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1. ABSTRACT
development of new trends in studies on the molecular
mechanisms of gene functioning in various biological
situations.

This essay addresses the carboxylesterase
redundancy in the male reproductive tract seemingly
conserved across phyla. Evidence is provided which
suggests that carboxylesterases are recruited by the male
reproductive system in certain animal groups. These
provide advantageous metabolic capabilities to sperm
protection, sperm maturation, and sperm use. Rather than
an archival record of the available data, we seek possible
answers to the central question: Why is carboxylesterase
over-expression adaptive with the functioning of the male
reproductive tract with respect to male fertility? We discuss
patterns of carboxylesterase over-expression and
accumulation in different compartments of the male
reproductive tract. We also provide evidence of how these
patterns are associated with a long sperm path to egg
through different local effects. The hyper-expression of
carboxylesterases can play different physiological roles
depending on its localization in the male reproductive
system. However, all the “acquired” functions can serve the
same purpose; creating conditions which maximize the
fertilizing potential of the sperm. To confirm our concept
and more clearly illuminate “moonlighting” roles of
carboxylesterases in the male reproductive tract, requires a
more extensive comparative analysis of a variety of
carboxylesterases in a larger number of species.

The resulting modern approaches, such as
functional genomics (1), biochemical genomics (2), and
proteomics (3), allow the analysis of expression and, in
some cases, functional significance of the same gene
product operating in different biological settings. It appears
promising to apply these methods to interspecific
comparisons aimed at revealing the spectra of conservative
functions performed by a certain sequence. The data
obtained in this way (provided the model objects are
adequate) can be used for predicting the functional
significance of this sequence in many other physiological
or pathological situations. Boguski (4) correctly noted that,
following this trend, we should “….change the way in
which we phrase our questions from “what is the function
of this protein” to “what roles does this sequence play in
one or more biological processes that are operational
under these conditions?..”
The term “moonlighting” was recently proposed
to describe the specific property of multifunctional
enzymes that perform their “canonical” enzymatic function
in a certain cell environment and play some other role in a
different environment. This change of functions depends
on several factors, including the level and the site of
enzyme expression (5, 6). Functions of the enzyme protein
can be defined both biochemically and physiologically. The
functional properties assigned to a certain enzyme protein
are usually centered on what we call here “molecular
functions” (i.e., enzyme activities which have been
determined in vitro by conventional molecular/biochemical
methods). However, how these and other molecular
properties of the enzyme can contribute to its multiple
physiological functions in vivo and how a change (switch)

2. INTRODUCTION
Today, virtually no specialists express any doubt
that a single gene or protein can perform multiple functions
that are apparently impossible to predict merely by
analyzing the corresponding sequences. The computeraided interpretation of sequences provides no guarantee
against speculative predictions as many proteins consist of
domains that can play different functional roles in different
cell environments. This circumstance stimulated the
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of enzyme functions might occur in different tissue or
organ environments?

A distinctive feature of carboxylesterases is their
high and selective sensitivity to organophosphorous
compounds (OPCs) (18, 21, 22). Moreover, the preliminary
inhibition of carboxylesterase activity strongly potentiates
the toxic effect of OPCs (23). Many OPCs are widely used
as pesticides or herbicides. Some of these agents have a
selective damaging effect on the male reproductive tract,
which eventually manifests itself in disturbances of sperm
cell
differentiation
and
maturation
(24,
25).
Carboxylesterases participate in the process of specific
OPC detoxification by: (1) binding OPCs to their active
centers and, thus, sequestering them in the cell or (2)
hydrolyzing the ester bonds of OPC molecules (26, 27).
These properties of carboxylesterases provided a primarily
basis for the development of a concerning the functions of
these enzymes in the male reproductive tract.

Using the example of carboxylesterases recruited
by the male reproductive tract (7, 8), we will try to
demonstrate that such functional changes do not necessarily
have a simple binary (“yes−no”) mechanism. More
probably, we are dealing with a physiological functional
shift: when the same enzyme can perform several different
functions in the organism, each of them is manifested (or
prevails) in a specific cell environment to which the
enzyme was recruited. This paper shortly summarizes
information on the overexpression of carboxylesterases in
male reproductive tissues in several phyla (mollusks,
insects, rodents) (8-15) and suggests that this sex-dependent
overexpression can represent an evolutionary adaptation in
the male reproductive system. The overall aim of this
review is to provide novel integrative hypothesis
demonstrating spectrum and commonality of reproductiveassociated functions of carboxylesterases recruited by the
male reproductive tract.

The idea that carboxylesterases can contribute to
the maintenance of male reproductive health appeared
when we compared apparently unrelated sets of data
obtained by different research teams (including ours) in
independent experiments.

3. CARBOXYLESTERASES: FROM CANONICAL
ACTIVITIES AND PROPERTIES TO SPECIFIC
FUNCTIONING IN THE MALE REPRODUCTIVE
TRACT

On the one hand, the hyper-expression of
carboxylesterases in the male reproductive tract proved to
be characteristic of animals belonging to the taxa of
different phyla, namely, bivalve mollusks (9-11), fruit flies
(12, 20, 28), and rodents (13, 29). On the other, there was
evidence for the structural, biochemical, and
immunochemical similarity of these carboxylesterases
among the species studied (8, 10, 12, 14, 20, 30). In
aggregate, these data suggested that, in the course of
evolution, the carboxylesterase genes were recruited for
specific functioning in the male reproductive tract (7, 8). In
the taxa of each phylum studied (i.e., among bivalves, fruit
flies, and mammals), the phenomenon of carboxylesterase
hyper-expression in the male reproductive tract is
characteristic of some animals but is not universal (12, 15,
20, 28). This fact provided additional evidence for the
hypothesis of possible specific recruitment of these
enzymes by the male reproductive system.

Carboxylesterases (EC 3.1.1.1) comprise a group
of enzymes from a multigene carboxyl/cholinesterase
family, a branch of the alpha/beta-hydrolase fold
superfamily (15). Carboxylesterases hydrolyze various
compounds containing carboxylic acid esters, amide and
thioester functional groups. They also catalyze the
hydrolysis of short- and long-chain acyl-glycerols,
transesterification reactions and fatty acid ester synthesis
(13, 16-18). Although, there is conclusive evidence that
carboxylesterases play an important role in biological
transformation of various endo- and exogenous molecules,
the natural substrates and exact biological functions of
these enzymes has not yet been studied in detail. Note that
carboxylesterases are involved in metabolic inhibition or
activation of various therapeutic drugs, and altering their
activity can have important clinical implications (18).

It is the aforementioned phenomenon that
provided a logical connecting link to the following
interesting observations. It has long been discovered that
some insect taxa (particularly, mosquitoes) rapidly become
resistant insecticides, including OPCs. The basic
mechanism responsible for the development of OPC
insecticide resistance proved to be associated with the
hyper-expression of carboxylesterases in the insect
organism (31, 32). Contrarily, in houseflies and sheep
blowflies carboxylesterase-mediated resistance to OPCs
involves changed enzyme substrate specificity (as a result
of amino acid substitutions). This reduces canonical
esterase activity, on the one hand, and sharply enhances a
capacity for hydrolyzing OPCs, with no evidence for
abundance of enzymes (33, 34). It is interesting that some
carboxylesterases expressed in the Drosophila male
reproductive tract (for example, Esterase S; see Fig. 1)
have no “true” esterase activity (15, 20, 30). This suggests
that they can fulfill sperm protective and other functions
in the male reproductive system.

Carboxylesterases appear to be “mosaic”
molecules containing different identifiable domains (8, 16,
18). It has been demonstrated that only a portion of an
enzyme
may
be
conserved
among
different
carboxylesterases (14, 16, 19). Particularly, the N-terminal
half, including the cholinesterase-like domain, is highly
conserved among carboxylesterases described. In addition,
carboxylesterases share the cholinesterase-like domain with
many cell recognition molecules (15, 16). The C-terminal
half, containing active-site amino acids, is more diverse,
which provides the versatility of the substrate binding. The
latter underpins the recruitment of carboxylesterases to
additional, noncatalitic (15, 20) or even structural (16)
functions. Nevertheless, the sequences required for the
hydrolytic capability (responsible for the hydrolysis of
endo- and exogenous compounds) at the catalytic triad of
carboxylesterases, acetylcholinesterases and cholesterol
esterases are highly conserved (18).
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stages of sperm cell differentiation, maturation, storage,
and motility development (40-43). Hence, it appeared
logical to assume that carboxylesterase over-expression and
accumulation found in each of these compartments have
different functional roles depending on the stage of the
sperm cell pathway at which they can exert their
conditioning influence. As will be shown below, this
assumption proved to be valid.

Table 1. Over-expression and accumulation of maledependent carboxylesterases in different compartments of
the reproductive tract
Compartment
Carboxylesterase
Ref.
Testicular
parenchyma

Mussel MAP
9
Rat hydrolase A
13
Mouse Esterase 6
29
Mussel MAP
11
Excurrent
Scallop MAP
7
(post-testicular)
Fruit fly Esterase 6
56
duct system
Mouse Esterase 28
81
Efferent/ejaculatory Mussel MAP
39
duct system
Fruit fly Esterase 6
28
Fruit fly Esterase S
12
MAP: male associated polypeptide of bivalve mollusks

4.1. Testis-associated carboxylesterases
In the testis, the functional role of
carboxylesterases is apparently determined by their
involvement in testosterone biosynthesis and the protection
of Leydig cells from the effect of damaging and toxic
agents. In rats, typical “testis-specific” toxic substances,
such as ethane dimethane sulfonate (alkylating antitumor
agent) (13, 44, 45), tri-o-cresyl phosphate (plasticizer) (46),
and molinate (herbicide) (47, 48), inhibit the activity and
expression of testicular carboxylesterase (hydrolase A) and
significantly reduce testicular and plasma testosterone
concentrations. Morphologically, their effect is manifested
in structural changes of Leydig and Sertoli cells and signs
of inhibited spermatogenesis.

4. MALE REPRODUCTIVE-TRACT CARBOXYLESTERASE
OVER-EXPRESSION IS ESSENTIAL FOR MALE FERTILITY?
Our concept represents a series of deductions
leading to the basic conclusion that carboxylesterases
recruited by the male reproductive tract are a physiological
component contributing to the male reproductive health.
The recruitment of these enzymes is not accompanied by
the loss of their essential properties, including the
detoxifying
activity.
The
hyper-expression
of
carboxylesterases can play different physiological roles
depending on its localization in the male reproductive
system. Nevertheless, all the “acquired” functions may
serve the same purpose: to create conditions for normal
sperm cell production, sperm release and sperm use. This is
why we call attention to the carboxylesterase physiological
shift that appears to be essential for the male reproductive
health. We also attempt to incorporate such functional
adaptation with the possible role of carboxylesterases in
protecting the male reproductive tract against various
xenobiotics (8).

It is noteworthy that phenylmethylsulfonyl
fluoride, a serine protease inhibitor that also inactivated
various carboxylesterases (44), inflicts similar testicular
damage. There is evidence that testicular carboxylesterases
can possess cholesterol esterase activity, which is necessary
for the release of cholesterol at the first stage of androgen
synthesis (48). Hence, their inhibition can disturb the
synthesis of testosterone by Leydig cells, and this, in turn,
can have a pleiotropic adverse effect on the male
reproductive system. In addition, molinate reduces sperm
fertilizing potential concurrently with reductions in sperm
motility (49).
Experiments showed that carboxylesterases are
capable of high-affinity binding to active metabolites of
molinate (48) and tri-o-cresyl phosphate (46) and, hence,
can temporarily protect Leydig cells from their toxic action
(13). On this basis, we suppose that the hyper-accumulation
of these enzymes in Leydig cells (as well as in the sperm,
see below) is a physiological buffering mechanism
preventing the development of testicular injury under the
effect of certain environmental factors, including manmade pollutants (8). An especially important fact in this
context is that some agents toxic for testicles are used on an
industrial scale, e.g., as plasticizers in lacquers (tri-o-cresyl
phosphate) (46) and herbicides (molinate) (47).

As noted above, studies on the animals
characterized by radically different reproductive strategies
and patterns (bivalves, fruit flies, and rodents) revealed a
general trend in carboxylesterase hyper-expression in the
male reproductive system (Figure 1, Table 1). Considerable
amounts of male-specific carboxylesterases proved to
accumulate in different compartments of this system,
namely, (1) epithelial seminiferous tubules and the adjacent
interstitial tissue; (2) the epithelium of the excurrent (posttesticular) and efferent duct system, and (3) luminal fluids
of the efferent ducts, including seminal plasma. In addition,
carboxylesterases are always present in both extracellular
and cell-bound fractions of semen in bivalve mollusks (10),
sea urchins (35), fruit flies (12, 28, 36) and men (37-39).

Studies on various models demonstrated that, in
addition to testes, male-specific carboxylesterases are
hyperexpressed in the epididymis, the epithelium of
ejaculatory bulb glands, seminal vesicles, and ejaculatory
ducts (see Figure 1, Table 1). Hence, by analogy with the
data discussed above, we suppose that carboxylesterase
hyper-production in these structures of the male
reproductive tract also serves as a protective mechanism
against toxic influences. In other words, one probable
function of carboxylesterases is to create an integral circuit

In other words, carboxylesterases in the male
reproductive tract seem to be an essential component of the
male-specific microenvironment throughout the long
developmental pathway from a sperm stem cell to a mature
fertile spermatozoon. Moreover, they have effect on the
fate of spermatozoa in the female organism (28). Structural
compartments of the male reproductive system (testis,
epididymis, ducts, etc.) are known to provide for different
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Figure 1. Patterns of sex-dependent carboxylesterase over-expression (red) in the male reproductive tract of bivalve mollusks
(A), fruit flies (B), and rodents (C). Schematic morphology of the corresponding reproductive-tract tissues/organs is also shown.
A: general view of the Mytilus galloprovincialis tubular gonad, showing the graded distribution of “male-associated polypeptide”
(MAP, a carboxylesterase-like protein) with peak levels in the epithelium of efferent ducts and relatively lower levels in the
epithelium of spermatogenic tubules (11, 14). In bivalves, sperm differentiation proceeds in follicle-like seminiferous tubules;
the sperm cells undergo maturational changes along the efferent duct system. The gonad ducts serve as sperm storage organs and
as a transport route for spermatozoa. B: sagital-section view of the Drosophila virilis ejaculatory bulb, indicating epithelial cells
over-expressing Esterase S (12). In contrast of the mammalian situation, in which seminal fluid is mainly a secretion of the
seminal vesicles, insect seminal fluid may be derived from any or all the glands of the male reproductive tract. C: cross-section
view of the Rattus norvegicus testis, showing Leydig cells over-expressing hydrolase A (13).
The available information, which will be discussed below,
permits this scenario to be sketched that may reflect reality.

(like a “protective shell”) in the male reproductive tract
and protect its different parts and sperm cells against
xenobiotics by binding them rather than metabolizing. Note
that the number of enzyme molecules seems to play a
crucial role in the carboxylesterase-mediated detoxification
potential of a tissue (21).

4.2. Luminal and seminal-plasma carboxylesterases
Studies on bivalves (11), fruit flies (28), mice
(50) and men (37, 51, 52) demonstrated that
carboxylesterases synthesized in the male reproductive tract
are not only retained in tissues but are also released and
accumulated in the corresponding luminal fluids and
seminal plasma, where they can reach considerably high
concentrations. This fact suggested that carboxylesterases,
along with other male-dependent proteins and enzymes, are
involved in creating a specific luminal environment (53) in
which spermatozoa formed in testes acquire motility and
fertilizing ability. Note that terminally differentiated
spermatozoa are still immature and incapable of effective
motility upon their release from the seminiferous
epithelium.
The capacity to move develops when
spermatozoa pass through the post-testicular duct system
(40, 54).

The suggestion about the caboxylesterasemediated protective circuit in the male reproductive tract
mentions only man-made pollutants as possible targets.
Note that the testicular toxic chemicals under consideration
are only examples which indicate to a possible link
between carboxylesterase hyper-expression and the
protection of male reproductive-tract tissues.
It is likely that the use of male reproductive
toxicants, such as pesticides, xenobiotic phthalates and
other man-made compounds (8), could lead to selection of
the mutations resulting in carboxylesterase hyper-expresion
in the male reproductive tract, but only in insects, which
evolve rapidly. The problem with this interpretation is to
understand why carboxylesterase over-expression is also
observed in the male reproductive-tract tissues of other
phyla (i.e., bivalve mollusks, rodents). A possible
explanation could be that carboxylesterases have been
recruited to the male reproductive tract from detoxifying
enzymes in the course of evolution (8). The recruitment
was not accompanied by the complete loss of their
“ancestral” detoxifying activity. At the same time,
carboxylesterase hyper-expression in the male reproductive
tract became physiologically associated with processes of
sperm maturation and sperm release rather than with the
acquisition of protective properties by reproductive tissues.

In the male gonad duct system of the mussel
Mytilus galloprovincialis, the mature spermatozoa are
retained within a transparent, gel-like luminal structures
(the so-called sperm morulae). Sperm cells must be
released from these structures before passing through the
collecting tubes and being ejected from the gonophores
(Mikhailov, Torrado, unpublished). We believe that sperm
activation in mussels is accomplished in two stages. The
first results in the liberation of mature spermatozoa from
the gel-like storage structures so that they can freely swim
in the lumina of collecting and ejaculatory ducts. The
second stage involves the subsequent development of
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sperm motility, which takes place when spermatozoa are
ejaculated and exposed to sea water.

4.3. Sperm cell carboxylesterases
The esterase equipment of spermatozoa is closely
similar to that of seminal plasma, suggesting that most of
sperm-associated carboxylesterase activity is accounted for by
the male reproductive-tract secretions. There is substantial
evidence that seminal-plasma-derived carboxylesterases can
promote the release of spermatozoa in the female reproductive
tract, and, hence, the increase in their motility and use,
although the specific mechanisms of this effect are as yet
unknown. The corresponding data were obtained in studies on
the release of stored spermatozoa from the spermatheca into
the D. melanogaster female reproductive tract. Initially, it was
noted that this process is stimulated by male-derived Esterase 6
present in the ejaculate. Experiments on crossing females with
males differing in the level of Esterase 6 activity demonstrated
that the rate of sperm release from the female spermatheca
depends on the level of Esterase 6 in semen (55). The latter
suggests a possible role of seminal Esterase 6 in sperm
competition, mediated by incapacitation or inefficient use of
resident sperm.

It appears that luminal fluid proteins stimulate the
first stage. An exceptionally high concentration of the socalled
male
associated
polypeptide
(MAP;
a
carboxylesterase-like protein) in the M. galloprovincialis
seminal fluid and semen suggests its involvement in the
process of sperm liberation occurring in the efferent gonad
duct compartment before spawning is activated (10, 11).
How valid is such a suggestion? In Drosophila
melanogaster, male-predominant Esterase 6 (biochemically
similar to mussel MAP) (8) is highly expressed in the
anterior ejaculatory duct and is partially retained in the
male reproductive-tract lumen after copulation. It was
proposed that the enzyme can degrade seminal lipids,
thereby reducing the viscosity of stored semen (55). This
assumption was especially interesting in view of the
observations on Esterase 6 activity in the D. melanogaster
accessory glands (56, 57), which, along with the anterior
ejaculatory duct, are secretory organs contributing to the
protein content of the seminal fluid.

In bivalve mollusks, different carboxylesterase
forms (mussel MAP and D. virilis Esterase S-like protein)
were detected not only in the cell-free fraction but also in
the sperm-containing fraction of the ejaculate. Extensive
and prolonged washing of the sperm suspension did not
cause a detectable reduction of the corresponding positive
immuno-signals of spermatozoa (10, 11). This indicates
that in bivalves, carboxylesterases might be tingly
associated with the spawned sperm cells. Therefore it could
be expected that they are implicated in processes of sperm
capacitation (14).

Esterase 6 of the male accessory glands also
displays a low triacylglycerol-hydrolyzing activity. This
activity is higher in wild-type flies than in Esterase 6 null
mutants (57), which also lack any detectable
carboxylesterase activity and, as a consequence, are
characterized by reduced sperm motility and sperm use (see
below). Phenotypically, Esterase 6-null males are similar to
reproductively immature wild-type males, as they
inseminate females with smaller amounts of sperm released
at slower rates, compared to those in matings with mature
wild-type males (55). Moreover, studies on different D.
melanogaster lines revealed strong positive correlations
between the level of male Esterase 6 activity and
reproductive fitness (58, 59). In the virilis group, low
Esterase S amounts were detected in the ejaculatory bulb
and seminal fluid of sterile males (M. Ludwig, personal
communication).

The amplified carboxylesterase genes are also
constitutively present in the semen of Culex pipens
mosquitoes (61). However, the role of these enzymes in
sperm metabolism is as yet unclear.
Studies on the model of mammalian spermatozoa
washed to remove seminal plasma showed that
carboxylesterases are an essential component of both
spermatozoon plasmalemma (62) and the acrosomal cap
(63-65). The acrosome is a large secretory vesicle in the
apical region of the sperm head. Only the normal acrosome
reaction allows spermatozoa to penetrate the zona pellucida
and fuse with the oocyte plasma membrane.

Studies on the enzyme profiles of human seminal
plasma and spermatozoa allowed the detection of
carboxylesterases that could be potentially involved in
sperm metabolism and in the process of fertilization.
However, no significant differences in the esterase spectra
of seminal plasma between normal, fertile donors and
subfertile or azoospermic patients were revealed (37).
Moreover, attempts to demonstrate any significant
correlation between the esterase enzyme pattern and the
percentage of motile cells in ejaculated sperm were
unsuccessful (51).

Mammalian sperm do not respond to inducers of
the acrosome reaction immediately after ejaculation. In the
female reproductive tract, mammalian sperm undergo a
process called capacitation, which results in alteration of
sperm motility and acrosome reaction (66). An essential
feature of capacitation is the removal of cholesterol from
the acrosomal membrane of sperm (67, 68). Note that
cholesterol seems to be the major seminal-plasma inhibitor
which prevents human sperm from becoming acrosomally
responsive (69, 70). Mammalian carboxylesterases
hydrolyze numerous esterified lipids, including cholesterol
esters (18, 71). Therefore, it would seem reasonable to
suggest that sperm-associated carboxylesterases can
contribute to capacitation processes through their ability to
remove cholesterol from the sperm plasma membrane.

The data discussed above suggest that
carboxylesterases of seminal fluids do not contribute directly to
the motility of spermatozoa proper. More likely, they are
involved in the processes ensuring that mature sperm stored in
the male reproductive tract is released in proper doses shortly
before or during copulation. Note that level of sperm release is
one of the factors that can cause sperm limitation, especially
in free-spawning organisms (60).
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genes (6, 8, 73-77). It is evident that male reproductivetract proteins (including several carboxylesterases) undergo
a strong selection that may favor altered gene expression if
it is adaptive for reproduction (78, 79). Note that a
successful reproduction requires the close matching of male
and female reproductive-tract protein traits (80). Therefore,
the most interesting aspect is how carboxylesterase
activities became adapted during evolution to accomplish
new physiological functions with a reproductive outcome
in species with quite different reproductive patterns and
sexuality.
5. PERSPECTIVES
The problem of male reproductive health and
conditions of its maintenance has been of interest to people
since ancient times. Even some biblical texts represent
medical treatises discussing the relationship between the
testis (male gonad), on the one hand, and male fertility and
the procreative functions of populations, on the other. In
this sense, the concept described above appears relevant, as
it concerns the possible involvement of carboxylesterases
in processes providing for the male reproductive health.
The precise functional roles of carboxylesterases
“moonlighting” in the male reproductive tract are poorly
known as yet. Nevertheless, the fact that their hyperexpression in this system is equally characteristic of
mollusks, insects, and mammals provides evidence that the
possible male-associated functions of these enzymes are
fairly conservative. This, in turn, opens up opportunities for
the comparative analysis of their reproduction-related
functions in various model organisms. Technologies and
procedures applicable to such an analysis can range from
the use of loss-of-function mutations to experiments on
carboxylesterase inhibition and activation in co-cultivated
gonad somatic cells and spermatozoa.

Figure 2. A schematic diagram of carboxylesterase
functional linkages with sperm cell pathway. Depending on
the stage of sperm cell pathway, carboxylesterase
overexpression/accumulation in the male reproductive tract
can contribute to spermatogenesis, sperm release, and
further modifications of the sperm plasma membrane.
Inhibition of carboxylesterase activity/expression correlates
with alterations in: (1) testosterone metabolism and
spermatogenesis (47, 48); (2) liberation of mature sperm
from storage structures (55); (3) semen liquefaction and
sperm use (28, 55, 58), and (4) sperm capacitation (the
latter remains to be elucidated; see text for further details).

The application of these techniques to the study of
reproductive-tract carboxylesterases is going to provide
many interesting data (8). To take full advantage of these
advances we should try to use model organisms (bivalve
mollusks, fruit flies) (8, 14) where hypothesis can be tested
and develop experimental approaches in organisms
(mammals) where such trends are not yet available. This
will be the way to get clear understanding of the molecular
and physiological mechanisms by which carboxylesterases
contribute to the male reproductive health. By
understanding the underlying mechanisms, it may be
possible to develop new techniques to yield information
regarding the prognosis of male subfertility. Particularly,
we hope that biochemical testing of carboxylesterase
expression in the semen could be used to detect the
corresponding subtle changes that may affect the fertilizing
potential of the sperm.

Bradford et al. (72) advanced the hypothesis that
sperm carboxylesterases in mammals are functionally
similar to the so-called corona penetrating enzyme and,
hence, can condition the sperm−egg interaction. However,
the experimental evidence for this possibility remains
controversial (62) suggesting an alternative interpretation
of the results obtained.
The carboxylesterase ancestral gene already
existed before the divergence of invertebrates and
vertebrates (15, 19, 73). It appears that carboxylesterase
genes have been recruited by the male reproductive tract to
function in additional, non-detoxification processes, such as
testosterone metabolism, liquefaction of the seminal fluid,
sperm cell displacements, and modifications of the plasma
membrane of mature spermatozoa (Figure 2).
Reproductive-tract-associated functions of individual
carboxylesterase proteins as summarized above appear to
be more compatible on the whole with their role in the
maintenance of sperm fertilizing potential rather than with
their “ancestral” detoxification functions. At the genome
level, this functional shift could be interpreted in several
ways – depending on whether we prefer gene duplication
mechanisms or changing the control of expression of the
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