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JC virus was found to have a buoyant density of 1.20 g/cm3 in linear
sucrose-D2O and 1.35 g/cm3 in cesium chloride isopycnic gradients. DNA
extracted either from JC-infected cultures or from gradient-purified virions
occupied a dense position relative to linear DNA in cesium chloride/ethidium
bromide gradients, and the circular configuration of the extracted DNA was

confirmed by electron microscopy, with a measured molecular weight of 2.93 x

106. DNA from BK virus was similarly prepared and compared to JC and to an

SV40 DNA standard by digestion with restriction endonuclease preparations
from Haemophilus influenzae, Haemophilus parainfluenzae, and Escherichia coli.
Digests were electrophoretically analyzed on gradient polyacrylamide slab gels or

agarose gels, and the three viruses were found to have distinctly different
cleavage patterns by this form of analysis: JC and BK viruses were almost
entirely different from SV40 and significantly different from each other. Thus, JC
and BK human papovaviruses appear to be discrete new members of the
papovavirus group, rather than SV40 variants.

The recognition of papova-like virions in
brain sections from patients with progressive
multifocal leukoencephalopathy (26, 32, 33) led
to the isolation and propagation in primary
human fetal glial (PHFG) cell cultures of a new
virus of man, referred to as JC virus (19). This
agent has characteristics of a papovavirus of the
SV40-polyoma subgroup with respect to virion
size and morphology (15), and is serologically
distinct from SV40 and polyoma (19). Another
recently identified human papovavirus, desig-
nated BK virus (13), also differs antigenically
from SV40 as well as from JC virus (21, 27;
unpublished observations). The virions of JC
and BK viruses hemagglutinate human group 0
erythrocytes, and antibodies measured by he-
magglutination (HA) inhibition show both vi-
ruses to be ubiquitous in the human popula-
tions studied (12, 20).
JC virus is highly oncogenic in newborn

hamsters, especially when inoculated by the
intracranial route (28). Reports concerning on-
cogenicity of BK virus have not yet appeared.
However, both JC and BK have T antigens
which are cross-reactive with the T antigen of
SV40. Since previously recognized papovavi-
ruses shared no common antigens, this observa-

tion raises questions concerning the relationship
of these apparently new human papovaviruses
to SV40. Furthermore, Weiner et al. (30) iso-
lated papovaviruses from two cases of progres-
sive multifocal leukoencephalopathy which
were indistinguishable from SV40 antigenically
and in their characteristics in cell culture.
These were found to be SV40 variants by Sack
et al. (22).
The present studies were therefore under-

taken to purify JC virus, and to compare its
DNA with that of BK and SV40 viruses by
restriction endonuclease digestion and gel elec-
trophoresis of resultant fragments, to test
whether the sharing of antigens among the three
viruses represents minor genetic relatedness or
is indicative of extensive similarity of genome
sequences, as is seen with SV40 and its variants
(22).

MATERIALS AND METHODS
Cells. PHFG cells were established in culture

according to the method of Shein (25), with MEM
(International Scientific Industries, Cary, Ill.) and
10% fetal calf serum for growth, and MEM with 3%
fetal calf serum for maintenance medium. When
experiments required isotopic labeling, maintenance
medium was replaced with MEM containing [methyl-
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'H ]thymidine (specific activity > 20 Ci/mmol, New
England Nuclear Corp., Boston, Mass.), 4 uCi/ml,
and 10% dialyzed fetal calf serum. Labeling of JC
virus was accomplished over the final 8 days of
incubation; fresh medium was added at 2- to 3-day
intervals.

Viruses. JC virus was originally isolated from the
brain of a patient with progressive multifocal leukoen-
cephalopathy (19). The pools used in these experi-
ments represented virus that had been passaged
approximately 20 times in PHFG cells. Infection of
PHFG cells for the production of JC virus pools was
initiated by the inoculation of 6-oz (approximately
180 ml) tissue culture flasks with 200 HA units of JC
virus per flask. Initial cytopathic effect in spongio-
blasts could be observed at 16 to 19 days postinocula-
tion, and cultures were harvested when the cytopathic
effect was extensive, usually after 25 to 28 days. In
production of both labeled and unlabeled pools -of
virus, initial harvest methods included incubation of
the entire culture at 4 C overnight, decanting of
supernatant medium, and subsequent release of virus
from the cell pellet by serial treatment with: sonica-
tion (20 kc/s for 5 min in an MSE Ultrasonic Disinte-
grator); receptor-destroying enzyme at 37 C overnight
(Microbiological Associates); incubation with 0.01%
trypsin and 1% sodium deoxycholate for 30 min at 37
C. Treated preparations were then clarified by low-
speed centrifugation, and finally virus was pelleted
from the supernatant through 20% sucrose (38,000
rpm in a 40 rotor, Spinco model L-2 ultracentrifuge,
for 1 h). The resultant virus pellet was then either
stored or placed directly on 13-ml linear sucrose-
deuterium oxide gradients (10 to 60%) for subsequent
purification and study.

Virus concentration was measured either by he-
magglutination of human group 0 erythrocytes (20) or
by infectivity as indicated by numbers of specific
immunofluorescent foci observed 10 days postinocu-
lation in PHFG cells grown on 12-mm cover glasses.
Fluorescent staining of acetone-fixed cultures was by
the indirect method. Anti-JC sera were of rabbit
origin; and fluorescein-conjugated anti-rabbit globu-
lin was obtained from Hyland Laboratories (Cosa
Mesa, Calif.).
BK virus was kindly provided by Sylvia Gardner. It

had been previously passaged through Vero cells, and
was passaged twice in this laboratory in PHFG cells in
preparation of pools for study. Isotopic labeling of BK
virus was initiated at 6 days postinoculation, as early
cytopathic effect was observed, and cultures were
harvested on day 15. Preparation of pools of BK virus
was done in a manner exactly comparable to JC virus
methods described above.

Purified DNA of form II, extracted from SV40
strain 707, was kindly provided by Daniel Nathans for
use as a standard in the restriction endonuclease
studies.
PM-2 phage, used as a marker of molecular weight

6 x 106 (11) in electron microscope studies, was kindly
supplied by Waclaw Szybalski.
Lambda phage strain b511 DNA, kindly provided

by Fred Blattner and Waclaw Szybalski, was used as
a reference marker in restriction endonuclease stud-
ies.

Buffers and gradients. SET buffer, used for
resuspension of virus pellets and preparation of su-
crose-D,O gradients. contained Tris-hydrochloride,
pH 7.4, 0.01 M; NaCl, 0.05 M; and EDTA Na,,
0.001 M.
ET buffer, used in the preparation of CsCl and

CsCl/ethidium bromide gradients, contained Tris-
hydrochloride, pH 7.4, 0.01 M; and EDTA Na2,
0.001 M.
E buffer contained Tris acetate, pH 8.0, 0.04 M; Na

acetate, 0.02 M; and EDTA Na,, 0.001 M. This buffer
was used in enzymatic digestion studies. On occasion,
ethidium bromide was added to a final concentration
of 0.5 glg/ml.

Linear sucrose-D,O gradients, 10 to 60%, 13 ml,
were preformed and allowed to equilibrate at 4 C for
at least 24 h prior to use.

CsCl gradients were prepared by mixing saturated
CsCl solution with a test sample and ET buffer to
desired initial density. For separation of circular from
linear DNA, ethidium bromide was added to a final
concentration of 100 Ag/ml. Gradient density mea-
surements were obtained gravimetrically in all in-
stances.

Radioisotope assay. Portions of solutions to be
assayed for 3H-thymidine incorporation were co-
precipitated with 1% bovine serum albumin in cold
5% trichloroacetic acid. Precipitates were collected
on fiber glass filters, dried, immersed in toluene-based
scintillation counting fluid, and counted on a Packard
Tri-Carb liquid scintillation spectrometer.
DNA extraction and preparation of circular

papovavirus DNA. DNA was extracted from infected
and uninfected PHFG cultures by the method of Hirt
(14). DNA was extracted from purified virus pools
with 2% Sarkosyl NL-30 (K & K Labs, Plainview,
N.J.). The resultant DNA was then mixed with a
solution of CsCl and ethidium bromide to a final
density of 1.56 g/cm' and dye concentration of 100
zg/ml. The solution was centrifuged to equilibrium at
102,000 x g (40,000 rpm) in a 65 rotor for 40 h at 20 C.
Fractions were collected by a peristaltic pump, and
portions were weighed to determine density; in the
instance of isotopically labeled DNA, portions were
analyzed for acid-precipitable radioactivity. In unla-
beled preparations, fractions of appropriate density
were extracted twice with equal volumes of isoamyl
alcohol, and were dialyzed against SET buffer to
remove ethidium bromide and CsCl prior to subse-
quent study.

Electron microscope preparation and technique.
The dense, presumably circular, DNA from CsCl/
ethidium bromide gradients was collected. Ethidium
bromide was extracted with isoamyl alcohol, and
fractions were dialyzed. Samples were prepared for
electron microscopy as described by Davis et al. (9) by
mixing equal volumes of DNA sample and formam-
ide, and by the addition of cytochrome c type III
(Sigma Chemical Co., St. Louis, Mo.), 100 ug/ml final
concentration. PM-2 phage were added as an internal
marker. Samples were picked up on 200-mesh carbon-
coated grids, shadowed with uranium oxide and
examined in a Hitachi model HU-11-B electron mi-
croscope. Photographs were taken at an initial mag-
nification of x 10,800.
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Restriction endonuclease enzymatic preparation
and digestion. Restriction endonuclease enzymes

from Haemophilus influenzae strain Rd com- and
from Haemophilus parainfluenzae were prepared as

described, respectively, by Danna and Nathans (8)
and by Sack and Nathans (23), whereas the enzyme

from Escherichia coli plasmid-bearing B strain was

prepared as described by Mulder and Delius (18). The
Haemophilus strains were generously provided by
Sol Goodgal.
The incubation mixture for digestion with H.

influenzae enzymes, 50 gliters final volume, con-

tained: Tris-hydrochloride, pH 7.5, 0.0066 M; MgCl2,
0.0087 M; NaCl, 0.035 M; DNA, 25 gg/ml; and 5
gliters of enzyme preparation. Samples were incu-
bated for 9 h at 37 C. The enzyme preparation from
the com- strain was compared with a reference
preparation of enzyme kindly provided by Daniel
Nathans. The two enzyme preparations were found to
give indistinguishable cleavage patterns with refer-
ence SV40 DNA (8). Limit digestion was ascertained
by the similarity of digestion patterns obtained with
two levels of enzyme at a relative twofold concentra-
tion increment.
The incubation mixture for digestion with H.

parainfluenzae enzymes, 50 Mliters final volume, con-

tained: Tris-hydrochloride, pH 7.4, 0.001 M; MgCl2,
0.005 M; KCI, 0.006 M; beta-mercaptoethanol, 0.001
M; DNA, 25 ug/ml, and 5 uliters of enzyme prepara-

tion. Samples were incubated for 3 h at 37 C.
The incubation mixture for digestion with E. coli R

I enzyme, 50 gliters final volume, contained: Tris-
hydrochloride, pH 7.4, 0.09 M; MgCl2, 0.01 M; DNA,
25 qg/ml; and 5 Aliters of enzyme preparation. Sam-
ples were incubated for 3 h at 37 C.

Analysis of restriction endonuclease fragments.
Enzymatic digestion was terminated by addition of 35
,gliters of E buffer containing 20% sucrose and 0.02%
bromophenol blue as tracking dye. Samples were

fractionated by electrophoresis on acrylamide gel (for
the H. influenzae digestion mixture) or on agarose gel
(for the H. parainfluenzae and E. coli digestion
mixtures). The acrylamide slab gel system contained
a gradient of acrylamide from 2.5% to 7.5%c in E
buffer, as described by Allet et al. (2), whereas the
agarose fractionations were performed with a concen-

tration of 1.4% agarose in glass tubes 6 mm in
diameter. The agarose was prepared in E buffer
containing ethidium bromide, 0.5 Ag/ml, as described
by Sharp et al. (24).

Gels were either 10 cm in length for agarose or 20
cm in length for acrylamide, depending on the frac-
tionation; electrophoresis was carried out by applying
50 V for a length of time sufficient for the tracking dye
to reach the end of the gel.
DNA fragments were visualized as fluorescent

bands with the aid of a Mineralite lamp (U. V.
Products, San Gabriel, Calif.), after soaking the
acrylamide gel for 2 h in E buffer containing ethidium
bromide, 0.5 jug/ml. For the agarosegels, treatment
with ethidium bromide could be omitted if it was

present in the buffers and gel during the run.

Photographs were made with the aid of a Polaroid
camera (MP-3) and P-57 film (ASA 3000). Fluores-

cence was excited with a type B-IOOA UV light source

(U. V. Products, San Gabriel, Calif.) and two filters,
type 25 red and type 8 yellow, were used to filter out
blue light.

RESULTS

Gradient purification of JC virions. Figure
1 shows the distribution of virions in linear
13-ml sucrose-deuterium oxide (10 to 60%)
gradients. A single, sharp peak of radioactivity
at 1.20 g/cm3, present only in infected culture
extracts, corresponds exactly to peak levels of
both int'ectivity and hemagglutinin analyzed
across the same gradient. When a portion of' the
peak fraction from sucrose-D2O gradients was

subjected to equilibrium sedimentation in CsCl,
the labeled virions formed a single peak of'
radioactivity at 1.35 g/cm3. This density is
slightly higher than that reported for SV40 (4)
and polyoma virions (31), which may in part
reflect the method of virion extraction.

Extraction of JC virus DNA from infected
cells and from purified virions. A useful
property of papovaviruses is the characteristic
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FIG. 1. Distribution of 3H-thymidine, infectivity,
and hemagglutinin of JC virions in an isopycnic
sucrose-D20 gradient (10 to 60%). Virus was pelleted
through 20% sucrose, layered on a preformed linear
13-ml sucrose-D2O gradient, and centrifuged at
201,000 x g for 4 h at 4 C. The gradient was prepared
in Tris-hydrochloride, pH 7.4, 0.01 M; NaCI, 0.05 M;
and EDTA Na2, 0.001 M (SET buffer). Fractions
were assayed for acid-precipitable radioactivity, he-
magglutinin, and infectivity. FFU, focus-forming
units. HA, hemagglutinin.
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circularity of their DNA (6, 10, 29) which allows
separation from linear DNA by relative exclu-
sion of dye and resultant greater density in
CsCl/ethidium bromide gradients. JC-infected
and uninfected PHFG cultures were labeled
with 3H-thymidine; DNA was extracted directly
from cell monolayers by the method of Hirt
(14). After isopycnic centrifugation in CsCV
ethidium bromide gradierfta, infected cell DNA
showed the characteristic presence of a smaller,
relatively dense peak of radioactivity at 1.60
g/cm3 which was absent from DNA of unin-
fected cultures that had only main band (linear)
DNA at 1.55 g/cm3 (Fig. 2). DNA extracted
from gradient-purified virions was similarly
analyzed in CsCl/ethidium bromide gradients:
as expected, only the denser peak was repre-
sented (3, 7).
Determination of JC virus DNA molecular

weight by contour length measurement. DNA
from purified JC virions, extracted as described
above, was further extracted with isoamyl alco-
hol, dialyzed, mixed with cytochrome c (100
gg/ml), formamide (50%) and PM-I bacterio-
phage, and then shadowed with uranium oxide
and examined on 200-mesh grids by electron
microscopy. Figure 3 shows JC circular DNA,
which appeared to be approximately half the
circumference of PM-2 DNA of known molecu-
lar weight 6 x 106. Figure 4 shows a histogram of
measurement distribution of 46 JC DNA con-
tour lengths compared with 8 PM-2 circles. The
average image .contour length for relaxed JC
circles was 18.5 1.16 cm, whereas for eight
relaxed circles of PM-2, a value of 37.9 ± 0.45
was obtained. Assuming 6.0 x 106 (11) as the
average molecular weight of PM-2 DNA, the
calculated molecular weight of JC DNA is 2.93
± 0.18 x 106. This value is within the range
reported by Crawford and Black (6) for SV40
DNA: 2.7 x 10 by measurement of the band
width in a CsCl density gradient and 3.2 x 106
by sedimentation measurements. The obtained
value of 2.9 x 10, for JC DNA is likely to be
lower than would be obtained if a plaque-puri-
fied pool of JC virus were available, since the
skew to the left in Fig. 4 probably represents
defective forms, as is confirmed by the heteroge-
neity seen on agarose/ethidium bromide gel
electrophoresis described below. Since JC
virus cannot, however, be plaqued, this ex-
planation is not presently testable.

Restriction endonuclease digestion and gel
electrophoresis of fragments of JC, BK, and
SV40 DNAs. BK virus was grown in PHFG
cells and purified as described for JC virus, and
DNA was extracted from purified virions with
2% Sarkosyl NL-30. 3H-labeled viral DNA
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FIG. 2. Dist,ribution of DNA from infected PHFG
cells in cesium chloride/ethidium bromide gradients.
3H-thymidine-labeled DNA was extracted from JC-
infected or uninfected control PHFG cells by the
method of Hirt (14). The extracted DNA samples
were mixed with saturated CsCI to a final density of
1.56 g/cm3 and ethidium bromide was mixed to a final
concentration of 100 uig/ml, total volume 5 ml in
ET buffer. Samples were centrifuged in a 65 rotor at
102,000 x g for 40 h at 20 C. Fractions were analyzed
for acid-precipitable radioactivity.

banded in CsCl/ethidium bromide gradients in
the same position as that of JC virus DNA.
Restriction endonuclease digests of the circular
DNA from the two human papovaviruses were
then compared with SV40 form II DNA digests.

Figure 5 shows the relative distribution of
fragments of SV40, JC, and BK virus DNAs on
a gradient polyacrylamide slab gel, after diges-
tion with the H. influenzae restriction enzyme
preparation. As indicated in the diagram, SV40
fragments are characteristically represented
(8), and control studies demonstrated this to be
a limit digest. JC and BK DNA fragments are
distributed differently from each other in the
gel, and show little if any similarity to SV40 in
either number or mobility of fragments. Addi-
tional weak bands, present in the JC sample
and more distinctly in the BK sample, presum-
ably originate from defective forms present in
uncloned preparations of other papovaviruses
and suggested by both electron microscopy and
agarose gel electrophoresis in these experi-
ments.
Further comparison of SV40, JC, and BK

virus DNAs was performed with enzymes Hpa
and Eco R I followed by fractionation of the
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FIG. 3. Circular DNA extracted from JC virions, compared with PM-2 bacteriophage DNA marker. The
dense band from CsCI/ethidium bromide gradients (corresponding to fractions 6 to 8, Fig. 2) was extracted with
isoamyl alcohol, dialyzed, and mixed with formamide and cytochrome c, 100 ;g/ml final concentration. PM-2
phage were added as internal marker. DNA molecular weight was 6 x 106. Samples were picked up on
carbon-coated grids, shadowed with uranium oxide, and examined in a Hitachi model HU-11-B electron
microscope. Photographs were taken at an initial magnification of x 10,800. The large circular molecule in the
center of the figure represents PM-2 phage DNA; the smaller circles on either side represent JC virus DNA.
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FIG. 4. Histogram of lengths of circular DNA mole-
cules determined by electron microscopy. Photomi-
crographs were projected and contour lengths were

measured. PM-2 phage DNA, molecular weight 6.0 x

10', was included as internal standard.

resultant digests on gradient acrylamide gels
(Fig. 6). The expected pattern for SV40 de-
scribed by Sack and Nathans (23) was found; on
the other hand, JC and BK showed minimal, if
any, degradation by this method and had the
same mobility as the undigested SV40 stan-
dard. Because of the possibility of resolving
forms I, II, and III of SV40 by electrophoresis in
agarose/ethidium bromide gels (24) the diges-
tion products obtained with the Hpa enzyme

preparation were next examined by this
method. Digestion with Eco R I was included for
comparison. The results, shown in Fig. 7, reveal
the following: undigested SV40 is primarily

present as form II, and the main Eco RI
digestion product of SV40 is form III, confirm-
ing previous work of Morrow and Berg (17),
Mulder and Delius (18), Mertz and Davis (16),
and Adler and Nathans (1). The undigested JC
sample is primarily form I and contains a small
amount of form II. Both Hpa bands appear
heterogeneous, as would be expected if defective
forms are present (5). Both Hpa and Eco RI
convert JC to form III. Finally, the undigested
BK sample is present primarily as form I, with
some form II and III. Again heterogeneity of the
DNA in each band is present. Digestion of BK
with Hpa results in some increase of form III.
Digestion of BK with Eco RI, on the other hand,
converts it nearly quantitatively to form III.
The mobility of form III identified in these
studies is approximately the same as that of the
lambda phage fragment 5 which was measured
by electron microscopy by Allet et al. (2) and
reported to have a molecular weight of 3.0 x
l06.

DISCUSSION
JC virus was presumed to be a papovavirus on

the basis of morphologic and some biologic
properties. The present studies confirm and
extend the basis for that classification, in that
the nucleic acid is demonstrated to be a circular
DNA duplex of molecular weight 3 x 10w, which
is within the range of prior reports of SV40 and
polyoma DNA (6). Similarly, these studies
support the conclusion that BK virus also is a
papovavirus with a circular DNA duplex of
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FIG. 5. Comparison of SV-40, JC and BK fragments produced with the H. influenzae restriction
endonuclease preparation by gradient acrylamide slab electrophoresis followed by staining with ethidium
bromide. Samples containing 2 gg of DNA were digested with H. influenzae restriction endonuclease and
fractionated. The origin is at the top. The complete linear form of SV40 produced by digestion with E. coli R I
endonuclease is included in the first slot. The schematic line diagram, shown in the left panel, indicates the
positions of the major limit digest fragments found inJC and BK compared with the known fragments, described
by Danna and Nathans (8), included as reference standard.

comparable molecular weight. The distribution
of JC circular DNA lengths obtained by image
contour length measurement is skewed toward
the low side (Fig. 4). As a result, the estimate of
molecular weight is probably lower than would
be the value for plaque-purified JC virus DNA,
in that the most likely reason for the skewed
distribution is the accumulation of defective
forms in the JC pool. Similar skews have been
demonstrated for SV40 when passaged at high
multiplicity of infection (5). As no method of
plaque production with JC virus has yet been
devised, cloning is not presently feasible, so this
explanation-although likely-is not presently
testable.
The study of JC virus is made complicated by

its apparently slow replicative cycle and fastidi-
ous host cell requirements which have thus far
restricted its cultivation to difficult PHFG cell
cultures. These studies of JC virus DNA were
greatly facilitated by the application of the
technique of ethidium bromide staining of gels
during or after electrophoretic separation of
DNA fragments, a staining technique initially
introduced for such purpose by Sharpe et al.
(24). Whereas insufficient radioisotopic labeling
could be achieved to facilitate radioautographic
studies of JC DNA fragments, the use of ethid-
ium bromide and UV excitation for photo-
graphic evaluation of gels permitted study of
DNA from unlabeled pools of virus grown under
optimal conditions.
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The major conclusion of the present studies is
that JC virus does not appear to be closely
related to SV40, within the limits of interpreta-
tion of the restriction endonuclease digestion
technique. This is in sharp contrast to the
finding of Sack et al. (22) in similar studies
performed on two other isolates from patients
diagnosed as having progressive multifocal leu-
koencephalopathy. The two isolates of Weiner
et al. (30) consistently demonstrated strong
biologic and antigenic similarities to SV40, and
by restriction endonuclease analysis were con-

cluded to be SV40 variants, differing from
standard SV40 strains only in two or three
hypervariable regions of the genome (22). By
contrast, JC virus differs markedly from SV40
in biologic characteristics, in that it hemag-
glutinates human group 0 erythrocytes, will not
grow in primate or other cells than PHFG cells,
and is apparently widely spread in the human

population. Furthermore, its pattern of onco-

genicity in hamsters is distinctly different from
that of SV40. JC virus is readily distinguished
from SV40 antigenically, and appears to have
only weak virion antigenic cross-reactivity, al-
though the T antigens are related. Thus, the
completely different pattern of cleavage follow-
ing digestion with H. influenzae enzymes tends
to lend further support to the hypothesis that
JC virus is an entirely different papovavirus
from SV40, rather than a variant.
JC and BK viruses are biologically much

more similar: they are both ubiquitous in the
human population; they show minor antigenic
cross-reactivity while still varying notably from
each other; both agents hemagglutinate group 0
erythrocytes, and both grow well in PHFG
cultures, although BK virus has a faster replica-
tive cycle and a wider host range in vitro. A
comparison of patterns of oncogenicity awaits

FIG. 6. Comparison of SV40, JC, and BK fragments produced with the H. parainfluenzae restriction
endonuclease preparation by gradient acrylamide slab electrophoresis followed by staining with ethidium
bromide. Samples containing 2 ug of DNA were digested with H. parainfluenzae restriction endonuclease and
fractionated. The origin is at the top. The complete linear form of SV40 is included in the first slot, as produced
by digestion with E. coli R I endonuclease. The schematic line diagram, shown in the left panel, indicates the
positions of the major limit digest fragments found in JC and BK compared with the known fragments
described by Sack and Nathans (23), included as reference standard.
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Form II III I

IL

SV-40 Undigested

+ Eco RI

JC Undiqested

+ Hpa

+ Eco RI

BK Undigested

+ Hpa

+ Eco RI

Lambda + Eco RI
ph age

Origin MW 3x106

FIG. 7. Comparison of SV40, JC and BK fragments produced with E. coli R I and H. parainfluenzae
restriction endonucleases by agarose gel/ethidium bromide electrophoresis. Samples containing 2 jsg of DNA
were digested with either E. coli R I or H. parainfluenzae enzymes, and were fractionated. The origin is at the
left. The position of forms I, II, and III (super coil, relaxed circle, and linear duplex, respectively) in the gel
produced in these digestion mixtures are indicated at the top.

further reports of BK virus studies. By Pestric-
tion endonuclease comparison with H.
influenzae enzyme digestion, JC and BK vi-
ruses differ greatly, both in number and size of
fragments, from each other as well as from
SV40. Mullarkey et al. have recently demon-
strated that BK yields Hin fragments totally
different from those of SV40 (personal commu-
nication), ad these findings confirm thefrs. BK
is only partially converted to form III by Hpa,
much of it still remaining as form I, despite the
fact that its incubation conditions were identi-
cal with those of the JC sample. This finding is
probably not due to nonspecific single-stranded
breaks because the accumulation of form II, the
intermediate that would be expected from such
a process, is not seen. By Eco R I digestion,

however, JC and BK appear quite similar, in
that they both appear to have one cleavage site,
as does SV40.
While these comparisons of the two new

human papovaviruses, JC and BK, suggest that
they are notably different from SV40 and from
each other, these findings will be strengthened
by molecular hybridization studies, which are
currently in progress.
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