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Fully infectious egg-grown Sendai virus (HV])
consists of five major and some minor poly-
peptides (Shimizu et al., 1972; 1974; Homma
and Ohuchi, 1973; Scheid and Choppin, 1974;
Lam et al.,, 1976). The biological functions
associated with these polypeptides have been
identified or postulated (Content and Dues-
berg, 1970; Stone et al.,, 1972; Homma and
Ohuchi, 1973; Tozawa et al., 1973; Hosaka
et al., 1974; Marx et al., 1974; Shimizu et al.,
1974; Shimizu and Ishida, 1975; Yoshida
et al., 1976).

The M polypeptide is one of the non-glyco-
sylated polypeptide in the major polypeptide
constituents and probably takes a part for the
matrix protein of the virion. Its biological
role has recently been suggested by Shimizu
and Ishida (1975) and Yoshida et al. (1976).
The isolation of the M polypeptide in the
paramyxovirus was carried out by Scheid et al.
(1972, 1973) with the high salt-detergent meth-
od and by Yoshida et al. (1976) with the
sarcosine-polyacrylamide gel electrophoresis
method. However, the amino acid composi-
tion of the M polypeptide of Sendai virus has
not yet been reported.

The present report describes a simple chro-
matographic method to isolate the M poly-

peptide and the result of amino acid analysis.
Sendai virus, Z strain, was used throughout
the present investigation. The virus was ino-
culated into chorioallantoic cavities of 10-day-
old embryonated eggs and incubated at 35C
for 3 days. The virus produced in allantoic
cavities was purified by two cycles of dif-
ferential centrifugation at 3,300x g for 15 min
and 65,000x g for 30 min and suspended in
SSC (0.15m sodium chloride and 0.015 M
sodium citrate). The virus thus purified (4
ml, 40,000 HAU/ml) was pelleted at 65,000 g
for 30 min and the resulting pellet was sus-
pended in 2ml of 0.2M sodium phosphate
(pH 6.4) containing 1%, sodium dodecyl sulfate
(SDS, Nakarai Chemicals Co.), 1% 2-mer-
captoethanol and 1 mm EDTA. This virus
solution was heated at 100C for 10 sec to dis-
sociate the virions. The resulting clear solu-
tion was chromatographed on a Bio-Gel P-200
column (100-200 mesh, Bio-Rad Lab., USA).
Figure 1 shows an elution profile of the
SDS-solubilized virions on a Bio-Gel P-200
column. Three peaks, designated P1, P2 and
P3, were separated. 'When the elution was run
in a lower ionic strength (0.05 M sodium phos-
phate) in this Bio-Gel column chromatography,
fraction P3 did not separate from fraction P2.
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In 0.01 M sodium phosphate, no viral poly-
peptide was eluted from the Bio-Gel column.

The SDS-gel electrophoretic behavior of the
material in these three peaks are shown with
that of the whole polypeptides of the virion
(Fig. 2). A single polypeptide band corre-
sponding to hmw was detected in fraction P1,
which contained a lot of viral nucleic acid that
absorbed maximally at 258 nm. The high
content of the nucleic acid in this fraction was
also shown in the lower absorbance at 280 nm

than that at 260 nm (OD 280 nm/OD 260

Ficure 1. Bio-Gel P-200 chromatography of SDS-
solubilized Sendai virus.

A Bio-Gel column (2X 95 c¢m) previously equilibrat-
ed with 0.2 M sodium phosphate (pH 6.4) contain-
ing 0.1% SDS, 0.02 M 2-mercaptoethanol and 1 mm
EDTA was loaded with SDS-solubilized virions
(2 ml) and developed with the same solvent at a flow
rate of 1.2 ml/hr at room temperature. Approxi-
mately 1.4 ml of the effluents were collected in a
tube. Each fractions, P1, P2 and P3, indicated by
bars were pooled and an aliquot of the pooled frac-
tion was submitted to gel electrophoresis, respec-
tively.
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Ficure 2. Gel electrophoresis pattern of
Sendai virions, P1, P2 and P3.
SDS-electrophoresis was done in 7.5% poly-
acrylamide gels at 5 ma per gel for 6 hr and
then the gels were stained by Coomassie
brilliant blue.

nm = 0.62). This may be a reason
why the hmw polypeptide was detected
only as a faintly stained band, in spite
of the moderate absorbancy at 274 nm
which appeared in fraction P1. Four
distinct bands were detected for poly-
peptides in fraction P2 on this electro-
phoresis. Based on the characteristic
mobility of these four bands, it is de-
duced that four polypeptides, P, HN,
NP and F, correspond to the individual
bands. Fraction P3, the most retarded
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Figure 3. The amino acid composition of the M
polypeptide of Sendai virus.

The amount of amino acids determined for the M
polypeptide of Sendai virus is shown by bars. Hy-
drolysis of the M polypeptide of Sendai virus was
carried out with 4 N methanesulfonic acid contain-
ing 0.2% tryptamine (Simpson et al., 1976).

fraction in the Bio-Gel P-200 chromatogra-
phy, gave one band corresponding to the M
polypeptide.

The pooled effluents in fraction P3 were
first dialyzed for two days against 0.06 M so-
dium acetate containing 6 M urea at pH 5.2
with Dowex X 1 (acetate form), which was
used to trap SDS. The urea solution was
then completely dialized against distilled water
by changing the water several times. Usually
the M polypeptide precipitated nearly com-
pletely on first dialysis of the urea solution
against distilled water. The precipitated M
polypeptide was then collected by centrifuga-

tion as the moistened pellet, which was dried
in vacuo over anhydrous calcium sulfate. The
M polypeptide sample thus obtained was sub-
mitted to amino acid analysis.

The amino acid composition of the M poly-
peptide is shown in Fig. 3. Except for cystine,
the values determined for the respective amino
acid represent the average one obtained in
duplicate determinations. Approximately half
the amount of the M polypeptide sample was
recovered as amino acid on the weight basis.
A possible reason of the low recovery of amino
acids is that the polypeptide sample may con-
tain a considerable amount of SDS and water.
Considering the isolation procedure used in the
present work, it is unlikely to suppose that the
polypeptide sample might be contaminated
with other materials in addition to the above
ones. Further, carbohydrate may not be con-
tained in the polypeptide sample, since the M
polypeptide is probably non-glycosylated.

It is interesting to note that the amino acid
composition of the M polypeptide of Sendai
virus is similar to that of the M polypeptide of
paramyxovirus SV5 (McSharry et al., 1975).

The content of the hydrophobic amino acids
is so high as to be added up to approximately
39 weight-9%, of the total amino acid composi-
tion, suggesting that the hydrophobicity of the
M polypeptide may be closely related to the
substantial affinity to the membrane lipid-
bilayer (Shimizu and Ishida, 1975; Yoshida
et al., 1976).

The N-terminal analysis of the M poly-
peptide was performed by dansylation in the
presence of 2%, SDS according to the pro-
cedure of Gray (1972). Identification of the
dansylated amino acid was carried out by using
thin-layer chromatography on polyamide sheets
(5% 5 cm) (Cheng Chin Trading Co., Taiwan)
with acidic and basic solvent systems (Kimura,
1974).

In the chromatography using these two sol-
vent systems, no N-a-dansyl amino acid was
detected in the hydrolysate of the dansylated
M polypeptide. Since it is difficult to suppose
that the N-terminal group of the M poly-
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peptide was resistant to the dansylation reac-
tion under the present conditions, the present
result of N-terminal analysis leads to the con-
clusion that the N-terminal residue in the poly-
peptide may be blocked by a certain sub-
stituent. However, at present a possibility
that the acid-labile residue is present at the
N-terminus is not excluded.

REFERENCES

Content, J., and P. H. Duesberg. 1970. Electro-
phoretic distribution of the proteins and glyco-
proteins of influenza virus and Sendai virus. J.
Virol. 6: 707-716.

Gray, W. R.1972. End-group analysis using dansyl
chloride. Methods Enzymol. 25: 121-138.

Homma, M., and M. Ohuchi. 1973. Trypsin action
on the growth of Sendai virus in tissue culture
cells. ITI. Structural difference of Sendai viruses
grown in eggs and tissue culture cells. J. Virol.
12: 1457-1465.

Hosaka, Y., T. Semba, and K. Fukai. 1974, Artifi-
cial assembly of envelope particles of HV] (Sendai
virus). Fusion activity of envelope particles. J.
Gen. Virol. 25: 391-404.

Kimura, S. 1974. Micro sequence analysis by
dansyl-Edman method. Jpn. Analyst. 23: 563—
575.

Lamb, R. A., B. W.]J. Mahy, and P. W. Choppin.
1976. The synthesis of Sendai virus polypeptides
in infected cells. Virology. 69: 116-131.

Marx, P.A., A. Portner, and D.W. Kingsbury.
1974. Sendai virion transcriptase complex.
Polypeptide composition and inhibition by virion
envelope proteins. J. Virol. 13: 107-112,

MecSharry, J. J., R. W. Compans, H. Lackland, and
P. W. Choppin. 1975. Isolation and characteri-
zation of the nonglycosylated membrane protein
and nucleocapsid complex from the paramyxovirus
SV5. Virology. 67: 365-374.

Scheid, A., L. A. Caliguiri, R. W. Compans, and
P.W. Choppin. 1972. The isclation of para-
myxovirus glycoproteins. Association of both
hemagglutinating and neuraminidase activities
with the lager SV5 glycoprotein. Virology. 50:
640-652.

Scheid, A., and P. W. Choppin. 1973. Isolation and
purification of the envelope proteins of Newcastle

80 Biken Journar Vol. 20 No. 2 1977

ACKNOWLEDGMENTS

The authors wish to thank Prof. K. Fukai (this
Institute) for his support and encouragement, Prof.
Y. Okada and Dr. T. Uchida (this Institute) and
Dr. Y. Hosokawa (The Radiation Institute of Osaka
Pref.) for their advices. The excellent technical
assistance of Mr. S. Kimura and Miss Y. Yagi
(Institute for Protein Research) are greatly appre-
ciated.

disease virus. J. Virol. 11: 263-271.

Scheid, A., and P. W. Choppin. 1974. Identifica-
tion of biological activities of paramyxovirus glyco-
proteins. Activation of cell fusion, hemolysis,
and infectivity by proteolitic cleavage of an in-
active precursor protein of Sendai virus. Virol-
ogy. 57: 475-490.

Shimizu, K., Y. Hosaka, and Y. K. Shimizu. 1972.
Solubilization of envelope of HVJ (Sendai virus)
with alkali-emasol treatment and reassembly of
envelope particles with removal of the detergent.
J. Virol. 9: 842-850.

Shimizu, K., and N. Ishida. 1975. The smallest
protein of Sendai virus. Its candidate function
of binding nucleocapsid to envelope. Virology.
67: 427-437.

Shimizu, K., Y. K. Shimizu, T. Kohama, and N.
Ishida. 1974. Isolation and characterization of
two distinct typed of HV] (Sendai virus) spikes.
Virology. 62: 90-101.

Simpson, P.J., M. R. Neuberger, and T.Y. Liu.
1976. Complete amino acid analysis of proteins
from a single hydrolysate. J. Biol. Chem. 251:
1936-1940.

Stone, H. O., D. W. Kingsbury, and R. W. Darling-
ton. 1972. Sendai virus-induced transcriptase
from infected cells. Polypeptides in the tran-
scriptive complex. J. Virol. 10: 1037-1043.

Tozawa, H., M. Watanabe, and N. Ishida. 1973.
Structural components of Sendai virus. Sero-
logical and physicochemical characterization of
hemagglutinin subunit associated with neuramini-
dase activity. Virology. 55: 242-253,

Yoshida, T., Y. Nagai, S. Yoshii, K. Maeno, and
T'. Matsumoto. 1976. Membrane (M) protein of
HV]J (Sendai virus). Its role in virus assembly.
Virology. 71: 143-161. )





