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SUMMARY

Detailed cleavage maps of the left part of adenovirus type 12 DNA by
restriction endonucleases Accl, Haelll, Hhal, Hind1l, Hinfl and Hphl
were constructed by analyzing redigestion products and partial digestion
products and by the DNA-DNA hybridization.

INTRODUCTION

The transforming genes of human adenovirus (Ad) 12 reside in a small
region of the left end of the viral genome, and restriction fragments derived
from the left end can transform cells (1, 2). The nucleotide sequence of
the transforming Hind III-G fragment of Adl2 DNA, the left 6.8% of the
genome, has been determined, providing highly detailed cleavage maps by
various restriction endonucleases (3, 4). However, a more progressive map-
ping of the right region next to the Hind IlI-G, is required to analize the
structure and the function of the entire early region E1 and to characterize
the viral genes integrated into tumor and transformed cells induced by the
Ad12 DNA and Adl12 DNA fragments (3).

In this paper, detailed cleavage maps of the left part of Adl2 DNA
with various restriction endonucleases (EndoR) were constructed by analyzing
redigestion products and partial digestion products and by the DNA-DNA
hybridization.

MATERIALS AND METHODS

Virus and viral DN As
The Huie strain of Ad12 was grown in KB cells and viral DNA was
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isolated from purified virions as described by Green and Pina (5, 6). To
prepare ®P-labeled Ad12 DNA, KB cells were infected in phosphate-free
Eagle’s minimum essential medium containing 100 #Ci/ml [*P]}-orthophosphate
and 5% dialyzed calf serum, as described previously (7). The specific activity
of Ad12 [*#P]-DNA was 1x10°—2x10°® cpm/pg.

Restriction endonuclease digestion and gel electrophoreses

Eco RI and Hind II were purchased from Boehringer Mannheim. Acc],
Haelll, Hhal and Hinfl were kindly provided by Dr. Mituru Takanami,
Kyoto University. HindIII and Hphl were purified from Hemophilus
influenzae Rd strain (8) and Haemophilus parahaemolyticus (9), respectively.

Reaction buffers for enzyme digestion were as follows: AccI {10 mM
Tris-HCl (pH 7.5), 5mM MgCl,, 50 mM KCl, 5mM B-mercaptoethanol] ;
Haelll and Hhal [50 mM Tris-HCI (pH 7.5), 5 mM MgCl,, 0.5 mM dithio-
threitol] ; Hind II [10 mM Tris-HCl (pH 7.9), 6.6 mM MgCl,, 60 mM NaCl,
1mM dithiothreitol] ; Hind Il {20 mM Tris-HCl (pH 7.6), 7mM MgCl,,
60 mM NaCl, 7mM g-mercaptoethanol] ; HinfI [10 mM Tris-HCI (pH 7.5),
5mM MgCl,, 5mM g-mercaptoethanol] ; HphI [10 mM Tris-HCl (pH 7.4),
10 mM MgCl,, 10 mM g-mercaptoethanol] ; Eco RI [0.1 M Tris-HCl (pH 7.5),
10 mM MgCl,, 50 mM NaCl]. »

Digestion of Ad12 DNA and purification of DNA fragments were carried
out as described (10). Agarose gel and polyacrylamide gel electrophoresis
were ‘carried out as described previously (11).

Agarose gel was dried over steam heat on a Toyo 514 paper as described
by Maizel (12), and then autoradiographed on a sheet of Kodak X-ray film.
Saranwrap-covered polyacrylamide gel was placed facing a sheet of Kodak
X-ray film, sandwiched between two glass plates, and exposed at 4°C.

End labeling of Resiriction Fragments

Termini of resulting fragments were labeled with %P either by poly-
nucleotide kinase reaction for 5 ends (13) or by T4 DNA polymerase reaction
for 3’ ends (14) as described by Sugisaki ez al. (4).

Southern’s Hybridization

Southern’s hybridization was performed as follows: After gel electro-
phoresis, Hind II fragments of Ad12 DNA were transferred to a nitrocellulose
membrane filter by Southern’s technique (15), and hybridized with 3?P-labeled
probes in 2ml of hybridization buffer containing 0.2 M Tris-HCl (pH 7.9),
0.6 M NaCl, 0.02M EDTA, 0.5% SDS and 502, formamide at 37°C for 40 hr
(16, 17). The filter was washed, air-dried and autoradiographed. %P-labeled
probes were prepared by in vitro nick-translation (18) as described (17).
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RESULTS AND DISCUSSION

Cleavage maps of Adl2 DNA with Eco RI (19) and HindIIl (20) have
been determined, and'those of the left end 18.2% of Ad12 DNA are sum-
marized in Fig. 1. These are useful for detailed mapping of the transforming
gene.
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Fig. 1. Cleavage Maps of the Left end of Ad 12 DNA
with Eco RI and Hind I11.

The location of HphlT cleavage sites in Adl2  HindIII-I and -F frag-
ments were determined by analyzing the partial digestion of labeled fragments
with #P at one end. A partial digestion in which all of the partial products
are adequately represented is essential for the site mapping. The conditions
for this are determined by analyzing a number of early time points in a
reaction, so constituted as to reach completion. An example of optimal con-
dition is shown in Fig. 2. 4

For reaction site mapping analysis the Eco RI-C fragment now labeled
at only left of its 3’ termini partially digested with HphI and products were
electrophoresed. Reading from the labeled terminus there were eight Hphl
sites at 2.0, 3.2, 3.5, 3.7, 4.9 and 6.5 —these six map positions agreed perfectly
with the sequencing data of Adl12 Hind HII-G fragment, and then 11.5 and
11.9— these two map positions were located within the Hind III-F (Fig. 2 a).
Indeed, Adl12 Hind III-I fragment was not cleaved with Hphl (data not
shown).

The HindIII-F labeled with %P at both 3’ termini was cleaved with
EcoRI for analyzing detailed cleavage sites within the Hind III-F. Sizes of
partial products from 10.9 to 16.2 map position were 0.6, 1.0, 1.3, 1.6, 4.1,
4.3 and 5.3 map units (m.u.) (Fig. 2b). Also sizes of partial products from
16.2 to 18.2 map position were 1.0 and 2.0 m. u. (Fig. 2b). Therefore, the
above results showed that there were seven HphlI sites at 11.5, 11.9, 12.2,
12.5, 15.0, 15.2, and 17.2 map positions.

Hind 11 digestion of Adl12 DNA yielded fifteen fragments and their
molecular sizes are summarized in Table 1. The order of Ad12 HindII
fragements along the viral genome was determined by filter hybridization
(Table 2). Adl2 HindIII fragments G, I, F and B were labeled in vitro
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by nicktranslation and hybridized with Ad12 Hind II fragments and Hind
II- Hind III double digestion fragments immobilized on nitrocellulose mem-
brane filter. Ad12 Hind Il fragments E and C hybridized with Hind III
fragments (G+1I) and (I4F4-B), respectively. Thus, the order of the Hind
II fragments was determined as EC. Ad12 Hind II fragments C, D, N and 0
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Fig. 2. Partial digestions of end-labeled Ad 12
DNA fragments by Hph I.

(a) End-labeled Ad 12 [32P] DNA (1 zg) was entirely cleaved with Eco RI. End-
labeled Eco RI-C fragments were isolated by a 14% agarose gel, and was
partially cleaved with 0.08 units of Hph1 at 37°C for 10 min. The digestion
products were electrophoresed in a 14% agarose slab gel (0.3X16X22cm) at
45V for 16 hr. Marker fragments were Ad 12 Hind I1I fragments.

(b) End-labeled Ad 12 [32P] Hind III-F fragment (1 /zg) was completely cleaved
with EcoRI. The left and right fragments of Hind III-F were isolated by
a 14% agarose gel, and were partially cleaved with 1.14 units and 0.36 units
of Hph1 for 10 min at 37°C, respectively. Each digestion product was elec-
trophoresed in a 14% agarose slab gel (0.2X16X22 cm) at 40 V for 14 hr.



48

T. KIMURA et al.

Table 1. Relative Size of Ad 12 DNA
Fragments Produced by Cleav-
age with Endo R Hind IT

Products Relative size (m.u.)

18.0
12.0
11.5
10.3
9.8
6.7
6.6
5.4
4.9
3.8
3.3
31
21
1.9
038
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The molecular size of each fragment was estimated from
the relative mobility in agarose gel electrophoresis using
Ad 12 Hind 11 fragments as size markers.

Table 2. Hybridization of 2P-labeled Ad 12 Hind III
Fragments G, I, F and B with Ad 12 Hind II
and Hind II-Hind III Fragments

32P-labeled probe Hybrized with
Fragments Hind 11 Hind 11~-Hind 111
Hind ITI-G E
-1 E, C
-F C
-B C,D,(N,O0r N, O
EC(N OD

Nick-translated Ad 12 Hind III fragments G, I, F and B were
annealed to Ad12 Hind II and Hind II-Hind 111 fragments
on the nitrocellulose filter, and hybrids were detected by
autoradiography. a: These two fragments could be barely
detected for the high background.
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hybridized with the HindIII-B. The order of C, D, N and O was deter-
mined by hybridization of the Hind II-B with Adl12 Hind II-Hind IIL
fragments. The Hind III-B hybridized with two Hind II- Hind III fragments,
corresponded to the Hind II-N and -O, indicating that the Hind II-N and
-O were located within the HindIII-B. Therefore, the order of Ad12
Hind 1I fragments was determined to be EC (N, O) D.

The location of Accl cleavage sites in A d12 Hind III fragments I and
F were determined by analyzing double digestion products and partial diges-
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Fig. 3. Gel electrophoretic patterns of digests at Ad 12 Eco RI

fragment C and Hind III fragments G, I and F.
In wvivo labeled Ad 12 [32P] DNA (1.85%X10 cpm//zg) was digested completely with
Eco Rl and Hind 111, and then each fragment was purified. In vivo labeled Ad 12
EcoRI fragment C and Hind III fragments G, I and F were cleaved with 2.0 units
of Accl at 37°C for 5hr. The digestion products were separated by a 1.4% agarose
gel electrophoresis for 13 hr at 40 V. Bands were labeled as A, B, C, D, E and
F for complete digestion fragments.
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tion products. Adl2 EcoRI fragment C and Hind III fragments G, I and
F were redigested by Accl, and separated by agarose gel electrophoresis
(Fig. 3). Accl cleaved the HindIII-G into two fragments, Hind III-G/
AccI-A (4.7m.u) and Hind II-G/AccI-B (2.1 m.u). The sequence of
Adl12 Hind II-G showed that Accl cleavage site in the Hind III-G was
located at 4.7 map position, and this was consistent with the above results.

Accl cleaved the Eco RI-C into six fragments, Eco RI-C/AccI-A (5.8
m. u.), Eco RI-C/Acc1-B (4.7m.u.), EcoRI-C/AccI-C (3.2 m.u.), EcoRI-C/
AccI-D (1.7 m.u), Eco RI-C/AccI-E (0.7 m.u.) and Eco RI-C/AccI-F (0.1
m.u). Accl cleaved the Hind III-I into four fragments, Hind III-I/Acc I-A
(1.7m.w), HindTI-T/AccI-B (1.1 m.u), HindII-I/AccI-C (0.7 m.u) and
Hind -1/ AccI-D (0.6 m.u.). The Hind III-I/AccI-A and the Hind III-1/
AccI-C had the same size as the Eco RI-C/AccI-D and the Eco RI-C/
AccI-E, respectively. This showed that these two fragments (1.7 m.u.
and 0.7m.u.) were located within the HindIII-I. However, the Hind
II1-1/Acc I-B and the Hind 1II-1/AccI-D did not have the same size as Eco
RI-C/Acc1 fragments, showing that these two fragments were located at
the right and left ends of the HindIII-I. The sum of the Hind lII-G/Acc
I-B and the HindIII-I/AccI-B was 3.2m.u. and agreed with the size
of the Eco RI-C/Acc1-C. Since the HindIII-G/AccI-B is adjacent to the
left end of the HindIII-I, the Hind I-I/AccI-D and the Hind III-I/Acc
I-B were determined to be located at the right and the left ends of the
Hind III-1, respectively. Accl cleaved the Hind III-F into two fragments,
Hind lII-F/AccI-A (5. 2 m. u.) and Hind II-F/AccI-B (2.1 m.u). The sum
of the HindIII-I/AccI-D and the Hind IlI-F/AccI-A was 5.8 m.u. and
agreed with the size of the Eco RI-C/AccI-A. Since the Hind III-1/Acc
I-D is adjacent to the left end of the Hind III-F, the Hind IlI-F/AccI-A
was determined to be located at the left end of the HindIII-F. This
showed that the order of Hind III-F/Acc1 fragments along the Hind III-F
was determined as AB. The order of the Hind III-1/Acc I-A and the Hind
III-1/Acc I-C was determined by analyzing partial digestion products (Fig.
4a). The size of partial digestion product No. 1 (2.3 m.u.) agreed with
the sum of the Hind IlI-I/AccI-A and the Hind III-I/AccI-D. Also the
size of partial digestion product No. 2 (1.8 m.u.) agreed with sum of the
Hind IIT-1/Acc I-B and the HindTI-1/AccI-C. This showed that the Hind
IIT-I/Acc I-A and the Hind HI-IfAccI-C were adjacent to the Hind III-I/
AccI-D and the Hind ITI-1/AccI-B, respectively. Therefore, the order of
Hind III-1/Acc 1 fragments along the Hind III-1 was determined as BCAD.

Hinf1 cleaved the Hind III-I into three fragments, Hind [I-1/ Hindf I-A
(1.9m. u), HindII-1/HinfI-B (1.4m.u.) and Hind III-1/Hinf I-C (0.8 m. w.).



Cleavage Maps of Ad 12 DNA 51

The ' order of these three Hind III-I/Hinf1 fragments was determined by
analyzing partial digestion profucts (Fig. 4b). The size of partial digestion
product No. 1 (4.1 m.u.) agreed with the sum of A, B and C. And the
size of partial digestion product No. 2 (3.3 m. u.) and No. 3 (2.7 m. u.) agreed
with the sum of A and C, and the sum of A and B, respectively. This
showed that A was located between B and C. AccI cleaved the Hind III-1/
HintI-B into two fragments, but did not cleave the Hind III-1/HinfI-C
(data not shown ). This showed that the Hind III-I/Hinf I-C was located
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Fig. 4. Partial digestion of Ad 12 Hind III fragment
I by Accl and Hinf I.

In vivo labeled Ad 12 [32P] Hind I1I fragment I (0.1 tg) was partially cleaved with
0.01 unit of AccI or 0.01 unit of HinfI at 37°C for 10 min. The partial diges-
tion products were eletrophoresed in a 14% agarose gel for 13 hr at 40 V. Bands
were labeled as A, B and C for complete digestion fragments and as 1 to 3 for
the partial digestion products.

(a) AccT partial digestion (b) Hinf1 partial digestion
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at the left end of the HindIII-I, determining the order of the Hind III-I/
Hinf1 fragments to be CAB.

Cleavage map of Hhal in the Hind III-I was determined by analyzing
digestion products of the Hind III-I/Accl and Hind III-I/Hinf1 fragments
labeled at its 5 end with [¢*2-P]-ATP by means of T4 polynucleotide kinase
by Hhal (Table 3).

Hhal cleaved the HindIII-1/AccI-B and the Hind III-1/HinfI-C at
one site, yielding a common DNA fragment with a size of 0.2m.u.. This
showed that one of Hhal cleavage sites was located at the position 0.2 m. u.
immediately to the left end of the HindIII-I. Hhal cleaved the Hind III-
I/Hinf I-A into two fragments with the size of 1.1 and 0.8 m. u., and cleaved
the Hind III-1/Acc I-A into two fragments with the size of 0.3 and 0.1 m. u..
However, this did not cleave the Hind III-I/AccI-C. This showed that
Hhal cleavage site was located at the position 1.9 m.u. immediately to
the left end of the HindIII-I. Hhal cleaved the Hind III-I/Hinf I-B into
two fragments with the size of 0.9 and 0.5m.u., but did not cleave the
Hind -1/ AccI-D. This indicated that one of two Hhal cleavage sites in
the Hind III-I/AccI-A was located at the position 3.2 m. u. immediately
to the left end of the Hind III-1.

Cleavage map of Haelll in the Hind III-I was determined by analyzing

Table 3. Double Digestions of Ad 12 Hind III Fragment I

Size of end fragments re-cleaved by

Fragment used for Fragment size _restriction endonuclease (mapunit)

re-cleavage (map unit) Hhal Hae 111
Hind I1I-1/Acc I-A 17 0.3, 0.1 0.1
-B 1.1 0.9, 0.2 0.6, 0.1
-C 0.7 0.7 0.7
-D 0.6 0.6 0.3, 0.3
Hind I1I-1/Hinf I-A 19 11, 0.8
-B 14 0.9, 05
-C 0.3 0.6, 0.2
Hind 111-1/Hha I-A 17 03, 0.1
-B 1.3 1.3
-C 09 03, 0.2
-D 0.2 0.1, 0.1

Each DNA fragment (5.0 pmol) for recleavage was labeled with 32P-ATP in poly-
nucleotide Kinase reaction for 5’ ends, and then was entirely cleaved by Hhal
or HaelIll. The digestion products were separated by 5% polyacrylamide gel
electrophoresis for 2hr at 200V,
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digestion products of the HindIII-1/AccI and Hind III-I/Hhal fragments
labeled at its 5 end by Haelll (Table 3).

Hae 1l cleaved the Hind III-1/ Hha I-D and the Hind III-1/ Acc 1-B yield-
ing a common DNA fragment with the size of 0.1 m.u.. This showed that
one of HaeIll cleavage sites in the Hind III-I was located at the position
0.1 m. u. immediately to the left end of the Hind III-1. The other fragment
of the Hind I1I-1/ Acc I-B cleaved by HaelIll had a size of 0.6 m. u., and one
of two Haelll fragments of the Hind III-]/HhaI-A had a size of 0.3 m. u..
This showed that the other Haelll cleavage site in the Hind III-1/AccI-B
was located at the position 0.5 m.u. immediately to the left end of the
Hind III-1. Another Haelll fragment of the Hind III-I/Hhal-A had a
size of 0.1 m.u., and HaelIll did not cleave the Hind III-1/AccI-C, indicating
that the other Haelll cleavage site in the Hind III-I/Hhal-A was located
at the position 1.8 m. u. immediately to the left end of the HindUI-1. Hae
III cleaved the HindIII-I/Hhal-C into two fragments with the size of 0.3
and 0.2m.u., and cleaved the Hind IllI-I/AccI-D into two fragments with
the size of 0.3 m.u. This showed that there were two Haelll cleavage
sites in the Hind IlI-1/Hhal-C, and were located at the positions 3.4 and
3.8 m. u. immediately to the left end of the Hind III-], respectivel. Haelll
did not cleaved the Hind III-1/HhaI-B.

Cleavage maps were constructed from the above results and are shown
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Fig. 5. Detailed cleavage maps of the Ad 12 transforming segment
by Accl, HaelIll, Hha I Hind III, HinfI and HphI.
The transforming segment of Ad 12 is shown by six thickbars, and the genome
is marked in map units. Arrows and numbers under thick bars indicate the
cleavage sites of Accl, Haelll, Hhal, Hindl1, Hinfl and Hphl. Letters be-
tween bars indicate the nomenclature of the Hind II fragments.
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in Fig. 5. These detailed mapping of transforming segment will be useful
for sequencing DNA stretch of Adl2. and analyzing the structure and the
function.of the entire early region E1 and characterizing the integrated viral
genome in transformed cells. Nucleotide sequence datermination of the re-
mainder of the entire early region E1 of Ad12 DNA are now in progress.
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