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PROTEIN OF SENDAI \;IRUS (HVj)

To SHIHIKO SEMBA' and YASUHIRO HOSAKA

Department of Preventive IVledicine, Researclt InstitLite for I\Iicrobial Diseases, Osaka U '-
versity, Yamada-kami, Suita, Osaka 565, Japan

FUMIO SAKIYAIVIA

institLite for. Protein Research, OSal<a Universit},, Yamada-1<nmi, Suits, Osaka 565, Ia an
(Rec"ived Decembe" 21,1978)

Sendai virus (HVJ) contains three species of
inner proteins, designated as M, NP and P.
The NP protein constitutes the main coinpo-
nent of nucleocapsids (Choppin and Coinpans,
1975) and forms the transcriptase complex
with prot"in P (St. n" at "I. , 1972), whil. th"
M protein Is postulated to play, a role in
association of nucleocapsids with virus en-
velopes (Choppin and Coinpans, 1975 ; Shimi-
zu and Ishida, 1975 ; Yoshida at a1. , 1976).
in " Previ, us p"per (S. inb^ at a1. , 1977), un
reported the isolation and amino acid coin-
position of the M protein. We do not know
of any study on the amino acid compositions
of the NP and P proteins of the nucleocapsid
complex of parainfluenza viruses, including
Sendai Therevirus. many reportsare

on isolation of paramyxovirus nucleocapsids
(Coinpans and Choppin, 1967; Hosaka, 1968;
Kingsbury and Darlington, 1968; Blair and
Robinson, 1970; Stone at a1. , 1972; Waters
at a1. , 1972; Hall and Martin, 1973 ; Scheid
and Choppin, 1973 ; MCSharry at a1. , 1975),
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but polypeptide analysis by SDS-polyacryl-
amide gel electrophoresis showed that the
isolated nucleocapsids contained the other
polypeptides, P or M, or both besides the
main polypeptide, NP (Stone at a1. , 1972;
Scheid and Choppin, 1973 ; MCSharry at al. ,
1975; Shimizu and Ishida, 1975).

For amino acid analysis, we tried to isolate
the NP protein fraction uricontaminated b\,
other proteins, at the expense of virus-associ-
ated activities. The present report describes
the isolation of NP protein of Sendai virus b\,
SDS-hydroxylapatite chromatography from a
fraction separated from the M protein fraction
on Bio-Gel P-200. Chromatography on SDS-
hydroxylapatite was carried out as described
by M, us and Rus' riblum (1972).

Sendai virus, Z strain, was used throughout
the present Investigation. Preparation of the
virus and initial fraction ation on a Bio-Gel

P-200 column of virus components dissociated
with SDS were carried out as described pre-
viously (Semba at a1. , 1977). The second
neat (P2) .bt^in"d by Bi, -Gal P-200 c. Iumn
chromatography, was found by SDS-poly-
acrylamide gel electrophoresis to contain four
polypeptides, P, HN, NP and F. The P2

I Present address : Department of Physiology,
School of Medicine, Nihon University, Itabashi-
ku, Tokyo 173, I"pan
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fraction was dialyzed against 0.01 M sodium
phosphate, pH 6.4, containing 0,1', SDS and
0.02 M 2-mercaptoethanol and then adsorbed
on a hydroxylapatite (Seikagaku Kogyo Co. ,
Jayan, Lot 00275) column ^quilib"ated with
the buffer used for dialysis. The column was
washed with I 2 bed volumes of the same

buffer, and then materials were Gluted with
a linear gradient of 0.2-0.4 M sodium phos-
phate, pH 6.4, containing 0,1', SDS and
0.02 M 2-mercaptoethanol. As shown in Fig.
I, two peaks of material were obtained. SDS-
polyacrylamide gel electrophoresis of fractions
Hl and H3 showed that the former mainly
contained proteins P and HN, while the latter

06

contained only one protein, NP. Fraction
H2, between Hl and H3, contained the F
pronein, histde^ P and HN (Fig. 2).

The effluent containing fraction H3 was
first dialyzed against 0.06 M sodium acetate,
pH 5.2, containing 6M urea and Dowex I
(acetate form) to trap SDS, followed by dialysis
against several changes of distilled water at
room temperature. The NP protein usually
precipitated nearly completely. The precipi-
tate was collected by centrifugation and dried
in vacuo over anhydrous calcium sulfate.

The amino acid composition of the NP
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FIGURE I. SDS-hydroxylapatite column chromato-
graphy of fraction P2. Approximately 30 in I of
fraction P2 obtained by chromatography of SDS-
dissociated proteins from Sendai virus on Bio-Gel
P-200 was adsorbed on a hydroxylapatite column
(0.9 x 20 cm) equilibrated with 0.01 M sodium phos-
phate, pH 6.4, containing 0,100 SDS and 0.02 M
2. mercaptoethanol. The material loaded onto the
column was eluted at a How rate of 2.3 in11hr with
a linear gradient of 02 M to 0.4 M sodium phosphate
(obtained with 120 inI of each buffer). Fractions
of 1.4 inI were collected. Fractions Hl, H2 and
H3, indicated by bars, were analyzed by gel elec-
trophoresis (Fig. 2).
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FIGRE 2. SDS-gel electrophoretic analysis of frac-
tions P2, Hl, H2 and H3. Electrophoresis was
carried out in 7,5'0 polyacrylamide gels at 5 in a
per gel for 6 hr and then the gels were stained by
Coomassie brilliant blue. P, HN, NP and F

denote molecular species of virus protein (Choppin
and Coinpans, 1975).
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protein obtained as described above is shown
on the left in Table I. About 24', (on a
weight basis) of the NP protein consisted of
acidic residues, and 17', and 32',, of basic
and hydrophobic residues, respectively. At
present, no information is available about the



TABLE I. Comparison of amino acz'of con!positions of RNA or^us "MCIeocnpst'ds"

Amino
acid"

Lvsine

Histidine

ATginine

ASPartate

Glutamate

Sendai'
virus

6.34

2.27

8.83

Threonine

Serine

Proline

Glycine

A1anine

Cvsteine

Influenza \. iruses2

A(HON)11
Bel

11.87

12.23

RNA \. Iruses

6.55

1.60

11.63

6.42

5.01

3.03

5.37

6.3+

(0. 0)"

B/Lee

Valine

itlethionine

ISOleucine

Leucine

TVrosine

Phenvlalanine

Tryptophan

8.89

17.61

10.37

1.13

7.32

New. castle disease \'Iruses3

Ulster

5.08

5.31

3. +O

+. 20

5.10

O . 75

12.69

18.02

1.15

7.64

7.29

6.22

2.12

5.18

8.06

+. 73

4.71

0.99

Texas

" Values are expressed on a \\eight-% basis. " Amino acids are grouped as basic, acidic, neutral and I, ydro-
phDbic from the top. ' Not determined. at See text

References I : the present work, 2 : La\, er and Baker (1972), 3 : Moore and Burke (1974), + : Nozu at
"I. (1970), 5 : 1<ennedy "rid Bu, ke (1972)

Sendai \, irus NP protein was hydrolyzed with + \ methanesulfonic acid containing 0.2% tryptamine (Simp-
son at a1. , 1976). Values for Sendai NP protein are averages of duplicate measurements

5.57

5.38

3.48

+. 67

5.42

0.0

11.67

13.35

I. ++

7.22

9.10

Be audette
C

+. 80

I. 65

6.40

8.84

2.49

568

8. +7

797

5.96

ND"

6.63

1.50

9.8+

12.13

1.99

6.37

8. +I

TMV'
ONi

+. 73

2.29

7.80

9.98

2.69

+. 73

7.99

5.49

5.92

ND

6.62

I. 32

contents of asparagine and glutamine. No
cysteine was detectable, suggesting that there
are very few intramolecular S-S bonds or SH
groups in the 1.1P protein. However, further
study on the presence or absence of S~S bonds
is necessary.

Table I also shows the amino acid coinposi-
tions of nucleocapsid proteins of other RNA

It is interesting that in all the helical
nucleocapsids shown, the content of acidic
residues, 24-307, , is higher than that of basic
ones (~109',), and there is a rather high con-
tent of hydrophobic residues, 30-35'1 . These

12.58

15.10

Semliki
Forest
viruss

I. +7

o

9.82

+. 63

6.60

3.83

9.53

ND

3.77

ND

6.39

10 .+5

8.18

ND

8.66

0.80

12.50

11.81

15.04

3.26

7.09

5.5+

9.17

+.+9

7.44

ND

6.31

ND

8.67

7.97

+.++

I. 96

5.69

0.59

viruses.

8. +3

11.99

212

5.20

2.23

7.46

ND

+. 85

ND

5.79

+. 00

7.30

+. 77

570

I. 45

8.50

o

5.18

7.76

3.73

6.73

3.19

6.00

3.06

+. 06

3.91

3.43

3.19

1.51

values are different from those for a cubic

nucleocapsid of Semiiki Forest virus, \\, hich
has a lower content of acidic residues (20%)
than of bad. .ne^ (257. ), and ha^ 257, of
hydrophobic residues. The similarity in the
amino acid compositions of the NP protein
and other nucleocapsids proteins may reflect
common features in helical nucleocapsid con-
struction.

Dansylation of NP protein was carried out
by, the method described previously (Semba
at a1. , 1977). On chromatography, in two
different solvent s}, stems, only phenylalanine
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was identified as the N-terminus.
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