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ABSTRACT
Mastitis is the single most expensive disease among cattle in the dairy industry and environmental pathogens such as
Staphylococcus aureus and Staphylococcus warneri are among the most common culprits. Recent studies had shed
the light on how such pathogens utilize lipolysis mechanisms to evade their host’s immune response. In this study,
computational drug discovery approaches were deployed to investigate human FDA-approved drugs that hold the
potential of serving as inhibitors of lipase activity in the former 2 pathogens. Comprehensive computational analysis
involving molecular docking, nanoscale molecular dynamics, and in silico binding free energy estimation has shown
that Drospirenone, a unique progestogen with anti-mineralocorticoid properties commonly used in human birth
control pills holds potential inhibitory activity against the lipase of Staphylococcus warneri as it had shown to form
several stable hydrophobic interactions and hydrogen bonds with the formers lipWY lipase enzyme.
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INTRODUCTION

The global dairy industry was estimated to worth around
720 billion USD in 2019 and is expected to be worthed
over a trillion USD by 2024 [Shahbandeh 2021]. With
such high evaluation, the risks involved in the industry
also increases, factors such as the milk yield, its qual-
ity, and composition especially affect the industry’s prof-
itability with high margins. Somatic Cell Count (SCC)
which mainly consists of leukocytes is one of the crit-
ical parameters used to assess the quality of milk as it
is directly correlated to the health of the cattle’s udder,
hence, higher SCC implies a higher degree of udder in-
flammation which reflects a lower milk quality [Cinar et
al. 2015]. SCC has also been used as an early indicator for
the diagnosis of sub-clinical and clinical mastitis in cat-
tle, cattle with less than 200,000 SCC · cm–3 are consid-
ered healthy whereas any increase above this range indi-
cates an increased risk for mastitis [El-Tahawy and El-Far
2010]. Mastitis is also the single most expensive disease
within the dairy industry, resulting in a loss of around 6%
of the total production value annually within the industry

due to several factors such as diagnosis, treatment, recov-
ery, and yield loss [Gill et al. 1990, Miller et al. 1993,
Shim et al. 2004].

Besides posing the risk of sub-clinical and clinical
mastitis, higher levels of SCC are also associated with ab-
normal changes in milk’s protein, fat, and lactose compo-
sitions resulting in overall low-quality milk [Lindmark-
Månsson et al. 2006]. Mastitis can be caused by envi-
ronmental and genetic factors, however, over 90% of the
cases are known to be caused by microbial agents (mainly
bacterial) like Streptococcus spp., Enterobacteriaceae, or
Staphylococcus spp. either directly or through feed, even-
tually causing pathological lesions and inflammation of
the mammary glands [Bianchi et al. 2019, Puppel et al.
2020]. The immune system in cattle’s are more often well
suited to defend against most of these pathogens, for ex-
ample, the lysosome enzyme found in the cattle’s milk
can also digest the peptidoglycan layer found in most
bacteria’s, and lactoferrin (a glycoprotein), found in milk
and other secretions of the cattle, can also kill some bac-
teria’s by hindering their iron intake pathways, however,
pathogens as well develop sophisticated mechanisms to
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combat such defense responses, recent studies showed
that lipase enzymes secreted by Staphylococcus aureus
play a major role in the evasion of the immune system
in cattle by hydrolyzing the bacterial-derived lipoproteins
thereby promoting their survival in the cattle’s mammary
glands [Pyörälä 2002, Chen and Alonzo 2019]. The most
common coping mechanism used against such pathogens
is the use of antibiotics and probiotics, however, the use
of such methods results in the development of resistant
microbial agents overtime at best and results in biocon-
centration of such residues in the cattle’s milk [Koba et
al. 2018].

Computational drug discovery has gained huge mo-
mentum in recent years, especially with the availability
of supercomputers and the integration of graphic cards
to accelerate computation processes which made many
bioinformatics and computational research highly spon-
taneous and less time-intensive, virtual screening for
identification of lead compounds, and molecular dynam-
ics which is exceedingly computationally expensive but
holds a great promise in providing atom-level insights
for biomolecular interactions under synthetic conditions
mimicking the physiological cellular environment, the
progress of such models for simulating complex molecu-
lar systems has also lead to the 2013 Nobel prize in chem-
istry [Liu et al. 2007, Thiel and Hummer 2013, Nobile et
al. 2017]. Drug repurposing on the other hand exploits the
same mechanisms of de novo drug discovery with the ad-
ditional advantage of minimizing the computational time
and expensiveness of new drug research by repurposing
already FDA-approved drugs (drugs approved by the U.S.
Food and Drug Administration for use in humans) against
new targets, given that such drugs already passed most
of the in vitro, in vivo and clinical trials, the risk of side
effects and toxicity is limited and the only risk to asses
is those of efficacy and distribution [Oprea et al. 2011,
Pushpakom et al. 2019]. Such approaches have been ex-
tensively exploited in the recent COVID-19 pandemics to
accelerate the discovery of novel therapeutics against sev-
eral targets of the SARS-CoV-2 [Bakowski et al. 2021].

In this study, computational drug repurposing
methodologies such as molecular docking based vir-
tual screening and molecular dynamics were applied to
discover lead drugs among FDA-approved drugs that
possess potential anti-microbial activity on two of the
most common pathogens (Staphylococcus aureus and
Staphylococcus warneri) that are responsible for elevated
SCC and mastitis risk in cattle.

MATERIAL AND METHODS

Lipase structure modeling

The sequence for the lip1 gene (UniProt: Q6GDD3) of
Staphylococcus aureus and the lipWY gene (UniProt:
Q5DWE2) of Staphylococcus warneri was retrieved from

the UniProt database [UniProt Consortium 2017]. The
SWISS-MODEL tool was used to generate the 3D struc-
ture of each of the lipase enzymes via the homology mod-
eling approach [Waterhouse et al. 2018].

Library curation and molecular docking

A dataset compromising of the structure of 1993 FDA-
approved drugs were retrieved from the e-Drug3D
database [Pihan et al. 2012, Douguet 2018]. Each of the
1993 FDA-approved drugs was docked against each of
the 2 lipases’ via QuickVina-W, a blind-docking opti-
mized version of the original AutoDock Vina (v1.1.2)
tool [Trott and Olson 2010, Hassan et al. 2017]. The
docking trials were performed using a grid box around
the entire enzyme structure (blind docking protocol) with
an exhaustiveness of 256 (exhaustiveness is the measure-
ment of how many times a trial is reproduced to be se-
lected, the higher its value, the more accurate the results
and the more computationally expensive is the calcula-
tion). To reduce methodological bias, the docking trial
for the top 5 hits for each lipase was repeated again with
the same configurations and the top 3 docked poses for
each lipase-lead (2 · 3 = 6 total simulation system) with
the highest binding affinity was selected (3 drugs for each
lipase enzyme, total of 6 drug candidates). The results for
each docking trail are provided as a separate plain text
file in supplementary data 1 and 2 (S1 and S2).

Molecular dynamic simulations

The molecular dynamics simulations for each of the 9
lipase-lead complexes were performed via the Nano-
scale Molecular Dynamics (NAMD v2.14 CUDA) tool
[Phillips et al. 2020]. CHARMM36m force field was
used for both the lipase enzymes and their respective
leads, the topology and parameter files were prepared
via CHARMM-GUI [Jo et al. 2008, Huang et al. 2017].
Each pair of the lipase-lead complex was immersed in
a square box with explicit TIP3P water such that a dis-
tance of 5 Å was maintained between the edge of the box
and the lipase-lead complex along each axis, the system
was neutralized with Na+ and Cl – ions and their final
concentration was maintained at 0.15 mol · L–1 which re-
flects the cellular ion concentration [Terry et al. 2011].
Each system was minimized and equilibrated for 10 ns
at 310.15 K (physiological temperature) with periodic
boundary conditions, Langevin dynamics, particle mesh
Ewald (PME) under the NVT ensemble. The equilibra-
tion was followed by 50 ns of production simulation at
the same temperature under the NPT ensemble. The tra-
jectory from the production simulation was utilized to
calculate the root mean square deviation (RMSD) of the
lipase backbone (Cα) from the beginning of the simula-
tion (t = 0 ns) to its end (t = 50 ns), and root mean square
fluctuation (RMSF) of the lipase enzymes against their
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corresponding ligands to assess their motion throughout
the simulation. The configuration file for the equilibration
and production simulations is provided in S3 (for peer re-
producibility).

Lipase-lead interactions profiling

The lead drugs that formed stable complexes with their
respective lipase enzymes were submitted to the TU
Dresden’s protein-ligand interaction profiler (PLIP) web-
server to predict their interactions, interactions such as
hydrogen bonds, hydrophobic interactions, pi-stacking,
etc were visualized in PyMol (open-source v2.5.0) and
corresponding snapshots were provided [Salentin et al.
2015, Schrödinger 2015].

Binding free energy (∆G) estimation

The binding energy of the lead drugs that formed stable
complexes with their respective enzymes at 310.15 K was
calculated via the PROtein binDIng enerGY prediction
(PRODIGY) algorithm available at the Utrecht biomolec-
ular interaction web portal, the estimated binding free
energy was calculated as the average between the bind-
ing energy calculated from the molecular docking and the
one predicted by PRODIGY algorithm [Xue et al. 2016].

RESULTS

Lipase structure modeling

The structures of the Staphylococcus aureus lipase en-
zyme (Fig. 1a), and Staphylococcus warneri lipase en-
zyme (Fig. 1b) were successfully modeled by homology
modeling. Figure 1 displays the modeled structures along
with their QMEAN Z-Scores, a scale used to evaluate the
quality of a predicted structure (absolute zero indicates
a perfect structure and beyond –4.0 indicates low-quality
prediction).

Molecular docking

The top 3 ligands with the highest affinity for Staphylo-
coccus aureus lipase enzyme were compounds a1970,
a0883, and a1310 with binding affinities of –11.90,
–11.90, and –11.80 kcal · mol–1, respectively. The top
3 ligands with the highest affinity for Staphylococcus
warneri lipase enzyme were compounds w0855, w1914,
and w1734 with binding affinities of –11.40, –11.10, and
–10.80 kcal · mol–1, respectively.

Molecular dynamics

The RMSD plots for the top 3 ligands that were simulated
with the Staphylococcus aureus lipase enzyme are shown
in Figure 2 (a–c) and the RMSD plots for the top 3 ligands

that were simulated with the Staphylococcus warneri li-
pase enzyme is shown in Figure 2 (d–f). The red lines rep-
resent the RMSD of the enzyme’s Cα (i.e., movement of
the proteins backbone with respect to its initial position)
and the cyan lines represent the RMSD of the respective
ligands (i.e., movement of the ligands from their docked
position).

Biomolecular interactions profiling

Compounds a0883 and a1970 simulated with the
Staphylococcus aureus lipase enzyme generated stable
RMSD plots throughout the production simulation (cyan
lines in Figure 2 (a and c) deviates < 2 Å) indicating
their potential inhibitory activity, Figure 3 (a) visualizes
the biomolecular interactions compound a0883 forms
the Staphylococcus aureus lipase enzyme and Figure 3
(b) visualizes the biomolecular interactions compound
a1970 forms the Staphylococcus aureus lipase enzyme.
Compound w0855 simulated with the Staphylococcus
warneri lipase enzyme generated stable RMSD plots
throughout the production simulation (cyan lines in
Figure 2 (d) deviates < 2 Å) indicating their potential in-
hibitory activity, Figure 3 (c) visualizes the biomolecular
interactions compound w0855 forms the Staphylococcus
warneri lipase enzyme. A brief summary of each of the
lead compounds is given in Table 1.

The interactions visualized in Figure 3 are summa-
rized in Table 2, Dutasteride forms 5 hydrophobic inter-
actions and 2 hydrogen bonds with Staphylococcus au-
reus lipase, and Entrectinib metabolite M5 forms 4 hy-
drophobic interactions and 2 hydrogen bonds with the
same enzyme. Drospirenone forms 10 hydrophobic in-
teractions and 2 hydrogen bonds with Staphylococcus
warneri lipase.

Binding free energy (∆G) estimation

Table 3 summarizes the averaged binding free energy
for each lead compound against their respective li-
pase enzyme. The binding free energies calculated by
the PRODIGY algorithm for Dutasteride, Entrectinib
metabolite M5, and Drospirenone against their cor-
responding lipase enzymes were –12.84, –10.85, and
–10.54 kcal · mol–1, respectively. These values were av-
eraged with their corresponding binding affinities calcu-
lated by AutoDock Vina during the molecular docking
step [Trott and Olson 2010].

DISCUSSION

Mastitis is known as the most expensive disease among
cattle in the dairy industry costing farmers billions
in lost revenues and the most common cause for its
prevalence is known to be environmental pathogens
such as Streptococcus spp., Enterobacteriaceae, or
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Fig. 1. Structure of (a) Staphylococcus aureus lipase enzyme and (b) Staphylococcus warneri lipase enzyme along with their
QMEAN Z-scores.  Cartoon representation of protein structure colored based on their secondary structure (cyan for
α-helices, magenta for β-sheets, and salmon for loop regions), blue and green beads represent Zn and Ca cofactors
respectively

Fig. 2. The RMSD plot for each of the top 3 ligands for  Staphylococcus aureus lipase enzyme (a-c) and the RMSD plot for
each of the top 3 ligands for Staphylococcus warneri lipase enzyme (d-f) throughout the production simulation of 50 ns.
The RMSD was calculated using the initial position of the enzyme and their respective ligand as the reference points.
The red line indicates the RMSD of the enzyme’s Cα and the cyan lines indicate the RMSD of the respective ligand in
the simulation. The data was generated via VMD (v1.9.3) and plots were visualized via matplotlib and seaborn libraries
in python

[Humphrey et al. 1996, Hunter 2007, Waskom 2021]

Staphylococcus spp. [Gill et al. 1990, Chen and Alonzo
2019]. Elevation of SCC in milk is one of the most com-
mon indicators used for the assessment of mastitis risk
in cattle and to no surprise, the infections caused by the
former pathogens are known to elevate the SCC in cattle
milk [Bianchi et al. 2019, Puppel et al. 2020]. By far the
most common method used by farmers around the globe
to combat mastitis is the use of antibiotics, which could
be an efficient treatment to cure the infections by such
pathogens, however, prolonged use of such antibiotics

and their usage in prevention rather than treatment raise
the growing issue of antibiotic-resistant bacteria and even
the bioconcentration of such therapeutics in the cattle’s
milk and meat [Pyörälä 2002, Shim et al. 2004, Ebrahimi
et al. 2019]. Among the recent studies that explored
the mechanism in which several pathogens successfully
evaded the cattle’s immune system, it was observed that
certain pathogens utilized their lipase enzymes to hy-
drolyze the bacterial-derived lipoproteins (lipolysis), for-
eign lipids (and/or lipoproteins) being an inducer for im-
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Fig. 3. Biomolecular  interactions between lead compounds and their  respective lipase enzymes.  (a) shows the interactions
between compound a0883 with  Staphylococcus aureus lipase enzyme, (b) shows the interactions between compound
a1970 with  Staphylococcus  aureus lipase  enzyme,  and  (c)  shows the interactions between compound w0855 with
Staphylococcus warneri lipase enzyme. The lead compounds are shown as green sticks, the interacting amino acid
residues are shown as yellow sticks. Hydrogen bonds are shown as magenta lines and hydrophobic interactions are
shown as orange dashes. All measurements are in Å unit.

Table 1. A brief summary of the top 3 lead compounds as depicted in Fig. 3

Serial code PubChem CID Common name 2D chemical structure

a0883 6918296 Dutasteride

a1970 25176014 Entrectinib metabolite M5

w0855 68873 Drospirenone
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Table 2. Summary of the interactions between the top 3 lead compounds with their respective lipase enzyme

Interacting pair Interacting residue Distance (Å) Interaction type

Dutasteride with Staphylococcus aureus lipase

PHE17 3.67 Hydrophobic interaction

PHE17 3.71 Hydrophobic interaction

LEU18 3.22 Hydrophobic interaction

PHE285 3.47 Hydrophobic interaction

VAL350 3.44 Hydrophobic interaction

PHE17 3.62 Hydrogen bond

HIS349 2.94 Hydrogen bond

Entrectinib metabolite M5 with Staphylococcus 
aureus lipase

ALA174 3.87 Hydrophobic interaction

PHE178 3.82 Hydrophobic interaction

LEU242 3.95 Hydrophobic interaction

VAL309 3.95 Hydrophobic interaction

PHE17 3.48 Hydrogen bond

SER116 4.03 Hydrogen bond

Drospirenone with Staphylococcus warneri lipase

ASN411 3.17 Hydrophobic interaction

TYR412 3.72 Hydrophobic interaction

TYR412 3.40 Hydrophobic interaction

TYR437 3.33 Hydrophobic interaction

LEU473 3.57 Hydrophobic interaction

LEU473 3.74 Hydrophobic interaction

LEU473 3.42 Hydrophobic interaction

GLU484 3.75 Hydrophobic interaction

LEU599 3.56 Hydrophobic interaction

HIS602 3.60 Hydrophobic interaction

GLU485 3.58 Hydrogen bond

LEU599 3.99 Hydrogen bond

Table 3. Average free binding energy calculation for each lead-lipase pair (all energy terms are in kcal · mol–1)

Interacting pair ΔGDocking ΔGPRODIGY ΔGAverage*

Dutasteride with Staphylococcus aureus lipase –11.90 –12.84 –12.37

Entrectinib metabolite M5 with Staphylococcus aureus lipase –11.90 –10.85 –11.38

Drospirenone with Staphylococcus warneri lipase –11.40 –10.54 –10.97

*∆GAverage was calculated via ∆GAverage =
∆GDocking+∆GPRODIGY

2

mune response, their hydrolyzation offers the pathogen’s
the ability to evade the host’s immune response and sur-
vive within the cattle’s milk [Chen and Alonzo 2019].
Therefore, the inhibition or disruption of these lipase en-
zymes could potentially counteract the evasion mecha-
nism of such pathogens and provide the upper hand for
the cattle’s immune response to detect and eradicate such
pathogens more efficiently without the need to administer
antibiotics.

In this study, computational drug discovery (also
known as computer-aided drug discovery, CADD) was
exploited to repurpose already FDA-approved drugs (for
humans) for use in cattle, while the physiology of ani-
mals may differ to some extent to those of animals, drugs
deemed safe for human consumption are likely to per-
form more efficiently in in vitro and in vivo that their
novel counterparts as their toxicological side effects are

already extensively researched. A common example for
such drugs is NSAIDs (Non-steroidal anti-inflammatory
drugs) which are FDA-approved for human use but are
also administered in veterinary medicine for the same
purpose [Modi et al. 2012, Park 2019].

Staphylococcus aureus and Staphylococcus warneri
being among the most common cattle pathogens, their
respective enzymes were selected as a target for repur-
posing of FDA-approved drugs as novel inhibitors. The
sequence for the lip1 and lipWY genes of Staphylococcus
aureus and Staphylococcus warneri respectively was re-
trieved from the Uniprot database and their correspond-
ing 3D structure was modeled via homology modeling.
As shown in Figure 1, both the enzymes were modeled
with above-average QMEAN Z-scores (dashes closer
to the blue regions indicate more accurate structures).
The virtual screening (molecular docking) experiment
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with each of the 2 lipases against the library of 1993
FDA-approved drugs yielded several promising hits, with
the top 3 hits for each lipase scoring beyond –11.00
kcal · mol–1, however, molecular docking alone has its
limitation as it neglects the physiological cellular envi-
ronment and considers mainly the geometrical optimiza-
tion of the protein and ligand in its scoring, hence, cross-
validation of such experiments are critical [Huang and
Zou 2010].

Molecular dynamics on the other hand is among the
most sophisticated methods used in computational drug
discovery which provides nanoscale insights into the
atom-level interactions between a protein and its ligand
[Borhani and Shaw 2012, De Vivo et al. 2016]. The 6
pairs of lipases with their corresponding hit compounds
simulated under physiological conditions (0.15 mol · L–1

salt and 310.15 K) yielded promising results only for 3
of the 6 hit compounds. The plots in Figure 2 summa-
rized the motion of the lipase enzyme and correspond-
ing hit compound, among the hit compounds simulated
with the Staphylococcus aureus lipase enzyme, only com-
pound a0883 (Fig. 2a) and a1970 (Fig. 2b) maintained
close proximity to the lipase enzyme throughout the sim-
ulation period (the cyan line which represents the mo-
tion of the ligand, deviates less than 2 Å throughout the
simulation, this indicates its preference and stability of
its initial docked pose). However, the spike of compound
a0883 (Fig. 2a) beyond the 2 Å threshold at the ending
of the simulation indicates potential inconclusiveness as
such deviation could indicate drifting from the docked
pose, likewise, compound a1970 made an initial spike
above the 2 Å threshold at the beginning of the simu-
lation by remained stable after that. Compound w0855
that was simulated with Staphylococcus warneri lipase
enzyme yielded the most promising results by deviat-
ing less than 1 Å throughout the simulation indicating
its potential strong affinity (inhibitory potential) to the
Staphylococcus warneri lipase enzyme.

The promising results of compound w0855 can fur-
ther be confirmed by the interaction profiles it makes with
the Staphylococcus warneri lipase enzyme, as shown in
Figure 3 (c) and Table 2, it forms more hydrophobic in-
teractions (10 in total) with the former enzyme along
with 2 hydrogen bonds that further stabilize its posi-
tion. Compounds a0883 and a1970 on the other hand
make half of the hydrophobic interactions that compound
w0855 made. Considering the binding free energies that
were estimated from the PRODIGY sever and AutoDock
Vina, all of the 3 lead compounds tend to be exothermic
in their association with their respective enzymes, more-
over, the ΔG calculated by both of AutoDock Vina and
PRODIGY sever are close to each other, reducing the
overall estimation bias.

Considering the computational analysis performed in
this study and the criteria applied for lead selection,

compound w0855, commonly known as Drospirenone,
exhibits potential lipase inhibitory activity against the
lipWY lipase of Staphylococcus warneri. Drospirenone is
a unique progestogen with anti-mineralocorticoid prop-
erties, it is one of several different progestins that are
commonly used in birth control pills and in menopausal
hormone therapy [Oelkers 2004]. Given its common use
worldwide, the risk of it possessing a toxic effect on cat-
tle physiology can be quite low, however, its efficiency
and efficacy as an anti-microbial agent and its effect on
the cattle’s reproduction cycle (and/or offspring health)
can only be explained by further in vitro and in vivo as-
says. Moreover, this research can also serve as a precursor
for the use of computational drug discovery approaches
to repurpose drugs that already have sufficient data re-
garding their toxicity, efficacy, and efficiency to combat
pathogens affecting the dairy industry.

CONCLUSIONS

Mastitis is the single most expensive disease in the
dairy industry and the most common combat mecha-
nism used by farmers around the globe is the admin-
istration of antibiotics (and probiotics). Antibiotics can
be the most accessible and safest solution to combat
mastitis, however, it’s long-term use comes with many
disadvantages. In this paper, computational drug repur-
posing study was performed to find hit compounds that
could inhibit the lipase activity of specific pathogens
known to cause mastitis in cattle among a dataset of al-
ready FDA-approved drugs. Based on the computational
analyses performed in this paper and criteria applied
for lead selection, Drospirenone, a unique progestogen
with anti-mineralocorticoid properties, commonly used
in birth control pills was concluded to exhibit a poten-
tial lipase activity inhibitor against the lipWY lipase of
Staphylococcus warneri.
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OBLICZENIOWA ZMIANA PRZEZNACZENIA LEKÓW ZATWIERDZONYCH PRZEZ FDA PRZECIWKO
SPECYFICZNYM PATOGENOM ODPOWIEDZIALNYM ZA MASTITIS

STRESZCZENIE
Mastitis jest chorobą bydła, która generuje największe straty w przemyśle mleczarskim, a patogeny środowiskowe,
takie jak Staphylococcus aureus i Staphylococcus warneri, są jednymi z najczęstszych przyczyn zachorowań.
Najnowsze badania rzuciły światło na to, jak te patogeny wykorzystują mechanizmy lipolizy w celu uniknięcia
odpowiedzi immunologicznej gospodarza. W naszych badaniach wykorzystano metody obliczeniowe do testowa-
nia leków zatwierdzonych przez FDA, które potencjalnie mogą służyć jako inhibitory aktywności lipazy u dwóch
wspomnianych patogenów. Kompleksowa analiza obliczeniowa obejmująca dokowanie molekularne, dynamikę
molekularną w nanoskali oraz szacowanie energii swobodnej wiązania in silico wykazała, że drospirenon, unikalny
progestagen o właściwościach przeciwmineralokortykoidowych, powszechnie stosowany w pigułkach antykoncep-
cyjnych, posiada potencjalną aktywność hamującą wobec lipazy gronkowca złocistego (Staphylococcus warneri),
ponieważ wykazano, że tworzy on kilka stabilnych interakcji hydrofobowych i wiązań wodorowych z enzymem
lipazy gronkowca.

Słowa kluczowe: mastitis, mleko krowie, drospirenon, zmiana przeznaczenia leków, dynamika molekularna
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