Kor. J. Appl. Microbiol. Biotechnol.
Vol. 25, No. 6, 580-585 (1997)

AL MBI HZE JHEl Streptomyces sp.2| E&HIAS 0|28 Doxorubicin A

Ags} - 29 - ATHZ' - O|HE*

'SE0S D Koinfeteyst o|AEstn), MHEISATE HASMEM RU.

The Mixed Cultivation of Streptomyces sp. for Doxorubicin Production. Yun-Hwa Choi', Young-
Soo Hong, Jai-Yun Lim' and Jung Joon Lee*. 'Department of Microbiology, Chungbuk Natio-
nal University, Cheongju 361-763, Korea, Korea Research Institute of Bioscience and Biotech-
nology, Taegjon 305-600, Koreqa - We selected two mutants namely strain D5 and Nu23 by mutage-
nesis of anthracycline producing Strepromyces: the former is an e-rhodomycinone overproducing mutant
selected from Streptomyces sp. C5, a baumycin producer and the latter, a blocked mutant of early path-
way for doxorubicin biosynthesis obtained from Streptomyces peucetius ATCC 27952, a doxorubi-
cin producer. The mutant strain Nu23 does not produce anthracycline metabolites but retains the most
of enzyme activities converting aklavinone to doxorubicin and the mutant strain D5 produced e-rhodo-
mycinone at a level of 150 ug/ml. These strains were grown separately in NDYE medium and each
was mixed at day 3 by equal volume of culture broth but the quantity of doxorubicin produced was
far below an estimation based on the level of e-rhodomycinone normaly produced by the strain DS5.
On the other hand doxorubicin was reached at maximum level after 4 days in the mixed culture condi-
tion which was composed of culture broth of strain D5 grown for 6 day and that of strain Nu23
grown for 3 day. It was turned out that the growth of mutant strain D5 was inhibited by the accumula-
tion of daunorubicin and doxorubicin in mixed culture broth, which cause the limitation of e-rhodomycinone.
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Fig. 1. Biosynthesis pathway of doxorubicin and baumycin.
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Fig. 2. Growth and e-rhodomycinone production of Strep-
tomyces sp. DS in NDYE.
dcw: dry cell weight, e-rho: e-thodomycinone.
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Fig. 3. Production of doxorubicin by mixed culture A type.
Cultivation was carried out for 6 days after mixing day 3 broths
of strain DS and Nu23. g-rho: e-thodomycinone, dnr: dannorubi-
cin, dxr: doxorubicin.



Table 1. Resistance level of Streptomyces sp. DS against dau-
norubicin and doxorubicin

Daunorubicin Doxorubicin

Antibiotic

Cone. (ug/ml) Colony o Colony %
number number
0 pg/ml 1.3x 10" 100 1.3x10° 100
10 pug/mi 0 0 0.4x10" 31
20 ng/ml 0 0 0.2x10° 17
30 pg/mi 0 0 0.06x 10° 4.5
40 pg/ml 0 0 0.02x 10° 1.5
50 pg/ml 0 0 0 G
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Fig. 4. Production of doxorubicin by mixed culture B type.
Cultivation was carried out for 6 days after mixing day 6 broth
of strain D5 and day 3 broth of strain Nu 23. e-rho: e-rhodo-
mycinone, dnr: daunorubicin, dxr: doxorubicin.
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Fig. 5. Production of dexorubicin by mixed culture C type.
Cultivation was carried out for 6 days after mixing day 6 broth
of strain D5 and day 3 mycelia of strain Nu23. €-rho: e-tho-
domycinone, dnr: daunorubicin, dxr: doxorubicin.



584 Of &

=
&5

M

A #=k A%l danunorubicin Hlo]F D52 AY-8-5
#1818ty e-rhodomycinones] AMANS 43| A2
2 olu]e} 3eE2] daunorubicin®] doxorubicin & wLE
%G} oojurx] ¢t a1 A =Tk o] Ay= Wol5 Nu?23
F& ]88 daunorubicin®} €-rhodomycinone®|
Z gtell 4 & daunorubicin®| e-rhodomycinone®. v} v

o Wslgo] waE A o 25k(15).

Noofn el X HE

T #

e

2 o= baumycin® doxorubicin®] A 24#] 2
FE F7rAlel e-rhodomycinone-d viof oA Egls}
oL wljof A AAM ohE Tl AEAY AE °ﬂ 7]
C’T%"H T A ez BaAHel AHEA vkl 7t
7S #elstdn}, o] 5 &3 vioke A vehd
= ”Rﬂ 1.2 d()xorublcmf‘”*}f*ﬂ 214 712 el e-rhodo-
mycmfme%h-"] Z7] Z38F ploF o] & ALl 7h4 FHAF
o] vpeh}i= Zlelrt. o]+ doxorubicin® daunorubicin
o] Aileke- &3} ujokr] HelF D57} < = €-rho-
domycinone®¥ol] 93-S W=rls= 718 & = e

Fx%1 21212 ¥Wo]F D57} daunorubicin®} doxorubicin

of gk AEHide] <¥sl7] wfi-al 1oz A= o
2}4], doxorubicin®] A3Akel]l 7}AF A A E]Mul ok & el
+ Wol3 DA7}F A% &8 e-rhodomycinoned
A2 “é“'“%"ﬁ’ 7 2+ H 2 2 daunorubicin®} doxoru-
bicinol] ¥ W& 73 He|+& ARE-8FAHv} doxoru-
bicin tH4] %-?’ﬂ%}i A zEE WHol 3 DEE o] 8-ghrl
7l Zlolot, ik 713 S AgE 7 oS ol A
A== TR e FFA 2l dEl] o 3bo] 245}
Sl = RS A % F8F Aol B AlFelA
A lf)

T

- 24
+ doxorubicin® &M I daunorubicin®! T A}
Qe 2ARE 25 A% FaEel ), ol o] w

7&’]@—'- J—E}l B _‘E:j:‘f’] daum)mblcm C-14 hydroxyla%e

o I::"i} LDfElC’[()I‘C’ NADPHC’—] Rﬂ S T ”T] ?4"'] = 7,-3»—3
A7 zlu] o]ol gt A% HQs 1, o8] Arlas
2 Ho|F Nu23el| A Fedtsd Al 4= ql+= Al 7t

-
\..1

0% -
1
Mo
-'?ﬂ
}ﬂi
...QL
dtr
ok
e
2
lo
2
i)

P = A
Gl e A A GHolm FATE Ak
F5 Aol Agspeid A2d 7o) A P
4= 9l & 7] o g oAlts]=v], d-AlA AMEA] g4 2] A
1 Eo]Alo] Ah:]—-g] foddle] 9o o:}-',‘-’-g}%oq]

4
).,gﬂ!
_Im

ol8) wasle] gle] ol B olgste] fb FEE

744l
-?—ff_,?,] ’*er.“?“ %C}Agzﬂ e 7]1:4.]-5'1- g2 ?’]Olt:]—_ A
Al& 3} zlo] ol gl AFHAD ARE Az A==

o] 7

Fro] A ARTFRY Eujeko s choph

ereeeel

.
,-A"

= a
39 AT AT ) Akl R AWA 5
Tt
&

A 2] vh-g-S /RAARE et 2§ viokstn g &4

e

o A &S S/ 4 9l o]t s

2 ¢

AnthracyclineZ] &<b23d AAbra2] A A2t

?*}‘*-Pﬂ ol F7HEAal e-rhodomycinones 38k WAH3}

= Streptomyces sp. C5&] Wol5= D5& e-rhodomyci-

none= doxorubicin®.Z A & Q= BAHEAAE 7
2 Streptomyces peucetius ATCC 279522 #Ho|5= Nu
237} Eghufefsted nijofdvielq 712 Fejgle] dox-
orubicing A 4 9J&L Feldldy Mz E 7
E3teict, 1 A3 HolF Nu232 NDYEux|efA] 3
7} wiekste] e-rhodomycinone?] AJAk=gFo] 71k w2 wi
¥ 642 WHolF Db HH‘*"”“ ke FIu|E £
sl oFgt B el A 104 wg/mle] doxorubicings AAHEH

A
T

[

2lsich.

x £
H1E?S

rqk

. McDaniel, R., S. Ebert-Khosla, D. A. Hopwood, and C.

Khosla. 1996. Rational design of aromatic polyketide na-

tural products by recombinant assembly of enzymatic su-
bunits. Nature. 375: 549-554.

. Hopwood, D. A., F. Malpartida, H. M. Kieser, H. Ikeda,

J. Duncan, I. Fujii, B. A. Rudd, H. G. Floss, and S. Omu-

ra. 1985. Production of hybrid antibiotics by genetic engi-
neering. Nature. 314: 642-644.

. Hong, Y.-S., C. K. Hwang, S.-K. Hong, Y. H. Kim, and

1. ). Lee. 1994, Molecular cloning and characterization of
the aklavinone 11-hydroxylase gene of Streptomyces peu-
cetius subsp. caesius ATCC 27952. J. Bacteriol. 176:
7096-7101.

. Fishman, S. E., K. Cox, J. L. Larson, P. A. Reynolds, E.

T. Seno, W.-K. Yen, R Van Frank, and C. L. Hersh-
berger. 1987. Cloning genes for the biosynthesis of a ma-
crolide antibiotic. Proc. Natl. Acad. Sci. USA 84: 8248-
8252.

. Otten, S. L., K. J. Stutzman-Engwall, and C. R. Hutchin-

son. 1990. Cloning and expression of daunorubicin biosyn-
thesis genes from Streptomyces peucetius and Strepto-
myces peucetius subsp. caesius. J. Bacteriol. 172: 3427-
3434,

Donadio, S., J. B. Mcalpine, P. J. Sheldon, M. Jackson
and L. Katz 1993, An erythromycin analog produced by
reprogramming of polyketide synthesis. Proc. Natl. Acad.



10.

1.

12.

13.

Sci. USA. 90: 7119-7123.

. Hwang, C. K., H. S. Kim, Y.-S8. Hong, Y. H. Kim, S.-K.

Hong, S.-J. Kim, and J. [J. Lee. 1995. Expression of
Streptomyces peucetius genes for doxorubicin resistance
and aklavinone 11-hydroxylase in Streptomyces galilaeus
ATCC 31133 and production of a hybrid aclacinomycin.
Antimicrob. Agents Chemother. 39: 1616-1620.,

Kim, H. §., Y.-S. Hong, Y. H. Kim, O.-J. Yoo, and J. I.
Lee. 1996, New anthracycline Metabolites produced by

the aklavinone 11-hydroxylase gene in Streptomyces gali-
faeus ATCC 31133, J. Antibiotics 49: 355-360.

. Arcamone, F. 1984. Antitumor anthracycline: recent deve-

lopments. Med. Res. Rev. 4; 153-188.

Arcamone, F., G. Cassinelli, ;. Fantim, A. Grein, P. Oreza,
C. Pol, and C. Spalla. 1969. Adriamycin, 14-Hydroxydau-
nomycin, a new antitumor antibiotic from Streptomyces
peucetius var caesius. Biotechnol. Bioeng. 11: 1101-1110.
Whtte, R. J. and R. M. Stroshane. 1984. Daunorubicin
and adriamycin: properties, biosynthesis and fermentation,
pp-569-594. In; Biotechnology of industrial antibiotics, E.
J. Vandamme(ed.), Vol. 22. Marcel Deker, Inc., New York.
Davis, H. L. and T. E. Davis 1979. Daunorubicin and a-
driamycin in cancer treatment: an analysis of their roles
and limitations. Cancer Treat. Rep. 63: 809-815.
Yoshimoto, A., T. Nakamura, K. Kubo, O. Johdo, and H.
Tone. 1995. Daunomycin biosynthesis by microbial conv-
ersion of precursor metabolites using biosynthetically blo-

15.

16.

17.

18.

19.

2 2fulict2 ofZ28t doxorubicinAYBHA 585

cked mutants. J. Fermen. Bioengin. 79: 229-235.

. Bartel, P. L, N. C. Connors, and W. R. Strohl. 1990. Bic-

synthesis of anthracyclines: analysis of mutants of Strep-
tomyces sp. strain C5 blocked in daunomycin biosyn-
thesis. J. Gen. Microbiol. 136: 1877-1886.
Hwang, C. K., H. S. Lee, Y.-S. Hong, N. 8. Paek, T. H.
Kim, and J. J. Lee. 1997. Characterization of doxorubicin-
nonproducing mutant, Nu23 of Streptomyces peucetius
ATCC 27952. J. Microbicl. Biotechnol, 7: 363-366.
Hopwood, D. W., M. J. Bibb, K. F. Chater, T. Kieser, C.
J. Bruton, H. M. Kieser, D. J. Lydiate, C. P. Smith, J. M.
Ward, and H. Schremp. 1985. Genetic manipulation of
Streptomvees. A laboratory manual. The John Innes Foun-
dation, Norwich, UK.
Dekleva, M. L., J. A. Titus, and W. R. Strohl. 1985. Nu-
trient effects on anthracycline production by Streptomy-
ces peucetius in a defined medium. Can. J. Microbiol, 31:
287-294.
Delic, V., D. A. Hopwood, and E. Friend. 1970. Muta-
genesis by N-methyl-N-nitro-N-nitrosoguanidine (NTG) in
Streptomyces coelicolor. Mutation Rearch. 9: 167-182.
Dickens, M. L. and W. R. Strohl. 1996. Isolation and
Characterization of a gene from Streptomyces sp. strain C
5 that confers the ability to convert daunomycin to dox-
orubicin on Streptomyces lividans TK24. J. Bacteriol.
178: 3389-3395

(Received 13 August 1997)



