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Abstract: The prevalence of multidrug-resistant microorganisms results in an ~ARTICLE HISTORY
urgent peed for 'the development of new antimicrobial .agents or new treatment Received: Sep. 17, 2021
strategies. In this sense, plants serve different alternatives. Berberine, a plant-
derived compound, is one of the alkaloids known to display antimicrobial Revised: Jan. 30, 2022
activity against several types of microorganisms, while its being a substrate of  Accepted: Feb. 16, 2022
various efflux pumps causes a decrease in its efficacy. Biotransformation

makes it possible to obtain novel or more effective compounds with only minor  pyWORDS
structural modifications wusing enzyme systems. In this study,

biotransformation of berberine by Curvularia lunata was examined. The Biotransformation,
working concentration of berberine was determined by observing the microbial  Berberine,

growth on agar plates. The concentration of residual berberine in the media was
analyzed by HPLC. In addition, laccase and beta-glucosidase enzyme activities o ) )
were followed for their possible roles during the biotransformation of Antimicrobial resistance.
berberine. The results show that at the end of 14 days, C. lunata consumed 99%

and 87% of berberine with the initial concentrations of 0.35 mg/mL and 0.5

mg/mL, respectively. Enzyme activities were not affected significantly. Since

the concentration of berberine decreased, the biotransformation of berberine by

C. lunata could be mentioned. Monitoring of biotransformation products plays

a crucial role in discovering novel antimicrobial compounds and new valuable

molecules.

Curvularia lunata,

1. INTRODUCTION

Biotransformation is defined as the process in which biological systems (cells or enzymes)
convert chemical compounds into structurally related products (Eliwa et al., 2021; Liu & Yu,
2010; Sultana, 2018). It has numerous advantages over chemical methods/organic synthesis
such as having high regio-/stereo-/enantiospecificity, mild process conditions, and lower costs
and being environmentally friendly (Rozzell, 1999; Sultana, 2018). Biotransformations are
generally composed of acetylation, esterification, glycosylation, hydrolysis, hydroxylation,
isomerization, methylation, oxidation, and reduction reactions which can result in the formation
of several intermediates and final compounds. These products of biotransformation have been
used in agrochemical, food, pharmaceutical, and other industries for centuries (Fura, 2006; Giri
et al.,2001; Pervaiz et al., 2013). Additionally, biotransformation reactions are applied for the
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specific conversion of natural compounds such as alkaloids, steroids, and terpenoids using
different catalysts like plant cells, microbial cells, or isolated enzymes to obtain their derivatives
(Liu & Yu, 2010). Microbial biotransformation is an important part of white biotechnology and
gains prominence in the pharmaceutical industry due to its numerous advantages including low-
cost and simple repetitive processes, large amounts of biomass production in a short time, novel,
more active, or less toxic products from natural or synthetic compounds, and ease of scale-up
(Bianchini et al., 2015).

Antimicrobial resistance has been regarded as one of the most important health concerns and
natural products are promising candidates to overcome this problem with their divergent
structures and multi-target properties (Avci et al., 2018). In addition, natural products are
valuable sources of drug leads. Biotransformations have become crucial for the structural
diversification of natural compounds and led to optimization in drug discovery and
development (Venisetty & Ciddi, 2003). The biotransformation of many natural products
including phytosterols, steroids, terpenes, alkaloids, and flavonoids by different bacteria and
fungi has been reported in the literature (Bukvicki et al., 2021).

In the light of given information, this current study aims to examine the biotransformation
of berberine by the fungus Curvularia lunata, a microorganism preferred for biotransformation
due to its capacity to transform natural substrates (Collins et al., 2001; Schmeda-Hirschmann
et al., 2004). No work about the biotransformation of berberine by C. lunata has been found
during our literature research.

2. MATERIAL and METHODS
2.1. Chemicals and Microorganism

Berberine chloride hydrate (CAS No. 141433-60-5) and all other chemicals were purchased
from Sigma-Aldrich.

Curvularia lunata ATCC 12017 was obtained from the American Type Culture Collection
(Manassas, Virginia, US).

2.2. Effect of Berberine on C. lunata Growth

To determine the effect of berberine on the growth, the radial growth of C. lunata was followed.
Cut mycelial discs (1x1 cm) from 7-days grown fungi were placed at the center of potato
dextrose agar (PDA) plates containing different berberine concentrations (0, 0.1, 0.35, 0.5, 1, 2
mg/mL). The growth was followed for 14 days at 24 °C and expressed in mm by measuring the
diameter of the colony.

2.3. Biotransformation of Berberine

The biotransformation experiments were carried out in 50 mL of potato dextrose broth (PDB)
inoculated with 7-days grown C. lunata on 1xlcm agar discs. Berberine was added to 3-days
grown cells in PDB with a final concentration of 0.35, 0.5, and 1 mg/mL. Cells were incubated
at 24 °C and 114 rpm for 14 days. The control culture was grown without berberine under
identical conditions.

2.4. Analysis of Residual Berberine Amount Using HPLC

The concentration of the residual berberine in media was monitored by high-performance liquid
chromatography (HPLC) system with a reverse-phase Poroshell 120® C18-EC (50 x 4.6 mm
1.d. and 2.7-pm-film thickness) column. The column temperature was 30 °C and the injection
volume was 20 pL. A solution of Acn:H>O (1:9) was used as the mobile phase at a flow rate of
0.6 mL/min. Samples collected after the 0, 8%, and 14" days of biotransformation were filtered
through a 0.22 pum pore size syringe filter and injected into HPLC. The analyses were carried
out using at least three replicates.
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2.5. Enzymatic Studies

Laccase and beta-glucosidase activities were measured to examine their effects on the
biotransformation of berberine at different concentrations (0-1 mg/mL). Samples were collected
after 0, 8, and 14 days of incubation. The mycelia were separated from the fungal culture using
Whatman filter paper and then the culture was filtered through a 0.22 pm pore size filter.
Culture broth without berberine was used as the control. Enzyme activities were measured using
at least three replicates.

2.5.1. Laccase activity assay

Laccase activity was determined by measuring the oxidation of the substrate 2, 2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) - ABTS. The assay mixture containing 950 pL acetate
buffer (0.1 M, pH 4.5), 200 uL. ABTS (15 mM), and 50 pL sample was incubated at room
temperature for 30 min. The absorbance was read at 420 nm using spectrophotometer. One unit
(U) of laccase activity was defined as the enzyme amount which oxidizes 1 umol of ABTS per
minute under the assay conditions.

Laccase activity was calculated through the equation below:
U/L = [ (AA/t)/ £.d] x (1 x 10% pumole/mole) x (V¢/Vs)

AA: Absorbance change at 420 nm (AOD: ODassay-ODblank)
t: Reaction time (30 min)

&: Extinction coefficient of the substrate (36000 M-' cm™)
d: Lightpath (1 cm)

Vi: Total reaction volume (1.2 mL)

V: Sample volume (0.05 mL)

2.5.2. Beta-glucosidase activity assay

Beta-glucosidase activity was measured using 4-Nitrophenyl B-D-glucopyranoside — pNPG —
as the substrate. The assay mixture containing 800 uL acetate buffer (0.1 M, pH 4.5), 100 pL
pNPG (10 mM), and 100 pL sample was incubated at 45 °C for 15 min. After the addition of 1
mL Na,COs3 (1 M) to the mixture to stop the reaction, the absorbance was read at 420 nm. One
unit (U) of beta-glucosidase activity was defined as the enzyme amount required to release 1
umole of pNP (p-Nitrophenol) per minute under the assay conditions.

Beta-glucosidase activity was calculated through the equation below:
U/mL=[ (AA/t) / e.d] x (V¢/Vs)

AA: Absorbance change at 420 nm

t: Reaction time (15 min)

&: Extinction coefficient of the substrate (18.1 cm?/umole)
d: Lightpath (1 cm)

Vi Total reaction volume (1 mL)

V;: Sample volume (0.1 mL)

3. RESULTS and DISCUSSION

The prevalence of multidrug-resistant microorganisms causes a serious worldwide health crisis.
The development of new antimicrobials or improvement of the effectiveness of current ones
might be a solution to this alarming problem. Plant-derived substances are promising sources
in antimicrobial drug design. Berberine is a valuable alkaloid in the search for effective and
novel antimicrobial compounds with its antimicrobial activity against several types of
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microorganisms. However, being a substrate of many multidrug efflux pumps in
microorganisms reduces its efficacy.

Biotransformation is a process used to develop metabolites with greater pharmacological
activities. Minor structural modifications in the substances can be done through different
reactions performed by enzyme systems (Bianchini et al., 2015). Biotransformation is also
considered to decrease the toxicity of a drug and transform it into a more polar and easily
excreted metabolite in the pharmaceutical industry (Pervaiz et al., 2013). In the current study,
experiments for the biotransformation of berberine using C. lunata were performed.

3.1. Determination of Berberine Working Concentration and Addition Time

3.1.1. Effect of berberine on C. lunata growth

To determine the berberine working concentration, fungal growth on PDA plates containing 0,
0.1, 0.35, 0.5, 1, and 2 mg/mL concentrations of berberine was observed.

Figure 1. Radial growth of C. lunata in the presence of different berberine concentrations.

10 1 == Control

1 == 0,1 mg'mL

=

® o — 0.3Fmp'ml
== 0.5 mg/mL
— ? I -
g == | mpiml
E 6 | - 2 mgmL
= 5
£ 4
2 34 :
2
Ly ®
0
] 2 4 i & 10 12 14

Time (days)

Figure 1 and Table 1 show that the growth (rate) in PDA plates decreased with the increasing
berberine concentrations. At the end of 14 days of incubation, the PDA plates with 0.1 and 0.35
mg/mL berberine concentrations were covered with C. lunata completely although the growth
was initially slower. The growth rate dropped to 50% with 0.5 mg/mL berberine and it was seen
that the whole PDA plate was not covered with the fungal cells. It was observed that C. lunata
growth was inhibited much when berberine concentration was > 1 mg/mL. The radial growth
was very slow at 1 mg/mL concentration while 2 mg/mL berberine completely inhibited the cell
growth. The radial growth of the fungus increased with the longer incubation periods.

Table 1. Radial growth rates (mm.day™) of C. lunata at different berberine concentrations.

Berberine Concentration (mg/mL) Radial Growth Rate (mm.day")
0 0.818
0.1 0.724
0.35 0.634
0.5 0.464
0.176
2 0
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3.1.2. Determination of the berberine addition time

The chemicals used in biotransformation may inhibit cell growth. Thus, if these compounds
were added to the media with the inoculum simultaneously, there would be no biomass to carry
out the biotransformation. Therefore, the process initiation time was investigated. As expected,
there was no growth when berberine was added to the fresh PDB together with the C. lunata
cells. A reasonable growth was observed when berberine was added to 3-days grown cells.

According to the results obtained, three concentrations, 0.35, 0.5, and 1 mg/mL, were
selected as the working concentrations for the biotransformation experiments. Berberine was
added to 3-days grown C. [unata cells and the disappearance of berberine was followed for 14
days.

3.2. Analysis of Biotransformation

The disappearance of berberine was monitored using HPLC. Samples with different berberine
concentrations were prepared and they were injected into the HPLC system using Acn: H,O
(10:90) as the mobile phase. The retention time of berberine was determined to be between 3.5
— 4 min. Residual berberine amounts of the biotransformation reactions were monitored using
the same procedure.

HPLC results showed that the concentration of berberine in PDB was effectively reduced by
C. lunata if it was below 1 mg/mL. C. lunata cells degraded 99% and 87% of berberine with
the initial concentrations of 0.35 mg/mL and 0.5 mg/mL, respectively, after 14 days of
incubation. The change in berberine concentration was negligible with 1 mg/mL berberine
because of the slow cell growth at this concentration. Only 15.7% of the berberine was degraded
in the same period (Figure 2). The intracellular accumulation of berberine was negligibly small
for all working concentrations.

Figure 2. HPLC analysis of residual berberine amounts for 0.35, 0.5, and 1 mg/mL berberine
concentrations.
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Additionally, thin layer chromatography (TLC) was applied to 14" day samples with initial
concentrations of 0.35 and 0.5 mg/mL berberine. The results of the study confirm that C. lunata
can degrade the available berberine. However, more interestingly, although berberine was

consumed by the cells, no other alkaloid was observed as the biotransformation product after
the HPLC analysis and TLC.
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3.3. Enzyme Activities During Biotransformation

Biotransformation of chemicals is commonly achieved with the help of different enzymes
synthesized by the cells and their concentrations/activities can give clues about the
transformation pathway. Sing et al. (2017) investigated the biodegradation of ciprofloxacin by
Pleurotus ostreatus through examining the effect of ciprofloxacin on the growth rate and
enzyme activity. It was observed that ciprofloxacin had stimulated the enzymatic activity of the
fungus (Singh et al., 2017). C. lunata produces several extracellular enzymes including beta-
glucosidase and laccase (Banerjee, 1992). In the light of this information, enzymatic assays
were performed to research laccase and beta-glucosidase activities in our study. Since there was
no significant change in the concentration for 1 mg/mL berberine, the effects of 0.35 and 0.5
mg/mL of berberine on laccase and beta-glucosidase activities in C. /unata were determined
after 8 and 14 days of incubation.

3.3.1. Laccase activity

In a previous study, Coman et al. (2013) searched for laccase inducers in the Chelidonium majus
extract including berberine (26 pg/mL). The results showed that berberine did not show any
effects on the laccase activity of Sclerotinia sclerotiorum at all concentrations between 1% and
4% C. majus extract (Coman et al., 2013). Motivated by this work, the change in laccase activity
was investigated in our specific study as well.

When the results of the laccase activity assay were examined (Figure 3), no significant
change in activity was observed at different concentrations of berberine. However, at 0.5
mg/mL berberine concentration, although there was a decrease in the growth rate up to 50%,
the laccase activity was relatively higher than that in other samples. This might point out a
correlation between laccase and berberine degradation. Besides, it should be kept in mind that
laccase could be a part of the defensive mechanism of the microorganism, as reported
previously (Coman et al., 2013).

Figure 3. Effect of berberine on laccase activity.
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3.3.2. Beta-glucosidase activity

The color interference of berberine during the measurement of beta-glucosidase activity has led
to inconsistent results with high standard deviations. However, in general, these results indicate
no significant changes in the extracellular beta-glucosidase activity.
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4. CONCLUSION

In this study, berberine biotransformation by C. lunata was evaluated. 0.35 and 0.5 mg/mL
berberine concentrations were selected as working concentrations based on the growth
experiments. The change in the concentration of berberine was followed using HPLC. Since
biotransformation reactions were carried out by the enzymes, laccase and beta-glucosidase
activities were measured for their effects on the biotransformation of berberine. In addition, the
samples were checked by TLC for the formation of possible products.

The results show that C. /unata consumed almost 100% of berberine after 14 days of
incubation. No significant changes were observed in the laccase or beta-glucosidase activities.
Although berberine was consumed by the cells, no spots regarding biotransformation products
were detected on the TLC plates. Nuclear magnetic resonance spectroscopy (NMR) or mass
spectrometry (MS) analyses could be performed to search for different biotransformation
products of berberine. Monitoring these products will be helpful to enlighten the berberine
biodegradation/biotransformation pathway(s) with the key enzymes which play important roles
in the discovery of new valuable products and bioactive compounds.
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