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Abstract: The over use of pharmaceutical compounds, essentially antibiotics, led to an increase of 
their concentrations in aquatic ecosystems. In this study, the white-rot fungus Coriolopsis gallica 
(high-laccase-producing fungus) was investigated for the biodegradation of ampicillin (AMP) 
under different cultivation conditions. The biotransformation of the antibiotic was confirmed by 
means of high-performance liquid chromatography (HPLC), and the antibacterial activity was 
evaluated via the bacterial growth inhibition agar well diffusion method using Escherichia coli as an 
ampicillin-sensitive test strain. The results showed that AMP (50 mg L-1) was totally removed by C. 
gallica after 6 days of incubation in a liquid medium. The antibiotic removal rate was maximal with 
a fungal culture aged 9 days. Such a culture achieved the removal of a higher concentration of up 
to 500 mg L-1 of ampicillin in 3 days. This higher antibiotic removal rate was concomitant with the 
maximal laccase production in culture supernatant. In addition, four consecutive doses of 500 mg 
L-1 of ampicillin were transformed by the same fungal culture in 24 days. After that, the fungus was 
unable to remove the antibiotic. The measurement of ligninolytic enzyme activity showed that 
laccase of C. gallica might participate in the biotransformation of AMP. 
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1. Introduction 

Over the past few years, there has been increasing attention towards the existence of new 
emerging pollutants such as pesticides, drugs, and endocrine-disrupting chemicals (EDC) in the 
aquatic environment [1–3]. Antibiotics are a group of pharmaceuticals widely used in human 
medicine [4] and amongst farm animal populations as veterinary medicine and growth promoters 
[5]. The use of antibiotics has increased and new ones have been developed because of the 
proliferation of antibiotic-resistant pathogens [6]. It was reported that more than 200,000 tonnes of 
antibiotics had been consumed annually worldwide [7], with the most common class, β-lactam 
antibiotics, constituting 50–70% of sales [8]. This increase in the consumption of antibiotics has been 
associated with an increase in their irrational use, from 28 to 65% [9]. In Tunisia, 61% of consumers 
obtained antibiotics directly from a pharmacist without a medical prescription. In 2015, it was defined 
as a low- and middle-income country with the highest consumption rates [10]. Moreover, modern 
animal production practices are associated with regular use of antimicrobials, with the estimation 
that between 2010 and 2030, global consumption of antimicrobials will increase by 67% from 63,151 
± 1,560 tonnes to 105,596 ± 3,605 tonnes [11]. In this regard, uncontrolled use of antibiotics can directly 
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affect the health of humans by generating pathogens resistant to antibiotics [12,13], promoting 
antibiotic resistance genes [14] and indirectly affecting the environment [15–17] through effluents 
from urban wastewater treatment plants (WWTP) containing antibiotics and their residues, since they 
are not designed to eliminate them [18]. Therefore, an urgent universal effort needs to be made to 
control the concentration of antibiotics, and multiple antibiotic-resistant bacteria [19]. Ampicillin is 
semi-synthetic β-lactam belonging to the group of isoxazolyl penicillins (PI), which obtain their 
antimicrobial properties from the presence of a beta-lactam ring [20]. Thus, their structures give them 
resistance to degradation via conventional biological and chemical methods [21]. This antibiotic is 
widely used in human and veterinary medicine for the treatment of infections. After administration, 
approximately 30% of ampicillin is excreted when taken orally and 75% is excreted after intravenous 
use [22]. In wastewater, the concentration of β-lactam antibiotics was about 2.1–3.5 μg L-1 in a swine 
lagoon, which was near the detection limit (2 μg L-1) [23]. They were also detected in natural waters 
at concentrations of around mg L-1 [24] and in raw wastewater from the Sfax treatment plant at a 
concentration greater than 75.40 ng L-1 [25]. For these reasons, the treatment for removing the β-lactam 
antibiotics will be a challenge in the future [26]. 

Many studies have been carried out to remove antibiotics from aqueous solutions [27]. Processes 
such as Fenton reaction [28], UV/ZnO degradation [29,30], advanced oxidation [31–33] and 
adsorption [34,35] were designed to degrade pharmaceutical waste in water matrices. However, 
biological methods are supposed to be the best for antibiotic removal because they represent an eco-
friendly process [36]. In fact, most antibiotics tested are known to be biorecalcitrant under aerobic 
conditions [37], thus escaping intact from conventional wastewater treatment plants. In this light, 
non-biological methods have been employed to treat antibiotics (and other pharmaceuticals, too), 
such as advanced oxidation processes, membrane separation, adsorption, coagulation, as well as 
various combinations of them [31,33,38,39]. White-rot fungi (WRF) have been identified for their 
ability to degrade aromatic molecules due to their capability of producing extracellular enzymes, 
essentially laccase (which oxidizes a wide spectrum of organic pollutants) [40]. This oxidizing 
property suggests its use in the removal of micropollutants (which are usually persistent to 
biodegradation) and seems to be a very promising approach for improving water effluent quality at 
WWTPs [41,42]. 

The aim of this study was to investigate the potential for the WRF C. gallica to remove ampicillin 
under different operational conditions. Since the transformation of the molecules does not necessarily 
imply a decrease of its activity, this parameter was also investigated by means of determining the 
residual antibacterial activity of treated solutions to ensure the efficiency of the treatment. To the best 
of our knowledge, this is the first study in which C. gallica has been used for the transformation of ampicillin. 

2. Results 

2.1. Transformation of AMP in Liquid Media 

Residual concentration of ampicillin was estimated directly in the supernatant using HPLC–UV 
analysis (204 nm) after 6 and 12 days of treatment by C. gallica culture. The HPLC chromatograms 
(Figure 1) showed that untreated AMP (control) was eluted from the column at 4.97 min. However, 
those corresponding to C. gallica-treated AMP after 6 and 12 days showed the disappearance of the 
initial peak and the appearance of a new one at 6.78 min (Figure 1b,c). These results indicate that the 
C. gallica strain was able to transform ampicillin during 6 days of incubation. 
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Figure 1. HPLC chromatograms of (a) the control (AMP at 50 mg L-1 in M7 medium) and treated AMP 
after (b) 6 and (c) 12 days. 

2.2. Monitoring of Laccase and Antibacterial Activities at Different Conditions 

2.2.1. Effect of AMP Concentration 

The effect of the initial antibiotic concentration on the removal of antibacterial activity was 
studied at AMP concentrations ranging from 25 to 500 mg L-1. The E. coli growth inhibition zone 
related to Ampicillin treated by the fungus or not (negative control) was measured. The evolution of 
laccase activity during the treatment was also evaluated (Figure 2). Different concentrations of AMP 
showed variable effects on the antibacterial activity removal and laccase production. C. gallica was 
able to remove the antibacterial activity corresponding to a wide range of AMP concentrations 
ranging from 25 mg L-1 up to 500 mg L-1 after 2, 6 and 9 days of treatment (Figure 2a). In fact, the ABA 
corresponding to 25 mg L-1 of AMP was removed after 2 days of treatment in the presence of 0.28 U 
mL-1 of laccase, and the ABAs corresponding to 50 and 100 mg L-1 of AMP were removed after 6 days 
of treatment in the presence of 0.8 and 2.33 U mL-1 of laccase, respectively. Meanwhile, the ABAs 
corresponding to 200 and 500 mg L-1 of AMP were removed after 9 days of treatment in the presence 
of 3.94 and 10 U mL-1 of laccase, respectively (Figure 2b). Hence, the concentration 500 mg L-1 of AMP 
was retained and used for further experiments. 

 
Figure 2. Effect of initial antibiotic concentration on (a) the antibacterial activity removal and (b) 
laccase activity evolution (0.15 mM Cu2+, 30°C, 150 rpm). “♦”: 25 mg L-1; “■”: 50 mg L-1; “▲”: 100 mg 
L-1; “X”: 200 mg L-1; “*”: 500 mg L-1. Each datapoint (mean ± standard deviation) is the result of 
triplicate experiments. 
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2.2.2. Effect of the Age of the Culture on AMP Removal 

To evaluate the effect of the age of the culture on the removal of the antibacterial activity of AMP, 
different fungal cultures aged 0, 3, 7, 9 and 12 days were supplemented with 500 mg L-1 of ampicillin 
and investigated for laccase production and the removal of antibacterial activity (Figure 3). The 
results showed that cultures of the C. gallica were able to eliminate the antibacterial activity of AMP 
(500 mg L-1) regardless of their ages. The highest removal rate was obtained by a 9-day-old culture 
after 4 days of incubation with AMP, whereas a 12-day-old culture was able to transform only 50% 
of the initial ABA after 7 days of treatment (Figure 3a). Moreover, the addition of AMP re-stimulated 
laccase production regardless of the age of the culture (Figure 3b). 

 

Figure 3. Effect of the age of the fungal culture on (a) the antibacterial activity removal and (b) the 
laccase activity evolution. “♦”: 0 days; “■”: 3 days; “▲”: 7 days; “X”: 9 days; “*” 12 days. Each 
datapoint (mean ± standard deviation) is the result of triplicate experiments. 

2.2.3. Reusability of the Same Culture 

To study the reusability of C. gallica (4-day-old culture) for more than one cycle of AMP 
treatment, consecutive additions of AMP were performed after the degradation of the first dose (500 
mg L-1). When the antibacterial activity of this dose was removed, a second dose was added, and so 
on. The experiment was carried out without the addition of any nutrients. Obtained results show that 
four successive doses of 500 mg L-1 of AMP could be transformed by the same culture of C. gallica 
after 26 days of cultivation. After that (fourth dose), this transformation became impossible and the 
production of laccase decreased. The medium became poor in nutrients, and lysis of mycelia was 
observed. Each time that AMP was added to the culture medium, laccase was induced and the 
antibiotic was degraded. C. gallica can achieve efficient degradation of AMP four successive times in 
the same culture (Figure 4). 

 
Figure 4. Effect of the cumulative addition of AMP (500 mg L-1) on the antibacterial activity removal 

“♦” and the laccase activity evolution “■”. : AMP injection in the culture medium. Each datapoint 
(mean ± standard deviation) is the result of triplicate experiments. 
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3. Discussion 

The objective of this work was to evaluate the potential of the strain C. gallica for the degradation 
of a representative of the ß-lactams already used for the biotransformation of fluoroquinolones [51]. 
Firstly, the transformation of ampicillin in time course degradation experiments was estimated by 
comparing their chromatograms during the fungal treatment to ensure that the loss of the 
antibacterial activity of AMP was due to the degradation/transformation process of the antibiotic 
molecule. After 6 days of treatment, AMP was completely removed. Compared to previous works, 
C. gallica is more efficient in terms of the initial antibiotic concentration, the percentage of 
degradation, and the rate of transformation. Many studies have reported the transformation of beta-
lactam antibiotics by ligninolytic fungi and their enzymes. Lucas et al. (2016) reported the elimination 
of 96% of β-lactams (initial concentration 10 µg L-1) by Trametes versicolor after 15 days of treatment 
[43]. Copete-Pertuz et al. (2018) also reported the elimination of 100% of the β-lactams oxacillin (16 
mg L-1), cloxacillin (17.5 mg L-1) and dicloxacillin (19 mg L-1) by Leptosphaerulina sp. after 6, 7 and 8 
days of treatment, respectively, under the action of laccase and versatile peroxidase [45]. 

After that, the ability of C. gallica to remove the antibacterial activity of AMP under different 
culture conditions was evaluated. In each condition, laccase activity was also measured. There is 
scarce in depth- studies available on the correlation between antibiotic biotransformation and laccase 
production, but recent papers have reported the involvement of extracellular enzymes in antibiotic 
degradation, with a putative major role for laccases [51]. Here we focused on laccase, as it could be 
easily repurposed as free or grafted systems to support sustainable processes. Removal rate of AMP 
was affected by the initial concentration of the antibiotic and showed variable effects on the 
antibacterial activity removal and laccase production. It could be noticed that the presence of AMP 
in the culture media induced laccase production. Further increasing the concentrations of AMP led 
to an increase in laccase activity. However, high initial concentrations of AMP (important ABA) 
required more time to be removed. These results are in agreement with those reported by Dhawan et 
al. (2005) where nine different antibiotics affected fungal growth, protein release and laccase 
production from Cyathus bulleri (5.3 U mL-1) and Pycnoporus cinnabarinus (10.9 U mL-1) to different 
extents. Interestingly, apramycin sulphate (500 mg L-1) stimulated maximum laccase production (23.3 
U mL-1) from P. cinnabarinus. However, ampicillin trihydrate (200 mg L-1) stimulated laccase 
production from C. bulleri from 5.5 to 10.6 U mL-1 [46]. Praveen and Reddy (2012) also reported the 
role of nine antibiotics in laccase stimulation of Stereum ostrea (27.48 U mL-1) and Phanerochaete 
chrysosporium (1.3 U mL-1). In this study, tetracyclin (500 mg L-1) stimulated maximum laccase 
production (33.4 and 4 U mL-1) and ampicillin (200 mg L-1) increased laccase production (27.48 and 
1.742 U mL-1) from S. ostrea and P. chrysosporium, respectively [47]. 

Different fungal cultures were investigated to evaluate the effect of the age of the culture on the 
removal of the antibacterial activity of AMP. The addition of AMP (500 mg L-1) in different C. gallica 
cultures affected the kinetics of the laccase production and those of the ABA removal. In the absence 
of AMP and under the same conditions of cultivation (M7, 30°C, 150 rpm, + Cu2+), C. gallica produced 
the maximum laccase quantity on day 9, after which the production of laccase declined [48]. In this 
study, the addition of AMP re-stimulated laccase production regardless of the age of the culture. This 
finding could be explained by the fact that fungi might be mimicking AMP similarly to phenolic 
substrates. In the same case, Sandhu and Arora (1985) observed the induction of laccase production 
in Polyporus sanguineus in the presence of different phenolic compounds. Furthermore, they proposed 
the possibility that the white-rot fungi sense the antibiotic to be a phenolic substrate to attack and to 
detoxify by means of enzymatic transformation [49]. Similarly, Phlebia radiata has been shown to 
produce lignin-modifying enzymes for detoxification purposes when toxic compounds have been 
present in its environment [50]. 

The reusability of a treatment process is a very important factor in industrial applications 
because its reuse feasibility is a criterion sought by manufacturers for economic purposes. Four 
successive doses of AMP (500 mg L-1) were transformed by the same culture of C. gallica. Laccase was 
re-stimulated after each add of AMP in the same culture. It could be concluded that even if laccase is 
not the key enzyme responsible for AMP degradation, it could be involved in its biotransformation 
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reaction. Yang et al. (2017) investigated ampicillin degradation by immobilised Cerrena laccase. In the 
absence of a redox mediator, the degradation efficiency was < 40%. The mediator ABTS increased 
degradation efficiency to 55% [52]. Furthermore, Zhang et al. (2020a) reported effective degradation 
of ampicillin (100%) by free and immobilized laccase in different waters and proposed two 
degradation pathways involved in the ampicillin oxidized by laccase [53]. In the first degradation 
pathway, the process began with oxidation of the sulphur atom of ampicillin to generate a sulphur–
oxygen bond in the so-called molecules (TP365 and TP397). In the second pathway, however, the β-
lactam ring of ampicillin was directly opened and oxidized to generate TP366. Thus, the loss of 
antibiotic activity could be the result of the cleavage of the β-lactam ring which happened during the 
degradation of ampicillin by laccase. 

4. Materials and Methods 

4.1. Chemicals and Reagents 

Ampicillin sodium salt (CAS No. 69-52-3, ≥ 98.0%) and 2,6-dimethoxyphenol (2,6-DMP, 99%) 
were obtained from Sigma-Aldrich. All other chemicals and solvents used in this study were of an 
HPLC or reagent grade. 

Different concentrations of AMP ranging from 25 to 500 mg L-1 were obtained through 
appropriate dilution of the stock solution in distilled water. The maximum absorbance (λmax) of 
AMP was determined by means of UV-visible spectrophotometry (JENWAY 7315 
Spectrophotometer). The chemical structure and some characteristics of AMP are shown in Table 1. 

Table 1. Physico-chemical characteristics of AMP. 

Antibiotic Class λmax (nm) Chemical structure 

Ampicillin β-lactam 204 
 

4.2. Microorganisms 

The fungal strain used in this study was C. gallica CLBE55, a white-rot fungus isolated from a 
Tunisian forest biotope in the north-west and maintained via sub-culturing every 30 days on 2% malt 
extract agar slants at pH 5 and 30°C [54]. 

Escherichia coli (ATCC 25922) was used as a test strain for the measurement of the residual 
antibacterial activity of treated solutions. 

4.3. Experimental Procedures 

4.3.1. Follow-Up of AMP Concentration Time-Course in the Culture Medium 

All transformation experiments were performed in 500 ml Erlenmeyer flasks containing 150 ml 
of the M7 medium and inoculated with 1% of homogenised mycelium. The M7 medium contained 
(per litre): glucose, 10 g; peptone, 5 g; yeast extract, 1 g; ammonium tartrate, 2 g; KH2PO4, 1 g; 
MgSO4·7H2O, 0.5 g; KCl, 0.5 g; trace element solution, 1 ml. The composition of the trace element 
solution per litre was as follows: B4O7Na2·10H2O, 0.1 g; CuSO4·5H2O, 0.01 g; FeSO4·7H2O, 0.05 g; 
MnSO4·7H2O; 0.01; ZnSO4·7H2O, 0.07 g; (NH4)6Mo7O24·4H2O, 0.01 g. The pH of the solution was 
adjusted to 5.5. Cultures were incubated at 30°C on a rotary shaker (160 rpm). M7 was supplemented 
with CuSO4·5H2O (150 µM) after 3 days of cultivation as an inducer of laccase [48]. Each experiment 
was conducted in triplicate and included non-inoculated controls containing 150 ml of the same 
medium. After 4 days of cultivation, ampicillin was added to the flasks to give the desired 
concentration from a stock solution in water. Flasks were incubated in the dark, to exclude the 
influence of light on ampicillin stability, on an orbital checker in the same conditions as mentioned. 
In time course experiments, 1.5ml samples were periodically withdrawn, filtered and used for 
assessing the laccase and antibacterial activity. To follow the residual AMP during cultivation, 
samples were kept at -20°C until HPLC analysis. 
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4.3.2. In Vitro Analysis of Residual AMP 

Effect of the concentration of the antibiotic 
To study the ability of C. gallica to remove the antibacterial activity of high concentrations of 

antibiotics, different doses of ampicillin were added to the culture medium at a final concentration 
ranging between 25 and 500 mg L-1 on the fourth day of cultivation. Samples were withdrawn 
periodically, centrifuged and used to measure residual antibacterial and laccase activity. 

Effect of the age of the mycelia 
To investigate the influence of the age of mycelia on the removal of the antibacterial activity of 

ampicillin, the antibiotic solution was injected in cultures at different ages of fungi growing and of 
laccase production levels. The final concentration of ampicillin in different cultures was 500 mg L-1, 
and the ages of tested cultures were 0, 3, 7, 9 and 12 days of cultivation. 

Effect of the consecutive addition of ampicillin 
The following experiment studied the potential of a C. gallica culture for consecutive use in the 

treatment of the antibacterial activity of ampicillin. In this study, the antibiotic was re-injected in the 
same culture when the antibacterial activity of the previous concentration decreased to an 
undetectable level of antibacterial activity. The concentration of the antibiotic was the same as the 
first addition, which was 500 mg L-1. 

4.4. Analytical Procedures 

4.4.1. HPLC analysis of Ampicillin in C. gallica Culture Filtrate 

The concentration of AMP in the tested culture was measured by means of HPLC UV (Agilent 
1100 Series) equipped with a micro-vacuum degasser (Agilent 1100 Series), quaternary pump, diode 
array, and mass detector (Agilent Technologies 61120 Quadrupole LC/MS) at a wavelength of 204 
nm. The separation was performed on a ZORBAX SB-C18 (150 mm × 4.6 mm, 5 µm) column. The 
mobile phase was a mixture of A (H2O + 0.1% formic acid) and B (acetonitrile + 0.1% formic acid) at 
a flow rate of 1 ml min-1 (initial, 10% B; 15 min, 90% B; 25 min, 90% B; 26 min, 10% B; 36 min 10% B). 
The column temperature was set at 35°C, and 10 µl of each sample was injected. 

4.4.2. Antibacterial Activity Assay 

The antibacterial activity (ABA) of ampicillin before and after treatment was also evaluated via 
the agar well diffusion method [55]. E. coli cells were cultured overnight at 37°C with shaking (150 
rpm) in a lysogeny broth (LB) medium. Petri dishes containing an LB agar medium were inoculated 
aseptically with a suspension of 106 cells per mL from the young culture. After drying, agar was 
perforated with the upper part of a Pasteur pipette. The cavities thus formed were filled with the 
samples taken at different times of treatment (50 µl per well). The Petri dishes were incubated at 37°C 
for 24 hours. Growth inhibition was calculated by measuring the diameter of growth inhibition 
against the control as follows: 

Removal efficiency (%) =
(D0 − Dt)

D0
∗ 100 

Where D0 and Dt are the diameters of the growth inhibition zone (mm) corresponding to AMP 
injected on day 4 in the culture and the residual AMP at culture time t, respectively. 

4.4.3. Laccase Activity Assay 

Laccase activity was assayed by monitoring the oxidation of 10 mM of 2,6-dimethoxyphenol 
(DMP) (469 nm, ε469 = 27,500 M-1cm-1) in a reaction mixture solution containing 100 mM of citrate 
buffer at pH 5. One unit of enzyme activity was defined as the amount of enzyme oxidizing 1 µM of 
substrate min-1 [56]. 
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5. Conclusions 

This study investigated the biotransformation and detoxification of ampicillin the by C. gallica 
under different operational conditions. The selected fungus was able to transform AMP in a liquid 
medium after 6 days of treatment. Based on activities assays, laccase of C. gallica could be involved 
in enzymatic degradation of ampicillin and contribute, among other mechanisms, to the removal of 
antibacterial activity. The loss of antibacterial activity could be attributed to the cleavage of the β-
lactam ring under the action of laccase. Further experiments should be performed to investigate 
enzymes potentially involved in ampicillin degradation, such as proteomic analysis, and to identify 
transformation products generated during the treatment process by C. gallica. 

The good performance of C. gallica in the effective removal and detoxification of ampicillin 
makes it a promising candidate for environmental recovery as well as further prospects for eco-
friendly biological treatment processes to remove antibiotics from wastewater. 
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