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CHARACTERIZATION OF AMYLASE PRODUCING BACTERIA

Kumar Pranay*, S.R.Padmadeo, Vyomesh Vibhaw, Pradeep Pranjal, Bipin Bihari Mishra, Kumud Ranjan
Thakur and Neerg) Kumar Ram

* Department of Biochemistry, Patha University, Patna-800 005, Bihar, India

ABSTRACT: The screening led to the isolation of 36 amylase producing bacterial isolates. Among these, 12 isolates
formed halo zones of 1 cm or more and they were selected for further biochemical investigations. All the isolates were
unable to ferment xylose. The isolates showed good growth in presence of NaCl. BCH9, BCH13 & BCH25 showed
growth in 2.6M NaCl, 2.5M NaCl and 2.6M NaCl respectively. On the basis of various biochemical tests, BCH9 &
BCH25 were identified as Bacillus licheniformis while BCH34 was identified as Bacillus cereus. BCM9 & BCM25
are of haophilic nature and hold promise in biotechnological industries.
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INTRODUCTION

Amylases constitute one of the most important groups of industria enzymes and account for nearly 25% of the total
sale of enzymes (Burhan et a. 2003). The amylase superfamily can be generally subdivided into two groups,
emdoamylases (a-amylase) and exoamylases (B-amylases, glucoamylase and a-glucosidase). Endoamylases hydrolyse
the interior of a glucose chain in starch to generate oligosaccharides of various lengths. Exoamylases act at the non-
reducing ends of polysaccharides and produce low molecular weight products, e.g., glucose and maltose (Pandey et al.
2003). Enzymes obtained from microbial sources are widely used in various industrial processes because of their low
cost, productivity, chemical stability, plasticity and vast availability (Burhan et al. 2003; Mishra & Behera et al.
2008).Today a large number of microbia enzymes are commercialy available and they have almost completely
replaced chemical hydrolysis of starch in starch processing industry (Pandey et a. 2000). Thermostable a-amylases
are available from different sources and they have extensively commercia applications in starch processing, brewing
and sugar production (Leveque et al. 2000), designing in textile industries (Hendriksen et al. 1999) and in detergent
manufacturing processes (Hewitt & Solomons, 1996, Lin et a. 1998). Each application of a-amylase requires unique
properties with respect to specificity, stability and temperature and pH value dependence (Tigue et a. 1995).
Screening of microorganisms with higher a-amylase activities could therefore, facilitate the discovery of novel
amylases suitable to industrial applications (Gupta et a. 2003, Wanderley et al. 2004). The genus Bacillus produces a
large variety of extracellular enzymes of which amylases are of considerable industrial importance (Swain et al.
2006). Prominent Bacillus species used for industrial applications are Bacillus subtilis, Bacillus amyloliquefaciens
and Bacilluslicheniformis (Das et al. 2013).

Soil isarich source of amylase secreting microorganisms and present investigation was designed to screen for
bacterial isolates for amylase production and their characterization, which could pave way for advanced research on
amylase activity and stability under various conditions such as temperature, pH, metal ions and organic solvents
leading to itsindustrial applications.
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MATERIALSAND METHODS

Soil samples were collected from different localities of Patna namely Kankarbagh, Rajendra Nagar and Patna City in
sterilized plastic bags and stored at 4° C for the preliminary screening for amylase producing bacteria. For isolation of
bacterial isolates, seria dilution method was employed. In this method, the soil sample was weighed (1 gram) and was
mixed in 10 ml of normal saline by proper vortexing.

Six test tubes were labeled namely A, B, C, D, E and F, each containing 9 ml of normal saline.1 ml of the sample was
transferred to tube A making the concentration 10™ml.1 ml from tube A was transferred to tube B making the
concentration 10 ml and similar transfers were made to obtain concentrations in order of 10°, 10*, 10°, 10°. Each
tube was vortexed for even distribution of sample. Six nutrient agar (NA) plates consisting of peptone (0.5%), NaCl
(0.5%),beef extract (0.3%) and agar (1.5%) were made and labelled as A, B, C, D, E and F. 0.1ml from each tube
containing the sample in decreasing concentrations was transferred aseptically to each NA plate and the sample was
evenly spread on the plates. The plates were incubated for 24 hours at 37°C. After 24 hours colonies were selected
based on the basis of cultural characteristics and subculturing was done by streaking. Successive subculturing was
done to obtain pure cultures.

Screening for amylase activity

Pure cultures were streaked on starch agar plates consisting of soluble starch (2%), NaCl (0.5%), beef extract (0.3%)
and agar (1.5%) and plates were incubated for 37°C for 48 hours. After 48 hrs, the plates were flooded with Lugol’s
iodine, which is an indicator of starch. When iodine comes in contact with a medium containing starch, it turns blue.
If starch is hydrolyzed, the medium will have a clear zone next to growth. Excess Lugol’s iodine was drained of and
plates were observed for clear halo zone around the colony against blue-black background. A clear halo zone around
the colony indicates amylase production. Size of the zone corresponds to amylase production.

Biochemical characterization of the isolates

Gram’s staining

Bacteria stained by the Gram method falls into two groups: gram positive bacteria, which retain the crystal violet and
hence appear deep violet in colour, and gram-negative bacteria, which lose the crystal-violet after treatment with
decolourising agent ethanol or acetone. Gram negative bacteria are counter-stained by the saffranin and hence appear
red in colour. This differencein staining is related to structure and composition of the cell wall of both groups.

Salt tolerance test

The selected isolates were grown in 6.5% NaCl nutrient broth for 48 hours and growth was monitored. The growth in
6.5% NaCl isanindicator of halophilic character of any bacteria isolate.

Carbohydrate Fermentation Test

One of the primary tests for the identification of bacterial speciesis carbohydrate fermentation test. This test is done
to evaluate the ability of aparticular bacterid isolate in using a particular sugar for energy. The broth consists of 0.5%
sugar base, 1% peptone, 0.5% yeast extract and 0.2% phenol red as pH indicator in 1liter.The carbohydrate
fermentation broths were prepared and inoculated with 100 pl of bacterial suspension prepared from 18-24 hrs old
bacteria culture. The inoculated broths were incubated for 24 hrs at 37°C. The fermentation causes change in colour
of the medium from orange-red to yellow as production of acid lowers the pH of the broth and phenol red acquires
yellow colour at acidic pH.

Catalase test

The selected isolates were screened for presence of catalase enzyme. The enzyme catalase breaks down hydrogen
peroxide (H,O,) (v/v) to form oxygen and water. Few drops of 3% H,O, were added to 18-24hrs old growth of an
organism. Production of bubbles indicates presence of catalase.

Citrate Utilization test

This test determines the ability of bacteria to utilize citrate as a single carbon source. The Simmon’s citrate slants
were inoculated lightly and incubated at 35 to 37°C for upto 4 days. The growth of organism on dant is an indicative
of its ability to utilize citrate and conversion of ammonium phosphate to ammonia results in a pH change which turns
pH indicator (bromophenol blue) from green to blue.

M ethyl Red-Voges Proskauer Test

The methyl red (MR) test was used to determine an organism ability to produce both strong acid from glucose and to
maintain a low pH after prolonged (48-72 hrs) incubation.MR-VP medium was inoculated with the isolates and
incubated for at least 48hrs. After incubation 5 drops of 0.02% methyl red reagent was added to 1ml aliquot of test
broth. Production of red colour in the medium indicates a positive test. Voges-Proskauer (VP) test was used to
determine the ability of an organism to produce acetlymethylcarbinol (acetoin) from glucose metabolism.MR-VP
broth was inoculated with test organism and incubated for 48hrs. 0.6ml of 5% a-napthol and 0.2ml of 40% Potassium
hydroxide were added to a 1 ml aiquot of test broth with gentle mixing. Production of red colour in the medium
indicates a positive test.
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Thioglycollate broth test
This determines the growth pattern in a broth according to oxygen gradient. This is used to cultivate strict anaerobes
and microaerophiles

RESULTSAND DISCUSSION

Soil is a rich source of amylase producing bacteria. Soils rich in starchy contents were collected in sterilized
polypropylene bags from different areas of Patna and were stored in refrigerator at 4°C. Serial dilution and Spread
plate methods were used for the preliminary isolation of bacteria and different colonies were selected on the basis of
cultural characteristics. Pure cultures were obtained after many rounds of streaking. Pure cultures were stored at 4°C
and were subcultured after every 15 days. The pure isolates were screened for amylase production. The screening led
to the isolation of 36 amylase positive isolates of bacteria (Table 1). The most efficient isolates were sel ected on the
basis of size of the halo zone around the streaked colony and the isolates showing the largest halo zones were selected
for further studies.Out of different localities it was seen that soil sample of Kankarbagh was highly efficient in
amylase producing bacteria. In present investigation 12 isolates formed halo zone of 1 cm or more and it has been
observed that the size of the halo zone is generally proportiona to amylase production (Jahir Alam Khan, 2011,

Mohammed et al. 2011, Ghasemi et a. 2010, Sasmita Mishra, 2008, Kishore et al. 2004).

Table 1. Colony Characterization of Bacteria screened for amylase production

Cl;:_?]n} Colour Configuration Margin Elevation Mucous Su;zi?alu
BCHO1 White Round Smooth Convex Dry 0.7cm
BCHD2 White Wrinkled Wavy Flat Dry Llcm
BCHOD3 White Wrinkled Wavy Flat Dry 1.0cm
BCHO4 Whitish Wrinkled Branching Flat Mucoid 0.5cm
BCHO3 White Wrinkled Wavy Raised Dry 12cm
BCHDG Whitish Round Wavy Flat Mucoid 0.4cm
BCHO7 |[Transparent | Round withraised margins Smooth Flat Mucoid 0.9cm
BCHOS Whitish Irregular & Spreading Lobate Flat Dry 0.7cm
BCHD? Whitish Round with raised margins Smooth Flat Dry L5cm
BCHI0 Blackish Found Smooth Flat Dry 0.8cm
BCHI11 White Y-shaped Smooth Flat Dry 0.9cm
BCHI2 White Irregular Branching Flat Mucoid 2Zcm
BCHI3 Whitish Round withraised margins |  Smooth Partially raised Dry 13cm
BCHI4 Whitish Iregular Ciliated Flat Mucoid 0.6cm
BCHIS Yellow l{omdr:arrﬂ;i;ammed Branching Convex Mucoid 0.5cm
BCHI16 Whitish Iiregular Wavy Raisad Mucoid 0.4cm
BCHI17 White Rhizoid Branching Flat Dry 0.8cm
BCHI138 Whitish Round Smooth Convex Mucoid 0.7cm
BCHI19 White Frregular & spreading Irregular Flat Mucoid 1.7cm
BCH20 Whitish Fregular & spreading Irregular Flat Rhucoid TIcm
BCH?1 Whitish Round Smooth Raised MNucoid 02cm
BCH?2 White Fregular & spreading Branching Flat MNucoid 0.6cm
BCH?3 | Transparent Round Smooth Flat Dry 0.8cm
BCH24 Whitish Round Smooth Flat Dry 0.9cm
BCH25 White Round Smooth Flat Dy 1.6cm
BCH26 Whitish Wrinkled Branching Flat Mucoid 0.9cm
BCH?8 White Wrinkled Wavy Raised Dy 12cm
BCH29 Whitish Round Wavy Flat Mucoid 0.8cm
BCH30 White Round Smooth Convex Dry 0.8cm
BCH31 Whitish Frregular & spreading Irregular Flat Mucoid 1.1cm
BCH32 White Y-shaped Smooth Flat Dry 0.8cm
BCH33 White Iiregular Branching Flat Mucoid 0.4cm
BCH34 Whitish Round with raised margins | Smooth Raised Drv l3cm
BCH35 White Y-shaped Smooth Flat Dry 0.8cm
BCH36 White Y-shaped Smooth Flat Dry 0.8cm

a= Halo zones wer e calculated as a mean of triplicates. After many rounds of screening,36 isolates showed positive amylase
test and out of which 12 namely BCH 02, 03, 05, 09, 12, 13, 19, 20,25, 28, 31& 34 formed halo zones of 1 cm or more around the
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Out of 12 isolates, 10 were Gram positive while 2 were Gram negative (Table 2). All the test isolates were catalase
negative (Table 3). All the isolates were not able to ferment xylose (Table 4).BCH 03 gave positive result for MR-VP
test (Table 5).BCH 02,03, 09, 25& 28 were facultative anaerobic while BCM was strictly aerobic (Table 6). All the
isolates were able to utilize citrate (Table 7). Two isolates namely BCH 09 & BCH 25 showed growth at 55°C (Table
8) and were identified as Bacillus licheniformis. All the isolates showed good growth in presence of NaCl with
BCH09& BCH25 showing growth in 2.6MNaCl nutrient broth (Table 9). Thisisreflective of their halophilic character
and halophilic amylases are tolerant to high salt concentrations and certain type of organic solvents that would easily
denature common amylases (Shafiel & Amoozeger, 2011). A number of akalitolerant a-amylases have been isolated
from bacteria primarily from Bacillus lichenformis and Bacillus halodurans (Hmidet et a. 2008, Marakami et al.
2008). BCH34 was identified as Bacillus cereus and thermostable, alkaline tolerant a-amylase has been previousy
extracted and purified from it (Annamalai et al. 2011).

Table 2: Gram Staining Test

Colony No | Resuli | Shape
BCHO2 Positive | Bacilli
BCHO3 Positive | Cocri
BCHO5 Positive | Bacilli
BCHO9 Positive | Cocci
BCH12 Negative | Cocei
BCHI13 Positive | Bacilli
BCHI19 Positive | Bacilli
BCH20D Negative | Cocei
BCH25 Positive | Bacilli
BCH28 Positive | Bacilli
BCH31 Positive | Bacilli
BCH34 Positive | Bacilli

Table 3: Catalase Test Test

Catalase Result
BCHO2 Negative
BCHO3 Negative
BCHO5 Negative
BCHO09 Negative
BCHI12 Negative
BCHI13 Negative
BCH19 Negative
BCH20 Negative
BCH25 Negative
BCH28 Negative
BCH31 Negative
BCH34 Negative
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Table 4: Carbohydrate Fermentation Test
Colony No Glucose Lactose Maltose | Sucrose | Galactose Xylose
BCHO02 Acid No Acid NoAcid | NoAcid No Acid No Acid
BCHO3 No Acid No Acid Acid Acid Acid No Acid
BCHO05 Acid No Acid No Acid | NoAcid No Acid No Acid
BCHO09 No Acid No Acid No Acid | NoAcid No Acid No Acid
BCH12 No Acid Acid Acid No Acid No Acid No Acid
BCH13 Acid No Acid NoAcid | NoAcid No Acid No Acid
BCH19 No Acid Acid Acid No Acid No Acid No Acid
BCH20 Acid Acid Acid No Acid No Acid No Acid
BCH25 Acid No Acid Acid Acid Acid No Acid
BCH 28 Acid No Acid NoAcid | NoAcid No Acid No Acid
BCH31 Acid No Acid NoAcid | NoAcid No Acid No Acid
BCH34 Acid Acid No Acid Acid Acid No Acid
Table 6: Thioglycollate broth Test
Colony No Result
BCHO2 Facultative Anaerobic
BCHO3 Facultative Anaerobic
BCHO05 Facultative Anaerobic
BCHO09 Uniform growth
BCH12 Microaerophilic
BCH13 Uniform growth
BCH19 Aerobic
BCH20 Aerobic
BCH25 Facultative Anaerobic
BCH 28 Facultative Anaerobic
BCH31 Aerobic
BCH34 Aerobic
Table5: MR-VP Test
Colony No Result
MR VP
BCHO02 Negative | Negative
BCHO03 Positive Positive
BCHO05 Negative Positive
BCHO09 Negative Positive
BCH12 Negative | Negative
BCH13 Negative | Negative
BCH19 Negative | Negative
BCH20 Negative Positive
BCH25 Negative | Negative
BCH 28 Negative | Negative
BCH31 Negative | Negative
BCH34 Negative Positive
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Table 7: Citrate Utilization Test

Colony No Result
BCHO02 Positive
BCHO3 Positive
BCHO05 Positive
BCHO09 Positive
BCH12 Positive
BCH13 Positive
BCH19 Positive
BCH20 Positive
BCH25 Positive
BCH28 Positive
BCH31 Positive
BCH34 Positive

Table 8: Growth at 55°C

Colony No Result

BCHO02 Negative

BCHO03 Positive

BCHO05 Negative

BCHOQ09 Positive

BCH12 Negative

BCH13 Negative

BCH19 Negative

BCH20 Negative

BCH25 Negative

BCH28 Negative

BCH31 Negative

BCH34 Negative

Table 9: Salt (NaCl) Tolerance Test

Colony No | 6.5% | 7.5% | 85% [9.5% [10.5% | 11.5% | 12.5% | 13.5% | 14.5% |15.5% |16.5% | 17.5%
BCHO2 | +++* | +++ | +++ | +++ | +++ ++ +4P +° d
BCHO03 + + + + ++ + -
BCHO05 +++ +++ +++ +++ | +++ +++ ++ ++ + -
BCHO09 +++ +++ +++ +++ | +++ +++ +++ +++ +++ ++ ++ -
BCH12 +++ +++ +++ +++ | +++ +++ ++ ++ + -
BCH13 +++ +++ +++ +++ | +++ +++ +++ ++ + -
BCH19 +++ +++ +++ +++ | +++ ++ ++ + -
BCH20 +++ +++ +++ +++ | +++ ++ + -
BCH25 +++ +++ +++ | +++ | +++ +++ +++ +++ ++ ++ -
BCH28 +++ +++ +++ +++ | +++ ++ + -
BCH31 +++ +++ +++ +++ | +++ ++ ++ + -
BCH34 +++ +++ +++ +++ | +++ + + -

a= Good growth (O.D. between 0.9- 0.5 after 48 hrsof growth) b= Average growth (O.D. of below 0.5-0.3 after 48 hrsof
growth) c=Poor growth (O.D. of below 0.3-0.1 after 48 hrsof growth) d= No Growth (O.D. of below 0.1 after 48 hrs of
growth)
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CONCLUSION

The present study was undertaken with aim of screening for biochemical characterization of efficient amylase
producing bacteria and it was observed that soils of Patna are rich in amylase positive bacteria isolates which can
with stand high salinity and hold immense promise in biotechnological industries.

REFERENCES

Al-ZaZaee MMA, Neelgund S, Gurumuthy and Rajeshwara AN (2011).Identification, characterization of Novel
Halophilic Bacillus cereus Ms6: a source of Extracellular a-amylase. Advances in Environmental Biology
5:992-999.

Annamalai N, Thavasi P, Vijayalakshmi S, BalasubramanianT (2011). Extraction, purification and characterization of
thermostable, alkaline tolerant a-amylase from Bacillus cereus. Indian Journal of Microbiology 51:424-429

Burhan A,Nisa U, Gokhan C, Omer C,Ashabil A., Osman G (2003). Enzymatic properties of a novel thermophilic,
alkaline and chelator resistant amylase from an akalophilic Bacillus sp.isolate ANT-6.Process Biochemistry
38:1397-1403.

Das K, Doley R,Mukherjee, AK (2004). Purification and biochemical characterization of athermostable, alkalophilic,
extracellular a-amylase from Bacillus subtilis DM-03, a strain isolated from the traditional fermented foods of
India. Biotechnology and Applied Biochemistry 40:291-298.

Ghasemi Y, Rasoul-Amini, S, Ebrahiminezhad A, Zarrini G, Kazemi A, Mousavi-Khorshidi S, Ghoshoon MB and
Raee, MJ (2010). Halotolerant Amylase Production by a Novel Bacteria Strain, Rheinheimeraaquimaris.
Research Journal of Microbiology 5:144-149.

Gupta R, Gigras P, Mohapatra H, Goswami VK, Chauhan B (2003). Microbial amylases:a biotechnological
perspective. Process Biochemistry 38:1599-1616.

Hewitt CJ,& Solomons GL (1996). The production of a- amylase (E.C.3.2.1.1) by Bacillus licheniformis, in a complex
and atotally defined synthetic culture medium. Journal of Industrial Microbiology and Biotechnology 17:96-
99.

HendriksenHV ,Pedersen S, Bisgard-Frantzen HA (1999). Process for textile wrap sizing using enzymatically
modified starches. Patent application, WO 99/35325:1999.

Hmidet N, Bayoudh A., Berrin JG, Kanoun S, Juge N, Nasri M(2008).Purification and biochemical characterization
of a novel a-amylase from Bacillus licheniformis NHI: cloning, nucleotide sequence and expression ofamyN
genein Escherichia coli . Process Biochemistry 43:499-510

Khan J Alam and PriyaRuchika. (2011). A study on partial purification and characterization of extracellular amylases
from Bacillus subitlis. Advancesin Applied Science Research 2:509-5109.

Leveque E, Janecek S, Haye B, Belrabi A (2000). Thermophilic archealamylolytic enzymes. Enzymes and Microbial
Transformation 26:3-14.

Lin LL, Chyau CC, Hsu WH (1998). Production and properties of a raw starch-degrading amylase from the
thermophilic and alkaliphilic Bacillus sp. TS-23. Biotechnology and Applied Biochemistry 28:61-68.

Mishra S and Niranjan Behera. (2008). Amylase activity of a starch degrading bacteria isolated from soil receiving
Kitchen wastes. African Journal of Biotechnology 18:3326-3331.

Murakami S, Nagasaki K, Nishimoto H, Shigematu R, UmesakiJ Takenaka S, Kaulpiboon J, Prousoontorn M,
Limpaseni T, Pongsawadi P, Aoki K (2008). Purification and characterization of five akaline,
thermotol erant and maltotetrahose-producing a-amylases from Bacillus halodurans M S-2-5 and production of
recombinant enzymesin Escherichia coli. Enzyme Microbial Technology 43:200-208.

Pandey A, Nigam P, Soccol C, V Singh and Mohan R (2000). Advances in microbial amylases. Biotechnology and
Applied Biochemistry 31:133-152

Promita D, Talukdar SA, MohsinaK, Sarker PK, Abu Sayem SM (2013). Production and purification of extracellular
amylase enzyme from Bacillus amyloliquefaciens P-001.Springer Plus 2:154-165.

Swain M R, Kar S, Padmaja G, Ray RC (2006). Partia purification and optimization of production a-amylase from
Bacillus subtilis isolated from culturable cow dung microflora. Polish Journal of Microbiology 55:289-296.

Tigue MA M,Kédlly CT, Doyle EM, Fugarty WM (1995). The alkaline amylase of the alkalophilic Bacillus sp. IMD
370. Enzyme and Microbial Technology 17:570-573.

Wanderley KJ, Torres FAG, Moraes VK, Ulhoa CJ (2004). Biochemical characterization of a-amylase from yeast
Cryptococcus flavus. FEM S Microbiological Letters 231:165-169.

I nternational Journal of Applied Biology and Pharmaceutical Technology Page: 7
Available online at www.ijabpt.com



http://www.ijabpt.com/

APPLIED BIOLOGY AND PHARMACEUTICAL TECHNOLOGY

‘ » R \ i -
/ » \ / -
yi = //;5

Email : ijabpt@gmail.com Website: www.ijabpt.com
' T—



