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A b s t r a c t

Aquatic bacteria are famous for the production of bioactive metabolites and commercially 
important extracellular enzymes. Water samples of Arabian Sea (Karachi) and Ravi River 
(Lahore), Pakistan were analyzed for hydrolytic enzymes producing bacteria. A total of 23 
bacterial strains were isolated and their α-amylase, DNase, gelatinase, L-glutaminase, pectinase, 
lecithinase and protease production potential was estimated. Following screening, 11 strains 
(48%) showed amylase activity whereas DNase and gelatinase was produced by 5 strains (22%) 
and 18 strains (78%), respectively. L-glutaminase and pectinase production was shown by  
17 isolates (74%) while lecithinase and protease activity was only exhibited by 2 (13%) and 1 strain 
(4%), respectively. Ribotyping of five selected (S5, S6, H4, H5 and R8) isolates revealed their 
similarity to B. tequilensis, B. pumilus, B. flexus, B. sonorensis and B. subtilis. These isolates also 
showed multiple heavy metal and antibiotic resistance. These indigenous Bacillus spp. possess 
great potential to be utilized as commercial strains provided with optimum growth conditions.
Extracellular enzymes of these bacterial strains can be used in different industries, agriculture 
and bioremediation purposes to replace synthetic components.

Introduction

Enzymes are biological catalysts that control the cellular metabolism 
of all organisms. Different types of enzymes can be obtained from plants, 
animals, algae, fungi and bacteria. They may be extracellular (exoen-
zymes) or intracellular (endoenzymes). Extracellular enzymes are secreted 
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outside the living cell and act on the complex compounds and break them 
into simpler ones that are then absorbed by cell. Organisms obtain energy 
as well as play a major role in the cycling of organic matter with the help 
of extracellular enzymes. While, intracellular enzymes act inside the cell 
and carry out the essential biochemical reactions in the cell by forming 
new compounds or through assimilation.

Bacteria are considered as source for the isolation of both intracellular 
and extracellular enzymes. Commercially important extracellular enzymes 
produced by bacteria are amylases, gelatinases, proteases, pectinases, glu-
taminases, lipaseses, DNases, cellulases, coagulases, kinases, hemolysins, 
pullulanases, xylanases etc. They have various applications in different 
fields as additives, food and chemical industries and in biomedical research 
(Pandey et al. 2000). Industrial processes are carried out under specific 
conditions which may not be feasible for enzymes’ function. So, the enzymes 
that are capable of working at different conditions as temperature and pH 
values are of great importance for industries. Aquatic bacteria are source 
of such enzymes as they are able to survive under high pressure and salt 
conditions (Dalmaso et al. 2015).

Aquatic environment has novel microorganisms which can produce 
a variety of viable secondary metabolites. Bacteria specifically Bacillus spp. 
have gained particular interest because of their crucial role in matter 
cycling in aquatic environments (Tallur et al. 2016). Marine bacteria are 
more prominent due to production of thermo-stable extracellular enzymes 
and bioactive compounds while, less is known about freshwater bacteria 
(Devi et al. 2008). It is important to explore the potential of aquatic bacte-
ria to produce metabolic products and their particular role in the eco- 
system.

Extracellular hydrolytic enzymes have a lot of applications in food and 
chemical industry and in biomedical sciences (Sánchez-Porro et al. 2003). 
Aquatic extracellular enzymes may be same as their terrestrial counter-
parts or have completely distinctive properties (Debashish et al. 2005).

Bacillus are ubiquitous in aquatic and terrestrial environments and 
consist of phylogenetically and phenotypically diverse species (Bal et al. 
2009). Mostly extracellular hydrolytic enzymes producing bacterial spe-
cies belong to the genus Bacillus. There are many reports on marine and 
freshwater bacterial diversity from different coastal areas of the world 
(Nawaz and Ahmed 2011). Mostly Bacillus systematic studies have focused 
on the terrestrial species, although marine Bacilli also have great poten-
tial for antibiotics, cyclic acylpeptides, and glucanases (Oguntoyinbo 
2007). 
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Materials and Methods

Sampling

Marine sample was collected from Arabian Sea, Karachi (24°51′36″N 
and 67°00′36″E) in June, 2017 while, fresh water was from Ravi River, 
Lahore (31°15′–31°45′ N and 74°01′–74°39′ E) in August, 2017 in sterilized 
screw capped bottles. Characteristics i.e., color, odor, temperature and pH 
of samples were recorded.

Isolation and purification of bacterial strains

To isolate bacterial strains, samples were serially diluted and spread 
on Nutrient-agar plates and incubated overnight at 37oC. Total 23 mor-
phologically different bacterial isolates were selected and further purified 
by quadrant streaking on Nutrient-agar (Cappuccino and Sherman 
2008). 

Screening for extracellular hydrolytic enzyme production

Selected bacterial strains were screened for different extracellular 
hydrolytic enzymes as amylase, cellulase, DNase, gelatinase, L-glutaminse, 
lecithinase, pectinase, protease and tannase. Amylase activity was checked 
on starch agar and zones of clearance were observed by starch hydrolysis 
(Shanmugasundaram et al. 2015). Cellulase activity was determined on 
cellulose agar containing Congo-red as indicator (Patagundi et al. 2014). 
Extracellular DNase activity was observed on DNase agar supplemented 
with methyl green as pH indicator (Smith et al. 1969). Extracellular leci-
thinase production was determined on egg-yolk agar (Sharafetal. 2014). 
Gelatinase production was checked in deep gelatin tubes supplemented 
with 12% gelatin (Gerhardt et al. 1994). L-glutaminase production was 
screened on Zobell’s agar media containing L-glutamine as enzyme sub-
strate and phenol red as pH indicator (Sinha and Nigam 2016). The YEP 
medium supplemented with 2% agar was used to screen pectinase produc-
tion and visualized zones of clearance through iodine flooding (Soares  
et al. 1999). Protease activity was determined on milk Agar (Alnahdi 
2012). The tannase activity was tested on nutrient agar plates containing 
2% tannic acid (Kumar et al. 2010).
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Morphological and biochemical characterization

Five bacterial isolates (S5, S6, H4, H5, R8) selected on the basis of 
maximum production of extracellular enzymes, were characterized mor-
phologically and biochemically (Cappuccino and Sherman 2008, Holt  
et al. 1989).

Minimum inhibitory concentration (MIC)

MIC of different heavy metals (chromium-Cr, cobalt-Co, lead-Pb, nick-
el-Ni and zinc-Zn) and antibiotics (ampicillin-AMP, chloramphenicol-CHL, 
penicillin-PEN, tetracycline-TET and streptomycin-STP) was determined 
on Nutrient-agar media by progressively increasing the concentration of 
selected heavy metals and antibiotics by 50 µg/ml each time, until the bac-
terial strains were unable to give visible growth (Sambrook and Russell 
2001).

Growth kinetics

For growth kinetics, bacterial isolates were inoculated in Nutri-
ent-broth (pH-7) and incubated at 37oC in shaking incubator (150 rpm) for 
3 days. Samples were drawn aseptically and optical density (600 nm) was 
measured after every 3-hour interval (Zwietering et al. 1990).

Effect of different environmental conditions on bacterial growth

Impact of different temperatures (28°C, 37°C and 50°C) and pH  
(5, 7 and 9) on the growth of extracellular enzymes producing bacterial 
strains was determined. Effect of different carbon (fructose, glucose, galac-
tose, maltose and sucrose) and nitrogen (ammonium chloride, beef extract, 
glycine, KNO3 and peptone) sources on bacterial growth was also checked. 
For this purpose, bacterial cultures were inoculated in the Mineral salt 
medium (Shirane and Hatta 1987) and incubated at optimized condi-
tions. Samples were drawn out aseptically after every three hours to mea-
sure optical density at 600 nm.  

Exopolysaccharide (EPS) production

To determine EPS production, 100 ml Nutrient-broth was separately 
inoculated with respective bacterial strain and incubation was done at 
37°C up to 48–72 hours at 150 rpm. Then, cultures were centrifuged and 
EPS production was determined by cold ethanol precipitation method 
(Shahnavaz et al. 2015).
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Slime production assay

To check slime production ability of Bacillus strains, they were 
streaked on Congo-red agar media and incubated at 37°C for 24 hours. 
Appearance of black colonies showed slime production (An and Friedman, 
1997). 

Qualitative assay for biofilm formation

Biofilm formation was determined by staining method. Inoculum was 
given in Nutrient-broth and incubated for 24-hours at 37oC. Media in the 
test tubes was removed out and stained them with 0.01% crystal violet 
and let it stand for 20 minutes. Extra stain was washed and dried the test 
tubes. Biofilm formation was indicated by appearance of purple ring at 
bottom and walls of tubes (Hassan et al. 2011).

16S rRNA gene sequencing of selected Bacillus strains

Five selected pure bacterial strains were sent to 1st Base Company 
and identified by 16S rRNA sequencing using Sanger dideoxy method. 
Thus, unassembled Chromas files were obtained and sequences were man-
ually refined by cross checking them with raw data and assembled by 
Cap3. Then, refined sequences were analyzed at the BLASTn site (http://
www.ncbi.nlm.nih.gov/BLAST, accessed on May 2018) and identified on 
the basis of maximum similarity index. The assembled sequences were 
submitted to NCBI GenBank to get accession numbers.

Results

Sample characteristics

Marine water was of grey color, odorless and temperature of sampling 
site was 28°C. Whereas, fresh water sample was of brown color, had muddy 
smell and temperature of sampling site was 25°C. The pH of both samples 
was 7.

Isolation and purification

Total 23 bacterial strains were isolated from marine (S1, S2, S3, S4, 
S5, S6, S7, S8, W1, W2, W3) and fresh water (H1, H2, H4, H5, H6, H7, H8, 
R1, R3, R4, R7, R8) samples.
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Screening for extracellular hydrolytic enzyme production

Isolated bacterial strains showed positive results for extracellular pro-
duction of various hydrolytic enzymes such as amylase, DNase, gelatinase, 
L-glutaminase, lecithinase, pectinase and protease as shown in Table 1 
and Figure 1. Five bacterial strains (S5, S6, H4, H5, R8) were selected due 
to most diverse extracellular enzyme activities detected by mentioned 
enzyme assays.

Table 1
Extracellular enzyme producing activities of isolated bacterial strains
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1 S1 + – – + + – – – –

2 S2 +  – + + + – – – –

3 S3 – – + + + – – – –

4 S4 + – + + + – – – –

5 S5 + – – + + – + – –

6 S6 + – + + + + + – –

7 S7 – – – + – – + – –

8 S8 – – – + – – + – –

9 W1 – – – – + – + – –

10 W2 – – – + + – + – –

11 W3 – – – – + – + + –

12 H1 – – – + – – + – –

13 H2 – – + + – + + – –

14 H4 + – – + + – + – –

15 H5 + – – + + – + – –

16 H6 + – – – – – – – –

17 H7 – – – – + – + – –



Diversity of Industrially Important Hydrolytic Enzymes Explored... 371

18 H8 – – – – – – + – –

19 R1 + – – + + – + – –

20 R3 – – – + + – + – –

21 R4 – – – + + – – – –

22 R7 + – – + + – + – –

23 R8 + – + + + – + – –

+   =  positive; –  = negative

Morphological and biochemical characterization

Selected bacterial strains were characterized morphologically and bio-
chemically as shown in Table 2.

Fig. 1. Positive results of extracellular hydrolytic enzymes production by bacterial strains  
a – amylase activity; b – DNAse activity; c – L-glutaminase activity; d – lecithinase activity; 
e – pectinase activity; f – protease activity

cont. Table 1
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Table 2
Cultural, morphological and biochemical characteristics of hydrolytic enzyme producing 

bacterial strains

Characteri-
stics

S5 S6 H4 H5 R8

cultural and morphological characteristics

Colony 
morphology

moderate, 
white, 

circular, 
entire, flat, 
transparent

small,  
yellow, 

circular, 
entire, 
convex, 
opaque

small, 
yellow, 

circular, 
entire, flat, 

opaque

large, white, 
irregular, 
undulate, 
convex, 
opaque

large, white, 
circular, entire, 

convex,  
translucent

Vegetative 
cells rod rod rod rod rod

Motility motile motile motile motile motile
Gram 
reaction + + + + +

Endospores + + + + +

Biochemical characteristics

Catalase test ++ ++ + +++ +

Oxidase test ++ – + ++ +++
Mannitol salt 
agar test – +++ + +++ ++

Oxidative/ 
fermentation 
glucose test

aerobe aerobe aerobe facultative 
aerobe

facultative 
aerobe

Nitrate 
reduction test +++ +++ – ++ +

Citrate 
utilization 
test

+ – + + +

Voges-
Proskauer 
(VP) test

+++ + – ++ +++

Methyl red 
test – – – + +

Pigment test - - - - -

Novobiocin 
sensitivity 
test

+ + +++ + ++

+ = positive; ++/ +++ = slightly positive/ strongly positive; – = negative
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Minimum inhibitory concentration (MIC)

Bacterial strains exhibited multiple heavy metals and antibiotics 
resistance. They were most resistant to Pb (200 µg/µl MIC) and less resis-
tant to Cr, Ni, Co and Zn (100 µg/MIC) – Table 3. While, in case of tested 
antibiotics, maximum resistance was shown to TET (200 µg/ml MIC) and 
for STP, Amp, CHL, and PEN, MIC value was 100 µg/ml (Table 4).

Table 3
Minimum inhibitory concentration MIC for heavy metals shown by the hydrolytic enzyme 

producing bacterial strains

Bacterial 
strains

Heavy metals used [µg/ml]

chromium (Cr) nickel (Ni) zinc (Zn) cobalt (Co) lead (Pb)

200 100 200 100 200 100 200 100 200 100

S5 – + – + – + – – + +

S6 – + – + – + – – + +

H4 – + – + – + – – + +

H5 – + – + – + – – + +

R8 – + – + – + – – + +

Table 4
Minimum inhibitory concentrations (MIC) for antibiotics shown by the hydrolytic enzyme 

producing bacterial strains

Bacterial 
strains

Antibiotics used [µg/ml]

penicillin 
(PEN)

chloramphe-
nicol (CHL)

ampicillin 
(AMP)

streptomycin 
(STP)

tetracycline 
(TET)

200 100 200 100 200 100 200 100 200 100

S5 – + – + – + – – + +

S6 – + – + – + – – + +

H4 – + – + – + – – + +

H5 – + – + – + – – + +

R8 – + – + – + – – + +

Growth kinetics

Growth kinetics showed that these aquatic bacteria grow very well 
under standard growth conditions as temperature 37°C and pH 7. The 
growth curves demonstrated longer stationary phases showing their sta-
bility that was directly related to enzyme production (Figure 2).
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Effect of different environmental conditions  
on bacterial growth

Maximum growth was indicated at 37°C, pH 7, glucose as carbon 
source and peptone as nitrogen source as shown in Figures 2–6.

Fig. 2. Growth kinetics of bacterial strains (S5, S6, H4, H5, R8), showed longer  
stationary phases and stability directly related to enzyme production

Fig. 3. Effect of variable temperatures on bacterial growth and showed best growth 
at temperature 37°C
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Fig. 4. Effect of variable pH on growth of bacterial strains showed pH 7 as optimum growth pH

Fig. 5. Effect of different carbon sources on bacterial growth

Fig. 6. Effect of different nitrogen sources on bacterial growth
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EPS, slime production and biofilm formation

EPS production was demonstrated by S5 (0.08 mg/ml), S6 (0.14 mg/ml), 
and R8 (0.08 mg/ml). Bacterial strain S5 and S6 also showed slime produc-
tion potential indicated by appearance of black colored colonies on Con-
go-red agar (Figure 7a). Biofilm formation was also estimated by purple 
ring formation (Figure 7b).

16S rRNA gene Sequencing

16S rRNA gene sequencing revealed similarity of S5 to Bacillus teq-
uilensis, S6 to B. pumilus, H4 to B. flexus, H5 to B. sonorensisa and R8 to 
B. subtilis. These sequences were submitted to NCBI Genbank under the 
accession numbers MH371775, MH371776, MH371777, MH371778 and 
MH371779, respectively (Table 1.1, Appendix).

Discussion

Aquatic microbes produce highly thermo-stable extracellular enzymes 
making themselves different from their terrestrial counterparts with dif-
ferent adaptive characteristics (Ramesh and Mathivanan 2009). The 
main purpose of the current study was isolation and characterization of 
extracellular hydrolytic enzyme producing bacteria from aquatic environ-
ment as bacteria are reported to produce a variety of extracellular enzymes 
that are manipulated at industrial and commercial scale (Kumar et al. 
2013).

Fig. 7. Black coloration of Congo-red agar revealed slime production by S5 and S6 (a) 
and purple coloration of the walls and at bottom of the test tubes showed biofilm formation 

by S5 and S6 (b)
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Isolated strains were found to produce amylase, DNAse, gelatinase, 
L-glutaminase, Lecithinase and Pectinase enzymes. Production of these 
enzymes has also been reported previously by many researchers. Marine 
and fresh water bacteria have been reported for extracellular amylase pro-
duction (Bal et al. 2009, Suribabu et al. 2015). In a past study, more than 
72.4% marine isolates showed extracellular DNase activity (Dang et al. 
2009). Findings of the present study are supported by several past workers 
as they reported that gelatinase is produced more frequently by fresh 
water bacteria than the isolates of soil and plant microenvironments 
(Alves et al. 2014). Gelatinase production from marine Bacillus spp. was 
also described (Balan et al. 2012). Marine and fresh water bacteria have 
been described for extracellular L-glutaminase production (Katikala et al. 
2009, Sallis and Burns 1989). Lecithinase activity was determined in 
marine bacteria (Gauthier 1976). Lecithinase activity has also been 
reported in several Bacillus spp. (Massol-Deya et al. 1995). Isolated 
Bacillus strains showed high potential for the production of extracellular 
pectinases. In a previous study, 28 bacterial strains from fresh water sam-
ples and 16 bacterial strains from sea water were isolated with pectinase 
activity that strengthen the outcomes of current research (Rohban et al. 
2009, Bal et al. 2009). 

Only one bacterial strain exhibited extracellular protease production 
whereas no strain showed tannase and cellulase activity. In accordance with 
this study, another group of researchers has reported that no tannase pro-
duction potential was observed in the isolates of Arabian Sea whereas, cellu-
lase production was observed in those strains (Tallur et al. 2016). 

These extracellular enzyme producing bacteria showed considerable 
resistance towards different heavy metals and antibiotics. These results 
have also been recorded by Tallur et al. (2016) who reported the isolation 
of antibiotic resistant bacterial strains from the Arabian Sea simultane-
ously having extracellular enzymatic activity (Tallur et al. 2016). Past 
studies described, that heavy metal resistant bacteria also have antibiotic 
resistance due to plasmids or transposons (Devika et al. 2013). Various clin-
ical and environmental bacterial cultures also revealed that antibiotic and 
heavy metal resistance are often closely related (Jafar et al. 2013).

Enzymes work under optimum pH and temperature values and 
changes in them may denature their function. Our aquatic bacteria 
depicted that neutral conditions were best for their growth. Various past 
workers describe best optimized temperatures for aquatic bacteria in 
between 37°C to 50°C, and optimum pH was neutral and alkaline. In con-
trast to this study, researchers have reported optimum temperature 
between 45°C to 55°C and optimum pH 6.0–7.0 for extracellular hydrolytic 
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enzymes producing Bacillus spp. (Soares et al. 1999). Previous studies 
also determined glucose as best carbon source for growth of extracellular 
enzyme producing bacteria (Krishnakumar et al. 2011). 

Many bacteria are able to excrete extracellular polymeric substances 
(EPS) (Vu et al. 2009). EPS production of microorganisms have fascinated 
researchers due to their versatile applications and advantages (Shahnavaz 
et al. 2015). Marine and fresh water have extreme conditions due to con-
tamination from different environmental sources and bacteria produce 
EPS to protect themselves. EPS production in marine and fresh water 
bacteria was determined by many workers and they also identified Bacil-
lus as good EPS producers (Kumar et al. 2011). 

Exopolysaccharides are involved in bacterial attachment to the sub-
strate and thus, in biofilm formation (Costerton et al. 1987). Therefore, 
EPS producing bacterial strains were further screened for biofilm forma-
tion and marine bacteria showed biofilm formation (Hassan et al. 2011). 

Conclusion

Five Bacillus marine and fresh water strains with multiple extracellu-
lar enzyme activities were identified that can be utilized for therapeutic, 
industrial, agricultural and bioremediation applications. This study signi-
fies an emerging sight for prevalence of Bacillus in Arabian Sea, Karachi 
and Ravi River, Lahore. There are very limited number of reports about 
the extracellular enzyme producing Bacillus spp. from these specified 
areas of Pakistan up to our knowledge. 

Acknowledgments. University of the Punjab, Pakistan is highly 
acknowledged for completion of the study.

Accepted for print 2.12.2022

References
Alnahdi H.S. 2012. Isolation and screening of extracellular proteases produced by new isolated 

Bacillus sp. J. Appl. Pharm. Sci., 2(9): 71–74.
Alves P.D.D., De Faria Siqueira F., Facchin S., Horta C.C.R., Victória J.M.N., Kalapo-

thakis E. 2014. Survey of microbial enzymes in soil, water, and plant microenvironments. 
Open. Microbiol. J., 8: 25–31.

An Y.H., Friedman R.J.1997. Laboratory methods for studies of bacterial adhesion. J. Microbiol. 
Methods, 30(2): 141–152.

Bal S., Mishra R.R., Rath B., Sahu H.K., Thatoi H.N. 2009. Characterization and extracellular 
enzyme activity of predominant marine Bacillus spp. isolated from sea water of Orissa Coast, 
India. Malays. J. Microbiol., 5(2): 87–93.



Diversity of Industrially Important Hydrolytic Enzymes Explored... 379

Balan S.S., Nethaji R., Sankar S., Jayalakshmi S. 2012. Production of gelatinase enzyme from 
Bacillus spp. isolated from the sediment sample of Porto Novo Coastal sites. Asian Pac. J. Trop. 
Biomed., 2(3): 1811–1816.

Cappuccino J.G., Sherman N. 2008. Microbiology: a laboratory manual. San Francisco, CA: 
Pearson Education.

Costerton J.W., Cheng K.J., Geesey G.G., Ladd T.I., Nickel J.C., Dasgupta M., Marrie T.J. 
1987. Bacterial biofilms in nature and disease. Annu. Rev. Microbiol., 41(1): 435–464.

Dalmaso G.Z.L., Ferreira, D., Vermelho, A.B. 2015. Marine Extremophiles: A source of hydro-
lases for biotechnological applications. Mar. Drugs., 13(4): 1925–1965. 

Dang H., Zhu H., Wang J., Li T. 2009. Extracellular hydrolytic enzyme screening of culturable 
heterotrophic bacteria from deep-sea sediments of the Southern Okinawa Trough. World  
J. Microbiol. Biotechnol., 25(1): 71–79.

Debashish G., Malay S., Barindra S., Joydeep M. 2005. Marine enzymes. In: Marine Biotechno- 
logy I. Springer, Berlin, Heidelberg, pp. 189–218.

Devi N.A., Balakrishnan K., Gopal R., Padmavathy S. 2008. Bacillus clausii MB9 from the east 
coast regions of India: Isolation, biochemical characterization and antimicrobial potentials. 
Curr. Sci., 95(5): 627–636.

Devika L., Rajaram R., Mathivanan K. 2013. Multiple heavy metal and antibiotic tolerance bac-
teria isolated from equatorial Indian Ocean. Int. J. Microbiol. Res., 4(3): 212–218.

Massol-Deya A.A., Odelson D.A., Hickey R.F., Tiedje J.M. 1995. Bacterial community finger-
printing of amplified 16S and 16–23S ribosomal DNA gene sequences and restriction endonu-
clease analysis (ARDRA). In: Molecular microbial ecology manual. Springer, Dordrecht,  
pp. 289–296.

Gauthier M.J. 1976. Morphological, physiological, and biochemical characteristics of some vio-
let-pigmented bacteria isolated from seawater. Canadian J. Microbiol., 22(2): 138–149.

Gerhardt P., Murray R.G.E., Wood W.A., Krieg N.R. 1994. Methods for general and molecular 
bacteriology. American Society for Microbiology, Washington, DC. 

Hassan A., Usman J., Kaleem F., Omair M., Khalid A., Iqbal M. 2011. Evaluation of different de-
tection methods of biofilm formation in the clinical isolates. Braz. J. Infect. Dis., 15(4): 305–311.

Holt J.G., Williams S., Holt T. 1989. Bergey’s manual of systematic bacteriology, vol. 4, Lippin-
cott Williams & Wilkins.

Jafar E., Shakibaie M.R., Poormasoomi L. 2013. Isolation of a novel antibiotic resistance plas-
mid DNA from hospital isolates of Pseudomonas aeruginosa. J. Clin. Exp. Pathol., 3(140).

Katikala P.K., Bobbarala V., Tadimalla P., Guntuku G.S. 2009. Screening of L-glutaminase 
producing marine bacterial cultures for extracellular production of L-glutaminase. Int.  
J. ChemTech Res., 1(4): 1232–1235.

Krishnakumar S., Rajan R.A., Ravikumar S. 2011. Extracellular production of L-glutaminase by 
marine alkalophilic Streptomyces sp.-SBU1 isolated from Cape Comorin coast. Indian J. Mar. 
Sci., 40, 717–721.

Kumar M.A., Anandapandian K.T.K., Parthiban K. 2011. Production and characterization  
of exopolysaccharides (EPS) from biofilm forming marine bacterium. Braz. Arch. Biol. Tech-
nol., 54(2): 259–265.

Kumar P., Patel S.K., Lee J.K., Kalia V.C. 2013. Extending the limits of Bacillus for novel bio-
technological applications. Biotechnol. Adv., 31(8): 1543–1561.

Kumar R., Kumar A., Nagpal R., Sharma J., Kumari A. 2010. A novel and sensitive plate assay 
for screening of tannase-producing bacteria. Ann. Microbiol., 60(1): 177–179. 

Nawaz A., Ahmed N. 2011. Isolation and characterization of indigenous luminescent marine bac-
teria from Karachi coast. Acad. Res. Int., 1(2): 74–84.

Oguntoyinbo F.A. 2007. Monitoring of marine Bacillus diversity among the bacteria community 
of sea water. Afr. J. Biotechnol., 6(2): 163–166.

Pandey A., Nigam P., Soccol C.R., Soccol V.T., Singh D., Mohan R. 2000. Advances in micro-
bial amylases. Biotech. Appl. Biochem., 31(2): 135–152.

Patagundi B.I., Shivasharan C.T., Kaliwal B.B. 2014. Isolation and characterization of cellu-
lase producing bacteria from soil. Int. J. Curr. Microbiol. Appl. Sci., 3(5): 59–69.



Saima Razzaq et al.380

Ramesh S., Mathivanan N. 2009. Screening of marine actinomycetes isolated from the Bay of 
Bengal, India for antimicrobial activity and industrial enzymes. World J. Microbiol. Biotech-
nol., 25(12): 2103–2111. 

Rohban R., Amoozegar M.A., Ventosa A. 2009. Screening and isolation of halophilic bacteria 
producing extracellular hydrolyses from Howz Soltan Lake, Iran. J. Ind. Microbiol. Biotech-
nol., 36(3): 333–340.

Sallis P.J., Burns R.G. 1989. The characterization of amidohydrolases in a fresh water lake sed-
iment. Microb. Ecol., 17(2): 159–170.

Sambrook J., Russell D. 2001. Molecular Cloning: A laboratory manual. 3rd Cold Spring Harbor 
Laboratory Press, New York.

Sánchez-Porro C., Martin S., Mellado E., Ventosa A. 2003. Diversity of moderately halophilic 
bacteria producing extracellular hydrolytic enzymes. J. Appl. Microbiol., 94(2): 295–300.

Shahnavaz B., Karrabi M., Maroof S., Mashreghi M. 2015. Characterization and molecular 
identification of extracellular polymeric substance (EPS) producing bacteria from activated 
sludge. J. Cell Mol. Res., 7(2): 86–93.

Shirane N., Hatta T. 1987. Mineral salt medium for the growth of Botrytis cinerea in vitro. Jpn. 
J. Phytopathol., 53(2): 191–197

Shanmugasundaram S., Annadurai E., Mayavu P., Surya M., Anbarasu R. 2015. Screening 
and identification of amylase producing bacteria from Marakkanam saltpan environment, 
Tamil Nadu, India. Asian J. Biomed. Pharm. Sci., 5(48): 35–37.

Sharaf E.F., El-Sayed W.S., Abosaif R.M. 2014. Lecithinase-producing bacteria in commercial 
and home-made foods: Evaluation of toxic properties and identification of potent producers.  
J. Taibah Univ. Sci., 8(3): 207–215.

Sinha S., Nigam V.K. 2016. Production and characterization of L-glutaminase by Bacillus sp. Int. 
J. Pharm. Sci. Res., 7(4): 1620–1626.

Smith P.B., Hancock G.A., Rhoden D.L. 1969. Improved medium for detecting deoxyribonucle-
ase-producing bacteria. Appl. Environ. Microbiol., 18(6): 991–993.

Soares M.M., Silva R.D., Gomes E. 1999. Screening of bacterial strains for pectinolytic activity: char-
acterization of the polygalacturonase produced by Bacillus sp. Rev. Microbiol., 30(4): 299–303.

Suribabu K., Govardhan T.L., Hemalatha K.P.J. 2015. Isolation of α-amylase producing bacteria 
from the coastal waters of Bay of Bengal, Visakhapatnam. Int. J. Pure Appl. Biosci., 2(1): 266–271.

Tallur P.N., Sajjan D.B., Mulla S.I., Talwar M.P., Pragasam A., Nayak V.M., Bhat S.S. 2016.
Characterization of antibiotic resistant and enzyme producing bacterial strains isolated from 
the Arabian Sea. 3 Biotech., 6(1): 28.

Vu B., Chen M., Crawford R.J., Ivanova E.P. 2009. Bacterial extracellular polysaccharides in-
volved in biofilm formation. Molecules, 14(7): 2535–2554.

Zwietering M.H., Jongenburger I., Rombouts F.M., Van’t riet K.J. 1990. Modeling of the 
bacterial growth curve. Appl. Environ. Microbiol., 56(6): 1875–1881.

Appendix
Table 1.1 

16S rRNA gene sequencing of hydrolytic enzyme producing bacterial strains

Bacterial strains Identity Accession number

S5 Bacillus tequilensis MH371775

S6 Bacillus pumilus MH371776

H4 Bacillus flexus MH371777

H5 Bacillus sonorensis MH371778

R8 Bacillus subtilis MH371779


