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INTRODUCTION

The actions of earthworms during vermin composimgude not only digestion and release of ea:
assimilable substances, such as mucus for miceokBtown and Doube, 2004) but also the transpod
dispersal of microorganisms through casting.

Bacterial diversity in earthworm guts can be quitgh, several hundred bacterial strains have b
isolated from earthworm guts. Gut bacteria are &lswtionally diverse, digesting a wide range ofmpmunds

including amino acids, sugars, cellulose, chifgmih, starch, polylactic acids (Makulec, 2002).

Phosphate-solubilizing microorganisms (PSM) mayy pka important role in developing sustaina
phosphate fertilizer systems (SubbaRao, 1982 armkyéi al., 1989). The increase in number and diyeod
microorganisms and their interaction lead to inseesn number and diversity of effective organicdadhrough
the solubility process of insoluble phosphorougpgiraet al., 2002).

Phosphorous exists in nature in a variety of organid inorganic forms, primarily in either insoleldr
very poorly soluble inorganic forms (Nasreen andilesh, 2005). Soluble forms of phosphate fertibzapplied
to the soil are easily precipitated as insolublenfa Phosphate solubilizing microorganisms solabilnsoluble P
by producing various organic acids. Plants takéhigpavailable P. Hence this study is aimed toestisn efficient

phosphate solubilizing bacteria from the earthwgrrhand seaweed vermicompost.
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MATERIALS AND METHODS

Isolation of Phosphate Solubilizing Microbes

Seaweed vermicompost and gut contenPefionyxexcavatusvere the sources for isolation of microorganisms
for screening phosphate solubilizing activity. Ve&sompost and the gut contents were serially dilatedterile tubes from
10" to 10°and plated on standard agar medium (Pikovskayatiumg which containing 250mg of tricalcium phosphat
(TCP) as a sole source of phosphate which selégtiee screening the organisms, which have theitgbib release
inorganic phosphate from TCP. The inoculated platese incubated at 30°C, after 3 days the diffecabnies were
enumerated. Then, the pure cultures were subcditare standard agar medium which was selected felinpnary
screening (Sundararao and Sinha, 1963). After 3 dayncubation, phosphate solubilizing microorgamé were selected
by the appearance of clear zones around the calofiiee selected phosphate solubilizing microorgasigere identified

based on standard procedure.
Measurement of Phosphate Solubilization, Biomass dmpH

Phosphate solubilizing microbes were inoculated ih®0ml Pikovskaya’s broth containing 250mg of TCP.
In the total 15 days of incubation, once in 3 dp¥t of the medium was noted with a pH meter equippét Glass
electrode, microbial biomass was measured by usiethods and amount of soluble phosphate was mehdyre
chloromolybdate method (Jackson, 1973 and Swgathh, 2004). To the supernatant of the culture medium [16im
chloromolybdic acid, reagent was added along ttessof the flask. The contents were diluted witm#@istilled water
and 5 drops of chlorostannous acid reagent weredaddd mixed gently. The appearance of blue colers read at

600nm and the OD was recorded. The unknown sarafdesletected using the same procedure.

DNA Sequencing

Extraction of Genomic DNA

Biochemically identified promising bacterial straiwere grown in 100ml nutrient broth for 24h at28°C and
then centrifuged at 10,000 rpm for 10 minutes &.4Phe pellets obtained were then individually sggnded in TE
buffer. Then lysozyme was added to a final conegioin of 8 mg mit and incubated for 1hour at 37°C. To which, 100pl
of 0.5M EDTA (pH 8.0), 60pl of 10% SDS and 3ul abfeinase-K (2Qg mI') were added and incubated at 55°C
overnight. The supernatant was extracted twice phitbnol: chloroform (1:1) and once with chloroforispamyl alcohol
(24:1) and precipitated with ethanol. Finally, thenomic DNA was resuspended in sterile distilledewdor further
analysis (Sambrodait al, 1989).

Amplification of 16S rRNA Gene

Bacterial 16S rRNA of promising bacterial strainasnamplified from the extracted genomic DNA usihg t
following universal eubacterial 16S rRNA primerorward primer 5° AGAGTTTGATCCTGGCTCAG 3' and Rewers
primer 5° GGTTACCTTGTTACGACTT 3'. Polymerase chawaction was performed in 50 pl of reaction mixture
containing 2 pl (10 ng) of DNA as template, eacimpr at a concentration of 0.5uM, 1.5 mM MgChnd each
deoxynucleoside triphosphate (DNTP) at a conceatravf 50uM, as well as 1U ofag polymerase and buffer as
recommended by the manufacturer (MBI FermentaderAhe initial denaturation for 3 minutes at 95tkre were 40
cycles consisting of denaturation at 95°Cfor 1 rteénfollowed by annealing at 55°C for 1 minute amteasion at 72°C

for 2 minutes and then a final extension of 5 maguat 72°C. The amplification of 16S rRNA was perfed using
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Mastercycler Personal (Eppendorf, Germany) andfithed PCR product was sequenced using the Genetialyxer
(Applied biosystems, USA).

Nucleotide Sequence Analysis

The sequence data were obtained and matched wéthopsly published sequences available in NCBI gisin
BLAST (Altschul et al, 1997) and then the processed sequences were tgdnto NCBI Gen Bank.
The sequences of promising bacterial strains aleity its closely related sequences were retrievednfthe NCBI
database and aligned through multiple sequencegnradint programmes by using CLUSTAL-X software
(Thompsoret al.,1997).

RESULTS AND DISCUSSIONS

Microbial biomass in the worm casts was found tohigh and their activity was essential for the aske of
nutrients into the medium so as to be taken byptaets (James, 1991) Enhanced nutrients (N, P, ICaSMg, Mn, Fe,
Zn) in the casts of earthworm, compared to theosuaing soil, was shown to be due to mineralizatéking place in the

gut as well as in the casts (Parthasarathi and &watigan, 1999).

The phosphate solubilizing microbial strains wes@dted from earthworm gut and vermicompost of ssaiby
serial dilution method. Five bacterial strains wisaated for primary screening to test the phogpkalubilizing activity.
Among the bacteriéB. licheniformisproduced a maximum zone of clearance (1.2 cm) &6th percentage of solubilizing
efficiency (Table 1)Rhizobiumsp. andAzospirillunsp. were not able to produce solubilization zoreuad the culture.
The zone of clearance was high due to the solalitin of insoluble phosphates by acidification agsted with either
proton extrusion or organic acid secretion (Bardiyal Gaur, 1974 and Darreéilal., 1989). The production of the clear
zone around the colonies of the organism is arcatiin of phosphate solubilization. The efficienests observed from
the clear zone diameter which around their coloimeikovskaya’'s medium. Phosphate solubilizingvétgt could be due
to a mechanism of organic acid production (Mehth Idautiyal, 2001).

Table 1: Screening of Bacteria for Tricalcium Phoshate Solubilization and
Evaluation of Solubilization Efficiency (E) By Plaie Assay Method

Strain : : C_:olony Zone of Sol_upilization
Micro Organism Diameter | Clearance | Efficiency(E)
Name
(cm) (cm) (%)
B1 Pseudomonasfluorescens 0.2 0.6 300
B3 Rhizobiurnsp. 0.4 - -
B6 Bacillus licheniformis 0.3 1.2 400
B8 Streptomycesp. 0.2 0.5 250
B10 Azospirillunsp. 0.3 - -

The selected three bacteria were tested for phoswdubilizing activity in Pikovskaya’s broth anued with
250mg of TCP. Phosphate solubilization efficienéybacterial cultures was gradually increased frcay d to day 15.
The phosphate solubilization ability of the isothteicroorganisms varied from 388.3 +2.8 to 795.3).51ug/ml.
Maximum phosphate solubilization was obtained frtita culture flask inoculated witB. licheniformi§795.3 +10.5
pg/ml) followed byP. fluorescen@®34.7+8.0ug/ml) at 13" day of incubation is given in Table 2. The soliziifion of

phosphates in a liquid medium depends on the nafutee phosphate source, the organic incubatiociogh@nd the nature
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and quantity of the organic acids secreted into rfeglium (Sujathet al., 2004). The number of days taken for the

maximum activity varied for various species. Foentelays of incubation period was favorable for mmxn phosphate

solubilization by microorganisms in a liquid mediuNarsiart al. (1995) observed that the phosphate solubilizinityiae

of Aspergillusaculeatus/as the highest after 48 h of fungal growth and the fungal biomass production was more in the

case of tricalcium phosphate than other phospluatess.

Table 2: Quantitative Estimation of Tricalcium Phogphate
Solubilization by Phosphate Solubilizing Bacteria

B

Strain : : Phosphate Solubilizing A_ctivity [g/ml)
Name Bacterial Species Day of Incubation
3 6 | 9 12 15
Bl Pseudomonas fluorescens431.4 +3.5| 468.2 +4.8 493.145|3 584.76.2 6340+
B6 Bacillus licheniformis 573.6 +4.2| 608.3+6.8 659.4+7|5 725.6+9.0 793G6.%
B8 Streptomycesp. 388.3+2.8| 412.8 i3.7 486.7 £5|0 522.3+5.4 561D+

p

Microbial biomass produced from bacterial and fungdtures in Pikovskaya’'s broth was observed ata$s

interval. With the increase in the number of indidradays the microbial biomass also increased. Agnitne bacterial

cultures, maximum growth (Optical Density - OD)4063 was achieved . licheniformis(Figure 1). Comparatively less

growth was attained by. fluorescens
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Figure 1: Bacterial Biomass Production during the Posphate Solubilizing Activity

Changes in the medium pH were also observed dahi@gncubation days and shown in Figure. 2. Amdreg kacterial

cultures, great reduction of pH was observed.idicheniformi¢3.5) and least reduction was foundSireptomycesp.
(4.2) from the initial pH of 7.
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Figure 2: Measurement of pH during Phosphate Solulization by Bacteria
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The fall in the pH during the initial days was doehe production of organic acids like citric, aicefumaric and
maliec in the growth. The mechanisms used by migarisms for inorganic phosphate solubilizationehbeen attributed
mainly to acidification, chelation and exchangectieas in the growth environment (Molla and Chowdhy1984 and
Cunningham and Kuiack, 1992).

In the present study solubilization efficiency afch microorganism varied with the reduction in pHtlee
medium during the incubation period. A correlatlmtween final pH and soluble phosphorus level lenbreported by
Dave and Patel, (1999). There is no correlationveeh microbial biomass and phosphate solubilizagifficiency was
reported.
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Figure 3: Bacillus Licheniformis Strain APSAC 04 16S Ribosoml RNA Gene, Partial Sequence
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Among the isolated bacterial strains, the strain @@&cillus licheniformiy showed maximum phosphate
solubilizing activity; besides, morphological, biwnical and physiological analysis the promisingtb@al isolates B6
was further subjected to 16S rRNA analysis for idieation. The sequence obtained and submitte@eaBank of NCBI
is given in Figure 3. The candidate strain B6 stibWighest sequence similarity values (99%) \i#cillus licheniformis
strain DSM 13 (Accession number — NR118996.1) in the N@Btabase. The 16S rRNA sequence of B6 was then
deposited in the NCBI Gen bank data under the raedlus licheniformisstrain APSAC 04 with the following accession
number (KY886137).

CONCLUSIONS

An effective phosphate solubilizing bacteia, licheniformishas been isolated based on the enzyme activity and
maximum utilization of tricalcium phosphate. Furttenfirmation was also done through 16S rRNA seqing and
submitted to the NCBI Gen bank for easy retriefailrther, this bacterial strain may be utilized foe preparation of

biofertilizer with an added advantage of phospisatabilization.
ACKNOWLEDGEMENT

Financial support by University Grants Commissi@guth Eastern Regional Office, Hyderabad, as Minor
Research project [F.No— 5760/15] as well as thdlittes provided by Arumugam Pillai Seethai Ammablége,

Tiruppattur is gratefully acknowledged.

REFERENCES

1. Brown, G. C; Doube, B. M. 2004. Functional interan8detween earthworms, micro organisms, organic magtel plants.
In: Edwards, CA (Ed.) Earthworm Ecology!2d. CRC Press, Boca Ratron, 213-224.

2. Makulec, G. 2002. The role of Lumbricusrubellushioffn determininG biotic and abiotic propertiespeat soils. Polish J
Ecol., 50:301-339.

3. SubbaRao, N. S. 1982. Phosphate solubilization byl soicroorganisms. In: Advances in Agricultural
Microbiology(SubbaRao, N. S., Ed.), Oxford and IBldy Delhi, pp: 295-305.

4. Kucey, R. M. N., Janzen, H. H. and M. E. Legget. 188&robially mediated increases in plant availageosphorus. Adv.
Agron., 42: 198- 228.

5. Arpana, N., Kumar S. D. and T. N. Prasad. 2002. Eféécseed inoculation, fertility and irrigation onptake of major
nutrients and soil fertility status after harves$tiate sown lentil. Journal of Applied Biology, 122): 23-26.

6. Nasreen A. H. and Shailesh R. 2005. Ecology of gtaispsolubilizers in semi-arid agricultural soilsxdian J. Microbiol.,
45:27-32.

7. Sundararao, W. V. B and M. K. Sinha. 1963. PhospHatsolving micro-organisms in the soil and rhiZosge. Indian J
Agric. Sci., 33:272-278.

8. Jackson M. L, (1973). Soil chemical analysis. Foenhall of Indian pvt. Ltd., New Delhi.

9. Sujatha, E., Grisham, S. and S. M. Reddy. 2004 spttaie solubilization by thermophilic microorgangsmnindian J.
Microbiol., 44:101-104.

10. Sambrook, J., Fritsch, E. F. and T. Maniatis. 198®lecular cloning in laboratory manual, Cold spritigrbor laboratory
press, 1, 314— 350.

Impact Factor (JCC): 4.6869 NAAS Rating: 3.58



Evaluation of Phosphate Solubilizing Activity of Bacta Isolated 7
from Earthworm Gut and Seaweed Vermi compost

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Altschul SF, et al. 1997. Gapped BLAST and PSI-BL.AShew generation of protein database search pogr. Nuc Acid
Res 25: 3389-3402.

Thompson JD et al. 1997. The CLUSTAL_X windows irgerféexible strategies for multiple sequence aingmt aided by
quality analysis tools. Nucleic Acids Res.25: 48862

James, S. W. 1991. Soil nitrogen, phosphorus aganic matter processing by earthworms in tall grpeairie. Ecology. 72:
2101-2109.

Parthasarathi, K., and L. S. Ranganathan. 1999. lewity of microbial and enzyme activity and theifliance on NPK
content in pressmudvermicasts. Eur. J. Soil Bis(33 107-113.

Sayed, u., kokate, p., & Gangawane, p. Synthesi®onfHalogenated Acryl Phosphate Flame Retardantiemdpplication

on Jute.

Bardiya, M. C. and Gaur, A. C. 1974. Isolation andesning of microorganisms dissolving low-grade rptiosphate. Folia
Microbiol., 19: 386-389

Darmal, N. S., Singh, R. B. and Rai, R. 1989. Igmiadf phosphate solubilizers from different sogrc8urr. Sci., 58: 570-
571.

Mehta S and Nautiyal C. S. 2001. An efficient nbtfos qualitative screening of phosphate-soluhilizibacteria. Curr.
Microbial., 43:51-56.

Narsian, V., Thakkar, L. and H. H. Patel. 1995. Malephosphate solubilization by Aspergillusaculeatdndian J.
Microbial., 37: 43- 44.

Moolla, M. A. Z and Chowdhury, A. A, (1984). Midalbmineralization of organic phosphates in soilaf and soil. 78:43-
44,

Cunningham, J. E and Kuiak, C. (1992). Productiortitric and oxalic acids and solubilization of calan phosphate by
Penicilliumbilalic. Applied andEnvironmental Micratbogy.58:1451-1458.

Dave, A. and H. H. Patel. 1999. Inorganic phosplsatieibilizing by soil Pseudomonas. Indian J. Midobdh 39, 161-164.

www.tjprc.org editor@tjprc.org






