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The DNA of human papillomavirus (HPV) obtained from a pool of plantar
warts is cleaved by Bacillus amyloliquefaciens (BamI) and Haemophilus para-
influenzae (Hpall) restriction endonucleases at one and four specific sites,
respectively. These sites were localized on the previously established cleavage
map of HPV DNA, using the Hind, HindIII, HpaI, and EcoRI endonuclease
restriction sites as reference. The four Hpall sites were mapped, clockwise, at
1.4, 41.1, 44.3, and 52.8% of the genome length from the unique BamI cleavage
site taken as point zero. The Hpall site mapped at 1.4% of the genome length
was absent in 40 to 50% of the molecules, thus showing a genetic heterogeneity
of HPV DNA.

A human papovavirus belonging to the papil-
lomavirus subgroup (11), the replication of
which has not been obtained in vitro (3), is
found in great amount in plantar warts (4, 9).
Recent serological (2) and nucleic acid hybridi-
zation (13) data suggest the existence of differ-
ences between papillomaviruses inducing dif-
ferent clinical types of human benign tumors
(plantar, common, or genital warts and juve-
nile laryngeal papillomas). The physical map-
ping of the viral DNA obtained from these tu-
mors should allow precise determination of the
genetic heterogeneity among human papillo-
maviruses (HPV).

In a previous paper, we showed that the DNA
of the HPV is cleaved by the endonucleases
EcoRI, HindI, HindIII, and HpaI in two,
three, three, and two fragments, respectively,
and we further established their physical loca-
tion (5). In this note, we report the location of
the cleavage sites of HPV DNA by Bacillus
amyloliquefaciens (BamI) (12) and Haemophi-
lus parainfluenzae (HpaII) (10) endonucleases,
which yield one fragment and three or four
fragments, respectively, as already described
(5).

Purification of HPV DNA from the virions
and preparation of EcoRI, Hind (a mixture of
HindIl and HindIII), HindIII, and HpaI endo-
nucleases have been reported previously (5).
BamI endonuclease (12) was a kind gift from T.
Bickle (Biozentrum der Universitit, Basel,

Switzerland). HpaII endonuclease was obtained
by the procedure of Sharp et al. (10). Digestion
conditions of HPV DNA by EcoRI, Hind,
HindIII, andHpaI were those already described
(5). Buffers used for digestion by BamI and
Hpall were those described for Hind and HpaI,
respectively. HPV DNA form I (2.5 ,ug) in 0.25
ml of buffer was incubated at 370C for 1 h with
BamI (2 W.) and for 6 h withHpall (5 ul). When
HPV DNA was digested successively by H. in-
fluenzae or H. parainfluenzae endonucleases
and BamI or EcoRI, BamI or EcoRI enzymes
were added 1 h before the end of the 6-h incuba-
tion. Cleavage products ofHPV DNA were ana-
lyzed by electrophoresis on an acrylamide gra-
dient (2.5 to 10%) under the conditions de-
scribed by Jeppesen (8). The molecular weights
of the fragments were determined either by
electrophoresis, using the X DNA Hind frag-
ments ofknown molecular weight (0.06 x 106 to
2.0 x 106) as standards (1, 5), or by electron
microscopy as described previously (5).
The electrophoretic pattern and the molecu-

lar weight of HPV DNA fragments obtained
after cleavage byBamI and HpaII are shown in
Fig. la and b and Table 1. BamI endonuclease
cleaves HPV DNA in a one-genome-length
fragment, in agreement with the recent results
of Gissmann and Zur Hausen (7). HpaII endo-
nuclease yields five fragments, the total molec-
ular weight of which (8.95 x 106) greatly
exceeds the molecular weight of the viral DNA
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FIG. 1. Polyacrylamide gel electrophoresis of restriction endonuclease cleavage products ofHPV DNA.

HPVDNA samples (2.5 pg) were incubated with restriction enzymes: (a) BamI, (b) HpaII, (c) Hind + BamI,
(d) Hind, (e) HindIII, (p) HindIII + BamI, (g) HpaII + BamI, (h) HpaII, (i) HpaII + EcoRI, (j) HpaII +
HpaI, (k) HpaII. Polyacrylamide gradient slab gels (2.5 to 10%) were run at 5 V/cm in 40 mM Tris-acetate, 20
mM sodium acetate (pH 7.9) (8) at room temperature for 8.5 h (a-i) or for 9.5 h (j and k). Bromophenol blue
was used as a tracking dye. Gels were stained in 0.02% methylene blue for 2 h, and excess dye was removed
with distilled water.

(4.8 x 106). A fourfold increase in the amount of
enzyme does not alter the cleavage pattern,
whereas when an equimolar mixture of HPV
and simian virus 40 DNAs is incubated under
the same conditions, the totality of simian virus
40 DNA is cleaved to give full-length linear
molecules (data not shown). Furthermore, sim-
ilar cleavage patterns have been obtained with
three different preparations of HPV DNA. Ta-
ble 1 shows that the molecular weight of the
genome may be obtained either by adding the
molecular weights of the largest fragment and
the two smallest fragments (4.77 x 106) or by
adding the molecular weights of the four
smaller fragments, A, B, C, and D (4.73 x 106).
These results show that there are four HpaII
cleavage sites on HPV DNA, yielding four frag-
ments named by letters according to their in-
creasing electrophoretic mobility, and that one
site is missing in a fraction of the DNA mole-
cules, thus giving rise to the large fragment
named HpaIIA-B. The fraction of partially re-
sistant molecules may be determined to be

about 40 to 50% from the values of the area
ratio ofHpaIIA-B to HpaII A and B fragments
(1.1, 0.7, 0.7), as determined by measuring the
area under the peaks obtained in a densitome-
tric recording of the negatives of the photo-
graphs of three different DNA preparations.
The location of the single BamI cleavage site

has been inferred from the electrophoretic pat-
tern (Fig. ic-f) and from the size of the frag-
ments (Table 2) produced by Hind or HinduI
endonucleases, or by a mixture of Hind or
HindIII endonucleases with BamI. Hind (a mix-
ture of Hindu and HindIII endonucleases) and
HindIII cleave HPV DNA into six and three
fragments, respectively (5, 7). After successive
treatment of HPV DNA by Hind and BamI or
HindIII and BamI endonucleases, the electro-
phoretic mobility ofHind F and HindIII C frag-
ments (Fig. ic-f) is slightly increased, corre-

sponding to a shortening of 0.2 to 0.3% of the
genome length. This localizes the BamI site
unambiguously on the Hind F fragment at 0.3%
of the genome length of the HindIll site be-

_ A-B
A

b,--B

C

D

C
C

E D

VOL. 21, 1977

C ......" 6 a C



1212 NOTES

TABLE 1. Molecular weights ofHPVDNA and HPV
DNA fragments produced by cleavage with BamI

and HpaII endonucleases

Mol wt (x 10-6)
HPV DNA or
fragments Electron micros- Electrophoresisb

Copya

HPV DNA 4.80 ± 0.25 NDC
form II

BamI A 4.78 ± 0.20 ND
HpaIIA-B 4.22 ± 0.20 ND
HpaII A 2.30 ± 0.10 ND
HpaII B 1.88 ± 0.08 2.0 ± 0.08
HpaII C 0.40 ± 0.06 0.44 ± 0.01
HpaII D 0.15 ± 0.03 0.14 ± 0.004

a Molecular weights were estimated from the
length of the molecules determined by electron mi-
croscopy, taking as a standard the length of the PM2
phage DNA (molecular weight, 6.4 x 106; 6) mea-
sured under the same conditions.

b Molecular weights have been determined in five
different runs from the electrophoretic mobilities of
the fragments, using X DNA Hind fragments as
standards (1, 5).

e ND, Not determined by this method.

TABLE 2. Size ofHPV DNA fragments produced by
cleavage with Hind or HindIII endonuclease or by a

combination ofHind or HindIII with BamI
endonucleasea

DNA Size (%)
frag- Hind + HindIII +
ment Hind Bal HindIIIl

amBamI BamI
A 33.5 33.6 77.6 77.7
B 27.4 27.6 17.5 17.6
C 18.0 18.0 4.9 4.7
D 16.0 16.0
E 3.9 3.9
F 1.2 0.9

a The sizes of the fragments represent their mo-
lecular weights expressed as percentages ofthe total
molecular weights of the fragments (Hind, 4.78 x
106; Hind + BamI, 4.72 X 106; HindIII, 4.71 x 106;
HindIII + BamI, 4.70 x 106). Molecular weights
were estimated by electron microscopy with a stan-
dard deviation of about 4% or by electrophoresis (a
mean of three different runs) for Hind F, Hind-BamI
F, HindIII C, and HindIII-BamI C, using the X Hind
fragments as standards.

tween Hind C and F fragments, in agreement
with Gissmann and Zur Hausen (7). BamI en-
donuclease being so far the only one of the
studied enzymes to yield a single cleavage site
on HPV DNA, the BamI site is thus taken as
point zero on the cleavage map (Fig. 2).
The Hpall cleavage sites have been located

by comparing the electrophoretic pattern and
the size of the fragments obtained after incuba-

tion with HpaII and with the mixture ofHpaII
and BamI or EcoRI or HpaI (Fig. lg-k, Table
3). Incubation of HPV DNA with HpaII and
BamI endonucleases leads to the disappearance
of the HpaIIA-B fragment, to the slight in-
crease of the mobility of the Hpall A fragment
(Fig. lg-h) corresponding to a shortening of
about 2% of the genome length (Table 3), and to
the increase of the DNA content of both this
band and the HpaII-BamI B band (which
should be the mixture of two unresolved bands
differing in size by 1.4% of the genome length;
Fig. ig), as well as to the presence of a new
fragment, HpaII-BamI E (1.4% of the genome
length). This shows that the HpaII cleavage
site between HpaII A and B fragments is
located on the HpaII A fragment at 1.4% of the
genome length on either side of the BamI site.
EcoRI cleaves HPV DNA in two sites mapped

clockwise at 33.3 and 46.3% of the genome
length of the BamI site (Fig. 2) (5, 7). Simulta-
neous incubation ofHPV DNA with HpaII and
EcoRI enzymes leads to the disappearance of
HpaII B and C fragments (Fig. lh, i). The
HpaII B fragment may thus be mapped clock-
wise from 1.4 to 41.1% of the genome length
from the BamI site, and the Hpall A fragment

Bam

Hind III

Hindil-Hpa

FIG. 2. Cleavage map ofHPVDNA. The map was
constructed taking BamI cleavage site as point zero.
The outer ring shows the HindII, HindJII, and HpaI
cleavage sites and the order ofthe fragments obtained
with the mixture of HindII and HindIII (5); the
median ring shows the HpaII cleavage sites; and the
inner ring shows the EcoRI cleavage sites (5). The
distances from point zero are given as percentages of
the HPV genome length.
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TABLE 3. Size ofHPV DNA fragments obtained by
cleavage with HpaII endonuclease or by a

combination ofBamI, EcoRI, or HpaI endonuclease
with HpaIIa

Size (%)
DNA frag-

ment Hpal HpaII + HpaII + HpaII +
pall BamI EcoRI HpaI

A-B 88b NDC ND
A 48.6 46.6 48.4 38.6
B 39.7 40.4 32.6 38.6
C 8.5 8.7 8.0 11.7
D 3.2 2.9 6.1 6.8
E 1.4 3.0 2.8
F 1.9 1.5

a The sizes of the fragments represent their mo-
lecular weights expressed as percentages of the total
molecular weights of the fragments (HpaII, 4.73 x
106; HpaLI + BamI, 4.83 x 106; HpaII + EcoRI, 4.75
X 106; HpaII + HpaI, 4.75 x 106). Molecular weights
were estimated by electrophoresis (a mean of two
different runs) or by electron microscopy for HpaII
A, HpaII-BamI A, and HpaII-EcoRI A fragments.

b The size of the HpaIIA-B fragment represents
its molecular weight determined by electron micros-
copy expressed as a percentage of the molecular
weight of the HPV DNA.

e ND, Not determined.

may be mapped from 52.8 to 1.4% of the genome
length from point zero (Fig. 2). From the size
of the four new fragments produced by EcoRI
(Table 3), it may be inferred that HpaII B gives
rise to HpaII-EcoRI B and C fragments, as ex-
pected from the cleavage map (Fig. 2), and that
HpaII C gives rise to HpaII-EcoRI D and F
fragments. This localizes the ends of the HpaII
C fragment at 1.9 and 6.1% ofthe genome length
on either side of the EcoRI site. The cleavage
map (Fig. 2) shows that this EcoRI site is about
at 5 and 6.5% ofthe genome length ofthe nearest
ends of the HpaH A and B fragments. The size
of the fragments given in Table 3 proves that the
HpaII C fragment is close to Hpall A and is
separated from HpaH B by the HpaII D frag-
ment (3.2% of the genome length), thus locat-
ing the fourth HpaII site at about 44.3% of the
genome length from point zero (Fig. 2). This is
further confirmed by the analysis of the prod-
ucts obtained after sequential digestion ofHPV
DNA by HpaII and HpaI endonucleases.
HpaI cleaves HPV DNA in two sites (5), the

mapping of which may be deduced to be at 45.8
and 61.8% of the genome length from the BamI
site (Fig. 2). Successive treatment ofHPV DNA
with HpaHl and HpaI endonucleases leads to
the disappearance ofHpaII A and C fragments
(Fig. lj, k). HpaII A generates the Hpall-HpaI
A fragment, with the same migration as HpaII
B, and the Hpall-HpaI C fragment; the Hpall C

fragment yields HpaH-HpaI D and F frag-
ments. The sizes of the four new fragments
(Table 3) are in agreement with the values
predicted from the cleavage map (Fig. 2).
The study of the sensitivity of the DNA of

HPV isolated from plantar warts to restriction
enzymes BamI (7; this paper), EcoRI (5, 7),
HindII and HindIII (5, 7), and HpaI (5) and
HpaII (this paper) has allowed the physical
mapping of 15 cleavage sites on this DNA. In
one out of three viral DNA preparations, four
HpaII weak bands, at the detection limit, have
been observed, corresponding to molecular
weights of 1.55 x 106, 1.30 x 106, 1.15 x 106, and
0.86 x 106, respectively, the total molecular
weight of which represents the viral genome
molecular weight (data not shown). This sug-
gests the existence of an HPV variant, which
represents about 1 to 2% of the DNA molecules,
as previously inferred from the cleavage pat-
tern obtained with EcoRI (5). Furthermore,
Gissmann and Zur Hausen have recently re-
ported the existence of an additional BamI site
and HindIII site in one out ofthree DNA prepa-
rations obtained from three plantar wart sam-
ples, thus supporting a genetic heterogeneity of
HPV DNA (7). These two additional sites were
not evidenced in our study; however, we have
observed the absence of the Hpall site located
at 1.4% of the genome length from the BamI
site in 40 to 50% of the DNA molecules purified
from virions obtained from three different pools
of plantar warts. Viral DNA preparations ob-
tained from three different single warts gave a
mixture of the four HpaII fragments as well as
the HpaIIA-B fragment, whereas the HindIIIII
digest gave a molar yield of all six fragments.
Thus, the DNA microheterogeneity is present
in single warts.
A survey of viral DNA preparations from dif-

ferent types of warts and papillomas now in
progress should help to clarify the relation be-
tween the possibly different viruses and tissue
specificity.
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