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In order to establish whether the poor growth of the two fastidious adenoviruses types 40 and 41 (Ad40 and Ad41) 
in HeLa cells is due to a reduced Vans-activation by the early region 1A (El A), we have determined the trans-activating 
effect of this region on the expression of the chloramphenicol acetyltransferase (CAT) gene controlled by the Ad2 E4 
promoter. Cotransfection of HeLa cells with plasmids containing the ElA regions of Ad5, Ad40, and Ad41, respectively, 
and the CAT gene controlled by the Ad2 E4 promoter showed that activation of the E4 promoter by the ElA regions 
of Ad40 and Ad41 depends on the same sequence elements of the E4 promoter as activation by the Ad5 ElA gene 
products. The level of activation, however, is significantly lower. This might partly explain the reduced growth in HeLa 
Cek of the two ViruSeS. 0 1997 Academic Press. Inc. 

The human adenoviruses 40 and 41 (Ad40 and Ad41) 
grow very poorly in cell lines normally used for the 
propagation of adenoviruses (e.g., HeLa cells) (7). 
However, these fastidious viruses grow to some extent 
(2, 3) in the Ad5transformed human embryonic kidney 
(HEK) cell line 293 (4) which contains and expresses 
the Ad5 early region El. This suggests that the multi- 
plication block of Ad40 and Ad41 in HeLa cells, prob- 
ably situated early in the productive cycle (6) is due to 
a disability of the Ad40 and Ad41 El regions or their 
gene products to function properly in HeLa cells. 

The El region of human adenoviruses consists of 
two transcriptional units, the subregions ElA and El 6 
(6). Both these regions are involved in cell transfor- 
mation (7). Previously, we showed that the left terminal 
12 and 11% of the Ad40 and Ad41 genomes, respec- 
tively, are able to transform rodent cells in vitro (8). 
Thus, in this respect the El regions of these viruses 
are essentially similar to those of other human ade- 
noviruses. Region ElA gene products have also been 
shown to stimulate the transcription of the other early 
viral regions El B, E2, E3, and E4. This El-mediated 
trans-activation is an essential function in the produc- 
tive cycle of adenoviruses (9- 73). 

The El A gene products probably do not interact di- 

rectly with the promoter/enhancer sequences of the 
trans-activated genes, but raise the concentration of 
transcription factors (74, 75) or decrease the level of 
inhibitov factors (76). In the case of the E4 promoter 
the transcription is strongly dependent on the ElA gene 
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product, which results in a low level of transcription 
when the El A gene is not present (77). The E4 pro- 
moter region is located at the right terminus of the Ad2 
genome with the cap site at 329 bp from the end of 
the Ad2 DNA. The trans-activation of the E4 promoter 
by the Ad2 and Ad5 EIA gene product is dependent 
on two sequence elements between positions - 179 
to -158 and positions -239 to -218 relative to the 
start of the transcription of the E4 gene (78). Deletion 
of one such element does not affect the ElA trans- 
activation of the E4 promoter. Deletion of both up- 
stream sequences, however, strongly reduces the El A 
trans-activation. Both these regulatory elements con- 
tain an octanucleotide sequence that is also present 
in the upstream elements critical for the ElA trans- 
activation of the E2 and E3 promoters (78). 

The poor growth of the fastidious adenoviruses in 
HeLa cells could be due to a relative inability of their 
El A genes to trans-activate other early viral genes. We 
therefore decided to study the trans-activation of the 
Ad2 E4 promoter by the Ad40 and Ad41 El A genes in 
both the human HeLa cells, in which Ad40 and Ad41 
replicate poorly, and in baby rat kidney (BRK) cells, 
which can be transformed relatively easily by the Ad40 
and Ad41 El regions. For that purpose we used the 
following plasmids: pE4CAT, in which the chloram- 
phenicol acetyltransferase (CAT) gene is placed un- 
der control of the whole E4 promoter region; 
pE4CAT(-179) which lacks the sequence upstream 
from position -179, including one of the regulatory 
elements; and pE4CAT(-89) in which the sequences 
upstream from position -89 are deleted, including both 
regulatory elements (77, 78). The extent of trans-acti- 
vation of the E4 promoter by the adenovirus El A gene 
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products can be determined by measuring the transient 
expression of CAT activity after transfection of these 
plasmids into either HeLa cells cotransfected with 
plasmids carrying the ElA region of Ad5, Ad40, or 
Ad41, or BRK cells that are transformed by the Ad40 
and Ad41 El region. The last assay system is com- 
parable to the Ad5-transformed HEK cells (293 cells) 
used by others (17). 

In a control experiment untransformed BRK cells and 
HEK cells, and HeLa cells not cotransfected with the 
El A plasmids, were transfected with pE4CAT(- 179) 
and pE4CAT(-89), respectively. Cells were grown as 
described before (8). Transfection was performed es- 
sentially as described (19-21). Cells were plated at 2.5 
X 1 O6 cells/cm2 in 1 O-cm dishes and the medium was 
refreshed after 24 hr. Four hours later the cells were 
transfected with the plasmid using the calcium phos- 
phate coprecipitation procedure (21). A 3-min glycerol 
shock (15% in HEPES-buffered saline (79, 20)) was 
given 3.5 hr after the precipitate was brought onto the 
cells. After 40 hr the transfected cells were harvested 
and CAT assays were performed as described (22). As 
shown in Fig. 1 the E4 promoter is activated in BRK 
cells as is pE4CAT(-179) which contains only one of 
the elements required for the activation by the Ad2/5 
ElA region. In contrast, pE4CAT(-89), which lacks 
both these elements, is activated very weakly in the 
primary BRK cells. In HEK or HeLa cells the E4 promoter 
is not activated, as was reported before for HeLa cells 
(17). The finding that the E4 promoter is activated in 
primary BRK cells in a way that is dependent on the 
same regulatory elements as is the E 1 A Vans-activation 
indicates that in contrast to HeLa cells BRK cells are 

BRK HEK HELA 

-A 

3‘ -A 
‘-C 

-C 
;, 2’ 

1 2 3 1 2 3 1 2 3 

FIG. 1. Activity of the Ad2 E4 promoter in primary BRK, HEK, and 
HeLa cells. CAT assays were used to measure the promoter activity. 
A 150-~1 lysate was made from cells of one 1 O-cm dish (see text). 
Half of the lysate was incubated in 150 /II assay buffer (250 mn/rTris. 
pH 7.4) with 4 mM acetyl-CoA and 0.25 FCi of [‘4C]chloramphenicol 
(50 nCilmM) for 1.5 hr. Acetylated (A) and nonacetylated (C) chlor- 
amphenicol were separated by ascending thin-layer chromatography 
(22). The plasmids pE4CAT (lanes 1). pE4CAT(-89) (lanes 2) and 
pE4CAT(-179) (lanes 3) were used in the transfection (see text). 
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FIG. 2. Activity of the Ad2 E4 promoter in HeLa cells transfected 
with the El A regions of Ad5, Ad40, and Ad41, respectively. CAT 
assays were used to measure the promoter activity. Transfections 
and CAT assays were performed as described in the text and Fig. 
1. The plasmids pE4CAT (lanes l), pE4CAT(-89) (lanes 2) and 
pE4CAT(-179) (lanes 3) were used in the transfection (see text). 
Acetylated (A) and nonacetylated (C) chloramphenicol are indicated. 

in a permissive state for these regulatory elements. 
This finding supports the assumption that the upstream 
elements are regulated by cellular factors that modulate 
the enhancer activity (18). The BRK cells resemble F9 
embryonal carcinoma cells in the aforementioned re- 
spect. Undifferentiated but not differentiated F9 cells 
allow adenovirus early gene expression in the absence 
of the El A region (23, 24). 

The permissive state of primary BRK cells renders 
Ad40 and Ad41 transformed BRK cells unfit for use in 
an assay of the El A-mediated Vans-activation of the 
E4 promoter. The transcriptional activation by the ElA 
regions of Ad5, Ad40, and Ad41 was therefore assayed 
only in HeLa cells which were cotransfected with the 
E4CAT plasmids and El A plasmids carrying the left 
terminal Ad5 Pstl fragment (5.0%) the left terminal 
Ad40 &/I fragment (4.8%) (25) orthe left terminal Ad41 
Sacll fragment (4.0%) (van Loon et a/., manuscript in 
preparation). Ten micrograms of the ElA plasmid to- 
gether with 10 pg of pE4CAT, pE4CAT(-179) or 
pE4CAT(-89) were used to transfect the cells and CAT 
assays were performed. The results are presented in 
Fig. 2. Both pE4CAT and pE4CAT(-179) are activated 
by the ElA regions of Ad5, Ad40, and Ad41. However, 
no activation of pE4CAT(-89) could be detected. This 
shows that the trans-activation by the El A genes of 
Ad40 and Ad41 depends on the presence of upstream 
sequences in a region that is also required for the trans- 
activation by the Ad5 E 1 A gene product. 

The Vans-activation of the different ElA regions was 
quantitated by measuring the 14C radioactivity present 
in the acetylated and nonacetylated forms of chlor- 
amphenicol and calculating the percentage of the orig- 
inal input of the chloramphenicol which was converted 
into the acetylated form. Three different experiments 
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with three different isolates of the plasmids were com- 
pared. The relative amount of acetylated chloram- 
phenicol produced by extracts from cells transfected 
with the Ad5 ElA region and pE4CAT was 37 + 5%. 
Trans-activation of pE4CAT by the Ad40 and Ad41 E 1 A 
resulted in 8 f 6 and 8 + 2% acetylated chloramphen- 
icol, respectively. The background level was less than 
1 O/O. The low level of Vans-activation could be due to 
a poor expression of the Ad40 and Ad41 ElA genes 
in HeLa cells, or to a relative inability of the Ad40 and 
Ad41 ElA polypeptides to regulate either the Ad2 E4 
promoter or the cellular factors that presumably me- 
diate the Vans-activation by the El A gene product. Al- 
though more work is needed to completely understand 
the relation between the functioning of the Ad40 and 
Ad41 ElA genes in HeLa cells and the fastidious 
growth, our observation supports the notion that a 
malfunctioning of the Ad40 and Ad41 ElA genes or 
their products in HeLa cells is at least one of the factors 
responsible for the fastidious growth characteristics. 
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