PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 184, 504-509 (1987)

Abnormal Tubulovesicular Particles in Brains of Hamsters with Scrapie (42507)
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Abstract. Abnormal tubulovesicular particles of an average diameter of 23 nm have been observed
in brains of mice with scrapie as well as in other animals with spongiform encephalopathies, but
they were thought to be absent from the brains of hamsters with scrapie in which the highest
known concentrations of the infectious agent occur. We observed in neuronal processes of hamsters
as well as mice clusters of those tubulovesicular structures, most often in postsynaptic terminals.
Such particles have now been seen regularly in both experimental and natural scrapie in all species
examined as well as in other spongiform encephalopathies. © 1987 Society for Experimental Biology and

Medicine.

The subacute spongiform encephalopathies
are caused by replicating agents that are sub-
protist in size. The structure of the pathogens
is not known. It has been proposed that they
are smaller than conventional viruses (1), de-
void of nucleic acid (2), and may be unique
infectious proteins (3-6). That hypothesis,
however, has not yet been substantiated (6-
8). It remains important to search for abnor-
mal structures that might represent the etio-
logical agent in tissues containing the infec-
tious agents. Since our original observations
of “viruslike” particles in brains of animals
with scrapie (9-15) and Creutzfeldt-Jakob
disease (16), similar structures have been re-
ported by other investigators (17-21). How-
ever, those particles seemed unlikely to rep-
resent the infectious agent (22), or even a
consistent expression of the pathology of
spongiform encephalopathies, because they
were thought to be absent from brains of ham-
sters with experimental scrapie (20, 21), in
which the highest reported concentrations of
agent occur (23). We found aggregations of
23-nm diameter tubulovesicular particles,
identical to those previously described, in thin
sections of brains of hamsters with scrapie.
Thus, it appears that 23-nm tubulovesicular
particles are consistent and unique findings in
brains of animals with spongiform encephal-
opathies.
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Materials and Methods. Swiss—Webster
mice were inoculated with Chandler’s original
mouse-adapted strain of scrapie agent (24);
brains were collected from mice at various
times during incubation period and illness and
fixed as previously described (12, 13, 15).
Outbred golden Syrian hamsters were inocu-
lated intracerebrally into the left frontal region
with 0.03 ml of a 10% suspension of 263K
strain (derived from Chandler’s mouse-
adapted strain) of scrapie-infected hamster
brain (23), or with freshly prepared normal
hamster brain; scrapie-inoculated animals had
ataxia about 60 days later and died with severe
wasting and immobility by about 80 days,
while controls remained well. Hamsters show-
ing signs of illness were anesthetized, and
brains were fixed either by perfusion with 4%
glutaraldehyde in phosphate-buffered saline or
by immersion in glutaraldehyde after rapid
removal. Some brains were fixed, rinsed, and
postfixed in fluids containing 0.05% ruthe-
nium red to enhance contrast as previously
described (12, 13). Tissues were postfixed in
1% osmium tetroxide, dehydrated, and
embedded in Araldite (hamsters) or Epon
(mice) (12, 13, 15). Thick sections were stained
with toluidine blue, and thin sections were
prepared from areas showing vacuolation of
gray matter and hypertrophy of astroglia. Sec-
tions were stained with uranyl acetate and lead
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FIG. 1. Cerebral cortical gray matter of mouse with scrapie. Array of tubulovesicular particles, densely
packed in center and loose on periphery. (Uranyl acetate and lead citrate. Bar = 200 nm.)

citrate, and examined at 60 kV in a Philips
201 microscope or 80 kV in a JEOL 100 CX
MiCroscope.

Results. Tubulovesicular particles identical
to those previously described were readily
found in postsynaptic terminals and dendrites
of all mice with scrapie; the particles were ei-
ther densely packed as in Fig. 1 (13, 20) or
looser, as in Fig. 2. Tubulofilamentous forms,
some as long as 200 nm, were seen as well as
transverse circular profiles. Diameters of both
forms measured 22 to 26 nm. As before, larger
vesicular bodies 100 to 110 nm in diameter
(Fig. 2) were frequently found in association
with the smaller particles. Intensive search of
normal mouse brains failed to reveal any sim-
ilar structures.

In brains of hamsters early in illness and in
terminal stages of scrapie, similar arrays of
loosely packed particles were found in neural

processes (Figs. 3, 4); densely packed particles
were not observed. Transverse circular profiles
with diameters of 22 to 24 nm were present,
as were smaller numbers of tubulofilamentous
profiles and of larger vesicular bodies of 100
to 110-nm diameters (not shown). Particles
were identified in all blocks examined, al-
though they were more difficult to find in the
brains of hamsters than in mice with scrapie.
A careful search in sections from brains of
sham-inoculated and uninoculated hamsters
revealed no similar particles.

Discussion. Osmiophilic tubulovesicular
particles of similar morphology have now been
observed in brains of all species of scrapie-in-
fected animals studied (9-15, 17-21) as well
as in brains of animals with Creutzfeldt-Jakob
disease (16), and in those of patients with that
disease (H.K. Narang, unpublished data), most
frequently located in postsynaptic terminals
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FIG. 2. Cerebral cortical gray matter of mouse with scrapie. Array of loosely packed tubulovesicular
particles. (Uranyl acetate and lead citrate. Bar = 200 nm.)

(9, 12, 13, 19-21). Earlier observations re-
ported external diameters of both circular and
tubular profiles to be about 30 to 40 nm (9,
16, 17), but more recent studies of morpho-
logically similar particles estimated smaller
diameters, between 15 and 27 nm (10-14) with
a mean diameter of 23 nm (15, 19, 21). Mea-
sured sizes have been reported to vary with
conditions of fixation (13). The structures
usually had a central lucent core, but some-
times contained a dark central filament (12,
13). It has been suggested that tubular profiles
result from overlapping arrays of spherical
particles (13, 21). The particles are readily dis-
tinguishable from normal cellular structures,
such as synaptic vesicles, neurofilaments, gly-
cogen granules, and ribosomes. Although re-
sembling microtubules in size and in having
central dense cores (25), the 23-nm particles
clearly differed from microtubules seen in the
same sections; microtubules were somewhat
smaller with less prominent cores and were

distributed regularly throughout the cytoplasm
as seen in Fig. 4. Failure to demonstrate the
23-nm tubulovesicular structures in previous
studies of hamsters (20, 21) may have resulted
from sampling problems, or from the selection
of animals too early in incubation period. That
may also explain failure to find the 23-nm
particles in spleen and other organs outside
the nervous system, and greater efforts must
be made to seek them there. A variety of other
viruslike particles have also been observed in
brains with spongiform encephalopathies (26—
32); those particles, generally larger in size,
have been much less consistently reported than
the 23-nm particles.

The 23-nm tubulovesicular structures
demonstrated here are, at very least, a consis-
tent and unique phenomenon in the ultra-
microscopic pathology of spongiform ence-
phalopathies and potentially might even rep-
resent individual or aggregated particles or
components of the infectious agents of those



FIG. 3. Cerebral cortical gray matter of hamster with scrapie. Array of loosely packed particles. (Uranyl
acetate and lead citrate. Bar = 200 nm.)
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FIG. 4. Cerebral cortical gray matter of hamster with scrapie. Array of particles (arrow) smaller than

synaptic vesicles (SV) and slightly larger than microtubules (arrowhead). (Uranyl acetate and lead citrate.
Contrast augmented with ruthenium red stain. Bar = 300 nm.)
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diseases. In spite of repeated efforts to show
that the scrapie agent is subviral, no experi-
mental evidence has convincingly demon-
strated the minimal infectious unit to be less
than 20 nm in diameter (7, 8, 33-35), a size
consistent with that of the 23-nm particles.
However, there is still no evidence that the 23-
nm particles are specifically related to infec-
tivity.

The authors thank C.J. Gibbs, Jr. for helpful discussions

and encouragement. H.K. Narang received fellowships
from Becton, Dickinson and Company, and the Royal
College of Pathologists, London.

. Alper T, Haig DA, Clarke MC. The exceptionally

small size of the scrapie agent. Biochem Biophys Res
Commun 22:278-284, 1966.

. Alper T, Cramp WA, Haig DA, Clarke MC. Does the

agent of scrapie replicate without nucleic acid? Nature
(London) 214:764-766, 1967.

. Pattison IH, Jones KM. The possible nature of the

transmissible agent of scrapie. Vet Rec 80:2-9, 1966.

. Griffith JS. Self-replication and scrapie. Nature (Lon-

don) 215:1043-1044, 1967.

. Prusiner SB. Novel proteinaceous particles cause

scrapie. Science 216:136-144, 1982.

. Gajdusek DC. Chronic dementia caused by small un-

conventional viruses apparently containing no nucleic
acid. In: Scheibel AB, Wechsler AF, Eds. The Biolog-
ical Substrates of Alzheimer’s Disease. Orlando: Ac-
ademic Press, pp33-54, 1986.

. Rohwer RG. Scrapie infectious agent is virus-like in

size and susceptibility to inactivation. Nature (Lon-
don) 308:658-662, 1984.

. Carp RI, Merz PA, Kascsak RJ, Merz GS, Wisniewski

HM. Nature of the scrapie agent: Current status of
facts and hypothesis. J Gen Virol 66:1357-1368, 1985.

. David-Ferreira JF, David-Ferreira KL, Gibbs CJ Jr,

Morris JA. Scrapie in mice: Ultrastructural observa-
tions in the cerebral cortex. Proc Soc Exp Biol Med
28:313-320, 1968.

. Narang HK, Shenton BK, Giorgi PP, Field EJ. Scrapie

agent and neurones. Nature (London) 240:106-107,
1972. ’

. Narang HK. Virus-like particles in natural scrapie of

the sheep. Res Vet Sci 14:108-110, 1973.

. Narang HK. Ruthenium red and lanthanum nitrate

a possible tracer and negative stain for scrapie “par-
ticles”? Acta Neuropathol (Berlin) 29:37-43, 1974.

. Narang HK. An electron microscopic study of the

scrapie mouse and rat: Further observations on virus-
like particles with ruthenium red and lanthanum ni-
trate as a possible trace and negative stain. Neuro-
biology 4:349-363, 1974.

14,

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

TUBULOVESICULAR PARTICLES IN SCRAPIE HAMSTER BRAIN

Narang HK. An electron microscopic study of natural
scrapie sheep brain: Further observations on virus-
like particles and paramyxovirus-like tubules. Acta
Neuropathol (Berlin) 28:317-329, 1974,

. Narang HK, Chandler RL, Anger HS. Further obser-

vations on particulate structures in scrapie affected
brain. Neuropathol Appl Neurobiol 6:23-28, 1980.

. Lampert PW, Gajdusek DC, Gibbs CJ Jr. Experi-

mental spongiform encephalopathy (Creutzfeldt-Ja-
kob disease) in chimpanzees: Electron microscopic
studies. J Neuropathol Exp Neurol 30:20-32, 1971.

. Lamar CH, Gustafson DP, Krasnovich M, Hinsman

EJ. Ultrastructural studies of spleens, brains and brain
cell cultures of mice with scrapie. Vet Pathol 11:13-
19, 1974.

. ZuRhein GM, Varakis J. Unpublished data, p367.

Cited by Marsh RF. Subacute spongiform encephal-
opathies. In: Kimberlin RH, Ed. Slow Virus Diseases
of Animals and Man. Amsterdam: North-Holland,
pp359-380, 1976.

Baringer JR, Prusiner SB. Experimental scrapie in
mice: ultrastructural observations. Ann Neurol 4:205-
211, 1978.

Baringer JR, Wong J, Klassen T, Prusiner SB. Further
observations on the neuropathology of experimental
scrapie in mouse and hamster. In: Prusiner, SB, Had-
low WJ, Eds. Slow Transmissible Diseases of the Ner-
vous System, New York: Academic Press, Vol 2:
ppll1-121, 1979.

Baringer JR, Prusiner SB, Wong JS. Scrapie-associated
particles in postsynaptic processes: Further ultra-
structural studies. J Neuropathol Exp Neurol 40:281-
288, 1981.

Prusiner SB, McKinley MP, Bowman KA, Bolton DC,
Bendheim PE, Groth DF, Glenner GG. Scrapie prions
aggregate to form amyloid-like birefringent rods. Cell
35:349-358, 1983.

Marsh RF, Kimberlin RH. Comparison of scrapie and
transmissible mink encephalopathy in hamsters. II.
Clinical signs, pathology and pathogenesis. J Infect
Dis 131:104-110, 1975.

Chandler RL. Encephalopathy in mice produced by
inoculation with scrapie brain material. Lancet 1:
1378-1379, 1961.

Peters A, Palay SL, Webster HdeF. The Fine Structure
of the Nervous System: The Neurons and Supporting
Cells. Philadelphia, Saunders, p98, 1976.

Vernon ML, Horta-Barbosa L, Fucillo DA, Sever JL,
Baringer JR, Birnbaum G. Virus-like particles and
nucleoprotein-type filaments in brain tissue from two
patients with Creutzfeldt-Jakob disease. Lancet 1:964—
966, 1970.

Bignami A, Parry HB. Aggregations of 35-nanometer
particles associated with neuronal cytopathic changes
in natural scrapie. Science 171:389-391, 1971.
Allen AV, Dermott E, Connolly JH, Hurwitz LJ. A
study of a patient with the amyotrophic form of
Creutzfeldt-Jakob disease. Brain 94:715-724, 1971.



29.

30.

31

32.

33.

TUBULOVESICULAR PARTICLES IN SCRAPIE HAMSTER BRAIN

Bots GThAM, DeMan JCH, Verjaal A. Virus-like
particles in brain tissue from two patients with
Creutzfeldt-Jakob disease. Acta Neuropathol (Berlin)
18:267-270, 1971.

Field EJ, Narang HK. An electron-microscopic study
of the scrapie rat: Further observations in “inclusion
bodies™ and virus-like particles. J Neurol Sci 17:347-
364, 1972.

Hirano A. Argentophilic plaques in Creutzfeldt-Jakob
disease. Arch Neurol (Chicago) 26:530-542, 1972.
Narang HK. Virus-like particles in Creutzfeldt-Jakob
biopsy material. Acta Neuropathol (Berlin) 32:163-
168, 1975.

Gibbs CJ Jr. Search for infectious etiology in chronic
and subacute degenerative diseases of the central ner-

34.

3s.

509

vous system. Curr Top Microbiol Immunol 40:44-
58, 1967.

Kimberlin RH, Millson GC, Hunter GD. An exper-
imental examination of the scrapie agent in cell
membrane mixtures. III. Studies of the operational
size. J Comp Pathol 81:383-391, 1971.

Gajdusek DC. Uncoventional viruses and the origin
and disappearance of kuru. Science 197:943-960,
19717.

Received March 31, 1986. P.S.E.B.M. 1987, Vol. 184,
Accepted December 24, 1986.





