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Ascidian sperm receptor attached to the vitelline coat during 
oocyte maturation 
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IDepartment of Biochemistry, Graduate School of Pharmaceutical Sciences, Hokkaido University, Sapporo 060-0812, Japan 
2Department of Life Science, Tokyo Institute of Technology, Nagatsuta Yokohama 226-8501, Japan 

While all ascidians (Urochordata) are hermaphroditic, 
some, including Halocynthia roretzi (Fuke, 1983) and 
Ciona intestinalis (Rosati & De Santis, 1978) are strictly 
self-sterile because of a self-nonself recognition system 
in the interaction between the sperm and the vitelline 
coat of the eggs. However, immature oocytes (Fuke & 
Numakunai, 1996) and acidic-seawater-treated mature 
oocytes (Morgan, 1939; Kawamura et al., 1991) are self
fertile. It is thought that a putative self-nonself recog
nition molecule, which is detached or modified by 
treatment with acidic seawater, may be attached to the 
vitelline coat during oocyte maturation. Although 
the existence of a self-nonself recognition system in the 
fertilisation process is well known, the molecular 
entity has yet to be conclusively identified. However, 
there have been several attempts to identify such a 
molecule in Ciona (Marino et al., 1999). In the present 
study, we have isolated and analysed a molecule 
which appears to be responsible for allorecognition in 
the interaction between sperm and eggs of the ascidian 
Halocynthia roretzi. 

Materials and methods 

Biologicals. A solitary ascidian Halocynthia roretzi Type 
C was used in this study. The fertilisation experiment 
was carried out as described previously (Sawada et al., 
1982). 

Isolation and N-terminal Sequencing of HrVC70. Vitelline 
coats were isolated from immature and mature oocytes 
of the ascidian by homogenisation and repeated wash
ing with 5x diluted artificial seawater. The isolated 
vitelline coats were subjected to SDS-PAGE, followed 
by blotting to a PVDF membrane. The N-terminal 
amino acid sequence of the 70 kDa main component 
(HrVC70) was determined by a protein sequencer. 

Cloning ofHrVC70-precursor cDNA. Based on the N-ter
minal sequence, degenerate primers were designed 
and a polymerase chain reaction (PCR) was carried 

out. The PCR product was used as a probe for screen
ing the H. roretzi gonad cDNA library to isolate the 
HrVC70 cDNA clone. 

Sperm binding assay to HrVC70-agarose. The isolated 
HrVC70 was coupled to Affi-Gel-10 beads. The 
HrVC70-agarose beads thus obtained were incubated 
with sperm suspended in artificial seawater, followed 
by washing. The number of sperm bound to the 
HrVC70-agarose bead was counted after incubation 
with DAPI under a fluorescence microscope using UV 
excitation. 

Molecular mass estimation. The molecular mass of 
HrVC70 was estimated by a MALDI-TOF mass 
spectrometry. 

Nucleotide sequence analysis ofHrVC70 in each individual. 
RNA was prepared from the gonad of each individual, 
and a reverse transcription (RT)-PCR was carried out 
using the same protocols. 

Results 

Attachment of the HrVC70 molecule to the vitelline coat 
during ascidian oocyte maturation and its detachment by 
treatment with acid. Since mature oocytes, unlike imma
ture oocytes, are self-sterile (Fuke & Numakunai, 
1996), it is thought that they might acquire a self-non
self recognition system during oocyte maturation. If 
this is the case, a putative allorecognition molecule 
may be attached to the vitelline coat during oocyte 
maturation. 

To assess this possibility, we isolated the vitelline 
coats from immature and mature oocytes and com
pared their SDS-PAGE patterns. The results showed 
that the amount of a 70 kDa main component 
(HrVC70) in the vitelline coat obtained from mature 
oocytes was much higher than that of immature 
ooyctes. This suggests that HrVC70 becomes associ
ated with the vitelline coat during oocyte maturation. 
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Next, we investigated whether HrVC70 becomes 
detached from the vitelline coat by acid extraction. 
SOS-PAGE analysis revealed that the HrVC70 is 
released from isolated vitelline coats by treatment with 
1 roM HCI (pH 3) but not with slightly alkaline Tris 
buffer (pH 8). From these results, we suggest that 
HrVC70 is a candidate molecule involved in self-non
self recognition at fertilisation. 

Sperm receptor activity of HrVClD. To investigate 
whether HrVC70 has a sperm-receptor activity, the 
number of sperm bound to a single HrVC70-agarose 
bead was counted. Under the conditions tested, sperm 
were able to bind to the HrVC70 beads. In addition, the 
binding ability of nonself sperm to a HrVC70-agarose 
bead appeared to be higher than that of the self sperm, 
suggesting that HrVC70 is a candidate sperm receptor 
responsible for self-nonself recognition. 

Isolation of the cDNA ofHr VClD and its structural analysis. 
A cDNA clone of HrVC70 precursor (HrVCI20) was 
isolated and its amino acid sequence deduced. The iso
lated clone revealed that HrVC120 has an open reading 
frame of 1163 amino acids with an estimated molecular 
mass of 124 498 Da. This HrVC120 consists of the N
terminal signal sequence, 13 EGF-like repeats and a ZP 
homologous domain, which is followed by a single 
transmembrane domain at the C-terminal region. 'Fhis 
precursor protein appears to be processed by a trypsin
like protease at the Arg-668 residue located between the 
twelfth and thirteenth EGF-like repeats, which is esti
mated from the results of C-terminal sequence analysis 
and of mass spectrometry (68 800 Da). 

Variability in the amino acid sequence of Hr VClD in each 
individual. If HrVC70 is involved in self-nonself recog
nition in gamete interactions, the amino acid sequence 
of HrVC70 from each individual should be different. 
To test this hypothesis, RNA was prepared from the 
gonads of 10 individuals, and RT-PCR carried out 
using primers corresponding to the signal sequence 
and the region downstream of the 12 EGF-like repeats. 
The PCR products were subjected to DNA sequence 
analysis. From these experiments it was determined 
that none of-the HrVC70 molecules obtained from the 
different individuals were identical to each other, 
although the basic structures of HrVC70 were very 
similar. The point mutations appear to be restricted to 
a region located between each EGF-like domain, and 
also between the third and fourth Cys residues in each 
EGF-like repeat. Since HrVC70 obtained from each 
individual showed a variability, it is very likely that 

this HrVC70 molecule is directly involved in self-non
self recognition in the interaction between sperm and 
the vitelline coat of the eggs. 

Discussion 

The present study has demonstrated the DNA 
sequence and the deduced amino acid sequence of the 
HrVC70 precursor (HrVCI20) from H. roretzi. Further
more, we found several lines of evidence indicating 
that HrVC70 is involved in self-nonself recognition in 
the ascidian fertilisation process. 

However, we did not identify the cellular source of 
the HrVC120 molecule. In connection with this, it is 
intriguing to note that the establishment of the 
self-nonself recognition system in oocytes of H. roretzi 
during oocyte maturation is blocked by trypsin 
inhibitors (Fuke & Numakunai, 1999), and this factor 
involved in allorecognition is thought to be derived 
from follicle cells. Similarly, it is also known that the 
follicle cells play a key role in the acquisition of 
self-nonself recognition in C. intestinalis (Marino et aI., 
1999). Taking into account these results, it is plausible 
that HrVC120 protein may be biosynthesised and the 
N-terminal half containing the 12 EGF-like repeats 
may be processed and attached to the vitelline coat, 
conferring self-sterility to the eggs. 

We recently found that HrVC70 is degraded by the 
sperm proteasome in a ubiquitin-dependent manner 
during fertilisation. Therefore this degradation signal 
may be triggered only when a particular VC70 mole
cule is recognised by a sperm-membrane molecule as 
nonself. 

Further studies on the mechanism producing vari
ability in the VC70 structures as well as on the genomic 
structure of VC70 are in progress in our laboratory. 
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