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01 THE SUBVIRAL AGETS OF RABBIT MYX(iA AND
SHOPE FI3R-4A VIRUSES

Nihon Saikingaku Zasshl (Japanese Journal Manabu Takehara
of BacterioloGy) -

Vol. 21, No. 3, 1966, pps. 133-140

ABSTRACT

An infective subviral agent (SVA) was isolated from the rabbit kidney (RK) cells infected with rabbit.

myxoma (South American Sanarelli strain) or Shope fibroma (OA strain) virus. When some.' properties of

the SVA werm examined briefly, they differed apparently from typical mature particles of myxoma-fibroma

•. , viruses in a few point-
Some experimental rsethods and result, obtained are. summarized as follows:

The SVA of myxoma virus was found in the virus.infected RK cell lysates after infection for 1, 4
and 6 hours. On the other head, the SVA of fibroma virus was present in the virus.infected cell lysates
after infection for 1 and 8 hours. Both myxoma and fibroma 'SVAs can be completely separated from the
typical mature virus particles (about 200-300 wp ;ý diameter) by ultrafiltration through 50 mnp Millipore filters.

Both myxoma and fibroma SVAs revealed infectivity. by being inoculated into the RK cell culture and
injected intradernmally into rabbits as well as the complete virus particles. Their infectivitia were not affected

by the action of DNAase (2 pg/ml) at 37"C for 30 minutes.

Infectivity of the SVA from myxoma virus-infected cells was inactivated matkedly more than that of
myxoma virus by the effect of trypsin (100 pg/ml) at 37'C for 30 minutes, and also neutralized completely
after incubation at 3VC for 1 hour with anti-myxoma immune rabbit aerum. When the Ial inactivation rate

of both myxoma SVA and virus was determined by incubation at 37'C for 30 minutes, surviving fraction of
the SVA was less than 50% as .ompared with that of myxoma virus.

As speculation on these experimental results, the mywroma.fibroma subviral agents appear to contain

protein and DNA, but they may be smaller particles than typical myture myxoma.Aibroam virus pardtcl The
tat the myxoma 3VA could be detected after lniect'ý "r I , 4 and 6 houn seem to be closedly rlated

to time of the growth cycle of this virus, Thus the SVA whh is detectable In earlier stage of the Idfec-
tion may differ from the agent found In later stage of th i mnfico.
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Although rabbit T-yxo-,a as well as Shope fibroira viruses belong to
a subgroup (1.•yxora-fibrona 'subgr•'-o) of the Pox virus group [4], because
of their tremor producing characteristics and their susceptibility to
ethyl ether [3), they csa be considered to have characteristics differing

somewhat from other viruses within the Pox group. However, there'still
remain many unclarified features in the detailed characterization of the
virus particles.

While investigating the reactivation of thermally inactivated
Vyxoma virus with active fibroma virus [6, 8, 14], the author originally
corducted experiments with the objective of separating the reactivating
component [6] from the cells infected with both types of active viruses.
The existence of a subviral agent (abbreviated SVA below) which passed
through a millipore filter (50 m/A ) was found in the virus infected
lysate. A part of the results have been reported previously [22, 23).

"In the results obtained and reported below, the author carried out
a detailed study with the objectives of separating the SVA from rabbit kid- .1
ney cell cultures infected with either myxoma or fibroma viruses and of
elucidating its characteristics.

PERIM•ENTAL MATEIALS AND METHOD

* Virus Strains

The myxoma virus used was a South American Sanarelli strain and for
comparative experiments, Shope fibroma virus, OA strain was used. The
material was used after 4-5 generations' pbssage through rabbit skin and
4-15 succescive generations of rabbit kidney cell cultures. Both strains

* '"were obtained from Professor C.E. Schwerdt, Microbiology Dept., Stanford
Univereity.

Cell Culture and Determination of Virus Titer

Cell cultures were made from trypsin treated kidneys from young
rabbits veighing about one kg which were then cultured from 7-10 days at
37rC in large flasks (500 ml volume). Cells were also used from the 2d
or 3d generations of successive transplants from the foregoing in trypsin-
versene solutions (containing 0.05% trypsin, O.O•% versene). The culture
solutions used were YLH (0.1% yeast extract and 0.5% lactob min hydroly-
sate in Hanks' solution) and Medium 199 solutions (containing 10-15% of
inactivated bovine serum, penicillin 100 M/ml and streptomycin 100 k/ml).
For increasing and preparing both viruses, the let or 2d generation cul-
ture was used and for plaque assay of virus, the 2d or 3d generation of
transplanted RK cells was used.

For the assay of virus as well as infective SVA, the cells were
inoculated and cultured for 5-7 days at 370C, were washed twice with
Dulbecco's phosphate buffer saline (PBS), stained for 2-3 minutes in a
methanol solution of carbolfuchsin., water washed, dried and calculated
from the plaque or foci which could be obtained from weak magnification(10-20X) 119, 20]. In rabbit& injected intradermally, infectivity was
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recognized by. the appearance of typical myxomatosis or fibroma formation.

Virus Preparation and Concentration
9j.

The ist or 2d genbration RK c,.ll culture in large flasks (500 ml
voltme) was inoculated with 3 mi/bottle of Stock virus solution. After
absorption for two hours at 370C; cultures were made using 40-50 ml/bottle
of the culture solution. In the case where the myxoma virus was injected
a'fter 4-5 days of culturing at 37°C, conspicuous CPE appeared, the cells
were destroyed and separated from the glass wall. However, when inoculated
with fibroma virus, no unusual change was recognizable either with the
naked eye or under low magnification (50-100X). The entire cell culture
was freeze-thawed three times, then subjected to sonic treatment (lOkc)
for two minutes and the cells destroyed. This was next ultracentrifuged
for 30 minutes at 30,000 rpm and both viruses were concentrated (refer to
Figure 1). The materials for each phase were variously set aside as the
Virus Pool, SP, SPS, and SPSC. Then the virus titer of each fraction was
determined by plaque assay from the RK cell culture.

Fig. 1 i'... : at•, nd c;:.

tration of myxoma-fibroma viruses from the
infected RK cell cultures

The primary or secondary RK cell cultures
Inoculated with the virusep(
Incubated at 37aC for 2 hourp to permit vim.adsorption. " ''.•

Overlaid with the medium and then incubatedS~at 37"C for 4 to 5 days.

SsFrozed and thawed 3 times.
Sonicated with 10kc ultrasonic oscillator for 2
monutes.

The vins peles (Poof) teo o
Utracentrifuged at 30,000 rpm for 30 minutes.

The virm., pellets (Pellet)
J Suspended into smnall volume of the medium.

Suspended pellets of the virustes (SP) ]
SSonicated with 10 kc ultrasonic oscillator for 60

seconds3.

Suspended pellets of the viruses after sonication(SPl)
t, Centrifuged at 3,000 rpm for 2 minut.

Suspended pellets of the viruse afterat mication clar.
fied by low'centrifugation (SPSC)

Preparation of Virus Infected Cell Lysate

The small flask (60 ml volume) of RK cells was inoculated at an MOI
ratio (Multiplicity of infection)a 1-10 with either the concentrated myxo-
ma virus (3.0 X 10' PFU/ml) or with the fibroma virus (5.0 X 10 PFU/mlP
and cultured for 0, 1, 2, 4., 6, 8 hours at 370C. After each time period,
two or three culture flasks were removed, washed more than five times with

3Soo
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PBS 5 ml/bottle of the culture solution (10-15% serum containing Medium
S199S were addcd and frozen at'-?o 0C. In order that each infected cell

would be thorou,;hly adsorbed, for two hours the flask was periodically
tilted in the absence of the culture solution so that the cell surface was
moistened. The successively removed cells were freeze-thawed three times,
ultrasonically treated for two minutes and centrifuged for 10 [minutes] at
15,000 rpm. The upper clear liquid was then suction filtered with extreme
care through 50 mA or 10 r/p Millipore filter (Millipore Filter Corp.
U.-.SA.). Each sample .as stored frozen at -?0°C until used.

PERIMNTAL RESULTS

Preparation of Virus Concentrated Solutioii

Three typical experimental results for myxoma virus are illustrated
in Tables 1 and 2. In Experiment l,the virus was propagated on the primary

Table 1 Preparation and concentration of rabbit myxoma virus (South Americiia
Sanarelli strain) propagated in- the RK. cell culture (1)

Myxoma l 4T1a Vol (ml) Titcr(PFU/ml) Total (PFU) Recovery

Pool 120 4.4 X 10$ 5.3X107 100
SPSC 10 4.0X10 4.0X1OT

* The stock vi has bme passaged into rabbit skins 4 generations and then into
'the RK cell cultures 10 generations. They were multiplied in the primary RK
cell gro1tn in the YLH medium containing 10 to 15 % bovine serum.

Expt.2 .2 _

UyiJaPOI *0 (M) _Titer(PFU/ml) JTotal (PFLJ) JRecovery (0')

Pool 420 3.9x104 X 1.6x0$ 100
SPSC 10 2.8X105 7.8X10 490

. The virus was multiplied in t6 secondary RK cell grown in the M 199 medium
containing 10 to 15 % bovine serum.

RK cells cultured in YLK solution containing 10-15% bovine serum. In Ex-
periment 2 the second generation RK cell culture grown in Medium 199 solu-
tion containing 10-15%'bovine serum was used. In comparing'the two for the
amount of virus obtained and the percent recovery, the latter was superior.
The PFU/ml was concentrated OOX and recovery was 100%. The results of
propagation and concentration from Experiment 3 were obtained under these
same conditions. The virus titer and percent recovery from each phase are
given in Table 2. Just az in Experiment P, the PFU/ml vas concentrated
10OX and there was a good recovery of 100%.

In the case of the fibroma virus, as can be seen from Table 3, even
though the culture conditions were the same as with the myxoma virus, the
amount obtained was approximately 10 times leqa; the concentration as well
as the percent recovery were also much less. The cause for this is one of,

- .,- --- -+



Table 2 Pieparation and concentration of rabbit myxoma virus
propagated in the RK cell culture (II)

Expt.L3 3..

Myxoma RTi Vol (ml) Titcr(PFU/ml) Total (PFtJ) Recovery(%)

Pool. ".250 .... 2.2X104 5.5 <10' 100

S P 12" 4.5Xi0? 5.4>10' 98

SPS 12 3.3X10' 4.0xlOH 730
S P SC 12 3.8x109 4.0xIO) 8::0

The virus was multiplied in the secondary RK cell grown in. the M 199 medium

containing 10 to 15 clr bovine serum.

Table 3 * Preparation and concentration of Shope fibroma virus (OA -train)
propagated In the RK cell culture

Fibroma RsT 4  Vol (ml) Titer(PFU/ul) Total (PFU) Recovery (%)"

Pool- 300 8.5X105 2.6X10' 100

SP 15 2.0x10s 3.OX1OT 11

S PS 15 4.2x100 6.3X10? 24

SPSC 15 4.7X109 7.MXIOT  27

The stock virus has been passaged into rabbit skins 5 generations and then into RK

cell cultures 4 generations. They were multiplied in the secondary RK cell grown in

the M 199 mediunt containing 10 to 15 % bovine serum.

the problems which requires future investigation.

->: Infectivity of Subviral Agent

When cell lysates prepared after 1, 4 and 6 hours of infection with
myxoma virus were filtered through a 50 MU Millipore filter, a small

amount of infectivity was noted even in the filtrate and plaques appeared

on the RK cell culture. Moreover, myxoma formation occurred upon intra-
dermal injection into rabbits. Those found in the cell lysate after four
and six hours of infection showed titer values of 100-400 PFU/ml while
those arising after one hour of infection were far lower. The action of

DNA-ase (2 #,g/ml in O.lM MgCl 2 .7HpO solution; crystalline DNA-ase, Wash.

Biochem. Corp., U.S.A.) for 30 minutes at 37 0 C was nearly without effect
on their infectivity (refer to Table 4).

When these saaiples were again filtered through a 50 m/J filter, the

infectivity shifted to the filtrate; however, using a 10 m a filter, the

shift was not seen. From samples prepared after 0, 2 and 8 hours of infec-
tion, the presence of infectious SVA of this type was not seen.

When the highly concentrated stock solution (approximately 3.0 X 108
PFU/ml) of myxoma virus vas diluted about 105X with culture solution and
ultrasonically treated. the infectious particle did not filter at a1l
through the 50 mu* filter used in the previous experiment.

Such an infectious SVA vas also noted during the process of propa-

gating the fibroma virus. It VwS detected after one and eight hours of

o



Table 4 Infectivity of myxoma subvlral agent (SVA) tosted by the'RI
cell culture and rabbit

(a) 0 1 2 . ... __

T _me after infectio1 - I _ _ ,M_

Rabi Utreated _____ _____ W____
* skin I--DNA.ase ... 1
(a) Numbem show time (hours) after virus infection.
(b) The st•ck virus fluid was diluted about 3,000 PFU/ml with the medium, sonicated for 3 winutes

* and then filtered through a 50 np Millipore filter.
W€) Infectivity titers of the SVA were rsayed by plaque forming units (PFU/ml) in the RK cell

cultures and the infectivities were tested also by the intradermal inoculation into rabbits for
production of typical myxomatosis (+or -).

infection and its titer was more than 300 PFU/ml as seen in Table 5.

Table 5 Infectivity of fibroma subviral agent "(SVA) tested by
the RK cell culture and rabbit

(a) _ 8 ~
Time after infection 1 0 2 1- 6___I F

' (c)1 Untreated~ 0 I2.7X1 oI2 - 0 012.510
culture DNA-ase 0 0o 0 0 Itreated 0 2.X1010* 0 7.5 '

Untreated -q Rabbitalti DNA-an
It-te zm

(a) Numbers show time (hours) after virus infection.
(b) The stock virus fluid was diluted about 5,000 PFU/ma with the medium, sonicated for

3 minutes and then filtered through a 50 mp Millipore filter.
(e) Infectivity titers of the SVA were assayed by plaque or focus forming units (PFU/tm)

in -the RK cell cultures and the infectivities were tested also by the intradenia inoculation
into rabbits for production of typical fibroma (+ or -)

Treatment with DWA-ase (2,4d/ml, 370C, 30 minutes), was ineffective and as
in the case of the myxoma virus, the infective particle in t e high concen-

tration fibroma virus stock solution (approximately 5.0 X 10 PFU/ml) did

not filter through the 50 UIU Millipore filter.

Several Characteristics of The Infective Subviral Agent

The following results were obtained from a study of several charac-
teristics of SVA separated by filtration through a 50 mA* filter of cell
lysnate Infected with myxoma virus (four and six hours of infection). For
comparative purposesp the dilut6d solution of the high concentration
mxomy a virus (Wv) stock solution va used as the mature virus particle.

. -6. . ,....



By means of this experiment, it was possible to use SVA sAmples which were

O not completely di!:-ed as well as MV samples with titers of about 1,000PFU/ml.

First of all, it was found that SVA, when compared to mature par-
tiales, was extremely heat labile. Thus as can be seen from Figure 2, thesurvival rate after 30 minutes at 3.7P( was reduced to less than 50% accord-.
ing to plaque assay. Such a reduction in titer was not seen with PV.

Fig. 2 Thermnal inactivation of the SVA
(after infection for 4 ard 6 lours) and
m.ma Yirus (,I(MV) after incubation at
37oC for 30 minutes

t •

U * ~.. . *

•/"•, 11• luin i~iutas ....

In general, SVA can be easily inactivated and long storage is difficult.
Moreover, freezing and thawing markedly reduced this activity.

Nert~, the effect of trypsin is shown in Figure 3. Crystalline
trypsin (Wash. Biochem. Corp., U.S.A. ) was added to both SVA and MV so that
its final concentration was 100 Fu g/mnl and incubated at 37°C for 30 minutes.L
R~esul~ts of plaque assays indicate that the infectivity of SVA was almost
completely lost. In the comparative experiment, the infectivity of the
mature particles was also affected, but much less than with SVA.

The infectivity of the myxoma SVA was neutralized with anti-myxoma
virus rabbit serum just as with the mature virus particles (refer to
Table 6). The immune serum was prepared by repeated injections of ultra-
violet inactivated virus into the veins of rabbits [24]J. This was diluted
5X and mixed with an equivalent amount of the solution under examinati ~n.
After treating for on~e hour at 37°C, its infectivity was determined from
ccll culture and rabbit skin £ inoculation]. A solution of normal rabbit .
serum diluted 5X was used as the standard. The SVA was ex~mh1ned with the
original solution as well as with solution diluted 10 ti.es and under both
conditions was always completely neutralized.

50
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3 Inactivation of the SVA (after infection
for. 4 and 6 hours) and myxomna virus
(,'ftVýer treatment with 0.01 %
trypsin at 37'C for 30 minutes

".SVA(4hu)

o '30,

Table 6 Neutralization of myxoma SVA by
anti-myxoma immune rabbit serum n

UftiiyMysomatogsi
Samples irbi

SVA(X 1).+ I RS 0 _
SVA(Xl0)+I RS 0 -

MV +IRS 5 +
SVA(X 1)+NRS i s
SVA(XIO)+NRS S

MV +NRS Ix 10 1

SVA: Subviral gent
MV : MYomA vi"
I R S : Immuns rabbit nunm
N R S : Normal abbit set=

DISCUSSION

Myxoma and Shope fibroma viruses belong to a subgroup of the Pox
virus group and there are numerous unclarified points vith regard to such
things as characteristics$ survival and the mech.nism of tumor formation
by the virus particles. The study of the physical and chemical aspects
of the virus, in particular, lag behind the investiCations on other pox
viruses. Although the author originally had intended to study these viru-
s"3 from. the standpoint of the known reactivation analysis, during a
specified period in the process of propagating the virus, the existence of
a subviral agent vhich wa& considered to be of a far smaller size thmthe
normal completely nature partiale of 200-300 mr/ vas found. Thus an at-

Stempt was made to separate a Investigate Its charceristics.Pec:ently there havi appeared reports on small sized particles from

S-. 8 -
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other. types of animal viruses resembling the SVA isolated by the author.
For example, as a result of studies on the propagation and structure of.
Simian adenovirus grown in Green monkey kidney cell cultures, H.D. Mayor,
et. al. (1965) [16, 17], observed by means of an electron microscope the
presence of two types of large particles and in addition to the normal
mature particles, small particles of 20 m/u size in the virus infected
culture solution. These small particles were isolated from the mature
virus particles by means of the Millipore filter or CsCl density gradient
centrifueation. The dcnsity was 1.43 in the CsC1 soluLion and further-
more it was said to be formcd from the DNA-protein complex.

With regard td the BrIA type virus group, there have recently been
several reports on the nonuniformity of the virus particles. Nishimura,
et. al. (1963) [18] discovered two types of infective particles in the
mouse brain infected with Japanese encephalitis virus. Furthermore,
Matsumura, et. al. (1963) [151 have reported the presence of two types of
infective particles with differing densities obtained when the partially
purified material from the mouse brain infected with dengue fever virus
was profiled by means of the sucrose drnsity gradient method.

The myxoma-fibroma SVA isolated by the author has not yet been re-
ported from other pox group viruses and although the author's investiga-
tion is as yet incomplete, if this is a characteristic component of myxo-
ma-fibroma virus, then it has the tuimor formation characteristic and is
of extreme interest from the standpoint that it exhibits several peculiar
characteristics.

As is clear from the experimental results above, the infective SVA
from the myxoma virus appears in the cells after 1, 4 and 6 hours of infec-
tioa. When this is compared to the one-step propagat.on curve (21] of this
virus, it is thought that there is an intimate relationship between the
fact that the logarithmic period of the virus propagation begins after ap-
proximately one hour and reaches its maximum after about five hours. Thus,
that which is "etected during the primary infection period and that which
is detected later are probably heterogeneous agents. It is conjectured
that the former is related to the parent virus and the latter from the
propagated progeny. However, as has bean related prwviously, the SVA
demonstrates a resistance to DNA-ase and is inactivated by trypsin. More-
over, from the fact that they are neutralized by anti-myxoma rabbit serum,
these SVA can be considered to be small sized nuclear protein particles
which are the partially coated myxoma antigen proteins rather than the
so-called infective DNA.

Recently, successful extractions of infective DNA have been made
from DNA-type viruses or from the infectious components of these viruses
using phenol extraction primarily [5, 7, 9]j however, this Is not neces-
f:arily simple with the pox virus group. Rather, chemical extraction has
been completely unsuccessful. Recently, Abel, et. al. (1963, 1964) [I, 2 ]
have extracted the decoating enzyme from chick embryo cel s infected with
rabbit pox virus and demonstrated the successful isolation of infoctious
DNA from thermally inactivated vaccinia virus doecposed with oxygen. More-
over, it is interesting to note that the maximum production of enxyme
reaches 4-6 houro after vim Infection which ts Ia ageement vith the SVA

0 9.
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production found by the author.
Usin- PP and C14 labeled rabbit pox virus, Joklik (1964) [10-13]

conducted a detailed analysis of the uncoatinS process and found that the
uncoatinc of pox virus DN{A occurred in two steps. In the first stage
immediately after adsorption by the cell, the virus particle is decomposed
even to the internal core by the essential enzyme of the cell and in the
second stage the uncoatlng of the virus DMA is completed. It has beenssid
that certain types of protein are unable to participate in a functional
role at this point. r-)om these experimental results it appears that the
uncoating of rabbit pox virus reaches a maximum approximately 4-5 hours
after infection. Thus, considering this fact,,it may be that the SVA
found by the author is the so-called uncoated form which appears at a cer-
tain time during the process of virus propagation. However, a detailed

examination must await future investigations.

SUIW4ARY

f ,, The results from a study of several characTeristics of infective
subviral agents which can be separated from the mature particles in the
cell lysate from RK cells infected with rabbit myxoma or Shope fibroma
viruses are as follows:

(I) sVA from myxoma virus appeared in the sample after 1, 4 and 6
hours of infection while that from the fibroma virus was found after 1 and
8 hours of infection. Both passed through Millipore filters (50 _!! ) and
could be separated completely from the mature particles. /

(2) Just as with mature viruses, both types of SVA were infectious
for RK cultured cells as well as for rabbit skin and their titers were un-

C) affected by DNA-ase.
(3) Infectivity of myxom& SVA was markedly reduced by trypsin and

was completely neutralized by anti-myxoma rabbit serum. Results from a
comparison of thermal stabilities indicated that myxoma SVA was markedly
heat labile compared to mature viruses and was easily deactivated upon
long storage or even on freezing and thawing. '

Most of the work in this report was conducted ýinder the auspices
of Prdfessor Carlton E. Schwerdt (Dept. of Medical Microbiology, Stanford
University School of Medicine, U.S.A.), to whom warm appreciation is ex-
pressed for his concern and discussions during my stay and for providing
the important virus strains. To others of the laboratory also, appreciation
is extended. An expression of gratitude, is extenced to Professor Susumu
Horita for his aid in continuing the studies upon my return and for his
review of this article. This investigation was partly supported by a PHS
(NHI, U.S.A.) and by a special virus study financial grant from Hyogo
Prefecture which are gratefully acknowledged.
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