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Manganese Ion Elicits a Binding Activity of Placenta Vitronectin Receptor

to Fibronectin Cell-Binding Domain
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ABSTRACT. Some members of the integrin family recognize the RGD sequence which is common to cell
adhesive proteins in a divalent cation-dependent manner. In the presence of Ca*" and Mg?", the fibronectin re-
ceptor of placenta recognizes the RGD sequence of fibronectin, but not that of vitronectin, while the vitronectin
receptor of placenta recognizes the RGD sequence of vitronectin, but not that of fibronectin, although both re-
ceptors recognize the same RGD sequence. We have found by performing an enzyme-linked immunosorbent
assay (ELISA) using receptor-specific monoclonal antibodies and by electrophoretic analysis that in the presence
of Mn?* a vitronectin receptor of placenta binds to an affinity column coupled with the cell-binding domain of
fibronectin. By replacing divalent cations from Mn?* to Ca?* and Mg?*, the vitronectin receptor was com-
pletely eluted from the column. When the synthetic peptides GRGDSP and GRGESP were applied to the col-
umn as competitors, the Mn?*-dependent binding was inhibited by both peptides. These results suggest that
Mn2* elicits a binding activity of the placenta vitronectin receptor to the RGD site of fibronectin. The modula-
tion of ligand specificity by Mn?* will provide an important clue in the elucidation of the cause of individual
ligand specificity of RGD-recognizing integrins.

Interaction between cells and cell adhesive proteins is
essential in many cellular functions including growth,
migration and differentiation of cells. Many kinds of
cell adhesive proteins including fibronectin (FN), la-
minin and vitronectin (VN) have been discovered. They
have been shown to contain the RGD sequence responsi-
ble for cell binding (21, 22). The RGD sequence is recog-
nized by a class of divalent cation-dependent cell sur-
face receptors designated as an integrin superfamily (9).
The RGD-recognition system between integrins and cell
adhesive proteins seems to be simple, but has a complex
nature since each integrin must have individual ligand
specificity using the common RGD-recognition system.
A fibronectin receptor (asf; integrin, FNR) purified
from MG 63 human osteosarcoma cells specifically rec-
ognizes the RGD sequence of FN (17, 19). On the other
hand, a vitronectin receptor (g5 integrin, VNR) puri-
fied from the same cells recognizes only the RGD se-
quence of VN (17, 18). In contrast to these monospe-
cific integrins, platelet gp IIb/IIla recognizes the RGD
sequence of FN, fibrinogen, VN and von Willebrand
factor (18). The mechanism that causes these spe-
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Abbreviations: FN, fibronectin; VN, vitronectin; FNR, fibronectin
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pyranoside; TBS, Tris-buffered saline.
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cificities of the RGD-recognition system still remains un-
clear.

Recently, Gailit and Ruoslahti (6) and Hautanen ef
al. (8) reported that Mn2?* eminently enhances the bind-
ing of FNR to FN, as compared to the abilities of Ca?*
and Mg?*t. Some cell types such as endothelial cells or
melanoma cells have been shown to adhere to VN,
fibrinogen, and von Willebrand factor in a way that is
fully inhibitable by monoclonal antibodies directed to
the «,f3; integrin, suggesting that the 3 integrin inter-
acts with these proteins (1, 3, 4). Lawler and Hynes
have shown that the a,8; integrin from platelets binds
to both VN and thrombospondin (13). These findings
suggest that the ligand specificity of RGD-recognizing
integrins could be modified by ionic conditions and cell
types where they are expressed. Therefore, these phe-
nomena might give important clues to the mechanism
of ligand specificity of integrins from the viewpoint of
the structure of the integrins.

We show here that Mn2+ elicits a binding activity of
the placenta a,f; integrin to the FN cell-binding do-
main. On the basis of the results, we discuss the cause
of the ligand specificity of RGD-recognizing integrins.

MATERIALS AND METHODS

Reagents. The following reagents were purchased from
the Wako Chemical Co.: phenylmethylsulfonyl fluoride



(PMSF), tris (hydroxymethyl) aminomethane, n-octyl-3-D-
thioglucopyranoside (OTG), NaCl, MnCl,-4H,0, MgCl,-
6H,O, CaCl,-2H,O, ethylenediaminetetraacetic  acid
(EDTA), sodium dodecylsulfate (SDS), dithiothreitol (DTT),
and glycine. The CNBr-activated Sepharose 4B was obtained
from Pharmacia Fine Chemicals. The GRGDSP and
GRGESP were purchased from the Iwaki Glass Co. The
GRGDSPK was a kind gift from the Asahi Glass Co.

Preparation of affinity columns. The 110K dalton fibro-
nectin cell-binding fragment (FN 110 KDa) was prepared by
chymotryptic digestion followed by fractionation on gelatin-
Sepharose and heparin-Sepharose, as described by Ruoslahti
et al. (20). The fragment contained the RGD sequence and the
synergistic cell-binding region which are responsible for the
cell attachment to FN (15). The FN 110KDa and synthetic pep-
tide GRGDSPK were coupled to cyanogen bromide-activated
Sepharose 4B (Pharmacia), according to the manufacturer’s
instructions.

Isolation of the fibronectin and vitronectin receptors.
Full-term human placenta was stored at —80°C until use. The
FNR and VNR of the human placenta were isolated by essen-
tially the same method as that reported by Gailit and Ruos-
lahti (6). Homogenized placental tissue was washed once with
2 volumes of cold Tris-buffered saline (TBS; 0.15 M NaCl,
0.05M Tris-HCI, pH 7.4) containing 1 mM MgCl,, 1 mM
CaCl, and 1 mM PMSF, and was extracted with 1 volume of
cold TBS containing 50 mM OTG, 1 mM MgCl,, 1 mM
CaCl,, and 1 mM PMSF. After 1-hr extraction on ice, the ex-
tract was clarified by centrifugation at 10,000 g for 30 min. To
isolate FNR, the clear extract was slowly applied to a FN 110
KDa column at 4°C. The column was washed at 25°C with 6
volumes of TBS containing 25 mM OTG, 1 mM MgCl,, 1 mM
CaCl,, and 1 mM PMSF. The bound receptor was eluted with
the TBS containing 25 mM OTG, 20 mM EDTA, and 1 mM
PMSF. In order to isolate VNR, a GRGDSPK-Sepharose column
(GRGDSPK column) was substituted for a FN 110 KDa col-
umn. Both receptors were further purified by a wheat germ ag-
glutinin-agarose column. The purified receptors were used as
immunogens for monoclonal antibody production and as anti-
gens of ELISA for characterization of the monoclonal anti-
bodies. The FNR and VNR were also purified by the same pro-
cedure from human diploid fibroblasts (TIG-3, JCRB 0506)
(14).

Monoclonal antibodies to FNR and VNR. Monoclonal
antibodies were prepared essentially according to the proce-
dure described by Iwasaki et al. (10) and Izumi et al. (11).
Briefly, purified FNR and VNR from placenta were mixed
with complete Freund’s adjuvant and injected intraperitone-
ally into 8-week-old BALB/c female mice. Three weeks later,
the receptors with incomplete Freund’s adjuvant were in-
jected intraperitoneally. After two weeks, the receptors in
phosphate-buffered saline (PBS) were injected intravenously.
Three days later, the spleen cells of the immunized mice were
fused with the mouse myeloma cell line X63-Ag 8.653 using
polyethyleneglycol. To select hybridoma producing anti-FNR
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and anti-VNR antibodies, respectively, the hybridoma cul-
tures were screened by ELISA. Cloning was carried out sev-
eral times by limiting dilution until monoclonality was evi-
denced. Monoclonal antibodies were purified from ascites
with a protein A agarose column. Isotyping of the antibodies
was performed with an isotyping kit (Nippon Bio-Rad Lab.,
Tokyo).

Detection of VNR and FNR. Each receptor was detected
by ELISA using monoclonal antibodies to VNR or FNR.
Each fraction from the affinity columns was diluted 50 ~200-
times with PBS and was incubated with ELISA plates (Corn-
ing, New York) overnight at 25°C. As a control, some wells of
the plates were coated with PBS. The plates were washed
twice with PBS, and coated with PBS containing 10% fetal bo-
vine serum (PBS-FBS) for 60 min at 25°C. After the plates
were washed twice with PBS, each monoclonal antibody (0.5
pg/ml in PBS-FBS) was added to the wells and was incubated
for 60 min at 25°C. Unbound antibodies were washed away
by washing the plates three times with PBS containing 0.1%
Tween 20 (PBS-Tween). Bound antibodies were reacted with
a goat anti mouse IgG antibody coupled to horseradish peroxi-
dase for 60 min at 25°C. After washing four times with PBS-
Tween, the bound enzymatic activity was measured by use of
o-phenylenediamine and H,O, as substrates. The absorbance
at 492 nm was measured with Uniskan II (Labsystems). Dupli-
cate determinations were performed for each assay. Detection
of receptors was also performed by SDS polyacrylamide gel
electrophoresis in the method reported by Laemmli (12), by
use of silver staining (Kanto Chemical Co., Tokyo).

RESULTS

Characterization of monoclonal antibodies. Several
hybridoma cell lines were established and expanded as
ascites tumors in mice. The best two lines of the hybrid-
omas were selected. One line produced antibodies (S6)
that reacted with purified FNR from placenta and hu-
man fibroblasts (TIG-3), but which did not react at all
with purified VNR from the same sources in ELISA.
Another line produced antibodies (H4) which reacted
with purified VNR from placenta and human fibro-
blasts, but which did not react at all with purified FNR
from the same sources in ELISA. Subclass analysis re-
vealed that both S6 and H4 were of the IgG; subclass
containing £ light chains. Immunoblotting showed that
S6 reacted with the $; subunit of FNR under nonre-
ducing conditions (Fig. 1a). Since H4 did not react with
VNR in immunoblotting, specificity of H4 was con-
firmed by H4-Sepharose column chromatography.
When a placental extract was applied to the column, the
ay and f; subunits of VNR predominantly bound to the
column, although the binding of other proteins was
also observed (Fig. 1b). These results showed that S6
and H4 were specific for FNR and VNR, respectively.
Hence, the antibodies were used in ELISA for the detec-
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Fig. 1. Specificity of monoclonal antibodies. (a) Immunoblotting
with anti-FNR (S6). Purified FNR and VNR were mixed and electro-
phoresed on a 6% gel under nonreducing conditions. The gel was
stained with silver (lane 1) or immunoblotted with S6 (lane 2). (b)
Affinity chromatography with an anti-VNR (H4)-Sepharose column.
Placental extract (10 ml) was applied to an H4-Sepharose column equi-
librated with PBS (pH 7.2) containing 25 mM OTG, 1 mM CacCl,, 1
mM MgCl, and 1 mM PMSF. After washing with the same buffer, the
bound materials were eluted with 50 mM diethylamine (pH 11.5) con-
taining 25 mM OTG, 1 mM CaCl,, 1 mM MgCl, and 1 mM PMSF.
The eluate was electrophoresed on a 7.5% gel under reducing condi-
tions and protein bands were made visible by silver staining.

tion of FNR and VNR in the following experiments.
VNR bound to the FN 110 KDa fragment in the pres-
ence of Mn?*. Gailit and Ruoslahti (6) reported that
the yield of FNR with FN 110 KDa column chromatog-
raphy was substantially increased in the presence of
Mn2*, as opposed to Ca2* and Mg?+. We have repeated
their experiments with the unexpected results that in the
presence of Mn2*, not only the yield of FNR increased,
but VNR was also retained in the FN 110 KDa column
and eluted with EDTA (Fig. 2). The result was inconsis-
tent with that reported by Gailit and Ruoslahti (6) since
they did not find any significant binding of VNR to the
FN 110 KDa column. In the presence of Ca2t and Mg?*
instead of Mn?*, the FN 110 KDa column bound FNR
but not VNR (Fig. 3). The result was consistent with
that which was reported previously (16). A GRGDSPK
column is another affinity column which is used to iso-
late RGD-recognizing integrins including VNR and
platelet glycoprotein gp 1Ib/Illa. Therefore, we exam-
ined the affinity of the receptors to a GRGDSPK col-
umn in the presence of Mn2*. About the same amount
of VNR bound to the GRGDSPK column in the pres-
ence of Mn2*, as compared to Ca?* and Mg2* (Fig. 4).
The FNR did not bind to the column even in the pres-
ence of Mn?*. The electrophoretic mobilities of FNR
and VNR have been shown to change in a characteristic
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Fig. 2. Affinity chromatography of placental extract with a FN 110
KDa column in the presence of Mn2+, Placental tissue was washed, ex-
tracted and applied to a FN 110 KDa column as described in “Mate-
rials and Methods”, except that the buffers used contained 1 mM
MnCl, in place of 1 mM CaCl, and 1 mM MgCl,. Ten ml of the clear
extract from 10 g of wet tissue was applied to 1 ml of the FN 110 KDa
column containing 5 mg of the FN fragment. The column was washed
with 15 ml of the equilibration buffer and eluted with the buffer con-
taining 20 mM EDTA in place of divalent cations. Fractions of 1.2 ml
were collected. The fractions were analyzed by ELISA (a) and by
SDS-PAGE on a 6% gel under reducing conditions (b). M, molecuiar
weight markers; lanes 1~11, fractions 1~11. Electrophoretic pat-
terns of FNR and VNR are shown schematically on the right side.

fashion under reducing and nonreducing conditions
(17). By electrophoresis of eluted proteins from affinity
columns under these conditions, we definitely con-
firmed that both FNR and VNR bound to the FN 110
KDa column (Fig. 5).

Purified VNR bound to a FN 110 KDa column in the
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Fig. 3. Affinity chromatography of placental extract with a FN 110
KDa column in the presence of Ca2* and Mg2*. Placental tissue (10 g)
was extracted and applied to a FN 110 KDa column as described in
Fig. 2, except that the buffers used contained 1 mM CaCl, and MgCl,
in place of 1 mM MnCl,. Fractions of 1.2 ml were collected. The frac-
tions were analyzed by ELISA (a) and by SDS-PAGE on a 6% gel
under reducing conditions (b). M, molecular weight markers; lanes
1~11, fractions 1~ 11. Electrophoretic pattern of FNR is shown on
the right side.

presnce of Mr?*. In the experiments described above,
we applied the crude extract of human placenta to a FN
110 KDa column. Under the existing conditions, there
was a possibility that Mn2* could cause the association
of VNR with FNR and VNR bound indirectly to the
FN 110 KDa column through FNR. We therefore ap-
plied purified VNR (Fig. 6a) to the FN 110 KDa col-
umn. The purified VNR also bound to the FN 110 KDa
column in the presence of Mn?* (Fig. 6b), but not in the
presence of Ca?* and Mg?* (Fig. 6¢). It was thus con-
cluded that placenta VNR bound directly to the FN 110
KDa column in the presence of Mn2+,

Effect of changing divalent cations on the affinity of
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Fig. 4. Affinity chromatography of placental extract with a
GRGDSPK column. The preparation of the samples and the isolation
conditions were the same as described in Fig. 2 for (a) and in Fig. 3
for (b), except that a GRGDSPK column was used instead of a FN
110 KDa column.

FNR and VNR to a FN 110 KDa column. In the pres-
ence of Mn2*, both receptors bound to a FN 110 KDa
column. The change of the buffer containing Mn2* to
that containing Ca2* and Mg2* eluted all the VNR and
the greater part of FNR (Fig. 7). The rest of the FNR re-
maining in the column was eluted with the buffer con-
taining EDTA.

Effect of GRGDSP and GRGESP on the affinity of
each receptor to a FN 110 KDa column. The FNR can
be eluted from a FN 110 KDa column by the competi-
tive peptide GRGDSP, but not by the control peptide
GRGESP in the presence of Ca?* and Mg?* (19). When
the same experiments were carried out in the presence
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Fig. 5. Electrophoretic analysis of fractions of affinity chromatogra-
phy by SDS-PAGE under reducing (a) and nonreducing (b) condi-
tions. Peak fractions in Figs. 2, 3 and 4 were run on 4 6% gel, and pro-
tein bands were made visible by silver staining. M, molecular weight
markers; lane 1, a peak fraction in Fig. 4b; lane 2, a peak fraction in
Fig. 3; lane 3, a peak fraction in Fig. 4a; lane 4, a peak fraction in Fig.
2. Electrophoretic patterns of FNR and VNR are shown schematically
on the right sides in (a) and (b).

of Mn2* in which both FNR and VNR bound to the col-
umn, the greater part of VNR was eluted from the col-
umn with GRGESP (Fig. 8a). On the other hand, FNR
was retained in the column by GRGESP elution and
was washed out by subsequent elution with GRGDSP
(Fig. 8a). When the column was eluted first with
GRGDSP and then with GRGESP, both FNR and
VNR were completely eluted with the first GRGDSP
(Fig. 8Db).

DISCUSSION

The VNR of human placenta was shown to bind to
the cell-binding domain of FN in the presence of Mn2*
by ELISA, using receptor specific monoclonal anti-
bodies and electrophoretic analyses. By the replacement
of divalent cations from Mn2* to Ca2* and Mg2*+, VNR
binding to the FN 110 KDa column was completely
eluted from the column (Fig. 7). This suggests that
Mn2+ does not merely increase the affinity of VNR to
FN 110 KDa, but additionally elicits the binding activ-
ity of VNR to FN 110 KDa. On the other hand, a part
of FNR was retained on the FN 110 KDa column by the
same replacement of divalent cations and was eluted
with a buffer containing EDTA (Fig. 7). The result was
explained by the fact that Mn?* enhanced the binding
of FNR to FN 3~ 10-times as compared to Ca2* and
Mg?* (6, 8). In the report of Gailit and Ruoslahti (6),
they did not find the binding of VNR to the FN 110
KDa column in the presence of Mn2* under the same ex-
perimental conditions described here. The reason for
this inconsistency is not known. Recently, Charo et al.
(2) reported that the placenta a,f8; integrin, which was
immobilized in microtiter wells, bound FN with high
affinity and in an RGD-dependent manner in the pres-
ence of 2 mM CaCl,. Their results are inconsistent with
our results since we did not detect the binding of VNR
to the FN 110 KDa column in the presence of Ca?* and
Mg?*. Some differences in the experimental conditions,
including the purification methods of placenta VNR,
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Fig. 6. Affinity chromatography of purified VNR with a FN 110 KDa column. One ml of purified VNR fraction (50 ug/ml) (a) was applied to a
FN 110 KDa column in the presence of 1 mM MnCl, (b) or in the presence of 1 mM CaCl, and 1 mM MgCl, (¢). The experimental conditions

were the same as described in Fig. 2 for (b) and in Fig. 3 for (c).

153



ca’y, 2
+
A492 : Mg ED‘TA
2.0+ a
reactivity \A a
to: \A/ \
anti-FNR n
anti-VNR z \
A,
1.0 \ .
\. \
A /A~ \D,U\D A/A\KA \
u’g‘u'u \u-o. e R o
0 . ‘?‘D‘UUDU-UOGG-U'D-DD-DU BDD-?-GGOD-C‘J-DC%

20 = 30 40

Fraction number

T
10

Fig. 7. Effect of changing cations on the binding properties of FNR
and VNR to an FN 110 KDa column. Ten ml of the placental extract
was applied to a FN 110 KDa column equilibrated with the buffer con-
taining 1 mM Mn?* as described in Fig. 2. After the column was
washed with 20 ml of the same buffer, bound materials were eluted
with 15 ml of the buffer containing | mM Ca?* and Mg?* in place of
Mn?* and then eluted with 20 ml of the buffer containing 20 mM
EDTA. Fractions of 1.2 ml were collected. The fractions were ana-
lyzed by ELISA.

the components in binding solutions and the conditions
for binding assays, may explain the inconsistency. How-
ever, elucidation of the precise causes of the inconsisten-
cy needs further studies.

The VNR bound to the FN 110 KDa column in the
presence of Mn?+ was detached from the column by a
buffer containing GRGDSP or GRGESP. This result in-
dicates that the RGD-recognition site of VNR is respon-
sible for the binding to FN 110 KDa. It is surprising
that GRGESP acts as a competitor since GRGESP has
been used as a control peptide to study the action of
RGD-containing peptides. An exception to this premise
was reported by Yamada and Kennedy (25), who found
that GRGES at higher concentrations acted as an inhibi-
tor for cell spreading of chick embryo fibroblasts on
VN, laminin or three-dimensional native type I collagen
gels. GRGDSP, however, seems to be a stronger compe-
titor than GRGESP since GRGESP could not elute
VNR completely from the FN 110 KDa column, while
GRGDSP almost completely eluted the receptor (Fig.
8). In order to interpret this RGE sensitivity of VNR, a
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Fig. 8. Effect of GRGDSP and GRGESP on the binding properties
of FNR and VNR to a FN 110 KDa column in the presence of Mn2*.
Ten ml of placental extract was applied to a FN 110KDa column as de-
scribed in Fig. 2. After washing, bound materials were eluted as fol-
lows. (a) Successive application of 15 ml of TBS containing 3 mM
GRGESP, 25 mM OTG, 1 mM MnCl, and 1 mM PMSF, 15 ml of
TBS containing 3 mM GRGDSP, 25 mM OTG, 1 mM MnCl, and 1
mM PMSF, and 20 ml of TBS containing 20 mM EDTA, 25 mM
OTG and 1 mM PMSF. (b) Successive application of 15 ml of TBS
containing 3 mM GRGDSP, 25 mM OTG, 1 mM MnCl, and 1 mM
PMSF, 15ml of TBS containing 3 mM GRGESP, 25 mM OTG, 1
mM MnCl, and I mM PMSF and 20 ml of TBS containing 20 mM
EDTA, 25 mM OTG and 1 mM PMSF. Fractions of 1.2 ml were col-
lected. The fractions were analyzed by ELISA. Peak fractions were
analyzed by SDS-PAGE (inlets).

possibility can be considered that in the presence of
Mn?*, the requirement of VNR for D in the RGD se-
quence becomes loose and only an RG sequence be-
comes the key sequence for the recognition. The result
that GRGESP is an effective competitor for VNR in the
presence of Mn?" may be applied to the interpretation
of previous works on the Mn2+ effect in cell attachment
assays. Mn2?* enhanced cell attachment to surfaces
coated with a variety of usually nonadhesive proteins,
such as bovine serum albumin (BSA) and ovalbumin (7,
24). In preliminary studies, we observed that cell attach-
ment of human fibroblasts (TIG-3) to BSA in the pres-
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ence of Mn?* was inhibited by both GRGDSP and
GRGESP (data not shown). Since BSA contains an
RGYV sequence, the recognition of the RG sequence by
the VNR of TIG-3 cells might account for the attach-
ment. The details will be reported elsewhere.

FNR does not bind to a GRGDSPK column or the
RGD sequence of VN. This phenomenon can be ex-
plained by the fact that both the RGD sequence and the
synergistic binding site of FN are required for the bind-
ing of FNR to FN (15). On the other hand, in the pres-
ence of Ca?* and Mg2*, VNR does not bind to the FN
110 KDa column, i.e., the RGD sequence of FN, al-
though it does bind to the GRGDSPK column (see Fig.
3, 4b and 6, and refer to the manuscripts of Pytela ez al.
(16) for placenta VNR and Shimo-Oka ef al. (23) for
VNR of placenta and human fibroblasts). This phenom-
enon can not be explained in this situation by the exis-
tence of a supposed synergistic binding site in VN, since
VNR exhibits strong affinity to the GRGDSP peptide
that originates from FN itself. It is therefore concluded
that the accessibility of VNR to the RGD sites of FN
and VN, i.e., the conformation around the RGD sites
of FN and VN, must be different.

Which is the target of the Mn2* ion: FN 110 KDa or
the VNR? So far, the binding of divalent cations to FN
110 KDa has not been evidenced. Analysis of the FN pri-
mary sequence also does not predict overt divalent ca-
tion binding sites. On the other hand, VNR as well as
other integrins have the predicted divalent cation bind-
ing sites in the « subunit. It has been shown that Mn2+
can compete with radioactive Ca2* for the same site of
an FNR « subunit (6). Therefore, it appears that the tar-
get of the Mn2* jon is the & subunit of VNR and its bind-
ing to the Mn?* can change VNR from a fibronectin-
nonbinding to a fibronectin-binding type. Recently,
Conforti et al. (5) found that placenta a,f; integrin
reconstituted into phosphatidylcholine vesicles bound
only vitronectin, in agreement with the earlier work of
Pytela et al. (17), and when a mixture of phosphatidyl-
choline and phosphatidylethanolamine or a membrane
composed of five kinds of membrane lipids was used to
form the vesicles, the 83 integrin also bound fibro-
nectin and von Willebrand factor. A conformational
change of the «,f8; integrin was suggested from a differ-
ence in the intrinsic emission fluorescence spectrum of
the receptor in the different membranes. Under these cir-
cumstances, we also consider that the conformational
change of VNR when induced by Mn2+ might enable
the receptor to approach the RGD site of FN. We there-
fore propose the idea that the individual specificity of
RGD-recognizing integrins is preserved not only by the
difference in the conformation around the RGD region
of each cell-adhesive protein, but also by the difference
of conformation at the RGD-recognition site of each
integrin itself.
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