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Studies on the inclusion Bodies of ECfromelia Virus using
the Fluorescent Antibody Technique

SUSUMU KAMEYAMA, MICHIAKI TAKAHASHi, 1<UMAO 'TOYOSHIAtA,
SHIRO KATO AND IDNTARO KAMAHORA
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Di, enJe$, Qinka Uni, erri!y Of aka

(Racei, e, ! for 1,161^^allo", Decei, !ber 15, I959.1

SUMMARY

Ehrlicll ascites tumor. cells infectccl with cciromelia \itLis ("G" and "H" str '
sIndicd willl the fluoresccnt antibody technique (indirect method).

All fluorescent spots were IOUncl to correspond to Iho sites of "B" t re inclus'0 . N 'Ih .
"A" type Incliisions of either \irtis strains, nor nuclei snowcd any distinct niloresccnc . T'I
the B' tvj)" inclusion was considered 10 be tile main site for \, 1,115 in it' I' I
Fillorocarbon (Daifron $3 ) PIirified clemcntary nodics wer, also siridicd willI the n1101'CSccnI
antibody technique ancl I. bulgen rcaction

'F1ic purified material had only weak fluorescciicc. Thc Felll ,eii reaction I 11
niaterial was very weak. From the results it is concludcd that "B" I re in <1usions 111a , con-
talli more Inakcd D\.,\ anti \, iral protein than "A" tyj, e inclusions.

I\T'RODUC'1'101*;

As already repoitcd, I\\'o kinds or inclusion bodies named "A" and "!{" \ t
found in ecti. omclia \, 11'us (Kato t/ ill. . 1955). Rccently two sti'ains o1' cctiomcl'
virus have been isolated, namcd "G" and "H" SII. ains, \\. hicli can ii. od . I ,
direi'ent "A" type inclusions (Hagi\vai'a, 1958).

The "A" typc inclusion or the "G" strain Ilas man clemcntai. nod' . ; I
that or "H" strain none. "B" typc inclusions or ectromclia vii us could be Ia' *d
\\'Ith antimyxoma Huoiescent antibody, so that this type or inclusioi, consists of
the viral antigen common to thcse I'Dx group \, ii'uses.

On the other I}and, "A" Iypc inclusion bodies in noth SII'ains <11d not slaincd
\\'ith myxoma fluorescent antibody (Takahashi e/ d/., 1959). 'This pieseiTtcd the
pi'oblem or \\. ITy even "A" type inclusion or the "G" strain, containin , clcincntary
bodies, could not be stained.

A possible explanation is that in the fii'st place, non-stainalJilit ini. ITt dc icnd
upon the specificity or the antibody, because the antibody used was not hornolo-
gous. Secondly "A" type inclusion might be covei'ed with somc stiff meinnianc
\\'hich prevents conjugated antibody from entering. Finally elemental bodies in
the inclusion might be too small or so re\\. that they could not lie detected b
fluorescent antibody technique.

The piesent study was performed to solve these problems.
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I. Virus

"G" and "H" strains of ectromelia \'ITUs isolated by I{agiwara were LISed
I ) Crude '11/1$ Inn!end!: 'The strains werc inociilatecl Into the abdominal cavlIy o

ITiicc. The Iivcrs were removed from the moriound mice, and a tel. pertent suspension was
undc with a \\'anno blender at 45,000 rpm for 30 seconds

2 ) Pi, rifer/ r, iruJ runt, ridls Daifron S3 ) ( Trichlorotrilliioroethan. ) was used for purl-
fitaiion of the vir115 material. One volume of Dailron was mixed with two volumes of CTu e
\, irus mateiial and blended twice each for 20 seconds at 45,000 mm in a Waring blender.

TheThe resulting gelatinous mass was centrif11ged at 3,000 rpm for IO minutes
collected andaqueous supernate (Drl) constitLiting the Daifron tieated virus antigen was

ItITthcr iruated with nailron in the same way as described above
The supernate (DF2) was harvested ancl centrif11ged in a Spinco L for. 30 min. at

15,000 rpm. The pellets attached to the bottom of the tubes were resuspended in one-
101:rth of the original volume o1 phosphate IJuffer saline, which was Lised as the concentrate
purified \, irus material

2. Sineni piepni"!ton

I) Infected 1,111!ic/I mm0,68th
Ehrliclt tunio^ cells were mixed with about the same \-o1ume of crude \, irus materia

and the nTixturc was injected into the Dentoncal cavities o1 mice. At \, anous Interva s, re s
weic harvested Ironi mice and smear preparations were made

2 ) Pmijie, I NIM, mater!at
0.05 inI of the respective \, irus material, crtide, Drl, DF2 aitd concentrated materIa s,

were dropped onto slide glasses 10 cover aboui the same area and dried in the air or 3
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3. S, c1,011 pi, pattttion

The inICcted Ehrlich tumor cells described abo\, e \VCrc harvested and centrifuged at
1,5110 rpm for 15 niin. T'he packed cells wcrc theit placed in the cryostat ancl section pre-

madeliarations were

+. Fluore*',, itt ""1,604' technique

Hanisters wereemployedThe indirect method of Weller and Coons (1954)
the jinmiinizing animals with ECtromelia virus, since their susceptibi ity to I ischosen as

been o1, served in our laboratory. 0.5 nlI of the suspension of CAL, I infected wit. Ivirus had
ectromelia virus was inoculated intraperitoneally Into 11ainsters three times at interva s o
one week and blood was collected 10 days alter the last injection. The titer of this Immune
scrum was I : 40 with the antigen of .a liver emulsion infected with ectromelia \, Irus in t re
complement fixing reaction. The globulin fraction of normal ITamster serum was injecte
511hcutaneously into rabbits with Freund's adjuvant twice at all interval of one month and
blood was taken I week later

The precipitation titer of this immune serum was I : 1,000 IJy the antiserum i ution
method. and tile globulin fraction was conjugated witll fluorescein ISOthiocyanate o owing
A, tarshall's metlTod ( 1958 ) in the same way as described in Dun. previous report. However,
as a slight cross reaction was detected betweci. antihamster rabbit serum and normal mouse
scumi. boilT jinmtine sera were repeatedly absorbed with acetone treated niouse liver POWdei'.

Stain specificity was established in the following wary. I ) Uninfected Ehrlich tumor
cells showed no filloresccnce. 2 ) when iruniune hamster serunl was replaced by normal
hamster scrtim, 110 nuorescence appearccl in the infected cells. 3 ) Direct application of
the I onjTigatetl antibody to the infected cells failed to show any fitiorescence

was
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RESULTS

I) Sine"!' piep, milo!! of E/11nr/! 1/1/1101' fellJ fly, ,/e, ! willI ,,/minefin trill. I

Infected tumor. cells at an early stage or infection \\. ei. c examined by the
fluorescent antibody technique. As shown in Fig. I, compact form of billliant
fluorescence was seen in the cytoplasm of most cells, and o1T Testainin, with
Giemsa solution it \\, as round that the fluorescent area curl CSponded precisel to
"B" type inclusion meaning that this inclusion had much vii'al antigen.

In the cells at a later sta, ,e of infection, about 20 hours after infection, dif-
fuse fluorescence was visible around the dark area beside the nucleus, represent-
ing bright "B" Iypc inclusion around the dark "A" type inclusions. 'This \\, as like
the case with myxoma fluorescent antibody. Thus the possibility that Ihc nonstaina-
billty of "A" t\, pe inclusions might be due to heterologous antibody was dis iruved.
2) Pie/I"ration of .,,(110)!, of liver'/, of E/lint'/I 111moi cc/!J

Pi'eparation or sections or infectcd cells bearing numerous "A" Iypc inclusions
\\. ere examined. The average diameter or the Ehrlich tumor cell is about 20 11 and
as the thickness or the sections was less than 10 A sections or "A" t re inclusions
must be present in some or cells.

Ho\\. ever n0 <1istinct fluorcscencc was seeiT in any or Ihc "A" Iypc inclusions.
so that therc was no apprcciablc cliffci. ence bet\\, ecn "A" typc inclusions or smcar
preparations and those or scctioii I>ICpaiations.

The possibility that the rocmbrane enclosing "A" type inclusions inI, ht lie
impel'me able 10 the conjugalcd antibody was thus disprovcd.
3) Pi!ill, (/ I^IJ!" null, !iai

Fluoi'ocarbon treatcc1 \, 11'us material was cxamincd to sec if' 11uiificd \, 11 us
matertal become visible \\, ith fluoicsccnt antibody, \\, hen conccnti atecl. In case or
the crude virus material. a FC\\, or iri'e!, ular fluorescent spots \\ cic cletcctcd in the
pale blue autoftuoi'escciTcc o1' 11vu' cell coinponcnts. T'hesc \\. CTC suspccted to I)c
debris of "B" typc inclusions. In the DFI IJrepai. ation, lathei. honioucneous and
\\'eak fluoiesccnce spi'Gad ovei' the field, containing some Inasscs or fluoi'CSceiicc.
The DF2 pieparation, ITo\\ ever, sho\\, cd a more hornogcneous railTt fluoresccncc and
fewei' it regulai. inn. sses. This might bc caused by breakdo\\, Il or "B" type inclu-
SIons during Ihc vigoi'ous blending. Concentrated purified vii'us Inatcrial Ilad some
fluorescence, so that conccntration or aggregation may bc essential for fluoi'CSccncc
of the purified vii. us material.
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DISCUSSION

I) 111,111Jioii budi'e. , 171 cr/inni, !Id 11/11. ,

Attempts to visualize the antigen of ecti'Qinclia virus with its SIIecific antibody
coupled willT fluorescein ISOCyanate in infected cells were unsucccssful by direct
method. This \\. as PIObably due to dimculty in gaining hypei'immune sei urn in
rabbits and to the inferiority of ISOCyanate as a leavent 101 con'up ation. Tlic
Indii'ect method mediated by hamsters was thercfoie attemptcd. Almost all fluoi. -
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CSccni spots coi'rcsponded to the sites of "B" type inclusions. Even in G SII'ain
ncithcr ITUclei nor "A" type inclusions showed any distinct fluorescence. These
rcsults agreed with those of previous experiments using fluorescent antiinyxoma
rabbit sei. urn, implying that the "B" type Inclusions or the ectromelia virus con-
tain much common viral antigen.

2) Dnj, o11 111!jin, ,/ tinjJ maleyjrrl

As all'eady incntioned, "A" type inclusion of "G strain contain many ele-
mental'y bodies. Since no remarkable fluorescencc \\, as noticed in either of them
in smear and scction prepai. ations raised the problem of whether the elementary
bodies were stainable \\, ith fluorescent antibody.

Our results showcd that purified \, irus material has very \\. eak fluorescence,
and it is most Iikcly that the remarkably strong fluorescence of B type inclu-
SIons is duc to the condensed and naked antigenic protein mass. The elementary
hodics in "A" type inclusions are too diffuse to be detected with fluorescent anti-
body. This seems similar to the rcsults of Feulgen reaction. The Feulgen reaction
or I>urined virus I>articles is very weak. 'I'he facts obtained explain the very weak
and somctimcs almost negiigible Feulgen reaction of Ihc A type inclusion in G
straiiT infections.
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Fig. I. Brilliant fluorescence wos visible in the

cytoplasm of Ehrlich tumor cell at on early
stage of infection

Fig. 2. The same cell onin Fig. I, restoined with

Giemso solution. The fluorescence proved to be

located in a "B" type inclusion

Fig. 3. Ehrlich tumor cell of o later stage of ectromelio infection
Diffuse fluorescence was visible ground round dark are CS

Fig. 4. The some cell as in Fig. 4, regiained with Giemsa
solution. 11 is evident that the round dork areas were "A"

type inclusions und that the brilliant fluorescence spreading
in cytoplasm correspond 10 "B" type inclusions
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Fig. 5. Ehrlich tumor cells at o later stage of
eclromelio infection, stained wiih antimyxomo flu-
orescent on fibody. Just OS in Fig. 3, brilliant

fluorescence was conspicuous in the cyfoplosm,
while round areas remained unstoined
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Giemso solution

f

,.
.

,

,^

Fig. 7. Section preporo, ion of infected Ehrlich tumor cells.

The distinct fluorescence wos not detected in "A" type
inclusions.
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Fig. 8. The some field us in Fig. 8, restoined with Giemsa
solution
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F1g. 9. Crude virus materiol. A few irregulor spots of fluorescence
were detected in the pale blue outofluorescence of the liver
cell components.

Fig. 10. DF1 10nce Daifron treated) preparation. Rather homogeneous
and weak fluorescence spreads, but still has some mosses of
fluorescence.

Fig. I I. Concentrated purified virus muteriol had some flu-
orescence. The streaks seem to be caused by the evaporation
process.
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3 Ehrlich Iumor cells infocied wilh ec, romelio virus. Foulgen
, "B" type inclusions showed a positive reaction, while

jutions gove almost a n"got, ve reaction



Fig. 12. Ehrlich tumor cells infected with eclromelio virus. Feulgen
reoclion. "B" type inclusions were Feulgen positive

13. Ehrlich tumor cells infected with ecfromelia virus. Feulgen

reaction. "B" type inclusions showed a positive reaction, while

A type inclusions gove almost a negative reaction




