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Abstract EP37 is an epidermis-specific protein found ifhtroduction
the developing embryo of the Japanese n&wnops
pyrrhogaster Our previous study predicted the presendie epidermis-specific protein, EP37L1, was originally
of genes homologous to EP37, which show temporadentified as one of the eight embryonic epidermal pro-
shared expression at the turn of metamorphosis. In tl@ihs of the Japanese ne@nops pyrrhogastehy two-
study, we isolated and characterized three cDNAs encdiimensional gel electrophoresis (Takabatake et al. 1991).
ing novel EP37 homologues; two from the skin of arhe cDNA, ep37L1, has been isolated and sequenced,
adult newt and the other from swimming larva. Concewith the predicted amino acid sequence showing slight
tual translation of the open reading frames of thesinilarity to3- andy-crystallins (Takabatake et al. 1992).
cDNAs predicted proteins carryin@y-crystallin motifs The - andy-crystallins are structurally stable proteins,
and putative calcium-binding sites, both of which aiecluding four Greek key motifs (Blundell et al. 1981). A
features shared by the originally identified EP3iller toxin from Williopsis mrakiis a predictedy-crys-
(EP37L1), as well as a spore coat proteilMgkococcus tallin precursor structure since it has two Greek key mo-
xanthus protein S. Immunoblot analyses and immunafs (Antuch et al. 1996). Recently Wistow et al. (1995),
histochemical studies indicated that two of the EP37 pdeveloping further on our previous findings (Takabatake
teins, EP37L1 and EP37L2, are exclusively expresseckiral. 1992), concluded that EP37L1 (which Wistow et al.
the epidermis (skein cells) including the figures @famed EDSP in their paper) is a novel non-lens member
Eberth at premetamorphic stages. During and after metfithe By-crystallin superfamily in vertebrates. Tiffe
morphosis, the expression of EP37 proteins was maiahyd y-crystallins are evolutionarily related to stress-in-
observed in cutaneous glands, and a molecular transitiogible proteins (Wistow and Piatigorsky 1988; de Jong
to the adult types of EP37, EP37A1 and EP37A2, ast-al. 1989) such as protein S, a sporulation-specific pro-
curred. These observations suggest that EP37 prote#is of the gram-negative bacteriivtyxococcus xanthus
play an important role in construction of integument@inouye et al. 1983; Wistow 1985), and spherulin 3a, an
tissues and adaptation to the aquatic or amphibious emvieystment-specific protein of slime moukhysarum
ronment. polycephalum(Bernier et al. 1987; Wistow 1990). Al-
though proteins of this superfamily, including EP37, may
have protective functions against stresses of developmen-
tal change (Wistow et al. 1995), little is known about the
biological or biochemical role of EP37 protein.

Northern blot analyses usingp37L1 cDNA as a
probe under low-stringency conditions revealed the pres-
ence of five transcripts at different developmental stages
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of the newt (Takahashi and Takeshima 1995). Two (2.3
and 1.9 kb) were detected at premetamorphic stages, an-
other two (4.0 and 2.9 kb) were detected in adult tissues
(skin, eye and tongue), and the other (3.5 kb) was detect-
ed in adult stomach. The transition of transcripts from
the premetamorphic to adult types occurred during meta-
morphosis. These observations suggest the existence of
an ep37 gene family, the temporal and spacial expres-
sions of which are strictly regulated.
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In this study, we isolated and characterized thregding to the manufacture’s instructions (Pharmacia). These fu-
cDNAs homologous t@p37 which are expressed in théion polypeptides were synthesized from a plasmid constructed

) ; : : . g a pGEX-3X expression vector (Pharmacia) in @HE coli
integumental tissues. Their deduced amino acid sequeﬂi 5. The soluble fusion proteins purified with Glutathione Sepha-

es showed four putati@y-crystallin motifs in their N- rose 4B (Pharmacia) were immobilized to AF-Trecyl Toyopearl
terminal regions, indicating that the so-calkg@7 gene 650 M (Tosoh, Japan) and used as affinity gel media.

family is a sub-family of thgdy-crystallin superfamily.

Furthermore, immunohistochemical studies showed drasmunoblot analysis

tic changes in the subcellular localization of EP37 pro- _
filum dodecyl sulphate (SDS)-polyacrylamide gel electrophore-

i i i i S
teins during metamorphosis as well as in the Coursesé (PAGE) was performed according to Laemmli (1970). Two-di-

embryogenesis. mensional (2D) gel electrophoresis was carried out as described
by O'Farrell et al. (1977). After electrophoresis, the proteins were
transferred onto polyvinyliden difluoride (PVDF) membranes
(Millipore) by electroblotting. The membranes were incubated in a

Materials and methods blocking solution (Block Ace; Yukijirushi Nyugyo, Japan) and re-
acted with a 1:500 dilution of purified anti-EP37 antibody in 10%
Biological materials blocking solution containing 0.05% Tween 20 for 60 min at room

temperature. After washing with phosphate-buffered saline (PBS)
Fertilized eggs of the Japanese ne@ynops pyrrhogasterwere containing 0.05% Tween 20, the membranes were incubated with
obtained by injecting human chorionic gonadotropin (Gonatropia;1:1000 dilution of horseradish-peroxidase-conjugated goat anti-
Teikoku Zoki, Tokyo, Japan) into adult females. Embryonic stagesbbit 1gG (Biosource International). Immunodetection was per-
were determined according to Okada and Ichikawa (1947). formed using chemiluminescence substrates (CMestern
blotting detection reagents, Amersham) according to the manufac-
ture’s instructions.

Isolation of cDNAs homologous &p37

To isolate cDNAs homologous &p37 in the adult newt, we pre- Immunohistochemistry

pared aAgtll cDNA library from adult skin. Approximately shecimens were fixed in fresh 4% paraformaldehyde in PBS for
1x10 plaques were screened with a Pvull-Hpal fragment E h at 4°C, dehydrated and embedded in paraffin. Sections
PG3m11N138-48 cDNA (Takabatake et al. 1992), here designaigtim) were incubated for 15 min with blocking solution (1% bo-
asep37L1. Eight positive clones were obtained and subcloned iNiye serum albumin in PBS containing 0.02% Tween 20) and then
the Notl site of pBluescript Il SK(-) (Stratagene). These clongs 60 min with a 1:2 dilution of purified anti-EP37 antibody in
were classified into two types based on their restriction maps. Scking solution. Subsequently, sections were incubated for
longest clone of each of the two groups was sequenced and deggdnin with a 1:100 dilution of fluorescein isotriocyanate (FITC)-

nated ase37A1 (2.7 kb) andep37A2 (3.6 kb) respectively. To ; i i i i
isolate homologous cDNA expressed during the larval stages, %JQIUQated goat anti-rabbit IgG (Biosource International).

used the polymerase chain reaction (PCR) amplification method.

One of the primers was designed from the highly conserved nuit%?u":s

otide sequences located upstream of the open reading fram

ep37L1, Al and A2; 5CCAG(CG)AGGAGT(CT)C(AT)- . L

C(ACT)(AG)GAAGCC-3. The other was a modified oligo g7!solation and characterization of cONAs homologous
primer; 3-CCCGGATCCT,{(ACG)-3. A template was preparedto ep37L1

by synthesizing first strand cDNA from larval RNA using th .

modified oligo dT as a primer. Two kinds of fragments, 1.7- axe{e isolated three cDNAs homologous &pB37L1
1.9-kb long, were amplified. Whilst the former had an identicéep37Al, ep37A2 and ep37L2) and determined their

nucleotide sequence tepB7L1, the latter showed a distinct secomplete nucleotide sequences. Their sizes (in nucleo-

quence alignment, and was nanegg7L2. tides) and GenBank accession numbers are as follows:
ep37Al: 2629nt., D84229ep37A2: 3580nt., D84230;
Whole mount in situ hybridization ep37L2: 1907nt., D84231. The open reading frames of

newly isolated cDNAs (335 or 337 codons) were essen-

Whole mount in situ hybridization was performed essentially
described by Harland (1991) except that the duration of each %S”y the same length as that ef87L1 (335 codons).
t

was extended and treatment with proteinase K and RNase omi é’_mparisons of nucleotide sequences i”dicated _tha_t
Stained specimens were bleached by placing them in hydrog@gSse fOU_r genes Shar_e 77.5-97.6% sequence identity in
peroxide/methanol (10 and 70% respectively) for depigmentatitime protein coding region (data not shown). Differences
of melanocytes. For thin sections, stained whole embryos wegse primary structure indicated that these cDNAs
processed by the usual procedures and embedded in paraffin. (e@B37L1, L2, Al and A2) are not generated by alterna-
tive splicing, but are transcribed from independent genes.
Preparation of anti-EP37 antibody Alignment of the predicted amino acid sequences
_ ) ) _ _ (Fig. 1) indicated that EP37A1 and A2 do not show the
The plasmid encoding the EP37-klfgotein was generated by in- e level of homology (68%) that L1 and L2 show

serting sequences corresponding to residues 70 to 335 of EP3 .
into the pET22b(+) expression vector (Novagen). Proteins w %), whilst L1 has moderate homology both to Al

induced in BL21(DE3Escherichia colicells and purified by His- (83%) and to A2 (74%). We counted more amino acid
Bind Resin (Novagen) in the presence of 6 M urea. Anti-EP3&sidues in the N-termini of EP37L2 and Al, but it is
polyclonal antibody was raised by the subcutaneous injectionsgéssime that the second ATG of each cDNA fits the Ko-

these proteins into a Japanese white rabbit. The antibody wa .
finity purified on a column of GST-EP37 fusion polypeptide %R consensus sequences better than does the first (Ko-

which were expressed from the cloned genes corresponding tozak 1991). Based on the deduced amino acid sequences,
ther residues 46 to 227 or 230 to 335 of the EP37L1 protein, agolecular weight and isoelectric point (pl) were calcu-



419

lated as follows; EP37L2: 37.7 kDa, pl = 5.63; EP37Alive bacteriumMyxococcus xanthugnouye et al. 1983),
37.7 kDa, pl = 5.40; EP37A2: 37.9 kDa, pl = 5.89. Moti& non-lens member of tifg-crystallin superfamily.

Finder (the online service applied by the Human Ge-

nome Centre, Institute of Medical Science, The Universi-

ty of Tokyo) identified a consecutii@y-crystallin motif Specificity of the anti-EP37 antibody

([LIVMFYWA] -x- {DEHRKSTP} -[FY] - [DEQHKY] -

X(3) - [FY] -x- G - x(4) - [LIVMFCST]) in the N-termi- To study the subcellular distribution of EP37 proteins,
nal half of the EP37 proteins. The program found onlye generated an affinity-purified rabbit polyclonal anti-
one motif in EP37L1, but found an additional motif bothody against EP37L1 protein. The antibody detected
in EP37L2 and A1, and two additional motifs iproteins of ~40 kDa, which corresponded to the apparent
EP37A2. Furthermore, it was found that the regions milecular weight of EP37L1 (Fig. 2A). However, since
lle35to Lys3® and lle29to Arg!33in EP37L1 and the cor-the immunoreactivity was observed in skin, eye and
responding regions in EP37L2, Al and A2 (shaded bdgngue of the adult (Fig. 2A, lanes 2, 3 and 5), it seems
es in Fig. 1), show a high level of homology to the prthat the antibody recognized other types of EP37 (i.e.
posed C&-binding sites in protein S of the gram-negd=P37A1 and A2). The antibody could not detect protein

motif 1 _ 7 12 - _ A
Ll  MNTITVYEHSNEQGLHKTHTS .DVPNL. . . VNESFNDCISEVEIVG 42 12345678
L2 MT 5 A : : 44
Al MT D-R--¥ . .. .-Y-N 44 974
A2 P SRe4=~T.---R~. . . SEH--E-— - 42 -
CB  PWE--I-DQE V.mﬁ---.sc--!v". . -SER--DN.V ] 69 — 662
CG  GE--F-]-DRD-H-RCYNQI-.-C-=~. . . .RVY~SR—~.N-IRVDS 39
motif 2 ‘ o —427
Ll QPWILHQDINYSGQCLEL F‘FG‘EY ...... SGISMNDGASSLRLITDDLSN 86 - - -
L2 Ratid 4 Mo seans | 88
Al --Hv-y--m- Heleveens 1T 88 3
A2 - ~IMYEHP4Q-H-T ... -QTQ-~~MG--1 86
CB  GAY-GYEHTSF(<-QFI- PRWDAWS-SNAY SFRPFCSAN 122
CG  GG-M-YERPH-Q-HQYE-RR-K-PDYQ. .HWMGLS~- kc—r*r-pufr.-s 86 _
motif 3 | ‘ ! - L | ! 21.5
Ll PQITVYERVN GGGRALVLTE. E. TNL]. . . AFGNMHDNE 126
L2 R % 0.~ S-1u 0t 128 B H
Al : “ ~NS S-"4--Q.= .54 . .5==-G=Q 128 6 P
A2 || ~PDYS--M-Q.~ A4~ . . TL-D-N-K: 126 5
CB HKEsm-}IF—RE-FIJj QWETSD.DYPS-|. . Q-M-WFNNE 164 | |
CG  HKLRL--RDDYR-LMSE ~-D.D.CAC|. . VPELFRLPE~ 127
motif 4 | | T _974
Ll  GAWALYEHINRGGRCIVARAGHYLANY..CTIGFNDQV. 168 62
L2 ‘ . r ; .. . 170 -
Al K . . .RD. Y 170 —27
A2 - P+ '-jws-n WP\ s WSN===-K-—|. 168 &~
CB  -1-VC-HYLGYR~YQYILKCDHHEGD-KHWREWGSHAQT-QIQST 209 L1 L2
cG ~Q~Vi---MP-YR-RQYLLRL,-D-RRYH. . DAG-ADAK-G-LRRVT 170 31
L1 RAGKTSVTATILWDRKKVESERNVQIDQYFYTNNTSIEQQFTATSTKEFE 218
L2 s 220
al s T FE==--H-K-QSNV-me=m= S-——— 220 —915
A2 -P--A-A--K--—-K--I I D---G 218
L1 KYVSHSFEFSNETSIKVGTSFTLKGVVDINTEVSNTFTVKKGETESFTTR 268 C pH
L2 T D 270 6 5
Al -F T L 0-s-M- 270 i I
H. G N-FEA-A S 268
a2 v .
L1 KKAELSMPVKAPPRSKLTVNFMCKEITISVPVELKIVRGSKTDIETGTYR 318 : PP
320 :
Q-GN-R 320 I3 —427
VAQ-T--VI-S---- 318 b Yok
’ A2 Al
335
337 —31
337
337
=215

Fig. 1 Comparison of four types of EP37 proteins @nyecrystal-

lins. The deduced amino-acid sequences are shown igintgle  Fig. 2A-C Immunoblot analyses of EP37 proteins. Proteins from
letter code Sequences are aligned according to EP37L1 (Takaswimming larva A, lane 1) and adult tissuesA¢ lane 2—-8§ were
take et al. 1992). ThBy-crystallin motifs of EP37 proteins, hu-separated by SDS-PAGE, followed by immunoblot analyses using
man B-crystallin A3 CB; Hogg et al. 1986) and humarcrystal- anti-EP37L1 antibodyl@nes Iswimming larva (stage 552 adult

lin A (CG, Meakin et al. 1987) are aligned according to Wistow &kin, 3 adult muscle4 adult eye5 adult tongueg adult stomach,

al. (1995).Shaded boxemdicate sequences corresponding to pu-adult intestine8 adult liver). Proteins from swimming larva at
tative C&*binding sites of protein S (Inouye et al. 1983). Sae- stage 558) and adult skin@) separated by 2D-PAGE were anal-
ines with an arrowheathdicate important residues contributing toaysed on immunoblots using anti-EP37L1 antibody. EP37L1, L2,
Ca2*-binding (Teintze et al. 1988Ppen boxeindicate structural- Al and A2 were designated according to their deducedrpiws

ly significant residues for th@y-crystallin motif (Wistow et al. in panelC indicate three spots that reproducibly reacted with anti-
1985, 1995} EP37L1 antibody



420

o
7

e )

% / % ¥

Fig. 3A—F Localization ofep37 mRNA and of EP37 proteins dur-swimming larva (st. 42) at tail region, probed with the anti-
ing the premetamorphic stages. Expressiorm7L1 mRNA in EP37L1 antibody. The sections are shown in bright fi€ldagd
neurula embryoA), as detected by whole mount in situ hybridiza) and in dark field@ andF). Theinsetin F shows skein cells at
tion using antisensep37L1 probeB Transverse hybridizatio, a higher magnification Arrows indicate the skein cellsarrow-

F Transverse section of late tail-bud embryo (st. 32) and hatcheghdsindicate figures of EberttgK skein cell,bar 100 um)

in adult stomach, in which previous detection by norttections against the proteins of adult skin separated by
ern blot analyses of a homologous transcripg¥7 oc- two-dimensional gel electrophoresis. Two proteins with
curred only at low stringency (Takahashi and Takeshimphlvalues of 5.7 and 5.6 were discerned in the immuno-
1995). To exclude the possibility of co-existence of ernlot of larval proteins (Fig. 2B). They corresponded to
bryonic types in adult tissues, we carried out immunodeP37L1 and L2, respectively. Five spots with similar
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molecular weight but with different pl values (6.2, 5.9,
5.6, 5.4 and 5.3) were detected in adult skin (Fig. 2C).
Two spots with pl values of 5.4 and 5.9 corresponded to
EP37A1 and A2, respectively. We do not know whether
the other three spots, which were reproducibly observed,
are additional EP37 proteins or chemically modified ver-
sions of EP37A1 and/or A2. However, from the follow-
ing observations, we deduce that there were no addition-
al types of cDNAs homologous &p37:

1. Only two kinds of transcripts were detected in RNAs
of adult skin by northern blot analyses (Takahashi and
Takeshima 1995).

2. We could not isolate any other typesepB7, other
than ep37A1 and A2, from the cDNA library of adult
skin even when screening under low-stringency condi-
tions.

Expression of thep37 gene in the early embryo

Northern blot analysis of RNA isolated from embryos
has demonstrated thap37 transcription begins at the
late gastrula stage (st.15; Takabatake et al. 1992). To lo-
calize the site obp37 expression in early embryos we
performed whole mount in situ hybridization. Staining
was detected as early as stage 17 of neural plate forma-
tion (Fig. 3A). Theep37 gene was expressed exclusively
in the epidermal region and not in the cells of the neural
plate or neural fold. The transverse section from the tail-
bud stage embryo (Fig. 3B) also demonstrates the local-
ization ofep37 expression in the external surface of the
embryo.

Developmental changes in EP37 protein localization

Specific antisera raised against EP37L1 were used to
study the subcellullar localization of EP37 proteins dur-
ing embryogenesis and metamorphosis of the Japanese
newt. The presumptive epidermis is one cell-layer thick
before the neural plate stage, shortly after which it be-
comes a bilayered structure. We could not detect immu-
noreactivity before the early neural plate stage (st. 16),
but positive stainings were observed in the surface of the
embryos as early as the mid neural plate stage (st. 17).
At stage 32, staining in the cytoplasmic region of epider-
mal cells of the outer layer was stronger than in those
cells of the inner layer (Fig. 3D). In the hatched swim-
ming larva (stage 42), well-differentiated epidermal cells
such as skein cells were observed (Fig. 3E, F). Figures of
Eberth are the most prominent structure in the skein cells

Fig. 4A-D Localization of EP37 proteins during metamorphosis.
Transverse sections were probed with anti-EP37L1 antibody. Tail
region of stage 59 larvaA( bright field andB, dark field), stage

60 larva during metamorphosi§) and young adultl¥). Localiza-

tion of EP37 proteins changed from skein cells to cutaneous
glands during metamorphosi8r(owheadsindicate the cutaneous
glands,SC stratum corneumSK skein cell,CG cutaneous gland,
bar 100 um)
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of the amphibian larval epidermis (Eberth 1866; Weed
1934) and they consist of numerous bundles of tonofila-
ment (cytokeratin intermediate filaments) arranged in a
sheaf in the cytoplasmic region (Fox and Whitear 1986).
Immunostainings were observed in the skein cells as
well as in the outer layer of the epidermis (Fig. 3F). Fine
immunohistochemical analyses revealed that, in the
skein cells, the plasma membrane and figures of Eberth
were positive (insertion of Fig. 3F). In the swimming lar-
va just before metamorphosis (st.59), most of the epider-
mal cells differentiated into skein cells (Fig. 4A, B),
which stained strongly as in the larva at stage 42
(Fig. 3F). At this stage, stratum corneum, which is not
recognized by the antibody, covers the outer most sur-
face of the body (Fig. 4B). At the following stage (st.
60), additional strong stainings were observed in cutane-
ous glands which seemed to differentiate from epidermal
cells during early metamorphosis (Fig. 4C, D). Shortly
after metamorphosis, the mono-layer of skein cells was
replaced with a multi-layer of small cells, which showed
only faint immunoreactivity to anti-EP37L1 antibody.
However, strong immunostainings remained in cutaneous
glands (Fig. 4E).

Localization of EP37 proteins in the eye

Both northern blot (Takahashi and Takeshima 1995) and
immunoblot analyses (Fig. 2A) showed tlegB7(s) are
expressed in the eye. We analysed the localization of
EP37 proteins in transverse sections of the larval and
adult eye by immunohistochemistry. In the larval eye,
immunostaining was localized only in the outer cornea
(Fig. 5B). In the adult eye, no immunostaining was de-
tected even in the outer cornea (data not shown). Howev-
er, immunoblot analyses of the dissected eye showed im-
munoreactivity in the adult cornea (Fig. 5C) and in situ
hybridization of adult cornea reinforced that #p87A1
gene was expressed in the outer layer (Fig. 5D). These
observations indicated the possibility that EP37 proteins
were confined to the well-packed structures of the adult
cornea and that the antigenic epitope(s) was masked in
adult cornea tissue. In fact, differentiation of the adult
cornea is accompanied by compaction and dehydration
(Carlson 1988).

Fig. 5A-D Localization of EP37 proteins argf87A1 mRNA in Discussion
the eye. Immunostaining of a transverse section of larval eye at

stage 59 A, bright field andB, dark field). Outer corneas wereWe have isolated and characterized three cDNAs homol-

stained with anti-EP37L1 antibodiLE lens,OC outer cornealC i i ifi -
inner cornealR iris, REretina,bar 100 um). Proteins from the in- ogous to the epidermis-specific cDNA&M/LL. 'Se

dividual components of the adult eye were separated by sglence analyses of thgse CDNAs revealed epafL1,

PAGE and analysed by immunoblotfing using anti-EP37L1 anti2, Al, and A2 are independent but closely related

body (C; Lanes 1lwhole eye2 lens,3 cornea 4 iris, 5 retina).D  genes. Although acceptable variations in the By

In situ hybridization of a section of adult cornea using DlG‘lftrystallin motifs ofep37L1 have been demonstrated by

belled antisensep37A1 probe. Expression p87Al was ob- Wistow et al. (1995), a protein-motif search using the

served in the outer corraa . ) ’ h o -
available database program identified only one motif.
However, sequence data of the homologous cDNAs di-
rectly showed the existence of additional consecgye
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crystallin motifs in the N-terminal half of the EP37 promembrane may contribute to the assembly of keratin in-
teins. Apart from some deviations found in motif fermediate filaments or in their anchoring to the plasma
(Arg37 and Ald44), all four motifs of EP37A2 satisfy membrane, as is the case with cornified cell envelope
the structural prerequisite folg-crystallin motif. In ad- proteins such as loricrin (Mehrel et al. 1990) and involu-
dition to thepy-crystallin motif, EP37 proteins have poserin (Yaffe et al. 1992). After metamorphosis, localiza-
sible C&*-binding domains in motifs 1 and 3 (shadetion of EP37 proteins was observed exclusively in cuta-
boxes in Fig. 1). Speculation of the existence of these meous glands and not in other epidermal tissues (Fig. 4D)
gions was based on sequence alignment with proteilmrSornea (data not shown). Immunoblot analyses, how-
from the gram-negative bacteriuvh xanthus The resi- ever, showed the presence of EP37 proteins both in the
dues (indicated with arrowheads in Fig. 1) correspondnmulted skin of the adult (data not shown) and in the
the serine residues at which site-specific mutation causeldlt cornea (Fig. 5B). Since ti3g-crystallin superfami-

a reduction in C&-binding affinity (Teintze et al. 1988).ly proteins tend to aggregate compactly, it is conceivable
Such circumstantial evidence suggests that EP37 piwt loss of immunoreactivity was due to a masking of
teins may be associated withZ€and that this may con-the antigenicity caused by stable and compact assemblies
tribute to both their assembly and stability, as is the cadeEP37 proteins. These structural changes may contrib-
in the developmental cycle ®f. xanthus(Bagby et al. ute to protection against imposition of terrestrial stimuli
1994). In contrast to other proteins of fgcrystallin  or osmotic stress.

superfamily, EP37 proteins have a unique sequence ifThe (- and y-crystallins are abundant lens proteins
the C-terminal half. We found two other specific se&nd some of them are expressed at low level in non-lens
guences, G/S-x(2)-T-x-1-x(2)-G-T-x(5)-G, from residuéissues (Head et al. 1991; Smolich et al. 1994). EP37
228 to 243 and from 307 to 322, in the C-terminal hafiroteins are expressed only in integumental tissues and
As the glycine residue participates in the extensive comt in lens. In that sense, EP37 proteins are the first ex-
formation of the secondary and tertiary structure of thenple of non-lens members of tBg-crystallin super-
protein (Branden and Tooze 1991), these sequences faayily in vertebrates. EP37 proteins may retain more an-
shed some light on the function of the C-terminal hatfestral functions of thBy-crystallin superfamily tha@-

At present the significance of these sequences is anty-crystallins, since lens differentiate from epidermal
known. However, different kinds of domains of EP3fissue in normal development. The patterregd7 gene
proteins, includingdy-crystallin motifs and Cd-binding expression during metamorphosis is complex and subject
domains, may participate in the construction of stalte tight spacial and temporal regulation. Thus ¢ipg7
molecular assemblies as well as in other specific furiamily serves as an excellent model system for elucidat-
tions. Whole mount in situ hybridization and immundng the adaptation mechanisms to environmental changes
logical observation suggests that expression of EP37aithe molecular level.

principally associated with differentiating tissues of ectq-
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