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PAPER

Specific lectin binding sites during in vitro capacitation and acrosome
reaction in boar spermatozoa

Laura Robles-G�omeza , Leopoldo Gonz�alez-Brusib , Paula S�aez-Espinosaa ,
Natalia Huerta-Retamala , Paula Cots-Rodr�ıguezb , Manuel Avil�esb and
Mar�ıa Jos�e G�omez-Torresa,c

aDepartamento de Biotecnolog�ıa, Universidad de Alicante, Alicante, Spain; bDepartamento de Biolog�ıa Celular e Histolog�ıa, Facultad
de Medicina, Universidad de Murcia, Campus Mare Nostrum, Espinardo (30100) and IMIB-Arrixaca, Murcia, Spain; cC�atedra Human
Fertility, Universidad de Alicante, Alicante, Spain

ABSTRACT
Sperm glycocalyx and plasma membrane undergo outstanding modifications during fertilization.
However, it is unclear how in vitro capacitation time and acrosome reaction affect the specific
location of boar sperm glycoconjugates. This study aimed to identify lectin binding patterns and
to describe the sequential changes during different in vitro capacitation times (1 and 4h) and
acrosome reaction in boar spermatozoa. With Aleuria aurantia agglutinin (AAA), most uncapaci-
tated cells were labelled in the postacrosomal region. Nevertheless, after 1 h of in vitro capacita-
tion and the acrosome reaction, most AAA binding sites were in the acrosomal region. With
Concanavalin A (ConA), most sperm were labeled in the postacrosomal region before and after
capacitation. After the acrosome reaction induction, this pattern changed to a highly stained
acrosomal and postacrosomal regions. Peanut agglutinin (PNA) binding sites were in the acroso-
mal region in uncapacitated and capacitated sperm. In acrosome reacted sperm after 4h capaci-
tation, the most frequent pattern showed remaining positive labeling in the central area of the
head. With Pisum sativum agglutinin (PSA), most uncapacitated cells showed a postacrosomal
region staining. Nevertheless, faint stained all over the head and highly acrosomal region label-
ling was observed in the major part of capacitated and acrosome reacted sperm respectively.
With Wheat germ agglutinin (WGA), the most representative pattern in uncapacitated, capaci-
tated and acrosome reacted sperm was labelled in the acrosomal region. Regarding capacitation
time, the most significant changes in the most representative pattern were observed in acro-
some reacted spermatozoa after 4 h of in vitro capacitation.

HIGHLIGHTS

� Lectins allow detailed descriptions of eight different populations in boar sperm.
� Changes in lectin binding patterns during capacitation are time dependent.
� Lectin binding patterns significantly change after 4 h of in vitro capacitation.
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Introduction

Mammalian spermatozoa are unable to fertilise an
oocyte when ejaculated. They must undergo epididy-
mal maturation, capacitation and acrosome reaction to
achieve oocyte fertilisation (Okabe 2013). Sperm cap-
acitation was first reported independently by Chang
(1951) and Austin (1952). It is a gradual and multi-step
process that occurs during the sperm sequential jour-
ney along the female genital tract in vivo
(Yanagimachi 1994; Gervasi and Visconti 2016; Stival
et al. 2016). However, this process has also been

successfully reproduced in vitro by incubation in a

chemically defined medium in many species (Edwards

1969; Rath et al. 1999; Albarrac�ın et al. 2004; Agarwal

et al. 2017).
Capacitation appears to be necessary for posterior

acrosome reaction and sperm-egg fusion (Inoue et al.

2005; Bianchi et al. 2014; Cuasnic�u et al. 2016). In par-

ticular, acrosome reaction is characterised as multiple

fusions of the plasma membrane with the outer acro-

somal membrane and the release of acrosomal con-

tents including hydrolytic enzymes by exocytosis that
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facilitates the sperm to penetrate the zona pellucida
(Okabe 2014; Hirose et al. 2020). Since the acrosome
reaction is an essential step in the fertilisation process
and an indicator of sperm capacitation in mammals,
the ability of a sperm population to undergo the acro-
some reaction might be correlated to its fertilising
ability (Xu et al. 2018).

The glycocalyx is the primary interface between
both spermatozoa and their surrounding environment.
Many studies suggest that this sugar-layer plays an
important role in sperm transport, gamete recognition
and interaction in mammals (Diekman 2003; Tecle and
Gagneux 2015; Suarez 2016). For instance, glycocalyx
protects sperm against female immunity (Yudin et al.
2005; Wigby et al. 2019), participates in the formation
of the sperm reservoir (Kadirvel et al. 2012; Machado
et al. 2014; Silva et al. 2017) or masks molecules
involved in fertilisation and passage through the ute-
rotubal junction (Nakanishi et al. 2004).

Although several methodologies have been
employed to study mammalian gamete glycoconju-
gates, lectin histochemistry has allowed to evaluate
the composition and distribution of glycoconjugates
in different mammalian species (Farlin et al. 1992;
Schroter 1999; G�omez-Torres et al. 2012; F�abrega et al.
2012). Thereby, it has been observed that the sperm
surface undergoes modification, redistribution or loss
of specific membrane components during epididymal
maturation, sperm capacitation or acrosome reaction
(Bawa et al. 1993; Jim�enez et al. 2003; Baker et al.
2004). In addition, lectin labelling could be useful to
identify and select different sperm subpopulations
(Ravid et al. 1990; Herrera et al. 2002).

In the porcine species, several studies with lectins
have allowed to determine the presence of N-acetyl-
glucosamine and/or sialic acid and mannose residues
in the sperm head using Wheat germ agglutinin
(WGA) and Concanavalin A (Con A), respectively
(V�azquez et al. 1996; Jim�enez et al. 2003). On the
other hand, the fluorescence microscopy has allowed
to know where lectin binding sites are located in boar
sperm glycocalyx and their main location changes dur-
ing different physiological processes (V�azquez
et al. 1996).

The ability of lectins in the identification and selec-
tion of sperm populations has enabled the evaluation
of the fertilising ability in boars. Accordingly, Pisum
sativum agglutinin (PSA) has been used to evaluate
sperm fertilising ability and acrosome reaction in this
species (Herrera et al. 2002). Moreover, WGA binding
was significantly lower in ejaculated, capacitated and
acrosome reacted sperm in subfertile boars than in

fertile boars using flow cytometry (Jim�enez et al.
2002). Considering the large number of spermatozoa
used in artificial insemination (IA) in this species (Roca
et al. 2006; Funahashi 2015), the development of tech-
niques to identify and select different sperm popula-
tions is required to reduce the number of cells used
and the cost.

In this way, different lectin binding sites have been
reported in boar sperm (V�azquez et al. 1996; Jim�enez
et al. 2003). However, most studies describe a general
labelling distribution in the most obvious domains
using fluorescence microscopy or quantify labelling
intensities by flow cytometry. Moreover, the optimal
in vitro incubation time required for boar sperm cap-
acitation and its impact on different structural and
functional biomarkers is still discussed. Recently, it has
showed a significant increase in the number of capaci-
tated spermatozoa after 4 h of incubation in a capaci-
tation medium (Ded et al. 2019).

Considering the above, a better understanding of
how the boar sperm surface is accurately modified
during sperm capacitation and acrosome reaction is
convenient. The present study aimed to characterise
the porcine sperm glycocalyx and its sequential
changes produced after different times of in vitro cap-
acitation and the acrosome reaction using five lectins
by fluorescence microscopy.

Materials and methods

Sperm preparation

The ejaculates were obtained from a private company.
There were no specific ethical approvals necessary to
perform this research because there were non-produc-
tion animal manipulations that were needed to con-
duct this study. Five fertility tested boars were
included in this report, obtaining an ejaculate from
each individual. Sperm-rich fraction was immediately
transported to laboratory within 1 h. Percoll treatment
consisted of layering a 0.5mL layout of semen on a
discontinuous 45–90% (v/v) Percoll gradient as previ-
ously described (Parrish et al. 1995) and centrifuging
at 700 g for 30min without brake. Sperm collected
from the bottom of the 90% fraction were washed in
TALP medium by centrifugation at 700 g for 10min.
Finally, the resultant pellet was resuspended in phos-
phate-buffered saline without calcium or magnesium
(PBS, Biowest, Nuaill�e, France) to rinse a final concen-
tration of 20�106 cells mL�1.

ITALIAN JOURNAL OF ANIMAL SCIENCE 373



Sperm in vitro capacitation and acrosome
reaction induction

Percoll recovered sperm was capacitated in vitro for 1
(CS1) and 4 h (CS4) (since start of Percoll treatment)
by incubation at 37 �C 5% CO2 in TALP medium (Rath
et al. 1999) composed of: 114.06mM NaCl, 3.2mM KCl,
8mM C6H10CaO6�5H2O, 0.5mM MgCl2 6H2O, 0.35mM
NaH2PO4, 25.07mM NaHCO3, 10mM NaC3H5O3,
1.1mM Na pyruvate, 5mM glucose, 2mM caffeine,
3mg mL�1 bovine serum albumin (BSA) (fraction V),
1mg mL�1 PVA and 0.17mM kanamycin sulphate. All
those reagents were purchased to Sigma (Sigma-
AldrichVR , Saint Louis, MO) and were embryo and/or
cell culture tested.

To evaluate the success of sperm in vitro capacita-
tion, we determined the immunolocalization of tyro-
sine phosphorylation in sperm plasma membrane
proteins.

The location of tyrosine phosphorylation protein in
boar was analysed by indirect immunofluorescence
modified from Tardif et al. (2001). Uncapacitated, 1 h
capacitated and 4 h capacitated paraformaldehyde-
fixed sperm suspensions were deposited on a cover-
slip. When dry, the samples were washed three times
in PBS and permeabilized in absolute ethanol for
1min. After washing, cells were blocked with 2% (w/v)
BSA-PBS for 30min. Then, coverslips were incubated
for 1 h with anti-phosphotyrosine antibodies (4G10,
Milipore, Temecula, CA) at 1:100 dilution in room

temperature and with a secondary anti-mouse IgG
antibody conjugated to Cyanine TM3 (Jackson
ImmunoResearch, Ely, UK) at a 1:300 dilution for 1 h in
the dark. Slides were rinsed with PBS between both
incubations. Finally, coverslips were washed again
three times with PBS and subsequently mounted with
Vectashield H-1200 with 40,6-diamidino-2 phenylindole
(DAPI, Vector Laboratories, Burlingame, CA). Negative
control experiments were performed omitting the pri-
mary antibody.

The capacitation status was determined observing
the different tyrosine phosphorylation patterns (Lu~no
et al. 2013). Only the pattern considered as ‘high
capacitated’ was represented in order to simplify tyro-
sine phosphorylation results. This pattern is character-
ised by presenting fluorescence in the equatorial
subsegment and acrosomal region (Figure 1(A)). At
least 200 cells were evaluated for each in vitro physio-
logical condition. Leica TCS-SP2 confocal microscopy
(Leica Microsystems GmBH, Wetzlar, Germany), and
Leica Confocal Software helped obtain images.

Acrosome reaction was induced by incubation of
5�106 spermatozoa with 1 mM calcium ionophore
A23187 (Sigma-Aldrich, Saint Louis, MO) for 15min
(Ashworth et al. 1995). Two replicates were made for
each sample, one at 1 h (ARS1) and the other at 4 h
(ARS4) of incubation in capacitation medium.

Based on previous studies, the effectiveness of the
acrosome reaction induction was performed omitting
calcium ionophore A23187 as control (S�aez-Espinosa

Figure 1. Evaluation of sperm capacitation status and acrosome reaction induction. (A) 4G10 phosphorylation patterns. Note the
signal in the equatorial subsegment and acrosomal region (white arrow), pattern considered as ‘high capacitated’. (B) PNA-label.
Spermatozoa with fluorescence in the acrosomal region was considered not reacted (�) and those with faint labelling in the
equatorial segment were regarded as acrosome reacted (þ).
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et al. 2019). To differentiate between acrosome-intact
and acrosome-reacted sperm, the cells were treated
with FITC-labelled Peanut agglutinin (PNA), which has
been described as a marker for the outer acrosome
membrane (Fazeli et al. 1997). A total of 5 lL of acro-
some reaction control were placed on a coverslip and
fixed in methanol for 30min. After drying the smear,
the cells were washed three times in PBS and unspe-
cific binding was blocked by 2% (w/v) BSA-PBS for
30min. The smears were then incubated in the dark
with PNA lectin conjugated to fluorescein-5 isothio-
cyanate (PSA-FITC, Sigma-Aldrich) 20 lgmL�1 for
30min. After three washes in PBS (Biowest, Nuaill�e,
France), the samples were mounted with Vectashield
and DAPI. DAPI helped with identification of the cell
nucleus. The whole process took place at room
temperature.

Sperm that showed fluorescence in the acrosomal
region were considered not reacted and those with
faint labelling in the equatorial segment were
regarded as acrosome reacted (Figure 1(B)). At least
200 cells were evaluated for each in vitro physiological
condition. Leica TCS-SP2 confocal microscopy (Leica
Microsystems GmBH, Wetzlar, Germany), and Leica
Confocal Software helped obtain images.

Sperm sample fixation

Sperm from groups Uncapacitated (UCS), one-hour-
capacitated (CS1), four-hours-capacitated (CS4), acro-
some reacted after one-hour-capacitation (ARS1) and
acrosome reacted after four-hours-capacitation (ARS4)
were fixed as follows: sperm was centrifuged three
times for 5min at 700 g and pellet was washed with
PBS. Final resuspension was made in PBS 2% (w/v)
paraformaldehyde (Electron Microscopy Sciences,
Hatfield, PA) and spermatozoa were incubated for
45min at 4 �C. Afterwards, sperm was centrifuged
5min at 400 g and washed with PBS until lectin bind-
ing assays were made.

Lectin binding

Carbohydrates surface distribution in UCS, CS1, CS4,
ARS1 and ARS4 was characterised using AAA, Con A,
PNA, PSA and WGA lectins conjugated with FITC
(Vector Laboratories, Burlingame, CA) (see Table 1 for
taxonomic name of source and specifity of lectins
used). Fixed samples (5 mL) were deposited on a round
coverslip of 12mm. The coverslips incubated with PNA
lectin were permeabilized in methanol for 30min.
Once coverslip was dried, it was rehydrated thrice

with PBS for 5min and incubated with 2% (w/v) BSA-
PBS block solution for 1 h. Next, samples were incu-
bated with lectin FITC-conjugated at a final concentra-
tion of 20lg mL�1 for 1 h at room temperature in a
dark humid chamber. Finally, samples were washed
thrice in PBS for 5min and assembled with
Vectashield with DAPI. Quantification of different stain-
ing patterns (P) was performed by scoring 100 cells of
each sample using a Leica TCS SP2 laser scanning con-
focal microscope. Added to this, negative control
experiments were performed omitting the lectin.

Statistical analysis

The Shapiro–Wilk test supported the adjustments of
the percentage values to the normal curve. Statistical
differences between different in vitro physiological con-
ditions and capacitation time were tested for the differ-
ent lectins using t-student distribution. Differences
were statistically significant at a 95% confidence level
(p< 0.05). The statistical analysis was performed by
means of IBM SPSS Statistics19.0 (IBM, Armonk, NY).

Results

Evaluation of sperm capacitation and acrosome
reaction induction

The distribution of tyrosine phosphorylation fluores-
cence patterns was significantly different (p< 0.05)
among UCS, CS1 and CS4. In UCS, only the
1.86 ± 0.66% of cells showed the pattern considered as
‘highly capacitated’, while in CS1 and CS4 the percent-
age of this pattern was 25.64 ± 6.07% and
49.81 ± 6.79%, respectively. The percentages obtained
of acrosome-reacted spermatozoa was 14.69 ± 5.41%
in ARS1 controls and 21.60 ± 2.63% in ARS4 controls.

Lectin labelling patterns

We analysed all the staining patterns observed with
the different lectins in UCS, CS1, CS4, ARS1 and ARS4

Table 1. Carbohydrates affinity of lectins used in this study.
Name Taxonomic name of source Carbohydrate binding affinitya

AAA Aleuria aurantia Fuc-a(1.6)-GlcNAc
Fuc-a(1.2)-LacNAc

Con A Canavalia ensiformis a-Man
PNA Arachis hypogaea Gal- b(1.3)-GalNAc
PSA Pisum sativum a-Man
WGA Triticum vulgaris Neu5Ac; b-GlcNAc
ameaning of the sugar abbreviation.
Fuc: fucose; GlcNAc: N-acetylglucosamine; LacNAc: N-Acetyl-D-lactosamine;
Man: mannose; Gal: galactose; GalNAc: N-acetylgalactosamine; Neu5Ac:
N-acetylneuraminic 5 acid. Adapted from G�omez-Torres et al. (2012).
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which correspond to different membrane domains
along the sperm head (Figure 2(A)). We just consid-
ered those were present over 5% of sperm sample.
Eight different lectin binding patterns were detected
(Figure 2(B)) that seemed to be consistent. Lectin
binding patterns observed on sperm were the follow-
ing: Pattern 1 (P1): Highly stained acrosomal region
(AAc) with maximum fluorescence in apical ridge
(ApR); Pattern 2 (P2): Faint stained all over the head;
Pattern 3 (P3): Highly stained AAc and anterior (PAcA)
and posterior postacrosomal region (PAcP) with no
labelling in the equatorial segment (EqS); Pattern 4
(P4): labelling in the postacrosomal region
(PAcAþ PAcP); Pattern 5 (P5): Highly stained AAc and
faint labelling in EqS and PAcP with a non-labelled
PAcA; Pattern 6 (P6): Highly stained EqS; Pattern 7
(P7): Stained AAc with maximum fluorescence at the
end of AAc; Pattern 8 (P8): faint labelling in EqS. Not
all lectin binding patterns were observed for all lectins
(Figure 3). Due to the wide variability in the number
of lectin labelling patterns, the most frequent one
depending on the in vitro physiological condition and
the lectin used is showned in Figure 4.

Distribution of AAA

We characterised four clearly defined patterns P1, P4,
P6 and P7 with AAA lectin. Specifically, we observed
that in UCS, the most representative pattern was P4
(53.47%) and in CS1 this pattern changed significantly
to P1 (56.92%) (Figure 4). In CS4, the most common
pattern was P7 (40.41%) followed by the pattern P1
(38.85%). We also detected a significant increase of P1

after 1 and 4 h capacitation compared to uncapaci-
tated spermatozoa. After acrosome reaction induction,
the most abundant subpopulation showed P7 both
after 1 (ARS1) and 4 h (ARS4) of in vitro capacitation
(64.52 and 64.53%, respectively). In this way, P7
increased as the same time that P1 diminished signifi-
cantly when the acrosome reaction was induced after
1 and 4 h of in vitro capacitation. No differences
between 1 and 4 h of incubation in ARS and CS were
observed.

Distribution of ConA

With Con A lectin, we identified a total of five differ-
ent patterns: P2, P3, P4, P5 and P7 (Figure 3). The
most common pattern was P4 in UCS (66.14%), CS1
(51.10%) and CS4 (56.02%) (Figure 4). In addition, P5
was the second most-observed pattern in UCS, CS1
and CS4. P2 appeared only in CS1 and CS4. After acro-
some reaction induction, P3 was the main pattern
observed in both ARS1 (68.27%) and ARS4 (57.75%),
followed by P7. On the other hand, P4 and P5 did not
appear in acrosome reacted spermatozoa (ARS1 and
ARS4). No statistical differences between in vitro cap-
acitation (1 h and 4 h) nor after acrosome reaction
were observed.

Distribution of PNA

The PNA lectin was used for the assessment of the
reacted sperm percentage. Thus, we identified only
two patterns with PNA lectin: P1 and P8. All UCS and
CS1 included in this study showed P1 with PNA lectin.

Figure 2. (A) Different membrane domains identified in this study. ApR: apical ridge; AAc: acrosomal region; EqS: equatorial seg-
ment; PacA: anterior postacrosomal region; PacP: posterior postacrosomal region. Modified from Bruckbauer et al. (2010). (B)
Lectin staining patterns of boar sperm head. It is shown models of the staining pattern and the images taken by confocal micros-
copy (�63).
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This pattern was considered as non-reacted sperm.
However, CS4 showed P1 (94.64%) and P8 (5.36%).
After the acrosome reaction induction in both capaci-
tation conditions (1 and 4 h), the most common

pattern was P1 (62.43%) in ARS1 and P8 (64.33%) in
ARS4 (Figure 3). We detected significant differences
between ARS1 (37.57%) and ARS4 (64.33%) for P8, pat-
tern that was considered as reacted.

Distribution of PSA

With PSA lectin, we observed six different lectin pat-
terns: P1, P2, P4, P5, P6 and P7. The most common
pattern in UCS was P4 (54.20%) followed by P2
(35.88%) (Figure 3). However, after in vitro capacitation
this pattern changed to P2 in CS1 (67.78%) and CS4
(42.76%). P4 only appeared in UCS and CS1 while P6
did not appeared in that in vitro physiological condi-
tions. In ARS1 the most representative pattern was P7
(51.12%) followed by P1 (43.52%) and in ARS4 was P1
(42.73%) (Figure 3). In addition, after acrosome reac-
tion induction (ARS1 and ARS4), P2 did not be
observed. We observed a significant increase of P6
between ARS1 (5.36%) and ARS4 (29.11%).

Distribution of WGA

We recognised four different patterns with WGA lectin:
P1, P2, P3 and P7. The main pattern in UCS was P1
(55.76%) (Figure 4). After 1 h (CS1) and 4 h (CS4) of
capacitation, P1 was also the most representative
(66.75 and 68.39%, respectively). No statistical differen-
ces between UCS and CS1/CS4 sperm were observed
with WGA lectin, except with P2, which diminished
significantly after 4 h of in vitro capacitation. Neither
differences between CS1 and CS4 were observed. In
contrast, significant differences were obtained after
acrosome reaction induction; P7 pattern was the prin-
cipal pattern in ARS1 (40.22%) and ARS4 (40.80%).
Moreover, P2 did not appear in acrosome reacted
spermatozoa (ARS1 and ARS4) (Figure 3).

Discussion

The spermatozoon is a complex cell whose surface is
notably modified from the passage through the epi-
didymis until the moment of fertilisation (Tecle and
Gagneux 2015). The use of lectins has allowed to
accurately locate glycocalyx components in the head
of boar spermatozoa and to identify the changes pro-
duced during in vitro capacitation at different times.
The findings obtained for tyrosine phosphorylation as
a key process of sperm capacitation justify the effect-
iveness of the methodology used in this study. Thus,
we observed a significant and progressive increase in
tyrosine phosphorylation pattern considered as ‘high

Figure 3. Distribution of the lectin-binding patterns in unca-
pacitated (UCS), one-hour-capacitated (CS1), four-hours-capaci-
tated (CS4), induced acrosome reaction after one-hour-
capacitation (ARS1) and induced acrosome reaction after four-
hours-capacitation (ARS4) for each lectin used in this study.
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capacitated’ during in vitro capacitation time. Similarly,
it has been described a time-dependent increase of
the aforementioned pattern during in vitro capacita-
tion, reaching almost 40% (Ded et al. 2019). Likewise,
we have been described the accurate location of lectin
binding sites after the acrosome reaction. The specific
distribution of lectin binding in boar spermatozoa
observed in this study provides additional evidence of
the presence of regionalisation in the plasma mem-
brane surface (Gadella 2017).

AAA labelling

Studies with AAA to detect terminal fucose in porcine
sperm are further scarce. In contrast, most reports
have used Ulex europaeus agglutinin (UEA) to study
a-linked fucose in boar sperm. In this way, difficulty in
locating UEA binding sites using fluorescence micros-
copy has been described (V�azquez et al. 1996). The
use of flow cytometry, however, has effectively man-
aged to detect fucose residues using UEA lectin
(Jim�enez et al. 2003).

The presence of terminal fucose in the postacroso-
mal region in uncapacitated cells has also been
observed in mice (Baker et al. 2004). Nevertheless, in
the present study labelling in the equatorial segment
was observed in around 20% of cells in this experi-
mental condition. This location has been described in
humans using AAA lectin in uncapacitated sperm,
being related to cells reacted spontaneously (G�omez-
Torres et al. 2012).

During in vitro capacitation, we observed an
increase in a pattern with faint fluorescence in the
acrosomal region after 1 and 4 h of incubation. A loss
of fucose detection during in vitro capacitation has
also been observed both in the presence of oviductal
fluid in goats (Taitzoglou et al. 2007) and TALP-HEPES
medium in pigs (Jim�enez et al. 2003). This pattern
continued to increase after acrosome reaction induc-
tion in both experimental conditions. Thereby, it could
be explained by the loss of plasma and outer acroso-
mal membrane after the exocytosis process and the
subsequent exposure of the inner acrosomal mem-
brane during the acrosome reaction.

Figure 4. Principal lectin binding patterns for each in vitro physiological condition in boar sperm.
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Con A labelling

Mannose expression has been previously correlated
with the fertilising ability in boars (Jim�enez et al.
2002). Regarding mannose location, it has been
described in the acrosomal region using Con A-HRP in
uncapacitated boar spermatozoa (T€opfer-Petersen
et al. 2009). In our study, the most uncapacitated sper-
matozoa fluoresced in the postacrosomal region.
However, we observed a pattern with high acrosomal
region labelling in more than 30% of uncapacitated
cells, being our second most abundant pattern in this
in vitro physiological condition. Differences in both
studies could be due to the sample processing
conditions.

After both capacitation experimental conditions, we
identified that the most abundant pattern remained
unchanged, followed by one which presented label-
ling in acrosomal region. Other studies observed that
after 4 h of in vitro capacitation, FITC-Con A staining
was concentrated on the acrosomal region of boar
sperm (Jim�enez et al. 2003). It is possible that our
second most observed pattern was the identified by
this group since they did not register percentages of
different lectin binding patterns. Moreover, the in vitro
capacitation method in both studies was different.

Cells underwent several changes after acrosome
reaction induction due to most of the reacted sperm
in both experimental conditions showed a pattern
with fluorescence in acrosomal and postacrosomal
regions. In humans, the location of Con A binding
sites in the postacrosomal region has been observed
in fertile subjects and subsequently related to proper
sperm functionality (Bains et al. 1992). Another repre-
sentative pattern in reacted cells showed faint fluores-
cence only in acrosomal region with a maximum of
fluorescence at the lower part of this domain. A simi-
lar pattern labelled in the acrosomal region has been
described using oocyte coculture as acrosome reaction
induction method (V�azquez et al. 1996). This pattern
could be due to the loss of membrane during acro-
some reaction and probably the labelling we observed
was in the inner acrosomal membrane. This fact is
supported by the presence of Con A binding sites in
the inner acrosomal membrane described in thin sec-
tions in boars (T€opfer-Petersen et al. 2009).

PNA labelling

All spermatozoa evaluated with PNA lectin in our
study showed fluorescence at the acrosomal region
with high intensity in the apical ridge before in vitro
capacitation. Other authors also showed that

peroxidase-labelled PNA lectin binds to the acrosomal
region in 94.6% of boar ejaculated sperm (V�azquez
et al. 1996). However, we observed that this percent-
age was progressively decreasing during in vitro cap-
acitation until reaching less than 40% in acrosome-
reacted spermatozoa after 4 h of capacitation. A similar
decrease of this pattern was observed in zona pellu-
cida-reacted spermatozoa (56%) (V�azquez et al. 1996).

Galactose distribution in the acrosomal region has
been previously correlated with acrosome-intact boar
spermatozoa (Serrano et al. 2001). Moreover, the high
density of molecules in the apical ridge could be
related to a mechanism of protection against intracel-
lular membrane fusion (Boerke et al. 2008). This would
explain the presence of strong fluorescence intensity
in the apical ridge in most sperm analysed before of
the acrosome reaction induction.

The reduction in acrosome-intact cells could be due
to a decrease of galactose residues during acrosome
reaction. In this way, the most common pattern after
acrosome- reaction induction after 4 h of incubation in
a capacitation medium showed a light fluorescence in
equatorial region, which could correspond to acro-
some-reacted spermatozoa. Accordingly, other authors
have described percentages of around 75% of cells
reacted after 4 h of in vitro capacitation, although
using zona pellucida-induced acrosome reaction
(Serrano et al. 2001). These findings corroborate the
use of PNA lectin to identify and select sperm popula-
tion with proper membrane integrity.

PSA labelling

Regarding PSA lectin, glycoproteins or glycolipids that
carry mannose residues may migrate from the posta-
crosomal region in uncapacitated cells to the acroso-
mal region during capacitation. This reorganisation
would be explained by the presence of a homoge-
neous pattern overall sperm head in most of 1 and
4 h-capacitated cells.

On the other hand, we observed that the most
common lectin binding pattern in acrosome reacted
spermatozoa changed after both capacitation times.
After 1 h of incubation and the subsequent induction
of the acrosome reaction, most abundant pattern pre-
sented maximum fluorescence in the lower part of the
acrosomal region. However, after 4 h of incubation,
most of the spermatozoa showed a maximum fluores-
cence in the apical ridge. In this way, the changes
observed after acrosome reaction induction were time
dependent.
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We also observed a significant increase of a pattern
which showed faint fluorescence labelling in the acro-
somal region and higher fluorescence labelling in the
equatorial segment in acrosome reacted cells after 4 h
of in vitro capacitation. According to these findings we
could consider PSA lectin as an acrosomal status indi-
cator (Berger 1990). Herrera et al. (2002) explained
that sperm without acrosomal FITC-PSA fluorescence
or with only FITC-PSA equatorial segment fluorescence
were considered acrosome-reacted using progesterone
such as acrosome reaction inductor. Thus, they
obtained percentages of induced acrosome reaction
from 5 to 20% after 4 h of incubation. These results
are similar to those obtained with our P6 pattern,
which showed fluorescence in the equatorial segment
in about 30% of acrosome-reacted after 4 h of incuba-
tion cells. The differences in the percentage of acro-
some-reacted cells with these authors were probably
related to the acrosome reaction induction method.

WGA labelling

N-Acetylglucosamine and/or sialic acid residues on the
sperm membrane are indicators of sperm fertilising
ability. In this way, reproductive problems have been
associated with a decrease in the aforementioned resi-
dues in boar sperm surface (Jim�enez et al. 2002).

In our study, WGA lectin is specially located in the
acrosomal region in uncapacitated spermatozoa. In
this experimental condition, we also observed that the
sum of the percentage of P1 and P3, which showed
fluorescence in acrosomal region, was around 90%.
Other studies have also suggested that over 90% of
ejaculated sperm showed the main concentration of
binding sites in the acrosomal region (V�azquez et al.
1996). The second most observed pattern in uncapaci-
tated sperm presented faint fluorescence in the whole
head in the 30% of cells. Likewise, Jim�enez et al.
(2003) concluded that fresh boar spermatozoa showed
a considerable number of N-acetylglucosamine and
sialic acid residues over all plasma membrane.
However, they did not distinguish different patterns,
so it is possible that they were describing our second
most observed pattern in uncapacitated cells.

WGA binding sites also remained in the acrosomal
region after 1 and 4h of in vitro capacitation in most
cells of our study. According to our findings, WGA
HRP-conjugated labelling pattern did not change dur-
ing the in vitro capacitation in boar spermatozoa
(V�azquez et al. 1996). We also observed that a pattern
which showed faint labelling throughout the head
was significantly lower in 1-h-capacitated sperm in

comparison with uncapacitated sperm. This pattern
suggests the release of sialic acid residues in acroso-
mal region, which is an important event in capacita-
tion for the subsequent ZP recognition (Lassalle and
Testart 1994).

After acrosome reaction in both capacitation times,
we observed that most cells showed a pattern with
weak fluorescence intensity in the acrosomal region,
probably associated with the decrease in WGA binding
sites after the acrosome reaction (Jim�enez et al. 2003).
Specifically, this pattern change may be due to the
elimination of sialic acid, which acts as a protective
cover for the sperm (Lassalle and Testart 1994) or
could be due to the loss of plasma and acrosomal
outer membrane during acrosome reaction. Perhaps
WGA binding sites in these acrosome-reacted sperma-
tozoa are in the inner acrosomal membrane and are
involved in recognition processes.

As described above, we tested the effect of differ-
ent capacitation time (1 and 4 h) on lectin binding
patterns. It is known that sperm capacitation and
membrane fusion are time-dependent processes (de
Jonge 2017). We especially observed significant differ-
ences in acrosome reacted spermatozoa after 4 h of
in vitro capacitation (Figures 3 and 4). This is according
to other authors that consider over 4 h of incubation
to acquire the capacitated status (Ded et al. 2019) and
fertilising ability (Imai et al. 1979).

Conclusions

The use of lectins has allowed to describe different
lectin binding patterns, reporting the presence of
sperm subpopulations in boars. On the other hand,
we have determined in a precise way the sequential
kinetics of surface carbohydrates during in vitro cap-
acitation and acrosome reaction and the effect of
incubation time in a capacitating medium.
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