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In the present study, the microbial source for potent lactase producers was explored to supplement the
lactase intolerant individuals. Dairy effluent was screened for lactase producing bacteria by conventional
microbiological methods. Among the positive isolates, one isolate VUVD001 was found to be a strong pro-
ducer of lactase enzyme and this strain identified by 16S rDNA analysis. The lactase producing bacterium
is identified as Bacillus subtilis by biochemical and 16S rDNA analysis. The VUVD001 strain found to sur-
vive in a temperature range of 20–55 �C, pH range of 5–8 and a salt concentration up to 8%. Further, the
partially purified enzyme preparation was tested by zymogram analysis for activity testing using x-gal
and the enzyme activity of cell free supernatant was estimated to be 15.10 U/ml at 37 �C, 4% NaCl and
pH of 7.0. Our finding reports a new isolate Bacillus subtilis VUVD001 strain which can be used as poten-
tial strain for commercial production of lactase.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction enzyme and this enzyme prevents microbial contamination in milk
Lactose intolerance is the inability to hydrolyze dietary lactose
due to the deficiency of lactase (Schrezenmeir and deVrese, 2001;
Jost et al., 1998). About, 75 percent of population in the world was
suffered from lactose intolerance, which significantly decreases
their quality of life (Pribila et al., 2000; Venkateswarulu et al.,
2017a; Peele et al., 2018). The lactase deficiency could be resolved
by supplementary probiotics. The microbial production of lactase
enzyme was found in yeast, fungi and bacteria (Rosenberg, 2006;
He et al., 2008). Currently, the dairy industry uses probiotic strains
namely, Lactobacillus and Bifidobacterium for the production of lac-
tase (Ganeva et al., 2001). However, Kluyveromyceslactis is the most
important strain for lactase production due to their dairy environ-
mental habitat. But, its major drawback is lower thermostability
(Chen et al., 2008). The bacterium Lactobacillus acidophilus isolated
from fermented Ragi (finger millet) produces thermostable lactase
processing (Akolkar et al., 2006). Thus, the bacterial strains have
considerable industrial potential for large scale production. The
bacterial sources for production of lactase were extensively used
for hydrolysis of lactose because of easy fermentation, high activity
and good stability of enzyme (Picard et al., 2005; Natarajan et al.,
2012; Venkateswarulu et al., 2017b). Lactase producing bacterial
strains was used in treatment of milk based products in dairy
industry (Sen and Srinivasa Babu, 2005). The enzyme activity
was affected by different process variables like type of strain, cul-
tivation conditions and the C:N ratio in the medium (Jurado et al.,
2004). In the present study, isolation of lactase producing bacteria
from a commercial dairy farm was attempted and also focused on
lactase enzyme production from gram positive organism. The main
aim of the present work is to screen the dairy effluent for isolation
of potential microbial strain for bulk production of lactase such
that the produced lactase from this isolate could be used as bio-
therapeutic agent for treating the patients with lactose intolerance.
2. Materials and methods

2.1. Screening and isolation of lactase producing bacteria

The bacterial strain, isolated from Sangam dairy industry efflu-
ent, Vadlamudi Village, Guntur (District), Andhra Pradesh, India.
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Fig. 1. ONPG disc method for screening of lactase producing bacteria.
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The serial dilutions of dairy effluent were done in sterile saline fol-
lowed by pour plating on nutrient agar medium containing 1 mM
IPTG and X-gal for the isolation of microorganisms. The solidified
agar plates were incubated in inverted position at 37 �C for 36 h.
Isolated colonies that are blue in color were sub-cultured in nutri-
ent broth and incubated at 37 �C. The lactase producing ability of
these strains was confirmed by using ONPG discs (Kalogridou-
Vassiliadou, 1992; Sharma and Singh, 2014).

2.2. Morphological and biochemical characterization of lactase
producing isolate

The lactase positive isolate was tested for biochemical charac-
terization. The cell morphology and motility of isolate were exam-
ined by light microscopy (Bartholomew et al., 1965). Spore-
staining was done on the basis of Schaeffer-Fulton method. Smears
were made with 24 h old cultures and fixed with gentle heat. The
smear was immersed in malachite green stain for 3 to 6 min at
37 �C in dark followed by wash with running tap water and counter
stained with Schaeffer & Fulton spore stain-B for 30 s. The smear
was then air dried and viewed under a light microscope with
40� resolution.

2.3. Temperature, pH and salt tolerance tests

The isolate was tested for growth tolerance at different temper-
atures ranging from 20 �C to 55 �C and at different pH values i.e. 5
to 9. The isolate was also tested to determine stability of the bac-
terium at different sodium chloride concentrations at 2%, 4%, 6%,
8% and 10%.

2.4. Zymogram analysis for lactase activity

Zymogram assay for cell free extract of isolated strain was per-
formed using PAGE method with 10% polyacrylamide gel. After
electrophoresis, gel was incubated in 0.25 mM X-gal solution at
room temperature for 10 min and the hydrolysis of X-gal is con-
firmed by formation of blue band on the gel (Trimbur et al., 1994).

2.5. Lactase enzyme assay

The assay was performed with chromomeric substrate namely:
ortho-nitrophenyl-b-galactoside (ONPG). The assay was initiated
with mixing of 0.5 mL of enzyme source and 2.0 mL of substrate,
followed by incubation for 30 min. Then, 0.5 mL of 1 M Na2CO3

was added to stop the reaction and absorbance measured at
420 nm. Lactase enzyme activity, determined from ONP standard
graph (Ghosh et al., 2012; Venkateswarulu et al., 2017c).

2.6. Molecular characterization of the lactase producing isolate

2.6.1. Bacterial DNA isolation
The standard protocol of Hoffman and Winston was used for

bacterial DNA extraction (Hoffman and Winston, 1987). Lactase
producing bacterium grown in broth medium for 24 h at 37 �C.
The cells were collected from 5 mL of the broth culture and then,
lysozyme (100 ll) was added and incubated at room temperature
for 30 min, followed by addition of 800 ll cell lysis buffer (1x TE
buffer (pH-8.4); 1% SDS and 100 mg proteinase K). The nucleic acids
separated with two rounds of extraction with phenol: chloroform:
isoamylalcohol (25:24:1) mixture. Aqueous layer containing geno-
mic DNA was separated and then 800 ll of isopropanol was added
on top of the solution. The two layers were mixed gently to precip-
itate the genomic DNA and then, genomic DNA was harvested by
centrifugation at 12,000 RPM for 10 min at 4 �C. The pellet was
washed with 70% ethylalcohol and then, DNA pellet air dried, fur-
ther dissolved in 50 ml of 1X TE buffer (Sen et al., 2010).

2.6.2. PCR amplification
16S rDNA fragment amplification, done in a gradient thermal

cycler (Eppendorf, Germany) with the primers: 27F and 1429R
(Frank et al. 2008). The reaction mixture of 100 ng DNA, 2.5 Units
Taq DNA polymerase, 5 ll of 10X PCR amplification buffer, 200 lM
of dNTPs, 10 pico moles each of the two universal primers and
1.5 mM MgCl2. Amplification was performed under the conditions
of initial denaturation for 3 min at 94 �C and then subjected to 40
cycles of denaturation at 94 �C for 30 s, annealing at 55 �C for 30 s
and elongation at 72 �C for 2 min and a final extension conducted
at 72 �C period of 10 min. The amplicon of 16S rDNA was con-
firmed by agarose gel electrophoresis.

2.6.3. DNA sequencing
DNA sequence is performed at Helini Biomelecules Pvt Ltd at

Chennai, India. Obtained DNA sequence subjected to BLAST analy-
sis through PubMed database (http:// www.ncbi.nlm.nih.gov/blast)
using BLASTN and then, compared with other sequences for taxo-
nomical identity of bacterial strain through phylogeny.
3. Results and discussion

3.1. Characterization of lactase producing isolate

Lactase producing bacterium was isolated and morphology of
isolate was identified as gram-positive and spore forming by
microscopic analysis. The lactase producing activity was detected
by ONPG disc method. It was observed that the reaction mixture
turned deep yellow color after incubation, which indicates that
our bacterial strain has the ability to hydrolyze ONPG into ONP
(Fig. 1). Further, the fermentation ability of isolate was also tested
with different sugars. The isolate is capable of utilizing various car-
bon sources namely glucose, lactose, sucrose, starch and fructose
and the results were compared with previous studies. Sharma
et al., (2014) reported similar results for metabolization of various
sugars like dextrose, maltose, lactose, sucrose and starch as carbon
sources by Lactobacillus delbrueckii for production of lactase. The
isolate was able to survive in temperature ranging from 20 to
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55 �C with best growth achieved at 37 �C. The growth efficiency of
isolate in salt rich environment was studied by salt tolerance test.
The isolate showed positive response to different concentrations of
sodium chloride such as 2%, 4%, 6% and 8% and the maximum
growth was observed with 4% NaCl. In previous studies, reported
that the lactic acid bacterium is able to tolerate up to 4% NaCl con-
centrations (Hudaaneetoo et al., 2015). But our newly isolated
strain was showed significant growth up to the concentration of
8% NaCl. Similarly, in the earlier studies the salts like NaCl and
MgCl2 were proved as growth influencing factors (Pulicherla
et al., 2013). The isolate was able to survive at pH values ranging
from 5.0 to 8.0 and optimum proliferation of isolate was found at
pH 7. The maximum growth found at pH 6.8 for lactase producing
bacterial species namely L. delbrueckii subsp. bulgaricus ATCC11842
and B. animalis subsp. lactis Bp12 (Prasad et al., 2013). The lactase
Fig. 2. Zymogram analysis of concentrated cell free extracts of B. subtilis VUVD001 isolate
different temperatures; Lane 3 – positive control (Lactobacillus sp. ATCC-8008); Lane 4 –

Fig. 3. Agarose gel analysis of PCR amplified 16srDNA gene sequences. Lane M-1 KB lad
Staphylococcus aureus NCIM-2122; Lane 4-Escherichia coli K-12.
activity 7.76 U/mL was reported from Streptococcus thermophilus
strain (Princely et al., 2013). Similarly, Mozumder et al., (2012)
reported the production of lactase, 0.85 U/mL from Lactobacillus
species isolated from the yogurt. However, VUVD001 strain iso-
lated dairy effluent produced higher lactase activity (15.10 U/mL)
in comparison with other microbial sources and also this strain is
not reported earlier for production of lactase.

3.2. Zymogram analysis

Lactase activity in the crude cell free extracts of B. subtilis
VUVD001 strain was confirmed through zymogram assay. The
native PAGE gel stained with chromogenic X-gal and the enzyme
performed hydrolysis of X-gal which was observed in gel with dis-
tinct blue color band (Fig. 2). Similar method was reported by
. Lane 1 & 2 represents X-gal hydrolyzing enzyme from B. subtilis VUVD001 grown at
Negative control (B. cereus ATCC-10876); Lane 5-blank.

der; Lane 1-16srDNA of B. subtilis VUVD001; lane 2- B. cereus ATCC-10876; lane 3-
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Fig. 4. The phylogenetic tree constructed by maximum-likelihood method and is showing the position of strain VUVD 001.

1584 T.C. Venkateswarulu et al. / Journal of King Saud University – Science 32 (2020) 1581–1585
Favier et al. (2011) in the biochemical screening of bifidobacterial
strain for lactase activity. Previous reports have been revealed that
the X-gal hydrolysis through zymogram assay was used for confir-
mation of lactase producing nature of a cold-adapted bacterium
named as Rahnella aquatilis KNOUC 601 (Nam and Ahn, 2011).

3.3. Identification of the lactase producing isolate

The PCR amplification of ribosomal DNA was performed with
universal primers of rDNA which produced amplicon of 1400 bp
(Fig. 3). Since DNA sequencing was performed directly on PCR
amplicon, a 1000 bp DNA was obtained after merging forward
and reverse sequencing reads. This highly conserved region of
16S rDNA was identified by blast search and multiple sequence
alignment was carried out with other Bacillus species sequences
obtained from Genbank. Evolutionary analysis was conducted
using MEGA5 and the evolutionary history was inferred by using
maximum likelihood method. Bootstrap score indicates the relia-
bility of branches, in the tree lactase producing bacterial isolate
was represented as VUVD001. The phylogenetic tree clearly
showed that the VUVD001 is 77% similar to Bacillus subtilis strain
DBT13 from Genbank database (Fig. 4). The sequencing data of
the strain was submitted to National Centre for Biotechnology
Information (NCBI) and it was accepted as new strain of Bacillus
subtilis strainVUVD001, NCBI-Genbank No: KT894158.
4. Conclusion

The native isolate of B. subtilis VUVD001 strain possessing
prominent lactase activity. Since B. subtilis is considered as gener-
ally recognized and safe (GRAS) by FDA there is a possibility for uti-
lizing this strain for industrial level cultivation for harvesting
lactase enzyme. The bacterial species present in dairy industry
effluents have probiotic properties. The newly isolated bacterium
could be used as promising strain for commercial production of
lactase.
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