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ISOLATION OF PROTEINACEOUS a-AMYLASE INHIBITOR FROM
BACILLUS PUMILUS NGP-1
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ABSTRACT

The present study was conducted to screen the proteinaceous a-amylase inhibitory activity of Bacillus
pumilus NGP-1. The culture free supernatant was precipitated by ammonium sulfate at 10-80% saturation
for overnight at 4°C. The precipitated proteins were desalted by dialysis and the protein content was
estimated to be 1.3 mg/ml. The a-amylase inhibitory activity of partially purified proteinaceous a-amylase
inhibitor was found to be 56%. The proteinaceous a-amylase inhibitor was characterized by Analytical
High Performance Liquid Chromatography. The molecular weight of the a-amylase inhibitor was
determined by Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis as 29kDa. The results
suggested that the proteinaceous a-amylase inhibitor from Bacillus pumilus NGP-1 is first of its kind and
may be an important candidate in research of diabetes.
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INTRODUCTION

Diabetes is fast %aining the status of a potential
epidemic in India." Reports reveals that 592 million
people are likely to suffer from diabetes by 2025.% The
majority of diabetes is type Il diabetes caused by a
combination of impaired insulin secretion from
pancreatic beta cells and insulin resistance of the
peripheral target tissues, especially muscle and liver.*
Post prandial hyperglycemia is an early defect in type Il
diabetic patients that leads to severe diabetic
complications.” The recent approach for controlling
postprandial hyperglycemia is to use inhibitors of the
enzyme which delays carbohydrate digestion and
prolong the overall carbohydrate digestion time, causing
a reduction in the rate of glucose absorption and
conseguently blunting the postprandial plasma glucose
rise. %9 The prevention in the uptake of dietary starch
in the body is the prime reason why amylase inhibitors
are also called starch blockers. a-amylase inhibitors are
classified as proteinaceous and non-proteinaceous
amylase inhibitors.”®  Inhibitors like acarbose and
miglitol which inhibits glycosidases such as (-
glucosidase and a-amylase are currently used in the
treatment of diabetes. However, many of these synthetic
hypoglycemic agents have their limitations associated
with side effects, non-specific interactions and does not
reduce complications arising due to diabetes. Conditions
such as bloating, abdominal discomfort, diarrhoea and
flatulence have been recognized as the main side
effects."’ So the natural products are given due
importance in the treatment of diabetes mellitus as they
render easy affordability, availability and negligible side
effects when compared to their synthetic or chemically
synthesized counterparts.”' There are several reports
of proteinaceous and non-proteinaceous inhibitors from
plants and its effects on blood glucose levels after food
uptake ' but proteinaceous a-amylase inhibitor from
microorganism have not studied much. So the study
was focused on proteinaceous a-amylase inhibitor from
Bacillus pumilus NGP-1.

MATERIALS AND METHODS

Collection of Soil Samples

Soil samples were collected from Valparai, Tamilnadu,
India in a sterilized poly bag sealed properly and
brought to the laboratory for further analysis. It was
stored at 4°C until used.

Isolation of bacteria

One gram of soil was suspended in 100ml sterile
distilled water and serially diluted up to10”. From each
dilution 0.1ml of sample was spread plated on nutrient
agar plates and incubated at 37°C for 24 hours.
Individual colonies were selected based on the colony
morphology, appearance and maintained in agar slants.

Screening for a-amylase inhibitory activity

All the isolated bacterial isolates were screened for o-
amylase inhibitory activity, according to the method of
Suthindhiran et al'® with minor modification. 500ul of
inhibitor and 500ul of porcine pancreatic a-amylase
solution (0.5 mg/ml) were incubated for 10 minutes at
25°C. After pre-incubation, 500ul of 1% starch solution

was added to each tube. The reaction mixtures were
then incubated at 25°C for 10 minutes. The reaction was
stopped with 1ml of dinitrosalicylic acid reagent and
incubated in boiling water bath for 5 minutes. The
content was cooled to room temperature. The reaction
mixture was then diluted after adding 10ml distilled
water and absorbance was measured at 540 nm.
Control was maintained without the inhibitor. Positive
control was done with acarbose. All the reactions were
carried out in ftriplicate value. Percentage of inhibition
was calculated using following equation:

[(As40 Control — As4o Inhibitor)]
% Inhibition = X100
As4o Control

The isolate which showed the highest percentage of
inhibition was taken for further study. The protein
content of cell free supernatant was estimated by
Lowry's et al., method.®

Production of a-amylase inhibitor

The strain Bacillus pumilus NGP-1 was inoculated in
100ml BPM6 production medium (0.5g peptone, 0.15g
yeast extract, 0.05g magnesium sulfate, 0.5g sodium
chloride, 0.15g beef extract, 0.03g dipotassium
hydrogen phosphate, pH 7.410.2) and incubated at
37°C for 48 hours. It was then centrifuged at 7,000 rpm
for 10 minutes and the cell free supernatant was
precipitated by ammonium sulfate at 10-80% saturation
and kept for overnight at 4°C. The precipitated proteins
were centrifuged at 12,000 rpm for 30 minutes and the
pellet was suspended in 0.02M sodium phosphate buffer
(pH 6.9). The protein content was estimated for the
ammonium sulfate precipitates before desalting by
Lowry’s et al., method."® Desalting of protein was carried
out by dialysis (Molecular weight cut-off between 12000
to 14000) against phosphate buffer saline (pH 7.4) with
the buffer change at regular interval of an hour. The a-
amylase inhibitory activity and protein content of
precipitated proteins with 10-80% saturation after
desalting were examined and the saturation percentage
which exhibited maximum activity with minimum protein
content was selected for further study.

Molecular Identification

The bacterial isolate which exhibited the remarkable o-
amylase inhibitory activity was identified by 16S rDNA
Sequencing."” The 16S rRNA gene was amplified using
primers 27F (5’AGAGTTTGGATCMTGGCTCAG 3),
1492R (5° CGGTTACCTTGTTACGACTT 3’) and was
subjected for sequencing.18 The obtained nucleotide
sequence (393bp) was analyzed for molecular
identification (Genbank Accession number: KY101156).

Partial characterization of proteinaceous a-amylase
inhibitor

SDS-PAGE analysis

SDS-PAGE of dialyzed protein was carried out with 10%
separating9 gel and 5% stacking gel by the method of
Laemmli.” The protein sample mixed with loading dye
was loaded into each lane along with the protein marker
of 14-96 kDa in the adjacent well. The gel was stained
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for proteins with Coomassie Brilliant Blue R-250 and the
destained gel was visualized for the bands.

Analytical HPLC

The proteinaceous a-amylase inhibitor was subjected to
analytical HPLC (Shimadzu C-18) for partial purification
of proteins by using UV detector at 220 nm with the flow
rate of 1ml/minute. Acetonitrile was used as the solvent.

RESULTS AND DISCUSSION

Totally 37 different bacteria were isolated from soil
samples collected from Valparai, Tamilnadu, India. All
the bacterial isolates were screened for a-amylase
inhibitory activity with a positive control acarbose and
the isolate Bacillus pumilus NGP-1 showed remarkable
inhibitory activity was used for further study. The
inhibitory effect of cell free supernatant showed 56.43%
of inhibition with protein content (1.6 mg/ml) whereas
acarbose showed 41.73% (0.4 mg/ml). The protein
content of ammonium sulfate precipitated protein before
dialysis showed 1.9 mg/ml. After dialysis 40%
ammonium sulfate saturated protein precipitates
showed the highest a-amylase inhibitory activity of 56%
(1.3 mg/ml) when compared with other percentage of
ammonium sulfate saturation. SDS-PAGE of partially
purified proteinaceous a-amylase inhibitor showed
protein band of 29kDa (Figure 2).The partially purified
proteinaceous a-amylase inhibitor was subjected to
analytical HPLC at 220nm. The chromatogram reveals
the presence of major fraction at the retention time of
2.563, which may be responsible for the observed
activity (Figure 3). The result clearly explains that the
proteinaceous a-amylase inhibitor from Bacillus pumilus
NGP-1 may be a potent inhibitor to control postprandial
hyperglycemia. Type 2 diabetes mellitus is one of the
most prevalent diseases affecting the population all over
the world. Treatment of post prandial hyperglycemia
with the use of enzyme inhibitors without side effects is
very important in this modern era. Lots of a-amylase
inhibitors have been reported from plants 2 put reports
from microorganisms are only limited. In the present
study Bacillus pumilis NGP-1 was isolated from soil
sample collected from Valparai, Tamilnadu and
screened for proteinaceous a-amylase inhibitory activity.
The precipitated protein exhibited a remarkable
inhibitory activity with 56% when compared with
acarbose which is a commercially available drug. Similar

a-amylase inhibitory activity was reported on ethanolic
extract of Pteris vittata with 70.87%.2" Acarbose
produced from Actinoplanes strains is the synthetic dru%
which is currently used in the treatment of diabetes.”
Due to adverse effects of these drugs research is
focussed on other natural sources.Streptomyces
variabilis strain PO-178 isolated from Western Ghat
possessed similar observations for a-amylase inhibitory
activity with 46% of inhibiton.”® Recently other o-
amylase inhibitors from Cladosporium herbarum F- 828
and Paenibacillus lentimorbus have been reported. **%°
Purified proteinaceous a-amylase inhibitor extracted by
ammonium sulphate precipitation from common bean
seeds corroborated the present study.26 a-amylase
inhibitor from different seaweeds has been reported.”” A
study done by Murao et al.,”® reported that a large
number of actinomycetes and bacteria were successful
in producing a-amylase inhibitor. Another study by the
same authors examined that subspecies of
Streptomyces diastaticus subsp. amylostaticus No.2476
showed the ability to produce a-amylase inhibitor. This
finding supports the earlier report by Zhibin Sun et al.”®
on proteinaceous a-amylase inhibitor AAI-CC5 from
Streptomyces sp CC5 and also the antidiabetic potential
of a feptide from Aspergillus awamori by Singh and
Kaur.” Similarily Prabavathy et al., *' also reported on
antidiabetic activity of endophytic fungi isolated from
Adathoda beddomei. a-amylase inhibitory activity of
Micromonospora SE VITSDK3 was also reported by
Suthindhiran et al.™ Characterization of the compound
with SDS-PAGE revealed the proteinaceous nature of
the inhibitor with a molecular weight of 29 kDa. Similarly
proteinaceous a-amylase inhibitor Pa1l and Pa2 with
molecular weight of 39.6 kDa and 28.1 kDa from
Phaseolus acutifolius A has been reported.* In various
studies a-amylase inhibitory peptide of 22 kDa from
Aspergillus awamori, 18 kDa from Cladosporium
herbarum were reported.*®** Four polypeptide o-
amylase inhibitors with molecular masses of about 14
kDa have been reported from wheat.*®> The above
studies suggest that a potent a-amylase inhibitor can
find a role in drug development. In the present study, a
significant a-amylase inhibitory activity from Bacillus
pumilus NGP-1 has been reported. Further studies are
needed to purify and characterize the inhibitor for
development into drug for the treatment of type 2
diabetes mellitus.

AACCAAGGCCGCGTGCCTAATAATGCAAGTCGAGCGGACAGAAGGGAGCTTGCTCCCGGATGTTAGCGGC
GGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAATAC
CGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTACGGATGGACCCG
CGGCGCATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCATTG
GACGAAAGTCTGACGGACAAACGCCGCGTGAGTGAAAAGGTTTTGGTAT

Figure 1
16S rDNA Sequence of Bacillus pumilus NGP-1
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Figure 2
SDS-PAGE analysis of partially purified proteinaceous a-amylase inhibitor
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Figure 3
HPLC chromatogram of a-amylase inhibitor
CONCLUSION hyperglycemia by conducting further

The partially purified proteinaceous a-amylase inhibitor
from Bacillus pumilus NGP-1 showed prominent ao-
amylase inhibitory activity when compared to acarbose.
Proteinaceous a-amylase inhibitor from natural sources
is the need of hour due to the side effects caused by the
commercially developed drugs. The bioactive
compounds from microorganism have not been
exploited to that extent. So this present study focused
on a-amylase inhibitor from Bacillus pumilus NGP-1,
which will give an attractive prospect towards the
management of diabetes in controlling postprandial

REFERENCES

1. Joshi SR, Parikh RM. India-diabetes capital of the
world: now heading towards hypertension. J
Assoc Physicians India. 2007;55:323-24.

2. Kumar A, Goel MK, Jain RB, Khanna P,
Chaudhary V. India towards diabetes control: key
issues. Australas Med J. 2013;6(10):524-31.

3. Picot J, Jones J, Calquitt JL, Gospodarevskaya E,
Loveman E, Baxter L, Clegg AJ. The clinical
effectiveness and cost effectiveness of bariatric
(weight loss) surgery for obesity: A systematic

research to
characterize the biomolecule identified.

ACKNOWLEDGEMENT

The authors thank the management of Dr.N.G.P Arts
and Science College, Coimbatore and UGC, New Delhi.

CONFLICT OF INTEREST

Conflict of interest declared none.

review and economic evaluation. Health technol
assess. 2009;13(41):1-190.

4, Dayananda KS,Gopinath SM. Antidiabetic effect

of a poly herbal formulation (D) on human
pancreatic amylase. Int J Pharm Bio Sci. 2013
Oct;4(4):460-66.

5. Kavitha SKM,Rajeshwari S.Invitro a-amylase and

a-glucosidase inhibition activity of crude ethanol
extract of Cissus arnottiana. Asian J.P1 Sci Res.
2012;2(4):550-53.

This article can be downloaded from www.ijpbs.net

B-694



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Int J Pharm Bio Sci 2017 Apr ; 8(2): (B) 691-695

Shalimavardhini RD, Reddinaik B, Neelima M,
Ramesh B. Screening and production of a-
amylase from Aspergillus niger using zero value
material for solid state fermentation. Int J Pharm
pharmaceut Sci. 2005;5:55-60.

Rhabasa-Lhoret R,Chiasson JL. a-glycosidae
inhibitor. In: Defronzo RA, Ferrannini E, Keen H
and Zimmet P, editors. International Textbook of
Diabetes.3rd ed.UK: John Wiley & Sons Lid;
2004. P. 901-14.

Bhandari MR, Jong-Anurakkun N, Hong G,
Kawabata J. a-glucosidase and a-amylase
inhibitory activities of Nepalese medicinal herb.
Food Chem. 2008;106:247-52.

Ban K, Hui S, Drucker DJ, Hussain M.
Cardiovascular consequences of drugs used for
the treatment of Diabetes: potential promise of
incretin-based therapies. J Am Soc
hypertens.2009;3:245-59.

Rehm S, han S, Hassani |, Sokocevic A, Jonker
HRA, Engels JW, Schwalbe H. The high
resolution NMR structure of parvulustat (Z-2685)
from Streptomyces parvulus FH-1641:
Comparison with tendamistat from Streptomyces
tendae 4158. Chem Biochem.2009;10:119-27.
Cheng AYY, Fantus I. Oral anti hyperglycaemic
therapy for type Il diabetes mellitus. Canadian
Medi Asso. 2005;172(2):213-26.

Groverj K, Yadav S, Vats V.Medicinal plants of
India with antidiabetic potential. J
Ethnopharmacol. 2002;81(1):81-100.

Mukherjee PK, Maiti K, Mukherjee K, Houghton
PJ. Leads from Indian medicinal plants with
hypoglycemic potentials. J Ethnopharmacol.
2006;106(1):1-28.

Youn JY, Park HY, Cho KH. Anti-hyperglycemic
activity of Commelina communis L. Inhibition of a-
glucosidase.  Diabetes Res Clin  Prac.
2004;66:149-55.

Suthindhiran KR, Jayasri MA, Kannabiran K. a-
glucosidase and a-amylase inhibitory activity of
Micromonospora sp. VITSDK3 (EU551238). Int J
Integr Biol. 2009;6(3):115-20.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with the folin phenol
reagent. J Biol Chem. 1951;193:65.

Stackebrandt E, Keddie RM. Bergey’s manual of
systemic bacteriology. In: Sneath PHA, Mair, NS,
Sharpe ME, Holt JG, editors. 2" ed.USA:
Williams and Wilkins; 1986. P.1325-29.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ.
16s ribosomal DNA amplification for phylogenetic
study. J Bacteriol. 1991;173(2):697-03.

Laemmli, UK. Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nat.1970;227:680-85.

Franco OL, Rigden DJ, Melo FR, Grossi-de-sa
MF. Plant a-amylase inhibitors and their
interaction with insect a- amylases structure,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

function and potential for crop protection. Eur J
Biochem. 2002;269(2):397-12.

Tania Paul, Suchitra Banerjee. Invitro evaluation
of a-amylase inhibitory activity and antioxidant
potential of Pteris vittata L.with special reference
to its HPTLC profile. Int J Pharm Bio Sci. 2013
Apr; 4(2):494-503.

Li KT, Zhou J, Wei SJ, Cheng X. An optimized
industrial fermentation processes for acarbose
production by Actinoplanes sp. A56. Bioresource
Technol. 2012;118:580-3.

Prashith kekuda TR, Onkarappa R. Antioxidant,
antihelmintic and enzyme inhibitory potential of
Streptomyces variabilis strain PO-178 isolated
from Western Ghat soil of Agumbe, Karnataka.
India. J Biol Sci Opi. 2014;2(2):170-6.

Saito N. a-amylase inhibitor from fungus
Cladosporium herbarum F-828. J Biol Chem.
1982;257:3120-25.

Nagamani Bolla, Prabhakar T, Girija Sankar G.
Screening characterization and optimization of
production parameters of alpha amylase inhibitor
produced by Paenibacillus lentimorbus.
Biotechnol. 2013;7(9):346-51.

Dayler SA Charles, Mendes AM Paulo, Prates V
Maura, Carlos Bloch Jr, Octavio L Franco, Maria
F Grossi-de-sa. ldentification of a novel bean a-
amylase inhibitor with chitinolytic activity. Fed Eur
Biochem Soc Lett. 2005;579(25):5616-20.
Lakshmana Senthil S, Vinoth Kumar T,
Geetharamani D, Maruthupandi T. Screening of
seaweeds collected from southeast coastal area
of India for a-amylase inhibitory activity,
antioxidant activity and biocompatibility.Int  J
Pharm Pharm Sci. 2013;5(1):240-44.

Murao S, Ohyama K, Ogura S. Isolation of
amylase inhibitor producing microorganism. Agric
Biol Chem. 1977;41(6):919-24.

Zhibin Sun, Weihao Lu, Pingping Liu, Hui Wang,
Yan Huang, Yuguo Zaho, Yi Kong. Isolation and
Characterization of a proteinaceous a-amylase
inhibitor AAI-CC5 from Streptomyces sp. CC5,
and its gene cloning expression. Anton Van
Leeuw. 2015;107:345-56.

Singh B, Kaur A(2015). Antidiabetic potential of a
peptide isolated from an endophytic Aspergillus
awamori. J Appl Microbiol. 2015;175:2020-34.
Prabavathy D, Vallinachiyar C. Antimicrobial and
antidiabetic activity of an endophytic fungi isolated
from Adathoda beddomei. Int J Pharm
Pharmaceut Sci. 2013;5(3):780-32.

Yamada T, Hattori K, Ishimoto M. Purification and
characterization of two alpha amylase inhibitors
from seeds of Tepary bean (Phaseolus acutifolius
A Gray). Phytochemistry. 2001;58(1):59-66.83.
Feng GH, Richrdson M, Chen MS, Kramer KJ,
Morgan TD,Reeck GR. a-amylase inhibitors from
wheat: aminoacids sequences and patterns of
inhibition of insect and human a-amylases. Insect
Biochem Mol Biol. 1996;26:419-26.

This article can be downloaded from www.ijpbs.net
B-695



Reviewers of this article

Dr J Renga Ramanujam

Associate Professor, Microbiology ,Dr
M.G.P. Arts and Science College , Kalapatti

Road , Coimbatore ,Tamilnadu 641048,
India.

Prof.Dr.K.Suriaprabha

Asst, Editor, International Journal
of Pharma and Bio sciences.

Mr. Anubrata Paul M.Sc. Biotech
(Research]
Department of Biotechnology, Natural
Products Research Laboratory, Centre for
Drug Design Discovery & Development (C-
4D) , SRM University, Delhi-NCR,Sonepat.

-

0.

N

Prof.P.Muthuprasanna

Managing Editor , International
Journal of Pharma and Bio sciences.

We sincerely thank the above reviewers for peer reviewing the manuscript



