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Structure and Function of ERM Family Members
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Actin filaments are involved in many kinds of cell motility and are found in association with the
plasma membrane. In interphase eukaryotic cells, two types of well-developed actin filament
bundles which contract by themselves in cooperation with myosin filaments are observed: stress
fibers and circumferential bundles. They are associated with plasma membranes at the cell-to-
substrate and cell-to-cell adherens junctions, respectively. On the other hand in mitotic phase
cells, contractile actin bundles, so-called contractile ring is formed Jjust beneath the plasma
membrane at cleavage furrow. An obvious function of the association of actin filaments with
plasma membrane may be that membranes serve as attachment sites for actin filaments in cell
motility system and the maintenance of cell shape. At these attachment sites, actin filaments
are associated with plasma membranes unidirectionally polarized, with the arrowheads of
myosin heads pointing away from the plasma membrane. However, our knowledge of the
proteins responsible for this end-to-membrane association is still fragmentary.

Radixin is a barbed end-capping actin-modulating protein which was first identified in isolated
cell-to-cell adherens junctions from rat liver (Tsukita,Sa., Hieda,Y. and Tsukita,Sh. 1989. J.
Cell Biol. 108:2369-2382). In the chapter I of my study, I have analyzed the distribution of
radixin in dividing cells. For this purpose, a monoclonal antibody (CR-22) specific for radixin
was obtained using chicken gizzard radixin as an antigen. By immunofluorescence microscopy
with this monoclonal antibody and a polyclonal antibody obtained previously, it was clearly
shown that radixin was highly concentrated at the cleavage furrow during cytokinesis in rat
fibroblastic cells (3Y1 cells). To precisely pursue the dynamic behavior of radixin during a cell
cycle, the 3Y1 cells were partially synchronized and these cells were doubly stained with anti-
radixin monoclonal antibody (CR-22) and DAPL. Judging from the appearance of chromosomes,
at metaphase the monoclonal antibody began to stain the surface of rounded-up cells in a
characteristic manner. As the separation of chromosomes proceeded, the characteristic staining
on the cell surface increased in intensity. At the onset of furrowing, radixin appeared to be
rapidly concentrated at the equatorial cell surface. Through late anaphase and early
telophase, radixin continued to be concentrated at the cleavage furrow, and finally distributed at
the midbody at late telophase. In 3Y1 cells, the concentration of radixin at the cleavage furrow
was prominent, but the cell surface at the polar region was also stained in a dotted manner, not so
intensely. This concentration of radixin at the cleavage furrow was detected in cells bearing cell-
to-cell adherens junctions and in cells lacking both cell-to-cell and cell-to-substrate adherens
junctions.  Furthermore, it became clear that the epitope for the monoclonal antibody was
immunofluorescently masked in the cell-to-cell adherens Jjunctions in MDBK cells by performing
Ca2+ switch experiments. Together, these results lead me to conclude that radixin is present in
the undercoat of the cell-to-cell adherens junctions and that of the cleavage furrow, although their
respective molecular architectures are expected to be distinct. The possible roles of radixin at
the cleavage furrow are discussed with special reference to the molecular mechanism of the actin
filament-plasma membrane interaction at the furrow.

Recently, cDNA encoding mouse radixin was isolated by Funayama et al., showing that radixin
is highly homologous to but distinct from ezrin which was first isolated from the microvilli of
intestinal epithelial cells and identified as the good substrate of the protein-tyrosine kinase. In the
chapter II of my study, I have succeeded in isolating and analyzing cDNA encoding another
radixin-related protein. Sequence analysis has demonstrated that this protein is a mouse
homologue of human moesin(98.3% identity) which was originally identified as an extracellular
protein by Lankes and Furthmayr. The amino acid sequence of moesin shares 71.7% and
80.1% identity with that of ezrin and radixin, respectively. These data led me to conclude that
there is a gene family consisting of ezrin, radixin and moesin, and this ezrin-radixin-moesin (
ERM ) family is included in the band 4.1 "superfamily”. Translation experiments in vitro
combined with immunoblot analyses showed that ezrin, radixin, and moesin were identical to
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the bands of 85 kDa, 82 kDa and 75kDa in SDS-PAGE, respectively. Immunoblot analyses
revealed that these members coexpressed in various types of cells. Then, by
immunofluorescence microscopy, I closely analyzed their distribution inside cells using
polyclonal antibody and monoclonal antibody, which could recognize all three members. In
addition to cell-to-cell adherens junctions and cleavage furrows, it was shown that they were
concentrated at microvilli and ruffling membranes in various types of cells. Furthermore,
the cell-to-substrate adherens junctions (focal contacts) were clearly stained by anti-radixin
polyclonal antibody only after the apical/lateral membranes and cytoplasm were removed with the
zinc method. I concluded that at least one of the members of the ERM family is concentrated at
specific regions where actin filaments are densely associated with plasma membranes. I believe
that this study can give us a clue to understanding the molecular basis for the end-to-membrane
association of actin filaments with plasma membranes in general.
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Adherens Junction (BTA]J) BBELAEIHLMEXNLTTIF VT 42Xy
FEBCHBIECES L TV IHIBBEEEE TH L, 5974 FV VRIOMBBAT LS
WTCT7 2 FY 74527 eHRBBEOEACEEL2RE s HoLE2zONLZY Vs ET
Hho TITHBERT/7F v 7452V PFHBEBECEALTV AR IIBY TH
STAFIVUEI VNI EDPHEETAIDOTR VWD EEIRFLCES-, 2LTETFE
7= FVRAERZERLITA XV VPSR FPOMBOSTEBECDEHRL WD I L H
LRI L7 COMBRRIBEEE—REZLLT
The Journal of Cell Biology, 113, 1991 KHE L T b, RICKEEBE RS T4 % v,
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EEHOLPII L, COMAERBIHEPE—HNEEZ L LT Journal of Cell Science,
103, 1992imE L Tw 3,
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