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Identification and Characterization of A 220kD

Undercoat-constitutive Protein Concentrated at

Cell-Cell Adhesion Sites
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1. the multicellular organism, cells in direct contact with neighbouring cells are often linked to
each other at specialized intercellular junctions. Intercellular junctions are architecturally
differentiated areas of plasma membrane and classified into four types: tight junctions, adherens
junctions, desmosomes, and gap junctions. Among them, adherens junctions are the sites of cell
contacts which are thought to play crucial roles in the morphogenesis of organs and also in
carcinogenesis. In the adherens junctions, Ca®*-dependent cell adhesion molecules (cadherins) are
known to work as adhesion molecules and to be bound actin filaments through the well-developed
undercoat. Recently, the molecular architecture of the undercoat of adherens junctions has attracted
increasing interest, because the undercoat-constitutive proteins are thought to play major roles in
the signal transduction and the regulation of cadherin-based cell adhesion. To analyze the
molecular architecture of adherens junctions, the isolated adherens junction from rat liver gives
powerful cues. When the isolated adherens junction fraction is dialysed against a low-salt alkaline
solution, most of the undercoat-constitutive proteins are effectively extracted, leaving the
membrane fraction (AJ membrane). The AJ extract is mainly composed of 10 polypeptides
including tenuin (400kD), o,B-spectrin (240/235kD), vinculin (130kD), a-actinin (100kD), -
catenin, radixin (82kD), and actin (43kD). Among these constituents, o.-catenin is rather resistant
to the low-salt alkaline treatment, so that it is mostly left on the AJ membrane. Considering that -
catenin is reported to be tightly bound to the cytoplasmic domain of cadherin molecules, it is
tempting to speculate that the undercoat-constitutive proteins which are resistant to the low-salt
extraction include some key proteins important for the regulation of cadherin functions. I have
attempted to analyze these low-salt-extraction-resistant undercoat-constitutive proteins in detail.
For this purpose, I have raised many monoclonal antibodies in mouse using the AJ membrane as
antigen. In the first part of this study, my attention was focused on the monoclonal antibodies
specific for the 220kD undercoat-constitutive protein which is one of the major constituents of the
AJ membrane fraction. Immunofluorescence microscopy with these mAbs showed that this 220kD
protein was highly concentrated at the undercoat of adheres junction in various types of tissues.
And immunoelectron microscopy with ultrathin cryosection of cardiac muscle cells showed that
this protein was located in the immediate vicinity of the plasma membrane in the undercoat of
adherens junction. In the cells lacking typical cell-to-cell adherens junction, such as fibroblasts, the
220kD protein was immunofluorescently shown to be concentrated with cadherin molecules at
cell-cell adhesion sites. These localization analysis appeared to indicate the possible direct of
indirect association of the 220kD protein with cadherin molecules. Furthermore, it was revealed
that the 220kD protein and a-spectrin were coimmunoprecipitated with the above mAbs in both the
isolated adherens junction and brain. The affinity-purified 220kD protein molecule looked like a
spherical particle, and its binding site on the spectrin molecule was shown to be in the position
about 10-20nm from the midpoint of spectrin tetramer by low-angle rotary-shadowing electron
microscopy. Taking all these results together with biochemical and immunological comparison, I
am persuaded to speculate that the 220kD protein is a novel member of the ankyrin family.
However, the possibility can not be excluded that the 220kD protein is an isoform of B-spectrin.
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These results led me to speculate that this 220kD protein plays an important role in the association
of cadherin molecules with spectrin-based membrane skeleton at the cadherin-based cell-cell
adhesion sites. In the second part of this study, to clarify the structure and function of the 220kD
protein in detail, I cloned its full-length cDNA and sequenced it. Unexpectedly, a similarity and
homology search revealed that 220kD protein is quite different from ankyrin or B-spectrin, instead,
almost identical to ZO-1, only a part of which had been already sequenced. This identity was
confirmed by immunoblotting with anti-ZO-1 antibody against fusion protein made from partial
cDNA of the 220kD protein. ZO-1was originally identified as a component exclusively underlying
the tight junctions in epithelial cells where cadherins are not believed to be localized. To clarify this
discrepancy, I analysed the distribution of cadherins and 220kD proteins by ultrathin cryosection
microscopy. I found that, in non-epithelial cells lacking tight junctions, cadherins and 220kD
proteins are precisely colocalized at the electron microscopic level, while in epithelial cells bearing
well-developed tight junctions, cadherins and 220kD proteins are clearly segregated into adherens
and tight junctions, respectively. Interestingly, in epithelial cells such as liver cells where tight
junctions are not so well developed, 220kD proteins are detected not only in the tight junction zone
but also in the adherens junction zone. Furthermore, transfecting mouse L cells with cDNA
encoding N-, P-, E-cadherins demonstrated that cadherins directly or indirectly interact with
220kD protein to colocalize. I discussed the possible function of the 220kD protein with special
reference to the molecular mechanism for adherens and tight junction formation.
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FHEREE L. MEEOEESTI FAY) v ot 26+ 2MBEEET L EHE
DRIEZBHE LTEMERITo/z0 Ty MNFRL DS FANY VI HEEET 258 TH A
fa i #& $£ B Adherens Junction (AJ) X BLE L, Z0ESEZFABL, T~ T AE
T AIEIWCENE/ 7 O0—-FVFEDOST A TS5 — 2B L2 FOLRDPDPLSF
E20kdDEHEE2RBHBT AT/ 70— FUifkz2s0—VEY, ZOHEIZOVWT
FENT L7zo CD220kdEHEIL, B4 OHBEOAIOMABEEIT L HEEICRHEL TB,
HEN) VG FEMBEECREATA L TCEELRREPE-TODE RN, 2D
BEHEOBELEEL SO ICEN TH20I10, FODNAZTBET S I &2 RICHKAT,
BON/IZcDNADEEL S, BA LRI &IC, COEAEN I T TLEMILTTight
Junction (T) KDABEL TV B EHEINTWAZO-1ERITNAEBHELEF—TH 5
CENHBE L7, FXCETFEMBELANVTELL 2KAERE LD FANY Y O5H%
FARLEZ A, FEEFEMIETH ABMEFAB L LM TIIIAL220EAE 1T/
MEFRMLICBSDAVLSBET 20125 L, EEMBETIIEZEIITIC., $#EE
ANZEGHET B LD Holz, DEOBRITILAIOHBEELEZ 5 LT Bk
BV, TIEAIOEEZBRIE. T TREBZENHAR?L SPARKHLOLN TE 25,
B FEICLNDILDTHFLARVNTOEIPYSIEBELNIZI LI 5,

KBXDORT ORI, HEOHMBAEWZEOFLHERED —OTHIMESED
HIEHBECE TR DEBR L —HEDDLDIDTHY), B4V I F) 74 25D
bNTce HRBLNTVAEMIEETHY) ., F—F XTI FHBNIH o7z, HX
ROBRHEOEMAODMEIS L, EXORBDNHETH L BbNIi, THEAMEDNR
KDZERMEDFEFICHB LB SN,
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