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Structural Components of Newcastle Disease Virus
I. Differentiation of the Subunits by Physical and

Chemical Techniques

YAsuHiRO HosAKA, YAsusHi HosoKAWA, KAzuK0 1< AWAi
AND KONosuKn FUKAi

D, ;-"1'1ment o1 Prcuentiue Me, {ici"e, Re. ,a"rc/I lit$tintte for
MIC, o61n! Direa5er, Ornk, I Uni:. e, ., ity, Qinkt,

(Receiued for publication, AMgt!$t 29,1960)

SUMMARY

Newcastle Disease Virus (NDV) was disintegratcd Iiy ether treatment in the rescnce I
a non-ionic surface active agent, Emas01 1130, and studied b. ultracentrifu ation, zori -
electrophoresis, and lmmunologically by agar gel cliff usion method.

01T ultracentrifugation, ether-disintegrated NDV had two coin orients with S val
of 160S and 47S, in a neutral suspending medium and three coin on, nt , 104S, 15S d
12S, un a suspending medium of PTT 8.6.

On agar gel diffusion analysis, ether-disiniegrated NDV showed three reci it t' I'
against anti-NDV serum, which were tentatively disignated as R, S and H coin orient (R;
rapid diffusiblc. S ; s-antigen and H ; hemagglutinating unit). The N coin orient, resent in
normal cllonoallantoic fluid, was also detected by the of reci it ation re ction. T t t
at pH 8.6 of ether-disintegrated NDV did not affect the . el ) ' 't t' ' -

Trypsinization of ether-disintegrated NDV, caused a 5S coin orient to d t f
the other components wliich had been present previousl . to disa ,ear.

Trypsinization however, had no effect on the whole gel Ieci itajioii att d th' 'S
component was identified as R component by the gel diffusion techni

Ether-disintcgrated NDV was separated into hema Iutin I' ,, h d
and non-hemagglutinating (migrating to the cathode) fractions b zone-electro hor is at H
8.35. From the gel precipitation test, it was found that th f d
H components, and the latter contained R and S coin orients.

At least 6 hemagglutinin particles were estimated to be resent in t' I f NDV.

INTRODUCTION

NDV has been one of the most extensive I invest I ated I b
little is known about its structural components in contrast to othe ,
such as the influenza virus and the 10\\, I plague virus. This t b d
mainly to inactivation of its viral hemagglutinatin activit dunn eth .
merit, which method has been successfully applied for. re aration of sub \ f
the influenza virus and fowl plague virus <Hoyle, 1952; Schafer and Zilli , 1954;
Lief and Henle, 1956; Mizutani, 1958; Davenport at a!., 1959; Paucker at o1. , 1959):

An improved method devised by Hosaka at o1. (1959) overcame this dimc it .
In this method the myxovirus was treated with ether in the re I h
Ionic surface active agent, Emas01 1130. This permitted the successful r
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of subunits of the ether sensitive myxoviruses, HVJ and NDV, and the in uenza
virus. Thus the authors have been able to study the structural components of these
myxoviruses and reported already on those of HVJ. (Hosaka at a1. , 1960a).

The present paper describes the differentiation and some analysis of the SITUc-
tai. al components of NDV using ultracentrifugation, agar gel precipitation tec ni-
que and zone-electrophoresis.
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I . Plyu$

Nc\\. castle Disease Virus (NDV), Osaka strain, was Lised throughout tlTe experiments.
The chorioallantoic Huicl of 10 or 11 day old developing eggs infected witn NDV was co co e
after 72 hours incubation. It was centrifuged at 3,000 rpni for 30 minutes an t e super-
natant was centriftiged at 23,000 rpm for 30 minutes. in a Spinco L ultracentri uge using
a No. 30 rotor. The resulting pellets were suspendecl in isotonic saline and recentri uge a ,
rpnl for 20 minutes. The supernatant was used for experiments. The \, irus content was ex-
pressed as the ITemagglutinating titer per in I. The hemaggliitinating titer was e er I
by Salk's patterIT method, as described in the previous report (Hosaka at a!., 1960a).
2. Preparation of ether-di31n t, grated ND V

0.8 inI of Emasol solution (50mg/inI) was added to 40 in I of purified NDV suspension
(20,000 HATl/inI) and then 40 inI of anesthetic ether was added. After shaking for 15 minutes
in an ice batlT tile material was treated as shown in Table I (Hosa ;a at a -,

MATERIALS AND MET'HODS

Table I. Preparation of ether-disinfegrafed NDV

Purified NDV suspension

Ernos01 I 130 added o1 concentration of I ing/20,000 HA
Equal volume of anesthetic ether added

Mixture shaken for 15 minutes in the cold

Mixture

Centrifuged o1 3,000rpm for 5 minutes

Aqueous layer

I Diluted 3 times with isotonic saline and ceniri{uged o1
I 12,000 rpm for 15 minutes

Super halonl

I Centrifuged o1 40,000 rpm for 120 minutes
Pellets

of normal protein from the cho, ioo!!"it toic fluid of 11ninjected eggs3. Prepaidt!o71

The chorioallantoic fluid of uninfected 13 or 14 day old eggs was co ecte an a er
centrifugation at 3,000 rpn\ for 30 minutes the supernatant was recentri uge a , p
for 60 minutes in a Spinco L ultracentrifuge fitted with a No. 30 rotor. e resu ting pe e
was suspended in isotonic saline at 100 times concentration o1 I e origina suspens'o11
was stored in the cold for 2-3 days. It was then centrifuged at I , rpm or ,

I Suspended in isotonic saline and centrifuged o1 10,000
rpm for 15 minules

Supernolanl

' 'ether-disinteg ruled N DV' '



nitcl Ih, resulting super natant was desirrnated as normal CAF
nients

+. Anti, ,r"

Rabbit ancl gtiiiiua pig antiscra werc obtained as describ. cl in the ,revio s I-I -
saka at n!., 1960a). Fowl antisei'a werc o1)lainctl from low!.. int, ciccl with NDV. OS k
strain.

,. Zori, electro "hole, i$

Zone elecirophoresis was carrict1 o111 o11 a starch coinmn (30 X I X IC b
1,110bphat" bum, (PI-18.35, u=0.025). After 10nc elect"upho, usis at 4'C 10,14 hours L, sin
a 6 inA current at 550 volts, the starch column was CLIt into a nilnibe o1 I I
longili anti earl\ vras '11/1ed with 2.5 inI of isotonic saline. Th" iioic' I
incasLired willt I, hcnol reagent (Lowry at a!., 1951).

6. rigdr gel of ifi, Jion terhniqt, e

Th" double ,lintision techniqtie o1 Ouchterlony (1949) \vJs cm joyed. 0.6 CT ccn anat
(Di!co) and 0.01 lipr cent inclhiolate in isotonic saline were used 0.15 I I '
four times dilutecl linti-scrtim were placed 6-7 runi apart in \VCIls o1 6.0 in I'
7 .SedimentationI "rin!j, ,I. ,

A Spinco Model E ultraccntrifuge fitted with an analytical Tutor. I . , A
8. Reffgent

Emas01 1131i like T'ween 20 is a non-ionic surface active tipcni ( ,o1 -0x cth I ne sorhi all
nionolaurate) and was kindly SUI, plied by Kao Soap Co. , Ltd. , Osaka.

STRUCTURAL COMPONENTS OF NDV

protein and Lised for experi-

RESULTS

I. Unruceii!riftigd/ und jinm!!it o10.4ica/ I)ion, Iner of 21hei'-ofiJi?Ilegrd/ed NDP
Five inI of .the"-di, inleg"ated ND\' <160,000 HAU/inI) was re a"ed I". in 40

in I of pu"incd NDV suspension <20,000 }TAU/in I). Its sediment aji " I
shown in Fig. Ia.

The two peaks seen in Fig. in have sedimentation constants, S2 , f 160S
47S respectively, as calculated by extrapolation or the values me asur d .'
concentration to zero. <Fig. 2)

The agar gel precipitation pattern or ether-disintcgrated NDV with nt'-NDV
rabbit serum is shown in Fig. 3. Four precipitation lines, tentativ I d 'a
R, S <211, ,,) and H, are ,bye, ,, d. ' '

The S precipitation line was sometimes separated into 211nes th h f
one appeared and the R precipitation line also some times dissoc' t
lines. (Fig. 8). In some cases the H precipitation line appeared diffuse (F1.5
and 8).

The same gel precipitation pattern was observed with ether-disinte r, t d NDV
and anti-NDV fowl or guinea pig serum. As anti-NDV serum f ' f d I
is considered to contain only specific anti-bodies for inherent coin orients f NDV,
the gel precipitation pattern seen in Fig. 3 possibly shows the s ecific lines f . th
structural components of NDV.

To study the antigenical I. elation ship between ether-disinte rated ND\' d
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Fig. I, . Urn. conirif"gal poll. r" of sther-digi"fog, aled NDV 1160,000 HA/in 11, photog, , ph. d
o120,410 rpm o1 intervals of 120 seconds.

I b. Ullracenfrifugal pullern of trypsinized ether diginlegroled NDV, photographed o1
20,410 rpm of intervals 120 seconds.

IC. Ultracenfrifugal pullern of the some sample, photographed o159,780 rpm o1
intervals of 480 seconds.

other myxoviruses, and normal CAF protein, these antigens were diffused against
anti-NDV rabbit serum. The results are shown in Fig. 4. All the antigens formed a
common line N, although ether-disintegrated HVJ produced an additional line
fusing with the N precipitation line and forming a spur. These samples, however,
did not form the N precipitation line against anti-NDV fowl serum, possibly be-
cause the antiserum obtained from the infected fowl did not contain antibodies

against normal CAF protein.

2. The number of' hem"ggl"tiltins liberated fom a airt, J particle by Em@$01-ether healmeiit

An attempt was made to determine how many hemagglutinins were liberated
from a virus particle of NDV by Emasol-ether treatment by comparing the pro-
tein content per HAU of the original virus particles and of the ether-disintegrated
particles.

Table 2 shows the results of three experiments. On the same assumptions as
used to calculate the hemagglutinin number of a virus particle of HVJ (Hosaka
at a!., 1960a), about six hemagglutinins were calculated to be liberated from a
virus particle. Thus at least six hemagglutinins are considered to constitute a virus
particle of NDV.
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Fig. 2. Relofion between the sedimentation coefficient and
concentration of e, her. digintegraled NDV.

*, ..,,,\

Fig. 3. Gel precipitation pattern of ether. diginfegrofed NDV (E. D)
1160,000 HA/in 11 wilh a"Ii. NDV robbif ,erum.

3. Sepal'@!ioii of' the 5S component by JulJini<ajio, I

While studying the effect of enzymes on the ether-disinte rated , h
component was found to appear after trypsinization.

0.2 inI of 0.25 per cent trypsin was added to 1.0 inI of ether-dii t d ND
<160,000 HAU/in I) and the mixture incubated at 37'C for 60 min t i 0.01
A4 phosphate buffered saline at pH 7.7 as the reaction medium.

^.

NDV'

(^. n)
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ant, -"D
tmb"Litj

Fig. 4. Antigenicol relationships between ether. disinfegrofed myxovirus
und normol protein in uninfecied charioollantoic fluids.

Table 2. Comparison of protein content per HAU of virus particle
and ether. diginfegraled NDV

No. exp

11VJ

(a. Di

2

42.

virus particle
IV. Pi

3

I I X I 0~'"91HA

As shown in Fig. Ib, the sedimentation pattern of the trypsinized preparation
at 20,410 rpm differs from that shown in F10. Ia. The 160S and 47S components
are scarcely recognizable but instead one component with a faster sedimention
rate (ca. 1,000S), which is probably an aggregate, is observed. Another very slowly
sedimenting component in contact with the meniscus is also seen. The latter coin-
ponent did not appear until a much higher speed was attained. Fig. it shows the
sedimentation pattern at 59,780 rpm of the trypsinized preparation. The sediment a-
tion constant of the latter peal< was calculated to be 5.4S.

The jinmunological identity of the 5S component was tested by the gel pre-
cipitation reaction. The trypsinized preparation was centrif uged at 40,000 rpm for
60 minutes and the supernatant and the sedimented fractions, suspended in the
original volume of saline, were diffused against anti. NDV rabbit serum, placing
the untreated sample on the same plate as the control CFig. 5).

The supernatant, containing only the 5S component, gave only a R precipi-
tation line and the sediment produced H, S and narrow R lines. It is unknown

Virus particles were purified by one cycle of differential centrif ugotion
OS described in MATERIALS. The ether-disintegrated preparation used was
the super notont of the centrifugation at 12,000 rpm for 15 minutes, de-
scribed in Table I

9.0

6.0

ether-disiniegroied
preparation IE, D. I

,/

,/

I 5 x 10~*"91HA

1.5

1.2

,/

If

VPIE. D

7.3

6.0

50
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whether the R component in the sediment fraction is undi ested and still coin-
bined or contaminated with free R component. From the ex erimeiit, however,
it is certain that the 5S component found in sedimentation anal .sis of the tr
sinized sample is jinmunologically identical with the R coin orient in the a ar of
precipitation test.

4. Fractionalion of 81her-of ifii!!egr@!ed NDP by zone 818,170phoitJi$
Two inI of ether-disintegrated NDV <100,000 HAU/inI) were fractionated by

zone electrophoresis under the conditions described in the revious section. The
distributions of protein content and hemagglutinating activit are shown in Fi . 6.

HA/in!

Fig. 5. Antigenicol relationship between trypsinized and untrealed ether-
diginfegrofed NDV. The trypsinized sample was separated info a
supernotonf and sedimented fraction by cenlrifugotion of 40,000
rpm for 60 minutes.

antt. "inV
(rabbtti

t rip. Lnt -
80d -, ed.

NDV '

re. D. I

trtp"*nt-
ECd -. up.

300 IJg/inI

200

100

; I ~',.
; ' .>,,. 400

I' ,, ,o0
,,,,,,,,' '.*,,/:"" ,,.,._., ,,. 200

0 15

.-.-.-.-.

Distance of migration

Fig. 6. Zone elecirophoresis of ether. digintegroted NDV 1160,000 HA/in 11. Electrophoresis
was carried. out o12 inA1cm2 and 20 volts/cm for 14 hours of 4'C, in a vessel
130 X 3 X I cm).

Solid line; protein content, Broken line; hemogglufinofing odivify.
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The results indicate a separation of hemagglutinating fraction <to the anode
side) and non-hemagglutinating fraction <to the cathode fraction>.

'The behaviour of these fractions against anti-NDV rabbit serum was coin-
pared with that of an unfractionated sample by agar gel precipitation analysis.
(Fig. 7)

Y. HOSAKA, Y. HOSOKA\VA. K. KA\VAT AND K. FDKAl

R

S

anti-NDV
IFabbitl

non- HA
froc

The hcmagglutinating fraction formed R and H precipitation lines though
often H was scarcely recognizable and the non-hemagglutinating fraction, R and
S lines. As R line is shown in both fractions, it appears that line H represents a
hemagglutinating unit and S, an s-anIgen. Thus the precipitation lines have been
tentatively designated as H (hemagglutinating unit), S <s-antigen) and R <rapid
diffusible respectively, as shown- in Fig. 7. At present it seems advisable not to
define the biological identities of the antigenic components conclusiveIy because
the role or the R component and the significance of the coexistence of the R
component with both the H and S components are still unknown.

5. Hilligeiiir re!altoi!chill heirueen e!hey-diff?negra/ed NDP and Ihe original aji'ur particle. ,

As reported in the previous paper (Hosaka at a1. , 1960a), the antigenic rela-
tionship between ether-disintegrated HVJ and the original virus particles
recognized and useful for the identification of antigenic components. With NDV,
the same type of investigation planned. Ether-disintegrated NDV <160,000
HAU/inI) and original virus particles <32,000 HAU/in I) were diffused against
anti-NDV serum.

Fig. 7. Antigenicol relationship between fractions separated by zone
eledrophoresis and the unfracfionafed sample.

,

NDV
unf roc

H

H

HA

froc

was

was
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Fig. 8. Antigenicai relationship between elker-disinfegrofed NDV
1160,000HA in11 and o, igi"o1"irus particles 120,000 HA in11.

As shown in Fig. 8, the original virus particles contained a little of R coin-
ponent and gave a precipitation near the antigen well. The latter was situated s
close to the well, that it was impossible to see the anti enic relation h' b t .
the precipitation and the S or H lines clearly, althou h in the Fi ., it
to ruse partially with line S. Its precipitation seems to be due to virus rt'cl
themselves and the difficulty in its identification seemed to be due t th I ' t
of diffusion of the particles.

6. The ateci q/' o1k@If tre@!men/ on ether-offJinteg?ated NDP
it is difficult to establish a direct relationship between the coin t f d

on sedimentation analysis and the components found in a ar el diffusion ex e I-
merits except for the 5S component which was easily identified as the R coin or
nent. Therefore an investigation was made of the effect of alterat' 'n th
sedimentation pattern under certain conditions on the el reci it ation at tern.

it has already been stated that trypsinization of ether-disinte rated NDV h
no effect on the whole precipitation pattern though it had a reat effect on the
sedimentation pattern, causing the appearance of the 5S coin orient and the disa -
pearance of most of the components present before the trypsinization.

Then the effect of alkali treatment was studied. Disinte rated NDV
pended in borate-phosphate buffer <pH 8.6, A=0.02) and dialysed a ainst the same
buffer for 24 hours at low temperature.

The sedimentation pattern of the treated sample is presented in Fi . 9a (at
12,590 rpm) and 9b <at 39,460 rpm).

Unlike the pattern of the untreated sample <cf. Fig. Ia) the treated shows 104S,
15S and 12S components. While the sedimentation at tern showed such I g
alteration, the agar diffusion pattern of the treated sam re was on the h I th
same as that of the untreated.

When the treated sample was fractionated by centrifu at ion at 32,000 f
60 minutes, both the supernatant and the sediment fractions showed sim'I '-
pitation patterns in agar gel diffusion experiments, although there was a uantita-
tive difference of their antigen contents.

tL. NDV
( rabbit I

*.

NDV
(e. n) NDV

^
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Fig. 90. Ultracenfrifugol PCflern of ether-disinfegrofed moleriol treated wilh o1koli of pH
8.6, photographed at 20,410 rpm of intervals of 240 seconds.

9b. Ultracenfrifugol pattern of the same sample o1 39,460 rpm of intervals of 240
seconds.

The results suggest that particles containing the same antigenical components
vary in size with the conditions employed.

DISCUSSION

In preparatioiT of ether-disintegratcd NDV, it was difficult to obtain as high
hemagglutinating actitity as in the preparatiun of ethei. -disintegrated HVJ. The
hemagglutinating titer of ether-disintegrated NDV was the same or a little higher
than that of the orioinal virus suspension. This might be due, at least in part, to
the fact that about 6 hemagglutinins are liberated from a virus particle of NDV,
while about 10 hemagglutinins are liberated from a particle of HVJ <Hosaka at
a1. , 1960a). The hemagglutinins of NDV may also be more sensitive to ether
treatment.

On ultracentrifugal analysis, disintegrated NDV showed two components with
S20, w values of 160S and 47S. After trypsinization, the sedimentation patterns
changed greatly and a new component of 5S appeared. Trypsinzation did not
affect the gel precipitation pattern of the sample and the 5S component was
identified jinmunologically as the R coinponcnt. However the situation and role
of the R component is still uncertain. When ether-disintegrated material was
separated into hemagglntinatiiig and non-hemagglutinating fractions by zone elec-
trophoresis, the R component was found in both fractions. Further, the occurrence
of various sizes of particles, containing the same antigenical components was sug-
gested by alkali treatment experiments. To establish the relationship between the
sedimenting and antigenical components and their biological activity, further work
is required.

The effect of trypsinization on ether-disintegrated other myxoviruses differed
from in the case of NDV. Witli HVJ there was loss of antigenicity and a change
in the sedimentation pattern in the influenza. virus PR8 strain <Hosaka at a!., 1960b),
the sedimentation pattern was altered, but no smaller component war liberated
in both cases.



Further, as with other myxoviruses, the disintegrated sample and the virus par-
ticle of NDV contain a fourth antigenic component which was identified antigeni-
cally as the CAF protein of normal chorioallantoic fluid in developing eggs. These
results are consistent with the finding of Knight (1946) that influenza virus grown
in the chorioallantoic fluid is antigenically related to normal protein.

The alteration in the sedimentation pattern of ether-disintegrated ND\/ at pH
8.6 may be related to a in orphological change in the "Untereinheiten des NDV"
on alkali treatment as described by Schafer and Rott (1959).

Valentine and Isaacs (1957) reported that in ND\I ribonucleic acid has a ring-
like structure and is surrounded by a trypsin sensitive shell. It would be interest-
ing to find out how the trypsin-sensitive shell is related to R component.

Recently Horn at a1. (1960) worked on the structure and composition of ND\'
using the negative staining method. it requires further studies to establish the
relationship or the subunits described here and the ultrastructure of the virus parti-
cles they described.
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