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Thesis Title Screening for cytotoxicity of marine derived Actinomycetes

Extracts
Author Miss Sirirat Thong-Oon
Major Program Biotechnology
Academy Year 2008

ABSTRACT

Marine-derived actinomycetes are important sources of bioactive compounds. However,
the screening of actinomycetes-derived bioactive compounds including cultivation, extraction and
testing for biological activities is labor and cost intensive. The aim of this study was to reduce the
volume of cultivation and to modify the extraction method in order to address these problems.
Three sizes of containers i.e. 250 ml Erlenmeyer flask, 20 ml vial and 24-well plate, were used for
cultivation with a fixed ratio of media:container volume at 1:2.5. Five strains of marine-derived
actinomycetes were cultured in each container using four different media. The culture broth of
each strain was freeze-dried, extracted and screened for cytotoxic activities by SRB assay against
KB, MCF-7, HT-29 and HeLa cell lines. The result showed that 20 ml scintillation vial was
considered to be the most appropriate cultivation container for screening of marine-derived
actinomycetes for bioactive compounds. Twenty-one strains of marine-derived actinomycetes
were cultivated in 20 ml scintillation vial which obtained 4 differences culture media, the result
showed that 24 active crude extracts from 84 crude extracts of marine-derived actinomycetes had
a potentially to cytotoxicity against in 4 difference human cell lines which obtained for all crude
extracts at concentration of crude extract 25 mg/ml. Base on TLC analysis showed the chemical

components of alkaloids, terpenoids and amino acid.
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Figure 1. The life cycle of actinomycetes.
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Table 1. Chemotaxonomic characteristics of actinomycete cell wall.

12

Distinguishing
Type Major amino acids
major constituent
I L-Diaminopimelic acid (L-DAP) Glycine
II meso-Diaminopimelic acid (meso-DAP) Glycine
111 meso*-Diaminopimelic acid (meso-DAP or OH-DAP) None
v meso-Diaminopimelic acid (meso-DAP) None
UGN *m%wu“lugﬂmm 3-hydroxy aminopimelic acid
N Bergey’s Manual of systematic Bacteriology 1A 4 (William, 1989)
= g Ay, @ o
AT NN 2 LL‘]J‘ULLWL!‘L!"I@'I"IﬁleE’NLL@ﬂ@]TuNfJﬁVI
Table 2. Whole cell sugar patterns of actinomycetes.
Sugar
Pattern
Arabinose Galactose Madurose* Xylose
A + +
B +
C No diagnostic sugar
D + +

NUYINeE *Madurose Ao 3-O-methyl-D-galactose

N Bergey’s Manual of systematic Bacteriology 18 4 (William, 1989)

2. MIVAMUNMBAR ] UIAN (Classification of actinomycetes)
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2.2 Actinomycetes with multilocular sporangia
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Table 3. Characteristic of 7 groups of actinomycetes.
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Cell wall Cell sugar Mol %
Group Sporangia
type patterns G+C
Nocardioforms I A 59-79 -
Multilocular sporangia 111 B,C.D 57-75 +/-
Actinoplanetes I D 71-73 +
Streptomycetes | - 69-78 -
Maduromycetes 1 B,C 64-74 +/-
Thermomonospora 111 major C 64-73 -
Thermoactinomycetes 11 C 52-55 -
‘ﬁlﬂ : Glazer 14a% Nikaido (1994)
a3 4 mIsaduunnguvenend Tuiieanlu Order Actinomycetales
Table 4. Classification of actinomycetes in Order Actinomycetales.
Order Families Genera
Actinomycetales Actinomycetaceae
Micrococcaceae
Bogoriellaceae Bogoriella
Rarobateraceae Rarobacter
Sanguibacteraceae Sanguibacter
Brevibacteriaceae Brevibacterium
Cellulomonadeceae Cellulomonas
Oerskovia

131 : Stackbrandt HagAME (1997)
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Table 4. (Cont.)
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Order Families Genera
Actinomycetales Dermabacteraceae Dermabacter

Brachybacterium

Dermatophilaceae Dermatophilus

Dermacoccaceae

Intrasporangiaceae

Jonesiaceaea Jonesia

Microbacteriaceae

Beutenberggiaceae Beutenberggia

Promicromonosporaceae Promicromonospora

Corynebacteriaceae Corynebacterium

Dietziaceae Dietzia

Gordoniaceae Gordonia
Skermania

Nocardiaceae Nocardia
Rhodococcus

Williumsiaceae Williumsia

Micromonosporaceae

Propionibacteriaceae

Nocardioidaceae

Pseudonocardiaceae

Actinosynnemataceae

Streptomycetaceae

Streptosporangiaceae

117 : Stackbrandt azaAME (1997)
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Table 4. (Cont.)
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Order Families Genera
Actinomycetales Nocardiopsaceae Nocardiopsis
Thermobifida

Thermomonosporaceae
Frankiaceae Frankia
Geodermatophilaceae
Microspheraceae
Sporichthyaceae Sporichthya
Acidothermaceae Acidothermus
Kineosporiaceae
Glycomycetaceae Glycomyces

111 : Stackbrandt tazaa (1997)
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Table 5. Marine actinomycetes isolated at various depth.

Depth Group of actinomycetes Location References
0-100 m. Streptomyces halstedii Christchurch, Jiang et al., 1997
New Zealand

Streptomyces sp. Lorne, Australia

Capon et al.,2000
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A1319N 5 (99)

Table 5. (Cont.)

Depth Group of actinomycetes Location References

0-100 m. Nocardiopsis dassonvillei Kauai Island, USA  Schumacher et al.,2001
Streptomyces sp. Oahu Island, USA  Schumacher et al.,2003
Salinospora tropica Bahamas Feling et al.,2003
Streptomyces albogriseolus Papau New Guinea  Stritzke et al.,2004
Family Micromonosporaceae Papau New Guinea  Magarvey et al.,2004
Salinispora sp. Bahamas Kim et al.,2003
Streptomyces sp. Guam Miller et al.,2007
Salinispora arenicola Guam Williams et al.,2007

100-200 m.  Verrucosispora sp. Japan Riedlinger et al., 2004

Streptomyces sp. California, USA Soria-Mercado et al.,2005

> 500 m. Streptomyces sp. Not report Schumacher et al., 1995
Streptomyces coelicolor New Zealand Mukku et al.,2000
Norcadioforms sp. Pacific Ocean Shin et al.,2003
Streptomyces sp. Bahamas Cho et al.,2006
Salinispora pacifica North Pacific Ocean  Oh et al., 2006
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Figure 11. Chemical structures of lomaviticins A (a) and B (b).
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AN 12 gas 159319 Brasilibactin A (a)
Figure 12. Chemical structure of Brasilibactin A (a).
N11: Tsuda tazAme (2005)
2
Manam Hagang (2005) Tavmsuensea1oWus Srepomyces nodosus (NPS007994)
Y 4
NATNOUAUUITLIU Scripps Canyon, La Jolla, California Tﬂﬂwmn%maﬁuﬁﬁmmsawa@
A = = dydd' ' . . ~ o q’j 9 3 a 491

TITNUGNINWEINIW T@1TUNYD I Lajollamycin (NN 13a) ﬁ"llﬂﬁﬂﬂ‘]_lfl\ﬂﬂ‘ﬂ\iﬂﬁ]ﬂiillﬂTiﬂﬂ

dy S A o« . . .
YIUBUFLUANITY (Staphylococcus aureus - methicillin  resistant, Streptococcus

. . . . . . . . IS
pneumoniae - penicillin resistant, Enterococcus faecium - vancomycin resistant 1agiian

Y
MIC (M7 5, 1.5 1ag 20 pg/mL) uazany haseveutouuaiise (Staphylococcus aureus -
methicillin sensitive, Streptococcus pneumoniae - penicillin sensitive, Enterococcus faecalis -
. .. A v v = A o & an
vancomycin sensitive TagliA1 MIC (10U 4,2 1ua¥ 14 png/mL) mmi%uﬂmmﬂumﬁﬂgmuz
9 9
Gluﬂ’sj‘ll"ljﬂﬁ nitro-tetraene spiro-O-lactone-O-lactam antibiotic 3IUNITIAWNTDIVEINT 158y

ﬂlﬂﬂ!%ﬁ?ﬁlxﬁﬂ%ﬁﬂ Murine melanoma cell line B16-F10 91 EC,, N 9.6 uM.

o
‘* N OH O MO\ _o
o)
™ N NCH,
H OH HO
0
(a)

A7 13 gas 1598519 Lajollamycin (a)
Figure 13. Chemical structure of Lajollamycin (a).

1 Manam tagaAae (2005)

. Y o tﬂy a v A A adg
Soria-Mercado Ltazanty (2005) laB1n1siensousna luiednaInaznouauNNY
a . [ a = A [y = A a o 9 a9 Y
U310 Lajolla Syuaavlesiile Nszaunuan 152 was ez laelusugidu ldudaq
[ @ 4 Ay a v oA A 9 o 4 1 tﬂy a
ANuduUsveuTaLend luisdniiuen lavinngiaeenus CNQ-525 azwuiu¥euona lu
v A Y c’dyd til LY -( VA [ 1 A ° dy zﬂy
Neanaeuguuye Streptomyces sp. aeWuglvid Noglungu MAR4 1H011IN130891%0
o a’dy Aa a . 1 dy I [
A3 WugH L1151 NI FU Amberlite XAD-7 U3590¢ Tagisuiluszezinar o
9 v
nnmivanadsfeglusFudlediiaza10oz® Iau WUa1s Terpenoid Chloro-Dihydroquinone
Aa 1 a A v A = a A Aw Y1 I a dy 1
yialni 3 ¥ia (NN 14a-c) uazdaliansdn 2 yHa (MNN 144, e) N lauduasriatiua

3| ' Y
taaesuiluasdsznoveglulnssdd19ue9e1s Terpenoid Chloro-Dihydroquinone H#8 a13
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Terpenoid Chloro-Dihydroquinone (mwﬁ 14a-¢) L‘ﬁ'ﬂ‘ﬂﬂﬁﬂUQVI%(EQJJUgﬂmﬁlﬁﬂﬂmwmﬁ'uzlgﬂ
AWITMTT assay JUMTUATIEH wuiwﬁqwﬁdﬁugﬂmsm?numm!ﬁuaﬁmﬁqﬁﬂ&’%ﬁﬂ HCT-116
fim 1, 1y 2.40, 0.97 uaz 1.84 luTasnsuseiiadans muddy uaznuasfanand
qm%aﬁugﬂmm?ﬂﬂammﬁ 30 methicillin-resistant Staphylococcus aureus (MRSA) Hiif1 MIC

s v
MnNY 1.95, 15.6, 1.95 Lo 1.90 ]'llliﬂ'iﬂiﬂﬁi’)llﬁﬁﬁﬂﬁ MNAAY Llﬁgﬁi]‘i/l‘ﬁﬂﬂﬂﬂﬂﬁﬁlﬁiyellﬂﬂ

Ay '

HuaAnGe vancomycin-resistant Enterococcus faecium (MRSA) NiA1 MIC M0 3.90, 15.6,

1.95 uaz 3.90 luTasnsureiianans audie

OH O OH O
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NN 14 qasg Tnseass Terpenoid Chloro-Dihydroquinone (a-¢)
Figure 14. Chemical structures of Terpenoid Chloro-Dihydroquinone (a-¢).

17: Soria-Mercado LATAMY (2005)
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Table 6. Cytotoxic compounds from marine derived actinomycetes.

Microorganism Source Structure Application Reference
Streptomyces hygroscopicus Halichoeres bleekeri H3C Antitumor Takahashi et al., 1994
(The gastro-intestinal H OCH
Z 3
tract of the marine fish) ;
HC
3 \\\\\\‘ X H
HC
3
Nocardioforms sp. Marine sediment Anticancer

MKN-349A

Chin et al., 2003
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Table 6. (Cont.)

Microorganism Source Structure Application Reference
Streptomyces Marine sediment Anticancer Mitchell et al., 2004
OH
aureoverticillatus
/\/\/\[NH HO
Aureoverticillactam
Streptomyces albogriseolus Mangrove sediment, Anticancer Stritzke et al., 2004
O -0

Papua New Guinea

Caprolactones
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Table 6. (Cont.)

Microorganism Source Structure Application Reference
Salinospora tropica Marine sediments Antitumor Marcherla et al., 2005
(Proteosome Inhibitor)
Salinosporamide A
Salinospora tropica Marine sediments Anticancer Williams et al., 2005

(strain CNB-392)

Salinosporamide B




4 :
AN 6. (91D)

Table 6. (Cont.)

Microorganism

Source

Structure

Application

Reference

Streptomyces corchorusii

AUBN,/7

Marine sediment
Bay of Bengal,

India

Resistomycin

O
RGOS

OH O OH

Tetracenomycin D

Cytotoxic

Adinarayana et al., 2006
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Table 6 (Cont.)
Microorganism Source Structure Application Reference
Nocardiopsis lucentensis Marine sediment Cytotoxic Cho et al., 2007

Little San Salvador

H H

R/N NTNHZ
(0] N NH

island S

(0)

(0]

NH
HO™ 1

Lucentamycin A (1) R=

O

H H

R/N;\(\/\/NTNH )
NH

O N

(@)
(0]

NH
HO

T Z

Lucentamycin B
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Table 6. (Cont.)

Microorganism

Source

Structure Application Reference

Streptomyces sp.

Marine-sediments

Cytotoxic Martin et al., 2007

Marmycin A (1) R=H

Marmycin B (2) R=Cl

Streptomyces arenicola

No report

Cancer chemoprevention Williams et al., 2007

Me Me

HO,, (Ornithine
Me
W \TO, R Decarboxylase)
e
H Me 2

Saliniketal A (1) R=H

Saliniketal B (2) R=OH
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Ll@ﬂlﬂﬁ'ﬂﬁnﬂfﬁﬁﬁﬁﬂWﬁﬂﬂﬂﬂl%aaﬂgliﬂ%u@@nﬂﬂLLE?‘II’J‘L!‘L! ganuuena ludedn
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9
A

a { a a 4 a a ] a H
gunsonaaasnlignidudimsniguesaunid lavateyiasudeassia lmivatesiian

] & k4
a o

£ A A o A Ay Y o ' g o o
Fawdnanuend ludedni ldannzaasseauas Tl vazansoagdarsiligniduda
S A a 1 2 d' = d'd Qoi = d‘ ) d‘d Q{Q/ 09:
HUANTeFHAN1NALaAdIUAITNN 7 SADIETNTYNTNNTINNOU 15U A5 NRGNTIVE

o s v o o s s 3 Y o A
MIFUATIZH Lanosterol, a56udamsdunsizitonlad chymase idududaanslumsiai s
1 qa.z‘ a I {
Mukku UAZAME (2000) AUNUEIS IUNGN antimycin  M9rua 8 Fila Taoiluaisn

9 a I 1 Aa A Jd Aa (= a 9 1 .
5100111 4 vila vazilumsnguianluladwiialnidn 3 iia laun 4,10-dihydroxy-10-
methyl-dodec-Z-en-l,4-olide(ﬂ1W°ﬁ 15a) uaga19 diastercomeric4,11-dihydroxy -10-methyl-
{ g‘ % ] 4
dodec-2-en-1,4-olides (NNN 15b) MNNINUDI Streptomyces coelicolor AWWUT B5632 Tu
a 4
911151273 YMG  tiazan3a lndiu1u'lad Ao 4-hydroxy-10-methyl-11-oxo-dodec-2-en-1,4-
{ :’ % Y] o

olide (MW 15¢) NNUINUNNVDIStreptomyces coelicolor @18 WUT B3497 Tuomsimal YMG

~ dy :fl @ d v [ 9 a a 1 A
Iﬂﬂﬂl%@ﬂﬁﬁﬂﬂﬁWﬂwu‘ﬁﬂﬁﬂﬂ13ll&lﬂllﬂﬁ]1ﬂ§l$ﬂ@uﬂu1ﬂauﬂil’m‘!‘]h‘]ﬂfllﬁu 193 Auckland

a

a

a J va o ng a 4 1
ﬂizlwﬁuac‘fmauﬂ Llﬁ$fﬂTﬂﬂ'lﬁ'ﬂﬂﬁ”l’)‘ﬂﬂfl!ﬁl]llGlﬂ"lifJ‘]JfNﬂ"lﬁL‘ﬂﬁﬂJusUﬂﬂﬂauVl?ﬂ WU 4-
Y
hydroxy-10-methyl-11-oxo-dodec-2-en-1,4-olide 1HeuTDGVEINTNTYVO Escherichia coli,
Staphylococcus  aureus, Candida albicans, Mucor miehei (Tu284), Streptomyces

viridochromogenes (Tu57) &

.
o o lw
H
R

(a) R=H, R=OH
(b) R=OH, R=H (diastereometric structure)
(c) R= % =0 R=H
N W“ﬁ 15 qas Tnseads 4,10-dihydroxy-10-methyl-dodec-2-en-1,4-olide(a),
©13 diastereomeric4,11-dihydroxy -10-methyl-dodec-2-en-1,4-olides (b)
AL a3 4-hydroxy-10-methyl-11-oxo-dodec-2-en-1,4-olide (c)
Figure 15. Chemical structures of 4,10-dihydroxy-10-methyl-dodec-2-en-1,4-olide(a),
diastereomeric4,11-dihydroxy -10-methyl-dodec-2-en-1,4-olides (b)
and 4-hydroxy-10-methyl-11-oxo-dodec-2-en-1,4-olide (c).

17 Mukku Hazae (2000)
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Capon HazAME (2000) 145 IN51ONET lorneamides A (NMA 16a) 1Az B (1WA 16b)
FufuarsezTsmdn e ludaialnifisaoglungu i-alkyl-substituted benzenes 1§910M3
@vaend TufeAnaeiug MST-MA190 fionaindedansevesmemaninaiies Lome
igneeiie  UszmAcomaiiay Lf}amﬁequ%‘eﬁugﬂ;tﬂﬂﬁL’%’ﬂmmmiﬁmdnwudw

9
lorneamides A @30T VEINTIVIYVO Bacillus subtilis (LD,, 11111 50.0 luTasnsuse

Uaaaas)
0 0
NH NH
2 2
N HO N 0
AN AN
(a) (b)

AU 16 gA31A59a37 loreamides A (a) 11az B (b)
Figure 16. Chemical structures of lorneamides A (a) and B (b).

11: Capon LazANE (2000)

Y

o v
Charan HagAme (2004) 1@MMsuens® Micromonospora sp. @189WWE DPI12 910

N 9 a . cee d' U dy
INSOININOY Didemnum proliferum 1U3INE Shishijima Uszmagiu Tasdeslueims

{ a a Y I~ [ [ 3 [ )
maaNusTUIFUYa HP20 @eailuszezna 9 Ju nasminiuanadiediazarommniuea
1 % 1 1 1A 4 1

"lﬁ'mi“luﬂaqu Dibenzodiazepine alkaloid c?awmuﬂumanu“lmﬁﬁ%m Diazepinomycin

A = =% o o A A Yy
(1NN 17a) Mﬂﬂﬁiuﬂﬁﬂﬂﬂﬂlmﬂ‘ﬂ!ﬁﬂqﬂﬂ

HO
OH H

HO

AA 17 ga31nsaa31e Diazepinomycin (a)
Figure 17. Chemical structure of Diazepinomycin (a).

A37: Charan tazAdle (2004)
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Cai  uazame (2005) 1ﬁﬂ1ﬂﬁﬁﬂ‘]§1ﬁﬂﬁwwu§ Streptomyces ~ hygroscopicus

<3| dﬁl A a A Fo o a a A A .
ATCC25293 Lﬂu!ﬂfﬂ‘l’lﬁﬁﬂiﬂN'GWIﬁ']ﬁ“Vl‘JJf]“l/l"ﬁfJ‘Ufo‘lﬂﬂﬁiNﬂTﬂ’ﬂﬁﬂlﬂlﬂﬁlﬁJﬂﬂlﬁﬂ f1® Hygrocin

A . A £ 031} a dyo/ S Ao 1

A (911N 18a) tLag Hygrocin B (11NN 18b) "]Nﬁ'lﬁ‘ﬂQﬁ’t’)\ﬂﬂ!ﬂu‘ﬂﬂ')'llﬂuﬁ']iﬁlﬂllﬂ‘ﬂﬂ’ﬂgalu

1 . . &£ g a o J ada ] [}
NQNUDI ansamycin macrolides Fuduarsnandunsssusanuanudiaule sy

' @ v v
Streptovaricins, Naphthomycins Ll8% rafamycins F¥9a3 Hygrocin A ﬁi]‘Vl‘ﬁEm ENmiLi]iﬂﬁl’tNLGdHﬂ
Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus faecalis1362/3, Haemophilus
influenzae, Niesseria gonorheae, Escherichia coli 1074, Candida albicans, Aspergillus fumigatus
UaE Aspergillus niger NA1 MIC (101 128, 16, 128, 128, 64, 128, 128,16 taz 32 Tulasnsuse

J v Y
Haaans ANaIAY dIUNIT Hygrocin B ﬁi]ﬂ‘ﬁﬂﬂﬂﬁﬂﬁl%iﬂlﬂlﬂﬁlﬁdv@ Staphylococcus aureus,
Streptococcus pneumoniae, Streptococcus faecalis1362/3, Haemophilus influenzae, Niesseria
1 Y

gonorheae, Escherichia coli 1074, Candida albicans %81 MIC U9F0Naaounnala i
128 luTnsnsuneiiaaans diu Aspergillus fumigatus QY Aspergillus niger 1A MIC (Y

32 ez 64 luIasnsuaeiiannns MudIay

(a) (b)

ANA 18. gas 159319 Hygrocin A (a) g Hygrocin B (b)
Figure 18. Chemical structures of Hygrocin A (a) and Hygrocin B (b).

AU Cai LazAML (2005)
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Table 7. Antimicrobial compounds from marine derived actinomycetes.

Microorganism Source Structure Activity

Reference

Streptomyces hygroscopicus Not reported Antibacterial

R=Mannosyl disaccharide

R=H

R=Mannosyl disaccharide-2-isovaleryl
R=Mannosyl disaccharide-3-isovaleryl
R=Mannosyl disaccharide-4-isovaleryl

Mannopeptimycins

Singh et al., 2003
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Table 7. (Cont.)

Microorganism Source Structure Activity Reference
Verrucosispora sp. Marine sediment Antibacterial Riedlinger et al., 2004
The Sea of Japan HC
3 CH3
O
\ ¢}
O _cH
HO
Abyssomicin C
Streptomyces fumanus Not reported Antimicrobial Charan et al., 2005
0O
HO O ‘ OCH3
~ CH_
OH O

Fumaquinone
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Table 7. (Cont.)

Microorganism Source Structure Activity Reference
Marinispora sp. Marine sediments o Antibacterial Macherla et al., 2007
=4 X
Cocos lagoon, Guam vwm(\/\
(1) ©
B
0 NHI\/\/
O
(2
/\/\W\( 0
o NH
O
3)

Lipoxazolidinones A(1), B(2), and C(3)
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Table 8. Bioactive compounds from marine derived actinomycetes.

Microorganism Source Structure Activity Reference
Streptomyces sp. Not reported Lanosterol synthase Sakano et al., 2003
inhibitor
N/
R

(A1) R=Isohexadecyl
(A2) R=Isooctadecenyl
(B1) R=Hexadecyl
(B2) R=Octadecenyl

Lanopylins Al, A2, B1 and B2
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Table 8. (Cont.)

Microorganism Source Structure Activity Reference
Streptomyces sp. K99-5278 Soil sample OH OH OH OH Antifungal Kim et al., 2003
HC
Minato-ku, Tokyo ? Antibiotics
R
(0) O HO 1
R NN Yo
2
CH3
TakanawaeneA : R,=H, R,=CH,
TakanawaeneB : R =CH,, R,= CH,CH,
TakanawaeneC : R,= CH,, R,=CH(CH,),
ABO023a: R,=H, R=CH,
Not reported Chymase Inhibitors Tani et al., 2004 (a)

Dactylosporangium sp.

(V) R=Acethyamino

(VI) R=Hydroxy
Alkaloid SF-2809 V-VI

and

Tani et al., 2004 (b)
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Table 8. (Cont.)

Microorganism Source Structure Activity Reference

Dactylosporangium sp. Not reported Chymase Inhibitors Tani et al., 2004 (a)
and

Tani et al., 2004 (b)

(I) R=Acethylamino

(II) R=Hydroxy

(I) R=Acethyamino

(IV) R=Hydroxy
Alkaloid SF-2809 I-IV
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Table 8. (Cont.)

Microorganism Source Structure Activity Reference
Streptomyces sp. Marine-sediments Cytotoxic Martin et al., 2007
Marmycin A (1) R=H
Marmycin B (2) R=Cl
Streptomyces arenicola Not reported Antitumor Williams et al., 2007
(Ornithine

2
2
Me

Saliniketal A (1) R=H

Saliniketal B (2) R=OH

Decarboxylase Induced

Inhibitor)
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6. tadeiidinasionswanaisiignimerimmueaendluilganilaonnzia

= a” af v A
6.1 ‘Buﬂﬂlﬂﬂl‘ﬂﬁllﬂﬂﬂiuuﬂﬁ‘n
a v a 9 a d‘ 1 1Y a
LL@ﬂ@]TuﬂJﬂﬁ“ﬂfﬂMWﬁﬂWﬁ@]ﬁ'lﬁhlﬂil'lﬂiﬂﬂﬁa'lﬂcﬁuﬂ‘ﬂlmﬂ@]Nﬂull‘IJGHMGD'L!ﬂ!Lagﬁ'IfJ
v J 4 o 1 1 a
Wu‘ﬁﬁjmﬁﬂﬂﬂﬂmu%u Streptomyces sp. A1N1TONDA  Caprolactones, Chinikomycins, 3,6-
. . . . . S . o o s g
disubstituted indoles 1A% Trioxacarcins 19 FIA1TAINAIUBNINIZENINTDTUTUFATULITS
9 = a A = c?;l ==t 1% 3 a 9 ~ 9 J a
llﬂ ﬁ'JlIﬂ\‘]ﬁ']iﬂiﬂNﬁ@lﬁﬁ‘VI?JE]“I/I‘EEJ“Uﬂﬁllﬂﬂﬂliﬂllagﬂﬂﬂ\‘]ﬂﬁLﬂﬂllslm']a%i‘c’lulﬂ HAaSWUNULBDAN
v A A a A = [ 3 o < Y 1] o 1 ]
Tumﬁﬂuﬁqaam mmﬁawammimquﬂumiﬂuauc}saamm”lﬂm%uﬂu AIDY NI U
Actinomadura  sp. A1INTONAA IB-00208 LAY Salinispora tropica FNTONAR Salinosporamide
< 9 . = a dy a o A a 1
A luau (Cascon et al., 2003; Feling et al., 2004) Gﬁﬂ%u@ﬂl@ﬂl%@u@ﬂ@]quﬂﬁﬂ%gﬂwﬁ@ﬂﬂ1§
a a 1 Aa <o 3 J 3 A Aa = =
WAATITFUAA NNUYNTIUVIUFAANSLII HIDTITNUHNTNNEINN
Jd
6.2 i’)x’iﬂﬂﬁ%ﬂi’)‘ﬂﬂl@ﬂ@]‘ﬁ"ﬁ
dy a v A a Y A =% Y] 3 a 4 <
L“]f'ﬁ’)l!f]ﬂ@lquﬂﬁ‘ﬂﬁWNTﬁﬂLi]‘iiUuLLﬁgﬁﬁNﬁTi‘VIﬂJf]‘ﬂﬁclUﬂWiﬁlUﬂQﬂWﬁLi]iiUueU@\‘lﬁfﬁﬁN%Li\i
Y A 1 @ J 1 A Aa Y dy dy
VlﬂGLHQWﬁWiﬂLLG]ﬂﬁNﬂU iﬂﬂ'ﬂﬁl\i11!WU'NL!°Hﬁﬂﬂlﬂﬁﬁ1581ﬂ1§ﬂlﬂuﬂuﬂhi%iu@WﬁWilﬁﬂﬁl%ﬂ
4 a { Q(Ql 1 9 1 1 4 a 1
ieNana15NIgNTAING1D 1AUA UHAIAISUBU D1TITY  glucose, starch, glycerol LIHA4
TuTasiau ey asparagine, soybean meal, yeast extract, peptone L!,’i"ﬁm 2IMTU NacCl,
CaCO,, MgSO,, K,HPO, (Kala and Chandrika, 1993; Moore et al., 1999)
k4
Vasavada Lagae (2006) 1dmsdAnpuie Streptomyces sannanensis strain RJT-1
1 dﬁl a dy a L4 @ 4 & Ao 9
WUmﬁvaG]fuﬂummﬁawam@u"lcvmaﬂueﬂmgcma (extracellular enzyme) FINANHULAAY
o . AY Y Lo o A a Y A =
N1 amylase, protease, lipase {lQ1& cellulase ﬁﬁ‘ﬂllﬂlli]‘w‘ﬁﬂu‘c’NLL‘Uﬂ‘I/]LiEJLLﬂﬂJ“U?ﬂhlﬂﬂ IOANH
4 Ao 1 a a ad = =)
f’J\‘iﬂ‘]JSSﬂﬂ‘]Jlef’N@1W1§ﬂﬂﬂﬁ@ﬂﬂ1§tﬂiﬂJLLﬁ$ﬂTiWﬁ@]?ﬁi‘ﬂi‘]%’luz ﬂﬂﬁﬂﬂiﬂﬂl‘ﬂiﬂﬂLﬂﬂ‘Uﬂ?i
9 Y
1Aoe Streptomyces sannanensis strain RIT-1 YUD1¥17 nutrient agar, starch agar, gelatin agar
[l E4
1I8¢ actinomycetes agar N1308AYS Y94 NaCl WUINTIABIUY  starch  agar NWAADNS
a a a dy a dy YA z Y o =2 1 4 A
H]ﬁifgmﬂI@]LlagfﬂiNﬁ@ﬁTiﬂJ’ﬂQL%f’J“})’uﬂullﬂﬂ u@ﬂ%1ﬂuullﬂﬂ1ﬂ1§ﬁﬂy1llﬂfl\iﬂ?i‘]J@‘Ll‘ﬂ
muzay lnenadoudiedesay 1 veq arabinose, xylose, glucose, sucrose LIQ1¥ lactose WU
I 1 4 A a a a Aad
glucosellfy lactose L‘]J‘L!LL‘HENﬂTTUﬂu‘ﬂﬂﬁﬂﬂWﬂ‘"ﬂiiym‘UIG]LLEI%ﬂTiNﬁG]ﬁ'TSﬂ;]‘]f’JuZ uag
Rnsanprave I Iasnunmuizay naaeualesosay 1 ¥4 yeast extract,
casaminoacid, peptone, casein, sodium sulphate, sodium nitrate LI E‘Jﬁﬁl WUININ Inorganic

. Y 1 . . . =~ Y 1 a a Y
nitrogen 1&un sodium sulphate, sodium nitrate L Y138 %ziwwammimtyuazwammi"lﬂ
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a . v Y v o ST A 9 doqu = o
ANIININ organic nitrogen MNYoYaV AT T UToyariipsduni lingwdilede
Nrmnzauaemsnsyay latasmsnanasUfriuy
,; & % £
6.3 szazIAlUMsIaeuToIAZONT NS IFoIMA
A a v A I AAa Aa 9 a A 9
e Inuend lulsdnilunuanGenianuasinisesnduie 15lunszuiums
a 4 a c!'d Q( = a 1 1Y 3 [ Y =2 A 1
RIYVDUTAA LAZMIHAATIINUYNTNWFININFUAA ) AHUTAI 1IN T IMATINNAdD
a a o é’ J < 1w 4 5
MIRsYUAzMINAAmTFuduraauzise 91MITBNUNDIBATING TR IMAIZTURgN
(%] d' o (%] = [ 1 1 a 1 1 Y o 1 dy
Vavendrngy 2 ads Ao dasradiuermsasllsmasmauzussy lagarulvnguarsgnsiaiuil
' 1 @ A < ' 1 Y
920YITNIN 1:2.5 - 1:5 daneaalumsad 9 nazanuiisoulumaver lasuanaiaiu iy

teaz31891U Taoad 1T 198 9UA 90-400 50UADUIN (Stritzke ef al., 2004; Cai et al., 2005)

1 k4
A15199 9 5@31ﬁ3uﬂ5h1@]i@11’i1'H'Gl’E')‘]JiﬂJWWﬁﬂW%UZUiﬁﬂﬂlﬂﬁﬂW‘Bugﬁﬁ 3 ¥uUA

Table 9. Ratios of cultivation medium volume per container volume.

Containers
Flask Scintillation vial 24 - well plate
Volume of media (ml) 100 8 2
Container volume (ml) 250 20 5
Ratio 1:2.5 1:2.5 1.:2.5

31 : aauadn1n Manam LazAMY (2005) tLay Cai Llazat (2005)

Y
a a A a

a o Y4
Katzer agAmz (2001) Anyinmsnaaasnasgiveudorond ludedn 3 dewug lag
Y
WU Streptomyces sp. X01/4/100 NANT1T Gluﬂﬁjll Diketopiperazine 1%0 Streptomyces colillnus
v
X5623 W19 naphthomycin azie Streptomyces sp. X18097 WaA15 naphthopyranomycin
9 dy ~ [ A A [ o
Tagl¥szoznalums@esiimingdunoMsHanalsne 7, 6 Laz 7 1 MUE1AU 1az1nns
a ] v A dy dy a v A Y a A [ I Y
mMaasylueaTun 4-5 veamsaeuseusnn ludeana: linananganga oasu52lumsli
IMANHUIZAUADNTHANA1TVDY Streptomyces sp. X01/4/100 Ao 240 5oUADUIN T
Y v
1%0 Streptomyces colillnus X5623 A9 180 L1a¥240 5OUADUIN LAY Streptomyces sp. X1809
A J = v U o 9 a A = S 9 a A
A 240 seouaeui Mnilaveaenanii ldansananarsnigninnedininlalulsuan

2
e



45

a

6.4 NRVIA YUV

U

=\

a o a P <3 . = =
Llﬂﬂ@]I‘LA?JEJ?{‘I/IﬁﬁJﬁmﬁ]ifgllﬂ‘VIWLi’)"’IfLﬂ‘LlﬂaN (neutrophilic) wesivunzauluns

a 1 [ 1A A ° 1 = o Y = I 2
L‘ﬂiﬂgﬂglu“ﬁ’)ﬁ 6.0-8.0 WUIUNDNIBDFANNINI 6.0 %zuwamiﬂﬂiaummmaﬂm uamz"lam

=

Yy 9 5 . . A 2 2 o o A dl
msas1udulengyulue1na (arial mycelium) WOIREIUUDINITUUL AT UNPF MU AN
1 a { =% @ qul < a %
demswanasniigns lumsfudasaduzisaveaond Tulsdn Ao 7.3- 7.8 (Goodfellow ef al.,
1984; Charan et al., 2004; Stritzke et al., 2004)

a
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Table 10. Cytotoxicity of selected marine derived actinomycetes crude extracts.

Cultivation Cytotoxicity (%)
Strain Location Source
media MCF-7 HelLa  HT-29 KB
CNAO002 A Losin, Pattani Algae 50.42 24.36 -13.07  17.32
B 5.79 -15.64 5.85 -18.9
C -13.17 -5.79 9.3 -26.79
D 92.53 58.32 72.73 53
CNAO003 A Sponge  -4.35 -41.39 3.61 6.43
B 57.27 6.93 74.52 2435
C -2.97 -33.24 22.49 13.41
D Tao Island,Surattani 85.7 95.75 84.33 94.66
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Table 10. (Cont.)
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Cultivation Cytotoxicity (%)
Strain Location Source

media MCF-7  HelLa HT-29 KB
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D 91.09 97.17 91.27 97.62
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Figure 19. Diagram of actinomycetes cultivation and screening for cytotoxicity.
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Table 11. Cytotoxicity against human cell lines of marine-derived actinomycetes extracts obtained from 3 different cultivation methods.

Method of Cytotoxicity (%)
Actinomycetes Media
cultivation MCF-7 Hela HT-29 KB
A 97.2241.72™" NC 95.77"+2.00 NC
B 84.82+5.84™" NC 89.70"+5.07 73.49+0.61%
Shake flask s b -
C 100+0.00 NC 85.93%+1.77 85.67+0.33
D NC NC NC NC
A NC 98.95+1.04™ 92.33%+5.26 NC
B NC 80.92+7.31" 82.34™+7.04 NC
CNAO002 Scintillation vial a
C NC NC 79.84"+4.66 NC
D 74.25+0.45 100+0.00™ 93.99"%+4.89 NC
A NC 90.73+8.07™" NC 88.26+4.91""
B 85.45+8.00™" 83.47+7.93™ NC 100+0.00™
24-well plate e " b
C 77.73+3.12 100+0.00 NC 94.06+1.59
D 83.12+7.95™ 100+0.00™ NC 94.78+2.30"™"
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Table 11. (Cont.)

Method of Cytotoxicity (%)
Actinomycetes Media

cultivation MCF-7 Hela HT-29 KB
A 81.88+4.90™ 95.21+2.40™" 94.85+2.78™ 87.20+4.68"
B NC 84.33+1.67"¢ 84.38+1.96™ NC

Shake flask Abe " s
C 77.78+0.39 97.10+1.84 95.71+2.22 NC
D 96.27+2.50™ 87.66+2.34" 88.71+1.56™ 73.09+0.37"°
A 72.47+1.51% 97.66+1.40™ 93.73+2.63™ NC
B NC 89.45+4.15™ NC NC

CNAO003 Scintillation vial e
C NC 94.43+2.78 NC NC
D 83.51+1.19" 100+0.00™ NC 96.33+1.52™
A 78.89+4.57" 100+0.00™ NC 99.56+0.43™
B 98.33+1.66™ 100+0.00™ NC 100+0.00™
24-well plate

C NC NC NC NC
D NC 08.45+1.54™ 92.14+7.85™ NC
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Table 11. (Cont.)

Method of Cytotoxicity (%)
Actinomycetes Media

cultivation MCF-7 Hela HT-29 KB
A 100£0.00™ 100+£0.00™ 81.36+£0.85" 72.3240.66""
B 100+£0.00™ 100+£0.00™ 78.29+5.78" 79.03+0.57™

Shake flask
C 100+0.00™ 77.94+0.57¢ 78.34+4.57°° 87.16+0.59""
D 100+0.00™ 98.13+1.78"™" 95.01+0.58" 88.07+0.58"
A 96.72+1.68"" 100+0.00™ 99.68+0.31™ 100+0.00™
B 79.75+4.72 91.39+6.81"" 97.13+3.43™ 100+0.00™

CNAO31 Scintillation vial
C 86.65+3.30™ 97.7042.29™" 92.69+4.58™ NC
D 91.00+3.82™" 99.94+0.05™ 99.23+0.41™ NC
A NC 97.93+2.06™" NC 82.20+9.02*™
B 87.35+4.71" 98.89+1.10™ NC 94.32+5.67™"
24-well plate

C 100+0.00™ 100+0.00™ NC 91.56+4.42™"
D 88.59+4.54™" 100+0.00™ NC 92.9447.05""




A1519N 11 (719)

Table 11. (Cont.)

Method of Cytotoxicity (%)
Actinomycetes Media

cultivation MCF-7 Hela HT-29 KB
A 96.53+1.07™ 99.14+0.85™ 98.94+0.53™ 100.00+0.00™
B 98.37+1.08™ 100.00+0.00™ 98.86+0.46"" 100.00+0.00™

Shake flask
C 98.72+0.85™ 100.00:£0.00™ 100.00:£0.00™ 99.52+0.47™"
D 99.52+0.29™ 98.79+1.20™ 99.91+0.08™ 99.90+0.09™
A 99.91+0.07™ 99.10+0.57™ 100.00:£0.00™ 99.22+0.24™"
B 96.94+0.35™ 73.10+2.38" 96.49+0.48™ 98.90+0.56™"

CNAO039 Scintillation vial
C 98.13+0.42™ NC 91.63+1.25™ 98.56+0.32"
D 96.76+0.88™ 76.87+1.68" 97.53+0.34™" 100.00£0.00™
A 98.60+0.09" 100.00:£0.00™ 100.00:£0.00™ 100.00£0.00™
B 74.08+1.25™ NC 71.07+0.82™ NC
24-well plate

C 77.40+3.70™ 82.64+2.56™" 79.55+4.09™ NC
D NC 86.70+2.55™ NC NC
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Table 11. (Cont.)

Method of Cytotoxicity (%)
Actinomycetes Media

cultivation MCF-7 HeLa HT-29 KB
A 98.25+1.71™ 100.00+0.00™ 99.22+0.39™ 100.00+0.00™
B 99.98+0.01™ 100.00+0.00™ 99.20+0.35™ 100.00+0.00™

Shake flask
C 99.82+0.10™ 99.16+0.46™ 98.91+0.33™ 99.70+0.17™
D 100.00:£0.00™ 100.00:£0.00™ 100.00:£0.00™ 98.07+0.53"
A 99.35+0.64™ 100.00:£0.00™ 98.93+0.51™ 100.00:£0.00™
B 96.02+0.82 91.19+0.47" 96.47+1.20™ 100.00:£0.00™

CNAO053 Scintillation vial
C 93.81+2.51"" 84.84+1.09 97.22+0.61*™ 100.00:£0.00™
D 96.23+1.35™" 98.79+1.20™ 98.63+1.36™ 96.11+0.24™
A 86.43+7.59"™ 100.00:£0.00™ 96.91+3.08™ 73.92+1.19%
B NC NC NC NC
24-well plate " e

C NC 100.00+0.00 NC 90.15+5.20
D 80.00+0.00™™ 100.00+0.00™ NC NC

*Significant different between type of cultivation and percent inhibition at p<0.05

Different letters in the same column indicated the significant differences (p<0.05) of cultivation method and media.

Different letters in the same row indicated the significant differences (p<0.05) of cultivation method and percentage of cytotoxicity.

NC = Not cytotoxic
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Table 12. Number of crude extracts with cytotoxicity classified by cultivation media.

Number of crude extract with cytotoxicity

Cultivation media MCF-7 HelLa HT-29 KB
A 12 14 12 12
B 11 12 10 10
C 11 11 10 9
D 11 12 9 9
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Table 13. Composition of marine-derived actinomycetes crude extracts.

Composition of crude extracts

Cultivation in flask extracted with Cultivation in flask extracted with
. . Scintillation vial 24-well plate
Strains Media Ethyl acetate Methanol
Amino Amino Amino Amino

Alkaloids acids Terpenoids  Alkaloids acids Terpenoids  Alkaloids acids Terpenoids  Alkaloids acids  Terpenoids

A + + + + + + + + + + + +

B + + + + + + + + + + + +
CNAO002

C + + + + + + + + + + + +

D + + + + + + + + + + + +

A + + + + + + + + + + + +

B + + + + + + + + + + + +
CNA003

C + + + + + + + + + + + +

D + + + + + + + + + + + +

A + + + + + + + + + + + +

B + + + + + + + + + + + -
CNAO031

C + + + + + + + + + + + -




A1319N 13 (719)

Table 13. (Cont.)

Composition of crude extracts

Cultivation in flask extracted with

Cultivation in flask extracted with

Scintillation vial

24-well plate

Strains  Media Ethyl acetate Methanol
Amino Amino Amino Amino
Alkaloids acids Terpeniods  Alkaloids acids Terpeniods  Alkaloids acids Terpeniods  Alkaloids acids Terpeniods
A + + + + + + + - + + - +
B + + + + + + + + + + + +
CNAO039
C + + + + + + + + - + + -
D + + + + + + + + - + + -
A + + + + + + + + + + + +
B + + + + + + - + + + - -
CNAO053
C + + + + + + - + + + - -
D + + + + + + + + - + - -
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Table 14. Yield of crude extracts from 5 strains of actinomycetes.

Strain of Actinomycetes Method of cultivation Media yield of crude extracts (mg/mL)

23.03
24.67
Shake flask
26.66
22.19
12.07
10.70
CNA002 Scintillation vial
8.95
6.74
7.69
6.82

24-well plate
6.04

cC o w » O o w » O a w »

5.46
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Table 14. (Cont.)

Strain of Actinomycetes Method of cultivation Media yield of crude extracts (mg/mL)

20.40
24.67
Shake flask
18.58
22.25
37.90
26.50
CNAO003 Scintillation vial
25.80
25.48
18.36
24.88

24-well plate
21.17

o o w » U O w » U o w >

12.74
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Table 14. (Cont.)

Strain of Actinomycetes Method of cultivation Media yield of crude extracts (mg/mL)

26.64
27.23
Shake flask
26.83
24.66
33.13
25.68
CNAO031 Scintillation vial
28.61
26.30
25.13
18.99

24-well plate
18.17

o o w » U o w » U a w »

18.65
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Table 14. (Cont.)

Strain of Actinomycetes Method of cultivation Media yield of crude extracts (mg/mL)

24.97
26.50
Shake flask
29.50
24.87
34.42
23.87
CNAO039 Scintillation vial
25.68
25.69
15.81
18.91

24-well plate
14.47

o o w » U o w » U o w >

15.03
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Table 14. (Cont.)

Strain of Actinomycetes Method of cultivation Media yield of crude extracts (mg/mL)

25.24
26.88
Shake flask
24.38
22.42
35.86
22.45
CNAO053 Scintillation vial
30.09
26.08
18.35
18.59

24-well plate
18.59

o o w » U o w » U a w »

19.72
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Normal phase TLC chromatogram of crude extract of CNA053 (9:1 CH,CL,:MeOH) in
media A, B, C and D medium analyzed by Wagner’s reagent
A. Crude extracts which cultivation in flask and extracted with ethylacetate.
B. Crude extracts which cultivation in flask and freeze dried then extracted with
methanol.
C. Crude extracts which cultivation in scintillation vial and freeze dried then extracted
with methanol.
D. Crude extracts which cultivation in 24-well plate and freeze dried then extracted

with methanol.
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Figure 22. Normal phase TLC chromatogram of crude extract of CNA053 (9:1 CH,C1,:MeOH) in

media A, B, C and D medium analyzed by ninhydrin reagent.

A. Crude extracts which cultivation in flask and extracted with ethylacetate.

B. Crude extracts which cultivation in flask and freeze dried then extracted with

methanol.
C. Crude extracts which cultivation in scintillation vial and freeze dried then extracted

with methanol.
D. Crude extracts which cultivation in 24-well plate and freeze dried then extracted

with methanol.
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Figure 23. Normal phase TLC chromatogram of crude extract of CNA053 (9:1 CH,C1,:MeOH) in

media A, B, C and D medium analyzed by vanillin in conc. H,SO,.
A. Crude extracts which cultivation in flask and extracted with ethylacetate.

B. Crude extracts which cultivation in flask and freeze dried then extracted with

methanol.
C. Crude extracts which cultivation in scintillation vial and freeze dried then extracted

with methanol.
D. Crude extracts which cultivation in 24-well plate and freeze dried then extracted

with methanol.
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Figure 24. Normal phase TLC chromatogram of crude extract of CNA097 (9:1 CH,C1,:MeOH).
A. Crude extract of CNA097 in D medium analyzed by ninhydrin reagent.
B. Crude extract of CNA097 in D medium analyzed by vanillin in conc. H,SO,

reagent.



78

amdi 25 TasanTaunsuvues TLC ¥ia normal phase (8 mobile phase 1111 CHLCL:MeOH lu
oA 1dIU 9:1)
A. msafannuitldnnuend Tudsdnaiewus CNA099 Goaluemns 4 q03
AT HA Wagner’s reagent
B. snsadanei 1dnnuead Tusisdnaeiug CNA099 Foaluemis 4 q03
ANT1ZH 631819 U ¥TA ninhydrin
c. snsasanei 1dnnuead Tussanaeiug CNA099 Goaluemns 4 qa3
AnT12HAT 101U YA vanillin in conc. H,SO,
Figure 25. Normal phase TLC chromatogram of crude extracts of CNA099 (9:1 CH,C1,:MeOH).
A. Crude extracts of CNA099 in 4 different medium analyzed by Wagner’s reagent.
B. Crude extracts of CNAO099 in 4 different medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA099 in 4 different medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 26. Normal phase TLC chromatogram of crude extracts of CNA102 (9:1 CH,CL,:MeOH).
A. Crude extracts of CNA102 in A and D medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA102 in A and D medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA102 in A and D medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 27. Normal phase TLC chromatogram of crude extracts of CNA103 (9:1 CH,CL,:MeOH).
A. Crude extracts of CNA103 in A, B and D medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA103 in A, B and D medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA103 in A, B and D medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 28. Normal phase TLC chromatogram of crude extracts of CNA104 (9:1 CH,CL,:MeOH).
A. Crude extracts of CNA104 in A and D medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA104 in A and D medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA104 in A and D medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 29. Normal phase TLC chromatogram of crude extracts of CNA112 (9:1 CH,Cl,:MeOH).
A. Crude extracts of CNA112 in 4 different medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA112 in 4 different medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA112 in 4 different medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 30. Normal phase TLC chromatogram of crude extracts of CNA145 (9:1 CH,CL,:MeOH).
A. Crude extracts of CNA145 in 4 different medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA145 in 4 different medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA145 in 4 different medium analyzed by vanillin in conc.

H,SO, reagent.
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Figure 31. Normal phase TLC chromatogram of crude extracts of CNA146 (9:1 CH,CL,:MeOH).
A. Crude extracts of CNA146 in 4 different medium analyzed by Wagner’s reagent.
B. Crude extracts of CNA146 in 4 different medium analyzed by ninhydrin reagent.
C. Crude extracts of CNA146 in 4 different medium analyzed by vanillin in H,SO,
reagent.
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Table 15. Cytotoxicity against four human cell lines and composition of marine-derived actinomycetes crude extracts.

% Cytotoxic activity

Composition of crude extracts

Strains Source Media
MCF-7 HeLa HT-29 KB Alkaloids Amino acids Terpenoids
CNA097 Sediment D 85.60 89.45 95.55 75.47 - + +
CNA099 Sediment A 100 94.04 97.38 89.78 + + +
B 94.84 88.01 98.00 78.02 + + +
C 100 87.53 96.53 74.96 + + +
D 92.78 89.98 97.91 85.69 + + +
CNA102 Sediment A 88.56 100 71.72 88.93 + + +
D 92.79 100 94.22 89.68 + + +
CNA103 Sediment A 100 100 94.04 97.66 + + +
B 99.09 100 80.93 81.26 + + +
C 96.85 100 86.97 83.43 + + +
CNA104 Sediment A 96.76 85.33 92.61 79.05 + + +
D 93.97 97.00 82.07 74.46 + + +
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Table 15. (Cont.)

% Cytotoxic activit
y y

Composition of crude extracts

Strains Sources Media
MCF-7 HeLa HT-29 KB Alkaloids Amino acids Terpenoids
CNA112 Sediment A 100 100 100 100 + + +
B 100 100 100 100 + + +
C 100 100 100 100 + + +
D 99.22 100 100 100 + + +
CNA145 Sediment A 100 97.43 72.51 80.38 + + +
B 99.87 97.64 90.66 80.47 + + +
C 100 95.34 97.79 70.95 + + +
D 100 94.43 92.56 79.80 + + +
CNA146 Sediment A 100 100 78.55 98.18 + + +
B 100 100 91.32 99.09 + + +
C 99.07 100 98.02 87.24 + + +
D 99.47 100 90.36 90.89 + + +
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Table 16. Number of crude extracts with cytotoxicity classified by cultivation media.

Number of crude extract with cytotoxicity

Cultivation media

MCEF-7 HelLa HT-29 KB
A 13 14 12 20
B 11 9 12 16
C 11 12 12 15
D 10 11 12 18
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Figure 32. The percentage of crude extract with cytotoxicity classified by media.
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Figure 33. Human oral cancer cell line (KB)
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Table 17. Percentage of cytotoxicity of marine-derived actinomycetes extracts were

cultivated in shaked flasks that extracted with ethyl acetate.

Cytotoxicity (%)

Culture number MCF-7 HeLa HT-29 KB

(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNAO0O02A F80 74.06+6.85 87.45+7.32 87.96+6.86 81.42+4.13
CNA002B F80 82.59+13.39 84.24421.14 78.29+19.93 81.19£11.69
CNA002C F80 36.27+7.36 22.63+5.24 27.63+7.79 -96.013+38.70
CNA002D F80 70.57+15.69 68.194+35.55 76.94+4.22 55.254+40.95
CNAOO3A F80 86.75+18.43 94.58+9.06 100 -17.44+26.33
CNAO003B F80 96.93+2.94 91.46+13.04 100 -11+£31.87
CNAO003C F80 90.53+11.03 99.43+1.13 100 69.024+27.19
CNAO003D F80 96.54+3.74 99.58+0.50 100 100
CNAO31A F80 100 100 100 99.76+0.30
CNAO31B F80 100 100 97.6346.65 100
CNAO31C F80 100 100 100 100
CNAO031D F80 100 98.75+5.15 100 100
CNAO39A F80 99.48+0.46 99.57+0.37 100 99.99+0.02
CNAO039B F80 97.93+£2.00 99.61+0.44 100 99.97+0.06
CNAO039C F80 98.73+£2.92 100 100 100
CNAO039D F80 99.64+1.23 100 100 99.74+0.35
CNAOS53A F80 99.89+0.34 100 100 100
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Table 17. (Cont.)

Cytotoxicity (%)

Culture number

MCF-7

(Breast cancer)

HeLa HT-29

(Cervical cancer) (Colon cancer)

KB

(Oral cavity cancer)

CNAO53A F80

CNAO53B F80

CNAO053C F80

CNAO053D F80

99.89+0.34

100

100

99.45+0.19

100 100
100 100
100 100
100 100

100

100

100

90.53+13.39
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Table 18. Percentage of cytotoxicity of marine-derived actinomycetes extracts were

cultivated in shaked flasks that extracted with methanol.

Cytotoxic activity (%)

THAAI9E19 MCEF-7 HeLa HT-29 KB
(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)
CNAO002A F20 97.22+1.72 32.46+12.29 95.77+£2.00 29.09+1.01
CNAO002B F20 84.82+5.54 40.224+20.41 89.70+£5.07 73.49+0.61
CNAO002C F20 100+0.00 33.07+13.54 85.93+1.77 85.67+0.33
CNAO002D F20 59.28+28.07 61.10+0.07 33.97+1.78 56.61+0.73
CNAOO3A F20 81.88+4.90 95.21£2.40 94.85+2.78 87.20+4.68
CNAO003B F20 56.89+5.26 84.33+1.67 84.38+1.96 4.13+0.54
CNAO003C F20 77.78+0.39 97.10+1.84 95.71+£2.22 42.60+5.61
CNAO003D F20 96.27+2.50 87.66+£2.34 88.71£1.56 73.09+0.37
CNAO31A F20 100.00+0.00 100.00+0.00 81.36+0.85 72.32+0.66
CNAO31B F20 100.00+0.00 100.00+0.00 78.29+5.78 79.03+0.57
CNAO31IC F20 100.00+0.00 77.94+0.57 78.34+4.57 87.16+£0.59
CNAO31D F20 100.00£0.00 98.13+1.78 95.01+0.58 88.07+0.58
CNAO39A F20 96.53+1.07 99.14+0.85 98.94+0.53 100.00+0.00
CNAO039B F20 98.37+1.08 100.00+0.00 98.86+0.46 100.00+0.00
CNAO039C F20 98.724+0.85 100.00+0.00 100.00+0.00 99.52+0.47
CNAO039D F20 99.52+0.29 98.79+1.20 99.91+0.08 99.90+0.09
CNAO53A F20 98.25+1.71 100.00+0.00 99.22+0.39 100.00+0.00
CNAO053B F20 99.98+0.01 100.00+0.00 99.20+0.35 100.00+0.00
CNAO053C F20 99.82+0.10 99.16+0.46 98.91+0.33 99.70+0.17
CNAO053D F20 100.00+0.00 100.00+0.00 100.00+0.00 98.08+0.53
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Table 19. Percentage of cytotoxicity of marine-derived actinomycetes extracts were

cultivated in scintillation vial that extracted with methanol.

Cytotoxic activity (%)

THAAI9E19 MCEF-7 HeLa HT-29 KB
(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNAOO2A V 40.37+2.66 98.95+1.04 92.33+5.26 -9.41£7.60
CNA002B V 22.994+4.26 80.92+7.31 82.34+7.04 32.02+7.30
CNA002C V 21.224+5.81 44.4245.32 79.84+4.66 46.57+4.79
CNA002D V 74.25+0.45 100.00+0.00 93.99+4.89 50.56+0.99
CNAOO3A V 72.47+1.51 97.66+1.40 93.73+2.63 27.17+1.24
CNAOO3B V -100.00+0.00 89.45+4.15 -58.39+£22.26 -100.00+0.00
CNAO03CV -100.00+0.00 94.43+2.78 -47.99+16.05 -100.00+0.00
CNAO003D V 83.51+1.19 100.00+0.00 -25.77£17.06 96.33+1.52
CNAO3IA V 96.72+1.68 100.00+0.00 99.68+0.31 100.00+0.00
CNAO3IBV 79.75+4.72 91.39+6.81 97.13+3.43 100.00+0.00
CNAO3ICV 86.65+3.30 97.70+£2.29 92.69+4.58 39.44+7.01
CNAO3ID V 91.00+3.82 99.94+0.05 99.23+0.41 26.74+1.99
CNAO39A V 99.91+0.07 99.10+0.57 100.00+0.00 99.22+0.24
CNAO039B V 96.94+0.35 73.10+£2.38 96.49+0.48 98.90+0.56
CNAO039C V 98.13+0.42 61.50+6.66 91.63+1.25 98.56+0.32
CNAO39D V 96.76+0.88 76.87+1.68 97.53+0.34 100.00+0.00
CNAOS3A V 99.35+0.64 100.00+0.00 98.93+0.51 100.00+0.00
CNAO053BV 96.02+0.82 91.19+0.47 96.47+1.20 100.00+0.00
CNAO053CV 93.81+2.51 84.84+1.09 97.22+0.61 100.00+0.00
CNAO053D V 96.23+1.35 98.79+1.20 98.63+1.36 96.11+0.24
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Table 20. Percentage of cytotoxicity of marine-derived actinomycetes extracts were

cultivated in 24-well plate that extracted with methanol.

Cytotoxic activity (%)

THAAI9E19 MCEF-7 HeLa HT-29 KB
(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)
CNAOO2A WP 61.77+5.21 90.73+8.07 4.56+0.62 88.26+4.91
CNAO002B WP 85.45+8.00 83.47+£7.93 8.51+0.71 100.00+0.00
CNA002C WP 77.73+£3.12 100.00+0.00 11.50+0.71 94.06+1.59
CNAO002D WP 83.12+7.95 100.00+0.00 15.00+1.34 94.78+2.30
CNAOO3A WP 78.89+4.57 100.00+0.00 31.65+0.57 99.56+0.43
CNAO003B WP 93.33+1.66 100.00+0.00 14.44+0.83 100.00+0.00
CNAO003C WP 15.47+0.84 17.02+1.00 17.02+1.00 -33.72+3.02
CNAO003D WP 15.83+0.29 98.45+1.54 92.14+7.85 -33.62+9.93
CNAO31A WP -21.67£12.67 97.93+£2.06 -55.76+31.64 82.20+9.02
CNAO31B WP 87.35+4.71 98.89+1.10 -22.79+23.03 94.32+5.67
CNAO31C WP 100.00+0.00 100.00+0.00 -70.65+16.00 91.56+4.42
CNAO31D WP 88.59+4.54 100.00+0.00 -11.37+1.97 92.94+7.05
CNAO39A WP 98.60+0.09 100.00+0.00 100.00+0.00 100.00+0.00
CNAO039B WP 74.08+1.25 -86.85+19.68 71.07+0.82 -68.62+3.13
CNAO039C WP 77.40+£3.70 82.64+2.56 79.55+4.09 63.52+13.52
CNAO039D WP -34.62+38.07 86.7042.55 -18.14+2.96 64.36+3.25
CNAOS3A WP 86.43+7.59 100.00+0.00 96.91+3.08 73.92+1.19
CNAO053B WP -5.18+0.75 -8.57+0.51 -61.09+55.03 32.12+1.02
CNAO053C WP 44+5.66 100.00+0.00 -22.3942.51 90.15+5.20
CNAO053D WP 80.00+0.00 100.00+0.00 35.75+2.14 66.54+3.72
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Table 21. Percentage of cytotoxicity of marine-derived actinomycetes extracts from 21 strains.

Cytotoxic activity (%)

INAAI0819 MCF-7 HeLa HT-29 KB

(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNAO83A 72.90 -8.31 100.00 100.00
CNAO083B 86.25 0.29 47.60 -33.55
CNAO083C 51.61 4.19 99.28 89.64
CNAO083D 45.56 17.17 43.84 -48.68
CNAOS6A 91.34 80.73 59.35 -75.49
CNAO086B 86.01 7.28 -0.43 -9.90

CNAO086C 87.62 -19.88 43.53 -83.06
CNAO086D 74.35 -20.69 58.64 -96.05
CNAOSSA 77.85 -15.52 75.94 -39.47
CNAO08EB 67.52 -14.05 79.39 -91.61
CNAO08EC 87.18 3.17 41.63 68.11
CNAO088D 56.70 -3.89 -15.59 30.78
CNAOS9A 83.01 -14.05 49.75 69.94
CNAO0R9B 72.35 6.14 57.60 67.40
CNAO089C 100.00 17.88 66.29 93.07
CNAO089D 100.00 41.70 7.61 81.62
CNAO090A 88.84 ND -18.02 ND

CNA090B 99.11 ND -96.08 -4.58
CNA090C 64.29 ND -97.87 -6.83

CNA090D 100.00 ND -36.48 10.29
CNAO91A 100.00 ND 66.45 78.63
CNA091B 87.05 ND 93.15 97.67
CNAO091C 100.00 ND 16.96 71.75

CNAO091D 82.59 ND 72.66 91.25
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Table 21. (Cont.)

Cytotoxic activity (%)

INAAI0819 MCF-7 HeLa HT-29 KB

(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNA092A 100.00 ND 74.43 70.06
CNA092B 74.62 ND 99.34 95.59
CNA092C 91.63 ND 91.80 78.12
CNA092D 90.24 ND 71.92 67.22
CNAO093A 99.70 ND 92.97 73.55
CNA093B 98.79 ND 54.69 58.95
CNAO093C 100.00 ND 84.98 59.19
CNAO093D 72.73 ND 88.32 82.42
CNAOQ95SA 94.40 ND 88.10 87.06
CNA095B 56.80 ND 44.47 38.16
CNAOQ95C 68.53 ND 34.93 18.45
CNAO095D 87.20 ND -2.56 -20.37
CNAO97A 80.53 61.54 96.00 61.67
CNA097B 71.73 78.09 93.42 68.31
CNA097C 61.51 95.61 95.37 72.40
CNAO097D 85.60 89.45 95.55 75.47
CNAO98A 85.33 100.00 ND 100.00
CNA098B 78.40 100.00 ND 90.89
CNA098C 87.12 91.69 33.61 27.83
CNA098D 84.87 74.78 15.93 -6.96
CNA099A 100.00 94.04 97.38 89.78
CNA099B 94.84 88.01 98.00 78.02
CNA099C 100.00 87.53 96.53 74.96

CNAO099D 92.78 89.98 97.91 85.69
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Table 21. (Cont.)

Cytotoxic activity (%)

INAAI0819 MCF-7 HeLa HT-29 KB

(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNA100A 97.34 82.34 13.44 -12.30
CNA100B 100.00 100.00 49.87 -13.30
CNA100C 100.00 100.00 36.09 -1.74
CNA100D 100.00 100.00 8.04 -42.61
CNAI1O01A 94.30 93.77 22.75 -50.44
CNA101B 65.06 95.85 -4.24 -34.78
CNA101C 76.83 95.85 32.37 -24.35
CNA101D 96.58 100.00 -49.85 -32.17
CNAI102A 88.56 100.00 71.72 88.93
CNA102B 87.39 100.00 67.43 61.98
CNA102C 93.51 97.76 56.37 50.64
CNA102D 92.79 100.00 94.22 89.68
CNAI103A 100.00 100.00 94.04 97.66
CNA103B 99.09 100.00 80.93 81.26
CNA103C 96.85 100.00 86.97 83.43
CNA103D 97.12 100.00 65.23 61.12
CNA104A 96.76 85.33 92.62 79.05
CNA104B 63.93 98.36 97.02 81.09
CNA104C 18.02 96.73 98.84 94.99
CNA104D 93.97 97.00 82.07 74.46
CNAI112A 100.00 100.00 100.00 100.00
CNA112B 100.00 100.00 100.00 100.00
CNA112C 100.00 100.00 100.00 100.00

CNA112D 99.22 100.00 100.00 100.00
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Table 22. (Cont.)

Cytotoxic activity (%)

INAAI0819 MCF-7 HeLa HT-29 KB

(Breast cancer)  (Cervical cancer)  (Colon cancer)  (Oral cavity cancer)

CNAI113A -5.74 98.51 24.97 78.66
CNA113B -6.49 98.14 99.72 35.57
CNAI113C 0.90 98.72 95.27 92.63
CNA113D -1.54 96.08 65.70 74.98
CNAI145A 100.00 97.43 72.51 80.38
CNA145B 99.87 97.64 90.66 80.47
CNA145C 100.00 95.34 97.79 70.95
CNA145D 100.00 94.43 92.56 79.80
CNA146A 100.00 100.00 78.55 98.18
CNA146B 100.00 100.00 91.32 99.09
CNA146C 99.07 100.00 98.02 87.24
CNA146D 99.47 100.00 90.36 90.89
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ND = Not Detect.
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Thin Layer Chromatography (TLC)

1. Vanillin reagent
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2. Wagner’s reagent
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3. Ninhydin reagent
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