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DNA-sequence coding for carminomycin 4-0-methyltransferase

Field of the Invention
The present invention concerns a way 1o produce anthracyclines useful in the treatment

of cancer by modifying the biosynthesis of daunorubicin so as lo improve the production of
daunorubicin from carminomycin in streptomycetes other than Srrepromyces peucetius 29050
and in bacterial cell extracts or by purified enzymes derived theretrom.
Backaround of the Invention

The anthracyclines of the daunorubicin group, such as doxorubicin, carminomycin and
aclacinomycin, are among the most widely employed agents in antiturmoral therapy [F.
Arcamone, Doxorubicin, Academic Press, New York, 1981, pp. 12-25; A. Grein, Process
Biochem. 16:34 (1881); T. Kaneko, Chimicaogg/ May:11 (1888)]. Improved derivatives of
daunorubicin and doxorubicin have been made by chemical synthesis to enhance their antitumor
aclivity, particularly by the oral route of administration, and to comba! the acute toxicity and
chronic cardiotoxicity associated with the use of these drugs in the treatment of cancer [Penco,
Process Biochem. 15:12 (1980); 7. Kaneko, Chimicaoggi May:11 (1988)]. 4'-
Epidoxorubicin (Epirubicin®) and 4-demethoxydaunorubicin (ldarubicin®) are examples of
such analogs.

These naturally occuring compounds are proguced by various sirains of Streptomyces
(S. peucetius. S. coeruleorubidus, S. galilaeus, S. griseus, S. griseoruber, S. insignis, S.
viridochromcgenes, S. bilurcus and Streptomyces sp. sirain C3) angd dy Actlinomyces carminalz.
Doxorubicin is only procuced by S. peucelivs subsp. czesius bul daunorubicin is produced dy S.
paucetivs as well 2s the cther Streniomyceas describedabove. The type sirains S. peucetius
subsp. caesivs IMRU 320 (this strain is the same as ATCC 27852 ang hereinafler is
anbraviated 1o "S. peucetivs 3820, S. peucetivs ATCC 28050 ("S. peucelius 2903C7), and
S. peucalivs suhsp. cassivs ATCC 27¢32 (*S. peucetivs 278327) are publically avgilable and
are gescrined in USA-3 380 028. S. peucenus 28050 and 27822 have been deposited &t the

American Type Cullure Collection, Rockville, MD USA, recetving the index number ATCC 2¢050

>
The znihracyciing doxorubicin (2) is made by S. peucetius 27852 from malonic zcic,

propionic acid, anc glucase by the pathway shown in Fig. 1 of the accompanying drawings. -

SUBSTITUTE SHEET
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Rhocomycinone (4), carrminomycin (3) anc caunosruic:n (1) are estadhished intermediates in
this process [Gremn, Advan. Appl. Microbicl 32:203 (1687), £ckargi and Wagner, J. Basic
Micrebiol. 28:137 (1888)]. Two steps in this pathway involve Ihe O-methylation of discrete
Intermediates: Ihe conversion of aklanonic acid 1o methyl aklanonate and carminomycin (3) to
daunorubicin (1). Cell-free extracis ol S. peucelus 29030, S. insignis ATCC 31913, S.
coeruleorubidus ATCC 31276 and Streptomyces sp. C5 have been shown 1o calalyze the latier
step in the presence of S-adenosyl-L-methionine [Connors et al., J. Gen. Microbiol. 138:18¢5
(1290)}, suggesting that all of these strains contain a speciflic carminomycin 4-0O-
methyltransterase (COMT protein).

Genes for daunorubicin biosynthesis and daunorubicin resistance havé been oblained
from S. peucetius 29050 and S. peucelius 27952 'by cloning experiments [Stutzman-Engwall
and Hutchinson, Proc. Nall. Acad. Sci. USA 86:3135 (19_88): Otllen él al., J. Bacteriol. |
172:3427 (1990)]. These studies have shown that, when introduced into Streptomyces
lividans 1326, these cloned genes confer the ability o procduce e-rhodomycinone and to become
resistant to daunorubicin and doxorubicin to this host. In subsequent work we examined
whether these clones could confer the ability 1o convert carminomycin {0 daunorubicin when
introduced into S. lividans. We have now isolated a 1.6 kilobase (kb) DNA segment that
incorporales the carminomycin 4-O-methyliransferase gene, which hereinafler will be
abbreviated as “dnrK”. '

Suymmarv of the invantion

The present invention provides DNAs having the configuration of restriction sites shown
in Fig. 2 of the accompanying drawings or a resiriction tragment derived therefrom containing 2
gene, dnrK, coding for carminomycin d-O-me‘lhynransferase. For convenience, the DNA
segment shown in Fig. 2 is called here “inseri DNA" and is furthzr defined by the DNA seguence
shown in rig. 3 of the accompanying drawings. The invention also provides: |

(1) recombinan! vectors tha!l are capzhle of transicrming a host cell and thai contzin an
insert ONA or a restriction fragment derived thereirom csnizining the dnrK gene;

(2) reccmbinant veciors thai are able 10 increase the number of copies of the cnrK gene
anc the amount of its produc! in g sirain of Streptomyces scp. producing caunorubicin:

(3) recombinant vectors that are zbie 10 exXpress ine carxX gene in £scherichiz ¢coli so as
o enzble the procucticn of the purilied carmnomycin 4-O-methyliransierase enzyme.

(%) @ microbizl scurce of czrminomycin 4-O-msthylirznsferase for the bioconversion

SUBSTITUTE SHEET



10

15

20

23

30

CA 02100334 2004-09-17

64680-1377

of carminomycin intoc pure dcaunorublciln.

Thus, according to one aspect of the present

invention, there 1s provided an i1sclated DNA sequence which

codes for a peptide of SEQ ID NO:2.

According to another aspect of the present

invention, there i1s provided an 1solated DNA sequence

comprising the DNA of SEQ ID NO:1, or a portion thereof

which codes for a peptide having carminomycin

4-0O-methyltransferase (COMT) activity.

According to still another aspect of the present

invention, there 1s provided a peptide exhibiting
carminomycin 4-O-methyltransferase activity, comprising all
or part of amino acid sequence (SEQ ID NO:2):
1 MTAEPTVAAR PQQIDALRTL IRLGSLHTPM VVRTAATLRL, VDHILAGART
o1l VEKALAARTDT RPEALLRLIR HLVAIGLLEE DAPGEFVPTE VGELLADDHP
101 AAQRAWHDLT OQAVARADISF TRLPDAIRTG RPTYESIYGK PFYEDLAGRP
151 DLRASFDSLL ACDQDVAFDA PAAAYDWTNV  RHVLDVGGGK GGFAAAIARR
201 APHVSATVLE MAGTVDTARS YLKDEGLSDR VDVVEGDFFE PLPRKADAII
251 LSEVLLNWPD HDAVRILTRC AEALEPGGRI LIHERDDLHE NSFNEQFTEL
301 DLRMLVFLGG ALRTREKWDG LAASAGLVVE EVRQLPSPTI PYDLSLLVLA
351 PAATG
According to yet another aspect of the present
lnvention, there 1s provided a process for preparing a

peptide exhibiting carminomycin 4-O-methyltransferase

activity, comprising inserting a gene coding for

carminomycin 4-0O-methyltransferase activity in an expression

sultable host cells with said

vector, transforming

expression vector, culturing said host cells in a proper
medium, allowing for expression of said gene thus obtaining
sald peptide that exhibits carminomycin
4-O-methyltransferase activity, wherein said peptide has the
amino acid sequence as described above or said gene has the

DNA sequence also as described above.
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According to a further aspect of the present

invention, there i1s provided a process for the production of
daunorubicin comprising (a) transforming a suitable host
cell with a vector having a gene comprising the DNA sequence
described above, (b) allowing expression of salid gene,

(c) contacting said host cells with a substrate suitable for
produclng daunorubicin, and (d) recovering the daunorubicin.
The process may also be successfully performed as above but

with step. (¢) i1nterchanged with step (b).

According to yet a further aspect of the present
invention, there 1s provided a process for the conversion of

carminomycin into daunorubicin, wherein said process

comprises (a) contacting the transformed host cell

containing the DNA sequence described above with

carminomycin, and (b) recovering daunorubicin.

—

Brief description of the drawilings

Fig. 1 is a summary of the doxorubicin

biosynthetic pathway.

Fig. 2 1s the restriction map analysis of the
first DNA of the invention. This i1s an insert in

recombinant plasmid pWHMS0Z that was constructed by

insertion of a 1.6 kb SphI/Pvull DNA fragment containing the
carminomycin 4-O-methyltransferase (dnrK) gene, which was
obtained from recombinant plasmid pWHM901l by its digestion
with Sphl and Pvull, into the Sphl/Smal sites of the pWHMS3
plasmid, an Escherichia coli-Streptomyces shuttle vector
Vara et al., J. Bacteriol. 171:5872 (1989)]. The map shown
1n Fl1g. 2 does not necessarily provide an exhaustive listing
of all restriction sites present in the DNA segment.
However, the reported sites are sufficient for an

unambiguous recognition of the segments.
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Fig. 3 is a schematic illustration cof a nucleotide

sequence of the dnrK DNA segment which corresponds to that
encoding carminomycin 4-0O-methyltransferase. This covers
the region between the Sphl and the Pvull restriction sites
of pWHM902 and shows the coding strand in the 5' to 3°
direction. The derived amino acid sequence of the

translated open reading frame encodling carminomycilin

4-0O-methyltransferase 1s shown below the nucleotide seguence

of the dnrK gene. (SEQ ID NO:1, SEQ ID NO:2).

Fig. 4 1s the restriction map analysis of the
second DNA of the invention. This 1s an insert in

recombinant plasmid pWHM903 that was constructed by

insertion of a = 1.4 kb Ndel/EcoRI DNA fragment, obtained
from the 5.8 kb Sphl DNA fragment of pWHM901l by site-

directed mutagenesis, 1nto the Ndel and EccoRI sites of the

pT7-7 E. coli expression plasmid vector [Tabor and
Richardson, Proc. Natl. Acad. Sci. USA 82:1074 (1985)]. The
map shown 1n Fig. 4 does not necessarily provide an
exhaustive listing of all restriction sites present in the
DNA segment. However, the reported sites are sufficient for

an unambiguous recognition of the segments.

Detailed description of the invention

The insert DNAs and restriction fragments of the
invention contain a gene (dnrK) coding for carminomycin
4-0O-methyltransferase. For such a gene to be expressed, the
DNA may carry 1ts own transcriptional control sequence and,
1n particular, its own promoter which is operably connected
to the gene and which 1s recognised by a host cell RNA

polymerase. Alternatively, the insert DNA or restriction

fragment may be ligated to another transcriptional control

sequence 1n the correct fashion or cloned into a vector at a

restriction site appropriately located
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naighboring 2 iranscriptional control secuence 10 the velicr.

An insert DNA or restriction fragmeant carrying a carmindmycin <. 0-
methyliransierase gene may be cloned into a recombinan: DNA cloning vector. Any
autonomously replicating and/or integraling agent comprising 2 DNA molecule {0 which one or
more additional DNA segments can be added may be usec. Typically, however, the vector is a
plasmid. A preferred plasmid is the high copy number plasmid pWHM3 or plJ702 {Katz el al.,
J. Gen. Microbiol. 129:2703 (1983)]. Other suitable plasmids are plJ385 [Mayeri et al., J.
Bacteriol. 172:6061 (1890)), plJ680 (Hopwood et al., Genelic Manipulation of Streptomyces.
A Laboratory Manual, John Innes Foundation, Norwich, UK, 1983), pWHMBE01 (Guilfoile and
Hutchinson, Proc. Nail. Acad. Sci. USA 88:8553 (991)] or pPM827 [Smokina et al., Gene
94:52 (1980)]. Any suitable technique may be us'ed o insert the insert DNA or restriction
fragment thereof into the vector. Insertion can be achieved by ligaling the DNA into a linearized
vedfor ai an appropriate restriction site. For this, direct combination of sticky or biunt ends,
homopolymer tailing, or the use of a linker or adapter molecule may be employed.

The recombinant vector is used to transform a suiteble host cell. The host cells may be
ones that are carminomycin- or daunorubicin-sensitive, i. e., cannot grow in the presence of a
certain amount of carminomycin or daunorubicin, or that are carminomycin- of daunorubicin-
resistant. The host may be a microorganism. Strains of S. peucetius, in particular S. peucetius
20050, and other strains of Streptomyces species that produce anthracyclines or do not produce
them may therefore be transformed. Transformants of Streptomyces strains are typically
obtained by protoplast iransformation. The dnrK gene may &lso be incorporated into other
veciors and exoressed in non-streptomycetes like £. coli. The COMT prolein obtainec by the
iransformec host may he employed for bioconverting czrminomycin 10 daunorubicin. This
meihod would allow the preparation of highly pure daunorubicin starting from a cell exiract
preZuced by 2 fermeniztion process anc cbn:aining the undesired intermediale carminomycin
besides the daunorubicin.

The bicconversicn process can be carried out eitner by using cireclly the iree or
fmmobilized iransiormes cells or by isolzting the COMT protzin, which can be used in the free
form. immebilized according to known iechniques 1o resins, glass, celiulose or similar
sutsiances by ionic or covalent bonds, or grenec 1o fipers permeszble 1o the substrate or
insolubilized by cross-linkage. The COMT protein may glso be used in the raw celiular extracl.

The recombinznt vector of the present invenlion may b2 2iso used 10 transiorm a suitaodle

SUBSTITUTE SHEET
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host cell, which procuces daunorudicin, in or¢er 10 enhance the bioconversion of carminomycin
and to minimize the presence of szid unwaniad intermeciate into the linal cell extract. The hos;
cells may be ones lhat are carminomycin, daunorubicin- or doxorubicin-resistant, i.e., can
grow in the presence of any amount of carminomycin, dzunorubicin or doxorubicin. Strains of
S. peucelius, in particular S. peucetius 29050, and other strains of Streptomyces species that
produce anthracyclines may therelore be transformed. Transformants of Streptomyces strains
are typically obtained by protoplast transformation. Daunorubicin can be obtained by culturing
a transformed strain of S. peucetius or another Streptomyces species thal does nol conlain 3
anrK gene and recovering the daunorubicin or related anthracyclines thus-produced.

The insert DNAs are obtained from the genomic DNA of S. peucetius 29050. This strain
has been deposiled at the American Type Culture Collection, Rockville, MD, USA under the
accession number ATCC 28050. A strain derived from S. peucetius 28050, like S. peucetius
27852, may also be‘ used, which lypically will also be able 1o convert carminomycin 1o
daunorubicin. Insert DNAs may therefore be obtained by:

(a) preparing a library of the genomic DNA of S. peucetius 238050 or a strain derived
therefrom,

(b) screening the library for clones with the ability to convert carfninomycin o
daunorubicin.; '

(c) obtaining an insert DNA from a racombinant vector that forms part of the library
and that has been screzned as positive for the ability to convert carminomycin 1o daunorubicin:
and

(d) optionally, cdizining from the insert DNA a restriction fragment that contains a gene
coding for carminomyvcin 4-O-methvitransisrase.

The library mzyv be prepared in step {2) by partizlly cigesting the gcenomic DNA of S,
peucstius 26050 or g sirain derived therefrom. The rasiriciion enzyme Mbol is ;Serierably
useC. The DNA fragments thus obizined can be size fraclicnziec: fragments from 3 1o 5 kb in
size are preferred. Thesz fragments are ligziad inlo 2 linearized veclor such as pW‘HM3 or
DlJ

procuce carminomycin ¢r daunorubicin anc can be carminomycin- or daunorubicin-sensitive.

O2. Hesi cells are ransiormed with the ligation mixture. Typically, the host cells can not

~1

for example, sensitive 10 10 microgram or less of carminomycin or caunorubicin per ml. For
example, S. lividans J11823 proloplasts (Hopwood et al., Genelic Manipulation of Sireptomyces.

A Laboratory Manual, John Innes Foundalion. Norwich, UK, 1585) may be Iransformed.

SUBSTITUTE SHEET
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In sien {b), tne iransiormanis ihus c2iained ars soreanec lor the 2dilily 10 1eKe Ul
carmiuncmyCin, convert it 10 Caunodrudicin, anc excre!s czuncrudisin, Clones 2dhie 1o converl
ca2:minomycin 1o daunorubicin are identified by chromaicgrapnic analysis of exiracts of &
cullure medium conizining carminomycin for the presences of daunorudicin. Such clones are
isolz'ed and recombinan! veciors contained therein are exiracted. On digestion of the
recomboinan! vectors with suitable resiriclion enzymes in sitep (c), the S. peucetius 29050 DNA
inserted into each vector may be identilied, sized and mapped. In this way, it may be checked
that the vecior contains an insert DNA of the invention.

Further, two or more overlapping inserts may be isolaled that are wholly or partly
embraced within the DNA of the invention. These may be fused together by cleavage at a common
restriction site and subseguent ligation to obtzin a DNA of the invention, pzred in length using
appropriagte restriction enzymes il necessary. Restriction irzgments of an insert DNA that
contains a gene coging for the COMT protein may be obtzined in step (d) also by cleaving an
insert DNA with an appropriale resiriction @nzyme.

DNA of the invention may be mulated in 'a‘way'ma’. coes not affect its ability to conier the
ability 1o cenvert carminomycin 10 caunorubicin. This ¢zn be &chieved by sile-directed
mutagenesis for example. Such mutzied DNA forms pari ¢i the invention.

The DNA of the invention may also be incorporziec into vectors suitable for expression of
the cnrK gene in 2 non-streplomycele Nost ike Z. coli. '

The following examplas illustrate the invention.

Materials and Methods ‘
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L]

ot 2!, Misizoulzr Cloning. A Lzberzicry Mznvzl 2nd ed. Cold Spring Harbor
rress, Cold Sp;inc Waraor, NY, 1€28), ang 2 calchny lS rensisrred 10 L3 medium and giown
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(Szmsrock el gl., Moleculzr Cicning. A Lazcrzicry Mzanuzl 2nd ed. Cold Spring Harbor Press,
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Cold Spring Harbor, N.Y., 1989) 1s used to plate E. coli
DH5a transformed with the replicative form of M13 DNA
[Yansch-Perron et al., Gene 33:103 (1985)]. S. lividans 1is
maintained on R2YE agar (Hopwood et al., Genetic
Manipulation of Streptomyces. A Laboratory Manual, John
Innes Foundation, Norwich, UK , 1985) for the preparation of

spores as well as for the regeneration of protoplasts.

Subcloning DNA fragments: DNA samples are

digested with appropriate restriction enzymes and separated
on agarose gels by standard methods (Sambrook et al.,
Molecular Cloning. A Laboratory Manual, 2nd ed. Cold Spring
Harbor Press, Cold Spring Harbor, N.Y., 1989). Agarose
slices containing DNA fragments of i1nterest are excised from

a gel and the DNA 1s 1solated from these slices using the

GENECLEAN device (Biol01, La Jolla, CA). The i1solated DNA

fragments are subcloned using standard techniques

(Sambrook et al., Molecular Cloning. A Laboratory Manual,

2nd ed. Cold Spring Harbor Press, Cold Spring Harbor, N.Y.,
1989) into E. coli and E. coli/Streptomyces shuttle vectors
for biotransformation and expression experiments,

respectively, and into M13 vectors [Yansch-Perron et al.,

Gene 33:103 (1985)] for sequencing.

DNA sequencing: After subcloning DNA fragments of

interest into an M13 vector, single stranded DNA 1s prepared
by standard techniques (Sambrook et al., Molecular Cloning.
A Laboratory Manual, 2nd ed. Cold Spring Harbor Press, Cold
Spring Harbor, N.Y., 1989) and used in sequencing. DNA
sequence data are obtalned using a Sequenase* version 2.0
sequencing kit (US Biochemicals, Cleveland, OH) according to
the manufacturers suggestions. 7-Deaza dGTP 1s used 1instead

of AGTP to avoid compressions. Initially, a universal

*Trade-mark
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primer of the M13 vector is used to obtain the sequence of

the first 200-250 bases, then from these sequence data, a
17-mer oligonucleotide 1s synthesised using an Applied
Biosystems 391 DNA synthesizer according to the
manufacturer's directions and used as a primer to continue
DNA sequencing until the complete DNA sequence data are

obtalned.

Transformation of Streptomyces species and

E. coli: Competent cells of E. coli are prepared by the

calcium chloride method (Sambrook et al., Molecular Cloning.
A Laboratory Manual, 2nd ed. Cold Spring Harbor Press, Cold
Spring Harbor, N.Y., 1989) and transformed by standard
techniques (Sambrook et al., Molecular Cloning. A Laboratory
Manual, 2nd ed. Cold Spring Harbor Press, Cold Spring
Harbor, N.Y., 1989) S. lividans TK24 mycelium is grown in
YEME medium (Hopwood et al., Genetic Manipulation of
Streptomyces. A Laboratory Manual, John Innes Foundation,
Norwich, UK, 1985) and harvested after 48 hr. The mycelial

pellet 1s
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washed twice with 1C.2%6 sucrose solution ang used 1o presare protopias:s according 1c the
method oullined in the Hopwood manual (Hopwood et al., G2netic Manipulation of Streptomycas.
A Laboratory Manual, John Innes Foundalion, Norwich, UK, 1885). The protopiast pellet is
suspended in about 300 microlitres of P buffer (Hopwood et al., Genetic Manipulation of
Streptomyces. A Laboratory Manual, John innes Founcation, Norwicn, UK, 1985) and a 50
microlitre aliquot of this suspension is used for each transformation. Protoplasts are
transformed with plasmid DNA according to the small-sczle transformation method of Hopwood

et al. (Hopwood et al., Genetic Manipulation of Streptomyces. A Laboratory Manual, John lnnes
Foundation, Norwich, UK, 1985). After 17 hr of re'generalion on R2Yc medium at 300C, the .
plates are overlayed with 50 pg/ml of thiosirenton and allowed to grow at 3000 unti!
sporutated. '

Bioconversion of carminomvcin 10 daunorubicin: S, J/ividans \ransformants harboring
different plasmids are inoculated into liquid R2YE medium (Hopwood et al., Genelic
Manipulation of Streptomyces. A Laboratory Manual, John innes Foundation, Norwich, UK,
1885) containing 5 pa/ml of thiostrepton. After 2 days of growth at 30eC, 2.5 mi of this
culture i1s transferred 10 25 ml of Strohl-fnedium [(Dekleva et al.,, Can J. Microbiol. 31:287
(1985) containing 20 po/mi of thiostrepton. Cullures are grown in baffled Erlenmeyer flasks
on a rotary shaker at 300 rpm at 30°C for 72 hr, after which carminomycin (as a solution in
water at a concentration of 10 milligrams/mi) is added to cultures to give a final concentration
of 5 pg/ml. After 24 h of further incubation on the shaker, the cultures are incubated in a
water bath at 800C for 43 min after the addilion of 150 milligrams/ml of oxalic acid 10
hydrolize Ihe'gl'ycosidic iorms of the anthracyciineg metacoiiles. The melzboliles are extracled
from the cullures with 13 ml of chioroform glhier adjusting the pH of cullures to 8.4-8.8. The
chiorolorm sclution is {iiisred through 2 0.43 um Acrocisc CR filler (Gelman Sciences, Ann
Arbor, MI) anc 100 micrealitres of this filtrate is znalyzes by HPLC on 2z Waters Novea-Fek Cig
cariridge (8 mm x 10 cm) with 2 mobile phass of methznol-water (83:13) adjusted 10 ok 2.3
with phosphoric acid &: & flow rate of 3 mi/min. The column output was monilored using
Walers 6000 solvent celivery system, a2 441 UV deteclor cperaled al 254 nm, and a 740 daia
module. Carminomycin and daunorudicin (10 ug/ml in mathanol) were usad as externzl

stancards to quanltitzte ine amount of these mstzbolites isclzied from the cullures.

Example |
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Several ol the cosmid clones dgescrined by Stutzman-Zngwall and Huichinson [(~r
Nail. Acad. Sci. USA £6:3735 (1989};, representing gpproximately €5 ks of S, peucatius
25030 genomic DNA, are lransformed into S. lividans TK24 and the transformants are analyssd
for the bioconversion of carminomycin 10 daunorubicin accoraing 1o the method described in the
materials and methods section. Cosmid clone PWHM232 [Otien et al., ~J. Bacleriol. 172:3427
(12S0)] bioconveris 22% of added carminomycin 10 daunorubicin. A 11.2 kb EcoR! fragment
lrom the insert in pWHM333 is subcloned inlo Ihe cosmid vector pKCS505 [Richardson et al..
Cene 61:231 (1987)] 1o yield plasmid pWHM534 S. lividans TK24 transforrned wilh
PWHMSE34 shows a3 25 1o 60% bioconversion of added carminomycin 10 daunorubucm A 5.8 kb
Sphl fragment from pWHM534 s subcioned in the Spal site of the high-copy number plasmid
PWHM3 to yield the plasmid PWHMS01. S. lividans transformed with PWHMSO01 ‘exhi‘ditos. a 50
10 €5% bioconversion of carminomycin to daunorubicin. A 1.6 kb Sphl/Pvull fragment is
cloned from pWHMS01 first into the Spohl/Smal sites of pUC19 [Yansch-Perron et al., Gene
33:103 (1983)], then the 1.6 kb DNA fragment is subclioned from the latler plasmid zs an
Hindlll/ Ecofl fragmen! into th2 Hincll/ EcoRl sites of pWHM3 1o yield plasmid pWHME02 (FiC.
2). S. lividans transformed with pWHME02 bioconverts 100% of the carminomycin added 1o
the culture 10 caunorubicin. '

DNA sagyenca of tha ragicn gonizining the gnrkK gena

Saguencing 2 2.5 kb DNA segment of the 5.8 kb Sohl fragment in OWHMS01 is carried
out By subcloning 0.4 k2 Sonl/Xhe! , 0.7 kb Xhol/Ssi! C.5-k5 Sst/Sell, and 0.8 kb Saf/Xho!
fragments from cWHMSE22 into M1Zmp18 and -mp1¢ veciers [Yansch-Perron et al., Gene
.:3:103 (1SE3)] io obtain beth orientations of each DNA secmeni. DNA szguencing of the
resuliing four clenes is s2rormecd 2s descrines in lne maigrigis 2nc melhecs seciion. The

resuliing DNA sequzenc

(I)

Ci 2 1.5 kb DNA fragment containing ing SarK genz, and the z2mino acid

secuence o ine COMT protein ceducas by anzivsis of this DNA sequence with the CODON

PF’.:-‘ZFERENC- program gescridoed by Deversux gt al. [Nucl. Acics Res. 12:337 (1883)], are
SHown in Fig. 3. The cnrx 2osn read ng irame icentiliec by CODONPREFZRENCE anc TRANSLATE
énelysis [Deveraux el z'.. Nucl. Acics Ras. 12:387 (1€82}] cceces for the COMT proitein.

Example 2

gUBSTITUTE SHEET
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Construction of a vector for expression of the

dnrK gene in E. coli

An approx. 1.6 kb SphI/Pvull DNA fragment
containing the entire dnrK open reading frame along with
some flanking sequence (Fig. 3) 1s subcloned into Sphl and
Smal-digested pUCl9 [Yansch-Perron et al., Gene 33:103
(1985)] to give the plasmid pWHM904 (not shown). The
following two oligodeoxynucleotide primers, corresponding to
sequences on either side of the dnrK-containing fragment to
be amplified, are synthesized with an Applied Biosystems 391

DNA synthesizer according to the manufacturer's directions:

Xbal BamHI rbs Ndel
5' - GGG TCTAGA GGATCC AGGAG CAG CATATG ACC GCT GAA CCG ACC GTC GCG Gcce
CGG CCG CAG CAG AT - 3': Primer #1 (SEQ ID NO:3)
Sphl Pstl
3' - AC CGC TAG CCT GAC GAG CTC CTC CGTACG GACGTC CCC - 5': Primer #2

(SEQ ID NO:4)

The third position of second, third and sixth
codons (indicated by bold face letters) of the dnrK gene is
changed by using primer #1 to reflect the most frequently
used codon 1n highly expressed E. coll genes as a means to

enhance the expression of the dnrK gene in E. coli:

ATG ACC GCT GAA CCG ACC GTC GCG GCC CGG CCG CAG CAGA: Mutated sequence
(SEQ ID NO:5)

ATG ACA GCC GAA CCG ACG GTC GCG GCC CGG CCG CAG CAGA: Wild type sequence
(SEQ ID NO:6)

These two primers are used to amplify the dnrK
sequence of pWHM904 from nucleotides 205 (the beginning of
the dnrK orf) to 445 of Fig. 3 by standard methods for the
polymerase chain reaction with Streptomyces DNA [for
example, see Guilfoile and Hutchinson, J. Bacteriol.

174:3659 (1992)]. From the amplified product, an 88 bp
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Ndel/Ncol fragment is excised and ligated to a 1.3 kb
NccI/EcoRI fragment (obtained from pWHM902), containing the
remaining dnrK gene (Figs. 2 & 3), and Ndel/EcoRI-digested
pT7-7 [Tabor and Richardson, Proc. Natl. Acad. Sci. USA
82:1074 (1985)], which results in the fusion of the dnrK orf
to the T7 gene 10 promoter of this E. coli expression
vector. Competent cells of E. coli DH5a are transformed
with the litigated DNA and transformants were screened for

PT7-7 with dnrK. The resulting plasmid is designated
pWHMS03 (Fig. 4).

Expression of the dnrK gene in E. colil

Competent E. coli cells containing the plasmid
pGP1-2 [Tabor and Richardson, Proc. Natl. Acad. Sci. USA
82:1074 (1985)] are transformed with pWHMS03, and

transformants are



PCT/US92/09580

w0 93710223 Zl {) U :), :3 ,}

11

selectec on L3 agar (Sambrook el al., Malecular Cloning. A Laboratory Manuzl, 2nd ed. Cold
Spring Harbor Press, Cold Spring Harbor, NY, 1G8¢) contaiming ampicithn (100 ug/mi)y and
kanamycin (50 pg/mi) after growth at 300C. The procadure for preparing compelen! cells of
. coli containing pGP1-2 is the same as Ihat for any other £. coli éirain, except that the

Cullures are maintained at 300C instead of 370C. Competent cells of E. coli containing pGP1-2

are prepared from ceils grown at 300C 10 a ODzsn of 0.5 1o 0.6 in LB medium containing

Kanamycin. ILis very important 1o maintain _sirains containing pGP1-2 : 300C for roytine

aintaingngce and pre-induction growth 10 avoic Qver expression of T7 RNA polymerase which

mighl otherwise result in 3 mulated plasmid.

A single transformant harboring both pGP1-2 and PWHMS903 is inoculated into 25 ml of
2 X YT medium (Sambrook et al., Molecular Cloning. A Laboratory Manual, 2nd ed. Cold Spring
Harbor Press, Cold Spring Harbor, NY, 1989) containing 100 pg/m! ampicillin and 50 pg/mi
Kanamycin énd grown overnight at 300C with vigorous agitation. The next morning cultures are
heatl shocked at 420C for 30 min in a shaking water bath and then transferred back to 300C.
After 90 min further incubation, one mi of the culture is centrifuged at 14,000 rpm in a
microcentrifuge for 1 min, the supernatant is discarded, and the cell pellet is resuspended in
100 microliters of Laemmli buffer [Laemmli, Nature (London), 227:680 (1970)] and boiled
for 5 min. The proleins contained in the boiled sample are analyzed on a 10% SDS-
polyacrylamide gel using standard methods [Laemmli, Nature (London), 227:680 (1870)] by
comparison with the proteins obtained from the cell extract of £. coli \ransformed with the pT7-
7 vector that does not contain the dnrK gene. The COMT protein migrates at M, 38,700.

Example 3

nversion of czrminomycin_ to daunorubicin by a eall containing the ,LOMT orotein
A single £. coli iranstormant harboring both pGP1-2 and pWHME03 was moculaled iNto
25 mlof 2 X YT medsum containing 100 po/ml ampicillin and 50 ug/m! kanamycin and grown
’overmght at 30CC with vigorous agitation. The next morning cullures are he2! shocked at 420C
for 30 min in a shaking waier bath and then transferred back 1o 300C after adding 5 ug/ml of

carminomycin. The cultures are allowed to grow for additional 90 min, after which the
anthracycline metaboliles are isolated using standard methods and analysed on HPLC. |
Comparison of the relative areas of the signal peaks for carminomycin and daunorubicin in the

SUBSTITUTE SHEET
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melsgramancgicales ingl 735 10 BI% of the carminomyin 22027 18 the cullure mecium
IS converiec 10 Caunsruoicin,
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT: HUTCHINSON, Charles R.
MADDURI, Krishna M.
TORTI, Francesca
COLOMBO, anna L.

(ii) TITLE OF INVENTION: PROCESS FOR PREPARING DAUNORUBICIN

(iii) NUMBER OF SEQUENCES: 6

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Nikaido, Marmelstein, Murray & Oram
(B) STREET: 655 Fifteenth Street N.W. Suite 330
(C) CITY: Washington

(D) STATE: D.C.

(E) COUNTRY: U.S.A.

(F) Z1iP: 20005-5701

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentiIn Releasa #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 793,873
(B) FILING DATE: 18-NOV-1991

(viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Chin, Monica F.
(B) REGISTRATION NUMBER: P-36,105
(C) REFERENCE/DOCKET NUMBER: 1615-1816CIP

(i¥) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (202)638~5000
(B) TELEFAX: (202)638=4810

(2) INFORMATION FOR SEQ ID NO:1l:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1632 base pairs
(B) TYPE: nucleic acid

SUBSTITUTE SHEET



GOATGCCGGC AACCGGGCGC CGGTTCTCCG GTGAGCAGAT CCACCTCATC CGCATCGTCG
ACGGCAAGAT CCGCGATCAC CGCGACTGGC CCGACTACCT CGGCACCTAC CGCCAGCTCG

GCGAGCCCOTG GCCCACCCCC GAGGGCTGGC GCCCCTGACC CCCCATCACC CCGCCGACGL

W0 93/10223

2

A

A

N
3

4
d‘...
»
‘a

i
»

20

(C) STRANDEDNESS: double
linear

(D)

TOPOLOGY :

14

(ii) MOLECULE TYPE: DNA (genonic)

(ix) FEATURE:
(A) NAME/KEY: CD5
(B) LOCATION: 204..1271

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

PCT/US92/09580

CACGACAGG2 GCACGGACAC ACC ATG ACA GCC GAA CCG ACG GTC GCG GCC
- Met Thr Ala Glu Pro Tnr val Ala Ala

CGG
Arg
10

CTG
Leu

GAC
AsSp

ACA
Thr

GCG
Ala

GAG
Glu
90

TGG
TP

CGC

CCG
Pro

CAC
His

CAC
His

GAC
Asp

ATC
Ile
75

GTC

val

CAC
His

CAG
Gln

ACG
Thr

ATC
Ile

ACC
Thr
60

GGA
Gly

GGC
Gly

GAC
ASp

CCC

CAG
Gln

CCC
Pro

CTG
Leu

ATC
Ile

ATG
Met
30

GCC
Ala

45

CGG
Arg

CTG
Leu

GAG

Glu

CTG
Leu

GAC

CCG
Pro

cTC
Leu

CTG
Leu

ACG
™Y
110

GCC

GAC
ASDp
15

GTC
Val

GGG
Gly

GAA
Glu

GAG
Glu

CTC
Leu
95

CAG
Gln

ATC

1

GCC CTC AGG
Ala Leu Arg

GTC

CGG

Val Arg

GCC
Ala

GCA
Ala

GAG
Glu
80

GCC
Ala

GCC
Ala

CGT

CGC
Arg

CTC
Leu
65

GAC
ASp

GAC
ASp

GTG
val

ACC

ACG
Thr

ACC
Thr
50

CTG
Leu

GCA
Ala

GAC

ASP

GCG
Ala

GGC

ACC
T™hr

GCC

Ala
35

GTG
val

CGA
Ardg

CCG
Pro

CAC
His

cGce

ATrg
115

CGC

SUBSTITUTE SHEET

CTG

Leu
20

GCC
Ala

AAG
Lys

CTG
Leu

GGC
Gly

CCA
Pro
100

GCC
Ala

CCC

5

ATC
Ile

ACC
Thr

GCC
Ala

ATC
Ile

GAG
Glu
85

GCC
Ala

GAC
ASP

ACG

CGC
Arg

CTG

Leu

CTG
Leu

CGC
ArXrg
70

TTC
Phe

GCG
Ala

ATC
Ile

TAC

CTC
Leu

CGG
Arg

GCG
Ala
55

CAC
His

GTC
Val

CAG
Gln

TCC
Ser

GAG

GGA
Gly

CTC

Leu
40

GCC
Ala

CTG
Leu

CCG
Pro

CGT
Arg

TTC
Phe
120

TCC

AGC
Ser
25

GTC
vVal

AGG
ATg

GTG
Val

ACC

‘Thr

GCC
Ala
105

ACC
Thr

ATC

60

120
180
230
278

326

374

470 -
518
566

614



Arg

TAC
TYyY

GCG
Ala

GCT
Ala
170

GTG
Val

CCG
Pro

GCC
Ala

GTC
Val

ATC
Ile
250

ATC
Ile

ATC
Ile

ACA
Thr

ACC
Thr

GAG

W0 93/10223

Leu

GGC
Gly

TCC

155

CCG
Pro

GGT
Gly

CAC
His

CGC
Arg

GAG
Glu
235

CTC
Leu

CTC
Leu

CAC
His

GAG
Glu

cGe
Arg
315

GAG

Pro

AAG
Lys
140

TTC
Phe

GCC
Ala

GGC
Gly

GTG
vVal

TCC
Ser

220

GGG
Gly

TCT
Ser

ACC
T™hr

GAG
Glu

CTC
Leu
300

GAG
Glu

GTG

AsSp
125

CCG
Pro

GAC
AsSp

GCC
Ala

GGC
Gly

TCG
sSer

205
TAC
TYT

GAC
Asp

TTC

- Phe

CGC
Arg

CGC
Arg
285

GAT
Asp

AAG
Lys

CGG

Ala

TTC
Phe

TCG
Ser

GCG
Ala

AAG
Lys
190

efoln
Ala

CTG
Leu

T™TC
Phe

GTC
val

TGC
Cys
270

GAC
Asp

CTG
Leu

TGG
Trp

CAA

Tle

TAC
YT

CTG
Leu

TAC
Tyr
175

GGT
Gly

ACC
Thr

AAG
Lys

TTC
Phe

CTC
Leu
255

GCC
Ala

GAC
Asp

CGG
Arg

GAC
ASp

CTG

ATg

GAG
Glu

CcTC
L.eu
160

GAC
Asp

GGT
Gly

GTG
Val

GAC
ASp

GAG
Glu
240

CTC
Leu

GAG
Glu

CTC
Leu

ATG
Met

GGC
Gly
320

CCG

Thr

GAC
ASp
145

GCC
Ala

TGG
Trp

TTC
Phe

CTG
Leu

GAG
Glu
225

CCG
Pro

AAC
Asn

GCC
Ala

CAC
His

CTG
Leu
305

CTG
Leu

TCG

¢

-t

£

Gly
130

CTG
Leu

TGC
Cys

ACG
Thr

GCC
Ala

GAG
Glu
210

GGC
Gly

CTG
Leu

TGG

CTG
Leny

GAG
Glu
290

GTC
Val

GCC
Ala

CCG

TNHD 9 4
LU u) I

15

Arg

GCC
Ala

GAC
AsSp

AAC
ASnh

GCG

Ala
195

ATG
Met

CTC
Leu

CCC
Pro

CCG
Pro

GAG
Glu
275

AAC
AsSn

TTC
Phe

GCG
Ala

ACC

Pro

GGC
Gly

CAG
Gln

GTC
vVal
180

GCC
Ala

GG
Ala

TCC
Ser

CGC
AXrg

GAC
ASP
260

CCC
Yro

TCG
Ser

CTC
Leu

TCG
Ser

ATC

5":‘-—-3

Thy

CGC
Arg

GAC
ASpP
165

CGG
Arg

ATC
Ile

GGC
Gly

GAC
AsSp

AAG

Lys-

245

CAC
His

GGC
Gly

TTC

Phe_

GGC

Gly

GCG
Ala
325

CCG

TYr

cCccC

Pro
150

GTC
val

CAT
His

GCG

"Ala

ACC
Thr

CGT
AXxg
230

GCG
Ala

GAC
ASp

CGG
Gly

AAC
AsSn

GGT
Gly
310

GGC
Gly

TAC
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Glu
135

GAC
AsSp

GCC
Ala

GTG
Val

CGC
Arg

PCT/US92/39580

Ser

CTG
Leu

TTC
Phe

cTC
Leu

CGG
Arg

- 200

GTG
val

215
GTC
Val

GAC
AsSp

GCC
Ala

CGC
ATg

GAA
Glu
295

GCC
Ala

cTce
Leu

GAC

GAC
AsSp

GAC
ASp

GCG
Ala

GTC
Val

ATC
Lle

Ile

CGC
ATg

GAC
AsSp

GAC
ASD
185

GCC
Ala
ACC
TThr

GTC

Val

ATC
Ile

CGG
Arg
265

CTG
Leu

280

CAG
Gln

CTG
Leu

GTG
val

CTC

TTC
Phe

CGC
Arg

GTC
val

TCG

662

710

758
BO6
BS54
902
950
998

1046

1094

1142

11920

1238
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Ly 16
Glu Glu Val Arg Gln Leu Pro Ser Pro Thr Ile Pro Tyr Asp Leu Ser
330 335 340 345
CTC CTC GTC CTT GCC CCC GCG GCC ACC GGC GCC TGACACACGA GGTACGGGAA 1291
Leu Leu Val Leu Ala Pro Ala Ala Thr Gly Ala
350 355
GGGTTCATCA GCAATGCCGA CACGCATGAT CACCAACGAT GAGGTGACCC TGTGGAGCGA 1351
AGGGCTCGGC GATCCGGCCG ACGCCCCETT GOTCCTGATC GCCGGCGGCA ACCTCTCGGC 1411
CAAATCGTGG CCGGACGAGT TCGTCGAACG CCTGGTCGCE GCCGGGCACT TCGTGATCCG 1471
CTACGACCAC CGGGACACCG GGCGCTCCTC CCGETCCCAC TTCGCGCTCC ACCCCTACGG 1531
CTTCGACGAG CTGGCCGCCGE ACGCElOTEae CGTCCTGGAC GGCTGGCAGG TCCGCGCCGC 1591
- CCATGTGGTG GGCATGTCGC TGGGCAACAC CATCCECCAG C 1632
. ' '

. ¥

(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 356 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: protein
(X1) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Thr Ala Glu Pro Thr Val Ala Ala Arg Pro Gln Gln Ile Asp Ala
1 5 10 15

Leu Arg Thr Leu Ile Arg Leu Gly Ser Leu His Thr Pro Met Val Val
20 25 30

Arg Thr Ala Ala Thr Leu Arg Leu Val Asp His Ile Leu Ala Gly Ala
35 | 40 45 |

Arg Thr Val Lys Ala Leu Ala Ala Arg Thr Asp Thr Arg Pro Glu Ala
50 55 60 |

leu Leu Arg Leu Ile Arg His Leu Val Ala Ile Gly Leu Leu Glu Glu
65 70 75 80

ASp Ala Pro Gly Glu Phe Val Pro Thr Glu Val Gly Glu Leu Leu Ala
85 90 | 95

Asp Asp His Pro Ala Ala Gln Arg Ala Trp His Asp Leu Thr Gln Ala
100 105 110 |
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Val Ala Arg

Thr

ASD
145

Ala

Phe

Lau
Glu
225
Pro
ASn
Ala
His
Leu
305
Léu
Ser

Ala

Gly
130
Leu
Cys
Thr

Ala

Glu
210

'Gly

Leu

Irp

Leu

Glu
290
Val
Ala

Pro

Thr

115

Arg
Ala
ASp
Asn
Ala

195

Met

Len

Pro

Pro

Glu
275

Asn

Phe

Ala

Thr

Gly
355

Ala
Pro
Gly
Gln
Val
180
Ala
Ala
Ser
Arg
ASp

260

Pro
Ser
Leu
Ser
Ile

340

Ala

(2) INFORMATION

ASD
Thr
Arg
ASD
165
Arg
Ile
Gly
Asp
Lys
245
His
Gly
Phe
Gly
Ala

325

Pro

ITle

Pro
150

Val
His
Ala
Thr
Arg
230
Ala
ASD
Gly

AsSn

Gly
310

Gly

TYr

Ser

Glu
135

Asp

Ala

vVal

Arg

Val

215

val

ASp

Ala

Arg

Glu
295
Ala

Leu

Asp

Phe
120
Ser
Leu
Phe
Leu
Arg
200
AsSp
ASD

Ala

val

Ile
280

Gln

Leu

val

Leu

Thr
Ile
Arg
Asp
ASD
185
Ala
Thr
Val

Ile

Arg
265

Leu

Phe

Arg

Val

Ser
345

FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

67 base pairs

Ala
Ala
170
vVal
Pro
Ala
val
Ile
250
Ile
Ile
Thr
Thr
Glu

330

'Leu
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Leu

Gly

15

N

Pro

Gly

His

Arg

Glu

235

Leu

Leu

His

Glu

Arg
315

Glu

Leu

Pro

Lys
140
Phe
Ala
Gly
vVal
Ser
220
Gly
Ser
Thr
Glﬁ

Leu
300

Glu .

Val

Val

AsSD
125
Pro
ASDp
Ala
Gly
ser
205
Tyr
Asp
Phe
Arg
Arg

285

AsSp

Arg

Leu

Ala

rhe’

sSer

Ala
Lys
190
Ala
Leu
Phe
val
Cys

270

AsSp

Gln

Ala
350

Ile

Leu
Tyr
175

Gly

Thr

Leu
255

Ala

ASD

Arg

Asp

Leu
335

Pro

PCT/US92/0958()

ATrg

Glu

Leu
160

AsD

Gly

val

ASD

Glu

240

Leu

Glu

Leu

Met

Gly
320

Pro

Ala
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: DNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GGGTCTAGAG GATCCAGGAGC CAGCATATGA CCGCTGAACC GACCGTCCCG GCCCGGLCCGC
AGCAGAT
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ACCGCTAGCC TGACGAGCTC CTCCGTACGG ACGTCCCC
(2) INFORMATION FOR SEQ ID NO:5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:SQ.
ATGACCGCTG AACCGACCGT CGCGGCCCGG CCGCAGCAGA
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

SUBSTITUTE SHEET
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(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(X1) SEQUENCE DESCRIPTION: SEQ ID NO:6:

ATGACAGCCG AACCGACGGT CGCGGCCCGG CCGCAGCAGA

SUBSTITUTE SHEET
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CLAIMS:

1. An 1solated DNA sequence which codes for a peptide

of SEQ ID NO:2.

2. The isolated DNA sequence of claim 1, wherein said
5 seqgquence 1s SEQ ID NO:1.

3. An 1solated DNA sequence comprising the DNA of

SEQ ID NO:1, or a portion thereof which codes for a peptide

having carminomycin 4-O-methyltransferase (COMT) activity.

4 . A vector comprising the isolated DNA sequence of

10 any one of claims 1 to 3.
5. The vector of claim 4 which i1is a plasmid.

6 . The vector of claim 5 wherein the plasmid is

selected from the group consisting of pWHMS01l, pWHM902 and
PWHM9(03 .

15 7. A transformed host cell comprising a vector

according to any one of claims 4 to 6.

8 . The transformed host cell of claim 7, wherein said

host cell 1s selected from the group consisting of E. coli

and Streptomyces.

20 9. A cell extract obtained from cells which have been

transformed with the vector according to any one of

claims 4 to 6, said cell extract comprising exogenous

carminomycin 4-O-methyltransferase expressed from said

vector.

25 10. A peptide exhibiting carminomycin
4-0O-methyltransferase activity, comprising all or part of

amino acid sequence (SEQ ID NO:2):
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carminomycin 4-O-methyltransferase activity,

64680-1377
1 MTAEPTVAAR
51 VKALAARTDT
101 AAQRAWHDLT
151 DLRASFDSLL
201 APHVSATVLE
251 LSFVLLNWPD
301 DLRMLVFLGG
351 PAATG
11.

CA 02100334 2004-09-17

POQIDALRTL
RPEALLRLIR
OAVARADISF
ACDQDVAFDA
MAGTVDTARS
HDAVRILTRC
ALRTREKWDG

21

TRLGSLHTPM
HLVAIGLLEE
TRLPDAIRTG
PAAAYDWTNV
YLKDEGLSDR
AEALEPGGRI
LAASAGLVVE

VVRTAATLRIL
DAPGEFVPTE
RPTYESIYGK
RHVLDVGGGK
VDVVEGDFFE
LIHERDDLHE
EVRQLPSPT1L

VDHILAGART
VGELLADDHP
PFYEDLAGRP
GGFAAATARR
PLPRKADAIIL
NSFNEQFTEL
PYDLSLLVLA

A process for preparing a peptide exhibiting

inserting a gene coding for carminomycin

comprising

4-0-methyltransferase activity in an expression vector,

transforming suitable host cells with said expression

vector,

culturing said host cells in a proper medium,

allowing for expression of said gene thus obtaining said

peptide that exhibits carminomycin 4-O-methyltransferase

activity, wherein said peptide has the amino acid sequence

as defined in claim 10 or said gene has the DNA sequence as

defined in any one of claims 1 to 3.

12.

cells are selected from the group consisting of E.

A process according to claim 11 wherein said host

Streptomyces.

13.

coli and

A process according to claim 11 wherein said

vector 1s a plasmid.

14.

A process according to claim 13 wherein said

plasmid is selected from the group consisting of pWHMOO01,
pWHMO902 and pWHM903.

15.

comprising (a)

A process for the production of daunorubicin

transforming a suitable host cell with a

vector having a gene comprising the DNA segquence of any one

of claims 1 to 3,

(C)

producing daunorubicin,

(b) allowling expression of said gene,

contacting said host cells with a substrate suitable for

and (d)

recovering the daunorubicin.
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16. The process of claim 15, wherein the substrate 1is
carminomycin,
17. The process according to claim 15 or 16 wherein

said host cells are Streptomyces cells.

18. The process according to any one of

claims 15 to 17 whereilin said vector is a plasmid.

19. The process according to claim 18 wherein said
plasmid is selected from the group consisting of pWHM901,
PpWHM902 and pWHMOS03.

20. A process for the conversion of carminomycin into

daunorubicin, wherein said process comprises (a) contacting

the transformed host cell as defined in claim 7 or 8 with

carminomycin, and (b) recovering the daunorubicin.

21. A process for the conversion of carminomycin into
daunorubicin, wherein said process comprises (a) contacting
the cell extract as defined in claim 9 with carminomycin,

and (b) recovering the daunorubicin.

22. A process for the conversion of carminomycin into
daunorubicin, wherein said process comprises (a) contacting
the peptide as defined in claim 10 with carminomycin, and

(b) recovering the daunorubicin.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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FIG. 2
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FIG. 3
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Nucleotide sequence of the carminomycin
4-O-methytransferase (dnrK) gene. The probable translational
start and stop sites of the dnrK gene are underlined at
nucleotides 205 and 1273, respectively. The amino acid
sequence deduced from translation of the dnrk open reading

frame is shown below the DNA sequence. (SEQ ID NO:1)

S
p
h
R
, GCAzGCCGGCAACSGGGCGCCGGiTCTCCGGTGAGCAGATCCACCTCATCCGCATCGTC
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A S R—

N

C

o

1
CAGATCGACGCCC'I’CAGGACCC‘I‘GATCCGCCTCGGRAGCCIGCACACGCCCATGGTCGTC
24 lmmmm o e e e e e e e o e e o e e

3 01_“"""" ““““““““ i <0 o e e s e s o + “““““““““ + ﬂﬂﬂﬂﬂﬂﬂﬂ 00{'"“---@--«--4-1--..“
GCCI‘GCOGGCGGTGGGACGCCGAGCAGCI‘GGTGTAGGACCGGCCCCGGGCGIGGCACITC

361t e e cmm o e e i T o m————— -
CGGGACCGCCGGTCC')I('GTCTGTGGGCCGG CCTTCGTGAGGACGCTGACTAGCCOGETGCAC

h

Q

I
GTGGCGATCGGACI‘GC‘I'CGAGGAGGACGCACCGGGCGAGTTCGTCCCGACCGAGGTCGGC
L Rttt L SER—— e e N S R
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GAGCTGCTCGCCGACGACCACCCAGCCGCGCAGCGTGCCTGGCACGACCTGACGCAGGLC
48l=wwatmme - e o e e o e e o o e e e e o e o e e o o o o e s o e oo o o e o 540

CTCGACGAGCGGCTGLTGETGGETCCGCGCGTCCCACGGACCCTGCTGGACTGCGTCCGE

GTGGCGCGCGCCGACATCTCCTTCACCCGCCTCCCCGACGCCATCOGTACCGGCCGCCCT
Y} C e S—— T W — U U—— o m am it e Y R—— R — 600

CACCOGOGLGCGGCTGTAGAGGAAGTGGGCGGAGGGGCTGCGCETAGGCATGGCCGECGEEE

ACGTACGAGTCCATCTACGGCAAGCCGTTCTACGAGGACCTGGCCGGCCGCCCCGACCTG
o) E e —— SR —— R — e S RR—— == 660

TGCATGCTCAGGTAGATGCCGTTCCGCAAGATGCTCCTGGACCGGCCGGCEGGECTGGAC

CGCGOGTCCTTCGACTCGCTGCTCGCCTGCGACCAGGACGTCGCCTTCGACGCTCCGGEC
- R S—— SR —— S C—— R SRR ——— e 720

- GOGCGCAGGAAGCTGAGCGACGAGCGGACGCTGGTCCTGCAGCGGAAGCTGCGAGGCCGG

GCCGCGTACGACTGGACGAACGTCCGGCATGTGCTCGACGTGGGTGECEECAAGCGTGAT
Y- e S S ——— PR T R e e—— e i 41

CGGOGCATGCTGACCTGCTTGCAGCGCCGTACACGAGCTGCACCCACCGCCGTTCCCACCA

TTCGCOGCGECOCATCGCGOGCCGGGCCCCECACG TG TCEGCCACCETIGCTGCAGATGGCG
g B e e e e o e e 1 e R fmm—— B840

AAGCGGCGCCGGTAGCGCGCGGCCCGGGGCGTGCACAGCCGGTGGCAOGACCTCTACCGC

GGCACCGTGGACACCGCCCGCTCCTACCTGAAGGACGAGGGCCTCTCCGACCGTGTCGAC
2 R R e R R —— —t=m—m— 900

CCGTGGCACCTGTGGCGGGCGAGGATGGACTTCCTGPTCCCGGAGAGGCTGGCACAGCTG

GTCGTCGAGGGGGACTTCTTCCAGCCGCTGCCCOGCAAGGCGGACGCCGATCATCCTCTCT
T e o e e e e e s e e o R e — e §60

TTCGTCCTCCTCAACTGGCCGGACCACGACGCCETCOGGATCCTCACCCGCTCCGCCCAG
Y3 T R P P b e e e ] 020

AAGCAGGAGGAGTTCACCGGCCTGGTGCTGCGGCAGGCCTAGGAGTGGGCGACGCGGLTC
GCCCTGGAGCCCGGCGGGCGCHTCCTGHTCCACGAGCGCGACGACCTCCACGAGAACTCG

1021 ===t mmemmes e — tmm e e —— e == fpmemmm=] 080
CGGGACCTCGGGCCGCCCCCGTAGGACTAGGTGCTCGCGCTGCTGGAGGTGCTCTTGAGS

SUBSTITUTE SHEET
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TTCAACGAACAGTTCACAGAGCTCGATCTGCGGATGCTGGTCTTCCTCGGCGGmGCCCTG

AAGTTGCTIGTCAAGTGTCTCGAGCTAGACGCCTACGACCAGAAGGAGCCGCCACGGGALC

CGCACCCGCGAGAAGTGGGACGGCCTGGCCGCGTCGCGOGEGCCTCGTGGTCGAGGAGETG
114l =wmapmm s e e e it e R e o e e e e o e e o o s o o —pmemm==1200
GOGTGGGOGCTCTTCACCCTGCCGGACCGGLGLAGCCGCCCGGAGCACCAGCTCCTCCAC

CGCGCAACTGCCGTCGCCCGACCATCCCGTACGACCTCTCGCTCCTCGTCCITTGCCCCCGLG

1 S U — TR W —— TR — =] 260
GCCGTTGACGGCAGCGGCTGGTAGGGCATGCTGGAGAGCGAGGAGCAGGAACGGGGGCGE

GCCACCGGCGCCTGACACACGAGGTACGGGAAGGGTTCATCAGCAATGCCGACACGCATG
CCGTGGCCGOGCACTGTCTCCTCCATGCCOTTCCCAAGTAGTCGTTACGGCTGTGCGTAC
ATCACCAACGATGAGCTGACCCTGTCCAGCCGAAGCCCTCCCCGATCCGGCCCACGCCCCS
TAGTGGTTCCTACPCCAGICGGACACCTCGC‘I‘I‘CCCGAGCCGCI‘AGGCCGGC'IGCGGGGC
TTGCTCCTGATCGCCEGCGGCARCCTCTCGGCCAAATCGTGGCCGGACGAGTTCGTCGAA
138 ] cemem o cn v amamer e R I RE——— P cmfmmmen] 440
AACGAGGACTAGCGGCCGCCOTTGAGAGCCRGTTTAGCACCGGCCTGCTCARGCAGCTT
cccmcmccccccccscmmccfrcmccccmccmmccsecmmcecccscrcc
1441 mm=—tmm—————— S e ——— R Rttt e —pmemme1500
mccmccmcecccemccz&cmscccmscremccmmscccsceAGG
TCCCGG’IGCGACITCGCGCI'CCACCCCI‘ACGGCITCGACGAGCIGGCCGCCGACGCGCPG

o o e e e . —— e S ——— tommee1560
.AGGGCCACGCTGAAGCGCGAGGTGGGGHTGCCGAAGCTGCTCGACCGGCGGCTGCGCGAC

'GCCGTCCTGGACGGCTGGCAGGTCOGOGCCGCCCHTGTGGTGGGCHTGTCGCTGGGCAAC

TGGTAGCCGGETCG

SUBSTITUTE SHEET
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Deduced amino acid sequence of carminomycin 4-O-methyvtransferase
(SEQ ID NO:2)

1
51
101
151
201
251
301
351

MTAEPTVAAR PQQIDALRTIL, IRLGSIHIPM VVRTAATLRL VDHILAGART
VKALAARTDT RPEALIRLIR HLVAIGLLEE DAPGEFVPTE VGELLADDHP
AAQRAWHDLT QAVARADISF TRLPDAIRTG RPITYESIYGK PFYEDLAGRP
DLRASFDSLL ACDQDVAFDA PAAAYDWINV RHVLDVGGGK GGFAAAIARR
APHVSATVLE MAGTVDTARS YIXKDEGLSDR VDVVEGDFFE PLPRKADAII
LSFVLINWPD HDAVRILTRC AEALEPGGRI LIHERDDIHE NSFNEQFTEL

DIRMLVFLIGG ALRTREKWDG LAASAGLVVE EVRQLPSPTI PYDLSLLVIA
PAATGA*
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