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This study highlights the potential of fungal microorganisms, particularly 
Trametes hirsuta D7, in addressing antibiotic contaminants, such as ciprofloxacin, 
in the environment. The degradation process was conducted at room temperature 
over 7 days, and the results demonstrated that laccase was predominant in the 
degradation capacity; this was evidenced by the laccase enzyme activity levels 
obtained, namely 93 U/L, 120 U/L, and 130 U/L, compared to manganese peroxide 
activity of 7 U/L, 16 U/L, and 13 U/L at concentrations of 100, 300, and 500 mg/L, 
respectively. Notably, the laccase enzyme of T. hirsuta D7 exhibited significant 
degradation of ciprofloxacin, with high degradation rates of 64% at 100 mg/L, 
48% at 300 mg/L, and 26% at 300 mg/L. This indicates that laccase from T. hirsuta 
D7 effectively degraded ciprofloxacin at various concentrations. Furthermore, 
this study revealed that ciprofloxacin did not significantly affect the growth of 
T. hirsuta D7. This suggests that microorganisms can survive and function 
effectively in the presence of antibiotic contamination without being impaired by 
these compounds. In conclusion, this study presents a potential solution for 
environmental antibiotic contamination by utilizing fungal microorganisms, 
particularly T. hirsuta D7, and their laccase enzymes. The findings of this study 
provide valuable insights for developing more environmentally sustainable and 
efficient degradation methods for antibiotic contamination in the ecosystem. 

 

1. Introduction 

The use of antibiotics in some countries continues to 
rise yearly, leading to a proportional increase in negative 
impacts on ecosystems. Antibiotics are widely prescribed 
to treat infectious diseases in humans and animals [1]. 
Ciprofloxacin (CIP, C17H18FN3O3) is a commonly broad-
spectrum antibiotic used for bacterial infections. It 
belongs to the fluoroquinolone class and is effective 
against gram-positive and gram-negative bacteria. It has 
been used for over 20 years to treat various diseases and 
inhibit the growth of harmful bacteria in the body [2, 3]. 
However, CIP is one of the most common contaminants in 
aquatic environments and soil [4]. It typically enters the 
environment through wastewater discharge from 

pharmaceutical factories, hospitals, and households 
where unused or expired drugs are improperly discarded. 
This widespread contamination has contributed to the 
development of antibiotic-resistant bacteria, posing 
significant risks to environmental and human health [5]. 

Antibiotic contamination in the environment can be 
mitigated through several methods, including physical, 
chemical, and biological. Chemical methods, such as the 
study by Wagner et al. [6], demonstrated the use of Fe2O3 
nanostructured particles for the photodegradation of CIP 
under terrestrial solar radiation, achieving nearly 20% 
removal of CIP from clinical wastewater. However, this 
method involves high system maintenance and expensive 
chemical reagents. Other studies have explored using 
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chlorinated compounds as disinfectants or oxidizing 
agents, but these reactions can generate carcinogenic 
byproducts [7]. Additionally, methods like ultraviolet 
irradiation, ozonation, photocatalytic oxidation, Fenton 
reactions, and electrocatalysis face significant 
challenges, including high costs and complex operational 
requirements [1]. 

Biological degradation methods provide an 
environmentally friendly alternative for degrading 
pollutants in situ [8]. Bacteria, algae, and fungi are some 
of the most common degraders—Pseudomonas sp. SF1 
and A12 have demonstrated effective antibiotic 
degradation capabilities, remaining viable through three 
consecutive degradation cycles [9]. Algae-based 
degradation technologies are also effective but present 
significant challenges. These complex and time-
consuming systems rely on genetic engineering and are 
influenced by numerous factors, such as pH, temperature, 
CO2 enrichment levels, light intensity, algae species, 
substrate concentration, and the structure of the target 
antibiotic [10]. 

Fungi, particularly white-rot fungi (WRF), degrade 
antibiotics more efficiently than bacteria and algae due to 
their powerful enzyme systems and flexibility. Unlike 
bacteria and algae, which have limited substrate 
specificity and are more susceptible to environmental 
changes, fungi may survive in a wide range of conditions, 
including high pH, temperature, and nutrient limitations. 
Their high effectiveness is due to extracellular enzymes, 
especially lignin, manganese peroxidase, and laccase, 
which may degrade the complicated aromatic compounds 
of many antibiotics [11]. Laccase and manganese 
peroxidase (MnP) break down antibiotics via oxidation. 
Laccase converts oxygen into radicals that damage the 
antibiotic’s structure, breaking it into smaller, less toxic 
molecules. Meanwhile, MnP oxidizes manganese ions 
(Mn2+) into Mn3+ using hydrogen peroxide (H2O2), 
breaking the chemical bonds of antibiotics. Both enzymes 
can digest various antibiotics, making them valuable for 
decreasing pollution in water and soil [12, 13, 14]. 

Several studies have demonstrated the ability of 
white-rot fungi and their enzymes to degrade antibiotics. 
Research by Cuprys et al. [12] showed that Trametes 
versicolor reduced ciprofloxacin concentration by up to 
68% within 24 hours. Similarly, de Araujo et al. [15] 
observed the degradation of sulfamethoxazole and 
trimethoprim by 74% and 40%, respectively, within a 
15- day incubation period using Pleurotus ostreatus and 
Pleurotus pulmonarius. The rapid decrease in ciprofloxacin 
levels by 95% over just 14 days, as reported by Singh et al. 
[16] and Bai et al. [4], underscores the potency of the 
isolates and enzymes. In previous studies by Roy et al. [3], 
laccase was demonstrated to degrade trimethoprim 
antibiotics by 95% successfully. On the other hand, a 
study by Lueangjaroenkit et al. [17] identified two 
manganese peroxidases and a laccase enzyme from the 
white-rot fungus Trametes polyzona, which degraded 
ciprofloxacin with a degradation activity of 73%. 
Moreover, Gao et al. [11] showed that white-rot fungi 
Pycnoporus sanguineus could remove 99% of CIP within 
48 hours. 

Based on the discussion above, white-rot fungi and 
their enzymes have shown strong potential for degrading 
environmental antibiotic pollutants. However, the ability 
of T. hirsuta D7, a recently discovered basidiomycete from 
decaying wood, to degrade ciprofloxacin has not been 
thoroughly studied. Due to its promising features, 
T. hirsuta D7 is an important subject for further research. 
Thus, this study aims to investigate the degradation 
potential of T. hirsuta D7 and its enzymes, including 
laccase and MnP. 

2. Experimental 

2.1. Chemicals and Reagents 

Ciprofloxacin HCl monohydrate commercial tablets 
(500 mg) were purchased from the local drugstore. The 
following chemicals and reagents were used, malt extract 
agar (MEA) (Merck, Germany), malt extract broth (MEB) 
(Merck, Germany), glucose (Merck, Germany), peptone 
(Sigma Aldrich, USA), 0.1 M acetate buffer pH 5, ethanol 
(Merck, Germany, 95%), ethyl acetate (1:1, v/v) (Merck, 
Germany, 99%), 2,2’-azino-bis(3-ethylbenzothiazoline 
-6-sulfonic acid (ABTS) (Sigma Aldrich, USA), 50 mM 
malonic buffer pH 4.5 (Sigma Aldrich, USA), 20 mM 
dimethoxyphenol (DMP) (Sigma Aldrich, USA), 
manganese sulfat (MnSO4) (Merck, Germany), and 2 mM 
hydrogen peroxide (H2O2) (Merck, Germany). 

2.2. Tools and Instruments 

The tools used in this study were Pyrex glassware 
(Corning Inc., USA), hot plate stirrer (Thermo Fisher 
Scientific, USA), stirrer bar, shaker incubator BioShaker 
BR-43 FM (Taitec, Japan), laminar airflow, analytical 
balance (Mettler Toledo, Switzerland), Autoclave LAC-
510 5D, blender waring 8010BU SS 610, oven (Labtech, 
Italy), centrifuge Suprema 21 (Tomy Seiko Co., Ltd, 
Japan), homogenizer ACEAM-11 (Nissei, Japan), 
centrifuge tubes, spatula, microtube, micropipette, 
incubator, and Spectrophotometer UV-Vis 1800 
(Shimadzu, Japan). 

2.3. Fungal Strains and Inoculum Preparation 

White-rot fungus Trametes hirsuta D7 (NCBI 
GenBank accession number KX444204; collection of 
Microbial Composite Research Group, Research Center 
for Applied Microbiology, National Research and 
Innovation Agency (BRIN)) isolated from peat swamp 
forest in Bengkalis, Riau was used in this study. The stock 
culture of T. hirsuta D7 was maintained at MEA at 4°C. One 
plug (Ø 0.8 mm) of fungi from stock culture was 
inoculated on MEA and incubated for 7 days at room 
temperature (⁓25-30°C) to prepare the inoculum. After 
the incubation, T. hirsuta D7 was ready to be used for the 
degradation process [16]. 

2.4. Fungal Growth Inhibition by Ciprofloxacin (CIP) 

Fungal resistance to different concentrations of CIP 
was studied according to the method by Rodarte-Morales 
et al. [18]. One plug (Ø 0.8 mm) of T. hirsuta D7 was 
inoculated on MEA agar media containing various 
concentrations of the antibiotic ciprofloxacin at 100 
mg/L, 200 mg/L, 300 mg/L, and 400 mg/L, respectively. 
The plates were incubated at room temperature (⁓25-
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30°C) for 7 days. The growth of the fungus was monitored, 
and the hyphal extension of each fungus was measured 
from the center of the colony to the edge of the plate every 
two days. 

2.5. In Vivo Degradation of Ciprofloxacin (CIP) 

In vivo, degradation of CIP refers to the modified 
research of Gao et al. [11]. Three plugs of T. hirsuta D7 
colony (Ø 0.8 mm) were inoculated into a 100 mL 
Erlenmeyer flask containing 20 mL of MGP medium. The 
culture was then incubated for 7 days at room 
temperature (⁓25-30°C). Following incubation, the 
antibiotic ciprofloxacin was added to the fungal culture at 
the final concentrations of 100 mg/L, 300 mg/L, and 500 
mg/L, respectively. Each treatment was carried out in 
triplicate. The cultures were then re-incubated for 7 days 
at room temperature (⁓25-30°C). 

Additionally, two types of controls were prepared: 
(1) fungal culture without the addition of antibiotics as 
biotic control and (2) antibiotics without fungal 
inoculation as abiotic control. After 7 days, the fungal 
culture was centrifuged at 10,000 rpm, 4°C, for 10 
minutes to separate the solid (pellet) and supernatant. 
The solid was weighed to determine the wet weight of the 
biomass (mycelium). The absorbance and enzyme activity 
of the supernatant were measured using a UV-Vis 
spectrophotometer. The standard curve of CIP (5-40 
mg/L) was used to comparatively assess and determine 
the concentration of CIP left in the samples after the 
degradation experiment. The degradation of 
ciprofloxacin was determined by calculating the 
percentage removal of CIP using Equation (1). 

 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) =
𝐶0−𝐶1

𝐶0
× 100% (1) 

Where, C0 is the initial concentration of CIP before 
degradation, and C1 is the concentration of CIP at the end 
of the degradation experiment. 

2.6. Enzyme Activity Assay 

Laccase activity was determined using 2,2-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) as the 
substrate according to the method by Alam et al. [19]. The 
sample (0.1 mL) was mixed into a cuvette containing 
0.4 mL of 0.1 M acetate buffer (pH 4.5) and 0.5 mL of 2 mM 
ABTS. Enzyme activity was monitored at a wavelength of 
420 nm for 60 s using a UV-Vis spectrophotometer and 
calculated from the molar extinction coefficient (ε) of 
36,000 M-1cm-1. One unit of laccase activity was defined as 
the amount of enzyme required to oxidize 1 μmol of ABTS 
per minute. Manganese peroxidase (MnP) activity was 
determined using DMP as a substrate according to the 
method by Anita et al. [20]. Sample (0.1 mL) was mixed 
into a cuvette containing 0.175 mL of 50 mM malonic 
buffer (pH 4.5), 0.125 mL of 10 mM DMP, 0.125 mL of 
20 mM MnSO4, and 0.3 mL of 2 mM H2O2. The MnP activity 
was measured at a wavelength of 470 nm using a UV-Vis 
spectrophotometer and calculated from the molar 
extinction coefficient (ε) of 49,600 M-1cm-1. One unit of 
MnP was defined as the enzyme needed to oxidize 1 mmol 
of Mn (II) to Mn (III) per minute. Enzyme activity (U/L) 
was calculated using Equation (2). 

 Enzyme activity (
U

mL
) =

𝑨𝒃𝒔(𝒕) – 𝑨𝒃𝒔(𝟎) × 𝑽𝒓𝒆𝒂𝒄𝒕𝒊𝒐𝒏 (𝒎𝑳)×𝟏𝟎𝟑

𝜺 × 𝑽𝒆𝒏𝒛𝒚𝒎𝒆(𝒎𝑳)𝒙 𝒕
 (2) 

Where, Abs(t) is the final absorbance, Abs(0) is the 
initial absorbance, t is the reaction time (minute), 103 is 
the correction factor (μmol/mol), ε is the molar 
extinction coefficient, and V is the volume (mL). 

3. Results and Discussion 

3.1. Fungal Growth Inhibition by Ciprofloxacin (CIP) 

The growth rate of T. hirsuta D7 isolates following the 
addition of CIP at concentrations of 100, 200, 300, and 
400 mg/L exhibited a notable trend. Optimal growth was 
observed for 7 days until it reached the periphery of the 
petri dish (Table 1), indicating a distinct response to the 
CIP. The incubation duration and the medium selection 
were critical factors influencing mycelial growth. MEA 
was the medium that exhibited significant growth rates 
and the most favorable appearance with denser mycelia 
(Table 1), highlighting its significance in this research. 
MEA contains malt extract, a primary energy source for 
fungal growth. 

The results of our fungal isolation from WRF colonies 
were noteworthy, as we obtained four pure isolates from 
4 different concentrations (Table 1). The characteristics 
of the WRF isolate, as observed in terms of morphology, 
are defined by the distinctive color of its mycelia and 
spores. Mycelia, the multicellular fungal structures 
formed by an aggregation of hyphae, and spores, the 
fungal reproductive units, were meticulously examined—
macroscopic identification involved comprehensively 
observing mycelia, spores, and colony surfaces. 
Macroscopically, the WRF fungus was identified by its 
characteristic white mycelia and spores. The surface of 
WRF fungal colonies appeared flat but exhibited a rough, 
fibrous texture and smooth margins. 

The growth of D7 colonies in the control and media 
containing CIP was significant; more than 1 cm increased 
daily. However, on days 5 to 7, the growth of T. hirsuta 
isolates took an unexpected turn and became fixed 
(Figure 1). This indicates that the presence of CIP in MEA 
has no significant effect on the colony growth rate of 
isolate D7, even though the concentration has increased. 
MEA contains a high maltose concentration, making it 
suitable for yeast and mold growth. 

 

Figure 1. The growth rate of isolate T. hirsuta D7 against 
CIP degradation 
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Table 1. The optimum growth T. hirsuta D7 

Day 
 Concentration of ciprofloxacin (mg/L) 

0 (Control) 100 200 300 400 

1 

     

7 

     

Our findings indicate a clear relationship between 
antibiotic concentration and fungal growth. At a 
concentration of 400 mg/L, the fungal isolate exhibited a 
significantly smaller diameter compared to the other 
concentrations on day 7. This observation suggests that 
the 400 mg/L antibiotic concentration may inhibit fungal 
growth and reduce the lignolytic capacity of fungi at 
elevated antibiotic concentrations. The fungus’ secretion 
of enzymes such as lignin peroxidase (LiP), MnP, and 
laccase when adhered to the substrate (antibiotics) 
further corroborates this finding, as it facilitates the 
degradation of pollutants at varying concentrations. 

3.2. Enzyme Activity Assay 

The white-rot fungi T. hirsuta D7 is known for 
breaking down lignin in wood, leaving behind lighter-
colored cellulose by producing oxidative enzymes [21]. 
These enzymes include laccase, MnP, and LiP. This study, 
however, focuses specifically on measuring laccase and 
MnP activity since they often work simultaneously in 
degrading antibiotics. During the degradation assays, 
laccase and MnP activities were measured. It was 
observed that with the increase in antibiotic 
concentration, the enzymatic activity of the fungus also 
increased (Table 2). The greater concentration of 
antibiotics creates stronger selective pressure, causing 
fungi to make more laccase to deal with the higher toxic 
environment [22]. 

Table 2. Enzyme activity of T. hirsuta D7 during CIP 
degradation 

Concentration of 
ciprofloxacin 

(mg/L) 

Activity enzyme 
(U/L) 

Laccase MnP 

100 93 7 

300 120 16 

500 130 13 

 

 

The laccase activity of the T. hirsuta D7 was higher 
than that of MnP. The maximum laccase activity observed 
in this study was 130 U/L at a CIP concentration of 500 
mg/L. However, the maximum MnP activity observed in 
this study was 16 U/L at a CIP concentration of 300 mg/L 
(Table 2). Laccase activity was generally higher than MnP 
activity during antibiotic degradation by fungi due to its 
broader substrate specificity, lower catalytic 
requirements, and greater environmental stability. 
Unlike MnP, laccase can degrade phenolic and non-
phenolic compounds without additional cofactors such as 
Mn2+ or H2O2. Laccase has a low redox potential, enabling 
it to catalyze only the single-electron oxidation of lignin 
phenolic constituents that are easily oxidized, coupled 
with the simultaneous reduction of O2 to water. 

Nonetheless, many antibiotics have non-phenolic 
structures that are challenging to degrade. Using 
mediators like ABTS, laccase activity can be enhanced to 
target and oxidize these non-phenolic components of 
antibiotics through an electron transfer mechanism, 
improving the overall efficiency of the degradation 
process [23, 24, 25, 26]. The maximum activity of laccase 
obtained in this study was higher than that of laccase 
from the WRF strain T. versicolor obtained by other 
researchers, which is <100 U/L [27]. 

3.3. In Vivo Degradation of Ciprofloxacin 

Determination of CIP concentration starts with 
preparing a standard curve, which establishes the 
relationship between the antibiotic concentration in a 
sample and its absorbance value. This standard curve was 
generated using a UV-Vis spectrophotometer, with a 
blank sample prepared using distilled water as the 
solvent. A 1000 mg/L CIP stock solution was diluted to 
concentrations ranging from 10 mg/L to 40 mg/L, and the 
absorbance values of these solutions were measured. The 
standard curve equation, y = bx ± ay, was then used to 
calculate the remaining concentration of antibiotics in 
the sample after degradation based on the absorbance 
values obtained. 
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Figure 2. Standard curve of CIP 

The standard solution test results showed a linear 
regression coefficient (R2) of 0.9986, indicating a strong 
linear relationship between concentration and 
absorbance, with most data points closely aligning along 
a straight line. An R2 value within the range of 0.9<R2<10 
is considered excellent, demonstrating that in this study, 
the correlation between the antibiotic solution 
concentration and the instrument response is highly 
accurate (Figure 2). This standard curve plays a crucial 
role in determining the percent degradation of the 
antibiotic. 

The ability of the laccase enzyme to degrade phenolic 
and non-phenolic compounds by reducing molecular 
oxygen followed by one-electron oxidation of the 
reducing substrate shows the potential for enzymatic 
degradation to be used in degrading fluoroquinolone 
antibiotic contaminants in the environment [28]. The 
T. hirsuta D7, a specific strain known for its high laccase 
enzyme production, was utilized in this study. Laccase 
activity significantly influenced the extent of 
ciprofloxacin degradation. The results showed that the 
highest degradation percentage of ciprofloxacin occurred 
at a ciprofloxacin concentration of 100 mg/L (64%), 
followed by 300 mg/L (48%) and 500 mg/L (29%) 
(Figure 3). 

It was observed that with the increase in CIP 
concentration, the degradation percentage decreased. 
This result is in line with the findings of Mathur et al. [28], 
who reported that the percent degradation of levofloxacin 
antibiotics using crude laccase from Pleurotus eryngii 
decreased along with increasing levofloxacin 
concentration. This may be due to the greater strength of 
the laccase enzyme required to degrade ciprofloxacin 
antibiotics in large concentrations. Meanwhile, research 
by Navada and Kulal [29] suggests that this trend can be 
explained by Michaelis-Menten degradation kinetics. 
According to this model, the initial degradation rate 
follows a first-order reaction but eventually becomes 
independent of the substrate (antibiotic) concentration, 
transitioning to zero-order kinetics. In other words, 
while the degradation rate initially increases with higher 
antibiotic concentrations, it ultimately decreases because 
the enzyme cannot effectively oxidize antibiotics at 
excessively high concentrations. 

 

Figure 3. The degradation percentage of CIP and enzyme 
activity during CIP degradation by T. hirsuta D7 

CIP is very difficult to degrade; therefore, it may take 
more than 7 days. This study showed that the maximum 
degradation of CIP (64%) by T. hirsuta D7 occurred at a CIP 
concentration of 100 mg/L after 7 days of incubation. Gao 
et al. [11] demonstrated the degradation of CIP by white-
rot fungi Phanerochaete chrysosporium, which removed 
65% of 10 mg/L of CIP after eight days of incubation. 
Another previous study on CIP degradation by other fungi 
demonstrated that the maximum degradation of CIP 
(10 mg/L) by the white-rot fungi Irpex lacteus, Dichomitus 
squalens, and Pleurotus ostreatus reached 60%, 23%, and 
37%, respectively, after 14 days of incubation [30]. 
A study by Manasfi et al. [31] demonstrated that 
Trichoderma asperellum achieved an 81% degradation rate 
of 200 mg/L of CIP after 13 days of incubation. By 
comparing these data, it can be concluded that T. hirsuta 
D7 is capable of degrading the antibiotic ciprofloxacin and 
shows potential for use in degradation applications. 

4. Conclusion 

This study highlights the significant potential of 
white-rot fungi T. hirsuta D7 and its laccase enzyme in 
degrading the antibiotic ciprofloxacin, achieving notable 
efficiency in just 7 days. Significant degradation of 
ciprofloxacin at concentrations of 100, 300, and 500 mg/L 
(64%, 48%, and 29%, respectively) further confirms the 
ability of this enzyme to overcome antibiotic 
contamination in pharmaceutical waste. These findings 
confirm the effectiveness of laccase enzyme T. hirsuta D7 
in the degradation of these chemicals and open promising 
prospects for its application in pharmaceutical waste 
treatment. Future research could focus on improving the 
degradation efficiency, developing broader enzyme 
application techniques, and evaluating the sustainability 
of using this enzyme at an industrial scale for more 
environmentally friendly pharmaceutical waste 
management. 

 



 Jurnal Kimia Sains dan Aplikasi 27 (12) (2024): 590-596 595 

Acknowledgment 

The author acknowledges the applied microbiology 
research group of the National Research and Innovation 
Agency’s BRIN Bioproduct Integrated Laboratory for 
providing their facilities and scientific and technical 
support. 

References 

[1] Akashdeep Singh Oberoi, Yanyan Jia, Huiqun Zhang, 
Samir Kumar Khanal, Hui Lu, Insights into the Fate 
and Removal of Antibiotics in Engineered Biological 
Treatment Systems: A Critical Review, 
Environmental Science & Technology, 53, 13, (2019), 
7234-7264 https://doi.org/10.1021/acs.est.9b01131 

[2] Kela P. Weber, Michael R. Mitzel, Robin M. Slawson, 
Raymond L. Legge, Effect of ciprofloxacin on 
microbiological development in wetland 
mesocosms, Water Research, 45, 10, (2011), 3185-
3196 https://doi.org/10.1016/j.watres.2011.03.042 

[3] Tanu Shree Roy, Surya Akter, Monabbir Rafsan 
Fahim, Md Abdul Gafur, Tahmina Ferdous, 
Incorporation of Ag-doped ZnO nanorod through 
Graphite hybridization: Effective approach for 
degradation of Ciprofloxacin, Heliyon, 9, 2, (2023), 
e13130 https://doi.org/10.1016/j.heliyon.2023.e13130 

[4] Feng-Yang Bai, Shuang Ni, Yi-Zhen Tang, Xiu-Mei 
Pan, Zhen Zhao, Ciprofloxacin transformation in 
aqueous environments: Mechanism, kinetics, and 
toxicity assessment during •OH-mediated 
oxidation, Science of The Total Environment, 699, 
(2020), 134190 
https://doi.org/10.1016/j.scitotenv.2019.134190 

[5] Xi Hu, Xinjiang Hu, Qingqing Peng, Lu Zhou, Xiaofei 
Tan, Luhua Jiang, Chunfang Tang, Hui Wang, 
Shaoheng Liu, Yaqin Wang, Ziqi Ning, Mechanisms 
underlying the photocatalytic degradation pathway 
of ciprofloxacin with heterogeneous TiO2, Chemical 
Engineering Journal, 380, (2020), 122366 
https://doi.org/10.1016/j.cej.2019.122366 

[6] Daniel R. Wagner, Kevin Ament, Lina Mayr, Thomas 
Martin, André Bloesser, Holger Schmalz, Roland 
Marschall, Friedrich E. Wagner, Josef Breu, 
Terrestrial solar radiation driven 
photodecomposition of ciprofloxacin in clinical 
wastewater applying mesostructured iron(III) 
oxide, Environmental Science and Pollution Research, 
28, 5, (2021), 6222-6231 
https://doi.org/10.1007/s11356-020-10899-6 

[7] Mohamed Hussein Abdurahman, Ahmad Zuhairi 
Abdullah, Noor Fazliani Shoparwe, A comprehensive 
review on sonocatalytic, photocatalytic, and 
sonophotocatalytic processes for the degradation of 
antibiotics in water: Synergistic mechanism and 
degradation pathway, Chemical Engineering Journal, 
413, (2021), 127412 
https://doi.org/10.1016/j.cej.2020.127412 

[8] Eleni Routoula, Siddharth V. Patwardhan, 
Degradation of Anthraquinone Dyes from Effluents: 
A Review Focusing on Enzymatic Dye Degradation 
with Industrial Potential, Environmental Science & 
Technology, 54, 2, (2020), 647-664 
https://doi.org/10.1021/acs.est.9b03737 

[9] Chu-Wen Yang, Chien Liu, Bea-Ven Chang, 
Biodegradation of Amoxicillin, Tetracyclines and 

Sulfonamides in Wastewater Sludge, Water, 12, 8, 
(2020), 2147 https://doi.org/10.3390/w12082147 

[10] Lanqin Yang, Benle Liu, Yuanyuan Lu, Fangyi Lu, 
Xiangyang Wu, Wenhua You, Biao Huang, 
Bioavailability of cadmium to celery (Apium 
graveolens L.) grown in acidic and Cd-contaminated 
greenhouse soil as affected by the application of 
hydroxyapatite with different particle sizes, 
Chemosphere, 240, (2020), 124916 
https://doi.org/10.1016/j.chemosphere.2019.124916 

[11] Nan Gao, Chun-Xiao Liu, Qiu-Man Xu, Jing-Sheng 
Cheng, Ying-Jin Yuan, Simultaneous removal of 
ciprofloxacin, norfloxacin, sulfamethoxazole by co-
producing oxidative enzymes system of 
Phanerochaete chrysosporium and Pycnoporus 
sanguineu, Chemosphere, 195, (2018), 146-155 
https://doi.org/10.1016/j.chemosphere.2017.12.062 

[12] Agnieszka Cuprys, Paisley Thomson, Gayatri Suresh, 
Tarek Roussi, Satinder Kaur Brar, Patrick Drogui, 
Potential of agro-industrial produced laccase to 
remove ciprofloxacin, Environmental Science and 
Pollution Research, 29, 7, (2022), 10112-10121 
https://doi.org/10.1007/s11356-021-13578-2 

[13] Nedjwa Mansouri, Ouided Benslama, WITHDRAWN: 
Molecular docking exploration of the degradation 
activity of some synthetic hydrocarbons polymers by 
the laccase enzyme of Streptomyces, Materials Today: 
Proceedings, 54, (2022), 970-973 
https://doi.org/10.1016/j.matpr.2021.12.169 

[14] Xianghua Wen, Yannan Jia, Jiaxi Li, Enzymatic 
degradation of tetracycline and oxytetracycline by 
crude manganese peroxidase prepared from 
Phanerochaete chrysosporium, Journal of Hazardous 
Materials, 177, 1, (2010), 924-928 
https://doi.org/10.1016/j.jhazmat.2010.01.005 

[15] Caroline Aparecida Vaz de Araujo, Giselle Maria 
Maciel, Elidiane Andressa Rodrigues, Larissa Lachi 
Silva, Roselene Ferreira Oliveira, Tatiane Brugnari, 
Rosane Marina Peralta, Cristina Giatti Marques de 
Souza, Simultaneous Removal of the Antimicrobial 
Activity and Toxicity of Sulfamethoxazole and 
Trimethoprim by White Rot Fungi, Water, Air, & Soil 
Pollution, 228, 9, (2017), 341 
https://doi.org/10.1007/s11270-017-3525-z 

[16] Sushil Kumar Singh, Robinka Khajuria, Loveleen 
Kaur, Biodegradation of ciprofloxacin by white rot 
fungus Pleurotus ostreatus, 3 Biotech, 7, (2017), 69 
https://doi.org/10.1007/s13205-017-0684-y 

[17] Piyangkun Lueangjaroenkit, Churapa 
Teerapatsakul, Kazuo Sakka, Makiko Sakka, Tetsuya 
Kimura, Emi Kunitake, Lerluck Chitradon, Two 
Manganese Peroxidases and a Laccase of Trametes 
polyzona KU-RNW027 with Novel Properties for Dye 
and Pharmaceutical Product Degradation in Redox 
Mediator-Free System, Mycobiology, 47, 2, (2019), 
217-229 
https://doi.org/10.1080/12298093.2019.1589900 

[18] A. I. Rodarte-Morales, G. Feijoo, M. T. Moreira, J. M. 
Lema, Degradation of selected pharmaceutical and 
personal care products (PPCPs) by white-rot fungi, 
World Journal of Microbiology and Biotechnology, 27, 
8, (2011), 1839-1846 
https://doi.org/10.1007/s11274-010-0642-x 

[19] Rafiqul Alam, Fenny Clara Ardiati, Nissa Nurfajrin 
Solihat, Md Badrul Alam, Sang Han Lee, Dede Heri 

https://doi.org/10.1021/acs.est.9b01131
https://doi.org/10.1016/j.watres.2011.03.042
https://doi.org/10.1016/j.heliyon.2023.e13130
https://doi.org/10.1016/j.scitotenv.2019.134190
https://doi.org/10.1016/j.cej.2019.122366
https://doi.org/10.1007/s11356-020-10899-6
https://doi.org/10.1016/j.cej.2020.127412
https://doi.org/10.1021/acs.est.9b03737
https://doi.org/10.3390/w12082147
https://doi.org/10.1016/j.chemosphere.2019.124916
https://doi.org/10.1016/j.chemosphere.2017.12.062
https://doi.org/10.1007/s11356-021-13578-2
https://doi.org/10.1016/j.matpr.2021.12.169
https://doi.org/10.1016/j.jhazmat.2010.01.005
https://doi.org/10.1007/s11270-017-3525-z
https://doi.org/10.1007/s13205-017-0684-y
https://doi.org/10.1080/12298093.2019.1589900
https://doi.org/10.1007/s11274-010-0642-x


 Jurnal Kimia Sains dan Aplikasi 27 (12) (2024): 590-596 596 

Yuli Yanto, Takashi Watanabe, Sunghwan Kim, 
Biodegradation and metabolic pathway of 
anthraquinone dyes by Trametes hirsuta D7 
immobilized in light expanded clay aggregate and 
cytotoxicity assessment, Journal of Hazardous 
Materials, 405, (2021), 124176 
https://doi.org/10.1016/j.jhazmat.2020.124176 

[20] Sita Heris Anita, Fahriya Puspita Sari, Dede Heri Yuli 
Yanto, Decolorization of synthetic dyes by 
ligninolytic enzymes from Trametes hirsuta D7, 
Makara Journal of Science, 23, 1, (2019), 44-50  

[21] Tamilvendan Manavalan, Arulmani Manavalan, 
Klaus Heese, Characterization of Lignocellulolytic 
Enzymes from White-Rot Fungi, Current 
Microbiology, 70, 4, (2015), 485-498 
https://doi.org/10.1007/s00284-014-0743-0 

[22] Alessandra Piscitelli, Paola Giardina, Vincenzo 
Lettera, Cinzia Pezzella, Giovanni Sannia, Vincenza 
Faraco, Induction and Transcriptional Regulation of 
Laccases in Fungi, Current Genomics, 12, 2, (2011), 
104-112 
http://dx.doi.org/10.2174/138920211795564331 

[23] Ailette Prieto, Monika Möder, Rosario Rodil, Lorenz 
Adrian, Ernest Marco-Urrea, Degradation of the 
antibiotics norfloxacin and ciprofloxacin by a white-
rot fungus and identification of degradation 
products, Bioresource Technology, 102, 23, (2011), 
10987-10995 
https://doi.org/10.1016/j.biortech.2011.08.055 

[24] Fei Zheng, Qi An, Ge Meng, Xue-Jun Wu, Yu-Cheng 
Dai, Jing Si, Bao-Kai Cui, A novel laccase from white 
rot fungus Trametes orientalis: Purification, 
characterization, and application, International 
Journal of Biological Macromolecules, 102, (2017), 
758-770 
https://doi.org/10.1016/j.ijbiomac.2017.04.089 

[25] Marina M. Atilano-Camino, Luis H. Álvarez-
Valencia, Alcione García-González, Refugio B. 
García-Reyes, Improving laccase production from 
Trametes versicolor using lignocellulosic residues as 
cosubstrates and evaluation of enzymes for blue 
wastewater biodegradation, Journal of Environmental 
Management, 275, (2020), 111231 
https://doi.org/10.1016/j.jenvman.2020.111231 

[26] Claudia M. Rivera-Hoyos, Edwin David Morales-
Álvarez, Raúl A. Poutou-Piñales, Aura Marina 
Pedroza-Rodríguez, Refugio RodrÍguez-Vázquez, 
Julio M. Delgado-Boada, Fungal laccases, Fungal 
Biology Reviews, 27, 3, (2013), 67-82 
https://doi.org/10.1016/j.fbr.2013.07.001 

[27] Ayda Maadani Mallak, Amir Lakzian, Elham 
Khodaverdi, Gholam Hossein Haghnia, Shima 
Mahmoudi, Effect of Pleurotus ostreatus and Trametes 
versicolor on triclosan biodegradation and activity of 
laccase and manganese peroxidase enzymes, 
Microbial Pathogenesis, 149, (2020), 104473 
https://doi.org/10.1016/j.micpath.2020.104473 

[28] Purvi Mathur, Doyeli Sanyal, Pannalal Dey, 
Optimization of growth conditions for enhancing 
the production of microbial laccase and its 
application in treating antibiotic contamination in 
wastewater, 3 Biotech, 11, 2, (2021), 81 
https://doi.org/10.1007/s13205-020-02627-1 

[29] Kavitha Keshava Navada, Ananda Kulal, Enzymatic 
degradation of chloramphenicol by laccase from 

Trametes hirsuta and comparison among mediators, 
International Biodeterioration & Biodegradation, 138, 
(2019), 63-69 
https://doi.org/10.1016/j.ibiod.2018.12.012 

[30] Monika Čvančarová, Monika Moeder, Alena Filipová, 
Tomáš Cajthaml, Biotransformation of 
fluoroquinolone antibiotics by ligninolytic fungi – 
Metabolites, enzymes and residual antibacterial 
activity, Chemosphere, 136, (2015), 311-320 
https://doi.org/10.1016/j.chemosphere.2014.12.012 

[31] Rayana Manasfi, Serge Chiron, Nicola Montemurro, 
Sandra Perez, Monica Brienza, Biodegradation of 
fluoroquinolone antibiotics and the climbazole 
fungicide by Trichoderma species, Environmental 
Science and Pollution Research, 27, 18, (2020), 23331-
23341 https://doi.org/10.1007/s11356-020-08442-8 

 

https://doi.org/10.1016/j.jhazmat.2020.124176
https://doi.org/10.1007/s00284-014-0743-0
http://dx.doi.org/10.2174/138920211795564331
https://doi.org/10.1016/j.biortech.2011.08.055
https://doi.org/10.1016/j.ijbiomac.2017.04.089
https://doi.org/10.1016/j.jenvman.2020.111231
https://doi.org/10.1016/j.fbr.2013.07.001
https://doi.org/10.1016/j.micpath.2020.104473
https://doi.org/10.1007/s13205-020-02627-1
https://doi.org/10.1016/j.ibiod.2018.12.012
https://doi.org/10.1016/j.chemosphere.2014.12.012
https://doi.org/10.1007/s11356-020-08442-8

	Biodegradation of the Ciprofloxacin Antibiotic by White Rot Fungus Trametes hirsuta D7
	1. Introduction
	2. Experimental
	2.1. Chemicals and Reagents
	2.2. Tools and Instruments
	2.3. Fungal Strains and Inoculum Preparation
	2.4. Fungal Growth Inhibition by Ciprofloxacin (CIP)
	2.5. In Vivo Degradation of Ciprofloxacin (CIP)
	2.6. Enzyme Activity Assay

	3. Results and Discussion
	3.1. Fungal Growth Inhibition by Ciprofloxacin (CIP)
	3.2. Enzyme Activity Assay
	3.3. In Vivo Degradation of Ciprofloxacin

	4. Conclusion
	Acknowledgment
	References


