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DESCRI PTI ON  NOVEL SEQUENCE AND UTI LI ZATI ON THEREOF
Technical Field [0001] The present invention relates
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 plasmds or their partial DNA

[ragrencs, (heret el o SESCUBfITION Lo S o T

pr oduct1 B Vet sadraksE: REG TR A RO THEREE,
A B, 1 o
nfWTE e cAPEaEslpibfbn ol AGRRE, (ChAlC bR AR Berived

nﬁ%%tél)i‘}”(?f {8 §113 Bé%h:%ﬂg% hé S%Wﬁéﬁococcus
have very hi'gh am ndketone asymretric reduction
aﬁih&&fﬂﬁﬂé%&‘e &rtﬁoc{sg%b _ ”Rkﬁ&éw&%zsa?.tanﬂnﬁoautilization
ant noketones to high selectTvely produce optically

acty - ' hj =Y 1R, i
Schsteof 1IRRE gHIGp, e i Riafdt A or tei

dephitRl HNAKEEMRnts (Riciieféonlsey Kfefednteriiagly faar "DNA

s production of useful enzynmes and the like in the

gefugmdRIgUoCc ogdis . o ovivetle t hectdeyel aRars, oftransformants,
vectors suitable for the genus Rhodococcus as host s

hagmli aglednb eddymimetit redut eise sproatuesionl methedgamndsoptically
Rhodococcus have been found with plasmds, nanmely 25

Rhastdwo amisoslieohbl Bradditon peitkods ddoorenilize)them.

Rhodococcus rhodochrous ATCC4276 (Patent docunent 2),

RhBdokgeound Art hodochrous ATCC4001 (Patent document

3). and Rhodococcus erythropolis |F012320 (Patent

doljt 4) . Theogajuy Ritawluicodons nsnknavn\ge IMTEILCe enzymes

[ Pat ent docunent 2] Japanese Unexam ned Patent .
involved in nifrile” 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 S-
aminoalcohols at high yields (for example, Patent documents 1 and 5).
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
Rhodococeus. However, the development of vectors suitable for the
genus Rhodococcus as hosts has lagged behind. Only a few strains of
the genus Rhodococcus have been found with plasmids, namely
Rhodococeus sp. HI13-A (Non-patent document 1), Rhodococcus

rhodochrous ATCC4276 (Patent document 2); Rhodococcus
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5 Publication HET No. 4-148685 [Patent docunent 3]
Japanese Unexam ned Patent Publication HElI No.
4-330287 [ Patent docunent 4] Japanese Unexam ned
Patent Publication HElI No. 9-28379 10 [ Patent
docunent 5] W)02/070714 [ Non-patent docunent 1] J.
Bacteriol., 170, 638, 1988 D sclosure of the

I nvention Problens to be Solved by the Invention

ol "ArCERORC Bavdiy, QBT ER G5 558, Biogocaceus

ng and 1 nprove to

ol B0 FAGT Rob I £ Fonrhg T

Sy, are r { nt of safety of

tl‘@bﬁgjo n@ﬁ?éﬁﬁkﬁg‘“ﬁ%ms ang elr products which

may be used fod ddjqt i | t t

of the pr ese[?fél | nveﬁ?l on Pg glr]o\/}fgéannégéelgggﬂaﬁgg?n& SPaten
C s for such a host-vector

ys %]%%I%WP i's eS| rable to create reconbi nant

m crobes Su'[gf’al?ér?c f8bc frﬂ%ﬂ%'StZi;l' alfaifiseCalineRahliféd  Patent

anong Rhodococcus eryt ropoll whi'‘ch has am noket one

asgm&t(ﬁlm A3 PFAgFity. In particular, it is a

first object of the invention to provide novel

pl asm ds or [Phgért PabbhMenPNA25Jipamvent Bnekagtinedn Patent
be used to create such reconbinant’” mcrobes. [0006]

|fP1§}b]pd;E§t§dﬂ HBEUSh. 9s2&%8xri bed above can be obtai ned,
it woul d becone easy to construct a shuttle vector
t hat IS r epl [Pedéitad ®yanent ﬁ]fW@éQ/Oﬁ@fﬂobes It is
therefore a second object of the invention to  provide
nucl eoti de s@foepacerdaicrunetat 1 n BacteNal.; ¢F0; 638j bH38
(replication region, etc.) necessary for construction
of Dinetdswarestilittié Bnvéntient or. [0007] It is a third

obj ect of the invention to provide shuttle vectors

t Hatobdemsrtoia Sabled bwn thInvanimwmenus Rhodococcus and
E. coil. [0008] It is a fourth ob ect of .the

i r{@éhﬁ)ﬁﬂon t cAsppeptioned abowel ét has been desu‘ed to develop new

vectors for breeding and improve to industrially useful strains (mutant

strains) from the gemus 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. Tt is an object of the present invention to provide novel
plasmids that can be used as vectors for such a host-vector system.

[0005] It is desirable to create recombinant microbes suitable for
industrial application from among Rhodococcus erythropolis 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 recombinaht microbes.

[0006] If a plasmid such as described above can be obtained, it
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vectors to an am noketone asymetric-reductase. 10
Means for Solving the Problens [0009] The present
inventors carefully screened plasnids for vector
construction from anong Rhodococcus strains, and as a
result discovered several novel plasm ds usable as
vectors for host-vector systens. 15 [0010]
Furthernore, the present inventors found that it is

L+l t I . '
"SR Bocchfe SRBR P (imst bt 2 Shiffe Richor tha I8 FEREA Bbven
SRS PRE G 036 SobRrtre 8 SeSBhEGBL of e nhfon
d s 1Pl .05 t : t ' ot
OBBri0 FEPLARGET S o RF, PRl (e RIS, ficaion
h : : b | t
SR b WSkt (08 ghumoss R o Bl
phaspd, a shuttle vector, a vector, a transformnt,

a nethod for production of an am noketone asymetric
rgégevrse, 3pds & Bt Qbjéar ofr Ut veéaiic t@nprovidc shuttle
optically active am noal Cohol, according 25 to

f qlekasnHal dve feplicaBle il BothAtHRNferfusaRABIS cAvisTn®E. coli.

| east one nucl edti de sequence selected 3 fromthe

gTogesFonsi 4t iia ﬁfuﬂh@b&é@ﬂ eptthednseqtiendesasslty fler shuttle
as SEQ ID NO 35, SEQ ID NO 36 and SEQ I D NGO “37.

( ectomltasd dndiolectpae AspmrdiAid realyicease. t her eof |
characterized by conprising a DNA replication region
haveags for Sebsing ohe Problest i de 5 sequence sel ected
fromthe group consisting of the nucl eotide sequences
s¢00081 t h asIRE@resemNOingsntosE@arpiilty sweened Splgsnmds for
NO 37. (3)- A DNA fragnment having at |east one

nwectart corstseetiem foretmengdRAbdoaeeds girains, and as a result
consi sting of the nucleotide sequences set forth _as
SHipcorere® saveral, ngre pheswidy ussre ap westons foshgstyector
NO 17 and SEQ ID NO 22. (4) A plasmd or a parti al
DEFsteiasyment t hereof, characterized by

[0010] Furthermore, the present inventors found that it is possible

to construct shuttle vectors by transferring into the aforementioned
plasmids a drug resistance gene and a gene region that is replicable in E.
coli. As a result there were obtained nucleotide sequence data,
plasmids and shuttle vectors that achieve the objects stated above, and
the present invention has thereupon been completed.

[0011] Specifically, the present invention provides a DNA
frasment, 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 aminoalcohol, according
to following (1) to (39). '

(1) A DNA fragment having at least one nucleotide sequence selected
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conprising a coding region for a DNA
replication-related protein having at |east one

nucl eoti de sequence selected fromthe group 15

consi sting of the nucl eotide sequences set forth as
SEQID NO 1, SEQ IDNO 4, SEQID NO 14, SEQ ID NO
17 and SEQ ID NO 22. (5) A plasmd or a partial DNA
fragnent thereof, characterized by conprising a

RatRolh iR A P R ERA AR REEHSD a5 SEQ

(i Ryguts ReguHS ol sy melgpsze soences
1 S A A : SE S :
i M P ERN A st o
SR AR TepBRliOn, RERHR EAINE°H MesPlogie Buglsotide
' @e&'@em?f adc erg’lén 2eNGrotp  E80siSHERNAGET @E@E%hlclgotide

havi‘ng e nucl eot sequence-set forth as SEQ

N@cgﬁ -cés%etﬁfdﬂmgismrm wey:tiz SENAID ROTED and SEQ ID
t hereo characterized by conpri'sing a pronoter
r eghon7havi ng the nucl eoti de sequence set forth as

SEQID NO 76. 5 (8) A plasmd or a partial DNA

f ray e MNW reehentchaviag! & lcasdohy nuedegtids seguence selected

coding region Tor a DNAreplication-related protein

haydrghatgroepséorigting of e ndelsrilesapiares seeforfthan SEQ
the group consisting of the nucl eotide sequences set

f g0 N@s1SERQ IDNSIO:14, SEQ IDINKR: 14, SBRQAIDINGD. 124nd SEQ

SEQ ID NO 17 and SEQ 1D NO 22, 10 conprising a DNA

rdpl N€xt2dn region having at | east one nucl eotide

sequence sel ected fromthe group consisting of the |

n§é) eht plsmidequenpasialeDNAr fragmsersethereoNorhamctegigd by

ID NGO 36 and SEQID NO 37, and _conprjsing a .

prcomprasingegi oading ineglameoiugl BBYAdacphiefieimeelated protein

forth as SEQID NO 76, 15 (9) A circular gl smd

chavang eati Jeastbgneonpelestisle seaneres Badecty gmmi the group

DNA f t di t 1 ,

mﬁ@n@irsgi%%ﬁgf th%cgl?élelotqge sgqgggcé)sns?etoffort&l :213 é]%d ?ﬂ) NO: 1, SEQ
1D NO: 4, SEQ ID NO: 14, SEQ ID NO: 17 and SEQ ID NO: 22.
(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 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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nunbers of restriction endonucl ease cl eavage sites are
BamrH 1: 2, EcoRI1: 2, Kpn I: 1, Pvu I'l1: 1, Sac I: 1
and Sma |: 1, and the size is approximtely 5.4 kbp.
20 (10) A plasm d having the nucl eoti de sequence ‘set
forth as SEQID NO 73. (11) A plasmd or a DNA
fragnment according to any one of (1) to (10),
characteri zed by being derived froma bacterium

bb ing.to the genus Rhodococcus. 25 (12) A DNA

fﬁ gﬁgﬁ%?\vi ng at |east one nucleotide sequence
S5 Blasbp ) HAEHEEATAS i Iy drBE LRI by
iR ing & oy oo VI e BuchARIC halueil gt forth

i : , havi | | i d

SR RRIENQET8S"  fom the aroup consi sting of the
G Bl G PRSP 5 e e R harag eried by
ha¥iGidhg! %a%bdﬁig x%ggér?%rdﬁ $RqAeReplisali@ttrelhted rodtein
t hegr oup®consi stihg

t he nucl eoti de” sequences set

f I : .
ST TN T G R R e IR Doy 1B

| ' k1B 1, SE
'g'ggpn?{i%,%nég%p{é ﬁﬁ%le@ﬁde%%@lbﬁbeﬂ\@t forthand SSERIDINKD 1, SEQ

asmd or a partial DNA fragnent thereof,

chigy aperd, ZSEQPYD NP dsiSHQaIDoNOg]7 egid SEQr I A 22,
replication-related protein having at -l east one

nughgetiside &cObeNcepichtonertdionrhdviaggailgnsiHne nucleotide
consi'sting of the nucl eotide sequences set forth as

. SEQUENMD. sdllctedSHRotD G dmupSE@ndsting of, teeqnudleotide

NGO 45, SEQ ID NGO 53, SEQ ID NO 55, SEISOIDNQ 56
SEeqhEnd sét1forBEas ISEQADAI0: A6 SEQ 1D NO: 36.andi58FQ 1D
A plasmd or a partial DNA fragnment thereof, - )
cM¥@ac3?y iandd coynprisingoapptamodera regidinn avésg other aucleotide
DNA replication-rel ated protein
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 1. 2,
EcoRI1: 2, Kpn I: 1, Pvu II: 1, Sac I: 1 and Sma L: 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 sequence selected

from the group consisting of the nucleotide sequences set forth as SEQ
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havi ng at | east one nucl eotide sequence selected from
the group <consisting of the nucl eotide sequences set
forth as SEQID NO 40, SEQID NO 42, SEQ ID NO 44,
SEQID NO 45, SEQID NO 53, SEQID NGO 55, SEQID
NO 56, SEQID NO 61, SEQID NO 62 25 and SEQ I D NO
69 and conprising a DNA replication region having at
| east one nucl eoti de sequence sel ected fromthe group

SEE RO, S5 BB AT SEIR UL\ 72 (17

A ! : rb ’ L

o ESLER oSl P P YO G98E R P05, chapncirid by
L?@Fﬁéﬁ%ﬁé@“é&%&@%i@@%@ 256%?9@?%"%%83%%Esiﬁﬁéon%f‘%’f#;tfde
a0oa0EReY R EREI RBRECNEE el  Soriglsttig SR8 e Mugleotide
g%el},@%é%s%% %@ﬁa 9ER 1 S0 H6. NeE 1 BniSEQ 1D
r

SEQ I'D NGO~ 69, conprising a DNA
.eation region having at 10 | east one nucleotide
sequénce selected fromthe group consisting of the

n E{)‘Iﬁ%@l '![ﬁQASﬁﬂgﬁﬁﬁﬁ%la‘ii% @&yt dneTERIEB 8@ sedlen&E 2 lected
I r /71 and "SEQ ID NO' 72, and conprising a

PrRGRL ik oot fg of ike ntdid@ild senaenenee forh as SE
forth ag EQ I D NO 1% (18) A DNAf?%rrent havi ng at Q

| gEE N0 SEEHDING: €20 SE(Q dDsBICEcA4SEQRID Moo 46e SEQ ID
group consisting of the nucleotide sequences set forth

aSN@E@SJSE%DQ\?O&@S,ﬁQ IDNO:456, SEQ 1B NICrstd dSER) 1D
a partial fragnent thereof, characterized by
caGOr: 681 argd SEPBDI NErt6%n protein regi on having at
| east one nucl eotide sequence selected fromthe group
cqiSh sAiplgsofid tdreanpattiabtDNA Pagment ¢hereots eharastetized by
as SEQ ID NO 67 and SEQ ID NGO _47. (20{_ A_DNA X
f rcagmpnsingavi wgding tegiteoiirde EP4deneplisationgelatedsprotein
SEQ ID NGO 75. (21) A plasmd or a parti al

%géArg the group

f thayiegt at Heasfobpec haclastisla sequence ceatpeted;

m)ck())irﬂsils%fntgi 8?' -tilgll?&igo{igg is%rc]]urtl,g\c/:fiasn %e% q’grt ug:la Qdﬁ) 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: 36, SEQ ID NO: 61, SEQ ID NO: 62
and SEQ ID NO: 69.
(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: 53,
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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25 sequence set forth as-SEQ ID NO 75. (22) A
circular plasm d characterized by conprising a plasmd
or DNA 7 fragnent according to any one of (12) to
(21), wherein the nunbers of restriction endonucl ease
cl eavage sites are BanH 1: 2, Pvu ll:. 4, Sac I: 3 and
Sma I: 4, and the size is approximately 5.8 kbp. (23)
A plasm d having the nucl eoti de sequence set forth as

B85 s b YT 0 DT o 7
oA SRR, 2y Aa‘éhg“f agnent having the.

(SR e RREYR peafin RV R BitsoP Pladfrized by
PEpHRrRing 2 Pring Yoo 15 K DRG RPRMERRTaRY protein
Eﬁﬁ{dngbitelédgt bast ehl eBﬁHengé@@eﬂc% tdafecdedUom the group

odococcus and E. col'i,- and conprising a plasmd or

DPEbSIPEYS B SR, s8R saofuth g SBQAD o0 40
CSH 170/ pestDy sty g 20 s, S Dt 53

M agkeJREATIINC MY, SEQUIR WRrsHl dSBEQ DNANO: 62
erag q]r%:bﬂgoggégsc])%(gi ng to any onggof (6), (7), (25) or

( 4RY - SEGOIDANCECADY carpelsiihg @ DIN A2 pliwatioa9egion having at
characterized by having inserted therein an

afgRebakanrlestidestquendeskletedefrgrnthe RAJp donssting of the
according to (30), characterized in that the

aﬁhﬁwoﬁmr&qfu@aymevfmth asd $HQS® dHDe70sSEQUDI N 71 and
acid coding for a protein 25 consisting the am no

aSBQ) sHQUdNOe F2t dndr ompriSEQ IaD pvomater regiannbavisig the
acid that codes for a protein having the am no acid
sagokentidessequece set fortls asEEQBINSO78mi th a
del etion, insertion, substitution or _
(18) 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,
(19) 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.
(20) A DNA fragment having the nucleotide sequence set forth as SEQ
ID NO: 75.
(21) A plasmid or a partial DNA fragment thereof, characterized by
comprising a mobilization-related 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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addi tion of one or a pl uré’lity of am no acids, and
havi ng am noketone asymmetric reduction activity.
(32) A vector according to (30), characterized in that

- the am noketone 5 asymmetric reductase gene is a

nucl ei c acid consisting the nucl eotide sequence set
forth as SEQID NO 79, or a nucleic acid that
hybri di zes w th nucleic acid having a nucl eoti de

SEUHRER AUBUGIED) A, 4 b1 20HEH 7L 3 g of
S4T8EfTh Ehlb ae B HEL IR U . S
A SRR A AN o ay o

{40 et it She kDRt Sy e Bk Xm0 1D

a ltmring step in which a transformant according to
(ﬁ?‘is'cultured in mediumthat allows growth of said
¢ ¢ ) Lo . _ . .

ooy BRid G TPV R RS hEBORKAR (ORISR IE) to (23),
sai r ikt g | froffi i beloh g 20 th
O T el §eTPd NSRS Wit bel ot g 10 the

a?gﬁﬁﬁmcocc%erei n an am noketone asymmetric
reduct ase obtained by the production nethod of (35)

| $25 pACDRIAVITAEmRAL BAeig arehniclettideweguehce ast forth as SEQ
ce-am noket one” conpound represented by the follow ng
ggpeN@: 7formula (1): 25 [Chemical Formula 1] 9 0 R
(X)yn/ "y ... (1) R2 ~R3 wherein X may be the same
0(26) & ®NA fimgtherepclesaotesizet beasmpmnsing a promoter region

having the nucleotide sequence set forth as SEQ ID NO: 77.

(27) A shuttle vector réplicable in bacteria belonging to the genus
Rhodococcus and E. coli, and comprising a plasmid or partial DNA
fragment thereof according to any one of (1) to (26) and a DNA region
replicable in E. 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), charactefized in that the aminoketone
asymmetric reductase gene is a nucleic acid 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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speci es sel ected fromthe group consisting of hal ogen,
| ower al kyl, 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 sanme or different and represent at

| east one species selected fromthe group consi sting
of hydrogen and lower 10 alkyl; and * represents

S SO g sy S PO b o
; hgd%ﬁq%r{ ?)W[gn%( enerlﬁi:alit?zﬁ@gﬁ%q%@ Q?J}rllrf/éoﬁﬁﬁ%{etone
o miuARG Ao at BT SZT Retivity. (37) A met hod
mﬁ%%)ofkﬁgg&{or peies I‘d1?rjgn®0gc o ciph rf %ﬂl%%%ir;}"tpgﬁtlgggﬂlénoketone
i r%gglﬁmbul TR AR : egé%%é‘?“ﬁﬁcl%ic api @ cAfbRake! GRenucleotide

f Qéq%ﬁéép{og%?;ysm TBoNE 79 3br a&%ﬂglc\q;tqg’ Ijtlillht hybtidizes

Ce / '
with nucleic acid having a nucleotide sequence complementary to the
nucleotide set forth as SEQ ID NO: 79 under stringent conditions, and
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 aminoketone asymmetric

reductase is purified from said transformant obfained 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 c-aminoketone compound represented by the following general
formula (1):

[Chemical Formula 1]
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wherein X -may be the sane or different and represents
at |l 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 represents an integer of 0 to 3; Rl
represents lower alkyl; R2 and R3 may be the sane or
di fferent and represent at |east one 15 species
sel ected fromthe group consisting of hydrogen and
| ower alkyl; and * represents asymretric carbon, or a
salt thereof, toQoroduce an optically active
am noal cohol conpound g'represented by the follow ng

) *

genergj()nf AN k~20 [Chem cal Formula 4] 11 OH R

I N (2) rein X, n,, R, R2, R3 and * have
the sanme dgfipitiong as abO\'/"e,( Lahd havi ng the desired
optical acti ity.z/(?;&) 3A production nethod for an
optically activ&“am ndsl cohol 5 according to (37),
wherein the production nmethod for the optically

active am noal cohol is carried out wth further

addi tion of a conpound represented by the foll ow ng

g in £l abé The ' feehidml Pdprebe®s #t-Nast one
(%}lﬁ I :mI%Q Igsla&l%éﬁq%griﬁ@?ﬁggrégent S thepl;‘eol I gvvi ng

faheeled §efbc@d 6@m the group consisting of halogen, lower alkyl,
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 asymmetric carbon,

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

[Chemical Formula 2] |

- (2)

wherein X, n, R', R?, R? and * have the same definitions as abave,

10
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[ Chem cal Fornula 6] 12 0 II ... (Y) R41-- C wherein
R4 represents hydrogen, optionally substituted C -3

al kyl, a C5-10 hydrocarbon ring which is bonded to R$
or a 5- to 8-membered heterocyclic skeleton

contai ning 1-3 heteroatons which is bonded to RS, 5
[Chemical Formula 7] R O R6'~1 ... (2 | CRY
wherein R5 represents hydrogen, Cl1-3 alkyl or a 5- to

narerasiar oAt nes SBEERLAIRN Y R “or Ro: 10 Ro

%A AR 18R TohofURli B %@%ﬂﬁy%ﬁﬂgﬁdﬁwﬂgﬁ
obifafn o S, SR Qi oo i

g BTN S OB IR RSy e by

ggﬁé%%&ﬁ%ggﬁ&ﬂ ‘Bﬁﬂugqlg al kyl, a 5- to 8-nenbered

terocycli eIe on contai ni ng 1-3 heteroatoms 13
: &gﬁl R4 or a C5-10 hydrocarbon ring
mgﬁrﬂﬁéal gat% R6; RO represents hydrogen,
optionally substituted C-6 alkyl, optionally
substituted Cl-6 aI kyl oxycar bonyl, optionally
substituted acyl Oor a 5- 5 to 8- merrbered het erocyclic

skel et on cont ai n nqﬂ 183 het eroatons which 1is bonded
to RSCOR RET 3

- (1)

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, nitro and
sulfonyl;

-11 represents an integer of 0 to 3;

'R represents lower alkyl;

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; _an'd
* represents asymmetric carbon,
or a salt thereof,.to produce an optically active aminoalcohol compound
represented by the following general formulzi (2):

[Chemical Formula 4]

11



R10 represents hydrogen or optionally substituted d-6
al kyl, or a pharmaceutically acceptable salt or

sol vate thereof, for production of an optically
active am noal cohol. 10 (39) A shuttle vector
according to (27), having a nucl eoti de sequence
selected fromthe group consisting of the nucleotide
sequences set forth as SEQID NGO 89 to SEQ ID NO
100. Effect of the Invention [0012] The pl asni ds of
the invention are novel plasmds 15 unknown to the
prior art, and a val uabl e as vectors for host-vector
syst ens bel ongi n o the industrially useful the genus
Rhodococcus of particular utility in the

cr eat Pon ant m crobes capabl e of

i ndustri al tr c reduct+oH 20§ am noketones. An
exanpl e of t Mc reduction of an ami noketone to
whi ch such 20 nhg ob amay contribute is a reaction
for production , 2S)- pseudoephedrine from

1- 2- met hyl am no- I-phenyl-l-propanone [00131 The
plasn1ds of the invention can coexist in single

aI 7HCL ﬁ‘g ?]h(i@ R?apd e ﬁ%%?h&@ﬁlﬂéedéf%ﬁﬁldﬂﬂtas%d&re,

teplicating function, but also as

ﬁ?qkh@ﬁgtﬁéﬂE§&9?F»EﬁﬁIabﬁYnyy 25 inserting

erent®protein r exa enzyme) genes into the

:gﬁé)efﬁnt rBHaéﬂbﬁS métholds $8Sahblepticallsxpictise tdeinoalcohol

oteins "sinul taneously 14 in thé same cell. [0014]
T'ﬁ@céﬁﬁflg' ﬁ) \(9?) otthepéirt ec iprodatiion afethod eforl teowoptically
creation ndustrial |y useful reconmbinant m crobes
ofctibe a@ﬁﬂi@‘alﬁlﬁﬂ% @aetied oandyiEk doethies middittoh iof scompound
[ 0015] The nucl eoti de sequence data relating to DNA
r egpicgenicdrby die folhestig gemértaé fpimata @: of the
i nvention may serve as the basis for construction of
t hehefrdcanBotmoled] shuttl e vectors, and specifically
they provide DNA fragnents as constituent el enents of
the vectors. Brief Description of the Drawi ngs 10
[ 0016]

10

A N (3}
\r \Rg
8

wherein A represents the following formula (Y) or (2):

[Chemical Formula 6]

12
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Fig. 1 is a restriction enzyne cl eavage nmap of plasmd
pRET1100. Fig. 2 is a restriction enzyne cl eavage map
of plasm d PpRET1000. 15 Fig. 3 is a sumary
illustration for construction of shuttle vector
pRET1101. Fig. 4 is a summary illustration for
construction of shuttle vector pRET1102. Fig. 5is a
summary illustration 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
plasm d of phe invention is a plasmd isolated 25
fromthe gefjlus Rhodococcus, or a derivative thereof.
Speci ficall it may he isphated from for exanple,
Rhodococgus “eryt hropolis 15 | AMI400, | AML503, JCM2893
and JCNR894 strains, has a size of approximately 5.4
kbp and is a C|rcular pl asm d cl eavabl e by the
restriction enzynes shown in Table 1. The plasm ds
isolated fromeach of these strains are designated as
pRET1100, pRET1300, pRET1500 5 and pRET1700,

r GARGEH ‘gé' Ye ]ré’lf1 9 148318k eh heptidvalt Ql!ibStﬁMtddE‘CI -3 alkyl, a

prepar ed ese sanple stfains é)ubl icly known
R

Metdeds, C)E{.r%aﬂﬁﬁﬁﬁih bewhheli id Bended kelR® di ss®! s Bemembered

cesi um oride density gradient wultracentrifugation:

LﬁEteYBBg@!hc LEelesdh ckaaiking Broh&dioatoms whagh & borded to RY,
Maruzen). 10 [0019] [Table 1] Restriction

N{J@;ﬁgﬁu@ﬁ] Fe@aien¥] si zes enzyne cl eavage sites (kbp)

- Ba H 2 0.4,5.0 coR1 2 0.3, 5.1

- (2)

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 C1-3 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 Rg; |

R represents hydrogen or optionally substituted C1-6 alkyl;

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

5- to 8-membered heterocyclic skeleton containing 1-3 heteroatoms
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nl154Pvwll 154 Sac 1154 Smal- 154
[0020] Fig. 1 shows a restriction enzyne cl eavage map
for PpRET1100. This plasm d was sequenced by a ,
publicly known nmethod (using a fluorescent autonmatic
sequencer, for exanple) and its full nucleotide
sequence was revealed to be 5444 bp set forth as SEQ
ID 15 NO 73 of the Sequence Listing. [0021] The

secand .plasni d .of 4 he i i ' - is

a0 o8 bRRgel R o 8F LBl bR BrdGuBbA iy YHRSHE bonded to
deri vative. Specifically, it may be isolated from

f or > exanpl e, Rhodococcus rhodnii JCMB203, has a size

oreclPedS Btetet ERFGPALY EMEVIRE O fatoer
(b O PSRRI A L b sied el o
oTY ¥ifighFgUR 5 SgesRl CaRgl gos copiaipy 1 3 Helcrbatprgs which
gﬂgboﬁdgdtgggf%r?ﬁ%p%,é?l g. 2 shows a restriction enzyne

eavage nap. 1000. This plasm d was al so

S%@'gg@fégeﬁbé mgbhqﬂmﬂfwly SiEicied @nd alisylf ul |

nucl e sequence was reveal’ed to be 5813 bp set

fﬁ?@ tag?ﬁmddea  adepiblenailiSenvehate herebfigfor] HOA4ktion

asm ds of the invention (natural- or wld-types)

ab?an%'cﬁt%dlaraﬁi@@ﬁirﬂﬁoﬁh@ho@.an al so be defined by the
restriction’enzyne cleavage patterns shown in Tabl es

1(zo¢ Plz lshﬁﬂuﬁ vetfiog awc@@@i‘mf; tY27),ilmving G enchontales ssquence
0

the Tollowi ng two types circul ar plasm ds.

selected from the group consisting of the nucleotide sequences set forth
as SEQ ID NO: 89 to SEQ ID NO: 100.

Effect of the Invention | |
[0012] The plasmids of the invention are novel plasrriids
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 aminoketones. An
example of asymmetric reduction of an aminoketone to which such
mibrobes may contribute is a reaction for prbduction of d-(1S, 2S)-
pseudoephedrine from 1-2-methylamino-1-phenyl-1-propanone.

[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 prote_in (for example, enzyme) genes into the

different plasmids, it is possible to express the proteins simultaneously
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(1) Acircular plasmd derived froma Rhodococcus
strain, characterized by having a size of |
approximately 5.4 kbp and possessing the follow ng
restriction enzyne cl eavage sites: BanH 1:2, EcoR 1:2,
Kon I:1, Pvu 11:1, Sac 1:1 and Sma 1: 1. 15 (2) A
circular plasm d derived froma Rhodococcus strain,
characterized by having a size of approximtely 5.8

kb nd possessing the following restriction enzyne
cllgéﬁﬁééﬁlﬁ‘if‘g - BanH 1:2, Pvu 11:4, Sac 1:3 and Sma

NghERTS) S0 g g B B 9P grssion
ETIUNCHRERC R s Mt Sty
BB R (ARA ¢ apl i cati on or ot her functi ons.

o551 | BRI SR b L DN rplacin

t ] t s Sk t o f
| BT 5y PR Mbenin o g e asis for
DhBhstriREcheBE #Rt bRt eREIAMSIMSAORR Sieeté, tatfifdetspeciﬁcauy

stagés: Initration fromthe starting point of

r %H!sgé gﬁwm& DORNeR ﬁ%ﬁhbﬁf& & éShdhiue M ealtits of the vectors.

el on on and term nation. During replication, a
PQs il i and is unravel ed and new
D%Aﬁlngaér?g?ﬂg%%ﬁPﬁg%‘gbﬁgion'pl enentary to each
Ei{\{&gl]g} strand. The double strand is unravel ed 10 by

heli case and helix destabilizing proteins (also .
known gge. sil ng$ eastreapidtiolA-drizydnegclpavagen)mamnoft peasmid
unr avel eg portion is referred to as the replication
f gRETTNO0t enpl ate DNA in the direction from3' to %
toward the replication fork is the "|eading strand”, .
and t h&igon2 ii; theestriction cenzymen leavage' mapt pé plasmid
"l aggi ng strand". DNA 15 pol ynerase extends the DNA
stpRI8@1000t he direction from5' to 3'. Therefore when
the leading strand is the tenplate, DNA is synthesized
i n t he Iigr edsiaosuramanydllustratioat fosconstmactipg utflgasector
t he o%posite | agging strand is the tenplate, the DNA
stpRiAd 1408t be extended in the

Fig. 4isa summary illustration for construction of shuttle vector

pRETI1102.
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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opposite di rection from the replication fork.

.Consequently, replication 20 of the lagging strand is

acconplished in fragnments of about 200 bases, known

as Ckazaki fragments. Every approxi mately 200 bases,

RNA primer is used with DNA as tenplate to synthesize

10 bases of RNAin the direction fromb5' to 3'. From
this RNA as priner, DNA pol ynerase synthesizes a DNA
;LAB@M@ fRe1d50 CFCMZ%@SWB@ TEMIR9Ans iias| ehqglmlzc of

rand as tenp e replicated DNA fragment

hgn 1 bl b th
ﬁg%lgﬁtgl%ejd@% from &h?c%ﬁgﬁl\%&\’lgmsﬁmr gr%l\ygd © I ny ©

¢ Fk’;s'iﬂfzﬁﬁh e5BLhRR JRAPAH Table eV EThE plﬁ@ﬁﬁisﬁ@olam@d i @ach

I case”and hel i x-destabilizing protein work

t 899hB&s Shﬁlﬂsohf@ fd!ee: rfa%tl DNZ(!)REQ‘MWWERETBCDD@RETISOO

proteins invol ved |n t opoi sormerase (which

PREY CPRETIFE0, ] lﬂ@spﬁulrv@yt hePiRihidepdi chti amjentton may be

repI ication initiation proteins and replication
el | ROnPIthés Bam PTdslestrdim\b}ephbhaly dmavex hastlods (for
|s escri bed i n detai for exanple " Sai bou no
Bepatipie| boiling akicaliMbiseoliitam, Riesiiomy chloridee density "gradient
3rd dition, transl ated by Ke| ko Nakanura et al.
pnlt?ﬁﬂelﬂﬁﬂlgd{mn Kuat dvlant abkdenshi [Koogaku, LhdnEdttamw,sChapter
of the nucl eotide sequences of the plasmds pRET1100
ai@, ppEBLOOOMarnegnper e found to include sequences of
AT-tich honol ogous or anal ogous repeats and a sequence
t feQbHk to [Fablke B DNA secondary structure, i.

nucl eot (lgc bcﬂuellbe P 1&% T oot?e Fgg‘éﬁ/é nf P! gg on

S._»-—-

regi on |(CHUENEBt i de § ecogni ze by
pr ot ei NENZFYH ved in v 6813|SH§§| or regi an
i ncl udi|mRy# el DNA repl 2cation ori gi n),4,i n0t he vi cin ty

of the menti one@@»orf relating ()03[3%

replic 'Eié {T[COZS] BDNA—+eptH—cattont cﬁgw res—a DiNA

repli cat[ﬁéfﬁIreol on an@'a regian r‘nmsnv for.a protejn

i nvol veagPwnIIDNA repli ¢dtion (herei naBter 20 ref err gd
t

to as "%fepl Icatiopqrelated prot e|5n4) According|to

t he pre At IIIVCIILIUII :lt S POSSTOT® obtarmdata
rel at|rn§ @) the nucleobtide me—'%ﬂ&@é—%-f—t—h@&e—r—eg-l—«)ns

Feso2ef h Pl #ggl ds M 100reRttion 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 ﬁ‘om, for example, Rhodococcus rhodnii JCM3203,
has a size of approximately 5.8 kbp and is a circular plasrhid cleavabie

by the restriction enzymes shown in Table 2. This plasmid is
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pRET1000. [0029] First, the nucl eotide sequences set’
forth as SEQ ID NO - 25 35-37 were identified as DNA
replication regions for plasmd pRET1 100. As regions
coding for proteins related to DNA replication 19
there were identified the nucl eotide sequences set
forth as SEQID NO 1-3 (orfl), the nucleotide
sequence set forth as SEQID NGO 4 (orf2), the

nugl eot set forth as SEQ ID NO 5-16
(61‘3615%1?&?@@%%@?2@?9% sequences set forth as SEQ ID
21 ( he 5 nucl eoti de sequences set forth
ﬁogégl D N%rﬂa% %13 (orf5), the ucl eoti de sequence
set floRgdiriesioBEQ | D |N@umbéror 2&f{|diagnentrsézes (kbp)

nucl eoéﬂzSEn equence t SEQ ID NO 29 or 30
(orf 7h—t "é Aued eoli%géeaéaggu%?"@; set _forit—as—SEQ+D
NO. 3]68‘8)’?1}[%& (orf8) nd the nucl ﬁupi 53 seguence set
forth BesHEQ ID NO |33 or 34 (orf9)0.110.4,a0303.3

Constirggtjon of a pllasm d capabl e |qj gDNAy, r3epl i cati on
from EF13160—requi that—t+ TRt d
have la"fdast one DRA replicatiod bbgldnlaicld: | east
0 i ng i 0 icHOR eaplifealdleavddrl ahad f
p:lggg? . Thﬁ,g Szlheﬁ?fr‘g%o%bif%sgﬁtc) pl asﬁi{ds of tl’% gﬁ or

B@g@ﬂ gooar T}ﬁ@gﬂ@ﬁhﬁl ivead a0 cefReh&d byah pekisélyoRaown

15 replicati region and at l'east oné codi ng

r egedidd’ Aid as BN fedlbbEdEisefuenicd atdepealed o bdB813 bp set
coding region for a DNA replication-related protein

priaferabS¥(hHS NOngel @ﬁﬂ@@e?@mﬂgi@ﬁﬁgl ected fromthe
group consisting of the nucleotide sequences set

f §00D4hs SEQ H@ﬁl\é@miﬁs of, thkdinvehfioanthat@ral20r [viddAjpes) are
The region of the nucleotide sequence set forth as SEQ

| RiroMQr plasnaislsbémn carnggtsst b dsfineripnvhe restriasione énzyme
in expression of replication-rel ated proteins, and ]

t hdeplapenpatteras shbern v @ablesnl apdeX. elhbkytheopresereinvention
pronoter region having the nucl eotide sequence set

f enchgmssEQthaiai@wing tvws typesef creunlasipasmids.
construction, the DNA fragments are apprapriately )
sel ect dd) bAs edrcadar tasmid ederivednEenhue| Bgordaeoccus 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 1:1, Pvu II:1, Sac I:1 and Sma 1:1. |

(2) A circular plasmid derived from a Rhodococcus strain,
characterized by having a size of approximately 5.8 kbp and possessing
the following restriction enzyme cleavage sites: BamH 1.2, Pvu 114,

Sac I;3 and Sma 1:4.

[0025] As a result of analysis of the nucleotide sequences of

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

sequences (open reading frames, hereinafter "orf") coding for proteins
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20 sequence data. The present invention also
enconpasses derivatives or functional
(DNA-replicating) fragnents of the plasm ds. [0033]
Next, the nucl eotide sequences set forth as SEQ I D NO
70-72 were identified as DNA replication regions for
plasmd 5 pRET1000. As regions coding for proteins
related to DNA replication there were identified the

R s T O PR g

P aRORLS" sedh o BF TS FRIYL R AFTERIO refers to
CRBMRECPNE! iRl dsc ettt i Jorfi? Wodihftie g PN
(ke B5aBHE) RS 6 UGN, MU IR AR d AT  parent
| HES R R SOIAL of PRceur et idiation
PRI SHRTIBOER St RARIE DB\ 8, T4 chen
Lgél aﬁ%)n (I\%H J%egirkig? %ﬂ @hﬁ%@ %gnc%ﬁ%,e ACgoRRIn berhd DNA

and "t nucl eoti de

S gestrafd 1sOhnkaPdcPERhd Dhd¥ ]ﬁﬁA%tﬂa@fﬂEé&Ab}ze synthesized

[ 0034] Construction of a plasnid capable o

rec%r;i;lg?éﬂl@ﬁ‘tar;fr rRdRRESHE0S straatli r ke tdwaible kerand is unraveled

reconbi nant plasm d have at | east 20 one DNA .

r ey | DALA OReliesieomandn thebix ldessibikiritgc pdoteins e@ilsm known as
(orf) for a DNA replication-related protein. Thus, the

(renghditand ) DI Asbindéngf pratem)| nuedit fhen wraveled portion is

characterized by conprising at |east one DNA L.

r eiféced itoray #gi wplaatioat fdrkasThe tempdatienigNA dhahefdirection

a DNA replication- related protein. The coding region

f ofrom BN\W 6 eqpivarat thercepéicatied 28k ps the{'leadieg strapdy, and the

has a nucl eotide sequence selected fromthe group

coprsé Shi the afiredimurosoty de Sdsetiwed laggingostrands. DNA

SEQ I D NO 40, 42, 21 44, 45, 53, 55, H[6, 61, 62 agﬂ ,

6polyotgape TxdendsithasDWAnstraed nic s dirrctivay degmes’ to 3

set forth as SEQID NGO 67 gnd 47 are honﬁa\?go.us with,

mobhetefard winepribedieading strand is the template, 1s 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. Evely 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 polymer;_tse
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 1s
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and have been inplicated in nobilization. The region
with the 5 nucl eotide sequence set forth as SEQ | D NO
75 has been inplicated in gene expression of :
nobi | i zati on protein and suggested as a recognition
site for an expressed protein. Thus, the plasmds of
the invention preferably include nobilization protein
regi ons having the nucl eoti de sequences set forth as

1 Al SRS A St
. . 5 .00 . ;

8 A S SN i o

B R 1S Sy, Y

{FGGIEHELER ol AR PR SR 1B I serfition)

nte%ﬁg@{ﬁio eﬁﬁu&ﬁSn éﬂé‘é?é\;imh% %ﬂg'@é&@hﬁan teARiBtbn proteins. The

séquen stitution, deletion or

| PEAL %?ﬁhczﬁf orP riﬁe&iarﬁs%@iés&ﬁlbﬁﬂ P el | fesfor Nexdample,

replti cation region, replication-rel afed

gg@%i%ioﬂ ﬁSCﬁ&gsHigahafb#égkm%iedxﬁsf Fiole@pofitaatdet]”, 3rd

rotern’region or Ilization-related region, or a

PEgﬁﬂi&'ﬂ. trhREIERId YK ell@NNARnig Euakt ??ﬁlsqf—ZSB,CKyoikusha,

egion s not 1 npaired. [0038] The shuttile vectors of
Ekgg?nventi on may be any which conprise a plasmd or
ragment having a DNA replication region, DNA

r g(ﬁ(h’l’ﬁ]at i OnU;ﬁJnaﬁﬁei}lP/@i”sQﬁﬂm secleotideagiguoncey ofrtieeplasmids
region, 25 nobilizafion protein region or

NBRIET B0 @ndr ERE’HCOOCEQM&, wanel faubldo iwgide scquences of
replicable in E. coli, and which are replicable in the
gﬁrﬂtl-?ichZRoﬁhﬁdFoos awsarsaldgBus aepeatssamgh aasequesse thought to
havi ng the nucl eotide sequences set forth as SEQID _,
NEav8% DNAOSecoTidary stivtcterey é et @ suckeotideesequensei pigdicted
may al so have nucl eoti de sequences with one or

a .
ptarr bei oy DNAunspdotation stggsen t ( | BReleotideetscdHsNes reglon
insertions in the 5 aforenentioned nucl eqatide .
seepommized by profgings invelvedr dnr ENAcdspacayony gg a region
genus Rhodococcus and E. coll. [0039], The "plurality"

r iduding t heabBWbAWi Tepligatipgr QJépidndi Hy 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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the type of region, and specifically may be 2-1100,
preferably 2-800, nore preferably 2-300, even nore
preferably 2-100, yet nore 10 preferably 2-20 and
nost preferably 2-10. [0040] As a plasnmid or DNA
fragnment having substantially the sanme nucl eotide
sequence as the aforenenti oned DNA replication

region, DNA replication-related protein coding region,

pr. ter regqion L i on LI ' I .
roBE Slers einicd BRE Pl RN R RERYELF sEERYER AR SEQ,ID NO:
t e s h L Of L] n [ .
sehacED, MR TR B R SREehys FEL IS C LR §: 4 (orf2),
r 0 e QMg [

- dBeoucIgPRAET B RS ot Kifl 7 BER) 9V 2O 945, (orf3). the
or L4 LON= d i on, y.on+ther
TEROGE Nedilintols Mt oA 87, SEQ JPPNO A TLRET GiHEA), the
c i1t " d ds u [ SpechEi :
CHIEIRAE sEARRERICUS! RHHUALSSEED 1 K Dot orts), the
Fafeeotid | deubho Ssef! fdrite st SEQ) ATPAUER! 17 AADR! (0rf6), the
the conditions, one exanple is a set of conditions

U Rafcleskde st et fc?th @fs @E@%"!‘D INORI 20 Hod0l ¢sif7), the
such as 80% or greater, preferably 90%or greater or

MR 858l € s8ghan @b Yetofort @3tSEQNIDTNOGY3 1 whid2e(di$E), and the
permtting 25 hybridization of DNA with | ower

harilestide Mxjgeridesdt ffoshl dySEChEDNOm83 die34¢otfodned

hybri di zati on conditions with ordinary Southern 23
hyB0RA] zat | doneteditich asf G0GlastkxidSCapable%0SOBMNA. replication
preferably Southern hybridization washing at 0. 1xSSC,
0.ft6mSPREDI 163 pequirey thablthe aecomitinant phasmvikde have DAleast
fragment with a length of approximately 300 bp is

usent BNA mplicationofegion abidAar baist oaei codifgrregiom (otior a
replication-related protein coding region, pronoter

r dgNch ,rep]ioaj:ildm-zelait@g ppoteiei il hesyitba (ecombinant) plasmids of
nmobi | i zation-rel ated region, the hybridization

webhi invensingi tarensharagterazah by 2e@uprising ogtsheast one DNA
[0041] The aforenentioned plasmd or | fr ﬁ&t ..
haepligatiensegiom and at/laaskona v dig region rs@g‘ depHsation-
the aforenenti oned DNA 10 replication |

on, .DNA
1 aglated: POKCHel albe FPOIE HeBI AT ragPoM Ténliasiay related

pr%?qqga@?egi@g‘l_ahjﬁgagga FHu%tlgci)tE]dé% (iqggncoer 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 fragments are

appropriately selected based on the aforementioned nucleotide
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region, or a portion t her eof , may be obtained by, for
exanple, nodification of a DNA replication region,

‘DNA replication-related protein coding region,

pronoter region, nobilization protein region or 15
nobi li zation-rel ated region, or a portion thereof, by
site-directed nutagenesis so as to have a
substitution, deletion or insertion of nucleotides at

o seaTEhee o, de e ant{On Rt gt RassBs derivgpives or
o FufiSh D INA SRR ) BEE SR oP e FlishREER, ™" Mods

CIADRST! cor e, Hhe il iR sEdubR Crttdith RSEY ID NO:
[ 70-98 WereTHeiifRH Y TONA SdepRERGY PEgiBnROTHE Oflasmid
g?ﬁ%’f?@b@.g ﬂ%g% 'Q)%E%d?ﬁﬁé% iﬁ’?g'iéiﬂﬁ d BPPRA Sdpiftation

€ genus erichia, Wt traviolet rays or

With &rcdwére T ' &@ﬁﬁﬂbogpgiﬁ&ahbhaeywdfm as SEQ 1D NO:

mut agenesi s such as N-neth

nisRLa1 NoPfI0)ORRIHARI IR § c@rsek¥brth?4s B8 D NO: 42 or

Nucl eot'i de substitutions, deletions or insertrons as

ment i8R d ) ARy enhdlebtide §ERshdeoysd fothnakusEQ YID NO: 44

occurring’mutants or variants due to differences in
RIS CYC s nelciitide sbQdide Aes ibithl &s BROOIDON(:h45 or 46

i nvention includes a fragnent 5 (A) as the
aferfaBpnthenasclpbadei sequenees t saanfarler a0 fSE@ndDa NINA 48-50
region (B) which is replicable in E. coll. In sone

cdeef4)} the nuckdeidedeqhencea set Sbrtht e SEQtHp NO: 51 or 52
conprise a DNA region including a drug resistance

géorf] Shntheauckdahde scqeetce cat foithl as SEQsHAtNGs 53 or 54
vector” is a vector which conprises the DNA

r éptfil6at thennurelsotidessaquenceviet forti as STQtIR NO: 35 éerfl7),
and preferably also a drug resistance gene or the

| ithe masleptsds sequencasesstfortains MEQyIPINO: 56-60 (orflR), the

auto-replication in the two _different cell types. The .
DRIt aquoRTe st (oah AR EREH) U] (erakdy Bropucieotide

ek donie 5soSES WSGER BLohrToLS i B Fubforc

peranencasiiet dorth S BonD JE0; B30 (g1 S M ¢ " @
[0034] Construction of a plasmid capable of DNA replication
from pRETI1000 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 comprising at 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 selected from the group

consisting of the nucleotide sequences set forth as SEQ 1D NO: 448, 42,
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replicated and anplified in E. coli. As such DNA
regions that are replicable in E coli there may be
used, for exanple, the plasnids pUC18, pHSG299 and
pHSG398. [0044] When the shuttle vector of the,
invention includes a drug 20 resistance gene, the
preferred ones are anpicillin resistance gene,
kanamyci n resi stance gene and chl oranphenol resistance

ggaﬁéﬁgbg% 55 h% SVl di%@rti cular restrictions on the

drug ’so 'l ohg as ‘the gene is expressed in

t nus 0 i
B 2eLs, FIatoRaspHs § e SRIdICGRIBNRERERE, et forth as
aﬁ‘]&@’ftf@b’:c@f 00 4% 9k h@ﬁuo%%é&‘?‘iﬁtﬁfmﬁbﬂﬁﬂtﬁﬁl Roteins,
the two genera based on resistarice to the drug. Sso,

o ) .
"ARUSHALS, Fook, PHodE O SHRERSL AP P icshon 6t e
p ' 2] lTowiNIG: 7Si implicated i
PHBEROR ccBRie 15 A g8 TEQ TN TSl e il
{Egéhé l‘e%@gf‘ssm g:f rgﬁgitl%tﬂoﬁdpméirf sednsubpested Az eecaghition

coll asm d. is, a5 publi clyggnovvn E. coli

PLRS Mot SHCEkRSsEARE profdind abrise theyplemidk eal ¢hle vintvention
an appropriate restriction endonucl ease and a DNA

r padfefablgoitchide Mobizationnprgeni tr@gionlsdha:trinﬁ the nucleotide
resi stance gene constructed and |igated with another

Dhéqii¢ragResst fatlDNg SEQ db WOc 67 andedli oabinelude at hegion
genus Rhodococcus). 10 [0046] As an illustration,

oitivélnedah atolilizetivediavingoihst nuclentide sexjuegicovseti forth as
Figs. 3 to 5. The shuttle vectors may be constructed
bEEQ@ 1BaNOg73.he af orenenti oned plasmds and E. coli
plasmds with suitable restriction endonucl eases and

t [@O36]J gat i hort lpdasmid toonstrmatingy , there D¥Aeséiggments are
i nventors constructed 18 shuttle vectors (Table 5) )
uapprppiatells Relsgtashcbasel auni the paoregumtiondridveleotide
or pRET1200, and the E. , col!, plgsm ds pUCl8, pHSG299
ose@EMaERodata) 00he | presentsimyenfionalse Greopipasigs dervatives or
i nvention are repl.icapl éJTn t he <%gnus Rhodgcoccus and

Efuresionald IS Areepliiing) dragiaents oLihe,plaseidy.  The

Eﬁﬁgpdffﬁcﬁgiﬂ.%iaﬁsm? é ior ﬁl‘&i‘ Pr%g}ﬂe?lrt]g fo%rtﬂg?mpé/nt}clﬂf may also
contain nucleotide sequences with a substitution, delction_or insertion
of one or a plurality of nucleotidés 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. coli, and which are replicable in the genus

2
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20 of the inventi on, as well as other m crobial
transformants, are useful in this way and such

‘transformants .are al so enconpassed by 't he scope of

the invention. [0048] A vector of the invention is
characterized by being constructed using a shuttle
vector of the invention. Specifically, it is a 25
vector having target DNA inserted therein which is to

Zﬁf%?ﬁéggtz{;ﬂ@cgi\% : gggz hgﬁéﬂ §%Vg‘§,§%§n§{av' t_ﬁhee nucleotide
e
e BB rnotSs e VIE csopmits? A I or 2
opisrcy b IERNE SR TEE "geteri i U MpcRiBIR! BF the
R e T e e

ARPBL I Ry BOHELASEdENER AT € genes codi ng f or

one asynmetric reductases as described in

‘;Pdgcfé Q7 07147, (RIS REMLE 3 b0Vl Ui Freflidepehling on

ot'ei n conpri‘sing € am no acl sequence set ort

Ahe @g@ h@oﬂggkgrz%ﬂhe&mﬂgemgg%qggg; exlefeably 2-800,

deri erythropol i ),

PRI JreC CTNR! i Siehd flegsli lyd€2-JeQuenee
O T e A e Yot the. Tor MO

ﬁg%ﬁ%@?@%%&ﬂﬁm%@%ﬂﬂ 7340, s incor porat ed
a

rein by reference. 0050] An am noket one

ri ¢ peducslasmid soreDNAaiagmdrntehavingpenbstestially the
descri'bed in W02/ 070714, and includes a protein

haineg nuchethls neqaende s&nubecefaremeidnedadDISAQ neplication
NO 78 of the Sequence Listing, as well as proteins
heading, BN Acreadicdtioaauedaedsprobeiai coelingyegibsl, grpomter region,
insertion, substitution or addition of one or nore )
amotsilization [R0téin regeorabomeokilizativsdrelatcdoregion, or a portion
sequence, and exhibiting am noketone asynmetric

r ékredf,otheret inalyt be mentioked ospecaoatls: g Buckestiger sespence

activity is activity of producing an optically,active .
amihdohl ﬂplbmdmee pwethe at EINBy rg@m@&%mn ﬂ@glﬁﬂaaD(I%\ EeRlikation-

u?élg?eda%rgfein 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
example 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

hybridization of DNA with lower homology. More specifically, there

may be mentioned hybridization conditions with ordinary Southern
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am noket one represented by general fornula (1) above

as the substrate. 25 [0051] There are no particul ar

restrictions on the nethods of deletion, insertion,
substitution and addition, and any publicly known 27
nmet hods may be enpl oyed. For exanple, there may be
mentioned the nethods described in "Zoku Sei kagaku
Jlkken Kouza 1, ldenshi Kenkyuhou Il", edited by the

A P eI g e

Pty TR lioh e RER ST b eSS EE DR Yisesponding
(H%@gigﬂng%atrat{(%it hoggg‘%ﬁ Enzyﬁg} Slla%%%}g %%4 4 ]ength of
> SR AY PSP R LRI T PP o
g, Pttt Yk g i

S ginagh i, 24583 o forion ed gegon
Vohgbﬁﬁlzaﬁo%ﬁ@éfhﬁl%g&ﬁd1t18n¥\4'na3?Be SOb@tZiCSS?C' 0. I% SDS.

Enz ogy Academ ¢ Press,

Y°{0041]]987) . Th daﬁr&ne@tio@i&ﬁ”?l@ﬁnﬁi or e’ frag’lrﬁent having
Vot . 44, p. 177 (1986 As specific exanples, there nay

begyBtAh9aleg thé bﬁn%' ﬁ&léﬂ)ﬁ@@b@ éﬁﬂea@seﬂmﬁ:wﬁfem@ned DNA
(site-specitic mutagenesis hod) wutili zing

Snyglﬁiah@nmrbgWCmA d%phc&ﬁ@n%@t&t@ﬂ ﬁﬁﬁtbﬁd cadieg region,

nmet hod Eckstel n nmet hod), and th

eﬁrcﬁﬁotbrr eglied, mobidganesi proveimadgiti ng md‘cﬁhzaxwen related
acid or nitrous acid. 20 [0052] Sugar chains are

at teadined dro o hporimnortheseod] mayt densobtamtd by, for example,
substitution of one or a plurality of am no acids can
montioklyfichteon a0 f ac A ropﬁsarrgen wigadims DNAugeplibation-related
am noketone asymretric reductases of the invention

al pwtenc todimgpragiennpromotergragienamobilization pretgie ri‘@glfm or
set forth as SEQID NO 78 of the Sequence Listin ({]

2 5imiodilinafiemaekatedt rqgﬁ@n,oforsggdyorém t ereg;ﬁ |b}ﬁgsg§- irected
they exhibit the aforenentioned am noé

asywiegenesiy efu@si h hwta i sybsppition, de etmn 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 vifro trecatment 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
above, such as the genus Escherichia, with ultraviolet rays or with a
mutagenic agent ordinarily used for mutagenesis such as N-methyl-N'-

nitro-N-mitrosoguanidine (NTG) or EMS.
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[ 0053] The ami noketone asymmetric reductases of the
invention may al so have nodifications of their am no
acid residues by chem cal nethods,  or their

. derivatives may be enhanced by nodification or

partial degradation using peptidase enzynmes such as
pepsin, 5 chynotrypsin, papain, bronelain,
endopepti dase and exopeptidase. [0054] Wien the

aFA et on . es Loy e
a@e@%ﬁoducg@?ﬁéﬂﬁ% ngupgtgﬂgh%ﬁ‘x% dletidyes  iofVeriskAions as

i nant nethod, a fusion

pﬁﬁh?iio?leg e WP S TR ]ﬁﬂﬂld itRa®@aN 9 dRdrfhg mutants or

processe O a protein avi ng biological actrvity

"Rl SRS CALLY I PRYLYBLSB S SrdinBat ur al 10

am noketone asymetric reductase either in vivo or ex

VM}MZJ' Nt hixsgimAferector §p iR HveRivet inefudet ADNA fragment
ordinarily enployed for genetic engineering my be

“f@}j’asaﬂ‘i’e tdferdieh@6ned oplekmideyr porioni flievdofiyyand a DNA
affinity chromatography or the like, utilizing the

f HsRen B)UWhitH Befasicablétidig.i ealt dn sumle eabes deisepreferred

of protei'n structures may be carried out 15 with

r ffre s Ghutide Ehitor S8 kegririsel akKMAKoegianl jncluding a drug
Tanpakushitsu Vi1, Tanpakushi tsu Kogaku", edited by
t hggistaned esneBi b ienielavagotgabinycal fieldya Kehptkle wgton’ 1s a
(1993), by the nmethods described therein, the  nethods
desctor badich tomprisesr thai DR t tenlaiationonneehargam for two
which are essentially equivalent thereto. 20 [0055]
THifferent aellt typesasndnpteferably dilse asdrug resistansoegRnco AT the
may also differ fromnaturally occurring forns in bge
i Hkat as iaeseleictione markerp AHOBfNEhES aftAoroRAICATIOBS 11y fBE tWO
or in the positions of one or nore of . the amno aci%i
gs%fggemen ioned

r diffcheat .cethéyprses ehite iTANntiragmant 4 A9nas ih
cplasmid, ol TEUTIoBS s es i ® PNAGCEEiAS BaprisrEPUsEp(E in fhe
L Bhoomar e Th SR ot RS R okl 308 cor
;?rgasygt}ggfa; Al gfgl,a%;rﬁplgg)r png&?e(g&igﬁ );ﬁ%r?a&: l %gvtcﬁg%qse it can be
bl R SRCE, AL 1 AN, g g
g?@ﬁééai)gé fnifi&pélg\;gﬁr%gy "§1 qfs%ﬁ!, Wo}'é&mﬁﬁr, She plasmids
pUC18, pHSG299 and pHSG398.
[0044] When the shuttle vector of the invention includes a drug
resistance gene, the preferred ones are ampicillin 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 is 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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5 preferably 1-20 and especially 1-10) amino acid

residues peculiar to natural am noketone asymetric

reduct ases. Al so enconpassed are enzynes having the
domai n structure characteristic of natural

am noket one asymetric reductases. There may al so be
mentioned isoners of the am noketone asymretric
reduct ases. 10 [0056] So |ong as the domain structure

chgé@ﬁtggrigéi c of natural am noketone asynmetric
re 's mai ntai ned, all nutants above - are al so

COSEEEGS” SIECARRE, RO RIS A sl clonivg
ST oS 2 e BB il iignce gene
A BLCRRESNTIRH fof SRUAEE 0L, gy MAHId OnTlal i, o

Pﬁ{:l‘jra'l(n%%ﬂ VEL Yol D3aanid dubh 289heAi8BE dBove may be

bi
nat ural “am noketone asynmetric reductases, may also b

| ngleyded yiﬁtﬁgréﬂgﬁbﬁig‘é@éjﬁsﬁ&iﬁﬁteﬁﬂbﬁuﬂl@és@'aﬁ@ PBNA region

menti one etone asymmetric r educt ases of

t heohBuaAL @R el%hugg SRRt afu@ QegiRthver fgéﬁ@@oh@trhb@d and

manner expl ai ned befow. The preSent invention

engeaRasYRR AMAheF mnﬁﬁgﬁiﬁit @ IDRA rbgion which is replicable
af orenenti oned pol ypepti des, pol ypepti des of

arﬁrpm@eg@m@ﬁymddu@)_reduct ases having all or sone
of the natural features, and DNA fiagnents coding for

angloagjes or Adedn Nhistragion, eitkoé of Fhatthelvtettri abestroltions is
t he 25 am noketone asymetric reductases nay be _
noglidwadin Fogs.e3atpe, Tivé shutttidivtictors deyebeocansiructed by
substitutions), and such nodified forns are 30 also
enireatpag tkee abyrententioneehpliasmids 08 7. @i phasmidstwith suitable
asymetric reductase gene according to the invention

i sreatmettdmicndanudlessds apdf henaligavhgtthemnf dnethen mprames, the
am noket onp asymmetric reductases., As representative,
exprreskas inventers congtiustadedsi shedlonvertars Gabtde codusing the
for a protein having the anmino__acid sequence

f oRbidbeoasi playids pRE 6100 EREGIAADOTBE TG 0aud the E.

S lew R, B FISBAE' Sl S

nu[CO|0§IQYE|i de >The Shuttle %%‘%'&%S%f e h%\?gl(letion 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, it is a
vector having target DNA inserted therein which is to be introduced

into the shuttle vector of the invention. The DNA to be introduced and
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system enzyhe gene may be one

for each am no acid, there exist nunerous nucleic
acids coding for a_ 10 protein having the am no acid
sequence set forth as SEQID NGO 78. Thus, all such
nucl ei c acids are al so enconpassed anong the

am noket one asymmetric reductase genes of the
invention. Here, "coding for a protein" neans that,

Wnen the DNA consists of two strands, one of the two

co ol FBHE: HeSlhonal he a@#ﬁi&i?%#  rdedLt E‘?Egppropﬂate

T N T
‘gh% e]rﬁgﬁnafﬂg% tﬁ%ﬂ é:rlgg e il 9515%&2&3“&%9211‘1@ Iﬁ@mg%ﬁc desired

|S|n nucle de sequence

hary thereto. In addition, the
am no&aﬂt}one asyne Eférqil ¢ 20 reductase genes of t he
E@HQC]OH MR D nualRk C fc[fﬁA"“”tbCh)éWJ%bﬁb&ethé%t hay be

aci d conprising a nucleotide sequence

Ix@@r@aﬁmgeﬁ%ﬁ %%gggfietﬁ% HAH RAa s rg'eﬁ@@ Nind coenzyme-

or protelns Wi th

a égﬂﬁ%?%?ﬁ%o éfﬁ!&?ﬁr 'c‘hz ClkfBs.act i NfifiMokéme asymmetric

"stringe Itions" t e same definition as
expldiciet abave 2k | ] @tﬁngoeﬂaf—y@:ﬁlmeﬁeww agi@nmetric

or vari ous

defadiicparenasesdesceitrg fil WUOQ/OMM%&W@Y%QEMM DNA
31 gl ucose- 6- phosphat e dehydrogenase al dehyde

debydin@ofnas gaotéhcehbristigh thie agemasesid ssqeonce sati fibrth as
dehydr ogenases and am no acid dehydrogenases. Mre

spSE) TPaNQ: 78h@meinvketdes suytahétyicusetlictaseteatietyiitem R.
dehydr ogenase, ethanol dehydrogenase, propanol 5
debmdhogenas e MK Cehol aﬂdhypaﬁgaﬂaﬁg Pdf At eomprising the
dehydrogenase, acetate dehydrogenase, butyrate
dehydicotjdnasguehas tsat éoﬁhr@EdSEgg AR NO: 78 eﬁh@ entirety of the
dehydrogenase and gl utamat e dehydr ogenase. [ 0059] A

t r eviiEof deseribedt ur VG267 i isinserperated herein by reference.
characterized by conprising the aforenentioned

veld®B0] The Amapiiveketonc asymuesre diegugtasg is any having the

Iﬂé%éémtegébﬁé‘:t"r R B, nd, isloiies o protgin having
su 3%@ Z}p; glec(il:}# Q os&_‘ah gﬁr&&oﬂ) Nbp O{ %tlcl)e Sequence
Listing, as well as proteins having amino acid sequences obtained by
deletion, insertion, substitution or addition of one or morc 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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or the Iike. [0060] For exanple, a transformant of the
i nvention conprising a 15 vector having an

am noket one asymmetric reductase gene inserted

therein has am noket one asymetric reduction activity,
and may be applied for an am noketone asymetric
reduct ase production nmethod or optically active

am noal cohol production nmethod as descri bed bel ow.

[ 00% The ynﬁé g@%ﬂlg%gprp&g#ﬁmﬁg%@f% ?}Hﬂl.)f‘ BK&heRgoned the
it g [RGSCTAGEAR GOMPELELNE A i FiRBon SKRRN 14N [@éhshi

scontal ning a vec avi ng an

' nasypnet 105
c ReBY G oeeEl th ], BEERes RRLCECAl Bhcien
n f r | nt € Nikk
tﬁzlrgﬁn@ng’két gﬁg asym%g%(ral ?H‘ielgu(gtgggg |§hg:8rgléika frorln -

i tsh % KARRLAY TTRECORInARIDIA! Teclast by ditaebby the

ffor culturing may be a pu |cIy

I‘eﬂ%ﬁlesé%ﬁ%ﬁ@&%iw $oriesy, RA23 3 CHlidSse! SS)t, Mok gmﬁagahu Dojin

as it permts growh of the cel I's use

0 1@92? R YW, 1] Gliodsaeei edn eMtabdi ig Bnoanblogy”, Vol. 154,

nitrogen source and other nutrients is used.

Agwb&n 9T Cea caflemit heremgi New hforkmel 98@)uskdWu, L.
y of those that can be utilized by 5 the cells.

5@?§S§m§ﬂ| B, 'tMerteodmin Bnzvenoliogydd \aelgdiQg), sp.léﬁ7a& p.468,

gl ucose, fructose, sucrose, dextrin, starch and

Sﬂﬁzﬁdbﬁhc Reegtw Yok (é983)1;el HsarchllseﬁttrﬂinolG@mf Vol 34,

gl ycerol, organic acids such as fumaric acid, _ cit

apid.s QL‘%S); AciGnanstnenpiadnalc, 'é\NMdlelanﬂCId‘SeRﬁSsaaM@ 13,

hydrocarbons such as paraffin, and m xtures therég

Aﬁ B0 OL986)s duflzador ke, ﬁa@ucimcbécuiﬁeaeany Vol tip g2.8765
at can _be utilized by the cells. Specif

t 9SS )paR. Bé1,medt j dMeﬂmﬁsomluﬁmm@ogv i ﬁ@pgarlﬁé p 568,
aci ds such as ammoni um chl ori de, | f at.e &,
aveadennic tiesphdies; Y atknohH s @Hﬂt gr%o Eﬁ}@ﬂﬂ%@tﬁlr»d

such as anmmonj um fumar at e um ci trat i d
alidd, qol 47 SAPR6) S h SRECEHUFSATMIED AN 6 MY Go mentione

potassiumnitrate; and inprgani ani c.
nthe ogBaclize@sdp JUHIRECISSEN ﬁkeﬂﬁ% t (gggrsggplﬁgleéglltagenesm

e)ﬁ‘tlertﬁozi) ur{ﬁ{ztmgxstgn (ti’[lg nqlé)ofuc?eoﬁdgsf el kel method, the

dNTP[¢S] 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 chains. 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 asymmetric reduction activity.
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m xtures thereof. The medium may al so contain
appropriately added nutrient sources ordinarily used
for culturing, such as inorganic salts, trace netal
salts and vitam ns. Wien necessary, there may al so be
20 added to the nedi um substances that pronote cel
grow h and buffering substances effective for

mai ntai ni ng the pH of the medium [0063] The cul turing

o 008t TR R Bk SRS e ATk g fpvention
o s 4B AR E R R el B I L B Byrmica

ORI, S B TR 86 SPURRARD) poqgpaon o
. 3 . . ; .
t;h’é il dretddpfdRy B8 PREIRRISE BlyiEh OIS Do pepsin,
L chcifiisin Bagdih SBrdrlcldf, SRIMRDHEISE S Kb rRiRse.
;“LJQGUS%W er QyhoNf iR ARlnElicine TR HINSAE ¢lh&a36E of the

pended in a suitable 5 anount of” buffer solution

f O{n\fgrﬁfdipﬁﬂcgercﬁfucbﬁ%gg i 'réieﬁe reBSniBRhARCRethodli & filibh Yrotein

is not particularly r rmcted but as exanples there
My Re beMerpreyied BRE hE¥NC @ondeRedPbt Ofrodetded AR tAprotein
Dynoni Il, French press, ultrasonic cell disruptor or

t hRavingebiolbeicalabikiionticlaky sitRitanitall e ddaivdent v hhwatural
cell-free extract obtained by filtration or 10

ceptnihbkigidneomsyahintdidc seidudtavet ¢igherf iwmvhercet vivo. In this
di sruptate is recovered by an ordinary enzyne

i sohst, i @gfirgdom oprodidesl rMididiod ardinasilpachipdoyed for genetic
restrictions on the nmethod for isolation of the ) :
eneygimearidgamaypbbl ussidy dodothe Kesicadpratgirbenaerbsl pyrfied by
but as exanples there may be nmentioned purification by
15afmity nbrmat@raphawrawumﬂhzm thepfused prardtonodiereof.
gel filtration nethods using Sephadex and the |ike;

| oMedifisation i enbaresmagutyof pPrathBustrueiungs £28) bercarried out
wi th diethylam n'cl)_et_hyl &rﬁgg_@g Jc_)r car boxynet hyl shitsu VI
g_r‘?‘ﬂ@lil,‘%fﬁlﬁnlf@gﬁo B IRnche réléﬁbﬁgl: K[Qui@ l:,a'lfalilléadlﬁl su VI,
W ydr Qphop] C gro‘ps su as yl, OC and, .

ph‘&ﬁpp@kwgl@tsgl_efﬁog@@ﬁf 6&5@@3}3@&1@%%61&%%0@6@%1 Society,
o ek PR ek SO DF 803" B ¥R “nethods described therein, the

methods described in literature cited therein, or methods which are

essentially equivalent thereto.

[0G355] 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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ultrafiltration nmethods; affinity chromatography

nmet hods; high performance |iquid chromatography

net hods and the |ike. [0066] The enzyne may al so be

used as an immobilized enzyne. There are no

particular restrictions on the nethod and any publicly

25 known nethod nmay be enpl oyed, anong which there may

be nentioned i mmobilization of the enzyme or the

en < ucj 4 I I i 1oNn _RRY .
po SLERIRARRLRL B, e (Bor BREghIR, 1 W brcfé@blp 186} more

. : : ]
cr BRI AR e Bk BreREARyT DO andBpRAal1F, 110} amino
j t : : I

i PRSI BOBT 00 Mo B, TP QAR iorh ST BYi0Re (for
I deif o : o)

e S R IabR Y00 pitig! BRETelatly 104G=ceASmore

9ebkﬁ@rﬂﬂyDP@O@hﬂze%cﬁﬁWW-QO) AnieBeld vesidaes fduliar to

in® which™nol ecul es lI'arger” t han” nononers are

pohyfiRhl Z@dinckehMe MRYmMBiY dedictabésh AleplendBmpassed -are
gel l ed; immobilization using 10 pol yacryl am de;

| MgRRVines athiadfingsithe nivmsial pehtiee s chaedrtedstit 9iofi matural
acid, collagen, gelatin, agar and x-carrageenan; and

i manlihbke@ineoas ygistaicsysttuveides. palharer magualzoabe mentioned
phot osetting resins and urethane polyners. [0067] The
enmomepwi theednimketose apymenctric jeddgedess having 15
been adequately purified if a single band is confirned

i n[0@F¢ect r opBor ksigs ag IRS- RAGEIN struciure] ch@aktoxistit bb catural
for production of an optically active am noal cohol
aceminokeione 2sypmmeidaticductascs iarmataingsy alb mukats ébove
an optically active am noal cohol conpound represented
byarehalsoopneampgsstal gaenzathe eminpke(ane, asymoretric reductases
conEound_ exhibits the desired optical _activity, by

r et ttha ginyentionn olst additigsy ntds rassumsd. dhats enspngsnbaving a
by .the production nmethod of the invention wth an
enBAMaHe SIHCHLL (G oanaawnasaﬁsml(yn@%ﬁ@@uh dto natural

P raskstoge symmetric TeaudtadSs Sf the veton dr & pdrtion
thercof, as well as enzymes having biological activity substantially
equivalent to natural aminoketone asymmetric reductases, may also be
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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25 [Chenical Formula 8] 35 0 R (X)n N{t) Rz 'Ra

wherein X may be the sane or different and represents
at | east one species selected fromthe group

consi sting of hal ogen, |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 nay be the sane

et Pty BROEREAE ot 755 of hyarogen and
 BETLa Fetamitdhei R AT AIRERRE fodp spetiding o
T o
:‘Mﬁfﬁ Ee. expl‘gﬁﬁgﬂ. é‘é@t{?g%j&i‘he@%@stltuggt X1s a§S _
nen%ji})g%égéﬁ‘fluorsgné%qglhl orliﬂne, Iblgorri ;igﬁi;%ﬁg [ glgi"g?ltm gmmo

[ Qeﬁﬁiecéyn%lﬂggﬁ’?g 8itkds SBer B a©: meedPilieele @ierfoed isying, and

anong ere may be nentioned nethyl, ethyl,

PESRNially SRR cid iakvig 1HRe haokietide segruentyset forth as SEQ
t-butyl,” pentyl, isopentyl, hexyl and the |ike. These

R NRY-€79! bat ghitcech@idrabnubleatielese@ionees Ycodongscan code

substituents they
for each amino acid, there exist numerous nucleic acids coding for a
protein having the amino acid sequence set forth as SEQ ID NO: 78.
Thus, all such nucleic acids are also encompassed among the
aminoketone asymmetric reductase genes of the invention. Here,
"coding for a protein” means that, when the DNA consists of two
strands, onec of the two complementary strands has a nucleotide
sequence coding for the protein, and therefore the nucleic acids of the
invention include nucleic acids comprising nucleotide sequences
directly codiﬁg for the amino acid sequence set forth as SEQ ID NO:
78 and mnucleic 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 with aminoketone asymmetric reduction activity. Here,
"stringent conditions" has the same definition as 7explaincd above.
[0058] The coenzyme-fegenerating system enzyme gene may be

one for various dehydrogenases, specifically, glucose dehydrogenase,
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may contai n hal ogens such as fluorine or chlorine, or
hydroxyl, al kyl, amino, alkoxy and the |ike. [0072]
As protecting groups for hydroxyl optionally protected
10 with a protecting group there may be nenti oned
groups that can be renoved by treatnent with water
groups that can be renoved by acid or weak base
treatnment, groups that can be renoved by hydrogenation

S S B R s s
tj it t - -
%ﬁ%ﬁ?ﬁb’g@?@?i y PHBHES A, PR oecharn ! afS iR, eid
2 oo R BB el oy BSp ety weed
trddeyd] déﬁgﬁ:lé hedél'lykcﬁ'olgﬁaﬁggﬁ] Egarlor ﬁ@ﬁ?&t@g@ﬁsé}?y@l’ropanol

groups I ntlude acetyl, | oroacetyl, dichloroacetyl,

pi 0 i t has¥)d foR@at&0 dehlyd \
Th%@%?g%%ﬁ%i ?glﬁ(;}%?ogxﬁﬂﬁg%sgi“ Els<:;11E’I?koxy, ani tr oe, Yerogenase

halQeas R drheedddee basyatd abhylﬁ%ﬁa?é;rlﬁgaﬁs ldseihPr)(/ilro genase,

af orenent i oned s!lyf groups inc _ ,
t 'lﬁﬂlééltéjﬂﬁﬁy@ﬁd%;édaxé antlrglaahaid d/éh;&hdgéﬁ@sd.l ke. They

may contain alkyl, aryl, hydroxyl, al koxy, nitro, .
hg0ogep and Aheansfsamast asedsting e ths inFiéngtion is characterized
aforenenti oned al koxyal kyl groups include 25

neihogompiising thoredfooeyentiongdetviegtorand Thee rakeforant is
af orenenti oned | ower alkyl include -6 alkyl, anong -
whobthittedertey iifrodaycibge thentvented mgohfibst exdlld., The vector
propyl, isopropyl, butyl, isobu;¥l, s- butyl, t-butyl,
pantipdnctisnperethod mayybe anpublicly | keownhmsshody shelvais the
strai ght-chain or branched structures. As substituents
t hjcinmy phosphate micthadjeipaipetions eleaimmaration, micromjection
chl orine, or hydroxyl, alkyl, am no, alkoxy 5 and the
| ikkethe[ldez4] X may be nitro or sulfonyl, and
specifically there y be nti one thyl sul fonyl . .
arl@06R¢ | i ke on exarsp CrReTARHEEm A, 'O%ftgg iRveRlign comprising a
i nteger of .0-3, and,i preferably Q. 10 076] Rl i.n
el frﬂ&ﬂw%n(aml%@%ﬂﬁen?eﬁ%@a (HC| C?gwqge_ne inserted
therein has aminoketone asymmetric reduction activity, and may be
applied for an amincketone 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 invention 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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As | ower alkyl there are preferred Cl-6 al kyl, anong
which there may be nentioned nethyl, 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

beg@@'ﬁb{i%ﬁﬂ nﬂﬁaﬁlﬁ&m a‘?tx%?fnctent y%!é loh% g‘%;ﬁt r%r’mi%;%c})wth of
g?ﬁ#c:h%gdlg Sed. | %ﬁ?@?@@%?ﬁ%ﬂ pafid fudhining a carbon
af Qét‘?l"é%ngﬁ BEEh 30aO2KE RRE: RRITMIHE Q§ usbﬂ'er.@s B AE sources

nentloné ts of 1norganic acids such

f
A Igﬂ:g:lt fgfe'd h‘eﬁ: rﬁé beided@h Ry d@‘r’cﬁé@é‘ﬂﬁ@t &t be utilized by

S o organi ¢ ‘acids such as acetic
aCtHé 8¢lds

Eébﬁicﬁﬁl}ﬁ théR0MAly Bhmertiviotdodigiaeg euchashfucose,
easi ly synthesi zed by 25 hal ogenati on (for exanple,

br afiichsHe, OBlcifse! hdetrizar heairchf and aerbisRondésltols such as
1- phenyl ket one derivati ve, fol | owed by replacenent of

- 38nidikamel, aghansuehdagl nergenid) aeidsasioe dGdumaric acid,

(East), 11, 332, Mar. 12, 1956) [0080] The optically
actitsie aﬁrﬂ,n@cadttmimm ambpmnnﬁﬂam, eadethair sdlts, hyldaocarbons

(2) above according to the invention will now be

exphch aegartifin, langk nexaires cherdod. (&% niXpgan s@urcéRthard may
and * have the sanme definitions as in general formula

( 1pe almedeampst-thsentisit ccmbs walized) tyhéhadesilsed Specifically,
optical activity there may be nentjoned (1S,

2 Sy rvay coh anentigged gpairiomieme Raltp lofsingrganis, acids such as
2S) am noal cohol s. t here may be nentioned d-

t hasnonivge hshlaridee - anpretympreypttel and ammonium phosphate;
(d- pseudoephedr|n§ d-threp, 10

2- anwaenyIn nsaks- pi ppiganl raé:b(jm such as ammonium fumarate and
(d- et hyl pseudoephedyi.ne),

2 W]@lmnpm%ym)tnge@g %glgbh%}ch as sodium nitrate and

doephed
1 p%t%ﬁgﬁfﬁx@ % |ra'§1 zlﬂ@%ﬁmcaﬁrn%rgamc mwgpus(?@npﬁunds

th hol
Craferba; it prat S Rk DA R A SRR op ell as
25 )ik ndrBs Qﬁgge%)fy p’?ﬁeymzedmm 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 temperature 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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15 am no- |-propanol, (1S, .

2S) - 1- phenyl - 2- et hyl am no- | - propanol , (1S,

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

2S) - 1- phenyl - 2- met hyl ami no-1 - butanol and the |ike.
[0081] The conditions for reaction of the am noketone
asynmetric reductase are not particularly restricted
so long as an 20 optically active am noal cohol

oS ERPULE Be RoppEPTtly (Rl Rsor MY bk LPEHERSEE
oﬁgbgﬂrC?H I8, 8- cﬁltﬁ?? St 2@18@%% 5:% eél.ﬂhgreﬁ 1 1‘? tﬁécﬁlanner

Ion 1S pre y carried out

C%«Séﬁlbﬁﬂ Sab?%eﬁf’s’ Al gr en (%eﬁeﬁﬂlf ti8¢ WeHls afe rinsed with

for pro uctlon an optically active

ang, R oot SORItRd Th +Higed r&:\éﬂ@té&nsdsf)eﬁﬂéé in a suitable
J

charact erize produce an Optl cal y active

8@1‘{1@?9% ”ﬂﬂﬁﬂ@nrﬁ%r@i% €6 Bf theecell®! ITivé Agethod of
gene

or mu whi ch conpound exhi bits the
ggﬁ*?@?@llorp&t h@@' a@ﬁémalrltyyremcfe@labht ng exdmphsfther@nhay be

nventlon with an enantionmeric m xture of an

CWn 8l HREP T 1RREh SRITRP Ltli@rli];ﬂftirﬁsﬁi’thed Byortér, t Dmomill, French
follow ng general forrmula (1) or a salt t her éof .

[ Presd, calltrkostinel aell] distufRor (©OF) nhdl (ike. Y Phe" 'anBlioketone

[ em cal Fornul a 11] OHR (XIn/ \' I N(2) R2 ~R3
asymmetric reductase in the cell-free extract obtained by filtration or
centrifugation of the solid matter from the cell disruptate is recovered
by an ordinary enzyme isolating method.

[0065] There are no particular restrictions on the method for
isolation of the enzyme and any publicly known method may be
employed, but as examples there may be mentioned purification by
salting out such as ammonium sulfate precipitation; gel filtration
methods using Sephadex and the like; ion-exchange ‘chromatography
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.

_ [0066j 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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10 [0083] As the reaction conditions.for the reaction
descri bed above, for exanple, the transformants shake
cultured in liquid mediummmay 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.

ﬁﬂﬁ agﬁi j;h %%ﬁ@%@ﬁﬁcﬁ&ebé eg hﬁgﬁ% q& carrier
H@Eﬁgo}ﬁ% &r %p:g%t r?%% I&g(‘g Cgﬁxfoém]%‘u%@odn otrhadsorption
B R ST e .
c ﬁéﬁ@@ngﬂg{aﬁéﬁﬂ 1{%"% %T%‘ta%lﬂ%% ae gﬁ%érggﬁlﬁlgﬂé‘ﬁns'o%yanate

ag-npak Eﬁ%}({ﬁiﬁt H‘ﬁ e ﬁﬁgf h?&%a"deo %s@@ylfb Becessary.

carri e er additio conmpound

" eRhEs %ﬁ{rﬁgbﬂﬁlhgemfc%d ﬁlﬂuﬂ?nﬁrlﬁbmﬁ%ﬂm{e@héé)moﬁrh@m a

pharmaceut | calTy~acceptabl e salt or sol vate thereof

f?ﬁon ef 1§f§eﬂl%ﬂelﬁwn$ﬂfé‘ﬂzlﬂ r@ﬁct‘i@ﬂ‘ Qﬁirbg@hhﬁelaﬁieth@d in

am noa coho nul a 12]

wlh%}'l) moﬁ@cﬁl\é@elh)? ¢ fhaieRNEAGHIcEs tdre Hel Y Z‘@i a 4polymer

formu [ Chem cal Formul a 13]

15nétodr eimn Rhickp @S Pblﬁnbv di9gerlledpt Imﬂnbbﬂlzatlon using
substituted CJ-3 al ky a C5-10 hydrocarbon ring

sy et i, ey i

i acifndeldagen, BElatinChegvrc ahd Frroartagebahn; and immobilization
using synthetic polymers such as photosetting resins and urcthane
polymers.
[0067] The enzyme purified in this manner is judged as having
been adequately purificd if a single band is confirmed 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 a-aminoketone compound represented by the following general

formula (1) or a salt thereof.

[Chemical Formula 8]
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R ARI (z) /Q R7 5 (wherein R5 represents
hydrogen, -3 alkyl or a 5- to 8-nenbered

het erocycl i ¢ skel eton containing 1-3 heteroatons whi ch
is bonded to R6 or R9, R6 represents hydrogen,
optionally substituted Cl1-3 alkyl, a C5- 10

“hydrocarbon ring which is bonded to R8 or a 5- to

8-menbered heterocyclic skeleton containing 1-3

het eroat ons which is bonded to R5 10 or R9, and R
represents hydrogen or optionally substituted Cl1-6
al kyl); R8 repré&sents hydrogen, carboxyl, optionally
substituted d - 6 al kKylgt a  5- to 8-nenbered

het er ggycl i2 A~ cont ai ning 1-3 heteroat ons

whi ch i s ™0 i to R4 or a CS-&O ydrocar bon ring
which is bapded to NRG6; R9 r'éep dsént s hydr ogen
optional l'y substlpﬁthd G 6 al kyl, 15 optionally
substituted O - & al kyIR)xycar bonyl , optionally
substituted acyl or a 5- to 8- nenbered het er ocyclic
skel et on containing 1-3 heteroatons which is bonded
to R5 or R6; and R10 represents hydrogen or

ORyh&radh |y ﬁlﬁg%e tt%eéhrﬁé d?r ﬂlﬂfﬁ’ﬂcht [ARBRp ﬂeaeﬂ@nsw fdast one
formula (3) ove, -3 alkyl may be stralght-

C@?E&e@r sél&é&@lh%maﬂfé gﬁﬂ@aﬁp fdcamidtihg e Ba anOwer alkyl,
ioned nmethyl, ethy n- propyl , |sopropy and t he

| ilsRirofdt %;ﬁ'{dﬁﬂdﬂ rdvectetr avight a ﬁiﬁol@bﬁhg @foup, nitro and

branched, and specifically there may be nenti oned

melbfonyl; ethyl, n-propyl, isopropyl, n-butyl, i-butyl,
S- butyl t- butyl pentyl, hexyl and the |ike. As

C&rﬁ@rbs@iﬁ@aﬁnhmgerlafg}std Bere may be nentioned
cyclopentyl cycl ohexyl, cycl oheptyl, cyclooctyl, 5

c;R:Impmselnts dxywbndﬂqényl and the Iike. [ 0086] As
heteroatogrs for the 5- to 8-nmenbered heterocyclic

s andnRe omagi be ripels@nheor different anérmepresenbeat least one
menti oned nitrogen, oxygen, sulfur and the |ike,
arspagioshselkrcied %rfg‘antlmugr@upg@anas'gng of hydrogen and lower

alkyl; and

* represents asymmetric carbon.

[Chemical Formula 9]

- {2)

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

formula (1) according to the invention will be explained.
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particularly preferred, and as 5- to 8-nenbered

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

t et rahydrof uran, tetrahydropyran, tetrahydrothi ophene,
nor pholine and the |ike. [0087] As Cl-6

al kyl oxycar bonyl there may be nenti oned

nmet hyl oxycar bonyl , et hyl oxycarbonyl ,

P et TR gpone
%ﬁ@fﬁf@ i Y/?Iegé/‘lﬁbﬁégﬁg ?}F@‘rﬁ%%hrlg a{}gfqrﬁlen(i and iodine.
ﬁgg?gts cgr g%s(ne;lﬁ %drroac I1 thh;\e\?/’% g‘f?b?% ?%ﬁérﬁ( é(t% -h@@'aagﬁylérzémong

toapt tr gLl el
CSUBSPNSHS T SELFAFILARS SBICCE B OByl
Y 1 h H

A e gy e, Heaipang ucices These

amh AP haReK ' tdRickike: As substituents th
gt Srayrihen, et i, A st ey

ety eBRthifdidlsgehs sHoh 3@NflGoAsE ¢ SMefirRs or hydroxyl, alkyl,
hydriochl oric acrd, sulfuric acid, nitric acid and

phesipBoRiAchsl tisalike, of 25 organic acids such as
id

acetic acid™and citric acid, salts of inorganic bases

siigh72p Na, A pYbtecGimgangoapsoiorahydrukydabptionally protected
organi c bases such as 3 triethylam ne and

cy@itlohepydbrating. gfdfBdherts nexaivngl eentionedngonrmsthat can be
represented by general fornula (3) above there may_be
meemioved bl tmasnygham it seatehyghoupg thepaae be removed by acid
1- met hyl am no- 2- hydr oxypropane, 1 -amno-2 5 .
oxopveglabase treatineot,2eiougsdhat gan dgeramaeed by hydrogenation
1-am no- 2, 3- di hydroxypropane, L-threqgnine, )
40arg'rnups{hgftdcm¥1@ultem@v soily Lewis acid catalysts and thiourea,
am no- 2- oxocycl ohexane, norpholine, ) ,
3 ahgld reveltp JITOBGLEN S e TIPSy ChIgDi pREPaAHY, substituted acyl,
2-am nonet hyl -t et rahydrofyran, 1-(2- | .
hp@ti@mﬁyogyyba)t'gﬁ{%ssﬁ_yhygﬁ@zgyﬁ,l]@ﬂ;ﬁgqtlonally substituted lower
1-t-butyl oxycar bonyl ami no, 10 2- hydr r gpane,
2alylno- beRzrh ox il Q?‘Yb@l@évi ng,fé}-/&’ﬁ%ﬁgz%thoxycarbonyl,
hydr oxypr opane,  1-am np-2-hydr oxybut ane and 1
-éﬂf_ﬁ'ﬁ@%%ar %YE?WM%E%‘?' Conpounds anong t hese
h?ﬁﬂ)?ﬁ?} aSYMEL € forementioned 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 and the like. The

aforementioned lower alkyl include C1-6 alkyl, among which there
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carbons may be optically active forms or racemc
forms, unless otherw se specified. 15 [0089] Addition
of such activity inducers to the nediumcan induce
cellular activity and thus nore efficiently pronote
production of the optically active $-am noal coho

t han when no such activity inducers are added. The
activity inducers nmay be used al one, or several such

Y L b _ _ | | ]
2 a0y ol RRER e ] SULPE hrbP P arRsd: bub. 2RI <
it . i . ; _
b, TR8TSH, b PR P30 SREIKER TRy may have
SR GBS SRRk 5! SRLRe AR epnag e

. ¢ » . . St ;
SIS S A RRIA b BIGIRE A OG- el i alkony
f%hﬂ‘-th@lfk?. above or. its salt, to produce the
corresponding 44 optically active 0-am noal cohol
Cg@@%&md rep egpPthedthies eeRarfehylf mdm?ed@ﬂl;mlr@m meay be
reaction is inithtated by mxing the cells rinsed with

bukdtiore draplsalfonal ahdwheliilkene a ami noket one

aqueous solution used- as the starting material. 5

- [ 09973] The mMarcthanbeondi™ ifonsXmdy be fekget eof 3-Bhiand is

a range that does not inpede production of the
omfeﬁaﬂﬂbw @ctive 0-am noal cohol conpound represented

by general formula (2). The cell volunme is preferably

1 0@@6* o 1000- fwlgtneral fmmeular éNeahblvy represanss lower alkyl.

100-fold in terns of dry weight with respect to the

r dcelowenaikydibernare praefem@dc(g hefentlnds aovongs whieh there may
racem c am noketone substrate is preferably 0.01- 20%
abe¢ mentopedimetitily ethvi, poopylTiasonepst, bwalr isabutyn s-butyl,
solution is preferably 5-9 and npre preferably 6-8, .
atdutyl resdl, iisepesyhdiexlaad the lpkef &mﬁynm € sirjght-
nore preferably 20-40C. The reaction tine is

pchaiy abbyarshedBtABWEESS. but this may be appropriately

determined 15 dependi he cel | .
of06 71 o° mokchia B amdly prIRGed EYEoEEn G eraleyh The

lower alkyl include C1-6 alkyl, among which there may be mentioned
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl,
isopentyl, hexyl and the like. These may have straight-chain or
branched structures.

[0078] As salts of the aforementioned e-aminoketonc compounds
there may be mentioned salts of inorganic acids such as hydrochloride,
sulfate, nitrate, phosphate and carbonate, and salts of organic acids
such as acetic acid and citric acid.

[0079] The o~aminoketone can be easily synthesized by
halogenation (for example, bromination) of the a-carbon of a

corresponding 1-phenyliketone derivative, followed by replacement of
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may be added sugars such as gl ucose, organic acids
such as acetic acid and energy sources such.as

gl ycerol. These nay be used alone or as- mxtures. The
anmount of addition is preferably 1/100 to 10-fold with
20 respect to the substrate. Coenzynmes and the like
may al so be added. As coenzynes there nay be used

ni coti nam de adeni ne di nucl eotide (NAD), reduced

t
SRR S RIE B E vB0h, 48 SR NGer (R 11 332
(M%ﬁ’ig 1958 tinam de adeni ne dinucl eotide phosphate

and he li ke, 25 either alone or in m xtures,

i 98'0 n a ﬂEa eiﬁ%béﬁfuﬁéﬂ%ﬁof Q%pr%éénﬁ@dtﬁy general

spec am noketone. I'n addition
S%ﬂnufa's é@é@mﬂﬂgﬁ) fﬁ’é’uﬁ% i‘?)‘i’leﬁlﬂll pow be explained. In
coenzyne egeneratlng Zynes N [lcose

dg&)ﬁ@f&l%ﬁ‘ﬂﬁﬁ% QF RMRURE SRef R%j'l@%hh?e %l‘l@ siiehdefinitions as

ect to acem ¢ am noket one. Al so, substrates

%@l%ﬁélyfmiﬂlﬁﬂe(%fﬂidm A@Bydl‘ﬁmoﬁétﬂib@ﬂuﬁhﬂg Qﬁ@ desired
e added, 1 n afmounts of 1/100 to 10 5 fold With

r %‘@IPL%QI acevifiethicreemay beimekdband. (1B1e28)amincalsshdle. As
used conbinations of sugars such as glucose, organic
aghesifivetaraplacef (1S, ZR)athineatiodwls thereanay behmesntioned d-
gl ycerol, coenzymes, coenzynme- regenerating enzynmes
arnldre@ommﬂwlam@@dr-phemlpeopm $dipsendoephedrihe)s ed-threo-
usual Iy accumulate in the cells but if necessary they
maydirecthy] aliiest 1t phémypeasandlh € drmethylpsespeepharine), (1S,
yield, and therefore may be added as appropriate.

[ @8933-(1 famhmwetleyldtheanzys aleatiod {drsompsaudeephidrine), (1S, 25)-
addition of the specific salts described above under

t Ae(prhydeorsmhanyd) 2emethylaorag-1-paepanclat i oflBf t heS)-a-(1-

unr eact ed a-am noketone i soners will he ai g 15 tsh
merneet }d)@smd}n}@tbwm begzebnventediwli o t ké 25)-1-(m-~
enanti oner which sei ne as bstrate of t

c &ydgoxyphaiyl )@rwm@@d -proRanol. ng P ﬁiaompﬂenyl)-}

ieldt etarg

hATEAO5] -pRepao] Eﬁ R Sihossis P‘ﬂb)f astiag-1 PooA0las(1S,
ZaShokenens ?%'éir@a Tabgpole b ean apRatEfuBoudamino-1-
a%u%an(ﬁ 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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tartarate, benzoate, citrate, nmalonate, phosphate,
carbonate, paranitrophenol salt, sulfite and borate,

but there are preferably used phosphate (for exanple,

sodi um di hydr ogen phosphat e, potassium di hydrogen
phosphat e, amoni um di hydr ogen phosphate), carbonate

25 (for exanple, sodium carbonate, sodi um hydrogen
carbonate, potassium carbonate, anmoni um carbonat e)

an ' e i i i

oPLELI R P BRUS RN FamifoRIPRbLC ol B eprosented by the
na , et b oA f, ' i A3 of3nas

6. BB B GeRFe [l (B Bl Boltip A IO INE desired
sodPicepRity by HhEifle B RAPRRIHAL of ShehachliGn yith an
oh ! o , _
e S e O L
Pr ST Wihg géncﬂafﬁhhﬁlh (BYorP# sy khéreed by ordinary
separation ahd purificatioh 'neans. For exanple, the
opfCRahli¥alacsiniglaRt @m noal cohol may be obt ai ned

directly fromthe reaction solution or after

separation of the cells, by 10 being subjected to a

common purificati:n process such as nenbrane

separation, extraftion with an organi c solvent (for
exanpl e, tol ene,| ghL& oform etc.), colum

chr omatQuy & vVacyum concentration, distillation,
crystallizp , recrystallizatien or ‘the like. The
optical pUN of e produced optically active

$- am noal cohol c? be™>_315 neasured by hi gh perfornmance

i quid chromat ography FHPLC). Exanpl es [0096] The

present invention will now be explained in greater

detail through exanples, with the understanding that

these exanples in no way limt the technical scope of

t hECheweerli prmela 1 0oo7] " (Exanpl e 1) 1sol ati on and
purification of plasmds (1) Method Rhodococcus

strains were inoculated to 5 nL of GPY nedium (1%

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

100 mg/mL anpicilliin R

- (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
pH to between 6-8. Upon completion of the reaction, the cells may be

separated and the product in the reaction solution isolated to obtain an

40



10

15

25 solution in the | ogarithm c growt h phase, culturing

was continued at 25C for 2 hours with shaking. The
cells were harvested by 47 centrifugation (12 krpm 5
mn), and after renoving off the supernatant, they:
were suspended in 1 nL of 50 MM Tris (pH 7.5), the
cells were again harvested by centrifugation (12
krpm 5 mn) and the supernatant was renoved off.

OB RAPRE TR Rl i Bt i e
{ Raing; iplgniy ALUFCAION srAfioitlin® ERERRNP RIRSAMEized
fggﬂérp‘mcﬁh'tﬁéi BR-A0E 27 iinmobiliRe SRSymersbtatiged Rofh the

xture was allowed to stand at -20C overni ght.

T AggEnatant fromcentrifugation (12 krpm 5
m&r?)hglt%here were 10 added 0.5 L each of 50 g/ni

P[(?{m nase fy anHe SGralubtiBhaseefhod afer t ha nbptically wastive
arlowed to stand at 37C for 15 mnutes. An equival ent
ofyrRhsAlRbhe o teo i drgiaviheateiieln sedyubeooamizsl out with
added and centrifugation was perforned (12 krpm 5
nfitherraddfidilof a eoepdurd repleasntedwby thedfslldwingheeneral
supernatant, the m xture was 15 centrifuged (12 | upm
5fimlla @)brtdehprmaceitietlly aeceptableotaliedr solvate theredf, for
sterilized water. Confirmation of plasm ds was
aposepftishet produetiontofdhbaptiatl yadtiveoadinealachek gel

and staining with ethidium bromde, followed by W

i [ChdimtaldrormoaoB)] (2) Test bacteria strains and

results 20 Throughout the exanples, the presence or
absence of plasmds was screened from avail abl e

strains belonging to the genus Rhodococcus and its

rel ated genus MygCobacteriumfollowed the nethod
described in (4) above. [0099] Table 3 shows the

screengd stranns confirnedgtjoycontain 25 plasm ds.

Speci fi , \Rhog;lococcus erythropolis (IAML400,

| AML503, Jcwve893R Jcwve894 and JCWMRB95) and Rhodococcus

48 rhodnii] (JCVB203) were confirmed to contain

pl asmi ds d¥

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

[Chemical Formula 13]

O
I

C - (Y)
Rd/\ ‘

(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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approxi mately 5.4 kbp and 5.8 kbp, respectively. These -
pl asm ds were designated according to. the nanes

listed in Table 3: pRET1100, pRET1200, pRET1300,
pRET1400, pRET1500, pRET1600, 5 pRET1700, pRET1800,
pRET0500, pRET1000 (see Table 3). [0100] R

erythropolis | AML400 and | AML503 are described in

"I AM Cat al ogue of Strains, Third Edition, 2004"

PRS0 onl 1R 5 MR, G i

aml able fromthe institute. Also, R erythropolis 10
J 893, JCWM894 and JCM2895 and R rhodnii JCMV3203

aFeh« rirbed. i 4JCM Cat al ogue of Strains, Eighth
EL(.?PF%‘E‘%@%‘Q&H“?JW shed by RI KEN, Japan, and are

avail able fromthe institute. [0101] [Table 3] Strain

No. Size (kb) Name Rhodococcus erythropolis | AM 1400

5.4 RET1100 5.4 RET1200 ditto | AM 1503 5.4 RET1300

5.4 RET14@0._ditto JCM 2893 5.4 pRET1500 5.4 RET1600

ditto JCM 2894,5.4 RET1700 5.4 RET1800 ditto JCM 2895

5.4 pRET05G0 odococcus rhodnii JCM 3203 5.8

PRET1000 ] (Exanptel &) I dentification of

restriction en ucl ease 15 sites Various restriction

endonucl easgs were used to determne restriction

endonucl ease sites, for classification of the plasmds

shown in Table 3. Each plasm d was isol ated by the

nmet hod described in 49 Exanple 1, and then di gested

w{wheRgamRT representd hydPvgen,| C1skaltyl spha 3-, toSRamembered

Sac |, BanH I and Kpn I, and el ectrophoresed on 0.8% 6
heterocyclic skeleton containing 1-3 heteroatoms which is bonded to R
or R®, R® represents hydrogen, optionally substituted C1-3 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?, and 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 heteroatoms
which is bonded to R* or a C5-10 hydrocarbon ring which is bonded to
R% R’ represents hydrogen, optionally substituted C1-6 atkyl,
optionally substituted C1-6 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 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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agarose gel for confirmation of the DNA fragnments. The
size marker used was Loadi ng Quick DNA size Marker

Al EcoR I +Hind 111 double 5 digest (Toyobo). The
nunbers of sites cleaved by the restriction

endonucl eases and the sizes of the fragnents were
deterni ned based on the size marker. The results are
shown in Table 4. [0103] [Table 4] R e thro olts R

Rl AR nt'shREHicRR) Sie S/ SEAheb b pmethyl,
PR BRI, RERAREA, BYRLMBRLR0006RT. 16015 nryl,

ggﬁ) A 2nd Hié Stk O Asned:slig gyﬁr&arﬂoh Hipsth&eS be

(o
nme 'sane sane Ssane Ssane Sane as as aS as aS as as

0 i dho 2. | 2 0, RE
pR@T‘ng}gé?dp R%P'%Peé?n T %ﬁ%%%ﬁs‘ L4 13%51.0123315?1% 4§E yelooctyl,
1 k200 ~ 0.9, 1.0, 3.9

s oRBBy Lt IER At A HROBE0D & 0 05y ato. 1,

1. 0816%6, 2. As Nelevestonts [For eihichgse® igngdicpabered heterocyclic
(kbp) 10 [0104] Based on the analysis results shown
abgedetonheomhsiiipdb-3 Retef@dtoemStheze aney drsieneidbniedt witrogen,
three types: plasm ds possessing the sane restriction
enshoys easléus iahds thes 1M TdhoAz whidridrogeasasdiawgygen are
the sane restriction endonucl ease sites as pRET1200,
anganpicala0P Grefdridd) Hnd &x Svptbe8-dhembesed desergugokc sgeletons
and honol ogy search 15 As the El asm ds were classified

i nthere hmesy t ee smentiened RETIOONdiney Rpipaidined imidazolidine,
pRET1200 based on the results of Exanple 2, it was_.

at pipepazite; o teteahyedrodureanch tetrahydrepyranm dgetrahydrothiophene,

morpholine and the like.
[0087] 'As Cl-6 alkyloxycarbonyl there may be mentioned

methyloxycarbonyl, ethyloxycarbonyl, isopropyloxycarbonyl,
isobutyloxycarbonyl, t-butyloxycarbonyl and the like. As acyl there
may be mentioned formyl, acetyl, propionyl, butyryl, isobutyryl,
pivaloyl, benzoyl, x}alery] and the like. When the aforementioned C1-3
or C1-6 alkyl, C1-6 alkyloxycarbonyl or acyl have substituents there
are no particular restrictions on 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 inorganic bases

such as Na, K, Mg, Ca and ammbnia, and salts of organic bases such as
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[ 0106] 'First,-t-he DNA fragnments of the plasm ds were

cloned for determ nation of the nucl eotide sequences.
For Rhodococcus 50 erythropolis (JAML400), the

pl asm ds (pRET1100, pRET1200) were isolated and
digested with Sma | and Sac |. Upon el ectrophoresis on
0. 8% agarose gel, DNA fragnents with sizes of
approximately 0.5 kbp, approximately 1.7 kbp,

;ﬁ‘ﬁ‘?&ﬁﬂf@fﬂ%r@ S OBRE B 7 agment & were recover ed
S, ORI 0 S Tofnea 8 gy
afoﬂg?%lﬁ[ ég%’%o P#héiee M}gaggsilaé‘egﬁéhﬁbnéd KShcdtyl@msino-2-

use sting wth one or wwth Srna I

gﬁ%@g@?rwﬁﬁe,ve“l‘l amito-DOsRirox o, 10 1eghiiio-2-

gat’ed wit gati1 on H-"gh (Toyobo) and used
t fcor m E. 1 G@hinod : shiiee 1-amino-2,3-
t?éﬂé#@@e 1-G8hino %‘%@gimﬂ?@y@%

mahts were scre using a GFX Mcro Plasnid
P ﬂﬁrdfb' mﬁn%ha]mtﬁmﬁﬁh_enmhnﬁﬁo@h@u roxehithaventacid, 1-
clo es.kfgl 7] For Rhodococcus rhodnii (J 203), the

(
PhASHDD-0kBCIEIBEEXARE) Wasrplsling ed ahgvdt@ﬁypydirghdim 3-

with BamH |'.” Upon el’ectrophoresis on 0.8% agarose
gRYdrdqVpipedaitR)t s Wi t D-shiaesnethyl appabydrafuedry 2.0 1-(2-
kbp and "approximately 3.8 kbp were confirmed. The

r ag@rntiprepianiinagiaivdsoxeppaaepv bitesitllamyaarbogylamino-

using the aforenentioned Kit and used as insert DNA
Theipirokgprédihe)sBamiz@-ddsy drkybatariept DL-sede,) 1-amino-2-
digested with BanH |I. [0108] Determ nation of the ]
nhgdmntypdtepareuentasnivo-2 Heydroaybiithng nsands was 1-amino-2-
acconplished by the prinmer wal king nmethod. The )
ahpdratyry clohezkangs  diongrovpRIsSrmanE] dhesecdirating asymmetric
Anal yzer, and the enzynme used was a Bi gDye, Tefm nat or
v@arbodgc Ineaxselgi copiipal LKi activs foxms) o1 gaeNig fogms, pynless
(ML3 forward, Taqyobo) and P8 (ML3 reverse, 51 Toyobo)
pf)thmfwssﬁf\ép@ﬂfkdd for partial decoding of the insert

ntj(%Seéiti de Addition of such activity inducers to the medium can
induce cellular activity and thus more efficiently promote production of
the optically active SB-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-aminoalcohol
of the invention is not particularly restricted so long as it is a method in |
which the cells or the cell-produced enzyme is reacted with an
enantiomeric mixture of an c-aminoketone compound represented by_

general formula (1) above or its salt, to produce the corresponding
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sequences. Next, prinmers were designed within the
decoded sequence (using the sequence anal yzi ng
software DNASI S Pro; Hitachi Software Corp.), and the
desi gned priners (synthetic oligo DNA) were used for 5 .
further decoding of the nucleotide sequence. This
procedure was repeated until decoding of the entirety
of each insert nucleotide sequence. Upon conpl etion

RN TR T T
oAbt .
(uﬁgﬁgr Kehtidl 8 V}atci"smﬂg ]ﬁ%ﬁ}ﬂmﬂkﬁoh@%{ %%ﬂs S%)ng%ﬂ used

OCOCCUS ery hro ol'l as te ate.
: |f|edu3|ngaGFX 't PCR DNA and -
Ge%ﬁ%%y@u‘g“?ﬁcatllon Kit, and sequencing was carried
OULO QEIINY t NMEhSaR@BICtiBh! BBAGitIeTRInTa! bB%leét@daﬁQiMﬁea range

angerrent of the inserts. 157°[0110] The results

- Oftkﬁa‘?q}&@%d”tgnﬁ%ﬁ/@ﬂ ddial d%%ﬁﬂ?@@ptl@@l@?la%h@@ @-fanﬁﬁéélcohol

bp, with a G-C content of 59% The full” determ ned

Nugh@PouAE A&sTesased By pgénérgt formslSEQ) DTN c&3 eblume is
t he Sequence ™ Listing. asm d pRET1200 consi sted of

S4gerbimbind /hed o HID-fokhtadtmofe 62ferallgshil@d to 100-fold in
T1000 consi sted of 5813 bp and had a 20 G+C cont ent

of tehitfp o fwm%\%tetmﬂmregpbmum ¢lot irdeeméc numkiesosat The
forth as SE 74 of the Sequence Listing. [0111]

A tonedrogiticreef ¢he racemhiwantihokatonedsubstiatois peeferably 0.01-
sequences using DNASIS Pro reveal ed that pRET1000 and
pREJ%160d merepreferblyl drl @b, Thetpid oft therreaation solution is
pRET1200 had 25 approxi mately 99. 6% honol ogy with pN30

( qereﬁarablyéeewdomqm preiarabﬁzéeﬁ qmbﬂmxm@@nmgmﬁr@hﬂe 1s
pRETlZOO) 50112] For pRET1000 and pRET1100,

preseradiy \Qaé Padmd wiarg mafﬂrabbywﬁ’&ﬁn@ pﬂ"&@rﬁeagtlon time is

based on_the determ ned nucl eoti de_ sequences, _using
DNasterably. SASG haws) thutngiish@ayorba wpsPRE Ay dgirmined
found tQ have_co letely mat chi ng restriction
endengndisgam theredll O th ot her pl asni ds.

[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 dinucleotide 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
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‘ [0113]'(Exaane'4) Nucl eoti de sequehbe anal ysis The
.results of analysis of the nucleotide sequences of

pRET1100 and pRET1000 are shown bel ow. [0114] The
following orfs were found in pRET1100: 10 orfl (SEQ ID
NO 1, SEQID NO 2 or SEQID NO 3) consisting of

t he nucl eoti de sequence from bases 202, 238 or 337 to
480 of the nucl eotide sequence set forth as SEQ I D NGO

B SR A BBk el 5845 sun
SSRGS Bi At AL o L0 19713 VAF 9
|5 i TR Ny i SRR e
6025 NS LT, Gt ORI LT 0 871

1650 2R 9 b d
LSRRl PR HCGRLG00 Tty g e we

B : ! | .
(Ul D S oG BENG 10 1t i

SQEHENGRerSP MROBRER! aguch oag h IW@JolEOtd:G@%M@B@nQ@enZ me-
from bases§€875, 1734, 25 170% 1674 or 1581 to 1444 Y

Oiegétﬁarﬁﬁﬁgeéﬁzigdﬁw eadessensghe frepbheratingSEAXy MeN bstrates.
73,753 orfb (SEQ ID NGO 22, SEQID NGO 23, SEQ ID NO

28 heSEQsuallyNeccizmudate SEQthd dslls B6GY) if avesessarngthefy timy be
nucl eoti de sequence conplenentary to the nucleotide
saddedce Iroreniemtles r28@8on 2pR2d 027481d, 2601 therefmtomay be
2406 of the nucleotide sequence set forth as 5 SEQ ID
Naxld#@ asapbBoiSE@. | D NO 27 or SEQ ID NO 28)

consi sting of the nucleotide sequence from bases 2971
of0GE3D to 3Babeafeactiennselusion de resetpde veth sadditignt al the
as SEQID NO 73; orf7 (SEQID NO 29 or SEQ ID NGO _, .
3epecibies salts rigsetibedeabove under the aforementioned conditions,

racemization of the unreacted c-aminoketone isomers will be -aided,
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 su;::h 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 carbonate) and citrate (for example,
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10 nucl eoti de sequence conpl enentary to the nucl eotide
sequence from bases 3577 or 3571 to 3053 of the
nucl eoti de sequence set forth as SEQ ID NO 73; orf$
(SEQ ID NO 31 or SEQID NO 32) consisting of the
nucl eoti de sequence from bases 3339 or 3648 to 3902 of
the nucl eotide 15 sequence set forth as SEQ | D NO

73; and orf9 (SEQ ID NO 33 or SEQ ID NGO 34)

o031 ado ph Ui CC Al e TERISREGEE MERsRss Hilreof
" e dishesh Ysith Pl PRy R PR PP ARED 2880
G Roth FERR AL 0 ST 1 el
o108 FREfplS SR A e phbsplab aiRl sty igpcttidrogen
TR T R corn i 6

Qfﬁ‘?%’fi de ﬁ%”g)g)‘ifballéro'ﬁct%s?ﬁ A8alRbhdP 1'65(’%1(4.%%5%& the

nucl eot i sequence set forth as SE

= d: . ool 1o 8 .
%a&f&&%aﬁ/ﬁ?gpgﬁﬂﬁq b 1%%&?1%5%5%%&1@910@1 attdpurifickeohideans.

sequence ases of the nucleotide

SERYeaeANPRS, fHY ptRAIISERtIVE Blamittbal Solwlf hthy $eQdblhined

‘NO 45 or  SEQ ID NO 46) consisting of the nucleotide

s geeerlgefreaimhe reattasy sobutide orusfieotéstaratiegueh tee tells) by
bases 4035 or 3996 to 3679 of the nucleotide sequence

sekifostibjcesedi® a b&rﬂﬁbnﬁ?uﬂﬁc&ﬂién (BBQesDsch a¢8medHPane
ID NG 49 or SEQ I D NGO 50 10 consisting of the

necpaaticde estrpotione with mobasgmid aailyents tfbroexarepte, t wluene,
4830 of the nucl eotide sequence set forth as SEQID
Nehlatéforms | &) SE@IummNCchiimato g8&eny.D waouus?) concentration,
f 3?;&1;}&02% I ;gils;aquagggulﬁ ;g}e'iyg?ﬂﬁ;gtlijgg C(;er %}?grilﬂser.m njtfﬁé yoptical
purity of the produced optically active G-aminoalcohol can be
measured by high performance liquid chromatography (HPLC).
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) Isclation 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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bases 5161 or 5062 to 4709 of the nucleotide sequence
set forth as SEQ 15 ID NO 74; orfl6 (SEQID NO 53
or SEQ ID NGO 54) consisting of the nucleotide
sequence from bases 2331 or 2334 to 2618 of the

nucl eoti de sequence set forth as SEQID NGO 74; orfl7
(SEQ I D NO 55) consisting of the nucl eoti de sequence
20 from bases 2907 to 3242 of the nucl eoti de sequence

+ et R g, Se riezn e SR dpRant
" dhey Uiechispped ji01 HIE' GESDARMRHSTER 710 ThORRES were
ORGP pabfysi & kS LI Tfin  P2.A0088 i) Bhlithe fpematant
SRR 8P ol NI R PR % 2D £ L
%@ggé%ﬁﬁbh@g%h&ﬂ%@ﬂ SOkutiim PROI4ENETris (pH 7.5), 1

ntary to the nucl eotide sequence from bases

81AM EITA faniNthe SudpeakRt Wi sAldowedae sighdfard3TP@gor 30
SEQ ID NO '74; orf21 (SEQ ID NO 63, SEQ ID NO 64,

SEI e ONeR®, 16RL bPING sddiundEhl dridldNahd €5, pBRP 10%: SDS
NO 68 or SE(j ID NO 69) consisting of the nucl eotide

seperenadddd et hsemidihfe W4y alldftd #b6tand5av 4202 tvepnight.
5534 to 656 of the nucl eotide sequence set forth as

SH® 188 suBeN@itak# frédldeitrithgaidid (1@pkipmt i omirggihere were
of pRET1100 is the region represented by the

nudidedt0.exk egchnefes 8 eig/frdr ProtwsnBEKI ahdG0 gg&/mfRblase A,
bases 2410 to 3200), the nucl eotide sequence set forth

asn8Eid Phixide Sy Aloweddase stagb@att 37500y b¥ minmtes. An
nucl eotide sequence set forth 15 as SEQ I D NO 37
( fequivdlest of5pbenalécliomyformiisoprrylr alsohektsodution egasradded
of pRET1000 is the region represented by the
naaide sentielugatigneveas gwrfarsred @2 srpm.DSNarinyo (A r ém-fold
bases 3355 to 3507), the ]
amount of ethanol was added to the supernatant, the mixture was
centrifuged (12 kapm, 5 min), and the precipitate was dissolved in 50
uL of sterilized water, Confirmation of plasmids was accomplished by
clectrophoresis 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 or absence of plasmids
was screened from available strains belonging to the genus
Rhodococcus and its related genus Mpycobacterium followed the
method described in (1) above.
[0099] Table 3 shows the screened strains confirmed to contain
plasmids. Specifically, Rhodococcus erythropolis (1AM1400,

IAM1503, JCM2893, JCM2894 and JCMZ2895) and Rhodococcus
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nucl eoti de sequence set forth as SEQ ID NO 71 (from
bases 4290 to 4350) or the nucl eoti-de sequence set
forth as SEQID NO 72 (from 20 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 nucl eoti de sequence from bases 4381 to 4830 (SEQ
ID NO 47) of the nucl eotide sequence of pRET1000

PR, Ocafiheshs, VPTE! Sl N Eu0Lhgn | s of

O, S O SNPGRS A PRt wer
o 2 . ;

 FERIAR AP 2GR, oo R0 Orfle, 29 pRcTL 00,

angpt1260, Pr in 0D, ex { 90 of

n@gﬁﬂ% I’on m@rg)oéenmqqﬁgof he%z}ﬁ??’i oanS{;FET(;llSOO,
PPHE‘PI‘?O‘(P,;&RET’-IS@OQ RIET0$00, GREIT 1000t (aee qtde 3pand,

[ est

s

was sug ed that the region of the nucleotide

ce framdagpepsd 1LOVBGRA 25Q 1AMNB03 G desttibed in
nucl eoti de sequence of pRET1100 (SEQ ID NO 73) is a
PrPARY CatalGpned & Sitrai g PTes®l Blidbna 400at"eipablished sy the
to replication. [0120] (Exan'pl e 5) Construction of
sstithes e MokchtirFand cOrslularc Biosciehces,s Aliet University of
vector between Rhodococcus strains and E. coli, the
ocaid apk agvaitkblpREGHOGRe pRETIte] 00Als dRp REFIQOPO/Ls
and the E. coli plasm ds pUCl8, pHS&299 and pHSG398
WECHI2893 TGMPBE4f andodng282perndeRt . rialal | JTEMBIQ3 are
DNA fragments were prepared fromR erythropolis 15
pUescribsd  BpetIEMVE aCataloglias vif d Stysies,1 Wighsin d Esdigon 236 02"
were obtained fromR erythropolis (IAML400), and
t pablished by RBGEN, Japanf and dreasaildhedroprErinebiue.
37C for 2 hours and Blunting H gh (Toyobo) was used
f f01®lJunt i nflabletHe ends, while BspLU 11 was used

B SBPEC W gh 20 royobey s ased t SERERL ??’ijsg; e
ends,; t ' ;1 { R.54r yt hr opid? 11
pl a Oggcég‘é‘%} %ﬁ%ﬁgﬁ%ﬁﬁ ?i?\a%ln%ﬁ‘?% wag di ssol MSRIET1200
. 5.4 pRET1300
ditto TIAM 1503 54 HRET1400
. 5.4 pRET1500
ditto JCM 2893 54 pRET1600
. - 5.4 pRET1700
ditto JCM 2894 52 RETI800
ditto _ JCM 2895 |54 pRET0500
Rhodococeus rhodnii JCM 3203 | 5.8 pRET1000
[0102] (Example 2) ldentification of restriction endonuclease
sites

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

in Table 3. Each plasmid was isolated by the method described in
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in TE solution. [0122] For pRET1000, -pl asm d pRET1000
was obtained fromR rhodnii (JCM3203), and then Drd
| was used for digestion off 25 pRET1000 at 37C for 2
hours and Bl unting H gh was used for blunting of the
ends, to obtain pRET1000 DNA fragnments, which were 57
di ssolved in TE solution. [0123] Next, DNA fragnents
were prepared fromthe E. coli plasmds.

oAb L o PR LA IR, i gy el e
ST 20 AR R DA BB . 0.5
I e TS A
8 R@?@ H{‘{moﬁdq-@ "?@fg 4?N§ts é?@ Naﬂ{eﬁ‘%ﬁb&g@%@nmm double
p|d2§?§fgg’i’ & Q} elgﬁ} W&éﬁﬁgr Sléée)sé gé}?%?cdd Clg%{/téle restr1ct10n

V‘%ﬁon#éféﬁgé géﬁﬁ ;H 'Wft'ﬂh%rﬁ?gm!éntsc@'ei‘e @Hﬁmm%ﬂcﬂﬁsed on

were pla tryptop 0. 5% yeast extract,

19 r ; v IRAR 1 e cont ai ni ng
16%8%%%%]%%’%‘?§r6%8 %P%)nﬁ_ an‘pll%l [ |ﬁmor 30 pg/nL

ch gylphenl ated with 30 L of 0.1 MIPTG
(iLn V| l%blegm_a d—4% X-gal

5- br ohp-4-chl or o-3- .nﬁﬁwgt_wmhm aal-act-epvianaifeks
and al | oned™ K08+ ani%ﬁ“%ﬁ‘c YT 2880 | HOWRE%Y g?édr&l‘é’ios
col oni Bs—wer cal ar h Arm he—anae

. . [PRET L]00IpRET 1200 TIRRET JHRET [pRET HRET1000.
col oni EE‘E HH%FWH% P@ﬁ! t113 Wf&o‘%'?@ﬁno%ﬁt i"qui d

Imd: Iln‘ f‘f‘\l"\"‘ ﬂ :ﬂl:_:ﬂlg 11\.’ 3 LI} INTQAT ully\ 1 .II’ LUV yl I(
aﬁm i 2(0‘; 5%* i(g;%‘) g4 L chl gr anghenifcol | at| 20 %%%—83"—
(ﬁaﬁ SR MR NIV puriflied [from t he obt ai ned

e kD

_'—‘

LJ_'

Feipd 5ol LB\E oR—tHiattg| samisade\kdod same Plams s Prep—Hit
FS g 2 Bi z(8§54c*:.:eas Wias N pur|i &s ¢adsi )nasunder;4“
:ﬁ%’“ Faf 201 er S aped yriREE HRETORER [pRESNSIET (RHEPBBE g ged) 5 5
O val ifex %nf.g(ﬁ%j bY1160 B0 |dpH 2051 $1061200] 1898 Z0=T 0SS
gsg‘}’ TQC ebtgf-red—shutt] e vectqrs are shownh i nyTabte
S-P’ pdythe pethsts fpr donstructing|each of yphe s 1455
CLTruUrsS usrily

Values in pareuthfases indicate sizes (kbp)
[0104] Based on the analysis results shown above, the plasmids in
Table 3 were classified into three types: plasmids possessing the same
restriction endonuclease sites as pRET1100, plasmids possessing the
same restriction endonuclease sites as pRET1200, and pRET1000.
[0105] (Example 3) Plasmid sequencing and homology search

As the plasnﬁds were classified into three types, i.e. pRET1000,
pRET1100 and pRET1200 based on the results of Example 2, it was
attempted to sequence each of the plasmids. '
[0106] First, the DNA fragments of the plasmids were cloned for

determination of the nucleotide sequences. For Rhodococcus
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PRETI 100 are shown in Figs. 3 to-5. 58 [0125] [Table
5] Constructed shuttle Oigin vectors Rhodococcus E.
coli RET1001, RETIOO1Rv RET1000 pUC18 RET1002,

RETI 002Rv RET1000 pHSG299 2RET1003, RET1003Rv ‘
pRET1000 pHSG398 pRET 110 1, pRET | 10 1 Rv pRET1100
UC18 RET1102, pRET1102Rv RET1100 11S&99 pRET

RETI 103Rv RET1100 HSG398 1RET1201, pRET120l Rv

R T AR R B0 wer
S8l YRR AL SH M ST A8l ess on

1 - EE&,;H,]O r
g@%@é@‘@%ﬁ%%wg%%‘: res pe%tZ |é§§ %1 b&ﬁ%%@y 0’5 kbp,
S . rss : I1pi I8 b ;

b SRl e NATERB BN BB biroximancly 4.
a L bi t ] j )
0 TSR, IO gt anes epore
E. Olira 0 d 0 npeR | DN AVehde Gdtv Band
vveff%ﬁldédg?gﬁgfﬁéﬁelggﬁg%%‘gt iayg]lq?{as pRETllOl%v%( gEg I D a
NP PReati RREHL QAR efsBER BRSURNRY) avd dusdE BBl 936t DNA.
(SEQ 1D NGO 94). [0127] Simlarly, the shuttle vectors
C NS #el ¢ dpBheke: Eﬁlﬂ@%) and WAl 2PeP digesting with Sma 1
desi‘gnat €d gs PRETI001- pRET1003 (SEQ ID NO 95-SEQ ID
NG o8¢ JorantthpRaE1 DahBVSARET 29 @@Bvor BEQAL DThé iNsert DNA and
98-SEQ I D NO 100), and as pRET1201-pRET1203 and RET
1&&@oﬁnmaﬁwre2ﬁgaed( Vath d.ightiohOH2sh (IByaibo)ears] used to
Exam ning nmethod of transfornmation to R erythropolis
transform E. coli IM109. The obtained transformants were screcned

using a GFX Micro Plasmid Prep Kit (Amersham Bioscience) to obtain
different clones.

[0107] For Rhodococcus rhodnii (JCM3203), the plasmid
(pRET1000) was isolated and then digested with BamH I. Upon
electrophoresis on 0.8% agarose gel, DNA fragments with sizes of
approximately 2.0 kbp and approximately 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 IL 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
(ABI).

[0109] First, P7 (M13 forward, Toyobo) and P8 (M13 reverse,
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' 59 The Rhodoc-occué- E. coli shuttle -vec't ors obtained in

Exanple 5 were used for transformation of R

~erythropolis MAK-34 strai.n (MAK- 34; deposited at the

Nati onal Institute of Bioscience and Human-

Technol ogy, National Institute of Advanced Industrial
Sci ence and 5 Technol ogy, Mnistry of Econony, Trade
and I ndustry, (currently: |International Patent

Hage R ArRERL R usB e At SFioob g of the M6 Heotide
0ot TUE L o B HEA SR, tSccaod sequence
430 B Rhucho ShUARSORSHEDRASIS pYo, Mhchi Software
i%pg aggll rgl[%ésqg%éq ggﬁir-l}éfs&s héic HH inwllg Rkerefused for

ion medi u cul turing

t t r ' . hophss pibeedure w
\é\?ﬁ{tgregcﬂ eﬂ%???% 0'\/\/F_\ii(rﬁc@a\qe hg%lgg%lggcgé@{%ﬁé rif uggst |po§ ( 1L12re as
k LRt 4 t $1@8§ © i leotid

r ?ﬂgléea(}é(tlwnhggl V\A&%?]&Eﬁgr g,gugli% ir%g'm Welt egr.h q%}dgs rliﬂ/ﬁirzdnuc eonde

cebh e, eU?%hV&ﬁhg[Etmh 6L ¢ Irfsesrticleotidd skgnemeddecoding,
mn, 4C) an suspended in 2.4 nL of a 10% gl'ycerol

S E@Nweld desipgRdnforoRapisn Hospersedds of @adflnpert to the
portions and frozen at -80C as conpetent cells.

[ @&30r AirBetidh ipopideprtooanilyee dimpathedirsorerere lindicds and
and a 5 20 L portion of the shuttle vector (pRET1001,
PREOROREs qURFdUkOe3, (usiiagE KIODL ~phRET 1uging {iREPLsosid isolated
pRET1201, pRET1202 or pRET1203) were m xed on ice.

THeomi Réddsobotiorrpdsogelis| (LAIMULE8) amtemgplael chhe PCR
cuvette which had been cooled on.ice, and was set in a
Gewodwct seas |purifiedt nsing @ | GHXSY'stRGR( 1300\ rapy . Gel Band
After pulsing at 25 20 kV/em 400 0, 25 F, the, m xed

s QurificationasKitgl dentl wiadueBomeiLwes cupladediuimusing the same
i medi ately and was allowed to stand at 25C faor 3
howirsers wed PrAGRAtpanalyEs the araneanentQitie 8seiswas

plated on an_ antibiotic-containing L | af e 00
~gfH 10kanamyden, Tesudtsg/ ¢ SeHHANGITE sheWesh E}%& pRETI100

oA S P55 b, ith 4 S Confett DY $5%"°Fhe full determined
nucleotide sequence is set forth as SEQ ID NO: 73 of the Sequence
Listing. Plasmid pRET1200 consisted 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 is set -
forth as SEQ 1D NO: 74 of the Sequence Listing.
[0111] A homology search for the determined nucleotide
sequences using DNASIS Pro revealed that pRET1000 and pRET] 100
were novel plasmids. On the other hand, pRET1200 had
approximately 99.6% homology with pN30 (GenBank accession nao.
AF312210) (calculated based on pRET1200).
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obt ai ned when using pRET1002, pRET1102 and pRET1202
contai ning 5 the kanamycin resistance gene. |n order
to confirmthat the obtained colonies contained the
pl asm ds, the plasm ds were isolated and all were
verified to contain the shuttle vector. [0132] This
suggested that R erythropolis can be transfornmed by
electroporatlon and that pRET1002, pRET1102 and

p@ﬂ'ﬁ%‘oz 1g RE’PFOW %?RHYTeﬂorﬁm#%% was made

e 7) |n| ng am tone asyhmetric reductase

t
g g”ﬁ&%@@?&?& 8808, R ON, BTNl nuglootide
ggﬁ@%ﬁﬂ%@f @&%Mkﬁyﬁbor@hg%sun hicttheP - ofiﬁhe plasmlds

enom ¢ DNA was obtalned fromR

e I I t
CoHTRIERNS ARSI i setmealorapflese i

CwlfWE)tH&c}Whﬁlﬁl@am ng was performed at 30C for 48

hour s en the culture solution was seeded in 100
MOP31GPY  (Bghmipleny Nudlevtitisseduaice@talypiyn at 30C

for 10 hours. The 20" genom c DNA was obtal ned using a

Genom TheVasBlts bfransaésiand th&ametéatidd seddices of pRET1100
(QAGEN) . [0135] The obtai ned genom c DNA was used as

t aARIpRIETT 000 RERshusimigels@R - pl us-. The priners used
were MAKF1 (5' - GAATCTTCTCGITGATGCAGATCAGGTIC- 3'; SEQ

| I\E 80) JTheafiodl oMAKBDrfs were found in pRET1100:

(9 GACTCCGTAGTGITCTGCCAGITC-3 ; SEQ |ID NO Hﬁ’

for PCBrélt (SEQnH2aNGy It eBhe) alfdr Nhf 268C SEA NO: 3)
extension reaction for 1 mnute and 50 seconds. The
obonsistidg ReRthe nudleatidea sequenasc from thases 202, 238 or 337 to
phenol / chl or of orm treat nent and_ et hanol

pA8Biafi thatrnushcotadel seqieenas sesdorihtas PULE) TGk 7Ig'ad been
digested with Sma_| for 2 hours at 30C anaﬁ at ed
t her ewdtr 2 (BEQQIL2 iNR¢ 43 eomsHkings0 gigquence from
(Toyob was use or transformation of col i

wWhBE8aH a?az tOhEIS © at dusleppde SeAUGRRS S5 E@m@g.wﬁgﬁ NO:
100 g/nL anpicillin) that had been coated with 30 L
of'39.1 M I PTG and

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 ID 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 ID NQO: 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 nuclectide sequence from bases 1875, 1734,

1701, 1674 or 1581 to 1444 of the nucleotide sequence set forth as
SEQ ID NO: 73;
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4% X-gal, and was allowed to stand at 30C for 60
hours. Wiite colonies were selected fromanong the
appearing col onies, and were 10 cultured with shaking
in LB liquid nmediumcontaining 100 jtg/nL anpicillin
at 30C for 60 hours. The DNA was purified fromthe
obt ai ned culture solution using a GGXTM Mcro Plasmd
Prep Kit. The obtained DNA was confirnmed by

ol gﬁter%@o@@@%@ NG:SLBRIPID §D: 331 SEQUIRNGS 24, SEQ
PR S EIP ﬁﬁ??%@u@%%‘gfmén%f ORBERERHiuence
| BIEHGAEY s HLt 8ok (guait%we%ﬁ Falleo8os 2792,

an expression vec out exogenols

p t e r

RO, B, éf’geemgw e
EhQiE wmth Sma | at 30C for 2 hours and then

W't St | at 37C for 2 hours. The sol ution was

suppl i gefdf PEE(P- IWW@aleﬁ%rgSE@IﬂtNQphZE’)S;\E%bﬁmsﬁﬂg of the

size marker used was Loadi hg Quick si ze

Mat KRt ifeEeQRchekifsinl Bdsed QotA1eod B804S to 33DEAHE e nucleotide

el ectrophoresis, an approximately 1.4 kbp DNA fragnent

W@équéﬁﬁe'sfdt@'@rthsasf@li‘ XM P@R DNA and Gel Band
Purification Kit, an 62 used as the insert DNA. On

t he ot bef7 (8RQ) IDhaN©e2DroruSEL vias N@RE]ﬂ)l@ﬁnsI]sgagt ofl the
with Hne Il and Pst | at 37C for 2 hours. The

f nagheetide vequercegetmplevnehtariygat the niiclgotadal sequence from
Conmpetent High was used for transformation of E. coli
Dhigiges THE? oe I3L‘S§’ Ivter3) A of €t nuckoLidesgguenedisanforth as SEQ
contai ning 100 g/m, kananycin and allowed to stand
alDAO:f1d; 60 hours. [0139] The appeari ng col oni es

were cultured with shaking on_LB i quid dium .

Cont af arilo (SB0 1) Ok aHarcPRG IR0k ﬁ@one@a@g of the
The DNA was purified fromthe obtaln§ ur &mdlum
usuelgosideseguense ér@nmaé@m% Prelp3%d to Qo@f engycleotide

et Sord S b 79 o5t
orfS (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:
orf10 (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 ID NO: 74;

orfll (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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VeI Sashe RIPHOI6 8 BE nietifideose

[ 0140] For screening, the obtained DNA w t hout
restriction endonuclease treatnent and the DNA after
digestion with Pst | at 37C for 2 hours were

subj ected to 0.8% agarose gel electrophoresis, and the
15 target plasm d was obtai ned based on the size of
the DNA. The size marker used was Loadi ng Qui ck DNA
size Marker RIREcCoOR I+Hind 11l doubl e digest, pRETI
13@@29 ﬁRETlloz that had been digested with Pst | at
3 I' 2°hours. The plasm d obtained in this manner
was desj T 0 : 1 =9
Const r g%{l?i;ﬁsggl g@p?@?’s id%1 é é%%sﬁ%{}ﬁé’%; ﬂpheéﬁgﬁlﬁit 1]%153 éequence

neUdt! Brth as SEQ

€
vectors 1s e ive for expression vector

:?piaqq@nppt, gene nodification, transfornmation

ci'ency inprovenent and replication in cells. 25

[ 0142] oFfIS{SESNYD NOVYF oF TIDOBI@!&%LMeﬁin of the
After digesting pRET1102 with BanH | and Hine Il for

2 phieldotidd bedsnceb3oRipAeiicAR9r &S tlie adle@iid@gagosece from
gel and an approxinmately 2.7 kbp DNA fragnent was

I BEOMEABTIS g i399 6t oFHTMVoPER: DAl cotid eGaiquBane set forth as SEQ
Purification Kit to prepare a pRET1102 DNA fragnent.

Thp N(xze/4;mar ker used was Loadi ng Quick DNA size
Mar ker ?JEcOR I+Hind 111 5 doubl e digest. [0143]
Separ abeflyh (SEQNADF NQnedy SeQl IDalNiCe 49 df. SEC) ilDndsO: 50)
prepared by digesting pHS&G99 with BanH | and Hinc |1
f gongistiagraf, thesulylectidagequence frodvbages 4621 854 or 4666 to
el ectrophoresis, and recovering an approximtely 2.7
kB30NA theagrodentids sequencerset foroRSCBARHY NQo 7d2|
Band Purification Kit. [0144] The DNA fraarrents,w_ere
| i gat eorfdi% KSEQyAD dFOHSIh oarEQCHApR &N O2)icqgmsighing of the
used for transformation of E. coli,6 JMLO ceﬁ%l S, Wi c%
wenelaotisle sequanceosomplementarydiolthe é%wi%ﬁt $§equence from
g/mL  kananycin, that had been coated with 30 of. 0.
VDRSS Bl 01 §0R2 tpsfﬁ pgmnuaﬁeoaadeoﬁm%e sebfrythes SEQ
30C for 48 hours.

IDNO: 74; "

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 scquence set forth as SEQ

ID NO: 74;

orfl8 (SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ
ID NO: 59 or SEQ ID NO: 60) consisting of the nucleotide sequencé
from bases 1650, 1689, 1713, 1827 or 1875 to 2162 of the nucleotide
sequence set forth as SEQ ID NO: 74;

orfl9 (SEQ ID NO: 61) consisting of the nucleotide sequence
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[0145] White colonies were selected from anong the
appearing colonies, and were cultured wth shaking.in
LB Iiquid nedium containing 100 jig/m, kananycin at
30C for 48 hours. The DNA was purified fromthe

obt ai ned culture solution using a GFXTM M cro 20
Plasmd Prep Kit. The reduced shuttle vector of
PRET1102 obtained in this manner was desi gnated as

CHgH ot 006 TS Y Dol Bhids SEiEhcbSHt forth a5 SEQ

Rﬁgce@@o us-derived DNA fragnment was prepared by
d 'ng? pRET1202 with EcoR I for 2 hours and then

with Dramlyl t%%g 1B REw 82) %%n'é?‘sitﬁ% gg’%ﬂ%i Hﬂcl’é'bﬁﬂgré%rquence

bl unt i ng of ends, perform ng Yo agarose ¢

e IS, ' reon(
B

o4O Frag g 3 GEXIV PCR T
R TR S PP ER D TR Pt nd 111

doubl eqgh TiTe NRVAGr FE/ND MO 645 FRQARNO! b6, SE
H nc I?%???%? ]gyl—lSGZ9g{3’After | i gation, C(grrpet ent Q

HPMN®ScESSEQ IOIND: 6% SERIPNOE 68 ot SEQDEBCNO: 69)

whi ch was then“plated on LB agar nedium containing

1@@nﬁéﬁhp%%ﬁnﬁiﬁ/ fiiBleotidet sdip@noechopodueck Wl Th 1430 3060456,
0.1-M I PTG and 4% X-gal, and was all owed to stand at

39C44f 274 2rii8¥dsto BBbtof thel mnil estide sequetae setdivirttoas SEQ
anong the appearing colonies, and were cultured with
sHak¥@g 7dn LB |iquid nmedium 10 containing 100 tg/ nL
kananycin at 30C for 72 hours. The DNA was purified |

f f@bG]he obThenBiN Auteplicationl wgion ofpkdEhl tﬁ@mm theecragion
Plasmd Prep Kit. Wen the plasm d obtained b
soepresdntgdvies thdi mecleetdedsehusace Iset Barth as SF%Q IDoNO: 35
EcoR I for 2 hours, all of the _clones had

affsonxbasessl41 (5n3B3p0) thp pagleatidesequansedret fegh as SEQ ID
site of 15 the Rhodococcus-derived region. The plasm

Wk 136 i(Gioan dwses 1 0REP1EHI0) e Hiconnekepbdg seqgepge set forth
e Bl e ou? i BT, bR gepfcacion
(6070 The R “eClen BEEO0R aes Lockeet i i
kgc%ience set forth as SEQ ID NO: 70 (from bases 3355 to 3507), the
nucleotide sequence set forth as SEQ ID NO: 71 (from bases 4250 to
4350) or the nucleotide éequence set forth as SEQ ID 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
pi‘oteins, suggesting that they are involved in mobilization.

[0118] A DNA secondary structure is predicted for the region of
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20 [0148] R erythropolis was transformed wth these
three reduced plasmds, pRETI 006, pRET1 123 and
pRET1204, and upon confirm ng the presence or absence
of shuttle vector by the nmethod described in Exanple
6, all the shuttle vectors were detected in the
transformed cells. This suggested that the three
reduced plasm ds pRET1006, 25 pRET1123 and pRET 1204

af1% hPlFRethdu R (E5H BEERAUIG0 1 J339](SERIATPNOLEY) of

expression vec

SO TRl EBRATR (PO 00 g
. : ! con! (
PSRty MR IRxBpisdlo WfSh8 mARH Atk protein gene or
. _ ! ! 2
o e SABERIOs 10 BrINe B Bressel priteifty, [ OFD L 0 s
UE(?PI gior bl gy tﬁwo&iertmcgqﬂﬁv@%ge@@éd atHh@hregdsn of the

used for ligation. The sol'ution was® used to transform

Enugfyo&idé“@&ﬁle&bnﬂoﬁp AL 76 1H @ Isssi%lzgun?%mmm the

pertformed on an LB plate containing ig

k i OrpBETNQ00S (SEE IDON®E 739! Bnhegromoter
mgggmibﬁlé%u?éé%ue%ﬂ%nbLé)l iquid 18 rrggi um cont?igni ngeI:sLOO

t gdvelvisanaexpiresséon of al proteid relatd@@ frepliddkiomour s, and
then the DNA was purified using a G- Mcro Plasmd

P[@I20J t t o(Bkisapie SREGHESR ctiotlSfl§huktle waetaisned

PRET1132 was digested with Psi |I for 1 hour and then

el ect r phocesstrhation. @oaaghutse, vedioch besweare Readodtecus
confirmng lack of cleavage of pRET1132 by Psi T. As
ceimhirsl snd Hereohiette Réodop&Edilsl piasanids nﬁéﬂ@@% ¢RET1100
digested with Psi I, and pRET1123 digested with Psi

| and 0pBRETI G nand the) Lorsi ydasmadsf pldkdfes pHNG299 and
vector - 4 A clone was constructed having a pronoter
apHSG39%avereged fozdhe hedewdag iexperaeitor enent i oned
shuttle vector. [0153] A clone was const rfgct e&je havi ng .,
a[@21] si t BlspsPNAfragments werercpaigs, rogt K. ervihropolis

oBlastHi S Wrw BRI, raRRNGS SBBAd 1§ ta Kb ARURAI IAY Were

Hggfa-lrﬁgd %qgneldR.t grythropolis (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 pRET1000 was obtained from R.
rhodnii (JCM3203), and then Drd 1 was used for digestion of
pRETI1000 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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the C-terminus of the anmi noketone asymmetric
reductase. PCR was 25 conducted with KOD -plus- using
the pMAK-1 obtained in-Exanple 7 as tenplate, MAKPstF
(5'- 66 GACCACTGCAGATCAATCAACTCTGATGAGGICC-3; SEQ ID
NO 82) and MAKH sBgllIR (5'-
CCCTTAGATCTCAGTTCGCCGAGCGCCATCECCG 3; SEQ ID NO 83)
as primers, with an annealing tenperature of 68C and 5
e L O ' or 1 mnute and 50 seconds. A PCR
frﬁgsggg%%ﬁ]{?%ggeé@gogfoduced by di gesting the obtained

PR N rler ¥ R pepaie I8 fhe £ col

hanrs. VPR . . ror
Bgi}t{s;ﬁlnd*é. urg ﬂtél'l‘)% h%l@g(cﬁh%lnﬁ{gj tHE 089 &q}]lmggsdlstance

at 7C tor ours) using Ligation High,

 Ubefic QoA Nty o digdniad WNitsSihnd O atr30NCOMGERY dlouet, and

co/ cells, "which were plated on LB agar

WFPIS(HEQQ ng@mﬂaﬂﬁn Qhe/ Kanamyicihlresiotamne aldnewq®hb) and

stand at OC for 60 hours. The appearing col oni es
HSGBH8 uesntainings hbki oblorampligni¢luicdistagiéaingene (Cm

\c/:vgnt ai ni ng(loo g/ m% anpicilli n}:glt% 30C for 60 hn%urs.( R

TherON&i sssedd uyithi Eingsihata3BXTIor M dieurBl &snblstabr epNA

Kit. 15 The obtai ned DNA was confirned by 0.8% agarose

gétageh @t ndih arads prasmid) H8dEh Foeresdissdnicdgn Tlhe DNA

wi t hout restriction endonucl ease treatnment and the

DNN 241t er diddemt ligating tthe ASNA famginBgts frionatthe Rhédwcoccus

2 hours were subjected to 0.8% agarose gel

ehrd 5. aptibpesimsds prepared intthegranperadedctibedsalupicaithey were

based on the size of the DNA. The 20 plasm d obtained

i nsedifer transformeationdins EgralidaHde:, prinichavemmplateg en LB (1%

mar ker used was Loadi ng Quick DNA size Marker X/EcoFS

| miptephan, Oddebyeasti geweact, ptrsodiwma & ehatl nad) agar

B e aGNE: 1L by AN Br i 00l BHE FrabS TR 30
¢ BaBPL S RretBReniSOT, padted b Malbid ff PN LPARE SEPpRopYL
o%—éaﬁgéogpcfe(ide%nay t4la/?: gg—gal (5-bromo-4-chloro-3-indole-3-D-
galactopyrancside) 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 pg/mL
kanamycin, 100 pg/mL ampicillin or 30 ug/mL chloramphenicol, 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 5,
and the methods for constructing each of the shuttle vectors using

pRET1100 are shown in Figs. 3 to 5.
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‘Rhodococcus-deri ved DNA fragnent was in the sane
orientation as the kananmycin resistance gene encoded
by pHS&99, and using as prinmers P 1200rep-Pst5195
(5" - AGCCGCTGCAGAAGCAACACCGCATCCGCCCATTG 3; SEQ 5 1D
NO 84) and P7 (5'- CGCCAGGGTTTTCCCAGICACGAC-3 ; SEQ
ID NO 85), with an annealing tenperature of 60C and
extension reaction for 1 mnute, followed by

di on w Tﬁ]}ﬁ? and Pst | at 37C for 2 hours)
a R?‘?g]EcoR ﬁ @T

site of nI\MK 2 (designated as
pVaEonst@jcted O [OlSﬂjutﬂlextOngﬁ? was conducted with KOD
Fﬂlgﬁﬁ dsing as tenpl at ?ﬁ%@o%%uﬁnd as OEI gghs

p( T AT OAO e o~

GH mrmmlmoo@wcme 3; se;pmumm

8 [bRITTH08HRETAT03HY, ! ?ET%HOG ?Iflcﬁgf Hdsq:%%sl e
p IIPE2 1EE1@]‘MFIL1Q’1K‘FT txm@. Qn h\/ ||\p & GEXTM
PCRRIMA] 302, SRETHAG2RPUpREEA100n Kit  anppHiNG@299

dil 9T P19 npRquqwme%@moeduct wi t hpHEGERE and

Bariy i 1 JophoTese b 8% 20
ad S n||r| ISHAd
a M%@t@mwm| %ﬂlmm ficati onpﬂﬁoé%e ”
DNARERYPEY! pRET | 20SEY apRBTINGEr t DNA. [ HIISIF398

S lcucly a VECLOr_t0 DE USed as the_expression

sh vecThe \shgttbbtwqt@ns bsonsteeted ny 1 BREPRIBBI 100 and
vvlth EcoRI and BanH 25 for 2hog(£q subj.ecting .t ?
DmUGTaBgn@HSGa% &% @éi$6§889évc@ signAsdedrpetyely as

O o L L P
: Péﬁﬁm%ﬁégﬁﬁﬁﬁcg%@gﬁ%ﬁgwﬁg \Aﬁ%?ﬁ% rshu%:le vectors,
DR B0, i SBpraillith: S m PRELITIL , exhibits

kanamycin resistance and pRET1103 exhibits chloramphenicol
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 pRET1103Rv (SEQ ID NO: 94).

[0127] Similarly, the shuttle vectors constructed using pPRET1000
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 pRETI201-pRET1203 and
pRET1201Rv-pRET1203Rv (Table 3).

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

erythropolis
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5 The obtained colonies were cultured on LB liquid
medi um containing 100 itg/nL kananycin, and then the
pl asmi d DNA was recovered by .using a GFXTM M cro
Plasmid Prep Kit and subjected to 0.8% agarose gel

el ectrophoresis for screening. The size markers used
were Loading Quick DNA size Marker ?/EcoR I+H nd |11
doubl e digest and 10 pRETI 132. The obt ai ned

e Ak RSOOSR ol 5
< ¥5redisd @3%@%§}‘§§§§§s°g%-2?’§é@&d?%p o‘?gg?gfétra"ﬁ‘% (MAK-
B
riheshppfod) PRRB Phsti bESATUahc dPRIGAHIA Scithop and
S T o P T i, e
t']lﬁteﬁ'ﬁﬁtg?ﬂﬁ”ePal%ﬂtpr hmMmOTDEREAA9) andidiag dnstitute of

| engt approxi mat el'y 800 bp,” and a plasm d was

C A\ SHdehem des Ve fignae BnaxT ety g# P Onienuanped, 8001 as

fromthis pronoter. The pronoter used for the cloning
WFERNE P45 10y BlRtrdporaivt whETAZORimaed usetheamethod of
tenpl ate, P1204rep- Ec2958 '
&%?ngeﬁﬁgﬁﬁTTCE¥(I¥KIJKIIJKIIJKJKIII¥(}3'; SEQ 25 ID

N

88) and P1200rep-Pst 5195 (5'-
GCAGREGEARCACOHAPOHSANBIIR! 3rafE@ras thadlaed to 5

84) were used as priners, and KOD -plus- was used as
t el FTOBRY ayediimrarPCRKurexh vatinshaking aenfeCafar 26 drours.
60C and extension reaction for 50 seconds. The PCR
priofiierc sepdingpr irfli eaf bylturs isoluthorcixT 160 Pok. oiALEanedium,
Gel Band Purification Kit, digested with 5 the ,

r eslturing was eontinueded I8 mrarati3086 fes0 hopgs. The cultured
hours, and subjected to 1.6% agarqgse gel ] o _
elcells ropriohasvestehby eerdribngatioRdARNTPMAS iR #7GY apyl the
usi ng a GFXTM PCR DNA and ,Gel ,Ban_(ﬂ Puri.f iBaaAti on ﬁt. insed
Thermested cglseneraeissed cwiee widk ulirapprifiogvatgre The rinse
nucl i . . °
%gllgovfwe?g 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 [.LL portion of the prepared competent cells and a 5
uL portion of the shuttle vector (pRETlOOl, pRET1002, pRET1003,
pRET1101, pRET1102, pRET1103, pRETI201, pRETI202 or
pRET1203) were mixed on ice. The mixed solution was gently poured
into a 0.1 cm cuvette which had been cooled on ice, and was set in a
Gene Pulser IT Electroporation System (BIO-RAD). After pulsing at
20 kV/em, 400 Q, 25 uF, the mixed solution was added with 300 pL of

LB medium immediately and was allowed to stand at 25°C for 3 hours.
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sequence of the pronoter region in the DNA fragnment is
set forth as 10 SEQID NO 77. [0160] Separately, for
the vector, pRET1133 was digested with restriction
endonucl eases EcoR | and Pst | for 2 hours and
subjected to 0.8% agarose gel el ectrophoresis, and an
approximately 7.2 kbp DNA fragnent was purified by
usi ng a GFXTM PCR DNA and Gel Band 15 Purification

S IauTDE 5L RO G S G b Bhes on an
B e T e R
i 308 ol Brefit). SH02 b5 o wers
CRELL T D RES RORRGE Y02 R RIISSCPI g

th W C i :
1 2 AR e S Med oAy B i BT MG oprained
9eLoRIBES CRRI ggl %ﬁf ?Eas[r)ﬁf\flgs,e?cﬂbnﬁ}asﬁﬁﬂs Siéfe TE14RIE and all

used were Loadi Size ~ 25 Marker Xl EcoR

| +iiehd vEEF PP Eio B8 sititdlepfetdr, 133. [0162] Al so,
after digesting the obtained DNA with restriction 70

eng?’mﬂill easeThis oo feted that Rl oF-rdpbRYican Bd tr\aﬁgfogmed by

subj ected to 1.6% agarose gel €l ectrophoresis an

DN& kiR iios OTan@s Pdndi PRET1002, SRETOXIORE ghd GIOET1202

bp inseft DNA was confirmed. The size marker used was

a hutcthon PNaéhb@alidesctoddie expression vector obtained in
5 this nmanner was designated as pRET1138. [0163]

(Ef@Ia8le 12) (Bxampalaf) Obtainingconhiokatendasymmetric reductase
erythropolis and neasurenent of enzyme activity The
af gereémigikaresd) expr essi on vectors pRET1102, pRETI 404,
pRET1114 and ERET1138 were used for transformation of .
R 10 Fhethobgsnieswinisdated frgina AnerywbragofishivbhBl-34 strain
JCWM895 (provided by RIKEN Ja an%, and the enzyne _,
acforvinsgrives ofigae madugernmnumto she sbutlovectas ghawy incFig. 5.
reduct ase purified from MAK-34 strain, has .
[0134] First, genomic DNA was obtained from R. erythropolis
MAK-34 strain. After inoculating R. erythropolis MAK-34 strain to 3
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 MAKF1 (5-
GAATCTTCTCGTTGATGCAGATCAGGTC-3"; SEQ ID NO: 80)
and MAKR2 (5-CTGACTCCGTAGTGTTCTGCCAGTTC-3"; SEQ

ID NO: 81), for PCR at an annealing temperature of 63°C and
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the abilities to react wth :

1- 2-net hyl am no-1| - phenyl -1 - propanone as described in
I nternational Patent Publication WO02/070714, and to
15 produce d- (1S, 2S)-pseudoephedrine. It was al so
reacted wth 1-2- di nethylam nopropi ophenone,

1-am no- 2- but anone, etc. and production of each
correspondi ng (3-am noal cohol was confirned. [0164]

< on . ( _
T e S IO BT T8 s P
R e S R e a2
ORIt i
SOficr 1 Y& 2 haths £P3GR8 /a1 Vatd®4BereWith Fu%gfé %?Q?Ltéon High.

sol ution was 1 ncubated with - shaking at 30

how et@ﬁﬂfquigﬁt(q@@zogb)(%s 283d ZorNwdhsformation of E. coli
-p

et hyl'am no) - henyl - | - propanol (EPE), which was

OpHB RO Hehovadsthehhlatedh e OB pigtuaiedivas (containing 100
acconpl i shed by HPLC.” The colum used 71 was an

| pnghd) AmpPiciBid) Qo had boan tdwtedwirht30nak, @040 IFYG and
acetonitrile and 0.05 M sodi um phosphate buffer (pH

649) X -and, athd wdst sltewed twastarat at e30°Eltfoni G havrg.22White
nm. [0165] The results of the activity assay carried
ociblondes kicse mebected fForr ansingvthé appabdtingecolthees, and were
PRET1104-i ntroduced reconbi nant cells |acking the
exwlgeredu svith cshmkeng riagldh leqnidbimetivabwontaining a0 pg/mL
activity as the pRET1102-introduced reconbinant cells

| ackpicidfin et 3ARC fam60ubeursas The A rwps pudfipnd from the
recombi nant enzyne expression was found. 1Q [016%,
vwbtainedestturerselugioronsipeer X | AvicronilagmidFrgprKit. The
hi gh specific activity found conpared t ET1104.
Tﬂg@mﬁ:ih N & wrst mxﬁrﬁhﬁ %Reﬂrl@g@@pﬁ@mlﬁa Panfgtsgra apatpwneel-
inserted,iat% the wvector functio as a pronoter.

[ Dheobtsined alprp If 5y AeEBAS fanM&KB - the specific
activity of _15 the onbi nant erythropolis K- 34
s Ql;ﬁdﬂ was 657@%?%%1%%%6@9#@ fpﬂ%%%eei‘ﬁ%or A
activi by ot h8G MRt one RHIMEAR rhaud@E BRe (nak
gene) were inserted into the shuitle 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 Pst I at 37°C for 2 hours. The solution was supplied for
0.8% agarose gel clectrophoresis, The DNA size marker used was
Loading Quick DNA size Marker A/EcoR 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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was 34.9 g/hnL/ QO D., and therefore expression of the
enzyne in R . erythropolis strain was confirned.

[0168] [Table 6] Vector MAK-34 JCW895 RET1102 1.0
1.0 PpRET1104 0.7 2.0 RET1114 17.2 not tested pRETI
37.7 34.9 20 Specific activity (units: g/hn/QOD.)
[0169] (Exanple 13) Purification of enzyne The

reconbi nant cells obtained in Exanple 12 were cul tured

at, <ot 33 e Srﬁ)seg‘tgﬁ%%.i nO]no%érLotﬁfeEmdﬂmegtor used was

us
cofntal ning 1 kananycrn; t s wer

h by: i ' o) f
N ELLISR ST PRI RO SIS Phoyss. The

DN S0P L LR Al i

t NGas YREA Tof AdhsPtn AR OAFE Joyi DIPS Al W&él@wer.@@ﬁated on

the protein was purlé)c?%d wi th a nickel chelate col G4m.

UPOB adf@iPiiédigint Nemitrdhg ePO®r 0d/@iln kanasRbeiAGRd allowed to

band og protein, which nolecular weight Is
apRafd aiBDeCYofH(PRGurswas observed. This nol ecul ar

wei ght is roughly equivalent to the nol ecul ar wei ght

of[(f1139110 a@n@ﬁpgeﬂﬁngmiWeﬁ_‘eedwmmemd&ﬁshalﬁag on LB
in Intérnational Paten Publ i cati on W02/ 070714, thus

i rigé eidt megithatortthmiagi IkppimE. kasmyeitr at30¥Tdor $9ehours.

was produced in the reconbi nant Rhodococcus strains.

[ OIHOIDNEX awph epuirdifiedEnrynethe gbtamhed: coliundd medium using a
0-am noal cohol 15 A 0.5 nL portion of reaction

soGEX ShMicns Rlasmid Phep Kit.i Thedbteimeg®NA. Bagconfirmed by
obtai ned in Exanple 13, 5 mM NADPH, 120 mM Tris-HC

( pH8 % aparnae gelrele@ropherestseact ed at 37C for 16 hours.

The substrate and product (EPE) were anal yzed by HPL

THO1dOlum Ieedsanaeniag, | ther tebtrinmd 3DNA™ withown reﬁt?“ection
°! gfdrgnuﬁgas%qtgggt?gelﬁ?nd the DNA after digestion with Pst I 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 size
marker used was Loading Quick DNA size Marker A/EcoR I+Hind 111
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 oﬂf shuttle
vectors is effective for expression vector enhanccment, gene
modification, transformation efficiency improvement and replication in
cells.

[0142] First, shuttle vector pRET1102 was reduced. After
digesting pRET1102 with BamH 1 and Hinc II for 2 hours, it was
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20 acetonitrile and 0.05 M sodi um phosphate buffer (pH
6.0), and the detection was carried out with UV (220
nm. The results confirnmed _production of EPE. [01711
Simlarly, the purified enzyme or the crude enzyne
extract obtained fromthe reconbinant cells cultured
as described in Exanple 25 13 was reacted with

1- 2- di met hyl am nopr opi ophenone and 1-am no-2 but anone,

oclos RO AsREY 3 9050 aedfory EREORR hitpropiately 2.7 Kbp
Qﬁzﬁsﬁ@%@é@e‘%ﬁ%@oﬁe&@i @%ﬁﬁﬁ‘vﬁ?e DR AR GEE Band
mopo&s angi @'e %Ic%ggg odm ﬁi)j ﬁﬁ%#%nt The size
R S Y Q5 DA SyaRE B2

stdo%rbql %@ nore efficiently produce am noketone
asyrme r'educt ases. They al so permit nass

ag[emp on cs‘ 35&: §NDINES fHapghéist E‘Splﬁ'éﬁlﬂekﬁi ‘E‘ecoh was

ric ‘tases in transformants.

é‘% §@9 i HS’(QZ@@%HH‘B’&RH F%n&eH%tﬂﬁef(ﬁeﬂ hours,
grt as ‘SE . A DNA fragnent

C'@ﬁbﬁé‘dtﬁfg iteeo WS?’&'&@&&‘@S&@GB cdesioplRorests, re@ eecovering an

having the nucl eoti de sequence set forth as SEQ I D NO

7 tppoxitnaiely 012 kbpCDNArfabirenbhsing abaF0eT™ #CR DNA and

belonging to the genus Rhodococcus and E. coli, and

c GelrBahd Pueifidaaion Kior partial  DNA fragment thereof
according to claim1 or 2, and a DNA region

r §pld4pbl e TheEDNAI fragﬂ:(brﬂs vmmdcgaiedahﬁhalct@tnoneﬂ@ly and
bei ng constructed using a shuttle vector accordin
clGompatens. Htglymsousmgioammfm&nam cdnfr icolingVe 9 cells
plv?hslrghdwcé;e Et)ﬁlg\n plated on LB agar medium, containing 100 pg/mL
lcanamycm, that had been coated with 30 uL of 0.1 M IPTG and 4% X-
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 pg/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 reducéd 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 Il for 2 hours,
using Blunting High for blunting of Ithe ends, performing 0.8% agarose

gel electrophoresis, and then recovering an approximately 3.7 kbp
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fragment according to claim1 or 2. 6. A vector
according to claim4 or 5, characterized by having 15
inserted therein an am noketone asymmetric reductase
gene. 7. A vector according to claim®6, characterized

- in that the am noketone asymetric reductasc gene is

a nucleic acid coding for a protein conS|st|ng t he
am no acid sequence set forth as SEQ I D NGO or a

BN B s wilie cF FER  BEREA R Fq’ﬁ‘?ﬁ‘@&m
o' Pl 108 gt pSE \%ﬁ% Loy, ik DA oRzR Marker
"’%%ﬁc‘%*i# FrEhF HoBBIC Serst, ThE DA Belgfiediaas thikited at
SR s OB RISGZ09 A g ielib Cir @%ﬂ?@%&%@ﬂsed
Oforauéh&ﬁbﬁhﬁpaﬁ' & Ehab g4 xggfchwap tHES llcga&da@ﬁ 4 B agar

havi ng a nucleoti dé” sequence conpl enentary to the

2131% 6%§n§ﬁhg{§ ggp @%/ggg%d@n&ﬁmmwﬁﬂ beshrdoaged twith

or a protein having

t ] k@(%WF MaPIaeid 494 Rdgﬁr i/ wakiaticwed & sénd at 30°C

ormant containing a v ctor accor di ng to claim4

Ofar 2 houtd- %Itéadb%ﬂfdm%ré sleated Aignt Athhe appearmg

according to any one of <clains 6 to 8. 11. nmet hod

f@éloﬁﬁé%duﬁhdoﬁlv&fe anlardoketonhadygmit rLB liquid medium
reduct ase, which conprises a culturing step in which a

t @malinih OFL /mm@mm ciroatc3 @i Ehfol 7Rshourkt (Pl DIMA was
medi um t ows grovvt of said transformnt, d a

ppmrxﬁedaﬁrom tHeepbitainetli chltthe smtinoketsing asﬁﬁ% i Blicro
reductase is purified fromsaid transfornmant obtai ned

LSS SR KD, hep HopLan et o
wiizrested arittadacokeBamH dsstel of EaeaRidcfarsd hours, all of the
clones had approximately 500 bp clipped at the side of EcoR I site of
the Rhodococcus-derived region. 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 to obtain pRET1006 (approximately 4.9 kbp).
[0148] R. erythropolis 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 shuitle 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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obt ai ned by the production method of claimHis
reacted wth an enantioneric m xture of an

a- am noket one conpound represented by the follow ng
general formula (1): 20 [Chemical Formula 1] O R N
ct~ RZ 'Ra wherein X may be the sanme or different and
represents at | east one species selected fromthe
group consi sting of hal ogen, |ower alkyl, hydroxyl

%ﬁéi 76 FRERYRIO et w BB ERIP o Peinephic, ok gene
or 1REREETERY T, M vk PR g TRterdBIC 02, S0
ls_gt‘(gﬁ(f']d f ;O‘T‘hgbgsrgf rﬁgtg of gg%’?i 179 c%‘hsﬁ'ﬁgféagﬁfglg%’ﬂﬂl&)rleg was

al kyl ; "an r S asymmetric car
sa . t C 1 . .
LB TRE o LA Do e ndld W Al dgeting

GeBRERY1 125 IR Fg) fo @ AGHISTEAhRETHHIwAL eeH 6F blunting

ereln X, n;
ha ioni iBAVI Kiti
hodr G ense M EiyeRor Figh nehoup for Baibe: TG Rton was
of ;88 eR AR b FEL LVE TAUI 093 s TompélentIgigh, and culturing
transtormant according to claim10 is reacted with an

was performed on an LB plate containing 100 pg/mL kanamycin at

30°C for 36 hours. The formed colonies were inoculated on LB liquid
medium containing 100 pg/mL kanamycin and cultured at 30°C for 24
hours, and then the DNA was purified using a GFX™ Micro Plasmid
Pfep Kit to obtain pRET1132.
[0151] - The obtained pRET1132 was digested with Psi I for 1
hour and then electrophoresed on 0.8% agarose, which resulted in
confirming lack of cleavage of pRET1132 by Ps¢ 1. As controls there
were used pRET1123 and pRET1132 not digested with Psz I, and
pRET1123 digested with Pst L.
[0152] (Example 11) Construction of expression vector - 4

A clone was constructed having a promoter and the mak gene
inserted in the aforementianed sh_utﬂe 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 asymmetric reductase. PCR was
conducted with KOD -plus- using the pMAK-1 obtained in Example 7
as template, ‘ MAKPstF (5'-
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enantioneric m xture of an a-am noketone conpound
represented by the followi ng general fornmula (1):
[Chemical Formula 3] 77 O R ... ( U \ RZNR wherein
X may be the sane or different and represents at | east
one species selected fromthe group consisting of

hal ogen, | ower al kyl, hydroxyl optionally protected
with a protecting group, nitro and 5 sulfonyl; n

Q%ﬁﬁ’&?ﬁ%@%ﬁﬁ@ﬁ@ CRASTETGRTCRROREECI2"9Q 1D
r esen t t ' : '
gj\g@p cons?stél’ gsof oﬂ;dﬁgg:ﬁl Zf}dsleic\)fm‘émgé%r;e and (5%
pg)ggggﬁgﬁgngTE@C@RG@G& q:diGU@G@?f . SEQ 1D

) active am noal cohol ~ conpound
r . . o
STEL 8, Plhd, LMY upeamng, ibeptin B 6870, and

ngfbns%n, gngﬁgéﬁ 141 nfiA¥ BhE S@ncdalisni t gNSRasragment

%ﬁ@ﬁpgﬂﬂﬂ[ﬁ&é@ %zz\éélng égequghrtggk%g%ﬁgﬁgé&&;tﬁﬁgl II at

am noal coho actording to claim13, wherein the

PRIYECEION hkd achsl Reatelow BRIPQETOY(digested with Sph I at 37°C
for 2 hours, blunted with Blunting High and digested with Bg/ II at
37°C for 2 hours) using Ligation High, and then Competent High was
used for transformation of E. cofi DH5¢x cells, which were plated on LB
agar medium containing 100 pg/mL ampicillin and allowed to stand at
30°C for 60 hours. The appearing colonies were cultured with shaking
on LB liquid medium containin_g 100 pg/mL ampicillin at 30°C for 60
hours. The DNA was purified using a GFX™ Micro Plasmid Prep Kit.
The obtained DNA was confirmed by 0.8% agarose gel electrophoresis.
[0154] For screening, the DNA without restriction endonuclease
treatment and the DNA. after digestion with Ps¢ T and Bg/ IT 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 AEcoR I+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 rep4
promoter (obtained by PCR amplification using as terﬁplate a clone of

pRET1204 wherein the orientation of repAd encoded by the
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" .active aminoal cohol is carried out with further

addition of a conpound 5 represented by the follow ng
general formula (3): [Chemical Formula 5] Rio AY ...
(3 R~ RS wherein A represents the follow ng fornula
(Y) or (2): [Chemcal Formula 6] RC (Y ) 10 wherein
R4 represents hydrogen, optionally substituted Cl-3
al kyl, a C5-10 hydrocarbon ring which is bonded to R8

coffPariaekBels SERYPL TN DR oS 1 86k S4B rgntarion as the
RERE ch fgation

e BFLEReL R afen belh g pRSQYH Rl rimers

. Leleds g

ST RRRREPPETE or °Ro: 5 Re represents mydrogen, | O

[ Let S .
PSR A e AT, sk
8- d i { i _2.
e Y| SOOI STCACGACS
21Ie E}H/ETQ ¢ NOWER 0 §6iRh i ARidaftingl feynithfiirkidft 6P (Chnf eixltension

10 R$ represents hydrogen, carboxyl, optionally

subsddtion 85k ClmPmatkbllowedSy igdstivrrbdiie®coR T and Pst I at

het erocycl i c skel eton containing 1-3 heteroatons

mlBgEC: %)rg%ms}t 2’{ Hg:ﬁ@‘coa{ CPHOl bitdrofephnK -2i (designated as
pMAK-19).
[0156] Next, PCR was conducted with KOD -plus- using as
template  pMAK-19 and as  primers pQE70FI (5'-
GGCGTATCACGAGGCCCTTTCGTCTTCACC-3"; SEQ ID NO: 86)
and pQE70R1135Bm (5'-
GGTTGGATCCGTCATCACCGAAACGCGCGAGGCAG-3; SEQ
ID NQ: 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 GFEX™ PCR DNA and Gel Band
Purification Kit and after digestion of the purified PCR product with
EcoR 1 and BamH 1 for 2 hours, it was electrophoresed on 0.8%
agarose gel and the DNA fragment was purified by using a GFEX™
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 1 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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RO represents hydrogen, optionally substituted Cl-6
al kyl, optionally 15 substituted Cl-6

al kyl oxycarbonyl, optionally substituted acyl or a 5-
to 8-nenbered heterocyclic skeleton containing 1-3
het eroatons which is bonded to RS or R6; and R10
represents hydrogen or optionally substituted Cl -6

al kyl, or a pharnaceutically acceptable salt or

PG SN Gl Harkly PaSlAlhyy, Ry s AT Bl o insort
LN VERE i, Mg 93 bed dor HEBUSESGR and
CaBegh: TS, SR IO AARiormition S35, 201201109 cells
Shicrer UK TR i
fﬁ@oﬂtaﬁﬁ&f% s gsg&“gg&ﬂﬁ%da&? TP i dIneaaant &ntaining

tcatccgag cgcttccce 0 "gaagactgtg ctctggtcga

9?99&&%&&9 Iest Ay &9C tandC e HEIPlARIICEAYAawhdecovered by
gaaggctggc agattatgCg atgcgactttl gtcggcgagt acgggagat a
t 96RORTEXTB0V 8t PRSI PAGORGE hed Q;ub!édtéd ¢8€:8% agarose

acccttcagc aagaccaggc ccaacgcgaa 240 ttcttcgctg

agapeldcaephicat 89 fopstreeptigatllie 478 nyakess dsed were Loading
Quick DNA size Marker AMEcoR T+Hind III double digest and

pRET1132. The obtained expression vector was designated as
pRET1133.

[0158]  Also, pMAK-19 was digested with EcoR I and Hind III at
37°C for 2 hours, blunted with Blunting High and subjected to 0.8%
agarose gel electrophoresis, and the approximately 1.6 kbp DNA
fragment was purificd by using a GFX™ PCR DNA and Gel Band
Purification Kit. The clone having this fragment inserted at the Hinc 11
site of pRET1102 was designated as pRET1114.

[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"-
AGCCGCTGCAGAAGCAACACCGCATCCGCCCATTG—3'; SEQ
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<211> 243 <212> DNA <213> Rhodococcus erythropolis
<220> <221> m se feature <223> 238bpto 480bp pRET1100
<400> 2 atgcttcatc cgagcgcttc cccggaagac tgtgccctgg
tcgagacctt caagcctggt 60 acctgccttt tcgagaagcc
aggagaaggc cggcagatta tgcgatgcga ctttgtcggc 120

gagt acggga gat at gcgcg agccatcgag tcttcggatc tgecgttttet
cgccaccctc 180 cagcaagacc aggcccaacg cgaattcttc

R AT e N R T
AT D355 P S R A0SR0 and
S5 2510h T 0, SAPRSCOMCCHORE AT O30S it by
SRR S0Pk N AR GRS R0, ORI i gesod it
:n%li%?reegﬁggtg&?cﬁﬁorﬁidéﬁg&p@dok %P P421>for 2 hours, and
subjected to 1.6% agarose gel electrophoresis, and the DNA fragment
was purified by 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 ZcoR 1 and Pst I for 2 hours and subjected to
0.8% agarosc gel electrophoresis, 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 A/EcoR I+Hind III 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 IM109 cclls, which were plated on an LB
plate containing 100 pg/ml. kanamycin. The obtained colonies were
cultured on LB liquid medium containing 100 pg/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 MEcoR I+Hind 11I double .di gest and pRET1133.
[0162] Also, after digesting the obtained DNA with restriction

70



10

15

20

25

<223> 477bp to 758bp pRET1100 <400> 4 atgactggac
cacaggagag aaagcgcaag gcggcgaagc cgtcgcggga gcctcagttg.
60 aactgctgtg aagcggacgt gccgaaacga gcaaaacagc
ccececggttcece ctctacgttc 120 gacctgcectca cggtgaagga

gact gcgggg ctgctgagag tcagtcaggc aactctttac 180
cggctgcttc ggagtgggga aggacccaca tacacacgga tcggtggaca
gat acgcgtt 240 caccgcgagt cgctgcgtcg gttcatcgaa

SRR A0 O A O G RP 0
agiatoltl byt e Sl arCaieti Rt e
Comp AL SO EAgAL 0, s i
et micey M
gﬁfﬁ& '?’?gg?Egﬁdtéc&%%@Saag‘g?@g?ggagggc gca.gct gc?? ceat .
CSUNESTLS ABARSIEZE P00 ot g riropols
Q%Qtlhbs&greﬁia{t%ﬁgnﬁég@ﬁaﬁyga acggct gaac gtgcgt at ct

ggctgctcgg 420 gctcgggt gg atat ggcgge tgccaggceat

aact coCEgl afGr@asdrticifed ekpaasiial vé&drs gFRBIY108g pRET1104,
cggaactggc ttctctgcaa ggcctcgagg acgacgacat tgggggctgg

S T¢t 940Gada HREFIABRItweagchgal cforlgcragfbemation of R.
ggt cacggat gatcttgcga 600 atggcagaac tcgactgggc

t Gopahrepblis AKIS4 qarainaiid t.gerghteuiiadCMBB9S (provided
et cacetate cgggggactg gcttacggtt gcccccaccg gcgcet gaggt

c3naRECEN 7TRPany! andgskgteimihe aacituityt wasaaggured. The
gcctggggea ttgectggat gggtgegtgg 780  aaaat ggagt _
Ié %nmummggmem: v uatasmpuuﬁ’gechﬁwm@dgg&ﬁécﬁt@aﬂ has
the abilities to react with 1-2-methylamino-1-phenyl-1-propancne as

(@)

described in International Patent Publication W002/070714, and to
produce d-(1S, 2S)-pseudoephedrine. It was also reacted with 1-2-
dimethylaminopropiophenone, l-amino-2-butanone, eic.  and
| production of each corresponding $-aminoalcohol was confirmed.
[0164] The activity assay was conducted by preparing a reaction
solution with a cell density O.D. = 3, 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. Confinnation of (18, 28)-2-(N-
ethylamino)-1-phenyl-1-propanol (EPE), which Waé -aminoalcohol as

the reaction product, was accomplished by HPLC. The column used
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gggaaggcag gagact egeg gaagct gcgg catgatgctg agctcttgaa
at gggagata 900 gcacgtgcag agggt gaaga cccaggtcgc
aggccgtatt tccgggaagc tccaagcgat 960 ggattgaagt
ttcgtccgtg gectttctgecg gtgtgggecg acgtcgtaga teat ceggac
1020 cccaaggaaa aagaaaagca cgtcagtgcc ggcact ggag
t ggact acgc ggagggcacg 1080 cgagggtcag atccgaaaag
gcttgcggtg tacttctcca agcatggaac ctttgccgac 1140

L 5 i T s
t1 g@%ﬁ%gﬁﬂﬁe é’ﬂ]fgjgggaﬁéé\g ?{’%‘%ﬁﬁ@%p;nég%gbgg@f t}g%gg() écagléi the
i it gy

BRSO TGRS0 PR BOOERA s e

tgacg : ct 1 ; .
SRS IO LRTTROR RN sebogimnt el

YacRine the @ onhblepPaddien 2Rt Zbo
rah@ggé’gur §h<ggggﬁ§g%4@; t%feg40%pnpRETﬂ?t§gm u£4’(£)1%)e> Same
6 fagftrpab ﬁ@g@@ﬁl BTyl sest easinblinkint kells lacking the mak
at ggcggdgctg ccaggcat aa ctcgccgtac gacttcgacg tggacgatga
agaeid 9969 RQhed@snatslgGind Abd atosARISamCEgABgatpression was
gatgacattg ggggctggtc tgcggagagg 120 gaaat agtgg
gcff@dct gc tcgttctcgg tcacggatga tcttgcgaat ggcagaactc
180 gactgggctc ccatgatgga tttgccgggc attcctgcga

t gpiigEdcct CRGei atandoRhatiopgofpRIEYd 11 dainggt MRK-34 strain,

ccccaccggce gctgaggtca aaaaacatct ccagacgttc 300

t t siada apetific castggg cwas g fogedt compared atoy plyEJddO0dgaa This
aat ggagttc 360 caaagccgag %ggctccgca ttttcacctg

t aialigged cthat dhe qeRBJ 1888 pead qeromaoter gegiaydyserted into the

agct gcggca tgatgctgag ctcttgaaat gggagatagc acgtgcagag

48%ectgpfgmetyencasagyonydery geccgt atttc cgggaagcetc

caagcgat gg att_%ilagttt 540 , ..
[0167] With transformation of pRET1138, the specific activity of

the recombinant R. erythropolis MAK-34 strain was 37.7 ug/h-mL/0.D.
while the specific activity of the recombinant R. erythropolis JCM2895
was 34.9 ug/h'mL/O.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
pRETI1104 0.7 2.0
pRET1114 17.2 not tested
pRET1138 37.7 34,9

Specific activity (units: pg/h-mL/O.D.)
[0169] (Example 13) Purification of enzyme

The recombinant cells obtained in Example 12 were cultured at
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cgtccgtggec tttctgcggt gtgggccgac gtcgtagatc atccggaccc
caaggaaaaa 600 gaaaagcacg tcagtgccgg cactggagtg
gactacgcgg agggcacgcg agggtcagat 660 ccgaaaaggc -
ttgcggtgta cttctccaag catggaacct ttgccgacaa ggaat atcag
720 cacgtagttc ctgctcaatg gcagaaaacg ggtgcgggac
ctggcaggtt ctggggctac 780 cgcggtttgt cgccggceccac
ggctgccacc gagatttect gggatgagta cctgctttta 840

L
g, O SO g 62 o
achBot JDGRAER 8L HE 20610 ARG FIELE SPATPERTIAY with The
SR ARG SRAR L fORg SEecligh, 6 cefis’wereMisrupted
?@f gg[?%ﬂn‘?c f&%%@gﬁf' SR psu@%n%ftgﬁpﬁfaﬁ %%Taine'dg?ceﬁﬂﬁ@@ation,

gC 'gaat ggfaga actcgactgg gctcccat

t C t ; '
BRI R R L o oo

gt . t a i )
S RIS ARRA sy SO soxae apprskoetich

¢ 9&918 £ oAt 4§ C Xeagellvo 00 aoe d. hi
F%%%— 03 %oos FY{Se@E}Zl?ce Iis?igng) g’t chfrcg?%erve This
at989aa98€ WRAGRORCEAINgaRAdoh ket 30 aht arblwulgag@ight of the
300 aaatggaga tagcacgtgc agagggtgaa gacccaggtc
gcanpsaitant tiseamendc Ieducastcdeswiledigobtttgadional Patent
gtttcgtccg tggctttctg cggt gt gggc cgacgtcgta 420
gapEtli catisn aVWO0AVHGT lbhadhasaaylicaiggcabily theggmantakgtone
agtggactac 480 gcggagggca cgcgagggtc agatccgaaa
aggsngesdc tretlactase twas gagdacgban $he regsonthingot Rhodococcus

acaaggaat a tcagcacgta gttcctgctc aatggcagaa aacgggtgcg

60firaiggacct ggaa ggttctgggg ctaccgcggt ttgtcgecgg
ccacggctgc caccgagatt 660 ) . .
[0170] (Example 14) Enzymatic production of @-aminoalcohol

A 0.5 mL portion of reaction solution containing the purified
enzyme (0.5 pg/mL) obtained in Example 13, 5 mM NADPLL, 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 arialyzed 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. 7
[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 S-aminoalcohols
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tcctgggatg agtacctgct tttatctcgc acgttgcgac gattgtcagce
gcgaacgaag 720 atctgggacc cggctttacg aggcggt agc
ggcggccaca gatggactaa ggcgatgatg 780 cgacgcacgg
ttacccggca ccgcttggac ctcgtgaccg gtgagattct gggcacgaag
840 acgcggaagg ttcgggcgcc agtgaagagg tttgtccgga
cttcgggata cctgtgtgtc 900 aatgacgggc ccgcactggc

t cgaaccctc agccgtcttc gtacaagctg cctgagctag 960 <210>
8, .<211> 948, <212> DNA <213> Rhodococcus erythropolis
<Y 9Q§§ﬁh§¢hscfeature <223> 1462bp to 2409bp pRET |

I <4 t aac tcgact c tcccatgat
g£§§?§%éggﬁﬁﬁﬁﬁ¥@@ﬁgg gatgg?gacgggo ctcacgta?c

¢ actg get {:ﬁ@%gl@éd Fbosec e gﬂaﬁﬂmsgagat siAfRaPEa8Es of
1 ccagacg cttcaaacg yttccaacgg gcctggggca

IR g 099 08 U0 et OfroR R ARNIUBBh LGS 28747k (especially

agycgct ccg cattttcacc tgtacatggt ccctcctcat

g a  JaZIFt KO, g t ghiddagh

a g%%%%@?%“%o%a&gﬁgchgcag agggtgggggé%cgggg?ggc o
agffed ahbmd fe0aSRAGCatibhaMEER aBlbad8dh ¥R a&tombination,
tfcgtccgtg gctttctgeg gt gt gggeeg acgt cgtaga 't cat ccggac

480y GA6IRIISRT RITFBAASFE] CabendtERC nageasiidantly produce
t ggact acgc ggagggcacg 480 cgagggtcag atccgaaaag

gahiifsReloRe! agdyirEiedc agedtiogras. Ct tTheggadscb4Permit mass
aaggaat atc agcacgtagt tcctgctcaa tggcagaaaa cgggtgcggg
apeédiasieg G0usafubtgugants apchediol! tanginodetoye casymmetric
acggctgcca ccgagatttc ctgggatgag 660 Page 5

FREL 386 19 ndTyfihantsence |isting) tacctgcettt
tatctcgcac gttgcgacga ttgtcagcgc gaacgaagat ctgggacccg
720 gctttacgag gcggtagcgg cggccacaga tggact aagg

cgat gatgcg acgcacggtt 780 acccggcacc gcttggacct

cgt gaccggt gagat ctgg gcacgaagac gcggaaggtt 840

cgggcgccag tgaagaggtt tgtccggact tcgggatacc tgtgtgtcaa

t gacgggccc 900 gcactggctc gaaccctcag ccgtcttcgt
acaagctgcc tgagctag 948
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<210> 9 <211> 924 <212> DNA <213> Rhodoccus
erythropolis <220> <221> m scfeature <223> 1486bp to
2409bp pRET | | OO <400> 9 atgatggatt tgccgggcat
tcctgcgatg gtgaccctca cctatccggg ggactggett 60
acggttgccc ccaccggcgc tgaggtcaaa aaacatctcc agacgttctt
caaacggttc 120 caacgggcct ggggcattgc ctggat gggt

gcgt ggaaaa tggagttcca aagccgaggc 180 gctccgceatt

ttcacctgta catggtccct cctcﬁ]g gggcaggaga ct cgcggaag
240 ctgcggcatg atgct gagcet 33@5 t gg gagat agcac

o 5eape50 ¢ GeERCERTl, 0K BSOORREERARY dgoce st or
tct
SRSl ot ce ceonacccs e
i t .
ggcacgcgag gal W%‘t P‘%&Ma&ﬂﬁaéwgﬁggc%gg ﬁ%tac}glt'omoter

t ct ccaag€a tggaac ccgacaagg a ca cgtag

54 .
b i e 0. 7

gatttcctgg gal gRGHRCCyvd a6t tréISCHézﬂ)IEC @8 2@tdiga $efbnging to the
cgacgatt gt cagcgcgaac gaagatctgg gacccggctt tacgaggcgg

t ag£998 IRod80c@ACAIRTRIIG0K] AR AdRprioHOa9asmid or partial
acdggttaccc ggcaccgctt ggacctcgtg 780 accggt'gaga

Lt Q99 ‘f?&‘%rﬁéﬁlg Aca€60 aeasdiihg 1adclednC PBrI22a84 G0 DN AL fegion
840 cggacitcgg gatacctgtg tgtcaatgac gggcccgcac

t ggeplieatsle iadi cadecgt 900 cttcgtacaa gctgectgag ctag
924 <210> 10 <211> 921 <212> DNA Page 6

FPO4- 039%, QOStechof( Cearaetartzdd bl thdhg cdisiracRrd dengr aushuttle
erythropolis <220>
vector according to claim 3.

5. A vector characterized by comprising a plasmid or DNA
fragment according to claim 1 or 2.

6. A vector according to claim 4 or 5, characterized. by having
inserted therein an aminoketone asymmetric reductase gene.

7. A vector according to claim 6, characterized in that the
aminoketone asymmetric reductase gene is a nucleic acid 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 forth as SEQ ID NO: 78  with a
deletion, insertion, substitution or addition of one or a plurality of
aminoacids, and having aminoketone asymmetric reduction activity.

8. A vector according to claim 6, characterized in that the
aminoketone asymmetric reductase gene is a nucleic acid consisting

the nucleotide sequence set forth as SEQ ID NO: 79, or a nucleic acid

that hybridizes with nucleic acid having a nucleotide sequence
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<221> m scfeature <223> 1489bp to 2409bp pRET | | OO
<400> 10 atggatttgc cgggcattcc tgcgatggtg accctcacct
at ccggggga ctggcttacg 60 gttgccccca ccggcegcetga
ggt caaaaaa catctccaga cgttcttcaa acggttccaa 120

cgggcctggg gcattgcctg gat gggtgcg tggaaaat gg agttc'caaag
ccgaggcgcect 180 <ccgcattttc acctgtacat ggtccctcct

catgggaagg caggagactc gcggaagctg 240 cggcatgatg

RO P SO RO 195 e
<SR NG B T cOREOL B8PSR amiookecne
ég}g@ggétglc%%ghgﬂ?ﬁta%t jgagggc acgcgagggt cagatccgaa

gtac t ccaagcatgg aacctttgcc

gacaaggagt ah%ﬁ%ﬁ?‘fﬂéma@éﬂt%ﬁhﬂ a%@torcéé&ﬁ‘a % claim 4 or-
aaacgggtgc gggacctggc aggttctggg gctaccgegg tttgtcgecg
gccacgget g ccaccgagat ttcctgggat gagt acctgc

t fatctcg cacgttgcga 660 cgattgtcag cgcgaacgaa

gat ct gggrg: Acaasfotragnveggaiungd vegoggccordingdo any one of
agat ﬁgia ggcgat gat gcgacgcacg gttacccggc accgcttgga
ccaég ‘80 ggtgagattc tgggcacgaa gacgcggaag

gtt cgggcpr Aanbdrrbhe woduetioaad eﬁﬂ@mlﬂ@két@)gﬁgl@ymmetrlc

oo dUsihsae alHieh QISR SUAUGDE Lo g MCh 2 aSIpbant
<2orBiy f2éRimRIYdo eonarsl B ddimolhas allsaa0sroveiblef said
m scfeature <223> 15| 3bp to 2409bp pRET 1100 <400> 11

at @aRgrREIant, tatcc gggggactgg cttacggttg cccccaccgg
cgct gaggtpy rﬁ@catﬁﬁﬁ iatwhidlcdgaaginoldtboaasgagnetric

; Lr‘fﬁ%@%%gs%tg e %i%%%@@a%@%%ﬁ%&é%?@?%e%ﬁqa%%&smng
18Qepage 7
12. A method for production of an optically active
aminoalcohol, wherein an aminoketone asymmetric reductase
obtained by the production method of claim H is reacted
with an enantiomeric mixture of an a-aminoketone compound
represented by the following general formula (1}
[Chemical Formula 1}

(Xn_ &~ v
| . (1)

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, nitro and
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FPO4- 0397- OOSG FY( Sequence listing) cctcctcatg
ggaaggcagg agactctcgg aagctgcggc atgatgctga gctcttgaaa
240 tgggagatag cacgtgcaga gggt gaagac ccaggtcgca
ggccgtattt ccgggaagct 300 ccaagcgatg gattgaagtt
tcgtccgtgg ctttctgecgg tgtgggccga cgtcgtagat 360

cat ccggacc ccaaggaat a agaaaagcac gtcagtgccg gcact ggagt
ggactacgcg 420 gagggcacgc gagggtcaga tccgaaaagg

ct&g 19t acttctccaa gcatggaacc 480 tttgccgaca
aggaat at ca gcacgtagtt cctgctcaat ggcagaaaac gggtgcggga
540rerfiBL A 291 S A0S 3; ccgeggtttg tegeecggeca
cggctgccac cgagatttcc 600 "tgggatgagt acctgetttt

atet §éhtk 1eGgaelayl; t gt cagcgcg aacgaagatc 660

t ggga ccgg ctttacgadgg cggtagcggc ggccacagat ggactaaggc
gRYadcBa #Rf beotre egincaot alifisanic andt tapgasattcat least one
gt gaccggtg agattctggg cacgaagacg 780 cggaaggttc
gageeiaagtlegta dooit thet @eegacbhsistiggavdchydgiggngtadatower
84 gacgggcccg cactggctcg aaccctcagc cgtcttcgta
caalel;geel gagctag 897 <210> 12 <211> 780 <212> DNA
<213> Rhodococcus erythropolis <220> <221>

m % edpratente asPRAneltiSombong 2409bp pRET | | OO <400>
12 atgggt gcgt ggaaaat gga gttccaaagc cgaggcgctc

camrad salt decreof goguaxdyce@n epticallcactivangyygaealyywbol compound
aggagact cg cggaagptgc_ggcatgatgc tgagctcttg 120
aaepoesgated bydbadgllgwingagograldarmada (3ygt ¢ gcaggecgt a
tttecgggaa 180 gctccaagcg atggattgaa gtttcgtccg

t Jgdhemnical Fogonda gdgc cgacgt cgta 240 gat cat ccgg
accccaagga aaaagaaaag cacgtcagtg ccggcact gg agtggactac
300 gcggagggca cgcgagggtc agat ccgaaa aggcttgcgg
tgtacttctc caagcatgga 360 acctttgccg acaaggaata

t cagcacgt a gttcctgttc aat ggcagaa aacgggt gcg 420
ggacctggca ggttctiggg Rkaccgcggt ttgtcgcecgg ccacggcetgce
ttyfgggat g agtacctgct tttatctcgce

wherein X, n, R', R, R? and * have the same definitions as above,
and having the desired optical activity.

13. A method for production of an optically active aminoalclzohol.,
whercin a transformant according to claim 10 is reacted with an
enantiomeric mixture of an ¢-aminoketone compound represented by
the following general formula (1):

[Chemical Formula 3]
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cgacgcacgg ttacccggca ccgcttggac ctcgtgaccg gt gagat tct
gggcacgaag 660 Page 8 FPO4- 0397- OOSG FY( Sequence
listing) acgcggaagg ttcgggcgcc agtgaagagg tttgtccgga
cttcgggata cctgtgtgtc 720 aatgacgggc ccgcactggc

t cgaaccctc agccgtcttc gtacaagctg cctgagctag 780 <210>
13 <211> 765 <212> DNA <213> Rhodococcus
erythropolis <220> <221> m scfeature <223> 1645bp to
2409bp pRET | | OO <400> 13 atggagttcc aaagccgagg
cgctccgcat tttcacctgt acatggtccc tcctcatggg 60
aaggcaggag actcgcdgaa gctgcggcat gatgctgagc tcttgaaatg
ggagat agca caghgg gt gaagaccc aggt cgcagg

ccgt at{xbec aagcgatgga 180 ttgaagtttc

gt ccgt ggc gcgatig tgggccgafg cgtagatca tccggacccc
240 aagga aaabigcacgt cagtgccggc actggagtgg

act acgcgga gggcaqgég 300 gggtcagatc cgaaaaggct
tgcggt gtac ttctc®aagec Bt ggaacctt tgccgacaag 360
gaat at cagc acgtagttcc tgctcaatgg cagaaaacgg gtgcgggacc
tggcaggttc 420 tggggctacc gcggtttgtc gccggceccacg
gctgccaccg agatttcctg ggatgagtac 480 ctgcttttat

ct ghepsiat K aapabdeattic shgroo differcgaagdirehieepsc at deast one
540 ttacgaggcg gtagcggcgg ccacagat gg act aaggcga

t geiepten eglavted drdac th€ Qdoupggeasising of dmbdogeant lower alkyl,
gaccggtgag attctgggca cgaagacgcg gaaggttcgg 660
gclggdastydaoptiegallyt prowcgghcwithg agprotenting  grogipcaatiga and
cgggcccgca 720 ctggctcgaa ccctcagecg tcttcgtaca
agailfizylga gctag 765 <210> 14 <211> 723 <212> DNA
<213> Rhodococcus erythropol is <220>

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 4]

- (2)

wherein X, n, R', R%, R’ and * have the same definitions as above,
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<221> m scfeature <223> 1687bp to 2409bp pRET | | OO
<400> 14 atggtccctc ctcatgggaa ggcaggagac tcgcggaagc
tgcggcatga tgctgagctc 60 ttgaaatggg agat agcacg

t gcagagggt gaagacccag gtcgcaggcc gtatttccgg 120 Page
9 FPO4-0397- OOSG FY(Sequence l'isting) gaagctccaa
gcgatggatt gaagtttcgt ccgtggcttt ctgcggtgtg ggccgacgtc
180 gtagatcatc cggaccccaa ggaaaaagaa aagcacgtca

g i ctivggcggagg gcacgcgagg
g?%ggg?%t%éggg%g%gta ugglg?gt agtgt ct ccaagcat 300

ggaaccipt gy gﬁgﬁﬁ@ﬁgﬁ ametid ¢ FOE &Hn %Pﬁ@hﬂ?cﬁ(&ixﬁé Gadhealcohol
gaaaacgggt 360 gcgggacctg gcaggcctg gggctaccgce

998441158 o CUHRF IS %ér@ﬁfﬁi@?ﬁﬁiﬂﬁm Aeth6€ e the optically
at gagt actt gcttttatct cgcacgttgc gacgattgtc agcgcgaacg
488iv@andhehRkehod 4§ eaaséd bupcdd Feeher adéganoetea compound
acagat ggac taaggcgatg 540 atgcgacgca cggttacccg
Ofepregaited adrt fdlaainpcgaigabiimielagdycacg 600
aagacgcgga aggttcgggc gccagtgaag aggtttgtcc ggacttcggg
af@hetngtdiF drbulagdjcaat gacg ggcccgcact ggct cgaacc
ctcagccgtc ttcgtacaag ctgcctgagc 720 tag 723 <210> 15
<211> 186 <212> DNA <213> Rhodococcus erythropolis
<220> <221> miscfeature <223> 2224bp to 2409bp pRET |

| OO <400> 15 @if'gat gcgac gcacggttac ccggcaccgc
ttggacctcg tgafcggtga gattctgggc 60 acgaagacgc
ggaaggitcg ggggccagtg aa‘ga@%titg tccggacttc gggatacctg
120 t atb\aggggcccgc actggctcga accctcagcc :
gtcttcgtad aagctBcctg 180 agctag 186 <210> 16

RS

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

[Chemical Formula 6]

O—=0

- (Y)
R4 N

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
heterocyclic skeleton containing 1-3 heteroatoms which is bonded to RE,

[Chemical Formula 7]
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<211> 183 <212> DNA <213> Rhodococcus erythropolis .
<220> <221> m scfeature <223> 2227bp to 2409bp pRET |

| O <400> 16 atgcgacgca cggttacccg gcaccgcttg
gacctcgt ga ccggtgagat tctgggcacg 60 ~aagacgcgga .
aggttcgggc gccagtgaag aggtttgtcc ggacttcggg atacctgtgt
120 Page 10 FPO4-0397- OOSG FY( Sequence |isting)

gt caat gacg ggcccgcact ggctcgaacc ctcagccgtc ttcgtacaag
ctgcctgagc 180 tag 183 <210> 17 <211> 432 <212> DNA
<213> Rhodococcus erythropolis <220> <221>

m scfeature <223> 1875bp to 1444bp pRET | | OO <400>
17 atgatctp acgtcggccc acaccgcaga aagccacgga
cgaaacttca atteptcgct 60 tggagcttcc cggaaatacg
gcctgcgaCCngg tcttca ccctctgcac gtgctatctc 120
ccat tt caag' agetlcagcat caigdﬁgcag cttecgcgag tctcctgecet
t cccat gagg 189"agggaccatg t acaggt gaa aat gcggagc
gcectcggett tgfgaactcca ttttecacgc 240 acccatccag

gcaat gcccc aggcccgttg gaaccgtttg aagaacgtct ggagatgttt
300 tttgacctca gcgccggtgg gggcaaccgt aagccagtcc
cccggat agg tgagggtcac 360 catcgcagga atgcccggca

aaihertinaR’ ggpagencadyidegget t €ilg3 calkyl agcaa5420 3-membered

gatcatccgt ga 432 <210> 18 <211> 291

heterocyclic skeleton containing 1-3 heteroatoms which is bonded to R®
or R’ ; 7

R® represents hydrogen, optionally substituted C1-3 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’
OrFf;

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

R® represents hydrogen, carboxyl, optionally substituted C1-6 alkyl, a
5- to 8-membered hetéroéyclic skeleton containing 1-3 hetercatoms
which is bonded to R* or a C5-10 hydrocarbon ring which is bonded to
RF;

R’ represents hydrogen, optionally substituted C1-6 alkyl, optionally
substituted C1-6 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 C1-6 alkyl,

or a pharmaceutically acceptable salt or solvate thereof, for prbduct_ion

of an optically active aminoalcohol.
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<212> DNA <213> Rhodococcus erythropolis <220> <221>
m scfeature <223> 1734bp to 1444bp pRET | | OO <400>
18 atgccgcagc ttecgcgagt ctcctgectt cccat gagga
gggaccat gt acaggtgaaa 60 atgcggagcg cctcggcettt

ggaactccattttccacgca ggeatLHsaadrcaat 96ehsa,120
ggcccotdgprRaecaiintga agaacgtctg ga atgtttt ttgacctcag
cgccggtggg 180 ggcaaccgta agccagtccc ccggat aggt

<11gaggaghCacChaticgcaggaa t gcccggcaa 240 atccatcatg
ggagccctgt cgagttctgc cattcgcaag atcatccgtg a 291
<1262 Nowel fHl@mids20dithenr2868 <212> DNA Page 11
FPO4- 0397- OOSG FY( Sequence listing) <213> Rhodococcus
<1387 yPHrBpol i s <220> <221> miscfeature <223> 1701bp to
156448bR-RRET, 1100 <400> 19 atgaggaggg accatgtaca

<159966R43a3at 0 cggagcgect cggectttgga actccatttt 60
ccacgcaccc atccaggcaa tgccccaggc ccgttggaac cgtttgaaga

<l68€@bct ggag 120 atgttttttg acctcagcgc cggt gggggc
aaccgt aagc cagtcccccg gataggtgag 180 ggtcaccatc

<17§e Xggalatvgoorcclggcaaat ¢ cat cat ggga gcccagtcga gttctgccat
240 tcgcaagatc atccgtga 258 <210> 20 <211> 231

<21 ;
<21%2]; > DNA <213> Rhodococcus erythropolis <220>

<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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<221> m scfeature <223> 1674bp to 1444bp pRET | | OO
<400> 20 atgcggagcg cctcggcttt ggaactccat tttccacgca
cccatccagg caatgcccca 60 ggcccgttgg aaccgtttga
agaacgtctg gagatgtttt ttgacctcag cgccggtggg 120
ggcaaccgta agccagtcchﬁﬁggﬁgﬁggngg ggt gagS at cgcaggaa
tgcccggcaa 180 atccatcatg ggagcc t cgagttctgc
«16akt cgcaag atcatccgtg a 231 <210> 21 <211> 138 <212>
<21DNAMK213> Rhodococcus erythropolis <220> <221>
<21 $¥seat ure <223> 1581bp to 1444bp pRETI 10O <400> 21
<213t dihedotdetug eidbwb@dagege cggt ggggge aaccgt aagc cagtcccccg
ataggtgag 60 ggtcaccatc gcaggaat gc ccggcaaatc
tcang: a gcccagtcga gttctgccat 120 tcgcaagatc

<22 >
t 22 Page 12
=22 g;§ EféY{Sequence listing) <211> 423 <212>

DNA <213> Rhodococcus erythropolis <220> <221>
<4003 scf eat ure <223> 2828bp to 2406bp pRET | | OO <400>
atgcddy @ hgOigg gagaggeaanagt eeceaatacgedt tcoagtt at ga

at gaagacag agacaacatc 60 atcgccaggt tccgcgtcga
ClEcRfiCHEFELgoTEeBer ety eat gt edsissiet Aftcgca 120

ct ccgcga acgacgaaaa ccgttatgec gcaacagaag acaat cgacc
weefigfe G RRC So0 it
<210=> 4
<211> 282
<212= DNA

<213= Rhodococcus erythropolis
<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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caact atcgc aacaacagca ggttgtcctg accgagctga cattggccga
ccacat ggaa 240 aagctcgcgc gggagcacct cgtttaccta
gccgacagag cgcgggagat gaattgcacc 300 tgggtagaga
taggtcagtc gttgggtctc tctccccacg gagcgcagca gcgcat cacc

360 agaagccgcc caaaa 997%%@9 CR aaagc
cctg%&@%%%%l\%é %9&:% oo atga zg %lg <211> 387
<212> <2

> Rho ococcCus erythropol is <220> <221>

tegtibS Efcpadatlda ot god 3r c éQAbattdeytcd4dbdnpe pRET | | OO <400>
23 atgaat gaag acagagacaa catcatcgcc aggttccgcg
zeutzegmaibgetcc egyocediodtetcbtecigpag)tradegrttma3dlt cat t t agce

actctcc gcgaacgacg aaaaccgtta tgccgcaaca 120
gag@%@é@%%%é%*@%&w@% ﬂﬂ@&@&%ﬁéﬁg&%cﬁf&%gég%caac agcaggt t gt
cte aa ¢ tgccagaca %‘%Q‘t% C%&C t gaaaagct ¢
Sy R S A e R e e R e
gaa%g%tgggg@mggc &@&g%agggmcgagg @gﬁtg@egggg%gg@%g cglgt ggg tctctctccce

cacggagcgc agcagcgcat caccagaagc cgcccaaaac
tetg GRG0 g ah et PYoaanagasatcelurgAaageegaaagpogcgt t ccgecg
cgtctag 387 <210> 24 <211> 342 <212> DNA <213>
AIPEU TSSO EPSAS RaipRe asatPgigreatgigace 660
FPO4- 0397- OOSG FY( Sequence listin C) <220> <221>
R TSV e S %%Cg%t%ag%ﬁ%% athE’ 1100 <400> 24

e BLIELACHEL +£RALA9200R. ! ALARM SRk 296POCaC Tt cogegaa

cgacgaaaac
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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cgttatgccg caacagaaga caatcgaccc gtgcggacac aactatcgca
acaacagcag 120 gttgtcctga ccgagctgac attggccgac
cacat ggaaa agctcgcgcg ggagcacctc 180 gtttacctag
ccgacagagc gcgggagatg aattgcacct gggtagagat aggtcagtcg
240 ttgggtctct ctccCQ%éggwggggg@ggggmggﬁﬁécacca

0>

a a cgac acgfiga asggacaaagcec
e b P A 9 01 1 T

gaacEbi? ot Pl €2t IzaRhodaeoaopusoenttdsopolicss <220> <221>
m scfeature <223> 2594bp to 2406bp pRET 1100 <400> 25

gaagiietyg aclses (qeticiceg ey erieaditiaed! egyrgaadicacléb agccg acagagcgcg
ggagat gaat 60 tgcacctggg tagagatagg tcagtcgttg
geclggacle e 5%?%”@%%%%@6&@%g3 tgeget#20*4%at caccagaa

ccgcccaaa acccgccat c cagcaaaaga caa cgaa aggcgttccg
T T ST T PR

ttcai Rcal Q@ CdhSc 1! 1; aia%at O%6O<221>
e SRS 4%%%9?% 240%%%@pRET 1100 <400> 26

caait @ aaic gega cohgggicagaccgataggleeagaagtitgggt ¢ tctctcccca
cggagcgcag 60 cagcgcatca ccagaagccg cccaaaaccce

gacigeeRieUaERT? Balauga clataratreetgalaengepec12® "Wt t ccgcgeg tctag
135 <210> 27 Page 14 FPCM-OBQ?-OOSG—FX‘Sequence

ggt%afftgéut‘ci c?‘@jcgcag geegtattle cgggaagete caagegatgg attgaagttt 5

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



<211> 336 <212> DNA <213> Rhodococcus erythropolis
<220> <221> m scfeature <223> 2971bp to 3306bp pRET |
| O <400> 27 atggctttga aagctgctgg caacgtgatt
cctgattcct ccgcgtacga gtaccgggcg 60 gttcaggtcg

agccgaagat ggt cagaaaa %Q-%%%%F?ng%gﬁéhﬁ%)t gagcagttc
gtccl:tggc at Q‘gﬁgﬁ-@&%%g&%%g&tg%&g&k & 05 cgatcgact

gcat t ¢gggt cgaccgg t Caggcaaca aggcaat cgt
anal@ @£ Ii0ac g GhdEeggacgiigatgoaacecggat gkt gcg 240
gggccggtgg agttctccga gatgattgec ggtttctggg tttcgegeag

gelceggletaeriige BOYcce gticietittzzee ggea@tic gél cgt cgcet t ct
ctctga 336 <210> 28 <211> 258 <212> DNA <213>

BRSO HCRES EE PP M BT e T e 331> Y scfeature
<223> 3049bp to_ 3306 RET.L 10O <4 28 atggtcagaa
g"g%a%gé%%gég&%%gé‘ ac aé‘%%‘%g%ggttggaétgtCéCana‘t‘gc? 8a8§§gca gaaggacggc
acc &cg @%%ﬂ%&cg&%ﬁ&%@& Q;g%cfggzgﬁ%tgéi’g{gg 68d cgaccggg
cat caggcaa caaggcaatc 12 gt gaccgtga cggttccgga
geaCOkgabgaa Ccggat gitdeee ggggesgaieggagisoct cc 180
gagatgattg ccggtttctg ggtttcgcgc agtggttcgg
toctgpagle epRgeecf tirelegs e epereac Al icagRacepeeaRet t72¢t ct ct ga 258
<210> 29 <211> 525 <212> DNA <213> Rhodococcus
atct%%gglcf ﬁggatg%:g Ia%gcgggﬁoz%?gggccaca gatggactaa ggcgatgatg 730

cgacgcacgg ttacceggea cegettggac ctegtgaceg gtgagattet gggeacgaag 840

acgeggaagg ttcggococc agigaagagg tttgtccgga cttegggoata cetgtgtgtc 900
aatgacggge cegeactgge tegaaccecte ageegtette gtacaagetg cetgagetag 960
<210= 8

<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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<221> m scfeature <223> 3577bp to 3053bp pRET I 1 QO
<400> 29 atgtcgatgt actgccctcc gctgaacggc cccagctctt
ccggagagag aacgaggcac 60 Page 15

FPO4- 0397- OOSG- FY( Sequence listing) ccggcaacgt
ccgagaacac cccgttttecygaetd coaaty, CCogeaAs tctcagegge
éggjm@&agg&%&ggn@&&gggs@%gg@&g%&kﬁﬁ pacgttcgeceg

cttgccaacC tgccgcaacc agcacaaaca cgagcacgag

gcttGEAAEQERACH QECAYR YpaAMagOLatddcE &geatdottggacatt 240
tccgaacctt tcgaggggcg acgat cagcg at cagagaga agcgacggcg

aceqp g traag! (B0 cezheredicat goaipgaasnart g8€¥gcgaaaccc
agaaaccggc aatcatctc aactcca 360 ccggccccgce

ng%éi‘fé& gt BewattEey ac& egg@g%%@wg&s%c g?ﬁ? cacg attgccttgt

C cgacc. cgaat t cgatcgacca

e shACEARERE ?%%wgt aCrtctggaa ot got cagag
ttcgggtctt ccgggtcttt tctga 525 <210> 30 <211> 519

<216232> DNA <213> Rhodococcus erythropolis <220> <221>
<21 9zf eat ure <223> 3571bp to 3053bp pRET | | OO <400>
<2130 Lagt act gcc ctccgctgaa cggccccagce tcttccggag
<2 lap&Ahelaeyuyytyjersbitcggca 60 acgt ccgaga acaccccgtt
- tcccacttc ggat cggccg gcactctcag cggcacagct 120
ooycggact gt g aacgat cact gaacacgttc gccgcttgec aacctgecge

dmggqggg§@ggpg§gﬂﬂqﬁﬁacgagca cgagggcacc cacacccagc
gcaacgcctt ttcctttgga catttecgaa 240 cctttegagg

ggcgacgat c agcgat caga gagaagcgac ggcgcttgcc gaaaaccaca
<40800@ tgcccgaacc actgcgcgaa acccagaaac cggcaat cat
algatdegigagaedt ctiggag giggotra 36@cceppgegaciat €0 cggttccat c

acgtccggaa ccgtcacggt cacgattgcc ttgttgcctg 420
m%%ﬁgﬁé%@ﬁFéo@%@E%@éﬁ?ﬁmﬁéﬁ¥%@%F%ﬁﬁ%Ecé%hccgg cgtgccgtcc

caa%g%%cg 6 Eﬁt%%égatggggg:a%ga%%%ggag@ gz%gécgg%gg%g 1%& ttccggat

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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<210> 31 <211> 564 <212> DNA <213> Rhodococcus
erythropolis <220> <221> m scfeature <223> 3339bp to
3902bp pRET | |1 OO <400> 31 Page 16

FPO4- 0397- OOSG FY( Sequence listing) atgtccaaag
gaaaaggcgt tgcgctgggtF}ngggggtogg(g_ngg tactead, gtttgtgetg

<2180 rn9hLHGI9SAR, 4Lt 9gcaage ggcgaac ttcagtgatc

gttcacagtc Cgaagctgtg 120 ccgctgagag tgccggccga
<22t€cgaagt gg gaaaacgggg tgttctcgga cgttgccggg 180
<22gedkdgintre t ct ct ccgga agagct gggg ccgttcagcg gagggcagta
<22¢atl t¥hicatlt P°PRET¢i0aggccag tt gagccgga gaggtt ggag

cgcgact ggg tgaggtcggc tgagtgecgtt 300 tcggcgtcga
~chg9ggtgtctc tgacctgttg gtttetgetc ttccagagtc cacccgtccc

é cG att. tcgttcgttc gt agt g. gcgagt gat g
sagiites e RS PO ARI e bl Lol el 908A801 9 9000 951 9
ottel COh ALHGEs Glhh o9l Glas LOCRIAARMGE 98000t gC 480
acagaacccg tactcgatcc gctcgttcgt cgctgtgagg tctttectge

cgg@raigepoaaat oty o bhtgcg teb GghaReggcaigagadctdtc 1§t ga 564 <210>
32 <211> 255 <212> DNA <213> Rhodococcus
cee @ity Rl spigcciceipggpsangp g sastpicefeaeier é1%<223> 3648bp to

3 ZbQ?%RET !Tt%glé OO <400> 32 at gaat gggt ctgacctgtt

90
“BEYE £ ERG EY SRt A G e T CR RGBT [gcgat 60

cgedeb &@labic Qs agaéc&%@&?ggﬁugg gt gatwgashact get at gagggt ga
t'aacccgcaa 120 “ggctgcactt ctcgtatgcc ggtttgggtc

geektClQCAARRR BALGYL §OL0GACRALARE COatER 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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gtactcgatc cgctcgttcg tcgctgtgag gtctttcctg caaggcaaat
cgttgtgccg 240 gaaggggttt cgtga 255 <210> 33 <211>
669 <212> DNA <213> Rhodococcus erythropolis <220>
<221> mi scfeature <223> 4366bp to 5034bp pRET I 1 QO
<400> 33 at gggcaccc 0ﬁ% gggq@g3gagg g&gg&m%gcgctggat

cctc@tt:f];té &g%g% Jg&gcrgggrg %%Etgcg #gcggcacag
cgaggccggc ccggtagaaa t t gatgctggca 120 Page

rggghgataﬁméng&@&ggg@aﬁﬁcaﬁt&eﬂggemm degegiabs1g 00 gt cagggcgg
gggact acat cgtcgccgtg actgcggttc tcgcggtcgg gttcttcgceg

ccadkBBIe geteetyt trgietetpe atiofgdet teteegr cytetlegtdzgigtie0 gt cgcagt ca
tcgctgcacc ggcgtggtgg 240 tttctgcgecg actgggaatc

Cam@%%am@@%%@?@a B A e S PT BEAR SR Gt aag 300
acacct g aat ccecc trgetcte tcecctiggec tgtcgaacgt
Al B SE (A A Gl e Tl 00C O

mg&gggggégma@g cGEAGACLL Bhat Blohbfad gggtgcggg%o sigcgeecggag

tcact gccga gagct tt gag aaagt t CgCC ct gCgCt ggC agacgcgat g

ccted Bt tBQ GG Y aanati@tgocaagizagagaaggt gogccceccggac
aggtccgcgt cagagtgatt 540 gatgaggatt cgatgaagac

tzeagteed) é“@lg@tﬁttat‘?@é‘@@?gﬁﬁgj@jt lelgepg g eSAicgto§et ggaa 600

t tcga tct tCC ag acgc cct ggttcgagca
el e Bt ) Lt G008 9302115 656

g tlelefeleteloyelbic) Qpokds <220> <221>

°g°?%ggs“§ °°%Eé§r 3 <%§%§!*44%%% pé:a e %%‘% %RET | 1 0O
cggaaggtic gogcgccagt gaagaggttt gtecggactt cggoatacet gigtotecaat 840
gacgggcceg cactggeteg aacccteage cgtettegta caagetgect gagetag 897
<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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<400> 34 atgctggcag tcagggcggg ggactacatc gtcgccgtga
ctgcggttct cgcggtcggg 60 ttcttcgecgg tcgeggttga
gggtttctgg ttcctggtcg tcgcagtcat cgctgcaccg 120
gcgtggtggt ttctgcgcga ctgggaatcg aagcggaggg ccgtacgggt
ctttgaacgg 180 gcatgﬂ%gggan§§§§géggmgﬁ ccggt

acg%%éagé:&cgég‘t}%cc Qﬁéﬁgga%%gcgé}itcﬁ &AL 728C9 g gtctc
tgccgaggtt gaggaagttt gaaac ggt cggggat acg cacactcgtg
anted&Qoc cbdchdioRt tofgactC R ety atidaaccachgeagagsagct t t gaga
aagttcgccc tgcgctggca 360 gacgcgat gg ggggtcaccg
ct gccaagta gagaaggtgg cccccggaca ggtccgcgtc 420
<Nﬁ@é§ gattg atgaggattc gatgaagacg ccgcgtgatg cgggat gggc

<§} atgtt 480 gtgctggaag aggatacgtt cgacggtctt

a_cgegatcctg gttcgagcaa 540 gaggggccgg
<2]'catcatgaglé g?ﬁ> 35 <211> 791 <212> DNA <213>

~sRhodococcus erythropolis Page 18

<22FPM G396 OOSG- FY( Sequence |isting) <220> <221>

<2208% S6f5emb Un@bZdET*1@410bp to 3200bp pRET | | OO <400>
35 acgcgcggaa cgecctttcgg ctttgtcttt tgctggatgg

g §ttttgg gcggcttctg 60 gtgatgecget gctgegetcc
a acccaac acctat ctctacccag 120
mg ?% %%ﬁg%%g% %8%@€ﬁgg?$?%Fglﬁ%?t%bg%baacga ggt gct cceg

aa, aa gotgegec ! e
ORISR Locplal sy gpoct e

cte@h0@taPh&o agg&g@ggtc@ggu@@ggta@a@@@gcgmggac gkegtt cgcggagggt
300 gcggctaaat gaattgcatc ctcgattgag cggagcattt
tigagglfreiegyaldicg ol g drgatys 88@atcategicgtcct2dd t gt ctt cat t
cat aactgaa gcgtattggg agtgttgccc tcccaccatg 420
Pepgr e RaReEE %%@‘%‘t Gageet %@%"é%‘&ég"@@tgfﬁac ¢%at agact ccaag
ggg%ca%a’gt at %%t t%‘l{sggtégé lttciccaagc a gatc% Cacc%a%%ggg Oat gatgtgtg

gggcg acct cgaaag

g @ld Glgide o CRkaY %&E&gﬁéﬁggg%&qgggaggt&aa@gt gat tcctgattcc

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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tccgcgtacg agtaccgggc ggttcaggtc gagccgaaga tggtcagaaa
agacccggaa 660 gacccgaact ctgagcagtt ccagaagcag
aaggacggca cgccggtgtg gtcgatcgac 720 tgcattcggg
t cgaccgggc at caggcaac aaggcaatcg tgaccgtgac ggttccggac

780 gtgatggaac ¢ 79152105 38 rs > 501 1 <212> DNA
gaagc] ?Cﬂg%%g&%%gcg%é{i}h&c%?%g %%%ﬁﬂéﬁo <g%ﬂ%)

m scfeature <22 00bp bp pRET | 10O <400>
otag3RatE tsh @t deRaianflg eQataalstdotio 60 GPlogpfaad C0t gccag

ctcctgaaac cgctggtcag 60 ggccttgcgg aatccgtgac
tacgegpategatcgabeetetcpdatycp agtagecty tegglattodasasg@ycfét gac 120

gat gt acgcg gcgcagctgc ttccttccag tcggtggcta actgggatgg
g Eﬁﬁ@%@@ﬁ%aégﬁﬁw'%ﬁ%@@%%@%%@%$ﬁ%@$$gg6 gcgcct ggce

ttagtcc t ggagat t tgatct cgca 240 ccgcgaac
el R SR e R e 1 E0 00t ggat at ggcg
Mﬂégg;m@gagggagg@%akg%@g&%ﬁ@ng&g@gﬁgth@ gacgt ggacg

at gaagagtt ggcggaactg 360 Page 19
angFrIRE4 2 3R At XG(GedelY{e SR cigene@atkias tanddgatg Jet t ct ct gC

aaggcct cga ggacgacgac attgggggct ggtctgcgga gagggaaat a
atgegIreca CEAMARTRRCACHfeRCTE $gtiteted EteeieatRigYtce e o° At gat ct t gc

aat ggcaga act cgact 480 ctcccat ga atttgcc 501
e gtitghiies spadigpurtiy S o peooe

LS BOFY o5 potEREtacss 8 9 odococcus
ca. (v C C. CIC! % %a. g % .a. r 223> SOOObp t o
o4 53 v s
tag 723
<210> 15
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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gatcctggtt cgagcaagag gggccggcat cat gagaaaa tcggcgggag
tatctcggat 60 tcctatccgt ctcgggcgct ctcagtacgg
ggaagacgtt ggattcgatc tcgctgcgga 120 cgccgctcac
at cgccat gc agggcaaaac ccgatccggc aaaagtcagg cgacgtacaa
180 cgtgttagct caggchi gngggggiggggmgg&&%gagtc

gmggﬁggg%%&gugagg&@&@%agé rack LRAGHGEL! Gsgagcccttca
aacat cgagg ggtgtccgag cct%acgtgg tttcgggact 300

tag gaat gcgcag gccacggt gg awsat gct ggg ctgggt caag cgtgagtctg
atcgtcgcat 360 cgaccagatg tggcccctgc gtaccgacaa
gttttecgag ttcggggctt cgttcccgect 420 gatactcgtc

<m§i ¢tcgaag agtttcccgg gatcctcgag ggggcagcgg acgaagacgce

:%}? iﬁcgcgttaggc cgaaaacct g ccgagcgtct cgcaccccgc

t cct aedigegtca 540 gatagcagcg cagtcggcaa
<magé%?%%ggle cggg?tctc ctgctctcgc aacgagcgga 600

«ofgcctcgatc attggcggca atgcgcgttc gaattteggg gtcaagatga

<22¢t e¢fiQgag@g@gs 660 ggacgaaccg gagtcggtga gaatgcttca

<228 CgAgcYet44begREIgyaag act gt gccct 720 ggt cgagacc
ttcaagcctg gtacctgcct tttegagaag ccaggagaag gccggcagat
780 tatgcgatgc gactttgtcg gcgagtacgg gagat at gcg

<1084 3 840
e d SR 202 B0 St AR L f L Coccacee
el 0091009 910031 geal £l IRC! AR, 35300202 gaaag 945

<210>7"38 <212> <213> Rhodococcus
ceatftbi@lRbtbagcat ey a2 Bdgoch tStectdc@adctiiePage 20

FPO4- 0397- OOSG- FY( Sequence listing) <223> 3350bp to
agg@udcRpaguiRbalaatb QR ¢4002ett 3Rammtcggititagegg 24)ggaagagca

cacaggcggc gcctgggaac agctgtggct accgctgtgg 60
m”@@ﬁ@ﬁ@@%%&”@&@%%@ﬁﬁ?ﬁw%E@%@%%@@%M@Fc ®ccgga tgecggegatc

agacgcac 120 at cgccgct acatc t c,gaacccgca
R e e Al i an S T eae b
mm%%%g%%agggagﬁg&g&gggam@ﬁ&&gg@Q&aqggaab@atCC tctgccgaac

gcgat cgt gg agaacccccg taacgggcac gcacacgctg
gatch@deggycgct ggcagagccg 300432

<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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ttcacccgca ccgagtacgc ccgtcgtaag ccgctcgect atgcggccgce
cgtcaccgaa 360 ggcctccggc gcgccgtcca gggggacaag
ggctattcgg gcctgatgac caagaacccg 420 actcacggtg
act gggacac ccattggctg cacaccgagc ggcgatccct cgccgagctc

480 gaggcggaac tcggcpl@%?g?%g@gg%g 2, .2G8% ctggc

<2199 RAFRCLGD FhLgGIcCat gagaac a tcggcctcgg
ccgaaactgc gccctgttcg aaaccgcacg cacctgggcc 600

<22baccgcgaaa tccgctteca ctggggcgac ccgaccggcc tcggggecgce
<22gatiketageg 660 gaagccgcac agat caacgc cacgttcagg
“22¥adedhgrd abmfgdaf§cc cgatgcactg 720 ccagcaagcg
agctacgcgc cgtcgcggcec tccattaccc gctggatcac tacaaagtcc
“@83 cggatgtggg ccgacggccc tgctgtctac gaggccacat
REEIE S58% 638900062, 340, £ 0080LEgCA 2021 gagt g
gé%éﬁ%ag ggc 5 9gaaac agc gacgaaggtc 900

cca e GO cga akdy 4 a tet, Cgﬁ)t ga 939 <210>
% <21 g % %%1%g§%%%%ﬂ%ﬁ%ﬁg%h%%%coccus r hodni i
atgtmﬂgmtca/gagzbggtg’gg@e bR aftadg cagt@ 23 gaBgiddap 18@ 2412bp
pRET1000 <400> 39 atgcggcgat cagacgcact ggatcgccgc
geiongraia BUERATEC CLANee eleasag gecatefgagiceed dacct gct cg
t tgaccacccg gacg gcge t gcgggcgcet gt cggcggcc
“gﬁﬁgf%g gatcatc ctctgccgaagggcgatcgtg gagaaccccce
gtaacgggca cgcacacgct 180 gtgtgggcgc tggcagagcc
18t bgacccgc accgagtacg cccgtcgtaa gccgctcgec 240
<21t:abgcggccg ccgtcaccga aggcctccgg cgcgccgt cc agggggacaa
<21gg@atsat t cg 300 Page 21 FPO4-0397- OOSG FY( Sequence
<21F+ Shedagprcus ggidobgat ga ccaagaaccc gact cacggt gact gggaca
cccattggct gcacaccgag 360 cggcgatccc tcgccgagct

aa ctcggcatcc acatgccgcc aacgcgctgg 420
ziggqgg gﬁ g@%ﬁgqgﬁcg t gagaacccg atcggcctcg gccgaaactg
cgccc % gaaaccgcac gcacctgggc ctaccgcgaa
atccgcttcc act ggggcga cccgaccggc 540 ctcggggcecg
<400gat ct at gc ggaagccgca cagat caacg ccacgttcag gaacccggtc
atgo@@@cg ccteggettt ggaactecat tttecacgea cecatccagg 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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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
- 19#dgefgaccg tgggcgctgaﬁ%%g&WQg%%gg%%ﬁgﬁg%ﬁhé <212>
<21PNANE213> Rhodococcus rhodnii <220> <221> n1scfeature

<2152 2802045 bpthicpolid412bp pRET 1000 <400> 40 at gaccaaga
acccgact ca cggtgactgg gacacccatt ggctgcacac cgagcggcga

<2260 tccctcgccg agct cgaggc ggaact cggc atccacat gc

<22¢y caa 120 acccgatcgc gccgt gagaa

=27¢ @63%%@6%”&&@%6% Jaa act gcgccct gttcgaaacc 180

gcacgcacct gggcctaccg cgaaatccgc ttccactggg gcgacccgac
~40899ect cggg 240 gccgcecgatct atgcggaagc cgcacagatc

atp AREHCEARG  LEADHRREHS 0L EAGANHE3R0 sRggcccgat ¢

cact gccagc aagcgagcta cgcgccgtcg cggectccattacccgcet gg

atcg3@Pkt tddcgtagtattgArgAGhicEHgahatiod tgggRcgaroggccct get g
tctacgaggc cacattcatc 420 gccatacaag ccgcacgcgg

ctetpcaese AReratas agftgarrrsigR Rgegeyatyiecsanc d&b aaa 480

cgagcgacga a cg gaacgcattg tgggaggcag accgt gggcg
can g8 e SIREISEESdS B 3PE A <2135

Q GUS. 20: > schkgature <223>

B R R R R
tggg‘Fa%@‘lﬂé’g%t&éto%@ctE%(o&%%%ﬁg@@aéch sdotdt@)c 36400> 41
agaagcegec caaaaccege catccageaa aagacaaage cgaaaggegt tecgegegte 420
tag 423
<210= 23
<211= 387
<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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at gccgccaa cgcgctggcg gcaaacccga tcgcgccgtg agaacccgat
cggcctcggec 60 cgaaactgcg ccctgttcga aaccgcacgc
acctgggcct accgcgaaat ccgcttccac 120 tggggcgacc
cgaccggcct cggggccgcg atctatgcgg aagccgcaca gat caacgcc
180 acgttcagga acccgﬂ%%ggnggggggggﬁgmgﬁ&g actgc

-sfagcaagcga gctacgcgcc 2 gtcgcggcct ccattacccg

<2761 ggatieaRd acaaagtccc ggat gt gggc cgacggccct 300

<22gebgl7et acweaggrrramat t cat cgccat a caagccgcac gcggtcgcaa
gat gagtgag 360 aagaagcgcg aggcaaaccg gaaacgagcg
acgaaggt cg accggaacgc attgtgggag 420 gcagaccgtg

<“)©@gctga 438 <210> 42 <211> 207 <212> DNA <213>

e RO e OEE SR PATe feroscae bhgessspreatif sCPeat ure <223>

cgtta365b tO 2120%21 gb(Q:c RETaca:lIE:QlQC tc §a4a9291€ 42 &I‘E(gggggCCt
gcg gatcca 5 at ca égccg gcgcggga ccagttcctc

g@@gga&g@&g@g@@gg&Qgﬁggﬁg%aq&gg%gggg&@ tHocgagct gc
gcgagcaggg cctgaagtac 120 cgcgagatcg ccgaggagat
gitt@ggaaiciser aRegyasngget gggaaagaicagat geacgac 180
gcacgcaagt acgcggtcag ctcctag 207 <210> 43 <211> 174
tiggipigtzicoqopag EperaesasriaeRfacd eBerseetvgaaiceee 990> <221>
scfeature <223> 2332bp to 2159bp pRET1000 <400> 43
m“@?ﬁﬁ@%@?ﬁ%c%ﬁ@&ﬁ&gﬁgﬁgﬂg?cctcgca gﬁggcagccg agaaccgt cg
ccgggccgtc 60 gagctgcgcg agcagggcct gaagtaccgce
-2198gat cgccg aggagat ggg aat ctccacc 120 ggaacggtgg
<21gaaggct cct gcacgacgca cgcaadtacg cggtcagctc ctag 174
<212> DNA
<213= Rhodococcus erythropolis

<220

<221> misgc_feature
<223= 2594bp to 2406bp pRET 1100

<400= 23

atggaaaagce tegegeggga geacctegtt tacctagecg acagagegeg ggagatgaat 60
tecacctggg tagagatagg tecagtegtig gotetetete cecacggage geageagege 120
atcaccagaa geegeccaaa accegecate cageaaaaga caaagecgaa aggegttceg 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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<210> 44 Page 23 FPO4-0397- OOSG FY( Sequence i sting)
<211> 330 <212> DNA <213> Rhodococcus rhodnii <220>
<221> mi scfeature <223> 3197bp to 3526bp pRET 1000
<400> 44 atgcctgcgg gttcgactcg atgtagcggc gatccagtgc
gt ct gat cgc cgcatccggtF}gQ_Og)@,g)@g@gggte@aggg atcg
—~icgad tgcca gtggccacag cggtagccac agctgttccc 120
<218g@B@gccgcecc tgtgtgectct tccaccgcaa ccat ggggaa cacactcaca
<216acaagalcag «I@Hpol@t t t att ccg gt acgacacg ccagccaagt
cagatgtttc ggtttctgga gcggtcctcc 240 agacctttga
<22gat ccgct cc agaaacgtcc acaaattatt ggggtacgtc gaaccaagcc
<223p@uscilpgic aggt a t cccggggtt ccgggggt ga 330 <210> 45
<22?2fﬁ7>1b13@?306%2‘19§;1% <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 4035bp to 3679bp pRET 1000

<1054090> 45 atggggtggt tattgcttgt tgcgtcgggg gccgtggecga

ato oo QO HPGLAP oo GITL Gt BR12GE YEUELANY s@L CTL Ct Cgy
gccggcacca ggatttccct ggttctgggt ggtgttccca 120

gtchREaagtgpat shicgeaatcgegihdeogmgyizgeegqit ginX t cg cttggecccca
agcggttacc 180 ggcacgggga gctactggtg ggatccgccc

AT BN SYERr e BEIAT CetcsEEicRet 1950280 BPaaacgagc

agt accggcg cctcgtgaca ctgcgecggt tgcaggggge getaccggtg
o ST TR G ST B IR o Dgggcct oo
ggg&%ﬁggaaﬁgﬁ&ga gg{ggt%g%%mgégg tttc<ggg30%>fgg%gggc 300

atgtogtttt cggeaagege cgtegettct ctetga 336

<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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<211> 318 <212> DNA <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 3996bp to 3679bp pRET 1000
<400> 46 Page 24 FPO4-0397- OOSG FY( Sequence i sting)
at ggtggccg gtgtggtctt accgcgccgg gatcgtctcg ggccggcacc

aggatttccc 60 tggttcg}gj,ggﬁﬁg)gg(gﬂigﬁer@gﬁ% gtgc

ccggctdf];cgtq: %a@l&c Q&Q&t@%&%ga IZQCtt gcccc
aagcggttac cggcacgggg agct act ggt gggat ccccc cagcgcgagc

acagkBé}g att@@eGYRECRadgeRgtd Gglcagt garaaagagscagt accggce
gcctcgtgac actgcgccgg 240 ttgcaggggg cgctaccggt
geggleeeior gt goraagey cayat egtitre gleegtiggyect gg 300
cgt cgacgcc gcttct %a 318 <210> 47 <211> 450 <212> DNA

t"cg@f?@ga%@&ﬁ%%ﬁﬁ% PRy Eoeess ey F0%i scf eat ure
accac% ce C aacc C aaacoc%saoag(): QREJ-!;%QOO aa§t§£0> 47 at ggCCgCt g
acgct cg 1gggacgac Tggaccgagy tccgcgccgc tgcttcgegg

chg:gccg(gﬁ&g:gégg@&g:ac%gggg@gcgﬁ L HABOMPCALC 4&0Caccyt gg

cggt gcggct gaccgat ggg 120 gaggaggccg cgt ggat cga
teedgRC gegahg cgergat ggancaccggangeitatiggsrgt gg 180

gt gcgt gagc gggcggt ggc cggct at ct ¢ gggaaggt cc gcccgaagac
ectiggge eieffagea 24 wegtigeyg aggedyccge ggaggt cgece

gcgat gcggc agcagat gac gaaggt gggg 300 aacaacctga
—~BSGRIat cgc gagggcgat c aacgccgggc aggtgccgtc gcagatggec
<21?’Eé19 gagtccctgc agaaggggtg gctggagagg tgggggcagg
<1391Nggggcg gat ggcggat 420 cggctcgacg cgctcgacga
<216€ RYGREIga etﬂﬁﬁp olis

<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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<210> 48 <211> 210 <212> DNA <213> Rhodococcus
rhodnii <220> <221> m scfeature <223> 4621bp to
4830bp pRET1000 <400> 48 at gtcggcgg aggcggccgce

ggaggt cgcc gcgat gcggce agcagatgac gaaggt gggg 60
aacaacct ga accagatcgc @%%%Eg%%%% aggt gccgtc
o EA0HAQEG I 20sesl gggtg& ioseh §d§§§f equence
l'i'sting gagt CCC gc agaggggg g gctggagagg t gggggcagg
ettt §OQOREY Qahage §galkatd fllacagggedcg@acgcgct cgacga
ccagggctga 210 <210> 49 <211> 177 <212> DNA <213>
cegRivgatoeroszciss erdamthgisghaaaca2 Opictee@ @ detigqegcfldat ure <223>

4654bp to 4830bp pRET 1000 <400> 49 atgcggcagc
%“ﬁ§§F§§8§%ﬁ%@@¥@§Qﬁ%ﬁﬁ%éﬁﬁﬁﬁﬁﬁﬁﬁﬁmﬁﬁa@%bcgag ggcgat caac

e sagrotr Dodguastas o0 Bucabaay “Fhaggoooa
cx@9699AhA00,FLEEARAGIR LGORCBALEA.D001 ga 177 <210 50

<211> 1 <21 ococcus rhodnii <220>
ceeggait g tiie Bt @adagts gogagteate attactgcta tgagggtgat 420

aacccgeaag getgeactic tegtatgeeg gittgggtet ctgeaaaaaa ctggtggtee 480

acagaacceg tactcgatee getegticgt cgetgtgagg tettteetge aaggeaaate 540

gttgtgcegg aaggggttic gtea 504

<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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<223> 4666bp to 4830bp pRET 1000 <400> 50 at gacgaagg
t ggggaacaa cctgaaccag atcgcgaggg cgatcaacgc cgggcaggtg
60 ccgtcgcaga tggccgagtc cctgcagaag gggcggct gg
agaggt gggg gcaggagttg 120 gggcggat gg cggat cggct
cgacgcgctc gacgaccagg G L9A. Oﬁwfg&)ﬁ g%ﬂngb 453

>

t DA 23280 ‘Ec t <221>
gcag ggf%at ure <g 533 bpg%%c 09bp "'pRET1000 <400> 51

gtcgﬂé@éiﬁégﬁﬁtﬁggtﬁ&%@@gi@@ﬁa gedLggegatetggtobgcgeyg atgtccgega
actcggtatc 60 ggtcagccgc cgatccccgg gcgcgcaccg
tiiclg@erayRgraashgesacactyeggdtitanre eseled@) 30cgcecgegttc
gt cgcggegg ccc ctc aa tcccgecece caccgggtcg ggtttttgge
22238y e PAlEcBH e @C weseglient®® 1 sti ng)

accet accgatccc t .ccegeccggea at cagccgge
Ctgc%%ﬁ%cgta%:ga%t% t%g‘[ ttcgag&% fg %Cac 9%&%@% ccttccececgg

cop&blz @l 18£R0a {AGHGE %éﬁ@gc@%&@t%éc%%gc%g@ 4@t cgctgccc
gtgctgatct tcgcgatcac gtcagccctg gtcgtcgagec gegtcgagec

geedblice gg@tBRgReAtegRROLeetaaRictRaicgReeaC 5acct ct ccag
ccaccccttc tgcagggact 420 cggccatctg cgacggcacc

salapgplie eErgte ergesiubBsepipgrreneaisigipdseadsd0 <212> DNA
<213> Rhodococcus rhodni i <220> <221> 6“ scfeature

e R B D B UGB %ﬁﬁﬁg?g?d%ggggﬁoé ©s5

geatcatga 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 gccacacc ggcttaccca cccgcgegtt cgtcgcggcg gcccgcetcga
agtcccgccc 60 ccaccgggtc gggtttttgg cggtgacctg
caccgat ccc gcgatcaccg tcccgeccgge 120 aat cagccgg
cccgectcgg tgcggtaget gtgcggggtg gecttcceccg gecccgtgecag
180 atacgccgcc aacccg%%ggngg&ggg§ C..cphigst gatc
—sblcgcgatca cgtcagccct ggt cgt g cgcgtcgagc
<226g9aLkLaasea tccgeecccaa ctcectgeccc cacctctcca 300
<22¢€ camBe oot gRrEagggac t cggeccat ct gcgacggcac ctgcccggceg
ttga 354 <210> 53 <211> 288 <212> DNA <213>
Rhodococcus rhodnii <220> <221> nmi scfeature <223>
<409331bp to 2618bp pRET1000 <400> 53 at gat gcgct
a"g@g@%f"”’cﬁf%& Lt &‘ijﬁ?&t&g eerEsct et g§tcaget ¢ gecgaget gt c
C atcggtca ttca ccce ggt ctgcc
oo b B R I R S HARRREE R0 gt D cc

gg@gks&g&g%§m%§g§$&@&&aygggﬁkgﬁggﬁcth@aCCgCg 180
tgcggcttgt atggcgatga at gtggcctc gtagacagca gggccgt cgg
tecaBRBR Al 06y cR4bet ggacidt ghagtgbgatBag® gggt aat gga
ggccgcgacg gcgcgtag 288 <210> 54 Page 27
g“%@@%gGB@¥W@ES@%§¥@8@§E@ﬁ@@“F%%&%ﬁ@)Nm<211> 285 <212>
<213> Rhodococcus rhodnii <220> _<221> m scfeature

gcg%‘*‘za%%aaﬁ%%t&ﬁtﬁgaf%g SEIBHY “FEE t566°2 24085 54 at gcget gga

. . X cgagct cgeg agcet gt ctge
B e T N T S R N

totebRQ AL Ga0Hh ALtIGlaQRG dkdfocang titgtgatee 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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cttcgtcgct cgtttecggt ttgcctcgeg cttcttcectca ctcatcttge
gaccgcgtgc 180 ggcttgtatg gcgatgaatg tggcctcgta
gacagcaggg ccgtcggccc acatccggga 240 ctttgtagtg

at ccagcggg taat ggaggc cgcgacggcg cgtag 285 <210> 55

<211> 336 <212> DNA_ﬁ%igsggﬁggggg f nii <220>
gcﬂ&& g t&g %&%%&gaﬁégg%g’c? % géi Q%aéggaaa%i’%%&p Y ET 1000
<400> 55 "atgggtgt cc cagtcaccgt gagtcgggtt cttggtcatc

e ROEC cgaat tageqs btgitg. Hhiocoeatggac p18gcgcgccgga
ggccttcggt gacggcggcc gcataggcga gcggcttacg 120

gelgetyg pegtizace t cggt gcggg t gaacdyct ¢ t gccagecgec cacacagcegt
gtgcgtgccc 180 gttacggggg ttctccacga tcgegttcgg

158 ggatga ttcccggccg ccgacagcgc 240 ccgcagcgceg
<“§§§)§nggt ggt caacgt c cacgacgagc aggttgctca atgcctgcgg
1] nadttcgactcg at gt agcggc gatccagtgc gtctga 336 <210>
<2196 rRusRdotds dBropsie 12> DNA <213> Rhodococcus rhodni

<220> <221> m scfeature <223> 1650bp to 2162bp
<22pRET1000 <400> 56 atgcggattg aactagttca tttggggaac
<22atmgadetiga t gaccgggga tcgtgaccga 60 Page 28
<22EpAEA0pmY 70bosE HYSequence i sting) cccatgctga

ccat cgccga ggcggt ggac gcgacgcaga ccagtgagag cacgat caag

32Q. caccgcctge ggtcgggege gttcccgaac gcggtccgea

nkhGEGHRG0 900 997 8100, L GRAELEO 9t gaCCL Al C
agcggcaggg ctgagaccag ggaaaat ggc gaaacctgac 240

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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ccggtgaccc cttcaaatga ccgggtccgt gacctggcag ctgagaacac

cgagctccgt 300 cagcgcctgg ccgtggeccga agccctggcec

agcgaacgca atcggatcat cgacgtgcag 360 caacagatgc

t ccggat gct cgaagcccgg ccggtgtcgg ccctggagcc cgcggeggtt

420 ccagtggcgg gtccgﬁ%%ggngﬁgggygg g..96%a5c9at g
ctggcccg

<2281 GIRGEAR¢ b AGEAISECC a tacgtcgacg
gcttctcgge tag 513 <210> 57 <211> 474 <212> DNA

<213> Rhodococcus rhodnii <220> <221> m scfeature
<408228> 1689bp to 2162bp pRET 1000 <400> 57 at gaccgggg
algghitqrg tegagaeta @ersatcgedggerc eat gt egecgyc g¥t gga cgcgacgcag
accagt gaga gcacgat caa gcgccgcctg cggtcgggcg

60
ceaglesf A CerRtrAY SRSt F TR Berecat RN g FYgaagt ggat
attccect tgacctat ca a t acca 180
gatcgceoct acate: C gga%cc ggggca a&%g}g% g%%a%% qg{g

ggaaaat gy ‘cgaaacct ga: cec Cttcaaat g accgggtccg

aclaBRECLHOLR 6400 e AL HALBRGHLHAAALE6T 146agCcgCCt g

gccgt ggccg aagccctgge cagcgaacgc 300 aatcggatca

gegitpRaghgcag ghaacagal-greaf RRgGal gradaggaafiiccg gccggt gt cg
360 gccctggagc ccgcggeggt tccagtggcg ggtccgcecge

theagegRep BAgREEES CORICEBR et AT Le e erta g3t acgggege
cct cc%%% atacgﬁc ag@%gctgctcg%‘cta f74 <210> 58
e FRG IO 589 aga%ﬁ\a SIHOHBEBE s Phodni i <220>
actcﬁ%% act%%&&f c%ﬁ‘%gu:rgecaégégg% odcb iRl Dap el 6400 PRET1000
< > at gct'gacca tcgccgaggc ggtggacgcg acgcagacca
225 @b PAYOGOAG Gl GOAYEYEtE0zpclAGE; RBogecgt 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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FPO4- 0397- OOSG- FY( Sequence listing) cgcctgeggt
cgggcgcegtt cccgaacgcg gtccgcactg ccgacgggaa gtggatgatt
120 <cccctcggtg acctatcagc ggcagggctg agaccaggga

aaat ggcgaa acctgacccg 180 gtgacccctt caaat gaccg

ggt ccgtgac ct ggcaget gF}%Q%?&/%&Q@Yﬁ checgh&ag 240
secGEGELOGGEA. LOORCORRACCALI0REIORdRgCaGnAl € g0al cat cga
cgtgcagcaa cagatgct cc ggatgctcga agcccggcecg
coeh@icCQORact kOgagacegggrggiic a3l Qbggcgggtc
cgccgecgec cgtcccggec gccgat ggt c gggcagcet ac gggcgcecctg
cggdh2@oc gyeeretrg Smeccep avgareigyeteatas e cgrgdtiag 4460 <210> 59
<211> 336 <212> DNA <213> Rhodococcus_ rhodnii <220>
2292585902 CROFIRRSF SATRERR Aoy Aq'peReisp crHo 285 218 pRET 1000
<4 attccce tcqggt ct atcagc a gggct gagac
cocfiei s sancaf g ak S SR R BRI, D00 e
acadeORECAGHL &t £OLOACCLAMG LABCIHARGARAGLCTRGCT C 120
cgtcagcgcc tggccgtggec cgaagccctg gccagcgaac gcaat cggat
cgeR@iiod gaegky c&k8isteLrgnageagastgeigaggat 79ct cgaagcec
cggccggt gt cggccctgga gcccgecggeg 240 gttccagtgg
“%@@@@@@6@@%a@@@@%%@@ﬂ%®%@ﬁ@@%@%%@%@¥@©f@@ggc agct acgggc

300 ccctggccc acgtc cttctc ctag 336 <210>
coniipyran Jig e g e o KR S SR gls T hodni

<220> <221> m scfeature <223> 1875bp to 2162bp
«1pREJ1000 <400> 60 atggcgaaac ctgacccggt gaccccttca

<1@atsgaccggg tccgtgacct ggcagctgag 60
<212> DNA

<213> Rhodococcus rthodmii

<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
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aacgccgagc tccgtcagcg cctggccgtg gccgaagccc tggccagcga
acgcaatcgg 120 atcatcgacg tgcagcaaca gatgctccgg
at gctcgaag cccggccggt gtcggcactg 180 gagcccgcgg
cggttccagt ggcgggtccg ccgccgecccg tcccggecge cgat ggtcgg
240 Page 30 FPO4- 0397526 70}%@@9@@ %%ehé |ng)
gcagct acgg gcgccctggc ccggat acgt cggctt t cggct ag
108881 <210> 61 <211> 264 <212> DNA <213> Rhodococcus
atgderOA Rpdoctoes? 2 ccsatdors S h@adsitlogr k23> 64 906bp t 0
2169bp pRET 1000 <400> 61 atgaccgggt ccgtgacctg
cgagelaggctepiicea aaﬁsgqug agetecd egteagogettecrggi@gt gg 60
ccgaagccct ggccagcgaa cgcaatcgga tcatcgacgt gcagcaacag
e ER PR e B GRGE igE%FCCgF@ %ft?fécz%%baéccé?‘f‘@agg&@ﬁ‘@&"@ 5599 gccct gg
cce ttcca C tcc 180 ccgcccegt
acgt%g aga% gacag tagg(?:égg?ct%cg% gzggggtacgg;c%%dggcgzcgggg—icgtC
tc ct cOREBYClbfdact@ C 2l C > < >
¢ %%Q <21%% <2g1;,:g):% %%d%%%cg%sg%r hodnii <220> <221>
getgita g fgachdatt €atcg A3 2aaBtape b GcebaIbPagRRETI000 <400> 62
at gct at ggg aggtatgcac ctttegcgcg ttatgtacgc atcctgggca
A ELFGEEHE LEANICLYIE CYNEETES 2oereHGTGHE PGt Ght gt t ct
t ggacat gct tcgccaggcc tgcgtectgtt 120 ccctacgcetc
gca%ag‘%ﬁéé?fg“é% ttctcgetct ctgct%gcag tcccattccg gattctcgac
180 «ctcggtcgcg gccgggtgge tgataccccg gggccgactg
<21690¢at ggtt ggtccctggc 240
<211> 207
<212> DNA
<213> Rhodococcus rthodmii

<220

<221> misgc_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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ggcgggccgg gggtttga 258 <210> 63 <211> 540 <212> DNA
<213> Rhodococcus rhodnii <220> <221> m scfeature
<223> 117bp to 656bp pRET1000 <400> 63 Page 31
FPO4- 0397- OOSG FY( Sequence listing) atgggaggcc
acccgacacc gctacgggacFﬁﬁggkgg&gnggﬁgggﬁgg gcgccggaag
190 33¢cgt ggact ¢ cggagcagaa acgccagtac gcgaccgcca
«1aageecaagc agaacgcccc 120 gcgaaggcca aggacgccgce
<2 1ga&at@eaes rgaggt cgccg gcggcggcet a ccagcgggac 180
gt gcgcggga tgaacctgcg actgtgggtg gctgaggacg gcgcctggtc
<§§gatcacg%gg 240 aagaaggacc ccgaccgcca gtacgccgca
< @F@ﬁgé acaccgt cgc gcaggcccaa 300 gccgcggcecca
<Z%@§E¥ Qé%mb%ﬁﬁggﬁ@ag gcccaggcega t gt ggaagca ggt cccggec
360 gacaagcgca ccgagtcagc caccagagcg gtccggcgcg
~40bgakcgcgga tctcaccccc 420 accaaacccg ccgaggtcaa
g REGE CRIULE 2CHLLHCHRAG0ANLABCGRNGACI0agt cg 480
gccccggggt at cagccacc cggccgcaac cgaggt cgag aat ccggaat
aga@ogachghgae bddeccaddfdoncpbostdlbradoce <P2D2> DNA <213>
Rhodococcus rhodnii <220> <221> nmi scfeature <223>
2ERAFRISEE T SO P FRETEERDO cack @ sa8alss gtfcgecg

cccaggagca gcgccggaag ccgtggactc cggagcagaa acgccadtac
m“%ﬁggggﬁgﬁ%ﬁ%%§W%g @%%&%ﬂggggﬁg%ﬁgécggbcgaaggcca
222 RHYRALHCLAC . 0 IOAGHH %g?ggmcg%%%&&}&% Cgpgcggcggct a
ccagcgggac gtgcgcggga tgaacctgcg actgtgggtg 180
ttatcaggta teceggogtt cegogggtoa 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

Page 24



gct gaggacg gcgcctggtc gatcacctcg aagaaggacc ccgaccgcca
gt acgccgca 240 ggtcaggccg acaccgtcgc gcaggcccaa
gccgccgecca cggccacagc gaaaacgcag 300 gcccaggcga
t gt ggaagca ggtcccggcc gacaagcgca ccgagtcagc caccagagcg
360 gtccggcgcg tgatc 5% &-teleacLehe . 2RGaaacccy

atgg‘%g%gcg%%¥ g@@ac@&g&ggcggg:&gt ngc%&%ggl QdggQaccaacc at
gccgcagtcg gccecggggt atcagccacc cggccgcgac 480

tegtGgageiegagtaabigcggaats agaasd gdegattb1020<210> 65 <211>
351 <212> DNA <213> Rhodococcus rhodnii <220> <221>

getigdesrg bapedetircagec@ 28 a806lsy ctnic@S6pcepRET 1300 Page 32
FPO4- 0397- OOSG FY( Sequence listing) <400> 65

“mﬁﬁaﬁéﬁﬁ?@%gﬁ%ﬁ?ﬁﬁ@ﬁﬁﬁggﬁ%?ﬁﬁﬁ@%%%ﬁﬁ%g%@tggt caat cacctc
ac, 6 accgce gt caggcc

e A e RN A BAREEE BYD Gocacag
CgK%g%@%ag@gaggcccaggcg at gt ggaagc aggt cccgge cgacaagcgc

80 "accgagtcag ccaccagagc ggtccggcgc gtgatcgegg

at ct cacccc caccaaaccc 240 gccgaggtca aacccccggce
<2l@eg€cgccag ggaccaacca tgccgcagtc ggccccgggg 300
<Nﬂhﬁ@hgccac ccggccgecga ccgaggt cga gaat ccggaa t gggact gt g
<g§ gﬁ' <210> 66 <211> 201 <212> DNA <213> Rhodococcus
2P S0mCrocE WY <221> i scfeature <223> 456bp to 656bp
-BRET1000 <400> 66 atgtggaagc aggtcccggc cgacaagcgc

2RCGHAULHARY ccaccagage ggt ccggege 60
<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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gt gat cgcgg atctcacccc caccaaaccc gccgaggtca aacccccggc
ccgccgeccag 120 ggaccaacca tgccgcagtc ggccccgggg
t at cagccac ccggccgcga ccgaggtcga 180 gaatccggaa
tgggactgtg a 201 <210> 67 <211> 1326 <212> DNA <213>

Rhodococcus rhodnii 522035 vl sef.eatune <223>
S48k, 0BT A B GRT

agagtcatcc gtggg Cg gtgcggcacg acgacgacca catccacctg
cooBbbacoQEdt@hah e ogaggt cgattt tcaggoegt g acct ggaaga

acagcaacga ccggtggaag 120 gtcgtcgagg tgatgcgcga

ggt cgaacgc gcgcacggcc tgat cgaggt ggcgagcccg 180

<2lga &gggccc gt ggccggca agccagcagc ggcgagcaac gccgcgceggt
z§}§ ccggc 240 aaggtggcgc agcgggacgg tct gagggaa
-t mgg%qgﬂ%&%pccgcga catcgccgca 300 ggccagggtg

gggggcg? cgaagt ggcg ctcgtacaga acccgattac ccgagtgcag
7360 Page 33 FPO4-0397- OOSG FY(Sequence |isting)
<220t @EQQgE@LA acgt cgcgaa gacgggccgg at gaat ggct acagcttcaa
<226€ HgRBCY B304 2fRETI@OQt cgacg ccgccgggga gccgat ct gg
ttgccggect ccaaactcga ccggggtttg 480 tcctggtcac
nggggggaaaa gacgct gacc agaccccgcc cggaccgcct cgccggcgag
agacggt gc cgcggaagc ct cgagcgc cgccgcgt
gy ELGREHC G 500 “BEEIBEGEY Afcagt tcgc
seeBHGLIEGE06. LA90A0CA00 60606038 ILL 993929 660
acggccgggc ggat ccgcgC cgaacagt cc gcggacacga agt ggaagca
222 0giQRRCEREht 72 BhatcBC@lob Gac GRagatARERACY 190CCgaggag
caggctgccg aggcagcgcg ggtcgcctcc 780 gctgtcatgg
gaggccaccc gacaccgcta cgggacatgc tcgccgccca ggagcagcgce
<21840Y cggaagccgt ggact ccgga gcagaaacgc cagtacgcga
zgﬁi fhaaagc ccaagcagaa 900 cgcgccgcga aggccaagga
<2é9 ﬁgg%ggﬂkg%accgagg t cgccggegg cggctaccag 960
cgggacgt gc gcgggat gaa cctgcgactg tgggtggctg aggacggcgce
96l ggtcgatc 1020 acctcgaaga aggaccccga ccgccagtac

<220€ e ae@Pke aggccgacac cgtcgcgcag 1080
<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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gcccaagccg cggccacggc cacagcgaaa acgcaggccc aggcgatgtg
gaagcaggtc 1140 ccggccgaca agcgcaccga gtcagccacc
agagcggt cc ggcgcgtgat cgcggatctc 1200 acccccacca
aacccgccga ggtcaaaccc ccggcccgcc gccagggacc aaccatgcecg
1260 cagtcggccc cgggagly %%ﬁ(ﬁ&§§9 gﬁf ﬁ&%%accgag
0> 68
ggthE%g 9%0% @%ﬁ&%g&i : %%oc%%%o rhodnii <220>
seeftZdib R ofleBied @Al @t @Rdz ﬁg&@apamm@ga b@ pRET1000
<400> 68 atgcgcgagg tcgaacgcgc gcacggcctg at cgaggtgg
gegs gerg e g ogptratlegre yepg elegici2 @B leggrrggraag Jetagcagegg
cgagcaacgc cgcgcggt gc ggaccggcaa ggtggcgcag 120
gﬂ%@: SRegteac i @ﬁbﬁgﬁFm$§?ﬁE%&§8@%@g gg%gaca t cgccgcagg
180 gcgttcg aagtggcgect cgtacagaac
%g%éagggé% d%gggt gcggcgcaaggz40 gt cgcgaaga
cgggcct gat gaatggctac agcttcaacc tgcccggcta cgtcgacgcc
<218002 gccggggagc cgat ctggttgccggect cc aaact cgacc
<21ggg@t tt gt c ctggtcacag 360 Page 34
< IEPOMN0397- OOSG- FY( Sequence |isting) ctggaaaaga
<2lggdhefaecsayhadticcgeccecg gaccgect cg ccggecgagga gacggt gecg
n 32 20 cggaagcggc tcgagcgcgc cgccgcgt gg gagcagcgcec
<2:>%%gqg%9t cggcggcgag 480 cagttcgcag ctgcccgetg
5 99306300G50695859@8 9 L g9t gagac ggccgggegg 540
at ccgcgccg aacagtccgc ggacacgaag tggaagcagg tgaacgaggc
gttgaccagc 600 caagaccggg ccgaggagca ggctgccgag
<40gaagcgcggg tcgcctccge tgtcatggga 660 ggccacccga
alge&eT gottacy cggearst getesgeogosgeggcageagdgccg gaagcecgt gg
720 actccggagc agaaacgcca gtacgcgacc gcaaaagccc

ccaceaic ARy SRR C B SEE TREricaEe E5%Gd8T g 2 cgcgaaat g
accaga cc cca ac cgc 840

R e e RHaT PRl BRI T got coat cac

mMg&QQQQQ@a&gggggmgggggﬁgﬁg&m@§@ég£@@g@mcgcaggtCag
gccgacaccg tcgcgcaggc ccaagccgcg 60

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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gccacggcca cagcgaaaac gcaggcccag gcgat gtgga agcaggtccc
ggccgacaag 1020 cgcaccgagt cagtgaccag agcggtccgg
cgcgtgatcg cggatctcac ccccaccaaa 1080 cccgccgagg
t caaaccccc ggcccgccgcec cagggaccaa ccatgccgca gtcggccccg
1140 gggtatcagc caccgggeed. L aat ccg
19aa3kgggact gtga 1194 %%?gggé@gggg@%%gggggggz12> DNA
1523 Rhodococcus rhodnii <220> <221> mi scfeature
<2132 28x00h3d pdtiio 656bp pRET1000 <400> 69 at gaat ggct
acagcttcaa cctgcccggc tacgtcgacg ccgccgggga gccgatctgg
<§§g¢€) ttgccggcct ccaaactcga ccggggtttg tcctggtcac
< @ acgctgacc 120 agaccccgcc cggaccgcect
=224g¢ ?éﬁwg%@ggﬁ gc cgcggaagcg gctcgagcge 180
gccgccgcgt gggagcagcg ccgccgcgag gtcggcggcg agcagttcgce
<40B9Ghgcccgc 240 tgggagcagg cccgcgcgaa tgttggtgag
iz QALH RS AO0G LIALLE §6ELLURRELATLELARO sogcggacacya
agt ggaagca ggt gaacgag gcgttgacca gccaagaccg ggccgaggag
tigcgdobha tRAGYC b LCGepHaGagCY g ggi-ageat ca2mct gt cat gg
gaggccaccc gacaccgcta 420 cgggacatgc tcgccgccca

ﬂm@@ﬁ@é@@é@@%@&@§é@%@©ﬁ“@@@@ﬁ@@@@ﬁcgé%baaacgc 480
cagt ac a caaaa C ccaa gcga aggccaagga
sec Al GEUSR LA B eas  EBS 0997 BOREORY( Sequence
el Ol LAGALLIATN] goggsgggcgg ngsct accag cgggacgt ge
ggatgaa cctgcgactdg t gggt ggct g aggacggcgc
ctggtcgatc acct cgaaga aggaccccga ccgccagtac 660
<21gecfcaggt c aggccgacac cgtcgcgcag gcccaagccg cggccacggc
<ll¢aé¥gcgaaa 720 acgcaggccc aggcgat gt g gaagcaggtc
<Ilge gaca agcgcaccga gtcagccacc 780 agagcggtcc
<”@© wgtysre the gﬁ-gatctc acccccacca aacccgccga ggtcaaaccce
,840 ccggccecgec gccagggacc aaccatgccg cagtcggecc
<xﬁ99%gﬁé%§9 gccacccggc 900 cgcgaccgag gtcgagaatc
<226998a1,00981261 Hrgqo@36 <210> 70

<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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<211> 153 <212> DNA <213> Rhodococcus rhodnii <220>
<221> m scfeature <223> 3355bp to 3507bp pRET 1000
<400> 70 aacacactca cacacaagat cgatttattc cggtacgaca
cgccagccaa gtcagatgtt 60 tcggtttctg gagcggtcct

ccagaccttt gagatccgct 120
g gagat ccgct pG6 A0R3CALYKE @f%%%stn}@ 1

mﬁ% %g%g&%%%g@%%%@%ﬁ%& a%%ogcc%ccus r hodni |0> Z%ZO>

cgecglleb 2o iades @t RRtithR ¢ edR3a 4200 ch0d3b0lzp pRET 1000
<400> 71 gagctatgcc cagggttgcg cagtgacttc gtcactgcgt

attcgraleT Htaggaicagcpataggrritdagaseal @zaapplelgaaac@dad > 24P <211> 325
<212> DNA <213> Rhodococcus rhodnii <220> <221>

°°g$f$a§?9f°5‘“éf“ﬂ3ﬁaé°g~%§?’§t>ga%°§$% Hggtg@“%%%%"gb R@?l 000 Page 36

cage cc@4 gccct Y( Se cecg%t% atczfcf ac%%: 0> 72
C,g g‘% tglg 6<ig gtg caggga agct gct gg gctcccagcg
Caa&%@g%éé CQancccgg cegglgtege ceclggagee cgeggeggtt 420
ccagtggege gtecgecgee geeegteceg geegeegatg gtegggcage tacgggegee 480
ctggcecgga tacgtegacg gettcteggce tag 513
<210= 57
<211= 474
212> DNA
<213> Rhodococcus rhodnii
<220=

<221> misc feature
<223> 1689bp to 2162bp pRET 1000

<400= 57

atgaccggge ategtgacct acccatgetg accategeceg aggeggtegoa 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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gt gaaggcag acgact gcgg gaggtaagtc gggtacggca tgaggtcctt
cagaagcggc 120 gtcgacgcca ggcccacacg cacaatccgc
ttcccacgag ggacaccacc ggtagcgccc 180 cctgcaaccg
gcgcagt gt c acgaggcgcc ggtactgctc gtttgacagg aact gcaggg

240 tcggtgagcet cgcgcﬁ% 89ﬁQﬂg§§? a %1gg ctccc
e e

<213> Rhodococcus

cce@dpyil b&c@@ﬁgciggcagggagsgaccsg%gﬂaaatggcgﬁﬁ.&@&mge 823> pRET1100
Ful | Length <400> 73 cccgggatcc tcgagggggc agcggacgaa

gigagarciyeeteet ctliagyeciracsaciametcgoepageeBe ¢t ct cgcac
cccgcatttc cctacgtg cgtcagatag cagcgcagtc ggcaaaggct

Cg"%%cg "EFGaRet &‘%ﬁ%&ca%%gégt"%%i‘t@%&atc t2e euarda Yggaggcecet

it cat tag cggeaat ttc at t ggggt caa
e e B L R e e R R 2T 5 2%
ggﬁgg&@ggga@cagg&%&g&gﬁgggg@g@&&gﬁg@&ggt@gicg agaccttcaa
gcctggtacc 300 tgccttttcg agaagccagg agaaggccgg

gec@agaleteategrt gadesgegact t t gt cggcga® 360 tacgggagat
at gcgcgagc catcgagtct tcggatctgc gttttctcgc caccctccag
420 caagaccagg cccaacgcga attcttcgct gaggagttcg

zgi @gtgga tccgtcatga 480 ctggaccaca ggagagaaag
5 69¢Aaggcgg cgaagecgt ¢ gcgggagect cagttgaact 540

-»19¢RglHaade s9gacgt gccg aaacgagcaa aacagccccc ggttccctct
acgttcgacc 600 tgctcacggt gaaggagact gcggggctgc

<22bigagagt cag tcaggcaact ctttaccggc 660 tgcttcggag
<20 ggoggaegga cccacataca cacggatcgg tggacagata cgcgttcacc

<22720827gcgadizbigRETdegt cggt t ¢ at cgaaccgc gt ggat aacg
t cacagagac agcgaaaacg 780 cctcccctgg gtcaatccgg

ttaccgccgg actgggggag gcgcttcgac acctacatcc 840
aaa cacttc cacgalaacg cagaggtcgg

at a&cccg}to accgat% cgg % av..g agaat gocoaaace
5 d%& 06" agadct gccg ttctcetegec gttgegegge
gm&%%%%&g&%%c%%%%%g %Q&@QE&&&%%&@&g 60 Page 37
F 0397 equence listing
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> Rhodococcus rhodnii
<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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gcagcgaagc ggagtcggca ggcgcggcac gcgcctggge ttgttacatc
tgccacaact 1020 gtccgtgaat ctctgccagc tcctgaaacc
gctggt cagg gccttgcgga atccgtgacc 1080 gctgatgatt
tttggtctca ttcgttcccc cgcgctgacg at gtacgcgg cgcagct get

1140 tccttccagt cggtgﬁﬁﬁﬁﬁ{ﬁgggg@g 9. £l gagagt
gca%cgl@&%?%tgcg%c Ectg%a@agéttc&%‘gc QctagdCOCCL gGHCY ttgtecgett

gagg gat et egeac gccgcﬁhacg aacggctgaa 1260

cgtgcgtatc tggctgctcg ggctcgggt g gat at ggcgg ctgccaggca
<21paact cgccg 1320 tacgacttcg acgtggacga tgaagagttg
<2lyegerhact gg cttctctgca aggectegag 1380 gacgacgaca
<21gt gct g gtctgcggag agggaaat ag tgggetggtc tgetcgttct
<2147 X9°008yHf €9¢ga t gat cttgcg aat gggagaa ctcgact ggg
—ftcccatgat ggatttgeccg 1500 ggcattcctg cgat ggtgac
2¢Cteacelad ccgggggact ggcttacggt tgcccccacc 1560
<28969%h 984kt caaaa@aca tctccagacg ttcttcaaac ggttccaacg

ggcctggggc 1620 attgcctgga tgggtgcgtg gaaaat ggag
ttccaaagcc gaggegetce gcattttcac 1680 ctgtacatgg

<40pe6tt cct ca tgggaaggca ggagact cgc ggaagct gcg gcat gat gct
AlgapEAL) cosipAsiSteiSr B AAtegpo'TeRIte e We eREc gy c atlgagggt gaag
acc%ag tc ca%%ccq;at 1?00 ttccg aag t ccaagcga
o R I (TR B P By Bhgce 1860
wGAE0LERLAG, BLEALEEA0A.6CARAAN0AR, ARA03ARATC acyt Cagt e
cggcactgda 1920 "gtggactacg cggagggcac gcgagggtca
cgc@BhECHRAAR BAGLHCIS el 3tdeble kB0 2agCcat ggaa
cctttgccga caaggaatat cagcacgtag ttcctgctca at ggcagaaa
gac@OulDcegelerggytegcgg gacct ggcag ittt ct ggggc
taccgcggtttgtcgccgge cacggctgec 2100 accgagattt
cctgggatga gtacctgcttttatctcgca cgttgcgacg attgtcagcg
:3236%; cgaacgaaga tctgggaccc ggctttacga ggcggtagcg
—9eggecacag atggactaag 2220 gcgatgatgc gacgcacggt
< 1bageegdeas 1eaet t ggacc tcgtgaccgg tgagattctg 2280
ggcacgaaga cgcggaaggt tcgggcgcca gt gaagaggt ttgtccggac
<220t cgggat ac 2340 ctgtgtgtca atgacgggcc cgcact ggct
<22¢tgaecdetica gccgtcttcg tacaagctgc 2400 ctgagctaga
<22@ysHypratirgBEtPegge tttgtctttt gctggatgge gggttttggg
2460 cggcttctgg tgatgcgectg ctgcgetccg tggggagaga
odagccaacga ctgacctatc 2520 tctacccagg tgcaa;gggt
get cccgce
e R e O B R R A Got o ggacaacct g
gach @ bk G REdR 1pgRkRGHE B iGEPERACYRY t cgat t gt Ct
tctgttgcgg cataacggtt ttcgtcgttc 2700 Page 38
cecthd2d <0893« OCESIFEYiE Gacpg enctcck ggtcicgng) 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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gctgagagtg cggctaaatg aattgcatcc tcgattgagc ggagcatttc
gacgcggaac 2760 ctggcgatga tgttgtctct gtcttcattc

at aact gaag cgtattggga gtgttgccct 2820 cccaccat gt

gt gccaat gc aggt gt gaac tgagtcacag tttctcaata gactccaagt

2880 ttgtgatcct tttagl, _29@,_069@%9 %efi&q\%gt gtgc
atgggllg%&%&ga%ccg&&gg%wa@g%go%gc Oago RBALS a grtcgaaaga
aggectegac atggctttga aagctgctgg caacgtgatt 3000

ceggicld adobgrbdan GGEFIcCH e Gh AQEYGICYaAYib@aggh cyg agccgaagat
ggt cagaaaa 3060 gacccggaag acccgaactc tgagcagttc
SLOaY SRy SR A cagy ReGyTascayarygcgrg geadk@le 1¥gat egact
gcattcgggt cgaccgggca tcaggcaaca aggcaat cgt gaccgtgacg
8239888 Bt ge&:fgcg%%é@tg %%%f%@%&&@etg@gﬁfcgfﬁgg cd*%ggceggt gg
agttctccga tgattgcc 3240 tttctagg t egcgcag
st e o b e O S L L B
gees &t OBE CAG AR E AL cUC 8EE LEERARAY AL I LO0RBAt gt CCaaagga
aaaggcgttg f360 cgctgggt gt gggtgccctc gtgcetcgt gt
gacdaf GtgeigQizc tycggcaggbeckgaoaagegoedd2d 40gaacgt gtt
cagtgatcgt tcacagtccg aagctgtgcc gctgagagtg ceggeegate
wCABE CCRIEANTY LYYERICLraE AT GGt aergaety t'¥Yccgggt g
cctcgttctc tctccggaag 3540 agct cc_gttcagcgga
itk YAy A B el e Yaga 3600
ggtt ggagcg cgactgggtg aggtcggctg agtgcgtttc ggcgtcgatg
«1gatgtctctg 3660 acctgttggt ttctgctctt ccagagtcca
<21¢€6@i ccccc cggcgatttc gttcgttcgt 3720 ggaaagtggce
<21ga@iNgat gat tactgctatg agggtgataa cccgcaaggc tgcacttctc
<2137 @Bodogtcas godgigt tt gggt ct ct gcaaaaaact ggtggtgcac
agaacccgta ctegatcege 3840 tcgttcgtcg ctgtgaggtc
zggpztcct agia ggcaaat cgt tgtgccggaa ggggtttcgt 3900
at gLt c ttt ttcgttccaa gttggtcatg gtggctcttg
m?}é%& °cge§bp§8‘gg&g§ ggcctgttt ctctacaacg cctgetette
ttctgacgca aaggaagaga teggeageag 4020 tctgaatctc
<40b€gct gt ca ctgctcgttc gaatccgtat gagggcgtcc agcccacgat
atgoAQ8H cecgibgrgaaaamBgagntigikaceegigeaigt ©gtttccgge
gacaggattt cgggggtggc 4140 atcgtgcggg acggattacg
sosTeerasgEes pgegescy st et hangctgtigeygat it ¢ 4200
tccgactcg gt gaactaca cactcgataa gaggcattgc ctggtgacga
gag*%%%ifé&%@t’ta &%ggaﬁ%%%%%“&%ﬁg% a'®agcgt cagg

gctgg%g%%%é%g%%c %‘E&Q&&% ga%%ggag&&%?t%g%%%cg‘&%@ 2fgatacgggt g

gctt gcct caa g gcaggat ggg caccccacgc

oot ARG, ac£6AR0EARCEALYREQGL GCHLAGIRaEhE gOCITL ggt C
t cgt gagcgg ggagaagcgg 4440 Page 39
gecfaR(Oda tRBOTecORBCedeX(cB@ansen ceadtiagt darrgdageg 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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cacagcgagg ccggcccggt agaaatcatc tttttgatgc tggcagtcag
ggcgggggac 4500 tacatcgtcg ccgtgactgc ggttctcgceg
gtcgggttct tcgcggtcgc ggttgagggt 4560 ttctggttcc
tggtcgt cgc agtcatcgct gcaccggcgt ggtggtttct gcgcgactgg
4620 gaat cgaagc 99&9&%%@9¥4ﬁ&999¢9%1ce9 gggcat
ggaaggggac acctgaatcc 0 cccgg tg ctctctccct
<40bggect gt cg aacgt ggcgg ggtctctgecc gaggttgagg 4740
ateA@ Gt bicgRaa cataeht £990gat-hegeataagiLcgtatttt ctttgccgece
cggagtcact 4800 gccgagagct ttgagaaagt tcgccctgceg
CWQW@gnm@qwgcaga%gggg@g%mgaﬁﬁgﬁpgwm4&€® Ihdagt agaga
ggt ggcccc cggacaggtc cgcgtcagag tgattgatga ggattcgatg
acg%@"?@% Cg%@&%é%%ﬁ'&gcéﬁt@'ﬁ%a@%f@%CC&ﬁg@ ggegada ]&Qt gttgtgc
agagoaa 1 49 gtelicec cgagacgcg
o L e s R 0 95020
gmg@g&ﬂ@gagéwa%a%&gggﬁ&m&&mghgag&%mkggggQ@@tC tcagtacggg
gaagacgttg 510 gattcgatct cgctgcggac gccgctcaca
tatcigCGe CRi QLB GHGeanaatceBgatanaggea 51681 aaagtcaggce
gacgt acaac gtgttagctc aggcagcagc gaacgcggcg gttcgagtcg
5220 t agggt ccga cccgacacac gtactcctgg agcccttcaa

<218t 4f cgaggg gtgtccgagc 5280 cttacgtggt ttcgggactg
<218
o gcagg ccacggtgga catgctgggce tgggtcaagc 5340

<mg;g@ cl.gaslggt cgcat c gaccagat gt ggcccctgcg taccgacaag
ttttccgagt 5400 tcggggcttc gttcccgetg atactcgtcg

<2bgct cgaaga gttt 5444 <210> 74 <211> 5813 <212> DNA

<2242 e fRedococcus rhodnii  <220> <221> m scfeature

<2242 2%bp pREADHEBOTRAY | Length <400> 74 ggat ccgcgce
cgaacagt cc gcggacacga agtggaagca ggtgaacgag gcgttgacca
60 gccaagaccg ggccgaggag caggct gccg aggcagcgcg

:t4(t) C C ctcgcc aca ! Ccaa% ccacc g I%QCCC %C&CCgCt a

8 f a & ¢ cc %@ %% éﬁj@agccgt 180

ggﬁ%égEQE&QQc&%ﬁ&%@@ﬁ&&g&ﬁﬂkéﬁgg&@m&&ﬁgaﬁﬁagc CCaagcagaa
cgcgccgcga 240 aggccaagga cgccgcgaaa tggaccgagg

geat@QEOgUSadc SOl AreRgcaggaacaigtgidtt. gegggat gaa
cctgcgactg tgggtggcetg aggacggcgc ctggtcgatc acctcgaaga

gaat@Eaa tggeactete a

<210> 67

<211=> 1326

<212= DNA

<213> Rhodococcus rhodnii
<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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Page 40 FPO4-0397- OOSG FY(Sequence |isting)

aggacceega ccgccagtac gccgcaggt c aggeegacac cgtcgcgcag
gcccaagccg 420 cggccacggc cacagcgaaa aegeaggece
aggcgat gt g gaagcaggt c ceggeegaca 480 agegeacega

gt cagccacc agageggt Cepgqeasghedty %QLS%L acceccacca
gtgc%écgeaa@ﬁ&‘é&g‘g‘a%@ggcogg&tgﬁ@ £ GGochid gug c @@ca ggacc

aaccat gccg cagtcggccc OO cggggt at’ca gecaccegge

tacR @Y ace@adga Glooghgaaigecoggant-gagattgt gagcag 660
agagcgagaa ggctttcgtg gagcgt aggg aacagacgca ggcctggcga

tectgrieaizgiesen cF20scagaacaccatacaghtegetzay F4ggt cggt c

gt gcccaggg tgcccaggat gcgtacataa 780 cgaaag

gag@%%%Peﬂé%%éia&Cgéeteg&%g@a%%tg%é@ﬂéae%tccgg@%f%gg%lﬂga atgat cttea

40  aacat att ctcgc gctttgot
R S i At h R R
acg&ﬁég%&g%%%%cQgﬁ%@&écég%ca@&%@%g&ﬁ BetShgeL o699 960

ttcttecacc agtcactttc accgccgctt ctgcgcactg egaggeccag
gestacg eghReYs 40X zanlab REgYefaaigeagiaicg 7at t ecacttc

cacagggccg agcgatctgc tgggcggcag 1080 ccgctgceccg
gﬁ%@%@g@&@%ﬁo%@%%@%@%&ﬁmgﬁﬁﬁ%F%@@ﬁg@@ﬁ&c§Wgag cat ggacgag

1140 etteccacetteate acat ¢ %; gccagaa
EERGIE G %%%?%%%ﬁ%% ig2 ‘"(?‘:a §('g‘§°?a§gatg%c gaggt gaa

cgc%‘t@é%% g&&gga%‘g‘%ég&ag@gfggccgdgg{gggg%ggc‘gggggggogggg&ac 1260
9

ca cettéeggat cagcgggaac at ggatgccc cttacgacgg
ogg@teétgc%@éga@gaa 1320n0c9AE6QEG0REC0RTLFCAGICOYCT gCt act ¢
gcattggcca tggcacacga ggaacttcgt 1380 caaacttcgc

accicgepagtdagaga gisthgicaggesgagacgaaceicteggt tBacc ggt ctt gaac
1440 atcaagcccg acaacgcgat cgaagccgtg gtctcattec
BB B LT G AP EHR BesieastyecseE ﬁ‘l‘f‘%@%&f“c ? Hgcact cat

cgaa act t cg 1560
coog R e RO A AR R0 57 Caggacauug
accdc@LORGLLHG ég@%@aeee&%ég@&é&@&@ggg&g%é Q Ci86t gcggaaa

tgcggattga actagttcat ttggggaacg 168 at gacct gat
cag@@eegagata Lolgasch@eeog atgaigagetigdsegsegag gcggt ggacg
1740 cgacgcagac cagtgagagc acgatcaagc gccgcctgcg
ctetgt cgggegeg tteccgaacg 1830 cggtccgcac tgccgacggg
aagtggatga ttcccctcgg tgacctatca gcggcagggc 1860
—h9agaccagg gaaaatggcg aaacctgacc cggtgacccc ttcaaatgac
-1¢99¢g4,ccatg 1920 acctggcagc tgagaacgcc gagctccgtc
-1896¢8G6Ct ggc cgt ggccgaa gccctggcca 1980 gcgaacgcaa
<2 1beggabeahe rg@kigt gcagc aacagat gct ccggat gct ¢ gaagcccggc
2040 cggtgtcggc cctggagccc gcggeggttc cagtggcggg
<220eegeegeeg cccgtcccgg 2100

<221> migc feature
<223= 5276bp to 656bp pRET1000

<400= 68
atgegegagg tegaacgege geacggecety atcgaggtge cgagecegga gegggecegt 60

ggecggeaag ccageagegg cgageaacge cgegeggtoe geaccggeaa ggtegegeag 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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Page 41 FPO4-0397- OOSG FY(Sequence |isting)

ccgccgat gg tcgggcagct acgggcgeccc tggcccggat acgtcgacgg

ettetegget 2160 aggagctgac cgcgtacttg cgtgcgtcgt

gcaggagctt tcccaccgtt ccggtggaga 2220 ttcccatctc

ct eggegat e tcgcggtactF}tog%ggg%g(ggY Cg‘gjgggs%gg t cgacggccc
Azl cgags&g&%g&cg%&g&&%&g&gggg; a ggtygt cecg

egget eggec at gat gcgc cgtgcg cgt ggaggcc
cee@GQat el QtscegULERYSL e goaRaREGiCedecgeidk gagyc 2400

ggat cggt cg ttcagcgccc acggtctgcc tcccacaatg cgttccggtc
cagitraee Fieegic 524460 cc gekaatlt teEagetactegeret cifeget tett e

teacteatet tgcgaccgcg tgcggcttgt 2520 at ggcgatga

atCC&Tg@‘:tgd‘éfé%l'fcéc %ﬁﬁ‘@%@%@%ﬁcﬁé &é@éi‘gé‘“gﬁjtgﬁéaééc ce g ggactttgta
atcc aat cgacg gcgt agct
R e S L g
secGel-0ARCON M, BGOHL-QaEL 4L GLaOCt LaRaRAL 3gat e 2700
geggeccega ggccggtcgg gtcgccccag tggaagcgga tttegcggta
actceCeagYhga 2fthacglgrgg bistasegaacaggac Poagttt cgg
cegaggeega tcgggttctc aeggegegat 2820 cgggtttgcc

@e@eﬂgfé&e@ﬂ%@@@@@wg@cagw@w@ 8eg'eeT gt ¢ gaget eggeg
atc ctc t gt g cagccaat g t gt cccagt
I e A LA R L S
pacGL L LEEEG nggg@feggggggggca £7409R00C 61640 ggc S000

geggeegeat aggcgagcgg cftacgacgg gcgtactcgg tgcgggtgaa
goceBB6d i @Latac Q0L ccad SRABEGACA RROEQEGEC 19f0gcCccgtta
cgggggttct ccacgatcgc gttcggcaga 3120 ggatgattcc

cgeeggeegregas eagugaregisityg eyodge giccceggdi®Pgt ¢ aacgt ccacg
3180 acgagcaggt tgctcaatgc ctgcgggttc ?actcgat gt
CCCH ALY e AL TS %gé@"gtfé@‘ta%a%?‘i@atgc@@éi‘ degeegea l t'cggt agac

aaat c ccat cca cggt 3300
eeel LG RARER R R BB TS OTR 20, cogoaacear

ggggaacaca 3360 etcacacaca agatcgattt attccggtac
<21gagacgccag ccaagtcaga tgtttcggtt 3420 tctggagcgg
<21lect®ecagac ctttgagatc cgctccagaa acgtccacaa attattgggg
<213480A t acgt cgaac caagccttat caggtatccc ggggttccgg
<2lgydhefasrseae thedidicet cega 3540 ccggt ccaga at ccgt cgat

etcacet ate cgctcgaagt ccttgagtca gtgacaggac 3600
{22 >ctsgctl g ctcccagege agaaggcaag tgaaggcaga cgactgcggg
1780 ﬁ%%bg joflgt acggcat gaggtccttc agaagcggcg
tcgac ccag ccacacgc acaatccgct 3720 tcccacgagg

gacaccaceg gtagcgcccc ctgcaaccgg cgcagtgtca egaggegeeg
<408¥80 (gtactgctcg tttgacagga actgcagggt cggtgagctc
algagiggrt gy cymteodagcmc38dlgggea 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 tegeegecca ggageagege cggaageegt ggactecgga geagaaacge 480

cagtacgega cecgeaaaage ccaagcagaa cgogecgega aggecaagga cgecgegaaa 540

Page 35



Page 42 FPO4-0397- OOSG FY( Sequence |isting)

gt agctcccc gtgccggtaa ccgcttgggg ccaagcgaag acacceaceg
eggeagegat 3900 ggcaatgcac gtggatggga acaccaccea
gaaccaggga aatcctggtg ceggecegag 3960 acgatcccgg

cgcggt aaga ceacacegge$aesAtagesy g&gﬁgﬁﬁﬁg acgcaacaag
et el tcg%@éggé@gt@&agcc%gg%g%@g%gga%%&% desgtgccgacgce
cgggt ggccg ttaggtgcge gccagccggt gaceggaceg
teeHR0R aQeQEGe OEIRHYGICHBeERICREtGePagcatgt cc 4140
cgtgccecgtt ctgaccggtg gtctcggtcg ctegttcctc gegtcctcac

geebgogoteerc 42Q0cagseagt gasscgtg cogesea tacccggt g
cctg tct%c gtctccctcg gectcegttcecect 4260 _egectatcct

CEHST et AYHS ERE AT LG CAG AP AT GER BB GG Ut t7§ gc agtgacttcg
accct et egect ec ttegetteg
o R e S R A B B B ger geat ¢
ccgd BREIREE S GIIRELHAGG L LYSANEAR LGt @88 99 4440
gccgct gacg eggeccegge gaagcgcacc cgcagcgtgg
cgeO@bOaganitgagegaiagnpa4500 gaggaggeeg cgtggatcga
cgccgcgcet g gccgat ggecc aceggeaget cggggcgt gg 4560
t gcgt gagc gggcggt ggc egget at et e gggaaggt cc gcccgaagac
iﬁg %)agtgga 4620 atgtcggcgg aggeggeege ggaggtcgcc
—19C gcggc agcagat gac gaaggt gggg 4680 aacaacctga
<N§§%§&g&gg§ﬂgagggcgatc aacgccgggc aggtgccgtc gcagatggcc
4740 gagtccctgc agaaggggtg gctggagagg tgggggcagg
<22agt t ggggcg gat ggcggat 4800 cggctcgacg cgctcgacga
<22¢ceagggedga cgtgatcgcg aagat cagca cgggcagcga 4860
<228e cyrhggdiP e ggidepegt at ct gcacgg gccggggaag gecacceege
acagetaceg 4920 cacegaggeg ggccggctga ttgccggcegg
gtgatc gcgggat cgg tgcaggtcac 4980 cgccaaaaac

“‘Ogﬁgc SREd0L 9999000008, CLcdageAg, gpogpedeaa caaacgegeg

tepe®tR GIARFAL Lo HRGANRE ARG 21D o 1R8RLAREJ39 T Ccgcggaca
t egegeagac ggtcgccgag cggat gggct tcgagagtca 5160

ttggb e g teggohg cogaied2ggCc acgacgaaga ceacatccac ctggctgtct
cccgggtcga 5220 ttttcagggc gtgacctgga agaacagcaa
cgaccggt gg aaggtcgtcg aggtgatgcg 5280 cgaggtcgaa
=2lggdycgecacg gectgatcga ggtggetage ccggagecggg cccgt ggecg
igé?%) gcaagccagc ageggegage aacgccgcgc ggtgcggacc
<mgg%ﬂagg£ggﬂgg&agcggga 5400 cggtctgagg gaaattgtga
cegeegeceg egacat egec gcaggccagg gt gtgggggc 5460
<22@tt cgaagt g gcgctcgtac agaacccgat tacccgagtg caggtgcggc
<2geanegige 5520 gaagacgggc cggat gaatg gctacagctt
<22¢adevbygedesoggertacglcg acgccgeccgg 5580

<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

Page 36



Page 43 FPO4-0397- OOSG FY(Sequence |isting)
ggagccgatc tggttgccgg cctccaaact cgaccggggt ttgtcctggt
cacagctgga 5640 aaagacgctg accagacccc gcccggaccg
cctcgccggc gaggagacgg tgccgcggaa 5700 gcggctcgag
cgegeegecy ot 09020Ca, GegraREar ARRALERRRY oc0ageat !
5760 cgcagctgcc cgctgggagc aggcc gc gaatgttggt
<40@Aagacggccg ggc 5813 <210> 75 <211> 80 <212> DNA
cegctgdad xeciRhpd agocppsccichodidicccascg 28aa0sd 1 50m scf eat ur e
<223> 4260bp to 4339bp pRET 1000 <400> 75 tcgcctatcc
glgagryiigamiciadye aratEygagcegyayedeatiyegagagggizf gcg cagt gacttc
60 gtcactgcgt aaccctgggc 80 <210> 76 ~<211> 108
gtcgi‘?f?‘ﬁg‘fﬁﬁﬁa"%%@Fcﬁﬁ‘ﬁﬁ%%%‘“’éﬁcﬁtfﬁc@?ﬁbI 18 <220> <221>
cctgtcaacc% égggc}& agtc ac ag%cgcc égtacjf Q:Q: (’g%t%ac§68b(9 cggllg JET} 00  <400> 76

caatccgg ttaccgccgg
(et 9G00GaE: S0 ccclC GoLliGIG ALElBGAEE docgcceet c
Cggaaaggctca ga?gcact 108 i210>a%7 <211> 556 <212> DNA
seexdgdApab@clogageus eryt hropol i 25 <400> 77

<210= 73

<211> 5444

<212> DNA

<213> Rhodococcus erythropolis
<220>

<221> misc_feature
<223= pRET1100 Full Length

<400= 73

ccegggatee tegagggogoc ageggacgaa gacgeegegt taggecgaaa acctgeegag 60
cgtetegeac ceegeattte ggectacgtg cgteagatag cagegeagte ggeaaagget 120
ggaattegee tictectget ctegeaacga geggaggect cgateattgg cggeaatgeg 180
cgttcgaatt tegggoteaa gatgactetg agggtogace aaccggagtc gotgagaatg 240
cttcatccga gegeticeee ggaagactgt geectggteg agaccticaa geetggtace 300
tecctittcg agaagecagg agaaggecgg cagattatge gatgegactt tgteggegag 360
tacgggagat atgcgcgage catcgagtct teggatetge gttttctege cacectecag 420
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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gaagcaacac cgcatccgcc cattgccgat cgctcagcac gccccccgtt
gcggatttca 60 tggggcaact gtgcccgccc acatcaacta
ttcgagtccg acgcgccgag gctatatgga 120 aaattattcg
act acgcaaa acaaagccat atcaggtatc ccggcgacac cccccaaaac

180 ctcctcccca ccaac%é_ 9-Shid i ga gmgfistﬁgggcgcgc

gcaéc@&@ég%%ég&ca%@u‘g& sat':%gggct& ttgtlﬂ:g@q?g%& Ja Ci@g9cygaaag
ccacggtcgg caccttggtg caagaggtgt gctcgggttg 300

gtedd@iedt titgegt (egghdgaifg.d Gagaacaggreagggbgagt a cggcggt act
cccgggagcet 360 Page 44 FPO4-0397- OOSG FY( Sequence

getdafegt titgptpfea tieptitdeegogybcegoyapgtaactgyt ddygt ac ggcgcgcaga
tt%cggaagct ggtccgtggt 420 tgttcactct tctgctcggce
cC

aAeHEa Gt CpR Uty CE et SR Tdig e dg¥ht cga 480

. e eeg aategageae cggecgaatc oag egge cgaatcgtta
Gt e P e ea g rea s 5105 78 <ail>
¢ c R el 13z Bha GldSicoRLpy i fgopol i s <400>
gtg%%gl\/tégt hggéZsB%-gggégr%F% g@ éi 8@%@)/ Argg %er 0V al VvV al Vval
tacghliticg &btygaClayeaG@btty gloghactk@ ctichtekbdy/@eddeyagl 180E Yy Leu Ay Met

Val Arg Val Phe Ala Arg Ala dy Ala 20 25 30 Asn Val
gacgaggaoategseTlig Stingcaeanpepemelpe tageatesteigctaet 180 Qu Arg Al a

Ala 35 40 45 du G%Leu Asn GI%% Le%0 ro dy Al a Val
S GUPLHIUEE JUE R AR KL F T Yal " Thr  Asn Pro Asp
C CTC < a VCCCC Gu 657075
B8 ggg&%\r‘l”gg@ifﬁs%t yé{aé%%g%gée?g&spyg\%%i L@%JQQI%@AI a Asn Ala dy

gecddt@oeRhRaaRIcOtcteBac® ActBRac @ ftechatS ccftghebeUsddl y G u Met Thr
Ser Qu Asp Met Asp Ser Val Phe 100 105 110
attgectgga tgggtgegtg gaaaatggag ticcaaagee gaggegetee geatttteac 1680

ctgtacatgg teecteetca tgggaageca ggagactege ggaagetgeg geatgatget 1740
gagcicttga aatgggagat agcacgtgca gagggtgaag acccaggteg caggecgtat 1800
ttccgggaag ctecaagega tggattgaag titegtecgt ggettictge ggtgtgggee 1860
gacgtcgtag atcatccgga ceccaaggaa anagaaaage acgteagtee cggeactgga 1920
gtogactacg cggaggecac gegagggtea gatcegaaaa ggettgeget gtacttetee 1980
aageatggaa ccttfgecga caaggaatat cageacgtag tfectgetea atggeagaaa 2040
acggetgceg gacctggeag gtictgggoc taccgegett tgtegecgge cacggetgee 2100
accgagattt cctgggatga gtacctgcett ttatctcgea cgttgegacg attgicageg 2160
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

Page 38



Gy Val Asn Val Lys Gy Thr Ile Hs Ala Val Gn Al a
Cys Met Pro 115 120 125 Trp Leu Gu Thr Ser Ay Arg
@y Arg Val val Vval Thr Ser Ser Ile 130 135 140 Thr
@y Pro vVal Thr dy Tyr Pro Gly Trp Ser His Tyr Ay

Ala Ser 145 150 155 (ﬁlen E t Ay Phe
Yo htal 4 QtAL & &&t 0 175 Pro
gcg%alggg é?Ctl Iée ) %ttéAsngg C eu Pro @y Asn Val

ctgécé@a@ﬂﬁtctct]g%oaﬂ@ﬁaal@ﬁg atﬁﬂtgégagtgﬁ.@bbt Aspp Ay Leu Gy An
GQu Tyr Leu Asp A n Met Ala Ser 195 200 205 Ser Val

cecdRpatet Ak @aa@cpeeBigaad tgaglc Gy itSenata Warlec@U298p |l e Al a Asn
Ala 210 215 220 Page 45 FPO4-0397- QOSG FY( Sequence
ﬁgtaarcg&tﬁtaﬁfgsca AR EER gt grsﬁ%cg%at%gigé?&a A Adu Ala Ala Tyr

e Thr n 30,235 24 e Val Asp
aagtlﬁg“aﬁﬁ“i%a ay'“‘g%?aTgatgt%? %‘?a Me! %ﬁtgé"aa"gfﬁ i *9@?1 Ala Leu 245
cctgROt adehddc 8 At 3060 <212> DNA
t%213%é%ﬁ%%tc%:%ug;&§rg§t opo% ggt%4003 79 atgttcaact

gac@gabd (gaagotc teegbdiic gQiageagi QEiccOgeegieggt Hogtaa gggcat cggce
60 ttgggaatgg tccgggtatt cgcgcgcgca ggggccaat g
togaageot geafcgeet ceaeFERgetRgERsace 2@‘333@@6%@%@@% SlgEgaacgt gc

gttcg"’l%%g g%g?ﬂgtﬁ gté%%gg%ggg‘%ggt%gg‘g% gggtg%%aﬁg 525:4 ; Sf g t1 S g cagaagt
ggtt{C%‘g‘@tgfggggcqgtg%é? gc tht G292 9:.0 &Q?%@So gttgtgcgeg

aacgctggga cccg c gaagcggtt'g 300
ctetgatege tgategtege cectegaaag gttcggaaat gtecaaagga aaaggegtte 3360

cgetgeotet ggotoceete glgetegtgt tigtgetggt tgeggeaggt tggcaagegg 3420
cgaacgtgtt cagtgatcgt tecacagteeg aagetgtgee getgagagte ceggeegate 3480
cgaagtgooa aaacgeggte tietcggacg tigecgggts cotegticte tetceggaag 3540
agetgggoce gitcagegga ggocagtaca tegacatagt gaggecagtt gageeggaga 3600
gettggagcg cgacteggety aggicggcte agtgegttic ggegtegatg aatgtctetg 3660
acctgtteot tictgctett cecagagteea coegteceee cggegattie gticgttcgt 3720
ggaaagtggce gagtoatgat tactgetatg agggtgataa ceccgeaagge tgeacttcte 3780
gtatgecggt tiggetetet geaaaaaact ggtggtegcac agaacccgta ctegateege 3840
tegttcgteg ctotgaggtc titcctgeaa ggeaaategt tgtgecggaa gggetttegt 3900
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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ggagagat ga ccteggagga cat ggacagc gtattcggcg tcaacgtcaa
ggggaccatc 360 cacgccgtgc aagcgtgcat gccgtggctc
gaaacttctg ggcgtggaag ggttgtcgtg 420 acatcgtcga
t eaceggace cgtaaccggt tatccgggtt ggtcgcacta cggggcaagc

480 aaggctgcgc agat g%gw%g&gg gqgjgncgﬁstﬁgggcat tg

cac RO LODEAGE, 99R0800R Gu oo AL URLGAAC U6 U1 CL L gCC
ngcaacgtg at caccgadgg ggct cgacgg tgggacag 600

tacaf@iag abigictd caceaaaicgytct Bieeagegttgegg@eggea gtctgggcag
cgtcgaggat 660 atcgccaatg ccgcactgtt ctttgcactg

ticiggherdatgergeicdisaaadceacs! srgpticagtcey2gZ 2820t t gat cgt ag
at ggt ggaca ggttcttccg gagtcggcga tqgc%ctcgg cgaact gt aa
saatpesRec 2aaRyset Rigeakely spacepasat shpaRac R 180 Art i fi ci al

<220> <223> primer . (MAK Fl <400> aatcttctc
CCC%{?&%@ ct%téccct%ggcg%taggaa%gég%% ggtc&t&%ca ga ga&agfgélog 6

at gcag™a

2t 5 E¥cReRUERES od doshicY)180<211> 26 <212>
B R i o R Ao S A Ui primer (MAK R2)

gecgad )0t BlaagttGactecCadscak gidm Qe eo@gtd-c4B6 <210> 82
<211> 34 <212> DNA <213> Artificial <220>

caagtagaga aggtggccce cggacaggic cgegicagag 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 cggaageegt 180
ggactcegga geagaaacge caglacgega cegeaaaage ceaageagaa cgegeegega 240
aggceaagga cgecgogaaa tggacegagg tegecggege cggetaccag cgggacgtee 300

gegggatoaa cetgegactg tggotoocty aggacggege ctggtegate acctegaaga 360
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<223> primer (MAK Pst F) <400> 82 gaccactgca
gatcaatcaa ctctgatgag gtcc 34 <210> 83 <211> 34
<212> DNA <213> Artificial <220> <223> priner (MAK
Hs Bgl Il R) <400> 83 cgcttagatc tcagttcgcc

gagcgecatc gecg 34 <gl03 A5 iR eqtitnee FokE~ DNA

Sk {af: L& SeiiZac S d 420
agg% P1 Océgr%g%-aP%t%I tc)ag <46aOC§ 4503%%890 C(g:;gc:a gaagcaacac

cooLGQA GEGEEantalkdogccd BogcosBhQroBlagtc 2t doeraZd 186212> DNA
<213> Artificial <220> <223> prinmer (P7) <400> 85

agegras sedigericice tdnpas e eag ey caseeRidic Rggueacdy 540
FPO4- 0397- OOSG FY( Sequence listing) <210> 86 <211> 30

aaccegecga ggteaaacee ceggeceged gecagggace aaccatgecg cagteggeee 600

cgggotatea gecaccegge cgegacegag gtegagaate cggaatggea ctgtgageag 660
agagcgagaa ggetttegty gagegtagop aacagacgea ggeetggega ageatgteca 720
agaacaccat cgatcgetag aaggteggte gtocccaggg tgeccaggat gegtacataa 780
cgcgcgaaag gtgcatacet cecatageat cggegegtat ggtagggaaa atgatettca 840
aacgtattge tgtggtegtg ctegetggte ggoctiigpt agtgogagoe agecaggttz 900
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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<212> DNA <213> Artificial <220> <223> prinmer (pQE70
FI') <400> 86 ggcgtatcac gaggcccttt cgtcttcacc 30
<210> 87 <211> 35 <212> DNA <213> Artificial <220>
<223> primer (pQE70 RI 13513m <400> 87 ggttggatcc

gt cat caccg aaacgcgcga 139588 03 11> 34
ccgé%al%%%%cta% cd%ggtc&% a@éo cgaciiiggg§§?%€ Y | mer
(P1204rep- EC 8 cgcggaattc gaccaccacg

age G GCACREER cg@@&gﬁ’géeagg%mﬁmcﬁgt Sgolckawa8iB4 <212> DNA
<213> Artificial <220> <223> pRET1101 <400> 89

ticceptptytcregrgicsssiggbladet ge temmteatiggieecat A§et gtt tcctgt gt ga
aattgttatc 60 cgctcacaat tccacacaac atacgagccg

s T Cgfﬁg%{a%%aaﬁ%gtcf:%g@%@%g@&@%mgf% 2340
ggatcgtecg cgtegagocc cecatettet cggecagete gegagetgte tgcttgegee 2400

ggatcggteg tteagegecece acggtetgec teecacaatg cgttecggte gacceticgte 2460
getegtttee ggtttgecte gegettette teactcatet tgegacegeg tgeggetigt 2520
atggcgatga atgtggectc gtagacagea gggecgtegg cecacatceg ggactttgta 2580
gigatccage gggtaatgea ggecgegacg gegegtaget cgettgetgg cagtggateg 2640
ggcctgectg tgaccggett cetgaacgtg gegttgatet gtgeggette cgeatagate 2700
geggececga ggecggtegg gtegeceeag toggaagegga titegeggta ggeccaggte 2760
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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aat gagtgag ctaactcaca ttaattgcgt tgcgctcact gcccgcetttc
cagtcgggaa 180 acctgtcgtg ccagctgcat taatgaatcg

gccaacgcgc ggggagaggc ggtttgcgta 240 ttgggcgcetc
ttccgcttcec tcgctcactg actcgectgecg ctcggtcgtt cggctgecggce

300 gagcggtatc agct c%%gﬁé%&ggga@g&gmg%gggttatc
RGARALELA Q4 a8

gtagl%Poﬁl-g‘%:%%%- Cc%%%( S%%G%nc% I gfgl nggs:gat gg(ggaaagaa

gec@filgleGa40a) AARYOEGIGRAAGHEE aggaag cgtmaa aaggccgegt
420 tgctggcgtt tttccatagg etcegeccec ctgacgagca

acgiigoazagasadzs cgacyet eas U 8decgiccagagytay ¢faaacccy

acaggact at aaagat acca ggcgtttccc cctg%aagct 540
caatarceat CRigReeE Lreebee P Rt HRERC Rt 'S gg at acct gt cc

cctttctcc 600 ttc aag. catggcagct.t cat aget
L e LR e S R b
Cgtggﬁgig&éag%g@ eleQEALARARM: ABLGEE GGl il.CaBBCEJgAC Ccgct gcgcct
72 tatccggtaa ctatcgtctt gagtccaacc cggtaagaca
gec@@aloteadotth eoaghiy geagted biccctagagaet ggett aacaggat t
ageagagega ggtatgtagg cggtgctaca gagttcttga 840
cgeeititebRpieg e croasesca sEcrasdtscayaRagemdagt att tggtatctge
) cttct?ct a 900 agcca ttac cttc gaaaa. gagttggta
co bR E PR gttty si et 880 0 ageggt og
ASARANA CRAUCAJALLACIG agggaaa ggat ctcaag
atggtfc?%% gatggaéfttéc:aggt%ta?g gggtc it agggggté%?g%tg acgct cagt g

gooSB0GEARBAE L apGEIct BAGoekLPote @HAELLLGY 108t gagatt a
t caaaaagga tetteaceta gatcctttta aattaaaaat 1140

gaggaggt et a@a adcematicdceraisaghat@bat gemoti@addilt g gt ct gacagt
taccaatgct 1200 taatcagtga ggcacctatc teagegatct
sleogiena 4BaCEL g PeeEAPIE R UL BRI eV EY4E°BRED ‘Ot ceegt cgt

t agat aact ac tac a cttacc atct CC agt act gaaa
e b S L S O

22c 0GR ABRE LANELRAKED ob3 8- JRAAYACL OGS gcagaagt
ggtcctgcaa ctttatccgc etccatccag tctattaatt 1440

gagQicteg eLAQEA: AGAIAGAG: fcagbalbdcOmiccagit #at ag tttgcgcaac
gttgttgcca 1500 ttgctacagg catcgtggtg tcacgctcgt

ceegigppqstegdicaiee gaesetiTiatietccageeteegrecehs@0 18¢¢caacgat ¢

aaggcgagtt acat gatccc ccatgttgtg caaaaaagcg gt tagct cct
cocoppBipe e (Pg e Yol At GubratE e agauHrasst *tYgccgcagt

cao%% g%"&% c‘Ega%%&géc ted® c%%%a{%?ggtgé feayokpattctctt

C at’gc cat ccgtaag at ttc gactggtg 1740

cooRPhathHaRE EARGLGAL It GR0RREAT 8LaLE000CY accgagt t ge
tcttgcccgg 1800 cgtcaatacg ggat aatacc gegecacat a

selgyelagacetetebc ApaagtegatacecatcatetggaezdiBe 05100

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 ageggcgage aacgecgeee getgeggace ggcaagptee cocageggoa 5400

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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aacgttcttc ggggcgaaaa ctctcaagga tettaceget gttgagatcc
agttcgatgt 1920 aacccactcg tgcacccaac tgatcttcag
catcttttac tttcaccagc gtttctgggt 1980 gagcaaaaac
aggaaggcaa aat gccgcaa aaaagggaat aagggcgaca cggaaatgtt

2040 gaatactcat actcftg 5%%%§@§ g&gmgﬂ&ggagcat
seokebB.SA000L: SAULAN GLERA D ERGEAS 01

OOSG FYI Sequence |st|ng t gagcggat a
ana@ddeflatdgodc kQlgictd agaccnaantadas &caadagggol t cegegeacat
2160 ttccccgaaa agtgccacct gacgtctaag aaaccatt at
gt gakgacecs et iggedst aees @20 Gaaatagygdy @t cacgagg
ccctttcgtc tcgecgegttt cggtgatgac ggt gaaaacc 2280
CeeeP AR IEEIEC aHGErTYR Y HeESA® cag %?gtct gt aagcggat
gccgggagca 2340 gacaagcccg tcagggcgcg tcagcgggtg
bl ggcgggt g tcggggctgg cttaactatg 2400 eggeat caga
«l1geagattgta ctgagagtgc accat atgcg gt gt gaaata cegeacagat
<21246&a gcgt aaggag aaaat accgc at caggegec attcgccatt
<216agyebgege itaadit gt t ggg 2520 aagggcgat c ggt gcgggcc
tettegetat tacgccagct ggcgaaaggg ggatgtgctg 2580
<228%1aggc att aagttgggta acgccagggt tttcccagtc acgacgtt gt

‘92 6 agt gccaa gcttgcatgc ctgcaggtcg
<Q2 3@gg3§%é§%g§)ca cagaacccgt 2700 actegatceg
ctcgacgtc gct gt gaggt ctttcctgca aggcaaatcg ttgtgccgga
408466 aggggtttcg tgatgtttct ccgagcgttt tttcgttcca
tegc@@ied Q@ELat 1 Q8 SYELBtiec2 8Bl Cedi@atcCgorCt ggect gt t
tctctacaac gcctgctctt cttctgacgc aaaggaagag 2880

seagetjgeagem gtctgaatct ctctcébgtc actgctcgtt cgaatccgta
tgagggcgtc 2940 cagcccacga tgtgcgaaca aagccctgtt

tccctg tcgtttccgg cgacaggatt 3000 tcgggggtgg
<21 %Ethcgg gacggattac gccgggaagc ctgcggtgac gctggaagct
<21 Agtgtggattt cgtccgactc ggtgaactac acactegata
<2139ga6akhe «Shiopai gacg 3120 aceggecege tgtggaaaca
agcgat ccgt aaagcgtcag ggtcagagat tcggcctgag 3180
<22ggcgggagct ggat acgggt ggtgcttgcc atgcctgacg gcaatttcag
<22ggoagdetiygg 3240 gcaccccacg cccaagtaac cgctggtgceg
<228t gelar t8oBbregg€dge ggt ct cgt gagcg 3300 gggagaagcg
geacagegag gccggceccgg tagaaatcat ctttttgatg ctggcagtca
3 gggcggggga ctacatcgtc gccgtgactg cggttctcgce

g 6 L S apiaggon 11 i

g%&ﬁgﬁegﬁ&hgg@Q@@&%&aggm@Q@@@ggccg tiaggggt ct t t gaacgggca
t ggaagggga 3540 cacctgaatc ccccggtatt gctctctccce

ttggcctgtc gaacgtggcg gggtctctge 3600
<210= 77

<211= 356
<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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cgaggttgag gaagtttgaa actggttcgg ggatacgcac actcgtgttt
tctttgccgec 3660 ccggagtcac tgccgagagc tttgagaaag
ttcgcecectge gctggcagac gcgatggggg 3720 gtcaccgcetg
ccaagt agag aaggtggccc ccggacaggt ccgcgtcaga gtgattgatg

3780 aggattegat gaag I ) . ggcgaa
agatgttgtg Ctggaagaggﬁ%gﬁ%géggiggég&ggegﬁhg

gettbRlM s Q3o LI B (PR YMB NG ahd cBilsb oot l2BCIT E Ca
cggtcttccg ggcgagacgc gatcctggtt cgagcaagag gggccggcat
tott380 Gtz ceadcgagRa@ass t g ogeggaagcch ateetaeggatsot cct at ccgt
ct cgggcgcet ctcagtacgg 3960 ggaagacgtt ggattcgatc
BCEECERES L EGLES SEpewEi et A cgttat g el cdaac 4020
cegat cegge aaaagtcagg cgacgtacaa cgtgttagct caggeageag
%¢%§%§§%%%gc 4080 ggttcgagt T gt agggt ccg accegacaca
cgtactcctg gagecettea aacatcgagg 4140 ggtgtccgag
<16ctbgacgt gg tttcgggact gaatgcgcag gccacggtgg acat gct ggg
<2142Q6p ctgggtcaag cgtgagtctg atcgtcgcat cgaccagatg
<21bg@eTCcCct gc gtaccgacaa 4260 gttttecgag
<218t dygggets egthtoedeget gat act cgt ¢ gt gct cgaag agtttcccgg
4320 gatcctegag ggggcagcgg acgaagacgc cgcgttaggc
~“108yddaacct g ccgagegtct 4380 egeacceege atttcggect
MeHrIh %@%@Rm@ %@9%99%w%ﬁ@£%ﬁ%ﬁ%%y§&9°tggaat 4440
1&ege%§te e q_db T (ofe]> dacgagcgga’ ggcct cgat ¢ att ggcggca
atgcgcgttc 4500 gaattteggg gtcaagatga ctctgagggt
Lys@QaGgaacad:gaatheogt gal igaal.oet A6 aldbb0 teegageget
t caocggaag2act gt gcect ggt cgagacc ttcaagcctg gtacctgcect
4620 tttcgagaag ccaggagaag geeggeagat tatgcgatgc
Asngabkudit By Adfcyadtratgbeudbetr Gatyatitit’gtg egagecat eg
agtcttcgg® tctgedfttt etegecacce tccagcaaga 4740
an{EALGGEEaR1 SOR0ARLACE, LEGRLARANA,ALLCIO 0L 0 gt ggat cegt
Lat gactgg ¢ céacaggaga gaaagcgcaa ggcggcgaag
ccgtcgcggg agcctcagtt gaactgctgt 4860 gaagcggacg
Val T@CAH 2RAGH S@ U6 AR 85A% ALeRC g hlcugshCt acgtt cgacctgetc
654920 arggtgaagg agactsgcggg gctgct gaga gt cagt cagg
caactcttta ccggctgctt 4980 cggagtgggg aaggacccac
argghidda Elrdggsmy € det ‘g ad ‘agatddgigthe Peacegegag 5040
tcgctycgtc g@ttcatcda accgcgtgga taacgtcaca gagacagega
ser FRALOECLaC R 100, Celgoglaaa, L acagh bace gecggact gg
009apdcact [gedacacéa cat cegtcge 0 ccctcgaaag
gctcagat gc acttccacga taacgcagag gtcggacaag agggaagaac
Gly2220n vhigGe OlytTei I Hi€ g6 ¢atdI9L81a990963tA0C cgccaagcgg
gaegt gt ct goacgat gragec 5280 gaagcggagt eggeaggege
ggcacgcgcc tgggcttgttacatctgcca caactgtccg 5340
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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tgaatctctg cgagctcctg aaaccgctgg tcagggcctt gcggaatccg
tgaccgctga 5400 tgatttttgg tctcattcgttcccccgege
t gacgat gt a egeggegeag ctgcttcctt 5460 ccagtcggtg
gctaact ggg at gggcgt ga gggtccgagg ccgcgtttcg ttgtcgegcec
5520 tggcgttgtc cgct adg. i - cgccgce
gaacgaacgg ctgaacgtgch%gg%géggggggah%&eﬁ&%g

Ala B ¥ PR LSG BN (:2eaenaR Thi @ GRGY: gt at ct ggct

225gct cgggot ¢ gggtyggat at ggcggct gcc aggcat aact cgccgt acga
5640 cttcgacgtg gacgatgaag agttggcgga actggcttct

Leudle Yelaerg Sl 6gaghlac dw By Aladdpadhtleggg ggct ggtct g
cggadaggga a@af agt ggge tggtctgetc gttctecggtc 5760

Gly 9%atgatc ttgcgaat gg cagaactcga ctgggctccc atgatggatt
i gggcat 5820 tcctgcgatg gtgaccctca cctatccggg
ggactggctt acggttgccc ceaceggege 5880 tgaggtcaaa
aaacatctcc agacgttctt caaacggttc caacgggcct ggggcattgc
5940 ctggatgggt gcgtggaaaa tggagttcca aagccgaggc

<21get’gecgcatt ttcacctgta 6000 catggtccct cctcatggga

<2ljgg®aggaga ctcgcggaag ctgcggcatg atgctgagct 6060

<2@T§gﬁhatgg gagatageac gt gcagaggg t gaagaccca ggtcgcaggc

<213y RAtdorstly BPeelis ggaaget cca agcgat ggat t gaagtttcg

~ohCGgtggett tctgcggtgt gggccgacgt 6180 cgtagat cat

atgt&gag&%&%‘g‘&cg%@@g@;@é&@g &@Q%@ﬁ%g%c&cg%gt ggcggca ctggagtgga
6240 Ctacgcggag ggcacgcgag ggtcagat cc gaaaaggctt

ttzeBHRQE toge e ook LG EARAGAR FNaredk 9@RAGHE t 120gCCgacaagg
aat at cagca cgtagttcct gctcaatggc agaaaacggg 6360
gedyggggacet cggeagytcthatsiggggeiaeegeacggtsot gt cg ccggccacgg
ctgccaccga 6420 gatttcctgg gagtacc tgcttttatc
““F%@%%@@?%@i%@ﬁ%@5&¥@¥m§ﬁ§§@%8%ﬁ%”%ﬁ86“)gaagatctgg
acecy gett .ta Cc ac t gga ctaaggcgat
Cga% agtacgg i 5%99%:%93 %ggtg ﬁ&%&%&g 2 ng agg

tacce ctt ggacctcgtg

gga@a%&tga%rgg%gg%a L4 Lh QQGEAG 80001 FPRIACARIGsRa0Tt t COgQ

cgccagtgaa gaggtttgtc cggacttcgg gatacctgtg 6660
caccgitrasd-gact Qe ae gaatetd guatataatst@et cageecgt cttcgtacaa

gctgcctgag 6720 ctagacgcgc ggaacgcctt tcggcetttgt

acafeat*tg@ toarseage carayeRetigigieesitegeredeEeeeP80 159 ct ggt gat g
ctgctgc ctccgtg gg agagagacce aacggctgac et at et et ac

aﬂg%c AY "SRRG TG EaE & &Cé??cﬁg%&acg%a@%aﬁ%‘fcgt ggct aggt aa
t t ggt cggcca
mgﬁ&' g%%9%°°§@tg§%§§b %%%gqja%%&tég&'gg%%tag 6960
gmﬁ&@éQiﬁﬁﬁﬁgﬁﬁﬁgﬂﬂﬁﬁﬁkg&@&ﬁ%éﬁ$@kg%9ﬁglﬁﬁaaa cggttttcgt
cgttcgcgga 7020 gagtgcggct aaatgaattg catcctegat
ateghgalg cggRgL cladchdicgapgrceygaansed ggce 980

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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gatgatgttg tctctgtctt cattcataac tgaagcgtat
t gggagt gt t gecctcccac 7140 catgtgtgcc aatgcaggtg
t gaact gagt cacagtttct caatagactc caagtttgtg 7200
atccttttac tcccaaaatg gggcatgatg tgtgcgtgcc tcggttcagg
ggcgaaagtt 7260 egacagehed. 1 cat ggc
it tbgaaagct gctggcaacgﬁﬁggggé@?gg?§%%%%ﬁﬁggg52
21FPE40397- OOSG FY( Sequence |isting) ttcctccgeg
<21bae@aRisAcC gggccgttca ggtcgagccg aagat ggt ca gaaaagaccc
7380 ggaagacccg aactctgagc agttccagaa gcagaaggac
<22ggcacgccgg tgtggtcgat 7440 cgactgcatt cgggtcgacc
<22gggened¥il RRhacaaggca at cgt gaccg tgacggttcc 7500
<Mﬁ9 gt gat g gaaccggatg ttgcggggcc ggtggagtc tccgagatga
0%%0 E gg&tt /R60 ctgggtttcg £gcagtggtt cgggcatgtg
E ta a gcgccgtcg cttctctctg 7620 atcgctgatc
gtcgcccctc gaaaggttcg gaaat gt cca aaggaaaagg cgttgcgctg
216680 (ggtgtgggtg ccctcgtget cgtgtttgtg ctggttgegg
<21caggtt ggca agcggcgaac 7740 gtgttcagtg atcgttcaca
<21gt ¢dgaagct gt gccgctga gagtgccggc cgatccgaag 7800
<2lfygeaidhcg gggt gttctc ggacgttgec gggtgectcg ttctctcetec
aagagctg 7860 gggccgttca gcggagggca gtacatcgac
<Q2%} gﬁg ttgagcc ggaggggttg 7920 gagcgcgact
o gg tgagtgc gtttcggcgt cgatgaatgt ctctgacctg
Qm&9§9 tggttctg ctcttccaga gtccacccgt ccccccggceg
gac@bihdaG@thes ddtcegi.ggaaa 8040 gtgggagtg atgattactg
ct at gagggt gat aacccgc aaggctgcac ttctcgtatg 8100
ccggtttggg tctctgcaaa aaactggtgg tgca 8134 <210> 90
<21@2P3> 8124 <212> DNA <213> Artificial <220> <223>
<1hRET1102 <400> 90 gacctgcagg catgcaagct tggcgtaatc
= cajag ctgtttcctg tgtgaaatg 60 ttatccgetc
acaattccac acaacatacg agccggaagc ataaagtgta aagcctgggg
2420 tgcctaatga gtgagctaac tcacattaat tgcgttgcgc
<226€3608CUAE I B aeagt ¢ 180 gggaaacctg tcgtgccage
tgcattaatg aatcggccaa cgcgcgggga gaggcggttt 240
<400> 83
cgettagate tecagttcgee gagegecate geeg 34

<21

<210> 84
<211= 35
<212= DNA
<213> Artificial

<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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gcgtattggc gaacttttgc tgagttgaag gatcagatca cgcatcttcc
cgacaacgca 300 gaccgttccg tggcaaagca aaagttcaaa
at cagt aacc gtcagtgccg ataagttcaa 360 agttaaacct
ggtgttgata ccaacattga aacgctgatc gataacgcgc tgaaaaacgc
420 tgctgaatgt gcgagﬁﬁ%ggn(ﬁgggy G gmgg&k actga
ctcgctgcge tcggtcegttc ggctgc g agcg tatca
«1g€kgact caa aggcggtaat acggttatcc acagaatcag 540
<21gggat aacgc aggaaagaac at gt gagcaa aaggccagca aaaggccagg
<21aacagt aaaa 600 Page 53 FPO4-0397- OOSG FY( Sequence
<21pt dytifig)  aggccgegttgetggegttt ttccatagge tcegeccccce
tgacgagcat cacaaaaatc 660 gacgctcaag tcagaggtagg
:ggg gaaac C?n? g@ ggact ata aagataccag gcgtttcccc 720
tﬁﬁ%%é% tcgtgcge tctcctgttc cgaccctgec gettacegga
~obaggtgtccg 780 cctttetccc ttcgggaagc gtggegettt
gecBhiCRPCEHE (AGQKL Ot agg tatctcagit 840 cggtgtaggt
cgttcgctcc aagctgggct gtgtgcacga accccccgtt cagecegace
900 gctgcgectt atccggtaac tatcgtcttg agtccaaccc
<llggttaagacac gacttatcgc 960 cactggcagc agccact ggt
<Néhéé gatta geagagegag gt at gt aggc ggt gctacag 1020
zgi aa gt ggt ggcct aactacggct acactagaag gacagtattt
gfﬂ% cg 1080 «ctctgctgaa gccagttacc ttcggaaaaa
—gagttggtag ctcttgatcc ggcaaacaaa 1140 ccaccgctgg
<hageaalagboki Ltbhgt tt goaagagea gat tacgege agaaaaaaag
0O gatctcaaga agatcctttg atcttttcta cggggtctga
<400g@f cagt gg aacgatccgt 1260 cgagaggtct gcctcgtgaa
gettgmag gitatateg amtayangt atga ccaggcct gasat egecceat 1320
cat ccageca gaaagt gagg gagccacggt tgatgagagc tttgttgtag
tggaccagt 1380 tggtgattttgaacttttgc tttgccacgg
jgigjggt ctgc gttgtcggga agatgcgtga 1440 tctgatcctt
~52aki,cagca aaagttcgat ttattcaaca aagccacgttgtgtctcaaa
13500;5.8f ctctgatg ttacattgca caagat aaaa atatatcate
at gaacaata aaactgtctg 1560 cttacataaa cagtaataca
<22aggggt gtta tgagccatat tcaacgggaa acgtcttgct 1620
<223gangociyiep-taadt cc aacatggatg ctgatttata tgggtataaa
t gggctcgcg 1680 ataatgtcgg gcaat caggt gcgacaat ct
<4ngggattgta t gggaagccc gatgcgecag 1740 agttgtttct
AN EUL YT RHAGYEAGEg tt gccaat ga*t gt t acagat gagaggt ca
1800 gactaaactg gctgacggaa tttatgcctc ttccgaccat
—~i16aagcatttt atccgtactc 1860 ctgatgatgc atggttactc
<21&€@ant gcga tccccgggaa aacagcattc caggtattag 1920
<21aag@gaa at cc tgattcaggt gaaaatattg ttgatgcgct ggcagtgttc

<218t geigfoehgt 1980

<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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tgcattcgat tcctgtttgt aattgtcctt ttaacagcga tcgcgtattt

cgtctcgctc 2040 aggcgcaatc acgaat gaat aacggtttgg

ttgatgcgag tgattttgat gacgagcgta 2100 atggctggcc

tgtt gaacaa gtctggaaag aaatgcataa gcttttgcca ttctcaccgg

2160 attcagtcgt cactgqlgal, gatit, efistﬁgg%taacct
cag%aQJgEJ &%%{%g&%gcg&aa% %Q&CC Eamgggji‘ t9 420

attga gacgagt cg gaatcgcaga cega accag gatcttgcca
tectZd@Ontechetcat goaactet Geatagadatgagiddd cisp etteattaca

gaaacggctt ttteaaaaat 2340 Page 54
gteaEie@ £ 39 7ccORBBFY (Beapsermsetticiosriegrgdct J0ggt att ga

taat cct gat atgaataaat tgcagtttca tttgatgctc gatgagtttt
CCCtoRitse CtPt&T PAYEC Setye fagtetr guttryt a4l act ggcagag

cattac 2460 gctitgttgaataa
Cﬁcéglgaa e% %t‘%’é‘% Cac%%gag taté:g %gtg% gt é%ogaaggg 2520
tegtQA GHAELC 1YL Lt L GeObL Al L o606 LAJGEEICTA aagggggat g
t gct gcaagg 2580 cgattaagtt gggtaacgcc agggttttcc

tatc@AGE CAQOAQaDicdagl ARBRG GACHEE CaglecR64B0 gaatt cgage
t cggt acccg gggat cct ct agagt ct gca cagaacccgt act egat ceg
cag ZIURY tRaeAggAftag BLELEe GE gty agpiciencrstictrrg 84V aggcaaat cg

ol SR SHER et ottt ot oot oo 5850
agc&%&g%gghga %agégg&%&a%&m GG ERAGE Sltcg & t gfpacygc aaaggaagag

at eggeagea {Ct gaat ct ctetec gtc actgctcgtt

ctag ERAtGEgH R SAYIGRTLE CANRLE 3GGR39460 t gagcgaaaa
aagccctgtt cccgtccctg tcgtttccgg cgacaggatt tcgggggt gg

aag8@0atcat Tglegfcly geegegggat-tane gaglggadfe ct gcggt gac
‘g@ ggaagct gtgtggattt 3060 cgtccgactc ggtgaactac
g2d é@@%@%‘f%"%@%@@@éﬁaf"& g&*&‘t“&@fﬂ&%g@t é@ggecege 3120

t C atccgt aaa ggt cagagat tcggcctgag
8 %g%%%g%gct gt%%é'%agtmgtﬁﬁt acg %Ct 1%%@0 at gcct gacg

aatGEBALLAERE 1 HUCAYSRNEAG tQ-&%@% g@g@&&c 34 cccaagtaac
cgctggtgcg ctggatattt cggcggtggt ctcgtgagcg gggagaagcg
tecc33 B0 taggaRCagRGaY G COgChegrct agaaat cato cttttt gat g
ct ggcagt ca gggcggggga 3360 ctacatcgtc gccgtgactg

tateqyere REIECTEC (gtytaseg epetttate e erglerg tiegfagseytitfaggg 3420
tttctggttc ctg tcgtc cagt cat cgc tgcaccggcg tggtggtttc
gaa%géﬁcé%%j&%%ﬂ@g@%f &ﬁ f%@tﬁﬁiﬁcaéé g&‘&ﬁ tacgggtctt

s R P AR G50 CU e "Comuut t gag

ngoa@@g)camg@ggtcﬁdggagacg&fggng@g&r@gga ggad.acogeac actcgtgttt
tctttgccgec ccggagtcac 3660 tgccgagagc tttgagaaag

ceedatan g o@etegdt agutapgragazicgegatgg gitpgetgt clazcget g 3720
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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ccaagt agag aaggtggccc ccggacaggt ccgcgtcaga gtgattgatg
aggattegat 3780 gaagacgccg cgtgatgcgg gat gggcgaa
agatgttgtg ctggaagagg atacgttcga 3840 «cggtcttccg
ggcgagacgc gatcctggtt cgagcaagag gggccggcat cat gagaaaa
3900 tcggcgggag tat eﬁ%g al_heshake g&ceﬁstmqggggcgct

ool SR 91601 AR3RAAGA L. Rl RRALLEIALE tCdCtgcgga

egeeget cac atcgccatgc agggcaaaac cegatcegge 4020

trecob@aa Gt o0 cogReGlaat afat &fhglid agcdtatC aggeageag cgaacgcggce
ggttcgagtc 4080 Page 55 FPO4-0397- OOSG FY( Sequence

aaajligede tngyLazrdtry g tieeysth cazgaagianagyt 268k ct g gagecett ea
aacat cgagg ggtgtccgag 4140 ccttacgt g tttcgggact

telegract Ry s SHCRACYTEYE - At et HHge ety % aag 4200
cgt tct tcat at accagat g t tgc gtaccgacaa
Y R B Pl B e o et " hat act cgt o
nggitcgéﬁtg%%gl c%%ét%@&&%cgﬁgtg&gtg%&cégtz ®1509999cagcgg
acgaagacgc cgcgttaggc cgaaaacctg ccgagcgtct egeacceege
gegd BB} andtat dzcggegccatgtge gigicgabageagesocagt cggcaa
aggctggaat tegeettete 4440 ctgctctcgc aacgagcgga
aagggaeEcteeigeseecc ffltegidygecaechassrateen areegaimt P8 ggg 4500

t caagat ga ct ct gagggt ggacgaaccg gagt cggt ga gaat gcttca
cangraRy & P 2%5% t@%’%@@g‘g‘% gté‘aata%?%éc%qﬁgggt cgagacc
ccaétéc‘éa%%&f‘g%% C%E%&Qgt QEGLaed Et&‘é&%g AR%.4029700CCaggagaag

geeggeagat tatgcgatgc gactttgtcg gcgagtacgg gagat atgceg

actc0&0 cto RQAYLGEL O tAGhed L G0 R Hatdedt 110 et egecacce
t ccagcaaga ccaggcccaa 4740 cgcgaattct tcgctgagga

agegptitteg gtk igtigesgtogyaitegitgt agt@tgagtgyd €¥acaggaga 4800
aaagcgcaa ggcggcgaag ccgtcgcggg agcectcagtt gaact get gt
ebgRg LB B HBBO Eor el Gt TSR ARy coccogqtt e
cctctacgtt cgacctgctc ac aagq 49 agact gcggg
nes b eI SRS AG ARR BRI 2y 2R 00090 Jaug

cagfOR0: (o RAIBAGLEAE @Jcée&@tg Qe ALa008.09800 agat acgegt
t eacegegag tcgctgcgtc 5040 ggttcatcga accgcgtgga

tegdo AAGGHEAR R Qagatageglaaasgaet eGgettigggbcaa 5100
tccggttacc gccggact gg gggaggcgct tegacaceta catccgtcgce

stielemtt cegaadeeBIB 0 agdtcetngataytiteacieatmenddd t aacgcagag
gtcggtacaag agggaagaac tgccgttctc 5220  tcgcegttge

e UHC R BTl EA feEE YRe gt b e degat §eage gaageggagt
Q 0ot ?ggg%g A9GREI GG, % %@ggta% thHypcatctgeca

ggc%gg%ctgét %‘g%? gaa%ecgt g%% %%40 “ % gct %t g aaaccgctgg

geadoCRQIYEEidac GCQORRLEELT GRGEGOLOALGABEdL L g9 5400
fctcattcgt tcccccgcgc tgacgatgta egeggegeag ctgcttcctt

geenagl ogQtgage&Qccegg tagaaateat ctittigatg ciggeagica 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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gctaact ggg at gggcgtga gggtccgagg ccgcgtttcg ttgtcgegcec
tggcgttgtc 5520 cgcttggagg tttgtgatct cgcacgccgce
gaacgaacgg ctgaacgtgc gtatctggct 5580 gctcgggctc
gggt ggat at ggcggct gcc aggcat aact cgccgtacga cttcgacgtg

5640 gacgat gaag agtt%r%gﬁ%@_oggé_ggggg Glee fliggaaggcc

datac al at gg gaggga
! gg%?%?g@%%ggﬁ%g%%%%% g tct%:%%%gg agcgg%?déatc 5760

catgh$ g0 aadg0c eaggAct Egasteicggoet dagsadgt gat@ggatt tgccgggcat
tcctgcgatg 5820 Page 56 FPO4-0397- OOSG FY( Sequence

geajgpeptt ggptfiale (e garepoeoaciac tierattgegegeract gyttt acggttgecc
ceaceggege tga%gtcaaa 5880 aaacatctcc agacgttctt

CoRRRA TR ER PARRYGHERY FYRHet FebRHydPPggt 5940
CE agaat ag“t: %Ccaa &% g Ge ct cattttcacctgta
ggﬁggaa’?(ggt%égtc cg%ﬁg ¢c %at%% gat%ag%gta%%faég&ct cgcggaag
eetdtdc O 486 aLY uRlAGd: gﬁgggcagcgcéaggeg@ta&%c@gi Qz000agat ageac
gt gcagaggg t gaagaccca ggt cgcaggc Cgt attt CCg ggaagct CcCa

ctgda b cgtogegat-gepait cagagay tbicgigt gegiaggctlsot ct gcggt gt
gggccgacgt cgtagatcat 6180 ceggacceca aggaaaaaga

sttttpeserficareaticsigteg celavek sersraregnst tadycggag 6240
cacgcga t cagat cc aaaa cttgc tg ct tct Ccaagca
s ST e Bho6- Tp e ata dop st o8 agtt ol
IS EARL A0 2020375000, 06000A5E 6300, 990209 T ot
ggggct accg cggtttgtcg ccggécacgg ctgccaccga gatttcct gg

toa Bt dte c@REDRAQGLRLG st @GEddattadgcl SgeaGYIAsH cgacgat t gt
cagcgcgaac gaagatctgg 6480 gacccggctt tacgaggcgg

gaafftepge ggegye ccatagatyggacce tasggogatizcgat dogacgec 6540

acggttaccc ggcaccgctt ggacctcgtg accggtgaga ttctgggcac
tecegeraq HEwegty BBHOr- LI dyetee ekt g%go gaggtttgtc

cggacttc at ac tg.tat t gac .666 gggcccgcac
e et SRS L A AR AR e O Yo acac
gag@dig cgag&%@g%%&ﬁéggat%tg(%g@&g};%&%cc%!igfcéagélhtg% atggcgggt t
ttgggcggcet tctggtgatg 6780 cgctgctgeg ctccgt gggg
ccaBgagagaadet taaggacigattedtahiedsetagacte aggt gcaa 6840
ttcatctccc gcgetctgtc ggctaggtaa acgaggt gct ceegegegag
cca@egAgt PTatR 698 5%k gEleger tactatigledytet ¢3¢yt caggaca
acctgctgtt gttgcgatag ttgtgtccgc 6960 acgggt cgat
saagcggacy PP Proe ferefeassse g i et gtecegt t'egdtgga gagt gcgget
2210281 L AL EGLEGR i IRY GGG AL Lt egaCyC
acg%@t%é%ca%t %ggtcgggaécgga%aggt tgg 80 tc?g%t gct(&ctt 0(:at t cat aac
ceeio@@a0aaatactkgoRe Mot @ eLlGeaAGgahgtsgicgcc 7140
aat gcaggtg tgaactgagt cacagtttct caatagactc caagtttgtg
tegegdegc pdtttdt@e acdRPidea taacgtcaca gagacagega aaacgectee 3100

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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tcccaaaat g gggcatgatg tgtgcgtgcc tcggttcagg ggcgaaagtt
egacaceteg 7260 aaagaaggcc tcgacatggc tttgaaagct
gctggcaacg tgattcctga ttcctccgecg 7320 tacgagtacc
gggcggttca ggtcgagccg aagat ggt ca gaaaagaccc ggaagacccg
7380 aactctgagc agtt i gg(ﬁggg@ ac. ggeacgecgg

gtat&ggtcgg%gg%@tt o206k 9688 docd 220 mack Qgg&ﬁa G&p99gcat cagg
caacaaggca atcgtgaccg tgacggttcc ggacgtgatg 7500

cticgafe EQOhg bk g0g98acacOikggagickgedgCgamat ga ttgecggttt
ctgggttteg 7560 Page 57 FPO4-0397- OOSG FY( Sequence

cgadaiteie iegptgeictzcapr sy tay gl it epgryridtdclytecteetc t @@ gca agcgcecgt cg
cttctctctg atctctgatc 7620 6% cgcccct c gaaaggttcg
€

a‘“‘g@a%é*’éf%‘ﬁa@ﬁ"%%&aa %“%Wgé tEeeht §thogt g 7680

ttt
G FELRFY S B Rl B SeaR ot s cgcoscge

oo RO SGCAAC agag%a&@@ag@g@mwgégg&@@gga@@%lo gggtgttctc
ggacgttgcc gggtgectcg ttctctctcec ggaagagctg gggecgttca

ctegh GO sco@eBgAgIgeen Gianadpgagcaitagitgagyoo cagt t gagec
ggagaggttg gagcgcgact 7920 gggtgaggtc ggctgagtgc
categiceof ectyafegsr 2aeFratga eltegteaetcierepatie ey eracy gt ct g 7980

ctcttcca ccacccgt ccccec atttcgtacg ttcgtggaaa
e RSO RO B E SR U T at 9aceeas
tctctgcaaa
v %%% 2 t%ia%%&ngg%& Eg"l%gg%%&g‘%z%%gq)m?s <3125 DNA

Cgtagaaag&gg‘éﬁ&bafagghhaﬁﬁga afadcdbbh: #8dodsa PiRadikd03240<400> 91
gacct gcagg catgcaagct tggcactggc cgtcgtttta caacgtcgtg

claca@bgggaaassGcazgorhgecdt fccaget@ackdca @btgcecttge
agcacatccc cctttegcca gctggcgtaa 120 tagcgaagag

EECUACEY " TYECE R et aetgr T bgctiot ga at ggegaat g
tgcgé%accttg% ég%t Gld gtgcc gt%gtz‘%%"ca‘t"cq’a%f gact c . getgegetcg

ct cactcaaagg

gatt&ggé ﬁ%&g@&gtggf&lﬁt@tcg&@g@@ c&@g@&é{ @&%Qaa@t @argcagg 300

aaagaacat g tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg
gaa@hbepg @it @edtt td@ddeceg tageggcgge cacagatgga ctaaggegat 6540

gatgcgacge acggttacce ggeaccgett ggacctegtg aceggteaga tictgggeac 6600

gaagacgegg aaggttcggo cgecagtgaa gaggtitgte cggacticgg gatacctgtg 6660

tetcaatgac gggcccgeac tggetegaac cetcageegt cttegtacaa getgectgag 6720
ctagacgcge ggaacgectt teggettigt ctittgetgg atggocggett tigggcgect 6780
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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ggcgtttttc cataggctcc gcccccctga cgagcat cac aaaaat cgac
gctcaagtca 420 gaggtggcga aacccgacag gact at aaag
ataccaggcg tttccccctg gaagctccct 480 cgtgcgctct
cctgttccga ccctgececget taccggatac ctgtccgect ttctccecettce

540 ggggagegtg 9090%1‘0&%?97%&@% A ShGhAITt at
ttcc&&ggg'gggtdé“t&g géggégﬁ&%%tgglgccg atggtt&i%&tdzgg c% 973§6 g9 ct gt g

tgcacgaacc ccccgttcag cccgaccgct gcgccttatc 660
geapg@tonaaghc fteih gaghsseaaeceabegagacangac ttat cgeccac

tggcagcagc 720 cactggtaac aggattagca gagcgaggta
cgatigrathpgo epgtc cgticeza craghsetcaideyaag keredBO 7568 ggect aac

tacfgggct aca ctagaaggac agtatttggt atctgcgctc tgctgaagcc

R e HRA(SERHENCE [ | sti ng)
o BE5hAE-SRRRTRNE, MRS AL A0 coge Rancanacea

C ag gca ageageagat
atege BROGYCABR  ARBRABIAL Bl Lh £AALBRGB2B0 76sbCCt Lt gat C
ttttctacgg ggtctgacgc tcagtggaac tccgtcgaac ggaagatcac
2ot )20 cectebigd cagaad ctaaasaaaittseabggdegiac CTHRO gt t gat accg
ggaagccctg ggccaacttt 1080 tggcgaaaat gagacgttga
sieticeaiiorb i ugratfhiececier aefacteneiacetdatPYdaat a 1140

t t tatt tttt tt t tttt t
‘ool aon S B STOBE-C e ey A ARAEREE L B0 at at accace
cen L0101 2L, G65AAL0060..1 2011282023, 428021 L1 920

catttcagtc agttgctcaa tgtac a accagaccgt tcagctggat
o322t co bk AC QUG Lk cLlttd3ABGAGS GhBRAPAABY aat aagcaca

agttttatcc ggcctttatt 1380 cacattcttg cccgcct gat
tgggiargotragaticocggaatictaos gitatiggesdsatiaagd@dgacggt 1440

gagctgggtga tatg%gat ag tgttcaccct tgttacaccg ttttecatga
slegyeigizAtetaa cisgert ey P Aot ettt dHY t gaat accac

C tcce c ttet acacat at 1560 tcgcaagatg
“g?%&%%%%%aa%%?%%ﬁzac ctggcct ati tccctaaagg gttt att gag
1620 aatatgtttt tcgtctcagc caatccctgg gtgagtttca
<1gcagttttga tttaaacgtg 1680 gccaatatgg acaacttctt
<21cgacmiccgtt ttcaccatgg gcaaatatta tacgcaaggc 1740
<2lgad@eiggt gc tgatgccgct ggcgattcag gttcatcatg ccgtctgtga
<2lpygetficebat 1800 gt cggcagaa tgcttaatga attacaacag
<22t>actgcgatg agt ggcaggg cggggcgtaa 1860 tttttttaag
{229§a8{ﬂtla}pgg gtgcccttaa acgcctggtg ctacgcctga ataagtgata
93 at'aagcggat gaat ggcaga aattcagcttggcccagtgc
-sof@agct ccaa tacgcaaacc 1980 gectetccce gcgcgttggce

cac@gadolcadal At 1Bl OEAN Rl Y CARERE BYYLatth t goCgact g 2040
gaaagcgggc agtgagcgca acgcaattaa tgtgagttag ctcactcatt

ttat@gpireact@acncilD0g agceggaage ataaagigta aageetgggg 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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ggctttacac tttatgcttc cggctcgtat gttgtgtgga attgtgagcg
gat aacaatt 2160 teacacagga aacagctatg accatgatta
cgaattcgag ctcggtaccc ggggatcctc 2220 tagagtctgc
acagaacccg tactegatce gctcgttcgt cgctgtgagg tctttcctgce
2280 aaggcaaatc gttgh%_ﬁgg{@gggggg%&%eg&ggtgtttc

Z%% gtea 199

C C CcC ca ggCt Ct
%g%%§%g%%%%%ﬂ%%%%ggg g% ttc ctgggg cgcctgctct 2400

gacdcbhdoGdagiagige @anagHRagatfgaboggeagetagt ctmaat c tctctcct gt
cactgctcgt 2460 tcgaatccgt atgagggcgt ccagcccacg

clggategla geglaR laaRfcaetcgtcckabegtadoektc@5280 gt cgtttccg
egacaggat ttcgggggtg gcatcgtgcg ggacggatta cgccgggaag
cottD g A" R FBOR IS AR BYESEqdahee | ting)
t gcgat ga. cgct c tatgtggatt tcgtecgact cggtgaacta
ceeg el SR g B M e B et ceggoceg
ccl Gl HOBARE 1LAATGIBLESI. LARAORGLGR2708 009t cagaga
ttcggcct ga gggcgggage fggatacggg tggtgettge catgectgac

cactZgtod) agggagthtd o GAYeRGNATgInacBOEam2gCcCcaagt aa
ccgctggtge gectggatatt 2820 tcggcggtgg tctcgtgagce

ca g AT Lo EfesEERt BTGP Gefeeel v eyt Kfaat ca 2880
tctttttgat gctggcagtc aggge actacat cgt cgccgt gact
et peReRy SOAHN GREL G e TR Oge gt £ gagg
n L LSLA0LL G6190LETL . 5A0L0A1,60..3000, of goaccgge
gt ggt ggttt ctgcgcgact gggaat cgaa gcggagggcc gtacgggt ct

atoBBR agatctHPaC 868962 @0A2B90L AGA6GE 3@t cccccggt at
tgctctctcc cttggecctgt 3120 cgaacgtggc ggggtctctg

cgapege gotcbiga cggalat ddgataaast gyt ttagecgggbtacgca 3180
cactcgtgtt ttctttgccg cccggagt ca ctgcc%agag ctttgagaaa
catcRer P GLeEsge FeAtres R gty % e §egaPg g  ggt caccgct

aa aagqt C cggac 3 t ccgcgt cag
e aRP AR JRE0 R 5 TN Tt gco S0t 0gcoa
tetgR @ Qaac RS Sl 2 8GhE 9;%@&%& Batan0ideg acggtcttcc
gggcgagacg cgatcctggt 3420 tcgagcaaga ggggccggca
atctétgadd QAR AagitegoeaHga agiattheggaet 1 wet at ccg 3480
t ct cgggcge tctcagtacg gggaagacgt tggattcgat ctcgctgegg

cttagptrgreagfert sS40 trextaty ratsgcerydigd alfdd cccgat ccgg
caaaa%tcag gcgacgtaca acgtgttagc 3600 teaggeagea

CIHEG g TGt Al Eatuly geetegal®gacac acgt act cct
ataanp09sc . . cga, gccttacgt g
e R L B Ot gt
a6t 9R8d6 BP9l g atichts. BRLEGE GeGadhegascagat 3780

gtggcccctg cgtaccgaca agttttccga gttcggggct tcgttcccgce
gactigell aadacgyha (B8LCc ticcgaccat caagcalttt 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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cgtgctcgaa gagtttcccg ggatcctcga gggggcagcg gacgaagacg
ccgcgttagg 3900 ccgaaaacct gccgagcgtc tegeacceeg
catttcggcc tacgtgcgtc agat ageage 3960 gcagtcggca
aaggctggaa ttcgccttct cctgctctcg caacgagcgg aggect egat

4020
cat t ggcggc aatggg&g%ﬁzgﬁgg?%% ggeg&h%aagatg

ate MR LhARY AL ADAGIARCE tg agaatgcttc
at cegagege ttccccggaa gactgtgccc tggtcgagac 4140

tetafitab CARGRN T G010 681 GG ditdkiGgagaggCaaggagaa ggccggcaga
ttatgcgatg 4200 cgactttgtc ggcgagtacg ggagat atgc
acggregrt (pigateatgagice tcbitasyc Brotagedederagd? 6020 t et egecace
ct ccagcaag accaggecca acgcgaattc ttc%thagg agtt cggt gt
cealfERing SEL e G R P0IBT CERB ERTSE e 1c® | i st i ng)

t tcca tc ac accacaggag a cgca aggcggcgaa
o o B O B R B A D e
zaa@EIC (ARG HRAACRAARRERAMGEELED Hidadd 400 CCCL CL acgt

t cgacctgct cacggtgaag gagactgcgg ggct gct gag agt cagt cag
cteedh cteo@aatch taagReaggtdigedsa taagt gy gaaggaccca

cat acacacg gatcggtgga 4560 cagatacgcg ttcaccgcga
tzatgfitel grepgyet fogttyen e dastceigetagtéct geytayy at’dacgt cac 4620

agagacageg aaaacgcctc ccct tca at gttac cgccggactg
e G d R0 Y AT BERPERg 8] cooct cgaaa
giet@OL SR A& REH LLGACT tg@g%g@%@c%g 9d.4 /4o 99t cggacaa

gagggaagaa ctgccgttct ctcgccgttg cgcggegtag ccgccaagcg
taASR0 2200000 Glls 1GR0GALGLAT.CGARYEHTIAMY L €ggeaggeg

cggcacgcgc ctgggctgt 4860 tacatctgcc acaactgtcc
categlogra gtoggatic cgecmge cpaietcgamacogt tigegtic dgggcct 4920

tgcggaat cc gtgaccgctg atgatttttg gtctcattcg ttccceccgeg
cotaesiya EPH T 2098 Agrsgatiywtyelarcg et et 2% ccagt cggt

weBio ARELdR AR R AR AR et O Pegcacgcc

reafadQ oo C GERCHARRL, @Qa&gég%%&%&tg% lalelg%e4d 9Ct cgggct
cgggt ggata tggcggctge 5160 caggcataac tcgccgtacg

cccaghd-cgaggts Ggacgalanasgagiigoegg.aactgyct tc 5220
t ct gcaaggc ctcgaggacg acgacattgg gggctggtct gcggagaggg
sty tagerge B st icatettifetcttagetetice gpeteesasy g’ ot acggagat
cttgcgaat g gcagaact cg actgggctcc 5340 cat gat ggat
Cm??%%%@%%%%@5??%?6%6%%“6@? Eeeteege cfat ccgg gggact gget

tttcfgg%tg th%t%g?c% g%‘cﬁ@é%%gc&c%%@& %gtg%&; t%%gg%& tﬁ@@ aaaacatctc

aga t "t caaacgg aacgggcc tggggcattg

02 6h Q0B 800 o tOEQ - BB .0l 18R daGEicRMRYESMagY 5520
egetcegeat tttcacctgt acatggtccc tcctgatggg aaggcaggag

cce@ethiC goggraaligs &SRO gaacgtggeg gggtetetge 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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gctgcggcat gatgctgagc tcttgaaatg ggagat agca cgtgcagagg
gt gaagaccc 5640 aggtcgcagg ccgtatttec gggaagctcc
aagcgatgga ttgaagtttc gtcgctggct 5700 ttctgcggtg
t gggccgacg tcgtagatca teeggaccec aaggaaaaag aaaagcacgt

5760 cagtgccggc actgﬁ§§2994ﬁ§£§9§g gda. gggsacgcga
gtag%?tg.Jg QA9ALL $URRRAAIG e chaég%%@g 4] ag,d tctccaage

ggaacctt tgccgacaag gaatatcagc acgtagttcc 5880
cetthogigl Gt QratiRgad daegagicdtdgaacadaggeanggt t ¢ t ggggctacc
gcggtttgtc 5940 gccggccacg gctgccaccg agatttcctg
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ttgcgaatgg cagaactega ctgggctece atgatggatt toccggocat tectgegaty 5820

Page 36



agagtgccgg ccgatccgaa gtgggaaaac ggggtgttct cggacgttgc

cgggtgcctc 7380 gttctctctc cggaagagct ggggccgttc

agcggagggc agtacatcga catagtgagg 7440 ccagttgagc

cggagaggt t ggagcgcgac tgggt gaggt cggctgagtg cgtttcggceg

7500 tcgatgaatg tct chg, %Oggégggﬁjgg gse,j];lgttecag
7380 et

o Lak gt ggaa
gtgag%% gg@ﬁ‘ggﬁg%ﬁ%ﬁtﬁt@% gctagg%gég% t gat aacccg 7620

a2 & Raggatfgatcatideat @gd-pdcct@eoftd dgaegt clood gcaa aaaact ggt g
gtgca 7675 <210> 92 <211> 8134 <212> DNA Page 62
gceBROP- BT @RS @Y CSegut ticecttth steeing) 00€213> Artifi ci al
<220> <223> pRET1101Rv <400> 92 ggggatcctc
cotepltagra GHeCTyaRs? Etfgﬁ%gé@%@{:g&%"ﬁ%ﬁ%&éﬂ 3@%&*&%&3@% cgt cgttttacaa
c aaaaccc .t cC cttaatc
R R R R L S S
2S8R YATACE CALRCCHRLG LECLLircatAACaght gcgc 180
agcctgaatg gcgaatggcg cctgatgcgg tattttetcc ttacgcatct
ccpgitGeOgiatabga 2dheacd CRRAREY CRERECTEGESE $280 cagt aca
atctgctctg atgccgcata gttaagccag 300 cgccgacacc
EECROGREBTERECARAEC é@%@ﬁé@é@ta@é‘é@@“&@d@g“@ﬁt 08t gct cccggeat cc

360 cttacagac aa ac cgtctcc ct gcat gt
gw%jfﬂ@%ﬁgag G e e e B B B gc gagacy

gcqatcgg thgétg g% gc%cgtggggscgscgaaga@tccgg%t %%t gt c 480
a gaaaat aa fte t a gacgt caggt ggcact tttc ggggaaat gt

gatdd &4C %ﬁ&ﬁ&@cg&é@tg ceddaabtlchQideadt adabdidtdosCt@oaat acat t ca
aatatgtatc cgctcatgag acaataaccc 600 tgataaatgc

gactcb @l St @adeag hdcgaagaaggiraagagicadt gagegicat togtlaca tttcecgtgtce
660 gcccttattc ccttttttgc ggcattttgc cttcctgttt

acegiagse E%%%%‘%t géf’@ft%%?c‘a@%gﬁ@ag? Soecer guaneeaaBagat get ga

{ tt t 780
oo QG SRl QR R B PG 2RR 0250 aacattttce
ggg@c@écgﬁtgﬁﬁg&c &%cc@%cgﬁéaamc@g%g&@%%@o9575(9gcgcggt a

ttatcccgta ttgacgccgg gcaagagcaa ct cggt cgec

geafigaaagaaizectity b aggagt tgacidggidgragisact cacc agt cacagaa
960
cgetgetgeg ctecgtggoo agagagacee aacgactgac ctatetctac ccaggtgcaa 6840

ttcatctece gegetetgte ggetaggtaa acgaggtget cecgegegag ctttteeatg 6900
tegtcggeca atgicagete ggteaggaca acctgetgtt gttgegatag ttgtgtecge 6960
acgggtegat tgtetictgt tgeggcataa cggtittegt cgticgegga gagtgegget 7020
aaatgaattg catcctegat tgageggage atttegacge ggaacctgge gatgatgttg 7080
tetetgtett cattcataac tgaagegtat tgggagtett geccteccac catgtgtgee 7140
aatgcaggte tgaactgagt cacagttict caatagacte caagttipte atecttitac 7200
tcccaaaatg gggcatgatg tgtgegtgec teggticagg gocgaaagtt cgacaceteg 7260
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Page 39



tegeettete ctgctctcgc aacgagcgga ggcctcgatc attggcggca
atgcgcgttc 4500 gaattteggg gtcaagatga ctctgagggt
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ctegtdigcbettieeigaBeRp! ctltateeticaceratdtes giteegeec éi€® gaaaggttcg

gaaat gt cca aaggaaaagg cgttgcgctg 7680 ggtgtgggtg
calgglet (ytege UEHEHY Pty c Attty hexhgdtt ggca agcggegaac

gt gccgct ga

e A B P e OS Sugt gttt e
ccaB8RE6GEdoHG R GRGIIE GhatbatalaGhbttl6B.gRaAGAGCT g 7860

gggccgttca gcggagggca gtacatcgac at agt gaggc cagttgagcc
cgcigged aggtitigreaf @ROc tectcatggg aaggeaggag actegeggaa 5580

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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gagegegact gggtgaggtc ggctgagtgc gtttcggcgt cgat gaat gt
ctctgacctg 7980 ttggtttctg ctettecaga gtccacccgt
cecceeggeg atttcgttcg ttcgtggaaa 8040 gtggcgagtg
atgattactg ctatgagggt gataacccgc aaggctgcac ttctcgtatg
8100 ccggtttggg tctclgeaas. 6 higgs 8134 <210>
Aatee S Bl Zfoacs ek <O§5% g{%ig;%w' al  <220>
Cca<%ﬁg§>%%‘%l%ogcl—g\’%/cg <§%f8> Cacg(;:ac catcaggag gat ccccggg

gact:@eQORGHL 6 Gagidoaskgiegreglaihbicittaasgt cg 60 Page
67 FPO4-0397- OOSG FY( Sequence listing) tgactgggaa

ceggaltre egagiguy seteaite caractect dacbgpe ctctcaggeageticat e cccettt ege
120 cagctggcgt aat agcgaag agcgt?tcegeac egat egecct
ietiqeaeaigdecagt gty atreer o e tigd At e §3% t gcgattt at
tca aagc ccgtccecq tcaagicage gta ctct 240
s R L I Bl T T eca ot cat egage
caa@hGARBEEAR 3N BBk kot l0RAL GA0ggat t at caa
taccatattt ttgaaaaagc cgtttctgta 360 at gaaggaga

aacRgAsitCarega agieagitetcahaggrt ggegamgeadscct gg tatcggtctg
420 egatteegac tcgtccaaca tcaatacaac ctattaattt
aacqigeist B bdyeataetialaiacn cacseaitee dgoicte ilaqcenigbYa gaaat cacca

oo TRRL iadacorgn tARda YR e i t acy o oot cat ca

PR GAGLGY L ERLEAACKARLAEEALLANLG altegtgatt
gcgcctgagc gagacgaaat acgegatege 660 tgttaaaagg

gk tacaacagREd k&gt aRldeRascHgIcgraggaac act gccagceg
720 catcaacaat attttcacct gaatcaggat attcttctaa
tcaztag@Cicepgtiat calgatitg tit tdagat cggBRIcateypggat 6 agt ggt gagt
aaccat gcat catcaggagt acggataaaa tgcttgatgg 840

e luY Al Y At e R R Ut PEa gttt gac cat et cat ct
o B RS 00 OSPRS00

aactct gy cgce t at egat agat

gaaéa%%ﬁéggd%gatcc Qb A6ChMReAlLRLLISL AL GAkJ L a tacceatata
1020 aatcagcatc catgttggaa tttaatcgcg gettegagea
cggagacitdtiopga CHthgaadeaiceal Offfcateag geaacaagge 7020

aatcgtgacce gtgacggtic cggacgtgat ggaaccggat gttgegeooc cegtogagtt 7080

ctecgagatg attgeeggtt tetggetitc gegeagtggt tegggcatgt ggtittegge 7140

aagegeegte gettetetet gategetgat cgtegeccect cgaaaggtte ggaaatgtee 7200

aaaggaaaag gegttgeget ggetgteoot geectegtec tegtgttigt getggtigeg 7260

geaggtigge aageggegaa cgigticagt gategtteac agtecgaage tgtgeegetg 7320

agagtgccge ccgatecgaa gtgggaaaac ggggatettet cggacgtige cgggtoecte 7380

gttetetete cggaagagcet ggegoccgtic ageggagggoc agtacatega catagtgage 7440

ccagligage cggagaggott goagegegac tgggtoagat copetgagty cgttteggeg 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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ggctcataac accccttgta ttactgttta tggaagcaga
cagttttattgttcatgatg 1140 atatattttt atcttgtgca
atgtaacatc agagattttg agacacaacg tggctttgtt 1200
gaat aaat cg aacttttgct gagttgaagg atcagatcac geatettece
gacaacgcag 1260 accgﬁ&ﬁgg%{ﬁggg@%%%%%e t caaaa
—kcacgaart g gt ccacctac aacaaagctc t cat caaccg
tggctccctc actttctggce tggatgatgg ggcgattcag gcctggtatg
<228380 agtcagcaac acettcttca egaggeagac ctctcgacgg
<22at @RETIOCEAY t gagcgtcag 1440 accccgtaga aaagat caaa
ggatcttctt gagatccttt ttttctgcgc gtaatctgct 1500

<“@%P@g§aaac aaaaaaacca cegetaccag cggtggtttg tttgccggat

ggﬁﬁﬁﬁ PR CREBerat LCHATERE P RECHIC 53@9? actggcttca
agagegea .gat.accaaat  actgtccttc 162 t agt gt agcc
et B A A e g Lo O e acet eg
ttcgétﬁ&:@ggcé;(ga@l% g&%@gécc Eg@ztcgéatc G&@ccgita%ﬁécg@t Boccagt ggcga
taagtcgtgt cttaccgggt 1740 tggactcaag acgatagtta

age@£0Y ateaagos CYCRGE gt gggatgaaggatggyggt t cgt 1800 Page
68 FPO4-0397- OOSG FY(Sequence listing) geacacagec

teacgprgre A agleny I eqgeizte glaleditie Hgcazcely aiesccgadat acet a cagcegt gagce
1860 attgagaaag cgccacgctt cccgaaggg aaaggcgga

oo BT AR B R T S S e gl Aac Aggagagege

gctt@GSA G046 cétf:t&%@ggﬁgcgogtg %%&F&og&gtfsaatﬁbt tata 1980
gtcct gt cgg gtttcgccac ctctgacttg agcgtcgatt tttgtgatge

teack @8- GRYGGHe 240 ot QEGEGRYGREtAL.g8RRAB6 JCcCcagcaacy
cggccttttt acggttcctg geccttttget 2100 ggecttttge

atgdtagacagtilith gcactite g ot sdeataaigteedegmadet @t ggat aaccgtatta
2160 ccgcctttgag%%gagct%at aceget egec gcagccgaac

cotjigt BGHtR At R CAE 2RI e cffdgga agcggaagaa

et egeacat. tcagcaqcgt ttttcagcqgc gtittcgatc 2280
e P e B M LR T T P g met t at eggc

2ccBh ARGOEL docARAQuc Gl Gaklld FauBREL T F3QCt tTgcCacgga
acggtctgcg ttgtcgggaa gatgcgtgat 2400 ctgatccttc

gigaath eagean pagitegeakgiaggaagactgegectet ccc cgcgegtt gg
2460 <ccgattcatt aatgcagctg gcacgacagg tttcccgact

cteaggeraaeglyey tesrgtithageeree2820tice aaempemat®'@ at gt gagtt a
et cacteat taggeaccec aggctttcca ctttatgctt 2580

ac E’é‘@%gﬂf{g&t@t? Egtfg aétfﬂ‘@ttc%t@ tt%lé%Cfgétg@aégjéca@ g g(a Oaac aat ttcacacagg
thg%g%g ?&%Eﬁ‘ga ttgtg Qat %ag@g%?ﬁgggtggcc %@og&gﬁa@G6 tgcatgcctg

ctgca cagaaccc ctegatceg 2700 ctcgttcgtc
ang @Et Dl 9AGGH: LhdidagCheRAYUEAIALGH At bYCCIga aggggttteg

2760 tgatgtttct ccgagcgttt tttcgttcca agttggtcat
gataggtig gt @idt agicg ot gghicga2BRA@aagga getaaceget 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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ctggcctgtt tctctacaac gcctgctctt cttctgacgc aaaggaagag
at eggeagea 2880 gtctgaatct ctctcctgtc actgctcgtt
cgaatccgta tgagggcgtc cagcccacga 2940 tgagcgaaaa
aagccctgtt cccgtccctg tcgtttccgg cgacaggatt tcgggggtgg

3000 catcgtgcgg gacggy Ogg(ggggﬂ;gj ﬁsttl_gg ggt gac

aggg&ﬁg@@g%@ggt%&ﬁ%gﬁtggﬁ chaa C ggt aact ac
acactegata agaggca tg CCtggtgacg aceggecege 3120

tegticgcQgfaaga cattgaleLghaaaagegheagiggiberngagat tcggect gag
ggcgggagct 3180 ggatacgggt ggtgcttgcc atgcctgacg

ticlgpeaipi e Ry igyepoeiggratggc gohcesaaegit®214@80 cccaagt aac
cgctggtgcecg ctggatattt cggcggtggt ctcgtgagcg gggagaagcg

“g“‘%%aag@%été‘ifébc Ry teC g faﬁﬁé%é& c‘g?o ctttttgatg

a 336 € gccgtgactg
atacéaélg ?[at?c %Ctagtg'gg%% c%t%%%“atcf cg'C(E:1a C%? ccgig%tgaggg 3420
gealch Rl AAEEE GBI CglL8g %@Qéc%ék;%%gcgﬁtg@@@(?ggcg tggtggtttc
tgcgcgactg 3480 ggaatcgaag cggagggccg tacgggtctt
aagcgata g ettech GO HA ggGEBc CRoBlgarteegdad bsPage 69
FPO4- 0397- OOSG- FY( Sequence |isting) ccccggtatt
ggc@@?@t%&%&% teeagipe s tagtacagaategtogd eyceatt €946t gc cgaggt t gag
3600 tttgaa act ttc at acgca ctcgtgttt
e payElee "ot cue seepReaaagigi ¢ B t gagaaag
aggtafole Glieh 16 &%%&9&%%9@&%9&%&9&98% glgacegetg 3720
ccaagt agag aaggt ggccc ccggacaggt ccgcgtcaga gtgattgatg
aacROGAR bl @gal coblBE: GIAGAAGLEd :6gLgRI PCYY gat gggcgaa
agatgttgtg ctggaagagg atacgttcga 3840 cggtcttccg
tigtggcigagaeye sgadeccd igghdnacg gagoaagagetiggger®ggcat cat gagaaaa
3900 gc ag tateteggat tcctatccgt ctcgggcgcet
cootreB G GUEAGAEGT 958b gt (dhtc | cget gogga
weBIRPAGHEAC, ALE006RL 0 A000eRaBRc.EP0RFeO0e 4020
%aﬁc %gﬁ ggeageag cgaacgcggc

acc&@c‘gteacggéﬁfcggt éa%@ggazgécéﬁ%é@g%&aﬁ&g @aQ@eG@Gta 2fgtactcetg
gagecettea aacatcgagg ggtgtccgag 4140 ccttacgtgg

ctecbdgtde@agagtt t@aaisl 6o agLeangtagGeac alsgrt ggg ct gggt caag
4200 cgtgagtctg atcgtcgcat cgaccagatg tggcccctgc
soggpemtiigReaec grittiste eafegytcd dG0aset %C@f@@gg‘c g¥0cgt t cccgcet

gatactcgtc % tcgaag agtttec atcct egag 4320
tacqliy e hyeLy e @g%’ﬁ@%‘@gctg@%@’ﬁcé ac ﬂéaaacctg ccgagcgt ct
acafs 3R AGEE LS, tggﬁﬁ%aa t?cgi Et‘é%gggé%& CQ&?Jagc%%t ¢apgat ageageg

agtcgg aa agg tgg egee e 4440 ctgctctcgce
actc@R&g AR HE BRaL S8RI6n BELHYE BYER AL gGYCYt t C gaattt cggg

4500 gtcaagatga ctctgagggt ggacgaaccg gagt cggtga
agegiiBl getitigacdmegagetyed agd&bot gatggotett 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

Page 64



tccccggaag actgtgccct ggtcgagacc ttcaagcctg gtacctgcect
tttcgagaag 4620 ccaggagaag geeggeagat tatgcgatgc
gactttgtcg gcgagtacgg gagat atgcg 4680 egagecat eg
agtcttcgga tctgcgtttt etegecacce tccagcaaga ccaggcccaa
4740 cgcgaattct tcgcﬁ%§%g§{ﬂgégg Latg. ghagat ccgt

2225 0AGL 8032 CE A6 2083055 U gcat adg@Pacygcgaag
ccgtcgcggg agcctcagtt gaactgct gt gaagcggacg 4860

gestede g anacge adamaa agadet eaagggitLgat 612acgtt cgacctgcetce
acggt gaagg 4920 agactgcggg gctgctgaga gt cagtcagg
cegtaguptittee et bggriagicaidec gggagtedatrgitd 9800 aaggacccac
at acacacgg atcggtggac agatacgcgt teacegegag tcgctgecgtc
tECaseRAt 82 T@%*%%E@é%"%‘%@@%ﬁ%@@%g%‘%%&ﬁ‘%&%&?’c a?g”d)ag acagega
aacqgcct tc 5100 tc tt gccggact gg
cacc&g@agta %&(&g&%ﬁ gc?c?&c%g%gcc%%c ga%rigtg%c& lg%ggcgcggcoc 2@8

t egacdceta T cgaaag 5160
cgafhOikAe 3R IHGG %&ﬁ%%@ﬁggm$@&@gﬁ@gég%gtﬁ@@acaag agggaagaac
tgccgttctc 5220 tcgcecgttgc gcggegtage cgccaagcgg
ccgGaCgligtaige aggahgtagegangeggacdatpig0sRage 70
FPO4- 0397- OOSG- FY( Sequence |isting) eggeaggege
gleagegela EYjeifsts Pgfpger ryeicasgtusecye egatissiact’g¥ ccg tgaatctct g
5340 ccagctcctg aaaccgctgg tca cct cggaat ccg
sl TG FUAELE PG R IR 1] o e egogs
ek ARF 4B AL A, LOCR0CORAG CLACLLE Gl GGRULEHOL O 5460
gctaactggg at gggcgt ga gggt ccgagg ccgegtttcg ttgtcgegec
catch @6 Gt @b e BRLZDat 6@ L8Rt Sidaghgat ®ho cgcacgccgce
gaacgaacgg ctgaacgtgc gtatctggct 5580 gctcgggcetc

geagggl ggatat ggoggotgedaaggeataagtcagge clftcga cttcgacgtg
5640 gacgatgaag a ttqgcgga actggcttct ctgcaaggcc
g

g At tae BaRC rYYEES ratrisgyEtgeeet d"Pggagaggga
ggtt?%a ttgg{%%g% a!écg E:a%!:l ?gc%}ctcc::ct %atéc%é (',9? ggoa%cgacgg Qf‘zfog atc 5760

agaactcga CCC -atgat ggatt tgccgggcat

petdtGoL 960k 1RB20 cAlLORRCRLLRE %@gt%gg gghoggact ggct t

acggttgccc ceaceggcgc tgaggtcaaa 0O aaacatctcc
ctge@Gag gittgicl abaaRaggidagatCiaacyyggaedgggggmat t gc ct ggat gggt

5940 gcgtggaaaa tggagttcca aagccgaggc
sittigercittgratitetcaccrgitaicctrggieeticced 0020 cct cat ggga

aggeaggaga ctcgcggaag ctgcggcatg at gctgagct cttgaaatgg
gals 8B SEEGHGHE AGERL Yt %Qﬁﬁaaf‘:&afé%j’ﬁiﬁgé a49§18t cgcaggc

T B PR D e RGP 20 % 160°

tcg SREGACCREA GALAAAARPARRLLICHLLeohPlBOCggCa CLggagt gga
ctacgcggag 6240 ggcacgcgag ggtcagatcc

ey a gy st goguhgtactaate betaageanticygadset t t 6300

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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gccgacaagg aat atcagca cgtagttcct gctcaatggc agaaaacggg
t gcgggacct 6360 ggcaggttct ggggctaccg cggtttgtcg
ccggccacgg ctgccaccga gatttcctgg 6420 gatgagtacc
tgcttttatc tcgcacgttg cgacgattgt cagcgcgaac gaagatctgg

6480 gacccggctt tacggg i%gi%%agfgg ge. gacagat gga
agC; c

2000431 .0 acas Ggogggcaccgct t
tcgcggtgcgc%tgtc%?gaca%%%%tgaggacat Ctgggcac” gaagacccgg 6600

ccte@ 268 e @689 c LERCA0GRAcHag et dghiccoegOaCdd Cgg gatacctgtg
t gt caat gac 6660 gggcccgcac tggctcgaac cctcagccgt

ceclggapag gticegelar agbcrgrTihygageae Lagracrayes @i S24§gaacgcect t
tcggetttgt cttttgectgg atggecgggtt ttgggecgget tctggtgatg

tegBU L e oY ETTEHE %%Ct&@%@t&ﬁ%g 80aacgact gac
etat et et ac ccagat gcaa 6840 ttcatctcc cgctctgtc

s e A PR O e L SR 820 G0t

gaa&&%&&g@&&aé&%#g%@&ggtg&ng%mg@&@gc% ci{jgetgtt gttgcgatag
ttgtgtccgc 6960 acgggtcgat tgtcttctgt tgcggcaaaa

teat@i@Qiddatggtecagist @anygacgagtge ggetet/820 Page 71
FPO4- 0397- OOSG- FY( Sequence |isting) aaatgaattg
ccagierple EtieIgiate fegergeyeratyesaga reefeeclyieeyeraactt ggc gatgatgttg
7080 tctctgtctt cattcataac tgaagcga tgggagt gt t
teegtRie et e et g Tt e Frgtn %aa%g% g%got gaact gagt

s GAEARILESE (SARLATACLGCARALLE GLALBL.CGLp Lac 7200

t Cccaaaat g gggcatgatg tgtgcgtgcec tcggttcagg ggcgaaagtt

ctteEQPE BREkREY af BBl en RRAGOAGULEct REAEREQ Y00t t t gaaagct
gctggcaacg tgattcctga ttcctccgeg 7320 tacgagtacc

cagge ggtidech cgytegagoepcadgatiggletacegaadagaccc ggaagacccg
7380 aact ctgagc agttccagaa gcagaaggac ggcacgccgg

acegalerly Jecetjie cegrtsige Yoy e ttigyeieeyaté’ gggeat cagg
t t tt t 7500
R R O

tgage et Hal &G adaoffht cLREATLAGLEGIAGIGRE GHogo gt t Tt eggca
agcgccgtcg cttcetctctg atcgctgatc 7620 gtcgeccctc

ctegBRAggidban gagatdhicasaagoaaaadgetggtdogrgct g ggt gt gggt g
7680 ccctcgtget cgtgtttgtg ctggttgecgg caggttggca
catggiyecy gtoplaze qgeayease elepcepa® rp0eecHt Bgptepara 4oyt ccgaagcet
gt gccgct ga gagt gccggc cgat ccgaa tgggGaaaacg 7800
PRt HETLY g RAGE PGB o rHaet E%a“imf%t dtt cc ggaagagct g

X at agt gaggc
s R A BLRRLE TS Guat gagotc
cotid @6t GRALQE :@Lahda6080GlacEORLEAAN BkoBhad gamCL g Ll ggttitctg

7980 <ctcttccaga gtccacccgt ccccccggeg atttcgttcg
ctachteggteg@amenz gLiggagaglage80dGeigtact 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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atgattactg ctatgagggt gataacccgc aaggctgcac ttctcgtatg
ccggtttggg 8100 tctctgcaaa aaactggtgg tgca 8124 <210>
94 <211> 7675 <212> DNA <213> Artificial <220>
<223> pRET1103Rv <400> 94 gact ct agag gatccccggg

tacogagot ¢ gaatt oot ad el ahadlAUGLAL L
tctgét@&%{ggtg%é ctj%%&&tagﬁfg%c& %gﬁ%&t c%@ct @C at C g agccggaa

gca t aaagcct gg ggtgcctaat gagtgagcta

cca@@lboacadtdcag@itbtge glotagtan b et 9&cscdB0s000gCct t t ecag
t cgggaaacc tgtcgtgcca gctgcattaa tgaatcggcc aacgcgcggg

clitipd@ testyagyeapiptgertc detegpeark atetegfetyagedatag €80 ct gggccaag
ctgaatttct ccattcatc 300 Page

tgtgiysgypcerg e {Eepgesuifratdest F%%%W%ﬁ‘gfozoeget tattat
actta t cac C ttta .a g ccaa t aact gcctt
el R AR B R R R BRI OO0 e

gatdale@d 1@@1%&1@ @m&&ﬁ@g&gégﬁﬁgég@gu d-86Loacalg gaagccatca
cagacggcat gatgaacctg aatcgccagc ggcatcagca 480

catefelidct gtocfei dhigagi-abaat taatbdatigcagagtd ggtigaaaac gggggcgaag
aagttgtcca 540 tattggccac gtttaaatca aaactggtga
atcchigs feeptie Seqyaenis Eigeptace @%@%@%@&a% 0% acatattetc

aat aaaccct ttac aaat agcggg tt ttcgz%ggt aa cacgccacat

PR EELEEY E%af% étfg@acaé‘it %a&‘& &Jga’“dat cgt cgt g
ttccgsggé &&Q&cg {g@%ﬁ&%%agccg ga%atgg%%@aﬁ%ﬁ&cg C73§@t ttgctca

t ggaaaacgg aaCaagg gtgaacacCta teccatatca 780
coakp@@ECl 665 c GitEhdab 6ald GBS RC AT RtbiCCHPat g ageatt eat e

aggcgggcaa 840 gaatgtgaat aaaggccgga taaaactt gt
cgagohlt @bditente gedebitge gglaesetd Bagaagga@Pic cCot aat at

cagct gaac ctggttat a gt acattg a caactgac t gaaat gcct
E2GEO LEARE %€ﬁ°$g<§g‘t°ﬁ$t&%?§t§t yereuis teggght 20 at caacggt

1020
e E e siatodr Bkl B B Gl cota 1080°

ategdb gk Sl LAt g%ﬁg%%%%@gcéagﬁﬂﬁ%tc&%cgiéc gfsgt tac gtgccgatca
acgtctcatt 11 ttcgccaaaa gttggcccag ggcttcccgg

getdi Qe aReagq AATACARGEHa: tabit@id babicgdh2 0040

gtottecagtg atcgttcaca gtecgaaget gtgecgetga gagtgecgge cgatecgaag 7800
tgggaaaacg ggototicte ggacgtigee gggtoccteg tictetetee ggaagagetg 7860
gggecgtica geggagggca gtacatcgac atagtgaggce cagttgagee ggagaggttes 7920
gagcgegact ggotoagotc ggctoagtec gittcggegt cgatgaatgt ctetgacctg 7980
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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ctgcgaagtg atcttccgtt cgacggagtt ccactgagcg teagacceeg
t agaaaagat 1260 caaaggatct tcttgagatc ctttttttct
gcgcgtaatc tgctgcttgc aaacaaaaaa 1320 accacegeta
ccagcggtgg tttgtttgcc ggatcaagag ctaccaactc tttttccgaa

1380 ggtaactggc ttcaﬁ%i’gg BEERY g actgtc
tgac?%géa%tagcg&gggg ﬁ%&%t@a@%gcﬁ% (gcatcacg&% 6: tt CgagaaCt

gt agcacc gectacatac ctcgctctgc aatcctgtt 1500

cag AHCAGAGoLhe Qedogeagi@c@agaidagbecgtgt cot acc gggtt ggact
caagacgata 1560 g¢ttaccggat aaggcgcagc ggtcgggctg

gaalgaegdergygt ctacytgy cacs e calgreicmgeiaiect6 280 ggagcgaacg
acet acaceg aactgagata cctacagcgt gagcattgag aaagcgccac

gocapeip e gy @6?5‘5‘5%1“@%%@%?&@@"&@@3%9 ?% t ccggt aage

1740 ca gg gagettecag
mg%%%g%%%%ﬁgg Caa?atc?@%tg w?%”? gt ?%gggtttcg 1800

RISPTor Velex s War %%égg@g cSogal it abidRrLICEETt ca ggggggcgga

gcct at ggaa aaacgccagc aacgcggcct
cgaticdkcdat aggghda caitgee chtdhtitcgetgagaeitatggctscacat 1920
gttctttcct gecgttatccc ctgattctgt ggataaccgt attaccgcct
atcpagighgiedjuere Brgg0se ofegrtcaregedicce frergthgeld gaacgaccga

gm%ﬁ%ﬁagggggﬁ%%%?égggégﬁ%%g q?%%%ﬁ%? gaggggczgat
o FARGAL A0, AEEL 54570, 610109078, 9008G! °0F { 9ogggCc ©

tcgctatta cgccCagct gg cgaaaggggg atgtgctgca

tottAGYE @ait&@aaogégh@@g&t@@&cg?éc@&gga@mw@@tgt tadt cccagt cac
gacgttgtaa aacgacggcc agtgccaagc ttgcatgcct 2220

categraygticicg gaareygatidcoytatcntaegdtite geét cgttcgt cgct gt gagg
tctttcctgec 2280 aaggcaaatc gttgggéc aaggggtttc
%%ﬁ?ﬁﬁﬁﬁ?FFﬁt%%%%ﬁbﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁ 0 aagttggtca

cct tgt.ctacaa cgectgcetct
m%f%%%%%ba‘m@ %pmg”% a mg%tgggéFb%ﬁéa%% agt ct gaat c
tzgdafb G LGRESL tg%&gtaag&ﬁa%@{gg eA8Q . licdaal.cogd at gagggcgt

ccagcccacg at gagcgaaa aaagccctgt tcccgtccct 2520

atcg@h @ o AE0z00JRE afgrades bdoCGGYYFLaptgaatcgt gcg ggacggatta
cgccgggaag 2580 cctgcggtga cgctggaagce tgtgtggatt

aatcpgegft eatfamne teygrpmaeha? vacitt exffatrta64% aagaggcat t
cctggtgac gace geceg %ggtg aaac aa cgatccg taaagcgtca

RO ﬁfﬁaﬁﬁ% aﬁ%e&%@? Y gEggagc t ggat acggg
atat!ltgtg;;tcgt%‘% ?g‘tag@:l{cgga%!ltgtg 32379519%5 { ﬁab'bB ca gggcaggatg

ggcaccccac gccc ccgc C gctggatatt 2820

gaabHQ8 6Q80G1C 041306 880ERYARGEIARDAgCIa ggccggeccy
gt agaaatca 2880 tctttttgat gctggcagtc agggcggggg

acc@ictehgeataegta sgicog igachcgogetocnt ©igae 01320
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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cggtcgggtt cttcgcggtc gcggttgagg gtttctggtt cctggtcgtc
gcagtcatcg 3000 ctgcaccggc gtggtggttt ctgcgcgact

gggaat cgaa gcggagggcc gtacgggtct 3060 ttgaacgggc
at ggaagggg acacctgaat cccccggtat tgctctctcc cttggectagt

3120 cgaacgt ggc ggggm-gﬁ-o%@@g%g gR. ggAaYttt ga

2caBBRL A6 O9ALACHCA R H i SAGLEREIL tscht CT Tt gcCg
cccggagt ca ctgccgagag ctttgagaaa gttcgccctg 3240

atto GGk gOCRAGH cCgLgat gaag Qe teancgghagacaagiaga gaaggt ggec
cccggacagg 3300 tccgcgtcag agtgattgat gaggattega

geeegrangargEescg ety e (egeagerabggg g tic888 0195 agat gt t gt
ct ggaagag gatacgtteg acggtcttcc gggcgagacg cgatcct ggt

Btooibpp B g LR s e qaita at cggogqga
tatctcgga ttcctatce 480, tct tct cagt acg

eofBLChEHAA. L BELA GRSt i ELEAIOGH | Bl g0

gocGRb Ciofe S8t Gric gacaaateacldalcadd €agaagt cag gcgacgtaca
acgtgttagc 3600 teaggeagea gcgaacgcgg cggttcgagt

ccg@glagggitetagaceegagagaaaggtagicibadit®02229gageccctt
aaacat cgag gggtgtccga gccttacgtg gtttcgggac tgaatgcgca

2ag3gmR gy AcepfrsR ey iguene Yettigpegrettinget cad’ gegt gagt ct
atcgtcgca tegaccagat 3780 Page 74

agc%ﬁ@l‘%%%tf-a%%gw deReee Ia"ft%f%gﬁ 95 *° gt ggccect g

oL ACIACRANL LLECAR HLLA9006].E Sgit cocac 1 gat act cgt

cgt gct cgaa gagtttcccg ggatcctcga gggggcagceg

cte@RE0ARQ AR P26 €g6&g hith @0 P03 RtccLEeGaRBACRED gCCgagegt ¢
t egeacceeg catttcggcc tacgtgcgtc agat ageage 3960

ceggicaghieggeascaagyat iygeact ktegent tatzaget géilct cg caacgagcgg
aggectegat 4020 cattggcggc aatgcgcgtt cgaatttcgg

saciggitls HBg LG RS FRGTCORARETAO80  goagt cogt g
agaatqcttc atcegagege.ttccccggaa gactgtgccc tggtcgagac

o8\ Ao SRR b SERE AR Cocaguagaa

zacHQGEFICALA tdh Al YRR QA0 o6 AREH L 93760 ggCgagt acg
ggagat at gc gegagecate gagtcttcgg atctgcgttt 4260

cteghtefi PR QAL EctittgSagraals aocagyapiaicacegaat t ¢ ttcgct gagg
agttcggtgt 4320 ggtggatccg tcatgactgg accacaggag

tratalfid aepset dteayeprgieeasigrtyecygesdy 4880 gagcect cagt
t gaact gct g t gaagcggac gtgccgaaac gagcaaaaca gcccccggtt
cleef AR I RERTEC LY L TR P B R ERe U8 tigaRy gagact gcgg

. A . % . c accggct gct
gret cgg%g% %g t%%%@ggg%g atggggg%éaog%%g%a%%ggt gga 4560

tragt BGRALACHGH ctbCantgala: 9t qel0agteggicheat cg aaccgcegt gg
at aacgtcac 4620 agagacageg aaaacgcctc ccctgggtca

catcaib e U tatic cc@eCgy ety icgoygaggt geegh680060

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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ttcgacacct acatccgtcg cccctcgaaa ggctcagatg cacttccacg
at aacgcaga 4740 ggtcggacaa gagggaagaa ctgccgttct
ctcgccgttg cgcggcgtag ccgccaagcg 4800 ggacgtgtct
gacgat gcag cgaagcggag teggeaggeg cggcacgcgc ctgggct gt
4860 tacatctgcc acaa _gg{ﬁ&gg@gg%%&egﬁg gct cct

ﬁg 60093566

F gl Ot Qgcl gtgaccgctg
CCC%?%?%ttttgggtc%?%gi&%%g cccégécgcg ct gacgat gt 4980

g BBQeHaeeacfotgatticgd tttagd cggitcggmtaact gg gat gggcgtg
agggt ccgag 5040 gccgegtttc gttgtcgege ctggegttgt

zcgmgetitiageray gtk tigrtegatcasat sayizegraageddd 3’2 gaacgaacg

gct gaacgtg cgtatctggc tgctcgggct cgggtggata tggcggcetgce
CCA B aa%%g%& AL CYRIEYE ﬁ%ﬁtgaggeftgﬁftft@%‘g g’ﬁg(g gacgat gaa
=Ja0tt agc aact gacttc 5220  tctdacaagg t cgaggacg
8 %c%agc%%?tg%g6%@%%3gatgct%ﬁg%cggéa fégg ggfgt %é?ggg 5280
cegRhQPEL LS. %%tz%g%@ B0 & 3E0R0MAL G LACHRAL § gCagaact cg

act gggctcc cat gat ggat ttgccgggca ttcctgcgat

tegeg g ganachke taactattepgg tgggacieggebach# 000 t acggt t gcc
cccaceggcg ctgaggt caa aaaacatctc cagacgttct tcaaacggtt

eeaa B0t e CHORIE TYLEeREr Tt CrEisarg gt gcgt ggaaa
at ggagtt cc aaagccga 5520 Page 75
snelsEgh oS SR LS R R R AR 4956t cegeat
e GACEL A, ASALOBLECE] 661631,990.830U57900_act cgoggaa
80 gctgcggcat gatgct gage tcttgaaatg ggagat agca

cott&Bie €3G aPt 0B AEGEEOR4D0 o8 9QECOGATGYOCCt At T T eC
gggaagct cc aagcgatgga ttgaagtttc gtccgtggct 5700

cgtdagtdt gefigta cehgageigacged dgtagatitacheeggaccec aaggaaaaag
aaaagcacgt 5760 cagtgccggc acti%gagt 9 act acgcgga
teegrg it FEEg e catyaEre %g%%aé‘i? £%88 t gcggt gt ac
fLet ecande, at %%Qaggtaéaaéc GS %Cr;%‘tacgca aglaigpoc acgtagttcce
SEEEEEE tgg Y Caa ggggcaggaaa cfggé g gggagcc t'ggcaggttc
atttd YORAE BEE ¢ BE G Leh Kl foar D8 Do S REAUGE AAY gCT gCcCaccy
agatttcctg ggatgagtac ctgcttttat ctcgcacgtt 6000

ctgdfifgamenidagh deCagagagageda gaagak giagicggacooggct t t acgaggcg
gt agcggcgg 6060 ccacagatgg actaaggcga tgatgcgacg

stcagiteg g e et cergyeus e ssitagarstrdgeae@t0550gaccggt gag
attctgggca cgaagacgcg gaaggttcgg gcgccagtga agaggttt gt
loccgapatg SRRt SR TEYC gRr At gEeht'greaat'§d cgggeccgea

cca ta%ggc 09 Qa at@a?% a g% gc to?%c%g tac%%?%a a(t"agéc C&S@gCt gcctga
ct agacgcg cggaacgcc gggc tcttttgctg 6300

coa@odtQACHEeda tddcbiB0BE 886 ket tg8l8Rtccge gegct gc gct ccgt ggg
gagagagace 6360 caacgactga cctateteta cccaggtgca

cgegibitee B ctlagye ciogoge tigtagtet cggcitagglcastd 2600

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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aacgaggtgc tecegegega gcttttccat gtggtcggcc aatgtcagct
cggtcaggac 6480 aacctgctgt tgttgcgata gttgtgtccg
cacgggtcga ttgtcttctg ttgcggcata 6540 acggttttcg
tcgttcgcgg agagtgcggc taaatgaatt geatcctega ttgagcggag

6600 catttegacg cggagg Baggg nggggg%ggceg&gé ct gt ct

gLl £2l.88.4L2830 58l é 0 tgctctccca
ngcag%% gt%%mcéagg?%caggct%cgtgagtétgag tcacagtttc 6720

Ccagcﬁaghﬁ%ﬁég tegaad degogitecg Bbagdtdattdadttted Ga@aaaat ggggcat gat
gtgtgcgtgc 6780 ctcggttcag gggcgaaagt tegacacete

tctcgaaa@@agg@%m@@a@wgwamacﬁfg‘aaa@@gQS AB0 t gctggcaac
gattcctg attecteege gtacgagtac cggg%ggttc aggt cgagcc
c

50 atg@%é%f%&%&@%&%é@%ﬁ%é%%g%@@%ﬁ gaact ct gag
6960 t gt gagt
coofiltfle WEEA0R A ABAIR D dhence UL 0l I 9 90050 °

oot BakC AL ARGE g%g@gcgggtgga%a&ggwg%t:ga%aa@@ggat gt t gcggggc
cggt ggag ctccgagatg attgccggtt tctgggtttc
t tt 0 ct tg att tt tctgggttt

gacQgRagiggha i-ggueakgbscgghitdeggeatéid G70@agcgcegt ¢
gettetetet gatcgctgat cgtcgcccct cgaaaggttc ggaaat gtcc

£8CPCY CoLRRAZEGY HPAEEL o (RelieEty é‘&@ggtgﬁgﬁa@tﬂg gy®Y gccct cgt ge
tttgt gct 7260 Page
?39%,9 [gg %@@%g“ﬁ%@g% Cilaiabl g‘itﬁcﬁaé% ¥Ycaggt t ggc

gteRARE 99603 CALANLCAN - AR LALICRAG AR GEGAagC tgtgccgetg
7320 agagtgccgg ccgat ccgaa gtgggaaaac ggggt gt t ct

2028082898 20Q8t G66EGt £330t Ohdosh et Glogn Cggaagggc
ggggccgttc agcggagggc agtacat cga catagtgagg 7440

geeegaglitgage ﬂﬁg}%%ggw%a@@‘ggf@@@g@@g@@hggt cggctgagtg
cgttcggcg 7500 gg(a;tgaatg tctctgacct gttggtttct
“t"@té%g& P%gé%g&g@a %ﬁ%&?% Fretetarhye s gatttcgttc

ttc 196 atgattact gctafgaggg tgataacccg
et HedAARe AR A CIA B8 L oL 08000 O e
o <2112,8497 <212> DNA
eSS %?E?F%%%a|Cgégggﬁgﬁ%ggﬁa%%ET1001 <400> 95
ccEQOGHORAEORA00EGI IR0t 2ggtrigRgl ®cigest €3gCt Ccgtt cct cge

ctatcctggt 60
ggcacgegag gotcagatee gaaaaggctt geggtetact teteccaagea tggaacettt 6300
gecgacaagg aatatcagea cgtagticet getcaatgge agaaaacggg tgegggacct 6360
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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gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca
ctgcgtaacc 120 ctgggcgectc gectcccatt cgcecttcgcetc
acaggagggg gccgtcgatg gccgctgacg 180 ctgcatctga
cgaccggcgg accgaggtcc gcgccgctgce ttcgcgggcecc gctgacgcgg
240 ccccggcgaa gcgcaﬁ%_ggngﬁggggggggmggﬁg%ctgac
eGSR SU09A0 HRGACCREAE 300:ct0 IRl GIRC BEsCICICt ggCC
gat ggccacc ggcagctcgg ggcgtgggtg cgt gagcggg 360
tetc@@f tHOEA0Gagk GLLHHN0:AAGHL CagaEcCYaagaccgg cagt ggaat g
t cggcggagg 420 cggccgcgga ggtcgccgecg at gcggcagce
aalggggale (ractrad cyettitp gearc sagtdtgaatitie 4800 agat cgcgag
ggcgat caac gccgggcagg tgccgtcgca gatggccgag tccctgcaga
oo saaiGHEE- duaTHgRge Shde gt P ggggoggat
cggat c tcga c. 600  tcgacgac ggct gacgt
s e A R BRI AR TR 00T 9560
mqﬁgﬂggg&g&&qgg%@&gggggygggg@ﬁgggﬁﬁﬁ&ggQ@ﬁﬁca gctaccgcac
cgaggcgggc 72 cggctgattg ccggcgggac ggtgatcgcg
aactQgat egEiage sagginacealcgaanaanRcegtetd 74acccggt ggg
ggcgggactt cgagcgggcc gccgcgacga acgcgcgggt gggt aagcecg
ceegrocc egtgtgg Bt PesTeery Eeregiegeyesietc "Ygggat cgge
ctgaccga taccgagttc 900 cggacat cgcagacggt
s gihle R SAGUDE L SR ER T RE G oWt gacg 960
el REIAGIRCCALALEER0EI G001 gE ct ccCc gggt cgat tt
°g°‘%cggg%%%%%% 4558 %%g%"g‘cﬁ tFP%Al-%’%@?- OOSG- FY( Sequence

gtedebcStt blaghbitc@6RLE0AAGAER0GAREGBCEAIgYRAY gt Cgt Cgagg
t gat gcgcga ggt cgaacgc 1080 gcgcacggcc tgatcgaggt
eIgg0yaGUctygagegggrac grggoeggosagetigeage 1140
gcgagcaac gccgcgcggt geggaceggc aagg cgc agcgggacgg
ey aggaR s ETetee & $@¥@§%€§ﬂ@g§%@@§%g§ggategeegea

ca tg t cat t cgaagt agc 26 ct cgt acaga
S SR e S S

gogdndgelda gt@efargﬁé‘ll%g%égc%%%%&gg%gﬁgg% LQ6LEB0God0acgt cgacg

ccgccgggga gccgatctgg 1 tftgccggcect ccaaactcga

222 REQ GG tdabige dt6g GObanaeangthggaagactgaogrt gacc 1440
agacceegec eggacegect egeeggegag gagacggt gc cgcggaagcg

cietyeeegergegt cctBaEee Yrete Sycgre gggraytadely cegeegegag
t cggcggcg agcagttcgc agctgcccge 1560 tgggagcagg
mg%%@ﬁ%ﬁ@ﬁ%gﬁF@?F@ﬁﬁﬁgﬁmﬁgﬁﬁgﬁﬁ@ﬁ@gﬁgﬁpgcgcgc cgaacagt cc
mm%@%Qmm%%%gﬂﬁﬁcga agt ggaagcagggt gaacgag gcgttgacca
ccaaga ggccgaggag 1680 caggctgccg aggeagegeg
ggtcgcctcc gctgtcat gg gaggecacce gacacegeta 1740
<210g@gacat gc t egeegecca ggagcagcgc cggaagccgt ggactccgga

<2lgreagetaacgc 1800
<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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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 aggeﬁgiggg{ﬁggggggﬁ% - BGg5aageeg
cocBRACLARRIG SALAACIARR 009000 BEOKADIREC aggdCgat gt g
gaagcaggt c Ceggeegaca agegeacega gtcagccacc 2100
anaRAGHRE EYGLLe: 19gegegtgatbetOgeggateberacopccacca aacccgecga
ggt caaaccc 2160 ceggecegec gccagggacc aaccatgccg
zegagle eggotier RUOEH! atliwaccgetareegeat@@20 48kgegacegag
gt cgagaat c cggaat ggga ct gt gagcag agagcgagaa ggctttcgtg
cottgrers e oAty Aty e 3@%§ﬁ@§€ﬁ@d@@%?ﬁgég% agcatgtcca
agaacaccat egat eget ag_ 234 aaggt cgg gt gcccaggg
A AR AT e e BRI, 202772400
mmﬁﬁ&akﬁgﬁéhméﬁgﬁgggkéﬁu@Q&@QQQ@Q@w@t@ﬁiCttca aacgtattgc
tgtggtcgtg 60 ~ctcgctggtg gggctttggt agtgggaggc
ctigegataggatchaagih godact catggd ab@ea@5200 get ccacage
cgagtccttc agcagcggtg gtgccgacgg ttcttccacc agtcactttc
aapggepsttigelieajeradiecet tlpyey cBearcytadeatiec ddy tacgegt cgg
attece%?e% at gccgtctg 2640 attccacté_ cacagggccg
ccastliR g ALY C‘taﬁggd% sl syt acécagcg 2700
caipggacgag etteccacet
gm%%%%%%%g%%“%%%%&égggh$8g%%%%%%%%%-%%SG—FY(Sequence
ceghait bap@deace CRRERL GPL AR IPBERGAM LG begacag ccctaacggce
caggt ggt gc tcgaggtgaa 2820 cactccgcgg ccgttcgatg
caa@iggcigpesoratpgatygytgact ceaetgetgitd ¢&0t eeggat 2880
cagcgggaac atggatgccc cttacgacgg attcggtggc ggcgtcgacg
mmﬁﬁgﬁ@%ﬁ&ﬁ@“9@2@““@%?@%%%@?%“@%3%?g6@8a t ggcacacga
cttcgl caaacttcgc cagagtt 0 gtttctaggc
s A AR P S SRS 28E TP agtceq acancgegat
n%égéQgmﬁgé%%gﬁgkggﬁ&ﬁ&&%&&&&g&ﬁﬂﬁhﬁCQbﬁ at gt gacgca
ctttcacccc tggcactcat 3120 gtaccgaagc tgggactgag
ctgc@ Bty §gedegtee gegt caamgeetiabeaegidagragtt 12gccact 3180
gaacgggggc gtgtcccggt cagggcgggg tgtgacctgg gttcatgaca
caaggedyd tcHerenectBpdicscgetigetyisarryeygat’tya act agt t cat
tt ggggaacg at gacct gat gaccggggat 3300 cgtgacctac
mm%&%%é%?ﬁﬁ%g@ﬁ%@@@?&ﬁﬁ%ﬁﬁﬁﬁ?gb GP%BgatYcagac cagt gagage

o t . d C ttcccgaacg
R O L N R e

agglg@sakab e (Geggcag0gend grgaccagdeganaat ggcg 3480
aaacctgacc cggtgacccc ttcaaatgac cgggtccgtg acctggcagc

accdgyaq ad gt c8huhletc gigtcttace gggitggact 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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gagctccgtc agcgcctggc cgtggccgaa gccctggcca gcgaacgcaa
teggat cate 3600 gacgtgcagc aacagatgct ccggatgctc
gaagcccggc cggtgtcggc cctggagccc 3660 gcggeggttc
cagt ggcggg t eegeegeeg cccgtcccgg ccgeccgat gg tcgggcagcet
3720 acgggcgccc tggch%gg%(ﬁgggg %%eﬁ&k t egget

aga%gtgﬁgggcgt@g gg%%ggggaacfg]ﬁég%a atc gi 009C a gagctt
tcccaccgtt ccggt ggaga t ccca c ct eggegat e 3840

m%&ﬂﬁﬁggﬁﬁﬁé%ﬁﬁ@&@§ﬁﬁgﬁm£%@@ﬁgﬁ@ﬁ@gﬁﬁgﬁGQQCCC ggcgacggtt
ctcggctgcc 3900 cgtgcgagga actggtcccg egget eggec

gecmegfhtcregor cygtte gicgregpecgteggeny diewte896320 cccat et t et
eggecaget e gcgagct c tgcttgce ggat cggtcg ttcagcgccc
as%%e aca&ﬂé@f@% et e AL BTt gacet { cgt <

tec C 4080 tt e teacteatet

e &%5 %%%ﬁ%%%?%&cmc @ga%g pggcctc 4140
mg@%égégggﬁﬁggg Le0d: ikkmehalLBdcidgRaGt tt gt a gt gatccage

gggt aat gga 42 ggccgcgacg gcgcgtaget cgcttgcetgg

mﬁm@g;@g@gmgggggagg@mmgmt@@ﬁﬂgggﬂ&mﬁZﬁﬁo cct gaacgtg
gcgttgatct gtgcggcttc egeat agate geggeccega ggccggtcgg

tegaaiRphatgagEecef CIECegs g uajcegecetitegieige & ggcccaggt ¢

cgtgcggttt cgaaca c 4380 ca ttte cegaggeega
seafiRp Py i SRRk iR Rt R JoRea i icgt 4440
C eg agggat cgcc
R T T e e

aagdob &t %&%tgac%@@z@é%&@tc@@ga@k@ﬁé%@eﬁﬁg hadg@€R0t@AQL cgggttcttg
gt cat caggc ccgaatagcc 4560 cttgtccccc tggacggege

geegangdagyes: deggggtgangoegeggedigeatzcdmgyggcjagcgg 4620
cttacgacgg gcgtactcgg tgcgggtgaa é%?ctctgcc agegeccaca

eecRHGRHEGE %@8‘6"“@‘60@%&‘?@’%" 2egeieHtt ¢k cacgat cge
tt 740
oS dieaae R T SRRl 00T " ot caat oc

ettt SPR oGk O GRIGELE ~IRGES g%tg@gtac@%gg&g aj cagtgcgtct
gat egeegea tccggtagac 4860 gccgtcgagg aaat cgtcgg

cgatciogy€ ciagleg s QEBREAGHYGLY agecacagntacgt 100ccagge 4920
gccgcecctgtg tgctcttcca ccgcaaccat ggggaacaca ctcacacaca

cigcagedcairatsttt cid 80t sagatiennygresessgatimeggtt a§tt caagt caga
tgtttcgott tct%gagcgg t ect ecagac 5040 ctttgagatc
UgepEeeC CEHGHES HaY Eﬁﬁfﬁﬁﬁﬁﬁ¥ﬁFF§8§§”Fbéé%cgaac caagcct t at

Cga%%tgg gg@&gg%% g&%t Qé?{gg %%%gic%?g% Q%Qac aggpcaccet cega

caga a 516 tate cgctcgaagt
cactCitl @Agle aco@tagm@a@g cackoe bgggceet ©ecagege 5220

agaaggcaag tgaaggcaga cgactgcggg aggtaagtcg ggtacggcat
cgcigaggtceahitgye 838 0cgct gecaagtaga gaaggtggee cecggacagg 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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agaagcggcg tcgacgccag gcccacacgc acaatccgct tcccacgagg
gacaccaceg 5340 gtagcgcccc ctgcaaccgg cgcagtgtca
egaggegeeg gtactgctcg tttgacagga 5400 actgcagggt
cggt gagct c gcgctgggecg gat cccacca gtagctcccc gtgccggt aa

5460 ccgcttgggg cc aa%g%%_oﬁg@_gnggg 6o listing
gtggcéggl‘é @&gﬁg&g%%%&%ggg%t&g%gg&ﬁm jJpacaccaccea

gaaccaggga aatcctggtg ceggecegag acgat cccgg cgcggt aaga

cgtdobA casbRBE ALRVOL 6ACCAIRARERE GGeRBRego@Cgcaacaag
caat aaccac cccatgagcg 5640 gacggtacaa gcgccgacgce

cegmepy el Ropgeegc trtcaggere gi tres g tiesigreic egitazgac efaceg 5700
cgaagcgtg ccgct gggcg gceccgecgtg gecgeccgtcc cgtgececegtt
gcaggfgé%i‘éé@@t%@a Bepptyet C&E%"?%Q@af%aécgé fegteEct®gcgt cct cac

anSlgccagt ca geecgt gace acctggag 582 gcat gcaagc
e A T e A P P B O 0 e ot gt
ggaégg%% agia@@t&%@@g@éc%c Mc&@ﬁ?%ﬁ%&c& %@Qg@ﬁt geyoccctttcgec

agct ggcgta atagcgaaga 5 ggcccgcacc gat cgccctt

cte@geageagict tgegeagestguaatggegaabeggcgoct gat 6000
gcggtatttt ctccttacgc atctgtgcgg tatttcacac cgcat at ggt

ceagiisicaereiang SHOBU saeiacnie egtieee piglatedic déflcat agt t aag
ccageccega cacccgccaa cacccgct ga 612% cgcgccect ga
tlogegied St PRTAE LR GO (R S PR 2P0 g0t § ¢ gacegt Ct ¢
selAE0 10099906186, ALALALEALA, AU LLAGAGCAgh cat caccy
62 éage 80

aaacgcgcga gacdaaaggg

cacFoRed 1R2 8 ity QLm0 Q R BHCaahdcSEdc Lt £1G8 COt gat a
cgcctatttt tatggggaa tgtcatgata ataatggttt cttagacgtc

cect@B@Ocmgadcggeaphag i egrgggaacia gitgegeggs®acccect at t
tgtttatttt tctaaataca 6360 ttcaaatatg tatcegetca

gca%cggtfa@aﬁ%%m%e%%gﬁ GHeHA AT GEI PR 4T kAt ég t%9aaa 6420

o R RgB At A0 B buek P UL LE el o acccagaane

aga@iC 00 gaA R A.823R0RLG1L LA £8: 6240 468 t 900t gCa
cgagt gggt t acat cgaact ggat ct caac agcggt aaga tccttgagag

tteg B Oacattdetct 6.gaQER coRAGRARGIctacd St GARAE Qa0 gagcact t t t
aaagttctgc tatgtggcgc 6660 ggtattatcc cgtattgacg

setgggygestater g eratd elepgtetie epseageien aeccaeratittet ca 6720
gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg

esan el FAEHGTE BPBBE ARG RGHAt LT e dFEYEt d°Tat aaccat
mmgggs&Q&%ggggﬁkgg%gg&éﬁg&k&%@%&% 52846y gacaacgatc

aggac gga ac cgct cacaacat gg gggat cat gt
tocROH0 ore @B GREMRI o1 GANGALIHQE: ABGEGIAGEL gaat gaagcec

at accaaacg acgagcgtga 6960 caccacaatg cctgtagcaa
acgteg@comgatc igidigeigedameccdagtdcaiaedegicgegdadt act 7020
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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tactetaget tcccggcaac aattaataga ctggatggag gcggat aaag
ttgcaggacc 7080 acttctgcgc teggecette cggctggcetg
gtttattgct gataaatctg gagccggtga 7140 gcgtgggtct
cgcggtatca ttgcagcact ggggccagat ggtaagccct cccgtatcgt

7200 agttatctac acga PR ) og:Tel oo g%efs%}l gat gaa
i

£3oAR086. AGRLEHGGLE é?s‘éotca tgatta
Cgca%cattggtgt‘z;?1 act gtcagac caagfgtt cat atatact 7320

gctdeton@ ahtbfpage t&ttgaaa‘@@g‘atgitﬁ‘gc:ﬂtgtghigtl@%tgﬁagﬁcaaéﬁagg at c taggt gaaga
tcctttttga 7380 taatctcatg accaaaatcc cttaacgtga
aggiggcatet cegiiitics savrigagegticw dgrettcagtle® ) £000 agaaaagat

aaaggatctt ctgagatcc tttttttctg cgcgtaatct gctgcttgcea
“Ctgf%@tgggé%&%é%%%% teereyerar ey atEh gy t gt t t gccg

atca ¢, laccaactct 7560 ttcc aact ggct
R R S LS S A o
tgc@%gigﬁ@&%@at%&@@t%&@&gagtg%@ﬂg%@tfgﬁ&gtS%CaCCg cctacatace

tcgctctgct 7680 aatcctgtta ccagtggctg ctgccagtgg

tgetegias aagheg dgtohd agegetgtdsbggacdegettigd @940aagacgat ag
ttaccggat a aggegeageg gtcgggctga acggggggtt cgtgcacaca
gccgP8OICE scleaeca otice)s grageayadegiaicEeaedicetyd act gagat ac

ctaca ct at a 7860 aa ccac ttcccgaag
coefad SgGE GUHLRb Bt ety Gedogioag 7000
cea N d . gcc tggtatcttt
O L AR T e I A Settonce
gacdeb Bicl dRGYeoc LGB d COLRACLERAGAGLAGAGOEI CY at Tttt gt ga
tgct cgt cag gggggcggag 8040 cctat ggaaa aacgccagca
ceggcttye ggeietidt siztctatps g tccsce tiggooh ticteagget ggict tt 8100

tgctcacatg ttctttcctg cgttatccce t attctgtg gat aaccgt a
et pgregecet g@&@@cgﬁ@%@%@é‘%&m@&ﬁgﬁg t® gccgcageceg

aac gC a 8220, ggaagcggaa
s e B e R 2T e ot cat t
a2 @480 cotRLGE @ega%gtg& aﬁé&ﬂ@%@&&lgt LdGecaa648 gaaagcgggce

agt gagcgca acgcaattaa 8340 tgtgagttag ctcactcatt

aacAGOeaACCRE@a ggtdchtioagagcd attahgtdetttaggggetsegt at 8400
gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg

acygsEhe iretieeti8ige® caeeriwe tieigaly tetegyt &8€c ggggat cctc

tagagtc 8497 <210> 96 <211> 8487 <212> DNA <213>
acg%?tt[:g thttB%c&g agagtgcgge taaatgaatt geatectega tigageggag 6600

catttcgacg cggaacctgg cgatgatett gtetetgtet teattcataa ctgaagegta 6660
ttgggagtet tgcceteeca ceatgtgtge caatgeaggt gigaactgag tecacagttte 6720
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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<220> <223> pRET1002 <400> 96 ccgtccacca cccggtgcct
ggtctgcgtc tccctcgget cgttcctcge ctatcctggt 60
gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca
ctgcgtaacc 120 ctgggcgctc gcctcccatt cgcecttcgcetc
acaggagggg gccgtcgatgﬂ%g%QQQﬁggggﬁg%amgﬁgg tctga

gca,%4 G695, ARGLA0DECaOLACHAR §6999cc gctgacgegg

ccccggcgaa gcgcacccgce ac dgcgg tgcggct gac
aga@@ade090aada mgﬁﬁ%@@gﬁ&@%m@@@@@mﬁ:@ c73egcgct ggcce
gat ggccacc ggcagctcgg ggcgtgggtg cgtgagcggg 360
gliclyly teggangrt sttt tegygea aggticnguei@gadd®iccgg cagt ggaat g
tcggcgga 420 ccgcgga g tc ccgcg atgcggcagc
““ﬁ%ﬁ?&ﬁ@ﬁ 5%@?%@@3%%§%%%§%F@ 2880 “§Yat cgcgag
aac a ccagte gccgag tccctgcaga
R T e

st @PEQIANL 00, €L S AALAGEE LQ0assl £ORLAACHA0 gYYCt gacyt

gat cgcgaag at cagcacgg gcagcgaccc gaaggggttg 660
caagciggegitataCect@aas gogeea gaggaaggac anvecgcaca gct accgcac

cgaggcgggc 720 cggctgattg ccggcgggac ggtgatcgcg

gat cggt gc aggt caccgc caaaaacccg 780 acccggtggg
zg;g g%gactt cgagcgggcc gccgcgacga acgcgcgggt gggt aagecg
- 1940 gt gtggecatt gctcgetgeg gtgcgcgccc ggggat cggc
<Nggg&gﬁﬁpga taccgagttc 900 Page 8

FPO4- 0397- OOSG FY( Sequence Ilstlng) geggacat eg

<220gCcagacggt cgccgagcgg atgggcttcg agagtcatcc gtgggtggcg
<2286 QRETDgCggcacg acgacgacca catccacctg gctgtctccc
gggtcgattt tcagggcgtg 1020 acctggaaga acagcaacga

<40t gt ggaag gt cgt cgagg t gat gcgce gt cgaacgc 1080

weleeacgge Fatdagt-gismctlicagdoggece ot ggccagea

gacc‘?‘a aecgcacg L%agca g%cccaég%té%a% e tgac? t%é gty gf?gf‘;:gg;

mg%ggégaﬂﬁaﬁq§a%%9%%&aggggﬁgéﬁgg&gmgggggﬁcgttCgaagtggcg
60 ctcgtacaga accegattac ccgagtgcag gtgcggcgca

ctgaic @i egeagrn: YangideaagcctidRgeat gaatgagrt24acagct t caa
cctgcccgge tacgtcgacg ccgccgggga gccgatctgg 1380
ccoqep Ry gRCtecaeadsiet Eeacter gertpgeas gretcseegogi’tac aget ggaaaa

acgct gacc 1440 agacceege gacegect egeeggegag
ggag%%&@ﬁf%%c oS Eie Ctﬁéﬁ%étéﬁggg“étgi%% §€cgccgegt

czsBPOBIGRAGLEL FEASRIGHAN. B GHIEAERIAHERIIACOC agetgeeege
cggeegegga getegeegeg atgeggeage agatgacgaa ggtggggaac aacctgaace 480

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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t gggagcagg cccgcgcgaa tgttggtgag acggccgggc ggat ccgcgce
cgaacagtcc 1620 gcggacacga agtggaagca ggtgaacgag
gcgttgacca gccaagaccg ggccgaggag 1680 caggctgccg
aggeagegeg ggtcgcctcc gctgtcatgg gaggecacce gacacegeta
1740 cgggacatgc tegeggeessd. gaags ac. g agccgt
R0 USAUARARGR A D00 LAY BRRLOS b Ot omaage
CCaagcagaa egegeegega aggccaagga cgccgcgaaa 1860
gegta0QaCEAREY doCHERAGEYYLEFRbataatcggaacgigc gcgggat gaa
cctgcgactg 1920 tgggtggctg aggacggcgc ctggtcgatc
geege Ry eRALFas acpyac e egalsregucagicaricld@8fa géegcaggt ¢
aggeegacac cgtcgcgcag gcccaagccg cggccacggc cacagcgaaa
M EAD B HEGELG GEEE B GR Grege gh gt d2%®e ggeegaca
egeacega gt cagccacc 210 agagcggt c cgcgt gat
R R e G T S

atgAafeYSEEH&E c Wi HBC L PRECALLC T RYIBEOCCC Ccggggt at ca
gecaccegge 222 egegacegag gt cgagaatc cggaat ggga

tigcCle Gt GRGEIEY cRgAURIAGAQYtithegigtdl8Di40gagcgt aggg
aacagacgca ggcctggcga agcat gt cca agaacaccat egat eget ag

azacRSAEF CLEPAGE B epR ey tIgRTEE S TE e REReceleagerat |98yt acat aa
cgcgcgaaa t gcat acct 2400 cccat ageat gcgcgt at

o P AR e SR B e B Bl 85 ROt B (B g 2460

tggg‘ééc%%?ch%gécgaa%tg%éa%tac%g&gg%%g%gsgg%&g:%aa@%%‘é aggsto ctggtgetac
cacggtttca getccacage cgagtccttc agcagcggtg

ooz @b BELYREHErabhtEdal BERGE T bEARILE GokbBA: 188CJCCYCT
ctgcgcact g egaggeccag tacgcgtcgg atteceggeg atgccgtctg
cag @644} Raeges@ Il NB0H s G kX (cBegrendeédd | st i ng)

attccacttc cacagggccg agcgatctgc tgggcq cag ccgctgcccg

ARG EAFEG? LrEroecet @%ﬁﬁ%@%{’@“@%ﬁ%\%&&aﬁ@@ g‘{‘faac gt gag

cagS @k %ca%%%%c gLieccacet teatedeeda 2790, ggpcatcatyg
gd@d%cé%ga cgtt cgacayg ¢ c?%acﬁ%cgd% gt ggt gc t cgaggt gaa

togR o) 1oL QELE 9&%&%%%&%% g%g%ga%‘azg&%gé%&g Cisdgagggt gac

tactgctgca cetteeggat cagcgggaac at ggatgccc
teeidot B 6ganage atdeagigaeggggtecgacgeaagt gesagge 2940

gctgctactc gcattggcca tggcacacga ggaacttcgt caaacttcgc
socgragpigeaceracac 3I0Q0ecAagAct P AgescAy sy aTemset Ptygt ct acc

ggt ctt gaac at caagcccg acaacgcgat 3060 _cgaagccgtg
LG CREELES %%“&%%&8%%@“‘55?@%C‘g’%?&ﬁ%%tcaéfcﬁ‘tcc gdzogcc t ggcact cat

B e e

cog G BOL GHGHoclafl SRCL PG o8l LA FRCRABGEL! angac 3240
gctgcggaaa tgcggattga actagttcat ttggggaacg atgacct gat

cgegagengemtic 338Mkega ctgtgageag agagegagaa ggetitegtg 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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cgtgacctac ccatgctgac categeegag gcggtggacg cgacgcagac
cagt gagagc 3360 acgatcaagc gccgcctgcg gtcgggcgceg
ttcccgaacg cggtccgcac tgccgacggg 3420 aagtggatga
ttcccctcgg tgacctatca gcggcagggc tgagaccagg gaaaat ggcg

3480 aaacctgacc ngtﬂ%%ﬁfﬁ*bgéﬁ@ gg&&eﬁ&g%tccgtg
cga%%gr% GEERAG, LAAUARGHGL o0 thgt@ﬁgg%éggé tgoggcgect gge

ggccgaa (gccctggcca gcgaacgcaa ggat cate 3600
cactg@CLleBEaRE cRaagataeko sl ltecgangescggc cggt gt cggce
cctggagccc 3660 gcggcggttc cagtggcggg teegeegeeg
cagpesigt Agzelgyc dRgreagatgyss ey ragere@IL20 2944cgggcecgcecc
t ggcccggat acgtcgacgg ettetegget aggagctgac cgcgtacttg
gw%ggbgm%%?@&%ﬁﬁﬁﬁﬂﬁﬁﬁ éﬁ@%??g%%%ﬁﬁ%ﬁg?goccggtggaga
treccatetc ct eggegate 3840 tcacggract tcaggccctg
e yBeage tegac 8&% cc°ggcgacyy e goct gcc 3900
qﬁﬁﬁﬁ%%ﬂﬁﬁﬂﬁc%QEQQE%%ngﬁﬁﬂﬁkﬁ%%%&mﬁtQ@bgCgCt ggat cgt gcg
cgtggaggcc 3960 cccatettet eggecagete gcgagctgtc
gadkgedctgegaes 9URtCEgietatd cagegeetzc4i20180acggt ct gcc
tcccacaatg cgttccggtc gaccttcgtc gectcgtttcc ggtttgectc
8aapQBE° igfergeet pietereset Bgerentirizacyegareycffgeggcet t gt
at ggcgat ga at gt ggcctc 4140 t agacag gggccgt cgg
il el Gadel egede i R sl gt 1 gga 4200
cgtgtg&&‘é dGg8agd cg%g%gg A6 L9611 LT Q%tgﬁggé ggaft cg ggectgectg
gaccgggtt 426 cCtgaacgtg gcgttgatct gtgcggcttc
acg 28R LAGakR; H0HLERER1ANEEOGEC GPcd3ed 3191 Cgccccag
t ggaagcgga tttcgcggta ggcccaggtg cgtgeggttt cgaacaggge
M%%Qﬁﬁff?@@g&#WEEEE%@QQ%:@Eﬁ@??M?ﬁ@amenb@OI|ft|ng)ttt
gcag Cgg cegaggeega tcgggttctc aeggegegat cggg gcc
RIGRLEGEFEHT HARHC ¢ @@Eﬁ?@w%%ﬁﬁﬁﬂﬁﬁﬁgggﬁttccgcctc
aget e a at cgcc gct caqt gt 500 agccaat gg
son P LSRR AR e e e I B o0 e gaat agoc
gmééﬁQamﬁgkﬁhﬁgﬁ@&c&&&@%&9%%@@%@&%&@9&@@&%tngtgacg
geggeegeat aggcgagcgg 46 cttacgacgg gcgtactcgg

gegd IO Qatigaas Cogalelgetedsagesaatasiage gryt gc 4680
gtgcccgtta cgggggttct ccacgatcgc gttcggcaga ggatgattcc

ceggEredigEeygent ATU erclgegeesgerttagegigie gvstcgggt ggt ¢
aaégtccac acgagcaggt tggtcaatgc 4800 ctgcgggttc
ceteyeeef e Kﬁ&@ﬁg@ﬁﬁ?%%% jEltgttredardfeegea t ccggt agac

tcgcg C tcagggcgt? Etg%?%gcctggg%%&g g%grgggtﬁ.t &ggc%% %90({: cacagcg gt

ecac gccgectgtg tgctcttcca

cotdeEgER0CEAL: GHIYRRGRNROLEAGREAGR ATAL 6L LT 4980
attccggtac gacacgccag ccaagtcaga tgtttcggtt tctggagcgg

cecdiatictceg-ageic cdg@@ic tgetigegge ggateggteg ticagegeee 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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ctttgagatc cgctccagaa acgtccacaa attattgggg tacgtcgaac
caagccttat 5100 caggtatccc ggggttccgg gggt gaacac
caccetcega ccggtccaga atccgtcgat 5160 etcacetate
cgctcgaagt ccttgagtca gtgacaggac cactgctggg ctcccagege

5220 agaaggcaag tgaaggeadsd Haaelds ggeﬁgggaagtcg
cag G ACHACAL c&@g&%%ggtn&i%i b ARRAALI 050 t ng‘cgccag

gcccacacgc acaatccgct tcccacgagg gacaccaceg 5340
cttg@tageHOHCe ClGEaategGa@ et g Gaccegaggeygeeg gtactgctcg
tttgacagga 5400 actgcagggt cggtgagctc gcgctgggcg
cliaggatee eticiem® tgrkartpol eeddecg rgeTygt @sceB60to8¢ cgcet t gggg
ccaagcgaag acacceaceg cggcagcgat ggcaat gcac gtggat ggga
g%%ﬁﬁaq%%ﬁﬁgﬁﬁﬁﬁgﬁg&%ﬁ%@%@@%ﬁm%%$%%?§bﬁﬁ%ceggecegag
acgatccc cqgc aa 5580 ceacac accat egec
con g R A 0y e R O e5%0
agggﬁgg&@g@ﬁ%Q%Q%&gﬁgggmggggkgg&agmgkaggbgcgc gccagcccgt
gaceggaceg 570 gcgaagcgtg ccgctgggcg gcccgcecegtg
geeQPR0eaee Bgtges eghiceohgategstgeckesb0192gt ct cggt cg
ctcgttcctc gcgtcctcac ctgcecggtca gecceccgtgacc ggacctgcag
gccEgP teclicat e LEeLt gy tlepatcat asagttit at’a? get gt t t cet
" t tgﬂaattgttq;cc ct %880 caggattcc %acaacatac
e °§%§%& GEAY CRE A SRR Tt 38 taatg 5940
e AGHOBACLAR GLEAGANAR, LLAGELLARGG! £RE! 9CCC gett ceag!
cgggaaacct 6000 g cg?gccag ctgcattaat gaatcggcca
cag RRGC 850098 ROFE6 9Rtdecdagegtcad:t §8.606G16cgaacttttg
ctgagttgaa ggatcagatc aegeatette ccgacaacgc agaccgttcc
ctea@d20ceReyert 8B gdePOAs0393¢--QBSEed¥{cSequefée | i sting)
gt ggcaaagc aaaagttcaa aat cagtaac cgtcagtgcc gataagttca
agaRLANEE HRERCHR 6a°816°0e8 WE P oe gHtceard'@axeatt g™Raacgct gat

cgaaaacgcg ctgaaaaacqg ctgctgaatg 6240 _tgcgagcttc
oo e e o AR R B G B0 el T St g
gmﬁgggc@aagggg&@g&aagg&ggégggmég@@&ggaaﬂoéacggttatc

cacagaat ca ggggat aacg caggaaagaa cat gt gagca

actoARAd QARG T RABANE Caaticgaiagtaaacgaggoiegcgt 6420
tgctggegtt tttccatagg etcegeccec ctgacgagca tcacaaaaat

coggigere gorEsaas G480 ccareratrat) gtceptayedaseiesse g°Jat aggact at
aaagat acca ggéﬁ%ttccc cctgqaagct 6540 _ccctcgtgceg

CACTCTEGEES € B ettt ategEedia il cc gectttetec
ccacaecEe ca o’ aadefdd t cgctgtag
cglt@g%) &hit %9%%%8% ggtag o%&%a%%%& e ?&%ggg 56461

ctca tcott c caagct gggc
gackeBlBlo0eRGE ABECLELE QL dCAIRERPFEcEHLLICTECL 6720
tatccggaaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg
geeg @t cgg ey s 6C8cgty gegeecgice 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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cagccact gg taacaggattageagagega ggtat gtagg cggtgctaca
gagttcttga 6840 agtggtggcc taactacggc tacactagaa
ggacagtatt tggtatctgc gctctgctga 6900 agccagttac
cttcggaaaa agagttggta gctcttgatc cggcaaacaa accaccgctg
6960 gtagcggtgg ttt tg%égi&_obg@_g@ggf%e g@ﬁ\%t acgcg

al ctta) 9{5“

cotERHAA2ARA R PPN Gl GARD: gbtt gatcttrttct
acggggt ctg acgctcagtg gaacgatccg tcgagaggtc 7080

agologaa e gloga :agaaghagtigoitae teaitacacaaggcct g aat cgeccca
teat ccagec 7140 agaaagtgag ggagccacgg ttgat gagag

ttcagtatet tgftepgtadeagiytaipracizalge didctghtgattitepaa 70430  t gaacttttg
ctttgccacg gaacggt ctg cgttgtcggg aagatgcgtg atctgatcct

aagepoRse) vispelHly pteRbye At PRt actscdt °'¢%ac aaagccacgt
t.at tcaa aatctctqgat 7320 tacatt acaagat aaa

ok B RGP AR E LR Ll R B ot a7 380

giigBRAIL A/ A0 a@ﬁegﬁgggz%&ac%ggﬁ;fgg fligadal CBEJ00a aacgtcttge
tcgaagccgc 7440 gattaaattc caacatggat gctgatttat

tittcadeygisatcatatatagagedceqe agatcaatagtnee 7560 ggcaat cagg
tgcgacaatc tatcgattgt atgggaagcc cgatgcgcca gagttgtttc

estgEOretatiggeerageatagry cedelergtreergeattg eaijelenadf @ at gtt acaga
t?qagat t c agactaaact 7620 gggctgac% atttatgcct

el e AT E L C R R R Y a@&tg gatg 7680

aa; ¢ C ac a gcatt ccaggtatta
S SR B PP BE095T gt gco

caclag@ G ai: Gl tor 6GHBRBCCOBMHE tonakd gaAB0B00t t cCt gttt g
taattgtcct tttaacagcg atcgcgtatt tcgtctcgct caggcgcaat

aacté@60zaRaitpes 86cgkRa: B8 7« DOBEE Y{c8aguerté® | i sti ng)
cacgaatgaa tatcggtttg gttgatgcga gtgattttga tgacgagcgt
030%%‘3@8%&5%& IFESPORC gegctig SARAC BB aRA gaaat gcat a

cttttgcc attctcaccg gattcagtcg 79 t cact cat gg
nerf e i SRSE ARG e | 08¢ P2 09 it

actt@QE 0Bl @bl ol LAARCIAH L1 IR I CAGo accgat acca
ggatcttgcc atcctatgga 8100 actgcctcgg tgagttttct

geg@Bdid CREdHAR tagaAaQagchedt fdhoaaargatat gt att g 8160
ataatcctga tatgaataaa ttgcagttte atttgatgct cgatgagttt

agttptetedagerrasery s8220rac astgyteeansTrgiettet d&0cact ggcaga
gcattacgct gacttgacgg gacggcggct 8280 ttgttgaata

galagelect fedt it 2egtliedt tEigge @Ecé‘%'@ “gt¥§ggaagg gcgat cggt g

a, aa. a . C ag gcg aaa‘gggggat
o bR BB OG0T 2000 Cogaattite

tat@6BOE GREQAGOL L AR L YRcHUneatt gaat t cgag 8460
ctcggtaccc ggggatcctc tagagtc 8487

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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<210> 97 <211> 8038 <212> DNA <213> Artificial

<220> <223> pRET1003 <400> 97 ccgtccacca cccggtgcct

ggtctgcgtc tccctcgget cgttcctcge ctatcctggt 60

gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca

ctgcgtaacc 120 ctgggﬁ%gbgnQﬁggggigggmggﬁh%cgctc
2o @620020909 J0GAL GAALA LIREORLOACT. 500t gCat ct ga

cgaccggcgg accgaggtcc gcgccgctgce ttcgcgggec gctgacgcecgg
cotatb@bha 21 26CRIHLERRHLGLACCRILALEGEGIRIP t gcggct gac

cgat ggggag gaggccgcgt 300 ggatcgacgc cgcgctggcc
tgctgaa@?w@d% %@?@ﬁ@?ﬁggga@@@@%t@ ggtgagcggg 360t t

cggt ggccgg ctatctcggg aaggt ccgcc cgaagaccgg cagt ggaatg
ROy 0 Sor 0t HHEC TGOt By ‘Shcggcage

agat gacgaa_qgt aac, aacct gaacc 480 at cgcgag
B e e - PR S 5 58 t coct geaga
atgc’éét:%g c@%%t ﬂ%gcwﬁg%%tag@aggﬁtg Qc%gag@ﬁgt s3u@gggcggat

ggcggat cgg ctcgacgcgc 600 tcgacgacca gggct gacgt
tetegAbCHRGRRGRICAYCRIGH: FeAGC GRCCat gRlaggggt t g 660

gcggcgt at ¢ t gcacgggcc ggggaaggcc accccgcaca gctaccgcac
stepategge s et Eyefetsg actgiscegeggitl ggt gat cgeg

at cggt gc aggt caccgc caaaaacc 780 Page 87

%w%%@ﬁgggﬁg?é%% “ﬁVﬁ%&&uence Iis%g%b) acccggt ggg

ggcgggactt cgagcgggcc gccgcgacga acgcgcgggt gggt aagecg

<21840Qs gtgtggcattgctcgctgcg gtgcgcgecc ggggat cgge
<19g@tigaccga taccgagttc 900 geggacateg cgcagacggt

<21eg@egagcgg atgggcttcg agagtcatcc gtgggtggcg 960
<21§t ge'ggehcg acgacgacca catccacctg gctgtctccc gggtcgattt

t cagggcgtg 1020 acctggaaga acagcaacga ccggt ggaag

<22
{Zgzggﬁcgggg t gat gcgcga ggtcgaacgc 1080 gcgcacggcc

t ggcgagcccg gagcgggecc gt ggccggca agecageage
104140 ggcgagcaac gccgcgeggt geggaceggc aaggt ggcge
ccgRICA983GH8: L LIAAAIRG: 2@ AttcBkgacRy cegecegega

cat egeegea ggccagggtg tgggggcgttcgaagtggcg 1260
gac@b @Gl @fagacatfegal dtagcpcgaghigtagetgicgcyggcca acgt cgcgaa
gacgggccgg 1320
ctggocgcte gecteccatt cgettegete acaggaggog geegtegate gecgetgacg 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
gegocptate tgeacgggee ggggaagece acceegeaca getacegeac cgaggegege 720
cggetgattg ceggeggpac getgategeg ggateggtge aggteacege caaaaacceg 780

acccggtoge gocogoactt cgageggece gecgegacga acgegegeet gggtaagecg 840

gtotogceatt getegetgeg gtgegegeee ggggategec ggetgacega taccgagtte 900
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at gaat ggct acagcttcaa cctgcccggc tacgtcgacg ccgccgggga
gccgatctgg 1380 ttgccggect ccaaactcga ccggggtttg
tcctggtcac agct ggaaaa gacgctgacc 1440 agacceegec

eggacegect egeeggegag gagacggtgc cgcggaagcg get egagege
1500 gccgecegegt gggaﬂ&§g§f4ﬁ§9§§§§%8ge9&& gcggcg
tca&cgglg

g%gﬁﬁ%gﬁ&gﬁﬁﬁ@§8¥§£§&Qﬁaé Gsgccycgcgaa
gttggt gag acggccgggc ggatccgcgc cgaacagtcc 1620

ste @S gacacgea agicguaageacggidgant gagegagttgacca gccaagaccg
ggccgaggag 1680 caggctgccg aggeagegeg ggtcgcctcc
acclgehgtacaatigge craggreaatebeya talcegracd? g0 108gggacat gc
t egeegecca ggagcagcgc cggaagccgt ggactccgga gcagaaacgc
gg%@@&”g%ﬁ&ﬁ&@&@@ﬁqﬁ%ﬁé%ﬁﬁégé“E%%ﬁﬁ%ﬁﬁﬁ%]é%égeegega
aggccaaqgga .cgccgcgaaa 1860 t ccga ccggcgg
s A IR R BROSEERRY D8P 050
el 009190k AOHACIOL0G.AL GOLEIRLELALG! 10RA0a aggacceega
ccgccagtac 1980 gccgcaggtc aggeegacac cgtcgcgcag
ctegfCR6 ARGAECH cQEJLSOCHIS CACAGagaRas2Q4) 13aCcgeaggecc
aggcgat gt g gaagcaggt c ceggeegaca agegeacega gtccgccacc

atgapiggyacagefiong eYfgeeee Hglegreptceascceysepgaeet é8hcceccacca
aacccgccga t caaaccc 2160 ceggeceg gccagggacc

tee AR SR g Bt B P AT HSc L agge 2220

aga A Gt %%@g%&%&g@&%&é&g&%c@a%gal%@g agagcgagaa
ggctttegtyg gagcgt aggg aacagacgca ggcctggcga

goo@GERiloftag G RAABCAE GOl QORI OYRLAM B4R 18@JJL gt C
gt gcccaggg tgcccaggat gcgtacataa cgcgcgaaag gt gcatacct

g R4 ccacrahigiedts eggogeytatcggtagggiaal cal gat ctt ca
aacgtattgc tgtggtcgtg 2460 ctcgctggtg gctttggt

R NSO IC L oL o eAeas38:0 A 2 a%?é@ﬁ@@?%%“@ﬁ@&gﬂg ca 2520 Page

ca, 8(:? CCFF:IO%- 933097_‘&: CC gé- EY{ca & uerggagccl iacsétci (Q}?)IMOQEt ccacage
g%&b&t%%?i%gﬁa gcd@?g 6%@ cgac&g tECt t ccacc agtcactttc

qg§§§&t@@%QQQgﬁgﬁég&%9&9%%%%9w&§@&%&&&991&@0909tng

atteceggeg atgccgtctg 2 attccacttc cacagggccg
cagagegatLigec tgugeageagceogei-ganndstiaagcagry 2700

t gccgcgecg gaaact aggt agaacgt gag cat ggacgag etteccacet
tegaceatedepowgme DZGAccaggsraces gtagerygeeagaal 8¢t t cgacag

ccctaacggc caggtggtgc tcgaggtgaa 2820 cactccgcgg
ieeeleze PR AR  dedelh tEtE g gig Tt secPedEt d&gca cett eeggat

g%cg%%t g%@g%ag9@%@&%9&%&%%@%@%%@@9 Ahd cggt ggc

gacg cagtgcaggc 294 gctactc gcattggcca

acgdaBB AL 2GR SHAAGI] Gt cofRARELLGYEcLagagbiogac 3000
gtttctaggc gagacgaacc tcggtctacc ggtcttgaac atcaagcccg

aga@gdaegagadat GOf0ictc acccecacca 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 ccgctaacac

3240 ctgcggaaa tgc aac
gctgcgg gCcogsy %&aig%é@gief%f)&ca g9 g

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
Cgatgltcgtg clagrgge Rirayac calggeygaaaatigyegeB3na8082haacct gacc

ggt gacccc ttcaaatgac cgggtccgtg acctggcagc tgagaacgcc
°a°t3‘§ﬂ% "Cg&éﬁj‘tgt"%g%f%: %@é@?j%%ﬁtgtaﬁ GredgaiVgecct g ? c c?
caa at c cag acagat gc
o R LR B G S ) R 3600
gctddBO& I LG tg%@dgicgagg%&g&gl ﬁﬁ%&%&@t@a@ c@b#ccgg ccgccgat gg
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
SRERLELLSL SOASGANELE O JROELSLLcAOE! L a00c 002t cootcg

got@@,%@gattgc@@&ga B6dtCg b de @B o OghitgiGalgecdN800 geget tet t e
teact eat et tgcgaccgcg tgcggcttgt atggcgatga atgtggectc

cgteddeth cealytigy at@g@de Gguoeglceygrase catatagedgiggact tt gt a
tgatcca ggt aat gga 4200 ggccgcgac cgcgt agct
acg%ﬁ&&"tg@‘é‘f g@ %%Eé%cé ?,Céaa@@’g‘@&?“@ﬁaétt?@cg?@é%gd tt 4260 Page

uence sting),q, cctgaacgtg

aagté%aégta mcc?t%glg ?gafC%éccgﬁaéggc %gafca@gﬁm %‘%6 ge e ga ggccggt cgg

222384 co o COCEGLRGL LL028Y Q&%Qcaéc%a@&@@gt By@gcccaggt g
cgtgcggttt cgaacagggc 4 gcagtttegg cegaggeega

gagttegig gdck @ tefe @RggLgeabcOgghtdgaggacagaogcgt 4440
t ggcggcat g tggatgccga gttccgcecctc gaget eggeg agggat cgcc

scgiecrergateptagt 4500ctc gagfewsaregicat gtasereagtc®accgt gagt
t cat caggc ccgaatagcc 4560 cttgtccccce

cgggttcttg
sexf QR CHELES GEBTRGUBE EE Cour I T Eeheddhat aggegageag

tct
e e R P P a0t Lt

oot AL BALLGE 1QlL&H0GERHEGRIkER . RIGRROEEGA 4740
cagegecege agcgcggcgt ccgggtggtc aacgtccacg acgagcaggt

tegdzgfot Caatogie cldBO@ec tegacggeee ggegacggit 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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ctgcgggttc gactcgat gt ageggegate cagtgcgtct gategeegea
t ccggt agac 4860 gccgtcgagg aaatcgtcgg ttgccagtgg
ccacagcggt agecacagct gttcccaggc 4920 gccgcectgtg
tgctcttcca ccgcaaccat ggggaacaca ctcacacaca agatcgattt

4980 attccggtac gacaﬁgg

-%?99/-0%&%9 CAgR ighdt cagt t
gcaéf&crg? &%Qg%&ga &%g&c@cca%’@é“cg {1 Qt‘ttgcg %&E& t4‘3406 gctccagaa

acgtccacaa attattgggg tacgtcgaac caagccttat 5100
tpg@AGQtahigee HOg6tdaegd:gagtaaacatgacosbrcega ccggtccaga
atccgtcgat 5160 etcacetate cgctcgaagt ccttgagtca
caggrhaipaiygast ceadtagtegligicctiecwagegatag? 2800 agaaggcaag
t gaaggcaga cgactgcgg% aggt aagt cg ggtac% cat gaggtccttc
RS DL SR FEG Y Y @éé&ﬁ@gﬁﬁﬁﬁﬁﬁﬁﬁﬁé' aat ccgct
tcccac acaccac 5340 t agcgecc t gcaaccgg
ctaddicel BnPest R Aer B Stect ritnpot) Al (K80 0 5400
el RGHDGGAY (GO gaa6k 6 06961Q09e Q8 GEHACCa gtagctccce
gtgccggtaa 5460 «ccgcttgggg ccaagcgaag acacceaceg
cag@Ugoagauatggeaatgragtcgicg gatgggasbbdf: 48waccaccea
gaaccaggga aat cctggtg ceggecegag acgat cccgg cgcggt aaga
cleBBYO LAt HEHHE eHirceattgreccaregBeredylacgcaacaag
caat aaccac cccat gagcg 5640 acggt aca cgccgacgc
ot BB e et pege g eehed gt pdt calcey 5700
secfEEARLEALI. LEAEH Y0060, HGELAREAL L AR AREF UL CC cglgcegtt
ctgaccggtg 5760 “gtctcggtcg ctcg?tcctc gcgtcctcac
attc€re Q€ SOBL LR JLEICQ FAC&HAUALLEO6RATa8 2040 gCcat gcaagce
ttggcactgg ccgtcgtttt acaacgtcgt gactgggaaa accctggcgt
ciitda@BOeecitcagne e@@motda afdir oy cotitegaccagadgat ®eé ccctttcgcec
a%ctggc ta at agcgaaga 5940 ggcccgcacc %atcgccctt
caggt @é%ﬁ‘g‘}ﬁ%g BEHEHg et HnarghtgadtcchEher't®t t e 6000 Page
tha% Qal‘.cl:cp(?él _aQ %gCZt_ % aEY%a%ecgc#%ecp ¢ ectc!ci: SE ic n 0 egettecteg
c%ca@fd%é% cﬁ%&g% C ag ﬁ%%cgd%é%gcggcgag cggt at cagc
@wggﬁgyg%gﬁ&ﬁ%&@@%g&&@@&ﬁ?%%&g@ﬁ&ﬁ@ﬁ&@ﬁ@ﬂ@gaatCaggg

gat aaaccag gaaagaacat 6 gt gagcaaaa ggccagcaaa
agaBQUGICLag gy QG Gictdanatecgt Leaghdsgacatggegisut t t 6180

ccat agget e cgcccccct g aegageat ca caaaaat cga cgctcaagtc
sgagraggieergecee GRuGca grarsey dedeclyg letceaeaadQat accagge

gtttecccct ggaagctccc %%gtchctc 6300 tcctgttccg
aClEIReBE CHERTE IR TG GUIE G CCHEe e ct*ect t cgggaagegt

e e

202 6B GGt L8 9R6REBCLIR d 0GR LAt ce6gat BBEt @ 6480
tcgtcttgag tccaacccgg taagacacga ettategeca ctggcagcag

cca@c@agt qgghite@c §8ghOcceg 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
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caggat t age agagcgaggt atgtaggcgg tgctacagag ttcttgaagt
ggtggcctaa 6600 ctacggctac actagaagga cagtatttgg
tatctgcgct ctgctgaagc cagttacctt 6660 cggaaaaaga
gttggtagct cttgatccgg caaacaaacc accgctggta gcggtggttt

6720 ttttgtttgc aagcgg %g@, Bg(@ggggﬁg aaagga

gtz GhEARNARG, ALEERS ARk 0 ttel? fabftabdel 4190 9991 Ct gacg
ctcagt ggaa ct cagt cgaa cggaagatca cttcgcagaa 6840

tegthtRaab@aatCiatb ot @haagcolghisgat agtaggoaagccct gggccaactt
ttggcgaaaa 6900 tgagacgttg atcggcacgt aagaggttcc

tzegagutit tidcgtieTegm et aglamiete daglatticastzaz89600 ccgggcegt at
tttttgagtt atcgagattt teaggageta agga 6%c:t aa aat ggagaaa

83eEHY G agC&é%’iCétaig&&gﬁBa Gerr R eatct feattatd’t cccaat gge

at c %% acattttae gg?OSO cattteagt cagttgctca

T HCCr At AatCAACCD TECAget oA T att acggee 7140

tgothdckit &@@ﬁ&%tcgﬁg&@agagg%@ca%%ﬁ%&@gaﬁ@%éd tatc cggcctttat
tcacattctt 7200 gcccgcctga tgaatgctca tccggaattt

st P8 kg taag bgaaad atgiactapagitcggigadebGs540at at gggat a
gtgttcaccc ttgttacacc gttttccatg agcaaactga aacgttttca

cectyierg oo igicrerryiga cagtiagesa ratcieic eggilegatf¥c cggcagtttc
tacacatata ttc caa at 7380 éa acggt gaaaa

R G SRECET SPURLREATE St I PO et ht gt T 7440

togthcl G Etb g h‘g‘%&%%%@&&g& %&@g%!:gtc@cg%&%‘ﬁbt“g atttaaacgt

ggccaat a acaact tct” tcgccccecgt tttcaccatg

tatc @G aARaktladl-AcOS ARG CHAGRAGHH LD B0 Ct gat gccgce
tggcgattca ggttcatcat gccgtctgtg atggcttcca tgtcggcaga
cagLHRLY taa%mg@%@aamtgmamta@tm@agaﬁmgagt ggcagg
gcgggaecgta atttttttaa 7680 %ttatt ggtgccctta
agteglee g Letiegte t@&?%?@é@ﬁ@”&&i‘%ﬁﬁjﬁ&% Hatd8gcgga 7740 Page
uence |i stl n t gaat ggcag
ag“a%“af’f%%mta pglpEaE C“’tfggt“ SRoct CE5®8acgtaaac cecet ot cce

gtagzgg% tttt@@t@@&géc@gg&&%%t (,j;i% Eaa @Q&tcgﬁ@g @GQ@ gcacgacagg

tttcccgact ggaaagcggg 7 cagt gagcgc aacgcaatta

aag@tegtog@ftct Regypitte agticat: chaRgfcacegR@guadtt aca 7920
ctttatgcttccggctcgta tgttgtgtgg aattgtgagc ggat aacaat

treqtgicataragysTasot acamachgeitatccyarcecyat!t acgaat t cga

gct cggt acc ggat cct ctagagtc 8038 <210> 98 <211>
F’ga@a‘éﬁﬁ EEEDGHS “ﬁﬁ%ﬁﬂgagéﬁ%‘fﬁ? gRleBeFE Lpsigtt

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
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<220> <223> pRET1001Rv <400> 98 ccgtccacca cccggtgcct
ggtctgcgtc tccctcgget cgttcctcge ctatcctggt 60
gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca
ctgcgtaacc 120 ctgggcgctc gcctcccatt cgcecttcgcetc
acaggagggg gccgt cgat gFI%Q-%%IOG%—QYé%g enc€ @At ct ga
cac%gt%éa%ggg%&ggt@g%gg%gg&t&gatg&ga%‘&gg‘é&g%&g <l 68699gcc gctgacgegg

ccccggcgaa gcgcacccgc accgtggcgg tgcggcetgac
cet@@ni §90gag :gaggaagaticc 30hccggatggacysn cgcget ggee
gat ggccacc ggcagctcgg ggcgtgggtg cgtgagcggg 360
tcactrglgt gyt @gitataat oittiyg orasaggt tegedtt 8¢f8agaccgg cagt ggaatg
t cggcggagg 420 cggccgcgga ggtcgeccgcg at gcggcagc
s R A G R R S EEE B R B0 Magat cgcgag
«99597L5A%,A560006204, L deegl caca gatggecdag tccct geaga
236" *49999 ggc?g%ga%agg gy ggggc%ggagt t ggggeggat
atad8hOIG 08@4:6:90C1: 60 AGHLC 00 b GIBE dega gggct gacgt
gat cgcgaag at cagcacgg gcagcgaccc gaaggggttg 660
aatt @GR Gsfh Caclog@ACHYY ALt PIYUIAGHGCeAC BLIVgCaca gctaccgceac
cgaggcgggc 720 cggctgattg ccggcgggac ggtgatcgcg
tgtigRymtagiepg iy €ccatfgtecipessaet Yiageana eweieeers631%accecggt ggg
c actt cgagc CC gccgcgacga acg gggt gggt aagccg
%%ggﬁg%%?6?%§@§Eg%§%%%ﬁ%?a%ggﬁﬁﬁgaﬁ %tgg%gggatcggc
e BAGLORCERR L AGEOAM 160 30,0 A6 AOAGAL Clhg uCagaCIat
cgccgagcgg atgggcttcg agagtcatcc gtgggtggcg 960
ctee@la @6 gEeAGE t@GFAcgacca catccagmyg getgtctcce gggtcgattt
t cagggcgt g 1020 acctggaaga acagcaacga ccggt ggaag
gt cgt cgagg tgatgcgcga ggtcgaacgc 1080 gcgcacggcc
<Ilpg4dt cgaggt ggct agcccg gagcgggecc gt ggeccggca agccagcagce
<2147 2’8 page 92 FPO4- 0397- OOSG FY( Sequence | i sting)

iﬁ?@?@i caac gccgecgeggt geggacegge aaggtggcgc agcgggacgg
ct gagggaa 1200 attgtgaccg cegecegega cat egeegea

«9ggccagggt g tgggggcgtt cgaagtggcg 1260 ctcgtacaga

<228€ GREAIHAC ccgagtgcag gtgcggcgca acgtcgcgaa gacgggccgg
1320 atgaatggct acagcttcaa cctgcccggc tacgtcgacg

<40@eg€cgggga gccgatctgg 1380 ttgccggect ccaaactcga

cegie@ggggetitcgt seicetagtclascagtrggattaisgacyct gacc 1440
agacceegec eggacegect egeeggegag gagacqgtgc cgcggaagcg

gacHR H AR Ease ﬁm§§@€§8@gﬁﬂggﬁﬁﬁﬁﬁ%ﬁ§c cegeegegag

ctg I LRICLIGH AAGAINL SIS AASHAGE GAE 1B D180

ctgeatctga cgaccggegg accgaggtec gegecgetge ttegegggec getgacgegg 240
cceeggegaa gegeacecge accglggegg tgeggcetgac cgatgggoag gaggcegegt 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 gggcetgacgt gategegaag atcageacgg geagegaccee gaaggggtts 660
geggegtate tgeacgggee ggggaaggce accecgeaca getacegeac cgaggegege 720

cggcteatt cecggegeoac gotoategeg ggateggtee agotecacege caaaaacceg 780
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t gggagcagg cccgcgcgaa tgttggtgag acggccgggc ggat ccgcgce
cgaacagtcc 1620 gcggacacga agtggaagca ggtgaacgag
gcgttgacca gccaagaccg ggccgaggag 1680 caggctgccg
aggeagegeg ggtcgcctcc gctgtcatgg gaggecacce gacacegeta
1740 cgggacatgc tegegg gﬁﬁ(ﬂgﬁg?%g ac. § agccgt
acc&gt@é‘gtg%é‘g%&@n QEAGARRLGL L 500, . £AA LA §pdcaaaage

caagcagaa egegeegega aggccaagga cgccgcgaaa 1860

gg@@@ﬂ@&@@@&g@@g@&ggggggﬁgg@ka@sﬁ@g@g@gﬁmgtgc gcgggat gaa
cctgcgactg 1920 tgggtggctg aggacggcgc ctggtcgatc

geggctitecgaags! ayraserdgactice gagalt algeglk@80 “6gccgcaggt ¢
geegacac cgtcgcgcag gcccaagccg cggccacggc cacagcgaaa
ggﬁﬁﬂ@a“ﬁ&@%ﬁ@%@éﬁgéﬁgeﬂﬁﬁéFétg&%@&&ggﬂ%mceggeegaca

eace 0 a cagt c cgcqgt gat
e GATARE 00, HERAECRER 22 ReerBHRAALE 00 BD 000! 9
gegCBOOERG St %g Zg@%%gt%gg@@%@g@&%& B cCA0LCAYHRLC Ccggggt at ca

gecaccegge egegacegag gt cgagaatc cggaat ggga

gecgb GhgRgeagstagagegagasggcistdiggige2d@la gagegt aggg
aacagacgca ggcct ggcga agcat gt cca agaacaccat egat eget ag

attelEBNDCceerarsEt EHLELS BroEReERsa el ecetetegtpati2c gt acat aa
cccat ageat gcgcgtat

aaa t cat acct 2400
clog G A P e A DL YR g Lot o 2460
atga%goggcaﬁggsag %&ggcttacgggacga&g&%g&gsga@@g caggitg ctggtgetac

cacggt gét ccacagé c¢gagt ccttc agcagcggtg

ttgcCHeE1€ EGAGEHM clcboliti-Gaactacagigaant fd&wd8Mipoaccgccgcet t
ctgcgcactg egaggeccag tacgcgtcgg atteceggeg atgccgtctg

aga@6:4 0 cegibdecd evtdz e gagUYcegsagegatetge I59fggcggcag
ccgctgecceccg ttacgcagecg 2700 tgccgecgeccg gaaact aggt

g“%@%%%%%@ﬁﬁ%éﬁfﬁﬁ%%é%@”%*%@Sgggéﬁyﬁéﬁgédg@ga 2760

acat cg ccagaa cg ac gc caggtggtgc
o U 00 e Bt PPt o el goggecac
2 GELL QQ Rage 93
g%%% gg%%g gt%%%%%%%%%%ﬁen%g |S§%ﬁg§§%%agcgggaac
cag@tegGat gedfes @bt egRCYTated dagiggiggecaggagticgacg cagt gcaggce
2940 gctgctactc gcattggcca tggcacacga ggaacttcgt
LU ECERS? LraLfazret YarsRGedciegrt scesrrrgerc ¥Yflgacgaacc

tcggtctacc ggtcttgaac at caagcccg acaacgcgat 3060
“¥%§§ﬁﬁﬁﬁﬁ?ﬁ°8?%?@5??%%%@?@%F8ﬁ%?§9§$ﬁ?@agg%a etttcaccec

togde 4&&%%§g%%%9cgﬁ:@ﬁ&ﬁﬁ?&;%ﬁﬂgaﬂ%%ﬁgguﬁ@aQQQCtgc
cgcgt ca t cgcgttyg ac cact gaacgggggc

tog o0t 656Q N HRAQYHE 200G 10EBACEH 8Gc@ithcat@aca ccyct aacac
3240 gctgcggaaa tgcggattga actagttcat ttggggaacg

geegh@gacedcgatac gageggogatiag8@eceacgge 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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cgtgacctac ccatgctgac categeegag gcggtggacg cgacgcagac
cagt gagagc 3360 acgatcaagc gccgcctgcg gtcgggcgceg
ttcccgaacg cggtccgcac tgccgacggg 3420 aagtggatga
ttcccctcgg tgacctatca gcggcagggc tgagaccagg gaaaat ggcg

3480 aaacctgacc cggtﬂ%%zgg(%gggﬁg gﬁ& tccgtg
gt bd-9GEAAR agoggbg%%gﬁgtgzegac a0 3AGLEC YL S agcygcect gge

cgtggccgaa gccctggcca gcgaacgcaa teggatcate 3600

acc@aR A tPQNE cARgada otk c GG GCiCedAngeacggc cggt gt cggce
cctggagccc 3660 gcggcggttc cagtggcggg teegeegeeg

mwe@@g@®agggag%@@a@aﬁgg%@eg@@@&gwmw@¥20ﬂo%cgggcgccc
gcccggat acgt cgacgg ettetegget agga ctgac cgcgtacttg
gm§¢g@gm€ HLHIEYEe g Ayt E@ﬁﬁﬁbt %cggt ggaga

t cccatctc cheqgegate 3840 .t C caggccctg
el B 5ac@§°§*mgg§§%%at§%% FAE R gee 3500
caet@c%tzgfégg%%% %@%&9& fagelegdet.ghidat@cgct ggatcgtgcg

cgt ggaggcc cccatettet eggecaget e gcgagctgtc

cagtegbd GREGeC goahaggtegdboageas eeedr0 294acggt ct gec

tcccacaatg cgttccggtc gaccttcgtc gectcgtttec ggtttgectc
gmﬁﬁgegmﬁﬁg%ﬁ%@@%éﬂﬁﬁﬁ%ﬁkﬁ%@W%q@@@@@%Q@@Otgcggcttgt
cctc 4140 aca gggccgt cgg

B e b T B R TR Dty

coa c oa o &a gatcg ggcctgcctg
e B A s R T 51 oot 1

staRPRALAGALE: H9060CCRYRAGHGCHTILAG 43201800t cgccccag
t ggaagcgga tttcgcggta ggcccaggtg cgtgcggttt cgaacagggc
gaadfBEQc sigfoagt tbegyecegaggeggacdce ggglatat $248aeggegegat
cgggtttgcc gccagcgcgt 4440 tggcggcatg tggatgccga
g i e BOigRY et B BBt gty 4500

o B o e B e Bhegomogee.
ac =) aa C 94
oy %@%&%@%@%ﬁ%@%%%%@ T oegacyg

mg@gg&a&hﬁ@gqh@agggggaggeggﬁhﬁggﬁ@mggggﬁm@aca cagcgtgtgce
4680 gtgcccgtta cgggggttct ccacgatcgc gttcggcaga

mmq@aﬂgaﬂﬁe&”@gg@%g%&@&gﬂ?4@gmﬁd@€@e§eg§4%gcgcggcgt

gggt ggt c aacgt ccacg acgagcagqt t gct caat gc 4800
gag‘éf%% gogiteee “@%&%‘%’@ﬁfc Becstyegterghr #etalt {0t ct gat egeegea
ac C C c t gccagt gg
B e L D ST A
geed@@icCholi 60 ﬁ%é?g&%Q&%fccc@Q geagaacachoacagaca agatcgattt

4980 attccggtac gacacgccag ccaagtcaga tgtttcggtt
acggecdcgyagegept bettemataaed0dBzctgac 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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ctttgagatc cgctccagaa acgtccacaa attattgggg tacgtcgaac
caagccttat 5100 caggtatccc ggggttccgg gggt gaacac
caccetcega ccggtccaga atccgtcgat 5160 etcacetate
cgctcgaagt ccttgagtca gtgacaggac cactgctggg ctcccagege

5220 agaaggcaag tgaa gg(ﬁgggy ggeﬁgggaagtcg
Cctgg&étgg&%a@ctt et oIS Qg%tﬁg‘étc &eeg@%@g% Geot CJ Ac gccag

gcccacacgc acaatccgct tcccacgagg gacaccaceg 5340
gteeddtRGCGELELa G OEADRCY R UEaGhGaacaggaggegeeg gtact gctcg
tttgacagga 5400 actgcagggt cggtgagctc gcgctgggcg
geagjidee cegmeeran gieaitrtd syl tayeitgrg kevagcBeb6 3440ccget t gggg
ccaagcgaag acacceaceg cggcagcgatggcaatgcac gt ggat ggga
%965?@5¥§%ﬁ€6§8@%ﬁ”@%§@%ﬁ@%@%%S#FE %@té %eggecegag

ceac gge,caccat egec
Cagcca ?ccu%gt Ct%agg %ggtattg catc coc {":l ccgst%gagcg 5640
aggagggéa&a&gg%%%gg%&g%m%gag&gg@g@qﬁgggg&gﬁgc gccagcccgt
gaceggaceg 5 gcgaagcgtg ccgctgggcg gcccgecgtg
cttaGege eQubied tO-gifategititec bgacagoig e 0i68gt ct cggt cg
ctcgttcctc gecgtcctcac ctgcecggtca gecececgtgacc ggactctaga
gfgcs%e)cgg%ﬁ‘tt ecereigey Aecacetregietticeyanereytiallat cat ggt ca
ttc %téig aaa 5880 %%tt?tccg tcacaattc
"ag‘“cgé % %%8%%61‘%5 § @ggeaa‘@%?%&%?gé e G ég&tg 5940
ctoJOGHE ﬁéa@g@agté%%ttcg: gcgtctagélééc&?&&?c!&g:gtagﬁt hgegttg cgctcactge

ccgc tcca cgggaaac ctgtcgtgcc agctgcatta

gwgﬁﬁéﬁﬁﬁﬁﬂégﬁﬁ@@ﬁg@&Qgggggﬁﬁﬁggg@mﬁgé0@26ttgcgtatt
gggcgcetctt cegettecte gctcactgac tcgetgeget cggtcgttcg

gW§&@@Hygwkg@gg@gaggﬁg@@&ﬁ@n@m@@ﬁﬁ@ﬁ@&@a)ggcggtaata
gttatcca cagaatcagg 6180 ggataacgca ggaaagaaca

ot PGB Céﬁ@%@é@&%%“é%@@%&%@%‘ﬁagﬁ% i%aaaa 6240
t ttt t t t
RIS aga%g%ga%% fed ggt%%% et@ISpreCCt gacgageatc

ggt ggc gaaacccgac

4494 A€ CRAL & dole 9&&‘@ pG1Rage 95
mg%Pcmg%%97-é%%%éFY(Seq&%né% %%stlﬁg t ggaagct cc

cteacdtagiggyeg il cclit gt ghd-fgacgateetgacteit 2eggat acct gtccgce
6420 ctttctccct tcgggaagcg tggcgetttc teatagetca

APgELYE AL ateewayiceeeBd 8gcegrateatelgt é28t t cgct cca
agct gggctg tgtgcacgaa ccccecegttc agecegﬂceg 6540
1Pl Y CRr e LEEH AT /Y Ky et gacafeeaddlcg gt aagacacg

gtag%gtc&:‘%{ Ea&Ge %@%%ttcgg%% gc%gg&c%gcgg&g& %Qtﬁ oRcaggattag

gag gag tTat ctac 60 gttcttgaag

actde BOEt QEERL R REREQ YRt B cEACLAgASES AGAI@BI LT g gtat ct gcgce
6720 tctgctgaag ccagttacct tcggaaaaag agttggtagc

cegttigtde gabege JoaaRaaeegcdl B aatgeac giggatggga 5520

acaccaccea gaaccaggga aatectggtg ceggeccgag acgatecegg cgeggtaaga 5580
ccacacecgge 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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caccgctggt agcggtggtt tttttgtttg caagcagcag attacgcgca
gaaaaaaagg 6840 atctcaagaa gatcctttga tcttttctac
ggggt ct gac gctcagtgga acgaaaactc 6900 acgttaaggg
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa

6960 ttaaaaatga agttt; gw%%gt{ﬁg gmgﬁghg%atgag

cgoe a! C Ccga! at c gt gagg
i %%%%%Eg%tg%e gg%‘%gg?gg{%‘%gc tgt%{;é t cat cgoat agt 7080

teackcgBE k@A soreagh aghigiocogabaagtatagal acyggag ggctt accat
ctggccccag 7140 tgctgcaatg atacegegag acccacgctc
gtgaaeﬁe?gtgectcm@a gttt caguaeg atassciacqr0®18¢gecageegga

gccgagc gcagaagtgg tcctgcaact ttatccgcct ccatccagtc
°°at‘?g§8t® Bttt e gt Ta@?@@@?@ Gehgreteaagtcaay’ ?q agttcgcca
L taat agl cgcaa 7320 ti.aceca get acaggea
s R e SR B e B b T e e ag 7980

tcctgttcggceg‘g:tgtzfggtt&@%gtg@&g@@&c aeegadtlacatdged ccccc atgttgtgea
aaaaagcggt 74 tagetcette ggtcctccga tcgttgtcag

gecafift aagihgegegragigls dabeactceatca/ 500 ggtt at ggca
gcactgcata attetettac tgtcatgcca tccgtaagat gecttttctgt
ectep g Sle ey Rt icrateepilep aoerstcesazcentth gaesrrcc t4§ agaat agt gt

at gcggcgac cgagttgctc 7620 tt ccc g t caat acggg
o e AR 1 e e SRR PE PALERGT R cat 7680
ca &l C gatc ttaccgct gt
S B N e e RO Gt 6

ctacad Bk E@@Q@Q& hedtlidettagdch & catLag Celtacl®8060 t t Ct gggt ga
gcaaaaaagg gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg

cegah@B6 L ctigraaticyt doger cadearedce atapelagtdegaitit 6420t caat at t at

ftgaagcattt atcagggtta 7920 ttgtctcatg ageggataca
t T%@‘é“é%agmfgéﬁa% %@%ﬁégaéﬁf%%%%ﬁtg%t a@éggt tcc 7980

C ccC tgcca a agaa accattatta
ﬁﬂ%% %01 Ct@ﬁﬁgﬁggccé %ta 254 Cacttt?ga gcgé%ia(ﬁtcacgaggcc
aa%faatJ& ek QA&Obdb L0 Y0l da a1 @6hoPage 96
@ FP(t)4 97&% %%(Sﬁqagér%ce |Ig§:I9ang) togaaaacctc

tzadh GRE BCAtQS 1RGO GO TaccganggiteaeeacgCtdsgt Ct gt aagcggat gc
8160 cgggagcaga caagcccgtc agggcgcgtc agcgggtgtt

coggreey q@%@ﬁ@w@gg@t@w@@@@ a@P@0faa plggastiat g8y gcat cagagce
agatt gt act %%%agtgcac cat at gcggt gt%aaat acc 8280

aaaqi el BUICHE YUY IFISC 4 gre gehie*eaditgccat tcgecattca

ca wectat aac t tgcgggcectc
s A s ) R, BRI E oot oot oca

it ARG C ki AR ik 89 Gl ABE Q68 89ttt e@cagt cac gacgttgtaa
8460 aacgacggcc agtgccaagc ttgcatgcct gcaggtc 8497

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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<210> 99 <211> 8487 <212> DNA <213> Artifici al
<220> <223> pRET1002Rv <400> 99 ccgtccacca cccggtgcct
ggtctgcgtc tccctcgget cgttcctcge ctatcctggt 60
gaccagacac cggagcgagc tatgcccagg gttgcgcagt gacttcgtca
ctgcgtaacc 120 Ctgggﬁ%gbﬁﬁgﬁ&ﬁ99%%%%w99&h2090tC
205 00 IA0G09 196G CLCURL 05, 86!088 8807506t gCat ct ga
cgaccggcgg accgaggtcc gcgccgctgc ttcgcgggcc gctgacgcegg
cgegbfibe cRECOYFRIRA: JOARLARE B RCCGRGIHJJ8dgCIYCt gac
cgat ggggag gaggccgcgt 300 ggatcgacgc cgcgctggcc
cagigesrergecee't: Ypageticy il gegiogugtYlreytiFadgcggy 360
ggt ggcc ctatct cggg aaggtccgcc cgaagaccgg cagtggaatg
oSl s gle gt 5Tt dt] ar goggcage
a aac aacct cc agat cgcgag
aaacagc%tt cca t@acg %ggg?étacc 06%%21 :t%ggaéagt 0380093.9 t ccct gcaga
540 aggggtggct ggagaggt gg gggcaggagt tggggcggat
<21ggeggat cgg ctcgacgcgc 600 tcgacgacca gggct gacgt
<21gatd¢egcgaag at cagcacgg gcagcgaccc gaaggggttg 660
<21ge tatc tgcacgggcc ggggaaggcc accccgcaca gctaccgcac
<2lggageggec 720 cggcetgattg ccggecgggac ggt gat cgeg

<229atcggtgc aggt caccgc caaaaacccg 780 acccggtggg
<n§ cgggactl cgagcgggcc gccgcgacga acgcgcgggt gggtaagecg
46 gtgtggcatt gctcgetgeg gtgcgecgece ggggat cgge

40896k gaccga taccgagttc 900 gcggacatcg cgcagacggt

cogC @R Yapaget cal-gaaat g cagagiaatatsegt gggt ggcg 960
gt gcggcacg acgacgacca catccacctg gctgtctccc gggtcgattt
gactagmgygogtegec1OR0afaiace9it FaRCA0BBFO0SBOFY( Sequence
l'isting) acctggaaga acagcaacga ccggtggaag gtcgtcgagg

Ctgag@eéic@ gea% cg5Hiteciy Aaegesed ersgoealg efesiey c BVt gat cgaggt
SRR93HE5E8 SA9ER09ESE.§ AaciRge.apeanpage 1140
g tggcgc agcgggacgg
cccigg&gﬁgg%@@gc%?c%gcgéigteg%&%‘égaggggg%gEa%&%gta gt egeegea
ggccagggt g tgggggcgttcgaagt ggcg 6 ctcgtacaga
geaRELLGadgtiatc cogagicpeagtgt arggaitaratdgicgégaa gacgggccgg
1320
cggtogecog ctateteggg aaggtecgee cgaagaccegg cagtggaatg teggeggage 420
cggeegegga getegeegeg atgeggeage agatgacgaa ggtggpoaac aacctgaace 480
agatcgegag ggegatcaac geegggcagg tgecgtegea gatggeegag tecetgeaga 540
aggogtogct goagagotoo goocagoagt tggoocgeat gocggategg ctegacgege 600
tegacgacca gggcetgacgt gategegaag atcageacgg geagegaccee gaaggggtts 660
geggegtate tgeacgggee gggeaaggec acceegeaca getacegeac cgaggeggge 720
cggcteatt cecggegeoac gotoategeg ggateggtee agotecacege caaaaacceg 780
accegglgge gocgoeactt cgageggoce geegegacga acgegegget ggotaageeg 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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at gaat ggct acagcttcaa cctgcccggc tacgtcgacg ccgccgggga
gccgatctgg 1380 ttgccggect ccaaactcga ccggggtttg
tcctggtcac agct ggaaaa gacgctgacc 1440 agacceegec
eggacegect egeeggegag gagacggtgc cgcggaagcg get egagege
1500 gccgccgegt gggaﬁ%gggg{ﬁ§g§§ €9a4d. gkegacggceg

ggc%g&qggt&g%gcggtggg%&g&g GQGtodpOP e b HROARLANY LEEUCYCgaa
gt t ggtgag acggccgggc ggatccgcgc cgaacagtcc 1620

attg@Eggagach Agiagaagedfotganefagagegl tgacca gccaagaccy
ggccgaggag 1680 caggctgccg aggeagegeg ggtcgcctcc
clegtpedeg hG ertpg catigreraTes e gacicegetaazetdd 138gggacat gc
t egeegecca ggagcagcgc cggaagccgt ggactccgga gcagaaacgc
ateaygerH e HE SR Y (e Grsaanyeret A s ey dd®egegeegega
a caagga cgc a 1860 tggaccga t cgccggcgg
R e R R IR L
agad HYH JEHELoEkt @@Qg%%g@%&gﬁéc&%gﬁ%%a@éﬁ%@ g3gga aggacceega
ccgccagtac 198 gccgcaggt ¢ aggeegacac cgtcgcgcag
geeCRLRBGE QG CHYGCRE gURcRacagRgRascREAf: 1avgeaggecc
aggcgat gt g gaagcaggt c ceggeegaca agegeacega gtcagccacc
22PIQL CoRGIEFERIETES Gryetyesyt epttcosergyatsle el®8ececcacca
aaccg%cc%a g t caaaccc 2160 ce ecggec g cagggacc
e el viets %@?%g@?g%cé%ga%cé SUHEUTCH FEHL (&Gge 2220
s fIL03CRARL. JLEAAAAR £ A0ARLANGRLCLAL dagLag asagcgagaa
ggctttcgtg gagcgtaggg aacagacgca ggcctggcga
coeBORALGLEER RYAAERCE Rz RO ALLYELAGa2 AL 18007t Cggt C
gt gcccaggg tgcccaggat gcgtacataa cgcgcgaaag gtgcatacct
cag2400 ccrveat agesisacyggrgegtadccgghagggaaa @bQat cttca
aacgtattgc tgtggtcgtg 2460 ctcgctggtggﬁ gctttggt
(LR PATEES AFCRAt et e g g AT EeHE gt T ca 2520
et.ccacage ¢ tccttc agcagcggt t.gc cgg ttcttccacc
sehib IR SRR bl gt st 190 8 e ccag
eccl REAGHLGAG. A LERO060LUCLALEL Gaifitl, BRI CCACTLC
cacagggccg agcgatctgc tgggcggcag ccgctgcecccg ttacgcagcg
acg g agb Yooy coGagJenactaggicagancgtgag 2mat ggacgag
etteccacet teategeega 2760 Page 98
A RO -20FOTORSEAIFY (Seqirerreecdcimedtrrg)cce dddcat cgt g
at ggccagaa cgttcgacag ccctaacggc caggtg t gc tcgaggtgaa
CCEFEPE CCREP AT T ey AR R GRS ¢ %8 agggt gac

SR SR g g a0

gag Qb BCh AGlcEea QERL L YPGHCA L P REACRGRQEAACEICIL Caaacttcge
cagagttgac 3000 gtttctaggc gagacgaacc tcggtctacc

aaggo € blegaaes atccaay catigplacaangeg atcaB06 (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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cgaagccgtg gtctcattcc ccgctccctg atgtgacgca ctttcacccc
tggcactcat 3120 gtaccgaagc tgggactgag aaagggctgc
cgcgtcaccg cttcgecgttg acttgccact 3180 gaacgggggc
gt gt cccggt cagggcgggg tgtgacctgg gttcatgaca ccgctaacac

3240 gctgcggaaa tgcg%% g3 Bct a0kt 6al. fggggaacg

cag%%% £ 98k 9AGAGY 9883300t £ILGRGE G0 pCAt gCt gac
egeegag gcggtggacg cgacgcagac cagtgagagc 3360

getRBfaieBafe pdacqetlk gt Ghagagcgadidat Cogaacg cggtccgceac
tgccgacggg 3420 aagtggatga ttcccctcgg tgacctatca

gttttgaggwaag@g@ i¢zgllgacelaiygacghaaatrgyegeB8d 880 gaacct gacc
ggt gacccc ttcaaat c cgggt ccgt g acct ggcagc t gagaacgcc

oSty gtcga‘&e’eigetg% aiglgp ﬁ&CCé@fﬂgﬁﬁfc@%} gccct ggeca

a ate tcat t gcagg,aacagat get
gtacg et Qgga" agaazég%gc 660“ %@Cﬁ% C%étt g%}agccc 3660

gaa&g@ggggﬁ&égt &g%&@gg@%gsc{gg g&%@ﬂ@&gct&%gﬁﬁﬁ Ccgg ccgccgatgg
tcgggcagct 3720 acgggcgccc tggcccggat acgtcgacgg

gctRidhetteggeta aggag aigaacCnagteathicgegdal 8800 cgt gcgt cgt
gcaggagctt tcccaccgtt ccggtggaga ttcccatctc cteggegate
cete3 GO coaleelefs GEeeatens seesigggececeraEr egearay et gacggcecce

o GERTCTL. L SHISL1SE. 2000, o Segag gt 00l coco
aag{té%%%%@ctc&&% 153965 Qt%g&gg(gg%%&g%g%a&gggt i4¢§99¢c ggatcggtcg

cagcgccc 4020 ctgcc tcccacaatg cgttccggtc

222 @REG o €Yt Gc 964G debGotE @Mgécggc&éa@aaééwoss:t@eget tette
teacteatet tgcgaccgcg tgcggcttgt atggcgatga atgtggcctc

gagddcdiQ agegtcgacgCRaggye oyl Tgygcecatagatagedodjgact tt gt a
t gat ccagc gggt aat gga 4200 ggccgcgacg cgcgt agct
gac @cé%%a@‘i% t%%@?@}@%aﬁ%&g&g“é%tﬁt@@&f%gg?ﬁ% @%gtt 4260
cct atc tgc tc e te geggeccega
T O S o e e
acggggg&&@ﬁgcfggat %k%&%&t&gg&gég@%gg&ggt&%%@gm(gCagtttegg
cegaggeega tcgggttctc aeggegegat cgggtttgcc gccagcgcegt
cgteld D gcat HOOAGEALE cegigpbOtCcGRicGictREHC CBL gaget eggeg
agggat cgcc gctcggtgtg 4500 Page 99
e EF e 3T Te COSGARY(Bergtre aeceackdtistcegrtgyc edyccaat gg
gt gt cccagt caccgtga cgggttctt tcatcaggc ccgaat agcc
Cgtg&%ﬂé%? a“‘é%tf‘@% ‘i%“éi?%“tmé%%@@té C@tgg%%%éaééﬁeé %t cggt gacg

ég 9% gg a'% %ch&CEg%g&é‘%So gcgtact cgg

tgcg ccaca cagcgtgtgc 4680

ace@b@e &6@5&@ 8688 ga&@gtc@&ag&gagg@@ectg tjpmggcaga ggatgattcc
eggeegeega 4740 cagegecege agcgcggcgt ccgggtggtc

gegdBtgtecEs (peacgagieaggt! dgaheasdtigoectd 83060

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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ctgcgggttc gactcgat gt ageggegate cagtgcgtct gategeegea
t ccggt agac 4860 gccgtcgagg aaatcgtcgg ttgccagtgg
ccacagcggt agecacagct gttcccaggc 4920 gccgcectgtg
tgctcttcca ccgcaaccat ggggaacaca ctcacacaca agatcgattt

4980 attccggtac gaca 689 5629k cAda. [t cagtt
am&ﬁ&%@@ﬁﬁ@%t@% at&@g@&i@éﬁgmmﬁg&gg gat Geggctccagaa

acgtccacaa a t gggg tacgtcgaac caagccttat 5100

sl @ Otaaieta cgGaQid-acyg g ogetgvagaaeacaeiocega ccggtccaga
atccgtcgat 5160 etcacetate cgctcgaagt ccttgagtca

caggpr gRCAgLce caetigptd gty vt e TagegetBAR0 48@gaaggcaag

t gaaggcaga cgactgcggg aggtaagtcg ggtacggcat gaggtccttc
Ctg‘gig%gac%ag%@%?%@& FaCFeEHGE g Eeeseic 6599 acaat ccgct

t.cccacga acaccace 340 cgccc t gcaaccgg
oo O A QSRR 2o e e B 55280 5900
gmgﬁéggﬁgﬁgﬁm%&gkgggg&ﬁmg&gg&&gggﬁ%gﬁt@ﬁ@acca gtagctcccc
gt gccggt aa 5460 ccgcttgggg ccaagcgaag acacceaceg

attc @@ Cc agegaiggenal facsgtagad-gagicmb? Godacaccaccea
gaaccaggga aatcctggtg ceggecegag acgatcccgg cgcggt aaga
cBHBreclecasd as b egre 2buleesa Regjesacaeyeritice®d acgcaacaag

640
el GGLaG EEOY JEOL Gorae B bR eqthceg o700
cteadGHARACAL G o g%%& &%%Sé‘ggac%&g%%g&%cgafg%% gepggtcc cgtgeecgtt

ctgaccggtg b5 cggt'cg ctcgftcctc gegtcctcac

agafkeh GECHAEG a 060E GLOAE 600 afthei-ala:adk0 s2gat ccccgg
gt accgagct cgaattcact ggccgtcgtt ttacaacgtc gtgactggga

agadyBRr tcmaE e etgyeregichacot Reecehdeaatacgaet S3Mycagcacat
ccccctttcg ccagectggeg 5940 taatagcgaa gaggecegea
ERLHGHRCBHETES PR TEy 1t Hrdchy Eté“f-%%asﬁ‘a‘gc ga 6000

at attt tt caacaaa ccqc tccc C ca cgt aat gctc
sotg el I R A L o 2O T g
chégég%@&g@@ﬁg %c@a@@g&%&@gc@@gécm%é@gﬁﬁg ssb@tteatate

aggattatca ataccatatt tttgaaaaag ccgtttctgt aatgaaggag

aca@dB6) canaaanh aae g aggeagt bgatcadsaggatga Taagat cctg
gtatcggtct gegatteega 6240 Page 100
ccaERgY- RI YT ORSEFH(Srquieas cutapicat S rgpece ctdYt ccaac

at caat acaa cctattaatt tcccctcgtc aaaaataagg ttatcaagtg
SACRIETY SO A CeeE e Rl HE Ry HE S TgE e g° (P gagaat gg

o é?ag %%9%% g QeAl %ctcc @%@Q%[vcc E%%&@g% [ g;dot caacagge

8EC % ca %g %g ctg? écgg ¢ ‘aaaat cact g &t caacca 6420

tetdd i€ Gbditadid oot €@ Gadtea b@ELGEI PRGtcHAFgACYaaa tacgcgatcg
ctgttaaaag 6480 gacaattaca aacaggaatc gaat gcaacc

geaggregeaggaat @attagroagocgaattia aeagat 510

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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tattttcacc tgaatcagga tattetteta atacctggaa tgctgttttc
ccggggat cg 6600 cagtggtgag taaccatgca teatcaggag
tacggaaaaa atgcttgatg gtcggaagag 6660 gcataaattc
cgtcagccag tttagtctga ccatetcatc tgtaacatca ttggcaacgc

6720 tacctttgcc atgtg&&ggg{@g§§§§}%&geg- at cggg
e BidE CEALAG ARLLIAL RER, OB bl GLEHCRHS tgaltgecey
acattatege gagcccattt atacceatat aaatcagcat 6840
ctt@Rat@idagaarepie bttarad Qe gaaikogagatcaagacgttte ccgttgaata
tggctcataa 6900 caccccttgt attactgttt atgtaagcag
geigapalg titcediart ageigideizatigradeayatcadetit 4etdee8@6 6540t at ct t gt gc
aat gt aacat cagagattttgagacacaac gtggctttgt tgaataaatc
Ctg%ﬁﬁﬁtccgé*éﬁ&ftﬁgf%@a&“f’ﬁéﬁ A EG R e a?@g egeatettec
acaacgea gace ttcc%g7080 é% caaagca . aaagttcaaa

C
aCtg§ accaa g ccaccra a%nggtétg ““CfCat caacc 7140

gttcgéa%tgétgg@% acﬁ@g%gtﬁ &a@ﬁi@lggg(ht:ﬁgﬁ% gﬁ&gcgg 813213 attca ggc ct g gt at
gagt cagcaa 7200 cacettette aegaggeaga cctctcgacg

tetggadag Ghitacacghgag agisgiae caaie 0 eg atgaad? G080 aaaagat caa
aggatettet tgagatcctt tttttctgcg cgtaatctgc tgcttgcaaa

caccpgigyy ascesigei AHia e eargraegettiaest? serparetbt® gttt gccgga

t caagagcta ccaactcttt 7380 ttccgaaég t aactggcttc
setgpreon B e K Sheltans e{lSEBBRACEPPL (IO gt age 7440
ac . ol acegec tacatacctc
B b e s B Secat gng

ttaa @b QAGH G4t Daalctibde 2ELAYO tabdo@PBALCat 7060 gacgatagtt

accggat aag gcgcagcggt cgggct gaac ggggggttcg tgcacacagc
ccaafRatcagieamg cicttggasgotyaa oyttt citauat clydac t gagat acct

acagcgtgag cattgagaaa 7680 gcgccacgct tcccgaaggg
g ggaa 7740
%C%ﬁ%%@%@&gagét&%%% B PG CHE RY gL

e GIORFSIES S3R0RR0RA, SHARSRRTHR g RgRCeLo ottt

gecdebdeb Ol QAL Gl GOl 6200@89 88 0RAC K486 026d at ggaaaaa
cgccagcaac gcggcctttt tacggftcct ggecttttge tggecttttg

tattad @R Qeccgedaend@tigyhi tagtch deec gttagiauy tdcb@togccslog att ct gt gga
taaccgtatt accgcctttg 7980 Page 101
tttEPO4ca3PT COSGIRYESetje tagidsd dteitiaag)380agt gagct ga
taccgct cgc cgcagccgaa cgaccgagcg cagcgagtca gtgagcgagg
clecgglin A Te §HARYE HGCT ey E TR ERGEh 3’680 tttttcageg

SOhLLL . K gt t09gRt caacaccagg
e AR e £ TR at et 8160

sett@BREbdalib 96 altchdt@QRAC0G r@EHBCHGEt gbdgt cggga agat gcgt ga
tctgatcctt 8220 caactcagca aaagttcgcc aat acgcaaa

gaciggge ticlace agicyyfcig aghttalpt geggatd gatieB2 8620

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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t aat gcagct ggcacgacag gttteccgac tggaaagcgg gcagt gagcg
caacgcaatt 8340 aatgtgagtt agctcactca ttaggcaccc
caggctttac actttatgct tccggctcgt 8400 atgttgtgtg
gaattgtgag cggataacaa ttteacacag gaaacagcta tgaccat gat

8460 tacgccaagc ttgcg;ogg‘i%z Ogg(@ggfég%l%ﬁhmzélw 100

tgaaa%;ltg‘ 280 agcﬁg cag %t 20> <223>
pRET1003 ccacca cccggtgcct ggtctgcegtc

cpedREGl Gegattc %@ig@gﬁ LOeel @cgg@g@%gg@t@gct gapragacac
cggagcgagc tatgcccagg gttgcgcagt gacttcgtca ctgcgtaacc

taackiPOg goatcayey egptitiect grzedigverattzcegipidatatage t%8Stacaggagggg
gccgtcgatg gccgctgacg 180 ctgcatctg accggcgg

gcaﬁl&%%j&&@&%&%a JgEey E"’tg%""f‘tttﬁg@?fﬁﬁ‘é&?fgcé‘ﬁ’f g%iéﬁc gg 240

CtgtFC %O%Q% ?‘gt%(@%g 1ol gtgtbagcg%t%g gﬁgcgbgg&atgggcggigggggag

atgt%@%&g%&g cQIea %Q:Qég@tﬁ@&&ag@&%gc%ggﬁﬁ Q160C00t ggccgg
ctatctcggg aaggtccgcc cgaagaccgg cagtggaatg tcggcggagg

aacghZdice QYL aggacgghegccgcg at gcggtagc agat gacgaa
ggtggggaac aacctgaacc 480 agatcgcgag ggcgat caac

ggcagg tgccgtcgca gatggccgag tccctgcaga 540
<21 tggct ggagaggtgg gggcaggagt tggggcggat ggcggatcgg
<21 cgcgc 600 tcgacgacca gggctgacgt gatcgcgaag

181 CagLargg gcagcgaccc gaaggggttg 660 gcggcgtatc
t gcacgggcc ggggaaggcc accccgcaca gctaccgcac cgaggcgggce

22620 cggctgattg ccggcgggac ggtgatcgcg ggat cggtgc
<22ag@RERBOCI® caaaaacccyg 780 acccggtggg ggcgggactt
cgagcgggcc gccgcgacga acgcgcegggt gggtaagecg 840
<408t g¥ ggcatt gctcgctgeg gt gcgegecc at cggc ggct gaccga
CCg?%&%@%?é%%"&t 2956 st eeoZe FEoe (I%G FY( Sequence

ol 0 D0 SSTRASR SR RARERAL sagcopgCOn 000t
cledB Bl € GAGELA (HAGLAL 6l50 s H09kGIR Ll Ll c2008Cot g 1020
acct ggaaga acagcaacga ccggtggaag gtcgtcgagg tgatgcgcga
cteggk £ GaREH e dbBEbtce gegecgetge ticgegggee gotgacgegg 240
cceeggegaa gegeaceege accgtegegs tgeggctoac cgatgggoag gagoccgegt 300
ggatcgacge cgegetggee gatggecace ggeagetegg ggegtgoote cgtgageggs 360
cggtogeceg ctatetegge aaggtecgee cgaagaccgg cagtggaatg teggeggage 420
cggeegegga getegeegeg atgeggeage agatgacgaa ggtggggaac aacctgaace 480
agatcgegag ggegatcaac geegggeagg tgecgtegea gatggeegag tecetgeaga 540
agggetogct ggagaggtee goocaggagt tggggcggat gecggategg ctogacgege 600
tcgacgacca gggcetgacgt gategegaag atcageacgg geagegacee gaaggggtte 660
geggegtate tgeacggoee gggpgaaggee acceegeaca getacegeac cgaggeggee 720
cggcteattg ceggegggac getgategeg ggateggtec aggteacege caaaaacceg 780
acceggtops socoooactt cgagepgoce gecgegacga acgegegget gootaagecg 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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gcgcacggcc tgatcgaggt ggcgagcccg gagcgggccc gtggccggca
agecageage 1140 ggcgagcaac gccgcgcggt geggaceggc
aaggt ggcgc agcgggacgg tctgagggaa 1200 attgtgaccg
cegecegega cat egeegea ggccagggtg tgggggcgtt cgaagtggcg
1260 ctcgtacaga acceﬁ%égég(ﬁggggg ggeg&g%ggcgca

@gaggaggag&%a&ggt eTototoTo W R {0 BORE-1 o1 ctiogcagcet t caa
cctgcccggce tac cgacg ccgccgggga gccgatctgg 1380

goptab GECHI@Edet gg@@@@@gtgag@gge&mgo@gch@gct@&rg@guwc agct ggaaaa
gacgct gacc 1440 agacceegec eggacegect egeeggegag
gg@mg@@gg@g@%@g@g@ﬁﬂg@@%@@t@gﬂg@gﬁdmﬁaﬁa géegccgcegt
agcagcg cegeegegag gtcggcggcg agca ttcgc agct gcccge
a“g%%%)“g‘f"@%j&a‘@fé%?@%ja&%&"é t@%%ég% f&a@%&ﬁ@%ag Yecggecggge
at ccgcge agt cc gacac t ggaagca
e S IR AL e IR AR e 00T e

Mgﬁ@gg&gg%&ga%gg%@g&gggqggg&gggaggmgggg@@@tgg gaggecacce

gacacegeta 174 cgggacat gc tegeegecca ggagcagcgc

ttgcCg R agaegh cggaticegaeacgsagaaaggated@00140cagt acgcga
ccgcaaaagC ccaagcagaa egegeegega aggccaagga cgccgcgaaa

BATEBE ngagf@afé eaeAgER7E e CageBEserareay CHygacgt ge
aa cct act 1920 t ctg gacggcgc
B L R R SR Rt
fggg%c%%cc@gégécgaa%tg%&g Qgg@ 99 Eg%%gggcao%aag&% aggfCcyg cggececacgge
cacagcgaaa geaggecc aggcgatgtg gaagcaggtc

g%gﬁg@ﬁ@ggﬁgm@g@@@@@@ggﬁgﬁg@g@&ﬁ@gw%&ggg1agagcggtcc
ggcgcgt gat egeggat et e acceccacca aacccgccga ggtcaaaccc

cag16Q) 2zagge cegrdecgreRygragtcaageatgac d ’dagt cggecc

cg gtatca gecaccegge 2220 egegacegag gtcgagaatc
ng%a@%% Selcls %gﬁﬁﬁ%%%%@g%é%@%%a@%ﬂ te¥t g 2280

agcqt a aaca cct 2, 8 cat gi.eca agaacaccat
A S G S B R T

%gﬂﬁﬁéﬁﬁﬁ%@%g%ﬁgﬁgﬂﬁééﬁqﬁﬁ%&@&ﬂﬁg&@%ﬁgg 18gcat ageat
cggcgcgt at ggt agggaaa atgatcttca aacgtattgc tgtggtcgtg

teg 2466 ageedsgge tiglege goQLidatgytccagtgggaggaosmgccaggt t g
ctggtgctac cacggtttca 2520 getccacage cgagtccttc

R8sy ek Yo Loty T elo ol o s Tu o e Jo G i iU A 0T Y éaCMan@'ﬁC?lOfo c 2580
accgccgctt ctgcgcactg egaggeccag tacgcgt cgg att eceggeg

m¥%¥%%ﬁﬁ?¥?ﬂg%%%E§$ﬁ§$“f6§ FEPAEDBEPFECSE RY( Sequence

a! C d CUCC Ca C t gggcggcag
o L RS SatppoRcaT aaretsige L

ccg Q@A QRgc Gl SHIE GG Ll L el b Ral-egeega 2760
cgacatcgtg atggccagaa cgttcgacag ccctaacggc caggtggtgc

cgcgacganytegmatc 2EPMkgga cigigageag agagegagaa ggctitegtg 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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cactccgcgg ccgttcgatg ctgcggcccc ggagggtgac tactgctgca
cetteeggat 2880 cagcgggaac atggatgccc cttacgacgg
attcggt ggc ggcgtcgacg cagtgcaggc 2940 gctgctactc
gcattggcca tggcacacga ggaacttcgt caaacttcgc cagagttgac
3000 gtttctaggc gaga%ggggc,_o{gg@gt{ g(g%eg@}l@ttgaac
cgaBhERMECLM BRARGIGIR 003 000 EHRAUGLIT Bogt CTcat t e
ccgctccctg atgtgacgca ctttcacccc tggcactcat 3120
cactgdodCERaAGG ctoGIORE gagtcaagdget GtefrgiC ggsvaccyg cttcgegttg
acttgccact 3180 gaacgggggc gtgtcccggt cagggcgggg
cag¢egdagertaphigye glateak gbedss egretesac aee@240 294§ ct gcggaaa
tgcggattga actagttcat ttggggaacg atgacctgat gaccggggat
gCth%ﬁBgca‘Egéfcé B et gé%"’é‘fcé‘iﬁf@‘étgg%%"éﬁ%% 83380 gcggt ggacg
acgcagac .cagt ga ¢c. 3360 acgat caa gccgcecetgeg
B e R ec e b AR dgog 3420

cgad@@l9ah@a clliEC e Gle0Ycd dRsel A CRAACIAE A000C t gagaccagg
gaaaat ggcg 3480 aaacctgacc cggtgacccc ttcaaatgac

stacHagtteegtiogs angtaycagtatgagaataetcabid8180gagct ccgt ¢
agcgcct ggc cgtggccgaa gccctggcca gcgaacgcaa teggatcate

£23EEOC siEferept peRgeeaaRagat et gutagct 21gaagecccggce
cggt gt cggc cct ggagccc 3660 cggcggt cagt ggcggg
i G GO0G ST LG L B S Lo U0t aget 3790
catAGHY 9&%&%‘& cﬁt%g%ﬁgcgg ga&%ggcgoqgag a8t ehegget aggaget gac
cgcgtacttg 3780  cgtgcgt cgt gcaggagctt tcccaccgtt

acg & 009G ilLEL! GEGaac RPIQERTR3G4H 312CgCcggt act
t caggccct g et egegeage tcgacggccc ggcgacggtt ctcggetgec

aag(@90A tccgteg gagasacthggt tengregpgebtieggetid@at gat gcgcet
g%atcgtgcg cgt%gaggcc 3960 <cccatettet eggecagete

aagteds GRS TaREIYeHyCe g raeedHtiEgret agéYcece 4020
cgatctgecc tcccacaatg cgttccagtc gacc gtc gctcgtttcc

S e T S S e

eg et tgcgaccgcg

gach 9GAAGLLG: RLALGIAh AR GLPEGE téhldO 364t agacagca
gggccgt cgg cccacatceg ggactttgta gtgatccagc gggtaatgga

geed200 casigeagegacgegegegiagatceagatbgeicggmagt ggat cg
ggcctgcctg tgaccgggtt 4260 cctgaacgtg gcgttgatct

acggpegrerfgrteent eqgesrr g atiescg egraetreegaetyyte Ageft cgg 4320
gt cgccccag tggaagcgga tttcgcggta ggcccaggtg cgtgeggttt
celesy %ﬁ@%ﬁ% 'AZBE" PaGETse %@f% - &BG FY( Sequence

tcgclé 2t {c&?éoag Qt%g%géa d& &%g&g&g@&@% £J9gb4 £t C aeggegegat

ggtttgcc gccagcdc 444 gg catg tggatgccga

cateQt §GOCELC; GRIRLRUYNE AYHHRLE08GQELCHBIIL g 4500
cagccaatgg gtgtcccagt caccgtgagt cgggttcttg gtcatcaggc

cecpgtigiarageag oic cod & @ic tgctigegge ggateggteg ticagegeee 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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cttgtccccc tggacggcgc geeggaggec ttcggtgacg geggeegeat
aggcgagcgg 4620 cttacgacgg gcgtactcgg tgcgggt gaa
cggctctgcc agegeccaca cagcgtgtgc 4680 gtgcccgtta
cgggggttct ccacgatcgc gttcggcaga ggatgattcc eggeegeega

4740 cagegecege agcgﬁ%%égk(ﬁgggg g& aagcgt ccacg

cag REHRILAIGL: chggt AL g0 £4.96QQQT 1560 gACT Cgat gt
ageggegat e cag gcg ct gategeegea ccggtagac 4860

ctte@ECOkLORA (aaadtd el Gad bOgERgE @gccteas agggt agecacagct
gttcccaggc 4920 gccgectgtg tgectcttcca ccgcaaccat
cliagpgerg aatiales® (Ceaipacaddscagrtegat @ecew@80468at t ccggt ac

gacacgccag ccaagtcaga tgtttcggtt tctggagcgg t ect ecagac
gtg‘B@EE)ng%ﬁgF racATe gg@géfaé%%@*ﬁﬁtc%ﬁ?é?&%% *%at t at t gggg

tcgaac caa ttat 5100 ca atcc gggt t ccgg
"ag"gg"""% S et E{’"’c é%g"%gétg‘g& (%gat 5160
cgégg@gﬁkggg%g%g%&gﬁgg%mgﬁkgg@g&%%mgkg@%@ggac cact gctggg
ctcccagege 5 agaaggcaag tgaaggcaga cgact gcggg
gec@Qgdcaagistgs pgtaicggeatcggagaicagt dtieccnz80192@gaagcggceg
t cgacgccag gcccacacgc acaatccgct tcccacgagg gacaccaceg
g“%%@@Hﬁ@ﬁﬁ@%@@@@@g@%@@%&@@@@”%@%ﬁ@ﬁ@ﬁ@ﬂ)egaggegeeg
tactgctcg ttt aca a 5400 act ? g% cggt gagctc
e BT G e B e R gy gt aa 5460
B EACLLOGHT %&@a@g%ga@ggg@a%gsggg%&ag&ﬁag%agcgat ggcaat gcac

ggatgg acaccaccea gaaccaggga aatcctggtg

C%Qﬁ@ﬁgéﬁﬂﬁguéggﬁ&ﬁ&&@@qﬁg%&g&@agag§é661aceacacegge
caccat egec aeggecceeg acgcaacaag caataaccac cccatgagcg
cteabAOeectigany gttaeBasigegesgatygEecgggeggctgot t aggt gcgce
gccagcccgt gaceggaceg 5700 gcgaa ccgct gggcg
WIRBERYELHIP e ey teerslg eyreegicre %hg@ﬁgtg 5760
LALe Q%%tc%‘ctc ttecte gegtcetcac ctgecggfca geceegtgace
%=%b%%%c d%agggf g a% ccggg§?§ ccC ag%t cgaattcgta
sta R LRGN GE, $g@&%¥09%éaég9g&é Bl @-QRRBacrRBE 05408 t gt L AL CCQ

ctcacaattc cacacaacat aegageegga agcataaagt gtaaagcctg

actgd R4 ceofig e ataase bgagic-gafaticcaaniccamat 146@at t gcgttg
cgctcactgc ccgctttcca 6000 gtcgggaaac ctgtcgtgcec

cogHigee gUalcEAL e gaatagTresced arceRttyeiELtergayge gg 6060
tttgcgtattggagcttggc actgggccaa gctgaatttc tgccattcat

YA 81 D PAGE 15 a%%@%d%@% PSSP EY( Sequence

ccaig%og c'cg&ltcgtCE &g Joé’gta% %a%%%aécg%cgcg%% g‘&% t aagggcacca

ctgcc daaaaa egec ctgccactca
gackoGQHAGLRG L 0ok QL ARt Srdl L3RQGRIhcElgeCPacat 6240
ggaagccat c acagacggca tgat gaacct gaatcgccag eggeat cage
gegdg @t cgdegee 6Q@CHYcgty gegeecgice 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

Page 100



cttgcgtata atatttgccc atggtgaaaa cgggggcgaa gaagttgtcc
atattggcca 6360 cgtttaaatc aaaactggtg aaactcaccc
agggattggc tgagacgaaa aacatattct 6420 caataaaccc
tttagggaaa taggccaggt tttcaccgta acacgccaca tctgcgaat

6480 atatgtgtag aaacg}gjg_ﬁgsg_()@g@%g@te al.. gglat t cact
ctedtCRAIANEARE (HRBRAICULL: 024 . GRAGLL! 85hhC at ggaaaacg

gt gt aacaag ggtgaacact atcccatate accagetcac 6600
aca@h bichgats lgotad asgateg atal-gcaggaitt@ageatl t eat caggcgggca
agaat gt gaa 6660 taaaggccgg ataaaacttg tgcttatttt
tecapptly t@oaggt cagtchtlag adateglc erpdgpelaatabac@’ 2¢t0c cagcet gaac
ggt cttggtta taggtacatt gagcaactga ctgaaatgcc tcaaaatgtt
aacE TRy °§flgi‘tltgé%°(j*§i‘gg°g%g&%f”tag€’g§°ﬁi‘t°gaﬁ Ha @SQ tggtatatcc
aCE%gthatCEtltt‘f-C taE‘l:t%Ela%gatCtCta 6218042.1(9 CCEE % %¥c£a%catt6 ﬁgCt CCt gaa
Fegat c cggg%aa AT caa%ga%agg?acg cc,ggg? ag ga% ctta 6900
tattifchde Gabil k.0 QL SARRAL L1 IARE 66l 48 GBJgCCgat ¢ aacgt ctcat
tttcgccaaa 6960 agttggccca gggcttcccg gtatcaacag
cagi@gog &R cagg tatcbdod thdeptiaal 8f-gefaagaagd 2660 gat ct t ccgt
t cgacggagt tccactgagc gtcagacccc gtagaaaaga tcaaaggatc
geapPgQreiopgeee fialgiat cceleltalq igtpaceien fegreageqtoatt ctgctgettg
e aaacanaaa aaccaccg{ct 7140 accaga%cg %(g gtttgtttgc
Ut ARG A G R et ST TR B %j% actgg 7200

ug&ﬁ&?@&%@ggmﬁﬁ&%ﬂggkéﬁxﬁﬁ@ﬁ&ﬂﬁ&&&mP%E&Ftagtg tagccgt agt

t'aggecacca 726 Cttcaagaac tctgtagcac egectacata

ceatg e € §adat bobilc Rt Sgictitte LR0eA0LGY6t’ 326D t gCt gccagt
ggcgat aagt cgtgtcttac cgggttggac tcaagacgat agttaccgga

cacct @8 0attadigin ggegcageagitigt igitreige batgaigic 9 ggg tt cgt gcaca
cageccaget tggagcgaac 7440 gacctacace gaact gagat

PR E e RO EAT TR (EEEECTERE° oGRY t ecega 7500

agaaag _gcggacaggt  at ccggt aag, ¢ ggt ¢ ggaacaggag
R e e R L S T e
tggJaEa@Ja%Qigﬁ&ﬁa &E&%&%&&@a%&%&& CibBead 026 40 aCt t gagcgt

cgatttttgt gatgctcgtc aggggggcgg agcct at gga aaaacgccag

gtgeb 8D cacttaaCa@agtregt dohttch agaitat bREhGECCLA0 tt gct ggcct
tttgctcaca tgttctttcc 7740 tgcgttatcc cctgattctg

cacqtigiraraasseyy ctidtcpaceigeiccarciergyalet gergeste gattccge 7800

t egeegeage cgaacgaccg agegeagega gtcagtgagc gaggaagcgg
snaagalths apia Ok g k(S HOH EPBIEDH0 75 808G, FY( Sequence

candahaidcla ced ge c tHac ggga agggcgatcg
B oot S B B 00 S aaa0500

trecEidfi-0164 P20 BaaR Qb 1BUG B &g CL@YQYt t 7980
ttcccagtca cgacgttgta aaacgacggc cagtgccaag cttgcatgcc

cetdzfpea crgteact!8 @@8ictetg tagcaccgee 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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Page 107

FP04-0397-005G-FY(Sequence listing)
agtgagctga taccgetcge cgeageegaa cgacegageg cagegagtea gtgagegagg 8040

aagcggaaga agetegeaca tteageageg ttfticageg cgttttcgat cagegtttca 8100
atgttggtat caacaccagg tttaactttg aacttatcgg cactgacggt tactgatttt 8160
gaactttige tttgecacgg aacggtctge gttgtcggga agatgegtea tetgatectt 8220
caactcagca aaagticgec aatacgeaaa cegectetee cegegegtte gecgatteat 8280
taatgeagcet ggeacgacag gtttcecgac tggaaagegg geagtgageg caacgeaatt 8340
aatgtgagtt agcteactea ttaggcacce caggctttac actttatget tecggetegt 8400
afgttgtete gaattgtgag cggataacaa tttcacacag gaaacageta tgaccatgat 8460
tacgecaage tigeatgeet geaggte 8487

<210= 100

<211> 8038

<212> DNA

<213> Artificial

<220
<223= pRET1003Rv

<400= 100
cegtecacca ceeggtgect ggtetgegte teectegget cgttectege ctatectggt 60

gaccagacac cggagegage tatgeccagg gttgegeagt gacticgtea ctgegtaace 120

ctggocgcte gecteccatt cgettegete acaggaggog geegtegate gecgetgacg 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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FP04-0397-005G-FY(Sequence listing)
geggacateg cgeagacggt cgcegagegg atgggcticg agagteatec gtgggtggeg 960

gtocggeacg acgacgaccea catccacctg getgtetece gggtegattt tcagggcegte 1020
acctggaaga acageaacga ccggtggaag gtegtegagg tgatgegega ggtegaacge 1080
gegeacggee tgatcgaggt ggcgageceg gageggeccee gtggecggea agecageage 1140
gegcgageaac geegegeeat geggacegge aagetogcpe agegggacgg tetgaggsaa 1200
attgtgaccg cegeccgega categecgea ggecagggte toggpocptt cgaagtggeg 1260
ctegtacaga accegattac cegagtgeag gtgeggcgea acgtegegaa gacgggeegg 1320
atgaatggct acagcettcaa cctgeeeggce tacgtegacg cegeeggega geegatetgg 1380
ttgeeggect ccaaactega ceggggtttg tectggteac agetggaaaa gacgetgace 1440
agacccegee cggaccgect cgecggegag gagacggtoce cgeggaageg getegageee 1500
geegeegegt gogageageg cegeegegag gteggeggeg agcagticge agetgecege 1560
tgggageagg cecegegegaa tgttggteag acggecggge ggatecgege cgaacagtee 1620
geggacacga agtggaagea ggtgaacgag gegttgacca gecaagaceg ggecgaggag 1680
caggctgeeg aggeagegeg ggtcgectee getgteatgg gaggecacee gacaccgeta 1740
cgggacatge tegecgecea ggageagege cggaageegt ggactecgga geagaaacge 1800
cagtacgcga ccgeaaaage ccaageagaa cgegecgega aggecaagea cgecgegaaa 1860
tegaccgagg tegeeggegg cggctaccag cgggacgtoe gegggatgaa cctgegactg 1920
tegetgocty aggacggege ctggtegate acetegaaga aggacceecga cegecagtac 1980
geegeaggte aggecgacac cgtegegeag geccaageeg cggecacgge cacagegaaa 2040
acgcaggece aggegatety gaageaggte ceggecgaca agegeacega gteagecace 2100
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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FP04-0397-005G-FY(Sequence listing)
attccacttc cacagggecyg agegatetge tgggegocag cegetgeceg ttacgeageg 2700

fgccgegeeg gaaactaggt agaacgigag catggacgag ctteccacct tecategecga 2760
cgacategtg atggecagaa cgticgacag cectaacgge caggtggtee tegaggtgaa 2820
cactccgegg cegttcgatg ctgeggecee ggagggteac tactgetgea cottceggat 2880
cagegggaac atggatecce cttacgacgg attcggtoge ggegtegacg cagtgecagge 2940
getgetacte geattggeca tggeacacga ggaacticgt caaacttcge cagagttgac 3000
gtttetagge gagacgaace teggtetace ggtettgaac atcaageccg acaacgegat 3060
cgaageegty gteteatice cegetecctg atgtgacgea ctttcacecce tggeacteat 3120
gtaccgaage tgggactgag aaagggctege cgegteaceg cttegegttg acttgecact 3180
gaacgggooc gtoteceggt cagggeggge totgacctgg gttcatgaca cegetaacac 3240
getgcgoaaa tgcggattea actagtteat tiggggoaacg atgacctgat gaccggggat 3300
cgtgacctac ceatgetgac categeegag geggtogacg cgacgeagac cagtgagage 3360
acgatcaage geegectgeg gtegggegeg ttcccgaacg cggtecgeac tgecgacgge 3420
aagtggatga ticcectegg tgacctatea geggeagggc tgagaccagg gaaaatggeg 3480
aaacetgace cggtgaccec ticaaatgac cgggtecgty acctggeage tgagaacgee 3540
gagcteegte agegectgge cgtggecgaa geoctggeca gegaacgeaa teggateate 3600
gacgtgcage aacagatgct ceggatgcete gaageccgge cggtetegge cetggageee 3660
geggegottc cagtggegeg teegeegeeg cecglecegg cegecgalgg tegggeaget 3720
acgggcgece tggeceggat acgtcgacgg ctictegget aggagetgac cgegtacttg 3780
cegtocgtegt geaggagett teecacegtt ceggtggaga ticceatete cteggegate 3840
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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FP04-0397-005G-FY(Sequence listing)
geagtttcgg cegaggeega tegggticte acggegegat cggetitgee gecagegegt 4440

tegcggceatg tggatgecga gttecgecte gageteggeg agggategec geteggtgte 4500
cagecaatgg gtgteccagt caccgtgagt cgggttettg gteateagge cegaatagee 4560
cttgteceee tggacggege gecggaggcece tteggtgacg geggecgeat aggegagegg 4620
cttacgacgg geotactcgg tecgggtoaa cggetetgee agegececaca cagegtgtee 4680
gtgccegtta cggggetict ccacgatege gitcggeaga ggatgattee cggeegecga 4740
cagcgeecge agegeggegt ceggotoote aacgtecacg acgageaggt tgetecaatge 4800
ctgegeottc gactegatgt ageggegate cagtgegtet gategeegea tecggtagac 4860
geegtegagg aaategtegg ttgecagtgg ceacageggt agecacaget gteecagge 4920
geegectgtg tgetetteca cegeaaccat ggggaacaca ctecacacaca agategattt 4980
attccggtac gacacgecag ceaagteaga tgtitegett tetggagegg tectecagac 5040
ctttgagatc cgetecagaa acgtecacaa attatigggg tacgtcgaac caagecttat 5100
caggtatcee ggegticegg gootgaacac cacccteega ceggtecaga atecgtegat 5160
ctcacctatc cgetegaagt cettgagtea gtgacaggac cactgetggg ctcecagege 5220
agaaggcaag tgaaggcaga cgactgeggg aggtaagteg getacggeat gaggtecttc 5280
agaagcggceg tegacgecag geecacacge acaateeget teccacgagg gacaccaccg 5340
gtagcgecee ctgcaaccgg cgcagtotea cgagecegecg gtactgeteg tttgacagga 5400
actgeagget cggtoagete gegetgggeg gateceacca gtagetecee gtgeeggtaa 5460
ccgetiggoe ccaagegaag acacceaceg cggeagegat ggeaatgeac gtggatggga 5520
acaccaccca gaaccaggga aatectggte ceggecegag acgatecegg cgeggtaaga 5580
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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FP04-0397-005G-FY(Sequence listing)
tcacttatte aggegtagea ccaggegttt aagggeacca ataactgect taaaaaaatt 6180

acgecccgee cigecactea tegeagtact gitgtaattc attaagceatt ctgecgacat 6240
ggaagecate acagacggea tgatgaacet gaategecag cggeateage accttgtege 6300
cttgcgtata atatttgece atggtgaaaa cgggggocgaa gaagttgtee atattggeca 6360
cgtttaaate aaaactggte aaactcacce agggatigge tgagacgaaa aacatattct 6420
caataaaccc tttagggaaa taggccaggt tticaccgta acacgecaca tettgegaat 6480
atatgtgtag aaactgecgg aaategtegt ggtatteact cecagagegat gaaaacgttt 6540
cagtttgetc atggaaaacg gtgtaacaag ggtgaacact atcccatate accagetecac 6600
cgtettteat tgecatacga aattceggat gageatteat caggegggea agaatgtgaa 6660
taaaggccgg ataaaacttg tgettatttt tetttacggt ctttaaaaag geegtaatat 6720
ccagcetgaac ggtetggtta taggtacatt gageaactga ctgaaatgee tecaaaatgtt 6780
ctttacgatg ceattgggat atatcaacgg tggtatatec agtgattitt ttetceattt 68540
tagcettcett ageteetgaa aatctcgata actcaaaaaa tacgeceggt agteatetta 6900
tticattatg gtgaaagttg gaacctetia cgtgecgate aacgteteat titcgecaaa 6960
agttggecca gggetteceg gtatcaacag ggacaccagg atttatttat tetgegaagt 7020
gatcticegt tegacggagt tecactgage gteagaccee gtagaaaaga tecaaaggate 7080
ttcttgagat cetttttttc tgcgegtaat ctgctgette caaacaaaaa aaccaccget 7140
accagcggtg gtttgtttoe cggatcaaga getaccaact ctttttcega aggtaactgg 7200
cttcagcaga gegeagatac caaatactgt ccttetagtg tageegtagt taggecacca 7260
cttcaagaac tetgtageac cgectacata cetegetetg ctaatectgt taccagtgge 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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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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