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ABSTRACT

Salt tolerant and high G+C content actinomycete Nocardiopsis sp. Mit 6 (K]556535.1) was isolated
from Mithapur, the coastal region of Gujarat, India. The isolate was screened for the extracellular amylase
production and growth pattern. Maximum production of extracellular amylase was carried out by “One
factor variable at time” method. The influence of various factors such as Starch 1-3%, Salt 5-15% and pH
4, 5, 6 was studied on the amylase production. Nocardiopsis sp. Mit 6 could grow and repressed amylase
production with the presences of monosaccharide and disaccharide carbon sources. Optimization and
repression of the amylase production is explored for biotechnological potential.
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INTRODUCTION :

Now a day’s, exploring the different habitats with culture independent approaches such as
metagenomics, proteomics and genomics are widely applicable [12]. However, tapping the potential of
cultivable microbes are reliable approach to determine the residing microorganisms in habitat B4l
Actinomycetes belong to bacteria domain and Actinobacteria family. It shows the Gram-positive,
characteristics with high GC containing, and fungus like branched hyphae observe in microscopy
examination 567, The diverse habitats such as coastal region, marine sediment, salt lakes, saline soil,
sea water, brines and many more are the recognized habitats for the isolation of the halophlies/salt
tolerant actinomycetes [8391. Nesterenkonia, Nocardiopsis, Salinispora and Streptomonospora, and family
Actinopolyspora, Saccharomonospora, Yuhushiella, Prauserella, accharopolyspora and Amycolatopsis
genera and species (101 naturally residing in diverse saline niches. From the several halophlices
actinomycetes the various molecules are reported such as antibiotics, heat shock proteins [11.12,13],
Halomonas meridiana 114, Halothermothrix orenii 1151 and Nocardiopsis species 1161 were reported for
production of amylases from the saline habitats. Biotechnological compatible protease were recently
reported from the specie of Nocardiopsis xinjiangensis strain OM-6 [17]. While the study based on the
Nocardiopsis sp. Mit 6 endeavored to investigate an assortment of parameters such as salt and pH
involving growth and amylase production. The enzymes may show better variation in their
characteristics and hence captured the biotechnological application prospects.
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2. MATERIALS AND METHODS
2.1. Detection of extracellular amylase
The production of the extracellular amylase was screened on the starch agar plates [181.

2.2. Amylase production in liquid culture
2.2.1. Inoculums preparation and Enzyme assay

The inoculum preparation and Enzyme assay was performed by using starch as substrate as
described earlier [18l. Amylase was estimated by DNSA method. One unit of amylase activity (U) was
described as the enzyme liberating of maltose per min under the assay condition

2.3. Effect of NaCl and Starch on the growth and amylase production

The effect of salt and starch on the growth and amylase production was studied by varying the
5-15% at a constant pH 8 in 1% starch medium and 1-5% at pH 8 at 10% (w/v) NaCl at 302 C under
shaking at 120 rev/min respectively with 10% inoculums. The growth and enzyme activity were
quantified for 10 days at a time intervals of 24 hrs at 282 C.

2.5. Repressive effect of various medium components on Nocardiopsis sp. Mit 6 for
amylase production

Repression of enzyme secretion by glucose and maltose was studied by
incorporating maltose and glucose (1% w/v) into the optimized medium individually
and in combination. a-amylase activity was expressed as percentage relative activity

2.5.1. Repression of amylase production by Glucose in Nocardiopsis sp. Mit 6

Glucose was evaluated for their effect on amylase production by addition 1%
(w/v) glucose in the optimized medium of Nocardiopsis sp. Mit 6. The medium
contained (g/100ml); NaCl 10; pH 8, yeast extract 0.5, peptone 0.5, starch 1 with 10%
inoculums. The enzyme activity was quantified for 4th days at time intervals of 24 hrs at
282 C under shaking condition (120 rpm).

2.5.2. Repression of amylase production by Maltose on Nocardiopsis sp. Mit 6

Maltose was evaluated for their effect on amylase production by addition 1% (w/v)
Maltose in the optimized medium of Nocardiopsis sp. Mit 6. The medium contained (g/100ml);
NaCl 10; pH 8, yeast extract 0.5, peptone 0.5, starch 1 with 10% inoculums. The enzyme
activity was quantified for 4th days at time intervals of 24 hrs at 282 C under shaking condition
(120 rpm).

2.5.3. Repression of amylase production by Glucose + Maltose on Nocardiopsis sp. Mit 6

The glucose and maltose were evaluated for their effect on amylase production by the
addition of 1% (w/v) of these sugars in the optimized medium of Nocardiopsis sp. The enzyme
activity was quantified for 4th days at time intervals of 24 hrs at 282 C under shaking condition
(120 rpm).

2.6. Amylase characterization

The temperature and pH profile
The crude amylase activity was screened with various parameters such as temperature 252 C to 902 C
and in 20 mM concentrations of different buffers such as Sodium phosphate buffer (pH 8), Tris-HCl
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buffer (pH 9) and Acetate buffer (pH 5) at with 1% starch. The substrate as starch in the range of 1-3%
was analyzed on the amylase activity.

3.RESULT

3.1. Screening for the extracellular amylase production Detection of amylase by plate
assay
After adding Gram’s iodine on starch agar media, the appearance of clear zone surrounding the colonies
indicated the production of extracellular amylase against blue background. Colony Diameter 2.3 cm and
Ratio 0.9 cm

3.2. Effect of NaCl and Starch on the growth and amylase production

For the maximum amylase production with influence of varying NaCl concentrations: 5%, 10%
and 15% and starch 1-3% were studied in the liquid medium containing 1% starch for 10 days at the
time intervals of 24 hrs at 282 C after inoculating 10% inoculums under shaking condition (120 rpm).
Nocardiopsis sp. Mit 6 had optimum amylase production 180.16 U/mL at 5% salt on 7t day of growth
Nocardiopsis sp. Mit 6 had amylase production 275.4 U/mL at 10% salt on 4th day of growth.
Nocardiopsis sp. Mit 6 had amylase production of 148.14 U/mL at 15% salt on 5t day of growth.
Nocardiopsis sp. Mit 6 had optimum amylase production of 273.16 U/mL at 1% starch on 4t day of
growth. Nocardiopsis sp. Mit 6 had optimum amylase production of 143.46 U/mL at 2% starch on 7th
day of growth Nocardiopsis sp. Mit 6 had optimum amylase production of 168.12 U/mL at 3% starch on
8th day of growth Table 1 displayed the maximum amylases activity with optimum condition.

Table 1. Maximum amylases activity with optimum condition.

SALT

5% (7t day)

10% (4t day)

15% (5t day)

180.16 U/mL

275.4U/mL

148.14 U/mL

STARCH

1% (4t day)

2% (7t day)

3% (8t day)

273.16 U/mL

143.46 U/mL

168.12 U/mL
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3.3. The characterization amylase
3.3.1. Effect of pH on amylase activity
The optimum pH for crude amylase of Nocardiopsis sp. Mit 6 was pH 8 (401.5 U/mL) (Fig. 1).
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Fig. 1. pH optima of partially purified amylase from Nocardiopsis sp. Mit 6

3.3.2. Effect of temperature on the amylase activity
The optimum temperature for the activity of the crude amylase of Nocardiopsis sp. Mit 6 was 37
°C (440.2 U/mL) (Fig. 2).
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Fig. 2. Temperature optima of crude Amylase from Nocardiopsis sp. Mit 6

3.3.3. Substrate specificity

The effect of substrate concentrations on the activity of the crude amylase was carried out at
varying starch concentration in the range of 1-3%. The optimum starch concentration for the crude
amylase activity of Nocardiopsis sp. Mit 6 was 1% (Fig. 3).
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Fig. 3. Substrate Optima of crude amylase from Nocardiopsis sp. Mit 6

3.4. Repressive effect of various medium components on Mit 6 for amylase production
3.4.1. Repression of amylase production by Glucose in Nocardiopsis sp. Mit 6

The repression medium contained 1% starch with 1% glucose as carbon
sources. Standard medium contained only 1% starch as carbon source. For
Nocardiopsis sp. Mit 6, in repression medium, the amylase activity was 454.68
U/ml, while in standard medium, amylase activity was 520.28 U/ml, on 4t day of
growth (Fig. 4).
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Fig. 4. Repression of amylase production by glucose on Nocardiopsis sp. Mit 6

3.4.2. Repression of amylase production by Maltose on Nocardiopsis sp. Mit 6
The repression medium contained 1% starch along with 1% maltose as carbon sources.
Standard medium contained only 1% starch as carbon source. For Nocardiopsis sp. Mit 6, in repression
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medium amylase activity was 437.68 U/ml, while in standard medium, the amylase activity was 520.28
U/ml, on the 4th day of growth (Fig. 5).
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Fig. 5. Repression of amylase production by maltose on Nocardiopsis sp. Mit 6

3.4.3. Repression of amylase production by Glucose + Maltose on Nocardiopsis sp. Mit 6
The repression medium contained 1% starch along with 1% Glucose and 1% Maltose as carbon
sources. Standard medium contained only 1% starch as carbon source. For Nocardiopsis sp. Mit 6, in
repression medium, the amylase activity was 462.06 U/ml, while in standard medium, amylase activity
was 520.28 U/ml, on the 4th day of growth (Fig. 6).
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Fig. 6. Repression of amylase production by Glucose + Maltose on Nocardiopsis sp. Mit 6

4. DISCUSSION

Nocardiopsis alba OK 5 and Streptomyces clavuligerus Mit 1 were earlier isolated and reported
for protease production while Nocardiopsis sp. Mit 6 was reported for amylase production from the
coastal region of Gujarat [19.20].

In this study, Nocardiopsis sp. Mit 6 grew on salt medium and produces amylase. Amylase
production was inducible. Maximum amylase production was carried out with combination of salt, pH
and starch based on one factor variable at time. The high concentration of salt 10%, alkaline pH 8 and
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starch 1% promoted maximum production of amylase activity (275.4 U/mL) and growth of
Nocardiopsis sp. Mit 6.

Nocardiopsis alba OK 5 and Streptomyces clavuligerus Mit 1, Nocardiopsis sp. Mit 6 maximum
production of enzyme was shown during the late phase of growth [1920]. The result reveled that salt
tolerant actinomycetes required at least one week for maximum production.

The Nocardiopsis xinjiangensis 1211 and Nocardiopsis halotolerance sp. nov. 1221 were isolated from
the saline habitats and grew at 0-10% w/v NaCl and pH 7-10. Nocardiopsis sp. Mit 6 was able to
optimally grow at 10% salt and pH 8. The enzymes from the saline habitats have great significance
applications in food, leather and pharmaceuticals industries.

Nocardiopsis sp. 7326 and Nocardiopsis aegyptia sp. grown at 35° C and 25° C pH 8 and pH 5
respectively. Both the strain also reported with amylase production [23l. Similarly, Nocardiopsis sp. Mit 6
strain in the present study, produced maximum amylase at 28° C under the alkaline conditions.

The effect of different carbon sources on amylase production was shown on Nocardiopsis sp. for
maltose, lactose, and glucose. The results revealed that the addition of a glucose and maltose induced
both growth as well as a-amylase production. The positive effect of inositol and starch or maltose on
the amylase production by Bacillus stearothermophilus and Thermoactinomyces vulgaris has been
reported. The repression of the enzyme secretion studied for monosaccharides and disaccharides
suggested that different concentrations of maltose and glucose into the basal medium play an important
role.

Bacillus subtilis ]JS-2004 strain was studied for a-amylase production in waste potato starch
liquid medium. Optimum enzyme production was reported with 72 U/mL activities after 48 hrs at pH
7.0 and 50° C calcium and yeast extract acted as an inducer for growth and a-amylase production, but a
strong repression effect was observed with the presence of 1.0% glucose [24l. The Bacillus subtilis isolate
secreted the a-amylase at 37° C with pH 7.0. The glucose acted as a repressor in the culture medium
and enzymes activity was decreased [251. In our study, enzyme activity was repressed with 1.0% with
glucose and maltose.

Further repression and purification studies are based on the potential of Nocardiopsis sp. Mit 6
for amylase production. Amylase production was repressed gradually with the addition of maltose ad
glucose as carbon sources along with a combination of (Glucose + Maltose) in starch contained medium
growth was quite stable and enzyme production was repressed. The results are quite interesting in the
view of the fact that actinomycetes from saline habitats are explored only in limited sense and many
features of their enzymes are quite suitable for wider applications.

5. CONCLUSION

Mit 6 belonged to Nocardiopsis sp. with different base pairs. The isolates were screened for
extracellular amylases in the range of 5-15% NaCl and pH 5-10. Carbon sources, salts effects were
investigated for amylase production. To evaluate the effect of monosaccharide and disaccharide on a-
amylase production was chosen as additional carbon sources, and the results indicated that it may be a
good stimulator for a-amylase production in Nocardiopsis sp. Mit 6. Glucose and maltose repression of
amylase biosynthesis as part of their adaptation to growth on recalcitrant, heterogeneous mixed
polysaccharides. The results discussed above assess the recent outlook of research are quite interesting
in the biotechnology view of actinomycetes from saline habitats.

6. CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

7. ACKNOWLEDGEMENTS

Kruti Dangar acknowledges the financial support from the DST, New Delhi, India under Women
Scientist Program (SR/WO0S-A/LS185/2012). Authors gratefully acknowledge the infrastructural and
financial support under the UGC-Centre of Advanced Study Program (No.F.5-4/2012 (SAP-II) and DST-

Journal for all Subjects : www.lbp.world



OPTIMIZATION AND REPRESSION OF AMYLASE PRODUCTION FROM NOCARDIOPSIS... VOLUME - 8 | ISSUE - 7 | APRIL - 2019

FIST program (NO.SR/FST/LSI-281/2006). We also acknowledge the financial and infrastructural
support from the Saurashtra University. Gira P. Mankad is supported by Matushri Virbaima Mahila
Science & Home Science College, Rajkot (Gujarat). Further, DBT Multi-Institutional Project, MoES
(Government of India) Net-Working Project, UGC-BSR Faculty Fellowship-Project, International Travel
Supports from SERB-DST, UGC, CSIR and DBT to present research work in Hamburg (Germany),
Brisbane (Australia), Cape Town (South Africa) and Kyoto (Japan) to Satya P. Singh are duly
acknowledged.

8. REFERENCE

1.

10.

11.

12.

13.

14.

15.

Dangar, K.G., Raiyani, N.M., Pandya, R.D. and Singh, S.P., 2017. Uncultivated Lineages and Host-
Microbe Interaction in Saline Environment. In Understanding Host-Microbiome Interactions-An
Omics Approach (pp. 13-28). Springer, Singapore.

Handelsman, ], 2004. Metagenomics: application of genomics to  uncultured
microorganisms. Microbiology and molecular biology reviews, 68(4), pp.669-685.

Rondon, M.R,, August, P.R., Bettermann, A.D., Brady, S.F., Grossman, T.H., Liles, M.R.,, Loiacono, K.A.,
Lynch, B.A,, MacNeil, LA, Minor, C. and Tiong, C.L., 2000. Cloning the soil metagenome: a strategy for
accessing the genetic and functional diversity of uncultured microorganisms. Applied and
environmental microbiology, 66(6), pp-2541-2547.

Gohel, S.D. and Singh, S.P., 2013. Characteristics and thermodynamics of a thermostable protease
from a salt-tolerant alkaliphilic actinomycete. International journal of biological macromolecules, 56,
pp-20-27.

Kikani, B.A. and Singh, S.P., 2015. Enzyme stability, thermodynamics and secondary structures of a-
amylase as probed by the CD spectroscopy. International journal of biological macromolecules, 81,
pp-450-460.

Holt ]G, Krieg NR, Sneath PH, Staley JT, Williams ST. The actinomycetes. Bergey’s manual of
determinative bacteriology. 1994:605-703

Hamedi, ], Mohammadipanah, F. and Ventosa, A., 2013. Systematic and biotechnological aspects of
halophilic and halotolerant actinomycetes. Extremophiles, 17(1), pp.1-13.

Purohit, M.K. and Singh, S.P., 2011. Comparative analysis of enzymatic stability and amino acid
sequences of thermostable alkaline proteases from two haloalkaliphilic bacteria isolated from
Coastal region of Gujarat, India. International journal of biological macromolecules, 49(1), pp.103-
112.

Tiwari, K. and Gupta, R.K, 2012. Rare actinomycetes: a potential storehouse for novel
antibiotics. Critical reviews in biotechnology, 32(2), pp.108-132.

Hamedi, M., Karabulut, E., Marais, A., Herland, A., Nystrom, G. and Wagberg, L., 2013. Nanocellulose
aerogels functionalized by rapid layer-by-layer assembly for high charge storage and
beyond. Angewandte Chemie, 125(46), pp.12260-12264.

Subramani, R. and Aalbersberg, W. 2012. Marine actinomycetes: an ongoing source of novel
bioactive metabolites. Microbiological research, 167(10), pp.571-580.

Thumar, J.T., Dhulia, K. and Singh, S.P., 2010. Isolation and partial purification of an antimicrobial
agent from halotolerant alkaliphilic Streptomyces aburaviensis strain Kut-8. World Journal of
Microbiology and Biotechnology, 26(11), pp.2081-2087.

Sunna, A. and Antranikian, G., 1997. Xylanolytic enzymes from fungi and bacteria. Critical reviews in
biotechnology, 17(1), pp.39-67.

Coronado, M.],, Vargas, C., Hofemeister, ]., Ventosa, A. and Nieto, ].J, 2000. Production and
biochemical characterization of an a-amylase from the moderate halophile Halomonas
meridiana. FEMS microbiology letters, 183(1), pp-67-71.

Mijts, B.N. and Patel, B.K,, 2002. Cloning, sequencing and expression of an a-amylase gene, amyA,
from the thermophilic halophile Halothermothrix orenii and purification and biochemical
characterization of the recombinant enzymeaa The GenBank accession number for the sequence
reported in this paper is AF442961. Microbiology, 148(8), pp.2343-2349.

Journal for all Subjects : www.lbp.world



OPTIMIZATION AND REPRESSION OF AMYLASE PRODUCTION FROM NOCARDIOPSIS... VOLUME - 8 | ISSUE - 7 | APRIL - 2019

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Stamford, T.L.M., Stamford, N.P, Coelho, L.C.B.B. and Araujo, J.M. 2001. Production and
characterization of a thermostable o-amylase from Nocardiopsis sp. endophyte of yam
bean. Bioresource Technology, 76(2), pp-137-141.

Gohel, S.D. and Singh, S.P., 2018. Thermodynamics of a CaZ2+ dependent, highly thermostable and
detergent compatible purified alkaline serine protease from Nocardiopsis xinjiangensis strain OM-
6. International journal of biological macromolecules, 113, pp.565-574.

Kikani, B.A., Pandey, S. and Singh, S.P.,, 2013. Immobilization of the a-amylase of Bacillus
amyloliquifaciens TSWK1-1 for the improved biocatalytic properties and solvent
tolerance. Bioprocess and biosystems engineering, 36(5), pp.567-577.

Gohel, S.D. and Singh, S.P., 2012. Purification strategies, characteristics and thermodynamic analysis
of a highly thermostable alkaline protease from a salt-tolerant alkaliphilic actinomycete,
Nocardiopsis alba OK-5. Journal of Chromatography B, 889, pp.61-68.

Thumar, ]J.T. and Singh, S.P., 2011. Repression of alkaline protease in salt-tolerant alkaliphilic
Streptomyces clavuligerus strain Mit-1 under the influence of amino acids in minimal
medium. Biotechnology and Bioprocess Engineering, 16(6), pp.1180-1186.

Li, M.G,, Li, W], Xu, P, Cui, X.L., Xu, L.H. and Jiang, C.L., 2003. Nocardiopsis xinjiangensis sp. nov., a
halophilic actinomycete isolated from a saline soil sample in China. International journal of
systematic and evolutionary microbiology, 53(1), pp.-317-321.

Tang, S.K., Li, W.J,, Dong, W., Zhang, Y.G., Xu, L.H. and Jiang, C.L., 2003. Studies of the biological
characteristics of some halophilic and halotolerant actinomycetes isolated from saline and alkaline
soils. Actinomycetologica, 17(1), pp.6-10.

Abou-Elela, G.M., El-Sersy, N.A. and Wefky, S.H., 2009. Statistical optimization of cold adapted a-
amylase production by free and immobilized cells of Nocardiopsis aegyptia.]. Appl Sci. Res, 5(3),
pp.286-292.

Asgher, M., Asad, M.]., Rahman, S.U. and Legge, R.L, 2007. A thermostable a-amylase from a
moderately thermophilic Bacillus subtilis strain for starch processing. Journal of food
engineering, 79(3), pp-950-955.

Nusrat, A. and Rahman, S.R,, 2007. Comparative studies on the production of extracellular a-
amylase by three mesophilic Bacillus isolates. Bangladesh Journal of Microbiology, 24(2), pp-129-
132.

Journal for all Subjects : www.lbp.world



