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ABSTRACT

DNA damaging activity of anticancer drugs produced by Actinomycetesis
directly linked to the cell cycle arrest leading to apoptosis and other sec-
ondary responses. Major signaling pathways areinvolved for permeability
of mitochondrial membranes and the binding of receptor proteins leading
to cell death. Extracellular compoundsfromActinomycetes cells expressed
higher levels of the anti- tumour enzyme (290ug/ml/hr) which induces con-
siderable damage to cancer cell lines. L-asparaginase activity reported is
higher than those expressed by the microbes currently used for commercial
production. A very low percentage of viability was noted for the cancer
cells when compared to the normal controls. DNA breaks are observed in
the tetrads of cancer cells when treated with the exudates but the normal
cells have not been disturbed. Studies on the exudates have identified
novel compoundswhich have proven anti- tumour property. The 16srRNA
sequencing confirmed the strainsinvolved to be of Actinomycetes, includ-
ing three novel strains. The DNA cleaving properties of the Actinomycete
exudates have opened up possibilitiesto limit cell proliferation in Cancer
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INTRODUCTION

Thesearchfor nove drugsisstill apriority goa for
cancer therapy, dueto rapid development of resistance
to multi plechemotherapeutic drugs. Inaddition, thehigh
toxidty of chemothergpy drugsandtheir undesirablesde-
effects increased the demand for novel anti- cancer
drugs¥. Asevidenced, Actinomycetes produceinnu-
merable number of potent compounds such asanti- tu-

mour antibiotics, bioactive peptides, enzymesetc. All

such compounds haveknowntoimprovethelifecycle
andviability of normd cdls Variousbioactivecompounds
produced by theActinomycetesareantibiotics, enzymes,

IAA, L- Asparaginaseetc. Theanti- tumour activity ex-
hibited by the strains producing L-asparaginase and
other bioactive compounds are promising. Hencean
important aspect of thispart of the study wasto analyze
theanti- tumour effect of Actinomyceteextractsand their
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impact on human chromosomes. L-A sparaginase sup-
pressesthenutrient uptake of cancer cellsby depleting
the asparagineswhich arethe essential amino acidsfor
theproliferation of cancer cdlls.

DNA damageislinkedtofailureof cytokinessand
mitotic desth. DNA damagetriggersmitotic chromatic
decondensation and histone phosphorylation associated
with apoptosis. Anti- cancer drugsexert their effect by
causing DNA damage and subsequent apoptosisin-
duction@. DNA damageresponse pathways can acti-
vatecell cyclecheckpointsto arrest thecell elther tran-
gently or permanently. DNA damageresponseisthought
to protect against cancer progression and the thera-
peutic rationa e for specificaly targeting members of
DNA damageresponse pathways®.

DNA damageresponses can belinked to variety
of biological mechanisms including apoptosis and
Fanconi anaemia Apoptosisislinked to p53 response
and DNA damage and can trigger other secondary re-
sponses. Defective damagerepair also playsacritical
rolein Fanconi anaemiathrough BRCA DNA damage
repair pathway inducing stressby alkylating agentsand
eveninfluencesdrug responsein cancer treatment!*9,
Thecell deathistriggered by damage of DNA strands
gimulaing permesbility of mitochondrial membranesby
thebinding of death receptor proteins.

MATERIALSAND METHOD

| solation and char acterization of actinomycetes

Actinomycete strainswereisol ated from the hold-
fast region of seaweed samples (rocky shores of
Kanyakumari region) by serial dilution proceduresand
by pour plating them onto Glycerol AsparagineAgar.
The plateswere added with antibiotics (acitidioneand
nalidixicacid) toinhibit other intruding microbes. The
colonieswereisolated based on their colouration and
pigmentation properties. Strainswith better pigmenta:
tion properties and antagoni stic eff ects agai nst patho-
genic bacteriawere chosen for thisstudy. Six potent
strains were selected and stored. Both the classical
approach (biochemical studies) and molecular charac-
terization (16srRNA studies) were used for thetaxo-
nomica confirmation. Biochemica assayssuchasGram
staining, Catal ase Test, Voges Proskauer Test, Methyl
Red Test, Triplesugar iontest, Citrate utilization Test,
Production of amylase, sensitivity of thestrainsto anti-
bioticsetc. were performed for confirmingthe strains
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uptothegenusleved. Antimicrobid activitiesof theob-
tained Actinomyceteswere performed against four dif-
ferent strains of pathogenic bacteria(E.coli, Saphylo-
coccus, Bacillus spp., Klebs ella and Pseudomonas)
by thedisc diffuson method.

Deter mination of L -asparaginase activity by the
strains

L-agparaginaseisanimportant anti- cancer enzyme
used for leukemias. Assay of thestrainsfor L-asparagi-
naseactivity depended on the spectrophotometric mea:
surement of ammoniare eased into theculturemedium
by the action of the enzyme on Asparagine. Standard
Nezzl erization method wasfollowed for estimating the
amount of L-asparaginaseproduced by theActinomycete
strains. Inthisassay, therate of hydrolysisof L-aspar-
aginewas determined by measuring theammoniare-
leased using Nesder’s reaction. A mixture of 0. 1ml of
enzymeextract, 0.2ml of 0.05M Tris-HCI buffer (pH
8.6), and 1.7ml of 0.01M L-asparaginewasincubated
for 10 min at 37°C. The reaction was stopped by the
addition of 0.5ml of 1.5M trichloroaceticacid. After cen-
trifugation at 10000 rpm, 0.5 ml of the supernatant was
diluted to 7ml with digtilled water and treated with 1ml
of Nesder’s reagent. The colour reaction was allowed
to devel op for 10 minutes and the absorbance wasread
a 480 nm with aspectrophotometer. Theammonialib-
erated wasextrapolated fromacurvederived witham-
monium sulphate. Oneunit (IU) of L-asparaginasewas
defined asthat amount of enzymeswhichliberates Iumol
of ammoniaper minuteunder the assay conditiong®.

The speciesof fresh strains of Actinomyceteswere
cultured separately in test tubes containing Actino-
mycetesbrothwith 1% Asparagine. The colour change
obtained after treating with Nesder’s reagent was mea-
sured using aspectrophotometer at 450 nm. Controls
were maintai ned with Actinomycete strains cultured
without theaddition of Asparagin substrateand the OD
valuesof control assayswere used for calculating the
L -asparagi nase production.

L -asparaginase production was assessed by vary-
ing the pH*8 and Temperatureranges (30- 39°C). The
optimum pH and temperaturefor the higher production
of L-asparaginasewas noted.

UV/Visspectroscopic analysis of theexudates

Themethanolicextractsof theexuded peptidesfrom
the culture mediaof Actinomyceteswereused for the
study. Methanol wasused astheblank. Theband width
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was set at arange from 190 to 380 nm. The experi-
ment was carried out by varying the wavel ength 5nm
each time. The graph showing the spectrum was pl ot-
ted with the band width on the X -axisand absorbance
ontheY axis.

16srRNA analysis

DNA was extracted from mass cultured Actino-
mycetesby C-TAB method. Universa primer was used
for PCR amplification. Purified PCR productswere
resolved on agarose gel's, e uted and purified. Sequenc-
ingwasdone by fluorescent |abe ed dideoxy nuclectide
mediated chain termination method. BLAST and
CLUSTALW wasused to comparethesimilarity se-
guences and to construct the phylogenetic tree. The
obtal ned sequenceswere submitted to Genbank it for
obtaining the access on numbersfrom NCBI database.

MTT assay

The cytotoxic activity of cell exudateswas mea-
sured by MTT assay protocol”. Thecellsused for the
study werenormal lines of Human Breast Carcinoma
cells(HBC) for control and Human Colon Tumor cell
lines(HCT) asthetarget cells. Thecellswere seeded
ina96 well plate at aseeding density of 5000 cells/
well. MTT wasadded at aconcentration of 0.5 mg/ml
inDM SO at aconcentration of 100ul/well. The optical
density of thewellswasread at 570 nm. Different con-
centrations of thedrug weretested intheratiossuch as
1:500, 1: 1000 and 1: 1500 (ng/ml)) in DMSO. Posi-
tive control swere maintained with cell linesnot added
with theActinomycete extracts and the negative con-
trolswith heat inactivated supernatant sol utions. Per-
centage cell viability of different sasmpleswascalcu-
lated by standard methods.

Effect of actinomycete extractson chromosomes
of tumor cells

Strainsfrom theabovetestswere used to test their
efficiency incleavingthe DNA of cancer cdlls. Boththe
cdlular massand thefiltratewere separately trested with
hexaneanumber of timesand theextractswere concen-
trated. Thetest wasperformed for both normd cdll lines
and cancer cells. The treated chromosomes were
mounted on glassdides. Thedidesweresaned withthe
giemsastaining solution for 10 minutes. Thedidewas
then passed through xylene and was mounted on DPX
and observed under oil immersion objective. Thechro-
matid breaks, dicentrics, ringsetc., werenoted. Thesame

procedurewasrepeated for al the samples. The chro-
matid breskswere scored and expressed asmean bregk/
cdl vaue Anyindividua expressionlessthan 0.8 were
cond dered hyposensitive, individua expressoninbresk/
cdl of 0.8and 1 wassenstiveandindividua expresson
morethan onewas cons dered hypersensitive.

RESULTSAND DISCUSSION

All theisolated Actinomycete strainsfrom thema:
rine seaweeds exhibited powerful pigmentation and
antagonistic properties. Six of themost potent strains
were chosen for the production of anti- cancer
bi oactive compounds. All the strainswere confirmed
for their taxonomic positions both by classical bio-
chemicd proceduresand by 16srRNA sequenceanay-
sis. Among thesix strains sequenced for taxonomical
confirmations, produced three nove strains (PKP1-
Sreptomyces sp. Strain with accession number
EU714295, PKP4-Gordonia sp. Strain with acces-
sion number HM 352835 and PK P6-Rhodococcus
sp. Strain with accession number HM 246707, in
NCBI. Two of the sequences (PK P2 and PKP3) ex-
hibited 100% similaritiesto strains of Streptomycetes
ie.,, S noursel and S coelicolor. Oneof them (PKP5)
was Actinomyces georgia.

Bacterid L-asparaginaseisused thergpeutically to
treat cancer. L-asparaginase actsby depletingtheavall-
ability of agparaginewhichishighly essentid for thecan-
cer cellg8. UV/Visspectrophotometry confirmed the
presence of the enzyme such asL-Asparaginase and
Indolocarbazoles. Bioassay proved that L-asparaginase
was produced a highlevels, asrepresentedin Figure 1.
ie,, 290ug/ml/hr which is a higher expression level when
compared to other bacteriawhicharecommercidly used
for theproduction of thisanti- cancer compound. This
higher concentration of theenzymewasproduced a a
pH range of 7.5 and atemperature of 32°C.

Theexudates produced by theActinomyceteswere
solvent extracted to higher puritiesand they are plenti-
ful producers of polyketides, bioactive peptides,
Isoprenoi des, indol ocarbazol es and many other com-
poundsimportant for pharmacol ogical applications.
Around 35 types of anticancer compounds have been
reported from Actinomycetes so far which are cyto-
toxic against cancer cell lines?.
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Analyses of exudatesin the culture mediashowed
peaks pertai ning to the presence of cyclic compounds
and enzymatic componentssimilar to L-asparaginase.
Peakswere obtained at 203 to 240nmswhich corre-
spondsto thegroupslike R-CH=CH-CH=CH-R and
R-CH=CH-CH=0. Benzeneand quininesare also ex-
hibited inthisparticular region. Thechemica structures
of anti- cancer compounds, such asIndolocarbazol es,
isoprenoidesand L-asparaginase are built up by these
functiond groups. Thedetalsarerepresentedin Figure
2aand 2b. Indolocarbazol es constitute aseparate type
of anti- cancer drugswith severd mechanismsof action
including DNA damagetargeting on topoisomerases|
and 1l andinhibition of proteinkinases, including serineg/
threonine and tyrosinekinases™?.
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Figure2: aand b UV spectral analysisfor extruded compounds from the actinomycete culturestaken by a UV- visual

spectrophotometer.

The solvent extractsused for theMTT assay were
purely extracellular exudates. Thus, the dataobtained
clearly depictsthat the bioactive compoundsreleased
into the culture medium as proven by the UV and IR
spectra studieshaseffectively acted against the cancer
cdl linesinorder toinactivateonly thosecdlswith tum-
origenic properties. Compounds produced by Actino-
mycetesare safefor normal cellsinthehuman body as
they cause no damage, i.e., even up to minor levels.
Thedetails of the anti- cancer agentswith respect to
the percentagecell viability of the cancer and normal
cell linesaredepicted inthe Figures3ato 3f. Theen-
zymes rel eased by the Actinomycetes such asL-as-
paraginase, which has proven anti- tumour property
could aso beconsidered for theeffect. Hence the study
explainsthat theextracdlular Actinomyceteextractsare

activeaganst thetumor cdll lines preferably dueto the
production of useful anti- tumour agentssuch asL-as-
paraginase. L-Asparagi nase destroys asparagines out-
sdethecdlsforcingthecdlstordy completely onwhat
they can produce on their own. The compounds puri-
fied to theextreme conditions could be used asan d -
ternativefor currently used L-Asparaginaseinthetresat-
ment of malignant tumorsasthey causenoill effect to
normal cells but can effectively act upon cancerous
cellgtl, Theanti- tumour compoundsbe ongingto dif-
ferent structural classes such as Streptokodin,
Chartreusin and other Indol ocarbazol es exert anti- tu-
mour activity by inducing DNA damagethrough DNA
cleavage mediated by topoisomerasel or || inhibitioni*2.

TheextractsfromtheActinomycete sampletested
were found to be effective in damaging the DNA
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Figure3: a-f Anti- tumour effectsby solvent extractsof actinomycete samples. Treatment doneon normal HBC cdll linesand

HCT tumour cdl lines.

strands of cancer cells. Complex pathwaysinvolving
numerous mol ecules have evolved to perform such
damage. Moreover, higher concentrations of theAc-
tinomycete extractswere found to be morereactive
than the compounds at |ower concentrationswhich
again produced more number of breaks. The mitotic
index of thesamplesaswell as metaphase of the chro-
mosomes were unaffected by thedrug in case of nor-
mal cellsas observed by the chromosome morphol -
ogy. Thecell cycle aswell asthe normal regulatory
mechanismsarein no way affected or altered by the

drug, in caseof normal cell cultures, proving thedrug
to be safe enough for further chemotherapeutic ad-
ministrations. Theabove detailsare depicted in Fig-
ures 4ato 4f and 5a, 5b. The results corroborated
with other scientists which supports the view on
Streptokordin which isamethyl pyridine compound
produced by Sreptomyces sp., isolated from deep
sea sediments at Ayu trough. It exhibited significant
anti- tumour activity against human breast cancer™®,
Itisan accepted fact that activation of checkpointsin
responseto DNA damage leadsto cell cyclearrest.
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Inhibition of lymphocyteproliferationisby theactiva  whichincludestheM P modulatorsandinhibitors. These
tion of p53 checkpoint signals. Many of theantican-  agentsincreased the cytotoxicity of anticancer drugs
cer agentsact through the Meva onate pathways(MP)  and inhibited the proliferation of lymphocytes.
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Figure5: aand b Nor mal chromosomestr eated with anti- tumour compound. No breaksar eobser ved at magnificationsat
4000x (oil immersion); Chromosomesfrom tumour cell linesafter treatment with the sample. M agnification at 4000x (oil
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SUMMARY AND CONCLUSIONS

All the strainstested, proved to belongto theActi-
nomycete strains based upon their 16srRNA analysis
and phylogenetic grouping. L-asparaginase and other
anti- cancer compounds produced by the strains are
effectivein controlling the proliferation of the cancer
cells. Cancer cell lineswererapidly and preferentialy
killed by some of theA ctinomycete exudates. Higher
concentrationsof theActinomyceteextractskilled more
of thecancer cellsproving to be cytotoxicto the cancer
cellstested. Both higher aswell aslower concentra-
tionsof theextrace lular solvent extracts provedto be
harmlesstothenorma cellstested. Thus, Actinomycete
samplesare potent producersof anti tumor agentsand
thereisno cytotoxicity against norma human lympho-
cytesand brought in no changesto thecell cycle. The
toxicity exhibited by Actinomycete exudatesindicate
clearly that many such anti- cancer agentsespecialy,
antileukemic compounds are produced by the strains
as proved by earlier works which reveal that
Rebeccamycin, produced by Actinomycetes, inhibitsthe
growth of human lung adenocarcinomacellsand pro-
ducessingle-strand breaksinthe DNA of thesecel 9.

The ocean without any doubt is keeping amulti-
tude of new anti- cancer compounds providing novel
structura and physiologicd diversity to bediscovered
and used. Continuouseffort for unravel the biosynthe-
sisof aready known compoundsand theisolation and
characterization of their biosynthesisgeneclusterswill
lead to the development of new anti- tumour com-
pounds, hopefully with improved therapeutic proper-
tiesby using combinatoria biosynthesis gpproaches.
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