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Doxorubicin is an anthracycline-family polyketide compound with a very potent anti-cancer activity, typically produced by
Streptomyces peucetius. To understand the potential target biosynthetic genes critical for the doxorubicin overproduction, a
doxorubicin-specific DNA microarray chip was fabricated and applied to reveal the growth-phase-dependent expression profiles
of biosynthetic genes from two doxorubicin-overproducing strains along with the wild-type strain. Two doxorubicin-
overproducing S. peucetius strains were generated via over-expression of a dnrl (a doxorubicin-specific positive regulatory
gene) and a doxA (a gene involved in the conversion from daunorubicin to doxorubicin) using a streptomycetes high
expression vector containing a strong ermE* promoter. Each doxorubicin-overproducing strain was quantitatively compared
with the wild-type doxorubicin producer based on the growth-phase-dependent doxorubicin productivity as well as doxorubicin
biosynthetic gene expression profiles. The doxorubicin-specific DNA microarray chip data revealed the early-and-steady
expressions of the doxorubicin-specific regulatory gene (dnrl), the doxorubicin resistance genes (drrA, drrB, arrC), and the
doxorubicin deoxysugar biosynthetic gene (dnmL) are critical for the doxorubicin overproduction in S. peucetius. These results
provide that the relationship between the growth-phase-dependent doxorubicin productivity and the doxorubicin biosynthetic

gene expression profiles should lead us a rational design of molecular genetic strain improvement strategy.
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Figure 1.

(A) Doxorubicin biosynthetic pathway. (B) Physical and functional map of doxorubicin gene cluster (Hutchinson et al, 1999).
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Table 1. Doxorubicin biosynthetic genes and PCR primers
spot position PCR primer .

Gene sz pOColumn Product forward Teverse DNA size co:fi:iﬁon
dnmZ 1 1 putative flavoprotein catatgacaaagecatctgtgeacg tcatcggeecaacgecacttegete 1 kb 1
dnrD 1 2 methylaklanonic acid cyclase catatgagcacgcagatcgatetgg tcaggggepecageectcgggegts 0.4 kb 1
dnmJ i 3 |putative protein kinase catatgtccacctacgictggeaat tcacaggcttcegacgacctceege 1 kb 1
dnmL 1 4 |glucose-1-phosphate thymidylltransferase catatgaaggctctegtectgtecg tcatgaggagatctccaccetgetg 1 kb 1
dnrN 1 5  |regulatory protein catatgaccatccgagtegtgatig Icagatccageeggacatactggeg 0.6 kb 1
dpsG 1 6 |daunorubicin acyl carrier protein catatggctgagetcagectggegg tcatgcegeegetegeageeteteg 0.25 kb 1
dpsH 1 7  |daunorubicin biosynthesis enzyme catatggaccgacggttgtecgete teagtccageeegtccegggtgacg 0.6 kb 1
dnrE 1 §  |unknown catatggagaacacacagegatecg tcacgfcaccgagagacceecgtce 0.7 kb 1
drrB 1 9 |daunorubicin resistance protein catatgacgacgicceeeggeaceg tcagigggegtictigtigeggtac 0.8 kb 1
dpsY 1 10 [polyketide cyclase catatgtgctgtggtggccegagag tcattcgtcgacgaaggegaccgesg 0.8 kb 1
drrA 2 1 daunorubicin resistance protein catatgaacacgeagcegacacggg tcatgecaccttciceicttccgee 1 kb 1
drrD 2 2 daunorubicin resistance protein catatgageggegeacctactgtee fcacgaaggegeeccegtageegeg 1.5 kb 1
dpsF 2 3 daunorubicin-doxorubicin polyketide synthase catatgiccgagttgeegettcage tcaggcgetggactcggegtactge 1 kb 1
dpsD 2 4 [daunorubicin-doxorubicin polyketide synthase catatggatgcgeeegegattetce tcaccgeccgggtegeccactgage 1 kb 1
dnrl 2 5  |putative transcriptional regulator ggatccggaaatatgccacetgetga aagctigtggacacgtgactecttgt 0.8 kb 1
doxA 2 6  |daunorubicin C-14 hydroxylase ggatceggtcgaactgegggaggegt aagcligeggatcagegeageeagac 1.2 kb 1
dnrM 2 7 |TDP-D-glucose-4,6-dehydratase calatgaccatgaagatcctggtga tcaggatceggtgageggtacceac 1 kb 2
dnrO 2 8  |putative repressor catatgaccgagacgccatcecgea fcacecggetgetggeccgetgace 1 kb 2
dnrF 2 9  |aklavinone C-11 hydroxylase catatggectigacgaageeggatg tcagitcgeeggagggggeggegac 1.4 kb 2
dnmT 2 10 |doxorubicin biosynthesis protein DnmT catatgaccgeccagategeeeggt gaactcacciccggggcsgggcgga 1.5 kb 2
dnmV 3 1 Lti‘sfg;:eriigggi%ho_z‘-k6t0'2’3’6'mdeoxy' catatgcgggtegtggtictggeeg ctaggecggggegeegtgegeggte 0.8 kb 2
dnrG 3 2 |anthraquinol monooxygenase catatgccacagecagaaccgaacg ttcacgtcgteegeectcegggeee 0.38 kb 2
dpsA 3 3 jdaunorubicin-doxorubicin polyketide synthase catatgaaccggeggategteatca tcacctetcgagacggetcageage 1.3 kb 2
dpsB 3 4 |daunorubicin-doxorubicin polyketide synthase catatgacaggtaccgeggeacgga teacgeegeeccccggaccaccaga 12 kb 2
dnrV 3 5 doxorubicin biosynthesis protein DnrV catatgaccaggticgegeeeggeg tcgeegetcacgaggeacegeeege 0.8 kb 2
dpsE 3 6 |daunorubicin-doxorubicin polyketide synthase catatgtccgaggeagecgaccggg fcagtagetgecgaggecaceacag 0.8 kb 2
dnrH 3 7 {putative baumycin biosynthesis protein catatgegegteetgticgecacca claggeaccgeeggiggaaggegac 1.3 kb 2
dnrK 3 8 carminomycin O-methyltransferase catatgacagecgaaccgacggicg fcgtgtgicaggegeeggtggeege 1 kb 2
dnrP 3 9 10-carbomethoxy-13-deoxycarminomycin esterase catatgccgacacgcatgatcacca tcacactgtegeggecegggtateg 09 kb 2
dnmS$ 3 10 |glycosyl transferase cat tegtgacggegt aaageccctagtgecggacgeeetg 1.3 kb 2
dpsC 4 1 daunorubicin-doxorubicin polyketide synthase catatgagegtgeegeagggggcec atgacgggctectcacegggeggee 1.1 kb 2
dnrX 4 2 daunorubicin/doxorubicin biosynthesis enzyme catatggagccgaacgaatcgacat tcaccctgageggatecageggeee 1.2 kb 3
dnmU 4 3 putative epimerase ¢ gogggaactggegg tcacecgtetecgegtgaceeggee 0.6 kb 3
dnrC 4 4 unknown catatgcaggattcgicctacaaag tcagtgggegaceegggeggtgacg 0.8 kb 3
drrC 4 5 |daunorubicin resistance protein(UvrA-like protein) catatgcagcagcaggctattcaga aaggatcagcgeegggeeeggiggt 2.3 kb 3
dnrU daunorubicin C-13 ketoreductase catatgacggectccaceeegeace tcagtgegeggtgtegeegacggeg 0.8 kb 2
dnmQ unknown catatgcecacacccacgteegege tacttctgggecageegeagegag 1.2 kb 3
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Figure 5. Growth of Streptomyces peucetiusfpESK403  and Zp s,»; 1; 3'(;54 E 8';78
Streptomyces  peucetius/pESK404 in liquid NDYE media. TO-T2 d”sV -
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Figure 6. Expression of target genes. (A) Array data for doxA gene.
The plots of the doxA (@) gene and the plots of average transcript
profile of all DXR biosynthetic genes (M) as log: (red/green) values
for the S. peucetiusfpESK403. (B) Array data for dnrl gene. The
plots of the dnrl (M) gene and the plots of average transcript profile
of all DXR biosynthesis genes (M) as log, (red/green) values for the
S. peucetius/pESK404.
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Figure 7. (A) Expression of Dnrl-dependent genes. The plots of
the dnrG (@), dpsA (@), dpsE (A) genes and the plots of
average transcript profile of all DXR biosynthesis genes () as
logx(red/green) values for the S. peucetius/pESK403. (B) Expression
of DXR resistance genes. The plots of the drrA (A), drrB (@),
drrC (@) genes and the plots of average transcript profile of all
DXR biosynthesis genes (M) as log, (red/green) values for the S.
peucetius/pESK403. (C) Expression of dnmL gene. The plots of the
dnmL (@) gene and the plots of average transcript profile of all
DXR biosynthesis genes (M) as log, (red/green) values for the §.
peucetius[pESK403.
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Figure 8. (A) Expression of Dnrl-dependent genes. The plots of
the dnrG (@), dpsA (@), dpsE (A) genes and the plots of
average transcript profile of all DXR biosynthesis genes (M) as
loga(redfgreen) values for the S. peucetius/pESK404. (B) Expression
of DXR resistance genes. The plots of the drrA (M), drrB (@),
drrC (@) genes and the plots of average transcript profile of all
DXR biosynthesis genes (M) as log, (red/green) values for the .
peucetius[pESK404. (C) Expression of dnmL gene. The plots of the
dnmL (@) gene and the plots of average transcript profile of all
DXR biosynthesis genes () as log: (red/green) values for the S.
peucetius[pESK404.
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