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Two mouse neuroblastoma cell lines were analyzed for their
permissivity for polyoma virus growth. One (N18) is fully per-
missive for polyoma replication, the other (41A3) shows limit-
ed permissivity and the viral genome persists, without
noticeable cell death. Virus persistence does not seem to alter
the cells' ability to differentiate in vitro and leads to selection
of viral mutants altered in the untranscribed regulatory region
of the genome. The mutant types obtained appear to be
related to the degree of host cell differentiation. Nucleotide
sequence analysis of the restriction fragment covering the
regulatory region shows that duplications are present in all
mutants, while deletions in the non-duplicated segment are
only present in mutants selected from less differentiated cells.
These alterations involve both domains of the regulatory
region that are considered to be essential for DNA replica-
tion and for enhancer activity. Mixed infections with polyoma
wild type show that the selected mutants have cis-advantage
in replication in neuroblastoma cells and not in 3T6 cells.
Mutants carrying the deletion in the non-duplicated segment
of the enhancer show a selective advantage in replication over
the undeleted one in mixed infection. This advantage is much
stronger in neuroblastoma cells in suspension (less-differen-
tiated stage) than in monolayer cells (more-differentiated
stage). An interpretation of the overall structure of the
regulatory enhancer region, based on the observed differences
between the mutants selected at different stages of differen-
tiation in neuroblastoma and previously described mutants
selected in undifferentiated cells, is discussed.
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Introduction
Virus infection of eukaryotic cells may provide a useful experi-
mental system for gaining insight into the complex regulation
of gene expression. In many systems the expression of the viral
genome is dependent on the state of differentiation of the host
cells, as has been recently reviewed (Maltzman and Levine,
1981). Therefore, the study of host-virus interaction may con-
tribute significantly to the understanding of the molecular events
occurring during cell differentiation.
Of particular interest in these studies are findings obtained after

the infection of mouse undifferentiated cell lines, such as em-

bryonal carcinoma cells (EC), with wild type polyoma (Py) virus.
It has been shown that only differentiated cells support viral
replication, while undifferentiated cells are not permissive (Kel-
ly and Condamine, 1982). The lack of virus growth in undif-
ferentiated cells has been related to a block in early viral mRNA
synthesis. However, Py mutants have been obtained which are
also able to grow in undifferentiated EC cells and in trophoblast-
derived cells (Vasseur et al., 1980; Katinka et al., 1980, 1981;
Fujimura et al., 1981; Sekikawa and Levine, 1981; Tanaka et
al., 1982).

In semi-permissive Friend erythroleukemic (FL) cells, the in-
duction of differentiation does not modify response to Py infec-
tion, which usually results in the selection of persistently infected
cells (Delli Bovi et al., 1984). This state of persistent infection,
however, does not appear to interfere with the expression of dif-
ferentiated cell functions (Coraggio et al., 1980) and leads to
the selection of viral variants which exhibit a host-cell-specific
cis-dominant growth advantage (De Simone et al., 1985).
On the basis of the results obtained with EC and FL cells, it

seemed worth extending this type of analysis to other cell lines,
such as neuroblastoma (NB) cells, in which a modulation of the
differentiation stage is possible.

Several clones derived from C 1300 mouse neuroblastoma res-
pond to various changes in culture conditions by increasing their
ability to express specific properties of neurons. One procedure
capable of inducing a more advanced differentiation in NB cells
is the transfer of cells from suspension to monolayer cultures.
The most obvious marker of differentiation in monolayer cultures
is the formation of fibres (Augusti-Tocco et al., 1970). This mor-
phological event depends on the appearance of a microtubule-
associated protein which is responsible for microtubule assembly
(Olmsted and Lyon, 1981). Other molecular events which oc-
cur concomitantly with fibre formation are an increase in ribo-
somal RNA content (Casola et al., 1974) and in protein synthesis
(Zucco et al., 1975), as well as modifications of surface pro-
teins (Schubert and Jacob, 1970) and ion channels responsible
for electrical activity (Miyake, 1978). Although some of these
events have been shown to be dependent on post-translational
control (Casola et al., 1974; Zucco et al., 1975), the appearance
of new transcripts in differentiated NB cells grown in monolayers
has also been reported (Grouse et al., 1980).
Here we describe the different response to Py infection of two

NB cell lines and the establishment of a persistent infection in
one of them. The state of persistent infection selects for viral
variants with alterations in the regulatory untranscribed region
of the viral genome. The mutants obtained from suspension or
monolayer cultures are characterized by different rearrangements
in the regulatory region.

Results
Permissivity for polyoma growth
Two NB lines were used in this study, N18 and 41A3. These
lines were independently isolated (August-Tocco et al., 1970;
Seeds et al., 1970), and exhibit similar properties in culture,
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although some differentiation markers are absent in N18 (Denis-
Donini and Augusti-Tocco, 1980). However, their response to
Py infection is considerably different. Line N18 is fully per-
missive, as shown by the high viral titer (- 108 p.f.u./ml) and
massive cell death after infection in both suspension or monolayer
cultures (data not shown). Cell death is due to a secondary in-
fection, as has been shown for FL cells (Delli-Bovi et al., 1984);
in fact it is strongly reduced (to 10-20%) when cells are grown
in agar after infection.
Clone 41A3 behaves quite differently in that it does not show

any significant cell death after Py infection under any of the tested
conditions. In fact, cells grown in monolayer or suspension, pre-
treated or not with prostaglandin (see Materials and methods)
and grown after infection in either monolayer, suspension or agar,
did not differ in survival compared with the mock-infected con-
trol. Therefore no effect of viral infection was detectable even
in conditions allowing for secondary infection (growth in mono-
layer or suspension).

Control of Py absorption indicated a regular viral infection.
Py titration in monolayer or suspension cultures demonstrated
that limited virus growth and maturation takes place, even after
a prolonged interval (> 1 month). Viral titers varied between
104 and 105 p.f.u./ml, suggesting limited permissivity of the host
cells.
Effect ofPy persistence on the expression ofdifferentiatedfunc-
tions and on viral structure
To examine the effects of Py persistence on the expression of
differentiated functions, clones were isolated from 41A3 cells
infected in either monolayer or suspension cultures. No detec-
table differences were found between the ability of several clones
to express specific differentiated functions, such as fiber growth
and acetylcholinesterase (AchE) synthesis, and that of mock-
infected cells (data not shown). Most of the clones showed limited
virus production, as measured by spot test on 3T3 cells, without
significant cell death and modification of growth rate.

Viral DNA was extracted from the clones by the Hirt procedure
(Hirt, 1967) and Py DNA presence was estimated by Southern
blotting. Free unintegrated viral DNA was found in seven out
of nine clones isolated from cells infected in monolayer culture,
which allows for the expression of a more differentiated state,
and in six out of 13 clones isolated from cells infected in suspen-
sion culture, where cells are less differentiated. Blotting analysis
of Py after digestion with HpaII restriction endonuclease show-
ed genome alterations in nearly all cases (Figure 1). These altera-
tions vary in different clones and always involve the HpaIII3
fragment which includes the regulatory region of the viral genome
(Tooze, 1981).
Effect of the degree of cell differentiation on the viral genome
To investigate the possible difference in selective pressure on
the viral genome structure between the cells grown at the dif-
ferent stages of differentiation, a Py persistently infected clone
(NB-Py) was grown in monolayer for 45 days and then either
maintained under the same growth conditions or transferred to
suspension culture for an additional 20 days. Viral DNA was
then extracted by the Hirt procedure (Hirt, 1967) from both
cultures and cloned in the BamHI site of the pAT 153 plasmid.
To confine further analysis only to viable mutants, viral genomes
were excised from recombinant Py-plasmid by BamHI digestion
and tested for viability by transfection in the standard 3T3 per-
missive host cells. More than 30 clones for each of the two grow-
ing conditions were assayed and < 15% were found unable to
replicate. The non-viable variants were mainly defective in late
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Fig. 1. Southern blot analysis of Py DNA extracted from some NB4lA3-Py
clones. DNA from Hirt extracts was digested with HpaII endonuclease.
Tracks 1-3: cell clones grown in suspension, 4 and 5: cell clones grown
in monolayer; M.Py wild-type DNA. Arrow indicates the HpaII/3 fragment
of the wild-type.

functions and a few showed considerably rearranged genomes
(data not shown).

Eighteen viable cloned genomes from both monolayer and
suspension cultures were digested with BamHI and SstI restric-
tion endonucleases. Figure 2 shows that the genomes arising from
the monolayer culture are different from Py A2 (wild type) and
that they can be grouped into two groups (I and II) on the basis
of their fragment size. The pattern obtained from the suspension
culture shows the appearance of two additional groups (III and
IV) of altered genomes, which represent about one third of the
analyzed genomes. No wild-type A2 genome was found in the
restriction mapping. Further analysis of representative genomes
of the four mutant groups was carried out as shown in Figure 3:
in all cases the genome rearrangement involved the fragment
covering the regulatory region.
Sequence analysis of the Py mutants' regulatory region
The nucleotide sequence of the BamHI-Hpall fragments (nucleo-
tides 4632 -5295) of the four groups of Py mutants was carried
out by the Sanger method (Sanger et al., 1977). The results are
shown in Figure 4: in all cases major rearrangements are pre-
sent with no base substitutions compared with the parental Py
A2 strain.
Group I mutants, present in both the monolayer and the suspen-

sion cultures, show a duplication at the late side from the PvuIII4
fragment, which includes the A domain of the enhancer region
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Py mutants selected in neuroblastoma cells

M l 2 3 5 6 8 9 l 11 12 13 '4 .'- T8 M as defined by Herbomel et al. (1984). It is likely that group I
is the progenitor of the three other groups since the same duplica-
tion boundaries are always present. In group II mutants, a 27 bp
deletion is present in the duplicated segment. Group HI and group
IV mutants, which appear when the culture is switched to suspen-
sion growth, both display an identical deletion of a segment in-

-<-wEBt__..cluding the B domain of the enhancer region. Group IV mutants
are characterized by an additional 24 bp deletion in the duplicated
fragment and appear to be derived from group III mutants, since
the deleted fragment in the duplication is different in size and
position from that of group II mutants.
The notion of a drastic difference in selective pressure on the

B domain between the NB differentiative stages finds support
^ it t VW in the analysis of 94 cloned genomes in pAT. The genomes, not

selected as virus-yielding molecules, were hybridized with a probe
that carries only the B domain sequence (HaeIII fragment from
nucleotides 5174-5229 cloned in M 13). Results of the dot blot

-. -YY, xof these genomes (Figure 5) show that in monolayer cell growth
nearly all genomes carry this sequence (39/44) while in suspen-
sion growth - 1/2 of the genomes do not hybridize with the probe
(22/48). The kinetics of the appearance of the B-deleted form
in suspension growth, measured by dot blot analysis, show a pro-
gression from 25% after 5 days to 38% after 10 days (data not

- - shown). The lack of B-Py mutants in the first 18 clones pre-
viously analyzed from cells grown in monolayer may be due to

hidium-stained agarose gel electrophoresis of cloned Py genomes the selection of virus-yielding genomes.
in pAT153 plasmid. Viral genomes from Hirt-extracted DNA of a:
clone grown in monolayer for 45 days and maintained under the sal
culture conditions (A) or transferred to suspension culture for an ad
20 days (B). The DNAs were digested with BamHI-SstI. The arrou
indicates the BamHI-SstI fragments comprising the regulatory regior
(nucleotides 4632-569). The shortest Sstl band (291 nucleotides) rn
of the gel.
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Fig. 3. Restriction enzyme mapping of purified Py DNA cloned in pAT
153. Ethidium-stained gels. (A) Agarose gel electrophoresis after BamHI-
Sstl digestion. 1 and 3: group II and group I Py mutants from NB-Py cells
grown in monolayer. 2, 4, 5 and 6 groups II, I, IV and III Py mutants
from NB-Py cells grown in suspension. M: PyA2 marker DNA. (B)
Acrylamide gel electrophoresis after PvuII digestion of the four groups of
Py mutants selected in suspension growth. M: PyA2 marker DNA; 1:
Group IV; 2: Group II; 3: Group I; 4: Group III. sm: pBR322 digested
with HaeIII as size marker.

NB-Py
,me Tissue and cell differentiative stage specificity of the selected
Iditional mutants
v To test the specificity of the mutants selected in NB cells at both

out stages of differentiation, cells grown in suspension (less-
differentiated stage) or in monolayer (more-differentiated stage)
were doubly infected with mutants Py NB 11/1 (group I), Py
NB 10/6 (group III) and Py A2 (moi =50+ 50). Parallel infec-
tion of 3T6 and 3T3 cells was performed as control. After 3 and
6 days of infection for all cells, and 9 and 12 days for Py NB
mixed infected cells, viral DNAs from Hirt extracts were analyz-
ed by restriction enzyme digestion. Results reported in Figure
6A show that both Py NB mutants have a cis-advantage of replica-
tion over parental Py A2 in NB cells under both growth condi-
tions, but not in 3T6 or 3T3 cells (data not shown). This
advantage of growth in NB cells is likely to be due to the duplica-

_-84 tion that includes the A domain, and clearly supports the tissue
-123-124 specificity of the Py NB mutants since all of them carry such
- 89 duplication (Figure 4).

64 Mixed infection with Py NB 11/1 (group I) and Py NB 10/6
- 5 (group III) of NB cells grown in suspension (less-differentiated

stage) shows (Figure 6B) a significant advantage in replication
of Py NB 10/6. In fact, 12 days after infection the ratio of frag-
ment HpaII13 from Py NB 10/6 to PyNB 1 1/1 is - 20/1. In NB
cells grown in monolayer, Py NB 10/6 also shows an advantage
in replication from the sixth to the twelfth day, but the final ratio
between the two HpaII/3 fragments is -4/1.
Differentiative stage selective pressure for deleted B - mutants

To determine the stage differentiation specificity of mutant groups
III and IV, deleted in the B domain (B-) cells grown in suspen-
sion or monolayer, were infected with Py NB 11/1. At 1, 4, 8,
12 and 18 days after infection, the genetic constitution of the
enhancer region was analyzed by blot hybridization with the en-

tire Py genome or with the probe for the B domain. Results
reported in Figure 7 shows that in more-differentiated cells the
B-deleted form after 18 days constitutes - 5- O1% of the whole
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Py STRAIN CLASS

5021 5135 5136 5181 5253 5295

TGAT//////TGGC CGTG//////CCAG//////TTAC//////GGCC A2 WT
5045 5135

TGAT//////TGGCGGGC//////////////////////////TGGCCGTG//////CCAG//////TTAC//////GGCC NB11/1
5062 5090

TGAT//////TGGCGGGC//////GTAA ...... ATGT//////TGGCCGTG//////CCAG//////TTAC//////GGCC NB12/7 11

TGAT//////TGGCGGGC//////////////////////////TGGCCGTG//////CCAG ...... TTAC//////GGCC NB1O/6 III
5054 5079

TGAT//////TGGCGGGC/CCAA ...... TAAA///////////TGGCCGTG//////CCAG. TTAC//////GGCC NB12/8 IV
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Fig. 4. Nucleotide sequence of Py-NB mutants. (A) Comparison between PyA2 wild-type and mutant sequences. Sequence and numbering are those of Ruley
and Fried (1983). Nucleotides at rearrangement junctions are specified. Bars represent unaltered nucleotide segments; dots are deleted segments. (B) Schematic
representation of the sequences reported in A. A and B domains are indicated as defined by Herbomel et al. (1984). Q domain is defined in the text.

Cleavage sites for Pvull are indicated.

and that it is detectable after 12 days. In cells grown in the less-
differentiated stage the B-deleted form is readily detectable after
4 days and the final ratio after 18 days is - 50-60%. Remark-
ably, these results are in agreement with those obtained during
selection in the persistently infected NB-Py clone previously
analyzed.

Discussion
The interaction of Py virus with NB cells has been investigated
as an approach to understanding the changes in the expression
of the cellular genome which occur during the differentiation pro-
cess. The two cell lines behave quite differently in their interac-
tion with Py. Line N18 is fully permissive for Py growth, while
line 41A3 poorly supports viral growth, reaching a carrier state
condition for Py similar to, but with a higher frequency than,
that described for FL cells (Delli-Bovi et al., 1984). In both the
latter cases, cell survival after infection is high, clones which
produce virus can be isolated and viral mutants carrying altera-
tions in the regulatory region of the genome can be selected.
Similarly to FL cells, the response of 41A3 NB cells to Py in-
fection is not notably affected by the differentiation state at the
time of infection.

In this respect the response of 41A3 NB cells and FL cells
is definitely different from that of embryonal carcinoma cells,
where induction of differentiation causes a dramatic change in
the sensitivity to Py. This is not surprising in view of the char-
acteristics of the system. In fact, EC cells represent stem cells,
which in culture can undergo various developmental programs;

in the case of NB, as in FL cells (Delli-Bovi et al., 1984), we

are analyzing the modulation of a terminal stage of differentia-
tion in cells that are already committed to a definite developmental
pathway. Therefore it is to be expected that the extent of varia-
tion of genome expression (regulation factors) occurring when
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Fig. 5. Dot blot hybridization of cloned Py genomes. Miniprep of E. coli
harboring Py genomes cloned in pAT plasmid from Hirt extracts of NB
cells grown in monolayer (a-5 to d-12) and in suspension (e-1 to g-12) as

well as DNA of M13 vector (a-i), PyA2 (a-2), PyNBI 1/1 (a-3) and
PyNBIO/6 (a-4) were hybridized with Py HaeIII fragment covering the B
domain cloned in M13 vector. The control hybridization with the whole Py
genome yielded only positive spots.

the cells are induced to a more differentiated state is much more

limited than in EC cells. It is, therefore, significant that in spite
of these differences, the viral mutants selected in the three systems
always involve the same region of the viral genome.
The mutations of the Py regulatory region obtained in EC cells

appear to differ depending on the cell line in which they were

selected. The major rearrangements selected in EC F9 cells con-

sist of duplications in the early side of the PvuI/4 fragment which
includes the B domain (Katinka et al., 1981; Fujimura et al.,

R.Maione et al.
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Fig. 6. Competitive growth of PyA2 and PyNB mutants in 3T6 and NB cells at different stages of differentation. Ethidium-stained gels of HpaII digested Hirt
extracts of (A) cells at 3 and 6 days after infection with PyA2 and PyNB 11/1 or PyNB 10/6 and (B) cells at 3. 6, 9 and 12 days after infection with PyNB
11/1 and PyNB 10/6. Numbers denote days after infection, NBm and NBs are NB cells grown in monolayer or suspension. Markers are from 3T6 cells
infected with a single Py type.

1981; Sekikawa and Levine, 1981), whereas the mutants selected
in EC PCC4 cells display duplications starting at the boundary
of the PvuIl site at nucleotide 5130 and extending towards the
late side, over the A domain, together with deletions covering
the B domain (Vasseur et al., 1980; Katinka et al., 1980).

In the NB cell system, we observed that a change in the dif-
ferentiative stage of the cells is followed by modifications in the
Py regulatory region. All viable viral mutants selected in the
more-differentiated NB cells (monolayer culture) exhibit a

duplication on the left side from the PvuII/4 fragment covering
the A domain (Figure 4, group I and group II mutants). When
cells are switched to a less-differentiated state (suspension culture)
for 20 days, approximately one third of the viral genomes ac-

quire, in addition to the duplication, a deletion on the early side
of the PvuH/4 fragment (nucleotides 5181 -5253) extending over

the B domain (Figure 4, groups III and IV mutants).
We found that in mixed infection of Py NB mutants (group

I common to both culture conditions or group III selected in
suspension growth) with Py A2, the former displays a net cis-
advantage of replication in NB cells at both stages of differen-
tiation, but not in 3T6 or 3T3 cells. This observation supports
the likelihood that the A domain duplication is tissue specific.
Moreover, we observed a much greater cis-advantage in the
replication of Py NB group III mutants in NB cells grown in
suspension than in NB cells grown in monolayer. Furthermore,
we observed different ratios of appearance of B-domain-deleted
forms in NB cells infected with Py group I mutants in the two

stages of NB differentiation. These results support the notion that
the origin of mutant groups III and IV during the persistent in-
fection of NB cells in the less-differentiated stage is due to a con-
sistent disadvantage of viruses carrying the B domain. Since in
monolayer growth there is always a small fraction of unattached
cells, it is likely that the limited selection of B-Py genomes is
assigned to this cell fraction of the more-differentiated culture.
The striking regularity of the deleted B- forms selected deserves

some comment. In Hirt extracts of 3T6 cells infected with Py
NB 11/1, but not with Py NB 10/6, we find that -2-33% of
viral genome molecules contain a rearranged regulatory region.
The majority of the altered genomes had lost either the A or the
B domain of the enhancer, in addition to the more rearranged
molecules involving the regulatory region (unpublished obser-
vations). Moreover, two major hypersensitive sites for DNase
I in Py chromatin have been identified (Herbomel et al., 1981)
which correspond to the A and B domains. These sites are sup-
posed to be nucleosome free and therefore preferentially expos-
ed to the interaction with various enzymes, some of which might
very well be involved with crossing over. The possibility that
the instability of Py NB 11I/ and the regularity of the rearrang-
ed molecules may be related to the chromatin structure, is present-
ly being investigated.
From a comparative analysis of our NB mutants and those

known to display major rearrangements in EC and trophoblast
cells, we can further define another domain in the regulatory
region which we will refer to as Q (see Figure 4). This region
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Fig. 7. Stage-differentiative selection of deleted Py genomes for the B
domain. NB cells grown in monolayer (NBm) or suspension (NBs) were

infected with PyNB1/1 at moi=50 and at different times the Hirt extracts

were digested with HpaII restriction endonuclease and analyzed by Southern
blot in consecutive hybridization with the HaeIII fragment covering the B
domain (A) and the whole Py (B). The marker is from a Hirt extract of
3T6 cells infected by PyNB11/1 or PyNBIO/6. Numbers denote days after
infection. In A only the HpaIII3 band is reported since it is the only one to

hybridize with the probe used.

appears to be essential for viral growth since it is never lost in
any Py-viable mutant. Its domain is defined by the deletion pre-

sent in groups III and IV mutants on its early side (nucleotide
5181) and by the deletion present in trophoblast Py mutants Tr
91 and Tr 92 (Tanaka et al., 1982) on its late side (nucleotide
5157).
The finding that specific modifications in the Pvull14 fragment

(Figure 4) can be selected differentially by varying the degree
of differentiation of 41A3 NB-Py cells allows us to postulate that
specific alterations of the Py regulatory region can be used as

indicators or probes of a cell-differentiative stage. These results
are consistent with the notion that the interaction of specific host
cell proteins with the viral regulatory region affects both transcrip-
tion activation and viral DNA replication (Scholer and Gruss,
1984). These cell factors are thought to be elements regulating
differentiation, as proposed by Gillies et al. (1983) and Banerji
et al. (1983) for immunoglobulin gene expression. The ability
of the Ig enhancer to substitute the polyoma regulatory region
for viral growth in myeloma cells, but not in fibroblasts, further
supports this interpretation (de Villiers et al., 1984).
The two groups of mutants (groups III and IV) selected dur-

ing suspension growth of the NB-Py clone have both lost the
region that includes the B domain of the enhancer. This domain
shares a sequence homology with the SV40, Ig and AdA2 en-

hancers. Deleted mutants were selected in PCC4 EC cells, sug-

gesting that the deleted sequence might interact with a cell factor

3220

that is detrimental in cis for viral replication. This would imply
that sequences of the Py enhancer may play not only a positive
or netural, but also a negative role in a cell-specific way.
The finding (Borreli et al., 1984) that the product of the Adeno

El A gene represses Py enhancer activity, further supports the
notion of sequences in the viral regulatory region that may have
a negative control action in specific cellular conditions, and that
this effect may be mediated by regulatory factor(s) that recognize
Py as well as cellular sequences in gene-control regions.

Further work is in progress on the enhancing properties of Py-
NB mutants regulatory regions on heterologous genes in chimeric
plasmids assayed in NB cells at different stages of differentiation.

Materials and methods
Cell lines and culture conditions
Mouse neuroblastoma clonal lines N18 (Seeds et al., 1970) and 41A3 (Augusti-
Tocco et al., 1970) were grown in Ham's FIO medium (Gibco) supplemented
with 10% fetal calf serum in tissue culture dishes (for monolayer growth) or in
bacterial dishes (for suspension growth). To maximize cell differentiation,
monolayer cultures were treated with prostaglandin (Sigma) at a concentration
of 3 x 10-6 M for 7 days prior to infection (Gilman and Nirenberg, 1971). Dif-
ferentiation of neuroblastoma cells in monolayer cultures was monitored by the
ability to grow fibers and by an increase of AchE activity. AchE activity was
revealed either by a modification of the Kamovsky histochemical method (El-
Badaw and Schenk, 1967) or by spectrophotometric determination (ElIman et
al., 1961).
Py infection and titration
Wild type Polyoma strain Py A2, kindly supplied by M.Fried, was propagated
on 3T3 or 3T6 cells at low mutliplicity. NB cell infections were routinely per-
formed at a multiplicity of 50. Virus production and titration was determined
by the following procedure cells and culture medium were collected from NB
culture grown to saturation ( - 2 x 106 cells per plate), cells were disrupted by
freezing and thawing (three times), and plaque assays were carried out on 3T3
monolayers. Gross titers were obtained by the sheep red blood cell agglutination
test (Tooze, 1981).
DNA extraction, restriction endonuclease digestion and blot hybridization
Viral DNAs were extracted from cell cultures by the Hirt selective procedure
(Hirt, 1967). Viral DNA from different NB-Py clones or from Py genomes cloned
in the pAT153 plasmid was digested with several restriction endonucleases under
the conditions specified by the manufacturers (New England Biolabs, Beverly,
MA).

Restriction DNA fragments were separated on 1.2% agarose gels run in Tris-
borate electrophoresis buffer; DNA was transferred on cellulose filters (BA 85,
S & S), and filter hybridization was carried out by the Southern procedure
(Southern, 1975). P32-labeled DNA probes were prepared by the standard nick-
translation procedure (Rigby et al., 1977). Clone plasmid containing whole Py
or thee HaellI fragment from nucleotides 5174- 5229 (Herbomel et al., 1984)
were used as probes in blot hybridization experiments. For the dot blot hybridization
of cloned genomes in pAT, both whole Py and the HaeIII fragment were cloned
in M13 vector. Polyacrylamide gel electrophoresis (10% w/w) was carried out
according to Maniatis et al. (1975).
Cloning of Py mutants and selection of viable genomes
DNA from Hirt extracts of Py-infected NB cells was cloned in the BamHI site
of the pAT153 vector plasmid (Twigg and Sherrat, 1980). The cloning procedures
were as described by Maniatis et al. (1982). Py genomes were recovered from
recombinant Py plasmid DNA by BamHI digestion. Purified Py DNA was
transfected into 3T3 or 3T6 cells by the CaPO4 method (Graham and Van der
Eb, 1973).
DNA sequencing
The DNA fragments of the Py-NB mutants extending from the Sau3A1 to the
HpaII sites (nucleotides 5021 -5295), filled in by Klenow polymerase (Maniatis
et al., 1982), were inserted in SmaI site of the M13 mp9 vector. Nucleotide se-
quencing in both directions was performed by the dideoxy-chain termination method
(Sanger et al., 1977). Some sequences were confirmed by the chemical cleavage
method (Maxam and Gilbert, 1980).
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