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ABSTRACT

In the present study, the morphology and genetic diversity of ten (10) potential cyanobacterial strains isolated from
fresh water habitats of Loktak Lake was investigated by Restriction Fragment Length Polymorphism of 16S rRNA
genes using four different enzymes viz., Hinfl, Alul, EcoRI and Tagl. These enzymes digested the 16S rRNA PCR
products and yielded different profiles. These strains showed high phycobili proteins content, extracellular
ammonium excretion and nitrogenase activity when preliminary screening was conducted. The strains Nostoc spp.
(BTA-60, 61), Nostoc commune (BTA-67) and Nostocmuscorum(BTA-950) were similar and delineated from the rest
by the enzymes EcoRI and Alul. Other digests which characterized Calothrix sp. BTA-73 as a distinct taxonomic
group from the rest was catalyzed by the enzymes EcoRI and Alul. On the basis of the genetic polymorphism band,
Hinfl, Tagl and Alul were also able to discriminate Anabaena sp. (BTA-964)from the other cyanobacterial strains.
Phormidium spp. (BTA-52, 75, 1048) was similar and different from the rest of other strains as indicated by the
enzymes EcoRl, Tagl and Alul. Within Nostocspp. group, there was no definite clustering for the morphological
speciation of N. commune (BTA-67), N. muscorum (BTA-950) and other Nostoc spp. (BTA-60, 61, 80). Two
Nostocstrains (BTA-61 and 67) with exactly the same profiles by digested banding pattern in EcoRlandHinflwere
confirmed as belonging to the same species. Non-heterocystous, filamentous Phormidiumout grouped from the
heterocystous cluster but were still closely related to them and to each other. The clusters for four different enzymes
yielded heterogenous groupings of the morphotypes and resulted in unclear delineation of the studied
cyanobacterial strains.
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INTRODUCTION

Cyanobacteria are large group of phototrophic naigganisms with variable morphological characters. & long
time, morphological characteristics were taken iatgount for a taxonomical classification of cyaactieria [1,
2].The application of genetic methods to the taxowo phylogeny, and biotechnology of cyanobacterigs h
increased dramatically in the past decade, paatiyulvith the advent of polymerase chain reactiathads [3].
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The development of new molecular techniques haven biatroduced to the phylogeny and taxonomy of
cyanobacteria. The use of DNA-based genetic maikgreas changed the practice of genetics. Ovemptst 20
years since that discovery, many different type®NfA-based genetic markers have been used forrthlysis of
genetic diversity and applied diagnostic purpodds The use of modern molecular techniques to deter the
degree of sequence conservation between bactenainges has led to the development of methods Isaéely on
the detection of naturally occurring DNA polymorgimiis. These polymorphisms are a result of point tious or
re-arrangements in the DNA and it can be detecyestbring presence or absence of bands in banditigrps that
are generated by restriction enzyme digestion axd Bmplification procedures.

Restriction Fragment Length Polymorphism is a tépl in which organisms may be differentiated bglgsis of
patterns derived from cleavage of their DNA. Thmikirity of the banding patterns generated can &eduo
differentiate species (and even strains) from ometteer. RFLP is generated by the presence and ebsEna
recognition site for the same restriction endorasdein the same region of a chromosome from differelividuals
of a species. As a result, the concerned restnigitzyme produces fragments of different lengthesgnting the
same chromosome region of different individualse Témes of the different strains/selected spediesampared
and RFLPs are detected due to differential movemkatband on their gel lanes and each of such zaretjarded
as a single RFLP locus. Amplification and restantenzyme digestion or sequencing of PCR prodwagphovided
a specific method for the delineation of cyanobadatgenera [6,7,8,9].

In the present study, the objective was to anallggemorphological and genetic variations using REbRlysis of
16S rRNA genes. Preliminary screening of thesérstraas done based on their biochemical comporemts as
pigment composition, extracellular ammonium exoretind nitrogenase activity.

MATERIALS AND METHODS

Strains and growth conditions

Cyanobacterial strains used in this study wereindtafrom Freshwater Cyanobacterial and MicroaR@pository
(National facility created by the Department of #ichnology, Government of India with reference B3/PR
11323/PBD/26/171/2008 dated 31-03-2009), InstitafeBioresources and Sustainable Development (IBSD),
Imphal, Manipur, India. These strains were previpisolated from Loktak Lake, the only largest fraster lake in
the North-Eastern region of India. The morpholobatady of the strains was carried out using trilac research
microscope (NIKON Eclipse 8pand Carl Zeiss fluorescence microscope, Axio 8cap coupled with Carl Zeiss
Imaging Systems 32 software AxioVision 4.7.2 follnivby taxonomical characterization referring to KE§].The
strains were allowed to grow in BG-11 medium [11iwlight intensity of 54-67 pmol photons3st provided by
cool white fluorescent tubes following light:darkyctes of 14:10h condition maintained at 28+2°C. The
cyanobacterial flasks were shaken manually fortwfmur times daily to prevent cell clumping.

DNA extraction and PCR amplification

Exponentially growing cells was subjected for isiola of genomic DNA according to the XanthogenaleSXS)
extraction protocol [12] with slight modificationsimplification of the 16S rRNA gene was carried oyt PCR
using primers (IDT-Integrated DNA Technologies)wWard primer 536F (5-GTGCCAGCAGCCGCGGTRATA-3")
and reverse primer 1488R (5'-CGGTTACCTTGTTACGACTTO2:-3") [13]. The PCR mixture contained 5 pl of
1X reaction buffer, 5 pl of 200M of each dNTPs, 1.5 ul of 0@V of each primer, 0.25 pl of 5Tagpolymerase, 2
ul (50 ng) of DNA with 34.75 pl of sterile doublestilled water. Total reaction volume was BD The PCR
reaction was started as initial denaturation stegbfmin at 95°C followed amplification with by Z¥cles of cyclic
denaturation for 1 min at 95°C, 1 min at 55°C fon@aling and 1 min at 72°C for extension. The famknsion of
10 min at 72°C.Subsequently, the PCR amplicons wegeated at 80V for 1 h on 2 % (w/v) agarose geitained
1X TAE buffer and ethidium bromide (10 mg

RFLP of PCR product

Four restriction enzymesiinfl, Alul, EcoRIl andTagl were used for the digestion of the amplified pretdand to
generate RFLP patterns specific to the cyanobattstiains. Restriction digestion was performecast ul of
enzyme, Jul of DNA (PCR product), 1l of BSA, 1ul of buffer-H, 2ul of sterile double distilled water so that total
volume of 10ul was incubated overnight at 37°C in water batla¢hieve complete fragmentation. The restriction
fragments were separated by electrophoresis if(@/v) agarose gel in 80V contained 1X TAE buffed 2ul of
ethidium bromide (10 mg i) with 100 bp DNA ladder as the size marker. Thitepas of the restriction fragments
were visualized and documented using a Vilber Lairgel documentation system with Quantum-Capt sofiw
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Phylogenetic tree construction

RFLP profiles were converted to binary data by isgpthe presence or absence of bands for eachiésasaone or
zero. Each lane of the PCR product for differergrmbacterial strains with different primers wasredoand cluster
analysis was carried out using NTSYSpc version X8ftware. The combine#iinfl, Alul, EcoRIl and Tagl
restriction patterns were used for cluster analyi€iseping all the conditions identical, a phylogéndree for
calculating the character [14] differences was trooted using unweighted pair group arithmetic melastering
(UPGMA).

RESULTS AND DISCUSSION

The details of growth, habitats and taxonomic ematien of the strains were presented (Fig. 1 artl€T ). In the
present study, genetic distances between the @oydnobacterial strains tested by RFLP analysi$6& rRNA
genes using four different enzymes vidinfl, Alul, EcoRI and Taglwere executed. The enzymesoRI, Hinfl,
Taql andAlul produced 14, 13, 9 and 17 bands(Fig. 2-5).RFId¥ilps were converted to binary data by scoring the
presence or absence of bands for each strain a® Jand a phylogenetic tree was constructed(Fig.h@) strains
Nostoc spp. (BTA-60, 61),Nostoc commune (BTA-67) and Nostocmuscorum (BTA-950) were similar and
delineated from the rest by the enzyrgesRI andAlul. Other digests which characteriz€dlothrix sp. BTA-73 as
a distinct taxonomic group from the rest wascatdyhy the enzymeScoRI andAlul. On the basis of the genetic
polymorphism bandHinfl, Tagl and Alul were also able to discriminatnabaena sp. (BTA-964)from the other
cyanobacterial strainhormidium spp. (BTA-52, 75, 1048) was similar and differéwoim the rest of other strains
as indicated by the enzymEsoRlI, Tagl andAlul.

Generally, RFLP analysis supports strain similaagyshown by the 16S rRNA gene sequence (datdhaoiny. The
disparity could be due to errors in the RFLP metbadsed by undetectable restriction fragments (fnagments)
or fragment length differences. At the speciesllebe current, morphology based taxonomy was appserted by
the RFLP dataAphanizomenonflos-aquae, Anabaena flos-aquae, Anabaenopsis, Cyanospira and Nodularia are
distinct and consistent with their position in gsegbtained from the 16S rRNA sequences by RFLRperied by
[15]. The morphological characteristics (eAgabaena andAphanizomenon), the physiological characteristics or the
geographical origins did not reflect the level &SLrRNA gene relatedness of the closely relateminstrstudied
[16].

In the present study, the clusters yielded differgroupings of the morphotypes and did not resaltclear
delineation of the species. Similar findings haeer reported foProchlorococcusstrains [17]. [18] reported close
relationship between strains Ahabaena and Aphanizomenonin a 16S rRNA after the RFLP study. In this study,
RFLP data are typically used to infer nucleotidbssitution rates, which manifest the presence @eabe of
defined restriction fragments instead of restrittiigest profiles.

The phenetic relationships inferred an essentlafiyrcating phylogeny with one cluster dominatedfitgmentous
heterocystous strains and the other consisted ynainboth heterocystous and non-heterocystousnstralithin
Nostocspp. group, there was no definite clustering fa thorphological speciation &f. commune (BTA-67), N.
muscorum (BTA-950) and otheNostoc spp. (BTA-60, 61, 80). TwdNostocstrains (BTA-61 and BTA-67) with
exactly the same profiles by digested banding paite EcoRlan#linfl were confirmed as belonging to the same
speciesNostocstrains were dispersed throughout this clustere again indicated the inadequacies of the current
taxonomy which relies on the subjective observatidnmicroscopic morphology. In the present studgn-n
heterocystous, filamentowRhormidiumoutgrouped from the heterocystous cluster but veéifieclosely related to
them and to each other. These results are in agrgewith the previous cyanobacterial partial 168IARgene
sequencing studies of [19], which have revealed thtatively close evolutionary relationships urderthe
extensive diversity of cyanobacterial morphologfealtures.

The uses of DNA sequences for the taxonomic andopkpetic analysis of cyanobacterial isolates hagen
carried out by several workers. Studies based stricgon fragment length polymorphism (RFLP) an@RP
techniques have been used to examinétiaaena-Azolla symbiosis species [20, 21] and isolates from cycad
Gunnera have been studied with respect to genetic diwelsitusing protein profiles and the RFLP techni{®.
The amplified 16S-23S rRNA spacer (ITS-1) of cysaubria has been used in several studies to galtgtic
characterize strains by sequence analyses [23]yoP®R-RFLP [24].The investigations of [25] showeuhtt
morphological differences do not necessarily appgathe 16S rRNA gene level. However, the use ofemo
restriction enzymes, the analysis of the sequefideeowhole 16S rRNA gene, or the analysis of meaidable
intergenic spacers between 16S rRNA and 23S rRNAegenay reveal differences between our closelytattla
genera. More than 50% of the strains in the cultwléections have taxonomic names which do noteagvith the
morphological description of the taxon [26]. Nuncatianalysis of RFLP of the 16S rRNA gene provideader
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taxonomic applications. The closeness amongsttthes on the basis of RFLP data indicate thatstr@ns may
belong to single species or two species and theofiselditional restriction enzymes may depict betesults to
make firm taxonomic conclusions.

60 o e

Fig. 1:Growth of cyanobacterial growth on agar plaes

A.Phormidiumsp. BTA-52; B. Nostocsp.BTA-60; C. Nostoc sp.BTA-61; D. Nostoc commune BTA-
67; E. Calothrix sp. BTA-73; F. Phormidium sp. BTA-75; G. Nostoc sp. BTA-80; H. Nostoc muscorum
BTA-950; I. Anabaena sp. BTA-964;J. Phormidium sp. BTA-1048
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Fig.2: RFLP-16S rRNAproduct digested withEcoRI
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Fig.3: RFLP-16S rRNAproduct digested withHinfl
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Fig.4: RFLP-16S rRNAproduct digested withTaq|
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Fig.5: RFLP-16S rRNA product digested withAlul
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M-DNA ladder 100 bp;1-Phormidium sp. BTA-52; 2-Nostoc sp. BTA-60; 3-Nostoc sp. BTA-61; 4-Nostoc
commune BTA-67; 5-Calothrix sp. BTA-73; 6-Phormidium sp. BTA-75; 7-Nostoc sp. BTA-80; 8-Nostoc

muscorum BTA-950; 9-Anabaena sp. BTA-964;10-Phormidium sp. BTA-1048
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Fig.6: Phylogenetic tree (UPGMA) of RFLP-16S rRNAppduct digested with restriction enzymes indicatingyenetic distance

measurement
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Table 1: Origin of cyanobacterial isolates investigted and some of their morphological characters

. . . . . Origin

Taxonomical Assignment  Culture collection and strai number  Cell width (um)  Cell form Habitat Locality
Phormidium sp. BTA-52 3.55 elongated freshwater  Loktak Lake
Nostocsp. BTA-60 4.07 barrel freshwater  Loktak Lake
Nostocsp. BTA-61 5.35 guadratic freshwater  Loktak Lake
Nostoc commune BTA-67 3.96 barrel freshwater  Loktak Lake
Calothrixsp. BTA-73 4.52 elongated freshwater  Loktak Lake
Phormidiumsp. BTA-75 3.21 elongated freshwater  Loktak Lake
Nostocsp. BTA-80 5.15 quadratic freshwater  Loktak Lake
Nostocmuscorum BTA-950 3.22 barrel freshwater  Loktak Lake
Anabaena sp. BTA-964 6.91 barrel freshwater  Loktak Lake
Phormidiumsp. BTA-1048 3.30 quadratic freshwater  Loktak Lake

The study on diversity of cyanobacteria from ttikel were contributed earlier by [27, 28,29]. In dasion, the

present analysis with different strains of cyanddaa using molecular approaches have clearly atdit a high
degree of genetic diversity. It may also noted ti&-RFLP method could be more appropriate to mijstish

different strains of cyanobacterial genera and l@@on may show an extremely high genetic diveraitych may

not co-relate with the diversity of 16S rRNA genethie further research. This approach should plageray and
prove useful for the further researchers for uniagethe physiological differences and phylogenettatedness
amongst cyanobacterial population available in meatit is essential not only important to study theersity of

cyanobacteria in this unexplored habitats but #dsexploit them for industrial applications. Moresearch should
focus on modifying these cyanobacterial strainshigh value-added products by molecular technidquregenetic
engineering in the future. Their mass production B@technological importance would attract an @asing

attention.

Acknowledgements
This research was supported by grants from IndiaanCil of Agricultural Research (ICAR) and Departef

Biotechnology (DBT), Government of India. We ararikful to Director, IBSD-DBT, Imphal, Manipur, Iralifor
providing laboratory facilities. Thank to the labws of the research group for their invaluable supguring the
work.

REFERENCES

[1] R Rippka; J Deruelles; JB Waterbury; M HerdmR¥Y; Stanier.J. Gen. Microbiol., 1979 111, 1-61.

[2] JW Schopf. In; The Ecology of cyanobacteriay®ér Academic Publishers, Dordrecht, the Netheda2d0Q
pp. 13-35.

[3] A Wilmotte. In: The Molecular Biology of the epobacteria. Kluwer Academic Publishers, Dordret®®4 pp.
1-25.

[4] D Botstein; RL White; MH Skolnick; RW Davigm. J. Hum. Genet.,198Q 32, 314-331.

[5] W Powell; M Morgante; C Andre; M Hanafey; J \&gS Tingey; A RafalskiMol. Breed., 1996 2, 225-238.
[6] CJS Bolch; Sl Blackburn; BA Neilan; PM Grewk Phycol., 1996 32(3), 445-451.

[71 W Lu; HE Evans; M McColl; VA SaunderEEMSMicrobiol.Lett., 1997, 153, 141-149.

[8] BA Neilan; JL Stuart; AE Goodman; PT Cox; P Hams.Syst. Appl. Microbiol., 1997, 20, 612-621.

[9] S Otsuka; S Suda; RH Li; M Watanabe; H Oyai@uylatsumoto; MM Watanab&EMS Microbiol.Lett.,1999
172(1), 15-21.

[10] TV Desikachary. Cyanophyta, Monographs of AgeCAR, New Delhi, Indial959 pp. 686.

[11] RY Stanier; R Kunisawa; M Mandel; G Cohen-BazBacteriol.Rev., 1971, 35(2), 171-205.

[12] D Tillett; BA Neilan.J.Phycol., 200Q 36(1), 251-258.

[13] U Nubel; F Garcia-Pichel; G Muyzekppl. Environ. Microbiol.,1997 63(8), 3327-3332.

[14] M Nei; WH Li. Proc. Natl. Acad. Sci. USA,197976(10), 5269-5273.

[15] I Iteman; R Rippka; NT de Marsac; M Herdmaficrobiology, 2002 148, 448-496.

[16] C Lyra; S Suomalainen; M Gugger; C Vezie; Pn@uan; L Paulin; K Sivonenlnt. J. Syst. Evol.
Microbiol.,2001, 51, 513-526.

[17] E Urbach; DJ Scanlan; DL Distel; JB Waterbugyy ChisholmJ. Mol. Evol., 1998 16, 188-201.

[18] J Lehtimaki; C Lyra; S Suomalainen; P Sundmamouhiainen; L Paulin; M Salkinoja-Salonen; K &nen.
Int. J. Syst. Evaol. Microbiol.,200Q 50, 1043-1053.

[19] SJ Giovannoni; S Turner; GJ Olsen; S BarnslL.&3de; NR Pacel. Bacteriol., 1988 170, 3584-3592.

[20] BV Coppenolle; SR McCourch; | Watanabe; N Hga@ Van HoveTheor.Appl. Genet., 1995 91, 589-597.
[21] DL Eskew; G Caetano-anolles; BJ Bassam; PMs&hreffPlantMoal. Biol., 1993 21, 3363- 3373.

[22] JR Lupski; GM WeinstocH. Bacteriol., 1992 174, 4525-4529.

[23] G Rocap; DL Listel; JB Waterbury; SW Chisholappl. Environ. Microbiol.,2002 68, 1180-1191.

58
Scholars Research Library



Qjit Singh Keithellakpam et al Annals of Biological Research, 2015, 6 (6):52-59

[24] NJ West; DG Adam&Appl. Environ. Microbiol.,1997, 63, 4479-4484.

[25] KA Palinska; W Liesack; E Rhiel; WE Krubefrch. Microbiol., 1996 166, 224-233.
[26] J Komarek; KAnagnostidigirch. Hydrobiol. Suppl., 1989 82, 247-345.

[27] A Chingkheihunba; KS ArvindMorldJ. Microbiol.Biotechnol.,2011, 27, 2187-2194.
[28] KO Singh; O Gunapati;ON Tiwarhilipp. J. i.,2012 141(1), 57-66.

[29] ON Tiwari; HT SinghProc. Natl. Acad. Sci. India., 2005 75(B), 209-213.

59
Scholars Research Library



