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Transferrin (Tf) has been known to exert profound effect on the myoblast differentiation in

virto. Therefore, the changes in the amount and affinity of the Tf receptor would accompany

the myoblast differentiation. To investigate this possibility, we examined the alteration pattern

in the level of the Tf receptor during the myoblast fusion.

The level of Tf receptor was assayed by measuring the bound '2°I-Tf onto the surface of

cultured myoblasts, and it was known that the level of Tf receptor reached the maximum at

about 12 hr before the initiation of the myoblast fusion and decreased as the differentiation

proceeded, and that the affinity of Tf receptor to Tf was also decreased. In addition, various

inhibitiors of the myoblast fusion also influenced the level of the Tf receptor.

Accroding to these results, it is postulated that the level of Tf receptor is highly regulated

during the myoblast differentiation.
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Transferrin (Tf) is an iron-binding glycoprotein
that has recently received considerable attention
because of its profound effect on the proliferation
and terminal differentiation of various cell types
(Yeoh and Morgan, 1979). Concerning with the
effects of Tf on the terminal differentiation,
Ekblom et al. (1981) showed that Tf promoted the
kidney cell differentiation and no other serum fac-
tor could replace it. They have suggested that Tf is
a general regulator of embryonic growth and dif-
ferentiation (Ekblom et al., 1983), and argued that
the acquisition of Tf responsiveness is a prere-
quisite event for the kidney cell differentiation.
However, whether the acquisition of Tf respon-
siveness is related with the expression of Tf recep-
tor is not revealed. On the other hand, the cul-
tured chick myoblast, unlike kidney cells men-
tioned above, does not need the inductive events
to respond to Tf (li et al., 1982). Thus Tf could
promote chick myoblast to proliferate and to diffe-

163

rentiate without any inductive events. More re-
cently, Hagiwara et al. {1987) have reported that
the high concentration of Fe®**' in the basal
medium could produce the myotrophic effects to
the same degree as diferric Tf did. According to
these results, the interaction between Tf and its
receptor does not play a primary role such as a
cell signalling in the myoblast differentiation.
However, because Tf is the obligatory physiologic-
al iron donor and has a profound effect on the
differentiation of myoblast in vitro, the regulation
of expression of the Tf receptor is crucial events in
the course of myoblast differentiation.

The Tf receptor is a major surface membrane
protein of most rapidly proliferating cells (Aisen
and Liskowsky, 1980), and thus it is appreciated
as a specific surface marker for these cells (May
and Cuartrecasas, 1985). The receptors are also
highly expressed on the surface of various dif-
ferentiating cells, e.g. PHA-stimulated human T
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cells (Pauza et al, 1984), differentiation-induced
erythroleukemia cells (Hu et al., 1977; Neckers et
al., 1986), and maturing chick reticulocytes
(Schmidt et al., 1986a). Interestingly the terminal
differentiation is followed by the sharp reduction
in the number of Tf receptors (Hu et al.,, 1977;
Pan et al., 1983; Schmidt et al., 1986a). Thus it
could be thought that the Tf receptor perform a
critical role in the initiation of terminal differentia-
tion of various cell types (lacopetta et al., 1982).

In the muscle cell, the relationship among Tf, Tf
receptor, and cellular differentiation has been also
investigated to reveal the changes in the Tf recep-
tor level during the myogenesis in vitro. It has also
been previously shown that chick embryo extract
is an absolute requirement for the myoblast fusion
in vitro, and that the myotrophic activity of
embryo extract is mostly due to the presence of Tt
(i et al., 1982). Hasegawa and Ozawa (1982) re-
ported that, in spite of the myotrophic activity of
Tf, the differentiated myotubes have more Ti re-
ceptors on their surface than the myoblasts. Soro-
kin et al. (1987) also found that the number of Tf
receptors and the rate of endocytosis of Tf were
maximum in the myotube stage. These results im-
ply that Tf does not concern with the myoblast
fusion per se but play a significant role as an iron
donor during the myotube maturation.

The Tf receptor has been identified and char-
acterized in a wide variety of cells in vitro. Hunt et
al. (1984) and Wada et al. (1979) have characte-
rized a 90 kD protein as the Tf receptor of cul-
tured human T lymphocyte and human placenta.
The gene for the Tf receptor has been also char-
acterized and cloned by McClelland et al. (1984),
and Schneider et al. (1983).

In the present experiment, the relationship be-
tween the Tf receptor and the myoblast dif-
ferentiation was studied by measuring the change
in the Tf receptor level on the cell surface. It was
known that the number of Tf receptors and the
affinity of the receptor for Tf reached the max-
imum just prior to the initiation of myoblast fusion
and began to decrease drastically thereafter. In
addition, the level of the Tf receptor was influ-
enced by various fusion inhibitors with different
mode according to the kind of inhibitors. Im-
munoprecipitation study revealed a 57 kD protein
as the Tf receptor of chick myoblast.
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Materials and Methods

Cell Culture

Embryonic myoblasts were obtained from breast
muscle of 12-day chick embryo as described else-
where (Ha et al., 1983). Cells were plated at a
concentration of 5 x 10° cells per ml of 811
medium (8 vol of minimum essential medium
(MEM), 1 vol of horse serum, 1 vol of chick
embryo extract, and 0.1 vol of antibiotic-anti-
mycotic solution), and after 24 hr the medium was
changed with 8102 medium (8.8 vol of MEM, 1
vol of horse serum, 0.2 vol of chick embryo ex-
tract, and 0.1 vol of antibiotic-antimycotic solu-
tion). At the same time, various fusion inhibitors
were added to the medium.

Transferrin Purification and Antiserum Prepara-
tion

Tf was purified from 12-day chick embyo ex-
tract as described elsewhere (Yoo et al., 1988)
with some modification. The fraction of embryo
extract precipitated in 55-70% ammonium sulfate
was eluted with 0-100 mM linear salt concentra-
tion in DEAE-cellulose column that had been
equilibrated with 10 mM Tris/HCI (pH 8.0). Tf
was eluted at about 50 mM of salt concentration.
The Tf fraction was heat-treated at 70°C for 10
min and followed by centrifugation at i5,000 Xg
for 30 min. The supernatant was collected and
used as purified Tf. These Tf fraction revealed 80
kD single band with 99% purity on the 10%
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). Horse Tf was purified
from horse serum (Gibco) by the same method as
described above. Tf was iron-saturated as de-
scribed (li et al., 1982), and radio-iodinated by the
method of chrolamine T (Hunter and Greenwood,
1962) to give a specific activity of 1,000 cpm/fmol
Tf. The antiserum against Tf was prepared by in-
jecting 0.1 mg of the purified Tf emulsified with
complete Freund’s adjuvant. Two weeks later, the
rabbit received three booster injections at weekly
intervals of 0.1 mg of the Tf in incomplete ad-
juvants. Rabbit was then bled by heart puncture,
and the IgG fraction was isolated by sodium sul-
fate fractionation (Johnstone and Thorpe, 1982).
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Binding Assay of Transferrin

To assay the binding of Tf to its receptors on
the cell surface, the cells were incubated in the
ice-cold binding buffer (MEM buffered to pH 7.5
with 20 mM Hepes containing 2 mg/ml BSA, 150
#M FeClz, 10 mM NaHCOj, and 10 ’M
125]_labeled Tf) for 1 hr. Before the incubation,
the cultured cells were thoroughly washed with
warm MEM, incubated in MEM for 30 min, and
again washed with the MEM buffered to pH 7.5
with 20 mM Hepes. FeCl; and NaHCO; were
added into the binding buffer just prior to start of
binding reaction. The non-specific binding was
measured by carrying out the reaction in the pre-
sence of 2 X 107°M conalbumin.

The binding reaction was stopped by rinsing the
cells 4 times with ice-cold MEM buffered with 20
mM Hepes at pH 7.5. The cells were then solubil-
ized in 1 N NaOH and counted for their radioac-
tivity with a ¥ -counter.

Immunocytochemical Staining of Cultured Mus-
cle Cells

In order to observe the binding of Tf to its re-
ceptor on the cell surface, the cells were incu-
bated in the culture medium (8102 medium) con-
taining 2 X 107’M Tf for 15 min. The cells were
then washed three times with phosphate buffered
saline (PBS), fixed with 0.25% of glutaldehyde in
PBS for 30 min, and washed three times with 2
mg/ml NaBH,. Three hundred microliters of anti
chick-Tf rabbit antiserum, 1:100 diluted with PBS
containing 2 mg/ml BSA, was added to the fixed
cell and incubated at room temperature with gen-
tle agitation. After 3 hr the cells were washed five
times with ice-cold PBS followed by a similar in-
cubation with alkaline phosphatase linked anti
rabbit-IgG goat antibody for 5 hr followed by 5
times rinses with PBS. The reaction for alkaline
phosphatase was carried out using nitro blue tetra-
zolium and 5-bromo-4-chloro-3-indolyl phos-
phate as substrates in 100 mM Tris/HCI (pH 9.5),
100 mM NaCl, 10 mM MgCl,, and then stained
cultures were microphotographed.

Lee et al.—Transferrin receptor of chick myoblast fusion

165

Immunoprecipitation of Transferrin Receptor
from Cultured Myoblasts

In order to isolate and characterize the Tf recep-
tor by immunoprecipitation method, the 24 hr cul-
tured cells were first metabolically labeled with
[>*S] methionine for 12 hr. Then Tf was added to
the culture medium at a final concentration of 2
x 107"M and the cells were incubated for 15
min. The cells were then rinsed 3 times with a
buffer consisting of 10 mM Hepes (pH 7.5), 120
mM NaCl, 5 mM KCl, and 1.5 mM MgSQ,, and
cross-linked by 50 4 M dithiobis (succinimidyl
propionate) in the same buffer for 15 min at room
temperature. The reaction was stopped by rinsing
the cells with Tris buffer (10 mM Tris/HCI pH 7.5,
150 mM NaCl) twice, and the cells were incubated
for 4 hr in the Tris buffer. After the incubation, the
cells were solubilized by 1% Triton X-100 and by
sonication. The solubilized extract was then micro-
fuged, and rabbit anti chick-Tf antiserum that had
been previously fractionated by NaSQ,, was
added to the supernatant to give a final concentra-
tion of 500 . g/ml. After incubation at room
temperature for 1 hr, goat anti rabbit-1gG anti-
body was added and allowed to stand overnight at
4°C. The cell extract was then microfuged for 15
min at room temperature, and the precipitate was
solubilized with 2% SDS in 10 mM Tris/HCI pH
7.5. The cleavage of cross-link was carried out
with 5% (v/v) /3 -mercaptoethanol followed by
boiling to complete denaturation. The sample was
then subjected to SDS-PAGE and autoradio-
graphed.

Result

Binding Properties of Transferrin

The amount of Tf receptors on the cell surface
was estimated by measuring the binding of 125]-Tf
to the cultured cells. The binding of Tf to the
receptor is rapidly reduced when Tf is iodinated
and stored for a long time. This reduction seems
to be due to the dissociation of Fe3* and HCO; ™~
from iodinated Tf. Therefore, we assayed the
binding of Tf to the receptor in the presence of
high concentration of FeCl; and NaHCO3 (higher
than 100 xM and 3 mM, respectively). As shown
in Fig.1, the binding of Tf was enhanced by the
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Fig. 1. Effects of the supplementation of FeCl; and
NaHCO, on the binding of Tf to cultured myoblasts.
The cultured cells were washed with MEM, and
"25I_Tf binding reaction was carried out in the MEM
buffered at pH 7.5 with 20 mM Hepes at 4°C. Just
prior to the initiation of Tf binding reaction, the sup-
plements were added into the buffer to give the indi-
cated concentration. After 1 hr incubation, the cells
were washed with MEM, harvested and counted for
their radioactivities (@. FeCl; plus NaHCO,; I,
FeCl,, &, NaHCO;. The concentration of NaHCO,
was always 10 times higher than that of FeCl,).

presence of FeCl; and NaHCOj; in the binding
buffer. In this binding condition, the maxium bind-
ing of '’I-Tf was achieved within 30 min after the
binding reaction was started (Fig.2).

In order to illustrate the specificity of Tf binding,
competitive binding assays were carried out with
unlabeled Tf as inhibitor. The results obtained are
shown in Fig.5. The binding of Tf to the cultured
myoblast was saturated at a concentration range
of Tf from 0.1 to 0.5 ;M. The binding decreases
when the cold Tf obtained from embryo extract or
from horse serum was present in the binding buf-
fer. As shown in Fig.5, horse serum Tf competes
with chick Tf in binding to the surface of cultured
myoblast cells, with somewhat lower affinity than
chick Tf. Differences in the biological activity of
two kinds of Tf were also examined, and the result
is shown in Fig.4, which reveals that chick Tf is far
effective in stimulating the myoblast fusion than
horse Tf. Scatchard plot analysis of Tf binding re-
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Fig. 2. Binding of "“I-Tf to cultured myoblasts. Cells
cultured for 24 hr in the 811 medium were rinsed with
MEM and the binding reaction was carried out in the
MEM containing 2 mg/ml BSA, 150 ;M FeCl,, 10
mM NaHCO;, and 107M '“"I-Tf at 4'C. The binding
of Tt was ceased at the specified time.
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Fig. 3. The Scatchard plot analysis of '“’I-Tf binding to
cultured myoblasts. Myoblasts were cultured in the
811 medium for 24hr. then the Tf receptors were
assayed with different concentrations of '*"[-Tf for 60
min.
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Fig. 4. Effects of chick Tf anc horse Tf on the chick myoblast differentiation. After 24hr of the plating, the cells were
rinsed with warm MLCM for 3 times and subsequently cultured in the 910 medium (A), or in the 910 medium that
was supplemented with 107°M chick Tf (B), 10"M horse Tf (C), and 2 x 10°M horse Tf (D). The cells were

photographed after 48hr of the meidum change.
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Fig. 5. Competitive binding of '**l-chick Tf with un-
labeled chick Tf (EE-Tf} and unlabeled horse Tf
(HS-Tf). the Tf receptor was assayed using 10°M of
"9|_chick Tf in the presence of the indicated concen-
tration.

vealed an apparent Kd (dissociation constant) —
2.0 X 10 ®M and n (number of binding site) = 5
X 10°%/nucleus of 24 hr cultured myoblast.

Changes in the Level of Transferrin Receptor
During Myoblast Differentiation

In our culture condition, the myoblast fusion
was initiated at about 48 hr and almost completed
at about 60 hr after seeding. The synthesis of
muscle specific proteins was dramatically in-
creased during this period as previously reported
(Ha et al., 1983; Yoo et al., 1988).

In the present experiment, the change in the
level of Tf receptor during the myoblast dif-
ferentiation was analyzed, and the result is given
in Fig.6. Before the initiation of myoblast fusion,
the level of the Tf receptor kept increasing until
36 hr of cultivation and then decreased dramati-
cally with time.
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Fig. 6. Changes in the level of the Tf binding during
myoblast differentiation. Myoblasts were cultured as
described in “MATERIALS AND METHODS”, and the
Tf receptor assay was carried out at the indicated
time.

The time schedule of myoblast differentiation in
the present experiment revealed some variation
because of the use of the complex medium that
contains chick embryo extract. The peak of the
level of the Tf receptor, however, appeared al-
ways before the initiation of the myoblast fusion.

To examine whether the change in the level of
Tf receptor was due to the change in the receptor
number or due to the change in the receptor affin-
ity for Tf, we compared the numbers and the
affinity of the Tf receptor at myoblast stage and at
myotube stage by Scatchard-plot analysis (Scatch-
ard, 1949). As shown in Fig.7, the Tf receptor of

myotubes revealed much lower level in their num-
ber and in their affinity for Tf than that of myob-
lasts. The apparent Kd was 2 x 10 *M for myob-
last stage and 7 X 1073M for myotube stage.
Therefore, it was appeared that the change in the
binding of Tf during myoblast differentiation is due
to both changes in the number and in the affinity
of the Tf receptor.

Effects of Fusion Inhibitors on the Level of
Transferrin Receptor

Since the level of Tf receptor was highly associ-
ated with the stage of myoblast differentiation, it
may be expected that fusion inhibitors would exert
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Fig. 7. Changes in the affinity of the Tf receptor for Tf
during myoblast differentiation in culture. The Tf re-
ceptor was assayed with different concentrations of
1251_Tf at 36 hr (myoblast), and at 72 hr {(myotube) of
cultivation. The dissociation constant was calculated as
1.9 x 10™® for myoblast and 6.7 x 107 for myotube.

profound effects on the level of Tf receptor.
Addition to the 8102 medium of EGTA at a
concentration of 2 mM inhibited the myoblast fu-
sion but not inhibited the synthesis of muscle spe-
cific proteins. On the other hand, the addition of
DMSO at a final concentration of 3% inhibited
both events of myoblast differentiation (Fig.8). Dil-
tiazem is an organic Ca®?" current inhibitor and
has been reported to inhibit the expression of Tf
receptor in the course of T cell activation (Neckers
et.al., 1986). It would be therefore interesting to
examine whether diltiazem inhibit either the ex-
pression of Tf receptor of cultured myoblast or the
myoblast differentiation. As revealed in Fig.9, the
cells that were treated with DMSO or diltiazem
maintained the constant level of the Tf receptor.
EGTA-treated myoblasts, however, revealed less
number of Tf receptors on their surface than the
untreated control cells. Consequently the peak
level of Tf receptor was not observed in the cells
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Fig. 8. Phase-contrast microphotographs of myoblasts that were cultured with various fusion inhibitors. At 24hr of
cultivation, 811 medium was changed with 8102 medium (A), or the 8102 medium that was supplemented with 2

mM EGTA(B),

that were treated with a fusion inhibitor. Thus the
elevation of the level of Tf receptor seemed to be
concerned with the myoblast fusion.

Immunocytochemical Staining of Cultured Mus-
cle Cells

The binding of Tf to the receptor was analyzed
by immunocytochemical staining of the cells.
Fig.10 shows the microphotographs of immunocy-
tochemical staining of cultured myoblasts. At 72 hr
after seeding, most myoblasts have been fused to
form thick myctubes (Fig.10). The location of Tf
binding was observed mainly in the remaining un-
fused myoblasts and not in the myotubes.

However, when the cultures were treated with
EGTA, the cells were not reactive to the Tf anti-

160 ;M Diltiazem (C), and 3% DMSO (D). The cells were photographed at 72hr of cultivation.

body, even though they were mononucleated
myoblasts. On the other hand, the mononucleated
cells were stained by the Tf antibody when the
cells were fusion-inhibited by DMSO (Fig.10).
These results were consistent with that of Fig.9.
Interestingly, the cells that were treated with high
concentration of embryo extract were reactive to
the Tf antibody at 72 hr of cultivation (Fig.10).

Immunoprecipitation of Transferrin Receptor
The Tf receptor was isolated and characterized
by immunoprecipitation method. The cultured
myoblasts were first metabolically labeled with
[**S]-methionine, and subsequently solubilized in
Triton X-100 followed by sonication, and the Tf
receptor was immunoprecipitated using rabbit anti
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Fig. 9. Effects of various cell fusion inhibitors on the
level of the Tf binding to cultured myoblast. The cul-
tured cells were treated with various fusion inhibitors
as described in the legend of Fig. 7, and the Tf recep-
tor assay was carried out at the indicated time of cul-
tivation. (@, 8102 control; { ), EGTA, A, diltiazem: [,
DMSO).

chick-Tf. antibody and goat anti rabbit-IgG anti-
body. Because Tf receptors were crosslinked with
Tt before the cell solubilization, Tf receptor would
coprecipitate with Tf.

Immunoprecipitant was solubilized with 2%
SDS, subsequently reduced with S -mercap-
toethanol, boiled to complete denaturation and
finally subjected to SDS-polyacrylamide gel elec-
trophoresis. Autoradiogram of the resultant gel re-
vealed a 57 kD protein to be the Tf receptor of
chick myoblast (Fig. 11).

Discussion

Transferrin (Tf) is a glycoprotein that transport
iron to all tissue cells from the liver and the intes-
tine. It is a single polypeptide chain, of molecular
weight in the range 76kD-81kD, with two similar
but not identical iron binding sites and sites for
anion, i.e. probably carbonate ion (Aisen and Lis-
kowsky, 1980). The binding and release of iron by
Tf is significantly influenced by the presence of
carbonate ion. Under physiological condition iron
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is tightly bound to Tf, but, in the absence of
suitable anion this binding of iron does not occur
at all (Bates and Schlabach, 1975). Because the
iron-free apo-Tf has much lower affinity for its
receptor than the iron-saturated holo-Tf, high
concentrations of Fe3* and HCO; ion would
facilitate the Tf binding to its receptor, and it was
the case in the present experiment. As revealed in
Fig. 1, high concentrations of Fe** and HCO;in
the binding buffer dramatically increased the bind-
ing of Tf to its receptor. Therefore we measured
the Tf binding in the presence of 150 xM FeCl;
and 10 mM NaHCO; throughout.

We examined whether horse Tf could bind to Tf
receptor of chick myoblast. While Tf is generally
known as a species-specific molecule, it was
known in the present experiment that horse Tf
bind to Tf receptor of chick myoblasts and,
moreover, it induced chick myoblast to differenti-
ate although at much higher concentrations (Figs.
4 and 5). It was apparent that, as revealed in Figs.
4 and 5, the affinity of horse Tf for chick myoblast
surface receptor is far lower than that of chick
embryonic Tf. These results provide a probable
interpretation for the previous report that free iron
could support the myogenesis to the same degree
with Tf (Hagiwara et al., 1982). Free iron ion
would be carried into the chick myoblast by horse
Tf in the medium and through the Tf receptor on
the surface of cultured chick myoblast. Thus the
indispensability of Tf in the chick myogenesis is
not excluded. To elucidate more clearly the re-
quirement of Tf and its receptor in the
myogenesis, it would be necessary to use a
serum-free defined medium or the specific
ionophore bypassing the Tf for delivering iron into
the cell.

Many reports suggested that the interaction be-
tween Tf and its receptor plays a crucial role in
the cellular metabolism related to growth and dif-
ferentiation. For example, a marked increase of Tf
binding sites occurred in antigen-stimulated lym-
phocytes (Pauza et al.,, 1984) and differentiation-
induced erythroleukemic cells (Yeh et al., 1982:
Hu et al., 1977). and erythroblasts (Schmidt et al.,
1986b). In the present study, the number of Tf
binding sites on the surface of chick myoblasts
were found to increase after 811 medium was



April 1989 Lee et al.—Transferrin receptor of chick myoblast fusion 171

Anti-Tf-Staining

et # AN

8102

EGTA

DMSO

R e N EETE R
Ay
et ¥ ¥ ‘ ’
~=‘&G WP

SO R

L\E"

EE

Fig. 10. Immunocytochemical staining of the cultured myoblast. At 72 hr of cultivation, the cells were incubated
with 2 x 107M of Tf for 15 min, fixed with 0.25% of glutaldehyde in PBS for 30 min, and washed with 2
mg/ml NaBH, chick-Tf antiserum that was diluted with x 10 vol of PBS containing 2 mg/ml BSA for 3hr with
gentle agitation followed by the 4 times rinsing with PBS. Then the cells were treated with alkaline phosphatase
conjugated goat anti-rabbit IgG antibody with similar incubation. After rinsing with PBS for 5 times, reaction for
alkaline phosphatase was carried out for 30 min as described in ‘“Materials and Methods™.
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Fig. 11. Autoradiogram of the immunoprecipitated Tf
receptor using anti chick-Tf antibody. Tf was added
into the culture medium, and crosslinked by dithiobis
(succinimidyl propionate) with the Tf receptor, fol-
lowed by rinsing with Tris buffer. Then the myoblasts
were harvested in 1% Triton X-100. To complete
solubilization the cells were sonicated briefly, then
microcentrifuged for 15 min. Rabbit anti chick-Tf anti-
body was added into the collected supernatant fol-
lowed by the incubation for 1 hr at room temperature.
Then the goat anti rabbit-IgG antibody was added
again into the sample followed by the overnight in-
cubation at 4°C. After the incubation, the sample was
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microcentrifuged for 15 min, and the precipitate was
rinsed with 1% Triton X-100 again. The resultant pre-
cipitate was solubilized with 1% SDS, and was sub-
jected to SDS-PAGE on 8% acrylamide gel. The re-
sultant gel was fluorogaphed and exposed to X-ray
film for 1 week at-70°C. (A, precipitate, B; super-
natant}

changed to 8102 medium, with the maximum
level at 36 hr of cultivation. The number was then
abruptly reduced with the time (Fig. 6). In pre-
vious papers {Sorokin et al., 1987; Hasegawa and
Ozawa, 1982), it was reported that differentiated
myotubes showed higher level of Tf receptor and
the rate of iron uptake over undifferentiated
myoblasts. The discrepancy between our result
(Fig. 6) and the above reports would be partly due
to the difference in the Tf binding condition. Fig.
6 reveals similar results to that obtained from the
erythroleukemic cell system (Yeoh et al, 1982,
Pan et al., 1983; Schmidt et al.,, 1986a and
1986b), since the Tf binding sites of myoblasts
were reduced to low level as the terminal dif-
ferentiation proceeds. Since the level of Tf recep-
tor in the present experiment is expressed as
bound Tf per unit amount of protein, it could be
thought that the level of Tf receptor would de-
crease as the total amount of protein increases
with time. However, the total amount of protein
was not significantly changed during the period of
36hr-48hr of cultivation. During this period, the
amount of bound Tf per culture plate was drama-
tically reduced.

Intriguing result is shown in Fig. 7 which reveals
that the affinity of Tf receptor was also reduced
during the myogenesis in culture. The changes in
the affinity of Tf receptor might be concerned with
the chemical modification, such as phosphoryla-
tion (May et al, 1986) or covalent conjugation
with lipid (Omary and Trowbridge, 1981). Be-
cause the concentration of Tf in the serum is
much higher level than the dissociation constant
calculated from the Scatchard plot, the change in
the affinity of Tf receptor would have no biologic-
al significance in the regulation of myogenesis in
vivo. However, in developing chick embryo and
in the rapidly proliferating tissue, the cells would
be subject to restriction in interacting with Tf.
Thus, to elucidate the biological significance of al-
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teration in the affinity of Tf receptor, the availibil-
ity of Tf in chick embryonic muscle tissue should
be determined first.

Various growth factors and chemicals were used
to reveal the precise relationship between Tf and
differentiation (Besancon et al., 1985; Neckers et
al., 1986; Neckers and Cossman, 1983; Yeoh and
Morgan, 1979). Many studies suggested close cor-
relationship between them. For example, the
growth factor and the chemicals which inhibit the
expression of Tf receptor gene were also inhibi-
tory for biological response to Tf (Besancone et
al., 1985; Neckers et al., 1983 and 1986). There-
fore, we have examined whether the chemicals
inhibiting the myoblast fusion affect the Tf recep-
tor level of myoblasts. EGTA, previously reported
as a myoblast cell fusion inhibitor (Endo and
Nadal-Ginard, 1987), drastically reduced the Tt
receptor level, and inhibited the myoblast fusion
at the same concentration (Figs. 8 and 9).
Dimethylsulfoxide and diltiazem retained the Tf re-
ceptor at constant level that is revealed at 24 hr
cultured myoblasts (Fig. 9). Previous report (Endo
and Nadal-Ginard, 1987) has shown that EGTA
inhibits chick myoblast fusion but not the express-
ion of muscle specific proteins and the prolifera-
tion of myoblast. Since iron is an essential ele-
ment for cells, it may seem to be surprising at first
that the reduction of Tf receptor level does not
affect cell proliferation. EGTA, however, does not
thoroughly diminish the Tf receptor level, and the
supply of iron into the cell was not blocked com-
pletely by the treatment of EGTA. In addition, this
result may imply that the Tf receptor of chick
myoblast might not exist in an identical form. Im-
munocytochemical staining revealed again that the
Tf receptor level was influenced by inhibitors of
cell fusion. In addition, the fusion-blocked myob-
last by embryo extract retained relatively high
level of Tf binding sites until 72 hr of cultivation.

With regard to the molecular weight of Tf re-
ceptor, Hunt et al. (1984) have reported as a Tf
receptor in cultured human T lymphocyte, and
Schmidt et al. (1986 and 1986a) claimed it as
90-95 kD in chick erythrocytes. However, Marke-
lonis et al. (1985) have suggested a 57 kD protein
in cultured chick nerve cells. Pauza et al. (1984)
reported a translational product of Tf receptor
mRNA as a 57 kD protein in antigen-stimulated

Lee et al —Transferrin receptor of chick myoblast fusion

173

human T lymphocytes using the Tf affinity col-
umn. Similar in vitro experiments (Schneider et
al., 1983) identified a 78kD translational product
using either human placental RNA or RNA from
the human lymphoblastoid HSB-7. In the present
experiment, the immunoprecipitation of
[*®S]-labeled cell homogenate gave a 57 kD pro-
tein as Tf receptor of chick myoblast (Fig. 11). It is
interesting to infer that the different kinds of Tf
receptor participate in the cell proliferation and in
cell differentiation, since the Tf receptor that was
identified in the rapidly proliferating cells revealed
different molecular weight from that identified in
the differentiating cells.
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