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SUMMARY: We have previously shown that Ca?*/calmodulin-dependent
phosphorylation of the 100-kDa protein dramatically increases during the early period
of myoblast fusion and inhibition of the protein phosphorylation prevents the
fusion. Here, we show that the protein phosphorylation occurs exclusively at Thr
residue(s) and the purified 100-kDa protein can be ADP-ribosylated upon treatment
with diphtheria toxin. Furthermore, the 13 N-terminal amino acid sequence of the
100-kDa protein, N-Val-Asn-Phe-Val-Asp-Gln-lle-Arg-Ala-lle-Met-Asp-Lys, exactly
matches with that of elongation factor-2 from rat and hamster. These results
indicate that the 100-kDa protein in chick embryonic myoblasts is identical to the

eukaryotic elongation factor-2. ¢ 1994 Academic Press, Inc.

A prominent event in myogenesis is the membrane fusion of mononucleated
myoblasts into multinucleated myotubes (1). A number of reports have suggested
that protein phosphorylation plays an important role in mediating myoblast fusion
(2,3). We have recently shown that the level of phosphorylation of the 100-kDa
protein dramatically increases during early period of myoblast fusion and treatment
of trifluoperazine (TFP), a calmodulin (CaM) antagonist (4,5), blocks both the
protein phosphorylation and the membrane fusion (6). It has also been
demonstrated that sphingosine, a potent inhibitor of protein kinase C (7), prevents
phosphorylation of the 100-kDa protein and this inhibitory effect can be reversed
upon treatment of CaM (8). In addition, sphingosine has been shown to also

block myoblast fusion. Therefore, we have suggested that phosphorylation of the
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100-kDa protein is mediated by a Ca?*/CaM-dependent protein kinase and may
provide a potential mechanism for regulating myoblast fusion (6,8). However,
little is known about the biochemical feature of the 100-kDa protein and its role in
myoblast fusion.

In the present study, we partially purified the 100-kDa protein from the
extracts of chick embryonic breast muscle and unequivocally demonstrated that

the protein is identical to the eukaryotic elongation factor-2 (EF-2).

METHODS

Purification of the 100-kDa protein: The breast muscle tissues obtained from
16-day-old chick embryos were homogenized in 50 mM Tris-HClI (pH 7.5)
containing 5 mM MgCiz, 1 mM dithiothreitol, 0.5 mM EDTA and 10% ({(v/v)
glycerol and centrifuged at 100,000 x g for 1 h. The supernatant fractions (2.5
g) were loaded on a DEAE-cellulose column (2.2 x 25 cm) equilibrated with the
Tris buffer. The flow-through fractions containing the 100-kDa protein were
collected and added with solid ammaonium sulfate to 40-60% (w/v]) saturation.
The precipitated proteins were resuspended and dialyzed against the same buffer.
The sample was then loaded on a hydroxylapatite column (2.2 x 12 cm)
equilibrated with the Tris buffer containing 50 mM KH;PO4/K:HPO: (pH 7.5).
After washing the column, proteins were eluted by a linear gradient of 50 to 250
mM phosphate. The fractions containing the 100-kDa protein were pooled,
dialyzed against the Tris buffer, and loaded on a heparin-agarose column (0.75 x 5
cm) equilibrated with the same buffer. Proteins were eluted by a linear gradient
of O to 300 mM NaCl by collecting 0.7 ml fractions at a flow rate of 5 ml/h. The
fractions containing the 100-kDa protein were kept at 4°C for further studies.

Phosphoamino acid analysis: The partially purified 100-kDa protein was
phosphorylated, electrophoresed in the presence of sodium dodecyl sulfate (SDS)
{9), and transferred to polyvinylidene difluoride (PVDF) membranes. The bands
corresponding to the 100-kDa protein were cut off and hydrolyzed in 6 N HCI for
1 h at 110C (10). The hydrolyzates were dissolved in the mixture of
phosphoamino acid standards (i.e., 1 mg/m! solution of phospho-Thr, -Ser and
-Tyr) and subjected to two dimensional thin-layer chromatography as described
(11). The resulting plate was autoradiographed, and the standard amino acids
were also visualized by staining with ninhydrin.

RESULTS AND DISCUSSION
In order to purify the 100-kDa protein, embryonic muscle tissues were
dissected out from 200 chick embryos of 16-day-old. Purification of the 100-kDa
protein from the tissues was carried out as described under Methods.

Electrophoresis of the fractions obtained from the heparin-agarose column, which
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FIG. 1 Purification (A), phosphorylation (B), and ADP-ribosylation (C) of the

100-kDa protein in chick embryonic muscle. (A) Aliquots (30 ! each) of the
fractions obtained from the heparin-agarose column were electrophoresed on a
10% {(w/v) polyacrylamide slab gel in the presence of SDS. The gel was stained
with Coomassie R-250. (B) Phosphorylation assays were performed by incubating
7 ul each of the same fractions with 1.5 uCi of [y-3¢P]JATP (6,000 Ci/mmol} and
the partially purified Ca?‘/calmodulin-dependent kinase for 10 min at room
temperature. The pratein kinase was obtained from the same extract used for the
purification of the 100-kDa protein or from the extract of cultured myoblasts as
described previously {6). (C) Aliquots {7 ul each) of the same fractions were also
subjected to ADP-ribosylation by incubation with 1 ug of diphtheria toxin and 0.75
uCi of [32PINAD (800 Ci/mal) as described {14). The resulting samples were then
electrophoresed as above and autoradiographed. The closed and open arrow-heads
indicate the 100- and 92-kDa proteins, respectively.

was used as the final purification step, shows that the 100-kDa protein in most of
the fractions were contaminated with a 92-kDa protein (Fig. 1A). Therefore, we
examined whether the contaminating protein may interfere with the
phosphorylation of the 100-kDa protein by the Ca?*/CaM-dependent protein kinase,
which was partially purified from the same tissue extract (data not shown) or from
the extract of cultured myoblasts (6). Fig. 1B shows that the degree of the
100-kDa protein phosphorylation is almost proportional to the intensity of the
corresponding Coo massie-stained bands of the 100-kDa protein (Fig. 1A}). These
results clearly show that the 92-kDa protein does not affect the phosphorylation
reaction, and therefore no further attempt was made for complete purification of
the 100-kDa protein.

Our previous studies (6) have suggested that the Ca2*/CaM-dependent kinase
from cultured myoblasts shares a number of similar properties with CaM-kinase IlI,

including the fact that both use the 100-kDa protein as their major, if not

134



Vol. 198, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1

FIG. 2. Analysis of phosphoamino acids in the 100-kDa protein. Phosphoamino
acids were identified as described in Methods. The dotted circles indicate the
positions where the standard phosphoamino acids migrated on the thin-layer

cellulose plate.

exclusive, substrate, unlike other CaM-dependent protein kinases (12,13). Because
the 100-kDa protein substrate of CaM-kinase Ili is known to be same as the
eukaryotic elongation factor-2 (EF-2) (14), we suspected if the 100-kDa protein in
chick embryonic muscie may also be identical to EF-2. To test this possibility,
aliquots of the same fractions from the heparin-agarose column were subjected to
ADP-ribosylation. Fig. 1C shows that, upon treatment of diphtheria toxin,
ADP-ribosylation of the 100-kDa protein occurred to extents proportional to the
intensity of the Coomassie-stained bands (Fig. 1A). To clarify the possibility
further, the 100-kDa protein from embryonic muscle was also subjected to the
phosphoamino acid analysis. Fig. 2. shows that the protein is exclusively

phosphorylated at its Thr residue(s). Nearly identical data were obtained when the

analysis was performed with the partially purified 100-kDa protein from cultured
myoblasts (data not shown) (6). These results strongly suggest that the 100-kDa
protein in embryonic muscle cells and the eukaryotic EF-2 are identical proteins
and that the Ca?*/CaM-dependent kinase phosphorylating the 100-kDa protein may
be same as CaM-kinase Il (15).

To determine the N-terminal amino acid segeunce, the partially purified

100-kDa protein obtained from heparin-agarose column was electrophoresed in the
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presence of SDS and transferred to PVDF membranes. The bands corresponding
to the 100-kDa protein were excised out from the membranes and subjected to
Edman degradation using ProSequencer (model 6600, MilliGen). The 13 N-terminal
amino acid seqeunce, N-Val-Asn-Phe-Val-Asp-Gin-lle-Arg-Ala-lle-Met-Asp-Lys, of the
100-kDa protein was found to be identical to that of EF-2 from rat and hamster
(16). Thus, by all criteria described in the present study, it is clear that the
100-kDa protein in chick embryonic muscle cells and the eukaryotic EF-2 are
identical proteins.

Phosphorylation of EF-2 is known to inhibit protein synthesis by preventing
the EF-2-promoted translocation of aminoacyl-tRNA on ribosomes (17,18).
Therefore, it is perplexing why the phosphorylation of EF-2 dramatically increases
at the early period of myoblast fusion and remains elevated during the later period

of myogenic differentiation (8), circumstances that require efficient synthesis of

proteins, particularly of muscle specific proteins, such as myosin, a-actin and
creatine kinase (19,20). By an analogy, EF-2 has been reported to be transiently
phosphorylated in fibroblasts treated with serum growth factors (14),
circumstances that also cause a stimulation of protein synthesis. However, it
remains puzzling how the physiological role of EF-2 is related with myoblast
fusion, particularly because inhibition of EF-2 phosphorylation impairs the myogenic

process (6).
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