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Nucleocytoplasmic Interaction in Poxvirus-infected Cells
11. Relationship between Nuclear DNA and Inclusions

in Rabbit Cornea

IDF/n, 1111, "I "/ 01/11/1n/!1,010gJ, . OJ"An L, }!!,,,*ill ,\{tdir"/ .School)

JiRO HARA, TAKASHi I\11zuKA\vA

(D, /, d, 1111e, 11 of Palho/rigJ. . 7/1e Rel, "I'll 1115/1'/"!,/o1' ill^^', obih! Diren. if, , Ofd/,,, (-',!11. ,ifi!".
(R, rel', e, / for I"b/!tit!,'0". Iru^e 6. 1964

I. Cowpox \. irus I)rocluccs boilt "B" anti ",\" Iypc illclusioiis in I'abhi! curl, cal c, 1111clial cclls
anti ciirloillclial cells. Tllc ".-\" tvpcinclusioiiinaiker or cowpux \, Irus secii, \ 10 lit slablc ICgardlcss
or inc killt1 o1/10si cell. in all Ihc cells so ran. studictl

2. Uitdcr pitysiulogical conditioils. 111crc aic \ ci'y it\\. D\,\ syntlTesizing cells in tile Tallbit curllcal
CPIillclium aittl almost none un the curll"al end, ithcliuiii \ an o1a \, Irus anti cowpox \. irus call
Initialc acti\'c cyioplasmic D\,\ 511, Ihcsis in litesc culls as proven b, auioracliorrra h Lising 'H-
litymidinc. T'11.5c systCms I'mviclc a by pical cxaii, PIc o1' the clissociatioit bcL\VCCIt 1111clcm' D\,\
syi, Ihcsis anti cytoplasii, IC \'Iral DNA syiTilicsis

3. T'hc conlcal nuclei t101,011)10\Idc lite siic or \. iral D\.\ syiiih"sir
+. I're\'10Lisly labelccl ITUclca^ D\I\ \\. as 1101 trailsrcrrct1 11,10 inc "B" I ,e illcltisiuns ur I'abbit

CGrncal CPILhclial cells Infectcc1 \\1111 errhcr \'ariula \. irus o1 CDL\pox \, iru*
5. Tl, CSC I'Dxviruscs produc, illlcciccl loci citlicr in Ihc I'abhii corneal c ,illlclial Ia ,CT or in the

corneal cndoihclial Ia\ cr

SHIRO KATo

S U:\INl, \RY

Until 1939, nTost studies o11 inc Guamieri nod\, of Ihc so-called vaccinia \, irus

\\'erc carried out Lising section prcparations, Iltainly stained \-\, ill\ ITematoxylin-cosin
TheIl Ewing's napei' was IJresented wllICli described sincar preparations of rabbit
corneal cells stained. with NOCllis-Romano\vsky solution, \\, hicl\ is analooous to the
Giemsa solution (Ewing, 1939). These ne\\, techniques made it easy to IJursue
Inc clevelopment and. IT\orphological characteristics of tile inclusions. These Ie-
chniques in combinatioit \vitlT the so-called Paul's rabbit corncal reaction, also
provided a suitable and simple \va\. to diaoilOSe smallpox. Ewin, ' describecl the
deej, red body in infected cclls lit stained smear I)reparations as \, accine nody, and
followed its developmeilI from a small compact to a Iarue diffuse form. As to the
nat\11'c of the Guamieri I, ocl\,, Inari\, theon CS I, avc lieei\ presented. Tllc ITUclear
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theory have I>eell most \\, Idely accepted since Fujino reported that the Guamieri
b. din^ f. und in th. .,"nonl colts w, re Fanlgen pontine (Fujin, 1935). Meanwhil.
extensive studies ITave I>een carried out o1t the ITature of poxvirus Inclusioiis using
tissue culture cells. The ' 'B' ' type inclusions \\, ere found to be the site of viral protein
us w. 11us 11, , vimlnu, 1.1. anId (K^I. ,/ "I. 19591, , K"t. at "I. 1960^, 1960b). For-
thermore it \\, as demonstrated that nuclear DNA was itot transferred to the DNA
of the inclusions (1<ato at a!. 1960a, 1960b).

The present experiments \\, ere on the characteristics of the B type inc usIons
ill ai"o and on the nature of the well knowil Guamieri body. in rabbit cornea
from the standpoint of ne\\, virology

HARA, \, 11ZUKA\.\, r\ ,\ND KATO

I. 1/11"J

Variola viius (Bikeil SITaii. for' \acciitaiion) allcl cowpux \, irus (LB Tetl strain) at aptc 10 . .
cells \\, CTe Lisccl at a concentration or Infecti\'11y or 10' I'Dck forming till 115 PUT ntl

2. .. in, in"!J

,\Ibino itTale domestic rabbits, weiglting abotit 2 kg, \\. ere coinmeicia1510ck

3. Ifo!DPE

'1^-11tymiclinc (specific acti\'it\, 4.32 Clink, I, ..\11. crsllai, l Bloclleruical CcitICr, I. ;itg ant ) \\ as

A. IA'I'ERl. -\LS :\\D A1ETHODS

uset!

+ ,ichi, 1/1/'11niin, , of the 1,010pe

Tile isotope was diltitcd \\, jilt Hanks' solu!ioil 10 a concentration or 100"Cjml. One lent l in
orchambcr Huicl \\. as \\'ithdra\TIT at the limbus will, a ITcedlc. Thcii tile sainti \o ume 0 150 0p
solution ( 10/4CjchaiiTbcr) \\ as 11, jectccl in 10 Ihc antcrior cllambci

5. '11/10, '"ding, filly

After fixaiion or the I, reparations with menTanol, allioradiograp TV using o a < .
carriecl out by Ihc dij, ping technique, as describetl pre\'IOUsl\ (Kaio at a . a).

I. ,\{aci'offDpic obrel'Danoii of Ihe 1,661/ '01/1, a 1110c"!died coillt adj'fold
cotupOX DullJ

Twenty four ITours after inoculatioiT of the virus the eyes develope a Ig
ciliar injection and flare in the aqueous. Three to seven days after Inocu ation,
marked discharge and swelling of the lid, congunctival and ciliar Injection an
opacity of the cornea were observed. within about 2 weeks, keratoconjunctivi is
of the inoculated eyes ITad almost healed, only a haziness of the cornea remaining.

RESULTS
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2. ,, 1/1/01'rrdiogi'dinr of (o1'11, a! elf!fiend/ cellJ 11:1, fled loin! adjio!tt all'!!J o1 corelo, \ a!'I'",

Before the virus \\, as inoculated onto thc rabbit cornea, fine scratches were
made o11 the surface of the cornea. Infected e\. e I, alls \\'etc criticleated o1\ the 1st,
3rd, 5tli anc1 1211} da\, s after virus inoculation. Two Ilours liefore enucleation of
the eye I)alls, one tentlt inI of isotope solution \\, as injected Into thc chainbei'
TheIT at110radiography \\, as carried out I)o11t o1t sincar preparations of the corneal
epithelial layer and o11 section preparations of the cornea. The "B" tyjic Inclusions
were IOUncl in the cvtoplasnt of' the corneal GPithelial cclls in Ihc 1st day lirepara-
11011 ancl increased in it urnlicr Ihcreafta' (Figs. I and 2). The incliLsions appeared
in cclls of all Ia\. ers of 111c CPIthclitinT of the cornca. No inclusions were found
11 1211d, , " SI -a-' I , I 11 I _111 I te I I a\' I, reparation. I vei grains 111 I tc cytop asin corresponc ec exc us I-
vely, to "B" incltisions. The "B" inclusions will\ SIIvcr uralns could lie located
in any I)ai'I of' the cyioplasin (Figs. 3, +, 5.6 and 7). However large "B" Inclusions
\\, CTC InOSI of tell encountered 11T 111c perlnuclcar position. Solnc "B" Inclusions
were also found o1T the ITUclei in smear lireparations. 11 Is I\o1 necessary to considcr
that viral DNA synthesis \\, as initiated lit the ITUcleus indeed it seems most

likely that Ihcy are cytoplasmic "B" inclusions coverintr Ihc I\uclci, I, ccausc nTost
of the "B" inclusions founcl in sectioiT preparations I\ave ito relatioiT to the nuclei
(Figs. 9 and 10). TIT section preparations of the corneal GPithelial layer, the
Inclusion IJearing cells were localized in foci (Fig. 8).

3. ,, 1/1/01'nthoui'nil!J 11 (0) 71, n/ '11/01/!, lid! cc!IJ jiltt/, t/ rei!/I ,d!'101n '11/1r ui' corelu\

NUCi, EQCYTOPLASi\110 INTERACTIO\ I\ pox\-'IRUS I\FECTi0\ 11

One tel111T ITi1 111 chanilier fluid \\, as willIdra\vil I)y Ilcedlc at Ihc IiiT\I)us. 'Thcit
11. e same quantity of \, ITal fluid was Inoculated into the chainl)er. TITfected eyc
I, alls \\, ere rcmovcd o1T 11Te 1st, 3rd, 511\ anc1 12th days after. \, ILLis inoculation. Two
hours liefoi'e enucleatioil of the eye Iialls, one tentll IT}I of ISOtopc Huid was Iruected
into thc chamber. Autoradiography was carried out 1,011T on smear I)reparations
ant1 o1T strctclT prcparations of the endothelial cell layer of' the cornea. With
1,011\ variola and cowpox virus "B" type inclusions \\, erc found on Ihc 1st d^, after
virus Inoculation and increascd in numlier thereafter (Figs. 11,12, and 13). No
Inclusions are found in Ihc endothelial cells o1T the 12th davs aftcr virus inoculation

\\!ith co\-\-1.0x \, irus, liesides "B" type inclusions "A" by, pe inclusions \\, ere found
just as in infected cultured cells (Flu. 13). The site of a, 'oreoatioi\ of silver orains
corresponded exactly \\, itIT the "B" inclusions. Under a low, inarynification, man\,
small foci could IJe sceit on stretchccl lireparations of the endothelial cell Ia\, er
(Figs. 14 and 15) . At a ITigll Inagnification, it could be seeit that a focus consisted
of many inclusionl)earlng cells. As a rule, the cells located in the center of a focus
hacl large diffuse "B" type inclusions \\, ITiclT indicated a later stage of infection
On 111e contrary, most of the cells located in the outer parts of a focus contained
small conTpact "B" inclusions, \vhiclT appear at aiT early stage of infection (Fig. 16)
This peculiar arrangement of Inclusion-lieariiT^ cclls in a focus suggests tliat the

all'ifJ
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infectioiT starts at the center of the focus and progresses radially to the peripheral
part of the focus.

+. flu/Did dingi'aphic 3/11dieJ on Ih, Ifln/1011Jhip belro, ,!I fror! 11\c/, di' DA, I and DJ\'/1
ill Ihe "B" Ope incltt$io!!r

A, rep. "red by Har, at at. (1962), th. .nly .."neal GPith, 11al. .Its whi. h chow
any active DNA synthesis are a fe\\, cells in the basal cells layer. However once a
wound has been made in the epithelium, cells close to the wound begaiT to synthesize
nuclear DNA for. ^epair. To label as malt^ corneal epithelial cells as possible, the
epithelial layer was scratched and then 3H-thymidine solution was inoculated
into the chainl>er twice at 31Tours intervals. Three days later, either variola virus
or cowpox virus was applied to the surface of the cornea. Autoradiography was
made two days after virus inoculation. A considerable number of cells \\, ere found
witlT labeled ITUclei. Some of these showed definite inclusion formation. However,
none of 111e inclusions were labeled, as shown in Figs. 17.18 anc1 19. This must
indicate that ITeither nuclear DNA nor. thymine constituting ITUclea^ DNA \\, as
converted to DNA of the "B" type inclusions

HARr\, A{IZUKA\\',\ AND KATO

I. "/I" type illc!Nitoii mm'k, I

Kato at a!. (1959) demonstrated two types of inclusions in co\\, pox virus lifec-
lion, one of whiclt \\, as designated as "A" type inclusions corresponding to the
large eosinophilic inclusions described by DownIe. The other \\, as designated
as "B" type inclusions which ITad not previously heelT described. Several strains
of cowpox virus tested always produced "A" type Inclusions un infected cells, such
as rabbit skin, seveial strains of tissue culture cells and Ehrlich ascites tumor cells.
Later, it was found that some strains of co\\pox virus produce "A" type Inclusions
containing many virus particles \\, hile other strains of cowpox virus, Including the
LB red strain used in the experiment, produce "A" type inclusions and ITave 110
virus particles (Kat0 81 n1. 1963h). Thus the appearance and the characteristics
of the "A" type inclusions \\, ere considered to be a good marker of cowpox virus.
In the present study rabbit corneal epithelial cclls and endothelial cells were found
to be susceptible to the cowpox virus. In this new type of host cell, cowpox virus
(LB red strain) produces "A" type inclusions but no virus particles. The stability
of the "A" marker \\, as confirmed in these systeirls. Althougli the ranbit corneal
endoihelial cells, as well as epithelial cells, \\, ere found to be susceptible to the
variola virus, thc virus did ITot prodiicc any "A" type inclusions in these cells, as
in other cells tested

DISCUSSION

Q Re!ajio!I brittlee!I 11ut'!erri' DJ\',{ $TillheriJ d!Id oil'd1 o, 101!drillir DJ\'/I 41,111heJiJ

Kato of d/. (1963) found that extensive cytoplasmic viral DNA synthesis



occurred in mouse liver infected \\, ill} ectromelia virus. This system provided a
typical example of tlTe dissociatioiT IJetweei\ ITUclea^ DNA synthesis and \, Iral
cytoplasmic DNA synthesis, because liver cells do not show any active I\uclear
DNA synthesis under physiological conditions. They' concluded that viral DNA
synthesis was independent of nuclear DNA synthesis. Hara at n1. (1962) reported
that DNA synthesizin. ' cells were rare in the rabbit corneal epithelium and hardly
e\, er encounter Tetl in the corneal endothelium. in these experiments notll variola
virus and cowpox virus could initiate active cytoplasmic DNA synthesis in these
cells. Therefore 111ese systems I)Tovide another example of the definite dissociation
between host nuclear DNA synthesis and viral cvtoplasmic DNA synthesis. How-
ever it should be IToticed that these cells sustaii\ active RNA ritetaliolism under

phy, 1.1. gi. al .. riditi. us, just us th. her. colts 00 (Fig, . 20,21 and 22)

3. Rela/full belw, ei! JIM!erri' D. \", I rind D, \','I ill "B" 41pe 111,111rio"r

Many B" Inclusions appearing in smear preparations of 11te corneal epithelial
cells were perlnuclear in position. Somc \\, etc eveiT found o11 the nucleus. It seems
reasonable that nuclear' theory aboui 111c origiiT of the "Guamieri I'Ddy" 11as
prev^tied ^in, , Fujin. (1935) and NIIl. vid. , (1933-1934), using rubbit ,."nonl
epithelial cells, reported Inat the Guainieri Iiod\ was Fetiluci\ I)OSItive. Us lip tissue
culture systems, Kato ,/ of. (1960a, I)) sho\\, cd that previously, IalJeled ITUclear
DNA \-vas IToi transferred to "B" inclusions of poxvirus. The present experiments
agaii, shows that previously labelecl nuclear DNA of Tabi)it corneal epithelial cells
was not transferred cithcr to the "B" incltisions (Guamieri 110dy) of variola virus
or the "B" Inclusions of co\\, pox virus

TITc appearance of "B" inclusions lit 111e nost ITUcleus o1' in 111e perlnuclear
area 11\ close contact willL the ITUcletis, 11T the smear preparations of the Tai)bit
corneal epithelial cells, does not ITecessarii\. mean Ihai these areas Ilave only direct
I. elatioiT \-vith the inclusions, liecause the location of "B" inclusions 11T sectioil I>re-
parations of 11Te salne salttj, Ies of Tai)bit corneal epithelial cells \\, as ITot localized
either to the nucleus or to ai^, specific part of the cytoplasm. 'Therefore the
local101T of "B" inclusions in smear preparations of the corneal GPithelial cells seems
to lie due to ai\ artifact occurred duriilg' Drcparatioii of the smear

+. ,\./ode of JPiend of jin?c/1011 ill Ih, inbbi/ coili, n/ all'/fin^hl d!Id dildo/fir!in! lay, if

In both sectioit I, reparations of the TaiJl)it corneal epithelial layer and siretclt
preparations of the endothelial sheet, inclusion-lieariiw' cells \\, ere found in foci

The structure of a focus is quite similar to that of the foci or PIaques found in ino-
ITolayer sheet in tissue culture I'Dttles. It is considered that the focus probalJlv
started from a single cell willl a single virus particle and expanded radially

\UCLEOCYTOPLASNIIC INTERACTio\ I\ pox\fiRus INFECTION 11 61
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:\11 smear and siretcl, preparations \\, CTC fixecl with methanol anti stained \\. ith Giemsa solution
Tlie section prepaiaiions were fixecl willl Camoy s fluid aiTd stainecl with Giemsa solution

Figs. I and 2) Smear preparations or the epithelial cells of rabbit cornea infected with \, ariola
virus ( I clays after virus inoculation). Note periliucleai B' type inclusioiTs (Guamieri bodies).

Figs. 3 and 4) Autoradiograms of smear preparatioiT or epithelial cells infected with vario a

ExpLANATio\I OF PLATES



\uCLEOCYTOPi. As\{IC INTER. \CTio\ I\ poxviRus INFECTION n

virus (5 days after \'irus iitoctilation). Silvci grains 10nnclin Ihc cyioplasin correspond excltisi\'el\
to the "B" type Inclusions

Figs. 5.6 aitd 7) ,\t, 101 adjograms orsmear prepaiaiion orcpithelialcellsinfcctecl\\. tilt cowpox
\'11 us (L13 rcd strain) (3 clays artcr virus Inncttlaiion). Titc sires or lite accumulation or silver
grains COTTUSponcl to lite "B' ' tvpc litcli. 510ns. Several grotips or sliver grains \\. ere IOUnt1 o1t lite
nLtclei. However Ihcsc grains collld be rcgarded as cytoplasmic ' B' tvj, c Incltisions \vhiclt
happen to CDVcr lite nuclei. 111 Figs. 6 aitd 7, I'Dtc the "A' ' type Incltisions \\. hich arc free from
511\, er grains. \'cry I'arclv cocxistancc o11abeled "B" type inclusions will, a labeled Ilticleus
was cncountcred, as showit in the riglii Lippcr cull in Fig. G

Figs. 8 and 9) .\utoiadiograins or section preparation or rabbit COT ITUa infectcc1 \\. 1111 co\\pox
virLis (LB red strain) (3 clays artcr \, Irus Inoculation). The "B type Incltision bearing cells
^. cre round groupctl in ITUmcrotis foci in 111c CPIihclium. NIOst 511\'"I grains coriesponc110 Ih.
"B" type inclusions

Fig. 10) A ITighcr Inagnificaiioii or Fig. 9
Figs. 11) anti 12 ) rxiitoracliograms o1 $11'eiclt pi', pal'allcit anti sincar lireparatioit or cii, ioniclial

cells infectc"I \\'1111 \'ajiola \'IrLis (3 days artci' \'it Lis Inocula Lion). Intensive accumulaiioiT or
sil\'CT giaiils \\'as round o11 Ihc "B' ' type incltisions. \o silver grains \\ cie IOUnc1 o1t the ITUclci

Fig. 13) r\trioradiogiaitt or sinca^ preparation or cndoihclial c"IIS infoctccl with cowpox \. irus
(LB recl SII ain) (5 nays an CT \, 11 us innculaiioni. \ore Ihc aggrcgatioi, orsilver grains corrcs-
punchng 10 the "B" I\PC Inclusioiis. Tlic ".\" I\PC inclusions anti nuclci arc free o, 511vci
titains

Figs. 14,15 anti 16) *\1110radiograms o151icicll pi'upai'alloii or undotl, clial cclls 1111ccicd \\. 1111
variola \. irus (I clay artci urns Inoculation). Fig. 16 15 a 111glicr magnification or Fig. IJ
Thesc foci consist o1 man\. "B" type inclusion IJcaiiitg cclls inclucling cells \\. 111, \, ariaLis stagcs
of thc "B" type inclusions. In gcneral. jargc \VCIl developecl "B type inclusions were locate
at the ccnter or the roctis an"I small coinpaci '13 ' type Inclusions \\., re To uricl in 11Tc perlp Tcl a
pail or the focus

Figs. 17. 18 ai\d 19) .,\uioradiograms o1 sincai' Drcparation or CPIihclial cc s. ' rcc c ays
anCT labcling or It ticlca^ D\A \viih IH-Ihymiclinc, \, at101a \. Irus (Fig. 17) or cowpox \irus
(Figs. 18 ant1 19) was Inaculaicd. T\\o days aner \, irus inncLilaiioii. alitoradiograjJ y was
madc. Sil\'ci' grains werc flitincl exclusively o11 Ihc nuclci. I, til not o:1 inc type inc t'sion*
These tipurc* iitdicaic Ihai Ih" nuclcai D\.-\ \\. as rini 11'an*forrccl into I)\.-\ or litc B tvpc
inclusions

Fig. 201 .-\tiioradiogran. of scciioi, prcpara ticit of riniinal rabbii cornca \\. 11 l -it\ init inc
Lal)elccl nuclci \VCI'c ciicotiltLcrccl only in a re\\ cells in 111e basal layer o I, e CPI e 111m.

Fir. 211 .\uioradiograiit or scciioit prcparatioi, or normal rabbii cornca \\.!} -c111cine
.-\jinosi all CPIthclial cells as well as stromal cells were labelcd.

22 ) ,\uioradiogram or siretclt preparaiioi. o1' cndoIh clial cclls or I, o1'mai I abbit cornea with
'H-c\ lidinc. .\Iruosi all cncluthelial cells \\ "Ie labelccl
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