Available online at www.ijpab.com

ISSN: 2320 — 7051

betwriiticred el Int. J. Pure App. Biosdi. 2 (3): 265-271 (2014)
of Pure & Applied _
’ Bioscience

INTERNATIONAL JOURNAL OF PURE & APPLIED BIOSCIENCE

Enzyme Activities of Bacterial Isolates from Iron Mine Areas of Barhbil,
Keonjhar District, Odisha, India

Debaraj Parida®, Santanu Kumar Jena, and Chandi Charan Ratf
P.G. Deaprtment of Botany, North Orissa Univerdggripada-757003, Odisha
'Department of Botany, Govt. Women'’s College, Keanj#58001, Odisha, India
2Deputy Director (Technical), Biotechnology, Scierrel Technology Department, Govt. of Odisha,
Bhubaneswar -751001,0disha, India
*Corresponding Author E-mail: chandicharanrath@yabom

ABSTRACT

Microbial population and microbial activity are considered to be indicative measures of soil quality. In
the present investigation it was found that bacterial load ranged between1.04X10* to 7.8 X 10° CFUgm'*
soil and 4.7X 10° to 6X10* CFUgmsoil of unexplored and explored iron mining areas respectively.
Whereas, phosphate solubilizing bacterial load was found to be very low, 3X10? to 5.9X10° CFUgm™* of
soil. In toto 110 bacteria were isolated and identified as Bacillus sp. 64(58.2%), 4(3.6%) were
Pseudomonas sp., 2(1.81%) Sulphobaccilus sp., and one (0.9%) each from Ancyclobacter sp.,
Enterobacter sp., Acetobacter sp. and Geomicrococcus sp. It was found that 33(30%), and 39(33.5%) of
the isolates showed amylase and protease activity respectively. But, 24(21.8%) of the isolates showed
both amylase and protease activities. Only 4(3.63%) isolates showed phosphatase activity. Phosphate
solubilising activities of microbes in association with starch/complex polysaccharides and protein
degrading capabilities make them a suitable component to maintain soil fertility.
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INTRODUCTION
Microorganisms contribute to nutrient availability soil, manage soil fertility by means of diffeten
biochemical processes and they contribute to thevthrand success of the plants and overall ecasyste
of a soil environment. Bacteria are the most abaonhaaicroorganism in the soil, and serve many
important purposes, such as nitrogen fixation, phate solubulization, sulphur oxidation and other
biochemical processé3. The microbial population and diversity are varigzin ecosystem to ecosystem
due to availability and types of nutrients. Duentgh mining activity of mining soil leads to thesk of
soil biota as the mining activities are invariablysociated with the removal of fertile top soil amig
layer enriched with vegetational cover. Theref@gy changes in microbial biomass ultimately affect
nutrient cycling of soil organic matfefEnzyme activity is a soil property that is cheahim nature, but
has a direct biological origin. Since soil enzyraetivities are very sensitive to pollution, enzynhese
been suggested as potential indicator or monitorimds to assess soil quality and hedltirhe soil
enzyme like amylases, protease and phosphatasg lsewd good indicator to assess soil quality, éyth
are strongly linked with important soil propert®sch as organic matter, microbial activity or biesdi)
they have the tendency to change soil properiigsheéy involve relatively simple methods as comgah
to other soil parameter assessment of soil qdali§ne of the important activities of soil microlisghe
solubilization of phosphate and make it availablgtants. Phosphate solubilizing activities of rakses
in association with hydrolysis of Starch/complexlysaccharides, proteins make them a suitable
candidate for maintenance of soil fertility. Hentlee aim of the present investigations is to igolat
bacteria from mining soil samples and to screenteir enzymatic activities with wide range of talet
capacity in adverse conditions in order to explloéir biotechnological potential both in industraid
agricultural sectors.
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MATERIALS AND METHODS

Study area

The study was conducted in mining areas of Ba#dpnjhar District of Odisha, India, situated at

22.12°N and 85.40°E. The area is located at arageeglevation of 477 m from the sea level. Bagbin

industrialized area with mining activities througihdhe year. The site is very rich in iron and rmergse

ores.

Collection of samples and physico-chemical analysig soil

A total of 10 soil samples were collected from eliéint sites of Barbil from explored and unexplored

mining area (Forest area) following the method &elbpy Baruah and BarthakuiPhysico-chemical

analysis of the soil samples were studied for swilisture, pH, temperature, salinity, phosphorous,

potassium and organic carbon contents. Analysisoaased out in Soil Chemistry laboratory, Baripada

Odisha by standard soil analysis method

Isolation and identification of isolates

Bacteria were isolated by serial dilution technigséeng spread plate method on both Nutrient Agar a

Pikovskaya's Agar medium. Identification and chéegzation of the isolates were made on the bdsis o

colony characteristics, individual morphology byagr staining and through an array of biochemical

reaction$™.

Test for enzymatic activities

Phosphatase activity

Phosphatase activity of the isolates was testdelikmvskaya’'s agar (PA) containing tricalcium phcasgh

as insoluble phosphate source. Pikovskaya's agaephere prepared as per manufacturers (Hi-Media

Pvt. Ltd. Mumbai, India) instructions. Freshly gmwultures of bacteria were spot inoculated on PA

plates by the help of a sterile loop. Inoculateatgs were incubated at’87for 24h to 72h. Formation of

a halo zone around the colonies is indicative dith@ phosphatase activity. Solubilizing index)(8f

the isolates was determined by using the formttas follows:

Sl = Halo zone + Colony diameter

Colony diameter

Amylase activity (starch hydrolysis test)
Amylase activity of the isolates was initially tedtin Starch Nutrient Agar plates for bacteridofwing
the method Booffi Freshly grown cultures of the isolates (on NAnsd® were transferred onto Starch
Nutrient Agar plates by the help of a inoculationp. After 24 hrs at 3T of incubation for bacteria the
plates were exposed to iodine vapour. Entire plateed blue and a clear zone around the colony
indicated positive amylase activity and/or stargtrblysis by isolates. Enzymatic index was caladat
using formula as follows:

Enzymatic Index =  Zone around the colony +c@gldiameter

Colony diameter

Protease activity (protein hydrolysis)
To test proteolytic activity the organisms werevgnoon Skimmed Milk Agar Plates. Skimmed milk
(Skimmed milk 1%, Dextrose 2% and Agar 1.5%) platese prepared and the isolates were spot
inoculated by the help of a inoculation loop takfrgm freshly grown colonies of bacteria on NA plat
The plates were incubated at 24 hrs diC37he plates were observed after incubation peaodear
zone around the colony indicates positive protesgivity. Enzymatic index was calculated by using
formula as described earftér

RESULTS AND DISCUSSION
Physicochemical properties of the Sail
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Table 1: Physico chemical analysis of soil collectdrom different sites of Barbil mining area

Organic K(Kg
Collection  Moisture Carbon /hector)
site conent%  Temperature % Acidity Salinity(N)  P(Kg/hector)
Site -1 5.8 42 0.54 5.6 0.5 3 50
Site- 2 6.3 44 0.51 6 0.5 3.4 56
Site-3 8.1 39 0.16 6.4 0.5 2.6 145
Site — 4 8.6 40 0.24 6.2 0.5 2.4 56
Site - 5 5.6 41 0.14 6.2 0.5 3.2 59
Site -6* 9.3 38 0.97 55 0.5 4.4 210
Site-7* 134 37 0.81 6.1 0.5 3.8 203
Site -8* 8.7 38 0.73 5.8 0.5 4 280
Site- 9* 10.6 36 1.18 5 0.5 3.4 351
Site-10* 10.3 34 0.86 6.3 0.5 3.2 263

* Unexplored mining area

Altogether ten soil samples were collected fronfiedént sites of mining area of Barbil. Out of temil s
samples, five samples (1-5) were collected fromlard mining areas and other five samples (6-10)
were collected from unexplored mining area durir@ilA May,2013 ((Table -1). The soil samples were
studied for different physico-chemical properti€ke results indicated that moisture content wasddo

be highest in the soil samples collected from ulw®d area. Highest percentage of moisture (13.4%)
was recorded from site-7. The moisture conteregxplored mining soil was comparatively lower and it
varied from 5.8 to 8.6. Soil temperature of thedigtd area was found to be varied from 34 °C44rhe
percentage of organic carbon was varied from 0.1418 among the sites. Highest organic carbon
percentage (1.18) was observed in site -9 of ueagl area, whereas, site-5 of explored area showed
lowest organic C percentage. Salinity of the saihples collected was found to be even. In genalial,
the soil samples were found to be acidic in natBhmsphorus content of the soil was observed tehe
less, varied from 2.4 to 4.4 Kg/h. In contrast pstam content was found to be highest in unexplored
area (351 Kg/h), lowest (50 Kg/h) in site -1 of #xplored area.

Bacterial population

Isolation and enumeration of bacteria were cardedby spread plate and pour plate methods on both
NA and PA medium. The phosphate solubulizationdy@aitioads were studied on Pikovaskay's medium.
The bacterial loads were found to be more in thié sample collected from unexplored area in
comparison to mining activity area. But interestinghe phosphate solubilizing bacterial populatiss
less in comparison to total bacterial loads on N&tep in both explored and unexplored area ancag w
found to be 3X1Hto 5.9X10. The highest bacterial load was found to be 7.BOXCFUgm* of soil in
site-10 of unexplored area and 9.3XO0FU/gm in explored area (Table 2). It was obsefvenur study
that, the bacterial load drastically fall down ase of explored area in comparison to unexplored. ar

The microbial population in the soil are regulatgddifferent biotic and abiotic factors. The baker
flora is always more in the soil containing highesjanic and moisture content was reported by rdiffe
researchéf,'®. In corroboration to this, during this investigatiwe observed more microbial load in soil
samples collected from unexplored area (forest)aimeacomparison to explored areas with human
interferences, it could be attributable to presesfdess organic carbon and moisture content inocezg
sites. Observations of lowest bacterial popumatiwas found in the iron mining soil during the
investigation may be due to the contamination df with heavy metals, that can have a detrimental
effect on microbial activity and function, decremseil respiration and microbial biomd$s’. Since the
presence or abundance of an organism may be lifbjtedvariety of environmental factors, biotic aallw

as abiotic, and since the limiting effect may be ¢ttutwo or more interacting factors rather thaingle
isolated one. Therefore, in the mining areas wditlihg factors like high percentage of heavy methle/
organic carbon percentage, high temperature, lovistare content, that drives the physical and
physiological change of adopted microbes uovige in that area and became dominants. Antbag
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isolatesBacillus sp were observed to be the dominant specieBesetmining soils. This is mainly due to
their wide distribution, sporulating nature, toleca capacity of the genus to adverse conditions

Table 2: Bacterial load of explored and unexploredrea of Barbil, Keonjhar

Sample No. NA PA
Pour Plate Spread Plate Pour Plate Spread Plate
Site-1 4.3 X16 1.8 X10 3.2X1G 3.4X10
Site-2 3.1 X16 8.9 X106 3.3 X1¢ 7.2 X16
Site-3 4.7 X16 4.6 xX1d 3 X1¢ 3.7 X1G
Site-4 6.0 X16 9.3 x1d 35X 16 4 X106
Site-5 1.02 X16 3.8 xad 4.1 X106 5.3 X106
Site-6* 1.04 X16 4.6 X1d 3.8X10 3.1 Xa¢
Site-7* 1X 16 7.3x1d 4 X106 3.8 X1¢
Site-8* 6 X 1d¢ 8.5 x1d 3.5 X106 4 X10°
Site-9* 1.28 X 16 1.18 X106 3.1 X16 5.9 X1¢
Site-10* 6.4 X 16 7.8 X 16 4.4 X16 3.4 Xa1¢

* Unexplored mining area

Identification of the isolates
In toto 110 bacteria were isolated from 10 soil gke® studied and were identified on the basisotifroy
morphology and by a series of biochemical reaciind Gram’s reaction. All the 110 bacterial isolates
were primarily identified through Gram reaction amds observed that 100(90%) were Gram positive
rods, 8(7.2%) and 2 (1.8%) were Gram negative Rwlkd@am positive cocci respectively. By the help of
series of biochemical and Gram'’s reaction the bmdtisolates were identified upto genus level. Ot
110 bacterial isolates, only 74 isolates coulddamiified and assigned to gen&acillus sp. 64(58.2%),
Pseudomonas sp. 4(3.6%),Sulphobaccilus sp. 2(1.81%), and one (0.9%) each frémcyclobacter sp.,
Enterobacter sp.,Acetobacter sp. andseomicrococcus sp. However, 36 isolates remained unidentified.
Fig.1: ldentification of bacterial isolates

Enterobacter sp.
0.9%

Geomicrococcus sp.
0.9%

Unidentified
32.8%

Acetobacter sp.
0.9%

Sulphurbacillus sp.
1.8% Identification of Bacterial Isolates

Enzyme activities

Amylase and protease are two important industrisgymes which solubilize starch and protein
respectively. Therefore, it was investigated tal fout amylase and protease activity of all 110 drdedt
isolates. Among the isolates 33(30%) showed amyasity, the highest efficiency was showed by the
isolate DS-142 followed by DS-139, DS-141 and D8-139(33.5%) of the isolate showed protease
activity, the highest efficiency was observed wtle isolate DS-127, followed by DS-105, DS-142 and
DS-108 (Fig-2). 24(21.8%) of the isolates showethl@mylase and protease activity. Whereas, only 4
(3.6%) isolates showed Phosphate solubilizing #égtivhile studied on PA plates. The isolate DS2-12
showed the highest phosphatase efficiency.

Microbial enzymes like amylase, protease and pretsgk are extracellular enzymes that play vita rol
in nutrient cycling of the sél However, soil microbial enzymes are consideto be indicative
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measures of soil fertility and bioremediation aitiéss™. In this investigation, it was found that mining
soils harbour fewer microorganisms with less digrd herefore, microbial function in the miningilso
could be attributable to low microbial diversitydaconfined to a specific group of microorganiémSoil

of Barbil area of Keonjhar district contains higbrgentage of Iron. Presence of toxic metals like in
soil affects the microbial load as well as theitiiy?*?** In agreement to this we also reported lower
population of bacteria in iron containing soil cdiBil with less enzymatic activities

Table 3: Enzymatic activity of the isolates

S. No. Lab no./ Enzymatic Efficiency (SI)
Isolate
Amylase Protease Phosphatase

1 DS -100 1.15 1.05 -
2 DS -105 1.42 2.3 -
3 DS -106 1.16 1.3 -
4 DS -107 0.20 1.05 -
5 DS -108 - 1.35 -
6 DS -109 - 15 -
7 DS -110 - 0.30 -
8 DS - 112 1.30 1.01 -
9 DS - 113 1.33 - -
10 DS- 114 1.6 - -
11 DS -115 - 1.31 -
12 DS 116 1.15 1.05 2.2
13 DS 117 0.20 1.15 -
14 DS -119 0.20 1.43 -
15 DS -120 0.7 - -
16 DS -121 - 1.50 -
17 DS -122 1.06 1.15 2.4
18 DS-123 - 0.6 -
19 DS -124 1.4 0.5 -
20 DS - 125 - 1.3 -
21 DS -127 - 25 -
22 DS 128 - 1.4 -
23 DS -129 - 1.2 1.8
24 DS - 130 0.4 0.3 -
25 DS -131 1.7 - 2.0
26 Dsl - 132 1.01 1.08 -
27 DS-138 1.09 11 -
28 DS -139 1.80 - -
29 DS -140 - 1.3 -
30 DS -141 1.75 0.2 -
31 DS-142 1.83 2.1 -
32 DS - 143 1.50 1.7 -
33 DS -146 1.50 - -
34 DS -147 1.37 1.2 -
35 DS -148 - 0.6 -
36 DS-149 0.5 - -
37 DS - 150 - 0.9 -
38 DS -151 1.31 1.22 -
40 DS -156 0.20 - -
41 DS - 157 1.55 0.8 -
42 DS - 158 - 0.3 -
43 DS- 159 1.3 - -
44 DS-160 0.7 0.9 -
45 DS - 180 - 0.6 -
46 DS -184 - 1.42 -
47 DS -187 0.2 1.8 -
48 DS -201 1.3 1.15 -
49 DS- 208 14 1.06 -
50 DS- 210 1.4 1.7 -
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Fig.2: Enzymatic activities of bacterial isolates
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CONCLUSION

In conclusion it can be told that though it is @lipninary endeavour, through this investigation we

reported low bacterial population with enzymatitivaties (amylase, protease and phosphatase) bf soi

samples collected from mine areas (both exploretl tarexplored sites). The exploration of microbial
wealth of these ecological niches (in mine soil8afbil & Keonjhar districts in Odisha) is of it$nkl.

Therefore, studies such as this, is a prerequisiexplore their biotechnological implication irdirstries

and agriculture.

REFERENCES

1. Ranjan, A. Mahalakshmi, M.R. and Sridevi, M., Isida and characterization of phosphate-
solubilizing bacterial species from different criplds of Salem, Tamil Nadu, Indidnt. J. Nutr.
Pharmacol. Neurol. Dis. 3: 29-33 (2013)

2. Garcia, M.R.L. Mello, L.M.M. and Cassiolato, A.M. R., Microbial variables and productivity of bean
under different soil managements and limestone application. Pesquisa Agropecuaria Brasileira.
39(10): 1021-1026 (2004)

3. Qing, H.U. Hong-yan, Q.l. Zeng, J.H. and Zhang, H.Racterial diversity in soils around a lead and
zinc mine. J. Environ. Sci. 19: 74-79 (2007)

4. Khiari, L. and Parent, V., Phosphorous transforamath acid light-textured soils treated with swine
manure Canadian Journal of Microbiology. 85: 75-87 (2005)

5. Sisa, R., Enzymova aktivita pudy jako ukazatel fgplogicke aktivity. Rostl. Vyr.39;. 817-825
(1993)

6. Kucharski, J. and Wyszkowska, J., Interrelationdhépween number of microorganisms or spring
barley yield and degree of soil contamination witpper. Plant Soil and Envirork(: pp. 243-249
(2004)

7. Dick, R.P. Breakwill, D. and Turco, R.., Soil enzgractivities and biodiversity measurements as
integrating biological indicators. In: Doran, J.\&hd Jones, A.J. eds. Handbook of Methods for
Assessment of Soil Quality. Madison, Soil Sci.i8gcAmer. 247-272 (1996)

8. Baruah, T.C. and Barthakur, H.P., A text book df aaalysis. Vikash publ. house pvt. Ltd., New
Delhi, India (1998)

9. Cruickshank, K. Duguid, J.P. Marmion, B.R. and Sw&.H.A., Medical Microbiology. A guide to
the Laboratory diagnosis and control of infecti@@" edn. Churchill Livingstone Limit, Edinberg
(1973)

10. Alexander M., Introduction to soil microbiology’®2Edn. Wiley Eastern Limited (1972)

www.ijpab.com 270



Rath etal Int. J. Pure App. Biosci. 2 (3): 265-271 (2014) N2320 — 7051

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Arun, A.B. and Sridhar, S.K., Growth tolerance sélates from sand Dune legumes of southwest
coast of India. Engg. Life scb: 134-138 (2005)

Jena, S.K. and Rath, C.C., Optimization of Cul@omnditions of Phosphate Solubilizing Activity of
Bacterial sp. Isolated from Similipal Biosphere &®e in Solid-State Cultivation by Response
Surface Methodologynt. J. Curr.Microbiol. App. <ci. 2(5): 47-59 (2013)

Booth, C., Introduction to general methods. In Melthin Microbiology. Eds. C. Booth, Acad. Press
NY. 4: pp: 57—-91 (1978)

Das, B.B. and Dkhar, M.S., Rhizosphere microbigdysations and physico chemical properties as
affected by organic and inorganic farming practic®ser-Eur.J. Agr. Environ. Sci. 10: 140-150
(2011)

Hattori, T. Yamashita, S. and Lee, S.S., Diveraitgd conservation of wood-inhabiting polypores and
other aphyllophoraceous fungi in Malaysia. Bioddanserv21: 2375-2396 (2012)

Baath E., Effects of heavy metals in soil on micabprocesses and populations Water Air and Soil
Pollution,47: 335-379 (1989)

Berg B., Ekbohm G., Staaf H., Reduction of decositjpm rates of Scots pine needle litter due to
heavy-metal pollution. Water Air Soil Pollution. 5865-177 (1991)

Tabatabai, M.A., Soil enzymes. In: Weaver RW, Angf Bottomley PS (eds) Methods of soil
analysis. part 2. Microbiological and biochemicalperties. SSSA Book Serigs.775-833 (1994)
Margesin, R., Zimmerbauer, A. and Schinner, F., itoimg of bioremediation by soil biological
activities. Chemospheré0: 339-346 (2000)

Khan, K.S. and Joergensen, R.G., Changes in mardiibmass and P fractions in biogenic
household waste compost amended with inorganiatiizers. Bioresource Technal0Q 303-309
(2009)

Chander, K. Brookes, P.C. and Harding, S., Micidbi@mass dynamics following addition of metal-
enriched sewage sluges to a sandy loam soil. Bioil. Biochem.27: 1409-1421 (1995)

Ahmad, I. Hayat, S. Ahmad, A., Inam A. and Sanaiu/IEffect of heavy metal on survival of certain
groups of indigenous soil microbial populatidnAppl. Sci. Environment. 9: 115 — 121 (2005)

www.ijpab.com 271



