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Abstract

Interactions between proteins and saccharide moieties play an indispensable role in mammalian
reproduction as they stand behind of such processes as maturation and mutual recognition of gametes
and sperm oviductal reservoir formation. In my dissertation work | focused on activities of glycosidases
from bovine and porcine follicular fluids and their changes connected with follicle development.
Activities of five glycosidases were detected in tertiary and preovulatory follicles in both species. The
most active enzymes were a-L-fucosidase in cow and a-D-mannosidase in sow and both enzymes also
demonstrated the most pronounced increase in their activities during follicle maturation. Interestingly,
both a-L-fucose in cow and a-D-mannose in sow were described as saccharides responsible for the
formation of the sperm oviductal reservoir and we offered a hypothetical mechanism of synchronisation
between sperm release from their reservoir with the time of ovulation based on a surge of activities of
corresponding follicular glycosidases through the oviduct. Subsequently, it was demonstrated that 3-D-
galactosidase and a-D-mannosidase affect sperm-zona pellucida binding in pig, as they both decrease
interaction between sperm receptors for zona pellucida and zona pellucida. This may explain the
observation that maturation changes of zona pellucida induced by follicular fluid lead to lower level of
polyspermic fertilisation.

For the sake of better characterisation of studied glycosidases, | developed red native electrophoresis -
a novel electrophoretic method suitable for enzyme separation according to their molecular weight and
subsequent visualisation of their activities directly in gel. Red native electrophoresis revealed several
isoenzymes of detected glycosidases, some of which seemed to be of follicular origin.

In the next part of my dissertation thesis, | analysed antimicrobial properties of follicular, oviductal and
uterine fluids and demonstrated that oviductal fluid is the most potent in inhibiting of the growth of E.
coli. In attempt to identified compounds responsible for observed antimicrobial properties, | first
narrowed the search into molecular weight range of 3 500 - 30 000 and subsequently identified histones
H2A type 2-C, H2B type 1-K, H3.3, and H4 as the putative antimicrobial agents in bovine oviductal fluid.
Their role was further strongly confirmed by inhibition of antimicrobial properties of the fluids by adding
antibodies against histones.

And finally, | studied secretions of Cowper’s glands. In bull, | concentrated on its role within ejaculate
and demonstrated that it increases semen viscosity, decreases the rate of sperm release from ejaculate
and enhances binding of seminal proteins to sperm surface. All these observations can be explained by
the fact that bovine Cowper’s gland secretion positively affects aggregation of seminal protein.

In boar, Cowper’s gland secretion forms a seminal plug in the cervix of sow after copulation preventing
thus a semen back flow and ensuring its paternity. However, we demonstrated that uterine fluid from
the sow in the oestrous phase of the reproductive cycle is capable of rapid proteolytic degradation of
the plug in contrast with the fluid from dioestrous sow. We also detected several serine and
metalloproteases present in the uterine fluid, which are putative agents responsible for the plug
degradation. In the course studies on the porcine seminal plug, we also developed a novel method of
dissolving of highly glycosylated mucus matrix under native conditions using a buffered boric acid
solution.



1 Introduction

1.1 Oocyte maturation and follicular fluid

An oocyte is a highly specialized cell and undergoes a profound remodelling during its development.
With the exception of its last stages, the process of oocyte maturation takes place in an ovarian follicle,
which constitutes a specialized microenvironment suited to the needs of an oocyte. Follicular fluid is a
complex extracellular fluid, which accumulates in the antrum of follicle during its growing phase. Its
components are mainly derived from blood plasma and must cross the blood-ovarian barrier, but it also
contains constituents, which are secreted directly by the oocyte or granulose and thecal cells in an
oestrous dependent manner [1]. Enzymes were the most abundant group of protein molecules
identified in follicular fluid. Folliculogenesis is a complex and highly coordinated process that involves
various metabolic as well as hydrolytic events, mediated by a number of enzymes [2]. Follicular fluid is
also a rich source a several glycosaminoglycans, which participate in antrum development due to their
high osmotic potential [3] and they were also shown as a potent capacitating factor of bovine
spermatozoa [4], which suggests a post-ovulation role of follicular fluid in regulation of sperm-oocyte
interaction. Another line of evidence for follicular fluid involvement in post-ovulation processes lies in
its ability to serve as a potent chemoattractant for spermatozoa [5].

Besides the obvious changes in the nucleus and cytoplasm, oocyte maturation is also characterised by
modification of egg’s glycoprotein envelope - zona pellucida. The mammalian zona pellucida is an
acellular translucent sulphated glycoprotein matrix, which is synthesized and secreted by oocyte and by
follicle cells during the follicular development [6]. Depending on species, it consist of 3-4 evolutionary
conserved glycoproteins, which are designated ZP1-4 [7]. All zona pellucida glycoproteins are highly
glycosylated and contain both N- and O-bound oligosaccharides [8, 9], whose glycosylation pattern is
modified during the oocyte maturation, as was demonstrated by several lectin studies [10, 11].

Zona pellucida serves as a “gate keeper” by acting as a species-selective substrate during the binding of
spermatozoa to an egg [8]. This binding serves as a trigger for the acrosome reaction - a specialised
exocytose process, which facilitates sperm penetration through the zona pellucida. Afterwards,
constituents of the zona pellucida help in maintaining the binding of acrosome-reacted spermatozoa in
order to enable them to penetrate it and to reach the oocyte membrane [12]. The initial recognition of
sperm and zona-pellucida is based on protein-saccharide interaction (lectin-like interaction), in which
oligosaccharides of the zona pellucida glycoproteins serve as ligands for several proteins on sperm
surface. In pig, B-D-galactosyl residues in oligosaccharides linked to ZP3/ZP4 (ZPB/ZPC) probably serve
as a ligand for spermadhesin AWN-1 [13]. In cattle, a-mannosyl residues of ZP glycoproteins are
probably involved in the sperm-zona binding [14].

Nevertheless, zona pellucida glycoproteins are not the only glycoproteins in the follicle, whose roles is
determined by their glycosylation. Differences in glycosylation were shown to have a distinct effect on
action of peptide hormones FSH and LH — where it affects their half time and bioactivity [15] or in
multifunctional protein glycodelin, whose glycoforms differently modulate sperm sperm-zona pellucida
binding and the triggering of acrosome reaction [16].



1.2 Sperm oviductal reservoir

After ejaculation, sperms have to pass through uterus and
oviduct in order to meet an oocyte. Nevertheless, the
timing of mating and ovulation is not always the same and
therefore several mechanisms have evolved in order to
synchronise the meeting of both gametes. A formation of
the sperm reservoir in the isthmic part of oviduct is
probably the most general strategy in mammals. Apart
from synchronisation, its serves to select intact, properly
formed and maturated spermatozoa, and to prolong their
survival in the female [17]. Molecular mechanism of the
sperm oviductal reservoir formation are another example
of a protein-saccharide (lectin-like) type of interaction.
Epithelial cells lining the cell of the isthmic part of the
oviduct expose on the surface of their apical part specific
glycoproteins, whose oligosaccharide moieties are readily
recognized and bound by proteins on the sperm plasma
surface [18]. Animportant feature of this interaction is that
Figure 1.1 Establishing of sperm oviductal — gnly uncapacitated and, in a broader sense of speaking,
reservoir in the isthmic part of the oviduct. jntact spermatozoa with properly developed surface

Spermatozoa bmds_ certain glympr,me',ns protein coat are capable of binding oviductal epithelial
expressed on the apical part of the epithelial cells

cells lining this part of the oviduct (© T.
Drab).

The best characterised example of binding partners are
those in cattle, where seminal protein PDC-109 recognizes fucosyl residues in oligosaccharide moieties
of the multifunctional glycoproteins annexins-1,-2, -4 and -5 [19], which are expressed by epithelial cells
in the isthmic part of the bovine oviduct. In the case of pig, seminal AQN 1 presumably together with
DQH, were both identified as the sperm mediator of the reservoir formation by recognising mannosyl!
(and to a lesser degree galactosyl) residues of the oviduct epithelial glycoproteins [20, 21]. As in cow,
their oviductal counterparts seem to annexins, particularly annexin-2 [22].

1.3 Non canonical roles of histones

Even though histones belong to the one of the most studied proteins, all their possible roles in eukaryote
organisms are still far from being completely understood and our knowledge about them is continuously
expanding. Their principal function is perceived in their interaction with DNA, their participation in
chromatin condensation, and the regulation of gene expression. Their occurrence out of nucleus or even
out of cell has been often disregarded as a mere artefact of isolation and sample handling, or a more or
less insignificant consequence of necrotic processes. However, over time, a growing body of evidence
has firmly established histones as a highly multifunctional group of proteins with roles far overreaching
the confine of the cell nucleus [23].

A number of studies have revealed their active involvement in a staggering broad spectrum of both
intra- and extracellular non canonical biological processes. The histone H1.2 acts as an intracellular
signalling molecule and was identified as a cytochrome c releasing factor from mitochondria in the
course of apoptosis triggered by double strand DNA breakage [24]. Moreover, the histone H1 also serves
as a surface plasma receptor for thyroglobulin in liver macrophages responsible for its clearance from
circulation [25] and as the extracellular receptor for polysialic acid in cerebellar neurons, whereby
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positively stimulates neuritogenesis [26]. There is also a continuously increasing amount of reports on
histones and peptides derived from histones as a part of host defence system across the animal
kingdom. Not only were histones and their derivatives ascribed with immunomodulatory properties due
to their interactions with several crucial proteins and cells of immune system (e.g. C-reactive protein
[27] or TNF-a [28] and macrophages [29]), but also for their ability to serve as a pattern recognition
receptor for LPS (histone H2A and H2B in human placenta [30]). But even more importantly, histones
and peptides derived from histones were shown to exhibit pronounced antimicrobial activity [23].
Furthermore, the antimicrobial properties of histones are also exploited in a newly described
type of a cell death - an intriguing process of ETosis, during which an extracellular net
entrapping and killing Gram-positive and Gram-negative bacteria is formed upon the release of
granule proteins and chromatin containing histones from several types of cells of the immune
system [31].

1.4 Mechanism of antimicrobial activity of histone and histone derived peptide

Despite their long known antimicrobial properties, the exact mechanism of histone action is still not
very clear and evidence seems to be conflicting. Histones, with their rather small molecular size and
strong positive charge, fit well in our picture of antimicrobial proteins and peptides, otherwise a very
diverse group of molecules with regard to their amino acid compositions. Their cationic character
enables them to bind negatively charged plasma membrane and they were shown even to penetrate it
in an energy independent manner and to enter cytoplasm. Their penetration activities seem to differ
and decrease in the order: mixture of histones (containing H1) > H2A > H4 > H3 > H2B [32]. Interestingly,
the histones were also able to mediate penetration of much bigger bovine serum albumin (BSA), when
they were covalently attached, indicating their future potential as carriers for the delivery of
macromolecules into living cells [32]. Their ability to penetrate the cell membrane also raises a question
whether it may as well account for their way out of the cell under specific circumstances.

There are certain pieces of evidence, which indicate that the modes of antimicrobial action of arginine
rich histones (H3 a H4) and lysine rich histones (H1, H2A, H2B, H5) might be different. Arginine rich
histone are believed to act on the cell surfaced, where they act to disrupt the cell membrane structure
with bleb formation in a manner similar to general antimicrobial peptides [33]. On the other hand, lysine
rich histones and peptides derived from histone H1 (such as buforin 1l) seem to kill bacteria without
lysing the cell, and they were shown to accumulate in the cytoplasm [34]. Besides their cationic
character, there are proofs for a steric factor of antimicrobial action of histones. Experiments using
analogous synthetic peptides derived from histone H1 showed a need for a presence of a proline, which
provides a hinge in the helical structure of peptide. And even more, the prolyl bonds must be in a cis
conformation for these peptides to display their antimicrobial activity [35].

1.5 Native electrophoresis

SDS-PAGE electrophoresis is a commonly used method for a high resolution and separation of complex
mixtures of proteins, but its drawbacks is the inevitable denaturing of most of the proteins in the
process. When the nativity of is studied sample is an issue, several types of so called native
electrophoresis can be employed. In general, conditions of separation are much milder than in the case
of SDS-PAGE, neither heating nor strong detergent or reducing agents can be used and cooling of the
during the electrophoretic separation is highly advisable. In principle, there are two ways how to
perform native electrophoresis. In the first case, the intrinsic protein charge is used for protein
separation, while in the second analogously to SDS-PAGE some other molecule is used to impose more
or less uniform charge on proteins. Both approaches have their place in proteomic science.



Colourless native electrophoresis

Colourless native electrophoresis represents a group of methods, which uses intrinsic protein charge
for their electrophoretic separation rather. The overall net protein charge is determined by its amino
acid composition, posttranslational modifications and by the pH of its surrounding and proteins mobility
is determined mostly by their charge to size ratio. It enables detection of enzyme activities after the
separation [36], but one of the biggest advantages of this system is its ability to distinguished protein
similar in size, but differing in their charge (e.g. glycoforms, isoforms, and phosphorylated proteins), but
information about the size of proteins and/or their complexes is not easy to elucidate.

Blue native electrophoresis

Blue native polyacrylamide gel electrophoresis (BN-PAGE) is one the most used native electrophoretic
system. It was developed by Schagger and Jagow [37, 38] as method for native separation of membrane
proteins. BN-PAGE uses a dye Coomassie Brilliant Blue G-250, which binds to protein, and imposes on it
a negative charge. Function and structure of protein or proteins complexes are usually not affected by
the dye binding and their electrophoretic mobilities are approximately a linear function of the
logarithms of their molecular weights. However, the strong interaction between the dye and protein
renders this method inept for a subsequent detection of enzymatic activities directly in gel.

2 Aims of the study

The aim of the presented dissertation thesis was to increase our knowledge about fluids and secretions
from the female and male reproductive tracts, their compositions, roles, and participation in
reproduction of pig and cattle. The overall focus was on protein-saccharide interactions, which are
known to stand behind its several crucial steps, and antimicrobial properties, which underpin its
successful outcome.

Four partial goals were defined:

1. Assessment of glycosidase activities in follicular fluid, their partial characterisation and
proposing of their roles in reproduction

2. Development of an electroseparation method suitable for detection of glycosidases and
other enzymes in complex samples such as fluids and secretion involved in reproduction.

3. Comparison of antimicrobial properties of fluids from follicle, oviduct and uterus, and
identifying the compounds, which are responsible for them

4. Comparison of Cowper’s gland secretion from bull and boar, their roles in reproduction and
interaction with female reproductive tract.

3 Material and methods

- isolation of fluids from follicle, oviduct and uterus, isolation of zona pellucida, isolation and
solubilisation of Cowper’s gland secretions

- screenings of glycosidase and antimicrobial activities

- SDS-electrophoresis, blue-native electrophoresis, red native electrophoresis, enzyme
detection directly in gel

- protein labelling (biotin, FITC)

- ELISA-like binding assay



4 Results and discussion

4.1 Detection and characterisation of glycosidases in follicular fluid of cow and sow

Comparison of glycosidase activities in porcine follicular fluid from tertiary and preovulatory follicles.
Tomds Drdb, Stépdn Ren, Marie Tichd, Pavla Maridskovd-Postlerovd, Jifi Liberda

Biochemical comparison of fluids from early and late stage follicles in pigs and cows
Stépdn Ren, Tomds Drdb, Jiti Liberda, Pavla Maridskovd-Postlerovd

Follicular fluid constitutes an ideal environment for cumulus-oocyte complex development and remains
indispensable for in vitro fertilisation experiments. Proper oocyte maturation also involves the
establishment of oligosaccharide moieties that participate in latter stages of fertilisation. For this
reason, we studied the activities of five glycosidases in fluids from porcine and bovine tertiary and
preovulatory follicles and blood plasma and compared their activities at two different pH—-5.0 and 7.2.
All studied glycosidase activities were found in follicular fluids at both pH. Increase in activities
connected with follicle development were observed in the case of a-D-mannosidase in sow (

Figure 4.1) and a-L-fucosidase in cow. a-D-galactosidase showed changes — decrease in sow and
increase in cow. Interestingly, both a-L-fucose and a-D-mannose have a strong and altogether similar
link to reproduction in respective species as they were described as saccharides responsible for the
formation of the sperm oviductal reservoir [19, 22] and increase in their activities may be responsible
for synchronisation of release of spermatozoa from their reservoir and ovulation of an oocyte. The
effect of glycosidase in reproduction was further tested on the sperm-zona pellucida binding in pig
and confirmed pronounced effect of a-D-mannosidase and a-D-galactosidase (

Figure 4.2). Red native electrophoresis detected two or more isoenzymes of each glycosidase with the
exception of a-L-fucosidase. Several of these isoenzymes were detected only in follicular fluid and not
in blood plasma, which suggests their follicular origin (Figure 4.3).
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Figure 4.1. Comparison of glycosidase activity in porcine tertiary follicular fluid, preovulatory follicular
fluid and blood plasma determined at pH 7.2. a-Fuc: a-L-fucosidase, a-Gal: a-D-galactosidase, 8-Gal: 8-
D-galactosidase, 8-Hex: 8-D-N-acetylhexosaminidase, a-Man: a-D-mannosidase.
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Figure 4.2 Treatment of porcine zona pellucida glycoproteins with glycosidases (blue bars) or with
preovulatory follicular fluid together with selective inhibitors of glycosidases (orange bars) and
subsequent interaction of zona pellucida with spermadhesin AWN, which is a sperm protein responsinble
for zona pellucida binding.. a-Fuc: a-L-fucosidase/deoxyfuconojirinmycin; a-Gal: a-D-galactosidase/
N(N-Nonyl)deoxygalactojirinmycin; 8-Hex: 8-D-N-acetylhexosaminidase/N-acetylglucosaminothiazolin;
8-Gal: B-D-galactosidase/  N(N-Nonyl)deoxygalactojirinmycin; a-Man: a-D-mannosidase/
deoxymanojirinmycin; ZP-AWN — interaction between untreated zona pellucida and AWN, FF —
treatment of zona pellucida with preovulatory fluid with no inhibitor of glycosidase and subsequent
interaction between zona pellucida and AWN.
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Figure 4.3 Red native electrophoresis of porcine preovulatory
follicular fluid and blood plasma — detection of glycosidase
activities; only results for a-D-mannosidase are shown: 1.
follicular fluid, pH 7.2; 2. blood plasma, pH 7.2; 3. follicular
fluid, pH 5.0; 4. blood plasma, pH 5.0; 5. protein detection
in follicular fluid; 6. molecular weight standard BSA
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4.2 Development of native red electrophoresis

Native Red Electrophoresis — A new method suitable for separation of native proteins
Tomds Drdb, Jana Kracmerovad, Ivana Tichd, Eva Hanzlikovd, Marie Tichd, Helena Ryslavd, Veronika Doubnerovad,
Pavla Maridskova-Postlerovd, Jifi Liberda,; Electrophoresis 32 (2011) 3597-3599

Native polyacrylamide electrophoresis in the presence of Ponceau Red to study oligomeric states of
protein complexes.

Tomads Drab, Jana Kracmerovd, Ivana Tichd, Eva Hanzlikova, Marie Tichd, Jifi Liberda

JSep Sci. 2011 Jul; 34(14):1692-5

A new type of native electrophoresis was developed to separate and characterize proteins termed “Red
native electrophoresis”. In this modification of the native blue electrophoresis, the dye Ponceau Red S
is used instead of Coomassie Brilliant Blue to impose uniform negative charge on proteins to enable
their electrophoretic separation according to their relative molecular masses (Figure 4.5). As Ponceau
Red S binds less tightly to proteins, in comparison with Coomassie Blue, it can be easily removed after
the electrophoretic separation and a further investigation of protein properties is made possible (e.g.
an enzyme detection — Figure 4.3 and 4.4). All tested proteins also kept their native properties (enzyme
activity or aggregation state).

201 000 | - " Figure 4.4 Red native polyacrylamide gel electrophoresis of
enzymes and their subsequent detection directly in gel. 1 —
134 000 ™ molecular weight standard (BSA), 2 — lactate dehydrogenase,
isoenzyme M4, 3 — a-D-mannosidase, 4 — 8-D-N-

acetylhexosaminidase, 5 — NADP-malic enzyme.
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Figure 4.5 Comparison of relative 010" 1
molecular masses of some proteins
with those determined using red native
polyacrylamide gel electrophoresis. a)
Values of experimental relative
molecular mass were determined after
red native electrophoretic separation
using oligomers of bovine serum
albumin as standards run
simultaneously. b) Relative molecular
masses were obtained from Swiss-Prot
(Swiss Institute of Bioinformatics,
Lausanne, Switzerland) as a database.
® — monomers,
o — oligomeric proteins.
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4.3 Antimicrobial action of fluids from reproductive tract of cow and sow

The antimicrobial action of histones in the reproductive tract of cow
Tomds$ Drdb, Jana Kraémerovd, Eva Hanzlikovd, Tereza Cernd, Rozdlie Litvdkovd, AlZbéta Pohlovd, Marie Tichd,
Petr Prikryl, Jifi Liberda

An infection of any part of female reproductive tract can severely interfere with fertility and
reproduction. The fluids and epithelium from the lumen of the female reproductive tract (uterus,
oviduct and ovarian follicle) are a known source of antimicrobial action in several species. In this study,
we compared the antimicrobial properties of fluids from the reproductive tract of a cow. After removal
of small molecules, we demonstrated that there is an antimicrobial activity connected with a fraction of
compounds with a molecular mass range between 3500 - 30 000. The most probable candidates
responsible for the observed antimicrobial effect were subsequently identified by mass spectroscopy as
histones H2A type 2-C, H2B type 1-K, H3.3, and H4. The antimicrobial role of histone H2B was further
confirmed by using an antibody against this histone (Figure 4.6).

Figure 4.6 Comparison of

antimicrobial properties
90 ¥ non-dialyzed non-dialyzed with antibody against H2B Of f/UidS fme

antimicrobial activity of fluids from reproductive tract of cow

reproductive  tract of
cow. The blue bars

80

70 represents the half of

o maximal inhibitory
g concentration values
“ué‘n 50 (ICs0), the grey bars
E 20 [ represents IC so values of
Q

fluids, to which antibody
30 against N-terminal part
of histone H2B was
added at a concentration
10 of 1.0 mg/ml

20

uterus oviduct follicle

4.4 Comparison of Cowper’s gland secretion of bull and boar

Role of Cowper's gland secretion in bovine ejaculate
Tomads Drab, Ivana Tichd, Pavla Maridskovd-Postlerovd, Marie Tichd, Petra Prinosilovd, Zdenék Véznik, Jiri
Liberda

Artificially prepared ejaculates from lyophilised bull accessory sex gland secretions, epididymal fluid and
epididymal spermatozoa were used to show effects of the Cowper's gland secretion on the modulation
of bull ejaculate properties. Bovine Cowper's gland secretion was identified as a factor that significantly
increases a viscosity of ejaculates and reduces the rate of release of spermatozoa. Furthermore,
Cowper’s gland secretion considerably enhances aggregation of seminal proteins and simultaneously
increases binding of seminal vesicles components on the sperm surface (Figure 4.7).
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Degradation of seminal cervical plug in sow (Sus scrofa f. domestica)
Ivana Tichd, Tomds Drab, Eva Hanzlikova, Pavla Maridskovd-Postlerovd, Marie Tichd, Jifi Liberda

Uterine fluid is a source of many enzyme activities among which proteases have a prominent role. They
participate in remodelling of uterine surface and matrix and thus regulate its function in an oestrous
dependent manner. We have detected several metalloproteases and serine proteases in oestrous
uterine fluid of sow by substrate zymography. Further, in our study we demonstrate that uterine fluid
also participates in proteolytic degradation of a seminal cervical plug derived from Cowper’s gland
secretion and moreover that the rate of its degradation is profoundly increased around the time of
ovulation (Figure 4.8).

Proteolytic degradation of Cowper's gland secretion
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Figure 4.8 Comparison of rates of proteolytic degradation of porcine Cowper’s gland secretion by uterine
fluid from oestrous and dioestrous sows; CGS — Cowper’s gland secretion.
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5 Conclusions

Presented dissertation focused on follicular, oviductal and uterine fluid, and secretion of Cowper’s
glands both in pig (Sus scrofa f. domestica) and cattle (Bos primigenius f. taurus).

- Characterisation of activities of five glycosidases in fluids from tertiary and preovulatory follicle
and blood plasma of sow and cow revealed interspecies and maturation-dependent differences.
At neutral pH, a-L-fucosidase was the most active glycosidase in the bovine follicular, whereas a-
D-mannosidase was the most active glycosidase in porcine follicular fluid. Both enzymes also
demonstrated the most pronounced increase in their activities during follicle maturation. The
second most active glycosidase was B-D-galactosidase, which also demonstrated oestrus-
dependent changes in both species. Further studies showed that simulation of porcine zona
pellucida maturation with glycosidase treatment had a negative effect on binding of zona pellucida
by sperm surface proteins AQN and AWN especially in case of a-D-mannosidase and B-D-
galactosidase and these enzymes might therefore participate in regulation of proper sperm
binding.

- Comparison of glycosidase activities in follicular fluid and blood plasma showed that without any
regard to developmental stage of follicle, activities of studied glycosidases were much higher in
follicular fluid than in blood plasma, with the general exception of B-N-acetylhexosaminidase in
both species and a-D-mannosidase in cow, whose activities were comparable or even higher in
blood plasma. This finding suggested at least partial follicular origin of detected glycosidases,
which for further confirmed by red native electrophoresis.

- A novel native electrophoresis termed "red native electrophoresis" was developed and
optimised. It combines advantages of blue native and colourless native electrophoresis as it
enables separation of proteins and their complexes according to their molecular weights and
subsequent visualisation of enzymatic activities directly in gel. It revealed the presence of several
isoforms of each glycosidase in porcine follicular fluid and blood plasma with the exception of a-
L-fucosidase, which is present only in one form. Some of these isoforms were shown to be follicle
specific. Thisis especially true for bands of rather low molecular weight of around 70-80 kDa found
in follicular fluid at neutral pH for B-N-acetylhexosaminidase, B-D-galactosidase and o-D-
mannosidase.

- Comparison of antimicrobial activities of follicular, oviductal and uterine fluid demonstrated that
oviductal fluid in both species is the most potent. Further studies on the bovine reproductive fluids
identified important source of antimicrobial activity in the range of molecular weights of 3500 - 30
000 SDS-PAGE followed by MALDI-TOF identified four protein molecules from this range as
histones H2A type 2-C, H2B type 1-K, H3.3, and H4. The role of histones as antimicrobial agents
was further confirmed by polyclonal antibodies against H2B, which distinctly diminished
antimicrobial activities of all three fluids - its effect was most pronounced in the case of bovine
oviductal fluid, which demonstrated about threefold decrease in its antimicrobial potency.

- Studies on the role of Cowper's gland secretion in bull demonstrated it increases semen viscosity
and positively affects aggregation state of seminal proteins and simultaneously enhances
adhesion of seminal proteins on the sperm surface.

- Porcine Cowper's gland secretion, which forms a gelatinous plug in the female's cervix after
mating. We developed a method for its dissolving under native conditions using a boric acid and
further studied its degradation by uterine fluid. While fluid from dioestrous sows was very slow in
its digestion, uterine fluid from the oestrous sows rapidly degraded it.
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Abstrakt

Protein-sacharidové interakce hraji vyznamnou roli v reprodukci savcl, jsou podstatou takovych déji,
jako je maturace a vzajemné rozpoznani gamet nebo formovani oviduktalniho rezervodru spermii. V mé
dizertaéni praci jsem se zabyval aktivitami glykosidas v folikularni tekutiné kravy a prasnice jejich
zménami spojenymi se zranim folikulu. Detekoval jsem aktivity péti rliznych glykosidas v tercidlnim a
preovulacnim folikulu u obou druhl. NejaktivnéjsSimi enzymy byly a-L-fukosidasa v kravské folikularni
tekutiné a a-D-manosidasa v praseci. Zaroven aktivita obou téchto enzym( vykazovala nejvétsi narUst
béhem zrani folikulu. Je zajimavé, Ze pravé a-L-fukosa v pfipadé kravy a a-D-manosa v pfipadé prasnice
jsou sacharidy, které se dllezité pro vznik oviduktalniho rezervodru spermii a aktivita vySe zminénych
enzym( se tak nabizi jako hypoteticky mechanismus synchronizace uvolfiovani spermii z jejich
oviduktalniho rezervoaru s dobou ovulace. Dale jsem ukdzal, Ze aktivita B-D-galaktosidasy a a-D-
manosidasy ovliviiuji interakci mezi receptory spermii pro zonu pellucida a zonou pellucidou, coZ muze
vysvétlit, jak zmény zony pellucida spojené s jeji maturaci mohou vést ke snizeni polyspermického
oplodnéni.

Abych |épe charakterizoval studované glykosidasy, vyvinul jsem cervenou nativni elektroforézu — coz je
nova eletroforetickd metoda vhodna k separaci enzym( podle jejich molekulové hmotnosti a nasledné
vizualizace jejich aktivity pfimo v gelu. Cervend nativni elektroforesa odhalila p¥itomnost nékolika
isoforem studovanych glykosidas, z nichz nékteré se zdaji byt folikularniho pivodu.

V dalsi ¢asti své dizertacni pridce jsem analyzoval antimikrobidlni vlastnosti folikularni, oviduktalni a
délozZni tekutiny a ukazal, Ze oviduktalni tekutina je nejsilnéjsim inhibitorem rdstu E. coli. Pfi pokusu o
identifikaci latek zodpovédnych za pozorované antimikrobidlni vlastnosti, jsem nejprve zuzil patraci pole
na rozsah molekulovych hmotnosti 3 500 -30 000 a predbéziné identifikoval histony H2A typ 2-C, H2B
typ 1-K, H3.3 a H4 jako proteiny zodpovédné za antimikrobidlni aktivitu tekutin reprodukéniho traktu
kravy. Jejich roli jsem nasledni potvrdil inhibici jejich antimikrobidlni aktivity pfidani protilatek proti
histonim.

V posledni ¢asti svoji dizertacni prace jsem se zabyval sekrety Cowperovych Zlaz u byka i kance. U byka
jsem studoval jejich roli v ramci ejakulatu a ukdzal jsem, Ze tyto sekrety vyrazné pfispivaji ke zvySeni jeho
viskozity, zpomaluji uvolfiovani spermii z ejakuldtu a zesiluji vazbu proteinl se semennych vackl na
povrch spermii. VSechna tato pozorovani mohou byt vysvétlena tim, Ze sekrety bycich Cowperovych
Zlaz také vyrazné zvysuji agregacni stav semennych protein(.

U kance, sekrety Cowperovych Zlaz tvofi kopulacni zatku v déloZznim hrdle prasnice na konci pareni, ktera
zabranuje vytoku semene a také slouzi k zajisténi otcovstvi. My jsme vsak ukazali, Ze déloZni tekutina
prasnice v estralni fazi reprodukéniho cyklu je schopna tuto zatku rychle proteolyticky degradovat na
rozdil od déloZni tekutiny z prasnice v diestralni fazi cyklu. Také jsme detekovali nékolik serinovych
proteas a metaloproteas v délozni tekutiné, které mohou byt zodpovédné za degradaci kopulacéni zatky.
Navic v pribéhu této studie jsme také vyvinuli novou metodu rozpousténi vysoce glykosylovanych
sekretll za nativnich podminek s vyuZitim pufrovanych roztokd kyseliny borité.
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1. Uvod

1.1 Maturace oocytu a folikularni tekutina

Oocyt predstavuje vysoce specializovanou bunku, kterd béhem svého vyvoje podstupuje vyraznou
remodelaci. S vyjimkou poslednich stadii, cely proces dozravani oocytu probiha ve specidlnim
mikroprostredi folikulu, ktery je vyplnén komplexni extracelularni tekutinou hromadici se v jeho nitru.
Jeji jednotlivé slozky jsou prevaziné plivodem z krevni plazmy a musi nejprve prekonat bariéru mezi krvi
a folikulem. Nicméné obsahuje také latky, které jsou sekretovany pfimo oocytem &i granulosnimi nebo
thekalnimi bunkami v zavislosti na fazi estrdlniho cyklu [1]. Mezi nejcastéjsi proteiny identifikované ve
folikuldrni tekutiné patfi enzymy. Folikulogeneze je komplexni a vysoce koordinovany proces, ktery
zahrnuje celou fadu metabolickych stejné jako hydrolytickych déjq, které jsou jimi zprostfredkovany [2].
Folikularni tekutina je také bohatym zdrojem glykosaminoglykand, které se podili na zvétSovani dutiny
folikulu diky svému vysokému osmotickému potencidlu [3] a zdroven se ukdzalo, Ze maji vyrazné
prokapacitacni uc¢inky na spermie byka [4], coZ naznaCuje urcitou roli folikuldrni tekutiny také v déjich
nasledujicich po ovulaci. Dalsim diikazem pro tuto domnénku je skutec¢nost, Ze folikularni tekutina ma
vyrazné chemoatraktivni Gcinky na spermie [5].

Kromé ocividnych zmén v jadre a cytoplazmé, dozravani vajicka je také charakterizovano Upravou jeho
glykoproteinové obalky - zony pellucidy. Savéi zdna pellucida je bezbunécnd, prihlednd a sulfatovana
glykoproteinovd hmota, kterd je syntetizovana a sekretovdna oocytem a folikularnimi burikami béhem
vyvoje folikulu [6]. V zavislosti na druhu se sestava z 3-4 evoluéné konzervovanych glykoprotein(, které
se oznacuji jako ZP1-4 [7]. VSechny glykoproteiny zény pellucidy jsou vysoce glykosylovany a obsahuji
jak N- tak O-glykosidicky vazané oligosacharidy [8, 9], jejichZ struktura je také podrobena maturacnim
zménam, jak ukazaly nékteré lektinové studie [10, 11].

Zbna pellucida slouzi k druhové specifickému rozpozndvani mezi vajickem a spermii [8]. Jejich vzajemna
vazba pak slouZi jako spoustéc tzv. akrosomové reakce, coz je specidlni pfipad exocytosy, ktery
usnadniuje spermie pfi pronikdni skrze zénu pellucidu. Nasledné pak komponenty zény pellucidy
pomahaji pridrzovat spermii béhem jejiho pronikdni a umoZiuji ji tak, aby se nakonec dostala aZ k
membrané oocytu [12]. Po¢atecni vazba spermie na zéonu pellucidu je pfikladem interakce zaloZené na
vazbé mezi proteinem a sacharidem (tzv. lektinovy typ vazby), ve kterém oligosacharidy glykoprotein
z6ny pellucidy slouZi jako ligand pro nékteré proteiny na povrchu spermie. V pfipadé prasete, je to
pravdépodobné B-D-galaktosa, v komplexech oligosacharidd navazanych na ZP3/ZP4 (ZPB/ZPC), ktera
je rozpoznavana spermadhesinem AWN-1 [13]. U skotu jsou to zase a-manosylové struktury obsazené
v glykoproteinech zony pellucidy, které se podileji na vazbé spermie [14].

Nicméné, glykoproteiny zony pellucidy nejsou témi jedinymi ve folikularni tekuting, jejichz role je
urcovana glykosylaci. Jsou to prévé rozdily ve strukturdch a sloZeni navazanych oligosacharid(, které do
urcité miry moduluji funkci napt. peptidovych hormont FSH a LH, u kterych bylo ukazano, Ze hraji svoji
ulohu v jejich bioaktivité a rychlosti jejich odbouravani [15]. DalSim prikladem muze byt multifunkéni
protein glycodelin, jehoz jednotlivé glykoformy vyrazné ovliviiuji vazbu spermie na zénu pellucidu nebo
vyvolani akrosomové reakce [16].
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1.2 Oviduktalni reservoar spermii

Figure 1.1 Oviduktdlini reservodr spermii se
zakldda v isthmické cdsti oviduktu. Spermie
jsou schopné rozpoznat a navdzat se na
specifické  glykoproteiny,  které  jsou
exprimované na apikdlnich  povrsich
epitheliglnich bunék prdavé v této Cdsti
oviduktu (© T. Drdb).

Po ejakulaci, spermie musi projit celou délohou a dostat
se do oviduktu, ktery je mistem jejich setkani s vajickem.
Avsak doba ovulace a doba pareni se nemusi vidy
prekryvat a proto se vyvinulo nékolik mechanismu, které
napomahaji lepsi synchronizaci setkdni gamet. Jednim z
obecnych pfistupld se u savcl jevi formovani tzv.
oviduktalniho rezervoaru spermii, ktery se kromé
synchronizace ovulace s pfitomnosti spermii také podili na
selekci neporusenych a plné wvyzrdlych spermii a
prodlouzeni jejich doby Zivota v samici[17]. Molekularni
mechanismus zodpovédny za tvorbu oviduktalniho
reservoaru je dalSim prikladem protein-sacharidové
interakce v reprodukci. Epithelialni bunky vystylajici
isthimckou ¢ast oviduktu vystavuji na svych apikalnich
povrsich specifické glykoproteiny, jejichZ oligosacharidové
Casti jsou rozpoznavany proteiny na povrchu spermii [18].
Dalezitym rysem této interakce je, Ze pouze
nekapacitované a v SirSim slova smyslu neporusené
spermie se spravné vyvinutym proteinovym obalem jsou
schopné vazby na oviduktalni epithel

Molekularni mechanismy vzniku oviduktdlniho reservoaru
jsou nejlépe charakterizovany u skotu, kde protein ze
semenné plasmy PDC-109 pfichyceny na povrch spermie

rozpoznava a-L-fukosu v oligosacharidech, které jsou
soucasti multifunkcnich glykoproteinl anexinl-1, -2, -4 a -5 exprimovanych epithelidlnimi burikami v
isthmické ¢asti oviduktu [19]. V pfipadé prasete, protein ze semenné plasmy vazajici se na povrch
spermie AQN-1 pravdépodobné spolu s proteinem DQH, se oba podili na vzniku reservoaru svoji
schopnosti vazat a-D-manosu (a do mensi miry i D-galaktosu), kterd je soucdsti glykoproteind
exprimovanych oviduktalnim epithelem [20, 21]. Stejné jako v ptipadé skotu, i u prasete byly anexiny
identifikovany jako pravdépodobné ligandy proteinl povrchu spermii, obzvlasté pak annexin-2 [22].

1.3 Nezvyklé role histonl

Pfestoze histony patfi k jednim z nejvice studovanych proteind, vSechny jejich mozné ulohy v
eukaryotnich organismech zdaleka nejsou jesté znamy a histony dovedou stdle prekvapit svoji
vSestrannosti. Za jejich hlavni funkci se povaZuje jejich interakce s DNA, kondenzace chromatinu a
regulace genové exprese. Jejich vyskyt mimo jadro, nebo dokonce mimo buriku byval ¢asto povaZzovany
za pouhy artefakt izolace nebo manipulace se vzorkem, poptipadé vice ¢i méné bezvyznamny ndsledek
nekrotickych procesli. AvSak béhem doby naristajici mnoZstvi dlikazi postupné ukazalo, jak
multifunkéni skupinou protein( histony ve skutecnosti jsou a jak jejich pfimé funkce zdaleka presahuji
hranice eukaryotického jadra [23].

Velké mnozstvi studii odhalilo aktivni ucast histonli na Sirokém spektru déji odehravajicich se v
cytoplazmé nebo dokonce mimo burku. Napfiklad histon H1.2 slouZi jako signaliza¢ni molekula, ktera
je zodpovédna za uvolnéni cytrochromu ¢ z mitochondrie béhem apoptosy vyvolané dvouvlakennymi
zlomy v DNA [24]. Déle histon H1 slouZi jaternim makrofagim také jako povrchovy receptor pro
thyreoglobulin a podili se tak na jeho odstranovani z krevniho obéhu [25], nebo jako receptor
polysialové kyseliny pro cerebelarni neurony, kde positivné reguluje rist neurit(i [26]. Stale také narista
mnozstvi studii, které popisuji zapojeni histont nebo peptidd odvozenych z histond do imunitni obrany
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napfi¢ celou ZivociSnou Fisi. Nejen Ze ukdazaly, Ze histony maji imunomodulaéni vlastnosti diky své
schopnosti interagovat s nékterymi vyznamnymi proteiny nebo burikami imunitniho systému (napf. C-
reaktivnim proteinem [27] nebo TNF-a [28] a makrofagy [29]), nebo protoZe mohou slouZit jako
receptory pro nékteré molekuldrni struktury asociované s patogeny (PAMPs) jako napfiklad LPS (histon
H2A a H2B v lidské placenté [30]). Nicméné jesté vyznamnéjsi je pfima antimikrobidlni aktivita histond
a nékterych z nich odvozenych peptidd [23]. Této jejich vlastnosti je vyuZito také v nové popsaném typu
bunécné smrti - procesu nazvaném ETosa, béhem kterého je nékolik typl bunék imunitniho systému
schopno vytvofit extraceluldrni sit z granuldrnich protein(i a chromatinu i histony. Tato sit slouzi k
zachyceni a usmrceni jak Gram-positivnich tak Gram-negativnich bakterii [31].

1.4 Mechanismy antimikrobialni aktivity histonl a peptidi odvozenych od histon(

Prestoze antimikrobidlni vlastnosti histon( jsou znamy jiz dlouhou dobu, pfesny mechanismus jejich
plUsobeni neni zcela jasny. Histony se svoji relativné malou molekulovou velikosti a silnym positivhim
nabojem dobre zapadaji do nasi predstavy antimikrobidlnich protein( a peptidd, co? je jinak z hlediska
aminokyselinového sloZeni velmi riznoroda skupina molekul. Jejich kladny ndboj jim umozZnuje vazat se
na zaporné nabité plasmatické membrany a nékteré studie dokonce ukazaly, Ze jsou schopné pres
membranu prochazet bez dodani energie a dostat se do cytoplasmy. Schopnosti penetrace jednotlivych
histonl se od sebe lisi a klesaji v tomto pofadi: smés histon( (obsahujici také H1)>H2A > H4 > H3 > H2B
[32]. Zajimavym zjiSténim bylo i to, Ze histony jsou schopné zprostifedkovat penetraci i mnohem vétsich
proteind jako tfeba BSA, pokud k nim bylo kovalentné pfipojeno, coz naznacuje jejich mozné vyuZziti do
budoucna jako potencidlnich nosi¢d schopnych dorucovat makromolekuly do cytoplasmy Zivych bunék
[32]. Jejich schopnost pronikat bunéénymi membranami zaroven vznasi i otazku, zda-li nemuze byt také
zodpovédna za mechanismus jejich uvolfiovani z bunék za urcitych situacich.

Nékteré dikazy naznacuji, Ze antimikrobialni mechanismy histon( se mohou od sebe lisit v zavislosti na
tom, zda se jedna o histony bohaté na arginin (H3 a H4) nebo histony bohaté na lysin (H1, H2A, H2B,
H5). Mistem plsobeni histonli bohatych na arginin je pravdépodobné plasmatickd membrana. Tyto
histony zpUsobuiji jeji naruseni a formovani tzv. bleb(l - zahybl na membrané, podobné jako cela rada
dalSich antimikrobidlnich peptidd [33]. Na druhou stranu, histony bohaté na lysin a peptidy z nich
odvozené (jako napf. buforin Il) pravdépodobné ucinkuji v cytoplasmé, kde se hromadi a zabijeji buriky
bez nutnosti jejich lyse [34]. Navic v mechanismu antimikrobidlniho plsobeni histon( se kromé jejich
kladného naboje také projevuje stericky faktor. Experimenty pouZivajici syntetické analogy odvozené z
histonu H1 prokazaly nutnou pfitomnost prolinu a to v jeho cis konformaci, aby se projevily jejich
antimikrobialni u¢inky [35].

1.5 Nativni elektroforesy

SDS elektroforesa patii k bézné pouzivanym metodam separace komplexnich smési protein(i, nicméné
jeji nevyhodnou byvd nevyhnutelnd denaturace vétSiny proteint. Je-li dllezité nativni strukturu
protein(l zachovat, Ize pouzit nékterou z tzv. nativnich elektrofores. Obecné podminky béhem nativni
elektroforesy jsou mirnéjsi nez v pripadé SDS elektroforesy; vyhyba se poufZiti vysokych teplot nebo
silnych detergent(, ¢i redukcnich Cinidel a vétsinou je vhodné chladit elektroforetickou aparaturu
béhem separace. V principu existuji dva rozdilné pfistupy, jak Ize nativni elektroforesy provést. V prvnim
pripadé je vyuZit vlastni elektricky naboj molekul protein(, zatimco v druhém pfipadé se analogicky k
SDS elektroforesy poutzije néjaké dalsi molekuly, kterd interaguje s proteiny a ptebije jejich vlastni naboj.
Oba dva pfistupy maji své opodstatnéni a nalézaji vyuZiti ve studiu protein(.
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Bezbarvé nativni elektroforesy

Bezbarvé nativni elektroforesy predstavuji skupiny metod, které s vyuZivaji vlastniho naboje proteind k
jejich elektroseparaci. Naboj proteinu je uréen jeho aminokyselinovym sloZzenim, posttranslacnimi
modifikacemi a zaroven pH prostfedi. Jeho elektroforetickda mobilita je pak dana hlavné pomérem
velikosti proteinu ku jeho ndboji. Bezbarvé nativni elektroforesy umoznuji napr. detekci enzymatickych
aktivit v gelu hned po separaci [36] nebo umoZiuji rozdéleni proteinli o podobnych velikosti ale liSici se
svym nabojem (jako napf. rlizné glykoformy, nebo isoformy, popt. rizné fosforylované proteiny).
Nicméné ziskani informace o velikosti proteinu neni jednoduché.

Modra nativni elektroforesa

Modra nativni elektroforesa je jednou z nejpouzivanéjSich nativnich elektrofores. Byla vyvinuta
Schaggerem a Jagowem [37, 38] jako metoda vhodna pro elektroseparaci membranovych proteina.
Modrd nativni elektroforesa vyuziva barvivo Coomassie Brilliant Blue G-250, které se vaze na proteiny a
udéluje jim silny negativni naboj. Funkce ani struktura proteind s navazanou barvou nebyva touto
vazbou vétsinou ovlivnéna a elektroforetické mobility protein(l se stavaji pfiblizné funkci logaritmu jejich
molekulovych hmotnosti. Diky velmi silné vazbé barviva neni tato metoda vhodna k nasledné detekci
enzymatickych aktivit pfimo v gelu.

2 Cile prace

Cilem predkladané dizertacni prace bylo rozsitit nase znalosti o tekutindch a sekretech ze samicich a
samcich reprodukénich traktd, jejich sloZeni, role a Ucasti v reprodukci prasat a skotu. Hlavni zaméreni
bylo na protein-sacharidové interakce, o kterych je znamo, Ze jsou podstatou nékolika klicovych krok
v reprodukci. Dalsi oblasti vyzkumu byly antimikrobidlni vlastnosti, které vyrazné pfrispivaji k Gdspésné
reprodukci.

Byly definovany ctyfi dilci cile:

1. Vyhodnoceni aktivit glykosidas ve folikularni tekutiné, jejich castecna charakterizace a
navrZeni jejich pripadnych roli v reprodukci

2. Vyvinuti elektroseparaéni metody vhodné pro detekci glykosidas a dalSich enzym( v
komplexnich vzorcich jakou biologické tekutiny a sekrety ucastnici se reprodukce

3. Porovnani antimikrobidlnich vlastnosti tekutin z folikulu, oviduktu a délohy spojené s
identifikaci latek, které jsou za né zodpovédné

4. Porovnani vlastnosti sekretti Cowperovych Zlaz u byka a kance, jejich role v reprodukci a
interakci se samicim reprodukénim traktem

3 Material a metody

- izolace tekutin z folikulu, oviduktu a délohy, izolace zdny pellucidy, izolace a solubilizace
sekretll Cowperovych zlaz

- vyhodnocovani glykosidasovych a antimikrobidlnich aktivit

- SDS elektroforesa, modra nativni elektroforesa, cervena nativni elektroforesa

- ELISA-like binding assay

- znaceni protein( (biotin, FITC)
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4 Vysledky a diskuze

4.1 Detekce a charakterizace glykosidas ve folikularni tekutiné kravy a prasnice

Srovnani aktivit glykosidas v prase folikularni tekutiné z tercialnich a preovulaénich folikul
Tomds Drdb, Stépdn Ren, Marie Tichd, Pavla Maridskovd-Postlerovd, Jifi Liberda

Biochemické srovnani tekutin z nezralych a zralych folikuld u prasnice a kravy
Stépdn Ren, Tomds Drdb, Jiti Liberda, Pavla Maridskovd-Postlerovd

Folikuldrni tekutina predstavuje idealni prostfedi pro vyvoj oocytu a kumuldrnich bunék a stdle je
nepostradatelnd pro studie zabyvajici se in vitro fertilizaci. Spravny vyvoj oocytu zahrnuje mimo jiné i
ustanoveni spravnych oligosacharidovych struktur, které se vyznamné podileji na dalSich fazich
reprodukce. Z tohoto divodu jsme studovali aktivitu péti glykosidas v tekutinach z prasecich a kravskych
tercidlnich a preovulacnich folikulG a v krevni plazmé pfi dvou rGznych hodnotach pH — 5,0 a 7,2.
Detekovali jsme aktivity vSech studovanych glykosidas ve vSech vzorcich a pfi obou pH. Pozorovali jsme
vyrazny narust aktivity spojeny se zranim folikulu v pfipadé a-D-manosidasy u prasnice (Obrazek 4.1) a
a-L-fukosidasy u kravy. Kromé toho se také ménila aktivita a-D-galaktosidasy — doslo k jejimu sniZeni u
prasnice a zvySeni u kravy. Je zajimavé, Ze jak a-L-fukosa tak a-D-manosa maji silnou a velmi podobnou
vazbu k reprodukci pfislusnych druh(, kde oba sacharidy jsou zodpovédné za vznik oviduktalniho
rezervoaru spermii [19, 22] a narlst jejich aktivit tak mlzZe byt zodpovédny za synchronizaci mezi
uvolnénim spermii z jejich rezervodru a ovulaci vajicka. Efekt glykosidas v reprodukci byl dale testovan
na vazbé mezi praseci zénou pellucidou a proteinem spermie zodpovédnym za jeji rozpozndni a ukazali
jsme vyrazny vliv a-D-manosidasy a hlavné a-D-galaktosidasy na tuto vazbu (Obrazek 4.2). Cervena
nativni elektroforesa pak detekovala pfitomnost dvou anebo i vice isoenzymu pro kazdou glykosidasu
s vyjimkou a-L- fukosidasy. Nékteré z téchto izoenzymu byly nalezeny pouze ve folikularni tekutiné a ne
v krevni plazmé, coz naznacuje jejich folikularni plivod (Obrazek 4.3).

Aktivita glykosidas pri pH 7,2 v praseci folikularni tekutiné

0,25

| tercidlni folikul  ® preovulaéni folikul krevni plasma
0,2
<
£ 0,15
o
c
-E I
S 01
£
c
I
0,05 _
0
a-Fuc a-Gal B-Gal B-Hex a-Man

Obrazek 4.1 Porovnadni glykosidasovych aktivit v praseci tercidlni nebo preovulacni folikuldarni tekutiné a
krevni plasmé pfi pH 7,2. a-Fuc: a-L-fukosidasa; a-Gal: a-D-galaktosidasa,; 6-Gal: 8-D-galaktosidasa; 6-
Hex: 8-D-N-acetylhexosaminidasa; a-Man: a-D-manosidasa.
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efekt plsobeni glykosidas na vazbu mezi zonou pellucidou a AWN

0,70
 glykosidasy m folikularni tekutina + selektivni inhibitor glykosidas
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0,50
0,40
wn
g
< 30
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a-fuc a-gal B-gal B-hex a-man ZP-AWN

Obrazek 4.2 Inkubace praseci zony pellucidy s glykosidasami (modré sloupce) nebo s preovulacni
folikuldrni tekutinou se selektivnimi inhibitory glykosidas (oranZové sloupce) a ndslednd interakce se
spermadhesinem AWN, ktery je zodpovédny za vazbu spermine na zonu pellucida. a-Fuc: a-L-
fukosidasa/deoxyfuconojirinmycin; a-Gal: a-D-galaktosidasa/ N(N-Nonyl)deoxygalactojirinmycin; 8-
Gal: B-D-galaktosidasa/ N(N-Nonyl)deoxygalactojirinmycin; 8-Hex: 6-D-N-acetylhexosaminidasa/ N-
acetylglucosaminothiazolin; a-Man: o-D-manosidasa/ deoxymanojirinmycin, ZP-AWN - interakce
nemodifikované zony pellucidy s AWN; FF — inkubace zony pellucidy s folikuldrni tekutinou bez Zadného
inhibitoru glykosidas a jeji ndslednd interakce s AWN.

201 000

134 000

Obrdzek 4.3 Cervend nativni elektroforesa praseci preovulaéni
folikuldrni tekutiny a krevni plasmy, detekce glykosidasovych
aktivit — jsou uvedeny pouze vysledky pro a-D-manosidasu
1. folikuldrni tekutina, pH 7,2; 2. krevni plasma pH 7,2;

67 000 3. folikuldrnd tekutina, pH 5,0; 4. krevni plasma, pH 5,0;
5. folikuldrni tekutina — detekce proteint; 6. standard
molekulovych hmotnosti - BSA
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4.2 Vyvinuti cervené nativni elektroforesy

Nativni ¢ervena elektroforesa — nova metoda vhodna k separaci nativnich proteint
Tomds Drab, Jana Kracmerovd, Ivana Tichd, Eva Hanzlikovd, Marie Tichd, Helena Ryslavd, Veronika Doubnerovd,
Pavla Maridskovd-Postlerovd, Jiri Liberda,; Electrophoresis 32 (2011) 3597-3599

Nativni polyakrylamidova elektroforesa v pfitomnosti Ponceau Red ke studio oligomerickych stavti

proteinovych komplext

Tomds Drab, Jana Kracmerovd, Ivana Tichd, Eva Hanzlikovad, Marie Tichd, Jifi Liberda

J Sep Sci. 2011 Jul; 34(14):1692-5

Vyvinuli jsme novy typ nativni elektroforesy k separaci a charakterizaci protein(, ktery jsme nazvali
»tervend nativni elektroforesa”. V této modifikaci modré nativni elektroforesy je pouzito barvivo
Ponceau Red S na misto Coomassie Brilliant Blue, které se navaze na proteiny a udéli jim uniformni
negativni naboj a umozni tak jejich elektroforetickou separaci podle relativnich molekulovych hmotnosti
(Obrazek 4.5). Ponévadz Ponceau Red S se vaZe k proteinim slabéji nez Coomassie Blue, mliZe byt po
elektroforetické separaci snadno odstranéno, coz umoznuje dalsi charakterizace proteinovych vlastnosti
(jako napt. detekce enzymatickych aktivit pfimo v gelu — Obrazek 4.3 a 4.4). VSechny testované proteiny
si udrzely svlj nativni stav béhem této separace (napf. enzymatickou aktivitu nebo agregacni stavy)

- '

201 000
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67 000 .

Obrdzek 4.5 Srovndni relativnich
molekulovych hmotnosti testovanych
proteini s  jejich  hmotnostmi
urcenych pomoci cervené nativni
elektroforesy. Pri urcovani
molekulovych  hmotnosti pomoci
Cervené elektroforesy slouzZilo BSA a
jeho  oligomery  jako  marker
molekulovych  hmotnosti, idedini
molekulové hmotnosti byly ziskdny z
databdze Swiss-Prot (Swiss Institute
of Bioinformatics, Lausanne,
Switzerland).

® — monomery,

o —oligomerni proteiny

Experimental rel. molecular mass®

Obrdzek 4.4 Cervend nativni elektroforesa enzym( a jejich
ndslednd detekce pfimo v gelu. 1 - standard molekulové
hmostnosti (BSA), 2 - laktdt dehydrogenasa, isoenzym M4,
3 - a-D-manosidas\, 4 — 6-D-N-acetylhexosaminidasa, 5 -
NADP-malic enzym.
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4.3 Antimikrobialni aktivita tekutin z reprodukéniho traktu kravy a prasnice

Antimikrobialni aktivita histond v reprodukénim traktu kravy
Tomds Drdb, Jana Kra¢merovd, Eva Hanzlikovd, Tereza Cernd, Rozdlie Litvdkovd, AlZzbéta Pohlovd, Marie Tichd,
Petr Prikryl, Jifi Liberda

Infekce jakékoliv ¢asti samiciho reprodukéniho traktu muze vyrazné poskodit plodnost a schopnost
reprodukce. Tekutiny a epithel z nitra samiciho traktu (délohy, oviduktu a folikul(l) jsou zndmym zdrojem
antimikrobialni aktivity. V této prdci jsme porovnali antimikrobialni vlastnosti tekutin z reprodukénich
traktd prasnice a kravy. Dale, ukazali jsme, Ze obsahuji frakci v rozsahu molekulovych hmotnosti mezi
3 500 — 30 000, ktera se podili na jejich antimikrobialnich vlastnostech. Nejpravdépodobné;si kandidati
zodpovédni za pozorované antimikrobidlni efekty byly nasledné identifikovani pomoci hmotnostni
spektroskopie jako histony H2A typ 2-C, H2B typ 1-K, H3.3 a H4. Antimikrobidlni role histonu H2B byla
dale potvrzena pomoci protildtky proti tomuto histonu (Obrazek 4.6)

Obrdazek 4.6  Srovndni

antimicrobial activity of fluids from reproductive tract of cow L. o, ,
antimikrobidlnich vlastnosti
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4.4 Porovnani sekreti Cowperovych zZlaz byka a kance

svs

Role sekretti Cowperovych Zlaz v by¢im ejakulatu
Tomas Drab, Ivana Tichd, Pavla Maridskova-Postlerovd, Marie Tichad, Petra Prinosilovd, Zdenék Véznik, Jiri
Liberda

Umeéle pripravené ejakulaty z lyofilizovanych sekret(i pridatnych pohlavnich Zlaz, epidydimalni tekutiny
a epidydimalnich spermii byly pouZity ke sledovani efektli sekretli Cowperovych Zlaz na modulaci
vlastnosti byciho ejakuldtu. Tyto sekrety byly identifikovany jako vyznamny faktor, ktery zvysSuje
viskozitu ejakulatu a zpomaluje rychlost uvolfiovani spermii z ejakulatu. Dale pak sekrety Cowperovych
Zlaz zvysuji agregaci semennych proteinli a zaroven také zvysuji vazbu sekretli semennych vackl na
povrch spermii (Obrazek 4.7)
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Degradace semenné zatky v déloZznim hrdle prasnice (Sus scrofa f. domestica)
Ivana Tichd, Tomds Drab, Eva Hanzlikova, Pavla Maridskovd-Postlerovd, Marie Tichd, Jifi Liberda

Délozni tekutina je zdrojem mnoha enzymovych aktivit, v nich? proteasy hraji prominentni roli. U¢astni
se remodelace povrchu délohy a timto zplsobem ovliviiuji jeji funkce v zavislosti na fazi estralniho cyklu.
Detekovali jsme nékolik metaloproteas a serionovych proteas v délozni tekutiné ovulujici prasnice
pomoci substratové zymografie. Ddle jsme také ukazali, Ze délozni tekutina se podili na proteolytické
degradaci semenné zatky v déloZznim hrdle samice, ktera je odvozena ze sekretl Cowperovych Zlaz.
Nicméné rychlost jeji degradace je vyrazné ovlivnéna estralni fazi cyklu, kdy tekutina z ovulujici prasnice
degraduje zatku velmi rapidné, zatimco déloZni tekutina z prasnice v diestralni fazi cyklu nevykazuje
prakticky Zadné proteolytické vlastnosti (Obrazek 4.8)

Proteolyticka degradace sekretti Cowperovych Zlaz
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Obrazek 4.8 Srovndni rychlosti proteolytickd degradace sekrett kancich Cowperovych Zldz pomoci
délozni tekutiny z prasnice v estrdini a diestrdlini fazi reprodukcniho cyklu. CGS — sekrety Cowperovych
Zlaz (Cowper’s gland secretion)

27




5 Zaver
Predkladanad dizertacni prace se zabyva folikuldrni, oviduktalni a délozni tekutinou, a dale také sekrety
Cowperovych Zlaz u prasat (Sus scrofa f. domestica) a skotu (Bos primigenius f. taurus).

- Charakterizace aktivit péti glykosidas v tekutinach z tercidlniho a preovulaéniho folikulu a krevni
plazmy u prasnice a krdvy ukazala rozdily jak mezidruhové, tak i rozdily dané maturaénim stadiem
folikulu. a-L-fukosidasa byla nejaktivnéjsi glykosidasou v kravské folikularni tekutiné pfi
neutrdlnim pH, zatimco a-D-manosidasa zase v praseci. Oba enzymy navic vykazovali nejvyrazné;jsi
narust aktivit béhem zrani folikulu. Druhou nejaktivnéjsi glykosidasou byla R-D-galaktosidasa, ktera
také vykazovala zmény v zdvislosti na estralnim cyklu u obou druhl. Dalsi studie, kterd
napodobovala maturaci praseci zény pellucidy pomoci jeji inkubace s glykosidasami ukdazala jejich
negativni vliv na vazbu protein(i z povrchu spermie AQN a AWN, coZ bylo patrné obzvlasté v
pripadech a-D-manosidasy a B-D-galaktosidasy.

- Srovnani aktivit glykosidas ve folikuldrni tekutiné a v krevni plasmé ukazaly, Ze bez ohledu na
maturacni stav folikulu aktivity studovanych glykosidas jsou vyrazné vyssi ve folikularni tekutiné
nez v krevni plasmé s obecnou vyjimkou B-N-acetylhexosaminidasy u obou druhl a a-D-
manosidasy u kravy, jejichz aktivity byly srovnatelné nebo dokonce vyssi v krevni plazmé. Tyto
vysledky naznacuji alespon ¢astecny folikularni plvod detekovanych glykosidas, coz bylo dale
potvrzenou pomoci cervené nativni elektroforesy.

- Vyvinuli jsme a optimalizovali jsme novy typ nativni elektroforesy nazvany "Cervena nativni
elektroforesa", kterd kombinuje vyhody modré nativni a bezbarvé nativni elektroforesy, jelikoz
umoznuje separaci protein( a jejich komplext podle jejich molekulovych hmotnosti a zaroven pak
naslednou vizualizaci enzymatickych aktivit pfimo v gelu. Tuto metodu jsme pouZili pro porovnani
glykosidasovych aktivit v praseci folikuldrni tekutiné a krevni plasmé a ukazali jsme, ze kazda z
detekovanych glykosidas je pfitomna v nékolika isoformach s vyjimkou a-L-fukosidasy, nékteré z
téchto isoforem byly nalezeny pouze ve folikularni tekutiné. To je obzvlasté pravda pro bandy
odpovidajici celkem malé molekulové hmotnosti kolem 70-80 kDa nalezenych ve folikularni
tekutiné pfi neutralnim pH pro B-N-acetylhexosaminidasu, B-D-galaktosidasu a a-D-manosidasu.

- Porovnani antimikrobialnich aktivit folikularni, oviduktalni a délozni tekutiny ukazalo, zZe
oviduktalni tekutina u obou druh( je nejefektivnéjsi. Dalsi studie tekutin z kravskych reprodukénich
traktl ukazaly, Ze dulezity zdroj antimikrobidlni aktivity se nachdazi v rozsahu molekulovych
hmotnosti 3 500 - 30 000, které SDS elektroforesa nasledovana MALDI-TOF pak identifikovala jako
histony H2A type 2-C, H2B type 1-K, H3.3 a H4. Role histonu jakoZto antimikrobidlnich latek byla
dale potvrzena pomoci polyklonalni protilatky proti H2B, ktera vyrazné redukovala antimikrobidlni
vlastnosti vsech tfi tekutin. Tento efekt byl nejvic zfetelny v pfipadé kravské oviduktalni tekutiny,
jejiz antimikrobidlni aktivita se po pfidani protilatky snizila trikrat.

- Studie role sekretti Cowperovych Zlaz u byka ukazala jejich positivni vliv na viskozitu semene a
agregaci semennych proteinti a zaroven pak také podpofeni adhese semennych proteinti na
povrch spermie.

- Sekrety prasecich Cowperovych Zlaz tvofi Zelatinosni zatku v déloZnim hrdle samice na konci
pafeni. Vyvinuli jsme metodu jejich rozpousténi za nativnich podminek pouZivajici kyselinu
boritou. Dale jsme ukazali, Ze déloZni tekutina z prasnice v obdobi fije velmi efektivné tuto zatku
proteolyticky degraduje, na rozdil od tekutin z diestralni faze reprodukéniho cyklu.
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