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Abstract—1In an efforl to screen new selective antitumor agents from the broth of soil microorganism,
cytotoxicity oriented screening was performed against tumor cells and 3 compounds (Compound 1, 2 and 3)
were isolated from Streptomyces parvullus ISP 5048 and their chemical structures were determined. Among
these compounds, Compound 2 showed the highest cytotoxicity against P388D1 and L1210. While the ICs,
values of compound 2 against P388D1 and L1210 were 0.073 Jg/ml and 0.07 ug/ml, respectively, and the ICs
value of Compound 3 was 0.17 pg/ml against human lung cancer cells, A549, the cytotoxicity of Compound 2
and 3 against normal cell line, Vero E6 cell was about 4- and 8-fold lower than that of adriamycin. Based on
the chemical analysis data, Compound 3 was octacosamicine A, a known antibiotic, which was reported by
Dobasih et al. (1988). Taken together the results demonstrated that Compound 2 and Compound 3 has the
possibility to be developed as antitumor agent because of its potent cytotoxicity as well as high selectivity

against various cancer cell lines.
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vleklol ] Ea| AAE ©]F mitomycin C, bleomycin, ac-
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Asgolvt 4 AA Felsle] 2 AEEA, slehy B4
o] ¥ &) 2210 ¥y 23] AgkA o).

wleli] QAo ¥algel A oA 953} gelaAE o}
s A 2e Hd 395 7] A3 AE2A Y &

oFol| 4] F}FokEAlL AAlsle WATFS Ad, Felstn
2. vfeked Aol a FlEok BAS Hols FFEE w4 F
2|, AA g 2 A= 3329 in vitro A E A5 A7
ol-g-d 1 F32A4 AL Rk

Al

OMMTEFQ| 2ol HHRF 3 M

199413 4958] 7712 A A o4 A FHH 386712
BEFAE F AE gt AHT B RE 80TelA
9027} vkx3t oo Has SFSo Heksl = ukid B
24 iAo ASAE HEsct T EE HHZ]
+ Starch-casein agar(Khan and Williams, 1975)% A}-4-5}%1
o fungig] ZA1-2 AA87] sl whx] el Nystatin(50 pg/
mi), Cycloheximide(50 pg/mly3 A7}stiche], 1992). =+
A F2lg wx) A 28T, 7404 149 Fb wioEle]
% colony® HE|3lgc). ¥el® dFES Moadified-
Benett's AP W 2] oll HF, v kA2 F 4T WAIA B
&lo] Aol AMgatgdnt. (4, 1994)8] AT A B34
2 29l E AWE Streptomyces parvullus 117745(0)5} 1
AFF1172 27|9ehHE d#F wlekste] o ekl e r
2E) G5 209 PolF Ansdn
WM BaREe EX

) TFe] 42 A5t JubAel FA1-E Manual of the
Methods for General and Molecular Bacteriology(Gerhardt
5, 1994)2} Bergey's Manual of Systematic Bacteriology
(SneathS, 1986)e)) uwlelx] ZAA=glew, fatty acidE gas
liquid chromatography 2 #-4]s}git}t. =& 3= Newcastle
upon Tyne w3} 0] Y E-3tate] S, A Ward BhA}o]] &5 7Y
el program .24 ¥R EAS k() F2 o4
(-)o.2 ZiebstA dHsty, J¥E 255 CLUSTANC E
#4842 255 ¢ & Y TAXON program$ o]2
sof el $4 Az0)% AAskc
sEoF 239 22| HAl

B2)FF 1179 ool d-L ethylacetate 2 FF 3o
ethylacetate =l 7]~ (crude extract) 2.0g& <A%ic}. CHCL
Lo 3lol|lA FZ7)AF column chromatography(silica gel)
8o Part A(1.98 g)z} Pat B (20 mg)= H-¥s}elch. Part
A2 ethylacetate:n-hexane:methanol=9:1:1 ] Eggvl=Z
column chromatography&}e] compound 1(1.58 g) = Part C
2 Y3, Part C¥ thA] column chromatography(ethylace-
tate:methanol: NHL,OH=9:1:1)] 2 & x|} A3} compound

2(70 mg)2} compound 3(10 mg)e At
NE B2 2 NE =45 &3
B A3 Aas] AlEZFa Aak Aﬂl"] VcroT_- = A
FEeqollA Bk wrol Algslely, P EF4 P388D,,
L1210, A549% 5}6} AF4el A ﬂlil =4 %“’4% (NCD
ZRE] Bof whol Al ZE Bk wolA] ARl
A 3 vl ek RPMI 1640(Gibco)al =] ol 10% FBS (Fetal bo-
vine serum, Gibco)2} 3}H4)-E-2] (Antibiotic-Antimycotic solu-
tion, 100x: 10 ml/L, Sigma)yg 1%EEE 715l o L-
glutamine(Gibco)e] Z£3¥ WA & AMgsladch 2+ X‘lli—zr
L 37C 2504 5% COE A1 A7), 94 58 AlE
7} FA == &2 g)427](Yamato CO, model IP-31)oﬂAﬂ Hl]
oFzleit). Attached cell line?l 749l g2 Shgr7] o4
monolayers o] %% % wlokA]7|t}7} PBS(phosphate buff-
ered saline, Gibco)®. T 4|83t F 0.05% trypsin o] £
¥  trypsin-EDTA solution(0.25%, Gibco)? D-PBS(Dul-
becco's phosphate buffered saline, Gibco)E A8} ¥
A7 & A weksied 2w | suspension cell line AL = F
) AAE Arefe] Ty flaskNunc)el| 4 0.2ml & S T,
flaskel] Al afeks}ed cell lines +Asldvt. colorimetric
assayql [3-(4,5-dimethyl thiozol-2-yl)-2,5-diphenyltetrazolium
bromide](MTT)Z o] -2t MTT assay W o2 7+ A £29]
AE2FL F-sldrHAlley er al, 1989; Cammichael er al.,
1987).
23y SE0| Cist 71712
ggokse] Hald FES9
HPLC, 'H, "C-NMR % UV, IR £
of Falstedct.

ANBEE Zk Al E 9A] 9lAke] Screening& 93] LA
o2 FaE wiFFEe] wjokdol digl in vitro A E F
= *E‘/‘lfv}"ﬂ oo, 7 A} Fa|gF 117¢] A

o Bl Auf ol B Al EA (L1210
&) 107~ 10‘40] P388D1¢] 10'~107)& Reirh(d
1993). ¢] ZxE EWE 11749 wildS A3t
dAstdch EeEgE 1172 e B2
w =] ellA] A8l A 4] Streptomyces sp.&] mycelia®} sporeE-
Atk 9389 colonys #AFH 7|TAl(substrate
mycelium)®] A7Z-2 w3tMo)gi o 7 $] 2 ivory 4] 7]
T-TH]-(aerlal mycelium)y2 8 A5} 3, 7)AFA = AAAE
< vehl o 71 SAbe o] 254 vl A4
Jodeh. FAF A=} 9|7 (Scanning Electron Microscope)
Az zale] Hurl gl do] ke dE¥ez
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2 5 Bk %% & 243 81A e wEE Yol
= gl
9&14. w2 gF 117-:: ofe] Wzl A wieFste] Hghe uf
peptone-yeast extract iron agar(ISP medium 6) 2 Czacpeck
Dox agar 4218 Wj¥-9] oA A4 2 Ahgpen] 43
) ol g SAA Q ke FAY 5 N5 light ivory 2
AFTA wRbe] TS WS AFa AdE
mgtdo]eich(data not shown). FEHE-F-51% EA-L Table
oA el ZIAF EeldF 1179] AlEHe] DAP o]4]
% A= LL-DAP(diaminopimelic acidys Ztw glglod, A
A 7h=a el tHEl BolA 9%2] Fof) ozt Ay A
S AZS SAAL B WA Gk dehes
1179] 1A A FAAAMRL Streptomyces sp. HF-ol| o] &5
‘= PE(phosphatidylethanolamine)}E ¥.3+3} ,i__tt] PI(phos-

Table II. Taxonomic characteristics of the straim 117.

g} o)zFt HelE x|zl AR w2 Leche-
valier?] 2§ of|4] phospholipid type PII€] 3} efo]c}(Table
D). x=8k E3dF 117=Streptomyces sp.2] H&EA ] F8
kAl FAAE-Q) anteiso-15:0, iso-16:0 2 Ffralelct
(Table 1), 919} 7o) Qeshx BA 7} Fal3 el EAL

Table 1. Chemotaxonomic charactenstics of the strain 117,

Characteristics strain 117
Cell wall type I
DAP LL-DAP
Sugar None
Phospholipid type PII
Major fatty acid ante-15:0
is0-16:0

1. Morphology and pigmentation
spore chain morphology
color of spore mass
mycelial pigment
diffusible pigment
melanin production

2. Antimicrobial activity
Bacillus subtilis (SUB) : +
Candida albicans (ALB) : -
Streptomyces murinus (MUR) : +

3. Biochemical tests
lecithinase (LEC) : +
pectin hydrolysis (PEC) : +
H.S production(H2S) : +

4. Degradative tests
elastin (ELA) : +
albutin (ARB) : +

5. Antibiotic resistance
neomycin (NEQ) : -
oleandomycin (OLE) : +

6. Growth tests
45 T@E57T) -
sodium azide (OLZ) : +
potassium tellurite (OIT) : +

7. Compounds as sole source of nitrogen (0.1%, w/v)

DL-o-amino-n-butyric acid (BUT) : -
L-valine (VAL) : +
L-histidine (HIS) : +

rectiflexible(-), spiral(+)

red(-), gray()

red/orange (+)

production(+), yellow/brown(+)
PYI medium(-), tyrosin medium(-)

Micrococeusluteus (LUT) : +

Saccharomycescerevisiae (CER) : -
Aspergillus niger (NIG) : -

lipolysis(LIP) : -
nitrate reduction (NOs) : +
hippulate hydrolysis (HIP) : +

xanthine(XAN) : +

rifampicin(RIF) : +
penicilline G (PEN) : +

NaCl (7NA) : +
phenol (FHN) : -
thallous acetate (TOI) : +

L-cystein (CTS) : +
L-phenylalanine (PHE) : +
L-hydroxyproline (HYD) : +

8. Organic compounds as sole source of carbon (1%, w/v)

sucrose (SUC) : -
mannito] (MAN) : +
raffinose (RAF) : -
adonitol (ADQ) : +
D-melibiose (MEB) : -

myo-inositol (INO) : -

L-thamnose (RHA) : +
D-melezitose (MEZ) : -
dexran (DEX) : -

xylitol(XYT) : -
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a3 & u EeldF 1172 o} & Actinomycete genera -
Streptomyces genusel] £351= 710 2 BF3F 4= 9lcy(Table 1).
TAXON programS 0|28t = (species) 2|3

Z 59 FAL Hste] AR FElFF 1179] 5074
taxonomical unit charactersell W& A4 Av= g3 2
t}(Table II).

Fe]#FF 1172 inorganic salt-starch agar(ISP medium 4)
o4l wieF #FA] spore morphology= spirale] ]z, me-
peptoneyeast extract iron agar(ISP medi-
um 6), tyrosine agar(ISP medium 7) 2ol JAIs)=] 2
et AsketA 54 A 2 27 lecithinase & A4 3}

937, lipolysist 24

lanin production-<

3, hippurate hydrolysis+= %F4J, pectin
hydrolysisi= <¥Adolgl evd Al Fl%, HS AAd%Eo)
il B35 A2 3} elastin, xanthine, arbutin®- &g
= o9, A HEk ZpAd A" A3} rifampicin,
oleandomycin, penicillin Gof] gk &A1& Jeplgict. 3
sAle] ek AdAelA] &aloll i phenol(0.1%), thallous
acetate(0.001%) &) slellA= Alalbe] As]=Eor}) so-
dium azide(0.001%), NaCl(7%), potassium tellurite(0.001%)
N AR 4 glyict 378 A¥ZE A= gram po-
sitive F5=)) 37H-S ¥ gl fungiol = dHe] Ygict
(Table IIT). o}9| x4k o] $-5& 43¢ 237} L-valine, L- his-

tidine, L-phenyl-alanine, I.-hydroxyproline2 #-d%}F & 4%

Table III. Numerical Identification of Streptomyces sp. strain
117 using the TAXON program

Tax % Prob.

. . 95% Taxon . Willcox

Strain distance . of strain o
radius further away Probability

HMO 0.3099 0.5011 99.6945 >0.999999
Centrotype
(S. griseolus) 0.3676 0.5011 92.1845 >0.999999
Best maich
strain
(S. parvullus) 0.4071 0.5011 69.5434 >0.999999
Quter-most
member
(S. lvdious) 0.5142 0.5011 2.5930 0.189876
Isolate 117 0.4154 0.5011 62.6128 >(.999999

OF & _%_5-}.0:] )H
acid ©]2-2 4 9iddch

nitol, L-thamnose, adonitol-&-

Aat 4= ¢led 21} DL-o-amino-n-butyric
. o] 42 A¥E A= man-
g gl o2 o] 45
gleder} sucrose, raffinose, D-melibiose, myo-inositol, D-
melezitose, dextran, xylitol £-2 o83 &= gioir}.

olzgl A AMNES 7|2 2= o] Streptomyces strain
W BT 2ATF 1079 RABAE PG T &
A2 EHe F, 2] 2F=E 24 g TAXON pro-
gram ol48lo] 2l B AAskgeh TAXON pro-
games T+ BUE Al 21T 29l 543
A7l &577) dAdE 552 EAL database3)sle]
o] 4E], L3 EE Foiq] E]—(\Nllhams et al., 1983). &
AF A= AA7x) BE7) 9AE FFEE] EAS da-
tabase 315}k 2} 57} ol Streptomyces strain 247 Tl o
H4 7t FREe) B4 P vl FE W7 o ¥4
st5ie}. TAXON program-& ©]§-3fod &gt F4o] 57
9] = Willcox probability”} %3(>0.85) 2583 7z
7h #ewd B 4 9lE 2R A=l 95% STt
73 Wl E37. % probability of strain further away”} & 70|
Fobn & 4 9l

B 22 dF 1172 9] gae] 42 hypothetical me-
dian organism(HMO), centrotype?] Streptomyces griseolus,

713 A1}k T3=(best match strain) Streptomyces parvulus
2} outer-most straingl Streptomyces lydious2] Taxon unit
character®} Willcox probabilityS v #-4{%t Z 3} Table
1=} Zgkr}. Table IS 7o) Streptomyces parvuilus ISP
5048l th3) Willcox probability7} »0.999999- Lhehyll 7,
B Ba|dS 1179 taxon distance 041547} 95% taxon ra-
dius 0.50119 o} =k7 w3} cluster] ZA41 ¢ Qlvbir 3= &t
Eo] 62.6128 o]}, 22| ] EAsHEH FL 3 5070
&) 9] 8 = lecithinase, lipolysis, pectin, adonitol, 23
5 AL ALYE 37709 & HAo| Swreptomyces par-
vudlus ISP 50483 £ 8} A3} el 32 gJch(Table IV).
webd ole] 7l 4 As e FF 173 A
AVel T2 Streptomyces parvullus ISP 5048 ©)2f3 & ==
ek
AEEU SLNE SHS =3

Table IV. Comparason of taxonomic characteristics between S. parvullus (5048), HMO and strain 117.

RSRGRPYMMLLPNHHEXANROP470POTBCVPHHSIMRRMADMXSLCMN
CLUS FPEROIBPTEIEO2IPARESNIHIOUYAHIYUNAHAEBEEYUUEUI
1% SIDYSGPIYCPC3SPANBOFENCAZNTITSLESDCONAFZOXBTBTRRG

+ve 35152333214987679717772885524687754742325
38301838176281752979519334856385102

44142
56585884826325

117 T e kLA I N SRR TS T PR N B S EEEEEE B e I S NN SRR S PR
HMO -+ -+ ------- I I i e S i R et T e
5048 -+ -+ -+ +----++++++-++++--++-+-++++=--F - -t - -
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Fig. 1. Cytotoxic effect of compound 1 on the various cell
lines. Various cells were seeded and further cultured for 72 hr
in RPMI 1640 medium in the presence of compound 1. Cell
growth was determined by the MTT assay. P388D, (), L
1210 (O), A549 (@), Vero ().

Survival rate{%)

0 T e T R T BT S
16 0" 10716° 107 107 16* 107 10™ 107 102 4G

Fig. 2. Cytotoxic effect of compound 2 on the various cell
lines. Various cells were seeded and further cultured for 72 hr
in RPMI 1640 medium in the presence of compound 2. Cell
growth was determined by the MTT assay. P388D, (W), L
1210 (D), A549 (@), Vero (%).

Ba)ga 11798 wljoked AL ethylacetate 2 55 T 7+
ol x-&5le] 942 crude extractZ silica gel column chro-
matography £ ©|-§-3}] chloroform o 2 F7/RA|A dxp-d e
2 % 747 4, § Part A9} Part BE 33 o] £ HEF
of g AE 545 A4S A& 27 0 mg/mlY] 5=
22 ohg 10704 1078 FE7R] dAEE 345
MTT assayZ AAlstedct. 2 Aa, $AZFo] i
Part A7} -2 A EEA 52 velhlc)(data not shown).

Part AR HE] £2 52 s&Eof E4L F2|3)7] 94
A et E Sl A A o) 2]} silica gel column chromatography

=

2 o]-25}e] compound 1, compound 2 ¥ compound 3&

i

Zb7y Felsigde}, o] FEEel 3 AEA AzsA
g e o 2 248 Az}, compound 12| ICs 32
ofA Wz A ZEF Veroo)] s 51.7 pg/ml, A Z5<1 P

100
20
80
£ 70
‘-g an
= 0
£
a 30

20

10

4]
10710 16™ 107 10° 167 6* 6° w0t 10 w0 10
Drug concentration (10mg/mi)

Fig. 3. Cytotoxic effect of compound 3 on the various cell
lines. Various cells were seeded and further cultured for 72 hr
in RPMI 1640 medium in the presence of compound 3. Ceil
growth was determined by the MTT assay. P388D, (W), L
1210 (O), A549 (@), Vero ().

Table V. ICy (Lg/ml) of compounds and adriamycin on cell lines.

Cell ICs (ug/ml)

lines  Compound 1 Compound 2 Compound 3 ADM*
P338D, 008 0.073 5.64 0.88
L1210 15.0 0.67 20.46 0.54
A549 0.32 4.34 0.17 0.09
Vero 51.7 244.48 45547 57.69

ADM*: Adriamycin.

388D,, L1210, A549¢ll+= z+7} 0.08 ug/ml, 15.0 pg/ml, 0.32
ug/ml 2 epteh(Fig. 1).

Compound 29| 73-%-, P388D,of| Y&t ICi3ke] 0.073 pug/
mle]gl e, 11210, A549 o o}al4 22k 0.07 ug/ml, 4.34
ugmle vepgel, =gk A A E2FQ Veroof] Wfs A=
IC,gko] 244.48 pg/mletgdc}(Fig. 2).

obz]2 2 2 compound 3o & AEFAF AL,
stA| E29] P38SD,, L1210, A549<l s} ZH2) 5.64 pg/ml,
20.46 pug/ml, 0.17 pg/mlo] i ow, 2 A EF4] Veroel o
g} IC%-2 455.47 pg/mlo] ¢t v} (Fig. 3).

=g 2] AAE 2F compoundEH E ESQ] adi-
amycin®] A FE=A5L w|lwsjE 23}, compound 13}
compound 27} kA EF P388Dell Wl adriamycin ¥t}
108] =2 7oz Zx59]en, L1210¢] A= com-
pound 27} 3 oFEol w]s)] oF 8l FL- AlHAH A X F
A%5& eh A i ch(Table V).

7121}, Compound 18] 735~ AAF Al £ Vero cellof] ™
gl A ¥ FA%o] Compound 2¢] <F 5ul, 28] Com-
pound 39] oF oul| AE7X] £A FAE LA, satAQd
adriamycin ¥ o} % @¥7} =2 A7 el cl(Table V).
S#EASHQ| TXEY

MTT assay A5 2|7, AL FAlo] o} A4 A
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FE3=e] Vero cellel] thsllde AlEE5A0] &2 compound
29} compound 32] & 7L Al =sledc)

Compound 2= 44 24 = FAB mass2 %8 CuH; 0,
Ny(M.W. 613)e] Hxjal-& Fhalsiodch. UV spectrumef| A
250 nm 2 380 nmollA F< Sz} vlelyk o, IR spec-
trumol| 4] 3400 cm™ol] NH group, 1600 cm™ejlx] C=0, 1300
cmofl4] C- O band S &<l & 4 ¢Jelr}. 'H-NMR spec-
trumell 4= §11.7 ppmofiA] COOH, 89.96 ppmeij4] NH
protono] FZE) it wat 7.46(d)y 6.90(d) ppmel| A aro-
matic proton-g- ¢l & 4 ¢)odch

olxke] A g ¥ %E] compound 2% indole alkaloid A5-2]
AR FAEg ot Aagr L2F YEfds oS AT

7} 3= o} shAlth Compound 3-8 %14 #4 4 FAB
mass 25 ¥R} o] CH,N.O(MW. 624)F &l & 4=
gloich. UV spectrumell ] &4 SejxlE 238(e=22,000)2
vheldtt, PC-NMR 258 31709 ©i42 shel & < 9ldd
28], 65~75 ppm 2ol 47]2] peak 2HE] Abael] AP
B4} 470S oF 4 glgind x=Et 174.8 2 176.0 ppmel]
4] acid 2@ amideAd carbonyl”], 204.6 ppmol|4] ketone,
159.2 ppmel|4] C=N carbon2 &¢le}eich 'H-NMR spec-
trum % 'H-"C-correlation spectroscopy(COSY)E3-E 4.09
2} 4.15 ppmel| 4} &] peakZ-& methylene 5=45-2] AB split-
ting patterng- 7}, o]&= F2}o]4l m01ety-] methylene &
2 assign® <~ 9) 3, ©] methyleneS~& 174.7 ppm¥}+ 176.0
ppm2] carbonyl BtA4ze} A= ¢ ﬂt—}. =5+ 176.0 ppm(C-
1)9] carbonyl¥t4t 4.28 ppm<] oxymethine2] el <
ZA=le] glod. 2 9 1.61-1.85ppm, 3.97-4.22 ppme| 4]
methylene peak-go] Hoizlch. olu] 4.28 ppmell42] ox-
ymethine2| <=4=7} 70.6 ppm3} 40.9 ppme] BH-o] oz 5]
o] 9l&-2 o <= glu}. 3.97 ppmellA{ 2] it 14.7, 33.6,
41.9 ppme] BrAol] A 1w, 0.75 ppmel A1 9] S
72.87} 39.7 ppm2] ErArell AAE o gle}.

olake] 252 £85}e] compound 3 Fig. 49 +FZ
FAstack. F8F2A 27 compound 32 aclinomycetes
52} wleFH ol 4] Dobasih S(Dobasih er al., 1988)0 =z
2] ¥ g octacosamicine A%} EUg FxPoew 7|7 &
A1 218 Fo]| olx|5}¢] compound 3-& octacosamicine AE

==z -]E]O-h:]r
?rlN\Mi/vww
HM. N OH
s Y

Compound 3.
CaiHszOmN4
MW : 624

0
IJ

Fig. 4. Structure of compound 3.

o F

el E“li CERSE R
JAES e s

AMZF AE A oA 2
Ecyo R RE o|FL Ailshs
|, Eofllolls vhelelo}, vk, B A5} 22 oo
FE2 g3tz ol °] abok 33k awiAlR
WL ZFeAdel A ok AE AR oA AR A4akel
gol® 2 AF ¥ 7} 915 vh(Umezawa, 1953; Hirosh,
1977; Maiese et al., 1989; Ryn and Choi, 1992). 58] 1}A
T (Actinomycetes)ell &3 AT (Streptomyces)SE
o} tlokgl AE XS ZHE o)A tiAl AbEg Al
TER GEA 9lo)(Waksman, 1961), o] EoF vl E2] v)
ofdlo T HE] A2E A g5 2] g g A=
7 Z 8= 5L 9l

2 A= AHE ’i"r} Alg 2 e fejd gdds
9 T4 AZ A JASE 2] Qe WA 4 FF
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