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A degenerate set of PCR primers based on two conserved regions (heme binding region and oxygen ligand pocket) were
designed and successfully applied to amplify DNA fragments of cytochrome P450 hydroxylase (CYP) genes from a rare
actinomycetes, S. benihana. The PCR amplified products were employed as a DNA probe to clone the entire CYP genes
from S. benihana genomic library. Five different CYP-positive cosmids were isolated by colony hybridization as well as PCR
confirmation. The complete nucleotide sequenbing of five different CYP genes revealed that each unique CYP showed a
significant amino acid homology to previously-known CYP genes involved in streptomycetes secondary metabolism. in
addition, four CYP genes (CYP502, CYP503, CYP504, CYP506) were found to be linked to ferredoxin genes in the
chromosome, and the CYP503 gene showed the high degree of amino acid similarity to the previously well-characterized
CYP105 family in streptomycetes.
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B AT AlS"H FFE= WA T Sebekia benihana
KCTC 961022 A Korean Collection for Type Cultures
(KCTC, Korea)2HE] T93t82m, GSMY (glucose 0.7%,
yeast extract 0.45%, malt extract 0.5%, soluble starch 1.0%, and
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S. benihanadl| ZEA 3} cytochrome P450A4)1 4 9] 3lol=&
AdelzE EFHH7 A3 WHAFES CYPE multiple
sequence alignment (http://www.cbi.ac.uk/clustalw)d}le] 1 Z
HZEHo] 9+ heme binding region (Deg-l: 5-TXCTX
CTXATCGCXGGXCACGAGAC-3")3} oxygen ligand pocket
Deg-2:  5’-GCXAGGTTCTGXCCXAGGCACTGGTG-3)o =
degenerate PCR primerE |23} ¢ ch(Fig. 1)(8). PCR (Idaho
Technology, USA)2 & 20 ul 23 o) template 0.1 ug, 10X
Taq DNA polymerase 02 pl (5 Ufpl, TaKaRa Korea
Biomedical Inc., Korea), dNTP 2 ul (TaKaRa), DMSO 2 ul
(Promega, USA), 20 uM2] primerS 2zt | w¥ 3o
96°Co| A} 30% F<t denaturationA] 7] i, 40°ColA 30% %
¢l primer annealing A]7] &, 68°Coll A 35% &9 extension
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cosmid W E]¢l pOJ4d69] | Z&&te] E. colio] A genomic
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hybridization 53] oF 1000719 AZF T 2YUE 237
33t th. Colony hybridization& % E. colis 50 ug/ml
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P450 105B1 LLLVAGHETTANM GVHQCLGQPLARV
SubC LLLVAGHET[TANM GVHQCLGQPLARV
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Figure 1. Design of the degenerate PCR primers for the amplification of
P450 hydroxylase genes from S. benihana. Homologous regions in the
amino acid sequence of the O, binding site and heme-ligand pocket of
P450 hydroxylases from  Streptomyces  griseolus (SuaC, SubC),
Streptomyces carbophilus (Sca2), Pseudonocardia autotrophica (PauC),
Streptomyces griseolus (P450 105Bl) were aligned. The degenerate PCR
primers were designed using boxed regions.
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Streptomyces ansochromogenes®] CYP105K29}= 58%¢ <
AE, 15%2 FAE, Micromonospora  echinospora®)
CYPIOSW1 (CaEI0)BE 60%e] UAE, 76%9] SAME,
Streptomyces avermitilis MA-46802] CYP105D73 = 62%9)
A=, 74%9 FA}E, Pseudonocardia autotrophica®)
CYP105X1 (PauC)T= 61% UAE, 72%9) FAIZE 7}A]
Aoz vephyth wilA Deg-13 Deg-2 primerE &3
5 350bp PCR 2tEo]= Holx sl o] CYP ©
S 7HAR g AeE geEL

oo rr

(A) CYP501

1 ATGTCCGAGGCTTCGTTCACCCCTGTCACCTTTCCCACCGAGCGCCCTTCCCCCTTCGAC
61 CCTCCTGAGGTGCTCGGTCGCTGGCGGGAGCAGGCGCCCATCCGCCOGCTGCGCTATCCC
121 GACGGTCACCAGGGCTGGT TGGTGACCGGCT TCTCGGCGGCCAAGGCGGTGCTGACGGAT
181  TCGCGTTTCAGCAGCCTGCTGGAGAACCTGCACTGGCCGATCCGCTGGGAGGGGCTCGAG
241 CCGGAGAACTTCGTCCAGCCGCCCGGCTTCTTCATGCAGATGGACCCGCCCGACCACTCC
301 CGCTTCAGGAAGCAGCTGGCGGCGCAGTTCACCGTTCGCAGGATGCGGCAGCT GGAGCCA
361 CGGATCGAGCAGATCACCGAAGAGGTCCTGGACGCCATGGAGCGAGGCGGGGCGCCCGCG
421 GACCTGATCCAGGAGTTCGCCCTTCCCGTCCCCTCGCTGGTGATTTGCGAGCTGCTCGGC
481 GTGCCGTACGCCGACAGGGAGCGCTTCCAGCGCGACTCCGCGACCGCCCTGAGGGTCGGC
541  TCGACCAGGGAGGAGGTCGGCGCGGCGACGGGGTCGATGATGGGCTACCTGTACGAACTG
601 GTCGCAAGGAAGCGGGCGGAACCGGCTGACGACCTGCTCAGCGGCCTCGTCGCCGGCGGC
661 GATCTCTTTCATGAGGAGATCGCGGGGGCAGGGCTGCTGCTCCTGGTCGCAGGGCATGAG
721 ACCACGGCCAACATGCTGGGGCTCGGTACCTTCGCCCTGCTGAGCGATCCCGGACAGCTC
781  GCCGCCCTGCGGTCGGAGCCGCCGCTGATCGAGGGGGCCGTCGAGGAGCTGCTCCGCTAT
841 CTGGCCGTCACGCATCTCGGGCCGCTCAGGGCCGCTCTCGAGGACGTCGAGATCGCCGGT
901 CAGACGATCAGGAAGGGTCAGGTGGTCACGATCTCGGTGCCGGCGGCCAACCGTGACCCC
961 GAACGGTTCGACGATCCTGAGACCTTCGACGTCACCCGCCCCGCGACGGTCGGCCACCTG
1021  ACCTTCGGGCACGGCATCCACCAGTGCCTCGGTCAGCAGCTCGCCAGGATCGAGATGCGC
1081 GTGGCCTTCCCCGCGCTGTTCCGGCGCT T TCCCGGGCTGCGGCTGGOGGTGCCGTCCGAG
1141  GAGGTTCCGATGCGCACGGACATGAGCATCTACGGCGCGCACCAGCTGCCGGTCATCTGG
1201 TAG

(C) CYP503

1 ATGACGAATAGCGTCGTCGAGCTGCCGGTCGAGCGGGGCTGCCCATTCGCCCCGCCCGCC
61 GCCTACGAGCGGCTGCGCGAGCAGGCGCCGATCAGCAAGGTCCGCCTGACCAGCGGCGGC
121 GAGGCGTGGTGGGTGTCCGGGCATGAGGAGGCCCGTGCCGTCCTCGCCGACGGCCGCTTC
181 TCCTCTGACCGGCGCAAGGACGGCTTCCCGCTCTTCAACCTCGATGCGGCGACCCTGCAA
241 CAGGTCCGCAGCCAGCCGCAGTTGATGATCGGCATGGACGGCGCGGAACACTCCGCGGTC
301 CGCCGTCCGGTGATCGGCGAGTTCACCGTGAAGCGGCTGGCCGCGCTGCGCCCGCGGATC
361 CAGGACATCGTCGACAGAGCCGCACCACCATGTTGGTGAGCCGGACCTCGATGGACGACC
421  GCCGGCGGGCCTTCGCCGAACTGCGCGCCTACATCGACGACCTGATCACCCGCAAGGAGT
481  CCGAACCCGGCGACGACCTGTTCGGCCGGCAGATCGCCCGGCAACGCCGGGAGGGCGCCC
541 TCGACCACGCGGGCCTGGTGAGCCTGGCCTTCCTGCTGCTGACCGCCGGGCACGAGACCA
601 CCGCGAACATGATCTCGCTCGGCGTGGTCGGGCTGCTCTCCCACCCGGAGCAACTGACCG
661 TGGTCAAGGCCGACCCGGGCAGAACGCCCATGGCCGTGGAGGAACTGCTGCGCTACTTCA
721 CCATCGCCGACGGGGTCACCTCCCGGGTGGCCACCGAAGACGTGCAGATCGGCGGCGCGA
781 GCATCAAGGCCGGCGAGGGCGTCATCGTCTCCGGCCTGTCGGCCAACTGGGACCCGGCGG
841 CGTTCAAGGACCCGGCTGACCTGGATGTCGAGCGCGGGGCTCGCCACCACCTCGCCTTCG
901 GCTTCGGCCCGCACCAGTGCCTCGGCCAGAACCTGGCCCGGATGGAGCTGCAGATCGTCT
961 TCGACACACTGTTCCGCCGTATCCCTTCCCTGCGGCTCGCCGTACCGATGGAGGACCTGC
1021 CGTTCAAGGCGGACGCCGTCATCTACGGCGT TCACGAACTCCCGGTCACCTGGTGA

(E) CYPS06

1 GTGACGGAGCCCCCGTACACCGTGACCGCGCTGCCCACCATGCGCCCTCCCGGCTARCCCG
61 TTCGACCCGCCCGAGGAGT TGGCGCAGCTGCGCGAGCAGCACCCACTCAGCAGGATGGTC
121 TTCCCCGACGGGCACGTCGGCTGGCTGGTGACCAGTCACGCCCTGGCTCGCGCGGTCGTG
181  GCCGACCCCCGCTTCAGCTCGCGGCACGAGCTCATGCACTCGCCGTTCCCTGGGGCCATC
241 TCGGCGGAGAGGCOGCCGOCGGCCGCGCCCGGCATGTTCATCGGOGTCGATCCGCCCGAG
301 CACACCCGCTACCGCAAGCTGCTCACGGGGAAGTTCACCGTCCGCAGGATGCGCAGTCTC
361 GCCGCCCGCGTCGAGGAGATCACCGCCGAGCACCTGGACGCCATGGAGCGGCAGGGCCCG
421  CCTGTGGACCTGGTGCAGGCCTACGCCCAGCCCGTCCCCGCGCTGATGATCTGCGAGCTG
481  CTCGGCGTTCCCTACGCCGACAGGGAGT TCTTCCAGCGTCACGCGCTGGCGCTGAACAAC
541 TTCGACGCCGTCCCCGAGGAGCAGTACGCCGCCTACGTCGCGCTGCAGGAGTACCTGCAC
601 GCGCTGGTCCTGGCCAAACGCGCCACCCCCACCGACGACCTGCTCGGCGATCTCGCGCGE
661 GAGGAGCTCACCGACGAGGAGCTCACCAACATCGGGGTTCTGCTGCTGGGCGCCGGGCTC
721  GACACCACCGCCAACATGCTCGCGCTGGGCACCTTCGCCCTGCTGAGCCACCCCGGCCAG
781 CTCGCCGCCCTGCGCGCCGACCCGGGCCTCGCCGACCAGGCCGTCGAGGAGCTGCTGCGE
841 TACCTGAGCATCACCCACACCGGGATACGGGCCGCACTGGAGGATGTCGAGCTGAACGGT
901 CACGTGATCAAAGCGGGGGAGAGCGTCGCCCTCTCGGCGCAGGCGGCCAACCGCGACCCT
961 GAGCGCTTCGCCGACCCCGACACTCTCGACCTGCACCGTCTGGCCACCGGACATCTGAGC
1021  TTCGGTCACGGCGTCCACCAGTGCCTCGGCCAGCAGCTGGCCCGCGTGGAGATGCGCGTC
1081  GCCCTTCCCGCGCTGGTCACCCGTTTCCCGACGCTGCGGCTGGCCATATCCTCAGCAGAG
1141 GTGCCGCTGCGCACCAATTCCGACATCTACGGCGTGCACCGGCTCCCGGTCGCGTGGGAC
1201  AAGGAGTAG
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S. benihanad] ZEAdl= CYP A 44 AEL &
Q13l7] 93te], Deg-13} Deg2E 53| ZF3 CYP central
region®] PCR AHE-ES probeE 314, S. benihana?] 13007}
9] genomic libraryE colony hybridizations &3 ~= ¥y
g4tk % 19709 A)2F cosmid (PESKS01~pESK519)7}
Deg-13} Deg2E Z X591, ZZ37 PCR 48S pGEM-T
casy HEo] F2dste Fr|AEe E4 A9, F 5 F
Fo AME E Al CYP (CYP501, CYP502, CYP503,

(B) CYP502

1 GTGACCGATCAGAATCTCGGAACCCCGGTGACCCTGCCCACCCGGCGCGACCCCGCCTGC
61 CCGTTCGACCCGCCCGAAGAGCTGACGCGGCTGCGTGACTCCCAGCCCCTCACCCGGCTG
121 GCCTTTCCGGACGGCCACGTCGGCTGGCTGGTCACCGGCTACGACGCCGCACGCAGGGTC
181  CTGGCCGATCCACGCTTCAGCGTCCGGATGGATCTCAAGCACTCGCCGCTTCCGOGGCGC
241 AACGTCCTGGCCGGGAGCGGTGACAAGCCGGCGCCCGGCATGTTCGTCGTCATGGACGAT
301 CCGGATCACAGGCGGT TCCGTCGCCTGCTGACCGGGCAGT TCACCGT TCAGCGGATGAGG
361 CGCCTCGAGCCTCGGATCGTCCAGATCACCGCCGACCACCTGGACGCCATGGCCAAGGCC
421 GGGCCGCCCGTCGATCTCGTGCAGGCGTTCGCTCTGCCGATCCCCTCGCTGGTGATCTGC
481 GAGCTGCTCGGCGTTCCCTACGAGGATCACGCCTTCTTCCAGGAGCAGACCGCCGTGGCC
541 GTCGATCTGGAGGCCTCOGTGGAACAGGCCACGGTCGCCGCGGGACGGCTCACCGACTAC
601 TTCGCCGACCTGGTGCGGCACAAGCGTTCGAGCCCCACCGACGACCTGCTGGGCGGGTTG
661 ATCACCGACAGTGACCTGACCGACGAGGAGCTGACCACCATCGGGTTGGCGCTGCTGATC
721  GCCGGGCACGAGACCACCGCGAACATGCTCGCCCTCGGCGTCTTCGCCCTCCTGCGCCAC
781  CCCGGGCAACTCGACGCCTACCGCGCCGACACCTCACTGACCGACAGCGCGGTCGAGGAG
841 CTGCTACGTTACCTGACCATCATTCACCGGGGCTCGCCCAGTCGTGCCGCCTTGGCGGAC
901  GTCGAGCTGGACGGGCAGCTCATCCGCGCGGGCGAGACCGTGATCATCGGGCTGCCOGCG
961 GTCAATCGTGATCCGGCGCGGTTCGCCGACCCCGACGTCCTGCGGCTCGGACGTGAGGGA
1021  GCCCGGCACCACCTGGCCTTCGGCCACGGCGTGCACCAGTGTCTCGGTCAGCAGCTGGCG
1081 AGGATCGAGATGCGCATCGGCTATCGCATGCTGTTCGAGCGGTTTCCCGCACTGCGCCTG
1141 GCCGTGCCAGCGGCTGAGATCTCCATGCGCGAGGCGTCCCTGGCCTACGGGGTGCGGCGG
1201  CTTCCCGTCACCTGGGAGCAGGCATGA

(D) CYP504

1 ATGACCTACCCGATGAGCCGGCAGCGCAGGCTCGATCCGCCGGACGAGTTGTTCGACGAT
61 CCTGCGCCCGTGCGGCCGCTGACGT TCGCGGACGGGCACGTCGGCTGGCTGGTGCGCGGG
121 CACGCGGCCGGCCGTGCCGTACTGTCCGACCCGAGGTTCAGCACCGAGCCCGATCTCCAA
181 CATCCGCTCGTCGCCTCCAGGCACCTGCCGAAGGGGCGCGTGCCGCCGGGCTTCTTCCTC
241  CGCATGGACGCGCCCGATCACACGCGCTACCGGCGGCTGCTCACCGGGCATTTCACCGTG
301 CGCAGGATGAACCAGCTCCAGCCTCGCATCGAGGAGATCGCTGCGACCTGCCTCGACGAC
361 ATGGAGCGCGCGGGGCCGCCCGCCGACCTGGTGOGCGACTTCGCGCTGCCGATCCCTTCG
421 CTGGTCATCTGCGAGCTGCTCGGCGTGCCGTACGAGGACAGGGAGAACT TCCAGAACGAG
481 TCGGCCAGGCTGCTGCGGCTGGACAGCTCTCCCGGAGAGATGGAGTCGGCGGTCGACGAC
541 CTGGTCAAGTACTTCTACACGCTCATCGCCCGCAAGCGCGTCGAGCCCGCCAACGACCTG
601 CTCACCGGGCTGATCGGCGGCGGGGAGCTGGAGGACGACGAGATCGCGGGAATGGGCTTC
661 CTGCTGCTGGTGGCGGGGCACGAGACGACCGCCAACATGCTCGCGCTCGGCACGTTCGCG
721  CTGCTGGAACACCCCGAGCAGCTCGCGCTCGTCCGCGACGACCCCGCCGTGATCGACAAC
781  GCGGTGGAGGAGCTGCTCCGCTACCTGTCGATCATCCATGTCGGCCCCACCAGGACCGCC
841 GTCGAGGACGTCGTCATCGAGGGCACGACCATCAGGGCAGGGGAGTGCGTCGCGCTGTCC
901  ATCCCGGOCGCCAACCGCGATCCCTCCCGCTTCGOCGACCCCTGCGOGCTGGACGTACGG
961 CAGCCGGCGGGCAGCCACCTGTCCTTCGGCCACGGGATCCACCAGTGCCTCGGCCAGCAG
1021  CTGGCCAGGATCGAGATGCGGGTCGCCTACCCCGCGCTGCTGCGGCGCTTCCCCTCGTTG
1081 CGGCTGGCGGTCCCCGCOGAGGAGGTGCCGATGCGGGCGGACATGAGCATCTACGGCGTG
1141 CACAGCCTGCGGGTGACCTGGTGA

Figure 2. Nucleotide sequences of the five CYP genes from S. benihana.
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CYP504, CYP506) fHAAE o] &)Y} (Fig. 2).

A e CYP 25 primer7} annealing® & H-E(Fig. 3)-&
g2 FEd ws) 493 BEH SISlal, Strepromyces
coelicolor$} S. peucetius®] CYPo|A #ZEE I-helix (oxygen
activation motif, Fig. 3 (A)), K-helix (EXXR motif, Fig. 3
(B)), Heme binding domain(Fig. 3 (C)E HEEH Je A&
A F AAKG, 10). 53] K-motife] A, thslsl
CYP ®5F ELLRE REFHO 3Iom, Thelix= AGXXTE,
Heme binding domain FGHGXHQCLGE E 719 o}m]xAt
S AN YA FEo] A3 BEHS 9l Ao #F
= Ath(Fig. 3).

°o]5 CYP #AAESY &A% ORFE FQ135y] 3t
350bp central region®] AMFE ©]&35}o] primerE A2 3IH
(data not shown), 57§2] A= & 350bp central region2
7FA A Z% cosmid (pESK501~pESKS504, pESK506)E o] &
shol @ 5 AU Pol LAtk ol cosmido] EASE
CYP @ dES 77} CYP501~CYP504, CYPS062 9
3, ©] £ CYP501S #9138 uux] CYP (CYP502
CYP503, CYP504, CYP506)9} stop Z =2 HZd=
A7 EAASH, 49 CYP e Wio=g "“"'5}
% THFD502, FD503, FD504, FD506).

NCBI9] BlastXE o} 83l O E diidno] FAAS

CLUSTAL W (1.82) multiple sequence alignment

CYP502 VTDANLGTPVTLPTRRDPACPFDPPEEL TRLRDSQPLTRLAFPDGHVGWLVTGYDAARRY 60
CYP506 VTEPPY-TVTALPTMRPPGCPFDPPEELAQLREQHPLSRMVFPDGHVGINLVTSHALARAY 59
CYP501 MSEASF-TPVTFPTERPS——PFDPPEVLGRWREQAP | RPLRYPDGHQGWLVTGFSAAKAY 57
cyP504 MTYPMSRQR——RLDPPDEL——FDDPAPVRPLTFADGHVGWLVRGHAAGRAV 47
R 3 LkkkD * . DL kkk kkkk .
CYP502 LADPRFSVRMDLKHSPLPRRNVLAGSGDKPAPGMFVVMDDPDHRRFRRLLTGAFTVARMR 120
CYP506 VADPRFSSRHELMHSPFPG—A | SAERPPPAAPGMF | GVOPPEHTRYRKLLTGKFTVRRMR 118
CYP501 L TDSRFSSLLENLHWP | RWEGLEPE-NFVQPPGFFMAMDPPDHSRFRKQLAAQFTVRRMR 116
CYP504 LSDPRFSTEPD- LQHPLVASRHLPK—GRV—PPGFFLRMDAPDHTRYRRLLTGHFTVRRMN 104
Dk kkk : LRkl Lk kik kikl ki Ikkklkk,
CYP502 RLEPR1VQ| TADHLOAMAKAGPPVDLVQAFALP I PSLV | CELLGVPYEDHAFFQEQTAVA 180
CYP506 SLAARVEE | TAEHLDAMERQGPPVDLVQAYAQPVPALM I CELLGVPYADREFFQRHALAL 178
CYP501 QLEPRIEQ] TEEVLDAMERGGAPADL | QEFALPVPSLV | CELLGYPYADRERFQRDSATA 176
CYP504 QLQPR (EE | AATCLDOMERAGPPADLVRDFALP | PSLV | CELLGYPYEDRENFQNESARL 164
* kL Ik kk ok L ok Kk _kk.l Ik kiklkikkkkkkkkk k. Kk |
CYP502 VDLEASVEQATVAAGRLTDYFADLVRHKRSSPTDDLLGGLITDSDLTDEELTTIGLALLI'240
CYP506 NNFDAVPEEQYAAYVALQEYLHALVLAKRATPTODLLGDLAR~ EELTDEELTNIGVLLLG 237
CYP501 LRVGSTREEVGAATGSMMGYLYELVARKRAEPADDLLSGLVAGGDLFHEEIAGAGHLLLV 236
CYP504 LRLDSSPGEMESAVDDLVKYFYTLiARKRVEPANDLLTGLIGGGELEDDEIAGMGFLLLV 224
: Dok kL kk KD lkkk Tk kD *._**_:
(A) (B)
CYP502 AGHETITANMLAL GVFALLRHPGQLDAYRADTSLTDSAVEELLRYLT | {HRGSPSRAALAD 300
CYP506 AGLDTITANMLALGTFALLSHPGQLAALRADPGLADQAVEELLRYLS I THTG—RAALED 295
CYP501 AGHETITANMLGLGTFALLSDPGQLAALRSEPPL | EGAVEFLLRYLAVTHLG-PLRAALED 295
CYP504 AGHETTANMLALGTFALLEHPEQLALVRDDPAV|DNAVEELLRYLSIIHVG—PTRTAVED 283
dk Lkkkkkk Kk Kkkk |k k% * L 1L kkkprkkkbkk Dl Kk % *1k] *
©) o
CYP502 VELDGQLIRAGETVI|GLPAVNRDPARFADPDVLRLGREGARHHLAFGHG%HQCLGQQLN 360
CYP506 VELNGHV|KAGESVALSAQAANRDPERFADPDTLDLHH—LATGHLSFGHGWHQCLGQQLA,354
CYP501 VEIAGQT|RKGQVVTISVPAANRDPEHFDDPETFDVTHPATVGHLTFGHGIHQCLGQQLA‘355
CYP504 VVIEGTTIRAGECVALSIPAANRDPSRFADPCALDVRQPAGS HLQFGHGIHQCLGQQLA1342
* . * *1 okl ok 1, * kkkk kk kk | *¥k : ****:M********.
CYP502 iﬁIEMRIGYRMLFERFPALRLAVPAAEISMREASLAYGVRRLPVTWEQA 408
CYP506 nRWEMRVALPALVTRFPTLRLAISSAEVPLRTNSDIYGVHRLPVAWDKE 402
CYP501 iRl EMRVAFPALFRRFPGLRLAVPSEEVPMRTOMS | YGAHQLPY IW-~- 400
CYP504 iRl EMRVAYPALLRRFPSLRLAVPAEEVPMRADMS | YGVHSLRVTW——— 387

Figure 3. Alignment of the deduced amino acid sequences of five CYP genes. Regions of primer annealing sequence are highlighted in dotted

Ll geowen s x| kkk kkkkl 1 Kk Ik kK ok Kk

box. Conserved motif is indicated by boxed area ((A): I-helix, (B): K-helix, (C): heme binding motif).
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AAg  Aa, CYP5039]  7-$  Streptomyces tendae®)
CYP105K1 (NikF) e A5} 7} 2 frAMd & BT, U
A CYPE 2 Streptomyces sp. ] CYP105C1 (ChoP) ©h¥ 2 3}
40% o} FAHEE velytk(Table 1). Nikkomycin&
Streptomyces tendae, Streptomyces ansochromogenesS} 7L
WAdeA AiEe FEAHLAE A
antibiotics) ZA]  AFAE %0]H(11,12),
Micromonospora echinosporaZ.5-8] A A% = enediyend] &2
2A FYAZ 200413). o2 FAA S AL T
£ PKS (polyketide synthase)ol| &]sl] 7| EFZ o] TF5 0] X1,
EE RS REEREREE BEEEEE RE S L)
A EAZ w507 h14). CYPI05K1, CYPIOSWIE A8 A)
BFEAL PR e PAAZ BE) FE F27 T2

(nucleoside

calicheamicin&

Korean J. Biotechnol. Bioeng., Vol. 19, No. 4

st ©dolry.  uwEgli  CYP503%  nikkomycino]u}
calicheamicin®} 28 IWEZD T 23 dAMIE9 W
I #FHEHA Je CYPY Zoz FAHT o9 &
H A 47}¢] CYP+= cholesterol oxydase (ChoA)e} &7 AA}
He CYPIO5CIF 7HY &2 FAMEE AYeHl)), o152
ZH 2 E, 2 Ro|E, A T3 22L& EFout Rt
H ERY Bl #o) e Aoz Bl

gt FAA MEo] wEF wAT  Streptomyces
coelicolor®] 7%= FD {AR7} 670(3), Streptomyces
avermitilisoll = 97)(16), Streptomyces peucetius| = 2717} =
Aste Ao Z Yelyg=u(10), S. benihana®l 73$ B AT
g 53| CYPY HZo &xlste 4719 FD7} 2y A
ety oz CYPY FZFoe FD7I Eolde A-$7 B2

Table 1. Comparison between the deduced amino acid sequences of 5 CYP genes of S. benihana with that of other CYP genes

Match in the databases®

CYPs Strains CYPS" (secondary metabolite) Identities Positives
CYP301 Streptomyces sp. CYP105C1 52% 64%
Streptomyces peucetius CYP166B1 47% 63%
Streptomyces peucetius CYP105F2 45% 59%
Streptomyces lavendulae CYP105F1 45% 57%
Streptomyces griseolus CYP105B1 44% 57%
CYP502 Streptomyces sp. CYP105C1 49% 60%
Streptomyces peucetius CYP166B1 49% 58%
Streptomyces peucetius CYP105F2 46% 59%
Streptomyces lavendulae CYP105F1 44% 59%
Streptomyces griseolus CYP105B! 44% 56%
CYP503 Streptomyces tendae CYP105K1 (nikkomycin) 47% 62%
Micromonospora echinospora CYP105W1 (calicheamicin) 43% 58%
Streptomyces avermitilis MA-4680 CYP105D7 46% 58%
Pseudonocardia autotrophica CYP105X1 43% 57%
Streptomyces lividans CYP105D4 43% 57%
CYP504 Streptomyces sp. CYP105C1 49% 61%
Streptomyces peucetius CYP166B1 47% 62%
Streptomyces griseolus CYP105B1 49% 61%
Streptomyces lavendulae CYP105F1 45% 60%
Streptomyces peucetius CYP105F2 4% 59%
CYP506 Streptomyces sp. CYP105C1 53% 64%
Streptomyces peucetius CYP166B1 51% 64%
Streptomyces peucetius CYP105F2 49% 62%
Streptomyces avermitilis MA-4680 CYP105D7 46% 59%
Streptomyces griseolus CYP105B1 45% 59%
*Database search at NCBI website: http://www.ncbi.nlm.nih.gov/BLAST/
"CYP name as annotated at website: http://dmelson.utmem.edu/CytochromeP450.html.
Table 2. Comparison between the deduced amino acid sequences of 4 FD genes of S. benihana with that of other FD genes
FDs Match in the databases®
Strains FDs Identities Positives
FD502 Streptomyces griseolus SubB (ferredoxin-2) 65% 8%
Streptomyces avermitilis MA-4680 Putative ferredoxin 60% 76%
FD503 Streptomyces noursei NysM (ferredoxin) 55% 65%
Streptomyces griseus Ferredoxin 54% 68%
FD504 Streptomyces griseolus SubB (ferredoxin-2) 54% 68%
Streptomyces coelicolor Putative ferredoxin 57% 61%
FD506 Streptomyces griseolus SubB (ferredoxin-2) 48% 67%
Streptomyces avermitilis MA-4680 Putative ferredoxin 47% 60%

*Database search at NCBI website: http://www.ncbi.nlm.nih.gov/BLAST/
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CYP105C1 (Streptomyces sp.)

CYP105B1 (8. griseolus)

CYP105K1 (S. tendae)
CYP503

CYP105W1 (M. echinospora)

CYP105X1 (P. autotrophica)
CYP105D7 (S. avermitilis)

CYP105D4 (S. lividans)

CYP166B1 (S. peucetius)

s CYP105F2 (8. peucetius)

e CYP105F1 (8. lavendulae)

- CYP501
CYP504

CYP502

—1 CYP506

Figure 4. Phylogenetic tree of CYPs with other actinomycetes CYPs.

dl, ol CYPY ZA 48 FHAHolA FD7} AA HEA=
A A AEE) dEelH, o2 QF Ry & AL @
Aol Ven}7|E $th2). FD5039 ZA$- & FDS} 3
Streptomyces noursei®] NysM3} 55%9] YA =2 714 & &
AL Bgoew, UnA] FD (FD502, FD504, FD306)E 2
Streptomyces griseolus ©] SubB&} 7+ & FAM & VeI Y
(Table 2).

& CYP501~CYP504, CYP506¢] 7)%5S EAAESHe g
g3}7] §isted olm &l WAdre CYPSh Wl g 2
(Fig. 4), CYP5039] 7 -$-ole 22 DlARME A4t ##Hd
CYP105 family9} §-AtAdo] E9kar, U A CYPE-2 CYP503
3 @@ M2 3} sub familyE o] 73127, BLAST 34 2
ol A GEhd A7 Zo] 2HZol= AP B slol=R
Aol d AlF Aeg FHHE

o OoOfF
aa =

A, YR, AolgRsEd 52 stol=g ol

o

At =
A N7 #F9 S. benihanad] EAs= oy 7}x CYP
g g2437) 98, wAFE CYPY BHEH BES A

degenerate primerZ A} 23} 1, colony hybridizations & 3|
AN 23y % A F 5 2F9 CYP/t AAHA of
ok qde] B An dde CYP EF w9 5
G MRS, o]E CYPY & F Mg 4 Az
o] & 4709 CYPY downstreamolle FD A7 A%
& ¢ & Ytk CYPS3e) B¢ ohe uwelA 47)e) CYP
o] Nd3} zlolr) worow, 23 tAMES W #H
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