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Structure of HVJ

I. Two Kinds of Subunits of HVJ

YAsuHiRO HosAKA, YAsusHi HosoKAWA AND KONosuKE FDKAi

Deportment of Preuentiue Med!time, Re Jetty 6/1 mrtit, ,te for
Microb!"! Duea$es, OSnktz '11/1', 81, itj. , 03"ktt

(R, ,, I, ,d j, , pulli, "!i, it, M", 61, 15, 1960)

SUNIMARY

Sununits of HVJ, prepared by ether treatment in the presence of a surface active
agent, were studied ultracentnfugally, in orphologically and jinmunologically b the a at
gel diffiision metlTod.

The virus particle of }IVJ is composed of two kinds of subLinits; one is hema trlutinin
which 15 40-50 nltt and 90 S and consists of at least 3 anti enicall diff ' t
(H, , }I, and R), as illdgcd by agar' gel precipitation against anti-HVJ rabbit serum, two
of which (H, and H*) seen} to be inherent for' the I, eruagrrlutinin, and the other. is a soluble
antigen which is 15-20 inu and 37 S. This reacts with aliti-NDV rabbit scrum as well
anti-HV. I rabbit serum in the gel precipitatioiT test

Antigenical relationships arc recognized between the viriis particle and the hema ,, jutinin
of }IV. I in the gel precipitation test; both materials have identical R component and the
possibly inherent components (V and }I) of both materials fuse forming a spur. No anti-
genical relationship is recognized between the soluble antigen and the \, irus article or
the hemagglutinin in the gel precipitation test. It was concluded that a virus atticl
probably composed of about ten hemagrrlutinins arranged in the surface in or and of SOILibl
antigens inside the hemagglutinin layer.

INTRODUCTION

Studies of the subunits of Influenza virus and Fowl Ia, ue virus have b
repo"ted by Hoyle (1952), Hoyle at at. (1953), Lief and Henle (1956), Mirutani
(1958) and Davenport at "I. (1959) and Schafe" and Zillig (1954), Zillig at "!.
(1955) and Schafe" <1957,1959). F"om these studies, it was shown that the vi"us us
were composed of two kinds of subunits ; one was hemagglutinin of rotein with
carbohydrate, which \\, as 30-40 in/! in size and was ai. ran ed in the surf c I
the virus particle, the other was "S-antigen" or nucleoprotein \\, hich was 10-20
in/L in size and was below the hemagglutinin layer.

The principle used by these workers for. preparing subunits of the viruses was
to treat the virus particles with ether. However in our experiences, the hema . -
Iutinating titer so obtained was several times lower than the original titer and
the method could not applied to the other myxoviruses, HVJ and NDV, since
they are too sensitive to ether. Now the improved method described in the
previous report (Hosaka at at. , 1959) has permitted the successful and simple
preparation of subunits of myxoviruses. The method used was the treatment of
the virus with ether in the presence of the non-ioiT surface active a ent, Emasol
1130.
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The present papei. describes results of studies on the ultra-centrifugal, in or-
pholouical and jinmunological nature in the agar gel diffusion test, o1 the subunits
of HVJ prepared by the improved method.

I. Pir, ,$

HVJ ; Z strain, NDV (Newcastle Disease Virus ) ; Osaka strain, Mumps virus ; Enders
strain and Influenza virus ; PR8 strain and NWS strain were used

The allantoic fluids of 10 day chick embryos infected with HVJ and ND\I were collected
after 72 and 48 houi. s incubation respectively and those for Influenza viruses of 11 day chick
embryo, collected after 4-8 hours incubaton. 'The Huids were centrifuged at 3,000 rpm for
30 minutes and the supernatant centrifuged further at 22,000 rpm for 30 minutes (Spinco
L. No. 30). The pellets were suspended in isotonic saline and recentriiuged at 3,000 rpm
for 20 niinutcs. The resulting supernatant was used for experiments. 'The virus content
was expressed as its hemagglutinating titer. The hemagglutinating titer was estimated as
follows; 0.5 inI of 0.5 per cent fowl red cells in saline was added to 2 fold serial dilutions
of virus. The reciprocal of the highest dilution which agglutinatecl the red cells was ex-
pressed as the hemagglutinating titer (HA)

2. Antifernm

HOSAKA, HOSOKAWA

MATERIALS AND METHOD

AND FUKAl

I ) Rabbit antirert, in

One inI of pu"ithd HVj and NDV (10,000 }TAIml) war inj. cted inI. "abbits in-
travenously and intramuscularly alternately once a week. Six days after the 3rd injection,
the blood was withdrawn by cardiac puncture. One inI of Influenza virus, PR8 strain
(10,000 HA/inI), was injected intravenously once a week. Six days after the 2nd injection,
the rabbits were bled. In later experiments, immune sera were obtained by injection o
virus purified twice by differential centrifugation

2 ) Guinea pig ant*erunz

Ginnea pigs were irumunized by the method of Lief at a!. (1958) ; guinea pigs were
infected with 0.2 inI of purified virus (10,000 HA/inI) by intranasal inhalation under light
anesthesia and after 2 weeks, injected intraperitoneally with I inI of purified virus. One week
later the blood was withdrawn by cardiac puncture

3 ) Fore! antirerunt

One inI of purified virus (10,000 HA/inI) was injected intramuscularly into roosters once
a week. Six days after the 2nd injection the blood was withdrawn by cardiac puncture

Anti-mumps virus serum was obtained by intravenous injections with infected amniotic
fluids.

The antisera of these species were heated at 56'C for. 30 minutes and stored at -10'C
before use. The Ilemagglutination inhibition titer against HVJ were 640 +, 160,320 and
40 for anti-HVJ rabbit, guinea pig and fowl serun\ and anti-NDV rabbit serum resoec-
tively. The ITemagglutination inhibition titer was expressed as reciprocal of the highest
dilution ( 2 fold serial dilutions ) of 05 inI of the antiserum which inhibited agglutination
of 0.5 inI of 0.5 IJer cent fowl red cells with 4 HA of HVJ

3. Agar gel diff"3:0?!

The double diffusion technique of Ouchterlony (1949) was employed. 06 per cent agar
(Difco) and 0.01 per cent inerthionate in isotonic saline were used. Often a small volume
of phosphate buffer (pH 7.0) was added but the precipitation pattern was not changed
0.15 nil of antigen and twice diluted antiscrum were placed in eaclT 80 mm diameter well
10 mm apart. Tlic plates were incubated at 37'C and photographed after a week



4. Reagents

Emas01 1130 (poly-oxyethylen sorbitan monolaurate) is a non-ion surface active agent
like Tween 20 and was kindly supplied from KAO Soap Co. , Ltd. , Osaka.

Anesthetic ether was employed.

RESULTS

I. Unr@centrifugal and!vJis of ether-diJintegr@ted Hl'/
100 ing of Binas01 1130 in 2 inI of distilled

water was added to 30 in I of HVJ suspension
<30,000 HA inI). The mixture was shaken for 10
minutes in an ice bath and then centrifuged at
3000 rpm for 5 minutes. The aqueous layer was
removed, diluted 3 times with isotonic saline and

centrifuged at 15,000 rpm for 15 minutes <Spinco
L#30). The super natant was centrifuged further
at 40,000 rpm for 60 minutes and the resulting
pellets were resuspended in 3 in I of isotonic saline
and recentrifuged at 12,000 rpm for 15 minutes
<Kubota KR6-B). The sedimentation pattern of
the super natant was analysed by Ultracentrifuge
(Spinco E). The HA titer of the super natant
was 2,000,000 HA/inI. The preparation was de-
signated as ether-disintegrated HVJ.

The sedimentation pattern is presented in
Fig. I. Two peaks were recognized, showing
sedimentation coeflicients of 90 S and 37 S for

the fast and the slow components respectively,
uricorrected for the standard condition. There

was much less contents of the 37 S component
than the 90 S component. These values are
much smaller than those of the virus particle of
HVJ^ 1200 S erukumi, 1956 and Tad, kor0,1958).
The 90 S component was shown to be hemag-
glutinin, since the hemagglutinin fraction prepar-
ed by adsorption and elution of ether-disinteg-
rated HVJ with fowl red cells was found to have
a similar sedimentation pattern. Therefore the
37 S component represents the non-hemagglutinin
fraction, that is, the soluble antigen.

2. Shape and size of !he 3116unitJ

The hemagglutinin and the soluble antigen
of the ether-disintegrated HVJ were separated
by adsorption and elution with fowl red cells

STRUCTURE OF HV. I. I.
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Fig. I. Sedimentation diagram
of ether diginfegraled HVJ
(2,000,000 HA/in 11 24,630 rpm
at inferVCIs of 120 seconds,
of rocn temperature (20 C).
Arrow shows the sedimentation

direction.
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Table I. Separation of hemagglufinin and soluble antigen of HVJ
by adsorption and elution with fowl red cells.

Ether disiniegroied preparation

HOSAKA, HOSOKAWA

washed with cold

saline, suspended

in saline and in-

cubaled o1 37'C

Ior 2 hours

eluate

red dells

AND

centrifuged

40,000 rpm for 60 I

minules

FUKAl

adsorbed with 20 in I packed red cells

in cold for 10 minutes and then

cenlri{uged

su pe rnalonl

Ireoled similarly with 15 in I packed

cells

I combined

red cells

--^-,

<Table I) and an appropriate dilution of each fraction was studied by electron
microscopy under shadowing.

The hemagglutinin fraction is shown in F1, . 2. Spherical particles of a size
of 40-50 inn are observed. The soluble antigen fraction is shown in Fig. 3a and
b. Spherical particles of 15-20 in/L are observed to form chains and rosaries or
to be free.

3. Numbe?' of liemaggltt/millJ '07/3!flitting a tiltiJ par/ifle

An attempt was made to determine how many hemagglutinins constitute a
virus particle of HVJ by comparison of the protein contents per HA of the virus
particles and the ether-disintegrated particles.

.^ I

red cells

sup ernatonl

treated similarly with 10 in I packed

cells

pellet

su spensio n

Ihemaggluiininl

su pe rnalonl

centrifuged o1 40,000 pm for 60 minuies

pellei

suspension 1501uble antigenl

No. Exp

Table 2. Comparison of protein content per HA of virus
particle and ether-disinlegrofed particles

Exp. I

Exp. 2

virus particle IV. Pi

Exp. 3

4.3 X 10~2pg/HA

Virus particles were purified by one cycle of differential cenirilugoiion
and ether-disiniegroied particles were Ihe supernoloni of diluted aqueous
lover centrifuged o1 15,000 rpm for 15 minutes after ether treatment of
Ihe virus particle. The protein content wos measured by the method of
Lowry at o1.1195/1

3.8

4.0

,/

,I

ether-disinlegrofled
particles IE. D. I

I :'::XI 1191" _ I 11 ' ~
I-:-;;^;--- -I- -;:;-

VPIE. D
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Fig. 2. Hemagglulinin of ether-diginfegroled HVJ. IX 40,000) Arrow shows originol virus punicle.
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Fig. 3.0 ond b Soluble antigen of ether-diginfegroled HV, . IX 40,000j



Table 2. presents the results of three experiments. For the samples of et er-
disintegrated HVJ, the super natant was used which was centrifuged at ,
rpm for 15 minutes but was not further centrifuged at 40,000 rpm.

Assuming that no protein of HVJ was lost during the ether treatment, t e
virus paticles not disintegrated by ether, if any, were completely removed y
centrifugation at 15,000 rpm and the HA titer for fowl red cells was proportion a
to particle number having an hemagglutinating capacity Irrespective of t e par-
ticle size, it would be calculated that a virus particle or HVJ consists o a out
ten hemagglutinins

4. Immt!it o10gicn1 $1"4y of Ihe ., 14bu?Ii!J by gel din, iron
The agar gel diffusion technique has proved a very sensitive method or

antigenical identification of viral components ; lensen and Francis (1953) have
used it for innucnza virus, Gipseii (1955) for pox group virus, Boden (1955) and
Brown and Crick <1957, 1958) foi^'o0t-and-mouth disease virus, Brown and Crick
(1957) for vesicular stomatitis virus, Mansi (1957) for myxomatosis virus. Polson
at a1. (1958) and Le Bouvier at a!. (1957) for poliovirus: and Klemperer and
Pereira (1959) for adenovirus.

andIn the present experiments, the antigenical components of the subunits
the virus particles of HV. I were studied by agar gel diffusion.

I ) Hemogglt, !mill

The ham^gglutinin <800,000 HA in I .f HVJ prepared arco"ding to Table I
was diffused against hornolgous antiserum of rabbit, guinea pig and fowl and
heterologous antiserum of fowl <anti-Influenza virus, PR8 strain).

As shown in Fig. 4, two common fused precipitin lines (H, . and H2)

STRUCTURE OF HVJ. I. 31

ant, ._PR8
(fowl. ,

anti. -11VJ
(guinea ptg\

Fi6.4. Pre. ipit, 110" of the ham, 991.1i"I" 1800,000 HA/in 11 of HVJ .g. inst
the hornologous Grillserum of rabbit, guinea pig and fowl grid the Grill-PR8
fowl serum in ogor gel. iphotographed on 9th day of incubation) HA ,
hemagglufinin

an''._,,,
Tabbtt

mr
11A)

11

R

were

11

anti. -11'VJ
fOWL



HOSAKA, HOSOKAWA

anti. -}1110'
rabbit)

Fig. 5. Precipitation of the hemogglulinin 1500,000 HA in 11 of HVJ against
anti. HVJ rabbit and fowl serum in agar gel. IPhoiogrophed on 8th day of
incubationI HA, hemagglulinin, SA, soluble antigen SA showed no visible
precipitation because of its low concentration.

observed against hornologous antiserum of 3 spedes, though these appeared to
overlap with guinea pig antiserum. Sometimes these 2 precipitin lines appeared
to overlap even with rabbit and fowl antiserum, particularly when a relatively
large amount of antiserum was employed. However they were due to different
antigen-antibody reactions, as was indicated by the observation that the two
precipitin lines crossed, when hemagglutinin was diffused against the hornologous
antiserum of rabbit and fowl in appropriate dilutions. <Fig. 5)

In Fig. 4, R precipitations are recognized in front, besides H precipitation with
rabbit antiserum. In many repeated experiments, the R components usually
formed one precipitation 2 3 days after incubation and thereafter separated or not
into 2 precipitin lines. So it requires further study whether R precipitation was
due to one or more antigen-antibody reactions. Further in the figure, one more
precipitation is observed with rabbit antiserum behind the H precipitation. Often
this precipitation appeared to overlap with the H precipitations.

In Fig. 4, unexpectedly, a precipitation was shown between anti-HVJ rabbit and
fowl serum, which crossed over viral precipitations. To investigate which antigen-
antibody reaction this precipitation was due to, fowl antiserum jinmunized by
other myxoviruses, normal fowl serum and guinea pig antiserum were diffused
against the rabbit antiserum or HVJ and Influenza virus.

It is shown in Fig. 6 that the various fowl antisera irrespective of the kinds of
antibody react with anti-HVJ and anti-PR8 rabbit antiserum and form a fused pre-
cipitation but that the guinea pig antiserum does not react. Normal fowl serum also
formed an identical precipitation against the rabbit serum. However, these antigens
did not react with rabbit antiserum jinmunized by the viruses purified by two
cycles of differential centrifugation. Therefore, the unexpected precipitation is
possibly due to a fowl serum protein-specific antibody reaction in rabbit serum.

AND FUKAl

HVJ

(SA)

anti. -}{VJ
fOWL)
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anti. -11vr
rabbit

anti. -ERJ

( towL )

^,. anti. .HVJ
anti-11VJ anti-Nanti-NDV

( gutnea pigtowL) towL) ^

Fig. 6. Precipitation of fowl serum und guinea pig serum conicining various
antibodies against Griti-HVJ Grid anti-PR8 robbif serum in ogar gel.
IPhofographed on 91h day of incubationI Guineo pig serum showed no
precipilofion o901nsf rabbit Gritiserum. MV , mumps virus

an I. -PR8

(rabbit)

This antibody seemed to be produced by injection of virus preparation containi-
nated with chick serum protein, particularly with y globulin, which is increased in
allantoic fluids of chick embryo infected with virus <1shida at a1. , 1959) and
removed by two but not one cycle of differential centrifugation. Normal allantoic
fluids and the super natant obtained by centrifugation at 22,000 rpm for 30 minutes
of allantoic fluid infected \\, ith HVj did not precipitate with anti-HVJ and anti-
PR8 rabbit serum, probably because of the low contents of chick serum protein.
This was sufficiently high to produce antibody in rabbits injected with it.

Thus, in the following experiments, rabbit antiserum was used which had
been jinmunized with virus preparation purified by two cycles of differential
contrifugation.

2) Soluble antigen

Soluble antigen and hemagglutinin was separated according to the method
shown in Table I. To obtain soluble antigen which was sumciently concentrated
to produce precipitation in agar gel, it was necessary to use concentrated ether-
disintegrated particles as starting material, otherwise soluble antigen became
mixed with the hemagglutinin fraction.

The soluble antigen thus obtained and the hemagglutiuin of HVJ purified
by 3 cycles of adsorption-Glution with fowl red cells were diffused against anti-
HVJ and anti-NDV rabbit serum.

As shown in Fig. 7, the soluble antigen formed a clear precipitation S band
near the antigen well with anti-NDV serum and a fainter one with anti-HVJ

The precipitations with both anti-sera were due to an identical antigen-
antibody reaction, as indicated by the fusion of the precipitations when the anti-
serum wells were close together. These precipitations showed no antigenical

anti. -myS
guinea pig)

anti. -11VJ

( rabbit )

?^;^^{^^

serum.
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ant -mr
ITabbtt\

AND FUKAl

Fig. 7. Antigenic relationship belwen the hemogglulinin and the soluble antigen
of HVJ against anti. HVJ and anti-NDV robbit serum in agar gel. iphofo-
grophed on 6th day of inucubafionj Hemogglufinin purified by 3 cycles of
adsorption-elulion onto red cells was shown 10 contain still a little soluble
Gritigen.

relation to that of hemagglutinin, as seen in the figure. Even such extensively
purified hemagglutinin showed a precipitation with anti-NDV rabbit serum very
close to the antigen well, possibly due to contamination with soluble antigen.

With anti-NDV rabbit serum, hemagglutinin formed a precipitation N band,
which is related to the protein in the tininfected chorioallantoic fluids. <Hosaka
at a1. , 1960)

3) Coinpo, zeniJ ill Ihe $1,181'11@!an! ohmi?led 4.11 68n!?'yatg@!ion at 40,000
ipm of the 81he, '-diJi"!egi'ated Ilepain!foil

In the experiments described above, particles of the ether-disintegrated pre-
paration of HVJ sedimented at 40,000 rpm for 60 minutes were studied jinmuno-
logically by agar gel diffusion. In the present experiment, the super natant was
studied jinmunologically by gel diffusion, to determine whether other components
constituting the virus particles were present in the super natant.

To concentrate the supernatant materials, the super Datant was saturated
with <NH4)2S04. Then the 110cculate floated on the solution and 2-3 days later
precipitated. The precipitate was collected, dissolved in phosphate buffer saline
<pH 7.0,0.01 M) and dialysed for 48 hours against the same buffer. The dia-
Iysate was thus concentrated about 15-20 times. It was diffused against anti-
HVJ and anti-NDV rabbit serum, with particles sedimented at 40,000 rpm.

it is demonstrated in Fig. 8 that the super natant materials react with both
antisera like the sedimented particles. Both antigens form fused precipitations
by the hemagglutinin but no precipitation by the soluble antigen was observed

R

anti. -NDV

(rabbit)
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anti. -11VJ

(rabbit)

40000 rpm
Suo .

~,..

anti. -NDV

(rabbit)

Fig. 8. Antigenic relationship between the supernotonf and the sediment of
ether. digin*egraied HVJ centrifuged of 40,000 rpm against on*i. HVJ and
onIi. NDV rabbit serum

with the super natant. Therefore no component other than the hemagglutinin
was detectable antigenically in the supernatant, which could not completely
sedimented by the centrifugation, under the employed condition.

4) Antigenical relation$hip between virus particleJ and ether-dirtntegr@!ed paincle5

It is interesting to see how the ether-disintegrated particles make up the
original form and structure of the virus particle. If there is a component anti-
genically related to the virus particle, it would be a somatic antigen of the virus
particle and be present on the surface. Thus the antigenical relationship between
virus particles and ether-disintegrated particles was studied by agar gel diffusion
against anti-HVJ and anti-NDV rabbit serum.

As shown in Fig. 9, against anti-HVJ, the R component formed an identi-
cal precipitation with both the virus particles and the ether-disintegrated parti-
cles and the H component fused with the V component near the antigen well,
forming a spur. The V precipitation seemed to be due to the inherent virus
particle of HVJ, as judged by its formation of a common fused precipitation
against anti-HVJ rabbit, guinea pig and fowl serum, though this is not shown
in figure, and its low diffusion rate, which was indicated by the curvature and
the location of the precipitation near the antigen well.

Against anti-NDV serum, both antigens formed a fused precipitation N,
although the virus particle formed a fainter and diffuser one' The virus particles
produced one more precipitation V', possibly due to the virus particles themselves
near the antigen well, which can scarcely seen in the photograph. The soluble

40000 r in
Sea.
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anti. -11VJ
(rabbit)

AND

H

FUKAl

S

mr
E. D. )

S

Fig. 9. Antigenic relationship between virusgporficle 140, Coo HA in 11 and ether.
digi"fogroled parade, (1,000,000'HA/in 11 o9. i", I ."11-HVJ ."d o. 1i-NDV r. bbii
serum in precipi, in reaction in agar gel. iphotogroph=d on 8th day of incubation)

E. D. , ether digin*earafed
V. P. = virus partic!es

antigen was not detectable in the virus particle preparation by agar gel precipi-
tation.

To confirm these relationship between the virus particles and the ether-
disintegrated particles, mixtures of both antigens were diffused against anti-HVJ
rabbit serum.

The results are shown in Fig. 10. V, Hj, H2 and R precipitations were ob-
served from the antigen well towards the antibody \lyell. Thus it was confirmed
that the R components of both were identical and the H and V components
were antigenically related but different. It was concluded from the above results
that the hemagglutinin was arranged in the surface layer of virus particle and
the soluble antigen, inside the hemagglutinin layer.

5) R component 41ter puffyI'd!ion of Hl"I

Attempts were made to separate the R component from the virus particles
of HVJ by its adsorption and elution on red cells and by sonic vibration. But
they were unsuccessful. As shown in Fig. 11, the R component was still combined
with the virus particle after these procedures. Therefore the R component seemed
to be an integral part of the virus particle of HVJ.

INJ
(v. P .

N

ant, .-NDV

rabbit)
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H
2

R

an I. -mrJ
Irabbit\ .

Fig. 10. PIecipi, ajion'in ogar gel by a mixture
of the virus particle 140,000 HA in 11 and the
ether disin, egroied po, ticle, 110,000,000 HA rill
ogainsf anti. HVJ rabbit serum.
Antigen I. virus particle 0.15 inI

ether-di, integrated particle 0.0 in I
2. virus particle 0.12 in I

+ ether-di, integrated particle 0.3 in I
3.1virus particle 0.09 in I

+ ether. diginlegraled particle 0.6 in I
4. virus particle 0.06 in I

+ ether-disinfegraied particle 0.9 in I
5. virus panicle 003 in I

+ ether-diginfegrofed perticle 1.2 inI
6. virus particle 0.00 in I

+ ether. diginfegraled perlicle 1.5 inI
V precipilofion near antigen well (2) was just
recognizoble

Fig, 11. Precipitation of R component of
virus particle purified by adsorption-elution
onto red cells or sonic vibrotion against
anti. HVJ robbif serum.

Antigen. I. original virus particle (purified
by one cycle of differential
centrifugation)

2. supernotanf centrifuged o1
20,000 rpm for 30 minules
offer sonic vibration for 15

minutes (in Rayfheon sonic OS-
ciliator, Model S-102.9 K. C. )

3. pellets treated OS above
4. super notonf not adsorbed with

red cells of virus porticle
5. virus punicles adsorbed and

elufed from red cells.

anti. -}TVJ
(rabbit)

R
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DISCUSSION

Subunits of HVl could I)c obtained in iai. ge quantity by a recently devcloped
method (Hosaka at a!., 1959). The subunits, like those of Influenza virus and
Fowl I>lague virus, were sho\\, IT to consist or two kinds of units. They were also
or a SImila^ size and shape to those of these viruses ; hemagglutinin units are

sphericalspherical I>articles of 30-40 inn and 100-150 S and "S-antigen"
(Hoyic, 1952 ;particles or 10-20 in/. I and 30-40 S forming chains and

HDyle el n/., 1953 ; Davenport at tt1. , 1959 and Sch;ifcr and Zillig, 1954 ; Schafer, .
1957, 1959)

That theIC are anti*, cnical relationships between the hemagglutinin and the
virus pal ticle of I{Vj but ITot bctwcen these antigcns and the soluble antigcn or
HVj in the agar. gel precipitation test Is consistcnt \\, ith Ihc jinmunological find-
ings o1T the subunits OF Tnnucnza antl Fowl plague vii'us, although these viruses
werc cliffcrentiatcd by Ihc complement-fixing reaction and by quantitative pre-
cipitaiion. (Hoylc, 1952 ; Lief ancl Henlc, 1956 ; Mizutani, 1958 and Davenport
d (!I. , 1959 and Schafer and Zillig, 1954 ; Sch*for, 1957, 1958) Such antigcnical
relationships suggcst that Ihc hemagglutinin units or }IVj arc arranged in the
sutracc laycr or Ihc virus particlc of I{Vj and the solublc antigens are inside the
hcmagglutinin layer. Thesc characteristics scems to bc common to myxoviruscs.

particle is probably composed of about tenThe hypothesis that a
hcmagglutinin units is also supported by the ratio or the SIzc or the hemagglutinin
unit to th, vi"us pm^ticl" ,I' HV. I^ that I^ 110-140 in/., and 1,200 S (Fuk^I and
Suzuki, 1955 ; Fukumi, 1956 and Tadokoi. 0, 1958). 'Ten units are more than the
six hemagglutinins constituting a vii. us particle of Fowl I)lague (Schiller, 1959).

By agar. gcl precipitation, the hemagglutinin of HV. I was round to consist
or at least 3 antigenically different components (HJ, }12 and R). The R coin-
ponent reacted with only anti-HVj rabbit antl not with anti-}IVJ guinea pig or
fowl serum. At present it is still unknown why an antibody against R component
was Ilo1 produced in fowl and guinea pig and a study is in progress to determine
whethcr the R component is a material related to the chorioallantois of chick
embryo. On the other hand, Hi and L12 appeared to be inherent components
or the hema, ,o1utinin of HVJ, since they both rcacted with antisera or various
species, forming fused precipitates. A slight differences in the molecular configu-
ration and weight of the antibodies in antiserum or various species, having the
same determinant group did not prevent the formation o1 fused predpitation
reactions, as shown in Fig. 4. The intersection or Hj and H2Indicated that they
are due to different antigen-antibody reactions (Fig. 5). It is uncertain on the
nature of a precipitation behind the H precipitation with rabbit antiserum,
observed in the Fig. 4. Further study is required to define the biological signi-
ficance or these viral components.

The soluble antigen of I{VJ gave a faint precipitation with anti-HVJ guinea
pig and fowl serum. This was possibly due to a 10\\, titer of antibody against
the soluble antleren in the antiserum or these animals. It reacted with anti-ND\!

rabbit serum as well as anti-HVj rabbit serum. This indicates that a close
Iaiionship exists between HVj and NDV.
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It will be shown in the next paper that the N component of tile hemagg-
Iutinin of H\/I and the virus particle of H\11 are related to the normal coinpo-
nent in the chorioallantoic fluids or chick embryo (Hosaka at a/., 1960)

In some experiments, <Fig. 4 and 11) V and R precipitation separated into
2 lines respectively. At present it is unknown whether this was caused by one
antigen-antibody reaction or two.
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