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Metalloproteinase-like, disintegrin-like, cysteine-rich proteins MDC2 and
MDC3: novel human cellular disintegrins highly expressed in the brain
Koji SAGANE' Yukio OHYA, Yoshikazu HASEGAWA and Isao TANAKA

Tsukuba Research Laboratories, Eisai Co., Ltd., Tokodai 5-1-3, Tsukuba, Ibaraki, Japan

Cellular disintegrins are a family of membrane-anchored proteins
structurally related to snake venom disintegrins, and are potential
regulators of cell-cell and cell-matrix interactions. The members
of this protein family are also called ADAM:s (a disintegrin and
metalloproteinase) or MDC proteins (metalloproteinase-like dis-
integrin-like cysteine-rich), because they all contain disintegrin-
like and metalloproteinase-like domains. In this paper, we report
the cloning and sequence analysis of two novel additional
members of this family, which we have termed MDC2 and
MDC3. The deduced amino acid sequences reveal that the two
proteins possess typical cellular disintegrin structures [that is,
pro-, metalloproteinase-like, disintegrin-like, cysteine-rich, epi-
dermal growth factor-like, transmembrane, and cytoplasmic

domains] and exhibit high sequence similarity with human
MDC/ADAMI11 protein [Katagiri, Harada, Emi and Nakamura
(1995) Cytogenet. Cell Genet. 68, 39-44]. A zinc-binding motif,
which is critical for proteinase activity, is disrupted in the
metalloproteinase-like domain of MDC2 and MDC3, as well as
MDC/ADAMI1. In the disintegrin-like domain of snake venom
short disintegrins, the RDG-containing loops are critical for
integrin binding. These three MDCs do not contain the RDG
sequences, but the corresponding loops in these proteins are
similar to each other. Northern blot analysis revealed that
the mRNAs of MDC2, MDC3 and MDC/ADAMI1 are highly
expressed in the brain. These findings suggest that these proteins
may function as integrin ligands in the brain.

INTRODUCTION

Cell adhesion molecules are believed to play important roles in
neural function and development. Recently, a new class of
potential adhesion molecules has been found. The members of
this class of proteins are known as cellular disintegrins [also
known as ADAMs (a disintegrin and metalloproteinase) or
MDCs (metalloproteinase-like, disintegrin-like, cysteine-rich pro-
teins)]. A large number of cellular disintegrins have been detected
in various tissues of mammals and lower eukaryotes [1]. The
cellular disintegrins have a multiple domain structure: pro-,
metalloproteinase-like, disintegrin-like, cysteine-rich, epidermal
growth factor-like, transmembrane and cytoplasmic domains.
The metalloproteinase-like domain of the cellular disintegrin
exhibits sequence similarity with a snake venom haemorrhagic
metalloproteinase. It has been demonstrated that some members
of this protein family possess metalloproteinase-like domains
which are catalytically active and degrade specific substrates [2].
For example, the Drosophila metalloproteinase disintegrin
Kuzbanian activates a notch receptor during development [3],
and both human MADM/ADAM 10 and human tumour necrosis
factor-a (TNF-a) converting enzyme (TACE) release soluble
TNF-« by proteolysis [4-6]. On the other hand, the disintegrin-
like domains of cellular disintegrins exhibit sequence similarity to
the snake venom disintegrins and are predicted to function as
integrin ligands. It has been revealed that the mouse fertilin
£/ADAM?2 interacts with the a6/41 integrin via its disintegrin-
like domain [7].

Our studies of cellular disintegrins expressed in the brain
resulted in the discovery of two novel cDNAs, termed MDC2
and MDC3. Furthermore, we have confirmed that MDC2 and
MDC3 mRNA expression was specifically restricted to the brain.

EXPERIMENTAL
Materials

The Expand High Fidelity PCR system, supplied by Boehringer
Mannheim was used for all PCR analyses. SuperScript II reverse
transcriptase (Gibco/BRL) was used for all reverse transcription.
Human and mouse brain poly(A)* RNAs were purchased from
Clontech. The 3'-RACE system for rapid amplification of cDNA
ends and 5-RACE system were purchased from Gibco/BRL.
The primers, adaptor primer [5-GGCCACGCGTCGACTAG-
TAC(T)17-3'] and universal amplification primer (UAP) (5'-
CUACUACUACUAGGCCACGCGTCGACTAGTAC-3"),
were included in the 3'-RACE kit. The primers abridged anchor
primer (AAP) (5-GGCCACGCGTCGACTAGTACGGGIIG-
GGIIGGGIIG-3") was included in the 5'-RACE kit. A Marathon
cDNA amplification kit was purchased from Clontech. The
adaptor (Marathon cDNA adaptor) and the primers AP1 and
AP2 were included in the kit.

DNA sequencing

DNA sequencing was performed using a Dye terminator kit and
the ABI PRISM 377 DNA sequencer (Perkin—Elmer).

Abbreviations used: MDC protein, metalloproteinase-like disintegrin-like cysteine-rich protein; ADAM, a disintegrin and metalloproteinase; RT,
reverse-transcription; RACE, rapid amplification of cDNA ends; EST, expressed sequence tag; TACE, tumour necrosis factor-a converting enzyme;
UAP, universal amplification primer; AAP, abridged anchor primer; MTN, multiple tissue Northern.
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The nucleotide sequence data reported in this paper will appear in the DDBJ/EMBL/GenBank Nucleotide Sequence Databases under the accession
numbers AB009671 (human MDC2), AB009672 (human MDC3) and AB009675 (human MDC/ADAM11).
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Cloning of MDC3 cDNA

To identify novel cellular disintegrins, we searched the expressed
sequence tag (EST) database with the human MDC/ADAMI11
[8,9] coding sequences and found that the 340 bp EST sequence
HSC2RF011 (Genbank accession number F08148) was highly
similar to it. The putative amino acid sequences encoded by the
EST sequence suggested that it was the novel disintegrin-like
protein. We have henceforth called this sequence MDC3. To
clone the full-length cDNA, 3’-RACE was performed using the
3’-RACE system. Human brain poly(A)* RNA (0.5 ug) was
primed with adaptor primer and reverse transcribed. For the
primary PCR reaction, the gene-specific primer MRP001 (5'-
TGGAGCCTGCCTTTCCAACAG-3’) and the UAP were used
and the primers MRP003 (5-GCTGTAACAATACCTCA-
TGTCT-3") and UAP were employed for nested PCR. A 1.3 kb
DNA fragment was amplified and subcloned into the pUC18
vector. To get 5'-flanking sequences, 5'-RACE was performed
using the Marathon cDNA amplification kit (Clontech). Human
brain poly(A)* RNA (0.5 xg) was primed with the gene-specific
primer MRP006 (5-ACTTTACTCCGTAGTCATTAC-3") and
reverse transcribed. After double-strand cDNA synthesis, the
Marathon cDNA adaptor was ligated. The primary PCR reaction
was performed using the adaptor-ligated cDNA and primers
APl and MRP008 (5-CTTTACCTTGGAATCGAGTGG-
ACA-3"). For the nested PCR reaction, primers AP2 and
MRPO012 (5-ACTGAATCCACCGGTCTCCATCCTT-3") were
used. Amplified products were subcloned into the vector pT7-
Blue(R) (Novagen) and their sequences were determined. We
identified a clone, SR#01, which contained the longest 1.0 kb
insert. However, it lacked an initiation codon. To obtain full-
length coding sequences, we repeated the 5-RACE as follows.
For walking#1, primers APl and MRP022R (5-CCCATTTT-
CGTAGTGAATCTCCACAT-3") were used for the primary
PCR reaction, and AP2 and MRPO21IR (5-CCATTGTT-
CAGTATGAGGTCAAGAATG-3") for nested PCR. For
walking#2, primers AP1 and MRP026R (5-TATTGTCTTC-
ATCTGCCAGGACTCCC-3") were used for the primary PCR
reaction and AP2 and MRPO023R (5-TTCTGCAGTTTCA-
TTCCAATGCGGAG-3’) for nested PCR. Amplified PCR frag-
ments were subcloned to the pT7-Blue(R) vector (Novagen) and
sequenced. We analysed more than 50 independent clones and
identified the putative translation initiation codon. We con-
structed the human MDC3 protein coding sequences by con-
necting the overlapping cDNA sequences.

For the purpose of sequence verification, we cloned the cDNA
by another method, that is, through screening of a human brain
cDNA library. A lambda gtl0 human brain cDNA library
(Clontech) was plated according to manufacturer’s instructions
and screened with the MDC3 probe (5R#01) described above.
Sixteen clones were isolated and each cDNA insert was amplified
by PCR using lambda gtl0 primers gtlOFw (5-GACTGC-
TGGGTAGTCCCCACCTTT-3') and gtlORv (5-TGGCTTA-
TGATTTCTTCCAGGGTA-3). Amplified products were
purified and direct-sequenced using primer gtl10Fw or gt10Rv.
Out of 16 clones, nine clones were identified as MDC3, five
clones as MDC/ADAMI1, and two clones were classified as
belonging to another novel MDC protein family (later termed
MDC?2). The sequences of the isolated clones from the cDNA
library were identical with the putative human MDC3 protein
coding sequences determined by PCR methods.

Cloning of MDC2 cDNA

In the cDNA library screening of MDC3 described above, two
clones containing about 1.0 kb of novel MDC-related sequences

were isolated. We have designated these cDNAs as MDC2,
because they are closely related to MDC/ADAMI11 and MDC3,
but not identical with them. The EST database search with
1.0 kb human MDC3 partial cDNA sequences was performed,
and it was shown that the mouse EST W96980 (Genbank
accession number W96980) scored highly, with 88.7 9, identity in
222 bp. We purchased the EST clone from Genome Systems Inc.
(St. Louis, MO, U.S.A.) and determined its inserted sequences.
The identified 900 bp of sequences revealed this clone to be
potentially a murine counterpart of human MDC2, based on its
high similarity to the human MDC2 cDNA. To obtain the
human MDC2 cDNA, we performed reverse transcription (RT)-
PCR using human brain poly(A)* RNA and the primers
MFP027(5-CAGAGCATCATACCACTGCGCCTCATCT-3")
and MFPOI0R (5-ACATGAGATGATCATTCACAATCAT-
CAG-3’) designed from mouse EST sequences. We were able to
identify 600 bp of novel sequences which overlapped with the
1.0 kb human MDC?2 described above. To identify full-length
coding sequences, 3’-RACE was performed as described above,
except for templates (human and mouse) and primers MFP001
(5-GAGGACACGTGGTCCGGGTGCATAATG-3) and UAP
for primary PCR, MFP005 (5'-CCTTCTAAGCTTCTTGATC-
CTCCTGAG-3") and UAP for nested PCR. Amplified products
(1.2-1.6 kb) were subcloned into a pBluescriptll SK+ vector
(Stratagene) and their sequences were determined. Identification
of the sequences from several 3'-RACE clones revealed the
existence of two kinds of products from both the human and
mouse. One was shorter than the other, 108 bp being deleted in
the former. To identify the 5’-flanking sequences, we performed
5’-RACE using the 5-RACE system. Human brain poly(A)*
RNA (1.0 ug) was primed with MFP006 5'-CATCTTCCTCC-
AAAGCAAATTCCCTGA-3" and reverse transcribed and dC-
tailed according to the manufacturer’s protocol. For the primary
PCR reaction, the primers AAP and MFPOO8R (5'-GTCAAG-
GTGCATTTCTTACAACACTCT-3) were used and the
primers UAP and MFP029R (5-CAGCAAATCATGATTTA-
GCACGACATC-3") were used for nested PCR. The amplified
5’-RACE fragments were subcloned into a pBluescriptll SK +
vector (Stratagene) and their sequences were determined. The
identified 500 bp sequence revealed the presence of a putative
initiation codon with Kozak motif.

Northern blot analysis

Pre-made multiple tissue Northern blots (human MTN I, human
brain MTN LII) were purchased from Clontech. These mem-
branes were hybridized with radiolabelled cDNA probes in
ExpressHyb. solution (Clontech) according to the manufacturer’s
instructions. The cDNA fragments used for labelling were as
follows: the human MDC/ADAMI11 cDNA fragment con-
taining 2.3 kb full-length coding sequences [9], the 0.5 kb human
MDC2 cDNA fragment obtained by RT-PCR using primers
MFP001 and MFP002 (5-GTCTGATGCTGTCACCTTT-
TGCCCCCA-3") and human MDC3 probe 5R#01 described
above.

RESULTS AND DISCUSSION
Cloning and sequencing of MDC2 and MDC3 c¢DNA

We have cloned two novel cDNAs from human brain. Analysis
of their deduced amino acid sequences revealed that both
possessed typical cellular disintegrin structures and exhibited
high sequence similarity with human MDC/ADAMI11 protein
[8,9]. We therefore termed them MDC2 and MDC3 (Figure 1).

The predicted human MDC3 cDNA encodes an 832 amino
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hum MDC3 MKPPGSSSRQ PPLAGESLAG AS@GPQRGPA GSVPASAPAR TPPERLLLVL 50
hum MDC MRLLRR WAFAALLLSL LPTPGLGTQG PAGALRWGGL 36
hum MDC2a MQAAVAVS VPFLLLEVLG TEPPAREGQOA GDASLMELEK 38
hum MDC3 LLLPPLAASS RPRAWGAAAP SAPHWNETAE KNLGVLADED NTLQQONSSSN 100
hum MDC PQLGGPGAPE VTEPSRLV-R ESSGGEVRKQ QLDTRVRQEP PGGPPVHLAQ 85
hum MDC2a RKENRFVERQ SIVPLRLIYR SGGEDESRHD ALDTRVRGDL GGPQLTHVDQ 88
hum MDC3 ISYSNAMQKE ITLPSRLIYY INQDSESPYH VLDTKARHQQ KHNKAVHLAQ 150
hum MDC VSFVIPAFNS NFTLDLELNH HLLSSQYVER HFSREGTTQH STGAGD Y 135
hum MDC2a ASFQVDAFGT SFILDVVLNH DLLSSEYIER HIEHGGKTVE VKG-GE Y 137
hum MDC3 ASFQIEAFGS KFILDLILNN GLLSSDYVEI HYEN-GKPQY SKG-GE Y 198
hum MDC QGKLRGNPHS FAALSTEOGL HGVFSDGNLT YIVEPQEVAG PWGAPQGPLP 185
hum MDC2a QGHIRGNPDS FVALST@®HGL HGMFYDGNHT YLIEPEEND- --TTQEDFHF 184
hum MDC3 HGSIRGVKDS KVALS GL HGMFEDDTFV YMIEPLE-LV HDEKSTGR-P 246
= Metalloprotainase domain
hum MDC HLIYRTPLLP DPLGREPGE LFAVPAQSAP PNRPRL-RRK RQVRRGHPTV 34
hum MDC2a HSVYKSRLFE FSLDDLPSEF QQVNITPSKF ILKPRPKRSK RQLRRYPRNV 234
hum MDC3 HIIQKTLAGQ YSKQMKNLTM ERGDQWPFLS ELQW-LKRRK RAV-NPSRGI 294
hum MDC HSETKYVELI VINDHQLFEQ MRQSVVLTSN FAKSVVNLAD VIYKEQLNTR 284
hum MDC2a EEETKYIELM IVNDHLMFKK HRLSVVHTNT YAKSVVNMAD LIYKDQLKTR 284
hum MDC3 FEEMKYLELM IVNDHKTYKK HRSSHAHTNN FAKSVVNLVD SIYKEQLNTR 344
hum MDC IVLVAMETWA DGDKIQVQDD LLETLARLMV YRREGLPEPS DATHLFSGRT 334
hum MDC2a IVLVAMETWA TDNKFAISEN PLITLREFMK YRRDFIKEKS DAVHLFSGSQ 334
hum MDC3 VVLVAVETWT EKDQIDITTN PVQMLHEFSK YR-QRIKQHA DAVHLISRVT 393
hum MDC FQSTSSGAAY VGGIE®SLSHG GGVNEYGNMG AMAV--TLAQ TLGQONLGMMW 382
hum MDC2a FESSRSGAAY IGGI®SLLKG GGVNEFGKTD LMAV--TLAQ SLAHNIGIIS 382
hum MDC3 FHYKRSSLSY FGGV@#SRTRG VGVNEYG--L PMAVAQVLSQ SLAQNLGIQW 441
hum MDC NKHRSSA-GD PDIWL IMEDTGFYLP RKFSRESIDE YNQFLQEGGG 431
hum MDC2a DK-RKLASGE DTWS IMGDTGYYLP KKFTQeNIEE YHDFLNSGGG 431
hum MDC3 E--PSSRKPK TESWG! IMEETGVSHS RKFSKESILE YRDFLQRGGG 489
= disintegrin-like domain
hum MDC SELFNKPLKL LDPPEBGNGF VEAGEE| SVQEESRAGG N LTH 481
hum MDC2a FNKPSKL LDPPE@GNGF IETGEE| TPAE@®VLEGA E LTQ 481
hum MDC3 FNRPTKL FEPTE@®GNGY VEAGEE]| FHVE@--YGL - SLSN 536
hum MDC @SDGL/ RR--@IKYEPR GVS| IAETETGD SSQEPPNLHK 529
hum MDC2a DSQ SDG KK--[@KFQPM GT AVND IRET®SGN SS PNIHK 529
hum MDC3 @SDGP| NNTSELFQPR GYE ITEY TGD SGQEPPNLHK 586
+++++++
cystem nch domain

hum MDC LDGYY@DHEQ G T RDR VILWG H-AAA-DR! YEKLNVEGTE 577
hum MDC2a MDGYS@DGVQ GI FGG T RDR( YIWG QKVTASDKY® YEKLNIEGTE 579
hum MDC3 QODGY. QNQ Gl NGE@KT RDNQ@QYIWG TKAAGSDK! YEKLNTEGTE 636
hum MDC RGSEGRKGSG WVQESKODVL EGFL GAPRLGDLVG DISSVTFYHQ 627
hum MDC2a KGN@GKDKDT WI KRDVL @GYL. IG NIPRLGELDG EITSTLVVQQ 629
hum MDC3 KGNEGKDGDR WIQ@SKHDVFE @GFL NLT RAPRIGQLQG EIIPTSFYHQ 686
hum MDC GKELD@RGGH VQLADGSDLS YVEDGTABGP HREL PASAFNFS 677
hum MDC2a GRTLN[@®SGGH VKLEEDVDLG YVEDGTPEGP (] EH PVASFNFS 679
hum MDC3 GRVIDESGAH VVLDDDTDVG YVEDGT P S R QIQALNMSS 736

= EGF-like domain
hum MDC PGSGERRI@S HHGVESNEGK @IBMOPDWIGK DESIHNPLPT SPPTGETERY 727
hum MDC2a LSSKEGTIS GNGVESNELK | RHWIGS D TYFPHND DAKTGITLSG 729
hum MDC3 PLDSKGKV[#S GHGV{SNEAT DFTWAGT ISIRDPVRN LHPPKD-EGP 785

= transmembrane domain = cytoplasmic domain= = =
hum MDC KGPSGTNIII GSIAGAVLVA AIVLGGTGWG FKNIRRGRSG GA 769
hum MDC2a NGVAGTNIII GIIAGTILVL ALILGITAWG YKNYREQRQL PQGDYVKKPG 779
hum MDC3 KGPSATNLII GSIAGAILVA AIVLGGTGWG FKNVKKRRFD PTQQGPI 832

kkhk dkkkkkhkkhkk hkkhkkkkkkk *
hum MDC2a DGDSFYSDIP PGVSTNSASS SKKRSNGLSH SWSERIPDTK HISDICENGR 829
hum MDC2a PRSNSWQGNL GGNKKKIRGK RFRPRSNSTE 859

Figure 1 Deduced protein sequences of human MDC, MDC2x, MDC3

Conserved residues are shown in bold and all cysteine residues are shown in white text. Transmembrane hydrophobic regions are highlighted as ***. Putative integrin binding loops are indicated
as + + +. The 36 residues underlined were deleted in MDC2/, but are present in MDC2«: (indicated as MDC2a). EGF, epidermal growth factor.

acid protein including a hydrophobic transmembrane domain
and eight potential N-linked glycosylation sites. A comparison of
human MDC3 with other cellular disintegrins revealed a sequence
similarity of 52.29,/726 amino acids with human MDC/
ADAMI11, 33.09%,/630 amino acids with mouse meltrin
a/ADAMI2 [10], 30.9 %,/669 amino acids with human MDC9
[11], 30.1 9, /658 amino acids with human MDC15 [12] and less
than 309, with others.

In the case of human MDC2, we have identified two kinds of
transcripts. One was 108 bp shorter than the other due to a
deletion in the cytoplasmic domain. We have confirmed that the

deletion is caused by the skipping of a 108 bp single exon
by genome sequence analysis (results not shown). We have
designated the long-form as MDC2« and the exon-skipped form
as MDC2p. The deduced protein sequence of human MDC2«
contained 859 amino acid residues including a long cytoplasmic
tail, and that of MDC2/ contained 823 residues, of which 36
residues were deleted (Figure 1, underlined residues) in the
cytoplasmic domain. Comparison of human MDC2« with other
cellular disintegrins revealed the following sequence similarity:
56.09/720 amino acids with human MDC/ADAMII,
51.19,/726 amino acids with human MDC3, 32.4 9, /675 amino
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A
TRIGRA VTMTHEMGHNLGMHHD----— EDK@ON@NT - ———-— ®IMS
JARA VIMAHEMGHNLGIHHD----- TGS®SEGDYP-—-—([®@IMG
mus FERa ALMAHELGHNLGIQHD---- HPT@T[@®@GPKHEF---@®LMG
mus MELa VTLAHELGHNFGMNHD---TLERGES®RMAAEKGGE®IMN
mus MS2 STMAHELGHNLGMSHD---EDIPGeY®PEPREGGG®IMT
hum MDC9 SIVAHELGHNLGMNHD----DGRD@S®GAKS - ———[@&IMN
hum MDC15 SSIAHELGHSLGLDHD---LPGNSEPE®PGPAPAKT®TME
hum TACE LVTTHELGHNFGAEHD--PDGLAE®APNEDQ-—--—-— GGKYVMY
hum MADM ITFAHEVGHNFGSPHD----SGTEETPGESKNLGQKENGNYIMY
HE* *H* *G* *H

mus FERDb IILVQLLSLSMGLAYD---RRLNKEQO®GVPV-—-—| N
mus CYRI IVLSQLLGINLGLAYD----DVYNGFe&PGST IMN
hum MDC VTLAQTLGONLGMMWNKHRS SAGD@®K@®PDIW--LGe®IME
hum MDC2 VTLAQSLAHNIGIISDKRKLASGE®KEEDTW--SGeIMG
hum MDC3 QVLSQSLAQNLGIQWE-PSSRKPK@DETESW--GGEIME
B
TRIGRA SFIEEGT IARGD-DLDDY®NGRSAG
JARA KEFSKSGTE] SMSEEDPAEH®TGQSSE
mus FERa TFKKKGSL@RPAEDV®DLPEY®DGSTQE]
mus MELa QLKPPGT GSSNSeDLPEFETGTAPH
mus MS2 KVKPAGEV®RLSKDK@®DLEEF®DGRKPT]
hum MDC9 RFLPGGTLO®RGKTSESDVPEY[@®NGSSQ
hum MDC15 @®OLRPSGWQERPTRG LPEF@®PGDSSQ
hum TACE OFETAQKK@®OEAINAT-——-— ®KGVSY—|
hum MADM FKSKSEK| DD—SDEAREGICNGFTAL

RGD
mus FERb WKLKRKGE LAQDEDVTEY@NGT SEV]|
mus CYRI [TIAERGRLORKSKDQEDFPEFENGETE
hum MDC OKYEPRGVS®REAVNE®D IAET®TGDSS
hum MDC2 [@KFQPMGT EAVN IRET®SGNSS
hum MDC3 [@LFQPRGYE@RDAVNE[EDITEYE®TGDSGO

AVNECD

kXD F K

Figure 2 Alignment of protein sequences from snake venom and cellular
disintegrins

Aligned proteins are indicated as follows: snake venom trigramin precursor region (TRIGRA),
jararhagin (JARA), and cellular disintegrins: mouse fertilin «/ADAM1 (mus FERa), mouse
meltrin «e/ADAM12 (mus MELa), mouse MS2/CD156/ADAMS8 (mus MS2), human MDC9/
ADAMS (hum MDC9), human MDC15/ADAM15 (hum MDC15), human TACE/ADAM17 (hum
TACE), human MADM/ADAM10 (hum MADM), mouse fertilin 5/ADAM2 (mus FERDb), mouse
cyritestin/ADAM3 (mus CYRI), human MDG/ADAM11 (hum MDC), human MDC2 and human
MDC3. (A) Alignment of metalloproteinase-like domain. Active-site amino acids for zinc-binding
(HExxHxxGxxH) are highlighted in bold and all cysteine residues are shown in white text. (B)
Alignment of putative integrin-binding loops in the disintegrin-like domain; conserved residues
are highlighted in bold and all cysteine residues are shown in white text. Trigramin is included
in this line-up to identify the RGD motif. AVN(E/D)CD sequences are conserved in three MDCs
(MDC, MDC2 and MDC3).

acids with mouse meltrin a, 29.1 %, /724 amino acids with human
MDC9, 31.09%,/686 amino acids with human MDCI15, and
lower scores with others.

These results indicated that MDC/ADAMI11, MDC2 and
MDC3 proteins are more closely related than other known
cellular disintegrins.

Sequence comparison of the human MDC2, MDC3 and other
cellular or snake venom disintegrins

Like other cellular disintegrins, MDC2 and MDC3 have multiple
domain structures including a pro-, a metalloproteinase-like, a
disintegrin-like, a cysteine-rich, an epidermal growth factor-like,
a transmembrane and a cytoplasmic domain.

Within the metalloproteinase-like domain, both MDC2 and
MDC3 lack HEXXHXXGXXH active-site amino acids for zinc
binding (Figure 2A), which is critical for the proteinase activity.

All active metalloproteinases, trigramin precursor [13], jararhagin
[14], human TACE [5,6] and human MADM/ADAMI10 [15],
conserve the zinc-binding motif. On the other hand, mouse
fertilin #/ADAM?2 [16] and mouse cyritestin/ADAM3 [17],
which have been shown to act as integrin ligands, are disrupted
in this motif.

Amino acid sequences around the putative integrin-binding
loop of snake venoms and cellular disintegrins are shown in
Figure 2(B). All cellular disintegrins with the exception of TACE
exhibit striking similarity with the snake venom disintegrin,
trigramin and jararhagin. It has been shown that trigramin binds
to platelet aIIb//3 integrin via its RGD sequences and thereby
inhibits fibrinogen-dependent platelet aggregation [18]. The
other, jararahagin, is a high-molecular-mass haemorrhagic MDC
protein. In the disintegrin domain, jararhagin has ECD residues
in the place of the RGD motif and recognizes «2//41 integrin and
specifically inhibits platelet—collagen adhesion [19]. In the group
of cellular disintegrins, mouse fertilin f#/ADAM?2 is also an
integrin ligand and interacts with «6/41 integrin on the egg
surface. Mouse cyritestin/ADAM3 is a potential integrin or
ECM ligand, because both antibodies raised against its dis-
integrin-domain and a peptide mimetic of the putative integrin-
binding loop efficiently blocked sperm—egg adhesion and fusion
[17]. MDC/ADAMI11, MDC2 and MDC3 have highly conserved
sequences, AVN(E/D)CD, in the putative integrin binding loop.
In the snake disintegrin kistrin, the conversion of an RGD motif
to LDV dramatically changed the binding specificity from av/ /3,
a5/p1 to a4/f1 integrins [20].

These findings show that the sequences in this loop play a
critical role in receptor—ligand adhesion specificity and suggest
that MDC/ADAMI11, MDC2 and MDCS3 selectively bind to the
same integrin or ECM via conserved AVN(E/D)CD sequences.

mRNA expression profiles of the Human MDC/ADAM11, MDC2
and MDC3

For some members of cellular disintegrins, tissue-specificity of
mRNA expression was precisely evaluated. For example, fertilin
p/ADAM?2, cyritestin/ADAM3 and ADAMG6 transcripts are
expressed specifically in testis. On the other hand, fertilin
a/ADAMI1 and ADAMS are expressed in various tissues [21].
We have analysed the mRNA distributions of MDC/ADAMI1,
MDC2 and MDC3 by Northern blot analysis (Figure 3). nRNAs
of approximately 5.0 kb for MDC/ADAMI11, 9.5 kb for MDC2,
and several transcripts ranging in size from 3.5 to 7.0 kb were
detected for MDC3. All three of these MDCs were highly
expressed in the brain, but were detected only slightly or not at
all in other tissues. Interestingly, mRNA expression patterns of
the MDC/ADAMI11 and MDC2 were nearly identical. Both
types of transcripts were abundant in the cerebellum and scarcely
expressed in the spinal cord, whereas the expression pattern of
MDC3 was clearly different.

Cell-cell interactions are believed to play crucial roles in
neural function and development. Cell adhesion molecules,
integrin, immunoglobulin and cadherin families are widely ex-
pressed in the nervous system. We have identified two new
potential cell adhesion molecules, MDC2 and MDC3. These
novel MDCs and MDC/ADAMI1 are highly expressed in the
brain. These molecules should provide very useful tools for
understanding the roles of the cellular disintegrins in neural
function.

We gratefully acknowledge Dr. Yusuke Nakamura for critical reading of the
manuscript and suggestions.
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Figure 3 Northern-blot analysis of human MDC, MDC2 and MDC3

Human MTN (lanes 1-8), human brain MTN (lanes 9—16) and brain MTN Il (lanes 17—24) were purchased from Clontech. These membranes were hybridized with each cDNA probe radiolabelled
according to the manufacturer's instructions. Each lane contains approx. 2 g of poly(A)* RNA from various human tissues as follows: lane 1, heart; lane 2, brain; lane 3, placenta; lane 4, lung;
lane 5, liver; lane 6, skeletal muscle; lane 7, kidney; lane 8, pancreas; lane 9, amygdala; lane 10, caudate nucleus; lane 11, corpus callosum; lane 12, hippocampus; lane 13, hypothalamus;
lane 14, substantia nigra; lane 15, subthalamic nucleus; lane 16, thalamus; lane 17, cerebellum; lane 18, cerebral cortex; lane 19, medulla; lane 20, spinal cord; lane 21, occipital pole; lane
22, frontal lobe; lane 23, temporal lobe; lane 24, putamen.
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