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Abstract

Background  The mangrove actinomycetes genus Streptomyces has long been recognized as an
important source of its secondary metabolites. It may provide novel structural diversity to be discovered
and hope to improve anti-cancer properties.

Objective To investigate the anti-cancer activities and molecular apoptosis mechanisms of the
extraction from Streptomycetes CH54-4 and SS15-1 in Human nasopharyngeal epidermoid carcinoma
(KB cells) ’

Methods Streptomycetes CH54-4 and SS15-1 were extracted and treated with KB cells. The
viable cell number is based on MTT colorimetric assay. Apoptosis was assessed by nuclear staining with

DAPI, agarose gel electrophoresis for DNA fragmentation assay and quantified by flow cytometry

analysis of cells stained with propidium iodide. Caspase-3 activity was measured by a colorimetric assay.

Results The extract of Streptomycetes thermocarboxydus (CH54-4) and Streptomyces
ghanaensis (SS15-1) inhibited KB cells with IC,; of 14.29 + 1.34 and 0.4 = 0.08 pg/ml. The growth
inhibition and induction of apoptosis were appeared as morphological alteration in round shape that
easily detached from the surface, chromatin condensation, apoptotic body formation and DNA
fragmentation in a dose-dependent manner. The increased accumulation of cells in the sub-G1 phase
were 25.65 £2.2% and 15.93 + 1.01%, respectively when compared with control. The apoptosis
enhancement of CH54-4 and SS15-1 treatment was accompanied by increasing in the relative activity of
caspase-3 which was significantly attenuated in a caspase-3 inhibitor.

Conclusions The extraction from Streptomycetes CH54-4 and SS15-1 were effective in inhibiting
proliferation and inducing apoptosis of KB cells. The induction of apoptosis was associated with the
activation of effector caspases-3. Based on the above data, Streptomycetes extraction would represent a
promising source for its ability to discovery of interesting anticancer compounds. The elucidation of
chemical structure and the apoptosis-related others intracellular targets will be addressed in future

studies.

Key words Streptomycetes, KB cells, Anti-cancer, Apoptosis, DNA fragmentation, Caspase-3




GREBIGIERN,

UN¥1 INTRODUCTION) 1

aismnﬁnﬁgﬁm‘l’fm ............................................................................................................................ 1
e ) o
mnﬂswfmﬂiﬂiqmnw
D UIURUBANTTIDY 1ovevrr e eeeeereeeeeeeseesssesesesessssssssseseessssseesssssesessseessmseessesseeeseeessemseeseesesssseeeeesesesns
’J‘ﬁmluuﬂli’J%ﬂTﬂHﬁSﬂVIQHQ
ﬂivauwmmwlemu

mmg)”ﬂmsaannw??nmw
Ms@yuraa (cell CUILUFE) ..ottt vttt sr et an et st et ere et ranen
7’)@ﬂ'ﬂﬂﬂ?71!!1]HWH‘II@\7?7’75ﬁ'ﬂﬂﬂ?E/lWﬂNﬂ MTT ..ot e 9
?lﬂ FeMsUANYON DNA Ing agarose gel eleCtrOPROTESIS ...........ccvcuvvvvvcverrieircrniinniesiesissees s 9
ﬁ’f)y?ﬁﬂyﬂl NN morphology Y94 DNA 1ag DAPI SHATMING e
WATITIINTINAd (cell R
nATOUMTINTHYEUDN THAT CASPASE 3 oo seeseeees e
ﬂ'li’!lﬁ'ﬂ\ﬂ/@%’lﬁ ..............................................................................................................................
HANTITY (RESULTS) +.ovvrevvvveseeeesssssssseesesssssssssssssssssnssssessssssessesssssssssssssssssssssssssssssssessessensssesseeeessees
Wﬁﬂ'lﬂfl')ﬂ!ﬁlﬂl%@ DINBENDUNSID ..ottt e e e e s eanee
HARTNATOUA T UTHYOIAITATARVINATIA MIT ..o
HANITAATIZIAISUANYEY DNA Ing agarose gel electrophoresis.............
Nﬂﬂ?iﬁﬂy7ﬁ°}7ym ENN morphology Y84 DNA 1ag DAPI staining
Wﬁfi'li?«!ﬂi'l&’ﬁ?{]ﬂﬂi!“ﬂﬂﬁ (cell cycle) ........................................................................................
Wﬁﬂ?ﬂ’lﬂﬁ'@ﬂﬂ'lﬁ’l?\ﬂu‘vﬂ\ﬂﬂu761)'11 caspase 3

2a1518/391501 (DISCUSSION) 28

a‘gﬂuazmuauus 32

Wanan (OUTPUT) certsues bR s e Re R RS R SRR RS SRR RS R AR R SRR AR SRR e RS R AR RS R bRt 33
UNAUBUTIARGD .evvvoeoesvessecssseessessessssssessessssssssssesssesssss s s ssssss e sesss e ese s essseseeseeeasesessesreeresese 33
TUITHOTTEI M 1errvscrseesnesssessssssssssssssssessssssssssssssssssessasssssssssssssssssasssassissesssmsnsssssssssssssssessossssssess 35
TUITUATUNNTEIU 1o esssessces st ssss s sssss s 35
U35804N3N (BIBLOGRAPHY) 38
U5 IR I A NI D UM U DB IHUTID A erenrreeressssssssssssnee st suseeesssss s e been 41
U TR I T TR TN IT IV e eeemeesessensessseseseeseseseeessesseetesssessesssesse s s sssensensmssnesssseeree 41
S R Lol R R [ B S e seesssesessenenns 43

U




A3 UYMIN

a1319 1 lefiFudnisifa apoptosis Tae KB CELLS 114#78 DOXORUBICIN 1A%
STREPTOMYCETES CH54-4 (6.19, 14.29, 26.66 UG/ML) uazﬁ’auﬁam‘ﬁ Uﬁﬁjﬁ U?f DAPI..... 19
a1519 2 1losBudAn1s1Aa aporTosts 1y KB CELLS 111878 DOXORUBICIN L@

STREPTOMYCETES SS15-1 (0.2, 0.4, 0.8 UG/ML) uazdouiiunfvadud DAPL.............. 22




MUY NNW

i 1 nwnNNdosdionaToUYTiAdeanTIA (SCANNING ELECTRON MICROSCOPE) voaife '
StrePTOMYCES CH54-4 e ilaraduls @, ffdewens 3000X 1 uaz @.
FITAIUBTY T500 X AT Veerrrveveveveeecrnceeseeessssssssssesses s ssssessseessesseesseessessenensssesesesssessseesesssesseseseesees 12
) MWINNAB48IANATOUTTIATEINTIA (SCANNING ELECTRON MICROSCOPE) V0430
strepromrcES $815-1 adumlefaudule ©. Afdwes 3000X whuaz @.

' FITAIUBTY TS00 X LT vevveeereeee e eeeeseeeessessseesesessemssesssessesseeessessnssssseesessesseemesssessesssssssssssens 13
9141 3 5 AMTnwvea13 AR STREPTOMYCES CH54-4 L10% DOXORUBICIN 815818415193 s
KB CELLS HAN1SNAADIUTAL TAUATMEAN £ SEM. (N=4) oo eeersseeeeesseseseresssesssesssssssssonn 14
71071 4 52ANTNIMYES M15013A STREPTOMYCES SS15-1 (1% DOXORUBICIN danm‘i’m]y”aﬂmﬁuumm
KB CELLS WANSNAADIUAAL IAUAT MEAN £ S, E.M. (N—4) ........................................................ 15
gﬂ‘w 5 M5 DNA FRAGMENTATION Y83 KB CELLS ‘mJuﬂ’JfJ DOXORUBICIN 1Y STREPTOMYCETES
. CH54-4 (6, 14, 26 UG/ML) #1675 AGAROSE GEL ELECTROPHORESIS ...v.cvumserrnesriemssennssssseesssssassans 16
31 6 M31fin DNA PRAGMENTATION Y84 KB CELLS #11/1#78 DOXORUBICIN 1% STREPTOMYCETES
SS15-1(0.2,0.4, 0 8 UG/ML) #2673% AGAROSE GEL ELECTROPHORESIS ......oeooooevov oo 16

1]1'7‘1 7 uﬁmaﬂymumaamwmﬂ DOXORUBICIN i(a2 STREPTOMYCETES CH54-4 Hagany oIz
umaaﬁmmaeqqamiﬁuwgamsﬁmmm TﬂUﬂTiEl’e)ﬁJu’JlﬂﬁEJ’cTﬂ?ltlﬁ DAPI: B =BLEBBING,
N=NORMAL, F = NUCLEAR FRAGMENTATION, C = NUCLEAR CONDENSATION, SCALE BAR = 10 pM

ﬂ‘ﬁ 8 LETASANBAIZITASTILNA 29 DOXORUBICIN 1Az STREPTOMYCETES SS15-1 iz dnyaiy
iundaninndosganssnivigessmsud Tasmsdouiiundoadvd DAPL B=
BLEBBING, N=NORMAL, F =NUCLEAR FRAGMENTATION, C=NUCLEAR
CONDENSATION SCALE BAR 10 M oot cirierccnrecitise i esnee e e saaessseesssrassstesannens 23

ﬂﬁ 9 ’JQ%ﬂi‘Uﬂ\i KB 15881388 0.42% ETOH, a15dna CH54-4 (14.29 & 26.66 /ML), Dox (1.04

 uG/ML) ’JLﬂﬁ"ﬁNﬁTﬂﬂ PLOW CYTOMETRY s 24
3UM 10 IInsURIKB Eradfitudae 0.003% ETOH, #1581A $815-1(0.4 & 0.8 uG/ML), DoX (1.04
' uG/ML) FATIZYNATAY FLOW CYTOMETRY «ovooereeeeeeeeeeeeoeoeoeeoeeoeee oo 25
gl]ﬁ 11 ﬂ’] RELATIVE ACTIVITIES U4 CASPASE-3 ﬂ’]ﬂﬁ’]ﬁﬂﬁ’ﬂ STREPTPMYCES CH54-4 11ay
DOXORUBICIN i1 lUNAUAIUANINIAL 1 uavm’nm"lﬂ“lunauauulumxﬁﬂumfmnunau
AUAY, *P < 0.05HoMUAUNGUAILAY, ** P<0.05 mamannunaum'lmumiﬁnﬂ
| STREPTPMYCES CHS4-4 IUDUNIBAUY c.ccocerceeercenrersonensesinesesssssseissesssssssesnesssssesssessees 26
71/7 12 A1 RELATIVE ACTIVITIES 994 CASPASE-3 9M58fid STREPTPMYCES SS15-1 uae
DOXORUBICIN A1 lunguaauguinfi 1 ummmw'lﬂ“lunanamﬂumnﬁ'ﬂum&mnunau
AUAW, *P <0, osmamaununaummn % P <0.05 mamﬂummaw"lmumiﬁnﬂ
STREPTPMYCES SS15-1 L‘WUQBEI'NLﬂU'J .................................................................................... 27




Caspase
DAPI
DMSO
DNA
DOX
EtOH
IC,,
KB cells
MTT
PBS

PI

S.EM.

Y} d

MRS UN AN

cysteine aspartyl-specific proteases
4',6—diamidino—2—phenylindole

dimethyl sulfoxide

deoxyribonucleic acid

doxorubicin

ethanol

50% inhibitory concentration

Human nasopharyngeal epidermoid carcinoma
3—(4, 5-Dimethylthiazol-2—y1)-2, 5-diphenyltetrazolium bromide tetrazole
phosphate buffered saline

propidium iodide

standard error of mean




UNM (Introduction)

k2

~ A
IFFUNTINNUNYIVO

wond Tuafodn (Actinomycetes) lunuafiFeunsuuingunafiuduaiven wazuanuvuaiiy
At Tdnvuzadiodeon ausaadiadulo (hyphae) uazatramled (spore) elduiuguuy 'l
oo Lond TuluEnsaoglu phylum actinobacteria 14 order actinomycetales Fufluunasuosmsaiig
miaanqw‘éwN%mwﬁﬁmﬂﬁmwﬁﬂ ammiﬁmasamau%’agalﬁmﬁumiaaﬂqw%’l HazaIsUoU
aluTedn vo9 Lazzarini azAME (2000) wuiﬂmﬁmummaua“luTaﬁnﬁﬁa@uﬂwﬁuﬂszmmiw
8000 ¥iiAtT WUNWINNT 60% gnafamanuend ludsdn Tnoiluersf Streptomycetes ahai
456 % uazdnlszina 16% adeldnnuend Tulednfinion wazmsueudluTednfiatiniuda
“lwnjﬁ%’nmmmmﬂaiuﬁa%w‘lu Family Streptomyceteaceae seeaan ldun Micromonosporaceae,
Pseudonocardiaceae, Nocardiaceae Q% Streptosporangiaceae muﬁw‘fﬂ Hazgn oy “]51&1\111\!]1(5}
uaaslifiud wend TudeSnlinmsunsnszasTaevialyluasneuvemzameds saulydedaunaden
NNNZIADY 9 UAZAZNOUAUNZIARN (A28 (Ghanem ef al,, 2000; Pathom-arce et al., 2006; Bull et dl.
2005; Maldonado et al., 2005; Bredholdt ez al. 2007, Bredholdt et al. 2008).

uaﬂﬁTuﬁﬂ%wﬁmmﬁﬁtyV‘T”qmqﬁ’mmmwmf uazindynssy (ffesnn ueadTuiodn waw
mﬁﬂmmmﬁ%’wmiaaﬂqméma%mwﬁwmﬂﬁma WU @5UfFUz  (antibiotic) ﬁﬁqw‘éﬁué"qms
w3AuTnueagadnld (Suthindhiran & Kannabiran, 2009) €15A1UDYYABATE (Chang & Kim, 2007) €15
ﬂﬂgﬁﬁuﬁ'u (immunosuppressive compound) (Komatsu et al., 2004) ﬁﬁtﬁjgﬂﬂﬁﬁ%ﬁﬂﬂaﬂﬂLﬁﬂﬂﬁlﬂﬁ
(angiogenesis inhibitor) (Shin et al, 2008) i'snﬁqamfué"‘anﬁm?ty@uTmmwaﬁuzﬁa (anti-cancer)
(Moon et al., 2009; Xie et al., 2007) ‘luﬂﬁ]ﬂqﬁu'ﬁaﬁmiﬁnv1Lﬁﬂaﬁnqmﬁuﬁﬁmmﬁﬁﬁﬁ%’nw‘?aaﬁ"ﬂmmn
wond Tuiiedn dusauun ietinnienfiueiouTa

Hardt Uazaniz (2000) 1on teaf Tuludn a1oug CNH-099 vinazneuduiissiuninudn 1
LUAT U3 Batiquitos Lagoon nemaumileveuiiessnudeln fyunddediflvrszmaauigomsam e
Fandnausoainassiialnifie neomarinone wazesfidiuoyWussn 3 wiia o isomarinone,
hydroxy-debromomarinone (181% methoxydebromomarinone Iﬂﬂi‘]"ﬂﬂtﬂuﬂdu sesquiterpene FIWNY

o 1 H an o & a J =]
polyketide-derived carbon skeleton mimﬂa1’.11/1\114uﬂﬁﬂmﬁnuﬂumitmUaﬂﬁminﬁmwxaamtidqﬁl




v & a ] v [ Y
Punan Taeaunsadudaimanigveusaduzidearld (HCT-116 colon carcinoma) A30f1 IC,, 1311111 8.0

Hg/ml
Zheng UazAfIY (2000) Lon LeAA Tuiedn Mndaingaililinszandunal 19U sea hare, sea
A a A Y a @ = 9t 1o [} J
anemone Uarfiynziariadus ¥ wondTwliedn Nuenlddulnydaedlungy Srepromyces sp. une
4 < ] @ A Lo 2 a
Micromonospora  sp. Lﬁﬂﬂﬂﬁ@ﬂq%ﬁﬂ”lﬂ%lﬂ'l‘l"l‘llﬂﬂﬁ'liﬂﬂﬂW‘]J’Nﬁﬁ'liﬁﬂﬂ‘ﬁﬁfmﬁfJ‘IJUQmiL‘Diiy‘UfN
aUvF 0 43% uazdlonadounuaulid cytotoxic activity 1A83T MTT assay (1ay DNA target activity 11
4 . . ° J o A £
(%08 P-388 lymphocytic leukemia taziaauzFed1 & (HLF cells uaz CNE cells) wuiiiasanafitigns
o & o o 1 9
duduradainanala
j‘ o d a a
Manam Ua2AUS (2005) UUNITON1IWUT Streptomyces nodosus (NPS007994) 911NALNDUAULINM
. . . ! ,&’ a 1 a 1 Q( 3
Scripps Canyon, La Joola (18 California TagwuiuFesenugiamisondaasiilgninudinm asiiil
i, . o Zugd X 2 .
¥971 Lajollamycin ansadudaldnamsAesnveadouuniite (Staphylococcus  aureus-methicillin
resistant, Streptococcus pneumonia-penicillin resistant, Enterococcus faecium-vancomycin resistant) Az
' A’ A « w1qe e .
anu heosweudenuaize (Staphylococcus aureus-methicillin sensitive, Streptococcus pneumonia-
by ¥
penicillin sensitive, Enterococcus faecalis-vancomycin sensitive) JIUNIGITINITOGUIINITRIYUBY
W aaN5%1lA Murine melanoma cell line B16-F10 18
. & a as a i g =) . o
Soria-Mercado Ua¥AMY (2006) LOAID LOAR IUNBTN MARZNBUAUTIAVLTIIN Lajolla 5§
a { o A’ o r [ .
undvlefiily Nszduanudn 152 WAT WUIED Streptomyces sp. awugInd Tngliensada Terpenoid
-~ [} ~ @ a { o (=] 2 I o
Chloro-Dihydroquinone #ilalvyl 3 wila uazdalimsdn 2 ¥iia Asaldndumssiiatiuainasiuilu
¥
a151lszneveglulasea¥1auems Terpenoid Chloro-Dihydroquinone %38 ®15 Terpenoid Chloro-
. . A Lo & a 4 S Y A . a 4 1A
Dihydroquinone (UBNATDUGNTYLYINTIATYUDUNAANSITINIYIT MTT assay lumsimsizy wuny
4 - H 1 Q7 U
gnidudaimInsyveuraduzFat ldrila HCT-116 iR IC,, 111U 2.40, 0.97 A 1.84 [lg/ml ANy
r'd b
HAZWUNAITAINATYNTIVIINTIIS U ILLaN{SY methicillin-resistant Staphylococcus aureus (MRAS)
Adinarayana HazAe (2006) AAATITN uond Tulsdn adlad Streptomyces corchorusii @ wﬁuﬁf
H 1 - s o ‘g
AUBN1/7 ftfufedannangneulusiuunea dszmaduie anamsuiqnisiedsInsnlansfuuy
1Y) Y £ = = A . . 2 o Y = .
aodnlldaseongnin19Tanm 2 ¥iia Ao resistomycin Fuiluasdruga® Uszon quinone uay
. 2 o oy ~ . A 2 a ' i K
tetracenomycin D FuTua15@11490%W U521A0 anthraquinone oNAFOUANUMIUNYNUN resistomycin
v & = - I'4 [~
annsadudimaniydu TaveawaduzBanszimizenms HMO2 cells UazIsaduzi5ady HepG2 cells
Taafif1 50% inhibitory concentration (Icy) (VAL 0.005 LA 0.009 pg/ml ANAIAY §IU tetracenomycin D

e IC,, 11171 0.008 1A% 0.013 pg/ml MUAIAY




% o & o 1
Lee uazaniy (2007) 34 lddumansdudausaduzi5991n Streptomyces sp. KACC91015 WUIA5
L g o 1 v o o a ¥
F-3-2-5 Fuiluasaiia lnia1unsndudinisios yues cancer cell lines HA8%UATINNG HeLa cell lines Tu
Q'I 1 1 H A o 1 ] Q
2821901 24 7 1uaTlAN IC,, 8gTl 37 UM WeNATBUAY Cells A549 (A Cells HT-29 U IC,, mMAY 72
] 9 ]
uaz 190 pM muany Tasfians F-3-2-5 1 liflinanen5i3ueq prolymphocyte Lag fibroblast Un@i 1%
o 1 J 3y v A o o =
3141 control HaR® HeLa cells nuNasiilnane Insuaunasi uazDNA uan¥in uazanmsinmed Iy
1 o/ o ayl
Western Blot W11 @17 F-3-2-5 g3@1013D8VYIULIUNIT Phosphorylation v04115AU retinoblastoma
) _
@ W <] . . . .
(pRb) LLﬂ:ﬁEl‘.UU\imiuﬁﬂwaﬂ’umlﬁ)u‘lmfCychndependent kinase-4 1181 -6 1181¥ Cyclin D1 Uag Cyclin E
. FY a o o o L'e 2w ' a A a
Liu tazanie (2007) laur wendTuiis@n mowusg z2039-2 Funuarednninaulunzaiiot
191 UszmeRy MINSTAAAIY ethyl acetate 191 indolocarbazole alkaloids 2 ¥iia lAuA K252¢ uay
o
arcyriaflavin - A nintunageuanuiufivdowadiiomatin  MIT assay wuniianuduiivde
3 o a a
iraduziSuliafenu1 K562 cells taza1uinnszquldiia apoptosis 11nMsAnBIRIBIMATIA Annexin V-
{ g a
EGFP/PI staining 18 K252¢ innududu 10 uM uag 100 pM sunsanszduliisaduziSuia apoptosis
1% 57.30% uag Mou 100% MUFIAY @YU arcyriaflavin A Aanududy 10 uM wag 100 pM @150
£y 9 4 g a . vy o w
nszduliiraduzi5unia apoptosis 1A 25.90% 1Az 68.93% AU IAL
Boonlarppradab Lazaaig (2008) 1A¥1N151EATS marineosins A 11ag B 910 marine 11OAR 1Us8HN
A o kY o a 1 o 'S <3 o £ [} ]
e Steptomycetes udImmnaaeuaNuiluRyaowad lwwaduzSd11dIne HCT 116 cells wumn
I a 1 1 )
marineosin A UaNMTURYABIYAANINAT marineosin B 1A marineosin A $A1 50% inhibitory
g
concentration (IC,) IN1NU 0.5 uM 1AL marineosin B e IC,, IMAU 46 uM UONIINTUGINYI Marineosin
| o3 a 4 S a o g = < A
A TanudluiylwraduzF @il tazgaduzFulinfonv?
£ % g o
Park uazAm  (2008) ladnminalnniseongniues  Streptochlorin  Fuilumisaniagin
] v & a a s o3 o 3 .
Streptomyces sp. ﬁamﬁﬂ‘ummﬁmtymﬂmmmaauzmmmﬁaﬂmn U937 cells WU Streptochlorin
o 2 - 3 .
15050893 aves U937 cells 1 Tastusgiuaududuuaziant (dose and time dependent) (A
v . a . . a o . v
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Xiao uazAaiy  (2008) dAnngnisudieend Tusieniiuenldnntheauluies
Zhangzhou uae (Weq Fujian veulszmaiu Tasldydunddnaaen 5 wila Ao Bacillus subtilis,
Staphylococcus aureus, Esherichia coli, Candida albicans 11eiz Rhizoctonia solani mm‘?qmaﬁ'l.ﬁmaﬂ 3 %1
&p BEL 7402, A549 Laz HL 60 cell ines N1 42.3% ¥4 tond TusiedniiuenladarsueudluTedn
gudaqAnnisd 37.4% vos uond Tusiodn nuhilersdudusadifiosen (anti-tumor activities) Laz91AMs
Sangiamdumaues 165 DNA  veweaaTudvdnmand  wuiily Streptomyces ~ 89%,
Microomonospora 6.1%, Saccharomonospora 0.6%, Actinomadura 3.7% lag Nocardiops‘is 0.6% UAZWUI
1 Streptomyces ¥iin 11194 3 isolates

Hong tazawz (2009) 34 18dumvuend Tulsdnnnauusnathneny sufannfudiuvesity
ﬂwwmwﬁﬂdwq Tualszmaiy wudnnnndt 2000 leTsanves wead Tusiodmiiuenidiu Tulszua
20% mmmﬁ%’mmmauﬁ'luTeﬁﬂmeizqnmﬁaﬂ'e)qwaﬁlﬁaaaﬂn?tamﬁ1”l€r’1wﬂjmaaﬂu (Human Colon
Tumor 116) §i 5% o 1N1595ﬂ§d Candida albicans (azdn 10% ’cl‘ﬁJﬁflET‘lJEi‘i Staphylococcus aureus Tuvniz
#3n 39% munsodudalilsAn Tyrosine phosphatase 1B (PTPIB) FailuTusAuiifianuduiusiuems
T3 30 3 lolwinn @1w1506u8 aurorakinase A Fufiu TdsAufifinnuduiusfuoims Tsawad
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2008) mie’ﬁuougaaﬁiz (Chang et al., 2007) fm'tmENmm‘mulmﬂwumwaﬁnma (anti-cancer) (Moon
et al., 2009; Xie et al., 2007 Uag Zheng et al, 2000) @15A 1250 (Kumar er al, 2006) @1snaniguiu
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streptomycin, spectinomycin, neomycin, tetracycline, chlorotetracycline, erythromycin, clindamycin, nystatin,
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(Jimenez et al., 2009)
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anuuigniveurenouflazdoFonsly flask vua 250 ml @AeuteldnSyuumIouvdr i 30 v
L% T &l = L 4
wadoa Uszana 1 a1l udrSamedenslu emsimar u Flask vuia 1 8as widaenseq Bio-
{ - = o
shaker ($18-421) 7l 105 sow/U77 gEuvgll 30 ssruraFod Funar 14-28 u
¢ . o A . Y o P | )
3. LUNFAADDNIN medium AILIATOI centrifuge MINUUNIBIYAA LazoIMIsAsuFe Tude 2 adlu
Separating funnel YU1A 500 ml iazuUIA 2000 ml 1aalF Ethyl acetate (F145UAAAT1T91IN medium LAz
o o [ 2, § Y o '
methanol @HTUANA 19N AR) 138 solventir Mz audU | lusasidau 1:1 521y Ethyl acetate/130

methanol 150 solventd! ”]1711‘1’{ THueduAs0e Vacuum Evaporator n32°c

]
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4. azawd151u flask ONUIAIY methanol 1Y Pasteur pipette 71 sterile gAoBANIFITY vial T
%’ o lif 4&’ Y at . Y 2 U 9 o

NIUUIMED A5I9A0UMIONgNTURUFORILIT Bioautography assay udwutharsareialulnsion
] 1 kY 4 2 9
deld ldesude udnh vial TdFahmindaasuionsiuimings @sdsurawin 'l freeze dry
4 qumy? o 9
el Idhminuda)

5. mamsnduesdszneviianaldnnwad 1azen medium lifosuand1adu sxsanmsh
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msiaeusaa (cell culture)

selq & Yo ¢ [ 3 ' ay y 4 o [
iwadn 14 lumnaassdllafuanueymszdnnaoriuuzSumna ldun waduzSmaaInsg
14 ]
YN (Human nasopharyngeal epidermoid carcinoma, KB) msAeawad maasouadnanududu
iSudu 1x10° cells/ml @28 RPMI 1640 T culture flask neldgainigil 37°C, 5% co, Tasldan)szuw 2-
o Ao 74 & g 6 s d /4 R Y
3 Fu AwlT A dNULIIY 1x10° cells/ml #3999 0 SIHUFAT NN AUHINIUNINGDA stereoscope

v 1A 24 & ' A 42 ' o v
DIMNUNUHFAIANINIEWUUINNIT 80 %o VDIWHUNNINUA UAAINTIUITDINTT subculture Vlﬂ

naaauaNMduRvvesmsanamemaia MTT

a

wonradiandudududuil 2x10° cellym! aslu 96 well plate Uuzadnwld gungd 37°C,
5% CO, U1U 24 . e ldinilohmadisinansaaumefitufnuzld nndfuduinsadiums
ana Tﬂaﬂqnﬁtﬂu vehicle control UN#8 0.42% absolute cthanol (EtOH) ﬁqnﬁwﬂﬁaummﬂuﬁyﬁu
Frwarsasaiinnududu 0-100 pg/ml w1 48 %11, F2U positive control YTIAITNATBURIE doxorubicin
finaududhs 0-10 pg/ml w48 wu. AP RITAdATTIndremaila MTT

mylnTeiadiisiadamaiin MIT Tnefindnnisfomelumasiisinedinssunuumue
adululuTanousds Tuana MTT SdhwioegiiluTaneuweds waziflosnnTassadrevesTuana
MTT (i1 tetrazolium rings FaiiFimans dofudidnasousinou'lan succinate dehydrogenase IdEundn
formazan Tirauaz Iavarth FududaduTnsarstusanradisin

a

v b
iesazats MIT (5gL) Ysums 30 pl aslu well irosmsnagoy nimiudumoldgungd
37°C, 5% CO, WU 4 Y. uAI10zA16WAN formazan A28 DMSO (99.99%) U311a5 100 pl udnhnianinis
¥ H 2 9 ’ v o
AANAULAIAIBIATOY ELISA plate reader INNWE1INAU 540 nm MAviuthad Idundnnamuesid

T Y
IAANLTIN (% cell viability) Tnoldgasail

. poeys Absorbance at 540 nm of sample
% Cell viability = x 100
Absorbance at 540 of control
g \ QI QI
NMIUTF1anTINTENIN % cell viability (AU y) AuANUENTUYBIAITARAMETY (AU X) 91
4 i Z -~ a
arilansamuIum ‘umﬂﬂ’nmﬂ’fmsfwummiﬁﬂﬂﬂm‘uﬁ’mmmEmﬂdﬂ151%5muLmuTﬁmaaL%aﬁn$L§q

‘& 50% (inhibit concentration at 50%, IC,y)

Jnsizvimsuanves DNA Tau agarose gel electrophoresis
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i sumadanududuituduil 1:10° cells/ml U31105 5 ml a1y flask v11A 25 om® Bouad
muldgamgil 37°C, 5% €O, w1y 24 FaTus vimburiuAeday 0.42% EtOH, DOX [IC,] tazmsarh
[IC,.] AudAy w1y 48 32 T4 nnfufumadimun (wadimeiunzsadivivass) ¥inada DNA
#16 GF-1 Tissue DNA Extraction Kit (VIVANTIS) a8yl proteinase K 131105 20 pl evihae Talsau
911U lysis enhancer Y311A5 2 pl URIINTT vortex iievhauierduyad taziunedas TB buffer
131107 200 ul figamgd 65°C u 10 Wi toanazneuTusAuesnindeud DNA ay RNA amiiu
1110 RNA #76 20 mg/ml RNaseA 131105 20 ul Tagviudt 37 °C w10 wiit mmfurhnisanaznou
DNA @130 ice-cold absolute ethanol 1@7 load 84 column ﬂuﬁ 5,000g UTU 1 W %1ﬂ&u5’1\1¢’1”38 wash
buffer (&1 1A 5,000g W 1177 i 2 ada b ldundad 10,000 v 11T idRL

a

elution buffer 71 1dMuAMLYeUNET 65 °C tile elute DNA auldHanAngathufio DNA TuSqnin
filter atan 1 Julifiu 147 —20°C e 19 umsnaaesde’l
MImANuINIUYPI DNA

11 DNA fiasdaldunSamimisganaunadeinTes spectrophotometer Hin1WE19AAY 260 nm 132
v Idndnnumanududuves DNA Taoldgas dail

ANUANTUVE9 DNA = dilution factor x 50 ng/ul x Abs,,

(ifemnmaganduues 1 idurisu 50 ng/u)

iloldamndudures DNa udninmlsuanudiduvesynnguisiu 100 ng/ul Taoidevaduth
ndu iteri11y) load nenquues agarose Turunsuse'ly

Agarose gel electrophoresis

11 100 ng/ul DNA 131185 8 ul (800 ng) WAL 6x loading dry TifldIuMaANTY SYBR Gold
(100:1 ub) WSaas 2u1 ite1dpmsindeniives DNA uastlosiulaild DNA Hanszare mmiu load ae
1.5% agarose gel TatlFnszualvl 100 V 11y 45 urit 414 0.1 pg/ul 1kb DNA ladder 1/311a5 8 pi iy

marker U&UATIZYINA TABIATOT dark reader

Anydnuaezme morphology vea DNA 1as DAPI staining

2 d' 4 ' L] ]
wiomadsuAuiaududu 1x10° cellsml 1511a5 4 m1 TaoiRousaduy cover slide Favoy

a

Tu 6 well plate udniveaanoldgungll 37°C, 5% CO, Wy 24 FaTu3 MIntiuLiuRedIY 0.42% EtOH,

k'

o o & ¥ . ) 8 I Py oA
DOX [ICSO] UAZHITANA [ICSO] AUANVUIU 48 ‘]nTNQ NUUUT cover slide Glf\iulclfaﬂlﬂ'lzﬂgll'mﬂilﬁ

fluorescent DAPI (4',6-diamidino-2-phenylindole)
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Tunounstiond DAPI
o oA R
WIBadAUMZUY cover slide 11 fix A28 2.5% glutaraldehyde pH 8.3 Y311A5 1 ml U 3 W1fl
3 v
1MIUYa18 RNA 770 20 mg/ml RNaseA 153185 20 pl Tavdiuft 37 °C 1w 20 u1#l uazd1a RNaseA
8 ]
#2v pBS Mimiuth 1udeudae PI [5 pg/ml] (e DAPI [5 pg/ml] YSuasednas 700 pl i 5 Wil
b4
gangiveuazlymnnuas iminddosndae PBS
o ¢ . ° . LN y 2 o Y o vy
1M U¥adUY cover slide AT1a9UU slide MnUuTaveuwihemuay udnh lidesdae fluorescent
microscope 1189818 100 111 1A DAPI 1 excitation/emission 11 358/461 mm ¥MstuiinmMUUUGY 3
funaae 1 slide waz luwazdumuanansnIn 2 uul Ao bright field, DAPI
a sy o do e ' A o ° sd 2 s
myuaTizideya Taerumaddiuay 500 waad uuugy werhinannuesisudsadneyly
dnvazang fawaatineenuilundsafadiuilou vz apoptotic cells szwuiundoadadilliton
A 1 1 ° ' 9 4 ’
Hou uatlundouq Tnsviinmsnaasindiatios 3 As9

1Y d

Jinsieiipinswad (cell cycle)

Rouradasly flask T25 om3 Tmumassumsata Wensusmuanal HuwadlauT
rypsinization &19ARAI0 cold PBS 1hlliumies ﬁwaa"ﬁ'lﬁ'"lﬂﬁﬂﬁ’mﬂmw (fixation) #20 70%
ethanol 4°C §19ad@70 cold PBS fouTdAtouadit Propidium iodide (PL)/Triton X-100 37°C Huan 15
w1 Sias12iWadae flow cytometry (BD FACS Calibur) #at/Sunamsand I luusazwadidludadau
Tasasanedsua@eume mMsina  apoptosis wfinsannnssRumsfiviuvesdadnmeuradlussoy

sub-G1 (hypodiploid) funuledisuverad luszuy sub-G1 Tau CELL Quest software

nageumsianuveseuluil caspase 3

ANYULVBY apoptosis (programmed cell death) ABMTNYAANNTZUIUMTINAOAADIINNUNT
a aa 3 { L T oo
anuAnlnAifaiy TavezilReuTsAu “procaspase 3" Fu “caspase 37 dedayanuldvadadaies lu
a A o £ v o ' Yy A A o
nIfiNmITannoangNBNTZAUATININIUYEY caspase 3 aana ldAUBIA: TUTAUNToULYLAUIEYN
° ' =] ] 1w y (4 .. Y a . .
MaoraduzFReliannsoutsdald 11339 caspase 3 activity Ingldinaila caspase 3 colorimetric
° T o o { o g o '
assay kit (Clontech, Texas, USA) 1iminaasd Instivradnuaisasamunaiifimua mniurhlfisad
1 (Y ¥ o Q X = A °
uanTAsUwagny 50 ul lysis buffer Huna1 30 Wi uushwds whlddumesd 4 ¢, 14,000g, 5 uTH
9 ’ '
v o o aan o . 1 o
NUUINY  supernatant (50 pl) mmﬂgﬂsmﬂu 50 pl 2x reaction buffer La¥ 5 pl DEVD-pNA i 37¢C
{ I { 4 % a @ 1
Tuiiila Aunar 30 wiil Tunsdlifioulad caspase 3 9214 pNA FsrnsodamuTasinaimganiu

i 1 ¥
llﬁ\iﬁ 405 nm Tﬂﬂﬁ’]ﬂ’]iﬂﬂﬂ@\ﬁ]fﬂﬂﬂaﬂ 3 A
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° a ~ ' 22 o
SUUMITEATINURUTAARINATIA MTT WUIUYAANUNMETANA Strepromyces CH54-4 1AL SS15-
Ao 2 aa P 44 2 ' oAy
1 1tag DOX UIUIUFARNTOATINAAAINNANUTNTUYOIAINHVAY UANAININNYUAUAIY 0.42%
EtOH eduihiodiny Fwamniumastidiamomaiia MTT Januduiusiunsinmdnsusves
<Y 2y )
(HFAANIYNAD stereoscope
b4
Uszanimwvesasadannuend TuiodnawWug  Strepromyces  CHs4-4 115080603
a a 4 o3 o y o Y ¥ o ¥ a a '
wiady TaveuraduzGamasinssaynld  Taolidanududunidudamssyiulaveurad 20, s0
1Az 80% (Inhibitory Concentration: IC,, IC,, Uz IC,,) (W11 6.19 + 0.6, 14.29 + 1.34 (AT 26.66 + 1.93
o w ] v ¥ a a Y g Yy o A A -g
pgml awdwy (U 3) FawsadudamsesgdvTa lannvumuanududuvesmsadaimuiy
(dose—dependent) Tuvaizh doxorubicin UM IC,, WHU 1.04 + 0.21 pg/ml (g‘ﬂ 1) Tuvazilsz@nsnw
YOIA15AAAIINUDAR TUTuFNTWRUT Streptomyces $S15-1 Tl IC,, IC,, uaz IC,, 1 0.2 + 0.02, 0.4
% 1 L) - L a’l ~ L) s
+0.08 1A 0.8 = 0.11 pg/ml (GU 4) FmunTlszAnTamlumsdudaimsnTa@nlaveuraduziSnas

9w

TW399yNANI1 doxorubicin BENTTBEAYNITAA (p < 0.05)

100 - = 100 =
80 80 +
£ 60 £ 60 -
0 Ke)
© o
> >
T 40 T 40 -
o o
= =
20 - 20 - \-
o4 “w—a—a-u o4 -—a—-
T ™—TT T TT T T T T T T T T

517 3 UszAnSanvead1sana STREPTOMYCES CH54-4 uay DOXORUBICIN aan158Ud9

Y

T T
0O 20 40 60 80
[Streptomyces CH54-4], ug/ml

100

0 2 4 6 8 10

[Doxorubicin], ug/ml

A15195Q¥99 KB CELLS HAN15NAA0LaAIlagA1 MEAN + S.E.M. (N=4)










17

aamsanndnuazne morphology ves DNA Taa DAPI staining

Qd’ Qr \ ) 4
NINATOUGNTUDITITANAADNITINA nuclear fragmentation Taoifos KB cells AudY 1x10°
5 1 . G'J a‘l L} Q/
cells/ml 1¥imMzuU cover slide &1y 6 well plate U1 24 %219 vIntuLyREsana Streptomyces
CHs4-4 (g $815-1 ANMNTUMIAIA1 IC,,, IC,,, IC,, 1az DOX (positive control) AU IMIITLAT
) o H . ) f X
1C,, Slunm 48 $21Tue m1miuih cover slide Niadineegdoudie DAPI Faamnsarmuibedusad 14
wazAnuanyuziunfoanioldndos fluorescence microscopy 4 DAPI Thnunodi nucleic acid lﬁﬂgﬂ
Lo, Y A L. Y o ¥ a P VPPN o
excitation AYYUFAINIINYIIAAU 358 nm ¥ emission 'lﬂumﬁumu (461 nm) IFAANUFINVIZTHUANYUL
1 :: a’l o 4
115AAT DAPI N529100819e1 AN (homogenous) AavANItuAdua luunehl apoptotic cell ¥LnN1s
v o g » a = %‘ =Y [
sawmnuiunquieuveuduleTnsuiAu (chromatin condensation) 39And11uUY01 DAPI MUty LAz
=Y < 1 = 3 = a
undeavuaannindnd wazillenumsuanueefian@od (nuclear fragmentation) WWUMSAATULY
I ]
nszNeuvigan
ilofnudnuazYeUBAIN bright field MAIwew 100X lunguittindie 0.42% EOH wuh
I @ = A 9 s A o =2 A o s A o
wadNanyuzvten MeuradFoullvouwadany uazlsTanmaduoy dnvuzwadmioadiugl
ATEARY IMEUURD slide nuuniu Hresinsznhawadiosun g1l 7, @) dnvuziundvaveurad
Fa 0
1amsaad DAPI (31l 7, @) wuiuwaanvua (100%) Aadihwes DAPT nuuSeudloumivave Tuiwy
% o a
nuclear fragmentation (0¥ chromatin condensation Fuiludnuuzvouvadind
definyanyuzYpUBAAUUY bright field Mave1y 100X lunguiliudeansana Streptomyces
CH54-4 (6.19, 14.29, 26.66 pg/ml) ttaz DOX (1.04 pg/ml) WuwaadMunldnsuzivadnay lumden
A'l 9 o 1 ar A o o A’ = s 1
modumradidlugunad (bleb) Folawarauvguse Uhwuveswadanaslofesutunguaiuqy uag
° = ¥ as - [ { Q' g -
fvvesuradndaniesasnwanududuvesasada msasadiiviu Gl 7 @, ® & @) §
° 4 = a d 1 1
S radilnd (normal cells) anaafaiiy 80.33 +9.80%, 56.00 + 4.36% (A 29.67 + 5.97% Tunguilty
Qr o Qs A o’ 1 1] a’
Aaue1sania Streptomyces CHS4-4 (6.19, 14.29, 26.66 pg/ml) muddy Wefsunungualuguniy
100% (M5 1)
iradnguiliudioa1sasa Streptomyces CHs4-4 (6.19 pg/ml) Gt 7: @ & @) nuwadinall
] v 3/
flundeadadfhuuBeudiousiuaue 8033 + 9.80% vazfiraanguiliiiundeadadih arD lu
Mo (nuclear fragmentation) 15.00 + 3.61% waz@Aad#dy Tuu1a@nae (nuclear condensation) 4.67 +
J 1 o 4
1.76% (1574 1) wadnquiliudea15aia Streptomyces CH54-4 (14.29 pg/ml) (G1 7: @ & ®) wutwad
ada a > § d 1 4 =Y a
UndaliwndeadadfhuwuFsudlouaiuaue 56.00 + 436% vuzwadnguitlidindoadadih (DAPY)

[ a o .
ndJuwﬂam (nuclear fragmentation) 27.00 + 2.65% wazAaddudy Tvuadnas (nuclear condensation)
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S 1A

17.00 + 3.28 (A151 1) ivadnquiusiea1sann Streptomyces CHs4-4 (26.66 pg/ml) (31 7: @ & @)

q

3 o
= 1 AAaa

numadUnaniundsaded B sufleumitaus 29.67 = 5.97% vazitraanauilitundeaaadi

qQ

(DAPD) Kundone (nuclear fragmentation) 30.00 + 4.00% uazAadiudy Tuuiadnas (muclear

condensation) 40.33 £5.58 (A1 1) A
wamsnaapInsiticeandestumadnguiitudas DOX (1.04 pg/mb) (31 7: @ & (0) wumad
UndlifiundoadadiuuuBoufiouaduaue 37.67 £ 3.51% vuzfiaanguillifundoafadiih (AP

[ungenq (nuclear fragmentation) 49.83 + 3.33% uazAnadiudy Tvuadnas (auclear condensation)

12.50 £ 1.50 (MIN 1)




19

M5 1 wWesiFudnisiia APOPTOSIS Ias KB CELLS 1¥@78 DOXORUBICIN lag

STREPTOMYCETES CH54-4 (6.19, 14.29, 26.66 UG/ML) uazdouiinndoadlud DAPI

% Normal cells % Nuclear % Chromatin
(homogenous fragmentation *+ | condensation =+
DAPI) £ S.E.M. S.E.M. S.E.M.
Control 100+ 0 00 0+0
o,
EtO.HOAZA) 100+ 0 0+0 0+0
(negative control)
Q?‘li;c’[ﬁ;ﬂﬂm y
HOAAIHNETNTENUE
Streptomyces CH54-4 80.33 +£9.80 15.00 £3.61 4.67+1.76
[6.19 pg/ml]
Q’%’liﬁgﬂ‘mﬂ o
oAl HNgaNaIINUD
Streptomyces CH54-4 56.00 +4.36 27.00 £2.65 17.00 £3.28
[14.29 pg/ml]
A%Tﬁ;ﬁf‘lﬂinﬂ o ¢
UDAAIHUHNYANAIINUD
Streptomyces CH54-4 29.67 £5.97 30.00 + 4.00 40.33 £5.58
[26.66 png/ml]
Doxorubicin
[ 1.04 pg/ml] 37.67+3.51 49.83 £3.33 12.50 £ 1.50
(positive control)
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defnydnuusveusadan bright field AaVYIY 100X 1untjuﬁﬂuﬁ’w 0.0003% EtOH WU
wadlidnunzmion edueadouivenmadany uaelyTanaaFuSoy shvazmadmdoadugl
N3$AY IMEUUAD slide nunniy Tvesinsznimaddosun (g1l s, @) anvaviundvaveurad
1NMsAAT DAPI (31 3, @) wuTuradavua (100%) AndHhves DAPI nuuEeudiouminaye Tuny
nuclear fragmentation LAY chromatin condensation c'léimﬂué" nuuzveTadnd

ilefnudnyazoutadIUY bright field MAWWE1E 100X “luﬂfjuﬁﬂuﬁ’wmiﬁh"ﬂ Streptomyces
$S15-1 0.2, 0.4, 0.8 pg/ml) LAz DOX (1.04 pg/ml) NumaddwmnTdnvazwadnay lumdon HoRy
adiiluguwas (bleb) o Tawanauuguse ﬁﬁwmummmaﬁammﬁmﬁanﬁ'unzjuﬂmqn HazTIUIUVDY
waddnAaatesasmuanududuvesmisada maasafiiuiy G s ®), ® & @) Iwurasind
(normal cells) nARAREI 81.67 + 2.517, 58.00 + 3.605% tAy 25.33£2.517% lunguiitiudiomsania
Streptomyces SS15-1 (0.2, 0.4, 0.8 pg/ml) AUAIAL Lf}mﬁauﬁ’umjumuqmvhﬁu 100% (A1579 1)

wadnquiltudaua13aia Streptomyces SS15-1 (02 pg/mD) (3 8: @) & @) nuadndi
fndvadadfhuuudeudoumivaue 81.67 + 2.517% vafiadnguilifundeadndiih oapn fh
‘HEJ"E)JJ“] (nuclear fragmentation) 11.67 £ 2.082% uazﬁﬂﬁﬁwﬁ’u ﬁmmmﬁ'nm (nuclear condensation) 6.67 +
1.527% (15704 2) iwadnguitiudiemsana Streptomyces SS15-1 (0.4 pg/ml) (G 8: B) & ®) Nuwwad

9
1 A

UnafiiundvadeddhunuSoudlouaduaue 5800 = 3.605% wmzadnduiiiiundeafiaiih

APD (Huntouq (nuclear fragmentation) 26.00 = 4.583% uazAadiudy TuwAEaae (nuclear
condensation) 16.00 £ 1.000 (71514 2) Lmaﬁ’ﬂduﬁﬂuﬁlﬁﬂﬁﬁﬁfﬁ Streptomyces SS15-1 (0.8 pg/ml) (::,'1] 8:
@ & @) numadunatiundearadfhuuuBoudiouaduave 2533 + 2.517% mmxﬁmﬁnduﬁﬁ
flundoadndih (DAPD Wundous (nuclear fragmentation) 45.33 + 2.517% uazdadiudy Tvnadnas
(nuclear condensation) 29.33 £2.517 (154 2)

- 4 L) 1 { ) '
HansNAaBInstldeandesnuadnguiitudae DOX (1.04 pg/ml) (51 8: (O & (@) Nuwad

&1

£y
' AAaas

Un@liiwndeadad i uuuBoudlouminaue 37.67 £ 3.51% vashwadnguillidundoadadily (DAPD

q

ndJuﬂti'aw] (nuclear fragmentation) 49.83 + 3.33% uazfadiudy Jvnadnas (nuclear condensation)

12.50 + 1.50 (A1314 2)
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A1319 2 WosiFudn15iin APOPTOSIS las KB CELLS 1ufd28 DOXORUBICIN uay

STREPTOMYCETES $815-1 (0.2, 0.4, 0.8 UG/ML) uazfouiiindoad1od DAPI

% Normal cells

% Nuclear

% Chromatin

(positive control)

(homogenous fragmentation condensation
DAPI) + S.E.M. +S.EM. +S.E.M.
Control 100.00 0 0
L)
EtOH 0.0003% 100.00 0 0
(negative control)
fﬂt)sgﬁ’ﬂmmmﬂﬁiuﬂﬂ%nmﬂ
Wusj Streptomyces SS15-1 [0.2 81.67+2.517 11.67+2.082 6.67+1.527
pg/ml]
msanaanuenf  uiladnae
Wit SS15-1 [0.4 pg/m] 58.00+3.605 26.00+4.583 16.00+1.000
msanadnueAR | HlBFNe
Wi $S15-1 [0.8 pg/mi] 25.3342.517 45.33+2.517 29.33+2.517
Doxorubicin [1.04 pg/ml] 37.67+3.51 49.83 £3.33 12.50 + 1.50
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WusEi¥ouITHIN (DEVD)- (pNA) uaz1d pNA lugidasy Femuisafamulasiamimsganduneai
405 nm

HANTNARBINU AN relative activities V89 caspase-3 Tunguit ldsumsadauond Tudvdvae

]
a

Wuf Streptpmyces CH54-4 (14.29 pg/ml) 1Az Dox (1.04 pg/ml) Heufinthuannniinguatuguia 1.7 +
0.135, 2.0 + 0.15 whaudwy Fadumsiivedaiilvdfaneadd @ < 0.05) Wofuiungud 185y
0.42% EtOH uennniiilerumadiwiusening Streptpmyces CH54-4 (14.29 pg/ml) 1 DEVD-fmk
(caspase-3 inhibitor) WL relative activities U84 caspase-3 anaunAe 1.5  0.09 Fuflunsanasedied]
HydAgnana (p < 0.05) Lf}mﬁﬂuﬁ'unzjuﬁ"lﬁ’%”umiﬁﬁﬂ Streptpmyces CH54-4 #9081 (31 11)

r'd
UERIINa 1NN1590NYNT VY Streptpmyces CH54-4 fiun 190U 193] caspase-3

Relative caspase-3 activity
@)}
1

0.5
0.0 :

- + - - DOX: 1.04 pg/ml

- - + + CH54-4: 14.29 p.g/ml

- - - + Caspase-3 inhibitor 10 uM

517 11 A1 RELATIVE ACTIVITIES 989 CASPASE-3 1A@15afa STREPTPMYCES CH54-4

L1}

(lag DOXORUBICIN f1lunguaiuguiiny 1 uazariidaldlungudwiiuduiBemfionsungu

a

AgN, *P < o.05llafsudunguaiugy, ** P < 0.05 ieifeudunguildsumsana

STREPTPMYCES CH54-4 1839081918872

]
=

1 1 o o a o o &
A relative activities ¥09 caspase-3 Tunguit Idsumsanauend TusloGna1oWus Streptpmyces

1 1 1 ]
S$S15-1-4 (0.4 pg/ml) (oY Dox (1.04 pg/ml) HAuUNNIUMINNIINGUAILANEL 2.3  0.35, 2.0 + 0.15 191
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awdy sufumsifivedrefifodifiymeddd ¢ < 0.05) defeudunduiildiy 0.003% EoH
vennniderumadiwsuszni Streptpmyces SS15-1 (0.4 pg/ml) i1} DEVD-fink (caspase-3 inhibitor)
1A relative activities Y4 caspase-3 AAAUNAD 1.7 £ 0.07 Fufumsonasetuiivdhraneada @ <
0.05) Lﬁmﬁauﬁunduﬁ"lﬁ%mwﬁﬂ Streptpmyces SS15-1 figsvgnaRen (31l 12) uaasiinalnnisesn

E]'VI%"U’EN Streptpmyces SS15-1 iumaiou Tassd caspase-3

_ *
3.5 T

w
o
[

N
(9)]
[

N
o
1

-—

o

1 "
H

Relative caspase-3 activity
on

051

0.0 : : . . : .
. + - - DOX: 1.04 pug/ml
; ; + +  SS15-1:0.4 pg/ml

- - - + Caspase-3 inhibitor 10 uM

5U# 12 1 RELATIVE ACTIVITIES 984 CASPASE-3 91na15aAA STREPTPMYCES SS15-1

T r [ Y ' A Y v A I J a o v
118z DOXORUBICIN fA1lunguaiuquiminy 1 uazmiiidaldlungudwiuaufFeuiisudungu
ARy, *P < o.osillefoudunguatugu, = P < o.05 efsudunguiidiuasada

STREPTPMYCES SS15-1 (flga0d191@ 67
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a a é
201J518/791591 (Discussion)

a o o o o Ao ST T 1A v & v &
wond ludoamitluuuaiGoudsuyan Tanvasidwdulondrorest nszvivognallly
) .
o ) A U
umayns T lussuuinanmendy @ Januvainnatensdinngs Jquawazlgulsy Towd
' Y oA I ) a . & o s
avaua 1y luTema TuTad flosnnidluunasueen1swanes secondary metabolites H00nGNEHINTHAT
o Y] v kY a 9 a o A g T g;
Anenmganazds lignduwudnun wihuuunszwunead Tufsdn1dun udlunzaznunsnny
L] - { l J T L) v 1
nmnarmetazanu vivesyiainuunni1 Taewelungu uead Tuledyn WU genus Streptomyces
=] A’i‘ { a . o d 1
Hureniianle a1 sONaATNT secondary metabolites 18u1NT1 70-80% uazdalFlunnmsunndo
o o g , a & . g
fuuﬁaﬂfai}nu (Berdy, 2005) 971981919 U AsfUFeN (antifungal), fMumsinaiiesen (antitumor), e
uUANSY ( antibacterial), G’ﬁugﬁfi’nﬁu (immunosuppressive), UIUAY (insecticidal properties) (Solanki et
[ v < o

al., 2008) UAZAUNTONIHY (anti-inflammation) (Kondratyuk et al,, 2012) 8819 l5AMINSATINTAUNL AT

£ ~ = T a v a g 2K o o kY Y a2 Y
20NYNTNNF NN TA TN 9 910 end Tuledn Negununiuanas Seduiludesdumainiunadoy
g L 4 4 4 1] 1 Q Ll
au q Tagmmizdaunadeunianzia ifesainii Tomagafiszwuaiseongnilui q fimuillg

£

gaamnssuld v ldmadenlumsldnfinniiu

a oo

gl/ i J v
Tumsinpiasaiifimsnaaaun19¥uail (biochemical tests) (1A% 168 rDNA sequencing V84130
r o o gl =y
ag“lu genus Streptomycetes QST 1TIANAVIN Streptomycetes SS15-1 ﬁﬂizﬂwﬁmwgﬂumsanmmsmmuj

=] 1Y 1 a a ' J
YouraaNzFInas Insaynielian IC, = 0.4 + 0.08 pg/ml wazlilsz@nTnIWANI1 doxorubicin Aol

a a

IC,, = 1.04 £ 0.21 pg/ml YIENEA1SAAAIN Strepromycetes CH54-4 Tszaninmluseauthunarsiolia

s
P

v 9 ¥ ]
IC,, = 1429+ 134 pg/ml M1yanah lAvinnisnaasensiininindiuiiiiu cell-free supernatant 34

a

AUADUMTIALTD Streptomycetes CH54-4 1az $815-1 szairasAiiuRiudoaduzSaungndanonin
0d1u81ﬁ151§8\1l‘§ﬂ (growth medium) S9uaaaldifiud1 Swepromyces Mindunzneunzmdie neriuly
137 secondary metabolites ﬁﬁﬂi:?m%n1wqa“lumse]"'uij"amm?fgmmwaf‘i’nxéma‘”ﬂww%gn uasl
dnommgalumsianndeseaiiuosnun Tiaveds dnfulumsnansstude laashmsadamdiiin
HonEumsRauIqniAa6TE reverse-phase HPLC wionsumigas Tnsaa1emaindl (chemical structure)

Tutfigiums fnu TsauzFedssuaiithdanudi Tvadrufvege diesvniimavharowdilng

v = é/ 1 Ao o vy < 2 A 3 = s s g0 a a
A8 UNIIABADYININEN ﬂTiﬁﬂﬂQLWHEUH']ﬂﬂVUULiﬂU 9 Llﬁclusllm&’lﬂEl'Jﬂ'LlNaﬂ']iﬁ'ﬂ'HWﬂvlﬂJﬂJﬂifv’fT‘Vlﬁfl'lW
2 = o {

o A4 v o Y] g Ao a a a Y A 5 oo ¥
ft)\‘]ﬂJﬂ'J']JJﬂ'll'lJuf)f]’NUQ‘Vli]ZﬂﬁNWWu131ﬁ1u31315\1ﬂNﬂﬁ%ﬁﬂ'ﬁﬂ']‘wg\‘l UASHHAUIUAYIAT ALY

v A LR 1 a 3 o Y o Y 4 < o =
inInnmanidujaianneinu lsauzGwuuimuaihvue i ldwaduzGmgamsnsy@u Tauay

v
a o o

o o ] . -4 £ o [~
uazmuﬁtytymﬂmmﬂﬂﬁlmaﬁvfﬁgmimmmu apoptosis FN‘LluﬂTJ'?Jﬂﬂf,]‘V]ﬁ‘ll'f]\?ﬂ]iﬂy'liiﬂuzﬁquﬂﬂ
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1 § 1 [ =] 1 a &
gudhezmmsoaanadiufsaiildfadszad 18 or15nu1TsauzSadrumnadaldnnizoqadn
. . & ' LoAq Y . L A2 a Lo
(microorganisms) uaxmaﬁluﬂqu Streptomyces -mnmtaw“lwms bioactive metabolites’ HINNTYLYI
waduzldnarwsianaznssdumsanonnuez IwInda 18uUA doxorubicin (Lee er al, 2002),
macrolides, O- pyrones, lactones, indoles, terpenes, quinones (Dharmaraj, 2010), Resistomycin
(Vijayabharathil et al., 2011), Phenazines (Kondratyuk et al., 2012), Kiamycin (Xie ef al., 2012) Fludu 94

v 3

[ J A n&‘ ' dy kY . L Ao w a Y =
Audeihauly wnze lunguilainmseodgnsyimundidgynasyiia uazds ligndunudnun
r'd 9 E4
lumsfinuidenalnniseongnivesa1sananin Steptomycetes CH54-4 1y SS15-1 ASITN
1Y d < . I A ' A '8 o
AnYULIFARUITINGUVY apoptosis  Taradinsldsunasgilsrunmiz Ao 1vaduada (cell
4 LY o . = v @ [
shrinkage) (Borjuiradianymziiugq (plasma membrane blebbing) HAAARIATINAIT WY (auclear
a ' . . ' g £ .
condensation) Tﬂimﬂmmznqu (chromatin condensation) DNA Qﬂtl’t)ﬂ!ﬂu‘h’ulaﬂf] (DNA fragmentation)
Y #a TR T~ Y a . . & q 1 '
uagluszozgahedmveasradimsuandeutluguiang Fun apoptotic bodies Fannaglusiany dau
. o o o = o v 1 a
UDY apoptotic bodies %QﬂﬂWﬂTﬂEll“]mﬁﬂluS:,’UUQilfi}ilﬂu 1dua macrophage lifansnszneves
a o Y a A Tt o Y a o ! [ .
worsanw llduraddrufios Aelivilfifanssniaumilonsun1smouuy necrosis (Elmore, 2007)
g dy v =1 y A 1 A ] ' v . A o A
doyail Idninnsdnwiasitinyhimanlfeunlasglsriuradeinmsfnuid1e microscopy miloufuf
v 9 9 v o . . 2 J v o w o ay o
nanddu ualdlumsnageulunasanaaed (in viro) Fuvad ligniida Tnowad luszuuglquiu
I a . o ' <) . . 9y
IHAAVUNA apoptosis m%wmuma"lﬂulu late apoptosis {LA% necrosis vlﬂ
2 EY K2 a ¢ a - . . . v
N1TANHINIY agarose gel electrophoresis Failumsans WHITIRUNIN (qualitative analysis) WU
ASANAIN Streptomycetes CH54-4 1az SS15-1 M ltAamsuanves DNA Taewudnyaizuad smear
] [ 9
band WURBINVIHFATNUNAIE DOX F9 smear band (HUA2119571 DNA gndn TaeluTiuuuuny (non-
: I~ [ - . . 1 N
random digestion) U UANHULUYBINITAGUVD necrosis (Lieberthal ez al,, 1996) UANITAELAUL apoptosis
WNWUANYUE ladder band FUNAINNITHINIUVO caspase 3 Lla%caspase activated DNase (CAD) 1i/dnane
[ o 2 2
DNA flu3190! internucleosome 1T uFuiEing vu1a 180200 bp F9a1w DNA  131n9%3 mono-
) g o T o A 4 o
nucleosome Lo oligo-nucleosome W51zazHuIudu 1y Id e sadail¥dnulunsall M ldimaduzia
o . B s 1t I . =
waﬂwswgﬂmmmu apoptosis uazqwmmmamﬂaﬂuuﬂa«ﬂu secondary necrotic cells WY smear
band 71NA91N DNA fragment U9 late apoptotic cells LAZAININUIIENY ladder band N(AAI1N DNA
1 L] 1 o a’l g’l 1 [
fragment Y04 early apoptotic cells $3uA28 uamiu @ liFany dniulumsfnyiasade luarshinisfnm
Nma1e Muiennafiviunzauivin1iiie ladder band
= a = Y ag .. & o a g a @ o
MIANYIMIUANVDITUARITAI8IT DAPI staining FULUMIUATIZMFIUT U9 (quantitative

analysis) WUIE1TANAN Streptomycetes CH54-4 Lag SS15-1 ¥ 171Aa apoptotic Taedlilndvaian
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(nuclear fragmentation) ¥11%And DAPT liasuaue umismnawmmu“lﬂﬂsmﬁu (chromatin
condensation) M 1¥Aad DAPI mmmnlnmmwwumman “NWﬁﬂﬁﬂﬂ‘Mﬂ’Jﬂ’Jﬁ DAPI stalmng ﬂﬁ)ﬂﬂﬂm
2
ﬂlJﬂ'lilWiJ‘Uu‘llEN sub G1 cells (DNA < 2n) GINﬂﬂ‘HﬂﬂEJ PI staining frumaiia flow cytometry ‘If\ilﬂuﬁﬂ‘m
d' l:' o ~ = J g
m3asunlasianuuziiundsauas DNA M1y
o ¢ . . ' { g
na lnTuszan'la Tawa1¥u Tagiou'lan] caspases (Cysteine aspartyl-specific proteases) Tuaufidiu
effector caspases 1AL caspase-3 HagnnszauldaurzdesTisAuTaseaied1a 18uA actin, fodrin,
° o < -4 @ = °
1Az lamin v I radnadiuuiafinad (shrinkage) Uon1n3 caspase-3 SaduaTumavhauveaeu lof
3
caspase-activated DNase 1A DNA fragmentation mu"lcnﬁ“luﬂquﬁéfqmminﬂoaTﬂsﬁuﬁlu'j";]aﬁ"ﬂi
9
wadghldmsutsivousadugasedn (Stennicke & Salvesen, 1998) m3any1il lduaasdamsaiann
i o o o a 1
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Antiproliferative and Apoptosis-Inducing Activities of an Extract from
Streptomyces CH54-4 on Human Cancer Cells.

Rattanaporn Srivibool', Chantarawan 'Saengkhaez, Keiichi Enomoto®

! Institute.of Marine Science, Burapha University, Chonburi, 20131, Thai:lqnd 2 Department of
Biomedical Science, Faculty of Allied Health-Stience, Burapha University, Chonburi, 20131 Thailand
3S¢hool of Environmental Science aingi‘ggineeﬁng, Kochi University of Technology,
Kochiz782-8502, Japan
E-mail: rattanap@buu.ac.th

Cervical cancer is one of the principle life-threatening conditions that results in the death of
women. At present, conventional treatment which includes the.use of chemotherapeutic
agents, surgery and radiation are not totally effective in the removal of cancerous cells and
the treatment regime gives unacceptable side effects. To date approximately 23,000
bioactive secondary metabolites produced by microorganisms have been reported of which
10,000+ compounds aré produced by actiiomycetes; circa 7,600 of these are produced by
Streptonmyces species™. A bioprospecting programme for novel anti-cervical cancer
compounds has isolated an actinomycete from mangrove soil deposits, Streptomyces CHS54-4,
with demonstrable activity. Following culture, the ethyl acetate extracted crude product in red
was assessed for its anti-proliferative and apoptosis-inducing activity on cervical human
cancer Hela cells. Extract CH54-4 gave a dose dependent inhibition of growth of Hel.a cells
with ICs, ICsp-and ICs at 4.28, 8.50 and 34.76 ug/ml tespectively. Induction of HeLa cell
apoptosis was through DNA fragmentation. At ICyo, ICsoand ICs, early apoptosis was
observed in 13.6348.97%, 20.90+3.84% and 16.67+4:09% of cells, while in late apoptosis
1.60+2.67%, 14.25+10.58% and 55.3047.45% of cells were affected. The ICsg of the extract
was close to that of doxorubicin, an anthracycline compound of Strepromyces origin with
demonstrable afiti-cancérogeric activity. :Partialnpl‘lr'iﬁcation lias revealed anti-cancerogenic
activity in some fractions and-data from HPLC analysis at 220 and 535 nm showed some
interesting unique peaks inthose fractions which might bethe corresponding active
components. The potential anti-proliferative and apoptosis-inducing activity of each pure
component would be in future assessment. Phylogenetic analysis of a 168 rRNA gene
sequence showed that strain CH54-4 forms a distinct clade within the Streptomyces 16S

rRNA gene tree and closely related to Streptomyces thermocarboxydus

References: _

1. Berdy,J. Bioactivemicrobial metabolites..J. Anfibiot. 2005, 58, 1-26.

2. Olang, C., Méndez, C., Salas, I.A. Antitumor cotmpounds from marine Actinomycetes. Mar. Drug. 2009,7,
210-248.
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2. MM TUTBUS

15,000.-

7,500.-

117,000.-

275,900.-

o

AER

9

3.
A -
qmﬂsaqum soxlet

and condensor

6,099.-

123,099.-

269,801.-

Tjssue culture flask

(plastic ware)

20,100.-

143,199.-

249,701.-

Ultravette Micro
Cuvette, Z 15 mm.,
70-550 ul.

4,280.-

147,479 -

245421.-

Fetal Bovine Serum

500 ml X 4

36,880.-

184,359.-

208,541.-

GF-1 Tissue DNA

14,154.-

198,513 -

194,387 .-

Agarose gel

5,738.-

204,251.-

188,649.-

Media RPMI 1640
500 ml X 10

7,293.-

211,544 -

181,356.-

Penicillin/Streptomycin
Trypsin/EDTA
Dimethylsulfoxide
Phosphate buffer

Conical tube

7,383.-

218,927.-

173,973.-

RPM! medium 1640
Fetal bovine serum

JC-1: CBIC2

48,057.98

266,984.98

125,915.02

Conical tube

Pipette tip

2516.64

269,501.62

123,398.38

Parafilm

Iso propyl alcohol
Ethyl alcohol
Syring

3070.90

272,572.5

120,327.48

TAQ DNA polymer

Trizol reagent

21,400.-

293,972.5

98,927.48
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Stripette 5 & 10 ml 10,325.25 304,297.75 88,601.75
Syring filter 0.2 uM

Cryovial 1.8 ml 3,220.70 307,518.45 85,381.05
Serological pipette

Cell culture chamber 8,560.- 316,078.45 76,821.05
slide 4 wells

Liquid N, 800 x 11 8,800.- 324,878.45 68,021.05
Gas CO, 8,400. 333,278.45 59,621.05
4.6\ Emaudug

mlfiesasdatunmw 10,000.- 343,278.45 49,621.05
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