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Identification of an Actinomycetes Strain, MSA-1, Originated from
Sponge, Halichondria okadai, and its Antimicrobial Component

Jong-Soo LEE, Jong-Duck CHOI

Dept. of Marine Food Science and Technology. Institute of Marine Industry,
Gyeungsang National University, Kyeongnam 650-160, Korea

An Actinomycetes strain, MSA-1, containing antimicrobial component was isolated from the black sponge,
Halichondria okadai, and was identified to a genus level by morphological and chemotaxonomic methods. The gray
colored spores were oval type with smooth surface and formed flexibilis spore chains. The cell wall of this strain
was type I containing D-aminopimellic acid (D-DAP) and no specific sugar was detected. Phospholipid of the cell
membrane was PII type including phophoethanolamine and the major fatty acids of total lipid were branched
anteiso-15 : 0, is0-16 : 0, 16 : 0 and iso-17 : 0. From these results and other characteristics described in the
Bergey’s Manual, this strain was identificated as a Streptomyces sp.

Meanwhile, 10 mg of pale yellow colored antimicrobial component was isolated by HPLC method from the
cultured Streptomyces sp. (70 g of cryophillized mycellia). By crystallographyc analysis, HIRESMS and NMR
assignment, the antimicrobial component produced from the strain MSA-1 was elucidated as the staurosporine

(indolo[2,3-a]carbazole alkaloid).

Key words: sponge, Halichondria okadai, Streptomyces, staurosporine, antimicrobial, indol[2,3-alcarbazole-
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AR 88 (Halichondria okadai) 2% %
AFFE Actinomycetes 2 #AE ol

Aom, F8& At ISP 2 ¥iA (yeast extract 4g,
malt extract 10g, glucose 4g, aged sea water 750, 5
= 250ml, agar 15g, pH 74)5 AH&3he 30CoA 797
sttt 28, FoEdY 2uE 9F dPgudds
Marine Broth-2216W1 4] (DIFCO)E A8k 30T A 3
A3t AgufeFat At (Choi and Park, 1993).
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acid (DAP) %}
o (Goodfellow and Minnikin. 1985).

DAP #42& cap tubedll UZ T 05g& 6N HCl 2
neg 7kt 98F 100CAA 18417 Eaiste ozg
oAd-S A AZXE v 059 FFHFF 59 cellulose
F plate (Merck) & ©]4& TLCHAM EEF (Sigma)3 ¥l
23 A S (solvent - MeOH-pyridine-10 N HCl-Water, 80
10 12.5 1 175, detection : 02% ninhydrin in acetone, 100
T, 2min.).
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ste] BHIEE AUk o] ¥ HFH2Z Develosil

TMS-5 column (1 cm, id.X25cm)Ao1A MeOHS &2
3 HPLCE AATFHT (£ MeOH, #<: 3nd/min.).

°| monitoring

2 telgke A AN $EHY {FFE Bacillus
subtilis (Nutrient agar®] ¥H¥) <} Aspergillus oryzae (po-
tato-dextrose agar®] )] A& AA SGEE paper
disk® (Lee et al, 199D 22 213tgich 4, HPLCO
AE UV 254 nm A monitoring3t R L8 TLCE Kiegel-
gel Fussd o434 chloroform-MeOH (95 : 5) & £l 2
A7N R o 254nme UV lampE ZAbete] 2
AstETh

7 (Ol

= =
==
E44 ¥

e

ZE 77|18 0|88 7|7 24

UV spectrum< MeOHE €71 23] U-best UV spect-
rophotometer (JASCO, Japan) 2 &334t

A 248 olycerol matrix® 3] Fast Atom Bom-
bardment (FAB)-MSE %] modedlA 233t
(JMS-DX 303 HF Mass Spectrophtometer, Nihon Denshi,
Japan), HIRES-MS¥ Electron Impact (ED41 4] positive
modeE S 3t

proton 2 “C A7) F% (Nuclear Magnetic Resona-
nce, NMR) spectrum< CD30D% &9Z 500 MH:z
(Varian Unity-S00 NMR spectrometer, Varian)ol 4 &3

gpiles

benzene-acetone E§ LA o A
, FE2A 3 XA Hde Fy
2 MULTAN #AH8 A% SIR94 (MAC SCIE-
NCE)& o]43}4 MXC 18 (MAC SCIENCE)E &34
=8

Xt

2 Y 12

1

=
£y

ISP-2 Hi Aol A 30T, 747t Mg 71 ZdANE



518 o] &5 .

Photo 1. Scanning Electron Micrograph (SEM) of aerial spore chains of Streptomyces sp. strain MSA-1, cultu-
red 7 days at 30C on ISP-2 medium (Bar 10 ym).

brown® <& YERNASH, 1 97 jvoryH 9 FETAE
gAsla. 712FAE 223 29 FeE oval &

eo)m 1070 o) e ExEo] dAH ] flexibilisF ] E
A AEg o]F1 AU (Table 1), T, £xle] EHL
&S

434 dojZez BRY 23, 504 5
[s]

71 A 2 smooth FE ATt (Photo 1).
SRR SY o ©F =%
A2 AFEHEZREE Lform® DAP isomer’}
AZ2HNL, EAT Fol AEHA e A7 Hop A

EYL type 13 oIth A AEL phosphatidylethanola-
mine®] HZHo] PII typel 2 SAHUoH, Aupite
Z 16707 FHHAL, 2 F iso-14:0(54%), anteiso-
15:0(349%), iso-16 10 (27.1%), 16:0(7.1%), iso-17
10(5.1%)% iso, anteiso® branched A'}4te] Fa A
Hhako] 9tk (Table D).

©]49] 239} Choi and Park (1993)2] 423 E4 0]
A3 BaE HEFHS o] HATFE Bergey's Manual
of Systematic Bacteriology®l 23 Streptomyces sp.2
FA8 9 (Goodfellow, 1989, Lechevalier, 1989, Locci,
1989).

g 249 44

TMS Z&olA FTEEL 1589 §&3A9 2 tai-
ling @42 YeEhiglen, 4402 10med] $aER
tailing®) =

£ 28 FAstdo 23u, HPLC 499
2733 TLC dlMe Rf 040 78 802 shio
spotg YEhlol BEEo] gleS 44 Ao, drage-
ndorff A& EF5ted 7hgstE FFMo R WaEof

48 Aa9 EA7F FHHAG AAE EFL
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5 5=

g Mo 23 BU2 M ZF hexanedls A &
%3, DMSO9 & &3)3t%ch &, MeOH 2 chloro-
formell= % H3to 8 MeOH &4 F M= W&
HAF = Aol AAHAT

g7E3e 24E

MeOH £dF oA ZH3 UV specrum AT 292
nm FZAAM Ho FFE et FH, positive
model Al £4 T FAB-MS spectrum®| A& m/z 467°l
[M+H]" & 7 o] & peak’} VEh E2b3E 4662
g 2459 (Fig 1). £, HIRES-MS dME m/z
466.1956 (Err | —48 mmu)o] #ZHon oo 4

spectra {44

Table 1. Morphological and chemotaxonomic chara-
cteristics of Streptomycetes sp. strain MSA-
1, isolated from sponge (Halichondria oka-
daif), cultured at 30C for 7 days on ISP-2
medium (pH 7.4).

Spore chain morphology Flexibilis
Spore surface ornamentation  Smooth
Form of spore Oval
Color of aerial spore mass Gray

Aerial mycelium Chains of arthrospores
Ccolor of substrate mycelium

Substrate mycelium

Bbrown
Not fragmentation

Cell wall type I

DAP L-DAP

Sugar isomer Not applicable
Phospholipid PII

iso-14 7 0, anteiso-15 - 0,

Major fatty acid
iso-16 0, 16 : 0, iso-17 - 0
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b=7.627 (4) A c=15947 (6) A alpha (a)=90.00 (0)
degree, beta (f)=118.26 (3) degree, gamma=90.00
(0) degree, Z=4 olth X% 9ZA Y= (Dobs ;
Dcalc) & 1.20 ; 1.17 g/em’, space group2 C22 &
g o3 dZAE A d3 =AY A 2
Aol st 2,581 A9 ZHE WALE FA s XA
ARFZE A3 staurosporinedl 2F FZE 3
Mg Furusaki et al. (1982)¢] AE st vlw st gk

o] A3} o] ZW & BAYE IAE & Exv BF
mz g 9o ARE FAHT UD, Fig 201 Uehd et

Fig. 1. Higher field of FAB-MS spectrum for antimi-
crobial component (positive mode).
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1o ZAY F2E 2 Aoz fAHeH (B4
L= A, 2EE, 2E A, HIEED daa ), ole”
e B8 AAE 47] TEE CuHyONS Ag  staurosporined T2 AX|3H¢ch

o o] ¥4 AM A3} 712 F29 staurosporine

(Buckingham, 1994)% 231 3sick. Proton % “C NMR spectrum
500 MHz| A MeOH-d,& & 23t X8 proton
CIAX | XM sfMo| oFt Tx M 2 “C NMR spectrums Fig. 3% Fig. 49 Jehfiich,
g9 ARE ARy Y3 ou2Fdx ZAAE  proton NMR A E Tppm 039 AAAEdE W
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Fig. 2. Perspective view of the antimicrobial component molecule (showing the crystallographic numbering).
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Table 2. Comparison of the 'H and “C chemical shifts (ppm) assignment between staurosporine (Str) and
antimicrobial component (Amc) isolated from Streptomyces sp. strain MSA-1

lH 13C lH ISC
Position Position

mc Str* Amc Str* mc Str* Amc Str*
1-H 7.24 7.26 109.8 106.9 10-H 7.42 7.41 126.5 124.1
2-H 741 746 127.1 125.0 11-H 7.89 791 116.4 115.1
3-H 732 7.35 121.2 119.7 1la 141.6 139.7
4-H 9.23 9.42 1279 127.1 12a 132.7 130.7
4a 1252 1234 12b 128.9 1283
4b 117.2 1153 13a 1389 136.6
4c 134.7 1322 2' 94.3 91.1
5 176.4 173.6 3-H 4.00 3.86 85.1 84.1
6-H —** 6.81 4-H 331 333 53.8 504
7-H 489 499 479 46.0 5'-H 2.63 271 31.8 30.1

Ta 120.3 1184 241 2.39
70 116.2 114.0 6'-H 6.53 6.52 83.0 80.1
7c 126.6 124.6 Me 236 233 30.8 30.0
8-H 7.96 7.87 122.8 120.6 OMe 297 337 59.7 573
9-H 7.27 7.30 122.2 119.9 NMe 1.85 1.54 34.0 333

* data are from Meksuriyen and Cordell, 1988) measured in CDCl,

** not observed.
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Fig. 3. Proton NMR spectrum of antimicrobial com-
ponent isolated from Strepfomyces sp. strain
MSA-1 associated with black sponge (MeOH-
d,, 500 MHz). Numbers mean the position of

proton at Fig. 5.

11 '
13a a3 4 CH,

l 11aJ

180 160 140 120 100 80 60

40 Bpm
Fig. 4. “C NMR spectrum of antimicrobial compo-
nent isolated from Strepfomyces sp. strain
MSA-1 associated with black sponge (MeOH-

di, 500 MHz). Numbers mean the position of
carbon at Fig. 5.

So] #EH%2oH, 653 ppmlle & 9 oxy methine
protond] EA7F FAHAL. 3719 methyl proton <
Ztzy 185 ppm, 236 ppm, 2.97 ppmol singlet¥] peakE
ZZs9oH (Fig. 3), H1%57t methylene proton®] 1.5
ppm FZo #3EHU

34, ®C NMR spectrum o] A€ 1764 ppmel 17§¢]
carbonyl B4, 100 ppm~160 ppm Ato] ol 1874 9] whak<
g4 agla A9 ®4 99 signalol 44 #EHA
o} (Fig. 4). 53], 83ppm~100ppm Akol9l 3709
signal acetal £F carbinalamine2 2 F3 =%}

Proton 2 “C NMR spectrum® chemical shifte
Table 201 VERAGITE olm] X ZA sjAdA A
T EHL staurosporine & 2 F R H A7) W&o 0|59

£ staurosporine ¥ 19 f=AE (Fig. 5)9 NMR
spectrum®  A%E Meksuriven and Cordell (1988) 3
Koshino et al. (1992a,b) §¢ dawat HlZ3 AT |
9 chemical shift 2 MeOH-d= &2 AMR-3A7I
2o signalol BEHA o 69 F 4999 NH
proton °]9dle 443 U A
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oz yy R wAdol ALY FTEE
indolo[2,3-aJcarbazole alkaloid = #¢l staurosporine
o2 FRHAAL
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Omura et al. (1977)ll jdte] FFQ EHEA &

o &

Rl

ol
H
H
=

2



R, R,
Staurosporine H NHCH;
UCN-01 OH NHCH;
UCN-01-Me OCH; NHCH;
RK-286C H OH
CGP41251 H N (COPh).CH,

Fig. 5. Structure of staurosporine and its derivatives.

2AHAY. §H, ©] #F= Takahashi et al. (1995)9)
o}8ked  Saccharothrix aerocolonigenes (Labeda 1986)
subsp. staurosporeus subsp. nov.% ABHEHAULH, F
el staurosporined AA3E Aoz dAE WHAFF
€ 384 2% 544 AX99 DAP isomer’t LE ol
™ meso® 9 ot]x=AF DAPE 7t Sacch. aerocoloni-
geneshe ThE Fojo},

559 Streptomyces TFEEFH o8 £F9 stau-
rosporine fFEAE0] Bi¥ o™ (Fig. 5, Omura et
al. 1995, Buckingham, 1994), 53], 11-Hydroxystauros-
porine & 3,11-Hydroxystaurosporine® 234 A 9 4%
Q' Eudistoma sp. 2H¥ 2AHAt (Kinnel and
Scheuer, 1992).

staurosporine> PH$-2o tidte] F4 =4 (6.6 mg/ke,
ip)& UeEPH A#Eths 3ol axd oig 37
‘do] Z3br} (Meksuriyen and Cordell, 1992). a4 #
ohvet, det At A&, 7 W AA A8, protein ki-
nase C 94 28, ¥ 4, macrophage-activating pro-
perty. immunosuppressive activity’s 18] 7R A2]E4e]
Ae Aoz dEzon ZF Asst Agogx dE
o] e HAE Fto|tt (Omura et al, 1995).

WAEE 23 ARl O AEtA AER
2 g€ 10000 95 AHEH EF F 237 WA

=

79 ¥e 53 ¢ gwgdy 2 521

doaRy BAd AogA FATL % JFLATF
2+ AE 2A Ao oM AQiAe R g Fad
PAEZ AT It (Kim et al, 1996; 3, 1997). T4,
A7AE dEE 4 Egold 4EE FUdor
3t A7F HojA gon AYBES AR F dFE
B2 gt (o], 1995). webA, 2% G2 HE AT
Zoh 1 o]5o] Aiste HHBHEEAS B T
Z FA8kaL o] g3tajol & Aol
9, BRANHOZHE staurosporineS 4

Tol F4E AL AFo2A A o] ¢FY FFH
A o] #FV} AAEle E U2 g4 HA Fd
Ao, staurosporine®] W#F HM{FRAE HE Fo Aot

@) (o]
T =

84 (Halichondria okada)®) B43e AeZ F

e oL MR AT FE 228t SEM, W e

£ i ojstd #FE FAHIHLH,

o] ##E marin broth 2216 WA A o FujFate] FA}

A2RE FFEAE 2% HPLCY odtd Eajsin x4

A4 32 34, MS, NMR spectum®] 9j3}d F2E
st act.

ISP 2 #jAelA 30T, 793 Wik A, VAT B
AL H9x 292 vorydd 7IFTAE A
spore chain flexibilis2A 107] ©}4¢] oval < A7}
AHes AT den EWE smoothdtth ¥,
533 E402E Lform® DAPE 7HAM §4AC 7
o] 91T cell wall type I ©J%12L, AXFL POE oo,
F8 YA iso-14: 0, anteiso-15 1 0, iso-16:0, 160
2 is0-17 . 0 ©|Ath. o] A9} Bergey's Manualoll &30
o] FF¥ Streptomyces sp.= B HATH

B s 54 A2 34 70g 22HH 10mgd @
T @] g 228 27 FASE 2F £449A
o] B9 FAFL 46602 EAHUIL, ©|E benzene-
acetone SWFANA AR XA 2 7TE AN
3t A3} indolo[2,3-alcarbazole alkaloid®l staurosporine
2 APEUCT proton F carbon NMR data® ©]¢}
Z A At
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