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DESCRI PTI ON NOVEL PLASM DS. AND UTI LI ZATI ON THERECF
Techni cal Field [0001] The present invention rel ates
to novel plasmds derived 5 from any of

m croor gani sms bel onging to the genus Rhodococcus
(hereinafter referred to as "the genus Rhodococcus")
and to utilization thereof. Mre specifically, the
invention relates to plasm-ds or their partial DNA

et (el o S0 g Sl oo o

o o e ) AR, 856 BT ARED

Fodessininel BRIHS Rrodococous 14 known to produce

T T
nadBe iYL PEmRIRRBRESHD BEIHARYS thedgtRRYRhoococcus
t(h%ﬁ?iﬁf%% ‘ttfeﬂ]ﬁ?g@oé%?@&s@@%@ﬁé‘?%g?%ﬁ iy uilization

gg'ti é(r%ogocl"i"f%r %ﬁe‘f‘?@g%l%aﬂlé” E)lg&h@ﬂcﬁ{ i’t?laF1 crgﬂﬁﬁﬁid% or their

ma S pr ogﬂqﬁe % ciMafeP alsy % E@ Qﬁjﬁ?’ Ir”DNA

USG enzynes an

gerf d? HS té’b"‘ﬁ’l’lﬁﬂe t% Rﬂﬁ‘ﬁ' GJ%%FS Oftransfonnants
S

vect for the genus dococcus as hosts

haﬁgﬁlﬁ@ﬁ%ﬂeeasmmgthbyr@ﬂc@agesgmmlcﬁf méth@dgeamcﬂs optically

ococcus have been found with plasmds, nanely 25
Rhadaoe agtinoalsohd] prodation pa¢thods spigiehaniliZe them.
Rhodococcus rhodocChrous ATCC4276 (Patent docunent 2),

Rh W d Arthodochrous ATCC4001 (Patent docunent
3) and odococcus erythropolis | FO 12320 (Patent
do¢open} 4). Theogshuf RbeddcatmesnBnkndivi\GO 1pHRIRE enzymes

involved in nitrile metabolism and to produce enzymes which

asymmetrically reduce aminoketones. In particular, Rhodococcus
erythropolis is known to have very high aminoketone asymmetric
reduction activity. Such microorganisms and enzymes act on o-
aminoketones to high selectively produce optically active (-
aminoalcohols at high yields (for example, Patent documents 1 and §).
Thus, it has long been desired to develop a host-vector system intended
for mass production of useful enzymes and the like in the genus
Rhodococcus. However, the development of vectors suitable for the
genus Rhodococcus as hosts has lagged behind. Only a few straing of
the genus Rhodococcus have been found with plasmids, namely
Rhodococcus sp. H13-A (Non-patent document 1), Rhodococcus
rhodochrous ATCC4276 (Patent document 2), Rhodococcus
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[ Pat ent document 2] Japanese Unexami ned Patent. 5
~Publication HEI No. 4-148685 [Patent docunent -3]

Japanese Unexami ned Patent Publication HEl No.

4- 330287 [ Pat ent document 4] Japanese Unexami ned
Pat ent "Publication HEl No. 9-28379 10 [Patent
docunent 5] W)02/070714 [ Non-patent docunent 1] J.
Bacteriol., 170, 638, 1988 Disclosure of the

| ofbafo R st GREy CPHE L By bishe (Y A TRpodococcus

naredPoBEYs 1O R RATHERENT™- ST ai ne) 1 rom ¢ he

Sy T ar o° BP AR doBupftil 1 @914’?3‘52921 "0t "Satety of

325 be. used ToatebaddEREEERT ebafipge PIMUGRIN CPatent
Ptulﬁﬁcﬁ[l@ﬁqj?ﬁl epfiyQRgs0 provi de novel 20 plasmds

t hat can used as vectors for such a host-vector

system  L00PDhcht | GociBagfiebbe traps & © UIeSQiHirsN! Patent

m cr obes sui e f or ust r ication from

amprﬁg,hlggﬁgﬁqqm;% af_ggbggpol i's whi ch has am noket one
asymmetric reduction activity. In particular, it is a

first  ob eCIPﬁ’tfenthidd‘ﬂi\tﬁéﬁt' Oﬂy Jdzphayidie Uheveimined Patent
pl asm ds or tTheir parti al 5 fragnments which can

beP%@i@aﬁ@nq'IEMﬁa spoR3neconbi nant microbes. [ 0006]
If a plasm d such as descri bed above can be obtai ned,
it 2 woul d PPgieie deasincn® S3ONE€I02/070414huttl e vector
that is replicable even in other mcrobes. It is
therefore a §Honrpatehf dotuwient h¢Ji Bueteriadn 1), 638ou088
nucl eoti de sequence data relating to DNA replication
(r dkclostirenfthgilmventiom ) necessary for construction
of such a shuttle 5 vector. [0007] It is a third
objPecoblentis thbe iSoleed byrthednpentipde shuttl e

[0004] As mentioned above, it has been desired to develop new

vectors for breeding and improve to industrially useful sirains (mutant
strains) from the genus Rhodococcus. In particular, self-cloning
systems are preferred from the standpoint of safety of the recombinant
DNA microbes and their products which may be used as foods and
additives. It is an object of the present invention to provide novel
plasmids that can be used as vectors for such a host-vector éystem.

[0005] It is desirable to create recombinant microbes suitable for
industrial application from among Rhodococcus ézytkropolis which has
aminoketone asymmetric reduction activity. In particular, it is a first
object of the invention to provide novel plasmids or their partial DNA
fragments which can be used to create such recombinant microbes.

[0006] - If a plasmid such as described above can be obtained, it
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vectors that are replicable in both the genus ‘
Rhodococcus and E. coli. [0008] It is a fourth object
of the invention to apply the shuttle vectors to an
am noket one asymetric reductase. 10 Means for Sol ving
the Problens [0009] The present inventors carefully
screened plasm ds for vector construction from anong
Rhodococcus strains, and as a result discovered

e 10 55he BT TR S L § RO FARI S i rplcable even
o 5167het BUREHRES (CI040RYeld shep BRI I javenton o

e HESTEE, GARRa8k 2SEyGende o1 | RS 3R, Hephcarion
ol SeRigalBhGreBIo, PRCDIBEGhy, B CARATRHOFTIEN ekl shutde

st rabove, and 20 the present invention has
t her eéupon been conpl eted. [0011] Specifically, the

g{ Wsm”o], i nvent jom RERY BB & Mhe f ReHEBL. & ﬁ?@%‘%’f‘ shuttle

a shuttle vector, a vector, a trans

a r j : i i ;
UBtidP8 i arg &@g}iﬁéel% 1& 23 cqjmﬁ hé ggﬁag FIRNR BEHIVBhA IR coll.

reduct ase, an or pro&duction of an

Opr:(?(wﬂ]' y aclti ieaasupdebbjielof ARCaEmibn &5 apply the shuttle
folflowm™ng (1) to (39). (1) A DNA fragnent having at

| egsétopeen BH GneRloketreauanartberedtedse3 fromthe
group consisting of the nucl eotide sequences set forth

as Migdas ol S¢virdbtheFQHIEMNO 36 and SEQ I D NO 37.

(2) Aplasmd or a partial DNA fragnent thereof,
chfd@dQ]er i zeThby presempr irsiengos Phrefudlyl iscetdned pdaimonds for
havi ng at | east one nucleotide 5 sequence sel ected

f r vectoh ecogrstuetionnfiost iamyomg KAl cueckaststting eapud ases result
set forth as SEQ 1D NO 35, SEQID NO 36 and SEQ ID
NOdisg@vera) severdh soeanplasntidsi wipbde aseasctasnefor host-vector
nucl eoti de sequence selected fromthe group

codgitelisng of the nucl eoti de sequences set forth as

SE[%010] Furthermore, the present inventors found that it is possible

to construct shuttle vectors by fransferring into the aforementioned
plasmids a drug resistance gene and a gene region that is replicable in £.
coli. As a result there were obtained nﬁcleotide sequence data,
plasmids and shuttle vectors that achieve the objects stated above, and
the present invention has thereupon been completed.
[0011] Speciﬁéally, the present invention provides a DNA
fragment, a DNA, a plasmid, a shuttle vector, a vector, a transformant,
a method for production of an aminoketone asymmetric_reductase, and
a method for production of an optically active aminoalcehol, according
to following (1) to (39).

(1) A DNA fragment having at least one nucleotide sequence selected
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10 IDNO 1, SEQID NO 4, SEQID NGO 14, SEQ ID NO
17 and SEQ ID NGO 22. (4) A plasmd or a partial DNA
fragment thereof, characterized by conprising a
coding region for a DNA replication-related protein
havi ng at | east one nucl eotide sequence selected from
the group 15 consisting of the nucleotide sequences
set forth as SEQID NO 1, SEQ ID NG 4, SEQ ID NGO

=t b SR sl DR Capeoffe soitbePoBr 8 foPks SEQ
¢ PNt ST S AR SEQTTARY: 37east one

I
r7oappriihe 1 REA 6Bk 0N gegi RS gdendiPhe JiGeotide
CoPeliRy Rl 3R, WE BGHP R O s | mycleotide

S BHGRERRSR 0 by SEED QIS SEQIENG, ¥ sEQ
nuﬁ(gpgy_de sequence set forth as SEQ 4 ID NO 76. (7)
A plasmd or a partial DNA fragnent thereof,

ch t eyNjAE hSi Rl i
thgﬁ)a% Alfrabherft HEViA, eazﬂq?ﬁst 1RTRheleoi Rl @ﬁg&ﬁ\%@%ected

nucl eot | de“sequence ort as SEQ I D

( 8¥rotn Rhé$ib dpg:?n%%sg%fg oAthOMclehaderRuEhesLadt, forthDaNsASEQ

characterize rising a coding region for a
r ephi K&}:i DPSEE) Abad(RrptSEQ Ihavond 2ISHEEAH NOe 17 and SEQ

nucl eoti de sequence selected fromthe group

cofi@ NU):mp.of the nucl eoti de sequences set forth as

SEQIDNO 1, SEQ IDNO 4, SEQID NO 14, SEQ ID NO

17 (4nch GGk N a2parlik) DOIRr fragnpm thkreofepihiacattcomed by

region having at |east one nucleotide sequence )

sekentpribifig oa ¢ddingr vegionoder st i DY AT rapixation-rdatiede protein

sequences set forth as SEQ ID NO 35, SEQID NO 36

anHa®E@ 1db least one nucleotlde; sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 1, SEQ
ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 17 and SEQ ID NO: 22.
(5) A plasmid or a partial DNA fragment thercof, characterized by
comprising a coding region for a DNA replication-related protein
having at least one nucleotide sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 1, SEQ
ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 17 and SEQ ID NO: 22 and
comprising a DNA replication region having at least one nucleotide
sequence selected from the group consisting of the nucleotide
sequences set forth as SEQ ID NO: 35, SEQ ID NO: 36 and SEQ ID
NO: 37.

{(6) A DNA fragment having the nucleotide sequence set forth as SEQ
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NO 37, and conprising a pronoter region having the
nucl eoti de sequence set forth as SEQID NO 76. 15
(9) Acircular plasmd characterized by conprising a
plasmd or a partial DNA fragnment according to.any
one of (1) to (8), wherein the nunbers of restriction
endonucl ease cl eavage sites are BanH |: 2, EcoR I: 2,
Kpn I: 1, Pvull: 1, Sac I: 1 and Sna |: 1, and the

Si IS, proxi mately 5.4 kbp. 20 (10) A plasm d
haﬁ@&-@?nucl eoti de sequence set forth as SEQ ID

o

GoBDEising X Brorpdsy ik Dlele0fide set forth
Sge g&‘é t]'g?f_ Daq%);nce sel ect ed fro?nthg group%%?
ggﬂ%g i@ 'tf@ nucl eoti de sequences set forth as
I EH/ : 7 :

) 2 R4 R, BN o R R A Begfdeerioed by

ChobAGHRihE R B EL 19 DR RS0 protin

: t ol I"eof | sequgn e selected

t .

e T A T L Rt
72 -4 i - i
[EokASIng R LARATITL Kelbcstc Sooh QD BO! 495EQ

nughegrich-dg, SFUYEIsagCset4,f SECh 185 NiBQ 17 BnlliGSEAD IDSKD): 22,
ID NO 42, SEQID NO 44, SEQ ID NO 45, SEQ ID 10 NO

53 h DIS Rt Nehst6d leotid
PR REEBEDE R et 185 B g o

pasédpdndeNAcl¢aedefiomhaheofgrosparansstingedobythe nucleotide
conprising a coding region for a DNA

r egdduaices et gbethess BH) dDNNDadtn$HQ [Dea80: dveand SEQ ID
nucl eoti de sequence selected fromthe group 15

conkdstiTgand ¢dmpnisidg ot iprenseqn eregien skavingr the awcleotide
SEQ ID NO 40, A
sequence set forth as SEQ ID NO: 76.
(9) A circular plasmid characterized by comprising a plasmid or a
partial DNA fragment according to any one of (1) to (8), wherein the
numbers of restriction endonuclease cleavage sites are BamH I: 2,
EcoR L 2, Kpn I. 1, Pvu II: 1, Sac I: 1 and Sma I: 1, and the size is
approximately 5.4 kbp.
(10) A plasmid having the nucleotide sequence set forth as SEQ ID
NO: 73.
(11) A plasmid or a DNA fragment according to any one of (1) to (10),
characterized by being derived from a bacterium belonging to the
genus Rhodococcus.

(12) A DNA fragment having at least one nucleotide seqﬁence selected

from the group consisting of the nucleotide sequences set forth as SEQ
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SEQ ID NO 42, SEQID NO 44, SEQID NO 45, SEQID
NO 53, SEQID NO 55, SEQID NO 56, SEQ ID NG 61,
SEQID NO 62 and SEQID NO 69. (16) A plasnmd or a
partial DNA fragment thereof, characterized by 20 -
conprising a coding region for a DNA
replication-related protein having at |east one

nucl eoti de sequence sel ected fromthe group

S RO SEQ IR T R S EEING R 40 sE0 1 0

seld SRR i il T S R e ctiliped by
on B8 > et TR RSO bRk PR ey, g8 icleotide
ey oo atane] eoind WEER P! YR | Ayfteotide
endrgifides et TpP ae RECUD NOPTERSEAPIENG: (7}, 20d §GQ D

reﬂ' C?Qi on-rel ated protei.n 5 having at |east one
nucleofide sequence selected fromthe group consisting

of n j

S0 ACEPRAS iR AR, B {6 Ry RER 0 st
| D¢ , ' NOY

LS00 50 sy BB cben AT g5 O
r eppi 19e:149) mimmyh@ﬁsm 19 Neast, ) TICNePt431eSEQ 1D
sequence sel ected fromthe group consisting of the
NuR@OERd ) S 5SeiSHQIMIM NO: SERIENND NO: SEQEQ ID
IDNN% 5%@5% W}éﬂé%@l [S)Sth (%2, and c?rgrgpr%i ng a "3EQ

pr V@t 62 andSRQ MNOg6Bhe nucl eotide sequence set
forth as SEQID NO 76. (18) A DNA fragnent havi ng at

| e@b5) dneplasmicori apasiagl®NA Segenentdtheteof, rdraratierized by
group consisting of the nucleotide sequences set forth
as cSEPridiig ND. cadingnaegien for ND:DNA (edicatiop-ealated grotein
a partial DNA fragnent thereof, characterized by
cohpving raf feasbbine zawdlentideosequencegiselectied i figimtthe group
| east one nucl eotide

consisting of the nucleotide sequences set forth as SEQ ID NO: 40,

SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 53,
SEQ ID N.O: 55, SEQ ID NO: 56, SEQ ID NO: 61, SEQ ID NO: 62
and SEQ ID NO: 69. o

(16) A plasmid or a partial DNA fragment thereof, characterized by

comprising a coding region for a DNA replication-related protein
having at least one nucleotide sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 40,
SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 353,
SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 61, SEQ ID NO: 62
and SEQ ID NO: 69 and comprising a DNA replication region having

at least one nucleotide sequence selected from the group consisting of
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sequence sel ected fromthe group consisting.of the
nucl eotide 20 sequences set forth as SEQ ID NO 67

and SEQ.1D NO. 47. (20) A DNA fragnment having the

nucl eoti de sequence set forth as SEQ ID NO 75. (21)
A plasmid or a partial DNA fragment thereof,
characterized by conprising a nobilization-rel ated
reglon haV|ng the nucleotide 25 sequence set forth as

by o PIeoridE seubichery Seofotiias SEQ I ME 78; SEQfENo: 71
regpﬁystﬁéip’mlﬁ%tf Saéilll chvage Sites are BamH 1: 2,
apﬁf@l ATyt o o dsPeL A freben@l pllfeh dfubSterized by

(o5ofrsiEe of GG BGion” 1o ADREE fetigRtaglheg, rotein

Bé%ﬁ%%. G5 oon? BEAEbHllE” SEbhREBRciE MGt 8 Meroup
for &ﬁﬁgg@“ﬂﬁ;%‘&@%&&;;@&%@& AQ%@% %@CSEQ”ID NO: 40,
the tIP;g@ge ggqu nce%(g?igb?’t S%elgrlgo%(bq\nm 33,
(2@5}]@@%1 ssvsggrmm' ;ﬁb'ﬁﬂ} Ibqqoerﬁlaslﬁ i RD: 62

genus occus a and donpri si ng

2 163 farﬁmrﬂe liearienf h t
cE67 AT Po Sny Geof (140 (26) ShA 3 WA Fegion € °

r eRdaise ak Suidledtid € Sbduer(cdBeléeted from theagiatipetorsistimy of the

bei ng constructed using a shuttle vector according to

( 2hhcleotide SS%X@QI:@S s@hiric he SE@ADONEoRpr FBONEDANO: 71 and

pl asm d or fragnment 20 according to any one of

(6BEQ 7ID NB) 711, Gad) coh@ihisiAgyeactpoonmmtenrmienen titaving the
(28) or (29), characterized by having
nucleotide sequence set forth as SEQ ID NO: 76.

(18) A DNA fragment having at least one nucleotide sequence selected

from the group consisting of the nucleotide sequences set forth as SEQ
ID NQO: 67 and SEQ ID NO: 47,

(19) A plasmid or a partial DNA fragment thereof, characterized by
comprising a mobilization protein region having at least one nucleotide
sequencc selected from fhe group consisting of the nucleotide
sequences set forth as SEQ ID NO: 67 and SEQ ID NO: 47.

(20) A. DNA fragment having the nuclebtide sequence set forth as SEQ
ID NO: 75.

(21) A plasmid or a partial DNA fragment thereof, characterized by -
comprising a mobilization-rclatled region having the nucleotide
sequence set forth as SEQ ID NO: 75. |

(22) A circular plasmid characterized by comprising a plasmid or DNA
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inserted therein an am noketone asymmetric reductase.
gene. (31) A vector according to (30), characterized
in that the am noketone asymmetric reductase gene is
a nucleic acid coding for a protein 25 consisting the
am no acid sequence set forth as SEQID NO 78, or a
nucl eic acid that codes for a protein having the am no
aci d sequence set 8 forth as SEQID NO 78 with a

ok 4SS G L AR T e o
S MBof ST PR e AL, 5 S 1
eSS 308 SRR BT SR oo 55 0

o AT RSN DAL sslbof 8 S e 10

nuz\ggm;hde set forth as SEQ ID NO 79 under stringent
conditions, and that codes for a protein having

T RO S s Bcorfheth lione a0 09,

contal ni ng

(2 Shorefdhads HSIE OO GO LGRS Cnclongin o e

f Okye Qg@h‘bﬁb% Bfs.an am noket one asymmetri creduct ase,
15@va?0 0 f

nprises a culturing step in which a
tr apsy arPDADA fegs@edt Raving tHeddiclestidulstyiienke Setniatiluay SEQ
that ‘all ows growth of said transformant, and a
puipfiNcation step in which the am noketone asynmmetric
reductase is purified fromsaid transfornmant obtained
i n(36) & DNAufragenerstapra@@riz86)byAcomigriging ar promoter region
production of an optically active am noal cohol,
whaneiny e mnclookde seguasgensattioitd aelEQ HIENOb{/4L ned

by the production nmethod of (35) is reacted with an -
enédT) Juestiuttlei wecior replicableaimmanttes dnelongmmdndthe genus
r e%rh%fiizgggmb)énhhg fcglh’l, oavgdn %ogfpr;'iesrig:g a fp?erlglrlulllda o(rll))a:lrtial DNA
fragment theréof according to any one of (1) to (26) and a DNA region
replicable in £. coli.
(28) A vector characterized by being constructed using a shuttle vector
according to (27). _
(29) A vector characterized by comprising a plasmid or DNA fragment
according to any one of (6), (7), (25) or (26).
(30) A vector according to (28) or (29), characterized by having
inserted therein an aminoketone asymmetric reductase gene.
(31) A vector according to (30), characterized in that the aminoketone
asymmetric reductase gene is a nucleic dcid coding for a protein
consisting the amino acid sequence set forth as SEQ ID NO: 78, or a

nucleic acid that codes for a protein having the amino acid sequence set
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25 [Chemcal Fornmula I] 9 0 R /N .. (xX)f / (i ) \
Rs wherein X may be the sanme or different and
represents at |east one species selected fromthe
group consisting of hal ogen, |ower alkyl, hydroxyl
optionally protected with a protecting group, nitro
and 5 sulfonyl; n represents an integer of 0 to 3;

Rl represents |lower alkyl; R2 and R3 nay be the sane

0L S5t Sl NGPL "B HER o FsalS5E, Bpinion o
2 of s & g SSUERRILS BRI R Blhoketone

am noal cohal gonmpound.. represented by the foll ow ng
qerMGBEAsIcRSl AfdSn cal Formia 2] OH R (X)n

(3 s b BT BB o pyffpon
h,aﬁéﬁﬂlﬁ&ﬁcdr%ﬁ%ﬁ%eo@éﬂé:ﬁ a0 d ¥eid consisting the nucleotide
sequence set forth as SEQ ID NO: 79, or a nucleic acid that hybridizes
with nucleic acid having a nucleotide sequence complementary to the
mmmﬂmmmm%SHﬂDMlWuMﬁmm@MwMMm&md.
that codes for a protein having aminoketone asymmetric reduction
activity.
(33) A transformant containing a vector according to (28) or (29).
(34) A transformant containing a vector according to any one of (30} to
(32).
(35) A method for production of an aminoketone asymmetric-reductase,
which comprises a culturing step in which a transformant according to
(34) is cultured in medium that allows growth of said transformant, and
a purification step in which the amincketone asymmetric
reduc_"[ase is purified from said transformant obtained in said culturing
step.
(36) A method for production of an optically active aminoalcohol,
wherein an aminoketone asymmetric reductase obtained by the
production method of (35) is reacted with an enantiomeric mixture of
an co-aminoketone compound représented by the following general
formula (1):

[Chemical Formula ]



(37) A nethod for production of an optically active

am noal cohol, wherein a transfornmant according to
(34) is reacted with an enantioneric mxture of an

a- am noket one conpound represented by 5 the follow ng
general formula (1): [Chemical Formula 3] O R "~ (X )n
N.. (1) RRwherein X may be the sane or different
and represents at | east one species selected fromthe
group consi sting of hal ogen, |ower alkyl, 10 hydroxyl
optionally protected with a protecting group, nitro
and sulfonyl; n Depresents an integer of 0 to 3; R
represents | ower g R'R2 and R3 may be the sanme or

di ffergpf ' 23k at | east one 15 species

sel ect ed he grjoup consi st,ing of hydrogen and

| ower al ki, and *hxepresenfé(a mretric carbon, or a
salt thereof,” to prodyce an optically active

am noal cohol conBound R?epresented by the foll ow ng
general formula (2): 20 [Chemical Formula 4] 11 CHR

\' I N(2) R2 X\R3 wherein X, n, Rl, R2, R3 and *
have the sane definitions as above, and having the

degiHe2irPX idy WREthe/ ishihe or different and represents at least one

species selected from the group consisting of halogen, lower alkyl,

]

LA

)

hydroxyl optionally protected with a protecting group, nitro and
sulfonyl;

n represents an integer of 0 to 3;

R' represents lower alkyl;

R? and R® may be the same or different and represent at least one
species selected from the group consisting of hydrogen and lower
alkyl; and

¥ represents asymmeiric carbon,

or a salt thereof, to produce an optically active aminoalcohol compound
represented by the following general formula (2):

[Chemical Formula 2]

< (2)

wherein X, n, R}, R?, R® and * have the same definitions as above,

10
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(38) A production nmethod for an optically active

am noal cohol 5 according to (37), wherein the
production method for the optically active

am noal cohol is carried out with further addition of a
conmpound represented by the follow ng general formula
(3): [Chemcal Formula 5] R10 Yl RO Rs 10 wherein A
represents t he foIIovvl ng formula (Y) or (2):

cal F r C (Y) wherein R
re@f1 @P’ﬁ‘b‘% E‘?‘IJOBéPg]OQ’%W]WsubStltut ed Cl-3
o 8 o T L SSTHLER B HEER Bl
cont ai n.| ng 1 er oat ons vvh4 ch t
[CW t h j ﬁo arﬁs %cor {%7 etrgi nl%ﬂg%d é”th an
esen s :hydro - -
neRBRaRLR BiERE 09#0 3 ﬂ%}*ﬁ%‘lﬂ&%@ Rkl Ehfitied by
0 ; represents hydrogen,
op{}&oﬂgﬁ%%qr%f@an@%@al kyl, a C5-10
hy ¢ ' ichis bondedto-R8 or a 5- to
8-%%‘2'?%@F¢1e era\cl)ggycl i c skeleton containing 1-3
het eroat ons which is bonded to RS or R9; R7
represents hydrogen or optionally substituted d-6
al kyl; 15 R8 reprgsents hydrogen, carboxyl, optionally

substituted C1-6 @l kylr'a 5- to 8-nenbered
het er o] contai ning 1-3 heteroatons

(1)

wherein X may-be the same or different and represents at 1east one
species selected from the group consisting of halogen, lower alkyl,
hydrbxy] optionally protected with a protecting group, nitro and
sulfonyl; -
n represents an integer of 0 to 3;
R' represents lower alkyl; A

2 and R’ may be the same or different and represent at least one
species selected from the group consisting of hydrogen and lower
alkyl; and
* represents asymmetric carbon,
or a salt thereof, to produce an optically active aminoalcohol eompound
represented by the foﬁowing general formula (2):

[Chemical Formula 4]

11
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13 which is bonded to R or a C5-10 hydrocarbon ring
which is bonded to R6; RO represents hydrogen,
optionally substituted C-6 alkyl, optionally
substituted C -6 al kyl oxycarbonyl, optionally .
substituted acyl or a 5- 5 to 8-nenbered heterocyclic
skel eton contai ning 1-3 heteroatons which is bonded
to RS or R6; and R10 represents hydrogen or optionally
substituted C-6 al kyl, or a pharmaceutically
acceptabl e salt or solvate thereof, for production of
an optically acti¥§ am noal cohol. 10 (39) A shuttle
vect or accordi ng (27), having a nucl eoti de sequence
selected fro r,ouf* consisting of the nucleotide
sequen@@sxx\ ~as SEQ ID NO 89 to SEQ I D NO
100. Effec he Iinvention-f0022] The pl asm ds of
the inventi re el plasm ds 15 unknown to the
prior art, and afpg valyable as vectors for host-vector
syst ens belonginb to the industrially useful the genus
Rhodococcus. They are of particular utility in the
creation of reconbinant m crobes capable of
| NUREEIFK, BSRITTRE! RE 2h0IRALO LA RLIRELBAS As abDve,
np

exanpl e of "asynfhrettic reduction of an am noketone to -

whi ﬁ%&% ] : i bute is a reaction
fo?ﬁ%;%'uc ?g%agﬁfﬂ???ug?y%g?ﬂh%seudoephedrine from

1- §3 FELAY gﬁﬂﬁﬂ@tibn pRestiibd! far og@nepeicallPOddlivéh@minoalcohol
pl asm ds of the invention can coexist in single

Rhagasdess o €37), anthetdiar feopeodactide mettbd dor ahkyoptically
al one for their replicating function, but also as

cogpavt ahenphRohodss cafreéd out wiyh Zarthesedditivm of a compound
different protein (for exanple, enzyne) genes into the

di féreeited|tasthiedfallowingsg@essl forenila (8¥press the

proteins sinultaneously 14 in the sanme cell. [0014]
ThEChéntitdleForeankars] of the invention are useful for
creation —

AYN\ , )
R
8

wherein A represents the following formula (Y) or (Z):

of

[Chemical Formula 6]

12
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of ‘industrially useful reconbinant m crobes of the
genus Rhodococcus and Escherichia coli. 5 [0015] The
nucl eoti de sequence data relating to DNA replication
obtained fromthe plasm ds of the invention may serve
as the basis for construction of the aforenentioned
shuttl e vectors, and specifically they provide DNA
fragments as constituent el enents of the vectors.
Brief Description of the Drawings 10 [0016] Fig. 1 is
a restriction enzyne cl eavage map of plasmd
pRET1100. Fig. 2 is a restriction enzyne cl eavage map
of plasmd pRET1000. 15 Fig. 3 is a sunmary

il lustration|[ffor construction of shuttle vector
PRET1101. Fig. 4 is a sumpryyillustration for
construct+pﬂ of shuttle vector pRET1102. Fig. 5is a
summary Kl lustration for construction of shuttle
vector 20 pRET1103. Best Mde for Carrying Qut the

I nvention [0017] Preferred enbodi nents of the

invention will now be explained. [0018] The first
plasmi d of the invention is a plasmd isolated 25

Gf3fdr ObpRoHSIHyValtstitulede (908 - alkyl, a
SpeC|e1&| ca?ﬁé rrgy beHgg%’l bp d ? g oruexan'p l'e, b

?Q%q?@ogémr fRe! whichlis b&%&?@@ RSA&@QOSi tolgl‘lﬁéﬁfbered

94 strains,“has a size of approximately 5

kbﬁc&@écﬂz&@sﬁéléfdﬁ é‘d‘m@hﬁﬁ@ ﬂ-?:%&éﬁt?a%ﬁmhﬁhid?ﬁls bonded to R

restrl ct1on enzynmes shown.in Table 1. The plasm ds

hégdcdlrammngglah7] of these strains are designated as
pR 171100, pRET1300,” pRET1500 5 and pRET1700,

respectively. Plasm ds of the invention may be

- (zZ)

wherein R® represents hydrogen, C1-3 alkyl or a 5- to 8-membered
heterocyclic skeleton containing 1-3 heteroatoms which is bonded to R®
or Rg;

R® represents hydrogen, optionally substituted CI-3 alkyl, a C5-10
hydrocarbon ring which is bonded to R® or a 5- to 8-membered
heterocyclic skeleton containing 1-3 heteroatoms which is bonded to R’
or R’: |

R’ represents hydrogen or optionally substituted C1-6 alkyl;

R® represents hydrogen, carboxyl, optionally substituted C1-6 alkyl, a

5- to 8-membered heterocyclic skeleton containing 1-3 hetéroatoms

13
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~prepared from t hese sanpl e strai ns by publicly khown

nmet hods (for exanple, boiling, alkali dissolution,
cesi.umchloride density gradient ultracentrifugation:
Lab Manual |denshi Kogaku, 3rd Edition, Chapter 10,
pp. 55-59, Maruzen). 10 [0019] [Table 1] Restriction
Nunmber of Fragnent sizes enzyne cleavage sites (kbp)
BamrH | 2 0.4, 5.0 EcoR1I 2 0.3, 5.1 Kn

. '15.4 Puu
a. PRU % PREeR 9 e Oe v gy et Dty it iSHpYfed o

pl ggm’ d was sequenced by a publicly known net hod
(using a fluorescent automati c sequencer, for exanple)

e kil JUGbERAL IR PERHGTSRARSLICR ARG Biignatty

S8 R SR YR 801 o 5-

7 e SRl eferoRRERL SKERAN epblpinf | CEBESAOALRES which

S: asm&gd%f{eqagﬁib e {Sl(?xjk()i? ?hgbfez??i Ictsl 2ncie:1§;|rrg; shown

ETBSEBORRLE Syl P ol

;r gg %@#@P@éﬁ@ﬁ@%@@ﬂ]@ gﬁgﬁﬁ*éggeafé fiRyeBRTBr lbréduction
of an optically active aminoalcohol.

(39) A shuttle vector according to (27), having a nucleotide sequence
sélected from the group consisting of the nucleotide sequences set forth
as SEQ 1D NO: 89 to SEQ ID NO: 100.

Effect of the Invention

[0012] The plasmids of the invention are novel plasmids
unknown to the prior art, and are valuable as vectors for host-vector
systems belonging to the industrially useful the genus Rhodococcus.
They are of particular utility in the creation of recombinant microbes
capable of industrial asymmetric reduction of aminoketomes. An
example of asymmetric reduction of an aminoketone to which such
microbes may contribute is a reaction for production of d-(18, 2S)-
pseudoephedrine from 1-2-methylamino-1-phenyl-1-propanonc.

[0013] The plasmids of the invention can coexist in single
Rhodococeus cell and therefore can be used not only alone for their
replicating function, but also as compatible plasmids. That is, by
inserting different protein (for example, enzyme) genes info the

different plasmids, it is possible to express the proteins simultaneously

14
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Sacl 3 0.9,1.0,3.9 Sinal 40.1,1.2,1.6,2.9 [0023] -
Fig. 2 shows a restriction enzyne cl eavage map for
pPpRET1000. This plasm d was al so sequenced by a
publicly known 5 nethod and its full nucleotide
sequence was revealed to be 5813 bp set forth as SEQ
ID NO 74 of the Sequence Listing. [0024] The plasm ds
of the invention (natural- or wild-types) are -
circular plaspids that can al so be defined by the

r el 1Q§ﬁﬁ%ﬁ08 zyme cleavage patterns shown in Tabl es

oL o T e BE8hSs HAER AP dR sFRSERTE breation
o P g B AR BB Moo
PRI ! Lo 1% ot Y T,

PRt enoo DB sty K s MaBlg SN chpcion
fsgﬁﬁtg\iﬁée(?ﬁ%ﬁﬁ )fh??}lﬁéﬁﬁcﬁ' 8f HRPiARhRAPARSS e Bégﬂﬁfell?azs,is for

ng restriction enzyne cl eavage si'tes:
PVihhddimfbti ! idnétl SHAPAS]vetioR, ' &Y dpelificall
ang?%/gsglngcuooﬁ?ﬁeﬂ}l%c eot | elsequences 0‘1Z (2)0’pl asrﬁpds Y

m@%ﬁgvﬁ%mﬁiﬁﬂ%& ks 8s cofhRubR Meémdis ¥TdhSEQctd?s.

re 1s predicted the existence of a group

of Bpid B driiftioATUCPEaveRge readi ng franes,
hereinafter “orf') coding for proteins 17 for DNA

rem(jlc@ti on or other functions. [0026] In the rel evant
technical field, "DNA replication" refers to using

DNA it sE{d, ds fkemplmsridtiorf oemyme dbetiagestmapded Dl#smid
nol ecul es exactly identical to existing
dopRES-Id0anded DNA (parent 5 DNA). The replication
mechani sm consi sts of three stages: initiation from )
the staFig.n@ pei mt restrictinmn cenzome ( cdgrviagat iroap of plasmid
origin), DNA chain elongation and term nation. During

r epREJA0MN, a portion of the DNA

Fig. 3 is a summary illustration for construction of shuttle vector
pRET1101.

Fig. 4 is a2 summary illustration for construction of shuttle vector
pRET1102.

Fig. 5 is a summary illustration for construction of shuttle vector
pRET1103.
Best Mode for Carrying Out the Invention
[0017] Preferred embodiments of the invention will now be
explained.
[0018] The first plasmid of the invention is a plasmid isolated
from the genus Rhodococcus, or a derivative thereof. Specifically, it

may be isolated from, for example, Rhodococcus erythropolis

15
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doubl e strand is unravel ed and new DNA strands are

synt hesi

zed

conpl enentary to each single strand. The

doubl e strand is unravel ed 10 by DNA hel i case and
hel i x destabilizing proteins (also known as
si ngl e-strand DNA- bi ndi ng protein),

portion

tenplate DNA in the direction

i s

from

and the unravel ed

referred to as the replication fork. The

3 to 5 toward

ontAMPNE IR P CROND ol SR8 Mgl < iz of

st rand

t iy 3 Ak

mer a e ext end

A Gffat

(p gswgﬁé]{eﬁggbfe by the

s F@ﬁ%@t%%ﬁ{% 11 T b RiGR IR b cach

BT

B0 HRGahfar fy RETS ST .?ga;@@ RR¥T1500
2000 ?%F‘ﬁ?éj&fﬁzé GROTEN,  OPBSARRT 0 hd oRiiBbhoMay be

ap%ﬁg)%y hat e bg%%%bas eg %@mﬁ?n@ﬁbh&w% %’%&ENRM (for

as
di fr:)ECtF

tﬁ(ﬁﬂi‘ﬂgs stﬂkﬂl‘? Sth%ﬁ)hll

Fromihis R

POy MfHes
g ﬁ(fﬁlig%)(on ﬁdﬁﬁ%ﬁgﬁ%&]&?ra d as tenpl at

Theo rﬁéplslscgg alh¥ed) agment  of approxi mately 200

fromb'

bases

to

Bopasesiveh JHibride déﬁ’s@ty Dl%g\adlem

RNA as priner,

alut 13ed QEdl@&ﬁl, @hapter

hen bi'nds to the single-stranded DNA from whi ch

RI\[RR)OI@] 18 r[elrgbmq] In this replication nmechani sm

nr nf Q_I. /S

| nn r\r\II\ hol I

A AnAd

sever al
hel i x-de¢
replicat

L nr\| II
T

 Resi¢ion ng pr
engym@chi nery.

[ lON&mbaKor k t@%
cehreagmsiotei n

L= B vy aritu

CFREMER f orSiAesHe
s(kibpyol ved i ncl yde

DNA t of

)gm ase (wnl 2

n prevents t

W3t kg during tihe

DNA r epl
and repl

)51

ﬁ«EQR n term.n

;J?Ibal.lull it
LONn proteins

6131,]5”1 oA ot BI LS

DNA

replicat

Kgm hrechani sm

ik described i

nSdetail in, for

exanpl e

PvuSﬁl bou no B

upshi sei but sug

ey [ Mol ecul ar

Bi ol ogy [gf _tie—Cett+1™
Kei ko N%ﬁi&ha_el_al

rd—EditTom,

B 251.262_ Ky

anstated b
s 2

|/||ch:1 10906

10 [0027Pmgbn anal ysi

sfof t he nucl e

= = e A

biAde sequences Jof

thﬁ)O%Oﬁsm dSFlg. 1 shows a restriction enzyme cleavage map for

pRET1100. This plasmid was sequenced by a publicly known method

(using a fluorescent automatic sequencer, for example) and its full

nucleotide sequence was revealed to be 5444 bp set forth as SEQ ID

NO: 73 of the Sequence Listing,.

[0021]

The second plasmid of the invention is also a plasmid

isolated from the genus Rhodococcus, or its derivative. Specifically, it

may be isolated from, for example, Rhodococcus rhodnii JCM3203,

has a size of approximately 5.8 kbp and is a circular plasmid cleavable

by the restriction enzymes shown in Table 2.
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pRET1100 and pRET1000,
sequences of
and a sequence thought to
structure, i.e.

"have a

a nucl eotide sequence predicted

they were found to include
AT-rich honol ogous or anal ogous repeats

DNA secondary
to be

a DNA replication region (a nucl eotide sequence region
15 recogni zed by proteins involved in DNA replication

or a region

Ondies ghafedias SRET

including the DNA replication origin), in

af orementioned orf relating to
8] DNA replication requires a DNA

tion and a region coding for a protein
mﬁiﬂ din Eﬁ%lfagél i cation (hereinafter 20 referred
to as R@Mlétﬁﬂi' cat i ONungheat ed poP|Brdpment’siges (it t
the presen e' nventi on(;l!eﬁxéﬁe Qﬁéss' bl e to obtain data

rel at +han hllf\l duenees Anf thonga oot ~Ane

for b)f'i’ﬁrr&ﬂalsm ds pREa'lloo andwp 6%308[86;91 o
Fi rst | PvhdInucl eoti ded sequences sef(floritd &8, IEQ 1 D
NO: Z.S’aé? 37 were rggntified as D‘l\h\grqqh@gtron

regl o'\ls‘ nl N RET1100 Ac

|~JI uom d T\ T LT 10U, S
prote

ablated to _ replicatio 65113-2)%592‘%907
R L
FREIRLLE T iy oyt i

ﬂﬂléglot | g.gﬁeﬂzs fA1 hlicR1ieQdfdebiee wis ?éve@ﬂ&d €d betﬂm Pbp set

sequences set forth as SEQ

( Ofdrﬁi as S'E% IMUKICROE4. @etﬁeseqn@mesmstfrrgrt h as SEQ I D

(orf6), the nucleotide sequence set

fo GU:E S SEth@ 28 of 0 ifwerftion (tdteralrwsl wild: are
se%uer?ge set forﬁtI%Igs SEQ | DlNO Sln (()r 32 (orf8), tg/?gs) '

t heirculae | datintds sestuems ealsetbe definedsbypitel Bshii2ti@8 emzyme
34 (orf9). 10 [0030] Construction of a plasm d capable

of clebage phiteats Srowh i MaDREST1 0@ 2.edliusethe peesenhénvention
reconbi nant plasm d have at |east one DNA replication

r eghapmpaskeaithe dalowing teodiypgs oégironlqroplaymids. a DNA
replication-related protein. Thus, the (reconbinant)

pl asmi dd )ofA circular plasmid derived from a Rhodococcus strain,

characterized by having a size of approximately 5.4 kbp and possessing
the following restriction enzyme cleavage sites: BamH 1:2, EcoR 1:2,
Kpn I.1, Pvu1l:1, Sac I:1 and Sma I:1.

~(2) A circular plasmid derived from a Rhodococcus strain,
characterized by having a size of approximately 5.8 kbp and possessing
the following res’_rriction enzyme cleavage sites: BamH 1:2, Pvu 114,
Sac I:3 and Sma 1:4.
[0025]
plasmids pRET1100 and pRET1000 (i.e., SEQ ID NO: 73 and SEQ ID

NO: 74), there is predicted the existence of a group of nucleotide

As a result of analysis of the nucleotide sequences of

sequences (open reading frames, hereinafter "orf") coding for proteins

17
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the inventioon are characterized by conprising at |east
one DNA 15 replication regi.on and at |east one coding
region for a DNA replication- related protein. The
coding region for a DNA replication-related protein
preferably has a nucl eoti de sequence selected fromthe
group consisting of the nucl eotide sequences set
forth as SEQID NGO 1, 4, 14, 17 and 22. 20 [0031]

! proniBR & deRicran A SEFAIEHDEE 2 bromot er 1 nvol ved

t nT e dolhefbic FRIEPRCRERSI FiedberoR 4 BhliEauglC pefers to
P PR DG RBIRGS Jembier k5, BRH. O3 PqRNEStrdifled DNA
conipefies astyniditfical 39 king dr PR RHIR I avent
SRR 8 BT SRS SR SRR on
o B O PR g R S P e
B, PO ARy o e Y
ST i gt D oS

S€ t ipefe | . F8c 8 dteind islinraveled
thg&%@c egtﬁFaggqg e%%f]g@%&tsa‘a?r@t h?agqé)lz%ﬁ I I:% NO. 1484 MAveEe

(op{| DNA hbHcAC| At iHétixs zeribiBziigt protdins a@FEQuldwn as
NO " 45 or 46 10 (orfl 3), the nucl eotide sequences set

f ogihlb]l@sireE® DNAChimBngOprdteid), 4and t e nurheeleddgportion is
sequence set forth as SEQID NO 51 or 52 (orfl 5), .

t heefotretietot agithespeplatiensiirkt oThe tempEe DN AG the direction
54 (orfl6), the nucleotide sequence set forth as SEQ

| Dftb 3560 Gbtdwid thet replivatibediorkds she leading standby and the

as SEQ ID NO 56-60 (orfl8), the 15 nucleotide

s eonenice thet difection a308EQ' | © NO is6thg dlaggiag, stasd”. DNA

nucl eoti de sequence set forth as, SEQ 1D NO 62

( opdl¥Merasecextands theeBNAestrand in the direction from 5' to 3%
Therefore when the leading strand is the template, DNA is synthesized
in the direction of the replication fork. However when the-opposite
lagging strand is the template, the DNA strand must be extended in the
opposite direction from the replication fork. Consequently, replication
of the lagging strand is accomplished in fragments of about 200 bases,
known as Okazaki fragments. Every approximately 200 bases, RNA
primer is used with DNA as template to synthesize 10 bases of RNA in
the direction from 5' to 3'. From this RNA as primer, DNA polymerase
synthesizes a DNA strand in the direction from 5' to 3' on the lagging |
strand as template. The replicated DNA fragment of approximately

200 bases then binds to the single-stranded DNA from which RNA is

18
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sequences set forth as SEQ ID NO 63-69 (orf2l).

[ 0034] Construction of a plasm d capable of DNA
replication from pRET1000 requires that the

reconbi nant plasm d have at | east 20 one DNA
replication region and at |east one coding region
(orf) for a DNA replication-related protein. Thus, the
(reconbi nant) plasm ds of the invention are :

CTBLAGHEN < B SOBRLA A oo b RRt %R Ve sngucin
PO Ay MR, B e
e LRSI SO, SRBINGE! Bityge DA
SRR g Al i, Rl e By Cheihon
sl o TR e, B 20 08 bR The
TONA Bl S SRR R B G fox cxample,

Lﬂ'g@éiﬁahgig? g"agmﬂﬁﬁlﬁbﬁﬁﬂr Ril [g\‘rilofécc_u'l'é}bB%l | 9Pt €tegl]M 3rd

sugg as a recogniti site for expresse

pr Egﬁhgﬁil tﬁh&(‘ﬁa‘etdhﬁy H{gfllﬁ'&?l MakahnirAcet 41v858.091-262, Kyoikusha,

preter y 1 nclude” no zat1 on protei'n regions "havi ng

t hegggicl eoti de sequences set forth as SEQ ID NO 67

and 47, or include a region 10 involved in

nofidiZat i onUnawi sxhlikie dfupleanidleectide sequecesalf therplasmids
asH)Sgé I D NO 75. [g036] For plasm d construction,

t hgREVA 100 npREATO00 pheppwerd ébynd ebeitichuddasgdences of
the af orenenti oned nucl eoti de sequence data. The

pr ASsnichi hoeid b gou alos arabcgops sspmts endvatseqasnee thasght to
functional (DNA-replicating) fragnments of the o
pl have dsDNAGKthndhey ptrastirdsi.cr aDiicleotideseguenee predicted
invention nmay also contain nucleotide sequences with |
a wublst i auDNA wplication gegionsel@ imicleofidenscguence region
plurality of nucleotides in a DNA replication region, .
DNcogapade sy opicoteingt savgivedeith ngeplégptizn or a region
pronoter region, nobilization = |
including 1‘_gne DNA replication origin), in the vicinity of the
aforementioned orf relating to DNA replication.
[0028] DNA replication requires a DNA replication region and a
region coding for a protein involved in DNA replication (hereinafter
referred to as "DNA replication-related protein™). According to the
present invention it is possible to obtain data relating to the nucleotide
sequences of these regions for both plasmids pRET1100 and
pRET1000.
[0029] First, the nucleotide sequences set forth as SEQ ID NO:
35-37 were identified as DNA replication regions for plasmid

pRET1100. As regions coding for proteins related to DNA replication
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20 protein region or nobilization-related region, or a
portion thereof, so |ong as the function of each
region is not inpaired. [0038] The shuttle vectors of
the invention may be any which conprise a plasmd or
DNA fragment having a DNA replication region, DNA
replication-related protein coding region, pronoter
region, 25 nobilization protein region or

B i BRSSP e B R S v
Se11% o, TRPEOEFHRe Lhnfact S8 s SHAIBER O (o),
Tl b T 5180, SO TH TR (6 e
45l b e LSBT BEbE0F B, he
SN SRR S IOAIESS SEEL OO o (o). e
ehGEBIGE Rt S & Serpemygiom bhos . e
2 ol e’ 381y SOSEYOD Wep BoheePlae, e
AR gt SoC R BRI NOT YN 7 o e

t hﬁucﬁ%@ﬁﬁﬁ%@ﬁh sé¥OriteRd SEE@ I0OMNO: 8l @n3 t)
replication-related protein coding region, pronoter

re[g]U?:!I!)] nmobCbh@titden peOtaeipladitidl @apable of DNA replication
nobi | i zation-related region, or a portion 15 thereof,

t htom MFEIO@%@%M taechti kebmbinannptdsoid teve at least
sequenCe which hybridizes with a DNA replication

r egh® MNBNAeplépiticratégion arel at éehsproateecodingdiemion (orf) for a
region, pronoter region, nobilization protein region

or DA depliattion-retdted gxtotetni chhusyribe (vocombinartiy ids of
under stringent conditions. Here "stringent

cothei tirverstiomr arec ehdradterizedinbigr comprising 8pdeasti ene DNA
hybri ds are formed_and non-specjfic hybrids are not |

f orepdisativhitegion and agigast ovetcoding regiosdioy agamireplication-
the conditions, one exanple is a_ set of ﬁondi tions

t heelatedr proteiy.br ildez #oding gegpNn Kart 8 DNA - replication-related

protein preferably has a nucleotide sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 1,4, 14,
17 and 22.

[0031] The region of the nucleotide sequence set forth as SEQ ID
NO: 76 has been suggested as a promoter involved in expression of -
replication-related proteins, and the plasmids of the invention
preferably comprise a promoter region having the nucleotide sequence
set forth as SEQ ID NO: 76.

[0032] For plasmid construction, the DNA f[ragments are

appropriately selected based on the aforementioned nucleptide
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hi gh honol ogy, such as 80%or greater, preferably 90%
or greater or nore preferably 95% or greater

honol ogy, while not permitting 25 hybridization of ‘DNA
with | ower honol ogy. Mre specifically, there may be
menti oned hybridi zation conditions with ordinary

Sout hern 23 hybridi zati on washing at 60C, 1XSSC, 0.1%
SDS or preferably Southern hybridization, washing at

Sméc?ﬂsufe%ﬁqf\d g bl PTHE ponF’é‘H@? 78; enE SRR LR atives or

g*%‘ﬁ”’ﬁh@ﬁ%ﬁ%’i&‘ﬁﬁ Prsuet SRR MEEIES  ogi on.
@?fﬁiﬁét | oaNER R EIsPRe eBleBh s Ref B0fle SEQ 1D No:
af or‘g‘%g%t %ﬁggﬁ%ﬁygﬁl gﬁgA é%iﬁﬁag ﬁé:ﬁ avi ngqoﬂllsmld

Z'lf'l r errenq | One %S%E Eeiﬁfé Cat Igﬁ iﬁlgglég‘ﬁ:gﬁ 6@'?“]@ rephcatlon
"Bl e RaERREAlhe fﬁﬂ&é&&@%@%ﬁ&g's@? FortRAFES ID NO:

zation protein reg

”D§814lzg<%' @%etglhath?cq?oﬁﬁé's@ﬁ_p?l‘i’ée §etp§i¢l’|1 ggtsl%gmﬁqo. 42 or

or exa

prot eﬁﬁﬂ g)gt N Iﬁ&%dﬁﬁe ukRed | At fstth & ®EY ID NO:

ing region, ter region, nobiliZzation

girﬂzg rég Ahclebtille wﬁidrﬂcéa@etomﬁlfla@t SEQ 40 NQ: A5 ar 46
tion thereof, by site-directed nutagenesis so as

tO(dm/}%) atrreumblédﬁd@rseqdeﬂ]ﬁg g8t dorthnaer SEQ 1@ NO: 48-50

nucl eotides at a specific site. Such nodified DNA may

al &rfbe), thiet aucledtidy seguriiconsetr featlast SKQOUD NOt tid or 52
prior art. As nutation treatnments there may be

nefdrif bflg dheenbeldstide $equmt:eosdtr&athnastSEQ ID) DA 53 or 54
including a DNA replication region,

r e(rfba), ithe-mellestede spquerte selbﬂcumlg ase@EQw IDpN&ob &r{orfl7),
regi on, nobilization protein region or

nothiel nwaheotxderseﬂqaneade:a sgt dorthas §E6pAD D1 56r6@>f(01f18) the
with hydroxyl amine or the Like, and nethods

t roaclentjda sequentresedortsas SEQ BB Bk 61a6@fxfé9) sﬂ}@ Hugdeotide
t he genus Escherichia, with ultraviale ays .or, wth
osiatiagorsa b o idlalt NS RorAbe Sadnths sutiotide

h N- net
Sugequ%%ces ggt Porth as SEQ ID NO: 63-69 (orf21).

[0034] - Construction of a plasmid capable of DNA replication
from pRET1000 requires that the recombinant plasmid have at least
one DNA replication region and at least one coding region (orf) for a
DNA replication-related protein. Thus, the (recombinant) plasmids of
the invention are characterized by comprisiﬁg atl least one DNA
replication region and at least one coding region for a DNA replication-
| related protein. The coding region for a DNA replication-related
protein preferably has a nucleotide sequence seiected from the group

consisting of the nucleotide sequences set forth as SEQ ID NO: 40, 42,
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ni tro-N-ni trosoguani dine (NTG or EMS. 24 [0042]
Nucl eoti de substitutions, deletions or insertions as
nment i oned above include those found in naturally
occurring nmutants or variants due to differences in
Rhodococcus strains. [0043] A shuttle vector of the
i nvention includes a DNA fragnent 5 (A) as the

af orenenti oned plasmd or portion thereof, and a DNA

o8I SH IS S SEHEBIBC (Rt S vector to

gehl03Th the {ﬁ%@ﬁﬂ%f&iﬁﬁ?@%ml@#@% SeRDRRY S8 forth as
Y ESERY T NOs AP SR AY B D ERIGE RS B sBilizatian proteins
andnf! BhEEBken Ariglicaiuth ' BRILILAMESH IS Phe reelbn with the

e as a selectiv ) oW ng
(Rl deC ARl iyf t : odi
SRRk b SHOUTNOL 753 Mgyt n

vl . Tor Lo ! —
PO T o A ek ion
r eg]tk CRf! ﬁxé:réek séd :préﬁeiﬁ.ay Theusa tﬁg'eﬂ)la@hﬁ&ﬁ“@f e dnvention

portion t so fong as it can replicated and

a“‘g?'éﬂ‘ekffl | hcFud € hbbilatiouchrdbh redioasshaiat theenucleotide

replica in E. coli there nmay be used, for exanpl e,

t hgeh@siBsdset RIPH &s BHEEIPP NOd GHEGA987, beGAdluddhanregion
the Shuttle vector of the invention includes a drug
20inwslived aifc tncdsilieatibh ehprieg etheedudeetidar secaiepicei deft i forth as
resi stance gene, Kkananycin resistance gene and
chSH@IPhNIERI 75.esi stance gene, but there are no

particular restrictions on the manner of drug so Iong

as [00R6] geneFios eplpsmed edonstruntdonenthe RENAcotagsems  are

E. coli as hosts and confers drug resistance to the )

hosppoapriately nselederd t based owny ethief | afarementiongdl tmwcleotide

presence of plasmds in the two genera based on_, , |

r eseguenteedaio. t Bbe present iavention alseeacpmpasses dervatives or

drug resistance genes may be used ifn ZEI conbi nati on.
functional (DNA-replicating) fragments of the plasmids.
[0037] The plasmids or DNA fragments of the invention may also
contain nucleotide sequences with a substitution, deletion or insertion
of one or a plurality of nucleotides in a DNA replication region, DNA
replication-related protein coding region, promoter region, mobilization
protein region or mobilization-related region, or a portion thereof, so
long as the function of each region is not impaired.
[0038] The shuttle vectors of the invention may be any which
comprise a plasmid or DNA fragment having a DNA replication region,
DNA replication-related protein coding region, promoter region,
mobilization protein region or mobilization-related region, and a DNA

region that is replicable in E. cofi, and which are replicable in the genus
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[0045] The shuttle vector preferably contains nultiple
cloning sites (nmulticloning sites), and the cl oning
sites and drug resistance gene nay be induced from
for exanple, an E. coli plasmd. That is, a 5 publicly
known E. coli plasmd such as one |isted above may be
cl eaved with an appropriate restriction endonucl ease
and a DNA region contalnlng t he clonlng sites and

ﬁﬁéﬁséﬁéﬁ? ?gﬁcﬂgﬁe a8 (‘:i’le ?Soeﬁll% ﬁ%@iﬁéj ml C%%(flgotide
lFﬁ%@t}e vt Fﬁ@&ﬁ?@sﬁ@%ﬁ?m*ﬁ?[ iyl 2%%% gl grgors of

cofls I ¥BatiBny b, alsg o, dREIERHS RASELEE Pl oB€ or &

enRHEL QL TR e AR ERAES, elé‘fﬁﬂﬁ o W¥rtions in the
E?ﬁéﬁf@hﬁ%éﬁgﬂﬁﬁ%ﬁ@e SRERERHEL 56 AR ISR gable in
Rﬁ“%@b%’“é?gﬁé%s BB The shuttle vectors of

g)oz_t}{]ent' ofFharg i8Rt abf@réd td RBoveapilp dﬂf@ﬂ@@p@ﬁ&ﬁ‘hg on

coli as hosts, and are industrially useful

Thaae“%ﬁgﬁié\; @@%gﬁ;@%@ Fé@iﬁcaﬁyf @afsbé rzamd‘)@r ﬁﬁ@fef&blth-SOO

shut ectors 20 of the inventi on, as well “as ot her

M gi¥ei PreferabBf OLIBUU, S evahe Hoed Ubremralﬂ?l -89, apet more
such transfornants are al so enconpassed by the scope

of préfeeatiln\eRDi o modPptiferable@-00. of the invention is
characterized by being constructed using a shuttle

vefd@t0of thasi avsdasingd.orSPACAS fragient hidving substntially the
vector having target DNA inserted therein which is to
besamer adolsedidensequbrces hast the afecementibnede DNA replication
invention. The DNA to be introduced and 26 the

shmgibn, DMAaepticatine-retated proteincoding asegionwpremoter region,
appropriate restrictjon endonucl eases and then

| i ratdlizatiemprotainmegiancor mebilizstion-relatad r@gmne O portion
then be used to obtain transformaft, [1aV| ng
dethareaf, thare tnayshe mmeationed pgciilcally, a nuc eotlde sequence

which hybridizes with a DNA replication region, DNA replication-
related protein coding region, promoter region, mobilization protein
region or mobilization-related region, or a portion thereof, under
stringent conditions. Here "stringent conditions" are conditions under
which specific hybrids are formed and non-specific hybrids are not
formed. While it is difficult to precisely quantify the conditions, one
cxample is a set of conditions that permit hybridization of DNA with
high homology, such as 80% or greater, preferably 90% or greater or
more preferably 95% or greater homology, while not permitting
hybfidizati;m of DNA with lower homology. More spcéiﬁcally, there

may be mentioned hybridization conditions with ordinary Southern
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‘Sepratgik coding segibnKpoamogr kepiog.amobi

5 [0049] As exanples of DNA to be inserted there may
be nentioned am noketone asymretric reductase genes
and coenzyme- regenerating system enzyne genes.

Am noket one asynmetric reductase genes are genes
codi ng for am noketone asymetric reductases as
described in W02/ 070714, and nore specifically, DNA
10 coding for a protein conprising the am no acid

ScOMRBOF R, ool at PG PSSR 02T R off preferabdly
nuePhsma it lih B e skipa it 3%, B S coprgsponding
el pbpabentelon; oSG bar & DRI el VALY Teheth of
or epr B REGRSAPDCRR f, OG0 A Tono R A of e TN Feplication
S RPN gl eriaR el T SicieRNeE rolop, promotér reglon,
or BiHiN5ataN| RoRnorlfbe SAIUSRESARYAEBKAY region, the

Insertion, soapbstitution or a tiron of one

or thﬁaiz'md?Pwag' g@eétﬂ}cgﬁohg fndY BESTPTL IS api]8g SDS.

acl sequence, an I'ting ~am noketone asynmetric

re ijon actriui ' (o] t 1y r i :
ftlﬁ{ﬂl Th¥! b¥ore i flﬂgirfgglu ?%ﬁﬁid’”ﬁ DINA fesitabhOhaving

activity is activity Ing an optically active

ankieahsHIRY theRASRERideotie defetde ADTHEARréRkntioned DNA
usi ng an a-- am noketone represented by general fornula
( ephat®nasebith,s DINK atkplicaBohd@Rtbd Thasteirar eodiag region,
particular restrictions on the methods of deletion,
| npashbeeY, regibaf irhobil atiend pactdin iregiommd Brobihedlideirglated
known 27 methods may be enpl oyed. For exanple, there
nayegienremt i nsetiore therdfpdsayeder idbddined tFokfor example,
Sei kagaku Ji kken Kouza 1, Idenshi Kenkyuhou II",
editcetifiogticheof apddNge mBplichton cragicoc IENY, rppbsation-related
(Hirose, S.), Tokyo Kagaku Dojin (1986},; "Shin L
1Zg Rz paroierafegion or
DNA Technol ogy} ", edited by the Japanese Biochenj cal,
Soniadtilizapor3elated r vegions 9r aropemianaghrieddej by site-directed
(1992); RWI, L. Gossman ed., "Methods i’n_ ) ,
EnByBLORIS S@vlas igshave a substitution, deletion or insertion of

nucleotides at a specific site. Such modified DNA may also be
obtained by mutation treatment known in the prior art As mutation
treatments there may be mentioned methods of in vitro treatment of
DNA including a DNA replication region, DNA replication-related
protein coding region, promoter region, mobilization protein region or
mobilization-related region, or a portion thereof, with hydroxylamine
or the like, and methods of treating a microbe possessing the DNA
ahove, such as the genus Escherichia, with ultraviolet rays or with a
mutagenic agent ordinarily used for mutagenesis such as N-methyl-N'-

nitro-N-nitrosoguanidine (NTG) or EMS.
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p. 350 & p.367, Acadenic Press, New York (1987); R Wi,
L. Gossnman, ed., "Methods in Enzynol ogy”, Vol. 100,
p. 457 & p. 468, 10 Academi c Press, New York (1983);

J.A Wlls et al., "Gene", Vol. 34, p.315 (1985); T.
Grundstroemet al., "Nucleic Acids Res", Vol. 13,
p. 3305 (1985); J. Taylor et al., "Nucleic Acids Res."

Vol . 13, p.8765 (1985); R Wi, ed., "Methods in
vol{OF458Y) | Mifeatae abRfiniont “(RIbogEraE ftions as
Vol iRt et SR3bec BaSER5b B SHATRLE ach ARG, mygors o
S eRaiRCls | aHeREERs B RARECRIN MRt 08 (e
?glgiﬁ%%ﬂd et ?\gghﬁtﬁék\?é&bf‘ OMQ%enéWimdeﬁ DNA fragment

irec MUt agenesi s net hod usi ng sul Turous

:fitég Ohs f{p% r?[?:ﬁ‘eﬁ%hﬂongg %@%ﬁh @ﬁg:frti%aitﬁbﬁ'eaf,e and .a DNA

e maj orl pr ot el and
cUbsi . T’ Ui . —_—
oSO OLEEL 5 Reffiode HIE] i T 04 scptemed

ameHokRE Ol ASYVBEbE I (© cOHRPHA3CPNA tESioh bR a drug

al so include proteins having the amno atid sequence

; gk?]s‘i%hbe gf%en%.ECJﬂ thdeelet@nptedhiicalefsR) Ge "dntlengcoe! is a

avi ng difications of sugar chains, so |long as

t he¥c®fhiwitht Bemprsese mentDNYe dreplidagket gnechanism for two
asymmetric reduction activity. 28 [0053] The

anmdiffkein® el b syprase tahidc prefetitil asdso of dilye resivemceogene or the
may al so have nodifications of their amno acid

r efikdugs dyschdreiviec aharkert htidsyingr its heito-welicativnvas the two
may be enhanced by nodification or partial o
dedifderanit arelLisvpes. pePhée dABIA dragment $Aghastheafsiemestioned
chynmotrypsin, papain, bronelain, endopeptidase and X ‘
ex ptesmiddas qortipaoBureath i at RN Anfegiret isgppleakblecin the
reductases of the invention are produced by a gene )
r egonbs Raodoreceied, Tacldiforegipat(B)nwhisdyisyepbigpblesiacd. coli
and then converted aor, processed into a_protein haying

bi raspitenla Fakli plasynidhpe a ipOTéiens thereckl 59 gmﬂ A8l dncan be

;?fgﬁ?caattgé \?alruﬂi%g?pr{i 1&% ﬁi;g%.e |q§;5f%/ mé rsiu%hr f)%ﬁt ?ggelons that are
replicable in E. coli there may be used, for example, the plasmids
pUC13, pHSG299 and pHSG398.

[0044] When the shuttle vector of the invention includes a drug
resistance gene, the preferred ones are ampiciliin resistance gene,
kanamycin resistance gene and chloramphenol resistance gene, but
there are no particular restrictions on the manner of drug so long as the
gene 1is expressed in the genus Rhodococcus and E. coli as hosts and
confers drug resistance to the host cells, in order to allow verification
of the presence of plasmids in the two genera based on resistance to the

drug. Also, a plurality of such drug resistance genes may be used in
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case, a fusion production method ordinarily enployed
for genetic engineering may be used, and the fusion
protein may be purified by affinity chromatography or
the like, utilizing the fused portion thereof '
Modi fication and enhancenent of protein structures my
be carried out 15 with reference to "Shin Sei kagaku

Ji kken Kouza 1, Tanpakushitsu VII, Tanpakushitsu

Kogaku'. ited by the Japanese Bi ochem cal Society,
To%‘?gﬂ?{%ggﬂ- Dojin (1993), by the methods descri bed

OB LT e 5504, DOk, SRS Sy, ponie
S5 SRR 87 B MR, TRy s g
%Efgﬁsﬁ'fﬂqv GG 2’5%5’4.33%1'%? e{nd@?t%ﬂi Dla '(?”eTh%F is, a

€ am no aci _ ues’or in e ‘positions o
on u%{lic rl&f&irn Ehe.am S[.gl%sﬁ‘i% %d&ﬁ'a‘é“@ﬁe fifedr ﬁﬁéﬁﬂtmay be
i nvent' on "al so enconpasses el etion anal ogues W t

delegddven @ithoeﬁﬁaﬁ?r%dlﬂg{a%e ﬁﬁcﬁ]éﬁra{cﬁmu%i&&e #Rrl a DNA region

preferably 1-60 preferably 1-40, even nore

pr ebalAllng he@laide ﬁ%é&eﬁﬂl@drﬁg]re%i)s)taﬁ’éé Ben@cthstructed and
resi dues, substitution anal ogueS with 297 substitution

of lRRAted Wit bRofHe DR fiRlgtnert GODNA Segi@Dvhidh 69 ,r%plicable
nore preferably 1-40, even nore preferably 1-20 an

es@@@h@gbﬁu§ﬂh@)jogatm)_ acid residues or addition

anal ogues wth addition of one or nore (for exanple,

1- 80046) ef er MY an 1HGSratien, coyttiat eyfathiutt! d vE0tores@mmstimtions is
5 preferably 1-20 and especially 1-10) am no acid

r eshowes ipdeigki 8r té . rEhersdiutdei vetetsoneyadyerovtistirected by
reduct ases. Al so enconpassed are enzynes having the
dotmgiatingt thecforementioned plissnids ad Fatafigilasmids with suitable
am noket one asynmmetric reductases. There may al so be
nencdtoigtion ¢sdorarcieasestansl dnem @Ig@tmgeth@@ymiélt thig manner, the
reduct ases. 10 [0056] So |long as the domain structure
ch@refens ringentorsf conttincaed Hhishoiée orestersythahlei @) using the
reduct ases is maintained, all nutants above

|
enddwdasscaaptsgds @RFT HBRE: BRE T ibhex pR@Ta 1r 300, and the &.
Gl B N o bLST

[0047]  The shuttle vectors of the invention are replicable in the

genus Rhodococcus and E. coli as hosts, and are industrially useful.
The Rhodococcus and E. coli strains transformed by the shuttle vectors
of the invention, as well as other microbial transformants, are useful in
this way and such transformants are also encompassed by the scope of
the invention.

[0048] A vector of the invention is characterized by being
constructed using a shuttle vector of the invention. Specifically, itis a
vector having target DNA insetted therein which is to ’be introduced

into the shuttle vector of the invention. The DNA to be introduced and
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primary structural conformation substantially
equi val ent to natural 15 ani noketone asynmetric

reduct ases of the invention, or a portion thereof, as
wel | as enzynmes having biological activity
substantially equivalent to natural am noketone
asymmetric reductases, may al so be i ncluded.
Naturally occurring nutants nmay al so be nentioned. The

E:llgeggﬁfﬁggd%sé{%ﬁgfpﬁhéf Rl h%fenhﬂqe?é%ié%vﬁf%?ﬂ@ﬂra riate
fr SN OR oA Clossey RBden JFERRT BRER R e thevector.
e R SR B BN PR B A v
TR R tnetth £0°0F U he 25 am noket one

ASYRIY.| €, " AQUCaRfALTRNr PR B GHOUAEXARAE, may e

di ti on,” del"etii ons or 'substitutions),

"ol Rhedhifingkeone ahAACTRRR IR Bntd'%nd coenzyme-

ge Qr.di n t ' Nt is ] ' Ci :
RS Ty N Tk o MO ona gty mmetric
asydRk4d :E(?é‘sCt e - Rs e t e :
t hgr e 5£§r$;y_é e rre%t%i %eer§§ n ucg)!(aéll? ' g%lﬁdmgﬁgglglﬁgﬁfﬁlgr Saasylmnetrlc
Pr RckidhadeaVdsndedcibednin W00/ 37 (FEIGL eRglemet spetifttaAl, DNA
SEQ ID NO 78 of the Sequence Listing, and especially
nugdding fAsii § grawindcdmprialiey €t adeindestidnsrueecef et tiorth as
as SEQ ID NO 79, but since several nucl eotide

se§HEE IBs N@od8n@micwketmte asframeataichrainciseadédyved from R.
there exi st nunmerous nucleic acids coding for a 10

pr etye¢hropalis ndIAKS-34)] nandci patiegisiye BDMA f acdrhprsing  the
SEQ ID NGO 78. Thus, all such nucleic acids are al so
ennucheatide dseguenge tsbe forhi asoKEQv B MEy:ni@t rThe entirety of the

" reductase genes of the invention. Here, "codi n%yfor a

protient dasemsed imW OB Q'Het DNacotprriatadhetfein iy reference.
strands, one of the two conplenentary strands has_a |, _
nulIGS8Y]i de 18nsampineketons Asygnmeirie fedpetaseiis anghhaving the
t herefore the nucl ei c _aci dfﬂ:of the jnvention incl ud% .
nupTaneEties idgsciabadns Wg0 AU, dnds tnpleder @ protein having
the amino acid sequence set forth as SEQ ID NO: 78 of the Sequence
Listing, as well as proteins having amino acid.'sequianc':es obtained by
deletion, insertion, substitution or addition of one or more amino acids
in the aforementioned amino acid sequence, and exhibiting
aminoketone asymmetric reduction activity, Aminoketone asymmetric
reduction activity is activity of producing an optically active
aminoalcohol represented by general formula (2) above using an o-
aminoketone represented by general formula (1) above as the substrate.
[0051] There are no particular restrictions on the methods of

deletion, insertion, substitution and addition, and any publicly known
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directly coding for the am no acid sequence set forth
as SEQID NGO 78 and nucl eic acids conprising

nucl eoti de sequences which are conplenentary thereto.
In addition, the am noketone asymetric 20 reductase
genes of the invention may be nucleic acids which
hybridize wth nucleic acid conprising a nucleotide
sequence conplenentary to SEQ ID NO 79 under

oL EhOERN 0 S Rl PP SRR ) By hiprgned e
AP LA BSOSO Ay ot
RSB NS gt s B4 en) Socem. 103
31, - h hyslr: N .
SRR £ PR e e Ione. e SEIGuaky fikken
e A0S SRS IRy SAVAOTEBSASRAES) i by the
d . . .e
Sehginae e Abaricilehuins9smarse, B RIIGh agsku Dojn

de , d o It
depg%gzggqawa, L. WRisdhRndsdy dnpgands €n Eﬁ&lymtale@y , Vol. 154,

enase; | actate dehydrogenase, nal'ea

?regmrmgsmﬁj?.@,asqumaaéﬁﬁat Preg)y Nagenask (10859 A Wu, L.

nsformant according to the invention is

Ch@?r@@ﬁlﬂéh,z ed., Vetedy 15 !E‘Iﬂzﬁﬁ@l_o@fyog anEntliogngd457 & p.468,
vector. The transformant is 10 obtained b

y
I niycadeniioPrebs, Meat York(108Bps). AceMedls e, VEaems”, Vol. 34,
i ntroduction nethod nay be a publicly known nethod,
suplB s (1685);cEl diumdshospbattealnet Nadleiti AofdscRiesh, Vol. 13,
el ectroporation, mcroinjection or the |ike. [0060]
Fop.330inpl 285)a Ji rEaydépetrah; "dudéie AcidsnRicss!, Vol. 13, p.8765
conprising a 15 vector having an ani noketone
asyhe8s); i R.Wauedas ' Methodsnser Eaaymolegsi'n Yiak 155, p.568,
am noket onc_asynmetric reduction activity, and ma)i be |
appldadentiorPress,aMieo Reatgnel 98 mandr AR ¢ BHiphasg et al., "Gene',
production nethod or optically active tﬁm noal cghol

pr dclctd, an 1 F21(H986xs AesperBedcrempes, thorsmayrhe mentioned

rregdllweod s{tgfdi?éc%g Ctring{]ag%];legig alrlrli rt]k?gcf t %Qi?e-as%)ég}ﬁé ' i1:l§:1i11:agc-:nesis |
method) utilizing synthetic oligonucieotides, the Kunkel method, the
dNTP[aS] method (Eckstein method), and the region-directed
mutagenesis method using sulfurous acid or nitrous acid.
[0052] Sugar chains are attached to the majority of proteins, and
substitution of one or a plurality of amino acids can modify the
attachment of sugar éhains. Thus, the aminoketone asymmetric
reductases of the invention also include proteins having the amino acid
sequence set forth as SEQ ID NO: 78 of the Sequence Listing and

having modifications of sugar chains, so long as they exhibit the

aforementioned aminoketone asymmeiric reduction activity.
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20 reductase of the invention is characteri-zed by .
conprising a culturing step in which transformants
containing a vector having an ani noketone ~asynmetric
reduct ase gene inserted therein are cultured in nedi um
which allows growmh of the transformants, and a '
purification step in which the am noketone asymretric
reductase is purified fromthe 25 transformants

O RUAED oy TSP R Rk R S Ro BF Bl B ention
P04 e B, ol LB B i
ﬁﬁ?ﬁqﬁbﬁ%‘@g g? ‘E]?Eg %&?ﬁ%ﬁﬁéﬁlﬁ%%gﬁﬂﬁ%ﬂ 15 Midaiffcalon or
5 DG ol Seradafion? P%Sjﬁsyipflﬁiﬂiaté e PR e Bépsin,
S S RSO3 e

et @?A] and ghycer e ﬁ#ﬂﬂﬂe@o%?i MBS réMIBASS of the
actd, af i

citric acid, acetic aci propioni c aci a,

f‘nn%%éé‘ggdnt %?ré%gu%r@fﬁggﬁﬁ%ecéﬂﬁﬁnﬁﬁ afdd id“fusg&g gmtein

gen sources there ray 1

uS &AMk %F(y,%k%téﬁeg@ehta@%g chfveftbld i 8ehro¥eided @ﬁﬂdl # protein

Specrfi cal e mentioned "amMmoni um sa

of hh{?ﬁf&gﬁﬁi]?gﬁ:‘él Qéti%itghvﬁﬁ:_h AMEFE AT A efubialent to a natural

amoni Um sulTat e and amoni um phosphat €; “amoni um

sabfinSketoh@afiyinAftas wdebiRe @m@anipmtsimR ¢ ¢hwd In this
ammoniumcitrate; nitric acid salts such as sodi um

ni tigd eaafighid® pRIARSIonMMEthiodt @rdandiliynengdoyed ofor genetic

organi c nitrogenous conmpounds such as neat extract,

y egaginestinacimaybetused; rat tlendugiept prigciramayebe purified by
m xtures thereof. The nmedium may al so contain

appffopity shebmabsgteghynut thicelike swuiiliziag meohﬁmadipt;rtionetdilereof

for culturing, such as inorganic salts, trace netal

saMedifrrationtand eshamfemenicebpratein sirhefusesmayabe gabaed out

20 added to the nmedi um substances that pronote cell

gr witthrefetenef oot $lhig Seikagekm déskar Kewwzavk Farpakushitsu VII,

mai ntai ning the pH of the nedium [0063] The culfuring.

of TahpakeshitswmEpgakudaedited huthedapanese Biochemical Society,
Tokyo Kagaku Dojin (1993), by the methods described therein, the
methods described in literature cited therein, or methods which are
essentially equivalent thereto.
[0055] The aminoketone asymmetric reductase of the invention
may also differ from naturally occurring forms in the identities of one
or more of the amino acid residues or in the positions of one or more of
the amino acid residues. The present invention also encompasses
deletion analogues with deletion of one or more (for example, 1-80,
preferably 1-60, more preferably 1-40, even more preferably 1-20 and

especially 1-10) amino acid residues, substitution analogues with
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conditions suitable for growth. Specifically, the
medi um pH may be 3- 10, preferably 4-9, and the’
tenperature may be 0-50C, preferably 20 25 40C. The
cell culturing may be conducted either under aerobic
or anaerobic conditions. The culturing tinme is
preferably 10-150 hours, 33 but shoul d be
appropriately determ ned for the type of cells used.

E ﬁgl?ﬁ%rmﬂ&% n°k bHF oot G Biabibfe.of &6 adibRy 1 more
o R 907 b R pIER 20 M SRy 1k g
P 300 SRl & TSR BLoP oG e o
SRS S SR XA Ty o

pr ?é‘l‘werz‘ttﬁl&rr ?W'aﬁdcﬁﬂec?dl duc? a%lﬂoh cfd id geculiar to

nok asymre e I'n t ce

teﬁ&elagg | %nlgﬂtogtgfotfe/ af%«, rgé{?(r:-léoﬁeﬂ’ﬁcté@esce%lét)f %ﬁa@)g@gs@éd are

di sruptate Is rec

by oAy Red! W?gn%ﬁge dotRbiat | ﬂguéfﬁwo@haf&:@&%tﬂ heffe natural

are no partlcu r restrictions on the nethod for

thé‘t W@ré@ﬂﬁt% PUtHere! Makf@héﬁ pethedtioned

enpl oy€ but as exanples there nay be
miﬁdxﬂ@l%doﬂx%l drhfiiiedon®¥syrbnseticireduetisesuch as
amoni um sul fate precipitation; gel filtration
Me[00sIS] Usi nSoSkmadexthendomain lsiteturcochaacteaingie of natural
chromat'ography nethods using carriers with
di effinbkeioneeadwhnytrivpedoctasearibaxpmaindd, glbupstants above
hydr ophobi ¢ chronat ography using carriers wth
hy dreophsobencmpapsed antorgs thriaydinoketode agynpiesrigl reductases
dye gel 20 chromatography nethods; el ectrophoresis
mepfdlie; invieatipai s In_ additiom, |it riat assamest rﬁb@rsgnaymeﬁuln@vmg a
chromat ogr aphy net hods; high performance liq
¢ hpoimsanyg séipiefunabt GokSEEionh subsiastialkyo @swlménb rigy patural
may al so be used as an immobilized, enzyme. _There are
noapHnoketongr aFRRMAGHEIC] éﬂ@u@ﬂsw@fnéhwa‘fﬁﬂaoanwr a portion

ubl i cl 25 kpown net hod d, anong
|to hélh @’eﬁéya@ewell as enzymes rl;%w blgf)ogigael activity SI\sttantlally

~ equivalent to natural amincketone asymmetric reductases, may also be

—1

included. Naturally occurring mutants may also be mentioned. The
aminoketone asymmetric reductases of the invention may be separated
and purified in the manner explained below. The present invention
encompasses DNA fragments <coding for the aforementioned
polypeptides, polypeptides of aminoketone asymmetric reductases
having all or some of the natural features, and DNA fragments coding
for analogues or derivatives thereof.  The nucleotides of the
aminoketone asymmetric reductases may be modified (for example,

with addition, deletions or substitutions), and such modified forms are
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menti oned i mobilization of the enzynme or the

enzyme- producing 34 cells, and the i mobilization my
be acconplished by a carrier bonding nethod such as a
coval ent bondi ng nethod or adsorption .nethod, a.
crosslinking nethod, entrapnent nethod or the |like. A
condensi ng agent such as gl utaral dehyde, hexanet hyl enc
di i socyanate 5 or hexanet hyl ene dii sot hi ocyanate nay

R e A B Rl T e, T o

SCHHGETEY PSS PR R e e REATrain t
2oL T PO Bl S 0 1 P Ekcibtioned
TR R AR bt AR e
on B b oF R EPael A P TR E kbR T OB EHF Ry fihg thg qmino

enﬁ%f?s&%&ﬁcé%&t gggpgsgsdwm NOS g Ustogd d@@&%@mﬁﬁ . and

been a < a single band | confirne

i nssgédég%g?ﬂ&?éié%c?d ﬁ%%ga yua%tihe skgﬁéﬁ&e ﬁeﬂfctgppgs SEQ

fo t1on of an opti active dm noalco

CEPr N7 Obe‘§iﬂc%V%Udr§1”nijéle%gi]%mhéS§ (EQdPRHWGE code

a
an optically active am noal coh und represénted

by féﬂ*%a%ﬁ'aéngwdﬂaciao tHeRe st frRifittots(Adeleaglils coding for a
compound exhi bits the desired optical activity, by

I eapbH il Pl ilea gy, ce degdueihage dDneyO; 78.
by@%ﬂenﬂh@ﬂn@%,@l& i ad m?iem , SHD

the producti on nethod of the invention with an
engdigsongll i guth xnuckeic Ofichly aaremalsiketnosmpasssdurainong  the
represented by the follow ng general fornmula (1) or a
sabinihbkewnle. a2pmnibierd Qaﬂutﬁsasﬁugmﬁ] of5the iaXepmon., Here,
"coding for a protein" means that, when the DNA consists of two
strands, one of the two complementary sUahds has a nucleotide
sequence coding for the protein, and therefore the nucleic acids of the
invention include nucleic acids comprising nucleotide sequences
directly coding for the amino acid scqueh;:e set forth as SEQ ID NO:
78 and nucleic acids comprising nucleotide sequences which are
complementary thereto. In addition, the aminoketone asymmetric
reductase genes of the invention may be nucleic acids which hybridize
with nucleic acid comprising a nucleotide sequence complementary to
SEQ ID NO: 79 under stringent conditions, and which code for
'proteins wi;[h aminoketone ‘asymmetric reduction activity. Here,
"stringent conditions" has the same definition as explained above.

[0058] The coenzyme-regenerating system enzyme gene may be

one for various dehydrogenases, specifically, glucose dehydrogenase,
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(1) /NRz ~Ra wherein X may be the sane or different
and represents at | east one species selected fromthe

“group consisting of halogen, |ower alkyl, hydroxyl

optionally protected with a protecting group, nitro .
and 5 sulfonyl; n represents an integer of 0 to 3;
R represents lower alkyl; R2 and R3 may be the sane
or different and represent at |east one species

R hes R B B OBl A AR ReRRks, alcobol
\[,mcggglyﬁrqgeqqsesf; %o ngcgs %j@oﬂ%ﬁg&gogq@ %gm@nd amino acid

def |t|ons as ab st, the

RR%s v SRbroRBY ety o S be sujiahly 5 used
é%‘%ﬁf%f@ﬁ oy dEpb R, a@%H ovieh%@h@% *Bropanol
MG, R A TN g
o%%ta?% iéyﬂltb?gegna gafﬁtg ﬁeﬁ&dﬁ&g&@ekY:%ctal%n@é]%drogenase,
pen y 'Sol‘g;&rpgfm&né efl&Fg én}ahe BFIBXHIO leag‘téyl may have

LS TR RN O SR e

chbgr | oenp19§iny dhex ¥roredhditioned vector. The transformant is
obtained by introducing the vector into host cells. The vector
introduction method may be a publicly known method, such as the
calcium phosphate method, lipofection, electroparation, microinjection
or the like.
[0060] For example, a transformant of the invention comprising a
vector having an aminoketone asymmetric reductase gene inserted
therein has aminoketonc asymmetric reduction activity, and may be
applied for an aminoketone asymmetric reductase production method
or optically active aminoalcohol production method as described below.
[0061] The method for production of an aminoketone asymmetric
reductase of the inv.ention is characterized by comprising a culturing
step in which transformants containing a vector having an aminoketone
asymmetric reductase gene inserted therein are cultured in medium
which allows growth of the transformants, and a purification step in
which the aminoketone asymmetric reductase is purified from the
transformants obtained in the culturing step.

[0062] The method for culturing may be a publicly known
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am no, al koxy and the like. [0072] As protecting
groups for hydroxyl optionally protected 10 with a
protecting group there may be mentioned groups that
can be renoved by treatnment with water, groups that
can be renoved by acid or weak base treatnent, groups
that can be rempved by hydrogenation or groups that

'can be renoved with Lewis acid catal ysts and thiourea,

SuBRHEH, BEBLEG EeH RS R G 1B ?ﬂ'%é‘%'liﬁms growth of
beﬁﬁz)‘%;?/cj%hgy%qcﬁg%@ e(ﬁjgylffzﬁﬂrbﬁt hﬁu{de %E(ﬁ)ﬁ{\lﬁm contai’ﬁmg a carbon

R LY e A g o

5 P P, 5y R AT s
ﬁi’e BBlYs,C §BE§ ﬂ‘t‘[a'T%g rtHé%' 'ﬁ%’h‘ler@idﬁ%ﬁysugﬁ'ré 5Qch as glucose,

ogen an as S ti1tuen

R St i R S LY, g 5

”Hﬁletﬁﬂﬂéla'é"thﬁb&fb’ landa%?cer@%dd @aufo a@id%oéﬁch st Hi’manc acid,

hal'ogen and the |ike stituents.

af pitFieRtid oneticchdausl sydpiehtipeid, 'aﬁﬂttﬁélrzs'%lts hydrocarbons
nmet hoxyrret’hy 2- met hoxyet hoxyrret hy and the Iik

af gietimanty ja0affth, | oub migblesh therdofd eA@'mﬁogbﬁ)sbur@é‘@ﬂ@re may
whi ch there 37 may be nentioned nethyl, ethyl,

prbpyised aoprebibosebtiay| can bebukiked by b llls! - Sﬁémlﬁcally,

pentyl, isopentyl, hexyl and the |ike. These may have

st t}aarghhﬂyhhﬂ: nmentibned cmechostnme saite of Aergalpst aciderdueh as

they may contain hal ogen such as fluorine or

c hianmmioeiunor chilpridex ydmnairiytn sahfate, aral laoyonswan ghokphate;

l'ike. [0074] X ma\é be nitro:or sulfonyl, and

spaminhoniaim ysalisep€ onggnive achimsiioneas r&mmpnumlf Giyparate and

and the like. [0075] The nupber "n" for X is_ an

i nageNismm ocBratanonitdc peit esadtsl ywugh 23 [sodhep mitrate and

general, formula (1) .above represents_ | ower alkyl.
potassium nitrate; anhd inorganic or organic nitrogenous compounds
such as meat extract, yeast exiract, malt extract and peptone, as well as
mixtures thereof. The medium may also contain appropriately added
nutrient sources ordinarily used for culturing, such as inorganic salts,
trace metal salts and vitamins. When necessary, there may also be
added to the medium substances that promote cell growth and buffering
substances effective for maintaining the pH of the medium.
[0063]  The culturing of the cells may be carried out under
conditions suitable for growth. Specifically, the medium pH may be 3-
10, preferably 4-9, and the tempcrature may be 0-50°C, preferably 20-
40°C. The cell culturing may be conducted either under aerobic or

anaerobic conditions. The culturing time is preferably 10-150 hours,
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As | ower alkyl there are preferred (-6 al kyl, anong
whi ch there may be nmentioned nmethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl,
i sopentyl, hexyl and the |ike. These may have
straight- chain or branched structures. 15 [0077] Each
of R2 and R3 represent hydrogen or |ower al kyl. The

| ower al kyl include Cl1-6 al kyl, anong which there may

oo 8 5 e BB e SORE SR e it

o SRR G TR RS Yo B B L€ PR in the manncr
e e 887 2 A Ghe PTG 208, s B AR rtBRed with

Qg%gﬁlgbgr .uanec{ ssozﬁtiﬁ)ﬁf eThA! A E el g?@ Eﬁ%ﬁelgdséﬁa%% £ suitable

_ ant Us™of "organi’c acids’
gzéﬁ}@?@yﬁ hLEser 35t ok JB7 Miprlipfihy TN LIS CTRE inthod of
1f gg}gﬁﬁlgﬁ% A5t d@?‘?b‘i‘??‘?& ,t}‘é?gﬁtgﬁe b(}&oég BRRRIPILS Qherco?‘lay be

et'one by replacenent
38 ; agy; hRE Wil _ N ;
(eI SRR SPRGIE IS (o MR DR, French
ac;)re/s%, afitaohebllr eRERpRSE e6r bihgenkeal T nathinoketone
(2) above according to the 1nvention will now be -

ex pbinpgstric! fechietalRNEL Bhe feellnfiba dxddact %btained by Ralirdfm or
and * have the sanme definitions as in general formula

(lrembiiveatifn JF 819 sl eniedsfioayithe delledidesptaes is recovered
optical activity there may be nentioned (1S,

2 Shenmnerlinahotszyme is@ladngfmet}mdanpl es of (IS,

2S) am noal cohol s there maybe nentioned d- .
t hf@®63% met hYhare el nphpastiprapaestrictions on the method for
(d- pseudoephedrine), d-threo 10

2- tholetion | afrithe- eazyrasy hpd opay gpublicly known method may be
(d- net hyl pseudoephedrine), (1S, ] . .

2 Sprmployednbnbetshgxympéass fhergl payobe mentioned purification by
(d-nor pseudoephedri ne), (1S, Zrﬁ%ﬁa .. )
1- ppitimed sty phetnyas -EORSIAYI HUAELE - prespiion; s filtration
2S)-a-(1- am noethyl)-2,5-dj nmet.hoxy- benzl%/l al cohol , ‘

(| methgys nsipg Sephadex and the like; jon-exchange c omatography

methods using carriers with  diethylaminoethyl groups or
carboxymethyl groups; hydrophobic chromatography using carriers
with hydrophobic groups such as butyl, octyl and phenyl; dye gel
chromatography  methods; electrophoresis  methods;  dialysis;
ultrafiltration methods; affinity chromatography methods; high
performance liquid chromatography methods and the like.

[0066] The enzyme may also be used as an immobilized enzyme. |
“There are no particular restrictions on the method and any publicly
known method may be employed, among which there may be

mentioned immobilization of the enzyme or the enzyme-producing
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hydr oxyphenyl ) - 2- am no-| - pr opanol ,- (1S,

2S) - 1- (p- hydr oxyphenyl )-2 15 am no- |-propanol, (IS,
2S) - 1- phenyl - 2- et hyl am no- | - propanol , (1S,

2S) - 1- phenyl - 2- am no- | - but anol , . (1S, >

2S) - 1- phenyl - 2- et hyl am no-1 - butanol and the |iKke.
[0081] The conditions for reaction of the am noketone
asynmetric reductase are not particularly restricted

- eprieatda Ty GemsRAERioT R 5 RRGPRPIGE by aparier
OPbh e SR s 0SSR R MRS, B SR Bcorption
86 LB SN, SO o5 e ke,
A T e e
Bt 5SROI R ESET L 98 B LA 7 pocesary
Qo0 TS e oG b ot Wic ey yhich o
BB boBiscaaan GG TR o
sootiol (GG I umpenlouerl pEREL o polyner
Fopfathad 1kh wWhidR &X)pblymef Ns - gelldd; famoBdlization using
polyacrylamide; immobilization using natural polymers such as alginic
acid, collagen, gelatin, agar and K—carrégeenan; and immobilization
using synthetic polymers such as photosetting resins and urethane
polymers.
[0067] The enzyme purified in this manner is judged as having
been adequately purified if a single band is cdnﬁrmed in
electrophoresis (SDS-PAGE, etc.).
[0068] A method for production of an optically active
aminoalcohol according to the invention is characterized to produce an
optically active aminoalcohol compound represented by the following
general formula (2), which compound exhibits the desired optical
activity, by reacting an aminoketone asymmetric reductase obtained by
the production method of the invention with an enantiomeric mixture
of an c-aminoketone compound represented by the following general

formula (1) or a éalt thereof.

[Chemical Formula 8]
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10 [0083] As the reaction conditions for the reaction
descri bed above, for exanple, the transfornmants shake
cultured in liquid nmedium may be collected, an
aqueous amn noketone solution (0.1-10% concentration)
added to the obtained cells, and reaction conducted at
a tenperature of 20-40C for a period of several hours
to one day while regulating the 15 pH to between 6-8.
Upon conpl etion of the reaction, the cells may be
separated and the product in the reaction solution
isolated to obtai®@ an 40 optically active

am noal cohol . The reacgion may be conducted in the
same ner edi-<d transformant cells (dry cells
or i nobiN cellls) or the enzyne or.inmmobilized
enzyne obtg d from the trandfbPmants. 5 [0084] In
the productitn nmet otk for an optically active

ani noal cohol of whe i n®&ntion, the reaction may be
carried out with further addition of a conmpound
represented by the follow ng general fornmula (3) or a
pharmaceutically acceptable salt or sol vate thereof,

f%he?@heggﬁéyggﬁ[] eoggﬂfé%i&%ﬁﬁeﬁthg?@ HEPg@éeigsM%Ft(]_%%)ﬁ one .

am noal co em cal ormula 1

e 5| AR it (R RENEaibink obf aMloged Olqginal

em Ca

15 i e e i I , nit d
SR Sefpransppaple it yeten, fRLiag poup, i an

whigglifohyl; bonded to RS or a 5-"to 8-nembered 41

n represents an integer of 0 to 3;

R! represents lower alkyl;

R? and R® may be the same or different and represent at least one
specics selected from the group conmsisting of hydrogen and lower
alkyl; and

* represents asymmetric carbon.

[Chemical Formula 9]

o (2)

wherein X, n, R', R?, R? and * have the same definitions as above.
[0069] First, the a-aminoketone compound represented by general

formula (1) according to the invention will be explained.
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het erocyclic skel eton containing 1-3 heteroatons which
is bonded to R8) [Chemical Formula 14] OR, 1 ...
(2) /C _1 Rl 5 (wherein R5 represents hydrogen,
Cl1-3 alkyl or a 5- to 8-nenbered heterocyclic

skel eton contai ning 1-3 heteroatons which is bonded to
R6 or R9, R6 represents hydrogen, optionally
substituted Cl1-3 alkyl, a C5- 10 hydrocarbon ring

_ﬁ@t@@icf’."ﬂ‘fﬁm bGP JOISECras s giforsmentioned
or EREE b fs Bast e .W%H@i%nﬁﬁgowy RhEH ik, S bg R iodine.
e
%ygl @gr ont %ﬁh&ﬁil@imﬁgl’tﬁhﬁﬁé}b ] ﬂnqjspg butyl

-hy 09)91 slt ﬂ)lu%’ aﬁb%f’ni'%lt (ﬁ% QI 61163{;’3 r}d ﬁ"?e like. These

he{ﬂeal‘}gﬁh{/ Sgﬁ LLdifdor BFddcIRd @t{gi%tutrﬁse t8 ﬁ?@ﬁ%&ﬁﬂlents they

cyc iC et on contal ni ng er oat ons

whj | S
hy gen g?%?g‘%é onsfﬁfcgf gﬁglsut it ut g%%q&gﬁgl fﬁh?df%%g]alkﬂ

r ( above, -3 al kyl may be
aff aﬂkg%?ceﬁ%il he(lBite,

stral ght n or branched, and specifically there

”HEOOJFZ]”EM | A@?:Frcﬁfébﬁﬁg gr@ipyy ifor fh'}ﬂh‘@ﬂ%‘l oftﬁﬁmgp)ﬁmtected

and thé I|i al k may be straigh chain or

brwnﬂﬁﬁdprmaﬁtlﬁg)@bﬁpcﬂidr&’ mhgriee nnanﬂm@nasdargroupscthat can be
nmet hyl, ~ethyl, n-propyl, isopropyl, n-butyl, 1-butyl,

S- himwed ﬂaybtlta‘ﬂmememﬂll watetregy@ula‘ndlatmmﬂ b& eemed by acid
C5- 10 hydrocarbon rings there may be nentioned

cyol oppmkt yase trestnoéie groupy thathegmt e remeotedoioy ydrogenation

cycl ononyl, cycl odecanyl and the I|ike.
or groups that can be removed with Lewis acid catalysts and thiourea,
and such protecting groups include optionally substituted acyl,
optionally substituted silyl, alkoxyalkyl, optionally substituted lower
alkyl, benzyl, p-methoxybenzyl, 2,2,2-trichloroethoxycarbonyl,
allyloxycarbonyl, trityl and the like.
[0073] The aforementioned acyl groups include acetyl,
chloroacetyl, dichloroacetyl, pivaloyl, benzoyl, p-nitrobenzoyl and the
like. They may contain hydroxyl, alkyl, alkoxy, nitro, halogen and the
like as substituents. The aforementioned silyl groups include
trimethylsilyl, t-butyldimethylsilyl, triarylsilyl and the like. They may
contain alkyl, aryl, hydroxyl, alkoxy, nitro, halogen and the like as
substituents. The aforementioned alkoxyalkyl groups include
methoxymethyl, 2-methoxyethoxymethyl an_d the like. The

aforementioned lower alkyl include C1-6 alkyl, among which there
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[0086] As heteroatons for the 5- to 8-nenbered
heterocyclic skeleton containing 1-3 heteroatons
there may be nentioned nitrogen, oxygen, sulfur and
the li ke, anong which nitrogen and oxygen are
particularly preferred, and as 5- to 8-nenbered

het erocyclic skeletons 10 there may be nenti oned
pyrrolidine, piperidine, imdazolidine, piperazine,

O U GBSO BAPRSy, 5
%ﬁ%é}/ﬁéi&@@b}gn | t}fr ’%ﬁ@%&?ﬁ?ﬁéﬁ“ﬁ) 1R like. These may have
i ?éfﬁéi%ﬁﬁ-'fi}?éf BEBpfCled SrulhRg. A@%@Wﬁﬂ?k%eynagﬁybgonfain
RN B A BIR D A  sin,so
Z‘P@}l‘ g@gl&g?ggﬁfnu oggsl C:Iha\?/)e g[lbg: [ tesuglrlt(gl t hglr e6 are

i cul t1d Gt L
NOTQRAAY! cul 3K RSB Ali8IY QFGH, WBShechREllY Wiy be

of 2 stituents, an as exa

su ' t toned hal ogen such as
H Bhtibred rﬁe&ﬁgéﬁfm zﬁgjdtrrge}tyﬂlgg 9 .

uorine and chl ori n€, al kyl, carboxyl,

anfgmsial kox nj anyt hg gk - i
pﬂraqﬂ}rjr;as eut i chFyhg%%bggt abl e sgftfs?s talﬁle?gt 31/- gg 0-3, and is
ek gal ts of inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid and
ph@Rmr i ¢ aRl dn sendral %nﬁﬁl@(ﬂl?@tﬁw@?t@tﬁ*eﬁ@l@tﬁ Rsver alkyl.
acetic acid and crtric acid, salts of inorganic bases
sulb lawealkl thdre afa proferesdrGii-6,allapl) spadbng wiich there may
organi c bases such as 43 triethylamne and
cylod onentydreed neethy) @8RV, Axopyhnisbpromil, butylpiswbaityl, s-butyl,
represented by general fornula (3) above there may be
meiRbudepentydcisopenmilnbegy! fydithx yifeopBaese may have straight-
1- net hyl am no- 2- hydr oxypr opane, 1l-amno-2 5
oxa@inmarheanchedioeirds.dr oxycycl opent ane,
1-ami no- 2, 3-_di hydr gxypropane, L-threonine,
4-[AXTAG- 3- hyBaddk 9Bk zansl B aepeesent hydrogen or lower alkyl. The
am no- 2- oxocycl ghexane, r phol i ne, . .
3-Ipyerr iy mfaud@i(ﬁ@-ﬁ @kgﬁyanmggowﬂs’é@h ghete may be mentioned
2-am_n rrethh | -tet rahsydr of ulr
methyl, ethyl, propyl, isopropyl,

isopentyl, hexyl and the like. These may have straight-chain or

rl]]ty]}-ié(JZD-utyl, s-butyl, t-butyl, pentyl,

branched structures.

[0078] As salts of the aforementioned o-aminoketone compounds
there may be mentioned salts of inorganic acids such as hydrochloride,
sulfate, nitfatc, phosphafe and carbonate, and salts of organic acids
such as acetic acid and citric acid.

[0079] The | c-aminoketone can be easily synthesized by
halogenation (for example, bromination) of the c-catbon of a

corresponding 1-phenylketone derivative, followed by replacement of
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hydr oxypr opyl ) am no-2- hydr oxypr opane,

1-t-butyl oxycarbonyl am no 10 2-hydroxypropane,

2- am no- 3- hydr oxybut ane, DL-serine, 1-am no-2-

hydr oxypr opane, 1 -am no-2-hydroxybutane and

1-am no-2- hydroxycycl ohexane. Conpounds anong these
havi ng asymmetric carbons nay be optically active
forms or racemc fornms, unless otherw se specified.

15,008 ,;A]dgiti on of such %c i vit iindu rs hell, 332,
rrfe@]leu | PHE RS PﬁgP%r a?. 36 G Eastle
Tl . X B
o o5 oL e Broduct o of | the pptically,
B ™ SEBE BBl BT o HiCer
i gfog}rﬂléﬁ(gﬁ%%?g’fgé?ﬁﬁ#é%f?ﬁﬂ?éé‘itb%@?"hm(i‘fé"en%@%fﬁd- In
2 . . at
- BB R TR TR nen & oty e Remid fefipgions as
Lo B (R O bl S R B o, desired
¢ L 4IPS B nRh b PO EmERE s, As
b T K
{ PR 2 ety BinbOF. PR Obang] | (pAIRRPREAE) 8- threo-
t @d@n&%ﬂ@hﬁh@nﬁpﬁgﬁﬁg%gﬁﬁﬁbw (dlﬂlétﬁ?HJseﬁaogﬁH@drine), (18,

starting mat eri al . The reaction conditions

meyS he->ehethesthl 1-bemzyl dlaskel (d-h@i(‘pséad@ephédﬂiﬁ@)% q¢s, 2S)-

production of the ‘optically active (3-am noal cohol

co rogppheevi) X npthgagiml- 1§ al,(2) .(18he c@Bh-o~(1-
voﬁﬁe@s gil?eflgjragbly 1/ ?OO to 1013018-@?& d ano? mt;re o

prahaicdthyl)i2, 5odinectho@ytmdikyiln  tacokolf dr(d Spei gH2S)-1-(m-

with respect to the racem c am noketone. The 10

¢ doadrotayphienyl )2 -antiaor boropanalyi (i 8k &SHnk-(pivadnoayphieryl)-2-

preferably 0.01- 20% and nore preferably 0.1-10% The

pHimina-hepropacol,o{18¢! 28)-daphenyl-2-ethylamino-1-propanol, (1S,
2S)-1-phenyl-2-amino-1-butanol, (1S, 28)-1-phenyl-2-methylamino-1-
butanol and the like.
[0081] The conditions for reaction of the aminoketone
asymmetric reductase are not particularly restricted so long as an
optically active aminoalcohol represented by general formula (2)
having the desired optical activity is produced, but since the enzyme
optimum pH is 8.1 and the optimum temperature is 55°C, the reaction
is preferably carried out under conditions of pH 7-9 and 30-65°C
temperature.

[0082] A method for production of an optically active

aminoalcohol according to the invention is also characterized to
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preferably 5-9 and nore prefefably‘6-8, and the

reaction tenperature is preferably 10-50C and nore
preferably 20-40C. The reaction tine is preferably
5-150 hours, but this may be appropriately detennined
15 depending on the cell type. [0092] In order to nore
efficiently pronote the reaction, there my be added
sugars such as glucose, organic acids such as acetic

aci d , and eney. sour.ces such,a | ycerol . .These
PRy BHER 1Y activg oI el Liaund eBigp it by the
S eferably 1/100 tq_10~fol.d Wwth 20 respect.to.thg .
suBidufis” teberl i d Dndviiec b oundoBREbitius Gesired
As cpenzynes..t here . he _u [ L Nag] . [ .
o RRFDo Py By Yiogt 2R AR Sb L LIS SRR with an
di nuel. ot i , I COtI ' deni
ai FUAEBhEHE IO of & (kRO KERARC BOPng represepted by
adgni j ' ( d the liKke,
25 |@]e0$@1%e 0 pl?onﬁlrﬁnﬂéﬁg?tgga %@?ﬁﬂamunts of
pr t 115 with respect to the racenmc
anﬁ%@é@?%ﬁg%ﬁ#ﬂﬁgJéﬂtion to such 45 coenzynes, there
may be added coenzyme-regenerating enzynmes such as
gl ucose dehydrogenase, in anmpbunts of 1/1000 to 1/5
with respect to ®he racenmic ani noketone. Al so,
substrates for cognzynr!regenerating enzynes, such as
gl ucosn _ngs ¢d, in amounts of 1/100 to 10 5
fold with t he raqgnkqfﬁninoketone. There

S cbpbi nati ons “of “sugars such as
gl ucose, organic [ such as acetic acid, energy
sources such as Gl ycerBl, coenzymes, coenzyne-
regenerati ng enzynes and coenzymne-regenerati ng enzyne
substrates. These usually accunulate in the cells but
if necessary they may be 10 added to increase the
r efChémicat faednde Milel d, and therefore may be added
as appropriate. [0093] if the reaction solution is
reacted with addition of the specific salts described
above under the aforenenti oned conditions,

racem zati on of t®f unreacted a-am noketone isoners
wi || be aided,

- (2)

[0083] As the reaction conditions for the reaction described above,
for example, the transformants shake cultured in liquid medium may be
collected, an aqueous aminoketone solution (0.1-10% concentration)
added to the obtained cells, and reaction conducted at a temperature of
20-40°C for a period of several hours to one day while regulating the
pI to between 6-8. Upon completion of the reaction, the cells may be

separated and the product in the reaction solution isclated to obtain an
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15 thus nore efficiently pronoting conversion to the
enantioner which w1l serve as the substrate of the
cells or cell-produced enzyne. This wll tend to
yield the target am noal cohol fromthe starting
material at a high yield of 50% or greater. [0094] As
salts that pronote racem zation of unrcacted a- 20

am noket ones there may be used weak acid salts such as

b, 26 S OB e Bk 8 n
and bg&ﬁ%ﬁ@gbfgro I{ﬁdd? og'grféq%{tab gspﬁiqydcelgg%igmbﬂved
“%ﬂ%)agi” ¥ “"i‘%éaﬂ% T 4R, BBRBER fom the

dro gﬁonat e, potassium carbonate, amoni um
?%'%ﬁ d citrate (for exarrple 46 sodi um

Cl[fxqurzs potﬁlss n‘ghs(i‘?é mfdrt rﬁ{e Cotically  active

thereo e use wth

sol iyt <‘t'y‘ﬁ(51h of tHE' fveﬁugpy tge 8[‘%3?‘?%‘1 Orpﬁy ¢ rt%.'med ?utawnh

concen ration of preferab e case

tﬁddltlfoﬁr Z]é‘r ogeﬁmg g% bebdivg rlfi}g%l'i'e HBH%EW@% %eneral

sodl um rmno ﬁa te may be m xed

opftfb?igg]{ ng?act | @m&t&laﬂgda&e Bable [SQR%"?] soﬂ?ﬁte thereof, for

a- am noa roduced by t

I ookt ePfifRYt Peodydtidn 66 iRy oﬁﬁéalmgawnse mmbammtmd
purification ans. For exanple, the optically active

ISﬁEﬂhﬂggdqqﬁﬁhﬂqu]be obtained directly fromthe
reaction solution of after separation of the cells, by
10 being subjected to a conmon purification process
such as nenbrane separation, extraction with an
organi ¢ sol vent glfor exanple, toluene, chloroform
etc.), columm ghronatography, vacuum concentrati on,
dlstlllatlon r@rystalllzatlog) recrystallization or

the.li optical purity‘of the produced
opti cal | y ct i ve B~ ani noal cohol can be 15 measur ed by

hi gh perfo gance i quid chromat ography (HPLC).
Exanpl es R0096] The present invention will now be

~explained in greater

(wherein A represents the following formula (Y) or (Z))

[Chemical Formula 13]

(wherein R? represents hydrogen,‘ optionally substituted C1-3 alkyl, a
C5-10 hydrocarbon ring which is bonded to R® or a 5- to 8-membered
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detail through exanples, with the understanding that

t hese exanples in no way linmt the technical scope of
the invention. 20 [0097] (Exanple 1) Isolation and
purification of plasmds (1) Method Rhodococcus
strains were inoculated to 5 nL of GPY nmedium (1%

gl ucose, 0.5% bact opeptone, 0.3% yeast extract) and
cultured with shaking at 25C. After adding 250 L of a

100 nl. igillin 25.s0!] uti iLn.the | ogarithmc

or ST BpIBe B tarl BoREpiffue' a8 trdBecla s "9BEL JFEonded 1o
h E)S wi th shaking. The cells were harvested by 47

cent’ri fugation (12 kxpm 5 nmin), and after renoving

of : ty1 they were suspended in 1 nL of
5JC%%@E%EE@QQ)4] the cells were again harvested

by centrifugation (12 krpm 5 mn) and the supernatant
was renoved of f. They were then suspended in 250 ttL

of a 10 ng/nmL 5 |ysozynme solution dissolved in TE
solution (. MM Tris (pH 7.5), 1 nM EDTA), and the
suspensi on wa Il owed to stand at 37C for 30

m nut es. ¥t, 1100 ItL of 3 Msodiumchloride and 25 L

of 10% SDS™ “Wwerle added -and Zhe m xture was allowed to
stand at -20C, night. To the supernatant from
centrifugat iEpn (12°krpm 5 mn) there were 10 added

0.5 pL each of 50 p.g/nL Proteinase K and 50 g/ nL

RNase A, and the m xture was allowed to stand at 37C

for 15 mnutes. An equival ent of

phevigdrenh IR0T afpresdts lopdnsigenl gl alisil i answas Sdsadbered
and centrifugation was perforned (12 krpm 5 mn). A

2. Hetéaaycliersketetonfcostthiamod 1vwAdetstdatbrho whieh is bonded to R®
superpatant, the m xture was 15 centrifuged (12 krpm

5 ori R), Rameptasents lepdnoigen; optionaly sebistiatedlC6G alkydf a C5-
sterilized water. Confirmation of plasmds was
ackbiyidrebabony ring wdtichphdbedad W tR” @regs rgte dsmayebered
and staining with ethidium bromde, followed by LTV 5
i rhesaiaoyiclie. skiebsioB|congginieg 4 - hetarpatonss wiinh 1&£@nded to R
results 20_Throughout the examples, the presence or
arsydhGeanst Rprepreseats hydrogen or optionally substituted C1-6 alkyl);

R® represents hydrogen, carboxyl, optionally substituted C1-6 alkyl, a
5- to 8-membered heterocyclic skeleton containing 1-3 heteroatoms
which is bonded to R* or a C5-10 hydrocarbon ring which is bonded to
R% R’ represents hydrogen, optionally substituted C1-6 alkyl,
optionally substituted C1-6 alkyloxycarbonyl, optionally substituted
acyl or a 5- to 8-membered heterocyclic skeleton c_ontaining 1-3
heteroatoms which is bonded to R® or R®; and R'° represents hydrogen
or optionally substituted C1-6 alkyl)

[0085] In general formula (3) above, C1-3 alkyl may be straight-
chain or branched, and specifically there may be mentioned methyl,

ethyl, n-propyl, isopropyl and the like. C1-6 alkyl may be straight-
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was screened from avail abl e strains belonging to the
genus Rhodococcus and its rel ated genus Mycobacteri um
foll owed the method described in (1) above. [0099]
Tabl e 3 shows the screened strains confirned to
contain 25 plasm ds. Specifically, Rhodococcus
erythropolis (I AML400, |AML503, JCw893, JCM2894 and
JCv2895) and Rhodococcus 48 rhodnii (JCV3203) were

EP4iRgos bedRi. ndpgpggffgqajly berRPREY bR EntioRed methyl,
desql%igglggr ac '(I)'rllg gggﬁmes [ tedbl tﬁ{rl_"T%g[H%y? pentyl,
(Botaing %@Rﬁs%SOOAEJ’ESTW083;;*3%%93%@9%%%%90may be
USR5 SRR OB S oty
Nb%{@&ﬂhaﬁ&mgcﬁfdé %gLﬁﬁﬂ?ﬁéﬁi ces, The University of

€ aval fomthe institute. Al so, R

rﬁﬁpom 3 are gesC%%Saqﬁcﬁ%ﬁbﬁﬂdhgﬁemcycﬁc

St @) 8n &blﬁlﬂhﬁng ?a%xfte?(gﬁams ﬁ)‘él% i %ebﬁﬁeﬁFBEBH nitrogen,

Japan and are a omt I nstitute

e T 4l e g o

ey T TSI RO Sk
Rﬁﬁéﬁ@o ndiy t Be) GMeABOhed. HRRHIONRY piperidine, 1m1dazolld1ne,
piperazine, tetrahydrofuran, tetrahydropyran, tetrahydrothiophene,
morpholine and the like. | '
[G087] As Cl1-6 alkyloxycarbonyl thefe may be mentioned
methyloxycarbonyl, ethyloxycarbonyl, isopropyloxycarbony],
isobutyloxycarbonyl, t-butyloxycarbonyl and the like. As acyl there
may be mentioned formyl, acetyl, propionyl, butyryl, isdbutyryl,
pivaloyl, benzoyl, valeryl and the like. When the aforementioned C1-3
or Cl-6 alkyl, C1-6 alkyloxycarbonyl or acyl have substituents there
are no‘pat_‘ticular restrictions oﬁ the types, positions and numbers of
substituents, and as examples of substituents there may be mentioned
halogen such as fluorine and chlorine, hydroxyl, alkyl, carboxyl,
amino, alkoxy, nitro, aryl and the like. As pharmaceutically acceptable
salts there may be mentioned salts of inorganic -acids such as
hydrochloric acid, sulfuric acid, nitric acid and phosphoric acid, salts of
organic acids such as acetic acid and citric acid, salts of inorgaﬁic: bases

such as Na, K, Mg, Ca and ammonia, and salts of organic bases such as
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Rhodococcus rhodnii JCM 3203 5.8 pRET1000 [0102]
(Exampl e 2) Identification of restriction endonucl ease
15 sites Various restriction endonucl eases were used
to determine restriction endonucl ease sites, for
classification of the plasmds shown in Table 3. Each
plasm d was isolated by the nethod described in 49
Exanple 1, and then digested with EcCoR I, Hnd III,
Sca | Sac I, BanH | and Kpn I,

gﬁ%ﬁﬁ@?’&&@‘ﬁ%&@@?ﬂ%ﬂ%@%ﬁgwr ose gel for

COEE 7! B, e LT o BB By gonera
X gl e(ﬁ digest Llguobal, T e’ 131 e§lamino-2-
O DR
o eDE0s "l 38550 R e b ooty et omino-2.3-
?%@2@@@5@&@5&%&9@8@%&@% e pmoiega6id. 1-
oL dinag Mgt >
??fd‘%"?ﬂ%‘?%‘?&%ié i R
S plgRprapyRigidd AT Eapgbain ERD H R el orylRino-
202 4y QrBxyfophng; 2-4nfind-Rhydroxybutane, DL-serine, 1-amino-2-

hydroxypropane, 1-amino-2-hydroxybutane and 1-amino-2-

hydroxycyclohexane. Compounds among these having asymmetric
carbons may be optically active forms or racemic forms, unless
otherwise specified. _

[0089] Addition of such activity inducers to the medium can
induce cellular activity and thus more efficiently promote production of
the optically active f-aminoalcohol than when no such activity
inducers are added. The activity inducers may be used alone, or
several such activity inducers may be used in admixture. The amount.
of such activity inducers is preferably 0.01-10 wt% with respect to the
medium.

[0090] The reaction method for production of the S-aminoalcchol
of the invention is not particularly restricted so long as itis a method in
which the cells or the cell-produced enzyme is reacted with an
enantiomeric mixture of an a-aminoketone compound represented by

general formula (1) above or its salt, to produce the corresponding
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Val ues in parentheses indicate sizes (kbp) 10 [0104]
Based on the anal ysis results shown above, the
plasmds in Table 3 weré classified into three types:
pl asm ds possessing the sane restriction endonucl ease
sites as pRET1100, plasm ds possessing the sane
restriction endonucl ease sites as pRET1200, and
pRET1000. [0105] (Exanple 3) Plasm d sequenci ng and

PO 8 ST b B SEB oSk B senera
T 755 BB et SR g2l isod witn
it ! SAOEE T B AR A ULt s

50.er.vit hropolis (I AML400), the plasmds

(thﬁ%% %%g%rlﬂ'srkﬂ?@ﬁ% were isolated and di gesg ed with

TOSURoFriebBEe ERYERS 0585 5 i 8BT FFnee
b gPRREBF S propclBR o BRI S I BABR G Eohol
QAR 1 58 BRI ROTRE APl i

CHRIERBI B/ R3S 50000 REhcie hRREbIPING o 100-fold in
- AT @R 6F %\%%}g WitlP k&R O toMHe raBinic aftindRetone. The

as vector I nsert "DNA and 10 vector DNA were

| Gif@ation %fo &l tRndcHininskeabhe sabdrieed preferably 0.01-

transform E. i JMLO9. The obtained transformants

VeI ®/SER@ e preferabln 031 0% crphpab of dhPregctidn solution is
Anmer sham Bi osci ence)” to obtain different clones.

(

[ gél&féraﬁw 5Rheddanoes Prdﬁf&ﬁz@myi 6-8) ENE2D3)reattien pémpeiature is
15 (pRET1000) was isolated and then digested with BanH
| .prefeablell 8c50WPhadanbse preferslyhA0S€E. gEhe rédption time is

fragnents with sizes of approximately 2.0 kbp and .

apmetetiabiy ef41 58. dokbg, bet ethinnfiaymbe. apPrepriaisiiedeternined

DNA fragnments were recovered fromthe gel using the
depending on the cell type.
[0092] In order to more efficiently promote the reaction, there
may be added sugars such as glucose, organic acids such as acetic acid
and energy sources such as glycerol. These may be used alone or as
mixtures. The amount of addition is preferably 1/100 to 10-fold with
respect to the substrate. Coenzymes and the like may also be added.
As coenzymes there may be used nicotinamide adenine dinucleotide
(NAD), reduced nicotinamide - adenine dinucleotide (NADH),
nicotinamide adenine dinucleotide phosphate (NADP), reduced
nicotinamide adenine dinuclectide phosphate (NADPH) and the like,
either alone or in mixtures, added in amounts of preferably 1/1000 to

1/5 with respect to the racemic aminoketone. In addition to such

45



10

15

20

25

af orementioned Kit and. used as insert DNA. The vector
DNA used 20 was pBluescript Il KS(-) digested with
Barnes |. [0108.] Determ nation of the nucleotide
sequences of the plasmd inserts was acconplished by
the prinmer wal king nethod. The apparatus used was an
ABI PRI SMI'M 31ONT Genetic Anal yzer, and the enzyne
used was a BigDye Term nator v3.1 Cycle Sequencing Kit

2 i oL o B B R s s
R SR M o B A5 R0 SRR TS pect
SIS ) PR PSR 08 b Segeneratin
SoPABCBTRS dPRH RLA S D g3 160 6 10
AR UGPSR LSRRGS ol sl
TGRSR o AT, AERIEE, oGO BiAPELTIES acic
580 e e sl SOk STy b Ansael Yetngme.
RS BT A B Sy, Pl papatrates.

PCRicgd Qdudly Wreubiilafd ¢4 thei f€lls baEATMeRsNARRd may be
Gel Band Purification Kit, and sequencing was carrie

ouiddesl Y ihbieas@Be RaciBhsspasld of ovielkRand eharedbyez enay be
the arrangenent of the inserts. 15 [0110] The results

of acriduenap facgyed that pRET1100 consisted of 5444
bp, with amG?%Scontent of 59% The full determ ned

nyoned]i de déqihenceadtiors aoldtion hsarcaSEd Vaithicaddisionf of the
the Sequence Listing. Plasm d pRET1200 consisted of.
54pkchiic aattshdesail@dCabovat endernths 2torahestivded conditions,
PRET1000 consisted of 5813 bp and had a 20 G+C content,
ofraegstizatien fofl thedeneeadted d-audnekeiane isomenscwillsbeaaided,
forth as SEQ ID NO 74 of the Sequence Listing. )
thus more efficiently promoting conversion to the enantiomer which
will serve as the substrate of the cells or cell-produced enzyme. This
will tend to yield the target aminoalcohol from the starting material at a
high yield of 50% or greater.
[0094] As salts that promote racemization of unreacted o~
aminoketones there may be used weak acid salts such as acetate,
tartarate, benzoate, citrate, malonate, phosphate, carbonate,
paranitrophenol salt, sulfite and borate, but there are preferably used
phosphate (for example, sodium dihydrogen phosphate, potassium
dihydrogen phosphate, ammonium dihydrogen phosphate), carbonate
(for example, sodium carbonate, sodium hydrogen carbonate,

potassium carbonate, ammonium catbonate) and citratc (for example,
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[0111] A honol ogy search for the determ ned nucl eotide
sequences using DNASIS Pro reveal ed that pRETI 000 and
PpRET1100 were novel plasm ds. On the other hand,
PRET1200 had 25 approximately 99. 6% honol ogy with pN30
(GenBank accession no. AF312210) (cal cul ated based on
pRET1200). 52 [0112] For pRET1000 and pRET1100,
conmpari son was made w th publicly known plasnids

L T SR AR, SRt Mt ot
o4 40, R RS LA S R s o
T WA RNt s
S A B
N A B L TR

IpPe 0L 7 oy g SRR Ty e
St e e ST i B A ) s
P'%‘(ﬁ%@x?ﬁ@éég tﬁg R%] ca?(E}Q dsc%gﬁlc)g—%lrou&ﬁcbg%bh‘lﬁhg zbéa Ftained
14irER %Melfeacﬁﬁﬁ $8ubiSn df alﬁﬁﬁ(@_egﬁ}zﬁﬁn 5% e RIR, by

I D NO. consi sting of the nucleotide sequence from

bal?é‘lﬁg%ﬁ)éeét%ﬂ“to A 4emmtth Hh6ificatidBOprdcdBy subhlds membrane
1630, ~1645, 1687, 2224 or 2227 to 2409 of the

n%@gﬁ@éﬁ(ﬂf egiaeise with imrdrgaﬁﬁ: S6R0ehD (R eXdmpdef foluene,
(SEO ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID

\uishnengcayp iteah) ssnpipll e rsocaeaion
f rdistilation, tBy&allizasion, recrystallization or the like. The optical
purity of the produced optically active [(-aminoalcohol can be
measured by high performance liquid chromatography (IIPLC).
Examples
[0096] The present invention will now be explained in greater
detail through examples, with the understanding that these examples in
no way limit the technical scope of the invention.
[0097] (Example 1) Isolation and purification of plasmids
(1) Method
Rhodococcus strains were inoculated to 5 mL of GPY medium
(1% glucose, 0.5% bactopeptone, 0.3% yeast extract) and cultured with
shaking at 25°C. After adding 250 uL of a 100 mg/mL ampicillin
solution in the logarithmic growth phase, culturing was continued at

25°C for 2 hours with shaking. The cells were harvested by
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25 1701, 1674 or 1581 to 1444 of the nucleotide
sequence set forth as SEQID NO 73; 53 orf5 (SEQ ID
NG 22, SEQID NO 23, SEQID NO 24, SEQ ID NO 25
or SEQID NO 26) consisting of the nucleotide
sequence conplenmentary to the nucl eoti de sequence
from bases 2828, 2792, - 2747, 2594 or 2540 to 2406 of
the nucl eotide sequence set forth as 5 SEQID NO 73;

o ebeliERRn L2 kﬁéﬁ@ﬁﬁﬁo' R e ey ShHE diperatant,
Sabey el 5%%%@% Rt SHE S G TS T 769, T dells were
4%113 hakpests %?%ﬁ@ﬁ%&@?%&éﬁﬁ o) ppd the supematant
f o ém%%é% P T Ghrd B MR Sp S ANCST 430 mg/ml
A Rt Abh isROcHtin T SBRIAIE (SEUHSNCrrid (B 7.5), 1
N%ﬂ*‘%?%ﬁgeéﬁ‘a {1y SSspRrSIdiDel allic Gl AEFRCE Jor 30

sequanes. Nam h)eeg&e H86oNPEodithAT chrbr@@één@fzst ﬂE of 10% SDS

nucl eoti de sequence set forth as SEQ |

[ GRdrd ad@&d fapld! G AExRIE SwiE allobid tb 'sfhd@REtTlm 04@rnight.
orfl0O (SEQ ID NO 38, SEQID NGO 39, SEQID NG 40 or

SER lthe Nipeditdtagi T mi t:élﬁltriiﬁltgbﬁ@nn U kepindes sefieiteee were
conpl errent ary to the nucleotide sequence from bases
3HdAed3R31u]. 20D of 5@849ntlo Prateidasy Kt bed 5@ckgohl d@Nase A,
sequence set forth as SEQID NO 74; orfl 1 (SEQID
N@nd# thomBEQd BvadOalléded: omsitand g 37°E hor PS5 minutes. An
nucl eoti de sequence conplenentary to the nucl eotide
s equavalent rafhphbasléch286HroT/isvadeylt al@hed swiutibe was added
nucl eoti de sequence set forth as SEQ 54

and centrifugation was performed (12 krpm, 5 min). A 2.5-fold

amount of ethanol was added to the supernatant, the mixture was
centrifuged (12 krpm, 5 min), and the precipitate was diésolved in 50
uL of sterilized water. Confirmation of plasmids was accomplished by
electrophoresis with 0.8% agarose gel and staining with ethidium
bromide, followed by UV irradiation.
[0098] (2) Test bacteria strains and results

Throughout the examples, the presence ar absence of plasmids
was screened from available strains belonging to the genus
Rhodococcus and its related genus Mycobacterium f{ollowed the
method described in (1) above.
[0099] Table 3 shows the screened strains confirmed to contain
plasmids.  Specifically, Rhodococcus —erythropolis  (TAM1400,
IAMI503, JCM2893, JCM2894 and JCM2895) and Rhodococcus
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ID NO 74; orfl2 (SEQ ID NGO 44) consisting of the
nucl eoti de sequence from bases 3197 to 3526 of the
nucl eoti de sequence set forth as' SEQ..ID NO -74; 5
orfl3 (SEQID NO 45 or SEQ ID NO 46) consisting of
the nucl eotide sequence conplenentary to 'the

nucl eoti de sequence from bases 4035 or 3996 to 3679 .
of the nucl eoti de sequence set forth as SEQ |ID NG

Sofo cICRERTY) otk RaETEged e o BBED Y plasGs  of

oAb A A R R B, 9B were

o SAPRREE RGeS HE Mroleh Sl TR ch o PR P00

oIRFaNARD,S" SlePT1ae AR M o REIEE G B T 600
FEJE?&@@?@Q%%@@@WWQ" PREIOMEPETHE 3.

@ e ‘35? con étﬁllg gg 0 Hoﬁe nu%ggg% %Iéq%‘g%@g%d in

58&@%”%3 A P, Y T PIIE 0D ieachy the

7 I
QIR o5, CERR g e TSEL IR Jy o

16’?91{ 3688d il BvaildBle FromS e tinsddfie OfATshE R, e?thropolw
nucl eot| de 25 sequence set forth as SEQ I D NO

OVIGMZX% H@MEBE)@HH(@OJ@WS%Q aid tRe rughaolTCM3203 are

sequence from bases 1906 to 2169 of the nucl eotide

Se&ﬂl@ﬂtmﬁdsah 'O aBatdkf@ud DiNGBtrdis, oBigich( Fditidn 2002"
NO 62) consisting of the nucl eotide sequence

published by RIKEN, Japan, and are available from the institute.
[0101] [Table 3]

Strain No. Size (kbp) | Name
: 54 pRET1100
Rhodococcus erythropolis | 1AM 1400 51 PRET1200
. 5.4 pRET1300
ditto IAM 1503 54 pRET1400
. 5.4 pRET1500
ditto JCM 2893 54 PRET1600
. 5.4 pRET1700
ditto JCM 2894 54 PRETI800
ditto JCM 2895 | 5.4 pRET0500
Rhodococcus rhodnii JCM 3203 |58 pRETI1000
[0102] (Example 2) Identification of restriction endonuclease
sites

Various restriction endonucleases were used to determine
restriction endonuclease sites, for classification of the plasmids shown

in Table 3. Fach plasmid was isolated by the method described in
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eon'pl ementary to the nucl eotide sequence from bases

810 to 553 of the
SEQ I D NGO 74;

orf 2l

SEQ ID NO 65, SEQ
NO 68 or SEQ ID NO 69)

5 nucl eoti de sequence set forth as

(SEQ ID NO 63, SEQ ID NO 64,
ID NG 66, SEQID NO 67, SEQ ID
consi sting of the nucleotide

sequence from bases 117, 147, 306, 456, 5144, 5276 or
5534 to 656 of the nucl eotide sequence set forth as

O]Fgﬁiﬁé%ﬂlﬁgg gnd ‘E}Hiél {11%15%%%1 @'bENA @nﬁ%n@mhgvueﬁ Sta 1, Sph
palesshdo 4 ogoy ek e oRal: bt cofgtiontidisstr B 0.8%
o 5 ekl S R i S iRe 73R eagtiils, Qb Nize marker

nué®

(1 L8m BasCr o2 LR DN ATRE K EPhY £BLR OO Houble
Qgﬁgggﬁoxogﬁ@ﬁ%ﬁ ﬁﬁfntf 2 f: f egEQJéaQ'eHOb 7911§ffé§'i‘illctlon

e sequenc

e S e e -
(f Mz ﬁ ka?gs ﬁﬁi@ésﬁﬁs%@@@hgwﬁﬁﬂﬂbfé@ regi on of

the nuc sequence from bases 5144 to 656 (SEQ
67)

([[ﬁ regi on of the nucl eotide sequence
qu f 4830 (QII('\ LD NGO A7\ of the

ucl eotlide cpmmnr-p of R gpEreadinn ( SEQ 1D NG 7R+

i
ool ogous X A%hobi | 1PAEPHn ICHEEE, o{fé‘f?%’“ % TEM P,

hat th re i nvolvedi-A—mobilization

econdal Dn§fﬁf?§#ﬁ+@$§£ﬁ =4‘B&§E@§f§t§) '];]}o%;‘ 50 E@ﬁfﬁ?{iﬁ@(s

T CoCc T U Ut \v A w3 » R wie | \¥4 9o TIJI ~J
Bonghl 1584 50 G dlicl doti de sbquence |of JRETIGEHRZD

%@gl' BRGSO and it |i s

Xt uge? (gr of e I’Y‘leiuhei Zatel Qe Diaft Qhfle |GaIRE sadie i
”in: (é)n - ZS) t e |expr essedspr @t €i as | Sas| Jthah

Bt Fhan e ;- WEREHORITERES SRENGRET bRE ERFT G 1- -

£l é—-%quem 12000 F0D AKBE | 1701} 1209 | 888 FSES
76\

phI' -

Smal

presumapl y

-

invclveb —F
(0.

P

ﬂrpr-R
=)

ul
gl

7HFFW(D/\—FI-U)H3:)—N

(0.4, 0.5) 4(0.1, 1.2, 1.6,2.9)

Values in parentheses indicate sizes {kbp)

[0104]

Table 3 were classified into three types: plasmids possessing the same

Based on the analysis results shown above, the plasmids in

restriction endonuclease sites as pRET1100, plasmids possessing the
same restriction endonuclease sites as pRET1200, and pRET1000.

[0105]
As the plasmids were classified into three types, i.e. pPRET1000,

(Example 3) Plasmid sequencing and homology search

pRET1100 and pRET1200 based on the results of Example 2, it was
attempted to sequence each of the plasmids.

[0106]

determination of the nucleotide sequences.

First, the DNA fragments of the plasmids were cloned for

For Rhodococcius
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nucl eoti de sequence of pRETllOO (SEQID NGO 73) is a-
promoter involved in expression of a protein related
to replication. [0120] (Exanple 5) Construction of
shuttle vectors 10 For construction of a shuttle
vector between Rhodococcus strains and E. coli, the
Rhodococcus pl asm ds pRETI 000, pRET1100 and pRET1200
and the E. coli plasm ds pUCl8, pHS&99 and pHSG398

oGt CAMAL MR FR T R BRET 360 were
ﬁle?s?@rfafgﬁt i ZBlssr it SR ol P 4R8O -AREss on
S B ‘%ﬂ%%“%ﬁﬂ@%‘éﬁﬁf@‘iﬁﬁf A7 h TR %ﬁﬁé@%@&@ 5 Kbp,

B;°é@ﬁﬁ*@ﬁfﬁi@lﬁ&%@ag%ﬁiﬁr%é’%ﬁ%t@@?"t Sopsadf i Gkimagty 49
b aP B P ol S THR b BRIV W@'ﬁ?ﬁ?{%ﬂ%@%ﬁ% feyered

Fé%q ngf Jﬁ%&ﬁ%%a %ﬁgﬁls%as SGE? %@RT%'@%% g%(g gGel Band

fr?‘ﬁ’gﬁcat (RO A (A%@)@ﬁ%@ (])?rogﬁcﬁehﬂ A %I‘dd u‘se gs Uﬁl@@rt DNA.

I'gestion of urs and

I
S ST i s S

d' aRfleV8f viith e ! afid Sac L%zaéctblﬁDNPDW He aERNDNA and
were prepared fromthe E. coli plasm ds.

Speetfor BN A, wekElfdiednyhnLiatidie High (ToyobOP and used to
anpicillin-resistance gene (Anps) was digeste

SnerahsfornB8 e Eaff JALhOa STharUhtﬁuwtlS@ﬁch(mmﬁalmemscreened
t he kananyci n-resistance gene (Km)) and pHSG398

o BT koo e 910 i

obdififereBNalofasagnent s of E. coli plasmd, which were

? L%Efé%]teg IfPBgEt H[é‘?c%zi;]dxné;tsi[dlold%z“ nJgCItVIIq}?ZO%I\)I’,A the plasmid
(pRET1000) was isolated and then digested with BamH 1. Upon
electrophoresis on 0.8% agarose gel, DNA fragments with sizes of
approximately 2.0 kbp and approximatély 3.8 kbp were confirmed.
The respective DNA fragments were recovered from the gel using the
aforementioned Kit and used as insert DNA. The vector DNA used
was pBluescript II KS(-) digested with BamH L.
[0108] Determination of the nucleotide sequences of the plasmid
inserts was accomplished by the primer walking method. The
apparatus used was an ABI PRISM™ 310NT Genetic Analyzer, and
the enzyme used was a BigDye Terminator v3.1 Cycle Sequencing Kit
(ABD). |
[0109] First, P7 (M13 forward, Toyobo) and P8 (MI13 reverse,
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10 and E. cola plasm ds prepared in the manner

descri bed above, they were wused for transformation in
E. coli DH50 which were plated on LB (1% tryptophan,
0. 5% yeast extract, 1% sodiumchloride; pH 7.2) agar
medi um cont ai ni ng 100 g/ mL kananycin, 100 g/nL
anpicillin or 30 g/nlL chl oranpheni coI , coated with 30
L of 0.1 MIPTG (isopropyl 15 (3-gal actoside) and 4%

2 Pauols) BRI SistaNe R chafiafabedting of the dasert mugleotide
ATALEPHES-c Yl BEMER VRS a2 SBRl Vg A e Geapence
L A AP R AT A g
cdrofiy 8 e E%ﬁi&%'@r{%ﬁﬁl%gwﬁgﬁé "B INAY GeREflsed for
AiEﬁ’F AL BARC HENGR iébt gﬁétgléé)n ‘ﬁ’l‘? prbt&S ure was

BCt UPErs speci ie The o tai ne

oo AR S Tt FEAEPBATAT,ScPcals HABAS B8

al ne vectors are S

e%;tﬁl A Ve%ﬂ%&ﬂﬁﬂaﬁﬂg $H@§ﬁ§éﬁhhe%o§n . rga;fgehes decoding,

ct'ors usrng PpRET1100 are s 1 gs
Pnepd F{{}é}g?&ém % &P ks ?& cﬁ%ﬁ‘ﬁﬁbﬁ‘f ¢ chlgidf! @ac@f {3eft to the
v ctors ococtus E. pRET1001, pRET100

PRELEOP QitdetiBn ﬁREF&éiO?o aﬁB@EkoﬁéﬁVﬂw?ﬁirsk%Owk%éQﬁﬁ&d and
RET1003, pRET1003Rv pRET1000 "HSG39

D%Rl%spaﬁﬂ'dd&éﬂi\lﬁ_lsg%ﬂ@@ Fl}?ﬁisﬁ%é A8REL I plasmid isolated
RET1102Rv RET1100 p 9 pRE ETI 103Rv pRETllOO

PREEGHROD whSGBeffied using a GFX™ PCR DNA and Gel Band
Purification Kit, and sequencing was carried out using the same
primers used for PCR, to analyze the arrangement of the inserts.

[0110] The results of sequencing showed that pRET1100
consisted of 5444 bp, with a G+C content of 59%. The full determined
nucleotide sequence is set forth as SEQ ID NO: 73 of the Sequence
Listing. Plasmid pRET1200 conststed of 5421 bp and had a G+C
content of 62%. Plasmid pRET1000 consisted of 5813 bp and had a
G+C content of 67%. The full determined nucleotide sequence 1s set
forth as SEQ ID NQO: 74 of the Sequence Listing.

[0111] A homology search for the determined nucleotide
sequences using DNASIS Pro revealed that pRET1000 and pRET1100
were novel plasmids. On the other hand, pRET1200 had
approximately 99.6% homology with pN30 (GenBank accession no.

AF312210) (calculated based on pRET1200).
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[0126] The shuttle vectors constructed with 'p:RETlloo
and pUCl1l8, pHS&299 or pHSG398 were desi gnated
respectively as pRET1101 (SEQ ID NO 89), pRET1102

" (SEQ ID NO " 90) or 5 pRET1103 (SEQ ID NO 91),

respectively. O the shuttle vectors, pRET1101
exhibits anpicillin resistance, pRET1102 exhibits
kanamyci n resi stance and pRET1103 exhibits

il %sﬂiﬁmbﬂn fd BRETLAGY, i Boprd Tnade
rlgg’btg? %\I?L@Y i.n rei]/?g%ﬁa (%gﬁdl\/\/e@%ﬁ@je;ﬁnat ed illo ,Lgptlde
[ oF h%?ﬁg%%’ynﬁﬁg?ﬁ%o%f’iﬁeac?%a%ﬂ?%#&me% e plasmids
oriehf BT o YIRS el e 4B ARk o s

0 03Rv (SEQ ID 15 NO. 98- SEQ I D NO
15\?& &kgi/gs PRET1201- pRET1203 and

BN 23%@%@3% FJ"théae?%e etE Ahah IS opol i

59 The QHOSAECH S akal ﬁéleo 86 580 TR MERETN 100
S e

vvere use rans orma 1 on

er Rm LRidw( MAK- 34; deposited at the
Naétﬁ&]oﬁ nstltute ‘? Eﬁosm ence and Human-

Temingfogy, T‘lﬁ’éféﬂlﬂ@\blﬁé‘ékfstw&% RlurfPia, %RE‘TI'IWS”' al
Sciencé and 5 Technol ogy, Mnistry of Econony, Trade

and | naugl r ISEQCID @0k y1, SEOeipaNOnat GatSmy ID NO: 3
Organi sm DeposiQfary Nat i onaEFQI nstitute of Advanced )

l rtsbtﬁﬁgtirﬁgF oBahenegclaotdd elgnehegfromnbisdsr DA2y 238, or 337 to
2001 as ERM BP- 7451). El ectroporation was

| 4G5 bt das pdclestideseuthoe sef forgeae SBQMEX MO: 13)
[0129] First, R erythropolis MAK-34 strain was

i nocul adréd (SE@ IDMNO:of) dsisting oimthaduclgdatidesequenice from
ill}:baal;ieg %ﬁtoﬁggg;gﬂ[ ﬂfe?ﬂggllé:)%db fegweﬁ::adgaﬂ?jifggthlasné]?g D NO:
73;
orf3 (SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15 or SEQ 1D NO:
16) consisting of the nucleotide sequence from bases 862, 1294, 1450,
1462, 1486, 1489, 1513, 1630, 1645, 1687, 2224 or 2227 to 2409 of the
nucleotide sequence set forth as SEQ 1D NO: 73;
orf4 (SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20 or SEQ ID NO: 21) consisting of the nucleotide sequence
complementary to the nucleotide sequence from bases 1873, 1734,

1701, 1674 or 1581 to 1444 of the nucleotide sequence set forth as
SEQ ID NO: 73;
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culturl ng was continued at 200 rpm at 30C for 10
hours. The cultured cells were harvested by
centrifugation (12 krpm 5 mn, 4C) .and the 15
harvested cells were rinsed twice with ultrapurified
water. The rinsed cells were harvested by '
centrifugation (12 krpm 5 min, 4C) and suspended in
2.4 nmL of a 10% gl ycerol solution. The suspensi on was

Conpet st B0 o8 e 118D b 26 "wR %24, sEQ
PP ANGY A PRSI A hdob% et hflelial Wquence
rerpneRER] " fhe q@ﬁi&@@&e TR0 L5 RREEAZ02 088 2792,
92746% gﬁ@'& e&, 25 gotanQES)étGMﬁé‘\fﬁ%egoﬂ@ %E%ﬁ@]%epggf‘ forth as

Eloggg 9 8gn System (BIO-RAD). After pulsing at 25
0070, 25 F, the m xed sol ution was added

wth 30 L up7i Y S
to st an“gr gt (EIZ%% Egrﬂip'hggr gp&_;}l%gt Fbll??ﬁll? 2820?‘?‘?%% of the
"yl 4RO gBL 971 S 1 330 o he cleic

Slg{eﬁise Seﬁﬂhglllagls]ggqlﬁg@lm chl oranpheni col). As a
res

col oni es were~ obtai ned when using pRET1002,

PRET110Z-fanS IRQEM 2R c 09t 8t 'IRRQ  BDE RO X @'@? nyeidisting of the

resi stance gene. In order to confirmthat the obtained

cohile€gde aRijaned doieplRneaitads totthe phagotids nce from

isolated and all were verified to contain the shuttle

vesdses 3 X7T1823 5Thits 3958 asfsthedhidiestid seqydriveosmm fosthcanSEQ
be transforned by electroporation and that pRET1002,

pRETNO273nd pRET1202 10 function as shuttle vectors.
[0133] (Exanple 7) Obtaining am noketone asymetric

reduct amd8 (8@ I[IDaN(edd) oTHEQakDgRi: 3 ¢(§tﬂ1m@ of the
fromR erythropolis MAK-34 strain for insertion
t heucteatigesequencs fioe bases 8339 0364 8skwodR02 elithg nugleotlde
15 [0134] First, genom_c DNA was obt ained fromR
ersequengoisesforth as SEQ ID NO: 73; and
orf9 (SEQ ID NO: 33 or SEQ ID NO: 34) consisting of the
nucleotide sequence from bases 4366 or 4477 to 5034 of the nucleotide
sequence set forth as SEQ ID NO: 73.
[0115] The following orfs were found in pRET1000:
orfl0 (SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40 or
SEQ ID NO: 41) consisting of the nucleotide sequence complementary
to the nucleotide sequence from bases 3350, 3251, 2945 or 2849 to
2412 of the nucleotide sequence set forth as SEQ 1D NO: 74;
orfl1 (SEQ ID NO: 42 or SEQ ID NO: 43) consisting of the
nucleotide sequence complementary to the nucleotide sequence from

bases 2365 or 2332 to 2159 of the nucleotide sequence set forth as SEQ
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MAK- 34 strain. After inoculating R erythropolis
MAK-34 strain to 5 nL of GPY nedium culturing with
shaki ng was perfornmed at 30C for 48 hours, and then
the culture solution was seeded in 100 nL of GPY

medi um and subcul tured at 200 rpm at 30C for 10 hours.
The 20 genomi c DNA was obtai ned using a Genom c DNA
Buffer set and Genomc-tip 500/G (Q AGEN). [0135] The

og[ha:' (&q@ggnom c DNA was used as tenplate for PCR
u L‘F »plus-. The prinmers used were MAKF1 (5'-

and WAKE] §GORR AR OTAG BRI EBEATT Fis SuiclGHJC Reguence
AT 2 Sha dn 130 oF Qe rBic o AR BERTEIS 58 o1t as SEQ

S . ~Jhe obtained PCR product was subjected to
pmg\;ﬁcﬁ orof orm treatment and et hanol

Drcs, DAL aEgrD Bl 8 H7SH JppaKar g Bniithe of e
BB SEtshG: YSURAELISRbLR D Bt SRR e from
CoRes MR 8906 R 675 e b RS eqRAURct forth 2 SEQ

wﬁj]}\ﬁg 174of 0.1 MIPTG and 4% X-gal, and was al |l owed
to stand at 30C for 60 hours. Wiite colonies were

sel ect affe{ 4 QUERTY NOE ARPSEY pg)qmbpabeér $AY ¥BNO: 50)

10 cul tured Wth shaking i’n L urd medi um

%@%ﬂhﬁoﬁ% ﬁ?ﬁﬂeotﬁ@@e@mbhbé‘ fithm 3Ged 262604894163 4666 to

s purified fromthe obtained culture

sadga0 en s hieleatiGeXEYubhes SetFloreihs SBRIDKNO: 7Hhe

obt ai ned DNA was confirnmed by el ectrophoresis on 0.8%
agar oseyrdes .(SEEIDNG: ngH ol 8EE) s Niosis®)at@sbisisng of the
pMAK-1. 15 [0136] (Exanple 8) Construction of

exficestiide seqatnce conpflemiantatieto ahd mudlootide ceguence from
asymmetric reductase gene (nmak gene) were inserted

i razet 154 64 hat 5062 vedi69 cfithemuichedtad sedaerc@lse forth as SEQ
First, an expression vector (w thout exogenous
pridddi@r Y4;
orfl6 (SEQ ID NO: 53 or SEQ ID NO: 54) consisting of the
nucleotide sequence from bases 2331 or 2334 to 2618 of the nucleotide
sequence set forth as SEQ ID NO: 74;
orfl7 (SEQ ID NO: 55) consisting of the nucleotide sequence
from bases 2907 to 3242 of the nucleotide sequence set forth as SEQ
ID NO: 74;
orfl8 (SEQ ID NQ: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ
ID NO: 59 or SEQ ID NO: 60) consisting of the nucleotide sequence
from bases 16350, 1689, 1713, 1827 or 1875 to 2162 of the nucleotide
sequence set forth as SEQ ID NO: 74;

orf19 (SEQ ID NO: 61) consisting of the nucleotide sequence
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~contai ni ng approxi mately 400 bp -up‘st ream from the mak

gene was 20 constructed. [0138] pMAK-1 was' di gested
with Sma | at 30C for 2 hours, and then with Pst | at
37C for 2 hours. The solution was supplied for 0.8%
agarose gel el ectrophoresis. The DNA size marker used
was Loading Quick DNA size Marker a/EcoR I +Hind 111
doubl e digest. 25 After el ectrophoresis, an

Gt poR 106 et 180 DEGH: BRI S Serpfteer Sl 88 sEQ
us ﬁ,j@ggt% insert DNA. On the other hand, the vector
usi AERETMOZ digested with Hnc Il and Pst | at

Ergazfgﬁ%%ﬁéﬁ%I@g%@%@rgaﬁﬁiﬁs ‘ﬁfj :jinﬁglff:%gid\é'i §é}1uence
on Ca B o bl BB B Bl F B SR pf the
P PR ohRRES St P R SIRAIEENG: Thiii g on Ls

for 60 hoinsCEQNIBERP IS ShO D NEFRERG B N0 65, SEQ
LIRS 7 SIOUERTAGE 49, SEOMIYI? S agacrEnNO: 69

gel : 0, ' : S j tihe
o FaRVBIRY B¢ bl M o olecohotengy 117 147, 306, 456

endonucl easé

g;g@ﬁﬁ?@%@r& $4104 RNBSET ¢ fhetngsbiiae seihlndS set! fodth as SEQ

for 2 hours were subjected to 0.8% agarose gel
el gptNophy esis, .and the 15 target plasm d was
obt ai ned based on the size of the DNA. The size

nal[llfiram sed W DA pgplfdsition BYioai af Ket OV iEcthR region
+Hind 111 doubl e digest, pRET1102 and pRET1102 t hat

hadehesenddobstibd mitlbotiBstsdquencdAet florthiab Q. IDhRO: 35
pl asm d obtained in this manner was designated as

pREfr b1 Bdses2D4 [ @ 1a 3R00Exthenluel &)tid® ssquanciei seh fofth as SEQ ID

?:8{5:; %%grozgga%resl ﬁ@%ﬂ&ge b;{l)ﬁ(g]t“t]l shé Sg f:ﬁa%?id\gesreequence set forth
as SEQ ID NO: 37 (from bases 5000 to 500). The DNA replication
region of pRET1000 is the region represented by the nucleotide
sequence set forth as SEQ ID NO: 70 (from bases 3355 to 3507), the
nucleotide sequence set forth as SEQ ID NO: 71 (from bases 4290 to
4350) or the nuclectide sequence set forth as SEQ 1D NO: 72 (from
bases 3570 to 3894).
[0117] The region of the nucleotide sequence from bases 5144 to
656 (SEQ ID NO: 67) and the region of the nucleotide sequence from
bases 4381 to 4830 (SEQ ID NO: 47) of the nucleotide sequence of
pRET1000 (SEQ ID NO: 74) are homologous with mobilization
proteins, suggesting that they are involved in mobilization.

[0118] A DNA secondary structure is predicted for the region of
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vectors is effective for expression vector
enhancenent, gene nodification, transformation

ef ficiency inprovenent and replication in cells. 25
[0142] First, shuttle vector pRET1102 was reduced.
After digesting pRET1102 with BanH | and Hine Il for
2 hours, it was 63 el ectrophoresed on 0.8% agar ose
gel and an approxinmately 2.7 kbp DNA fragnent was

pufity ReEobenfatelot o RN AR R NO: 75) of
v iodiRie RealiSict Moo RPN, REEE DG 2%, and it is
S BREDaRly viled RECTBRSIEP o tREfobilizatiolblotdfib gene or

forg eﬂ%ﬁé gnitli(?ﬁJ gﬁgﬁ gﬁ” g ekgretsge&) gﬁgfeﬁﬂar ose gel

el ectro esl's, recoveri ng approxi mately 2.7

ol M 1 PECR e R S e S of he

[ A i [ i t '
L SUERA byt ont g ST EOIDINGSSTe) of e

.1

- Mﬁﬁc%?iﬂepgﬁlﬁéacenoﬁ%@mmad'st FONNENITY 508 promoter

g/ mL  kanany that "'had been toated wth 30°L of

M {iRASBr8d dh ¢¥pessicn B8k, prafsinwektéd kovesli¢aaigai.and at
30C for 48 hours. [0145] Wiite col onies were sel ected

fr pmZ0fong t flexanpéas) (hnsaaktionast stantieweceomsul t ur ed
with shaking in LB liquid nedium containing 100 g/nL

kananycFor atoiifudtion 48 hoshattld heediA Vibstwaemr iIRA®tbcoccus
fromthe obtained culture solution using a G-XTM M cro
20strhiasnnd P egpiKi the Rhedpedreeadpkiutids pRETT 600ppHRET1100
PRET1102 obtained in this manner was desicﬁlgat ed as

pRET4 1 AR KBl bxamht thiey /. 3okbplasmidel 487 Ciéxt pHSG299 and
shuttle vector pRET1202 was reduced. The

RhpHELa328 svaterised doDihe foldgwing expenprampar ed by

digesting pRET1202 with EcoR I for 2 hours and the?z ]
Wi ?011 2¥]a 1 1 | First, DN#b fragments were prepared from R. erythropolis

plasmids.  Specifically, plasmids pRET1100 and pRET1200 were
obtained from R. erythropolis (IAM1400), and then 4/w44 I was used
for digestion of pRET1100 at 37°C for 2 hours and Blunting High
(Toyobo) was used for blunting of the ends, while BspLU11 I was used
for digestion of pRET1200 at 48°C for 2 hours and Blunting High
(Toyobo) was used for blunting of the ends, to obtain DNA fragments
of R. erythropolis plasmid. Each of the DNA fragments was dissolved
in TE solution.

[0122] For pRET1000, plasmid pRET100C was obtained from R.
rhodnii (JCM3203), and then Drd I was used for digestion of
pRET1000 at 37°C for 2 hours and Blunting High was used for
blunting of the ends, to obtain pRET1000 DNA fragments, which were
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25 using Blunting H gh for blunting of the ends,
perform ng 0.8% agarose gel electrophoresis, and then
recovering an approxi mately 3.7 kbp 64 DNA fragnent
using a GFXTM PCR DNA and Gel Band Purification Kit.
The size marker used was Loadi ng Qui ck DNA size Marker
XI'EcoR I +Hind Il double digest. The DNA fragnment was
|nserted at the Hinc IT site of pHSG99. After

atl nt H gh was used 5 for transfornmation

@30]3’6’@ %EE URPRch was then pl ated on LB agar

ﬁi@?lw‘:i’ Etﬁ%tL?J&%Rof?é reRRehite Buerted, 85, dBGng. coi

o mseeﬂﬂtagt Ei’%g ng]ﬁg; (g% it?a{r%g t}\ll‘&g'&tngwicilg?ﬂéeﬁsistance
e A P19 SOTIHE Onoge, and
W%@ﬁ@a@é B, RpBRBSLIE R FUaRE  oBAE (KAM) and
D' BESCR BlpRene DRIE AP @ﬁﬁ%&(}g %glﬁfaﬁ@ﬁ beHRC (Cm)
E SRR QRESREPOHR AL A PP HRO2D Ljurd o Sbn0IDNA
ﬁemnwaf#%begﬁggﬂkﬁswhpﬁﬁ%%%ﬁ cmrmel y 5.9

was not e to obtaln clone wth no

%4']9 of &rerq TQAC FFn i Gihts CRbIOthe FHRIbcoccus
The s uttI e ve or pRETlOO was reduced in a

S'ﬁﬁdl@ colfBpasini d9prdiarba iR B A hdr akREAkbdabel, fhe%z were
kbp). 20 [0148] R erythropolls was transfornmed wth

t hgsel fdirtegnsfecmadan bl Bsee M DIFRERHIGG waBHplatc2en 4B (1%
pRET1204, and upon confirmng the presence or absence

Oftr?Ftﬂ rhag, VBS0HT ydust tdwraa] HOd dedium beldorinle; EXANfl2) agar

the shuttle vectors were detected in the

t rardionneshtainghg 4 00Thi/mE degesiydn; bad pugimli amgacillin or 30
reduced plasm ds pRET1006, 25 pRETI 123 and pRET1204

ar gg/inebl chletamphenieol,eroatéd epith i36). uLGIE@]l VEKRTO @samopyl-

Construction of expression vector -
B-galactoside) and 4% X-gal (5- br0m0—4-chloro 3-1ndole G-D-

galactopyranoside) and allowed to stand at 30°C for 60 hours. White
colonies were selected from among the appearing colonies, and were
cultured with shaking in LB liquid medium containing 100 pug/ml.
kanamycin, 100 pg/mL ampicillin or 30 pg/mL chlordmphenicol, at
30°C for 60 hours. The DNA was purified from the obtained culture
solution using a GFX™ Micro Plasmid Prep Kit (Amersham
Bioscience, with purification under the manufacturer’s specified
conditions). The obtained DNA was confirmed by electrophoresis on
0.8% agarose gel. The obtained shuttle vectors are shown in Table 3,
and the methods for constructing cach of the shuttle vectors using

pRET1100 are shown in Figs. 3 to 5.
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An expression vector was constructed by having the nmak
gene inserted into the shuttle vector constructed in
Exanple 9. [0150] The Pst 1 site of pRETI 123
constructed in Exanple 9 was deleted for cloning of
the pronoter in the single step. After digesting 5
pRET1123 with Pst | for 2 hours, Blunting H gh was
used for blunting of the ends and Ligation H gh was

iT Ilgghﬁgn The solution was wused to transform

JML é@ Conpetent High, and culturing was

pe B OD an LBsm_{tﬁge @QpfHai ni ng 100 g/ L kananycin
SIS o Bl i T ARPLRI oo oy ol Bt aBo ot

kR €1 60 hpRET KO0 1RY ApRITI000 24  houf sUCGH then
t N R pa3, PRETIRIR IBREBTEHHIM M cro PhESGING Prep

D14 4 A

SR TECh 3 PRETI bR | bR HodT o7 e

ell oRETphot coBRETIA 00 Rewe| Rk 65800 whi ch r eI ER in 15
cORRET 102 SRETON (PReAREE T [ORET1132_bYpRSIG99 AS

ﬁf"I{E'IIlQ?fpﬁEﬁﬁrlmﬁm ttiqqgagf’,,ﬁtit ;
| | pRABP20 1 pBEJICHIRY ¢pRETL on of exhpHésitn
VeQRET1262 AREINE0My ¢oRETUZ0@d havi ng| pHSGREY er

AT P17, GRS, P FRET 90 TTe a7 o BEmRc e

€eHohe—Was—€construectet rraviiig

a RrE2d] si teThestsheaha fyeutorg heomstucgediewiflor pRET1100 and

insertion of a pronpter. The procedure was carried

oupUiCH §,heHIGROW ng et 980 whteai desegndtode réspectiely as

Hi s- Tag ’added to the G terminus of the ami noketone

aspﬁﬁﬁlrljﬂi r(EHQt e NOCRENs pPREEDHI cfSeQwil tn KOD 90) or
pl us- using the pMAK-1 obtained in Exanple 7 _as

tepﬁlbﬁﬂd 03VRKES) EB NO: 68l ), 1espect1vely f the shuttle vectors,

GACCACTGCAGATCAATCAACTCTGATGAGGTCC- 3! SEQ%EP N% 82%,_

anpREAKHIMBg Iepbibit s amp1c1lhn re51stance T1102 exhibits

CGCTTAGATCTCAGI TCGCCGAGCGCCA Q1D .
kanamycin resistance and pRETll 3 ex?Eblts chloramphenicol

&(

(D

resistance. Also, the shuttle vectors pRET1101 to 1103 wherein the E.
coli gene and pRET1100 were linked in reverse (Rv) were designated
respectively as pRET1101Rv (SEQ ID NO: 92), pRET1102Rv (SEQ
ID NO: 93) and pRET1103Ry (SEQ ID NO: 94).
[0127] Similarly, the shuttle vectors constructed using pRET1000
and pRET1200 were designated as pRET1001-pRET1003 (SEQ ID
NO: 95-SEQ ID NO: 97) and pRET1001Rv-pRET1003Rv (SEQ ID
NO: 98-SEQ ID NO: 100), and as pRET1201-pRETI203 and
pRET1201Rv-pRET1203Rv (Table 5).

- [0128] (Example 6) Examining method of transformation to R.

erythropolis
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NO 83) as primers, with an annealing tenperature of
68C and 5 extension reaction for 1 mnute and 50
seconds. A PCR fragnment (insert) produced by

di gesting the obtained PCR product with Bgl Il at 37C
for 2 hours was ligated with pQE70 (digested with Sph
| at 37C for 2 hours, blunted with Blunting H gh and
digested with Bgl Il at 37C for 2 hours) using

L oa o k30050 SOTRLAEL ARl AR e
ke S TR BB s AR
A A T o
i i D
Fo gs’hgﬁIWD%gow Pf%otl}ﬁrgg%rl ction stry,q | ntly:
CrARBASLERRE S RS PRt ool e of
. ;@gg@hggd §Ad st%;ﬁ% TR Te%lgﬁiﬁ%d@?hﬁ{ F.%bﬁlar?”?sﬁgﬁm as

asm bas he size o
0 m j i hj f
GRSFRIIZER07S S loeR 0RAler Wil cBaRg uethe method o

Loaggli fok DNA size Marker R/IEcCoR I +Hind |11
dog%@e&gﬁgeg't pQE70, and pQE70 that had been di gested

Wi LUM@}' I Pirst, H Cehirdpd¥ MAN 8158 aif #lagriacvakated to 5
constructed by inserfing’the pRET1200 repA 25

pr ;i o GPYbHeddiech Bid ReRneed! withcsiaking usi 305 (ador 36 hours.
tenplate a clone of pRET1204 wherein the orientation

of AfepAsedingdel Y. vlieculfifeRpoltdionc s Memkeof H¥A medium,

fragnent was in the sane orientation as the kanamnycin

r esultidng ew geoentingediati26) rphsap30°Cdiod 10shegrsasThe cultured

prinmers Pl 200rep-Pst 5195 (5' - .

AGEEIRCTHEEA GiereesadAnreenTtiEadoaTld krpseE@ minp4R6) and the

84) and P7 (5' - CGCCAGGGTTTTICCCAGTCACGAC:-3'; SEQID |

NChas®stednelbs averamased tyiceewpidr alitamarfiedu@tand The rinsed

ext ensi on o
cells were harvested by centrifugation (12 krpm, 5 min, 4°C) and
suspended in 2.4 mL of a 10% glycerol solution. The suspension was
dispensed into 300 ul portions and frozen at -80°C as competent cells.
[0130] A 90 uL portion of the prepared competent cells and a 5
uL portion of the shuttle vector (pRET1001, pRET1002, pRET1003,
pRETllOl, pRET1102, pRET1103, pRETI1201, pRETI202 or
pRETlZOS) were mixed on ice. The mixed solution was gently poured

into a 0.1 em cuvette which had been cooled on ice, and was set in a
Gene Pulser TT Electroporation System (BIO-RAD). After pulsing at
20 kV/cm, 400 Q, 25 pF, the mixed solution was added with 300 uL of

LB medium immediately and was allowed to stand at 25°C for 3 hours.

60



10

15

20

25

reaction for 1 minute, followed by digestion with EcoR
| and Pst | at 37C for 2 hours) at the EcoR I|-Pst |
site of pMAK-2 (designhated as’ pMAK-19). 10 [0156]
Next, PCR was conducted with KOD -plus- using as

tenpl ate pMAK-19 and as prinmers pQE7OF1 (5'-
GGCGTATCACGAGGCCCTTTCGICTTCACC-3 ; SEQ ID NO 86) and
pQE7OR 135Bm (5' -

SA0 LI b antariNaaPTnd' dper AL uSESRIISPE g PLated on an
ouraroderoaiattias Lahalisn (LHD S Benls Kaanista: dogrimL
i GERRI oF ShelBani el Sie At Fedtib Sielpniss mere
i T P ED e
0 Gty i
SO VP AR O e PR g and
w&&gf?ﬁ%ﬁtﬁg{:o&ﬁg@) the s%ﬁlt‘flé"vcf;tcﬂo“r S, subjecting the

r agnen agarose gel electrophoresis and
pugfaphng t . j :
OR300 G ERIS YRR Har B, AR e i fmed by
in NA: and ct R¥AL1 Hi RS 0pRET1202
|i§§?ﬁﬁ§%&@n{]aﬁj§§ égﬁgpe#ent IF?D;]EH s usgggf garild b

t r gk slaftefvdetoiol i JMLO9 cells, which were
pl ated on an LB plate containing 100 ,ug/nL kanamycin.

5 [The3qbt ai n@xaaﬁpm;%@m@mmg ahtinoketonr dsynhmetiic reductase

medi um cont al ni ng g/ mL kanamycin, and then the

plg@[e 1cwey recovered by using a GFXTM M cro
Pl asrrigIhPrep It and subjected to 0.8% agarose gel

el ect r opherest seherwas issdaicdglrofih&. srpeiropoke MAK R strain

dofarinseiiipasof Snimak gone into the shuttle vector show n Fig. 5
[0134] First, genomic DNA was obtained from R. erythropolis
MAK-34 strain. After inoculating R. erythropolis MAK-34 strain to 5
mL, of GPY medium, culturing with shaking was performed at 30°C for
48 hours, and then the culture solution was seeded in 100 mL of GPY
medium and subcultured at 200 rpm at 30°C for 10 hours. The
genomic DNA was obtained using a Genomic DNA Buffer set and
Genomic-tip 500/G (QIAGEN).
[0135] The obtained genomic DNA was used as template for PCR
using KOD -plus-. The primers used were MAKFl (5'-
GAATCTTCTCGTTGATGCAGATCAGGTC-3'; SEQ ID NO: 80) |
and MAKR2 ('5'-CTGACTCCGTAGTGTTCTGCCAGTTC-3*; SEQ

ID NO: 81), for PCR at an annealing temperature of 68°C and
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10 pRET1132. The obtai ned expression vector was

desi gnated as pRET1133. [0158] Al so, pMAK-19 was
digested with EcoR | and Hnd IIl at 37C for 2 hours,

blunted with Blunting H gh and subjected to 0.8%
agarose gel el ectrophoresis, and the approximately 1.6
kbp DNA 15 fragnent was purified by using a GFXTM PCR
DNA and Gel Band Purification Kit. The cl one having

ReR b S0P Shb e snut e 36 doonBl SRk gbtainea PCR
Gerbibid BATRIBIRE, DR At apg ctoanol
coBtPRof B3R iy BERTACATLS T B 2o v
P R A1 8 b o

lto[a%ﬁﬁaﬁgt’eng{gggﬁﬁofdé@%ﬂggu%@Eﬁég@ofdf’aﬁ-a%ﬁj}n{’éﬁon of E. coli
5t . .
DI A S DR 9190 R Bt ing 10
A%WM%&B@E@ 0f6.1 M TG and
84) “were used as priners, and KOD -plus-" was used as

t hgo, PCRyANZNIE iRl aRSWedt taRtAM Q! 30RC RIS Haifrs. ofWhite
60C and ~extension reaction for 50 seconds. The PCR

pr edlsieyagereusdleied Bym ushags 3hé 6R ENOndy derl were
Band Purification Kit, digested with 5 the restriction
endahueddasith seing and Psliquid eneduowontaiming 100 pg/mL
subjected to 1.6% agarose gel el ectrophoresis, and the

" DNanfpiedlinnat 308€ por i60i &duby uFhagDA ALRXaM meRielATom the

and Gel Band Purification Kit. e DNA fragnment was.
us ebitared altuns sotutiiAusifigea GileXeotMierc BlaguadRrepfKit. The
the pronmoter region in the DNA fragnent is set forth

asobtinsE@PNA Mas qonfifmedtly deptropherssis oor0.8ffe agarose gel.
vector, pRET1133 was digested with restriction
endbeuditeinsdsclooervas desigrated as pMAKhbur s and
subjected to . .
[6136] (Example 8) Construction of expression vector - 1

A promoter and aminoketone asymmetric reductase gene (mak -
gene) were inserted into the shuttle vector shown in Table 5.
[0137] First, an expression vector (without exogenous promoter)
containing approximately 400 bp upstream from the mak gene was
constructed.
[0138] pMAK-1 was digested with Sma I at 30°C for 2 hours, and
then with Psz I at 37°C for 2 hours. The solution was supplied for
0.8% agarose gel electrophoresis. The DNA size marker used was
Loading Quick DNA size Marker AEcoR I+Hind III double digest.
After electrophoresis, an approximately 1.4 kbp DNA fragment was

purified using a GFX™ PCR DNA and Gel Band Purification Kit, and
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- 0. 8% agarose gel el ectrophor esi s, and an approxi mately

7.2 kbp DNA fragnent was purified by using a GFXTM
PCR DNA and Gel Band 15 Purification Kit. The size
mar ker used was Loadi ng Quick DNA size Marker X EcoR
[+Hi nd 11l double digest. [0161] The insert DNA and
vector obtained in this manner were |igated by using
Li gation Hi gh, and Conpetent H gh was used for

LTS T £ R eI used s
TERE T Giesti SR b8 A Sh e JhuE The
WA GASLRRE b Rea viSR e o R S AR SRy Hieh
O owaS e PEARI A Bon gL S I 587 i USRI E Tated on
L B gt mithh Codihiifihe 100 PRETRL ReharaDEfie bl aflgyed to
A R o hbu A | T bl el ectrophoresi s and a

EB@IBV gne”tTEé’ra?%%Eﬂ di Aflohist Were BARG 'g}?flfébfaléﬁga%n LB

f

nsert DNA was~confPrmed. The size mar used W
a ﬁﬁ@i@ﬁe@%ﬂ@&ﬁﬁgﬁnghﬁ)(ﬁﬁgfﬂ%mgéﬁpﬁ PRiIfBEE0 Rours.
5 thi's manner was desfgnated as pRET1138. [0163]
( EXBEPDPA 2% abrmnafiad | RonPithé espficdaphltfred medium using a

erythropolis and neasurenent of enzyme activity The

af G Miene Plexnid P Kiv.e Ther sbtaReHIDOA wikEdififmed by
pRET1114 and pRET1138 were used for transformati on of

R. 0.8%0 agayddv gelddlesirdflfordisst rain and R erythropolis
JCW2895 (provided by RIKEN Japan), and the enzyne

acfiiMiXly wasForasureeningThthe anbtadket oD& As ywitkout aestriction

reductase purified from MAK-34 strain has the

ab¢ndarnmdedse treatmenti artd the DNA after digestion with Pst I at 37°C

1- 2- et hyl am no- | - phenyl - | ;}&{/opanone as described in

| nfcerhhournaier@sukyecigelin 058 agarved gebelezitpphanesis,cand the

15 produce d- (1S, 2S)-pseudoephedrine. It was al so .

r ctacgetdplasttid was obtained based on the size of the DNA. The size
marker used was Loading Quick DNA size Marker A/EcoR I+Hind III
double digest, pRET1102 and pRET1102 that had been digested with
Pst T at 37°C for 2 hours. The plasmid obtained in this manner was
designated as pRET1104.

[0141] (Example 9) Construction of expression vector - 2

. The shuttle vectors were reduced, since reduction of shuttle
vectors is effective for expression vector enhancement, gene
modification, transformation efficiency improvement and replication in
cells.
'[0142] First, shuttle vector pRET1102 was reduced. After

digesting pRET1102 with BamH I and Hinc 11 for 2 hours, it was
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di met hyl ami nopr opi ophenone, 1-ani no-2-but anone, etc.
and production of each correspondi ng F3-am noal cohol
was confirmed. [0164] The activity assay was
conducted by preparing a reaction solution with a
cell density OD. =5, 2%glucose and 0.2 M sodi um 20
phosphate buffer (pH 6.0), and 3% (1S,

2S) - 2- (N-et hyl am no) - 1- phenyl - I - propanol (EAM was

PR T 0k s A0 e SN 3. v
oM B s B R 105 el o
ORGP . The i
“BAPELGE N BieabRERRETIOA BN Yoo, s 1

In i :Ph-3 3.0 x 75 mm the eluent was aqueous 7%
ac@é%l?}ietdrlglg%éand 0. 05 M sodi um phosphate buffer (pH

6. N.42and th ti i RV : 2 ;
o430 o5y SRS, |f DIPR faEmeR! rplichbld il E2%cbl, was
0 ' [ h j I ;

OHETEPRRGY Y, 3R HSUROD M BApHAN ubpiAbal for 2 hours,
ex ] r 864 i & t i
B e A e P it HeTBypring an

| agleiiagihacelek 7 BSRONIEdrapgnéheusinptd GFXMPOR DNA and

reconbi nant e&nzyne ‘expression was found. 10 [0166]

W 5] RaadsPenfishiieon Kok, PRET1114 into MAK- 34 strain,
hi gh specific activity was found conpared to pRET1104.

Thi(s 44]ndi carthed DN fidpenoRETea0lipatd widnbigatisredligh and
inserted into the vector functions as a pronoter.

[ OCeipatenth Hiphnshonmetli fon wansfBENR1i®8, of B apedM1@9 cells,
activity of 15 the reconbinant R erythropolis MAK-34

stwhich waare3then pated ndr QLB agashinediume copdaining 100 pg/mL
activity of the reconbinant R erythropolis JCV2895
welsargm 9cigy Haithiaal bocn sndtechwithi 3 #lerhPos 3 A1 andd% X-
enzyme in R _erythropolis strain was confirmed.
gal, and was allowed to stand at 30°C for 48 hours.
[0145] White colonies were selected from among the appearing
colonies, and were cultured with shaking in LB liquid medium
containing 100 ug/mL kanamycin at 30°C for 48 hours. The DNA was
purified from the obtained culture solution using a GFX™ Micro
Plasmid Prep Kit. The reduced shuttle vector of pRET1102 obtained in
this manner was designated as pRET1123 (approximately 5.3 kbp).
[0146] Next, shuttle vector pRET1202 was reduced. The
Rhodococcus-derived DNA  fragment was prepared by digesting
pRET1202 with EcoR I for 2 hours and then with Dra TII for 2 hours,
using Blunting High for blunting of the ends, performing 0.5% agarose

gel electrophoresis, and then recovering an approximately 3.7 kbp
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[0168] [Table 6] Vector MAK-34 JCMR895 pRET1102 1.0

1.0 pRET1104 0.7 2.0 pRET1114 17.2 not tested
RET1138 37.7 34.9 20 Specific activity (units:
gg/hnb/O D.) [0169] (Exanple 13) Purification of
enzyme The reconbi nant cells obtained in Exanple 12

were cultured at 72 30C for 4 days in 100 nL of LB

medi um contai ning 100 pg/ nm. kananycin, the cells were

m A S h DSty & Ko HGRHD N Bap el 3 d Raification
¢ W e o lae i, THRGrapbSes 5768 t@%g&%ﬁcﬁﬁ@%"a' ' Vlarker
ey i?ﬁfz R ”e? P Y B cvas filfrted o

B P
ORI FobgE S8, RTOESE S VI BTS2 e

_Of T 3%&%@??@4?%%3{4 2 &H“%egg%dgggﬁlc%g 4 with

odocoOCCus sStra

3130 g?n} nic}§TS cohmé)cgwgﬁ%é&oﬁlﬁ%ﬂg @egfgltongnthe appearing

éf*déllbh CQHEWrFQCQEﬁI@‘ L\kfﬂit’l&; %II'QH gi?lm(leQB _5|5_ rli:?:fsiﬁm—hledlum

(%rﬁagﬂ OBy g%ﬁ%ﬁmﬁyém&twmoﬁmﬁo@ﬁs 1 HeoDNSA was
The subst ate a product™ (EPE) were anal yzed by HPLC

Theu A8 MronySe \Whgaiagd ! ﬁﬁlltﬁﬁd IsoRitidn &;ﬁng Z5GRX " { heficro
el'uent was aqueous 7% 20 acetonitrile and 05 M

sopiagidhPsehak e, buileen (thel fla@midanbtiined by screening was
digested with Sac I, BamH 1, Pst I or EcoR 1 for 2 hours, all of the

wodd §1¢ BP9, 1 RETPIRS o 47RL 000 Bﬁ%&é‘%ﬂb%dﬁﬁé’tﬁhﬁsﬁ 30°C

clones had approximately 500 bp-clipped at the side of EcoR T site of
the Rhodococcus-derived tegion. The plasmid was designated as
pRET1204 (approximately 5.9 kbp). It was not possible to obtain a
clone with no clipping of the genus Rhodococcus replication region.
[0147)  The shuttle vector pRET1002 was reduced in a similar
manner fo obtain pRET1006 (approximately 4.9 kbp).

[0148] R. érythropo!is was transformed with these three reduced
plasmids, pRET1006, pRET1123 and pRET1204, and upon confirming
the presence or absence of shuttle vector by the method described in
Example 6, all the shuttle vectors were detected in the transformed
cells. This suggested that the three reduced plasmids pRET1006,
pRET1123 and pRET1204 are replicated in R. erythropolis.

[0149] (Example 10) Construction of expression vector - 3
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detection was carried out wwth W (220 nm. The
results confirned production of EPE. [0171]
Simlarly, the purified enzyme or the crude enzyne
extract obtained fromthe reconbinant cells cultured
as described in Exanple 25 13 was reacted wth

1- 2-di nmet hyl am nopr opi ophenone and 1-am no-2 but anone,
etc. and production of the correspondi ng

Aopl | cob f%‘}?f'e?%i?ﬂz}'e Sr%%?%rf spAsausiss, &Y Wity b mak gene
rrdsebean® YErRide Fechcronstitted AERRRuEL o 1O
3036 hekie %ﬁ%ﬂﬁ%@@@?ﬁ”{#@ﬂ%ﬁ@ i3 Prmale was
St SRR PiraToming BB M is? 3 off sBhele itk lise digesting
Sy 62 o A B BAg e b
1.3%@ A LG TR Eh, P s SR B,  FAgsotitbn was
ﬁuc €o eﬁé%%cng‘@g ?ﬁﬁ%aggg@(f% f:fbﬂ“%&)gﬁ,%ﬂﬁgggmlng
par tﬁp aﬁez%f\@% a%%rcrgtzeﬂr}{;)L Fﬁog}%tgf C&ltﬁg}la te(?[??1 %HEL Kenamycin at
coyprd ?«i}f‘ 96511(91\1@ "R FSRhEd '&0!&%9 %é‘t@‘ﬁh@@u%e& BSLB liquid

one nucleotide sequence selected fromthe group -

c n
%%d%htﬁo%rf;%lrﬁﬂ%% IWJL%HDELW%Q@ cﬁﬁhrécpﬁt 903@ for 24

A 1@4&sf radThsh thaVIDNA atad pasifiedngsin gca @FX’&% lsﬁqueﬁckasnud
sel ected fromthe group consi sting of the nucl eotide

NCgsosshitalppRETEISZHZEQ | D NO 40, SEQ ID NO 42,
SEQ D NO 44, Q I D NO 45,

[0151] The obtained pRET1132 was digested with Pst I for 1
hour and then electrophoresed on 0.8% agarose, which resulted in -
confirming lack of cleavage of pRET1132 by Pst 1. As controls there
were used pRET1123 and pRET1132 not digested with Psf I, and
pRET1123 digested with Pst L.
[0152] (Example 115 Construction of expression vector - 4

A clone was constructed having a promoter and the mak gene
inserted in the aforementioned shuttle vector.
[0153] A clone was constructed having a Pst I site upstream from
the mak gene, for insertion of a promoter. The procedure was carried
out in the following manner to obtain a clone having His-Tag added to
the C-terminus of the aminoketone asymumetric reductase, PCR was
conducted with KOD -plus- using the pMAK-1 obtained in Example 7
as template, MAKPstF (5'-
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SEQ ID NO 53, SEQ ID NO 55, SEQID NO. 56, SEQID .

NGO 61, SEQID NO 62 and SEQ ID NO. 69. 15 4. A

plasmid or a partial DNA fragnent thereof,
characterized by conprising a coding region for a DNA
replication-related protein having at |east one

nucl eoti de sequence sel ected fromthe group

consi sting of the nucl eotide sequences set forth as

SR AR AR AT ARG R B
SoGER0 L 250 S, 2 TR s
eI AHICRPLCE O PR RATE R ™ S0
RO SEBTRES, R HRCoDEEIMASMRAIR, prg an
SEPENE 0P e R s 41y R Pagn
0 SER ol by JERFL 1 B RO 5y 1
| eggeCope Tﬁﬁhﬁ?ﬁ'gggil%%ﬂ’%ﬂ? pg%?ﬁt(ﬂ?sécsl?&ﬁwjﬂ? hQug 37°C

consisting o eot1 de uenc set forth as

SERH B hburs! blustel lxﬁi’ltﬁ\l@luﬁiing5}ﬁgﬂ é@dﬁ%éﬁ&i wrh Bgl 11 at

A plasmd or a partial DNA fragnment thereof,

charecCt foriZ hduby) u€asIricaiing Hige b tHan Comp&ent HIRA was
replication-related protein having at |east one

nuakebfordeassfouencionsel Ectel DHom ddiks, swidoh were plated on LB
consi sting of the nucl eotide sequences set forth as

SERzaDM¥diusOcon@irsag 100 NY/mMA2amBEQIliD akd alddweSHQ dtind at
NO 45, SEQID NO 53, SEQID NO 55, SEQ ID NO 56,
SE&NTO IND606HISEQ h® abyPeaig codowieSEGie NIred%yith shaking
conprising a DNA replication region having at | east
onenuld | lequiddmedaymerortamen g Aty gmn ampigtlouat 30°C for 60
consisting of the nucleotide se%gen s set forth as _
SElus. NEhe TN Aspas|mrified nsingha GHX Sedi¢o Riasnid. Prep Kit.
The obtained DNA was confirmed by 0.8% agarose gel clectrophoresis.
[0154] For screening, the DNA without restriction endonuclease
treatment and the DNA after digestion with Ps# I and Bg/ 1I at 37°C for
2 hours were subjected to 0.8% agarose gel electrophoresis, and the
target plasmid was obtained based on the size of the DNA. The .
plasmid obtained in this manner was designated as pMAK-2. The size
marker used was Loading Quick DNA size Marker A/EcoR [+Hind III
double digest, pQE70, and pQE70 that had been digested with Bg/ II at
37°C for 2 hours,
[0155] A clone was constructed by inserting the pRET1200 repd-
pfomoter (obtained by PCR amplification usihg as template a clone of

pRET1204 wherein the orientation of repd encoded by the
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7. A DNA fragnent haV|ng at | east one nucleotlde
sequence selected fromthe group consisting of the
nucl eoti de sequences set forth as SEQ ID NO 67 and
SEQ ID NO 47. 8. Aplasmd or a partial DNA fragnent
t hereof, characterized by 20 conprising a
nobi l'i zation protein region having at | east one

nucl eotide sequence selected fromthe group

SR BN B RO 5 7 s Ll s
ﬁa&%ﬁf@@l RSB 9608 SOHBAEE ARSI, e SR primers
?ﬁ@%ﬁp Eﬁtsﬁg Z{ Icaée(rjeg?/on7ﬁa3?28rltﬁlcangugl eoti de (5
%ﬁ?@%i@%@%ﬁéﬁé@@ﬁﬁcﬁ%ﬁt@”@5"“ SEQ
vvlherel n th 5:9‘%% g@\or*(? res ri c@ 1'on ec}dct:)nuc nie)acs{%CGAC-?"
§F§Eﬁ9§,ﬁ9_ﬁ§ﬁspagﬁg?@@%egﬁg Pitpkbie pBRCLS crifBsicpsion
E%-%'E}i%n"@f' ];%nfrff@e ”%Hicf\g ‘if{ ar aﬁ%wfﬁt EESRt haf@ Psz 1 at
o309 100 IBEIOL TS ROMAC (s s

be M}g}@gg?o the genus Rhodococcus. 14. A shuttle
vector replicable in bacteria belonging to the genus

Rhpdggccus medt, EPCRI tvasadgndededi siftg ROIDasphug- afsing as
partl al” DNA fragrrent t hereof according to any one of

cl @inplale t 0 PRIAKA18 DNAndl5 ragi orprimiers cabp@RTOME (5
coll. 15. A vector characterized by being constructed

e saAEC ST TetTg ol A AELD X050

i nged t ed therein an am pQREEIGIRELIISPmmetri c reductase  (5'-

ge&%TTGGATCCGTCATCACCGAAACGCGCGAGGCAG 3,  SEQ
ID NO: 87), with an annealing temperature of 60°C and extension
reaction for 3 minutes. The PCR product was puriﬁed from the
reaction solution by using a GFX™ PCR DNA and Gel Band
Purification Kit and after digestion of the purified PCR product with
EcoR 1 and BamH I for 2 hours, it was electrophoresed on 0.8%
agarose gel and the DNA fragment was purified by using a GFX™
PCR DNA and Gel Band Purification Kit. The DNA fragment was
used as an insert DNA. _
[0157] Separately, a vector to be used as the expression shuttle
vector was obtained by digesting pRET1132 with EcoR I and BamH I
for 2 hours, subjecting the DNA fragment to 0.8% agarose gel

electrophoresis and purifying the DNA fragment by using a GFX'™
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20 17. A vector according to claim16, characterized
in that the ami noketone asymetric reductase gene is
a nucleic acid coding for a protein consisting the
am no acid sequence set forth as 77 SEQID NO 78, or
a nucleic acid that codes for a protein having the
ammo aci d sequence set forth as SEQID NO 78 with a
deletion, insertion, substitution or addition of one

BRI ol Biel A8, f‘”'ﬁ?aﬂgﬁ it A AR JRLABECHRS Fasert
DRk e R e e hmciertioRe diapa gus, Sie DL gl chem and
SRR Sffénﬂaigiuﬁﬁﬁ @F?tf%‘gﬁefaﬁfﬁﬁﬁﬂcﬁﬁ F oS TN 9 cels,
Wbe%ﬁ&?ﬁf'ﬁrlg}aféi Bl T el ECuRBNE" 0 pe/ il egamyc.
S g4 TR 8 i s
2o} ymr! SanfyhicHShaq THE) (ETBIBAIADRA SEiOFecovered by
\Zlilfstdié T'M Nid8 PA¥mId Pre Kﬁ'ﬁd@ulﬂ;@c@e‘a 530.828 agarose

for production of an am noKetone

%&@Eéﬂﬁphﬂ&%ﬁf(ﬁsﬁfreéﬁh%? TRERIAcSErRergUised wBEe Loading

a transfornma according to claim?20 is

tﬁgn ADINIA MREi MAhRE: alIFReR aT-oMiA OIIISabdble digest and

ormant and a purification step in which

]!QE**{qtnge aSMfﬂTeélﬁﬂa@ne(?Oeilﬁ@ﬁmS evdcsoid wiak i désﬂgnamd as
d transformant obtained in said culturing step.

ZZPRB'[t[qBBod for production of an optically active

am noal cohol, wherein an am noketone asymretric

r efdus8ase ObAiﬂm MWK t He waprdigestetdowitiettwll loind Fnd III at
21 is feacted with an enantioneric mxture 78 of an a

- a3 WO Ket hbouesipolunted eyitle Slmneingh§ligh erfbsnbjsictas to 0.8%
ge;ge;rglse gel clectrophoresis, and the approximately 1.6 kbp DNA
fragment was purified by using a GFX'" PCR DNA and Gel Band
Purification Kit. The clone having this fragment inserted at the [inc 1I
site of pRET1102 was designated as pRET1114. 7
[0159] The pRET1133 promoter was also modified. The mak
gene-expressing promoter encoded in pRET1133 is the repd gene
promoter of pRET1200 and has a length of approximately 800 bp, and
a plasmid was constructed by having approximately 200 bp clipped off
from this promoter. The promoter used for the cloning was prepared
by PCR. Plasmid pRET1200 was used as template, P1204rep-Ec2958
(5'-CGCGGAATTCGACCACCACGCACGCACACCGCAC-3'; SEQ
ID NO: 88) and P1200rep-Pst5195 (5'-

AGCCGCTGCAGAAGCAACACCGCATCCGCCCATTGS‘; SEQ
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formula (1): [Chenmical Fornula 1] O R IX)~/ ~ M
{1) R Fe 5 wherein X nmay be the sane or different
and represents at | east one species selected fromthe
group consisting of hal ogen, |ower alkyl, hydroxyl
optionally protected with a protecting group, nitro
and sulfonyl; n represents an integer of 0 to 3; 10
Rl represents |lower alkyl; R2 and R3 nay be the sane

‘”Iﬂi ﬁgﬁr E?iﬁ?r%eﬁe 58 il B0 BHE TS pped s the

lﬁa ﬁsrﬁ Bt PCR™B o @ bl e e 60°C and
TRl Lied g?é@ﬁh@il ”t@?ﬁ?%t@?difﬁ of Pifigd by
th'és@%ric} ?%T‘ ons as a &@B %g u@/ﬁ%@ﬁ@%‘%#@é with

op{ﬂecq,k? ‘H téﬁdoﬁ%cle% g5 Q?HRf Zr mﬁﬂoﬁ’k'?tf 98r %% RBurs, and

Op I ca IVE am no

t r gagt
SIS S ] R 10 PAUR S
r eWa@ﬁﬁH{ﬁQd W using a GFX™ PCR DNA and Gel Band Purification
Kit. The DNA fragment was used as the insert DNA. The nucleotide

sequence of the promoter region in the DNA. fragment is set forth as
SEQ ID NO: 77. |
[0160] Separately, for the vector, pRET1133 was digested with
restriction endonucleases £coR 1 and Pst I for 2 hours and subjected to
0.8% agarose gel clectfophoresis, and an approximately 7.2 kbp DNA
fragment was purified by using a GFX™ PCR DNA and Gel Band
Purification Kit, The size marker used was Loading Quick DNA size
Marker MEcoR I+Hind 11l double digest.
[0161] The insert DNA and vector obtained in this manner were
ligated by using Ligation High, and Competent High was used for
transformation of E. coli JM109 cells, which were plated on an LB
plate containing 100 pg/mL kanamycin. The obtained colonies were
~ cultured on LB liquid medium containing 100 gg/mL kanamycin, and
then the plasmid DNA was recovered by using a GFX™ Micro
Plasmid Prep Kit and subjected to 0.8% agarose gel electrophoresis for
screening. The size markers used were Loading Quick DNA size
Marker ?u/EcoR I+Hind I1I double digest and pRET1133. |
[0162] Also, after digesting the obtained DNA with restriction
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the following general formula (1): [Chenical Fornula
3] 0 RN(1) Fe \Ra 10 wherein X may be the sane or
different and represents at | east one species

sel ected fromthe group consisting of hal ogen, |ower

al kyl, hydroxyl optionally protected with a
protecting group, nitro and sul fonyl; 80 n represents
an integer of 0 to 3; represents | over aIkyI R2

opipfas ef%?é%sﬁav%?%ﬁ Rt Soloba® sBRbRed g L.6%
ZL@@% Pl @Z@%B@P%%fps'é ol ym?e’%%gm%ﬁ rﬁ?%f%ﬁ%éﬂ%wg to the
CrebriBbafiy 4 IR TR “@?? %P@ﬁ&aie L) TR N, Mrker
é]zuse%kvgﬁaﬂ@a% ﬁ%\égsﬁ’aﬁ%&f fini }A@%és S ECtOF Obtaidled in

Preat\tﬁ.ll%g]glaﬁr an op?sqgﬂﬂteyc%c?l?@?]\glm%%oa?gohél prggggﬁ :jloﬂg
I, 22, A S rBsade S-SR R pihipols

f u&iﬂd‘ﬁ‘[ea@ﬁfgrhbﬁpof)éni’yme activity |
The aforementioned expression vectors pRET1102, pRET1104,
pRET1114 and pRET1138 were used for transformation of R.

erythropolis MAK-34 strain and R. erythropolis JCM2895 (provided

by RIKEN Japan), and the enzyme activity was measured. The
aminoketone asymmetric reductase purified from MAK-34 strain has
the abilities to react with 1-2-methylamino-1-phenyl-1-propanone as
‘described in International Patent Publication W(Q02/070714, and to
produce d-(1S, 2S)-pseudoephedrine. It was also reacted with I-2-
dimethylaminopropiophenone; l-amino-2-butanone,  etc.  and
production of each corresponding B-aminoalbohol was confirmed.

[0164] The activity assay was conducted by preparing a reaction
solution with a cell density O.D. = 5, 2% glucose and 0.2 M sodium
phosphate buffer (pH 6.0), and 3% (18, 28)-2-(N-ethylamino)-1-
phenyl-1-propanol (EAM) was contained in the reaction as substrate.
A synthesis method for EAM is described in J. Am. Chem. Soc., Vol.
50, pp.2287-2292, 1928. The reaction solution was incubated with
shaking at 30°C for 16 hours. Confirmation of (IS, 2S)-2-(N-
ethylamino)-1-phenyl-1-propanol (EPE), which was-8-aminoalcohol as

the reaction product, was accomplished by HPLC. The column used
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' “con‘po‘und ‘represent ed by the follow ng general fornul

a
(3): [Chemcal Formula 5] 81to AYM .. (3) R Rs
wherein A represents the following formula (Y) or (2):
[Chemical Forrmula 6] O Il ... (Y) 5 wherein R4
represents hydrogen, optionally substituted Cl -3
al kyl, a C5-10 hydrocarbon ring which is bonded to R8
or a 5- to 8-nmenbered het erocyclic skel eton

cont ai ni ng@%}?ﬁbh@% Ofgg ./,gél ch i %l}ez)e d%%thygasl(ﬁ(g}fous 7%
mer%ﬂ&ﬁﬁiﬂ Lifaiciy Sﬁgw&ﬁf?%wiﬁ?%kﬁﬁ?r@p&f?@ fhd the
e FleE BT o et SubBRICHY P2t (i ed -3

oo, 15 RS SR A0 Sl B B
%gjfilteabﬂb\%% i ML .0 RIHRYET ¢ P04 S nBYREEEd LR cBRibifint cells

lacking the exogenous promoter region exhibited about the same
acﬁvity as the pRET1102-introduced recombinant cells lacking the mak
gene used as the control, and no recombinant enzyme expression was
found.
[0166]
high specific activity was found compared to pRET1104. This

With transformation of pRET1114 into MAK-34 strain,

indicated that the pRET1200 repd promoter region inserted into the
vector functions as a promoter.

[0167]
the recombinant R. erythropolis MAK-34 strain was 37.7 pg/h-mL/O.D.

With transformation of pRET1138, the specific activity of

while the specific activity of the recombinant R. erythropolis JCM2895
was 34.9 ug/h-mL/0.D., and therefore expression of the enzyme in R.

erythropolis strain was confirmed.

[0168] [Table 6]
Vector MAK-34 JCM2895
pRET1102 1.0 1.0
pRET1104 0.7 2.0
pRET1114 17.2 not tested
pRET1138 37.7 34.9
Specific activity (units: pg/h-mL/0.D.)

[0169] (Example 13) Purification of enzyme

The recombinant cells obtained in Example 12 were cultured at
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R7 represents hydrogen or optionally substituted Cl-6
al kyl; R8 represents hydrogen, carboxyl, optionally
substituted Cl-6 alkyl, a 10 5- to 8-nenbered

het erocycl i c skel eton contai ning 1-3 heteroatons
which is bonded to R4 or a C5-10 hydrocarbon ring
which is bonded to R6; R9 represents hydrogen,
optionally substituted Cl-6 alkyl, optionally

Susdie e ey 16 1 oty B RR ol Rficathing 100 pg/mL
kERGRLEN R Wt B Rty B TARS & ieh60 o
o 5508, B, AP et Kb e s he
an bR st gt Koo iRetr ST el R ol wrs fisrupted
S )y S P 5N mpin,
<1580 B8, F0E ALy S ) 9IS, Cpon
R R o SO RGP B i, wiich
molecular weight is approximately 28,000, was observed. This
molecular weight is roughly equivalent to the molecular weight of the
aminoketone asymmetric reductase described in International Patent
Publication WO002/070714, thus indicating that the aminoketone
asymmetric reductase was produced in the recombinant Rhodococcus
strains.
[0170] (Example 14) Enzymatic production of 8-aminoalcohol
A0S mL portion of reaction solution containing the purified
enzyme (0.5 pg/mL) obtained in Example 13, 5 mM NADPH, 120 mM
Tris-HCI (pH 7.5) and 5 mM EAM was reacted at 37°C for 16 hours.
The substrate and product (EPE) were analyzed by HPLC. The column
used was an Inertsil Ph-3 3.0 x 75 mm, the eluent was aqueous 7%
acetonitrile and 0.05 M sodium phosphate buffer (pH 6.0), and the
detection was carried out with UV (220 nm). The results confirmed
production of EPE. |
[0171] Similarly, the purified enzyme or the crude enzyme extract
obtained from the recombinant cells cultured as described in Example
13 was reacted with 1-2-dimethylaminopropiophenone and 1-amino-2-

butanone, etc. and production of the corresponding (-aminoalcohols
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<400> 1 atgactctga gggtggacga accggagtcg gt gagaat gc
ttcatccgag cgcttccccg 60 gaagactgtg ccctggtcga
gaccttcaag cctggtacct gccttttcga gaagccagga 120
gaaggccggc agattatgcg atgcgacttt gtcggcgagt acgggagata .
tgcgcgagcc 180 atcgagtctt cggatctgcg ttttctcgcec
accctccagc aagaccaggc ccaacgcgaa 240 ttcttcgcetg
aggagttcgg tgtggtggat ccgtcatga 279 <210> 2 <211> 243
<212> DN%H%é%i> Rhodococcus erythropolis <220> <221>

m $AS O 223> 238bpto 480bp pRET1100 <400> 2

-Soausgi %%alﬁg%&lbﬁxf tt 9?23232;98293;323261;;86‘9““ t
t t

fg@gcg adieat L] o fe madyidt AbR i Becveqtors of
g@ﬁ gﬁﬁ%‘?&gﬁl %r%gt eg'ﬁ%%gfr@gg %32{4%%3989&359 2GOZAS  (especially
R R I e o F P aePas Phaldpdh sl hen
n ﬁﬁil%?& thent ?ﬁf’ ﬁﬁcﬁf’%ﬁfﬁn”@pﬁfb Eﬁﬁg ené‘@o fc@bmbmatmn

gcgatgcy Cgg cgagt acggg agat at geégc gagecat cga
9t fldF A8dw Q:Qeatlon of bacterial strains that more efficiently produce
aminoketone asymmetric reductases.  They also permit mass

production of useful enzymes including aminoketone asymmetric

reductases in transformants.
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ctgcgttttc tcgccaccct ccagcaagac caggcccaac gcgaattctt
cgctgaggag 120 ttcggtgtgg tggatccgtc atga 144 <210> 4
<211> 282 <212> DNA <213> Rhodococcus erythropolis

<220> <221> nmiscfeature <223> 477bp to 758bp pRET1100

- <400> 4 atgactggac cacaggagag aaagcgcaag gcggcgaagc

cgtcgcggga gcctcagttg 60 aactgctgtg aagcggacgt
gccgaaacga gcaaaacagc ccccggttcc ctctacgttc 120

gacct gctca cggt gaagga gact ggg t gct gagag t cagt caggc
aactctttac 180 cggctgcttcgggfgg%gga aggacccaca

“coot gogtop JoREA HAERBE JREREE A TeRSREGIEIORAe sequence

<4%‘§90Wﬁ?§?@a% ol RSN o e BiKIgVRRRhgpoee e forth
oo bR OINEE A IR B NV AR ?Qg%\i‘gﬁggggga‘a
ggggggggg‘g lé%%‘g‘t?g%?f??p@? ac a?&cg g@%@gg@?g’ i ccgtagaé}zed by
| |é‘?'%§?$%% ]%Sg’a@%g E%ﬁc‘fgﬁ%gggﬁnoﬁﬁf (gggg?%gglt?% aﬁ:%cleotlde
N
sequences set forth as SEQ ID NO: 70, SEQ ID NO: 71 and SEQ ID

NO: 72,

3. A DNA fragment having at least one nucleotide sequence

selected from the group consisting of the nucleotide sequences set forth
as SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45,
SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 61,
SEQ ID NO: 62 and SEQ ID NO: 69.

4. A plasmid or a partial DNA fragment thereof, characterized by
comprising a coding region for a DNA replication-related protein
having at least one nucleotide sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 40,
SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 53,
SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 61, SEQ ID NO: 62
and SEQ ID NO: 69.

5. A plasmid or a partial DNA fragment thereof, characterized by
comprising a coding region for a DNA replication-related protein
having at least one nuclectide sequence selected from the group
consisting of the nucleotide sequences set forth as SEQ ID NO: 40,
SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 53,
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" tgggat gggce - gt gagggt cc gaggccgegt ttcgttgtcg cgectggegt

tgtccgcttg 360 gaggtttgtg atctcgcacg ccgcgaacga
acggctgaac gtgcgtatct ggctgctcgg 420 gctcgggtgg

at at ggcggc tgccaggcat aactcgccgt acgacttcga cgtggacgat
480 gaagagttgg cggaactggc ttctctgcaa ggcctcgagg
acgacgacat tgggggctgg 540 tctgcggaga gggaaat agt
gggctggtct gctcgttctc ggtcacggat gatcttgcga 600

IR e I O ARy SRS 1RO 2
0063 SE 9Bl SR AR (9 IR lpige i
70, RO GRS SEEELE RS i pomssting of
0o DR PECRRHEE SRLEALES ROCKEH HRSHOATING; F073EQ ID 30: 71

tc t . ggattgaagt ttcgtccgtg getttctgeg
gt gggc gl[ggg?bg?'aga t eat ceggac 1020 cccaaggaaa

aagaaaagc t t
S B e R R T S M

ag Cht 140 t S : :
;SEPUERRANe 1 LATEA ol MO BN FypagiRlpicd protin

tt Coet t g c t
L SAORIDCE RSEReAL AnSLEMRCTRCH ISRl ohangti oy

“%ﬁﬁgﬁﬁg SRS IR otid J 86geEses1SA0fortie tdst SEQRAD NO: 40,
gcggt agcgg eggecacaga tggactaagg cgatgatgcg acgcacggtt

138F( apr pugedee SEQ UpN0! 4dgSFQATyNQags; SEQJID NO: 53,
gcacgaagac gcggaaggtt 1440 cgggcgccag

t gSERID Nt 35, REQUD dYQga6a8EQ BDGVEE ¢da SE@cdiycO: 62,

1500 "gcactggctc gaaccctcag ccgtcttcgt acaagctgcc

t gandtSWQLEISNER 169, ompeiking B1DNAzphieatiin regior having at

Rhodococcus erythropolis <220> <221> m sc_feature

<2h8x=t bRs4hrleatide 68ippeprREEladied freunthe Bropgyeomsisting of the
nucleotide sequences set forth as SEQ 1D NO: 70, SEQ ID NO: 71 and
SEQ ID NO: 72,

7. A DNA fragment having at least one nucleotide sequence

selected from the group consisting of the nucleotide sequences set forth

as SEQ ID NO: 67 and SEQ ID NO: 47.

8. A plasmid or a partial DNA fragment thereof, characterized by
comprising a mobilization protein region having at least one nucleotide
sequence selected from the group consisting of the nucleotide sequences

set forth as SEQ ID NO: 67 and SEQ ID NO: 47.

9. A DNA fragment having the nucleotide sequence set forth as
SEQ ID NO: 75.

10. A plasmid or a partial DNA fragment thereof, characterized by
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FPO4- 0397- OOSG FY( Sequence |isting) atggcggctg
ccaggcataa ctcgccgtac gacttcgacg tggacgatga agagttggcg
60 gaactggctt ctctgcaagg cctcgaggac gacgacattg
ggggctggt c tgcggagagg 120 gaaatagtgg gctggtctgce
tcgttctcgg tcacggatga tcttgcgaat ggcagaactc 180
gact gggctc ccatgatgga tttgccgggc attcctgcga tggtgaccct
cacctatccg 240 ggggactggc ttacggttgc ccccaccggc

A S S s
a t
ct %t@%@%@g%é?s%a tgéii 232353 232?533523

tgatgct gag ctcttgaaat gggagatagc acgtgcagag 480
ggt gaagagc ,C . +Cs -
att gangl 1+ AcTRCNIR ERR RS Ehcl A gE PO AR GriGiR0 FRidlid or
gt g LGC sgaa Cagg :
] g@%c%ééﬂ@e&&%%i’é@% FEMTSR0E nIRoRRC RO herein the
- ki gc C .
¢ BpupRRE B edsicdiop G A RICISE IR PAt SREBRS S 1: 2, P
9CRIAaRang. 8ghgXe9eCsC bk i
cgcggt ??gt cgceggecac ’g%rg?gg%%cc%gggg%?ggét%dégg'ast%%la
cctgctttta 840 tctcgcacgt tgcgacgatt gtcagcgcga
acgaagaj gt Agg%ﬁﬁﬁgﬁa?vﬁl Heopacleofdl seguibans $e€dorth as SEQ
gccacagat g gactaaggcg atgatgcgac gcacggttac ccggcaccgc
96fph NIHhggacct cg tgaccggtga gattctgggc acgaagacgc
ggaaggttcg ggcgccagtg 1020 aagaggtttg tccggacttc
gggatacctg tgtgtcaatg acgggcccgc actggctcga 1080
accctcapgc mgmasma aor aaPINAc frapment agcdadifig<®iGny7 one of
<211_> 960 <212> DNA <213> Rhodocuccus erythropolis
<22Qims221t0 n Bcichatanteriza? by Iagp derivad 0fiomn pRETadterium
I OO <400> 7 atgatcttgc gaatggcaga actcgactgg
gchelonginate gunpgemagcBhgggecactust 60 gcgat ggt ga
iggtcaccta t ccgggggac tggcttacgg ttgcccccac cggcgcet gag

14. A shuttle vector replicable in bacteria belonging to the genus
Rhodococcus and E. coli, and comprising a plasmid or partial DNA
fragment thereof according to any one of claims 1 to 13 and a DNA

region replicable in E. coli.

15. A vector characterized by being constructed using a shuttle

vector according to claim 14.

16. A vector according to claim 15, characterized by having

inserted therein an aminoketone asymmetric reductase gene.

17. A vector according to claim 16, characterized in
that the aminoketone asymmetric reductase gene is a nucleic acid

coding for a protein consisting the amino acid sequence set forth as
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gt caaaaaac atctccagac gttcttcaaa cggttccaac gggcctgggg
cattgcctgg 180 atgggtgcgt ggaaaat gga gttccaaagc
cgaggcgctc cgcattttca cctgtacatg 240 Page 4

FPO4- 0397- OOSG FY( Sequence listing) gtccctcctc

at gggaaggc aggagact cg cggaagctgc ggcatgatgc tgagctcttg
300 aaatggaga tagcacgtgc agagggt gaa gacccaggtc
gcaggccgta tttecgggaa 360 gctccaagcg atggattgaa

é@ﬁ&@‘?&c@%@%@é&%ﬁ R G R CRARLAR: S prclsin i the
AU cad: sRmenee, o Ao SRS NERL 783REG = deletion,
0 %@%ﬁ%@%ﬁ&ﬁaﬁt% e Baf 0P FYRRGRAGAR deias,
r S S Bl SRSHIEERRE Stk BRL AR AIERAGE 20

at ct gggacc cggctttacg aggcggtage ggcggccaca gatggact aa

ggcgat gak g A/
ctogt Gatse %?‘8’%&? CPORAAD id SFAAIONS GRERLIAARA in that the

boRFHSERaOnRSLgRARAT Hid G EaDES £ AIRIG BFd S5RMiBAg the

ccgcactggc tcgaaccctc agccgtctt

%@ﬁ@l%%gﬁ@%gg@ﬁ@@ SBOfGIEN a‘§3JE)Q B NOL1h3, %‘ﬂga mf@lé?(?amd that

ococcus erythropalis <2205 <2

m ﬁ bAdIAe GAE8> niideP heid40RRn®RET |11dclé@1d64%ﬁuence
8 at ggcagaac tcgactgggc tcccatgatg gatttgccgg

gcééhgﬁéxﬁ@n%ggﬁi go¢ aueleotide secC f@ith £OSBYAD NO: 79 under
gcttacggtt gctcccaccg gcgctgaggt caaaaaacat 120

ct siepaRedicondificaqantl didtceedsuihos Progdocihganhgusitetone
gggt gcgt gg 180 aaaat ggagt tccaaagccg aggcgctccg

cagdyrhaattctrotiachadnattieitgt cct cat 240 gggaaggcag
gagact cgcg gaagctgcgg catgatgctg agctcttgaa atgggagata
300 gcacgtgcag agggt gaaga cccaggtcgc aggccgtatt
t ccgggahfcAt iremsformant 86ntaining a vector according to claim 15.
20. A transformant containing a vector according to any one of

claims 16 to 18.

21. A method for production of an aminoketone asymmetric
reductase, which comprises a culturing step in which a transformant
according to claim 20 is cultured in medium that allows growth of said
transformant, and

a purification step in which the aminoketone asymmetric
reductase is purified from said transformant obtained in said culturing

step.

22. A method for production of an optically active aminoalcohol,
wherein an aminoketone asymmetric reductase obtained by the

production method of claim 21 is reacted with an enantiomeric mixture
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ggattgaagt ttcgtccgtg gctttctgcg gtgtgggccg acgtcgtaga
tcatccggac 420 cccaaggaaa aagaaaagca cgtcagtgcc
ggcact ggag tggactacgc ggagggcacg 480 cgagggtcag
at ccgaaaag gcttgcggtg tacttctcca agcatggaac ctttgccgac
540 aaggaatatc agcacgtagt tcctgctcaa tggcagaaaa

cgggt gcggg acctggcagg 600 ttctggggct accgeggttt
gt cgccggcec acggctgcca ccgagatttc ctgggatgag 660 Page 5

FPO4- 0397- E e l4 St . :

t et e acnmp el U Eod Rbredied B Hitloping general
72£ ct.t 3pgag gcggt agcgg cggccacaga tggact aagg

cg ?@g‘lﬂ&:@ acgcacggtt 780 acccggcacc gcttggacct

cgt gaccggt gagat ctgg gcacgaagac gcggaaggtt 840

cg > gpitt tgtccggact tcgggatacc tgtgtgtcaa
tg cgg@gg%%g@ﬂ]g%c ct ggct c gaaccctcag ccgtcttcgt
acaagctgcc tgagctag 948 <210> 9 <211> 924 <212> DNA
<213> Rhodoccus erythropolis <220> <221> m scfeature
<223> 1486bp to 2409%0 PpRET | | OO <400> 9 atgatggatt
tgccgggecat tcctgcgat ¢y gt gaccctca cctatccggg ggactggcett
60 acggttgccc g g gaggt caaa aaacatctcc
agacgt t ct@Jn

caacgggcct ggggcattgce

jgagt t cca..aggeggaggc 180
gta ¢atggtccct cctcatggga aggcaggaga

gctccgeatt ttow
ctcgcggaag 240 ctgcggcatg atgctgaget cttgaaatgg

gagat agcac gtgcagag¥g tgad§accca 300 ggtcgcaggc
cgtatttccg ggaagctcca agcgatggat tgaagtttcg tccgtggcett
360 tctgcggtgt gggccgacgt cgtagatcat ccggacccca
aggaaaaaga aaagcacgtc 420 agtgccggca ctggagtgga

C
ct sdwregad guandye S@gtee&gadigfﬁr@%aﬁ@gf@me at least one
gcggt gt act tctccaagca tggaacctttgccgacaagg . aatatcagca
cogspomes celeted fyomt dbe g vy sansieyss ﬂgg‘g’ﬁ@.ﬁ%t ower alkyl,

caggttct ggctaccg cggtttgt 600 , .
gghyggoxyl o% 1%%ally pgrotcgc e \%‘1&19 a protecting group, nitro and

sulfonyl;

n represents an integer of 0 to 3;

R' represents lower alkyl;

R? and R® may be the same or different and represent at least one
species selected from the group consisting of hydrogen and lower

alkyl; and
* represents asymmetric carbon,

or a salt thereof, to produce an optically active aminoalcohol compound

represented by the -folloWing general formula (2):

[Chemical Formula 2]
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ccggccacgg ctgccaccga gatttcctgg gatgagtacc tgettttatc
tcgcacgttg 660 cgacgattgt cagcgcgaac gaagatctgg
gacccggctt tacgaggcgg tagcggcggc 720 cacagatgga -

ct aaggcgat gat gcgacgc acggttaccc ggcaccgctt ggacctcgtg
780 accggtgaga ttctgggcac gaagacgcgg aaggttcggg
cgccagtgaa gaggtttgtc 840 cggacttcgg gatacctgtg

t gt caat gac gggcccgcac tggctcgaac cctcagccgt 900
cttcgtacaa gctgccégég ctag 924 <210> 10 <211> 921
<212> DNA Page 6 - 0397- O0OSG FY( Sequence |isting)
<213> Rnhodococcus jeryt hrgpolis <220> <221>

' at u 23>% to 2409bp pRET | | OO <400>
gggcatitcc tgcgatggtg accctcacct

at ccgggag ctgfjcttacg, 60 gttgccvcdbibdggcgctga

ggt caaaaa Cgttcttcaa acggttccaa 120

ctccgg

cgggcctggg gcattgectg £0gt gcg tggaaaat gg agttccaaag
ccgaggcgcet 180 gcattttc acctgtacat ggtccctcct

cat gggaagg caggagactc gcggaagctg 240 cggcatgatg
ctgagctctt gaaatgggag atagcacgtg cagagggt ga agacccaggt
300 cgcaggcc atttcgcggga agctccaagc gatggattga
agwhetgn ,giggelﬂzt,elif %8*'@@@@&1@ wane defadieryas above,

Qcanibakt: Gglemaet opugUagegade acacoagagt cagal cogaa
aaggcttgcg 480 gtgtacttct ccaagcatgg aacctttgcc

aaac00 08 boAGHSHRY SHo RN A PHER DL GG Ve ghinpalgphol
el Shs ISR S LR I S ca with an
oo AAREE SRR RIS RO Ryt b
A 225 i oo

[Chemical Formula 3]
O
R'
(Xn_ & | v
v (1)
X N
AN

wherein X may be the same or different and represents at least one
species selected from the group consisting of halogen, lower alkyl,
hydroxyl optionally protected with a protecting group, nifro and
sulfonyl;
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15

‘acttcgggat acctgtgtgt c'a'atgacggg cccgcact gg ‘ct cgaaccct

cagccgtctt 900 cgtacaagct gcctgagcta g 921 <210> 11
<211> 897 <212> DNA <213> Rhodococcus erythropolis
<220> <221> m scfeature <223> 15| 3bp to 2409bp pRET
1100 <400> 11 atggtgaccc tcacctatcc gggggact gg
cttacggttg cccccaccgg cgctgaggtc 60 aaaaaacatc
tccagacgtt cttcaaacgg ttccaacggg cctggggcat tgcctggatg

120 e ERR 0,08 GEqgh pogoces d0euct eoas

_ FPO4 0397- OCSG- FY( Sequence |isting) cctcctcatg

aggca aagctgcggc atgatgctga gctcttgaaa
3%‘&3%’&%9@ eg-aagg?]gcaga gggt gaagac ccaggtcgca
ggccgtattt ccgggaagct 300 ccaagcgatg gattgaagtt

tC a? HeIARY shied P CGiFhrE ‘E%glﬁaﬁegﬁre%iﬁ at least one

ccggacc ccdaggdaat a agaaaagcac g cagtgc g gcactggagt

TSP AER RIS RLOOIRR (T pamge s (v

gcacgtagtt cctgctcaat ggcagaaaac gggtgcggga
54 cct'ggcaggt tctggggcta ccgecggtttg tcgeccggeca
cggctgccac cgagatttcc 600 tgggatgagt acctgctttt
at e egeaeHts 4 979Re0aE chflingcgcg aacgaagatc 660
t gggacccgg ctttacgagg cggt agcggc ggccacagat ggact aaggc
gatgatgcga 720 cgcacggtta cccggcaccg cttggacctc
gt g calittherad] tcpauinceeagaptiosldy 48fve cpgmaattdhol compound
gggcgccagt gaagaggttt gtccggactt cgggatacct gtgtgtcaat
84fkpraserged becthecfatioygiapcgereaskitroage (2t ctt cgt a
caagctgcct gagctag 897 <210> 12 <211> 780 <212> DNA

[Chemical Formula 4]

(2)

wherein X, n, R, R?, R® and * have the same definitions as above,

and having the desired optical activity.

24. A production method for an optically active aminoalcohol
according to claim 23, wherein the production method for the
optically acﬁve aminoalcohol is carried out with further addition of a

compound represented by the following general formula (3):

[Chemical Formula 5]
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<213> Rhodococcus erythropolis <220> <221>
m scfeature <223> 1630bp to 2409bp pRET | | OO <400>
12 atgggtgcgt ggaaaat gga gttccaaagc cgaggcgctc
cgcattttca cctgtacatg 60 gtccctcctc at gggaaggc
aggagact cg cggaagctgc ggcatgatgc tgagctcttg 120
aaat gggaga tagcacgt gc agagggtgaa gacccaggtc gcaggccgta
tttecgggaa 180 gctccaagcg atggattgaa gtttcgtccg
tggctttctg cggt gt gggc cgacgtcgta 240 gatcatccgg
accccaagga aaaagaaaag cacgtcagtg ccggcact gg agtggactac
300 gcggagggcagﬁ@cgagggtc agat ccgaaa aggcttgcgg
tgtacttctc caagcatgga 360 acctttgccg acaaggaata
t cagcacgt a gt%?gtgctc aatggc€ ag aacgggtgcg 420

t gggg ctacrgd gb ttgtcgccgg ccacggcetgce
caccgaga 480 Tt gggatg agtacctgct tttatctcgc
gattgtcagc gcgaacgaag 540 atctgggacc
cggctttacg aaggcggtagc ggcggccaca gatggactaa ggcgatgatg
600 cgacdacgg ttacccggca ccgcttggac ctcgtgaccg
gt gagattct gggcacgaag 660 Page 8
FPO4- 0397- OOSG FY( Sequence listing) acgcggaagg
ttcgggcgcc agt gaagagg tttgtccgga cttcgggata cctgtgtgtce
720, aat gacgggc ccgecac c tcgaaccct gcecgrcttce
gt WhEER R 4y 1EBIGFAGHY lgpg V%@go@%aiﬁ@ 5 <212>
DNA <213> Rhodococcus erythropolis <220> <221>
m eat ure, <223> 1645bp to 2409bp pRET | | OO <400>
13ﬁ2%%§%ﬁﬂﬁ%3n§§é cgagg cgctccgcat tttcacctgt
acatggtccc tcctcatggg 60 aaggcaggag actcgcggaa
gctgcggcaE)gatgctgagc tcttgaaat g ggagatagca 120

SN

w (Y)

wherein R* represents hydrogen, optionally substituted CI-3 alkyl, a
C5-10 hydrocarbon ring which is bonded to R® or a 5- to 8-membered

heterocyclic skeleton containing 1-3 heteroatoms which is bonded to

RS
[Chemical Formula 7]
5
R
\\\0
6
R\Ic - (%)
f/ ™~
R
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15

20

cgtgcagagg gt gaagaccc aggtcgcagg ccgtatttcc gggaagctcc
aagcgatgga 180 ttgaagtttc gtccgtggct ttctgcggtg
t gggccgacg tcgtagatca tccggacccc 240 aaggaaaaag

‘aaaagcacgt cagtgccggc actggagtgg actacgcgga gggcacgcga

300 gggtcagatc cgaaaaggct tgcggtgtac ttctccaagc
at ggaacctt tgccgacaag 360 gaatatcagc acgtagttcc
t gct caat gg cagaaaacgg gt gcgggacc tggcaggttc 420

oo MGEA R SR ToRIgS (HYURESE: dgRactid! dgdesapgd membered
t . t 540

o BTG oG o ter B RGeS SR AR handed o RS
600 5gggcaccgct t ggacct cgt gaccggtgag attctgggca

cg%\ tgcg gaaggttcgg 660 gcgccagtga agaggtttgt
ccggacttcg ggatacctgt gtgtcaatga cgggcccgca 720

S, L R . s 1
SukEidReban rifigtAhich e bBRAL R WS 57205130 Biinbhbered
ggﬁé&?@%iéa%g@%ﬂg&nt Anfecas IRt 9 SHRiIElis bonded to R

tt gaaat gg agcacg tgcafgagggt gaagacccag gtcgcaggcc

gt gt RPccgg 120 Page 9 FPO4-0397- OOSG FY( Sequence

listiny) gaagctccaa gegatggatt gaagtttcgt ccgtggettt
ctgcggtgtg ggccgacgtc 180 gtagatcatc cggaccccaa
99RAE5%ABNAABERSTLA DrUREGHIRAQBATBEdI0R6 ARY;
tacgcggagg gcdcgcgdagg gtcagat ccg aaaaggcttg cggtgtactt
ctccaagcat 300 ggaacctttg ccgacaagga atatcagcac

ot RYtrepedsentd bgdiqean gabeaghayitiddly gabgdmted C1-6 alkyl, a
gcaggcct g gggctaccgc ggtttgtcgc cggccacggc tgccaccgag

428- tot 8imembggedtigretayclicoskeletat contgaangt k-§c heteroatoms
gacgattgtc agcgcgaacg 480 aagatctggg acccggcettt

‘acyaggt ggbonded) g iy cor a €y Oduatrocadyyr gaggwhi is bonded to

RS

R’ represents hydrogen, optionally substituted Cl-6 alkyl, optionally
substituted CI-6 alkyloxycarbonyl, optionally substituted acyl or a 5- to
8-membered heterocyclic skeleton containing 1-3 heteroatoms which is

bonded to R’ or R®;
and
R!® represents hydrogen or optionally substituted Cl-6 alkyl,

or a pharmaceutically acceptable salt or solvate thereof, for production

of an optically active aminoalcohol.
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at gcgacgca cggttacccg gcaccgcttg gacctcgtga ccggt gagat
tctgggcacg 600 aagacgcgga aggttcgggc gccagt gaag
aggtttgtcc ggacttcggg atacctgtgt 660 gtcaatgacg
ggcccgcact ggctcgaacc ctcagccgtc ttcgtacaag ctgcctgagce

720 tag 723 <210> 15, g%;ﬁéégg é%%%l <213>
> > m SscC

Rhodocogergnee Y idnapol i s eature
<223> 2224bp to 2409bp pPRET | 00 <400> 15

<118t gat grigac hghiat ggi tac ccggcaccgc ttggacctcg tgaccggtga
gattctgggc 60 acgaagacgc ggaaggttcg ggcgccagtg

ﬂl@a@@g@PM$gh@mh@ga@$tc gggatacctg 120 tgtgtcaatg
%g ccc%c act ggctcga accctcagcc gtcttcgtac aagctgcectg
<BEB ifgétag 186 <210> 16 <211> 183 <212> DNA <213>

<15 (% z erythropolis <220> <221> mi scfeature
<1572 %E% p to 2409bp pRET | 10O <400> 16 atgcgacgca

cggttacccg gcaccgcttg gacctcgtga ccggtgagat tctgggcacg
<1660 10@agacgcgga aggttcgggc gccagtgaag aggtttgtcc

ggacttcggg atacctgtgt 120 Page 10
<17FP@A0B9Fs10OSG FY( Sequence |isting) gtcaatgacg
<2]ggcccgcact ggct cgaacc ctcagccgtc ttcgtacaag ctgcctgagce

<21 (%75 ag 183

<212> DNA
<213> Rhodococcus erythropolis

220>

<221> misc_feature
<223> 202bp to 480bp pRET1100

<400= 1

afgactctga gggtogacga accggagtcg gtgagaatge ticatcegag cgettececeg 60
gaagactgtg cectggtega gaccttcaag cetggtacet gecttitega gaagecagga 120
gaaggecggc agattatgeg atgegacttt gtcggegagt acgggagata tgegegagee 180
atcgagtett cggatetgeg titictegee accetecage aagaccagge ceaacgegaa 240
ttcttegetg aggagticgp tgteotgoat cegteatga 279

<210= 2

<211=> 243

<212> DNA

<213= Rhodococcus erythropolis

<220=

<221> migc_feature
<223 238bp to 480bp pRET1100

;:ti?:?tiatzc cgagcegcette ceeggaagac tgtgeectgg tegagacett caageetggt 60
acctgeettt tcgagaagee aggagaagge cggeagatta tgegatgega ctttgtegge 120
gagtacggga gatatgegeg agecategag tetteggate tgegttttet cgecacecte 180
cagcaagacce aggeccaacg cgaattetic getgaggagt teggtetogt ggatecgtea 240

toa 243
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<210> 17 <211> 432 <212> DNA <213> Rhodococcus
erythropolis <220> <221> m scfeature <223> 1875bp to
1444bp pRET | | OO <400> 17 atgatctacg acgtcggccc
acaccgcaga aagccacgga cgaaacttca atccatcgct 60
t ggagcttcc cggaaatacgﬂ%g%&gggggng gt.ch&iga ccctctgecac
gtgctatctc 120 ccatttcaag agctcagcat catgccgcag
<2161 kecgcgag tctcctgect tcccatgagg 180 agggaccatg
<21:agaggt gaa aat gcggagc gcctcggcectt tggaactcca ttttecacgce
<2124@NAacccat ccag gcaat gcccc aggcccgttg gaaccgtttg
<2 ¥adhaogeos eydragakgt tt 300 tttgacctca gcgccggt gg
ggcaaccgt aagccagtcc cccggat agg tgagggtcac 360
<zz§t9 cagga atgcccggca aatccatcat gggagcccag tcgagttctg
256 ﬁg%%é@)4%§Tng§tcatccgt ga 432 <210> 18 <211> 291
<2 23735 odococcus erythropolis <220> <221>
m scfeature <223> 1734bp to 1444bp pRET | | OO <400>
<40%8 3at gccgcagc ttecgcgagt ctcctgcctt cccat gagga
atgggga aaaigt cAgaggl gaasgbheccatyeggagag coct cggct tt
ggaactccattttccacgca cccatccagg caatgcccca 120

clzegftediserrtcggermeresg FisEg e agrauttcetieegagatyt ttt tt gacct cag
cgccggt 180 ggcaaccgta ccagtccc ccggat aggt

mgﬂ%ﬁ%gg%%%%mgkcgcaggaa tgcccggkaa 240 atccatcatg
ggagccctgt cgagttctgc cattcgcaag atcatccgtg a 291

<2162%0> 19

<211> 282
<212= DNA
<213= Rhodococcus erythropolis

<22

<220>
<221> misgc_feature
<223= 477bp to 758bp pRET1100

<400 4

atgactggac cacaggagag aaagcgeaag geggogaage cglegeggga gecteagtte 60
aactgcetete aageggacgt gecgaaacga geaaaacage ceceggttce etetacgtic 120
gacctgctea cggtgaagga gactgeggep ctgetgagag tecagteagge aactetttac 180
cggctgcttc ggagtgesoa aggacccaca tacacacgga teggtggaca gatacgegtt 240
caccgegagt cgetgegteg gttcatcgaa cegegtegat aa 282

<210= 3

<211= 1548

<212= DNA

<213> Rhodococcus erythropolis

<220=

<221> misc feature
<223> 862bp to 2409bp pRET1100

<400> 3
atgeacttee acgataacge agaggtegga caagagggaa gaactgecgt tetetegeeg 60

ttgegeggeg tagecgecaa gegggacgty tetgacgatg cagegaageg gagteggeag 120

gegeggeacg cgectgggct tettacatet gecacaactg tecgtgaate tetgecaget 180
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<211> 258 <212> DNA Page 11

FPO4- 0397- OOSG- FY( Sequence listing) <213> Rhodococcus
erythropolis <220> <221> m scfeature <223> 1701bp to
1444bp pRET 1100 <400> 19 at gaggaggg accat gt aca

ggt gaaaat g ngagcgc“ﬂ%@%%to%&%‘f % G fidih

m@ﬁ&ﬁ&g@ﬁﬁ%&gég%&ﬁ, %9% Edggaa Cgtttgaaga
acgtctggag 1 at gt g acc cagcgc cggt gggggc

tegtRACEGEAAGD t@RflECLatcttatage gagtah80300ggt caccat ¢
gcaggaat gc ccggcaaat ¢ cat cat ggga gcccagtcga gttctgccat

zeRigfec eteegyeiaagadcecaltiicatigicg epcQepBet &P @ig 2000 <211> 231
<212> DNA <213> Rhodococcus erythropolis <220> <221>
sasoffide U P ereeep P Acss A piete G A BBREpREYT | | OO  <400>

20 at C C cttt aact ccat., t Ccanca
T S e e T et
caa @R Celabdodc ﬁwﬁﬁ%@ck%agé LgacshGad.Lgeceat 9ggg 120
ggcaaccgta agccagtccc ccggataggt gagggtcacc at cgcaggaa

tetgtyan eggoasr ddftcaicegateat gepgagaaeagioocgagt t ct gc
cattcgcaag atcatccgtg a 231 <210> 21 <211> 138 <212>
algeopgapcd s HpstietecRaitiers e oyicrie AR TRage 660

cteacctate cgggggactg gettacggtt gececcaceg gegetgaggt caaaaaacat 720

ctccagacgt tettcaaacg gttecaacgg gectggggca ttgectggat gggtocgtes 780

aaaatggagt tccaaagecg aggegctecg cattttcace tgtacatggt coctectcat 840
gggaagocag gagactcgeg gaagetgegg catgatgetg agetettgaa atgggagata 900
geacgtgcag agggtoaaga cecaggicge aggecgtatt tccgggaage tecaagegat 960
ggattgaagt ticgteegty getttetgeg gtetegoceg acgtegtaga teatccggac 1020
cccaaggaaa aagaaaagea cgteagtgee ggeactggag tggactacge ggagggcacg 1080
cgagggtcag atcegaaaag gettgeggte tacttcteca ageatggaac ctttgecgae 1140
aaggaatatc agcacgtagt tcetgeteaa tggeagaaaa cgggtgegeg acctggeagg 1200
ttctgggect accgeggttt gtegecggec acggetgeca cegagattic ctgggatgag 1260
tacctgettt tatctegeac gtigegacga tigtcagege gaacgaagat ctgggacceg 1320
gctttacgag gegotagegg cegecacaga tggactaagg cgatgatgeg acgeacggtt 1380
acceggeace gettggacct cgtgaccggt gagattctgg geacgaagac geggaaggtt 1440

cgggegecag tgaagaggtt tgtccggact tegggatace tgtgigteaa tgacgggece 1500

geactggcte gaaccctcag cegiettegt acaagetgec tgagetag 1548

<210= 6

<211>= 1116

<212= DNA

<213= Rhodococcus erythropolis

<220=

<221> migc feature
<223> 1294bp to 2409bp pRET 1100

<400= 6
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<220> <221> m scfeature <223> 1581bp to 1444bp pRETI
| OO <400> 21 atgttttttg acctcagcgc cggt gggggc
aaccgt aagc cagtcccccg gataggtgag 60 ggtcaccatc

gcaggaat gc ccggcaaat c cat catggga gcccagtcga gttctgccat

120 tcgcaagatc at cco93 0338052103 e 12
atggg%g@-éga%%gta%@gmamgg%éscﬁatfa%giﬁzg“ L8123 105

Rhodococcus erythropol1's =~ <220> <221>
gaad oS Er@ gl ectcs 238200k 2406hpcpRED | | OO <400>
22 atggtgggag ggcaacactc ccaatacgct tcagttatga
gaagiietya ag sty @ tdea reatatzadQizcead egyeatygt 180 ccgegt cga
aat%ctccgc t caat cgagg atgcaattca tttagccgca 120

secigpsct CRalsEgE R AR SRR B R B B e o4
180 t at ttgtcct
s§LASHITER 00, SRASL AL S0, PRCagasgea, g0t 1 cct g

e G9GROGAGEL: albhaCeL A 00cIREAGAG 00COg0A0a! gaal tgeace
30 t gggt agaga taggtcagtc gttgggtctc tctccccacg

caaag OCafCsera §igoal itagdccIatcat@gangaggCc d2caaaacccgce
cat ccagcaa aagacaaagc cgaaaggcgt tccgcgcgtc 420 tag
gaciggracaagelaysecy gatgctgng sifeagescaegiigrsoomkag 248> Rhodococcus

erythropolis <220>
ggtgaagace cagglegeag geegtattic cgggaagete caagegatgg attgaagttt 540

cgtecgtege titctgeggt gtggocegac gtegtagate ateceggacee caaggaaaaa 600
gaaaagcacg tcagtgecgg cactggagte gactacgegg agggcacgeg agggteagat 660
ccgaaaagge ttgegptota ctictecaag catggaacct tigecgacaa ggaatatcag 720
cacgtagttc ctgcetcaatg geagaaaacg ggtgcgggac ctggeaggtt ctggggetac 780
cgcggtitgt cgeeggecac ggetgecace gagatttect gggatgagta cetgetttta 840
tetegeacgt tgegacgatt gteagegega acgaagatet gggaceegge tttacgagge 900
getageggcg gecacagatg gactaaggeg atgatgegac geacggttac ceggeaccge 960
ttggaccteg tgaccggtea gattctggoc acgaagacge ggaaggticg gocgccagtg 1020
aagaggttty teeggactte gggatacetg tgtgtcaatg acgggeccege actggetega 1080
acccteagee gtettegtac aagetgectg agetag 1116

<210= 7

<211= 960

<212= DNA

<213> Rhodocuccus erythropolis

220>

<221> misc_feature
<223> 1450bp to 2409bp pRET 1100

<400= 7

atgatcttge gaatggcaga actcgactgg geteccatga tggatttgee gggeattect 60
gegatggtoa cecteacceta teegggggac tggettacgg ttgeccceac cggegetgag 120
gtcaaaaaac atctccagac gtteticaaa cggttecaac gggectggeg cattgeetgg 180

atggotocet ggaaaatgga gtteccaaage cgaggegcte cgeattttea cetgtacatg 240

Page 4
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<221> mi scfeature <223> 2792bp to 2406bp pRET | | OO
<400> 23 at gaat gaag acagagacaa catcatcgcc aggttccgcg
t cgaaat gct ccgctcaatc 60 gaggatgcaa ttcatttagc
cgcactctcc gcgaacgacg aaaaccgtta tgccgcaaca 120

gaagacaat c gacccgt gchﬂg%%%&E@ %Qﬁs@ﬁg agcaggttgt

gtccgﬁgtgﬁé‘g%m agg%gactcggggga%aéc &tggt%g@?fgg t3oggaa agCt C
gcgcgggagc acctcgt agccgac 2 agagcgcggg
aaat@gpadagaradckige @@g@@t@@ggtcagga@aggagg&t&c@giac gbt ggg tctctctccce
300 cacggagcgc agcagcgcat caccagaagc cgcccaaaac

gelgpgeeRtdiea gy cdera tageltcde @60eecaagesigiiaadl gegtt ccgceg
cgtctag 387 <210> 24 <211> 342 <212> DNA <213>
gat%% oo ot TR VA i e o oM = oo i%gga“‘tac 480

FPO4- 039 Sequ i.stin 0> <221>
eeafaents ASpeten SEGEER kbt SEPOT 22104
aco@bOELERERE 1G g%%a&gé@tctaggg@%ggag@gtggtgégag@@gcac tctccgegaa

cgacgaaaac 60 cgttatgccg caacagaaga caatcgaccc

seagig@QEAGAL @RAGLat toeaacaggageageda0 cogt t gt cct ga
ccgagct gac attggccgac cacatggaaa agctcgcgcg ggagcacctc

tccta%ﬁg agpcetgchbiatelay ety i s geagagat’gl aat t gcacct

at a tca tcg 240 tctct tccccacgg
e gR ST e R e A Bikad b goc. 300
con . Lhgcgeatct ag 342
8 %%1%%&55 _< g%g?g%ﬁ&<%%%%q%\l%ég&2§%g : odococcus
acg@E3bEQROI L Soteaagagg tttetccgga ctcgggata cotgtgtgte 900

aatgacggge cegeactgge tegaaccecte ageegtette gtacaagetg cetgagetag 960

<210= §

<211= 948

<212> DNA

<213= Rhodococcus erythropolis
<220=

<221> migc_feature

<223> 1462bp to 2409bp pRET 1100

<400=> 8
atggcagaac tegactgggc teccatgatg gatttgeegg geattectge gatggtgace 60

ctcacctate cggggoactg gettacggtt gececcaceg gegetgaget caaaaaacat 120

ctecagacgt tettcanacg gttecaacgg gectgggpea tigectggat gggtocgtes 180

aaaatggagt tccaaagecg aggegetecyg cattttcace tgtacatggt ceetecteat 240
gggaagocag gagactcgeg gaagetgegg catgatgetg agetetigaa atgggagata 300
geacgtgeag agggtoaaga cecaggtcge aggecgtatt tecgggaage tecaagegat 360
ggattgaagt ticgteegtg getttetgeg gtetegocce acgtegtaga teatecggae 420
cccaaggaaa aagaaaagea cgicagtgee ggeactggag tggactacge ggagggeacg 480
cgagootcag atcegaaaag gettgegpte tacttcteca ageatggaac ctttgeegac 540
aaggaatatc agcacgtagt tcctgeteaa tggeagaaaa cgggtgegog acctggeagg 600

ttctggooct accgeggttt gtegecggce acggetgeca cegagattic ctgggatgag 660
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<220> <221> m scfeature <223> 2594bp to 2406bp pRET
1100 <400> 25 atggaaaagc tcgcgcggga gcacctcgtt
tacctagccg acagagcgcg ggagatgaat 60 tgcacctggg

t agagat agg tcagtcgttg ggtctctctc cccacggagc gcagcagcgc

120 atcaccagaa gccgc aaaga
ne §3AA550R %nﬁ%g%%g%@&% §§9§ R

<211> >"Rho ococcus erythropolis

setteZdDeeesizddove ot eghdtagy cddd: 20400p e 2406bp pRET
1100 <400> 26 atgaattgca cctgggtaga gat aggtcag

acctge@td agtagbast eigtcedt eredaiee gyegacagea@t §dgcgcat ca
ccagaagccg cccaaaaccc gccatccagc aaaagacaaa gccgaaaggc
EERPHE %W@%‘@%?ﬁéw ‘i‘f%g&ﬁaci %tg&c’zi@%@?wpa?g% 14
039/- uence | isting <211> 336 <212>
e BT oS AL L P opol | 4 3505 <2215
m scfeature <223> 2971bp to 3306bp pRET | | OO <400>
<2187 oat ggcttt ga aagctgctgg caacgtgatt cctgattcct
<21¢ce@eqgt acga gtaccgggcg 60
<212> DNA
<213 Rhodoccus erythropolis
<220>

<221> misc_feature
<223> 1486bp to 2409bp pRET 1100

:tlg?;gait tgecgggeat teetgegaty gtgaccetea cetateeggg ggactggett 60
acggttecce cecaccggege tgaggtcaaa aaacatetee agacgtictt caaacggtte 120
caacgggcecet gggocattge ctggatgeot gegiggaaaa tggagtteca aagecgagge 180
getecgeatt tteacetgta catggteect ceteatggga aggeaggaga ctegeggaag 240
ctgeggcatg atgetgaget cttgaaatgg gagatageac gtgeagagge tgaagaceca 300
ggtcocagge cgtatttccg goaageteca agegatggat tgaagtticg teegtggett 360
tetgegptgt gogecgacgt cgtagateat ceggacceca aggaaaaaga aaageacgtc 420

agtgccggea ctggagtega ctacgeggag gecacgegag geteagatee gaaaaggett 480

geggtotact tetecaagea tggaacctit gecgacaagg aatatcagea cgtagttect 540

geteaatgge aganaacggg tgegggacet ggeaggttet ggggetaceg cggtttgteg 600
ccggecacgg ctgecaccega gatttectgg gatgagtace tgcettttate tegeacgttg 660
cgacgattet cagegegaac gaagatetgg gacccggctt tacgaggegg tageggegge 720
cacagatgga ctaaggcegat gatgegacge acggttacce ggeaccgett ggacctegtg 780
accggtgaga tictgggcac gaagacgegg aaggticgge cgecagtgaa gaggtttgte 840
cggacticgg gatacctgtg tgtcaatgac gggeecgeac tggctegaac ceteageegt 900
cttegtacaa getgectgag ctag 924

<210= 10

<211= 921
<212> DNA
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gttcaggt cg agccgaagat ggt cagaaaa gacccggaag acccgaactc
tgagcagttc 120 cagaagcaga aggacggcac gccggtgtgg

t cgat cgact gcattcgggt cgaccgggca 180 tcaggcaaca
aggcaat cgt gaccgtgacg gttccggacg tgat ggaacc ggatgttgcg
240 gggccggtgg agttcﬁ%%ggggﬁ&g§§¢ ool m Y ctggg

<2151 REORARAD e 1&%%51199990 3 atgtggtttt 0990 agcege
cgtcgcttct Ctctga 336 <210> 28 <211> 258 <212> DNA

<226213> Rhodococcus erythropolis <220> <221>
<22 sk efedhuw € <223> 3049bp to 3306bp pRET | | OO <400>
<2228 1&g édgharfdagH#¥ccgga agacccgaac tct gagcagt

t ccagaagca gaaggacggc 60 acgccggtgt ggtcgatcga
<05t té attcgg gt cgaccggg catcaggcaa caaggcaatc 120

c ttecg aa. ccggatgttg cggggccggt

aaelh Fg%? %%gtga"’égaf‘aatiggg 98 T tg@ggtttcgcgc
gAY fahoh 08Ldld coueangd t@AQ gccgtcgett
ggctét%%%ggggg <210> Zggﬁé%?1> 5 % <212> DNA <213>

cggRaQEOCogotisaREdich repatdssgtesid@0rsagit@d > 1810 scf eat ure
<223> 3577bp to 3053bp pRET | 100 <400> 29 atgtcgatgt

ceepiiqetErceiesigeicefazietgenes easerattacessraceieggtiyagag aacgaggceac
60 Page 15 FPO4-0397- OOSG FY Se uencs listing)

e 8%%86? SRS HEH e R e et %k 1 t%ggat  cggccggceac

cgc&g&&&t%%&%a ag'gtgaagc gatggattga agtttegtec gtggcetttet 360
gegototooo cegacgtegt agatcatceg gaceccaagg aaaaagaaaa geacgtcagt 420
geeggeactg gagtggacta cgeggaggoce acgegaggot cagatecgaa aaggettgeg 480
gtgtacttct ccaageatgg aacctttgee gacaaggaat atcageacgt agttectget 540
caatggceaga aaacgggtoc ggeaccigge aggtictggg getacegegg titgtegeeg 600
gecacggetg ccaccgagat ttectgggat gagtacctge tttateteg cacgttgega 660
cgattgtcag cgegaacgaa gatctgggac ceggetttac gaggegotag cggeggecac 720
agatggacta aggcgatgat gcgacgeacg gttaccegge acegettgga cetegtgace 780
getoagatte tgggeacgaa gacgeggaag gttcgggege caglgaagag gittgtecgg 840
acttcgggat acctgtgtet caatgacgge cecgeactgg ctegaaccect cagecgtett 900
cgtacaaget gectgageta g 921

<210= 11

<211= 897

<212> DNA

<213> Rhodococcus erythropolis

<220=

<221> misc feature
<223> 1513bp to 2409bp pRET1100

<400> 11
atggtgacce teacetatee gggggactgg cttacggttg cececacegg cgetgaggte 60
aaaaaacatc tccagacgtt cttcaaacgg ttccaacggg cetggggceat tgoctggatg 120

ggtocgtooa aaatggagtt ccaaagecga ggegetecge attticacct gtacatgete 180
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acagcttcgg actgtgaacg atcactgaac acgttcgccg cttgccaacc
tgccgcaacc 180 agcacaaaca cgagcacgag ggcacccaca
cccagcgcaa cgccttttcc tttggacatt 240 tccgaacctt
t cgaggggcg acgat cagcg at cagagaga agcgacggcg cttgccgaaa

300 accacatgcc cgaacg§§$§ngg&ggggfﬁgmgg ccggc
CCtCW%E{gE%% ?%m@g%tdggg?cgé gatg&%zgél% GYCrgaca ccggt

tccatcac ccggaaccgt cacggtcacg attgccttgt 420

toeda@BQ c@akGea £EQGbagag el yRai-gongicef@gat cgacca caccggegtg
ccgtccttct 480 gcttctggaa ctgctcagag ttcgggtcett

ceaggegylyghizndett togictatpa BB e RleBeec@®Qeteat2At] 36619 <212> DNA
<213> Rhodococcus erythropolis <220> <221>
calcrfea e PRATEAT R 1EAT9RTS SRR AYSHEPTLREBIBPEHREF | 0O <400>

saBdachl %;é%%t %&%aga%:a%%gt%%%\%gao J9ECEEAIE, T Gl ccggag

gaga gc acgtccgaga acaccccgtt

ttedcb L5 HaGLE c AGRLE OGCReh SCAGI G LAGEHIGAEagCt 120

tcggact gt g aacgat cact gaacacgttc gccgcttgcc aacctgccgce

ccteg@e g afgaca «dbiitcaacasgageagcgagggtacsocacacccagce
gcaacgcctt ttcctttgga catttecgaa 240 cctttegagg

teeggigead asgeitiaicirgerdicestesd igfamgesmgegziesafg®§et t gcc gaaaaccaca

300 tgcccgaacc actgcgcgaa acccagaaac gcaat cat
teegieges SR e et BT e S EBea e Chgt t ocat C

oo R G6QARR, GEALGAGHTGE %Qaégg‘g Aeadbdegt tgcCt g 420

gcccggt ¢ gacccgaat g cagt cgatcg accacaccgg cgtgccgtcc

cogdab Gl gt Blot 480 10gRREL BEkLarRg agletce@Ogiot ct t ccgggt
cttttctga 519 <210> 31 <211> 564 <212> DNA <213>

gacfRaodoedet s aercichdsrcgpBhih saaget2@@aeca@ 21897 scf eat ur e

<210> 12

<211= 780

<212> DNA

<213= Rhodococcus erythropolis
<220=

<221> migc_feature
<223 1630bp to 2409bp pRET 1100

<400=> 12

atgggtecet ggaaaatgga gttccaaage cgaggegete cgeattttea cetgtacatg 60
gteectecte atgggaagge aggagactcg cggaagetee ggeatgatge tgagetettg 120
aaatgggaga tageacgtge agagggtegaa gacccaggte geaggeegta titccgggaa 180
getecaageg atggattgaa gtttegtecg tggettictg cggtgtegec cgacgtegta 240
gatcatccgg accecaagga aaaagaaaag cacgicagte ceggeacteg agtggactac 300
geggagooca cgegagggete agatecgaaa aggettgegg tgtacttete caageatgga 360
acctttgccg acaaggaata tecagcacgta gttcetgete aatggeagaa aacgggtecg 420
ggacctggca gottctegge ctacegeggt tigicgecgg ceacggetge caccgagatt 480
tectgggatg agtacctget tttatctege acgttgegac gattgtcage gegaacgaag 540
atctgggace cggcetttacg aggeggtage ggegeccaca gatggactaa ggegatgatg 600

cgacgcacgg ttacceggcea cegettggac ctegtgaceg gtgagattet ggocacgaag 660
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<223> 3339bp to 3902bp pRET | 100 <400> 31 Page 16
FPO4- 0397- OOSG- FY( Sequence |isting) atgtccaaag
gaaaaggcgt tgcgctgggt gtgggtgccc tcgtgectecgt gtttgtgetg
60 gttgcggcag gttggcaagc ggcgaacgtg ttcagtgatc
gttcacagtc coaaget ot 9yhel,0rGRACKIAUAG.L AERGUCCOa
cgg
e Do b 1% a0%9 gagggcast a
aate@abLgaRatdac Rédecctg bgagge cagatibgageeggasgaggt t ggag
cgcgact ggg tgaggtcggc tgagtgcgtt 300 tcggcgtcga
tgaatgtctc tgacctgttg gtttetgctc ttccagagtc cacccgtccc
<218603 cccggcgatt tcgttcgttc gt ggaaagtg gcgagtgatg
3} i%@:tgcta t gagggt gat 420 aacccgcaag gctgcacttc
1 g%%ogo%gu Lhltgggtct ctgcaaaaaa ctggtggtgc 480
acagaacccg achgatcc gctcgttcgt cgctgtgagg tctttectgce
<rgaggcaaatc 540 gttgtgccgg aaggggtttc gtga 564 <210>
<2282 migAdatare 255 <212> DNA <213> Rhodococcus
<2268F Y 643bpPakaosp pREZ20® <221> ni scfeature <223> 3648bp to
3902bp pRET | | OO <400> 32 atgaatgtct ctgacctgtt
gtttctgct cttccagagt ccacccgtcc ccccggcgat 60

:t‘mgf é%t t ngtg%g cgt ggaaag tg%%ggggtt%att at %Oact gct at gagggt ga
spelleb ey FOHEG YEF Y 4Gty ct ggtttgggtc

aagdd ggggca%%?c@&agaégg%tagg%aga%% ACEGaBQ 19f actcgatc
cgctcgticg fcgctgtgag gtctttcctg caaggcaaat cgttgtgccg

cgteddbdys BARGGY GlolcboaQOl @Gtk 0Qarpdd OReBidtgea<4dd > 669  <212>
DNA

ttgaagtttc gtecgtggct tietgeggte tggocegacg tegtagatea tecggaceee 240

aaggaaaaag aaaagcacgt cagtgccggc actggagtee actacgegga gggcacgega 300

ggotcagatc cgaaaaggct tgcggtgtac tictccaage atggaacctt tgecgacaag 360

gaatatcage acgtagttee tgeteaatlgg cagaaaacgg gtgegggace tggeaggttc 420

tggggctace geggtttgte gocggecacg getgecaceg agatttectg ggatgagtac 480

ctgctittat ctecgeacgtt gegacgattg tcagegegaa cgaagatetg ggaccegget 540

ttacgaggceg gtageggegg ceacagalgg actaaggega tgatgegacg cacggttacc 600

cggcaccget tggacctegt gaccggtgag attetgggca cgaagacgeg gaaggticgg 660

gegecagiga agaggtitet cecggacticg ggataccigt gtgtcaatea cgggeecgea 720

ctggetegaa cecteagecg tettegtaca agetgectga getag 765

<210= 14

<211= 723

<212> DNA

<213= Rhodococcus erythropolis

<220

<221> misgc_feature
<223= 1687bp to 2409bp pRET 1100

<400> 14
atggteccte cteatgggaa ggeaggagac tegeggaage tgeggeatga tgetgagete 60

ttgaaatggg agatageacg tgcagagget gaagacccag gtegeaggec gtatttecgg 120
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<213> Rhodococcus erythropolis <220> <221>
m scfeature <223> 4366bp to 5034bp pRET | 1 OGO <400>
33 atgggcaccc cacgcccaag taaccgctgg tgcgcetggat
atttcggcgg tggtctcgtg 60 agcggggaga agcggcacag
cgaggccggc ccggtagaaa g@&g%%g Fvaa éﬁgg&g 120 Page
gaagkfocda oo O e BB G RY( gng d gaés fﬁ’ gtg?agggcgg
gggactacat cgtcgccg gcgg% cgcggtcgg gttcttcgeg
gmﬂﬁﬁc@@h&gﬁg@&ﬁ@gﬁg@@&%ﬁ@@@qght@gﬁgghﬁ:gbcgcagtca
tcgctgcacc ggcgtggtgg 240 tttctgecgecg actgggaatc
tacgymagegyagrLgtegicergggectic teee gebagaaggt atdgaag 300
acacctg aatc:c:c:c:@%%C tattgctctc tcccttggec tgtcgaacgt

ggﬂ%@%@@@ﬁﬁa@%& ATy &é&@?tggfb%'@"’@%&%t ftYaaact ggt
1 c { tttt ttt 420
s B A e bR 4 e B gcuat g

Mﬂéég;m@gggg;@ﬁﬁ@%g&g%@g@gggnagggaﬁggh@ gccceccggac
aggtccgcgt cagagtgatt 540 gatgaggatt cgatgaagac

aagegagtgat «gegagadiggecogaaagat ghestgizgctggaa 600
gaggat acgt tcgacggtct tccgggcgag acgcgatcct ggttcgagca
atgogfatiGeRiecer BB LAl e HeeBd tct%a% @4 <211> 558
<212> DNA <213> Rhodococcus er rqpﬁ%q <220> <221>
MEHECET B BEE e LY a&%f‘?gﬁf&gﬁ“‘%"g% %ﬁﬁfg | Q0 <400>
gtcaﬁrgacgggeﬁggag{:g%&cga&é gtgp%‘&gg thg%@a% tc?&?gtagc ghggcc 9t ga
ct cgcggt cgg ttcttcgcgg tcgeggttga
tag gggt tt ct gg ttcctggtcg t@gcagtcat cgctgcaccg 120
gcgtggtggt ttctgcgcga ctgggaat cg aagcggaggg ccgt acgggat
2lgttlggaacgg 180
= =

<211> 186
<212= DNA
<213= Rhodococcus erythropolis

<220=

<221> misc_feature
<223= 2224bp to 2409bp pRET 1100

<400= 15
atgatgcgac geacggttac ceggeacege ttggaccteg tgaccggtga gattctggge 60

acgaagacgce ggaaggttcg gecgecagty aagaggttte tecggacttc gggatacetg 120
fetgtcaate acgggcccge actggetega accetcagec gicttegtac aagetgectg 180
agctag 186

<210= 16

<211= 183

<212> DNA

<213= Rhodococcus erythropolis

<220

<221> misgc_feature
<223= 2227bp to 2409bp pRET 1100

<400> 16
atgegacgea cggttacceg geacegettg gacctegtga ceggtgagat tetgggeacg 60

aagacgcegga aggticggoc gecagtgaag aggettigtee ggacticggg atacetgtet 120
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gcat ggaagg ggacacctga atcccccggt attgctctct cccttggcect
gt cgaacgtg 240 gcggggtctc tgccgaggtt gaggaagttt
gaaactggtt cggggatacg cacactcgtg 300 ttttetttgc
cgcccggagt cactgccgag agctttgaga aagttcgccc tgcgctggca

360 gacgcgatgg ggggtﬁ@%%%g@_g@ a..9 ggt gg
cg

gtedafa £ef G H9ACRA SOLLEYCOLE kac@d 3P GALL Gs@t gaggatt c
gat gaagacg ccgcgtgatg cgggat gggc gaaagatgtt 480

tag gt gct ggaag aggat acgtt cgacggtctt ccgggcgaga cgcgatcctg
gttcgagcaa 540 gaggggccgg catcatga 558 <210> 35
<211> 791 <212> DNA <213> Rhodococcus erythropolis

<2lfadeé 18 FPO4- 0397- OOSG FY( Sequence |isting) <220>

z£%> > miscfeature <223> 2410bp to 3200bp pRET | | OO
4

<213=

35.ac cggaa cgcctttcgg ctttgtcttt tgctggatgg

cggg?%??%@eg%gﬁggtctg 60 gtgatgcgct gctgcgcetcc

<126t ggggagag agacccaacg actgacctat ctctacccag 120

<220t geaatdga tctcccgecge tctgtcgget aggtaaacga ggtgctcccg

<226¢gagagch tit44hBERETI woat gt ggt cggccaat gt cagct cggtc
aggacaacct gctgttgttg cgatagttgt 240 gtccgcacgg

40 tcgattgtc ttctgttgcg gcataacggt tttcgtcgtt cgcggagggt

007 gcggct aaat gaattgcatc ctcgattgag cggagcattt
oes il OGRS " BRSPS e AE R TEHIST 050 gt o ¢ cat

tggaga&@@ggsam 68t AL %ggg&c@ogaggcwgtgc&t&ccqe@ccat g 420

gt gcCaat g caggt gt'gaa ctgagtcaca gtttctcaat agactccaag

coafttbabOdeBde 6 B cactctidch@td toiclecrdr @G0 G0 at gat gt gt g
cgtgcctcgg ttcaggggcy aaagttcgac 540 acctcgaaag

ageHaQteheyas VRtygys ttdogecti tagetcgdticcageaddgt gat tcctgattcc

600 tccgcgtacg agtaccgggc ttcaggt c gagccgaaga
mm?@&@éﬁ@%%&”ﬁ@ﬁ%%%@ﬁﬁﬁmﬁEﬁwqggé%%ﬁggc?mhtgagcagtt

ccagaagc aagga ca.cgccqggt gt t cgat.cgac 720
e e e DD S { gaccat gac
Catcggtgéacégggngggga ;a&gatcat gggageccag tegagttctg ceattegeaa 420

gatcatecgt ga 432

<210> 18

<211=> 291

<212>= DNA

<213> Rhodococcus erythropolis

<220=

<221> misc_feature
<223> 1734bp to 1444bp pRET 1100

<400= 18

atgeecgeage ttccgegagt ctectgectt cecatgagga ggoaccatgt acaggtgaaa 60
atgeggageg ceteggettt ggaactecat titccacgea cecatccagg caatgececa 120
ggcecgtige aaccgttiga agaacgtetg gagatgtttt ttgacctcag cgecggtegge 180
ggcaaccgta agccagicee ceggataggt gagggteace atcgeaggaa tgeecggeaa 240
atccatcatg ggageccagt cgagtictge cattegeaag ateatecglg a 291
<210= 19

<211=> 258
<212> DNA
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gtgatggaac ¢ 791 <210> 36 <211> 501 <212> DNA <213>
Rhodococcus erythropolis <220> <221> m scfeature

<223> 1000bp to 1500bp pRET I I OO <400> 36 cttgttacat
ctgccacaac tgtccgtgaa tctctgccag ctcctgaaac cgctggtcag

60 ggccttgcgg aatccgg}g%gﬁ,%g(%t(%g%a&gg%g-c tctc

<m§£&&&%&£&£e§ﬁgsgﬁt9ac 1 gatgta gctgc
ttccttccag fcggtggcta actgggat gg gcgt gagggt 180

<220€gaggccgec gtttcgttgt cgcgectgge gttgtccget tggaggtttg
<2 gatctfegea 240 cgccgcgaac gaacggctga acgtgegt at
<228t dgdbtet éMgefdtle f§gt ggat at ggcg 300 (gct gccaggce
at aact cgcc gtacgacttc gacgtggacg atgaagagtt ggcggaactg
6q Page 19 FPO4- 0397- OOSG FY( Sequence |isting)
ctc ctc acgac t gggggct ggt ct gcgga
atgaé%éég acca%% %8%1—101:6 ?g&%g (%%6%0%9 Q&C CC&%‘{[ %9

gaa tc tcggtcacgg

tgatet @ga& L8t 1g@ct cccat ga
Ccat%ggatatt%g%a% SoPeR gg%%@@ﬁ%lgcgga% <212> DNA <213>

atgtiRbOaloC R UsetREaet hcapadd cSetecs2P Omgst22 1380M scf eat ure
<223> 5000bp to 500bp pRET1100 <400> 37 gatcctggtt

gt“éffat@ té‘ﬁa}jﬁ;@c Cgﬁtg@éttg @écalgga?afcgwa%ftatgfcetg gd@ggag t ?E ct cggat
cctatccgt ctcgggcgce cagt acgg ggaagacg
tcgcﬁaégtff‘tﬁcég? c tcgctgegga 120 5K

<210= 20

<211= 231

<212= DNA

<213= Rhodococcus erythropolis

<220

<221> misgc_feature
<223= 1674bp to 1444bp pRET 1100

<400= 20
atgeggageg ceteggettt ggaactecat titccacgea cecatecagg caatgececa 60

ggcecgtige aaccgttiga agaacgtetg gagatgtttt tigaccteag cgecggtege 120
ggcaaccgta agecagteee ceggataggt gaggpteace atcgeaggaa tgeceggeaa 180
atccatcatg ggageccagt cgagtictge cattcgeaag atcatccgte a 231
<210= 21

<211=> 138

<212= DNA

<213> Rhodococcus erythropolis

220>

<221> misc_feature
<223> 1581bp to 1444bp pRET 1100

<400= 21
afgttttttz acctcagege cggtegggec aaccgtaage cagtcecceg gataggtgag 60

ggtcaccate geaggaatge ceggeaaate cateatggga geccagtega gttetgecat 120

tcgeaagate atcegtga 138

<210= 22
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cgccgctcac atcgccat gc agggcaaaac ccgatccggc aaaagtcagg
cgacgtacaa 180 cgtgttagct caggcagcag cgaacgcggc
ggttcgagtc gtagggtccg acccgacaca 240 cgtactcctg
gagcccttca aacatcgagg ggtgtccgag ccttacgtgg tttcgggact
300 gaatgcgcag gccacg%%%gngﬁgggggg%gmgﬁ t caag
-1§9Lgagt ct g atcgtcgcat 3 cgaccagatg tggcccctgc
<2161 agegacaa gttttecgag ttcggggctt cgttcccget 420

<2 1gaRachegte egfhPpdi€gaag agtttcccgg gatcctcgag ggggcagcgg
acgaagacgc 480 cgcgttaggc cgaaaacctg ccgagcgtct
<§§g§caccgaggc atttcggcct acgtgcgtca 540 gatagcagcg
“2stafie @ aggctggaat tcgccttctc ctgctctcgec aacgagcgga
“22606°28 @@ﬁ@@%ﬁ?ﬂg ggcggca atgcgegttc gaattteggg
gt caagat ga ctctgagggt 660 ggacgaaccg gagtcggtga
~4o8@atgcttca tccgagcget tccccggaag actgtgecct 720
atg B SARAAGE e dhLRAVL S Hl OiB56La0 Ghalaaladl €gAgaag ccaggagaag
gccggcagat 780 tatgcgatgc gactttgtcg gcgagtacgg
atcggaga taadcgicy aogagiahicgheaadedtitciggace8A 0120t ct gegt t t t
ctcgccaccc tccagcaaga ccaggcccaa cgcgaattct tcgctgagga
clelgga agpastibcEfitlEc LRCHgRRSEgrceIst Yietssya (8tacaggaga gaaag
945 <210> 38 <211> 939 <212> DNA < £§> Rhodococcus
e e [ Rl S s %aétggf%gﬁfﬁ‘ﬁaéggﬁaée 20
- -q%;%} .St 3> 3350bp to
“%g%%%ﬁgggéﬁ% 108%¥§%%%%%%%§§%%%%%§%%E ?géaagagca
teeLREAGPEHYE AGE08GAE: AACEGEIIEEAGCTBE 9t 9g 60
ccactggcaa ccgacgattt cctcgacggc gtctaccgga tgcggcgatc
agaggacygeaetcge i@ cgabogeny ctaamedt cgagtic gdacccgcag
gcattgagca acctgctcgt cgtggacgtt 180 gaccacccgg
B2 acgccgeget gegggeget g t®dgcggeeg ggaat catce tct geccgaac
240 gcgatcgtgg agaacccccg taacgggcac gcacacgctg
—1bhgbgggcgct ggcagagccg 300 ttcacccgca ccgagtacgce
1¢cgt£gt aag ccgctcgecct atgcggccgc cgtcaccgaa 360

<212> DNA
<213> Rhodococcus erythropolis

220>

<221> misc_feature
<223> 2792bp to 2406bp pRET 1100

<400= 23

afgaatgaag acagagacaa catcatcgcece aggticcgeg tegaaatget cegetcaate 60
gaggatgeaa tteatttage cgeactetee gegaacgacg aaaaccgtta tgecgeaaca 120
gaagacaatc gaccegtgeg gacacaacta tegeaacaac ageaggttgt cetgacegag 180
ctgacattge cegaccacat ggaaaagete gegegggage acctegtita cctageegac 240
agagcgegge agatgaattg cacctgggta gagataggte agtegtigeo tetetetece 300
cacggagege ageagegeat caccagaage cgeccaaaac cegecateca geaaaagaca 360
aagecgaaag gegticegeg cgtetag 387

<210= 24

<211= 342

<212> DNA
<213> Rhodococcus erythropolis
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ggcctccggc gcgceccgtcca gggggacaag ggctattcgg gcct gat gac
caagaacccg 420 actcacggtg actgggacac ccattggctg
cacaccgagc ggcgatccct cgccgagctc 480 gaggcggaac
tcggcat cca catgccgcca acgcgct ggc ggcaaacccg at cgcgccgt

540 gagaacccga tcggcg%%ggnQﬁggg@ gg&mgﬁ&g hottcg

—sgaaccgcacg cacctgggcc 6 taccgcgaaa tccg tteca

<2261 RQAGHPAC ccgaccggcc tcggggeccge gatctatgcecg 660

<2gaagregeamsagEiFTaangc cacgttcagg aacccggt ca caggcaggcc
cgatgcactg 720 ccagcaagcg agctacgcgc cgtcgcggcc
tccattaccc gctggatcac tacaaagtcc 780 cggatgtggg

<40gtghcggecec tgetgtcetac g¥ggccacat t cat cgccat acaagccgca

mg%ﬁ@t%@ﬁﬁﬁﬁﬁﬁﬁﬁﬁlﬁﬁéﬁﬁﬁ ‘@%gﬁéﬁﬁﬁﬁﬁﬁgéogaggcaaacc
aaacagage a tc 900 a ttgtggga
b gac R A T I S LY P
it 3 CREGMSaf hodhid 2207 821> m scfeature
gg<2 %ﬁbp ?% 241%%% %Ré%%gggé <400> 39 at gcggcgat
gﬂ@agaﬁgm@mkgggggagamgmwigga@ggagﬁmggaamocgca ggcattgagc
60 aacctgctcg tcgtggacgt tgaccacccg gacgccgcgce
tigegigfelgirerstyes 2egiceasercsgefecct gpeccgrefaarwatcc et ct gccgaa
atc aaccccc gtaacgggca cgcacacgct 180
M“@%E% %ﬁ% g@%@?&§§@§g%??cacccgc %%cgagtacg cccgt cgt aa
gccgetcgec 240 tatgcggecg ccgtcaccga aggcctccgg
-16gegccgt cc agggggacaa gggctattcg 300 Page 21
<21FPQ4e 0397- OOSG- FY( Sequence listing) ggcctgatga
<21ce@mpgaaccc gactcacggt gactgggaca cccattggct gcacaccgag
<2136 Rhodoggog atridogols cgccgagct cgaggcggaa ctcggcatcc
acatgccgcc aacgcgctgg 420 cggcaaaccc gatcgcgccg

<Z%§%§§§CCC§ athgCCth gccgaaact g cgcectgttc 480
0

gc ctaccgcgaa atccgcttcc act ggggcga
<22ccc ac 6%%@ ct'cggggccg cgat ct at gc ggaagccgca

cagatcaacg ccacgttcag gaacccggtc 600

<400= 23
atggaaaagce tegegeggga geacctegtt tacctagecg acagagegeg ggagatgaat 60

tecacctggg tagagatagg tecagtegtig gotetetete cecacggage geageagege 120
alcaccagaa gecgeccaaa accegecale cageaaaaga caaageegaa aggegticeg 180
cgegtetag 189

<210= 26

<211= 135

<212= DNA

<213> Rhodococcus erythropolis

220>

<221> misc_feature
<223> 2540bp to 2406bp pRET 1100

<400= 26
afgaattgca cctgggtaga gataggteag tegtiggotc tetcteccea cggagegeag 60

cagcgeatea ccagaagecg ceccaaaacee gecatecage aaaagacaaa geegaaagge 120

gttcegegeg tetag 135

<210= 27
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acaggcaggc ccgatccact gccagcaagc gagctacgcg ccgtcgcggc

ctccattacc 660 cgctggatca ctacaaagtc ccggatgtgg

gccgacggcec ctgctgtcta cgaggccaca 720 ttcatcgcca

t acaagccgc acgcggtcgc aagat gagt g agaagaagcg cgaggcaaac

780 cggaaacgag cgacg gt ggg
-~ 198dg¢Qgaccg tgggcgctgaﬁ%%g&WQg%%gg%%ﬁgﬁg%ﬁhé <212>
<21PNANG213> Rhodococcus rhodnii <220> <221> n1scfeature

<2152 2802045 bpthicpolid412bp pRET 1000 <400> 40 at gaccaaga
acccgact ca cggtgactgg gacacccatt ggctgcacac cgagcggcga

<§§6¢€) tccctcgccg agct cgaggc ggaact cggc atccacat gc

< caa 120 acccgatcgc gccgt gagaa

<5"'23 @&HF%@@%méﬁggﬂg Jaa act gcgccct gttcgaaacc 180
gcacgcacct gggcctaccg cgaaatccgc ttccactggg gcgacccgac

~40899ect cggg 240 gccgcecgatct atgcggaagc cgcacagatc

atg RACOREACH] 1 SHRIYARGEE IPLGAE 880630050 aggcccgat ¢
cact gccagc aagcgagcta cgcgccgtcg cggcctccattacccgcet gg

gtteBfildy atcaaeicacamagiecogiatcegtiggaaegac 1ygccct get g
tctacgaggc cacattcatc 420 gccatacaag ccgcacgcgg

Cag%%@m@asg@aca@gga@%@@&g@gﬁg@@%@écca%a% c§faaa 480
cgac t cgacc cgcattg tgggaggcag accgtgggcg
teaggthac agigopte %gt%“gim%%i‘% 1?3@“‘ 599530 DO <0135
ggggggé)%ga%g B E]%angg . 2 ag%gg:[.t pl sgheature <223>
2849bp to 2412bp BRE OOgP 7%
atg i 0B 9cbe EXpEaFY{Requence |I$§5ng)

<210> 28

<211> 258

<212= DNA

<213= Rhodococcus erythropolis

<220=

<221> misc_feature
<223= 3049bp to 3306bp pRET 1100

<400= 28
atggtcagaa aagaccegga agacccgaac fetgageagt tccagaagea gaaggacgge 60

acgecggtet gotegatega ctgeattegg gtegaceggg catcaggeaa caaggeaate 120

gtoaccgiga cggticegga cgtgatggaa ceggatgtie cgeggoecggt ggagtictece 180
gagatgattg ccggtitetg ggtttcgege agtggticgg geatgtggtt ttcggeaage 240

geegtegett ctetetga 258

<210= 29

<211> 525

<212>= DNA

<213> Rhodococcus erythropolis

<220=

<221> misc_feature
<223> 3577bp to 3053bp pRET 1100

<400= 29
atgtegatgt actgecctee getgaacgge cocagetett ceggagagag aacgaggeae 60
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<400> 41 atgccgccaa cgcgctggcg gcaaacccga tcgcgecgtg
agaacccgat cggcctcggc 60 cgaaactgcg ccctgttcga
aaccgcacgc acctgggcct accgcgaaat ccgcttccac 120

t ggggcgacc cgaccggcct cggggccgcg atctatgcgg aagccgcaca

gat caacgcc 180 acgttﬁ%gggngﬁggggg%%%mgg&g ggccc
ccg&%%t%@g%éag&c 9&&&@&%&&%%%&&&9&9&@ 40 1.t cgcggcect

ccattacccg ctggatcac aaagt ccc ggat gt gggc cgacggccct
acagd@édg a@agloCtcatgacaggeaasdbicatal:Ggeaat agcaagccgcac

gcggt cgcaa gat gagt gag 360 aagaagcgcg aggcaaaccg
WY HANCYRFC L acgaayy tegerucggibe greatt gitdgggag 420

gcagaccgtg ggcgctqa 438 <210> 42 <211> 207 <212> DNA
tooR R IR s P ST ES VP R 2P e gieeeesy 0 scf eat ur e
ces823>, 236 to 2159b&§9§§£ 1000 <40Q2,42 at gggggcct

aaccacgg cgc A4aCCC agaaac tc aactcca

cacgcgca ccagege at cat ggecq agccgcggga ccagttcectc

ccgfBoce HaBRAHOC AR S LARIRARE CLIGHCHPABHC 18 Cgagct gc
gcgagcaggg cctgaagtac 120 cgcgagatcg ccgaggagat

teciggaab gt caRpggagaggech gggaaagcitccaat geacgac 180
gcacgcaagt acgcggtcag ctcctag 207 <210> 43 <211> 174

gcttetgepg sleqyppme doredsit PFSHBEHECcUs rhodmi i <220> <221>

m scfeature <223> 2332bp to 2159bp pRET1000 <400> 43
<Nﬁ£ggccgagc cgcgggacca gttcctcgca cgggcagccg agaaccgtcg
-19cgggccgtc 60

<212> DNA
<213> Rhodococcus erythropolis

<220=

<221> misc feature
223> 3371bp to 3033bp pRET1100

<400= 30

atgtactgee ctecgetgaa cggeeccage tettceggag agagaacgag geacecggea 60
acgtcegaga acaccecgtt tteecacttc ggateggecg geactetcag cggeacaget 120
teggactgtg aacgatcact gaacacgtic geegettgee aacetgecge aaccageaca 180
aacacgagca cgagggcace cacacccage geaacgecett tieetitgga catttccgaa 240
cctttcgage gocgacgate agegatcaga gagaagegac ggegettgee gaaaaccaca 300
fgccegaace actgegegaa acccagaaac cggeaateat ctecggagaac teceaccggee 360
ccgeaacate cggttecate acgteeggaa cegteacggt cacgattgec tigttgeetg 420
atgeccggte gaccegaatg cagtegateg accacacegg cgtgccgtee tictgettet 480
ggaactgcete agagticggg tettcegggt cttttctga 319

<210= 31

<211> 564

<212> DNA

<213= Rhodococcus erythropolis

<220=

<221> migc feature
<223 3339bp to 3902bp pRET1100

<400= 31
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gagct gcgcg agcagggcct gaagtaccgc gagatcgccg aggagat ggg
aatctccacc 120 ggaacggtgg gaaagctcct gcacgacgca
cgcaagtacg cggtcagctc ctag 174 <210> 44 Page 23

FPO4- 0397- OOSG FY( Sequence Iisti ng) <211> 330 <212>

DNA <213> Rhodococcus }rh cg?r >)m scfeature
o S2AE BT 3526000 R Ef@ S"4%at gect gegg
cga ccag g

cg at agcggc ga C gt ctgatcgc cgcat ccggt

gttg@éécag GRCHECGtacga Geraaat agachagghiegega 19t ggccacag
cggt agccac agctgttccc 120 aggcgccgec tgtgtgetct

cegtigerigEed teatdpy grassea toteaciscazaddat cg 180
atttattccg gtacgacacg ccagccaagt cagatgtttc ggtttctgga
teedreligtititreice g syt tryacgarteygetc ¢*Ggaaacgt cc

acaaaf tatt t acgtc at caggt a
refd %%géggg%%ga%%%%aag%% <30B%ER08 SRR 30 21 52099'2 )
. g@%% RAk3A s kb t@'calccc 52620_%0<221> m scfeature
e 23> 4 35bp to 36§9bpt)t p% T 10 <400> 45 at ggggt ggt

cecdgadatt gt 0l otdeaagt CQaOGgaCgliggegateitggtygccgyg tgtggtctta
60 ccgcgccggg atcgtctcgg gccggcacca ggatttccct

aacggeierrgeigtc tepdtagtetetisesict fip@aaapacigiegtyc®lt t gccat cgce
cqgc cttc ctt cccca 29¢ ttacc 180
aca%‘gcé%\gcﬁ%gﬁ% g&@%fﬁgfggg%% &@aé%céa Efgcsg gagct caccgaccct
it BERPLEEEHA o080
<210= 32
<211> 255
<212> DNA
<213> Rhodococcus erythropolis
220>

<221> misc_feature
<223> 3648bp to 3902bp pRET 1100

<400= 32

atgaatgtct ctgacctgtt ggtitetget cttecagagt ccacccgtee ceceggegat 60
ttegttcgtt cgtggaaagt ggegagteat gattactget atgagggtea taaccegeaa 120
ggctgcactt ctegtatgee ggtitgggte tetgeaaaaa actggtggte cacagaacce 180
gtactegate cgetegtteg tegetgtgag gictitectg caaggeaaat cgtigtgeeg 240
gaagggottt cgtga 235

<210= 33

<211> 669

<212> DNA

<213= Rhodococcus erythropolis

<220

<221> misgc_feature
<223= 4366bp to 5034bp pRET 1100

<400= 33
atgggcacce cacgeccaag taaccgetgg tgcgetggat attteggegg tggtetegte 60

agcggogoaosa ageggeacag cgaggecgge coggtagaaa teatettitt gatgetggea 120
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t caaacgagc agtaccggcg cctcgtgaca ctgcgccggt tgcagggggc
gctaccggtg 300 gtgtccctcg tgggaagcgg attgtgegtg
t gggcctggc gtcgacgccg cttctga 357 <210> 46 <211> 318
<212> DNA <213> Rhodococcus rhodnii <220> <221>

m scfeature <223> 399 (ﬁgggQ 5511$9 0 <400> 46
AR SAEROL 0397, e g

gtggccg gtgtogtc accgcgccgg gatcgtctcg ggccggcacc
steadgpfabdobt@Oe othBootd Q@tdetl Qe chcd gdcgidteC c24at ccacgt gc
attgccatcg ctgccgcggt gggtgtcttc 120 gcttggceccc

ticlaeray yededc cogrgrac oy raddtace ggblegggat®®cccec cagcgcgage
180 tcaccgaccc tgcagttcct gtcaaac cagt accggc
SRS OGEGREY AREGE ST S EHERIE0gT cact aceggt

R S T %%%?Z%%f " 212> A

CCgC . C CgC 1 .
T a3300p. PRETTo00 24602 47 5t gaceoct g

ges@lgeigrabet £gAngRECYgetdaRecHageatieagcgecge tgcttcgegg

60 gccgctgacg cggccccggec gaagcgcacc cgcaccgt gg
gateagfgt @g@@@“@*@ﬁ‘@@@@f gf@gﬁm&%g%@@@@@@%@@ &gt ggat cga

g%ﬂgﬁ%gﬁg %“% %@% g%%“%c %F eé%éé:agégigg éggcgaagac

gwgggpagtgga 240 669

<210> 34

<211> 558

<212>= DNA

<213> Rhodococcus erythropolis
<220>

<221> misc_feature
<223> 4477bp to 5034bp pRET 1100

<400= 34
atgetgocag teagggegggo sgactacate gtegecgtga ctgeggttet cgeggtegge 60

ttcttegegg tegegptiga gggetitetgg ttectggteg tegeagteat cgetgeaceg 120
gegtegteot tictgecgega ctgggaateg aageggagge cegtacgggt ctitgaacgg 180
geatggaagg ggacacctga atcccceggt attgetetet cectiggect gtegaacgtg 240
geggpotete tgeegaggtt gaggaagttt gaaactggtt cgggpatacg cacactegtg 300
ttttetttge cgeccggagt cactgecgag agetttgaga aagticgece tgegetggea 360
gacgegatgg goootcaccg ctgecaagta gagaaggteg ceeccggaca gotecgegte 420
agagtgatty atgaggatic gatgaagacg cegegtgatg cgggatggoc gaaagatgtt 480
gtgctggaag aggatacgtt cgacggtctt ccgggegaga cgegatectg gitegageaa 540

gaggooccgg catcatga 358

<210= 35

<211= 791

<212> DNA

<213> Rhodococcus erythropolis
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at gt cggcgg aggcggccgc ggaggt cgcc gcgat gcggc agcagat gac
gaaggt gggg 300 aacaacctga accagatcgc gagggcgatc
aacgccgggc aggtgccgtc gcagatggcc 360 gagtccctgce
agaaggggtg gctggagagg tgggggcagg agttggggcg gatggcggat

420 cggctcgacg cgct cgaggayC 9@99 L92..45 210> 48
95211> 210 <212> DNA <2§g> 7(I‘ghodoc uscer%rl nii  <220>

<2122z wangcf eat ure <223> 4621bp to 4830bp pRET1000

<2254 0Q0mb#h3 3atogt fRFYCYY aggcggccge ggaggt cgec gecgat gecggce
agcagat gac gaaggtgggg 60 aacaacctga accagatcgc
gagggcgat c aacgccgggc aggtgccgtc gcagatggcc 120 Page

<4095 SFPO4- 0397- OOSG- FY( Sequence | i sti gagt ccct gc

n
ey gy o ooy alonn
ol U BRSSO 10 210 S,

gtgcﬁgt%;-t%tcl%c%gfc%ﬂzgééf SomReR T BRRAR LR 1A83bp PRET 1000
400> 49 atgcggcagc agat gacgaa ggt ggggaac aacctgaacc

teca@at Qgegaycggegatgaacciiistge cgogaaggiott gccgt cgeca
gat ggccgag tccctgcaga aggggt ggct ggagaggtgg 120
slecgepepsatygrigle telgtparrcaiaatet grdateggeett éacgcge t cgacgacca

ggct ga 177 <210> 50

gegdc t gdattgeate ctegattgag cggageattt cgacgeggaa cetggegatg 360
atgttgtete tgtettcatt cataactgaa gegtattggg agtgttgecce teccaccatg 420
tetgccaatg caggtoteaa ctgagtcaca gttteteaat agactecaag tttgtgatece 480
ttttactcee aaaatgggpc atgatgigte cgtgectegg teaggggeg aaagttecgac 540
acctcgaaag aaggectega catggetttg aaagetgctg geaacgtgat tectgattce 600
fccgegtacg agtaccggec gottcaggtc gagecgaaga tggicagaaa agacceggaa 660
gaccegaact ctgageagtt ccagaageag aaggacggea cgecggtgtg gtegategac 720
tgcaticggg tegaccggece atcaggeaac aaggeaateg tgaccgtgac ggttceggac 780
gtoatggaac ¢ 791

<210= 36

<211= 3501

<212> DNA

<213= Rhodococcus erythropolis

<220=

<221> migc feature
<223> 1000bp to 1500bp pRET 1100

<400=> 36

cttgttacat ctgecacaac tgtecgtgaa tetetgecag ctectgaaac cgetggteag 60
ggccttgege aatecgtgac cgotgatgat ttttggtete attcgticee cegegetgac 120
gatgtacgeg gegeagetge ticettecag teggtegeta actgggatgg gegtgagest 180
cegaggecge gtttegtigt cgegectgge gttgtecget tggaggttte tgatetegea 240
cgecgegaac gaacggetga acgtgegtat ctggetgete gggetegget ggatatggeg 300

getgecagge ataactegee gtacgactic gacgtogacg atgaagagtt ggeggaactg 360
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<211> 165 <212> DNA <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 4666bp to 4830bp pRET 1000
<400> 50 at gacgaagg tggggaacaa cctgaaccag atcgcgaggg
cgat caacgc cgggcaggtg 60 ccgtcgcaga tggccgagtc
cct gcagaag gggcggct 9g9;,293499t9699, S ggagil 12? 168
gafpcagg getga
s 1A g R e B o occus
stedobred B dteg tt<iRbreos gk stio g Sigf c@@tatit@ctsg? 23> 5161bp to
4709bp pRET1000 <400> 51 atgactctcg aagcccatcc
gelog@tee pgdgaes cgt ct gcgeg at gt cdycga act cggtatc 60
gtcagccgc cgatccccgg gcgcgcaccg cagcgagcaa tgccacaccg
ccgcgegttc gtcgcggcgg cccgctcgaa

- gctracccac 120
<21 §gcccc caccgggtcg ggtttttggc 180 Page 26
1FPE&A:0397- OCSG- FY( Sequence |isting) ggtgacctgc

< 13€ Qa8 «GBRLGACCYGt cccgecggea at cageccgge ccgcect cggt
240 gcggtagctg tgcggggtgg ccttcceccgg cccgtgcaga

<220acgccgcca accccttcgg 300 gtcgctgececc gtgctgatct

<2 e gugdtatme gt cagccct g gt cgt cgage gecgt cgagec 360

<2Fare@hreative eyeldé®@aac tcctgeccecece acctctccag ccaccccttce
t gcagggact 420 cggccatctg cgacggcacc tgcccggegt tga

o#93,<210> 52 <211> 354

gatcctggtt cgageaagag gggccggcat catgagaaaa teggegggag tatcteggat 60

tectateegt ctegggcegcet cteagtacgg goaagacgtt ggattegate tegetgegga 120
cgeegeteac atcgecatge agggeaaaac cegatcegge aaaagtcagg cgacgtacaa 180
cgtettaget caggeageag cgaacgeggce ggttcgagte gtagggteeg acccgacaca 240
cgtactcetg gageccttca aacatcgagg getotecgag cottacgtgg titcgggact 300
gaatgegeag gecacggtgg acatgetggg ctgggteaag cglgagtctg ategtegeat 360
cgaccagatg tggcccetge gtaccgacaa gttttecgag tteggggctt cgtteceget 420
gatactegte gtoctegaag agtitcecgg gatectegag gggocagegg acgaagacge 480
cgegttagge cgaaaaccetg cegagegtet cgeacceege attteggect acgtgegteca 540
gatagcageg cagicggcaa aggetggaat tegecticte ctgetetcge aacgagegga 600
ggccicgate attggeggca atgegegttc gaatticggg gtcaagatga ctetgagget 660
ggacgaaccg gagteggtea gaatgetica tecgageget tececggaag actgtgeect 720
ggtegagacce ttcaagectg gtacetgect tiicgagaag ceaggagaag gecggeagat 780
tatgegatgc gactttgteg gegagtacgg gagatatecg cgagecateg agteticgga 840

tetgegtttt ctegecacec tecageaaga ceaggeccaa cgegaattct tegetgagga 900

gttcggtete gtegatecgt catgactgga ccacaggaga gaaag 945

<210> 38

<211> 939

<212= DNA

<213> Rhodococcus rhodnii

<220=
<221> misc_feature
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<212> DNA <213> Rhodococcus rhodnii <220> <221>
m scfeature <223> 5062bp to 4709bp pRET 1000 <400> 52
at gccacacc ggcttaccca cccgecgegtt cgtcgcggcg gecccgcetcga
agtcccgccc 60 ccaccgggtc gggtttttgg cggtgacctg

caccgat ccc gcgat cacch}to%ggg%g@gYég%mg gccgg

<22§§%9§69;§t%9912%19ﬁ&9‘t16&0t gtgcggagt g ttCCC gccecgtgeag
at acgccgcc aaccccttcg ggtcgetgec cgtgcetgatc

ttcgcgatca cgtcagccct 240 ggtcgtcgag cgcgtcgagc
<40ggasccgcca tccgccccaa ctcctgeccc cacctctcca 300

alggiieqa kewedeta @tigraggoaeete gyetat etcgdptagacgcac ct gccecggceg
ttga 354 <210> 53 <211> 288 <212> DNA <213>
CCaW%G%@&‘%d%ﬁ%‘iﬁt‘?tMCg@?Eﬁﬁc%??&@gcﬁ‘itgs01‘28 ature <223>

b 19 .2618bp 1000 at gcgct
gatcé ‘% Cgaaefcéga%g REQEEE th Cq%gaccggggg(ggctc gcgagctgtc

gacﬁl@ccggtaggc‘cécgﬁ g&ggcg%@g@%%%géa HagageLs. ag@gt ctgec
tcccacaatg cgttccggtc 1 gaccttcgtc gctcgtttcc

e Qi bgaetey PagaricQti-tatiCRREEAT edcadagiegadmgcyg 180
tgcggcttgt atggcgatga atgtggcctc gtagacagca gggccgtcgg
ttcapeEEoR EErEEEL czgmtaaw&éqgeqt geeaegicgaremyciyggt aat gga

R N R S
£ee GlEnEE PSR <Fh1> 285 <212>
actc%ég actgggacac ccattggetg cacaccgage ggegateect cgecgagete 480
gaggcgoaac teggeateca catgecgeca acgegetgge ggeaaacceg ategegeegt 540
gagaacccga teggeetegg cegaaactge geectgtieg aaaccgeacg cacctgggee 600
taccgegaaa tecgetteca ctggggegac cegaceggece teggggeege gatetatgeg 660
gaagccgeac agatcaacge cacgiicagg aacceggtea caggeaggec cgatecactg 720
ccageaageg agetacgege cgtegeggec tecattacce getggateac tacaaagtee 780
cggatgtggo cegacggecc tgetgtetac gaggecacat teategecat acaagecgea 840
cgeggtegea agatgagtga gaagaagege gaggeaaace ggaaacgage gacgaaggte 900
gaccggaacg catfgtggea gecagaccgt gggegetga 939

<210= 39

<211> 840

<212> DNA

<213> Rhodococcus thodmi

<220=

<221> migc_feature
<223 3251bp to 2412bp pRET 1000

<400=> 39

atgeggcgat cagacgeact ggategecge tacategagt cgaaccegea ggeattgage 60
aacctgeteg fegtggacgt tgaccacceg gacgecgege tgegggcgct gteggeggee 120
gggaateate ctetgecgaa cgegategtg gagaacccee gtaacgggcea cgeacacget 180
gtetggocge tggcagagee gticaccege accgagtacg cecegtegtaa geegetegee 240

tatgeggcecg cegteacega aggectecgg cgegeegtee aggggooacaa gggctattcg 300
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<213> Rhodococcus rhodnii <220> <221> m scfeature
<223> 2334bp to 2618bp pRET 1000 <400> 54 atgcgctgga
t cgt gcgecgt ggaggccccc atcttctcgg ccagctcgecg agectgtctgce
60 ttgcggcgga tcggtcgttc agcgcccacg gtctgcectcc
cacaatgegt tceggt c9aCFPBz.Qs97.00%@.9&59%2“9%5%ecggt
secll AAELEACH. GLEALL El:fall EahEL O Qg CdGot 0C 180
ggcttgtatg gcgatgaatg tggcctcgta gacagcaggg ccgtcggccc
cpe@ERicCRHGaRT FdlcoeilctdhGhtagicgeaicc cageaay £2aat ggagge
cgcgacggcg cgtag 285 <210> 55 <211> 336 <212> DNA
cggead @ eaRirecto oo atdaording ccgamRROgect@R 1 480y scf eat ure
<223> 2907bp to 3242bg pRET 1000 <400> 55 atgggtgtcc
SaRCE AR EETE AP R Yt P B BAt e a gt ct’faat agcccttgtc

CC6OC CCCaCEE aE% CC c'c:l E? CC:B% aa CCtataCc% C ggngCC
toedebepe BN ARG AGIEACEIR MGG, 956 99099°C
acadeSRRCAGRLE! L HLEALGIS G LR CBE AU ccahacahgcce 180

gttacggggg ttctccacga tcgcgitcgg cagaggatga ttcccggecg

cge@EACAGLGT cBdlsteLLGaaYRGRY: e glergygt 799t caacgt ¢
cacgacgagc aggttgctca atgcctgcgg 300 gttcgactcg
ficaligcgt BRYRAGEFE 2egaReBDGELRess AP B36eeePA0V 386  <211> 513

<212> DNA <213> Rhodo%::occus r hotdni [ <%g00> <221>
CEEHP SRS c@gﬁgﬁg% cgaccggaac geatlgigge aggcagaceg tgggegeiga

<210= 40

<211= 534

<212= DNA

<213 Rhodococcus thodmi
<220

<221> misgc_feature
<223= 2945bp to 2412bp pRET 1000

<400= 40

atgaccaaga accegactea cggtgactgg gacacceatt ggetgeacac cgageggega 60
teectegeeg agetegagge ggaactegge atccacatge cgecaacgeg ctggeggcaa 120
acccgatcge geegtgagaa ceegategge cleggecgaa actgegeect gttcgaaace 180
geacgceacct gggectaceg cgaaateege ttecactgge gegacecgac cggecteggg 240
geegegatet atgeggaage cgeacagate aacgecacgt tcaggaacee ggicacagge 300
aggcecgate cactgecage aagegageta cgegeegteg cggectecat taccegetgg 360
atcactacaa agtcccggat gtgggccgac ggeectgetg tetacgagge cacaticate 420
gecatacaag cogeacgegg tegeaagatg agtgagaaga agegegagge aaaccggaaa 480
cgagegacga aggtcgacceg gaacgeattg tgggaggcag aceglggocg clga 534
<210= 41

<211> 438

<212> DNA

<213> Rhodococcus rhodnii

<220=

<221> migc_feature
<223 2849bp to 2412bp pRET 1000

Page 22



<223> 1650bp to 2162bp pRET1000 <400> 56 atgcggattg
aactagttca tttggggaac gatgacctga tgaccgggga tcgtgaccga
60 Page 28 FPO4-0397- OOSG FY( Sequence listing)
cccatgctga ccatcgccga ggcggt ggac gcgacgcaga ccagtgagag
cacgat caag 120 caccggﬁﬁggngg&ggg%%%%mgﬁ&g cgaac
gcggt ccgca ctgccgacgg gaagtggatg attcccctcg
<400t gacct at ¢ agcggcaggg ct gagaccag ggaaaat ggc gaaacct gac
atgcdéan cERGGcHPRGCcEL it PaR] GaacCRPIGcagE gacctggcag
ct gagaacac cgagctccgt 300 cagcgcctgg ccgtggccga
%waqg@@mggaﬂaa@@qaa@g@gwa@@qgaﬂbawﬁegacg@gcag 360
caacagatgc tccg ct cgaagcccgg ccggtgtcgg ccctggagcc
Ry it fo (Ao (s i %2%?“?6% tiEge HgergreTgtrigee 38&: cgtcccg
C c.tac 480 ggcccgga
AR % A0 0119074
tegT &%ca% < ctfa’& Q G !:cjct 35820> <221>
¢ %%%cfeatufe%%%§3> 1 88%% ?%gz%%z p pRET 1000 <400> 57
getadlga0egegy calicoh gagetcaagegalbgehgasaeratcogccyg aggeggt gga
cgcgacgcag 60 accagtgaga gcacgatcaa gcgccgcectg
AgHENI PG BRI ECEOLLETE ARA SRR tieEdPEe2e af gccgacg
aagt gattcccctc ggtgacgtat cagcggcagg gct gagacca
geafpRig'e ég%%%aatgg cgaaacct ga %%cggtgacc ccttcaaatg
accgggtccg tgacctggca 240 gctgagaacg ccgagctccg
«1b€agcgect g gececgt ggeccg aagccct ggec cagcgaacgc 300
<21@abeggat ca tcgacgt gca gcaacagatg ctccggatgc tcgaagcccg
<21ge@ggt gt cg 360 gccctggagc ccgcggeggt tccagtggceg
<2 1§gRbolgocge todgaiccgt ccc ggccgeccgat 420 ggt cgggcag

ct acgggcgc cctggcccgg atacgtcgac ggcttctcgg ctag 474
<228910> 58

<221> migc_feature
<223= 2365bp to 2139bp pRET 1000

<400= 42
atggggecct ccacgegeac gatecagege ateatggeeg ageegeggga ceagttecte 60

geacgggocag cegagaaceg tegeegggee gtegagetge gegageaggg cetgaagtac 120
cgegagateg cegaggagat gggaatetee accggaacgg tgggaaaget cetgeacgac 180
geacgcaagt acgeggteag ctectag 207

<210= 43

<211= 174

<212= DNA

<213> Rhodococcus rhodnii

220>

<221> misc_feature
<223> 2332bp to 2159bp pRET 1000

<400= 43
atggcegage cgegggacca gifcctegea cgggeageeg agaacegtcg cegggeegte 60

gagetgegeg ageagggect gaagtacege gagategeeg aggagatggp aateteccace 120

ggaacggteg gaaageteet geacgacgea cgeaagtacg cggteagete ctag 174

<210= 44
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<211> 450 <212> DNA <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 1713bp to 2162bp pRET1000
<400> 58 atgctgacca tcgccgaggc ggtggacgcg acgcagacca
gt gagagcac gatcaagcgc 60 Page 29
FPCﬂ-OSQ?-OOSG—FY(SeqH%Q%§WQb§ng§ M e{o[eloigfe [o]e]e]s
-199ggegcgtt cccgaacgcg gtccgcactg %acggga gt ggat gatt
<132@nacccct cggt g acct at cagc ggcagggct g agaccaggga
<2 13a&hgyegaatagait gacccg 180 gtgacccctt caaat gaccg
ggt ccgtgac ctggcagctg agaacgccga gctccgtcag 240
<§?@cctggccg t ggccgaagc cctggccggc gaacgcaat c ggat cat cga
<22¢y 300 _cagat gctcc ggatgctcga agcccggcecg
<Z@fpg%&©@3§mP@@ﬁﬁég)gc ggcggttcca 360 gtggcgggtc
cgccgceccgec cgtcccggec gccgat ggtc gggcagct ac gggcgecctg
<4082Q, %%g;?gaéié i;géfcggct tctcggctag 45g 3210> 5320
" t ggCcug rhodnii < >
s TES Tiedife aiadLr SMRg R RuETa bp e B L 65bp pRET 1000
agaid QW zadrbhatf gaiteepectcggbgacat a@fgt@gcyyca gggcet gagac
cagggaaaat ggcgaaacct 60 gacccggtga ccccttcaaa

azepegrecEiggeie t%wajm%t@ggaea@wcgwmag@@%cb%&gct c 120
o SELGHHEEE.L 49950905, EpacEl g, aosqucgaac geat coga

aga&ﬂt%%?ac Céc% 2SHIGGGEAAR AEEEGEIALG£F05009t t CCagt gg

cggg gcc gccgcecceccgtc ccggccecgcecg at ggt cgggc agct acgggc
ttatc:a&% teceggggtt ceggoootoa 330
<210= 45
<211= 357
<212=> DNA

<213> Rhodococcus rhodnii
<220

<221> misc_feature
<223= 4035bp to 3679bp pRET 1000

<400> 45
alggggtggt tatlgetigt tgegteggge gecgtggega tggtggecgg tgtggictta 60

ccgegeeggg ategictegg geeggeacca ggatiteect ggttetgget gotetteccca 120
fccacgtgcea ttgecatege tgecgeggty gotgtctteg ctiggeccea ageggttace 180

ggcacggoga getactggte ggatecgece agegegaget cacegaceet geagttectg 240

tcaaacgagce agtaccggeg cotegtgaca ctgegecggt tgeaggggogc getaceggte 300

gtoteecteg tgggaagegg attgtecgte tggocctgge gtegacgecg ctictga 357

<210> 46

<211> 318

<212= DNA

<213> Rhodococcus rhodnii

<220
<221> migc feature
<223 3996bp to 3679bp pRET 1000

<400= 46
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gccctggecc ggatacgtcg acggettctc ggctag 336 <210> 60
<211> 288 <212> DNA <213> Rhodococcus rhodnii <220>
<221> mi scfeature <223> 1875bp to 2162bp pRET1000

<400> 60 at ggcgaaac ctgacccggt gaccccttca aatgaccggg

t ccgt gacct ggcagcet 9391?}%9-03@}%9@-93%9%&&&%%agc g
atggggt%%:ogg%?ggw 2 IRERAAAREE S UL LAACIAAGICRAL €Y 120

at'cgacg t'gcagcaaca gat gctccgg atgctcgaag cccggccggt

teot@teGOGORRtGiclBoec GRGACLARGYeL Gtctacagiv ggcgggt ccg

ccgccgeccg tccecggecge cgatggtcgg 240 Page 30
gettER@d 1 @3Q TacCRSGBe ey (Svqgensrickdcs tagqgaec gidagcet acgg

gcgccc%%gc ccggat acgt cgacg[gcttc tcggct ag 288 <210> 61
tcacggnop feoarfiort 2 as pRRaE2 SR ATE BB UE ' hodni i <220>

<221> mscfeature <223> 6 to. 21 p pRET 1000
tach e T G R DR Bl T P g cgaget
ot GHIGRAEEYC ctggeecgtgg 60 gggaageccct ggccagcgaa

cgcaat cgga tcatcgacgt gcagcaacag atgctccgga 120

t gct cgaagc ccggccggtg tcggecctgg agcccgcggce ggttccagtg
<2lgedggt ccgc 180 cgccgeccgt cccggeccgec gat ggt cggg
<21¢adet acggg cgccctggec cggatacgtc 240 gacggcttct

=21
<21§§ o 090%31 I}(E(}:d.l%la 264 <210> 62

<220=
<221> migc_feature
<223 4381bp to 4830bp pRET 1000

<400= 47

atggcegetg acgetgeate tgacgacegg cggacegagg teegegeege tgettegegg 60
geegetgacg cggeeccggce gaagegeace cgeaccgtgg cggtgcgect gacegatgge 120
gaggagoceg cglggatega cgecgegetg gecgatggee accggeaget cggggegtgg 180
gtecgtgage ggocgotggc cggetatete gggaaggtee gecegaagac cggeagtgga 240
atgtegocge aggegocege ggaggtegee gegatgegge ageagatgac gaaggtogos 300
aacaacctga accagatege gagggcgate aacgeeggge aggtgeegte geagatggee 360

gagtccctge agaagggote gctggagage togogocagg agttgegecy gatggeggat 420

cggctegacg cgetegacga ccagggetga 450

<210> 48

<211= 210

<212= DNA

<213 Rhodococcus thodmi

<220

<221> misgc_feature
<223= 4621bp to 4830bp pRET 1000

<400= 48
atgteggege aggeggeege ggaggtegee gegatgegge ageagatgac gaaggtggee 60

aacaacctga accagatege gagggcgate aacgeegggc aggtgeegte geagatggee 120
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<211> 258 <212> DNA <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 810bp to 553bp pRET1000 <400>
62 atgctatggg aggtatgcac ctttegcgcg ttatgtacgce

at cct gggca ccctgggcac 60 gaccgacctt ctagcgatcg

atggtgttct tggacatgctF&ﬁggﬁqgggng 9tk % 120
g

a t ag tcccattccg
s e AR S T acccc

226086000aAGhGa Gageaiggt t ggt ccct ggm 240  ggcgggecgy
gggtttga 258 <210> 63 <211> 540 <212> DNA <213>
Rhodococcus rhodnii <220> <221> nmi scfeature <223>
<N@i?5p to 656bp pRET1000 <400> 63 Page 31
:ggf 0397- OOSG—FY(Sequence listing) atgggaggcc
cace .9

acace get.acgggac atgctcgeccg cccaggagca gcgccggaag
ccgtggac c cggagcagaa acgccagtac gcgaccgcca
<9@agcccaagc agaacgcccc 120 gcgaaggcca aggacgccgce
<2208aakggase gaggtcgccg gcggcggcta ccagcgggac 180
<220t g6YoIYYgsBobgERETCtgCcyg act gt gggt g gct gaggacg gcgcctggtc
gat cacctcg 240 aagaaggacc ccgaccgcca gtacgccgca
<40ggtcaggccg acaccgtcgc gcaggcccaa 300 gccgcggcca

oS B A AR 8
gccéggé'%%g @&gtg&a Eﬁggﬁﬁﬁg&@caéggggg@g%&%%@gg%%g (fﬁ)g aggt caa

cccggcc cgccgccagg gaccaaccat gccgcagtcg 480
goocagoact togoocgoat ggcgoategg ctecgacgcge tegacgacea gggctea 177

<21

<210> 50

<211> 165

<212= DNA

<213> Rhodococcus rhodnii

<220=

<221> misc_feature
<223> 4666bp to 4830bp pRET 1000

<400= 30
atgacgaagg tgggeaacaa cctgaaccag atcgegaggg cgatcaacge cgggeaggteg 60

cegtegeaga tggecgagtce cotgeagaag ggetegcteg agaggtogog geaggagtts 120

geocgoatoo cegategoct cgacgegete gacgaccagg getga 165

<210= 51

<211= 453

<212= DNA

<213> Rhodococcus rhodmi

<220=

<221> misc feature
<223> 5161bp to 4709bp pRET 1000

<400> 31
atgactcteg aageecatee geteggegac cgtetgegeg atgtecgega acteggtate 60

ggtecagecge cgatcoocgg gegogeaceg cagegageaa tgccacaceg gettacccae 120

ccgegegtte gtegeggoegg ceegetegaa gteccgecce caccggeteg gotttttoge 180
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gccccggggt at cagccacc cggccgcaac cgaggtcgag aat ccggaat
gggactgtga 540 <210> 64 <211> 510 <212> DNA <213>
Rhodococcus rhodnii <220> <221> m scfeature <223>
147bp to 656bp pRET1000 <400> 64 atgctcgccg

cccaggagca gcgccggaagﬂ%gggggﬁgégYﬁ acgccagt ac

sl UGHACGOLEA.ARACLEARN AMABLHK gg@aa gcca
aggacgccgc gdaaatggacc 120 gagg cgccg gcggcggct a

£oe@6RYCYEQAc: GHPCQE BUPRadgaseeicgagetgt gtgggt g 180
gct gaggacg gcgcctggtc gat cacct cg aagaaggacc ccgaccgcca

gtegyRere gledgptrate@4 dcac glgiscaygeigeracasicgtecgeoycaggeccaa
gccgccgceca ccacagc gaaaacgcag 300 gcccaggcga
gatff%ﬁ% GEEGEA t&&”@&%ﬁﬁﬁt&ca@%ﬁ%&& geageetgddt cage caccagageg

360 ccggcac atcgcgga tct cccc accaaacccg
%g“mmgg%?%éggggﬁ%%%gﬁcc 420 cgcgggcagg gaccaaccat

gccgcagt cg gcceccggggt at cagccacc cggccgcgac 480
<2109aggt cgag aat ccggaat gggactgtga 510 <210> 65 <211>
2135454 <212> DNA <213> Rhodococcus rhodnii <220> <221>
<21fr $feat ure <223> 306bp to 656bp pRET1000 Page 32
<2 IppBhodgagTs OG- FY( Sequence |isting) <400> 65

gtgaacctgc gact gt gggt ggct gaggac ggcgcctggt caatcacctc

aagaaggac 60 cccgaccgcc agtacgccgc aggtcaggcc
<x§§%§&£&§quﬁﬁﬁéﬁg&ﬁca agccgeggee 120

<400= 352
atgeccacacce ggettaceea ceegegegtt cgtegeggeg geccgetega agtecegeee 60

ccacegggte gegtitttge cggteacctg caccgatece gegatecaceg tecegecgee 120
aatcagcegg cecgectegg tgcggtaget gtgeggggte gocttecceg gecegtgeag 180
atacgeegec aaccectteg ggtegetgee cgtgetgate ttegegatea cgteageect 240
getegtegag cgegtegage cgatcegeea tecgececaa cteetgecee caceteteca 300
gecaccectt ctgeagggac teggcecatet gegacggeac ctgoccggeg ttga 354
<210= 53

<211> 288

<212> DNA

<213> Rhodococcus rhodnii

<220=

<221> migc feature
<223> 2331bp to 2618bp pRET 1000

<400= 53

atgatgegcet ggategtgeg cgtggaggcee cecatetict cggecagete gegagetgte 60
tecttgegge geateggteg ttcagegeee acggtetgee teccacaatg cgticeggte 120
gaccttegte gotegtitee ggtitgecte gegettctic teacteatet tgegacegeg 180
tgcggcttgt atggegatga atgtggecte gtagacagea gggeegtegg cecacateceg 240

ggactttgta gtgatccage gggtaatgga ggecgegacg gegegtag 288

<210= 34
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acggccacag cgaaaacgcaggcccaggcg atgtggaagc aggtcccggc

cgacaagcgc 180 accgagtcag ccaccagagc ggtccggcgce

gt gatcgcgg atctcacccc caccaaaccc 240 gccgaggtca

aacccccgge ccgccgccag ggaccaacca tgccgcagtc ggccccgggg

300 tatcagccac ccggc cggaa
—itgggactgtg a 351 <21%§ %W%§%§99§%%%m9%%%§ DNA <213>
«a1Rhedecoccus rhodnii  <220> <221> m scfeature <223>
<2145 ®hgiotac®E6lp pRET1000 <400> 66 at gt ggaagc

aggt cccggc cgacaagcgc accgagtcag ccaccagagc ggtccggcgc
<2260 gtgatcgcgg at ct cacccc caccaaaccc gccgaggtca
<2Zhadese @ﬁg% ccgecgecag 120 ggaccaacca tgccgcagtc
2235 ¥yg go ot g%@ac ccggccgega ccgaggtcga 180

gaat ccggaa tgggactgtg a 201 <210> 67 <211> 1326
<405232> DNA <213> Rhodococcus rhodnii <220> <221>
e Ih86 I QALME Qe 2232 « OLAGDR.L0, 0900 RRETI000 400> 67

at gggcttcg agagtcatcc gtgggtggcg gtgcggcacg acgacgacca
ttgcgrbdn Cagieditg addfeccagLdtgicct coagggtc@gagdt 12ccagggcgt g

acct ggaaga acagcaacga ccggtggaag 120 gtcgtcgagg
cticgepat %@t&é@‘étg@@%%‘ﬁ@@%“@@@%w@%@c t §& cgaggt ggcgagcccg

180 agc ccce ca agcca gcgagcaac
sooiteedRGGR WEOUALEYOE D0 atgtt e de Bocooacas
am&%@%ﬁgggggmgg£gﬁggg§ ggsggfcgcga ¢@t cgcegea 300

ggccagggt g tgggggcgtt cgaagt ggcg ctcgtacaga acccgattac

ccgagtgcag 360
<210 55
<211> 336
<212> DNA
<213> Rhodococcus rhodnii

<220=

<221> misc_feature
<223> 2907bp to 3242bp pRET 1000

<400= 55
atggototec cagtcaccgt gagtcggott cttggteate aggcccgaat ageecttgte 60

cceetggacg gegegeegga ggectteggt gacggegpee geataggega geggettacg 120
acgggcgtac teggtegegee tgaacgecte tgecagegee cacacagegt gtgegtgeee 180
gttacgggoo tictccacga tegegticge cagaggatga ticceggecg cegacagege 240
cegeagegeg gegteegggt goteaacgte cacgacgage aggttgetea atgectgegg 300
gttcgacteg atgtagegge gatccagtge gtetga 336

<210= 36

<211= 513

<212> DNA

<213> Rhodococcus rhodmii

<220=

<221> misc_feature
<223> 1650bp to 2162bp pRET 1000

<400= 56
atgeggattg aactagtica titgggoaac gatgacctga tgaceggoga tegtgaceta 60
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Page 33 FPO4-0397- OOSG FY(Sequence |isting)

gt gcggcgca acgtcgcgaa gacgggccgg at gaat ggct acagcttcaa
cctgcccgge 420 tacgtcgacg ccgccgggga gccgatctgg
ttgccggect ccaaactcga ccggggtttg 480 tcctggtcac

agct ggaaaa gacgctgaccﬂ%ggggQﬁggng%gg%ggﬁgg cgccggcgag
ccontftda (QROREIILIG L Q&Q&@%Q &Qgtglgégccg glpcgeegegt
gggagcagcg ccgccgcgag 600 cggcggcg agcagttcgc
cec@9Ed-GEeReG  bg0gagcaggetagegagashbgd ggbgag 660
acggccgggc ggatccgcgc cgaacagtcc gcggacacga agtggaagca
altcgpgeame grgRe T2 O zeatptdcga epaagecragaee g 24gccgaggag
caggct gccg aggcagcgcg ggt cgcctcc 780 $gctgtcatgg

C%@%@ﬁéwﬁﬁﬁﬁc ﬁﬁﬁ@ﬁﬁﬁ“@@%@ﬁ@%?@%”?%@c ccca ggagcagege
cagCece e¢ agga%c R Qs gtacgcga
gc,g & a%% i dedd gg% E% g‘ga %ggccaagga

eaa&%ée%%%a egz@g@&gg 9@9@@&%@9@9% ggactagcag 960
cgggacgt gc gcgggat gaa cctgcgactg tgggtggctg aggacggcgc
ccaif @i sbgat e d0fccsacotQyaaGRAGOaRLEEga 48Cgccagt ac
gccgcaggt ¢ aggccgacac cgtcgcgcag 1080 gcccaagccg
clegsergracHeiotyes wHeWwethaa acgcaggceele aggcgat gt g gaagcaggtc
1140 ccggccgaca agcgcaccga gtcagccacc agagcggtcc
—~896gcgt gat cgcggatctc 1200 acccccacca aacccgccga
-9g9tiepaaccc ccggeccgec gccagggacc aaccatgccg 1260
«16agheggccc cggggt at ca gccacccggc cgcgaccgag gt cgagaatc
<2169 Gaslg@gahbd20 ctgtga 1326 <210> 68 <211> 1194
<212> DNA <213> Rhodococcus rhodnii <220> <221>
<22fir scf eat ure <223> 5276bp to 656bp pRET1000 <400> 68
<224t ? t cgaac cgc gcacggcct g at cgaggt gg cgagcccgga
<Z@>g§§@gﬁg<ﬂémp €ggcaag ccagcagcgg cgagcaacgc
cgcgcggt gc ggaccggcaa ggt ggcgcag 120 cgggacggtc
~obgagggaaat tgtgaccgcc gcccgcgaca tcgccgcagg ccagggtgtg
atg %Qgg atcgtgacct acceatgetg accategeeg aggeggtgoa cgegacgeag 60

accagtgaga geacgatcaa gegecgecetg cggtegggeg cgtteccgaa cgeggteege 120
actgecgacg ggaagtogat gattecccte ggtgacctat cageggceagg getgagacea 180
gggaaaatgg cgaaacctga cceggtgace cetteaaatg accgggtecg tgacctggea 240
getgagaacg cegagetecg teagegeetg gecgtggecg aageectgge cagegaacge 300
aatcggatca fcgacgteca geaacagatg cteeggatge tegaageeeg geeggtgteg 360

geeetggage cegeggeget tecagtggeg gotecgeege cgecegtece ggeegeegat 420

ggtcggocag ctacgggcege celggeccgg atacgtegac ggettetegg ctag 474

<210= 58

<211= 450

<212> DNA

<213> Rhodococcus rhodmi

<220=

<221> misc_feature
<223> 1713bp to 2162bp pRET 1000

<400= 358
atgetgacea fegeegagge ggtgoacgeg acgeagacea gtgagageac gatcaagege 60
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ggggcgttcg aagt ggcgct cgtacagaac ccgattaccc gagtgcaggt
gcggcgcaac 240 gtcgcgaaga cgggcctgat gaat ggctac
agcttcaacc tgcccggcta cgtcgacgcc 300 gccggggagce
cgatctggttgccggcctcc aaactcgacc ggggtttgtc ctggtcacag

360 Page 34 FPOA4- 03945, g5§§ﬁﬁ§&§§§g§@%ghhh ting)
cgcé%éc%@x?&@gg&t c%%‘&éc&%%&@ggac@g Slbillida ol Cg&et cg ccggegagga
gacggtgccg 4 cggaagcggc cgagcgcgc cgccgcegt gg
ccc@ROE AGLYAL HROYagaggh6H00gUegageddt ®agttcgcag
ctgcccgectg ggagcaggcc cgcgcgaatg ttggtgagac ggccgggcgg
glgdOit cagigeny eglce b agtic ngeeggasRetrang24ggaagcagg
t gaacgaggc gttgaccagc 600 caagaccggg ccgaggagca
eogHCrdecyay° @‘égé@%cg@%ai‘t%%g&@i‘tﬁg&@%g%% at’dgga 660
cacecaga . caccgct acat gctc g Cgg agcagcgccg
o B O S LR A Sl " acgcgace
grggggg%@@agg&gcc 8AQGAN3RGHL006C060RA0:480, gBCaaggacy
ccgcgaaat g gaccgaggtc gccggcggcg gctaccagcg ggacgt gcgce
gecBddac c@ggaicgaacad gcgact gt g ggugyct gag gacggcegect
ggt cgat cac ctcgaagaag 900 gaccccgacc gccagtacgc
cgcaggt cag gccgacaccg tcgcgcaggc ccaagccgcg 960

zgic ggcca cagcgaaaac gcaggcccag gcgatgtgga agcaggtccc
199 acaag 1020 cgcaccgagt cagtgaccag agcggtccgg

1569641 dak.cd sc8gat ct cac ccccaccaaa 1080 cccgccgagg
t caaaccccc ggcccgccgec cagggaccaa ccatgccgca gtcggccccg

228140 (gggt at cagc cacccggccg cgaccgaggt cgagaat ccg

<22aatgggact gtga 1194 <210> 69 <211> 936 <212> DNA

<2242 18¥biRhGtEbiowdU400hodni i1 <220> <221> m scfeature
<223> 5534bp to 656bp pRET1000 <400> 69 at gaat ggct
acagcttcaa cctgceceggce tacgtcgacg ccgccgggga gccgat ctgg

6@ QQCCt ccaaact cga ttg tégct ggt cac

atgal CCC(t‘ tc acc cag é ca lg Cgaci gaaa
aaa 60 6861 chCC cggaccgcct

gm&&%%ggﬁaéﬂngﬂgggggﬁg&@ga%&ggégggggakC@ﬁgcgc 180
cgteagegece tggoegtgge cgaagecetg gecagegaac geaateggat categacgtg 180
cagcaacaga tgetecggat getegaagee cggecggtot cggecctgga geeegeggeg 240
gitccagtgg cggotecgee geegeeegte ceggecgeceg atggteggee agetacggee 300
geectggeee ggatacgtcg acggceticte ggetag 336
<210= 60
<211=> 288
<212= DNA
<213> Rhodococeus thodnii
220>

<221> misc_feature
<223> 1875bp to 2162bp pRET 1000

<400= 60
atggcgaaac ctgacceggt gaccecttea aatgaccggg teegtgacet ggeagetgag 60
aacgeegage teegteageg cetggeegtg gecgaagece tggecagega acgeaategg 120

atcatcgacg tgcagcaaca gatgetecgg atgetcgaag cceggeeggt gteggecetg 180

gageccgegg cggttecagt gecgootecg cegeegeeeg teceggeege cgatggtegg 240
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gccgccgegt gggagcagcg ccgccgcgag gtcggcggecg agcagttcgce
agctgcccgc 240 tgggagcagg cccgcgcgaa tgttggtgag
acggccgggc ggatccgcgc cgaacagtcc 300 gcggacacga
agt ggaagca ggtgaacgag gcgttgacca gccaagaccg ggccgaggag

360 caggctgccg aggca%ig gwgﬁggggggggmgﬁéggcatgg

g%gﬁ&%%&&&&%ca§§ﬁ££g§$ gggacab tCQC gccca
ggagcagcgc cggaagccg gactccgga gcagaaacgc 480

cagt acgcga ccgcaaaagc ccaagcagaa cgcgccgcga aggccaagga
<2lggetgcgaaa 540 Page 35 FPO4-0397- OOSG FY( Sequence
<21+ 864 ng) tggaccgagg tcgccggcgg cggctaccag cgggacgtge
<N§%g%@htgaa cctgcgactg 600 tgggtggctg aggacggcgce
<218t SYteeire "9t cgaaga aggaccccga ccgecagtac 660
—Jfccgcaggt ¢ aggccgacac cgtcgecgcag gcccaagccg cggecacgge

«224aGRAYGHARA 720 acgcaggccc aggcgatgtg gaagcaggtc

6Cq9%6IRGRoBIRGEAGRIA gt cagccace 780 agagcggt cc
ggcgcgt gat cgcggat ct ¢ acccccacca aacccgccga ggt caaaccce

840 ccggcccgcc gccagggacc aaccat gccg cagtcggccc
<408g@ygt at ca gccacccggc 900 cgcgaccgag gtcgagaatc
ALASeHET ALHHYE LCIRHEA2VTEILLTIPYBLEOCReEIEE> H53  <212> DNA

<213> Rhodococcus rhodnii <220> <221> g]scfeature

CERHS L SESHEER FPUERE G BIE FIRETTB 0884003 70 aacacact ca
tgctggg&égcggggﬁ% &%@J&g@ Qgckcgcggg%%&ggggc@ggtq&gcal%caa gt cagat gt t

g gagcggtcct ccagaccttt gagatccgct
coc&CRGAAREDEcc @ﬁ@@o@@&ﬁécﬁcébg Qeecdide60QgG08¢ t@gaaccaag
ccttatcagg tat 153 <210> 71 <211> 61 <212> DNA <213>
saciZhioteederustgahodni i 264

=<210= 62

<211= 258

<212=> DNA

<213> Rhodococcus rthodmi

<220

<221> migc_feature
<223 810bp to 533bp pRET1000

<400> 62
atgctatggg aggtatgeac ctttegegeg ttatgtacge atcetgggea cectgggeac 60
gaccgacctt ctagegateg atggtetict tggacatgcet tegecaggec tgegtetgtt 120

cectacgete cacgaaagece tietegetet ctgetcacag teccatteeg gattetegac 180

cteggtegeg gecgggatogc tgataccoeg gggoccgactg cggeatggtt ggtecctgege 240

gecgggcegg geptitga 258

<210=> 63

<211> 540

<212= DNA

<213> Rhodococcus rhodnii

<220
<221> migc feature
<223= 117bp to 656bp pRET1000

<400= 63
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<220> <221> m scfeature <223> 4290bp to 4350bp pRET
1000 <400> 71 gagctatgcc cagggttgcg cagtgacttc

gt cact gcgt aaccctgggc gctcgcctcc 60 c¢ 61 <210> 72
<211> 325 <212> DNA <213> Rhodococcus rhodnii <220>

<221> mi scfeature <2233,3570B8;1.03894bp, RETlOOO Page
atgg%ggg!::c %gagéggct%%a[t:¥{c g%@&ga% éc ié;ﬁ‘%} 0> 72

ccgct cgaag gag c agt gacagga ccactgctgg gct cccagceg

ccgl@ Q@ aganana Gdccadiicganggeatheacgachgeggccgaggt aagt
gggt acggca tgaggtcctt cagaagcggc 120 gtcgacgcca
g%@@%@ﬁﬂ@ﬁ&g%&ﬁ@&&@@E@Qﬂ?%ﬂ@ﬂ%ﬁ@@g%gga@ac@@CC ggt agcgccc
180 cctgcaaccg agtgtc acg gtactgctc
Bl CE PR HRE g%&%&gﬁ@t@&g@&amgwﬁ@g °@§ &t bcgcet ggge

atcecacc ag ctee tdc ta_accgcttggg 300
el A A . Kl AIGE9%,10 aaa

gccgsggezfcggxﬁa@%aﬂzf QQ{%%Q%%E aatg{»sc%@é | §0 <220> <221>
m scfeature <22 RET110 u ength <400> 73

gacaagcgea ccgagtcage caccagageg gtecggegeg tgategegea tetcacccee 420

accaaacccg ccgaggicaa acceceggec cgecgecagg gaccaacceat geegeagteg 480

geceegggpt atcagecace cggecgegac cgaggtegag aatceggaat gggactgtga 540

<210> 64

<211= 510

<212> DNA

<213> Rhodococcus thodnii

<220=

<221> misgc_feature
<223= 147bp to 656bp pRET1000

<400= 64

atgetegeeg cecaggagea gogeeggaag cegtggacte cggageagaa acgecagtac 60
£Cgaccgeaa aagoccaage agaacgcgec gogaaggcea aggacgecge gaaatggace 120
gaggtcgeeg geggegocta cecagegggac gtgegeggga tgaacctgeg actgtggetz 180
getgaggacg gegectggte gatcacceteg aagaaggace cegaccgeea gtacgeegea 240
ggtcaggecg acaccgicge geaggeccaa gecgeggeca cggecacage gaaaacgeag 300
geecaggega tglggaagea ggleceggee gacaagegea cegagleage caccagageg 360
gteeggegeg tgategegga tetcaceeee accaaacceg cegaggteaa acceecggee 420

cgcegecagg gaccaaccat geegeagteg gecccggget atcagecace cggecgegae 480

cgagotcgag aatccggaat gggactgiga 510

=<210= 65

<211= 351

<212=> DNA

<213> Rhodococcus rthodmi

<220

<221> migc_feature
<223 306bp to 656bp pRET1000
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cccgggat cc tcgagggggc agcggacgaa gacgccgcgt taggccgaaa
acctgccgag 60 cgtctcgcac cccgcatttc ggcctacgtg
cgt cagat ag cagcgcagtc ggcaaaggct 120 ggaattcgcc
ttctcctgct ctcgcaacga gcggaggcct cgatcattgg cggcaat gcg
180 cgttcgaatt tcgggﬁ&ﬁggnQ@&g§9§g g..2g¢ ggacg
aaccggagtc ggtgagaatg 2 cttcat a gcgcttcccc
<408gaagact gt gccctggtcg agaccttcaa gcctggtacc 300
atgd @GC bictetegd caGRAGE LG AUARGGLCHGagAgatdat gc gat gcgactt
tgtcggcgag 360 tacgggagat atgcgcgagc catcgagtct
ceegacqyeraigetegec epetendeet gecsa craizecagegA@ec clabgaccagg
cccaacgcga attcttcgct gaggagttcg gtgtggtgga tccgtcatga

wEHEH %f%ﬁ&%&%%&j@ a@%&%&&t@%a%@@e@& cRagcegt ¢
agcct c 940 c acgtgccg
oo RO EA AR g 2 B MRRET A2 0T 000
cC &a(;@&g:gé C &:azg&lg Qét ede %@ag t caggcaact
gecha88 g g%a%gﬁggﬁ 086 ObecdHaLA
ctttaccggc 6 tgcttcggag tggggaagga cccacat aca
tatepacig gat e icggacagataspgeghitgacc 72051 gcgagt cgct
gcgtcggttc at cgaaccgc gtggataacg tcacagagac agcgaaaacg
780 cctcccctgg gtcaatccgg ttaccgeccgg act gggggag

“18edbrtcgac acctacatce 840 gtcgecectc gaaaggcet ca
~gatgcacttc cacgataacg cagaggtcgg acaagaggga 900

-1993aGL, 4660 4L Gt ct cgeec gttgecgecgge gtagccgcca agcgggacgt
gt ct gacgat 960 Page 37 FPO4-0397- OOSG FY( Sequence

<22bt Sting) gcagcgaagc ggagtcggca ggcgcggcac gcgcct gggce
<221t gid geatrc t gccacaact 1020 gtccgtgaat ctctgccagce
<22fedtPpasacebpgBEGYOeagg gccttgcgga atccgtgacc 1080
gctgatgatt tttggtctca ttcgttcccc cgcgctgacg atgtacgcgg
<4Oc:gcagctgct 1140 tccttccagt cggtggctaa ct gggat ggg

oA AN E SHRERRRER WL LGB B gR00. 800019000 1 gaa

pteata 8 atcCHLQCHLALE. gogglggt&%&&cgg c6499s 919at at ggcgg
ctgccaggca taactcgccg 1320 tacgacttcg acgtggacga

geatg@agagichge GegeRarhiggeat tgdccigoagaggectiagag 1380
gacgacgaca ttgggggctg gtctgcggag agggaaat ag tgggctggtc

gacgetadgecets 21440 cggt cacggablgat ctt gcg aat gggagaa
ctcgactggg ctcccatgat ggatttgccg 1500 ggcattcctg

-fgat ggt gac cctcacetat ccgggggact ggcttacggt tgcccccacce
<m§§% ¢ dgcgctgagg tcaaaaaaca tctccagacg ttcttcaaac

<199phecaacg ggcctggggc 1620 attgectgga tgggtgegtg
< 1gaaaabgeag olikicaaagcc gaggegetce gcattttcac 1680

<220=

<221> migc feature
<223> 5144bp to 656bp pRET1000

<400= 67

atgggcttcg agagteatee gtgggtopeg gtgcggcacg acgacgacca catccacctg 60
getgtetece ggetegattt tcagggcgte acctggaaga acageaacga ceggtggaag 120
gtegtcgagg teatgegega ggtegaacge gegeacggce tgategaget ggegageceg 180
gagcgggceee gtggeeggea agecageage ggegageaac geegegeggt geggacegge 240
aaggtegcoc ageggoacgg tetgagggaa attgtgaceg cegeccgega categeegea 300

ggccaggets toggoocgtt cgaagtggce ctegtacaga accegattac cegagtgeag 360
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ctgtacatgg tecctcctca tgggaaggca ggagactcgc ggaagctgcg
gcatgatgct 1740 gagctcttga aat gggagat agcacgtgca
gagggt gaag acccaggtcg caggccgtat 1800 ttccgggaag
ct ccaagcga tggattgaag tttcgtccgt ggctttctgc ggt gt gggcc

1860 gacgtcgtag atcal 58993 HESER aaaagc
oo BEQLGR0L06, gag agl &&%ggcggc%cn&k 0942699 gggcac
gcgagggtca ga ccgaaaa ggct gcggt g acttctcc 1980

tacePdgg adeB@ AR ECtddgaeQa ceaaggast Ajsogagcastgt ag ttcctgctca
at ggcagaaa 2040 acgggtgcgg gacctggcag gttctggggc

tectgghpegeiggrhizgRdgecygcceacggeet eec2t@ I@cgagat tt
cctgggatga gtacctgcttttatctcgca cgttgcgacg attgtcagcg
BRTEHEY L EGHACHEAIH T ET TP PRI SR éﬂgggtagcg
ecaca 2220 ¢ C.egacgcacggt
s A A AR e B 5 080
acgggg%@&&mag&%@&wggmg&g@ga% .HhaAAgAgyt ttgtccggac
ttcgggatac 2 ctgtgtgtca atgacgggcc cgcactggct
gestpaageaken: geeaied hegtacaageiget2dd 76t gagct aga
cgcgcggaac gcctttegge tttgtctttt gctggatgge gggttttgog
gctgaBP2AzEgRet Feryet Fegaiceyeacepcer srrereee g8t%ggggagaga

acccaacga ct acctatc 2520 tctacccagg tgcaattcat
CETP R EGE R EP YT RE e CHEREE R Bt G clgc 2580
ggi,.ca ggacaacctg

v g%ga%%@%@%a R O at Lt ct
ceekRit @l @C O Cal-BREIGbbodel £ ShGeldlcGeRAR0 16280€ 38

FPO4- 0397- OOSG FY( Sequence listing) gctgagagtg
accicggetigpatga edtagocargegtic gategagetcggegcdsft c gacgcggaac

2760 <ctggcgatga tgttgtctct gtcttcattc ataactgaag
seCEgCEt ‘ig%@égcgﬁ“@%%ﬁ‘& &%fag%%ﬁg%&t&%é?f‘%‘taéﬂ“ ditccaat gc

PR PR R RRR L AR 208 AT O ot goct coot

aced CRAGBIGIR 2 84 Ghcc ARG EIBCR B LL Qagé ajgggect egac
atggctttga aagctgctgg caacgtgatt 300 cctgattcct

cagCRYEGLRCHEE GtacegaRtegi bLaggicageaagnegaagat ggt cagaaaa
3060 gacccggaag acccgaactc tgagcagttc cagaagcaga

cgtggggacggcac gccggt gt gg 3120 tegategact gcattcgggt
cgaccgggca tcaggcaaca aggcaatcgt gaccgtgacg 3180

-3t tecggacg tgatggaacc ggatgttgcg gggccggtgg agttctccga

gatgattgee 3240 ggtttctggg tttegcgcag tggttcggge

-l ghggtttt cggcaagcgc cgtcgecttct 3300 ctctgatcgce

<2 1bgaheRtLE6 e&hit CJaaag gttcggaaat gtccaaagga aaaggcgttg
3360

<220>

<221> migc feature

<223 5276bp to 656bp pRET1000

<400=> 68

atgegegagg tegaacgege geacggecety atcgaggtge cgagecegga gegggecegt 60
ggceggeaag ccageagege cgageaacge cgegeggtege ggaccggeaa ggtggegeag 120
cgggacggic tgagggaaat tgtgacegee geeegegaca tegeecgeage ccagegtots 180
gggocoticg aagtggegct cgtacagaac cegattacee gagtgeaggt geggegeaac 240
gtcgegaaga cgggocggat gaatggetac agetteaace tgeecggeta cgtegacgee 300

geegogoaoc cgatetggtt gecggectee aaactegace gogeotitgte ctggtecacag 360
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cgctgggt gt gggtgccctc gtgctcgtgt ttgtgetggt tgcggcaggt
t ggcaagcgg 3420 cgaacgtgtt cagtgatcgt tcacagtccg
aagctgtgcc gctgagagtg ceggeegate 3480 cgaagtggga
aaacggggtg tctcggacg ttgccgggtg cctcgttctc tctccggaag

3540 agctggggec gtt c%ggg@,_ogg(%gi%g

%gr%e [&gacat agt
ctgg%g%%‘é@g%&g 42898299308 cg%cg%% 4
agg

&Y ggactgggtg
cggctg agtgcgtttc ggcgtcgatg aatgtctctg 3660

cget@@bOtdag@tectiRicget st geagagiLaasLaegbCcasrc cggcgatttc
gttcgttcgt 3720 ggaaagtggc gagtgatgat tactgctatg
cagiggggrigatal cercysaaggetigitapidctasce8%80 44t at gccggt
ttgggtctct gcaaaaaact ggtggtgcac agaacccgta ctegatcege
atceg Al A EHY et BAtEg gty R e et Lettaa*Yycaaat cgt
t.gt gccggaa tttcagt 390 atgtttctc agcgtttt
e LR b e e T B 06825 S0
goct8QELL Qb lidcs CLChRARBAL Y L LA EL Sadct i 0860Ca aaggaagaga
t eggeageag 4020 tctgaatctc tctcctgtca ctgctcgttc
actcgiiadceggicatea gag gy cgiatgag eRcacgatsc40ft Pogcgaaaaa

agccctgttc ccgtcecctgt cgtttccggec gacaggattt cgggggt gge
2CCAFACE CoPEWHE GUERIEL RSy et s ety ggjasizeT ¥4§cggt gacg

ct ggaagctg tgtggatttc 4200 tccgactc t gaact aca
oo Jy R ik e BETRR R EC e gty 8 o B et 4260
2ac@tHAAARACAR. %%&%@&%&@%9&&?9&@&%&9 aggtt cggcctgagg

gcgggagct g gatacgggtg gtgcttgCca tgcctgacgg
gockB@td da£p GG c@6RLYAL SR EAGEGEALHE4IRE: 10mAagt aacc

gctggtgcge tggatatttc ggcggtggtc tcgtgagcgg ggagaagcegg
cgcab42h ) cRggpecal G cERQYs QRUALCOXSE-1FY (Segurendesd | st i ng)

cacagcgagg ccggcccggt agaaatcatc tttttgatgc tggcagtcag
CCHHRHIIIACS 508t FERPCH TP et eEe T e TPt t ct cgeg

C ttct tcgcagtcgc ttoa 456 ttctggttcc
soafls TR e LR R 8 oDt 1 ot “Scucgact g
4620 gaatcgaagc ggagggccgt acgggtcttt gaacgggcat

<21¢gaaggggac acctgaatcc 4680 cccggtattg ctctctccct
<21l g@eLt gt cg aacgt ggcgg ggtctctgcc gaggttgagg 4740
<2ldadNdt gaaa ctggttcggg gatacgcaca ctcgtgtttt ctttgccgcec
<2lgydthgrener Y800 gccgagaget ttgagaaagt tcgeccctgeg
<22ciggcagacg cgat gggggg tcaccgctgc 4860 caagtagaga
{22%%&(3%a%§g cggacaggtc cgcgtcagag tgattgatga ggattcgatg

27 %I%g%?g}%gﬁmg)t gat gcggg at gggcgaaa gatgttgtgc
t ggaagagg cgttcgac 4980 ggtcttccgg gcgagacgcg

atcctggttc gagcaagagg ggccggcat c at gagaaaat 5040
<400> 69
atgaatggct acagettcaa cctgeeegge tacgtegacg cegeegggga geegatetgg 60
ttgeeggect ccaaactega ceggggttte tectggteac agetggaaaa gacgetgace 120
agacceegec cggaccgeet cgecggegag gagacggtec cgeggaageg getegagege 180
geegeegegt gggageageg cegecgegag gicggeggeg ageagticge agetgecege 240
teggagecagg cecegegegaa tgttgeteag acggecggge ggatecgege cgaacagtee 300
geggacacga agtggaagea ggtgaacgag gegttgacca gecaagaceg ggecgaggag 360
caggetgeeg aggeagegeg getegectee getgteatgg gaggecacce gacacegeta 420

cgggacatge tegocgecca ggageagege cggaageegt ggacteegga geagaaacge 480

cagtacgega cecgeaaaage ccaagcagaa cgogecgega aggecaagga cgecgegaaa 540
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cggcgggagt atctcggatt cctatccgtc tcgggcgctc tcagtacggg
gaagacgttg 5100 gattcgatct cgctgcggac gccgctcaca
tcgccat gca gggcaaaacc cgatccggca 5160 aaagtcaggc
gacgt acaac gtgttagctc aggcagcagc gaacgcggcg gttcgagtcg

5220 tagggtccga cccg ggg(ﬁgggy ¢ gg ﬁg%gcttcaa

2eRGALGHRQ0G ; W00 LEAAAG oRe 8 oedile] & U bt C ggact 9
aat gcgcagg ccacggtgga ca gc gggc tgggtcaagc 5340

togdide0a GdeGdofac Lo ar) St agachagat glcggaCasb gcg taccgacaag
ttttccgagt 5400 tcggggcttc gttcccgetg atactcgtcg
gecgegrpicoigmaggenc gliterechriat deasgRp@peciadeec «R3gbaab 818  <212> DNA
<213> Rhodococcus rhodnii <220> <221> nmi scfeature
acEQABEreCIL IREIRE EROEF AR TR BAG CIre LR DAy gAY ccgege
cgaacagt cggacacga aa L gag gcgttgacca
e A L aac e
ccg @O EOR Gk &G e A HE LALG8: 12 Qe BRBACLACEL FBFacCgCt a
cgggacat gc tcgccgccca ggagcagcgc cgggagccgt 180
cgegpg@cd seaac goagasatfa cagtacgcgaie€cgcaaaagc ccaagcagaa
cgcgccgcga 240 aggccaagga cgccgcgaaa tggaccgagg
gccggcgg cggctaccag cgggacgtgc 300 gcgggatgaa
gggactg t gggt ggct g aggacggcgc ctggtcgatc acct cgaaga

<210
zig lePage 40 FPO4- 0397- OOSG FY( Sequence | i sting)

<N§gg@&gg§ggﬂg&gpcagtac gccgcaggt ¢ aggeegacac cgtcgcgcag
gcccaagccg 420 cggccacggc cacagcgaaa aegeaggece

<228ggcgat gt g gaagcaggt c ceggeegaca 480 agegeacega
<220t eegdeate agagcggt cc ggcgcgtgat egeggatete acceccacca
<22540355hpectybegETde¢bcaaaccc ceggecegec gccagggacc
aaccat gccg cagtcggccc 600 cggggtatca gecaccegge
egacegag gtcgagaatc cggaat ggga ctgtgagcag 660
aacac%%g ca%a%a % %&E %agéaff%ca%aggg%caag@% %?C%Qacgca ggectggega

agcatg aacacca ag aaggtcggtc

tc g@{c%%%éﬁ&gccgﬁ&@t%%é ct &Q@E@Q@E a@%ﬁiat%s q 20

ttggogtacg tegaaccaag cettatcagg tat 153

<210= 71

<211= 81

<212> DNA

<213> Rhodococcus rhodmi

<220>
<221> misc_feature
<223> 4290bp to 4350bp pRET 1000

<400= 71
gagctatgee cagggttoeg cagtgacttc gteactgegt aacectggge getegeetee 60

C 6l

=<210= 72

<211= 325

<212=> DNA

<213> Rhodococcus rthodmi

<220

<221> migc_feature
<223 3570bp to 3894bp pRET 1000
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cgcgcgaaag gtgcatacct cccatageat cggcgcgtat ggtagggaaa
atgatcttea 840 aacgtattgc tgtggtcgtg ctcgctggtg

gggctttggt agtgggaggc agccaggttg 900 ctggtgctac
cacggtttca getccacage cgagtccttc agcagcggtg gtgccgacgg

960 ttcttecacc agtcalgfto%ggw%g(ggg cll.Sh@ggcactg
egaggeccag tacgcgtcgg 1 attec eg atgccgtctg
«408i yecactt c cacagggccg agcgatctgc tgggcggcag 1080
ccg G GHIGNEY adrid3 Gragedet §EcgEgtaggaaacbaggt agaacgt gag
catggacgag 1140 etteccacetteategeega cgacatcgtg
glgRtaygocRgaas egthayaeayLese Bigmiclhgead280 126aggt ggt gc
t cgaggt gaa cactccgcgg ccgttcgatg ctgcggcccc ggagggt gac
gtcgf%‘@ B2ReEEToy R glaeS T?@%%Ccéﬁé%t@?@%%\c t ggat gccc

cttacgac attc t acC ca tgca C
coallet BHARGAA B b I R B EHR 09, £ 20 09208
tcgg@gagc@ b Bs: g%ﬁg@gt L@E@&ccgtcgtgc@gg@agﬂ%ct%gga%aacc tcggt ctacc

ggtcttgaac 1440 atcaagcccg acaacgcgat cgaagccgtg
gsec@b@boatd @accgaget ccct g at gt gacgra 1500 ctttcacccc
t ggcact cat gtaccgaagc tgggact gag aaagggctgc cgcgtcaccg
1560 cttcgcgttg acttgccact gaacgggggc gtgtcccggt
cgggg tgtgacctgg 1620 gttcatgaca ccgctaacac
ggaaa tgcggattga actagttcat ttggggaacg 1680
<N§;g@&g&gg£ %@ggggggat cgtgacctac ccatgctgac cat egeegag
gcggtggacg 174 cgacgcagac cagtgagagc acgat caagc
<2gecgcct gcg gtcgggegeg tteccgaacg 1800 cggtccgcac
<22 gecgadengy aagtggatga ttcccctcgg tgacctatca gcggcagggce
<223 86BETt1gEgddeatjg gaaaat ggcg aaacct gacc cggt gacccc
ttcaaatgac cgggtccgtg 1920 acctggcagc tgagaacgcc
4098 gctccgtc agcgcct ggc cgtggccgaa gccctggecca 1980

a t t cat t t gct
coc 5 ccf%%gggéaa e %ag%é%‘? g%%%%%%&%aa &cgﬁg%ga%og;gcggggg gcte

cgté&%&% 9&%%9 %%Sség% Y%%@Qagf&gcg&a%tg EAG.2l00Page 41

Sequenc i sting ccgccgat gg

ggaitﬁ@l@@ﬁ&%ict@@%@%%@ct@@%%@%ﬂ@@ guggacgg ettetegget
2160 aggagctgac cgcgtacttg cgtgcgtcgt gcaggagctt

cgtipgaditiersesytet st gt tpgsigracaXgeast eggreatect’dl ct eggegat e
tcgcggtact tca ccct et egegeage tcgacggccc 2280

Cﬁcﬁﬁc‘é@%%‘iﬁﬁﬁcf g%?f%g%éf“@% Cgcaéi“:@%@aaﬁj%&gmé&t Yt cccg egget eggec

CC Nodol N g cccatettet
& %%Eg% %% gagf?%%fg %a%(%%g& I O%g ggat cggt cg
mcgg%a%%g@%@@‘gc @@g@t«:ﬁ:&g@t&gi SGEae a@txgcc@tizc cggtc gaccttcgtc

<210
<21 >

caagaccagg cccaacgega attctteget gaggagtteg gigtgotgga tecgteatga 480
ctggaccaca ggagagaaag cgeaaggegg cgaagecgte gegggagect cagttgaact 540
getgtoaage goacgtgceg aaacgageaa aacagecece ggttcectet acgttegace 600
tecteacggt gaaggagact geggpectoc tgagagteag teaggeaact ctttacegge 660
tecticggag tggggaagea cccacataca cacggategg tggacagata cgegttcace 720
gegagteget gegteggtic atcgaaccge gtggataacg tcacagagac agegaaaacg 780
ccteceetgg gteaateegg ttaccgecgg actgggpoag gegettegac acctacatec 8§40

gtegececte gaaaggetca gatgeacttc cacgataacg cagaggtegg acaagaggga 900

agaactgceg ttetetegee gtigegeggc gtagecgeca agegggacgt gtetgacgat 960
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gctcgtttcc ggtttgecctc gegettette teacteatet tgcgaccgcg
tgcggecttgt 2520 atggcgatga at gtggcctc gtagacagca
gggccgt cgg cccacatceg ggactttgta 2580 gtgatccagc
gggt aat gga ggccgcgacg gcgcgtagct cgcttgctgg cagtggatcg
2640 ggcctgcectg tgaclgfg(})gggd;7 &t PaRE ggegs%g%tgat ct

gca&%&g%ggttgggca%gc%égg@ag @Eg@ct t%ttaogt% &1 a% g ?029 gccg gt cgg
cgccccag tggaagcgga tegcggta ggcccaggtg 2760

gted@@haf g Gdst (Ciganc aggfasQragtdt aggreaegaggeega tcgggttctce
aeggegegat 2820 cgggtttgcc gccagcgcgt tggcggcatg
geltgaiggbitigptatog deglft ce oo i@ aghgetegagegs 8860 agggat cgcc
ctcg tgtg cagccaat gg gtgtcccagt caccgtgagt cgggttcttg
tccg@&*(?gg @ﬁ“@%‘f%é@% PRt Free s gt 68%) t ggacggcgc

ggp q?g 9,.3000 esgeal aggcgagcgg

8% tglg 5 % a%:%%‘ tgccﬁcéaacga&a% a%gc ctgcc 3060

cgtg%&@cg%g&g%féégg‘ééggg%tggt‘a@&gg&ﬁ%gﬁtﬂa@mg@%g gggttct ccacgatcgce
gttcggcaga 3 ggat gattcc eggeegeega cagegecege

tacgagicgeggegda t@agg@tggghmggamg:tgea:@g@tc&% B8oacgagcaggt
tgctcaatgc ctgcgggttc gactcgat gt ageggegat e cagtgcgtct
gac@%@(’ﬁ teppeedgpiveregis F%é@’@@%@%é%&%@tf%t@a gtfYaaat cgt cgg

ccaca cggt 3300 ecaca ttcccaggc
coslfiedige %ﬂ?&?% it otk el BT oAk aacs. 5200

c ac -.gacaggccag ccaagtcaga
e - s B S e e T gt ¢

ge &G CERY AR REGELE a&a@a@gfg&@&atcg@gggég& @620t acgt cgaac
caagccttat caggtatccc ggggttccgg gggt gaacac caccetcega

atte &g Otecatrgg teadgg e Btoeyt sgatciaetzciitat até8d cgct cgaagt
cctt tca gt gacaggac 3600 cactgctgqg ct cccagege
Ctgt%@%%gif é%@tg%g@?&éﬁééagwg&@%@%tggg@ﬁg%tgt (gt cg 3660
cat teetic a cag gcccacacgc
e 0 B S S e T oo
nccggg&%@@&gﬁga EHGAH Al kA CHRILEGRRG 3/ 3o gt act gctcg

fttgacagga actgcagggt cggtgagctc gcgetgggcg gat cccacca
gac3 B alPagegad 2ochabad ad39be QG Y {sDeguanceol | sti ng)

gt agct cccc gtgccggtaa ccgcettgggg ccaagcgaag acacceaceg
stesaeftre agragratac 3GAgeiceRycesatag eaégcggtg@@t@@g dascaccaccea

gaaccaggga aatcctggtg ceg ag 3960 acgatcccgg
m%?ﬁgﬁﬁﬁgﬁﬁﬁ 3@?@@6@5@@“@5@% t258gtdtceeg acgcaacaag

acgfHl gg%%[ ga‘&c?ggﬁagg&&ggg% gﬂg%c%gcg% g&&% agpgcgccgacgc
c¢ggdgtggc 4 ccagccggt gaceggaceg

acc@EHRaGeHtH CLacH GOOCH BRCELesglgegCcgercgt cCc 4140

cgaacgaaga tetgggacee ggetttacga ggeggtageg geggecacag atggactaag 2220

gegatgatge gacgeacggt tacceggcac cgcettggace tegtgacegg tgagatictg 2280

ggcacgaaga cgeggaaggt tegggcgeca gigaagagget tigtccggac ttegggatac 2340

ctgtgtgtea atgacgggee cgeactgget cgaaccctea geegtetteg tacaagetge 2400

ctgagetaga cgegeggaac gecetttegge titgtetttt getggatgge goettttgge 2460

cggctictgg tgatgcgcete ctgegeteeg tggggagaga gacccaacga cigacetate 2520

tetacccagg tgeaatteat ctecegeget cigteggeta ggtaaacgag gtgctecege 2580

gegagetttt ccatgtggic ggecaatgte ageteggtea ggacaacetg ctgttgttge 2640

gatagttote teccgeacggg tegattgtet tetgttoegg cataacggtt ttegtegtte 2700
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cgtgcccgtt ctgaccggtg gtctcggtcg ctcgttcctc gecgtcctcac
ctgccggtca 4200 gcccgtgacc gtgccgtcca ccacccggtg
cctggtctge gtctccctcg getcgttcecct 4260 egectatcct
ggt gaccaga caceggageg agctatgccc agggttgcgc agtgacttcg
4320 tcactgcgta accch%iggg{ﬁ&§9§ L %%eﬁ£h§getteg

c

g%gﬁﬁﬁﬁﬁgﬂﬁﬁhﬁﬂgﬂﬁ&ﬂﬁﬁgg art A GQELAC b acget geat ¢
gacgaccgg cggaccgagg teegegeege tgcttcgcgg 4440

ctge@€afog EditgiatCiG R Y C S COGHE cHRBEE GIgALEet CHCAGCIt gg

cggt gcggct gaccgat ggg 4500 gaggaggeeg cgt ggat cga
ceeqpeptat glegediay agrtatat igpgteeaptieigpge agetaaglggPgcgt gg 4560

gt gcgt gagc gggcggt ggc egget at et e gggaaggt cc gcccgaagac
e YT YRR T Y HETeRde ggaggt cgo

cgat gc C agcagat.ga aa 4 aacaacct ga
e B0 SRRl o oA O e
m@é&%ﬂmg@@@ﬁQﬁ%g%&uﬁﬁégﬁﬂgg%ggg%bﬁ@ﬁﬁﬁggmigggggcagg

agt t ggggcg gat ggcggat 4800 cggctcgacg cgctcgacga
gac@LAGUYak gt Qedegat cgeggagali-argtacegggcagrga 4860

cccgaagggg ttggcggecgt atctgcacgg gccggggaag gecacceege
tegaiterheceitres) cea T2l B eETrA S g g geryeet ga®t t gccggceygg

oA R U0 HBOR SOt ORI E0E oo u¥8genn cgancacacy
ggéﬁﬁﬁwm§g£§@§£gﬁgm%%%%%%%%%%c%&&&&¥%S&i gcggt gcgeg

cccggggat ¢ “ggcggc egat acegag ttcgcggaca

ctetbRGEGRAGRE 006G G EGRB1EHHRIFOQEd g gRGAJL Ca 5160
t ccgt gggt g gcggt gcgge acgacgacga ceacat ccac ctgget gt ct

cgciggaty gytecgl 2Rt tipipdideCiagpggest Hegaset g agaacagcaa
gtcgtcg aggtgatgcg 5280 cgaggtcgaa

cgaccggt gg aa

cre B Y R AT B A G S g H8B0 000 Cooat gUCCy
5340 gca agc_agegae aacgeccgcegs . ggt gcggacce

ceniidns s lBR0R500R, BACHOETRUR.ERRAGRACHA, I0L 90008

e GURONEE Ol BIALALRYRGLACALNSAANG GLAT 96000C 5460
gttcgaagtg gcgctcgtac agaacccgat tacccgagtg caggt gcgge

getiGeaacgi-agts Sbi2dicy GASGEC UG ggatigaalsqy gct acaget t
caacctgccc ggctacgtcg acgccgceccgg 5580 Page 43

acciEREYHcGRIOT ARG FXE Seepresre it gtisgtigig) 20 ggageccgat ¢

t ggtt gccgg, cct ccaaact cgaccggggt ttgtcctggt cacagct gga
ety S O R PR R ORIV cot cgeegae

gtatgé%g g&tgtggciaga%og Qg% She %ag&cgtag&%%c £93% cgcgecgeeg

gtgggagca gcgccgccdc gaggtcggcg gcgagcagtt 5760

togtRBEAGELGACHECIYORAE! PPBERE BePEg3DPL t ggt gagacggccy
ggc 5813

gatgtttete cgagegtttt ttegticcaa gttggteatg gtoggetettg tectggtege 3960

tggectgttt ctetacaacg cetgetette ttetgacgea aaggaagaga teggeageag 4020

tetgaatete tetectgtea ctgetegtic gaatecgtat gagggcgtee ageccacgat 4080

gagcgaaaaa agecctgttc cegtecetgt cgtitcegge gacaggattt cggogotooe 4140

atcgtgcgge acggattacg cegggaagec tgeggtgace ctggaagetg tetegattic 4200

gteegacteg gtgaactaca cactegataa gaggcattge ctggtgacga ceggeceget 4260

glggaaacaa gegatcegla aagegieagg gteagagatt cggectgagg gegggagetg 4320

gatacgggte gtgcttgcca tgectgacgg caatttcagg geaggatgge caccccacge 4380

ccaagtaacc getggtocge tggatattic ggeggtoote tegtgagegg geagaagege 4440
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<210> 75 <211> 80 <212> DNA <213> Rhodococcus
rhodnii <220> <221> m scfeature <223> 4260bp to
4339bp pRET 1000 <400> 75 tcgcctatcc tggtgaccag
acaccggagc gagctatgcc cagggttgceg cagtgacttc 60

gtcactgcgt aaccct 999¢;8Q0. 052 195:-F6(s odt ﬁm&SS <212>
<221>
Bhys aisesseiy UL

gRETllOO <400> 76

tacalcGRE AYRGRC AYCHD RN Gt CEECLCEBE Gt as@t CCgg ttaccgccgg
act gggggag 60 gcgcttcgac acctacatcc gtcgcccctce

ticiggheragpiretrasigategaaastse 0 S iggtRReee e <A > 556 <212> DNA
<213> Rhodococcus erythropolis <400> 77 gaagcaacac
BARICHR BB Eﬁﬁt‘@‘ﬁ%ﬂ@%gcﬁééﬁa&g&&éé@@@%@c &gttt gcggatttca

cce %a%ctgggzgt 8}‘% tc %g%%%%%dgc%at gg‘%gtt EAWI f cgagtccg

cgtgccgag cg actacgcaaa

ang REARALGCAL ga@slcgcﬂ&gtc%t@n $1:896335a6aFCRECaaaac 180

ctcctcccca ccaacccctg ctttttgaac cttgeccgecge tggatcgttc
geegpictit@ichebt 148t cHgRt e tgkegageggaaagssscacggt cgg

caccttggtg caagaggtgt gctcgggttg 300
caagtagaga aggtggccce cggacaggtc cgegtcagag fgatigatga ggattegatg 4920
aagacgeege gtgatgegge atgggegaaa gatgtigtge tggaagagga tacgttcgac 4980
getetteegg gegagacgeg atectggttc gageaagagg ggecggeate atgagaaaat 5040
cggeggoact atcteggatt cetatecgte tegggegcte teagtacgeg gaagacgtte 5100
gattegatet cgetgeggac geegeteaca tegecatgea gggeaaaace cgatceggea 5160
aaagtcaggc gacgtacaac gtgttagete aggeageage gaacgeggeg gitegagteg 5220
tagggotcega cecgacacac gtactectgg ageccticaa acategaggg gtgtecgage 3280
cttacgtggt ticgggactg aatgegeagg ccacggtgga catgetggge tgggteaage 5340
gteagtetga tegtegeate gaccagatgt ggecectgeg taccgacaag ttttecgagt 5400
teggogctic gttccegetg atactegteg tgctegaaga gitt 5444
<210= 74
<211=> 5813
<212=> DNA
<213> Rhodococcus rhodnii
<220=

<221> migc feature
<223>= pRET1000 Full Length

<400= 74
ggatcegege cgaacagice geggacacga aglggaagea ggtgaacgag gegttgacca 60

geeaagaceg ggecgaggag caggctgeeg aggeagegeg ggtegectee getgteatgg 120
gaggccacee gacaccgeta cgggacatge tegeegecca ggageagege cggaagecgt 180
ggactcegga goagaaacge cagtacgega cogeaaaage ccaageagaa cgegeegega 240
aggceaagga cgecgogaaa tggacegagg tegecggege cggetaccag cgggacgtee 300

gegggatoaa cetgegactg tggotoocty aggacggege ctggtegate acctegaaga 360
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ggctttgcgt cggtggatgg tgagcacagg cgggtgagta cggcggt act
cccgggagcet 360 Page 44 FPO4- 0397- OOSG- FY( Sequence

listing) gettegaget gcgggaggta ggtcgggtac ggcgcgcaga
gcggaagcgt ggtccgtggt 420 tgttcactct tctgctcggce

cgaat cgagc gccggccgaaﬂtogggg%gg@g %‘%gf 480

c 2 . geggge cgaatcgtta
R e S R L T e e L T LN

coe2Boc ﬁ&é@&aaﬁ&?agg&ﬂ. dozchadasesgtiscogryathrgpol is  <400>
78 Met Phe Asn Ser Ile Qu Ay Arg Ser V al V al Val

agegChgega@topgo@icy agBeqegteclegfpedignt qoSgaalpis a&kapackd €543 y Leu Ay Met
Val Arg Val Phe Ala Arg Ala Ay Ala 20 25 30 Asn Val
BaCqCRBAE TP A HRAT G AP AP SR BB e "G u Arg Al a
ngAItEQCa %gcc gOCCS a%% cg alzitgtlc'l Ai%g Cé aL%u %(])0 G y AI a Val
T Thr teu T n VA %y 58 Vaf r Asn Pro Asp
Joad bkt Meol/Bl Hoo¥@lag ot ANl B0G U 65 70 75
aga%% gA”%% Hiésgagg% %yscla eg%%ésgs Ee% a/s Ala Asn Ala Ay

agadchceatth&g&xg@agg&ggt%gce&ggﬁegccday@t Astgeatacu7sGl y G u Met Thr
Ser Qu Asp Met Asp Ser Val Phe 100 105 110 dy Val
cgegRgaasig catppkeo@ageatigpoapdiab eqjegean) agalgida Gh Al a Cys Met
Pro 115 120 125 Trp Leu G u Thr Ser y Arg Gy Arg
nackiliee GaE sk e TRy %é?tg%éargtgﬁaégc ai‘ﬁf’?g.”tgs 5%40

ctggtgctac cacggtttca getecacage cgagtecttc ageageggty gtgecgacgg 960
ttcttecace agteactttc acegecgett ctgegeactg cgaggeccag tacgegtege 1020
attcceggeg atgecgtetg attccacttc cacagggecg agegatetge tgggeggeag 1080
ccgetgeceg ttacgeageg tgecgegeeg gaaactaggt agaacgtgag catggacgag 1140
cttcecacet teatcgecga cgacategtg atggecagaa cgttcgacag cectaacgge 1200
caggteotoc tegaggtoaa cactecgegg cegttcgatg ctgeggecee ggagggtgac 1260
tactgetgea cctteceggat cagegggaac atggatgece cttacgacgg atteggtgge 1320
ggcgtegacg cagtgcaggce getgetacte geattggeca tggeacacga ggaacttegt 1380
caaactfcge cagagtigac gtttctagge gagacgaacce teggtctace ggtettgaac 1440
atcaageecg acaacgegat cgaageegte gteteattce cegeteccetg atgtgacgea 1500
ctttcaccce tggeactcat gtacegaage tgggactgag aaagggetge cgegteaccg 1560
cttegegttg acttgecact gaacggggece gigteccggt cagggegpgp tgtgacctgg 1620
gttcatgaca cegetaacac getgeggaaa tgeggattga actagtteat ttggggaacg 1680
atgacctgat gaccggggat cgtgacctac ceatgetgac categecgag geggtogacg 1740
cgacgceagac caglgagage acgatcaage gecgeetgeg gtegggegeg ttcecgaacg 1800
cggteegeac tgeegacggg aagtggatga tieccetegg tgacctateca geggeaggge 1860
fgagaccagg gaaaatggcg aaacctgace cggigaccee ticaaatgac cgggtecgtg 1920
acctggeage tgagaacgee gageteegte agegecetgge cgtggeegaa geectggeca 1980

gegaacgeaa teggateate gacgtgeage aacagatgct coggatgete gaagecegge 2040

cggtotegoe cetggageee geggeggttc cagtogcgog tecgecgeeg cecgtecegg 2100
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Thr Ay Pro Val Thr Ay Tyr Pro Ay Trp Ser H's Tyr
Gy Ala Ser 145 150 155 160 Lys Ala Ala A n Met Qy
Phe Ile Arg Thr Ala Ala Ile Au Leu Ala 165 170 175
Pro Lys Arg Ile Thr lIle Asn Ala VaI Leu Pro Ay Asn

Val Ile Thr 180 185 u%y Leu Ay
Yo d M As, g 0 205 Ser
CCg‘%%l?lﬁggPrgggc aa%%&éc EgCLeu g Cegr Va GI u Asp lle Ala

agg*éS@acAk@mC@l@tg%icﬁt gz%@agaﬁ@ﬁaéﬁt_t cegetogaga 2220
FPO4- 0397- OOSG- FY( Sequence listing) Ala Leu Phe Phe

ttecgicty cleggsepsipec@iagt iidgaccAl etcg”ﬁgqagcmgecg@m Yy G n Ser 225

230 235 240 Leu |l e Val E @Gy Ay d.n Vval Leu Pro
ggc@%ﬁﬁgwgcwcefg%ﬁg{aggﬁ‘égg@é‘@ ng.? ?“’?@3%?‘53?%‘% 9@%/ A u Leu
odococcus

ggatc%t%clgh%t a%ﬁco ccczgfott td‘é%:ca%@c élgggtc o%att%cg%cazﬁlagaagg

coal SR HEQH & aggg&%t&@&&gatg&gg&gggga&atcgg agaf cggc 60
ttgggaatgg tccgggtatt cgcgcgcgca ggggccaatg tgctcat gac

getefegrgagaedtidc tgohet gasiastegatg glsge cgcggagggt
ttgaatggtc ttcctggcgc ggtctccaca 180 cttcaagtcg
algeqgaipr EBEAE creErctegbaseeaicaopg e aptsactisig éafaagt  t gcggecgag

240 c acac aat cgac t gt gcgcg. aacgct a
B e e A R R T e R
2ocGALY9AC GG AL AltGI86 0 LGARGAL AR, 098RcCat ¢ 360

cacgccgt'gc aagcgtgcat gccgtggctc gaaacttctg ggcgt ggaag

gcggg&%ﬁg%é@g%%&oocﬁ@@éa@@@%gig@ﬁ@@ﬁ@gﬁé‘f 0gf aaccggt
tatccgggtt ggtcgcacta cggggcaagc 480
cgtgeggttt cgaacaggge geagtitcgg cegaggecga tegggticte acggegegat 2820

cgggtttgee geeagegegt tggeggceatg tggateccga gitcegecte gageteggeg 2880
agggatcgee geteggtety cagecaatgg gtgteccagt caccgtgagt cgggttettg 2940
gteatcagge cegaatagee ctigteccee tggacggege geeggaggec tteggtgacg 3000
geggeocgeat aggegagegg cttacgacgg gegtactegg tgegggtgaa cggetetgee 3060
agcgeccaca cagegtgtec gtgeccgtta cgggoottct ceacgatege gticggeaga 3120
ggatgattcc cggeecgecga cagegecege agegeggegt cegggtoote aacgtecacg 3180
acgagcaggt tgctcaatge ctgegggtic gactegatet ageggegate cagtgegict 3240
gatcgeegea tecggtagae gecgtegagg aaatcgicgg ttgccagtgg ccacageggt 3300
agccacaget gttcecagge geegectgtg tgctetteca cegeaaccat ggggaacaca 3360
ctcacacaca agatcgattt attceggtac gacacgecag ceaagteaga tgttteggtt 3420
tetggagcegg tectecagac ctitgagate cgetecagaa acgtecacaa attattgggs 3480
tacgtegaac caagecttat caggtatece ggggtteegg gogtoaacac cacectecga 3540
ccggtecaga atecgtegat cteacetate cgetegaagt cettgagica gtgacaggac 3600
cactgctggg ctecccagege agaaggeaag tgaaggeaga cgactgeggg aggtaagteg 3660
getacggeat gaggtecttc agaageggeg tegacgecag geeccacacge acaateeget 3720
tcccacgagg gacaccacceg gtagegecce ctgeaacegg cgeagtgtea cgaggegeeg 3780

gtactgcteg titgacagga actgeagget cggtoagete gegetggoeg gatcccacca 3840
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aaggct gcgc agatgggctt catccgaact gctgccattg agttggcacc
gaagaggatc 540 acgatcaacg ccgtcttgcc cggcaacgtg
at caccgagg ggctcgacgg tttgggacag 600 gaatatctcg
accaaat ggc gtccagcgtc ceggeeggea gt ct gggcag cgt cgaggat

660 atcgccaatg ccgca 8§97q)5§(§99 g .9asgaagcecg

acatcac . g ol ggt ggaca
gtag%% aoat %@% gggg %%g%%% tggcg%%%%gcéaaé?‘& aa 780 <210>

ooci et roodBacas2ed B 2adoMNbpoa sdkigate Alokdcbdag i @0 <220> <223>
primer (MAK FI) <400> 80 gaatcttctc gttgatgcag
acg:attcggqggtaa@@eoaw%@ma@itc@amgcmcg acgcaacaag 4020
FPO4- 0397- OOSG FY( Sequence listi Qy%g <211> 26 <212>
CaTpPIQIRC CLYFIYSE AP T EiEaIE e PRYBE oI PR Yy  (MAK R2)

400> 81 ct t ttct gt.t, <210> 82
g1 S IR AL S TS 70,007 00050
cgt@&%%ac&g%@tcgﬁcg Eacgttcgtéggi?cct&g ctgeeggtea 4200

geeegtgace gtgcegteca ceaceeggte cctggtetge gteteecteg getegttect 4260

cgectatect ggtgaccaga caccggageg agetatgece agggttgege agtgactteg 4320
teactgegta accetgggeg ctegectece attegettcg cteacaggag ggggcegteg 4380
atggecgetg acgetgeate tgacgacegg cggacegagg teegegeege tgettcgegg 4440
geegetgacg cggeeccggce gaagegeace cgeaccgteg cggtgcgect gacegatege 4500
gaggagoceg cglggatega cgeegegetg gecgatggee accggeaget cggggegtgg 4560
gtegcgtgage ggocggtoec cggctatete gggaaggtee gecegaagac cggeagtgga 4620
atgtcgocge aggeggcege ggaggicgee gegatgegge ageagatgac gaaggtegos 4680
aacaacctga accagatege gagggcegate aacgecgggce aggtgecgte geagatggee 4740
gagteectge agaaggoote getogagage toggogcagg agttggoges gatgocggat 4800
cggctegacg cgetegacga ceagggetga cgtgategeg aagatcagea cgggcagega 4860
ccegaagggg ttggegpept atetgeacgg geegggpaag gecaccecge acagetaceg 4920
caccgaggeg ggecggctga tigceggege gacggtgate gegggatege tgcaggtecac 4980
CgCCaaanac cegacecggt gegoocooaa cticgagegg gecgecgega cgaacgegeg 3040
ggtogotaag ceggtgtoge attgeteget geggtgegeg ceeggggate ggeggetgae 5100
cgataccgag ttcgeggaca tegegeagac ggtegeegag cggatggoct tegagagtea 5160
tecgtegete ocgotgegoc acgacgacga cecacatecac ctggetgtet cecegggtega 5220
ttttcagggc glgacctgga agaacageaa cgacegglgg aaggtegteg aggtgatgeg 5280
cgaggtcgaa cgegegeacg gectgatega ggtegcgage ceggageggg cecgtggceg 5340
geaagecage agegeegage aacgecgege getgeggace ggcaaggtee cgcageggga 3400
cggtetgage gaaattgtga cegeegeecg egacategee geaggecagg gtgtggpope 5460
gttcgaagtg gegetegtac agaaccegat taccegagte caggtgcgge geaacgtege 5520

gaagacgggc cggatgaatg getacagett caacctgece ggetacgteg acgecgecgg 5580
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gaccactgca gatcaatcaa ctctgatgag gtcc 34 <210> 83
<211> 34 <212> DNA <213> Artificial <220> <223>
primer (MAK His Bgl Il R) <400> 83 cgcttagatc
tcagttcgcc gagcgccatc gccg 34 <210> 84 <211> 35
<212> DNA <213> Arti%%_bgj_o§;gg eiéggﬁs-giner
- > { gaggcaacac

ok EREORNER PR ARy Uy gl e Odgoanca

anagadeb @ acoldakdct badbedcey SR2AZc s@dreop beFedoad B700 <400> 85
cgccagggtt ttcccagtca cgac 24 Page 47

g RO BROE QBB RY{ Segaencrediizadzisrgycagtc 21¢> 86 <211> 30

<212> DNA
cgeagetgee cgetgggage aggecegege gaatgttggt gagacggecg gge 5813

<210= 75

<211= 80

<212> DNA

<213> Rhodococcus rhodnii

<220=

<221> misc_feature
<223> 4260bp to 4339bp pRET 1000

<400= 75

tegectatee tggtgaceag acaccggage gagetatgee cagggttgeg cagtgactte 60
gtcactgegt aaccetggge 80

<210= 76

<211> 108

<212= DNA

<213= Rhodococcus erythropolis

<220=

<221> migc_feature
<223 761bp to 868bp pRET1100

<400=> 76

tcacagagac agcgaaaacg cctecectgg gteaateegg ttaccgecgg actgggggag 60
gegettegac acctacatee gtegececte gaaaggctea gatgeact 108
<210= 77

<211= 556

<212> DNA

<213> Rhodococcus erythropolis

<400= 77
gaagcaacac cgeatccgee cattgecgat cgeteageac gececcegtt geggatttca 60

tegggcaact gtgecegece acatcaacta ticgagtecg acgegecegag getatatgga 120
aaaftattcg actacgcaaa acaaagcecat atcaggtatc ceggegacac cccccaaaac 180
cteetececa ceaaccecty cttittgaac cttgeegege tggategtte gatttettet 240
ggaaccetge gageggaaag ccacggtegg caccttggte caagagetot getegggtte 300

goctttgegt cggtggatgg tgageacagg cgggtgagta cggeggtact ccegggaget 360
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<213> Artificial <220> <223> prinmer (pQE70 FlI) <400>
86 ggcgtatcac gaggcccttt cgtcttcacc 30 <210> 87 <211>
35 <212> DNA <213> Artificial <220> <223> primer
(pQE70 RI 13513m) <400> 87 ggttggatcc gtcatcaccg

aaacgcgcga ggcag 35 211> <212> DNA
AaSear o parep %, ey %S(frg%ﬁé‘}“ Pl f ep- EC2958)

gcﬁ%&%cg%ﬁ oSG UEARL %g‘égc% g S acgec gcac 34
<210> <211> 8134 <212> DNA <213> Artificial
tottead@Borecc @R IznapdAed i@ dceartdBfpccd ecgptacgag ctcgaattcg
taatcatggt catagctgtt tcctgtgtga aattgttatc 60
SCEEEEET R At LS RERCHAS At e gty cHPaaa gt gt aaagcc

Cgtgtcgggg ggtf%% ct 120 356

<210> 78

<211= 259

<212= PRT

<213> Rhodococcus erythropolis

<400= 78

Met Phe Asn Ser Ile Glu Gly Arg Ser Val Val Val Thr Gly Gly Ser
1 5 10 15

Lys Gly Ile Gly Leu Gly Met Val Arg Val Phe Ala Arg Ala Gly Ala
20 25 30

Asn Val Leu Met Thr Ala Arg Asp Ala Leu Thr Leu Glu Arg Ala Ala
35 40 45

Glu Gly Leu Asn Gly Leu Pro Gly Ala Val Ser Thr Leu Gln Val Asp
30 35 60

Val Thr Asn Pro Asp Ser Leu Ala Gly Met Ala Glu Val Ala Ala Glu
65 70 75 80

Arg Hig Gly Gly lle Asp Val Leu Cys Ala Asn Ala Gly Ile Phe Pro
85 90 95

Ser Lys Arg Leu Gly Glu Met Thr Ser Glu Asp Met Asp Ser Val Phe
100 105 110

Gly Val Asn Val Lys Gly Thr Ile His Ala Val Gln Ala Cys Met Pro
115 120 125

Trp Leu Glu Thr Ser Gly Arg Gly Arg Val Val Val Thr Ser Ser Ile
130 135 140

Thr Gly Pro Val Thr Gly Tyr Pro Gly Trp Ser His Tyr Gly Ala Ser
145 150 155 160

Lys Ala Ala Gln Met Gly Phe Ile Arg Thr Ala Ala Ile Glu Leu Ala
165 170 173

Pro Lys Arg Ile Thr Tle Asn Ala Val Leu Pro Gly Asn Val Tle Thr
180 185 190

Glu Gly Leu Asp Gly Leu Gly Gln Glu Tyr Leu Asp Gln Met Ala Ser
195 200 203

Ser Val Pro Ala Gly Ser Leu Gly Ser Val Glu Asp Ile Ala Asn Ala
210 215 220
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aat gagtgag ctaactcaca ttaattgcgt tgcgctcact gcccgcetttc
cagtcgggaa 180 acctgtcgtg ccagctgcat taatgaatcg
gccaacgcgc ggggagaggc ggtttgcgta 240 ttgggcgcetc
ttccgcttcec tcgctcactg actcgectgecg ctcggtcgtt cggctgecggce
300 gagcggtatc agct cagt ¢ay-& ggqttatc

ﬁfo% g%@gg@gg@%&%& %Y

cacagaat ca ggggat aacg 3

Ala B ¥ PR LLSG BN (:2eaHenaR Thi @ GRGY: Ccaggaaagaa

225cat gt gagca aaaggccagc amaaggccag gaaccgt aaa aaggccgcegt
420 tgctggegtt tttccatagg etcegeccec ctgacgagca

Leutlle Yela'ern &t Gle Gaidglltes Em @88 AgtNaghdegt g gcgaaacccg
acagdact at addgat accd’ggegtttccec cctggaaget 540

Glgﬁcécgtgcg ctctcctgtt ccgaccctgec cgcttaccgg atacctgtcc
Ygeerttctcc 600 cttcgggaag cgtggegett tetcataget
cacgctgtag gtatctcagt tcggtgtagg 660 tcgttcgctc
caagct gggc tgtgtgcacg aaccccccgt teagecegac cgctgcgect
720 tatccggtaa ctatcgtctt gagtccaacc cggtaagaca

<210gdettatcg ccactggcag 780 cagccactgg taacaggatt

<lljgédgagega ggt at gt agg cggtgct aca gagttcttga 840

<213y ggcc taactacggc tacactagaa ggacagtatt tggtatctgce

<21ge RRtYetea suburolisgccagt t ac ctt cggaaaa agagttggta

<Mf§g ttgatc cggcaaacaa accaccgctg 960 gtagcggtgg

atgttchattc o &Adagaaaaa ggatctcaag
tgl%%OQQ%gééﬂ%% tt 929%%5%?%%Q%%%%§%?c?g acgctcagtg

tteeBARE GAARAC L EAGH dsaRGhat BBt 9RbdbdagTl20cat gagat t a
t caaaaagga tetteaceta gatcctttta aattaaaaat 1140
getapadgktandeia catoamt Ghagtcdgtisdcataategeaagt Bact t g gt ct gacagt
taccaatgct 1200 taatcagtga ggcacctatc teagegatct
cttege et Relrtoeyy Ireecke desateg Ferigreetraec a2 66 t cccegt cgt

t agat aact at ac a cttacc atct CCcCCcC agt act gaaa
b o ot e S B e L L b

2S8R RRAG  CARRGATERG 4380 9238086 JBs@CYgCagaagt
ggtcctgcaa ctttatccgc etccatccag tctattaatt 1440

cacgtdtacgegat aatdagagicactagicasiigtstgagtaaat ag ttt gcgcaac
gttgttgcca 1500 ttgctacagg catcgtggtg tcacgctcgt

acategiter ey eedtc cggtastiarestiagctecygedscad60'8P cccaacgat ¢
aaggcgagttacatgatccc ccatgttgtg caaaaaagcg gttagctcct

aaggclosty gt Rt (Rt B B agAg e Kagt’ t ggccgeagt

t ca,taattctctt
e O A B s R ARG B ot T7a0
gaa@Qk st HAAC gﬁ&@%&&@ég&&gg&a@ﬁ%@@ﬁg&@fcg@éa@.t g&ggcg accgagttgc

tcttgcccgg 180
atcgecaatg cegeactgtt etttgeactg gacgaageeg cgtacateac cggteagteg 720

ttgatcgtag atggtggaca ggttcttceg gagteggega tggegetegg cgaactgtaa 780

<210= 80
<211= 28
<212> DNA
<213> Artificial

<220>
<223> primer (MAK F1)

<400=> 80
gaatcttete gttgatgcag atcaggte 28

<210= 81
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cgt caat acg ggat aat acc gegecacata gcagaacttt aaaagtgctc
atcattggaa 1860 aacgttcttc ggggcgaaaa ctctcaagga
tettaceget gttgagatcc agttcgatgt 1920 aacccactcg
tgcacccaac tgatcttcag catcttttac tttcaccagc gtttctgggt
1980 gagcaaaaac aggaaggGas. i @g@ggggaat
-1@dagggcgaca cggaaatgttﬁggﬁ%ﬁ(g%%?gggﬁgge
«slactBif cctttttcaatatt attgaagcat ttatcagggt tattgtctca
<2121 06kfllage 49 FPO4- 0397- OOSG FY( Sequence i sting)
tgagcggata catatttgaa tgtatttaga aaaat aaaca aataggggtt
<228egegeacat 2160 ttccccgaaa agtgccacct gacgtctaag
“2gaaeeatMak R2at cat gaca ttaacctata 2220 aaaat aggcg
<1ch@ Eacgagg ccctttcgtc tcgcgegttt cggtgatgac ggtgaaaacc
t gacacat geaget cceg gagacggtca cagcttgtct
dgﬁ%%bg@%%%%m%%cgggagca 2340 :%acaagcccg t cagggcgcg
t cagcgggt g ttggcgggtg tcggggctgg cttaactatg 2400
<216g@eat caga gcagattgta ctgagagtgc accatatgcg gtgtgaaata
<21cegeacagat 2460 gcgtaaggag aaaat accgc at caggegec
<21attfdgccatt caggctgcgc aactgttggg 2520 aagggcgatc

<2 lgyeieglihce tettegetat tacgccagct ggcgaaaggg ggat gt getg
<22%580 faaggcgatt aagttgggga acgcgagggt tt:fcca?tc
cgac acgacgg ccagtgccaa gcttgcatgc
<nctg%%% #ggiggﬁctagagg at cccctgca cagaacccgt 2700
-408Ckegat ceg ctcgacgtc gctgtgaggt ctttcctgca aggcaaatcg
cacdab gl @acgga Rehbg c@ggggt ttcg tgatgtttct ccgagegttt
tttcgttcca agttggtcat ggtggctctt 2820 gtcctggtcg
ctggcctgtt tctctacaac gecctgetctt cttctgacgc aaaggaagag
<219880 ateggeagea gtctgaatct ctctcctgtc actgctcgtt
<Q%Qéétccgta t gagggcgt ¢ 2940 cagcccacga tgtgcgaaca

zgégégggg tt cccgtccctg tcgtttccgg cgacaggatt 3000
€gggggt gg catcgtgcgg gacggattac gccgggaagc ctgcggtgac
«gct ggaagct 3060 gtgtggattt cgtccgactc ggtgaactac
<228€36hQ@UAAA FAORYIGRAt t g cctggtgacg 3120 aceggecege
t gt ggaaaca agcgat ccgt aaagcgtcag ggtcagagat tcggcctgag
<40818® (ggcgggagct ggatacgggt ggtgcttgcc atgcctgacg
cecipedaricticcageggeagetgg 3240 geadcccacg cccaagt aac
cgctggtgcg ctggatattt cggcggtggt ctcgtgagcg 3300
-199g9agaagcg geacagegag gccggcccgg tagaaatcat ctttttgatg
¢t ggcagtca 3360 gggcggggga ctacatcgtc gccgtgactg
<2169@NCt €CgC ggtcgggttc ttcgeggtcg 3420 cggttgaggg
<216t ed@@I t ¢ ctggtcgtcg cagtcatcgc tgcaccggcecg tggtggtttc
3480
<220
<223>= primer (P1200rep-Pst5195)

<400= 84
agcegetgea gaageaacac cgeateegec cattg 35

<210=> 85
<211> 24
<212= DNA
<213> Artificial

<220
<223>= primer (P7)

<400> 85
cgecaggett tieceagtca cgac 24
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t gcgcgact g ggaat cgaag cggagggccg tacgggtctttgaacgggca
t ggaagggga 3540 cacctgaatc ccccggtatt gctctctccce

ttggcctgtc gaacgtggcg gggtctctge 3600 cgaggttgag

gaagtttgaa actggttcgg ggatacgcac actcgtgttt tctttgccgce

3660 ccggagtcac tgccg%gggg{%gég@gg ag. Ldggeccet ge

gct ggcagac gcgatggggg 3720 gtcaccgctg ccaagt agag
<218A@gt ggccc ccggacaggt ccgcgtcaga gtgattgatg 3780
<21agg@at t egat gaagacgccg cgtgatgcgg gatgggcgaa agatgttgtg
<21¢t ggeagagg 3840 Page 50 FPO4- 0397- OOSG FY( Sequence
<21pt dytifisg) atacgttcga cggtcttccg ggcgagacgc gatcctggtt

cgagcaagag gggccggcat 3900 catgagaaaa tcggcgggag
:gg?tete JLectatcegt ctcgggeget ctcagtacgg 3960

gggﬁ%ggﬁ% géattcgatc t cgct gcgga egeeget cac at cgccat gc

~o89ggcaaaac 4020 cegatcegge aaaagtcagg cgacgtacaa
gl OLi006H faggeageag cgaacgcggc 4080 ggttcgagtc

gt agggt ccg accegacaca cgtactcctg gagecettea aacat cgagg

4140 ggtgtccgag ccttacgtgg tttcgggact gaatgcgcag
<2lgedacggt gg acat gctggg 4200 ctgggtcaag cgtgagtctg
<214t dgt cgcat cgaccagatg tggcccctgc gtaccgacaa 4260
zggiﬁi %gag ttcggggcttcgttcccget gatactcgtc gtgetcgaag

¥t gg 4320 gatcctegag ggggcagcgg acgaagacgc

—9ggcgttaggc cgaaaacctg ccgagcgtct 4380 egeacceege
<zﬁiiﬁﬁggﬁﬁﬁoﬁ§gﬁﬁﬁﬂtca gat ageageg cagtcggcaa aggct ggaat

4440 tegeettete ctgctctcgc aacgagcgga ggcctcgatc
<40at Bggcggca atgcgcgttc 4500 gaattteggg gt caagatga
gettgdaGt galyggt aggaogassey gagdt cggt gasgaatgcttca 4560

t eegageget tccccggaag actgtgccct ggtcgagacc ttcaagcctg
<2]_gﬁacctgcct 4620 tttcgagaag ccaggagaag geeggeagat

a@@cgatgc gacttggtcg gcgagtacgg 4680 gagat atgcg

<211=

508gecateg agtcttcgga tctgcgtttt etegecacce tccagcaaga
14740 r.Gfa@0gcccaa cgcgaattct tcgctgagga gttcggtgtg

gt ggat ccgt cat gactgga 4800 ceacaggaga gaaagcgcaa
<22ggcggcgaag ccgtcgcggg agcctcagtt gaactgctgt 4860
<22aagogdatdjiegecgE®Faracg agcaaaacag ccccecggttc cctctacgtt

cgacctgctc 4920 acggtgaagg agactgcggg gctgct gaga
<108t &gt cagg caactcttta ccggctgett 4980 cggagt gggg
CECFAYG UL HES YAREATHEYg at cggt ggactagat acgegt t eacegegag

5040 tcgctgecgtc ggttcatcga accgcgtgga taacgtcaca
—1gagacagega aaacgcctcc 5100 cctgggtcaa tccggttacc
<21@egggact gg gggaggcgct tegacaceta catccgtcgc 5160

<212=> DNA
<213> Artificial

<220
<223= pRETI1101

<400= 89
ggotacegag ctegaattcg taatcatggt catagetgtt tectgtgtga aattgttate 60

cgcteacaat tecacacaac atacgagecg gaageataaa gtgtaaagece tgggetgect 120
aatgagtgag ctaactcaca ttaattgegt tgegeteact gecegettte cagtegggaa 180
acctgtegtg ceagetgeat taatgaateg gecaacgege ggggagagoe getttgegta 240
ttggocgcete ticegettee tegeteactg actegetgeg cteggtegtt cggetgegge 300

gagcggtate agetcactea aaggeggtaa tacggttate cacagaatea ggggataacg 360
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ccctcgaaag gctcagatgc acttccacga taacgcagag gtcggacaag
agggaagaac 5220 tgccgttctc tcgececgttge gcggegt age
cgccaagcgg gacgtgtctg acgatgcagc 5280 gaagcggagt
eggeaggege ggcacgcgcc tgggcttgttacatctgcca caactgtccg

5340 tgaatctctg cgagglgeld BaaEcLs glgefis%ﬁ\ggggcctt
‘;Qa%% 18RCG tazﬁ%%%& t @Ak LA g9
Calg%cigcat %ggtg% cagg%cc%gdgcg%cgacgg%ggata Eegeg%eézeoag ctgcttcctt
tectdfifiiccatRgtccg ol gogclaathgagatatgagegt ga gggt ccgagg
ccgecgtttcg ttgtcgecgec 5520 tggegttgtc cgcettggagg

gleagtge gz cpatacdes egerady evgrtacgaaatiracygeaetcyad@gt gc 5580 Page
51 FPO4-0397- OOSG FY( Sequence Iisting) gt at ct ggct

coclgritce GG g gyt tRatatee gt tyticcagiflat aact cgccgt acga
5640 Lt t t t t ttct

e R A R AR B Soctogt ot g

atRAGAIATEIR 1 ARLAY LAGIE ol AL EL0 GlGe@lit GhEggt ¢ 5760

acggatgatc ttgcgaatgg cagaactcga ctgggctccc atgatggatt

tatcto@RL §OQGaizadhBa0: cgbtegiog cgatags ogdagareact®a cct at ccggg
ggactggctt acggttgccc ceaceggege 5880 tgaggtcaaa

cageradAsAteeas et agRgRie e eeitis s sgetrcy e ereiictsaddygect ggggeatt ge
5940 ct ggat t gcgtggaaaa tggagtt aagccgaggc
ARG éﬂdi’}%“g © tTcgcgagﬁa@gE?%%%@%%“gC@gL?%‘gﬁac %ﬁ cct cat ggga
@m%%&ﬁﬁﬂg S5 0630800 L060096AL0..8% 96sPaget 6060
ctt gaaat gg gagat ageac gtgcagaggg tgaagaccca ggtcgcaggc

stade Qi itk Goabhal ax882A06 60 a06GA00@L T gaagtttcy
tccgtggett tctgcggtgt gggccgacgt 6180 cgtagat cat

aaggeygactetasagdaagdaygt camsgeatgitaaggigecggca ct ggagt gga

6240 ctacgcggag ggcacgcgag ggtcagat cc gaaaaggctt
%mﬁgéb?ﬁ%%%ﬁa@%%%%E%@@ggﬁg%@a%gﬁﬁﬁhgéﬁ%t gccgacaagg

gaa%‘@t%ag%cégga%%gt%&%%g%%a%c% gtgtg%%%%%%%cct opapaa-999 6360

gcgggacct - ggc accg cggtttgtcg ccggccacgg

taatGh GF GRECHR AR cERtllieal 09 4RLSA86C tgcttttatc
tcgcacgttg cgacgattgt cagcgcgaac 6480 gaagatctgg

tcccgAQC Sapgaict ackACHRAYR G cd BgRGICGGee@acCHIAt gga Cct aaggcgat
6540 gatgcgacgc acggttaccc ggcaccgctt ggacctcgtg

teateregeg gRagrataC ricedsgg et GB OB eratrarset géBlaaggt t cggg

cgccagtgaa gaggtttgtc cggacttc atacctgtg 6660
gm@%?%%%?ﬁ%@géﬁﬁgﬁﬁﬁgﬁgq¥Q@@F@@é%%m ct®8gccgt cttcgtacaa

guggc%%g(g‘ﬁ%c‘tagggga ath%tQ c cﬁéﬁﬁg‘?ﬂ%“cg&m g?f%gogc b tcggetttgt
¢ tgctgg at g%gggtttt ggcggct 6/80 tctggtgatg
ttecfel GEb@ad e 869t ARG RYRYRAGACCLIABGFACt gac et at et et ac
Cccagfgjtoc aaggegagtt acatgatcee ceatgtiglg caaaaaageg gttagetect 1620

teggtectee gatcgtigte agaagtaagt tggecgeagt gttateacte atggttatgg 1680

cagecactgca taattctett actgtecatge catecgtaag atgettttet gtgactggte 1740

agtactcaac caagtcattc tgagaatagt gtatgeggeg accgagtige tettgecegg 1800

cgtcaatacg ggataatace gegecacata geagaacttt aaaagtgete atcattggaa 1860

aacgttcttc ggggcgaaaa ctetcaagga tettaceget gtigagatec agttegatgt 1920

aacceacteg tgeacceaac tgatcttcag catettttac tttcaccage gtttetgggt 1980

gagcaaaaac aggaaggcaa aatgecgeaa aaaagggaat aagggcgaca cggaaatgtt 2040

gaatactcat actettcctt tiicaatatt attgaageat ttatcagggt tattgtetca 2100
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ccaggtgcaa ttcatctccc gcgctctgtc ggctaggtaa acgaggtgct
ceegegegag 6900 cttttccatg tggtcggcca atgtcagctc
ggt caggaca acctgctgtt gttgcgatag 6960 ttgtgtccgc
acgggtcgat tgtcttctgt tgcggcaaaa cggttttcgt cgttcgcgga

7020 gagtgcggct aaatgﬁg_ ggg_oggé_ggﬁg? Cefi@gggcggagc
tgag%g%ala%%&‘gg&gg%ﬁ%%tg&@a ott 88LGRL 939 tctctgtctt
cattcataac tgaagcgtat tgggagtgitgecctcccac 7140

ttec@dag bolidcHe 8 o atkgaagytgatt-faaah gagiarc @cAagt t t ct caat agactc
caagtttgtg 7200 atccttttac tcccaaaatg gggcatgatg

aaaglagpqydgtacpres cotrgtcteaygl rygamagitaads 6050 egacacet eg
aaagaaggcc tcgacatgf%g tttgaaagct gct %gcaacg tgattcctga
tetegrrpecpeyers 5222 EPEH B Y sBeRsEs remet e et | i sti ng)

ttcct t t { t ggt
R o N

cog GERASRRGURE (GHRACOLCHE: L gPake dalacabd4O1s0C0act gcat t
cgggt cgacc gggcat cagg caacaaggca at cgtgaccg tgacggttcc

geglAf) aagQaRgitgedcgeegancan gaifoidgagaegce20ggt ggagt ¢
tccgagatga ttgccggttt 7560 ctgggtttcg cgcagtggtt

aaeePGRT A LPREFC GIIEer P g osbRFERIERR SEHLEYE PR ct g 7620
atcgct gat c tcqgcccctc aaa ttc aa tcca aaggaaaagg
con il et MR Tt D e ge ot ot ot L oCg
sl 98LL 580 QAL 8050, OCIIRIRAE L0001 01t 0ag g
at cgtf caca gt ccgaagct gt gccget ga gagf gccgge cgat ccgaag

actcf 800 ctedtGH0RRRALIBAYLOLE GGy §G2LGRL FGO gggt gCcCl Ccg
ttctctctcc ggaagagctg 7860 gggccgttca gcggagggca

agegfitae abigiffelcemad cagtialtygcast@tytogagedtt §¥f8ggggttg 7920
R RPN Bl P g com vt
o PR o b i bR C 8 52 Thotogt at g
B P73 ¥ L R T S LN S H O
tegggZodadatplfedsldh@idattac gecgggaage ctgcggtgac getggaaget 3060

gtotogattt cgtecgacte ggtgaactac acactegata agaggcattg cetggtgacg 3120
accggeccge tglggaaaca agegatecgt aaagegtcag geteagagat teggeetgag 3180
ggcggoagct geatacgget getgcettgce atgectgacg geaatttcag ggeaggategg 3240
geaccccacg cecaagtaac cgetggtgeg ctggatattt cggegetggt ctegtgageg 3300
gggagaageg geacagegag geeggeccgg tagaaateat ctttttgatg ctggeagtea 3360
gggcgooooa ctacategte geegtgacte cggttetege geteggette tiegeggtcg 3420
cggttoagoo titctootic ctggtcgteg cagteatege tgcaceggeg tggtgettte 3480

tgcgegactg ggaatcgaag cggaggpccg tacgggtett tgaacgggea tggaagggea 3540

cacctgaate ccecggtatt getetetece ttggectgte gaacgtggeg gegtetetge 3600
cgaggttgag gaagtttgaa actggticgg goatacgeac actegtgtit tetttgecge 3660
ccggagteac tgeegagage titgagaaag ticgeectge getggeagac gegatgggeg 3720
gtcaccgetg ceaagtagag aaggtgecee ceggacaggt cegegteaga gtgattgatg 3780

aggattcgat gaagacgecg cgtgatgcge catggocgaa agatgtigte ctggaagagg 3840
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<400> 90 gacctgcagg catgcaagct tggcgtaatc atggtcatag
ctgtttcctg tgtgaaatg 60 ttatccgctc acaattccac

acaacat acg agccggaagc ataaagtgta aagcctgggg 120
tgcctaatga gtgagctaac tcacattaat tgcgttgcgc tcactgcgcg

ctttccagtc 180 gggaaﬁ%%gwtoggé_gggg%gmggs%ﬁ\%t aatg
atac@@cgg&gt%&c@ggg%&g&ggga&ggn%@%%%‘gégtcc 4P sogegtatt gge

gaacttttgc tgagttgaag gatcagatca cgcatcttcc cgacaacgca

cated3@bha tGACEQE hetgpat gtanagiacandgithgaa@s@at cagt aacc
gt cagtgccg ataagttcaa 360 agttaaacct ggtgttgata

graget esrtitagR ladeget qgatdeag ateaaityg egecatgaadiacge 420

t gct gaat gt gcgagcttct tccgcttcct cgctcactga ctcgcetgege
coE PR ERGE 8 BT GG HRY Geragt witoatea ‘0% cact caa

aggcogt aat _acggttatcc acagaatcag 540 ,. gggat aacgc
st SHET AR s aflrpin Rk PR afealiy LB D00 anccgt asaa

£et Q0o PAEE: 102 31 F RGN 5 0Bt I e feY bRABEN Aol T STI NQ)
aggccgegttgetggegttt ttccataggc tcegeccccc tgacgagcat

cteR 08 aggat-g abHcatgacgetcaatclzc agaggiaggecogaaacccga
caggact at a aagataccag gcgtttcccc 720 ctggaagctc
siitieespipeggegicosticctesicrigiieee siegariarefiereydbfitacegga tacct gt ccg

oo G R A E GO e OO BB CGPL cact cc.
cocRBQEL agcgggt% agg‘iggét&c‘g@tﬁgé‘gc?Qa%f&‘g‘gtﬂ‘:&%%gcfgggg eggpace 900
g C at'cgt ct

ctgcgcctt atcceggtaac g agt ccaaccc ggtaagacac

togQi@Ed ol GG @80 G ACLBLREC RPLLAGHYS0Racaggat t a
geagagegag gt atgtaggc ggtgctacag 1020 agttcttgaa

gaatftaggtiggeth caankdegystccacatiagaagecgacayat tt ggtat ct gcg
1080 ct ctgct%aa gccagttacc ttcg%aaaaa gagttggt ag
tecgagegst f"@%ﬁﬁ%g 3@@ e ERRICT TiopaecCig glae @“ét ”9560 t agcggt ggt

ttttttgttt gcaa ca.qgat cgc .aga aaag 1200
egsban cllitale SEA R R B B BT AR A0 cagt 0
gagﬁﬁgwg@éag&%g a%?e@c%ga %&%Q%&Eccg&@c&l i gag gaaggtgttg

ctgactcata ccaggcctga ategecceat 1320 catccageca

ccaaaaltb Ganor igageeanygiztd gahigagagectdht got gt ag gt ggaccagt
1380 tggtgattttgaacttttgc tttgccacgg aacggtctgc

ccagegrgn RGP RrasYYy Cgire B4AG cctirgtt gadtestst t48ehact cagca
aaagttcgat ttattcaaca aagccacgttgt g[t ct caaa 1500

s P Rt T PYRT Y PYALATE oA bddrdhga 4t at'dttat e at gaacaat a

acg?%g%tagfgc%rc e %é%%a aGhe g?&agé &%@cﬁ&%gg%é%‘ttaﬁ@so aggggtgtta
agccata C ac% gaa acgtcttgc 620
cggagteooo aaggacccac afacacacgg atcggtggac agatacgegt tecaccgegag 5040
tegetgegte ggtteatega acegegtgga taacgtcaca gagacagega aaacgectee 5100
cctggeteaa tocggttace gecggactgg gegagocget tegacaccta catecgtege 5160
ccetegaaag geteagatge acticeacga taacgeagag gteggacaag agggaagaac 5220
tgcegticte tegeegtige geggegtage cgecaagegg gacgtgtetg acgatgeage 5280
gaagcggagt cggeaggege ggeacgegee tgggcttett acatetgeca caactgtceg 5340
fgaatetetg ccagetectg aaaccgetgg tecagggcectt geggaateeg tgaccgetga 5400
tgatttttgg teteattegt teececegege tgacgatgta cgeggegeag ctgetteett 5460
ccagteggte getaactggg atgggegtoa gootecgagg cegegtiteg tigtegegee 5520

tegcegtigte cgettggagg titgtgatet cgeacgecge gaacgaacgg ctgaacgtee 5580
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cgaagccgcg attaaattcc aacatggatg ctgatttata tgggtataaa
tgggctcgcg 1680 ataatgtcgg gcaat caggt gcgacaat ct
atcgattgta tgggaagccc gatgcgccag 1740 agttgtttct
gaaacat ggc aaaggtagcg ttgccaatga tgttacagat gagaggtca

Oty St 9, 90! IRGHIRA bid BALTLE. Lhigoac
etatCAROERE LM (RALLEOL AL G L0k LOREIAL 96 0aT gUt tact ¢

accactgcga tccccgggaa aacagcattc caggtattag 1920

cttegonfia peatitoG R abifpatobCaggitcOfnagdcatcbgedcfgat@cgct ggcagtgttc
ctgcgccggt 1980 tgcattcgat tcctgtttgt aattgtcctt

cgadatiarg catpe gl cegre g atitazeeg ettt etiece204Y00 aggcgcaat ¢
acgaat gaat aacggtttgg ttgatgcgag tgattttgat gacgagcgta

cegriealy Mecgtalg Clegly e "lt%?"?@%\%t%"’é%&gb'ﬁ%% a%g’ aaat gcat aa
cttttgcca ttctcacc 216 attcagtc cact cat ggt

oo PR SR e TR S aaat 2290

igade Rk 204D a%@gt&@@ggggt@%sggg&ﬁggggcg@atm@ aga cegataccag
gatcttgcca 2280 tcctatggaa ctgcctcggt gagttttctc

ctgetet s adetegfon igaRBCOYSLdagdctetteogaaaaicct2d4@oPage 54
FPO4- 0397- OOSG- FY( Sequence |isting) atggtattga
catepiqerf eECRIBRER 22RPAgErat eleeateategiearprdis veriepsct fAtlgct ¢ gat gagtttt

2400 tctaatcaga attggttaat tggttgtaac actggcagag
cHaBHBE SrTiErY eI R E P M Sk SR (Y Tt ¢ gaat aa
gL CHGALLED: @&Q&Eg%&gtggmwgt%ggt@g?gggk&aégl Q9¢Ragg9g 2520

cgat cggt gc gggcctctfc gctattacgc cagctggcga aagggggatg

cotde @Gt GEARQEG: 2208 aga 6HRdt ARGt 8E ShaReOC 2 AYYgt ttt CC
cagt cacgac gttgtaaaac gacggccagt 2640 gaattcgagc

clacb@ggtcacerggggaticrhebezagagitgicgcacemgaabcgt act egat ceg
2700 ctcgttcgtc gctgtgaggt ctttcctgca aggcaaatcg
et ggeeR s Y g et PRt 2780 gkttt 6% ccgagegt t t

tttcgttce agttggt cat tggctctt gtcc tcg 2820
o T 1 Sl £ B It DO B4 (lohcge aaaggaagag
rattRLEONSRAR A RGO oo AL Fk 0B A LLLLLCIQES actgctcgtt

cgaat ccgta tgagggcgtc cagcccacga 2940 tgagcgaaaa

gaa G gg @ arb@h dit tegReeE Gedefet CYtabitRa ggagggacafigat t t cgggggt gg
3000 catcgtgcgg gacggattac gccgggaagc ctgcggtgac
satagercgygocRtitee qytagtegiyeenictcst8 a8eetseyitcteegractt€Vygt gaact ac
acact egat a agaggcattg cctggtgacg aceggecege 3120
SR B e ST C Rt TRy e LA E R e B Ut %ﬁoagat t cggcct gag

tgtogaggglg?%&ggccgc tgg]cggaac 9ad.as Q&g&oag %:ttgg&%a% 960 at gcct gacg

gcaattt eag ggcaggat gg gcaccccacg 40 cccaagtaac
otagg%g%:ggia%@@t EdeBBRtRistE: £306004Q8 A48 9agCY gggagaagcy
tetggtoatg cgetgetgeg ctecgtggpgg agagagacee aacgactgac ctatetetac 6840

ccaggtgeaa ttecateteee gegetetgte ggetaggtaa acgaggtect cecgegegag 6900

cttticcaty tggtcggeca atgtcagete ggtecaggaca acctgctgtt gttgegatag 6960

ttgtgtecge acgggtegat tgtetictgt tgeggeataa cggtittegt cgttegegga 7020

gagtecggct aaatgaattg catcctegat tgageggage atftcgacge ggaacctgge 7080

gatgatpttg tetetgtett cattcataac tgaagcegtat tgggagtett geectececac 7140

catgtgtegcc aatgeaggte tgaactgagt cacagtttet caatagacte caagtttgtg 7200

atccttttac teccaaaatg gggeatgatg tgtgegtece teggttcagg ggcgaaagtt 7260

cgacacctcg aaagaaggee tegacatgge tttgaaaget getggeaacg tgattectga 7320
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geacagegag gccggcccgg tagaaatcat ctttttgatg ctggcagtca
gggcggggga 3360 ctacatcgtc gccgtgactg cggttctcgce
ggtcgggttc ttcgcggtcg cggttgaggg 3420 tttctggttc
ctggtcgtcg cagtcatcgc tgcaccggcg tggtggtttc tgcgcgactg
3480 ggaat cgaag cggaﬁ%%ggg{bgggg Lotle ki cgggca

e o aSec t etétetccc
* %%%%%%%%%gggggg%%%%%% gggg%¥%%§%g%gaég§§gag 3600

geaaat btgage aatagh taghgoatacgeaseaghicgigltt tctttgeege
ccggagtcac 3660 tgccgagagc tttgagaaag ttcgccctgc
cragebiygedgac goraictey crggesegt tazege kyre8%2(0/30¢ caagt agag
aaggt ggccc ccggacaggt ccgcgtcaga gtgattgatg aggattegat
g2acgiEgly L FAYREGEEY C SHb g S e §ggegax4’ agat gt t gt g

C G cag‘ catcac t C a(‘:ag’%él'cg CC tott ggcgagacge
t%%ggggt %%?gﬁﬁgﬁgéaggﬁ d@%c%éﬁ%%t é%%ggaaaa 3900
m%&@gggggaagg%g%@%%gg@kmﬁﬁgﬁﬁggQg%qggcgaﬁcgct ctcagtacgg

ggaagacgt t 0 ggattcgatc tcgctgcgga egeegetcac

gotadegig ceatige cagiicanaacs cegataegge 402040 aaaagt cagg
cgacgtacaa cgtgttagct caggeageag cgaacgcggc ggttcgagtc
sietrardriEEyger BEeFEPOHcOIFT tBECEFEISEde P8 | i sti ng)

ta tcc accegacaca cgtactcct a ttea aacat Cgagg
teeepHARUERE STHB RRETRE S e EEPRRTRant) gaat gogeag
ggggcgﬁcqg%gﬁgg a @'ﬁ@icgﬁtag%gaggg oggc%Lg%@Qgggaé%%O 79269t gagt ct g

atcgfcgcat cgaccagatg tggcccct gc gt accgacaa gttttccgag

gag 2Bt o btELBILIG e cGAHLdoCH CHGhat ALBGLE TG gt gCct cgaag
agttteccgg gatcctegag 4320 ggggcagcgg acgaagacgc

tggttige g ticagg elcegagiaacctye dtgagogitetae geldcceege 4380
atttcggcct acgtgcgtca gatageageg cagtcggcaa aggct ggaat

el e B s SRR ORESE A RE o) ggcct cgat c

t ca_at ttc gaatttc 4500 gtcaagatga
“%%@%?%%ggﬁ%mﬁﬁéégég%cg gagtcgg%g% gaatgcttca t eegageget
4560 tccccggaag actgtgccct ggtcgagacc ttcaagcctg
<1gt @gctgcct tttcgagaag 4620 ccaggagaag geeggeagat
<21t-atgpigat gc gactttgtcg gcgagtacgg gagat atgcg 4680
<2l@¢gdgecat eg agtcttcgga tctgecgtttt etegecacce tccagcaaga
<2lgrdgifeebaa 4740 cgcgaattct tcgctgagga gttcggtgtg
<22§£ggatccgt cat gact gga ceacaggaga 4800 gaaagcgcaa

<22908§Fﬁ3?9 ccgt cgcggg agcctcagtt gaactgct gt gaagcggacg
860" tgccgaaacg agcaaaacag cccccggttc cctctacgtt

«o8gagctgct c acggt gaagg 4920 agactgcggg gctgct gaga
gac@iCRMEAGIt tERAG: Cdide bR LAMPEE Gehiate 9GaJt gggg 4980

ttatecgete acaattecac acaacatacg agecggaage ataaagigta aagectgggg 120
tgcctaatga gtgagcetaac teacattaat tgegttgcge teactgeceg ctttecagte 180
gggaaacctg tegtoccage tgcattaatg aateggecaa cgegeggoga gaggegettt 240
gegtattgge gaacttttge tgagttgaag gateagatea cgeatettec cgacaacgea 300
gaccgticcg tggcaaagea aaagticaaa atcagtaace gteagtgecg ataagticaa 360
agttaaacct ggtgttgata ccaacatfga aacgetgatc gaaaacgege tgaaaaacge 420
tgctgaatgt gegagettct tecgettcet cgeteactga ctegetgege teggtegtte 480
ggctgeggcg ageggtatea getcactcaa aggeggtaat acggttatee acagaatecag 540

gogataacge aggaaagaac atgtgageaa aaggecagea aaaggecagg aaccgtaaaa 600
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aaggacccac atacacacgg atcggtggac agatacgcgt teacegegag
tcgctgecgtc 5040 ggttcatcga accgcgtgga taacgtcaca
gagacagega aaacgcctcc cctgggtcaa 5100 tccggttacc
gccggact gg gggaggcgct tegacaceta catccgtcgc ccctcgaaag
5160 gctcagatgc acttﬁ%z_gg{bgggg agag. glecggacaag

cC

202293933036 1l BGHIILLLL cal GAGLAL Lg% gcdycgt age
cgccaagcgg gacgt gt Ctg acgat gcagc gaagcggagt 5280

cacRORAQHRNE: GaRacaeaestH0ggethgidaeat clogcca caact gt ccg
tgaatctctg 5340 ccagctcctg aaaccgctgg tcagggectt

clgggeglg addsteyy KigRtcgetegacceghatoegaticgglc®4080 tctcattcgt

tccceccgege tgacgat gta egeggegeag ctgcettcctt ccagtcggtg
coti g e SR AR AT O IR G5t SRhy cogegtttog

cagcgce. tagecattgtc 5520 cttgga tttgtgatct

cuelys SR AL e RS PR gl 2560
getddE € Ha961€ ta&gngﬁggag{@&a@&c SA680LLAGGRIF6At aact cgccgtacga

cttcgacgtg 5640 gacgatgaag agttggcgga actggcttct

cactg§ ARG YeRt hegaggsenaeagatalshggg . bhf0102ggcet ggt ct g
cggagaggga aat agt gggc tggtctgctc gttctcggtc acggatgatc
agtigyipgEieateeeeiiReerh e drspra coey At EXRRRrEt L8R at gat ggat t

Ct“%%%gcg gg?}% E%ﬁ%’%@%&%@%ﬁ%ﬁ%&tcggggﬁa%gﬁ U4t gaccct ca

ccac%%%%ttzfggg%%gt tgtg%ac& E&Q%Jgka gt%&%g{gfs WabbaGLasRU9Cge tgaggt caaa

aaacat ct cc agacgtt caaacggttc caacgggcct

catd@9Q4 6att s tatog b gaagh 2240:: aatgoaaan tggagttcca
aagccgaggc gctccgcattttcacctgta catggtccct 6000

cgagigtic atoygg@ caggebyyagatactageggaagccedt goggcat g at gct gagcet
cttgaaat gg 6060 agat ageac gtgcagag t gaagaccca

cateRepR SAYEER PgtoarTriasgyHsligRE eERe8a2H agcgat ggat
t { t t t t t t t tcat
S L SR R b Dt e e

teto St HIAE I8P HAGARIARY 0240 QURARICHBY 90t cagat cc
gaaaaggcttgcggtgtact tctccaagca tggaaccttt 6300

atctgEBOACHAG Jaagai-ad L-Bfaa aggtaghicgitggtiscaat ggc agaaaacggg
t gcgggacct 6360 ggcaggttct ggggctaccg cggtttgtcg

ctagatrgrreslertagtreetadpiie easepdnt rirsceRELs®4X0° gat gagt acc
tfgcttttatc tcgcacgtt cgacgatt gt cagcgcgaac gaagatctgg

ceaRgAEer AN AtaEte TAUGAEE: BagbYge 869‘3 cacagat gga

tackh c%?gtr L IGIREDGta ?‘E GRYLLACrG, 99caccyct t

T gcgg%?%g g g%(:cggt gggg t% %:%56 c%gg%gagagacccgg 6600

agttHAG Sdah GYShaHIEER G PRt GRYGL A f04ie 16 JAGL t CQg gat acctgtg
t gt caat gac 6660

gactaaactg getgacggaa titatgecte ttecgacceat caageatttt atcegtacte 1860

ctgatgatge atggttactc accactgega teccegggaa aacagceattc caggtattag 1920

aagaatatcc tgaticaggt gaaaatattg ttgatgcgct ggeagtgtic ctgegeeggt 1980

tgcattcgat tectgtttgt aatigtectt ttaacagega tegegtattt cgtetegete 2040

aggcgcaatc acgaatgaat aacggtttge tteatgcgag tgatttigat gacgagegta 2100

afggctggec tgttgaacaa gictggaaag aaatgeataa getittgeca tictcaccgg 2160

attcagtegt cacteatggt gattteteac ttgataacct tatttttgac gaggggaaat 2220

taataggtte tattgatgtt ggacgagteg gaatcgeaga cegataccag gatettgeca 2280

tectatggaa ctgecteggt gagttticte cttcattaca gaaacggett tttcaaaaat 2340
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gggcccgcac tggctcgaac cctcagccgt cttcgtacaa gctgcctgag
ctagacgcgc 6720 ggaacgcctt tcggetttgt cttttgetgg

at ggcgggtt ttgggcgget tctggtgatg 6780 cgctgcetgceg
ctccgt gggg agagagacce aacgactgac etatetetac ccaggtgcaa

6840 ttcatctccc gcgclg § {6, 099(%? gij ggtgct
atgg‘% %&%&%@é&g%&ttﬁg@&%cgtﬁg Q at ca at g cagctc
caggaca acctgctgtt gt gcgat ag ttgtgtccgc 6960

tctaﬂ&@@@ﬁg@:@ﬁ&ggf@ia@ﬁ(ﬁgghgig hgcgetanaaePgbd tt cgt cgttcgcgga
gagt gcggct 7020 aaatgaattg catcctegat tgagcggagc

acggredctt taifarp e atepyaiae chityaec gedcepatediedegae7 08020 t ct ct gt ct t
cattcat aac tgaagcgaat tgggagtgtt gecctcccac cat gt gtgcc
CoatFREIRG ggg&%ﬁt@é%f £25 cfgaet GEgee ARGt AP8%aat agact ¢
tidd Gelttt 0 tcccaaaat ggcat gat g
oo R B B B o R PRRT AT 9060
gaa @849 &@Q&&% %@&&G@é&&%&&@%@g@g&‘gaﬁ%t g@gaacg tgattcctga
ttcctccgeg 7320 tacgagtacc gggcggttca ggtcgagccg
ctegfaic-gghpactganaagreacs gaaagacmagicd 3860 aact ct gage
agtt ccagaa gcagaaggac ggcacgccgg tgtggtcgat cgactgcatt
tzatgido] Oceageefl ftcsiyercetiagtyej caleeckl §iceizeirgadffca at cgt gaccg
t gacggttcc atg 7500 aacc ttgcggggcc
e P T LRt "PPeRg et U0 L ag 7960 Page
gtctgaZth (,E %tgggggctc (a?ﬁtf g&%ﬁgg‘é%& cLJa§gta| ﬂg% cgcagtggtt
cggggctgtg gtttteggca agcgccg% Cg cttctctctg atctctgatc
tgagt aag@&ceg@@ec@ﬁ&cfg tRRAY gkl 4e.10aaakel Cwan aaggaaaagg
cgttgcgctg ggtgtgggtg 7680 ccctcgtget cgtgtttgtg
categlp g @Oy ccaggideggaaisagrygogahacegtigbédagt g 7740
atcgttcaca gtccgaagct gt gccgct ga gagtgccggc cgat ccgaag
Cgt"t’@’i@t@ BEHALY 39“8@%‘ 2 g %téacé gaegteycd®Yggt gect cg
totg ;%a&%%%e%&t&:ct aga% %?ca% %C{z %&%%g%ggo gcggagggca

aca agaggttg gagcgcgact

ceath@28 ggtgcgtgéc%&%% @%%&%Ea%&tg@g&a%&%g Gbsggat gaat gt
ctctgacctg ttggtttctg 7980 <ctcttccaga gtccacccgt

cccRERR CORYRt: dlhtit giean@.tdegiggaanagtggogagt g 8040
atgattactg ctatgagggt gataacccgc aaggctgcac ttctcgtatg
gcagaeqgep doeagergec81aR eattcittteatapisseratcaseaeeepst ggct gca 8124 <210>

91 <211> 7675 <212> DNA
ctacatcgte geegtgactg cggtictege ggtegggttce ttegeggteg cgettgaggs 3420

tttctggttc ctggtegteg cagtcatege tgeaccggeg tggtegttte tgegegactg 3480
ggaatcgaag cggaggeccg tacgggtett tgaacggeca tggaaggoga cacctgaate 3540
cceceggtatt getetetece tiggectgte gaacgtggeg ggotetetge cgaggtigag 3600
gaagtttoaa actggttcgg goatacgeac actegtgttt tetitgecge ceggagtcac 3660
teccgagage tttgagaaag ttegecctge getggeagace gegatggoeo oteacegety 3720
ccaagtagag aaggtgocce ceggacaggt cegegteaga gtgatigatg aggattcgat 3780
gaagacgeeg cgtgatgege gatgegcgaa agatgtiete ctggaagagg atacgttcga 3840
cggteticeg ggegagacge gatectggtt cgageaagag gggccggcat catgagaaaa 3900
teggeggoag tateteggat tectateegt ctegggeget cteagtacgg ggaagacgtt 3960
ggattcgate tegetgegga cgeegeteac ategecatge agggeaaaac cegateegge 4020

aaaagtcagg cgacgtacaa cgtgttaget caggeageag cgaacgegge ggttcgagte 4080
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<213> Artificial <220> <223> pRET1103 <400> 91

gacct gcagg catgcaagct tggcactggc cgtcgtttta caacgtcgtg
act gggaaaa 60 ccctggcgtt acccaactta atcgccttgc
agcacatccc cctttegcca gctggcgtaa 120 tagcgaagag

gcccgcaccg atcgeccttcepgeaasagit gy, lo(aem at ggcgaatg

gtag%?[gcg a gé%tatcg Eg&agtgctggdgctcgt&g &g&cggé‘g%%%g%g‘f% getgegetcg
gtcgttcggc tgcggcgagc 240 ggtatcagct cactcaaagg

cctt@g@E BadofL haidodd gRag Pt anggagraiaamgcagy 300
aaagaacat g tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg

czimpgiele gtdiqgent caB@aatzdepegtied dticezagatitigepet ciéogccccecect ga
cg%gcatcac aaaaatcgac gct caagtca 420 gaggt ggcga

et el aeta PRy et ey Heeatticl®t t¥cect g gaaget cect

480 cgtgcgctct cctattccga ccctgccgct cggat ac
saefifgen SRR Ml L A GRELASRE0 W80T ce
attt @R ORISR Dl OL @A B cak hc AL &GOt 00t gt 600
tcgctccaag ctgggctgtg tgcacgaacc ccccgttcag cccgaccgct
ctedpigCaitdapdog H6fcatcggtaae aatzcgghaitticgagtsoocaacccggt
aagacacgac ttatcgccac tggcagcagc 720 cactggtaac
Qﬂg%%ﬁ?@?@%@g?ﬁ@@@?g@?&ﬁfﬁﬁﬁﬁ@?gﬁﬁgg§&é@@g?g:t:ct:gaagtg
cctaac tacggctaca ctagaa agtatttgg
tcccggg&%ig gﬁlg%tg%&t g%ta%l%aé%‘gcd%gct%%ct%btggggﬁgg a4%20
coadzhily A3 L AL L RRANENG R d:LSLLAQL, AR L acctt
ggaaaaagag ttggtagctc gat ccggc aaacaaacca ccgct ggt ag
cea@0fkg 16108t B kit didetgict l-ggaAGaRGRAPAL71E aCgcygcaga
aaaaaaggat ctcaagaaga 960 tcctttgatc ttttctacgg
cgeggitct bgiage stesgt ggasct tepgtegaagsggatgat cac 1020
ttcgcagaat aaacaaatcc tggtgtccct gttgataccg ggaagccctg
g 48
SRRSO e2E G IR A SRt e WA FHEFETY PP ggcacgt a
agaggttcca actttcacca taatgaaata 114 agat cact ac
oo e PR bR T et AR Rt ST 2 S onagct asa

azacdt &l ocBLIIANARRR, @@agtgaa&%%gc@ggggg%-gggaqggogt tgat at at

cccaatggca tcgtaaagaa 12 cattttgagg catttcagtc
aagpugdcigeieagg ighagehataaceagans gicdegtagobggat 1320

attacggcct ttttaaagac cgtaaagaaa aataagcaca agttttatcc
settepdfet torqcatet? RSRACaLraet R Rragecelecyeadtgat S l6hat get cat

ccggaatttc gtat caat aaagacggt 1440
tccggtla%cg gecggacigg gggaggcgcq tcgacacc% catccgtcgc%gctcgaaag 5160

gctecagatge acttccacga taacgeagag gteggacaag agggaagaac tgcegttete 3220
fcgecegttoc geggegtage cgecaagegg gacgtgtetg acgatgeage gaageggagt 5280
cggeaggege ggeacgegee tgggettgtt acatetgeca caactgteeg tgaatetetg 5340
ccagetectg aaaccgetgg teagggectt geggaateeg tgacegetga tgatttitge 5400
tetcattegt tececegege toacgatgta cgeggegeag ctgettectt ceagteggte 5460
getaactggg atggocptga gogtecgage cegegtiteg tigtegegee tggegttgte 5520
cgettgeage tttgtgatct cgeacgeege gaacgaacgg ctgaacgtgce gtatctgget 5580
gcteggocte gogtogatat ggcggctgee aggeataact cgecgtacga cttegacgte 5640
gacgatgaag agttggegga actggetict clgeaaggee tegaggacga cgacattggg 5700

gectggtetg cggagaggga aatagtggec tegtetgete gticteggte acggatgate 5760

ttgcgaatgg cagaactega ctgggctece atgatggatt toccggocat tectgegaty 5820
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gagctggtga tatgggatag tgttcaccct tgttacaccg ttttecatga
gcaaactgaa 1500 acgttttcat cgctctggag tgaataccac
gacgatttcc ggcagtttet acacatatat 1560 tcgcaagatg
tggcgtgtta cggtgaaaac ctggcctatt tccct aaagg gtttattgag

1620 aatatgtttt tcgtghg ggc, Ha& gtttca
£EAGELdL de cohg G Qggs Qgsoaca cttctt
gtgcgcccccg%t% %t{g%g%agt%gg gcaa%agtcggt a tacgcaaggc 1740

ana@Reanggitgteatdattg&egedcctgaeofbd Eagedt (0at cat g ccgtct gt ga
tggcttccat 1800 gtcggcagaa tgcttaatga attacaacag

geglegratagergeltc e aagyt s agergeat ogoaytaralcd86000 tttt t t t aag
gcagttattg gtgcccttaa ac%%fct tg ctacgcctga ataagtgata

B L e

a t.ccaa gcaaace. 198 ectetccc cgcgttggce
oo e W I R PR BT %2000

%C@%@ﬁ%%&ggtcgﬁéggﬁg@%@t ALQLAAtiigachobigagt tag ctcactcatt

aggeacceca ggctttacac tttatgcttc cggctcgtat

ccg@itdegt g GG epaaisb GOy egatasgaat dacdiHh cMeacacagga
aacagctatg accatgatta cgaattcgag ctcggtaccc ggggatcctc
gecgrpaae cofcagiing ertget secalyRelcustctiaRrght ©80 gct cgt t cgt

cgct gt a tctttcctgec 2280 aaggcaaat ttgtgcc
gCC%?gﬂﬁg%ﬂg@ 2 e RS RO FESLT 1RET L oo 2340
g LA0LER. SO0 9954CL4 S0, 851 9960t 91 1t ot aca
B gcctget ot

tcttctgacg caaaggaaga gat eggeage

gated @0 (@B AL Gogt L4t Gl E0EBEt EREL G0 bR Hcted 600 t cgaat ccyt
at gagggcgt ccagcccacg atgagcgaaa aaagccctgt tcccgtccct

gacZBR0 tacgb gl hdcergecgaymraggabeckdt egggygt g34cat cgt gcg
ggatta cgc gaag 2580 Page 59
acg&'gf%@ﬁ %ﬁ@é@%ﬁé fefeeere §%ag??§‘)gg ®et gcggt ga

° Z% ﬂ%%%v"%%ac PRl O ol gaaae

ggg@c@&%&@écﬁgﬁc E&%&Q&Q&cgﬁcagg@&ctgﬁg%a%gg@%zdtngCCt ga
gggcgggagc tggatacggg tggtgcttgc catgcctgac 2760

geagigaaaticttoactggge ageaid tggeacaaganggemoaagt aa ccget ggt ge
gctggatatt 2820 tcggcggtgg tctcgtgagc ggggagaagce

ceeiggfecachagiegess Yergyeteylgt dddmceasta8884d ct tt t t gat
ct ggca agg cggggg actacatcgt cgccgtgact gcggtctcg
ﬁca%@wge&%@agéaﬁé R RY cy ey dl g At é)g gtttctggtt

tgthg:‘gEcQQ%{éggtg{Q %&g%‘c&%g&gﬁ Q%g Cfg%ggggcggg gt ggt ggt tt

gcg atcg Cc gtacgggtct 3060

acgégﬁc@ﬁ@g@c@tagﬁgo@écgmgt&@g cakagel fask£ocrecggt at tgctctctcce
cttggcctgt 312

aaatgaattg catcctegat tgagcggagc atttcgacge ggaacctgge gatgatgttg 7080
tetetgtett cattcataac tgaagegtat tgggagtett geccteccac catgtgtgee 7140
aatgcaggte tgaactgagt cacagttict caatagacte caagttipte atecttitac 7200
tcccaaaatg gggcatgatg tgtgegtgec teggticagg gocgaaagtt cgacaceteg 7260
aaagaaggcc tegacatggc tttgaaaget getggeaacg tgattectga ttecteegeg 7320
tacgagtacc gggcggtica ggtegagecg aagatgotca gaaaagacce ggaagaceeg 7380
aactctgage agttceagaa geagaaggac ggeacgeegg tgtggtegat cgactgeatt 7440
cgggtegace gggcatcagg caacaaggea atcgtgaceg tgacggttee ggacgtgatg 7500

gaaccggatg ttgcggoocc gotogagttc tececgagatga ttgecggttt ctgggtttcg 7560
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cgaacgtggc ggggtctctg ccgaggttga ggaagtttga aactggttcg
gggatacgca 3180 cactcgtgtt ttctttgccg cccggagtca
ctgccgagag ctttgagaaa gttcgccctg 3240 cgctggcaga
cgcgat gggg ggt caccgct gccaagtaga gaaggt ggcc cccggacagg
3300 tccgcgtcag agtgﬁ%_gék{ﬁggg@ Ltega. k gacgcc

coc d . c t gctggaagag
i g%%g%%%%%%g%%g%?g%%%%wgggcéggggggcgé?%ctggt 3420

gtedegia GRaAGE :G0GGELHGeRAd CateGnGaa@tepltC ggTggga gt at ct cgga
ttcctatccg 3480 tctcgggcge tctcagtacg gggaagacgt

cectegierhtetatiyiutclizetasgprrngptignye ersgpermgediatigagBS A0 cat cgecat g
cagggcaaaa cccgatccgg caaaagtcag gcgacgtaca acgtgttagc

e EODE F U HeuEtd SHGHAL G gt ehgt t gt aggot cc

cegacac _acatactcct 3660 agccct aaacat cgag
e RO B ATk Ry A iRy S oca 3790

peeSHELAGHG L G AChAe8GLHAGNIE Al el gagt Ct gat cgtcgea
t egaccagat 3780 gtggcccctg cgtaccgaca agttttccga

g22@tdeCQganete diegikoeagett gahaitpgict3848) cgtgctcgaa
gagtttcccg ggatcctcga gggggcagcg gacgaagacg ccgcgttagg

ctetiBgigPetecacseph eragressee Aitcetra festpre eegrerérc 88y cattt cggcec

t acgt gcgt c agat ageage 3960 cagt cg aaggct ggaa
s R R e e R BB SRR gt egat 4020
mm%g&gggﬁg%ggggtgcgcgtt cgaat £{,G9g ggt caagat g act ct gaggg
ggacgaacc 4080 ggagtcggtg agaatgcttc atcegagege
ttccccggaa gactgtgccc tggtcgagac 4140 cttcaagcect
<2lggbacctgcc ttttcgagaa gccaggagaa ggccggcaga ttatgcgatg
<214200'5 cgactttgtc ggcgagtacg ggagat at gc gegagecate
<Nga Nt t cgg atctgegttt 4260 tetegecace ctccagcaag
<21%%%@B@bca acgcgaattc ttcgctgagg agttcggtgt 4320 Page
<z€9 FPO4- 0397- OOSG FY( Sequence listing) ggtggatccg

<zz9%k9ﬁﬁbﬂg accacaggag agaaagcgca aggcggcgaa gccgtcgcgg
4380 gagcctcagt tgaactgctg tgaagcggac gtgccgaaac
<40gagcaaaaca gcccccggtt 4440 ccctctacgt tcgacctgct

gac@REGUHIGARG! IRYGANE GLYUGYCEget GREERGL 0CAYE cag 4500
gcaactcttt accggctgct tcggagtggg gaaggaccca catacacacg

ceclggeit gregaxtate e englatcadifeer2 etteragitigcdgad gt cget gegt
cggttcatcg aaccgcgt gg ataacgtcac 4620 agagacageg
mgﬁﬁﬁﬁ@@%%?%%&%%f%@ﬁ?%ﬂﬁﬁf%@ﬁﬂﬁFﬂﬁqgﬂ%céﬁbctg ggggaggcgc

age AR cﬁc%&%&%&?&%t ctg%é‘t!&gcg‘%%&%gc rg%%gggg%g ag@ ggctcagatg
cacttccacg a aac%g ga 474 ggacaa gagggaagaa

cetfda@€ 6@ dabdy cEdtRE6CHE@GHL8eE hRE.GeICRaagcy 4800

aaagaacatg tgagcaaaag gecageaaaa ggecaggaac cgtaaaaagg cegegtiget 360

ggcgttittc cataggetee gecceectga cgageateac aaaaategac getcaagtea 420

gagotoocga aaccegacag gactataaag ataccaggeg ttteccectg gaagetecet 480

cgtgegetet cetgtteega cectgecget taceggatac ctgtecgect ticteeette 540

gggaagegte gegetttete aatgeteacg ctgtaggtat cteagticgg tgtaggtegt 600

tcgetecaag ctgggcetgte tgcacgaace cecegticag cecgaceget gegecttate 660

cggtaactat cgtetigagt cecaacceggt aagacacgac ttategecac tggeageage 720

cactggtaac aggattagea gagegaggta tgtaggeggt gotacagagt tettgaagtg 780

gtogcctaac tacggcetaca ctagaaggac agtatttest atctgegcete tgctgaagee 8§40
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ggacgt gt ct gacgat gcag cgaagcggag teggeaggeg cggcacgcgc
ctgggctgt 4860 tacatctgcc acaactgtcc gtgaatctct
gecagct cct gaaaccgctg gtcagggcct 4920 tgcggaatcc
gtgaccgctg atgatttttg gtctcattcg ttcccccgeg ctgacgat gt
4980 aegeggegea gctgﬁaﬁ_gk{bgggggfggCeg&&%aactgg

C

aott @R GIGCOL D B0t GLAA0 aceddehYS g gttgtcgege
ctggcgttgt ccgcttggag gtttgtgatc tcgcacgccg 5100

cgeRPaatgaacgcgelyganagiag Aghate tiggaggciscgggct cgggtggata
t ggcggct gc 5160 caggcataac tcgccgtacg acttcgacgt

tectrg i digcicgasitpagr treriegy taslcdagetagdcab 20@0 t ct gcaaggc
ct cgaggacg acgacattgg gggctggtct gcggagaggg aaat agt ggg
eagrp g At BEE HCt S BH AL CEHEAHRD of { gogant g
cagaact cg .act gggct cc 53 cat ga tt gccgggea
e JRATBRGGE SELAIGE G Rt FRLEMTR, | 9ECO0S

apalc RGO el Q&6 ﬁ%%ﬁ@%%@@caﬁa%%ﬁ%a@&@@ﬁ atctc cagacgttct
t caaacggtt 5460 ccaacgggcc tggggcattg cctggat ggg

atgdhgpaglagfiaagy atggagiitcoat aaaggegafgaebb 1060 eget cegeat
tttcacctgt acatggtccc tcctgatggg aaggcaggag actcgcggaa

cattRgryrattigngicgetigen ety attgrorigaye reteedfasag ggagat agca
cgt gcagagg gt gaagaccc 5640 aggtcg g ccgtatttec
gy GRS e Seaghn e P s B g TRt gget 5700
cacit&t%tcg&g&éaggagtgcgﬁp&gg@&& gtm‘ig%'éaaﬂg%g?cggteﬁﬂgaccec aaggaaaaag
aaaagcacgt 5760 <cagtdccggc actggagtgg actacgcgga

cac GG AEQEMR IUStE REALG, E@3ARNRFYLLaD820) tgcggtgtac
ttctccaagc atggaacctt tgccgacaag gaatatcagc acgtagttcc

acgBBB0sctdgged igmttggeacatiaameetg agicggggl@be t ggcaggttc
tggggctacc gcggtttgtc 5940 gccggccacg gctgccaccg
CEAHAE (e R AT Sr RN AT,  Bdlacgt {6000
cgat t cagcgcgaa cgaagat ct cccggcetttacgaggceg
o e Sk AR TREORT FARRR ¥ Y sequence
gecdatall b et GERGAPALAGAELARIOGGRaMatdegacy cacggt tacc
eggeaceget tggacctcgt 6120 gaccggtgag attctgggca

gacgARIatIest «gaagal degggedesagigacagaggt tt gt 6180
ccggacttcg ggatacctgt gtgtcaatga cgggcccgca ctggctcgaa

siegs e taarlteg 2P0 et grtaasereaerstayeRt d&c0gct agacgceg
cggaacgcct ttcggectttg tecttttgetg 6300 gatggcgggt
Y erag B Fgect et Rt BaT Cye et gt gcttcgt ggg gagagagace

ataag%gaq gaa%g%g%&&%% 5%&5%&?5%%0:& CCAgAl gGasat teat ctcc
gCt ctgt cggcCt aggt a 64 aacgaggt gc tecegegega
goc@elch bde6CBdc BB Hh 6i9Q G AL ShGagClatgPomaggac 6480
gaaageggec agtgagegea acgeaattaa tgtgagttag cteacteatt aggeacceca 2100

ggctttacac tttatgetic cggetegtat gitgtgtoga atigtgageg gataacaatt 2160

tcacacagga aacagctatg accatgatta cgaattcgag cteggtacee ggggatecte 2220

tagagtctge acagaacceg tactcgatee getegtiegt cgetgtgagg tetttectge 2280

aaggcaaatc gttgtgccgg aaggggttte gtgatgtitc tecgagegtt ttttegttce 2340

aagttggotea tggtegctet tgtectggte getggectgt tietetacaa cgectgetet 2400

tettetgacg caaaggaaga gateggeage agtetgaate tetetectgt cactgetegt 2460

tcgaatecgt atgagggcegt ceageccacg atgagegaaa aaagecctgt tecegtecet 2520

gtegtitecg gegacaggat tteggggote geategtecg ggacggatta cgeegggaag 2580
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aacctgctgt tgttgcgata gttgtgtccg cacgggtcga ttgtcttctg
ttgcggcata 6540 acggttttcg tcgttcgcgg agagt gcggc
t aaat gaatt geatcctega ttgagcggag 6600 catttegacg
cggaacctgg cgatgatgtt gtctctgtct tcattcataa ctgaagcgta

6660 ttgggagt gt tgcc%g;g%@, B&at9 gl%eﬁs%ﬁ\%gcaggt

cC C cegac ac tc ccaagtttgt
tggégtg%g%&gg%g% %%%g{aggg tggggczzﬁ g%?ttgt gtgfyocgtgc 6780

aagipb@f Gict:0RE GQaRAeRGEnicgngACehegRaag@aggc ct cgacat gg
ctttgaaagc 6840 tgctggcaac gtgattcctg attecteege

geelytamgRgicde myggegdidecaygtiedagerc@l0®’cgaagat ggt ¢
agaaaagacc cggaagaccc gaactctg cagttccaga agcagaagga
gg%%%%%@g@ﬂ%@&%@% fcgzta@t@%ce@é%gig&@tg%@wg 4% cgggt cgac
C aacaaggc. 7020 aat cqt gacggttc
o A e P L I e 2 P00
wcitiBfC 9208k ggggé %%gggﬁgt&gttg&gg@gtgt:gtggctgc g6@0t ggt t cgggcat gt
ggttttcggce 1 aagcgccgtc gettetetet gatcgctgat
ezt gREQEt :QYRARGYL-teet ggaRat ghaaicd 2000 aaaggaaaag
gcgttgcget gggt gt gggt gccctcgtge tcgtgtttgt getggttgeg
ClgCFPEIY gtggfea@ @tquggget ceeapfergyecgRasecOR tesetagilclat cgt t cac

oo GAaae: YOGt e Bottt 1At Eogutaccte. 7980
cga%t%é‘ctggég%‘%g C%&%%@Q&gggttﬁgg 0Ug66ILLG.AUCARR0IYC agt acat cga

ccagtt gagc cggagaggtt ggagcgcgac

cactbSG0E-RGE becEQBEL BRAGh G CBEbiae g8egctd 50 t cgat gaat g
tctctgacct gttggtttct getettecag agtccacccg teccccegge

cgelgSBO cogalbdet egtatgeigthetieygamtagicggegagt 3yat gat t act
gct at aa?[ t gataacccg 7620 caaggctgca cttctcgtat
tccg@%fta@ @ggﬂggﬂ&e&?ﬁg@%@a%%%%%@ é%a%g@%@ ca’¥%675 <210> 92

e R S B EREE e R oy 128135 Arti 1 o al

tcgaggﬂg& ggg&%g(%?ca@%!gﬂgjagegée@éa gtﬁé@&f tt&?atcgg 9@@ cctce
tagagt cgac ctgcaggcat gcaagcttgg cactggccgt cgttttacaa

tetc@Qege tetcagtacy gggaagacgt tegattegat ctegetecgg acgecgetea 3540
catcgecatg cagggcaaaa cecgatcegg caaaagteag gegacgtaca acgtgttage 3600
tcaggcagea gegaacgegg cggticgagt cgtaggptee gaccegacac acgtacteet 3660
ggagcectic aaacategag gegtetecga gecttacgtg gtttegggac tgaatgegea 3720
ggccacggty gacafgctgg getggotcaa gegtgagtet gategtegea tegaccagat 3780
gtggecectg cgtaccgaca agttttcega gtteggggct tegttcecge tgatactegt 3840
cgtgetegaa gagtttcceg ggateetega gggogeageg gacgaagacg cegegttagg 3900
ccgaaaacct geecgagegte tegeacceeg cattteggec tacgtgegte agatageage 3960
geagtcggea aaggetggaa ttegectict cetgeteteg caacgagegg aggectegat 4020
cattggcgge aatgcgegtt cgaatttcgg ggteaagatg actetgagge tggacgaace 4080
ggagtcgots agaatgctic atccgagege ticceeggaa gactgtgece tggtegagae 4140
cttcaagect ggtacetgec tttcgagaa gecaggagaa ggeeggeaga ttatgegatg 4200
cgactttgtc ggegagtacg ggagatatge gegagecate gagtettegg atetgegttt 4260

tetcgecace ctecageaag accaggecca acgegaatic ttegetgagg agtteggtet 4320
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cgtcgt gact gggaaaaccc tggcgttacc caacttaatc gccttgcagc
acatccccct 120 ttcgccagct ggcgtaatag cgaagaggcc
cgcaccgatc gcccttccca acagttgcgec 180 agcctgaatg
gcgaat ggcg cctgatgcgg tattttetcc ttacgcatct gtgcggtatt

240 tcacaccgca tat gghglg_ §97I0%§(9—§9§§£%m§£s%}1 ctctg

gg@%&t&%?&@?&g@ 20 ARYELR0..300, . CHGCIAGAGE $gFCaacacc
cgcf'gacgcg ccctgacggg cttgtctgct cccggcatcc 360

gag@bchdt BGRGAQ tARAGLOIGARaC Githacygdccagtit geat gt gt cagaggtt
ttcaccgtca 420 tcaccgaaac gcgcgagacg aaagggcctc
ceclgtbqphtcmedrs toatgatena irtgatisregepc etz gtlered @0 45Wt gaaaat aa

tggtttetta gacgtcaggt ggcacttttc ggggaaatgt gcgcggaacc
gca@% TR PGS LHLELTF CRA AR YR %5 Yat at gt at ¢

ctcat ga caat aaccc 600 at aaat g t caat aat a
carfi L SEL AN AEAAL AR o el d BB DTeb CB S

aga@hClobd da@dcCic @&%ggtt&ata&%mgggc@ggﬁ&g BeopibCCh@i tt ttgctcacce
agtaacgctg 72 gt gaaagt aa aagatgctga agatcagttg
tieggigicgeacgag ot ggglalatattrgaact ggatgcd0474¢t caacagcg
gt aagatcct tgagagtttt cgccccgaag aacgttttcc aatgatgagc
get@Za eaReEE R Aergtia eleacepds eacepotieprctreygra‘t®at ccegt a

tt gacgcc caagagcaa 900 ctcggtcgcce aaacact a
seoq s KEIETE FRE O SR TP AL A e At gan 960
tacaRYC AL L LT Aot aggé%gg&gé&t Sakadk3ag3, daatiat gca gtgectgecat

aaccat gagt 20 ~gataacactg cggccaactt acttctgaca
tecd @GR b GORG 200 E0AAGHE GtaatLIGh1080 tttttgcaca

acat ggggga tcatgtaact cgccttgatc gttgggaacc ggagct gaat
acgdeidn segalrgdattact cedmeegregasigegtgaencéitcgat gecet g

t agcaat ggc aacaacgttg 1200 cgcaaactat taactggcga
gocgreiagiietoaet clereat e gyeiadcratecdaiffact gg 1260

t { tt ct tt
oL HOSHR. $10080H1 B8, PRIREARGL L, 0cq8) 03 ccct {coane
Cag&giggc(&.tg&%ﬁ% @ﬁc@&c@%&c@ﬁga@@&@é\gk&g}g@ggﬁs @220C cagat ggt a

agccctccecg tatcgtagtt atctacacga cggggagtca ggcaactatg
tetgdAdb0 cteyadagRe-gaae ploaaac agaleaggehgagat a25ggt gcct cac

tgattaagca ttggtaactg 1500 tcagaccaag tttactcata
ctegtpebeetitieaigaastigghtitecane sedtdeattssectict ad’t t aaa 1560 Page

63 FPO4-0397- OOSG FY( Sequence listin %:0 aggat ct agg
calepigerbparege Ur e eigat'e &?C??Ef%jéé%a&tggééefg cctta acgtgagttt

¢ oc Cd ca 1 agat caaag
B R A TR e e

ccadebdpBORRBG A ARBARAGCALRGREAACAGRoGP G gt 1740

cgetecgeat ttteacctgt acatggtecc tectcatggg aaggeaggag actcgeggaa 53580

getgeggceat gatgetgage tettgaaatg ggagatagea cgtgeagagg gtgaagacee 5640
aggtcgcage cegtatttee gggaagctce aagegatgga ttgaagttte gteegtgget 5700
ttctgeggtg tgggecgacg tegtagatea teeggaceee aaggaaaaag aaaageacgt 5760
cagtgccgge actggagtee actacgegga ggecacgega gggteagate cgaaaagget 3820
tecgotgtac tictccaage atggaacctt tgeccgacaag gaatatcage acgtagttee 5880
tgcteaatgg cagaaaacgg gtgegggacc tggeaggtic tgggpctace geggtttgte 5940

geeggecacg getgecaceg agatttectg ggatgagtac ctgettttat ctegeacgtt 6000

gegacgattg tecagegegaa cgaagatetg ggacceggct ttacgaggeg gtageggege 6060
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ttgccggat c aagagctacc aactcttttt ccgaaggtaa ctggcttcag
cagagegeag 1800 ataccaaata ctgtccttc agtgtagccg
tagttaggcc accacttcaa gaactctgta 1860 geacegecta
catacetege tctgctaatc ctgttaccag tggctgctgc cagtggcgat

1920 aagtcgtgtc ttacggggtd, Goaet&aada. § agttac
cca@HRLARYAC g&gcg&g gécgggtaécggg(éaccgg g&%&@gﬁz@%g%t tcgtg

cacacagece agcftggagc gaacgaccta caccgaactg 2040

gac@g@iaaeint AQegigageitcad gaganagmgtdaaget t ¢ ccgaagggag
aaaggcggac 2100 aggtatccgg taagcggcag ggtcggaaca

ceggyging agbigaa slelyatg grgotect demyerg ggraRd6@240%aacgect ggt
atctttatag tcctgtcggg tttcgccacc tctgacttga gecgtcgattt
iettglaonyecis gt HREYEE Bt eHYgHY ¢ty &itla t ggaaaaacy

cca acgc ccttttta 2280 cqgttcct ccttttgctg
e SARTRRGE TEE bt b e R e R GR  gae  2940
mm%%ﬁﬁkggéaém@% Lakl.Rkc GOSN tOag.98a6t gat a ceget egeeg

cagccgaacg 2 acegagegea gcgagt cagt gagcgaggaa
aaceggaagRgRa giteagtigeg caaaaegeita2d 68180 et cccegege

gttggccgat tcattaatgc agctggcacg acaggtttcc cgactggaaa
aacgEEhietigsedfieagiegrueiye seidye tasseriabYtg agt t agct ca

et catt agge accecagget 2580 ttacactt tgcttccggce
serfiigh té%“@%%gggag??d%‘%%é%%%ad“Eﬁ'gf;f@&%ﬁg&ggi 5501 ¢ cac 2610

agctcg gtaccctgca

o SR b e e % 0ct 9t ag

tteeGdetet ot @G AAGYE AL GBt b Sl ghageRe 7600 aggggtttcg
tgatgtttct ccgagcgttt tttcgttcca agttggtcat ggtggetctt

tcaaP8ROccaagttigichiggitte geocdagpy capb @lott stepkgdcac@c gecct getctt
cttctgacgc aaaggaagag 2880 at eggeagea gtctgaatct
cteegtiee Betgtie’ SRrgl Cgets e ghst WHaditicgt c 2940
cagcce a agcgaaaa aagccctgtt ccc cctg tcgtttccgg
o A R R R e B Gacogat  ac
raafhGe 0 983A0R SOOI LRCICLHEHRBN 3P0 soff Ot goat tt
cgtccgactc ggtgaactac acactegata agaggcattg cctggtgacg
cpe 326 stageggesege: tgbggaagcacageagaigegrozaaagcgt cag

ggt cagagat tcggcctgag 3180 ggcgggagct ggat acgggt
aategigicg elpiceric capgizetgReey etateetceagiesgyc dg¥at gg 3240

gcaccccacg cccaagtaac cgctggtgcg ctggatattt cggcggt ggt
el P ATEL 5500 PGS A EpE 0999 BG. FY( Sequence
aacdok Sl cto . +86C ccgg tagaaat cat
B T s R et gt ¢
aaa QCHEH QBetA £IEIL LG QL eHgGhanLtd coaggt cg 3420

geaggtigge aageggegaa cgigticagt gategtteac agtecgaage tgtgeegetg 7320
agagtgccge ccgatecgaa gtgggaaaac ggggatettet cggacgtige cgggtoecte 7380
gttetetete cggaagagcet ggegoccgtic ageggagggoc agtacatega catagtgage 7440
ccagtigage cggagaggtt ggagegegac tgggteaget cggctgagty cetticggeg 7500
tcgatgaatg tetetgacct gitggtttet geteticcag agtecacceg teeeceegge 7560
gatttcgttc gftegtogaa agtggcgagt gatgattact getatgagge tgataaceeg 7620
caaggcetgea ctictegtat geeggtttgg gtetetgeaa aaaactggtg gtgea 7675
<210=> 92

<211= 8134
<212> DNA
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cggttgaggg tttctggttc ctggtcgtcg cagtcatcgc tgcaccggcg
tggtggtttc 3480 tgcgcgactg ggaat cgaag cggagggccg
tacgggtctttgaacgggca tggaagggga 3540 cacctgaatc
ccccggtatt gctctctccc ttggectgtc gaacgtggcg gggtctctge
3600 cgaggttgag gaagﬁ&%%gg{ﬁggggggﬁggeg&ﬁ%acgcac
macteaigftt tctttgeccge 3660 ccggagtcac tgccgagagce
tttgagaaag ttcgccctgc gctggcagac gcgat ggggg 3720
<220t caccgct g ccaagt agag aaggt ggccc ccggacaggt ccgcgtcaga
<22t gRETIgatRy 3780 aggattegat gaagacgccg cgtgat gcgg
4Ogatégggcgaa agatgttgtg ctggaagagg 3840 atacgttcga
< cttccg ggcgagacgc gatcctggtt cgagcaagag gggccggcat
%%%%GB“@%%¥§§ %SE%FE@6@§5@§§”§Q$%?%@9 P tcctat ccgt
ctc cact .ctcagtac 3960 agacg ggaacgat c
or g A e B e AR a0 4020
ttegGBHALCONNE AARAIL CRUGLIACALAGRBuELH Oldhagct caggeageag
cgaacgcggc 408 ggttcgagtc gtagggtccg accegacaca
age@gphta teB:Cde0e GRALGE taltdic aagatcgaggatd 1240 ggt gt ccgag
ccttacgtgg tttcgggact gaatgcgcag gccacggtgg acatgctggg
teaca Py Migsteefy (icasizeg 2eigtigndtcctcya aitegytegcdt cgaccagat g

%ggcccct%c t accgacaa 4260 ftttccga
cooep A PR SRR et S5 AL Bt c¥aag agt tt ccogg
gﬂéﬁ&@a@8£%£%&§9%g;@9@%@%%%%&gﬁ&gﬁg&?gﬁﬁ cgcgttaggce

cgaaaacctg ccgagcgt ct egeacceege atttcggcct

teacBa i @G0 ae GALRAGLAGAE LaGEFOGARARIIS) ggaat 4440
tegeettete ctgctctcgc aacgagcgga ggcctcgatc attggcggea

atgatbigCigotth cacdBQE ceqeltit bicegeg sgtcemagattdfa ct ct gagggt
acgaacc agt cggt ga gaatgcttca 4560 teegageget
mmﬁ%ﬁ &53%”%@%ﬁ?%ggéﬁﬁﬁﬁﬁﬁﬁﬁﬁ%@& #¥%aagcct g gtacct gect
4620, tt agaag cc a eeqgge t tatgcgatgc
ey po b LR RAR RO RRAR% ARERRE) cgagecat g

e At L &RBOR bl QA doc@I.E0E6GEHE tRCagCaaga 4740
ccaggcccaa cgcgaattct tcgctgagga gttcggtgtg gtggatccgt

geafigachgan 14800 ceacaggagaciaaageqcamw ggcggcgaag
ccgtcgcggg agcctcagtt gaactgctgt 4860 gaagcggacg
cteapgee ghzeaty tagetibmacegicectityatttagaesct®d® acgtt cgacctgectc

4920 acggt gag agact gcggg gctgct gaga gtcagtcagg
““?ﬁﬁ%?@??%ggﬁﬁﬁgg?@%ﬁ?m%@§ﬁ%ggﬁ§§§?g§ g aaggacccac

a%gkgs%%agggté&%%%%ggg ;%%9&£§%£Q&¢£?%G gegag 5040 Page
5 FPO4-0397- %% quence |I§tlnd§ tcgctgcegtc

aag @8l Galt&en - RAEHYEThGR A RACHhGAGR:QAJATAJEgA aaacgcctcce
gatasa(::lgig[g cggecaactt actictgaca acgateggag gacegaagga getaaccget 1080

tttttgcaca acatggggga teatgtaact cgecttgate gtigggaace ggagetgaat 1140

gaagccatac caaacgacga gegtgacace acgatgectg tageaatgge aacaacgtty 1200

cgcaaactat taactggega actacttact ctagcticee ggeaacaatt aatagactgg 1260

atggaggceeg ataaagtige aggaccactt ctgegetegg cecttecgge tggetggttt 1320

attgctgata aatctggage cggtoagegt ggotetegeg glatcattge ageactgggg 1380

ccagatggta ageecteccg tategtagtt atctacacga cggggagtea ggeaactatg 1440

gatgaacgaa atagacagat cgctgagata ggtgecteac tgattaagea ttggtaactg 1500

tcagaccaag tttactcata tatactttag attgatttaa aacttcattt ttaatttaaa 1360
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cctgggtcaa tccggttacc gccggact gg gggaggcgct tegacaceta
catccgtcgc 5160 ccctcgaaag gctcagatgc acttccacga
t aacgcagag gtcggacaag agggaagaac 5220 tgccgttctc
tcgccgttge gcggecgtage cgccaagcgg gacgtgtctg acgat gcagce
5280 gaagcggagt eggeﬁ%g%gﬁogg@grg%&%% tm%)
agggta&g@g{asgg&&a&g%&tcg& ReCARCLAL o tgaatctctg
ccagctcctg aaaccgctgg tcagggcc gcggaat ccg tgaccgctga
tegthddQagdb@at bdcbdQ e dbitcent tagti:ceLaagCgen t gacgat gt a
egeggegeag ctgcttcctt 5460 ccagtcggtg gctaact ggg
ticlatzgrfgtdicalgaytceyaygge ecyegidteglidit Gtegcgee 5520
tggcgttgtc cgcttggagg tttgtgatct cgcacgccgc gaacgaacgg
tgcese &%@gﬁt@?‘f CC%jfg&%?: % @aéi‘gé%j@%gétg%o gggt ggat at
aIG006L 960, AR0CALD acgca%ga%g C92244Q cttcgacgtg
gacga gaag t a act ggc%a?ct ctgcaaggcc tcgaggacga
gead QR cathOR&A S BIY tgt%ctag %%&éc%c cQYQA09ea aat agt gggc
tggtctgctc gttctcggtc 60 acggatgatc ttgcgaatgg
aagICEY A RC iR G20t GaE Clateitac afegalsgOatdeedigc cBggcat 5820
tcctgcgatg gtgaccctca cctatccggg ggactggett acggttgccc
secEwaReEgLpE s BE8T oo pgpigpEcHtarcaa srseriec eV gacgt t ct t

caaacqqgttc caac cct catt 5940 t ggat gggt
sealiee it BRRER L RHRT FErE e et e Ut ¢t cacct gt a
2200000 taafe @ég%%&ﬁca%ng&g%%&g%Qgg?%%%&Qg% arfghcgcggaag

ct gCggcat g at gct gagct t gaaat gg gagat ageac

aac@HE0 a0RYY0cdBRANAGEL tgSeYcaggat cpbat t t ecg 6120
ggaagctcca agcgatggat tgaagtttcg tccgtggctt tctgcggtagt

tigtgggcegaegt 680t eghagateatngeggdtvet®laggaaaaaga

aaagcacgtc a ca ctggagtgga 6240 ctacgcggag
ceeiifgieacytaysge %18%% %&@Woﬂﬁgg@ﬁ%ﬁ ?@é(bgt gtact tctccaagca

gaaccttt cgacc aat atca cgtagttcct

mg%%at% ac%itia% ccg%‘fgﬁ %% 6% Cégop%ggg G¢ ggcaggtt ct

accPQACL G0 Qﬁ%ég%ﬁécgﬁag%gggg%ﬁ&g gaagctcﬁgtc aggga 6420
gatttcctgg gatgagtacc tgcttttafc tcgcacgttg cgacgattgt

cteccaGrgagaae taddQc agaagal £ixgheQgaceegyclsto t acgaggcgg
t ageggegge cacagat gga ctaaggcgat 6540 gatgcgacgc
gcg%@@@%%wcg@t@ﬁﬁs wtﬁactcgg@@@ﬂg@:@?@a%@c@@@gaga ttctgggcac

gaa cgg gttcggg cgcca a gaggtttgtc
“acﬁcﬁﬁéﬁff“tcﬁgﬁ% ftgatéfé%a@‘ ggtgaé%ﬁ“ﬁa Ba %)ac gggcccgeac

aca; d a C: C C t tgag 6720
40858, SRR fhicoL Ao g s 02

actcadtGg Gﬁgﬁgﬂ 4@ &@&fgcaﬁ&é%a%@ﬁ@gc@éa 2760
FPO4- 0397- OOSG FY( Sequence |i sting)
aggogttteg tgatgttict cegagegttt titegticea agttggteat ggtggetett 2820
gteetggteg ctggectgtt tetetacaac gectgetett ctictgacge aaaggaagag 2880
atcggceagea gtetgaatet ctetectgte actgetegtt cgaatecgta tgaggocgte 2940
cageccacga tgagegaaaa aagecctgtt ceegtecctg tegtttecegg cgacaggatt 3000
tcggogotoe categigegg gacggattac geegggaage ctgeggtgac getggaaget 3060
gtotggatit cgtecgacte ggtgaactac acactegata agaggcattg cetggtgacg 3120
accggeceege tglggaaaca agegatecgt aaagegteag ggteagagat teggeetgag 3180
gegcggoagct geatacgggt gotgettgec atgectgacg geaatttcag ggeaggatgg 3240

geaccccacg cecaagtaac cgetggtgeg ctggatattt cggegotest ctegteageg 3300
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tctggtgatg cgctgctgcg ctccgtgggg agagagacce aacgact gac
etatetetac 6840 <ccaggtgcaa ttcatctccc gcgectctgtc
ggct aggt aa acgaggt gct ceegegegag 6900 cttttccatg
t ggt cggcca at gt cagctc ggt caggaca acctgctgtt gttgcgatag

6960 ttgtgtccgc acggﬂ?ﬁ%_o{g%_gt{ ¢l ot Lgcggcat aa

gggggg%%z%cg& 2sGl b COLA0 80 L U2 B HAGL UG QD Gl Rt gaat t g
catcctegat tgagcggagc atttcgacgc ggaacctggc 7080

geotpat@atighicge godt@ib t@ttbtcs atitgaicAanedig@aagogt at
t gggagt gt t gecct cccac 7140 cat ggtgcc aat gcaggt g
cegtigsea ditotpalt ctap Bslegyagitatiec gaateagastastitcadgi t t gt g 7200
atccttttac tcccaaaatg gggcatgatg tgtgegtgcc tcggttcagg
tecRGECIG AZAGAER PHBEP o IR S EGo oA SEEEE O % gacat ggc
tttgaaa aacqg tgattcctga 73 ttcctccgeg
e e it I

cpadeBS paJARRAAEHED BALLGE GRGHAGHLLGEaga@ gcagaaggac
ggcacgccgg tgtggtcgat 744 cgactgcatt cgggtcgacc

ceggigeadccagygce tiaacagtgeaigaiagtgagcgtbgactgot cc 7500
ggacgt gat g gaaccggatg ttgcggggcc ggt ggagtc tccgagatga
gieacegfe Eeyepiasts FHEEocc cgRyeast Tegictg eayteggt '8¢ gggcat gt g

ftttcggca agcgccgtcg cttctctetg 7620 tcgctgatc
el p A e ARG P S RF (HEC U85 34000 cot t gcgct g
el R0, 060 01,901.0. £ROLAALACL, EULALLLIt 9ot 0 { 9009

caggttggca agcéggcgaac 7740 —gtgttcagtg atcgttcaca

catp@ka6 GRAQEdas Bi-PELOIARIGRGGLCAYMgPalecgaag 7800
t gggaaaacg gggtgttctc ggacgttgcc gggtgecctcg ttctctctcece

geaggad gaotyy tcg860Qza ggguagtitacaizg eggagyggc@gt acat cgac
at agt gaggc cagttgaqcc gagaggttg 7920 agegegact

ccePFEdagYtes gaetFRgHgEereseHgeEiegs d4t gt ctctgacctg

ggttg%ga?f?%t ; %@ ta%ctcgatc%a 8%%&&%%%%%9 %&&%%%C giocecceedgeg

&gc tcgt ggaaa gtggcgagtg atgattactg

eotdile@l: 0204GL 19RLARCHGAL ARNILIDGAG ELCUs@t at g 8100
ccggtttggg tctctgcaaa aaactggtgg tgca 8134 <210> 93

ctgggrdal 2otfrt 2l ategtdbat 2oty tg2 i3 Afdegabdacmh <220> <223>
pRET1102Rv <400> 93

gttttccgag ttegggoett cgtteccgcet gatactegic gtgetegaag agtttecegg 4320

gatcctegag ggggcagegg acgaagacge cgegttagge cgaaaacctg cegagegtet 4380

cgeacceege atttcggect acgtgegtea gatageageg cagteggeaa aggetggaat 4440

tegecttete ctgetetege aacgagegga ggectegate attggeggea atgegegttc 4500

gaatticggg gtcaagatga ctetgagget ggacgaaceg gagteggtga gaatgettca 43560

tccgageget tececeggaag actgtgecct ggtegagace ttcaagectg gtacctgeet 4620

tttcgagaag ccaggagaag geeggeagat tatgegatge gactitgteg gegagtacgg 4680

gagatatgeg cgagecateg agtcttegga tetgegtttt ctegecacce tecageaaga 4740

ccaggececaa cgegaatict tegetgagga gttcggtete gtggatecgt catgactgga 4800

ccacaggaga gaaagegeaa gecggegaag cegtegeggg agecteagtt gaactectgt 4860

gaageggacg tgecgaaacg ageaaaacag cceceggtic cetetacgtt cgacetgete 4920

acggtegaage agactgeggeg getgetgaga gicagteagg caactettta cecggetgett 4980

cggagtoooo aaggacceac atacacacgg atcggtegac agatacgegt teaccgegag 5040
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gact ctagag gatccccggg taccgagctc gaattcactg gccgtcgttt
tacaacgtcg 60 Page 67 FPO4-0397- OOSG FY( Sequence
listing) tgactgggaa aaccctggcg ttacccaact taatcgcctt
geageacate cccetttege 120 cagctggcgt aat agcgaag

aggecegeac egategeccty }to%gga,%g@h% gcagees, 180
tcgoggt%QcE %Q%Qac%&%@g%téakﬁ&cé g%%@é‘g@g%%&%gc Gggccc é t caagt cagc
gt aa

ctct gccagtgtta caaccaatta accaattctg

ccte@fttoa Gagaaad g&k@&ﬁ@@@@@cg&tt@g&ﬁﬁia@&tﬁcg&@@ sl@ct gcaattt
atteatatca ggattatcaa taccatattt ttgaaaaagc cgtttctgta

cecl@BBzaticrasgryatraacaniactese elgeagaragtime at-@ggat gge
atcctgg tatcggtctg 420 egatteegac_tcgtccaaca

tgcoﬁ@”g“atfgéﬁg'g&%gcﬁ%tf&C SHTTECLE %Elf%t{;tﬁté F‘E%tgcéﬁraét?go?ag gt 480
«lalcaagt ga gaaat cacca tgagt Cca a. Gt gaatccgg t gagaat gge

i s tee L e

102 RARGCRILAG aag&gcggtg%gg%@u%@ggsa@@gig&ggcggosalo@atcaaccaa
accgttattc attcgtgatt gcgcctgagc gagacgaaat acgegatege

tgatfife@ tetdaiot tARGAGQ tagash tagRaacaggRabEy aat gcaaccy

gcgcaggaac actgccagcg 720 catcaacaat attttcacct
ccagyeraie Eeltigiate Arerceet prheeagerceeepdiriceqget geidt t cc 780

e SRS T DAL 20t et e
gtat!':tégqgg{cf&ég%% gg{g%%rﬁzl‘t caLel. OLaaGatL GAlLA00 ssdp99caacgct

cctttgcca tt cagaa acaact ctgg cgcat cgggc ttcccataca

cttc@08o cRQG@tagBR et @tg@@ﬁt&@g@iag@:@fc@@@&@eg a7@at t at egeg
agcccattta tacceatata 1020 aatcagcatc catgttggaa

Cgattattg?ag?@wg C%gdga}g?@?&g;a?mt th:gteqstcgffgt fgqat at 1080
ctcataac accccttgta ttac a aagcaga
a"g@f‘g‘?@tﬁft%"ﬁ%fgﬁQ%gﬁ%ﬁﬁf’g%ig&“ﬂ%tgg%ﬁ%%fgtftgzgt cttgtgca

aaca attt acaacg taqgg tgtt 1200
mt@% %%éﬁcf&ca C%gc tg%ac%? ﬂa%ﬁ Cccacﬁac gc{% c ggggt cac geatettece

tgagdREARGOHRRAY aghB0 cALEAE LHGALIIGRABICRG aagt t caaaa
tcaccaactg gtccacctac aacaaagctc 1320 tcatcaaccg

ctgdaYIe b @@edata Rkt gOmodcggadsGaiiGgetggc@at t cag gcctggtatg
1380 agtcagcaac acettcttca egaggeagac ctctcgacgg

categteecytctoelesee agecaersy tlesagpadAOeccaztisctgicaddthaagat caaa
ggatcttctt gagatccttt ttttctgcgcﬂgC aatctgct 1500
C“gﬁa&tﬁ%éa’éﬁ%%g AR HATE AT G S A B dtttg tttgccggat

%@&% Ltgg%t ?thg t&gtg%ch‘%ctt% %%‘g%%é‘c%g %ﬁﬁ) actggettca
eaga acca 620 tagtgtagcc

ogtagat@g&ggig@@a £ AGHAE hiEAAIRA6LEL Jbe-RgRAGEEECt acat acet eg

1680

ctacgeggag ggeacgegag ggteagatee gaaaaggett geggtgtact tetecaagea 6300

tggaaccttt gecgacaagg aatatcagcea cgtagttect getcaatgge agaaaacggg 6360

tecgogacct gocaggtict ggogetaceg cggatitgteg ccggecacgg ctgecacega 6420

gatttcctgg gatgagtacc tgettttate tegeacgtty cgacgatigt cagegegaac 6480

gaagatctge gacceggcett tacgaggcge tageggcggc cacagatgga ctaaggegat 6540

gatgcgacge acggitacce ggeaccgett ggacctegtg aceggtgaga tictgggeae 6600

gaagacgegg aaggticggg cgecagtgaa gaggtitgte cggacticgg gatacctgtg 6660

tgtcaatgac gggeccgeac tggetegaac cetcageegt cttegtacaa getgectgag 6720

ctagacgcge ggaacgectt teggettigt cttitgetgg atgocgoott tigogcgect 6780
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ctctgctaat cctgttacca gtggctgctg ccagtggcga taagtcgtgt
cttaccgggt 1740 tggactcaag acgatagtta ccggat aagg
cgcagcggt c gggctgaacg gggggttcgt 1800 Page 68

FPO4- 0397- OOSG FY( Sequence listing) geacacagec

cagcttggag cgaacgacct F%Q-@%%%—%Y Q%g&gﬁs%}l cagcgt gagc

crad 8808080200 LAG6ALILLL G RUARI U, JaadggCgoa
caggtatccg gtaagcggca 192 gggt cggaac aggagagege

cca@IAIIaGE cdotteea g gtk adanteCl@gechat 6ftbt ata 1980
gtcctgtcgg gtttcgccac ctctgacttg agcgtcgatt tttgtgatgce

clitit @iy taztgrycrpPRLD cetyopetrg ay ettt deepgaas@at gccagcaacg
cggccttttt acggttcctg geccttttget 2100 ggecttttge

ety acanteg st tgfqtfqggé&“%iﬁa ggiey elitsyeedt { gt ggat aaccgtatta

16Q _ccacctttga gt gaget gat aceget.egeg gcagccgaac
et SRR L LR B BBl R B e e
gat@%ﬁﬁgt@t@t@@&tt&a@ﬁ(gtgﬁg%% tgégﬁétét@@&@cg&c gfiugt cgatc 2280
agcgtttcaa tgttggtatc aacaccaggt ttaactttga aettateggc

catghldeQ RQOGLE tADBt caedtifphtahbdagc aagtidtd t7gat tt gccacgga
acggtctgcg ttgtcgggaa gatgcgtgat 2400 ctgatccttc
atcchigs fee e aesralents lelgesteac atederge sensfeasgéél et ccc cgegegttgg

2460 ccgattcatt aatgcagct cacgaca tttcccgact
oG AHEGEG® LA SRR B I BIRR, P20 at gt gagt Lo
uecRELEAGLARL oL AGORACERC.AUNGLELEERGLL IRgC L 2580

ccggctcgta tgttgtgtgg aattgtgagc ggataacaat ttcacacagg

g2aRAREAPatRc 2640002 ALLHhIRLIcREOEEAGIC T 140gCat gcct g
caggtctgca cagaacccgt actegatceg 2700 «ctcgttcgtc

cgagohiftegaiggtc edchitge tgoaccaydeaaat ggetitcgt’'géegga aggggttt eg
2760 tgatgtttct ccgagcgttt tttcgttcca agttggtcat
gga@%@&ﬂtﬁ@&ﬂﬁ%% 6&“%@@ @%t%%jgt? ‘?%Pgat%att@&é%fft gﬁéo tctctacaac

ctgctett cttct C_aaaggaa at eagea 2880
caelfis Sfeb ot ARG ARRTARAIRIE e O angucat c
atcleBHC GCREHR Ao ohHRACHRARARRRBEELLIVdsoCCCt cCCl g

tcgtttccgg cgacaggatt tcgggggtgg 3000 catcgtgcgg

getdiel gatoias cAata0aaagcs ebgugghgatget ggaagct gtgtggattt
3060 cgtccgactc ggtgaactac acactegata agaggcattg

setsrtigpicgacptaregydecserésa 3p0ceet ghlggermac®agcegat ccgt
aaagcgt cag ggtcagagat tcggcctgag ggc agct 3180
tgggﬁﬁ’ﬁ‘tgééﬂ%?c shgtiet gtgét%ifm%ftg%‘iﬁcé&ﬂ%ag%% a%g ‘?t cag ggcaggat gg

N
gag%gééag@@glgaggc tRgaaR LGBl bialchdid akgactit JO8AJE CA gggcggggga

ttggtttetg ctettecaga gtecaccegt ceccceggeg atttegtteg tiegtggaaa 8040

gtogcgagty atgattactg ctatgagggt gataaccege aaggetgeac ttetegtatg 8100

ccggttieoe tetetgeaaa aaactggtog toca 8134

<210=> 93
<211= 8124
<212= DNA
<213> Artificial

<220=
<223> pRET1102Rv

<400= 93
gactctagag gatccecgge taccgagete gaattcactg gecgtegttt tacaacgtcg 60
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ctacatcgtc gccgtgactg cggttctcgc ggtcgggttc ttcgcggtcg
cggttgaggg 3420 tttctggttc ctggtcgtcg cagtcatcgce
tgcaccggcg tggtggtttc tgcgcgactg 3480 ggaat cgaag
cggagggccg tacgggtctt tgaacgggca tggaagggga cacctgaatc
3540 Page 69 FPO4- 0394500553696 g neenlil sting)

toactde s IQE AL, t&@&&h‘%&a@c@&n &9&&‘%&9&&0 ¢gt ggcg gggtctctge
cgaggttgag 3600 gaagt tgaa actggttcgg ggatacgcac

cagAgrkd Gitgtdabe dogdct ol @CEHGcBOGIRAGCAGa36H0 180t gccgagagce
tttgagaaag ttcgccctgc gctggcagac gcgat ggggg gtcaccgctg

gaaB3F2@ lzcetiBhFraayany caaggryigreicaze gigptpachbgyt ccgcegt caga
gtgattgatg aggattegat 3780 gaagacgccg cgtgat gcgg

gc"@%ﬁ%@ @a@‘i?@"“é%a"éﬁ‘g‘ft@i‘tia@aﬁﬁa Etfa&é%@téﬁ 28t ég(gt tcga 3840

actelh ta%Ea‘ia‘%caggaggﬁg? aF%%gggggcCJg@ %tg Ggpgcaagag gggecggeat

cat gagaaa t cag t éggat tcctatccgt

algBdBHAALAEL: LEGAAL A6H0AURALAEANLRR6020 ggat t cgat C

tcgct gcgga egeegetcac atcgccatgc agggcaaaac cegatcegge
cgald0 tegtaasa ghaaey cagangtacaa egtghkt aggot caggeageag

cgaacgcggc ggttcgagtc 4080 gtagggtccg accegacaca
ateRagie e PEEEY CgercierBwsnaeateeg agcyht ft%ccgag 4140

ccttac titcgg act aat gcgcag gccacggt gg acat gct ggg
gCa%tffﬁﬁﬁ%ﬂg%ggga%%ﬁ @t{%&g@@% Hadrngi - cgaccagat g
nJAIRSSEHAC. B 2RSORGAR. BLILEGGGAR 200, ! Looagger

cgttcccgect ga actc gétcgaag agttteccgg gatcctegag

tottAdeHaca JHQYCALCHG aagcg@oaggc@@gga&gﬁ@t&@gczmgaaaacct g
ccgagcgtct egeacceege 4380 atttcggcct acgtgcgtca

categ@ba g lage gatragh Gy geaataatpget gigdtdc t/8geett et e 4440
ctgctctcgc aacga c% gcctcgatc attggcggca atgcgcegttc

At rreyhy 506~ 9§t® ggacgaaccg
tcggg C@&cglgat cic gga%gagt at tgtg‘actc qqg&?g qg}?&tcaﬁ 5&)9 tcecee ggaag

g gtacctgcct tttcgagaag

tgg A0 accRERY %Q@@Qac%égg%%g%ggctt@&%&a@@& gactttgtcg
gcgagt acgg gagat atgcg 4680 egagecateg agtcttcgga

atcghi@afj@ @ daict gabl RGE CABCR i cafLaagamtcaaygcccaa 4740
cgcgaattct tcgctgagga gttcggtgtg gtggatccgt catgactgga

aatce&-?ate ertpfarya 8@ coiastyegectitic epfegc da&¥y ccgt cgcggg
cctcagtt gaactgct gt gaa%tggrgac% 4860 tgccgaaacg
ggc’é SA5HCHy Vet gt ot ¢Y8cet get ¢ acggt gaagg

atat% * ?g&%%ag&ggg?gﬁ% Qé%tca‘%%g?t % A916@99 caactcttta
ggctgctt cgga gacccac atacacacgg
gan@daf8 e BIERC A AL 2RGSOt LRRERYSIAG L Iedgcgt ¢ 5040
accgttcegt ggeaaageaa aagttcaaaa tecaccaactg gtecacctac aacaaagete 1320

tcatcaaccg tggeteccte acttictgge togatgatgg gocgatteag geetggtatg 1380

agtcagcaac acctictica cgaggeagac cictegacgg atcgttecac tgagegtcag 1440

acccegtaga aaagatcaaa ggatettett gagatecttt tittetgege gtaatetget 1500

gcttgcaaac aaaaaaacca cegetaccag cggtgettte tttgecggat caagagetac 1560

caactcttit tccgaaggta actggcttca geagagegea gataccaaat actgtectte 1620

tagtgtagcece gtagttagge caccactica agaactetgt ageacegect acataccteg 1680

ctetgetaat cetgttacea gtggetgctg ccagtggega taagtegtgt cttacegggt 1740

tegactcaag acgatagtta ccggataagg cgcageggte gggetgaacg gogoottegt 1800
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ggttcatcga accgcgtgga taacgtcaca gagacagega aaacgcctcc
cctgggtcaa 5100 tccggttacc gccggact gg gggaggcgcet
t egacaceta catccgtcgc ccctcgaaag 5160 gctcagatgc
acttccacga taacgcagag gtcggacaag agggaagaac tgccgttctc

522;)Ct tcgccecgttgce gcgg éﬁf}fﬁﬁ%g g&glgeg&gggtgtctg
oo e AR e PR 0caggege

attg QYA CHCQYEE ctIQanh bahdocat akabgggRac@actigioccy t gaatctct g
5340 ccagctcctg aaaccgctgg tcagggcectt gcggaatccg

geetegrarogrRpaectagpataetac tigpgeesO@acedeize birtiegt®SP ccccecgegce
acgatgta ege egea ctgcttcctt ccagtcggtg 5460
gt“éfg &&t&‘fg@‘“ﬁgc'%f%a@%g"é %ﬁf&?&éﬁ@ég%éej gtttcg ttgtcgcgcc

G gtc 5920 ¢ ct ttt cgcacgccgc
ggc%g% tg"ggﬁcgﬁc T CaEuE:gg 6 gﬁ%é%é gct cgggctc

ggc&@tgétgﬂéé@tmcgtg&gﬁt@&&g&m%%g&%cé@% gggcgtacga cttcgacgtg
640 gacgatgaag agttggcgga actggcttct ctgcaaggcc
ccgic&@ag@ga@aa@g&g@tgtagg@aasZ@%agoggﬁgtggtb@t @g220ggagaggga
aat agt gggc tggtctgctc gttctcggtc acggatgatc 5760

Lagegag BFaRE YR calepaztet g et Hgypescetitesst gabygat t t gccgggceat

tcctgc at 5820 tgaccctca cctatc g ggactggctt
secsic PR RG At e EE T o1 B AU 5HH0 . amacat ot cC
actgg&%%%&té‘c‘é&gc&@g%%o% L& 1GRAC A Gl098@Ccat tgc ctggat gggt
gcgt ggaaaa ?tggagﬁ%t cCa aagccgaggc

ctoa@ ot Ge@&adat bab €a&E hfdoaial GBcECel 8RO 1sE Ct cat ggga
aggeaggaga ctcgcggaag ctgcggcatg atgctgaget cttgaaatgg

ceggBOntcgadadcagea: ttcgnd gargggest gaagaec ¢aZlggt cgcaggc
cgtatttccg C?gaa ctcca 6120 a cgat at tgaagttteg
aacqeay pggrer't efeay t@&ﬁf@i“@@@t&?@% ﬁ%"“ gﬁ%ggat cat 6180

ceg%c?%Q%%°eC%aa§§ aggg%tgi‘cgaégcgca%%% mﬁg%&ﬁcggca ctggagtgga

cacGRRRRHAGL L AL AL ACk L HcRQ94RAidgaReet t T 6300
gccgacaagg aafatcagca cgtagttcct gctcaatggc agaaaacggg

ctegtGEOGQRGET tE30O 1z GoaRgGidceda gagyet arcy cggtttgtcg
ccggccacgg ctgccaccga gatttcctgg 6420 gatgagtacc

tgats‘ﬁ‘éﬁg?&cafﬁ@tcgf@g@aﬁﬂgﬁﬂt@%@%gﬁmm e®gcgcgaac gaagat ct gg
80 gacccggctt tacgaggcgg tagegge e cacagat gga
Ctgg&‘f%@t@%c@‘%tgcg YEYFRGE “BEAF L YergtfEfactl ggcaccgcett

gict; %Pc‘t"cttc% Icgct & Qggtagc?cgt@ ta%% %Q)ggcgcgo daafgcccgg 6600
aggtt cagtg a g ttgtc cggacttcgg gatacctgtg

rgagtcgata&a@gtc&ag& c&@@&tg 1 SHH6E CaeatagelGgar0o cCt cagcegt
cttcgtacaa gctgcctgag ctagacgcgc 6720

catcgtgegg gacggattac geegggaage ctgeggtgac getggaaget gtgtggattt 3060
cgteegacte ggtgaactac acactegata agaggeattg cetggtgacg accggecege 3120
tetggaaaca agegateegt aaagcegteag gotcagagat teggectgag gocgggaget 3180
ggatacggpt gotoctigece atgectgacg geaatticag ggeaggatgg geaccecacg 3240
cccaagtaac cgetggteeg ctggatatit cggeggtegt ctegtgageg gegagaageg 3300
geacagcgag geeggeccgg tagaaateat ctitftgate ctggeagtea gggegogoga 3360
ctacategte geegtgactg cggttetege ggtegggttce ttegeggteg cggttgaggs 3420
tttctegttc ctggtegteg cagtcatege tgcaceggeg tggtggttte tgegegactg 3480

ggaatcgaag cggaggoccg tacgggtett tgaacggoca tggaaggoga cacctgaate 3540
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ggaacgcctt tcggctttgt cttttgctgg atggcgggtt ttgggcggct
tctggtgatg 6780 cgctgctgcecg ctccgt gggg agagagacce
aacgactgac etatetetac ccaggtgcaa 6840 ttcatctccc
gcgctctgtc ggct aggt aa acgaggt gct ceegegegag cttttccatg

6900 tggtcggcca atgt - ctgtt
ggt cgg g %35 %ifgggggig@gﬁe?%%%g g

S at L ttctgt
CCct%cg%ccazfaa g%g%tct%%%%g%gggttcgcgga gagt gcggct 7020 Page

gaaghtlealrREM4 ) 3 Drbtak LBGe bV riDR AR RCRodabtSk | Fog) aaat gaattg
catcctcgat tgagcggagc atttegacgc ggaacctggc gatgatgttg
2cCZQ8Y tgngrpgttigecetitc sclatchpat@aeectppagegaal’2d gggagt gt t

gccctcccac catgtgtgecc 7140 aatgcaggtg t gaact gagt
ccagZReas GRS IEEtcC AR L AN RIS SHE Y B t ac 7200

t cccaaaat cat gat cot gcc tcgott cagg ggcgaaagtt
saagef & EAARAL L. LR Al Ik GITG D0 99008

ceg Q6 9aLaR%Y: f88LICEL0R e LELLLEHEM3R0300bacgagt acc
gggcggitca ggt cgagccg aagat ggt ca gaaaagaccc ggaagacccg

teggl i3} taBRitCi-grys ctagikacaghaggeagasypac ggcacgccygg
tgtggtcgat cgactgcatt 7440 cgggtcgacc gggcat cagg

seaiioanle RERGERA CRIPESIPLERERet BRIt e cgsaci®gat g 7500
aaccggatg ttgc cc ggtggagttc tccgagatga ttgeccggttt
oo P F R SIS T O T 44 GUREEST Pt Tt t eggea
oo QUSASE0LE0, GHLELELEL0.ALEASt 8L 6 76200 0 cgoocct c
gaaaggtt cg gaaatgtcca aaggaaaagg cgttgcgetg ggt gt gggt g

ccttdBDtttcdpbht LBE@Ek 68k 48t Aeog bEGthgCamocaggt t ggca
agcggcgaac gtgttcagtg 7740 atcgttcaca gtccgaagct

cgtogttele ggptdegacgaetagteygdecgmtoog adgekgggahaacyg 7800
gggtgttctc ggacgttgcc gggtgecctcg ttctctctcc ggaagagcetg
“Cg%@t&@&%&?%ag@% gt%jgéad% £&s @?%%%c@%& at agt gaggc

cagt t gagcc agagat t cacgact 7920 gt gaggtc
A A S L ST i R R
atttcb I8 Chegtilo Rl LE£8Q c%c%gﬁg%%gégaﬁ&%&ﬁ&g gGg atttcgttcg

ttcgtggaaa gtggcgagtg 8040 atgattactg ctatgagggt

ctgfib aRCLCYEH Raggat geatecthbgtegh alglegrygiont ggg 8100
tctctgcaaa aaactggtgg tgca 8124 <210> 94 <211> 7675

gtcaggaiep sicipigoet s2epdadese goetcidigaepagotica tecgageget 4560

tecceggaag actgtgeect ggtegagacc ticaagectg gtacctgect tttegagaag 4620
ccaggagaag geeggeagat tatgegatge gactttgicg gegagtacgg gagatatgcg 4680
cgagecateg agiettegga tetgegtttt ctegecacee tecageaaga ceaggeccaa 4740
cgegaattet tegetgagga gtteggtgte gtggateegt catgactgga ccacaggaga 4800
gaaagegeaa ggeggegaag ceglegeggg agectcagtt gaactgetgt gaageggacg 4860
teccgaaacg agcaaaacag cececggttc cetetacgtt cgacetgete acggtgaage 4920
agactgegge getgetgaga gleagteagg caactettta ceggetgett cggagtoggoe 4980
aaggacccac atacacacgg atcggtggoac agatacgegt tcaccgegag tegetgegtc 5040
ggticatcga accgegtgga taacgtcaca gagacagega aaacgectee cetgggtcaa 5100
tecggttace geeggactgg gggaggeget tegacaccta catecgtege cectegaaag 5160

geteagatge acttceacga taacgeagag gteggacaag agggaagaac tgecgttete 5220

tegeegttoc geggegtage cgecaagegg gacgtotetg acgatgeage gaageggagt 5280
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<220> <223> pRET1103Rv <400> 94 gactctagag gatccccggg
taccgagctc gaattcgtaa tcatggtcat agctgtttcc 60
tgtgtgaaat tgttatccgc tcacaattcc acacaacata cgagccggaa
gcataaagtg 120 taaagcctgg ggtgcctaat gagtgagcta

actcacatta attgcgttgc,gehedGhasey, é encggsc&}étecag
cgg$ag%99g%@£§c%cc 1 Gl 0GR R el 06RL A t4@99(3 aacgcgcegag

2 gagaggcggt ttgcgtattg gagcttggca ct gggccaag
ccagtegaatat b 8o tegeatt Cahficed QRccRag@oatfides 5100

FPO4- 0397- OOSG- FY( Sequence listing) egettattat
ictlegeititcercdcealeygridit @crearsacdry e taagtesggdtpaccaa t aact gectt

360 aaaaaaatta egeccegece tgccactcat cgcagtactg
sctafizee Jigeaceian aepiaaire SterRia Speep g &eetraieht ¢ “Baagccat ca

{ t g aal 480
e e D o B e S e Gougucgaag
oct BB Ll GHR o4 Pctoct @gtglsagag& @@sgnggat &t@ga%&gcaa@aact ggt ga

aact caccca gggattggct gagacgaaaa 600 acatattetc
gac@iabaagtgGha idiaggghanbycaggreagiicatche C0YL aa cacgccacat

660 cttgcgaata tatgtgtaga aactgccgga aatcgtcgtg
gecigEiaE PREAROEAED tiigtaRRe dpatclelY 20 icegiattetilgRiE t TOhgt tt gct ca

t aaaac t aacaa aacact a tec tatca 780
e PR T AP P AL Aaeds ChRhaat 4 ageat t eat e
290G 990627 840 cﬁg&%&@é&%kgg@g’%@@g%&gﬂ%séoaaaaCt tgt
gcttattt ettt ac ggtc ttaacaagg 900 ccgtaatatc

a2 GREGE g APl HttOGhdepdectaggtAcadidogoagCGaact gac t gaaat gcct
960 caaaatgttc tttacgatgc cattgggata tatcaacggt
gegggatiatgoa agicgpagde ptitcpeal 020ctetd gitegcat t6080 aget t eett a
gctcctgaaa atctcgataa ctcaaaaaat acgcccqggta 1080
CC“ tﬁ%ﬁ%ﬁ%&%%@%%%@@@“?@%&%ﬂ ﬁ@a 2 P84 t ac gt gccgat ca
cca gcttcccgg
el aleE s BN L BARERAAMOL LOREE5009TC | CO000
ageEH Zggﬁtftg%g%g tcGHRCH0RL L LERCLHISA Leagacceeg tagaaaagat
1260 caaaggatct tcttgagatc ctttttttct gcgcgtaatc
cogfag@taggiadi g amacmaagacedd 2QgagRgcacaget asaecagcggt gg
tttgtttgcc ggat caagag ctaccaactc tttttccgaa 1380
secipgtcanstcaricc ervatt apalytedatataagseacedat et gt ¢ ctt ct agt gt
ag ccgta%tt 1440 aggecaccac ttcaagaact ctgtagcacc

segERERr ey ??fa%'&éttgétfag"‘@g‘f FEPLEEJEEEREO PO

ggcaggttct gggoctaccg cegtitgteg ceggecacgg ctgccaccga gatttectgg 6420

gatgagtacc tgettttate tegeacgttg cgacgatigt cagegegaac gaagatetgg 6480
gacceggett tacgaggegg tageggegge cacagatgga ctaaggegat gatgegacge 6540
acggttacce ggeaccgett ggacctegtg aceggtgaga ttetgggcac gaagacgegg 6600

aaggttcgge coccagtgaa gaggtttste cggacttcgg gatacetgte tgtecaatgac 6660

ggocccgeac tggetegaac coteagecegt cticgtacaa getgectgag ctagacgege 6720
ggaacgectt teggettigt cttttgctegg atggegegett ttgegcggct tetggtgaty 6780
cgctgetgeg ctecgtgggg agagagacee aacgactgac ctatetctac ccaggtgeaa 6840
tteatetece gegetetgte ggetaggtaa acgaggtget cecgegegag ctttteeatg 6900
tggteggeca atgtcagete ggteaggaca acctgetgtt gttgegatag ttgtgtecge 6960

acggotegat tgtetictet tgeggcataa cggttttegt coticgegga gagtgegget 7020
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accagtggct gctgccagtg gcgataagtc gtgtcttacc gggttggact
caagacgata 1560 gttaccggat aaggcgcagc ggtcgggctg
aacggggggt tcgtgcacac agcccagctt 1620 ggagcgaacg
acet acaceg aactgagata cctacagcgt gagcattgag aaagcgccac

1680 gcttcccgaa gggaﬁ%g gg(ﬁgggég g% f&%%gtaagc

_ . gagettecag
R e Er T

tete@ A CAtt Al gRagit-gRgeghiCogadctd bitgétgrcatiget cgt ca ggggggcgga
gcctatggaa 1860 aaacgccagc aacgcggcct
aatgedet e Spgiphticongitpt ortdactt cragtiggirattctittar g&0eacat 1920
gttctttcct chttatccc ctgattctagt gataaccgt attaccgcct
tcccﬁ%a@tééﬁg@%%ﬁg terggec tfgé‘é‘ia%%cgé@gé‘tag‘é@%é%‘@%ﬁg% gaacgaccga
c 20 age 73
D R P R R el 200
mqﬁggﬁggﬁ%ﬁauﬁggﬁggg%agy&%gﬁgﬁgggg%ggggg@&ﬁgg tgcgggcectc
ttcgctatta cgccagctgg cgaaaggggg at gtgctgca
aaciﬁ@@e wim zgbiaggotaageZd 8istcgCoanggt 7840t cccagt cac

gacgttgtaa aacgacggcc agtgccaagc ttgcatgcct 2220
%%Q@ﬂ@@%%ﬂgégﬁ@ﬁ@%ﬁ%%%@mﬁagﬁééﬁﬁ@@%@ﬁﬁcéﬂcht cgct gt gagg
tctttcctgc 2280 a caaatc gttgtgc aaggggtttc
seaystple it (el BaPP @ eyl 95d® aagitogt ca
ceclgdh OOELEL LALEGLAALELGLONE GLALLL LBt acaa cgectget ct
2. ctgacg caaaggaaga gateggeage agt ctgaatc
gtodo6eb 0 bEBle (6AGIEGh GGt 480 cocloGFRAEAL Jhsiat gagggcgt
ccagcccacg at gagcgaaa aaagccctgt tcccgtccct 2520
ccclgdipgtadizeyigtgacagyeadca ideggeguiigaege di4gt gcg ggacggatta

cgccgggaag 2580 cctgcggtga c ctggaagc tgtgtggatt
atcef gt € gHe gté‘@@‘it%jﬁ%&c‘égg&%ﬁé EregEe9wa0/8%%agaggceat t

e 620500 [ bOyCe R 000CU0nagE { gatacag

geg MO8 bB&. Qtégt@gg%%gag@g@%agg&g ggalticar@ggcaggat g
ggcaccccac gcccaagtaa ccgctggtgc gctggatatt 2820

geglzOQGeaaagye ditb gt gagasggagagaagecggosragcga ggcecggceccg
gt agaaatca 2880 tctttttgat gctggcagtc agggcggggg

ctetigerpngierhe et ccegpessen Aftettcs Heetpyree eegre2®43040cggt cgggat t
cttcgcggtc cggttg ttctggtt cctggtcgtc gcagtcatcg

mg%%ﬁﬁggﬁﬁﬁ 5ﬁ§%aﬁ¥%§F§§F??g8?@3%%9%@ gggaat cgaa

mm%&ggggg%%%tggacgggtct 3060 ¢, gaacgggc at ggaagggg
cacct ccccceggt at tgctctctcc cttggcctgt 3120
cgaacgtggc ggggtctctg ccgaggttga ggaagtttga aactggttcg

<21ggg@at acgca 3180

<211> 7675

<212= DNA

<213>= Artificial

220>
<223= pRET1103Rv

<400=> 94
gactctagag gatccecgge taccgagete gaattegtaa teatggteat agetgtttee 60

fetgtgaaat tgttatccge teacaattee acacaacata cgagecggaa geataaagte 120
taaagectgg ggtgectaat gagtgageta acteacatta attgegtige geteactgee 180
cgetttccag tegggaaace tgtegtgcca getgeattaa tgaateggee aacgegeggg 240

gagaggcoet tigeotatty gagetiogca ctgggecaag ctgaattict gecattcatc 300
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cactcgtgtt ttctttgccg cccggagtca ctgccgagag ctttgagaaa
gttcgccctg 3240 cgctggcaga cgcgat gggg ggt caccgcet
gccaagt aga gaaggt ggcc cccggacagg 3300 tccgcegtcag

agtgattgat gaggattega tgaagacgcc gcgtgatgcg ggat gggcga

3360 aagatgttgt gctgﬁ%_gﬁg{ﬁgggggg%ggeﬁﬁg%tcttcc
cocHAGCORANRE G LOACELOG, Bdellcn tadAGT ARG gggyccggea
t cat gagaaa atcggcggga gtatctcgga ttcctatccg 3480
anadaGdtte GpQgcgee thhckaghAgetOGiadg asgiattt ggat t cgat ctcgct gcgg
acgeeget ca 3540 catcgccatg cagggcaaaa cccgatccgg
gcg@ala age Gy gugacy tamacca ey taytataggeat@600 43¢ eaggeagea
gcgaacgcgg cggttcgagt cgtagggtcc gaccegacac acgtactcct
mﬁ%%@b“@@@ﬁﬁ@@@?ﬁ@% 35%%%%@%@¥§@ﬁ¥ﬁﬁcéé% gccttacgtg
tit ac_tgaat ca 37 ccacgg gacat gct gg
g e o B 0P By BN 20t 3780 Page
acathtfbtcRRMc O30 R FXLORAUSRE & dobsdt | BEY gt ggcccctg
cgtaccgaca agttttccga gttcggggct tcgttcccgc tgatactcgt
cttg3BdAdtate GGLOBitcgaa . gaght bietaede ggategt Cg@ gggggcagcg
gacgaagacg ccgcgttagg 3900 ccgaaaacct gccgagcgtc
aageglfiet e teigeespet s Ryt dyrtatagdthgeage 3960

t t it ttct tgctct
53013 G R L SR 0 g 1 00 caacgaucas
022 @01F 28031.0: AGLGLIANNE HAJRC FARGE, 4980 ggagt cggt g

agaatgcttc atcegagege ttccccggaa gactgtgccc tggtcgagac
cogtatftOcag Bdab G ARYEEE acgglAE Gt PO EcldatdCHagaA gccaggagaa

ggccggcaga ttatgcgatg 4200 cgactttgtc ggcgagtacg
caagghgidtcaligoatpeggecadeet sgagtateteaityy 4920t gcgttt 4260

t et egecace ctccagcaag accaggecca aggcgaattc ttcgct gagg

o PG AR TR e e gablg accacaggag
t 0 t t
SR OISO A 8GER 31002005

aac gagcaaaaca gcccccggtt
tregRA4h0 o tteE Gl GEAEQLy hiCABEELBLLcLAGRHAHIRRE Jagact gcgg
ggctgctgag agtcagtcag 4500 gcaactcttt accggctgct

ctgde@gig agit 9P Qe gaagyatapacetatacacamgugat ggt gga 4560
cagat acgcg ttcaccgcga gtcgctgcgt cggttcatcg aaccgcgt gg
caagE P Eftieacc iR cscaraataegrriare géét ¢ ccct gggt ca

atccggttac cgccggactg ggggaggcgc 4680 ttcgacacct
m”%&%?ﬁ%%%%%g%%%%?é%ﬁ%ﬁ%ﬁgf?%% %%ﬁg%agﬁ?ccacg at aacgcaga

¢ ¢ t ctcgccegttg
eo Rk RGAR, AT AT & Gacoat gcag
age 6 HARIC SR HRYFEAYERGNCHYEACLHCLEL gOgCt gt 4860

accagtggcet getgecagtg gegataagte gigtettace gggttggact caagacgata 1560
gttaccggat aaggegeage ggteggocte aacgggooet tegtgcacac ageccagett 1620
ggagcgaacg acctacaccg aactgagata cctacagegt gageattgag aaagegecac 1680
gettceegaa gggagaaagg cggacaggta tecggtaage ggeagpggteg gaacaggaga 1740
gegeacgagg gagcticcag gggeaaacgc ctggtatett tatagtectg teggettteg 1800
ccacctetga cttgagegte gatttttgts atgetegtea ggegoocgoa gectatggaa 1860
aaacgecage aacgeggect ttttacggtt cetggecttt tgetggeett tigeteacat 1920

gttctttect gogttatece ctgatteigt ggataaccgt attaccgect tigagtgage 1980

teataccgcet cgecgeagee gaacgaccega gegeagegag teagtgageg aggaagegga 2040
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tacatctgcc acaactgtcc gtgaatctct gecagctcct gaaaccgctg
gt cagggcct 4920 tgcggaatcc gtgaccgctg atgatttttg
gtctcattcg ttcccccgeg ctgacgatgt 4980 aegeggegea
gctgcttcct tccagtcggt ggctaactgg gatgggcgtg agggtccgag
5040 gccgcegtttc gttggﬁg%@%g@gg L g&ceﬁs%gggttggag

) 1 D100 gctgaacgt g
o e ot LogEE 000t Jhar At dacubet o 5100

treg G §Gaaioaal ccb LEGEOINLG cAGEdagacGbotgganigat gaa gagtt ggcgg
aactggcttc 5220 tctgcaaggc ctcgaggacg acgacattgg

geeqggyt tecrgt ot cyyeitptia amgrgercaatranpedigyles2 8320 ct ggt ct get
cgttctcggt cacggagat cttgcgaat cagaact cg actgggctcc
seogRing RHTGHPUAE: FLYEEGETER FEETC® 9ot gaccatc

accratcc t 400 cgat C cccaceggcg
onfEk TR0 OORC R Rttt PR, 88 cagt 0 Sag0
aa, & Ligle &@t ekl.08at894.1t 96gt ggaaa at ggagttcc
e g a5 bpgége'g?s 080l 0. 900 FY( Sequence
tettdtdasd dasigidanga@gredgeR g Ratgaitt ticacggtectagatgyt ccc tcct cat ggg
aaggcaggag actcgcggaa 5580 gctgcggcat gatgctgagc
tegapisqef Heragery cyeueat dyeEgrgeagderesietigaagacce 5640
aggt cgca ccgtatttec aagct cc aagc gga ttgaagtttc
R T e e R b e e
b EAIUAGEEE. @A00RAIAAL.AARANGACALAY 8 cagt gecage
actggagtgg actacgcgga gggcacgcga gggt cagat c cgaaaaggct

aag28A0 godted @b LRt tlClL 8RB EAL gPRALEt 1700 gccgacaag
gaat at cagc acgtagttcc 5880 tgctcaatgg cagaaaacgg

gestyedgyacs fggraggidoctggggitaepegegdl’tt gt ¢ 5940

gccggeccacg gctgccaccg agatttcctg ggatgagtac ctgcettttat
ggc@ft@@%géﬁa@%a?g BHOV 2 gregraefee et @f%bazgwcgaagat ctg

C ctttacgaggc t agcggc 606 cagat gg

e e B A A B R B8 ggacct cat
tettBdl e GRE GHILHAY - Aichich SROFACARAIRCHSE Jaaggtt cgg
gcgccagtga agaggtttgt 6180 ccggacttcg ggatacct gt

czg@isgt ctaadopa s 2 EeaacagRat etguat saaatcg elwbeageeg 6240
tcttcgtaca agctgcctga gctagacgcg cggaacgcct ttcggetttg

ctzcperpgetetegiestt) B OnCt cepatiepgtergeeeert sitpergty goct t ct ggt gat
cgctgctgc gct t ggg gagagagace 6360 caacgactga

“ga%"é%gélm’é%aé%gﬁg %Cfﬁf%%’g fcéicégt%fgtd@‘g?%‘fﬁé%cc@g c&tctgt cggctaggt a
R o
cact@id OB &6 GocEARBOR R, tghah bek@ob T @aggcat a 6540
cgetggeaga cgegatggoe potcacceget gecaagtaga gaaggtggec ceeggacagg 3300

tccgegtcag agtgattgat gaggaticga tgaagacgee gegtgatgeg ggatggecga 3360

aagatgttgt getggaagag gatacgticg acggtcttce gggcgagacg cgatectggt 3420

tcgagcaaga ggggccggcea teatgagaaa atcggeggga gtatetegga tiectatceg 3480

tetegggcege teteagtacg gggaagacgt tggattcgat ctegetgegg acgecgetca 3540

catcgecatg cagggcaaaa cecgatcegg caaaagicag gegacgtaca acgigttage 3600

tcaggcagea gegaacgegg cggttegagt cgtaggptee gaccegacac acgtacteet 3660

ggageecttc aaacategag gggtetecga gecttacgtg gtttegggac tgaatgegea 3720

ggceacggte gacatgctgg getggoteaa gegtgagtet gategtegea tegaccagat 3780
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acggttttcg tcgttcgcgg agagtgcggc taaatgaatt geatcctega
ttgagcggag 6600 catttegacg cggaacctgg cgatgatgtt
gtctctgtct tcattcataa ctgaagcgta 6660 ttgggagtgt
tgccctccca ccatgtgtgce caatgcaggt gtgaactgag tcacagtttc

6720 tcaatagact ccaalgft0 %&%g@gg%& ﬁstnﬁ caaaat
gtg%&glggggcg% aa%&t&ggg%géggé‘gctq Qccgcq al @ ggg gaaagt

egacacet e gaaagaaggc ctcgaca gg ctttgaaagc 6840

cptee @Gk gQORAE cGitYRllob Ot GedlhREk e g@ AbaACIAYL aC cgggcggttc
aggt cgagcc 6900 gaagatggtc agaaaagacc cggaagaccc

ccggad Rekgatc cogicte catrazagesgraaggae®960°oicggcacgecg
t gt ggt cga tcgactgcat tcgggtcgac cgggcat cag gcaacaaggc
£, Eﬁ%‘ aazgdEray tigadiet cHedRe gttEe e ggatstigat?’’ ggaaccggat

A T R P b R e b EE ST B0 70400

ggaﬁ%%ggﬁ@&& ag%%%@@ @t &LoIad- Q6L 9Bl LA QORCCCt Ccgaaaggttc
ggaaat gt cc 7200 aaaggaaaag gcgttgcgct gggt gt gggt

cticGEECEeCOtGe tttig@hgdctdggizaapgtoggdagegee 2 6@0Page 76
FPO4- 0397- OOSG- FY( Sequence |isting) gcaggttggc

‘ﬁ%\?,ﬁ'@@t@?ﬁ g@@%‘@%%%@@‘tca@ gastetitee elalecedptié®gaage t gt gcecgetg
320 a t atcc a t aaa tgttct
ol AL G LA CEr 5 I00 PR 20 Cooamuge
0ot3889¢GRALES a@og&ggﬁlgggg&gcg@%&%@g&%@c &Rl ?953%999 7440

ccagtt gagC cggagaggttggagcgcgac tgggtgaggt cggctgagtg

cag&@hdt Y8 0G: 1ak)0xad BGadgR aledaatRd &LGagat 14gbt ggt t t ct
gctcttccag agtccacccg tccccecgge 7560 gatttcgttce

cecigtidetigdagambeacpgeerg cgagicegatcgelt agtagget df®aggg t gat aacccg
7620 caaggctgca cttctcgtat gccggtttgg gtctctgcaa
gca%&%eﬁggﬁ%cg%%e %gég%ﬁé-%"ca Qa?i‘t‘?%@ﬁ"gg?&?iﬁ ®197 <212> DNA

Cagatac ttcacc agtc <t%2tc aacs é 1tQach10 <400> 95
oAl B s R R PR Mgt eqttcct cae

aga&a%@%gca%ﬁagﬁhc @thg@ﬁ%&@g%@a% %gccggg@ga&g&%% tigggcccagg
gttgcgcagt gacttcgtca ctgcgtaacc

ttcgacacct acateegteg ccectegaaa ggeteagatg cacttecacg ataacgeaga 4740
ggtcogacaa gagggaagaa clgeegtict ctegecgttg cgeggegtag cegecaageg 4800
ggacgtgtct gacgatgeag cgaageggag teggeaggeg cggeacgege cigggetigt 4860
tacatctgece acaactgtce gtgaatetet gecagetect gaaaccgetg gtcagggeet 4920
fgcggaatee gtgaccgetg atgatttttg gictcatfeg ttececegeg ctgacgatgt 4980
acgeggegea getgettect tecagteggt ggetaactgg gatgggegtg agggteegag 5040
geegegtite gtigtegege ctggegttat cegettggag gtitgtgate tegeacgecg 5100
cgaacgaacg getgaacgte cgtatetgge tgeteggoct cggotogata tggegectge 5160
caggcataac tcgeegtacg acticgacgt ggacgatgaa gagttgocgg aactggette 5220
tetgeaagge cicgaggacg acgacattgg gggctgotet geggagageg aaatagteggg 5280
ctggtetect cgticteget cacggatgat ctigegaatg geagaacteg actgggetee 5340
catgatggat tigcegggca ttectgegat ggtgacecete acctateegg gggactgget 5400

tacggttece cccaccggeg ctgaggtcaa aaaacatete cagacgtict tcaaacggtt 5460

ccaacgggec tgggocattg cetggatgge tgegtogaaa atggagttce aaageegagg 5520
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ct gggcgctc gcctcccatt cgcttcgectc acaggagggg gccgtcgatg
gccgctgacg 180 ctgcatctga cgaccggcgg accgaggtcc
gcgccgcetge ttcgecgggec gctgacgecgg 240 ccccggcgaa
gcgcacccgc accgtggcgg tgcggcectgac cgat ggggag gaggccgcegt
300 ggatcgacgc cgcgctgg. gngggggg gg%mgg ctcgg
coeJQCA RN G £ 905 L0S agg oK gsst at ct cggg
aaggt ccgcc cgaagaccgg cagtggaatg cggcggagg 420
et Qe Coeag R t0giaecegatcalfegacageagatsgacgaa ggt ggggaac
aacctgaacc 480 agatcgcgag ggcgat caac gccgggcagg
aggegragaragtra sgatgglgcrgagsd tensigcagaes 370kggggt ggct
ggagaggt gg gggcaggagt tggggcggat ggcggatcgg ctcgacgcgce
ﬁctgs%ﬁﬁg tg%geaaig@%%&aécagﬁg@w@%ﬁeﬁaaa@%ﬁw@@%%géﬁ cagcacgg

% g_660 cat a edacee
R i R s AR A
tgcg%%gs&@@La%ga@@&&@@&%@agg%ﬁag%&n&g@és@ggt gc aggt caccgc

caaaaacccg /80 acccggtggg ggcgggactt cgagcgggcc

tectgeg g Cgacgs ALREC agokGagtaagoegti40 509t gt ggcat t
gctcgctgecg gtgcgcgeccc ggggat cggc ggctgaccga taccgagttc

gecPOPIcL iEeRgere agaEgcie epeEne ggtitiaigregedc fylat ggget t cg
agagt cat cc gt t ggcg 960 t gcggcacg gacgacca
e R ST GERTE P CeBTe s Tty §00gt 1020 Page
ccac.zdgatéé %aggégtgat%gbfgg(té&(E%Q:gﬁt géa‘%&é pgS)DO acct ggaaga
acagcaacga ccggtggaag gt cgtcgagg tgatgcgcga ggt cgaacgc
gackPiBE attGLQEAGHELE LERELEABHI188 6EaGEL CAsgagcgggccc
gt ggccggca agecageage 1140 ggcgagcaac gccgcgecggt
ccggelg asegast saayGh ggegeragegggacggadeat gadfggaa 1200

attgtgaccg cegecegega cate ea g ccagggtg
““%6@@@@%@%%%ﬁ%%éﬁ@@@@%%ﬁﬁﬁg%@ﬁgﬁ ¥ accegattac

cC c C ac ccgg 1320
gm%g%%%#%% g”g%%ﬁ%%?9%§¥ ?5%%%%6% acg cgacg ccgccgggga
Caa(%%@@@gt&gtgg Ccl':%gtgca a&(;agfég %ggc@c#.gt gg%@f@g%ﬁt 489 CCggg gt tt g

tcctggt cac agct ggaaaa gacgctgacc 1440 agacceegec
acgdacetredk. gfecggegag gageagoigeegcggaagcyg get egagege

1500 gccgceccecgegt gggagcagcg cegeegegag gtcggcggceg
mwﬁ@@é@ﬁﬁ@@nﬁ%@@%@@@&@@amgﬁ@%ﬁﬁ@g@ﬁg@%@g cccgcgcgaa

ag acggccgggc ggat ccgcgce cgaacagtcc 1620
m%@%: &#%§§F§§§E gyt ﬁ?ﬂ%%gﬁﬁﬁgﬁ%é({gacca gccaagaccg
ca 1 g g ggtcgcctcc

RS e IR AC AANTRINNE° Poncacat ac
M%%%%g@gﬁ@&QMQ@@QSaﬁ@@@g%@Q@@ﬂﬁ&@%ﬁ@9@@5cnga gcagaaacgc

tcaatagact ccaagttigt gatecttita ctececanaat ggggeatgat gtgtgegtee 6780
cteggticag ggecgaaagt tegacaccte gaaagaagge ctegacatgg ctttgaaage 6840
tectggcaac gteattectg attecteege gtacgagtac cgggegette aggtegagee 6900
gaagatggtc agaaaagacc cggaagacce gaactctgag cagtfccaga ageagaagga 6960
cggcacgeeg gtgtggtega tegactgeat tegggtegac cgggeatcag geaacaagge 7020
aatcgtgacce gigacggtic cggacgtgat ggaaccggat gttgegeooc cggiggagtt 7080
ctecgagatg attgeeggtt tetgggtttc gegeagtggt tegggceatgt ggttttegge 7140
aagcgecegte gettetetet gategetgat cgtegececet cgaaaggtte ggaaatgtee 7200

aaaggaaaag gegttocgcet ggetgteoot geectegtee tegtottigt getggticeg 7260
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cagt acgcga ccgcaaaagc ccaagcagaa egegeegega aggccaagga
cgccgcgaaa 1860 tggaccgagg tcgccggcgg egget accag
cgggacgt gc gcgggat gaa cctgcgactg 1920 tgggtggctg
aggacggcgc ctggtcgatc acctcgaaga aggacceega ccgccagtac
1980 gccgcaggtc agge%%iigg(ﬁgﬁggg ad. BGf5aagceeg

2caf @G0 GRACHOL., CARAGCHARR St 6%,aggctgat gt g

gaagcaggtc ceggeegaca agegeacega gtcagccacc 2100
aga@gagadfitcena SR aaYAatedagit elprmeceseacca aacccgecga

ggt caaaccc 2160 ceggecegec gccagggacc aaccatgccg
gw@mgmaggﬁgtﬁﬁggg@@a%gwﬁge@@@eegg@@@%204ﬂbgegacegag

t cgagaat c cggaat ga ctqgt agag agaa ggctttcgtg
i S g e %%@%3 *gyeLiggegaageat gt coa
a cat e 1a 340 _.aa tc € gtgcccaggg

mg%gg%pggmm%wﬁgéﬁ(%% éﬁ%azagga g?giatacct 2400
gmﬁgﬁéhéﬂﬁﬁﬁg%Q%%@gﬂ&@&ugﬁgégggﬁﬁémgtﬂﬁbCttCa aacgtattgc

tgtggtcgtg 24 ctcgctggtg gggctttggt agtgggaggc
caaOieaddistagecCdefQl gettata tacyggh bbea 2520 getccacage

cgagtccttc agcagcggtg gtgccgacgg ttcttccacc agtcactttc

2580 accgccgcett ctgcgcactg egaggeccag tacgcgtcgg
<18t Péceggeg atgccgtctg 2640 attccacttc cacagggccg
1 tctgc tgggcggcag ccgctgcccg ttacgcagcg 2700
-15§9GGE64FCcy gaaact aggt agaacgt gag cat ggacgag etteccacet

t eat egeega 2760 Page 78 FPO4-0397- OOSG FY( Sequence
<22btSsting) cgacatcgtg atggccagaa cgttcgacag ccctaacggc
<226a@QETGbgc t cgaggt gaa 2820 cactccgcgg ccgttcgatg

ctgcggcccc ggagggtgac tactgctgca cetteeggat 2880
<40gageégggaac at ggat gccc cttacgacgg attcggt ggc ggcgt cgacg
o Te LR R t@“ﬁ?@%&&cé‘éﬂf%gogf@gftﬁﬁg €2 1 ggcacacga
e JIRACLL 00 ARG FCGROBNLO6,2000 500 L | ct 2000

caagcccg acaacgcgat

ctgg%%@@ 2k B3R BLAGLD a&ég@ég@%%%%@ga@ %&g&ga@gt oat gt gacgca

ctttcacccc tggcactcat gt accgaagc tgggactgag
ctecA@BHGACt Qe CAgie accg et tegedt bapaanid guicact 3180

gaacgggggc gtgtcccggt cagggcgggg tgtgacctgg gttcatgaca
ceequpqgent casremesc 34 Bece g etayelepg asrieetge grgacecgia Wet agt t cat

gggaacg at gacctgat gaccggggat 3300 t gacct ac
§mE%§F§€$&§%C%§$§§%§%§?“ﬁ%é%f%%%%ﬁ 1egyEe g ca gac cagt gagagc

cgg%gc@?g cta@c‘f % Sé‘gg‘& %é &%tggagtg?cg%g%?% 944t cCCgaacy
CgC acg a ttcccctcgg
%g&géﬁﬁkﬁ%&ggg%%%&%lQﬁ@mﬁﬁéggﬁﬁﬁg&m@@ﬁ@auggc9 3480
agatcgegag ggegatcaac geegggeagg tgecgtegea gatggeegag tecetgeaga 540

agggetogct ggagaggtee goocaggagt tggggcggat gecggategg ctogacgege 600

tcgacgacca gggcetgacgt gategegaag atcageacgg geagegacee gaaggggtte 660

geggcegtate tgeacgggee ggggaaggee accecgeaca getacegeac cgaggeggge 720

cggcteattg ceggegggac getgategeg ggateggtec aggteacege caaaaacceg 780

acccggtgge gocgogactt cgagegggce gecgegacga acgegegget gogtaagecg 840

glgtggeatt getegetgeg gtgegegeee ggggategge ggetgacega taccgagtte 900

geggacateg cgeagacggt cgcegagegg atgggcticg agagteatec gtgggtggeg 960

gtocggeacg acgacgaccea catecacctg getgtetece ggotegattt tecaggocegte 1020
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aaacct gacc cggtgacccc ttcaaatgac cgggtccgtg acctggcagc
t gagaacgcc 3540 gagctccgtc agcgcctggc cgtggccgaa
gccctggcca gcgaacgcaa teggatcate 3600 gacgtgcagc
aacagat gct ccggat gctc gaagcccggc cggtgtcggc cctggagccc
3660 gcggcggttc cagtﬂ%gggg{bggg§ ed. g&ggt cccgg

gagg%% L9gat GAQG! Q £Gok@gcccggat
aCClgcg cg%éb%aé%?%%eggefgéggaé%%%%c cgcgtacttg 3780

gog €04 CEQEHot GCAGQAGaEddc&CRaaEHh byctR GGt ggaga ticccatctce
cteggegate 3840 tcgcggtact tcaggccctg et egegeage

gecgag Ay s ees g cpeerageg gt isoecygoretgerci38a80a 1888 gcgagga

act ggt cccg egget eggec at gat gcgct ggat cgt gcg cgt ggaggcc
BRSO e BIECEg? é@@"’é&gé?gté%gégcé’g &é@gé'@@%t ég"tog cttgcggc

at cggt ttcagcgccc 402 acggt ct gc cccacaatg
erdatp SRS AR BERE S TR D3 0080
mgﬁ@gﬁgﬁgﬁ@ﬁcaga%gﬁagﬁgmggggggggggm&@gggﬁdtgt at ggcgat ga
atgtggcctc 414 gt agacagca gggccgtcgg cccacatceg
ttigcggat tchiagtaa cgbgatocaagicacggidsaal ggated0M40ggccgecgacg

gcgcgt aget cgcettgetgg cagt ggatcg ggcctgectg tgaccgggtt
azaQPOB Y CogRetEa SRS eRERRRRRAGIRTIRR e YLy et fkat agat e

o SERIGEGERR.SHCCAN 08, 4270, BLERGEcED gonagcona
teACAG Jc&g‘éé%%a Ag%g%gag Q&9 doC 9%%‘@%&1 SaRf0egegat cgggtttgec
gccagcgcgt 44 t ggcggcat g tggat gccga gttccgectc

gezR8e! RYHRE 20QRLEGE%06 baGPIGE G400 Rage 79
FPO4- 0397- OOSG FY( Sequence listing) cagccaatgg

caggtegteceaggics cacr gtgagcatepygtctacictegragbaatiGdyggec ccgaat agcc
4560 «cttgtccccc tggacggcgc geeggaggec ttcggtgacg

“CHEYHWGEA HIYEHEYEHYE A 2Tt HeGHCH "ot act cgg
L dc t gaa cggct ct gcc agegeccaca cagcgt c 4680
carp AT POT. FHAE N AR A B SREE OT (oatuatt o

e RASEQALCEHG s Holifloca LRQRARE %%ga%g'«?&%g%& t16699gt ggt C
aacgt ccacg acgagcaggt tgctcaatgc 4800 ctgcgggttc

toedRCh 6galogisc agagyegataapagigegh cige@gaicegesegea t ccggt agac
4860 gccgtcgagg aaatcgtcgg ttgccagtgg ccacagcggt

scpgsicasgee tac gilteerreayeraasdgreeceagese goencepy ¢t cttcca
ccgcaaccat ggggaacaca ctcacacaca agatcgattt 4980
P HE AT FHP AR CRG R R ARG TRy H TRt Bt t t ct ggagegy

a,gaé;%}&%g%gﬁé%t %Qgéggtctc Q&&E&é‘agﬁ&‘égc‘&g(gg%t‘&aﬁﬁgca% 1fcgtccacaa
attgggg tacgtcgaac caagcct 5100 caggtatccc
cceBOQGR do 66 89cc3 894SR GRG:CRACEBLERNACLEE! eraga at ccgt cgat
Cgcgsa:cl:-c6ga0g gtegagaate cggaatggga ctgtgageag agagegagaa ggetttegtg 2280

gagegtagge aacagacgea ggectggega ageatgteca agaacaccat cgategetag 2340

aaggteggtc gtececagge tocccaggat gegtacataa cgegegaaag gtgeatacet 2400

cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge tgtggtegteg 2460

ctegetggte ggoctttget agtgegagee agecaggttg ctggtectac cacggtitca 2520

getecacage cgagtectic ageageggte gtgecgacgg tiettecace agteactttc 2580

accgeegett ctgegeactg cgaggeccag tacgegtegg atteceggeg atgeegtetg 2640

attccactic cacagggecyg agegatetge tgggegocag cegetgeceg ttacgeageg 2700

teccgegeeg gaaactaget agaacgteag catggacgag ctteccacct teategecga 2760
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et cacetate cgctcgaagt ccttgagtca gtgacaggac cactgctggg
ctcccagege 5220 agaaggcaag tgaaggcaga cgact gcggg
aggt aagt cg ggtacggcat gaggtccttc 5280 agaagcggcg
t cgacgccag gcccacacgc acaatccgct tcccacgagg gacaccaceg

5340 gtagcgcccc ctgce Z 99 B8 Ag Ca. B gegeeg
cga&‘écgtghgg&égga &&Jg&égémég ngtg BGEHEARY Hso¢ 99T gagcet ¢
gcgct gggcg gatcccacca gtagc cccc gtgccggtaa 5460
cacte@ Ol ARG c@CRAYE SRR ACRECRACEEcRaJcEycgat ggcaat gcac
gt ggat ggga 5520 acaccaccea gaaccaggga aatcctggtg
cag@egactagagyc dRgate eitvgygse gegtaangatBe80 2949eacacegge
caccat egec aeggecceeg acgcaacaag caataaccac cccatgagcg
gm%@%Ogmﬁﬁﬁﬁéﬁﬁﬁﬁﬁ”%ﬁﬁ é@%%@%%%ﬁﬁﬁﬁﬁﬁégﬁottaggtgcgc
gcca c ce c 5700 aagegt g,ccget gggeg
T R bR R RR O 0t g 2760
qﬁg&@%%&&a&gm%&ag@e&%&%mgﬁggg&m%agmgtg@@ggtca gcccgtgacc
ggacctgcag 5820 gcatgcaagc ttggcactgg ccgtcgtttt
gtaagaatgbeghs @agtdggagaaacaeigclsm880180t acccaact t
aat cgccttg cageacatcc ccctttcgecc agctggcgta atagcgaaga
gaacpoepeC igferest eezctseyAiseyes gicristse ecadiwangt £218cgceggect g

t t t t 6000 tattit ctcctt
s R TR (SRR R P 288 a0 PRt cag 6060
cgtgtagc@ag @Ja%gtga% C:Im%tm%gg &gﬁ&a&%%ﬁg:taéag @%tgg %%be ga cacccgccaa

cacccgctga 6 cgcgccctga ¢ tc tgctcccggce

m%ﬁhﬁﬁgaﬁ&@ﬁgQQ%Q@@Q&&Qwhgégﬁﬁ&ﬁﬁﬁ%ﬁé@Q34ﬁ999390t90
at gt gt caga ggttttcacc gtcatcaccg aaacgcgcga gacgaaaggd
aag G40 HRages 8AccRROIHINE: CRBGEEBegusenti&0 | i st i ng)
cctcgtgata cgcctatttt tatggggaa tgtcatgata ataatggttt
mm%%%%@ f%e%@ﬁ@mﬁéﬁﬁﬁﬁﬁQ%EgF$F%§ﬁ&@%§5%lgtgcgcgg
tctaa Ltcaaatatg

e C%‘i&é%“ig 5"‘% ﬁ“"%g“%%’% C a?a%‘%g%agc?? Caat aatattgaaa

gm@é%&am%éﬂﬂﬁ%ﬁﬁ@&cQﬁ&@%%ﬂ%%@m%@&%&&&@ﬁgahgtCgCCCtt
attccctttt ttgcggcatt 64 ttgccttcct gtttttgetc

geefeaTagaaag: gekggiganacgt aaasgatiggshgaagat ca 6540
gttgggt gca cgagt gggttacat cgaact ggatctcaac agcggt aaga
acggeeeor igpreracnt B80T tittitsee erreertgaagaRrtytt'st t ccaat gat
gagcactttt aaagttctgc tatg tgécgc 6660 ggtattatcc

%@ﬁﬂﬂ%ﬁ?ﬁﬁ%ﬁ“E@ﬁﬁﬁ@ﬁﬁ%%%@%ﬁﬁf gEedyddfeat ac actattetca
togd gt%@toa ‘3‘% g&geacagﬁg&gg%g;cgm% gleagopoaaaageal

aagagaatta tgcagtgctg
%@ﬁ@@@@@@ﬁﬁ%g&Qﬁkg@ﬁ%ﬁgga%k@%%gﬁﬁﬁg@Q&taﬁtht 6840

cccatettet cggecagete gegagetgte tgettgegge geateggteg ttcagegeee 4020
acggtctgce toccacaatg cgttceggte gaccttegte getegttice ggtttgecte 4080
gegcetictte teacteatct tgegacegeg tgeggetigt atggcgatea atgtggecte 4140
gtagacagea gggeegtegg cecacatceg ggacttigta gtgatccage gggtaatgga 4200
ggcegegacg gegegtaget cgettgetge cagtggateg ggeetgectg tgaceggett 4260
cctgaacgtg gegttgatet gtgcggctte cgeatagate geggecccga geccggtege 4320
gtegececag tggaagegga titegeggta ggeecaggty cgtgegpttt cgaacaggge 4380
geagtttcgg cegaggeega tegggticte acggegegat cggetitgee gecagegegt 4440

tegcogceatg teggatgecga gttecgecte gageteggeg agggategee geteggtgte 4500
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gacaacgat c ggaggaccga aggagctaac cgcttttttg cacaacatgg
gggatcatgt 6900 aactcgcctt gatcgttggg aaccggagct
gaat gaagcc at accaaacg acgagcgtga 6960 caccacaatg
cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact

7020 tactetaget tccc %0@%%@ ga. ghagat ggag

968931 hds 9&2%09 ot eggecette
Cagcg%g%t%gggcg%%cgt%%@g%gct gat aaaggtc gagccggtga 7140

cttg@Egt GgdicsCdc sCGEQGe &Egg%adgtg%%&@&ﬂfgfgcg@@gg ceagat ggtaagccct
cccgtatcgt 7200 agttatctac acgacgggga gtcaggcaac

cliazateg gerlagiam ergarieal agadecagrteget gareER60468¢at aggt gec
tcactgatta agcattggta actgtcagac caagtttact catatatact

gtg"?@%‘:gg%&g'é‘é écla'fg@'ﬁ%c g?"fg&%%\%gﬁtﬁﬁtc%ﬁgﬁcﬁ?%t {4% aaaaggat c

caoded ta% zgttcccttt CCE33380 1.aa C%aa at ggfccaaaat cc
gc,gt a %gg%gtg%% lgf ggé cgﬁaccccgt 7440

Ctgc@gg@ag@gg&g@ %%a%ﬁa&ggcgm&taggggg REophabdel hdebCt g cgcgt aat ct
gctgcttgca aacaaaaaaa ceacegetac cagcggt ggt

gecdttegdotab @ g patagiaagagseettageaant gccddg60192¢ t t t ccgaag
gt aact ggct teageagage geagatacca aatactgtcc ttctagtgta
geegreiRig ey teatjiaca sgpgeee eterctoa agrirgact’®l t gt agcaccg

cctacatace tcgctctgct 7680 aatcct ccagtggctg
i g GRS OB G SRR PRI R0 Syt ¢ 7740
ot AMRAGAREATD o &%@&Qﬁ%ggg@ﬁg&gﬁ%ﬁ&u&t §Qg9ct ga acggggggtt

cgtgcacaca 7800 gcccagcttg gagcgaacga cctacacega

cagftlcd 8GRt AL Gitatag 6P B cagedAtgagass6Gis@agcgccacy
cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg

ctea¢@Reecteppash cptf gy s icgeasgatygeagetace affgd gggaaacgcc
tggtatcttt at agtcct gt 7980 Page 81

AP (PR ELPAAOCREE W%ﬁ%ﬁé@a"%cﬁgﬁ%&fﬁc cggtttcge

w550 SL9RG LLdRMeTL e AL LILLALAR gt oalgag 9999909020

da aacgccagea tttacggttc

ekl DACEtde §C1906 @gaggcg&gg&tgctcg%g@g%@tgo@ tetttectg
cgttatcccc tgattctgtg gataaccgta ttaccgcctt 8160

actdb@ag bghgedc @artease gatCacgtgaagcagcaas gaecgag cgcagcgagt
cagt gagcga 8220 ggaagcggaa gagcgcccaa tacgcaaacc
coggierde CteTTeREL pegelyta qgeresce atcrdime ec8280 Sat gcagcet gg

cacgacaggt ttcccgactg gaaagcggge agtgagegca acgcaattaa
CAEHAY L GPHAG YT (At APT A e #e e a ég ctttacac

ccagagc?% og&:gttc Ge gcg%ggcgggatc%taac§gggtaa(ggct ogga%gganStﬁ% tgtgagcg

ga acaatt t cacag cagctatg accatgatta 8460
£GRALLL A CLEYHARE L @OBGAL&ELEockAgGAYS 0 8497

gegaagegty cegetgggeg geccgeegtg gegecegtee cgtgecegtt ctgaceggtg 5760

gteteggteg ctegttecte gegtecteac ctgecggtea gecegtgace ggacetgeag 5820

geatgecaage tiggeactgg cegtegttit acaacgtcgt gactggoaaa acectggegt 3880

tacccaactt aatcgecttg cageacatece cectitegee agetggegta atagegaaga 5940

ggcecgeace gategecectt cecaacagtt gegeagecetg aatggegaat ggegectgat 6000

geggtatttt ctecttacge atctgtgegg tatttcacac cgeatatggt geactetcag 6060

tacaatctge tetgatgeeg catagttaag cecageccega caccegecaa cacccgetga 6120

cgegecctga cgggcttgic tgetcecgge atecgettac agacaagetg tgacegtete 6180

cgggagetec atgtgtecaga gettticace gicatcaceg aaacgegega gacgaaaggg 6240
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<210> 96 <211> 8487 <212> DNA <213> Artifici al
<220> <223> pRET1002 <400> 96 ccgtccacca cccggtgcct
ggtctgcgtc tccctcgget cgttcctcge ctatcctggt 60
gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca

ctgcgtaacc 120 ctgggﬁ%gbgngﬁgg99§§ggmgg&h%cgctc
cctc@@ﬁg&w%%tﬁ&%glg&&%tﬁ@gﬂ 0260 ctgcatctga
cgaccggcgg accgaggtcc gcgccgctgc ttcgcgggcc gctgacgcegg
agegdddct REREHYRYAR HRGOALCOGLREBHIHB8Y t gcggct gac
cgat ggggag gaggccgcgt 300 ggatcgacgc cgcgctggcc
tcagbtzggeededgaeinyeteege: Yytgtigygtegacotagcggg 360
cggt ggccgg ctatctcggg aaggtccgcc cgaagaccgg cagtggaatg
B FARHY Y %@a%?@xggﬁéﬁﬂb%ﬁﬁgﬁﬁﬁﬁﬁﬁbé g atgcggcagc
ttgct@cgaté accc%gaagg aaa Q‘E%C%g ag %tc§'86g40 agat cgcgag

taac ¢a gatggccgag tccct gcaga

g@@ﬁgaqggggggg@g&mggﬁgﬁ %gmggga%gggg&m@ggggcggat
ggcggat cgg ctcgacgcgc 6 t cgacgacca gggct gacgt

titteg@t GgagagtgiaiGageRedd :GLage gatgeega@ygggt t g 660
gcggcgtat c tgcacgggcc ggggaaggcc accccgcaca gctaccgcac

ey e e RIS IcERgetegbre gt ety a9 gt gat cgeg
atcggtgc a tcacc C caaaaacc 780__.acccggt ggg

sl et =Caas smte s BBt 8t ggt gogt aagecs

aaga%é?ta tggig%hg Q&QL&atg&Egﬁg&ta&%&g&L &ﬁ&ﬁ&c &§109999at cggc

gaccga taccgagttc

gacﬁPg@énggQalcg@%@cMo@aﬂtuweﬁcdtgg%égaﬂ@%t sgoggacat eg
cgcagacggt cgccgagcgg atgggcttcg agagtcatcc gtgggtggcg
aaci@BOt caybipe g geacy clastmegadcansatgeseigt ogct gt ct ccc
attt tcagggcgtg 1020 acctggaaga acagcaacga
gage

tc
Cac%gggtﬁfgﬁﬁﬁ HEREE aﬁété"l'}’@?f@gféﬁ“@“ét ghacge 1080
t
e s o A e D g aceage ™
acuég@ggfcggg&g@cg@(gggg@ gRGGS gat%g@ggg@g@tg;m@o att gt gaccg

cegecegega cat egeegea ggccagggtg tgggggcgtt cgaagt ggcg
gegfh 2 cgcggtatea ttgcageact ggggccagat ggtaageect ceegtategt 7200

agttatctac acgacgggga gicaggeaac tatggatgaa cgaaatagac agategetga 7260
gataggtgce teactgatta ageattggta actgtcagac caagtttact catatatact 7320
ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga tectttttga 7380
taatctcatg accaaaatcc cttaacgtga gttitcgtic cactgagegt cagacceegt 7440
agaaaagatc aaaggatctt cttgagatec titttttetg cgegtaatet getgettgea 7500
aacaaaaaaa ccaccgetac cageggtegt tigtttgecg gateaagage taccaactet 7560
ttttccgaag gtaactggct tcageagage geagatacea aatactgtee ttctagteta 7620
geegtagtta ggecaccact teaagaacte tgtageaccg cctacatace tegetetget 7680
aatcctgtta ccagtggctg ctgccagtgg cgataagteg tgtettaceg ggttggacte 7740
aagacgatag ttaccggata aggcgeageg gtegggctga acgggepett cgtgcacaca 7800
gececagettg gagegaacga cctacacega actgagatac ctacagegtg agetatgaga 7860
aagcgecacg cttccegaag ggagaaagge ggacaggtat ccggtaageg geagggtegg 7920

aacaggagag cgcacgaggg agettceagg gogaaacgece tggtatettt atagtectgt 7980
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ctcgtacaga accegattac ccgagtgcag gtgcggcgca acgtcgcgaa
gacgggccgg 1320 atgaatggct acagcttcaa cctgcccggce
tacgt cgacg ccgccgggga gccgatctgg 1380 ttgccggcect
ccaaactcga ccggggtttg tcctggtcac agct ggaaaa gacgctgacc

1440 agacceegec eggaﬁ%gggk(ﬁgggg egag. gagacagt gc

cge&tlG99R305Y nglgg%‘cg ARIE 1r gg@ly, 9gdagcagcg
cegeegegag gtcggcggcg agcagt cgc agctgcccge 1560

cctate@ 9 aGERGG LEQGeHtERatl-Ghic-gPi@agta®IPCcgggc ggat ccgegce
cgaacagtcc 1620 gcggacacga agtggaagca ggtgaacgag

tgctepeit tore's eetiglccaayhtgrggetygggey 3680 caggcet gecg
aggeagegeg ggtcgcctcc gctgtcat gg gaggecacce gacaceget a

teagigpah e g G ATATY TR PeyeBer A gy alatey S*ygaagecgt
actccaga gcagaaacge 1800 .cagtacac cgcaaaagc
R S R R S e Py
mg&gﬁg@&gﬁggnkagggggggggggggkﬁ&g@gmﬁﬂﬁg@ﬁltgC gcgggat gaa
cctgcgactg 19 t gggt ggct g aggacggcgc ctggtcgatc
tgtgauiied agaafasRggac cregac tegec agttatat 1980 gccgcaggtc
aggeegacac cgtcgcgcag gcccaagccg cggccacggc cacagcgaaa
stieRGaRticieageeifgweitiontgerg Acepcyiegerageigdtot ceggeegaca

a eace cagccacc 2100 ag ggt cc ggcgcgt gat
%wgg%gaﬁﬁgggggﬁég%aﬁ%gﬁ aacccgccgggbgtcaaaccc 2160
ceggecegec gccagggacc aaccatgccg cagtcggccc cggggtatca
«1geeaccegge 2220 egegacegag gtcgagaatc cggaat ggga
<1¢t giggagcag agagcgagaa ggctttcgtg 2280 gagcgt aggg
<2laafagacgca ggcctggcga agcatgtcca agaacaccat egat egetag
<21234@uficmhggt cggt ¢ gt gcccaggg tgcccaggat gcgtacat aa
cgcgcgaaag gtgcatacct 2400 cccatageat cggcgcgt at
<22 aaa atgatcttca aacgtattgc tgtggtcgtg 2460
<22 @5%%% g gggctttggt agtgggaggc agccaggttg ctggtgctac
~ofacggtttca 2520 getccacage cgagtccttc agcageggtg
ccg@lB8GCAAGH0: bl-GlAGGRCL AGEREILlE 4083 accgccgett
ctgcgcactg egaggeccag tacgcgtcgg atteceggeg atgccgtctg
gachfdB: ageadtIatdcR@Y NBQ dag CXaB e tFYSDREHdIE N listing)
attccacttc cacagggccg agcgatctgc tgggcggcag ccgctgcecccg
ctegeeeals gohgal c2T1Q0C atgregge gregieprigasradtiag gislagaacgt gag
cat ggacgag etteccacet teategeega 2760 _cgacatcgtg
Ctgcé‘f%@%&%@%‘(‘%% Lepreelg st P #Rr G et lut Yot gc t cgaggt gaa

oo e A R R L B e ARG 9000 e
gaﬁéa%@fe%&%c ido 60810061 GY S HACP LA J08P9C 2940

cggtogecgg clateteggg aaggtecgee cgaagacegg cagtggaatg teggeggagg 420

cggeegegga getegeegeg atgeggeage agatgacgaa ggtgggoaac aacctgaace 480
agatcgegag gocgatcaac geegggeagg tocegtegea gatggeegag tecetgcaga 540
aggogtogct ggagaggtoo geocagoagt tgggocgeat gocggategg ctegacgege 600
tcgacgacca gggcetgacgt gatecgegaag atcageacgg geagegacee gaaggggtte 660
gegocptate tgeacgggee ggggaagece acceegeaca getacegeac cgaggegege 720
cggetgattg ceggeggpac getgategeg ggateggtge aggteacege caaaaacceg 780
acccggtegs gocoooactt cgagegggce gecgegacga acgegegggt ggetaagecg 840

gtotogceatt getegetgeg gtgegegeee ggggategec ggetgacega taccgagtte 900

Page 82



gctgctactc gcattggcca tggcacacga ggaacttcgt caaacttcgc
cagagttgac 3000 gtttctaggc gagacgaacc tcggtctacc
ggt cttgaac atcaagcccg acaacgcgat 3060 cgaagccgtg
gtctcattcc ccgctccctg atgtgacgca ctttcacccc tggcactcat

3120 gtaccgaagc tgggﬁ%é%%gg @%gﬁgﬁg - @ggt caccg

ecefbH &AL OLL Lt ALLLLCL AR cirdd 80188 Gegt gt cceggt
cagggcgggg tgtgacctgg g tcatgaca ccgctaacac 3240

ot @ GCOGAAa kg aaa itgaca ¢ iaghtht Gadeodstoggggaacg at gacct gat
gaccggggat 3300 cgtgacctac ccatgctgac categeegag
acclgoamtacpgaiege cgsegeaiateaa phigagagec®d380 108 gat caagce

gccgectgeg gtcgggegeg ttcccgaacg cggtcc cac tgccgacggg
gcg%“&gz_g@ tg%%@&gb@?é&a@ﬁ"gtgla%‘:é%géf"&&é“ﬁ%jé&%faﬁfaé%\ gﬁoggcagggc
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attgGRAAEL L LB éﬁ%%%@%gg@%&ggc%@gﬂag%ggcﬁwcca gcgaacgcaa
teggatcate 3600 gacgtgcagc aacagatgct ccggatgctc
ctegffadg 6L QYOL c@Eice CHer eatggagrecy 366 13cggcggttc
cagt ggcggg teegeegeeg cccgtcccgg ccgcecgat gg tcgggcagct
atgagigenhacagefiepd figgecese oglgrrettyeratecairytce§ae ggset t et egget

e PR e OO goHE R PRt Bt elblaat o 3840
agaEe&%Q&%%a@&Ect %gg%%%&%&gﬁée%@&@ﬁ&%%o&g%&@g g36s,c ggcgacggtt
ct G cc cgt'gcgagga actggtcccg egget eggec

goo@tb@Rlo80eGEccGERLHE GOt FOABYC G BAGL 16@cat et t et
eggecaget e gcgagctgtc tgcttgcggc ggatcggtcg ttcagcgccc

tgoad QA ccacygladdtigges haeoazaadagesgt waegyt clog@cct t cgt ¢

gctcgtttce ggtttgectc 4080 gegettette teacteatet

gcg%ﬂg%f@%t«%@%@%@%ﬂg@%&% Fogase @@?@%@%C%ﬁ@ﬁ@ dét ¢ 4140

a aca ccatc cccacat ce ct ta gtgatccagc
B R e A

czg&ROLA0R1:60, &gﬁécgﬁ&éﬁg&ﬁéga@g%gé écag‘llga@gc 186t gaacgt g
gcgttgatct gtgcggctic egeatagate geggeccega ggccggtcgg

cagB 20 ccdiiat Y cafagad goragegeachihegeggha Borccaggt g
cgtgcggttt cgaacagggc 4380 Page 84

e RS- G3GF OOV IN( Serg tia e esedaest ohlrgdacte g¥dgt t t cgg
cegaggeega tcgggttctc aeggegegat c gtttgcc gccagcgcgt
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caccgtgagt gtc
acg kBl LEC QG é@gﬁgg@:&e@ecg@ﬁe@@@%@gtcetgm@gtgﬁcg geggeegeat

aggcgagcgg 46
agageggtee ggegegtgat cgcggatctc acccccacea aacccgeega ggteaaacce 2160
cecggeecgee gecagggace aaccatgeeg cagteggece cggggtatea gecaceegge 2220
cgcgaccgag gtegagaate cggaatggoa ctgtgageag agagegagaa goctttegts 2280
gagegtaggp aacagacgea ggectggega ageatgteca agaacaccat cgategetag 2340
aaggteggtc gtecccagge tgcccaggat gegtacataa cgegegaaag gtgeatacet 2400
cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge fgtggtegtes 2460
ctegetggtg gopetttget agtgggagge agecaggtty clggtgetac cacggtttea 2520

getecacage cgagtecttc ageageggte gtgecgacgg ttettecace agtcacttte 2580

accgecegett ctgegeactg cgaggeccag tacgegtegg attcecggeg atgeegtetg 2640
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cttacgacgg gcgtactcgg tgcgggtgaa cggctctgcc agegeccaca
cagcgtgtgc 4680 gtgcccgtta cgggggttct ccacgatcgc
gttcggcaga ggatgattcc eggeegeega 4740 cagegecege
agcgcggcgt ccgggtggt c aacgtccacg acgagcaggt tgctcaatgc
4800 ctgcgggttc gact gggy(@gggg Le.§ gcgt ct
attcgi@&c% gc% aéc%&ggttgg% i% gcc gopaa cgtcgg
ttgccagtigg ccacagcgg agecacagct gttcccaggc 4920
tecdeC@Geiaghigt Lgeieh tagacesgeaataaicegggPaacaca ctcacacaca
agatcgattt 4980 attccggtac gacacgccag ccaagtcaga
cgatatytie plggrgisha deiagagcayLdcerasiagere B4 (282¢t t t gagat C
cgctccagaa acgtccacaa attattgggg tac tcgaac caagcctt at
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gaggtccttc 5280 agaagcggcg tcgacgccag gcccacacgc
stit@gaadagegric tisgicitaggagg.cgaaacacedsdad 4860 gt agcgceccce
ct gcaaccgg cgcagtgtca egaggegeeg gtactgctcg tttgacagga
c2aA@E sicketcq eweergie AEareayEceccirsssygddd gat cccacca

tagctcccc taa 5460 ctt 9 ccaagcgaag
e A L0 CBAL D A B oA g ga. 2590
e BEAECRRGER 99ac620002.02L66LO0LL. £EA0LE0A0 acgal cocg
cgcggt aaga ceacacegge caccategec aeggecceeg
goteREPHARLRAEL: LARLABEL A CEEaLIRGGE 04300 gacggt acaa
gcgccgacgc cgggtggecg ttaggtgcgc gccagcccgt gaceggaceg
cgtgB00 ccagigmag eyl Ceuetgegrgage cegengl gigcgecegt cc
cgtgcccgtt ctgaccggtg 5760 gtctcggtcg%ctcgttcctc
“gﬁ@@ﬁéeﬁﬁﬁfg%ﬁ@%é A EGrrac gt cigtag 5820

tt t t t t t
wag e AR o A e Rk BB L I O0L 1
mm&%gﬁQQ&QQ&N&%&%@@%&Q&Q@ﬁ%@gﬁéﬂg@m&£gQﬁﬁ@atg 5940

agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc gctttccagt
gas@ggYanaethe 800 gtcgigcragaeigeaitaabsogaat cggeca

acgcgcgggg agaggcggtt tgcgtattgg 6060 cgaacttttg
scgitgugheiest gerakdagratcecsaeyaiatat eeeseasacéelicgec agaccgttcc

6120 Page 85 FPO4-0397- OOSG FY( Sequence Ilstlng)
SCeRERly CHHATES ARG R Fat eHgtHAEe et 49t Ycc gat aagttca
acggg@%tgl{atggc@cggm 9%{%% gtoqasgggata Lo ACGARGRL LOspaacact gat

aac aatg 6 40 tgcgagcttc
cgtgté%tggggﬁéghgc& bzt e Atk S dl&BELBEM £l GYOL CYLL cggct gcgge

tegeggtact teaggecectg ctegegeage tegacggece ggegacggtt cteggetgee 3900
cgtgegageoa actggteceg cggeteggcc atgatgeget ggategtecg cgtggaggee 3960
cccatettet cggecagete gegagetgte tgcttgegge goateggteg ticagegeee 4020
acggtetgee teccacaatg cgttceggte gaccttegte getegttice ggtitgecte 4080
gegcetictte teacteatct tgegacegeg tgeggettgt atggegatga atgtggecte 4140
gtagacagea gggeegicgg cecacatceg ggacttigta gtgatccage gggtaatgga 4200
ggcegegacg gegegtaget cgettgetgg cagtggateg ggeetgectg tgacegggtt 4260
cctgaacgtg gegttgatet gtgcggctte cgeatagate geggecccga ggeeggtegg 4320

gtegececag tggaagegga titegeggta ggeecaggte cgtocgottt cgaacaggge 4380
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gagcggt at c aget cact ea aaggcggtaa tacggttatc cacagaatca
ggggat aacg 6360 caggaaagaa cat gt gagca aaaggcaagc
aaaaggccag gaaccgtaaa aaggccgcgt 6420 tgctggcegtt
tttccatagg etcegeccec ctgacgagca tcacaaaaat cgacgctcaa
6480 gtcagaggtg gcgaﬁ% gg(ﬁgggg clale at acca

scafAEIL L1 0G t%‘g%t@c%@gﬁgcga@ %&g&ag% GGyt ctect gtt
tacc

ccgaccctgc cgcttaccgg a cCc gcctttctcc 6600

teg@kd G GGOARE CGLEGGGatdt eifaatdetedacgeb@t ag gt at ct cagt
tcggtgtagg 6660 tcgttcgctc caagctgggc tgtgtgcacg

cagadtazatre@st chwggratuagrictizatpettgegerdatag? 28600 t at ccggaaa
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accaccgctg 6960 gtagcggtgg tttttttgtt tgcaagcagc

cag@gatd Begegstcagaaanaancgg akoleaagtcidi0 48@agat cct t t
gatcttttct acggggtctg acgctcagtg gaacgatccg tcgagaggtc
clecPEPgOLaceRiRt RS AL Agizray R gtorYse icerserat®®lccaggcect g

aat cgcceea teatccagec 7140 —agaaa gagccacgg
oo Rt et Bt rae g S LAt e T 7900
ok SRASLERLD. SULLASEAR0, RAEAAL 88,6 1gh ©000 200! Gogt

atcct 7260 Caactcagc aaaagttcga tttattcaac

attc @RRAYLORAEG g LGhigl:s bR ttaddoedoed 9cagd3 2040t t acat t gc
acaagat aaa aat at atcat cat gaacaat aaaactgtct gcttacataa

ctttgaABB e ctaremg bgBtaae afAdigyg ggtdacatgatfgcatla tt caacggga
aacgtcttgc tcgaagccgc 7440 gattaaattc caacat ggat

cougjeiten BREYAEE EAFIEHTIE SCch S TR a@g@%ﬁ 248t cg 7500

aat.ca acaat c att agcc cgatgcqgcca
R REe g L se R RE Rl R SRS 2 e e i
et Ol @520 L DAY I Gre @gtac@@@fgagg?c@@eoszmct gacgga

atttatgcct etteegacca tcaagcattt tatccgtact cctgatgatg

agaafof3 teadegg bt @t hcgCaetaGE Gegceade@eacgggasiaaacagcat t
ccaggtatta gaagaatatc 7740 ctgattcagg tgaaaatatt

shggcgateratres tegtithg rgeace e slepiagtoe grceaegy cdt? ega 7800

ttcctgtttg taattgtcct tttaacageg atcgc%tatt t cgt ct cget
a‘:tgt:?ﬁé%j SEREAET” SrEEee PEYE BE R 08 BN EY( Sequence

cogd %g% .0 aag AGQARL gcg%aéc g%%&%ﬁ% %@t gega gtoattttga
ﬁlé gagc t "aat ggc % ca agtctggaaa
aca@aRalog ok da agGlot t@e& ol Lp1i63GGHopidl:h Cgi cCg 7980
ccacacegge caccategee acggeeceeg acgeaacaag caataaccac cecatgageg 5640

gacggtacaa gegeegacge cgggtegecg ttaggtocge gecagecegt gaceggaceg 5700

gegaagegts cegetgggeg gecegecgty gegecegtee cgtgccegtt ctgaccggte 5760

gteteggteg ctegttecte gegtecteac ctgecggtea geceglgace ggaccetgeag 5820

geatgcaage tiggegtaat catggteata getgtittect gtgteaaatt gttateccget 5880

cacaatfcea cacaacatac gagecggaag cataaagtet aaagectggg gtocctaatg 5940

agtgagcetaa cteacattaa ttgegttgeg cteactgece getttecagt cgggaaacet 6000

gtegtgecag ctgeattaat gaateggeca acgegeggge agaggcggtt tgcgtattge 6060

cgaacttttg ctgagttgaa ggatcagatc acgeatetic cegacaacge agaccegttee 6120

Page 85



tcactcatgg tgatttetca ctgataacc ttatttttga cgaggggaaa
ttaataggtt 8040 gtattgatgt tggacgagtc ggaatcgcag
accgatacca ggatcttgcc atcctatgga 8100 actgcctcgg
tgagttttct ccttcattac agaaacggct ttttcaaaaa tatggtattg

8160 ataatcctga tatggy 23; aa_ohidea % gﬁ ﬁ‘stn}l gat gct

gtgg%&g%c gﬂéttcga a%&:&&agcattg& tte R trlag Ad ttg ttgt aa
cactggcaga gcattacgc gact gacgg gacggcggct 8280

tggthtte@l b Gaattnaaadeggahigogaabdg agiaa gograact gttgggaagg
gcgat cggtg 8340 cgggcctctt cgctattacg cccgcetggceg

tgcaaagg@@tgaxtcggtcg@tagteam$ degeditcastpree84€00 t gggt aacgc
% gtttte ccagtcacga cgttgtaaaa cgac%ccag t gaatt cgag
gag@&@ ag%“f“ifﬁdi‘g&&gé@a B&é‘&&tc&%@cf &?ééf’éﬂaig 8287 <210> 97

cag c%%agcaa cca AdATTCCa! aacc taaaaa CI a <220> <223>
%ﬁé’éﬁﬁ 206> %Qf %gg%é a ce g"ft%cc”t ggt ct gegt ¢
tgcth RS PHEHILCHL L COEEHE tadh HeT B0 D sa@accagacac
cggagcgagc tatgcccagg gttgcgcagt gacttcgtca ctgcgtaacc
gteadbddte O GOGE gaictgettteeakistegatbeget Gsecaggagggg
gccgtcgatg gccgctgacg 180 ctgcatctga cgaccggcgg
ceclagigcg AlgletiEicocgreyice epctiagese peclpicg gty cPYacgcgg 240
cccce caccc c accqgt g ct gac cgat ggggag
Cmég%aég%ﬁ% t%ﬁ%gCt gE @éé@tﬁg ggg%gg%‘lg %gggat ggccacc
o AGAIELEOY HAEAL 4A0LA. (AL IR0E 080,30 0626 90t ggcCag
at ctcggg aaggtccgcc cgaagaccgg cagtggaatg tcggcggagg

tatcdg@a tRGPACYPEYH GOLLHE cHGGAtYagyLagesoagat gacgaa
ggt ggggaac aacctgaacc 480 agatcgcgag ggcgat caac

Cag@mg@%g?tg— ak@m@h@?ﬂ@%a&a%@m?cf&c@%@cagg 540 t
aggg gclt ggagaggigg gggcaggag g cggalt ggcggat cgg
agtgé?g %@g@@%f B e A Ay gHeedEc ggg)%gat cgcgaag

ccce a 660, .9cggcgtatc
agc?a ac 6%'%% %ﬁ%%%qtgam%c%%g%g&agcgc%t acggcac cgaggcgggc

gtagzgg%g tt@tg:gt?{ggﬁéc@ agﬁg;%ggg(g Qfﬁaag géag:%?%g €099 atcggtgc
aggtcaccgc caaaaacccg 7 Page 8

aagatccttt gatettttet acgggetcte acgeteagtg gaacgatccg tegagaggte 7080
tecctegtoa agaaggtett getgacteat accaggectg aategeccea teatecagee 7140
agaaagigag goagecacgg tigatgagag ctitgttgta gegtggaccag tiggtgattt 7200
tgaacttttg ctitgecacg gaacggtetg cgtigtegge aagatgegte atctgateet 7260
tcaactcagce aaaagticga tttatfcaac aaagccacgt tgtgictcaa aatetetgat 7320
gttacattge acaagataaa aatatatcat catgaacaat aaaactgtet gettacataa 7380
acagtaatac aagggotett atgagecata ttcaacggga aacgtcttge tegaagecge 7440
gattaaattc caacatggat getgatttat atgggtataa atgggctcge gataatgtcg 7500
ggcaatcagg tgegacaate tategatigt atgggaagee cgatgegeca gagtigttte 7560
tgaaacatgg caaaggtage gttgecaatg atgttacaga tgagatggtc agactaaact 7620
ggctgacgga atttatgect cttccgacca teaagceattt tatccgtact cetgatgatg 7680
catggttact caccactgeg atecceggga aaacageatt cecaggtatta gaagaatate 7740
ctgattcagg tgaaaatatt gttgatgcge tggeagtgtt cctgegecgg tigeaticga 7800

ttectgttte taattgtect tttaacageg atcgegtatt tegtcteget caggegeaat 7860

Page 86



FPO4- 0397- OOSG FY( Sequence listing) acccggtggg
ggcgggactt cgagcgggcc gccgcgacga acgcgcgggt gggt aagcecg
840 gtgtggcattgctcgctgecg gtgcgcgecc ggggat cggce
ggctgaccga taccgagttc 900 geggacateg cgcagacggt

cgccgagegg atgggc“cgm%g-%%?o%&@-ﬁge g9t gacg 960
mm%&@&gg&@&gg?ﬁgggggggga@g%&aggﬁkgg ctghctcct gggtcgattt
cagggcgtg 10 acctggaaga acagcaacga ccggtggaag
ctethLPieteR00 cdagadg agata . gotegasngecd 088 gcgcacggcec
t gat cgaggt ggcgagcccg gagcgggccc gtggccggca agecageage
teackag@laltihe gy e datize gogegyt gegladeygc aaggt ggcgce
agcgggacgg tctgagggaa 1200 attgtgaccg cegecegega
s bRt G UOY -t GUg e U egaailagcg 1260
ctcgta a_.accegattac .ccoga C cgggcca acgtcgcgaa
st R A R 0O Scecaae
ataatREOLCHRGO 1 CLOE GUgLAACE Bk Gl@g 380 ttgccggect
ccaaactcga ccggggtttg tcctggtcac agctggaaaa gacgctgacc
aattdodddte g Rfa CLRLQLT By GRGAGRY: SOSeQUedz8) gagacggt gc
cgcggaagcg get egagege 1500 gccgccgcgt gggagcagcg
tigtiggenepstfagegteyregrreyt sigeaye ewgeeegét§Yccecge 1560
t agca cccgcgcgaa tgttggtgag acg gggc ggat ccgcgce
%%%%%%%%E?%g“fﬁﬁ‘%%3%§§§ﬁg@ﬁggﬁgﬁgﬁﬁggggﬁggtgaacgag
e dEILLOAGRE AAGARNAGESL QUEEA0080. A0 8010 CaOICt geCy
aggeagegeg ggtcgcctcc gctgtcatgg gaggecacce gacacegeta

cteehkttd coceB@BAGALQC t egeegecca g@gagcagcge cggaagecgt
ggact ccgga gcagaaacgc 1800 cagtacgcga ccgcaaaagc
ccaagcagaa egegeegega aggccaagga cgccgcgaaa 1860
<ZlPgdaccgagg tcgccggegg egget accag cgggacgt gc gcgggat gaa
<liefhgact g 1920 tgggtggctg aggacggege ctggtcgatc
zg%% apga aggacceega ccgccagtac 1980 gccgcaggtc
aggeegacac cgtcgcgcag gcccaagccg cggccacggc cacagcgaaa
238040 acgeaggecc aggcgat gtg gaagcaggtc ceggeegaca
<228g@gepoega gtccgccacc 2100 agagcggtcc ggcgcgt gat
egeggat et e acceccacca aacccgccga ggtcaaaccc 2160
<406eggecegec gccagggacc aaccat gccg cagtcggccc cggggtatca
cegigaeactregigret 2RR et teglegraicetragecgtatgiegjadt’c cggaat ggga
ct gt gagcag agagcgagaa ggctttcgtg 2280 gagcgt aggg
g“%%%%ﬁﬁ%ﬁ%ﬁ*&%?&? Fegbrdcgttidegyhatiiccat egat eget ag

dg% %quﬁégﬂEﬁﬂ E&a£%§§§§%gggm%g&%&%£gakmgcgtacataa

cgCgaaag gt gcat acc 0 cat ageat cggcgcgt at

otz B0k AGIGARR: ALMAEC blLaoBARYLALL 88abQEOA6It g 2460
ctcgctggtg gggctttggt agtgggaggc agccaggttg ctggtgctac

cee@aGgict digaec2&2Qgcgg tgeggctgac cgatggggag gaggecgegt 300

ggatcgacge cgegetggee gatggecace ggeagetegg ggegtgeate cgtgagegge 360

cggtogecog ctateteggg aaggtecgee cgaagaccegg cagtggaatg teggeggage 420

cggeegegga getegeegeg atgeggeage agatgacgaa ggtggpoaac aacctgaace 480

agatcgegag ggegatcaac geegggcagg tgecgtegea gatggeegag tecetgeaga 540

agggatgact ggagagatoe gogcagoagt tgagocggat ggeggategg ctegacgege 600

tegacgacca gggetgacgt gategegaag atcageacgg geagegacee gaaggggtte 660

geggegtate tgeacggece ggggaaggce accecgeaca getacegeae cgaggeggee 720

cggcteatt cecggegeoac gotoategeg ggateggtee agotecacege caaaaacceg 780
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Page 88 FPO4-0397- OOSG FY(Sequence |isting)

get ccacage cgagtccttc agcagcggtg gtgccgacgg ttcttccacc
agtcactttc 2580 accgccgctt ctgcgcactg egaggeccag
tacgcgtcgg atteceggeg atgccgtctg 2640 attccacttc

cacagggccg agcgat ct 90Fﬂ099%%9§@9¥ ﬁg&g ttacgcagcg
acc%g.?g% gg5g§§a9t99g9§6 &@g%‘g‘afc%gagécgégﬁ 3t ggacgag

eccacet tea egeega 2 cgacatcgtg at ggccagaa

erotEhit £GAERY ¢1eQCicAnCAgto a0l gaedagaggt gaa 2820
cactccgcgg ccgttcgatg ctgcggcccc ggagggtgac tactgctgca

geggretiteapggatet 2R@Becer dgetgymagcalt gligeiagec c°%8t t acgacgg
attcggt ggc ggcgtcgacg cagtgcaggc 2940 gctgctactc

gtgﬁ%%fgta@%j‘ﬁ%%?afagﬁécﬁ‘i%ﬁt@témﬁ gttt g‘-@&ggfi,ggaéﬁ&ot cgc cagagttgac

3000 tttcta cc tcggtctac tcttgaac
R T e
geg&egel t%a‘ic%fa&t ALOLAACHER Ll CAsLE Grlhdeact gat 3120

gt accgaagc tgggactgag aaagggctgc cgcgtcaccg cttcgegttg
gecptah O craabat 33 6hegog aRECIYHYOQCoogog ICIEREADE 28YJYCIYTY

tgtgacctgg gttcatgaca ccgctaacac 3240 (gctgcggaaa

At ieReE BFETCFLER CACECaLR eecensealy t@%}g@ﬁ‘é@ﬁ@%@aé ¢t%gat gaccggggat

3300 cgtgacctac ccatgctgac cate cggt ggacg
cosTigiet s ST R g B o AR B dg oot gog

atga%é’cg&gé%%gc EEE RGeS LA Cg%Sga{ctgg Cgagggg 3420

ggatga ttcccctcgg gacc at'ca gcggcagggc tgagaccagg

ﬁgc%&:@&ﬁ@&@@ 4t t@FACLLHAG LG gaLCCoot t caaat gac
cgggt ccgt g acctggcagc tgagaacgcc 3540 gagctccgtc

aga@gE goetggect cytaggecgaasgoceisggecacigrgaacigéha t eggat cat e
3600 gacgtgcagc aacagat gct ccggatgctc aagcccggc

g°°?@%ﬁ@ﬁ%@%°g6&$@t@%‘é é‘ﬁ%@@%@"ag@??@ @W@W" g: ggggg g

ee ccc a g c

o e LR ST o kO g S o Sabet aggaget gac

gog Bl a%%%&&aégéﬁcgag&%%&fa Q&Eag&@éﬁgg%g%hé ikgccaccgtt
ccggtggaga ttcccatctc cteggegate 3840 tcgcggtact

cagd GAGGELadoglr @b tEGagGagRatiLORCHURGEaggagacygt t ctcggctgece
3900 cgtgcgagga actggtcccg egget eggec at gat gcgct
cgegigAtcir ey sotcarraygersRgedcicgetaratret (#¥ljgecaget e

gcgagctgtc tgcttgcggc ggatcggtcg ttcagcgeccc 4020
Cagtﬁi?@%jt“%@a&@c f%%g&a&&%%fggcg&%j‘taﬁ%&aﬁaﬁﬂeg@%%ﬁt §tc getegtttec

tog I PhdHGES §19cc %Egﬁgt% [ o HRG gg%tctgt 1bgcgaccgceg
t%cggg%gttgt at ggc a?% g g%CCtC 414 gt agacagca
tggg%g% eh&0gc BEARCRALCRG GG LI gtacgitgatiegpagec gggt aat gga
gcc;:aggtc aggcegacac cgiegegeag geecaageeg cggecacgge cacagegaaa 2040

acgcaggeee aggegatgte gaageaggte ceggecgaca agegeaccga gteagecace 2100

agagcggtee gogegegtoat cgeggatete acecccacea aaccegeega ggteaaacce 2160

cecggeccgee gecagggace aaccatgeeg cagteggece cggpgptatea gecaceegge 2220

cgegaccgag gtegagaate cggaatggga ctgtgageag agagegagaa ggctttegte 2280

gagcgtaggg aacagacgea ggectggega ageatgteca agaacaccat cgategetag 2340

aaggteggte gtgcccaggg tgeccaggat gegtacataa cgegegaaag gtgeatacet 2400

cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge tgtggtegtg 2460

ctegetggte gooctttoot agtgegagge agecaggtig ctggtectac cacggtitca 2520
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ggccgcgacg gcgcgtagcet cgcttgctgg cagtggatcg ggcctgectg
tgaccgggtt 4260 Page 89 FPO4-0397- OOSG FY( Sequence
listing) cctgaacgtg gcgttgatct gtgcggcttc egeatagate
geggeccega ggccggtcgg 4320 gtcgccccag tggaagcgga
tttcgcggta ggcccaggtgﬂ%gbggQggg¥i§§ acag 4380
st R AALLERON £ E0RN0RRARLIOAALL GhbaRCYoROCIAT cOugt Tt gee
gccagcgcecgt 444 ggcggcat g tggatgccga gttccgectc
acc@age tegorRy caggdat eoneaotaaatatgednd@siccagccaat gg
gtgtcccagt caccgtgagt cgggttcttg gtcatcaggc ccgaat agcc
altcp§i@(acagdet (g gred g itagcracg gageccoragryeryg e 0 t cggt gacg
geggeegeat aggcgagcgg 4620 cttacgac gcgt act cgg
gmﬁﬁﬁﬁﬁﬁ?ﬂﬁﬁt@6@%?@F@%%%%@%ﬁﬁﬁﬁgﬁﬁ%ﬁﬁbg%@btgc 4680
wdhIE56aLLA GA0A40LL 6L L A0ALCAR, QL Cagpasa goat gattce

ega cagegec g ccgggt ggtc

cacB@EPLEHBLE BEHRAAICAAGL It AL Bt A&00ss0Ct gcgggt t ¢
gact cgat gt ageggegat e cagtgcgtct gategeegea tccggtagac

cagéb@GRk atGee@t agaga e anaiiagogted gegagicggoocacagcggt
agecacagct gttcccaggc 4920 gccgectgtg tgctcttcca
gctgsagje eraltee et g peRy e Erscrarataea g atleyat t t 4980

at t ccggt ac _gacacgccag ccaagtcaga tgtitcggtt tctggagegg
st G G L L ab R e CH e et i S0t concan
oL 8140000 L00% 50396 SARAECLEEL §LU0y caggt atcoo

ggttccgg gggt gaacac caccet céga ccggtccaga atccgtcgat

5tacadebll tooRicGRCALAL A YTl agRAGis ik igagt amogt gacaggac
cactgctggg ctcccagege 5220 agaaggcaag tgaaggcaga

gaapgaet guggy! aggraagttegcgygtiaaggeatctgeggt@eét t ¢ 5280
agaagcggcg tc a%%ccag gcccacacgc acaat ccgct tcccacgagg
d

solegERR R T AT ey " Feggegircreryesst cy§’ cgcagt gt ca

e egee t act gct tttgacagga. 5400 ct gcagggt
Sl HSRT e dadiitaledies 8 & P occagt aa

acgRER e GACE §8ILY GRABAENIRM AL %%g%gge %420

cggcagcgat ggcaat gcac gt ggat ggga acaccaccea

aag @A @aggaa traatate bgedath o€ RAGaEHGAGaRLgaiweCcgyg cgcggt aaga
5580 ceacacegge caccategec aeggecceeg acgcaacaag

A B aEtRere” er Rt vragiysts 840 cagrdegtitae artYycgcecgacgce
cgggt ggccg ttaggtgcgce gccagcccqt aceggﬁceg 5700
ggﬁ%%%é%%ﬁ?ﬁc%@ﬁ%%@éﬁ%%g@%¥%ﬁgﬁﬁtﬁggﬁﬁc Jt cc cgtgccegt t

gacé%%cgg%%‘&c%fga‘tggt c%%g(é%ctc %&&E&g&g%gmggc Q%g%gg&t Gs@cgt cct cac
ctgccggtca gcccgtgacc gg t'gca 20 gcatgcaagc
gcgésdg%% Cabede g 6L G tdlcRl aRaBlGALgaLt gggaaa accctggegt
acgggcgece tggeceggat acgtegacgg ctictegget aggagetgac cgegtacttg 3780

cgtgegtegt geaggagett teccacegtt ceggtggaga ticccatete cteggegate 3840

tegeggtact teaggeccetg ctegegeage tegacggece ggegacggtt cteggetgece 3900

cgtgegagea actggteceg cggeteggec atgatgeget ggategtgeg cgtggaggee 3960

cccatettet cggecagete gegagetgte tecttgegge geateggteg ticagegeee 4020

acggtetgee teccacaatg cgttceggte gaccttegte getegttice ggtitgecte 4080

gegettctte teacteatcet tgegacegeg tgeggetigt atggegatga atgtggecte 4140

gtagacagea gggecgtcgg cocacatceg ggacttigta gtgatecage gggtaatgga 4200

ggcegegacg gegegtaget cgcettgeteg cagtggateg ggeetgectg tgaceggett 4260
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tacccaactt aatcgccttg cageacatce ccctttcgcc agctggcegta
at agcgaaga 5940 ggcccgcacc gatcgccctt cccaacagtt
gcgcggcct g aat ggcgaat gagettette 6000 Page 90

FPO4- 0397- OOSG FY( Sequence listing) egettecteg

ctcact gact cgctgcgct cpg9Leathsd9y el AGIos cggt at cagc
cctggf@?r@ gcghga@c@gtgggﬁgcg%ggg{cg%%&&gg%&% a§ycagaat caggg
gata 0 gtg

aaccag gaaagaacat agcaaaa ggccagcaaa
eiccRGHREAGY AR tegiAtnaaggeagegtitgectgocgsittt 6180
ccat agget e cgcccccctg aegageat ca caaaaat cga cgctcaagtc
geagitrag oreygege 6240t samatred greltizaggaedcaehdallgat accagge
gtttecccct ggaagctccc tcgt chctc 6300 _tcctgttccg
teegeeRisgiryer dtgelgguicas e gt eyttt ¢Pltct t cgggaagegt
6360 cgctttct caatgctcac gctgtagg tctcagttcg
cegissiPel Db SRR SRR ot goanganc
ctigRCLEEILELR HEELOAGENBLICHCEL AbobiPlBACT 8 6480

tcgtcttgag tccaacccgg taagacacga ettategeca ctggcagcag

ctta@eag bgotag whdha g@agaat hrgecagagegaggissat gt aggcgg
tgctacagag ttcttgaagt ggtggcctaa 6600 ctacggctac
sizcaesaepaceg il ceergcertetitegepet pietigeygetcestydiaage cagttacctt

6660 cggaaaaaga gtt gta ct cttgatccg aaacaaacc
o T SEBTrgr I Y et Pt g T age ageaga
ctgc‘é:g%gt"{)c?gaggga%gag%?g%%@cac@&gtcgggl{cgc@%gagg%ta@cc%65t gat 6780

tacg gggtctgacg ctcagtggaa ¢tcagtcgaa cggaagatca

soc@ibch©G6AGRA: ©840es {dRgaagl &kt HYtgl6Co24 gt t gat acc
gggaagccct gggccaactt ttggcgaaaa 6900 tgagacgttg

gee@tigig rrtgt ccaagay gideteaca detcichoagtredtt aBgaaat aagat cact a
6960 ccgggcgtat tttttgagtt atcgagattt teaggageta

attepggaEtoe a® St Fagise e cesadaieacty gat at accac

oo B 0L EA1. LECCAUIRE. S BRBIR 0B L 020 100

ea acc aaccagaccg ttcagctgga

cagdt@lcd AEAACE ofHfRct LildRRANRELILABRLRASE gRat aagcac
aagttttatc cggcctttat tcacattctt 7200 gcccgcectga

cteab@Aadg Geda il cctitE@ GO Spdc ik acgitirtogdaasngtegasiagacgg t gagct ggt g
7260 atatgggata gtgttcaccc ttgttacacc gttttccatg

Aot Layeel aselgiees e ks 2gcetcelgetsttifgaliyt gaat acca
cgacgatttc cggcagtttc tacacatata ttcgcaagat 7380

g %f@%@%a&fagﬁ@ﬁﬁ?céﬁﬁéﬁmé%F@“@‘i?&%g&fmf%@éc?%igag ggtttattga

oL rT g A e bhg et S PRS0 M e tact 1 ot
actoleAz 06 CEeda e dedcteg @s catGacgtRaatadidccathdCgeaagyg cgacaaggtg
chZttzggog ccaagegaag acacccaccg cggeagegat ggeaatgeac glggatggga 5520

acaccaccea gaaccaggga aatectggtg ceggeccgag acgatecegg cgeggtaaga 5580

ccacaccgge caccategee acggecceeg acgeaacaag caataaccac cecatgageg 5640

gacggtacaa gegecgacge cgggtggecg ttaggtgege geeagecegt gaccggaceg 5700

gegaagegte cegetggeeg gecegeegtg gegecegtee cgtgecegtt ctgaccggtg 5760

gteteggteg ctegttecte gegtecteac ctgecggtea gecegigace ggacctgeag 5820

geatgcaage tiggeactgg cegtegtttt acaacgtegt gactgggaaa acectggegt 5880

tacccaactt aategecttg cageacatece cectttegee agetggegta atagegaaga 5940

ggcecgeace gategeectt cecaacagtt gegeagecetg aatggegaat gagettette 6000
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ctgatgccgc tggcgattca ggttcatcat gccgtctgtg atggcttcca
tgtcggcaga 7620 atgcttaatg aattacaaca gtactgcgat
gagt ggcagg gcggggcgta atttttttaa 7680 ggcagttatt
ggtgccctta aacgcctggt gctacgcctg aat aagtgat aat aagcgga

7740 Page 91 FPOA- 03945908 bt PeRUEnGe il St i ng)
ok ORRLAAERNBRRLL AGRL, hgaégsggga&gtgmg getcca aaacgcaaac

ccccetcetccece cgcgcgttgg ccgattcatt aatgcagctg

tcaclEAE GAcagy chitatcer agarcicsHgaaace gga:a1d060120cagt gagcgce
aacgcaatta atgtgagtta gctcactcat taggcacccc aggctttaca

gtgazgﬁ@ getactaa pggetataa T epgietanng Reretated tgpegittig P 18@Ait t gt gagce
gat aacaat ttcacacagg 7980 aaacagctat gaccatgatt
CCa%@%é&CF%ﬁg W%@@f%@@cﬁﬂﬁﬁﬁéﬁfcﬁﬁggt&&%g@d c 8038 <210>

I
a3 Sk SR e B0 lpe SR IR b S 8] <2207

oot SRt Ch QHOLE 1l E66E CAICEc RULLRCLEHEEtAbECt ggt 60

gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca
gecgitgtgitamacgchkRPsta € gueaaiecedicgiiee #1120 cgcttcgctc
acaggagggg gccgtcgatg gccgctgacg 180 ctgcatctga

gc@é%%%@ carcefergtEetegsdgre e egerackc@t®Bggec get gacgegg
ccce aa gc caccc C acc cgq L gcggcet gac
eigi a0, TG IE S bE g Rt b R Gcact ggee
s IRLOUEERCH: 9052001,600. 90640010 60" 9RGO009 300
t ggccgg c cggg aaggt ccgcc cgaagaccgg cagtggaatg

otactggcga@ C@QPG: At CAULEPHGR LB INBECE YOG at gcggcage
agat gacgaa ggt ggggaac aacctgaacc 480 agatcgcgag

cgeggegaticaact cgobggyeaggict geoogaalzgit gggecgag tccct gcaga
240 aggggt ggct ggagaggt gg gggcag a t tggggcggat
W&@&@‘@‘é‘%@%ﬁ%&@%@@@%g ﬁ@‘agaf‘%%é@éagc 4% gggct gacgt

9%%%?%?%@%‘3%9& %atga GG 92agg009t tg 660

C "accccgcaca gctaccgcac

maa%gﬁg%%gzg&tgt?gglgcc g%&gg%cg Qég%cgacﬁ@tgﬁgﬁ&g @spoggt gat cgcg

ggat cggt gc aggt caccgc caaaaacccg 78
tgagacgttg atcggeacgt aagaggttce aactitcacc ataatgaaat aagatcacta 6960

ccgoocgotat titttgagtt atcgagattt tcaggageta aggaagctaa aatggagaaa 7020
aaaatcactg gatataccac cgttgatata tcccaatgge atcgtaaaga acattttgag 7080
geatttcagt cagttgctea atgtacctat aaccagaccg ttcagetgga tattacggee 7140
tttttaaaga ccgtaaagaa aaataagcac aagttttatc cggectttat teacattctt 7200
gecegectga tgaatgetea tecggaattt cgtatggeaa tgaaagacgg tgagetggty 7260
atatgggata gtgttcaccc tigttacace gttttecatg ageaaactga aacgttitca 7320
tegetetgga gteaatacca cgacgatitc cggeagttic tacacatata ttegeaagat 7380
gtoggcptott acggtgaaaa cctggectat ttecctaaag gotttattga gaatatgttt 7440
ttcgtctcag ccaatcectg ggtgagtite accagtittg atttaaacgt ggecaatatg 7500
gacaacttet tegeececegt titcaccatg ggcaaatatt atacgcaagg cgacaaggty 7560
ctgatgeege tggegattea ggtteateat geegtetgtg atggettcca tgteggeaga 7620
atgcettaatg aattacaaca gtactgegat gagtggcage geggoecgta atttttitaa 7680

ggcagttatt ggtoccctta aacgectggt getacgecte aataagtoat aataagegga 7740
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acccggt ggg ggcgggactt cgagcgggcc gccgcgacga acgcgcgggt

gggt aagccg 840 gtgtggcatt gctcgcectgcg gtgcgcgecc

ggggat cggc ggctgaccga taccgagttc 900 gcggacatcg

cgcagacggt cgccgagcgg atgggcttcg agagtcatcc gtgggtggcg

960 gtgcggcacg acgac%iaignggggg@ggggmgﬁﬁﬁgctccc
t5aBY0H GORLL L 1oh GRAGICHL L gcaaaagg%&& 4o acagcaacga

ccggtggaag gtcgtcgagg tgatgcgcga ggtcgaacgc 1080
cgcGEEE AGYYAE aatgal € g0ty Y HcdAY0L g g@JCYPYJCCC gt ggccggca

agccagcagc 1140 Page 92 FPO4-0397- OOSG FY( Sequence
caglepestiangyeatiagiptnageeersicy Cegegeygtcieyjadegge aaggt ggcge

agcgggac t ctgagggaa 1200 attgtgaccg cegecegega
e Ebeg B g YRR O JEEt e gRagt ggog 1960

ctcat ac accegatt ac ccgagtgcag. gt gcgca acgtcgcgaa
R R R S N RO

tacgt cgacg ccgccgggga gccgatctgg 1380 ttgccggcect
<210€@8act cga ccggggtttg tcctggtcac agct ggaaaa gacgct gacc
<21144607 agacceegec eggacegect egeeggegag gagacggtgc
<21ggtdgaagcg get egagege 1500 gccgceccgegt gggagcagcg
<2lgpgedgehyag gt cggcggecg agcagttcge agetgcccge 1560
-bg9gagcagg cccgcgegaa tgtt ggt gag acggccgggc ggat ccgcgce
<z§9a?§ﬁﬁbﬁ£162° gcggacacga agtggaagca ggt gaacgag

gcﬁ gacCa gccaagaccg ggccgaggag 1680 caggctgccg
<408g@gagegeg ggtcgcctcc gctgtcat gg gaggecacce gacacegeta
cogtbhbl cccbHHIRERE L tRURLILELR GGRGEAJCHC Cggaagccyt

ggact ccgga gcagaaacgc 1800 cagtacgcga ccgcaaaagc
gac@gRAJeIgRA cCegegeaytigacagydeasgiasege ctfdgaaa 1860

t ggaccgagg tcgccggcgg egget accag cgggacgt gc gcgggat gaa
ClEe el EGRETY L0 AP Epe Y i e gefatg et gt0ct ggt cgat ¢
+= 3581 98308, Aagacceeda.coaecanl 86,1980 , gecgeaggtc
gagéeé@a c%% gcC a& cctaayce éba%cacggc cacagcgaaa
ool o-RGUCRUNSEE0AANEARLILALAAREEANOLC G00CCIACE

agegeacega gtcagccacc 210 agagcggt cc ggcgcgt gat
sgargeggaletfc pEReNCICOAtRACHEELGIAGigaaarcc 2160

ceggecegec gccagggacc aaccatgccg cagtcggccc cggggtatca
cegigercaclrefg e RRX0ecC egjegaeryalgege tgergaat c1¥ggaat ggga

ct gt gagcag agagcgagaa ggctttcgtg 2280 agcgt aggg
ng%fﬁ?%ﬁ@%gﬁé‘t%cgﬁ%%faég YA R CargEc A odgaEc é‘g% at egat eget ag

e G e SRR AR e acat ot
g gt atacc 4 ccat ageat cggcgcgt at
a2 SHloAQHEARR: A0ALL! £ERARCHL AL IOchgb@lsogl g 2460
tegacgacca gggcetgacgt gategegaag atcageacgg geagegaccee gaaggggtts 660

geggegtate tgeacgggee gggeaaggec acceegeaca getacegeac cgaggeggge 720

cggcteatt cecggegeoac gotoategeg ggateggtee agotecacege caaaaacceg 780

acccgglgge gocgggactt cgagegggoce geegegacga acgegegget gggtaageecg 840

gtetggcatt getegetgeg gtgegegeee ggegategec ggetgacega taccgagtte 900

geggacateg cgeagacggt cgcegagegg atgggcticg agagtcatee gtgggtggeg 960

glgeggeacg acgacgaccea catecaccetg getgtetece gggtegattt teagggegtg 1020

acctggaaga acagcaacga ccggtggaag gtegtegagg tgatgegega ggotegaacge 1080

gegeacggec tgatcgaggt gecgageceg gagegggcee gtggecggea agecageage 1140
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ctcgctggtg gggctttggt agtgggaggc agccaggttg ctggtgctac
cacggtttca 2520 getccacage cgagtccttc agcagcggtg

gtgccgacgg ttcttccacc agtcactttc 2580 accgccgcett

ctgcgcactg egaggeccag tacgcgtcgg atteceggeg atgccgtctg

2640 attccacttc cacagg 3994@ggg@ gtl ok cggcag
ggcﬁz‘a%&%ﬁ%%&ggt%tﬁ%&gggég&&ggcg Rogob gtg% 0 ggeact agat

agaacgtgag catggacgag efteccace eat egeega 2760

attgGERE ab&Cdcgh Alcgore agadsiibi-cHat agaeeeql aamggc caggt ggt gc
t cgaggt gaa 2820 cactccgcgg ccgttcgatg ctgcggceccce

clegtpgag agtagte ctcatitcardigrese @atdieagyaree2880 1Pdge 93
FPO4- 0397- OOSG FY( Sequence Iistingé cagcgggaac
ARG HPHFETER ST BEJHEGY At P YT T ge @@acg cagt gcaggc

294 ctgct ac ft ca _tggcacac aacttcqgt
oo e LR A e R IR 00 o e
agad CYOL £LRAGE 1 BALLLLDARE AL CRRHLECIBRABEGGEAL 3060

cgaagccgtg gtctcattcc ccgctccctg atgtgacgca etttcaccec

goedQQEiaeiae@beg 3R E ceag baNCHANYCactt@yGRBEGAY 18@AgYIICt gC
cgcgtcaccg cttcgegttg acttgccact 3180 gaacgggggc

2ea§egEecEReaRyER daigRjepe g tyeacy eqyectrgaagisice atfghca cecget aacac
3240 ctgcggaaa tgcggattga actagttcat ttggggaacg

R LU A3 B e oA GAeieat (05t 9ot gac

caggcc?gk&%ﬁ%égcg%&%Q&&%@&Qat&gtgﬁggg&@&%&ca& gagagc 3360
acgat caagc gccgcctgcg gtcgggcgcg ttcccgaacg cggtccgeac

c2efFLLIBCQTa FALQsco 2RBLGORLERCILLEELELGY 18@accCt at ca
gcggcagggc tgagaccagg gaaaat ggcg 3480 aaacctgacc

caglegolagerstegs tthveagal gearcegggiccoghgeasedaggéayc t gagaacgcc
3540 gagctccgtc agcgcctggc cgtggccgaa gccctggcca
teegeegard e AR frgutcateace s etrecFat ytegragc "adcagat get
cggat gct c gaagcccggc cggt gt cggc cctg ccc 3660
serel Bnicge SRR R gl Be B T 09 cegocoat o

gmg:@&9@§Qﬁ&w%&%%y%ggggggggggmkag@&ag%ﬁa:ﬁ@@tcgaogg
ettet egget aggagctgac cgcgtacttg 3780 cgtgcgtcgt

acg@eaeORaetttts b asaattgitceceggbgoagacitaacaloot c ct eggegat e
3840 tcgcggtact tcaggccctg etegegeage tcgacggccc

agrgrigaegotitat eragge ageecggagsceggegagyal@ct ggt cccg

egget eggec at gatgcgct ggatcgtgcg cgtggaggcc 3960
COERT RS ST PR YU R AP ST GHGE T e T gt é%g gc ggat cggtcg

cgedab e & g%@ AL G Qg‘i%% i Qacg%a&%%t g9t tccggt e
%d%%%%%%%o % TCHtt tec g%tt égct 4080 gegettette
cactoBRL! RaAbREca b SCQACE GoHotlcf elgeLbiGlat@bgyogat ga at gt ggcctc
aag;:g:ggg gtgcecaggg tgeccaggat gegtacataa cgegegaaag gtgeatacet 2400

cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge tgtggtegtg 2460

ctegetggte gooctttoot agtgegagge agecaggtig ctggtectac cacggtitca 2520

getecacage cgagtectic ageageggte glgecgacgg ttettecace agteactttc 2580

accgecegett ctgcgeactg cgaggeccag tacgegtegg attcecggeg atgeegtetg 2640

aftccactic cacagggcecg agegateigc tgggceggcag cegetgeceg ttacgeageg 2700

tgcegegeeg gaaactaggt agaacgtgag catggacgag ctteccacct teategecga 2760

cgacategtg atggccagaa cgttcgacag ccctaacgge caggtggtec tegaggtgaa 2820

cactccgegg cegticgatg ctgeggecee ggagggtoac tactgetgcea cettceggat 2880
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gt agacagca gggccgtcgg cccacatceg ggactttgta gtgatccagc
gggt aat gga 4200 ggccgcgacg gcgcgtagcet cgcttgcetgg
cagtggat cg ggcctgcctg tgaccgggtt 4260 cctgaacgtg
gcgttgatct gtgcggcttc egeat agate geggeccega ggccggtcgg
4320 gtcgccccag tgga %g%_obgé_gg& tergegs%g caggtg

A .

AeAQhtdoc G Gl QL& g9spegaggeega
Cag%g%agg?%ct% c?c aeggggggegg%}g cggcgifc% t %cg%gccagcgcgt 4440
getdeBGC GaEatd b §ORENC YR GhiatiRgCatBigagubeggeg agggat cgec
gctcggtgtg 4500 cagccaatgg gtgtcccagt caccgtgagt
sittaggodatastag igeiclatcealgipeaceyaatayyecedB600 ct t gt ccccc

oyt PRGE: S PROFL OSSP RS uBHEe | | Sting)
e §IS.2502600. 2601051 £98.1.960001,000, £90C151 9o agegeccaca

CCC ggttct ccacgat cgc

gaa@blC 086808 8dataal Let £PaRaEREEAALAD 2680€0ECEGE
agcgcggecgt ccgggtggtc aacgtccacg acgagcaggt tgctcaatgce

geted 806 tzcgiageogaitice tgachegahgtaageggegqaiseo cagt gcgt ct
gat egeegea tccggtagac 4860 gccgtcgagg aaat cgtcgg

cotepecie S ER] OB EAREAASERIEE S GERCReRE ER aET C8gge 4920

ccqgcct gt tgctcttcca ccgcaaccat aca ctcacacaca
ol G ET I OB RT G, PR SR LS Lb angt caga
s b CORLL ACLATRACHR.L BELESAIALARI0, po R0 C

gct ccagaa acgt ccacaa attattgggg tacgtcgaac caagcctt at

a2a @ EEQ oA BYE RbLEE YYUQEtE &oQS Y9G GREABICACCET CEga
ccggtccaga atccgtcgat 5160 etcacetate cgctcgaagt

gaggotit gagictac glegacaggaescastgargggeatagced@fege 5220

agaaggcaag tgaaggcaga cgactgcggg aggtaagt cg ggt acggcat
SAHHGH ALY %%g@@gc HoRageyyescaee @Cgﬁ’é@%?ﬁ“aéﬁ%c ccacacgc

acaat ccgct fcccacga acaccaceg 534 agcgcccce
e R R LR LS RGAR00.IRCEEAGS 2P 1l 20CT00CC agga

acgeR0: o ACLEE %Q%gg%&&ggég%%gctgg&&%&% Ggg@at cccacca
gtagctcccc gtgccggtaa 5460 ccgcttgggg ccaagcgaag

cgtaR OB CAMNGT tCHORAIQGEaigtaat-geagsgiggatoggga 5520
acaccaccea gaaccaggga aatcctggtg ceggecegag acgatcccgg

tegcegfecreasrgia (BB 80 e et eggEetiatestzegeelaeggecceeg
acgcaacaag caataaccac cccat ?gagcggg5640 gacggt acaa

celegEERCI BT BEUTEYgeEret satgtaryteyeadt®lcgt gaceggaceg
t
cccécztgt(%ggc &9@%&9‘%@ tg%&%géc%%gtcggt%c%g&g %90 gcgccegt cc

cgtgcccegtt t'gaccgg ggtcg ctcgttcctc

ace QG 6Cla6AE Sl-Ge R ok G g6t gagcrggaat ct aga 5820
gegettctte teacteatcet tgegacegeg tgeggetigt atggegatga atgtggecte 4140

gtagacagea gggecgtcgg cocacatceg ggacttigta gtgatecage gggtaatgga 4200

ggcegegacg gegegtaget cgcettgeteg cagtggateg ggeetgectg tgaceggett 4260

cctgaacgtg gegttgatet gtgcgpctte cgeatagate geggecccga ggeeggtegg 4320

gtegececag tggaagegga titegeggta gececaggte cgtgeggttt cgaacaggge 4380

geagtitcgg cegaggecga tegggticte acggegegat cggetitece gecagegegt 4440

tggeggeatg tggatgecga gttecgecte gageteggeg agggategece geteggtgtg 4500

cagccaatgg gtoteccagt caccgtgagt cgggttcttg gteatcagge cegaatagee 4560

cttgteceee tggacggcge gecggaggcec tieggtgacg geggecgeat aggegagegg 4620
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ggatccccgg gtaccgagct cgaattcgta atcatggtca tagctgttc
ctgtgtgaaa 5880 ttgttatccg ctcacaattc cacacaacat
aegageegga agcat aaagt gtaaagcctg 5940 gggtgcctaa

t gagt gagct aactcacatt aattgcgttg cgctcactgc ccgctttcca

6000 gtcgggaaac ctgtﬁ%éggg{@ggggﬁi LA algaat cggc

clial c cceal t ggcgctctt
tt%%%g?%gg%%j%%%%%%ggggg?cg%tggé%?%cggtﬁggtcg 6120

stod&its Qe HA c@CgUiaitcRG e Ciaticagasggrggloaat a cggttatcca
cagaat cagg 6180 ggataacgca ggaaagaaca tgtgagcaaa
cag@RQUBCAcEaL argyetaggican egtaaadect @0 48¢§gccgegt t g
ctggcgtttttecat agget cegeccccct gacgagcatc acaaaaatcg
cte gD L LR At CRtrA Y ee g katetgatlaggact at aa
at acca tttccececec 6360 Pa 95
oo PRSI R R R R ¥ 3aaget oo
gmgkggﬁggggﬁmg&ggﬁgggggmga&&&ﬁ&ggﬂ%ﬁkL@@@ggat acctgtccgce
64 ctttctccct tcgggaagcg tggcgcectttc teatagetca
atte@gt gtaggis adagitgagitgitbdddtk coygti@icag o gtt cgct cca
agctgggctg tgtgcacgaa cccccecgttc agecegaceg 6540
ciitgegaiRcigelecrsen 2 ergyaitiietes rgieppcragectigit el®dacccg gt aagacacg

aettategec 6600 actggcagca gccactggta acaggattag
conlily BHEG S PGPS ST B g sBA TR P88 o0 et t gang
ek G GOGELA.ACKAC A0ELE,. 0061 A0ARN,LA0LA! L LQ gtal ctgege
6720 tctgctgaag ccagttacct tcggaaaaag agttggtagc
agadgGlab)BdaEC ba ULRRREARRLCachd Baco RGEGELBIE280CITL 9Tt T
tttttgtttg caagcagcag attacgcgca gaaaaaaagg 6840
agagt@triagmgaens gatrweit dogacctat tetdageedeecaggggt BYac gct cagt gga
acgaaaactc 6900 acgttaagqgfattttggtca tgagattatc
SRESHANAHTATE PrEhie raga e eI rase 5980’1 aaaaat ga
agttttaaat caatctaaag tatatat t aa ggt ctgacagtta
ey e SR B s R R R E O et et

ch%ggtgtcgagﬁggag %(gc%@gt c@%gcgzg §&aat§cg@g(t\ggg§§g§1 Cssegcgt cgt gt
agat aact ac gat acgggag ggcttaccat ctggccccag 7140

acadcgietagenalya altatey egagcag cgacaplcgegaiagggetcca gattt at cag
caat aaacca 7200 gecageegga agggccgagc gcagaagtgg
coaqageE L TfeRlece 1BSETEAFELTRICTE AtTeNYL €2BBHO Sotiat t aat t gt
t gccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt
saceEsY O 6%5?%“"%3%%%%@“@%%"%@?“@@%% 057§g gctcgtcg
c aacgat caa
gcg!lgag%g%%é%%gg%g g&% Chd g%%&cg?c% §%coé‘g& %%&géggg G760

tgatccccce atgttgtgc aagcggt 7440

stotbRQLEEREd S S G E I e bGBlidatl S RABAATGEAAJL t g gCccgcagt gt
tatcacteat 7500
ggatcceegg gtaccgaget cgaattegta atcatggtea tagetgttte ctgtgtgaaa 5880

ttgttatccg cteacaattc cacacaacat acgagecgga ageataaagt gtaaagectg 5940
ggotocctaa tgagtgagct aactcacatt aatigegtte cgeteactge cegetttecca 6000
gtcgggaaac ctgtegtgee agetgeatta atgaatcgge caacgegegg ggagaggegg 6060
tttgegtatt gggcgctett cegettecte geteactgac tegetgeget cggtegttcg 6120
gctgcgoega gegotatcag clfcacicaaa ggeggtaata cggttateca cagaatcagg 6180
ggataacgea ggaaagaaca lgtgageaaa aggecageaa aaggecagga accgtaaaaa 6240
ggcegegtte ctggegtitt tecatagget cegecceect gacgageate acaaaaateg 6300

acgctcaagt cagagetogc gaaacecgac aggactataa agataceagg cgtttececce 6360
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ggttatggca gcactgcata attetettac tgtcatgcca tccgtaagat
gcttttctgt 7560 gactggtgag tactcaacca agtcattctg
agaat agt gt at gcggcgac cgagttgctc 7620 ttgcccggceg
t caat acggg at aat accgc gecacat age agaactttaa aagt gct cat
7680 cattggaaaa cgttﬁ%& 99 968593 g Gl GG aggatc
toodal AE COLL g& ofeBAQALL &R atta& Jk23 CCC ctcgtg

cacccaactg atetteagea tctt tactttcaccagcgt 7800

ctitdide@ t @ EQigate g AR fth ganggtatagtct gscgcaaaa aagggaat aa
gggcgacacg 7860 gaaatgttga atacteatac tcttcctttt

geigtapala titrdiat ageiygeatydad chigapccagtoiet@gar@206540t t gt ct cat g
ageggat aca tatttgaat g tatttagaaa aataaacaaa taggggttcc

cioprgDorg Rt Akttt CRECHHHARTPFELAE PP cgt ct aagaa

accattatta tcatgacatt 8040  aa at a at aggcgt a
R o B R A R P B B0 e 8100 Page

gttefa 5P Qﬁa%%cg%&@%g%%%ﬁ% SulkkSti #8) tgaaaacctc
t gacacat gc agctcccgga gacggtcaca gcttgtctgt aagcggat ge

tetg@dHHccaif@fRgeaga 1LRAGECOEas AQFURAC YT agcgggt gt t
ggcgggt gt ¢ ggggct ggct 8220 taactatgcg gcat cagagc
Ca%gtaﬁt%je%%ﬂft tHatia ereerezies wateascysyRnaag g&tat acc 8280

caca aa aat accgcat caggcgccat tcgccattca
a‘“% gaatc'g@ﬂf)gg%%t?[ CEYYEEH | HatCdy t gcgggect ¢
acg&agggg%%%&aat SHGRANGL00. £0ARA00000, 8400 atgtgctgea
aggCgattaa gttgg taac gccagggttt tcccagtcac gacgttgtaa
ttaa @B Dactt RAS GACHES @aﬁ@@a@ eeRagtodatgaatygact gcaggtc 8497
<210> 99 <211> 8487 <212> DNA <213> Artificial
ccaatRRPatcagtPRB vacrRET AO0ORR ctattog @ Occ@@t CPX ccacca cccggt gect
gtctgcgtc tccectcgget cgttcctcge ctatcctggt 60
tge ﬁ%%@%@%a t@ﬁ&@ %%%ﬁ&&“&@éﬁé@cﬁ%t@é%cagt gacttcgtca

tgot%cag%g?acg%é% acccac ({tc ao%gc% C%%a&ctg%ga%t%a%c%gt ;208 gcttcgete

ct gcat ct ga

gcc%g%%%%g&@&%%@ 161G a8l BRCHCT QficchdiC GBMOICC gct gacgegg
tattaattgt tgecgggaag ctagagtaag tagttcgeca gttaatagtt tgegeaacgt 7320
tettgecatt getacaggcea tegtggtete acgetegteg titggtateg cttcattcag 7380
ctecggttce caacgatecaa ggegagttac atgateccee atgttgtgea aaaaageggt 7440
tagetecttc ggtectecga tegttgteag aagtaagttg gecgeagtet tatcactcat 7300
gottatogca geactgeata atictettac tgtecatgeca tecgtaagat gettttetgt 7560
gactggtgag tactcaacca agteattetg agaatagtgt atgeggegac cgagttgete 7620
ttgececggeg teaatacggg ataataccge gecacatage agaactttaa aagtgeteat 7680
cattggaaaa cgticttcgg ggegaaaact cteaaggate ttacegetet tgagatecag 7740
ttcgatgtaa cceactegtg cacccaactg atcttcagea tettttactt tcaccagegt 7800
tictgggtea geaaaaacag gaaggceaaaa tgececgeaaaa aagggaataa gggegacacg 7860
gaaatgttga atactcatac fcticctttt tcaatattat tgaageattt atcagggtta 7920
ttgteteatg ageggataca tatttgaatg tatitagaaa aatasacaaa taggggttce 7980
gegeacattt ccccgaaaag tgecaccetga cgtetaagaa accattatta teatgacatt 8040

aacctataaa aataggcegta tcacgaggcece ctitegtetc gegegtticg gtgateacgg 8100
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ccccggcgaa gcgcacccgcec accgtggcegg tgcggctgac cgat ggggag
gaggccgcgt 300 ggatcgacgc cgcgctggcc gat ggccacc
ggcagct cgg ggcgtgggtg cgtgagcggg 360 cggtggcecgg
ctatctcggg aaggtccgcc cgaagaccgg cagtggaatg tcggcggagg
420 cggccgegga ggtcg ggﬁnqbgggg %mgggk acgaa
s RLOYAHEAL ARCELOARGE AR AOALLEGI0109C it caac
gccgggcagg gccgtcgca gat ggccgag tccctgcaga 540
cpe 9 GGOaggatc 83agagoi -0 HOgcaggaghotigggeagnat ggcggat cgg
ct cgacgcgc 600 tcgacgacca gggctgacgt gatcgcgaag
ww&ﬁ@ﬁg@&@g@ag@@géga&ﬁwmga@ggggﬁﬁgm€6@2&gcggcgtatc
tgcac ggaaggcc accccgcaca gctaccgcac cgaggcgggc
wen S SO e e et 6 at oot oo
tcaccg c caaaaa acce cgggactt
oo R Bt RO Gt e B S PR 0009800
m@@ﬁﬁ&&@&ﬁ&&g %ﬁggagg@mg&gggﬁgﬁ%ﬁgﬂ@g@@tngc ggctgaccga
taccgagttc 9 gcggacat cg cgcagacggt cgccgagcgg
aac@t oo istagec agagtccabpe gt gggt ggcepod60 gt gcggcacg
acgacgacca catccacctg gctgtctccc gggtcgattt tcagggcegtg
1020 Page 97 FPO4-0397- OOSG FY(Sequence |isting)

zgi gaaga acagcaacga ccggtggaag gtcgtcgagg tgatgcgcga
<219 aacgc 1080 gcgcacggcc tgatcgaggt ggcgagcccg

-192d¢gggecc gtggccggca agecageage 1140 ggcgagcaac
gccgecgeggt geggaceggc aaggt ggcgc agcgggacgg tctgagggaa
228200 attgtgaccg cegecegega categeegea ggccagggtg
<228 g@@PUOgIRvcgaagt ggcg 1260 ctcgtacaga accegattac
ccgagtgcag gtgcggcgca acgtcgcgaa gacgggccgg 1320
<408t gaat g qct acagcttcaa cctgcccggec tacgtcgacg ccgccgggga
“%@@E@é?%% @H@@%@ﬂtﬁ?@%%@@%%?g%%gggﬁt6§a ccggggtttg
tcac ct aa ¢c,1440, ,.agacceegec
R T e S

ctegk QR ¢cHEGH CLIGEHE acggggég%%%g%tgga@ gaeagegagkogt cggcggceg
agcagttcgc agctgcccgc 1560 tgggagcagg cccgcgcgaa

ctgcda@iol galcgRE REHGHLC GO BOabREHC gaagaacagt cc 1620
gcggacacga agtggaagca ggtgaacgag gcgttgacca gccaagaccg

o RAPRL Y RELc PE8Bce L neayeieay cLrtpL ey eraLregrey 3@@t cgcctcc
gga%ctgtcatgg gaggecacce gacacegeta 1740 ggacatgc

%@?éé@@@%cﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁc%ﬁéﬁﬂﬁ%@@? #geét c&fga gcagaaacgc

ng‘% cQ%g otatd %gaa Qg%gg%&%%‘%g&gaﬁt ?cg%g g a4 KIEgEEgEga
aag cdgccgcgaaa 6 tgg g tcgccggcegg

c2e€9G8l BEEAGCHAPMOLHEFHIFIRLGRcaLLGCIBET g 1920

agatcgegag ggegalcaac geegggeagg tgecglegea gatggeegag tecelgeaga 540

aggogtggct ggagaggiog ggocaggagt tgggocggat gocggategg ctegacgege 600

tcgacgacca gggcetgacgt gategegaag atcageacgg geagegacee gaaggggtte 660

geggegtate tgeacgggee ggggaaggee accccgeaca getacegeace cgaggeggege 720

cggcteattg ceggegggac getgategeg ggateggtec aggteacege caaaaacceg 780

acceggioge gocgggactt cgageggoce gecgegacga acgegegget gggtaageeg 840

glgtggeatt getegetgeg gtgegegeee ggggategge ggetgacega taccgagtte 900

geggacateg cgeagacggt cgcegagegg atgggcticg agagteatec gtgggtggeg 960

gtocggeacg acgacgaccea catecacctg getgtetece ggotegattt tecaggocegte 1020
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t gggt ggct g aggacggcgc ctggtcgatc acctcgaaga aggacceega
ccgccagtac 1980 gccgcaggtc aggeegacac cgtcgcgcag
gcccaagccg cggccacggc cacagcgaaa 2040 acgeaggecc
aggcgat gt g gaagcaggt c ceggeegaca agegeacega gtcagccacc

2100 agagcggtcc ggcgﬁ%igék{ﬁg§gggg g%eﬁﬁ%gccacca
accBRGHGIEGIR. IPLEARARSE .4 thcgsgt%%gt@ SUEC o8 cagggacc

aaccat gccg cagtcggccc cggggtat ca gecaccegge 2220
geeOQUacRgad GrOgrenat@.cogaatgggactkgbgaguaag agagcgagaa

ggctttcgtg 2280 gagcgtaggg aacagacgca ggcctggcga
geegigoat gyt east acpaacEe eatisegatzegeteayci2@84Ba 28¢gt cggt ¢

%tgcccaggg t gcccaggat gcgt acat aa cgcgcgaaag gt gcat acct
Mt ZANGO BT A AL S B e B g tral g ®ad Wt gat ct t ca

acgtattoc tagtaoagtcata 246 ct cact gat ctttggt
B ST ELA T oL AT S SOl ROGLIT 9809011 L8
g IELE RALAGE cGHAYLCELL L AYEALSHN GO YCBERCIY tLCcttccace

agtcactttc 258 accgccgctt ctgcgcactg egaggeccag

ttgct@og cglaciely cabiteggeigacatgegi ebgte2®40i40at t ccact t ¢
cacagggccg agcgatctgc tgggcggcag ccgctgceccg ttacgcagceg
azaETPEr CEFAREET) BAjeEC PR RIaET ST cHEraaeeaeeay IC8t ggacgag

etteccacet teategeega 2760 Page 98
oo FERG P B R SRR ETE S P2 450at cat g
oL A°EA0RR. 1 603620, £ ELARRANG.ERAV" 09 OC { c9aggt gaa
20 cactccgcgg ccgttcgatg ct gécggécce ggagggt gac

goghadfl O lefhaa CRLh §8YPRlad S 8 £A0SOGARAC 18800gat gcCC
cttacgacgg attcggtggc ggcgtcgacg cagtgcaggc 2940
caggbgotmedegcz geladetigyeigRattgeacacgaaggaadti4lcgt caaactt cgce
caqg%ttgac 3000 gtttctaggc gagacgaacc tcggtctacc
CeeFGt Rt IR BPEARGcEE At aat gt R’y €%aagecgt g

tctcattcc ccqctccct at gt gacgca ctttc C tggC&Ct cat
cautdpiy cCuspatite Sttt ol MR Cteah il AROE D0

2eleh &6t e BELHLRCAGh oL 80,00 AARGAGHAPCI oG8 Ot ceCOgt
cagggcgggg tgtgacctgg gttcatgaca ccgctaacac 3240

teediptig 6ggaaac tigaggaidgaanaiatide algeditgggg@acyg at gacct gat
gaccggggat 3300 cgtgacctac ccatgctgac cat egeegag

gecgregsitagRyeR eRe e eyenRyeRiaze RgEyeRgerg c2c33502  Athat caagc
gccgcctgcq:gtcgggcgcg ttcccgaacg cggtccgcac tgccgacggg
e RIS 2LHHYT G YR GH T TEC AP AHE P At tBEP¥a *Blggcagggc

oerd PAI306300: JRAARL 0800, A0 BABRELARC S £O01 930C 0

t'gac cgggtccgtg acctdggca t gagaacgcc 3540
cogf0Q6d LEQIGAGLHECE BPCCQLEYERIARPLEL! gPOCA gCgaacgcaa

t eggat cat e 3600

cgegaccgag gtegagaate cggaatggga ctgtgageag agagegagaa ggctttegtg 2280
gagegtagge aacagacgea ggectggega ageatgteca agaacaccat cgategetag 2340
aaggteggtc gtececagge tocccaggat gegtacataa cgegegaaag gtgeatacet 2400
cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge tgtggtegteg 2460
ctegetggte ggoctttget agtgegagee agecaggttg ctggtectac cacggtitca 2520
getecacage cgagtectic ageageggte gtgecgacgg tiettecace agteactttc 2580
accgeegett ctgegeactg cgaggeccag tacgegtegg atteceggeg atgeegtetg 2640
attccactic cacagggecyg agegatetge tgggegocag cegetgeceg ttacgeageg 2700

teccgegeeg gaaactaget agaacgteag catggacgag ctteccacct teategecga 2760
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gacgt gcagc aacagat gct ccggatgctc gaagcccggc cggtgtcggc

cctggagccc 3660 gcggcggttc cagtggcggg teegeegeeg

cccgtcccgg ccgeccgatgg tcgggcaget 3720 acgggcgccc

t ggcccggat acgtcgacgg ettetegget aggagctgac cgcgtacttg

3780 cgtgcgtcgt gcagﬁ%ggfk(bggg@ E&eﬁ t ggaga
cgagaﬁcgtg Q@éc@&gﬁa c%&c%&gg&%a%gg% gtggt & Cigo4 caggeect g

et egegeage fcgacggccc ggcgacggt ctcggctgcc 3900
cactC@tCOAGRA RCl 00t Gaadaialgaietcghgatsgcgct ggatcgtgceg

cgtggaggcc 3960 cccatettet eggecagete gcgagctgtc
cag¢egend ApzeigeC ¢fgahag giceged keagoge oeled@20 2944cggt ct gcc

tcccacaatg cgttccggtc gaccttcgtc gctcgtttec ggtttgectc
gctg&@@@gca‘&é&éfgﬁ@ﬁ%ﬂ gerstepatesticnt a&a@%& g%?g t gcggcet t gt

t a at G 4 40 gsa,gggccgt cgg
onGLABSEELAS B RIFE} 0. 140, 8 aBgpot, 000-cosco

qmﬂﬁ%%@ﬁgﬁ@gc%&gggE%%Q%mﬁﬁﬁ&%@%%&gmgagh.gatCg ggcctgectg
tgaccgggtt 4260 cctgaacgtg gcgttgatct gtgcggcttc

gaegeatiagatuey ¢aggaccagraggecggtognd?268180gt cgccccag
t ggaagcgga tttcgecggta ggcccaggtg cgtgeggttt cgaacaggge
g%%£%£°Qﬁ%ﬁ@%F%%@@%%@@ﬁﬁgééﬁﬂ%¥%@@ﬁ%@%té”ﬁeggegegat

o GHERLBEE SREEPIARE e SRR 00 050
cgtg%g:ta'c; E%ct&a%%lcc %chg Y%ggc%%ga% gac C g%td ang )3 360cagce aat gg

gt cccagt caccgt'gagt cggg tcttg gt cat caggc ccgaat agcc

acgé%&ﬁé% godp b0l QECELCGERRHANEH6:0R0UGAGHE C4Ed Cggt gacy
geggeegeat aggcgagcgg 4620 cttacgacgg gcgtactcgg

aaglogpteg (o gaa tegyeh etegegzagegeseasaaigag cytyt gc 4680
gtgcccgtta cgggggttct ccacgatcgc gttcggcaga ggatgattcc
aaa%&éé@ggg@ C A %%%@t% egEEgEEGge 9 tegggt ggt ¢
get caat 8 tgcgggttc
gag{?%cc% %%‘icégc %%g"‘% ﬁat C%aa"’égc?aq?ggécag egeggea t ccggt agac

gmégﬁgamggﬁghﬁgﬁggcgﬁg&@g&%%gméigﬁgag&gga@cacagcggt

agecacagct gttcccaggc 4 gccgcectgtg tgctcttcca

gegfR Gt antuaky §gGaacagaegt cacatatagagat cgat tt 4980
attccggtac gacacgccag ccaagtcaga tgtttcggtt tctggagcgg

acggrerrEiemeast HoYrcectitttag gerertregertieiy dddcgt ccacaa
attattgggg tacgtcgaac caagccttat 5100 caggtatccc
%Qﬁﬂﬁﬁﬁ?ﬁ¥§§“ﬁ&ﬂ?ﬁgﬁ@ﬁ?%%%f@QFégﬁﬁg@td@?ccaga at ccgt cgat

tcgc?%% tha Ec% %t% %gagc t% gg(%gog g%grzcggqftcc{ gg %QO(Qt gacaggac

tgc aga caag t gaaggcaga
%gﬁg@ghﬁ@ggﬁg@g@@@@g@agggggﬁ%%gg%@g%ggg39@ttc 5280

cccatettet cggecagete gegagetgte tgettgegge geateggteg ttcagegeee 4020
acggtctgce toccacaatg cgttceggte gaccttegte getegttice ggtttgecte 4080
gegcetictte teacteatct tgegacegeg tgeggetigt atggcgatea atgtggecte 4140
gtagacagea gggeegtegg cecacatceg ggacttigta gtgatccage gggtaatgga 4200
ggcegegacg gegegtaget cgettgetge cagtggateg ggeetgectg tgaceggett 4260
cctgaacgtg gegttgatet gtgcggctte cgeatagate geggecccga geccggtege 4320
gtegececag tggaagegga titegeggta ggeecaggty cgtgegpttt cgaacaggge 4380
geagtttcgg cegaggeega tegggticte acggegegat cggetitgee gecagegegt 4440

tegcogceatg teggatgecga gttecgecte gageteggeg agggategee geteggtgte 4500
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agaagcggcg tcgacgccag gcccacacgc acaatccgct tcccacgagg
gacaccaceg 5340 gtagcgcccc ctgcaaccgg cgcagtgtca
egaggegeeg gtactgctcg tttgacagga 5400 actgcagggt
cggt gagct c gcgctgggecg gat cccacca gtagctcccc gtgccggt aa

o aacdot 19999 CCa2MLGRA0 AESFIRARE. tonne
coa&AEA0G0ALAAEARLOG ARG A0RLANGRRRe O ssCacaccea

gaaccaggga aatcct ggtg ceggecegag acgatcccgg cgcggt aaga

cttgRbBO L RanICRPY L CARGAL QR RCGIRERELJoACJCaACAA]
caat aaccac cccatgagcg 5640 gacggtacaa gcgccgacgc
cliaggerg Eggelesy syt gegdecg esagoctgeceyie etpaceg 5700
gcgaagcgt g ccgctgggcg gecccgeecgtg gecgeccgtcc cgtgeccgtt
et é&g%?éf“g cBEEEC gg'fgéfaéfg%ﬁté ‘tegEtEct'é¥gcgt cet cac

ctgccggtca .gcc ac act ct aga, 5820 atcccc
con e SR S JAGR R AT R 1O o g
ctgc@ R0 gacRAME G E LG &é@@@%ﬁ%&gc& leahkefdCelsot gcagcacat

ccccctttcg ccagcetggceg t aat agcgaa gaggecegea
geeg@gat-egeces tdaggaasagtthgegengaectgaatoggcga 6000

atgcgattta ttcaacaaag ccgccgtccc gtcaagtcag cgtaatgctc
gecgegiele gietact coaPHORt egpgatce sepctcagasitatt t B0 gat t agaaaa

act eat egag cat caaatga aactgcaatt 61 8 tatteatate
R b R A A A0 1Y cr gt - ant gaaggag

0] t caagatcctg

e o

cagdtht€d 2 O30 Lo QBT Y (DEGURNECR cbdoS htbcdBPdat LIt CCaac
atcaatacaa cctattaatt tcccct Cgt c aaaaat aagg ttat Caagt g

ctea@I0Ocectag @ atigatesiat-gagtcgdrgeadtcgaak ctgo gt gagaat gg
caaaagctta tgcatttett 6360 tccagacttg t t caacaggc
%wggﬁﬁﬁﬁﬁﬁﬁﬁﬁQ%?%@%%%%%%%ﬁé%F%%%¥%%@%%i Hlcca 6420

agafOees %%%Egag%%té%&%é Qc%ttcc%&%%%ggtg%%gﬁ%é%g aggpaa tacgegatcg

a gacaatt aca gaatc "gaat gcaacc

e NCRAL8R, GRGLAGCATS A5 AL GRRE AaBRF0s40f at ttt cacc
tgaatcagga tattetteta atacctggaa tgctgttttc ccggggatcg

actdo G0l congigoicgag:k aaccatgtactieaigaggad bacggaaaaa
atgcttgatg gtcggaagag 6660 gcataaattc cgtcagccag

coggtiggeagtiedceras e Etetacatescedy exadtmtcdestieggcaatge 6720

tacctttgcc atgtttcaga aacaactctg gcgcatcggg etteccatac
acaceaC SR HGE? 67 BFs'e Cficege e sl Ef et g dtat t at ege

cca%?cg%cccgégttc ce gog%&%ggaatc%taacgag %&%@&&a&caggg;&? .3 ggatgttgga

aat cgc {tcgagc aagacgttte gaata tggctcataa
gacOUA o LRBEC Cleb@bccplid ALl Oidcdccal@hRRMEAYs Ao t L t at

tgttcatgat gatatatttt 6960
gegaagegty cegetgggeg geccgeegtg gegecegtee cgtgecegtt ctgaceggtg 5760
gteteggteg ctegttecte gegtecteac ctgecggtea gecegtgace ggactetaga 5820
ggatcceegg gtaccgaget cgaatteact ggeegtegtt ttacaacgte gtgactggea 3880
aaaccctgge gttacccaac ttaategect tgeageacat ceccctttcg ceagetggeg 5940
taatagcgaa gaggccegea cegategeece tteccaacag ttgegeagece tgaatggega 6000
atgegatiia ticaacaaag ccgeegtece gicaagicag cgtaatgete tgecagtgtt 6060
acaaccaatt aaccaattet gattagaaaa actcategag catcaaatga aactgeaatt 6120

tattcatatc aggattatca ataccatatt tttgaaaaag ccgtttetgt aatgaaggag 6180

aaaactcacc gaggceagttc cataggatgg caagatectg gtateggtet gegattecga 6240
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tatcttgtgc aatgtaacat cagagattttgagacacaac gtggctttgt
tgaataaatc 7020 gaacttttgc tgagttgaag gatcagatca
egeatettec cgacaacgca gaccgttccg 7080 tggcaaagca
aaagttcaaa atcaccaact ggtccaccta caacaaagct ctcatcaacc

7140 gt ggct ccct cactﬁzi&%g 0%%@9?{59?%% - §ggsgattca
g8

ctcg@HE 000 AL HRAMGANGIR G aegaggeaga
cctctcgacg gatcgttcca ctgagcgtca gaccccgt ag 7260

agadittaad galitnd tggatediedich gagataeddntdtt idoct gcg cgtaatctgce
tgcttgcaaa 7320 caaaaaaacc acegetacca gcggtggttt
tecagictly owagga cdcaltig agetcalc ederct etatchac®38€0 tt ccgaaggt
aactg t%1c:ttc: ageagagege agat accaaa tactgtcctt ctagtgtagc
e L R A U ST AR (330 2w (W o (S S vae= Vo tv T TN étig t ageacegec

cat acct cielgetaa 7500 tectattace. agtggetget
ga‘)aa%a"a ¢ éc%gg jagt eyt gggf"%%a%%""a‘cggé R gg%@caa 7560

mnﬂ@&%&téaggatm@@&gﬁ@&gga& 9566 ageQat, Ge@agct gaac ggggggttcg
t gcacacagc 7620 ccagcttgga gcgaacgacc tacaccgaac
caglpgag ahacigls tacagagbgathatat tgagaggagdd 8660 gcgccacgct
t cccgaaggg agaaaggcgg acaggt at cc ggt aagcggc agggt cggaa
geatpaprQeetcagyepg Ay aleferrcceteiedydefepgiey lesereaddtly gaaacgect g
ta atctttat tcct 7800 %tttcgg cctctgactt
Jiaiebt bt EgraEgE CEear B0t hgagce. 1860

trotd B 90 RARARR c%a‘c% ARGt aﬁa{%&g&&ﬁs&&%c& gggottcct ggeettttge
tggccttttg 7920 “Ctcacatgtt ctttcctgcg ttatcccctg

ccatlido€ k@@ HRABEGL AL i AG1GGALHIkGy 86 Page 101
FPO4- 0397- OOSG FY( Sequence listing) agtgagctga
cacqeelipCylettggdeteg cagogiyadeicgat cgagogow®agcgagt ca gt gagcgagg
8040 aagcggaaga agctcgcaca ttcagca cg tttttcagcg
tatcﬁﬁj%%attﬁt&‘a(j CAEHYCHEIF T %g“géi‘t@aﬁ gtk g%\t caacaccagg

tt tat cact ta atttt 8160
gaac %‘tg‘%??gta CF&‘%C a"aa"g @? ?B cggga agat gcgt ga

tggJa&I;&%Ea%ﬁJaﬁa Babhct g%t%@a@ét&@%ﬁg@%c@ g£iGo aat acgcaaa
ccgcctctcc ccgecgegttg gecgattcat 8280 taatgcagcet
sledGnegRasrtdgbtdanegaca LGGaRAGRGecgC agiogagcg caacgcaatt
8340 aatgtgagtt agctcactca ttaggcaccc caggctttac
caciettctaraegye ctidegycrieitcagapeticanerttie gtZgY gaat t gt gag
cggat aacaa ttteacacag aaacagﬁgta t%accatgat 8460
m%ﬂ&ﬂﬁ&%%%‘@ﬂ@%&ﬂ[ﬁ%%ﬂ&?&% ggaefﬁfégtg g487°<10> 100 <211>

Caaa%%%& accgctacea geggteettt gtttgccgga teaagageta ceaactettt 7380

ttccgaaggt aactggctic agecagagege agataccaaa tactgtectt ctagtgtage 7440
cgtagttagg ccaccactte aagaactctg tageaccgee tacataccte getetgetaa 7500
tectgttace agtggetget gecagtggeg ataagtegte tettaccgge ttggactcaa 7560

gacgatagtt accggataag gegeageggt cgggctgaac gogoooticg tgcacacage 7620

ccagettgga gegaacgacce tacacegaac tgagatacet acagegtgag cattgagaaa 7680
gegecacget teecegaageg agaaaggcegg acaggtatee ggtaagegge agggteggaa 7740
caggagagcg cacgaggeag cttccagggg gaaacgectg gtafetttat agtectgtcg 7800
ggtttegeca cetetgactt gagegtegat tittgtgatg ctegtcagge ggocggagee 7860
tatggaaaaa cgecageaac geggecttit tacggttect ggecttttge tggeettttg 7920

ctecacatgtt ctttectgeg ttatecectg attetgtgga taacegtatt accgectitg 7980
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<212> DNA <213> Artificial <220> <223> pRET1003Rv
<400> 100 ccgtccacca cccggtgcct ggtctgecgtc tccctcggcet
cgttcctcgc ctatcctggt 60 gaccagacac cggagcgagc
tatgcccagg gttgcgcagt gacttcgtca ctgcgtaacc 120

ctgggcgectc gectcccatt ,6getd Ga6t &v. ggag gccgtcgatg
agtdE GG GACQ o %éé’ccga%g%&%&g%é &@cg‘igg&%‘u‘gg% g @ggdaggtcc
gcgccgcetge ttcgcgggecC gctgacgcegg ccccggcgaa
g GEHEDR Yk REEQLYHETScE gafgatgaatagatnggggag gaggccgcegt
300 ggatcgacgc cgcgctggcc gatggccacc ggcagctcgg
dziyglelrryyiey legtigagtggy c860cee Cygrgy csé@g ctatctcggg
aaggt ccgcc cgaagaccgg ca aat cggagg 420
g%ﬁ@@%ﬁ%ﬁﬂ@waw@@%@g@aaﬁage%@ :%g* bacgaa ggt ggggaac
cc cC a cga atcaa ccgggcagg
B e R Ll s d
mm%g%QQQQ%gaﬁgﬁggaggﬁggq%gggggggﬁﬁ%gﬁ@qgaing ctcgacgcgce
00 tcgacgacca gggctgacgt gatcgcgaag atcagcacgg
aatefpe@Qgacetgaaggggidige ot ctgegaegt 800 t gcacgggcc
ggggaaggcc accccgcaca gctaccgcac cgaggcgggce 720
atelgreraktareetgye gigece ggtgarigeyeygiteggt gc aggt caccge
caaaaacccg 780 acccggtggg ¢ ggactt cgagcgggcc
teeaGERE g %’&%gﬁ%ﬁcgcgggt gggtaa%@gg 840 gtgtggcatt
gctcgctgecg gtgcgcgeccc ggggat cgge ggct gaccga taccgagttc
-180QpPage 102 FPO4- 0397- OOSG FY(Sequence |isting)
<21ge@g®’cat eg cgcagacggt cgccgagcgg atgggcttcg agagtcatcc
<21gt ot ggcg 960 gt gcggcacg acgacgacca catccacctg
<21getgifetetcc gggtcgattt tcagggcgtg 1020 acctggaaga
<22acagcaacga ccggt ggaag gtcgtcgagg tgatgcgcga ggtcgaacgc
acggcc tgatcgaggt ggcgagcccg gagcgggccc
<Z@?@B€E@&§3'agecageage 1140 ggcgagcaac gccgcgcggt
<0geggaceggc aaggt ggcgc agcgggacgg tctgagggaa 1200

ccgRlat ALAaH &S LRUGEANCOG . &c%fggcec%@tgg gGeaggat g
t gggggcgt t cgaagt ggcg 12 ctcgt acaga accegattac

gac@g@&%@@@@gc@itgﬁ@MQca@cgtt&gteagcaﬁgt@m gggecgg 1320
at gaat ggct acagcttcaa cctgcccggc tacgtcgacg ccgccgggga

ctg%%‘@ a@c@p@@ cgkB@Oic acaggaggee secgtegate gocgetgacg 180

ctgeatetga cgaceggegg accgaggtee gegecgetge ttegeggpece getgacgegg 240

ccoeggegaa gegeacecge accglggege tgeggctgac cgatggggoag gaggccgegt 300

ggatcgacge cgegetggee gatggecace ggeagetegg ggegtggote cgigagegge 360

cggtogecgg clateteggg aaggtecgee cgaagacegg cagtggaatg teggeggagg 420

cggeegegga getegeegeg atgeggeage agatgacgaa ggtgggoaac aacctgaace 480

agatcgegag gocgatcaac geegggeagg tocegtegea gatggeegag tecetgcaga 540

aggogtogct ggagaggtoo geocagoagt tgggocgeat gocggategg ctegacgege 600

tcgacgacca gggcetgacgt gatecgegaag atcageacgg geagegacee gaaggggtte 660

geggegtate tgeacgggee ggggaaggec acceegeaca goetacegeac cgaggeggge 720

cggetgattg ceggeggpac getgategeg ggateggtge aggteacege caaaaacceg 780

acccggtegs gocoooactt cgagegggce gecgegacga acgegegggt ggetaagecg 840

gtotogceatt getegetgeg gtgegegeee ggggategec ggetgacega taccgagtte 900
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ttgccggcct ccaaactcga ccggggtttg tcctggtcac agct ggaaaa
gacgctgacc 1440 agacceegec eggacegect egeeggegag
gagacggt gc cgcggaagcg getegagege 1500 gccgccgcegt
gggagcagcg cegeegegag gtcggcggcg agcagttcgc agct gcccgc
1560 tgggagcagg cccgﬁggggf(bggg .ggccgggc

gcg&g%ﬁctgc\cg&gagggt Qggt.ag%%;:ggétgg%cnl tcag:g 9@ 395§9t gaagca
ggt gaacgag gcgttgaccCa gccaagaccg ggccgaggag 1680

8z @ AP GCbHCH 6 oG aagegatcd diitgat teedze @t gi2oat gg gaggecacce
gacacegeta 1740 cgggacatgc tegeegecca ggagcagcgce

acclggramacpe ogiza crysledaectyreye Reaaargelcd8@0 108agt acgcga
ccgcaaaagc ccaagcagaa egéggegega aggccaagpa cgccgcgaaa

gcgi&%ec AR R G CHRG T 006@“—@%%%@& gacgt gc
t t 1920
i Lt L L e T R e g T

ang%%g&@&%cga AOHSRIBLAL SOLLASIF A 8E6CA8ECCY cggccacgge
cacagcgaaa 2040 acgeaggecc aggcgatgtg gaagcaggtc

ctegfepd 8L GATR cRIBGeAIS IR Ghcaganamcz 24D 138gagcggt cc
ggcgcgt gat egeggat et e acceccacca aacccgccga ggt caaaccce
atgepigghacageliens etrsereee itfelesigyaccerseieceearge clg®tagt cggecce

e ea Ceh g S“ﬁ%zoaaaa%a%%é%’é’?%{ﬂ?;f 0 3230
83050, 3096. SACATALAGA. AACPLIEAR.ABEG alea agaacacoa

egat eget ag agg cgg gcccaggg tgcccaggat

gccgfv@é@@@%@@@%@@@@ 3Rt O4alaG6 bR 18mCat ageat
cggcgcgt at ggt agggaaa atgatcttca aacgtattge tgtggtcgtg

E%Q%MKEm@&ﬁg@ﬁ@@$@%g@@@@%¢ggm%aQNQ@qggch@@ccaggttg
ggtgctac cacggtttca 2520 getccacage cgagtccttc

gc%%@??&ﬁé@é?@“é%%@@%@é@gaf* éiﬁaé@%%c%@%g&gadﬁ c 2580

con e e S B I PO 0387 R, soquence. ©
cgggab@clt@gc)gccc%gtag&gg& Jggaagc@%%ggsggzggc@%ggé Gt@c tgggcggcag

ccgctgeccg ttacgcagcg tgccgcgecg gaaact aggt
cagagaaceicgagc calggacgagceidencagateteategsega 2760
cgacat cgtg atggccagaa cgttcgacag ccctaacggc caggtggtgc
treacegrrdeprgas 2@ accagcaetr ety egpgeaaytcteegyat gl %8¢ gcggceccc
gagggt gac tactgctgca cetteeggat 2880 _cagcgggaac
%§%$8§§W@@€@Ceﬁﬁﬁgﬁﬁfﬁﬁmﬁﬁﬁ@ﬁﬁﬁﬁG@“@ﬂ%@ﬂ%@acg cagt gcaggc

gcc&ggg %&%Eﬁgg%é% gg(%%%é%catc%tg CRGALYA Qgaacttcgt
cgc cagagttgac 3 t cttaggc gagacgaacc

mg&%&&h%b@ﬁﬁg9@%&@&9@éﬁ%&ﬁ@§@@@@§gmé&ﬁﬁcQﬁﬂat 3060

agageggtce ggegegteat cgeggatete acecccacca aaccegeega ggteaaacce 2160

cecggeecgee gecagggace aaccatgeeg cagteggece cggggtatea gecaceegge 2220

cgcgaccgag gtegagaate cggaatggoa ctgtgageag agagegagaa goctttegts 2280

gagegtaggp aacagacgea ggectggega ageatgteca agaacaccat cgategetag 2340

aaggteggtc gtecccagge tgcccaggat gegtacataa cgegegaaag gtgeatacet 2400

cccatageat cggegegtat ggtaggoaaa atgatetica aacgtattge fgtggtegtes 2460

ctegetggtg gopetttget agtgggagge agecaggtty clggtgetac cacggtttea 2520

getecacage cgagtecttc ageageggte gtgecgacgg ttettecace agtcacttte 2580

accgecegett ctgegeactg cgaggeccag tacgegtegg attcecggeg atgeegtetg 2640
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cgaagccgtg gtctcattcc ccgctccctg atgtgacgca ctttcacccc

tggcactcat 3120 gtaccgaagc tgggactgag aaagggctgc

cgcgtcaccg cttcgecgttg acttgccact 3180 gaacgggggc

gt gt cccggt cagggcgggg tgtgacctgg gttcatgaca ccgct aacac

3240 gctgcggaaa tgcggy %&g@@g&@gi{cﬁ%e ggaacg
thcc alzofca

attc@at:tg:acg&éggggg a&@& gggg%@gtgcaé gctgac
cat egeegag gcgg ggacg cgacgcagac cagtgagagc 3360

tgcc@GgaiCaage 4eCHees tyndcgl euggeoetetcbC@egnacyg cggtccgceac
tgccgacggg 3420 aagtggatga ttcccctcgg tgacctatca

cgagibglg clagrgger Riragyac calggeygaaaatigyegeB3na8082haacct gacc
ggt gacccc ttcaaatgac cgggtccgtg acctggcagc tgagaacgcc
mm%%%@Cqﬁﬁﬁ@FEG@W%C%@%@@Eﬁ@%ﬁgﬁﬁf grediga¥lgecct ggeca
caa t atc 3600 cag acagat gct
o JANEEEA. LA e e A SRR T 09560

gctddBO& I LG tg%@gicgagg%&g&gl c%ﬁgt%gcgﬁ%ttg% c@beccygg ccgccgatgg
t cgggcagct 3720 acgggcgccc tggcccggat acgtcgacgg

stit@de edaeggetc tagoaggligatacegagtiacdctgecgat 860 cgt gcgt cgt
gcaggagctt tcccaccgtt ccggtggaga ttcccatctc cteggegate
28R stofcalie ergelancte Aeageeliticgrediceygedgl t cgacggcecce

o SHRATER SISR0ELICE, 250, 8 Gt et 00 e
gm&%§§$§Q&:éﬁ&%%ﬁg@gggﬁmgggaagkgaga&aﬁtSﬂsggc ggatcggtcg

cagcgccc 4 gcc tcccacaatg cgttccggtc

gotd e Rttd c Ot a@tﬁét@@&égig@ﬁc%&d@@ﬁ&c@ggﬁ-ﬂSﬁ oo gegettette
teact eat et tgcgaccgcg tgcggcttgt atggcgatga atgtggectc

cgteAdethQ ceatytigyy ata@g@de YUUoBglceygage caadgegiggact tt gt a
%tgatcca gggtaat ga 4200 ggccgcgacg cgcgt agct
acg @@Fﬁ@@fg@ &gtg 6@%§@@%¥@8ﬁﬁ@%¥@%% d tt 4260

t atct cttc ege ate geggeccega
e EEARSE I ] COI AL GleedlBGIAE A EAE T APT © 97000
QR6L6 L Qe &G dooie g g 80siipge 104
%aF%Cﬂ-%%%7fbcscggg%%%qﬂ%ncggﬁgggﬁﬁb gcagtttcgg

gag@egaggeega: ieggghbatigsatggagegats06g984MgCC gccagcgegt
4440 tggcggcatg tggatgccga gttccgectc gaget eggeg

scggrgyareLtct geregytatcgedbooesteasa gtasartg gt gt cccagt
caccgt gagt cgggttcttg gtcatcag C ccgaata cc 4560
scep ety elee el FHg FEH IS “ﬁ%@ﬁﬁ%ﬁﬁ ®eehgt dacy geggeegeat

mgQQ%: %%&%%ﬁa%% mgy$&8§8§%§%$§§gﬁﬁ£%%9@86gcgggtgaa
cggctctg eccaca cagcgtgtgc 4680 gtgcccecgtta
cgtgﬁg%ggﬁéghg&t 126850 e @b Ok HEBCAGRMOBRPAt t CC eggeegeega
tegeggtact teaggecectg ctegegeage tegacggece ggegacggtt cteggetgee 3900

cgtgegageoa actggteceg cggeteggcc atgatgeget ggategtecg cgtggaggee 3960

cccatettet cggecagete gegagetgte tgcttgegge goateggteg ticagegeee 4020

acggtetgee teccacaatg cgttceggte gaccttegte getegttice ggtitgecte 4080

gegcetictte teacteatct tgegacegeg tgeggettgt atggegatga atgtggecte 4140

gtagacagea gggeegicgg cecacatceg ggacttigta gtgatccage gggtaatgga 4200

ggcegegacg gegegtaget cgettgetgg cagtggateg ggeetgectg tgacegggtt 4260

cctgaacgtg gegttgatet gtgcggctte cgeatagate geggecccga ggeeggtegg 4320

gtegececag tggaagegga titegeggta ggeecaggte cgtocgottt cgaacaggge 4380
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cagegecege agcgcggcgt ccgggtggtc aacgtccacg acgagcaggt
tgctcaatgc 4800 ctgcgggttc gactcgatgt ageggegate
cagtgcgtct gategeegea tccggtagac 4860 gccgtcgagg
aaat cgtcgg ttgccagtgg ccacagcggt agecacagct gttcccaggc
4920 gccgcectgtg tgctﬁ%% SR H&AFaRcHAl. B aacaca

cga

gcaé%ﬁc%QQ £865. B8 c@o%ggk ngc@%&‘éé% aGs0acacgccag
ccaag caga tg tthgt t ct ggagcgg t ect ecagac 5040

tggdghdate GREIAIcE EEGLECAGRA A EFboGACRReAIE abd@IQg tacgt cgaac
caagccttat 5100 caggtatccc ggggttccgg gggt gaacac

%@@&@@@@@9@@cw&@g@b&aﬁ@Mam@@@B@@aﬁmﬁ&6@60etcacetate
cgct cgaagt ccttgagtca gtgacaggac cactgct gg ctcccagege

gty ere ) L asRr s SRR TP R AL HEEFEH g gt aagt cg
ctta%g%gg‘% C at t%é%%tag(ggtét %gc? g Scococa%‘ 6%%%9 Cégﬁ 6 cgacgccag

t cttacgag caccaceg 5340
ggggﬁgggggﬁ&c&, CAEGIG£H6RALILcR . £9A08RIEEY gtact gctcy
tttgacagga 5400 actgcagggt cggtgagctc gcgctgggcg

cag@adegCRachastgiagaicoge cgl geagabasthdal 48wegct t gggg
ccaagcgaag acacceaceg cggcagcgat ggcaat gcac gtggat ggga
clgogEto gackgaint eEaercerir Beizre e geraccakraseygtYl ceggecegag

atccc taa a 5580 ceacacegg accat egec
ool TR R RE ARG R AR A L A dhgog 5640
gccg;@@tggg%éﬁééccg&&%éiggg%&%acg&&QJC&QQ& tgzttt& aggd gcge gecageceegt

gaceggaceg 5700 “gcgaagcgtg ccgctgggcg gcccgecgtg

attc@eQESOBL L6 CQLGESE Ol io el QateOdh@ardd G010 gt ct cggt cg
ctcgttcctc gegtcctcac ctgccggtca gecccgtgacc ggact ctaga

ctitBROectepgmb e gy agdtiage gagakacegaatittc gtoa at cat ggt ca
tagctgtttc ctgtgtgaaa 5880 ttatcc ctcacaattc
Cag%f%(’?%‘t eaaleate gedage é@@é"‘%@&%?%é%‘f"g@%aé gftct g 5940

t t t att aat tt t cact
B [ H0BD" FBT BB e Lot ol agctgeatta

aze R GRAL G EQ6 . CARE QE 06T 0T 20RFHGIGRARO 5280
tttgcgtattggagcttggc actgggccaa gctgaatttc tgccattcat

agapeged tatdeang @dc2daddageatch O tebddec(37caé)SG46Y( Sequence
listing) tcacttattc aggcgtagca ccaggcgtttaagggcacca
shgatarctepeees wantiaanetce®d gorteche tleversyedV¢t gccact ca

tcgcagtact gttgtaattc attaagcatt ctgcc acat 6240
acleGeRe GEATY BEHEHE Y CH t Y Tac I HEAL ¥ g% cag eggeat cage

cog %%tc&taé‘t gcgcc,%gacog c%%cgé%gatt g%cga@gcagttgtggt ¢Cssaf 99t gaaaa

ggcgaa gaagttyg tggcca 6 cgtttaaatc

mm%%@@@hggggmaﬁ@@@@a@@&q@gg@ﬁ&h%gggg@%gagg@aa aacat attct

ccacacegge caccategee acggeeceeg acgeaacaag caataaccac cecatgageg 5640
gacggtacaa gegeegacge cgggtegecg ttaggtocge gecagecegt gaceggaceg 5700
gegaagegts cegetgggeg gecegecgty gegecegtee cgtgccegtt ctgaccggte 5760
gteteggteg ctegttecte gegtecteac ctgecggtea geceglgace ggactetaga 5820
ggatcceegg gtaccgaget cgaattegta atcatggtea tagetgttte ctgtgtgaaa 5880
ttgttatceg cteacaatic cacacaacat acgageegga ageataaagt gtaaagectg 5940
ggotocctaa tgagtgaget aacteacatt aattgegttg cgeteactge cegettteca 6000
gtegggaaac ctgtegtgee agetgeatta atgaategge caacgegegg ggagaggegg 6060

tttgegtatt ggagettgge actgggecaa getgaattic tgecatteat cegettatta 6120
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caat aaaccc tttagggaaa taggccaggt tttcaccgta acacgccaca
tctgcgaat 6480 atatgtgtag aaactgccgg aaat cgtcgt
ggtattcact ccagagegat gaaaacgttt 6540 cagtttgctc

at ggaaaacg gtgtaacaag ggtgaacact atcccatate accagetcac

6600 cgtctttcat tgccg%_ggg{ﬁgggg %g%&eggggatteat
f

HaQ9 2 QEARAH0 o ARAN g atadaaacttg
mmigct%%%%%tu%%gﬁ%a%%gtﬁbttt%ghaag gccgtaatat 6720

acg&CaR Chogaatta 1eGhtd b thatc higghodatdacfagemact ga ct gaaat gcc
tcaaaatgtt 6780 <ctttacgatg ccattgggat atatcaacgg

ggajeggtcataicerra fgiegeadt tdategccigtcegcalemt adettegd@4 (0030¢ agett cet t
agctcct gaa aatctcgata act caaaaaa tac?cccggt agtgatctta

cHR BT er AP PR R AR AT GEEREPC P1]. cgt gecgat ¢

acgtctcat tttcgccaaa 6960 agttggc gggcttcccg
R e R R

can@RALE il GG Sk m%%g%gg%&gtag&gg@@aw@@@gagﬁ gagacccc gt agaaaaga
t caaaggatc 7080 ttcttgagat cctttttttc tgcgcgtaat

atatgteda gy Gicteg cCa el sadaat aangangaeicetm140Q0 accagcggtg
gtttgtttgc cggatcaaga gctaccaact ctttttccga aggtaactgg
cagtigiyieserice algetiena cefeeragirraricasazf-act®§t’ ccttctagt g
t agccgt agt taggecacca 7260 cttcaag tct gt agcac
ol QR e e Rt PR S dgt gge 7320
naakQ6LAGEAGL LOEARARGL OLALLLEAG GO0t tagac { caagacgal
agttaccgga 7380 taaggcgcag cggtcgggct gaacgggggg

ccadcleb @l H6REA o APLE LaRI Il -gERAGEgMaGIA4480 gacct acace
gaact gagat acetacagcg tgagcattga gaaagcgcca egettecega

clititsQcalagyyeganay cgoggacagyt tatgC ggiag cggcagggt ¢

gaacaggag agcgcacgag 7560 ggagcttcca gggggaaacg
e G BT AR HEESEOAE g (et ot g 7620

cttgagcgt cgattttt at t ¢ _aggggggcgg agcct at gga
ek LOBAE TS Leddll AL WL G, A0E9000C 90 B9
atihd IS LATREL: olofch ! £AG ROl Gk kG740 T gCTL T at e

cctgattctg tggataaccg tattacegec tttgagtgag ctgataccgc

gatcft8@coat g PR GERGE sCGaRCIRA G0 FGEHRAYETRO gt Cagt gage
gaggaagcgg aagaagctca 7860 Page 106
HetERAACOEY o 8GEYSe cpavaer hicariang)l4l t t egecat t e

aggct gegea act gttggga agggcgat cg gt gcgggect cttcgetatt
accaggsity & %ﬁﬁﬂﬁﬁﬁga%@ﬁﬁéggﬁﬁaﬁgFﬁgéd%ﬂ aaggcgatta

am%&&ﬁg%&gﬂﬁuﬁg& Q&%Egg1%§gmg%%%£&§99%% cgacgttgta
aaacgacggc cagtgccaag cttgcatgcc tgcaggtc 8038 Page
Cttcﬂag%c fetgtageac cgectacata cetegetetg ctaatectgt taccagtgee 7320

tgctgecagt ggegataagt cgtgtettac cgggttggac tecaagacgat agttacegga 7380

taaggcgeag cggtegggct gaacggggoy ticgtgcaca cageccaget tggagegaae 7440

gacctacacc gaactgagat acctacageg tgageatiga gaaagcegeca cgcettcecga 7300

aggoagaaag geggacagpt atecgptaag cggeagpote ggaacagpgag agegeacgag 7560

ggagcticca gggeoaaacg cctggtatet ttatagtect gieggetite gecacctetg 7620

acttgagcgt cgatttttgt gatgctegte agggggocog agectatgga aaaacgecag 7680

caacgeggee ttttacggt tectggectt tigetggecet tttgeteaca tgttctttee 7740

tgcgttatee cetgattetg tggataacceg tattaccgec titgagtgag ctgatacege 7800

tegecgeage cgaacgaccg agegeagega gteagtgage gaggaagegg aagaagetca 7860
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FP04-0397-005G-FY(Sequence listing)
ttegecatte aggetgegea actgttggga agggegateg gtgeggecct cttegetatt 7920

acgecagetg gegaaagggo gatgtgctge aaggegatta agtiggetaa cgecagggtt 7980

ttcceagtea cgacgtigta aaacgacgge cagtgecaag cttgeatgee tgeaggte 8038
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