10 4 i8 22
Time (hr}

Fig. 1. Effect of aluminum sulfate (10°M)
on the number (ordinate) of cells entering
prophase in barley roots. Mean values
from three ‘“squash™ preparations stained
with acetocarmine.

(Table 1). In the aluminum-treated roots
there are two apparent anomalies. The
specific activity of the high-molecular-
weight DNA is similar to that of the
high-molecular-weight DNA from the
actively dividing control roots. In the
absence of cell division only slight in-
corporation of 32P; might have been
expected. Also the newly synthesized
DNA of this fraction is metabolically
labile, resembling in this respect the

Table 1. Specific activity of DNA fractions
from aluminum-treated and untreated barley
roots after a 4-hour label with carrier-free
32P, and again after a 48-hour “chase.”

Radioactivity

DNA fraction (count/sec) per ug DNA-P

Label Chase
LMW control® 107 10
HMW controlf 24 22
LMW treated 71 18
HMW treated 26 7

* LMW, low-molecular-weight DNA having a
base composition and chromatographic behav-
ior on a MAK column similar to that of a
wheat-root DNA fraction with a molecular
weight of 2 to 3 X 105, + HMW, high-molecu-
lar-weight DNA which, by the same two criteria,
resembles a wheat-root DNA fraction with a
molecular weight of 4 to 6 X 106 (5).

Table 2. Refractionation of heat denatured
DNA fractions labeled with *P from alumi-
num-treated and untreated barley roots. G
guanine; C, cytosine.

>

Radio-
DNA Al Amount 2CUVity
frac- treat- Mgun Iglilr /"gp GTC
tion ment DNA-P A- (mole %)
(count/
sec)
Eluted by NaCl
LMW — 2.9 22 52
HMW . 1.6 5.6
LMW 4.8 15 51
HMW 5.3 28 52
Eluted by NaOH
LMW - 0.5 24
HMW — 11.2 6 42
LMW 0.5 16
HMW 18.5 1.2 51
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low-molecular-weight DNA fraction.
Thus it appears that the DNA synthe-
sized during the period in which isotope
was added is in fact of the low-molec-
ular-weight form and that a part of
this exists hybridized with the high-
molecular-weight DNA. If this is so
two requirements must be met. The
base composition of newly synthe-
sized DNA associated with the high-
molecular-weight DNA must resemble
that of the low-molecular-weight DNA
in aluminum-treated roots, but not in
untreated ones. This we have verified ex-
perimentally by determining base com-
positions by distribution of 32P in the
deoxynucleotides. The percentages of
guanine plus cytosine in the control of
low- and high-molecular-weight DNA’s
were 52 and 42, respectively; the cor-
responding percentages in the treated
low- and high-molecular-weight DNA’s
were 51 and 53, respectively. For these
determinations the barley DNA frac-
tions were mixed with calf-thymus
DNA as a carrier and treated with
NaOH (0.3 M, 18 hours at 37°C,
and 10 minutes at 70°C) to hydrolyze
RNA. After acid precipitation, the
DNA was digested with crystalline
deoxyribonuclease (pH 5.0, 25°C) and
then with purified snake-venom phos-
phodiesterase (pH 8.8, 37°C) (9). The
deoxynucleotides were fractionated on
Dowex-formate column (/0), with a
linear gradient of ammonium formate
(pH 4.2, 300 ml of 0.1M to 300 ml
of 1.0M). Five ml of 1N formic acid
was added to the mixing vessel after
the elution of deoxyadenylic acid. The
distribution of 32P followed that of
deoxynucleotides, thus the radioactivity
measured was derived from DNA.
The second requirement is that after
separation of the hybrid into its com-
ponents, these parts should behave chro-
matographically as two distinct molec-
ular species. One should contain most
of the total radioactivity and behave like
low-molecular-weight DNA, the other
should contain most of the total DNA,
and behave like high-molecular-weight
DNA. That this is in fact so has been
verified. DNA may be rendered single-
stranded by heating and subsequent
cooling (/7). We have heated DNA
(3 g DNA-P per ml) in distilled water
for 2 minutes at 100°C. After rapid
cooling the solution was stirred with
MAK in a chromatography column
containing one volume of NaCl (0.1M)
in phosphate buffer (0.05M, pH 6.7).
The column outlet was closed while the
DNA adsorbed to the MAK. After 5
minutes the column was allowed to

drain and it was then used in the normal
manner. In this way the tendency of the
DNA to become renatured is reduced,
Low-molecular-weight DNA treated in
this manner can be eluted with NaCl
(2.5M) in phosphate buffer (0.05M,
pH 6.8) whereas the high-molecular-
weight DNA, which is resistant to elu-
tion with NaCl, can be eluted with Na-
OH (0.5M). Table 2 shows the results
of such refractionation of high- and
low-molecular weight DNA extracted
from aluminium treated and untreated
barley roots and meets the second
requirement. Base compositions were
determined for all fractions as described
above and are given in Table 2.

M. SaMPsON
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D. D. Davies
University of East Anglia, School
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Particles Resembling Papova
Viruses in Human Cerebral
Demyelinating Disease

Abstract. Degenerated brain tissue
obtained from a deceased patient who
had progressive multifocal leukoen-
cephalopathy had been fixed in forma-
lin prior to processing for electron
microscopy. In ultrathin sections virus-
like particles resembling papova virions
were frequently observed in glial nu-
clei. Correlation with light-microscopy
findings suggests that demyelination re-
sulted from the cytocidal effect of the
virus on oligodendroglia.

Progressive multifocal leukoenceph-
alopathy (PML) is a rare human
demyelinating disease first reported in
1958 by Astrém, Mancall, and Rich-
ardson (/). Only about 35 cases have
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Fig. 1.

Ultrathin section of portion of glial nucleus in degenerated cerebral white

matter. Arrows indicate nuclear membrane. VP, virus-like particles scattered through-
out major portion of nucleoplasm. C, residual nuclear chromatin. The bar equals 100

mu (about X 56,100).

been reported from North America,
Europe, and Australia. With few ex-
ceptions, this disease is superimposed,
during the last several months of the

patient’s life, upon a chronic disease,
such as leukemia, malignant tumors,
or tuberculosis (2). A unique combi-
nation of glial cytopathology has led

Fig. 2. Ultrathin section of portion of another glial nucleus. Arrow indicates nuclear
membrane. VC, virus-like particles arranged in crystalline aggregates. Particles in
two crystals blurred in contour due to partial overlapping. F. filamentous structures
arranged in a bundle. The bar equals 100 myu (about X 71,400).
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several authors to suggest a viral etiol-
ogy for the disease (2, 3). Impair-
ment of normal immunologic re-
sponses secondary to the chronic back-
ground diseases has been considered
(2, 3). In the absence of the correct
diagnosis prior to death, no fresh ma-
terial has so far become available for
virus isolation.

We checked for the presence of a
virus by performing, for the first time,
an electron-microscope examination of
sections from such a diseased brain.
The autopsy material, obtained 12
hours after death, originated from a
67-year-old woman afflicted with bron-
chial asthma for 30 years and with
progressive paralysis of her left limbs,
mental deterioration, and blurred
speech for the last 7 months of life.
At the time of death from pulmonary
complications, multiple small and large
areas of cerebral white matter were
degenerated. Prior to electron micros-
copy the brain slices had been kept
for 2 years in 10 percent formalin
(pH 6.0)..

Discrete 1-mm demyelinated grey
areas beyond the periphery of major
lesions were selected for study. With
light-microscope examination the for-
mer had yielded the highest concentra-
tion of oligoglial cells with enlarged,
deeply basophilic nuclei, suggestive of
viral infection. The pieces were fixed
again for 2% hours in phosphate-
buffered osmium tetroxide, dehydrated
in an ethanol series, and embedded in
Epon 812. Sections were cut on a
Porter-Blum microtome, stained with
either lead citrate or uranyl acetate,
and examined in RCA EMU 3D and
3G electron microscopes (4).

The glial nuclei were the best-pre-
served tissue components. At magnifi-
cations ranging from 18,700 to 35,700
virus-like particles were detected in a
majority of these nuclei (5). The shape
of the particles varied, as did the ar-
rangement and the density of distribu-
tion in a given nucleus. Most fre-
quently, spherical particles of rather
uniform size (33 to 36 my) and me-
dium electron opacity filled the nuclei
in random distribution and in abun-
dance, with residual chromatin mostly
marginated along the nuclear mem-
brane (Fig. 1).

Multiple collections of tens or hun-
dreds of such particles were scattered
in other nuclei with unusually opaque
and coarsely granular chromatin.
Crystalloid arrays of particles (Fig. 2)
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were seen less often. If multiple, they
were usually set at sharp angles to each
other. On rare occasions, single, large,
centrally located crystalloid arrange-
ments of innumerable particles occupied
from one-half to two-thirds of the sec-
tioned plane of a nucleus.

The peculiar streaked pattern of
such a formation was the first ab-
normality observed when sections
were screened at a magnification of
about 6000. Particles in crystalloids
were either oblong or hexsgonal and
frequently showed an electron-lucent
center. Further wvariations in shape
suggested overlapping or tilting of
particles (Fig. 2). The distance from
center to center was 40 mu. Fila-
mentous structures about one-half to
two-thirds the diameter of the spheri-
cal particles were found in combina-
tion with the above forms (Fig. 2).
They were arranged in strands or in
whorls, or were scattered singly. Elec-
tron-lucent centers were distinct on
cross sections.

Subsequent electron-microscope stud-
ies performed on grossly non-
degenerated cerebral white matter of
this patient and on white matter of
another elderly woman’s brain, kept
for 2 years in 10 percent formalin,
revealed none of the aforementioned
nuclear abnormalities.

The morphology of the particles
described, as well as their arrange-
ment and intracellular location, resem-
bles most closely the members of the
papova virus group. This virus group
was proposed as a separate entity by
Melnick in 1962; it was enlarged and
further defined in 1963 by a study
group of the virus subcommittee of
the International Nomenclature Com-
mittee for Bacteria and Viruses (see
6).

Man is considered the natural host
of only one established member of the
papova virus group: the human wart
virus. Aside from cutaneous papillo-
mata, no lesions have been attributed
to this agent. The mouse is the natural
host of two members of the group,
polyoma virus and K-virus; and the
rabbit and monkey are hosts of one
member each, the Shope papilloma vi-
rus and the simian vacuolating agent,
respectively.

Serologic studies for polyoma anti-
bodies in human volunteers, conducted
by Huebner parallel to serology of lo-
cal mouse populations, yielded no sig-
nificant results (see 7). Short-term effects

11 JUNE 1965

on man produced by simian virus 40
(SV 40), injected or ingested inadver-
tently with poliomyelitis vaccines, were
summarized by Fraumeni (8). Melnick
commented in 1962 that no illness pos-
sibly related to this virus had been
reported so .far (9).

Numerous, randomly distributed,
spherical virus particles (30 to 50 mp)
are present in nuclei of tissues in-
fected with any member of the papova
virus group (/0, 11). Intranuclear, or-
dered, crystalline arrays have been re-
ported for four of the five members
(10, 11), and elongated structures,
seen in purified preparations of all
papova viruses, were found in cell
nuclei infected by polyoma virus (Z1).
Tumorigenicity has been proven for
the four initial members of the group
(6). Under laboratory conditions, in-
flammation or degeneration may result
from infection (/2), but no cerebral
demyelinization has been observed in
animals.

The case history of this patient indi-
cated (/3) that warts had been re-
moved from her fingers four times dur-
ing the last 6 years of her life, that
she had lived about 1500 feet (500 m)
from the city dump, and that an old
shed on her premises was probably at
times frequented by rats and mice.
The woman had not received any polio
vaccine.

In the light microscope, presence of
abnormal oligoglial cells characterized
the earliest incompletely demyelinated
foci. Neither normal nor abnormal
oligoglia were found within the older,
larger, totally demyelinated lesions.
Previously, authors have concluded
that the primary alteration of progres-
sive ‘multifocal leukoencephalopathy
occurred in the oligoglial cells with
secondary demyelination (/4). The
role of oligodendrocytes as sole main-
tainers of adult mammalian central
myelin has not been proven. Studies
on myelin formation and experimen-
tal demyelination has led some elec-
tron microscopists to advocate such
metabolic relationship (/5). On the as-
sumption that the particles observed
actually are virions, it is suggested
that the demyelination is produced by
the metabolic and eventually cytocidal
effect of the virus on oligoglial cells
and that this demyelination follows
massive intranuclear replication. The
suggested virus may be an established
member of the papova group or an as
yet biologically undiscovered agent.

The possibility of a chance presence of
virus seems slight because of the ex-
cessive number of intranuclear parti-
cles in diseased areas, their absence
in nondiseased tissues, and their ob-
servation in all three cases of this
disease which have been studied by
means of the electron microscope
“, 5).

GABRIELE M. ZU RHEIN*

SHI-MING CHOU

Departments of Pathology and
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Medical School, Madison
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