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The increasing commercial significance of microbial laccase in various fields compels the supply of enzymes in large
quantities at an affordable price. Laccase has been produced by a wide variety of wild cultures of bacteria and fungi, the
high yielding strains are always desired to meet the increasing demand of laccase. Although various approaches have been
proposed for improving the yield of laccase, UV mutagenesis is known as the best method of improving the strains for better
yield of microbial metabolites. However, the reports on the use of UV light in strain improvement for laccase production by
the use of Enterobacter sp. are scarce and need to be explored fully. For this purpose present study was aimed to improve
the laccase production in Enterobacter cloacae through UV mutagenesis. We report enhanced production of laccase in a
high yielding strain of E. cloacae isolated from the soap industry waste. UV mutagenesis of a wild strain of E. cloacae
resulted in 3.09 folds further improvement in the production. Optimum laccase synthesis was reported at 26 h, of incubation
at 30°C under neutral pH (7.0) conditions. This high yielding mutant strain will have great industrial significance for laccase
production.

Keywords: Enterobacter cloacae, Laccase production, Optimization, UV mutation

laccase production more cost-effective, improvements
in laccase yields are vital. This warrants the urgent
need to look or develop high yielding strains, which

Introduction
The recent decade has  witnessed the
biotechnological exploitation of microbial enzymes

for a wide range of applications in various industries
since they pose numerous merits over conventional
chemical processes.”™ Laccase (benzenediol: oxygen
oxidoreductases, EC 1.10.3.2) is one such useful
enzyme, it is a multicopper blue oxidase enzyme that
functions over a wider range of pH and temperatures,
and resistant to various inhibitors.® Such useful
properties make it a multipotent enzyme for use in
various sectors.” Enzyme laccase has great
commercial significance in various fields like
biomedical, bioremediation of dye, delignification in
paper industries, in biosensor preparation, melanin
degraders in cosmetics and the clarification of juices.
However, the low production yield has hampered
its large scale commercial application.® To make the
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can be achieved through mutagenesis.” Ease of
genetic manipulations allows utilizing bacterial
laccases for industrial applications.® Hence the
present work was focused on mutagenesis and the
resulting mutant strain resulted in high laccase yield.
The physical mutagenesis through UV rays is a
common method employed in strain improvement as
it results in quantitative yield enhancement.***?
Although various methods have been employed to
improve the industrial strains, application of UV
radiation appears as the most efficient method of
strain improvement in the production of enzymes,
siderophores, and other bioactive compounds'**®,
however, its wuse for laccase production in
Enterobacter sp. needs to be fully explored.
Therefore, present work was directed to improve
the production of laccase through UV mutation
in E. cloacae.
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Materials and Methods
Chemicals and soil samples

R and 2,2’-and-bis (ABTS) was procured from
Sigma Aldrich (USA). Soil samples were collected
from a waste disposal site in the industrial zone
of the Kadi district (23.17.671N72.21.93E) of
Guijarat, India.

Screening of isolate for laccase producing organisms

For this purpose, soil samples were collected from
the waste disposal site in the industrial area of Kadi
district of Gujarat (India). The samples were serially
diluted and 10> dilution of each sample was
separately grown on ABTS agar containing (gL™):
peptone, 3.0; glucose, 10.0; KH,PQ,, 0.6; ZnSO,,
0.001; K,HPQO,, 0.4; FeSO,, 0.0005; MnSO,, 0.05;
MgSQ,, 0.5; agar 2% amended with 0.1% (W/v)
ABTS™ at 30°C for 48 h. Plates were observed for
the zone of hydrolysis of ABTS as an indication of
the ability of the isolate to produce laccase. Isolates
showing zone of ABTS hydrolysis were further
enriched on ABTS agar and the isolate showing a
higher degree of ABTS hydrolysis was chosen as
potent laccase producing strain.

Production of laccase

Laccase production was performed at shake flask
level by submerged fermentation in minimal media
(MM). For this purpose 6x10™ cells mL™ of log
culture of isolate were grown in MM containing
(mgL™) glucose, 3000; KH,PO,, 1000, (NH,),SO,,
260; MgS0,.7H,0, 500; 2,2-dimethylsuccinic acid,
2200; CaCl,.2H,0, 74000; CuS0,.7H,O, 0.5;
ZnS0,.7H,0, 6; FeS0O,.7H,O, 5; MnS0,.4H,0,
5; CoCl,.6H,0, 1; vitamin solution 500 pl, pH set to
45 at 30°C for 48 h.' The cell-free supernatant
obtained after centrifugation at 10,000 rpm for 15 min
at 4°C, was subjected to laccase assayed.

Laccase assay

Laccase activity was estimated in terms of the
oxidation of substrate ABTS. For this, 6x10™ cells
mL™ of the log culture of the isolate was grown for
24 h in nutrient broth at 30°C at 100 rpm. After
incubation, the broth was centrifuged at 10,000 g,
4°C for 10 min, and cell-free supernatant was used as
a source of crude enzyme, and 800 pL of this
supernatant mixed with 200 pL of 2 mM ABTS
solution was added into the 96 well plates. The plates
were covered with parafilm, gently shaken to mix the
contents, incubated at 30°C for 10 min. Change in
absorbance due to the oxidation of ABTS in the

reaction mixture was measured spectrophoto-
metrically at 420 nm*"*® One unit of laccase activity
was defined as the amount of enzyme that oxidizes
1 uM of ABTS per min under assay conditions.

Molecular identification of the isolate

The genomic DNA of the isolate was separated
according to the method of Sambrook and Russel.”
The 16S rRNA gene of the isolates was amplified
by using a ready mix™ reaction mixture with a
universal forward primer (8F) and reverse primer
(U1492R). The polymerase chain reaction (PCR)
amplification was performed with an Applied
Biosystems Verti thermal cycler (USA) and these
sequences were analyzed by BLAST on NCBI
(www.ncbi.nlm.nih.gov). The PCR was set up with
20-50 ng of DNA 16. The 16S rRNA gene was
amplified according to the method of Sonawane
et al.®® Sequencing of the 16S rRNA gene amplicon
was carried out on ABI 3730XI automated sequencer
using a ready reaction kit (Perkin Elmer, CA).
Identification of amplified sequences was carried out
by using BLAST on NCBI (www.ncbi.nlm.nih.gov)
database and a phylogenetic tree was build up with
the neighbor-joining method using MEGAS
software.”* The isolate was identified based on
the phylogenetic relationship.

Ultraviolet (UV) mutagenesis of E. cloacae

To induce physical mutagenesis, the log culture of
the isolate (6x10™ cells mL™) suspended in Luria
broth was exposed to short UV (280 nm). A 15-Watt
germicidal lamp with UV output at 2537 A with a
dosage of ca 6,000 ergs/mm?*was used for irradiation.
Plates were incubated n dark. To determine the
optimal distance of exposure, the plates were exposed
to UV light from different distances i.e. 10 cm 15, 20,
25, and 30 cm at different time intervals in the range
of 0.5 to 6 minutes. Samples of the irradiated
suspension were plated and the survival rate was
determined by using following formulae."’
Number of colonies on the

irradiated plate
Number of colonies on
non-irradiated plates

The survival rate =

Selection of potent laccase producing colonies

Following the exposure to UV light, the culture
was subjected to the screening of mutants on method
on tannic acid agar (TAA) plate that was containing
0.5% tannic acid, 3% malt extract, 0.5% mycological
peptone and 2 % agar.?? Wild strain was
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simultaneously grown on the TAA at 30°C for 24 h.
Colonies that produced a maximum black zone were
taken as laccase positive mutants and were further
confirmed by enzyme assay. Colonies showing
maximum black zone and maximum laccase activity
were selected as potent strain.

Optimization of media parameters for maximum production
of laccase in mutant

As E. cloacae produced maximum laccase activity,
it was subjected to study the effect of various
parameters viz. incubation temperature, pH, and
incubation time on laccase production as well as the
growth of the bacterial isolate. The positive bacteria
obtained were grown on the nutrient agar medium
with 0.1% tannic acid.

Growth and laccase production as a function of time

To ascertain the precise time for maximum growth
and laccase production, the log culture of the isolate
was grown in basal medium for 72 h at 30°C at
120 rpm.'®* Samples collected after every 6 h were
subjected to estimation of bacterial growth and
laccase activity as per the method of Jeon and Lim.*

Influence of pH on growth and laccase production

The effect of pH on growth and laccase production
was carried out in basal medium!®?, basal media
separately prepared with pH values in the range of
4-10 pH with the help of acetate buffer (pH 4),
phosphate buffer (pH 6), Tris HCI buffer (pH 8) and
glycine NaOH buffer (pH 10). The log phase culture
of the isolate was grown separately grown in each
basal agar plate and medium for 72 h at 30°C at
120 rpm. Samples withdrawn after every 6 h from
each flask were analyzed for growth estimation and
laccase assay.'®

Effect of temperature on growth and laccase production

For this purpose log culture of the isolate was
separately grown on four different basal agar plates
and simultaneously into each basal medium for 72 h
at 30°C at 120 rpm. Plates and flasks were incubated
at different temperature 10°C, 20°C, 30°C, 40°C,
50°C and 60°C. Plates were observed for the zone
of hydrolysis of ABTS. Samples withdrawn after
every 6 h from each flask were subjected for
estimation of bacterial growth and laccase activity.'®

Statistical analysis

Each experiment was performed in three replicates
and the average of triplicates value was statistically
analyzed by using the Student’s t-test. P < 0.05 values
were considered taken as statistically significant.?

Results
Screening for laccase production and selection of potent
laccase producing isolate

A total of 12 bacterial isolates were obtained
from 3 soil samples of the soap industry. Among
these; 4 isolates showed zone of hydrolysis of ABTS
on a basal agar plate (Fig. 1a). However, isolate EC
showed a larger zone of hydrolysis of ABTS and
therefore was selected as the best laccase producer.
Isolate E. cloacae showing larger zones of ABTS
hydrolysis produced the best laccase activity of
22.6 UmL™.

Molecular identification of the isolate

The 16s rRNA gene sequences analysis and its
comparison with the NCBI database revealed 99.00%
similarity with Enterobacter cloacae (Fig. 1b). Thus
the isolate was identified as Enterobacter cloacae and
the gene sequences of the isolates were submitted to
NCBI gene bank under the name Enterobacter
cloacae with Genbank accession number KJ794112.

E.cloacae mutant strain

Fig. 1la — Laccase production in wild and mutant strains of
E. cloacae after 48 h growth on basal media containing ABTS as
the only source of carbon
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Fig. 1b — Influence of incubation period on growth of E .cloacae
and its laccase production in basal medium

Ultraviolet (UV) mutagenesis of E. cloacae

Treatment of wild strain of E. cloacae with UV
rays of 280 nm with a dosage of 6,000 ergsmm™
produced mutation. Among the various periods
employed for UV treatment, treatment of 40 minutes
resulted in the formation of more number of mutants.
Among the various distances of exposure and time of
exposure, a UV light exposure at the distance of
30 cm and a time of 10 min exposure resulted in a
good number of mutant colonies. A 20% to 50%
survival was considered as the optimal dose for
inducing reversions and mutations.

Selection of potent laccase producing colonies

Colonies of E. cloacae treated with UV rays
produced maximum black zone vis-a-vis wild strain.
These colonies were separated as mutants of
E. cloacae. Two putative UV mutants UV1 and UV2
of E. cloacae were plated onto nutrient agar having
0.1% tannic acid to determine the size of the black
zone. Of these two putative mutants, mutant UV1 and
UV2 resulted in the larger sized black zone as
compared to the wild strain. The zone difference
between the wild strain and mutant UV1 was
0.2 while the zone difference between the wild strain
and mutant UV2 was and 0.4 cm.

Optimization of media parameters for maximum production
of laccase in mutant

E. cloacae mutant UV2 showed maximum laccase
activity and hence it was chosen for optimizing the
best conditions for growth and laccase production.
Each organism or strain has its requirements for
physical and chemical factors for the optimum
production of any metabolite. These factors have been

g7 — Lysinbacilius sphaericus BAB 1120
Ell I; Paenibacilus alvei BAB 20

Aeromonas veronii BAB 604
BAB 4538
1001 BAB 459

lEnre-onac!er cloacae BAB 4152
| BAB 4154

FRavobactenia jonsonias BAB 605

Naribacter haematophilus BAB 4155

Pseudomonas monteilii BAB 4153

BAB 460

Bacillus subilis BAB 2489
1001 Bacillus subtilis BAB 4151

02

Fig. 1c — Phylogenetic analysis of isolate based on 16s rRNA
gene sequence drawn using the neighbor joining method showing
99% similarity to E. Cloacae

reported as crucial ones for promotion, stimulation,
enhancement, and optimization of the production
of enzymes.**?°

The effect of incubation time on laccase production
revealed, a lag phase of 8 h, exponential phase began
after 12 h and stationary phase started after 36 h.
Laccase synthesis began during 36 h and reached to
the optimum level in 48 h and declined thereafter.
Maximum (22.6 UmL™) laccase activity was observed
at 48 h of incubation (Fig 1c).

Optimum laccase activity was obtained at neutral
pH (7.0), while alkaline pH affected the production of
laccase (Table 1).

Optimum laccase activity (22.6 UmL™) was
obtained at 30°C. An increase in temperature beyond
30°C resulted in a decrease in the enzyme. The lowest
enzyme activity (9.1 UmL™) was observed
at 20°C (Table 1).

Discussion

Change in the color of minimal medium reflected
the laccase mediated oxidative conversion of ABTS to
the cationic chromophore.”® Odeniyi et al.”’ have
reported the production of thermostable laccase in
Cornybacerium efficiens and E. ludwigii. Bhamare
et al.> have reported the oxidation of ABTS due to the
activity of laccase produced by Aspergillus sp.
Many bacterial cultures namely Cornybacterium sp.,
Enterobacter sp.”®, and Bacillus sp."® are known to
produce copious amounts of laccase. Desai?®® has
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Table 1 — Influence of pH and temperature on growth and laccase production in E. cloacae UV2 mutant

pH Growth (OD 620 nm)  Laccase (UmL™)

Temperature (°C)

Growth (OD 620 nm) Laccase (UmL™)

4.0 0.201 (0.01) 0 (0.01) 10 0.201 (0.01) 9.10 (0.02)

5.0 0.305 (0.02) 0(0.12) 20 1.045 (0.12) 15.20 (0.15)

5.5 0.510 (0.02) 0 (0.15) 30 2.091 (0.15) 22.60 (0.19)

6.0 0.710 (0.01) 9.10 (0.37) 35 2.001 (.037) 13.11 (0.41)

6.5 1.045 (0.51) 15.20 (0.46) 40 0. 950 (0.46) 9.21 (0.46)

7.0 2.091 (0. 51) 22.60 (0.55) 45 0. 790 (0.52) 3.32 (0.53)

7.5 1.982 (0.51) 13.11 (0.32) 50 0. 413 (0.30) 2.11(0.29)

8.0 0.987 (0.21) 9.21 (0.29) 55 0.211 (0.28) 1.57 (0.21)

9.0 0.561 (0.27) 3.32 (0.15) 60 0.103 (0.15) 0.55 (0.11)

10.0 0.311 (0.221) 1.21 (0.11)
reported laccase production (4.9 UmL™) in  12-30 days for the secretion of metabolites.?*’
Enterobacter sp. producing obtained from  Sivakumar et al.** reported a higher laccase yield after

contaminated sites.

The incubation period is a crucial factor that gives
the idea of a beginning of synthesis, optimum
secretion of any metabolite as well its
degradation/denaturation. Thus any metabolite should
be recovered at the time when it is produced in an
optimum amount.?® We report a higher amount of
laccase (22.6 UmL™) in 48 h vis-a-vis laccase yield
(15.96 UmL™) recently reported in E. cloacae strain
KSB, (8.31 UmL™)? in E. ludwigii (4.7 UmL™)® and
Aspergillus sp. HB_RZ4. Bhamare et al.’ and
Odeniyi et al.’’ observed that the prolonged
incubation results in significant loss of enzyme yield.
Muthukumarasamy et al.*® have reported 96h as
optimum incubation period for the maximum
production of laccase in Bacillus subtilis MTCC
2414. Prolonged incubation of 9 days has been
reported to lose the laccase activity in A. flavus and
Botrytis cinerea.””® A higher yield of laccase in a
shorter duration of 48 h suggested the metabolic
potential of isolate and its suitability for the
economically feasible production of laccase at the
industrial scale.

Further increase in laccase yield due to the
mutation can be attributed to the higher expression of
laccase synthesizing genes. UV mutagenesis has been
found as the best method of strains improvement for
an increase in the yield of metabolites in improving
enzyme production in A.niger' and Rhizopus oryzea*
and mycelia and sporophore production in P. florida
and P. sajor-caju.*

Ghosh and Ghosh® reported higher laccase yields
in A. flavus on the 20" day while Kumar et al.*
reported higher laccase yields in A. flavus on the 12"
day of incubation. Fungi are slow-growing organisms
and generally require a longer incubation time i.e.

12 days of incubation under static conditions. Also, it
has been reported that the optimum vyield of 8.31
UmL™? was produced by E. cloacae strain KSB,.
Besides an increase in incubation period the
utilization of substrate is decreased and loss of
viability of the organism is significantly lost.
Optimization of laccase production by mutant
strain further boosted the enzyme yield by 3.09 folds.
Du et al."? have reported improvement in laccase
production following UV mutagenesis in Shiraiab sp.
GZS1. It has been also reported that increased laccase
productivity in UV mutant of the white-rot fungus,
UV mutant of the fungus produced 11.57 UmL™
laccase vis-a-vis 7.60 UmL™ produced by a wild
strain of fungus.”> UV induced mutation has been
found as an effective method for increasing the
productivity of cellulose in Aspergillus terreus D34.%
The temperature of 30°C and neutral pH (7.0) was
best suited for the optimum production of laccase.
Temperature influences all cell reactions, the rate of
metabolism, nutritional requirement, and the
concentration of cell mass. The level of H* ions
affects the biological activities including the activities
of enzymes.** The ability of the isolates to grow and
produce laccase at alkaline pH makes this enzyme
more suitable for industrial applications.® Odeniyi et
al.”” reported the best laccase activity in P.
pulmonarius at 30°C. They found a good response by
isolate to cultural conditions for enhancing the
production of laccase. Similar results were obtained
by Mishra et al.** and Bhamare et al.’ they observed
maximum laccase production at 30°C in Streptomyces
lavendulae and Aspergillus sp. respectively. The
occurrence of laccase producing
E. cloacae from industrial waste and its higher
laccase activity in a very shorter period of 48 h
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indicated the biotechnological potential of this isolate
for its exploitation at a commercial level and its
possible role in biodegradation of organic matter.

Conclusions

E. cloacae isolated from industrial waste produced
a higher amount of laccase in a shorter period of 48 h;
a 3.09 fold increase in laccase yield was evident
following the UV induced mutation. This study
demonstrates that UV induced mutant bacteria are
capable of producing higher amounts of laccase.
Saprophytic organisms are known to degrade
decaying organic matter present in the waste
and other decomposing matters through the
secretion of various enzymes, laccase being one
of the principal biodegrading enzymes. The ability
of E. cloacae to produce laccase enzyme indicated
its potential for applications in various fields like
biomedical, bioremediation, delignification,
biosensor, and cosmetics.

Acknowledgement

Authors acknowledge the Ministry of Education
Malaysia and Universiti Teknologi Malaysia for
supporting this study through HICoE grant No. RJI
3000.7846.4J262.

References

1 Kunhil Kandiyil S, Abd Malek R, Hatti-Kaul R, Ho C K &
El Enshasy H A, Novel approach in lactose induction for
enhanced production of 1-4-Beta xylanase using recombinant
Escherichia coli, J Sci Ind Res, 78 (2019) 287-294.

2 Kandiyil S, Abdul Malek R, Aziz R & EIl Enshasy H A,
Development of an industrially feasible medium for
enhanced production of extremely thermophilic recombinant
endo- 1,4-B-xylanase by Escherichia coli, J Sci Ind Res, 77
(2018) 41-49.

3 Agouillal F, Moghrani H, Nasrallah N, Hanapi Z, Mat Taher Z
& El Enshasy H A, Coupling ultrasound with enzyme-
assisted extraction of essential oil from Algerian Artemisia
herba-alba Asso, J Sci Ind Res, 77 (2018) 465-471.

4  Abdel Fattah Y R, El Enshasy H A, Soliman N A &
El-Gendi H, Bioprocess development for the production
of alkaline protease by Bacillus pseudoformus Mn6 through
statistical experimental designs, J Microbiol Biotechnol,
19 (2009) 378-386.

5 Bhamare H M, Jadhav H P & Sayyed R Z, Statistical
optimization for enhanced production of extracellular laccase
from Aspergillus sp. HB_RZ4 isolated from bark scrapping,
Environ Sustain, 1 (2018) 159-166.

6 Sharma P, Goel R & Caplash N, Bacterial laccases,
World J Microbiol Biotechnol, 23 (2007) 823-832.

7 Hanapi S Z, Abdelgalil S A, Hatti-Kaul R, Aziz R &
El Enshasy H A, lIsolation of a new efficient dye
decolorization white rot fungus Cerrena sp. WICC F39,
J Sci Ind Res, 77 (2018) 399-404.

8

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

447

Abdelgalil S A, Attia A M, Reyed R M, Soliman N A &
El Enshasy H A, Application of experimental design for
optimization the production of Alcaligenes faecalis
NYSO laccase, J Sci Ind Res, 77 (2018) 713-722.

Zeng S, Zhao J & Xia L, Simultaneous production of laccase
and degradation of bisphenol A with Trametes Versicolor
cultivated on agricultural wastes, Bioproc Biosyst Eng, 40
(2017) 1237-1245.

Chandra M, Kalra A, Sangwan N S, Gaurav S S &
Darokar M P, Development of mutant of Trichoderma
citrinoviride for enhanced production of cellulases, Biores
Technol, 100 (2009) 1659-1662.

Xu A, Xia J, Zhang S, Yang Y Nie Z & Qiu G, Bioleaching
of chalcopyrite by UV-induced mutagenized Acidiphilium
cryptum and Acidithiobacillus  ferrooxidans, Trans
Nonferrous Met Soc China, 20 (2010) 315-321.

Du W, Sun C, Liang J, Han Y, Yu J & Liang Z,
Improvement of laccase production and its Characterization
by mutagenesis, J Food Biochem, 39 (2015) 101-108.

Kumar R, Kaur J, Jain S & Kumar A. Optimization of
laccase production from Aspergillus flavus by design
experiment  technique: Partial purification and
characterization, J Genet Eng Biotechnol, 14 (2016) 125-31.
Yang J, Li W, Ng T B, Deng X, Lin J & Ye X, Laccases
production, expression regulation, and applications in
pharmaceutical biodegradation, Front Microbiol, 8 (2017)
832-837.

Rajeswari M & Bhuvaneswari V, Production of extracellular
laccase from newly isolated Bacillus Sp. PK4,
Afr J Biotechnol, 15 (2016) 1813-1826.

Li A, Zhu Y, Xu L, Zhu W, & Tian X, Comparative study on
the determination of assay for laccase of Trametes sp,
Afr J Biochem Res, 2 (2008) 181-183.

Eggert C, Temp U & Eriksson K L, The Ligninolytic system
of the white rot fungus Pycnoporus cinnabarinus:
Purification and characterization of the laccase, Appl Environ
Microbiol, 62 (1996) 1151-1158.

Jeon S & Lim S, Purification and characterization of the
laccase involved in dye decolorization by the white-rot
fungus Marasmiuss corodonius, J Microbiol Biotechnol, 27
(2017) 1120-1127.

Sambrook J & Russell D W, Molecular Cloning, Sambrook
& Russel-Vol. 1, 2, 3. Cold Springs Harbour Laboratory
Press 3", Edition, 2001

Sonawane M S, Chaudhary R D, Shouche Y S &
Sayyed R Z, Insect Gut Bacteria: Anovel source for
siderophore production, Proceed Natl Acad Sci, India SecB:
Biol Sci 88 (2016) 567-572.

Davis R H & de Serres F J, Genetic and microbiological
research techniques for Neurospora crassa, Methods
Enzymol, 17 (1970) 79-143.

Kiiskinen L L, Ratt6 M & Kruus K, Screening for novel
laccase-producing microbes, J Appl Microbiol, 97 (2004)
640-646.

Parker R E, Continuous distribution: tests of significance, In
Parker RE (Ed), Introductory Statistics for Biology, 2nd ed,
Cambridge University Press, London, 1979, pp 18-2.

Ghosh P & Ghosh U, Statistical optimization of laccase
production by Aspergillus flavus PUF5 through submerged
fermentation using agro-waste as cheap substrate.
Acta Biologica Szegediensis, 61 (2017) 25-33.



448

25

26

27

28

29

J SCI IND RES VOL 79 MAY 2020

Collins Patrick J, Dobson Alan D W & Field Jim A,
Reduction of the 2,2"-Azinobis (3-ethyl benzothiazole-6-
sulfonate) cation radical by physiological organic acids in the
absence and presence of manganese, Appl Environ
Microbiol, 64 (1998) 2026-2031.

Zhao L H, Ma Q Q, Nai F, Che W & Sun H J, Increasing
laccase activity of white-rot fungi by mutagenesis and
treating papermaking wastewater, The 4" International
Conference on Water Resource and Environment (WRE
2018), 012053, 10P Publishing. 191 (2018) 012-053.
Odeniyi O A, Unuofin J O, Adebayo-Tayo B C, Wakil S M
& Onilude A A, Production, characteristics, activity patterns
and decolorisation applications of a thermostable laccase
from Cornybacterium efficient and Enterobacter ludwigii,
J Sci Ind Res, 76 (2017) 562-5609.

Desai AS. Isolation and characterization of laccase
producing bacteria from contaminated sites, Biosci Disco,
8 (2017) 567-573.

Sheena D & Ananthakrishnan N, Screening of potent laccase
producing organisms based on the oxidation pattern of
different phenolic substrates, Int J Curr Microbiol Appl Sci,
5 (2016) 127-137.

30

31

32

33

34

Muthukumarasamy N P, Jackson B, Raj A J & Sevanan M,
Production of extracellular laccase from Bacillus subtilis
MTCC 2414 using agro residues as a potential substrate,
Biochem Res Int, 15 (2015) 1-9.

Fortina M G, Acquati A, Rossi P, Manachini P L & Gennaro
C D, Production of laccase by Botrytis cinerea and
fermentation studies with strain F226, J Ind Microbiol, 17
(1996) 69-72.

Kumar A K, Parikh B S & Singh S P, Use of combined
UV and chemical mutagenesis treatment of Aspergillus
terreus D34 for hyperproduction of cellulose degrading
enzymes and enzymatic hydrolysis of mild-alkali
pretreated rice straw, Bioresour Bioprocess, 2 (2015)
35-39.

Sivakumar R, Rajenderan R, Balakumar C & Tamilvendan, M,
Isolation, screening and optimization of production medium
for thermostable laccase production from Ganoderma sp., Int
J Eng Sci Technol 2 (2010) 7133-7141.

Mishra S K, Shrivastava S K, Prakash V, Lall A M &
Sushma, Production and optimization of laccase from
Streptomyces lavendulae, Intl J Curr Microbiol Appl Sci, 6
(2017) 1239-1246.


https://link.springer.com/journal/10295

