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Recently we have reported that the difference in oncogenie potential between adeno- 
virus type 5 (Ad5)- and AdlZ-transformed cells in athymic nude mice is specified by early 
region lb. In order to determine which of the two early region lb (Elb) tumor antigens 
is responsible for the observed difference in oncogenicity we have constructed two Ad51 
Ad12 hybrid plasmids: one allowing expression of the Ad5 19kD and Ad12 54kD Elb 
proteins, the other of the Ad5 58kD plus Ad12 19kD Elb polypeptides. Both hybrid 
plasmids contain the intact Ela regions of both serotypes. The chimeric plasmids were 
used to transform primary cultures of baby rat kidney cells and the resulting transformed 
cells were tested for oncogenicity in athymic nude mice. It was found that the degree of 
oncogenicity is determined by the identity of the large Elb tumor antigen. Studies with 
cells transformed by an Ad12 region El plasmid in which the gene coding for the 19kD 
tumor antigen was mutated showed that expression of this protein is nevertheless re- 
quired for manifestations of the oncogenic phenotype of the transformed cell. 

INTRODUCTION 

Human adenoviruses (Ad) can be clas- 
sified into two groups according to their 
oncogenic potential in newborn hamsters: 
the oncogenic viruses (e.g., Ad12) and the 
nononcogenic viruses (e.g., Ad5). All hu- 
man adenoviruses, however, have the ca- 
pacity to transform rodent cells in vitro 
(Flint, 1980). Rat cells transformed by on- 
cogenic adenoviruses are tumorigenic when 
injected into syngeneic rats (Freeman et 
al, 1967; Shiroki et aL, 1977; Mak et aL, 
1979; Harwood and Gallimore, 1975) and 
in athymic nude mice (Gallimore and Par- 
askeva, 1980; Bernards et al, 1982; Jochem- 
sen et a& 1982), while cells transformed by 
nononcogenic adenoviruses are nononco- 
genie in syngeneic rats (McAllister et aL, 
1969; Harwood and Gallimore, 1975) and 
only weakly oncogenic in nude mice (Gal- 
limore et aL, 1977; Gallimore and Paras- 
keva, 1980; Bernards et uL, 1982). It is not 
known which gene(s) are responsible for 
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viral oncogenicity or for modulating the 
tumorigenic potential of the transformed 
cell. 

Since the region required for cell trans- 
formation in vitro comprises no more than 
the leftmost 11% of the viral genome which 
corresponds to early region 1 (Flint, 1980) 
it is to be expected that the difference in 
oncogenic potential between cells trans- 
formed by Ad5 and Ad12 is determined by 
one or more of the genes encoded by this 
DNA segment. Recently, we have inves- 
tigated this matter in more detail by use 
of Ad5/Ad12 hybrid early region 1 plas- 
mids in which region Ela of Ad5 was com- 
bined with region Elb of Ad12 and vice 
versa. We found that baby rat kidney cells 
transformed by Ad5 Ela plus Ad12 Elb 
are highly oncogenic in nude mice (Ber- 
nards et al, 1982; Van den Elsen et aL, 1982), 
while cells transformed by Ad12 Ela plus 
Ad5 Elb proved only weakly oncogenic 
(Bernard9 et al, 1982), thus suggesting that 
the difference in oncogenicity in nude mice 
between Ad5- and AdlB-transformed cells 
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is due to differences in the gene products 
specified by the Elb region. 

Since the Elb region of adenoviruses 
codes for two major tumor antigens (T- 
antigens) of 19kD and of 54-58kD, it is not 
clear which of these proteins, if not both, 
is responsible for the observed difference 
in oncogenicity of the transformed cells. 
Recently, it was shown that the two Elb 
proteins are translated from different 
reading frames which are only partially 
overlapping (Bos et al, 1981). This ar- 
rangement makes it possible to mutate one 
of the two Elb proteins without affecting 
the other, so that the contribution in on- 
cogenicity of each of the Elb products can 
be measured separately. 

In order to investigate which of the two 
Elb proteins determines the degree of on- 
cogenicity we have constructed plasmids 
containing essentially Ad5/Ad12 hybrid 
Elb regions, i.e., expressing the small Elb 
tumor antigen of Ad5 and the large tumor 
antigen of Ad12, and vice versa. Analysis 
of the oncogenicity in nude mice of cells 
transformed by these hybrid plasmids re- 
vealed that the difference in oncogenic po- 
tential between Ad5- and AdlB-trans- 
formed cells is determined by the large 
Elb T-antigen. The small Elb T-antigen 
is also required for the expression of the 
oncogenic phenotype but its contribution 
to oncogenicity does not appear to be se- 
rotype specific. 

MATERIALS AND METHODS 

1. Construction of an Ad5 plasmid defec- 
tive in expression of the 19kD Elb polypep- 
tide. In order to construct the 19kD de- 
fective plasmid the Ad5 Hind111 G frag- 
ment was first subcloned from pAd5XhoC 
(Bernards et aL, 1982). This plasmid, 
pAdEiHindIIIG, was cleaved at the single 
Sac1 site at position 1770 of the Ad5 se- 
quence, mapping between the first and sec- 
ond ATG-triplet of the Elb region. After 
phenol extraction and ethanol precipita- 
tion 10 pg of the linearized plasmid was 
incubated for 2 hr at 11” with 1 unit/PI of 
Sl nuclease in 50 ~1 final volume. After 
another cycle of phenol extraction and 
ethanol precipitation the plasmid was re- 
circularized using T4 DNA ligase. The 

plasmid was then once more cleaved with 
Sac1 to remove wild-type plasmid mole- 
cules and was subsequently transfected 
into E. coli HBlOl. From ampicillin-resis- 
tant colonies a plasmid was selected lack- 
ing 11 base pairs at the Sac1 site, as es- 
tablished by DNA sequence analysis 
(Maxam and Gilbert, 1980). This mutant 
Hind111 G fragment was then reintro- 
duced into the Ad5XhoC plasmid using 
standard recombinant DNA procedures, 
yielding p5dlSac. 

2. Construction of an Ad5 plasmid defec- 
tive in expression of the 58kD Elb polypep 
tide. pAd5XhoC has an unique Hind111 site 
in the coding sequence of the 58kD Elb T- 
antigen. To construct a 58kD defective 
plasmid, 10 c(g of pAd5XhoC was cleaved 
with HindIII. After phenol extraction and 
ethanol precipitation the 5’-protruding 
ends of the linearized plasmid were re- 
paired by incubation with DNA polymer- 
ase I (Klenow fragment) and 50 ~Mof each 
of the four dNTPs for 1 hr at 37”. After 
recircularization of the plasmid with T4 
DNA ligase and cleavage of the remaining 
wild-type molecules with HindIII, this 
plasmid was used to transfect E. coli 
HBlOl. From ampicillin-resistant colonies 
a plasmid was isolated which had lost the 
Hind111 site at position 2805 of the Ad5 
sequence. DNA sequence analysis showed 
that this plasmid, plidlHind, has the ex- 
pected insertion of four base pairs at the 
Hind111 site. 

3. Gmstruction of an Ad12 plasmid de- 
fective in expression of the f9kD Elb poly- 
peptide. To construct an Ad12 El plasmid 
with a mutation at the AccI site at position 
1594 of the Ad12 sequence (mapping be- 
tween the first and second ATG of Ad12 
Elb), 20 pg of pAdl2RIC (Bos et al, 1981) 
was partially digested with 3 units of AccI 
for 30 min at 37”. The B-protruding AccI 
ends were repaired with Klenow enzyme 
as described above. After phenol extrac- 
tion and ethanol precipitation the DNA 
was cleaved with RruI and BamHI. After 
agarose gel electrophoresis the 4.3-kb AceI- 
BumHI fragment extending from nt 1594 
of the Ad12 sequence via the EcoRI site at 
16 map units to the BamHI site of the plas- 
mid, was isolated (Vogelstein and Gilles- 
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pie, 1979). Likewise, 20 pg of pAdl2RIC 
was digested to completion with AccI and 
the ends were repaired with Klenow en- 
zyme. After phenol extraction and ethanol 
precipitation the plasmid was digested 
with EcoRI and the O-1594 EcoRI-AccI 
fragment was recovered from an agarose 
gel. This fragment, together with the 4.3- 
kb AccI-BamHI fragment (see above) was 
added to the BumHI + EcoRI double-di- 
gested vector pAT153 (Twigg and Sherrat, 
1980). The mixture was first ligated with 
T4 DNA ligase and 100 pm ATP for 16 hr 
at 14” to join cohesive BumHI and EcoRI 
ends, then more ligase was added, ATP to 
1 mM, and the repaired AccI ends were 
joined by incubating for another 6 hr 
at 37”. After transfection into E. coli 
HBlOl, tetracycline-resistant colonies were 
screened for the loss of the Ace1 site at 
position 1594 (Birnboim and Doly, 1980). 
DNA sequence analysis and restriction en- 
zyme fine mapping showed that one of 
these clones, pl2dlAcc, has no other alter- 
ation than an insertion of two base pairs 
at the AccI site at nt 1594. 

.& Constmctitm of an Ad12 plasmid de- 
fective in expression of the 54kD Elb polg- 
peptide. To introduce an early stopcodon 
in the reading frame for the Ad12 54kD 
Elb T-antigen, pAdl2RIC was cleaved with 
AosI. This enzyme has a single cleavage 
site in the Ad12 EcoRI C fragment at po- 
sition 2089. Subsequently, the AosI-di- 
gested plasmid was incubated with Kle- 
now enzyme in the presence of 40 PM dATP, 
40 FM dGTP, and 40 PM dTTP, for 1 hr at 
37”. After phenol extraction and ethanol 
precipitation the protruding 5’ ends of the 
AosI site were made blunt by incubating 
with Sl nuclease as described in section 1. 
After cleavage with EcoRI the digest was 
subjected to agarose gel electrophoresis 
and the O-2089 EcoRI-AosI plus the 2089- 
5500 AosI-EcoRI fragments were isolated. 
These fragments were then inserted into 
the EcoRI-cleaved vector pAT153. Liga- 
tion was as described in section 3. Three 
clones could be isolated lacking 1, 4, and 
5 nucleotides, respectively, at the AosI 
site. In the work presented here the 
plasmid lacking five nucleotides was used: 
p12dlAos5. 

Procedures for transformation of pri- 
mary rat kidney cells, cell labeling with 
[?S]methionine and subsequent immuno- 
precipitation, and Sl nuclease analysis 
have been described previously (Bernards 
et al, 1982). 

RESULTS 

Construction of Ad5/Ad12 Chime& El 
Plusmids 

To investigate the role of the two major 
Elb T-antigens of Ad5 and Ad12 in on- 
cogenic transformation, we have con- 
structed two plasmids carrying hybrid Elb 
regions, i.e., one plasmid expressing the 
Ad12 19kD and the Ad5 58kD proteins and 
another expressing the Ad5 19kD plus the 
Ad12 54kD Elb T-antigens. These two 
plasmids were derived from four adeno- 
virus region El plasmids containing spe- 
cific mutations in the Elb region: p5dlSac, 
defective in the expression of the Ad5 19kD 
Elb T-antigen; p5dlHind, defective in 
expression of the Ad5 58kD Elb T-anti- 
gens; pl2dlAcc, defective in expression of 
the Ad12 19kD Elb T-antigen, and 
pl2dlAos5, defective in the expression of 
the Ad12 54kD Elb T-antigen. The exact 
lesions present in each plasmid and the 
predicted effects on the Elb genes are given 
in Fig. 1. These four plasmids were used 
to construct the two Ad5/Ad12 chimeric 
El plasmids: p5dlSac and p5dlHind were 
linearized with EcoRI and used as vectors 
to clone the mutated EcoRI inserts of 
pl2dlAos5 and pl2dlAcc, respectively, 
yielding pST12 and pLTl2 (ST12 for Small 
T-antigen of Adl2, LT12 for Large T-an- 
tigens of Ad12, see Fig. 1). pST12 contains 
the complete coding information for the 
Ad5 58kD and the Ad12 19kD Elb T-an- 
tigens, pLT12 for the Ad5 19kD and the 
Ad12 54kD T-antigens. Both plasmids con- 
tain the intact Ela regions of both sero- 
types. 

Trunsformation of Baby Rut Kidney Cells 
with Chimeric El Plusmids 

pSTl2 and pLT12 were used to trans- 
form subconfluent primary cultures of baby 
rat kidney cells by means of the calcium 
phosphate technique (Van der Eb and 
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FIG. 1. Schematic representation of the two Ad5/Ad12 hybrid Elb plasmids. The construction 
of the plasmids is described under Materials and Methods. Black bars indicate protein coding 
regions. Arrows indicate the site of mutation in the protein coding segments. 

Graham, 1980). Colonies of morphologi- 
cally transformed cells were isolated 3-4 
weeks after transfection and established 
as cell lines. Cells transformed by either 
of the two plasmids manifested the typical 
epithelial or polygonal morphology, char- 
acteristic for cells transformed by ade- 
novirus. 

Attempts were also made to transform 
BRK cells with pl2dlAcc and p12dlAos5, 
defective in expression of the Ad12 19kD 
and 54kD proteins, respectively. Plasmid 
pl2dlAcc transformed BRK cells nearly as 
efficiently as wild-type region El DNA of 
Ad12 (=pAdlZRIC, Bernards et al, 1982) 
and the transformed cells are morpholog- 
ically indistinguishable from Ad12 El- 
transformed cells (not shown). Surpris- 
ingly, p12dlAos5 did not show any trans- 
forming activity, in spite of extensive 
attempts. 

Characterization of Cells Tran&rmed by 
Chimeric El Plasmids 

On the basis of the structural organi- 
zation of the adenovirus Elb region (Bos 
et d, 1981) it was expected that pST12- 
transformed cells expressed the 19kD Elb 
T-antigen of Ad12 and the 58kD Elb prod- 

uct of Ad5, while pLT12 should express the 
reverse combination of T-antigens, i.e., 
19kD of Ad5 and 54kD of Ad12. In addition 
both types of transformed cells should ex- 
press the Ela region of both serotypes. 

Expression of the Elb genes in the 
transformed cells was verified by immu- 
noprecipitation of $S]methionine-labeled 
extracts using highly specific Ad5 or Ad12 
anti-tumor sera. The same sera were used 
to immunoprecipitate T-antigens from ex- 
tracts of pAd5XhoC- or pAdlBRIC-trans- 
formed cells as controls. 

Figure 2 shows the autoradiogram of the 
10-15s SDS-polyacrylamide gradient gel 
used to separate T-antigens precipitated 
from cells transformed by pST12, pLT12, 
pAd5XhoC, and pAdl2RIC. It is clearly 
demonstrated that pST12-transformed 
cells express the Ad5 58kD plus the Ad12 
19kD T-antigens, while pLl2-transformed 
cells express the reverse combination 
of Elb proteins. Similar experiments 
were performed with pl2dlAcc-trans- 
formed cells, demonstrating that in these 
cells only the Ad12 54kD Elb T-antigen is 
expressed (not shown). Expression of Ela 
genes cannot be assayed in this way since 
these proteins are only weakly precipi- 
tated with our sera, if at all. Therefore, we 



Ad Elb TUMOR ANTIGENS IN TRANSFORMATION 49 

used the Sl nuclease RNA mapping tech- 
nique to test expression of the Ela regions. 

32P-3’-Iabeled DNA fragments derived 
from the Ad5 and Ad12 Ela regions (Fig. 
3) were hybridized to total cytoplasmic 
RNA from pST12- and pLT12-transformed 
cells. Sl nuclease-resistant DNA frag- 
ments were separated on a denaturing 
polyacrylamide gel. Cytoplasmic RNA 
from pAdfiXhoC- and pAdlZRIC-trans- 
formed cells was hybridized to the same 
DNA probes as controls. Using these 
probes the 5’ splice sites of the Ela mRNAs 
can be detected. 

Figure 3 shows the schematic represen- 
tation and the results of the Sl mapping 
experiment. Using the Ad5 Ela probe RNA 
from pAd5XhoCtransformed cells pro- 
tected the expected segments of 160 and 
298 nucleotides, respectively, against Sl 
nuclease digestion. The same fragments 
could be protected by use of RNA from 
both pST12- and pLT12-transformed cells, 
indicating that the Ad5 Ela region is 
most likely correctly expressed in these 
transformed cells. Likewise, RNA from 
pAdl2RIC-, pST12-, and pLT12-trans- 
formed cells protected the same segments 
of the Ad12 Ela probe of 339 and 432 nu- 
cleotides. These data indicate that both 
pST12- and in pLT12-transformed cells the 
Ela regions of the two serotypes are faith- 
fully expressed. Since the same amount of 
RNA was used in each experiment it seems 
that there are no major differences in the 
level of expression of the Ela regions in 
the various cells. From these experiments 
we conclude that both pST12 and pLT12 
direct the expression of the expected genes. 

Oncogenicity of Chimem’c El Plasmid- 
Transformed Cells 

Primary colonies of BRK cells trans- 
formed by pST12, pLT12, and pl2dlAcc 
were isolated and established as cell lines. 
The oncogenic potential of these lines was 
tested by inoculating lo7 or lo6 cells 
subcutaneously into adult congenitally 
athymic nude mice. The animals were in- 
spected weekly over a period of six months 
for development of palpable tumors. The 
results of these experiments are shown 

pLT12 pST12 pAdl2RlC pAd5XhoC 

*-*A 
ni 5 12 ni 5 12 ni 5 12 ni 5 12 

19- 

FIG. 2. Polyaerylamide gel electrophoresis of T-an- 
tigens precipitated from BRK cells transformed by 
pLT12 (lanes l-3), pST12 (lanes 4-6), pAdl2RIC (lanes 
7-9), and pAd5XhoC (lanes 10-12). [S5S]Methionine- 
labeled extracts of transformed cells were immuno- 
precipitated with normal hamster serum (lanes in- 
dicated: ni), Ad5 anti-T serum (lanes indicated: 5), 
and Ad12 anti-T serum (lanes indicated: 12), and sep- 
arated on a lo-15% SDS-polyacrylamide gradient gel. 
The positions of the Elb T-antigens are indicated by 
their apparent molecular weights. 

in Table 1. Data for oncogenicity of 
pAdl2RIC- and pAd5XhoC-transformed 
cells are taken from Bernards et al. (1982). 

Cells transformed by pLT12, and thus 
expressing Ad5 19kD and Ad12 54kD Elb 
T-antigens, proved highly oncogenic, while 
cells transformed by pST12, expressing 
Ad5 58kD plus Ad12 19kD Elb polypep- 
tides, were only weakly oncogenic with tu- 
mors developing after a prolonged latency 
period. These results show that the differ- 
ence in neoplastic growth potential be- 
tween Ad5- and AdlZtransformed cells in 
nude mice is determined by the large (54- 
58kD) tumor antigen of the Elb region. 



50 BERNARDS ET AL. 

4 EIa region b 

0 300 6m 900 1200 Em bp. 
Ad12 * 

RNA3 ( 
me A nu 

rn/‘-., nu 

0 3m 
Ad5 ’ 

6pl spa 12p 15po l650 

RN&. ( 
l”Z,P,l229 

/--. 1229 

Probe 

Pmtected 
regmentr 

- Ori 

- 1633 

- 516 

-396 

- 22l- 

FIG. 3. Nuciease Sl mapping of Ela RNAs in transformed ceils. 3’ end-labeled DNA fragments 
were hybridized to total cytoplasmic RNA from transformed cells, treated with Sl nuclease, and 
separated on a 5% polyacrylamide-7 M urea gel. Ad12 Ela transcripts were detected with a 706- 
bp Mb01 fragment (position 637-1343 of the Ad12 sequence). Ad5 Ela RNAs were detected with a 
483bp iVar1 fragment (position 814-1302). The Ad12 Ela probe was hybridized to total cytoplasmic 
RNA from pAdl2RICtransformed cells (lane pAdl2RIC), pST12-transformed cells (lane pST12 B), 
pLT12-transformed cells (lane pLT12 B), and in the absence of RNA (lane AdlB-RNA). The lane 
Ad12 input shows the untreated DNA probe. The Ad5 Ela probe was hybridized to RNA isolated 
from cells transformed by pAd5XhoC (lane pAd5XhoC), pST12 (lane pST12 A), and pLTl2 (lane 
pLT12 A). Controls were: the Ela probe hybridized in the absence of RNA (lane Ad5-RNA) and 
the untreated Ad5 probe (lane Ad5 input). A 32P-5’-end-labeled HinfI digest of pAT153 was used 
as a size marker (lane M). 

From the finding that plZdlAcc-trans- 
formed cells are completely nononcogenic 
in nude mice we conclude that expression 
of the 19kD gene is required for oncoge- 
nicity (compare pl2dlAcc and pAdl2RIC 
in Table 1). However, the contribution of 
the 19kD protein in oncogenicity is, in con- 
trast to that of the 54-58kD Elb T antigen, 
not serotype specific (compare pLT12 and 
pAdl2RIC in Table 1). 

DISCUSSIQN 

We have used site-directed mutagenesis 
in Ad5 and Ad12 early region 1 plasmids 
to investigate the role of the two major 
adenovirus Elb tumor antigens in onco- 
genie transformation. Two Ad12 mutant 
early region 1 plasmids, pl2dlAcc and 

plZdlAos5, were constructed, carrying 
stopcodons in the genes for the 19kD and 
54kD Elb polypeptides, respectively. Sim- 
ilarly, two Ad5 mutant plasmids were 
made with mutations in either the 19kD 
Elb gene (p5dlSac) or in the 58kD Elb gene 
(p5dlHind). These plasmids were then 
joined crosswise to form two new plas- 
mids: pST12, allowing expression of Ad5 
58kD plus Ad12 19kD Elb polypeptides, 
and pLT12 expressing Ad5 19kD plus Ad12 
54kD polypeptides. Cells transformed by 
either of these latter two plasmids express 
the intact Ela regions of both serotypes 
and manifest the typical adenovirus- 
transformed phenotype, suggesting that 
the Elb proteins of both serotypes are 
compatible at the level of transformation. 
Plasmids pl2dlAcc (19kD deficient) was 
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found to transform BRK cells to a level 
comparable to that obtained with wild-type 
region El DNA of Ad12 (=pAdl2RIC), 
while p12dlAos5 (54kD deficient) did not 
transform BRK cells at all. This latter 
finding is somewhat unexpected since we 
have previously shown (Jochemsen et ak, 
1982) that the Ad12 Hind111 G fragment 
(O-7.2’%) does transform BRK cells, albeit 
at a reduced frequency. Possibly, this dif- 
ference can be explained by the fact that 
the Ad12 Hind111 G fragment codes for a 
larger truncated 54kD Elb polypeptide 
(16kD) than the p12dlAos5 plasmid (10kD). 
If this explanation is correct it would mean 
that normal transformation can only be 
obtained in the presence of 54kD Elb T- 
antigen or a sufficiently large N-terminal 
segment. Consistent with this view is the 
finding that the pl2dlAcc-transformed 
cells are morphologically identical to wild- 
type El-transformed cells, so that our 
previous conclusion that morphological 
transformation is a function of the 19kD 
Elb T-antigen (Schrier et aL, 1979) is pre- 
sumably not correct. 

Recently, we have shown that cells 
transformed by Ad5 Ela/Adl2 Elb hybrid 
plasmids are highly oncogenic in nude 
mice, while cells transformed by Ad12 Ela/ 
Ad5 Elb plasmids proved only weakly on- 
cogenic (Bernards et aL, 1982). This sug- 
gests that oncogenieity of adenovirus- 
transformed cells in nude mice is deter- 
mined by one or more of the Elb genes. 
Our present results allow us to draw fur- 
ther conclusions on the function of the ad- 
enovirus Elb tumor antigens in oncogenic 
transformation: First, the finding that cells 
transformed by pl2dlAcc, expressing only 
the 54kD Elb T-antigen, are completely 
nononcogenic in the nude mice system 
shows that expression of the 19kD Elb 
polypeptide is required for oncogenicity of 
the transformed cell. Since cells trans- 
formed by the Ad12 Hind111 G fragment, 
which lack an intact 54kD Elb T-antigen, 
are also nononcogenic in nude mice (Jo- 
chemsen et al, 1982) we conclude that both 
Elb tumor antigens play an important role 
in oncogenesis of the transformed cell. 
Second, the difference in oncogenic poten- 
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tial between Ad5- and AdlZ-transformed 
cells is encoded by the large (54-58kD) Elb 
tumor antigen. This is demonstrated by 
the finding that pST12-transformed cells 
(expression of 19kD Ad12 plus 58kD Ad5 
Elb genes) are very weakly oncogenic in 
nude mice, while cells transformed by 
pLT12, expressing the reverse set of Elb 
T-antigens, are highly oncogenic. Since 
cells transformed by pLT12 display the 
same high oncogenic potential as cells 
transformed by the Ad12 El region, we 
conclude that the origin of the 19kD pro- 
tein has no serotype-dependent influence 
on oncogenicity in nude mice. 

Comparison of the predicted primary 
structure of the Ad5 and Ad12 54-58kD 
Elb proteins (Bos et u& 1981) reveals that 
these proteins are considerably homolo- 
gous with identical amino acids in 48% of 
the positions. The region of highest se- 
quence divergence is found in the N-ter- 
minal part (amino acid 24-120) of the pro- 
teins, where homology drops below 20%. 
Whether the difference in biological prop- 
erties of the proteins is determined by this 
N-terminal region is not known. An in- 
teresting question is whether the differ- 
ence in oncogenicity of the various ade- 
novirus serotypes in newborn hamsters is 
solely dependent on the nature of their 
transforming region, and more in partic- 
ular of the large Elb tumor antigen, or 
whether the remaining 90% of the genome 
also has an influence on oncogenicity. To 
answer this question we have recently con- 
structed an Ad5 virion expressing Ad12 
Elb instead of Ad5 Elb. Preliminary ev- 
idence suggests that, although this hybrid 
virus is fully viable, it is nononcogenic in 
newborn hamsters (Bernards et aL, manu- 
script in preparation), suggesting that on- 
cogenicity of infectious virions is depen- 
dent on either other or additional factors 
compared to oncogenicity of transformed 
cells. 
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