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Abstract 
Laccases are versatile multicopper oxidases capable of oxidizing a broad range of phenolic and 
non-phenolic compounds, making them valuable for applications such as bioremediation, textile 
dye removal, pulp bleaching, and biosensor design. While fungal laccases are extensively 
studied, bacterial laccases—particularly those from marine environments—offer advantages in 
terms of stability under extreme conditions. In this study, we investigated laccase production 
by a marine Acinetobacter sp. M6 using three different growth media: Luria–Bertani (LB) broth, 
Nutrient Broth (NB), and Brain Heart Infusion (BHI). Enzyme activity was monitored at various 
incubation times using ABTS and guaiacol as substrates. LB medium supported the highest 
laccase output, with peak activity occurring between 72 and 84 hours. Supplementing LB with 
copper sulfate enhanced enzyme production, with 0.2 mM identified as the optimal 
concentration. ABTS was more sensitive than guaiacol for detecting enzyme activity. These 
findings indicate that LB medium supplemented with copper sulfate provides favorable 
conditions for efficient laccase production by marine Acinetobacter sp. M6, highlighting its 
potential for industrial and environmental applications. 
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INTRODUCTION 
Laccases (EC 1.10.3.2) are copper-containing 
enzymes that catalyze the oxidation of a wide range 
of substrates, including phenols, aromatic amines, 
and lignin-derived compounds, while reducing 
molecular oxygen to water. Their broad substrate 
specificity makes them attractive for diverse 
applications such as dye decolorization, wastewater 
treatment, lignin degradation, and biosensor 
development. 
Although fungal laccases have traditionally 
dominated research and commercial use, bacterial 
laccases are emerging as promising alternatives due 

to faster production, ease of genetic manipulation, 
and greater stability under extreme conditions such 
as high salinity, temperature, or pH. Marine bacteria, 
in particular, remain an underexplored source of 
robust enzymes capable of functioning efficiently in 
challenging industrial settings. 
Within marine bacterial genera, Acinetobacter 
species are recognized for their metabolic versatility 
and ability to produce industrially relevant enzymes. 
Despite this, information on laccase production by 
marine Acinetobacter strains is limited. Since enzyme 
yields are strongly influenced by growth conditions 
and nutrient availability, optimizing the culture 

https://doi.org/10.5281/zenodo.18458904
http://www.ijpbs.com/
http://www.ijpbsonline.com/
mailto:vidyaprabhakar@vsu.ac.in


        

 
International Journal of Pharmacy and Biological Sciences                                                                    K. Vidya Prabhakar* et al 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 
65 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

environment is critical for maximizing laccase 
expression. Our study aims to evaluate the effects of 
different growth media and copper supplementation 
on laccase expression by marine Acinetobacter sp. 
M6 to identify the most favorable conditions for 
enzyme production. 
 
MATERIALS AND METHODS 
Microorganism 
A marine isolate, Acinetobacter sp. M6, recovered 
from a coastal site, was used in all experiments. 
Growth Media 
The following media were tested for laccase 
production: 

• Luria–Bertani (LB) broth (HiMedia) 

• Nutrient Broth (NB) (HiMedia) 

• Brain Heart Infusion (BHI) broth (HiMedia) 
For copper induction studies, LB broth was 
supplemented with copper sulfate (Sigma) at 
concentrations ranging from 0 to 0.4 mM. 
Culture Conditions 
Cultures were incubated at 37 °C with shaking at 150 
rpm. Samples were collected at 48, 72, 84, and 132 
hours to evaluate time-dependent laccase 
production. 
Laccase Activity Assays 
ABTS Assay: Laccase activity was measured using 1 
mM ABTS in 0.1 M glycine–HCl buffer (pH 3.0). 

Enzyme extract was incubated for 5 min at room 
temperature, and absorbance was measured at 420 
nm. One unit (U) of enzyme activity was defined as 
the amount of enzyme oxidizing 1 μmol of ABTS per 
minute. 
Guaiacol Assay: Oxidation of guaiacol was 
determined in a mixture containing 2 mM guaiacol in 
10 mM sodium acetate buffer. Samples were 
incubated at 37 °C for 90 min, and absorbance was 
recorded at 450 nm. One unit of enzyme activity 
corresponded to the oxidation of 1 μmol of guaiacol 
per minute. 
 
Statistical Analysis 
All experiments were conducted in triplicate. Data 
are presented as mean ± standard deviation. 
Statistical significance was evaluated using one-way 
ANOVA. 
 
RESULTS 
Time-Dependent Laccase expression 
Laccase activity increased gradually over time in LB 
medium, peaking between 72 and 84 hours. ABTS 
consistently detected higher activity than guaiacol, 
indicating greater sensitivity. Our findings suggest 
that maximal enzyme expressionmatches with the 
late exponential to early stationary phase of bacterial 
growth. 

 

 
Figure 1: Time course of laccase expression by Acinetobacter sp. M6 in LB medium as determined by the 
ABTS assay. Enzyme activity increased notably between 48 and 72 h of incubation and showed little change 
at later time points. 

Table 1. Laccase activity in LB medium (ABTS assay) 

Sample OD @ 420 nm 

0 h 0.000 
48 h 0.192 
72 h 0.858 
84 h 0.860 

132 h 0.859 
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Effect of Copper Sulfate 
Supplementing LB medium with copper sulfate 
enhanced laccase expression, with a maximum 
observed at 0.2 mM. Higher concentrations resulted 

in slight inhibition, likely due to metal toxicity. This 
highlights the dual role of copper as a cofactor and 
inducer of laccase expression. 

 
 
Figure 2: Influence of copper sulfate concentration on laccase activity of Acinetobacter sp. M6 measured 
using the ABTS assay. The highest enzyme activity was recorded at a copper sulfate concentration of 0.2 
mM. 

Table 2. Effect of copper sulfate on laccase activity 

Copper sulfate (mM) OD @ 420 nm 

0.0 0.860 
0.1 0.871 
0.2 0.975 
0.3 0.914 
0.4 0.871 

 
Comparison between media 
LB medium showed the highest enzyme activity in 
both ABTS and Guaiacol assays, followed by BHI and 

NB. These results indicate that LB provides a more 
suitable nutrient media for laccase production by 
Acinetobacter sp. M6. 

 
Figure 3. Enzyme activity comparison across media. LB medium supported the highest activity in both 
ABTS and Guaiacol assays, followed by BHI and NB. 
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Table 3. Laccase activity in different media 

Sample OD @ 420 nm (ABTS) OD @ 465 nm (Guaiacol) 

Blank 0.000 0.000 
LB 0.858 0.571 
NB 0.213 0.192 
BHI 0.392 0.248 

 
Plate Assay Confirmation 
Guaiacol plate assays confirmed by 
spectrophotometric measurements. LB medium 
showed the most intense brown coloration, 

confirming higher extracellular laccase expression, 
while BHI and NB were less color and the control 
showed no activity. 

 

 
Figure 4. Representative guaiacol plate assay illustrating laccase activity of Acinetobacter sp. M6 cultured 
in four different media (LB, NB, BHI, and control). Distinct brown coloration indicates guaiacol oxidation. LB 
medium exhibited the most intense pigmentation, confirming higher extracellular laccase expression 
compared to BHI and NB. The plate assay visually validates spectrophotometric data, supporting LB as the 
optimal medium for enzyme expression. 
 
DISCUSSION 
Our results showed that LB medium provides an 
optimal media for laccase expression in marine 
Acinetobacter sp. M6. The peak enzyme activity 
observed between 72 and 84 hours aligns with the 
late exponential or early stationary phase, suggesting 
a growth-phase-dependent regulation of laccase 
expression. 
ABTS proved to be more sensitive than guaiacol, 
consistent with previous reports on bacterial 
laccases. Copper supplementation significantly 
increased enzyme production at 0.2 mM, confirming 
its role as both an essential cofactor and an inducer 
of gene expression. Higher copper levels slightly 
inhibited activity, likely due to metal toxicity 
affecting bacterial physiology. 
Among the media tested, LB consistently 
outperformed BHI and NB, emphasizing that not all 
nutrient-rich media support optimal laccase 
expression. Visual confirmation through guaiacol 
plate assays reinforced the spectrophotometric data. 

These findings provide practical insights for 
optimizing culture conditions for bacterial laccases, 
which may be applied to industrial and 
environmental processes requiring stable, high-yield 
enzyme production. 
 
CONCLUSION 
Marine Acinetobacter sp. M6 efficiently produces 
laccase when grown in LB medium, with peak activity 
achieved between 72 and 84 hours. Supplementation 
with 0.2 mM copper sulfate further enhanced 
enzyme output. These optimized conditions offer a 
viable approach for scalable bacterial laccase 
production with potential applications in 
biotechnology and environmental remediation. 
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