eLIFE

elifesciences.org

@ Copyright McGoldrick and Chung.

This article is distributed under the
terms of the Creative Commons
Attribution License, which permits
unrestricted use and redistribution
provided that the original author and
source are credited.

CONTRACEPTION

Stopping sperm in their tracks

An automated high-throughput platform can screen for molecules that

change the motility of sperm cells and their ability to fertilize.
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rom 2010 to 2014, about 44% of preg-

nancies worldwide were unplanned, and

over half of these ended in abortion in
both developed and developing countries
(Bearak et al., 2018). Moreover, these termina-
tions frequently result in the death of women in
some regions of the world (Ganatra et al,
2017; WHO, 2011). These statistics confirm the
need to make effective family planning more
widely available to those who want to adopt it,
as this brings positive outcomes to women, fami-
lies, countries and the environment
(Starbird et al., 2016).

Precursors to the modern condom were used
in ancient Egypt, and hormone-based female
oral contraceptives have been used since the
middle of the twentieth century (Khan et al.,
2013; Dhont, 2010). Today, most contracep-
tives are for use by women. Traditional male
options include condoms, which are only par-
tially effective, and vasectomies, which men may
be hesitant to get because they cannot always
be reversed (Manetti and Honig, 2010;
Gava and Meriggiola, 2019). There is therefore
a need for new male contraceptives, with sperm
being an obvious target.

Sperm cells are equipped with a tail-like
structure that allows them to be motile and to

travel through the female reproductive tract to
reach the egg. There, they undergo the acro-
some reaction: this involves the sperm cell
releasing digestive enzymes that allow it to
come into close contact and fuse with an egg.
Successful fertilization requires both motility and
a successful acrosome reaction, so targeting and
disrupting these processes is a good strategy to
develop effective male contraceptives.

Now, in elife, Franz Gruber, Zoe Johnston,
Christopher Barratt and Paul Andrews at the
University of Dundee report having developed a
new screening platform to evaluate the effects
of small molecules on the motility of sperm cells
and their ability to go through the acrosome
reaction (Gruber et al., 2020). The team used a
collection of about 12,000 clinical or preclinical
small molecules for which human safety data are
already available.

To evaluate the effect these molecules have
on sperm motility, a robotics system was used to
incubate each small molecule with separate
batches of sperm for 10 minutes (Figure 1); the
cells were then imaged using a camera with a
high frame rate to capture motion. In total, 63
candidates were identified as reducing motility
by 15% or more, with 29 being confirmed when
retested. Some of the hits were promising, such
as Disulfiram and KF-4939. Disulfiram has been
used to treat alcohol dependency and is known
to dampen sperm motility (Lal et al., 2016). KF-
4939 is thought to inhibit platelet aggregation
factors, which have already been used in male
infertility treatments to improve sperm motility
(Roudebush et al., 2004). The experiment also
highlighted a large number of small molecules
that increase, rather than decrease, sperm motil-
ity: these molecules need to be investigated fur-
ther as they could be used to treat infertility.
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Figure 1. Automated targeting of sperm motility and acrosome reaction with small molecules. Sperm are
robotically allocated into wells (~10,000 cells/well) in a 384-well plate (top left); each well contains a different small
molecule at a concentration of ~6 UM. The insets show KF-4939, an anti-platelet agent, binding to sperm cells.
After incubation with the small molecules, sperm motility is imaged and assessed (middle left). Subsequently, the
same sperm are mixed with two tags, peanut agglutinin (PNA; green) and propidium iodide (Pi; red), that emit
fluorescence when attached to cells. Sperm were analyzed with a technique called flow cytometry (top right): PNA
binding to a sperm cell indicates that the cell has undergone the acrosome reaction, while Pi only binds to dead
cells. Most sperm cells do not bind to PNA or Pi, some bind to one but not the other, and some bind to both

(bottom right).

To improve the efficiency of the screen, the
same cells that had been assessed for motility
were also examined for the acrosome reaction.
Two fluorescent tags, called peanut agglutinin
and propidium iodide, helped to detect sperm
cells that had gone through the reaction after
being exposed to the small molecules. Peanut
agglutinin only binds to the heads of sperm cells
that have undergone the acrosome reaction,
and propidium iodide exclusively attaches to
dead cells. An automated technique called flow
cytometry was used to record whether the tags
were bound to a given cell, therefore measuring
the percentage of live cells that had undergone
the acrosome reaction after being exposed to
the small molecules. However, all nine hits

proved to be false positives as the small mole-
cules themselves were fluorescent, highlighting
a need to carry on such screenings while being
wary of artefacts.

The high-throughput screening platform
developed by Gruber et al. has the potential to
make important contributions to the search for
contraceptives and male infertility drugs. This
work only examined one collection of molecules,
and two sperm parameters, motility and acro-
some reaction. Going forward, it would be inter-
esting to apply this platform to target other
aspects of sperm biology that are critical for fer-
tilization, such as hyperactivated motility (when
sperm cells vigorously and asymmetrically wag
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their tail-like structures to enter the egg), or the
binding of sperm cells to specific egg proteins.
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