WD 2009/ 077461 PCT/ EP2008/ 067447 0)- AM NO CARBOXYLI C
ACI DS, w AM NO CARBOXYLI C ACI D ESTERS, OR RECOVBI NANT
CELLS WHI CH PRODUCE LACTAMS THEREOF The present
invention relates to cells that are genetically
nodified relative to their wild type, a nethod for
WO %Oﬁgmﬁ?‘b@ucti on of a genetically nodified cell PER P2008/067447

cells obtainable by this nethod, a nethod for the
production of w am nocarboxylic acids,
w am nocar boxylic acid esters or of |actans derived
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comercl al “inporta The production of s-caprolactam
is usually carried out by reacting cycl ohexanone with
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c-caprol actam often"with the use of concentrated
polymesizatpinurfi secapoilabtas, wheredsy 'polyaydd tHewhivhnealssindsstahlly important,
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commercial importance.

The production of e-caprolactam is usually carried out by reacting cyclohexanone with the
hydrogensulphate or the hydrochloride of hydroxylamine with formation of cyclohexanone
oxime. This is converted by a Beckmann rearrangement into e-caprolactam, often with the use of

concentrated sulphuric acid as catalyst. Cyclohexanone is usually produced by catalytic
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The production of laurinlactamis particularly
~expensive. On an industrial scale this first involves
the trinmerization of butadiene, with formation of

cycl ododecatri ene. The cycl ododecatriene is then

ated with formati on of cycl ododecane a
WO @g{ggg‘i@ecane obtained is oxidized wth form #&%12008/067447
cycl ododecanone. The cycl ododecanone t hus obtalned i's

then reacted with hydroxylanlne to cycl ododecane
oxidatinn ekcyclohexme v th geigce shihe aireey dlehesagdingeiiained in its turn by

to laurinlactam The di sadvant age of
hydm%‘%ﬁé&%g?%&% known fromthe prior art for the
productlon of lactanms by Beckmann rearrangenent of

xi mes i s, anong other thlngs t.hat Iarge amount s of
The p@éu@tson Gf daurindaciam 1N %Tbi SHPEPH - On gy i msétfiﬂéaalagns first involves
the m&&t—lg{t@%?%ut ?ﬁh& r{?glg}g%(: g# &B%@tﬁgﬁ%‘ﬁé eﬁ%r %cfbtd&%camene is
then helé®geénalpickithn fdrhﬁtl@m bﬁdﬁycdifdodeclahe ahd the cyolbdddecand dhesired is oxidized

dlsadvanta Thus, EP-A-O_ 748 797 des%%|b$§§%hnethod .
with fergiation ef yclededesamang I hesyrlafedacapane tyspbigingdis theneacted with
hydrmgygﬁﬁh ekl @ycqiﬂ)dydt:&{nle %Xhﬁe IWIQ&?QQH@H &QV&&dqmamkﬁﬁhﬁ fearrangement
n e amnonitrile I's converted by cyclizing
to lawrinfahtohysis to the | actam Ml ecul ar sieves, such as
acid zeolites, silicates and non- zeolitic nolecul ar
sieves, netal phosphates and netal oxides or m xed
The dlﬁw%ta&(éﬁﬁ%eﬁﬁétﬁo&%mcﬁcﬁﬁ kiRSsshrat 6Pha bYsducliéd of lactams by
cyclizing hydrolysis. However, this nmethod has, anobng
Beckmanh ggarrangemdyd ok eXines és, dmoag vthet ﬁg@ﬁ that largseamounts of salts, for

CtIVI of t nver si o of a[e1al
exarnflofi Yl et S8 SORY Bt P d M b B o
method@ Bt theprafuctiyn bf xadﬂaﬁissaraﬁleo fiexitBel in tﬁwpxﬁwﬂmh domot have these
t he met hods for the groductlon of | actans descri bed '

disadvanteges: Hius, BP iAo 74872 dﬁ%ﬂ@b@%w@m for b Pragdustiony @hlactams from

dinitri124 H&%&ﬂ%@&ﬁﬂﬁf&gp éﬁ‘% déﬁ' tﬁ %&h{?ﬁgm@’thg LAGINMe is converted
gasol-ine or "petro 2u dretore are not derived

by cyc]ﬁmﬁgrhydmm hd ﬂlerlwtama]mﬂecalas sieVéw sywhod ucidizenlies, silicates and non-

zeolitig IﬁpZeg&]ggsei‘gqeg, il @?%S]@Q? o égt?té}g(g&%eggﬁ ggr ? r%%tea?o:l{iges have been
discloséd SAGYAN tﬁ(\%gt%t'éﬁzﬁé Wgﬁsﬁ[}%lseﬁ\{)%(?m kel and Bﬂoﬂ%}oﬂ{gp e

pr esent I-on sed on the al mof overco

drawbacks tlth & savamtegaythst the selectyyitfyrad g dmxveqarommf theer ammzniﬁﬂe by
cul ar, t he

77461 P /0674
cyelizify WLETIYIs BN Y GRio iBerLoTspe ERRURT b G PRFBUR drsgraed.
FurtherdRi&) 9ﬂ| tHYm YRS Eeok ﬁﬁ-tp@@@mbﬂ opat-,fahfgtdegdnﬂea ol hﬁsqsﬁdﬁan

can be forned in thé fewest possible steps and with
hydrocdrberresuch as bofzenher hitadienerarpusad whishanpehteined by craclﬂng gasoline or

petroleyty a8 B prk B ST e T Ent PP L S e SRLRRS Rion of
polyaml s GRSl bR BASL 88 if 1WA TEmBloK e e rogarded as

mat eri al s.
disadvantageous from the environmental standpoint.

The present invention was based on the aim of overcoming the disadvantages arising from the

prior art.



A contribution to achi evenent of the aforenentioned
ains is provided by a cell, which has been
genetically nodified relative to its wild type so
that, in conparison with its wild type, it is able to

roduce nore w am nocar boxylic acids,
WO 2000/0048 car boxylic acid esters or nore | act ams? GEFRANY8/067447
from co-am nocarboxylic acids, -starting from

carboxylic acids or carboxylic acid esters. Such a
In partivglar thegnedsat msetionwasrhaesd erothgraid @f provdimg moethogdyyihich

aci ds,. am nocar boxylic.acid.esters or | actans . .
laotameydp gy BHITWAGH GRS S TP 1 S Teesp pos LI IR gt formation
of the hiRAAASRAY I dnforRE bEksy-Poduédr boxylic acid esters, for

exanpl e fromlauric acid or lauric acid esters. The
formulation "that in conparison with its wild type it

anccod a0 B PeBh SRR ol P B REBR M FAOA oot
laurinldct M) daf be PRONLER B KA WatdEtakSmatetialk! | ng from

carboxylic acids or carboxylic acid esters" also
applies to the case when the wild type of the

eti.call.y nodifj Ll .
A condERR G AT okl f el B iR B0Y wfftn s boen
genetically aitMifledgtiative fetd widltype eoivit, i gbinpaddonaiH itcwild ks, it is able to
. or at |east no detectable amounts of these conpounds .
produce mgré e-adreinegaryoxaiic apids,toremgpasatbioryimwnid pLers PHRIOFhigetams derived

MpAFEION S RIS
cell ca d%@ﬁgf}tﬁ' oﬁ&e%-%ﬁﬁie@aﬁ%ﬁ?ﬁa&i(ﬁ{ BSEninBeH b3k ¥cildVesters or

evol uti on. termis used both for the whol e cell

lactamsadudived froimaliaviigdemiboyetie scidd b fertmentatidmirboh dayhpecylic acids or
_ therefore in particul ar does not_incl uge such cells or
carbox isaeidyestras fopgempleiem lag asid elants acih &4fSal t ered at
| east partially by man by reconbi nant nethods. It is
preferable according to the invention for the ,
The forgaivionC'dlak j: camthdriseal ik lids wibi tpe & ibddato gredetd marel ar
nodified so that in_a defined time interval, .
aminocgrberdicatsidy, Wraminacarbivalie Scidsasiary onppee lagiaws derrgdfrom o

amnoci bR T B! Sl s s s
the casd¥AléERE Q@ﬁk?@{éﬂtﬁe ghi Bt pRlodifiRl ckl @sSiiot 1Blettb et arBuen
a

nore prefer y at least 100 tines, and yet nore
aminocarbex greavids, @tamihesshoxyio citliesters crrady hastamepdesived dlonywat

. least. 10000 tines nore w.am nocarb lic acid CO- .
aminocgRpRBicdeixg 4t et Rt aC gty £ Sivee RUHOERS Fifhis ontly afler
the gen&R AGHRCARMIRIclcbtaBle MFounfPS¥ thER cohdpBndntPéan tedblmedlhe

I ncrease I n product formation can be determ ned for

exanple by cultivating the cell according to the
each.sepa

) Nt.i t il.d-t || I
A mwid RSO B SR LYBPBPI s BREP S MRRRL St 48
nauuaugr%?ieu@mﬁ&ﬂ e Gatht 4hBedkutHiféd 188 SoholeWellang BGhAivRThal jdies. The
I nt erval in a suitable nutrient nmedi um and then

term "wdéweﬁihﬂrﬁfgretih @aﬁiq:_ulgm dogsfnot grc@gie spplb@ﬁlbpr G;W‘kf genes whose gene
sequencgghzlfjv% aeéﬁgol)%clé(il gfvlg%lt g%&‘ﬁﬁi"‘ B? %arﬁ%%/%‘%cpo?nxﬁ%lﬁn% nfthshsest er's

It is preferable according to the invention for the genetically modified cell to have been _

‘gcnetically modified so that in a defined time interval, preferably within 2 hours, still more

preferably within 8 hours and most preferably within 24 hours, it forms at least twice, especially
- _ 3 _ ' -



am nocar boxylic acids) in the nutrient medium The
cells according to the invention can be prokaryotes or
eukaryotes. They can be mammalian cells (such as
human cells), plant cells or mcroorgani sns such as

fungi or bacteria, mcroorganisns bei
WO Zé@%ﬁﬁ“ﬁh y preferred and bacteria and yeasts bE&WéEPZOO&’Om‘MF/
nost preferred. Suitable bacteria, yeasts or fungi
are in particular those bacteria, yeasts or fungi that
preferdbdy at Ibase 0 tichep eyt ewré prefdigblGer Ieast 100 kitnes,tand ryeblfnore preferably at

teast 1 s R gwren SrezndeTo o st ?ﬁ?ﬁ%ﬁrﬁmggﬁa S
ammoéa?bw)amd%gtléﬁso‘lm@m?gg{%g e‘?)l agﬁéécgao Iyﬁé %ﬁag E}%{l 't}?e wild-type

fungi .

cell. Thd‘ﬁv‘l@fﬁakﬂﬁ pbﬁh@ﬂﬂ)rﬁ’l@tl@l‘h@n l@&ﬁ&ifrﬁhlﬂddiﬁne@(aﬁiple by cultlvatmg the cell
p://ww. dsne. de/ speci es/ bacteria.htm suitable

accord%afg e invensioniapg thegvidreype sk ﬁaqhowpgéteahgldebthewwg EpRgifions

(same ééllsﬁ&glltf‘ts? Q'ﬁﬁi@laeéé Hed it g%gﬁgﬁﬂ?@ %@gﬁi&ﬁ%ﬁg? gjﬂ%cﬁ]@(i) aatﬂge interval

in a suititdé petriadt méﬁllﬁx’ﬁ -ahd WWey.de erminded $ie @&iots( dfamget frbfct 4o VO
2009/ 077461 PCT/ EP2008/ 067447 Cells that are
ammoqaémdhawlsls pmﬁmoc@boadr@mcai astprs of lndtemis dowvadi foom sr-e

r I el of t enera Corynebacterium
mnoc@fené’\w 1%5\8 IIEI% “FP%? ‘actobaci | l us, Lactococcus,

Candlda Pi chi a, KIuveronyces Sacchar onyces,
_ Escherichia, Zynononas, Yarrow a, Methyl obacterium ]
The celfgacspiifiato tmsmyersingrras be prrkenstieser icukaetee by cabempammalian

cells (st 4 Jgﬁn%gggl%@ Gt o SREYS Qﬁ&fqgm s GEH AT 0 BMeria,

_microofganiseisibehigaspaiallypee fogedmst bamteeia&inﬁ @zdastsﬂl@simg ghoBicprefarrad.
preferred enbodi nent of the cell according to the '
invention the latter displays, in conparison with its

Sultabl%édierfay @asts'd?%r?g?iﬁéji)n%%ftic\ﬂa? YhRE b?&m{xﬂﬁ ?é%stsg(gtq'a %/1 tﬁzg%ave been

enzynes an enzyne
deposzttchm th@ﬁi\zﬁnm Gollastior af Mocrpbigeniams dsd Cell Cailtoms Dewtschei ShmmIlung

sters. to th or.r espandi W hydr,0x oxylic.acids
von MiRoaRismeR A Ze DR B Tuetinen & SRR BhinshadE hmany, a
strains mlaetena Aealty SEAmEN SuRMIY ﬁac&‘eérswac%rdgfg fa%RE Qf@mﬂm%ﬂg' t6 the

aci ds or  co- hydroxycarboxylic acid esters to

genera b%ed @spondi ng co- oxocar boxylic acids or (o-
oxocar boxylic acid esters; iii) an enzyne ElI,, which
cat al yses the conversion of co- oxocar boxylic acids or

http://wilr.dXNE POy baderaiitth esters to the correspondi ng
co- am nocar boxylic acids or co-

suitable yeasts according to the invention belong to the genera listed at

http://www.dsmz.de/species/yeasts.htm

and suitable fungi according to the invention are those listed at

http://fwww.dsmz.de/species/fungi.htm



am nocar boxylic acid esters. The term"increased

activity of an enzyne ", as used above in connection
with the enzyne El and hereinafter in connection with
the enzynes Ell etc., is preferably to be understood

' ased intracellular activity. The fol | gw
Wwo Zaﬁ%bﬂﬁ‘{ﬁr egardi ng the increase in enzyne acti VPW%ZOOSIOWM'?
cells applies both to the increase in activity of the

enzynme El and to all the enzynes stated subsequently,
Cells thiioge espetially prefertealracperdmighp yhepavéntion aesdaivedironcedlls pf the genera

an increase .in.enz ti,c activity c e achieved,by,. ..
- Conmpctedii A vty M siobaiifis deitsee R S ionia,

Kluverd®)BesS SEBRRRS cb) s chePRBial hmbhen BNEN BwiaUMel§ldbacterium,
strong pronoter or enploying a gene or allele that

Ralstonige Bsevflomonasc Brrkdslderid ang Caasaydiwmnivith Bseferishiged!i,

tivity .and . optiopal Ly by conhi ni.n S.

Cormclefiartgr g mhRuatm e GPa BHEE e ERDy PROGH 3

EscheifeNPcAPOGN Phb46okeRGEG EP2008/ 067447 are for exanpl e
produced by transformation, transduction, conjugation
or a conbi nation of these nethods with a vector that

Acoor 0121 PRLHS HRRUTHESh SO cRAGHELE, O 1 M BadBIRF cila i

compatifd @iinés poldsiy, écrddetEacivig olist leagoprssf tha folkbwing enzymes:
particul ar achieved by integration of the gene or of
the alleles in the chronosone of the cell or an

) hEARIEL RSBl dYsek BRI dofiddrkiBE of @ﬁBQ}[r%ic%cfd_@ Bt BWbOEylic acid esters
possi bl e"ways of 1ncreasing the enzy activity 1n
te el corrbgrontiing e kpdrpk peadfoxpylic asidt er odadlvayydrbseylic acid esters;

- given in DE-A-100 31 999, which is_ hereby .incQrpaqrated

1) agengneEeiduchherialipes e capversionaf uBydipxyrarhesplac acifgor @-

' t he _possibi.lit.ies far Jdncreasi t he _enz .Act
SRR Rl bl sSe T g B S OEY R S ol
okBOLERYxyEO acid RSte@XPr essi on of the aforenentioned and

al | subsequently mentioned enzynmes or genes can be

iii) agenznecbuyhick aafslysss the cemvgrsiomipirensdemeixype a¢ids or gel

se rat¥on_gnd subsequent optical .identification of
ST IR SPORE R ag oAl RYlICAIIS B at e
aRHRIcHBbL AR 2of dpgte. |If the increase in enzyne
activity 1s based exclusively on an increase in
expression of the correspondi.ng gene, the increase in
enzyme activi.ty .can be quantified in a siople. b

The ter SO E G eHED B! 58 Prds rBASTORAYe i 6TwRH R e Gagme By and

hereina 6 NRBAMibEl withRBe &SRS MR etcC ak hitferfBIPd b&ande@itbod A increased

usual nethod for the preparation of protein gels in
intraceltuas aswidy.of coryneform bacteria and for
identification of the proteins is the procedure
~ described by Hermann et al. (Electrophoresis, 22:
- The follb¥dy 230(@ 8%} ding THREnHeeah BnH@NCaAi/tRin £lseaPlic tth Rethe

) anal ysed bﬁ - .
increase in activity of the enzyme E; and to all the enzymes stated subsequently, whose activity

can possibly be increased.

Basically, an increase in enzymatic activity can be achieved by increasing the copy number of
the gene sequence or gene sequences that code for the enzyme, using a strong promoter or
employing a gene or allele that codes fora corresponding enzyme with increased activity and

optionally by combining these measures. Genetically modified cells according to the invention
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Western bl ot hybridization with an antibody that is
specific for the protein that is to be detected
(Sanbrook et al., Ml ecular doning: a |aboratory
manual , 2nd Ed. Col d Spring Harbor Laboratory Press,

' ing Harbor, N Y. USA, 1989) foll owed
WO zggéllﬂz‘g%ﬁeval uation with appropriate softwar ebj;{gF/EPZOOSIOGMM

deternminati on of concentration (Lohaus and Meyer
(1989) Bigospektrum 5: 32-39; Lottspeich (1999), .
are for, pduces biiransformatipggansduction, qpgugaEeR oF 4 yorppination of these

methofy e R Ehre LA HER Blle AR ANAC P aops o Pty therof and o
vector (At hsates eiprabilf])n of &eQkhe ﬂ?)ssgl\\ﬁ |}L@ér38§6ﬁﬁ@fﬂsﬁgy is iil%)tiirqticular

. 2151.2155). The action_Q -bi ndin roteins on e
ac}ﬂeV%inf gg%areat)rpnd?f th groe ofefihe afigles pethg @h%ef%@nayf {hgicel g5 an

5 ' . of reporter gene assay
exuad%@%%%gggﬁhgﬁﬁ%?ggb%%%zcuIar Cloning: a laboratory
manual , 2nd Ed. Cold Spring Harbor Laboratory Press,
.Cold Spring Harbor, NY, USA, 1989)..Intracellul ar
A fevwéme%{gﬁble Geriairisnsdhe IR THACRY I ieRhl i Prsgte of pyravate
carbox?g%%fg%ﬁehhﬁbﬂlﬁyﬁm@qe)@w%ﬁﬁﬁ'i@ﬁé}el()%@ Bftdlasbference and whose

_ ))” Journal of 6 WO 2009/ 077461 PCT/ EP2008/ 067447
disclosBgs ath respegyto 1i82pqstidilities 6R4nG6aih g tRayngimeadctivit® 00G1s forms part

our nal Bact eti ol 0 182 (8): 2277- 2284; Freedberg
of he GRIIR oMb BRSHE invGtehl, "020t o) o ogy 115 ()
816-823). If in the subsequent account no concrete
met hods are stated for determ nation of the activity
The expypssiotpefrthe afgremensinpgthand alk sybsqquentbamentioned apaymees or genes can be

. ivit L e . . [ N7 fvity.,.

detectofBY by o oM o o B A B BB TR PR e

identifitigionpufthegiroRin conEdigerion hothe SkbusitPappiopkidite?daludfiod yoftware. If the
Lohaus et al.., Biospektrumb5 32-39 (1998), Lottspeich,

increasouR RIRIRA P RPesed FRCluSiBEy OpGa oTease JOFXPISRIOWAT s et
-, pal; il gy 182 (200

comsying IO LB e8RS BRI (g

comparmgttht il oor Hilinidneiora poglemcepargores, besush wihditypt amhgenetically

modificfhsp o e ol dOEpe BYEvaration af BIAOR Sok e chse ot Coryneform
bacteriaBhiabt RBaERMBbNOf GEBIBERL & thOproRhROAELHbL YL P ISR &1,

engi neering methods” such as deletion(s), inrsertion(s)
(Electrophdifesis, 213 81£3 (2008 Xc Rhegels) co@enatiapalah plsnibdiahalyskd by

Westenéglbé@bg{d??tigg gﬁb%ﬁ%agﬁﬂ@&hgtig &ec%ﬂ@%&%%ﬁﬁétqg fo be detected
(SambrdW dtiak UlBlecuia) ERnBRE WIBBorhRhy Wahedy, RESD T Spthdihibe

Is no longer present or at l'east is reduced in

Laborateryr#sgssi Seld Spiring HareorwNia-WSshel 988 faklewer by ohcal ealuatian with
soproorlf FIEUF RS bl GRS BRB et bR BT 50 e,
5: 32-3NEottEicha 389 Nengenpydie WHplie Df1: RES0-SMT)ETROMEIVRY 08 BINYS binding

or nmutate the ronoter and regul ating region or the

proteins cpp e sreasusechiay B %Bﬁ@d—smﬁ-éﬁﬁap’g (alascentled) gelpsterdatipn)ofWilson et al.
000 gt DLl 800 PRSE: R GRSl e

I nser
expression of other genes can be detected by various well-described methods of reporter gene
assay (Sambrook et al., Molecular Cloning: a laboratory manual, 2nd Ed. Cold Spring Harbor

‘Laboratory Press, Cold Spring Harbor, N.Y. USA, 1989). Intracellular enzymatic activities can

be determined by various methods that have been described (Donahue et al. (2000) Journal of
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way. By neans of inducible pronoters it is
additionally possible to increase the expression at
any time. Mreover, the enzynme gene can al so be
assi gned, as regul at ory sequences, so-called

which as a result of inproved int j
wo 2fEREITS BERAPAID8I067447

pol ymerase and DNA al so bring abou
|ncreased gene expression. Expression is also inproved
nmeasures for extending the life of the m RNA

Bactefm]?mhb%ﬁip)s S6B4-5p2 BRatat ﬁ]g (2008) Mﬁd&ftﬁa@ﬁr@foﬁﬁ& (8): 2277-
2284; ﬁ%ééﬁg%% gé fﬁg@b?'g’e) Jorng! Bg&%rlzgl'o lftigz‘l L t ? §P&i ¢ Eﬂa gtgnsaquent

ne consgfr uc contal ne

accourit Ao cbh@ﬁmrﬁi@hwstah’e stateyl iffialeC@pynafiofibé theqictigiteol a particular enzyme,
integrated in the chronosone and anplified.
 the incpgase HyRIZYE [agtivityas vestbasdBe fesiease int ¢EyRg| 26t vkt arg @rrderably

|
R AR BEH R L SR8 2 7123 o)
Lohausbet[mt BmPé&d'dnh £382i39 (1 h%)alcﬁttspbilch Angadandra<Themét 11dn8630-2647

his in, inter alia, [technol o

(1999350 Fon 46 Yoy of Brdirialesy HB: 2hs 21 R00hss 30, a3

(1994)), Tsuchiya and Morinaga (Bio/technol ogy 6,

428-430 (1988)), 7 WD 2009/077461 PCT/ EP2008/ 067447
If the iﬁrkmﬂmsnzgtnemcﬁvitﬁmaoﬂglﬁ Ab@B b9 gutdatd9gf)the enogenhoAs @ene, such

869, 893, h g Pi t hi

mutatighs g CHR VB PO DR AG e o Fosaisal Sttty et &g by UV-
11'radlat§0‘fpc5ll Hyaduish- gméidgodh'éﬁﬂéa@ or MirpsRBiB) t%g%en@ﬁ‘e eﬂg%ﬁaeihﬁg methods

994)), in LaBarre et al. (Journal acteriolo

such as]dﬁ&ho];(}:(),]_mm@ml(s)(alﬂgg pycleq)t;ﬂe.\,@chang@@j_ o yengtically modlf?ed cells are

ob‘cr:uneyb S ri%&%g]%eﬁi mutfgthonﬁ e}%i)gc?}algagre Ire(ilrgl.%%rg o¥ ezbzlg{lr'{lgf are 111 particular

also engyifleHop @MPhITealbalginhihitidiPit ndISngded PRSIt oaBrlchs 1§<Iﬁd)|m&d in
t ext books of genetics and nol ecul ar biol ogy. The

comparifegstithethe gkl rpeeryifove al so lead, |ike nutations,
' to genetically nodified cells. Eplsonal pl asm ds, for
exanpl e, are used for increasing the expression of the
If the im;ﬁeraes inl ¢nzgpe atiivity is bistightdHoat fhrauphi aiSnereaseiin expression of an
rticular those that are re Ilcate in coa*gffor

enzyme@ Py examle e Sisgeasg His Gy RHRRE S PUFSPORdNS gRpgHpY Putate the

(. | i
i

structura] geneGexppesbIn: cab@tt@ithat 80 sprted upsks2s of tl(emmn@ml gene work in this
69- 74 e based on the

way. B)bplgggﬁ Q)fgn %gg@m(ﬁgﬁ tlgg&&b%w tmrg:gqﬁs% egpressmn at
any t1m¥.%tofér0$er Héren%%éﬁe daRQRe ﬂé%ﬁ&e@naﬁﬁgﬁia{dﬁseﬁgences so-called

Serwol d-Davi s” et al

enhancrerés wbmhl a@gyea_lléttqfemrce@d nﬁ@lgcuczmbwml)l%wolmwf( ayg DNA also
Further

bring au BRr<A Y sept PRPRSIOtE Fapteltity Sl @ Ty Yed Hydh st Sl Rirfpcending

the life $E(he RNRARP!BarthBendre ! y0ste Rinting @il cargdlaiiba 68dht @mlme protein,
integration into t he chronpsone, as was described for

enzme@gawpy is alpp intRmsified Hdie genes algeng mtrp@ta aggrflen either contained in
pL’:lsmlds[.E bt hrv%{‘]ylnggn tccz)jl;;y Mnber %Ir 811601_%% gra?ed 1I]1' %’166 c:hrgmg go%?a@r)d ag'noprhfltelc'i €
Altemnatively, overexpression of the relevant genes can in addition be achieved by altering the
composition of the medium and the culture conditions. A person skilled in the art will find
instructions for this in, infer alia, Martin et al. (Bio/technology 5, 137-146 (1987)), Guerrero ct
al. (Geﬁe 138, 35-41 (1994)), Tsuchiya and Morinaga (Bio/technology 6, 428-430 (1988)),
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duplication or anplification of the homthrB operon.
In this nmethod the conplete gene is cloned into a
pl asm d vector, which can be replicated in a host
(typically Escherichia coli), but not in
cterium glutam cum Vectors that maybe
wo zﬁﬁ{éﬁﬁ%ﬁed are for exanple pSUP301 (Sinon FT[EPZOOS/%MM
Bi o/ Technol ogy 1: 784-791 (1983)), pKl 8nob or pKI 9nob
(Schafer et al., Gene 145: 69- 73 (1994)), pGEM T
Eikmagury &irab d &re@o i §b 1939801 99 Nhdi EErA-ONRESEsin)S BSA}.893, in Schwarzer

ana PG s B 1 AR e Bl DR R hmerca
Microbibiig BAEIG- 152&((19?4 hah Lapdse eta;eEdybm(napJéﬁBuEw‘n ggﬁ"]S;lOOl -1007
Jour naI of Bacteriol 0g g 173: 4510-451

(1993)} $pN&S@tA€6/ 3P40, lwﬁémn res 8B4 @346216(11 )&4 (l?ﬂé) 1 B 1P-229891,
vect ont ene to
in rensff ShEabis ORI or AR sy T o B00b] e fknown
textboske D gekiit bad holiculaEBioYdSh TEE ﬁfehﬂtﬁfésg:lebﬁrﬂﬁd(aﬁme albietead, like
nmet hod of conjugation is described for exanple in
mutatiegshigf gepcliqallygpodifighesillsed and Envi r onnent al
M crobi ol ogy 60: 756-759 (1994). Methods for
transformati on -8 WO 2009/ 077461 PCT/ EP2008/ 067447 '
Episongil @ladesdsl fdvedarhple, &% asqd Pr intrebbing tioedprasioalof theAppdd i duestion.

SultablBoEAS ) SRR A0 B FGE IBF ) oA ppErie Numerons

:
oS58 B8 Tl (RO W RS OSE

Microbiolbgy &b S48:SH' (19808 pEKExﬂ dEikasuhs atretl., Serai 07 : G0t B21)) or pHS2-

t | t i t he,r el The,
1 (Sonfiydhaleei onh s BRI HE So%1 o ahs e B b s PHMIS19, pBLL or
pGAL. Utmrp@cﬁﬁﬁ&j va&bis Vot ﬁxzﬁ‘ﬁpl@%&@ BY4¥R of pICRd @Us ms@ @60)!&%1\1(}2
erabl y al ways neans acti vi

r ef
(SerwoloDpEie of sio FIHE Y Micrgbiolagn Letiers e 93 34119903 o PAGI LS

e aII preferably of at |east 10, even
5’158’820}#8%??% See,rdalﬁﬁtgeso W%(I east 100, yet nore preferably

of at least 1000 and nost preferably of at |east

10000, Furthernore, the cell according tot
Furthermgye laseid Vomiers Rrealso suifbleebis Bgandfi MP%WGP%%P@% therpacthod of

gene an?)hﬁcﬁh@ﬁ 1)}\/ ﬁlt%@ftt{l&lswullw ¢ 02(]:9:{ omeI % ggﬁﬁfgkcg'lrﬂegtrforaéxﬁﬂlple baf

rses ose VVI yp e | 'eas
Rcmscldaﬁi ecill. dlbpliatdndEnwronalenidh Mcrebiyopy 0B: 126:d3D(1994)) for the

i spl ayed, a detectable activit thi-s enzy . )
duphca'a@lt e arppleicatioy ﬁg&e dem-thrp ypwggylmﬁﬁas anrdlng the aPmBgmﬂns is cloned .
into a pfa@ﬁﬁj%t&v%ﬁ:ﬁ?:ﬁﬁ ﬁéi‘ t%:fl‘ ir} 5‘ ﬁ@ﬁ}tf ESDeb0fia Bl Mbut not in

over expr essi on increase I n
Cownemqaem% glurftmvasred\f hcetons |th&tﬁ1hzexbeadoaademd latecios exdwaple 93@8301 (Simon

o al., gl eeio i ks 1R e b Bl e P Pin NGBl Gemegtas: -

73 (1998))) YGBM-T¢P tgﬁ@?ﬁ»pdﬁﬁélp A8 di Al V@S&l)ﬁ&lﬁcUghb %CR2 1-TOPO

expression of the enzyme E. is Induced Furt er nor e,
(Shumaa,c,&mmhl g Biaddogitvd (Ikwemym BE67&8@(1@9¢})aﬂﬁEI& Blont (t[imetrogen

Groningepy Thefeﬁ %@gr\é%d'.@]n %iﬁﬁgls@%%ﬁtéfw t gﬁéa@?ﬂ? o Pﬂ%éﬁlo 4516)
or pBG%fgp?ﬁ?&%l.?@ehé’ hi:%3391343! (|19§d'j? Th‘é %Héﬂﬁc? védtor tﬁ&tjcoﬁﬁﬂls the gene to

be amplified is then transferred by conjugation or transformation into the desired strain of

Corynebacterium glutamicum. The method of conjugation is described for example in Schifer et

al.; Applied and Environmental Microbiology 60: 756-759 (1994). Methods for transformation

-8-



Furthernore, in connection wth the aforenentioned
preferred enbodi nent of the cell according to the
invention it is preferable for - enzyne EIl to be an
al kane nonooxygenase or a xyl ene nobnooxygenase, or,
ly and - enzyne ElIl to be an al kane
WOZ%?J&%& enase, an al cohol dehydrogenase or an RIS RER008/067447
oxi dase, or, preferably and - enzynme Eiji to be a

co-transam nase. A preferred enzynme Et, in particular
are descriped fforaxeupkd méﬂleerhnﬂl@iyg,eftmzed Mscrobilegiamiebiotechnology 29: 356-

362 (1988 IP S5 AR Bt Sﬁf“e iéhr}z%g?:‘g'y fﬂej"f@@ @?Qﬁ}‘agd%uch et al., FEMS
Mzcrogzg@%&@ﬁér@]ﬂ? @_43‘5?4270939‘@)6 A%?hoﬁlbﬁgéhéﬁ%hﬂﬁﬂﬁm by a "cross-over"

sequence i s described for exa y van Beilen et al.
event, jthe reFulipot stea bonigias 9!tslﬁ@t td mm@mef th@/mlmyﬂ gemes from

Gram Negative and G am Positive Bacteria", Journal of

Bacteriol ogy, Vol. 184 (6), pages 1733- 1742 (2002) .

The fohttlabieh RKiEn tiky4ReE b Berbhalicr MR @Bzéiﬁ?%f ah @nzymeE relative to
partl cul ar cytochronme P450 nonoxygenases from Candi d

its wild bpe eRigfrsridy abraymnGantiR ey ity of BrecrasHestivemzying i jiah rﬁtlgcreased bya
factor égc{nt lg%g%pebgec&égggrg%?ag?{bf 148 16 (@v&? Thoft rgﬁeh%%f‘gt least 100, yet

nMoONoxXydg nase

more [FEfgEBNcERat Mdasts1000akRN @:xcﬁypmxhalﬂgmf E’c415£kt lmnmol@yglemw@ the cell
from Candida tropicalis are for exanple disclosed in

accordipe t BOMITES, WHirbes! SInCrRELIpGHEIL Jftleriewse 6t Tdeiedp e wild
type", ﬁa?ﬁ&ﬂ%or eégﬁzp M%g?%%z??lkfa l{yﬁ%ﬁﬁfo éxmt ?é%slpfﬁ?dét‘éc%abie activity

gi'ven oni ng and
of this elaymacE.eardzatly dnsp}ayecba ddiectelit actvitynd tiHd SOzynbNBsaftdr tlenenzyme

o SR AL Sl SRS g
"overekpFORbr" otEorMAERbPUHES R mtéilﬁre@h&a B8N BerRrR e A& includes the

. given by van Beilen et al. in Gas Sci ence and
case wh'm:mﬁ@ﬂtmgyell fopexanggde (tzqsoﬂd—tryag egll, hgguqu)at(l@@t)@g detpctable expression

.sui tabl e e f.or enas S
and it ng]&% \J ge?cﬂlzb%z%t IW%]? ({Eﬁfg&% e}fngag)g %geﬁalog%f thaesem Hne E is induced.
contai ning these two genes has the GENBANK Accessi on

No. M37480. A preferred enzyne E11, in particular a
Furtherm@%éaee@dm& te greonvendiepdt @@é@fa@bleu far g celb fohayeanqrpased activity of

enzym% ]%%gg Sﬁ?ﬂneg %e%}lﬁiz%heé?ﬁ?% (L ji of gkfﬁrg/ : %gtseéggaghwty of all the

enzym@lE‘[,oEiIeﬁhdJEmI he al kJ gene from Pseudom)nas puti da GPo
1. The gene sequences the al cohol dehydrogenase
encoded by the al kJ gene from Pseudononasputida GPo 1,

Fuﬂher@lo?@rfﬁ Xﬁh@ ict CE %r%meﬁﬂf)ﬁlﬁrﬁ'lefeﬂe@ @ﬁlﬁ &hlertBSf tBe cell according

or det e I septica or from Roseo acter

‘to the mthentibm itfis pfisatdaforbe found for exanple in the KEGG
' gene dat abank. Suitable co-transam nases are for
exanpl e the o -transam nases that are characterized in

- e&%ﬁ'EI to be an alkane monooxygenase or a Xylene monooxygenase, or, preferably and

- enzyme Ey to be an alkane monooxygenase, an alcohol dehydrogenase or an alcohol
oxidase, or, preferably and

- enzyme Ejj to be a @-transaminase.

A preferred enzyme Eq, in particular a preferred alkane monoxygeﬁase is the alkane

monoxygenase encoded by the alkBGT gene from Pseudomonas putida GPO1. The isolation of

9.



2007/ 0092957 by the sequence nunbers 248, 250, 252 and
254. A preferred enzyme Ent, in particular a preferred
W-transami nase is in partlcular the w transamnm nase
from Chronobact eri um vi ol aceum DSMB0191 ( Kauhnann et
Substrate spectrum of a)-transam

Wwo Zab%méﬁ?ombact erium vi ol aceum DSM30191 and | tEEﬁEPZOOS"OﬁMM
potential for biocatalysis", Enzyme and M crobi al
Technol ogy, Vol. 41, pages 628 637), which is encoded

the alRBRGT géne sgeueace n‘d@dgfgx;@qamm@by baréE@ep@t Moin "Functignal Analysis

B ST -

Bacteﬂdl@gy, %!n 18a (b5 Phgetsqdﬁfi o @oans. Furthdi@rivdyiodReale FuEges
fromplants selected fromthe group conprising

monoxAgeitAsero pspastictiat qmomﬁéﬂhmgmwganas famﬁﬂngfa#as gr example

from C%r;& éﬁzgmg)zcgz% }_%'El tog %{‘%ﬂ?ig %%Rg zCzc§fQ o L )s

. can aIsB'b@Qisé@ﬁH‘ﬁﬂ@@ﬁ:trthi\y%&@ﬁesWM§ genofefifsht e onhﬂ:ﬁﬁé Eﬁoch%mmPfiSO
macul atum Mercuri a erennis and Urtica dioica,

monoxypufases faem @pézdagmzcaﬂp a1 9o pxample Hrriosqtaini WO-A- 00/205 66 whereas
the gen% &én@éé of sﬁ[tﬁ{lﬁ ?t%gli{a@g%g@?n&nlaﬁﬁ% %15 %@‘E@%@h@é—pea are given

elc aci
for exaﬁiijﬂkﬁb‘jf Bhizyet pI. éd Clahing oA cﬁﬁ&ctbddzhﬁorﬁ@ha@ght ajztbyhrome P450 cDNAs
gr eferably 100% identity toQ th squmnce accor, %
Jrom claghgep 1467 arsefinugt &) Seff FHBPES QMO S UPRrS CHEICGy oL 155, pages

lOl-lO%é%ﬁ%%.@rs@%no@E@es It 408 1R érg%ﬁb' diven HyeJaﬁtBeYI@n Epal in "Oil &

I sTdeterm ned~usi ng known et
Gas Scipgneurd Techpelogp, VobriSuEs papesotpi7adid (2063). Al sgmble Emﬁ far e xylene

oo e SO SRR S SRR S o

genes Hak BUCENBASIOARBERTI NAIERIeNt bet ween the sequences
to be conpared. Conputer progranms for determ nation of

|dent|ty conprise, but are not restricted to, the GCG
t war e

A prefeﬂi?gleg%}gnag 1,35 %gl%é;g a@% pﬁ%’lelz:%gg Sho(l d?drr%?aseése Bl e?«limple the

alcohol(RAPEH %éna@’ RALNbY HeSiiklyeeat (B ICIBL)) in Mdttﬂmfthe éMb})ol
and - BLASTP, BLASTN and FASTA (Al tschul, S.

dehydrogsapssancedediny the alkd geim Bowdyeudoreongs putda GBay @ea‘lgene sequences

tho alocf o roei e Sneiaba Bl 20 L AR, B PRLPIDRMe: AT

Alcam\aﬁdc Edrhmz@isheBoﬁbrwla@ﬁr@kﬂﬁ&Ts WBondiaklla BlonslikapticSor from
NLM NI H Bet hesda ND,22894: Altschul S, et

Roseoba¢ter d%reﬁﬁéwgaan beHaundelor eximeRiA e kG EsRfdiabank.

al gorithmcan al so be used for determ ning nucl eotide

identity. Preferred paranmeters for nucl eotide
Suitabl€ Qrpmsaraings e8 argpfor srearhybie tHeob tonkaginasks gou atehmmideredbahiilS-A-

and Winsch, Journal _of Ml ecul ar Bi ol ogy 48 (1970),

2007/0092957 by the sequence numbers 248, 250 252 and 254.

A preferred enzyme Ep, in particular a preferred w-transaminase is in particulal_‘ the -

transaminase from Chromobacterium violaceum DSM30191 (Kaulmann et al., 2007; "Substrate
spectrum of artransaminase from Chromobacterium violaceum DSM30191 and its potential for
biocatalysis", Enzyme and Microbial Technology, Vol. 41, pages 628-637), which is encoded by
the gene sequence according to SEQ ID No. 01. - '
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pages 443-453 Conparison matrix Matches = + 10

M smat ches = 0 Gap penalty = 50 Gap length penalty = 3
The GAP programis also suitable for use with the
paraneters given above. The aforenenti oned paraneters

default parameters in the nucleotide s
wo 2@@%82?4%3 "11 WD 2000/ 077461 PCT/ EP2008/ 067455 17EPZ008/067447
Mor eover , enzyrres fromthe subgroup of the

. @3- Al a: pyruvate transam nases are suitable. These
It can bmdmageoug to nscaps enriymeestas, d-trensaRypasds thoheas beusdlated from plants.

19 (gi: 119860707,. gi: .119855857, i 856278
The wftfaaﬁﬁuwgl@%?a RlapssrlagekFombe gagup SR r?* EL% thaliana,

r :
Avena SRHE BIRVATe A g’gjsgggﬁ” gu’% 510%%%35 %ﬁ%ag%zg”ésé Solanium
lycopeet@lm, G’lﬂﬁzmhot&aézﬂé‘nt(z O0ryz@ 3&Va3 ThaetiGim epttyoyc 8sr mays, Spinacia
avermtilis MA 4680 (gi: 298310 2982915
oleraceq, AEHBIAI Y IIGTH G %ﬁ‘?ﬁeﬂ%&ni g’m% digica g W%%%%m and
Arabzd-EPﬁs HHDR. BGsPe3fl feBr3d Of s {15t Qfeeéﬁ%ﬁéd@}%clelcdamds that

ansam nases” are resente I'n the sequences accor I Ng
have 90% BEQildy R6%, egpecnily SEerablys. ar@(nult%speph@y pecferablydi90%

e.cells accordjn t nti on e to be used
identity By g ReARpearer ST torEs) 1Y NoidS et SisBle i paetau o s o

transanifn@¢Bs MHifAN H%Mﬂll?é:ld%it " ? Rk %o 8EQ BN i@%%t%ﬂnﬁl@d using known

CcO- am nocar box s starting from carboxyl i
methoch;ch‘dgaystaé,rspecmltcong)utﬂn PeTRrams wdthaﬂgoaa@anmgremﬁsed h@(l@llnto account

special g fistieat b yeBronpr fdgttmaien ofdry B pdueshe sreatest
agreemiehl beReerbhé seciqueﬁ&e%ft@ Bé‘@&ﬂé{):ﬁ@d a@dihﬁdté}fprb ah3 %ﬁiﬁ&ﬂnnatlon of

activity of t enzynes and EIlTl or EI, EIl and
1dent1t)BqumprlsaJ oy arg m:r@@s@@ld i theGE software paskagreinciingahi ch

- Catal vole e SOMELP AL 01 RIS AN 52,8350 Genetis

“esters Orrespon |ng oram nocar

Compml@foﬁfﬁlmrﬂy\bfli!ﬁﬁﬁ@fsﬁb Vedehe oW @I;landESt erase, which -
preferablsé_ls secreted gil“t he cell. Secretion of the

- est er BLAHP, Bh&JaY enhBASTAL Alisefint- £58l-trumal ofMelepwar Biology
|
15 B AN OIS B NS o

Biotechnb gy Iaformadar ER1) iaad ﬁom‘iothsﬁ sources PBAST Meartual, wltschul S. et al,,

T

The wellBEOWR SATH- QPRGHAY al RitkR lchn 2125 BE Gy E&Eﬁﬁiﬁﬁl%%ucleonde

according to the invention are in particular |ipase,
identityand as an exanple of a

Preferred parameters for nucleotide comparison comprise the following:
- Algorithm Needleman and Wunsch, Journal of Molecular Biology 48 (1970),
pages 443-453

-  Comparison matrix

Matches = +10
Mismatches = 0

Gap penalty = 50

Gap length penalty = 3

‘The GAP program is also suitable for use with the parameters given above. The aforementioned

parameters are the defanlt parameters in the nucieotide sequence comparison.
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suitable |ipase we may nmention the |ipase LipA from
Pseudononas fuorescens HU380 (ACC Code Q76D26, Kojim
and Shim zu, "Purification and Characterization of the
Li pase from Pseudononasfl uorescens HU380", Journa

' i,ence and Bi oengi neering, Volunme 96 (3)
WOZQ&@@%@HZOOS)). In order to ensure that the egpg?gggiosmﬁum
are secreted, they can be provided, in a nmanner known

by a person skilled in the art, with corresponding
signal sequences, which -establish secretion. If for

exa ore ntio ase Li
Moreol 8 SRt R BERun 6 ot WS Fuluf srdbleses s sable. These
includ€ 8lgl trarishmerfiBesorl FRYIARADHAS YA AFEDY §41Y 1 WISGDT7GH, gﬂql19855857 gi:
-12 WD 2009/ 077461 PCT/ EP2008/ 067447 ~ sequences from
11985¢XA8), fraam Peerdomanes piiade lEXAA0L sh 24894301 ) from Pravdersbhas aeruginosa

! f.P i 3egk t
pao 1S8R0 T ERPSIPIR TR RE AT Bly BheCltea w0
(gi: 330983, asyrepfom}lcbm}eywmsme (g BEBI0LL 7929 V0H) and
579, pages 1177-1182 %2005)) Ot her suitable enzynes
Chromab@ctﬁrt%%%mm M TCCARE B & BALO2THT). fhe prasin#rdd Fequences of the

aforem%fe?tg g gé%//aﬁﬁﬁﬁ%;%ﬁ Gle glasentgdgg ﬁ%’)eﬁ%q%g]g Mfgg@%gaﬂo SEQ ID No. 19 to

SEQ IIANceBfat i vel y the secret ed w- am nocar boxylic acid
- ester can al so be cleaved conventionally, to obtain
t he w am nocarboxylic acid, for exanple by
For the%%pé:’@héd lgx@tckﬁ?ﬁaccbrd‘?rag ﬁ%ﬂé ﬁlvgﬁﬁ a&g 1 ﬁgus}ga for the Producu(%n of @-
am nocar boxyli ¢ aci & ester the aqueous "so
aminocarboy gl ©xdide w-emiiochrios0idi d¢td d?SYéﬂf oxiactams bhsedtonas-ABligocarboxylic

it may prove advantageous, accordln% to the invention
acids stafting{gorg eptbordicoicé] pRiers.dt isteoreoyey aRtaniageousil Hecrieliageprding to the
. : t f
im0 BRAFE (55K 855l OB e LB P
preferablytin widitionfo inbeassdzitivisy &f tha efzymhek|E;and Ely, orfELIEpadl By, also

E111 and  optionally also in addition to increased.
lncre%%f%%qtvitw &1 SRyE ey whieh crtalyses ea 2wr@npf @fagungegEhoxylic acid

s 5 SRR B B ARy BE Y pr i SR s o

esterase; WhidhSREREHHNisIsacreRA By ﬂ@é"é’ell Kebrdflob Sfc BRcady ByHHREEI UEs the
here if this enzynme By is secreted %the cell. In
advantagp that {gyesior berghis @@I)p@g@ieﬁloeltadﬁroftthmceé Thivienogas ek ping to the

s forne he .
better gt BERF QY Fahe ooy el et Srmppaed with o
aminoc@&¥bXAkelcld) kifficheRAYRY BrodhicClaved fd \RHanA Y bk frafdFited to the
esters to be converted to the corresponding |actam
nutrientrpedivs guirovndingthefcaldi | i t ati ng purification of the
target product. According to another, special
enbodi nent of the cell according to the i nvention, it

Preferred @Sterdsés acadidliig 9hé MvemorPas @dpaabil ipas@fan@Re af ExdMI1e of a
of the enzynes E1, Ell or E111 and optionally
‘suitablejlipagessie B@Y sion (Re litase h@ﬁefr@m@vemwﬂwwce@lfwm (ACC

| of enz
 Code QUIBERATEARY it p AR FRRL g ClrecBiebion SPUELURR o
Pseudord@idd flusRdseer® UH-’NJI&O",E%Lmal of Bioscience and Bioengineering, Volume 96 (3),
pages 219-226 (2003)). In order to ensure that the esterases are secreted, they can be provided, in

. amanner known by a person skilled in the art, with corresponding signal sequences, whmh
' establish secretion. If for example the aforementioned lipase LipA from Pseudomonas

Sfluorescens HU380 is overexpressed in E. coli, it can be provided advantageously with signal
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preferably being an ami no acid dehydrogenase. Such a
nodi fi cation of the cell would have the advantage
that in the case when am no acids are used as donor
for the NH2 group, which is consunmed during the

i j,nase (E111)-nedi ated reaction of an
Wwo W%gi%ﬂboxyl ic acid or an w oxocarboxylic ac PG TLEP2008/067447
to the correspondi ng wam nocarboxylic acid, to the

correspondi ng co- am nocarboxylic acid ester or to the
sequenes frospitaidi agesterasei tho cacys xyiurallyami the egdt axwface ahPiwgdomonas

aerug i BRBGE hte, e ook e Ry RS eacd B Biriey of
lipoly @bz, KEBS Netterd olls q17R1183 g%:o (é)i/ﬂgi‘ §lhitab enzymes

“encoded by the -13 WO 2008/ 077461 PCT) EP2 67447
are lipgesa drosequenioetior dérrichey and FSeEgpdcty NeysG2t alx WWeeyme and Microbial

sui ta m no ' ogenases are serine
Tec}m%"é@fld?’bﬁéﬁ@%@? gé%g%?@pgf)dehydr ogenases,
AlternPiRily hRls8i:e8 FISANAEABSAARER 1 Péer @b h13FBE Bleaved conventionally, to
dehydrogenases. A contribution to achi evenent of the
obtain dhe®-aatiadoachoatlic hed Hegexunipigby sapmhEwapon viededirdlysia of the o-
. nmerho faor the production of a_genetically nodifie )
mm%aébcrﬁsyﬁe éﬁ*ﬂrﬁ‘?@hljﬁiei?élu?ﬁl@é@]é%w%?éﬁﬁﬁgmmér% &Yﬁ@diuﬁégydmde-
activity of at |l east one of the follow ng enzynes: i)
an enzyne El, which catal yses the conversion of
Furthegawtooit yay pravei adsardageoas bawyding teaibe thvestier § the eelltdgeording to the

. cor.respondin hydr axyca lic (ds_or

invent oD At HoRp M oL RaEiAL 0% Sithe FrQiney By and Eu,

preferably} @ihdamba ty fRfeabd®actiony 8f HeQ@RzRhesE e ERXMCR! BR¥yd E and
acids or w hydroxycarboxylic acid esters to the

optionalbralessipadditing tavnesasssdrasoxify pEthgdiferementioged enzyme Erv, also has

. oxocar.boxylic_acid est.ers r ili) an enz El | N
increasf RERVARRT R B s R BaceBise bt TR R acpmbonyic acis
to the R¢eSforn@ing\act e aad R4 hise bRGUFaRSic8iShdre iftthR enzyme By is secreted

correspondi ng w am nocarboxylic acids or w _
by the ealhilmthtsaw ot phi be passitletor drese-aminecatwixlylic ediddhformed directly by the
nzynme.activities. preferaply being increased t he
coll or fhgichapnogueerylisais 3ft1ﬁé?ngbé§i“ﬁ‘=’1 Rids CXRRSEIR Y HGXY"@eé’f @

i ' s 6rdihs PRANR AN ptibRan
amnocEh gyl?rée%cﬁ%rg&&:s H@g%%ﬁv?%ﬁﬁogﬁgtg ﬁlgesgncr ease I i act%ipvli t?/ Y
facilitatiig pireficetiay ofthe Ergetlrddmnd/ or El,,, the activity of an

enzyne Ezi,, which catalyses the conversion of
co- am nocarboxylic acid esters to the corresponding
Accordff to2HbRES R AX ¥nb6didfeh ISt tha Bel Qbcoffin@fh BB EWBRHEY, it has, in

__which catalyses the conversion of w_ am nocarboxylic

additioratsi igerensgd tablevityooiame o mbire gf theenzyress BisEabsbiand optaeradly

s g B P PR P EESLR B SeFR Ri y wve

catalysésriﬁe conversion of an a-ketocarboxylic acid to an amino acid, said enzyme Ey;

preferably being an amino acid dehydrogenase. Such a modification of the cell would have the
advantage that in the case when amino acids are used as donor for the NH; group, which is
consumed during the transaminase (Ep)—mediated reaction of an @-oxocarboxylic acid or an @-
oxocarboxylic acid ester to the corresponding @-aminocarboxylic acid, to the corresponding ©-
aminocarboxylic agid gster or to the corresponding @-aminocarboxylic acid ester, can be
correspondingly regenerated. Preferred, as amino acid dehydrogenase, is the alanine

dehydrogenase from B. subtilis (EC No. 1.4.1.1; Gene ID: 936557), which is encoded by the
-13 -



cell. A contribution to achi evenent of the ains stated
at the beginning is also provided by the genetically
nodi fied cells that are obtai nable by the nethod
descri bed above. -14 WO 2009/ 077461 PCT/ EP2008/ 067447
An contribution to achi evenent of the cel
woz@f’%@i‘[ﬁ&t the beginning is provided by a net hoh&‘T{%?ZOOS/OG’?M‘?
t he production of w am nocarboxylic acids, of
w am nocar boxylic acid esters or of lactans derived
gene skquancevacroiding tr QR D Np. 821 Gther suitabhi aming atifh delprdoagenases are

. st : 1) contacti cell ac n e inventi
serine e o0 bIFA PR ATt RN EGAESIE R PR PD AP REPeT g plutamate
dehydfbgbRdsB@xylic acid ester or with a culture nmedium
contiguous with an organic phase containing a

carboxylic acid or a carboxylic aC|d ester in
form

n t hat e blethe eII
A confPlfed bORPsk P SRR Gt i GhineRaphEleh oo peqyicd by a method
for the§¥b@kcHoRbf & g@ﬁeﬁﬂﬁl}dﬁbdfﬁ@ﬁi cé1l, @Bhpeisin ?ﬁ'hd‘[ﬁ@@ésb 008y bF ficreasing the
acids, fromthe carboxylic acid or fromthe carboxylic
activity ef of least emesof the jolloptindenalyings:i sol ati on of the resul tant
W am nocar boxyl i ¢ aci ds, w am nocarboxylic acid
esters or |actans derived from w am nocar boxylic

i)  aacend$me Ef) wiiidcakglyRf teh@nvabtibadf aabotdicngidser tidoxylic acid esters
invention the cells are first brought into contact
twthqncoaresmﬁtngrc@hﬁér@mﬁrwmlg peidpgr @- lb'éfqaraﬁzyrb@@dia@mﬂi qgters,

.. acarbo ﬁl ¢ est Wi t e{agétu e e 1 d

1) a@&ﬁﬂ"’d‘a ]%F KNS ea?ﬂné’erﬁ}?gso ORI Aithy e acies or @

Mﬂbé@ll@%bﬁ e@ferﬁocfﬁé' Q¥ 6&11?6)%){%55136}{3{11@ ngidk Bt &)—
cont acting takes place under” conditions that nmake it
oposm b yéic icid elsilm, oel |l to form w am nocarboxylic acids,

co-amn Carﬁrgﬁ Ify acid esters or |act eri.ved from
i) g ST BELY BRI BEOMRFAN ¢ ORSFEORIPF IR Plor
o&&%‘?}&%c 93 Q%%ltb h | ngs;fogmﬁt - &?&&%&%&é&%&’or o-

accor e i nvention” can
ablﬁxmagfbbxyIMamd:esnéra,ct with the nutrient medium and
therefore cultivated continuously or discontinuously
in a batch process or  in a fed-batch process or in a
ina cel% S@gﬂh? glégﬁ\;\r% %%‘ifﬁ%(s: gfe %?(I;i bef 1n$ E%glr? HP a@ﬁésrﬁct a‘rertgg%sec}elscnbded at the
beginnihgom w- ani nocar boxyl i c acids. A sem - conti nuous
process is al so conceivable, as described in .
GB- A-1009370. Known cul ture nmethods are described in

Accord&lyfb &lspSeidi KRR ek oBInRRE IR REELBGHA dbode, ifFtHH mteﬂlba N addition to

di e BI over f ahrenst echni k" [ Bi oprocess Techni ques
the mcriasellrn aetoiyetf itherenzymBs Bp Eoerd/er Emgthﬁele‘nwtbgqf an@ngyme Erv, which

cher Verl Stuttgart n the t.extbook
catalyscs PG ERET Lo B BT i g h e %weﬁ'ils orePPRSinG fen”

: ammoc%@b)g@ﬁaa%f(c@{/@mdﬂg‘%é BR% % ? vﬁﬂ %flrs ghe ogl}()%%]lo}{gd'ﬂogg,
aminocitbegylivumids b@t}&wara@oadﬁlg Nadtdifs ﬁﬁﬁ{lskb rxﬁfﬁamcﬂa)ahcﬁelaﬁng the

particul ar strains.
expression of these enzymes, with the enzymes Eyy and/or By preferably being secreted by the

cell.

A contribution to achievement of the aims stated at the beginning is also provided by the

genetically modified cells that are obtainable by the method described above.
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Descriptions of culture nedia for various

m croorgani sns are given in "Manual of Methods for

-15 WD 2009/ 077461 PCT/ EP2008/ 067447 Cener al
Bacteri ol ogy" of the Anerican Society for Bacteriol ogy

Lngton D.C., USA, 1981). Apart fromthe
WO zgmg%hql c acids or carboxylic acid esters, thgcgz/:\]ir‘%%%smﬁméﬂ
source used can be carbohydrates, e.g. glucose,
sucrose, lactose, fructose, nmaltose, nolasses, starch

Anothgirepnighutign &@ achievsmest efrhe pellsstated 4 thesrginuyng is provided by a method
sunfl ower .oi | ,. peanut ..0i |..and coconut,ojl., fatty aci
for heprncliR o B anninBREPONy R anioR O (E RGPt R e S Tactams
derive@ ROANBLRnifoGrbKyXE 8EiQY, BRGiriRS MRBDRJcess Y Giocar bons such
as nethane, amno acids such as”L-glutamate or
L-valine or organic acids e.g. acetic acid. These

subst.ances, can he used. separ at e of as a.m xtyr.e. The .
D QUBCHRE & AR bEY R Lhe ERATaN LY chisHE QA Fipging & Crborylic
#ld gosag it 468 eQfer POk ¥E 2CtaE htQSum b&lt%%@@éagﬁﬂl b organic phase

preferred, : as described in US 6.01.494 and
B8NS T Barbaxdicofeidd- mugarylio acig csteemaiondi@ogatinicenable the cell to
i s A e BRHR o BER. LBy B0 oo
a!rﬂiﬂrﬁ&['bo Ry h&ay f{dnﬁ)ﬁ{e AR\ i @br FrHR B GoSAT RO R s;
such as ammoni um sul phate, ammoni um chlori dé€,
II)  optiopaiiyusolplieseitat essulamtonamino cabdrgiiataeidao- aammearborylic acid
nitrate can_be used as the nitrggen source. The
ehicts Ydeqtembieriied foan opanigeebaybarsdel y or as a
m xture. Phosphoric acid, potassium di hydrogen
phosphat e or di potassi um hydrogen phosphate or the
In step Gpoff ths prttdidrgeaditigiatieanveaition tige s bee frarbrbeghisied castact with a
culmregxgqegiiiqslg gir;]gtg@l?f{gaef gp?gs&h 1%%.%1{1 q-gg,tecg{ " l,xgrl;ilcgﬁ?m% gnsg%;lrﬂli'lgmm"l as (t:ultlu?e medium
i gdTBI RE 2 By S POIBEE cMtaihlr@ cabtxh@h&d oV c&BoRIR acid ester, and thi
Conlgil?%quired f%#h{#%%&ﬁ. %iﬁ%lf?, ggsentigl gro%ﬁﬁ acic estetl, and fus
contactmgitakandas wmdealcoaditians that mekals possikde Wrtthawallstodoran ased
in addition to the substances mentioned _above.

aminocppor G #ifse O-yninpeasPexylisaaid psisey & ladamy deraigd P 6t he
- |t L di . .pbe . t
wminoc g R BB AR R Gt o
they can be supplied in a suitable manner during

cul tivation. Basic conpounds such as_s diug1h¥droxide,
The gensticalbsmariing gelbsacgerdmngiodhs WVERtonf38 RF Fropghbinto eontagk pvifh the

nutrienfg{r:i%%n grﬁil tﬁ%‘?or@.%ufgg?%@ %&Ktirﬁloﬁ?ggr @fsco?fﬁ*ngﬂé?}h gl ataiﬁdé& pﬂ‘ﬁcess or

e usé n a suit manner o contro
in a fedardhroeask biilvea repbired-fahbaigh prpessssior thepurpast by padicing o-
~ polyglycol esters, are used for controlling foam ng.
almnocarboaﬁﬁmrﬁcais T fcsarnd dprived fiop @yamisedarasyBe a@fie ¢t sopatopntinuous

process 3¢ gllscp gonsclélk\)% Iae,n s Gesoribed in G_B]-'-g—10093 70. Known culture methods are
described in Chmiel's textbook ("Bioprozesstechnik 1. Einfiihrung in die Bioverfahrenstechnik"

[Bioprocess Techniques 1. Introduction to Bioprocess Engineering] (Gustav Fischer Verlag,
Stuttgart, 1991)) or in the textbook by Storhas ("Bioreakioren und periphere einrichtungen"
[Bioreactors and Peripheral Equipment], Vieweg Verlag, Brunswick/Wiesbaden, 1994).

The culture medium to be used must be suitable for the requirements of the particular strains.
Descriptions of culture media for various microorganisms are given in "Manual of Methods for
_15- '



WO 2009/ 077461 PCT/ EP2008/ 067447 anti biotics, can be
added to the nedium To maintain aerobic conditions,
oxygen or oxygen- containing gas mxtures, e.g. air,
are fed into the culture. The tenperature of the

normally in the range from20C to
wo zﬁrﬂé@gf]g‘ﬂl y 25C to 40C. According to an especi al ?%CI/EBQOOSIOGMM

preferred enbodi nent of the method according to the
invention for the production of w am nocarboxylic
Generat Bageriolbgx wfdhd Avcarciolydisty facBattaplegyd Voashipisiand2 CarkiSA,

derived from w am nocarboxylic acids, in which a

1981)T econbi nant cell, derived froman E. coli cell, is
used as the cell according to the invention, a mnera
salt nmedi um suppl enented with anpicillin,

Apart §nolhg spiverylecoicidsma crepeayyciand etererths ﬁgb@mscrtair@s@ﬁ% eggbe

carbohsrtdﬁa%%%b ﬁaglf" %Sg%%%osgﬁlggtbty Ifruc%s%?ﬁﬁ%@%é %%gs&as starch and cellulose,

oils andifhte[ d. fs@?a all phafldwer rﬁD@'ﬂanuMoﬂ a8 béﬂon&ﬂ@il fatty acids e.g. palmitic acid,
Bi ot ec ol gy, Vol. 34 (1), pages 77-82 ( 1990%) S
stearic psihargldinofgac m@,ralwlmuab’ﬁerolm@ medienalk bydrgeasponsipuach as
methal‘fee c@ifc‘rf]@s; LR gig_oglﬁtgﬁﬁfg:b\gﬂn%lﬁtg OWOE%cht}i%ld%#é YEfic acid. These

substam:m daltt b@ﬂﬁ:dtshpdrateljml @ atrhietueel Thetuge f)f)diaj’naohydrates espec;lally
W _ami nocar boxyl i ¢ _aci

ocay, box Ilc aci ds
monosgi B G PSR PO P BTN 2% rPB‘EfWqu s described in
US 6.3UASnATA &1 961576, Ak of &L BAH biGe1fckel. o from

carboxyl1c ‘aci'd ésters. As carboxylic acids or
carboxylic acid esters, consideration may be given in

articular to carbox c acid th n
Organi? ipqgiticisuing Sy usd Aeppibbrsa VY pieeh el G RF b
- extractSedrA-sldep lighorD 8dybesy gt dndaeHortiBorkdnic E@tﬂbbtﬁld@%héh £Qinfifonium
especially preferred as carboxylic acid. As carboxylic

sulphatgcargmestuat ehlomdm simarenaurn pho &péyteb@n@pwm ¢agbongte and g iragnivm
nifrate éﬁl ]%o])%?lf}%‘%: t%’ecru% Sge%t {Yuhce e b {ag ﬁ gou?ce er o«{@s{& Isgprll?ﬂely orasa

mixturé&ci d bei ng especially pr eferred as car boxylic aci d
ester. In the production of the w am nocarboxylic
aci ds, w am nocarboxylic acid esters or |actans

P R Ay T RS ARERR AR Rk e o

correspondang sbdidmAmntaithg thles cmibb cndedaasctbe shumee mf@hbk;ﬁmrus The culture
the cells are fir cuI I vat ed,

A i nvent i .
mediump, Hrﬁbe@dgtﬂor}.ceﬂt&gssaitr stimetalsn fo or ftXﬁma eTpRguEE M %‘&@P@rﬂf iron
sr.1lpht:1‘t§;,Ci icHRRSe ed(‘fgf‘%{%'uﬁh ﬁﬁzﬁgioééélﬂﬁ lgfdvgtﬁ sBstARELQ aé &mino acids

ester and particular ot containt
and vitahios ervarstd anahﬂ;ttormoethesubetanoanbmtmhccbatwmec&lr&enmre Sl.lltable

precursfaa o6 i sl TR Bt (s s TERiFIsaR 7 e SSPt the culture
in the f¥n bNesiRAE PRPYtten A% tﬁe}e%q{e%uﬁﬁl?edqﬁ @ﬂltﬁ‘tﬁe h38ner during

nutrient nedium or the cells are brought into contact
cultivatiint h a new nutrient medi um contai ning the carboxylic

acids -17 WD 2009/ 077461 PCT/ EP2008/ 067447 or

carboxylic acid esters. In this connection it is in

Basic chipdiirdd si@dh 2rs8RnARNRoHAE, PobBsiaRNyaRxi S, ammonia or ammonia water
or acid compounds such as phosphoric acid or sulphuric acid are used in 2 suitable manner for
controlling the pH of the culture. Antifoaming agents, e.g. fatty acid polyglyco! esters, are used

for controlling foaming. To maintain plasmid stability, suitable selectively acting substances, e.g.
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carboxylic acids or carboxylic acid esters during the
formati on of w am nocarboxylic acids, of

w- am nocar boxylic acid esters or of |lactans derived
from (o-am nocarboxylic acids to be in the range from

g/ 1, especially preferably in the ran
wo 2}]85@3? g/ 1. According to another enbodi nent %ltlﬁﬁ'gbosmﬁﬂﬂ
nmet hod according to the invention, it is carried out
in a tw phase system containing A an_aqueous .

antibigfitgsean beriddedsio the mediyamilo paatén agphip corditions prigcnRr exysen-
conaf 6 ATLORS B8 bRl e SR AR RARARI el i
normallg e shetryngedfeora @DPE té 5% &l prifetably PEF(PloaioeCi n t he

aqueous phase and with the resultant
w am nocar boxylic acids, the resultant

Accor}@%lg% Qr?g%rgﬁgg%h}e er?e%li e(;n‘t%%tirﬁérﬁ 0??}63 Ihaﬁoﬁ g@é&%{%@é‘ fo the invention for

tans rom co-am nocar boxylIc ac
the pré@fuetidiibBbhiafdnddarbdx®li® hgias iof apitamecarbdylichickl sstys driofilgctams
_ possible for the resultant w am nocarboxylic acids,
derived fiiom @supegarbonyhinieidsdn baush 4 recepbigarisely deriyed fiom an £. coli cell,

. esultant | act derived fram w am nogcar boxvylic acid

is useq e ol aqep Rinelg thmyentpn, gt bt saennupp STt

ampiciliR€ cARtARshea e Pirth fhain9cintRcdraM@th Rdtenbdrg BB, PHON® ell density
advant ageous for the cells first to be cultivated,

Jermeniggion of seqpinbieme Lochepicbieerod exprosting heoman indergerameiphedt. Appl
iro e 955 D03 PO B0 PRSI €081 Ayt i
contain the aforenentioned, preferred carboxylic ,
acids or carboxyli¢c acid esters. It is only after a D

The coplarting nf thp celirercsomiing tdbningpriianmedh thespltyggneddym m step
preter RRERTHAL, A5 REHER BT 1 cdo R Byl DL AL A o
amino@APXFIC agil asersBY 140ahaidtell HOnt & HOKYEarso:8 it eidoEtafthe from
carboxylic acid esters preferably in an anount in the
carboxyligad pr Gemicathoxyioagd estewss pe eihpxlic asidsfos cabpyylicracichesters,
consial M5 BEL 00 o G0 Bical AT Leial i RHRRRERY S5 Pl e roge

from 6 t@R0 akspecidlyeprebRibby £emastoCla! hoxdylidutardkdrds t612, lauric acid being
carboxylic acid esters, then the _content of these

especially PRRRYPY & AEraylie poidapheRPPTEICACIdPsist ¢pBSifFatigRemay be given in
partico B R RL Py A OF oL O E 2 EABAER b MR, w1l the methy
ester oftlaurboacyd being espdciatly pheferrqgaliasecadtmixphx ydidestaci d esters,

for exanple pure nethyl |aurate, as organic phase. 18

WD 2009/ 077461 PCT/ EP2008/ 067447 As organi ¢ phase, it

. ; ] af e s
inthe PSS EPAE o st AR BN GORNE o NG o atams
derived(frdrh - @min@ ad¥b b0 iwaicide WarioRk pRIR¥dIreadrk ohdeitabd in step I).

aromatics or aromatic esters, though preferably, as

menti oned above, lauric acid esters, especially

Accordglrg%cf) ohé erngocm%telrl]é/ (l)f the method according to the invention, the cells are first

cultivated, for the purpose of biomass production, in a nuirient medium that does not contain

carboxylic acids or carboxylic acid esters, and in particular does not contain the aforementioned,
preferred carboxylic acids or carboxylic acid esters. It is only after a certain biomass has been
obtained that the carboxylic acids or the carboxylic acid esters are added to the nutrient medium

or the cells are brought into contact with a new nutrient medium contaiming the carboxylic acids
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| aurate, BEHP (bi s(2-ethyl hexyl)phthal ate) or
| ong-chain fatty acid esters (biodiesel). Furthernore
it is preferable according to the invention if, at
| east during the phase of formation of
car boxylic acids, of co-am nocarboxyli '
Wwo @a?@?sm%r of |g_Ct ans derl ved fromco- am no%:/ar %@F?%OOS/OGMM
acids, the culture mediumused in step |) contains
am no group donors, such as, .anmopni a or anmoni um i ons

or carkpxyhig @gid£icko Ira@mwnnf:ﬁw@}hwmﬁ psiclpepnefarable fnithrecaggent of
carbo@ﬁﬁ"%}ﬁ. ¥ carb 1[%% &J&‘f r 815]11 Stggganrﬂl(e%lggﬁ &Sanluﬂoéarrlboxyhc acids, of

ansam nase- ySse onv

o-amiBSQEBERNS ¥ CsRE HOf MctdREddMved Foal @%&ﬁhbé‘aﬂﬁﬁdyﬁc 88l€foe in the
to the correspondi ng co-am nocarboxylic acid$ or

range fworni tecirdiorspiccially prafergblyan she tangesfrep 201tp 260 gflhe
nmet hod according to the invention, the resultant
w am nocar boxylic acids, the resultant

Accordin@# RefRdrReblirterR6F %e@ﬁétﬁécﬁa&,f)r(ﬁﬁ‘geto' tHE Irﬁ@ﬁtldiile [t'lé’ &fried outin a
fromthe (o-am nocarboxylic acids ‘are optionally

two phago$ysteay coafaning is preferable for this isolation to
take place in an at |east two-stage purification
process, conprising a) an extraction step, in which

A) dnhRuesuspiaspesd boxylic acids, the w am nocarboxylic
acid esters or the lactams derived from

B) apqugghinpastboxylic acids are extracted fromthe
culture nmedium and b) a fine purification step, in
whi ch the extract obtained in step a) is purified

with thedbiinietion by tiee @-dhfddalbikivie adiig eeaBinotardek @ittacideesters or lactams
crystallization, obtaining an w am nocarboxylic acid

denveqoﬁa@ew amalitpc@@ﬂanhwé@ﬁ otgiceles inctap 1 takens pkeesia tay agueous phase

th t t 99. 8%
and witfJ5 SRR o e Safisartisn s BB g ARy e gotrs or
e e o0t Sor g 10" ha hvent SREPEDE Pyt phse.

In this papdtis possiblofor thebulmabboxipbiabomdlic dsids,ahe resultant o-
co- anmi nocar boxylic acid esters or of |actans derived

aminocprbey e amidl aEers op dswmlétaabia@it@ma deriveddlromnaptamipocarboxylic acids to be
rrul aneously. This "in situ" extraction has already
extract g O Y ove. 19 WD 2000/ 097465
PCT/ EP2008/ 067447 The fine purification in step |1)
' can for exanpletak@olace by distillation or
Also inthis sprefiment pbiie mathod agserding todheByPrita iteramevhadvap@geous

for the @Eﬁﬁ:(}frgt' 09 tcﬂlltfvgt%d' i%y u?p;bsg oF b%olf}ﬁsgél%gﬂ&{d of aorguéﬁgnt medium

am nocar boxyli ¢ ac
~ that doessifoecantain cafbokgalo:d aﬂ& demrboagihé acdesters, and 1ﬁqb@ﬂfcblm( yibdsmot contain
, the Eo am nocar boxylic acid_esters fornmed in

the aforgplgﬁt?qgedamg d carbgxylc a rmbogylé%@(gg egf:@pIt beyonly after a certain
I
iomso£RREER 598k ot Bt ATEKRNS o B PP GEPAR v conc
with thes@rgamic ﬁ)hmtB)pwhenenn phitctlat the orgentnpluee B) bmtyilni; theaattéxylic acid
[ reacte th an aquequs sol ut

ester.is a_bas
or the cgPEKWieI SSIFT YRR N 2 FRP BAAB P T80 %ﬂmﬂyta 2BQieesspeciaily
preferably in the range from 20 to 200 g/I. However, if substrates that are not toxic to the cells

used, such as methyl laurate, are employed as carboxylic acids or carboxylic acid esters, then the
. content of these carboxylic acids or carboxylic acid esters in the organic phase can also be
significantly higher. In suéh a case it may also be possible to use the pure carboxylic acid or the
pure carboxylic acid esters, for example pure methyl laurate, as organic phase.
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to the co-am nocarboxylic acid. Preferably this nethod
is used for the production of o)-am nolauric acid from
lauric acid esters, preferably nmethyl laurate; A
contribution to achi evenent of the ains stated at the

[Walay] is also provided by co- am nocarboxyl
wo @@9@94{% am nocar boxylic acid esters or by | acl{(;];‘[gi’20081067447
derived from co- am nocarboxylic acids, which are

obt ai nabl e by the nethod descri bed above, the | actam
- preferably being laurinlactam which is obtained if

s rbYENoESL 1S L BB ST A a G BGEp Frfbiyposs vin

logP vhlueddf ridie tmtﬁf‘ﬁfmﬂeﬁfb@@f ftAgidg, dripdydiCalBNHimiar drematidsite aromatic
production of |actans derived from w am nocarboxylic

esters.hpgh prafeeabdy. s mivatierrd dbevadeEidsid sses. aepesiglly preferably methyl
h . . i _ -
a0 AL OB BRAUS oP Bl 88 AP s s
wam nonet hyl laurate. A contribution to achi evenent
of the aing stated at the beginning is al so provided

Furthegipore ihisinielgrableecerdangodbr ey Ptongh: ap bpsiavriag shaphastoffigrmation
of m-ag;?%%dgﬂa?gﬁ chg% 8% &-&anﬂéafrb@gfigfahﬁ' S8 0% f@{té%ﬁﬁs?é%*lsveg from o-

uctron o m nocar boxyl1 ¢ aci
amino€diBovflictaorls it beldse desam ed iabepd) Editaihd@nindre@olipcdonofs, such as
of co-am nocarboxylic acids, in particular by the
amMmOTYA{OR GHURELR i3 PT §BeA Aning acids HBowghgg patticylar gfanine or aspartate,
which $@icfidh Qg%rﬂ%e'(fén?ﬁ'ig e/ s&ﬂiﬁ%e‘?%aﬁﬁwed%nbé}&%h%Bﬂl%'af’-.
esters; (aZ) polymerization o e’ cO0- am nocarboxylic
oxocard6kfic LRIsairfhd\@-ckoPabyaHcdRid esteddioEd B OIHIAS &-aminocarboxylic
_ PCTI EP2008/ 067447 In step (a2) of the nethod
acids og seamdiongrboyylicesid esterait i on for the production of
pol yam des based on co-am nocarboxylic acids, the
co- am nocar boxylic acids obtained in step (al), in
In stepABIdfitkd ol E&‘co‘%&iné MHRQhAFibE, RS Fdg1t AR L RANBRcABoS IR Rcids, the
(al), are converted in a polynerization to a
resultapiobparmabarboaplic acd estensalr e latteng desvedf from thowsminocarboxylic acids

W am no ar‘f)oxall i.c acids can also be used, for which at
are 0Pt}°é'éﬁ1’ 158%@6  3rd HaEPIeETas fdhis Boapondo kke glace pygn at least two-stage
. %R}ni - £.9- am nocar boxyl i c acids were produced
puific y tlﬁg@éﬁ%%éﬁg{éhg%gor ding to the invention for the
- production of co-am nocarboxylic acids. The production

of the polyamdes fromthe cqQ-anjnocarboxylic¢ acids

3 ap SHTEARNBIED o YhEH I ABYIORRIR YR BRI T PraEnocagoRylic acid

o5 gt JBAAIPh Sy ingh A RLIR ARl o LR HI AR e cutr
mb0i32,38428, JP58080324 or JP60179425. A contribution
to achievenent of the ains stated at the beginning is

b admspuphenioactrrpip whish thwkirasiebiained Wrstam s Byrifend further by a
dgﬁié%tzgﬂ pdrgg'esg) Sy see{ilec%ge‘E%%Eaﬁ%ﬁog,%%ﬁi%}g 0 o)t—ebrreii Egrgg}§y§ic acid phase,

an w-aminocarboxylic acid ester phase or a lactam phase with a purity of at least 99.8%.

The extraction in step a) can in particular be designed as so-called "in sifu" extraction, in which
steps 1) and II) of the method according to the invention for the production of w-aminocarboxylic
acids, of w-aminocarboxylic acid esters or of lactams derived from w-aminocarboxylic acids are

_ carried out simultaneously. This "in situ" extraction has already been described above.
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((31) production of |actans by the nmethod descri bed
above for the production of |actans derived from
co- am nocarboxylic acids, in particular by the nethod
descri bed above for the production of |aurinlactam-

ric acid or lauric acid esters; (R2) ri
wo Zh@@mh‘%ﬂpol ymeri zation or polycondensation of #’R%"/EPZOOS/%'MM
| auri nl actam obtaining a polyamde. In step (j32) of
the nethod according to the invention for the
The figy putifsation inoftepB) gamiod exantpls éde ptace by distilfgtion erecrystallization.
| actans obtained in step ((31), in particular the
| auri nl actam obtained in step ((31), are converted in
In a splcihi &Hb&ﬁ’:%@ﬁtﬂﬁ‘ tROMY B | Iaé@tiraiag @fhebave@abﬂ CRREHBALERIR of o-
to a polyamde, and optionally it is also possible to

aminocesoxylix tautide,sofab-amiridcatbex yidc dcidrastert or oEbectapis denvect fiore so-
of laurinlactam and c-caprolactam for_ which_at | east
aminoggreofic apids) the papminopaTboticasideasteys frmed ictiemp arggepeed in

anothe? R@cgsi%gg@q{y c&]?waqqe ﬁ&g Ccagr dltlv%a o?)traglﬁz{l{)cna\f oxylhg %01]:15‘9 fa preferred,
conve&ﬁnﬁﬁ!h@ﬁﬁ@di B4l ¢ sﬁﬁhﬁﬁ:ana_ﬁ‘ &n l@.’hﬁﬁﬁl{ﬁé bOfmiBbcdB&ylic acid ester is
pol yam des fromthe | actans ‘can be carried out by
reactednvelth ak aguavusreslhtas of a basedmsfribbea hfdmoxidr arpfemblnsodium hydroxide,
‘ DE- A- 14 95 %98 DE- A-25 58 480, EP-A-0 129 196 or al so
to the pyminecprigiybedefo77461 PCT/ EP2008/ 067447

Preferaf@?{??s‘ﬁ@&é@h’ A di@ﬁ@é@ﬁé%o‘ﬂl yo? %@g@gﬁﬁ%;ﬁ%ﬂqj&&c acid esters,

preferabninethplilaiare;t 0 achi evenent of the ains stated at the
begi nning is al so provided by polyam des, V\,hi ch are
obt ai nabl e by the nethods descri bed above

A conhgﬁlﬁﬁgi' t@la@ﬁtegerng%rﬁ ?Bleeauaug Etvﬁtefii%?ﬁ% b% nl}ﬁgﬁ R g%b &g b)y ®-

ammodd.ﬁbob@h@hcﬂi@ ashmzfocifbodylic shd édterﬁﬁf By Reabsrdbvyd fipmto-
| east 50 wt.% and nost preferably up_to at |east 75

ammocmbog@h@ﬁmﬁ% iiieh arg@b@mqb%gjm the mathp @ibedabove, the lactam
prefera{)% r[g %ﬁﬁr@or aj?lhgvﬂlcﬁp{r nteﬁ?flgfxﬂqﬁ)c(?d aeGRGe éﬁg e%tgrstapgused as

ven |on auri c acl

carbox IR diC oS drtRKyBE acld e@tfers| iaytep ) eftthametiodmcberdinigto ded idvention for
or lauric acid  esters. The invention will now be

the pro@;@éllomoﬁ bgtams derivae fnegrminesrpaxiic peigs. mfle@gﬁ*laﬁlw @nd

annnoc&q)éggﬁllwdaq% Is pgﬁjib{)ar}?& grﬁéiillnf) ?Jgg?céfl IC a% l}%foa fl%lén rg%x nlac a01d ester is

forab] herhGhiaagel (tnp: transposase gene; bl a.
pre eraaﬁp‘ﬁ‘?ﬁ in lﬁ%s?st ance gene, ori T RP4: nobilization

'regi on; | and O mark the "inverted repeats" of the

i ni-t T h t ,
A contsulsisp RN BIeRLA BerisEs S el F BrEiniog Famshoited b aqnethod
for the @‘fo ﬁ%ﬂ%ﬂ%ﬁﬁ?&%{%gﬁ‘%? n&dé‘l?ﬂ?{)&fﬁ%llg 8hE Qslorz%fnsf%% the process .

I nose "1 uc arrpl ci'l

steps:

(al) production of w-aminocarboxylic acids by one of the methods described above for the
production of @-aminocarboxylic acids, in particular by the method described above for
- the production of w-aminolauric acid from lauric acid or lauric acid esters;

{a2) polymerization of the @-aminocarboxylic acid, obtaining a polyamide.
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resi stance gene; CV2025: gene for c)-transam nase from

Chr onobacteri um vi ol aceum ald: gene for al anine
dehydrogenase from B. subtilis; araC transcription
regulator). Fig. 3 shows, schematically, a reconbi nant

}d.for the expression of LipAin E col
wozg@%@@ éti on of the enzyne on the cell surfaceﬁﬁé@%@osmﬁmw

ColE': replication origin; estA*, estA. gene with

am no_aci d exchange al ani ne for serine (codon #38),

In step(g2) oEthic sncilnsirearreolg te dad iventtm foydeerodsstion ofpigamides based on
.Se nt..t ha ncodes the | eader. . sequence of al kali ne.
o-amifEARERslic 4805, T @ atndches YR RUi FHAPROR P @i i pAicular the o

ine L i Q3 40 AP LISSTLAERO LD, SH6VRRce,

optiondlBCiintered of @tiouy B23minbédtbex ekl ek hlso Be Batdctor widtOAtlleast one
the co-substrate L-alanine (w. Cos), a batch with

of the premineqasixyliaecids, bnyepnongily ald vi-sminosartoxylisaridh wer@prod@ed by
0Q9/077461. _PCT/ EP20Q8/ 067447 .fraom E. _col i L

the meés%ﬁﬁ@%% {58 18 thedBeBtian {97 thedioucien o> paiRegboBdiceids
purified simlarly to the onmega-TA were used as
negative controls. Fig. 5 shows chromatograns of the

The preduotion af tae palyamides fishihe d-amimdcarbakylideidtcantcamwbe carried out by

referenc asyrenent (to and after_ 2 _h incubation
well-kngprymeigas, A e PR RARRIRR L. Negthagpio, Ind. §lase Mae ha(1958)2,
p. 44, Jg][UIQ@ﬁtZQQ,U‘??ﬁ-029;14?3%1%?&3@@4@@}3@5%38@% P ?Fédl?/tbzgs@w ate

ter 24 'h (top) o e enzyne assay and a r
spi king the substrate (control, bottom. Fig. 7 shows

h t th b 12-am t hyl .
N R R ——
for the piydué{dnedt polyafiti@dsAs8d: orflabtant, SdhMsiddhBe BERELS!s g:
, e

pl asm d pGEc47, which was used as tenplate for
anplification of alkBGIS. Fig. 9 shows the priners
used. and..t he resulta odyct s _al kBFG.and al KT. .
61 PG helint B e o e A S ot she oo s derved
froeH-ahrPhock iR x SHDAIIES brSp il P RN dest I AbEVARY he
oxonet hyl laurate. Fidg. 11 shows a GC chromat ogram o
prodectii@-aormidctan fbaupatieacd antiarid acidlestgrs; 12 shows a
.GC chromat ogram of the 12-hydroxynethyl |laurate . |
(B2) ring m&pofﬁ%@m‘fgﬂ SRBY¥CcopdeRyabion b tiedmiritaciam, diyanee
Paagef roma resting cell biotransformation in the
pnﬁ e r . .
i oreactor of nmethyl laurate, at time O mn. Fig. 14
shows a chromat ogram of the organic phase froma
sting cell biotransformation in_the _bioreactor of
In step @gﬂ A ‘ihg mgthoshascordngitp the ingentign for fhe gradyclemoipalyrmides based on

lactams S ﬁa%’?‘aﬁsod’l‘)tﬁﬁecé R rste%%% f’)} %Qp Xiﬂtl&rﬂaﬁ-ﬁg %u%%?a%tam obtamed in step (B1), are

converted in a ring opening polymerization or by polycondensation to a polyamide, and

optionally it is also possible to use mixtures of various lactams, for example mixtures of
laurinlactam and e-caprolactam, for which at least one of the lactams, but optionally all lactams

were produced by the method according to the invention for the production of lactams derived

from w-aminocarboxylic acids.

The production of the polyamides from the lactams can be carried out by well-known methods,

as described for example in DE-A-14 95 198, DE-A-25 58 480, EP-A-0 129 196 or also in
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-23 WD 2009/ 077461 PCT/ EP2008/ 067447 Fig. 16 shows
detection of enzyne activity by coupled enzyne assay
(inactive, heat-inactivated protein; w Cos., wthout
addi ti on of al anine; akt, the purified, active

: Fig. 17 shows detection of the hetero
WO zg%ﬁ@)ﬂd protein AT3G22200 by HPLC. Top: pr oRGafPIc081067447
after 20 mn incubation at 10.8 mn; bottom reference
substance at 10.8 min. Fig. 18 shows the plasmd map
"Polymyrizatien Brqeeeses’s brierselenass Now Y @k, E{7¥) pages 24167, eSPBClailypages
444_4‘,{9ransam nase gene ppta5 (pPPTA5). Fig. 19 shows the
"asmid map of the expression vectors pET-21 a(+) with
the transam nase gene psta (pPSTA). Fig. 20 shows the
amnation of 5 mvl 12-oxonethyl laurate with the
A contripyfienie; ashisegnepAGie 4os staiedat Bgdregianingrs alsparqyitad by
polyan%ﬁgsa%hﬁ%z a}%c&@éﬁ %]t@ %9n 59 g&%{iﬁ’édl Ab%% al &, egﬁ&mlﬁ'tb?eferable for

e From neu and a

these p@lsfahﬁ@dslte Be We& ariged ldaoget kevs, @dp@c:hhﬁpﬁerﬁlﬁmmg@ adibast 25 wt.%,
educt uct was cal cul at ed. FI% 21 shows

Stll megRpFRlerRBRY Brio at g R st praffrableuiha 3 1?%%’75 %, on lauric
F
acid, 1%%2%2@%@?%@%&%@1& tagﬂren(l]"ﬁ flh%/&?&‘ll gﬁpg%lg@%o?tg?n knvenuon for the
productibn ofiating aadgof labrcadcitbebtdrioo vl teerit laefamafivolo doirsh acid or launc acid
extraction were added together and the percentage of
csters. edquct or product was cal cul ated. -24 WD 2009/ 077461
PCTI EP2008/ 067447 EXAMPLES A. Conversion of lauric
acid or nethyl laurate to |aurinlactam For the
The inveotivemsll oew b ekplaimied waidi the aid of hopdinhiing diagragisentd gxamples.
| aurinlactam E. coli is supplenented wth the
necessary enzynes nonooxygenase, al coho
Fig. 1 sHeRY¥ cREBNRSRY, aWetdrabisaiphaGed falcBfinieondEhyafafandsiee a/k genes
and a |ipase. The enzynmes are overexpressed in _E,
in Eschesrhia cohi énpxipanepesashedne/blp sangpicillimeesisliars gangap ERE Fhes
n I
mobﬂlz%ﬁgn ?e%?oﬁf; 9 %%O?ﬂzg% rEl?e lﬂf:ve%ed %%;e%;s o@glte nrgﬁl'tl \ﬁjtagéb%gon Tn5).
anot her. The expr eSSI on I eveI i's adj ust ed by addi ng
he appropriate amount of i nductor. The%grpresslon off

Fig. 2 she,%ész%%l&gléy SAgcaprbingy @Héml%’l’ﬁ;‘r’ﬁ?f@ﬁ%‘ﬁh SARREH Y
lnine (R0 1 SORR TSR0l B HERUD pRET R

resistandt genfel 631’%21@@5 cg‘ene fer o-transairdnesk ﬁenz(]hwabactermm violaceum; ald: gene

for alanine dehydrogenase from B. subtilis; araC: transcription regulator).

Fig. 3 shows, schemétically, a recombinant plasmid for the expression of LipA in E. coli and
presentation of the enzyme on the cell surface (colE1, ColE1: replication origin; est4*, estA:
gene with amino acid exchange alanine for serine (codon #38), cat: chloramphenicol resistance

gene; phoA.: gene segment that encodes the leader sequence of alkaline phosphatase).
Fig. 4 shows determination of the activity of C. violaceum-transaminase from the enzyme assay.

The activity was determined in duplicate (activel, active2) with a photometer. A batch without

the co-substrate L-alanine (w.Cos), a batch with heat-inactivated enzyme (inactive) and a batch
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Hydr oxyl ati on and al dehyde formati on The al kane

hydr oxyl ase system-alkBGI from Pseudononasputi da GPo
is used for the hydroxylation of lauric acid or of
nmet hyl | aurate. The second step to the al dehyde is

d by the al cohol dehydrogenase al kJ. TE
WO Zgﬁzmﬁnecessary for these reactions are inte 63&2@%%8/067447
in E. coli by insertion into the mni-transposon Tn5
chronmosonal |y into the genome of E. coli (de Lorenzo

from FeolilexprespionBadives with emptyorector fanty vyctop ayeiicd sagilabrip the

6557- 6667 99 Panke et al., App! and
OMCERET A Y orm - c‘}eg%ﬁ‘ 9°h53§es 5619- 5623 (1999)). The
genes are to be expressed under the control of the
ronoter and of the positive re?ulator al kS.

Fig. 5 SIho Bogreme of f5-substiaBCRraminostedudl {rsrale ¢ thpetagt of reference

N

above) The aIkST | ocus with the expression-rel evant
regul ator al kS is organi zed outside of the _al kBFGH]

Fig. 6 %ﬁ&ﬁ&ﬁ%ﬁ@éﬁ&@e sphstiatrel Loppmemetvilaves afisy 24m ¢om Fthe
enzymg>S 29 cpzfiﬁer %g k%@@ d;ﬁQ 9%92%‘&%@?%55’%208/ 067447

ononas e arrangeénent of the genes is
preserved during cloning into the transposon-bearing

Fis. 7 P08 B OR® Hais 1 SREOREAE [HFOY piy: hegtjgactivation of
theauﬁﬁ@?% &xﬁﬁﬁ&bﬁ?@ﬁuﬁﬁ B (SEQID No. 03), alkG (SEQID
. OE? and alkJ (SEQ ID No. 05) are indeed organized
in P. putida together in the operon alkBFGHIKL, but

Fig. 8 S AR iEE S bl e iR ot P P B e e otifition of

alkBGEs.dehyde of lauric acid, would be broken down agai n by
this enzyme and the latter nust therefore be excluded
fromthe cloning of the alkBGﬂgenes To sinmplify the

Fig. 9 Sgb‘?g 'th%ﬁ)r@{] r@h&%ﬁ aﬁﬁ ﬁ?eque Igﬁ%%g‘#ﬁ‘ (]? lﬁ{':%ge% ﬁaegﬂ;/% th

al kB and aIkG. AIkF i's of no significance for the
reactjon that is to be catalysed. The %enes al kBFEG

Fig.10 %WSAMWC%@HMGPW BETIH whigh wapasedier heymibessotdygroxymethyl

by SOE-PCR (Horton et al., Gene, Vol.
1 é@gﬁ
lmuae%@f page %ﬂﬁég (1989)). The OCT plasmd from
Pseudononas putida GPol serves as target DNA A2.
on of t fragnents

 Fig 11 SoRar Lt p i HaEer 118 TEPAouB sl ROPsEEn 1B No

07 (alkT)) with Notl cleavage site upstream of al kT:

Fig.12 shows a GC chromatogram of the 12-hydroxymethyl laurate standard.

Fig.13 shows a chromatogram of the organic phase from a resting cell biotransformation in the

bioreactor of methyl laurate, at time 0 min.

Fig.14 shows a chromatogram of the organic phase from a resting cell biotransformation in the

bioreactor of methyl laurate, at time 150 min.

Fig.15 shows the expression vector pGJ3130 with AT3G22200.
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Primers al kT-forward-Notl (SEQ ID No. 08) 5 _
ACGTAGCGGCCGCCTAATCAGGTAATTTTATAC al kS-reverse (SEQ
ID No. 09) 5' GAGCGAGCTATCTGGT 26 WD 2009/ 077461

PCT/ EP2008/ 067447 The PCR fragnent is cloned into the

on-bearing vector pUT-Km For this, t
WO 2@@25’27%%3 cut wwthin Tn5 with Notl and |igat egﬁw{@?ms’o“‘m
the al kST fragnment by blunt end ligation. The

reconbi nant plasm d is designated pUT-Km al kST. A3.
Synt hesi s of al kBFG constructs by the SCE-PCR

rig 1R DA ke P LSRR s S Bt
protein$ RELOEIGHitifduE 8ddid498f AMine: Rkt TR Surifd KRIGe kpryna: d- Not |
SEQ I'D No. 10) 5' TCGTA GCAGACGA GCAA
al kKBFG-reverse-SCE (SEQ I D No. 11)

. CATTTITATCTT TTT CGTAGAGCAGAT, ' f
Fig. 17RP QG HE I ST D TR ROy GRRNDRD o AL CPRRD B TR Top

producbaft@?® middndidetior hElBVREE; YottematefdrBiceIubRattbe GPIME wEh.

size: 1723 bp): Prinmers al kJ-forward-SOE (SEQ I D No.

12) 5' TGCTCTAACGAGGAAAAGCCT CGAGAAGATAAAATGTA

rio 5 s SRR AR MR A s s s e

pptaS (PPRDABNts are fused together by SOE-PCR (3 separate
PCR reactions required). The reconbi nant plasnid
pUT- Km a/ kST and the al kBFG) construct are cut wth

i ' i L PPl 1 AL e transami

Fig.19 %%%“st»{?ng glfﬁf%g‘g%g?gtég %ﬁg&g&ﬁ&%% PET21 B33l e ranseminase gene

psta (pISIIAEP2008/ 067447 transfornmed in E. coli HB101 and
transferred to E. coli JMLO1 by conjugative plasnmd

Fig. 20 shows the amination of 5 mM 12-oxomethyl laurate with the transaminases PPTAS. For
the evaluation, the peak areas of 12-0x0- and 12-aminomethyl laurate from the chromatograms

obtained from neutral and acid exiraction were added together and the percentage of educt or

product was calculated.

Fig.21 shows the amination of 5 mM 12-oxomethyl laurate with the transaminases PSTA. For

the evaluation, the peak areas of 12-oxo0- and 12-aminomethyl laurate from the chromatograms
obtained from neutral and acid extraction were added together and the percentage of educt or

product was calculated.
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transfer. A4. Am nation and am no donor regeneration

For am nation to the wam nolauric acid ester and

regeneration of the am no donor, the

Tn5: al kBGIST-bearing E. coli strain JMLO1 is

i tionally transforned with the reconbi nant ]

WO %QQBE%OZS ald. This plasmd is based on the B@&[@%&HOSIMMM

vector (Quzman et al., "Tight Regul ati on, Mdul ati on,

and Hi gh-Level Expression by Vectors Containing the
EXAMPEBP nose PBAD Pronoter", J. Bacteriol, Vol. 177 (14),

pages 4121-4130 (1995)). pBAD-CVv2025-ald carries the

gene for the transam nase CV2025 from Chronobacterium
A, VCehwasauid DeMBOIAd of BE@WV [uble tdddurid{aihann et al .

Fechnol ogy Vol. 41,

Enzynme and crobi al pages
628- 637 (2007) and the gene ald, which codes for an

For th%%%{‘@e?s?@d dr o Q8P dfaer:tg Bacm% S%%galrrgg; gélu %pplemented
with thﬂtﬁ@ésshﬁ&nﬁﬁﬁésr Iﬁbn&fxygéha@é i Jme B @ehiy idEndlt, Qn-RaRdiRtifise, alanine

AS. doning strategy PCR arrpllfl cati on of the
dehydgogenass #nd agleasge”ﬁhe UZyHeE AreoHSEBREISSANA L £@ffnthe expression levels of

v s GBTIRPGHL L Mt LRSI ERMAIF SRl o M

optimBEAGEAGIEh ONERA GEShECARSEATIEEASARGEIANLIFIAEd Dy adding the appropriate
CVv2025-r ever se- KnI SE IDNo 15). 5!
amou. @tp@é’%@p D p ( , YRRy ar%l@f%@gb@h@(}fpggqase is induced

with n %E%Q%ﬂ&% AhA alfife &Jﬁ?dfdggﬂés@ drd Rl Q\ﬁthpa?ﬁ:g?f&e .and the

vect or rwar d- prime tains a ribosone binding
lipase withéPT@. addition to the Xbal cleavage site. Ligation

into the pBAD30 vector takes place via the cleavage

sites Sacl and Kpnl. The reconbi nant vector is

lesihg 0aiRdn@BARIGY20R8; PCR anplification of the

al ani ne dehydrogenase gene ald with chronbosonal DNA

fron1B subtilis subsp Subtilis (NP_391071) (product

Al aDH-f or war d- Xbal (SEQ I D

171 P |
ro’?’ééltloéL g B B9 AT A AT CAT AGSSGTTOCT
AlaDH reverse-Pstl (SEQ ID No. 17)

The alkane hydroxylase system alkBGT from Pseudomonas putida GPol 1s used for the

hydroxylation of lauric acid or of methy! laurate. The second step to the aldehyde is

catalysed by the alcohol dehydrogenase alk].

The genes alkBGJT necessary for these reactions are integrated in E. coli by insertion into
the mini-transposon Tn5 chromosomally into the genome of E. coli (de Lorenzo et al., .J
Bacteriol., Vol. 172 (11), pages 6568-6572 and 6557-6567 (1990); Panke et al., App! and
Environm. Microbiol., pages 5619-5623 (1999)). The genes are to be expressed under the
control of the alkB promoter and of the positive regulator alkS. Transfer of the Tn5-
alkBGFJST construct to the E. coli target organism 1s effected with the aid of the
mobilizable plasmid i;)UT-Kln (Panke et al., 1999, see above). |

The alkST locus with the expression-relevant regulator a/kS is organized outside of the

alkBFGHJKL operon and arranged in the opposite direction in the genome of

-25-



5' AACCTCTGCAGTTAAGCACCCGCCAC For the cloning into the
reconbi nant vect or pBAD Cv2025, the forward-primer
contains a ribosone binding site in addition to the
Xbal cleavage site. The cloning into the vector takes

la the cleavage sites Xbal and Pstl.
WO zﬁh@‘éﬁ%ﬁ%t plasm d is designated pBAD Cv2025- a?gT(%g%OOSI 067447
Fig. 2). -29 WD 2009/077461 PCT/ EP2008/ 067447 A6.
Al ternative cloning of the onega-transan nase gene
Pxe@dw@mumbd@ﬂé‘xel agran geodrd o€ the 2o8kA 18 019 ¢rved during cloning into the

d di
BB AR TSE PRk 00 o PERE GE Ry e
idlohe aft®nofdezed for E. colt codon usage (SEQ I D

No. 42) and cloned into the vector pGA1l5 (Geneart).
During synthesis of the gene, the cleavage sites Sacl

BBl i on T TRRL ! K6 Wl PP RB 3R aipdsma
N(BIQ)S\)( Qﬁatlﬂcﬁeeﬂ izelliim @apizRto Q&ﬁ&ﬁﬁ Rarshevdnt Ik BIGH/BDGbut are

~Kpnl. The resultant vector was igested with the

sepapierl by ithsnecas ¢ddl rhedsensodpson %@r&lyﬁg Aehydegsngseqffedasired
ibfel AR AT AASRL yd%% I%la? quﬁ[bﬁ% Vﬁ‘%kér& &%ﬂﬁ%a%ﬂ;@ftgg{&ayme and

expression vec
thé hsten xdtzst\mafrefovfeﬁse é}ichdleﬂ))fro['reﬁlte feloningoaf thealk 6/ genckhe
resultant vector is called paCYCDuet-1::onega:
tranam nase. AT Purification of heterol ogously
gﬁﬁfecﬁe PloRingidt b e he géﬂ@' SrF %a@ﬁ%@ﬁﬁeen them is amplified
transformtion of the vector aCYCDuet - nmega
- and alvsadiogathe) with alkB and|dlkG. )(Ukﬁluu ef na hgmﬁpam:s ﬁ"mrthenbacuon that is

sirai scultiva | e YT (dYT

1§ b St e poe AERG Ml RS o RTRe )Y e Sk R sigps and
fEkRB b deyhed by SOBOPCRTEBEn & 4., G PVES$T Qﬁ és&kie& @'9@9‘)9 The OCT
under the control- of the Pro prom)ter an% is induced

- Plaseid from@seydaniatias putideeiPe hserses as tagpt DNysi s of t he
bacterial expression culture: 50 m of culture was
centrifuged at 2360 x g, and then resuspended in 5 m

A2, ONriphespat e buffer (pH 8) with 5 nmM EDTA, 300 nM Nadl

and 1 ng/ m. | ysozyne, and incubated for |h at RT. The
| ysate was centrifuged at 2360 x g for 10 nin and the

R =
P R An $F15; B € R Pe T BRQ NG Y mna sEQID
Noa &l (@) ywith Nddbel boragy siteNggatam Die#d) . The protein
concentration was determ ned according to Bradford AS8.
Det ecti on of enzynme activity by coupled assay The

Pﬁﬁfefsv' ty was determned in a coupled assay, in which
e pyruvate forned as by-

alkT-forward-NosI (SEQ ID No. 08)
5' ACGTAGCGGCCGCCTAATCAGGTAATTTTATAC

alkS-reverse (SEQ ID No. 09)
5' GAGCGAGCTATCTGGT
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product of the transam nase reaction is reacted
further in a second step, and NADH is oxidized to
NAD+. The decrease in NADH concentration (principle:
measurenent of the decrease in extinction) is

in the photoneter at 340 nm and provi
WO 2@%@’&‘{@‘1 . 887/Rp2008/067447

A3,

f the activity. -30 WD 2009/ 077461
PCT/ EP2008/ 067447 Preparati on 50 mM Na- phosphate pH
7.5 50 mM L-al anine 100 M Pyridoxal phosphate 250 g

- Tipe BB desgimgnt id stbmed irda the trapspsondbeayimyeepr pUlaE maFer this, the

SRR QARG Ty AR 098 Sty BRI IR Pl ena
Vg% of ' Eetreebrityin @ il d36ri bisl dedidn SEWEUTIRmratksT) -

Measurenent is perfornmed continuously every m nute at
340 nmat RT up to nmax. 20 m nutes. Inactivated

BRI & o ARG &ﬁﬂg&&h NOBPER GO J?e?% irg‘f]ei oere

extinction, determ ned photonetrically. A9. Detection
of the heterol ogously expressed protein by HPLC )
Svntisss of fragmey W@ﬁ'&fv%ﬁ BEpretecunsieym mlkByyid g clgavage side at the
1 [ I phate 250 g 12-oxonet hyl

5do %%ﬁ%{%% ggég"lggﬁg?er ol ogously expressed protein

Make up to 500 ttl with doubly distilled water After
incubation for 4h at RT, the reaction was stopped with
PAM@$  MeOH. For HPLC anal ysis, the preparation was
derivatized wth o-phthalic al dehyde (oPA) and 250 |

t hereof was anal ysed. 50 mM NaAC pH 4: acetonitrile 4:1
affBRG-fowerd:¥ed (3EQIBIN@0) A

5' TCGTAGCGGCCGCCCAGCAGACGACGGAGCAA

alkBFG-reverse-SOE (SEQ ID No. 11)
5' ATTTTATCTTCTCGAGGCTTTTCCTCGTAGAGCACAT

Synthesis of fragment 3, a/k/ with complementary end to alkG at the 5'-end and Nozl
cleavage site at the 3'-end (product size: 1723 bp):

Primers

alk)J-forward-SOE (SEQ ID No. 12)
5'TGCTCTAACGAGGAAAAGCCTCGAGAAGATAAAATGTA

alkJ-reverse-Notl (SEQ ID No. 13)
5" ATTGACGCGGCCGCTTACATGCAGACAGCTATCA

The two separate fragments are fused together by SOE-PCR. (3 separate PCR reactions

required). The recombinant plasmid pUT-Km-alkST and the alkBFG.J construct are cut

with Notfl and ligated. The new recombinant plasmid pUT-Km-a/kBGJST (sec Fig. 1) is
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Sol vent B was acetonitrile with 5% 50 mM NaAC pH 4.
The gradient was from30% B to 60%Bin 4 mn, from
60% B to 100% B in 2 mn. The flowrate was 1.2
m/mn. Separation took place in an Agilent Zorbax

um (Agi |l ent Technol ogi es, USA), the
wo 237581 FOLAP2008/067447

ure was 40C. -31 WD 2009/077461

PCT/ EP2008/ 067447 Figs. 5 and 6 show the standard and
the decrease of the 12-oxonethyl laurate. Heat- )
tremgfermadindd celi FARHO 1 \iad trgasderredstode gati 1M 0d dicpaineptiiegplasmid
U%QSef@' Ester cleavage The lipase Li pA (Q76D26) from

sgﬁdonnnas fluorescens (Kojinma & Shimzu, J. of

Bi osci ence and Bi oengin., Vol. 96 (3), pages 219-226
(2003)) is used for the cleavage of w am nonet hyl

Ad. Aminatimeand @mine donosIregeneratiai d. The gene is anplified

AS.

with the primers LipA-Sfil-up and Li pA-Sfil-down with
chronpsomal DNA from Pseudonobnas fl uorescens and
Fel anedtion @ thé e-Dhinblaotie asid getes iridasgémrtaiontod thesrrhiop donor, the

EST100. The . reconbi nant asm d.1s desigpated .
ThEaHAGSA heaues £ o i B Ecnigns e BeRimRd paticps o
g Sy TS BTG i S PBADScr
(@sineances @l f 1Toght Regalerioni Moddqtian avd Bigh-bevel Exprasséon by Vectors

B PR e P B Sl 9 (B0 1214130
(1299%%9@@;-@6@0%&&2@&%% i §ene"f@r e Aehdatnifake (BMODS frdnh e
SC

erichia coli cel |l -sur

ace dis Ia¥ of lipolytic
CérmzrycrbgsteriumEBSQee_WeD§Ms&19l lffim I]Bzhgieé) 1K aylmengof al., E;cnzyme and
2005 EXx .
AGER) e PRGBS SR AL B DRSOl Bl oo v

aleEine aslyideddepiserdtMBaCl® ShdailisSubsy. SUBHHA (BB IDANe.M S
Prinmer |ipA-Sfi-up (SEQ ID No, 19) 5" . B
R ~CEHCA aden ertafen@Esbingse wpsucihle promoter.
i pA-Sfi-down (SEQ ID No.- 20) 5'
TACAGGGGCCACCACGGCCTCAGGECGATCACAATTCC  -32 WO
CRaby Hrée4el PCT/ EP2008/ 067447 B Synt hesi s of

12- hydr oxymnet hyl | aurate and 12-oxonethyl |aurate
starting fromnethyl |aurate with the Al kBGI al kane

PEX ARAALARE SRS BRI EEHAR BRS R h DR Gom
Chromobacterium violaceum DSM30191 (product size: 1415 bp):

Primers

CV2025-forward-Sacl (SEQ ID No. 14)
5 CGAGGAGCTCAGGAGGATCCAAGCATGCAGAAGCAACGTACG

CV2025-reverse-Kpnl (SEQ ID No. 15)
5' GTCATGTACCCCTAAGCCAGCCCGCGCGCCT
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B 1. Construction .of the al kBGT Expression vectors The
construct pBT10 (Fig. 10, SEQ ID No. 31), which
contains the three conponents al kane hydroxyl ase
(AlkB), rubredoxin (Al kG and rubredoxin reductase

rom Pseudononas putida that are neces
Wozéﬁ&gi?ﬁilati on to the al dehyde, was produced S?Q&@%@OS/%MM
fromthe pCOM systens (Smts et al., 2001 Plasmd

64:16-24). For expression of the three genes, the o
For lpradpnyag inte Sundsla3 Gvaecton thefordeardipimianes sontriok 2 gibosdiae binding

AP e B T SERSAPEE 0 084l s poce vi
thdeleplagabing Sat1 aldBanthaldsEmbinant GLRR ivddsipnhee sBAD-CV2025.

between themwas anplified and cloned together wth
al kB and al kG Al kF is of no significance for the

HRB T L0 S S A A o
stlksBYban SuikE (NPD3IND 719 drodids GF: MiTLbpNdel cl eavage

site upstream of al kB and Sall cl eavage site
downstream of al kG Priner: al kBFG forward (SEQ | D No.

Poters AAGGGAATTCCATATGCTTGAGAAACACAGAGTTC  Pri er :

al kBFG reverse (SEQ I D No. 33)
AAAATTCGCGTCGACAAGCGCTGAATGGGTATCGG  PCR anplification

o TR NS, ) L 50 2l
STALEAACTAGA GEIBEA FUGC ARA TR ATCAGURIGEGTPERT D No.
35) 33 WO 2009/077461 PCT/ EP2008/ 067447

TAATAACCGCTCGAGAACGCTTACCGCCAACACAG  The fragnents

IeBEG an lified by PCR The plasmd

A% ci?ef*%ﬁaéﬁﬂvﬁgaﬁk et al. (1987) J. Biol. Chem

5'WRCCITIGEAGTIBAORECTERSC@ACt enpl ate. The cl oni ngs
were carried out by nmeans of the subcl oning vector

pSMART(r) HCKan (Lucigen Corporation). This
L L l: [ [ t clonin .
F LR B RO RS SASRPRo0 GEBhP0l 0 contins
riBosaine dbildengy sitetin ad RIEMART (e \XHHCKR By (e 4ite JRe) cloniMdinedtheagctor

| ready .l inearized and provided with blunt ends, was
t qsg:g@cgdflwh@ [Flaakeeeséigpabel apd Psil. The resultant plasmid 1s designated

pBAD-CV2025-ald (see Fig. 2).
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bl unt -end PCR product (Fig. 9). Next, the al kBFG
fragnment with the restriction enzynmes Ndel and Sall
and the al kT fragnent with the restriction enzynes
Pacl and Xhol were cut out of the subcloning vectors.
ments were separated in agarose gel
wozgﬁﬁof]?ﬁ?he gel and isolated wusing a gel extrag/e:'rff)]ﬁiﬁ008/067447
kit. The fragnents were |igated one after another into

the vector pCOVIlO (Smts T. H M Seeger M A
. . : 73 q LT cz{:rqmm violaceum

ﬂ%%m lf51' croﬁ Sn—t)?ﬁﬁ{zea%}?@e;sﬂdﬂﬁ':%%s dl gsert ed in
all, and in a

"Becgend CSdlﬁ@ foranlcEawaasdntiffsech Rretthedised hiethe toAYaGEGeneart,
and Xhol. The reconbi nant plasnmd was first

it |
PRERE P Alrpogion siee (SFRAD 1 cdnhed Do #p r@p Bﬁ@gf pGALS

OB ) OB s AR R R Al Bl TR KB E

incudpared émﬁiirﬂ@ng pésitichs dﬂ&,la@ﬂaﬁ@dstmﬂ'ﬁiﬂl S&dlgnd KPnl, vB3e cloned
Bi oﬁr ansfor n in épe bi or actor of methyl [|aurate

intg © ?/‘6?083{9’ m?%ﬁ dorlind it b SrehandHypnli e gpetanpyector was

didesteRivatl o f’efsﬁ{c@iﬁh leQdbrublREseR |S9§I'Qn? Iﬁﬁgj’cﬂe ‘,ﬁ@émﬁntt(ﬁgnsammase)

transfornmed by heat shock at 42C
V@h@mlﬁed al}d wanipstehintosthe akpref@ioncwcior YL YO DuEB L (Wheagen).

ThEBhAE phashias i ere Rt Direricfot Sy Je S B Ohvet s called

pacyg@ﬁet_gr@nég%qrmﬂa@e MD nmedi um and harvested. The
bi omass was taken up in M@ nediumw th 0.5% gl ucose

up to OD450 = 0.2. After a growth time of 4 h,
K

S were

A&ﬂﬁﬁﬂsﬁ'&iﬁ&dﬁ)n of 3143 v‘é@oﬁ@ﬁ@ymﬁl %QEE&MI%MF:F coli

the cell pellet was resuspended in KPi-buffer f
Xhilplpesthe grpsiomed siraip Wrsgrdagiern daubls okrpegium dYT) with the

R NA080 R0 pB® A R0 CORRM A4,

Exprassiiretakes ptl:h:& umdtn the &oﬁrolvaﬁt}mdﬁﬁ@ﬂrohmtéfrmdaeiﬂduced W1th IPTG
enS| on. cel | uspension, 50 .m _nethyl

(Gpg H?ﬁ SR A pade cTia FEPIERHY G U ! culture was

ce'ﬁa{fﬁgéd é%@s@é xtgh gndiheg Hé%ﬁ?peﬁagfﬁ E‘a}ﬂhoéﬁfﬁfe%u?fe?ﬂﬁ? 8) with

12- oxomet hyl [Taurate was "detecte anal ysi' s
-5 oM BEDIH e t300 mvi MaCiraad 1Fog/mtl hysezyrae, mdphcelbmd foralbert RT. The

1§t ¥ Fereg T A SP R ot ARG g8 i Heradiabi g8 el on a Protino
NEEBDLA000 mzeealébﬁlmm@mﬁﬁg Mhﬁﬁﬁ:@ﬁoﬁyo% hlEhﬁfaHﬁr&r ﬁfa@herey-

GC U'tra). The colum was a Varian Inc. FactorFourT
Nagel, G¥irem)e flog protedn conceirationtwisaleteeminedGieos ding to Bsatd:ferd

di amet er:

AB8. Detection of enzyme activity by coupled assay
The activity was determined in a coupled assay, in which the pyruvate formed as by-

product of the transaminase reaction is reacted further in a second step, and NADH is
oxidized to NAD+. The decrease in NADH concentration (principle: measurement of the

decrease in extinction) is measured in the photometer at 340 nm and provides a measure of

the activity.
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0.25 mm Analysis conditions: Furnace tenperature 80 -
280C Ranp 15C/min Split ratio 15 Injection volunme 1
I Carrier flow 1.5 m/mn PTV injector 80-280C at
15C/'s Detector base tenperature: 320C The detection
omethyl laurate (Fig. 11) and 12-hydropyqye
WO fa“%’rbz ‘gﬁ( Fig. 12) was denonstrated by injecti on )%:P%OS/OGMM
t he pure substances. C Conversion of 12-oxonethyl

| & - am-pnonet.h aurate C 1: |sol i on and
e%ﬁelé?géﬁl% of an ami notransferase from Arablaaopsi S
t pari-angg gNfnowr A NRLEADSTer fise from Arabi dopsi s

thal i ana was anal yse_ “Surpri i ngly, 4- am nagbutyrate
tiransanPhadd (at 3g2lagee, SEQ I D No. 38) displlayed an

activit bou er ol ogousl y expressed
TRl Oy i O O e Y e

Jr ot ei n"ver sus odecanoate The {pr oduct

2- am afheg hyl d@elnomeﬁg’léodmanoamfl rmed by |HPLC. -35
O 2009 7461 P 2008/ 067447 Unl ess st atjed
therwii‘g,znéﬁl n&’%‘l@gs were carried out in adgcordance
i th theoprot ocolLactare depdrbgsaaks J., Fritschj E F., &
Ani ati& T (198ﬁ .ﬁi/bl ecul ar Clsgani ng,, 2nd Ed. New

(or k 8 Spri IOy CXBIGFSSE BFYCIBr ess. I]sol ati on
af 4- am\/m@ b W Bhi vhihadbiamdiﬁﬁ&dfw:a@éﬁ A thali cma

0 he  RNA_\Wa sol.at ed wi he RNeasy M ni

etasmeétamé i, adeling\ieli 13O RN (S Ocmg/mi)s M@aﬁ@r@n@gt iaperformed

IAIAD0 0 SRR G305 9D iy,

Iﬁgumtvhles pﬁotwaand‘ alprepedatlﬁu withothed-hbstiKe skere wed }ﬁbﬁcoélhi&B
PEuroﬁ%g G‘%ﬂ ufen) follow ng the manufagcturer'’ s
1B SOQus i ‘éaﬂamqu%mpw &afsﬁmnﬁ PRRPRFRHCALY i on
performed by Nanodrop follow ng the instructions of

t he manuf acturer (Therrm Fi sher Scientific Inc.
A9. Dgigctipm af theApterabom petg BCf or i nsertion

brphaayRoe srtes
50 mM Na-phosphate pH 7.5
50 mM L-alanine
100 uM Pyridoxal phosphate
250 ug 12-oxomethyl dodecanoate
50 ug heterologously expressed protein
Make up to 500 ul with doubly distilled water

After incubation for 4h at RT, the reaction was stopped with 1 Vol. MeOH.

For HPLC analysis, the preparation was dertvatized with o-phthalic aldehyde (oPA) and
250 ul thereof was analysed. 50 mM NaAC pH 4:acetonitrile 4:1 (v:v) was used as solvent
A.

Solvent B was acetonifrile with 5% 50 mM NaAC pH 4. The gradient was from 30% B to
60% B in 4 min, from 60% B to 100% B in 2 min. The flow rate was 1.2 ml/min.
Separafion took place in an Agilent Zorbax RP18 column (Agilent Technologies, USA),

the column temperature was 40°C.
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Using the follow ng prinmers, the DNA coding for the
4-am nobutyrate transam nase with SEQ ID No. 39 was
cloned in the Nael, BanH digested vector

Forwar d-priner inserts protease cl eavage site and

QID No. 36
wo2 GAACCTGTACTTTCAGAT GGCAAGT AAGTATGOCACT T 1/ L 2008/067447

Reverse-priner inserts BamH , SEQ ID No. 37
TCCTCACTTCTTGTGCTGAGCCTTG PCR was carried out
Bge orandriyshey theatandard angd thg dsereassdithe Preppampethyl dgprate. Heat-

P%Iﬁ Ox Pfu buffer
E/é@%%%% }Zé é%% ,&? ﬁgﬁ%gg‘c%tﬁ%(@gg)l mn 30 cycles }
2l primer forward 10 M72C 4 min 2 | primer reverse 10
M72C 10 mn 0.5 Al Pfu 36.5 Al H20 -36 WO

2009/ 077461 PCT/ EP2008/ 067447 The resul tant PCR _
s purified with the Nucl eoSpin(r) Extract 11
A6, Uk, er ey- Nagel , Germany, follow ng the
manufacturer's instructions). Expression of the
et er ol u tein Using the PCR product..descyri.bed
ﬂ*&é&?@se brd Gubpep) B@?ﬁ%@g@mn@s FiggeSagar K eimg & éhésmfwa
m&&%@@gnmo@@nd%@ %E‘(%%q esOf1 9Dl S60H ishisa ﬁgmeaar&vage of

transfornmed in E. ue. The transformed
czaininogrietinil fauneis tccm’rammaltmdb aaid.didhglgiere ¥ Bopdidied ml(fx:ﬂi(él')mmers

o of Tob A Shi e st DA Gt e pones

FEPRRER AR cBnél Hia thAISAT dwaabgeos’ite@ima He8le@loP 9RITI 00. The

expressed protein by neans of 6xH s-Tag Lysis of the

resgetbanang plagisiis desighated pEUH-Ep4 6B A8 Sl t ure was
centrifuged at 2360 x g, and then resuspended in 5 ml .
Na- phosphate buffer (pH 8 with 5 m vl EDTA, 300 nmM

Theaclonimgfisch Hppt/ (SEQ INay 18 to drtignalsdgatea of alkalife ﬁiosphatase
RT. The lysate was centrifuged at 2360 _x %D for 10
Phe a%t%le%@@watﬁlt degpain gt EFtAY, @l cHprase Brmt ﬂsnﬁm%@o ‘That the

hﬁ‘an H%%%d%gkﬁgﬁie r(é&dﬂ&ﬁ‘ﬁ‘% HQB{’JO%G a3 M%Ih%sthﬁe EdiPsurface

U acturer; ren e protein
of E. coli. For the procedure see Becker et al., "4 generic system for the Escherichia coli

cell-surface display of lipolytic enzymes", FEBS Letters Vol. 579, pages 1177-1182 (2005).
Expression takes place under the conirol of the Py, promoter and is induced With_ IPTG

(final concentration 1 mM) (product size: 1894 bp).

Primers

Primer /ipA-Sfi-up (SEQ ID No. 19)
5' AACAAAAGGGCCGCAATGGCCATGGGTGTGTATGACTAC

“Primer lipA-Sfi-down {SEQ ID No. 20)
5' TACAGGGGCCACCACGGCCTCAGGCGATCACAATTCC
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concentration was determ ned according to Bradford.
Det ection of enzynme activity by neans of a coupl ed
assay The activity was determned in a coupl ed assay,
in which the pyruvate that formed as by- product of
sam nase reaction is reacted further i
wo Zééewé%‘?]%ﬁgtep and NADH is oxidized to NAD+. ThpC%/EPmOS/OﬁMM
decrease in NADH concentration (principle: measurenent

decrease |n ext| nct| on |s neasured in the
f 42-hydroxy At Ae ptg stgrting firem methyl

%%e%*kythc m@ﬁaatli ul hVéL%XUMMS %prpﬁ‘ Bq;ssupg;@o;m? putﬁ% GPol
ne 100 p. M PyTTaoxat phospiiat e 0 g

12- oxonet hyl dodecanoate 1.25 rrM NADH 37 WO

2009/ 077461 PCT/ EP2008/ 067447 10 U Lactate
Bl. CopglRiciion S| y expressed protein

Make up to | ni vvlth doubllstl Il ed water The assay
was started by adding 5 Al 12-ODME (50 ng/m).

TlﬂbasmtmnewETl G(HigrfpSERAD Nordl)mibios byntemethe thiea db@padents
] nact i

40 RT f up .t o, nmax vat
aﬁﬁaaf» bydrosylased I (AR Ghd BTl a PR R EAT) from
PISEhbnRRad PRide MM & neceld fol-@hes&{?(‘lﬁmhtf@ théBdBYEQRak Broduced
extinction, determ ned photonetrically. Detection o
stahtinghieem thd eOMsdyptemes i Samts etlalp QOOhPhSlEl}d $42L(624). For expression of

Preparati o hos hate pH 7. 50 nM. L-.al anj ne
BRSBTS DT ST R Rers8 04 Diburisep e ngirol of the ikl Bromoter
a@kpfiecamogéne udfer tHe B&ItRI OF RRQMEH Yrogxquressed protein

Make up to 500 | with doubly distilled water After

i ncubation for 4h at RT, the reaction was stopped with

1 Vol. MeOH
B2. Cloning strategy:

To simplify the cloning of a/kB and alkG, the gene alkF located between them was
amplified and cloned together with alkB and alkG. AIKF is of no significance for the

reaction that is to be catalysed.
PCR amplification of the fragment alkBFG = 2524 bp (cf. SEQ ID No. 03 (alkB) and SEQ
ID No. 04 (alkG)) with Ndel cleavage site upstream of alkB and Sall rcleavage site

downstream of alkG:

Primer: alkBFG forward (SEQ ID No. 32)
AAGGGAATTCCATATGCTTGAGAAACACAGAGTTC

Primer: alkBFG reverse (SEQ ID No. 33)
AAAATTCGCGTCGACAAGCGCTGAATGGGTATCGG

PCR amplification of the fragment alkT" (2958 bp) .(cf. SEQ ID No. 07 (alkT))
Primer alkT forward (SEQ ID No. 34)
TGAGACAGTGGCTGTTAGAG
Primer alkT reverse (SEQ ID No. 35)
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For the HPLC analysis, the preparation was derivatized
Wi th o-phthalic al dehyde (oPA) and 250 | was
anal ysed. 50 mM NaAC pH 4:acetonitrile 4:1 (v:v) was
: used as solvent A Solvent B was acetonitrile with 5%

AC pH 4. The gradient was from 30% B t v
wo 20l P om 509% B S0 100068 1n 2 mim. The {FGHEE8067447
was 1.2 m/mn. Separation took place in an Agilent
Zorbax RP 18 col um (Agil ent Technol ogies, USA), the
BRI G CRECGAR AR DR CAGG AAGACAS) shows t he
formation of 12-am nonethyl |aurate. The reference
sanple is shown at the bottomin Fig. 17. D Ami nation
of 12-oxonethyl |aurate with PPTA5 and PSTA from
Pecusornask BIES an€aldT wige @inpRREAby 200k, RBE Alas@fl p¥EC47 (Fig. 12
2009/ 077461 PCT/ EP2008/ 067447 Thg strai ngl E. c%@El (Flg. 12)
(BeginkpEd) (198Tb Bipld Chemc 2, 1BT 2t BHE) paswkdke fanplated

r nat i f 12 X . aur

Tt 2R D3 oy T gl o Y b pS0I33ER® i

(Leciget CpipbraZiohp (This z(d?i@tita}@Eﬁép wasnerbsaet Bt aheditktteloning had not
cl oning of both transam nase genes. For the PPT

bgemaucossil oy, the COIBNC%%IB’ I 8%@TRW@BT%E&@ (Lucigen),
%Efwaé {}F%ﬁg‘fiﬁ?%r&te e e#w Fide ?%M] eﬁgfétgégldg ﬁ%‘&g@d%ﬁfﬁga respective

biNdlend mwmamgmmmmccce (SEQ I D No.

PPTAS
N A B BRETAT O AR P TR e bend §alead b alleT
R8mefltith Efé&eﬁ?@tuﬁﬁ&éyﬂ@@?ad%ﬁ@ﬂh@l Nere 4 ouﬁﬂtﬁ@é'u%clomng
w'th Ndel and BamH at the ds; prlrrer PSTA Nd

vmmmwmm , ROt pﬁhmel apghjisolated

and | P
“%8%1@"3 Qﬁéﬁ’rCAGCCCAGCACATCCTTGGCTGTCG( SEQ ID No.

TAZ Yragihese wetd n%rtéd R el sRhéInfAGRS vecTJS@(IIDMlO (St GRH. M.,
roducts and the vector pET-21 a

SeegsmiNit Ad Wisholodk & v il o { BB ?)é’éqsml@ﬂé dA ?e‘lv)z@rﬂag first step
' gﬁphoséﬁi‘o%@%gtug PjﬁLtﬁfLO %:ak al f'ne g 8%&2\& gé%algﬁg%hd%g second step

alkiirw aphenldlenedvas el cl@irhgenditeh PwedndaﬁﬁbIXhol and the
PPTAS5 gene, and the vector cut with Ndel and BanH
and the psta gene, were, after ligation with T4 DNA

- Thé %ﬁﬁbgﬁﬁ%ﬂ?ﬁnﬁﬁﬁﬂﬁ% %Qt‘?me& B, ecto S, @’Iﬁgﬂ% ‘B@armg clones

strain er sone c ones ha
wgreastectetl va kam:amatsntamn@ LB aheaitwad. ‘Bhredisolaed plasat \mnd;hecked by

resiEiotion Shatyiis and sefacncing® ftit dRnated pBTIUHE 18, '

B3. Biotransformation in the bioreactor of methvl laurate to hydroxymethyl laurate and 12-

oxomethyl laurate

For the biotransformation, the plasmid pBT10 was transformed by heat shock at 42°C for 2
min in the chemically competent strain E. coli W3110. For the synthesis of hydroxymethyl
laurate and 12-oxomethyl laurate, E. coli W3110-pBT10 was cultivated overnight at 30°C
and 180 rpm in M9 medium and harvested. The biomass was taken up in M9 medium with
0.5% gluéose up to OD450 = 0.2. After a growth time of 4 h, expression was induced with
dicyclopropyl ketone and it was incubated for a further 4 hours. The cells were centrifuged,
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transam nase sequences of the clones obtained (pPPTA5

or pPSTA) were confirmed by sequence analysis. Fig.

18 shows the plasm d maps of the expression vectors.

D2. Expression of PPTA5 and PSTA For expression, the

pPPTAS5 and pPSTA were transfornmed in c
WO 2%&9]@%@61 BL21(DE3) cells. One individual col onﬁgg 08/067447

each was inoculated in 5 mM LB-Amp nedium (anpicillin
concentration 100pg/ m ) and shaken overni ght at 37C.

thiheell pelbetvarss resuspendat in KRirbu2BO(5¢ mJl\_/BpHrﬁ)fl)rmdl phin a bioreactor. A

k t
RS SeRiationotudu PRI i Bl shreatapusty 1500
rﬁf&ia§ | tRsub@tratd ChRM N Sir b n?’@le %.u& t‘g wakQUl&d 18R&cell suspension
harvested and stored at - 9 WO 2009/077461

( P@rmEPﬂb%p@Bm 30 nﬂonetbuflg@sawb ﬁ” he femprsatyrer wisiepiconstant at 30°C.

PPTAS | DE3 STA
RO e PIOG P G AU g BRI Aot T R TO AR detectd
bIGES aﬁﬂﬂzs@élf the kedtiod ndxtufe. BS%hech lsam?llés’ﬂﬁ ke A er OMiEhs

were treated twice for 90 sec wth ultrasound

negagsrniol$Eito pBlLand aﬁ@z@?@mnp (pel Aips ths@yganic phase of the
réa%SH ﬁ{&ﬁﬂe a@ &%a&zﬁ‘% S(/ S g‘h%pm tfl?z?ce%@ ?flﬁ]@t “?Hé § lumn was a
a Btaifed were us e I'n

VQ@EM Qﬂics IF@(EtSrP@ﬁI'_ﬂM ~ORGHE ldhgth: Bowui, 31 thithResd 0R2 Alim, inside diameter:
preparatl ons contained 5 nM 12- oxonet hyl | aurate, :
Od8Bt ved in N, N- di nethyl for mani de, 500 mM
l-Bhae nmM pyri doxal -5' - phosphate and 80 Al raw

tﬁasct fﬂno% nmM Kpi -buffer pH 7.0. It was shaken at
Fﬁﬁl@cet&h‘tperatlspem fied8@+aB8°C 20 Al sanpl es were taken
from each, one porti was made alkaline with 1 1 1%
R@PH sol ution and wggcé‘ﬂﬁken out with .100 Al et hyl
spaakase. The organi ciphases were |nvesti gated by gas
chromat ogr aphy (gas chromatograph from Perkin El ner,
II@C&IOB&VOB@!@ with flahslionization detector). For this,

ima 5-colum ( 300m 0.25 mm
O@ng Nagel ) was ﬂgggjn\sr\]nhth progranmme: 80C 25C/ mn
PTﬁQ@ec@Qm n 215C 20CLpgarC28Q6°Jhe retention tines of
12- oxo- and 12- am nonet hyI laurate are 7.2 and 7.7

Degieptor bpsedpraparpties’y. 3B98Cresul ts of the reactions are
presented in Figs. 20 and 21. For the evaluation, the

peak
The detection of 12-oxomethy! laurate (Fig. 11) and 12-hydroxymethyl laurate (Fig. 12)

was demonstrated by injection of the pure substances.

C Conversion of 12-oxomethyl laurate to 12-aminomethyl laurate

C 1: -Isolation and expression of an aminotransferase from Arabidopsis thaliana

A known aminotransferase from Arabidopsis thaliana was analysed. Surprisingly, 4-
aminobutyrate transaminase (at3g22200, SEQ ID No. 38) displayed an activity of about 14
U/mg heterologously expressed protein versus 12-oxomethyl dodecanoate. The product 12- -

aminomethyl dodecanoate was confirmed by HPLC.
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areas of 12-oxo- and 12-am nonethyl |aurate fromthe
chromat ograns obtai ned for neutral and acid
extraction were added together and the percentage of
educt or product was calculated. -40 WO 2009/ 077461
‘ 08/ 067447 PATENT CLAIMS 1. Cell, whic
WO 200%R7H0 et i cal Iy nodified relative to its wil dgpﬂﬁé%@smﬁw
that, in conparison wth its wild type, it is able to
produce nore (0-am nocarboxylic acids, nore co-
am nocar boxylic acid esters or nore | actans derived

r.om ¢Q- am nocar bgx c, aci ds tartin
PRI et 20 echas gt pamisd P b aferaig witgpy protocols n
Sabal 19 FHsch! BimM & Mmahaagt @vsAeolRulpatodife 266 El’l New York:
has increased activity, In conmparison with its wi
{glg Spring Hatbor daboratome Pofsst he fol | owi ng enzynes: | ) an

enzyme El, which catal yses the conversion of

carboxylic acids or carboxylic acid esters to the
correspondi ng co- hydroxycarboxylic acids or (o-

hydroxycarbox I|c aC| d esters ii) an enzyne ElI,
e lragsya ’fdu‘i”tf‘a--‘oxyllc

ﬁ%’F&%A%as ﬁ)‘?atg gv]itﬂ)@{g Erﬁ K3t %S&rl?cflé ﬁo‘%vérl{ﬁg plant of the
O- OXocar

correspon I ng I'c acl
spesiaxAdhalbms fblle~rviagitie msttrecrtmns of thg nmnufmuwreQ[EAﬁEN GmbH,
I_ﬁ/g ch catal yses the conversi on of cis-oxocarboxylic
s or co- oxocarboxylic acid esters to the
THRA CORROBFH N sGRisHTHRCART Qﬁ?hYthé RT%&% K& (USE Europe GmbH,
am nocar boxylic acid esters. 3. according to
Sehdgmhfolloveina theom emifagtdrer's mstractlcmheRN 4l qualibgquangiyaiztosaiination

38 b BPRLTER e P T e Cilmo
Fidher SA&uTR Iht. Walthin &/d¢gne nonooxygenase, or - the

enzyme ElIl is an al kane nonooxygenase, an al coho
dehydr ogenase, or an al cohol oxidase, or - the enzyne

g&%gﬁqs t%n% g?a é]ﬁlﬁﬁsﬁr 1n@§§1%n o?clgg?age sﬁgs otr ﬂ' ng to one
: e enzyne El

UshhgtthefollawkiPriessote OMA kadie g fonbx ¥ getiasitutiam Tansaminase with

Pseudononas putida GPo 1. -41
SEQ ID No. 39 was cloned in the Nael, BamHI di gested vector

Forward-primer inserts protease cleavage site and Nael, SEQ ID No. 36
GCCGGCGAGAACCTGTACTTTCAGATGGCAAGTAAGTATGCCACTTG
Reverse-primer inserts BamHI, SEQ ID No. 37 '

- GGATCCTCACTTCTTGTGCTGAGCCTTG

PCR was carried out according to the following protocol:

Preparation - | Programme
2 ul cDNA ~ 95°C 3 min
5 pl 10x Pfu buffer MgS04 94°C 45 sec
5 41 dNTPs 2 mM 58°C  1min 30 cycles }
2 pl primer forward 10 pM 72°C 4 min
2 pl primer reverse 10 M 72°C  10min
0.5 pl Pfa | |
36.5 ul HO
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WD 2009/ 077461 PCT/ EP2008/ 067447 6. Cell according to
one of Clains 2 to 5, characterized in that the enzyne
ElIl is encoded by the al kf gene from Pseudonobnas

putida GPo0 1. 7. Cell according to one of Clains 2 to

acterized in that the enzynme ElI, is t -
WO 205?’:9%5%@1 nase CV2025 from Chronobacteri um vi ol 2’?;@%P2008/067447
DSMB0191. 8. Cell according to one of the preceding

clainms, characterized in that the expression.of an
enzyrre Ei v, which cat al yses t he conversi on of

B AR BRSPS 548 VMDA EREBRIF K tahery

N§§é1| Gl Honewiry tﬁbﬁiaﬁhﬁctu@él%ﬁﬁélﬁ@ﬁb d in that the
enzyme En, is the |ipase LipA (Q76D26) from

Pseudormnasfl uorescens, which is secreted by the cell.
E10. The I ac ording.t.o one of the preceding clains,
expression of an enzyne Ev,
Uvig Gkt PR loduesddsbigbcdQibb e, shdVecdir dC¥3a80 (Fag AR BD3N0 43) was
acids to the corresponding |actanms, is iIncr eased
prefeceddiy|standard ngghodsafaaelasniy hielogy aqxc}ﬁrq_rg;formed mkE. colz XleIue
Tlg%%{rg?oﬁ'%aﬁeg?lf &glatél?: glra Eﬁlﬁv?t@@ﬁ?&o&? ?ﬁ‘ rﬁgr r e(g?Tg%%ﬁﬁe
armlbﬁ:iticmmpﬁ&iﬁina(@@ [/l ailmaddiﬁtbn bihes ﬁﬂI/IlIPTG aa28°C up to a density of
enet| cal I m)dl fied Escherichia coli cell, a
e84 modi fi ed Corynebacterium gl utani cum cel |
or a genetically nodified Pseudononas putida cell. 13.
A nmethod for the production of a genetically nodified

Pmﬁiclahomofhnmreloaqusﬂh@cmeﬂeésmt&ném&m;ﬁggg t he

t I f t I
B A o S S S bR B 3360, n
th&PrcB@p¥hded iAGIHIN @bh&%h@t@%ﬁkﬂeﬁ (pHR8) WitRSHeVIEIYPAL H® mM NaCl
correspondi ng co- hydr oxycar boxylic acids or co-

anﬁ;ldngv’ml dgnobxg:l and ﬁmbdteéioekfsat RT. )Tlﬁd}'%ttﬁzwﬁeceamfugedl at 2360 x g
fofl\@‘.} ]alén G %t%%gs R t%ﬁ %ag %\é%&)yﬁll ?&) 0 ﬁi’/ gﬁﬁ%ﬁ%ﬁr %&e& cofumn

(fcﬁl@bﬁﬁ@ﬁ@nﬁnﬁl@n&ﬁ &Xﬁ@mﬁﬂﬁ&w& Mgtidse e Na%el Diiren). The protein
co- oxocar boxylic acid esters; 42 WD 20097 077461

copgentERanney dacuyred opprdipe WrisARrdl | |, which catal yses
t he conversi on of co-oxocarboxylic acids or co
oxocar boxylic acid esters to the correspondi ng
De«:@tmﬂbﬁmnﬁ@cumxzbamedﬁs of a eaplaivsscar boxyl i ¢ aci d

esters in cel |
The activity was determmed in a coupled assay, in- which the pyruvate that formed as by-

| product of the transaminase reaction is reacted further in a second step, and NADH is
oxidized to NAD+. The decrease in NADH concentration (principle: measurement of the

decrease in extinction) is measured in the photometer at 340 nm and provides a measure of

the activity.

Preparation
50 mM Na-phosphate pH 7.5
50 mM L-alanine
100 pM Pyridoxal phosphate
250 pg 12-oxomethyl dodecanoate
125mM  NADH
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14. Method according to Caim 13, characterized in
that in addition to the increase in activity of the
enzymes ElI, ElIl or Eiji, also the activity of an
enzyne Ex,, which catal yses the conversion of
] arboxylic acid esters to the correspongj -
Wozﬁﬁﬂ?ﬁ%giboxyl ic acids, and/or an enzyme Ev, mﬂ?@ﬁ?ﬁfﬁﬂ&%ﬂﬂ
catal yses the conversion of co- am nocar boxyl ic acids:

iincreaslhy t he éxcpiatesishxdaogﬁfnasdﬁese enzyrres gnd in

tfthat th nzymss reted Qy the
gel | . goﬁ%enetl Fﬁdoagngélgfex%“%a% gﬁc?)lbt ai nabl e by the
et hod M@k@npitd’lgnﬂwwﬁlchmbiy]xﬁstﬂfedlzfater 16. Met fod for

-
a F / 6

 Nenieaert ipagriomed

cBﬁf?ﬁﬁ&Qlﬁ%@%ﬁﬁ&% ko &naaq 'R@kaor g% #28] Mkhiospr OCESS
ntacting a cell according to one of Cains

Iﬂadmaﬂaa pmteni and\v pheparatioh mﬁaeune:elslﬂmratc mﬂrauwdmg tlw control.

car aci.d.or. a carboxylic .ac ster.

o N TR A R R T e

contai ning a carboxylic acid or a carboxylic aC|d

ester in condltlons t hat rrake |t ossible for the cell
: ’ {1z K{efab; Prg 38]5: : ocar boxylic

P2 PN
R‘i' §L eSOt |cu,|. atffs—Ger I VCU IIUIII CO="
A

8¥@4PBoxyl i ¢ acids, starting from carboxyli¢ acid
pr fromﬁmboxle@pacspﬂateqﬂ B5s; |11) optionall
sol ation_qof th suI tant co-am nocar boxylic aci ds,
he reé@ nt c ocar boxylic acid esters or the

act anm@lﬁm ved me@mﬁm@r boxylic acids. |[17.
Met hod_according to Caim characterized infthat

t he co2¥hi@ocar b@x%qn&ﬁ}éﬂld&g%‘é"%‘? formed in step 1)

pre cosygrt ed i maaoloBOEsIPERHERE] plokdin by conventi onal
chem cal “nethods to Co-am nocarboxylic acids. |43 WO

P 009/ olizke up O OB Ao distillagwalgbt hod accofding to

a6 or 17, characterizedinthat the cell is a
genetically nodified Escherichia coli cell, a
AdenetciloiohyfordiditfR B dhéOmagtmmbugt mpmdwgtmt sol. MeHcel |

F%Ltp&ﬁl 8&?%@@?}%%5' életr{)gg%fﬁ%%gfme%%pﬁgon t-igg&‘lalcc? Allldéhy]dge'(oPA)
atkd P (PEIRES A8 sdd) 5 g NheC W&H‘ 4: eforiieid mm(v%ﬁ}ds igedsds@Blvent A,

l) cont ains am no aci ds, ich function as am ne donor

Solnenttdwas acetrgaimilaaih 5&’@5@@& &BACopk ér The aradfent was from 30% B to
' 6&’/% AR b%'0¥n 5(9%%‘:{0%09/ Bt S itia; PR ﬁg&k%gﬁé)@as‘iz ml/min.

Separation took place in an Agilent Zorbax RP18 colurn (Agilent Technologies, USA),

the column temperature was 40°C. Fig. 17 (top) shows the formation of 12-aminomethyl

laurate. The reference sample is shown at the bottom in Fig. 17.

D Amination of 12—oxofnethv1 laurate with PPTAS and PSTA from Pseudomonas

D1. Cloning of PPTAS and PSTA
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acid esters to the correspondi ng co-am nocarboxylic
acids or (o-am nocarboxylic acid esters. 20. Mthod
according to one of Clainms 16 to 19, characterized in
that the nethod is carried out in a two-phase system

Wozcozé,@igl ng A) an aqueous phase, and B) an Ormﬁpgggg/gﬁmm

D2.

COél&]%

bihere the formation of the co-aninocar
aci ds, the co-am nocarboxylic acid esters or the
| actans derived from (o0-am nocarboxylic acids by the
Thelstrsing . s/cBLE ) (MEREPS T Sand E. icnli BAS 1 AEDRET dvasausadh for the

RSB RS RIS L Bl AR A

k SIS AT vl edripta U2 f( O/ INTR 2 86H) RIS 361G bdrGhe A6hIAS of both ¢ i
eagiggurrulgteripn the(organi%éﬂghase. 21. I\r/btehod aggor%li nrgnsannnase

geesoRier thé PETAS resnd, SRR Olo. &6 @nia@gr@wpmnswq@ﬁawh@ievere
RO 39 e BT P BT SRR Ly S henes primr
PPaRlsaNgeld e/G ARTTECAM A PG AROTIRA ACAA CCCaT ASA CEKES(SEQ ID No.

pl ace by an at | east two-stage purification process,
4épansr i sing a) an extraction step, in which the

cO- hm . . Lo . .
P A R e e A SR AT E AR fec
(SED dD Ny, 5B ¥Fof BrtpRth gehe, BEQ e NuuKl Usrémere diithiVdedagd Brm®1 at the
fine purification step, in which the extract obtained

engs; prmsr BYTASN@eli i fied further by distillation

CEPAREHe a5 ettt S TEoRoRag o 1 oty
PrimienPSEA LBy HI CECIGGANGEEC ATIC COAGRADABEBTTAGETGECE (SEQ

ester_phase or a lactam phase with a purity of at
HPﬁssf%g. 8% 22. Method according to O aim 21,

TRORPRRLS! E@sbdid PEks, gﬁ% &%EE@PCR%O&&@&ﬂﬁh@%&& fp‘ET-z la(+)

reactive extraction. 23. thod according to one o
weteaherssubbnitted @2estobtinmawitle thezestription draymehbidelandoidyalios Ndel and

BRGH 1% ot P A PO PRAD AL PR el B PafiRieforh Shrimp. The
véSRsrhnt wiR WS Snd Sh6MAahd BPTAD i Bnd the vebtor cut with Ndel and
 aurinl actam 24. co-Am nocarboxylic acids,

BaoHa sihibe astaceent.i weradfigr Bgationsvigr TH 2N A kigasse Fanpdrmyed gyih the
co-_.am nocar boxyl i i tai t

eéelpa F’?Pgrg%%)onogr%lﬂo . G zagﬁrr%;_BT‘%' ?‘éﬁg gtl.nﬁe QlYsz R l:’%grg grown, the

plasmids were isolated and then underwent restriction and gel electrophoretic analysis. The

transaminase sequences of the clones obtained (pPPTAS or pPSTA) were confirmed by

sequence analysis. Fig. 18 shows the plésmid maps of the expression vectors.

Expression of PPTAS and PSTA

For expression, the vectors pPPTAS and pPSTA were transformed in competent E. coli
BL21(DE3) cells. One individual colony of each was inoculated in 5 ml LB-Amp medium
(ampicillin concentration 100ug/ml) and shaken overnight at 37°C. Then 1% was -
inoculated in 200 ml LB-Amp medium, shaken at 37°C and after reaching an ODgqp 0f 0.5,
gene expression was induced with 0.5 mM IPTG. After shaking for 20 hours at 30°C, the

cells were harvested and stored at -20°C.

-39 -



25. Laurinlactam obtainable by a nethod according to
Claim23. 26. Method for the production of polyam des
based on co-am nocarboxylic acids, conprising the

process steps: ((xl) production of co-am nocarboxylic

' ' a met hod according to one of C ains
WO 26@/8?75%( pol yneri zati on of the co-am nocar boxyﬁ&3‘}]&'2008/067‘147
acid, obtaining a polyam de. 26. Method for the

producti on of pol yam des based on | actans, conprising
the process . steps: (R 1) production of lactans by a

c%t&‘h#'"f’e%%g CoREunnt £, IRl Rs b gl S b3 fpsa,

d. gro'f BIRGE A cachll @b Ekd&ss@d v DOBTIMETrisECl E’fo&éijﬁ ¢Q to 25% cell
btai nabl e by a nmethod according to Claim25 or .

susr&nsmgum mrsnem@d twicedor ¥asniwithDdgesoyad @mﬂem S@uoplus

G, pRRBS P Blern oy R GoR SRR A SRR here

reA8V a0 The dadPextRRR AR werbGBet ifh CofidefSiand et ENétdinethyl laurate.
version 3.4 <210> 1 <211> 1380 <212> DNA <213>

Torridfwbapartions soingtizasetmM L2ogsmathyt lgeratradigeolved in N,N-

A0 2P R SRR LA DSBS GRE AP v
egRYtaat gao Gpibafanstd 7100 waghatatanes°C. i frggpédified times, 20 ul

ggaaggcaac, aagat cat.cg acggcat ggc cggact.gtgg. 180
spigelys Fardakencgyacady @n%e laag‘@ééwfif: ﬁ&é&@%&ghdgt&cl&eafé@ﬁl

sHLAGRLAPRA &%Qen &ﬁ%ﬁﬂﬁﬁﬂ l%;égtgafh %&h& F448s were
accacccatc cggcggtggt cg gct tcc ctgctgg

invegrgatitddacgay chygeeagbpiit (ggadugogtopgiph cﬁtoat Berkoeklnec,dgigtus 500

W:lggoﬂame ionization detector). For this, an Optima 5-column (0.25 um, 30 m, 0.25 mm,
Macherey-Nagel) was used with programme: '
| 80°C
25°C/min 180°C
5°C/min 215°C
20°C/min 280°C

The retention times of 12-0x0- and 12-aminomethyl laurate are 7.2 and 7.7 min,

respectively.

The results of the reactions are presented in Figs. 20 and 21. For the evaluation, the peék
areas of 12-oxo- and 12-aminomethy! laurate from the chromato grams obtained for neutral

and acid extraction were added together and the percentage of educt or product was

calculated.
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t ccgaat cgg tggacaccat gatccgcatg gtgcgccgcet actgggacgt

gcagggcaag 420 ccggagaaga agacgctgat cggccgctgg

aacggct atc acggctccac catcggcggc 480 gccagcctgg

gcggcat gaa gtacatgcac gagcagggcg acttgccgat tccgggcatg

cacatcg agcagccttg gtggtacaag cacggcaa

Woéﬁg/toag%@cc ggacgagttc 600 ggcgtggtgg ccgcgcgc?g:T”EPZO(W067447

gct ggaagag aagattctgg aaat cggcgc cgacaaggtg 660

gccgecttcg tcggcgaacc catccagggc gccggcggceg tgatcgtccc
PATENECHgMECcc 720 tactggccgg aaat cgagcg catttgccgce

aagtacgacg tgctgctggt ggccgacgaa 780 gtgatctgcg

gcttcgggcg taccggcgaa tggttcggec atcagcattt cggcttccag
1.  84QellGeltigRBA En bERER g}ﬂﬁl‘édﬁﬁagaﬂt@\fett@ ife G IdCHHO€ that, in comparison

at ct ccgat aggcgcggtc tttgtcggca agcgcgtggce

c gty dfs atily s gios gole do progdact moran-eTrREgRK O8NS, more o-

acctactc ccaccc gt ct cc . gtc cacg ccaacgtg )
gg%’@’é‘f’@%g%" §26id eé g@ a(tt%a% éwa@%oeb@éag@@%boxyﬂc acids,
0agAEEGMm GASAGAL deids BAA680!EY.H W, Ot gaaacct

tcagccgttt cgagdatgtg gacgacdt gc gcggcgtcgg cat ggt gcag
1140 gcgttcaccc tggtgaagaa caaggcgaag cgcgagctgt

2 ot Reopine AR e ged P dby A bty i

CaGRfREEEH wiE S 95RAGSe:, 8¢ b0k 8hdoARE FARESY ﬁ@gfeggacga
gatgctggcg 1320 gtggcéggaac gctgtctgga agrgaattc

cdgac g@tqgayrag o ydudyeptagtes fot ctoagerm@a efc Q&ﬂlc;_acldz Dt sarboxylic
1137 cé : <213> Ba | I I ubtl h <40(g i
at gat GG G GtHRE BEP 0’%’(8?? i AFBOEGr gt cgc

at t aagaafk @egbo}ggigggfaggsggrs ct cagctcat ttcaaacggc
caccgggt gc tggttgaaac aggcgcgggc 120 cttggaagcg

gabt t gamngﬁagmﬂacatg]agﬁsdhgo@gegagaggahairoxmatmwaacids or

;ggaaé’?sg gg‘g.g@g@{ gggg% grsttgtt acto?rg%}fon Igg:ggg oxylic acids or
actt gtuggJ{&a{bog{gﬁg{J%gggstgscat ttagc agctgagcct 300

gagcttgcac aggtcttgaa ggat aaagga gtaactgcca tcgcatatga

aqg0 gk akyneO0),;, $ARH 68086 B3 tbBeeid ofl Glol8c@EES lic acids or w-
at gtcagagg ttgcgggcag aat ggcagcg 420 caaatcggcg

ct caavketarbaxyhaacid cstersda dypaygapond agye-amintcapor yige sgdrpr o-

480 aminocarboxylic acid esters.

Cell according to Claim 2, characterized in that the cell has increased activity of all the

enzymes Ej, Eyp and Eqpy.

Cell according to Claim 2 or 3, characterized in that
- the enzyme E; is an alkane monooxygenase, or
- the enzyme Ey is an alkane monooxygenase, an alcohol dehydrogenase, or an

alcohol oxidase, or

- the enzyme Ejy is an w-tfransaminase.

Cell according to one of Claims 2 to 4, characterized in that the enzyme Ej is the

alkBGT-encoded alkane monoxygenase from Pseudomonas putida GPol.
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gtgcctggeg tttcccgcgg aaaagt aaca attatcggag gaggcgttgt
cgggacaaac 540 gcggcgaaaa tggctgtcgg cctcggtgca
gat gt gacga tcattgactt aaacgcagac 600 cgcttgcgcc
agcttgatga catcttcggc catcagatta aaacgttaat ttctaatccg

WO Zt%ﬁ /07%(&8.81 attg ctgatgctgt ggcggaagcg gatctcct g?TfEPZUOS/067447

10.

11.

12.

13.

ttgcgcggt attaattccg 720 ggtgctaaag ctccgact

t gt cact gag gaaat ggt aa aacaaat gaa acccggttca 780

gttattgttg atgtagcgat, cgaccaaggc ggcatcgtcg aaactgtcga
ccatlhpcardingioonepd hdaimgaite Sagharietned 1n gl&bg\aa@%}@ne Eq 15 encoded
g g a0c 0 ccaggcgcag

t c%cith%%?kg%eg% Fgg{gc;g}g%o gccg? 8‘3@4 ngggt tactgt tccatacgeg

960 ctgcaaatcg cgaacaaagg ggcagtaaaa gcgctcgcag

ac acggec actgagagcg 1020 gtttaaaca ccgcaaacgg )
ac‘g%gﬁcga@el& 191958 84 %ﬂagmﬁ ade & terized gybabthe ewgyme Em is the o-

D QR OV AT YRI5 G 90100 )91 90000
Pseudononas putida <400> 3 atgcttgaga aacacagagt
s deiaeas Ao RP Gegee Cer BrEEgAtDA Y aapesgion of m
g %%%@Eﬁrt which caBRRBCHIb Ay %919 gf‘@f%%ﬁmg%gsc%?gg %@% §§t8rs to the

gtattgctcg tatggtacgg cgcacttcca _

C gatrgdpohdi g oy agBpcirbbx Alaail C16 Gtcrédse@ anhagél]l. ggt gccgaaa
240 ctagagaagg agcggtacta tcgagttttg acatatctaa
cagttcctat gcattacgct 300 gcattaattg tgtcagcatg

i QUCEHAM 26 CFRYCE Rftar &{;&{ehqg Hat E&aeglg 9%}:\, ig%% lipgecipA

gcgcttgect “tgtcactggg tatcgtgaac ggactagcg caatacag
a@Toz®tfoord PReudogbeacibagescang adiutt ik bedrged bgitieggll.

at ggccaaaa ttgtgttggc tgtcgtaggg 480 tacggtcact
tctttattga gcataataag ggtcatcacc gtgatgtcgc tacaccgatg

S4fle cAPALS i

gobmrenzyag Bastahaogttystt thegogoagoh gfjocasagariat®lic acids to the
gttH%ga A #p at aat ga aﬁicc ccaa ccaatgatca tcacagtt at

t € ?ﬁ%&’&g SHWSHE IEeasee @8 Celyt t t gg acctaagat g '
ctggtgttcc tgccgattca aatggctttc 780 ggttggtggce

agct gaccag tgcgaactat attgaacatt acggcttgct ccgtcaaaaa
84¢éll according to Claim 10, characterized in that the enzyme Ey is secreted by the cell.

Cell according to one of the preceding claims, characterized in that the cell is a
genetically modified Escherichia coli cell, a genetically modified Corynebacterium

glutamicum cell or a genetically modified Pseudomonas putida cell.

A method for the production of a genetically modified cell, comprising the process step

of increasing the activity of at least one of the following enzymes:

i)  anenzyme Ej, which catalyses the conversion of carboxylic acids or carboxylic
acid esters to the corresponding @-hydroxycarboxylic acids or c-
hydroxycarboxylic acid esters;

1)  anenzyme Ey, which catalyses the conversion of o-hydroxycarboxylic acids or
o-hydroxycarboxylic acid esters to the cdrresponding w-oxocarboxylic acids or
m-oxocarboxylic acid esters;
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at ggaggacg gtcgat atga gcat caaaag ccgcaccatt cttggaatag
taatcacatc 900 gtctctaatc tagtgctgtt ccaccttcag
cggcact cgg atcaccacgc gcatccaaca 960 «cgttcttatc
agtcacttcg ggattttccc ggcctgccgg ctcttccgac gggttaccct

tgcatttt tgatggcgat gattcctcag tggttt
W02%®2&7§889a t cccaaggta 1080 gt agattggg ctggtggl?@ifEPZOOS/%ﬂﬂ

14.

15.

16.

17.

ccttaataag atccaaattg atgattcgat gcgagaaacc 1140
tatttgaaaa aatttggcac tagtagtgct ggtcatagtt cgagtacctc
t geggt ageaziAe By, bghagtah2e6the <@i@rsidn ePdoxo&tBox yi2 4lids or -
DNA <213> Pseudonpnas putjda <400> 4 atggctagct . .
at aaatgecabyylic pgideaters tadhg earesppndintfa@RHERCASY i ddspr ©-
60 catg : g tacgccttgg caccttattc
ct gagga W&X@%%ég& 0O gattgcgccg ttcgagacaa
géh hgeltttc atgttaattg agagcggcgt aggt gaaaag 180
ggcgt cacct caacccatac ttcgccaaat ttatccgagg ttagtggcac
aagtttaact 240 gctgaagcag tggttgcgcc gacaagctta

fad é&gr(ﬁ%%‘%t GG6973 ChL-2AA00FnINY in GARLGAT BLAL increas% m

g
at aaaact ca acttccaagg tctgatgccc aaggcgggaa agcat actt

3a&iviadtthgeizaineg g thyae ;g atsg glocatiaita of ai gatygedyy, which catalyses

cgttgggcga tgaggccgag 420, ggttttactc caggtactcg
c%tet@awaton &@ﬂ@@ﬁ@bwllg@@%as@r% fodhg errfegponises ©-

g ct aaga C t gt C -
AR R AR P B ARy HRASRARRE, S Bonveton of
P einfirh@arbs 4P adidsab ghadeRebondin! laatgtis igedagal gbiacreasing the
tctgcaggat gtgtgcttgc taatcgtctt 60 tcggccgacc

c BXRIEBEAR] theFecngmesand in g@g@?@@gzsg@%sc%t @r&yarg%%re Segretgd by the
1%91 Ctaattcata tgccgttagg tattgctttg ctttcaaata

gt aaaaagtt gaattgggct 180 tttcaaactg cgccacagca

aaat ct caac ggccggagcc ttttctggcc acgaggaaaa 240

foad

Genetically modified cell, obtainable by the method according to Claim 13 or 14.

Method for the produc.tion of w-aminocarboxylic acids, of w-aminocarboxylic acid
esters or of lactams derived from w-aminocarboxylic acids, containing the process
steps:

I}  contacting a cell according to one of Claims 1 to 12 or 15 with a culture medium
containing a carboxylic acid or a carboxylic acid ester or with a culture medium
contiguous with an organic phase containing a carboxylic acid or a carboxylic
acid ester in conditions that make it possible for the cell to form o-
aminocarboxylic acids, m-aminocarboxylic acid esters or lactams derived from «-
aminocarboxylic acids, starting from carboxylic acid or from carboxylic acid |
esters;

I}  optionally isolation of the resultant @-aminocarboxylic aéids, the resultant -

aminocarboxylic acid esters or the lactams derived from w-aminocarboxylic acids.

Method according to Claim 16, characterized in that the @-aminocarboxylic acid esters
formed in step I) are converted in another process step by conventional chemical

methods to @-aminocarboxylic acids.
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acgttaggtg gttcaagctc aatcaacgca atggtctata tccgagggca
t gaagacgat 300 taccacgcat gggagcaggc ggccggccgc
tactggggtt ggtaccgggc tcttgagttg 360 ttcaaaaggc
ttgaat gcaa ccagcgattc gataagtccg agcaccatgg ggttgacgga

0 ttagctg ttagtgattt aaaatatatc aatccgct
wo 2fidl R BB T/EP2008/067447

18.

19.

20.

21.

t wheteghe fogmataerye

tt cgtgcaagcc 480 ggcatggagg ccaatatt
tttcaacgga gatttcaacg gcgagtacca ggacggcgta 540
gggttctatc aagtaaccca aaaaaatgga caacgctgga gctcggcgcg
tgcattcttg 600 cacggtgtac tttccagacc aaatctagac

el ayerghe foG Byt et Patarienitinie b o9 B aspetcaty
738odifit S BAGRF AR CORLENH @eﬁnﬂﬁ'@gﬁ&ﬁﬁéd Gbr?fﬁ%a%?etrﬁzm glutamicum
gcgcagt cgg cacgecctcac 780 cttctaatge ttfctggtgt

t g gt e gerectigaldyymydifted Rrgudamemnggutidt eellet ct a 840

gtccatgatc ttcctgaggt ggggaaaaat cttcaagatc atttggacat
cacattgatg 900 tgcgcagcaa attcgagaga gccgat aggt

gNI@8bE hdcordihd tocaeCTC1hipkht 1H0b ABCcHAEA teriz6@ 8Ofhhe B culture medium

tttcatatgt gtitaagcgc ga gg%tittc t cact agt aa_cgt ggcagag

10597 Intséapgg Cofafains pmgd yhichcluegtiogas apdpadanegbcthe
: 1.080 : .
¢ EABmiBS- Alatyepd chaversionnf S e X i FUA SR I8 o-oxocarboxylic

Catialedfepi g tid &H'és{:'&ﬁﬁné BADHHECHRoXIUE 88iafbt G- D66 RAAAIMC acid
cgccaat cca 1200 tacagccgc ctttaattga cccgaact at

cestagcgat ¢ at gaagat at taaaaccatg 1260 attgcgggta
ttaagat agg gcgcgctatt ttgcaggccc catcgatggc gaagcatttt
1320 aagcatgaag tagtaccggg ccaggctgtt aaaactgatg

aMBRT ARbrda2RAREeF CldigdA 6 t6 40 adaRorREz6d BaBachéethod is carried
ataccatccg gtaggtactt gtaggatggg taaagatcca 1440

gettsagwogphesgssteaycgnigtigmagat ¢ cgt gggtt gg caaat attag

agt.cg tcaatta tgccgcactt ggtcgcgggt
ag‘ acé%g(@}éaoc cagg’ga?xgt tatgattgca 1560 gaaaatgcgg

cByaaai aghnicphgseggaat cttgat gt gg aagcattaga ggctagcgcet
1620 -49 gagtttgctc gcgag%%tgc_aggj%ct agag ttggccatga
(e 1pnInoF Oyl acpip) the ppayinoearboxylONAid esters
<400>..

<213>.Pseudonon ut i da 6 _at.gaaaat aa .

C s PRl CORAR roBLy ST BgRt e PO U0 A LTt BuleR Diggs plece

6 the aqueous phase and the resultant @-aminocarboxylic acids, the resultant w- '
aminocarboxylic acid esters or the resultant lactams derived from @-aminocarboxylic

acids accumulate in the organic phase.

Method according to one of Claims 16 to 20, characterized in that the isolation of the

resultant c-aminocarboxylic acids, the resultant o-aminocarboxylic acid esters or the

lactams derived from @-aminocarboxylic acids takes place by an at least two-stage

purification process, comprising .

a)  an extraction step, in which the w-aminocarboxylic acids, the @-aminocarboxylic
acid esters or the lactams derived from o-aminocarboxylic acids are extracted
from the culture medium, and |

b)  afine purification step, in which the extract obtained in step a) is purified further

by distillation methods or additional extraction processes, obtaining an c-
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actctagtaa gtgccaaagt tcatagttgc atatatcggc caagattgag
tatcgcggat 120 ggagccgctc ccagagtatg cctttacaga
gccccacctg gat atgggaa aaccgttgct 180 cttgegttcg
agt ggctacg ccacagaaca gccggacgtc ctgcagtgtg gctttcttta
gccagtt cttacagtga atttgatatc tgcgcaga
Wozﬁ@{’?@‘%gca gcttgaaact 300 ttcgaaatgg taaaattcggT/Epzoosmm“”
ccgt gt gaga gagggt gt ga gcaagcctgc gctcttgcga 360
gaccttgcat ctagtctttg gcagagcacc tcgaataacg agat agaaac
gct agtangocafi@ixylit tgigahase, an tt-@aincedrhaxydic taeugastet ghase or a lactam
ccgttgttgce gcactt gagtttatg 480 ttaaatacac
caaaaég’?getwg}gﬁé’llmyg‘gét gftaﬁéﬁqa%%ca at acaat aaa agggttctcg
540 cagcttaaac ttgcaggcgc tatgcgggag tacaccgaga
aagacttggc ctttagcgca 600 gaagaggcgg tggcgttagc
22.  gddghodgagrdieg gt Cztimd 1gautrictatigd imtatibagatractB6n step a) is a
gagacctt t gcaagaagt tgaggggtgg cctgctcttg tagttttttt
I%%&ﬁ@@%%“ﬁgﬁ' gagttgccgg ccaagcatat ttcagcagta
gttgaagt ag acaattactt tagggatgaa 780 atatttgagg
cgattcccga gcgctatcgt gtttttcttg caaattcttc attgctcgat
23.  gAdethed aeporrang)to wregft@aiansal cta @2t dtagacterized anthagbg carboxylic acid is

t caat t ctcatfgtatt 900 aagtatttaa,gcactaatta . . .

c ?xﬁ}ctga%g?cfr tﬁag;g&%aﬁﬁgc egs&elr é%\%l? 4 &Bﬁ%%aﬁtlfl?%égle lauric acid or the
aGashalrste GRHMEHETL T @Al folighhisdagaaat ta cttggactga
aaatcctgct 1020 aaaagatcct acctgcttaa gcgtgcagct

ttctggcatt ggcgtagagg tgaataccag 1080 tatgcaatac

gaat,at.ccct. ac cgaat _gact gt cgct cagt c cat gt ct

2. YGRS RoRE S R B ST SRR R B & Fom o
abesgThBdLy REAM) OB lathab R 2 tb@ead6dBEnE EPGUCHTTUSims 16 to 23. -
ct ggcaccaa aaacccatag tgcttattag ttacgcgtgg 1260

gtattgtatt tcagtcagca aggcgcgcga gcagagaagt taattaaaga

- c : . caagaa
25 CEaBhaEs, Ry E e G ARERIA AR 9970000 e
ccaaagatga aatgctttcg agtgaggagc tctgtaataa gtggattagt
1440 ttatttgggg attcaaacgc. agttggaaaa ggggccgcgc
26. ¢ Mgdhaddger thegquctlmapf palpgpides basge eagr-grageabagdictacids,
t ¢ tggctcaggc ccaagccgtg 1560 -50
agaéiai@aﬁﬁqﬁé%e%g%gg%’g aa ttttgctttt ggttggetgt atgtcgecgag

gtd 1)Cpagadiohet ®b-atitkehbotaa 45007 5am0thod d&rdigsédone of Claims
aggcagatta taactcaagc acgcacagac 1680 agtcgcgcgc
agat gt §g¥¥;at ccgagttt acttcgaaaa tgtttgacgc tctagagcett

G 2 2R o PRt it T e DR ice
ggt gacagac gtgttttttt ccgtatgccg tgctgtgtca 1860
26. Method for the production of polyamides based on lactams, comprising the process
steps: '
(B1) production of lactams by a method according to one of Claims 16 io 23;
(B2) ringopening polymerization or polycondensation of the laurinlactam, obtaining a

polyamide.

26. Polyamide, obtainable by a method according to Claim 25 or 26.
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gcttggcggc ttggaaggag tgacctaaat ggctccattg agatattgga

gt gggcgaag 1920 gcgcatgcgg ttgaaaaaaa tctaccaaga

ttggaagtta tgagccaaat tgagatctat 1980 cagcgcttag

tct gt caagg cat aacgggc at aaataatt taaaaactct tgaagatcat

2040 aagattttct ccggacagca ctcagccccc ctaaaagcac

gcct get get  t gt tSEAEEEE PHA0NG ct agt gettt cccgagat cg

<110> %%lg]t{tDteQ?gsaat ccgcgc acagagcegtt attggctatt 2160
cagcaag%cc g aattaa cgcgggccag ctggaagtcc gtggattatt

<120> @cgﬂ&;itnggﬂ: Q:eggg thi&g %ggcgfc%g&ne%ggmig%%%om%t a‘ic@ﬁga omega-
aminocar@@@@li-CagGritaacat it ddakgcagtg 2280 dagat agcaa
aacagcttca atgctttcaa acagttcttg atgaagtatg tttaattgag
2284@esCgaat aat ac cggcttcatg tgaagccttc acagcagtta
atttagatca agcgattggg 2400 gcttttagtc ttccgcgaat
Ygtt gagatt ggaaagt ccg cagagaat aa agct gacgct 2460
ttattgacac, ggaagcagat tgctgtcttg aggcttgtaa aagaggggtg
TN c‘éefélggfog caaat agcaa caaat at gca t gt caccgaa
,gatgctataa agtggcatat gaggaaaata 2580 tttgccacct
bg@at gt agt gaat cgcacg caagcaacaa ttgaagctga gcgt caagga
p2e40 attatctaa 2649 <210> 7 <211> 1158 <212> DNA
CE2ddbraBlsatudormbBsc<pit | da <400> 7 at ggcaat cg
ttgttgttgg cgctggtaca gctggagtaa atgctgegtt ctggecttcgt
<400> 160 caatatggtt ataaagggga aattaggatt tttagcaggg
atgcagaage 3Cgirfgec FeertanteaFor2erctegrigrestcea t tiaceimxgc
e ttcacgttgtct aca_ a tt?a%att% cagaat ccgc aqit gccatta 180
g aAgCEETHEA” Gt ar e geaiondt AP ST OAE HEET93EEE t aadthc
ggcgtcta@@ Q:%@ng(ytgc %4_;Qaggtc%§§tacctgg‘§c% tt:? ga&%ﬁ%%t%@c %Q@&%? t 180
t ct aaagat g gaaaagaat a cgcgt at gaa aaattgafttc
tgcgtgaatd §L3EEORACEy I@GLRAQGHE & tEG RGOS L RB 6406 3RYGE QL JaBLE O
360 tctggggtct gctatttacg cagtatggaa gacgccaaaa
gagctgcegl ttcaegieage gateoichgt ged2@cagagagtgogtt clogbdtgtttgt 300
gt t gggcggc ggagt aatcg ggcttgaagt cgcctcagct 480 -51
agectgctyg gg%a@gefc F&@%ﬁﬁ@%gtﬁﬁ%%%gtﬁﬁt‘éttaég‘ézfgéété?cé%cgc@f‘bt
C aaacttagtc 420
a

<i30>
<160>
<170>
<210>
<211>

<212>
<213>

60

ceomac-GELAIEAREE. 30 HUBDLY SR ORROCRIS. 2aacl L
ccggagaa%s% %ggég@@ggt QBcALLLEA 322209962308, A99C At Ygchgaacagd pc
gecagectgg geggeatgaa gtacatgecac gagcagggeg acttgecgat tcocgggeatg 540
geecacatcyg agcageocttyg gtggtacaayg cacggcaagg acatgacgoec ggacgagotce 600
ggcgtggtgyg ccgegegety getggaagag aagattetgy amatcggecge cgacaaggtg 660
gecegectteg {cggcgaace catccaggge gececggeggey tgatcgtocece gocggecacc 720
tactggcegg aaatcgageg catttgecge aagtacgacg tgetgetggt ggccgacgaa 780
gtgatctgeg gottogggeg taccggcgaa tggttcggec atcageattt cggettecag 840
ccegacctgt tcaccgocge caagggecty tectecgget atctgecgat aggegeggte 9090
tttgtcggca agecgegtgge cgaaggectyg atcgeoggeyg gegacttcaa ccacggette 960
acctacteeg gecacceggt ctgcgecgec gtegeccacy ccaacgtgge ggocgcetgege 1020
gacgagggca tcgtccageg cgtcaaggac gacatcggec cgtacatgea aaagogetgg 1080
cgtgaaacct tcagccgttt cgagcatgtyg gacgacgtge gecggegicgy catggtgeag 1140
gegttcacce tggtgaagaa caaggogaayg cgogagcetgt tceecgattt cggegagate 1200
ggcacgctygt geocgecgacat cttettececge aacaacctga tcatgcgggc atgcggcgac 1260
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gt actt gaaa gt ggagaaga aattcaggcg gatctgattg tagttggaat
cggtgctatc 720 ccagagctag agctggcaac tgaggcggcc
cttgaagtga gtaatggtgt tgtggtcgat 780 gatcagat gt
gt acatcgga tacaagtata tatgcaatcg gcgactgcgc aatggctaga

840 aatccttttt g gggaacgat ggtacgttta gagacaattc
cacateatitaSgeGutect ace t a%@gg‘@é‘aéﬁtgﬂwac%@a@fgt 1320
g a tcaa ccag caccC CCCC accacg ttc
eaeos e F e R A L SRS RE b Tt addfha

ctcgttgttg caattaataa cgaaactctt

ctacgat aaa 1020
cgactgattg

Jaactagaag tccttgcgta caagcaggag 1080

<210>
<211> Iddactgagac aataaatttg cctaaacgtc aaggtgcgct tgcagggagt
<212> DNR40 ataaaattac ctgattag 1158 <210> 8 <211> 33
<213> Ragibbusppyktsdds3> Artificial Sequence <220> <223>
<4005 Primer <400> 8 acgtagcggc cgcctaatca ggtaatttta tac
atgatcaf:s <210 9 <211> 16 <212> DNA <213> Artificial
Sqlience” "2 FSFI LIS PP IR LAFHL F° FHGRIRGEF a 0
gggggcgtk@t&ﬂlggéééat é%LQgééLBC<é§L% é%%ﬁ Egaagglgggggé%ggc 120
ficial Sequence 2570 Zéé
cttggaagcg gatttgaaaa tgaagcctat gagtcagcecag gagcggaaat cattgcetgat 180
ccgaagcagg tctgggacge cgaaatggte atgaaagtaa aagaaccgct gocggaagaa 240
tatgtttatt ttcgcaaagg acttgtgcty tttacgtace ttcatttage agctgagect 300
gagcitgcac aggectigaa ggataasagga gtaactgeca tcegeatatga aacggtcagt 360
gaaggccgga cattgectet totgacgcca atgtcagagg ttgecgggeag aatggeageg 420
caaatcggeg ctcaattett agaaaagect aaaggcoggaa aaggeattct gettgocggg 480
gtgcctggeg tttcccgegyg aamaagtaaca attatcggag gaggcgttgt cgggacaaac 540
gcggcgaaaa tggetgtegyg ccteggtgca gatgtgacga teattgactt aaacgeagac 600
cgettgegee agettgatga catcttegge catcagatta aaacgttaat ttctaatcog 660
gtcaatattg ctgatgctgt ggcoggaageg gatctcctea tttgegeggt attaatteeg 720
ggtgctaaag ctccgactct tgtcactgag gaaatggtaa aacaaatgaa acccggttca 780
gttattgttg atgtagecgat cgaccaagge ggcatcgtcg aaactgtcga ccatatcaca 840
acacatgatc agccaacata tgaaaaacac ggggttgtge attatgetgt agcgaacatg 00
ccaggegecag tcoccctegtac atcaacaate geectgacta acgttactgt tccatacgeg 960
ctgcaaatcg cgaacaaagyg ggcagtaaaa gegcotcgcag acaatacgge actgagageg 1020
ggtttaaaca ccgcaaacgyg acacgtgacc tatgaagetyg tagcaagaga tctaggctat 1080
gagtatgttce ctgecgagaa agcetttacag gatgaatcat ctgtggcggg tgcttaa 1137
<210> 3
<211> 1206
<212> DNA
<213> Pseudomconas putida
<400> 3
atgcttgaga aacacagagt tctggattcc getcocagagt acgtagataa aaagaaatat 60
ctctggatac tatcaacttt gtggccgget actccegatga tceggaatctg gettgeaaat 120
gaaactggtt gggggattit ttatgggetg gtattgcteg tatggtacgg cgcacttccea 180
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<400> 10 tcgtagcggc cgcccagcag acgacggagc as 32 52

<212> DNA <213> Artificial
<400> 11 attttatctt

<210> 11 <211> 37
‘Sequence <220> <223> Priner
ctcgaggctt ttcctcgtag agcacat 37
<212> DNA <213> Artificial Sequence <220> <223>

<400> 12 t ct ct aac aaaagcc tcgagaagat
sescetofly Botres o cugros O Sa0i8- 4 9PE009LT iTRds

ctagagaé&& bgédgtgétésgggéa@GE%g §Z§§£%céé%2§agégcbﬂ$¥

attgacgcgg ccgcttacat gcagacagct atca 3
geattaasidl 1gt Adcate? $250 0PNy <332 ghEdd tiedrabgReasaneey gt

%Caﬁ:gg%%tls

gocgettgect
ggtcacaaga
tacggtcact
gatcctgcaa
ggagcattta
gtttggagtt
gttctecttyg
ggttggtgge
atggaggacg
gtctetaatce
cgttettatc
ggtgecatttt
gtagattggyg
tatttgaaaa
tcgtag
<210> 4
<211> 519
<212> DNA

<213>

<400> 4
atggctaget

catgaggggt
gattgcgceg
ggcgicacct
gctgaagcag
caagatctat
aagtggatat
ggttttactc

ggggctacga

tgtcactggg
aggagacttt
tetttatiga
catcccggat
ttcgtgcttg
tcgataatga
ccttgtttgg
agctgaccayg
gtcgatatga
tagtgctgtt
agtcacttecg
tgatggogat
ctggtggtga

aatttggeac

ataaatgecec
tftctcecagg
ttegagacaa
caacccatac
tggttgcgeco
ataaaactca
gtattacttg
caggtactcg

aagaagacta

tatcgtgaac
tgatcegttgg
gcataataag
gggagaaage
ggggcttgag
aatcctcecaa
acctaagatg
tgcgaactat
gcatcaaaag
ccaccttecag
ggattttccece
gattcctcag
ccttaataag

tagtagtgct

Pseudomonas putida

ggattgtaat
tacgeccttgg
gectitgactte
ttcgccaaat
gacaagctta
accteccaagg
tggccatata
ctttgaggat

tgtgctctac

ggactagege
atggccaaaa
ggtcatcacc
atttataagt
gaacaacgce
ccaatgatca
ctggtgttee
attgaacatt
ccgecaccatt
cggcactegyg
ggcctgecgg
tggtttagat
atccaaattg

ggtcatagtt

tatgtttatyg
caccttattc
atgttaattg
ttatccgagy
gagaaattgc
tctgatgceoco
tatgatgagg
attcctgatg

gaggaaaag
-48 -

tecaatacagy
ttgtgttgge
gtgatgtcge
tttcaatceg
Ltttogegeocg
tcacagttat
tgccgattca
acggcttgct
cttggaatag
atcaccacge
ctottocgac
cagttatgga
atgattcgat

cgagtaccte

atgagagtgc
ctgaggattg
agagcggcgt
ttagtggcac
ctagtgecega
aaggcgggaa
cgttgggega

actgotgety

acacgaactc
tgtcgtaggy
tacaccgatg
tgagatccca
tggccaaagc
tetttacgeco
aatggctitc
ccgtcazaaa
taatcacatc
gcatccaaca
gggttaccct
tcccaaggta
gcgagaaace

tgcggtagca

gggtaatgtyg
gtgctgeccee
aggtgaaaag
aagtttaact
cgttaaagge
agcatacttyg
tgaggcecgag

tecggattge

<210> 12 <211> 38

240

300
4

360
420
4380
540
600
660
720
780
840
900
960
1020
1080
1140
1200

1206

60
120
180
240
300

-360
420
480

519



<220> <223> Prinmer
aagcat gcag aagcaacgta cg 42

DNA <213> Artifici al

<400> 14 cgaggagctc aggaggatcc
<210> 15 <211> 31
<220> <223> Pri mer

Sequence

<400> 15 gtcatgtacc cctaagccag cccgcgcgecc t 31
<212> DNA <213> Artificial
<400> 16 acctatctag

<210> 16
Sequence

<211> 41

<220> <223> Pri ner

<210=>
<211>
<212>
<213>

<400> 5
atgtacgact

tcggcogacc
ctaattcata
tttcrcaaactg
acgttaggtg
taccacgecat
ttcazaaggce
gaattagcty
ggcatggagg
gggttctatc
cacggtgtac
ctttitgaag
gtcaagacaa
cttctaatge
gtccatgatce
tgcgcageaa
tcgggtttgt
tegggtggtt
cttccaactt
catatatgtyg
ttacagccge
attgcgggta
aagcatgaag
cgtaggegag
gecgtcagttg
gcgtcaatta

gaaaatgcgg

pRRI NMer

atataatogt
cctctaaaag
tgccgttagg
cgccacagca
gttcaagctc
gggagcaggce
ttgaatgcaa
ttagtgattt
ccaatattaa
aagtaaccca
ttteccagacc
accgtaaggce
cgagtggtgg
tttectggtgt
ttcctgaggt
attcgagaga
tttcatatgt
ttgtaasaag
atcttaaaga
atcttttgec
ctttaattga
ttaagatagg
tagtaccggy
ctgagactat
ttgatcegtg
tgccgeactt

cagaaataat

psdd@nod sadika 1853

tggtgctgga
agtttgttta
tattgettig
agatctcaac
aatcaacgea
ggccggecge
ccagegatte
aaaatatatc
tttcaacgga
aaaaaatgga
aaatctagac
ggttggtgtt
tgaagtactt
tggggctgca
ggggaaaaat
gccgataggt
gtttaagcgce
ttctectgat
tcacggtcga
taagagcoga
ccecgaactat
gcgegetatt
ccaggectgtt
ataccatceg
cctgaagatce
ggtcgegggt

tatgecggaatc

tctgcaggat
ctitgaagctg
ctttcaaata
ggccggagec
atggtctata
tactggggtt
gataagtccg
aatcegetta
gatttcaacyg
caacgctgga
atcattactg
tcttatataa
cttagtettg
gccgagetta
cttcaagatc
gttgetettt
gaggggtite
cgtgatcgge
aaaatagcgg
ggcagaattg
ctitagcgatc
ttgcaggece
aaaactgatg
gtaggtactt
cgtgggttygg
aacacaaacg

cttgatgtgy
-49

<212>

- 53

saaggaggacg catatgatca taggggttcc t 41
146, <212> DNA <213> Artificial
<400> 17 aacctctgca gttaagcacc cgccac 26

Sequence

<210> 17 <211>
<220> <223>

gtgtgctige
ggccgcegaga
gtaaaaagtt
ttttetggec
tccgagggea
ggtaccggge
agcaccatgg
gcaaagcatt
gcgagtacca
gcteggegey
atgcgcatge
agaaaaatat
gegcagtogg
aggaacatgg
atttggacat
ctttecatecoe
tcactagtaa
ccaatttgea
gtggttatgg
gcctaaaaag
atgaagatat
catcgatggc
atgaaataat
gtaggatggg
caaatattag
cteocaactat

aagcattaga

taatcgtett 60
tacgaatceceg 120
gaattgggct 180
acgaggaaaa 240
tgaagacgat 300
tcttgagttyg 360
ggttgacgga 420
cgtgcaagec 480
ggacggegta 540
tgcattcttg 600
atcazsaaatt 660
gcaccatcaa 720
cacgcectcac 780
tgtttctcta 840
cacattgatyg 900
tegtggtgte 960
cgtggcagag 1020
gtitcatttc 1080
ttatacgcta 1140
cgccaateca 1200
taaaaccatg 1260
gaagcatttt 1320
cgaagatatt 1380
taaagatcca 1440
agtcgttgat 1500
tatgattgca 1560
ggctagoget 1620



<212> DNA <213> Pseudonobnas fl uoreszenz <400> 18

at gggt gt gt at gact acaa aaacttcggc acggcggatt ccaaggcgtt

gttcagcgat 60 . gccatggcga tcacgctgta ttcctaccac

aacctcgata acggttttgc cgccggttat 120 agcacaacgg

ttttggcctt ggcctgccgg cgacgctggt cacggecgttg ctcggeggta

80 __ccgattccca cgicatc cccggcattc cgtggaatcc
gagtttg%té; att e ggtag Cag%aﬁcg%%ch FHG2 1% g%é%gﬁcitggg%\%g%ag gcc 877
ggct ggacgc cgat cacggc ctcgcaactg ggctacgacg 300
gcaagaccga cgcacgcgga accttctttg gcgagaaggc cggttactcg
@aagcgcagg 360 tcgagattct cggcaagtac gacgcccagg
Pecat ct cac agaaat cggc atcgcctttc 420 gcggcaccag
Rsggeewgegeugadpacct ga tccttgattc catcggcgac gtgatcaacg

480 acttgctcgc cgcgttcggc cccaaggatt acgccaagaa
<§00>a Sct agaqétc?%c gaagc ttcg 540 caacctgct caatgacgtg
argaaaa gt cgeCt T g oc fjg%cc?gagtt‘:&ﬁ"cadit S\ [l o e 05 E o[ r- (Ao RS181)
' da9CQQLLAG - COACEAGRAIC cat gg¢g
acteras gatétntg%ag%%t%o g%%gc%%%gc%%gg%%g%?%%g%a%gg%%ggt 980
ggagccgct 6 adGyagalc g CYREt Q6 Codce 96688CEL a ¥ 2 as AORISAYEAC 180

cgacaaagtg ctcaacgtcg gctacgagaa cgacccggtg ttccgcgccc

<210>
<211>
<212>
<213>

60

cttgcgttZ8(Rothogacg gtdacagmat tdccaggygoguctagagt dggegitgea 240
cg?%gcgccg aa%gaatcgg 840 ccaccgacaa catcgtcagc
agagccagg EERATE= ATABYCEE CIgarHGoat ‘TG taadse ratger9ep 300

cgttctccat cctcaacatc ccgacctgga tctcgcacct gccaaccgct
eegnantyd oS R G PO GBI RAOE GBI TAPE JRG Ryt t ¢
gaccttgcé@g’ﬁﬁ@ﬁ@ﬁ@gC&ggmgécccggg%%geta(‘gat%gc gtccé 4gfaa 400

cctgtcggat ccggcgcggg ccaacacctg ggtgcaggat cicaaccgca
ttggataald 8 aabel6e gRAACaEEAGRIPUC caGRaELITea deataggsead 480

cgacgccaac gatctgattc 1140 agggtggcag cggcaat gac
ttaaatacpqteeparfeagt grogtyocygttamugat atecidtregogagectedO

cggcggct a caacatcatc ctgggcgggc agggcagcaa tacgcet
Cagcttaa?'i gtgag%gﬁgﬁc 1568FI98 GG tHeIT 1°rE ¢ %E%é%cg

540

&6t

t t 1320 t
swseoscESSEARSARe AL ALAGRL hoESant pSapL 000, RSNRNRE

gagaccttdP8QcadGhg9agh&da8td CRRggactgacglaacee Acancgicac 7aq
ggccagtggc ttgaaggtcg 1440 gcaacaacct gaccgcctac

gagttgccgn@gtegageyt (tgaapggtagt CRAGYLE Getaigacac gatertdLD0 780
aggcgcat gc cggcggcgac tggttgttcg gcctcgacgg caacgat cat

atatitgagq GEREFGED? PoSO-2tggyofyycante garafitgtte agtyggeyygcg 849

ttcgtgacggccggga?‘ta{:g taa tcggt_gcaattgl.gaa%trt:a?a%.%gggg%ggat]é'gégt ctecatgtatt 900
aagtatttaa gcactaatta catgttgett cgccatgtga geggtgagec agegcagttt 960
acactgcatc cagtactgeg taattttcta cgagasaatta cttggactga aaatcctget 1020
aaaagatcct acctgettaa gegtgeaget tictggeatt ggegtagagg tgaataccag 1080
tatgcaatac gaatatccct acgggcgaat gactgbogcet gggcagtcag catgtctgag 1140
agaataattt tagatttgtce atttcgtcag ggcgaaatag atgcgctgag acagtggetg 1200
ttagagctgc cgaagcaggc ctyggcaccaa aaacccatag tgettattag ttacgcegtgg 1260
gtattgtatt tcagtcageca aggcogegega gcagagaagt taattaaaga cctatettca 1320
caatccgata aaaaaaataa atggcaagaa aaggaatgge tgcagettgt gettgeaata 1380
ggtaaagcaa ccaaagatga aatgctttcg agtgaggagc tctgtaataa gtggattagt 1440
ttatttgggy attcasacgc agttggasaa ggggccgegce taacctgttt ggettttatt 1500
tttgecagty agtatagatt tgcagagttg gagaaggtge tggectcagge ccaagecgtg 1560
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gttcctgttc aacggcgcgt tcggccagga tcgggtggtg
1680 ccaacgacaa actggtgttt ctcggcgtgc
agggtgtgtt gcctggcgat gacttccgag 1740 cgcatgcctc
ggcagccggg caggataccg tgctgaagtt cggcggcgat tcggtgacat
1800 tggttggcgt ttcgctgggg agtttgagtg gcgat ggaat
tgtgatcgcc tga 1853 <210> 19 <211> 503 <212> PRT -
aataaat@ﬁgl%@@ﬂ@geﬂﬁfo%kfﬂ%ﬁstiﬁftﬁ%ﬁfgq%ﬂg? 2LHGOSIPYINEETER 1§20
gccctagz%%lgc%éa;r%etr -grr£CU g%cig i ca Xtta.l_gaactXaa%rcgacArcgcaLg%lrél IE&SBO
agtcgc | ad@lga E%E% éktzgké%g ;g%a tgdd Pgéka th aiﬂ%@@
gres géﬁ%u %I&g a Thr r Ser ?e VaL&JC 3 'Igyr %O 45 Ser
gagttacdPheatyae t faddg EigttE@gthﬁdbth@aaQSﬁhdH@Et&ﬂbOcéﬁaHtﬂH&ﬁ Al1aoo
Pro Ala 50 55 60 Gy Ille Ala Ser G n Leu Lys Leu Asp
gagttcathfcgcdfagcquyy MNetgaPrarcTgrgtThyt tto&edtet B g8uctabecAsn 1AFY
Asn Phe His Arg Asp Pro Arg Leu Ile Val Ala Ala G u 85
gettggcasl ’é@gaa%gé%ﬁcﬁﬁﬁa?y?g%éﬁ?t\‘igl a%ﬁt‘sa@ﬁ SE%QQE?QN 3°A g

gggcggat ac
ggat t cacgt

3. Lol JdRalidhes A Yook
gcgcatgé t{g;gaééég é%tac aga %F a tct & %0
ﬁf‘sq Thi AT g LyS ‘ﬁal 115
cagcgcteL§5tce§kébaabacaéagcéage éﬁaaa£35%tL@aaagia&clhigaggatcA§p buko
Ser Pro Ala Phe 130 135 140 dn Phe Gy H's Pro Leu
aagattttSercddgecdden dughMamc@trabyiab] @cthétgdacgtiddnttb0 2580
160 Leu Thr Pro Ay Asp Leu Asn H s Val Phe Tyr Thr
ctagtgcqggrpqsgpgqgcy B@ctttcat agtgecgege acagagegtt attggetatt 2160
cagcaagccc gtaaaattaa cgcgggeocag ctggaagtcc gtggattatt gtgtttggec 2220
ggagcgcagg caggtgcegyg tgatttaaaa aaggctcage ttaacattgt ttatgeagtg 2280
gagatagcaa aacagcttca atgctttcaa acagttctig atgaagtatg tttaattgag 2340
cgaataatac cggcttcatg tgaagcecttc acagcagtta atttagatca agcgattggg 2400
gettttagte ttcecegegaat agttgagatt ggaaagtccg cagagaataa agetgacget 2460
ttattgacac ggaagcagat tgctgtettg aggcttgtaa aagaggggtg ctcaaacaaa 2520
caaatagcaa caaatatgca tgtcaccgaa gatgctataa agtggeatat gaggaaaata 2580
tttgccacct tgaatgtagt gaatcgcacg caagcaacaa ttgaagctga gcogtcaagga 2640
attatctaa 2649
<210> 7
<211> 1158
<212> DNA
<213> Pseudomonas putida
<400> 7
atggraatcg ttgttgttgg cgctggtaca gotggagtaa atgectgegtt ctggcttegt 60
caatatggtt ataaagggga aattaggatt tttagcaggyg agtctgtgge gecttatcag 120
cggecteocte tatccaagge ttitctgaca agtgagattyg cagaatccge agtgeocatta 180
aagccagaag gtttttatac gaataacaat attaccattt cgttaaatac accgattgta 240
tcaatcgacg tggggcgtaa gatagtttct tctaamagatg gaaaagaata cgcgtatgaa 300
aaattgattc ttgcaacacc tgctagegea cgtaggttaa cctgcgaggg ghictgzactg 360
tctggggtct gctatttacg cagtatggaa gacgcocaaaa atttacgtag gaaacttgtg 420
gagagtgcgt ctgttgttgt gttgggegye ggagtaatcg ggcttgaagt cgcctcaget 480
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165 170 175 Gu Cys Ala Asp Thr Ala Lou Lys Met Val
Arg Ala Tyr Trp Arg Lou 180 185 190 Lys Ay G n Al a
Thr Lys Thr Lys Ile lle Ay Arg Ala Arg Gy Tyr 195
200 205 Hs Ay Val Asn lle Ala Gy Thr Ser Leu Ay
Gly Val Asn Gy Asn 210 215 220 Arg Lys Met Phe Ay
A n Leu Lou Asp Val Hs Leu Pro His Thr 225 230
9CagtI99 s LAORy 2R QEE CW?? ?gaﬂg?FaAFacqgﬁ%t%ﬁeF‘a"L%%g‘@Cy Led®
gtggtta%c c%c%g%d’!: gaé’ctga gagégggﬁ_5§gﬁggg%a g%a%gt 9%@0

Leu eu

ttcaagcéﬁéoaégﬂéaé§ﬁi h&ébuékéka“hébé&@égdé gtéé@kaé&ﬂjtégé%a$éaé A &60

Ay Ser Ala Ay 275 280 285 Val Leu Pro Pro Pro Lys
gtacttgddaygliguaghats hyisccAsgrd 0arArgrvd dHaddtegdats c@BQc28h 30020

Thr Gn Hs Asn Ile Leu Leu Ile Phe Asp Qu Val Ile
ccagagethyr a@ugoPRE tFORCIAT 8&@632@6@%%@@%@91@%0%% l\/tiit30'

Thr Ay Ala Au Ala Phe Ay Val Thr Pro '..
gatcagatgingt %%qﬁ‘ E%‘ff‘a%él‘taoﬁ%tglcl‘"‘%tcﬂl CYEINN aWFCﬁ%‘ﬁa Asﬂff40

s Gl 4Bt HACTRIE0, oo e ilhe g

caaattgﬁﬂ§5cadaﬁﬁgégﬁrciaﬂaggidé ) achbdgVad ccbhébcEhgc Beggddcs Goyo
Tyr Thr Tyr Ser 370 375 380 Ala His Pro Val Ala Cys
tggtctgshkat tleagdlay tdwrchAb@ab@rckesytAsprdresadg@uct385c:380 3950
400 dAn Arg Qu Asn Leu Val dn Ser Ala Ala Qu Leu
ctcgttgq&pagqqtéaq%qg Prpaactctt gaactagaag tcocttgegta caagcaggag 1080

cgactgattg caactgagac aataaatttg cctaaacgtc aaggtgcocget tgecagggagt 1140

ataaaattac ctgattag 1158

<210> 8

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 8
acgtagcgge cgcctaatca ggtaatttta tac 33

<210> 9

<211> 16

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 9
gagcgagcta tctggt : 16

<210> 10

<21i> 32

<21l2> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 10
tecgtagegge cgcccagceag acgacggagc aa 32
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<210>
<211>
<212>
<213>

<220=>
<223>

<400>

405 410 415 du Lys Leu Leu Hs dy Val Lys Gy Thr
Lys Asn Val Val Asp Ile 420 425 430 Arg Asn Tyr Ay
Leu Ala Gy Alalle Anlle Ala Ala Arg Asp Ay 435
440 445 Asp Ala lle Val Arg Pro Tyr Gu Val Ala Mt
Lys Leu Trp Lys Ala 450 455 460 dvy Phe Tyr Val Arg
Phe Ay @y Asp Thr Leu A n Phe Ay Pro Thr 465 470
§75 480 Phe Asn Thr Thr Pro G n G@n Leu Asp Arg Leu
e Asp Ala Val Ay 485 490 495 G u Asn Leu Asn Leu
al E@Ei@& 20Q,e5210> 20 <211> 460 <212> PRT <213>
Pseudononas aer ugi nosa PAOL <400> 20 Met Thr Ala A n
Leu Asn Pro G n Arg Asp Thr Arg Asp Tyr Adn Gn 1 5
Pilnek5 Leu Asp Ala Ala His His Ile H's Ala Phe Leu Asp
Gn Lys Ala Leu 20 25 30 Asn Arg Au Gy Pro Arg Val
et Val Arg Ay Asp Ay Leu @n Leu 57 35 40 45 Trp

attttatchl £tAGIIoRSh GrytI9f8uR9gaT Leu Asp Gy Met Ser Q37

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu Trp 50 55 60 Cys Thr Asn Leu Gy Tyr Ay Arg An
1Asp Leu Ala Ala Ala Ala Ser 65 70 75 80 Arg Gn Leu
3 u @n Leu Pro Tyr Tyr Asn Met Phe Phe His Thr Thr 85

pRO 95

Artificial Seguence

Primer

12

tgctctaacg aggaaaagee tcgagaagat aaaatgta 38

<210>
<211>
<212=>
<213>

<220>
<223>

<400>

13

34

DNA

Artificial Seguence

Primer

13

attgacgcgg ccgcttacat gcagacagcect atca 34

<210>
<Z211l>
<212>
<213>

<220>
<223>

<400>

14

42

DNA

Artificial Seguence

Primer

14

cgaggagcte aggaggatcc aagcatgcag aagcaacgta ¢g 42

<210>
<211>
<212>
<213>

<220>
<223>

<400

15

31

DNA

Artificial Sequence

Primer

15

gteatgtacc cctaagccag ceccgegegee t 31
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H's Pro Ala Val Val GQu Leu Ser Qu Met Leu Phe Ser
Leu Leu Pro 100 105 110 Asp His Tyr Ser Hs Ala lle
Tyr Thr Asn Ser Gy Ser u Ala Asn 115 120 125 du
Val Leu Ile Arg Thr Val Arg Arg Tyr Trp A n Ile Leu
Gy Lys 130 135 140 Pro dn Lys Lys Ile Met Ile Ay
:gig: 11 g Trp Asn Ay Tyr His Ay Ser 145 150 155 160 Thr
2195 u dy Ser Thr Al a Léu Gleyl/ Gy Met Lys Phe I\/EL HiAls
NE 7Q 175 y Gly Met Leu Pro Asp Phe a
213 AHi gfllgt[ﬂél kggueécg Pro Tyr Trp Tyr 180 185 190 Al a Asn
<220 Gy Gy GQu Leu Ser Pro Ala Qu Phe Ay Arg Arg Ala
<223> PAliger 195 200 205 Leu An Leu Qu GQu Lys Ile Leu Qu
Leu Ay Ala Qu Asn Val Ala 210 215 220 Al a Phe Val
<400> 1Ala Qu Pro Phe An Ay Ala Ay Ay Mt Ile Phe Pro

acctatctpg Maggapopgs RARIARFD EUAISEFC Tyr Trp Pro Qu Ile G4l

Arg Ile Cys Arg
s Ala Asp
»260 265 270 G u
ofdn Pro Asp Thr
Agyrikel) ThdueSes
290 295 300 Leu
Gudndy dy
PrigrThr Tyr Ser
1%‘)’25 330 335

<2i0> 1
<211>
<212>
<213>

<220>
<223>

<400>

Gn
Val

Trp
Leu
Ay
Ay
Val

ady

Adu

aacctetgca gttaagcacc cgecac

<210> 18
<211>
<212>

<213>

DNA
<400> 18

atgggtgtgt
gecatggega
agéacaacgg
ccgattcceca
tcgaagcocgt
gcaagaccga
tecgagattct
gcggcaccag
acttgctecoc
gcaacctget
tgctggtcag
gcggcaagtyg
Iagagcagcac
tcgacaggttc
ccaccgacaa

cgticteccat

1853

atgactacaa
tcacgctgta
ttttggeett
gggcgtcatce
gaaaaaggce
cgcacgecgga
cggcaagtac
cggccegege
cgegttegge
caatgacgtg
cggeccacage
gggcgggttc
cgacaaagtyg
gaatttcacc
catcgtcagc

cctecaacate

Pseudomonas fluoreszenz

agacttcggc
ttecectaccac
ggcctgcegy
cceggeatte
ggctggacge
accttetttg
gacgcccagg
gagaacctga
cccaaggatt
gtcgectttg
cteggeggge
ttcgecgact
ctcaacgteg
ggcgectega
tteaacgatc

cecgacctgga

Tyr Asp 245 250 255 \Val

Leu Leu

Ile dy Gy Phe Ay Arg Thr Ay

Phe Ala Hs GQu H's Phe Ay Phe
Ser 275 280 285 -58 Ile Ala Lys
Tyr Ile Pro Mt Gy Ay Leu Val
Lys Arg Ile Ala Ju Val Leu Val
Phe 305 310 315 320 Ala Hs Qy
Hs Pro Val Ala Ala Ala Val Ala
26
acggcggatt ccaaggegtt gttcagegat 60
aacctcgata acggttttge cgecggttat 120
cgacgctgygt cacggegttg ctoggcggta 180
cgtggaatcc cgatteggaa aaactegece 240
cgatcacgge ctcgeaactyg ggetacgacg 300
gcgagaagge cggttactcyg acagcgcagg 360
gecatctcac agaaatcgge atcgeocttte 420
tecttgatte catcggecgac gtgatcaacy 480
acgccaagaa ctacgtcgge gaagegtteg 540
ccaaggcecaa tggcctcage ggcaaggacy 600
tggeggteaa cagcatggeg gatttgageg 660
ccaactacat cgectatgce tegecgacce 720
gctacgagaa cgacccggtg ttecogegecce 780
ttggcgtgeca cgacgcgcecog aaggaatcgg 840
actacgccte gacggegtgg aatctgetge 900
tctcgcacect geccaacoget tacggegacg 960
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Ile Ala Asn Leu Lys Ala Leu Arg Asp u dvy Val Val
Thr Arg Val 340 345 350 Arg Glu Au Thr Ay Pro Tyr
Leu Gn Arg Cys Leu Arg Au Val Phe 355 360 365 dy
Asp H's Pro Lou Val Ay Ju Val Gn Gy Ala dy Phe
Val Ala 370 375 380 Ala Leu A n Phe Ala Gu Asp Lys
Val Thr Lys Arg Phe Ala Asn 385 390 395 400 Qdu
geatgaagdh g%%gﬁt'ﬁ%ﬁg? N%%‘Fiﬁ%ﬁ@g@e%g% BEIFRRIACE YA IPKE G 1P20
410 415 Val Leu
S i - G b e b P A S S A e
acgccgaéQCYCégdaaégd@ gédécE£ﬁ%aA§$étgb§E£geEbécb§bd%%p 4€%§g;g%k ﬁVﬁ340
Ile 435 440 445 Al a Val Asp Arg Thr ?a Arg Au lle
agggtggd@oy cddarha toria ﬁiﬂ&téﬁﬁig4ﬁﬁbgc§6£ﬂ}>céﬁbgééﬁhl>tﬁ%@gcgdéalz:izﬁﬁtr
<213> Pseudononas aerugi nosa PAO1 <400> 21 Met Asn
9cggcaIqNCPCot g AegoadocAhmoPraraRr taddatodSer tt8erpgd@oy Ledso0
Asn 1 510 15 Leu Arg Ala H's Trp Met Pro Phe Ser
COTtIRALRC A RS REHG %@ﬁawgcﬁwceg%casotﬂzgt%tt @@%@%ﬁcpro 1ARY

ac:g-g,rc<_:;ggla1|1:ecalé;J téc}%%l éﬂé%aélt%a E{_)? ?)ycig%.l.caccﬁaﬁag cgE%cttg AEBSO

tctggggtlcetlgt‘EE:@aéBﬁE g%egtéacxec &Qgééccég gg%kggtggx é?!lgéag%etrchr qu
Qulledn du Al a Vval
1500

gcaacaacct
aggcgcatgc
gggcegggcaa
gggcggatac
ccaacgacaa
cgcatgeoto
tggttggcgt
19

503
PRT

<210>
<211>
<212>
<213>
<400> 19

Met Ser Lys
1

Ser Leu Val

Leu Tyr Pro
35

Ser Phe Phe
50

Gly Ile Ala
65

Ala Asn Arg

gaccgeetac
cggcggcegac
cgatgtgttt
gttcctgttc
actggtgttt
ggcagcceggg

ttegetgggag

Ser Leu Thyr

Leu
20

Arg Tyr
Ala Asn

Arg

Glu Glu Pro

Gln Leu
70

Ser

Phe His
85

Asn

Pseudomonas putida W619

Trp Ala

Leu Lys

Leu Ala
40

Pro Met
55

Lys Leu

Arg Asp

Arg

Iile

25

Ala

Asn

Asp

Pro

gagtcgageg tgaagggcag
tggttgtteg gectegacgy
gttggcggeg ccggtaacga
aacggcgcegt tcggccagga
ctecggegtge agggtgtgtt
caggataccg tgctgaagtt

agtttgagtg gcgatggaat

Gly Ser
i0

Arg Asn

Thr Thr

Met Pro

Alas His

75

Arg Leu
S0

caacggcgcc
caacgatcat
tctgatggag
tcgggtogty
geectggegat
cggcggegat

tgtgatcgcce

Gly Arg

Phe
30

Val val

Ser Tle vVal

45

Glu Thr
60

Trp Met

Ile Val

-55.

Arg

Ala

Pro

Ala

gacacgctca
ctgatcggog
tecgggggcy
ggattcacgt
gacttccgag
tcggtgacat

tga

Leu Ile
15

Phe Arg

Ala Tyr

Pro Ala

Tyr Thr

80

Ala Glu
95

1560

1620

1680

1749

1800

1853



65 70 75 80 Ay Thr Lou Asp Tyr Ser Pro Ay Phe dn
Tyr Ay H's Pro Lou Ser 85 90 95 Phe An Lou Ala Qu
Lys Ile Ala Gy Leu Leu Pro Ay Gu Leu Asn 100 105
110 His Val Phe Phe Thr Gy Ser Ay Ser Au Cys Al a
Asp Thr Ser Ile 115 120 125 Lys Met Ala Arg Ala Tyr
Trp Arg Leu Lys Ay An Pro Gn Lys Thr 130 135 140

o v S M AR BT RV B0 B
ady t

y Asn Arg Lys Phe Ay G n LCeu 165 170 175
Met Asp Val Asp His Leu Pro H's Thr Leu Adn Pro Gy
Ser Gly et bpariBheys L80 xh85¢1hO6: I hhrALg Gy cMetz1Al@G n Thr
@iy Ay Val GQu beew Ala Asn Qu Lexs 195 200 205 Leu
Lys Leu Ile Qu Leu H's Asp Ala Ser Asn Ile Ala Ala
Val Ile 210 215 220 Val du Pro Met Ser Ay Ser Ala
Glu -’i‘gg &Y N3l 1% EVARL B Brroleapsy Wt $o5Ppa@ladhen40  Tyr
LeuGInArgLéasArgGIulle AspGInHlsAsnIIe
Leu Leu 245 250 255 |Ile Phe Asp Au Val Ile Thr Al a
cir ene BNE LYoy Gel ol Gt 01 12y 80200 205 100y - O
145 Ala G u TyisePhe Ay Val ThrskPro Asp Leu MetigAsn Val
Ala Lys -60 275 280 285 G n val Thr Asn Ay Al a Val
Pro Mt Gy Ala Val Ile Ala Ser Ser 290 295 300 Qu
Leu Thr Pre GTyrASAs,%FUTﬁﬁn Fhie Wit PsAvE TirMsa BsucPree@ u Hi s

Al a \ﬂi| 170 175

Glu Cys Ala Asp Thr Ala Leu Lys Met Val Arg Ala Tyr Trp Arg Leu
180 185 190

Lys Gly Gln Ala Thr Lys Thr Lys Ile Ile Gly Arg Ala Arg Gly Tyr
195 200 205

His Gly Val 2Asn Ile Ala Gly Thr Ser Leu Gly Gly Val Asn Gly Asn
210 215 220

Arg Lys Met Phe Gly Gln Leu Leu Asp Val Asp His Leu Pro His Thr
225 230 235 240

Val Leu Pro Val Asn Ala Phe Ser Lys Gly Leu Pro Glu Glu Gly Gly
245 250 255

Ile Ala Leu Ala Asp Glu Met Leu Lys Leu Ile Glu Leu His Asp Ala
260 265 270

Ser Asn Ile Ala Ala Val Ile Val Glu Pro Leu Ala Gly Ser ala Gly
275 280 285

Val Leu Pro Pro Pro Lys Gly Tvr Leu Lys Arg Leu Arg Glu Ile Cys
290 295 300

Thr GIn His Asn Ile Leu Leu Ile Phe Asp Glu Val Ile Thr Gly Phe
305 . 310 3158 320

Gly Arg Met Gly Ala Met Thr Gly Ala Giu Ala Phe Gly Val Thr Pro
325 330 335 '
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305 310 315 320 d u Phe Ser
Ala Hs Pro Val

Hs @y Tyr Thr Tyr Ser
Ala Cys Ala 325 330 335 Ala dy Leu

Ala Ala Leu Asp Ile Leu Ala Arg Asp Asn Leu Val dn
340 345 350 G n Ser Ala Qu Leu Ala Pro His Phe Qu
355 360 365 Gn dy Ala Lys

Lys Gly Leu Hi s Gly Leu

DA PE Gh Fe R A bid A
85 3090 395 40

n
Asp Leu%

Thr Arg Pro Phe

Lys Leu Trp An dn @y Phe Tyr Val

§

Ala dy 370
F&PYAsp Pro
uAla Ay Mt

Arg Phe Ay 405

Gly 2laddQ 41da10836-Asp &g theuryd B1PRerGne R0 athreiBhe Asn

Asa Arg Pro Au Gen 420 425 430 Lss Asp

Asp Al a Val

445 <210> 22 <211> 444

385
50 55 60

Arg Leu Phe

Gy Qu Ala Leu Asn Gy Ile Ala 435 440

<212> PRT <213> Pseudononas

Pro Thl’ é’é’Pu@]ﬂh&% APAdPl Qho@he 22roNBis Fhy et TsAYASIF*A u Pro
A n Ser Ser Set’Leu Asp Asn Phé®§rp 1 5 10 15 Met
Pro Phe Thr Ala Asn Arg G n Phe Lys Ala Arg Pro Arg

Gln Arg Glu Asn Leu Val Gln Ser Ala aAla Glu Leu Ala Pro
- 4158

405.

Glu Lys Leu Leu His
420

Arg Asn Tyr Gly Leu
435

Asp Ala Ile val Arg
450

Gly Phe Tvr Val Arg
465

Phe Asn Thr Thr Pro
485

Glu Asn Leu Asn Leu
500

<210> 20
<211> 460
<212> PRT

Gly Val Lys Gly Thr

2Ala Gly Ala Ile Gin

Pro

Phe

470

Gln

Ile

440

425

410

Tyr Glu val Ala

455

Gly Gly Aép Thr

Gln Leu Asp Arg

AsSp

<213> Pseudomonas aeruginosa PAQ1L

<400> 20

450

Lvs

Ile

Met

Leu

475

Leu

Asn Val

Ala Ala
445

Lys Leu
460

Gln rPhe

Phe Asp

Met Thr Ala Gln Leu Asn Pro Gln Arg Asp Thr Arg Asp

1 5

10

Leu Asp Ala Ala His His Ile His Ala Phe Leu Asp Gln

20

25

Asn Arg Glu Gly Pro Arg Val Met Val Arg Gly Asp Gly

-57-

val

430

Trp

Gly

Ala

Tyr

Lys
30

Leu

s w2 MBS0 S AR bt

Thr Ala Ay Leu Trp Cys Cys Asn Ala Ay Hs Ay Arg

His Phe
Asp Ile
Asp Gly
Lys Ala
Pro Thr

480

val Gly
495

Gln Gln
15

Ala Leu

Gln Leu



Trp

Cys

Arqg

His

Asp

Glu

Pro

145

Thr

Giy

© Ala

Leu

Ala

225

Pro

val

Glu

AsSp

50

Thr

Gln

Pro

His

Val
136

lGln

Leu

Gly

Asn

Gln

210

Phe

Gln

Leu

Trp

Arg Qu lle Ser u Ala vVal Ala Arg An Ile Ala Thr
Leu Asp Tyr 65 70 75 80 Ala Pro Pro Phe A n Met Ay
H's Pro Leu Pro Phe A u Lou Ala Ala 85 90 95 Arg Leu
Thr Au lle Ala Pro Pro Ser Lou Asn Lys Val Phe Phe
Thr 100 105 110 Asn Ser Gy Ser Qu Ser Ala Asp Thr
APa Leu Lys Ile Af% Leu Ala 115 #20 125 Tyr dn Arg
Ala lle dy An dy Thr Arg Thr Arg Leu Ile Ay Arg

5.14 Vo LY ' he Ay
& 18 R e9Y§/§§5‘c§“§“eL§‘ aeptins fﬁ%ﬁ%@ TR I
Asn Arg Lys Ala Phe Ser Ala Asn Leu Leu Pro Gy Val
165 170 175 Asp His Leu Pro H's Thr Leu Asp Val Al a
Acg 1AsNGIA ayPleey Thfs Vatl 2sp8Qul8k 2989 FayrlegePro G u
Hs Ay ValFo@Qu Lys Ala Auwsd u Leu Glu Arg8keu 195
200 205 Val Thr Leu Hs Ay Ala Qu Asn lle Ala Ala
Val I le Val Qu Pro 210 215 220 Mt Ser G)é Ser Ala
&Y VHICNatet &a° PrG W%A@s“eé Yreryre g B T™225 230
235 240 Arg Leu Arg G d'Ile Thr Arg Lys’His Ay Ile
Leu Leu Ile Phe Asp 245 250 255 du Val Ile Thr Ay
Bhe v WaAr g1Vaky @y vl a.BheiAba- A A pr260 265
2701809 Trp Ay Val Ma Pro Asp Leu Lew Thr Cys Al a
Lys Gy Leu Thr 275 280 285 -62 Asn Gy Ser Ile Pro

Met Ay Ala Val Phe Val Asp Qu Lys Ile His 290 295
BOQ Ser His Ala Ile Tyr Thr Asn Ser Gly Ser Glu Ala Asn
115 120 125

Leﬁ Ile Arg Thr Val Arg Arg Tyr Trp Gln Ile Leu Gly Lys
135 140

Lys Lys Ile Met Ile Gly Arg Trp Asn Gly Tyr His Gly Ser
150 155 160

Gly Ser Thr Ala Leu Gly Gly Met Lys Phe Met His Glu Met
165 170 175

Met Leu Pro Asp Phe Ala His Ile Asp Glu Pro Tyvr Trp Tyr
180 185 190

Gly Gly Glu Leu Ser Pro Ala Glu Phe Gly Arg Arg Ala Ala
195 200 205

Leu Glu Glu Lys Ile Leu Glu Leu Gly Ala Glu Asn Val Ala
215 220

Val Ala Glu Pro Phe Gln Gly Ala Gly Gly Met Tle Phe Pro
230 235 2490

Ser Tyr Trp Pro Glu Ile Gln Arg Ile Cys Arg Gln Tyr Asp
245 . 250 255

Leu Cys Ala Asp Glu Val Tle Gly Gly Phe Gly Arg Thr Gly
260 265 - 270

Phe Ala His Glu His Phe Gly Phe Gin Pro Asp Thr Leu Ser
275 280 285
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Ile

Leu

305

Ala

Ile

Arg

Gly

Ala

385

Glu

Val

Val

Ala Ala Phe Met A n Ay Pro An @y Ala Ile du Phe
Phe HHs Ay 305 310 315 320 Tyr Thr Tyr Ser Ay H's
Pro Val Ala Cys Ala Ala Ala Leu Ala Thr 325 330 335
Leu Asp Ile Tyr Arg Arg Asp Asp Leu Phe A n Arg Ala
Val Qu Leu 340 345 350 Gn @y Tyr Trp An Asp Al a
Leu Phe Ser Leu Arg Asp Leu Pro Asn 355 360 365 Val

al [l e Ar Val Gn
ne B ORrey S50 e ety o B 078, s

Arg Ay Tyr Asp VaI Phe G u Arg 385 390 395 400 Cys
Phe Trp Qu Hs Asp Leu Met Val Arg Val Thr Gy Asp

Gly Iye Ade14D%14160 v4th 1AL arVet1Setn 19 Erovhewnkl e |l e
Asp Lys Proiblis Ile Asp A n3ide 420 425 43G2val du
Arg Leu Ala A n Ala Ile Arg Ala Ser Val 435 440
<210> 23 <211> 468 <212> PRT <213> Pseudonobnas

His &érulgq%%l‘méfr Eodss ZyoNgrl Ash AAFlaM;&r ga{éﬂza Hs Ala
Thr Ser*$to Leu Ay Asp Aa Asp Leu 15 Val
Arg Ala Asp Gn Ala H's Tyr Met H's Gly Tyr H s Val

3 | L As
Ala AQIQ ﬁ%pL%OAla %%u }grgAﬁgp @&ﬁaﬁy%gééﬁgaﬁggo%rg |§|§e T)e/lrj Asg

Thr Ala Gly Asn Arg Tyr Lau Asp Ala Val dy Gy 50 55

60
Glu Glu Thr Gly Pro Tyr Leu Gln Arg Cys Leu Arg Glu Val Phe
355 360 365

Asp His Pro Leu Val Gly Glu val Gln Gly Ala Gly Phe Val Ala
370 375 380

Leu Gln Phe Ala Glu Asp Lys Val Thr Arg Lys Arg Phe Ala Asn
396 395 400

Asn Asp Leu Ala Trp Arg Cys Arg Thr Ile Gly Phe Glu Glu Gly
405 410 415

Ile Ile Arg Ser Thr Leu Gly Arg Met Ile Met Ala Pro Ala Leu
420 425 430

Ala Gly Arg Ala Glu Ile Asp Glu Leu Ile Asp Lys Thr Arg Tle
435 440 ' 445

Ala Val Asp Arg Thr Ala Arg Glu Ile Gly Val Leu
450 455 460

<210> 21

<211> 448

<212> PRT

<213> Pseudomonas aeruginosa PAQOL

<400>" 21

Vet
1

Asn Gln Pro Leu Asn Val Ala Pro Pro Val Ser Ser Glu Leu Asn
5 10 15

Leu Arg Ala His Trp Met Pro Phe Ser Ala Asn Arg Asn Phe Gln Lys

20 25 30

_59_



-63 Met Trp Cys Thr Asn Ile Ay Leu Ay Arg Gu GQu
Met Ala Arg Thr 65 70 75 80 Val Ala Gu Gn Thr Arg
Leu Leu Ala Tyr Ser Asn Pro Phe Cys Asp 85 90 95 Met
Ala Asn Pro Arg Ala Ile GQu Leu Cys Arg Lys Lau Ala
Gu Lou 100 105 110 Ala Pro G]¥ Asp Leu Asp Hi s Val
Asp Prppes | ¢ TH Vhrale dlachie S8y rFELiJSu 190 42525R a Val
A§5 Thr Ala Ile Arg Leu Met His Tyr Tyr G n Asn Cys
Arg 130 135 140 dvy Lys Arg Ala Lys Lys His Vval Ile
e T 4 y Ser
S R o v A S i B
Arg 165 170 175 Pro Ala GQu Phe Asp Phe Leu Asp Glu
Arg Ile Hs Hs Leu Ala Cys 180 185 190 Pro Tyr Tyr
Ala GlyTyis Aeg Naalfy ¢GlE eGsin Geu Cayvdd aldlzagGiin Phe Leu
65 195 200 20570 Asp Ay Leu Val7>Asp A u Phe G u8Arg Lys
IIe Leu u Leu Ay Al a 210 215 220 Asp Arg Val
Ala Phe 1le_ Ser Ay Pro V Phe 4 er. a 225
ety ol 338 BrosNars T U OB GO BOALE G Tt H s A
Arg Met Trp GQu Leu Cys 3 5 250 255 G n g Tyr Asp
Val Leu Tyr Ile Ser Asp Au Val Val Thr Ser Phe 260
Phe G1n26&: 2780 GuyLA grédaia@ly Hes 1RherRherAlcas Sen &n Al a
Val Bhe Ay Val A n 85 280 285 ProiAgsp Ile Ile Leu
Thr Ala Lys Ay Leu Thr Ser Ay Tyr A n Pro 290 295

300 :
His Val Phe Phe Thr Gly Ser Gly Ser Glu Cys Ala Asp Thr Ser Iie

115 120 125

Lys Met Ala Arg Ala Tyr Trp Arg Leu Lys Gly Gln Pro Gln Lys Thr
130 135 14¢

Lyvs Leu Ile Gly Arg Ala Arg Gly Tyr His Gly val Asn Val aAla Gly
145 150 155 160

Thr Ser Leu Gly Gly Ile Gly Gly Asn Arg Lys Met Phe Gly Gln Leu
165 170 175

Met Asp Val Asp His Leu Pro His Thr Leu Gln Pro Gly Met Ala Phe
180 185 180

Thr Arg Gly Met Ala Gln Thr Gly Gly Val Glu Leu Ala Asn Glu Leu
195 200 205 :

Leu Lys Leu Ile Glu Leu His Asp Ala Ser Asn Ile Ala Ala Val Ile
210 215 220

val Glu Pro Met Ser Gly Ser Ala Gly Val Leu Val Pro Pro Val Gly
225 230 235 240

Tyr Leu Gln Arg Leu Arg Glu Ile Cys Asp Gln His Asn Ile Leu Leu
245 250 255

Tle Phe Asp Glu Val Ile Thr Ala Phe Gly Arg Leu Gly Thr Tyr Ser
260 ‘ 265 _ 270

Gly Ala Glu Tyr Phe Gly Val Thr Pro Asp Leu Met Asn Val Ala Lys
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64 Leu Gy Ala Cys Ile Phe Ser Arg Arg Ile Trp G u Val
Ile Ala Gu 305 310 315 320 Pro Asp Lys Ay Arg Cys
Phe Ser Hs Ay Phe Thr Tyr Ser Ay His 325 330 335
Pro Val Ala Cys Ala Ala Ala Leu Lys Asn Ile Au lle
lle Qu Arg 340 345 350 Qu Ay Leu Leu Ala H's Ala
ASp> A u Val Ay A%GTyr Phe G u dd8> 355 360 365 Arg
Leu G n Ser Leu Arg Asp Leun Pro Ile Val Ay Asp Val

70, 37 t P s V Gu
in va1 bl Gl Gl Phl RaPido B off SasTuEl 808 Rsd00 A'a
Leu Phe Pro Qu Ser Leu Asn Ile Ay Qu Trp VaI H s
Leu Arg 405 410 415 Ala dn Lys Arg Ay Leu Lou Val
Glu IleAng RE® Thi-erRdaMetizsnlein As L¥al prod20: 425 2430vdket Ser
305 Pro Pro Leuwldd e Leu Thr Arg3Gu G n Val Asp & Val
Val 435 440 445 Arg Val Leu Arg Au Ser Ile Au Gu
Thr Val Fr) Leu Val Arg 450 455 460 Ala Ay His
Glu ’?heﬁt"?‘egr hb% Gl¥2'11YO’> i TYEZSPI’>A]4%613<E’Z£2‘5&1P§*F3 52’?3’51
Pseudondfids putida W19 3¥00> 24 Met Asrt’Ala Pro Phe
Gn Pro Gn Arg Asp Thr Arg Asp Tyr dn Ala 1 5 10 15

Ala Gly 36k ASD A & Al AsdHinse Hics A1 LaH Sshl &rPhe, kel Asp G n
Lys AlmLeu 345 350

Gln Ser Ala Glu Leu Ala Pro His Phe Glu Lys Gly Leu His Gly Leu
355 360 365

Gln Gly Ala Lys Asn Val Ile Asp Ile Arg adsn Cys Gly Leu ala Gly
370 375 380

Ala Ile Gln Ile Ala Pro Arg Asp Gly Asp Pro Thr Val Arg Pro Phe
385 390 395 “400

Glu Ala Gly Met Lys Leu Trp Gln Gln Gly Phe Tyr Val Arg Phe Gly
405 410 415

Gly Asp Thr Leu Gln Phe Gly Pro Thr Phe Asn Ala Arg Pro Glu Glu
420 425 _ 430

Leu Asp Arg Leu Phe Asp Ala val Gly Glu Ala Leu Asn Gly Ile Ala
435 440 445

<210> 22

<211> 444

<212> PRT

<213> Pseudomonas aeruginosa PA0L

<400> 22

Met Thr Met Asn Asp Glu Pro Gln Ser Ser Ser Leu Asp Asn Phe Trp
1 5 10 15

Met Pro Phe Thr Ala Asn Arg Gln Phe ILiys Ala Arg Pro Arg Leu Leu
20 25 30

Glu :Ser ala Glu Gly Ile His Tyvr Ile Ala Gln Gly Gly Arg Arg Ile
35 40 45
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20 25 30 Asn Ala Gu Gy Pro Arg val Ile Thr Arg Ay
GQu Arg Leu Tyr Leu -65 35 40 45 Trp Asp Asn Asp Ay
Arg Arg Tyr Leu Asp Ay Met Ser Gy Leu Trp 50 55 60
Cys Thr A n Leu Ay Tyr Gy Arg Lys Asp Lou Thr Al a
Al a Ala Ala 65 70 75 80 Ala dn Met Asp @ n Leu Al a
A(:%/ r AsnGl\/bt Phe Phe Hi s Thr Ilh 185 SQO 95 rHls Pro
o WAllf'e 14 [f{&ﬁpﬁf.s el AE%UMLeﬁ PRES Y T8 Lou
Pro 100 105 11D Gy Hs Tyr Set’ Hs Ala Ile Tyr Thr
Asn Ser Ay Ser u Ala Asn 115 120 125 du Val Leu
Arg clul11@ ALQ cIRraIMala ARG ALY dW rTE G tVabu Mab f8y A n
65 130 135 14G0 Pro Asn Lys LygsVal Met Ile dysArg Trp
Asn Gy Tyr Hs Gy Ser 145 150 155 160 ThrLeu Al a
Ala Thr Ala Leu Gy Ay Mt Lys Phe Met H's Gu Mt
Ala Pro 3% BIRQGLYBletGly @iy Hreuldd ErPrivessiy Vat 2Arahibi s Ile
Asp A udPro Tyr Trp Tyr 2480 185 190 Ala®®@u Ay Gy
Leu Thr Pro Ala Qu Phe Ay Arg Arg Cys Ala 195

0 5_.L ' I eu Ay

Arg Leu iflgxé EUI 2 %%@%r%&ﬁgﬁ%éu&e%H?E%%’séa? Eﬁ? P uT% a du

Pro Phe Gn Ay Ala Ay Ay Mt Ile Phe Pro 225 230

235 240 Pro Gu Ser Tyr Trp Pro Qu lle dn Arg Ille

Aasn Ser @yg Mrgcl seFyrl=Aspp 245 RAB0LAL5ysVale bbu LkewrlGys Al a
Agp Au Val Ile AyoQ@d@y Phe Ay Arg>Thr Ay

Leu Asp

Tvr Gln Arg Ala Ile Gly Gln Gly Thr Arg Thr Arg Leu Ile Gly Arg
130 135 140

Glu Leu Gly Tyr His Gly Val Giy Phe Gly Gly Leu Ser Val Gly Gly
145 150 155 160

Met Val Asn Asn Arg Lys Ala Phe Ser 2ala Asn Leu Leu Pro Gly Val
165 170 175

Asp His Leu Pro His Thr Leu Asp Val Ala Arg Asn Ala Phe Thr Val
180 185 190

Gly Leu Pro Glu Hig Gly Val Glu Lys Ala Glu Glu Leu Glu Arg Leu
195 200 205

Val Thr Leu His Gly Ala Glu Asn Ile Ala Ala Val Ile Val Glu Pro
210 215 220

Met Ser Gly Ser Ala Gly val Val Leu Pro Pro Lys Gly Tyr Leu Gln
225 - 230 ‘ 235 2440

Arg Leu Arg Glu Ile Thr Arg Lys His Gly Ile Leu Leu Ile Phe Asp
245 ‘ 250 255

Glu Val Ile Thr Gly Phe Gly Arg Val Gly Glu Ala Phe Ala Ala Gln
260 265 270

Arg Trp Gly Val Val Pro Asp Leu Leu Thr Cys Ala Lys Gly Leu Thr
275 280 285
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260 265 270 GQu Trp Phe Ala Hs Au Tyr Phe Ay Phe
A u Pro Asp Thr Leu Ser 275 280 285 -66 Ile Ala Lys
Ay Lou Thr Ser Ay Tyr Val Pro Met Ay Ay Leu Val
290 295 300 Lou Ser Lys Arg Ile Ala Qu Ala Leu Va
Gu Arg dy Ay Val Phe 305 310 315 320 Ala His dy
Ren Gly|Sey THY PTerese¥lsaA9aHfaé Pro VeI 2o G ATS VA Al a
290325 330 335 If& Ala Asn Leu Ly¥CAla Leu Arg Asp Qu
Gy Ile Val Arg G n VvVal 340 345 350 Lys Asp Asp Thr
Ala Als Cgh)é ﬁgto GIMrGlE'eHro G@n%rlg' }sia Ikg%lﬁr ﬁieGPHe Yﬁl &L 355
305 360 H's Pro Leyi4le Ay A n Valzfgdgn Gy
Al a Gly Leu Val Ala 370 375 380 Ala Leu G n Phe Al a
GQu Asp Lys Gy Ser Arg Lys Arg Tyr Ala Asn 385 390
Tyr Thr 395 480GLERIsAZre Aep Aleucyl aldrdaGiz Gys sArgMHENr Tyr
Ay Phe3@u Qu Ay 405 #00 415 Val |le3PPe Arg Ser
Thr Leu Ay Arg Met Ile Met Ala Pro Ala Leu 420 425

430 Val Ala Thr Hs d (%I i_ 1@ uVaI
reu 2ep 1fg Ty gTIE 45 Ll PG A % T
Arg y Leu Ay lle C&0 450 455 460 10> 25 <211>
459 <212> PRT <213> Pseudononas putida KT2440 <400>

Glu Gly'&§r Trp Gln Asp Alaz Leu Phe Ser Leu Arg Asp Leu Pro Asn
355 360 365

Val Val Asp Ile Arg Ala Val Gly Leu Val Gly Gly Val Gln Leu Ala
370 375 380

Pro His Ala Asp Gly Pro Gly Lyé Arg Gly Tyr Asp Val Phe Glu Arg
385 390 395 : 400

Cys Phe Trp Glu His Asp Leu Met Val Arg vVal Thr Gly Asp Ile Ile
405 410 415

‘Ala Met Ser Pro Pro Leu Ile Ile Asp Lys Pro His Ile Asp Gln Ile
420 425 430

val Glu Arg Leu Ala Gln Ala Ile Arg Ala Ser Val
435 440

<210> 23

<2il> 468

<212> PRT

<213> Pseudomonas aeruginosa PAOL

<£00> 23
Met Asn Ala Arg Leu His Ala Thr Ser Pro Leu Gly Asp Ala Asp Leu

1 5 10 15

val Arg Ala Asp Gln Ala His Tyr Met His Gly Tyr His Val Phe Asp
20 - 25 30

Asp His Arg Val Asn Gly Ser Leu Asn Ile Ala Ala Gly'Asp Gly Ala
35 : 40 45 :

Tyr Ile Tyr Asp Thr Ala Gly Asn Arg Tyr Leu Asp Ala Val Gly Gly
50 55 60
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Met Trp

65

val

Met

Ala

Giy

145

Gly

Pro

Pro

Asp

Asp

225

val

Gln

Gly

Pro

130

Lys

Ser

Ala

Tyr

Gly

210

Aryg

Ile

Arg

Arg

Asp
290

Met
Al a

H's Arg G u. Val
Ala Arg Ay Asp dy Val
Asn Ala 35 40 45 Tyr
Ser Ala Ala Leu Gy Phe Ser

\7%"58€§P ‘Pé? %‘é@lr ¢

Ser Thr H s Ser Ser Thr Val
15 10 15 Hs Pro Asn Thr Asn Leu Ala A n
20 25 30 -67 lle

Leu Ile

Va
i &

I
°S

SYeh &

@y Pro Leu Val
Arg Val
Ile Au Ala Net Ser Ay Leu Trp

@ n Asn Asp Leu Ala

Phe Asp Gu Gn Qy

50 55 60 GQu dn Arg Lou

o Gty et

Leu Pro

KF9

65 70
Ala Pro

Ala Ala Ala Leu 85 90 95 Ala Ala Lys Lou Ala Ala Lou
100 105 110 Phe
ala B AenTHerrd YeuSetu @i AasAsnsASiroSere Yak MA@l Lys

Met Val 85115 120 125 Trgp Tyr Val
Arg Pro Ala Lys Lys Lys Phe Ile 130 135 140 Ser Arg
A@n dn Ala Tyr
Ala |Asg PrBrg 30215% $HD LeTHivsGhrys IUve ProrBeflndteuHi s Arg
Pife Asp Leu Pro Afa Ile Pro 165 1¥% 175 Vval Hi s
His Leu Thr Cys Pro Asn Phe Tyr Arg Phe Ala Arg Pro

Ala Pro Gy Asp Leu Asn Hi s Val

Asp

8
Ala Pro Eéﬁ ]X]Jc’ag?&s}%gﬁj}ﬁ%%u
Ala AQu @y Pro Qu Thr

210 215 220 Pro Val

Arg

Thr

Glu

Tyr

195

Leu

vVal

val

Tyr

Leu

275

Ile

Ala Lys Lys
150

Phe Leu Gly
165

Phe Asp Phe
180

Tyr Arg Ala

val Asp Glu

Gly Ala Phe
230

Pro Pro Ala
245

Agsp Val Leu
260

Gly His Phe

Ile Leu Thr

135
His
Met
Leu
Pro
Phe
215
Tle
Gly
Tyr

Phe

Ala
295

Val
Ser
Asp
Glu
200
Glu
Ser
Tyr
Ile
Ala

280

Lys

& A 10850 S5

Ile Ala Ala Phe Ile Ay Qu

Phe

Hs Ay Ala Thr Val

Asn AsnsAla Leu Ay

Ala Ala Al a Ser

rrpyal Arg
yr Ile Leu

Ile Ala Ala Ay Gy Val Ile Pro
val Rep TroATEhnl&argTyau Tep HiZ228230r 235 &40Cys Arg

Ile Thr

Arg
155

140

Ile

Leu Gly Gly Lys

170

Glu Arg
185

Gly_Leu
Arg Lys
Glu Pro
His Arg

250

Ser Asp
265

Ser Gln

Gly Leu

Ile

Gly

Ile

val

235

Arg

Glu

Ala

Thr
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His

Glu

Leu

220

Phe

Met

val

Val

Ser
300

Asn

Ser

His

Ala

205

Glu

Gly

Trp

val

Phe

285

Gly

Ala
Ala
Lieeu
190
Glu
Leu
Ser

Glu

Thr
270

Gly

Tvr

Tvr

Asp

175

Ala

Phe

Gly

Gly

Leu

255

Ser

val

Gln

His

160

Arg

Cys

Leu

Ala

Gly

240

Cys

Phe

Gln

Pro



Leu
305
Pro

Pro

Gl

b

Met
385

Ala

Ala

Met

Arg

Ala
465

Ala Ala lle @n Ala Val Cys Lys Arg Tyr Asp Ile Leu
Val Val Ile 245 250 255 Asp GQu lIle Ile Thr Ay Phe
Gy Arg Leu Ay Thr Met Phe Ay Ser 260 265 270 A n
Leu Tyr Gy Ile dn Pro Asp Ile Met Val Leu Ser Lys
G@n Leu -68 275 280 285 Thr Ser Ser Tyr Gn Pro Leu

Ala Ala Val Val Val Ser Asp Ala Met 290 295 300 Asn
Wty G LePNaPoserIai St TP B ldie @y W phe
Ala H's 3057310 315 320 @%°Leu Thr Cys Tht*Qy His

Pro Val Ala Thr Ala Val Ala Leu 3 u 325 330 335 Asn
aspl 1 BiQ abrbecysl enOsdr Gl Ay pﬁ@pph&e@T ~Vabr @1y s Val

G n His32840 345 350 Leuz@A a Pro Val Phe 3@5n Arg His

Leu Arg Ala Phe Qu Asp Hs Pro 355 360 365 Leu Val

Gy Asn Val Arg Ay Val Gy Leu Met Ay Aylle GQu Leu
ValSPVl@l S75 A38(hlaVala Aba IASpAiy §1A|GRuThie Atg QTA®Rr o Phe

Ala &h Pro Gy Thr 1388 385 390 395 400 dy dy Tyr

Val Phe Lys An Ala His Lys Hs Ay Leu lle Ile Arg

civ S 140:43% 0 e USRI LE Bha Feys o

a lle Phe Ser Ala Phe Au Arg Thr Leu Ala Asp 435
440 445 Ala Thr Asp Trp Ala Arg Ser G n H's Leu Leu
Leu 4850 465Lex219>220L2 Pty #AQ0val Gly Asp val Arg Gly

© 370 375 380

Arg Phe Met Ala Cys Val Glu Phe Val Ala Asp Lys Ala Ser Lys
390 395 400

Leu Phe Pro Glu Ser Leu Asn Ile Gly Glu Trp Val His Leu Arg
405 410 415

Gln Lys. Arg Gly Leu Leu Val Arg Pro Ile Val His Leu Asn Val
420 425 430

Ser Pro Pro Leu Ile Leu Thr Arg Glu Gln Val Asp Thr val val
435 4490 445

Val Leu Arg Glu Ser Ile Glu Glu Thr Val Glu Asp Leu Val Arg
450 455 460

Gly His Arg

<210> 24
<211> 460

. <212> PRT

<213> Pseudomonas putida W619

<400> 24

- Met Asn Ala Pro Phe Gln Pro Gln Arg Asp Thr Arg Asp Tyr Gln Ala

1

5 10 15

Ser Asp Ala Ala His His Ile Hig Ala Phe Leu Asp Gln Lys Ala Leu

20 ' 25 ) 30

Asn Ala Glu Gly Pro Arg Val Ile Thr Arg Gly Glﬁ Arg Leu Tyr Leu
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Trp

Cys

Ala

His

Gly

Glu

Pro

145

Thr

Gly

Ala

 Leu

Gly

225

Pro

Val

Glu

<212> PRT <213> Pseudononas putida W19 <400> 26 Met
Arg Ile Ser Ser Val Ser Ser Ala Pro Ay Ser Val Ser
Ser Cys 15 10 15 Cys Leu Leu Cys Asp A n Pro Leu
Arg Pro Pro Ala Ay Ay Leu Trp 20 25 30 -69 Thr Leu
G u Lys Hs Mt Ser Val Lys Asn Pro G n Thr Arg Asp
'?rsp 35 40 45 A n®%thr Leu Ser Ay B u H's Hs Leu Ala
Pro Phe Ser Asp Tyr Lys 50 55 60 dn Leu Lys Gu Lys
le | S 5 70 75
ree gt et Rl S WO R ESY e Tl Ao
Ay Mt Ala Gy 85 90 95 Leu Trp Cys Val Ala vVal Ay
Tyr Ay Arg Qu Gu Leu Val G n Ala 100 105 110 Al a
Thr Gy LapsclE MyMetlvArgy Gl Aspurdr ghd\WlaTyka Abm 2leu Phe
Phe G n 1%8 120 125 Thr Afa His Pro Pro A8 Leu Qu
Leu Ala Lys Ala Ile Thr Asp Val 130 135'140 Ala Pro
H s Val Phe Phe Thr Gy Ser Gy Ser
¢ln éeb Asf4 1“1%6“ f%% E%rowﬁggnﬁ&‘% RE% P?ﬁrH\?aghlLé“BrAr g Met
Val Arg Hi s Tyr Trp Al a Leu Lys 165 170 75 Gy Lys
Pro An Lys Gn Thr Ilelle Ay Arg Ile Asn Gy Tyr
pro S va1881e18Dy 12Q &3y cSefetfewVake Aka EuyrAl @rSer Leu
Ay @Gy Met Ser Ay Med His 195 200 205 Gu An dy
Gy Leu Prolle Pro Gy Ile Val Hs Ile Pro Gn Pro

His Tyr Ser HlS Ala Ile Tyr Thr Asn Sex Gly Ser Glu Ala Asn
115 120 125

Val Leu Ile Arg Thr Val Arg Arg Tyr Trp Gln Val Val Gly Gln
130 135 140

Asn Lyvs Lvs Val Met Ile Gly Arg Trp Asn Gly Tyr His Gly Ser
150 155 160

‘Leu ala Ala Thr Ala Leu Gly Gly Met Lys Phe Met His Glu Met

165 170 175

Gly Leu Ile Pro Asp Val Ala His Ile Asp Glu Pro Tyr Trp Tyr
180 . 185 190

Glu Gly Gly Glu Leﬁ Thr Pro Ala Glu Phe Gly Arg Arg Cys Ala
195 200 205

Gln Leu Glu Glu Lys Ile Leu Glu Leu Gly Ala Glu Asn Val Ala
210 215 220

Phe Val Ala Glu Pro Phe Gln Gly Ala Gly Gly Met Ile Fhe Pro
230 235 240

Glu Ser Tyr Trp Pro Glu Ile Gln Arg Ile Cys Arg Gln Tyr Asp
245 250 255

Leu Leu Cys Ala Asp Glu Val Ile Gly Gly Phe Gly Arg Thr Gly
260 265 270

Trp Phe Ala His Glu Tyr Phe Gly Phe Glu Pro Asp Thr Leu Ser
275 280 1285
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His (U AgThT EYESEIARY &t ReuValy e 1A

380 Ly§ Val Arg Thr @ ¢*Val Ala Pro Tyr

215 220 Tyr Trp Phe dy AQu Ay Gy Asp Met Ser
Asp Asp Phe Ay Val 225 230 235 240 Trp Ala Al a
A@n Leu Qu Lys Lys Ile Leu u Val Ay Gu Asp
250 255 Asn Val Ala Ala Phe Ile Ala Qu Pro Ile
GIyAIaGIyGIyVaI 260 265 270 70 Ile Ile Pro

Thr Tyr Trp Pro Lys Val Lys Qu Ile Leu Al a

28 Yy l.e Lo Val. Al p Gu
%fy . 5rh §er #sy @Q Jaigﬁrcég%g}%é’ éJ,7-)\? Le‘?tyr%ﬁ(} y u
Phe Gly Ser Asp Tyr Tyr Asp Leu Lys Pro Asp 305
315 320 Leu Met Thr Ile Ala Lys Ay Leu Thr Ser
Ay 11d e1PrauVeta Gey BAScB30r338y @w v¥alehkl e Val
Asp Lysival Ala Lys Val3l®au Ser Gu Ay3@y 340
350 Asp Phe Asn Hs @y Phe Thr Tyr Ser Ay His

Val Ala Ala Ala 355 360 365 Val Leu A u Asn
% 2490 375

u @n Lys
Leu Arg Gu 385 390 395 400 Leu Gn Asp His Pro

ala 'n@H ﬂé%' &3 )&19 Lléuvﬁxlg ALY C@uyGlljﬁlflg\bélL% keu 495 410

&y Ala lle Quikeu Val Lys Asp 136 Ala Ser Arg
Arg Tyr Qu 420 425 430 Ay Lys Gy Val dy Met
Cys Arg Asn Phe Cys Phe Asp Asn Ay 435 440 445

Asp ep THreCNEEPrArTyrAlen Vit AEbyIlss peITWQI\}@tu V¢ PREe Al a
PP® Pro Leu 360

Pro Leu Ile Gly Gln Val Gin Gly Ala Gly Leu Val Ala
375 380

Phe Ala Glu Asp Lys Gly Ser Arg Lys Arg Tyr Ala Asn
390 395 400

Leu Ala Trp Gln Cys Arg Thr Tyr Gly Phe Glu Glu Gly
405 410 415

Arg Ser Thr Leu Gly Arg Met Ile Met Ala Pro Ala Leu
420 425 430

His Gly Glu Leu Asp Glu Leu Val Asp Lys Thr Arg Ile
‘ 440 445

Arg Thr Ala Arg Gly Leu Gly Ile ZLeu
455 460

Pseudomonas putida KT2440

210
Pro
Au
245
Gn
Pr o
Ile Ala
290 éﬁ
Trp
310
Leu Ser @y}é
305 Arg
345
Pro
Ala
Arg
Iie
Ser
Val
Lys
Ala Asn His
370
Ala Leu Gln
385
Glu Asn Asp
Val Ile Ile
val Ala Thr
435
Ala Val aAsp
450
<210> 25
<211> 459
<212> PRT
<213>
<400> 25

Met Ser Thr His Ser Ser Thr Val Gln Asn Asp Leu Ala Ala Leu Ile .

1

5 10 15

His Pro Asn Thr Asn Leu Ala Gln His Arg Glu Val Gly Pro Leu Val

20 25 30
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450 455 460 Val Ile Ser Hs Ala Au Val Asp Qu Leu
Val Qu Lys Ala Arg Lys 465 470 475 480 Cys Leu Asp
Leu Thr Leu Gu Ala Ile Arg 485 490 <210> 27 <211>
457 <212> PRT <213> Streptomyces coelicolor A3(2) -71
<400> 27 Met Ser Thr Asp Ser Pro L Leu Ser Arg
Tle MaThys AR PSS i-HASS 570 A5 Sl TRy NET M Phe
Tit Arg Met Ser SéP Tyr G u Asn Al&’Pro Val 20 25 30
Pro Thr Ile Val Arg Ay AQu Gy Thr His Ile Tyr Asp
Veurd Ty nd a.leu Al a
Tyr Ile?ﬂl %yas MgﬁeSe\J;aél g.eﬂgl‘fr%r %Ief;‘rAgay?g MG@%% QH%/S dy Arg
Gn Glu Leu Ala GQu Thr Ala Ser Lys Gn Ala Gn Qu
65 70 75 80 Leu Ala Phe Phe Pro Val Trp Ser Tyr Ala
Glu GlnHigr Pewo VY SAsAl ala/alla Gad 856: 80n Fhe LwuGAk de@ R¥cArg Leu
65 Ala Asn A Uu0Ala Pro Ay Asp7beu Asn Lys Val 80100 105

110 Phe Phe Thr Thr Ay Ay GIy Au Ala Val du Thr
Tyr Phe Lys

Ala Trp Lys Leu 115 120 125

e e T S S e i R ey AT 306 g
Ile Ser g Ala Val Ala Tyr Hs Ay Thr Pro Gn Qy
Ala Leu Ser 145 150 155 160

Ala Ala Lys Leu Ala Ala Leu Ala Pro Gly Asp Leu Asn His Val Phe
100 105 110

Phe Thr Asn Ser Gly Ser Glu Ala Ash Asp Ser Val val Lys Met Val
115 120 125

Trp Tyr Val Asn Asn Ala Leu Gly Arg Pro Ala Lys Lys Lys Phe Ile
130 135 140

Ser Arg Gln Gln Ala Tyr His .Gly 2Ala Thr val Ala Ala Ala Ser Leu
145 150 155 160

Thr Gly Ile Pro Ser Met His Arg Asp Phe Asp Leu Pro Ala Ile Pro
165 170 175

Val His His Leu Thr Cys Pro Asn Phe Tyr Arg Phe Ala Arg Pro Gly
180 185 i90

Glu Ser Gln Glu Ala Phe Thr Val Arg Leu Ala Asn Glu Leu Glu Arg.
' 195 200 205

Tyr Ile Leu Ala Glu Gly Pro Glu Thr Ile Ala Ala Phe Ile Gly Glu
210 215 220

Pro Val Ile Ala Ala Gly Gly Val Ile Pro Pro Pro Thr Gly Tyr Trp
225 230 235 240

aAla Ala Ile Gln Ala Val Cys Lys Arg Tyr Asp Ile Leu Val Val Ile
245 ' 250 255

Asp Glu Ile Ile Thr Gly Phe Gly Arg Leu Gly Thr Met Phe Gly Ser
' 260 7 265 270

Gln Leu Tyr Gly Ile Gln Pro Agp Ile Metlval Leu Ser Lys Gln Leu
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Ile Thr Gy Leu Pro Ala Leu Lys Ala Pro Phe Qu Pro
Leu Val Pro 165 170 175 dy Ala H's Lys Val Pro Asn
Thr Asn Ile Tyr Arg Ala Pro Ile H's 180 185 190 Ay
Asp Asp Pro Gu Ala Tyr Ay Arg Trp Ala Ala Asp G n
Ile Qu 195 200 205 Gn Gnlle Leu PheGu Gy Pro

d’3 Thr Vval

Al a A& val

Phe Leu 214%°215 220 Gn Pro

Val Gn Asn Ala Gy Ay Cys Phe Pro Pro Pro Pro Ay

e s O R Pt

Asp du Val

=)
sAS
Ile Cys Ala Phe Ay Arg Leu Ay Thr Thr

g{,‘a"@g? L8}

Le

e

o UG 586 555 ser

Phe Ala 260 265 270 Cys Asp Lys Phe Ay Tyr Val Pro
Asn Asp Aep Met vél sefhilnCysr Alla Argsrdd p1Y 25a28(: 285 xidkt Thr
Prolle Gy3lWa Cys Val Ile3&r Asp

305 Ser Ay TyRl®er

Arg 290 295 300 Leu Ala G u Pro Phe Tyr Lys Ay Asp

Thr Phe Leu Hs d
hprg e St 4
0 335 Asp Leu Ph
Leu Asp Asn Au 3

Gly Leu @g ("@h Ta

Leu 325°

dn H s Val

¥ b

3
a A

e Gu Arg du

05 310 315 320_. Thr Phe
A'vdr dy fretha s

y Leu Asn
40 345 350 Ay Ala Phe

asn Ile Abg Akarithb1d o QA Ay bYS k8 81 AsBs LY Erpxite Val

355 360 365 dy Aspsyal

Gy lle Au Leu Val

Lys A u Ser
Leu Ala Bog V305Pig0plr Arg
355

Leu Val Gly Asn Val
370

Val Ala Asp Lys Ala
385

Gly Gly Tyr val Phe
403

Ala Tle Tyr Asp Thr
420

Asp Asp Ile Glu Ala
435

Ala Thr Asp Trp ala
450

<210> 26
<211> 4990
«<212> PRT

Arg

Thr

390

Lys

Ile

Ile

Arg Ay Asn 3oy Phe Phe Tyr

Lys 370 375 380 Asp Lys Ala Thr

Phe Asp Gu Qu Au Thr Au Arg Val 385

His Leu Arg Ala Phe Glu Asp His Pro

360

Gly Val

375

Arg Gln

Gin

Ala

Phe

Ser
455

Ala

Phe

Ser

440

Gln

<213> Pseudomonas putida W61l9

<400> 26

Met Arg Ile Ser Ser Val Ser Ser

1 5

Cys Leu Leu Cys Asp Gln Pro Leu

20

Gly Leu

Pro Phe

His Lys
410

Cys Pro
425

Ala Phe

His Leu

Ala Pro
10

Arg Pro
25

Met

ala

395

His

Pro

Glu

Leu

Gly

365

Gly Gly Ile Glu Leu
380

Glnr Pro Gly Thr Leu
400

Gly Leu Ile Ile Arg
415

Leu Ile Thr Thr Gln
430

Arg Thr Leu Ala Asp
445

Ser Val Ser Ser Cys
15

‘Pro Ala Gly Gly Leu Trp
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Thr

Gin

Gln

65

His

Leu

Ala

Thr

Ala

145

Gly

Gly

Gly

Glu

Tyr
225

Trp

Asn

Leu Tyr Gy Phe Leu Ser Lys Lys Leu Phe Qu Asn Ay
Lein Tyr Cys 405 410 415 Arg Ala Asp Asp Arg Ay Asp
Pro Val Ile Gn Leu Ala Pro Pro Leu 420 425 430 Ile
Ser Asn A n GQu Thr Phe Asp Gn lle Au d@n Ile Leu
A«g Ala 435 440 445 Thr Leu Thr u Ala Trp Thr Lys
50 455 <210> 28 <211> 459 ' ..  <212> PRT <213>
X %’E’orryce%ﬂaver Va% | % AR AR S0 T 2AB0PoB et Gy
Asn Pro Ile Ala Val Ser Lys Asp Leu Ser Arg Thr Ala
Tyr 15 10 15 Asp His Leu Trp Met H's Phe Thr Arg
ThrMeiu Ser cSercilyni GmisAsih Ala p20 22 30 aBponValysPro Thr
50 1le Val Arg AysAu @y Thr Tyrsolle Tyr Asp Asp 35 40
45 Lys Ay Lys Arg Tyr Leu Asp Gy Leu Ser Ay Lou Phe
Val Val Gn 50 5560 Ala dy Hs Ay Arg Thr Qu Leu
Leu fjvg @y LTﬁrGlAq BrppesIile G TAF dvse8la7@ly$igovald n d u
Leu Ala Phe’%Phe Pro Vval Trp’Ber Tyr Ala His $ro Lys
Ala 85 90 95 Val GQu Leu Ala Gu Arg Leu Ala Asn Tyr
0 | ..Bhe Phe
Leu A‘tlre; géhl:? S@E‘yGlﬁ‘S(leé%Hs ﬁe g\ggéalélgl‘r{f{gé&yg 115
O 125 Lys Leu Ala Lys n Tyr Phe Lys Leu G n Ay

Lys Pro Thr Lys Tyr
Trp Cys Val aAla Val Gly Tyr Gly Arg Glu Glu Leu Val Gln Ala
160 105 110

Le

Glu Lys Gln Met Arg Giu Leu Pro Tyr Tyr Asn Leu Phe Phe Gln
115 120 125

Ala His Pro Pro Ala Leu Glu Leu Ala Lys Ala Ile Thr Asp Val
130 135 140

Pro Glu Gly Met Thr His Val Phe Phe Thr Gly Ser Gly Ser Glu
150 155 160

Asn Asp Thr Val Leu Arg Met Val Arg His Tyr Trp Ala Leu Lys
165 170 175

Lys Pro Gln Lys Gln Thr Tle Ile Gly Arg Ile Asn Gly Tyr His
180 185 190

Ser Thr Val Ala Gly Ala Ser Leu Gly Gly Met Ser Gly Met His
195 200 ) 205

Gln Gly Gly Leu Pro Ile Pro Gly Ile val His Ile Pro Glan Pro
210 - 215 220

Trp Phe Gly Glu Gly Gly Asp Met Ser Pro Asp Asp Phe Gly Val
230 235 240

Ala Ala Glu Gln Leu Glu Lys Lys Ile Leu Glu Val Gly Glu Asp
245 250 255

Val Ala Ala Phe Tle aAla Glu Pro Ile Gln Gly Ala Gly Gly val
260 265 270
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130 135 140 Lys Val Ile Ser Arg Ala vVal Ala Tyr Hi s
Ay Thr Pro dn @y Ala 145 150 155 160 Leu Ser Ile

Thr Ay Leu Pro Ala Leu Lys Ala Pro Phe Gu Pro Leu

165 170 175 VaI Pro Ay Ala Hs Lys Val Pro Asn Thr

Asn a Pro 180 185 190 Leu Phe Ay Asp

Tle Ileﬁg BF% G@X A gyrpggpdrf Ry VFE A P%B AT ASE BT 195
205 Ile Qu A dnile Leu GQu dy Pro Qu

Thr val Ala Ala Val 210 215 220 Phe Leu A u Pro Val

Lys Tyr QSB AN LA, o ValGAYa EILEVE[ OIlBr@%/;)E;@y @ Gl%25 230
290235 240 -74 Gygs Tyr Phe G n ArgoVal Arg Au Ile Cys

- Asp @n Tyr Asp Val Leu 245 250 255 Leu Val Ser Asp

GQu val Ile Cys Ala Phe Gy Arg Leu Ay Thr Met 260

Arg Thr 745 QIO TriPHaefly €ys AappTuySyPherd@ep Tys FvalAsPro Asp
305 I\/Et Ile Thrilys Ala 275 2803285 Lys Ay Met32Phr Ser
y Tyr Ser Pro lle Ay Ala Cys Ile Val Ser 290 295

%%9 bl I &Y By B S0e g e ¥ PSR 050,

Gy Hs Pro Val Ser AIaAIaVaI GIyVaI a 325 330
335 Asn Leu Asp Leu Phe Qu Arg Gu Gy Leu Asn A n
Gly val Hils WAl ateasAgys 840 A345,350a1As8u @et Sar oY &1Phe Leu
Thr 3B8r Leu G n Lys Béd H s Asp Leu PP 355 360 365
Il e Val Gly Asp Val Arg Ay Asn Gy Phe Phe Tyr Ay

lle Qu L

Asp Phe Asn His Gly Phe Thr Tyr Ser Gly His Pro Val Ala Ala Ala
355 360 365

Val Gly Leu Glu Asn Leu Arg Ile Leu Arg Glu Glu Lys Ile Val Glu
370 375 380

Lys Vel Arg Thr Glu vVal Ala Pro Tyr Leu Gln Lys Arg Leu Arg Glu
385 390 395 400

Leu Gln Asp His Pro Leu Val Gly Glu Val Arg Gly Leu Gly Leu Lieu
405 410 _ 415

Gly Ala Ile Glu Leu Val Lys Asp Lys Ala Ser Arg Ser Arg Tvyr Glu
420 425 430

Gly Lys Gly Val Gly Met Val Cys Arg Asn Phe Cys Phe Asp Asn Gly
435 440 445

Leu ¥le Met Arg Ala Val Gly Asp Thr Met Ile Ile Ala Pro Pro Leu
450 455 " 460

Val Ile Ser His Ala Glu Val Asp Glu Leu Val Glu Lys Ala Arg Lys
465 470 475 ) 480

Cys Leu Asp Leu Thr Leu Glu Ala Ile Arg
485 490

<210> 27

<211> 457

<212> PRT

<213> Streptomyces coelicolor A3(2)
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- 370 375 380 Val Lys Asp Lys Ala Thr Lys du Thr Phe
Thr Asp Au Qu Ser Au 385 390 395 400 Arg Val Leu
Tyr Ay Phe Val Ser Lys Lys Leu Phe GQu Tyr Gy Leu
405 410 415 Tyr Cys Arg Ala Asp Asp Arg Ay Asp Pro

Ile A@n Leu Ser Pro 420 425 430 Pro Leu Ile Ser

<400> dn Ser Thr PheAspGIuIIeGIuSerIIeIIe 435

Met

Leu

Pro

Arg

His

65

Leu

Leu

Phe

Ala

Ile

145

Ile

Gly

Gly

Gln

Glu
225

4 44 Ar Leu,Thr G4 Thr s Leu
sex %6 %%Serz%? %ffu rﬁz#‘i%ﬁyp RS
StreptorTyces avermtl lis MA 4680 <400> 29 Met Thr Pro
Gn Pro Asn Pro Gn Val Gy Ala Ala Val Lys Ala Ala 1
Trp MelOHiH phdSrAgy Aka ddirssddalryPhmuHis: Ses ribpvaSer Al a
Gn@u Leu lle Asp 268 25 30 Pro Leu3fd a Val Ala vy
Ala Au @y Ser Tyr Phe Trp Asp Tyr Asp 35 40 45 dy
Arg Arg Tyr Leu As? Phe Thr Ser GX Leu Val Phe Thr
Thr AE%F‘I YafleAr%d;lESG%’OG AP &% M s Elﬁrésfwé’s\/‘%}ly Val Al a
A’a lle Gn du G'h Ala Ala 65 7075 80 Ser Leu Thr
Thr Phe Ala Pro Ala Phe Ala Val Qu Ala Arg Ser Ju 85

Arg gfg'rgr_.%u & aLé%r glal—%ﬂ Iﬂ.e% ﬁll@\iglu\/zﬁr glr&”@ﬁ_a F8,"19 da y Asp
50 Leu Asp Lys 100 1 5 110 40

Gly Arg Gin Glu Leu Ala Glu Thr Ala Ser Lys Gln Ala Gln Glu
70 75 80

Ala Phe Phe Pro Val Trp Ser Tyr Ala His Pro Lys Ala Val Glu
85 90 95

Ala Glu Arg Leu Ala Asn Glu Ala Pro Gly Asp Leu Asn Lys Val
100 105 110

Phe Thr Thr Gly Gly Gly Glu Ala Val Glu Thr Ala Trp Lys Leu
115 120 125

Lys Gln Tyr Phe Lys Leu Thr Gly LYS Pro Thr Lys Tyr Lys Val
130 135 140

Ser Arg Ala Val Ala Tyr His Gly Thr Pro Gin Gly Ala Leu Ser
150 155 160

Thr Gly Leu Pro Ala Leu Lys Ala Pro Phe Glu Pro Leu Val Pro
165 170 175

Ala His Lys Val Pro Asn Thr aAsn Ile Tyr Arg Ala Pro Ile Hig
180 - 185 190

Asp Asp Pro Glu Ala Tyr Gly Arg Trp Ala Ala Asp Gln Ile Glu
195 200 205

Gln Ile Leu Phe Glu Gly Pro Glu Thr Val Ala Ala Val Phe Leu
210 215 220 :

Pro Val Gln Asn Ala Gly Gly Cys Phe Pro Pro Pro Pro Gly Tyxr
230 . 235 240
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Fhe

Ser

Cys

Met

Leu

305

Thr

Asp

Gly

Gly

Asp

385

Leu

Arg

Ile

PhePhe Thr Asn Ay Gy Ala Asp Alalle GQu Hs Ala Val
Arg Met 115 120 125 Ala Arg Ile His Thr Ay Arg Pro
Lys Val Leu Ser Ala Tyr Arg Ser 130 135 140 Tyr His
Gy Ay Thr Gn Gn Ala Val Asn Ile Thr Gy Asp Pro
Arg 145 150 155 160 Arg Trp Ala Ser Asp Ser Ala Ser
o1 Al a GI¥ VaIGVaI 1Hi s Phe Trp Ala 165 170 175 Pro Tyr
L&t 1Y 9okl i\rcd'SP?@'g NFAE e &h an
Gu 18 f85190Q/sGIu g Ala Leu Au H's Leu Gu
Thr Thr Ile Ala Phe Au dy 195 200 205 Pro Gy Thr
aspl b8y AhB Abkac)d R1¥ahelel G4 LIBreNAPHe-Gre A1y Al a
210 285 220 dy lle Mt Val Pro Pro Bro Ay Tyr Leu
Ala Gy Val Arg Qu Leu -76 225 230 235 240 Cys Asp
Lys Tyr Gy Ile Val Phe Val Leu Asp Gu Val Mt Ala
Asp@y Phs RBOT258al Phe AgpyMey Gl¥HrGrys @la ThispGPRhe Al a
A2 Asp Leu Phe Af%val Thr 260 28% 270 Pro Asp Leu
Met Thr Phe Ala Lys Gy Val Asn Ser Gy Tyr Val Pro

L y,.Val. Al.a.l er Gy Lys lle

o it G0 7ok e BT B b eRIot REL RPRR pro

Gy Gy Leu Thr Tyr Ser Ay H's Pro Leu Ala Cys 305

310 315 320 Ala Ala Ala vVal Ala Thr Ile Asn Val Mt

AlaAlla Starie ry@ yyaValy Vab 8251830h33%u Ghia cAsnmAl a Al a

Asn Leu G y¥lAla Arg Val Ile3Gu Pro Ay Leu #®og 340
345 350 :

Phe Gly Gly His Pro Val Ser Ala Ala Val Gly Ile Ala Asn Leu
325 330 335

Leu Phe Glu Arg Glu Gly Leu Asn Gln His Val Lreu Asp Asn Glu
340 345 350

Ala Phe Arg Ala Thr Leu Glu Lys Leu His Asp Leu Prc Ile Val
355 360 365

Asp Val Arg Gly Asn Gly Phe Phe Tyvr Gly Ile Glu Leu Val Lys
370 375 380

Lys Ala Thr Lys Glu Ser Phe Asp Glu Glu Glu Thr Glu Arg val
350 395 - 400

Tyr Gly Phe Leu Ser Lys Lys Leu Phe Glu Asn Gly Leu Tyr Cys
405 410 415

Ala Asp Asp Arg Gly Asp Pro Val Ile Gln Leu Ala Pro Pro Leu
420 425 430

Ser Asn Gln Glu Thr Phe Asp Glu Ile Glu Gln Ile Leu Arg Ala
435 440 445 ‘

Thr Leu Thr Glu Ala Trp Thr Lys Leu
- 450 455

<210> 28

<211> 459

<212> PRT

<213> Streptomyces avermitilis MA 4680
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Gu Leu Ala GQu Arg H's Pro Ser val Ay GQu Val Arg
Gy Val dy 355 360 365 Met Phe Trp Ala Leu Qu Leu
Val Lys Asp Arg Gu Thr Arg Au Pro 370 375 380 Leu
Val ProTyr Asn Ala Ala Ay Gu Ala Asn Ala Pro Met Al a
Ala 385 390 395 400 Phe Ay Ala Ala Ala Lys Ala Asn
<200> #%y Leu Trp Pro Phe Il e Asn Met 405 410 415 Asn Arg
r Hs Val Val Pro Pro Cys Asn. Val Thr Au Ala Qu
4 p Al a
er oty o PRy e s 28 et o
<210> 30 <211> 446 -77 <212> PRT <213>
Chr onobact eri um vi ol aceum ATCC 12472 <400> 30 Met Asn
Asp His Hes ProMtteliidheThir Arg ¥Mser &3 GePlierAsim kk:s aleu Asp
Lou 2% 5 10 15 Arg APa His Trp Met P Phe Ser Al a
Asn Arg Asn Phe G n Arg Asp 20 25 30 Pro Arg Leu lle
al Ser dy u d n r Leu Thr Asp Ala Asp 35 40
ero val JEo R s Vol GHF| SopRo. ALY S Loy [SAVRGIY FED Trp Oy
s Ay Ala 505560 dy Hs Ser’Arg Lys Au Ille Ala
GQu Ala Ala Tyr Arg Gn Leu Ser 65 70 75 80 Thr Leu
Lys Gly g@ abyrrveetelPnep @1y Bbe s6-neiRheeGrYe Hias ‘Pilo ckeu Ser
50 e 55 60

Ala Gly His Gly Arg Thr Glu Leu Ala Glu Thr Ala Phe Lys Gln Ala
65 70 75 80

Gln Glu Leu Ala Phe Phe Pro Val Trp Ser Tyr Ala His Pro Lys Ala
85 90 95

Val Glu Leu Ala Glu Arg Leu Ala Asn Tyr Ala Pro Gly Asp Leu Asn
100 105 110

Lys Val Phe Phe Thr Thr Gly Gly Gly Glu Ala Val Glu Thr Ala Trp
115 120 125

Lys Leu Ala Lys Gln Tyr Phe Lys Leu Gln Gly Lys Pro Thr Lys Tyr
130 135 140

Lys Val Tle Ser Arg ala val Ala Tyr His Gly Thr Pro Gln Gly Ala
145 150 155 160

Leu Ser Ile Thr Gly Leu Pro Ala Leu Lys Ala Pro Phe Glu Pro Leu
' 165 170 175

Val Pro Gly Ala His Lys Val Pro Asn Thr Asn Ile Tyr Arg Ala Pro
180 185 190

Leu Phe Gly Asp Asp Pro Glu Ala Phe Gly Arg Trp Ala Ala Asp Gln
195 200 205 :

Ile Glu Gln Gin Ile Leu Phe Glu Gly Pro Glu Thr Val Ala Ala Val
210 215 ’ 220 .

Phe Leu Glu Pro Val Gln Asn Ala Gly Gly Cys Phe Pro Pro Pro Pro
225 230 ' 235 240
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Gly

Leu

Phe

Lys

Asp

305

Gly

Asn

Asn

Ile

val

385

Arg

Tyr

Pro

Arg

<210>

Tyrclfr%

Val

Ala

85 90 95 Arg Leu Ala Qu Arg Val Ala Ala Met Ala Pro

ay
Ser
125
Ser
ady

H s
Arg
L&
Ser
Pro
o

P

Phe

GlyAM%@

290

Arg

Tvr

Leu

Glu

val

370

Lys

val

Cys

Leu

Gln
450

<211>
<212> PRT

Asn
du
Thr
Hilg

Al a

Thr

Asp

Ser

355

Gly

Asp

Leu

Arg

Ile

435

Val

29
450

Ala Leu Asn H's 100 105 110 Val Phe Phe Thr Asn
@y Ser Au Cys Ala Asp Thr Ala val Lys 115 120
Met Ala Arg Ala Tyr Trp Arg Leu Lys Gy Gn Ala
Lys Thr Lys 130 135 140 Leu Ile@y Arg Ala Arg
Tyr HHs Ay Val Asn Ile Ala Gy Thr 145 150 155

r t s, lLeu Phe
B e 16 6 SO Rl AR TR pro
Thr Leu Leu Pro Ala Asn Ala Phe Ser 180 185 190
Gy Leu Pro Qu @n dy Ala GQu Leu Ala Asp Asp
hew GAnQgvall9be 206 A2@5rhd €Uy |drg dwcleunkimetAsp Al a .
Ash Ile Ala Ala V&b |le Val Gu 220 215 220 -78
Met Ala Gy Ser Ala Ay Val Ile Val Pro Pro dn
%/ﬁt Leu. 225 230 235 240 dn Arg Leu Arg Glu Ile

W R SOELYT IMre TRLABRSF Bl PR 548 P80 255
Gu Val Ile TAtGy Phe Ay Arg-Thr Gy Ser Leu
Gy Ala 260 265 270 Asp H's Phe Gy Val Thr Pro
e sMetg1psR et Arg 1Sc{d Ribetys 2o vdBke285 Thr
Ay Ala VatssPro Met Gy Al ao¥al Val Al a Ser Ser
Ile 290 295 300 Tyr Asp Ala Phe Met Ala Gn Al a
Pr ogGI u TyrhAI a Val d uAPhe 305 310 315 320 Ala

Ir e r Y s I e
ﬁf’g 3l'lyr3lg'rﬁ‘ TYyYr See G aBTHSPé\ PrrVae AP ;%gs Al a

Phe Gly Gly His Pro Val Ser Ala Ala Val Gly val Ala
325 330 335

Leu Phe Glu Arg Glu Gly Leu Asn Gln His val Leu Asp
340 345 350

Ala Phe Leu Thr Thr Leu Gln Lys Leu His Asp Leu Pro
360 365

Asp Val Arg Gly Asn Gly Phe Phe Tyvr Gly Ile Glu Leu
375 380

Lys Ala Thr Lys Glu Thr Phe Thr Asp Glu Glu Ser Glu
390 395 400

Tyr Gly Phe Val Ser Lys Lys Leu Phe Glu Tyr Gly Leu
405 410 415

Ala Asp Asp Arg Gly Asp Pro Val Ile Gln Leu Ser Pro
420 425 4390

Ser Asn Gln Ser Thr Phe Asp @Glu Ile Glu Ser Ile Ile
440 445

Leu Thr Glu Ala Trp Thr Lys Leu
455
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325 330 335 Leu Ala Ala Leu Asp Val Leu Glu Gn Qu -
Asn Leu Val Ala Arg Ala 340 345 350 Ala Qu Leu Al a
Pro Hs Phe Gn Arg Ay Ile Hs Gy Leu Lys Ay 355
360 365 Leu Pro His Val Ile Asp Ile Arg Asn Cys Ay
Leu Ala Gy Ala Val 370 375 380 dn lle Ala Pro Ser

213 ERPHPYIRS YRR HidsVA MY Pro Tyr Gu Ala 385 390
<o 395400 Ala Mt Aa Leu Trp Arg Lys Gy Phe Ty val

Met

1

Asp

Pro

Gly

Gly

Ser

Ala

Phe

Ala

Tyr

145

Arg

Pro

Cys

Pro

Tyr Ay Ay Asp 405 410 415 Ala Leu dn Phe Ay
ThrpﬁxQ) B9 PPBeAS-BhE’rGA‘IG@nmrl Efyo Aga rklg %1‘—%95 ASR Al%zo 425
430 Ser sLeu Phe Asp Ala Mal Ay A u Thr Leu Ala Lys
Leu Ala 435 440 445 <210> 31 <211> 11539 <212> DNA
<213> Artificial -79 <220> <223> Vector <400> 31
Arggazaditt et Bret HoybeytTrratwadtgcilngeigt .egdiie saggtt ct gg
accagftgcg 60 tgagcdéata cgctacttgc abtacagttt
acgaaccgaa caggcttatg tcaattcgcc 120 tctcaggcgc

cgctgat qgcc cca at ct cC ataccctg
Leuﬁ% gg&%gcf%' %&i%%?%%ﬁcé%'?gggéaggrggGQEYag

ct ggt aaaac ggggattgcc 240 cagacgcctc ccccgcccct

t caggggcac aaat gcggcc ccaacggggc cacgtagtgg 300
Arg agegtid Léd 2ge0tHd craGee it tel tval Cinet TGCOEL Mkaaaccttt
50 taggacgtct 36055 acaggccacg taatsocgt gg cct gt agagt

t t aaaaaggg acggatttgtrtgccattaag 420 ggacggattt
ryr B B00  S99PR08R G L WAL I Bn RRT0U0REPI Lt fattata

70 75 80

Leu Thr Thr Phe Ala Pro Ala Phe Ala Val Glu Ala Arg Ser Glu
85 90 95

Ala Arg Leu Ile Ala Glu Arg Thr Pro Gly Asp Leu Asp Lys Ile
100 105 110

‘Phe Thr Asn Gly Gly Ala Asp Ala Ile Glu His Ala Val Arg Met

115 120 125

Arg Ile His Thr Gly Arg Pro Lys Val Leu Ser Ala Tyr Arg Ser
130 135 140

His Gly Gly Thr Gln Gln Ala Val Asn Ile Thr Gly Asp Pro Arg
: 150 155 160

Trp Ala Ser Asp Ser Ala Ser Ala Gly Val Val His Phe Trp 2Ala
165 170 175

Tyr Leu Tvr Arg Ser Arg Phe Tyr Ala Glu Thr Glu Gln Glan Glu
180 : 185 190

Glu Arg Ala Leu Glu His Leu Glu Thr Thr Ile Ala Phe Glu Gly
195 200 205

Gly Thr Ile Ala Ala Ile Val Leu Glu Thr Val Pro Gly Thr Ala

210 215 220

Gly

Ile Met Val Pro Pro Pro Gly Tyr Leu Ala Gly Val Arg Glu Leu
‘ -76 -



225

tt gt gggacg cagat acagt gtccccttat acacaaggaa tgtcgaacgt
ggcctcaccc 540 ccaatggttt acaaaagcaa tgccctggtc
gaggccgcgt atcgcctcag tgttcaggaa 600 cagcggatcg
ttctggcctg tattagccag gt gaagagga gcgagcctgt caccgat gaa
660 gtgatgtatt cagtgacggc aggacat a gcgacgat gg

cgggt gt ccc 438t cgaat ct 720 gg%tacaacc agct caddéga
agcggccctg cgcctgaaac ggcgggaagt ccggttaacc 780

Cys Asp ;%%g%grc %gg 12%8\%%2?99 e %%agsgé: ¢9,30L95 92592 c{ﬁg(f‘gcgg‘:t 9

Phe
Pro
Leu
Arg
305
Ala
Glu
Glu
Met
Leu
385

Phe

Asn

Lys

<210>
<211>

t'gcaa catC gdgagggtga ggggsg
gaact caggt tcaccaaaga catgctgccg 900 tacctgacgg
aact caccaa acagttcacc aaatacgcct tggctgacgt ggccaagatg

Gly 940 TH3aGhgCGAACT At gah cag gat thacgagagkt gat aakgce

Asp
Gly
290
Ala
Ala
Asn
Leu
Phe
370
val
Gly

Arg

Glu

Thr

450

aat gZracag cat cggccagsi020 cgcgaaat agitaaatt gacca
gctgcgaaag tggtttcaac tggaaggccg gtatccctcg 1080
at caaggact tcaagttgcg agtgcttgat ccagccgtga cgcagatcaa
dghgiic st “hia° @g;ggﬂsagfég&%@ga@%gg%yrgaalgegaaag
gggcgca aggt catsca tctgttgttce 0 agttttggac
cgaagaagcc cgccaaggcg gt gggtaagg ccccagcgaa gcgcaaggcc
£260/21080080atdl- €A0LYGH Q8 QALY GHRaMLCR006L69CC
ct ggt gagac at gggaagcg 1320 gcegggcgctc gactaaccca
gat gccgctg gatctggcct agaggccgtg gccaccacgg 1380
cccggectge ctttcagget gcattattga agcatttatc agggttattg
Te¥ caprgdlgc 61v46u Pyalar SeatGlvt Hoafye dievt dgfdaaat
aaacaaaaga’#tttgtagaa acgcaddaag 1500 gccafétgtc
aggat ggcct tctgcttaat ttgatgcctg gcagtttatg gcgggcegtcc
1p00a1 1 HGCREEGAC Lot 49 Gl LACLLCag, AapokL paaa
tccgctcggy geggatttgt 1 cctactcagg™ agagcgttca
ccgacaaaca acacat aaaa cgaaaggccc agtctttcga 1680
ctgagccttt cgttttattt gatgcctggc agttccctac tctcgcatgg
yyagdecoralrdy 40y Al80rn:avthclat @lwggegatlacym sgdtt cactt

‘ctgadbtcgg cat ggggt c¥5ggt gggacca 180350ccgegcet act

gccgccaggc aaattctgtt ttatcagacc gcttctgegt tctgatttaa

86 tctgtatca ctgaaaatc _ttctctcatc cgccaaaaca
‘%ﬁa?a%’cl:’tl g cg“tsg %5‘% g%g g &ilgg’() GlBa‘éaglc%% &g\y a‘?aéggfyat cg
gcactagagt ttaacttggc taggctaatt ggtatggtca 1980
tttttatttt gtcctgaatt acctagaatg acttgaagtt ttaatcttca
i Bl et RO48: vhagagCasAhragiict et kg caliagesccy

caat ccggac ageacagtc atcaggaatsa 2100 tcctcaaagc

gagt acct gg agtaaaaccc tcggcctcat cgcccaacgc ctcatcatat
2160 atatggccac aagtaataca tatccacttc aagtatgctt
froc e oet %Sg'&%ﬁ Sy ekt u o3 Aok (HiggBUYET gagi i at a
tagatcttg ° ctttaacgt cggcaa?agg caatttctct*®280

Ala Ala Ala Lys Ala Asn Gly Leu Trp Pro Phe Ile Asn Met
405 4190 415

Thr His Val Val Pro Pro Cys Asn Val Thr Glu Ala Glu Ala
420 : 425 7 430

Gly Leu Ala Ala Leu Asp Ala Ala Leu Ser Val Ala Asp Glu
435 : ) 440 445

30
446
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<213>

aagcttgtcg gcgcaaccac tgcttcagca gttaaacttg tgccactaac
ctcggataaa 2340 tttggcgaag tatgggttga ggtgacgccc
ttttcaccta cgccgctctc aattaacatg 2400 aagtcaagct
t gt ct cgaac ggcgcaatcg gggcagcacc aatcctcagg aat aaggtgc
2460 caaggcgtac ctggagaaaa cccctcatgc acattacccg

o SCceum

<212> §§T’t ctcatc.at aaacat aa I{T%?Olz&éacaat CCg ggcatttata
g

<400>

Met

1

Arg

Pro

Gly

Gly

65

Thr

Arg

Val

Met

Leu

145

Ser

AsSp

Arg

Leu

gc agccaegl%?gﬁ cacca caaaftg ttattttgcg 2580

thpgcggcaaa tttgcgttat ttatttctca tcttcttcct tgtggaagat

tttcttacaa 2640 cctgtggggt gctcgcectga tcaagaactt

asnCROE @kb age BYCALAYGECsdrCald tthtatsp2 (0 Let tAspt Lgat t
aagtggga c actaattctg cggeccaaaac tgccattcca gttggagtag
2760 catctgaaat accactttcc gagttggcaa gctgactatt
cacccctagc tgtgtttctt 2820 tcgagggaga atccgcgaga

Alagiiisafamalgt Beales t5§F AlecEhér gy cEigt E8ydge 2830
atgcéeaatc tttggggat & cattccage tggtdPtcgg gt ggaaacct
tcgtgcggct 2940 «cccccttatt ttcatcatag atatactgac

arg2ahCh 89362 £1.961AG6H teigagat bel 66,3000, 06t cigct a
t§pact cagc gttadtggct gctccgacaa cig catcaga gtgtaact at
3060 cggagcaggt cgccttcaaa gcaattacag agaggcaatc
aaccctcagc actttagcga 3120 agtgcactct ttgtgagagc

Arg tAroc ade be gradat daadsdetrt Gaafeactpt@tst gra&dy 8130

50 at cgaccgcc gggetictgcecg tgctcacatq® actacgatgc taccgcagag

gtactcgaac 3240 tatgaccagc actactagtg ccaaattttt

. _tcaaataggt ftcic t tcatc 3300 -ttt tctt
TS R{Y agﬁggg gsa ?%l‘:l a%:lceg%g%é%lggglcat ggﬁ g%r cttgddha 8% gé%traact gatc
3360 taaaccactg aggaatcatc gccatcaaaa atgcaccagg
gt aacccgt c ggaagagccg 3420 gcaggccggg aaaatcccga
Leu agboaet gat raagaac ghgiclhgmgat grgcys tiggt gat ceg 3480
agt gccgésg aaggtggaac agtact agat tagagacgat gtgattacta
ttccaagaat 3540 81 ggtgcggctt ttgatgctca tatcgaccgt
cctccatttt ttgacggagc aagccgtaat 3600 gttcaatata
Leu ole cfatty Vgt %&écgbac%‘e% ag?fggéy afg}écﬁtgt 52 "fcggcagga
366 acaccagcat ctta8 t cca aacaaggcad ggagaacggc
gt aaagaata actgtgatga 3720 tcattggttg gaggatttca
rhe PhalBEARGC sbeCRAFACHCE L LQECLRL AGp GAe JRRAGIL 14480
ghsgttcctc aagcccecmma gcacgaat aa akgcetcctgg gatctcacgg
att gaaaact 3840 tataaatgct ttctcccatc cgggatgttg
caggat ccat cggt gt agcg acat cacggt 3900 gat gaccctt
Ala Ary atlgctvaTar daggegtyy sy gilac e tSaE Jaafet Acacaat tt
130 3060 tggccat déd acgatcaaaa gt éftcttct tgtgaccgag
ttcgtgtcct gtattgagcg 4020 ctagtccgtt cacgataccc
r1e B9} 9352200,L29G9RACG; ARhL1RARYG, G389AGakE 0 4080

150 155 160

Leu Gly Gly Met Asn Gly Asn Arg Lys Leu Phe Gly Pro Leu Met
165 170 175

Ala Asp His Leu Pro His Thr Leu Leu Pro Ala Asn A2la Phe Ser
180 185 190

Gly Leu Pro Glu Gln Gly Ala Glu Leu Ala Asp Asp Leu Leu Arg
195 ) 200 205

Ile Glu Leu His Asp Ala Ser Asn Ile Ala Ala val Ile Val Glu
210 215 - 220
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gctgagttcc gacccaccat gctgacacaa ttaatgcagc gtaatgcata
ggaactgtta 4140 gatatgtcaa aactcgatag taccgctcct
tctctagttt cggcaccact tcttcaggcg 4200 gattattaaa
gt cctcacca aacatcgcat caagcaat gg aagtgcgccg taccatacga

60 aat at.aaaaa atccccc ac_ca tttcatt
Fro Mett%caggg% g%@éff’l a 3% % grgg‘f’]gbghé aaa

223 gtt gat agta tccagagata tttctt ta tctacgt act 4 80
ct ggagcgga atccagaact ctgtgtttct caagcatatg gaattctcca .

Gln argatdut ht@icha 4448y aattagt e0C st acgagadd te@agacgiaat
tttatgcetn actgagaaag ttamgccgcc 4500 cactctcact
ctcgacat ct taaacctgag ctaatcggac gcttgcgcca actacaccta
4560 cgggtagttt ttgctccgtc gtctgctgga aaaacacgag

asp Glu dedgetsydhn Geathye 6&11]%‘1’&!6?& Glhadegcraglhe &Y dgegac
ggct 9aagc accgaaat gagcgagctatc tggtébhttt 4680
t gacccggtg cccgtcttca aaat cggcga aggccgaagt cggccagaaa

asp His PRAYCOLCELA A4, LT GRQagct Le %%E%@aﬁ/sahﬁt fefgca

, ggaccgat ca tgccgagi@c acttaagt agttttaata
tttaacaccg taacctatgg tgaaaatttc cagtcagctg gcgcgagaat
4860 agcataatga aaat aat aat aaataatgat ttcccggtcg

Thr Asn Gllapaigjgt ¢gg Pagoggathbaald 920 vat hae gaet 8=1 apt aagt gc

230 caaagttcat agt%gcat at atcggccadgoattgagtatc 4980

gcggat ggag ccgctcccag agtatgcctt tacagagccc cacctggata

aaacc tt tcttg cgttc t ccac
o RO e B B e R
ccagttctta cagtgaattt gat atctgcg cagagattat gagcagct t
_ 5160 gaaactttcg aaatggtaaa attcagccgt gtgagagagg
Ala His glgtigagnaaTgeckgcOet 8i 9420 vdil gegagactat hgcatgt ag
tctttggag agcacctcga atBaacgagat agaaacgegi:m 5280
gtttgtttgg ataatattaa tcatgactta gacttgccgt tgttgcacgc
acttatggag 5340 tttatgttaa atacaccaaa aaat at cagg
Leu Ala i3 gg? SPgV%]aé“ﬁ‘éé%ﬁ‘Ja%lréé"tl‘éanﬁgbﬂi Fabgla- B £Let cgcage
ttaadtttgc aggcgcet at yrtgggagt aca ccgaglaaga cttggecttt
: 5460 agcgcagaag aggcggtggc gttagcggag gcagagtctg
ala clu L&LRIHGAGIniLelRAYaRA PR2Y 116G BBAGRLCGHE g8f gca
sgaagttgag ggotggeetg ctcttgtagt geitttgtta 80
aagcgt gagt tgccggccaa gcatatttca gcagtagttg aagtagacaa
ttactttagg 5640 gatgaaatat ttgaggcgat tcccgagcgc
Leu Pro Higt ¥at diletasdo gle deaakent Ot Gdathqy BrOGLly dileg¥rl t cg
370 tgacgcctga tcdht acaat tatgtatti® aatgegtcaa tggggtctca
5760 tgt attaagt atttaagcac taattacatg ttgcttcgcce
Gln Ile l?ltagggc@%%g g?%:%a Cpgl.a5§g Vaft a Lac G t(';g_ca£ Cagt

385 act gcgt aat39t ag “aaat a6 gact aaaat

Ala Met Ala Leu Trp Arg Lys Gly Phe Tyr Val Arg Tyr Gly Gly Asp
405 410 415

Ala Leu Gln Phe Gly Pro Pro Phe Thr Ala Thr Pro Gln Glu Leu Asp
420 425 430

Ser Leu Phe Asp Ala Val Gly Glu Thr Leu Ala Lys Leu Ala
435 - 440 445

<210> 31

<211> 11539
<212> DNA

<213> Artificial
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cctgctaaaa gatcctacct gcttaagcgt gcagctttct ggcattggcg
t agaggt gaa 5940 taccagtatg caatacgaat atccctacgg ‘
gcgaat gact gtcgctgggc agtcagcatg 6000 tctgagagaa
taattttaga tttgtcattt cgtcagggcg aaat agatgc gct gagacag

<220> 6060 tggctgttag agctgccgaa gcaggcct gg caccaaaaac

<223> Weatdgtgct tattagttac 6120 gcgtgggtat tgtatttcag

<4005 ggagcaaggc gcgcgagcag agaagttaat taaagaccta 6180

e o Eoa0 oeaat B0t & R qcHattas agatganaty o0

gaaaacc
CC&

tgagcgcggat tc%gagzttgg@%@g&tgcﬁtg atc,%égé)&ﬁgggag@g@gatgagéa%gti&}c@t 120
ttggggattc aaacgcagtt ggaaaagggg ccgcgctaac ctgtttggct
tctcaggbPB @gctddtatd tdct gotogagt@rgiavdbagaidbgsa cgagicbggaga 180
aggtgctggc tcaggcccaa 6420 gccgtgaata aatttgcaaa
attactcgengaataobtcqdrttaaygtyd aygtiapvat gttvoyegaggiddya 6480 240
caacaagccc tagcaagcgg aaaaat gggc tgggcgaggc agattataac
CagacyCEia G EHEGEC 6 540999 A ACAETEIGE g%cg?‘ééwgcg%ﬂcg@%&gé c 300
tgcgttttfg:%gtg%%tqi%c}:acc%agl?t%tcggt ttgggc:g:CECt%agggc ttg (%%[ gt 0033%

aatt geget ge ttggacac cagaagaa
acaggccgt@6 Qaa @%Egégag@%tabgéé ttttggaaﬁggg %gggg:ttgt %@gg@tgatagt 420
ttttttccgt atgccgtgct 6720 gtgtcagett ggcggcettgg
ggacggadaggagitgassLbagni-ggel tegaddrgagalaadbdaaaHggotitdd 480
gcgaaggcgc atgcggttga aaaaaatcta ccaagattgg aagttatgag
teg tggg@@’aa%ﬂattgaag%sn@ccatﬁ@q atresjodgetiwagietcgt tawgaggeata 540
cataa ataatttaaa aactcttgaa 6900 gatcataaga
ccancas 2E008%

a@éﬂﬁ%&%@?&é‘ ¢a g@%%‘i?@&%"t FHCEHGCae g%fcag!@f‘@ ctt §¢
cagcggat@%(sgtc t%g@ét%agééb%

Ctt ccC atc actttcatatg
2o cecrFRE RO Bllob ) LhESE AOTAAR6, GEEBBALT oo

gtgatgtadat &@&@g@@cggmgswg gegHe et dgotdrats At qa6080 ' . 720
ttggccggag cgcaggcagg tgccggtgat ttaaaaaagg ctcagcttaa

tcctacasgat dgittbatga7dddyggcagt ggagastagcaaaseaygcicaahge 780
: tttcaaacag ttcttgatga agtatgttta 7200 -83 attgagcgaa
Caagagcctcaaatt@@é@?ﬁ?f gt R gtl rRacgetee s é@afé:@gt:tl%@‘s 938982 aa@%ﬁg

260 att ctt ttagtcttcc aat att
atoatetel A RSl S0 e Patpr Peat” LoReetaa °
tacctgacd§ AR LAGL - W Gt 0899C. 1 1 9L 333298, 49995 9GLER s Z,§§%0 960

aacaaacaaa tagcaacaaa tatgcatgtcC accgaagatg Cta aaagt

gacagcact€ aaat8a@gg /40 tadraat @ldct g LCaseddotlédy tgtagtgant 1020
cgcacgcaag caacaattga agctgagcgt 7500 caaggaatta
cgcgaaatpg tzaabbdsggsa t cygceddagat gitgatatca b vagaaaay bt eecc cgy ag atfag
7560 aattatggca atcgttgttg ttggcgctgg tacagctgga
atcaadgagt 5409 CPGY ARPE FIEL CCAE209 I CRAE @ erdcaragag 1140

- 80 -

ccgctacagggq%gggt;ttg% c actatgégt;;a%gcacaégggca tacggqgttcggg C(t::ct:tggattgt?l?co 1200
agttttggac cgaagaagce cgccaaggceg gtgggtaagg ccccagcgaa gogcaaggecd 1260
gggaagattt cagatgetga gatcgcgaaa caggcteogoe ctggtgagac atgggaageyg 1320
gececgegete gactaaccca gatgeccgetg gatctggect agaggocgtg gocaccacgg 1380
‘¢cecggectge ctttcagget geattattga agcatttate agggttattg tctcatgage 1440
ggatacatat ttgaatgtat tﬁagaaaaat aaacaaaaga gtttgtagaa acgcaaaaag 1500
gccateegte r:-.zggatggcct tctgecttaat ttgatgectyg gcagtttatg gegggegtoce 1560
tgcccgcecac cctocgggece gttgettege aacgttcaaa tecgetoecg geggatttgt 1620
cctactcaé;g agagcgttca ccgacaaaca acagataaaa cgaaaggeoce agtctttcega 1680
ctgagccecttt cgttttattt gatgéctggc agttccctac tctegcatgg ggagacccoca 1740



t cagcggcct cctctatcca aggcttttct gacaagtgag attgcagaat
ccgcagtgcc 7740 attaaagcca gaaggttttt atacgaataa
caatattacc atttcgttaa atacaccgat 7800 tgtatcaatc
.gacgtggggc gtaagatagt ttcttctaaa gatggaaaag aatacgcgta
7860 aaaaattg attcttgcaa cacctgctag cgcacgtagg
CactaCCﬁ%ae‘esf%éQG%ggg'@%C@Fg‘a crgmtca@tﬁﬁes%gagqqﬁﬁg@qcaﬁt 1800

_ c t at aagacqgcc aaaaatttac ta aaact
S b B e S S R tg%tga%\fttéagg&eﬂ?&
tctgtat@a%gBEQQ%%EthaQé@tct@gﬁ% Qo999 Cgtatag&g%gc %QC 1920
agt gatagaa gccaccccgc gtgtaatggc 810 gcgcg ggtt
caagcgc Ry EEQC A S J0AARZEST G ARPAYGEESGEEDGRM&J0Ra0d 8%
8160 tgagttcaag ctgaatgcga aattaacgtc tataaagggc
tttttattaggastqyges: tabgttagaaca a822agat gegéactta gaaagiaggag 2040
aagaaattca ggcggatctg attgtagttg gaatcggtgc 8280
tagagcaqagt eEicagal c FAGFRGEESY Cé%\‘é—“@@@%\‘g GECfFeatt tafaasgesagt ity

cecccandledit A0 S2I0 SO0 021200 AL LOLARAL H0aL a0 1o

atatggc JaEt 569;%99@%510 gal gt acd aéééa%gé‘élﬁ%c Alleal gty cgglt agasa

cgctcaaatt gtcgcaagta gcatctgtgg cacat caaca
cttggagg&@aﬁﬁﬁﬁtﬁl}%acﬁé‘gé&ﬁgﬁﬁg c862QaceH tet@@tels dakedd-a8a9 2250
ggat ggcgct gcaaggactt ggtgctctaa aggactacga 8580
aagcttgtigaaniegidacgtdqpt aaddsacataacganagcdacttgaacteuagaagt ce14q
cgt acaagca 8640 ggagcgactg attgcaactg agacaat aaa -
tttggcoapy t (e Had 2 ceR Caa Ry L EGEEEGCa - BFOOC gagiarratha 2400
tgatt agcaatgatg ctca ccact cgaaccaac cg
aagteansg A s R T T e o CR T LAt cetdbtge Tie
caaggegt88 a@%&@&a@ga Crg:tc@@@@ggt ac.scl%%gcccg]g ELGAGALL QE,;E@JCQE%C 2520
gcttgggcgg ggaagtattg ccatatttgg tgatgaccgt
ttacaatctd tRACHEE a afRbadA 6 0c G084 GGC t rd=g gt g0 gaiﬁtttt@egpt t grdog
aaat gggaga 8940 tccgatcatg ttcgagctct tattcaaata _
ttgcggca@acttt@@@@ttgtttttggcggﬂtcaatcg:@gtitccttcgmtgge@@t gttaabegt ¢ 2640

cacgacgccc gatttt ccctggcc gacggccagc aggtag ccg
cotatausggh o E e dGORTEHT  qEUR G SeRgEat Lro et Dot Bl
e aggc_ 9120 agtacacctt g

eeeceoaly el NEle AR ot LR G e BRI 270

catctgaaitg %@5&&%‘:&: 1AL aLEe s L ACINARYCELHECRAUCEL LR CaAGagCagga
ttcccgttga 9240 gcaccgccag gt gcgaat aa gggacagtga
tegaggga@jadggRass: Gaggtdiaagt ¢ cgatggge Citara93tifdy eddeagsicat 2880
cctgceccgge tgacgeccgtt ggatacacca aggaaagtct acacgaaccc
atgcccaalg3 GOtoqep by Faabiercree tigu by tHicoe (Higogarnts trpyacyarat a 2940
aaaaa at cgctataa 9420 tgaccccgaa gcagggttat 3000

cocoottatso EEIMEEES Qe e i Raptianach HESFATREE Iare
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cactctccta ttaactcage gttagteget gectocgacaa cttcatcaga gtgtaactat 3060
cggagcaggt cgccttcaaa gcaattacag agaggcaatco aacccteage actttagcga 3120
agtgcactcet ttgtgagage tttcaacgece gcacataaaa.ttgaagcact tattgtaaat 3180
atcgaccegec gggctetgeyg tgetcacata actacgatge taccgcagag gtactecgaac 3240
tatgaccagc actactagtg ccaaattttt tcaaatagght ttctegcatc gaatcatcaa ' 3300
tttggatctt attaaggtca ccaccadgecc satctactac cttgggétcc ataactgatc 3360
taaaccactg aggaatcétc gccatcaaaa atgcaccagg gtaacccgtce ggaagagccg 3420
gcaggccggg aaaatcccga agtgactgat aagaacgtgt tggatgcgeg tggtgatceg 3480
agtgccgetg aaggtggaac agcactagat tagagacgat gtgattacta tteccaagaat 3540



tctaccgact ggaaacaggc aaat gcagga aattact gaa ctgaggggac
aggcgagaga 9540 ggatcaatgg ctatctgggg gaccgagggc
tgtcgctgcg ccaaggcacg attggagatc 9600 ccctatgcgg
t gt gaaat ac cgcacagat g cgt aaggaga aaat accgca tcaggc%ctc
ggtgcqg%‘BGtQ%W€E@%ttFE%gq€€§Etc€é€?@tﬁ%t‘?ﬁ@éf%@@cﬂ@g@?‘aﬁtt 600
ctcactca aa

e g R T e 2 L
acaccaggéaé QE gage @c@%@%&é@%@% A333096538 922669t Aad . aagdccgegh

tgctggcgtt 9840 Ttttccatagg Ctccgccccc ctgacgadca
tcattgot €AGARARBEcL JALHHEAA GLERARI0THAN gg HLBAREEET 3780
acaggact at aaagat acca ggcgtttccc cctggaagct ccctcgtgceg
gttattc@@60agaictaC bgidgaecgact otigetogtataceygo attagedgiccC 3840
gcctttctcec cttcgggaag 10020 cgtggcecgett tctcatagcet
tataaatggc GEYGEAY YEI T AL CEEFRFCHRAFIIESFGEEE Fepecamggo 3900
caagct C tgtgtgcacg aacccccc t cagcccgac ¢ gcgcect
gatgacetiyt 8&@%8% 8‘1‘%@ e PE@TQ&FF“gg@‘F%?%‘ €t a%‘(j@fai‘gééca%96°
a (R
coscear SIGLLELER.CEPIS0E00 SORRERE S-0R0. RPARRRL L
ctagtcedh@2684kgat 2ACt agQRCi AL ciAGRA-Yaacagdhabdt Jd=984akesdC 2080
gctctgctga agccagttac 10320 cttcggaaaa agagttggta
gctgagtiget gddegat @ tcggmaacsa t B taceyc bgagioagcy Glugectb@880 4140
tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag
gatatgtaaoPr eI PRI RO Ct ¢t EE T PEtttaC g Traty ek ravgagt g4<00

t tt ttttggt 10500 t
sartact g R TRe™: T PUAt e aC U CEL1 Lo HP e 4Rar 59Dt « £75h

geaatacchd OB a c LA A8 4G %@&@E&@Q%@@a@%;@ 9L ELQREATT 4320
taccaatcga ttggtcggtc , 10620 ttcgaacc ccagagtccc

tecggagta@tl Gagaataa agdtegt £aadt aagecaal agraaggeyatgecgtfe80 4380
gct gcgaat ¢ gggagcggcg at accgt aaa gcacgaggaa gcggtcagcc
ctggagcgeatétt@geq,egi@t1@'94@tttct cagggatpiuctixttagecaakaticaatta 4440

gggt agcca acgctatgtc %?.at agcgg tccgccacac 10800
aattagtcé%aﬁﬁ%@‘ﬁ‘&&ta?@é’ﬁf%ﬁé‘ltgt E%CJg"a%%tga’l@E@ag?cééﬁ‘ch?%%acé%qog

gttcaat?

a 0860 atc ccat
cactercafl ALEAUIR: Dlideeons ot AUAIAORE AOSBLAUG | 0560

cgggtagtt 806g8aE38c t&t%@@@ég%gca&ggg&%gcgt!ggg@&%t LGt &fagpd LA
tcctgatcga 10980 caagaccggc ttccatccga gtacgtgctc

taccgcga@e ttagat@oge alggtideget adoeggiOghcgtnald 04 cadgggenggt 4680
agccggat ca agcgtatgca gccgccgcat tgcatcagcc atgatggata

tgacceggly] FOOILCEEER @ee HeRyCcHy RUFC PRyt CruFatgca teRragatect g4 740

. CCCC? cact tcgcccaata 11160 gcagccagtc ccttcccg Ct4800
ctteagacet &§ 537 @yf EYHGEA T AGEIYE cHE “gRedgRTEG14920
agttttaats $LOLGGAL, %%gg%%&gg%g%gg&%g CSlac R GG 9EAYLLGAt L GRYY

gcaccggaca
agcataatga aaataataat zaataatgat ttcccggtcg ctaaggtcgg agcggatcaa 43520
attacgactc tagtaagtgc caaagttcat agttgcatat atcggccaag attgagtatc 4980
geggatggayg ccgcecteccag agtatgectt tacagagccc cacctggata tgggaaaace 5040
gttgctettg cgttegagtg gctacgccac agaacageeg gacgtoctge agtgtggett 5100
tctttaagag ccagtictta cagtgaattt gétatctgcg cagagattat tgagcagctt 5160
gaaactttcg asatggtaaa attcageccgt gtgagagagg gtgtgageaa gectgegetc 5220
ttgcgagacc ttgcatectag totttggcag agcacctcga ataacgagat agaaacgcta 5280
gtttgtttgg ataatattaa tcatgactta gacttgccgt tgttgcacgc acttatggag 53490
tttatgttaa atacaccaaa aaatatcagg tttgcagttg caggcaatac aataaaagggr 5400
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ggtcggtctt gacaaaaaga accgggcgcc cctgcgctga cagccggaac
~acggcggcat 11340 cagagcagcc gattgtctgt tgtgcccagt

cat agccgaa tagcctctcc acccaagcgg 11400 ccggagaacc

tgcgtgcaat ccatcttgtt caatcatgcg aaacgatcct catcctgtct

11460 cttgatcaga tcttgatccc ctgcgecatc agatccttgg
tectegcqys, CRATSARS G CEMCEAN “TI0TCT (H8TIT085 BIGEIT LG 5460
Tk TR TN D T
9eICaITHD 39925355 TpriIerY d400Y 507 aagggatt ¢ catatrgett g

<211> 3 >
oneeoBRSEERE AT g S D, R BN sa

aagcgtg@adbtegeted cgacaagey geigrat 6gahgedtdda Inactidhy 34640
<220> <223>
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<211> 20 <212> DNA <213> Artificial
gatgaaatrt] hegagycdi30sc@Aapgaydeboitgt g ttgtt @gage 20ct8EL&R105736
ctcgattteg tgacgcctga tcaatacaat tatgtattca aatgcocgtcaa tggggtcetcea 5760
tgtattaagt atttaagcac taattacatg ttgetteogee atgtgagegg tgagoccageg 5820
Cagtttacac tgcatccagt actgegtaat tttctacgag aaattacttg gactgaaaat 5880
cctgetaaaa gatcctacct gecttaagegt gecagetttct ggcattggeg tagaggtgaa 5940
taccagtatg caatacgaat atccctacgg gegaatgact gtcocgetggge agtcagcatg 6000
tctgagagaa taattttaga tttgtcattt cgtcagggcg.aaatagatgc gctgagacayg 6060
tggctgttag agctgccgaa gcaggecectgg caccaaaaac ccatagtget tattagttac 6120
gegtgggtat tgtatttcag tcagcaagge goegegagcag agaagttaat taaagaccta 6180
tcttcacaat ccgataaaaa aaataaatgg caagaaaagg aatggctgca gettgtgctt 6240
gcaataggta aagcaaccaa agatgaaatg ctttcgagtg aggagctctg taataagtgg 6300
attagtttat ttggggattc azacgcagtt ggaaaagggg ccgegctaac ctgtttgget 6360
tttatttttg ccagtgagta tagatttgca gagttggaga aggtgcectgge tcaggcccaa 6420
gccgtgaata aatttgcaaa acaaaatttt gctttiggtt ggctgtatgt cgcgaggttt 6480
caacaageccce tagcaagegg aaaaatgggce tgggcgaggc agattataac tcaagcacge 6540
acagacagtc geogegeagat gatggaatcc gagtttactt cgaaaatgtt tgacgctcta €600 .
gagcttgagt tacattatga attgegetgce ttggacacét cagaagaaasa gctctccaaa 6660
attttagagt tcatttccaa tcacggggtg acagacgtgt ttttttcecgt atgccecgtgct 672b
gtgtecagett ggeggcettygy aaggagtgac ctaaatgget ccattgagat attggagtgg 6780
gcgaaggcge atgocggttga aaaaaatcta ccaagattgyg aagttatgag ccaaattgag 6840
atctatcage gcttagtctg tcaaggcata acgggeataa ataatttaaa aactottgaa 6900
gatcataaga ttttctcecgg acagcactca gcccccctaa aagcacgect gectgcttgtt 6960 .
caatcactag tgctttcoceg agatcggaac tttcatagtyg ccgcgcacag agcgttattg 7020
gctattcage aagcccgtaa aattaacgcg ggccagetgg aagtccgtgg attattgtgt 7080
ttggceggag cgcaggcagg tgcecggtgat ttaaaaaagg ctcagcttaa cattgtttat 7140
gcagtggaga tagcaaaaca gettcaatge tttcaaacag ttcttgatga agtatgttta 7200



<211> 35 <212> DNA <213> Artificial

Primer <400> 35 taataaccgc tcgagaacgc ttaccgccaa

cacag 35 <210> 36 <211> 47 <212> DNA <213>

Artificial <220> <223> Prinmer <400> 36.gccggcgaga
attoagegra g APt CaGatggea %ﬁF%ﬁ%tﬁgéﬁ%ﬁ gag&?caag220> 7340
oSy P oS0 3 G AL SEPRREITT LG TEE GRACELTG 06 020

5.2&1@_(;)&%2&;]- 46 gcc gt PRI 2 82aA52 8
Al ana 4005 36Vt VAl" Val 1Te et 6 LEe Arg A}

I ana

aacaaacéiﬂjté@dhaéﬁéh ¥EfgéEhbt63aﬁc§&Hgat§.dﬁaﬂéha%5g

Ser

aaaatatttg
caaggaatta
aattatggca
tcgtcaatat
tcagcggeet
attaaagcca
tgtatcaatc
tgaaaaattg
A actgtctggg
tgtggagagt
agctgeggty
gegegtggtt
tgagttcaag
atgcgtactt
tatcccagag
cgatgatcag
" tagaaatccet
cgctcaaatt
gttctggtct
taaactcgtt
ggagcgacty
gagtataaaa
ggacggcagt
ggcecagget
tttctacgece
tecegatcatyg

gctcatagté

<220>

<223>

ddia Ba @Yy Hl 3440

Lys Tyr Ala Thr Cys Net Ser Gy Asn Ser Thr Ser
ccaccttgaa tgtagtgaat cgcacgcaag caacaattga agctgagcgt 7500
tctaaaataa teggcattaa gtgatatagt gaaaagtata ccggagagag 7560
atcgttgttg ttggcgetgg tacagcectgga gtaaatgctg cgttctggcet 7620
ggttataaag gggaaattag gattittagc agggagtctyg tggegecita 7680
cctetateca aggettitet gacaagigag attgcagaatb ccgcagtgec 7740
gaaggttttt atacgaataa caatattacc atttcgttaa atacaccgat 7800
gacgtgggge gtaagatagt ttcttcectaaa gatggaaaag aatacgcocgta 7860
attcttgeaa cécctgctag cgcacgtagg ttaacctgcg aggggtctga 7320
gtctgcetatt tacgcagtat ggaagacgcce aaaaatttac gtaggaaact 7980
gegtectgttg ttgtgttggg cégcggagta atcgggettg aagtcgecte 8040
ggcttaggga agagggtcac agtgatagaa gccaccccge gtgtaatgge 810Q
acgecggcag cagcaaactt agtcagagce cgectggagg ctgaaggaat 8160
ctgaatgcga aattaa;gtc tataaagggc aggaatggcc atgttgaaca 8220
gaaagtggag aagaaattca ggcggatctg attgtagttg gaatcggtgco 8280
ctagagctgg caactgaggc ggcccttgaa gtgagtaatg gtgttgtggt 8340
atgtgtacat éggatacaag tatatatgca atcggcgact gcgcaatgge 8400
ttttggggéa cgatggtacg tttagagaca attcataatyg cggttacaca 8460
gtcgcaagta gcatctgtgyg cacatcaaca ccagcaccaa ccccaccacg 8520
gatcttaaag ggatggcgct gcaaggactt ggtgctctaa aggactacga 8580
gttgcaatta ataacgaaac tcttgaacta gaagtécttg cgtacaagca 8640
attgcaactg agacaataaa tttgccetaaa cgtcaaggtg cgcttgcagg 87060
ttacctgatf agcaatgatg ctcagccact cgaaccaacg gbtcgcecgatag 8760
tacctgecoge coeccgeact cocgtacgtge ggaactaccg cgtasaatgt '8820
gttatgtggc gettgggegg ggaagtattyg ccatatttgg tgatgaccgt B880
acataaatcg gtggtggcta tggtgggatt tccoccttgctg aaatgggaga 8940
ttcgagetet tattcaaata cactgctgtg ttggcggtaa gegttetega 9000
cacgacgcce gtgattttgt agecoctggee gacggccage aggtaggcecg 9060
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20 25 30 Arg Arg Ile Phe Thr Thr u Ala Ala Pro Qu
Lys Ay Asn Qu Pro

Val

Ser
Al a Lys
acagg’:tﬁ‘rtag&g??cﬁﬁ%c Ve

AQu dn Leu Asn Thr
Phe Trp Asn Arg Thr Thr
65 70 75 80 -87 Val

35 40 45 Arg Leu Val
Leu Pro The Tyr
Lys Pro Ser
Leu Leu Gu Met Phe Thr

PR ST AU PR PRI 88 GHITTIFhr 8LF°

Ser Ala Al a

50 55 60 Hi s
Leu Asp Leu

agtacacgty g 5 8‘?%%%%?€%é%lt$cﬁ%$g€&%§;rp rﬁgngc%a;é@‘[te%c%%tc%%ﬁtﬁ VallngO
tgccctcgr_u e Ig¥§gtPB@c<_} |g%cﬂc@téﬁ;5:a%g@ca%g§ tt/éeggtltz_z;g» LyS40

Ser

Tyr

Hs Ay Ser Thr

Leu

e Ser Ala Ser

Leu Ser

gcaccgedB0oilByaddt GhyadagtigPrgaddoaate wcblscGhf Asgoddaea AsSp30o

Leu Pro Ala Pro Phe Val

145 150 155 160 Leu H's Thr

cttcaccygpcOscryes HacoTyettTopeicgeRhackhardtey Rrog@CyC Gl @360

165 170 175 Thr

Au Au du Phe Ser

Thr Ar%

Leu

tttggcaiﬂ;?st%%tﬁti‘af EF PRSI 8892 PERE A 85°AT6 1T S FPEAER @i
soeceecdistollo R I vely e ey Rt VEROH S Telighle prie
tctaccga%ltaggrsﬁ%cgg)@rc Eilﬁcg@ébgggtt%égggszgt 4-@6% yaly &gﬁg A Vadgo
Val Lys Lys Tyr Asp Ile Leu Phe ?I e %\I Xs 5 230
ggatcaat@@dbec240toddgugalalyadidee €b%bgét@bdDb8aéagyadﬁ'gtt@ﬂAgEIQI Thaoo
Met Phe Gy CysAsp 245 250 255 Lys Tyr Asn Ile Lys
ccctatgcpgotgggaaqggg SgdacTirtal euraAbgaday sagllagcoery tSeggcgcte 9660
Ctcegetteo tegetcactg actegetgeg cteggtegtt cggctgogge gagoggtatc 9720
agctcactca aaggcggtaa tacggttate cacagaatca ggggataacg caggaaagaa 9780
catgtgagca aaaggccecagc aaaaggccag gaaccgtaaa aaggcegogt tgectggogtt 9840
tttcecatagg ctccgeoccee ctgacgagca tcacaaaaat cgacgcetcaa gtcagaggtg 8900
gcgaaacccyg acaggactat aaagatacca ggcgtttece ectggaagct cectegtgeg 9960
ctcteetgtt ccgaccctge cgcttaccgg atacctgtcco gecttteotee cttegggaag 10020
cgtggegett tctcatagct cacgetgtag gtatctcagt tcggtgtagg‘tcgttcgctc 10080
qaagctgggc tgtgtgecacg aacccccegt tcagoccgac cgetgegect tatcecggtaa 10140
ctatcgtett gagtccaace cggtaagaca cgacttatcg ccactggcag cagecactgg 10200
taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggce 10260
taactacgge tacactagaa ggacagtatt tggtatctge getetgetga agecagttac 10320
ctteggaaaa agagttggta gctcttéatc cggcaaacaa accaccgctyg gtagcggtgg 10380
tttttttgtt tgcaagcage agattacgeg cégaaaaaaa ggatctcaag aagatccttt 10440
gatcttttet acggggtctg acgctcagtg gaacgaaaac tcacgttaag ggattttggt 10500
catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa 10560
atcaatctaa agtatatatg agtaaacttyg gtctgacagt taccaatcga ttggtcggte 10620
atttcgaacc ccagagtccc gctcagaaga actcgtéaag aaggcgatag aaggcgatgce 10680
gétgcgaatc gggageggcg ataccgtaaa goacgaggaa gocggtcagec cattcgcégc 10740
caagctcttc agcaatatca cgggtagcca acgcetatgte ctgatagcgg tccgecacac 10800
ccagbcggcc acagtcgatyg aatccagaaa ageggecatt ttccaccatg atattcoggea 10860
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260 265 270 Ser Ala Tyr Met Pro Ile Ay Ala lle Leu
Met Ser A n Au Val Ala 275 280 285 Asp Val Ile Asn
Ser His Ser Ser Lys Leu Gy Val Phe Ser Hs Ay 290
295 300 Phe Thr Tyr Ser Ay His Pro Val SerCys Al a
agcaggcarg] oAeAIIYE EFIRcAREAt 305 BEOL I PEIIFEGCIC @BCimiagty s PP

covesaa S5t R BaRr e e -G Henl i ShoElE: Moo
4
caagacc&?& téﬁcgt%§aé §1§ég§§ctc Q% 5%_ §%§g%g%$F t Eﬁg%ﬁé? Ség%ib

atgggcaé%@oaéyéégaééélaé%ﬂ%aéﬁﬁ% &&éﬁc@@éatPEébd%%Qgéa WePhiQgRhe E££b0
Pro AQu Trp Ay Val 370 375 380 Ay Ala Phe Phe Ay
ctttctegdkaaddagcdays ChdyabyscaHbGadGkyctebed®ideMad tA@cad8b 39050
395 400 Val Ala Ay Asp Ay Ile Leu Net Ser Pro Pro
geagccagtgycqitecddce S@otPreral 0 gig-af] Boct@racad godameasp G 3R0
Leu Ile Ser Ile Tyr Ay s Ala Leu Lys Ala 420 425
tegtagecag(FepRr2 a6 %ﬁ%Cngsctv%tCEg%ca@ B4R G9Ps IR L IG T HE 5280
s T o e L o A T oo L e
cagagcagk€ AR agl Gyt CEHIEOLd G Oc ACYEAC LR L LAGIL L LA alitd0C RLAGL
60 aagtatgcca cttgcatgtc tgggaactcc acttccagga
ccggagaaggatdetitemet taat gaggeacab20atgey aaacgatcect catcctgtet 11460

cttgatcaga tcttgatccce ctgeogeccate agatccttgg cggcasagaaa gcocatceccagt 11520

ttacttigca gggctticce 11539

| <210> 32
<211> 35
<212> DNA .
<213> Artificial

<220>
<223> Primer

<400> 32

aagggaattc catatgcttg agaaacacag agttce 35

«<210> 33

<211> 35

<212> DNA

<213> Artificial

" <220>
<223> Primer

<400> 33

aaaattcgeg tcegacaagcg ctgaatgggt atcegg 35

<210> 34
<211> 20

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 34

tgagacagtyg gcetgttagag 20
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gcacct gaga agaaaaacac tgttgggtct aaagggcatg atatgcttgc
accttttact 180 gctggatggc agagtgctga tttagatccc
ttggtcattg caaagtctga gggaagttat 240 gtgtatgatg
. atactgggaa aaaatatctt gactctctcg ctggtttatg gtgtactgcc

:gig: 300 ttaggaggaa atgagccaag gcttgtttct gccgetgttg

<2195 cagttgaa caccttgccg 360 ttttatcact ccttttggaa

13> &Ggtactgct aaaccttctc tggatcttgec taaggttctt 420
ttagagat gtt cacggccaa caaaat ggcc aaagcatttt ttacaagcgg -

<220> tggatcagat 480 gccaacgata cccaggtcaa gctggtttgg

<223> #dakbkacaata acgcacttgg aaggcccgag 540 aagaaaaagt
ttatcgcgag aaagaaatcg taccatggct ccactctaat atcagcaagt

<400> VOO ttgtccggcc ttccceccget acaccaaaat tttgatttac

taataacqgcgEedrgasrtyc rataogeax c86&F - 89 acagattgcc ctcattattg3s
gcgttttcat cttccaggcg aaacggaaga ggagttctca 720

<2105 Accagattag ccaagaattt agaggatcta atcatcaaag aaggaccaga

11> gactattggt 780 gcttttatag ctgaaccagt catgggtgct

<«212> [@8d9gtgtga tacctccacc tgctacctac 840 tttgaaaagg

<213> E6AAQeigt tgttaagaaa tatgatatct tgttcattgc tgatgaggtg
900 atatgtgcat ttggaaggct cgggacaatg tttggctgtg

<220> Qacaaat acaa cattaagcca 960 gatcttgtga ccttagctaa

<223> HRygoact gtct tcagcatata tgccgattgg agccattctt 1020
at gagccaag aagtggcaga tgtcataaat tctcatagca gcaagctagg

<400> 38attttctcc 1080 catggattta cttattctgg tcatccagtt

gccggcga?gg'i‘cgcttﬁﬁc 't HHERI Gt AGEGt e Fa SR rt40  at at acaagg Y
agaggaacat accagagtat gtcgccaaag ttgccccaag gtttcaagat

<210> 3%¥200 ggagttaaag cgtttgcctc tggtagtcct attattggag

<211> 28Qacaagagg aacaggtttg 1260 attcttggga ctgagtttgt

<212> DpmPacaataaa tctccgaacg aaccatttcc accagaatgg 1320

<213> Agyifgicighcg cattctttgg agccgagtgc cagaagcacg ggat gttagt
ccgtgttgca 1380 ggtgatggca ttttgatgtc tccaccgctc :

<220>  attatctcac ctgaagagat tgatgagttg 1440 atttctatct

<223> Ppi%dgaaagc attgaaggca acggaagaga aggtaaaaga actcaaggct -

<100 34900 cagcacaaga agtga 1515 <210> 40 <211> 1362

ggatcctes k42 NG £ L3z Rgeudononas sp.  <400> 40 atgagcgtcag
acaacccgca aacccgtgaa tggcaaaccc tgagcgggga gcaccatctc
60 ,

<210> 38

<211> 446

<212> PRT

<213> Arabidopsis thaliana

<400> 38

Met Val Val Ile Asn Ser Leu Arg Arg Leu Ala Arg Thr Thr Gln Vail
1 5 10 15

-His Leu His Ser Lys Tyr Ala Thr Cys Met Ser Gly Asn Ser Thr Ser
20 25 30 :

Arg Arg Ile Phe Thr Thr Glu Ala Ala Pro Glu Lys Gly Asn Glu Pro
35 40 45

 Arg Leu Val Ser Ala Ala Val Glu Gln Leu Asn Thr Leu Pro Phe Tyr
50 55 60

His Ser Phe Trp Asn Arg Thr Thr Lys Pro Ser Leu Agsp Leu Ala Lys
65 ] 70 75 80
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val
Thr
Tyr
Arg
Gly
145
Len
Thr
Ile
Val
Lys
225
Glu
Lys
Ser

Asp

Phe
305

gcacctttca gtgactacaa gcagct gaag gagaaggggc cgcgcat cat
caccaaggcc 120 cagggggtgc atttgtggga cagcgagggg
cacaagat cc tcgacggcat ggcgggcctg 180 tggtgcegtgg
cggtgggtta cggccgtgaa gagctggttc aggcagcaga aaagcagatg
240 cgcgagctgc cgtactacaa cctgttcttc cagacggccc
e EEG00 86 361 2R, 300 HE0AI9962 B0
ggcgcccgag ggcatgaccc gt gcggct
ggct ccgaag gcaacgacac cgtgctgcgc atggtgcgcc act act gggc
gt t gaagggc 420 aagccgcaca agcagaccat catcggccgt
SerabtRallggedr AEE altHoLdnC 2R GGt €IGCCad 80 ggiuged 1 ges
tgggd@gcat gagcggcat gieacgagcagg gcggcamgcc gat cccgggce
540 '.. atcgtgcaca tcccgcagcc gtactggttc ggcgaaggcg
t acat ac ccc atgcg 600 ttcggtatct gggcggccga
Tyrgég @F@g ggéa’%récp’fct&é‘agltyég@’sc é%gP ab¢ 6%‘0
gf% ccgcct tcatcg a gcctatccag ¢ caggcg gcgt gat cat
cccgccggaa 720 ' -90 acctactggc cgaaggtgaa
LysOBA0LE e BACARIIACONACRLECHYt §.Cat] agegas, 280
13pgaagtcatct gtggsétcgg ccgtaccggeaggagtggttcg gectctgatta
ctacgacctc 840 aagcccgacc tgatgaccat cgccaagggc
ctgacctccg gttacatccc catgggcggt 900 gtgatcgtgce
Leugbryalaadgt ¥jgcéhagghgriat dagdgaakyogdbytPgactte ¢adaccacggce
960 ttcacct&#tt cgggccaccc dggdPagcggcg gecggt gétfec
t ggaaaacct gcgcatcctg 1020 cgcgacgagc aaattgtcga
. ct aa ca ttl. o agcgt 1080
Hls??%gg%gggglﬁﬁbgﬁﬁa ggrfbégfkggﬁ%sgg ggagﬁ%§ %%ggccttgg
catgcttggc 1140 gcgatcgagc tggtgaaaga caaggccacc
cgcagccgtt acgagggcaa gggcgtgggc 1200 atgatctgcc

Glu goaceit chyg wirt Tgaaaac.-ggett gat cant GegtDCagh Wggt gacacc

126018&t gat cat cg cgcdgécgcet ggt cat cagéstat gcggaaa
t cgacgaact ggtggaaaag 1320 gcacgcaaat gcctcgacct
accctt cgattcgat_as 1362 <210> 41 <211> 1359

e S CRNRAY 790 p TR dofofils o, P <Hg05 £ T4t Fgcgat
cgcaaaccct gcactggcaa gcgctgagcc gcgaccatca tctgccgcecg
60 ttcaccgatt acaaggcgct gaacgccaaa ggcacgcgca

Met CAtLRCEAA AYCBLCANIGrd 28 - FE&hagCidt rBoGacaneoa

210 aggccacaag at catscgacg ccat ggccggogctctggtge 180

Val Gin Ala Val Val Lys Lys Tyr Asp Ile Leu Phe Ile Ala Asp
230 235 240

Val Ile Cys Ala Phe Gly Arg Leu Gly Thr Met Phe Gly Cys Asp

245 250 2355

Tyr Asn Ile Lys Pro Asp Leu Val Thr Leu Ala Lys Ala Leu Ser
260 265 270

Ala Tyr Met Pro Ile Gly Ala Ile Leu Met Ser Gln Glu Val Ala
275 . 280 285

Val Ile Asn Ser His Ser Ser Lys Leu Gly Val Phe Ser His Gly
290 - _ 285 300

Thr Tyr Ser Gly His Pro Val Ser Cys Ala Val Ala Ile Glu Ala
310 : 315 320
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gt caacctgg gctatggccg cgaggagctg gt cgaggccg cgaccaggca

gat gcgcgag 240

ctgccgtact acaacctgtt cttccagacc

gcccacccge cggcecgtgge gctggccaag 300 gcgattgcecg
acat cgcgcc ggccgggatg aaccatgtgt tcttcaccgg ctccggctcg

Leu

ccgct gga

390 gaedi Bodedsetta=-gihalyidnd Sibiartly

ggct at cacg gct'Cgaccat cgctggcgca 480

agcctcggt g gcat gaaggc cat gcacgag cagggcgacg gcccgatccce

Ala

ProC@es ahegad 249 cioatAat EgAGEaARECEIAGLY @t 8496980
ggt ggegaca tgagcccggaszagagttcggc 600 gbgcgcat cg

ccgaccagct ggagcagaag atccttgagg tcggcgagga caaggtcgcc

660
Ile

Tlet et

égccttcatcg ccgaacctat ccagggcgcc ggcggegt ga
EQ@E‘é@h@é@dﬂﬂbGﬁa@euﬁ@gc@gcggg
cttgcgege tacgacat®®c tcttcatcge c

Thea@lyg Serat
gaggtc 780

at ct gcggct tcggecgtac cggtgagtgg ttcggcagcg actact acgg

Val

Aspczggnc 9,99 CS%Q §r460 Asxg %ﬁ%t gr%t gge CEg.%t lgl:g)c
37gt ct ggct aca tccgggtggg cggcgtagt§hé)

o "5t

q&th%apC
gtdcgacg

aagt ggt gca cacgct caac gagggcggcg agttctacca cggcttcacc
-91 tactcggggc accccgtggc cgccgeggtg gcgcet ggaga

960
Gly
385

alaatet Eog Ay Xet gtgogagslt02es HjagaElagas€ g.eh cgagegggt
gaagacgaag ¥dggcaccct atttgd&dtc ccgttggcag 4480

gaact gct cg agcat ccgct ggtaggcgag gcgcgcggeg tcggect get

val

1260

Glu

a9 HEOEL

coct

140
Afctty

DNA <213> Artificial

Thr

<210>
<211>
<212>
<213>

1515
DNA

<400> 39

atggtcgtta
aagtatgcca
gcacctgaga
gctggatgge
gtgtatgatg
ttaggaggaa
ttttatcact
ttagagatgt:
gccaacgata
aagaaaaagt

ttgtccggec

ccgtttaccg at

tcaacagtct
cttgcatgte
agaaaaacaé
agagtgctga
atactgggaa
atgagccaag
ccttttggaa
tcacggccaa
cccaggtcaa
ttatcgcgag

ttcececeget

Arabidopsis thaliana

ccgacgecttg
tgggaactce
tgttgggtct
tttagatccc
aaaatatctt
gettgtttet
ccgtactact
caaaatggcc
gctggtttgg
aaagaaatcg

acaccaaaat

P

<220>

ene for expression in E coli <

Glu %gg gt¥Ec ¥ L¢P c‘ilélag?‘% JYeqtigagtt Fgsak
t¥gcgag cct gaat cH

gt gt gatgac ccgtggcgaa 120 ggcgtgtatc tgtgggatag
3@gaaggcaac aaaattattg atggcatggc gggcctgtgg 180

gogegtacca
acttccagga
aaagggcatg
ttggtcattg
gactctcteg
geccgetgityg
aaaccttctce
aaagcatttt
tattacaata
taccatggct

tttgatttac

aacaa
Y1 550 11 gjfgg

actgcttccg caacggcctg gtgatgcgtg cggttggcga caccatgatc
atttcgccgc cgctggtgat cagcgaagag cagatcgacg
Glu aget g9t tog eaagys 869314320 cli Gh8CLIL Be@GPEeCRAGIIC
caaggmt gt g ctgggct ga 42859

ctcaggttca
ggattttcac
atatgcttgc

caaagtctga

ctggtttatg

aaéagttgaa
tggatét;gc
ttacaagcygyg
acgeacttgg
ccactctaat

ctgcaccatt

_89.

aa_’

accc

<210> 42 <2id> 1380
<223> codon optim zed

<400> 42 at gcagaaac

§%tgca tcatctgcat

gcgggt gcge

tttgcaéagt
tactgaggca
accttttact
gggaagttat
gtgtactgcc
caccttgceceg
taaggttctt
tggatcagat
aaggcccgag
atcagcaagt

tgtgttgcac

cgaa
agc

<212>

60
120
180
240
300
360
420
4380
540
600

660



t gcgt gaacg tgggctatgg ccgtaaagat tttgcggaag cggcgcgtcg
t cagat ggaa 240 gaactgccgt tttataacac cttctttaaa
accacccatc cggcggt ggt ggaactgagc 300 agcctgctgg
. ccgaagttac cccg%caggt tttgatcgtg tgttttatac caacagcg gc
acagat?gse CE&@EE&%&&g&R& F@Eﬁﬂ?a%%ﬁﬂ?a@%HQ:é@?%ﬂ?@a%ﬁzﬁéiﬁqfﬁf?a 20
tt t .gca caaa 420 cc aaaaaa aaaccct
accasa g Oy A gE e Ageeayeat Car oo gt e 70
getttra8593966199,00996at R @49%5@5@%%3&%@99&99&%%9&900Qefato
tccgggcatg 540 gcgcatattg aacagccgtg gtggtataaa
tttgaa=6dd 0@caaRGc Al AcgaLrLee gdatgadit toh0rtgoegi@aba 300
cggcgcgttg gct ggaagaa aaaattctgg aaat cggcgc ggat aaagtg
atatgtg680 ttgomgugt tdegy gYo gataCoc geit TaggyLcHC gguRggt e 360
tgattgttcc gccggcaacc 720 tattggccgg aaattgaacg
gatctiobdy (CHRrIyerasgcat gurd %3%@?@&%%§g¥gqqgéﬁﬁﬁ¥t@%&faYBGFt 1020

tgatttgc cttt t accggcgaa t tttg at cagcat
acsascc i Arp g 40 E AT T B TR Basagg ety oo
catgoarBUL AWEAAC ALELACLORL 100606001 R00: LI LALAOGER 1100

aacgtgttgc ggaaggtctg attgcgggcg gtgattttaa ccatggctt
atatacaQ@gO ag@fthod figcdagitat CAYGtc Byl GCQE6&h0t gOGYaaAIE 1200
: cgaatgttgc ggcgctgecgt 1020 gatgaaggca ttgtgcagcg
goagttadqyt gabdgattgatvatdgyget gt atw@bgcaagasmeyt 4ggodd8@ 1260

cgt gaaacct ttagccgttt tgaacatgtg gatgatgtgc gtggcggggg
attcttogay GHIPCAEP T paR-aag2ag dGtEEHEEE %f’@@ﬁ‘gfafééa%\“@aa%\r@@ga

ttccqggattt t aaat t 200 ccct
l:"'tgttg'cé%cgcgat a%ggt f ?f%%tg(%%c nggaa‘%@g?gqe?a t't‘F"gqtlfg cgch’étfgé: ggc@glfJ
ggtgatgdkabOioiGAEAtd YLl GLOCAGEYGG -UCt AGLi Al AGLEOLAGYT 1440
aagt ggat ga aatgctggcc 1320 gtggcggaac gttgcctgga
atttcta@dgaatddogasyC aganeotan s2agige gl ¢ggeedggecdaaadaff@ 1500
<210> 43 <211> 5143 <212> DNA <213> Artificial <220>
cagcacaagg?28stodfect or <400> 43 tttaagaagg agat ataccc 1515
at gacacaga gggcccacca tcaccatcac cattccatgg 60
«10s dgClCctccga ggacgtcatc aaggagttca tgcgcttcaa ggtgcgeatg
4agggctccg 120 tgaacggcca cgagttcgag atcgagggcg

<211>
<212> mAgddcgaggg ccgcccctac gagggcaccc 180

<213> Pseudomonas sp.

<400> 40
atgagcgtca acaacccgca aacccgtgaa tggcaaaccce tgagcgggga gcaccatcetc 60
gcacctttca gtgactacaa gcagctgaag gagaaggggc cgcgcatcat caccaaggcec 120

cagggggtge atttgtggga cagecgagggg cacaagatce tcgacggcat ggecgggootg 180
tggtgcgtgg cggtgggtta cggecogtgaa gagctggttc aggcagcaga aaagcagatg 240
- cgcgagctgc cgtactacaa cctgttottc cagacggece acccogectge actggaacty 300
gccaaggceca ttaccgatgt ggcgeccgag ggcatgaccc atgtgttctt caccggctcce 360
ggctececgaay gcaacgacac cgtgetgcege atggtgcgece actactgggce gttgaaggge 420
aagccgcaca agcagaccat catcggeccgt atcaacgget accacggcectc caccttegece 480
ggtgcttgee tgggcggcat gagcggcatg cacgagcagyg geggectgece gatceeggge 540
atcgtgcaca tcccgecagee gtactggtte ggcgaaggeg gtgacatgac cccggatgeg 600

ttecggtatcect gggeggeega acagctggag aagaaaatcee tcecgaaghtcgg cgaagacaac 660

gtcgcegecet tcatcgcecga gecctatccag ggegcaggeg gogtgatcat cdcgecggaa 720
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agaccgccaa gctgaaggtg accaagggcg gccccctgec cttcgectgg

gacatcctgt 240 <cccctcagtt ccagtacggc tccaaggcct

acgt gaagca ccccgccgac atccccgact 300 acttgaagct

gtccttcccc gagggcttca agtgggagcg cgtgat gaac ttcgaggac
aCCtaCt%ﬁﬁ)cg@ﬁﬁﬁﬁgiﬁ @E?Q%ﬁ%séﬁt%5§€%g§ﬂ§§gﬁﬁffﬁ%ﬁgtéc%ﬁﬁjééiﬁﬁi Sg

ttc atctacaa 420 t C cg caccaac
gaagtca%‘?tggc%?gtctc PLAcGYEESE g? 9 a%t

BTG §§I280°
aagcccgg;ct 999@&9&1& Eg&&%&g?& &99@&%&%‘%1:9&9:%9' a&aQ:%g&c%%‘ECt g @@9
ggcgagatca 54 agatg

aggct gaagct gaag gacggcggcc
gtgatcg@fd EGRGHSTC §aEBaGIRY REERALLEAGREMACLE JQGCaRGR3 960
gcccgt gcag ctgcccggeg cct acaagac cgacatcaag ct ggacatca
ttcacct8B0coTBecTacate YA FCt AW IacT algggiggenasaghacya 1020
gcgcgecgag ggccgecact 720 ccaccggcgc cggcgagaac
CgcgacgacQCg PRI EEE0n §RAIGE RS 2F EERTAYY CACERPEHE ACGRTBYE

aactc cacttcca attttca ctact acct
e R e N e T S
gcga tcga%@c Q&Jt%gé‘apgat gggg%gégcg:g c&@a%%%&c tag Qg%%cagtg}gbg 1200
ggtcatt” gcaaagtctg agggaagtta tgtgtatgat ga actggga
atgatctggﬁogcﬁa&ﬂﬂ:tgaﬁ lcgh gt GheditGated 39tddRba®Wugtatlageé 1260
cttaggagga aat gagccaa 1020 ggcttgtttc tgccgetgtt
atgatcaiggacagtga tagacet tyoe cgtddobadac acgdwentt toggacadba8d 1320
accgtactac taaaccttct ctggatcttg ctaaggttct tttaga%atg
geacocas@f cHGHETA L 19Tt BB gedaGE93adagcat tt tttacaagcg 1362
gt ggat caga tgccaacgat acccaggtca 1200 agctggtttg
4s9tattacaat aacgcacttg gaaggcccga gaagaaaaag tttatcgcga
14260 -93 gaaagaaatc gtaccatggc tccactctaa tatcagcaag
pifkt gt ccgge cttccccecge 1320 tacaccaaaa ttttgattta
rectdpmaseatpt t gt gt t gca cacagattgc cctcattatt 1380
ggcgttttca tcttccaggc gaaacggaag aggagttctc aaccagatta
<400> 4dgccaagaatt 1440 tagaggatct aatcatcaaa gaaggaccag
atgagcgagl a1 GET tFEEEIIRL ad P G agparsoTra teaggeEyc 60

t gt atacctccac ctqgctaccta ctttgaaa ttCaagCtg
reaceaal S A e oGl et o Bty 120
gtctacct@@tg%t_;jgéa%%ea a‘g&QQ&%QS Catjc(éggg %;ch&ga‘é@t.agtg QEEJ %g@%cgt 180
gacaaat aca acattaagcc agatcttgtg accttagcta
gtcaacct G Geast @ty tdsea@aRt At gRYISHIA! tEhcgagRGabl Gcotddpagcrma
gaagt ggcag 1740 atgtcataaa ttctcatagc agcaagctag
ctgcegtage gEedatbtt Catgyatt tocacatat ctayci8afic gtiwatcsayt 300
ttcgtgtgct gtagcaattg aagcgttaaa gatatacaag gagaggaaca
gcgattgca%esatqgaee%ga@f%?%? CHCERAE T FGEERTE f@tgstqgﬂe'écgga 360

840

10890

<210>
<211>
<212>
<213>

gaggccaac gag % éa‘étt&%??tcglgzot %g%% tc:CC tatct gtt 420

t9G 5T e §agtitg _
gcgaagaagyg tggtcatcgg ccgetggaat ggetatcacg gectcgaccat cgctggocgca T 480
agccteggtyg gcatgaagge catgcacgag cagggcgacy doccgatccoc cggeategay 540
catatcgacce agccctactg gttcggegag ggtggcgaca tgageccgga agagttcggc 600
gtgcgcatcg ccgaccagcet ggagcagaag atccttgagg tcggegagga caaggtogeo 660
gcettecateg ccgaacctat ccagggegocc ggcggcgtga tcatcccgecc cgagagctac 720
tggecgeggg tcaaggaaat cctegegegce tacgacattce tcttcatcge cgacgaggte 780
atctgéggct ccggccgtac cggtgagtyg ttcggcagcg actactacgg cctcgageeg 840
gacctgatgc cgatcgececaa gggcectgacce tctggctaca tccccatggg cggegtagtg 900
gtogcgcgacg aagtggtgca cacgcetcecaac gagggeggeg agttctacca cggettcacce 960
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t agacaat aa atctccgaac gaaccatttc caccagaatg gggtgttggc
gcattctttg 2040 gagccgagtg ccagaagcac gggatgttag
tccgtgttgec aggtgatggc attttgatgt 2100 ctccaccgct
cattatctca cctgaagaga ttgatgagtt gatttctatc tatggga aa(g
tactcgg%gfeec“&giiwaagwca%ggaa@tgga%%g%gﬁé%%@t E5ETT&EgYc 192

tca cacaa a at 2220 cC acapagcccg
smsasa g b o AT ety “ETSeesee gL T oRgEadt aa DBEp . 10

gaactgc&haggéatc@@&ctcggéatgggg&c S%é‘gtc@&@&%g&éc%&@%ggggc%t&t L5 9ed
gaaaggagga 2 taf ccg gccggat atc cacaggacgg

gagttggt@a0hGHcE8faaC i REEGRT cbkagit6gad agca4@0gt loggedteeaag 1200
t agcgaagcg agcaggactg ggcggcggcc aaagcggtcg gacagtgctc
tgtcgegaidd 68ctoryagaacyygtguyoadagasaartgoavcs aegoavatag 1260
cgctagcagc acgccatagt 2520 gactggcgat gctgtcggaa
atttcgeqeggadayar sia i cerIe ARt g CHECC YR dIC HOC Bt ARaEI ISR 1320
caagcctat gcctacagca tccagggtga cggtgccgag gat gac
ttgtgcc%ﬁc@%ﬁf?ﬁgc %?F@ga'f%ga?'fgfggggg"‘gcacggtgcc t gact gcgt t DEsP
agcaatttaa ctgtgataaa ctaccgcatt 2700 aaagcttatc
(gat gat aagc tgtcaaacat gagaattctt gaagacgaaa gggcctcgtg
1260 atacgcctat ttttataggt taatgtcatg catgagacaa
plvaaccct gat aaatgcttca 2820 ataatattga aaaaggaaga
rgtafiigagt at tcaacatttc cgtgtcgccc ttattccctt 2880
ttttgcggca ttttgccttc ct gtttttgc t cacccagaa acgctggtga
aaa a 2940 t at ca f g cacgagt ggg
é’PEﬂ%‘ée‘Etgﬁﬁt%ﬂ% gab"grgtlg %8 gat cct t gag
<400 ggttttcgcc ccgaagaacg ttttccaatg atgagcactt ttaaagttct
atgcagaangngcggéﬂbégggélggaékaggé EQ&té&CQQHdgﬁééE% g 980aa 60
gagcaact cg gtcgccgcat 3 -94 acactattct cagaatgact
ccgtttact:@@tﬁagag‘e@@ggio@@@ﬁﬂ@bw@@ag@:@aag@tahedacae@g@g%f&o 120
tggcat gaca gt aagagaat tatgcagtgc tgccataacc atgagtgata
ggcgtgtape dotgeapdes 3240809@aactdrattat tot gavsatya Yergagepece 180

gaaggagct a accgcttttt t gcacaacat 3300 gatcat
tgcg tgaafﬁ a‘f&@?%fg"éeg g EGeE & YHaECY ey et YAt g‘fé’g T4t ac A

gaactgcc t (?:Qtatga%agg %Q%gtttgggaccc %gvgcaatc g§ g‘%@%%% %%agg§@0a 300
% tgcgca aactattaac § tac

agcctget&d tc%ﬁgagﬁQéc aeagdd-aet a t@aci G@st 98 c200GEIMRAIAAR0 360
agttgcagga ccacttctgc gctcggcecct tccggctggc tggtttattg

agcgaaag@j gataaatet 3o4tcgthggagecggistgagegbgogt elaggeggtzat 420

cattgcagca ctggggccag atggtaagcc 3600 ctcccgtatc
ccggaaaagp ageeentent awa%@éég@ Fegadscas RFISRICAE geatt It gaadtig

3660 aca atc at aggt g cct cact t aagcat t gg
Gegagectq SEVHPCAT ACEHGLET £ 9900 TAL ST IRE Te

<210>
<2il>
<212>
<213>

<220>
<223>

CPPegHEFt g 240

.92 -

gcgc:atatl%I ggg&%%%&%g tgggéttag:ggg%a‘i:éécaagggg&%t&a{gc%g g&ggﬁga%%%o 600
-ggcgtggttg cggoegegitg getggaagaa aaaattctgg aaatcggege ggataaagtg 660
goggegtttg tgggcgaacc gattcagggt gcgggeggtg tgattgttee gecggcaacce 720
tattggecgg aaattgaacg tatttgccge aaatatgatg tgetgptggt tgcggatgaa 780
gtgatttgég gctttggeccg taccggcgaa tggtttggee atcageattt tggctttcag 840
ccggacctgt ttaccgcgge gaaaggcctg agcagegget atctgecegat tggogocggtg 906
tttgtgggca aacgtgttgc ggaaggtctg attgcgggcg gtgattttaa ccatégcttt 960
acctatagcg gccatcecggt gtgtgecggeg gtggegeatg cgaatgttge ggegectgegt 1020
gatgaaggca ttgtgcagcg tgtgaaagét gatattggec cgtatatgca gaaacgttgg 1080
cgtgaaacct ttagecgttt tgaacatgtg gatgatgtgc gtggcgtggyg catggtgeag. 1140



gatccttttt gataatctca tgcatgacca aaatccctta acgtgagttt

tcgttccact 3840 gagcgtcaga ccccgt agaa aagat caaag

gatcttcttg agatcctttt tttctgcgcg 3900 taatctgctg

cttgcaaaca aaaaaaccac cgctaccagc ggtggtttgt ttgccggatc
aa ctacc aactcttttt ccgaaggtaa ctggcttcag

3960 ag %8
gcgttta&a‘éatgqgé%%@ A FECUTAC HTO° O gt CCrPLt - talfgragteg 1299
t c t gt accgccta 40
S S I PR R e ey
cacat tg@@IlGgt g cd 1@yl daRE CRY0E { PG aLl€ 8803 2CHR0LRABIRC 1320
cggat aaggc gcagcggtcg ggctgaacgg 4200 ggggttcgtg
gtggcggeact atageteoagohi ggage Gaacgagat &geacngaacitgagatacctiagco
4260 agcgtgagct atgagaaagc gccacgcttc ccgaagggag

aaaggcggac aggtatccgg 4320 taagcggcag ggtcggaaca
<210> agagcgca cgagggagct tccaggggga aacgcctggt 4380
2;;: ttatag tcctgtcggg tttcgeccacc tctgacttga gegtcgattt
<213~ @ﬁggﬁgpt 4440 cgtcaggggg gcggagccta t ggaaaaacg
_ ccagcaacgc ggccttttta cggttcctgg 4500 ccttttgetg
<270> (Qccttttgct cacatgttct ttcctgegtt atcccctgat tctgtggata
<223> ¥hfOr accgtattac cgcctttgag tgagctgata ccgctcgecg
cagccgaacg accgagcgca 4620 gcgagtcagt gagcgaggaa
<400> 4jcggaagagc gcctgatgcg gtattttctc cttacgcatc 4680

tttaagagagt gegfdltatca eERracedyT JaracarpRtigaceriret cagtecacaat ct gt
ctgatgccgc 4740 atagttaagc cagtatacac tccgctatcg
Cc“““&ﬁa&%’i“:&ég“t‘“g GRILAL bt PGETECRT FEIHHG T CAEELYEERa 120
taaacos GACEEARLORLACAREEIORCORRLIOLE LRt G CaRE ALEEOCt L4
6 agacaagctg tgaccgtctc cgggagctgc atgigtcaga
agaccgec@t §EdGass 0t 68660 8820 e P2t BARCHEH GHB- GIFEQICt L0
acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa 4980
ceectcagtgcaadttacdgcgt gagbéage atgaetced tacgpraec atage@ett t acact
ttatgcttcc 5040 ggctcgtatg ttgtgtggaa ttgtgagcgg
acttgaaggt ACAaFTICCCRWEAYFRa2 AR IT Gat Brgeac dtagagaprtac 360

tg%gcaqgctct agct agaaat aattttgttt aac 5143 <210> 44
geggeg 19¥TgpIacg e ¢ %‘“2cf§§a%€r%t CPIERAF t <256 ecasdp 3, 420
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tgaagctggﬁiéH%Eacé%%QOEEd%éctccg acggccccecgt aatgcagaag aagactatgg 480
" gttgggaggc ctccaccgag cggatgtace cocgaggacgyg cgeccctgaag ggcgagatca 5490
agatgaggct gaagctgaag gacggcggcec actacgacgce cgaggtcaag accacctaca 600
tggccaagaa gcccgtgcag ctgececocggeg cciacaagac cgacatcaag ctggacatca 660
cctececacaa cgaggactac accatcgtgg aacagtacga gcgogocgag ggocgcocact 720
ccaccggcgclcggcgagaac ctgtactittc agatggcaag taagtatgcc acttgcatgt 780
ctgggaactc cacttceccagg aggattttca ctactgaggc agcacctgag aagaaaaaca 840
ctgttgggtc taaagggcat gatatgcttg caccttttac tgectggatgg cagagtgetg 900
atttagatcc éttggtcatt gcaaagtctg égggaagtta tgtgtatgat gatactggga 9260
aaaaatatct tgactctcte getggtttat ggtgtactge cttaggagga aatgagccaa 1020
ggettgttte tgecgetgtt gaacagttga acaccttgee gttttatcac tecttttgga 1080
accgtactac taaaccttct ctggatcttg ctaaggttct tttagagatg ttcacggcca ' 1140
acaaaatggce caaagcattt tttacaageg gtggatcaga tgccaacgat acccaggtca 1200
agctggtttg gtattacaat aacgcactig gaaggcccga gaagaaaaag tttatcgega 1260



- ggaattccat atgagcgtca acaacccgca aacccg 36 <210> 45
' <211> 37 <212> DNA <213> Artificial <220> <223>
Pri mer <400> 45 ccgctcgagt tatcgaatcg cctcaagggt
ggtcc 37 <210> 46 <211> 38 <212> DNA <213>

gaaagaaﬁ?‘i PFPCIRAPILIBRC LD IS LRI TBY LLABRFIIA 6 GHEHPEcat 320

cacaccaBiFERRN LIRBRNERT ¢

getatgtgge
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ﬁicatta
riner

tadge

ggcgtt t€t7a tcttccgg&g gQ&%aQ@%;SQ&’&%@c Ca%tzg&:;attgg Cgclcg;ggfagtg’ S 12@0

tagaggatct aatcatcaaa gaaggaccag aaactattgg tgcettttata gcetgaaccag 1500

tcatgggtge tgggggtgtg atacctccac ctgectaccta ctttgaaaag gttcaagctg 15690

ttgttaagaa atatgatatc ttgttcatfg ctgatgaggt gatatgtgca tttggaaggc 1620

tcgggacaat gtttggctgt gacaaataca acattaagee agatcttgtg accttageta 1680

aggcactgte ttcagcatat atgccgattg gagccattct tatgagccaa gaagtugeag 1740

atgtcataaa ttctcatagc agcaagctag gogttttctce ccatggattt acttattetg 1800

‘gtcatccagt ttcgtgtget gtagcaattyg aagcgttaaa gatatacaag gagaggaaca 1860
taccagagta tgtcgccaaa gttgccccaa ggtttcéaga tggagttaaa gcgttitgect 1920

ctggtagice tattattgga gagacaagag gaacaggttt gattctiggg actgagtttyg 1980

tagacaataa atctccogaac gaaccattte caccagaatg ggétgttggc gcattctttg 2040

gagccgagtg ccagaagcac gggatgttag tcegtgttge aggtgatgge attttgatgt 2100

.ctccaccgct cattatctca cctgaagaga ttgatgagtt gatttctatce tatgggaaag 21640
cattgaagge aacggaagag aaggtaaaag aactcaaggce tcagcacaag aagtgaggat 2220

ccggctgcta acaaagcceg amaggaaget gagttggety ctgcecaccge tgageaatas 2280

cﬁagcataac cccttgggge ctctaaacgg gtcttgaggg gtittitgct gaaaggagga 2340

‘actatatccg gccggatatc cacaggacgg gtgtggtcgc catgatcgecg tagtcgatag 2400
tggctcecaag tagcgaageg agcaggactg ggcgécggcc aaagcggtcg gacagtgctc 2460

cgagaacggg tgcgcataga aattgcatca acgcatatag cgctagcagce acgccatagt 2520

gactggegat gcectgtcggaa tggacgatat cccgcaagag goccggcagt accggceataa .2580

ccaagcctat gcctacagca-tccagggtga cggtgccgag gatgacgatg agegecattgt 2640

tagatttcat acacggtgece tgactgegtt agcaatttaa ctgtgataaa ctaccgcatf 2700

aaagcttatce gatgataagc tgtcaaacat gagaattctt gaagacgaaa gggcctegtg 2760

atacgcctat ttttataggt taatgtcatg catgagacaa taaccctéat aaatgctteca 2820

ataatattga aaaéggaaga gtatgagtat -tcaacattte cgtgtegcoee ttattecctt 2880

ttttgcggeca ttttgecttc ctgtttttge tcacccagaa acgctggtga aagtaaaaga 2940

tgctgaagat cagttgggtg cacgagtgog ttacatcgaa ctggatctca acagcggtaa 3000

gatgcttgag agttttcgee ccgaagaacg ttttccaatg atgagecactt ttaéagttct 3060

gcggtattat cccgtgttga cgcocgggeaa gagcaactég gtogecgeat 3120



acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagccggt
ctcececgtate
acagatcgct
ctcatatata
gatecttttt
gagcgtcaga
taatctgetg
.aagagctacc
ctgtccttct
catacctecge
ttaccgggtt
ggggttcgtg
agcgtgagct
taégcggcag
atctttatag
cgtcaggggy
cettttgctg
accgtattac
' gcgagtcagt
tgtgcggtat
atagttaagc
cacccgecaa

agacaagcty

cagaatgact
gtaagagaat
ctgacaacga
gtaacicgcc
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatcteca
ccccecgtagaa
cttgcaaaca
aactcttttt
agtgtagccog
tctgctaatc
ggactcaaga
cacacagccc
atgagaaagc
ggtcggaaca
tectgteggy
gcggagecta
gcettttget
cgcctttgag
gagcgaggaa
ttcacacecgc
cagtatacac
caccegetga

tgaccgtecto

tggttgacgc
tatgcagtgc
tcggaggacce
ttgatcgttg
tgcctgecagcec
cttceceggca
gcteggecect
ctecgeggtat
acacgacggyg
cctcactgat
atttaaaact
tgcatgacca
aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag
cgatagttac
agcttggage
gccacgcttc
ggagagcgea
tttegecacc
tggaaaaacg
cacatgttct
tgagctgata
gcggaagagc
atatatggtyg
tcegetateg
cgcegecctga

cgggagetgo

gtcaccagtc
tgccataace
gaaggagcta
ggaaccggayg
aatggcaaca
acaattaata
tccggctgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
aaatccctta
gatcttcttg
cgctaccagc
ctggcttcag
accacttcaa
tggctgcige
cggataaggc
gaacgaccta
ccgaagggag
cgagggagct
tctgacttgd
ccagcaacgc
ttectgegtt
ccgctegeeg
gcctgatgcg
cactctcagt
ctacgtgact
cgggcttgtce

atgtgtcaga
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acagaaaagc
atgagtgata
accgettttt
ctgaatgaag
acgttgecgca
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
acgtgagttt
agatcctitt
ggtggtitgt
cagagcgcag
gaactctgta
cagtggecgat

gcagcggtcg

caccgaactg

aaaggcggac
tccaggggga
gogtegattt
ggcctttita
atccecctgat
éagccgaacg
gtattttcte
acaatctgct
gggtcatggce
tgctcccgge

ggttttcacc

étcttacgga
acactgcggc
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagce
aacgaaatag
accaagttta
tcfaggtgaa
tcgttecact
tttetgegeyg
ttgccggatce
ataccaaata
gcaccgccta
aagtcgtgte
ggctgaacgg
agatacctac
aggtatccgg
aacgecetggt
ttgtgatgct
cggttecctgg
tctgtggata
accgagcegcea
cttacgeate
ctgatgeege
tgegeccoga
atcecgettac

gtcatcaccg

3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860

4920



aaacgcgcga ggcagcigge
cgcaattaat gtgagttagc
ggctegtatg ttgtgtggaa

ccatgattac gccaagctet

<210> 44
<211> 36
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 44
ggaattccat atgagecgtca

<210> 45
<21i> 37
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 45
ccgectegagt tatcgaatceg

<210> 46
<211> 38
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 46

acgacaggtt tcccgactgg aaagegggca gtgagcgcaa
tcactcatta ggcaccccag gectttacact ttatgcttec
ttgtgagcgg ataacaattt cacacaggaa acagctatga

agctagaaat aattitgttt aac

acgacccgca aacccg

cctcaagggt caggtcc

ggaattccat atgagcgatt cgcaaaccct gcactggo

<210> 47
<211> 35
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> &7
cgcggatcct cageccagea

catccttgge tgteg
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4580

5040

5100

5143

36

37

38

35



