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Isolation and Purification of Anticancer Material Produced by Streptomyces endus YP-1. Choi,

Sung-Won¥*,

Byoung-Chan Kim, Sun-Jin Choi, Dong-Seob Kim',

Ick-Hyun Yeo’, Soon-Ok

Moon’ and Doo-Hwan Oh. Department of Food & Biotechnology, Bioproducts Research Cent-
er, Yonsei University, Seoul 120-749, Korea, 'Department of Food Science, Mirvang National
University, Kyong Nam 627-130, Korea, R & D center, Pulmuone Co., Seoul 120-749, Koreq,
Division of Life Science, The University of Suwon, Suwon 445-743, Korea - Sulforhodamine B
(SRB) and 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny! tetrazolium bromide (MTT) assay, RNA dot blot
and Northern hybridization analysis were performed to screen microorganisms for the production of an-
ticancer agent. Among microorganisms tested, strain YP-1 was selected for its cytotoxicity and ability
to reduce the level of c-myc RNA. Strain YP-1 was identified as Streptomyces endus. The anticancer
material produced by Streptomyces endus YP-1 was sequentially purified by solvent extraction, silica
gel column chromatography, preparative TLC and preparative HPLC. The cancer material identified as
azalomycin B by the instrumental analyses such as 'H-NMR, “C-NMR, Mass, IR and UV absorption.
It was colorless amorphous powder and its molecular weight was 1025.278. Azalomycin B, produced

by Streptomyces endus YP-1, showed anticancer acti-

vity against several human cancer cell lines and

reduction of ¢-Myc protein level in Colo320 DM cells which was determined by Western blot analysis.
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ose, (0.0% yeast extract, 0.5% polypeptone, 0.5% KH,
PO, - 12H,0)E °]4-3le] 30CelA 747 zleba)ergl
. zbe oFol acetoned A7l 4¢olA] 244])7F el
stodct. Al fe]d] elste] FAE AR F Ad5AS
FHslol At 553 024 acetoned A Az wiofEE

NS FR[EhaAT

MIZEHH 2!

el AokA <2l Colo320 DM} HSR(Colon adenocar-
cinoma, ATCC CCL220, 220.1}, A549(lung carcino-
ma, ATCC CCL185) % HL60(promyelocytic leuke-
mia, ATCC CCL240) A%+ RPMI-1640° 10%(v/v)
fetal hovine serum(Hyclone)S -&3HgF ulz]¢}l 100
unit® streptomycin/penicillins A7}F ¥ 37C, 5%
CO, ufeF7]ollA] wiefFsleict, NIH 3T3(mouse fibrob-
last, ATCC CRL 1658)<= Dulbecco’'s modified Eagles
medium(DMEM)®| 5% bovine calf serum(Hyclone)2
71 vl A A 9o} S 27 22 vljefssitt

MTT assay

A S 1x10Ywell2 96 well platedl] ¥F3F H
37C, 5% CO, ikl llelial 24417} Fab wiekatadct,
10 ple] ghetEAd A4S 244170 A2]3t &= MTT solu-
tion{5 mg/ml, in Hank's balanced salt solution)-& 50
n1 2k wellel # 7}3}0:] 4A17h& ol wljekslan sl X £ Al
Askith. DMSOE 100 p1% 2+ wellell 7Fskz 3 ol
slod FHES 43S L3¢ F 550 nmell A FHEE
= sk ch(11).

Northern hybridization

20 nge] total RNAE 1.2% formaldehyde agarose
gels. A 7]°3-5-%F $ positively charged nylon membr-
ane°l transferdt ¥ UV transilluminater® 323%3}9
}. Nylon membrane$ hybridization £H(50% for-
mamide, 2% blocking agent, 4% SDS, 5XSSPE)C. %
42°Col 4 2~6A]7%F prehybridizationA] %] F A &% hy-
bridization8-<oll “P&E label¥ c-myc probeE 7}5l2
42 COﬂ»‘H 24 A1 7k hybridizationﬁl-‘f’i’ﬂr C-MYC probe::

random primer DNA labelhng kitg olgs o- P
dCTPE labeldle] Fn]3lgdvt. Hybridization § 2%
SSC, 0.1% SDSE Ab-el| 41 1584 23] AlAstar, o)A
0.2xSSC, 0.1% SDSZ 60T, 153k 23] MA s}
XARS(KODAK) film-2. 2 autoradiography2- 8§3}%ic}.

Western blot 24
AEE 2x10°/mlE 2=F3h2 2443 wiokgt 3 3t

A EHE JAAT :i%em T 200 gollM 102 Bk
AAl R elslo] AlXZS & 3 SDS sample buffer(60
mM Tris - Cl; pH 6.8, 25% glycerol, 2% SDS, 14.4
mM 2-mercaptoethanol, 0.1% bromophenol blue)E
Hrpsted Az AL Eo. FEe AlSs
10% polyacrylamide gelollA Z7]°3-5% ¥ nitrocel-
lulose(NC) membrane®. & electrotransferstsict. =t
mlzleo] plot®] NC membranes blocking buffer(10
mM Tris - CI; pH 8.0, 150 mM NaCl, 0.05% Tween
20, 3.0% nonfat dry milk)2 1417} Ae|g * poly-
clonal c-myc antibody(Upstate Biotechnology Incor-
porated)S 718t binding buffer(10 mM Tris - Cl;
pH 8.0, 150 mM NaC(Cl, 0.05% Tween 20, 0.5% non-
fat dry milk)ellx 147} A2]g F alkaline phosph-
atase”} label® secondary antibodyE 1417} 2 e]sbsd
t}. Alkaline phosphatase2] #A1-2 X-phosphate % ni-

tro-blue tetrazolium(Boehringer Mannheim)-& ¢|-£-3%F

g0 2 Ehelatsic.
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A s F52) =22 "Bergey's Manual of Deter-
minative Bacteriology (12), "Bergey's Manual of
Systematic Bacteriology (13-711), Goodfellows}
Alderson® ¥HH(14-7F 12), Williams, Goodfellow2}
Alderson 52} ¥HH(15, 16-713, 14), Berd®) v (17-
T-15)°ll 2jsleqd sislich Aol A2 918t AlE
2] diaminopimelic acid (DAP)&A, olv|xAl B4
223 Ao} slgs B3k =gk 42 3§
esta £A) vlokatal A 2 casein, tyrosine, xanth-
ine, hypoxanthine, chitin, starch, gelatin®&4, &4
A, A o)A 5 ARSI

gbs K2

Streptomyces endus YP-1 258 c-myc gene &t
s aereAd-Eale] ABARS sucrose 2%, soluble starch
1%, soybean meal 2.5%, yeast extract 0.5%, Na(l 0.2%,
K,HPO, 0.025%, CaCO; 0.2%, beaf extract 0.1%2
A wixE Abg3le] 2w, 11 shake flaskel]l 150 ml%
Wl 2] 5 A7}sle] 30°C, 150 rpm 2.2 447 vljef3l FHF
S 4[] wix]|E {8k 512 WERA 3%(vIiVIE A
Zsle] Z7l8F 15vvm, 2HFEE 30 rpm, B2 %
30° oA 7L7L wijoksleich

=c| & ZAl
Streptomyces endus YP-1 wiof<Y 4 & acetone &%t
F x2Z3lo] acetoned AAI} L, F& BE2E T
n-BuOHZ F&3}9ch n-BuOHES 57123 F, o]




& chloroform-water(1:1)2]| &vljol] &35} chloro-
formZE& oA F&3} silica gel columns- 3Pshict.
Silica gel column chromatographyell*l CHCl,-IPA(9:
1~5:5)5 S22 WdAEE A/fAlA BAEEHS dn
ol & TF ZF3Ict. o] kA silica gel preparative
TLC Arellr] CHCL-IPA(7:3)2 Sl & A 8)e] AT E
& »o 1, o] preparative HPLC(silica type, cy-
clohexane-IPA(8:2); Ci type, 60% MeCN)& A A8}
of Z-& A3

SIoISIMEEI0| A

FFHow odo]zl AMAEE UV scanning( BACK-
MAN DU-600), Infra Red spectroscopy(Perkin-Elm-
er 1710), Nuclear Magnetic Resonance spectroscopy
(Bruker-400) % Mass spectroscopy(VG Trio-2 spec-
trometer) 55 33lsich

H+ spectrum®| A&

"d‘*‘“ﬁ?—r/} Ak o] Aol w2 =
°d kS Aol 7] #38led gram FA A 7E, gram 24
At 65, B8 45 2 F3o] 358 HHFLe = dlo] A
S g3t g HEE $lste] A8 HA
-E’.— 1_55‘%7’63 Blefl A EoF wlol AR8-3}¢d e}, vlA)E 30

4l petri-dishel| —’?‘-6}‘34 =38 F A7) 2] H“"F“’” Z-
*-8— FARB-NI soft agars &-§8le] dU3HA] SZ2A)A

T2 7AA plate-s A|Z3}dvh. Streptomyces endus
YP-1e 23] A= 3ot3AEAS 100% MeOH)
=9l & 100 ul(10 pg/ml)E paper discoll §3A1A A
A7) 2 ZA plateel] &8 F1, Ale] 3% 37C, &
5ot Fatolo] AF- 30TAA viofsted veld A8

;ﬂo] n
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- 3 321407 uoFd
acetone TN LA E- 549 A Eol H2]E ¥
SRB assay—- Esll 122 HMEEA 537 9=
152752 st} 238 0.2 o] Al 0] ullok
Zw2 NIH 3T3 A3Ee x2]sle] A549 Hliﬂl i 7}&}
Al 2l SEAS il £F5 AEskeich
AW 12708 55 c-myc A2} 3ol o33F-S- v x|
= 5 AlEstr] $3led RNA dot blot 48 &3}
o c-myc RNAHSE ZFAA] 7= A o] 9+ strain YP-
12 A sleich(data not shown). AEHFF2] vjokF=
2§-8- Colo320 HSR cell line®l 2+ 50 ul/ml, 100 ul/ml,
200 pl/mle} X2 AH7iste] 2447F 2§ F North-

e
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Fig. 1. Northern hybridization analysis of Colo320 HSR cell
line treated with Streptomyces endus YP-1 culture extract.
Twenty five microgram of total RNA was loaded per lane and
Nothern blot hybridization was performed as described in mater-
ials and methods. A; Northern blot analysis B; gel stained by EtBr
after electrophoresis 1; control, 2; 50 ul/ml, 3; 100 pl/ml, 4; 200
ui/ml of the Strepfomyces endus YP-1 culture extract was treated.

ern hybridizationS ©-&38td c-mye mRNAS| W&
ZAR 2 Z3 Fig, 10 vhebd vie} el c-mye RNA
ofol 7 & U 4 s

o &3
+52 FAE 28ted "Bergey's Manual of Deter-
minative Bacteriology ¢ Berd%2 ¥PH, Williams 52
B ol oA ste] AiE F-3hsle] = UH strain YP-1-
LL-type®] DAP2} glycine2 & <1725 peptide® A=
peptidoglycan type A3e]™ cell wall type [l siw= 5
=3 SA% o] AEE R ¥k B E sugar pattern C
of #dg-& 2 4 2lsdv}h. T3 casein, tyrosine, xan-
thine, hypoxanthine®] #3855 Veli$l 222 Berd®
o] ukol o3l Streptomyces 592 o 5 Ik (Table
1). Streptomyces sp. YP-1-2 spore chain®| open-spiral&t
Hefojo] Fwo]l wartydt HelE Hol= ZleE Mol
Streptomyces endus®t FLD g AL 2 FAFE U Fig. 2).
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Table 1. Biochemical characteristics of the selected strain

Concentration % Growth

Carbon Sucrose +
Mannitol ++
Xylose ++
Dextran +
Mannose +
Cellobiose ++
(Galactose ++
Lactose ++
Inulin -
Salicin +
Rafficin ++
Sodium acetate -
Sodium citrate -
Sodium propionate -
Nitrogen  Potassium nitrate ++
L-Threonine ++
L-Arginine ++
L-Valine ++
L-Methionine -
L-Serine ++
L- Phenylalanine ++
L-Histidine ++
[nhibitor Na(l 4.0 +
7.0 -
10.0 -
13.0 -
Sodium azide 0.01 +
0.02 -
Phenol 0.1 -
Crystal violet 0.1 -
Factor Hydrolysis of
gelatin +
starch +
chitin -
casein +
Decomposition
of tyrosine +
of xanthine +
of hypoxanthine +

o]71& water-chloroform(1:1)8] #w£ 9o chloro-
formT%& ¥ F oA FFZHZ3ET. o] & silica gel
column chromatography, preparative TLC, prepara-
tive HPLC= aga-]_cq 8 mg _,] ;24 *54 uﬂ /tﬂ Huals =] zq] 3}
QAL o5 YP-1-1¢]2} = sleich(Fig. 3).

Streptomyces sp. YP-10| 24415l= SARMISEO|
gkt spectrum

AHFF7} ke S vl dEe) Ago v
Al s dobrr] fste] grameFAA AT 74, gram
SAT 6%, AT 4F, FFo] 33L AT 5] 4
A& Atk TR ANEE FerEE R 2

:1

Fig. 2. Scanning electron microscopic photogram of Swrep-
tomyces endus YP-1 (X200,000).

Z v A Bl digt 3HF spectrumS HES] 2

Table 2| vieplsdct. AE 57} AAkeh= g_g.. 1

EI‘Q’H/““%_ILDP—”- koA A Fol| tisted 7kal slFE
= B

AEEA 4l SRS EA
CDLLE SWi=E 3l TMSE #£EEHE 3o 400
MHz NMRZ 238 A3}, 7~5 ppm?] signaldl A 2%

Culture Broth
‘ Extracted with acetone

| I

Cell cake Filtrate
Evaporated
Extracted with BuOH
|
Water layer BuOH layer
Evaporated
Brown oil

| Dissolved with H,O-CHCIl,(1:1)
I I
Water layer CHCI, Layer
I Evaporated
Silica gel column chromatography

Eluted with CHCI3-IPA

(9:1~5:5)
Prep. TLC
| Developed with CHCL,-IPA(7:3)
Prep. HPLC

Column: Silica gel

Eluted with c-Hexane-IPA(8:2)
Prep. HPLC

Column: Cy,

Eluted with H,O-MeCN(4:6)
White powder(8 mg)

Fig. 3. Purification procedure of azalomycin B produced by

Streptomyces endus YP-1.



Table 2. Antimicrobial spectrum of anticancer material pro-
duced by Streptomyces endus YP-1.

Microorganism Inhibitory zone
(GGram negative
Azotobacter vinelandii +
Klebsiella pneumonia +

Proteus vulgaris -

Pseudomonas fluorescens -

Pseudomonas stutzeri -

Serratia marcescens -
Gram positive

Bacillus megaterium -

Bacillus polymyxa ++
Bacillus subtilis +++
Brevibacterium lac- +

tofermentum

Brevibacterium sp. -

Staphylococcus aureus ++
Staphylococcus faecalis -

Yeast

Candida krusei -
Candida pseudotropicalis -
Kluyveromyces fragilis -
Saccharomyces uvarum -

Fungi
Pirycuraria oryzae +
Penicitlium chrysogenum -
Boturitus cineria +

[nhibitory zone: 5~10 mm +, 11~15 mm ++, 16~20 mm +++.

3} ester system®] A4 4, 8 ppm&] signalel 4 me-
thoxyl group®] EA4E Hele= A 5 HHFE<Ql spectrum
oFAH(Fig. 4)3} 8169.9794] l‘ﬁ EtAe) §99.1194
11¥ &F4-, 893.29<ll4 22¥ 42 peak+= azalomycin
Be} o x|l 2= (Fig. 5), UV spectrumell4 253 nm

AN HAHEFTF Wl ZIE Eﬁq}a}m] 2 A2 Strep-
tomyces melanosporousollA 28 #2{%(18) azalomycin

I

- L.__g‘k_.,; l*'LJ_.__._,uL.uJJ " ﬂduﬁ__q_

pom—e e et = Cim— e

7 6 5 4 3 z 1 0

Fig. 4. '"H-NMR spectrum of azalomycin B produced by Stre-
ptomyces endus YP-1.

Streplomyces enaus YP-10] MASH= BetEMN EZ 4187

P T ok R

180 W0 140 12(] 100 ﬁfl GIOI | dﬂ 20 -[;l
Fig. 5. "C-NMR spectrum of azalomycin B produced by
Streptomyces endus YP-1.

Fig. 6. Molecular structure of azalomycin B from Strep-
tomyces endus YP-1.

B2} o EAE EHAF U (Fig. 6). YP-1-1{(azalomy-
cin B)-& methanol DMSOe®] =% benzene % ether
ol = =& ¢ 8 =33 S48 Hodoi(Table 3).

& - &

Streptomyces endusJ} 24

HE

A5 Azalomycin B2 €t

Table 3. Physico-chemical properties of azalomycin B pro-
duced by Streptomyce endus YP-1

Examined Characteristics

Nature Coloress amorphous powder

Molecular formula Cs,Hy Oy

Molecular weight 1025.278

uv A M nm 253

IR v, cm’ 1700, 1720

MP 106-1097C

Solubility
Soluble DMSO, CH,Cl,, CH(Cl, MeOH
Insoluble H,O, EtOAC, Hexane, Benzene
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Table 4. Effect of azalomycin B on the human cancer cell

lines and mouse fibroblast cell line
m%M

Cell lines IC,, (uM)*
A549 11.70
Colo320 DM 6.69
Colo320 HSR 4.01
HL-60 5.35
NIH 3T3 17.83

*The 1C,, is the concentration of azalomycin B that decreases
the absorbance to 50% of control in MTT assay.

Azalomycin B~ macrocyclic lactone] 3FAA| 4]
#| ol = gastric H', K*-ATPase $4& A s3lcta v
SE S 9l (19) AtEA o dislel s A 2] ouix)
MR -2 AA oIt} Streptomyces endus?t A8l az-
alomycin B7} 1] A E 2 NIH 3T3 A T gt A
E5AS MTT assayol] 2)3ted @23t Az} Colo320
HSRA| Zell thate] IC,7} 4.01 pMelglsr, NIH 3T34]]
A wiste] IC.71 17.83 uM-2 wehigith(Table 4), o]
A8 el Zal= azalomycin B7F Q14 oA 26 mapA o

Fig. 7. Western blot analysis of Colo320 DM cells treated
with Azalomycin B.

A; Cells were incubated with 2 uM of azalomycin B and total
protein was prepared. 30 g of protein was loaded per lane, elec-
trophoresed on 10% polyacrylamide gel and western blot was
performed as described in material and methods. lane C; control,
lane 1; 12 hrs, lane 2; 24 hrs, lane 3; 36 hrs, lane 4; 48 hrs B;
The same gel was stained with Coomassie blue R-250. Arrow
heads indicate the c-Myc protein.

2 AHgshs 848 7R 9l TEEAlS ok 9
21} cell lineagedl] W& & whg-o] AR AT
wj Al S = ek HZ, Streptomyces sp. MCY-8462.2 3
B azalomycin B9} FU g B2 o) 3etalAd o 9|3} ety
o ofste] AAEIche Bur) glglen HAE BAle
NIH 3T3 A|3#9} ras-transform® NIH 3T34] %) o
ahod w3 Bl Vehigid e ® Egleh(20).
E dToA = 53] c-mye RNA2] o8& A7l 3t
A 71 S s 0 = 2 (Fig. 1), ras-trans-
form¥® A|E Hol= c-mycd] $Fo] DAL= o) Agk4
Z21 Colo320 DM, Colo320 HSR % HL-60A) %) 7}3}
FLEAAS Hole= AL 71U == Aae) 3 4= gir}. o)
A= o] EFAoY c-mycd] MEFAX L A3t o 2] 3
TS e S S FAEk gt Ale
A" azalomycin B7} c-Myc 2t & 2] =1-4l-& =] 3 &}
© A& dotir]| #1314 ¢-Mye antibodyE ©]-43 im-
munoblot< ¥ A3}, Colo320 DM A Eell4 c-Myc
Al o] oFS #A 3] 4 A7E A 9l Lo Bl
sdct (Fig. 7). Azalomycin B7} c-mycg] 212 o3}
712kl ol3ted A efjst=A) =& c-mye transform®
NIH 3T3 4| £ol| whsled Sold oz atgsl=x]Z yts)
= A& azalomycin B 2H8-7)21e] o)) & ¢)3fe] 9
A3 A3A =) spA )

2 <

B 2NE Eel® vkl 3124 7
SRB assay2l MTT assayE ©]&-3lo] 3hetaade- =
< ¥ T 1A 02 ADEsld, o]5%F c-mye RNA
4& A T= FAde] 7R EAE AAEtE FRE
ARsIA AME #5= LL-type®] DAP, glycine2.
2 92% peptideE 7}Al& peptidoglycan type A3,
cell wall type [oll siZ= o], gl 22135t do] 7HE2H] 5]
%22 sugar pattern Col| 3|E2 3188l cas-
ein, tyrosine, xanthine, hypoxanthine®] %S v}e}
YL spore chain®] open-spiraldt &efo]w Zwo] warty
T el E Hole ZOZ Wl Streplomyces enduset =
BE FozZ AL AER #5223 oty e
A& 89524, silica gel column chromatography,
prep-TLC ¥ prep-HPLCE o] &8} 2=u]3 o1& 'H-
NMR, “C-NMR, L.C-Mass spectrum= 53 L 2 &
ANAE A Gram(+) AF, A4, protozoa ¥ nema-
tode 5ol A AEANE A AR iz 9= azalo-
mycin Bet L Ao 2 selatgict B Ag oA &)
% azalomycin B ©12] cell lines] AEE=4-3 el
Ao 53] comyeo) FFF QA A E ol 733 Feotst
A5 bl e Colo320 DMAI Zell A o-Myc w2l
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