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ABSTRACT

The mangrove ecosystem of Gilakaladindi, AndhradPsh, India was selected for studying the diversity
Streptomycetes spp. and their antimicrobial projpsrtThe soil samples pretreated with CaG@ere plated on
three selective media viz. ISP-2, ISP-4 and HV dgasolate Streptomycetes spp. Among the 27nstiablated,
13 possessed antimicrobial activity, of which dates were active against the test micro-organi§Bram positive
bacteria - Bacillus megaterium (NCIM 2187), Staplogiccus aureus (MTCC 3160); Gram negative bacteria
Escherichia coli (ATCC 9027), Xanthomonas campe$MiTCC 2286) and fungi - Candida albicans (MTC@)18
Penicillium expansum, Fusarium oxysporum). The diiga strains were further analyzed by polyphaaixohomy
and identified as Streptomycetes harbinensis VIPR-filicatus VJPR-3, S. coelicolor VIPR-5, S.ullis VIPR-
6, S. nogalater VIJPR-7, S. enissocaesilis VIPReBS&nxiamensis VIPR-24. The strains have been itieghas
NCBI genbank with accession numbers. This is tiseréport on the diversity studies of Streptomgsetpp. from
Gilakaladindi mangrove ecosystem.
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INTRODUCTION

Actinomycetes are most economically and biotechgioldly ubiquitous group of microbes that are cdesgd to be
valuable prokaryotes. Several ecologically sigaific properties of actinomycetes were reported, viniade the
screening source expand into uncommon environmBtaBy actinobacterial species especi@tyeptomycetespp.
have been reported as producers of chemically sifiedt bioactive natural products [1, 2, 3, 4].

Streptomycetesre regarded as the best source of commercialesitelue to their ability to produce novel
metabolites. They are considered cosmopolitan éir distribution due to their ability to produceuaolant spores
that are readily dispersed [5]. These filamentcarstdria are readily adapted to marine environmedtcan readily
break down complex biological polymers [6]. The gerStreptomyceteslone accounts for 80% of the
actinobacterial bioactive metabolites reported tte. The natural genetic capacity of these wdabder
actinomycetes makes them remain unchallenged imtbtibial world [7].

In recent years the discovery of commercially digant novel chemical skeletons from mangrove attacteia has
been increased. The mangrove ecosystem is salidiehigihly rich in organic matter and uncaged souiare
screening and isolation of potential bioactive rhetiies [8]. The microbes in mangrove habitats ewdy produce
primary and secondary metabolites but also involwedimportant ecological role in soil organic matte
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decomposition and mineralization [9]. Studies ondbiersity of actinobacteria from mangrove ecosysiare
important for the biotechnological exploitation J10

In the present study, an attempt has been madmlaté diversestreptomycetespp. with antimicrobial potential
from the mangrove habitats of Gilakaladindi, AndRradesh and study their taxonomic characteristics.

EXPERIMENTAL SECTION

Collection and processing of sediment samples

Sediment samples were collected from Gilakaladmdngrove ecosystem situated along the south east ob
Andhra Pradesh, India. Samples were collected Bel® cm depth and transported to laboratory irlstbags and
air-dried at room temperature. The air-dried samplere subjected to calcium-carbonate pre-treatioegrtrich the
actinobacterial population as well as to reduceutihveanted contaminants like fungi and bacteria 2],

I solation of mangrove actinobacteria

The pretreated sediment sample (1g) was suspemdd®d ml of sterile distilled water. Serial dilut® were
prepared and 100 pl of T@ilution obtained from the CaG@retreatment were spread onto the surface of three
selective media, ISP-2, ISP-4 and HV Agar. Theseiaavere supplemented with streptomycin (25pg/mijl a
fluconazole (30pg/ml) to retard the growth of baeteand fungi respectively [13].The inoculated pkatwere
incubated at 28+2°C for 15 days. After incubati@gttinobacterial colonies were sub-cultured andhturt
maintained on ISP-2 agar slants.

I dentification of the potent strains by polyphasic approach

The cultural characteristics of the strain weredsd on different ISP and non- ISP media. Biochaic
characteristics of the potent actinobacterial sfralong with physiological characterization susheéfect of pH,
temperature and salinity were also evaluated [T&k ability of the strains to produce melanin pigineas
examined by growing them on ISP-7 (Tyrosine agalfuce medium.

Molecular characterization and phylogenetic analysis

16S rRNA sequencing of theisolates

Actinobacterial isolates were cultured in ISP-2tbrand incubated for 10 days at 28+2°C at 120 rfime. cell mass
was filtered and used for genomic DNA isolation. ®Bixtraction was carried out using genomic DNA aian kit
(Chromus Biotech Pvt. Ltd., Bangalore, India). Spesequence amplification was performed usingvarsal 16S
rRNA forward primer (5’AGAGTTTGATCCTGGCTCA-3) and 16S rRNA reverse primer
(5’ACGGCTACCTTGTTACGACT-3’). The PCR products weparified and sequenced at Chromus Biotech Pvt.
Ltd., Bangalore, Karnataka, India, for obtainingtj@ sequence [15].

Phylogenetic analysis of isolates

The sequences were analyzed with reference sequaiitained from the GenBank, EMBL and DDBJ using
Molecular Evolutionary Genetics Analysis softwaMBEGA, 6.05) [16] Phylogenetic trees were constrdaising
the software MEGA Version 6.05 based on the Maxinparsimony method.

Nucleotide sequence accession numbers
The 16S r RNA gene sequences of the strains VIJRRRR-3, VJPR-5, VIPR-6, VJPR-7, VJPR-8 and VJPR-24
are submitted to Gen Bank database.

Extraction of potent secondary metabolites

The potent actinobacterial isolates VIJPR-1, VIPR-BRR-5, VIPR-6, VIPR-7, VJPR-8 and VJPR-24 idiedtif
from the primary screening were inoculated sepbratteyeast extract- malt extract dextrose medittiviD) (malt
extract 1 g, yeast extract 0.4 g, dextrose 0.4diusn chloride 3 g, sea water 100 ml and pH 7.@) ianubated at
28+2°C for 120 h in a rotatory shaker (120 rpm)teAfincubation for 120h, the culture filtrate colied was
extracted with equal volume of ethyl acetate byeol extraction method. The ethyl acetate was eaedpo to
dryness in rotavap, and the metabolite obtainedusad to determine antimicrobial activity by agaiwdiffusion
method [17]

Growth pattern
To study the growth pattern, the strains VJPR-IPR:B, VIJPR-5, VJPR-6, VJPR-7, VJPR-8 and VJPR-2re we
inoculated into 100ml YMD broth and incubated at2¥C in a rotary shaker (120 rpm). The fermentapoocess
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was allowed to run for seven days for each stiie. flasks were harvested at every 24h interval,tha growth of
the strains was determined by taking dry weighthef biomass. The culture filtrates harvested atileggntervals
were extracted with ethyl acetate to determinenaintbbial activity.

Test Microorganisms

The antimicrobial activity of the crude extractaftinobacterial strains was determined by measuhiagliameter
of inhibition zone against Gram positive bacteri8acillus megaterium(NCIM 2187) Staphylococcus aureus
(MTCC 3160); Gram negative bacteri&scherichia coli(ATCC 9027),Xanthomonas campestriMTCC 2286)
and fungiCandida albicangMTCC 183),Penicillium expansum, Fusarium oxysporbynagar well diffusion assay
[17].

RESULTSAND DISCUSSION

The mangrove ecosystem of Gilakaladindi was sedeftie studying the diversity dbtreptomycetespp. and their
antimicrobial compounds. A total of 23treptomycetestrains were isolated from the mangrove ecosystem
designated as VIPR-1 to VJPR-27. All the 27 isslatere identified up to generic level based omtloephological
features and the isolates were assignestieptomycetespp. Out of 27 strains, 13 possessed antimicraioidlity,

of which 7 isolates VJPR-1, VJPR-3, VJPR-5, VIJPRWPR-7, VIPR-8 and VJPR-24 exhibited strong
antimicrobial activity against Gram positive anda@®r negative bacteria as well as fungi. These pateains were
further evaluated for cultural, physiological abibchemical characteristics along with the phylagenanalysis of
the 16S rRNA.

The cultural characteristics of the strains areasgnted in Table-1. They could be used as matkerghich an
individual strain can be recognized [18]. The sisagxhibited luxuriant growth on YMD agar mediunmeTstrains
VJIPR-1, 3, 5, 6 & 7 exhibited grayish white aerajcelium and dark yellow to grey substrate myaaliwhile the
aerial mycelium of VJPR- 8 and 24 was grey calowth substrate mycelium ranging from yellow &rkibrown.
The strains VIPR-1, VIJPR-7 and VJPR-24 producedmirepigment on ISP-7 (tyrosine agar) culture mediu

Table 1: Cultural characteristics of the Streptomycetes harbinensis VIPR-1, S. plicatus VJPR-3, S. coelicolor VIPR-5, S. sodiphilus
VJIPR-6, S. nogalater VJPR-7, S. enissocaesilis VJPR-8 and S. xiamensis VJPR-24 on YMD agar medium

S.No. Isolate | Colour of aerial Mycdium | Colour of substrate mycdium | Pigment production

1. VJPR-1 | Greyish white Dark yellow Yes

2. VJPR-3 | Greyish white Dark yellow Nil

3. VJPR-5 | Greyish white Grey Nil

4. VJPR-6 | Greyish white Dark yellow Nil

5. VJPR-7 | Greyish white Grey Yes

6. VIPR-8 | Grey Yellow Nil

7. VJIPR-24| Grey Dark brown Yes

The physiological and biochemical characteristicthe strains are recorded in Table-2. The phygickl tests are
indispensable tools for classification and ideatifion of Actinomycetes [19]. All the strains exitéal optimum

growth at pH 7.0 and temperature 28+2°C. Tolerari¢he strains to NaCl also serves as an impodiaatacter for
species identification. The strains could grow wallthe medium supplemented with 3% NacCl. All theiss

exhibited positive response to citrate utilization.

Table 2: Biochemical and physiological characteristics of Streptomycetes harbinensis VIPR-1, S. plicatus VJPR-3, S.coelicolor VJPR-5, S.
sodiphilus VJPR-6, S. nogalater VJPR-7, S. enissocaesilis VIJPR-8 and S. xiamensis VJPR-24

Characteristics VJPR-1 | VJPR-3 | VJPR-5 | VJPR-6 | VJPR-7 | VJPR-8 | VJPR-24
Indole production — — - - - — —
Methyl red test — - - - _ — _
Voges proskauer test - - - — — _ —
Citrate utilization test + + + + + + +
Gram'’s reaction + + + + + + +
Acid fast reaction - - — —
Temperature for growth ~ 28+2°( 284+2°C  28+29C  28+2Q28+2°C | 28+2°C 28+2°C
pH for growth 7.0 7.0 7.0 7.0 7.0 7.0 7.0
NaCl range for growth 3% 3% 3% 3% 3% 3% 3%

‘~ ‘indicates Negative; ‘+'indicates Positive.

The 16S rRNA sequence data supported the assignohehe isolates VIPR-1 tdStreptomyceteharbinensis
VJIPR-3 toStreptomyceteplicatus VJPR-5 to Streptomycetescoelicolor, VIPR-6 toStreptomycetessodiphilus
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VJIPR-7 to Streptomycetesnogalater VIPR-8 toStreptomycetessnissocaesili@and VIPR-24 toStreptomycetes
xiamensis.The partial 16S rRNA sequences of all the straimsewsubmitted to the Genbank database under
accession numbersStreptomycetes harbinen&f§PR-1 (KP313611). plicatusvJPR-3 (KP313619)%. coelicolor
VJIPR-5 (KP318084)$. sodiphilus/JPR-6 (KP313617)5. nogalateVJPR-7 (KP313616)5. enissocaesiligJPR-

8 (KP313618) an&. xiamensigKP313615). The partial sequence was aligned antpared with all the 16S rRNA
gene sequence available in the Gen bank databamethe multisequence advanced BLAST comparisoh idwe
phylogenetic analysis of the 16S rRNA gene secgi@vas aligned using the CLUSTAL W programme frdwa t
MEGA 6.05 version [16]. Phylogenetic trees werestarcted using MEGA 6.05 version and maximum paosiyn
analyzing tool (figs.1to7).

VPR
4|£-;i15&535555' JrefINR 105622 1| T3612 Streptonyoes harbinensis strain NEALUFDs3
gil343205586 n=fINR 044035 1]: 73512 Streptonmysas xismensnsis strain MCCC 1401580
gilE312518000n=fINR 112558 1]: 724611 Streptonmyses somiensis strain M240504
{;iﬁnsmnewﬂ 1050751 774613 Streptomyces aidingensis strain TRM 46012
gilSEE0B4TTSInefINR 108111.1[:51-580 Streptonerticillium reficulum subsp. protomycicum NBRC 13582
QIISEG0EATE nafiNR 108118, 1:63-502 Streptonyrces rubnes strain SpOEDSTIKE-24
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QiE453212T8r=fINR 118283.11: 14-552 Streptonyces sureoersilis stmin NERC 12021

,—-;iﬁ4532'2?3lra"|NR 118279.1|: 725610 Streptonmyces hiroshimensis strain NERC 12785
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Fig. 1: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VJPR-1
and related member s of the genus Streptomycetes
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4|£;i53'25' 328I=ANR 112626.1):1

gil5355600% | =iNR 118095.1/:180-874 Strepomyces litmocidin strain NREL B-3815
gif3aEEaTBIiNR 115786, 1/:190-884 Strepomyces oliwverfidllstus strain NFRL B-1554
gilfi3a560841 |eiNR 116301.1|:1
gili3a555008 =iNR 115668. 1
L giB31251180|=iNR 112357 1

VIPR-3
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gi5365600 18| =iNR 116078.1|:180-874 Strepomyces mchei strain NRRL B-1559
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I—|: gil24 3200404 | = NR 0410911
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1T5-873 Strepiomyces mutsbilis strain NRRL ISP-5169

TE-ET0 Strepomyces geysinensis strain MRRL B-12102
T0-854 Strepomyces undochromogenes strain NERC 13347

85-BT9 Strepbmyres thinghirensis strain 5 10

1ET-EE1 Strepiomyces enissocaesilis strain NRRL B-18355

ATT-8T1 Strepomyces plicats strain NBRC 13071

:172-855 Strepomyces inaceusdrappis strain NBRC 12059
1T8-872 Strepiomyces malachitospinus stmin NBRC 101004

177-8T1 Strepomytes rochei strain MBRC 12508

Fig. 2: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VJPR-3
and related member s of the genus Streptomycetes

gil343201581 refiNR: 0423071
gilB36558T10/r=iNR 1157701
giB31251211reiNR 1124081
gil2422004 28 2 iNR 041125, 1|:51-254 Steptomyces {awingini stmin NERC 12271

gil242200441 reiNR 041128, 1]:40-825 Streptomyces luteegriseus strain NBRC 12402

4'; gil343200354 r= MR 041081.1:53-347 Steptomyces surantiogrissws strain MBERC 12842
gilE35555343 reNR 115400.1]:72-856 Steptomyces anandii strain C55P 55T

:63-857 Steptomyces wEriegatus strain LMG 20215

:54-348 Steptomyces coslicolor strain NRRL B-2812

:62-355 Steptomyoes Ul dssimus strain NB RC 13482

giE2E58044 8 r=fiNR 118508, 1]:38-240 SteptomyTes sampsoni stmin NREL B12325
gil242200408 2 iNR 041056, 1. 56-258 Streptomyces albidoiaws strain MERC 12010
gil4220054 2 e iNR 041225, 1|:57-253 Steptomyces exiblisius strain MERC 12475

gilE21251 298 eiNR 112552 1|:57-255 Steptomyces globispores subsp. caucasicus NERC1007TD
gilE35550508 MR 115885, 1] 142-1044 Soeptomyces champaatii strain NRRL B-E682

VIPR-E

gIE2E580ET 2 refiNR 118632.11:25-521 Steptomyces coslicolor strain DEM 40233
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£
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Fig. 3: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VIPR-5
and related member s of the genus Streptomycetes
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VIPRE
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i3 1251385 refiNR 112566 1]:158-726 5 teptomyces panacagr strain Gseil 519
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|:153-T21 Steptomyces sodiphilus strain YW 80305
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Gilg3 1251 124 jrefiNR 05-T00 5 teptomyces misakiensis stmin NBRC 12881
4'; GIE4EI20Z 28 refNR 117484 1[: 178-704 Pilimelia columelliera subsp. paliida strain MB-5K &

g3 12514 10jrefiNR 112807 1[:175-701 5 teptomyces beijiangensis strain NERC 100044

gilges006306 reiNR 126175, 11:112-T04 5 teptomyces chumphonensis strain KK1-2

gil34 3206005 refiN R D44553. 1
4'; GiB2855T 11refiNR 115771, 11:93-891 Steptomyces fooculus strain NRRL B-2465
gil343200453 refiNR 041180, 1:111-703 5 teptomyces gibsonii strain NERC 15415
——— gil3432007 45 refNR 041433 1[:105-T03 5 teptomyces sulibnoEciens strain NERC 14280
L g3 1251412 jrefiNR 112808, 1:110-702 5 teptomyces arense strain MBRC 13016

;1014852 Steptomyces axinellae strain Polld1

Fig. 4: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VJPR-6
and related member s of the genus Streptomycetes
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2401.1[:6
2430.1]:53-1031 Steptomyses spiralis strain NBRC 14215

1040 S teptomyces nogalater srain MERC 13445

1034 Steptomyces niveoruber strain NBRC 15428

1053 Steptomiyces oliwwerticil ates strain NRRL B 1954

1042 Steptomyces mutsbilis strain NRRL I5P-5183

1039 Steptomyces geysiniensis strain MRAL B-12102

1029 Steptomyces ghanaensis stmin C55PT18

1043 Steptomyces rochei strain MNRRL B-1553

1050 Steptomyces enissocsesilis strain NRRL B-15355
1035 Steptomyces vinaceusdmppus strain NBRC 13085
1040 Steptomyrces plicatus strain MERC 12071

1058 S teptomyres vinaceusd=ppus strain NRRL 2353

—
—

Fig. 5: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VIPR-7
and related member s of the genus Streptomycetes
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|:T2-526 Streptomyces enissocsesilis strain MRRL B-18355
|:51-515 Streptomyres geysiniensis strain MRRL B-12102
|:51-505 Streptomyres ghanaensis stmin CSSFTIE
|:54-518 Streptomyces mutshilis strain NRRL ISP-51569
|:83-51T7 Streptomyces nbrogrissus strain DSM 41477
|:83-517 Streptomyces sslacecrubidus strain LMG 20319
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Fig. 6: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VJPR-8
and related member s of the genus Streptomycetes

FEIE1ZTTreiNR 11
9 E38EE5328 refiNR. 1152851
FEIE126T refiNR. 1124684. 1
g 43201578 refiNR 042300

2474.1]:51-505 Streptomyces volsceorubidus strain MB RC 15463

|:T2-526 Streptomiytes aurantiogriseus strain C5 5P525

|:54-508 Streptomyces lienomycini strain MBRC 15425
1:52-508 Streptomyces lienomycini strain LWG 20091

The growth pattern and antimicrobial profile of thieains were studied at regular intervals up t®selays. The
secondary metabolites of the strains obtained fiisenday old cultures showed high antimicrobialiétt against
test microorganisms. Of all the strains tested,R£1Pand 3 showed significant antimicrobial activitympared to
other strains (Table 3). The high antimicrobiahatt of extracts obtained from five day old cukuis in agreement
with the earlier reports [20, 21]. Metabolites eoted from four day old culture ofocardia levis and
Pseudonocardiap. also showed good antimicrobial activity [22] @rable 3).
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VJPR-24
E;uuﬁnﬁﬂe—wﬂ-:34+:|35.- |: 781160 Streptomyses xiamenensis strain MGCC 1401550
gilz43202485r=fINR. 042735, 11:80-1152 Streptomynes sodiiphilus stmin YW 80305
GiIBGG0B4TEY IrefINR. 108118, 11: 751144 Streptomyces rubnis strain Sp080513E-34
{;imm-z?zleﬂuﬂ 118273, 11:83-1154 Streptomyses hiroshimensis strain MERC 12785
GiB45315525 refIMR 118534 1]:25-1085 Streptornyces hydembadensis stran OU-40
gil343202843r=fINR. 043228, 11:32-1104 Streptomyces coernd sonsbidus strain CE5P 045
—:-;iﬁﬂaiﬁﬁs?l-#lra'mﬂ 114791.11:22-1105 Streptomyses coend conbidus stran ISP 5145
GilzA3200515IrefINR. 041202, 11:62-1136 Streptomyces oliveceus strain NBRC 3200

—|:.;i|3432-:~:n447|ra-1uﬂ-34- 134 1]:57-1131 Streptonyres pactum strain NBRC 13433

,7-;il3432-}:l455lra"|NR-34' 185.1[:421113 Streptonmyres lomondensis strain NBRC 15426
{-;ilEd-&iiS?ZElre"lNR-342'-3' 2]: 251100 Streptomyses punpurascens stmin ISP 5310
gil243 200488 r=fIMNR. 041155, 1]:62-1132 Streptomyres indisensis strain NBRC 13564

Fig. 7: Maximum parsimony tree based on partial 16SrRNA gene sequence showing relationship between Streptomycetes strain VJPR-24
and related member s of the genus Streptomycetes

Table 3: Antibacterial and antifungal activity of Streptomyces harbinensis VJIPR-1, S. plicatus VJPR-3, S.coelicolor VJPR-5, S.sodiphilus
VJIPR-6, S.nogalater VJPR-7, and S. enissocaesilis VJPR-8 and Sxiamensis VJIPR-24.

Diameter of inhibition zone (mm)

S.No. Isolate Bml Ca E Sa Ho Pe Xc
1. VIPR-1 18 14/ 14 1% 14 17 13
2. VJPR-3 16| 120 14 13 1 15 11
3. VIPR-5 12 10 9 1( g 1p §
4. VJPR-6 11 9 8] 10 7 g 10
5. VIPR-7 9 12| 12 7 8 10 e
6. VIPR-8 8 10 11 8 1 i 1
7. VIPR-24| 9 9| 12 8 1 13 1p

Bm -Bacillus megateriurdCIM (2187);Ca - Candida albicanMTCC (183); Ec Escherichia colIATCC (9027);
Sa - Staphylococcus aureMd CC (3160); Fo Fusarium oxysporumPe- Penicillium expansunxc- Xanthomonas campestfidTCC (2286).

CONCLUSION

DiverseStreptomycetes sppere isolated from Gilakaladindi mangrove habitté&\ndhra Pradesh by combining
pre-treatment technique with suitable culture mesligpplemented with antibacterial and antifungaibéotics. The
potent isolates were characterized up to species by polyphasic taxonomy. The strains isolatedeweapable of
synthesizing good antimicrobial metabolites. Hefucther studies for purification and characteriaatof bioactive
compounds produced by the strains are in progidss.is the first report on the diversity studidsStreptomycetes
spp from Gilakaladindi mangrove ecosystem of Andhradesh, India.
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