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SEZ-12 is one of the seizure-related cDNAs which was isolated by differential hybridization from primary
cultured neurons from the mouse cerebral cortex with or without pentylenetetrazol (PTZ). SEZ-12 expression is
transiently down-regulated in the mouse brain by injection of PTZ. To characterize SEZ-12, isolation of
full-length cDNA and nucleotide sequence analysis were performed. The deduced amino acid sequence of
SEZ-12 revealed that it encodes membrane-bound C-type lectin and has a significant homology to that of human
cDNA, DGCR2 and IDD, which were cloned from a balanced translocation breakpoint associated with the
DiGeorge syndrome. The isolated cDNA was about 4 kb in length and the message was expressed ubiquitously
in various organs with low-abundance. Previously, we also cloned a transmembrane protein which is probably
involved in cell-cell interaction by the differential hybridization technique. These findings suggest that trans-
membrane signaling in neuronal cells may have an important role in PTZ-induced seizurgas Academic Press,

Inc.

During pentylenetetrazol (PTZ)-induced seizure, prolonged and marked depolarization
burst spike discharges (bursting activity) is observed in snail neurons (1, 2) and mouse cer
neurons (3). We previously demonstrated abnormal intracellular calcium dynamics, protein p
phorylation changes and protein synthesis in bursting neurons (1-6). These observations int
that seizure activity of neurons influences both rapid responses caused by the modificatic
cellular substrates such as protein phosphorylation and long-term cellular alterations corre
with gene expressions. However, the precise molecular mechanism of PTZ-induced burstin
tivity remains unclear. To obtain the molecules associated with PTZ-induced bursting activity,
have recently screened mouse brain cDNA library by differential hybridization and were clol
SEZ clones whose mRNA levels are changed, increased or decreased, with PTZ administratio
One of the SEZ clones, SEZ-12, hybridized to a single mRNA speciesdof kb in length, is
down-regulated by PTZ. In the present study, we analyzed SEZ-12 and found that it has a
nificant homology to the human cDNA which encodes membrane-bound C-type lectin.

MATERIALS AND METHODS

cDNA cloning.To obtain SEZ-12 clones containing an open reading frame, we screenetidtret8hed mouse brain
cDNA library (CLONTECH) using 1052 bp of the’3egion of SEZ-12 fragment which was originally isolated by
differential hybridization (7) as a probe. Three cDNA clones were isolated fx 1 recombinants. The longest cDNA
insert (4.0 kb) was subcloned into Bluescript || SK+ (Staratagene).

RNA blotting.Primary cultured neurons from the cerebral cortex of mouse embryos were treated with medium contai
PTZ (10 mM) for 30 min. At the indicated time after PTZ application, some of these culture media were replaced

1 To whom correspondence should be addressed at Department of Physiology, Kanagawa Dental College, 82, Inaol
Yokosuka, 238 Japan. Fax: +81-422-42-0532.

Abbreviations: PTZ, pentylenetetrazol; SEZ, seizure-related; UTR, untranslated region; DGS, DiGeorge syndr
DGCR, DiGeorge syndrome critical region.
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normal media and maintained for 30 min. RNA extraction and poly” RINA selection from these cultured cells were
carried out as previously described (7, 8). EachgRof poly (A)" RNA was denatured with glyoxal, electrophoresed (9)
and transferred to a Hybond-N membrane (Amersham). For expression analysis of SEZ-12 mRNA in adult tissues, Mt
Tissue Northern Blot (CLONTECH) was used. These membranes were hybridizetfiithbeled SEZ-12 probe at 42°C
in 50% formamide5 x SSPES5 x Denhard’s solution, 0.5% SDS and 100 mg/ml denatured herring sperm DNA. Aft
washing with 0.1 x SSC and 0.1% SDS at 50°C for 30 min, membranes were autoradiographed with an intensifying s
and then reprobed with G3PDH cDNA (CLONTECH) as a control.

DNA sequencinglhe nucleotide sequences were determined using an Applied Biosystem 373 DNA sequencer with
DyeDeoxy terminator cycle sequencing kit (Perkin EImer). Nucleotide and amino acid sequences were examined |
GENETYX system (Software Development Co.).

In vitro translation. Capped transcripts of SEZ-12 synthesizeditro with T7 RNA polymerase (mRNA capping kit,
Stratagene) were translated wiftt¥$] methionine (Amersham) in a rabbit reticulocyte lysate (Amersham) in the presen
or absence of canine pancreatic microsomal membrane (Promega). The translation products were subjected to SDS
(15%) and analyzed by fluorography.

RESULTS AND DISCUSSION

In the previous study, we screened the mouse cerebral cortex cell library by the differel
hybridization technique to isolate genes whose expressions are increased or decreased by |
enetetrazol (PTZ) application and several clones were identified by this screening (7). SEZ-
one of these clones and is hybridized to a 4.4 kb low-abundant mRNA which showed do
regulation within 30 min after PTZ application both vitro (Fig. 1A) andin vivo (7). The
decreased mRNA level was returned to the normal level by rinsing with normal medium (Fig. 1
The RNA blotting of SEZ-12 demonstrated ubiquitous expression in various ongamg (Fig.
1B). Since originally screened cDNA was 1 kb in length with no significant homology to al
known gene, we rescreened the mouse brain cDNA library using the 1 kb SEZ-12 fragment
probe. We obtained several clones and analyzed the longest SEZ-12 cDNA. This clone was
bp in length and contained an open reading frame predicting a protein of 546 amino acids, 19
of 5 UTR preceding the initiation codon and 2162 bp ¢fBTR followed by a poly(A) tail.
Analysis of nucleotide and amino acid sequences of SEZ-12 revealed a significant homology (
amino acid identity) to those of a human cDNA, DGCR2 (10) or IDD (11), encoding a potent
adhesion receptor protein (Fig. 3A). This gene has recently been cloned from a balanced tra
cation breakpoint associated with the DiGeorge syndrome, and it was mapped the closest t
breakpoint of one patient ever reported (10, 11).

The predicted amino acid sequence of SEZ-12 revealed several structural domains correspa
to those of DGCR2 and IDD as shown in Fig. 2. Hydropathy analysis showed a putative si
sequence for the first 24 amino acids and a single transmembrane domain for amino acids 3
364. To confirm the integration of SEZ-12 protein,vitro translation assays with rabbit reticu-
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FIG. 1. RNA blot analysis of SEZ-12 in mouse primary cultured neurons (A) and mouse adult tissues (B). G3P
cDNA was used as a control probe (bottom panel).
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FIG. 2. (A) The deduced amino acid sequence of SEZ-12. The amino acids are numbered in the right margin.
potential signal sequence and transmembrane domain are underlined. The sites of potential N-linked glycosylatic
indicated by asterisks. The bottom amino acids indicate the different residues of human DGCR2 (10) and IDD
compared to that of SEZ-12. DDBJ accession number; D78641n(fjro translation analysis of SEZ-12. (C) Schematic
representation of the domain structure of SEZ-12.

locyte lysates were performed. The SEZ-12 translation products migrated with an apparent
lecular size of about 61 kDa and were converted to about 47 kDa with trypsin treatment in
presence of microsome membranes (Fig. 2B). Consistent with this finding, there were two site
potential N-linked glycosylation located in amino acid 145 and 192 in the extracellular region (F
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SEZ-12 111 [CP HY[EGTA RMYL-SGENYWDAAQ RVNGS TD
NKR-P1 94 |CPQDWLSHRDK-—CFHVSQVSNTWEEGLV! GKGATLMLIQDOQE]
ﬂib L,

Lyb-2 232 ER-—CFYISHTLRSLEESQK SLSSK EPSKYYYE
SEZ-12 161 QEWDQPERSFGWKDQRK ITG SLEGRWEVAFK! EVF
NKR-P1 142 |ff—————- DSIK-~-EKYNS LPD WINGSTL--- VLK
Lyb-2 280 VSLPSGLEELL-—~DRSKSYWI---—--- QMSKKWRHD----Y———————
SEZ-12 211 LP PIfF E \gg\ DNVF{CRQLO
NKR-P1 180 IT DI‘ENDSCAAISGD—-—-KV 13! D-NRWICQK-EL
Lyb-2 309 --—DSQSRYCDKIKKYYQKWKR! EC-AELEPCICES-E

FIG. 3. Sequence alignment of the C-type lectin domain of SEZ-12, NKR-P1 (15) and Lyb-2 (16). The amino a
identical to those of SEZ-12 are boxed.

2A). Furthermore, the SEZ-12 protein sequence contained two extracellular conserved featur
shown in Fig. 2C. The first domain for the NHerminal (48 amino acids) sharecc&2% amino
acid identity with each of the cysteine-rich repeats of LDL receptor (12, 13). This region conte
six conserved cysteins and is considered as a ligand-binding domain (14). The other domain lo
in the amino acids from 111 to 237 shared a similarity to the C-type lectin domain of NKR-P1 (1
amino acid identity) (15) and Lyb-2 (15% amino acid identity) (16) as shown in Fig. 3. Seve
members of the C-type lectin family can bind carbohydrates and may influence cell-cell adhe
events (17). Both Lyb-2 and NKR-P1 stimulate intracellular calcium dynamics (18, 19). Furth
more, a recent study has demonstrated that several oligosaccharide sequences of the gang
family identified as ligands for NKR-P1 induced dose-dependent elevation of phosphoinosit
and free cytoplasmic calcium in natural killer cells (20). It is well known that gangliosides ¢
major components of neural cell membranes. The exogenous gangliosides not only sup
glutamate-induced arachidonic acid release and NMDA receptor-mediated excitotoxcity in cultt
neurons (21, 22) but also potentiate NCAM and N-cadherin-dependent neurite outgrowth in P
cells (23). On the other hand, our previous study demonstrated that primary cultured neurons
the cerebral cortex of El mice showed spontaneous bursting activity and concomitant chang
both neurite formation and ganglioside pattern (24, 25). These findings suggest that SE
protein, probably the mouse counterpart of the translation product of the human cDNA, DGCR
IDD, may play a key role in delivery of extracellular signals.

In this study, we demonstrated that SEZ-12 encoded a seizure-related membrane-bound adl|
protein and its expression was down-regulated by PTZ in the nervous system. A similar observ.
has been reported whereby expression of the neural cell adhesion molecule L1 is reduce
low-frequency electrical stimulation in developing sensory neurons (26). Our recent study d
onstrated another potential cell adhesion and recognition molecule, SEZ-6, whose expressiol
up-regulated after PTZ application (27). These findings imply that the gene expression altere
PTZ application may influence transmembrane signaling which is associated with seizure.

ACKNOWLEDGMENTS

We thank Ms. Naoko Yamaguchi and Ms. Yuko Nishiyama for their excellent technical assistance and Ms. Ritsuko
for her secretarial assistance. This research was supported by a grant from the Kanagawa Academy of Scien
Technology Foundation.

REFERENCES

. Sugaya, E., and Onozuka, M. (197)ience200, 797-799.

. Sugaya, E., and Onozuka, M. (19 )ience202,1195-1197.

Sugaya, E., Takagi, T., Kajiwara, K., and Komatsubara, J. (1B8&) Res.497,239-244.

. Sugaya, E., and Onozuka, M. (19 )ience202,1197-1198.

. Sugaya, E., Onozuka, M., Kishii, K., Sugaya, A., and Tsuda, T. (1B&2h Res.253,271-279.

. Uyemura, K., Tanaka, S., Wang, Y., Sakamoto, Y., Tsuda, T., Yasuda, K., Sugaya, A., Takagi, T., Kajiwara, K.,

147

oUhwWN R



Vol. 222, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

12.

13.
14.

15.

16.
17.
18.
19.
20.

21.
22.
23.
24.

25.

26.
27.

Sugaya, E. (1988)n Recent Advances in the Pharmacology of Kampo (Japanese Herbal) Medicine (Hosoya, E.
Yamamura, Y., Eds.), pp. 82-86, Excerpta Medica, Amsterdam.

. Kajiwara, K., Nagasawa, H., Shimizu-Nishikawa, K., Ookura, T., Kimura, M., and Sugaya, E. (B&&)em.

Biophysic. Res. Commurin, press.

. Kajiwara, K., Sugaya, E., Kimura, M., Katsuki, M., Nagasawa, H., Yuyama, N., Tsuda, T., Sugaya, A., Motoki,

Ookura, T., and Shimizu-Nishikawa, K. (199Bjain Res.671,170-174.

. MacMaster, G. K., and Carmichael, G. G. (19P#fpc. Natl. Acad. Sci. USR&4, 4835-4838.
10.
11.

Demczuk, S., Aledo, R., Zucman, J., Delattre, O., and Desmaze, C. (#88%)Mol. Genet4, 551-558.

Wadey, R., Daw, S., Taylor, C., Atif, U., Kamath, S., Halford, S., O’Donnell, H., Wilson, D., Goodship, J., Burn,
and et al. (1995Hum Mol Genet, 1027-1033.

Hoffer, M. J. V., van Eck, M. M., Petrij, F., Van der Zee, A., de Wit, E., Meijer, D., Grosveld, G., Havekes, L. M
Hofker, M. H., and Frants, R. R. (199Bjochem. Biophys. Res. Commua91, 880—886.

Polvino, W. J., Dichek, D. A., Mason, J., and Anderson, W. F. (182hat. Cell Mol. Geneil8, 433-450.
Yamamoto, T., Davis, C. G., Brown, M. S., Schneider, W. J., Casey, M. L., Goldstein, J. L., and Russell, D. W. (1
Cell 39, 27-38.

Yokoyama, W. M., Ryan, J. C., Hunter, J. J., Smith, H. R., Stark, M., and Seaman, W. E. {1981thunol.147,
3229-3236.

Nakayama, E., von Hoegen, |., and Parnes, J. R. (198%). Natl. Acad. Sci. U.S./86, 1352—-1356.

Feizi, T. (1993)Curr. Opin. Struct. Biol.3, 701-710.

Ryan, J. C., Niemi, E. C., Goldfien, R. D., Hiserodt, J. C., and Seaman, W. E. (198djnun.147, 3244-3250.
Subbarao, B., Morris, J., and Baluyut, A. R. (1982l Immunol112,329-42.

Bezouska, K., Yuen, C.-T., O'Brien, J., Childs, R. A., Chai, W., Lawson, A. M., Drbal, K., Fiserova, A., Pospisil, |
and Feizi, T. (1994Nature 372,150-157.

Lazarewicz, J. W., Salinska, E., and Wroblewski, J. T. (199R®) Exp Med BioB18, 73-89.

Hoffman, P. L., lorio, K. R., Snell, L. D., and Tabakoff, B. (1999tohol Clin Exp Red9, 721-726.

Doherty, P., Ashton, S. V., Skaper, S. D., Leon, A., and Walsh, F. S. (1962}l Biol 117,1093-9.

Sugaya, E., Asou, H., Itoh, K., Ishige, A., Sekiguchi, K., lizuka, S., Sugimoto, A., Aburada, M., Hosoya, E., Tak
T., Kajiwara, K., and Komotsubara, J. (198)ain Res.406,270-274.

Sugaya, E., Sugaya, A., Yuyama, N., Tsuda, T., Kajiwara, K., Kubota, K., Katoh, K., Hosoya, S., Takagi, T.,
Motoki, M. (1992) Neuroscience48 Suppl. 2,111-127.

Itoh, K., Stevens, B., Schachner, M., and Fields, R. D. (19e%nce270,1369-1372.

Shimizu-Nishikawa, K., Kajiwara, K., Kimura, M., Katsuki, M., and Sugaya, E. (1884) Brain Res28, 201-210.

148



