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The inner layer of egg envelope of the medaka, Oryzias latipes, comprises two major groups
of glycoprotein subunits, ZI-1,2 and ZI-3. Their precursor proteins, choriogenin H (Chg H)
and choriogenin L (Chg L), respectively, are synthesized in spawning female liver. In the
present study, the primary structures of the precursors and the corresponding mature
subunits were compared by peptide mapping and ami no acid sequencing to find what
difference in their molecular structures is relevant to the assembly of the soluble precursors
into the insoluble inner layer. The primary structures of the solubilized subunits were
mostly identical to those of the respective precursors, but they lacked C-terminal partial
sequences that their precursors possessed, namely, ZI-1,2 subunit was shorter than Chg H
by 34 ami no acid residues and ZI-3 was shorter than Chg L by 27 residues. In addition, a
consensus amino acid sequence, Arg-Lys-X-Arg, was found at the putative cleavage sites in
the C-terminal region of the precursors. It is conjectured that the truncation of the precursor
proteins is prerequisite for formation of mature chorion subunit proteins and their
assembly into chorion.

Key words: choriogenin, fish egg envelope, limited cleavage, medaka (teleost fish),
molecular architecture.

The envelope of fish eggs plays important roles, including
interaction with spermatozoa at fertilization and protection
of the developing embryo it encloses (1). The egg envelope
of teleosts consists mainly of an inner layer, which is
composed of three major subunit proteins (2-6). In the
medaka, Oryzias latipes, the inner layer of the egg envelope
consists of two major groups of glycoprotein subunits, ZI-
1,2 and ZI-3. The former apparently comprises three
similar subunit bands on SDS-PAGE, while the latter
reveals a single band (7-9).

Immunochemical studies using antibodies specific to
ZI-1,2 and ZI-3 strongly suggest that these glycoproteins
are formed as two groups of precursor proteins. They are,
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namely, high-molecular-weight spawning female-specific
substances [H-SP, now named choriogenin H, Chg H (20,
12)] and low-molecular-weight spawning female-specific
substance [L-SF, now named choriogenin L, Chg L (20,
11)], respectively, in the hepatic cells under the influence
of estradiol-17/?. They are transported to the surface of the
vitellogenic oocytes through the blood stream and assem-
bled into the inner layer (12-16). Recently, cDNAs for
H-SF (Chg H) and L-SF (Chg L) were cloned from liver cell
mRNAs of vitellogenic medaka and analyzed to elucidate
the structure of the protein moieties of the precursors (9,
11). Moreover, northern blot analyses using the cDNAs as
probes revealed that mKNAs for both the precursor pro-
teins were expressed in the liver cells of both the spawning
female and male after administration of estradiol-17/? (9,
11).

Thus, it is necessary to clarify the mechanism of
molecular assembly of the soluble precursor proteins into
the insoluble egg envelope by comparing the molecular
structures of the precursor proteins with those of the
assembled subunits. Although a major difficulty in bio-
chemical analysis of egg envelopes of medaka as well as
many other teleosts comes from their poor solubility in
conventional buffers (2), it has been found that solubiliza-
tion with guanidium chloride is suitable for the study of
primary structure of the egg envelope subunits of medaka
(17). In the present study, primary structures of the two
egg envelope subunits, ZI-1,2 and ZI-3, of medaka were
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compared with those of their precursor proteins, Chg H and
Chg L. The results suggest that post-translational modifica-
tion of the precursor proteins occurs in their C-terminal
regions prior to their incorporation into the inner layer of
egg envelope.

MATERIALS AND METHODS

Subunit Proteins and the Precursor Proteins—Unfertil-
ized egg envelopes were solubilized with 7 M guanidium
chloride (GuHCl)-3.4 mg/ml DTT-1 mM EDTA-0.5 M
Tris-HCl (pH 8.5) (solubilizing buffer) and following S-
carboxymethylation with iodoacetic acid as described in the
previous paper (18). Then purification of the subunits of
egg envelope was performed as described in the previous
paper (28). The precursor proteins, choriogenins (Chg H
and Chg L), were purified from the ascites fluid of male fish
treated with estrogen according to the method of Hamazaki
et al. (7), modified by Murata et al. (8). The purified
choriogenins (Chgs) were dialyzed against distilled water
and lyophilized. Each of the lyophilizate was dissolved in
500 (A of the solubilizing buffer, incubated for 2 h at room
temperature, then S-carboxymethylated as described
above. Purity of the proteins was confirmed by SDS-PAGE
according to Laemmli (19) after removing GuHCl by
dialysis. The purified egg envelope subunits and Chgs were
dialyzed against the buffers used for each enzymatic
digestion. Amount of proteins was quantified by use of BCA
Protein Assay Reagent (Pierce, Rockford, USA) using
bovine serum albumin dissolved in each buffer as standard.

Peptide Mapping—Approximately 50-100//g of the
reduced and S-carboxymethylated (rcm) ZI-3 and rcmChg
L were digested with 20 pmol lysylendoprotease, Lys-C
(Endoprotease, Lys-C; Promega), in 0.2 ml of buffer [1
mM EDTA-50 mM Tris-HCl (pH 8.9)] at 3TC for 16-20 h.
Approximately 80-160 pig of the rcmZI-1,2 and rcmChg H
were digested with 40 pmol of V8-protease (Endoprotease,
Glu-C; Promega) in 0.2 ml of buffer [0.3 M GuHCl-50 mM
Tris-HCl (pH8.0)] at 37'C for 18-24 h. Each digest was
diluted with 1 ml of 0.15% trifluoroacetic acid (TFA) and
fractionated by HPLC with a reverse phase column (RP-
HPLC, Shodex C18-5A, Showa Denko K.K., Tokyo). The
elution was carried out with a linear gradient of 0-80%
acetonitrile in 0.15% TFA for 80 min at a flow rate of 1 ml/
min, and the elution pattern was monitored by absorbance
at 215 nm.

Amino Acid Sequencing—The proteins and peptides
isolated by RP-HPLC were lyophilized. Amino acid se-
quences were analyzed with an automatic gas-phase protein
sequencer (PSQ-1, Shimadzu, Kyoto) by Edman degrada-
tion in an automatic mode as recommended by the manu-
facturer. The amino acid sequences of Chg H and Chg L
were identical to the data of the amino acid sequences
deduced from the respective cDNAs (9, 11).

Analysis of C-Terminus—The C-terminal amino acids of
rcmZI-3 and Chg L (non-reduced and S-carboxymethyl-
ated) were analyzed with carboxypeptidase (CPase, Worth-
ington Biochemical, Washington, DC). About 4mg of
rcmZI-3 was dissolved in 250/il of 1.0% SDS-0.1 M
triethanolamine-HCl (pH 8.0) and incubated overnight at
room temperature, then 750 fil of 0.1 M triethanolamine-
HCl (pH 8.0) was added. As an internal standard, nor-
leucine at a final concentration of 40 nmol/ml was added to

the solution. The rcmZI-3 and Chg L were treated with 1/
150 mol CPase A alone or together with 1/300 mol CPase B
against the amount of the substrate. The amount of the
CPases was calculated based on the absorption coefficient of
CPase A (A&=19.4) and CPase B (A& = 21.4). The
digestion was performed at 25°C for various periods of time
as shown in Fig. 6. The reaction was stopped by the addition
of 75 /jl of 1 N HC1 to 75 //I of the sample. The supernatant
after centrifugation at 10,000 Xg for 15 min was lyophi-
lized and subjected to amino acid analysis on a JLC-300
amino acid analyzer (JEOL).

Detection of Sugar Chain and Deglycosylation—For
detection of sugar chain(s) of the purified proteins or
isolated peptides, various peroxidase-conjugated lectins
(Con A, DBA, LCA, PHA-E4, PNA, UEA-1, WGA; Honen,
Tokyo) were used. The purified proteins or isolated pep-
tides were reacted with the lectins in a 96-well plate for
enzyme-linked immunosorbent assay. The rcmZI-3, rcm-
Chg L and isolated peptides in 50 mM Tris-HCl (pH 7.5)
were immobilized to the well wall by incubation for 3 h at
room temperature. The wells were washed three times with
a washing buffer [150 mM NaCl-20 mM Tris-HCl (pH
7.2)-l% Tween-20], then about 50 id of the washing buffer
containing 150 ng of either DBA, PHA-E4, PNA or UEA-1,
about 50/^1 of the washing buffer containing 150 ng of
either Con A or LCA together with 1 mM CaCl2, 1 mM
MgSO,, and 1 mM ZnCl2, or about 50 //I of 500 mM NaCl-
20 mM Tris-HCl (pH 7.2)-l% Tween-20 containing 150 ng
of WGA was added. After incubation for 2 h at room
temperature, the wells were again washed three times with
the washing buffer. Color development was performed with
Immunostain HRP-1000 Konica (Konica, Tokyo) as a
substrate of peroxidase. For deglycosylation, the fractions
containing glycopeptides were lyophilized, dissolved in 50
id of 50 mM Tris-HCl (pH 8.0), and treated with 0.5 mU
iV-deglycanase (Recombinant iV-Glycanase™, Takara
Shuzo, Otsu). Deglycosylation was performed by incuba-
tion for 18 h at 37°C and terminated by the addition of 1 ml
of 0.15% TFA. The deglycosylated peptide was subjected to
RP-HPLC and eluted as described above.

RESULTS

The egg envelope subunits, ZI-1,2 and ZI-3, of medaka
were purified after S-carboxymethylation as described in a
previous paper (18). The purified Chg H and Chg L were
also reduced and S-carboxymethylated.

The N-termini of these proteins were probably blocked,
because none of their N-terminal amino acids were deter-
mined by the sequencing.

Comparative Analysis of Peptides from ZI-1,2 Subunit
and Its Precursor, Chg H—The rcmZI-1,2 and rcmChg H
were digested with V8-protease and then subjected to
RP-HPLC. The resultant peptide maps are shown in Fig. 1.
The maps showed a high degree of similarity with respect
to major peptide peaks, with the exception of Z12-3 in the
ZI-1,2 digest, and amino acid sequence analysis revealed
that many corresponding peaks (H2 and Z12-1, H3 and
Z12-2, H5 and Z12-4, and H6 and Z12-5) were identical
peptides (Fig. 1, also see later). The peptides H5 and Z12-4
were identified as the N-terminal peptides of Chg H and
ZI-1,2, respectively, since their N-terminal amino acids
were blocked and they were found, on amino acid sequenc-
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ing after partial proteolysis, to contain a Pro-X-Y repeat
region of Chg H and ZI-1,2, as described in the previous
paper (18). A notable difference in the minor peaks
between the two peptide maps was that peaks HI and H4 on
the map of rcmChg H had no corresponding peaks on the
map of rcmZI-1,2 (Fig. 1). Examination of the amino acid
sequences of the peaks HI and H4 revealed that they were
derived from the C-terminal region of rcmChg H: the
sequence of H4 was coincident with the C-terminal amino
acid sequence, Val679-Gln591, deduced from the cDNA for
Chg H (11); and that of Hi was identical to the preceding
sequence, Arg570-Glu578 (Fig. 2).

The amino acid sequence of the peptide Z12-2 in the
digests of ZI-1,2 was identical to that of H3 in the Chg H
digest. This peptide corresponded to Lys530-Gly557 deduced
from the cDNA for Chg H, and was the closest peptide to
the C-terminus of Chg H among the peptides obtained from
the rcmZI-1,2 digest (Fig. 2). Therefore, it was strongly
suggested that the peptide Z12-2 was the C-terminal
peptide of the ZI-1,2 subunit, and the C-terminal amino
acid of the ZI-1,2 subunit was Gly657. The peptide of peak
Z12-3 in the digest of the ZI-1,2 subunit was derived from
the third egg envelope subunit protein as reported in the
previous paper (18). Peaks Z12-1, Z12-4, and Z12-5 on the
peptide map of rcmZI-1,2 correspond to the peaks H2, H5,
and H6, respectively, on the peptide map of rcmChg H as
described above. The locations of these peptides in the
amino acid sequence deduced from cDNA for Chg H were

identified (Fig. 2).
Comparative Analysis of Peptides from ZI-3 Subunit

and Its Precursor, Chg L—The rcmZI-3 and rcmChg L
were digested with Lys-C, and peptide maps of these
proteins were produced by RP-HPLC of the digests. The
peptide map obtained from rcmZI-3 was almost the same as
that from rcmChg L (Fig. 3). Amino acid sequences of all
the corresponding peptides except L6 in the Chg L digest
and Z3-6 in the ZI-3 digest were identical, and the locations
of these peptides in the deduced amino acid sequence of the
Chg L cDNA (9) were identified (Fig. 4). The peak Z3-6
from rcmZI-3 was found to contain a single peptide that
corresponded to His183-Lys201 of the deduced amino acid
sequence of Chg L cDNA, as shown in Fig. 4. Although the
second amino acid of Z3-6 was Asn184 in the deduced amino
acid sequence of the cDNA, the second cycle of amino acid
sequencing of this peptide did not give any signal for this
position. This is probably because the second amino acid
was iV-glycosylated, since Asn184 was in a consensus se-
quence of an iV-linked glycosylation site, as shown in Fig. 4.
However, the peak L6 in the Chg L digest was found to be
composed of two peptides, and they were separable as
described below.

Separation of Two Peptides in the Peak L6 in the Chg L
Digest—When the isolated peak L6 was subjected to amino
acid sequencing, two different signals were obtained in
every cycle of the sequencing, suggesting that L6 com-
prised two different peptides. To identify the peptides,
their separation was required. Since the retention time of

w

Retention time (min)

Fig. 1. Comparison of peptide maps of the ZI-1,2 subunit and
its precursor, Chg H. The egg envelope subunit ZI-1,2 and its
precursor, Chg H, were S-carboxymethylated and digested with
V8-protease. The peptide maps for Chg H (A) and ZI-1,2 (B) were
obtained by RP-HPLC as described in "MATERIALS AND METH-
ODS." Peptides H5 and Z12-4 were N-terminal polypeptide of Chg H
and TA^Q, respectively. The peptide Z12-3 was derived from a novel
protein of the egg envelope as described in a previous paper (18).
Amino acid sequences of the peptides in the peaks marked with
asterisks could not be determined since the peaks probably composed
multiple peptides.

MAKHWSITVFSALAUCSFLGTEVDAQKGNPQDPKVPYPPYYPQPKPQDP 50

QHVSPPYYPGKPQNPPQKPSNPQYPSYPQTPQNPQVPQNPOVPQNTQYPS 100

YPQWSYPQNPSYPQYPSNPPTSQCTSYPQNPKLFQDGKPSNPWPQVPQ 150

YPSKPQPPQRPQVPQYPSKPQPPQNPQVPQYPSKPQNPQYPSKPQYPQAP 200

QQPQNPQYPSKPQDPGKNPNTPPIGPPPPKSCEVPRDVRVPCGVPDISPS 250

ACDAIDCCHDGQSCYFGTGATVQCTKDGHFIWVAKDVTLPHIDLETISL 300

LGflGQDCGPADSNSAf A1YYFPVTYCCT WMEEPGVIVYEKRMTSSYE VG 3 5 0
H2
Zl 2 -1

VGPLGAITRDSSFELLFQCRYRATSYETLWEVQPPDSPLSIAELGPLNV 4 0 0

YLQI AWGOCQTKGCDEAAAAYTSFYTDADYPVTKVLRDPVYVDVq 1LGRT 4 5 0

Z 1 2 - 5

DPNLVLTLGRC7ATTSPNAFSLPQTOILIDGCPYADDRYLSALVPIDHSS 500

GLPFPTHHSRFLFfflFTFVDPHSMEPLREmiHCSTAACVPGDGVSCEP 5 5 0

Z12-2

SCSRMGRDTEAVA1 RTDERRWVSSGEVULAAADEPSEq 591
HI H4

Fig. 2. Amino acid sequences of the peptides in the V8-pro-
tease digests of the egg envelope subunit ZI-1,2 and its precur-
sor protein, Chg H. The whole amino acid sequence is predicted from
the cDNA for Chg H (11). The amino acid sequences of the peptides
in Fig. 1, A and B, were determined, and their locations in the whole
sequence are shown by underlines. The peptides HI and H4, found
only in the Chg H digest, were derived from the C-terminal region of
Chg H, H4 being C-terminal peptide of Chg H.
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L6 was almost the same as that of Z3-6 in HPLC fractiona-
tion, and one of the two amino acids obtained in every cycle
of sequencing was identical to that of Z3-6, it was conjectur-
ed that one of the two peptides in peak L6 was identical to
the peptide in Z3-6. Sugar chains of rcmChg L, rcmZI-3,
and peptides in their digests were detected using various
peroxidase-conjugated lectins, and both rcmChg L and
rcmZI-3 were reactive with Con A, PHA-E4, and WGA, but
not with DBA, LCA, PNA, nor UAE-1. Among the peptides
derived from the Lys-C digests of rcmZI-3 and rcmChg L,
only Z3-6 and L6 were reactive with Con A, PHA-E4, and
WGA, showing that they were glycopeptides. Moreover,

I * 4

Retention time (mm)

Fig. 3. Comparison of peptide maps of the ZI-3 subunit and its
precursor, Chg L. The egg envelope subunit ZI-3 and its precursor,
Chg L, were S-carboxymethylated and digested with Lya-C. The
peptide maps for Chg L (A) and ZI-3 (B) were obtained through RP-
HPLC as described in 'MATERIALS AND METHODS." A peak Z3-6
included only a single peptide, while a peak L6 was composed of two
peptides (see "RESULTS"). Amino acid sequences of the peptides in
the peaks marked with asterisks could not be determined since any
PTH-amino acids were not detected as the results of amino acid
sequencing.

IflKFTAVCLWLAUDCFCDAQHNYGKPSYPPTGSKTPQDPTQQKQLHEK 50

L2 Ll '
Z3-2 Z3-1

ELTTKYPADPQPEAKPVYPFEQRYPVPAATVAVECREDLAHVEAKKDLFG 100

L5
Z3-5

Ll 0
Z3-10

A 1

JU
rj

0,

L d ,

IGQFIDPADLTLGTCPPSAEDPAAQVL1FESPLQNCGSVLTHIEDSLVYT 150

Retention time (mln)

Fig. 5. Separation of two peptides included in peak L6. Pep-
tides included in peaks L6 and Z3-6 were subjected to RP-HPLC after
treatment with iV-glycanase. A: HPLC pattern of deglycosylated L6.
B: HPLC pattern of deglycosylated Z3-6. Amino acid sequences of the
peptides Ldg, Let, and Zdg were determined, and their locations in
the whole amino acid sequence of Chg L deduced from the cDNA are
shown by underlines in Fig. 4.

F T L N Y N P K P L G S A P Y V K T S Q A W I V E C H Y P R K H N V S S L A L D P L T V P F S A A

Ldg
Z3-6. Zdg

200

KMAEEFLYFTLKLTTDDFQFERPSYQYFLGDLIMEATVKQYFHVPUVY 250
L7
Z3-7

L9
Z3-9

L8
Z3-8

VDRCVATLSPDA.NSSPSYAFlDNTGCLLDGRlTGSDSKFVSRPAEVia.DF

' L3
Z3-3

QLEAFRFQGADSG.M 1Y1 TCKLKATSAAYPLDAETOACSYiqGWKEVSGAD
L4
Z3-4

P1CASCESGGFEVHAXAYYSHGTSTLSGGGHGTGKPSDPSRXTREAAKTE

Lcl

VLEWEGDVTLGPIPIEERRV

300

350

400

420

Fig. 4. Amino acid sequences of the peptides in the Lys-C
digests of the egg envelope subunit, ZI-3, and its precursor
protein, Chg L. The whole amino acid sequence is predicted from the
cDNA for Chg L (9). The amino acid sequences of the peptides in Fig.
3, A and B, were determined, and their locations in the whole
sequence are shown by underlines. An JV-linked glycosylation site,
Asn"4, is shown by an asterisk. For the peptides Ldg, Zdg, and Let,
see Fig. 5 and "RESULTS."

A
a

B

ZL
0 5 10 20 30 43 90

Tim* (mln)

TKflTKR

90 mln 120 mln

Fig. 6. Determination of the C-terminus of ZI-3. The C-terminus
of ZI-3 was determined by use of CPases. Amino acids released from
the C-terminus of rcmZI-3 by incubation with CPases A and B
together for 0, 5, 10, 20, 30, 45, 60, 90, and 120 min were measured
(A). Amino acids released from the C-terminus of rcmZI-3 by
incubation with CPase A alone for 90 and 120 min were measured (B).
The amino acids are expressed by one-letter symbols.
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CCZP2A
ccZP2B

ilZPA
ilZPB
cBT

:CEPSCSR
.GKPSDPS
:CEPLCPL
: PKVPYNPBvlDVTOAE I LEtEGWSLGP IP IN
:TSPSNP(
:SCEQSC:
:SCEQSC1

DTEAVA1RTDERRWYSSGEVUILAAADEPSEQ
GKPSDPS I EAAKTEVLEIEGDLGPIPIEERRV

AiDVSGSTRKAYKEET WVSSDEIVFTAASP

NEKXL
iVSETQQMVEIEGEVTLGPIPVGEKYVA
ITRIKAVSCEQTWSSGEVTKVM
ITHI rrVSGEQTWSSGEVTlVil

S C E Q S C A U D T T IKAVSEQTVYSSGEVTLVH
JLESDYSKl VSYGP ITLTATPLSGVERAESQ1SDLALLGSVSAGTMFVALFFWIAKSLCTIRKLNGPTTYKVQATP

«»n«Ii|MAEEKPAEYPLETTTVTSDGPVDF INEEEKHI ETEGWGFGYPALHf AJ1GAAAIGGVL11TVTFIGLII RYRNRSPSTRflVNA
:CPVTCDK Q ffiQTGGVLVAEISVRNKGLSRFYSLSDVIFHLLFAIGFCAILL

591
4 2 0
6 3 4
427
415
580
5 4 4
63!
371
537
324

Fig. 7. Comparison of C-terminal regions between medaka
choriogenins and some proteins homologous to zona pellucida.
The putative consensus sequence for the modification, Arg-Lys-X-
Arg, is indicated by shading. The proteins: are Chg H (MChgH), Chg
L (MChgL), and the novel protein precursor [MChgHl (IS)] of

medaka; choriogenin II of Fundulus heteroclitus (FChg II); chorion
protein of gilthead sea bream (gsb); ZP-2 of goldfish (gfZP-2); two
ZP-2s of common carp (ccZP-2A and ccZP-2B); egg envelope subunite
of Xenopus laevis (xlZPA and xlZPB); and chick beta-tectorin (cBT).

peptide Z3-6 had a consensus sequence for an iV-linked
glycosylation site. It was expected, therefore, that the two
peptides present in L6 might be separable by RP-HPLC
after deglycosylation with iV-glycanase. The RP-HPLC
pattern of the deglycosylated L6 exhibited two peaks: one
(Let) was eluted at the same retention time as the non-
deglycosylated L6 and Z3-6, and the other (Ldg) was eluted
at a longer retention time than the non-deglycosylated L6
and Z3-6 (Fig. 5A), in comparison, the deglycosylated Z3-6
(Zdg) was eluted as an almost single peak by RP-HPLC at
a longer retention time than non-deglycosylated Z3-6, and
at the same retention time as that of Ldg (Fig. 5B). The
amino acid sequence of the peptide Ldg was identical to that
of Zdg and to the sequence His183-Lys201 deduced from the
nucleotide sequence of cDNA for Chg L, except for the
second amino acid residue (Fig. 4). The second amino acid
of these peptides was aspartic acid, while the second amino
acid deduced from cDNA for Chg L was asparagine in the
consensus sequence of iV-linked glycosylation site as
described above (Fig. 4). The difference was probably due
to the enzymatic deglycosylation by iV-glycanase. The
amino acid sequence of the peptide Let was identical to the
sequence Thr399-Val420 deduced from cDNA for Chg L. It is
known from the cDNA for Chg L that Val420 is the C-ter-
minus of Chg L, and therefore the peptide Let is identified
as the C-terminal peptide of Chg-L. No shorter or longer
peptide corresponding to the C-terminal peptide, Let, was
found in the ZI-3 digest.

Determination of the C-Terminus of ZI-3—HPLC frac-
tionation of the digest of rcmZI-3 gave peak Z3-4 as the
most C-terminal of the peptides obtained, and part of the
amino acid sequence of the Z3-4 peptide was identical to
Ala323- Val3" deduced from cDNA for Chg L (Fig. 3 and Fig.
4). Although peptide Z3-4 was suspected to be the C-ter-
minal peptide of ZI-3, it was too long for its full amino acid
sequence to be determined. To determine the C-terminus
of ZI-3, the C-terminal region of rcmZI-3 was analyzed by
use of carboxypeptidases (CPases). CPases A and B to-
gether released Thr, Lys, and Arg (1:1:1) from rcmZI-3
(Fig. 6A), while CPase A alone release a large amount of
Thr and a small amount of Lys, but no Arg (Fig. 6B). These
results indicated that the C-terminal amino acid residue of
ZI-3 was Thr, and that the amino acid sequence of the
C-terminal region was Arg-Lys-Thr. This was identical to
the sequence Arg39'-Lys392-Thr393 deduced from the cDNA
for Chg L (Fig. 4).

In preliminary examinations, Thr and Val (1:1) were
released from Chg L by CPase A alone, and Thr, Val, Lys,
and Arg (1:1:1:3) were released from Chg L by CPase A
and B together (data not shown). These results and the
presence of Let suggested that the purified Chg L contained
both a full-length protein and a protein lacking its C-ter-
minal region. However, it was found from the results of
C-terminal analyses of ZI-3 that most of the assembled
subunit ZI-3 lacked the C-tenninal region.

DISCUSSION

To clarify the mechanism of molecular assembly of the
soluble Chgs into the insoluble inner layer of egg envelope,
it is necessary to compare the molecular structures of Chgs
with those of the respective subunits after assembly.
Although the primary structures of Chg H and Chg L have
been clarified by cDNA analyses (9, 11), the Chg proteins
isolated from ascites fluid were treated in the same manner
as the purified subunits, and their peptide mapping and
amino acid sequencing were performed for comparison with
the subunits ZI-1,2 and ZI-3.

The primary structures of the egg envelope subunit
proteins were very similar to those of the corresponding
Chgs, because the patterns of the peptide maps and the
amino acid sequences of the peptides of the egg envelope
subunits, rcmZI-1,2 and rcmZI-3, were almost the same as
those of rcmChg H and rcmChg L, respectively. We also
found that of the two potential iV-linked glycosylation sites
in Chg L, Asn184, and Asn263 (9), only Asn184 was glycosylat-
ed, and that the same was also the case in ZI-3. However,
we suspected that the structure of the C-terminal regions of
the egg envelope subunits was different from that of Chgs.
The C-terminal residues of the presumed C-terminal
peptides obtained from rcmChg H and rcmChg L were Gin
and Val, identical with the C-termini deduced from cDNA
for Chg H and Chg L, respectively. However, it ,was
determined that the C-terminus of the egg envelope
subunit ZI-1,2 was Gly"7 and that of ZI-3 was Thr393 by
analysis using CPases. Thus, ZI-1,2 subunit was shorter
than the precursor, Chg H, by 34 amino acids and, ZI-3
subunit was shorter than Chg L by 27 amino acids.

Most interestingly, it appears that before they are
incorporated into the inner layer of the egg envelope as its
subunits Chg L undergoes proteolytic cleavage at the C-
terminal side of Thr393, which is situated in the sequence
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Arg^'-Lys^-Thr^-Arg394 , and that Chg H undergoes
similar cleavage at the C-terminal side of Gly557, which is
situated in the sequence Arg^-Lys^-Gly^-Arg668 .
Therefore, it is highly probable that the sequence Arg-Lys-
X-Arg is a consensus sequence for the position of processing
cleavage. The sequence Arg-Lys-Ala-Arg was also found in
a portion of approximately 30 amino acids from the C-
terminus of the newly found precursor of the third egg
envelope subunit of medaka (18). Recently, amino acid
sequences of egg envelope (or chorion) proteins were
deduced from the cDNAs in other fish species, such as
winter flounder [wf •£ (20)], Fundulus heteroclitus
[choriogenin I and II (22)], Spar us aurata (gilthead sea
bream; accession, X93306), Carassius auratus (goldfish;
ZP-2 and ZP-3; accession, Z72495 and L41636), and
Cyprinus carpio (common carp; three ZP-2s and ZP-3;
accession, Z72491, Z72492, Z72494, and L41638). The
putative consensus sequence, Arg-Lys-X-Arg, was also
found in the C-terminal regions of the deduced amino acid
sequences of Chg II of F. heteroclitus, egg envelope protein
of gilthead sea bream, ZP-2 of goldfish and two ZP-2s of
common carp, but not in those of Chg I of F. heteroclitus, wf
•£ of winter flounder, ZP-3 of goldfish, or ZP-3 of common
carp (Fig. 7). Moreover, the egg envelope subunits of
Xenopus laevis (ZPA and ZPB; accession, U44949 and
U44950) and chick beta-tectorin, which is an extracellular
matrix molecule of the inner ear (22), also have the
putative consensus sequence Arg-Lys-X-Arg in the C-ter-
minal regions. Figure 7 shows a comparison of C-terminal
regions among zona pellucida homologous proteins contain-
ing the putative consensus sequence, Arg-Lys-X-Arg, in
their C-terminal regions. It is reported that predicted the
amino acid sequences of all mammalian zona pellucida
proteins produced in oocyte or follicle cells contain a
sequence called a "putative furin cleavage site" in the C-
terminal regions, which is rich in basic amino acids (23).
The putative consensus sequence, Arg-Lys-X-Arg, seems
to be comparable to the furin cleavage site, although we
have no information about the nature of a protease respon-
sible for the cleavage in fish choriogenins.

From preliminary analyses of the C-terminal portion of
the purified Chg L by use of CPases, and from peptide
mapping and amino acid sequencing, two different C-ter-
mini were found: one was that of the full-length protein,
and the other was probably that of a protein lacking the
C-terminal region. It is considered that on prolonged
administration of estrogen to male medaka fish, Chg L
[formerly called SF-substance (14)] is synthesized in liver
cells, secreted into blood, then accumulated in the ascites
fluid. During accumulation in the ascites fluid under non-
physiological conditions, some molecules of Chg L might be
truncated by the protease(s). This was also the case with
Chg H (data not shown).

We have not yet identified of the site in the spawning
female fish where Chg H and Chg L are truncated prior to
their assemblage into the inner layer of egg envelope under
physiological conditions. Clarification of the site of the
molecular modification seems to be crucial for elucidation
of the mechanism of the subunit assembly.
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