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ABSTRACT

Immunoprecipitin reactions in cellulose acetate were exémined by
studying the immunological relationships among viruses within the Myxovirus
group, which included: influenza A/PR8, A/FMl/Can/53, A2/Can/57, A2/Hong Koné
/1/68, A/Equi 1, A/Swine, A/Duck, influenza B/Can/5/66, and parainfluenza
Sendai. Homologous and cross immunoprecipitin reactions were carried out by
diffusing virus particles and virus soluble antigens against specific anti-
influenza antisera from convalescent andAhyperimmune rabbits, and from hyéer-
immune roosters. In homologous reactions, a distiﬁct virus-épecific preci-
pitin band pattern was demonstrated for each virus strain.

During these studies, certain aspects of immunoprecipitin re-
actions were clarified:

1. Virus-specific immunoprecipitin reactions were identified
and differentiated from host (CE) ~specific ones in the majority of immuno-
precipitin reactions by comparison and by cross reactions with a host (CE)
-specific antigen antibody system analogous to the virus system. Antiviral
and antihost convalescent rabbit sera, and ﬁyperimmune rabbit antisera
absorbed with N-CAM did not possess‘detectable antihost antibodies against
N-ALF ox agéinst N-CAM soluble antigens, but hyperimmune rooster sera did so
against N-CAM soluble antigen, but not against N-ALF. All immunoprecipitin
reactions between virus antigens and antisera devoid of antihost antibody,
were considered to be virus-specific, even though purified viruses contained
detectable host contaminants.

2. SDS and DOC caused non-specific precipitation of serum

components and of virus components which could be confused with immuno-



precipitin reactions. Nonidet P40 caused a characteristic non-specific
precipitation, which was distinct from immunoprecipitin reactions. It was
used to disrupt virus particles, in preference to the other surfactants.
3. Non-specific inhibitors present in normal and immune sera,
weakly precipitated some influenza virus components in virus particles.
Inhibitors were tentatively identified in immunoprecipitin reactions on
the basis of susceptibility to V. cholerae filtrate RDE and to periodate.

Strongly precipitated components such as the major influenza A type-specific

component were precipitated by antibody, demonstrated to be a 7 S gamma-

globulin.

The major type-specific coﬁponent was identified in all influenza
A strains studied and was distinct from that of influenza B or parainfluenza
Sendai. It was antigenically identical in virus particles and in virus
soluble antigens, and>appeared to be the same as the type-specific component
identified by Schild and Pereira (1969) as the RNP. However, evidence suggests
that the major type-specific component may not be the RNP, but may be the
major or membrane protein ('M') recently isolated and described (Kilbourne
et al., 1972)

A second group of influenza A type-specific components, less strong-
1y precipitated than the major one, appeared tb be antigenically the same in
virus particle and soluble antigens, and could be the type-specific RNP complex.

A third component found only in virus soluble antigen may be a
non-structural one.

The major influenza A type-specific component demonstrated strain
heterogeneity in immunoprecipitin cross reactions between influenza A virus
particle and soluble antigens, and respective immune sera. This heterogeneity

cannot be easily resolved by the type-specific complement fixation test.



Similar strain heterogeneity was also demonstrated by the less strongly pre-
cipitated type-specific components in virus soluble antigens.

The identity of secondary virus antigens, which included all but
the primary or major type-specific one, was not established by immunopreci—
pitin tests. However, relationships among influenza A strains revealed by
cross reactions among secondary antigens agreed with established ones, and
disclosed others not previously demonstrated. The nature of these relation-
ships is discussed. A comparison is made with relationships revealed by
HAT tests.

A survey of 15 species of normal animal, avian, and human sera by
immunoprecipitin tests in cellulose acetate using virus particle antigens,
revealed an extremely high incidence of precipitins agaiﬁst a broad ?ange of
influenza A virus strains; the most prevelant being against A2/Hong Kong/1/68
and A/PR8.

Treatment of the normal sera by trypsin-heat-periodate, NaIO4,
V. cholerae filtrate RDE, or kaolin, eliminated the precipitins in the major-
ity of sera, suggesting that they were non-specific inhibitors. Complementary
HAT tests of the treated sera confirmed the presence of inhibitors. However,
in a number of sera, these treatments did not eliminate, or only altered,
anti-influenza precipitins, and their identity as antibody or inhibitor
could not be established unequivocally by the criterion of sensitivity to
the treatments. Similarly, residual HAI components remaining in treated
sera could not be unequivocally identified, but, the persistence of both
precipitins and HAI activity in treated sera strongly suggested the
presence of antibody.

Precipitation of the influenza A major type-specific component

in virus soluble antigens by human 7 S gamma-globulin was demonstrated to



be virus-specific and antibody initiated. It was established as a reference
reaction to identify similar immunoprecipitin reactions occurring between
"wirus soluble antigens and normal or immune sera.

Thus, precipitins in normal animal sera were identified as anti-
influenza antibody by demonstrating that the precipitin band formed between
normal sera and influenza A type-specific antigen (SA) linked in identity
with the type-specific reference reaction. Continuation of the linkage to a
reaction occurring between type-specific antigen and known influenza anti-
serum, such as convalescent phase human, gave further proof that the precipi-
tin in the normal sera was antibody. The demonstration that influenza A
type- and/or strain-specific complement.fixing antibodies were present, was
additional evidence that normal sera contained anti-influenza A antibodies.

Using the criteria evolved, it became clear that the type-specific
precipitating antibodies against A2/Hong Kong/1/68 and against A/PR8 soluble
antigens were found in only a few sera of five species of animals: cat, dog,
rabbit, goat, and chipmunk. Complement fixing type- and/or strain-specific
antibodies against A2/Hong Kong/l1/68 were found in six species: cat, dog,
rabbit, fowl, sheep, and cottontail rabbit.

The epidemiological implications of the results from thé animal
serum survey are discussed.

The effects of the different inhibitor inactivation treatments
on precipitins and hemagglutinin inhibitors in the sera of different species
are presented.

These investigations have revealed that the immunoprecipitin test
in cellulose acetate is a valuable complement to existing serological’

methods for immunological studies of influenza viruses.



CONCLUSIONS

Established antigenic relationships among influenza A viruses were con-
firmed by immunoprecipitin tests in cellulose acetate, and new relation-
ships were revealed (Fig. 8). The influenza A major type-specific compo-

nent was demonstrated to be antigenically heterogeneous. (Part I,

pp 171-216)

Because ofi its strength and heterogeneity in immunoprecipitin reactions,
the influenza A major type-specific component is thought to be the

membrane protein ('M') of the virus rather than the ribonucleoprotein.

(Part I, pp 243-248)

Sodium dodecyl sulfate.and sodium deoxycholate should not be used to
disrupt virus particles for diffusion in cellulose acetate, because
non-specific precipitation of serum and virus components by these surf-

actants interferes with immunoprecipitin reactions. (Part I pp 144-148)

Non-specific inhibitors in both normal animal sera, and in the sera of
animals immunized against influenza, weakly precipitate at least one
influenza A virus component. Precipitins which are eliminated by

V. cholerae filtrate RDE, sodium metaperiodate, or trypsin-~heat-periodate
are tentatively identified as inhibitors. The influenza A major type-
specific component is not precipitated by inhibitors, but by a 7 S gamma

globulin. (Part I, pp 134-143; Part II, 345-350, 359-361)

In both immunoprecipitin and hemagglutination inhibition tests, the
treatment required to eliminate non-specific inhibitors of influenza A
viruses from normal sera varies according to the animal species and virus

subtype. (Part II, pp 338-350)

.




Only a few individual sera from fourteen animal species examined in
the Ottawa area possessed precipitins which could be identified as
anti-influenza antibodies. Therefore, a reservoir of human influenza
virus does not exist in these animals. (Part II, pp 370-380, 385-390)
The natural transmission of influenza viruses between animal and man
must be demonstratéd in order to establish that a reservoir for human
influenza exists in animals. Surveys such as the one reported in this

thesis are required to indicate which animal species could be potential

resexrvoirs.
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ABBREVIATIONS

The following abbreviations are commonly used throughout the text.

chick embryo

chick embryo allantoic fluid

normal chick embryo allantoic fluid

virus infected allantoic fluid

chick embryo chorioallanfoic membranes

normal chick embryo chorioallantoic membranes

soluble antigen, extracted from chorioallantoic membranes
soluble antigen extracted from virus infected chorioallantoic
membranes

soluble antigen extracted from normal choriocallantoic membranes
virus coneentrate suspension prepared from virus infected al—
lantoic fluid by differential centrifugation

ten-fold virus concentrate suspension

one hundred—-fold virus concentrate suspension

two hundred-fold virus concentrate suspension

virus concentrate purified by sucrose density gradient
centrifugation

virus concentrate purified by potassium tartrate density
gradient centrifugation

normal allantoic fluid concentrated one hundred fold by dif-
ferential centrifugation

normal allantoic f£luid concentrate purified by sucrose density
gradient centrifugation

supernatant fluid
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F

IN

IM
RAs-IN
RAs-IN/V
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hRAs/V
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normal serum
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rabbit
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convalescent rabbit serum

convalescent serum of rabbit intranasally infected with virus

‘convalescent' serum of rabbit intranasally exposed to normal

allantoic fluid

hyperimmune rabbit serum

hyperimmune éerum of rabbit parenterally immunized with virus
as above, but absorbed with normal chorioallantoic membranes

hyperimmune serum of rabbit parenterally immunized with normal

allantoic fluid

hRAs/N-ALF abs as above, but absorbed with normal chorioallantoic membranes

hFaAs
hFAs/V

hFAs/N-ALF

RBC
n-saline
PBS

STE buffer
Tris

EDTA

hyperimmune rooster serum
hyperimmune serum of rooster parenterally immunized with virus

hyperimmune serum of roostex parenterally immunized with normal

allantoic fluid

red blood cells or erythrocytes

physiological saline (0.85% NaCl in distilled water w/v)
phosphate buffered saline

saline — tris - EDTA buffer (Pons and Hirst, 1968)

Tris (hydroxymethyl)aminomethane

ethylenediamine tetraacetic acid



DOC
NP 40

SDS

NaIO4

IDD

HA test

EIDSO
EM

PAGE
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Nonidet P40

sodium dodecyl sulfate

trypsin - heat - periodate (serum treatment for inhibitors)

receptor destroying enzyme as V. cholerae filtrate (serum treat-

ment for inhibitors)

sodium metaperiodate (serum treatment for inhibitors)
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hemagglutinin

hemagglutination test

hemaéglutinating units with respect to the hemagglutination test
hemagglutination inhibition test

complement fixing

complement fixation test

egg infecting dose of virus, 50% endpoint

electron microscope

polyacrylamide gel electrophoresis



INTRODUCTION

During investigations of'immunological aspects of influenza
A/PR8 infection, Johnson and Westwood (1965) using a newly-developed,
highly sensitive technique of micro-immunodoublediffusion in cellulose
acetate (Johnson et al., 1964) , observed that normal sera of a variety
of domestic animals contained precipitins which reacted with strain—
specific V antigens of diffusing influenza A/PR8 whole virus particles.
Further investigations led to the conclusion that the precipitating
component was antibody because it identified with a corresponding éomponent
in convalescent rabbit serum (Johnson and Westwood, 1968) , and it was

found to be present in the gamma-globulin fraction of serum (Johnson and

Westwood, 1969).

The animal species tested, rabbit, guinea pig, goat, and sheep,
are not known to be susceptible to natural influenza virus infection, but
the presence of precipitating antibodies to a virus absent from the human
popﬁlation since 1947 implied unsuspected infection of these animal species,
and a wider distribution of Myxovirus among domestic animals than had been

revealed by standard serological testing.

The present work investigates the implication of these findings
with regard to the epidemiology and possible animal reservoir of Myxovirus

infections. The study was divided into two parts.



Examination of the immunodiffusion reaction in cellulose
acetate by studying the immunological relationships of
viruses within the Myxovirus group, and comparing them
with those revealed by standard serological testing.

The study was confined mainly to the influenza A group.

By this immunodiffusion technique, normal animal sera

were surveyed to determine the incidence of reactivity

to selected Myxovirus antigens.
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LITERATURE REVIEW

Interrelationships of Influenza Virus Antigens

Influenza viruses are a group of myxoviruses causing the respi-
ratory disease influenza, or related manifestations, which may occur as

-

major epidemics in humans and a host of animal and avian species.

Classification

Influenza A viruses, along with types B and C, were included
with Newcastle disease virus (NDV), fowl plague virus (FPV), and mumps
virus in the original group designated myxovirus by Andrewes, Bang, and
Burnet (1955). They described myxoviruses as a moderately sized (60 -
200 nm diameter) group of animal viruses, having specific affinity for
certain mucins, a sensitivity to inactivation by ether, and the ability
to adsorb to, and to agglutinate, erythrocytes of fowl and other
vertebrates by attachment to mucoprotein receptors, with subsequent
spontaneous elution from those sites by means of an enzyme-like.action
(virus-associated neuraminidase). By electron microscopy, pleomorphic,
but usually spherical pérticles were observed, whose lipoprotein envelope.,
radiating regularly arranged projections, enclosed the nucleocapsid
pPossessing helical symmetry (Horne et'al., 1960; Hoyle et al., 1961),
which consisted of ribonucleoprotein (RNP) (Hoyle, 1952; Ada and Perry,

1954; Frisch-Niggemeyer and Hoyle, 1956; Waterson, 1962, Cruickshank, 1964) .




These  viruses were subdivided into two groups on the basis of
differences in biological and morphological characteristics (Andrewes
and Worthington, 1959; Waterson, 1962; Andrewes, 1964; Waterson and
Almeida, 1966): subgroup I, the influenza group, consisting of
influenza types A (human and animal strains), B, and C; subgroup II,
the Newcastle disease virus group (NDV), consisting of NDV, mumps, and
parainfluenza viruses. A group resembling myxoviruses morphologically,
were designated pseudomyxoviruses, and includes measles, rindexpest,
distemper, and some bovine parainfluenza 3's. Melnick and McCombs (1966)
and Melnick (1971) have designated the influenza group as orthomyxovirus; and
in the group designated paramyxovirus, they have included the NDV group,
the medipest group (measles, distemper, rinderpest), and simian para-
myxoviruses. Major differentiatiné properties of these groups are.found
in Table 1 (Melnick, 1971). The comparative properties of the influenza
and NDV groups have been extensively reviewed (Hoyle, 1968; Robinson and
Duesberg, 1968; Scholtissek et al., 1969; Wilner, 1969; Blair and
Duesberg, 1970; Kingsbury, 1970; Bariy and Mahy, 1970), and will not be

detailed here.

Influenza viruses, notably type A, are the cbjects of this

study, and will therefore be the main viruses discussed.

The influenza group is divided into types A, B, and C, the main
criterion of differentiation being the type-specific internal ribo-
nucleoprotein (RNP) antigens (WHO Expert Committee on Influenza., 1953,

1959), also known as the 'S' (Hoyle, 1952; Lief and Henle, 1956), or
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‘Gebundenes' (G) antigen (Schaffer, 1957; Rott and Schafer, 1964), which
was detected by the type-specific complement fixation test (CF) (Hoyle,
1948; Lief and Henle, 1959). It was demonstrated in NDV by imﬁunodiffu—
sion in agar gel (Rott and Schafer, 1964). Influenza type A infects
human, animal and avian species, whereas types B and C infect only humans

(McQueen et al., 1968; Pereira, 1969).

Apostolov and Flewett (1969) suggest that influenza C may need
to be separated taxonomically from types A and B, because the diameter of
its internal RNP helix is larger (9nm) than that of type A (6nm), and
because of other morphological and biolpgical differences not in keeping

with those of influenza A and B.

Each influenza virus type was further subdivided into subtypes
or strains on the basis of species of origin, and the predominant,
strain-specific envelope or V antigen complex, detected serologically by
the hemagglutination inhibition test (HAI), or by the strain-specific
complement fixation test (WHO Expert Committee on Influepza 1953, 1959).
The strains were also designated by geographical origin, strain number,

and year of isolation.

Type A viruses demonstrated the most variation, forming a
complex group of subtypes infecting man (a0, Al, A2), animals (swine,
equine 1, equine 2}, and birds (FPV, N, tern, duck, turkey, etc) (see
Review, Part II for description of these) , whereas there were only a few
B strains and one, or possibly three, type C strains (Hoyle, 1968; Pereira, 1969} .

All were fully described by Andrewes (1964). Tables conveniently categorizing



influenza viruses in this way have been compiled (Rhodes and Van Rooyen,

1962; Hoyle, 1968}.

The most recent classification of influenza viruses was proposed

by the WHO . Comm;ttee on Influenza Virus Nomenclature (1971). It re-
tains as much as possible of the old system of classification described
above, but incorporates information which has recently come to light.

In addition to the species of origin, and the type~specific RNP antigen
(A, B, or C), two virus-coded surface antigens, formerly associated

with the V antigen, are considered separately, the hemagglutinin and the
neuraminidase, the latter recently isolated and characterized (reviewed

by Webster and Laver, 1971; Kilbourne et al., 1972). These surface
antigens are morphoiogically (Drzeniek et al., 1968; Laver and Valentine,
1969; Webster and Darlington, 1969) and immunologically (Seto and Rott,
1966; Webster and Laver, 1967) distinct from each other, and undergo
independent antigenic variation (Laver and Kilbourne, 1966; Kilbourne,'
1968 ; Webster et al., 1968; Easterday et al., 1969). The neuraminidase
antigens are detected and differentiated by the neuraminidase inhibition
test (NAI).(Webster and Pereira, 1968). Immunoprecipitin tests in agar
gels are considered to be complementary alternatives to the standard
complement fixation test (Beard, 1970; Schild aﬁd Pereira, 1969),
hemagglutination inhibition (HATI) (Schild, 1970) , and neuraminidase
inhibition (NAI) (Schild and Pereira, 1969; Schild and Newman, 1969) tests.
The use of monospécific antisera against isolated ribonﬁcleprotein,
hemagglutinin, and neuraminidase antigens derived from appropriate

reference strains is recommended.



Strain-specific antigenic characteristics of reference
influenza A viruses are divided into eight neuraminidase sybtypes and
fifteen hemagglutinin subtypes distributed amongst strains originating
from four host species: human, swine, equine, and avian (Table 2 from
WHO Committee on Influenza Virus Nomenclature 1971). Hemagglutinins
and neuraminidases of human strains may be similar to, or identical with,

those of strains from non-human hosts. This table will be referred to

as the discussion proceeds.

The relationships illustrated in Table 2 depend upon immuno-
logically demonstrating three distinct gharacteristics for each strain in

this group, ribonucleoprotein (RNP) , hemagglutinin (HA), and neuramin-

idase (NAa).

L.

Influenza viruses are morphologically distinggishable from
other enveloped RNA viruses (Horne et al., 1960; Hoyle et al., 1961),
type C can be distinguished from types A and B (Apostolov and Flewett,

1969), but influenza virus subtypes or strains can not.

However, influenza strains can be characterized, and relation-
ships amongst them determined, by examination of antigenic similarities
and variations. This involves an analysis of the structure and bio-
logical function of viral components as isolated subunits, and as the
integrated virus particle, which may be accomplished visually (by EM)
chemically; and immunologically. Many recent publications excellently
review the'voluﬁinous amount of literature related to this subject (for.
example, Duesberg and Robinson; 1967; Robinson and Duesberg, 1968; Hoyle, 1968;

Pereira, 1969; Scholtissek et al., 1969 Blair-and Duesberg, 1970;
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PABLE 2. Antigenic characteristics of reference influenza A viruses*

(from WHO Committee on Influenza Virus Nomenclature, 1971)

Neuramin- s
jdase Hemagglutinin subtypes

Subtypes HO H1l H2 H3 Hswl Heqgl Heg2 Havl Hav2 Hav3 Hav4 Hav5 Hav6é Hav7 Hav8

N1 1 2 5 ‘
N2 3 4 14
Negl 6 8 10
Neg2 7 15
Navl 11 12
Nav2 13
Nav3 . 9

Nav4 16

*previous designations:

1 = AO/PR/8/34 9 = A/turkey/England/63

2 = Al/FM/1/47 10 = A/chicken/Germany N/ 49
3 = a2/Singapore/1/57 11 = A/duck/England/56

4 = A2/Hong Kong/1/68 12 = A/duck/Czech./56

5 = A/swine/Wisconsin/lS/BO 13 = A/tern/South Africa/él
6 = A/equine-1/Prague/56 14 = A/turkey/Mass./65

7 = A/equine-2/Miami/63 15 = A/duck/Ukraine/1/63

8

= A/FPV/Dutch/27 16 = A/turkey/Ontario/6118/68
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Kingsbury, 1970; Webster and Laver, 1971; Shatkin, 1971).
Two comprehensive publications resulted from a recent symposium on the
current state of knowledge of the molecular and cellular biology of
influenza and other RNA viruses (Barry and Mahy, 1970), and from a
workshop on influenza virus polypeptides and antigens (Kilbourne et al.,
1972). The authors in the latter publication have suggested designations
for, and summarized properties of, polypeptides comprising influenza

viruses, resolved by fractionation of disrupted, purified virus particles

(Table 3). Further reference to this table will be made.

Moxphology

Intact influenza virus particles have a diameter of 80-120 nm,
demonstrated by electron microscopy of shadowed and negatively stained
preparations (Waterson, 1962). Recent examination by ffeeze—drying and
freeze-etching reveal the particles to bé more uniform than generally
believed, and to be icosahedral in shape, with an average diameter of
approximately 100 nm (Nermut and Frank, 1971). Filamentous forms occur
(Waterson, 1962), usually in freshly isolated human strains, suggesting
the possibility that this morphology is the more usual form occurring in
natural infections. The surface properties of.filamentous forms do not

appear to differ from those of spherical ones {(Webster and Laver, 1971).

The chemical composition of influenza viruses has been estimated

as follows: protein, 70-74% (Hoyle, 1968; Blair and Duesberg, 1970) , and
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TABLE 3. Proposed designations of influenza-virus polypeptides
(from Kilbourne et al., 1972)

Approximate

Desig- mol wt

nation (daltons) Function Remarks

Pl 81,000~94,000 ? Internal, nonglycosylated proteins
present in small amounts - possibly

P2 the virion polymerase(s).

HA 75,000-80,000 Hemagglutinin Glycoprotein. May be cleaved to two
smaller polypeptides, HA, and HA,,
which are held together in the virion
by disulfide bonds. Two HA molecules

. (or HA,+HA, complexes) form the hem-
agglutinin spike.

NP 53,000-60,000 Nucleocapsid cessas

subunit

NA 55,000-70,000* Neuraminidase Glycoprotein. The neuraminidase may
consist of two polypeptides in some
strains, and NA; and NA, can then be
used as designations.

HAl 50,000-60,000 Hemagglutinin See remarks on HA

HA, 23,000-30,000 Hemagglutinin See remarks on HA

M 21,000-27,000 Majoxr or Associated with the inner surface of

"membrane" the lipid layer of the envelope and

protein of thought by some to be the major

viral envelope structural protein of the viral mem-
brane.

NS ~y 25,000 ? A nonstructural protein that is syn-

thesized in the cytoplasm and migrates
to the nucleus.

*Active enzyme may be a tetramer of 200,000-240,000 molecular weight.
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for FPV, 60-70% (Zilling et al., 1955); lipids, 18.5-20% for influenza

A and B (Frommhagen gﬁ;gi., 1959; Blough and Merlie, 1970), 24% for FPV
(Klenk et al., 1972), and for influenza A and B consist of phospholipid
10-11%, cholesterol 6.5-7.7%, glycolipids 0.4-0.6%, glycerides 0.8%, free
fatty acids 1%, whereas for FPV respective percentages are 12.5, 4.6,
2.4, 1.2, and 0.07 for cholesterol esters; non-nucleic acid carbohydrate
5-7% (Frisch-Niggemeyer and Hoyle, 1956; Frommhagen et al., 1959);
ribonucleic acid 0.7-1% for influenza A and B (Ada and Perry, 1954;

Frisch-Niggemeyer and Hoyle, 1956; Frommhagen et al., 1959); and 1.8% for

FPV 2illig-et al., 1955).

Derivation of Influenza Virus Components

The disruption of purified influenza virus particles int; sub-
units by various agents, and sibsequent fractionation and isolation of
these by different methods, has facilitated the study of the structure
(morphologic and antigenic), chemistry, and function of the isolated
virus components, and has helped to elucidate the integrated virus
particle structure in relation to its functions biologically and im-

munologically.

Virus Disruption The actions disrupting agents have, on
influenza viruses, have been extensively investigated; and many have
been compiled by Hoyle (1968), Biddle and Kendal (1971), and have been

described in the reviéws of influenza and myxoviruses referred to above-.

Disrupting agents vary in action from mild degradation, in

which one or several surface antigens are removed from the intact particle,
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to complete disintegration of the vwirus particle into its basic sub-
units. A number of agents affecting surface components of the virus,
yielding subunits which may or may not be biologically active, are:
ether (Hoyle, 1952, 1968; Lief and Henle, 1956; Paucker et al., 1959;
Davenport et al., 1960), and urea (Dorman, 1964), release the internal
component, the S or complement-fixing antigen from the surface anti-
gens, the hemagglutinin and neuraminidase, with little or no loss of
their activites; trypsin releases most of the neuraminidase, but does
not disrupt the virus particles (Mayron and Rafelson, 1960; Noll et al.,
1962); pyridine (Biddle and Kendal, 1971) selectively inactivates the
hemagglutinin leaving other activities and the basic integrity of the
virus unaffected; Tween 20, a non-ionic detergent, at high pH, effici-
ently liberates biologically active hemagglutinin and neuraminidasé
subunits (Webster and Darlington, 1969);_pronase selectively destroys
the hemagglutinin, leaving the neuraminidase intact (Biddle, 1968);
caseinase C (Reginster, 1966), and the proteases subtilin (Biddle,
1968) and nagarse (Kendal et al., 1968, 1969), act similérly, strip-
ping off the spiky layer, decreasing infectivity, and hemagglutinin but
not neuraminidase activity, nagarse in addition, disrupting the internal
component; chymostrypsin removes all viral spikes and reduces or
eliminates associated infectivity, hemagglutinin, and neuraminidase
activities; leaving a smooth particle (much like that left by nagarse)
devoid of all glycoproteins, containing only carbohydrate-free polypep-—
tides enclosed in a lipid layer and a protein membrane (Schulze, 1970,

1972); bromelain has essentially the same effect as chymotrypsin, but
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does not remove the smallest glycoprotein (Compans et al., 1970; Klenk
et al., 1972); phospholipase C inactivates influenza virus (Simpson and
Hauser, 1966), removes 32P from virus particles (Mizutani and Mizutani,
1964) , and removes 70% of phospholipid from chymot:ypsin.sﬁfipped
particles (Schulze, 1970); Nonidet P40, a nonionic detergent, liberates
almost all the viral RNP in a single 38 S peak by removing the phos-
pholipid layer enclosing it, and destroys a great deal of the hemagglu-
tinin (90%) and neuraminidase (80%) activities of A/WSN but not of B/Lee,
leaving the RNA and three carbohydrate-free polypeptides (Pons et al.,
1969; Schulze, 1970, 1972; Schulze EE;Q;" 1970); Triton N 101, an
anionic detergent, releases neﬁraminidase, a monovalent hemagglutinin

substance, and the internal S-antigen (Corbel and Rondle, 1970; Corbel

et al., 1970).

Agents completely disrupting the virus particle into its
subunits are the anionic detergents, sodium deoxycholate (DOC) and sodium
dodecyl sulfate (SDS), the latter the most effectively. The biological
activities of liberated hemagglutinin and neuraminidase éubunits may be
destroyed in some virus strains (Laver, 1963, 1964; Laver and Valentine,

1969; Schild and Pereira, 1969).

Viruses disrupted by SDS (Easterday et al., 1969; Schild and
Pereira, 1969; Schild and Newman, 1969; Schild, 1970; Schild et al.,
1970; Kilbourne et al., 1971), DOC (Hana and Hoyle, 1966; Styk and Hana,

1966; Schild et al., 1969; Styk et al., 19703, 19713, Nonidet P 40

(Schild and Pereira, 1969: Schild, 1970), and Triton N 101 (Corbel and
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Rondle, 1970) have been used to study the antigenic structure of the
virus by immunodiffusion in agar gels, which is pertinent to the
purpose of the current investigation, that is, the examination of

influenza A relationships revealed by immunodiffusion in cellulose

acetate.

Fractionation of disrupted virus particles by electfophoresis
in cellulose acetate (Laver, 1963, 1964; Laver and Webster, 1966, 1968;
Laver and Valentine, 1969; Skehel and Schild, 1971, Webster and Laver,
1972); or in agarose (Hjerten et al., 1970), by density gradient
centrifugation in sucrose, tartrate, or.in cesium chloride (Davies and
Barry, 1966; Duesberg and Robinson, 1967; Pons, 1967; Barry and Davies,
1968; Kingsbury and Webster, 1969; Webster and Darlington, 1969;
Kingsbury, 1970; Duesberg, 1970, Skehel, 1971 a; Laver,‘197l), by éolumn
chromatography (Eckert, 1969; Webster, 1970a ; Lazarowitz et al., 1971);
and by polyacrylamide gel electrophoresis (Duesberg and Robinson, 1967;
Dimmock and Watson, 1969; Pons et al,, 1969; Taylor et al., 1969; Haslam
et al., 1970 a, b; Compans et al., 1970; Schulze, 1970; Webster, 1970a
Lazarowitz éE_El~' 1971; Kilbourne et al., 1971; Skehel and Schild, 1971;
Klenk et al., 1972), have demonstrated that influenza viruses are composed

of a limited number of components or subunits.

Resolution of Components The number of components resolved

varied with the disruption and fractionation procedures used, and the
purpose, whether to isolate specific components such as the hemagglutinin
(Laver, 1964, 1971, Webster and Laver, 1972), the neuraminidase (Laver,

1963, 1964; Seto et al., 1966 ; Webster and Laver, 1967), or the RNA or
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ab
RNP segments (Pons and Hirst, 1968/3Duesbgrg, 1968; Pons et al., 1969;
Duesberg, 1970), or, to resolve disrupted influenza virus particles into

the maximum number of basic subunits, as did many of the investigators

quoted above.

Influenza viruses had been separated into two components (by
ether disruption, and adsorption to, and elution from erythrocytes),
the S (internal complement-fixing or ribonucleoprotein), and the V
(envelope, hemagglutinating) antigens (Hoyle, 1952; Lief and Henle,
1956). As techniques of resolution were refined, an increasing number
of polypeptides were detected in virus particles: three (Laver, 1964;
Drzeniek et al., 1966b;Duesberg and Robinson, 1967; Taylor et al., 1969;
Holland and Kiehn, 1970), four to five (Pons and Hirst, 1969; Content
and Duesberg, 1970), and seven, if minor components were included
(Dimmock and Watson, 1969; Joss et al., }969). By immunodiffusion in
agar gel, Dimmock (1969) demonstrated seven antigen-antibody precipitin
lines which could be attributed to components of the influenza virus

particle. This fact was noted by Compans et al. (1970) .

Recently, by polyacrylamide gel electrophoresis under reduced
conditions, several laboratories have clearly demonstrated seven, and in
some cases, eight distinct polypeptides in influenza A strains, the
number depending on the strain examined, and the host in which it was
grown: WSN-in MDBK cells, rhesus MK cells, and in BHK21-F line of baby
hamster cells (Compans eéuﬁl,, 1970) ; WSN in MDBK cells and in chick

embryo fibroblasts (CEF) (schulze, 1970) ; BEL/42, and recombinants X-31
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(A2/Hong Kong/68 - A/PR8, Kilbourne, 1969), and X-7F1 (AO/NWS - A2/RI/5+,
Laver and Kilbourne, 1966) in eggs (Skehel and Schild, 1971) (eight poly-
peptides were resolved from the latter virus). Seven polypeptides'were

found in each of twelve other strains including those of avian, equine, huﬁan;.
and swine origin (Skehel and Schild, 1971). In addition, the seven structural
proteins of WSN virion were fdentifiea in association with the plasma membrAnes
of . WSN infected cells, BHK21-F, MDBK, and HelLa-S3;and a nonstructural protein,
associated with the infected cell nucleus, and slightly smaller than the
smallest structural protein'(Lazarowitz et al., 1971). six different poly--
peptide species were found in fowl plague virus propagated in CEF, compared

to seven found in WSN propagated in these cells, and in rhesus MK cells, fPV
lacking the largest glycoprotein (protein 2 of the WSN strain) (Klenk et al.,
1972). The total molecular weight of virion polypegtides estimated by the

above groups ranged from 296,000 to 420,000 daltons.

The polypeptides ;esolved, which were demonsfrated to consist
of three to four glycoproteins comprising the spiky layer, possessing
hemagglutinating and neuf;minidase activities of the virion, and three
to four carbohydrate—free'proteins of the core enclosed in a lipid
bilayer (Kilbourne et al., 1972) were characterized;the hemagglutinin,
neuraminidase, and ribonucleoprotein complex haa been isolated and charact-
erized previously. The polypeptides known to constitute influenza viruses

have been compiled and designated (Table 3, from Kilbourne et al., 1972).

The current state of knowledge regarding influenza virus

polypeptides will be considered, particularly their antigenic functions
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as revealed by immunodiffusion, and low they influence the antigenic

relationships amongst influenza strains.

Ribonucleoprotein

The internal component of influenza virus, known as the nucleo-
capsid, the ribonucleoprotein (RNP), the S or complement-fixing anti-
gent (NP in Table 3), is enclosed in a double-walled sac containing
carbohydrate—-free protein overlaid by a iayer of lipid, which is surrounded
by a layer of spikes containing the hemagglutinin and the neuraminidase
(Schulze, 1970, 1972; Apostolov and Flewett, 1969; Compans and Dimmock,
1969; Compans et al., 1970; White et al., 1970). Treatment of virions
with ether (Hoyle, 1952) or with detergents (Duesberg, 1969; Kingsbury and
Webster, 1969; Pons gﬁ_gi., 1969; Schulze, 1970, 1972; Skehel, 1971 a;
Pons, 1971) releases the ribonucleoprotein, which is described by Pons
et al., (1969), as composed of a single-étranded RNA molecule in
association with protein in what appears to be a helical configuration,
the protein acting as a structural backbone for specifically ordered
RNA fragments; or by Schulze (1972), as a copolymer made up of viral
RNA and a chain of molecules of viral protein (VP II) in a continuous
strand, which is turned back on itself to form.twisted, double-stranded
structures. The structural symmetry is still a matter of controversy

(Duesberg, 1970).

Influenza RNAs in the xibonucleoprotein, unlike parainfluenza

RNA, are hydrolyzed by ribonuclease (schafer and Wrecker, 1958; Duesberg,

1969; Kingsbury and Webster, 1969; Pons et al., 1969)., and can be
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displaced by polyvinyl sulfate (Pons et al., 1969; Goldstein and Pons,
1970) , which suggests that the RNAs are not completely surrounded by
capsid proteins (Kingsbury and Webster, 1969), but rather that the RNA
is an outer structural component of the nucleoprotein which can function

in protecting the core against proteolytic enzymes (Schafer and Wrecker,

1958; Duesberg, 1969).

The RNA contained in the influenza virion is of a single type.
designated parental or virion-type RNA (Scholtissek and Becht, 1971;
Pons, 1971). Because of genetic evidence, the RNA of influenza virus
had been postulated to exist in several -pieces (Burnet, 1956; Hirst,
1962; Cruickshank, 1964), and had been so observed under differing
conditions (Schafer,.1963; Agrawal and Bruening, 1966; Nayak'and Baluda,
1967; Barry and Davies, 1968; and others). Polyacrylamide gel electro—
phoresis resolved purified virus RNA into five distinct pieces, with
sedimentation coefficients of 9-18 S, and molecular weights ranging from
2.7x105 to 7x105 daltons (Duesberg, 1968; Pons and Hirst, 1968a).
Corresponding RNA segments were found in virus infected cells (Duesberg,
1968; Pons and Hirst, 1968 b). Recently influenza A RNA has been resolved
in polyacrylamide gels into six electrophoretic zones of three size
classes, with molecular weights ranging from 3x105 to l.OxlO6 (Skehel,
1971 b; Content and Duesberg, 1971). Possibly more than six RNA pieces
are present (Young and Content, 1971). Corresponding electrophoretic
zones were resolved in virus-specific, double-stranded RNA from infecteq
cells by Content and Duesberg (1971) , who also demonstrated that some

distinct RNA components of influenza virus have different base sequences,




-21-

and presumably different genetic information. End group studies on the
virus RNA by Young and Content (1971) have revealed the presence of 5'-—
terminal nucleoside di- or tri-phosphates, indicating that the segmented
_genomes are individually synthesized and sub;equently assermbled to form

the viral genome (Shatkin, 1971). The total molecular weight of ;he genome
has been estimated at 2x106 to 3.9x106 daltons (Ada and Perry, 1954;
Frisch-Niggemeyer, 1956; Pons and Hirst, 1968a; Li and Seto, 1971;

Skehel, 1971 b), and constitutes about 15% of the nucleoprotein complex

(Duesberg, 1969).

Purified RNA demonstrates no infectivity (Duesberg, 1970),
which may be a result of destruction of RNA polymerases within the virion
during purification, or due to its fragmented nature in the purified
state (Hirst and Pons, 1972). However, Pons (1971) had demohstratéd
that all intracellular negative-stranded RNA was in the form of an
RNP and suggested tha£ negétive—stranded RNA conatining RNP is involved

in replication rather than free RNA.

The nuclocapsid or nucleoprotein (RNP) of the influenza virus
has been estimated to have a molecular weight of 5.3x104 to 6.5x104
daltons; a sedimentation coefficient of 4 S when dissociated from RNA;
and constitutes about 90% of the isolated ribonucleoprotein and 17-30%
of the virion protein (Compans Eﬁ;éis' 1970; Schulze, 1970; Skehel and
Schild; 1971; Klenk éﬁ_éi,, 1972). It is particularly rich in arginine
(Sschulze gé;gi., 1970; Becht; 1971; Klenk éﬁ;éé;r.1972)' and contains
only one demonstrable species of protein (Laver, 1964; Duesberg, 1969;

Skehel and Schild, 1971; Pons, 1972).

.
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The nucleoprotein has been resolved into multiple components
comparable with, and corresponding te, the number of viral RNAs
(Duesberg, 1969; Pons gg_gi,, 1969). Sedimentation coefficients of
separated components varied, which was attributed by Pons (1971) to
differences in the technique of nucleoprotein extraction. Ether or DOC
extracted nucleoprotein yielded three components, 68 S, 56 S, 48 S
(Paucker et al., 1959) oxr 70 S, 60 S, 50 S (Duesberg, 1969), or two
components, 64 S and 56 S (Kingsbury, 1970; Kingsbury and Webster, 1969)
on sucrose density gradients, whereas Nonidet P40 extracted nucleoprotein
yielded slightly different values, 48 S, 40 S, 34 S, which on glycerocl
~gradient had sedime