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Evaluation of its Starch Hydrolyzing Property
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Starch degrading enzyme amylase has manifold importance with enormous industrial application. Although it can
be obtained from various sources, bacteria are the most imperative sources for amylase production. The objective
of the present research work is to isolate and characterize bacteria from the gut of earthworm (Perionyx excavatus)
those having the ability to degrade starch. In addition, the amylase production by the bacterial isolate EGB3 is
determined quantitatively. The bacterial isolate was gram positive, rod shaped, and spore former. EGB3 was found
to be non pathogenic and could ferment a wide range of sugars like lactose, xylose, ducitol, sorbitol, galactose,
arabinose, inositol, salicin, trehalose, dextrose, fructose, maltose, mannose, sucrose, and cellobiose. The isolate
EGB3 produced large halo-zone on starch agar medium and starch degrading index was 2.43. Enzyme production
by the isolate EGB3 was 29.45U/mL after 24 h growth in 1% starch broth at 37° C. The bacterial isolate also able
to hydrolyze protein (gelatin) and lipid. From the morphological, biochemical and 16S rRNA gene sequence the

isolate EGB3 was identified as Bacillus tequilensis.

STARCH HYDROLYSIS, AMYLASE, AMYLOLYTIC BACTERIA, BACILLUS TEQUILENSIS, CHARACTERIZATION,

EARTHWORM.

Microorganisms especially bacteria have huge importance
in production of industrial enzymes (Sadhu and Maiti,
2013; Bharathi et al.,, 2019). Amylase is one such
enzyme which has manifold importance with enormous
application in food, paper, fermentation and textile
industries (Mishra and Behera, 2008). Amylases constitute
a group of industrial enzymes occupying roughly 25%
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of the marketable enzymes (Sidhu et al., 1997). Although
it can be obtained from various sources, bacteria are
the most imperative sources for amylase production
(Kathiresan and Manivannan, 2006). But not only for
the industrial use, the enzyme amylase could be a
potential tool in organic waste management. Along with
escalating industrialization, urbanization and economic
growth, production of solid waste around the Globe is
also increasing. Recently, it is assumed to increase the
world’s solid waste production up to three billion tons
by the year of 2025 (Charles et al., 2009).

According to Pappu et al. (2007) in India, 960 million
tons solid wastes are formed each year. Under this
circumstance, waste management has become a massive
problem and one of the most challenging issues
now. Organic wastes from agro-based industries and
households chiefly constitute with huge quantities of



starch (Jesse et al., 2002). This massive waste can be
degraded by the application of amylolytic bacteria. There
are diverse reports on starch hydrolyzing microorganisms
from various sources (Nimisha et al., 2019).

Earthworms are voracious feeder of organic compounds
and their gut content hold a diverse community of
microorganisms which are able to degrade macromolecule
like starch (Parthi et al., 2019). Indeed, the microorganisms
residing in earthworm'’s gut are responsible for degradation
of organic matter and thus they help in production of
vermicompost. Sereval species of Bacillus like Bacillus
subtilis, B. Stearothermophilus, B. myocodes , Bacillus
amyloliquefaciens, B. polymyxa, B. licheniformis, B.
gavealeus, B.mesentericus, , B.vulgates, B. aterrimus
were reported as amylase producer. Especially, Bacillus
subtilis, B.licheniformis and Bacillus amyloliquefaciens
have been reported to produce adequate quantity of alpha
amylase (Singh et al., 2011). During present study, starch
hydrolyzing Bacillus tequilensis (EGB3) isolated from
earthworm gut has been characterized by morphological,
biochemical and molecular methods and identified
through polyphasic methods. The starch hydrolyzing
ability of the bacterial isolate was determined both
qualitatively as well as quantitatively.

Live earthworms (Perionyx excavatus) used
in vermicompost preparation, were collected in sterile
plastic container from Kulti vermicomposting farm
(23°12” N, 88°30’ E) of Purba Bardhaman district of West
Bengal, India. After collection, earthworms were brought
to Parasitology and Microbiology Research Laboratory
of the Department of Zoology, the University of
Burdwan for further microbial and biochemical analysis.
Live earthworms were surface sterilized with 50% alcohol
and quickly transferred to a dissection tray. The gut
was cut open and the gut content was collected with a
sterile loop into an Eppendorf tube. The semi solid gut
content was diluted with sterile distilled water and pour
plated on Nutrient Agar (NA) medium (Himedia, India)
[Composition: peptone 5.0, Yeast extract 1.5, HM peptone
1.5, NaCl 5.0, agar 15 g I'!]. The plates were incubated at
30+1°C for 24-48h. At the end of incubation, bacterial
colonies were picked up from plates and streaked
repeatedly on NA plate and maintained in pure culture
at 4°C for further study.

The morphological and biochemical characterization of
bacterial isolate were done following standard methods
(Holt, 1984; Smibert et al. 1995; Logan et al., 2009).
The Gram staining was performed using Gram staining
kit (Himedia, India). SIM agar was used to perform the
motility test of the bacterial isolate by stabbing into the
slant (Czaban et al., 2007). The biochemical characteristics
such as Methyl-Red (MR), catalase, Voges-Proskauer (VP),
citrate utilization, nitrate reduction, indole production,
urease, oxidase, and carbohydrate fermentation tests
were performed. For the determination of pathogenic
nature the isolate blood hemolysis and DNase test were
conducted (Benson et al., 2012).

To prepare a scanning electron micrograph a thin
smear was made on cover slip, fixed using 2.5%
glutaraldehyde and gradually dehydrated with graded
alcohol. Finally the specimen was gold coated and
observed under scanning electron microscope (ZEISS).
Antibiotic sensitivity test was performed with standard
antibiotics discs (Himedia, India) following Brown
(2004) and sugar fermentation test was carried out with
sugar fermentation discs like inositol, maltose, sucrose,
adonitol, fructose, mannose, cellobiose, raffinose, xylose,
dextrose, galactose, lactose, trehalose, rhamnose, ducitol,
melibiose, salicin, sorbitol, mannitol, and arabinose
(Himedia, India). The sensitivity of the isolate against
antibiotics was tested using nalidixic acid, kanamycin,
tetracycline, ofloxacin, ampicillin, amoxicillin, neomycin,
gentamycin, ciprofloxacin, azithromycin, erythromycin,
bacitracin, chloramphenicol, penicillin, rifampicin, and
doxycycline. The zone diameter of inhibition (ZDI)
values were interpreted following CLSI (2011). Multiple
Antibiotic Resistance (MAR) index were calculated
following Krumperman (1983).

Number of antibiotics to which the isolate showed

resistance

MAR index =
Number of total antibiotics exposed to the isolate

For molecular characterization, Genomic DNA of bacterial
isolate was extracted using DNeasy Ultra Clean Microbial
Kit of Qiagen. Fragment of ~1.5 kb rDNA was amplified
by Polymerase Chain Reaction (First cycle at 94°C, thirty
five cycles at 58°C and finally at 72°C) using 27F forward
(5’ AGAGTTTGATCATGGCTCAG 3’) and 1492 reverse
(5’GGT TAC CTT GTIT ACG ACTT3’) primer. Then the
PCR product was purified with MinElutePCR purification
kit, Qiagen. Purified PCR product was sequenced using
universal bacterial primer in DNA sequencer. Sequenced
information was aligned by ClustalW (http://www.ebi.
ac.uk/clustalw) and analyzed using MEGA 4.0.2 software
(Thompson et al., 1994). Evolutionary distances of mostly
related bacteria were calculated following the method
of Jukes and Cantor 1969 and phylogenetic tree of the
bacterial isolate was constructed following Tamura et
al., (2007).

For screening of amylolytic bacteria starch hydrolysis test
was performed using iodine and starch agar (Himedia,
India) [Meat Extract 3.0; Peptic digest of animal tissue
5.0; Starch, soluble 2.0; Agar 15.0 g 1'; pH 7.2+0.1].
Colonies of the bacterial isolate were transferred on to
starch agar plates and incubated at 37+1°C for 48 h.
Then the plate with bacterial colony was flooded with
Gram’s iodine. If a isolate was amylolytic then it would
produce a clear zone around the colony. This clear zone is
formed as enzyme amylase starts hydrolyzing the starch
molecule. Selection was made as per colonies with and
without clear and transparent zone as starch hydrolyzing
and starch non-hydrolyzing isolate, respectively.

The Hydrolyzing Capacity of the bacterial isolate was
determined by Starch Degrading Index (SDI) and it was
indexed as the diameter of the colony plus the clear
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zone around it divided by the diameter of the colony
(Nusrat and Rahman, 2007). The largest ratio represented
the highest activity. The amylase assay was carried out
using 3-5-dinitrosalicylic acid reagent (DNS Reagent)
(Bernfeld, 1955).

The bacterial isolate was inoculated in 20ml Minimal
Starch Broth and incubated in the shaker incubator for
24 h at 30+1°C at 200rpm. 1ml of this broth was then
inoculated in 100ml of minimal broth containing 1%
starch and incubated in shaker incubator at 200rpm for
48 h at 30 °C. There after the culture was centrifuged
at 2500 rpm. The supernatant was used as a source of
crude enzyme extract. 1 ml of bacterial crude enzyme
was taken in a test tube containing 2 ml of 1% starch
broth. Then the reaction mixture was incubated at 50°C
for 60 minutes. To arrest the enzyme action, 1ml of DNS
reagent was added. The test tubes were kept in boiling
condition upon water bath for 5 minutes. 1ml of 40%
sodium potassium tartarate was then added into the test
tubes and allowed to cool. The optical density of the tubes
was measured at 540 nm. Enzyme activity was expressed
in units (Mishra and Behera, 2008).

The colony of the bacterial isolate EGB3 appeared on
NA plate was rounded in shape with a diameter of 3-3.5
mm, moderately elevated with smooth margin, opaque
and offwhite in colour. EGB3 was a Gram positive, spore
former, rod shaped bacterium with a length of 784.6-
802.5 nm and breadth of 3.378-3.423 pm (Figure 1). The
motility test of the isolate indicated its motile character.
EGB3 was found to be non pathogenic against blood
hemolysis test and DNase test. The bacterial isolate was
able to produce enzyme catalase, oxidase and utilized
citrate as carbon source, but it was unable to produce
urease. The isolate was positive for both MR and VP
test. EGB3 was able to degrade arginine, tryptophan and
positive for ONPG test. The isolate EGB3 could hydrolyze
gelatin, lipid as well as starch (Table 1).

Figure 1: Scanning microscopy of Bacillus tequilensis
(EGB3) showing single cell and chain formation by
multiple bacteria.
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The bacterial isolate (EGB3) showed the ability to
ferment inositil, galactose, xylose, salicin, trehalose,
rhamnose, arabinose, dextrose, dulcitol, sorbiol, fructose,
maltose, mannose, sucrose, lactose and cellobiose
(Table 2). Bacterial isolate EGB3 showed sensitivity to
the recommended doses of antibiotics like tetracycline

(30 pg/ disc), ofloxacin (5 pg/ disc), doxycycline (30
pg/ disc), nalidixic acid (30 pg/ disc), erythromycin (15
pg/disc), neomycin (30 pg/disc), amoxicillin (10 pg/
disc), bacitracin (10/disc pg), levofloxacin (5 pg/ disc),
streptomycin (10 pg/ disc), azithromycin (30 pg/ disc),
gentamycin (50 pg/ disc), vancomycin (30 pg/ disc),
chloramphenicol (30 pg/ disc), kanamycin (30 pg/ disc)
and norfloxacin (10 pg/disc) but resistance to rifampicin
(5 pg/ disc), ampicillin (10 pg/ disc) and penicillin (10/
disc pg) (Figure 2) . MAR index of EGB3 was 0.15.

Figure 2: Antibiotic sensitivity and ZDI values of the isolate
EGB3 against standard antibiotics

Antibiotic sensitivity chart of EGB3 against standard anibiotics

—#— Zone diameter..

Table 1. Morphological and biochemical characteristics of
isolated strain Bacillus tequilensis EGB3

Test Response
Gram’s staining
Shape

Length of bacterium
Breadth of bacterium

Gram positive
Rod
784.6-802.5 nm
3.378-3.423 pm

Motility Positive
MR Positive
VP Positive
Catalase Positive
Citrate Positive
Urease Negative
Oxidase Positive
H.S Production Negative
Blood hemolysis Negative
DNase test Negative
Indole Positive
Nitrate Reduction to N, Positive
Starch hydrolysis Positive
Protein (gelatin) hydrolysis Positive
Fat hydrolysis Positive
Tryptophan utilization Positive
ONPG Positive
Arginine utilization Positive
Fat hydrolysis Positive
Tryptophan utilization Positive
ONPG Positive
Arginine utilization Positive

The bacterial isolate (EGB3) was able to hydrolyze
starch as it produced large clear zone around the colony
(Figure 3). The SDI calculated from the clear zone and
colony ratio was found to be 2.43 during the current
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study. Enzyme production by the isolate EGB3 was
29.45U/mL after 24 h cultivation in 1% starch broth
at 37°C.

Figure 3: The amylase production by Bacillus tequilensis
EGB3.

Neighbour joining tree has been constructed by partial
16S rRNA sequence of the isolate using Pseudomonas
hussainii as an out-group (Figure 4). From Neighbour
joining tree it was found that the bacterium EGB3
clustered with both Bacillus subtilis and Bacillus
tequilensis [Bacillus tequilensis (MK618597; HQ238557;
KC172005; HQ238430; KT265077) Bacillus subtilis
(HQ683932;KJ769215; FJ174586; KF05307; MK367800].
Gatson et al. (2006) previously reported that there
was 99% similarity in 16S rRNA gene sequences of B.
tequilensis and B. subtilis. From the16S rDNA gene
sequencing it was found that EGB3 might be a strain of
B. tequilensis or B. subtilis. But the biochemical
properties like enzymatic and fermentation properties
of EGB3 shows higher affinities with B. fequilensis. For
example, EGB3 and B. tequilensis both could ferment
galactose, rhamnose, lactose and dulcitol but B. subtilis
could not ferment these sugars. In addition, unlike to
B. subtilis, EGB3 was able to decompose arginine and
tryptophan. B. fequilensis was also able to degrade
arginine, tryptophan and ONPG (Gatson et al., 2006).

Moreover, other biochemical properties like MR,
VP, indole and catalase production, citrate and urea
utilization, starch and gelatine hydrolysis strongly
suggested the similarity between isolate EGB3 and
previously reported B. tequilensis (Li et al., 2018; Gatson
et al., 2006) . The percentage of AT and GC content of
16S rRNA gene sequence of EGB3 were 44% and 56%
respectively. From the morphological, biochemical and
molecular analysis the isolate EGB3 was identified as
B. tequilensis. Vermicompost harbours a rich variety
of microbial populations such as bacteria, fungi and
actinobacteria (Edwards, 1998; Samanta and Das, 2016).
Role of earthworms and microbes in decomposition and
humification of organic substances has been studied
by various researchers (Edwaeds and Bohlen. 1996;

Cai et al., 2002; Manivannan et al., 2004; Munnoli and
Bhosle, 2014). In the present study, it was found that
the gut of Perionyx excavatus contained bacteria that
could produce amylase, a starch hydrolysing enzyme.
Enzyme a-amylase belongs to a group of endo-amylases
which catalysed the hydrolysis of starch into shorter
oligosaccharides through the cleavage of o-D-(1-4)
glycosidic bonds (Souza et al., 2010).

Figure 4: Phylogenetic neighbor joining tree constructed based
on partial 16S rRNA gene sequence of EGB3 (MT078694) strain
along with the other 16S rRNA gene sequnces retrieved from

NCBI and RDP.
4 Bacillus tequilensis(MK618597)
L ’_/‘— Bacillus subtilis(HQ683932)
- Bacillus tequilensis(HQ238557)
0 Bacillus tequilensis(KC172005)
0 — Bacillus subtilis(KJ769215)
4 Bacillus subtilis(F.J174586)
) m Bacillus tequilensis(HQ238430)
Bacillus tequilensis(KT265077)
N Bacillus subtilis(KF05307)
?”j Bacillus subtilis(MK367800)
EGB3 (MT0786942
26 L Bacillus subtilis(MH261144)
[~ Bacillus subtilis(MN893856)
43| Bacillus subtilis(LC487555)
a8 Bacillus subtilis(LC487547)
Bacillus subtilis(MN394822)
Bacillus subtilis(KT265079)
Pseudomonas hussainii(NR134138)

Table 2. Carbohydrate fermentation property of Bacillus
tequilensis EGB3.

Carbohydrate Response
Inositol Positive
Salicin Positive
Trehalose Positive
Galactose Positive
Xylose Positive
Dextrose Positive
Adonitol Negative
Lactose Positive
Arabinose Positive
Melibiose Negative
Fructose Positive
Maltose Positive
Mannose Positive
Sucrose Positive
Rhamnose Positive
Cellobiose Positive
Mannitol Negative
Ducitol Positive
Raffinose Negative
Sorbitol Positive

Although it could be obtained from various sources,
bacteria were the most imperative sources for amylase
production (Gangadharan et al., 2006). The microbial
amylase has a wide range of industrial applications
(Mishra and Behera, 2008). Amylases of microbial
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origins are more stable than amylase of animal or
plant origin (Tanyildiz iand Elibol, 2005). Moreover, the
foremost advantage of using microorganisms for amylase
production is the cost-effective mass production capacity
and as microbes are uncomplicated to manipulate,
enzymes of desired characteristics are obtained easily
(Souza et al., 2010). Industrially produced first enzyme
was an amylase from fungi in 1894, which was used in
making of a pharmaceutical aid (Crueger and Crueger,
1989; Pandey et al., 2000). Biodin and Effront were
the pioneers for the production of o-amylase on
commercial scale from B. subtilis and B. mesentericus.
(Hoogerheide, 1954).

In this present study the amylolytic bacterial isolate
was identified and this result is similar to the findings
by many workers (Parthasarathi et al., 2007; Samanta
and Das, 2016). Several species of Bacillus like Bacillus
subtilis, B. stearothermophilus, B. myocodes , Bacillus
amyloliquefaciens, B. polymyxa, B. licheniformis, B.
gavealeus, B.mesentericus, , B.vulgates, B. aterrimus
were reported as amylase producer. Especially, Bacillus
subtilis, B.licheniformis and Bacillus amyloliquefaciens
have manifold importance in commercial applications
as they produce adequate quantity of alpha amylase
(Singh et al., 2011). B. tequilensis was foremost reported
by Gatson et al in 2006 from two thousand year-old
Mexican shaft-tomb near the city of Tequila. Kaur and
Azmi (2013) found B. tequilensis from earthworm’s
intestinal content which have high collagenase activity. B.
tequilensis was previously reported as starch hydrolyzer
(Prasanth et al., 2017; Li et al 2018).

Mishra and Behera (2008) reported amylolytic Bacillus spp.
from kitchen waste. The kitchen wastes, predominantly
consists of starchy materials and they advocated that
bacteria isolated from such places possessed better
potential to produce amylase under adverse situation.
Amylase production efficiency by the bacteria of same
genus even of the same species differs significantly.
A branch of factors regulates the production of amylase.
Temperature, pH, growth kinetics of isolates, incubation
time, size of inoculums, Carbon sources, etc. play
important roles in production of bacterial amylase,
(Alariya et al., 2013). In an experiment on starch
hydrolysis by amylase was exhibited by Dida (2018),
who observed that the SDI of rhizospheric Bacillus spp.
ranged between 1.23 and 2.15. The starch hydrolyzing
ability from present research work in relation to SDI was
comparable with Bacillus spp. (Chatterjee et al., 2019).

According to Pappu et al., (2007) in India, 960 million
tons solid waste is produced each year. Under this
circumstance, waste management has become a
massive problem and one of the most important issues
now. Present study showed that the gut bacteria of
Perionyx excavatus may be a potential tool in removal
of agricultural waste through its starch hydrolysing
activity. This study is at preliminary level and it requires
some more research for better understanding of diversity
and potential application of the earthworm gut bacteria

Ghosh & Chatterjee

in sustainable agricultural practice, organic waste
management and other land uses.

CONCLUSION

From the present study it is found that the gut content
of earthworm contains amylolytic bacteria like Bacillus
tequilensis which have a great potentiality to degrade
starch. The earthworm Perionyx excavatus, or the bacteria
itself may be utilized in organic waste management and
the amylolytic property of the isolate can be explored
commercially in various aspects.
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