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Pseudonocardia autotrophica 22| &7 Cytochrome P450 Hydroxylase

sExl] 22| ¥ WIMY SHTY

TR - LR - BRTED - AN - YSE™
olsicialm METatn, 2rpiclu|2)(3), YF)BEuI0lo8, (FILCHETY

B =AM 34 WA F, Pseudonocardia autotrophica (KCTC 9441) fr2l] A1+ Cytochrome P450 hydroxylase
(CYP) FAAEE £l 3l 97|14 54 & A sig2n, 7| &l ¥ A 2 AT frdl CYP FAREFH
ARA] & dolrsgket. o) $8ted P autotrophica®] cosmid DNA libraryE A 38lg 2, gl FoA BRAH=
CYP FAAES] 22" NE2FE A2 degenerate primersE o]-8-3 PCRE Fq 3}, P autotrophica
cosmid DNA libraryZ 7 A 3} }. P. autotrophica cosmid DNA library 734 Z 3}, P. autotrophica®)= € 7] 4 4 o]
M2 G2 459 A CYP AR 7} 4 o] #el = 9127 (CYP601-1, 601-2, 602, 605), °] 5 A4t CYP F-4 2}
S 9 F3 2N AR 9] A §H A o] e 31 CYP F-A A B2 A S viEld o 53], pESK60194]
A g4 cyr AR L 4 53129 971 D& A’ A, polyene Al 2] 3317 A, amphotericin I
nystatin®] A A FAAET o] §- 2 A S B9 224, P autotrophica®l = A7t polyene A 4 2] 871 A|

L] AP FAA Fol SAFE THALAS

Key words [] cytochrome P450 hydroxylase, polyene, Pseudonocardia autotrophica

Cytochrome P450 hydroxylase (CYP)= EE HIAE, &,
21, Fgo], 2g)a njAE o EAldhs EA2A, dRkze
2 o diAHE v 2]l xenobiotics®] Z7] AFstabg el #
ok wi¢ F83 Adoltt 53] o|v] Xl ¥ HiH|g|obA 9
CYP oA <F 40%7F AFA R F88 EY mAEQ
StreptomycesS32] 4504 TAEJTH10). ©]H3F Streptomyces
2:9] CYPES AlEjol] &3€ Fel=E EXaL, 71 diitelle
B A AT steroids, fatty acids, pheromones, leukotrienes
57 72 natral compounds®] M8l Tits}, $HulkE-of Eol
Ao Hoshe AR gEiA T,

CYPE T get7ze] 714E AstrA B4 Fx ¥
P Boly FAE FEIN6). A& EW, Saccharopolyspora
erythraea®l”] CYP107A1 (EryF)»2 erythromycin A3 4 5
6-deoxyerythronolide BZ- erythronolide B2 hydroxylationA] Z1T}H
(16). Streptomyces venezuelae®] CYP107L1 (PikO)= YC-173%
narbomycin®  hydroxylationA| 71 3L(17), Streptomyces fradiae2]
CYP!13B1%} CYPIOSLIZ Tylosin A 24 Foll 2H8-3hhs).
Amphotericing 9 8= Streptomyces nodosusW ol = CYP161A3
(AmphL), CYP105H4 (AmpN)°l(1), nystatin FHAER= Swepromyces
nourseif o= CYPI61A1 (NysL), CYPIOSHI (NysN)ol(15),
rapamycirr% SLAYS= Streptomyces hygmscopicusLHQ]T‘:— CYPI122A2
(Rap)), CYP107Gl1 (RapN)7} Z+z} E3E]o] rko). =3
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doxorubicing B33k Strepromyces peucetiustholl= CYP
129A2, CYP131A1°](7, 12), nikomycins 8} Strepromyces
tendaeS}  Streptomyces ansochromogenes= Z+Z} CYP162Al
(NikQ), CYPI0SK2 (SanL), SanQ7} T &= o] lth2, 18). o]t
2ol oy FFo ubd fal AR, A, S A
A BHAYell= 25 EoldQl CYPZ} X o] 7ldl, o]gE &
4¢9] A7 cYpe] FRE NZE FE8UEEEEAS B4 2
HES G ¢ e 83 AR 7551 Jivh

wgba] B o A= vitamin D3 hydroxylase®] 71%5(5, 14)
Zy= BAa WA Pseudonocardia autotrophica Yol A3}
A5t cYyp FAAREE E293ta, 1 v de] 588
gro N, M A EHED 2o H48 5 U=
CYP F72-& &R 3}a1A} gt

oo o r|f tlo

M2 o
3= 3 HYj 2Fd
2 AdM ALEE TFFE P autotrophica KCTC94412 4

R2YE =] A TAMA AdElZ A2A1Z] 3 20% glycerol
stock© 2 201Co] WE BAsIo) ARGSIAITH3).

P. autotrophica®] genomic DNA ¥2lol] A2 HAE &7
93}e} YEME (sucrose 340g, yeast extract 3g, Bacto-peptone 5
g, malt extract 3g, glucose 10g, D.W. 1L) A wlix]oll stockS
83 AEstTh 28°ColA 593 wiokst 3, |44 EE7)
(8,000 pm)E- o]&-8t] FAE FEIATQ3).
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Cosmid DNA library HZ3} 2] AMS-H E. coli DH5a
+ LB H]R|(0.5% yeast extract, 1% tryptone peptone, 0.5%
NaCl, 0.1% glucose)ol A ARFAIZ 1L, Had we} FA#12d
apramycin (Sigma, USA) 50 ug/ml == ampicillin (Sigma, USA)

100 pg/ml7} 742 LB wi oA vl JsaTi3).

Cosmid DNA library M| &

Cosmid DNA library= Streptomyces-E. coli shuitle cosmid
vectordl pOJ446S ©]8-3te] A2 ATH3). YEMESA wj €
P. autotrophica 8] total chromosomal DNAS <814 E&]3}
o, EcoRVE A3t & 40kbol/d2] DNA ZEHE pOJ446d] &
24 slgom3), AFE AZF 22U 10° o4 tier} &
A=A

Cosmid DNA library Z24& I8t degenerate PCR primer
x| =t

Rhodococcus  fascians2] cytochrome P450 FAS1 (P46373),
Amycolatopsis mediterranei®] cytochrome P450 monocoxygenase
(AF040570), Streptomyces coelicolor A3(2)2] putative cytochrome
P450 (NP625076), Streptomyces ansochromogenes®] cytochrome
P450 (AF469953), Streproalloteichus hindustanus®] cytochrome
P450 hydroxylase (AF071147)2} 22 w7 219 cytochrome
P450 hydroxylaseS -2 4% 8] FAR obv]i=it MEE 7HAaL §)
oo, 3] oxygen-binding site®} heme liganding pocketol] 4 2]
FAMES wl$ = aebA] o] T conserved regionol]A9] o]
=4F Ade] FAMIS ©]-8-31e] degenerate PCR primer (foward
Deg-1 5-TXCTXCTXATCGCXGGXCACGAGAC-3', reverse
Deg-2 5-GCXAGGTTCTGXCCXAGGCACTGGTG-3";, X=G
or C)2 A2k} (COSMO Co., Korea) (4) (Fig. 1).

L IMLGGHETFASMI GLSVLALLH-PEQAAMMI EDPNCVNSG | EELLRWLSVAHSQPPRMA 60
LLL 1 AGYDTFASMLGLG FVLLQRPAQL ATLRDDPSR| ADAVEGLLRYLSVWNPGIFRFA 60
| LLVAGHETFANMISLGTYTLL TNPGRLAELRADPALL PGAVEEL MRVLS| AD-GLLRMA 59
MLLVAGHQTTANMI SLGVWALLENPEHKAR | AADSSLLPPA| EEMLRYFSVVENAPARVA 60
—L L | AGHETJ ANMLAL GAFALL EHPEQLAFL RANPOLMPGAVEEL MRYLS | VHIGPVRTA 59

CokliaRek Dok, kR ok Dok D1 DTk DDk IwD, *

Oxygen binding site

VTEVQI AGVT | PAGSFVI PSLLAANRDSNL TDRPDDLD ! TRGVAGHLAFGHGVHFCL| 117
KEDLEF AGEH 1 PAGSTVWVSWATNRDARHWPDPD-L DL TRPRGPHLAF GHGVHQCL | 116
TED| DVDGQT | RAGDGWFSTSVINRDESVYPEPDAL DWHRPARHHVAFGFG IHQCL | 116

TEDI AI GGVT | RKNEG | WSGLAADHDDE VFGHPDRLDFERGARHHVAFGYGVHACL| 117
VADVE | EGQL | RAGESVTVSVPAANWDPAKFPEPERL DL TRRTSGHLAFGHGVHQCL{ 116

*I o kk Kk BN L I

[V R SR

L7 I NN S

* kL k1%

Herme liganding pocket
Fig. 1. Amino acid sequence alignment of the central portion of
Actinomycete cytochrome P450 hydroxylase. 1: Cytochrome P450
FAS1, P46373, [Rhodococcus fascians]. 2: Cytochrome P450 mono-
oxygenase, AF040570, [Amycolatopsis mediterranei]. 3: Putative
cytochrome P450, NP625076, [Streptomyces coelicolor A3(2)]. 4
Cytochrome P450, AF469953, [Streptomyces ansochromogenes|. 5:
Cytochrome P450  hydroxylase, AF071147, [Streptoalloteichus
hindustanus). Boxes indicate the selected sequences for the generation of
degenerate oligonucleotide primers.
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PCRO|| 2|8t P450 hydroxylase M Xle| £

P autotrophica®l total chromosomal DNA®} cosmid DNA
libraryE template® ARS8} PCRE 435} PCR 38
93 2B £AS 20uMe primer, 100 mM Tris-HCL [pH
8.3], 20mM MgCL7} Z3H8 10X PCR buffer (Takara, Japan),
1U Taq polymerase (Takara), 10% dimethyl sulfoxideZ 433}
#Ac}. PCR HF-8~2 denaturing (96°C, 303), annealing (40°C, 30
2, extention (72°C, 35%) Z71.0.2 30 cycle B¢t 38}t

Cosmid DNA library2| 2444

Microplate reader24 FIAJEAF 34 59 OD. (optical
density) Zte] W3S FAst vAEL] WAEHE E4sh=
Bioscreen C (Transgalatic Ltd., Finland)E ©]-83}] A3 &8
58 wiekst &, AZF cosmid DNAE £2|3}Y templateZ A}
28131 kA AR CYP degenerate primer®} PCR ¥H5- (denatur-
ing [96°C, 302], annealing [40°C, 303], extention [72°C, 35&],
30 cycle)& Fe38l5ct. ©]9F 2 PCR-based method® <F
160097119 A2 E2UES A4S

PCR &89 M

PCR F3 23 FZF3 DNA ©HL pGEM T-easy vector
(Promega, USA)) S2Y3}] £ coli DH5aol B2 A ZITH
A AfE 2 100 ug/ml ampicillin®] H718 LB #jA]o]
A ikl @A 348k, alkaline 8319} sodium acetate 3
AL 53l AZF plasmidE FE3McE G714E B4E
883} 32, NCBI (The National Center for Biotechnology Informa-
tion)2] BlastX (Basic Local Alignment Search Tool Xyl s
48 ZARIICE

MEE cosmidlH2| P450 hydroxylase FEXF 7{MY =t

AEE cosmidle] P450 hydroxylase 34 HXE &l=3kat
olE F24YEg 3l A A7 cosmid DNAE BamHI
(Promega, USA)9} Psfl (Promega, USA)SZ *J2]3}] template
2 A8-38}¢ Southern hybridizationS 3§ 3FATH(13). ZH2}+9]
cosmid2HE] FZE ok 350bp PCR AHE-E DIG-labeling3l A]
probeZ AFESFH T, positive controlZE probeE AME-SFATE 2+
Zk A cosmid BHE RS dUIME £4L S,

A A7) LS Hlwste] primers L FrIMNEE B
she W& WHESISIT: olul d71N L e 4dedS NCBIS
BlsatX =2 ZA}3} )

J

4n o oa
CYP degenerate PCRO| 28t P autotrophica®l cosmid
DNA library Z{%4

P autotrophica25-E] %% genomic DNAE template® 3}
o] CYP degenerate primer2 PCRS- =383} A3} <} 350bp2]
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DNA ©¥o] SZFHUth $Z5 DNAY g7 x4de #4938 2
3}, Actinomycetes T2l CYPS} %~ &2 fAMdo] ot
F &= AAD. A 712 FHE actinomycetes 2 CYPS}
9] o}t AES HlwshE 1 od F-RAE 100% FU5}
A gkS-o) B RHT). WEbA B autotrophicalole A CYP F
AAZL 281 s ASE & AN, P autotro-phica®)
total chromosomal DNAE template® cosmid DNA libraryTE:
A Zsle] CYP degenerate primers}e] PCR  HF3-S o]&35}a] 4l
T CYP FAAE A3

ojv] A|Z= CYP degenerate primerS ©]-8-3% PCR-based 7
APTHE B3l oF 1600o9719] A2} FRUES A,
3 F CYP FRAY FAREOE o= 3500p 2719
DNA ©@Ho] &HZd 5719 ANZF cosmidS W3t} o5
cosmidt= Z}7} pESK601, pESK602, pESK603, pESK604, pESK605

olg} W9 slgich. PCREFSA) 2J3] ZZ % DNA ©HES] &47)
MEE A3 AR, Actinomycetes T8 CYPEF £ AN
S 1Y 2] G714 8L pESK6013} pESK6030] FL5+Y]
I, pESK6028} pESK6047} 531901, pESK605+= ThE A
Z% cosmidEE2RH FZE Ar|MEe th2A JYehdth w
24 P awotrophica TFoe Foix A2 TE 374¢] Ayt W
AT CYP 347 EAT ] EAE AT

P autotrophicaZREl CYP SEX] 22| U Mg &
o

PCR-based AAWH2 T3l JEE comidEZFE CYP
degenerate primer®] 93] $ZH <F 350bpY PCR 2HES DIG-
labeling8|l 4] probeZ AFE-3}aL, 22} BamHIS} Psdo 2 @)%
cosmid DNAE template=2 ©]-8-5}] Southern hybridizationS 4~
oAt o] W A57} BHoly WHS ATEaAz Xd
pWHM3 (Streptomyces-E. coli shuttle vector)oll S243} 7]
MEe FASAL, CYP FRAPL ddEo] E2o] | 79l
£ cosmidE templateZ primerE AJ&}sle] F7IMEL BA45HY
o,

251 cyp FAAY] E71M9S NCBI BlsatX2 243 2
=, 242t] cosmidellA] pESK601-2 270, pESK602, pESK605
Zkz} 1709 At CYP AR ER1EACHFg. 2, 3). pESK601W]
2] CYP601-12 start codon®] ATGo|il 4137]¢] olmj=Alo =
o]Folx Qo™ GHC content= 72.8%°]3L (FramePlot-2.3),
Streptomyces noursei®] NysN¥}F 74%2] identityS eERH At}
pESK601U o A] CYP601-1--71A19] downstreamS: primer walking
o o3 ArIMEE £A% A}, E O CYPrt EARE Al
RIFAT ] FHAE CYP601-22}12 B3Ik CYP601-29]
A7 Goll M= 71E9] CYP conserved regiond= Alolgh 7]
Agol EA5kar A7) WEoll CYP degenerate primerEE =
Zo| 57 ogoelet FHHTL CYP601-29] start codon
ATG ©]i 403719] o) =qke 2 ofFo]z] glon, G+C content
= 72.5%°)3L (FramePlot-2.3), Streptomyces noursei®] NysL3}
68%9] identityE LERNATE pESK6022] CYP602E start codon

Pseudonocardia autotrophica F3)9] A19F Cytochrome P450 Hydroxylase -F+21218] £2] 2 47)ME 28795 223

{A) CYP§01-1 (B) CYP601-2
1 1
81 61
121 0GOT 121
181 181
241 241
301 201 CGOGACT AGT
361 GACORGT a1 TOGTCH0
a1 21
481 481
541 T 541 T
01 a1
61 81 CGOCTAT
721 GBGACGT ” TCGCGACCCAC
1 kGl
Ll 841
801 GOGT a0 TCAGCCTGGTC
961 981 AACT
1021 GCGT 1021
1081 TGAC 1081
1141 1141
1201 GTGTTGTTCOGTCTACACGAGCTCCOGGTGACCTGEO0CTEA 1201 GTCACCTRTEA
{C) CYP602 (D) CYP6OS
1 TG 5 TCTTORACGATCCE
61 81
121 7 121 GGGLTBACET
181 18t
241 241 TTCOBCCAGT
201 01
61 31
a o1 TCGCGT!
481 481
541 541
601 801 GTCGCC
861 661
721 kel
781 81
84 T 841 T
01 01
961 961
1021 1621 T
1081 1081
1141

1341
1201 CCGGTGACCTGRTEA 1201 CTGAACGCATGA

Fig. 2. Nucleotide sequences of novel CYPs from P, autotrophica. (A)
CYP601-1. (B) CYP601-2. (C) CYP602. (D) CYP605.

°] ATG ©°]aL 4047§¢] ofp|ieito g o]Fo]H glom G+C
content”}  73.7%©)3L(FramePlot-2.3), Rhodococcus  fascians®)
FAS13} 43%9] identityE WERHSITE v}A|2FO. 2 pESK6059]

CYP605E start codon®] ATG ©]ir 4037]¢] ofm|=ito g o]F
CYPE02 —-mmeeeme MTDTAT----—-—-—- DFTLPLHMRRDR----FLPDAELER-IRDSGDVPR 36
CYP605 ~  —-mmm~eeee MT1D--===---—- HOTRPVVLDQDF----FODPDELYRELRDARPVTR 35
CYP601-1 MSTGTARSTPSDTATGCPVTGAGAGAATCPVAFPLRRPGRPFPPPE--YADYRDGGEPVR 58
CYP601-2  —~---| MTSPTTCPYT-~-------= GGGPPPSLEGQTP--PVLALSPLLRELQQQAPVCR 43
CYP602 VRTAFGAEAYLVTRYDDVRHVLGDAATYSNAGSAEL TRPDAPPLSEREQEQMRAGQLLLG 96
CYP605S ATGPNGLTFWMI TRYDDARAALNOPRLRKDSRRLPEVLQRHGATSFRQFADSLVGHMLNA 95
CYP601-1 SELPSGP-VHWLVYTRHADVRAVLTDPR | SADPSRP--GFPKAARTGGAPSADEVPGWFVSM 115
CYP601-2 VRTPTGDEAWLVTRYAELKALLHDERLGRAHADP————ANAPRYVRNPFLDLLVVDDAQO 99
CYP&02 DPPEHTRLRRFLTREFTQRRMARLEPR| TE | VDEHLDALEAAGPGADLVSLFALPVP-SM 155
CYP60S DPPDHTRLRKLVGRAFTVRAIARLRPRIEQIATELADAAEQAGPELDLLDHFAFPLP-MT 154
CYP601-1 DPPEHDRFRRTL |PEFTVRKVRALRPE 1QQ| VDDR (EA1LAKDGAADL |EDFALPVP-SL 174
CYP601-2 AHDLHTEMRRLLTPQFSARHVLGLAPTVSAVAEQVLDGFVAAGNPGDLHGGFSMLATHMT 159
CYP602 VICELLGVPYTDRDEF TARSTRLLOVSLPARERLAVGRENRAYMSRLVDAALADPGEDIL 215
CYP605 VISEILGVPGERREDFRHWSN-LLLSSGPDEERAAAAASMAQF LSELVADKSAKPGDOML 213
CYP601-1 VIAGMLGVPRADROFFEAKTRYLVTLSSSDEERDAATAALLRYLGRL IRIKERRPGTOLI 234
CYP801-2 VLCELIGIPPQDHPETGACTIMTMGEVDDVERVATVQAELFGLLSAVPRRKRAEPTDDVV 219
CYP602 GML FR~-EHGEE | SHDELVG I ASLLL | AGHETTSNMLSLGTLALLEDPEQAALLRSDPEL 273
CYP60S SE| VRASEDGOSLSSTEVTAMAFLLLVAGHE TTVNL | GNGMLALLRDPOQHARLRADPDR 273
CYP601-1 SRLAA-——-TGTLSRAELSGVAMLLL | AGHETTANNIGLG I VALLTNP---QW1 GOD--- 284
CYPE01-2 SRLFA-—---- QVPDEH!GPIAAGVLLAGLDSVPSHVDLGVLLFATHPDQLAAALADERT 273

- . T Txlww 1D H *
CYP602 ARPAVEELLRWLS | VHTGVVRVTTTDTVLRDTP | PARSLVMCSLPTANRDTGSGFDDPAR 333
CYP605 VPQAVEEFLRYDGPVNLAT | RFTDEPVEYSGVT | PAGEVVLVSL | GANRDPGR-YPDPQR 332
CYP601-1 -~RVVEELLRYYSVADLVAFRVALADVE | GGRT I RAGEG | LPLLAAANHDDDA-FDGAGA 341
CYPBO1-2 MREGVEE\LRCAKAGGSVLPRYATDDVEIGGVTLRTGDLVLLDFTLVNFDTQV FDEPEV 332
CYPB0O2 LDLTRGAAGHVAFGHGVHHCLGAPLARMENATAFPALLRRFPTLAPAGPVPPEAFRAYHF 393
CYP605 FDPDRDTSGHLAFGYG | HHCLGAPLARLEADVAFRTLLARFPOMALAG--APGQYRESTL 390
CYP601-1 FOPERSARSHVAFGYGVHQCLGANL VRLEME | AYRTLFDR (PTLRLAVPADDLRVKYDGY 401
CYP601-2 FDIRRESNPHLTFGHGMWHCIGAPLARMALHTAFTRLFTHLPDLHPARPVQEMRRGSEGL 392
i KoL kL lA%IKD Iwlx * %] * *, xIk [ %
CYP602 VYGMHTLPVTW--- 404
CYP605 FHALTALPVRLNA- 403
CYP601-1 LFGLHELPVTWG—- 413
CYP601-2 SGGLTELPVTW--- 403
+, identity; @, strong similarity; . , weak similarity

Fig. 3. Alignment of the deduced amino acid sequences of novel
CYPs from P. autotrophica.
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Table 1. Putative CYPs in P. autotrophica with their closest homologues

Kor. J. Microbiol

Match in the database®
CYP name Size*
Species Proteins Identities (%)
CYP601-1 413 Streptomyces noursei NysN 74 '
Streptomyces nodosus AmphN 75
CYP601-2 403 Streptomyces noursei NysL 68
Streptoniyces nodosus AmphL 64
CYP602 404 Rhodococcus fascians FAS1 43
Kineococcus radiotolerans Cytochrome P450 ' 39
CYP605 403 Saccharopolyspora erythraea CYP107B1 51
Streptomyces collinus RubU 51

Number of amino acids.
bBlastX database search at NCBL

CYPE05
Rubl

CYP6DI1-2

CYP602

GdmP

NysN
CYP601-1

RimG

CYP105A1

NikF

Fig. 4. Phylogenetic tree of CYPs from P. autotrophica and other
Actinomycetes. The sources of the amino acid sequences are as follow: NysN
[Streptonyces noursei], RubU [Streptormyces collinus], GAmP [Streptomyces
hygroscopicus], RimG [Streptomyces diastaticus], CYP105A1 [Streptomyces
griseolus], NikF [Streptomyces tendae).

o]z Yo G+C content= 72.4%°]3L (FramePlot-2.3), Sacchar-
polyspora erythraea®] CYP107B19} 51%2) identityE VFERHATH
(Table 1, Fig. 4).

3] pESK6012] CYP601-13} CYP601-29] 7, I &4
€ tpERE= polyene macrolide antibiotics®] g4 g #e
e crpet w9 2 fAMIS Bk wEbA CcYPeol
A F8) polyene Aol HASkE F7HAA AR FHA
7} EAsks A H1F37] Y5te], pESK601-& BamHI AFH &
22 A3l CYP6Ol F-3AF £5hE oF 3kb GBS MHEF
21 3}5ick 3kbe] DNA ©He] @7IXEE E4% 234, 3kb
A= CYP F2AF o19)el 2709] open reading frame (ORF)
o] FUtH o2 ZEA3I 3, NCBI9| BlastX2 454S 2
A3}, A MR ORFE= nystatin glycosyltransferase 212} nysDI,
amphotericin  glycosyltransferase 32} amphDIZ} Z}2; 79%,
75%2] 454E RYow, 5 WA ORF nystatin amino-
transferase &} nysDIl, amphotericin aminotransferase -2k
amphDIIS ZYZ; 82%, 81%2] 73548 EATF Myeong et al,
unpublished data). ©|&3r A= P autotrophica®) F4A el
polyene macrolide Al g9 A7t FZITA YA {212k o] &
S 7t GAIStT Ao, At & cyp F34 o] &
RHE 53 NEL F-8A4289E4 Z& /e AAsaL A
o

UAtel o

E ATs 21C Z2EA7AN (\AAERAA MG3-134-4),
M102KK010012-04K1101-01211)2] Al 23l S & 7]9,
olof] ZRAIEH U}

—

. Caffrey P, S. Lynch, E. Flood, S. Finnan, and M. Oliynyk. 2001.
Amphotericin biosynthesis in Streptomyces nodosus: deductions
from analysis of polyketide synthase and late genes. Chem. Biol.
8, 713-723.

2. Chen, H., K.H. Brian, E.C. Sarah, and T.W. Christopher. 2002.
Formation of B-hydroxy histidine in the biosynthesis of nikkomy-
cin antibiotics. Chem. Biol. 9, 103-112.

3. Hopwood, D.A., M.J. Bibb, K.F. Chater, T. Kieser, C.J. Bruton,
H.M. Kieser, D.J. Lydiate, C.P. Smith, and H. Schrempf. 1985.
Genetic Manipulation of Streptomyces: A Laboratory Manual.
John Innes Fourdation. Norwich.

4. Hyun, C.-G., J.-M. Kim, S.-K. Hong, and J.-W. Suh. 1998. An effi-
cient approach for cloning P450 hydroxylase genes from actiono-
mycetes. J. microbiol. Biotechnol. 8, 295-299.

5. Kim J.-M,, Y. Jin, C.-G. Hyun, J.-H. Kim, H.-S. Lee, D.-K. Kang,
D.-J. Kang, T.-Y. Kim, J.-W. Suh, S.-S. Kang, and S.-K. Hong.
2002. Molecular cloning and analysis of the gene for P-450
hydroxylase from Pseudonocardia autotrophica IFO 12743. J.
Microbiol. 40, 211-218.

6. Lamb, D.C., H. Ikeda, D.R. Nelson, J. Ishikawa, T. Skaug, C. Jack-
son, S. Omura, M.R. Waterman, and SL. Kelly. 2003. Cyto-
chrome p450 complement (CYPome) of the avermectin-producer
Streptomyces avermitilis and comparison to that of Streptomyces
coelicolor A3(2). Biochem. Biophys. Res. Commun. 307, 610-619.

7. Lomovskaya, N., S.L.. Otten, Y.D. Katayama, L. Fonstein, X.C.
Liu, T. Takatsu, A.L. Solari, S. Filippini, E Torti, A.L. Colombo,
and C.R. Hutchinson. 1999. Doxorubicin overproduction in Strep-
tomyces peucetius: cloning and characterization of the dnrU
ketoreductase and dnrV genes and the doxA cytochrome P-450
hydroxylase gene. J. Bacteriol. 181, 305-318.

8. Merson-Davies, L.A., and E. Cundliffe. 1994. Analysis of five

tylosin biosynthetic genes from the tyllIBA region of the Strepto-



Vol. 40, No. 3

9.

10.

11.

12.

13.

14.

myces fradiae genome. Mol. Microbiol. 13, 349-355.

Molnar, [, J.E Aparicio, S.F. Haydock, L.E. Khaw, T. Schwecke,
A. Konig, J. Staunton, and PF. Leadlay. 1996. Organisation of the
biosynthetic gene cluster for rapamycin in Streptomyces hygro-
scopicus: analysis of genes flanking the polyketide synthase. Gene
169, 1-7.

Nelson, DR. 1999. Cytochrome P450 and the individuality of spe-

cies. Arch. Biochem. Biophys. 369, 1-10.

Omura, T. 1999. Forty years of cytochrome P450. Biochem. Bio-
phys. Res. Commun. 266, 690-698.

Otten, SL., X. Liu, J. Ferguson, and C.R. Hutchinson. 1995. Clon-
ing and characterization of the Streptomyces peucetius dnrQS
genes encoding a daunosamine biosynthesis enzyme and a glyco-
syl transferase involved in daunorubicin biosynthesis. J. Bacteriol.
177, 6688-6692.

Sambrook, J., E.F. Fritsch, and T. Maniatis. 1989. Molecular clon-
ing: a laboratory manual. 2nd Edn, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY.

Sasaki, J., A. Miyazaki, M. Saito, T. Adachi, K. Mizoue, K. Han-
ada, and S. Omura. 1992. Transformation of vitamin D3 to 1

Pseudonocardia autotrophica $+-812] A7 Cytochrome P450 Hydroxylase f321e] £ W G718 54379

15.

16.

17.

18.

225

alpha, 25-dihydroxyvitamin D3 via 25-hydroxyvitamin D3 using
Amycolata sp. strains. Appl. Microbiol. Biotechnol. 38, 152-157.
Trygve, B., O.N. Sekurova, H. Sletta, T.E Ellingsen, A.R. Strgm,
S. Valla and S.B. Zotchev. 2000. Biosynthesis of the polyene anti-
fungal antibiotic nystatin in Streptomyces noursei AICC 11455:
analysis of the gene cluster and deduction of the biosynthetic path-
way. Chem. Biol. 7, 395-403.

Weber, JM., J.O. Leung, S.J. Swanson, KB. Idler, and I.B.
McAlpine. 1991. An erythromycin derivative produced by tar-
geted gene disruption in Saccharopolyspora erythraea. Science
252, 114-116.

Xue, Y.D., Wilson, L. Zhao, H. Liu, and D.H. Sherman. 1998.
Hydroxylation of macrolactones YC-17 and narbomycin is medi-
ated by the pikC-encoded cytochrome P450 in Streptomyces ven-
ezuelae. Chem. Biol. 5, 661-667.

Zeng, H., H. Tan, and J. Li. 2002. Cloning and function of sanQ: a
gene involved in nikkomycin biosynthesis of Streptoniyces anso-
chromogenes. Curr. Microbiol. 45, 175-179.

(Received August 12, 2004/Accepted September 10, 2004)

ABSTRACT : Cloning and Characterization of Novel Cytochrome P450 Hydroxylase Genes from

Pseudonocardia autotrophica
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versity, Daejeon 306-791, Korea, “LG Household & HealthCare, R&D Park, Daejeon 305-343,
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Novel cytochrome P450 hydroxylase (CYP) genes were isolated and characterized from P, autotrophica cosmid
DNA library using an actinomycete CYP-specific PCR product as a screening probe. The cosmids containing
four unique CYP genes (pESK601, 602, 603, 604, 605) were identified, and the four CYP genes were completely
sequenced to be homologous to other known Actinomycetes CYP genes involved in various secondary met-
abolic pathways. Among all novel actinomycete CYP genes found in P. autotrophica, the CYP genes present in
pESK60] were revealed to be highly homologous to the CYP genes involved in polyene-type amphotericin and
nystatin antibiotic biosynthesis. The nucleotide sequences of the CYP flanking region in pESK601 also revealed
the polyene-type biosynthetic genes, implying the presence of a cryptic polyene-type antifungal biosynthetic gene cluster

in P autotrophica.



