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BIKE:.:'S JouRN, \L 4,243-254 (1961)

The Structure of HVJ*

11. The Fine Structure of the Subunits

YAsuHiRO HosAKA, YosniMi NisHi AND KONosuKE FUKAi

h was 10/11td Ihat cihcr disii, tern ation or I{VJ, in the I, rusencc or Emasol, in the cold is an
effective inclhocl for' the preparatioil or aiT RNA containing fraction as well as Ihc hcmaggluiinin
fraciion or Ihc \, Iru*. Tllc line siriicturc or the fractions thus obtainecl \\, as studiecl by the Ilcgativc
staining inclhod

The bulk or the \, it al RXi\ \\, as present in the fraction or the ifeaicd HVJ sedimenting at
12,000ipm (17,000 g). TITis11'action ITad an RNA content or 2.0 - 2.5 per cent, whereas Ihc RNA
conteitL of the original \, irus particles was 0.75-1.0 put cent, and 11 showed a SPCcilic gel cliffusion

ai, d setlimcntatioil paltcrn allhougl, contaminated with a small amount of hemaggluiinin
TIT negatively stained prcparatioits the \, Irus particles of HVJ hatl vaiious shapes and SIzcs or

1500 - 6000 A width. The particles ITacl a surfacc layer, 60 - 90 A thick with projections of 130 -
150 A ICngtlt and 10 - 20 A \\, idih. irisidc the surface layer, inner strandcd materials wetc seen

Thc hemagglutinin fraction ITas I, articles or 450 - 550 A \\, idth and greatcr length with ap-
proximateIy 500 A \vidIh, will, pro^Ciions similar' 10 111DSC o1T Ihc surface of Ihc intact \, irus pariicles
These pailiclcs seemed to form the outer envelope of the intact virus particles by conncct willt cacll
o1hei

The RNA coniaiiting11'action consisted mainly oldoublellclicalsiructurcs o1175 - 190 A \\. Idth
and varying Iengtll ancl seemccl to Form Ihc inner structure or Ihc intact \, irus particles. The
non-hemagglutinii, ITactioi, consisicrl of maifj, loosened or unwound helical strands, possibly derived
from the original hclical situcturc of the RNA-coniaining fraction. anti Furihci or the clotiblc helical
SII'ucturcs aitd litc in activatecl hemaggluiinins

The significance or these findings \\, as cliscLissccl

INTRODUCTION

Delay!111e, 11 of Pre, elf !I', e Aledrti"e, Tile Refe"FC/I In$11'11!!CJDr
A1^^robih! DifedJer, 0$aka Uniuerri!I, 0, aka
(Refeiued/or A1b!^^all'on, Ahaember 14,1961)

SUNIMARY

In a previous report (Hosaka at a!., 1960), Emasol-ether disintegrated H\/J
were separated Into hemagglutinating aiLd non-hemaggluiinating fractions by
adsoi'pLion onto and elutioil froitT fowl red cells and the fiactions \\, erc studied
ultracentrifugally, in orphologically and jinmunologically.

SUI>sequently the alithors studied the localization of viral RNA in the fractions
of HVJ disintegrated I)y the Emasol-ether method. The fine structures of the
viral subunits thus obtained \\, ere identified and studied by the neoativc staining
technique.

* HVJ is a virus of parainfluenza \, irus I type and so called Sendai \. irus
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The present paper describes these results.

I. Pin's

The Z strain of H\{I was pullficd and concentratecl from Ihc infoctcd chorioallantoic Huicl by
two cycles of cliffcrential centrifuuation. The purified \, irus was suspended in 0.01 A1 phosphate-
buffered saline (pH 7.2). 'The virus liter \\, as expressed as the hemagglutinating titer. The
hemaggliiiinating test was describecl In the pre\, IOUs repoit (Hosaka at a!., 1960)

2. Piepara!ion of $1,611"i!J of HPJ

The principle is similar 10 that <1escribed in the pre\, jous report (Hosaka at a!., 1960). The
disiniegrated H\;J was prepared by mixing 100 inI of H\;I suspension (16,000 HAU!inI) \\, ith an
equal volume of anaesthetic ether in the presence of 160 ing of Eruasol in the cold for. 10 minutes

HOSAKA, NISHl .\ND EUKAl

A. IATERIALS AND METHODS

Table I. Fraction of Ether Diginfegrofed F1VJ

100 inI of eiher disiniegroied HVJ

centrifuged o1 12,000 rpm
iserv011.17,000 91 for
15 minuies

Supe rnoiani

centrifuged at 40,000 rpm
ISPinco L, 100,000 91 for
90 minuies

The first and second
adsorbed red cells

washed twice wilh cold saline,
incuboied at 37'C for 90 minutes

and Ihen centrifuged o13,000 rpm
for 10 minuies

Pelleis

suspended in 20 in I of PBS
und then centrifuged o1
3,000 rpm for 10 in!nutes

"40,000 rpm
Sediment I roclion'

successively adsorbed wiih
20 inI, 20m1,15 inI and 5inI
of packed fowl red cells

Eluoie

centrifuged o140,000 rpm
ISPinco L. 100,000 91 for
90 minutes

Pellets

Sediment

suspended in PBS and centrifuged
o14,000 rpm for 10 minutes

Suspension

"hemaggluiinin I roclio n' '

suspended in
pH 9.8 medium
and centrifuged
o1 3,000 rpm
for 10 minutes

Final super natani

centrifuged o1 40,000 rpm ISPinco L.
100,000 91 for 60 minutes

Suspension

"RNA containing"
Irociion

Pellels

suspended in PBS and cenlriiuged
o1 4,000 rpm for 10 minutes

Suspension

" N on- hema 991uiinin f rociio n ' '



THE FINE STRUCTURE OF THE SUBUNITS OF H\J

and titcn separating the aqucous layer by centrifugation. The residual ether in the aqLieous layer
was reino\ cd by bubbling LITc solutions willI nitro, ,en or air. The course of the fractional ion is
showit in Table I

3. an!13, ra

TITc rabbiL antiscra against purified H\JJ LIScd \\as the same as that described in the previous
report (HDsaka at a!., 1960)

+. rigar Gel noriiJ!'o11 Iech"icyite

The double difftisioi, Iecllniquc or Ouchtcrloi, y (1949) was cmploycd. 0.7 per cent agar
soluiion in Isotonic sailnc coltiaining 001 per cent inerthiolate was Liscd. 0.15 inI of antigen and
two 101cl dilLiiioi, s or antisera \VCI'c placec17 - 8 min apart in \\, clls or 6.0 ntnl cliantcter and cxamincd
after a \VCck incLibation at 37'C

5. C/!, Init"! dalerii!!'!milo"J

The pro1Cii, content was lit"astircd by Ihc inclhocl or 1.0wry at a/. (1951), 115ing bo\. inc scrum
albumiit as a SIai, darcl. The R\A F1 actioil was cxiiaciccl by Ogur antl Roseii's method aild the
RN, \ coniciit was CStimaiccl by Ihc Orciiiol reaction. us inn VCast R\,\ as a standard

6. Atgdl!"e lid!"!"q ledi"1711,

A slight n, odincaiion or Brcnncr-HOTitc's nlcihod (1959) was LISccl Salnples \\. CTC n. Ixcd
with an equal \OILintc or 2 DCT cciiij, hosphoiungsiic acitl (PT, \, IiH 7.2) after clialysis against I pel
ccnt aminoniuiit acciatc o1' t!1st illctl \vatcr for. 20 it ours for virus pailiclcs. and for 10 houi's againsL
chilillctl \vaicr for other sal, Tplcs. Titq, \\. crc Ihcn ntounicc1 o1t cal. boil coatccl collotlioi} my'ids h
inc con\cntional Inclhucl anti cxaininctlin a Hitaclli, flu 90 ticcti. on nilcioscopc. \!irus articles
\\. crc also mixccl with 2I, CT cunt I, hosplioinolybdic acicl (PAtA) (Bracllcy anti Kay, 1960) and coin
narucl by 111c sailic Inclliotl Lisccl for' PTA

T'hc n, o, 111ic, I techiiiquc of ncgatite stainino I, as I\\. o all\. antagcs ; I) Ihc sponiancously clisrupted
\'11'us I, alliclcs arc re\\, runrcpaiations by this ntcihod, aiTcl2) Tcl'y small ait, Dun[s or samplc is ci]o11gh
for' inc pi'cparatioit or SPCcimcns
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I. fir, c/ of Em(If0/ o11 e/firi-diJiii/ruin/1011 of Hl'I

The prcvious study (HDsaka c/ a!., 1959,1960) showed that ether disinteo'ration
of H\{I in the cold in the presence of Eruasol is ai) effective nTethorl for. the Jrc a-
ration of the hemagglutinin of HVJ. Subsequent studies showed that the hemag-
glutiniiT fraction had Ileglioil)Ie RNA and that the n. o11-hemagrrlutinin fi. action,
prepared as shown in Table I, usually \\, as small and therefore had little RNA.
On the other hand RNA-proteii\ of Influenza \, iruses ITas lieen successfulI , re ar d
as a non-hemagglutiniiT fraction, I^, ether treatment at 37'C for 10n. 'er periods
(Hoyle, 1952; Zillig at at. , 1955; Licf and Henle, 1956\.

Thus it I)ecame necessary to InVCstigate the effects of Eruasol on the ether
disintcgration of H\J in the cold and at I}I, 'her temperatures in detail.

To 15 inI allquots of the purified H\/J suspension were added \, anous concen-
trations of Eruasol in I in I of distilled water. The mixtures were shaken witlT an
equal volume of anaesthetic ether for. 10 minutes in IJaths at 10'C and 30'C, re-

RESULTS



246 HOSAKA, NISHI AND EUKAl

EPGctively. Then the aqueous layers were separated by centrifugation at 2,000 I. pm
for 5In mutes. Half of eaci\ aqueous layer \\, as used directly for the measurement of
protein, RNA and the ITemagolutinatin. ' titer and the other half was recentrifuoed
at 12,000 rpm (17,000 .') for 20 minutes (Servall centrifuge). The protein content
and hemagglutinating titer of the super natants and the RNA content of the pellets
were measured. The values are shown in Flu. I. The orbinal \, irus suspension
used had 730 11gjml of protein, 15.4 11gjml of RNA and a hemagglutinating titer
of 15,000 HAUlml.

o1

10'"91ml

6

Prolein

4

2

104HAU 'n!

,
,

,....~...-....

b:

0051

10'"91'in I

6

6

4

HA

2 ing of Erno, o1/10+HA

Fig. I. Effects of Emusol on Ethe, Disi"fogratio" of HVJ o1 10' C (0) a"d of 30'CIb)

The solid lines represent values for Ihe aqueos layer and the broken lines, for
Ihe super halonls obtained by centrifugation of the oqueous layer o1 12,000 rpm

The abscissa indicates the amount of Emusol per 104 HA of original virus
parlicles

The results show that the higher the concentration of Emasol, the more
material accumulates in the aqueous layer until a certain maximum ; a marked
characteristic of the effect of Emasol on the ether disintegration of HVJ is that
addition of Eruasol to the virus suspension prevents the passage of substances from
the aqueous phase into the Interphase or the ether phase.

Thus Emasol-ether disinteoration is aiT effective method for. the preparation
of an RNA-containino fraction as well as the hemaoolutinin of H\/J. On treat-
merit at 30'C, the hemagglutinatino titer of the aqueous layer was only ITalf of
that on treatment in the cold but the distribution of total protein and RNA was
similar after the two treatments. Therefore the reduction in the Itema. glutina-
ting titer a. t the Iligher temperature seems to be due to loss of hemagglutinating
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activity. If this is the case, the non-hemagglutinatin. ' fraction obtained as shown
in Tanle I at 30'C, must contain Inactivated ITemagolutinin. In fact electron-
microscopy showed that the non-hemagglutinin fraction thus obtained, contained
the same in orphological material as the ITemauglutinin fraction, allhouoh the
non-hemagglutinin fraction obtained in the cold contained a few hemaoulutinin-
like particles.

After treatment in the cold, most ITemao'glutiniiT remains in thc super natant
after centrifugation at 12,000 rpm for. 20 minutes, while ca. 70 per cent of thc viral
RNA was present in Ihc pellets. However after treatment at 30'C and centrifu 'a-
tion a little more RNA rcmains in the supernatant. Therefore the authors used
the precipitate formed by centrifugation at 12,000 rpm of the aqueous layer of the
treated HVJ at 10'C as the RNA-containing fraction and the resultino su er-
natantfo^ preparation of the hemagglutinin fraction. The recoveries of protein and
RNA, ancl the RNA contcnt of the fractions of ether disinteurated HVJ at 10' C
in the prcsence of an optimal concentration of Emasol are prescnted in Table 2.

Table 2. Recoveries of RNA and Protein and the RNA Contents of Frocfions

of Emusol. ether Disinfegrafed HVJ

Recove ries

Protein RNA

% %
100 100

Froclion*

Original virus
pa rlicles

Ernosol eiher-

disiniegroled virus

12,000 rpm
sedimenl

40,000 rpm
sedimeni

hemaggluiinin

80-90

Fractions were sepuroled OS shown in Table I

The precipitate on centrifugation of the aqueous layer at 12,000 rpin ITas
a high RNA content (2.0 - 2.5 per cent). The recovery of RNA fiom the fraction
precipitating at the ILOn-hemagglutinin fraction are relatively low, IJecause thc
RNA content was much reduced when suspensions of the 40,000 rpm pellets and
the non-hemagglutinin fraction \\, ere clarified by centrifuation at 3,000 rpm for
10 minutes. The RNA containin, ' material in suclT fractions seems to lie insoluble
or not readily dispersed at neutral pH. The DNA content of HVJ \\, as negli. 'Ible.

non-hemoggluiinin

15-20

20-25

Contents

RNA/p, o1. in RNA/d"y w. ighl

%
152.0

50 -60

I 0-15

*

25-30

<1

5

2.5-30

<1

%
0.75-1.0
IMean 0,861

04-0.5

-\0.1

20-2.5

4-5

O . 3 -0 .4
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2. Some 1/@/87ties of the fraction piecj#it@/ing at 12,000 IPm

The fraction, described above, precipitating at 12,000 rpm has much RNA.
It was possibile that this fraction might only be a mass of partially disinteurated
HVJ, since it precipitated on relatively low speed centrifugation.

Thus some properties of the fraction and its sedimentation and gel diffusion
patterns were examined. It was dimcult to suspend the fraction at neutral pH,
because it precipitated spontaneously at neutrality. However it was dissolved in
alkaline medium (NaHCO3 - Na2CO3 buffer, 0.02 M, pH 9.8), a soluble suspen-
sion was obtained.

The sedimentation pattern of this dispersed suspeiision showed a single peak
with a sedimentation constant of 130 S. Fig. 2).

248

Fig. 2. Sedimentation Pattern of the RNA-containing Fraction

INOHCOg-Na2CO3 buffer, 0.02M, pH 9.81
The figure shows a single peak of 130 S

Phologroph token o1 intervals of 4 minutes o1 12,590 rpm
in a Spinco E ullracenirifuge.

Next the gel diffusion pattein of this fraction was compared with that of the
fraction precipitating at 40,000 rpm, as shown in Fig. 3.

S

ant i. -

11VJ

11

Fig. 3. G, I DiffJsion Pullern in Agar Gel of the RNA. containing Fraction
and the fraction Precipitating at 40,000 rpm

Both antigens give R. S Grid H precipiiolions and H and S by both
antige. s fuse respectively ; a crossing of H and S precipitation lines
con be seen

2,000
rp", Be

R.

^0,000
r , Be

11
.



THE FINE STRUCTURE OF THE SUBUNITS OF H\, J

Fig. 3 sho\vs that tlTe fraction ITas S, H and R components against anti-H\/I serum
(Hosaka at a!., 1960) and two precipitation lines, S and H willl IJotlT antioens \\. ere

the S line of the 40,000 rpnT fraction \\. as nearer to the antioen \\, ell and
the H line of the fraction precipitatiig' at 12,000 rpm was nearer to the antigen
\\'ell. These results indicate the fraction precipitating at 12,000 rpiTl ITas n)uch
mole of the S component and nTuclt less of the H component. than the fraction
precipitating at 40,000 rpm. Thus it is I}ot merely a mass of partialI disintco'rated
H\{I I)ut seems to lie a true fraction, of \\. ell disintegrated \, irus, containino much
Ri\A material, \\, hich is dullcult to I)e suspcndccl in ncutial it, cdium

This fi. action ITas a Itemaoglutinating titer of approximately 10 HAU PCr
I, g of IJrotein, \-\. hiclt is only half of that of the o1/01nal \, ii. us particles and twenty
to thirty times lowcr 111an that of the ITemau. Iutiniil fractioin

A dissociation of R\/\ anc1 1,101ciil of 101, acco mosaic virus under alkalinc
condition has I)een reported (Schi. am ,/ n/., 1956), nut in our experiments cciitri-
Ttigal studies showecl that vii. al R\/\ \\, as still associatccl willL the 130 S components
in alkaline incdium. 11T these alkalinc conditions, intact H\{I virus particles
dicl ito1 disintcgiate, 11ut Tclaincd Ihcir infectivity anc1 o1hci 1,10100ical I, roperiies

3. 7/1, file J/illc/!!I'd of Ih, t!ii\r11,111c/, nild i/J J"6111/11t

I) '11/1J 1,111'C/f

Photo I sito\\s Ihc finc structure of HVJ \, it LIS particles, \vhiclt had IJecil
dialysecl against distilled \\. ater. I'ITSt, it calT I)c seeiT Ihai Ihc articles ITavc
various shapes and sizes of 1500 - 6000 A \\, Idth. Second, Ihc pal'ticlcs arc sur-
rounded I)y a surface layer of 50 - 90 A thickness \\, illl projections 100 -150 A 10n.
and about 20 A \\, Idc, \vhicll are arranged at a center-to-centcr s aciii^ of 70-
80 A and seem to Iic connected \-vitlt eaclT other at their tips. Third, \\, ithiil the
particles, strands of ajiout 50 A width call I, c sccn as tubular structures in rela-
lively loosely packcd legions

\\'heit thc \, irus particle was suspcndcd 11T I pel' cent anTmonium acctatc and
preparcc1 \\111} FT'A on orids Iiy the conventional mountino ITTcthod, Ihc finc
structure was not so clcai (Photo 2) and the litojcctions \\erc 90 - 140 A long,
and 11Tc inner SITUcturc of strand-Iltalcrials appeals 111c salnc iit 1,011\ preparations.

\ Irus I, aiiicles susper. deci in 0.85 lier cent \aCl and prepared with PTA
and liarticles in aminoniunt a. cetatc ancl I>reparecl \\ith PATA arc shown in Photo
3 and 4, respectively. In Photo 3, the particles of ITreuular form are I. elati\, ely
few and the inner SITUciurc 15 not so clear as in Photo I. In Photo 4, the particles
are similar 11L shape and size to those in Photo I and 2

TIT this nTodificd Inethod, spontaneously disrupted \, irus particles were seldom
seen, \\, hich is in contrast to the case \\'itIT the spray methocl (Home and waterson,
1959). Applying the inodincd itTethod, the clearest figure was on tained \\'hen
the sample was suspended in distilled \\ater.

cross
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2) RA'/I '01/1aii!ing. /I'd 6110/1 (fortio, I ACcipiia/ing at 12,000 libm)
Photo 5a and 5b sho\\,^he RNA contain. ill^ fractioiT at 10\\. and high Inagni-

fication respectively. TIT Photo 5, tul, ular structures, 175 - 190 A wide, like Those
of tobacco mosaic virus (Bren. ner and Home, 1959) are predomin. ant. The tube
has a central hole of 40 - 50 A diameter and a regular. periodicity of 50 - 60
A along the axis. These structures suggest a helical arrangement of strands, I'Dssibly
a double I}elical arra. y, \\, hich can be infered from the a. 1st ance of the pitchs and
the angle dra\\, n Iiy the crossirg of the periodic SLrards. In some places hollo\\,
rings of the same diameter are seen, which are probably sectional vie\\, s of the
helix. The \vidtlT of the ITelical strands \\-as about 50 A.

The size of the these ITelical structures in alkali (NaHCO3-Na2CO3,0.02M,
pH 9.8) \-\, as the same as in a neutial medium (Photo 9), althouglL both samples
were dialyzed aoainst distilled \-\, ater I)e{ore mounting.

3) I\'oil-henmgg/11/1/11n friction (of 7,618 I)
Photo 6 and 7 sho\-v the non-hemagglutinin fraction. Coiled stranded material

of various lendths is predominant and ftinher the same helical structure as seen
in the RNA containing fraction and the same in orphological structure as the
hemauolutinin can I)e observed. The latter seems to I, e hemagglutinins, adsorption
capacities of which to red cells \\, ere Inactivated. The coiled stranded materials
appear. to be loosened or un\\, ound forms of the helical structures observed in
the RNA containing fraction, and the\, still It ave a coil \\, Idth of about 200 A
The loosened or unwound strands ITave a width of approximately 50 A, and this
suggests an arrangement of subunits, IJecause the strands are not smooth IJut
irregular fibres. These loose structures can scarcely I, e seen in the fraction
precipitated at 40,000 rpm (Photo 9) IJefore fraction at 1011 by red cell adsorption
and therefore are considered to IJe the original structures as Inodined during the
separation procedure.

The shadowcast preparations of the non-hemagglutiniiT fraction, showi} in the
previous report (Hosaka at a/., 1960), seenT to contain IJoth the origiiial and the
loosened forms of the helical structure

4) H, niagg/"/*IIJi I'dc/ton
Photo 8 shows the hemagglutinin fraction. \/anous shapes and sizes of the

material of 450 - 900 A calt be seen, Iiut a common feature of them can bc recog-
nized; projections 150 A long and 20 - 35 A \\, ide, similar to those in the surface
layer of intact virus particles are arranged on both sides of strand, 50 - 100 A wide
of varying Iengtl} and sometimes enclosed. Amo11g the \, arious sized particles,
relatively uniform and minimum sized particles of approximately 450 - 550 A can
be seen, \\, hicll seem to be unit hemagglutinin ITaving the capacity of adsorption
to and elutioiT fiom red cells. These findings suggest that the ITemagglutinins of
H\IJ form the outer envelope of intact virus particles IJy connecting \\, Ith eaclT other.

HOSAKA, NISHI AND FUKAl



In Ihc present experiment, the effect of Emasol on ether disintcrrratioi} of
H\11 has I)een anal}, sed. This effect of Eruasol \\, as found to IJe SImila^ in other
myxovirtis in subsequent studies.

The RNA-protCiiT of H\/I tended 10 precipitate readily in neutral media;
much RNA \\, as lost \\, heIT suspensions of \, arious I)ellets fractions of disinteorated
HVJ were clarified IJy 10\\, speed centrifugation. These findinus ITave I\ot yet I)een
reportcd in the preparatioiT of RNA-protein or S antioen of innucnza virus (Hoylc,
1952; Schafer and Zilli0', 1954; A{izutani, 1958; Paucker at at. , 1959; Daveit)ort
,/ n1. , 1960). At present it is unknown \\, hether the findino \\, as due to a eculiar

properties of thc RNA-protein of HVJ or 10 an effect caused I^, Eruasol-ether
disintcgratioil in the cold. The fact that the innei components of RNA ,rotein
released fronl the envelopc of the virus particles of H\/I are very 10no coils of helical
structure in the intact form seems to IJe at least in I, ai. t in favour of the first possi-
I'llity. The fraction contain. intr RNA prepared thus ITad a relatively low RNA
content (2.0 - 2.5 per cent) as an RNA protein, which was considcred to be due
10 containination by other substances, because a fraction of I119her RNA content
was recently obtained I)y chromatographic separation of Eruasol-ether disinte-
gratecl H\/J, thou. 'h it is not Grilli. cly free from itemagglutinin. The details of its
prcparation will lie descril, ed in a forthcomiiT^ report

The ITelical structures in the RNA containing' fraction, which is considered to
lie RNA-protein, shows the surprising I'eoularity and tiniformity of the inner SITUc-
ture of various shapes and sizes of Intact virus I)articles. These ITelical structurcs
of the RNA containing fraction of H\11 are consistent in size and shape with the
helical SLructui'CS of a preparation of spontaneously disrupted Sendai \/irus, o1, serv-
ed I)y Home ancl waterson (1960)

The viral RNA is possiblv embeddcd in the ITclical stl uctuie 11kc tobacco
misaic virus (Franklin, / a/., 1959; Ho\'Ie at at. , 1961). The observed doublelTclical
array docs not Ileccssarily itTean the presence of a double chain of RNA \\, Dund
complement arily as ill DNA, I>ccausc the RNA of influenza viruses witlT all inner

structure of a doul)IC helical array (Ho\, Ie at a/., 1961) has no correspondinu rela-
lion of Iiase like DNA (Schafer, 1959).

it Is Interesting that the dounle helical inner SIIucturc of HV' \-vas nlodined
into a loosened or unwound state during the separatioit of hemauglutinin and
non-hemagglutinin I^, fowl rcd cell adsorption. 11 this ITTodification was caused
I^, the attachmen. t of the ITelical structure to a red cell component, the qucsrion
arises of the relation IJetween the modification and the penetration of the inner
structural components of HVj into the cell.

From the figures of the hemagglutiniil of H\11 showinu that the projections
are arranged on stiands of various lengths or In some cases on enclosed strands,

THE FINE STRUCTURE OF THE SUBUXITS OF H\. J

DISCUSSION
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the composition of the envelope of the intact virus particle of HVJ could be consid-
ered in several ways ; the envelope consists of either longitudinal, Iatitudal, or ran-
do inIy arranged strands with projections. The first possibility Is not consistent with
the occurrence of vaiious length of enclosed strands. If the strands are arranged
at random, the densities of the projections in the surface laver varies from place
to place. Thus the second possibility Is the most probable, I>ut other possibilities
can not be excluded at I>resent. The vanability and ITarsforma1>111ty of the
morphology of the virus particles of HVJ seems to I)e best explained by the second
possibility. The projections of the hcmagglutinin were observed to protrude on
both sides of the strands which seems to IJe caused by disruptioi" of the envelopes
of the intact virus particles, which havc IJrojectim. s protruding from only orc
outer side of the surface layer. On comparison of the hemagglutin. In of other myxo
vi"us with that of HVJ, thus, of Info. nan (H. yl, at at. , 1961) and f. wl pinqu.
virus (Waterson and Schafer, 1961) are a little different; the\, are more uniform
and smaller in size and havc projections arranged radially.

\\Ihen the virus particles of H\{I \-\'ere suspended in distilled \-\, ater, mixed
with 2 % PTA and then dried on the grids, irregular shaped and various sized par-
ticles \\, ere often seen. This fact confirms the fact that the In orphology of such virus
particles as HVJ anc1 1<D\I calt var\,, clepencling upon the medium condition (Fukai
at d/., 1955; Ban. g, 1948), allhouglT evenlnHucii. za virus particles ITa\, e various forms
when observed I)}, the mountin. method \\, itIl PTA after dialysis against distilled
water. The surface layer of the particles \\. as a little thicker than. that described by
Home 81 a/. (1960). This nay lie due to a difference in the method \ised for I, I'epara
lion of the specimen.

The aut1}o1's are no\\, studyiiT^ the relatioiL I)etwecn the fine structural coin-
ponents and the antigenical components detected by the gel dintision technique.
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Photo I. Virus Particles of HVJ Dialyzed against Distilled \\later and Embedded in PTA

Various shapes and sizes of particles and a well-defined surfacc layer and projections
can be seen. Mag. x 118,000

Photo 2. Virus Particles of H\{I Dialyzed against I per cent Ammonium Acetate and Embedded
in PTA

THE FINE STRUCTURE OF THE SUBUNITS OF H\{I

A, lag. x 118,000

Photo 3. \Iirus Particles of H\{I Suspended in 0.85 per cent NaCl and Embedded in PTA
Mag. x 118,000

F11o104. \;irus Particles of HVJ Dialyzed against I per cent Ammonium Acetate and Embedded
iil PATA.

The figure is essentially the same as the preparations in PTA Mag x 118,000

Photo 5. The RNA Containing Fraction of H\11 Dialyzed against Distilled Water and Embedded
in PTA

Xiany double helical structures can be seen. A is interpreted as being a helix viewed
al, rig Ih" arts. Xing. xi95,000(,), x354,000(b)

Photo 6.7. The Non-hemagglutinin Fraction of HVJ Dialyzed against water and Embedded in PTA

Unwound or loosened helical structures are seen. In the lower left or Photo 7, a clear
unwound single strand can be seen. Mag. x 195,000

Photo 8. The Hemaggluiinin Fraction of H\IJ Dialyzed against Distilled \.\!ater and Embedded in
PTA.

EXPLANATION OF PHOTOGRAPHS

Photo 9

A, lag. x 19,500

The 40,000 IPm Sediment Fraction of HVJ Dialyzed against Distilled Water and Embedd-
ed in PTA

Both Ilemagglutinins and helical structures are seen. A shows a part of intact eru, elope.
A{ag. x 19,500
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All photographs were printed in a reduced scale (4 : 5) of
e magnifications described in "Explanation of Photographs".




