
FERTILIZATION

Conserved sperm factors are
no longer a bone of contention
Proteins related to a molecule involved in the formation of osteoclasts in

bone are required for fertilization in worms, flies and mammals.

XUE MEI AND ANDREW SINGSON

O
steoclasts are multinucleated cells that

break down bone for skeletal mainte-

nance, repair, and remodeling. Experi-

ments on mice have established that a gene

called DC-stamp (dendritic cell-specific trans-

membrane protein) is involved in progenitor

cells fusing to make osteoclasts (Kukita et al.,

2004; Kodama and Kaito, 2020). Two related

genes, Dcst1 and Dcst2 (DC-stamp domain con-

taining 1 and 2), are expressed in the testes of

mice, and likely share a common ancestor with a

group of invertebrate genes required for fertili-

zation (Mei and Singson, 2021), including snky

in Drosophila (Wilson et al., 2006), and spe-49

and spe-42 in C. elegans (Kroft et al., 2005;

Wilson et al., 2018). Together these sperm-spe-

cific genes span between 700 million and one

billion years of evolutionarily conserved function.

Now, in eLife, Naokazu Inoue (Fukushima

Medical University), Yoshihisa Hagihara (AIST)

and Ikuo Wada (Fukushima Medical University)

report that the DCST1 and DCST2 proteins are

required for fertilization in mice (Inoue et al.,

2021). After sperm have migrated to the egg,

fertilization involves several stages: the sperma-

tozoa must first interact with and penetrate the

egg coat, and then adhere to the egg plasma

membrane. Next, the plasma membrane of the

sperm and egg must fuse to form a zygote. The

sperm of male mice lacking the genes Dcst1 and

Dcst2 can penetrate the egg coat, but they are

unable to fuse: this indicates that these genes

have a direct or indirect role in cell fusion that is

reminiscent of the role of DC-stamp in osteo-

clast formation.

Comparing DCST1 and DCST2 to related

invertebrate and human proteins, Inoue et al.

found that mouse DCST1 was most closely

related to human DCST1, nematode SPE-49 and

fruit fly SNKY, whereas mouse DCST2 was closer

to human DCST2, nematode SPE-42 and fruit fly

DCST2. Single-gene knockouts of Dcst1 and

Dcst2, as well as double-knockout mice, exhib-

ited male-specific sterility, with mutant sperma-

tozoa failing to fertilize eggs in vitro. The

spermatozoa from the double knockouts could

reach the egg and undergo the acrosome reac-

tion to penetrate the egg coat, but then they

accumulated in the region between the egg

coat and the egg membrane (Figure 1).

These results indicate that DCST1 and 2 are

not required for sperm migration to egg, the

acrosome reaction, or penetration of the egg

coat. In fact, the phenotype of the mouse dou-

ble mutant is similar to that of mice lacking other

key sperm molecules during fertilization, includ-

ing the immunoglobulin superfamily proteins

IZUMO1 and SPACA6. These two proteins are

involved in sperm-egg recognition, adhesion or

fusion (Bianchi and Wright, 2020). When sper-

matozoa mutant for both Dcst1 and Dcst2 con-

tacted the egg in vitro, it appeared that
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IZUMO1, its egg-surface binding partner JUNO,

and an egg-surface molecule called CD9, were

all recruited normally to the interface between

the sperm and the egg. This suggests that key

molecules are recruited normally despite fusion

failing.

Inoue et al. next investigated the presence of

IZUMO1 and SPACA6 in sperm mutant for dif-

ferent molecules. IZUMO1 was present in sperm

lacking Dcst1 and Dcst2, and also in sperm

mutant for Spaca6. SPACA6, on the other hand,

was lost in Izumo1, Dcst1, and Dcst2 mutant

sperm. These results suggest that these pro-

teins, which are all needed for sperm-egg fusion,

likely assemble in a hierarchical fashion, with

IZUMO1 being assembled independently of

other molecules (Krauchunas et al., 2016). Fur-

ther analyses of these proteins in various mutant

backgrounds may provide new insights into how

they assemble and interact during fertilization.

The groundbreaking work of Inoue et al. sug-

gests important future questions. Why are two

similar proteins both required non-redundantly

for fertility in worms and mammals? Precise pro-

tein localization, domain swapping, and studies

examining the relationship between structure

and function could shed light on this question.

Additionally, the biochemical role of these pro-

teins is not clear. It is possible that they act as

signaling molecules with an unknown ligand

(Chiu et al., 2017). However, loss of function

phenotypes appear consistent with some role in

either membrane fusion (in mammals and

worms) or in membrane breakdown (in flies;

Figure 1).

DCST1 and DCST2 and related proteins could

be better understood by investigating the mole-

cules they interact with. For instance, it has been

shown in C. elegans that SPE-42 binds to other

sperm membrane proteins involved in spermato-

genesis and fertilization (Marcello et al., 2018).

Its interaction with the dysferlin FER-1 is particu-

larly intriguing, since FER-1 regulates calcium-

mediated membrane fusion during worm sper-

matogenesis (Washington and Ward, 2006).

Mutations in a human dysferlin gene are associ-

ated with limb-girdle muscular dystrophy due to

a loss of membrane repair in skeletal muscles

(Bashir et al., 1998). This indicates that, in addi-

tion to a better understanding of fertilization,

ongoing work on genes related to Dcst1 and

Dcst2 may provide new insights into muscle and

bone health.

In most species, relatively few gamete inter-

action molecules have been genetically

defined (Mei and Singson, 2021), so the exis-

tence of conserved gamete interaction genes

between invertebrates and mammals has been

‘a bone of contention’. A manuscript recently

posted on bioRxiv confirms the role of Dcst1

and Dcst2 in male fertility described by Inoue

and co-workers (Noda et al., 2021). This paper

further demonstrates that zebrafish dcst1/2 are

also required for fertilization. The characteriza-

tion of genes related to sperm Dcst1 and Dcst2

in diverse species, including humans, should go

Figure 1. The interruption of fertilization in Dcst-related gene mutants in different species. (A) In mammals,

sperm mutant for Dcst1 and/or Dcst2 can penetrate the egg coat and contact the egg plasma membrane, but

they do not fuse with the egg. (B) In C. elegans, spe-42 or spe-49 mutant sperm can contact the egg plasma

membrane, but they do not fuse with the egg. (C) In Drosophila, giant sperm enter the egg through a small

opening called a micropyle: however, in snky mutant sperm the plasma membrane of the sperm does not break

down, thus blocking nuclear fusion.
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a long way towards ending debates over deeply

conserved gamete function genes. As the pace

of fertility gene discovery increases in both ver-

tebrate and invertebrate model systems, we fully

expect that more fundamental molecular paral-

lels and key features of the interaction between

sperm and egg will be discovered.
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