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Isolation of Cryptic Polyene Hydroxylase Gene in Rare Actinomycetes via Polyene-specific Degenerate
PCR. Park, Hyun-Joo, Ji Seon Myeong!, Nam Sil Park!, Kyuboem Han? Sang-Nyun Kim®, Eung-Soo
Kim'*. SongWon Envichem Inc., Kangnam-gu, Seoul, 135-010, Korea, 'Department of Biotechnology, Inha
University, Incheon 402-751, Korea. *Hanson Biotech Co., Ltd. 207 IACRI, Han Nam University, Daeduk-gu,
Daejeon 306-791, Korea, LG Household & HealthCare, R&D Park, Daejeon 305-343, Korea -The polyene anti-
biotics including nystatin, pimaricin, amphotericin and candicidin are a family of most promising antifungal
polyketide compounds, typically produced by rare actinomycetes species. The biosynthetic gene clusters for these
polyenes have been previously investigated, revealing the presence of highly homologous biosynthetic genes
among polyene-producers such as polyketide synthase (PKS) and cytochrome P450 hydroxylase (CYP) genes.
Based on amino acid sequence alignment among actinomycetes CYP genes, the highly-conserved regions specific
for only polyene CYP genes were identified and chosen for degenerate PCR primers, followed by the PCR-screen-
ing with various actinomycetes genomic DNAs. Among tested several polyene non-producing actinomycetes
strains, Pseudonorcardia autotrophica strain was selected based on the presence of PCR product with polyene-spe-
cific CYP gene primers, and then confirmed to contain a cryptic novel polyene hydroxylase gene in the chromo-
some. These results suggest that the polyene-specific hydroxylase gene PCR should be an efficient way of screening
and isolating potentially-valuable cryptic polyene antibiotic biosynthetic genes from various microorganisms
including rare actinomycetes.
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Fig. 1. Chemical structures of polyene compounds nystatin
amphotericin, pimaricin, and candicidin,
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Aoz wAE F3A HA-E 53 polyene AQe) A7
A 9 shleleizAle] A 7sAS AABkaLAL gt

Polyene-specific CYP -2} 22135 213} degenerate
PCR primerE- A|#H8}7] A, 71200 #84 polyene A3
Aol Fezh= CYP FAAES] 971 YS via B3]
Aot 971449 vlae] AM-E FARE2- amphotericin AJ
ARFFQ) Streptomyces nodosus amphN, nystatin Ak
TF2 Streptomyces noursei -8 nysN, pimaricin 2§ AHF
=9 Streptomyces natalensis 2 pimG, candicidin A A}
T Streptomyces griseus -+l canColTH2, 5, 7, 8,
171, €714 ¥ 24 A3}, o]% polyene-specific CYP
AR 44kl cytochrome P450 A1%2] hydroxylase
frAaAEe] ZHE oxygen binding site 2} heme legand
pocket®] conserved ¥ o] &le]] Fr}H o R HEH o)
EAEE & 5 AR Fig 2). ©etA] degenerate PCR
primer= ©] polyene-specific CYPol|5l Eo]d 02 ZA)a)=
HE oJHE o]43led Al=slde} (forward primer PEH-1:
5-TGGATCGGCGACGACCG(G/C)(A/G/C)T/C)CGT-3"
reverse primer PEH-2: 5-CCG(T/A)A(G/C)AG(G/C)A(T/
C)G/CO)CCGTCGTACTT-3')(Fig. 2). PCR-Z Rapid Thermo-
cycler (Idaho technology, USA)E- ©]-£-3}¢] denaturation
(96°C, 30£), annealing (40°C, 30%), extension (72°C, 35
Z) £712.2 30 cycle 54 33t} Polyene-specific
CYP 23Fe]dol| AM-E #F23=, polyene AT +-4=}

£ ZA g MAE 32 (S coelicolor M145, S.

EW | GDDRLVEELLRLHSVADMVALRVAVODVE | AG 294
DW | GDDRAVEETLRFHSVADLVSLRVAVQDVE | AG 299
W1 GDDR | VEEMLRYYSVADLVSFRVAVEDVE | GG 299
RW I GODR | VEELLRYYSVADLVAFRVAVEDVE 1 GG 298
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QT IRKGEG! VPLLASANHDTEAF GCPHAF NPERTEREHVAFGYGVHQCLGQNLVBVEME | 354
QL IKAGEG! VPLVAAANHDENAFECPHAF DPSRSARHHVAFGYGVHQCLGQNLVB IEMEV 359
QLIKAGEG! VPL | AAANHDGSVFOKPEEFNPERSARSHVAFGYGVHQCLGONLVRVEME T 359

QL IRAGEG!VPL| AAANHDATAF AAPSEFDPERSARBHVAF GYGVHQCL GONLVREEMD! 358
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Fig. 2. Degenerate PCR primers for amplification of polyene-specific CYP gene.
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Fig. 3. Agarose gel electrophoresis of PCR products with poly-
ene-specific degenerate primers. Lane M, 100bp ladder marker;
lane 1, S. coelicolor; lane 2, S. nodosus; lane 3, S. noursei, lane 4,
P. autotrophica; lane 5, S. benihana; lane 6, S. avermitilis; and

avermitilis (ATCC31267), S. peucetius (ATCC29050)]3}
polyene AAMTT 2% [S. nodosus (KCTC 9035), S.
noursei (KCTC 1083)], Z8)3L polyene A3 o3%7} 7
HA @42 34 WA T 2% [Pseudonocardia autotrophica
(KCTC 9441), Sebekia benihana (KCTC 9660)15 X33}
of F 78] AN 2o wial wiek 2 DNA £
£ 78 Bad widd ARAME det eadsisde|14].
Polyene-specific CYP +31#} #2]& $13F PCR 3 2
3}, 712 polyene AMAFFFZ ¥.I1¥ S. nodosus} S.
nourse| A AR =719 °F 350 bpellX 5% DNA
wHHS Fls 4 A (Fig. 3). E3F polyene A3 A
A= 3 QA k2 S coelicolor, S. avermitilis, S.
peucetiusdME AR 52719 DNA ©ho] £Fo] H#] o
2 & el 4 gl oo} 2L A, e W

lane 7, S. peucetius.
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Fig. 4. Alignment of nucleotide sequences of PCR product isolated from P. autotropica (p-cyp) and other honologous cyp genes

(nysN, amphN, pimG).

Mtel] 4] EF2] A CYP7F A3l ® Bl 2

TGGATCGGCGACGACCGCGTICGT CGAGGAGC I GCTGCGCTACTACTCGGTGGCCGACCTG 60
TGGATCGGCGACGACCGGATICGTCGAGGAACTGCTGCGCTACTACTCGGTGGCCGATCTG 60
TGGATCGGCGACGACCGCATICATGRAGGAGATGCTGLGGTACTACTCGATCGCCGACCTG 60
TGGATCGGCGACGACCGGGJCATGGAGGAGACCCTGCGCTTCCACTCCGTCGCCGACCTG 60

e e e e ok ok ok ek A ek ok ek dok KAk dkkkhk Kk K Kkkk Kk KRKXK hhk

kkk kKK Kk K kkk

primer-1
GTCGCGTTCCGGATCGOGCTGGCCGACGTCGAGATCGGCGGGCGCACGATCCGCGCGEGE 120
GTGGCATTCCGGGTGGCCGTCGAGGACGTGGAGATCGGCGRTCAGCTGATCCGRGCCGGE 120
GTGTCCTTCCGGGTGGCCGTGGAGGACGTGGAGATCGGCGGCCAGCTGATCAAGGCCGGT 120
GTGTCCCTGCGCGTCGCGGTCCAGGACGTGGAAATCGCCGGGCAGCTCATCAAGGCGGGC 120

Kk ¥k kk kh Rk K kkdk hk Kkkk KRk K e Xk hk

GAGGGCATCCTGCCGCTGCTGGCCGCCGCCAACCACGACGACGACGCCTTCGACGGCGCC 180
GAGGGCATCGTGCCGCTGATCGCCGCCGCCAACCACGACGCCACGECCTTCG-CGGCGEC 179
GAGGGCATCGTGOCGCTGATCGCCGCGGCCAATCACGACGGT TCGGTCTTCGACAA-GCC 179
GAGGGAATCGTGCCGCTGGTCGCCGCCGCCAATCATGACGAGAAGGCCTTCGAATGCCCC 180

Akdkk khk dkkkkkkkk k Ahkkkk khkkk kEk Kkkk * gk Kkk *k

GGCGC-GTTCGACCCGGAACGCTCCGCGCGCTCGCACGTGGCCTTCGGCTACGGCGTGCA 239
CTCGGAGTTCGACCCCGAGCGCTCGGCGCGCTCGCACGTGGCGTTCGGCTAGGGTGTCCA 239
CGAGGAGTTCAAGCCGGAGCGT TCCGCGCGCTCGCACGTGGCGTTCGGGTACGGCGTCCA 239
CACGC-CTTCGAGCCGTCCCGGT CCGCCCGCCACCATGTGGCCTTCGGCTAGGGCGTACA 239

* hkK dokokk dk kk kk kkk dk Kdkdkk Ahkkk khkkkk Kk hh

CCAGTGCCTGGGCCAGAACCTGRTGCGGCTGGAGATGGAGATCGCCTACCGCACGCTGTT 299
CCAGTGCCTGGGCCAGAACCTGETGCGGGAGGAGATGGACATCGCCTAGCGCAGGCTCTT 299
CCAGTGCCTCGGGCAGAACCTGATGCGGGTGGAGATGGAGATCGCCTACCGTACCCTGTT 299
GGAATGCCTGGGACAGAAGCTGETGCGGATCGAGATGGAAGTCGCGTACCGGAAACTCTT 299

ke kkkdkok ek ddkdkkokdkdedek kokokdkded Jedkkkdkkdd  kkkk kkkkk k kK

CGACCGGATCCCGACGCTGCGCCTGGCGGTGCCCGCCGATGACCTGCGCGTYAAGTACGA 359
CGCCCGGATCCCOTCCCTCACGCTCGCCATGCCGRTGGAGGAACTGCCGTTGAAGTACGA 359
CGAGCGCATCCCGACCCTCGAACTGGCGGTGCCGGTCGAGGAGT TGCCCCTYAAGTACGA 359
CGAGCGCATCCCGAACCTCGAACTCGCCGTGCCCACCGACGGGTTGGACATYAAGTACGA 359

*E kE kKKKK *% Ktk kk kXA kK *% ok *% * fEk Kk kkkE

CGGCGTGTTGTTGCGG| 374

CGGGGTGCTGTTCGG] 374
CGGCGTGCTGTTCRG] 374
CGGCETGCTCTACGG] 374

primer—2
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o Fol| A} A48t degenerate PCR primerE- ©]-83}o] polyene-
specific CYP F31AE Boldo| 2 ¥ ez AHe 4= gl
&2 AAsk ¢let. 3] polyene-specific degenerate PCR
primerE ©]-8-31¢] polyene At 7L BIHA] ok 5
WA P autotrophica 1A ZFE] polyene-specific CYP
2 FA=EE= ¢ 350 bpe] DNA =hHo] FFH)3(Fig. 3),
o] P autotrophica Al A4 cryptic polyene A &HA
FAAE A 73Sl GAIBL SlT. Poautorrophica
2l polyene-specific CYPE FA == <F 350 bp2] PCR
wHH-E pGEMT-easy vector (Promega, USAyl F34d3}]
H71MES 51k 1 At o] 350 bp®] PCR T
S. noursei®] nysN(72%), S. nodosus®] amphN(71%), S.
natalensis®] pimG(64%)9} Z-& 7]&¢] ®.31% polyene-
specific CYP f41x153) vl & fAMd-S Beld o}
A o= P autotrophicallA £2% A1 polyene-specific
CYP HAxt2 A= ch(Fig. 4). olo 22 A=, 3|4
it ¥k gefst viAEe] #3141 polyene-specific
degenerate PCR primerS- o]-83}e] 7Mooz 7|&9] wj
FZ71NA polyene 3HES] AR 78 sl AF
=l 2~z uheA 7R Tkt fA e 3k
HE HAAE £ ol AN2ZE Aot d2be] & £ 9log]
e} gl

Aol 2

E 97 21C ZEe|JATFARY vAERA MG3-1
A4 (M102KK010012-04K1101-01211)2) X|el] o)) 53)
H371ell, olell A=Y,
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