<l
unn 5
aqluazissalnanimaasy

sphingomonad {flunguuuefidafisunsotienaiseaieein (xenobiotics) WA
stinuasiimemmannuneifiafumstenaausiniszney  PAHs ma&mqaﬁh u
Sphingomonas chungbulensis DJ77 fsnnsatessaeRuuwrinuesufia (Hwang
WATANIL, 1999) Sphingomonas sp. P2 ANNINLRLEATY Aunurizu wunsaau uarluiiia
(Supaka uavANY, 2001) uar Sphingomonas paucimobilis ZX4 funsntiataane
wungdu  gesfu  soutaluluedland@nlalasenfuew  (Xia  uszAmz,  2005)
Sphingomonas sp. flgunsatiangats PAHs uaaluenageld v Sphingomonas sp.
CHY-1 Sagansatinsaantlasiu (Demaneche WaTANLE, 2004) usnaniiftistaaneng
u vy Tawlausu (Fukuda uazAnsz, 2002) WazMETAU (Hernaez uazAnLY, 1999)
1uﬁq'1ﬁuﬂm'mtﬁmﬁuqﬁun?ﬂ“ﬁ‘mmmziaﬂamﬂﬂ:‘iuuw%'uﬁﬂﬂmn uazdoulngily
uunﬁﬁﬂiunq'u sphingomonad 114 Pseudomonas sp. A4 (Komatsu uazaosz, 1993) (lu
mwé’«ﬂ?\'ﬂuﬁmﬂu Sphingomonas sp. A4 (Pinyakong W&TAtY, 2004)) uae
Sphingomonas aromaticivoran B0695 (Shi WazAtue, 2001) uax Sphingomonas sp. SP2
(Saiphet WATANLY, 2006) WANINEIAEIRU] Ad winfminsAn luszAutuilinadasiu
nNstiLARNETTUUNTY

nsAnmlusyAUugMARFIIgRuITienNsatenaaInasszney PAHS it
Wisdnanmnistessanelaefnipanmlussdufiuresgiwiddieldiduesdranag
WunsrIuAunTstinsaaInqduEtatniilssAnEnw nmesesiiuaniiufintadesiy
n1stiasaany PAHs T.nﬂm?PTntﬁﬂﬂl‘ﬂauﬁoﬂmsﬁﬂmun’mﬂ‘é:ﬂuﬁ'nm‘ﬁuina (Ensley uay
AGUE, 1983) AntasayARBuIELWAIUTIR Sphingomonas sp. SP2 fuamnansoniy
pSA3A4 %mmﬁuﬂswqaﬁmﬂﬂﬁmn‘iu (ahdA3) uszefaaniuianma (ahdA4)
184 Sphingomonas sp. P2 (Pinyakong WazAmE, 2003b) wulasuildinsuan (oPC1) N
usqiiumeflinaeendaaresantiug  SP2 uazanmsinLlaauiiliauInuanii
meftaseniduafilstnanisaniufitenifamnroinnusniurefeendy  use

L) [ & v : J o o
wafFaanfuisnnasesdieiug P2 Fedoumiialuani@dures Demaneche URTANLE
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(2004)  wumPIuTeIefaenduuszieFaaniuidnmadoniRanlss@nanwnis
nMaursaneiiitassaniaiue

anamMAAmsiR AU nale InfreduiEueawnsnaanly PpPC1 1ua 4,624
bp WU 4 ORFs fisuysafuas 1 ORF fisaidunmganisaansia 39 o2 (arhA1) uat orf3
(ahA1)  dszaraniallsfiusdraiumisstisnusavuasiimenunefidaeaniauare
Sphingomonas atWug A4 014 99%

ORF1 nﬁqﬂﬁudqwﬁwmlﬂhqu?M'm Burkholderia sp. DBT1 50% (99/195)
uazniley ORF2 1898 eWuf A4 100% (76/76) diaifienia ORF wumanuwmitey 38%
(76/199) 39521697984 Pinyakong uazARLE (2004) Weuiugwdiayadt ORF2 uenithy 2
dou Fendrefulansinaunsianas (PhnE) 189 Burkholderia sp. RPOOT 65% (91/140)
uazlalwaizasnn Burkholderia sp. DBT1 58% (35/60) Aaaigulédn orfr sassneniug sP2
Uszaasialisfuuansinaiy ORF2 Tesneviuf A4 Fadlaeufugudeyasansany
pampdreivlelamaisasinaewiug DBT1 Wetivsaiie

orf4 Aszanasialusiufifianupdieiy ORFs IEERUf A4 99% Ferielaidl
ey fvaddisiudingn uasadeiyletimesa (HozF) 189 P. alcaligenes
NCIMB 9867 52% andnuuasinstietsateuunsaulasuuaiide Pseudomonas sp.
numNIannsuAnRAnfianssntsdeniaslesealananidue  azianiseanilad
nannueidatuansineslaliues (Davies uar Evans, 1964; Yen ua® Gunsalus,
1982) sinunelédn ORF1 ue ORF4 a1aazifitndesiumstisnaarecduunaundeanniio
nsuAnasaslsnTfin tﬁaamnﬂmwmﬁauﬁﬁlﬂhmmmﬁfmg'miﬂgatﬁmﬂﬂunmq
winhu ussiiaefinenurssaneiug A4 dehifimsAneminfiastuleltaeisans 2 iat]
Indiudadasdnmuinfivestiusialyl

ORF5 (fhutasnisuameensasiiuibisuysal Ae LiwinBoungaoessia e
Weufugrudayanudiadraiuefaandiuddnma (NahAa) 189 Ralstonia sp. U2 e
29 % (39/131) unzARnE ORF6 T8saEiuf A4 e 100% Tedshifinusywinfiaes
TUsAudandng 4NENUI8Y Kouzuma UWASANLT (2006) WU ORF6 amadneniuf A4 i
anyrniuazpdraiuaifaanduiAning (NahAa) 189 P.putida NCIB9816-4 e 18%
ustvnakmLlatmfuanibindreiu NahAa Fafhaidomn NAD-binding domain 1w

© 1 20 (] J o
nunelddn ORF BllinsiwindhuneHaaniudsnina
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aeWug SP2 — o:> arhA1 > arh}— ORFc> ORFd

P 38% 99% 99% i i 99% & 100% i
' (76/199)" (441/443)  '(1901191] ! (301/302) ¥180/180)
a i T 4/ 3 : :
atug Ad OR> o% arhA1 > arl'>— onr:%> ORF6

0.5 nlawe

o § o " .
U7 5.1 Wisuifieusumisrasiiunuenidainaenug SP2 uavaneiug A4

anuansfFeudiey ORFs fugiudiays Linuefaeniuuasinefaanduian
waraaeRug SP2 Axdilianmnsaduunnguanceandaaldninifres Batie uazAns:
J °© - ] © ] ] o/
MAuunlaeanTARanNANNUANAITRIRRIBLAT TR TR M etia e ludauma fda
aal -l o 1 - o=l - o=l - al o
2ANTAURUATTANING  aundnaziinnsuenuasAnmiaiiaeniuuasiafFnanduzaning
1938n8iug SP2 sialyl
wWieuifisunisessaresuiuenidanaeiug SP2 uazaneiug A4 a1anso
F 70 <l o - ‘.’; o o « o o «i <l o o -
agdlddinsiFessiaractiuiy 2 aenufiniieniu usrdilimnumiiautasinduasiivly
' -l v «l o/ A o 1 [l [ o= o/ - ol v
wiazgulndiAesiunin  Wedanquuiattatuaanireuneifidoaandauaesieiug
4 1 Il L .
SP2 (ArhA1) (317 4.9) wudnegluanadaariu Sphingomonas sp. A4 uaziirauindiAns
o 1 ‘.” 1 1 J 1 1
MUl waiva 2 An1suANaIINAINNgULLATIFIUNTNALNGNAY 1IW Bungy nah uaviiu
1 ¥ 4‘ d. ¥ [ [ -l - 1 “ d‘ v [
nguAf1e nah Tuneadesiumstesasauunadu uazBiungy phn Jufeadasiums
tagsanefuuuysu  ansenuiduluguuaiiGeniianulndideaiunnsaneiugay
] 4 o o 4 4 o 1 o/
gunsatiasdane PAHs Nafieiu wasllisnmuriiuiinaadeastunistessaandei wy
o al o -l - 0 o o -l 3 ] ] a‘ o/ -l [ 3 1
n99nFaemarestuvtasnsuiiandla indesamizetesuaanifdsranasigantiusainann
1w
uuaﬁﬁﬂluniin pseudomonad léun nbo 184 P. putida NCIB9816 (Kurkela uae
ANLY, 1988), nah 183 P. putida G7 uar@1efiug NCIB9816-4 (Simon uazansy, 1993),
dox 193 Pseudomonas sp. C18 (Denome uarAndy, 1993) Way pah 189 P. aeruginosa
0US82 uarantiug Pak1 (Takizawa uazAnz, 1999) ilusiu TauuaiFaainaieanan

[l -l -lal 0 J v dl dl 1 o '
EIRUARTIEUUNEINUY ua:uﬂu'lunqu nah WATNRNANTE nah TINLITBINUNIEIDEIRAE
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LUNEIAR FIN94miFeasqtetiunadneny (Habe way Omori, 2003) w1 lWgn1snandn
o 1 al al ﬂ“ 1 -l
wsunureanguuuaiiGefitaasaneuunsia
Mycobacterium sp. #un nid 129 M. vabaalenii PYR-1 (Khan wazmtuy, 2001),
pdo 483 Mycobacterium sp. 6PY1 (Krivobok uWarAndy, 2003) war nid 199
Mycobacterium sp. S65 (Sho uarANY, 2004) M 3 anaugarunsotiaasateiniu uasdl
- d.-‘ ;73 [ ] - -l o
funinaadesiunsteaaaelniunadei
nq‘u sphingomonad #un bph 183 Sphingobium yanoikuyae B1 (Kim uWae
Zylstra, 1999) war Novosphingobium aromaticivorans F199 (Romine WarAtuy, 1999)
W8T ahd 183 Sphingobium sp. P2 (Pinyakong warmniy, 2003b) T@nsnenaane
- - - o ai o al J -‘ ¥ [ [ -
TuARauasNuuuys uariinngdnizeflrastiviinegadastunistassane lunBauay
Aunuvidunadaiu (Pinyakong WarAY, 2003a)
$18974989 Pinyakong wavAnelull 2004 wenfiuvsruaasisieulnimausnluin
nstietaneaciuungy (arhA1A2) an Sphingomonas sp. A4 GedmatiluwuaTiFangy
: ' o o calalo o a ] i
sphingomonad wsitiunuenlglssuoasiaenlaMmiansuiiandlelnsunnsreanneule
-‘ o ' - o o 1
Wnentasiunistessarelufiauarfuuurdudinesudreiu inldaglddnty am e
o @ ] o « al |d'dl v [ ' -l i Ail
aneug A4 dhanilwdaunuresnguenlninifaeedasiunisdesaarearfuundu Seann
HANTNASBINUINEEWNG SP2 ManansndeasaiearTuunduldfitiu arnA142 szane
o . . oA a v e o~ al -l o al o
Manbttesuaanuarinfiafrefiuresaieiug A4 uan  uaslinnsGeesiarestiud
o 4 o 1 1 o U IJ
ateiy (gUn 5.1) Audunsaduayudesldn am sandudaunuseangudiului
d‘ v o/ ] -l -l
WNedaItunIstatsaeasTuuNG Y
AINNIAANGNAENUTIDY Sphingomonas sp. SP2 faag1AuTiandtelndaes 16S
rDNA 1%1% 1,416 bp (317 4.10) wudnaaiug SP2 HmanulndiAasiuuuaiiFeludds
Novosphingobium uszaneiug A4 fimulndiAseiuuwuafiFeluddia Sphingobium aa
dalddnanaiug sP2 lildaneiugnatsananeiug A4 ilasanifluuuaiiFefiagludda
] o 4' -l"s/' o gal o [ - ' [l T o - ol
wansinari Fan1sfine 2 aefugiiandunsasriiurammietasuaaviune fMvasaniaius
dl v o - 0 -l AI' - e O v ' -l
fadreiunnn araiaannisineleuduiasanfiussnygeindiuinliaunsadieleutiy
o Wy - -l al ol el -al i vy e S
uld viaeraiasnmsidussnygeniiguluitinnstesaane PAHs adreiuusiianig
":"fmmmmmnvmﬁuﬁ'\lﬁtﬁmn'mnmmﬂu‘s"ﬂnmﬂﬁuﬁmqﬁﬁumiwmﬁu W sy

- 'J o 1
199 Kulakov WAYADLE (2005) Awmsevtunineqdasiunistesasiauunsnauann
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5 aneiug AR Rhodococcus sp newug NCIMB12038, P200, P400, 124 way CIR2 lae
V'T’mnuﬁpufiw’fa 5 aneRugHusTNY Iy uazu‘jmﬁmma‘qcymmmﬁuluﬁﬁmﬂiaﬂ
ganeuungrduundauumnsinaiuinliuendly 2 nquussmyge Hud ngu 1 aesiug
P400 Wez 124 uavngy 2 AeWuf NCIMB12038 uay CIR2 wieiiannscnelautiuiy
sendnanguusany it Wiiaanewug P200
Lﬁmﬁﬂu5’1aTunsmzﬁ‘iwﬁmziﬂﬂuﬂaﬂwmmﬂﬁﬁaﬂﬂn?ﬁtumqnamﬁuﬁ SP2
(ArhA1) fiumisatiatuaannrasuunsdulanandaiuares Pseudomonas sp. NCIB986-4
Lﬁauﬁu‘ﬂ'zmws*niqawmﬂdﬂﬂuaaﬂwmmgﬁﬁaﬂﬂnﬁma nuLfaMeying 2
Vo Ao 1neyinFresnmesuiiduiy Fe® lu Rieske center ([2Fe-2S]) 18emiat
tiatuaavirfifndunsaasity fatl CXHX,,CX,H Tamsarfusaumia Cys50 Cys67 His52 uaz
His70 uazAfansdt 2 AevBneyindaesnsaesiiluiiduty Fe® ﬁu?‘wmts"qﬂf]ﬁ?ﬂwm
iowlmfensafudiumis His204, His209 uay Asp3ss amenuiFoneyindres
uwunsrdulaeendaiuaaes Pseudomonas sp. NCIB986-4 Thidianuayiniasnsaariilud
quiu Fe*" lu Rieske center ([2Fe-2S]) 1amusttatuaan Azt LALLM Cys81
Cys101 His83 ua His104 ?iqﬁm?ﬁ’mﬁ‘mﬁwmnm'azﬁ‘iuﬁ‘ﬂuu‘mwéaﬂﬁﬁ“smm‘auﬂqu
nsmasfitudndu 159-378 lnedentanidangnadn “helix-grip fold" (Carredano uwae
ALY, 2000) u.a:u?nmtéﬁﬂﬁﬁ%ﬂwmmu‘lﬁﬁi‘qm\aﬁuﬁﬂwﬁq His208, His213 uaz Asp
362 (Hegg uay Que 1997) Meun1s@nmilasiainging 3 JRasviostaauaanizes
waflilneandauaiiefuturinnusalfisen N wunandulaaaniaiuaes
Pseudomonas sp. NCIB9816-4 (Kauppi uavmmu, 1998), PCB lesandaiua
Pseudomonas pseudoalcaligenes KF707 (Suenaga uarmnuy, 2002) uarlaaandaiua
199 Sphingomonas sp. CHY-1 (Jakocic karatuy, 2007)
WaimauBeuisudndunsaesitures AmA1 fugrudeys wudndiaanaumilow
ArhAT a83sneiug Ad e 99% Tamsinaiu 2 nemezilu numis Met261 uay Serd47 a4
ArhAT T83seiug A4 A Thr261 uaz Gly347 dai 2 Aumdeagilunsian helix-grip fold
nlinnuuansnsrensaaziludnatoly 2 areiug inazifiannudidtysenaincues
meflineendauaioinlianewud SP2  annsotessaterTuuniuuslisnsases
aneaiuundauld dousnanug A4 gnansotienRaNEnIe 2 TinlE (Pinyakong WaT

ARy, 2004)
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N1IAPARBLAINEINNTDIUNTTEiREANTsTNEL PAHS THARN TRMesNTaeeN

o

FAmavasanewug SP2 lu Escherichia coli IM109 atiEiu arhA1 uaz arhA2 1898 8ug
SP2 (pPPA1A2) @nunsauassaanisuwaninas puC18 1w E.coli JIM109 Tasguns
wARIBANINAL pSA3A4 Teussqiuiidszanasiainafinandy (ahdA3) uasinefinandu
FAING (ahdA4) 1eeaneiug P2 & (Pinyakong uazAniy, 2003b) uarwudunaiig
sanfaiuaresaneing  SP2  anwnsalfesfuunduiluduamsald  wsildaunsald
- -al al p - -l al -l o -
BTHUUNEAN WUNENAY Auwwrau uauns@u vgeeunudy uarinduiduduamse T
$189U199  Pinyakong  WATANMY (2004) wudn@enug A4 anansaldasFiuundu
-l ol - al -l - o v 1
ATTUUNERY  wunE A Auwwidu weunmduuasgeausufuiluivamemls uamedn
s o - o o =l o [ o/ 1 [ -l n‘
waffdasandaiares 2 arevugianudunizaaduansmsnaiy laelisenunisunui
nsrarilulRnisuNaAnEANA NI IR LR nLTFaTUaIAsA NN ARR AW
(substrate specificity) sanfesumislunasalfiiseruuduaimse (stereochemistry) Lgu
Aundsreavylansandauuaisn@nsiodd (regiospecificity) uariAnianisusuaastuiana
ATUARA (enantiomer) 1w
Parales WarAMY (2000) Anwa1eRugNaTe Asn201GIn, Asn201Ser, Phe202Val,
Val260Ala, Val260Leu, Trp316Ala, Thr351Arg, Thr351Ser, Thr351Asn, Phe352Val,
Phe352Leu Wway Met366Trp reamMattiasuaanirasuunsndulaeandaiua (Ndo) aan
Pseudomonas sp. NCIB986-4 lunnstiasaaneluitia wunsiduuarfuuuyiu aunu
AWMLY 201, 202, 260, 316, 351 WAy 366 NUININALURLULLAISAIEIUIBINAAS U
- - . o y - .
waneadndaevialifinalasuwlaadislfluNtauasuunsquitludusamsn  uwazane

v g o - - o/ (9 A’ [ o 0 o
wugnane Thras1Arg nliinandsdusisas (1,2-lalalaslnesn) sntustneliad Ay

]
<

W ldNuuuyFuniuduamss n1sUNUNAILUUIT Phe352 WUINARAUIMANANA NS

o o

Wugnane Phe352Val ua Phe352Leu H regiospecificity taauutlasliananeiugaass

]
- o e o

Fandndsimande luitiia-2,3-lalalaslaees udareRugnareiindndnsimaniduluniia-
3.4-nlalnslaeen uazaneWugdadususatienaaeRuuurlananssmandy 3.4-
lalalaslanan usianaiugnane Phessaval findasinsimandy 1.2-lalalaslaees dau
aneugnane Pheds2leu faiinansiniinaniiu 34-lalalaslness uwidhsdiuanasuay
nundadtuaive Ae 9,10-lalalaslaeea vinldnsudnsunus 352 fiAaudnAtysie

m°'1mmlumm"uﬂf]ﬁ“}muufuame
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Pollmann WazAME (2003) ANEINTUNUN Leu366 way Leu272 1nanuastias
waarhreannsasalaiuudulaeaniaiua (TecA) an Ralstonia sp. PS12 lasa¥eane
Wugnane Phe366Tyr, Phe366Trp, Phe366Leu, Leu272Trp WAY Leu272Phe WLFIAIWMI

d' d. v - [l [ o Cd dl [
366 naunuiidaansaaziilunnalngilinunisinuseseulnl fewinswnsaamy
v o o Y o o J a‘v - [-3 . |
draldusiniFnudrduresduamsm  wanilaunundoansaasituauimdn  wudadinng
waeuuilas regiospecificity 1asn@nfmusinanilield 2,5-laraalsngduiluiuainsm Aa
TecAB 183818uf PS12 fndasinsinaniily 3,6-lanaals-4-sauniinen (81%) usisne
Wugnae  Phe36bleu lAnAndtusiwenidy  2,5-lananlsdiundounaneaed  (54%)
J - 5 4 -‘ o A
LHBAINTIWIATBNITAM binding pocket Waeuutlaainlinnsuyusssduaimsaly pocket

] ] - o o’ 1 o -‘ L [ =
liudueu Alde@asusiuanuansineiu aannisunuisiumds 272 aanseasiilurunn
g Linuanuuansinsananeiugiadn neaaziiluiumiall 272 Achifluasiarnnd
duamsnidainlizen

Keenan uarAnde (2004) AN®INITUNUR Valds0 dae Phe lunaadesuaaniaes

-l aaal . » | Al X
2.4-lnlulnsingaulaeenddiuaacn Burkholderia cepacia R34 wuindinmaifinauees

e o J ¥
uaniuiield eels-lulnsWuea wa-lulasiues uaveals-usandRuea utuaimss

o - 1 1
uararnsolfuawmenldvareainay oun war-unsandiues aels-Ataen uaws-
pigan (arefugaadnlisnansaldls) Wesannmjdrressiumia 350 luaeiugaia
AuNANUBEAY ion-binding active site (Asp360, His206 way His211) wsilusneiugnane
wudmydneres Phe Minlszavans His206 uay His211 lunafafuseduns uiANEn
o - [ o i ] 1 v 44 ;3 - v o

veunziinasie active-side Linnuitauwinsemidne Phe itudngiitnoudnduras
o/ o o/ -3 -' X

duamse M iauisaldfuamsnaunadnlsifinau

Suenaga WATANY (2002) aF1eaneRugnant Ile335Phe WAy Thra376Asn 18aMkae
tiaeuaanresluiidalananidiuaann  (BphA1) P. pseudoalcaligenes KF707 1%
wilouriu BphA1 183seug LB40O wuIHARAUIME NI AA N eiugnanasia 2 §
regiospecificity Waguuaslyl ldun aneiug KF707 anansaiaumylassandafinaumia 5
uay 6 vufusinm 2,2-lnnsalesdluiile uiaiaiugnanedts 2 Baumylansandansiumia

b 4
2 usy 3 iauseiug LB400 uazlull 2005 Anmnsunudl Thra7e Fae Gin, Tyr, Gly,
1 1] I} |X
Ser, Asp, Lys, Asn, Val Wae Phe iaum‘imm"s‘wlnunuma'} Y 1ualnnau (Gin uay

a X 5% (B3 -
Tyr) 11018na93U (Gly uay Ser) nyjdratlunsm (Asp) wyjdneihuus (Lys) uaznsnasiity
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Plaigausn (hydrophobic; Val uay Phe) Waldluiis 4-undaluitia warlafiaiumnisuy
Wuduamen wuduliounuiisee Gin, Tyr, Gly uar Ser misvinuasaaulmianas
\WasanaumrensaasiiluAiumida 376 fluasia binding-pocket FaflutiFaoadduaes
o/ <4 d. - - 11 o o v o 57 - -l -3
duaimsape (Wansaardiulirwalugjauazuatinidaouddy widinsaesiiluilauimdn
© v o - [ v -Y J -l'v -l o
s iiduamsangaaniBiondulsingau Weaunundaes Asp viFe Lys wunqswnany
4 . g ‘
reseulaianas iWasananuiunsaiua analinasiagiléineees binding-pocket waiile
i el By, LY
UNUNFqE Val uar Phe wudnasiauraueulninudy  iesintiunondiduees
o o - J ] x © h o .« .
fuamsminisvnaudaansmasfituiiligeusninl¥ binding-pocket 3 hydrophobicity g4
_® o wd ' X J d‘v a dl ] g - o o
AdAUatEsNINNdININTIvaununsensaasilunliteutn annsessian Y
- J - - LA
Taze afnreanseesfiluunuilude 3 §R 199aeRugnane Thrd76Phe uay lle335Phe
foufiu Thra76Asn Aaalilsunsu MOE software wudnsinums 376 Wuaglndiu His233
uwar His239 wnnda 11e335 wiilidjfuiuflaemsaiuduamse uarluseiugiaduin
Wusrlalanauszudng Asn373 fu Thra7e usiluaneiugnanests 2 lifiaduselalasiau
L a . v o o a -
Fainasan1sdnduradusinsauasiatiasn na e wles]
v ;%3 o 73K -d. aga o - al [ 4
anagnudndusunsaiungldinsiinefidasendauatesaneiug  SP2
war A4 fandunsaecfituuansinaiy 2 sumie Feagluifions helix-grip fold ¥4 2
o ] hd ] o ' 1 ] J ] [ o/ o
ArumiaFasundalasumianily urasiinasaanusunizeasdusinss fnl¥ ArhA1A2
resaneiug SP2 ansalferiuunduiluduamsmiesaiiafien ussrewug A4 aranso
Iarfuundy arduundan uunsndu Auuwidu ueunmduusrgaaunduiuiuanse
i 4 ] J o ] i 1
& uaziliasannsinumis Met261 Telusneiug A4 flu Thioe1 filassairamidnaiiumnsing
Milae Met 1umlngninuariiazmendanafluliuans anailiifanisuaiasinnuda
urasdusingm uazAumie Serd47 Teluaneiug A4 ilu Gly347 Taesia 2 alimadingdns
< ¥ o/ ] o cdl - [l - ° v d:’« 1 [l [l
uadnadneiy sineiui Ser fnylansenianialiirauiidannnndn Gly usilignansasey
t« ° 1 1 -l d'o [ % =) :’r o ' < ° ]
NATDINI 2 AUl Ins1zARsTinsAnEINIsUNUR A A LR ATUNS 2 AumiaviFes UL
o ] J o/ ' ] - o/ -
losumianiiadae Thr2e1 way Gly347 infleuduminatasuaaniraunadiivaeand
o J o ] o/ ) Y t i
AuaradeRug A4 ieAnmAus Iz tusmndniinsdnuuasvideliiie
tudupinnedinatadnediu uanlludeyad miulfulsueulnliiilss@ng nnlunis
o x o c‘\Jv v aa -l -
MMwnIumNdRgUsraAmsieins  wazrasAnmlasiaie 3 DRvesesduundu

aal J o - v o o/ 1% [ v '
AANTALUA LW‘BW’N’}E]U?L'JNL‘IHQU‘IIQG'QUQLﬂ?ﬂ1ﬁﬂﬂ’)\!§lﬂFl’r)\iﬁlﬂllﬂ



