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OBJECTIVES
.(the overall goal of the project is to study the genomic structure of Adeno-

virus prototype strains 4, 7 and 21 using several restriction endonucleases and
compare their characteristic cleavage maps with those of the corresponding vac-
cine strains. These three serotypes of adenovirus have been shown to be involv-
ed in respiratory diseases among military recruits. Serotype 4 differs from 7
and 21 in that it does not produce tumor in animals, whereas 7 and 21 induce
tumors at a moderate frequency. The purpose of the investigation is to develop
a non-oncogenic recombinant strain in which the immunogenic regions of Ad7 (or
Ad2l) is preserved and the oncogenic region of Ad7 is substituted with the cor-
responding region from Ad4. The goal is feasible in view of the fact that the
oncogenic and immunogenic regions have been shown to reside in different parts
of adenovirus genome.

A second objective of the project is to develop a plaque assay for titer-
ing the infectivity of Ad4, 7 and 21 vaccine strains in the forms of enteric
coated capsules./.

INTRODUCTION

Human adenoviruses have been classified under DNA Tumor Virus Group since
they produce tumor in newborn hamsters. However, there is no evidence so far
to link them as causative agents in human cancers. All humanadenoviruses, ex-
cept probably Ad4 (since the data on Ad4 is lacking), can transform rat embryo
cells in vitro and the transformed cells are tumorigenic when injected to new-
born hamsters. All early experiments on in vitro transformation of adenoviruses
were conducted with cells of non-human origin, such as rat embryo, and the diffi-
culty of using human cells was due to the permissiveness of the cell for the re-
plication of the virus. However, it was shown by Graham et al. (Ref. 1) that shearedAd5
DNA could transform human embryonic kidney cells in vitro. The resulting trans-
formed cells (293 cells) are now used for (1) isolating mutants of Ad5 defective
in transformation due to the presence of integrated left-end of Ad5 DNA in 293
cells complementing the defective genes for transformation in the mutant (such
mutants being unable to replicate in other human cells such as the HeLa or human

-.) KB cells); and (2) use as a host for superinfection by other adenovirus sero-
types and titering their infectivities by plaque assay.

The conventional techniques for identification of adenovirus types are hema-
agglunination inhibition and neutralization of infectivity. These techniques rely
on reaction of antibodies with antigenic determinants on gene products which rep-
resent limited regions of the genome. Another approach for the identification of
adenovirus types is based on the characteristic restriction endonuclease cleavage
patterns exhibited by DNA from each serotype.

RATIONALE

The purpose of the project is to establish an alternate classification of
sero-subtypes of adenoviruses based on restriction enzymes on the genomes of the
vaccine strains of Ad4, 7 and 21. It is important to isolate transformation-
defective vaccine strain of adenovirus because (1) it has been shown that wild
type sheared Ad5 DNA can transform human cells in vitro; and (2) Ad7 and Ad2
form, during their infection, large proportion of incomplete virus particles
containing DNA with the oncogenic region intact and hence potentially capable
of transforming human cells during the gastrointestinal infection by the live
enteric coated capsules.

• 
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PROGRESS REPORT

A. Summary of the two annual reports submitted earlier

1. Adenovirus Type 7 (Greider Strain) was grown in human KB cells. The
_. virions were purified by CsCl equilibrium centrifugation, the DNA was extracted
X and purified. The viral genome was analyzed by restriction endonucleases EcoRI,
% BamHI, SmaI, HpaI, BclI, BstEII, and KpnI. The restriction endonuclease pat-
.- terns of the viral DNA was compared with those of three Ad7 subgroups published

by Wadell and Varsanyi. Patterns we obtained by cleaving Ad7 with Sail, HpaI,

BamHI and SmaI were identical to those obtained with strain 1059 and strain
SS. 42 (Ad7 vaccine strain) reported by Wadell and Varsanyi. However, EcoRI
pattern of Ad7 (Greider) was different from strain 1059 and 55142 in that one
site mapped at 85.4 units from the left end of the DNA is missing (Ref. 2, 3).

2. DNA sequence at the inverted terminal repetition of Ad7 DNA was analyzed
in order to compare Ad7 (Greider) with Ad3 DNA, another member of "weakly onco-
genic" group (B). Ad2 (and Ad5) member of non-oncogenic group (C) and with Ad12,
member of "highly oncogenic" group (A) of human adenoviruses. Our results indi-
cate that the length of the inverted terminal repetition of Ad7 (Greider) is iden-

'- tical to Ad3, but different from Ad2 (or Ad5) and Ad12 (or Ad18). The nucleotide
sequence homology in this unique region between Ad7 and Ad3 is 95% (Ref. 4).

3. We purified the Ad7 DNA-protein complex to establish conditions for
... -DNA-transfection in Human Embryonic Kidney cells in vitro. We labeled the pro-

tein moiety with 1251 on tyrosine residues. We discovered that tyrosine-labeled
. ~ peptide was still found to be covalently attached to the DNA even after pronase

and protease K treatments. This finding enabled us to develop a highly sensitive
method to label DNA from human adenoviruses at their termini and physically map
the viral genome with several restriction endonucleases. The use of this method
in physical mapping is demonstrated by constructing the physical map of Ad7
(Greider) cleaved with BcI (Ref. 5).

4. A sensitive method was developed in our laboratory to label the 5' ter-

mini of Ad DNA which was found to be applicable to Ad7, Ad4 and Ad12 DNA due to
the presence of a tyrosine-containing peptide covalently attached to these DNA
molecules. We used this method to map the cleavage siges of Ad7 (Greider) DNA
with ten restriction endonucleases (EcoRI, HindIII, BamHI, BcII, BstEII, XbaI,
Smal, B KpnI, XhoI) (Ref. 3).

5. Ad7 vaccine strain was passaged in 293 cells and then grown in large
amounts in suspension cultures of KB cells. The DNA was extracted and purified.
Restriction enzyme analysis of vaccine and Greider Ad7 strains revealed that the
two strains gave identical cleavage patterns with 8 restriction enzymes.

6. Ad4 prototype strain (ATCC) have been passaged in 293 cells and then
grown in large amounts in suspension cultures of human KB cells. The DNA from
these virions have been extracted and purified. Using our sensitive method of
terminal labeling, we have mapped the terminal restriction fragments of Ad4
(ATCC strain) with several restriction enzymes. We have also mapped the cleav-
age sites of 9 restriction endonucleases (see Section B) (See ref. 6).

7. Ad2 vaccine strain has been passaged in 293 cells and then the virus
was grown in KB cell suspension cultures. We are currently in the process of
isolating the DNA and analyzing its genomic organization with several restric-
tion enzymes.

6
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8. We analyzed the efficiencies of different protocols for titering the
live Ad vaccine strains Ad4, Ad7 and Ad2l present in enteric coated tablets.
We used HeLa cells, 293 (human embryonic kidney cells transformed by Ad5), KB
cells and 549 cells as the host. We found that 293 cells are the most suitable
for the plaque assay of these viruses. We compared different prot~cols for the
overlay medium used in the titration procedure such as the high Mg4+ concentra-
tion (Williams, 1970), dimethyl sulfoxide alone, and dimethyl sulfoxide in the
presence of 0.01% DEAE-dextran (McCown et al., 1979). From our studies, it is
evident that a combination of 1% DMSO and 0.01% DEAE-dextran is the most effec-
tive in enhancing the plaque formation in 293 cells. We have recently obtained
evidence that an overlay containing 1% DMSO and 0.01% DEAE-dextran enhances the
transfection of Ad7 DNA into 293 cells (Ref. 9).

B. Progress report (Feb. 3, 1981 - Aub. 31, 1981)

1. Physical mapping of Ad4 prototype strain (ATCC) with nine restriction

endonucleases Tsee Fig. 1)

At the time the annual progress report was prepared, we had just
started the physical mapping of Ad4 DNA (prototype strain) and we had completed
only the estimation of the sizes of the terminal fragments using the novel ter-
minal labeling technique developed in our laboratory. Since then, we have com-
pleted the physical map of Ad4 DNA with 9 restriction endonucleases.

The methodology used to map the cleavage sites of the restriction enzymeon Ad4 DNA is the same as described for Ad7 (Greider) or Ad7 (vaccine) DNA des-

cribed in detail in the second annual Progress report (page 5).

Sizes of the terminal fragments generated by each restriction enzyme

[12 51]labeled Ad4 DNA was digested with various restriction enzymes -
BclI, HindIII, EcoRI, Hpal, XbaI, KpnI, XhoI, BamHI, and BstEII. The ethiduim
--r-mide--Tuorescence of-(NA fragments was-photo-graphed an-l 2 51 ] radioactivity
was detected by autoradiography. From these data it was possible to calculate
the sizes of the DNA fragments generated by each restriction endonuclease and
in addition, to detect the labeled terminal fragments. Since BclI cleaves Ad4
DNA only once at 86.9 map units, by cleaving the labeled BclI-Aand B fragments

,- *~with each restriction enzyme, it was possible to deduce t e--orientation of the
terminal fragments with reference to BcI-A or B terminus.

The physical map of all the cleavage sites of each restriction enzyme was
deduced by mixed hydrolysis of Ad4 DNA with 2 restriction endonucleases, the
cleavage sites of one of which had already been deduced unanbiguously. The sizes
of the DNA fragments generated in the mixed hydrolysis are given in Table 2.
In some cases, the physical map deduced by mixed hydrolysis of Ad4 DNA with 2
restriction enzymes, was confirmed by the technique of partial hydrlysis of a
single-end labeled DNA fragment with a restriction enzyme (Fig. 1).

nz 2. DNA sequence analysis at the inverted terminal repetitions of Ad4 DNA

The rationale for analyzing the nucleotide sequence at the termini of
Ad4 DNA comes from our previous studies on the comparative sequence analysis of
inverted terminal repetitions of DNA from an adenovirus serotype from each of

-.the three groups; A (highly oncogenic), B (weakly oncogenic), and C (non-onco-
4 genic). There seemed to be a correlation between the length of inverter terminal

repetition (ITR) of an Ad serotype and its oncogenicity in newborn hamsters.

, . . * * . . ~ . * . ~ . ~ . . . - S . .5. . . . . . . - S S . .7
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The ITR is shortest in non-oncogenic (Ad2 and Ad5) serotypes (103 base-pairb)
and longest in highly oncogenic (Ad12 and Ad18) Ads. The length of ITR for the

S waekly oncogenic group B (Ad3 and Ad7) falls in the middle (136 base-pairs).
Ad4 has been reported to be non-oncogenic but it is classified into a unique
group E from the DNA-DNA homology data. The length of the ITR has been deter-
mined by us by sequence analysis to be 118 base-pairs (Fig. 2). Although the
length of ITR of Ad4 DNA is smaller than those of weakly oncogenic Ad3 and Ad7,
it is greater than group C Ads, 2 and 5. The significance of this finding is
unknown at present.

FIGURE 2
10 20 30 40 50 60 70

5' CTATCTATAT AATATACCTT ATTTTTTTTG TGTGAGTTAA TATGCAAATA AGGCGTGAAA ATTTGGGGAT
120 130 140

TAAC TGATGTGTTT AACGGTTGAC
o 90 100 110 /

GGGGCGCGCT GATTGGCTGT GACAGCGGCG TTCGTTAGGG GCGGGG

.CAGG TGACGTTTTG ATGACGCGAC

GGAATTTTG .......... L

TAT ................ R

Sequence at the inverted terminal repetition of Ad4

9

I



Table I. Restriction fragments of Ad4 (VR-4) strain

' a Bg-_ __ _ _ _ _

9- Bcl HindIII EcoRI HpaI XbaI KpnI BamHI XhoI BstEII

r rA 86.9 53.9 40.4 37.6 62.7 38.4 24.4 25.5 32.3

B 13.1 r 28 .7r 30.1' 23 .6r 16.91 24.6 19.1 r 23.2 24.9

C 17.41 17.0r 19.91 10.1 14.5 19.0 15.4 21.7

D 12.5 18.9 2.3 13.11 13.0 10.71 4.81

E 6.6r  11.5 8.0 3.9

F 2.8 5.91 5.2 3.5

G 4.4 5.2 2.9

H 2.7 4.9r 2.4

I 2.9 1.8

J 1.8

1, r left and right terminal fragments, respectively. These were identified by autora-

diography of 1251 labeled DNA digest. Fragment lengths were estimated by electrophoretic

mobility compared to fragments of known sizes. These numbers are expressed as "% of

genome length."
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