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ABSTRACT
The purification and biophyslcal properties of a porcine
parvovirus (PPV) propagated in a cell line were
investigated. ‘

PPV replication, esﬁdetected by the production of
cytopathic effects and viral hemagglutinin, occured only in
porcine cells. Electron microscopic examination of
PPV-infected swine testicle (ST) cells revealed large
numbers of full and ehpty viral particles as well as

amorphous‘aggregates of .soluble viral components; in the

nucleus. .

Viral inféctivity could be relfably and objectivedy
titrated by the TCID50 and plaque assay methods. A one step
growth curve of PPV in ST cells indicated a latent period
12-16 h. Maxihum infectivity occured at 72 h post-infection,
coinciding with tpe presence of obvlous cytopathic effect.
80% of the viralvinfecthity remaiped associated with the:
lysed cellular debris. . g 2N

A pur1f1cation¢procedure involving the gentle lysxs of
infected cells in the presence of d1lute alkaline buffer,
-clarification of the extract by centr1fugat1on. |
prec1p1tat1on of virus “in 25 mM Ca** and f1nally
sed1menta‘.pn to equilibrium in a sucrose CsCl step gradient
was developed for th1s study The purification procedure
recovered only 20% of the total viral hemagglut1n1n and 10%

of the total viral infect1v1ty



The virus presént in such gradients demonstrated a

broad range of particle densities, with the largest
| quantities of Vﬁrus.-as judged by hemmagglutinin titéatibﬁ,
‘most frequently occuring at a ‘buoyant density of 1.40 gm/mL

Soluble viral components, prepared by sucrose- CsQl %
centrifugation, were associated with high hemagglutinating 4
activify. Analysis of the soluble coﬁponent material by

'innunoelect;ophoretic me;hods'\ndicated the presence of two
antigens‘ﬁith\differing elécfrophéretic mobilities but
sharing a common antigenic determinant.'

SDS-PAGE analysis of PPV purified in this study
revealed three polypeptides withlmolecular weights of
87,000, 69,000 anq 66,000. ?

Anal&sis of isolgted Virion nucleic acid by thermal
denaturation, electron microébopy and acridine drange
stéfning/1nd1cated_a.single-stranded configuration. The

'jsolétéa nucleic acid was resistant to RNAse tr?atmént.
Electron miCroscdbic énd électrophoretic techniques
indicated the presence of a-wide range of DNA size classes

A
: w1th a max1mum size of 1.05 - 1.7 x 10¢ daltons.

Serolog1cal studies determined that 76% of market age
éwine‘in the Edmonton area had been previously infected With

PPV,

vi
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I. INTRODUCTION {{

. . N
The family Parvoviridae was not sufficiently characteri:

to justify its class1fication by the . International. Committee\\\

on Nomenclature of Viruses until 1973 (Bachman et al, 1975),

although the viral etiology of certain parvoviral diseases
has been evident for at least half a century (Verge and
Cristoforoni, 1928). The term parvovirus (Latin, small)
proposed by Lwoff and Tournier in 1966 was chosen over Mayor
and Melnick's (1966) more descriptive, but unpalaté%le,. 5
picedpavirus (Italian, small; deoxyribonucleic acid)"te
designate aqrextremely uniform, unique gends of pathogenic
viruses of vertebrates within this family. ’

During the early 1960’s, numerous viruses were
tenta§1vely placed in this group (Table 1).. The Kilham‘rat~
virus was the best stud1ed member during the early years,
and the criteria for the classification of parvovwruses are

now based on this type spec1es

Viruses of the fam1ly:Par oviridae are small'(18-26 nm

_ diameter). non enve loped, 1some r1c viruses w1th icosahedral

-symmetry that replicate in the nucleus of infected cells.

V1r1ons_conta1n single- stranded‘11near deoxyr1bonucle1c acid

(DNA) .of approximately 1.5-2.2 million daltons (Bachman et

al, 1979)t The‘genus Parvovirus is differentiated from the
other two geﬁera of the faﬁily'by its distinctive mode of _
replication, which untike the adeno-associated virUse$‘ |
(AAV’s) does nofﬁrequ1re a helppr virus and unlike both the,

AAV's and Densoviruses results in almost exclus1ve

\



Table 1

Chonology of Discovery of Parvoviruses

Virus o

i
Mink Enteritis Virus
Rat Virus (C) :
H-1 Virus (C)
H-3 Virus
Bovine Parvovirus (C)
L- S Vit
X14 Viru
HT Virus
"HB Virus
FelinegPanleukopenia V1rus (C)
Minute Virus of Mice (C)
Porcine Parvovirus (C)
Hemorrhagic Encepha]opathy

of Rats Virus
Goose Hepatitis Virus (C)
Minute Virus of Canines
Kirk Virus ("
KBSH Virus (C)
TVX Virus (C)
Lu III Virus (C)
RT Virus (C)
‘Norwalk Agent
Aleutian Disease Virus of Mink

Reference

Wills (1952)

Kilham and Oliver (1959)
Toolan et al (1960)
Dalldorf (1960)

‘ Abianti- and Warfield (1961)

Lum and Schreiner (1963)
Payne et al (1963)

- Toolan(1964)

Toolan (1964)

Johnson (1965)
Crawford (1966)

Mayr andpMehnel (1966)

E1 Dadah et al (1967).
Derzsy (1967).

Binn et al (1968)
Boggs et al (1970)
Hallauer' et al (19
Hallauer et al (19
Hallauer et al (19
Hallauer et al (19
Dolin et al (1872)
Porter and ‘Larsen (1974)

R | L TUNPIPREILL
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> Lapine Parvovirus - ff Matsunaga et al (1977)
~1‘;‘¢’§;\/ /

(C) classification firmed by the Study Group on Parvoviridae,
Co-ordinating Subconmittee, International Committee on = -
Taxonomy of Viruses (Bachman et al, 1979)

Modified from Rose (1974)

-




Ny~ : ,- 3 3

3 ~

enc;psidéﬁion of ohly the minus strand of DNA. *

The first report of a virus isolate of porcine oriéin
with chaééctéristics of the parvovirus genus was published
in 1966 By Mayr and Mahnel following an attempt tovisolate
the then poorly cﬁaracterized virus of hog choleré. These
researchers had found a non-envelopéd, hexagonal virion of
20-22 nm diameter in infected porcine tiésue culture. '
Cartwright et 3l (19675 reported isolation in 96 of 111
cases of porcine reproductive failurghof small serologically
identical, hemagglutinating viruses,.which on further study
(Cartwright et al, 1969; Cartwright et al, 1971) showed
similar properties and serological reactivities to the
earlier German isolate. After a series of similar reports
from various sources in Europe (Huygelen and Peetermans,

. 1967; Darbyshibe.and Roberts, 1968; Mayr et al, 1968;
Johnson, 1969; Johnson and Coflings. 1969; Bachman,f1970;
Jdohnson and Collings, 1971), isolations were recorded from

Asia (Morimoto et al, 1972a), North America (Menge1ing;,

1972), and Africa (Pini, 197%). It was not dntil 1977 that

porcine parvovirus (PPV) was reported in Canada (Dulac et
al, 1977). ‘

n In 197f>Hallguer et al published the results of a ten
yeaE‘investigalién into the signifgpancé of parvoviruses as
contaminants of various cell lines of human and non-human
origin. They détected'contaminatibn.in 27 of 41 cell lines

examﬁned by a'parvovigus serologically related to porcine

’parvovirus. This group postdiated that contamination arose

LSRRI AR ST B

ey




A

from use of porcine pancreatic trypsin, that is filtered but
notlautoclaved prior to use. In support of this hypothesis,
Creghan et al (1973) reported the successful recovery of PPV
from a batch of commercially prepared trypstn.
Porcine*barVOvirus has been isolated from swine
suffer from a wide range of clinical disease states
inc]uéj:z rhinitis (Mengeling, 1972) lower respiratory
infections (Darbyshire and Roberts, 1968), myoclonia,
harelipp splay-leg; atrophy of intestinal_muoosa (Johnson
'and.Collings. 1971), mummification (Mengeling, 1975),
inrertility, abortions, stillbirt?, neonatal deaths
(Cartwright et al, 1971) as well{as apparently healthy

piglets (Dulac et al, 1877). Honever, it is ohly with

viral-induced reproductive failure, the so-oalled SMEDI
syndrome (stillbirth, mummification embryonic death,
1nfert1lity) that PPV is rout1nely and reproduc1bly
assoc1ated at present

The role of PPV in the SMEDI syndrome has been verified
,both by f1eld study of naturally occurr1ng 1nfections and
stud1es of art1f1c1ally induced infections. Apart from the
multiple reports of PPV isolation cited previously from
mumm1f1ed or stillborn fetuses, the most incriminating
reports of reproductlve failure follow1ng natural .

transm1ss1on of PPV have been contibuted by Donaldson -Wood

. et-al (1977) and Rodeffer et al (1975).ADonaldson-WOod et al

found that a herd of PPV seronegative swine being regularly

i monitored for evidence of PPV_ihfection suddenly had- four

© g imm i e




animals seroconvert. Within two mohths all matUre swine on
the premises had B;come seropositive. Two weeks later an
outbreak of fetal mummification, stillbirth, low litter size
and neonatal deaths“began and continued for five weeks. Six

- of fifteen pregnant sows produced mummified fetuses, with
virﬁs isolat;on being successfuI in several cases. Rodeffef
et al (1975) noted similar, findings when seronegétive sows
were exposed to seropositive boarg. In addition they noted
ihat reproductive performance.was again adequate with
subsequent litters.

Numerous reports have been publtshedxconcernihg
éttemptS'to experimentally prodﬁce PPV-i:duced reproductiie
failure (Johnson and Collings, t969; Johnspn and Collings,
1971, Cartwright et al, 1971; Redman"et al, 1974; Bachman et -
al, 1975; uEuthp and Mengeling, 1975a; Cutlip and Mengeling,:
1975b Mengel1ng and Cutlip, 1975 Joo et al. 1976¢c; Hog? et
al, 1977; Mengel1ng, 1979 Mengel1ng et al, 1979). The |
consensus from these reports indicates that infection during
the early part of the second third of gestation 'is most )
likely to result in fetal death and mumhification. Infection
ear]y_jn the third part of gestdtioh may produce déath with
antibody formation. In the middle of\fhe third part of
gestat1on the fg}us immune system méy be sufficiéntly'
deve]opedvto prev;nt death but virus and-antibody can often
be isolated at birth. In the last part of the final th1rd of

ggstation fetuses. generally do not show evidence of o

infection and anti-PPV antibod1es,are_not detected. In the



first third of gestation inféction can leéd‘to fetal death
with resorption of fetal tissues but retension of corpora
lutea, resulting‘in.low litter size or pseu@opregnancy.

) Alterngtibely. fetuses may show no evidence of infection but
continue'on to term in a.State of tolerance for long periods
of time and excréte virus for several months. The ability of
virus to spréad froﬁ one infected fetus to a non-infected
.fétus has been observed to be quité variable. In some cases
virus spreads readily and induces death, in others

" antibodies and/or virus can be isolated and in still others
no spread whatsoever has been detected. The presence of a
n6n~antibody éntﬁ-parvovirds glycoprotein substance has been
isolated from human placenta (USategui-Gomez, 1965) but such
| substances have not been reported in p%;c1ne placentas
Compartson of all strains of PPV examined to date has

> proven these strains to be serolog1ca1!y identical on ‘the
basis of hemagglutination-inhibition (HI), serum
neutralization (SN) and modified direct comblement fixation
(MDCF) tests (Cartwright et al, 1969; dqhqson; 1973;
Ruckerbauer et al, 1978). Comparisoé of parvoviruses¥from
various species by\serologicaf methods has indicated that
distinct’ subgroups exist (Hajﬂauer et al, 1971; Joo et al,
1976d).‘fhe only virus to show any crdss-reaction with PPV
by HI and SN tests is the KB§H-v1rus;uAlthoughvthese two
viruses exhibit some apparent relationship, the distinct
~differences in their range of host cell s&éceptibilitﬁeg

indicate a Significant'difference (Cartwright et al, 1969;




Haltauer et al, 1971). Serological studies using highly
ﬁﬁrified vira]uantigens and antiserum produced in response
*to such éntigens have not been described for PPV and_the
results of the above studies might be questionable.

PPV has been most frequently and successfully .
propagated in primary fetal pig Kidney (PPK) cell cultures ..
(Mayr et al, 1968; Cartwright et al, 1869; Mengeling, 1972;
Johnson, 1873). Although some researchers have sﬁccessfully
grown PPV in cell lines (Mayr et al, 1968; Bachman, 1972)
this method has only been used for determination of relat1ve
hemagglut1q1n and infectivity production with respect to
time. A1l reported attempts to bropagate PPV 'in cells of
non-porcine origin have been unsuccessful (Cartwright et a1,

1969; Mayr et al, 1968). The trophic requirement of

parvoviruses in general for activély dividing cells (Rose, -

1974) has been similarly demonstrated for PPV (Cartwright et
al, 1969; Bachman 1972). Attempts.to isolate PPV on
' confluent monolayers of PPK cells has proven unsuccessful
when oral dosing of the same mater1al to gnotobiot1c p1gs
has resulted in consistent seroconver51on (Redman et at,
1974). The production’ of cytopathic effect (CPE) as a result
of successful infection in tissue culture is reported to
occur onl& under optimal tonditions with high virus
challenge (Joo and Johnson, 1976).

A chronological study of PPV growth in a pig Kidney
(PK15) cell line (Mayr et al, 1968) demonstrated viral

hemagglutinin as early as 6 hours (h) post-infection (PI)

s .
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with a peak to a plateau at 72 h. Infectivity was first
detected at 15 h and did not peak until 96 h. A later study
of PPV growth in the swine kidney .(SK) cell line (Bachman,
1972) showed similar onsets.for hemagglutination (HA)
activity and infectivity but both peaked quite rapidly at 24
h after infection. This work also demonstrated that viral
replication was suppressed at 40 degreeé centigrade (*C) and
that replication was highly associated with the'mitotié :
index of the monolayer. A study of PPV replication 1n
peripheral blood lymphocytes, monocytes and peritoneal
maérophages}revealed a growth curve similar to that

demonstrated by Mayr et al {1968) in mitogen stimulated

lymphocytes but not in unstimulated lymphocytes or monocytes‘

or macrophages, as assessed by HA hroduction and fluorescent
antibody staining of cells (Paul et al, 1979).

An attempt to purify PPV has only been reported in two -
publications (Mayr et al, QQSB; Morimoto et al, 1972b). Mayr
et al used repe;ted freeZe-thawing of infectéd cultures to
rélease'celljbound virus.'Aftér centrifugation to remove
cellularidebris, the supernatant was concentrated tenfold by
vacuum evaporation and the virus was then pelleted by
ultracentrifugation.'The pel]ei wés resuspended‘and
sedimented thrdugh a CsCl step gradient for 14-16 h. No
assessment of the degree of purity was attempted other {han
~electron microscopic (EM)tgbserQation. Morimoto et al
similarly relied on isochnic CsCl centrifugation of
infectgd cell lysates to achieye purity and did not report

2 -
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any assessment of -the degree of-purlty,achieve&.
- A wide range of techniques have been reported for
‘purification of various parvoviruses, with that described by
Tattersall et al (1976) being.most frequently employed in
the more recent literature. Freeze-thawing, detergent |
treatment, sonication and mechanigal thégenizatfon have all
been described as initial steps tb disrubt infected cells
(Bloom et al, 1980; Rhode,.1973; Richards et al, 1977;
Tattersall et al, 1976). Disruptioh of Virién bonds to
‘cellular material as a subsequent step has been. aqcompl1shed
by the use of dilute alkaline buffer, freon extract1on and
enzyme treatment (Siegl et al JOTTy Tattersall, 1972;
Bourgignon et al, 1976). Separatio:\;>\djssociated virions ¢
and cellular remhants has been reported by sucrose
sedimentat1on CsCl 1sopycn1c centrifugat1on. or
sedimentation to equ1l1br1um in a combined sucrose and CsC1
step gradient (Richards et al, 1977; Salzman and Koczot,
1978; Patton et al, 1979):

The buoyant density fdr’PPv at,equilibrium'in CsCl
\gradieﬁ%s is reported to be 1.38 grams per millilitre
(gm/mL) (Mayr et al, 1968; Mor imoto et al, 1972b). Vlrions
" have been observed with densities as high as 1.44 gm/m.
(Mayr et al, 1968), and empty appearing particles with a
density of 1.30 gm/mL have also been observed (Morimoto et
al, 1972b). No attempt has been made to classify these
various density classes of particles by_polypeptidé or

nucleic acid‘content. The value of 1.38 gm/mL is somewhat

&
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below the more commonly reported range of 1.40-1.42 gm/ml
for parvoylruses in general (Bachman-et al, 1979). Studles
on other parvoviruses have revealed three basic particle —
density‘classes: empty particles, banding at 1.30-1.32 X
' ,hgm/ml' light full particles, banding at 1.40-1.42 gm/ml; and
heavy full particles, banding at 1.42-1.44 gm/mL &

(Tattersall{ 1978a). In addition, a very heteroqeneous }‘ o i
population of particles with_less than a complete genomé - T

banding between 1. 32 and 1.38 gm/mL has also been
demonstrated (Bourglgnon et al, 1976' Faust and Ward, 1979)

In commoin with f1nd1ngs for-other parvov1ruses. PPV has

-

been repeatedly demonstrated to be resistant to inactivation
by a wide range of pH temperature, lipid'solvehts and
trypsin. Studies by Cartwright et al (1969) showed that
treatment with ethyl ether for 18 h at 4° C or pH 3. 0 for 3:h

Vo

at 37°C resulted in no-s1gn1ficant loss of HA- txtre or,“'
3

. 1nfectivity compared to a control Also, thls same group
demonstrated that v1rus held at -20°C.or -70°C for six

months had l1ttle or no decrease in HA t1tﬁe and that vlrus

held aI 70°C for 2 h, 56°C for 48 h and 37°C for 7 days (d)

Culomk 24,y

was still 1nfect1ve However, infect1v1ty was lost after 5-
mlnutes (m1n) at 80°C. WOrk by Morimoto et al-(1972b)
conf1rmed the above and in addition 1nd1cated that PPV was |
res1stant to treatment w1th chloroform sod1um deoxycholate
and trypsin. Mayr et al (1968) also\geported 51m1lar ~A - .
findings but noted that incubation at pH 2 for 90 min at -
37°C completely destroyed fhfect1v1ty Mengel1ng (1972) as




‘Well; in similar studies. confirmed the extreme stapittty of
this virus | B
| Hemagglut1nation is a cons1stent property of~
‘parvov1ruses, with the range of spec1es whose erythrocytes,
. are susceptible to agglut1nation bethg character1sttc of the -
spec1es of parvov1rus (Bachman et al 1979) The spectrum of
erythrocytes that can be agglut1nated by PPV has been
| ,1nvest1gated in numerous stud1es (Huygelen and Peetermans,
1967, Mayr-et al, 1968; Cartwright et a1,01969, Mor1moto et
al, 19725; Mengeling, 1872; Johnson, ~1973; Joo et‘ai;.
1976b). No contradictions in this~spectrum haveibeen
reported for any'ot the various'strains studied; a) though
fminor dtfferences tn'the relative titres produced with
‘,'different erythrocytes’have been noted (Joo and\dohnson,_
1976) PPV has been shown,to‘agélutinate erythrqcyteszfrom
man (type 0), guinea pig,-monkey,'rat; mouse, chicken, and
cat but not horse, pig, sheep, cattle, goaﬁ%'or duck. The
‘previously citedastudies have a11 concluded that optimal
- results ,are obta1ned with guinea pig_ erythrocytes at
'phys1olog1ca1 pH, 4 C for 2 to 18 h. Hemagglut1nat1on by
subv1ral components has not been repor;Ed, as it has for
certain other hemagglut1nat1ng viruses (Norrby, 1966) .
Pur1f1ed parvoviruses have been shown-to produce a

cons1stent and character1st1c polypept1de pattern.when
virion protein is d1srupted and analysed by sodium dodecyl
sulphate (SDS) polyacrylam1de gel electrophores1s
: (Iattersal, 1978a) However, the polypeptide structure of

v
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PPV has not yet been described. PonpepFide A (Tattersél et
al, 1976), the largest of the three regularly reported
polypeptides, has been var;ously reported as having a
molecu]arcweight'qf 72-92,000 for different‘parvov{rus
specié§ and to consistently comprise 15-18% of all virion
clagsesl Polypeptide B, the predqminant po}ypeptide iﬁ empty
and héavy full particle; has been shown ﬁo have a mblegular
weight ranging from 64-77,000.,Po]9pepti&e‘c is the
predominant polypeptide in‘light full particles. This

‘polypeptide is believed to be derived from a

post-translational enzymatic cleavage of the B polypeptide
) o ' L
of full heavy particles (Figure 1) (Cljnton'and Hayashi,

- M1876). The molecular weight of polypeptide C is reported to

be 61-69,000. In some parvoviral systems a fourth
polypeptide is described.with molecular weight 40-56,000.
Whethef this D polypeptidébis a further cleavage product or
a cellu]ar_contamihant has not adéﬁdately been assessed. '
However it has beén'dgterﬁined that its presence is not
required for infectivity (Tattersall et al, 1976).

‘ Alfhoygh it is generally agreed that the structural

protein of‘parvoviruses'has no DNA po]ymehase‘activity, the

‘matter is still open for debate and it is thought thatiit
may blay some important role in nucleotide chain elongation

‘or DNA packaging (Berns and Hauswirthhp1978). Salzman and -

Koczot (1978) demonstrated that when purified Kilham rat

~virus' (KRV) was disrupted at pH.12.2 for 5.min and then

sedimgnted through an alkaline sucrose gradient pH 10;,DNA



Figure 1

Proposed Maturation Scheme for Parvovirus Complete

V1r1ons ‘ ' :
. : : C 4

A, B and C denote the three viral polypept1des Suff1xes
;denote the postulated. B-C cleavage-resistant (e) or -
cleavage-sensitive (f) conformationsngf the particle.
Empty, heavy full and light full descriﬁb virion
classes. - j'}

(Adapted from Tattersall 1978a) .

/ .
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polymerase activity was associated with a radioactiveﬁy
labelleamfragment sedimenting at 8 to 10 S. If the virus was
sedimented through a gradient at pH 12.2 the activity was

' lost. ‘Rhode (1973) was unable to demons&rate'polymerase
activity associated with the parvovirus.H-1 or KRy Bates et
al (1978) have shown that viral DNA repl1cation closely
para]lels increases in cellular alpha polymerase levels
Bates et al have also shown that polymerase is only

.assoc1ated with virus purified by the less extensive’
procedure of,Satzman and doril(1970) and not with virus
purified by the more complex procedure of Tattersall et all
(1976). Virions pur1f1ed by the Tattersa]l procedure are

»completely infectious and therefore Bates et al have
conc luded that the po1ymerase activity demonstrated is, in
fact, due to a oontaminating cellular oolymerase.

- The nature of the nucleic acid of PPV has been
insufficiently studied (at the pnesent time) tofconc]usively
Justify its classiftcation as alparvovirus as established by

‘Bachman et al (1979). Identification of the nucleic acid o
type by the use of a halogenated thymidine analog or
actinomycin D acting as Known inhibitors of DNA replication
has in most cases indicated a DNA genome. (Mayr et al, 1968; |
Cartwrlght et al 1969 Mengeling, 1972; Morimoto et al,
1972b) but not unamblguously (Huygelen and Peetegmans.

1967) The results of feulgen staining of PPV infected cells
has alSo.indicated a DNA genome (Cartwright et al, 1969).
The DNA'ofkmost~currently'acoeptedfparvoviruses has

D)
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been shown to be a single-stranded‘linear molecule with
'non-identical hairptn termini byba.variety‘of |
physico-chemical»methods, ebzymaticftreatments andfelectron
microscopy (Berns and Hauswirtn, 1978). The DNA of KBSH, the
only virus demonstrating a close seroidgical relationship(to
PPV, has been studied in some detail by Siegl (1972).
Although the exact nature of this relationship is still
rnoorly defined.ﬁthis data has apparently been accepted for
PPV as welt (Bachman'et al, 1979). From the sedtmentation _
‘-co-efficient in neutral sucrose gradients and tne minor
var1at1on in S values for native and denatured DNA, S1egl
has deduced that KBSH virus has a s1ngle stranded DNA genome
of approx1mately 1.4 million daltons in s1ze Thls same
"author noted that 1ncomplete.particles band1ng at a lower
density;were roUtinely evident} These-particles contained a
heteregeneous distribution of DNA lengths, most frequently
comprising 20% of the complete genome Similar results have
geen documented for ‘several ‘other parvoviruses (Shahrabad1
et al, 1877; Rhode, 1978,‘Faust and Ward, 1979).

" only two 1imited studies have been attempted to
investigate the value of vaccination in preventing PPV
‘1nduced reproductlve failure. Studles of seralogical
response to an 1nact1vated vaccine prod ced by Joo and
Johnson (1977), indicated that antibody titres were
sufficient to assure protection for a period of six nontns.
Mengeling et al (1979) in a more detailed study of a low

number of a‘antmals_showed that a nresumably attenuated
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strain of PPV 1nactivated by acetylethyleneimine protected
. vaccinates from challenge by oro-nasal administration of an
assumed v1rulent strain Non- vacc1nated controls all .
produced dead fetuses with successful virus isolation from
each litter No virus was isolated from piglets born to
vaccinated sows and no antibody detected.

In Tight of the fore901ng, the present proJect was
under taken with.two goals. The first was to satisfy some of
the oUtstanding requirements of nucleic‘acid and protein
characterization to unquestionably classify PPV as a
parvovirus. The second was to investigate the fea51bility of
growth and purification of PPV in a defined cell line
system, as opbosed to less convenient prioary fetal cells:
Such a system hopefu]ly Wou prove suitable for commercial
vaccine production, reli;é(idv1ral 1solation and

quantitation and the production of high quality diagnostic

w
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I11. MATERIALS AND METHODS

A. Virus Iso1até
The virus 1solate used in this study was the ADRI 1
strain of PPV isolated 1n Ottawa. Canada, from a primary
porcine thyroid cell culture (Ruckerbauer et al, 1978). The
virus was received as a gif.\from br. H. J. Cho (Animal
Disease Research Institute, Lethbridge Alberta. Canada) .
This strain has been found to be serolog1ca1]y
1nd1st1nguishab1e from two. other well studied 1solates
A'(59E/63 Cartwright et al, 1969; G 10/1, Mayr et al, 1968)
by the modified d1reot complement-fixatton, |
Hemagglutination-inhibition and fluorescent antibody tests.
" Upon receipt, the virus'waefpassagedyin primary porcipe
fetal Kidney cells prior to furéﬁer study and the medium

from,infectedicu]tures was etoredvat -20fC until required.

B. Cell Culture

A swine testicle (ST) cell line was used almost
exclus1ve1y dur1ng thle(;tudy to propagate PPV. This cell
~ line was chosen for 1ts,ab111ty‘to~support the growth of thel
virus‘withva distinct cytopathic effect. Information .
concerning the passage history and‘origin-of the ceil,lihe'.
- were unava1lable ‘from the donor, Dr. J. F"Pantekoek
(Alberta Provincial Veter1nary Laboratory, Edmonton,
Alberta, ‘Canada) and could not be traoed.'w1th reference }o‘

cellular morphology, growth chdracteristics and an aneuploid
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karyotype, it was suspected that the ST cells were derived
- from an epitheliaT\neeQJasm (Figure 2). |
' Upon receipt the ST cells were found free of mycoplasma
by culture methods. At var ious” intervals during this study,
checks«were made for endogenous or contaminating
parvoviruses by the method of Hallauer and Kronauer (1965)
and were consistently found neéativeé, |
Primary cells were prepared hy frypsinization”of
freshly exc1sed fetal porc1ne kidneys using standand
methodo]ogy (Rovozzo and BurRe, 1973).
C Cell CUIture Medium
Medium for both growth and infection was prepared from PN
@ powdered minimum essential medium base (MEM-EggIe;,
‘modified Auto-Pow, Flow LaBOratories. Inc.,'IngieWOOd,'Ca.)}

which was dissolved in distilled water. The medium was

aUtoclaved_forv15 min at 15 psi, 120°C and stored at 4°C
until required. | ' | o
f Calf serum was added to growth medium to a level of 5%
. [volume per volume (v/v)] prior to use. Fi]ter ster1lized

solutions of glutamine bicar‘\hate penicillin and

' streptomy01n were added to final concentrations of 2
“millimolar (mM), 0.1% [weight per volume (w/v)], 100

‘internationai units/mL and 200 micrograms (ug) per mL,

: respectively _ ' - o ' !f"

For the preparation of medium to be used during

infection,.fetal ca1f serum at the same concentration-was

Jp——
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‘substituted for calf serum.

.D. Virus Propagat ion
For routine virus production.'ten or twenty 150 square

centimeter (cm2?) glass culture (Blake) bottles were seeded

- with approximately 7 x 108 ST cells per bottle and 1ncubated

T

‘at 37°C When mono]ayers were 50% confluent, with m1n1mal
cell to cell contacf and appeared to be entering the log
phase of growth: 36 to 48 h later, the growth medidm was
removed. The cell surface was washed twice with ster11e

phosphate buffered saline with Ca** and Mg*+* fol]owed by the

. addition of 10 mL of virus inoculum diluted in PBS to a -

muitipliCin of infection (MOI) of 10-3 plaque-forming units
(PFU) per cell. The bottles were then incubated at 37°C for
1 h, with gentle swirling each 15 min. After the adsorpt1on
period, 100 mb of infection medium was added to each bottle

-and incubat1on was continued at 37°C unt1l CPE was 75%

° complete; generally‘in_3-5 d.

\ E Virus Purification '

Infected cells were .scraped into the med1um with a

' -rubber policeman and centrlfuged at 2,500 grav1tat1onal

fogces (g) for 10 m1n§ The cell pellet was washed once in
neutral TNE bQFfer [50 mM trishydroxymethylamino-
methane‘hydrochldride (Tris): 150 nM NaCl; 0.5 mM
efhylenediamine tetra-acetate (EDJA)] and similarly

repellieted. Purification proqeeded by one of two methods

X
‘
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from this point

a) The cell pellet was resuspended in 50 mM glycine
buffer, pH 9.0, and SOnicated at low frequency for four 15
second (sec) bursts at 0-4°C. The cell suspension was
incubated at 4°C for 1 h and then twice extracted;with an
equal volume of Freon 113 (trichlorotrifluoroethane;
Terochem Laboratories Ltd, Edmonton, Canada) with
centifugat1on at 3,000 g to. separate the aqueous and
non-aqueous phasesl Partlculate cellular debrls was remdved
from the upper aqueous phase by centrifugatlon at 12,000 g
for 10 ﬁin. The supernatant was layered onto a step gradieht
consisting of 2 mL of 1.0 molar (M) sucrose above 5.0 mL of
aa CsCl1 solution, buoyant density 1.40 gm/mL (both solulioqs
being prepared in the‘above glycice bufferl: The virus
suspension 'was sedimented to equilibrium in a SW40 rotor at
150,000 gifor 20 h in a Beckman L5-75 ultracentrifuge
 (Beckman Insts., Palo Alto, Ca.).
- b). lhe”cell pelliet was suspended in.TE buffer (50 mM
Tris; 0.5 mM EDTA; pH 8.7) and 2,000 Kilo-international
units Trasylol (FBA Pharmaceuticals, Distributor Boehr1nger
Ingelheim, Dorval, Que.) was added (Table 2). The cell
suspension was then homogenized in a Soryall Omni-mixer
(Dupont Insts., Wilmington Delaware) for- onelminute on ice.. .
The suspens1on was centrlfuged 1mmediately at 275 g for 5.
min, ‘and the supernatanfjat 28,000 g for 30 min. The =

result1ng supernatant was adjusted to 25 mM alc1um chlor1de

and incubated at 4°C foh 30 min. The precipltate was
. s
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Table 2

Purification of Porcine Parvovirus by
the Modified Tattersall Procedure ‘ _ ;

PPV-infected ST cells ‘
i
Scrape cells into medium
Centrifuge @ 2,500 g 10 min

. r ] Ce”
Pellet : v Discard ‘
supernatant ) !
Wash in TNE buffer, pH 7.5 ~ . . ,
CentrifugeA@ 2,500 g 10 min ' N
.\ , —l
. Pellet Discard
H 1 inTEDb ff' H 8.7 supernatant
omogenize 1 min in uffer, p .
plus 2,000 KIU Trasylol
Centrifuge € 275 g 5 min
—
Supernatant - . Discard
. pellet
Centrifuge € 28,000 g 30 min
. T . < L
Supernatant , ' . ' Discard
. - . . pellet
Precipitate with 25 mM calcium chloride ‘
30 min o .
Centrifuge @ 12,000 g 10 min
— - — T, e
Pelilet ' o o : - Discard
o ) ‘ supernatant
Resuspend in TE buffer plus 19.5 mM EDFA .
by gentle sonication -
Centrifuge @ 12,000 g 10 min ‘
. — } l
Supernatant - . Discard 1
: . , - pellet {
Layer on sucrose-CsCI step gradient ” :
in TE buffer, pH 8.7 - ' .
Centrifuge @ 150,000 g 20 h . ' -
Purjfied PPV "'
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pelleted at 12,000 g for 10 min and the supernatant
‘discarded. TE buffer plus 19.5 mM EDTA was added and the
pellet resuspended by vortex ag1tat\9n and gentle -
 sonication. Insoluble materlal was removed by further
centrlfugatlon at 12, 000 g for 10 min, and the viral J
su5pension layered onto a step grad1ent,as apove (sucrose
and CsCl phepared in-TE buffer) and similarly centrifuged.
Following centrifugation, fractions were cqllected
dropwise by bottom pdnctUre for - further assessment-dr‘

visible bands were removed by pipette and studied directly.-

F. Virus Assay |

7 Virus infeétivily was measuned by several metheds:

| a) 50% Tissue Culture.Infectidus“Dose Assay (TCID50).

Metlculously cleaned glass culture tubes were seeded with 5
x 105 ST cells in growth medlum and incubated overnight. at
37°C. The- follow1ng day the culture tubes were examined for
;he presence of suff1c1ent cell adherence and m1n1mal cell
to cell contact. Suitable tubes were thén infected in
quadruplicate with serial tenfold dilutions of viral
inoculum.pnepared\in PBS as described previously.‘During'
‘idfecgion and PI incubation, tubes were placed in'a roller
apparatus (Labline Inste; Inc., Melrose Park, 111.) Cell
cultures were -monitored for CPE for 5 d PI. and the log
TCID50 calculated by a'modgfication (Marusyk, personal
communication) of the'tecﬁhlqOeOOf Reedkand.Mdeneh‘(1938).

b) Plaque Assay. For plaque assays, 3.5 x 108 ST cells
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.were seeded into 60 mm plast}g Petri dishes and incubated

.growth medium supplemented wlth 10 mM hydroxyethyl-

,plates were 1ncubated wit_

| infected in dupl1cate as descr1bed above At 48 h PI, - ‘ ,;‘ o

bt st S L i B e AR R A T

overn1@ht at 37°C in a 5% carbon dioxide atmosphere in

piperazige- ethansulfon1c acid (HEPES). The following morn1ng
all dishes were examined for even cell dlstr1but1on with

minimal cell to cell contact Growth med1um was removed and

" dishes were washed gently with PBS once. Serlal tenfold . »

dilutions of virus were prepared in PBS, and dupl1cate

.
? e

plates inoculated’ w1th 0.2 mL each. Plates were incubated
for 1 h at 37 C w1th gentle rotat1on at 15 min Ihtervals
Following adsorption, the inoculum was removed, >gpd d:shes
were overlawd with 5 mL of agar medium cons1st1ng of: 1 ]
Part: 1.5% (w/v) Noble agar (Difco) in distilled water at | ,
43°C added to 1 Part: 2 X 1nfectlon med1um at. 37 C (w1thout |
phenol red) supplemented with 20 mM EPES. The med ium

jure for 1 h and the

sion at 37°C in a 5%

allowed to sol1d1fy at

.carbon diox1de atmosphere ‘The follow1ng day 2 mL of

infection med1um wi thout phenol red were added to ‘each dish.: "bl' ;
Dishes were e1ther stained 4 d PI by the addition of 3 mL of . _ |
agar medium conta1n1ng 1:10000 neutral red and- plaques ’
counted the follow1ng day, or were fixed 5 d PI w1th 10%
formaldehyde and stained 2,h later with crystal v1olet ’
c) Inclusion Body Assay Glass Leighton tubes w1th E
ac1d cleaned glass coverleps were seeded with 5 x 105 ST

cells each. The- foJlow1ng day tubes were examined and -

a .
@ ]
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coverslip monolayers were washed with PBS, fixed overnight
with Zenker’s solugion and stained.with hematoxylin and
eosin as described by Hsiung (1973). Stained coverslips were
mounted on:slides and examined by qight microscopy. Typical.
inclusions were counted and the titre determined from the ,
highest dilution showing distinct inclusions. “ |

d) Fluorescent. Focus AsSay.'The procedure described by

Thiel and Smith (1967) was mod1f1ed slightly for use in this

study Petri d1shes were seeded and incubated. as descr1bed

for the plaque assays. DUpl1cate petr1 dlshes were infected

'at 50% confluence w1th ser1al tenfold d1lut1ons of the v1ral

suspens1on as in the plaque assay Follow1ng 1nfect1on 5 mL,

of 1nfect1on med ium supplemented w1th 10 mM HEPES was added

- to each d1sh afté? removal of the 1noculum The cultures

were 1ncubateq in a 5% carbon dioxide atmosphere at 37 C for
48 h At this time the med1um was removed and each plateCWas
washed four times with .0.9% (w/v) NaCl The mbnolayers were

then f1xed by add1ng k) mL of 95 voJumes methanol 5 volumes

9 9% NaCl for 4 min:
plates were washed w1th 100 mM phosphate buffer, pH 7.1, for

ﬂb e fixative was removed and the

4 m1n " The f1xed monolayers were then covered w1th 0.4 mL of

PPV antlserum prepared in rabbits as descr1bed below Plates

: "_:were allowed to stand at rooM’temperature for 30 min with

~

gentle sw1rling each 10 m1n The ant1serum was then removed

‘and the plates were washed s1x times with phosphate buffer

0.4 mL of a 1: 5 d1lut1on of fluoresce1n 1soth10cyanate

/ o
con jugated antyfrabb1¢ 1mmunoglobul1n (BBL, rokeysv1lle,MDl

- K .

v-,.'

. .
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Qas then'added to each plate. After a similar . ingubation,
each plate was washed ‘three times with phosphate*buffer
Plates were then examlned w1th a Ze1ss Jena m1croscope w1th
a dark field condenser under ultraviolet illymlnatton. The
(;DhUmber of fluorescent cells were counted in the highest
~dilution produc1ng fluorescence and the t1tre calculated

from the appropriate dilution factor

G. Preparation of Hyperimmune Serum
Purified PPV was obtained by the CaH prec1pftat1on and
sugrose-CsC1 centr1fugat1on procedure described above. Virus
protein was quantitated‘by a commercially available kit
(Bﬁo4Rad Protein Assay, Bio-Rad Laboratories,‘Richmond;
_Ca.). Virus was disrupted by ‘extended sonication, repeated
freeze-thawing in liquid nitrogén ano»dial;sis‘against
distilled water. Disruption was assessed by pre- and
post%treatméot electron microscopy Rabbits were injected‘
1ntramuscular1y w1th approx1mately 160 ug of whole or .
disrupted virus that had been d1alyzed overn1ght aga1nst PBS
iiand m1xed w1th an equal volume of Freund’s 1ncomp1ete
adjuvant. Intravenous'boosters.of a s1m1lar quanttty'of
virus without adjuvant_wcreigiQen four and cight'ﬁeeks
'lateo.«Rabbits were test bled one week later and;antibooy
production‘assessed by coqntercurrent_immunoe]ectroohoresis
4.(91E) against homologous antigen. One week after the test"

" bleed, the rabbits were terminally exsangoinatéd. Sera were

pa}tially purified by amonium sulfate 5récipitation (Axelsen
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| et al, 1973), resuspended in distilled_water and stored at

-20°C until use.

H. Hemagglutlnation

Serial two-fold dilutions of viral samples were
prepared jn PBS for either the micro-(0.05 mL volume) or '
macro-titration (0.2 mL volume) method in microtitre plates
(Cooke Eng1neer1ng Co., Alexandr1a, Va. ) or test- tubes.
respect1vely An equal volume of a 1% (v/v) suspension of
gu1nea p1g or African’ green monkey erythrocytes were added
to each well or tube and the tests were incubated at 4°C for
2 h, The hemagglut1na¢1on (HA) titre was recorded as the
highest dilution of test sample to cause complete

-agglutination of the erythrocytes.

1. Hemagglutination-Inhibition
‘Hemagglutination-inhibitionA(HIl tests were performed
~as described by”doo et al (1976b). Non-specific inhibitors
of hemaggut1nat1on were removed by heat inactivation of test
- sera at’ 56°C for 30 min followed by absorpt1on with
- (w/v) Kaolin in PBS Endogenous hemagglut1n1ns were 53::::5
‘ by adsorpt1on wlth the erythrocy:.es used in the test for 1 h
at room temperature ‘Treated sera were then ser1ally diluted
-and mixed with an equal volume of hemagglut1n1n containing 4
HA units. Follow1ng 1ncubat1on at room_temperature for 1 h

an equal volume of 1% gu1nea pig, or occas1onally Afr1can

green monkey,«erythrocytes was added. Tests were then,'

I
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Y
1ncubated at 4°C for 18 h. The hemagglut1nat1on 1nh1bitlon
titre was recorded as the highest dilution of serum to

completely inhibit hemagglut1nat1on. | N

|
1

J. Growth Curve of PPV in ST Cells
. Forty 25 cm? plastic culture flasks were sparsely

seeded with ST cells (5 x 108 cells/flask) and allowed.to
settle overnight to produce minimal cell to cell contact
The ce]ls were tHen parasynchron1zed by incubation at 4°¢ A
for 3 h followed by rapid warming to 37°C before 1nfect1on.

The cultures were washed oncemwith PBS and infected‘
with 1 mL of a 1;1000 dilution of seed virus (MOI~10'3f
PFU/cell) prepared in PBS and allowed to adsorb at 37°C for
1.ht Unadsorbed virus was.removed by washing each flask

three times with PBS. Five mL of infection medium was then

e added to each flask and 1ncubation was continued at: 37°C

At 6 h 1ntervals from 6 to 48 h PI and at 72 and 96 h
PI, flasks were exam1ned for CPE and four flasks were
selected random]y for determ1natlon of 1ntracellu]ar and
extracellular infectivity and hemagglut1n1n To assess
1ntracellular virus, monolayers were washed once in TNE
buffer. cells were scraped from the flask, pooled wrth

cellular debr1s pelleted,from the supernatant medium and

suspended in 1 mL of 50 mM glyc1ne buffer, pH 9.0. (The cell : \
- suspension was frozen and thawed three t1mes and the
incubated at 4°C for 1 h to extract-yirus. A1l samples we

 stored at -20°C priOr'to analysis for HA titres and
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infectivity (by TCID50 assay) as previously described.

K. Susceptibility of Various Cell Lines to PPV

Attempts were made to infect the following cell lines
with PPV: '
| 1) BHK-21 (baby hamster Kidney; a gift from Dr. J.
COlter, Biochemistry, Universify of_Alberta, Edmonfon,
Alberta). _ | C

2) B$C-1 (African green monkey Kidney; ATCC/46403).

3)‘He£a\(human cervical carcinoma; a gift’from Dr. 0.
Morgante, Bacterio]ogy, Un1versity of Alberta, Edmonton,
Alberta).

v

4)_HEp-2‘(human epidermoid’laryngeal éhrcinoma:’Flow‘

Labonatories, Mississauga"ontario)

5) KB (human nasopharyngeal cawc1noma, a glft from Dr,

S. Mak, B1ology, McMaster University, Hamilton 0ntar1o)
- 6) KB pre- infected with- human adenovirus serotype 2.
' ;) LLC RK-1 (rabbit Kidney, ATCC 46369) .
'8) MRC-5 (human lung. fibroblasts; ATCC 6388).
8) ST (swine. testiZIe' a gift from Dr. J. Pantekoek,
M1crob1ology, Prov1nc1a] Veter1nary Laboratory, Edmonton,

- Alberta). . | —

e

“

10) Vero (Afr1can green monkey monkey, Flow
d-Laborator1es Mississauga 0ntar1o) ,

' Dup11cate cultures were. seeded in 75 cm2 plast1c
* culture flasRs When approx1mate1y 50% confluence was

‘evident, one flask was infected with 2 mL of ‘a crude PPV

e
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preparation diluted in PBS to an approximate MOI of 2 x 10-3
PFU/cell. The other culture was'leFt as an uninfected

¢

control. The cells were observed daily for CPE. When "PE was

‘maximum or when 5 d had elapsed, the_cells were scraped int

the medium, pelleted by low speed centrifugation, and washed

_-once in neutral TNE -buffer. After centr1fugat1on, the buffer

was poured off and the cells were resuspended 1n 2 mL of 50
mM glycine buffer, pH 9.0, by vortex agitation. The &ell
suspension was incubated at 4°C for 1 h and then centrifuged

once more. The supernatant fluid was aesayed for viral

. hemagglutﬁnin as desdribed preVibuslyr

| L. Ultraviolet Light Abeorptlon Spectrum of PPV

A suspension"of porcine parvovirus purified by Ca**

-

.prec1pitat1on and sucrose- CsCl centr1fugat1on was tested for

i

ultrav1olet light ‘absorption between 235 and 310 nm’ -

-'wavelength. Measurements were performed wwth a ‘Gilford 250

spectrophdtcmeter (Gilford Inst. Lab., Oberlin, Ohio).

M. Sucnose.'Sedimntat_ion of PPV Virions

| Purified PPV.from a'CsCl gradient was dialyzed
overn1ght aga1nst TNE buffer, pH 7. 5 The virus suspens1on S
was layered on a 5-20% linear sucrose grad1ent and

centrifuged in a Sw40 rotor for 90 m1n at 150, 000 g ina

'Beckmah L5 75 ultracentr1fuge Fractlons were collected
: dropwise by bottom puncture and assayed for hemagglut1nat1on

titres.



N. Immﬂnoe1ebtrophoresis |

a) CoynterCUrrent Immunoelectrophoresis.‘Glass plates é
cm x 10 cm were carefully layered with 20 to 25 mL of 1%
(w/v) agarose prgpared in Tris-glyctne'buffer (50 MM Tris,
380 mMiglycine pH.8.3). Two rows of wel]s 4 m1llimeters
" (mm) in diameter and spaced 8 mm apart were cut into the
agar. The well on the anodal side was filled witr 35 ulL of
test serum and the well on the cathodal side wi*% an equal
volume of v1ra] anttgen extract This antlgen cons1sted of
the glycine- freon extract descr1bed above (see
Pur1f1cat1on), and was diluted .as required to have an HA
titre of 4096 Electrophore51$ was carried out in the same
‘buffer_conta1ned in the agar at 150 v for 1 h in a B1d-Rad
modelvT415:e1ectr0phoresis ce~l 'Precipitation Tfnes were
evident’immediatety fo]loWing lectrophore51s For permanent
records, gels were pressed unde wet filter paper.'several
"]ayers of paper towel, a flat ébver and moderate weight.
They mere'then dried td»a thin -fi1m wftnta hot air blower,
Jtrinsed,Free‘of’any precipitated salts or spitled reagents in
buffer and finally stained with O.Z%ICOOmassie Briltiant
4BiUe Rtinfmetnanol:acetic acid:water.(5:1:4) and destained
in the same solutibn minus‘the'stain. |

-b) Ro;Ket immundeleetrophoresis. Agarjplates were
prepared as above exbept'that'thetagar.was»cooled to
approximately 45'C and 50 microlitres (UL)‘Of antjserum~ .
againstddisrUpted PPV was added to 25 mL agar prior td

-




32

pouring the plates. Rows of sampie wells were cut into the

agar as above and filled with'25 ul. samples. Electrophoresis, o

was performed at 250 v for 2-6 hy Following electrophOresis
plates were pressed, dried and stained as described above.
c) Two- dimen51onal Immunoelectrophoresis Overlapping
tr1plicate 4 mm wells were cut .into agar slabs prepared as
'above This elongated well was filled with 100 uL of viral
tnantigen from the upper band in the sucrose- -CsC1 gradient
which‘had‘been dialyzed overnight against TE bufﬁer.
_ Electrophoresis was then carried out at 250 v for 2 h. The'
agar was then removed from the upper half of thz plate by
incision adjacent to the well and parallel to the direction
~ of electrophores1s in the first dimension The exciggd agar
strip was replaced by an equal amount of the same agar. N
| containing ‘50 uL of partially purified 1mmunoglobulin
prepared against d:srupted whole v1rus from the lower band
in the sucrose CsCl gradient.. Electrophore51s was performed'i
perpendicular to the first direction at 350 v for 180 min.
' The plates were then pressed dried and stained as above
P N |
0. Buoyant Density of Virus | |
The buoyant den51ty of PPV was measured by correlation
of the refractive index of 1nd1v1dual fractions collected
| from equilibrium gradients w1th a standard reference table

(Anderson ‘and Anderson, 1968) .- Measurements were made at

.room temperature using an Abbe optical refractometer
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P. Preparation of Virion DNA
DNA was prepared mos t frequently by the method of
Bourguignon et al (1976)

[

Purified virus was concentrated by dialysis against

polyethylene glycol to a volume of 0.2 mL and layered on a

5-20% (w/v) alkaline,sucrose gradient containing 300 mM

~ NaOH,, 700 mM NaC1 and 0.15% (v/v). Sarkosy!l. “The preparation
" was centrifuged in a SW50 rotor at. 170; ooo g for 3.5 h in a

Beckman L5-75 ultracentrifuge Fractions were collected by

: bottom puncture and the optical density determined at a

wavelength of-260 nm-in a Gilford 250-spectrophotometer
| DNA was occaSIOnally prepared by disruption of v1rions

in 3 M guanidine hydrochloride as described by . Shahrabadi et

“al (1977), or?0.75% 'SDS and 2. 5 mM EDTA ‘at 72.5°C for 90

min, followed by rapid cooling and precipitation of SDS and
proteins with 1 M NaCl and centr1fugation as described by -
May and May (1970)

.‘ - ! v

PPt
b3

0. Agarose Ge Electrophoresis of PPV DNA

Agarose slab gels were prepared from 1% agarose in E

buffer (40 mM Tris, 5 mM sodium acetate, 1 mM EDTA), us1ng a

. Bio-Rad model 220 electrophoresis cell. Sample wells'were'

formed directly in the top of the gel w1th a teflon comb
Bromophenol blue was added to samples as a tracking dye as

hwas sufficient sucrose.to produce{at leastva 10%-solution.

' Samples were applied to the'uells'and electrophoresed in the

‘same E-buffer at 150.v until the tracking dye had migrated
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4/5 of the gel length.. Fo Aowing electrophoresis, ~gels.were

either stained in ethidium bromlde and immediately examined

" under ultraviolet 1llum1natién or acridlne orange folfahed

v

by destalnlng in the appropriate buffer prior to examination

with ultraViolet light. Human adenovirus serotype 5 (HAdS5)

DNA was run: simultaneously as a double stranded control for

different1al stalntng with acridine orange Heat denatunsg

' DNA from phage @X174 or HAd5 DNA cleaved by restriction -

enzyme Eco- R1 were occasionally electrophoresed

s1multaneously as controls..

" R. SDS Polyacrylamide Gel Electrophoresis of Virion Proteins

a.) Preparahon, of Stacking ar:‘ Resolvmg Gel. A

"modification of the procedure described by Laémmli (1970)

was used for analysis of virion polypeptides. A 90 x 160 x

1.5 mm slab resolving gel consisting of 10% acrylamide

(acrylamide:bisacrylamide ratio of 30:0.8) was prepared in a
Bio-Rad model 220 abparatus‘and allowed to polymerize for at
least 1 h A 3% stack1ng gel was then prepared above this,
conta1n1ng ten sample slots formed with a te?lon comb. The

- stack1ng gel was overla1d.W1th electrode buffer and allowed .

- samples.

toApolymer1ze for 45 min prior to app11cat1on of the‘

- /

‘b) Preparation of Samples. Purified virus from

sucrose-CsC1 gradients was drop dialyzed against 1%~amMOnium

acetate for 45 min to remeve-éalte,(MabusyK and‘Sergeant,

11980). The sample was then'diluted_1:5:w{?h dissociatlng
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‘buffer _containing 60 mM Tris, pH 6.8, 12.5% glycerol 1.25%

SDS, 1.25% mercaptoethanol and 0.001% bromopheno] blue The

'sample was heated in a boiling water bath for 2 min and then
‘added to the sample well. HAdS was treated similarly and
added to the adjacent well as a control for polypeptide

molecular weight determination (Marusyk and Cummings, 1978).
Samples were electrophoresed at 30'millia£peres constant
cU}rent until the marker dye was within 5 mm of the bottom
of the gel genera]]y requ1ring 220 min. The slab gels were
then stained in 0.2% Coomassie Brilliant Blue R prepared in
methanol:glac1al acet1c ac1d:water,(5:j:4) overnight. The
foliowfng day the gel was destained until clear in the same
solution without stain. The molecular weight of virion
Eolypeptides was determined by comparison to the Felativev '
nﬁgraiion pattern of the known molecular weight polypeptides
of the HAdS control. ” 5 .

c) DensitometeﬁnTracings of Stained Géls: Thé‘gels were

sl1ced lengthwise 1nto 1ndiv1dua1 tracts, each conta1n1ng

-the reso]ved polypept1de bands of each sample. The tracts

'wer? opt1¢ally scanned .at 590 nm wavelength in a Gilford

spectrobhotometer fitted with allinear'transpbrt scanner.i,

S Thermal Denaturation of Purified Vira] DNA

) PPV DNA prepared by’ alkaline sucrose centr1fugatlon was -

| dlalyzed overnight aga1nst 0.1 x sal1ne sodlum c1trate (ssc). -
(1.5 M sedium chlor1de, 150 M “sodium citrate, pH 7.0) and
‘diluted to approximately 0.1 optical density (0OD) at 260 nm. .
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- Sinsheimer, 1959). A small quantity»of-bacteriophage~M13
DN, RF1, the kind gift of Dr. A. Morgan was included as an

36

HAdS DNA was. prepared. at the same concentration in the same .
- P

buffer as a control. Both samples were heated to 100°C while

being scanned'fon increases in optical density at 260 mm in

. a Pye-Unicam SP1800 recoraing spectrophotometeJ.

o .
T. Electron Microscopy Studies : I ' S ;
a) PPV Virions. Purified virus from CsCl gradients was |

: {
drop-dialyzed against 1% ammonium acetate for 45 min and

-

applied to formvar coated copper grids. Excess fluid was
withdrawn with a‘fffteb paper and 1% sodium phosphotungstate
was immediately added for 15 seconds and similarly S

withdrawn. Grids were allowed to dry and then examined in a

Philips EM 300 and photographed with the 35 mm roll camera.

b) PPV DNA. Purified virion DNA prepared by alkaline

‘sucrose sedimentation was exam1ned accord1ng to the method

of Davis.et al (1971). The hyperphase spreading solution

, contained‘a final concentration of 100 mM Tris, 10 mM EDTA,

th7.5, 40% formamide (v/v), 50 ug oyanogen bromide treated
oytochrome-c per mL .and approximately 1 ug/hL PPV DNA- 2 E ;
(assuming -1 OD @ 260 nm = 36 ug/mL single stranded DNA; - —

1nfernaf’control This preparatlon was spread over a - .

hypophase consisting of . 10¥ formamide” in 10 mM Tris, 1 ‘mi
v PH 7.5. The DNA was p1cked up -on copper gr1ds covered
w1th carbon coated ‘formvar films, that were then: sta1ned in
an alcoholic solution of uranylﬂacetate and rotary shadowed
- 5

\

i’
»
L
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___min. The‘cells were:- ehydrated i

S N 37
with platinum-palladium. The grids”were examined in a -
calibrated Philips EM 300 electron“microscope'and |
photographed. o S o ,d ,
| lhe.negatives were projected and traced at a final
magnification of 70,000 x. Tracings of 15 circular M13
molecules and 168 PPV DNA molecules were measured with a map
tracer The approximate molecular weights of the various
size classes were determined from the ratio of the prOJected
lengths (M13)DNA = 2 x 10¢ daltons; MarVin and Hohn, 13869).

c) PPV infected ST Cells. ST cells grown in Blake
bottles were infected as previously’ described. At 72 h PI,

vwhen monolayers were Just starting to show CPE, the infected\

cells were washed in 100 mM phosphate buffer, pH 7. 2 and
\fixed'with 3 5% glutaraldehyde prepared in the same buffer
After 5 min the cells were scraped from the bottle and
'centrifuged at low speed to form a pellet The T
glutaraldehyde was removed and the- cells were. washed once in

pellet was’ then post fix TAN% osmium tetroxige for

1.7% sucrose in phosphate buffer and centrifuged agaiq::%he
30\

increasing concentrations
' of ethanol, followed by propylene ox1de and finally embedded
in Epon 812.. After curing for 3 'd in a 60°C oven, the !
speCimens were trimmed and - sectioned with = diamond Knife ‘

"and mounted on copper grids The sections were stained with'

- 5% uranyl acetate in methanol followed by lead Citrate L

(Reynold%, 1963) and examxned and photographed in a Philips

| EM~-300 electron microscope

7

o
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V'U. Serological Survey *
'One.hundred'éerum samples from’m;bket age“swine jn *
central Alberta were received from federal Veteriﬁariéns. S -
These ;era were exgmined for ev{dence of‘q;eviops PPV - o« 8
cinfection by the HIxéhd CIE‘prpcéﬂgggs descr ibed abov@; : .';_ l':ﬂV“
V. Buffer Solutions S S o N f‘f
~  Buffer solutions used in thia course of study were‘ &““f*“”y\vn
?répared~écdbrding to the'descriptions of depri~(1955).drf ;ff» .
Tattersall et al (1976). o

W Manuscript Product fon ,
a This thesis was drafted edited and pr1nted using the.f\
- TEXTFORM program’and the Amdahl 470V/6 computer of Comput1ng

Serv1ces, The University of Alberta.
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I11. RESULTS

A. Susceptibillty of Various Cell Lines to PPV Infection

Various cell llnes were examined both for ev1dence of

- contamination by . subcytocidal levels of PPV (uslng the ‘3

‘15technlque of Hallauer et al, 1971) and the product1on of CPE

and viral hemagglutininafollow1ng attempted 1nfect1on (Table _

13) Only the ST celi line of porcine or1gin proved to be
_susceptible to infection by PPV. None of thé human

, ,neoplastic cell lines from which Hallauer et al had read1ly

1solated KBSH virus appeared ‘able to support the growth of
the ADRI 1 stqgin of PPV. Adenov1ral pre-infection of KB

' cel/g did not vary the apparent non- perm1ssive nagure of .

this cell . line although an, extens1vq study'us1ng various

” 4adenov1rus serotypes and var1ous MOI’s was not performed
,The‘hlkal1ne glycine. extraction procedure read1ly released

viral hemagglut1n1n from 1nfected ST cells with HA titres as

high as 1:12800 obtalned, vary1ng with the volume of

extraction buffer used

Tt

B. "Cytopath'ological end Morphological Alterations Produced

o by PPV in Cultured Swine Testtcle Cells as Observed by Light

and Electron Microscopy
Monolayers that were 1nfected at 50% confluence

progressed to a state of complete confluence during the

"f1rst 48 -h after 1nfection Wlth no ev1dence of degenerat1ve

5change Rapld degenera‘ .on progressed over tqs next 48 h

oS o
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Table 3 | \ ,

The Production of Cytopathic Effegt and Hemagglutinin by
Attempted Porcine Parvovirus Infection of Cell Lines
from Various Species ‘ _

Cell.Line | Uninoculated - Inoculated
“ 4 Control} o Principal
" | CPE HA Titre:  CPE HA Titre
BHK 21 | B - 0 - .. 0
BSC 1 B -0
.HeLa S, _ - 0 - 0 .
HEp 2. - 0 - 0
KB 7 o - o L - 0
KB(HAD2 pre-infected) ~ ~++++* 0 - +444” 0
LLC-RK 1 | - VI - 0
MRCS o -0 - 0
S Y . = e 1024
“Vero _ ‘f e 0 - 0
- - = no visible change : ' S :
- ..+ = minor degenerative changes, monolayer 25% affected
++ = moderate degenerative changes, monolayer 50% affected
+++ ='severe degenerative changes, monolayer 75% ‘affected
. ++++ = complete destruction of the monolayer - .

*°  typjcal adenovirus cytopathic effect h
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4

with the least confluent areas’ at the time of 1nfect1on
being affected first and the most confluent areas show1ng
minimal change (F1gure 3). The cytoplasm of infected cells
»5egan to retract break1ng cell-to-cell contact, and
produc1ng rounded cells with. thln projecting membranous
strands. Cells finally detached from the surface with
progress1vely enlarQIng holes develop1ng in the monolayer
~ The medium rap1dly became aCldlC -during the cellular
degeneration ' ' ' |
Hematoxylin and eosin sta1ned monolayers showed the
presence of cytopath1c alterat1ons as -early as 24 h PI The'

oearllest change observed was a f1ne basoph1110 prom1nence of

the nuclear membrane A more ‘advanced stage of infection was -

1nd1cated by a'distinct darkening and thlckening of the

nuclear membrane with a barely discern1ble clear inner: halo

The mos t advanced stage observed pPlOP to cell lys1s,

demonstrated a prom1nently basoph1l1c nuclear membrane, a

a w1de clear Intranuclear halo and a large, 1ntensely .

| basoph1l1c generally oval 1nclus1on body enclos1ng the
nucleol1 (Flgure 4) Although the number of cells
demonstrat1ng 1nclus1ons was variable and dependent on the

‘ mult1pl1c1ty of. 1nfect1on, rarely did more than 25% of the ~
cells show ev1dence of infection. “ | | |

Electron m1croscopic examinat1on of 1nfected cells at

72 h Pl demonstrated large numbers of granular amorphous

v

1nclus1ons but few cells showed ev1dence of progress1ve

assembly of complete v1rions Severe degenerat1on of the-

. .-

-y




Figure42

“Unstained swine Testicle Cell Monolayer

L .

Swine testicle cells were grown 1n 60 mm d1ameter Petr1

dishes in growth medium supplemented with 10 mM HEPES at

37°C in a 5% CO2 atmosphere Photom1crographs were taken %

-

4 'd after- the cells were seeded. Epithellal morpholﬁgy

is ev1dent N

(Magnlficgﬁﬁon: X 600

Figure 3

Unstained Swine Testjcle Cell Monolayer‘}nfected with Iz

PPV AR | ,

"A$ubconfluent monolayers of ST cells in 60 mm d1ameter
‘Petrl dishes were infected 24 h after. seed1ng with 1 mL
of _P‘,PV} (MoI 5 X 10-3 PFU/cell). JCells were examined and'
'photographed 72 h PI. Notlce the discrete rounding of

cells and the large gaps that have developed in the"

b

, monolayer

(Magnif1cation X 600)







Figure 4

ST Cells Infected with‘PPV and Stained with Hematoxylin
and Eosin - . o
\ - : % o - ‘ i
Subconfluent cultures of ST cells in Leighton'tubes were
inoculated W1th 1 mL ‘of PPV (MOI 10-2 PFU/cell). Cells
were fixed w1th Zenker s solutlon 48 h PI and sta1ned

-~ with hematoxyl1n and eosin. Infected cells demonstrate

‘large ‘intranuclear inclusions surrounded’by a-clear halo'
and marginated chromatin (arrow)

(Magn1f1cation X 2 500)

thure 5
f'Electron PhotomIcrograph Section of ST Cells Infected
1'w1th PPV '

ST cells were infected W1th PPV (MDI 10-2 PFU/cel])
»h Pl cells from infected cultures were fixed,
dehydrated embedded, sect1oned and sta1ned as described '
in MaterIals and Methods A large central granular,
_intranuclear inclus1on 1s ev1dent Numerous ribosomes
can be seen lmmediately OUtSIde the degenerating nuclear
membrane. | B ".-,'t" A

| (Magniftoation: X 19,000)." . ‘ |






" nuclear membrane'was evident atfthis time. A very thick band

'of amorphous homogeneous materﬁal lined the internal.edge of

thechuclear membrane Large numbers of ribosomes oould~be
observed 1mmed1ately outside the nucleus in the cytoplasm
(F1gure 5) The inner halo observed by light microscopy was
'shown,to contain;large numbers of apparently empty and full
partioles.'lhese often appeared to be in a string,
presumably along euohromatin fibres (Singer and Rhode, -
1978) The large granularp1nclus1ons could be seen to

cons1st of massive aggregates of: develop1ng capslds (F1gure

- 6). No ev1dence of lattice formation or capsomer structureA'

was observed Individual virions measured 20 22 nm d1ameter.

. Purification and Concentration of PPV

| Var1ous me thods have been descr ibed for the
purlflcatlon of parvov1ruses Several of these are su1table
.for‘produc1ng a~concentrated,relatively pure virus

preparation as'judged by'electron microscopy. The only~"

prooedure'that proved'adeduately'selectlve enough 'to produce -
essentjally pure virus, asfjudoed by SDS polyacrylamide gel

Q?ectrophoresls (SDS-PAGE), iS'the minor‘modiflcation of the
procedure des1gned by Tattersall et al (1976 desorlbed
earlier). The final two steps descr1bed by Tattersall et al,

but not employed in th1s study, appear essent1al to remove

minor quantit1es of residu 1 nuclelc ac1d and prote1n This

, includes treatment with m1crococcal nuclease folkpwed by

further sucrose sedtmgntat1onL The_shortened Tattersall‘

46 -
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Figure 6

Electron PhotohicrographfSéctiqn of ST Cells Infected
wee o,

- The expehiment was‘pebfohmed as describéd in Figurévs.
‘Note the tﬁigk hcmogéneqqs.famonphous-band iining_the

[inferior.of fhe nuclear mémbraheaﬂThe-granqlah dentral

-1nc]usion'can be seen to cOnsist.of a large'aggfeééte'éf

“deYéldﬁing virai~capsids.gNumérous fui] and empty

| virions can bevgeen in curvi}inear'arrqys_in‘the halo:

_regjlc'm. : o o | | . !
(Magnification: X 98,0000 = . N
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procedure as applied to PPV purification in this study
tended to most routinely produce three distinct bands in the
CsCl layer of the step gradtent (Figure 7). A lower band

,w1th a sharp lower border arm,;,ﬁpr, hat d1ffuse upper

.- 'l‘».

,border band1ng at a bqp%an‘n
was shown by SDS- PAGE a,a

‘population of empty and_h
somewhat d1ffuse~band appears htgher in the grad1ent and
from EM, HA and SDS-PAGE analys1s.conslsted of a

. heterogeneous minor‘quantity of'particles stil? partially

attached to cellular»debris4 The upper band demonstrated a s“?

sharp lower border that barely entered the CsCl layer and

; merged 1mpercept1vely with cellular proteins, l1poprote1ns

agnd.ltp1ds extendnng.through the sucrose layer. Further
analysis‘of’the<upper'band by‘Hb.,eleCtron microscopy,
SDS-PAGE and immunoelectrophoresis suggested.that it‘
‘contained viral soluble components CalcUlation of the':
efficiency of th1s pur1f1catton procedure 1nd1cated thag the
lower grad1ent band. contained 20% of total cellular » _ .

hemagglut1n1n but oqu 10% of total infectivity (Ta e 4).

D. Infectivity Titration ‘ |

_ Of the four methods examIned for 1nfect1v1ty t1trat1on,'
‘only the TCIDSO and plaque assays gave reliable ob3ect1ve :
results. The 1nclus1on body assay, anﬁ,‘luorescent focus
assays rout1nely produced vague endpo1nts Wehl developed .

1ntranuclear inclusions were readjlybdetected by both

B S PO T
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Fioure 7
CsC1-Sucrose Step GradientACentrtfugatjon of Calcium
Precipitated PPV
¢ |

Virus was extracted and pur1f1ed as descrwbed in

o .
Mater1als and Methods. A-discrete lower band, 'diffuse

~middle band and broad upper band ‘are evident. R ﬁ

Figure 8 -

Hemagglutination Profile of Serial Fractions fﬁom PPV
CsCl1-Sucrose Gradient Centrifugation. : R
Follow1ng centr1fugation as descr1bed in- Materials and

Methods 200 uL fract1ons were collected by

"bottom puncture of centr1fuge tubes. Fractions were

assayed for hemagglutinatlon and buoyant dens1ty and

) peak fractions were exam1ned by EM




1

HA Titre X 102

kel

. O
T T

T

o

5

1.55 DENSITY

ras Y/

1.35

35




Table s . S e - L

A\ -
Determination of the Effigggncy of PPV Pur%fication by
the Modified Tattersall Prbcedure ™ . v o

Cell  Purified . Percent
Lysate Virus Recovery

Total Volure 20 1
~(m1) . -
HA Titre . 2048 - 8192 -
(HAU/0.5 m1) S |
Total HAU  -8.19 x 10° 1.6 x 10°  20%

1
[4

. Infectivity Titre 105 2 x 105 .
* (PFU/0.2 m1) R -

.9‘ ( A . b !
¢ TOTAL INFECTIVITY 10 10° ‘ 10% .
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hematoxylin-eosin staining and fluorescent'antibody .,
staining. However as various developmental stages were‘ i
present 1n each preparation quantitation proved‘very v
'difficult despite an obvious dAlution effect Orly
intranuclear viral- specific fluorescence was prominent
compared to uninfected control cglls, in contrast to the
findings of Mengeling (1972) wﬁo additionally reported early
cytoplasmic fluorescence The relatively high cytoplasmic
background fluorescence-present may have 1mpa1red detection
of. cytoplasmic v1ral antigen '
' The TCIDS0 assay proved to‘be the most sensitive, ‘but
also the most tedious Various types of commch1al plastic
; culture tubes proved tOX1c to the ST cells, and 1nd1v1dually
washed glass tubes were necessarvftbr successfuﬂaapplication
,: of this technique A large quantity of culture ‘medium was
v:nfrequ1red (5 mL/tube) to provude for the substantial cell

» growth aﬂ? ﬂcid.pPOduction during the 1nfection process | _,ﬁh .

7f;allow cell attachment At ;cwer cell den51t1es plaques could

;'not be distinguished from‘gaps in the monolayer and’at
i ’higher cell d6h51tjes plaques were not. vis1bly evident
ATQ{fLDgspite the presence of a carbon dioxide/bicarbohate bufferif

;qfa‘.system, the 1nclu51on of the organac buffer HEPES was~found
-ap"q:, . _‘W
' psjﬁﬂﬁ#al to gpffer the. largé’quantities of acid as5001ated

.J"




’f\w;ith s'ignificant cell growth under the agar. Failure to

a

?nclude{H@PES buffer resuﬁted in: degenerat1on of the
er from tox1c1ty prlos tomplaque ?ormatlon Q@ry

H /

_ o',L-

¢ prevent\ren\o\/al df q!ﬁpficant fumbers of cetlls. from the

'of the ST, cells neces_%*ltated cr1t1cal c;ontrol of the overlay

rnediuaﬁ tenperature and rap'ld application of. -<the'-0\f:erlay to
. cbtaih a uniform’ coVermg without heat hecrosis of the
-~ A : . : ‘ .

monolayer'. Maximum discréte 'p,laque sizes of 1.5-3.0 mm were

obtained"at"}-S-d PI (Flgure 9). Pl_aques, were readily

distinguished but did not possess, an extrémely sharp border.

Plaques could be prodaced equall ’ well from both crude and
: pur1f1ed viral s‘uspenswns A titre of 105 PFU/O 2 mL was
“found-tobe_equivalent,to 3.1 x 105 7CID50/0.2 mL .

- - ki . i .

- ' -
*«Y.‘ _'D

" E. Growth c:.lrve , ' e ‘ v ,//'«";.‘ g
: s e

An’ 1llustrat1on of the intracellular and extracellular
growth curve of PPV in the Sléell l1ne as measured by
TCIDSO and HA assays is shown m F1gur¢ 10 )

' »' As judged by TCIDSO assay the v1rus latent per'lbd was
‘12 16 h. Ih'ls was followed by a log%"mthmc lncrease 1n
B _'mtracellular infect1v1ty whwﬁ reached a plateau ‘at 36 h
PI Extrgéellwlar tnquz:hwty ﬁras not detected until 6 h«
. after ‘mtracellular 1nfect1v1tv§’ and- followed a s1m1lar but

more gradually sTopmg curve A secondary Pate rise in.

’.1nfect1v1ty, attrlbuted in o‘ther studles to cleavage of the
' ' ‘ >9é@ . o

" “‘tle appl1cat1on of “the medﬁrm“and PBS wash was h cessary -

_'sparsely seeded pfdtes. \The extremely thermosens1t'lve nature '




Figure 9 : L ‘ : -

'Plaqués;FOFméd by PPV-in ST Cells
K - o o
Plaque assay of a crude v1ral 1noculum was perfdrmed as
described in Materials .and Methods The titratlon_

ﬂ1llustrated indicates an 1nfectiv1ty t1tre of 105 PFU/
0. 2 mlL. T

A
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; Figure 10

T

“‘R

;,gi"“‘” ‘Dne '.Ste‘p‘Growth Curve of PPV ,1n"ST.Ce,”s

Sparsely seeded parasyﬁbhronized cultures of ST cells
were infected ‘at a MOI 10 2 PEU/cell Unadsorbed virus

»

© .

was removed by . several washes with PBS and infection

medium was added prlor to lncubation at 37°C. At varlous
_ 1ntervals until 96 h PI, cultures were examined for CPE
aand four cultures were randqmly selected and pooled

*Pooled samples wege assayed for’intracellular and

¥ extracellular vtrg}fheﬂabglutinln and infectivfty as

descrlhed in Materla‘% and Me&hqd .;
Sl &. B 7

’ ! . ‘ "‘""l
5. L e R L
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'growth curve resémgges the single step growth curves

reported for other parvoviruses (T‘“i

59

B polypeptide to the C polypeptide, was noted between 48 and‘

,-72 h PI. as it has been with other parvoviral systems,

Intracellular HA act1v1ty was not detectable until between

24 and 30 h PI, presumably due to the lower sensitivity of

"the assay. Increases in 1ntracellular HA continued

logarlthmically until 48 h PI. Extracellular HA act1v1ty was

. not detectable until 48 to 72 h P1, when CPE was obv1ous

7&

;'Apart from a slightly longer latent period, the shape of the

'rsall 1972 S1nger

. " and Rhode. 1978) Th1s longer latent period may have been .

associated w1th the method of cell synchron1zatlon and the

: -use of lower serum levels 1n the med1um

Compar1son of the total 1nfect1v1ty (1nfect1v1ty titre

X volume) 1nd1cated that only approx1mately 10% of total

infectivity was found in the extracellular fluld and 90% was

‘assoc1ated w1th the cell pellet Furthermore comparjson of .

the rat1o bf HA 1nfectiv1ty for 1ntracellular and
extracellular samples revealed a five ‘to tenfold differencé‘“

1nd1cating that HA is an extremely 1naccurate way of

: estlmat1ng-1nfect1v1ty,of crude y1ral preparat1ons.

F. Hemagglutination -

Hemagglut1nat1on tests were or1ginally performed us1ng

1% gu1nea p1g erythrocytes It was-subsequently found that a

l% suspens1on of Afr1can green monkey erythrocytes wh1ch

are conven1ently ava1lable in. large quantity commerc1ally
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S PSS L .
without the need for terminal exsanguination of:the donor,
‘produced identical titres. The techniques of dilute alkaline
buffer;éXtracti'n and sonication -each produced a one log
difference in HA titre over CeJT'suspenSions freeze- thawed
.'in neutrabvbuffer Relatively large volume preparations with
‘:HA titres greater than 4000 could be routinely prepared

' USing these methods Purified virus suspenSions generaiiy (“)

A

produced‘HA titres of 2000 8000.‘
G.'HémaggiutinatiOn Inhibiticn} |
| ' Both the macro- and micro titration methods were .
suitabie for HI evaiuation of ‘sera.. The macrOFtitration
iappeared to give clearer endeints Viral hemagglutinin
fprepared iﬁ either PPK or ST cells were equally reiiabie | :,g’
Affhough-plates.were held for a final reading 18 h after ri 5?
addition of erythrocytes as described by Joo et al (1976b)
‘ little variation in HI titre was noted after 2. h incubation
H.. Countercurrent Immunoelectrophoresis S )
CIE proved to be an effective technique to identify the
presence of soiuble viral antigen when test sampies were
-“eiectrophoresed against speCific antiserum or the presence
of PPV antibodies in test sera electrophoresed with a-
,isUitabie Known PPV antigen preparation Tests generaiiy gave

<'positive reactions w1thin 20 min,’hut electrophoreSis wasl

"' routinely continued for/i h (Figure 11) Antigen i

.preparations with HA titres of: 4096 gave mbst satisfactoriiy |

- .




Figure-11

Countercurrent Immunoelecfrophoresis -of PPV Sbluble

,Components

iA suspéns1on of PPV soluble components was prepared by
alkaline glycine buffer and Freon extraction of

PPV~ 1nfected ST cells A control suspens1on was prepared

_} by s1m1lar .ctraction of uninfected ST cells. 35 uL of
;antvgen suspens1on was electrophoresed against a s1milar

‘volume of test serum. as’ge§cribed 1n Mater1als and

,AMethods An obvious precipftin l1ne could be readily

ﬁgegsp{ed 1mmed1ately follow1ng the electrqphoresfs (a)
Plates were routinely pressed dr1ed and sta1ned for a
permanent record (b) | |

,vi control antQQen preparation |

-2 PPV soluble antigen preparat1on

',S'hegat1ve serum '

4 poszltwe serum - ©
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visible precipitates, while precipitates from antigen
preparations with HA titres less than 512 were not readity

>apparent Attempts to use fractions containing whole virus
from CsC1-sucrose gradients were generally unsuccessful.
Fract1ons from subsequent CsCl isopycnic gradients ‘produced
pos1t1ve reactions throughout most of the gradient. Both '
d1luted and undiluted serum could be used to produce obvious
prec1p1t1n 11ﬁ\s The pos1t1on of the prec1p1t1n line |
between. the two we]ls was observed to vary w1th‘the HI . titre

of the serum and the H titre of the ant1gen preparatlon{

Pos1t1ve react1ons were cons1stently observed between -
ant1gens prepared in ST cells at varlous t1mes throughout
“this study and antiserum prepared against whole wirus or
dlsrupted virus as Well as ant1serum rece1ved w1th the

original v1ral 1solate . -
Y . A

C

D Rooket Immnoelectrophoresis
) Rocket 1mmunoelectrophore51$ was performed us1ng
al1quots from ser1a11ybcollected fractions of 1n1t1a1
B CsCl sucrose step grad1ents. as well as peak v1ra1 fractlons
recentr1fuged in CsCl equil1br1um grad1ents, in an attempt
'“to 1dent1fy peak v1rus conta1n1ng fract1ons In1t1a1 step
' gradients rarely produced any s1gn1f1cant rocket formation
apart from fairly low. rounded blebs occur1ng with fract1ons-
: from the upper reg1on 1n the gradient suipected to conta1n -
PPV soluble components Dark sta1n1ng rims’ were present on :

' the]upper‘ha%f of the wélls whgch.conta1ned samp1e§vfrom

P LA L v e g . .
> . LRI S C e

o, .4,'.{"
i [
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-fract1ons hav1ng peak HA titres, but no mlgrat1on from the

- well was ev1dent

When fractions from subsequent equilibrium gradients
were‘similarly examined a dramatic difference was observed.
The fraction demonstratdng‘a buoyant density of 1.44 gm/mL

showed a large, well formed doublé rocket with similar -

‘minute rocketS‘present in the two adjacent wells'(Figure

12). It has been preV1ously demonstrated that parvoviral

partlcles of this buoyant density, the so-called heavy full

"'part1cles, are read1ly disrupted by repeated CsCl

centr1fugat1on,(Cl1nton and Hayash1. 1975) As numerous
disrupted part1cles were ev1dent upon electron microscopic

]

examinat1on of this fractwon,,1t would seem that rocket

- formatlon was assocwated w1th m1grat1on of d1srupted virion

e

‘components and not complete virus.

J. Two Dimensiona1~Immunoelectrophoresis of PPV Soluble

Components
Mater1al collected from the upper band in sucrose-CsCl1
grad1ents was exam1ned by CIE and rocket immuno- _ -

electrophores1s, prior to attempts at two d1mens1onal

‘,1mmunoelectrophores1s. to assure adequacy of ant1gen Th1s

materlal routtnely gave ‘a strong pos1t1ve CIE react+on and

produced shortaput obv1ous rockets, as opposed to pur1f1ed

v1rus:wh1ch gave lntense staIn1ng at the top of the wells,

but no s1gn1f1cant m1grat1on 1nto fhe gel.

Two-dimensional tmmunoelectrophoresis againist antiserum

. '\
PSR

9



Figure 12

Rocket Immunelectrophoresis of Fractions Collected from /
.CsC1 Isopycnic Centrifugation of PPV

25 ul samples were added to we‘ls cut in agarose slab§
;‘conta1n1ng 50 uL ant1 PPV immunogliobulin per 25 mL el . g'; , ‘
buffered agarqse. Electrophoresis was performed at 250 \%

for 6 h, foltowed;by prgssing, dry%ng and staining of

the agarose;?;”’ ‘A Sin‘Qle 'fraction shows large

prominent'r ‘ ‘ts W1th minor rocKets present in the two

adJacent wells.

'Figdre 13 R - :'.; . B 7~'“

'Two—dimensiohal‘Immunoelectrophohésis of PPV Soluble

,*Combonents

An aliquot from the upper band of CsCl-sucrose grad1ents<

Awas electrophoresed as- descrlbed in Materlals and | o
__Methods -The prof1le_observed—+ad4ea%es the presence—of““‘*—“*f
two ant1gens with d1ffer1ng electrophoret1c mob111t1es

thatﬂshare a common a tlgen1c determlnant

& "‘
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to disrupted PPV FoUt'i'nely produced -a- pattern co'nsis'tin\g of

) two clﬁsely _migrating peaks jo’lned by a line of identity o |
”(Flgure ,,,43) Attenpts to produce greater peak height o
o resodution and - separation’ by sanple concentration variation
’of antiserun concentration. voltage or electrophoresis time
@lere unsuccessfu,l It is. possible that this phenomenon was |
- %associated ‘with, residual cellular ]/ip'lds bound to. the { |
7 W soluble viral protein Attetrpts to inprowe migratiqn by :Q: o
o ﬁreon or detergent,d treatment of the antigen were similarly o
; unrewardfhg o - 'j i hfw.‘-vaq R ¥

. -
E . ,-'.‘ e T . - _.’
. « . . »
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2 N
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o K U'i?ravtolet lin\t Absorption Spectrun'bf Purified PPV’
"9 7 The absorption spectrun of PPV o8

o shortened Tattensall procedure is 1llustra' ed in Figure 14, .
The shape oi" the curve is very simila? to thgt for anogther s
parvovirus“Minute Virus of - Mice (MVM) (Tattersall et al,
1976) The E260/E280 ratio was calulated to be .45, o
slightly higher- than ‘the 1.38 value determmed for MVM r
following treatment withr micrococcal nuclease and further .} .
sucrose sedimentation in addition to the purificat‘ion
procedure used for -PPV in this study (Tattersall et - L

al 1976) The higher absorbance at 260 nm- would most like/‘ry _

uggest residual éontamination wi th small quantities of
cellular gg_e__lg'ic acid or inconpletely packaged replicative L
form viral DNA. R *_;r_', A S o

e



UttravidYet, Light Absorption Spectrum of PPV

g4 v

,Purified PPV was obtained by the Tattersaiiﬂhrocedure .

described in Materials and Methﬁdé The u]traVioiet\”TJE

1ight absorbanceqwas measuréh in a Giiford 250. .

:

ot e e
| . L. . . ] ) . A , r - . c y . . - ..
Figure .14 = % - . A v . | |
R _ , _ ,
. Ll . g ¥ . . R

.
°r
. ‘
G,
[
W F

_spectrgphotometer The E260/E280 ratio was. 1 45 QLP L ‘
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Sucrose Sedimentation of PPV Virions

Purified PPV virions from CsCl isopycnnc gradient were .
'sedimented through a 5 20% neutral sucrose gradient as
jdescribed in Materials and Methods Fractions were_

-collected by bottom-puncture of the centrifuge tUpes and

;;skayed for hemagglutination A w1de range of -.:ﬂA\h
sedimentation rates is apparent with h.p brqad peaks of
HA" activity being detected.. »’9'- S,

o.
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' \undiluted passage of @1rus Such a progedure had‘been,

k. Sucrose Gradient Sedimentation of Purififsw

Hemagglutinating acth1ty COuld be detected ove; a very
\broad range in neutral‘sucrose gradients As 1ndicated in -

FlgUPe§15 two peaKs Of hemagglutinin were evident w1th the

. slower sedimenting peak demonstrating ‘the highest HA titre
The results of this analysis closely ppralleled the findings”'

of - Muller et al (1978) during studies on the production of

-
\

- fh ;onsequence 'l'heepresence of a very*heterogeneous '

: .wpopulation 'of. particles wi&h respect to their sedimentation

“7co efficientsl@qu suggested By this Rﬁpfl]e as well asma

. published molecular weights are available (Marusyk and

?within this population‘; SR

| Cummings 1978). anaacdﬁrate estimate of the—molecular

.predominance of”mdre slowly sedimenting defective particles

L3

.\;3 _(g;,‘:' ‘3

ta

TM SDS Polyacrylamide Gel Electrophor is of Purified PPV

e DisrugtiONgaf purified v1rus/irto component B f-‘
lypeptides and subsequent separation acbording Ef“/

“molecular weight by polyacrylamide gel electrophore51s was

performed (Figure 16) Three polypeptide speCies de51gnated

A, B and € in order of decrea51ng molecular weight

(follow1ng the precedent of Tattersall et al 1976) were _‘w“

,demonstrated By comparison of the relative migration

. defective panticles o? parvov1rus Lu I11- folldﬁtnqggultiple .

v. perf 'i early in th\s study of - PPV without expectatipn ofﬂ'

-

-

patterns of the PPV poiypeptides to those of HAq5 ‘for which;f |

AR

: _.'._:l'



1} s " e e
IR Y S
Fi 1 . L o
Figure | . . ¢
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> ‘SDS‘vPo'lya‘o,_ ‘lﬁ"_"::"'"':’. Gel Electrophoresw of !'Pv - -
PPV pur1f1ed as descr1bed byﬁTattersall et al 55976)’1n
.4he presence of a proteolyt1c enzyme 1nhib1tor was | jff'
analysed by the SDS- PAGE Qechnlque as descr1bed 1nA”u e

/JMaterials and Methods (a). HAdS was similar%@ egalyzeq

f}» as a control E@&ee parvoviral polypeptides‘are .', .
1ndicated by this analys1s gThe B polypept1de-1s t

‘ observed ‘to be the predom;gant species<bPPV puriffed as

- described by Bod?b1gnoh et al (1976) iﬁ the presenqe of
the proteolytic eni&me trypsin waé similarly analyzed
m? tb) ".Again {hree pol. ‘tides are observed However. the

. R ~,~ﬁ\3qgﬂw
faster migrating‘%? _]ypeptide 1s predomf%an?

. {{.

PP
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' 'fi¥reborted 10 c use cJeavage of the B polypeptide of heavy
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weight of the three PPV p@lypeptides was obtained As

determined from dens1tometer tnacings (Figure 17) he

molecular weights are 87 0@0-(poly3egt1de,A) 69 000

(polypeptideﬁ) and 66,000 (polypeptﬁde c).” *‘*@

' ‘gonsiderable variation in the phoportion qf each -
polypéptide preéent amd the presence oF additional | [?Q ¢ '»_3
s ) b ”, o L J" o ) :

. ’n
&{

} po]ypeptides were complefely 1nfectaou§,~1t is assumed that
'species~amd a w5 000 daiton species. Polypeptidé}A comprised

_ tracings. Polf

. \ N . :
polypeptides .As virusdgrepanations ngt cdntaining these

ﬂ1&&20% of the otai protein in all preparations, as
» .est’iiliat‘ed' frof

polypeptide speéwes was found to depend on the methpd of’ :;
;'C ) A"‘"(‘

 ”z¢ and the time btsv1rus harVest ,w,fhi"5"i

puri'
'ijods not~émﬁﬂgyinﬁ aieium prec1pitation _”

ely contained VaP1OUS anrays of additional
£

%ese were con ammant cellulanqpolypep'fides Most pnomment

in these addit onal polypeptides were a 72, 500~dalton¢&

r

the. ‘area under the curve on densitometer

LA

Atide»B @as the predominant spec1es and

v

S 17% \
,__genera]ly acco nted fet 60 80% of the total protein SRR

hPo]ypeptide §

'st Frequently appeared-as 20% or less of the S

"totaf'prdtein «Hhen tryps1n was’ used in purification

Aih,(Bourgignon et 1976), a 51gnificant 1ncrease in the

'"f*fu]l particle

vproportion of polypeptide C. was evident Tryp51n has been '4'ft

to a C polypeptide (Tattersall et al, 1976)

Preparat*%ns ;arvested before CPE was ev1dent occasionalﬁy

produced~only the‘ﬂ and B poiypeptides The in-vivo it




Figure 17.9

e B

L.

Densltometer Traclng of PPV Polypeptidee Separated by

b
P4

SDS Page o ij,»f ‘

o

41')

Stained polyacrylamide gels contalﬁ

b
| e

,separated by SDS PAGE were’ scanned at 590‘nm wavelength

in a. Gilford sﬁectrophotometer w1th a linear transport

: scanner The molecular weights of the;separated

wJpolypeptides were determined by cemparﬁson to the _'

-; relative migration of HAdS polypeptldes

. _'Polypeptide A 87 ooo
,npolypeptide B - 69, ooo.
Polypeptide c~- 66 000
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conversion gf polypept»ide Bto" polypeptide C is considered
to‘occurdhi a late stage in'tnfection'(Tattersall 1978a)
and to be assoc1ated with the late gsecondary rise in
1nfect1v1ty noted in this (F1gure 10) and other studfes
(Singer ‘and Rhode, 1977b).. ‘
N. Alkaiin’e Sucrose Grédient“Sediméntat"ion of PPV DNA
. Sed1mentatlon of purIfied PPV into an alkal1ne.sucrose
gradient produced the most su1table DNA preparatwon for
f raprdi
| ' ed- by’ &;aviolet
.,,3bs?:p1fbn.measurement at‘2SD nm - ('\. vjitao Under the -
'.condttions used the PPV DNA sedimented as a s1ngle band

edlment1ng,‘

‘4, ' ‘electron microscopy. A smal] amounty

_presﬁnably~cejlular. DNAscould;be

”i With a Steep leading face and a broad tra111ng edge

‘?f“\ Tbermal Denaturation CUrve

; denaturation experiments The curve associated thh the
change $n optica] density at 26Q nm wavelength for PPV DNg
during heat1ng to 100 c shows only a minor termInal N. ‘
»4ncrease In sharp ccntrastq%}he curve produced w1th‘HAd5, a-
known double stranded virus"demonstrates a substant:al
increase 1n op¢1cal demsity as the sample 1s heated On the
bagjs of these experiments the DNA qf PPV 1s 1nd1cated to "")

f; exzst 1n a s1n;1e stranded cbnf1gurat1od

Figure 19. i(lustrates the results of | twcx@;eémb]ﬁ- ‘ A
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. Alkaline Sucgpse Sedimentation of PPV DNA- .

' Puri#ied PPV was layered ona. 5 20% alkaline sucrose uj )

gr!ﬁient in a SW 50 rotor and centrifuged foq 3.5 h,at
' 170 00 g as described in Materials and Methods 200 uL

t-r",

fractions were collected by bottom*puncture of the Tk 7“

4%'
:p

o centrifuge tube and analyzed for ultraviolet light

o ., St et
- absorptaon at 239 nm wavelength . v%ﬁ%h(ay -
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'§%m§nes of ppv DNA and HAd {DNA were diluted te o 1 0 o
. S
e 260 nm’ with 0 1 x SSC The samgles were heated to o

1

e o ’ oL
A 3 ‘ @1.’) B
. co. ) .‘ o ‘_ '.
" . - ~ T . ’
"\ .

»ﬂOO C\\in a Pye Umcam 180.0 spectrbphotaneter wh‘lle the ,;‘ o

,‘i

'*increase is apparent W1th the HAdS sample,.@i_;ﬁ,h'f,;_;“\

;ﬁ characteristic of a double stranded configuration, The
PPV DNA demonsthated minimal change during heating to

opticgﬁ density wa recorded A distinct 51gmoid curve L

100 C indtcatin@ a single-stranded configuration._ﬁ;j. "
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:gg;upai3‘;;"g The differentia? staining properties of the
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P ‘Agarose Gel Electrophoresis of PPV DNA
A broad continuous band was repeatedly produced by
| agarose»gel electrophoresis of PPV DNA. This was in sharp
: contrast to the discrete band. produced by the adenOVirus DNA

&

- control sample. The parvov1ral DNA H'd the same somewhat

diffuse appearanCe gggardless of thé’method used to separate
&

v1ral’DNA and.proteinf suggesting that the broadqgss of the -
l, band was tr@ly an indication df the aeterogeneous population

of DNA yp ths in ‘the sanple and not an atrifact When - ‘

parvov1ral DNA was electrophoresed with’ a contnol consisting

Eco R1 generated fragments of HAd5

i of restrlction“ ;
the PPV DNA band migrated slightly ahead

the upper llMl;.ﬁ?
of the smallest re tﬁéff1°n fragment h‘ﬂthough this would
suggest that the conprete PPV genom’e ’is slightly less than
1. 7 million daltons (Mulder et al 1974). a direct

o of single- and double stranded molecules is

-,}ive More suitableasingle stranded controls were

ac%idine orange dramatically distinguished betw@en the .' |
: ~1ntense green f1uorescence of the double stranded adenOV1rus
DNA and'the weaker flame red fluoreseence of the PPV DNA

again 1ndicative of a 51ngle stﬁgnded COnflguration
Furthermore, ribonuclease treatment did not alter the o

| appearance of the PPV nucle1c~ac1d band Unfortunateﬂy dUe

-~

to, ‘the diffuse nature of the PPV band’ and the weak'red '

l

fluore8cence, satisfactory photographs were not obtained,

A e B . S ot . BRI N ) -
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. | reVealed a generally sphericar morphology Capsamer' R

.:w eapproximately'12 14 pm in diameter) and an outer shell R

> L om
Q. Electron Mioroscopic Observation of Virion. Morpho18gy

P Virions purified by the shortened Tattersall procedure

demonstrated the least eVidence of reSidual contaminating

' cellular“debris (Figure 20). Virions: from ‘such’ preparationsf

l'

' centrifugatidn proved most SUitable for electron microscopy

(4\1

¥’

K structure.was too indistinct to allow description Particles L

fegquently clumped to . form a hexagonal lattice.vsuggestive
2 W o
of icosahedral symmetry“’Apparently intact" Virions whose

centre had been netr§§bd wi th- stain presumably empty

particles. rised approximately 25; of, most preparations

A larg.' ~,r of damaged partioles were routinely seen in.

various stages of asgradation into an inner core

Ingividual v&rions varied in size from. 20- 24 nm in diameter
wl;b-an average of 22 nm e J_Jfﬁf‘@"lg; T %

Y
. Pid
v

<>." L L .-'.- . . ".1

R Electron uicroscopiq Obseryation,of Purified PPV:BNA ?f{;(
< ’? ) l

DNA prepareblby alKaliné‘sucrose gradient "i'
Residual protein in preparations disrupted in guanidine “ |
hydrochloride resulted in clumping of the released DNA "Pi\-‘fﬁ
B Purified DNA spread by the. formamide technique | )

exhibited a profound]y heterogeneous distribution of lengths
(Figure 21) The molecules were all linear anq\gave the

‘df; appearancemof being si7gﬂ§\§$randed in comparison to"the
Lo double stranded internal trol molecules They " ranged in

measured length from 0 15 to 1 05 mﬁcrons (u) as judged by
':?$;1}7”" R
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> Figure 20 J
B o o

2 .
Electron,Photomicrograph of Purified PPV Virions -

'?Purifiéd PPV from CsCl-éucrose.gradieqfs was
drop-diaiyzed against 1% amhonium acetate, applied to
formvar-coated copbér grids and stained with 1% sbdium
phosphotﬁngstate. The average diameter of the virions
obsebved was 22nm. Numerous fuli and empty virions can
be observed as weli as some particles in the proéess of
disrupting into an inner core énd an ouker shell
(arrow). ” , f | -

(Magnification: X 165,000)

<
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Figure 21

T\

Electron Photomicrograph of PPV DNA

PPV DNA was isolated by alkaline sucrose gradient
centrifugation. The DNA preparation was mixed with a
small quaq}ity of circular phage M13 DNA and spread by
the formamide technique. The spread DNA was picked up on
carbon coated\copper grids, stained with uranyl acetate
" and shadowed with platinum-palladium. The thicker
double-stranded circular‘phage DNA is readily
distinguishable from the l?hear, single-stranded PPV

DNA. Notice the hetérogeneous distribution of PPy DNA .
lengths present. (Magnification: X 34,000)

Figure 22
Histogram of PPV DNA Length Distribution

168 PPV DNA molecules and 15 phage M13 DNA molecules
were measured from photographic enlargements using a map
tracer. The size and mp]eéular weight of the PPV DNA
molecules were estimated by comparison to the M13 DNA
internal standard. The complete genome of PPV by td?;

analysis is estimated to be 1.05 x 106 daltons.
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comparison to the control molecules and calibration with the
microscopé magnification factor. Only 9 of the 168 molecules
measured demonstrated the maximum size, assumed to beg
complete genome length (Figure 22). The most frequent(y
occur{ng size class was 0.45 u or approximately 43% genome
length. By comparisodtto the control molecule length, the
complete PPV genohe would appear to be 1.05 miliion daltohs.
somewhat short for the quoted range of 1.5-2.2"million
daltons. As s1ngle stranded parvov1ral DNA does not spread
as completely as double- stranded DNA (S1nger and Rhode.
1977a), even in tﬁe presence of formam1de, it is believed
that this deficiency is an artifactual result of using a

v

double-stranded internal control. A suitable single-stranded

internal control unfortunately was unavailable for use.

S. Serological Survey

- The redu]ts‘df a serological survey conducted to
'eValuatd the frequency of PPV infection in swine in Alberta
as well as the reliability of the CIE test described above
are presented in Table 5. | | '

Ohe‘hundred serum éamples qollecfed from market age

swine from four different abatlgirs in the Edmonton-Red Deer
area were suppiied for ahalysié by'fedehal veterinarians. As
high titres were expected, ‘sera were f1rst exam1ned by the
macro-titre method in the range of 800 to 25600. Samples
giving negative titres in this range were further examined

in the range of 8-1024 by the micro-titre test. Upon arrival

. . J
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Table 5

A Serological Survey of Sera from Swine in Central Alberta
to Detect Antibod1es to PPV

HI ) CIE

Results . No.‘ % | No. %

Positive 68/89 76 © 67/89 75

Negative 21/89 24 22/89 25
. o !

Titre Range 1:64 - 1:12800 N/A

.

- e
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eleven sampleg were judged unsuitable for testing due to
deterioration during shipping. Sixfy-eight of eighty-nine
samples (76%) demonstrated HI titres to PPV. Titrés ranged
from 1:64 to 1:12800 with 63 sera having titres of 1:800 or
greater. These values fell in the midrange of'findindé for
similar surveys done in several countries, as reviewed by
Joo and Johnson (1976). ‘

The sera tested for HI antibodies to PPV were also
examined byUCIE'as described in Materials and Methods. Apart
from one sample giving a positive HI test and negative CIE
test, all resu]fs correlated completely . Precipitin lines
were generallytvisib1e aftér e]ectrophoresfs for 30 min
withﬁut staininé but electrophoresis was routineJy:continued
for 1 h and the plates were pressed, dried and stained to

~obtain maxi sensitivity. Unstained pjé&es often'appeared
to_demonstrate fwo é]ose]y spaced fine lines; Upon pfessing
and staining, however, only a single line was visible. An |

.;antigen preparation containing 4096 HA units per. 0.65 mL
gave the most plainly vis{ble line, conveniently positioned
‘midway’between the wells. CIE using the uninfected control
cell ;xtract did not produce a precipitin line with any of

the tegt sera.
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IV. DISCUSSION
The ‘Tack of conveniently suitable méthods for the large '
scale érowth, purification and objectivq,quantifation of PPV
has severely limited the complete characterization of this
Virus in comparison to 6ther parvoviruses described tq date. -
Similarly, the lack of reliable diagnostic reagents_éhd*the o~

inavailability of standardized vaccines has impaired

. » /‘\ [ y . » ) v > L3
cl1n{Eb-patholog1cal studies into the relative significance

o

of PPY in porcine reproductive failure:and the value of
biological prophy]ax{s. The various observations’ recorded
throughout this study have been éxamihed in an atfempt to
confirm the classification of PPV as a parvovirus and to '
e]ucidate.some of fts uniqde properties w}th respect to {
‘growth in cultured cells. »
The brimary prerequisite to such a study was the: *

procurement of a susceptible cell line. In addition to the

\\gscééssful identification of a suitable cell line for the
drqpagation of PPV during the screening procedure, data was
obtained which suppprfed the strict host species specificity
demonstrated by PPV in Sther studies (Mayr et al, 3968;

_.Cartwright ét-aj,‘1969). The species specificity 6bserved is
in distinct contrést_to chanféteristics of fhe KBSH virus
strain (Hallauer et al, 1971) which could be readily
recovered froft Several human cell lines as a presumed
contamihant;and similarly propagated in these cell lines.

' Furthermored3 the lack of evidence to‘suggest parvovifus
contamination in any of the cell lines examined during the

88 . o
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breseﬂf stﬁdy.‘deépite their diverse geographical origins.
and high passage levels, supports .the suppos}t;on by i
Hallauer. et al.(?971) that the‘high cqptamination Tevel
observed (27 of 41°cell strains) with the KBSH seratype was

a localized phenomenon. -1t seems somewhat remiss that

, Hallaver et al did not report such simple procedures.as the

range of species erythrocytes agglutinated by KBSH, or the
suscept1b1l1ty of porc1ne cel] lines to KBSH 1nfect1on
Obviously, a more 1ntens1ve examination of the relationship
of PPV to KBSH is warranted before data obtained with KBSH
virus ;re simply assumed for PPV, as has been done recently
(Bachman et al, 1979).

Previous studies with PPV have indicated that the
proddction of a visible cytopathic effect with PPV infection
of ‘cultured cells:;as an 1rregu1ar finding occuring only
under op&gmum cond1t1ons (Joo and dohqson, 1976), although
these optimum cbnditions were not definéﬁ. This study has

1‘ 2
investigated various parameters of the infection process to

~
descr1be procedures that routinely result in read11y e
detected cytopath1c effect suitable for 1nfect1v1ty assays
' wmas well as routine virus production.
Unquestionably, the most significant factor affecting
the production of CPE was the degree of confluence of the g

monolayer at the time of infection. Monolayers with no
greater than 50% confluence and very even cell distribution,
so as to produce minimal cell to cell contact, produced the

most satisfactory results. Both specific and non-specific‘
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panVov1ra] inhibitors have frequently been detected ,in calf

=~

. serum (Siegl and-Kronauer, 1980). Removal of such 1nﬁ>bitors

by washlng mono layers prior to infection ha;;iound‘ d in
the routine production of CPE. As/pagvovirnseij'd%er9e cell
lysates have been shown to precipltate tqﬁthe ﬁrukeﬁce of 25
mM calcium (Tattersall etlaj 1976)&\the use ofzpég

containing calcium for this washing and for dilution of the
viral inoculum produced an added enhancing effect. The
concentration of serum in the cell culture_medium
s1gn1f1cant1y altered cell growth and thus virus product1on
Hégher serum levels, up to 10% (v/v), produced greater
quant1t1es of v1ru€(h:s well as a faster rate of production.
The use of a serum puTse (ﬁ e. sudden shift from low to high
serum levels) 24 hours pr1or to infection seemed to
stimulate the highest level of uniform cell division and
. vtrus production. For reasonsvof e;pediency as well as cost,
a 5% serum level was routinely used and proved satisfactory.
The addition of Tlactalbumin hydrolysate was not found to be
necessary for successful repeated passage of these cells or
t% increase virus productmn. In contrast to the report of
Joo and Uohnson (1976), maximal viral production was evident
at low level virus challenge (appreximately 10-3 PFU/cell).
Such aifinding would be expected if the inoculum contained
large quantities of defective interfering particles (Muller
et al, 1978). _ ' " -
The cytopathological alteratiens observed in this study

at the light microscope level were typical of parvoviral

- 90
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infection as described in detail by Leary Storz (1980).

The mature inclusions observed were almpst exclusively of

the Cowdry A type. Occasionally ihcius%on resémbling the
multifocal type produced by certain stra1n of bovine
parvovirus (Leary and Storz, 1980) could b detec
Coverslip preparations examined at yarious times Pl ubtil
the late stage of CPE repeatedly failed to give éonsistent
evidence of significant a]terations in cytoplasmic or
intranuctear nucleic acid levels as judged by acridine
.orange'staining.This was consistent with thé findipgi of
Cartwright.et al (1969).

| It is peculiar that though parvoviruses suth asifPV
appear to have 1cosahedral symmetry, regular lattice “
aggregation in vivo, as described with other icosahedral
viruses such as adenovirus énd poliovirus (Joklik, 1380),
does not occur. Parvoyirus temperature-sensitive mutants

’ havé been shown to produce crystals intraceliplarly (Singer
and Rﬁode, 19%8), thereby suggesting a critical surface
alteration occuring late in the normal infection cycle, or
Hsimply the lack of sufficient nunbers of particles.
Relatively ‘few infected cells observed électron

. microscopically demonstrated evidence ofkﬁrogressive viral
assembly, a]th0ugh\1he majo;ity of infected cellgvcontained
intranuciear accumulaf%bns of dark;giaining amorphous
material. If, as discussed below, quantities of incomplete
particles were present in the inocu]um in excess of compléte

oA
particles, the EM findings would suggest that such

3 . ’ -

C e arh e b
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incompletes caﬁld be infectious with or witheut the presenee
of complete particles. These incompletes might‘eode for
deficientlpolypeptides which cannot complete assembly and
hence accumulate as amorphous eggregafes, Similarly
appe;ring masses of viral protein, as jdentiﬁied by
jmmuno-electron microscopy, are found assoe%ated with H-1
parvovirus infected cells in increasiné quantities during

' the later stages of infection (Singer and Rhode, 1978) .

Inf tion concerning the pur1f1cat1op of PPV is
extreme(aqT:21ted Only two reports have been published
_descrlblng attempts to purify PPV (Mayr et al 1968;
Morimoto et aJ, 1972b) since its original discovery in 1966
(Mayr and Mégnel).qBoth methodé relied solely on isopycnic
banding in CsCl gradients to-achieve'purificati6n and !
ne1ther method assessed purity other than by electron i
m1croscopgc observation. Various mod1f1cat10ns of the W1de
range of- procedures reported for other parvoviruses were
evaluated through the course of this study to discover a
‘technique that would produce a maximal band of virus in
buoyant density grad1ents wh1ch would contain only the three
typical parvovirus polypeptides as determined by SDS-PAGE
analysie. Two proeedures were adopted’ for routine use, one . ~
- producing maximum quantity and the other producing maximum
quality. The proce&ure deécribed by Hallauer et al (1971)
utilizing alkaline glycine buffer and freontextraction ef

infected cells was slightly~modified by the addition of ‘a

sonicatieﬁ step to disrupt infected cells and a CsCl-sucrose
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step gradient>for“the;%1nal step. Although maximal ‘
duantities of virus were recovery_by thie approaoh, as
,judged by electron mioroscopy, SwaPAGE analysis 1ndicated;
the presence of atypical polypept1des in quant1t1es in
excess of the apparent structural polypeptides.. The. modified

T Hallauer procedure would seem most suitable for recovery of ,;°

¥

: virion ONA where further degradation of proteins was: .
" Jnt1c1pated In thws study, the mos t h1ghlyapur1f1ed virus ; :
'th obtained by use of the procedure descrlbed by Tattersall -

et al (1976), or the modif1cat1on described by Bourg1gnon et
al (1976) incorporating tryps1n treatment of the cell

1ysate The ana]ys1s of virus suspens1ons prepared in th1s «

study by the shortened Tattersall procedure 1nd1cated the ”.

presence of residual contaminating cellular DﬂAq The two,
final purification steps} namely\treatmentﬁwith micrococecal
nuclease and subsequent ‘sucrose sed1mentat1on would appea“
mandatory “to obtain maximum purity. The greatest drawback of .
this pur1f1cat1on scheme apart from rts complex1ty, is the
poor final y1e1d of approximately 10% as reported by
Tattersall et al and confmrmed in this present study (Table.
4), The reasons for this poor y1eld were obv1ous from
examination of the the procedure 1tse1f. The extreme]y miid _
method ofvinitial cellular d1sruptlon effect1vel%)served to

’leave membr anes and on 1

nneffect1ve compared to son1cat detergent treatment in

reLeas1ng 1ntraceﬂlular virus: The subsequ

A ERN

the virus had a drastic effect on v1r1on stabi11ty

ﬂes 1ntact& but was quite . £

P TSV
B T
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apparently affecting empty.‘immatufe and incompletely filled
par}icles to the greatest extent. When such weakened
pargicles are subjected to the massive gravitational force
’and high osmotic pressure used in"gsCl isopycnic
centrifugation, it must be expected that cons%derable loss
of infectivity can occur. - e

Following pentrifugatiph of the parvovirus MVM in an
urfique CsCl-sucrose sfep gradient, Tattersall et al
described the presence of only two discrete bands - éh upper
band containing ampty capsids and a lower band containing
full particles.nThe lower band found in the present study
would seem to correspond to Tattersall-et al’s two bands.
The{presence of‘predominantly incomplete particles in the
PPV preparations, with sed1mentat1on rate§ and buoyant
dens1t1es between those of complete and empty v1r1ons, could
account for the lack of resoiution of this lower band into
'tqudistinct bands. The intermediate band, as judged by
electron microscopy, HA titration and SDS-PAGE, consisted.of
a relatively small quantjtylof virus firmly‘adhered to
cellular prpteins, resulting in a slower sedimentation rate
andilower buoyant density and a higher position in the
gradient than pure virus. These Iightér buoyant density
part1c1es most likely were in the process of assembly at the
time of virus harvest and were complexed with cellular
nug]eoprotein and the enzymes involved in virion DNA
packaging. As Tattersall etbal descr ibed only the-direct

co)lection of the visible bands from CsCl-sucrose step
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gradients, and not a fractional assay for HA activity, the
significance of the upper band of soluble material wés
ignored in tﬁeir s tudy . | , ‘
The statement by T5¥fersall et 41 (1976) that the
“vifusqwas sedimeﬁted to equiltibrium" after |
. ,
ultracentrifugation in the CsCl-sucrose gradient must be
challenged. Asséssment of the budyant density profile of
such gradients by optical refractometric methods in fact
indicate that a static buoyant density profile was not
achieved. As multiple attempts to reproduce visible viral
bands from the inifial gradients in isopycnic CsCl,-
!consistently failed, it would seem that an aggregation
phenomenon occurred during passage of virions through the
- %gucrosé layer and was involved with the forFmation of this
visible band. “ |
Adequate meth9d$ of assessing the infectivity levels of
PPV suspensions have not previously been'described.
Virtually all optimized parvoviré] production systems make
use of the plaque assay for infectivity titrat%on dug to its
ease of reprdducibility-and distinct endpoint (Tattersa]],
1972; Siegl and Kronaﬁer, 1980). Attempts to intenpfet the
results of experimenﬁal‘infection studies without adequate
vobjective evaluation of infectivify levels, as haVe beén

reported previously (Johnson and Collings, 1969; Johnson and

Collings 1971; Cartwright et al 1971; Hogg et al, 1977) are

obviously quite futile and the wide .yariation in results
pegfég

e

reported are certainly to be ex .'Furthermore, none off



96

the attempted experimental ihfectfons made use of purified
yfrus and no attempt was made to assess the proportion of
non-infectious antigen (i.e. soluble‘xjrion components and
incomplet9 partiq]es) present in the inoculum. The extremely 1
subjective nature of the inclusion body, fluorescent focus
or poorly designed TCID50 assays make infecfiyity titration
by such procedures very unﬁeliabie. The extreme dependence
of‘parvoviruses on cellular functidns expressed only
transienily during the cell cycle maKes quantitation of
infected cél]s in fiUid medium highly unreliéale Unless
strict conditions of celi synchrony and proceséing timés are
used. Such conditions are unsatisfactory for routine use.
The wide variation in the ratfo of HA:infectiyity noted
.bethen extracellular tissue culture fluid and lysates of
infected cells clearly indicates that estimation of
infectivityhby simple HA titration is unjustifiedl
Examié;tion of the growth cufve‘o# PPV in the ST cell:
line (Figure 10) revealed that the period of maximum
increase in infectious virus ends at 36 h PI, long before
CPE was visible (72 hours PI). 36 h PI would, then, be the
ideal time to harvest virus for maximum levels of complete .
_vir%ons. Pbring the period 36-48 hours PI, vibal
hemagglutinin cuntinued to be produced at a logarithmical]y_
increasing rate, while the ;éte of infectivityrproduction
tapered off. This observation indicated ah accumulation of
soluble viral components which were not being effectively

i

incorporated into virions and/or the production of defective

a
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virions thaf were incapable of causing productive infection.
 As cell cu]turesﬂwere routinely haryested 3-5 d PI when CPE
was evident, preparatiors in fhfé study contained
considerable*quahtities of such products. Attempts to-
harvest culturésvat-eérlier times PI résulted in am
unacceptable reduction in the total virus recovered. In the
study performed by Tattersall et al (1976), cultures were
routinely harvested ﬁt the earlier stage and the resulting
preparations contained almost exclusively complete and empty
virions. Tattersall et al (1976) effectively circumvented
the problem of low yield by routinely radiolabelling virus
and by using spinner cultures of suitable cells _which
a]lowéd large quantifies of cells to be easily managed. It
would appear that,ihe'soluble components. and incompiete
particles acéumu]ate late in the inFectious-cyc]e when cells
are quite acidotic and toxic. |

Hemagglutinating activity is an invafiab]e.P ,perty of

all parvoviruses (Bachman et:al, 1979). Hehaggl'
) pon?ine parvovirus is a simple means to aifférentiate PPV
from enterdviruses which are only slightly'larger put less
consigten§1y~hemégglutinate (Douglas, 1977). If is of
interest to nbte that no pabvovirds described -to date
agglﬁtinates erythrocyteé of the homologous host speéies.

- Such a pboperty would prevent hematogenous spread of virus
as adherenge to enucleated erythrocytes, which are by far

the predominant cell type in peripheral'ﬁlood, could only"

result in aborted infection. The presence of recéptdrs for

¢
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parvoviral hemagdlutinin on erythrocytes fﬁém a particular
species would seem'to be mutually exc]usivé\wi;h the
presence of receptors on nucleated cells of tha£\§hme
species which allow viral éghetratioﬁ‘and’spbsequeht"
infectidh. PPV has been shown to strongly aggliutinate huﬁén
erythrocytes (Cartwright et él, 1969) and thus-wou]d not be
expected-to infect human céll ]iéfi’?s Hallauer et él (1971)

have suggested.

The use of immunoelectrophoretic téchniques tq idehtffy

as been

the location of parvoviral antigen in gradient

-used infhequent]y. Presumably this is due !

P
’

large'quahtft§ of protein required for suc procedures
compared to the use of radiolabelling or simple HA
screening. Bloom et aj (1980) have_récengly reportéd the
succé%sfpl use of CIE to identify parvdvibél antigen in
fractions collected from CsCl isopycnic gradieﬁts'containing
virtis purified by the Tattersé]l procedure, in a very
sim{lar.ﬁénner to the rocket immunoelecfophoresis ana1§sis.
used in this study. B]dgm et al (1980) also found an
isolated peak which s1ﬁ11arly ‘coincided with maximum HA
activity, occurring in the high buoyant density range of
1.42-1.44 gm/mlL, 5uggestihg that heavy ﬁd]] virions are the
Ieasf_stable.,However{ Bloom et al (1980) also reported
antigen containing fractions at the lowest buoyant -density
ranges of their gradient? As Bloom et al (1980) ran their®

gradiehts for aﬁlonger period, this may have resulted from

the movement of "lysed capsids fo the buoyant density of

>
v

e relatively

L}
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isolated protein (i.e. 1.28 gm/mL) or the breakdown of

slightly hore stable incomplete viriohé found at this lower

bUannt density. As CIE, uhlike rockéf immuno-

electrophoresiz. is not quantitative it could not"be

determined from the report by Bloom et al (1980) if maximum

quantities of ahtigen wereudetected at the'high buoyant

. 'density/beak as fn the present study, or at’the low buoyant
densitykregion.

| Iggrdimensioﬁél iﬁmunoelectrophoresfs (2?) is a widely
applicable technique to identify and analyze mixtures of
antigens (Axelsen et al, 1973). An attempt was made in this
study to analyze the band of mater%al found at the top of
CsCl-sucrose steb gradients followingbcentrifugation. The
fact iﬁat this material showed relatively h}gh HA titres, .
despite the léék of any significant number of Vfrions as

- judgea by eleétron'microscopy, had a buoyant density and/og
sedimentation rateysuggestive~8% prbtein or lipoprotein, and
gave positive CIE tests suggested that it might be composéd
largely of PPV soluble components. Thé precipitation profile.
produced}by 2D aﬁa]ysis suggests that_the fractions
contained two antigeﬁs-slightly differing in electrophoretic~
_mobiiffy but Sharing an antigenic Ceterminant.”The fuzzy -

~nature of the.profilé,and the aégregation af the edge of the
well would suggest residual lipids present in the ‘antigen
pool (L; Tsang, personal communication). As the électroh.,

micrographs would indicate that this material originates

from the ‘amorphous band lining the internal edge of the
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nuclear membrane of infected cells, tightly adherent
membranous lipids would be expected in such pools. Repeated

freon treatment apparently removed the complete

antigen-1ipid complex instead of simply extracting the lipid

as was hoped. It is possible that clearer'prof{les could be

obtained with this antigen pool following a more intensive
investigatioﬁ of suitable detergent treatment to emulsify
the lipids. Only one attempt was made to use this apprdach
to enhance i;gy%ts, but prolonged freatment»apparently
}destroyed tHe antigenicify of‘ihe proteins. "

Limited use has been méde of ultraviolet absorbtion
spectré to analyze the purity of parvoviral preparations;;“
- The application of .this procedure relies upon the premise
that nucleic acid preferentially absorbs light ét 260 nm
wavelength and protein at 280 nm. Thus any homogeneous

purified-virus species shOu}d‘demonsthate'a,bharacteristic

E260/E280. ratio, presuming that there is a constant ratio of

nucleic acid to protein. The presence of de%ective
particles, containing less than a complete genome, would
obviously impair such ar aznalysis. The only E260/5280 ratio
published fof a parvoviry- is 1.38 for MVM (Tattersall étl
al, 1976)i-Wﬁether the difference betweer that value and the
one determined in this study .1.45 is due to specieé

V preparation by

variation or minor contamination of the
residual nucleic acid is speculative. However, as residual
nucleic acids were removed from the MVM pneparation by

enzyme treatment andigucrose sedimentation prior to UV

Q
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‘spectrum analysis, the latter explanation appears more

I1Kely

, Sucrose sed1mentat1on has been reported to be an
<
ef?éct1ve means of separating empty and full virions, which

" demonstrate widely differing sedimentation rates (Tattersall
et al, 1976; Richards et al, 1977), as well as complete from

‘incompflete particles, which show more similar sedimentation

rates but exhibit two discrete peaks (Muller et al, 1978).

The ‘results of the sucrose sedimentation performed in the

present study were very similar to the sedimentation profile
produced by Muller et al and would suggest the presence of a
broad range of 1ncomplete part1c1es -

Alkal1ne sucrose sed1menta1on proved to be the
preferable method for isolation of virion DNA, as has been
found in various other studies (Bourgignon et al,1976; Faust
and Ward, 1979). The sedimentation profile obtained for PPV
DNA'showed.a single hajor peak, as described in the-other
studies. However, the peak obser&éd was coneiderably
broader, despite the use of the same conditions of |
sedimeﬁfétiOn; Once again, this would suggest the presence
of oarticles with.1ess than a full complement of DNA. This
main peak was preoeded by a minor peak presumed to be
residua] cellular DNA. The minor peak was not observed in
the earlier parvoviral studies (Bourgignon et al, i976)

which employed digestion of this material with micrococcal

‘nuclease prior to virion lysis.

The only purification technique producing virus
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containing only the three characteristic parvoviral N

polypeptides (Tatteﬁgall, 1978a) was that of Tattersall et
al (1976), despité the fact that various techniques produced
virus showing a high degree of purity.on electron “
microscopic examination. The SDS-PAGE techﬁique readily
differéntiated between the B and C polypeptides even though
the polypeptid;s differ. in apparent molecular weight by only
5%. Although trypsin treatment causes conversion of the B
polypeptide to a polypeptide that co-migrates with'the C
po]ypehtide, as w;s shown in the present study by
considerable increase in the quantity of C present.when
trypsin was used during puri%icatioﬁ; it has yet to be
determined if this occurs in vivo. The presence jn less
effectively purified preparations of a'bolypepfide of

| molecularlwgﬁghf 55,000 corresponds to results found with
several other parvoviruses (Tattersall, 1§78). The presence\
of this polypeptide has been shown to vary with the host
cell line (Tattersall et al,A1976). In the present study
such a polypeptidé was found in virus propagafed in PPK.
cells purified by freon extraction and CsCl gquilibrium
centrifugation{‘but not to ahy significant exfent in virus
géown in ST cells and purified by the Tattersall procedure.
Similatly, a polypeptide that would appear to correspond to
'thé 72,500‘Ha1ton sSecies in the present study has also been
resolved on PAGE when a less efficient purification than the
Tattersall procedure is used (Bates et al, 1978). This

polypeptide'is'thought to be a cellular DNA polymerase

”
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(Tattersall, 1978a).
’ Numerous techniques Have been employed to verify the
'single-stranded nature of parvoviral qucleic acid such as

invariance of its sedimentation characteristics in both

neutr§1 énd alkaline suérose as wel] as cleavage by
single-strénd speéjfic nucleases (Berns and Hauswirth,

1978). In the present study the single-stranded nature was :

cpnfirméd by three tecHniques. Electron microscopic

combarison of PPV DNA to a readily distingyishable circular
double- stranded phage DNA, although a somewhat variable and
subjective evaluation, indicated a s1ngle stranded
appeacance. A more objective assessment was obtained from
the results of the thermal denaturation experiment which
confl:med the expected s1nglevstngnded conf1gurat1on The
most conclusive ev1dence however was the distinct
differential staining properties of isolated PPV DNA on -

agarose gel electrophoresis, when compared to a

double-stranded control. Furthermore, the consistent

appearance of PPV nucleic acid on such gels both before and
after atteﬁpted degradation bj'ribonuclease, confirmed that

PPV .contains a_DNA.génome. Unfoﬁtunately, due to a lagk of

more appropriate controls, an exactgevaluation of the size

of the complete PPV genome was not possible. The results of
both the electron microscopic_;tudy and 'agar gelb
electrophoresis would suggest that this figure lieslin the

range of 1.05-1.7 million daltons, which overlaps the

currently recognized rande for the genus Parvovirus 1.5-2.2
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million daltons (Bachman et al, 1979). |

The great range of DNA lengths observed by electron
miéroscopy makesjthe characteri§tics of populations of PPV
virions isolated throuéhout th%s study easily explainablé.
Virtually all parvoviral DNA preparations exhibit this
he terogeneous néture when assessed electron microscopically
(Singer and Rhode, 1977a; Shahrabadi et al, 1977) although
analysis of these same preparations by gel electrophoresis
or sucrose sedimentation deceptively suggests, a more
homogeneous nature (Faust and Ward, 1979). Parvoviral
culture‘éystems optimized for production of complete
particle§ onwoccassion demonstrate as many as 30% incomplete
genomes (Bourgignon et al, 1976). However, levels of |
defective particles as high as were observed in the present
study (94%) have not béen previously reported. The reason
for such high levels of inéomplete particles wo;ldfseem most
likely to'be associated with the practice of multiple
undi Tuted passage used earlier in the study to produce the
stock virus inoculum, harvesting virus at a late stage in
the infectious cycle and the nature of the host cell system
(Muller et al, 1978).

The structural nathre of parvoviruses has yet Eo be
cTearly defined, aithough it is believed that they belong to
the T=3 class of viruses and probably possess a total of 32
capsomers conprised'of 20 hexons ‘and 12 pentons (Joklik,
1980). The exact distributiop of the known structural

polypeptides within the virion similarly remiiﬁ? to be

<
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clearly elucidated. Salzman and Koczot .(1978) héve isolated

ngclebprotein cores of the parvovirus KRV by alkaline
sucrose sedimentation at pH 10 which demonstrated only the
high molecular weight or A polypept{de. Tattgrsall (1978a)
has proposed that as considerable evidence has accumulated
to suggest that the B polypeptide is converted
post-translationally to the C polypeptide following DNA
packaging,‘these~{wo polypeptides'are presumably found on
the surface of the virion. Although.little information
concerning capsomer structure was apparent from the present
study, numerous micrographs indicated dissociation of
particles into inner core structures and outer shells. These
inner cores would be expected to consist of the DNA genome
surrounded by 5 thin protein layer énd thus havé a higher
- buoyant density than complgte\viribns. Cores of a similar
size and@exhibiting a high\bué>aht density in CsCl have
previously been described 1n PPV preparat1ons w1thout any
explanation (Mayr ét al, 1967). As a detailed theory of
parvov1rus assembly has yet to be proposed, it is not
certain whether these core strﬁctures have any relevance in
vivo-or occur simply as ariifacﬁ§ fo]lowing hérsh treatment
of unstable virions. N ‘

The results of the serolog1ca1 survey for ant1bod1es to
PPV demonstrate that PPV 1nféct1on 1s very common in central
A]berta The HI tests did hot cons1stent]y produce d1st1nct
endpo1nts and variations in titres were noticed when tests

were repeated, a]}hoygh results were consistently either

- 2
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positive or negative. Tﬁé tdpt as described by‘ddo et al
(1976b) is tédious, time consuming and prone to dilutional
errors when large numbers of sera must be processed by hand.
The excellent correlation of ‘the HI and CIE results, suggest
that CIE coﬁld be readily applied to provide quick, ciearcut
evidence of previous PPV #nfection in.clﬁnical diagnostic .
laborator1es The simplicity of the procedure combined with
the m1n1mal requ1rement for glassware, reagents and
techn1c1an s time would make it relatlyely&anexpens1vevand
applicable to widescale or frequent testing, such as is -
necessary at artificial insemination stations and iﬁ
gnotobiotic herds. - »

On the basis.of 1nformat10n accumulated in this study,
it can be concluded that PPV possesses a DNK and protein
content consistent with its c{ass1f1cat1on in the genus
Parvovirus. The swine testjcle cell line used in this study
for the propagation-of'ﬁpv demonstrateS“propertieS adequate
for uncomplicated proddcfion ¢f utilizable quantities of
this virus for further characterization studies, the
produgtioﬁ of diagnostic antigens and possibly commercial
vaccines as well. |

It has been shown in this stuay that PPV can be
purified and quantitated usjng procedures that are rapidly
-becoming standard in parvoviral study. The application of
the methods and results in this study will allow more
reliable data to be obtained concerning thg nature and

control of porcine parvoviral infection.

&
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