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PART I:. Chick Embryo Lethal Orphan (CELO) Virus-induced Early

and Late Polypéptides



ABSTRACT

Polypeptides of chick embryo lethal orphén virus (an avian adeno-
virus) were analyzed with SDS-polyacrylamide gel électrophoresis (SDS-PAGE) .
Virions (f=1.338 g/cm3) and virion-like particles having lower density
(1ight particles,f3=1.289 g/cm3) were composed of -at least 11 and 14
types Of polypeptides, respectively. At ieast-23 virus—indﬁced poly-
péptidés in infected cells>(primary monolayer culture of chicken kidney
cells) wére detected; eighﬁ polypeptides (early’polypeptides) were
synthésizedveven in the presence of i—F-D-a:abinofuranosyl cytosine,
" but the othérs (laté polypeptides) were not. bﬁ the basis of migration
in SDS—-PAGE, fiQe.polypeptides wefe found to be common to virions and
infected cells; 5,rto_1ight pafticles and infected cells; 10, to virionms
and light particlés; and 4, to all three. Séarely any of the early
Apol&peptides were not found in the soluble fraction when extracted
with the low salt buffer. Some of the eérly polypeptides were solu-
bilized with the high salt buffer. Other early polypeptides}wére
solubilized by sodium deoxycholaté; three of tﬁese were found in the
so-called 'M-band', as are early polypeptides of human adenoviruses. -
An experiment with radioactive gluéosamine indicated thatvcne of early

poypeptides found in the M-band was a glycoprotein.



INTRODUCTION

Chick embryo 1etha1 orphan (CELO) virus, virological propefties
of which are basically similar to those of human adenoviruses, is'~
claésified as an avian adenovirus (reviewed by Slifkin and ﬁerkow, 1973);
Several biologically interesting findings concerning this vi:usrhéve
been reported, such as tumorigenicity in hamsters (Sarma et al., 1965),
in vitro transformation of human (Anderson gg_gl.;'1969a) and hamster
(Anderson et al., 1969b)vce11s, production of tuﬁor—related antigéns
(Potter and Oxford, 15969; Shild.gg_él,, 1970), and potentiation of‘
adeno-associate virus (Ishibashi and Ito, 1971). Furthermore, DNA of
this virus has beén well studied: 1) it is a linear double—étranded
molecule with a molecular weight of 28.3 x 106_(Robinson et al.,
1973); 2) it has an inverted terminal repetifion at both ends (Robinson
and Bellett, 1975); 3) some portions of it have been found to be
integrated into the DNA of virus-induced transformed cells (Belletﬁ,
1975; May et al., 1975). HoweQer, there is little information available
concerning the polypeptides of this virus except for the findings of
Laver et al.. (1971). These investigators found that the virions
purified from allantoic fluid had at least five kinds of polypeptides,
the largest of which was identified as hexon polypeptide By using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The migration of virion polypeptides in SDS-PAGE.showed considarable
differences from those of adenovirus type 2.

As one of us reported (Ishibashi, 1970, 1971), we isolatéd 49
temperature-sensitive (Eé) mutants of this virus, and preliminarily

classified them into five groups on the basis of properties such as



viral antigen productivity and transportability of viral antigen from
cytoplasm to nucleus. In order to utilize these mutants for elucidating
the regulatory mechanism of viral infection, it becomes necessary to haVé
available a general!catalogue of the polyfeptides of this virus. Thgrefore
we used an SDS-PAGE technique to examine the polypeptide composition -

not only of virions but also of viribn—like,particles having lower density
(light particles) and the virus-induced early and late polypeptides in

infected chicken kidney cells.

MATERIALS AND METHODS

Cell cuiture

Pfimary monolayer cultures of chicken kidney cells (CKC) wer=
prepared aé described previously (Ishibashi; 1971) except that Eégle‘s
minimﬁm essential medium (MEM) (Eagle, 1959) cohtaining 10 m¥ N42;
hydrokylpiperadine-N'—2—ethane sulfonic acid (HE?ES), pH 7.2, and 5%

bovine serum was used for cell growth.

Virus
The wild type CELO virus described in the previous paper (Ishibashi,
1971) was used for the present experiments. Its infectivity was titrated

by the plaque method as described previously (Ishibashi, 1971).

Preparation of radioactive virions and light particles for SDS—-PAGE

analysis
CKC (a total of 4.6 x 107 cells in 20 petri-dishes, each having

a diameter of 90 mm) were adsorbed with CELO virus at 37° for 2 hr at



rérmultiplicity of infection of 20 plaque-forming units (PFU) in the
serum—free MEM (1.6 ml in each petri-dish). Affer the adsorption,
infected_CKC wére incubated at 37° in MEM containing 27 bovine serum
until the lébeling experiment ﬁas begun. Twenty-two hours_after infection
the culture mediﬁm'of each petri—dish was replaced with 5 ml of
v,leucine-free MEM plus 2.5 PCi [14C]1eucine (Daiicﬁi Pure Chemicals,

280 mCi/mmole) and 2% diglyzed bovine serum, and the incubation wasA
continued for another S'hr.. Cultures were then treated with non-radio-
active'léucine so as to.attain-oﬁg—tentﬁ'the'leucine concentration
no;mally present iﬁ MEM and incubated for an additional 22 hr. After
the labeling infected CKC were scraped from the glass surface of the
petri-dishes and collected by low-speed centrifugation (250 x g, 10 min,
4°). The collected cells were suspended in 6 ml of 10 mM Tris-HC1l

(pH 8.0 at 25°) and then treated‘with 6 ml of chloroform. The mixture
was vigorously agitated and subjected to centrifugation (1,500 X g,

15 min, 4°) to separate the aqueous and chloroform phases. The aqueous
phase was then léyered_on top of a preformed linear CsCl gradient
ranging:h1density.from 1.225 to 1.425'g/cm3, and centrifuged for 3 hr
at 23,000 rpm in a BeckmanVSWZS.l rotor. Previous studié§ had shdwn .
that these conditions could be used for the purification of adenovirus
type 2 virions with virtually ho contamination by host cellular _.
materials (Maizel, 1968; Ishibashi and Maizel, 1974a). The virus

band (1.338 g/cm3) and light particle band (1.289 g/cm3) were collected
by piercing the bottom of the centrifuge tube. Virions and light
particles were re-banded in another preforméd linear CsCl grédient

ranging in density from 1.225 to 1.400 g/cm3 (Beckman SW41 rotor,



35,000 rpm, 2 hr, 4°). The purified virions and light particles were
dialyzed against 10 mM Tris-HCl (pH 8.0 at 25°) at 4° and then re-dialyzed

against the SDS-sample buffer described in the SDS-PAGE technique section.

Labeling of infected or mock-infected CKC for virus-—induced polypeptide

analysis

CKC were adsorbed with CELO virus as describedvin thé preceding
section; The muitiplicity of infection was as described in the legendéa
to figures. After the adsorption, infected or mock-infected C¥C wereA
incubaiéﬁ at 40° in MEM.containing one-tenth the normal conceg;ra££;n
of methioniﬁe-or 1¢ucine, 2% dialyzed bovine serum, and eithe: 0 or
20 Fg/ml 1162D-arabinofuraﬁosy1 cytosine (Ara C). Cultures were washed twice
with phosphate-buffered saline (PBS) (ﬁglbecco and Vogt, 1954) and then
incubated in the radioactive medium containiﬁgAappropriate amounts of
[14C]1eucine (280 mCi/mmole) or [35$]methionine (381 Ci/mmgle, Ney
England Nuclear) for appropriate periods at 40° in the presence or
absence of Ara C (20 pg/ml). (Precise'details of the experimentai

procedures are described in the legends to figures.) After the 1abéiing,

cells were collected as described in the preceding section.

Fractionation of proteiﬁs from whole cells with salt and detergents

(SD-fractionation)

CKC were scraped off the surfaces of petri-dishes and washed once
with PBS by low-speed centrifugation. Pelleted cells were suspended
in buffer L (10 mM NaCl, 1.5 mM MgCly, 2 mM dithiothreitol, and 20 mM

Tris-HC1l, pH 7.6 at 25°) and sonicated for 1 min in an ice bath to



Wdisrupt cells. The resulting sample-wasAsubjected to centrifpgation

in a Beckman SW50.1 rotor at 30,000.ppm for 60 min at 4° to separate

the supernatant from the pellet. The supernatan; fractipn was removed

and designated 'low salﬁ fraction'. The pellet was suspended in buffer

L containipg 1.7 M NaCl and sonicatéd for 1 min:in an ice bath to
- disperse the pellet; this was'followed by centrifugation under the same
éonditions aé.descfibed abo&e. The supernatant fraction was removed and
. designated "high saitftaction?. The peilet was suspended iﬁ buffer L
containing 50 mM NéCl'aﬁd 1% TriﬁonAXrlod, énd again subjected to sonication
and centifugaﬁion under the samé conditions. Ihis supernatant_fractiod
- was removed and designated 'Tfitdn X-100 fraction'; the pellet was

treated with buffer B [50 mM NaCl, 5 mM EDTA, 0.47% sodium deoxycholate
(DOC), 20 mM Tris-HC1l, pH 8.0 at 25°], sonicated, and ceﬁtrifuged under
the same cdnditions. The supernatant fraction was removed and designated
'DOC fraction'. The resulﬁing pellet was designated 'precipitated fraction'.
These fractions were used for SDS-PAGE analysis and. Sephadex G-200

column chromatography.

Separation of 'nuclei' from 'cytoplasm' by Brij-58 treatment

CKC were scraped from the surfaces of petri—dishes and washed once
with PBS by low-speed centrifugation. Pelleted cells were suspended
in reticulocyte standard buffer (RSB, 10 mM NaCl, 1.5 mM MgCl,, 10 mM
Tris-HC1l, pH 7.2 at 25°) by gentle agitation so that the final concen-
tration of cells was 2.7 x 105 per ml; they were allowed to stand for

15 min in an ice bath. To the cell suspension was added Brij-58

(final concentration 1%). The mixture was agitated with a Vortex mixer



for 5 sec and allowed to stand for 5 min at room temprerature."Samples
were centrifuged to sediment 'nuclei' (250 x g, 5 min, 4°). The

supernatant was collected and designated 'cytoplasm'.

Separation of 'nuclei' from 'cytoplasm' with Nonidet P-40 (WP-40)
treatment

The method used was that described by Shiroki et al. (1974)..

SDS-PAGE technique

SDS-PAGE was»conductedvaccording:tb the method describéd_by Maizel
(1971). The SDS-diéc system wés employed with a gel concentrétion bf
1275 thg-ratio of acrylamide to'gigfécryiamide was 30 to 0.8. Samples
to be analyzed were concentrated by the cold 10% trichloroacetic acid
(TCA) precipitation procedure as descfibed by Maizel (1971). Electro-
phoresis was conducted at 100 V and was continued until the phonol red

marker reached the anodal cnd of the gel.



RESULTS

Polypeptides of virions and light particles

The monolayer cultures of CKC infected with CELO virus at 40° were
labeled with [140]1eucine between 22 and 49 hr after infection; Vi;ions
and light particles were purified by two cycles of CsCl density gradient
centrifugation by the procedures described in Materials and Methods.
Virions and light particles were discretely banded at densities of

'1.338 g/cm3 and 1;289 g/cm3, reséectively, as reported by Anderson et
al. (1971). Purified virions and light particles were subjected to
SDS—PAGE to determiﬁé the polypeptide compositioﬁ. Figure 1 shows
the aﬁtoradiogram of thé gel; Though some of weak bands may not be
seen well in the figure, at least 11 bands in virions and 14 bands in
light particles were detected in the original X-ray film. Indivi&ual
bands observed in the autoradiogram corresponded to‘Céomassie Brilliant
Blue-stained bands (not shown in figures), and the relative intensities
of individual bands in the autoradiogram were similar to Fhose in the
stained gel. There were 10 common polypeptide'Bands between virions and
light particles, as shown in Fig. 1 and_Table 1. Of these, only band
V115K, the major virion polypeptide,‘had been previqusly identified;
it consists of hexon polypeptide (Laver et al., 1971). The location of

other polypeptides in virions and light particles has not been clarified.

Time course of virus-induced polypeptide analysis

CKC were infected with CELO virus or were mock-infected at 40° and
labeled with [BSS]methionine or [l4Clleucine for 1 or 12 hr at

various times after infection (see legend to Fig. 2). The temperature



employed in this experiment was the same as the-restrictive tempera-
ture for ts-mutants we had isolated (Ishibashi, 1971). The grewth of
the wild type virus used in this experiment at 40° was not less than
that at 37° (our unpublished data). Polypeptides in labeled cells
were~ana1yzed by means of SDS-PAGE. TFigure 2 shows autoradiographic
results of one of such experiments with [3SS]methionine labeliqg.

In this type of analysis virus-induced polypeptide bands often over- -
laped bapds which could be observed even in mock-infected-eells. In
euch case it was impossible to determine whether polyéeptides which
were synthesized even in mock-infected cells were induced to :synthe-
size more due to vifus ihfection? or pelypeptides whicﬁ.ﬁe%e not
synthesized in mock-infected cells were induced to synthesiee. Which-
ever was the case, bands whose intensity began to increese at various
times after virus inoculation‘were operationally definedras virus;
induced pelypeptide bands. Based on this criterion, at least 14 virus-
induced bands were detected in Fig. 2. Bands E84K and E38K were detect-
ed in infected cells pulse-labeled for 1 hr from 6 hr to at least 28 hr
post infection. Bands L150K, L115K, and L54.5K became detectable between
14 and 15 hr after infection. Other virus-induced bands became detect-
able between 18 and 19 hr after infection or later. All these bands
except L48K were detected also in infected eells pulse~labeled from 18 to
30 hr after infection. The migration of band LllSK_(Fig. 1) correspond-
ed to that of V115K (hexon polypeptide). A Coomassie Brilliant Blue-
stained band corresponding to E84K became detectable approximately 14

hr after infection; stained bands corresponding to L150K, L115K, and

L30K, about 21 hr after infectionj; and a stained band corresponding



-10-

to L17.5K, about 30 hr after infection. ‘These stained bands (not shown)
became more intense with the passage of time after infection.‘ Other
virus-induced bands did not accumulate sufficiently to be deteciable

in the stained gel. Since polypeptides containing no methionine would

be missed in the 358—1abeling experiment, infected or mock-infected

cells were pulse-labeled with [14C]1euciﬁe between 20 and 21 hr after
infection in a parallel experiment. Polypeptides with l%)—label were
analyzed by means of SDS-PAGE. As shown in Fig. 3 bands L76K, L48K,

130K, and 129K, which had been very weakly iabeled, if at all, with
[3SS]methio'nine (Fig. 1 and Fig. 2-), were more strongly labeled 'wii:h
[14C]1eucine._ Bands L94K, 127K, and L23K were detected only in infecied
_cells labeled with [lﬁl]leucine. In an experiment in which infected or
" mock-infected cells were pulse-labeled with [1%)]1eucine for 2 hr at
various times after infectioﬁ, these 7 bands (L94K, L76K, 148K, L30K, L29K,
127K, and 123K)'becam5'éctecéable between 16 and 18 hr post infection
or earlier (autoradiogfaﬂs are not shown). In experiments with [lﬁllleucine
labeling including the one shown in Fig. 3, the band L14K was not

unequivocally demonstrated. All these results are summarised in Table 1.

Virus-induced polypeptides formed in the presence of an inhibitor of

DMA synthesis

1) Analysis at the whole cell level

CKC in a medium containing Ara C were infected with CEIO virus
or were mock-infected at 40° and labeled with [3SS]methionine or

14 . . . . .
[TClleucine for 1 or 22 hr at various times after infection, as
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indiéated ip the legend to Fig. 4. Polypeptides in labeled cells (whole
cell sample) were compared by means of SDS-PAGE. A portion of the
results is shown in Fig. 4. Bands E84K and E38K, whicﬁ had been detected
in 1-hr pﬁlse—labeled cells beginning 6 hr after infection (Fig. 2), .
could also be detected in this experiment. .They were first apparent

in the sample pﬁlse-labelgd with [3SS]methionine between 4 and 5 hr
after infection, and they continued to be detected in l-hr pulse-labeled
samples until at least 21 hr af;er infection. Moreover, théy were

detected in the long-pulse—labeléd sample from 2 to 24'after infection.
35

In addition to E84K and E38K,. S-labeled bands designated E55K, ES54K,
E45K, and E15.5K could be detected in whole cell samples obtained
during'similar experiments (e.g., Figs. 5 and 9 ). These components,

: howe&er, were not detected in the experiment shown in Fig. 4. 1In fact,
the infection-specific bands designated with the heading "L" in Fig. 1
were not produced in any detectable quantity in this type of experiment.
[The polypeptides, whose synthesises were not inhibited even in the
presénce of Ara C, were designated ‘early polypeptides' as in the case
of human adenovirus (Walter and Méizel, 1974); and the others, 'laée
polypeptides'.] 1In the stained gel from which the autoradiogram shown
in Fig. 4 was produced, a band corresponding to E84K became visible
approximately 11 hr after infection and became intense as a function
of time after infection (stained electropherogram not presented). |

A similar experiment, in which [14C]leucine was used as the label,

revealed no additional infection-specific bands.

2) Fractionation of proteins from whole cells with salt and detergents

(SD-fractionation)
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In order to study the early polypeptides (see above) more precisely
and to detect other early polypeptides, infected and mock—infected-cells
which had been labeled with [3SS]methidnine at 40° from 2 to 24 hr
after infection in the presence of Ara C were fractionated as described
in Materials and Methods. Fractionated samples contain fewer protein
species than non-fractionated samples (or whole cell samples), and,
therefore, minor proteins can be detected more readily in the former
when the samples are analyzed by SDS—PAGE. Results of one of such
experients are shown in Fig. 5 and summerized in Table 2. The per-
centage of the TCA-insoluble radioactivity found in each fraction is also
given in Table 2., Bands E55K and ES54K wefe detected mainly in the high
salt fraction. (The preferential recovery of these bands in the high
salt fraction were more clearly demonstrated in an independent éxperiment
not shéwn here.) Band E45K was detected in the high salt fraction, in
the DOC fraction, bossibly in the precipitated fraction. Band E84K was
detected in the high salt fraction, but the intensity was vefy low
(Fig;_S); this band was much more prominent in the DOC fraction_and in
the precipetated fraction. Other early bands (E38K, E15.5K, E10.5K,
and E9.5K) wére detected in the DOC fraction and the precipitated fraction.
On the basié of migration in SDS-PAGE, none of bands (E84K, E55K, E54K,
45K, E38K, E15.5K,VE10.5K, and E9.5K) corresponded to those of virions

or of light particles (Table 1).

3) Fractionation of cells into 'cytoplasm' and 'nuclei'

CKC were infected with CELO virus or were mock-infected and labeled
as in the preceding section (labeling times indicated in legend to Fig. 6).
They were then fractionated into 'nuclei' and 'cytoplasm' by treatment

with detergents, as described in Materials and Methods, and these
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fractions were examined by SDS-PAGE. Reéults obtained with Brij-58 and
NP-40 are shown in Figs. 6 and 8, respectiveiy; major findings are
summarizéd in Table 3. Briefly, E84K was detected.more or less in both
>'cytop1asm' and 'nuclei' under all conditions studied, as was E38K in the
longer labeling expériments. However, E55K and E54K showed differences

in the distribution of labeling depending on the treatments of detergepts
employed, indicating thét‘the fractionation was not absolﬁte. In‘addition
to fhe above‘findings, a band degignated leand a weék band, which
’pfobabiy corresponded to eitﬁer ElO.SK or E9.5K, were detected in the
niuclear fractidn obtained witﬁ Brij-58 treatment of infected cells labeled

between 5 and 24 hr after infection (Fig. 6). Band X, was not reproducibly

1
observed in infected samples and apparently did not correspond to any

of the eérly bands mentioned above. Other early polypeptides (E45K,

E10.5K, and E9.5K) were not detected in these fractionation procedures.

4) M-band technique

In the case of human adenovirus type 2 énd type 12, viral DNA
synthesizing activity was recovered in the fraction called 'M-band'
(Shiroki et al., 1974; Yamashita and Green, 1974), and some of the
early polypeptides induced by adenovirus type 2 were found also‘in
this fraction (Yamashita and Green, 1974). 1In order to determine whether
or not some of the CELO virus-induced early polypeptides were recovered
in the M-band fraction, such a fraction was.prepared from a portion of
the infected and méck-infected cells used in the preceding experiment.
The_nuclear fraction in which EB4K and E38K had been detected (Table 3),
i.e., that obtained by the NP-40 tréatment, was mixed with sodium

sarcocinate and MgClz, applied to the top of the upper sucrose layer
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(15% w/v and 47% w/v, respectively, were employed), and subjected to
centrifugation. The sedimentation pattern (Fig. 7) revealed two major
peaks of radioactivity: one at the top of the centrifuge tube (fractions
1 and 2, 'Top-fraction'); the other, at the interface between sucrose
layers (fraction 7, M-band). The ratio of radioactivity of the M-~band
to the top-fraction in the infected sample was higher than that in the
mock-infected sample, implying that the M-band of the infected sample
contained some infection-épecific polypeptides. As shown in Fig. 8,
when SDS-PAGE was carried out, three polypeptide bands (E84K, E38K, and
E15.5K) were detected in the M-band fraction of the infected sample, but

no early polypeptide bands were detected in the Top fractiom.

Labeling with [14C]glucosamine

CKC in'a medium containing Ara C were infected with CELO virus or

were mock-infected and labeled with [14C]glucosamine or with [BSS]methionine

at 40° between 2 and 24 hr after infection (see legend to Fig. 9). The
autoradiogram (Fig. 9) obtained after SDS-PAGE showed two infection-
specific bands labeled with [laclglucosamine. One was én intensely
labeled band which showed the same migration as E84K; the other was a
weakly labeled band which migrated at a rate similar, but not identical,
to that of E15.5K. These flac]glucosamine labeled bands, like E84K and
E15.5K, were not solubilized efficiently by buffer L (low salt buffer)
or buffer L containing 1.7 M NaCl (high salt buffer). When CKC were
infected with CELO virus in the absence of Ara C, labeled with
[lAC]glucosamine at a late stage of infection (from 18 to 24 hr post

infection), and then analyzed with SDS-PAGE, only one infection-specific
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14C—band was detected (electropherogram not presented); it correspond-
ed to E84K. These lines of evidence strongly indicate that E84K is a
glycoprotein. Further studies are required to clarify the relation-

ship between the weakly labeled band and E15.5K.
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DISCUSSION

Laver et al., (1971), using SDS-PAGE~in Tris-boric acid-EDTA buffer,
identified aﬁ least 5 kinds of polypeptides in CELO vifions. In this
study Qe have not only re-examined the polypeptidechmposition of virions
but have also determined that of light particles and examined the virus-
induced early and late polypeptides in infected CKCf The technique
employed in the present work involved the high-resolution SDS-PACE
i“syétem in Tris-glycine buffer previoﬁsly described by'Maizél (1971).
As summarized in Table 1, we identified at ieast 11 polybeptides in
viri@né,-l& polypeptidés in light parficles, and 23 virus»indueed-poly—
peptidés in infected celis. Experiments with Ara C indicatgd thaé S
bof the virus—induced polypeptides were early, whereas the othiers were
léte.A When virion polypeptides, light particle polypeptides, and the
virus-induced polypeptides in infected cells were compared on the basis
of their migration rates in SDS-PAGE, it was found that vi;iops and
infected cells had 5 polypeptides in common; light particles and infected
éells, 5; virions and light particles, 10; and that_4 polypep;ides were
common to ail these sources. These relationships resembled those obser&ed
in human adénovirus type 2 infection (Ishibashi and Maizel, 1974a), implying
;hat light particles were a precursor of virions. Since the virion poly-
peptides examined in the present study exhibited considerable differences
in migration in SDS-PAGE, compared with those of human adenovirus type 2,
we could not deduce localizations of polypeptides (except hexon poly-
peptide) in CELO virions by analogy with the human adenovirus.

If we make the foilowing aséumptions: 1) ratio of the number of

[1

4 . : ' . . . .
Clleucine residues to that of other amino acid residues in the
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polypeptides comprising virions were constant (an assumption supported
by the observation that the distribution of radiéactivity was similar

to that of Coomassie Brilliant Blue staining); 2) virions were constructed
of 240 hexon units (Valentine and Periera, 1965); and 3) a hexon unit
was composed of 3 hexon polypeptides (Maizel et al., 1968), we can

use the'densitomeﬁric patterns of autoradiograms produced by contacting
the gel to X-ray film for various periods of time to calculate the
number of molecules of eaéh polypéptide present in one virion. Results
of these calculations'(Table 4) were compared with those madle for human °
adenovirus type 2 (Table 4). However, although the values obtained

span essentially the same range in both cases, it is still necessary

to determine the locations of the individual polypeptides in virioqs.

In human adenovirus type 2 and 5 infection, no virus-—induccld band
migrating slower than hexon polypeptide.was detected in SDS-PAGE
(Anderson et al., 1973; Welter and Maizel, 1974; Russel and Skehel,
1972), but in the case éf CELO virus infection, such a band was observed.
The migration rate of this band did not change even after infected saﬁples
were incubated at 100° in the SDS-sample buffer for 45 sec longer than
the routinevperiod of 60 sec, suggesting that L150K was not a 'meta-
stable protein complex' (Maizel, 1971) but a single polypeptide chain.

If it is postulated that all 23 virus-induced polypeptides detected
in the present study are coded by the CELO virus genome and that there
is no precursor-product relationship among these polypeptides, the com=-
bined molecular weight of the early polypeptides (3.1 x 105) should
correspond to about 23% of thé asymmetric coding capacity of the viral

genome,
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In the [14C]glucosamine experiment, early polypeptide E84K became
labeled, but the 1ate_polypeptides did not. This was different from
the case of human adenovirus type 2 infection in that a late polypeptide
(fiber polypeptide), as well as one of the early polypeptides (E2)
whose molecular weight was 19K, had been found to be labeled with radio-
active glucosamine (Ishibashi and Maizel, 1974b).

When proteins of infected cells incubated in the_éresence of
Ara C were extracted successively ﬁith low salt, high salt, Triton X-100,
and DOC (Tabie 2), Scarcely any of the early polypeptides were extracted
by the low salt, indicating that they were associated with subcellular
organelles. E55K and E54K wefé solubilized by high salt; the major
portion of E45K was solubilized by high salt and DOC, and the rest of
this polypeptide remained in the precipitated fraction. These results
indicated that polypeptides E55K and E54K are bound electrostatically
to subcellular organelles. (These organelles must have been recovered
in the nuclear fraction obtained by the Brij-58 treatment but in the‘
cytoplasmic fractiqn obtained by the NP-40 treatment--see Table 3.)

By contrast, E45K is apparently bound to subcellulat structures in
some different way, possibly involving hydrophobic interaction.

Other virus-induced early polypeptides (E84K, E38K, E15.5K, E10.5K,
E9.5K) were not solubilized with low salt, high salt, or Triton X-100;
however more than 507 of each was solubilized by DOC, which suggested
that these polypeptides were embedded in membrane structures. E84K,
E38K, and E15.5K polypeptides were detected in the so-called 'M-band'
fraction. In the case of human adenovirus type 12 infection, the

M-band was suggested to contain not only nuclear membrane but also



~-19-~

other hydrophobic components in which the vital DNA was synthesized
(Shiroki gt_gl,,'i9?4).' Thus this evidence also suggested that Eé&K,
E38K, ahd E15.5K were.integrated into the nuclear'membrane or other
hydrophobic componente of the nucleus._

~Further'eﬁperioentation‘oill be teqoired to achieve ptecise
-characterlzat1on of the early CELO v1rus-1nduced polypeptides, and to
determine whether any of them shows sxngle—stranded DNA—blndlng ability
or not. Such ab111ty was demonstrated in the major early polypeptide
‘(molecular welght 72 000) 1nduced by adenovirus type 2 (van der Vliet

and Lev1ne, 1972).

ACKNOWLEDGMENTS

1 thank.Dr.M. Ishibashi for his guidance and Qaluable suggestion

and to Dr. J. Kawamata for h1s continuous encouragement and fruitful
. discussion. I also apprec1ate Drs. K. Kurahashl, R. Sato, A.Asano,

and J. S. Finlayson for their critical reading of the my manuscript

and for their helpful discussion.



=20-

REFERENCES
Anderson, C. W., Baum, P. R., and Gestiand, R. F. (1973). Processing

of adenovirus 2-induced proteins. J. Virol. 12, 241-252.

Anderson, J., McCormick, K. J., Stenback, W. A., El Mishad, A. M., and
Trentin, J. J. (1971). Studies on an oncogenic avian adenovirus (CELO).

I. Biophysical characterization. Prbc,'Soc._Exp. Biél. Med. 137, 399-403.

Anderson, J., Yates, V. J., Jasty, V., and Mancini, L. Q. (1969a). In
vitro transformation by an évian adenovirus (CELO). I. Hamster embryo

fiborblastic cultures. J. Nat. Cancer Inst. 42, 1-7.
Anderson, J., Yates, V. J., Jasty, V., and Mancini, L. 6. (1969b). The
in vitro transformation by an avian adenovirus (CELO). III. Human

ammion cell cultures. J. Nat. Cancer Inst. 43, 575-580.

Bellett, A. J. D. (1975). Covalent integration of Qiral DNA into cell

DNA in hamster cells transformed by an avian adenovirus. Virology

65, 427-435.

Dulbecco, R., and Vogt, M. (1954). Plaque formation and isolation of

ﬁure lines with poliomyelitis viruses. J. Exp. Med. 99, 167-182.

Eagle, H. (1959) Amino acid metabolism in mammalian cell cultures.

Science 130, 432-437.



-21-

Everitt, E., Sundquist; B., Pettersson; U., and Philipson, L. (1973).
Structural proteins of adenoviruses. X. Isolation and topogtaphy of lcw
molecular weight antigens from the virion of adenovirus type 2. Virology

52, 130-147.

Ishibashi, M. (1970). Retention of viral antigen in the cytoplasm of
cells infected with temperature-sensitive mutants of an avian adeno-

virus. Proc. Nat. Acad. Sci. U. S. A. gi, 304-309.

Ishibashi, M. (1971). Temperature-sensitive cpnditional?lethal mutants

- of an avian adenovirus (CELO). Virology 45, 42-52.

Ishibashi, M. and Ito, M. (1971). The potentiation of type 1 adeno-associated
virus by temperature-sensitive conditional-lethal mutants of CELO virus

at the restrictive temperatute. Virology 45, 317-320.

Ishibashi, M., and Maizel, J. V. (1974a2). The polypeptides of adenovirus.
V. Young virions, structural intermediate between top components and

aged virions. Virology 57, 409-424.

Ishibashi, M., and Maizel, J. V. (1974b). The polypeptides of adenovirus.

VI. Early and late glycopolypeptides. Virology 58, 345-361.

Laver, W. G., Younghusband, H. B., and Wrigley, N. G. (1971).
Purification and properties of chick embryo lethal orphan virus.

Virology 45, 598-614.



=22~

Maizel, J. V. (1971). Polyacrylamide gel electrophoresis of viral
proteins.'lg_methods in Virology, Vol. V (K. Maramorosch and H. Koprowski,

eds.), pp. 179-246. Academic Press, New York.

Maizel, J. V., White, 0. D., and Scharff, M. D. (1968). The polypeptides
of adenovirus. II. Soluble proteins, Cores, Top components and the

stucture of virion. Virology. 36, 126-136.

May, J. T., Robinson, A. J., and Eaton, B. T. (1975). A study of the
sequence of chicken embryo lethal orphan (CELO) virus DNA present in a
transformed hamster cell line with use of épecific fragment of the.

virus genome. Virology 68, 483-489.

Potter, C. W., and Oxford, J. S. (1969). Specific tumor antigen induced

by chick embryo lethal orphan (CELO) virus. J. Gen. Virol. 4, 287-289.

Robinson, A. J., and Bellett, A. J. D. (1975). Complementary strand of

CELO virus DNA. J. Virol. 15, 458-465.

Robinson, A. J., Younghusband, H. B., and Bellett, A. J. D. (1973).

A circular DNA-protein complex from adenoviruses. Virology 56, 54-69.

Russel, W. C., and Skehel, J. J. (1972). The pclypeptides of adenovirus-

infected cells. J. Gen. Virol. 15, 45-47.



~23-

Sarma, P. S., Huebner, R. J., and Lane, W. T. (1965). Induction of

Tumors in hamsters with an avian adenovirus (CELO). Science 149, 1108.

Shild, G. C., Oxford, J. S., and Potter, C. W. (1970). Demonstration
of a tumor and transplantation antigen in hamster tumors induced by

an avian adenovirus (CELO). Arch. Ges. Virusforsch. 29, 25-31.

Shiroki, K., Shimojo, H., and Yamaguchi, K. (1974). The viral DNA

replication complex of adenovirus 12. Virology 60, 192f199.

Shilfkin, M., and Merkow, L. P. (1973). The chicken embryo lethal orphan
virus (CELO). Oncogenic adenoviruses. Progr. Exp. Tumor Res. Vol. 18

(F. Homburger, ed.,), pp. 88-103. S. Karger, Basel.

van der Vliet, P. C., and Levine, A. J. (1972). DNA-binding proteins

specific for cells infected by adenovirus. Nature New Biol. 246G, 170-174.

Valentine, R. C., and Tereira, H. G. (1965). Antigens and structure of the

adenovirus. J. Mol. Biol. 13, 13-20.

Walter, G., and Maizel, J. V. (1974). The polypeptides of adenovirus.
IV. Detection of early and late virus-induced polypeptides and their

distribution in subcellular fractions. Virology 57, 402-408.

Yamashita, T., and Green, M. (1974). Adenovirus DNA replication. I.

Requirement for protein synthesis and isolation of nuclear membrane



fractions containing newly synthesized viral DNA and proteins.

J. Virol. 14, 412-420.

—24-



-25-

legend to Fig. 1.

Comparison of polypeptides in virions and light particles, and
those induced in virus-infected cells.

Virions and light particlésAwere purified, by 2 cycles of CsCl
density gradient centrifugation, from infected CKC which had been labeled
with [IAC]leucine at 37° from 22 to.49 hr post infection. Procedures
are deséribed in detail in Materials and Methods. The gel electrophoresis
of polypeptides from infected cells is the same sample as that shown in
Fig. 2 for infected cells labeled from 27 to 28 hr post infection.

The figure shows the autoradiogram of the gel. In this and all |
succeeding electropherograms, the bottom of the figure corresponds to
the anodal end of the gel. Molecular weights of polypeptides were
calculated by comparison with the migration of standard proteins:
myosin (MW 215,000),K3-ga1actosidase (MW 135,000), bovine albumin (MW
67,000), ovalbumin (MW 43,500), cytochrome c (MW 12,700), and poly-
peptides of human adenovirus type 2 virion. The following nomencla-
ture was used throughout this study: virion polypeptides are designated
"V'"; polypeptides of light particles, "Lp"; virus-induced polypeptides
synthesized in the presence of Ara C (20 ug/ml), "E"; virus-induced
polypeptides not detected in the presence of Ara C, "L"; the accompaﬁying

Arabic numeral represents the molecular weight in thousands.

legend to>Fig. 2.
Time course of virus-induced polypeptide synthesis in infected
CKC at 40°.

CKC, 5.5 x 105 cells per petri-dish (42 mm in diameter), were
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infected (I) with the virus or were mock-infected (g) at a multiplicity

of 50 PFU. Infected and mock-infected CKC were labeled with [3SS]methioﬁine
ét 40° for 1 or 12 hr at times indicated in the figure (hr poét infection).
The radioactive medium used in each pefri—dish for 1-hr pulse—labéling

‘was 1 ml of methionine-free MEM cohfaining 5 yCi [3SS]methion§ne;rthat

used for 12-hr pulse—labeling was 2 ml of methionine-free MEM supplemented
with one-tenth the usual amoﬁnt of methionine and 5 PCi [355]methionine.
Samples were processed»as described in Materialé and Methods and

analyzed by SDS-PAGE. The figure shows the autoradiogram of the gel.

legend to Fig. 3;.

Autoradiographic comparison of virus—induced»polypeptidcsvlabéled~
with [14C]1eucine or [3SS]methionine.

Infected (I) and mock-infected (M) cells were pulse—labeledeith
either [14C]1eucine or [3SS]methionine for 1 hr at 20 hr post infection.

Procedures of infection and labeling were the same as in Fig. 2.

legend to Fig. 4.

Time course of the virus-induced early polypeptide synthesis in
infected CKC incubated in the presence of Ara C {20 Fg!ml);

CKC, 5.5 x 105 cells per petri-dish, were infected (I) witﬂxthe
virus or were mock-infected (M) at a multiplicity of 160 PFU- in thel
presence of Ara C (20 Fg/ml). Infected and meck—infectgé CKQ yére
labeled with [355]methionine for 1 or 22 hr at times indicatéd:in the
figure (hr post infection). The radioactive medium usedrin each vetri-

dish for 1-hr pulse-labeling was 1 ml of methionine-free MEM containing
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5 FCi [3SS]methionine and Ara C (20 Pg/ml). For 22-hr pulse—labeling,
the radioactive medium uéed in each petri-dish was 2 ml of methionine-
free MEM supplemented with one-tenth the usual amount of methionine, 5
PCi [358]methionine; 20 yg/ml Ara C, and 57 dialyzed bovine serum.

The figure shows the autoradiogram of the gél obtained by SDS-PAGE.
Only a portion of the results of this ekperiment is presented in the

figure.

legen& to Fig. 5.

Distribution of virus-induced eariy palypeptides in frezctions of
infected CKC incubated in the presence of Ara C (Zb Fg/ml).

CKC (6.9 # 106 cells in 3 petri-dishes, each having a diameter of
90 mm) were infected (I) with the virus or were mockuinfected M at.a
multiplicity of 100 PFU in the presence of Ara C (20 Fg/ml) and then
labeled with [3SS]methionine at 40° from 2 to 24 hr peri infection.
The radioactive medium used in each petri-dish was 5 ml of methicnine-
free MEM supplemented with one-tenth the usual amount of’methionine,.
20 fCi [3SS]methibnine,‘ZOAPg/ml Ara C, and 5% dialyzed bovine serum.
Proteins in infected and mock-infected CKC were extracted sucgussively
with low salt, high salt, Triton X-100, and ﬁOC. Procedvreé are
‘described in detail in Materials and Methods. The resuiting samples
were analyzed with the SDS-PAGE. The figure shows the autoradiogram

of the gel. 1low salt, low salt fraction; high szlt, high salt fraction;

Triton X-100, Triton X-100 fraction; DOC, DOC fraction; precipitate,

precipitated fraction.
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legend to Fig. 6.

Locaiization of virus-induced early polypeptides in 'cytoplasm'
and "nuclei' by treatment with Brij-58.

CKC (5.5 x 105 cells/pefri—dish) were infected (I) with the virus
or were mock-infected (ED at a multiplicity of 100 PFU in the presence
of Ara C and then labeled with‘[gsslmethionine for 1 or 19 hr at various
times post infectioﬁ. For 1-hr pulse-labeling each petri-dish of cells
contaihéd 1 mi of methionine-free MEM supplemented with 5 PCi
[3551methionine.and Ara C (20 Pg/ml). For 19-hr pulse-labeling, the
radioactive medium.w55'2 ml of methionine-ffee MEM supplemented with
ore—tenth the usual amount.of methionine, 5 PCi [3SS]methionine, 20 Pg/ml
Ara C, and 5% dialyzed bovine serum. The harvested cells were preated
with 1% Brij-58 to prepare 'nuclei' (N) and 'cytoplasm' (C) as described
in Materials and Methods. The figure shows the autoradiogram of the gel
obtained by SDS-PAGE. X; represents an unidentified polypeptide band

observed in the autoradiogram.

legend to ‘Fig. 7.

Preparation of 'M-band' from infected ard mock-infected CKC
incubated in the presence of Ara C.

CKC (2.3 x 106 cells in a petri-dish with a diameter of 90 mm)
were infected with the virus or were mock-infected at a multiplicity
of 100 PFU in the preéegcé of Ara C (20 Fg/ml) and incubated from 2 to
24 hr post infection in 5 ml of methionine-free MEM supplemented with
one-tenth the usual amounf of methionine, 10 PCi [358]methionine,

20 Fg/ml of Ara C, and 5% dialyzed bovine serum. Nuclei were isolated



by the NP-40 treatment and fractionated by means of the M-band technique
(Shiroki et al., 1974). After centrifugation, fractions of 0.8 ml each
were collected from the top of the centrifuge tube, and the TCA-insoluble
radioactivity in the fractions was setermined. Solid line, infected sample;

broken line, mock-infected sample.

~legend to Fig. 8.

" Autoradiogram of fractions obtained after NP-40 treatment and after
M-band technique. !
| The 'M-band' (fraction 7) énd '"Top-fraction' (fraction 1 awnd 2) shown
in Eig. 7, as well as the 'cytoplasm' and 'nuclei' were anzlyzed by

means of SDS-PAGE. Cyt., 'cytoplasm prepared by the NP-40 treatment;

"Nue., 'nuclei"pfepareﬂ by the NP-40 treatment; I, infected sample; M,

mock-infected samplé.iﬂ-

legend to Fié;‘9.

[14C]glucosamine labeling of infected and mock-infected CKC in the
presencé of Ara C (Zolpg/ml). CKC (2.3 x 106vcells in a petri-dish
having a diameter of 90 mm) were infected (I) with the virus or were
mock-infected (M) at a multiplicity of 100 PFU in the presence of Ara C
(20 pg/ml) and then labeled with 5 pCi [3SSIhefhionine (381 Ci/mmole)
or 15 yCi.[14C]g10cosamine (56.5 mCi/mmole, Daiishi Pure Chemicals)
from 2 to 24 hr fost infection at’ 40°.. The radicactive medium for

[14C]glucosamine labeling was 5 ml of MEM containing 15 yCi [14C]glucosamine



-30-

labeling was 5 ml of MEM containing 15 PCi [lac]glucosamine and 5%
dialyzed bovine serum; that for [3SS]methionine labeling was 5 ml of
methionine-free MEM supplemented with one-tenth tﬁe usual amount of

methionine, 5 PCi [358]methionine, and 57 dialyzed bovine serum.

title to Table 1.

Polypeptides of virions and light particles, and virus-induced

polypeptides.

title to Tabel 2.
Extraction of virus-induced early polypeptides with salt and

detergents.

title to Table 3.

Localization of virus-induced early polypeptides in infected cells.

title to Table 4.

Estimated molecular content of polypeptides in the virion

legehd to Table 4.

1) Vualues calculated from.densitoﬁetric patterns of autoradiograms
which were produced by contacting the gel to X-ray film for various
periods'of time. The following assumptions were made; a) ratio of thé
number: of residues to other amino acid residues in polypeptides comprising
the virion werelconStanti'b) the virion was constructed of 240 hexon units;

and c) a hexon unit was composed of 3 hexon polypeptides.
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2) Values reported by Maizel et al. (1968).

. 3) Values reported by Everitt et al. (1973).



Table 1

. Virus-induced polypeptide = _
Early polypeptide Late polypeptide Light particles Virions .

[3SS]Met [IAC]Leu [3SS]Met [14C]Leu :  [14C]Léu : [14C]Leu’
L150K  L150K : - B
L115K L115K . - LpllSK V115K
. : (<) L9k = - Lp94K V94K
E84K  E84K o , * : ‘
"~ L76K L76K - Lp76K V76K
B Lp72K 7 V72K
- Lp66K - V66K
Lp64K V64K
Lp57K V57K
- ES55K ° ND ~ : o
' L54.5Kk - L54.5K
E54K ND - . ,
' L51K L51K . Lp51K V51K
L48K L48K -
E45K  ND
Lp42K
E38K E38K o
: : Lp37K
L32K  L32K = Lp32K
L30K L30K -
L29K L29K
) L27K
, "Lp24K
) L23K
L17.5k L17.5K°
' Lpl6.5K - V16.5K
. L16K L16K " : ‘
"E15.5K ND . : _
' - L14K ? . VI4K
A - Lpl2K = V12K
E10.5k ND :
E9.5K ND

(-), not detected; ND, cell-fractionation to detect corresponding

polypeptide was not done.
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Table’Z
Poly- I o T o - Fracéibﬁ,'
Peptide = Whole cell Low salt .High salt Trit n _ DOC . Preéipitate
, ’ 1007 16,42 - 26.7% '33.%?/.1.00 _9.2% 13.8%
E84K - - - + +
E55K T+ + 4 - - -
E54K e - T+ - - -
E4SK - + - + z + +
E38K + - - - + +
E15.5K - - _ - L - Y +
E10.5K - - - - + +
E9.5K - - - + +

+, clearly detected; +, detected but not clearly; -, not dgtected.

Percentage va;ues ihdicate'distribution of TCA-insoluble radioactivity.



Tablé 3

Treatment = Brij-58 ‘Brij-58 NP-40
Labeling =~ 5-6 hr - 5-24 hr 2-24 hr
time : . :
Fraction N C N - c - N C
E84K + 4+  # O+ #  *
© ES5K - -+ - - +
E54K - - + - - +
E45K - - - - - -
E38K -+ + +. + +
E15.5K - - + + - -
E10.5k - -~ - -
" E9.5K T -

CH, dlearly detected as heavy band
4+, Clearly detected

+, detected but not clearly

-, not detected

C, cytoplasm; N, nucleus.

=34~



Table 4.

CEID ,I;imS- " Human adenovirus type 2
_Poly- Moleculesy’ Poly- " Molecules
peptides Virion ‘peptides - Virion
V115K . 720 I (MW 120000)  7202)
V94K 64 III (Md  70000) 962)
V6K . IV ow 62000) 962
VIR 120 . v & 48500) 1803
vesk 42 VI ‘(@ 24000) . 4203
V64K " 110 k VII (MW 18500). 10703
VS7K - - .40 X (m 6500 503
vsik, 63
V16.5K . 1010
V&K 560

VI2K ' 610
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‘PART II: Preliminary>Characterization of Temperature-sensitive
Mutants of CELO Virus Defective in Viral Protein Production

and Transportation.
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ABSTRACT

Mono-specific antisera were prepared against two kinds of
CELd—virus protein, i.é., hexon and L51K protein which are synthesized
. at the late stage of infecgion. By taking advantage of these sera
for immunofluorescence microscopy, randoﬁly selected 36 temperature-
sensitivé (ts)vmutanté which are defective in late infectious cycle
wefe classified regarding the production and localization of the
above two viral antigens: In:the case of the hexon éntigen, 9‘mutants
accumulated the antigen in the nucleus at the non-permissive temperature,
400? as did the wild type vifus (N type); 11 did not accumulate the
.antigen in the nucleus and retained it in the cftoplasm (C type);

8 had the antigen in the nucleus and the cytoplasm (CN type); 8 could
not produce a detectable amouht of the antigen. Concerning the
iocaiization of the L51K antigén,.irrespective of the above

grouping, 32 mutants (includingllO mutants out of 11 C-type mutants)
accumulated the antigen in the nucleus; 3 had the antigen in the
nucleus and the éytoplasm; and 1 (ts 10 of C-type mutants) could

not produce a detectable amount of the antigen.

In regard to the reténtion of the hexon antigen, ts 8 and ts 10
of C-type muﬁants, being complementary each other-as to fhe accumulation
of the hexon antigen in the nucleus at 405, were characterized more
precisely. Ts 10 did not show any significant difference from the
wild type.concerning the cynthesis of viral polypeptideé at 40° .
(including the hexon polypeptide) identified by SDS;polyacrylamide—
gel-electrophoresis, the amount of the hexon antigen produced at 40°,

extractability of the hexon antigen from infected cells, and the



by

sedimentation velocity of the hexon antigen. In contrast to ts 10,
ts 8 was shown to produce an unexpectedly smaller amount of the
hexon antigen at 40° uﬁder the same experimental condition, thougﬁ
this mutant was shown by immunofluorescence microscopy to retain
the hexon antigen in the cytoplasm,.immunofluorescence of which was

roughly similar to that of ts 10.

—47—
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INTRODUCTION

Temperature-sensitive conditionary lethal mutants (ts mutant) of
ﬁuman adenovirus (reviewed by,éinsbergvand Yong, 1976) have been
isolated in several laboraties in order to study the mechanisms of
viral muitiplication‘and the viurs-induced transformation. Chick
gmbryo lethal'dréhan (CELO) §irus, an avian adenovirusywas the first
adenovirus from which a relatively iarge number of ts-mutants (49
ts-mutants) was isolated. - They coﬁld grow at the permissive.
temperature, 31°, But not at the non—pefmissiVe temperature, 40°
Ishibashi,A1§70, 1971;1 These mutants wére preliminafily classified
iﬁto 5 grouﬁs on the basis of such properties as .productivity of the
virai.antigen and tranéportability of the viral éntigen from cytoplasm
to nucleus. Eleven ts-mutants classified in the group IIT attracted
our special aﬁtention: they could not transport the viral antigen
at 40° from cytopiasm, the site of the viral antigen synthesis
(Thomas and Green, 1966;'Velicer and Ginsberg, 1968, 1970), to
nucleus where the viral antigen!assembled with the viral DNA to
form virionv(Boyer_et al., 1959), but they produced the viral.
DNA and the virus-specific inclusion bodies in the nucleus as the
wild't&pe virus didf However, it was not known whetﬁer or not
~ all the viral antigens were retained in the cytoplasm of cells
infected at 40° with the group III mutants, or which one of
the viral antigens was retained in the cytoplasm, since the
antiserum uséd by Ishibashi (1970, 1971) to demonstrate the
localization of the viral antigen by immunofluorescence microscopy
technique was prepared against relatively crude extract of

infected cells. In order to answer these questions, we prepared
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two mono-specific antisera against individual viral proteins which
had been elucidated and characterized in PART I; one was against

the major virion protein, hexon, and the other was against the

L51K protein. Applying these sera to immunofluorescence miéroscopy,
we ekamined the localization of these two kinas of prptéin in cells
infected with each one of the'ts-mutants at 40°., The immunofluorecence-
microscopic study revealed that the hexon»antigen was at least one
of the antigen retained in the cytqplasm of cells infgcted with ts
mutants of the group III at 40°. We examinéd, therefore, two
representative mutants of this group (which, however, were found

to belong to different complementation groups)vi; datail, regarding
to thé amount of the hexon antigen, its extractability from the
infected cells, its sedimentation velocity, etc., by combining

several biochemical and immunological techniques.



MATERTALS AND METHODS
Cell culture
Primary monolayer cultures of chicken kidney cells (CKC) were

prepared, according to the procedures described in PART I.

© Virus

The wild type CELO virus and its ts-mutants described by
Ishibashi (1970) werée used for the present experiments. Their
" infectivity was titrated by thé‘plaque ﬁéthods as described by:

Ishibashi (1971).

. Preparation of antisera against viral antigens

i) Antiserum agéinst hexon

‘The partially purifed hexon protein was obtained.from the
wild type virus-infected cell lysate by DEAE cellulose column
chromatogréphy as describéd by Maizel et al (1968), and mixed with
the Freund's complete adjuvant. The mixture-was injected into a
rabbit at two week-intervals over a period of 8 weeks. The
specificity of the'antiserum thus obtained was determined by
immunodiffusion and immunoprecipitation techniques déscribed below.
ii) Antiserum against L51K protein

CELO virions (wild typg) were purified from the infected CKC
by the method descriBed in PART I. A mixture of two volumes of
purified virion solution and one volume of incomplete adjuvant
(Crowle and Hu, 1966) was injected intq a rabbit according.to the

procedures as described above. "By using the immune serum thus

~50-
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obtaiﬁed, and infected and mock-infected cellé which had been lysed
in 5 mM Tris-HC1l (pH 7.2) containing 17% SDS, immﬁnodiffusion was
carried out in 1% agarose containing 10 mM diéodium ethylene-diamine—
tetra-acetate (EﬁTA) and 25 mM veronal acetate (pH 8.6). Each one

of infecﬁion-speéific linesvwasltut but;,washed extensively with

é solution (0.85% NaCl, 10 mM EDTA, pH 7.5); and injected, after
mixing with the incomplete adjﬁvant, into a rabbit according to

the procedure as deséribed above. Tﬁe specificity of the antisera -
thus obtained Qas examined by_immunodiffusion and immunopfgcipitétion

as described below to obtain an antiserum specific for the L51K protein.

Examination of specificity of antisera

i) By immunodiffusion

Immunodiffﬁéion was carriéd out in 17 agarose containing 10 mM
EDTA and 25 mM veronal acetate (pH 8.6). For the test of an anfi—hexon
serum, the infected and mock-infected cells were lysed in phosphate-
5ufferéd saline (PBS) (Dulbecco and Vogt, 1954) by freezing-thawing
and used as antigens. For the testrof an anti-L51K serum, they were
lysed in iO mM Tfis—HCl (pH 7.2) containing 1% SDS and used as
antigens. Detailed procedures for immunodiffusion test were
- described in the 1egeﬁd to Fig. 1.
ii) By immunoprecipitation

CKC (a total of 4.6 x 106 cells in two petri-dishes, each
having a diameter of 90 mm) were infected with the wild type virus
at a multiplicity of 100 plaque forming units (PFU) or mock-infected

as described in PART I. The infected and mock-infected cells were



incubated with [14C]leucine in 10 ml of the minimum essential medium (MEM)
containing one-tenth the normal'concéntrétion ofAleucine plus 25 PCi
A[14C}leucine (Daiichi Pure Chemicals, 280 mCi/mmole) and 27 dialyzed
bovine serum between ;8 and 30 hr after infection, in orderrtg label
virus—induced polypeptides (PART I). After labeling, the cells were
washed once witﬁ PBS,lscraped off from the glass surface of petri- |
dishes, and collected by low-speed centrifugation (250Vx g, 10 min).
All the’proéedures after labeling were performed ét»0-46. The
pelleted cells were>suspended in 3 ml of IM(III) buffer [0.5% sodium
deoxycholate (DOC), 1% Triton X-100, 0.9% NaCl, 1 mM phenyl-methyl-
sulfonyl-fluoride (PMSF), and sodium phosphate, pH 7.2] and disrupted‘
with a tightly fitted teflon homogenizer. The resuiting samples -
were clarified by centrifugatién at 30,000 rpm (100,000 x g) for
2 hr in a Beckman SW50.1 rotor. . With the supern&tant as an antigen
sample, the specificity of antisera was examined by means of the

immundpreéipitation technique as described below.

Microscopic studies on infected cells

The preparation of specimens for microscopic studies was the
same asbthat described previously (Ishibashi, 1971). TFor ...
immunofluérescence staining with the anti—hexoﬁ serum, the direct
method was used. Conjugation of fluorescein to ¥-globulin and
staining were carried out by following the mefhod described by Ishibashi
(1970). For immunofluorescence staining with the anti-L51K serum, the
indirect method was employed. Infected cells on the cover-slip

which had been fixed with cold acetone were exposed to the



unconjugated anti-L51K serﬁm (4 units) for 30 min at 37°. Then,
they were washed with PBS and exposed to fluorescein-conjugated
goat Y-globulin against rabbit {~globulin for 30 min at 37°.
After the exposure to the second serum, they were washed again

with PBS and used for microscopic examination.

Radioiotopic labeling of the virus—induced protein in wild type

virus- or ts mutant<infected CKC

CKC, 5.5 x 105 ceils per petrifdiéh (42 mm in diameter), were
‘infected with the wild type virus,ts 8 or ts 10. The infected
and mock-infected cells at 40° were lableled with’[3SS]methionine for -
3 hr from 22 hr éfter infection, and the cells at 31° were labeled
for 9 hr from 56 hr after infection. The radioactive medium used
in each petri-dish was‘l.S ml of methionine—ffee MEM plus 50 PCi
[358]methionine (371 Ci/mmole, New England Nuclear). After labeling

the cells were washed twice with PBS and stored at -20° until use.

Extraction of hexon antigen
The labeled cells were treated ﬁith iM(I) buffef (0.9%.NaCl,
10 mﬁ sodium phosphate, pH 7.2, 1 ml/petri-dish) and sonicéfed‘for
2 min in an ice-bath (9 KHz, 120 wdtt). The sémple was centrifuged
at 34,000 rpm (100,000 x g) in a Beckman type 40 rotor for 2 hr
at 4° to separate the supernatént [IM(T)sup] from the pellet. The
pellet was suspended into 0.5 ml of IM(I) buffer and sonicated
under the same condition to disperse the pellet [IM(I)ppt]. The sample

was mixed with 0.5 ml of IM(II) buffer (0.9% NaCl, 2% Triton X-100,
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1% DOC, 2 mM PMSF, and 10 mM sodium phosphaté, pH 7.2), and centri-
fuged under the same condition as described above to separate the
’sﬁpefnatant [iM(II)sup]'from the pellet [IM(II)ppt]. These fractions
thus Obtgined were used for complement-fixation (CF) test and
immunoprecipitation test to determine the amount of the hexon

" antigen pfesent.in the fractions. >Aliquots of IM(I)Qup and IM(I)ppt
fractions were used for CF test. For immunoprecipitation study,
IM(I)sup, which waé'mixed with an_equal volumé.of IM(Ii) buffer

prior to immunoprecipitation, and IM(II)sup were used.

Sucrose density gradient centrifugation

Buffer uSéd for sucrose density gradient contained 0.97% NaCl,
1 mM PMSF, and 10 mM sodium phosphate (pH 7.2). IM(I)sup (0.35 ml)
was layered on top of a sucrose density gradient from 5 tOHZOZ with.
~a total volume of 4.7 ml, and centrifuged at 4° for 14 hr at
30,000 rpm in a Beckmaﬁ SW50.1 rotor. The gradient'was fractionated
Vinto 22 fractioné by piercing through.the bottom of the centrifuge
tube. Each fracﬁion was divided into 3 portions: one was used for
determination of triéhloroacetic acid (TCA)-insolublé radioactivity
present ‘in each fraction; another, for the Virué-induced polypeptide
analysis.by SDS-PAGE; and the remaining was mixed with an equal
volume of IM(II) buffer and subjected to immunoprecipitation,
 followed by SDS-PAGE, in order to determine the amount of the

hexon antigen in each fraction.
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Immunoprecipitation technique

In a pilot experiment, the optimal ratio of volumes of the
rabbit serum to the goat anti—rabbit T-globulin serum was determined.
~ Subsequently, each 0.2-@1 aliquot of the antigen sample was mixed
- with SAFl of various rabbit anﬁisera'against viral antigen(s) and
incubated for 16 hr at 4°. The resulting sample was mixed with
120 Pl of the gdat anti-rabbit ILglobulinserug and incubated for
additional 3 hr at 4°. Aftér the incubation, the sample was mixed
with 4 ﬁlbof.iM(III) buffef and centrifuged (12,000 x g, 15 min,
4°) and the supernatant was diséérded. The pellet was washed
two more times with IM(III) buffer anq once with 10 mM Tris-HCL
(pH 8.0) by the centrifugation. Then,thé pellet was dissolved
in the SDS-sample buffe; described by Maizel (1971) and analyzed

by SDS-PAGE.

Complement~fixation test (CF test) technique

The complement-fixation test was conducted as described by

Nishioka and Okada (1966).

SDS-polyacrylamide gel electrophresis (SDS-PAGE) and scintillation

autoradiogram

SDS-PAGE was carried out as described in PART I. After
'electrophorésis the gel was stained with Coomasie Brilliant Blue

R-250, then treated with 20% (W/W) 2,5-diphenyl oxazole (PPO)
(Bonner and Laskey, 1974), and dried on filter paper. The dried
gel was kept contact with X-ray film (Kodak RP-Royal X~Omat film)

at -70° to visualize a radioactive band(s).
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RESULTS

Specificity of antisera'against viral protein
i) Anti-hexon serum

Specificity of the anti-hexon serum was examined by two different
" techniques (immunodiffusionband immunoprecipitation). Immunodiffusion
gave a singlé preéipitation liqubetweenAthe anti-hexon serum and
infected sample, and géve no line between the anti-hexon serum and
mock-infected sample (Fig. 1A). Immugoprecipitation of the anti-
hexoh.sermnwith 14C-labeléd infected or mock-infected sample
revealed that the amount of radioactivity of-ﬁhe immunoprecipifated
matérials formed with the infected sample was 10-fold higher than
that with the mock-infected sample (Table 1); the precipitate with
the infected sample gave one band (corresponding to hexon polypeptidg
band on the basis of mobility in SDS=PAGE), and the precipitate with
the mock-infected sample gave no distinct band (Fig. 2). When
immunoprecipitation was cafried out between the‘antiserum against
bovine serum and the antigen samples, the amount of the radio-
activity brecipitated showed no difference 5étween the infected
and the mock-infected éamples, and was similar to thét obtained
. between ﬁhe anfi—hexon serum and the mock-infected sample. These
precipitates showed no distinct band (data not'shown) in SDS—PAGE.
These results indicaﬁed that the anti-hexon serum prepared was

specific for the hexon protein.
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ii) Anti-L51K serum
Similarly, the specificity of the anti—LSlK serum was examineé with
immuﬁodiffusibn and.imﬁunoprecipitation. As éhown in Fig 1B, a single
line was observed only between the antiserumAand>infected sample
when the immunodiffusion was conducted between the antiserum
and infected or moék-infected sample. In tﬁe immunoprecipifation

study, the amount of radioactive precipitate formed with the 1404

14C_

labe;ed infected sample was 5-fold higher than that with the
labéled mock-infected sample (Table 1), and only the précipitéte
fbrmed between the antiserum and the infecfed samplevgave one .
distinct band iﬂ SDS-PAGE (Fig 2),.which éorrespbnded to the L51K
polypéptide band on the basis of the electrophoretic mobility.i

- The results indicated thét the énti-LSlK serum was spepific for
LSIK proteid. The specificity ofAthe antisera for proteins-

they recognized was further»coﬁfifmed by the immunodiffusion test,
in which the precipitin line formed between the anti-hexon and
infected cell lysate &id_not"fuse the line’formed»between the

anti—LSlK,sérum and infected:-cell. lysate (Fig. 1C).

Localization of hexon and L51K antigens in :cells infected with various

ts mutants at the non-permissive temperature (40°)
Cover-slip cultures of CKC were infected with the wild type virus
' of individual ts mutants available. After 32-hr incubation at 40°,

the ‘cultures were tested for localization of viral antigens by



immunofluorescence staining microscopy with the anti-hexon and

the anti~L51K serum. Findings are summarized in Table 2. Percentage
of infected cells judged from immunofluoresceﬁce staining with the
antisera was similar to thaf of the inclusion body-positive cells
demonstraﬁed'ﬁy hematoxylin-eosin staining (data notrshown).

Bfiefly, the findings with the anti-hexon serum were almost the

same as those with the antl-CELO virus serum reported prevously
(Ishlbashl, 1970 1971). Nine out of 36 ‘mutants tested [these 9 belong
to the group I (IShlbaShl, 1971)] accumulated the antlgen in the
nucleus, 11 mutants [11, to the group III (Ishibashi, 1971)] retained
the antigen in the cytoplasm; 8 mutants [5, ‘to the group II (Ishibashi,
1971); 3, to the group I] had the‘antigen both in the cytoplasm

and the nucleus; and 8 mutants [8, to the group iV (Ishibashi,

1971)] could not produce a detectable amount of the antigen. In the
case of the immunofluorescence‘staining with the anti-L51K serum, the
results were quite different from those obtained with the anti-hexon serum.
Thirty-two mutanté (11 belong to the group I; 5, to the group iI; 10,
to the group IIT; 6, to the group IV); 3 mutants (1, to the group I; 2,
to the group IV); and 1 mutant (the group III) could not produce a
detectablé émount of the antigen. These resuits indicated that, in
regard to the group III mutants, the mutants retained at least the

hexon antigen in the cytoplasm at 40°.

Production of viral polypeptides in ts 8- or ts 10-infected cells

As to ts 8 and ts 10 belonging to the group ITI, more precise
biochemical analyses were undertaken, since immunofluorescence

studies showed that these mutants complemented each other regarding
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nuclear accumulation of the viral antigen (Ishibashi, 1970) or the
hexon antigen (Yasue, unpublished data).

.CKC were infected with the wild type virus, ts 8, or té 10
at 40° and 31° as described in MATERIALS AND METHODS. In a parallel
- experiment it was confifmed by immunofluorescence staining with the
anti-hexon serum that 30 to 50% of cells Qere infected under this
conditioﬁ (Fig. 3). The infected and mock-infected cells at 40°
: were 1abe1ed with [3SS]methionine for 3 hr from 22 hr after infection,
and the cells at 31° were labeled for 9 hr'froﬁ 56 hr after infection.
A portion of the labeled cells was treﬁted with TCA aﬁd analyzed by
SDS-PAGE to examine the production of viral polyéeptides. When
‘electropherograms of 35S-polypep’tides,of cells infected at 40°
were comparéd (Fié. 4), the viral polypeptide bands (L76K, L54.5K, L5IK,
- E38K, and L32K) (PART 1) wefe detected equally well in the cells
infected with the wild £Ype virus, ts 8, or ts 10, though other
virus-induced polypeptide bands were not detected, possibly due
to fhe low multipliéity of infection.' The liexon polypeptide band,
however, was hardly detected in cells infegted with ts 8, while the
band was detected in cells infected with the wild type virus or ts 10.
On the other hand, at 31°-incubation, no differénce was observed
among the virus strains concerning fhe production of tﬁe virus-induced

polypeptides including the hexon polypeptide.

Extraction of the hexon antigen from infection:cells

In order to compare ts 8- or ts 10-hexon antigen produced with

the wild type-hexon antigen regarding extractability from the infected
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cells and sedimentation velosity in a sucrose density gradient
centrifugation, the remaining portion of the lebeled cells described
in the previous section was fractionatedhby ;he procedure described
in MATERIALS AND METHODS. The percentage of the TCA-insoluble‘redio-
activity found in each fraction is given in Table 3; the diseribution
;Of radiocactivity in each fraetion was irrespective ‘of the incubation
temperatures‘and the viral strains used. The recovery of the hexon
antigen was determined by CF testAwith the anti-hexon serum (Table 4).
Approximaﬁely,.30 to 70% of the hexon antigen present in cells
infected with the wild eype virus or ts 10 at beth temperatures
appeared to be recovered in the IM(I)sup fraction. In the case of

ts 8-infection at 40°, however, the hexon antigen could‘not be
detected in the fractionated sample and even in the whole cell
lysate, thdugh the hexon antigen was recovered from the cells
infectedeith ts 8 at 31° as from the cells infeeted with the wild
type virus or ts 10. immunop;ecipitatien with the anti-hexon serum
(Table 3) revealed ﬁhat the radioactiviey of the precipitates in
‘ IM(I)sup and in IM(II)sup showed no difference among the viral strains
at 31°. But at 40° the radioectivity of the precipitetes of IM(I)sup
and IM(IIjsup of the ts 8-infectedicells were much smaller than

those obteined from the wild type virus- and the ts 1l0-infected samples,
and were little more than those from the mock-infected samples.
The specificity of the immunoprecipitation was confirmed by analyzing
the precipitates with SDS-PAGE. As shown in Fig. 5, the precipitated
radioactive materials of the wild type virus- and:the ts 10-

infected samples at both temperatures and of the ts 8-infected
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sample at 31° mainly consisted of ﬁhe hexon polypeptide; but, that of

the ts 8-infected sample at 40f consisted 6f small amount of the

hexon polypeptide and very small amount of unidentified polypeptides;

No radioactive polypeptide,was detected in the precipitates of the
mock-infected samples at both ﬁemperatufes.' The results of immuno-

- precipitation were accordant with those bf'SDs;PAGE 6f the whole infected

cell lysate (Fig. 4) and of the CF test (Table 4).

Sucrose density gradient centrifugation analysis

As an attempt to.distinguish the ts 10-hexon antigen produced
at 40° from the wild type—hexoh antigen, sucrose density gradient
centrifugation of the ts 10-hexon antigen énd thé wild type-~
hexon antigen was carried out;

- IM(I)sup fractions of the cells infected with the wild type
virus or ts 10 at 40° were layered on top of the sucr&se density
'gradient (5-20%, W/V), and subjected té centrifugation under the
condition as described in MATERIALS AND METHODS. As a control,
the fraction of the mock-infected sample was t:eated similarly.

The sedimentation patterns of the IM(I)sup.of the wild typé virus-

and the ts 10-infected samples (Fig. 6) revealed two major peaks
of>TCA-insolub1e radioactivity:‘one was at 13 § (designated as

13 §_peak);:the other, at 4 S (designated 4 S peak). The sedimentation
pattern of IM(I)sup of the mockfinfected sample (Fig. 6) revealed

"only one major peak corresponding to 4 §Jpeak. Aliquots of fractions
of the gradients were TCA-precipitated and analyzed by SDS-PAGE.

Another aliquots were analyzed by immunoprecipitation. As shown



in Fig. 6, when immunoprecipitated, the radioactivity in each fraction
ofvthe wild type virus— and the.ts 10-infected samples forﬁed one
' major'peak correspondingkto 13 S peak, and that of the mock—infected
samﬁle formed no distinct peak. The immunoprecipitated radioacitve
matefials of each fraction of the wild type virus-, the ts 10-,
‘and the mﬁck-infected samples were analyzed by SDS-PAGE. As shown
-in Fig. 7, the rédidactive materials of 13 S peak consisted only

of the hexon polypeptide, indicating that even at‘40° ts 10-
produced hexon waé trimer of the hexon polypeptide as. was the.
 wi1d type-hexon. Thé_remaining éliquots of fraétions of the sucrose
density gradients were'treated.with TCA and analyéed by SDS~PAGE
(Fig. 7). The hexon polypeptide of ts 10 was detécted bnly in the

fraction of 13 §_§eak as that of the wild type virus was.

—-62-~
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DISCUSSION

We prepared monospecific antisera against.the hexon and thé L51K
protein of CELO virus (wild type). The hexon is tﬁe major proteiﬁ,
‘occupying 240 capéomeres out of 252 capsomeres which locate at the surface
of the icosahedral CELO virion. L51K protein is one of the 15 virus-
induced late proteins we detected previously (PART I). Since we
observed the presénce of one pfotein (V51K) in the virion which showed the same
mobility with the L51K in SDS-PAGE, L51K protein seemed to take part in
construction of the CELO .virion. Applyiﬁg those mono-specific antisera
to immunofluorescence-microscopy, we examined the-locaiization of
the hexon antigen and the L51K antigen>in cells iﬁfected with various
kinds of ts ﬁutants of CELO,Virus (ishibashi, 1970, 1971) at the non-
permiésive tempera;ufe (409). Experimental results obtained with regard
to the localization of tﬁeAhexon anfigen were quite similar té those obtained
with the antiserum prepared with-relatively crude virus preparation
(Table 2) (Ishibashi, 1970, 1971). The temperature-sensitive mutants
belonging to the group I of the previous classification (Ishibashi, |
1971) accumulated fhe hexon antigen in the nucleus even at 40° as
the wild type did though 3 mutants of this grbup éhowed the same
phenot&pe of the group II mutants. .The group III mutants retained the hexon
antigen in the cytoplasm at 40°. The group II showed intermediate
phenotype between the group I and III. -The group IV did not produce a
detectable amount of the hexon antigen. On the other hand results
obtained regarding the 1ocalizétion of the L51K antigen were contrastive

to those obtained for the hexon antigen. The mutants belonging to
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the above 4 groups accumulated ;he L51K antigen in the nucleus at 40°
as the wild type virus thoughv3 mutants (oge in-the group I, two in
the group IV) ahd the antigen both in the cytoplasm and the nﬁcleus.
One'exéeptional case.was ts 10 which could not produce thé antigen at
40° (though if produced L51K polypeptide'as much as the wild type
virus). The transportation of the hexon‘antigen.did not coordinate
with that of the L51K antigen in the celis infected with various
ts mutants. - Further there was no correlatiqn betwgen the production
the hexon antigen and the L51K antigen. With respect to the group III
mutants, the hexon éntigen at 40° was retained in the cytoplasm though
the L51K antigen detected was accumuiated in the nucleus. Therefore
we could eliminate a possibility that transpoftation of all the
ﬁiral proteims from the cytoplasm to the nucleus was paralyzed when
the hexon, the major viral protein, could not be transported. It is,
however still required to answer such question as whether or not
the group III mutants retain viral proteins other than the hexon
antigen in the cytoplasm at 40°; by extending the present type of
experiments, éince we tésted the localization for only two viral
proteins out of more than 10 in the abéve experiments.

Combining immuﬁological and biochemical techniques, we examined,
thernature of the hexon antigen produced by ts 8 and ts 10 of the
group III, which complemented each other regarding the the accumulation
of the hexon antigen in the nucleus.  The hexon antigen produced at
40° by one of the ts mutants, ts 10,-did not show any significant difference
from that of the wild typé virus with respect to the following points;
1) the amount of hexon polypeptide synthesis, 2) extractability of the

hexon antigen (CF test) (Table 3), 3) amount of the hexon antigen



_65_

detected with CF test or immunoprecipitation test; 4) sedimentation

velocity of the hexon aqtigen demonstrated bj sucrose density gradient
centrifugation. Results similar to ts 10 reported here were obtained

with the only’one ts mutants so faf'tested'in human adenovirus which

showed cytoplaémic retenfion of the hexon antigen (Kauffman and Ginsberg,

- 1976). More extensive analysis must be done in order to answer the following
questions: whether the difference in conformation of the fs 10 ﬁexon

antigen at 40° from that of the wild type virus, which could not be

detected in the above experiments,‘is responsible for thg difference in
transport of the hexon antigen, or whether a hypophetical viral protein
essential for transportafion 6f hexon antigen is defective in ts 10.

Based on the hypothesis‘thét'there is a virélrprotein essential for
tranéporﬁ of the hexon antigen, énd that ts 10 is defective in one gene,
LSIK antigen may play a role in transportation of the hexon antigen;

~which is deduced frOm.tﬁe féct that ts 10 does not produce the immunological
reactive L51K antigen (Table 2).

We failed to demonstrate the presenée of the hexon antigen of ts 8
at 40° in CF test (Table 4) and failed to detect the hexon polypeptidev
by SDS-PAGE analysis (Fig. 4) as well, though we detected very
small amount of the hexbn antigen in immunoprecipitation (Table 3 and
Fig. 5): It seems very difficult to reconcile these results with those
obtained by immunofluorescence staining technique. It was shown that
the number of immunofluorescence-positive ts 8-infected cells was
roughly equal to that of ts 10-infected celis, and that the intensity
of immunofluorescence of the hexon antigen in the cytoplasm of the ts
8-infected cells at 40° could not be distinguished from that of ts 10.

If we assume that the direct method of immunofluorescence staining is
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more sensitive than other methods emﬁloyed, the above discrepancy

could be reconciled, thqugh it seems rather an unlikely explanation.
Therefore it is worth déing to fix the ts 8-infected cells at 40°
ig_gigg_ with cold acetone as in the case of treatment for immunofluores-
~cence staining, prior torthe analysis of.the aceton-fixed anfigen by

CF tést and radioimmunoassay. As an another experiment, it is necessary
to solubilize the<he#on antigen by a rather mild method such as freezing-
thawing of the infeétéd cells for subsequent analysis of the antigen._
Since the period of pulsé-labeling'with a radioactive amino acid in

the present study was relatively long (3 hf), a very short pulée and
cﬁase experimentlis required in order to examine the possiblé fate

of thg ts 8-hexon polypeptide after translation on cytoplasmic

ribosomes.

We are attempting.the'peptide mapping studies with the tryptic

digests of the hexon obtained from cells infected with ts 8, ts 10

or the wild type virus at 31° in order to see whether the hexon of

mutants has a different primary structure from the wild type heXon.
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Legend to Fig. 1. Immunodiffusion between antisera against viral

proteins and infected or mock—infected cell lysates. Immunodiffusion

was conducted in 1% agarose containing 10 mM EDTA and 25 mM veronal
acetate (pH 8.6). 'Diameter of well was 3 mmAand distance between
the‘éentérs of 2 ﬁells was 7 mm. A, examination of specificity of
the anti—hexon.serum; B, examination of specificity fo the anti-L51K
serum; C, relationship betwéen the aﬁti—hexon serum and the énti—LSlK
serum. ai, the wild tybe virus—infgcted cglls lysed in PBS by »
freezing-thawing; 82; mpck—infectedAcells treated as in a;3 ass the
wild type virus-infected cells lyséd in 1Q mM‘Tr;s-HCl,(pH 7.2)
containiqg 1% SDS;'a4, mock-infected cells treated as in a3. Sl’ the

- anti-hexon serum; SZ’ the anti-~L51K serum.

Lengend to Fig. 2. EXamination of épecificity of the antisera by

immuhoprecipitation and subsequent SDS-PAGE. CKC (4.6 x 106 cells)

were infected with the wild type virus qt a multiplicity of 100 PFU

and labeled with IléC}léucine between 18 and 30 hr after infection

(see text). The labeled cells wére suspended into 3 ml of IM (III)

buffer and disrupted with a tightly fitted teflon homogenizer. The
resulting sample was clarified by centrifugation at 30,000 rpm (lOO,OOOAx g)
for 2 hr in a Beckman SW50. 1 rotor. A 0.2-ml aliquot of the superqatant
were mixed with 5 pl of individual'antisefa, and processed by following

the immunoprecipitgtion technique‘described in the text. The immuno-
precipitated materials were subjected to SbS—PAGE, followed by auto-
radiogréphy. A, mock-infected cells. B, infected cells. C, immuno-

precipitated materials formed between the anti~L51K serum and the infected



~

sample. D, immunoprecipitated materials formed between the anti-L51K
serum and the mock-infected sample.' E, immunoprecipitated materials
formed between the anti;hexon serum and the mock-infected sample. F,
iﬁmunoprecipitated materials formed between the énti—hexon serum and the

infected sample.

Legend to Fig. 3. Immunofluorescence staining with anti-hexon serum.

CKC were infected with the wild tybe virus, ts_8 or ts 10 as described
in the text. After 32-hr incubatioﬁ at-40°, the cultures were treated
as described in Materials and Methods for direct immunofluorescence

staining with the anti~hexon serum. A, the wild tyﬁe virus. B, ts 8.

C, ts 10.

Legend to Fig. 4. Virus-induced pol&peptides present in cells infected
5

with the wild type ?irus, ts 8, or ts 10 at 40° and 31°. CKC, 5 x 10
celis per petri-dish (42 mm in diameter) were infected with the wild
type virus, ts 8, or ts 10. The percentége-of infected cells were
monitored by immunofluorescence staining, which had been shown in Fig. 3.
Therinfected and mock-infected cells at 405 were labeled with [358]-
methionine for 3 hr from 22 hr aftef infection, and the cells at 31°
were 1ébe1ed for 9 hr from 56 hr after infection. The radioactive
medium used in.eaéh petri-dish was 1.5 ml of méthionine free MEM plus
SOSpCi [BSS]methionine (371 Ci/mmble, New England Nuclear). After
labeling, a portion of the cells were analyzed with SDS-PAGE, followed

by autoradiography.
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Legend to Fig. 5. SDS-PAGE analysis of immunoprecipitated materials

from IM(I)sup and IM(II)sup of the cells infected with various strains

at 40° and 31°. IM(I)sup and IM(II)sup were prepared from the cells

shown in Fig. 3, and applied to immunoprecipitation as described in

‘the text. Thé,immuhoprecipitated materials were subjectedrto SDS4PAGE,

followed by autoradiography.

Leggnd to Fig. 6. Sucroéé'density gradient centrifugation of the hexon

antigen. The IM(I)sup (0.35 ml) of the wild type virus-, ts 10-, and
‘mock-infected samples at 40° shown in Fig. 5 w#s layered on the tof

of a sucrose denéity gradient centrifugation froﬁ 5 to 20% (W/V) with

a total Qolume of 4.7 ml, and centrifuged at 4° for 14 hr at 30,000 rﬁm
in a Beckman SW50.1 fotor. [fhe buffer used for the sucrose density
gradient contained 0.97 NaCl, 1 mM PMSF, 10 mM sodium phosphate (pH 7.2)].
After centrifugation, the gradient was fractionated by piercing through
-the bottom of the centrifﬁge tube. Aliquots of each fraction were used

for determination of TCA-insoluble radidactivity.(A, B, C) and for

immunoprecipitation (D, E, F). Ihe'wild type virus-infected saﬁple,

A and D; ts 10-infected sample, B énd E; mock—ihfected»sample, C and F.

Legend to Fig. 7. SDS-PAGE analysis of the samples fractionated by

sucrose density gradient centrifugation. TCA-insoluble (A, B, C)
and immﬁnoprecipitated (D, E)materials described in the legend to Fig. 6.

were subjected to SDS-PAGE, followed by autoradiography. The wild virus-.

infected sample, A and B; ts 10 infected sample, B and E; mock-infected

sample, C.
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legend to Table 1 -CKC were infected with the wild type virus at a
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multiplicity of 100 PFU or mock-infected, and labeled with [14c]leucine

at 40; betWeenll8 to 30 hrrafﬁer infection. Labeled cells weré
lysed in IM(III) buffer by sonication as described in MATERIALS

AND METHODS. The resulting samples were clarified by centrifugation
. (100,000 x g, 2 hr, 4°), and the supérnatant was used as antigen
for immuhoprecipitation to examine the specificity of the antisera.
Numbers in the talbe show radioactive counts obtained by immuno-

precipitation.

legend to Table 2 ’Temperature-sensitive mutants_;re listed up
following'thé previous classification (Ishibashi, 1971) which was
‘based on the immunoflﬁorescence4microscopic observation of the viral
antigen with the antiserum prepared against relatively crude
CELO virus preparation; namely, at 40°, Group I mutants accumulated
fhe viral antigen in the nucleus, Group II mu;ants had the antigen
‘both in the nucleﬁs énd the cytoplasm, Gfouﬁ III mutants retained
the antigen in the cyoplasm, and Group IV mutants did not produce
a detectable amount of the antigén.

The localization of the hexon or the L51K antigen was indicated
by following symbols: N, in the nucleus; CN, both in the nucleus and

in the cytoplasm; C, in the cytoplasm;. (-), not detected.

* Relative ratio of the amount of the viral antigen in the cytoplasm

to in the nucleus was greater than other mutants of .the group II.
** The amount of the viral antigen was smaller than that of other

mutants of the group III.



legen& to Table 3 CKC were infected with the wild type virus, ts 8,

or ts 10. ‘The.infected cells at 40° were labeled with [358]methionine

for 3 hr from 22 hr after iﬁfection, and the célls at 31° were labeled

for 9 hr from 56 hr after infection. The mock-infected CKC were

treated as in the iﬁfected cells. The labeled cells were suspended
into IM(I) buffer (0.92 NaCl,‘10 ﬁM sodium phosphate, pﬁ 7.2) and

| sonicated for 2 min in an ice-bath (9 KHz, 120 watt). The sgmple

- was centrifuged at 34,000 rpm.(100,000 x g) in a Beckman type 40

rotor for 2 hr at 4° to separate the>sﬁpernatant [IM(I)sup] from

the pellet. The peliet was suspended into IM(I) buffer and sonicated -

under the same condition to disperse the pellet [IM(I)ppt], The

éample.was mixed with an equal volume of IM(II) buffer (0.9% NaCl,

2% Triton X-100, 1% DOC, 2 mM PMSF, and 10 mM sodium phosphate,

pH 7.2), and centrifuged undet the same condition as described

above to sepérate theISupetnatant [IM(II)sup] from the pellet
[IM(II)ppt]. An aliquot of each fraction was used for determination

of TCA-insoluble radioactivity and for immunoprecipitation.

Abbreviation: A, percentage distribution of TCA-insoluble 358—

materials; B, the ratio of immunoprecipitated 3SS-hex-on antigen to
the TCA-insoluble 35S—materials of the corresponding fraction is
given in percentage. -

* Total TCA-insoluble radioactivity (cpm) present in the fraction.
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legend to Table 4 The fractionated samples shown in Table 3 were
subjected to CF test with the anti-hexon serum to determine the amount
of the hexoﬁ antigen in each fraction.

~%* The numbers represent the feciprocals of maximal dilution of

-sampleé to give positive CF reaction.



Table 1 Examination of specificity of antisera by immunoprecipitation

Antiserum Infected sample Mock~infected sample
(input, 267,400 cpm) {input, 322,000 cpm)
anti-hexon 20,460 cpm } 1,890 cpm
anti-LSIK 7,080 . 1,350 °
. anti-bovine 2,850 . 2,490

serum




Table 2 Immunofluorescence staining of ts mutant-infected cells

with antisera against hexon and L51K protein.

localization of ) localization of
viral antigen - viral antigen
ts-strain hexon L51K ts-strain hexon LS1K
group I v - group III
ts 7 N N ts 5 C - N
ts 12 N N -ts 8 c - N
ts 16 N N ts 10 C )
ts 24 N CN its 13 C N
ts 31. N N ts 19 C - N
ts 32 CN N ts 20 C N
ts 33 . N N ts 28 C N
ts 34 N N ts 29 Cc N
ts 36 CN N ts 30 Cc N
ts 41 N N ts 37 Cc N
ts 43 CN’ N ts 49 c** N
ts 46 N N
: group IV

group II ts 2 ) CN
ts 1 CN - N ts 4 (-). N
ts 35 CN N ts 6 ) N
ts 39 CN - N ts 11 - (-) N
ts 48 CN N ts 14 =) N
ts 50 cN* N " ts 15 (=) N

Co ts 17 ) N

ts 23 ) " CN
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