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Doxorubicin is an anthracycline-family polyketide compound with a very potent anti-cancer activity, typically produced by
Streptomyces peucetius. In order to increase doxurubicin productivity, a semi-industrial doxorubicin-producing Streptomyces
strain named BR-Dox was cultured in a R2YE liquid medium containing CaCQOs, and then converted to a cell wall-free

protoplast using lysozyme treatment method,

followed by PEG-mediated cell

wall regeneration. Among several

protoplast-regenerated Streptomyces BR-Dox strains, two independent isolates named BR-Dox4 and BR-Dox6 were visually
selected using thin layer chromatography (TLC) based on the pigment overproducing phenotype. Comparing with
Streptomyces BR-Dox parental strain, two protoplast-regenerated strains, BR-Dox4 and BR-Dox6 exhibited 25.2% and 12.2%
higher doxorubicin productivity analyzed by high pressure liquid chromatography (HPLC), respectively. This result suggests
that a protoplast-regeneration of an antibiotics-producing Streptomyces strain should be a promising strain development
approach for antibiotics overproduction in Streplomyces species.
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NEAQ IHEII7FA FUA QA FA4Fu4l (doxorubicin)2
WX Streptomyces peucetius7} AAEE E]FAElo|EA
(polyketide) anthracylcine SI3EZA, Ay 2d7)go] A
Zol vl ofs 2EE weve ANERE ANTF
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g 830, Streptomyces peucetius var. caesius® 93
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B AZME ojn] R AR Edwoe] B og sy
SEFU4 240 BYTF BRDoOI FADT o)
AT FAFRA MRS 9% BR-Dox HjdEAE, 20%
glycerol stock©. & -20C°ﬂ BE#E BR-Dox #FE 25 Y
seed BJX] (complex medium supplied by Boryung
Pharmaceutical Co.)oll HZ3t] 72 A]7F F2F 30T, 250 ipm
Zstoll A A wigs
medium supplied by Boryung Pharmaceutical Co.)Z seed bl
¥4 075 mE A AFAA 79 B wgsAS:
BR-Dox?] BAGHEY FFALEL 9Jskel, R2YE A
(sucrose 103 g; Ki80s 250 mg; MgCl - 6H,0 10.12 g;
glucose 10 g; casamino acid 100 mg; yeast extract 5 g;
N-Tris (hydroxymethyl-2-aminoethane-sulfonic acid (TES) 5.73
g, KHPOs 25 mg; CaCl; - 2H,O 14.702 g; NaOH 14 g
L-proline 1.5 g; trace element solution (ZnCl, 40 mg; FeCl; -
6H,0 200 mg; CuCl; - 2H,O 10 mg; MnCl, - 4HO 10 mg;
Na;BsO7 - 10H:0 10 mg; (NHy)Mo7;0y4 - 4H,O 10 mg; H,O
1,000 m¢) 2 mf; HO 1,000 m)e} 2 CM ®j R} (comn starch

%, 15 nl2] main H}A] (complex
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10 g; NaCl 1 g; (NH4):SO4 2 g; KoHPO4 1 g; CaCOs 2 g;
MgS0, 2 g; tryptone 2 g; FeSO4 - 7TH,0 1 mg; MgCl, - 6H,0
1 mg; ZnSO. - TH20 1 mg; Ho0 1,000 nf)E F7bEo= A}
B3FATH19).

TLC ¥ HPLCE 0|83 SARH|MO MM 3 HIUEN

Thin-Layer Chromatography (TLC) #4102 BR-Dox¢] =
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(chloroform : methanol : acetic acid : water = 80 : 20 : 16 :
6)Z AJMetar AZAIZl & UV light (365 nm)d|A] &3¢
Yetlle 47848 153 th21). BR-Doxd] 4T
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column (Waters, Ireland)8- Al23}e] high-performance liquid
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43 %LE% -%]6}0% 1 vol.8] &% (Iso-propyl alcohol : 30%
HCl = 1S 43 308 w¥kgk 3 15,000 rpmollA] 10
min —?ﬂ*‘ E]o}oq AAEAuk-S 23} acetonitrile/water (1 :
1 viv) Z3ld] sodium (lauryl) sulfate (1.327 g/L)¢}
phosphoric acid (0.68 m{/L)E 41°] mobile phase & A}R&3}
91, 42 1 nf/minE column LEE AL0z &35l
UV detector2 254 nmoj A EA4Fn|Ale] Atk GapR A
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307C, 200 rpmoll A 40 A|ZF vieksle] AAIEE] (8000 pm, 5
BE AZE dofd F, 103% sucrose £H0Z 23] 423}
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mg; MgCl - 6H,O 2.02 g; KH,PO, 5 mg; CaCl, - 2H,0 368
mg; MOPS(pH 7.2) 573 mg; H,O 1,000 ml)ol] lysozymeS 1
ng/mé E]A 3t THE lysozyme solution 5 m¢L €1 30T
A1 AT AT ololA] fo] Bt FAiE 9¥F
Ag Ze 5 9 P buffer2 $H AAstd AR
AEAAGE doluigith. ¥ AAE F2 buffer dropo
AEE sHem, 25% PEGIO00 (Sigma Co., St. Louis,
USA)# P bufferS Z}z} 500 pf wolFo] 187F A4

AAG T 300 w4 R2YE ujo] =ukaigich
#m 3 oz
4T BR-Dox 2R0| 98 SAZHIA 4
W7 BR-Dox®] EA2HAl AMASZHL A=d)7)
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Figure 1. The BR-Dox products were compared to authentic standards
run in parallel on TLC plate. (A) lane 1, daunorubicin standard; lane 2,
doxorubicin standard; lane 3, BR-Dox culture in seed media; lane 4,
BR-Dox culture in main media; lane 5, BR-Dox culture in 2CM media.
(B) lane 1, daunorubicin standard; lane 2, doxorubicin standard; lane 3,
ATCC29050 culture in seed media; lane 4, ATCC27952 culture in seed
media; lane 5, BR-Dox in seed media; lane 6, ATCC29050 in 2 CM
media; lane 7, ATCC27952 in 2 CM media, lane 8, BR-Dox in 2 CM
media. () Daunorubicin standard, ([ ]) Doxorubicin standard.
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Figure 2. (A) Doxorubicin production from S. peucetius ATCC29050
(M), S. peucetius var. casius ATCC27952 (#f), and BR-Dox ((]). (B)
HPLC analysis of doxorubicin production by the BR-Dox strains. The
arrow indicates doxorubicin (DXR).
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Figure 3. The BR-Dox products were compared to authentic standards
run in parallel on TLC plate. lane 1, daunorubicin standard; lane 2,
doxorubicin standard, lane 3, BR-Dox culture in seed media; lane 4,
BR-Dox culture in 2CM media; lane 5, BR-Dox1 culture in seed media;
lane 6, BR-Dox2 culture in seed media; lane 7, culture in seed media;
BR-Dox3, lane 8, BR-Dox4 culture in seed media; lane 9, BR-Dox3
culture in seed media; lane 10, BR-Dox6 culture in seed media. (H)
Daunorubicin standard, ([]) Doxorubicin standard.
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Table 1. Doxorubicin titers of BR-Dox, BR-Dox1, BR-Dox2, BR-Dox3,
BR-Dox4, BR-Dox5, BR-Dox6

Protoplast-regenerated Streptomyces Relative doxorubicin
BR-Dox strains productivity (%)

BR-Dox (parental strain) 100.0

BR-Dox1 26.5

BR-Dox2 106.4

BR-Dox3 69.0

BR-Dox4 125.2

BR-Dox5 2.6

BR-Dox6 112.2

2 <%

(o)

4204 2 AP AAFFA BRDoxd] 53 %9 A
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BR-Dox69] 7§ TLC AA#H % HPLC AFEY 23,
BR-Doxoll Hl8) 22 252%, 122%9) A4atdol FA=UL &
drAFe 94 4324 =93 AEY AYE 5 A2
Mol AT FEAL WS AN ST, o o)4d EaZ
HA b FFALY TR AASch
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