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Abstract
The occurrence of drugs in the environment has called attention due to the adverse effects on the biotic
community. Nor�oxacin (NOR) is a compound widely used for treatment of serious bacterial infections in human
and animals, therefore its monitoring and toxicological effects have been investigated, mainly in aquatic
environment. In this study the biotransformation/biodegradation of NOR was followed in the presence of marine-
derived fungi for 35 days and the products was identi�ed by LC-MS/MS, based on the similarity between
experimental and theoretical exact mass. An analytical method was developed and validated to determine the
percentage of NOR biodegradation in the presence of fungi Penicillium raistrickii CBMAI 931 (34.07%), Aspergillus
sydowii CBMAI 1241 (58.91%), fungal consortium (57.05%) and in a mineral medium (59.35%).

Introduction
The occurrence of Pharmaceutically Active Compounds (PhACs) on the environment have so-called attention
about two decades ago as a new class of environment pollutants denominated “emerging contaminants” (Diaz
Garduno et al., 2017; Chiffre et al., 2016). The importance of these compounds is that they do not need to remain
on the environment to be considered persistent, due to the continuous input (Diaz Garduno et al., 2017; Chiffre et
al., 2016). The ability of these compounds to promote alteration on the biota such as, feminization of �shes and
induce the antibiotic resistance, was demonstrated by detection of trace amounts (ng L-1 to µg L-1) of hormones
and antibiotics, respectively, in surface waters and urban e�uents (Alda et al., 2003; Fick et al., 2009; Alexandrino
et al., 2017, Cui et al., 2019). The antibiotics are among of the PhACs more consumed around the world and
considering the 65 nations surveyed reported by the World Health Organization (WHO), Brazil takes the 19th
position on the consume of this class of compounds (https://saude.estadao.com.br/noticias/geral,brasil-supera-
europa-em-media-de-consumo-de-antibioticos-aponta-oms,70002607243).

The �uoroquinolones (FQs) are a group of antibiotic non-steroidal widely used for treatment of human and
veterinary diseases (Picó et al., 2007). The major source of FQs in the environment occurs by discharge in
wastewater e�uent and veterinary consume, which compromise the water quality for human consumption (Riaz
et al., 2018; Petrovic et al., 2003,

He et al., 2019). Cipro�oxacin (CIP), NOR and enro�oxacin are among of the FQs antibiotics more commonly
detected in aqueous-phase systems. Concentrations of 195 and 270 ng L-1 for CIP and NOR was found in an
in�uent sample of the wastewater treatment plant of São Carlos (SP, Brazil), respectively (Denadai and Cass,
2015). The potential of microorganisms (fungi and bacteria) to carry out the biotransformation and/or
biodegradation of different classes of pharmaceutical compounds in environment have been explored in the last
years (Maia et al., 2014; Parshikov et al., 2001; Alexandrino et al., 2017).

In line with these �ndings, our research group has been employed with success the use of bacteria and marine-
derived fungi in studies involving the biotransformation and/or biodegradation of different xenobiotics
(Alvarenga et al., 2015; Birolli et al., 2018; Birolli et al., 2020). Marine-derived fungi have been considered as an
attractive alternative due to their capacity to produce secondary metabolites intra and/or extracellular enzymes,
which are different of those produced by terrestrial fungi; also, they are easily cultivated in laboratory.

Thus, in this work the biotransformation and/or biodegradation of the antibiotic NOR was studied in the presence
of marine-derived fungi, i.g. Penicillium raistrickii CBMAI 931, Aspergillus sydowii CBMAI 1241, Cladosporium sp.
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CBMAI 1237 and Penicillium raistrickii CBMAI 1235 at arti�cial seawater (ASW). Also, an analytical method was
developed to quantify the residual amount of the antibiotic from studies with P. raistrickii CBMAI 931 and A.
sydowii CBMAI 1241.

Materials And Methods
2.1 Chemicals, solvents and culture media

Nor�oxacin antibiotic (NOR) (Lot: M343980) was donated by Vita Nova Institute of Hortolândia, SP, Brazil and
gently provided by SEPARARE – Núcleo de Pesquisa em Cromatogra�a at the Chemistry Department of the
Federal University of São Carlos. Salts (Section 2.3), reagents and solvents were obtained from Merck and Synth
(São Paulo, Brazil). Methanol and acetonitrile were HPLC grade purchased from J.T. Baker (Philipsburg, USA) and
for use on the mass spectrometer were LC-MS grade purchased from Panreac. Formic acid LC-MS grade was
purchased from Sigma-Aldrich (São Paulo, Brazil). Water used for the mobile phase was puri�ed through a Milli-Q
system from Millipore (São Paulo, Brazil). Malt extract and agar were purchased from KASVI (Paraná, Brazil). 

2.2 Marine-derived fungi used in biotransformation/biodegradation assays

 The marine-derived fungi employed in this work were isolated from marine sponges collected at São Sebastião
(São Paulo, state coast, Brazil), identi�ed by conventional and molecular methods at the CPQBA/UNICAMP
(Chemical, Biological and Agricultural Multidisciplinary Research Center, Brazil) and deposited in the CBMAI
(Brazilian Collection of Environmental and Industrial Microorganisms). (CBMAI-
http://webdrm.cpqba.unicamp.br/cbmai/, WDCM823). The strain Penicillium raistrickii CBMAI 931 was isolated
from Chelonaplysilla erecta marine sponge and the strains Aspergillus sydowii CBMAI 1241, Cladosporium sp.
CBMAI 1237 and Penicillium raistrickii CBMAI 1235 were isolated from Dragmacidon reticulate marine sponge.

2.3 Marine-derived fungi growth on a solid medium

Marine-derived fungi were cultivated on Petri plates containing malt extract 2% 
(20.0 g L-1) and agar (20.0 g L-1) in distilled water or ASW with pH adjusted to 7.0. The composition of ASW was:
CaCl2·2H2O (1.36 g L-1), MgCl2·6H2O (9.68 g L-1), KCl (0.61 g L-1), NaCl (30.0 g L-1), Na2HPO4 (0.014 mg L-1),

Na2SO4 (3.47 g L-1), NaHCO3 (0.17 g L-1), KBr (0.10 g L-1), SrCl2.6H2O (0.04 g L-1), and H3BO3 (0.03 g L-1). The
solution containing the solid culture medium was sterilized in autoclave (AV-50, Phoenix, Brazil) by 20 min at 120
°C to subsequently inoculation of the marine-derived fungi.

Marine-derived fungi growth in a liquid medium

A liquid medium was prepared in Erlenmeyer �asks (250 mL) containing 100 mL of ASW and 2% (w/v) malt
extract, pH 7. The inoculation was carried out with ten circular slices (0.5 cm diameter) from a fungus culture
previously incubated for 7 days at 32 °C (B.O.D. 411D, Nova Ética, Brazil). 

 Biotransformation/biodegradation assays

 Different studies were performed in liquid culture medium to evaluate the best conditions for nor�oxacin
degradation by marine-derived fungi. 
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(A): To the liquid culture medium 5.0 mg of NOR (0.1 mg mL-1) was added and inoculated with microorganisms
for 35 days at 32 oC, 130 rpm. 

(B): The microorganisms were grown in liquid culture medium for 5 days and after this time, 5.0 mg of nor�oxacin
(0.1 mg mL-1) was added and incubation was continued for 30 days at 32 oC, 130 rpm.

(C): This experiment was carried out as described in (a), with inoculation of marine-derived fungi in liquid culture
medium in the absence of nor�oxacin (biotic control). 

(D): This experiment was carried as abiotic control (absence of microorganisms), with addition of nor�oxacin only
(0.1 mg mL-1) in a solution of 50 mL phosphate buffer (Na2HPO4/KH2PO4, pH 7). 

All the assays were carried out in triplicate (n=3) and maintained for 35 days in orbital shaker (130 rpm, 32 ºC).
The formation of biotransformation/biodegradation products was followed by 1 mL of aliquots collected from
the experiments (A), (B), (C) and (D) in an interval of 7 days. The aliquots were submitted at liquid-liquid extraction
with ethyl acetate (3 × 1.0 mL), resuspended in methanol and analyzed by LC-UVvis. 

After incubation (35 days) the residual liquid medium (~ 20 mL) was �ltered for cell removal and extracted with
ethyl acetate (3 × 20 mL). To the organic phase anhydrous Na2SO4 was added before �ltering and the solvent
was evaporated under vacuum. The aqueous phase was lyophilized and the residual extract from organic phase
was resuspended in 10.0 mL of methanol and analyzed by liquid chromatographic and LC-QqTOF to identify the
biotransformation products. The extraction of the mycelia with ethyl acetate following was carried out followed
the same procedure as the liquid phase with the enzymatic broth, however, no biotransformation products were
detected in the mycelia.

Analytical methods

 Residual concentration of NOR was monitored by LC with UVvis detection at 278 nm using a Shim-pack VP-ODS
reversed phase as the stationary phase (150 × 2.1 mm i.d., 3 μm- Shimadzu) and a mixture of 0.5% acid formic
(v/v) (eluent A) and methanol (eluent B) as the mobile phase. The gradient elution was linear from 12 to 85% of
eluent B in 20 min, and then 65-85% of B in 4 min. The �ow rate and injection volume were 0.250 mL min-1 and 2
μL, respectively at 30 oC. The equilibration time was 5 min. The biotransformation products were identi�ed by LC-
QqTOF after 35 days of incubation. The analyses were performed at the same conditions described above,
however with both mobile phases acidi�ed with formic acid. The analyses were carried out in n Agilent 1290
In�nity II series liquid chromatography system consisting of a membrane degasser, binary pump, thermostatted
column compartment and autosampler interfaced to a quadrupole time of �ight tandem mass spectrometry
(QqTOF) Bruker Daltonics Impact HD instrument equipped with an electrospray ion source (ESI) (Bruker Daltonics,
Germany). The ESI and MS parameters were as follows: gas temperature, 200 ºC; drying gas �ow rate 8.0 L min-1;
nebulizer pressure, 1.5 bar; end plate offset voltage, 500 V; capillary voltage, 4000 V; funnel 1 RF pk-pk voltage,
250.0 V; funnel 2 RF pk-pk voltage, 150 V; hexapole RF pk-pk voltage, 50.0 V. A sprayer with a reference solution
was used for continuous calibration. The acquisition and data processing were performed using the Compass®

software (Bruker Daltonics, Germany). Spectra were acquired in the positive mode over the m/z range of 100-
1000.

Standard solution and spiked samples 
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A stock solution of NOR (1.0 mg mL-1) was prepared in an ultrapure water and methanol (90:10). Using the
appropriated stock solution, standard working solutions for calibration and quality controls (QCs) were prepared
with the following concentrations: 0.05, 0.10, 0.20, 0.40, 0.60, 0.80 mg mL-1 and 0.06, 0.48, 0.76 mg mL-1,
respectively. 

To prepare the calibration standards and quality control samples, different aliquots of the appropriate working
solutions were spiked in autosampler vials containing biological matrix (biotic control), in a total volume of 1.0
mL. The biological matrix was prepared from inoculation of the marine fungus A. sydowii CBMAI 1241 grown in
orbital shaker (32 oC, 130 rpm) for 7 days in absence of NOR.

The cultures were sterilized in autoclave at 121 oC for 20 minutes after cooling, the liquid-liquid extraction was
performed with ethyl acetate (3 × 25 mL) and 1.0 mL of the aqueous phase was transferred to eppendorf tubes
and dried in SpeedVac. The spiked samples were vortex mixed for 30 s and analyzed by LC UVvis and LC-QqTOF.

Method validation

The analytical methods were validated in accordance with internationally accepted criteria (Cassiano et al., 2009;
FDA 2001; ANVISA 2003; OJEC 2002, Barreiro et al., 2010). The linearity was evaluated using six blank matrices
samples (biotic controls) spiked in triplicate at six different concentration levels. External calibration curve was
constructed by plotting the peak area vs concentration. For selectivity evaluation blank samples of biological
matrix were individually analyzed and compared with spiked samples of biological matrix at concentration of
0.10 mg mL-1 regards to the presence of interferents compounds as described in Section 2.5.  

The intra- and inter-day precision and accuracy were determined by analysis of the three QC samples prepared in
quintuplicate. Precision was expressed as coe�cient of variation (CV) of the replicate measurements and the
accuracy of the method was evaluated by back-calculation and expressed as the percentage of deviation between
the amount found and the amount added at the three concentrations examined. 

 Blank matrices (biotic and abiotic control – Section 2.5) spiked at the three QC concentrations were used for the
recovery assay, which was calculated by comparing the peak areas of the compounds with those of similar
concentrations in methanolic standard solutions.

The limit of detection (LOD) and limit of quanti�cation (LOQ) values were determined from spiked blank matrices
samples (biotic and abiotic control – Section 2.5) and were assumed as the minimum detectable amount of NOR
with a signal-to-noise (S/N) ratio of 3 for the LOD. The LOQ was the lowest calibration level with the accepted
criteria that the precision and the accuracy for three extracted samples had variability of less than 20%. The
chemical stability of NOR was evaluated using three QC samples, at room temperature, as freshly prepared
samples, and after 24 h (autosampler stability). A CV of less than 15% was the criterion for the stability
evaluation. 

Results And Discussion
3.1 Effect of nor�oxacin addition during and after fungi inoculation

        The effect of NOR (0.1 mg mL-1) addition was evaluated during and after 5 days of fungi inoculation,
experiments A and B, respectively. Aliquots of 1.0 mL of each experiment (A, B, C -biotic control and D -abiotic
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control) were collected in an intervals time of 7 days for 35 days of incubation (Section 2.5). A liquid-liquid
extraction of the samples was performed to follow the formation of biotransformation products and controls
experiments by LC-UVvis. At the end of 35 days of incubation, a liquid-liquid extraction of the total volume
remained was carried out and both aqueous and organic phases were analyzed. The presence of NOR it was not
detected in the aqueous phase samples, however in the organic phase extract a different pro�le of the
chromatogram it was observed. These �ndings suggested that the NOR could be modi�ed by the fungi.

        A screening experiments of marine fungi were carried out, and the samples were selected for analyses on the
LC-QqTOF to identify the structures of the possible compounds obtained (Figure 1). The Figure 1 shows the
chromatograms obtained by LC-QqTOF for the organic phases fractions of the reactions from experiments A, B, C
and D. (I) P. raistrickii CBMAI 931, 14 days of incubation; (II) P. raistrickii CBMAI 1235, 35 days of incubation; (III)
A. sydowii CBMAI 1241, 14 days of incubation and, (IV) A. sydowii CBMAI 1241, 35 days of incubation. No
differences were observed on the chromatographic pro�le for the samples when NOR was added during (A –
Section 2.5) and after (B – Section 2.5) inoculation of the fungi. 

Total chromatograms ions (TIC) obtained by LC-QqTOF analyses for the organic phases of Experiment A with A.
sydowii CBMAI 1241 (a); P. raistrickii CBMAI 1235 (b) – after 35 days of incubation;  Experiment B with P.
raistrickii CBMAI 931 (c) – after 14 days of incubation followed by their extracted ions chromatograms (EIC),
respectively, d) and total chromatograms ions (TIC) of Experiment D in phosphate buffer, pH 7,0, and their their
extracted ions chromatograms (EIC)

3.2 Biotransformation products identi�ed by LC-QqTOF 

        The formation of biotransformation products was observed for the experiments in the presence of P.
raistrickii CBMAI 931, P. raistrickii CBMAI 1235 and A. sydowii CBMAI 1241 fungi. Table 1 illustrated the
suggested structures for protonated molecules [M+H]+ of the products formed in the presence of these fungi and
abiotic control. All of them were derived from the NOR added to the assays. The total ion current chromatograms
(TIC) of blanks (biotic and abiotic controls) were compared with the TIC samples to identify possible products.
The biotic control did not exhibit any peak corresponding the biotransformation products.

The mass spectra of blank (control) and samples were compared by overlapping and the suggested compounds
were determined considering the retention time in the extracted ion chromatogram (EIC). The presence of ion
at m/z 232.1194 (compound 2) was previously proposed by Gao et al. (2018) in a biotransformation studies in
pure and co-culture of terrestrial fungi Phanerochaete chrysosporium CGMCC 5776 and Pycnoporus sanguineus
CGMCC 5815 strains. The pure culture of P. sanguineus was more e�cient in biotransformation of nor�oxacin,
which suggested a full degradation of piperazinyl group with a loss of �uorine atom of nor�oxacin structure
(Table 1). In this study was revealed that cytochrome P450 (CYP-450) enzymes are involved in the oxidation
process of nor�oxacin antibiotic being responsible to catalyze reactions including hydroxylation, epoxidation,
dehalogenation, oxidative deamination, S-, N-, and O-dealkylations and the breaking of C-C bonds, showing
different applications in biotransformation reactions (Snyder, 2000). Enzymes from marine micro-organisms have
been responsible to metabolize a variety of endogenous compounds such as steroids, fatty acids, eicosanoids.
Also, these enzymes have shown the ability to degrade xenobiotics as aromatic hydrocarbons, polychlorinated
biphenyls, inseticides and drugs (Rodrigues et al., 2016; Snyder, 2000). Prieto et al. (2011) have been observed the
oxidation of piperazinyl group from CIP and NOR with a net loss of C2H2 at the piperazinyl substituent in the
presence of T. versicolor.
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        The ion at m/z 251.0824 (compound 3) was identi�ed in the presence of A. sydowii CBMAI 1241 and P.
raistrickii CBMAI 1235 assays. The structure was suggested based on the complete degradation of piperazinyl
group. Parshikov et al. (2001) have proposed it during the biotransformation assays by terrestrial fungus
Pestalotiopsis guepini. Similar degradation has already been described in biotransformation assays with a group
of white rot fungi (Trametes versicolor, Irpex lacteus, Dichomitus squalens and Pleurotus ostreatus) under static
conditions for 14 days, in the dark (Cvancarova et al., 2015). Also, the compound 3 was found in the presence of
the fungi Trametes versicolor by Prieto et al. (2011) and described as a metabolite of oxidation process by
enzymes of cytochrome P450. This structure is resulted of the main degradation pathway of nor�oxacin. 

        The ion at m/z 334.1563 was observed from 14th day of incubation in the presence of A. sydowii CBMAI
1241 and P. raistrickii CBMAI 931. Two structures were proposed for this ion. The compound 4 was suggested
based in the oxidation of piperazinyl substituent as discussed by Prieto et al. (2011). While, the compound 5 with
an addition of methyl group in nitrogen atom of piperazinyl group, that can be done by action of N-
methyltransferase enzymes. The methylation occurs by transference of methyl group by N-methyltransferase  

        The ion at m/z 336.1352 was detected only in the abiotic control after 35 days of incubation. The compound
6 was suggested based in opening of the piperazine ring and its oxidation, which can be a result of
photochemistry reaction according to Kim et al. (2011). The ring oxidation is one of the �rst steps in the
degradation of �uoroquinolones. Reactive oxygen species, such as hydroxyl radicals can be formed during fungal
degradation or in the presence of light (Kim et al., 2011; Santoke et al., 2009). The formation of these radicals
initiates a degradation of �uoroquinolone leading to a removal of �uorine atom, hydroxylation or partial
dealkylation (Santoke et al., 2009) as suggested in this study for the formation of compound 6. 

        The compound 7 at m/z 336.1352 was identi�ed as desethylene-N-acetylnor�oxacin. According to Kim et al.
(2011), this �nding is resulting from photochemical reactions on the structure of NOR once the reactions were
carried out in the presence of light. Therefore, the presence of acetyl group attached in piperazine moiety in the
abiotic sample indicates that the acetylation could be occurred during the process of extraction using ethyl
acetate. This structure was observed and proposed before in studies of biotransformation of �uoroquinolone
using bacteria (Maia et al., 2014) and terrestrial fungi (Parshikov et al., 2001; Prietto et al., 2011; Cvancarová et al.,
2015); however the N-acetylation of nor�oxacin in the piperazine substituent can be also provided by action of
aminoglycoside N-acetyltransferase which is present in some terrestrial fungi (Kim et al., 2011). The formation of
this compound 7 in both abiotic and biotic assays can be explained by lability of piperazine ring in the
�uoroquinolone compounds (Kim et al., 2011). The oxidation of piperazine ring observed in abiotic control is
explained by a result of photochemical reactions (Santoke et al., 2009). The half-lives of •OH, generated by
sunlight, is relatively slow which suggest the formation of compounds 6 and 7 in this study, after 35 days of
incubation. Also, the compound 7 was detected in biotic assays by terrestrial fungus Pestalotiopsis guepini which
were incubated for 18 days (Parshikov et al., 2001). 

          The ions at m/z 338.1141 with retention time of 12.70 minutes (compound 8) and at m/z 348.1350 with
retention time of 15.13 minutes (compound 9) were detected in abiotic control, after 35 days of incubation.
According to Kim et al. (2011) the structure of compound 8 corresponds to a partial degradation of piperazinyl
group, followed by an oxidation of nitrogen-linked CH group and hydroxylation in aromatic ring. 

          Parshikov et al. (2001) and Cvancarová et al. (2015) observed and proposed the structure for the compound
9, illustrated in Table 2, by the chemical shift of the singlet and the mass spectrum which indicated that a formyl
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group was attached at secondary nitrogen of the piperazine ring by fungi enzymatic action. 

          The structure of compound 10 was detected in biotransformation assay with P. raistrickii CBMAI 1235 after
35 days of incubation. For this compound it was suggested an oxidation in CH2 groups of piperazine ring and
hydroxylation in aromatic ring by CYP-450 enzymes (Kim et al., 2011; Santoke et al., 2009; Rodrigues et al.,
2016; Snyder, 2000). 

          The ion at m/z 350.1501 was detected in biotransformation assay in the presence of A. sydowii CBMAI
1241 after 35 days of incubation. Two different structures were proposed for this ion. One of them, compound 11,
was suggested an addition of methyl group to the nitrogen at piperazine ring by methyl transferases, followed
hydroxylation of aromatic ring with cyclizing at ethyl group substituent by action of methyl transferases enzyme. 

          For the compound 12, was based in an opening of piperazine ring followed by oxidation of CH2 group in the
same ring (Kim et al., 2011; Santoke et al., 2009). There is no description in the literature for the occurrence of
these proposed structures in experiments involving the biotransformation of NOR. It is important to notice that the
structures illustrated on Table 1 were proposed based on the molecular formula and similarity between theoretical
and experimental masses, with the respective errors calculated for the structures between 2.5 and 4.5 ppm (<5.0
ppm) (Kӧfeler and Gross, 2005). A. sydowii CBMAI 1241 and P. raistrickii CBMAI 1235 showed to be promising on
the biotransformation of NOR due to differences among identi�ed structures providing potential to promote
modi�cation on the �uoroquinolone structure.

3.3 Method validation for quanti�cation of nor�oxacin 

       The analytical method was validated considering the aqueous phase fraction due to the presence of NOR in
this phase, however the biotransformation products it was observed in the organic phase after extraction using
ethyl acetate. The calibration curves were linear in the range studied (0.05, 0.1, 0.2, 0.4, 0.6 and 0.8 mg mL-1), with
mean determination coe�cient (R2, n=3) of 0.99. Precision was lower than 14% and accuracy values were
between 94 and 108% (Table 2). 

        The LOQ and LOD obtained are given in Table 2. Intra-day (n=3) and inter-day precisions as well as
accuracies of the method were assayed by analyzing replicates (n=5) of three QC (low, medium and high
concentrations) on three consecutive days. Accuracy values were between 83 and 96% and inter and intra-day
precision (RSD) < 10% (Table 3). The recovery of the method was evaluated in replicates (n=5) using heat-killed
cells of A. sydowii CBMAI 1241 (according to Section 2.7). The peak areas of methanol solutions at three
different control levels were compared with those spiked samples. The recoveries values for low, medium and
high-quality controls were 97.28%, 68.20% and 73.49%, respectively. The room temperature stability assays
demonstrated that the QC samples were stable in auto-sampler tray for 24 hours. The data are showed in Table 3.

3.4 Application of the analytical methods for quanti�cation of nor�oxacin 

The analytical method was applied to quantify the concentration of nor�oxacin in the presence of fungi P.
raistrickii CBMAI 931, Cladosporium sp. CBMAI 1237, A. sydowii CBMAI 1241 and P. raistrickii CBMAI 1235. Figure
2 illustrates the percentage of NOR biodegradation in the presence of fungi P. raistrickii CBMAI 931 (34.07%) and
A. sydowii CBMAI 1241 (58.91%). It is worth mentioning, that for these fungi the biotransformation products were
also observed. No changes on the concentration of NOR was observed for the fungus P. raistrickii CBMAI 1235,
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whereas for the Cladosporium sp. CBMAI 1237 fungus the �nal concentration of NOR was below to the limit of
quanti�cation of the method. 

 Figure 3 illustrates the percentage of NOR degradation in the presence of A. sydowii CBMAI 1241 (58.91%),
consortium (A. sydowii CBMAI 1241, P. raistrickii CBMAI 931 and P. oxalicum CBMAI 1996) (57.05%) and mineral
medium (59.35%), respectively.

No differences it was observed on the percentage of NOR biodegradation in the presence of fungus A. sydowii
CBMAI 1241, consortium and mineral medium. The percentage of degradation observed in mineral medium,
suggests that the fungus can use the drug as a source of nutrient to sustain its metabolism, although none
product had been observed. A synergic effect should be expected in the presence of consortium, which would be
provide an increase in the biodegradation rate of the drug, however it was not observed. 

Conclusion
The potential use of marine-derived fungi for biodegradation/biotransformation of NOR was reported in this work.
No differences were observed on the fungi growth with addition of nor�oxacin in the inoculation and after 5 days
of inoculation. Biotransformation products were observed for both experiments, however when the NOR was
added in the 1st day of inoculation these compounds were identi�ed from 14th day and the residual concentration
of NOR was below of LOQ, for all fungi investigated. The percentage of degradation was determined for the
experiment in the presence of fungi P. raistrickii CBMAI 931 and A. sydowii CBMAI 1241 with addition of NOR
after 5 days of inoculation as being 34.07% and 58.91%, respectively. In the presence of the fungus P.
raistrickii CBMAI 1235 no changes were observed in the concentration of NOR, whereas when Cladosporium sp.
CBMAI 1237 fungus was used the concentration of NOR was below of LOQ. No signi�cant differences were
observed on the percentage of NOR degradation in mineral medium (59.35%) and a consortium (57.05%) assays.
The structures of biotransformation products were proposal based on the full scan analyses by LC-QqTOF, and in
a previous studies reported which consider the common reactions that can be occur in the piperazinyl group of
quinolones, such as an opening and oxidation of piperazinyl ring until it complete degradation. The analytical
method provided good accuracy and precision for the determination of the percentage of NOR biodegradation. 
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Tables
Table 1 is available in the Supplementary Files section

Table 2 Accuracy and precision for the standard calibration curve

NOR Accuracy

(%)

RSD

(%)

0.05 98.51 8.59

0.1 103.62 14.10

0.2 99.64 5.13

0.4 108.30 5.21

0.6 99.50 1.76

0.8 94.56 8.65

From: Biotransformation of antibiotic nor�oxacin by marine-derived fungi

Table 3 Accuracy and intra- and inter-day precision for the NOR quanti�cation method
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Nominal
concentration 

(mg mL-1)

    1st daya 2nd daya 3rd daya Average 

(3 days)b

Recovery

(%)

  Accuracy
(%)

RSD
(%)

Accuracy
(%)

RSD
(%)

Accuracy
(%)

RSD
(%)

Accuracy
(%)

RSD
(%)

 

 

97.28

68.20

73.49

0.06 82.95 2.85 86.58 3.67 96.25 24.27 88.59 10.6

0.48 89.19 1.66 90.60 2.07 90.92 11.66 90.24 5.13

0.76 88.46 0.75 88.46 0.83 88.47 11.58 88.46 4.39

From: Biotransformation of antibiotic nor�oxacin by marine-derived fungi
a n=5

b n=15

Figures

Figure 1

a) A. sydowii CBMAI 1241 – Experiment A 

b) P. raistrickii CBMAI 1235 – Experiment A.

c) P. raistrickii CBMAI 931 – Experiment B.  

d) TIC for Experiment D, after 35 days of incubation in phosphate buffer, pH 7,0 followed by its EIC, respectively.



Page 14/15

Figure 2

Bar graphical for the percentage of the NOR biodegradation in the presence of P. raistrickii CBMAI 931 and A.
sydowii CBMAI 1241.

Figure 3

Bar graphical for the percentage of NOR biodegradation in the presence of fungus CBMAI 1241, consortium and
mineral medium.
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