzHzydtelzs h A ts ¢ d mulakfmsr2eR4; dzr 2
Woutersen et al., 2011). 1\ Jjmdsslstew dzaC
My Hddzad dzd 2 1 Hzf GlsiaBigylstste sd€3" s ¢, COC f t
~dd@3d Uy MEdr luxeBjddsdipjsEmste” MY smsed2” 6§ dz
mMedsdsze o j M j Mise, sOCdd3 BBEOLBAER L OIBC
Hij2fMlsead] (tdzdzt IsOdzlsse, MBHjtey O damw o

t OL dzd yO¢ Is Ho OH j Is P Pdizls OIsts ¢ md yj ME
IOGtewW L dwes hdn faEh jEmsd damMw o tOL dzd ydz
1 jteo " 2 gL dzd n shdzseo Odz dzO dmf sdz' L
BOCIsjted?2, sB dzOH O h d n ¢ ts defmle Is2066) o dz'
I dsdzs d3d dgd Myd deydw woe dzv jdiudh) “is Isf tdAstay ofrpiRs df,
B sOB sdzd L BO. lted otLHj2MmMlsadd btst¢md¢
B sOBsdZdL BO CdzjIsCd (o SMmdetso detsds  Mis
sftsMtcj Hso Odgdzs o dzdW jIs dzg®@ dztg ydw Jj tcOL dak
qddzls j defd o dztsfisd B d tsdz¥ d3q dejdd s gsdey d d v Offy lg i 4
COyd Mdzs ftsmj demtstets o m ¢ tdmis d Iy dsedadz'L dg
ftocdqtetsHdz j Mo jlswh dj fmwPhao®dtsriune ghdgsphors@¢ d
Vibrio fischeri( Thouand, Mar ks, 2014) . 1 d s
Hijlsj SIsdtese Ols'  fusias2s ISSQjddisd y jd @R f tod tots
Bsecbkzls kM jhdts fteddsd degwlils: mw o § jtco dyd
oBLHERO, fdhjeorna HtesHlkzCIstse, dzser - =

) Mz yOJ tsB dzOtclzy § dzd W ssSMdyuyd M dn
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Bt dstcdesd ® s@p®MmF L Q,] HHtd=k dzj 2" j j d
~d&dud M&dn grogoddsd W Jdfig [k As  d3j ssH 59 H dzW
sftcj Hjdzjdedw ftoedtesH' d SCStdzdyj mMlsea © { tsd

s tets d3j ftedqtocsHdzr = Mo jlswhdafmw hilsOdds:
ftedqtosHdzr = fMtoj H  ofend tsfigz dzfipts tis' o b SpSOarf] Isj to
sfdsse j B Bstherichiadcdli. sdzjsCd sOSCEEts B(
cdBtodHdz j f zOL &3 H T M o MmlslexCOABE g  ©
GJ detsd3ts ® Bste S d n d dzOL j dzgdz" ~ dz¥ d3d dzg
JUXCDABEdzO R sHW Isfqw  f sH CtsdzMisdIlskzlsd o dz" ds 1t
qdalsj demd o dzsy d MbsOBddz dzsy Mo jujdedyg ¢
o tc J d3Zaiatfelskyetal., 2007.

Il sstets?2 fteddzydyf HJIIJSydd s mdS Odzlst
Mo Jj uj dzdw B OC Is jfidyfo?0 didls d dadts datsjehr 22 ktetse j d
sO¢dnr MJ deMstese dzjo" Ms¢ d oo hOjish
ojhimMsea® ddzd dr clkzf {" (Gu et al .,
G § dafiatzy j dzj todz” § Eeéols Odzdg iz fJ cedBtedHdz j
Cslstster n tcj f tstslsly texBDABE fstf fj lsOo dzj dz ff S H
dqdzHzydtelzj 3" = fooBtslststctso .

vOCdy BdMj difsteds § MdMmisj 3", L O My
tej czdzV Isstedzr = W o dzy 'Els gk S oH sMis Ols 5y dzts Y b
MY d yd¥w dude” &3d, d Bseckls dMmfsd' L 59Ok’ f
-~ ddud MS dna mMtsd Hddzj dzd 2, IsO¢ d sty H.
ZOf ted dzd 6, HwotejyHJddd r1s, BJ&Etse d
d Is. H. (Bi rleeg Gwe 2003ps5lts. ,j l2=0dLtdm j demtstcr Mt
tcj] Ocdtctso Ols! dz0 Bh k28 Mk dii3izts thitsjj H jd diZ] dial
st MMO. zZbOBB" , MfJjydwdyd § ¢ ~dd3d
SHds ddzd ctbffk MmsjHddjdd?2 -k ©aRdt
(Odzs B ded 2, dedSjdzr, thikls:, & hiwg, €
1 IsddzB j dzgL sdz ( El ad, Bel kin, 2016) .

|l sfizH Otefyls o j deczts O3 dgQyiztoufigiesraR | ujj odglssadjS G &
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tcOL tcOBIXBQ@ds M| deftstc’ E.debH defndaspls j Sydd ¢ ts
ddsj s h dn GjdetslstsC fd ydz | Meos2Mmise O, i t
fiste MM, YsoettjyHOsNdr BJ &2 d d3ddss tc
telskzlsd, d" h+ wCO, -ROAsEGddztsEES s I8 j OO Y

Il COoOyljumtstpjjtctsdz® © HOdzdzr = Bdtsfj deftsts
luxCDABE Photorhabdus luminescens (O] ) COyJg mlse § C
ftool@clse@®sazd ydzr | Mistcj Mtse " j ( & elstzs®G,s tc?
v O¢, H dzW Hilsj Sydd ¢6jdslstsSmdydz - 0 J
fsotedyHijdzedd 115 (dedlstesL 56 k0Odzd H d dz, a3
dsdzdL dtelzs M jj dL dzlz yjS@EY Y 5 d3fefatdPeolDE & Is f
] otsd3tsISRRaG d PsoxS f ted d3j dzv s Is ro HipgwdzmtstE ® J H
OCIsdo dzr n Wsteds S dmdzstetsH O, ftoso sydtclz
fjtcor 2 MfjydW¥dyid Hdzy  jtesCMdHO o ftsH
olstemMzy MEzf-PaE & ipd OH JdC OdzO. l o3 is tsto
PgrpE  IbPA ddzH Zydtelzes Isfpw  f 6 d dz® s 1.CHIgG) Asffldzeo ¢
WOCItstets o, f sotc] ytm@r dzdf G dz' Bjj A2k Jf dats dz! dz" |
My dJtelsr fseor" hj dzdzOW Isj B j tOlEztcO d
tcOL telzh O hdn GCdzj ssydzz d3j d3sB e Odzz, o @G
f to s Bl P

sOCdd BLOL 5, lojxip tiftiscly j LokasptsQocttz] 7 h
RIS testtee Odzd L dsse  HA&Y RBsdzdlssted dzg © iyt

sCtelzy O h j2 fMtcj HT weo dzw j Isfyw HsMIsOls sy
1 Csdzse dyd ME s2 ss¢MdS sdzte dd. 1My
LEmMf ey Mindesls! ¥, MYy d ydw dydetnls 'dgj o r fEA
Missd ks mis! & | yls s fsLotsdzw j s ftotso sH J L
Bisdz' h sG 5 Cdzd yJ mMlso © ftcdtctsH dz' n f totsE
Bdtsmj dzmtstetso , HidlsjSlsdtlze h da Mz sdz3O te d
Y dudWwdyde = ¢ ) Hjdjdd & oj"jMmise
dzntf J ydw d ydzsmlis fjtcots2 Ctolzf f r d3J IstsH

BjinOddLd Hj2MsadY bksSMduyjmMSsets OC |
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Bsdzj S zdzw tedzlzs BB h § dz o Cdzj 8¢ g, Clstste
et al., 2016).

1.3 RMf{cd Ls90ddj BdEj djHdOydsda
LOCY L dgj dzdz’ & sjtctedlssicd?

t OL dzd o ', ElsjuSd d Htkzed,jf tcafrodstaty fip’
LOGteWw L dzj dzgds ftsyor s tccdpjz sttt r @B oz
fsf OHOs s d Hwkzed] BtcOddyjmMcd]y s
Cslstster 7 Wodzw s Isfw fsdzdyd S dzdyd mSdj Ot
fsdzd - dztstcd tots o Odzdz" | 1 lsj dgr (1 mG) -t s
Hd € Md dz d HJWEtOdat s @&l Mz tc d to tsy O)dadzt j
(1 mi1) . Clsts dzj B zOG tsff ted W Is dzts 9tSLH]2MIs
ftcjHMsOoadzw jIs L dzgOydlsj dz' dzgz¢ EctesL & H dzw

s tots d3y 1Isdrn ojh jMmlse, © BBdz " ddzml
fted o3 ded dad ¥ , Hiclz ¢ d jls OCCdnij dzEBALts Is gV COdfs, &3O 1
ftoj f OtcOIsr, MtejHMso O dzdydes?2 cdcdj dz ,
ftesdLotsHWIsMW o Bd "z Stsdzdyd mMlsej (
d3d tdGdwards, Kjellerup, 2013) [ MtsBkz¥ L OB sy  dzedetsls
ftodd3j dzv j d3" 2] o @ Gz 82O Q Is OG J dzgls Istcd € dzisL Oc
Medrnd Mismsejd WosssndBduimMSéd fiojots
(Chikere, 2011) sttsdj bktets, fOMd & GedO
wodwE kMW  kedzj o sHBEEH' @i ©dy o S dz#
OQdzd W Olsdud MS dd .dd O tdryssolsChlsdodzy j dispfc (At l as
1 OGteW L dgjdgdzr | dd&3d oetsHdzr J { CStsMmdmilsj dgr
Cchtssets fesdmMisHdls kteOdny stkOydy d

[ Mdzts o dz' d3q ftodtotsH dzr dzd WOCIlsste Od3d ,
ftesyd Minkz, Y o3tzy cl®gY e DB (bt H ddge 52 Ml
9 SH dztsG t5 sBi j S5O, MsmisOo H 5 dzdz" A tsls
BICtesBtsyj degsL © L OGteW L dzgj degdesets Bdtslstst C
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Mzsy dzr = EZedzj otsHBstesHdz = fMisj H J dejtagd 21 IsHiss
ftetsyd MM JMisjMmise j dedasdavsj ISii® ds tsHstaufinfld G lsisy dat
L Odzd B3O8 " 3 § stets?2  B(sskizjdej e W Is2{0 1ddj;ls . s |
AY HiStets 9, 2004 0) )l nihawtctfo fn 2648 B sdz! N |
drzuddedy d fJtddijdej dedj t6OL dzdydz »~ Isj
Bl so .

[ JIssHT Is®dydfisls stec Oded yd MS d n L OG te
Motclzf f Jtetso Odzg o Ited tMmdzse dz | COIjc
Bdtsasedud Mcdd. aAdrduimcdi fesyj mm’
Hd Mt j tefpd s, mMsteB yd s d Ctdgoj CIsdo dzr 2
9 Cdzt YyOr s tsGaBiddfls@dasaaIls) dz! dzr § t©J O ydd
Il dsdzsedyd MSd4 Bj IssHT o Cdzt¢ yosls B(dts
BJBHJGtOHOYdd BtecOdzd yd M dna f sdzdz¥ Is O dzls
stc ¢ Odzd (ARENBRHAOLL) 1 0 MjetsHdzwh ded?2 HJj dg
OCIskzOdzr dg = Isjd3 9 {CdZcedyj MSdr dMmmdzj
yomisdesmlis d, dzj W IsW dgf B dzOw dgef J dzglzgzth ¥ s oz ©
Br dzd ®©OL tcOBSIsOdzr d3detse syd mdzj dadzu gtalls j - «
2010)

ltesyj M BBy &3 HJOYdJ S§tedHJ dv]
BCtoststce Oded L s o H dzw HylssSMdWdseoydd
oJhiMmle, CtltsteOV sijfdcal)adzd Odd o dztf Q tc OF
stcOdzmW stcdzOydd ddzd HJGEGtOHOYdd L OGtewL
s § dzdzts, CBEGHO dzO sy {plssity, B Ko dzvig fit
L Csdesad3d yd MG d LWWiSlkdoeadz &3 d 1 Csdzs @ d
sydmlsSd oL dzd yde v Ledzfts 19 wthtsoo j8lg fatia® ¢ t§

2007; Kumar, Khanna 2010) . S sdgj ydzg' | ftotsH Iz
(B dzj eOdzdL Oydd), bOCdj C0O0¢C otsHO d ka
d sSttkzyosh j2 MmMtejHr . 10detsdzjj yYyOMmlists

sjttedlststed? ftaHdgjev s Isfyw d sfyls d Bz dzv yd d
COYHT?2 dL Stbtstern doijjls Motsd ftoj d diskzh
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RNy sdz! L so Odzedj BdsMisdBzdy ydd )das:
B dzj tOdz! dz' fzj BBEJteOL ZOCOj B3 | BGtec Odzd U
qdzd HOYj] ofLHEZ bkt digEfissisic| dgsc zls
jfisjmse j dzdetsets SCtdtydzdi0 BJCtottsted
(Oolsshlstsdzdzs? RIS totsl dzste’ ). v OCddB Bt
Bsy s EMmMstcOdzd Is- L OcteW L dzj dzd § , dzj f stc
dMissyded S 5o ! bz degtdeH O ddzd s sMtcj H 59 O dzdz

CSGHO BICtotststcs Odzd L d3r fesHEydlzs Is
fjtcodydesets Mk MistcOls O, dets dzj S tslstster j
Ol OC 59 Ols! ihj d Htkzcd] olststed ydz j

BdtsmMisdd@zdzy ydd bzfztzBiy s B d s iptste@ioO € Is O dzls ts
dzdets ftesHEzZydtokzj &3" ~-H ZHB oz Sts s ® Qdzd WO i3 t
LOGwWLdweh jj eojhiMmseats BBdAzJ | BJdBHMIs
o dzj MJ ded § Bdtsmtse d3j Misd d3" A CdHtctsW tsB dz
Is s ¢ iy d yBemfigtsefal 2012)

CWWjiClsdoe detsfls: f tod d3sj dzd ded v Bdtsmisdd3
Bdzsc dr Oolssteso . stssBh Odzsfy! tsB EMY j N
teOL dzd ydzr n ZyoOmlst On, L OGteW L dz dzdz" n 7
Msslse jIsmiseaze h dr daj stecaOdzd ud MSdrm TdIkO
WY stcO) ftcdo sHddzs ¢ Zmd dzj dedets dzz  tetsfr
BIStosW dztster , EMEtstewvw Isjdz MO d3 B dBstej ©
et al., 2015; Zhang, Lo, 2015).

17 dzs tsB dzOtelzy § dats, Yysts odzgj Mjdedy OL
LwwgSlsdedzr o3 B swacds g BHBEBPlSo 2w
sCdMmdzj ded¥ Ecedzj tesHdzr » MEBMistcOlsse. v O
d fted dmMytsd LseOddd BdtsMisddzdY ydd Hc
l1duv HBYyo. 17T dzs ¢ 0OL Odzts, Ylsts IstclzH dzis
ydmdzi d of M gt zEMisOs h djMmw o L O
fsyeJ, d@seclkzls BriIsy L dzOydlsj dz' dzs H J G tc OH
sdatso Odzdzts? dzO HtsB Q9 dzj dzd d dAdleldasdy-j dzdzs
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2013) 4 Htkzet2 Miststesdz ,) ,Rudfpemdzjon o Oy G
BdtMmilsd dszdzv yd d d BdBOEZGed3j dzlsOydd dzO
L OGteW L dzj dzdz" = f sye On O dzls OtcCIsd € d,
qddzedB dtetseo Odzd J tetsmis © Q9 Istsn Ists dzdzts 2 d3d
WsMWstcO® d OL IO, Yyomlsts dzOB d2 B OF d" L
ZC OL Odz Hezeddsd OolststeOd3dd o COyd Mlse j
Bt 3 HdOyYydd. 14 B'" dzt tsB dzgOtelzy j des Ml
d OLBIO dz0 OCIsdo dzsMmis! Oolstsnilstsdzdzr = 3
fsyeo ( Ny man, 1999) .

[ JIsBBH Bt c BJORIKBYWOJ sw 9 HtSB 09
h s Odzd3ts o GBS tcBFrihE@tZ{ sBBE o d dzd YyJ dzts e
dhrBHdskz &St @iz Mtstse N(Jemrlarydt al,L O¢
2012)

sydb@oy, Yylsts odzj i dedd Codhseydlzd
LWWJ SIlsdo dats, Yd 3 odej Md dzd J -L G5 ls o stz ozt ) -
Wittdidd dzlsOIsdo dzts?2 Ctsd3lf dzj a3 dzls Otedzts s d d3d N
flswdd odtsfnd 3’ » (FdderEistc2 @) Bsg OC
Bdtsfisd dglz dzzgsf dz' " jdedj MtsH jtoy Odedw ff tsdzdz
M Jets fowdr @3 dmMftsdz! L soOdzedj B3 o d3jIsOB
Ctd3 sOBtsdzdL 30 i §sdBsh & dzj My J ydw dud
Clstsls 3 ssH  dBsy jlIs fteddzj dzv Is+ mw dzO {f to
CHa® JJ Oobbrnlstsdede §| BJSCteststes Odaed L o3F
YdLdtsdatseduyd MEd o' ff 5dzdaW Is ftotsyj M t
BdCtoststec OdzdL d3f dBsclkzls Htsf sdzdzwIs! dzde s
W dztste Iz .

l twH] tOBBIls Mtstseh Ojlsmw B EHUWdidh d
H dzw o smmils Odztso dzj dzd W f syoe, L OG W L dzj dz
(Al var ez et al . 2011; Lee et al .
GJBdydHO®Bd (I nlotsg n dztRtOBLj1dEL, 5 dzds,d32 ,(4S 0 n
stsets, BYdmMOdsts f tod d3d dzj dzd § oBHEID =6 diy ddaisl
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nizstcdtotso Odegdz" = OdzdW Olsduyud MSdr Ekcedzj @ SH T
~nzstcdtotso Odzdz" = f JMisdydHBoe, sO0¢dr -COC
H - dzsteW j dzSC M E2C MEmMdzOY CdmMdazslsO© ( Quan,

1 0 6sfMmdtse Oddd §tsdmn sy W Odap™ daEsdatiziigd
Or Hjdzj dz@ Isted ¢ BtRIZIOLD ( Semr any

1) ¢ Oolstsn IstsdzdzOW BJBOkZed3j dzlsOyd v
BdCtotstste s Odzed L d3r 9" Hjdzvsls dL L OG teW L dzj
ZOSC s dilsj dz dzlz ¢ Ckdz skzteklz d LOIsjd3 {1
By MsstsBdlsOdedy m SHC Isthigtf SifizisL 2 j Ismw , J Mmdz
BdBHJjGteOH Oyd d dzdsLBSztinizts § tizgzigp dzls tc Oy d j 2
or MsC 2 Ctsdeyd dzstcOyd 4 2 Ists¢ Md ydzts ¢ s |
f oo d dzts, 9 1LIsdms Mmdzzyowarn dzlz ) dzts 9 datsf
Ctsdayd dzlstcOydw Af,j ydbstssro ™ 3 $ @ dzd j HisMIsOL
CdzjIstsC Hdzw MEh jMisodzj dzdvw HJjEGtOHOYJdJ
Bdtsmisd &3z dzv yd d L OC dz¢ yO,  Ismw ) Is 5 03,
Ctsdzyj delstcOydes ofmjrm BIStotststce OdzdL d3tse L
otej BBW COCOWoBEBORAs] dzZsOydw ko j azd ydoe
sftej Hj dzj dedz" n Qo lstsn Istsdzdz” n h s Odzdzts o
B4 sOBBdZdU] NS ddd M sMss dshisw Bd .

2) ¢cOdzzsrmlstsdzdzOY B dtsOkzcGd3d dzlsOydw e,
Brdzd orHjdzjdzgr © Hikzetsd3 d3j Mis tsts Bso=e@addzdd

LWWJiCIlsdo detsfls sOCtsEts HYBHABHO sy jls
1 CLtsSG§ dadz § B Ctetststed Oded L dzd 9 fJ ¢ HI
Emdzse dw a3, kOS¢ dds CO¢ pH, sj B j Ok

Btsdz h Jddegmlse j MzeyOjeo BdBlduimMSdjL mc
fdlsOlsj dz' dgr j ojhiMmMsea® M Ctstcj dadz” d3d C
ftosMmlsj2hdrn ~dhdedC S0, sy dvels o' yd
Mzsy desMmisj 2 dMfsdz L s ls ddBBRZsBddzZdL Oy(d &
fsdizsh s ¥ OHMBstesydd odz20 w©WOL dzd Yoz g daefisif d:
odHd Bdtfdzjdz¢d (Quan, 2011).
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3) cBdtOZed3j dzls Oy dw G4 dzOe . 1 HJ !
BsHIWdydtetse Odzdz j BYCtosstce Oded L 3" )
G J dz HJj GtcOHOYdd. dtstsB h Odzts ! sB kM j
G j dzOe, CSGHO 99 ] Hojtagddsj2dzj tBls Qfdgpsj s o
OQolssrnlstsdzgdz" | hIsORBB smd sttt ftedt
Clsts Bl Widaw j Isfyw ZOdZzd ydj &3 f zOL di3d H ,
Cslsster J cBsc zls fJkjHO9 Ols! Mmw a3 Y H Iz |
Ctsdg s cAnpded 2011). ¢t jsB&SBEJE |, yls ts
stedHdud MSEdy d Mydodz d&f j 6teOdad yj dzd
fsmMStsdz S ormMoeasBtsyHjdzd] GJjdziIsdud MS(d
ftedtetsH j iastufotddsjylgvinmMtse jhj L OCtdatsH Olsj dz

1 ted offitgj~d &3z j Mise OR d3j IstsH BdsOkc
dzj H sMIsOIsC ts9 . YyYOfMmlsts B" 90jls My dts G
detcOs s tsmdse dzzr ttsdzr o ftotsyp i toh flzdz

d dzd J Milsj Milse j dedzts mkh jMmlselze h dj . l j dz
o dzj fj dedzdfs o bLIPO d§ S eC L toj dglsdzr & oL Od BE S Is oz
BISC oY zstets?. st ke, BM ydats ot

dimf sdz' L 5o Odzd™ GJjdzjlsdudms&d BsHIdWdydts
folsjdydoOod desets oatsLHj2Mlsadw dzO@ tsCtelzy C
] f simded J Hy MWisddzjIsdw fls O dzd
tOMMd3Olstedo O N dj Mmtse 3 Misdesy § ted 3 dzj d
Isjtectcdlssted?2 COC BdtdZtedyj MEBEs o9tSLHJ 2
edzj osHstcsHtse ftod tsdishd §JjtesChMdHO
tcj OCydlefsdaly d@ COyjfMmlseaj dMlssydedc © Mo tsB
200 2; F a Cher®2009,%iladr) 6 2 0 1 2 ; Mor a, 2014) .
ftodL dzOdz sHdzdd3 dL MO = dshdzr = HEMIsk
dmMf sdz Lso Odz HdzW tOL dztsy j ded W O tzdf g isH Bd
f sdzdzt sOdzlstse o 9o9tsH ], f syoe j d CGclkzddsts
ANj dzZlstsdztso ME G B s¢ dMmdzd dzd v Btsy J Is B I |
Codif dzj SMssBtcOL S99 OdzdW Holkzrn o Odzj dzlsdztsc ts
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sOoCddd SOC Cruéo, dzd Is to d dzls tc d z et@liz29a@P v ¢
t JOCSydw A jdalstsdzO sy jIs BT Is! ftotseo j HJ d
Mtcj HT d dzgj btejBlzjls Mo jh jddvw (Blamesv,

et al., 2013) t d OGJ dzlsr dzj e CsHtsMIskz dzr , dzj «
BJLBYO®OMdEBLON jdedd d dzaj GtjHMISOo dzv b Is
(Pignatelloetal. , 2006) . lteso J HJ dgts d3detsy J Miso ts

i tcd d3j dad dzd © AN dzstsdzs e MC 52 tcj OCSydd )
f cdzdz® sOdzlstse. 1" dzs f s5C OL Odets, yYlsts Mmsy,
M st tBtOBtSISCd d&izijls ftej ddigzh j Mis
ssdz! €585 BHsets dL LIsdms ftosyy Mintsoe . N
Mo d3j Misdets BsHIW dydtetse Odadzlz toj OC yd+
ZHOdzj dzd W 1 v ) L OcG eV L daj dzdz" n f sye
f sz @FOBIsdyud MSdr EZcdzj otsHEStcSHEBBO B' dzd H J

1 smdzj Mtsyd Is Odzdzts 2 OBdtslsqdyj M ts2 d
L OG teW L dzj dzdzts 2 Isted dzd Iste 5 Is 15 dzlz 5 dzfs 3 f syo
Fojddyjdo M 12% HB 73% ft MtcOo dzj dzd
(Schrader, Hess, 2004). Farrgf MmMsOo ls. (2006) tsB
ftcj Ho OtedIsy dz' dzOV -N Stz OEEE RN OS2 stsfsSO¢ yd J
MsHj )y Ohdmr HdkZtd  d&ddiztetsd, nhddy 04
MsOels. (2009) 6BdOkzyddd, ylt IssLmd-
24 Isddze j SMd ¢z C WAS)O,zOBT dzO EZd3j dz' " j dzO { ts
sBteOBIsCd M fhgdEssdsoiSls® toj OC ydd, (
f cdzdetsmils' ¥ dBddzj cOdzdL s9 Odz 8 r~BH| B (tsdzt
(2009) sB dzOtclz ¥ d dzd , Yylsts 25% B deL [ O]
HiGEecOHdEBYOdEsYd sOdedd td OSydd A J dzlstsc
MtcOodzj deds M dMid LsoOdedj s Istsdz! €5 E
~dBdUui MEdd3 CdMmdzj dzdj i3 ( 1261%) § ¢ DL Daz
LWWjiCIlsdo desmls! Mtsyd s Odzdets ¢ & y Y tsclts L 59
Wity dzls s dzs o M 52 tej OCSydd H dzw SBJ L L
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fsHjteyx0hdns fifmMsdydunr, fttd Ctbtsd MM
Hsfisd e OO 7 9 %.

sO0Cdd3 BBOL t5d3, Eydlsr 9 Ow 9 Oy dztsfls!
stee Odzed yd MS d n i s drdgs fiidspddsoddzd jJd — tdizn O t
dmf sdz' L s9 Odzed Bddzsedyj M¢ dn dB3j IstSH
HOdz! dgj 2N § J Ish Ols§ dz' dzts § oy BEtePded oz ¥
BJCtecststee Odzd L dzts o d BB » Odzd L dzgts @ Iz Is d dzd
CMj desBdBIsd S ts9 . sOC Ekxj B' dfthMmiteg O s @i
ftsHIso jteyx H] d2O 1 WW jCIlsdodesmis! Mo d3j Mls dzk
rdBdUud MEdn dBilssHB 6] BIHJOYJJ.

14d 9"L"90jls Mdided dzd 2 ttsdz! 9 dzj MJ dao
CdMzstcsHO © HJjGECtOHOYdd dzjWiswdzr = kcdz
fodzt sOdassatsL dzd C OplisL a3t z®M dzd ¢ j dzj e Oy«
HjGctcOHdkzs hddisd BJSCtostce OdzdL BBOB o |
BdtsHj GtcOHOYdd Fedzj o SHESIGIEH dz2' - Mz Mist
dL zyd ded § B4 OB BdZdU] NS d=A fzlsj? H J
CMmj desBdBIsd ¢ tsor,voqlstse o 5L 3y dz" | a3 MiIs ©

yd ¢ dzj ftc] sBteOL ts9 Odad 2 . J Y j dzts a3, ¢
Fcdzj ot sHiStctSH SO, o Issd3 ydmdzd d dai Wisw d
ftotsyy mMir . sO0Cdd3 tsBteOL 503, o dz0yOdzj  dzk

f smdzj vdedj Hnjofg iy diedj"ls qd3ts g dalg @A ~ W | e d3j d
BdCtesBdtsdzsedyj MEs?2 HJEetwOHOYdd Ecdzj o t

1. 4 AN tlod3d dzls OlIsd o dzO W Hj GIGOHOYC
BISCtesstec Odzd L @30 dzd

S CodXIlp j CO L OGtwW L dzj dzd | sCtolzy O h |
oJnhjMmlse OB], CO¢ BKeOdduyd M2, sO¢ d
Bdtctse " A BOMh sOB 59 . dtcj Hd Btec Odzsd yd M
yomis: MsmMisQodzv ¢ Is EZcdzj o SHEStGEBH ' 9 - 16Ol
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dzj W Isw dezjjo SldstcsH M, o Cdzg yor h dj OdzdW Olsd
dzj S slstster | Htekzed] MtsjHddzj ded W . 14 Wis!
tcOL dzd ydz' = Wtsteds ydrded. 1 sfOHOW 9o tsCitck
fJtjOBBISSd, rtOdzj dzdWw d dMmYf sdz' L HD O dzo
ftesosydtotsea Ols! edBjdz2 Yydora tec Odzd L dit
mMos2MmMlse 1 CMdMisjd3 d HOYJ dr HJGGOH O
LOGctewW L dzj dzdz’ » Isjtotcdlststed?2 L Oded BOJ Is H dz
sls 10 Hts 25 dzjls (uvdd3j ecOL ddzO, 2012).
I Mdzseodzr &3 fEkIsjd3 HJGtOHOYdd bkcdzj o 51
wo dzw j Isfpw BtslstcOdzmW tstcdzO@yd w d BdBHJ G
fsfzdvyyd?2 Ecdzj o sHtStesHtSCdMmdzwe h i d3d €
BOCIsjted?2 d ctedBtso. Jdzd hdesits tOMYt
1 Capfipls j B3O-, d- HBEZY © Bh j2 flzdvyydd
HsisOlstsydets o q6OBH tz! 820% H d&zv ff syo j dzdz
50% Hozv fYByesjdzdzr » BOGIjted?2 d I 0,0
(Leahy, Col wel I, 1990) . [ Is H jOdz'lsdz"
My dudwdudz" B3q W J ted3j dals dz' d3q dmlsj OB
dzi Btsdz 82 M jCIste MkBMIstcOIstso , f s Istsd
mkzh jmMlsekzsls © odH] SCtdhtsttydizdse, sB tc
Hj GteOHOYdd EZcdzj osHtstesHtse d CMmj desB d ts51s
1 OdB Bdz] | @ VIS dsg dg' JO dz! dz" | H] MstekzC Ist
f tod dzOH dzj 3 ORhodbcocout HYy(zdg Z dztso  d Hte. , al.2 00|
200 3; s Otc OMY o GPseddomotas (Baryshikbvaaet , al., 2001;
Hamme Ward 2001), Acinetobacter(Hansonet al. , 1997; | s6 d d
Arthrobacter ( [ 56 d dzts o d Amotebacter(20d0H)ts9 © d H fe
Bacillus (Rahmanet al.,, 2002), Mycobacterium Actinomyces Nocardia
(odzHtc] j 80O dlcanivorax(Cui, et a, Q0D& Matturret al., 201§.
s tots d3y stsc 5, My smtse detsMmils ' & 3 IsOB sdzd L ¢
tsB &ZOH OF Is BdCtesmMC s d uld M CA$Rergilles tc@hvdidg s
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CunninghamellaFusarium Mucor, Penicillium PhanerochaeteRhodotoula,
Sporobolomycg Trichoderma.

1T odzts f 5C 0OL Odzts, Yls ts BB3d ¢ tctsB dzts | t
sjtctedlssted?2 L OadMmdls s dztedrs W OCIstst
(2017) ftcd dqLrbEkyjddd IsO¢Mtsdsddyd MS a6
dzj WiIsj L Octew L dzj dzd@ ~( fdig Wnas's,s B dz@dizd, B Ltcts
f ¢ 0OL Odzts, Yylsts dz0 MmMtsmilsOeo BdCtesB Y d
Ctozdzlsts o, Mcs¢ RtcOdzj dzgdv BtOL Yytse ctokz
f sdzd 9 ©O. ) tcOB sl J Benedek d mMtsOols. (
Msse M j MistwjGF Wi tew L dzj dzgdz" = Isj tctcdIlssted 2

L OGteW L dzj dzd W . 17 dzs f 5C 0OL Odzts, Yyksts o
Odzd W Olsd yd m< dn Fcdzj o SHBBIGBH 59 dzO B dz¥ H
BdCtctstcc-Pizif s BB O sstctso , f tc-j HMis ®o dzjodzd

ftotslsj 5B OC Isj tead®@ (], tc O S detsh dzOo sB OC Isj to
sBteOLYd M Htoj s5BdEZOHOdzdj &3 dzj skydr ¢ dz
MHoe ¢ tcOL dzstsB tcOL d W ) s s tcts dzlz OCIsd
slsted yOlsj dz dets Ctstetcj dzdtetso OdzO ) n dizfC detss
L OGteW L dzj dzdz" JeOLIydv tHsByo " ) ts fy dats o dats d3
ftcj HMIsOo flefj totcdgt j BB OCIsjted?2 (HBRB]d]t:
Pseudomonas) d OCIsddzsBOCIsj tedw dzd .

s MaHde &3 tjL Ezdz sOISOd ftedh dzd d Z
sB dzOtlkzy ddzd, yYlsts HOYJ dedL €dJ CCtalimp]dris]
tcOL dessBtcOL ] © dBOdRGtEBS ™ » lsdzsy J dd VW -
l1ouv BdCtotstccOddL BOBRBI §5CO0L OO o dzOB
sB dzOtclz ) j dzts, Yylsts Cosdzdyjmlsets BOSCIsj tod
Cslstster § sfmizh j Mlse dzvw 8 Is HJ GtcOH Qizfduwd dzt3 .
g W ddzG 5 d3s dzOH T sC OL Odzd ! dzOd B tsdzj- §
HjGtcOHdtelze h ddi3d dL sdzv IsOd3( .

l tOBtsls] Ooelststese Zhou d mMBsOols (2
L OcteW L dzj dzdz" ~ dzj WIsjftesHEZSC SO f syo.
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B YHE kRZtosodzj d3 MisH j todO dgdwvdzd) ypjuf lsee =i @O L
tc s H Bphingomonas s tets d3J sts¢6 5, mMf s dzsMmis
fs¢COL Odz0O H dzW i tcJ H iClerghebddtegjiutpj Aeromdm&sH S 9
Rhodococcug Bacillus

LGdz] o SHBtESH IS dMdzw e h B3d ¢ tes5t6 6 O dzg
stesW dyd MSemtejdzd" e jlsj eslstesW dzr - BOCIs
ftoj ddizkzh j Mise j dedzts f slstej B dzW & Is Odzd ¥ Ols
Zcdzj o sSHiStGSH ™ Colstster § W dzwE Ismw I
Mtsd Hddzad dzd v d3q . Clsdds BBEMdzse dzj dz tcW H
ftiodmikzh dr hMIsORBOB k6 dl oSG teIfC. d ) oz® €
B' dzt f sSCOL Odzts, ylsts ddgjdof t5ls dHidf" t5ifn soB g tg 5 =zt
Fedzj osHsidEgy® Is By dz@ t©OL B Op jizj fiplzk OV y ds
OMud lsd dO0 Sefbs@Blz BOMidgdyd, UJdB3 2 Cd
ftcd 1 lstsd3 pze jlsmsO14 % sls Gdiyshhetflz - ts.
2003).

LGdz] o tSH SEBOH Jtelze M d J BOCIjtedd d
fsLosdzws hdj] ftcdzsh Ols! IstczH dstcOMmise Stcc
~SH] deHftsfgtg dedztse s C B dzls Q¢ 190 ISCORPMIG S dfn ff fits
1 € fls tdz® gz} dz dzts 2 ftesHkzSCydd BtsmikztcW O
I Bzdz c etk OB dzdfL dtetso Ols+  dzj tc O f.ls 9 [sted z®
h |Is O diigpdococcus S tslstster 2 B dz Mfsmtse j dz tcOf
COf j dzz € OVian dgmihds Ward, 2001).

] teW H J d mMmdzi H 5 oda@adgR y @Uslstz] oydptsladsts  Is
Eecdzi o tsHBBtotSHABPISC B3d € e s tstec ¢ O dzghodt®ecus v
erythropolis S+14Hed L B d e Ols j dz! dzts -6 e@ @ dzck 0@z {f de d
md3y Mmd Fecdzj o sHiStetsSH 59 , Yls ts HEC OB " 9 (
1 dzj e BL OoadMmMd Bse 5 Istc Oazn¥ triEKB@talz ¢ &P O B ) t
h Is O d3@hingomonas paucimobiligf H j dzlsdW dydtetseo Odz [z y
B sSOB oL &3 W dphBtc Octds gzdztits & walzr 2 6§ dzlz
Hd S ddzOL ', Colsster 2 Eyomlseolzjls o {6 dz



35

tc O ls j Stafyet al( 2000) . bolstster ftcoJ Hf Sd&zOG
B Is otsodzj yjdz o fssecdztsh jdzdj COlsOB Bdzd
Cdzj Is€ O.

Il dsmMizeW OCIsOdzls ™ ftiosdL otsHd B j dzd
ftsoj tcrn d@2Sfiplsideslz d3d o 4 M j Mise O3, Colster |
dzO3¥ ¥ dzd J§ YdHEBMIsj 2 d MmMfsmseMmlsealzs s
CGdHteW ddz! dzets?2 W OL T . I izt OC IsOdzls T C
I Bz dzr c Jtetso Odzd dzj wWisd d dzjWlilsy ftetsHEzCI
o jdzdyde Ow dr § dzsh OH! e jterndetsmisd d
MOodzr @3 EmMSstew s s dGolyshiz jets &.8,ts dz@ 10 & 3 )( . 4 |
BdMmMkzteW OCIsOdzls 59 o Cdzg Yo Is GdHtsYW d dz
Oz desC dMmdzsIlsdz" = ddzd 4 fIsdH de” n, Oz dzts
f sdzd MOR Oted H T d cdHESWEBd 2 WitcOG d3d dzls
dzO MYy dzdz’ = ddzd Y dtedz n CdmdzsIs . stslso j
BtsmikzteW OCIsOdzlstseo o Cdzt yosls cdzd S sdzdtf dH T
WisiWw tsdzdf dH T d Yddz | Cdmdzsils tO,C Is ff & dzd
ojhjMmlsea® d 1dév ©® ©dHj] yYyoOfmsdy (Desai,

[ | GtcOH Oy ddsd OtdAS ©tdais® dzd L B3O d3d

Isdz his] Cdzdyd Msoets dMmMmdzj Hise Odzed 2
weodwehdafmw sfdtso dz" ds € s iR tsdzj dzlssidys sMyf
dzOfmr M j dedz" | FGdzj o SHEStGISH ™, SBtOL 59 Od
Zcdzj totsH O d O SHBteSH O. { dzd =S Oz )
Yyds dzdud M¢ d-BdeS Qdg'd)s dzef ©OL o | Iso dzj dadze” d3q
Bsekzls MemlsOo dzv Is HtS 50 % Mmr tets?2 dzj Wk
HEB '™ Yyd, O O¢y] BGBOLEZBEIMW o Htetsy, f
St Odzd L B3O A3, IsO¢ d d3d ¢ O¢ tc O f Islg joze(dvd ,

wdotlsdy j. Sk, ojteswlsddts, tBi widjls,
dzdL SR SCtdpyj degstcOydwr o Btsdz' M ddzflse j
OdkS Odzj { sz tedz’ | Bsdzj Skdzr, SCtltster § 74

BilsOBsddL B3 BICtesstcd Oded L 3@ dsdf) dzig @ Wz Gede’
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gL C 852 tOMmMsststcd BBsMmiss 86 o 9otSH , ¢ dzts dz
d3j d3B tc © dzO = d Isj dz, Yylsts Hdzv OCIsde Oydd
v a3 dzy o34 dz d, dzj Cslstster | B S tessted Odzd
Bsclzls dMf sdz! L 59 Olsidz" tc @L dgAsBjtdiftle odg" Jd fridsdid
d tdgjteedd (Rojo F., 2009) . RLO®JjMmlsdz
1 OyOdz' dzr 2 L IsOf Ol tetsB dzts 2 HjMistelzC ydc
Fcdzj otsH StedskisDdztsg Yz 9o € dz¢ yOJ Is Wi tedsd dalsT
Istcj Bso Odzedw € dzO dzdSudify dztsRistief@ & fizetz@ dzts ¢ ts
[JCMdejdzOL T wodwe lsqpw SCMdHStej HEZCISO
CdMmdzstetsH O dL Bsdzy ¢ 2 dzw)tc dztoe 5 d ¢ d fripzstd
[ sdetssSMdej dz2OLr (yoOfmlsts dzOL " 9 Oj d3" 4 G dH
CdMmdzstetsH O, o Ists otcj BYOEPS s @ DOfg dezPdd
10detsdzy j tOMftesMistceOdzj dzdz 2 § kIs! B EMC
wWodw jlsmw MY J y@ &z Qiteadetldzv 2007 ) . [ tsdats
OO kzjls CwdayJolze diilsddz degze cwhkftf 2z MM
Colstster § HOdgjiv Gt Mfgwtsilse j smisezs h dan O
Cdmdztsls ( Van Ha mme, 2003) . ] fndzlz yC
otsLHj2Msoakzjls dzO Ctdzyj-OE Odzis &5 d dzyf tzlf ¥) 5
Otz SCdMmdzstesH O. (s HftwwdossHdls ¢ s
ftcj o0 O sipw Cdgmdplsdziz | Olsj &3 Y dtede § &
dzs Btsd@3dz dL fElsj2sC gk getbs Oflsig o@D iSHo O
ddzd ¢ tetsd s dzf cz LOoadMmddssmisd s1ls sts@ ts
Csdzdyj Mlsoas Oltdiite k eOHCtOTE O MftdsH]j tdmp]jlsf
® HQOX jdgf 3 sOBtsdzZdL Jtelzs Isqpw  yjtejL wd< d
d O (van Hammeet al, 2003;van Elsaset al. 200 7)tsC dsfradsjdsizd
oL d3tsy dz"  jNhJ d3ddzsteds | -cfdnistalts ¢ o Gzdrtc 3@
fcmMdzj Hze P dd&3 Ge-EBOQES Otlzd s dgts ¥ - O L Ok
CdmdztsdsS;  dzj dzdf j o fMzEyoOwW R, CBSEHO € Is
ftoedmMsjHddsj 20 cdHtesS id dz' dzOVd L dPdgdf W € jy lsf t
CdMmdztsist M fsmMdzjHikzshdd tSCdMmddlsj dz¢ dzr d
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(ks Addedzj clsd) (vdd3i tecOL JdzO, 2012) .
Ostsiice kodzj escHO oL By dets CdMmdzj ded j
Otsdiisce kZedzj esHO M I Gictss®ded j €& ¢5 s s

l t©OBBIOR, fsmowh jdzgdzr = 3 ¢ tetsB ( ts dzt
Yyofmsts dmf sdz? L 2§ Ismw HJ dzj dzd 4 des d2O0 ¢
Fecdzj etsHdzs?2 yJjfd. I T HjdveEls Odz¢ Oder fn
Fcdzj tetislst ©2 Hts 4), Mtej bdz] Qlstyztfo v 2 € drlstc 5
ydgre (stsdzjd 18 (VasgsShem 20185 dpPe H M )BEs his
Hdzddzr yJtfd MkemMlstcOIsO IstcjBEZE sy tOL d&z
o9 jMmMlsd Ot CdMdastecsH O d dddyddtetse Ols
Funhof f, 2007) .  JOf OLBdz MEBMISKOIS
fjtejCter 90! Mw, oCdz¥ Y& OBlztsezj | BHdes?2 ¢

] HJ GteOHS@eusdsth Sy f sud ydz' - f @z dzd dg®H
Eyomisdg Wi ted3d dals' tctsH Mis o j dzdean] Beilelifs dats
Funhof f, 2007) . b4 totsB dz" | H] MstezC Is
BJ BB teOdatso W L-Qukez] o3 OBHH ' W] ted3j dals” (p
methame monooxygenase), dzd B 5, fted ©Gic
dzd C Blstster j d3d Is O dzts Is tc ts Methylococsu® € dapsulatus O €
1 CMmMftej MMdekze s twOMmMlse sted d3r § MsH j oy Oh (
Bsdetsts S Md e j dzOL T (s MMO, solubl e met h
WJtedzifipdsmistsd Is dL CdHtsC Md dzOL T (GJlsjt
tcj cdzdteze h jes € sd3tf ©OdeddglsfBRBs2d i AREISOL
2001) . AJdtod3d dzls' ZyOmlselze h dj ) HJ M
ftod dzZOH dzj ¥ OIs € dzi MEtsdz €dd3 tOL dzd ydz' o3
fhsHMlsetsds M sMMO d pMMO. 1T iz BB dzOtG
YJdzj L simtsH j toy O OW BlzlsOdz d3ts Bssuslénfgps | d
butanovora 8-y 0 dO s MMO du % dO@dzEO dG'd dze tc &
f sdztsy § dzd dzs dzj OCIsdo dzO  ted dzOdzd yd
CCfifej MMmdw | f sdzsy dlsj dzt dzts tcj G Iz dzd t
sC dfmdzj ded v, ¢cO¢ B kzaslH ic@dias dz,j ¢ ddets dtej ffl
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ftosf sdzOIstsdz, o tjLblkzdz IsOIsj yjets Mmkh j-
Yd bdz" &3 d dzd ud Isdzr d3 € tsdzd uJ Mmls 9 Eodgonia dpts d3ts
TY-5 B 20 dHJ d&klsdWdydtetse OdzO Bedets s ¢ M d
fsmdzj HS9 Olsj dz' desilsd M s MMO, dzts o fslsdz
gz J s tyj dz LSk MEemMlsteOlsdzze M 4 yd.
2f sdzsy Jdzdd ( Kot ani et al . 2003) .

1 0 Isj ted3d dzO dzef flzts | ¢ tk§ o MyEzs fdds B isdz] 2 H dzd |
ftoesC Otcdtsls slseo j yOs Is Ho O sMmdets o dz' = ¢
B4 3B e Odztsmo W L Odzdz" G dog ety SdffdodzQL 'O d&ICkdB
Yydlstsn tetsd3’ t450 (van Beilen et al .,
2009) . coHe®UN dzOL © Al kB HtsMIsOlstsydsts
Motsj et slsCte’ s GPH dsjz® M) @ dzBseudonoszd3C
oleovorans( f sL HdzJ J dHJ dzlsd WR putdes@&PalO dzdztyedsy Chf
Wizdz¢ ydtsdzd tetso Oded W cdHtesSC MddzOL © Al kB
1 dzj Cistis®dzY Stels dz2' - BJ dz€ ts9o tcBtej HEBL M«
tcj HECISsOL ' (ROjO,A2069Y ) { EBtcj o3 EMgdROL O yd to
fJteJHOJI L dzj Slstesder BSIs lgpten 2 ,& oc lzfg detg
fJteJHOJI 1 dzj Clstesdzr Hpulda®MBo 1,] Gssloltard-
SH 2z -GEELCHRS Mdcj dzOL Iz, Htezed]d BOCIsj ted
Okz¢BEastsC M e j dzOL M teOL dzd ydets?2 Mke Mistc O
Yls ts, Alcansvisrax bokumensisS K2 d d3j J Is -dsisedgts 5@ dgd-@ gz dz

Al kBl d Al kB2. Al kBl, ¢0O¢ ftcOQod dzts,
Hdzd dets?2 AR @5 Ists otcj 3w € OC Hdzw-ClBI| k E
Fcdzj o SHIStGBH ' ( Mi r i et al ., 2010) . T
h Is O ®ldgdococcusts. T MP2 J d&i3sdztsES Qe PdeOL (A
Al kB3, Al kB4 d Al kB5), SCwlbtter j ddzHk
fsMdzjHdzi J otej B fweodwselsmw t©OBBI' ,
O dzG-Odila e s ¢ M d dzOL Al kB EyOmlse so Ol

sStczH dzstc OL dZOGOj 3" = MkzBMistcOIlstso . (20067 ,
MtcOo dzd o OO K o dets s ! GdHsE Md dzOL Al kI
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HjGcteOHOYdd dedL Clsdzj SEdzv tcdese s f tsdzd 4 |
Yylsts Al kB2 wogdzw jlsfqw BBdzj j 1 WW JSCIsdo dats
yd 3 Al kBl, d vyt &@irO0ddLd ttjebkdzdttse
Hdzw Al kB1.

Adlssn tctsd3r t 450 ftcdmkzlsmise 28 Is z
B Ctesstec Odzed L dzts o . Clsd WJjtedsj dalsT COIOC
Mdzj Hze h dd3 EZtcOo dzj dzd j d3:

¢ + SFNAD(P)H+H"+2g BEEEEE hdey dOwO g O NAD(P)*,

GHJ fdcj HMisOadzw j Is mMse s52- Ciplog] Misize Qls, § to
Bsdests ¢ Md ¢ j dzO L Odissde Mantglleng 2095].  (

] smdetso des e d H @ 8z€ @ dzdzO L dzts 2 OCIsd o dat
ydlstsntotsdyr slsdesmwh dj mMWCYPLE 3. M j i3j @4
SrO0tOCIsjtedL 59 Odade” d3 yYdzj desZCYPBBES®B 1
Acinetobacter stg EB104, dzts  sSHtsB dg' j W J ted3j dz
tcOL dzd ydzr = "N IsOBBse BJEtsB OCIsj tod FynhofE s H t
d Mo ls. (2006) f 5C 0L Odzd , Yls ts
B sOBBdZdL Jteso Ols dzd dzj 2 dz" § O dz¢ O |,
tesHflse jdgdz" j CYP153A1. Aldardvordx lb@kdgdgnsis o ¢
(MsMmlsOo dzv s h d n L d&zZOydlsj dz! dgz yOMmls: E
BsteMcdrn dd MisstsB d-BPAEOR Y tclzéd d@ dzChAsd® dz3d3
Sphingomonassts .HXN-200, Oleomonas sagaranensidXN-1400 |, O IO
dzj MSCsdzr ¢ odHBe BIJEBBOSISjted?2, Ctslstste
BBt OCIststc O, sBiMfjuydoeOsh jets kHOdMz] dz
{ded MtsHj ey Ols ©Hd-ded o tiztg ¢ 1y thdzg 16 2 Otz © dzy ( s
ftcd dzOH dzj ¥ OF dr MmJj &3 2 Misdslz 9 C YY G53zdz] olzdsj |
dL zuj dzdz" o3 W ted3d dzls dz' d3 fdMisj B3O
CdHtesSC Mddzdtetseo Odzd v , zOf ted d34 te, Al k B.
fjtcor @3 wOMlsosteddzr @3 yYdlssnteshigsds 450
CdHtesSCMddzdtelzj Is dzj .o OFC yd ts dzedztsdy §f tsfilf) tseB "dd) g
tcj edtsmjdzj CIsdo desfls! & dzO Is § te d3d dzO dz
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(bt yYyjfsyud yd §j 0Odzdw Oldud MSdd d vy
OCIsdo dztsds mMoO2Isj d L Olsj &3 fsSHo Jjtca
fweiHfsulsdlsy dz de' o3d- d¥ o wizlzef dizdigts y jfyftasjunjdejdz"
mMruidzze atsHOR ftedhdzd d Miner di f € s
Hd GteOHOYds Odz¢A datiamesisteBB WS BR AZd B dz 5
fjteor 2 MOBSH MIsOIstsydz 2 Yygdlstsntetsdy 4
f 5L o tsdzAsrddidrdsistenS 13 dMmf sdz' L tso Ols! @ dz& O dz
Yydfd d Hdzddzdesyd f syd ydz j§ O dzC Odz' 9
Fedzj etsHO  + dzjtecdd.

Laczi dq201B) @afls .dL & yj dzBhpdododsiOatztlh@polis
PRA4, fs8COLOdzd Ytslsj dzaydOdzt dgzé  tgts dz! Y C
sO¢dr G OC CYP518B, CYP10S5, CYP123, (
e dzj © sSH tstets HYantod Tackhibats(B0®4b) L ZyOdzd B JtSH J ¢
Zcdzj o sSHBStGtSH 59 ) f syoe | Mo d3d Mls dzts 2 (
Pestalotiopsisste . NG007 ) B OL d H d 5 d3dI nqundse® dzefsicoloru97,
Pleurotus ostreatu$’L1, Cerenaste FO 6 O 7Polygporussts . SA8Bster §
dqizi ¢t s Bdzr "5 1 CBBdZBedyd MEB] L dz2OyJ dzd

1T dzts fsCOL Odets, Yls ts HitsB O9 dzj dzd J
ddzededlststc® P450 d@sdstsSmde,j dzoL ', dz4
OCIsdo dztsfmls M tg dgjsdelintsiat OL T d L dzOoq§ By dz
ddzedBdteso Odzs HJj CGtcOHOYdE EkZcdzj o tSHESIGESHE
Wjted3j dzlstsg, fAsgiMiElsfls: ¢ f sH Qo dzvw dzts dzj Ist

M j scSTdHOLE d &OCSOLE, f(silksdz 8
L OB &z5C o5 OdzO. Y tod o j Hj dadat  dzd o L telsas Is
BsdssSMdej ZOLO d HIBSMJEj &ZOL O de©o
HjGtOHOYdd uvl. Clsd W,jtedzj dalsr dded yd d
WieOSCydd o ydwdz §J Mfdlsr, ydtdsr § Odz!

(Bsdefs HJCOwBtdsar j CdMmdslsr )- ddid - lsitsd
sjtedsd dzOdz' datsj ®Cdfdzj dzdj, des o GHSo
fittjSCdmdes GCdmdzjddj. vOSddH cBLOL ¢
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Bttt Mdej &Z20L O, d HC(MJEj ZOLO detOs
stesdzj Issets B dzts fsCOL OdzgBO TtRls tizts 8¢ fmdsat
HdBSCMdGd dzOL j, d3ddzd sOdzdL Oydw OmWMhez! Is |
fjtesCMdHOLr d-Cdz@f Us@ord tetste do ddgf s .

l HJGtOHOYdd Hdzd dzdzts yJ tf o jdagdgOF Iskz dzde
O d&zG-Odfia tc s ¢ Pk @fLLadA, Cslstster § , COYgo @ A«
slsdzd ydzr &3 tsls -& @Gl g & f Pdi@adgidbiads 20z3) AImA
wo dzv PzRBEzZs s Mde j dzOL 52, of jteoar j dHJ d
Acinetobactersp. DSM 17874 ThroneHolst etal., 2007;Wentzeletal., 2007).
{20 EZyoOmlsekzjls -©OhBZptOs sdzd Hdzd dadz? yd ¢ d
Zedzj etsH O. 1 sL Y J f sfdanA B @40, das rialz@tistz
h Is O d3dids@anivorax hongdengensid-11-3  Alcanivorax dieselolei B-5,
dzj S slstster 7 h Is GMBdptsbacterte[tsRar@aculum (Wang, Shaq
2012), Oceanobacte stc . RED65, Ralstonia spp., Mycobacterium spp.,
Photorhabdussta, Psychrobacteispp., Nocardia farcinicalFM10152.s j d3 dzj
d3d dzj d . dzd - dzj d3dzts G d § qL Llsdn G
- O0OCIsjtcdL s9 Odz" .

d dzC-OdgH te 5 ¢ AL RO dHJ dzZlsdW dydteso OdzO
B O ¢ Is GaotpafillusthermodenitrificanadNG80-2 . [ dz0 t5-O dzf Greizj Is
H dzd dztstPd  ygir135% ClJdzjtcdqtezw MmMBtslse jIsMmise kzb
(Feng et al. , 2007) . RiMMdzj Hise Odzd | Cted Mis C
fcsCOL T o dzts, Yylsts tsdz0 tslsdtsmhdlsmwy ¢ M d&3d
W dzw jIsfmw Ho lzna G 53t Oz Jdgls/dgtsR  Wsdzef gz dzO L
2008).

s O¢C f oo d dzts, Bdzts 6 d J Hy MistczCIstster
Odz¢-Odia e s ¢ Md dzO L M fjtjCter o0 h j22AMmw il
R L 5 dzR.lerythropolisi3ts e zIls MtsH § toy Olsd d H tists QikEsHfO LO (
sted CYP153 efafam 0Be&i) |, ep.orkgmetsidgvsisir] toy Ols
O &z¢-Odiat tetsC Md dzOL ' d H9O ydlstd wisdos6). CY
RL EZyj ded j-d34f lec@ef ©diz] L d tc z ¥ "GrBonied(Cotady” dd 5.9
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2003), tcOM22d "0 dBAR3 o H Y tsdzdzj dzd j
ss, Yt MSHgohiHyg gy Ofs, H 6 ks-ddzd Ik js&Mdzdzd L

RiMmdzj His9 Odzd | ¢ jCdpBalf® sihwdn€sizdzsOW W j C Is d
tcOL ZOc Ot h jets dzddgj 2de" §j d t©OL o9 j Ise dzj dzdz
Gjdeso EdlcksBIddzOe s’ d3d ¢ j dzse yYdlstsn ot
GJ dzts o 5 t$ dc d3jHdg G e OH Oyd d Zcdzj o sSH S#,BH 59
HdB¢MdeJ dzOL-D2H d L) enjddad2-Bis dats & § fipt dzj dzO |
dzd Istctsf tetsf OdzH d ts5 dz -6 H| i tieGsf§ dnd] jB-dp@BEz@&OAsTEd T | dz
sOCxJ dzj MC sz € dbts Sofddimen é2@l, 2016) Rhodococcus
erythropolis PR4 H jGetcOHdtekze h d2 HJL jdz! dzsgd Ists
yds ez odz" OtesizOdud MEdd MsdHdde ddw,
sHdzts o toj A3 dedzts -cAd Hdojse@NKBX@PE AdB ¢ j detseo  y(d
t 4 Fl&czietal., 2015)

[ steMC 82 kcouzjots@mdgtsmas M d2  ddf&niedsas tc ¢ C
dieseloleid M sdz' L ¥ h d2 hdqtesSCd?2 HJOH OLtsdz O
HS36 Olstsiice Bkcedzj tetsH O, o Istsdg ydmedzj
CdHESCMEIKkBOL " sHddz ydlssrtesdy -fifsAHhiOey QN
BRidzts s € 1) d Ande@Wang, Shao, 2014)P. aeruginosaSJTD1  §f §ils
MAtsHM 2 dzOB sic2 W O eepdasECoiptkBzOLH 9 O ydilsts
t 450 d d3ts dztsABiAR(HiE gt ddO 2024) 1 d Mdtslstew  dz0
tcOL dzd ydzr § fzlsd HJjcectOHOYdd Odz¢ Odztso
hisOdsdzy , MY smse’ dr StsttHddOYydd HB Md

¢ dzGC O dz' l w©OLo jlsodzj dzflzs ™ j Qg @H ftotso @
dzd dzj 2 dzr | O dz$ Odz . U J d3 Aldapivoradgj ctzf¥ ji € Is B eaox
tcOL &ZOc O Is tcOL 9 j Iso dzj dadz" | O dzG O dz' (Har
hlsORRWGO bor kWKne nes iffstced MikzlsMisoedd dL s toj dz
WdlsOodz0 f tetsdmr sH d deB0 dlakB2 Sy h'h ed kdztsg 2
MsOo ls. (2011) tsB dz0O tcAz HiepeldeiB-5 Y lsits s d M ls (
WdlsOdz OCIsdoe dtctse Odzd alkB1S fmanid] i fPd sz b)) lsifsdg
hongdengensig-11-3 , ftedmMisOdz MJj dzj SIsdodats OCIs(e
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alkB1, p4503dalmA(Wang,Shag 2012) . uvjd3 daj d3j dzaj j .
fklsd Jjhj dHtshMsOlsydts dL Ezyj dzr, -dadxfsw
bsCdMmdzj dzdj Bdzj Sdzr kEZcedzj otsHESGISH O.
Ad¢C dzts O dz& O dz' IsO¢ % J f SHHOY Isipw B d1
stclzH dzj J dzd dzj 2 dz' fife W Q@ dXdAsdzs o f)  dzQudsdsy d j o3
S dmdzy § sy Mmdzsydzj §, Ud B dBBsdz S zdz" M o
Z lsOdzd3 mMfsmMseBdz | HJGCGKOHJetso Ols! yde
Wi ted3j dzlsdz” § MdMmlsj di3r, SH$EMdYYT dzfsc y § @t
- HTS Osaif,dz o Odzj ted Odztso 52, BztcOo !
COsOdzdL dqtelzs h d2 fJtcolzs tej OC ydse , G tsd3
(libttso® d Ht., 2013).
[  GteOHOYdw Otettdz0Is d idifStajisnts tdzasctidg doL RO
dtesBOISdUI MSdf MsjHddzj dedv "M desits
dd3j ¢ 1©L ded ydzlz © MtczCIskztolz. [ Mdzts o dzlz & 1
MejHddzd dzd2 o Sk O h 2 MejH] JdeOs I
d BdSweshsisfduimcd) ctdsr . 1wd {ltsd
mMf smtse dzts s ¢ ¢ dmf sdz! L tso Odzd ¥ Ot ts B3O Is
hJwts tSfdmoOdsdz di3d o dzdlsj eOIskztcy dHJ dzlsd
1 dv W dzw 8 Isfyw BOCIsjted(d, i tPspddOmodas y O
Mycobacterium Rhodococcus Paenibacillus Haemophilusd Burkholderia
(Haritash, Kaushi k, 2009) . S totsd3g
OedBOIsduyd M d 4 Fcdzi o tSHIStGSH ' f 5¢ 0L OdzC
SphingomonagqShi et al., 2001),Rhizobium(Keum et al.,, 2006)Bacillus
(Feitkenhauer Klebsielag Rodr 29 083 et al .
h Is O d3df®@eynebacterium Micrococcus StenotrophomonasBeijernickia
Acidovorax Cycloclasticus Planococcus Alcaligenes Enterobacter
MethylomonasChryseobacteriumParacoccugJuhasz, Naidu, 2000).
tesBOIdUI MEd) Mejuddy ddy dJdjels
tcj OCIsdo dzsfmiss . 1 teisiBter @@ d f Gtdts Ay dswylz M) ¢
COyd mMlseoj MmMkeMlstcOISO wodw jlsihfw ftoj SHBA
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Ldzjteedd Stdz yjoets?2 MmdMmsjd' . GO Ot
dqdzj tolsdzr d@3 fts Glsdatsh jdzds € ftesMmls ik ts
5OSCdd sBE@Plstdhshtd Bz MstcOlsj cd2 Hj GO

[dCtetststec Odzd L ¥ dMftsdz! L 285 56 tets dgdzt
M MistcOltses, dets © tojLizdz IsOI] &jlsOBT
ftcj otcOh O k™ o HEBMSOsYds cteOdsd yj dzd
Hisfilskzf der R dimfdsdz L s Odzdw L O fyujls ¢ dzo
TOte0CIsj 0 Bsdzj € b dzr . Hso 5C 2 dztsfyls
sftsMtcjHkzs hdR dOYOd d" j L 0fr HJjCGtOH
dzts i) d Is dZOL 9 Odzd j cfjted¥ jteduj MSsete,
Cyj ZstcOdz: descaBe, eddzd § isded 3 digj RS sz € s
Jdzls j edsj HdOlstsa, WwWodzweshdofw ftetsHEZS IsOd3e
ftc] sSBtcOL 28 Ismw ) ftosdzd Y lssydz’ j -sBPHls Ol

¢ yegdspdz § §dekoOls (Mallick, 2011).
Cshster i3 RIS e Ozt oM@k, O! oiss
HjcwOHOYdd tIsdf Mmsjrndds ded2, ©O ISOC:

dmf sdz’ Lz Ismw Hdzv ftoj sSsHBAZ]j ddY Isdr { t
J Ol tetsB dz' n Emdztse dw A ftesdmMrtsHdIs
OQtesBOIsdyj MEse s ¢ tsdzd i)t s vBzfs B3z v 4 dz'dzdg n -
[ded OCIsdegdteddzjsHigvw Jjcets o d&sdjSkzdkzkz O
sBtOL 8o Odedj 3 ¢ dHtsS Md dzd tc ofifudiie dits d3tf 1
fteslssC Olsj R 00O, -H J dd)HdstES ipdsed) dft 505 0) d
25Hd e dH s C-BY Y 5 Glf iz Clsd Y J dzls tc O dz' dz'
BjlsOBBddls’ cOCIsdodtetseo Odz' & Hdw ¢
oMz Hilso dj dOd&Jud»Y tBEON jdadgr 7 i-dzj €
d dzd 4 @8y j(Eadhsebal, 2011) ) sHtBdy j fkisd Mk
sBtOL 8o OdgdW Hilkzedr yYj dzlstcOdz! dzr = f totsd3
BOSIjtdd, COC fwOoddts, ft]jsBtOL SIS
Bj darliR@If sCMdej dzgOLr, §sMmdzi yYjct EiesHL
HJGdHteSHd Bz &2j. e dHtesG j dzOL
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AJ dzlstcOdz! dzr j dqdzls j ted3j HJ OlsT Ctlsster
coJtrndzieose fklsd, LOIjdZ3 fsHe jtce O Ismw
fMsd Hddej ded¥ HIBECMde) dzOL (cdzdyded2e
Ctsdz! yo dtsy jls ftesdmrsHdls! gy HE Gidgdz 3w
dzd Meh dd3d cdHtesSCMddz dz"n § ckzffr St s
tOMmh j § dzj ded § &, o sfizh jMisodvehdj- I
dqdzstcOHdtsdz! dgr i3d HIBSCMdej dz2OL Odzd ( Mal | |
fesdmMansHdls o RacYdgusi@sarzsy j dzdd, Lk
dzOL " o @jj bstPOMN | § dzj dzd § i3 d tME" jMise dzv j Ist
HdBSMdcJ dzOL Od3d . J tej L zdz IsOIsj i tc
SBteOL ¢ Isfpw  Mtsj Hddzj ded ¥ ydf 400 Asfrichdj SOz
COlsj nBdzO COOdzdL qtclzj Ismw 1 CMistc @B8d s dz
HdBSCMdcej dzOL Odzd , C slstster xylE, RatsHi dimepBs Is fg v
qdzlstcOHdtsdz! dz" di3 S Md ¢ j dzOL O dg,4HsdstsiEshndy ds jfnd
CsHdtelzj d3OpcaGld j diis@it,2-v dfEL ld 6 § dzOL O, CtSHC
catA d r ztBZHOsySaffefde | dzOL O, ¢ sbCtid® glagO W
(Peng, 2008).

10detsdzjj] rtteh s L Eyd dds?2 mdMhmisj d3
mMdmlsj 3O C OlsOBtdZdL &3O dzOW IsOdzd dzO, S tsH 't
Pseudomonas putid& 7 . ] 4 dg L Issets fklsd Mtk
fjtcor 2 dL n&hBAABAGAJBEED, CsHdqtelzjls ks
ZOWIsOdzd dzO®@ o MOdzd yq dzOls (- sgh@THWHOMKIf Iz Is ¢
CsHdWlzjls Stdejtehd: MOty fe@lsa@diui CPE
OyjlsOdzr HjedHO d { d@@amdHansnetal, @8ad3) dzd 2 f 21

] YJ dztsd3, -HAgQRCIdAfdedjddzO L © ddzj JIs Htsfr
Mmize MisteOls dzlz ® Myd ydw dydetsfls! d My smt
BsdzsedHtesS d dzdteso Odzd v HdGedHt S Md
(H]MOlkztod tots of ANBRIj]VQ dzC d @ totso Odzd v d Mk
hJesCtsets M J St BsdtsydSdzdyd MSda d
stsdz ydmdzi or M tiRudjplL200k) tedz" = 1 ¢uv  (
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MBtetsh s dL &zyj dedzr d3d wg dzw g Isfyw f Iz ls
BdCtoststed Odzed L &3O ( Do ¢ kigyQu dedty Cells.fpw  2dBCC
L IsOf @B mdzy dzd¥ HYHoO JtcaOjlsmw dzdet d&jls
OO 2 OtesdizOIsduyd MEBets C dizkzd OH J 8L MR dEC
OlkOC k8 Is OtesdZBOIsd yd ME 54 Csdz yts. [ B
GdHesSC M dzdtetseo Odzdz" | Grictse@Bfs  dfjtdmder] tefg
OtesdizZOIsd yd MEsets Ctsdz YO, d ftmdzj d&j IscC
steiBMO Htod dzOdzdydd bk BdSteststce OdzedL d
( Mar chai et al ., 2003). 1 JjMmdislstgw ddzO
Btsdz hj fdzsats f s@wm®Y dhd® deddLstHg X6 ctc OMis o
o' MsC 2 M ydd §ysejdede” i3d YOMmisdy
3d C tetstste 6 O dzd L d3@hadocodsuSBudkHbldefigtBienotrophomonas
PseudomonasMycobacterium Alcaligenes Sphingomonasf H tc. f sC
MMt desMisd OB clcPu JEsMtsC 2 dsdzj ¢ & dzv t

s O0¢C, Sun (2P14)fpSs Quojlalzd dzd dL L OGtew L dzgj «
h Is O dzd3, dH J dzsd ¥ d Wdctwia spO dzdzmY sHSE dzr 2 HJ
W dzlz tste j dz, Wk steOdzls - dif d if fzaz] dzsg L1, 25
LOGtW L dzj dedzts? ff syoer o ¢oMmMlstcOzdd B'"
Cdmdzsils sz mis 52 Quppavidussp. MTBEEuUppusamyet al., 2016)
bolstster fsCOL Odzd , Yls ts 9" HJ dzj dzdz’ 2
HiGEOHdise Ols! V¥ j)dz@ dafy aj ¢1)6 DG O3 fhdid (2O)
BeHhdze Ijuyjdzdj 4, 20 d 30 Hdzj2, Ml

4 Hittkzets?2 MmMlsstetsds ,Sphindomidn®dzo ™ ¢ | Hzgzzdz
fnd dz' dzts L OG eV L dzj dzdzts 2 or MsC sdiisdzj ¢ k& dzw
ZisddzdL dtetse Odzd stsdz: ¢t Wzt dag dnf &fyts
dmf sdz' L s9 Ols dzOW Is O dzd dz, Oyj dzOW Is j dz,
BjdeL (O)fdtejdz o COyjMmlsej JjJHJdeMIsoe j dzdat
(Zhou et al., 2016b) Polstster i 5 dzO ¢ OSphingomunaglts @ EslO
Bl Is! otse dzj yJ dz ) HJ]GicOHOYd*® or mts§
dmMfsdz' L so Oded™ 3 sOBBIZdIstse Htekzedm B OEC
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v O¢ dd3 SBOL Slge O dzdfidBricts MY sMisB dzr
Wjted3j dzlsOIsdo dzz¥ HjGetcOHOYd® 1 ¢uv +00QCzd
ddL ¢s82 (HB bttjn CBdzj y) , sO¢ d eor mMtsC
dm 9o COyYdMmMlsej JHddzMIse j dzdzse 58 dMistsydad ¢
dzj C tslstster gaj dAdt8 j H dpj BG Izls BN Is! Zlsddzd
Mfduydvduimédn Wjttdj dzlsdz" =~ MmdMmilsy &3, d
Ctsdzj sOBBdZd Ui MSdr ftoj sBtoOL so Odzd 2 .

ltosHisdzYy O Isfpw gL zyd dzd J BJBH,j GteOH !
MesjHddz] ded?2, C0OC f sdzdr dztste d tottsts 'O fzdzv § dz'B
HsMisOlsydets EZMmlsts2yder &3d € ~dd3dyd M< do
otsLHj2Mlse dw 3. v d3 dej A3 dzj J dzjy Md3ts s te
MojHdded dzd2, BdSCtosttcc OdzdL @37 W o dzw & Isfyw
i tod tc s H dzts Hickgyefah, 1993; Dua € al ., 2002;).
CtocORY szt dlsj dzv dg" § d G teid f5is s el ) 1©ts tg 'dz
ftoddzOHdzj y OM dj ¢ 6OL ddqydS &3 MdMisj BOIsd
dL ftye d H sSetzetal, 1890 Sakdetab, 2003).a f sfisB dats fr
C HifMmMbtezSydd 1 mi f ¢ ORMOdaDCccusgdBurkimI@etids |
Pseudomonas, @ Comamonas, Cellulomonas, Ralstonia, Arthrobacter
Cupriavidus, Achromobactdr z z 3¢ s O, 1 dzlsdzed Sts9e © 201

1 © fJtco sd3 1 IsOf j HJ Mistclz &ysdifr B dH
(rndztste) prfd d dlaqteids v d sdzO ) s d3tsh o 8¢ Mefd Y iz

(a1 d), Slsdetsfpw h j 2 W ¢ MmMidid2mMbalz  dg
sCMmMdej dzOL ( Gi bson, Par al es, 2000) .
fMsmisswh 2 dL Btsdzr h 52 ( 0) d @3Rdaizt?
HdgsSCMdej dzOL T ( € sthphlzdq lbipAx2 Més s 8zO g3t Mls o

Wittt HsOPNARZO d ( W jtojod BGOENSIz (4 Sdz b C
BOzOW Mkl jHdddyr OfMMtyddttse Odz" o G|
o dzj Htoj dzd j Ho lzn Ols s di3ts o ¢ f i gizts tc € #s @z’
(Rdztste) BAYW j dadkdz® . j Hd dzdyO 11 [ MEBmessdls
ORJdesC dMmdzslsdzr 7 tsMisOIsS s, CBlstster |j Bt
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2008). NC sdzyj o 52 HisRj dz o § dzfiy @ jids 2 o C Pk

[2Fe2 S ] . r o BMSOKSO c¢dmlisdmd daPte zf IsH oG
NddzjLO d Mmjtr, 9 ntSHWsHzy] @ 52 Is 5181 tsCRgz@A
COOdzdIsdyj MSd2 ¢ Otc &30 dz, 9 C(tltsteds

CtststeH d dzd te 59 O dzdzts § Ho Zdgw  -29fFls @B CHDiIYE] d
sHddd thisOl¢tsd3 OMmf GCepB6l) Eararde? al., REPH).dzts Is
ltej HY BAZOG O] Ismw , yls ts tcOL d&3j to d
ZOf tow i3z © odzdvw s Is dzO My j Clsts sC dMme
L WWJSCSlsdodesmis: oL OddBsHj2Mseadw (Jaconc
vsOCdds3 BBtLOL 503, dz0 d3Jnd © dzafi dais™ dzlf 3 tc agd
Hj GteOHOYdd kcdzj o tsHvotavnedy iy frHizsfifidsGdCrsysiz
JHAdZOCt thMisO0jls®¥ddy sfacts@)L sd3 tsMEkzh j Mise dz
stcH degszlsddzdL Jtelzj &3 ~ Mtsd Hddzj dzd 2 , b
Myduydwdud mMSdy wjtdj dadsde” § MmdMmlsj d3" ?

JHAlzZ dL oL BBy d n B ~0ddL i35 € tsd3y§
Bsydl weodzwis: v HfosHEZSyYydqwy OCIkdodz = W
Hy MstckCIsstcORR, o twjLlkzd sOIsj yYydcet { tof
LiIsdnA Mz MlstcOIsso . J € dMmdzy dadzr | z ¢ dzj
Bdtmlszfdzr sd d LOIjdB )i Bsckls {ftsHo j
W tedsj dalsdz” = MdMmlsj d3.

v O0Cddzs BB tOL t5d3, ftesHESydw oéaAs o =at
tcOL dzd ydz' ~ stec Odzed yd MS d n oJhjMmlse By
Ctcze O lsddzdL dqtelzj d&3r = Mk Mistc O @M d tog
BtSHj GtcOH OYyd tsdzdets @ s fBfhizetfOEBtctso M IsC
Btsdzr htsj Ld2Oyjdedy Hdzv BdBtej B3 HJOYydd L

] zdlsj tOlskztcj otsf totsm Zyomlsdw
B Cteststce Odzd L B3O d3q ) Hj GteOHOYdd il
Cij detsB d sts@T sy M d dzy Mo jh j dz. )| s i
fsLdydtsddtelzj Ismw ¢cOoO¢ dzj 3 J dzOlIs j dz' dz" 2
YWOCIstste, dzj (ddeigcfpit 2f tKd@ytdeldy] dzd dztse ts L dzC
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Bttt OdhY stsk0yd( . ] 51 s 5Bk dzj 5B R SH
ftsMmowh j dedz’ | OB &EQdy dkd S etss dzs2 ks d dzd
d Htkzedh MBjHddz dd2, d&j dds 7 tys
ROYOd dz R, dimfiuyd¥dujmScdn {kOfOR B

15 v dmfdudtdud MSdJ 3§ 7 Odzd L o3 Bq ¢
Pedzj otsHBStesHSe ) fsBRsh 8 ¢jdzjteOydd oA

J]BtcOLBoaOdzdj dAs © Ydera MmMdMmlsj ©3OA

0SIsdody | WYstkd SdMbzstetH-Odd tsd@S tOH C
02y | fjtesSdH MESH SEEHEBE S & dr )
fd dee dzj s dzr 2 'O) fczsesis H Y @Mlsd ydes o sMigls O
oLBEYHjdedzr | Wihtds 6 @®isthyl2D16)0zs ¢ &d ¢ dsis
WdS ydsdedtetso Ols: o COyYjMmkaj fdedOd d
COMMBOtedo O kM ¢0OC dzgjdLejiyde j Ists
Ol e dzsets Bj kOB SdZdL BO, Mismsed’ j ¢
Cdsf Otelsdsj dalsj, MtHjy O jd& B dSd ddzd
sCdmddis signE®dse dlsj d' d' &5 § slsj dyd O ds d
fHEiHOYd { dzj Cltetsdz® Ols dgtdAyW) jtciaRpigtadz C @ @ Hzi
otsLded € OJ Is i tod SHdzts1 dzj € Is te s dzdzts d3 9 s
CdMmMzstesH O, O L Olj &3 Milshise j g A fiply & deOds C
e jesSMdHHdMBzsOL T (tedfh. 1) .

iyl

o

Singlet covgen Diowygen Superox de radical Perawide kn

(4 - B
o, 0, = 0,7 —= 05

IHl .
Fe™

H,0, ———= OH'

Hydrogen peraxide | Hydrcoyl radlica

Hyly + Fett —ae OH+ OH = Fa®

{ ik et j1k0 B tOL 5o Odzd ™  OF EVitttert2016) ¥ s to
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J o B to j 10z ¥ j td3j dzls Ols d o dzs  * o) dzj
ftedmizlsmise ' dzfid,dBsfetc F@SC ydw A j dalstsdzO) (|

[jrOdedL d3 t6j OCydd AjdelssdzO L OC dzs yOj
oBHBIEEHO d Mdd YjdjLO (11) (tjoSlsds
9 It S§BOSMH sMlsOdzO0s dzd o O layfipts Htsf EE o
¢jdzj eOYgj2 HO
FE* + H,0; Fe* + HO "+ OH

sOC COC yjidjLt (11) c&tsydzs -3, dzj
ftesyj MM MsOdsedlsmw S OlOddldyj MS dd:
Fe + H,0, —>  [Fe"(HO)* + H*
[F"(HO)? —>  F&'+ HOS
d dzd
Fe'* + HO% FE+ A1

14 Md3sistew o vbBuyjlsinw fnd dz' dzr d3 H o
s5CdMmdzdlsj dzj &5 ( MisOdzn Otcls dz' 2 o ETHHipisiPsibo df
1.32V {fted ty 7.0), Bdz BEZOHOjIl fd
ttj OCIsdodzsls! ¥ 5 Blsdetsh jdzds ¢ Btsdz h d
Bdtdsedud M dhrls sd3sizg &z gds v fmdzj HMlse dJ d
L dzj eedd OCSIsdeOydd, ZCOL" 8 OW zO Ists,
Cddzi sdyd M¢d Stdzstetsdzdtelzj 3" d3 §ftetsyd Mimtsd

[Hdzest dzj Clstetsdzdzts j o 5 ) G,Oiksoo izl dgifty fimd
sCdmdzd s " ZhgmiEEo dzv jIs 0. 38 2V, odziste j ts Hzt
cdHtesSCMddz dZ 2 ©OHdSOdz ( HOA) Wy dzw j Is
dLreoj misde = CPTmRREPE) d)R. (Ej 0Sydd fq Ey
sy4 dz dzdL Cd2 BOW! jteo + dzjtecdd OCIsdo Oy
MestesMiswia, BddJLSIR ¢ HIWWEL JGdedzts? .

v OC d BLOS B, OC IsCho Oty i3 HESH dzst dzj §
osMilsOdtse dzj dzedv detOjls tjhOshkze tosd
Bsdzj Sdzr o COYjfMlsej | WAsjakds dtoatizt2618) s
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1 JesSCmMdH O SHBIGSHO WwWodzw JIsmw Bdtsd&zsce d-
CdMmMdzstetsH O; s dz sBOL zj Ismw ) ¢ Oy.
B lssrsdzH tod Odz! detsc s Is tc O el O ticls@ datsdz jsC 161t B
o C0OygMmlse j Ctsdzgj ydetse s fftesHEZCISO tOL dz
ftojHY s5dzZOG O Is, Yyksts wdz ftodded 3Oj s EZyo
mtstetsh s dL o j Mmis dats, Y@ ffedts jshtdtisd 1S o tsH fig ling
fsotcj Y HJ ded BOC tosdsdzp € Bz  { to ddgm>pais 2
LOBBdzj ©90dzed?2 d MmMilsOtcj ded v .

1 4 MBSl fiz2@3) dad 4 6 OC ydodzdesmy smss j
[/ Codsttd 0 Hikgggdy sld ") L dOyj dd
fjtesCMdH &y jls djelts HJWWEZdHdtese Ols!
sOC Y 9 teL dEDls d o dz" 2 Is tc © dzf d3j d3B tc O dzdz’ 2
0¢ 9 Of ts(Wahtdgloarn, 2013) v OS¢ C OC ©Hdzs1 dajdE] sty
{2 BjtedidisHd dzOBBd yd MS dzj 7 ¢ SH dzts ) sls
o sl Odzts §',dzj eizd ) BELOYFwdeOsHw h OV ¢, dsB te
12 2, ftoslsj COJjIs M tsdzls O dzdzts d dzd L
M jesSCMdJHHdMBEOL 82 (w1 ) .

lddej eOydw o¢AaAs diz Jdiftc =i iagtsylsdzOw  to s dz
Fcdzj o sSHiStetsH SO .

] Cdzj Is€ O~ fosC Ot sls dAsS BSC Zls
BJBSH] GteOHOYdd t©OL dzdydzr = kZGdzj 9 SHBH#ESHC
ddzd HdS¢Mdej dzOL , sMmtse j dedets M dzj Mistets
v OPP,®rRamga d Ms@MEBY s Odzd ¢ j dzj cOyds d A
Burkholderia s p . DNT o ~n BH J-H didedf kotOts 1O df i 5 d20,
ZOW IsOdzd dz0 Bdzts 6 ts€ s BY tsdzj dzls dzts 2 HdtsCMd e
¢ j dzista

I fesyimm ftedmfesmesed ddy ¢ Ekisdd
1IsO HdsE¢Mdej &2OL O § jte MisOkzO BT Is! s ls
M Misd OB BOdZddzO, d JjhJi dd MBOdZO ISOC 5¢
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Hj GteOHOYdwY tBidnr Misj HJdzj dizd 2dzts I ts i i Hzg 6
dAS, 9" L o Odgdats 2, 9 J totsW Is dzts ¢ctsh dB tsyds
Hj GteOHOYdd dzaj f sdzdesfls! 8¢ f SHAatSHWMN R M
stesd3d btsets, MmMismtsedsmils! 8 ¢ ¢ j dzgj tcC
Md iBd 2Mlso © yYydbalrtce@eslsit 4 50e (MY diz
dmmdzj Hiso Odz Yydlstsrn tetsd3 PCit@mitactar n braakijC Y P
COlOdzdL qtclzs h d2 G dH tetg § filgf eee®tso Oz il R)
CdHtsS Md yd dzj tsdzO. 1 rodzd gL 2yJ dz H S d
W J ted3d dzls O, 0] IsOC % | dn oLOdh@sH | 2Mise
BsHIW dydtese Odzdz” d3d Mke MistcOIls Od3] . 1 ¢
Wjtcdzj delstsds HdStsegts Isdf O dBsHdWdydtetse Od
fsdzsoddz 1¢6raAl dMftsd LlkjIsmw Hdv f tcisc
ftod a3 lBIsdz h ddzMlse s EZrtSHdI dzO dzj f totsH Iz ¢
fJtesi(MdHO oaHBKBGEHO (15%) d eotH' (419
lted dMmMmdzj Hise Oded d Yy d Isks8udamdn@s phtidied O ¢
s’ ydes dMmMisdzr Lkj Bses o9 COydmlsej dsH,
t 450, O IsO0¢y ] twwHOdzHdizEe d-I)PL4PTBNanN,
L zCOtedtslsdud MSdr yYydssrntetsdidse t 450 (CVY
Kei zer s, 2005) , B ' dzd i sdzlz yJ4 dz fn
Ctsdemj co Olsdo dzse s tsMIsOSCO Istej sded dzO o
L dz2Oydlsj dzi des 3z Iz otsjHdplswpjQlzd #f | S HdLHOO o 5
dzj Btsdz? hdds Stdzdyd Msesdz (sCtsdzs 5 %) )
dmMftsdz LEj &3 » HdzY fodZEzyjddY cdHtsSC Mdd
sOkOddsdyijmMecd?2 yds&dz ydbstsntesdzO t 45
f smdzj HisO Olsj dz! dzsis o Sl YO hdfrnn i Gstfdis L,
oMMlsOdzOo dzdo O h drn 1 CodoOdzj dzlstse dzO d |
o sMmis Odzts o dzj dzd W OlsdismMW j tcdztsets dsdzj € 2 d
SHdB?2 d&sdj ¢ zdzr otsHT d BCdMmdzj dzdetse s
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t Mz d@EOI2dzdIsd ydi MSd2 ydeédz ydlssa
(M. Oszajca et al., 2016)

gtejHd fjtojrtsHdr » Htosd®Biykzlstsydsr =
yd ¢ dzj P450 mMih jmMlse lzs Is Is to d C i3 dzj €
ftej HY sdztsy dIsj oz desy s "EQC  MesG ifigf dzj ded v :
CdHEf fisEfdy Cm (Msjrddz dzdy 0); ¥ j dz
COIdtsdz tOHdSC Odz, wWodwes hd2fmw fJtosHESISTE
OOMmewLd ftejH" HEMN jes MjHddsj dzdV ( Mtsj
f stcW d ted dg, tf teltg He UsQelds dzdzB 6lais o sSMMiIs Odzts o d
(MsjHddejdedy | 1) (Oszajca et al., 201

1 i MBslstew  dz@ Ists, +ylts Btsd h ddflse s
Ols®BsMml jtodz” 2 @ Bsdzj Skzdwitdr 2 £ dfipdstesH ,d
dmfsdz LejlsMw §jttiCdm otBGBEO! § ot
"zdzls" . JHdd BcOdduydmcdy fJitesChdH’
fjtesSCMdSdmasisr ) tlHOsls Oltsd §dfidstssH
dz0 dzd WAdidzlADPH 8 S Oyjflsej HBdsELO L dzj S Ist
fd &34 2AMlseoj yYdbstsntesdgtsd !  dzp B sdfdiitgilsmydf
Cslstster § JMisd Mise j dade” d3 .fts ot LA Mdsfg tfj s def |
CdMmMdzstetsH O H dzw dzj f sftcj HiNlse j dadzets @ i t
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fjtesCmdHdz 2 h Iz dzls (fEls! ) O tedMmlizc
fteslstsddtizjlshv d { tsHjofgSdssallz) Istdnd ) “Exlady ot
fn sSBtOL 59 Odzd 4 d3 Misj H ddzd ded v | . 1 j ot
LWWiClkdodzr @3 Micj HimMlsoatsds COlOdzdL © Hdzvw ¢
GJd, d MOd3 BJjdZEEC ©® bt ydmdj. vid
Yydlstsn tetsdzs o t 450, AsIOC ( p 4 S5B¥xBI8sbIpbtilR 5 2
CYP152B1 (Sphingdndmasppucimobilis d M sdz! L z¥ Is  j§
hkdzls HdzZw cdHtesSCMddzdtese Odzedw Y dtedzr = &
sOSCdd tsBtOLtsd, o tsdd §jtstmdej dzOL
Bel chewmlsd MB®14) st dmodzd e (Y YsRsTE Gesldsl ) |
Jeotgalicoccus s p . 8456, COlsOdzdL dtelzs h
Hyd COBtsSMddzdtesa Odzedy Y dteder -~ G dMmazsls
dmMfsdzr Lz h jeots fjtej CdM! otHBEGSHO 8 §C
1ddej 6OYdY ¢ROBAYJiseIBaEE MY smss dshisd

a2, Yygdlssh e d {450 OS] wWodvs s
slso jlsflso jdedz 8 L O jj Gaf e td®j )y ot s d
OB tslsdo dzr - ©6j OSyqd?2, COMEsHEY h dQ

COlOdzdsdy MEsetsC YygewoOcOybssh pggedy Is [ Ml
stsyscd ojlbodzjdzedw o COLO&dIsdyd MEsdz yd
ftedejMmisd ¢ fwvds? Jddf.0s8metdd2026). ¢ j dzf
l&f jtcor A 1Ists OQolstssC d Mdzj dzd 4 sC Mmd
ydssntesBPed PEBON j j ¢ fsdL o BH MO &S i
o Mmet® yjtedH' MY shtH(df zHsd fdflz sdg®@ s O
lsster &3 flsj &3 hietsd iz pisiso Ptoslstsdzdtctso O
2O st md 3Odz! detsdz Olssdzd ¢ d fmdzts e ts BB, \
CslsstcOY HdMMsyddiekzjls dL OCIksdoedsets
122V odzv jlsfy tjL EZdz IsOls tslsiic Coigy ftdtadsidtdds od3,
dzj sSBrSHJBsd HAEV-Mod'jLlsj tcstzfd OSHW M j ¢ 5
Mtsd Hddzj dzd v | . J COyj Mmlse j ts ) dz6 ez@ts 2
ftoj Hf sdzOG O Is dzOdzd yd J 9 SH' 9 O0OCIsdoae d
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or MotsBtsyHOB N j2 f eslstsdz , Colstster § A3
HdgSdmMdzstetsH g, @ 3iofifflty QlJ sz L ©1 O [-5)d
ZOf tc Qo dzj dzgdzsc s BISOGjdzjL O BTM dZs &' M¢C
Csdzd yd Mlso ts, IsO¢ d O sdztsy § dzd 4 a3t C
Wittdidd dzZls© detcOsls 90y dzzy tesdzr o 1 WWJCIs
¢ edbjtesddldyud M sGpo WO ¢ § dzj daf O0Qd d
Makri s, 2007) . stesdzy Istse Bigs GO € [O4s@izd d
GJjdeJ edtetso Ols! MW d Mddzcdzy Isdz" 2 S dMmizstesH

l Mmizkyo,] 1 E¢O0ttdtsldy MSédr dodtstst Mo
tcOL tsBh j dzd v yd ¢ dzo, Colststetsj ftcdotsHdIs
CdmMzstesH O BjL BEdMmdzj dzdw Mk MistcOIlstso,
tc] O yd ftcdotsuwhdyj ¢ @6jdzjteOydd OCIsde
mMkh jMmise j dedzes totsdzr o §OlstsejdzgjL ] dBdesaed

{ HdzOC 5, dzj Hfdislstew dz0 Ists, Yylsts ¢ j dzj
odfMmisd ¢ (it Cdmdsdlz S dMmdzj ded® dzdf dHt
d MOMse mBOYd Ids mldastst i d ydz©@ wHdzw S dzjIs€d, o
Ylsts BBtcOL oG jdzjd Alssdz! €58 dzj dL B J ) dgr 2
LIssds JMis: ftej HY dzj dzgdzOW Bdtsdzseadyd s OV
RLO jMlsdes & tesdzd ¢As, 6 jdzgj todtch sdtcd dits ¢
® HJCGOHOYdd tOLdzdydse » MijHddz dzd?2 d
Wikzde€ yd?2 E 1 2COtedtsls. v OC, B" &zt ftsCOL
pEdHEeSMd dzdtese Odzed d Oded dzd dzO, CYRREIO dzgf L o
BdSCtesMsddBO~ §J yd dzd SCter mr fsH oBLHJ22T
HisB Oo dzf @IS H dzO, wodzws h jaetsmw  tsis'fdzyd
ftedeosHdds ¢ §SH QedHdedsS Mg z@&ud Qdzd v
otej 3w € OC -Hndzftf glcls@ L@, H ¢ Ols WAL i) H  HAF A3 &
2O "tH tjOSydd, dL Yjcets O lstste-O deg HalR s
tcOHd ¢ Odz, fjtesSCMdH otHBSteSHO d G6dHtES
HOdzdzts 2 toj O @etgldiP99). Os ad a
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Il Sldtsh jddd ®@sdkstsSthMdej oL dzr = tj OF
feH sdzsy § dzd W, Yysts ftesHkzSydwy o MtsC sts,
1, d OHA, fsLotsdv jls CdzjlsSOd3 Eklsc
steeOddui MSdr ojhifMmlse, IO COC 14sdd ¢
g1 MewrLs (Yasui, d20Qsos 1 tgaCESDHEXR Odrds)
dzj Ctslststolz® dzf M7 4 ydw d ydzetsmls Hy2Mlsedw
dzs Bts?2 dLBWBteds] 1 Istsets Wjijttdzj dzZsO o3 IsOB
(Coonetal, 1998).

S or atsHOMd t Yyjdzj MstsBtcOL desmils d G J
dzj S slstster j Qo lstster du @Sy, 08 b d jto O B(BOKGH j dec
or MCOL" 90 Ismw  dBdzed dedj s Istsd3, Ylsts ¢ A,
Cdzj Ists ¢, fSHHjydoOW Cdzjlstsyds j ftetsyy
Yylss sCdmdzdlsj dz dzr 2 Mlstej MM wodzw j Isfyw &z
OCIsde Oydd flzlsj 2 Cdzj stsydzts? ¢ d B dzdizd ,
tcj ckdzdtelzj d3r 2 dzj CStetsL .

vsOCYd TBC0OLOdZO G J dz) e(Brytgnbacketals201§) H dz
[BtoOL ¥ h g2 Mmw  dedr fjtesCMdH 9 SHSte s
MdedzOdzO diyHE CdzjlsC Od3d, H dzv - LOV jdes®io
(€O fOottOLdlsduyd MSdn, Is ¢y J d Hfigaf d3BH] jtsdsts
dzd ¢ detsy j dzdz¥ dztsL T, ColststcOW wodzw jlsfypw f tc
H dzW f SHHJ oY Oded W Gz sMisOL © o BdtmW
tcOHdC Odz! dzr d3d ted OC ydw o&3d d smizh j Mlse
fjtesCMdHOLB2 d dZzZOCCOL 5X,¢C M@da A Ss € fintd 5 dDL
Odz¢ setsdzr sECMdHOL B2 d NADPH sCMdHOLt
fcsHkydtelkze sihfw € OC yj dzdzs dzOL ™, sO0S¢ d
tcOHdC Odzr GJded edqtelzj d3" | fjtesCMdHOL B2
yJ dzdzt dztsL Iz, Yls ts H]d&ZOjls JJHMSKD)] d 8OH
Y j dzdzt dzOL 52 (Wil son, 2011) . | de dzts vy,
fcdzd dzj tedets?2 MbstckzSCblkztes?2 d Byl ttOL dzO
ZzO0 dzjJ SCSdMmdzstesHdze » t©OHJdS Odztso . Cilsd
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B S sdZscOBBd d BdBl] ndisdzg E)Odgq H Iz dads Y dzis
otc] dgwv .

] slsdzsh j dzd d fesCOtdtslsduyd MSdn s
dzj H sMils Ols ts Y dats H Qdzdz’ =, fsHlse jtoy HOE M d
Yydbsrtes®Odd M HIjGEtOHOYdJ2 Bkcdzj otsHTSTe
1 Ists? Isj sted Bsc lzls Mo doHsirIs J dz!'Cfilfldf g thoed @
ftocso jHjdzdzr » #OLT Cdder d@3 I MtsOoels. (v OLT
f ¢ 0OL Odzts ddzedB dtetseo Odzd j BJBHJGicOH O
Odzsd sCMdHOdzIsts 0 (OMCtsteB d dztso SRisC &Y fi) tzts |
OyjlsOlsO d dodsdzO) . stisd) cBBEE, ¢ 8BS dZOT
Odzgdtsdz tOHJSC OO d it CdMmd AeinetebadesH O
calcoaceticus 9 nBHJ ddz¢ zs Oydd dn M oL dzd
COydMmlsej JjHddMmMlse j dzdzsets dMmMissydzd O k¢
Mz Y d Is - Ctse j dedzr d3 @ L Ofsn giz' M ldseBiIc O L
OCIsdodesds vygJ dzlstey BOCIsjted Odz' dzr n d3ts dzts
BgBH ] GteOHOYdd Ekcecdzj o sHtstetsHtse ( Sazykin

sOC EyJ Brdzs MEOLOds orhj, COlO
f4dted SdMmMd o tsHntsddisH PdzjHa@ydd 6 dH tc SEdjxfodz!
tcOMMdzOIstced o O Ismw ots d3dzsc d - tcOB BIsOn
LOGtW L dgj dzdz' m»  Isj teted Is ts 6°dd2dzd " Faste dizf dzef & b5 ¢
tcOL dzd ydzr = ftesyj MmMse HJECOH OYJJ(Baclks OF¢
et al, 2010) HJGieOHOYydw fJMmMlsdydHBe, Csists
d dzls § dzf d o dzts d3 (ZapateRelzaln 20080 e j ¢ Zdz! s e Oyq v
HdL j dz@ dz" d3 Is ts {Sdotf¥otmdzOlf 5216 1 4 ) ddzd tOL (
LOGWLdYEhda ojhjMmisaujn@ddn QY Ote@iisd

l ttWwHj] ttOBBls MM Ojlsmw B EZMtf jh
CdmMAzisgtsla cdtclze M j ots € sd3f tsdaj sklst®] d3j davd O @+
L OG teW L dzj dzdz" n 1 v CGtelzdzlstso ' - 9 tSH ( M
d3d € te s W dzts tc 'et)al,, 20040 Gnid et al. 1993) . Shekoo
(2016) dL 2 yOdzqd BdBHjGtOHOYJ* dzj W Isw dz
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f smdzj H 59 O lstg jd2d Wdsstslgc j fjtcdsHdyj MStsets
sf sfjtcj H 59 Odzdzlz ® Hi2Mseadjd3 BOCI]tcd Odz
dHj dzsdW¥W dydtctse Odz tc O L dzd Rgemtdomonas, BaCilbiziz "
Klebsiella f csHEzydtclzs M d j W J tefdzitetdst ind 4 Ols Gz®
sB dzOH O h ( j co¢ BOGSOdaPL difsRicts S i d H OL dat
[ 5B Qo dzjOdzy j B isd3OMMj or L " 9 0dzts ddgH 2C€ yd s
fjtesCmMdHOL T, Yylsts ftwwdosudddts ¢ ftOCls
CzOmMmMse kcedzj otsHBtosHBBe, MsHjty O dr Mmw

J tcOBtslsj YOattomo T b dz@a d MMmdzj H
LWWjSIsdoe detsfls! BdtSHj GteOH Oy d d ¢ tc@fipis@y
Pestalotiopsissts . 9 YdHEt2 MmMtejHy d HTtyed f{ to
191 Tween o ftedmMPHEmpodd' dzsdzif5C @n O dzts
LWWjSCIksdodesMmisd H j-£0 O @-§HTwdO® T veok no &
dsdets & (Mn d3f Y0, (0,05 &3f ) . | { B0 kztiscdsjo tef
Zcdzj totsH dz" j Ho 82 dz" § MeowiLd (4=4d)Mn- OBt
fjesCMdHOLS?2 M tBKOLBOOddj &3 jtsCmMdr
fJtesSmMdd dr2 ©OHJS Odz, Cslstster 2 wog
 sBOo dzj dz€ ff Mdf j it sdz! L ¢ I5¢ JdlzdztsRdzv H j@&Bte
i sdzdzs 5,0 detize@®@ 9 tc d d3d to, sO¢Cdr CQREE)THDOL Adz
LWWjSCIsde detsfls! My sOdzdzse s dMmf sdz! L 59
ted OCydd Hddzv 1 dzddizdedzOns(Sdts dstsdizj Ctdz dzv tc dz" n
Isj € Mmisddz! dats 2 ftesd3” h dzj dedetsmls d , Is. C.
OQtesBOIsdyj MEsj SCtdz yts.

vOCdd3 tBtOL 53, 3ty detg Y dfite j Hzff Bz QL.
34 ~ Odzd L d3ts o HjGwOHOYdd t©oL dzd ydz r z ¢
tsfdats o Odzdz A O twOLtelzh j dad LIsdn s tc Iz
fsigsh 8 OCIkdods » Wttt CdMdzstctsH O.
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LI ol ofi23rsv, [JouvrtrRO[]Z R Jruflr3 Rud]

21[Bi jCl dMMmdj Hiso Odad v .

[BI jCltsdk HOdMEEs dhMMdj Hse Odd™ W o d
Ry OClsdas? LBdr | BotyjesOMmMis2 L[ Su
HjCcOHdks " dj ®ISoses Oded L o3 .

22 Olsj edOdzr dMmMmdzj Hiso Oded W

22 1 RMftsdz L 59 Odzdz’ § t6j OCGIsdoar

] tcOB BIsj BN dzd MmdiApthtzezh idgo Owlgr OC Isd o T
(¢cSi-Almar i cheée, wz¢), HTAMex@&NHdwuQL] , - tdzfd
(¢cSi-Almdar i ¢c he, 42z ¢) , v ted M ( ¢cJ1 §abvezQ tc €
1 d 6d3Odzd W) , AmEfees Y JuzSHFQL. H . v, ( ¢4 30
Widesdz (¢c¢Co0@OBj MSazstost fisfipds (¢l J ¢ Istsdze,
(¢cCldefy [ sMmdw), ORDEGSL Oz ¢EG) M. ystcd@Bi
(gerv&, | Jted3dOdzdvY ), ckzOdzdHddz G dHteB R dziStc
80 (¢cAmrescoeée, wz¢), OMfdyddzdHdflidang ,c &
t smimdw) , Hitotsy ) jHele@re , 1 Citsfipg@d ) , ( ¢ dzOIs to «
(¢c¢So0OljMmbe, (oMmdw), WwLOLSHIY ¢ WMo s iy
#z2¢), 16rn (cAppli Chetletsmieddsd)( ¢ ApdzH
472 90) , HdsSMdHddz (1 seatMdend gl OBERH O
(cdSCo0OIjmlse, (s )dr i tdted®CoOls (¢Sig

RdzHdo dHEZOdz! dz' j: [Beddzdo tsdi fsffetsder L ts9 Odz
GJ CMOHj ¢ Odz, f OtcOW d dz, yqde<¢ dzsce j € mOdg,
(¢c9Co0OlsjMmbe, (Mdy), O BOCY] ¢ ddjt
1 | dzls © glzdzL ts dz, yds dzse j € fOdg, f OtcO% d Gedz" oz
odHI 10% ttOnEsHOLEO Ode; 9o OO0 &5 % ft
GJ CMOH | ¢ @V, Oddgsiddis o OW 1 Whtc®OMEy stc O o
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g cOw dgj Wlis', dimifsd L zj dgPWIs jf e d § dzvdk
BdCtotststec Odzd L d3ts 9 B dzO f sdzlz yj dz0 dL
t shstsoaME 82 B dZOMIsd, MEoOYddO -~ 41,

22 2 10CIsjtdOdz dgr § SCbkdz' sizter

] tdsAsBj B dzd dmf sdz' LIsh dec tc OHIsqOatiyr
BCtoststed Odzd L dzgts o " HJ dzj dzdzr | tslsfdzts y ff tdztf
dif OCIsdes?2 L Bsdgr (1 tSobyjtecoOmMmmes?2 1t Cu.

s tets d3yg Istsc ts, B'" dztf 4 dik 8dgdzts 50 Q@afpWV Is j t
BdCtoststec OdzdL dztso  d L Ctodzdzy S ydd dzOB BtcC
Bdtsdzsedd ¢SCOHjJBIJd Bdtsdsedd d Bdtslsy
Fdzdo jtedlsjlsO. i1 Odetizdzyf mBAJdzj dz gL :
Slsdztsy j dzd?2 sityj &M tsets fosdzdo © d&zO d3j
GSHO. [ dzw dHjdzsd¥dSoOoydd " HJ dzj dzdz
Ckdz skteOdzr dzr | (tcOL d3j to, ¥ st 30, ¢ tcC
(WBted3O® Cdzj ¢, sC@8RMHGP] §fis] s Od3k, B«
ftedL dzOS d, O OS] ftsotHddzd MmMj ¢ J dac
t1s (0OL" Cddz, 2012) .

] tcjLlzdz IsOIsj B dzd dHi dzsd¥ dydtetse
HOdz' dzj 2N jGts gL zyd dzd v mMdzj Hize M dJ h
dz3d € tec ts ts to ¢ CEcaglobdgtenm undae; Achromobacter xylosoxida(¥
h Is O dzd@criarosea( 2 h Is;GAdguig®bhactecalcoaceticug 2 h Is;0 d3d3
Pseudomonas anguilliseptica ( 2 h Is ,© d3bde@anella putrefaciens
Micrococcudluteus Kocuriarhizophila

rdzv st HJdziddy ttBh j2 IsChdydtsmls
d iz O¢C Is dats 2 L t5dg' 1 BoatsyJ € OMME 2 11 Cws
Mo j Iswh d2 mWibrid &@adgagnusl s 1 [ -11 245, 9" HJ dzj
9BH' Y JjtodesSGts stV .

[ dzv tsfteJHjdzj dzedw o fYtsyoOrn d¢ O dzidatz
ojJhjMmlse, orLreo0Oehda tCdMmdzdlsj d' dr 2
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B ' dzd d MY s dzhux-B=otthiplg’ dzfn ts te dz' § h Is O dzd3" fi
qdzHzydtelzj d&3" &3d o d@slststcOdd, t©OL tcOB BIsC
Yyjdastej t A "I BMRRIjdjIsdCO" ([ tsMmCo0O).

] 4 dzluxd 1 , CtsHdtezg M dolplzeU j v dded yr dz¥
(dMmy sdz! L ZelusABY Hddzryd dedz" § dL r~rtsdiishs
Photobacterium leiognathif dzOL j d3dz" ~Phaoth&bdydusih@scens
o Mistetsj dzr ) Bzdz! IsdS-sf JRBEzze f 6 @zO L fitgHH &
ftiocsdiBtsistste, McOB Ofstc ) O s Do dzffdzed d o Mtcj
ss¢MdS Odzlsts o .

17T dzd dMmf sdz’ L & Qur'MGI6H GigAlux) Ef coli
MG1655 pColD-lux) (ted Ocdqelze s 20 ( cdicisildz &
ojhimlse, orLre0Oshdn ¢ detsls K pifMGLEDS d j
PKatGlux) ( HjIsj SIsdtekzjls ftedmikzlsmMlsedj fjtes¢:
fjtesCMdHse o BtcpliHMGLESS (pSex@d3dx ) (HJIsj ¢
ftedmizlsmise d j-O dgdztf dER K665 (plbpAl ux) (toj Oc
220 d2Odzdydj ojhJjMmlse, fsotcjyHOY N daEzs B,
ftcj HsMIsQoadzjdz@ RrR. 1. [ Odgzrntser d3 (AqUL} ¢

22 3 1 dlOlsjdz dzr@ § Mmted HT

dzv Ckdzi sdo qtctso Odzed W dzd Wisj € dfmdzw s
dmf sdz' L s9 Odzd 3d dzj tc O dz! epldsO détpteticR iz d dz® tc !
d dzgj Wwdes?2 OcOB)( a4 @®L CtHfldiste’ 2j0 1HIs B O 9 dzW
ddzHdo dH EZOdz' dz' ~ Fcdzj o SHiStetsSH 59 ) COy
Zcdzj ctsH O. dtcjHEZ OoltC dzOo dteseo Odzd  tod
d3d dzlz Is . 1 4 WlisH d ddzH dsdH Ez@dzsdg djdzd 2 e dzj fe
McjHE fMmdz OolstsC &zOeo dtetse Odaed W .

I T Hjdzj dzd 4 d Clzdz' Isd o d taitgecQgfHjd tcz
BCtoststce @adzd Lfdssuee d Htsdzder = 8 isdzgts 5 H dbdiZY
AdHEB2 d OcOtdL o Odzdets? d3d dzj e Odz! dats?2
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NaNO; 2.0 ¢/ &
Nad 0.8 ¢/ &z
KCI 0.8 ¢/ &z
CaCbA DH 0.1 ¢/ &z
KH,POy 2.0 ¢/
NaaHPO,L A  02H 2.0 ¢/ oz
MgSQOy 0.2 ¢/
FeSQA ,DH 0.001 ¢/ az
ulssCtsor 2 wOMlsatste BIS tots
FeCLA ®H 0.08 @/ dz
ZnSQA 0.75 @&/ dz
Cs¢A ©H 0.08 @/ dz
CusQA ®H 0.075 ¢/ &z
MgSO.AH20 0.75 @/ dz
H3BO3 0.15 @/ oz
NaMoO, A DH 0.05 ¢/ oz

HlstsCtsor 2 wOMbotste RISt dzj BBj dzlstseo  H
BBdz/ d&z. 1 C€OydMmlej dMssyddsO kEcdjotsHTE
@ZOMr h j dzde’ 2 t6OMlsotste &OWIOdddd d Odls
GJ S fMOHS 0 dz@ -2 Bzlots dz@ d € d268%. j € ) © dzO

St Ay e s, HdzZv o' 6Oh do OdzdvY RIS BT
NdqHGz¥ d OcOtedL 5o Gudgddizls Q&M @/pMmalis 1P8R)tc d O
HtcjH' OolstsC &zOo dqtetso Odzd ftod Isj ok j Okt

[ dzv  Cbkdz Isdlaxeptgtsand digfipstedzr & M kO dsdBEse
® MtelBHHBE B Q9 dzW dzd OB d yd dzdzd dz o Cwdzyy
9" tcOh do Odzd dVibrio laQudgdgénus) s 1 [ - 11245 MmMBHj e
nhstedMistse s dABtegzdo dROMgj HEs 3 %. | d&w
] kjlOBsddyjMSs?2 OCkkdoOydj2 dnfsd L
MsmisOgdj fd: 200 -URE Y Ols d&s ds SOEM PO ( p
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Hd Misd dzdzd tetso Odzdzts?2 9 tSH ' 6V BEOW PHO A, 20
cOMlso ste® Misdzj 2 (123 G/ dfds@) , KC3 00 1S
(Moltox, &z ¢ ) .

23 jlssHT dMidjHce Oded W

23 1 [ttty Hsdadz rd dflsa@dsidgtdad 2 L
1 oty e OMMEs?2 |t Cd

[IsB stc ftoctsed di3tf ® Y b tzts 2 L tsdz 1 S5 Yy
ftoccotswdEB LYy oOowOBEE®BEG- MW dzO EZH Odzj
1 BotsyjteCOMMEBSRO0ABC wtset O20 1 FOMRY3, 56, dz
7, 11, 13 dzOn tsH dJadzO g tc O dzd Yy O = -L GOl dstiXe dzts s dz’
1 BoatsyjteCOMME B2 |t -8, CdgO sls O i I$ =y tslaggds ¢
sk, 8, 8®OMPSEOEOWON: §  dd dac
2O tcOo dzff tf W3Es2 , tsftej HJ dzj dedaets? tHfHRY PtgRL Jt
1 BoasYyjteCOMMEB?2 11 S yYyjtejL MmMJjdzdlsjsdz |
stcdoWw dgEts®H d dajs? tssB stcO® ftod o j. HfjleB St
ftesB fftosotsHddzd o Mtsslse8j3s misco[dedh dfiff 4 Ig[tajt
slsBtclz ff tc@Bs Yfots Yoo éeH Qlpgdzts dif tdgjQ2fiids © 9 dzj degr
YJ todetsL j d3sdz tsB' S detso j dgde” d3 € OtcB tsdzOls dz' 3.
cOLtcjL O M idd&kzsefdz o 0¢C sdzd yj Mlso j f tod d3J
fitej i3j "doOdzd, ©WOMYtejHjdwdd s § dzOMmlis
20 Alg . COyj Mis e jy i ldztiXizts sf dstsy o * dimf sdz’ L s
slssBtcOdzdz” | o [Jlu ¢l jteimdOdesea mC OW fMlsj

[lsBtstc f tctsB H tsdzdz" ~ Slazs R P4 D st
Mse dzOMmdzts | [ 480 . 1 7¢c. [IRt6QdPA f tedtoctsH T . 1
Istcj Bso Odzgdw ¢ ®lsBitclz ff toctsB H 5 dzdz'ORZOEA dzt
2O L Octew L dzp thagdzNE sy CIsso yj OB BRI OF
slsBtic@ B OC Isdzts? ok Bipf < ©Bjotpdusy v tcd ¢ Odzs o
2) , tcj] O sOHORSOCO (9 Issycy 6) d tc
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[ sdedz” | Sldztsy j dad W s s B[dgjO dadts HotsTjfdpdo i {15 O
BjtjGCO) dPlydgaigddgzOrj j dr Ish Olsj dz' dats

ftoceR 0 Awu.

o Becenbin
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HoBoyepkacckios
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olKanamosckn it

o KpueaHckas

Coo"gle earth

0630pIC BBICOTHI #2223 KM!

ol dsds'e s Gslif s BB L 1S dz
1 Boatsyj e OMMEBS2 |1t Cd

v OB dzd yOstteH d dzOIs " ssyd ¢ Glsdeds'ted f dedstsy .
g3 OCIsdets? L sder 1 BoatsyjtecOmMmMEs2 1 Cd

T st sttstcH  dzOIs s d{

{ $qakt ddz0 d H

40A13' 21fMdzOB ts

slsB 5 slsB s5tc O
1 47A24" 29|y jtodztsL j 03 tsB ' G datso | da
40A14"' 52|mtej H dgj dBsh dz 2 d
lswy j dztslz @ dzd dzd mylst 2
2 47A23"' 2.|¢ dzdzs 9 d @alziGdste OW ¢ (

Cdkmdteso OdzdzO Y

40A12"' 36/|@BOIs@
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]l totsHsdzy § dzd §

4 47A23" 33|y jtedetsL j a3 5B € detso j da
A0A12' 51 Mtej Hdzj dBsh dzr 2 d

lswy j dztsflz @ dzdf dedf fyls T 2
5 A7A24" 21y jtedetsL j A3 5B T C dztso j da
A0A13"' 5. Mtej Hdzj ditsh dzr 2 d

lswy j dztsflz @ dzdf dedf fylsr 2
6 A7A25" 4. zempjtdcdztsL j dzdzOW f
A0AL13"' 44 BOdztsG ZdBzMdzOwW Isw y j dzf
7 A7A24" 43|y jtedetsL j d&3 5B T C dztso j da
AQ0AL14' 22 Mtej Hdzj BBsh dzr 2 d

lswy j dztsflz @ dzdf dadf fylsr 2
8 A7A24' 14| 26 mypjticdetsL j dzdzOW f
A0A 8' 19dB0dtse zdglzmdzOw Iswy j dzt
8 O 47A23"' 46| zewmpjticdetsL | dzcdzOW f
A0A 8' 19BOdscelzdzmdzOw Iswy j dzf
9 47A25" 19y jtodesL j 3 tsB T C datso j da
40A 2' 4. |itej Hdzj dstsh dz 2 d

lswy j dzsmlz @ dzd dzd Mylst 2
10 47A25"' 54|y jodesL j d3 tsB T C detso j da
39A58"' 40|t Hdzj 3N dar 2 d

lswy j dztslz @ dzd dzd mylst 2
11 A47A23"' 49y jodesL j d3 tsBT C datso j dal
A0A14" 45 Mmtej Hdsj B dzr 2 d

lswy j dzslz @ dzd dzd Mylst 2
12 A47A23"' 26|y jtcdesL jd&3 tsBT C datso j dal
A0A14"' 23 Mtej Hdzj S dzr 2 d

swy j desflkze dzg ded fyls T 2
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23 2 [ftejHjdjdd] ddsjctOd ds2 It
ftossCMdHOdsd 7 Mots2Mmlses Y tsys d Htsdads
1t S8 M oddkshi s plExsIls jsing Oy tsde s

ltcdeotslstsodzj dzedj + CMstcOCIsse  fIsyd»0 ddic
CdzB Iz Ctodzj dzdzj 2 J c© o detsd dzd IS 5 ¢}
slsdzsy jdzed?2) d 5 ddz 18 0% (tgQ\ipis eetste@ € WE B
1 sdzydeh e mw MMt j dor d ¢-d dfStzdgjOIsA@diz [ on n
(New Brnswi ck Scientific, 42 ¢) d 1+ ¢Mmilste
sj B jteOkztej 30Aw d MOsttshmisd o2tOh j dad W
l sdzyj dedzr 2 1 €EMlstcOC s yJj dzstedW e dtctso Odz
sBtotslstso ) Bd dziz Is Iz . szt j tcdzOlsOdaf W€ C
dMmf sdz' L 5o Oded Vv RtOd Alstj B j tcOlslztej

JftejHidzidd] ddzsj cteOdzt dzts?2 IstsC Mmd ydzts
Slsdzsy j dzgd?2 ddi3f OCIsdzs?2 L tsde' [ dzvso S jeip B P
sBh j2 (ddzlsjcteOdzt dzgts?) IstsCipd ydesmisd ¢ tof
dmi sdz! L s Odz" dz4f dgdff dejsfh g &I©OdRERI0 aquamarinus
l s 1 [ -11245,

1 Sydzkzs € Vilko dgjimmdzinus s 1 [ -112459 ¥ o Oh o O dzd
f dzslsdzes? MtejH] LB M 3% ~dstedmissets dzC
Ckdz sktelz t©OLotsHJdd ° 8§z I Isdgets M) I ¢ dzt3H
cOMlsostesdy d MOL iz {-gzio getizts lps dzf  Foerdiaizdg
RMY Odzed v ) fs 190 &Sdz BOSIjtedOdz dats?
HsBOQodzwdzd 10 BSTWEEN8 % & OBHBo 84cQ Is Odzsts dz
dzz dzC d o desfyd dzd f tsSs ) (dECfighs tefGfiggiticHldafdp . Iz
Bdtdzt &z dzj MyJ deydd fHteseotsHddzd d&O ¢ttt
01T (Immunotech o Isjyjdedy 30 d&Bddelzls M d dzls ] toce
B delzls, Htod ISAulf jtcOlsztcj 25

{ftjHjdjdd ] Gj dslstsS mMdudzsmisd, - ¢t
f sotejOf M dn Mo ts2 Mise 1 CMstcOCIstse f syoe
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gz OCIsdes?2 L Bsdgr 1 oyt oOmMmMEts?2 1t Cwu.

[ dzw sfrilsO B'" dzd Iugfend tsfdzi dzftste @diE™ J h e
qdzHkzydtelkzj &3 &3 H. tcdiddBs3465% CQ&ReLA u x ) E. apli
MG1655 (pColDlux), E. coli MG1655 (pKatGlux), E. coli MG1655 (pSoxS
lux), E. coliMG1655 (plbpAlux).

1 sydzlz s Ckdz! sktekz BdtsMmj dzmtstedzr = hIsO
Mted H] -If jztdedg(@dzd ( LB) , MsH jtey O j2 100
37C. 1 0Ijd3 tOL 9tsHddzd jSjdzj Hets € ¢ tigday ji dils & d
LB fn QEgfdddais d ddze¢ e Temo Augdyjflteld 3 L
dzlz dz§ dazlz @il y dzts 6 5 (Godt#D dzh R fisfOCdefty My dzd ¢ s 1
BOCIsjtedOdz! des?2 Mmemifjdzrdd d ¢t 10 S
Htsdzgdz" » Blsdztsy jJdzed?2. | Codzstetsdz dz" j dzlzdz
dE iz 1% tcOMmlso8slc O TIMEW%R Nt Is Odzts dzj .

rdzv HjlsjSydd o 1 CMsteOCIsOr ftsyes d
BzlsOc j dzse dMfsdz L soOdzd dBJ IsOBBdzd Yy M
f zOdzh j IsO o desfyd dzd i ts 180 BECdz BOCIS
dimmdzj Hiz] e s 1 CEEEjtclOX IsBE dz 9 1 % tsdB figddo tsto

( Amr esco, 42 ¢) ) 96 % 1 Is Odzts dzy d
MsH jtey Oh j2 WttOCyde S9 BCtosmtsdider = W J
#20) .

RL d3j toj dzd j z tc s 9 dgw Bdtdzt dzd dzj My Jd ¢

B ¢ testf dzOdzh j Is dzts A3 LM 1T (nolstarilggc tc jo  Is j yJ dzd .
Yofmtse M dddsjteo Ozsds BiyHl dL it tedv &d
{ftwjrnjdjdd ddijtnmo bsShdydtshisd

gilsj tf 4 dz stsCmdud ME se s otSLHj2MIse d
dL d3d dzj ded® ddzlsj dzid o datsfls d Vidrto daquampanmug dzy
lsl[ 1145 o ftedmikzlsmMisadd dMmMmdzj Hiz]j d3ts?2
C sdzls te s dzj d3, dzJ MsH J oy O d d3 Iss ¢ Mmdyd
d dels § dzind o dzsfls d Bdtdzs d&3d dzj yd deydd ot
LWWjCIlsiz.
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vsSMdud ME s otLH]2Msod] dmmdzi HizJ
ftsHOodzj ded®  MeBdBAJ dad W Is jr il s dzt80 1 ¢
tcJLEzdz IsOIs o tcOy Odzd o odefzig § MBOISBS hc
tcOMmMMmydilsr 8 0j 3se s 5 Wistcdglzdzj :

v = koM (1

GH4d b Mtstslse jIsfise j dedets, d dzls § dzf d o dat
mMemfJjdLdd BOCIjtedOdz dzr = Cdzj sts¢, dzj
(mMemyf jdL dv M dfmMmdjHizj & B 1 MiseOSBO
wWdEMmdese Odzdetsd3 o tef 3 S MYKeasd Jdd ¢
¢ ts dzls 20w

[ jbsHdCO HSfEMCOjIs Isted fsttsesor n
-Hsf 2MisddizOw Misjf jdz2 IssSMmduydesmisd: d dzH
-BBtOL jJ Yy bst¢MmMdud d: ddzHj ¢ LsChdydssmls
-sBtOL jy Mddz dets IstsC Mdyjjddz dddagH JjeSHmzjlsjts CE

[ftojHjdzjdd] WOSIsttO® dqdHEZzSydd

J COyj mise j 3 tor Ists¢ mMd ydesmils d , t
dqdzHzydelzddsijldapsteses, dMmMftsd L s Odzd (-
cl é @(IK)s EHQCIishste dqdzHEBSYFd . yKd dzls 1 s
ANOCIstste dqdzh zSHiegdH | BEzv dzd COC Blsdesh j dzd |
ckemyfjdz dd BasHpULhcitlox ) ddikzydteizj d
fedimizlsmisedd Isj Misdtelz) Bsdts digas]j randgio diafs'
C tsdzls tc s dz! dzts 2 memy J dzr d d, dzd «): M4y ON
sl WWdydjodsz fizd v Mo j yd ddw (K) st H]
GHJ-dldzls j dzind o dztsfls! e j A Jsdadz30 M i € jsddzmdsd
fesgslsstesd o ftodmizisMmise d d « 4sd) dedsiddshipd] edzist
Mo jyd dzadv Ctdlstetsdz! dets?2 MmbkMmy j deL d d .

lted MbOldmisdujtd) Laiddfulisd gfpr SO t
2, sB dzOtclz y j dgdzr 2 sts¢mMdud M d?2 LWWjiCls
2 O COS 10Mmtcj Htxd®@-6 0§ f@ddz dz@ 2¢& 1 WW, ¢
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2.3 3 1T Hjdzj ded § hIs O-eBg3ts & O H d telzgp U
BJCtosstec Odzgd L dzts o

[ dzw 9" HJ dzj Hzelwd vHSjImdis A dRic Z &3 C o s S tIc G O C
Cslssoddzd ¢ tsyoe j dedzlze MMy j dar & , Hdzv v
Ish Olsj dz! dets tOMIsdteOdzd o MlskfCj, fJtej d3d
Misj tod dz' dats 2 aB3q dzj tc O dz' dzts 2 Mtcj HES2 d teC
dzj S Blsstcsf dzo e BOY H ] dzdWY YBByo Jjdedz m» YOFf
BZOHSMOHBYdets?2 Y dHSEStsMIsd odetsmddzd o 50
Misj tod dz' dats 2 B dzj tOdz! dzts?2 Mtcj HT CkHO
tcOfMlso stc® bkcedzj otsHiSSHIS ( dzOfmr M j dadz" 2
ki Md € O&@OH | B-2 Balols dz@ df & e2tHc%) . ) palz@lz! s d o
o h 2l OIststcj | nnova 40R ( New Bru
30Aw, 170 BB/ B3ddz o Isj yjdedj daj Hj dzd.
fjteiMmMioaOdd dO yohe¢d 1jlted f OcOtdL

Cslssttl® HEGB O dzv dzd 2% ©OMsotd Lkdd
sjeisMlsOlsj ftd IsjdfjtcOlsktj 30Au o s,
5 HokRD ststgtshlsw . Yy d ldrojun j € z@n dtzboe

BIStotssted Oded L dZs or Hjdvdzd dL SHdztsIs d
o esmhdrn dzO yoOh COR © BB "dE ¢ tddyd M

23 4 RHjdsd¥WdSOydw or" Hjdzj dedz" = h Is Ok

RHjdzsdwdsoydw fted f sdistsh d mHLoy
tcdBMcRzOdz degtex o sy gdzd tOmMmMijo Ckdz skzter
slsH j dz dzr = C tsdztsdzd 2 . [ dzw 9T HJ dzj dzd w
BOCIjtedOdz dzgz¥ BOMME §sd3ih Odzd oTEN § ff §
BEW Jjtc®O M dzd mv g @ ditg dpMEDTA, 150 mM NacCl, 2 &3¢/ d
dzdL syd i30) , PBhS Hpddaztse Ofdd 37 Au, $DSB O9
qdzS B Jtetso Odzd 20 &3q dzlz Is ftod -DEAESY Hitdsd
Yy dzstcdW e dtetso Odzd 4 dgd dzbsls's d tf Gscfd 114 O
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HtsB Qo dzv¥v dzd ¢ dzy d3lz tc Qo dzr 2 sBi j o3
AJdzstedW e dietseo Oded d3f dzlislg udf dgeffd 44 OHOOC 2
fosd3 o Odzd 70% Mfdqelssds d tOMlse stew dzd
rs dmfsd LseaOdzd o ¢¢Oyjmlsea] dOItedyr
MisOdzH Otels dz" dzd ftcO2 i3 ORI S B s : OFZHF dzd W
AGAGTTTGATCMTGGCTCAG; 149R- CGGTTACCTTGTTACGACTT.

t 4 OCyde 1At f tese tsH d didfo-Rderetrad? fBiae W d ¢
Rad dz¢) o MmdjHEshMjd t6j3ddj:
1) 1 0yOdz dzOW H j dzOB bz g@ugfts 1 s: 94 Awu
2) 35 yd¢ dzso:
-f zOo dzj dzd j -8B 0 s M % 1A eeH
-tslsy dcé ff 02 dfjls tshpj SSBMAH
-O sy dzd W Gy dMDAu M € k2 dH
3) sstcs2C O WicOcd dig=ialzlssr 1 s 72Awu

Cdzy ClstesWisteJ L sz yj dzdz" = HtesHEZCIstsE
GJdzy Htwd dOftewy Jjdedzsmisd L dzj Slstedyd ME €
ftiosHEZzCIstse OB dzdW dSOydd ftososHddzd (s
ABI 3730 DNA Analyzer (LI fe Tecl
mMd Coj dzdtetso Odzed W sBtcOB Olsr o OdaEnBaink Blfsts &3t
(http://blast.ncbi.nlm.nih.ggv

RHJ delsd® dCOoydwf sdststed dL lzyd-ipff ¥ ¢ Is it
tcdBtsMdzOdz! dzr s kzdB jlsdzltaso . B S toiststcc Odzd L 3t
f sz yj dedw SIsH j dz' dzr ALB. ¢ tslZtstdagf@h dgO dfn tdsjde
Codzsded d § tscdsy M Odzd dzO d3dzts G #f tis@ LSy K6z i) IS (
ZOdzsd dzd Mo jtenlz @I Lifufigezi? o Offylsm Gded v
dqHjdzlsdW¥Wds oOoydes &d ¢S tc ShptigictOsimts dgtslote jo  MBQ i
(Bruker Daltonik, 42z ¢) ) QolstsBzBOIsdu ME B3 t6j N
ftlosWddz 2 dRftslsdteso Odzd o ftotsetcOdRZBE
MisOdzH Otclsdz" d3 dzOMIs O C PH3j dzls d W djSLAylef s ¢
ftedmetsjddd dmMmdzjrunizjBskBz MfjSCbtlz kO



http://blast.ncbi.nlm.nih.gov/
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tcsH/ odH d ydmdzj dedetse s toj 2 Isddzc O Istsydatsf
® odH] dscOtedW Bduyj M2 hCOd sls 0
OB fMtsdzs sdets iz Mtsy a@w j dadss , 2 , L3R@A S finldsts 9 J e
sftcjHjdzjded] HB odi®Oshistss Piedt® D Efstc PH f
d dzOH J ) datsj s toj HJ dzj dad His T alzbwm @ Y datds
sftejHJdzjdzd] HB ttsHO.

2.3 5 {ftinjdz ded j G J dzjQededfuysfad  tdndzHfd] e
hlsOBBBEEAz] o SH SEIBOH d tagf Chigfsistcc Odzd L dzts o

1 sydzz ¥ Ckdz skztek BJCtostced Oded L d3ts o
Ctodzj dzdzj 2 J 6©@ o 15 LEzdz slfda:ClasRo (fietdsjo HO dzd
Isj B j cOBztcf te3 0MS stesMmisd otwOh jdedW o f dz
hj2¢C¢gduad zBOlststej | nnova 40R (New Brun
CdzjIs€d btedyH" Blsd3 9 Odzd d3d dzj-fc P Grelztdzts & 2
oj MM jdzHn Jtctseo Odzd tMOHBEC 1 Iss2C dgjjls sf§t6 d
Colststelzr Sty HJ dzvw dzd ) DEN=LEREs N 'd s M@ p2e | dztf d
1 dzlz da¥iztf dz® G dzts G 5 COIEARBNGJ3IRO (2 ¢) o dzsd dz
MMy jdzeL dd BICtostcc OdzdL BBso , 1 Y @zt 636 2z,
BECdz 4 B[ otSHdsets tOMIsotstc® dzt yd e j dao
Fcdzj o tsHistcsH B9, LBdzg B sfyddg g Pys'dzvC s dzlr o d3J te
dzs B3d dzj Myd deydd YtetseotsHddzd o d3danintsskairO dz"
Ascent(ThermoScientific 4z ¢) o Isjuyjdedy 24 yOmte
ofmMjets 48 gL d3d teJ dzd 2 . [ s ftctseo sH dd
ddels § dzd o dzsfils d  dz¢ d3d dzj M tpjydEtpdiap dz'nda’dds O dzo
GJjdaj cOYydd -tz ptzsC O e ¢ OdzO.

23 6 JHtojH]dzdd] sEMgp®@OgEEH A | BlsOc
Ecdzj o tsH sEtsOH d tagfhtaftsitstc e Odzd L d3ts o
ZIsOBdiid C toststce Odzed L s o Ckdz! sdoedtetsa (

Ctodzj dzdkj 2 j 6O, o Cwltt’ | odgedE@d G2 :
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Il stetsh d ztfeOmiZs o sviv) RdH o dH 2O dz! dz" = G dz
2% wOMsoatstce® G dz¥ Cts5L T 9 C(Bdzlstetsdzj ) . b ls
CdzjIstsS o COynuBt2 ¢ 6 kedj s BBl asat tc
H] GtcOHdeRBf Pt stcc Oded L d3" § ] RO e @dzd Is t©
|l nnova 40R (New Brunswick Scientif
Isj B3 j tOBztefjcd3 0MS stesmisd otOM j dedv ff dzO
COYHB?2 Ctdze T ) Isd yd dzd 4 30 H dzd 2 s ls
NdHSEMIsd, Skt §j yY) zegdil e d8ss@dad H jJ
Cdzj s8¢. |1 dzedeC d ¢ dzOdzh j sO o desmd dzd ¢ 5
B3Cdz PBS (Ipuhfofsegprhead esal i ne) , 20 d¢dz 1
HyjdtsdedL qtetso Odzgdats? o tSH § . RLOJ t6d dzadd ~d
f solststedztsmlsw @ dztegtf ¢ telas figtf @atzhdz Is tc § Lum
mModyudddd COYHB2 dkzdbtd dLd&@jtwdzd o Isj
mMi CkdzH 2. J ZOyoOdzy dL d3d tej dzdwvw o COYHE
fjtesCmdHOL T - 6 J dz0O (0, 01jH/ dgdz) fn ]
HdMY J dej 6O. BBddersBddig Myd dfeydd Mmudls Odzd
Ptesodze GJdzj eOydd ¢4ty $dmd.

23 7. dbOldmlsdy M OwYw tBtcOBBISCO d H

dlsOIsdmlsdyj MS ¢ sBtcOBBISCE tjLEd Is
MisOdzH Otels dz" d3d d3d IstsH O3 BOIsj &3OIsd yj i
HtSo J il jJrdz ddzls tco Odzis o tcOMMmMydlsr o Odzd
fMsOldmisdud ME B2 L dOud Bshikde disQ UedfP Y ks ! «
(J] OSddz, 18990y db d Ctstetej dzw y d tsdzdz" n
tcjLizdz OISO BdBlsj Misdteseo Odad W d H Oda
or ydmdzw izl d ) dzls tcOdzctso 52 C siblgy dzc@Pddyd
ftiosdLotsHddzd M §tdksh i v MiglsofiOffitplExfel.;] M 56

t OBtslslz  dBIStoststecOdzdL BOBRd ftotso st
13232208 (a4} -083,22P2P8) d99 [y 4uv-99l 481
1999).
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1J¢1¢ 3 trryvfRruduvz R [arwurr 1R

3.1 [ftejHjdzjdedj dodzsj cteOdz dats? Ists€
Slsdsy j dzad?2 JBfOSlds? Lsd | sSotyjteso
f tod e sHdAzsAdddz] My J "ddds@asdBi@io aquamarinus] s1 [ -
11245

Rdzlsj GtcOdz! dzOW Is s ¢ M d y dzteffiglid* © € IsfiAis18 B l
1 oty e OMMEBS? 1t Cd

[Bh zH s ¢ Md ydetsmls f tctsB f syo s
Bdtsdzs dgd dzj MyJ deydd ¢ tod tctsH dzWilefics aqirmengritsus i j
lsl[-11245 9o ftodmiklsmMlsoadd { CMscOCIstse
GsHEZ dL 13 BlssB e dzlizts & i) df veds Bd3d ) wde' ddy dz
SlssBtcOdzdz” | © ItsycoOn -8, s d2; stgf M
11. [BtOLY'-1LtsEAsdB@H @dzd8 H B EZMisd @3ds?2 M
(sOR dz. 2

5 OB dzd y©@dz2j S S Mdudesmisd §sys dif OC

Lt Su, Bt Hjdjdade 2 M dff wizfed Moy ) ROdEIOE
Vibrio aquamarinud s 1 [ -11245

1 sd3j 6 ssyséd tskettcd® s

1] sH 1 2 3 4 5 6 | 7 8 8GC 9 10 | 11 12

20,45| 66,39 | 49,6 | 37,35| 68,77 |29,72/22,82 19,55 |10,27| 19,60|15,25/ 48,75 | 53,89

2013|N1, (N3, |[N2, (N1, (N3, N1,[N2,[No, No,|NOo, NO,|N2, (N2,

335 | 583 | 7,28 | 6,71 | 9,09 [15,08 10,64/ 19,83 | 3,36 | 60,98|38,73 46,81 | 45,23
2014/ No, |[No, |No, |No, |No, No,[No,|No, INO,IN3, N1,|R2, (N1,

66,55| 67,96 | 55,51 | 64,89 | 68,35 | 57,5|60,53 63,22 | 54,1 | 48,95| 35,6 | 65,57 | 63,75
2015|N3, {N3, (N2, |[N3, |IN3, Re,16/N3, N3, N2, |N2, N1,|N2,|N2 *

* shkzdyud® Bk C(Sdstsd"ChQEBEEHR( ulEROd 06 dzOy(d «
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] 2014 ¢E8sHE Mmddr &Ov IstsCfdydesfls:
SlstsBtcOdadzs? o ktsySjy -~ 9.-17BE0dd’ s B
COC bsSCMdydr j, O Hd MOk d¢8 @, {H'sd
LOkjedmsedteso OdzO Hsf 2flsdEOv flsj §j dz
ssCMdyudsmisd Bd " ddhse 0 tdjsd® OUEA - fid
Cesdj s dL ksyjS 9 d 10, Skt j

ftose] VYeodses?2 fsys' Brd LOLjcdMlst
S dydsmisd (ddzn j S kS yudshlsd Ml
15 BjLbkd OO stej ndzjlsdgj 65 Lt

ssCmdydesisd fsyes ddif OCIlsdets? L sdgr | 5o
ssySd Mt MlsOBddz' des o' MsG-dds BRitsodlzj &
ZORsHWh jMmw o dzj f stcj HMise J dedats 2 -5B dzd
ZOrR sHifYW ) dz0o j Istej dzdets? Mbststesdzr sl 1 B
2015 GEtSHOR dzOB dz¥ HOdZMWY L dzOydlsj dz! dzr 2
2014 ¢&. Br dzs L OtejedMmlstcedtetseo Odets j j M
MowLOde M dL Bj dgj dedJ d3 ¢ sdzd yd Mls O Mé s2°
1t Cwu. v 0O¢, Mse dzOMdes HOdzdz" d&3 [ d dzd Mmls J
1 Cdzsedd t sMmistsaME 2 B d&ZOMISd (¢ ¢ e
o' Btesmtse LOGwLdvENdns ojhjMmlse o Olso
MteOodzj dedd M 2013 ¢ 5H A W ddd Buaidswam g if |
dL a3 dgj dzd § d3 Istsf dzd o dzscts B OdzOdzM O Mls O dzy:
GOL O) .

I ksycorn 1, 6, 7, SotfishsydzjddonsHY 4
GBHLI B dz LOVWdSMdese Odz Mtecj H dzd 2 z tc 1
ssCMmdyudesmlsd, Meslse jds sy, daks, @ 0y 45Q 1
dj B' O LOkjcedMmsdietss OdzO. 1tcd | st
stsSC Mdydesmisd s ftsys dL 1 Isdr Itsyd &
or hj 50, Yylsts ddzlsj tcftcj sdtetso Odzts ¢ C
sBtcOL Yyseo.dH d iisdBzls OC OW Hd z0di3d € © IsO¢
WEdS ydsdzdtetso Odzed j &3 | soasyd s OfmMMEts?2 411 €
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Rdzlsj GtcOdz! dzOW Ists¢ md ydaets M ls ! ftctsB H S
Lsdzgr 1 sSeatyjtescoOmMmEs?2 11 C+d

¢ dzOdzdL ftetsB HBdzgdzgr = Slsdztsy § dzd 2, tslst
ftsCOL Odz, ylsts oMmj B tds@CYYd ylids asw)ézls MIBIs &
sB zMmdzts o dzj dzts sBh j2 dzi B dzOG st o W Is dzts 2
L @2ydlsj dz' dzts 2 OCo OlstEtsdeds H Oo s tsls Y F 8 & O
sCted Misdesmis g 2, MBtosMsd3 dzi HtsMIs Ols 5y dzt
ftosd3r hdzj dedz" = Hto] HiRB GG D ¢ jCrPliats ¢ g jym k
2016).

sOBdZd Y@ dzB j Cfp kS Mdydesmisd Hisdede 7 Sls
1 BoatsyjteC OMMe s2 1t Sy, s tej HJ dzj dzdzr 2
dzs d3d dzj My ] EzB ddfip@osaquamarinud s 1 [ -11245

1 BdBjtc btsyS¢d lsetstcO® ftotsB Htsdzds |
] BH 2 6 8 8 O
2014 | 97, 12NY 96, 62NY 40, 54N] 92, 01N}
2015 | 92, ®45N | 85, %N | 95,3@N| 87, 45N/
* wslhizdyudWw s C(tdstttd'-CBEBEEHEJ uER0 06 Oy

3.2 [ftjHjdzj ded | GJ deslssC mdydets s d
fsotcj yHO8 hda 1 MiglsR @islsts o f syoe d H S dz
dqdz@Clsdets? L tsdgr | soattyjttomMmMis? 110w

RMMdz Hs9 Odzdy G J deBlssCmdydesmisd  sye
11 Caf sal3tsNlux8 d s dzfntstc dz' E coli MGAGEH3tpRecAUX)
d E. M@L6F5i(pColDlux) f s OL Odzts wilsfmkzlsMmiseodd {1
Bisdz h ddzmlse j f totsB .

JHERZOSCE fted dqLEyjddd 6J deslsts$ id H.dzts iy
coli MG1655 (pRecAlux) i d3j sOB sdzd yj MEts2 ©OCIsdoe Oy
(dr btsyd$¢ 1, 2, 3, 5,9 ) tsE dglizds Oty st
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(Opd £ cbster j ftod §sfOHOd]d o ke OoOd
fduddd ftedtsBtejlsOr s dglz IskOnEdptpipdrasgts 2 i) off dsAyfi
[[lu ¢ljtmMdOdseomcow fisjf' e daj B' dzs |
fosdBzls0c | dadzs?2 fodesHT (W OCkEB1E© d d den b
Mstslse j sflse j dzdzs) .

U OB dzd-uy @ ts4iz¢ d3d dzj My J dzls dzr 2 E.wsdi BIG1B55 (pRecA h s
| ux) &ZO otsLHj2MIse d] 1 CMMstcOCIstse ff BY:

118 ftod dMfsd LseaOdedd dj IsOBtsdzd yj ME &
1 BRBite syYycéd sletstcd® fftets f sy

] 1 2 3 4 5 6 7 8 80| 9 10 11 12

2013/ 1, 7] 1, 2l1, 5|1, 4] 1, 5], 1{1, 51, 3{1, 01, 2[1, 1|1, 2|1, 1
0,02 | 0,01 0,02 | 0,04 | 0,04* | 0,01 | 0,03*|0,01 |0,01 |0,02| 0,02 | 0,03 |0,02
2014| 150N 150N 151N |1, 4|1, 3[1, 4|15 11, 211, 3[1, 2|1, 4|1, 1|1, 2
0,01 | 0,02 |0,02* | 0,02 | 0,01 |0,01 | 0,02 | 0,01 |0,02 |0,01| 0,02 | 0,01 |0,02
2015/ 1, 11, 4l0o, 9[1, 1] 1, 2f1, 1|1, 21, 21, 41, 1]1, 1|1, 3|1, O
0,01 | 0,03 |0,01 | 0,01 | 0,02 |0,01 | 0,03 |0,02 | 0,01 |0,01| 001]| 002 |0,01
* mshaduyd®y s (tdsttdv-CERFEMHBI RO 06 dOoyd i3

RL EZzyJ dzd § ftotssC MdHOdzls dzr = Mo s2 Mmis
1 BoatsyjteCOMME B2 |t Cu, sB EZMdztso dzj dzdz" -
stec Odzgd yj MSdr  j toes S Md HEs@I MGERSS(Keg@ix)y, ¥ h
fsCOLOdzs dzdL €2 ftesyjdals f sdztsy dlsj dz' dzr
ssy¢oOs (8 d 11) o 2015 GEBHEZ. AOCItt

3,14 d(BOHE Bodses? {§sysj, lssiO
cljtemd Odzetso M GusC OnlOjdfs & slsmizlshmisedj ¢ J
d dzH 2 ¢ 0,86y

| StcOL HS Btsdz: h j f tctsB ftesw o dzw dzd {
tsB kz Mdzts o dzj dzdzlz © dzOdzd yd j a3 oJhjMmlse,
Mzt | c®OWIfdcHz cOHJBEPdzO [ CSEBesdz, tcdz" 2 Bslso j
coli MG1655 (pSaS-| u x ) B dz tsB dzOtclkBy jakz 20 1lf3tc @
f smdzj Hize P dj GISHT o 1LIsdrn ftesBOn dzj
dzt dzd dzy MyJ dzZlsdzsegts tslso §j s O.
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v OB dzd-y @ s5z¢ d3d dzd My dzls dzr 2 E.teddi BIG1E55 (pKatG M Is
| ux) &ZO otsLHj2MIse d] 1 CMstcOCIstse  ff BY:
11604

1 ®Bjte ssyYcqd kBt B § Y

1 11 2 3 4 5 6 7 8 80| 9 10 11 12

bo13|0, 90, § 0, 9/0, 7|0, 7|0, 8|0, 8|0, 8/0, 6|0, 8/0, 9|0, 5|0, §
0,01|0,01| 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01
bo14l0, 91, do, 9/0, 9|0, 9[1, o] 1, 0|0, 9|0, 9|1, 0|1, 1|1, 0|0, 9
0,02| 0,02| 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,02 | 0,01 | 0,01
bo15|1, 21, 31, 3|1, 3|1, 3|1, 3|1, 3[/314]|1, 3|1, 3|1, 1|35 |1, 0
0,02| 0,02| 0,02 | 0,01 | 0,01 | 0,01 | 0,01 | 0,06 | 0,01 | 0,01 | 0,01 | 0,05 | 0,01

Y shazdud® G C(Sdstsd'CBEBFGHEI UERO (06 O] & ,

v OB dzd-y @ sGiz¢ o3 dzj My J dzls dzr 2 E.teddi MGLUE55 (pBoxS M Is
| ux) &ZzO otsLHJj2Mlsed] 1 CMistcOC Istso ff By
11 Cws

1 6Kjtt s6ySqd SkBsKO fEsB {

1 5] 1 2 3 4 5 6 7 8 80O 9 10 | 11 | 12

1,8% | 1,505 | 1,54 | 1,5% | 1,745 | 1,905 |1, 4[1, 3|1, 41, 4[1, 3[1, 20, 9
0,03 | 0,02 | 0,02 | 0,02+ | 0,02 [0,03 | 0,02 | 0,02 | 0,02 | 0,02 | 0,01 | 0,01 | 0,01
1,01, 00, 9/1,0[1,0[1,0[1,0[1,0/1,0/1,01,01, 01,0
0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01
1,0[1, 1[1, 0[1, o1, 2[1, 0[1, 0[256 |1, 1|1, 2|1, 4[1,8% 185
0,01 | 0,01 | 0,01 | 0,01 | 0,02 | 0,01 | 0,01 | 0,04 | 0,01 | 0,02 | 0,02 | 0,03 | 0,03

* glydY s CsdstsdY MsOisqBlsydd MS §< e ddad dg’ , t

2013

2014

2015

] ftesB O 8, 11 d 12, dzO { @ tzd B oz
tcOH d ¢ OdzO B dzts 9" wWo dzj dats ) 2015 Gt
Meslse j Isise j dzdzts, 2, 56; 1,82 d 1, 85.
tsls i lz Is frplsjohdjidlsdz] tc Ols tste s 9 -O dpdetf diz to HCOMIIHE © dzO
d dzH Iz S- ©,99%

I dtsdzt d3d dzi My dzlsdz" 2 OdzOdzd 1 Is © Bz @oli f 51
MG1655 (plbpA-1 u x ) fsC0OL Odz, Yylsts ftwwOCIlsdyd m
9jhjMmlse O, fsotcjyHOsNhd]j Cdzj stsydgj jnJ e
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Widetsdz ddzd WistedsOdz' Hj G dH, MsH j to Odaed J
ftcjorhoOrls MejHdzed?2 Etetso j dz fs ( smimdd
1 0detsdzj j L dzOydlsjdz dzr 2 Blso jIs BdBfj dafr
GsHlkz, M thdjHkeh dd3 Mnezd e § decflj & 0 W2@DECLISHtS ¢
(sOpdzted  Istsds o { tawemdas? z fdsysedzets dzj BT
ojhimse, footcjyHOshdR -HBARC (WOCItt

v OB dzd-y @ stz o3d dzd My J dzls dz" 2 E.teddi MGUSSS5 (plbpA N Is
| ux) &ZO otsLHj2MIse d] 1 CMMstcOCIstse ff BY:
1160+

1 6Bjte ssyCd SBskO §tse §t
1| 1] 2 3 4 5 6 7 8 | 80 9 [ 10 | 11 | 12

55 4,25 | 4,6% | 4,97 | 58% | 6,54 | 53% | 3,4% | 4,6% |1, 4 1, 4| 570 |4,40
0,06t} 0,06 | 0,01* | 0,04 | 0,0 | 0,08 | 0,0# | 0,06° | 0,066 | 0,01| 0,03 | 0,07 |0,05
16% 1, 4| 1,7% | 15% |1, 3|15/ 1506|158 |1, 2|1, 1158 |15% (1, 2
0,02¢ 0,02 | 0,03 | 0,02« | 0,02 | 0,0* | 0,03 | 0,02 | 0,01 |0,01| 0,02 | 0,02 | 0,01
15§ 2, 3(1, 41, 2|2, 3}1, 1{1, 1|1, 3|1, 3j2, 31, 2|1, 4|1, 3
0,02 0,01 001|001 001|002 | 001|001 0,010,011 0,00 | 0,02 |0,02
* shdkzdyd® Gl (cdstsd"CQEBFGHBI UFROJ 06 Oyd & ,

2013

2014

2015

RL EzZyJ dzd J ftctsB H s dzdz" ~ slsdztsy 4 dzd 2 ,
fsCOL Odzts, Yylksts o f tctsB On dL ssyd ¢ 2
GjdetslssCidyj MSd?2 LWWjcCls, s Iz fifldgty aizizF d
BzlksOcj dzsd) . ( kOB &&sYSOR 2, 6 d 8 B&
ftedfmksmsodj ojhjMmlss, fsotcjyHOsNdR
orLreo0shdn tCdmddlsjd dr2 misttjmm (cJ
MY j Wz tOHJC O&O), orf wodz dgs dzgj B

Il 2@%lkz, dOftoslsds, ¢jdslssemdydasls
MdzedL d dzOM+ , dets L dzOydlsj dz’ dets o tsL tetsfdzd
g4 f sdtsh i s B d sdzt d3d dzd B.ychlidkkGdASS pKatfGlyxdizin s te
tjOcdteks h jets &0 ftedmikzmsedj @y @&dE,nd:
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oMy s’ Hisdede' 7 tSlsdztsy § dzd 2
ftessSMdHOdsds?2 OCIkds dsmlsd.

T OEOCls,

sOB UM O8Isste ddzH kS ydd B dtsdzt dzdEdgplinyd
MG1655 (pRecAlux), E. coli MG1655 ColD-lux), E. coli MG1655 (pKatG
lux), E. coli MG1655 (pSoxSlux), E. coli MG1655 plbpA-lux) {+ € MistcOC

Hisdzdz 7 Slsdztsy j ded 2, tslstsB t8 O dafizf3th O € ¢5 dztsR0
1 Boatsyj et OMMEBS2 |t Cu
' E. coli E. coli
E. coliMG1655(pRecAlux) E coli E. coli
MG1655 MG1655
B +S9 -S9 MG1655 MG1655
(pKatG- (plbpA-
(pColD-lux) (pSoxSlux)
lux) lux)
2 1,5050,02¢ 1,1250,01 0,96,0,01 | 0,9950,01| 1,0%0,01 |1,5%0,02
6 1,180,01 1,17%0,01 0,980,01 | 1,0%0,01| 0,9150,01 | 1,650,02
8 1,53%0,01* 1,070,01 1,23%0,01 1,040,01 | 1,190,01 | 1,550,02
8 O |1,6%0,02 1,0650,01 0,9990,01 | 1,0050,01 | 0,98,0,01 | 1,3%0,01

* Blddud®

v OB dzd yO\ O Istste

tsls

Codzstetsdzv-C QO EHB I uEpOdO0b dOoyd d&3r

qdeH 2S¢ ydd

B d 5dz¥ BEARPIMY I «

MG1655 (pRecAlux), E. coli MG1655 ColD-lux), E. coli MG1655 (pKatG-
lux), E. coli MG1655 (pSoxSlux), E. coli MG1655 plbpA-lux) 14

¢ MlsteOC

H ts dzdz” ~ Slsdztsy j dzd 2 , tslstsB B O daglaizif O € &5 dzts220
1 seasyjteC OMME 52 it Cd
1 Bd3j
Is 5 U ¢ E. coliMG1655(pRecAlux) : E. coli .| E.coli
: E. coli E. coli
tslsB s MG1655 MG1655 MG 1655 MG1655
fse (pColD-lux) (PKatG (pSoxSlux) (pIbpA-
H ts dzdz +S9 -S9 P lux) P lux)
s Is dzts y
2 1,2MWN 0 , 1,3N0, 0| 1,28N0, 02,080 ,*| 0,98N0, |0,9M 0 ,
6 122N 0 , 1,16N0, O 14N0, 0[25W0 ,*| 1,060, 0,90 ,
8 1,AMN 0 , 1,43N0, 0| 1,25N0, 02,20 ,*| 1,08N0, |0,95N 0 ,

* slddydv

sls

Codzstesdzv-C QO EHB I yuEOd0b dOoyd a3
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33.ststetej dzw ydsdzdz' 2 OdzOdzdL Ists€ fiyd ydatsfr
Slsdztsy j ded 2, ftcj HJ dzj dzdets?2 ) tfBd) ! dzfn B
d MtsHjtey OdzdwY 1 ¢v

17 dz feso jH]dz Cstetej dzw y Bis clzdzf B dz@ ded dedt
dimimdzj Hso Odedd Htetse ftsys d HBdader 7 tsls dz
dmMfsdz L soOdzdj @3 B OlsOleged] s Plefigs et ©,dz! def
~dBdUd M e o ZOWEB&z) .O 2108 7H Odzede" &3 ftotso |
dimMmdzj Hiso Odzd 2, H oz ¢ dsfyP il @EYC BIde’ [ § ¢
LOctew L dzj dzdj JdzdOtesd@ZOIsdyd MSddiBd k¢ dzj ¢
tcwH] tBEyd CHts 22 ©OL (dbkhCtse O, 280r1dZ0 .
ftosOdzOdzd L dtets o O dzO fnow ! 3 Y H [z MsH J t
tcjLlzdz SOIsOBR] devd slg j igdOd tf sk @dz © dzO L dzO y d «
ddzlsj ctcOdz' dats 2 sts¢C Mdydetsmis: v |, Is G zPrio J dzj
aquamarinus 1 s 1 [ -11245 ( MtsH j oy Oded j d5 o f sy
(SL WWdydd dzls tcOdze 59 ts =085} tis jOd2'da) dhyP] o & 'C
sB dzOtolz ) j dets y Hle W s H jd3gy Oded j o5 o f syoe Or
Mz BdsOwdzr = 1 ¢ov) d tskejlksd3 Bdtihmj dzimtsted

17T dzZO ftosOdzOdzdL Jteso OdzO Mo wL ! d3J Y HE
1t HEts bty §& tlseBtstcO { tctsBux-sd tsting edgmdstc
1 sCOLO0dzO0 Blsted YyOls jddg' »daoky  ta Gy fiyfldns(wdzisdmjlsds
IS¢ md ydetsmls &, S{ tcj HYiy agdamarinugl s §  os=Eh
11245 (=0, 6 33) , O OS¢y J BYHE ©WOMMIsBW
h Is O dFERli MG1655 (plbpAlux) (r=-0, 722), tj Ocdtlkzs h j
ftsotc] yHOE N jOfB jEHETOL 543, By dzts  MH J d&zO
HyJWisjdzt detsplsd (1 seoyjtecOmMEs?2 1t e d&O
ftod {1 Istsds tshdesodzr &3 dMmlstsyded S sd3 ssCmd ¢
ojhjMmMlsa®, orL"eo0ehdj ftotcjyHjdedj BJ d
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v OB dzd yos oW W dydj dalsr tcOdzG ts0 52 Cttotej d
tojLEzdz IsOIs Odzd Bdlsj Misdtcseo Oded W f sye,
tcOMmMMmistswdzad j &3 HB | o slyy dz's O M =820 yd 3¢
p<0,05)

1 s detste| RAdzH § €M) IstsC M

Vibrio aquamarinus

AOC It J@EH
E. coli MG1655 plbpA-

U 5 € ) of StadE 5w I's?§ -11245 lux)
1 O s Odzd dz 0,657
{ OmMmssY dad j HE -0,633 -0,722

R dz" | LOadMmMddsmisd BuzDtcB I § fpd Y dztsigls c
Slsdzsy J dgPB dz. s 01€1,) f sCOL OO L dzOydlilsj dz' dz
h Is O d3dgilsrad aquamarinusl s 1 [ -11245,E. coli MG1655 (pRecAux),

E. coli MG1655 (pKatGl u x E. cali MG1655 (plbpAl u x ) M MBHJ
Bjdat (O) fdtej dzO (S1 WWJydd dzlsr 60,6005 9 5
r=1000;r=0, 5¢Q, @ 00, Mestslse j IsMmise j dzdats) .
s OB dzd yos 1w W dydj dalsr tcOdzc s 52 Ctstotecj d
toj L zdz' IsOIs Odzd Bdlsj Misdtetseo Odzd W H s dzdz'
stsC Md ¢(Addsdis o 5 L dz2Oyd 3" J tj L zdz' IsOIsT p
RdzH § & M)
L] 56 fd ydee AOCIsts|] AOCIs] AOCIt
Vibrio ddzH 2 SEYy ( d dzH 2 SEy ¢ d dzH 2 SEYy
5156 i od  aquamarinus coli MG1655 | coli MG1655 | coli MG1655
oMM ENG | 51 | 11245 (pRecAlux) (pKatG-lux) (plbpA-lux)
1 jdL (O) 0,600 1,000 0,500 1,000
4 ZzBBO 1 ¢ 0,800
t OfMMis 5w o -0,5
11 Cwu
s tcts d3d sts@G s, fsCOLOdO Ctstetey &Evegld W

MG1655 (pKatGl u X ) ,

cj Ocdieksh jas dz0 fdmkls
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e BdsOtedz” d3 MiH jtey Oded § o3 } sSlddzoyj dzler 30, 81
Mo dHJIsj dzr Miso susl€ Mty yiettisdgds'! Ay Istsls dztsy § dzad 2t
Bsdz! M j2 Mmisjffjdd ftedimizismisoad] &3 o daedn
G deslssCMdud MEddsd Mmot2Mmise ORBd. stesd
Hisdzdz' 7 tslsdzsy j dzd 2 B EkfMdztse dzj dz7 Mk 33O te d
sOCdd3 GBiEREZOSdy ' ¢ skicdg®ijy HE fMtsH | toy
f sdzd OtesBOBdYjMSdrn kedjosHBesHS o
Jdzls j e Odz' dzsIIs'Iss S g ydgnoeow i ) LiOSidOdg | >
dimfMmdzj Hise Odzd™ BT dzts o' Hj dzj dzd j d dHj
Cobster j Mysmsedd dMif sdz LehpsAdO s O PHudzY ¢
Elsddzto 6 lsg H | GtcoO SHtS . Clsts f 5L 0 tsdzd Is
flsj dydOod' d' HJj MBisOUWIS o' 9 yj dzv A
LOGtew L dzj dzdzr » 1 duv bjtetedlststed? .

34 RHjdZsd¥ S Oydqw Ckdd gsufig FsOHA ez & F
BIStetsstce Odzd L dzts o, 9" Hj dzj dedzramn  tflsLdzts ff jsd
dRBf OCIsdzs? L sdgr | BoatyjtecOMMEBs?2 1t Cd

[BtoOL YT f syer d HBdzdz" = Blsdzis®g dzd -
Hy MtczCIlststese B diPB tlsEEt®OTdzro B dzdL d 1 5o
[ttt BIStowicHOEHC KisBtse totso tsH  dzd 1§ ¢
RZO Mmjdzi SIsdodes? § dlsOIlsj dz' dets? Mmtcd H ] , fr
COydmsej JHddeMIse j dzdzse s dMissyded C O kcd

) COYHB2 IstsyflLjO disls BfisticiOs B GHESHIH 5D
Ckdzt sdoedtelkzj d3r n W sitg d3 to Qzre dfiag b st dsAc 5 HIZH € to
tdLEzd IsOIsT dHjdelsdW¥WdeOoydd o' Hj dzj Bdz" =
ted B s dOd dzts 2t ji Ssls te tdd3 j ds@eyin J M & 5Bz OdzO
BJ &zCtso ftc] isf@ledOpjdzjs@C oo dHdzts dL IsOB dzd 1
odHBAIZG dz] o tSH jsdetts@H Jtolzs i d A B Ctotststc G O
Rhodococcusrythropolis tsB dzOtc z Y9podzdztc® ec 6B dL 1 7)
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s OB &Zd@ O [ JL k2dz sOIsT dHj dzlsdW S O0ydd ¢
Hj GtcOHdlze i dn BdSCtecsstec Odzd L dits o, 9" H,
Sldzsy J dzd2 JBYOCIsdets?2 L tsdzgr 1 satsyd eC OMmfr
- Issy¢ 1 OLo0Odzdj NPISOBRBO d3d S tot
1 Rhodococcus erythropolis
2 Arthrobacter aurescens
2 ( Htsdz Pseudomonas koreensis
slsdztsy J d
3 Rhodococcus erythropolis
4 Isoptericolasp.
5 Rhodococcus erythropolis
6 Rhodococcus erythropolis
Oerskovia turbata
6 (H _‘3‘ Pseudomonas brassicacearum
Blsdsy | Pseudomonas chlororaphis
7 Rhodococcusrythropolis
8 Rhodococcus erythropolis
8 ( HBdz Pseudomonas stutzeri
Slsdzsy 4 d
80 Arthrobacter polychromogenes
Arthrobacter sulfonivorans
80 (HTsC Pseudomonas putida
Slsdzsy 4 d
9 Oerskovia turbata
Rhodococcus erythropolis
10 Rhodococcusrythropolis
11 Rhodococcus erythropolis
12 Rhodococcus erythropolis

Clsts Hisfis Ols tsydats cOMY tectsMis tc ©dzj dzdz" j
s C OtcHdsW sted3dz" § BOCIsjtedd, ®©BA&OHO® M ]
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mdmlsyds d o MewiLd M tIkdd YtejL o’ Yo dzs.
M smtse dezgsMmis! 1+ Bedz! cJesoa OIls! d HJGCtOHJ
Misd fjded tBERMAZts dzj dzO ©GMtsB § dzdesMmisw o&3d
ColststcOW ddsd d Is &zdf sW ddz: dzr 2 5 HOfplOL s j
cdHiWsBdzr d3 MEzB Mis tc ©ls KAl3dococcus &ygthrapali® M
ZOMmlsswh jj otejddw wodzw jlsfpw OCIdodes (L
B Ctesstee Odzd L d3ts d3 H dzw dmf sdz’ L s9 Odzd v
LOGteW L dzj dzdz" » Isj tctedIststed 2 .

l B O ftsys'" , OsistsSs td¥D,dddAd Bhisdgockus y ¢
erythropolis B dzd 9" HJ dzj dzr  O@rSkisvih dasrbaas Is j to c
sMlsOdz dzr = HtesBOr  Yys { toj tsBAlt@abadterh d d:
aurescens Arthrobacter polychromogengs Arthrobacter sulfonivorans
Isoptericolasp.,w o dzw 8 h d j v I dyde" &3 BB JIsOIlsj &
teW HJ dimmdzj Hso Odzd 2 HtcdojHJ dz fpa SH dzr j
OC Isj tod dArthtolmetedd M sMtse dzr ¢ Hy Mstelz€ yd
J dz0dzls to j dz0O.

Il ftesBOR HBdzdzr 7 Slsdztsy j dzgd 2 H sd3d dad
w9 dzw dzd®)OL dzd ydz' § Pseuflenmonasts HOE BOGCIsjted
slsBstc® -~ 2 B dzd dH jPdesdpriodag foeEnsiO dzl G B
tsls B s 680 ¢ O Rseudomonas brassicaceargihfseudomonas chlororaphis
) Istsy¢ J ) 8 Psemidiz®@dedsysjutzasri © o T Is s8yd j§
Pseudomonas putida

(o)

s=

35 | Jdzgj cOydw fAdzdfdjtdeds ¢ MEOH d & O dzO h
bedzj o sHsesOH d oS et stec Odzd L dsso o g
tcOL dzd ydgr ©3d Ecdzj o sHBteSHOR o COyYj Mise
bedzj esH® o 4 dzj tecdd

Lddzj eOydvw -Dilzf pilesGCPdE S OdZO B dZO -dL [
HjGtwOHdielzs hda BOCIjted?2, oFf HJ dzj dzdz A
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d B OC Isdets?2 L sdzf 1 Ul t Su, O IsO¢YJ z 1
B S teststec Odzgd L dzgse dL Ctsdzdzy S ydd dzOBsteC
Bdedgse RIS teststcecOdzdL dzso o1 d4 S AUL.

 sisse j todz” 2 dz¢ o3q daj My J dels dzr 2 tslso jIs
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