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ATE 1.
ol ~ERR RS AT Bl whet A 2 S WA A~ (Paracoccus haeundaensis)(71 EHH 5 KCCM-10460) 0 A 29 4

A2 HE Ol A HEtRR S 71 A 2 she] o ~EI RS ARk sk A2 - AHertW2).
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A 18] A2 FHAAHALENE2 DL NEHEL)E X8t 7FRE o] =8 AFASA & vAEZSE HEzt=d
S 71A R &b thgFe] of~elZE & A SE AZE W H (pCR-XL-crtWZ).

3T 3.

A1) A2 FHAAHALENE2 D MEHEL)E Xl 7FRE 0| =8 AFASA & vAEZSE HEzt=d
S V1A R &ho] there] ol ~elZE & A E AZE WH (PET-crtW2).

Wgo] &ahis 7% R 1 woke] Hehrl%

WA 5l AR E o= AR e To] Bt faRkel 1 FARE
Jolt}, % U A4 R, e ofxiEee] ATE el MEFIRAE 7| 4R 5o ol sEbd
A2 A25 3 o) B G WE S o] gale] A ol AR & AAkELE o] Bt Aol
Az e B AT Ee) &ALl AABAL v A=l B Aol

Q1 Tl gatol 4] of ezl
;\ o

7} = E] o] =(carotenoids)= 4k A4S 7 3L A= Cy ol e #H o]l = 313 E(isoprenoid compounds) 2 A 2FA
Aol de] FE =] A= g 7o MAE TS, A el FtRE ol B 69 o] Fof o]t o] 52 7+ o
E YR Ak A 2 e E web A A Fg 5 ojg] Ao R EAgT 1 dE B-7F= (-
carotene; F+e] FA M4 = 1), gol A (licopene; BEVFES] A4 A 24y), 333 € (fucoxanthin; 8 2572 24
= A A L) Fol Stk FFRE o)== 1A el A vlErR] A o] AFtA| = A o] A shH, Akt WA g e At
A 2, SAIE T4 AAIRE B e A =G o] et =37] A3 oF 2 AU T2 AWeteE a5 VM A
o2 deA . FHTo e ZFEE ol E7F A A1 Aped el o gk Al A o] W7 5E FHAIA AL mE2 R T
o] &4 FAFAV depd A S AAEe] B A WA frgoly nisoll A w8 AR 74F-S W] A2t A
FtRE ol B AAAFE 2 BEA), QIS did o2 gt oFshA A|A|of AF A B 55 Alse] A4 5
O &2 AREH a1 9t}

¢

o} ~E}&El (astaxanthin; = 2)& F2 A9, FH2 T1] F(red seabream), ¢19](salmon) ¥ vlt}7FA] (lobsters) 53 2+
2 ¥ FE A EAet= Ao R dHA AT (FE: Fujita et al., Nippon Suisan Gakkaishi., 49:1855-1869, 1983;
Johnson, E. A., Crit. Rev. Biotechnol., 11:297-326, 1991; Nelis et al., J. Appl. Bacteriol., 70:181-191, 1991). o}~
EFE S ARl 2714 At A F ST AIE U DNA, &9 23 58 &A1 7] 3 g &80 Alxe) 2%
o] kb gl obS sk vhES oAl ¥k ol 2}, fr8] ghr]ZH(hydroxy or peroxy radicals)®] S A s=
28-S st} (2% Palozza et al., Arch. Biochem. Biophys., 297:291-295, 1992; Shimidzu et al., Fish Sci., 62:134-
137, 1996). =3 W %4 A (immune modulatory activity) @ A4 %4 & 3} (cardioprotective effect)E Z++= 7
o2 d#H A rh(EZ: Jyonuchi et al., Nutr. Cancer, 19:269-280, 1993). £3], o} ~E}x € 9] &1l eE L 12 2 =
o]= 2] 108 o] Ato] 1, a-E FH = (tocopherol)2] 1008] o] 42l Aoz Az o FHA7tA] of~ElZE o] =4
(toxicity)ol] el = Bad v} gt upebA, o} ~elE & A7 A S (neurodegenerative diseases), & (cancer), H %
A 3 (immune disorders), 2143834 3 (cardiovascular diseases) 5 Z3al= thekst d3lo] X 9 oHbo o] &5
ar @lar, ole) thgk A7) AlS = ar Quk(}E: Beal, H. F., The Neuroscientist, 3:21-27, 1991; Chew et al.,
Anticancer Res., 19:1849-1853, 1999; Murillo E., Arch. Latinoam. Nutr., 42:409-413, 1992). =3}, o} ~El €&
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A OR MaF BAR o
ol 2] g o] f = o 1Ep kel e] 4
EERY=S

gom $auate] 4 'hulol Aliels WA o g AELNER S2H o] g},
5% o]’Fe] AR GS Holal 9lom, oo upe} of ~EFHE O] F 8 A o]

F ol A9 2e] Tank-g 2 H(F. Hoffman-LaRoche) Atoll A of ~ERbE o] 318} Hd & 7detgl o, 8ekghd o

2 A zE o AEdEl 2 A A ofREIR O] Bl &) $hE A FeES Kol A5 HTMAIEA ] Qb ol A 7F H AL 9)
of frel AH Z 7kl MRt ALG-o] 3|7k e ol

mhebA, Al ofsEpatE o] SRl Aol FTH AL 9o, o ~ERES Atk v EE o] &3 of=ERE o] A
Zoll g A wale] A gl

QA o 2B S Akt Ao ® G A E R AR gyof & =X\ wH(Phalfia rhodozyma), =2 %74 SvtE
FA = SFH G ~(Haematococcus pluvialis), ZLer—-d v Ba| v vt 8] 2 103(Brevibacterium 103), 18 -S4
ot 2ute| 2l g ob-9-wEl o3l (Agrobacterium aurantiacum), Y} A 2~ vk 2 F A oko)(Paracoccus marcusi) R 32}
A2 FER2E YA 2 (Paracoccus carotinifaciens) &2 ol & i xpEol 93] 4% Feta AL s HA =~
(Paracoccus haeundaensis)(3+Z: Lee et al., Int. J. Syst. Bacteriol., 54:1699-1702; 2004)%5°] &&# A )

H 6 B¢ B PR = AR fridxEe] bt v AERZ R E 229 Holon, o592 7]Eo] it E AT
(#%: Armstrong, G. A., J. Bacteriol., 176:4795-4802, 1994; Sandmann, G., Eur. J. Biochem., 223:7-24, 1994;
Wieland, B., J. Bacteriol., 176:7719-7726, 1994). 7}2E o] = AstA] Z 2= dutz ol o] A X ¢ 9| =(isoprenoid)
2o a3 7+ YA &<l FPP(farnesyl pyrophosphate) 258 s} A3t} & 38 #%35H, FPP9} IPP(isopentenyl
pyrophosphate) crtEel 93] 45315+ AgtdAetd JZ X 2H o] E AlE| o] Z(geranylgeranyl pyrophosphate
synthase)ol ¢]& GGPP(geranylgeranyl pyrophosphate) & ¥, o)== crtBol] o8] ¢33}y = yEQ AlEH o] =
(phytoene synthase), crefell 28] oF3 3l e = 3] E <l o Al Fa o] Z(phytoene desaturase), L8] il crt Yol 98] o5 3}
= g 323 Aol F o] Z(lycopene cyclase)ol 23] Ao w5 AX B-7t=2d & AsHAT}. 3-FF2 €S cree] 9
3 45315 += B-7F= 8 AEd o] Z(B-carotene ketolase)$} crez0l ol8] Y23l = B-7F2d Slo|=E A glo] =(B-
carotene hydroxylase)dl 9dl & o] Wk-§-& A A ol ezt o2 3%},

Fr2E o] = et o Bl ot & A carotenogenic gene)®] A7, o] 9] 4 (organization) E whulz o] &
Aol = =vty & e A~ (Rhodobacter capsulatus)(GEZ: Armstrong et al., Mol. Gen. Genet., 216:254-268, 1989)
o} ol 2 Yo} &l 2M F 2 Erwinia herbicola)(3rZ: Sandimann et al., FEMS Microbiol. Lett., 71:77-82, 1990;
Hundle et al., Photochem. Photobiol., 54:89-93, 1991) % o 29 Yo} -2 =B & (Erwinia uredovora)(ZZ: Misawa
et al., J. Bacteriol., 172: 6704-6712, 1990)o A +9H ¥ v} At} B3 creB, crtl, crtY, critW R crtZ= o] Fo] 3 71 =2
o= AR ot A A7E sl Gm B ER] of 12 uHE 2] & off-ghE]obl o 2 FoE FEH vl 9l o™ (32! Norihiko et
al., J. Bacteriol., 177(22):6575-6584, 1995), GGPPZ4-H B-7}=€7}#| 2] BE-g-& |3l a4 58 F9 5= 3719
S ANE(ertB, crtl? crtY)d} ol 5o] =44 dtyo} =X nfo] taf] g vf JthWO 97/23633).

g o] o] FaLA} dhi= 7] &4 A
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GAAL WA LREE FFRE| o] E Aol st fiAE S
g FrYste] 2o VM EE i ekelaL, A7) et AAE o8-8t o
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10460, Z%: vl 5= 5117708) 258 8 ¥ 7325 o] &35t o} ~EpztE Ay of g3k bl
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A2 mYshe FA4 cMADRE DR AN GHE D2 THR 47192 2 A2F FA4E Az, 7]
FAAE FRots A2 WE S A xsto] v Ao FLARAA of2ERE S ANFTE FAA crtWSh crtZ 2 g
FAYPEE g g o 517 F 19 YJER QLT
(¥ 1]
S &It SEXH oA CIBHAIO] Ol0I= &t M E
El X
NS 1 crthl HIEIIZE AHEYH 0= s 2
( B-carotene ketolase)
Jt2El SoIEEA = _
PETEr oris HIEIIIZEl SHOIESF &0l s 4
( B-carotene hydroxylase)

2oty o] FhRE o) = A FAAe] AA crt AR 6,223 bpe] A7]olH, L Ul Fell &= 5'=3 IO ot
crtZ, ertY, crtl, crtB 2 ertE AR A E YR8t ok 3 1 RE Kpnl, Smal, Xmal, Clal,
Hindll 2 Bamt 1 9] ¢12]4 o] 3 EA3ch(FE: £3). o] T crtWe ertZ7h-s A8 A o 2 7Mx = A2 Fd %)
= A %3} pCR-XL-TOPO W E] & A}g-alo] A 23 E S A %35kl ©o]5 pCR-XL-TOPO-crtWZ(#%: ©5)¢} pET-
crtWzZ(Hz: £6)S U8+ BL21(DE3)oll 3 H3A]7]a1, o] A AZAZHH wEl7t2 6l S 7|2 H7tsto] v &3t
At of ~ERFELS AYASEEA] FRlE7] 98k, Y] v Rl A A E 3Gk &, wleeS HULske] wFskar of ui
Fdo] e dRF 913te] HPLC #£41& 3k qlth. Al 1rk(Sigma)ol Al T4 ¢ -7t 2 'l o} ~ERI RS EF5E
A2 AESt] A% A3 2 it o] 2 RE AAkE B o] of e e S ER1s)Sl

o}, A& Bolol B uHS S A5 M saA Ak o A o2A B WPS nn AH o Hrl
7] 918 A0E, o) AAde o sho] B Aol Wt FeH A vk AL B wyo] Sahi /& Rok L FYA
N Be) A4 742 Aol A 9ol AH e Aol

pCR-XL-TOPO-crtfull(Z=x: =4) ME 256 A3 292 kpnl &2 crtE, crtB, crtl, crtY= A A sFal, DNA ligase®
Az3ete] pCR-XL-TOPO-crtWZ e 22 dalQlrh. B3k Zafoln 12 (F%: B2 pCR-XL-TOPO-crifull & 58 ©
2 PCR&} crtWet crtZZ 333 productE €L, ©] productE pGEM-T HH 2 2493 & pET-44a(+) ¥ E
(Novagen)® Ndel 3 Xhol 0.2 2338 pET-crtWZE 243813t}

[¥ 2]
gIIME g1
Zctol 1 5" —CCATATGAGCGCACATGCCCTGCCC -3 crifel L2201 M| It
Zct0lH 2 5" —CTCGAGATGGGTCACGTGCGCTCC -3 crtZel HE20 Xho| It

A2 AZTH WS o] &3 of 2Bk AEE A} 24

pCR-XL-TOPO-crtfull @ pCR-XL-TOPO-crtWZ ¢} pET-crtWZ #WE S z+z} BL21(DE3)el & & d3kA] 7] oL,
kanamycin? ampicillin® 2 A8 e §, A¥ e 5= 50 me LB Aol 37°C, 6A1%F &<t #l &3t tHOD,=0.5). ©1%F,
pCR-XL-TOPO-crtfull®] ¥l ¢zx=712 LB g 9ol ojugt 7t 714 §lo] v 38t 3lar, pCR-XL-TOPO-crtWZ<}k
pET-crtWze] g4 dgke A3hA 9 49+ LB 8% 0.5 pg/mle] HEZ 2R (g2 €33 1 mMe] IPTGE 22+
A7V 5, 10417 B2t miFskelet. wieko] £ 55 13,000 rpmel Al A2t e AS Wi, dAE 35313
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o}, 8| Aol wlEke 20 S 3 71ake] vortexing @ §, 4 CollA] 3F52k B¢k vkl th. o] %, 13,000 rpmoll A ¢
AEE ek &, A5 HS 53T FEREE ol = o] AL §E FR1Et7] fete], A7) s 1 ms Hstke] A7 0.45
me Y2 o343 3 HPLC ¥4 (column: 4.6 X 250 mm, uBondapak C18, Waters, Milford, MA; mobile phase:
acetonitrile-methanol-water(49:44:7 v/v), Flow: 10 m¢/min., Detector: 470 nm)= 5335} t}. oju] EFEA 2+ A
2vH(Sigma)oll Al -] g B-7t= 'l 3} o} ~ERIE S ARSI TE 1 A d, 2 3 o] TR AE ALbE & d o] of 2kt
BelS s 5 AATE Egh, 2 o] it F 2 RE Ak ol ~Ep R o] &S 4 ¢ A, pCR-XL-TOPO-crtfull 3
pCR-XL-TOPO-crtWZe} pET-crtWZell Al 27} 50 ug/g, 35 ng/g, 40 pg/g(dry weight)l 21& 1381 3itt. o] 4o 2
I FAASE ool A olmd 71d H7 glo] Aake = A& pCR-XL-TOPO-crtfull @A &A ol A & 4= 212
o, B A Ao ® A7 A" g Wert R o) 7| A2 Y 1571 ol 2 S AFAE T F A& pCR-XL-
TOPO-crtWZet pET-crtWze] @A AA = o = vk, Bk o) ~ L’ & kel et i A 2~ S| A | =78
$:KCCM-10460)7F ABAkeh= 25 pg/g(dry weight)©] oF~ERbel AAkekel] v 8) @& S & 5

el &3t
ool A ARAIS] el g Fsglel, ¥ ug e el SR o] B AN A% F04E AT, o
St AT NED NS A VARZEE B ohAEAE S AT ek £ 2 3g] fAtES

ChFE ST A L] B E o] RE o] 28 AT £-835H0 A8E 5 Ak
=we] e 4

% 18 opaebiEle] A PRl WeplRE ] T2 Eol),

& 2 of2=EptE o] Frxolth
=3¢ HIEAx A 22 RE 22 H ot 349 74 (organization) S EA| g B o],

crtW, crtZ, crtY, crtl, crtB, crtE A A 7F A 235 pCR-XL-TOPO-crtfull ®E 9] FdAx} X Zo|t},

ki
o
s

" A Eof| A o} ~EFZHEI S A A= pCR-XL-TOPO-crtWZ WE & veld A olt},

b
1
rlo

Az ol A o S ERE RS S pET-certWZ W El & WEd 2ot

o
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rlo

=
g
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9742 hp o
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Apali24si

gmhnrm
\

EBAL1504)

H}lgax.:mf.
SER
<110> Pukyong National University
<120> Production of astaxanthin from E. coli transformed carotenoid
biosynthesis gene
<160> 6
<170> KopatentIn 1.71
<210> 1
<211> 729
<212> DNA
<213> Paracoccus haeundaensis
<400> 1
atgagcgcac atgccctgcc caaggcagat ctgaccgcca ccagcctgat cgtctcgggce 60
ggcatcatcg ccgcgtggct ggccctgcat gtgcatgcgce tgtggtttct ggacgcggcg 120



gcgcatccca

ttcttcatcg

gcggcgatgg

gtcaagcaca

ggcggcececgg

ctgctgctgc

gtggtcttct

tggctgccgce

cggatcagcg

caccacctgc

accgcatga

<210>

<211>

<212>
<213>

2
24

<400>

Met Ser Ala

Ile Val Ser

Ala Leu Trp

35

Phe
50

Asn Leu

His Ala

65

Asp

Ala Ala Met

Arg Lys Met

Asp Asp Asp

115

tcctggcgat

cgcatgacgc

gccagctggt

tggcccatca

tccgctggta

ccgtcatcgt

ggccgctgcece

accgccccgg

accccgtgtce

acccgacggt

2

PRT
Paracoccus haeundaensis

His Ala

Gly
20

Gly
Phe Leu
Gly Leu
His

Met

Gln
85

Gly

Ile
100

Val

Pro Asp

Leu

Ile

Asp

Thr

Gly

70

Leu

Lys

Phe

cgcgaatttc

gatgcacggg

cctgtggctg

ccgccatacc

cgcgcgcettce

gacggtctat

gtcgatcctg

ccacgacgcg

gctgctgacc

gccttggtgg

Pro Lys

Ile Ala

Ala Ala

40
Trp Leu
55

Ser Val

Val Leu
Met

His

His
120

Asp

Ala Trp

Ala His

Ser Val

Val Pro

Trp Leu

Ala His

105

Gly Gly

ctggggctga

tcggtcgtgce

tatgccggat

ggaaccgacg

atcggcacct

gcgctgatcc

gcgtcgatcc

ttcccggacc

tgctttcact

cgcctgcecca

Ala Asp Leu

10

Leu
25

Pro

Gly

Tyr
90

cctggctgtce

cggggcgtcc

tttcgtggcecg

acgaccccga

atttcggctg

tgggggatcg

agctgttcgt

gccataatgc

ttggtggtta

gcacccgcac

Thr Ala Thr

Ala Leu His

30

Ile Leu Ala
45

Leu Phe Phe
60

Ala Gly Phe

125

ggtcggtctg

gcgcggcaat

caagatgatc

tttcgaccat

gcgcgagggyg

ctggatgtac

gttcggcacc

gcggtegteg

tcatcacgaa

Ccaagggggac

Ser Leu

15

Val His

Ile Ala

Ile Ala

Gly Arg Pro Arg Gly Asn
75

80

Ser Trp
95

His Arg His Thr Gly Thr
110

Pro Val Arg Trp Tyr Ala
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180
240
300
360
420
480
540
600
660
720

729



Arg Phe Ile Gly Thr Tyr Phe Gly Trp Arg Glu Gly Leu Leu Leu Pro
130 135 140
Val Ile Val Thr Val Tyr Ala Leu Ile Leu Gly Asp Arg Trp Met Tyr
145 150 155 160
Val Val Phe Trp Pro Leu Pro Ser Ile Leu Ala Ser Ile Gln Leu Phe
165 170 175
Val Phe Gly Thr Trp Leu Pro His Arg Pro Gly His Asp Ala Phe Pro
180 185 190
Asp Arg His Asn Ala Arg Ser Ser Arg Ile Ser Asp Pro Val Ser Leu
195 200 205
Leu Thr Cys Phe His Phe Gly Gly Tyr His His Glu His His Leu His
210 215 220
Pro Thr Val Pro Trp Trp Arg Leu Pro Ser Thr Arg Thr Lys Gly Asp
225 230 235 240
Thr Ala
<210> 3
<211> 489
<212> DNA
<213> Paracoccus haeundaensis
<400> 3
atgaccaatt tcctgatcgt cgtcgccacc gtgctggtga tggagttgac ggcctattcc
gtccaccgtt ggatcatgca cggccccctg ggctggggct ggcacaagtc ccaccacgag
gaacacgacc acgcgctgga aaagaacgac ctgtacggcc tggtctttgce ggtgatcgcec
acggtgctgt tcacggtggg ctggatctgg gcgccggtcc tgtggtggat cgctttgggce
atgaccgtct atgggctgat ctatttcgtc ctgcatgacg ggctggttca tcagcgctgg
ccgttccgcet atatcccgcg caagggctat gcccgccgcecec tgtatcaggce ccaccgcectg
caccacgcgg tcgagggacg cgaccattgc gtcagcttcg gcttcatcta tgcgccgcecg
gtcgacaagc tgaagcagga cctgaagacg tcgggcgtgc tgcgggccga ggcgcaggag
cgcacgtga
<210> 4
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60
120
180
240
300
360
420
480

489



<211>
<212>
<213>

<400>
Met Thr

Thr Ala

Gly Trp

Asn Asp

50

Thr
65

Val

Met Thr

His Gln

Arg Leu

His Cys

130
Lys Gln
145

Arg Thr

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

<220>
<223>

<400>

Asn

Tyr

His

Leu

Gly

Val

Arg

Tyr

115

Val

Asp

162
PRT

Paracoccus haeundaensis

Phe Leu Ile Val Val

Ser Val His

20

Arg Trp

Lys Ser His His Glu

35 40

Leu Val
55

Tyr Gly Phe

Trp Ile Trp Ala Pro

70
Leu Ile

Tyr Gly

85

Tyr

Trp Pro Phe

100

Arg Tyr

Gln Ala Leu

120

His Arg

Phe Phe

135

Ser Gly Ile

Thr
150

Leu Lys Ser

5
25
DNA

Artificial Sequence

primerl

5

ccatatgagc gcacatgccc tgccc

Ala

Ile

Glu

Ala

Val

Phe

Ile

His

Tyr

Gly Val

Thr

10

Met

His

Val

Leu

Val

90

Pro

His

Ala

Leu

Val Leu Val Met Glu Leu
15

His Gly Pro Leu Gly Trp
30

Asp His Ala Leu Glu Lys
45

Ile Ala Thr Val Leu Phe
60

Trp Trp Ile Ala Leu Gly
75 80

Leu His Asp Gly Leu Val
95

Arg Lys Gly Tyr Ala Arg
110

Ala Val Glu Gly Arg Asp
125

Pro Pro Val Asp Lys Leu

140

Glu
160

Arg Ala Glu Ala Gln
155

_10_
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25



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

<220>
<223>

<400>

6

24

DNA

Artificial Sequence

primer 2

6

ctcgagatgg gtcacgtgcg ctcc

_11_
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