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BIKE\, s JouR\AL 2,333-340 (1959)

A Study on the Multiplication of Rabbit Myxoma Virus
with the Fluorescent Antibody Technique

MICHiAKi TAKAHASHi, SHIRO KATo, SusuMu 1<AMEYAMA
AND IUNTAR0 1< AMAHORA

S, \-I\TARY

FL cull ciiltures infected with Tai, 11ii n. yxoma \, itlis werc studiccl I th n s
antibody techniqtic and by light inicioscoj:}'. J'lie findings \VCre CUI1.1atecl willl 11 , I
cut'\'c of the infectious viius. alld d. veinjti, lent of cumj, ICnieiit fixii. animen ticic ' I I
Coinj, anion CLIliurcs.

By Testaining inc fluorcsceiii cclls willI Gicmsa SOILition. it was SIlown illat "B" Iyj)e 111-
C1!1510n bodies of this \. ITiis consisted of \*11al antigciis.

Furtheimor, Ih, ripp. aranc" of fitiorcsc. ent 1'01!s and inclusion nodies 'usI 11.10r. Ih.
CTCasc in Infecti\11y suggcsted Ihat these inclL!$10n 1.0dies might I, e Ih. niain sit I "
s\. nthesis in the cclls.

No distinct fluorescence was secn in 11, c nuc!eris at an 51n c o1 in furtioii 11Tijilyiiig initt
the \1,115 synthcsis took place ex!:jusivcly in Ihc c 10 ,IasiTi.

D ep", 1111 errt of Pathology, , 7'11e rig, err rc/! InJtitit!, 101 A1^^I o61ti!
D !$",, J, owl^a Uru^., rJi'!j, , Qink(,

(Rpce!, ed 101 pithtic"lion, Dec, nJbei 15,1959)

INTRODUCTION

Although I, athological studies on rabbiL in xoma have 10n, ,' IJccn madc c , '
since thc discovery or transmissible agents of this turnoi', no coillcidcntal cvidcncc
has been obtained as regards the localization and the staina1,1111 or the inclusion
bodies or these turnoi. cells. BCsides, no \voi. k on inclusion I'Ddics has not I c n
done from the standpoint or vii. us multiplication.

Chapi'onlei'e (1956) ICcently depicted thc gi'0\\. tl\ CUI've of in xoma \, 11'us in
I'abbit tisssuc culture and described Ihc appearance of eosino )hillc inclusions in
the cytoplasm and some alterations in thc nuclei. Human amnion cells wcrc round
to be susceptible to Ihe myxoma virus by 1<ato and Cuttin, (1959). 'I'hcy found
inclusion bodics In humaiT amnion cclls as well as in Ihc monoc Ies nom Ihc
abdomen and the tumor. tissue of infocted rabbits. These inclusion bodies t
Feulgen positive, and stained reddish purple \\, ith Giemsa solution, Iakin , on a SIi ht
hematoxylin tinge with H. E. stain. The in orphological and histochemical charactei'I-
stics of these inclusion bodies of myxoma vii. us are the same as those or "B" I
Inclusion bodies of ectromelia, fowlpox, cowpox, canary pox, I. abbit libroma and
vaccinia virus as reported before by Kamahora, Kato and thcir colleagues (Kato
,/ a/., 1955; I\amahora at a1. . 1955; Kamahora at a/.. 1958; K t , d C tt' ,,' 1959;
I\ato at a1. . 1959).

The fluorescein-labelled antibody technique, b which intracellulm. ' . I
antigen can be localized, provided a suitable \\, ay of gaining infoi. mation o11 the
antigenicity of inclusion bodies CGoons and 1< aplan, 1950).
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\\!c have already reported in the I)rcceding article (Takahashi at at. , 1958)
that thc "B" type inclusion bodies of myxoma virus have much viral antigen
employing 111is inclhod.

In this IJapci , this observation \\. as confirmed in a sequcntial study of FL cc s
infected with myxoma virus. The results \\, ere correlated \\, It11 the productioil o
complement fixing antigeil and infectious virus in companion cu Iui'CS, to e uci a e
thc TDIc of "B" typo inclusion I)odies in the multiplication or myxoma virus.

MATERIALS AND ;VIETHODS
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I. Viitt\

XIyxoma virLis o1, lained from Amerit an type culturcs was used throughout. \ en I is
virLis majorial was in jutted intradermally into albino ral, bits, the Infectious virus c DSUs o
various tissues o1 moribund tumor-bearing animals were o1, scr\'ed. '1'11e resiilts are s lown in
Fig. I. It was apparent that tumor tissiies contained the jargcst amount o virus, so t a
sris!icnsion of tumor tissue was Lised as the \, 11 us niatcrial in further experiments. e tumor
1155uc was removed antl ground in a mortar, ancl diluted with nanks' solution to _ per
cent. TheIT it was added with penicillin and str, PIOmycin and conirifug"d for. 15 ruin at
3,000 rj, in. The supcrnatanr was used as the \, Irus n, aterial

in 19ciivjj,

Ti s sue

Fig. I VIRUS DOSES OF VARIOUS TISSUES

Tumor

lung

I 0'

intecho, s Doses I R I D I 19m

10'I03

R I D = Rubbii In Ieciiou, Doses

2. CellJ tind Cell Gilltt, re

Hiiman amnion rolls (FL cells) obtained !10nl the National Institute of Health, Japan,
were Lised. T'he cell sheet was treated with 0.25 PUT cent trypsin and washed twice with

was diluted witlt initintenancc in"diuin and about 10,P. BS. After centrifugation, it
number of cells were introduced Into a series of tubes

For cytological studies, the cells were grown on 8 x 50 mm strips of cuverglass in ortor
111hes. Companion cultures for virus growth CLIrve lirations were carried out in tubes wit out
coverslips. The handling of the cultures aild inoculation of \. irus were the same in bot \
setics

Maint, nance mediiim was Hanks' balanced salt solution containing 0.5 per cent Lactal-
1,111iiii, }Iydrolysatc, 0.1 DCT cent Yeast Extract and 5 per cent calf serum

3. Antibody

1.5 inI of \, irus material was it radiated in a Petri dish, 9 cm un cliameter, with a _0 \\

II ve r

I Or

Blood

10' I O* Id



L\'-light at Ihe distance of 10 cm willl constant snaking
The exl, DSUrc Iimc was 20, 10,5 and then 2 mirintes. and I inI or the each batcll of

ITradiated niatcrial wits gi\. en intraperitoneally to the tabii;is at weckly intervals. 1'1nally
0.5 inI of tlie acti\e \ITiis niatcrial diluted 10 1:100 was injected intra\. enousl after flirther
10 days alId blood was reino\. ed by cardiac pLiitciure after 2 weeks. Thc liter of this iruiiiunc
scrum was I : 64 0 in the complement fixatioii reaction

+. Prepnittt!oil o1 Ih" Coning"IC

T'he rabbit antisertiin wits concentrated 11y lirecipitaiion with hall saturated animoniiini
sulphate in the cold, alld dialyscd to ICmovc atrimoniuni sulphate. It was titen conjugatecl with
fitioresceiii-150thiocyanaie by the method o1 Afarshall at a!. (1958)

After removing lion-bound fluorcsccin in the cold IJy dialysis. titc toriiuttate was allsoi'bed
Iwic, with 100 lrig of acetone-precipitated niousc Ii\, er POWdcr per inI of colljug"tc. This I, To-
cedure Teijiovcd matcrial responsible for non-specific staining

The titer of coilingated antibody was I : 80 in the coinplenicnt fixaiioit rcaction anti Ihc
neutralizing index wars about 2

5. lit/ec!ion o1 I'llJ"e Culli, re Tuba

Cultures w, re in DCulaicd with 0.1 inI of \. irus material2 or 3 days alter cell distril, nilon
After a perlocl of scvera1 110urs to allow \. ital adsorption. the \, irus containing Huicl was

Ternovcd, anti the cell shoet was washed two o1 three times with I-laitks' soilitiun 10 ruinove
revdual virus. Then 2 nil of maintcnancc nlediti!n was added in earlt lullc

6. Infecti, ,Ij, 7'111rtt, on$

A. t Intervals aller iiltcction. the in I'LLivity of bullT the incditini allcl Inc culls was
n!ensured. Tliu nicdiuni was hat\. CSted and centrifugec! for 5 min. at 1,501i rpiit alit1 111c sillcr-
natanL wns used as the original litaierial

After relnoval of thc n, cdium. 11, " cell sh, ct \\. as wash, d wiih P. B. S. ant1 2 in I o1 new
nieditim vJ, IC acidud. Pipeiting was repealct1 10 11mcs to scrapc o11 Ihc cull shect. anti Ih.
cells wei'c CICStroy. d IJy 11'ccziiig anti Ihawing 10 limes

Virus was tiltaiccl in at1,111 Tabi, its. 0.2 1111 of tcn joltl diliitions o1 \ iru, material ill P. B. S
\\, cic inoculaiecl in 11'aderiiially along Ihe sha\ cct nanks of ea. ch tai, 1.11

The \, ITtis ill CT \. Jus cXI, lesscct at tlic I, Igh"51 di1!11:0n w!tich IJrodrlvcd aji!ITc, 'iai, IC lullior
11,101', g, nrra!17ati0!I o1 111, tliscas. 1151ially on alloiit Ihc 7111 dan. or 1:11, r all, r 1110riiln!ioii

I. 7117"11nii o1 Colli/ileiii, nt Fixing Antig, n

The rotiiinc coi, IPIcmcnt fixatioit 1.51 us. cl in o11r Institutc for syjiliilis was UV'tl For

111, lieniul}'Iic sysr. 111. , PCr cull! tow r. d c"115, se\'un tin;!s o1 he1,101,111. anti 211/11 niliis of
rompl. incnl vrere Lis, rl

0.25 rut o1 I\\. 0-fold sui'iai dilutions of Ihc amig"nic lissuu 111aicrial wci'e Inix, d willT 0 25
n\I of iruiiiunc seia tillutcd so as to colllain 10 tinits of anvil, od\. and 111c same quantity or
coinp!.:llent. Th. nilxtuie was k. pt o\. cmigllI at I-'C. Ih, 11 addcd with 0.25 lnl of h, ino1yiic
syst, in jin, ! incubat, tl at 37'C for' 30 min. F1'!IC arith. IT liter wag ex, r'sscd all Ihc 11i. IlCSt
diliition \vhicll ga\. c 50 ITer cent I\cmolysis

8. PieprJ, "!,'on o1 C, !I, 101' 1/1/'10scopic Slur!).

The coversliji in Ih" Poitcr tube was washecl willI P. BS. as '10strihcd aho\e. it was
withdrawn gcntly ironT the tub. and air cined. One half of the CLIls weiri Liscd iru Ihe
fluoresccnt antibody 1.51, and 111e other hall were fixctl with inclhanol anti stain"cl willI
Gicmsa solution

9. Skimin g it. 11 11 Flu o ! a. re, it I rin lib ofj,

The clirect fluorescent antiliody letlinique d"scribcd I, y Coolis antl Kaj, ian was tirecl IDL
the \'is nailzation of \it al antigens. The COY. rs!ip was fixed in acetone for. 10 inin. at Toolii
tcmpcraturc antl air dried

FLUORESCE\T ANTIBODY STUD\' ON RABBIT A1YXOA1A \;IRUS 335
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The coverslij> was Hooded witlt fluorescein-labelled antibody, co\. ercd with a Petri dish
containing moist paper to prevent evaporation, ancl incubatcd for 60 min. at 37 C. After
incLibation, the coverslip was washed for 10 min. in three changes of P. BS. and mounted
in I, uncrccl glycerin (pH 7) and examined under the fluorescent microscope. The specific
yellow-green ntiorcscence was readily discriminated from greyish blue autoHuorescence of
Ihc cells

Alter a suitalilc area of fluorescence was located ancl photographed, the slide was re-
ino\. ed and stained with Giemsa solution. The slide was then replaced under the microscope
and a photograph of the same field was taken with visible light. In this manner, by. coinpar-
ing photograjihs, fluorescent objects could be CUI related with their color-stained counter-
liarls

TAKAHASHl. KATO, KAMEYAXiA AND KA}.-IAHORA

10. I, IMO, eJcent ,Microrcop), rind Photogi'ajihy

Fluorescence A{icroscopc : An All-6 water-cooled mercury \'ajior ianip Inodined in our
laboratory was Lised as the light source. Source filters incltidcd a staiTdard No. 5850 and
a ITalf thickness o1 a 5840 Coming glassfilter

Fluorcccnce Photomicrography : Aji photomicrographs were taken with a 35 mm Canon
camcra and SSS funi (FLiji) and the exposure time was about 3 min

11. SpecificitJ, of the Fluorescent Staining

The specificiiy of the fluorescent staining was established in the following way
I. Uninlectcd culturecl cells did not exliibit any staining when stained willT fluorescent

jintibody
2. Fretrcatmcnt of illfec tcd cultured cells with non-conjtigated rabbit antiserunT inhibited

staining by fluorescent antiserum, whereas I, retreatinent willI normal rabbit scrum did not
inhibit the staining

RESULTS

I. Coin/!in if0!I o1' F1i!oi elfei!! CellJ will! Ihe Sain, C#/IJ yeJ!dined lain! Gie!nJa Join/ion

A study \\. as madc of the growth or myxoma virus in FL cells and of whether
Ihc fluorcsccnt areas correspond to Inclusion bodies.

6 hours artci. inoculation or the virus material, medium was removed and the
cell shect \\, as \vashcd twice with Y. L. H. medium. 36 hours, 3 days, 4 days. 5 days
.
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Fig. 2 Growth Curve of Myxomo Virus (1)
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and 6 days after infoction, the virus titers of both medium and cells were measured.
As sho\\'n in Fig. 2, the vii'us titci. in the cell just after \\. ashino \\. as 103 It

gradually incl. eased as the infection proceeded, finally I. eaching the titei of IOU
after 7 days.

The virus tilei in the medium \\, asd 10:2 o1. 10310wer than that of the cell at
each time. T'Ilis inI. ht be duc to rapit heat inactivation and the SIo\\, rate or
virus release from the cell.

2 days artci' infection, the ccll in which a large oval fluorescent
piesent adjacent to nucleus, as Fig. I, \\, as Testained \\, ith Giemsa solution, and
11 was sho\\. n that the fluorescent area corresponded to tlTe "B" type inclusion
body, as seeiT in Fig. 2. \0 fluoi'esccnce was observed in the nucleus. On Testaining
with Giemsa solution, the stainability of the cytoplasm became \, ery weak probably
due to the long exposure to UV-light and somc distortion \\, as noted in the
inclusion bodies owing to contraction and replacement. I. Tuorescent spot \v}Tich
\\'as nailly in contact with thc nucleus in another cell \\. as like\visc sho\\. n to lie
localized in the "B" type inclusion body (Fig. 3, +). Detailed study or the cells of
other group showcd that all fluorescent arcas cori. esponded \\, ith "B" type inclusion
bodies.

it ITas thus become more evident that "B" type inclusion bodies I\ave much
viral antigen.

2. Coll',!d!ion of Ginit^//! Gill'it will! Allied in"re of 111,111. ,ioi! BodieJ d"of F1iioreJreii/ CallJ

T'he appearance o11ntracellular viral antigen and "B" Iypcinclusion bodies \\. as
coll'elated \\, itIT the growth curve of infectious viius and development or complement
fixing antigen, as determined From companion cultures.

To I. emove the I. esidual uriadsorbed virus as completely as possible, and to
find out the exact time \\. hen the virus titer first increased, an adsoi. ption time
of only 2 houi. s \\, as allo\\. ed and the cells \\. ere then \\. ashed three times. The
infected cultures were harvested for. vii. us titration and companion coverslip
cultures wei'c prepared for in ICOrscopic examination.

Fig. 3 Growth Curve of Myxomo Virus (11)
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The titer of infectivc virus and complement fixing antigen were measured from
2 hours to 7 days alter infection. Eai. Iy stage of infection \\. ere especially studied.

The virus titer did not rise for. the first 16 hours, but then rose sharply 24
hours after infection. 11 gradually increased to 105 after 4 days, thereafter remaining
constant as shown lit I, \g. 3.

The virus titer in the fluid first increased 24 hours after infection. The
complement fixing antigen \\, as first detected after 16 hours, increasing in proportion
to the infectious virus titer thereafter.

On staining with Giemsa solution, a few small round compact ' B type inclu-
SIon bodies had aircady appeared after 16 hours (0.5 per cent). The number of
inclusion cells increased considerably after 24 hours and somewhat larger
than I, reviously \\, ere seen. Man\, diffuse inclusion bodies \\, ere noted after 48
hours, Occasionally 2 or more inclusion bodies \\, ere found in one cell.

The alteration of the ITUcleus \\, as hardly ever detected at early developmental
stages or the inclusion bodies.

In a comparative study by the fluorescent antibody method, small round
compact fluorescent spots were seen near the nuc, tu, in a few cells after 16 hours
and these cells had increased at 24 hours, Therefore it has become evident that
a close correlation exists between the time of the appearance of fluorescent cells
and inclusion bodies and the time \\, hen newly synthesized infectious virus was
first detected.

After 48 Ilours, the fluorescent cells looked like an colony, showing various

TAKAHASHl. KATO. KANIEYA\I. \ AND KAMAHORA

type of fluorescence in the cytoplasm ranging from a compact to a diffuse type.
Occasionally several distinct fluorescent spots \\, ere noted in one cell, which seemed
to agree \\, ith the result or Giemsa staining mentioned above.

In ITo cell was any distinct fluorescencc dctected in the Ilucleus at any stage
of infection.

Even after a prolonged period of infection, I. e. 10 days, there existed many
nonHuorescent normal locking cells among colonies of fluorescent cells implying

\\ith the infected cells even at thisthat many noninfccted cells were I>resent
later stage.

This phenomenoiT developed into a carrier culture as I'GPorted previously
<1<. ato at n/.. 1959), showing mai. ked contrast with other pox viruses, ectromelia
and vaccinia <1HD strain), \\. hich caused rapid clegencration of all cells

The carrier culture of the myxoma and fibroma'viruses have been lasting for
more than 10 months. Details of these cultures \\, 111 soon I>e reported tit this Journal.

DISCUSSION

virus scems to be the most advanced of all viruses \\. IthThe pox group
regard to the in orphological study of the cytoplasmic inclusion bodies.

As already reported, 1< amahora and Kato and their colleagues have shown
that ectromelia, fowlpox, co\\, pox and vaccinia produce the same 1<1nd of inclusion
bodies, the "B" type inclusion bodies, which have common in DTPho!ogical and
cytochcmical characteristics. As to tlie inclusion body or rabbit myxoma virus,
Rivers (1930) stated that acidophilic material \\, ith IJ, sophilic rod appcared in

ones



cytoplasm, and flurst (1937) desc"Ibed that Feulgen weak-positive basophilic
spherules were seen besides azurophilic granules in the cytoplasm and basophilic
sphcrules in oxyphi!IC spheres lit the nucleus. Recently Chaproniere stated that an
cosinophilic mass appeared in the cytoplasm in rabbit tissue culture.

More recently 1< ato and Cutting ITave round that "B" type inclusion bodies
are present in myxoma and fibroma infected rabbit tumor cells and the peritoneal
cells of infected rabbits. They showed that established cultured human amnion
cells (FL cells) are also susceptible to these viruses and have "B" type inclusion
bodies

The I. efore all pox viruses including myxoma and fibroma viruses have been
shown to form Feulgen positive "B" type inclusion bodies with common in orpho-
logical and cytochemical characters' 11 was therefore important to examine the
antigenic nature or these "B" type inclusion bodies. we have previously shown
that the "B" type inclusion bodies or myxoma vii'us have inuclT \, ITal anti cn.
Furthermore the "B" type inclusioil bodies of other pox viruses, such as ectromelia,
vaccinia, cowpox and fibroma, were stained with thc fluorescent antibodies of the
myxoma virus, implying that all these "B" type inclusion bodies \\, ere composed
or thc same antigenic matei. Ial (Takahashi at d!., 1959).

In the present study of myxoma virus, it was fui. ther shown that the brilliant
fluorescent areas correspondecl to the inclusion bodies, indicating that "B" type
inclusion bodies \\, CTC aggregations or \, irus antigen

It has also I, Gen sho\\ n that inclusion bodies and fluorescent cells a > eared
just before the rise in infectivity. F1.0m this finding and the fact that the "B" t e
inclusion bodies are Feulgen positive, it is assumed that these "B" type inclusion
I>odies might be the site or virus multiplication, althouulT more strict quantitative
analysis or them is desirablc. 11 is conceivable that concurrent synthesis of protein
and DNA or the vii'us may occur in the cytoplasm forming "B" type inclusion
bodies, and then gradual matui'at ion or virus particle may ensue. Detailed anal SIS
of viral antigen \\, 111 render possible a much more critical analysis of the phenomenon.

The fact that no distinct fluoi. escencc could be seen in nucleus in an sta e

of Infection suggests that the synthesis of viral antigen takes place exclusiveI in
the cytoplasm. This is lit marked contrast \\, ith the case or RNA type viruses,
such as Influenza and fowl IJlague, in which distinct fluorescence \\, as seen both
in the cytoplasm and nucleus during the course of infection and it was presumed
that the nucleus might also pailicipate in the synthesis of virus particles.
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Fig. I. Fourfy eight hours offer infection. The
brilliant fluorescence 101 is located in the
cytoplasm beside the nucleus.

Fig. 2. The same cell OS Fig. I. offer regiain-
ing with Giemsa solution. The fluorescent
area (0) corresponds strictly to the inclusion
body 10'1 showing that this inclusion body
is composed of much viral antigen.

Fig. 3. Fourfy eight hours offer infection. The
fluorescent area Ibj is present in the cyto-
PICSm perlly in contact with nucleus.

Fig. 4. The some cell OS Fig. 3. offer restain.
ing with Giemso solution. The fluorescent
oreo(b) corresponds precisely with the in-
clusion body(b'I in this cell.

Fig. 5. Seventy two hours offer infoclion. The
fluorescent areas IC, d, e) ore visible in each
cell of the group.

d'

Fig. 6. The same field as Fig. 5. restoined
with Giemsa solution. Every fluorescent oreo
IC, d, e) evidently proved 10 be localized
in the inclusion bodies IC', d', e').



Fig. 7-8. Six*een hours offer infection. Small round compact uorescenf spots are seen beside the nucleus
in a f ew cells

8

Fig. 9.10. Twenty foLr hours after infection
cytoplasm

Rather diffuse fluorescent areas ore also seen in the

1.0

Fig. 11-14. Fourly eight to seventy two hours after infection. Fluorescent cells increase of this 3109e
of infection, showing various types of fluorescence in the cyfoplosm. Several distinct fluorescent
spots ore sometimes visible in a single cell



1.1r

Fig. 15. Six days offer infection. Small
compact fluorescence is 31ill visible at this
stage

1.7

1.6

Fig. 16. Ten days offer infection. Consider-
able numbers of nonHuorescent cells ore

still present among the block of fluorescent
cells of this later stage of infection

Fig. 17. Compact "B"' type inclusion stained
with Giemsa solution. Arrow marks indicate
"B" type inclusion

1.6

Fig. 18. Diffuse "B" type inclusion stained with
Giemo solution




