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Summary. The structure of partially purified, CNS
amyloid fibrils from three different sources have been
compared by negative stain EM. The fibrils isolated
from brains with senile dementia of Alzheimer type
were 4— 8 nm in diameter, narrowing every 30 —40 nm
and apparently composed of two 2—4 nm filaments.
The fibrils from a Gerstmann-Striussler syndrome
brain were 7—9 nm in diameter, narrowing every 70 —
80 nm and with a suggestion that they are composed of
two 3— 5 nm filaments. The fibrils isolated from 87V
scrapie-affected mouse brains were 4—8 nm in diam-
eter with a twist every 15—25 nm presumably com-
posed of two 2—4 nm filaments. The fibrils from the
scrapie brains were usually observed in pairs. The shape
of the clusters of the isolated amyloid fibrils observed in
each disease was similar in negative stain and thin
section EM preparations and was related to the charac-
teristic morphology of the amyloid fibrils in the neuritic
and amyloid plaques in situ. The structural differences
between the CNS amyloid fibrils from the various
diseases studied by us may reflect differences in the
polypeptides which comprise the fibril and/or a dif-
ferent pathogenesis in the formation of the amyloid
fibrils.
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Introduction

Neuritic and amyloid plaques are one of the most
common neuropathologic changes observed in normal
aged human and animal population (Wisniewski et al.
1970, 1973; Wisniewski and Terry 1976; Vaughan and
Peters 1981). They are particularly common in people
with the clinical diagnosis of senile dementia of the
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Alzheimer type (SDAT) (Wisniewski and Terry 1973).
The neuritic and amyloid plaques are also observed in
Downs syndrome, kuru, some cases of Creuzfeldt-
Jakob disease (CJD) and Gerstmann-Straussler syn-
drome (GSS) (Jervis and Soltz 1936; Klatzo et al. 1959;
Beck and Daniel {979; Schlote et al. 1980; Masters et
al. 1981). Two varieties of plaques have been
described which are primarily observed in light micro-
scopy with Congo red staining and silver impregnation
methods with periodic acid Schiff (PAS) staining.
Neuritic plaques, found predominantly in Alzheimer’s
disease and SDAT, have varying degrees of amyloid
deposition from the primitive plaque with the least
quantity of amyloid through the classical senile plaque
to the bumed out amyloid plaque (Wisniewski et al.
1981a, b). Plaques observed in kuru, CID, and GSS are
composed of amyloid fibrils primarily in the form of
amyloid plaques. Electron microscopy (EM) of the
neuritic and amyloid plaques has demonstrated that the
PAS-stained and congophilic material is composed of
6 — 11 nm fibrils, which have similar characteristics to
the amyloid deposits observed in the generalized sys-
temic amyloidosis (Terry and Wisniewski 1970;
Wisniewski et al. 1981b; Glenner and Page 1976).
Kuru and CJD have been shown to be caused by
slow viruses similar to scrapie (Gajdusek 1977). The
clinical symptoms and neuropathology of kuru and
CJD in experimentally infected animals parallels the
clinical course and neuropathology of the human
diseases. Status spongiosis is the primary histological
feature in both the human diseases and the infected
animals. However, the amyloid deposits characteristic
of some kuru and CJD cases were not observed in
infected animals even those inoculated with material
from cases known to contain amyloid plaques (Beck
and Daniel 1979). GSS is a familial disease consistent
with an autosomal dominant mode of inheritance. The
clinical history is characterized by cerebellar signs in
which some cases also exhibit dementia. The neuro-
pathology is characterized by a spinal cerebellar de-
generation with the presence of amyloid and a few
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neuritic plaques throughout the brain. Several cases
also have spongiform changes typical of CID. A CJD-
like disease appeared in primates inoculated with brain
material from four cases of GSS (Master et al. 1981).
Again only vacuolation and no amyloid plagues were
observed in the clinically affected animals. The trans-
mission of the sporadic or familial Alzheimer’s disease
to an animal host has yet to be demonstrated
(Goudsmit et al. 1980; Brown et al. 1983).

Scrapie, a progressive degenerative CNS disease of
sheep and goats, has been transmitted to laboratory
rodents (Chandler 1963). Although vacuolation is a
common neuropathologic feature of the many scrapie
strains, the formation of neuritic and amyloid plaques
occurs only in certain specific agent-host combinations
(Bruce and Fraser 1975; Wisniewski et al. 1975; Fraser
1979). These scrapie-host combinations are the only
animal models available for studying the dynamics of
the neuritic and amyloid plaque formation. The
amyloid deposits caused by two particular strains of
scrapie (87V and 87A) appear to be locally produced
within the CNS as a response to the infectious agent,
particularly at the site of the injection, following
intracerebral inoculation (Bruce and Fraser 1981;
Wisniewski et al. 1981a, b).

The amyloid fibrils isolated from the various sys-
temic amyloidoses are straight and unbranched but
vary somewhat in their detailed ultrastructure. In thin
section EM, the systemic amyloid fibrils have an
average diameter of 10 nm with a range of §—20 nm
when observed in situ, isolated as plaques, or isolated
with distilled water and aggregated in low salt (Pras et
al. 1968 ; Rosenthal and Franklin 1977). Negative stain
EM has been extensively employed in the morphologi-
cal characterization of the amyloid fibrils after dem-
onstration of the solubility of the amyloid fibril in
distilled water and its re-aggregation with the addition
of low salt (Shirahama and Cohen 1965; Pras et al.
1968; Rosenthal and Franklin 1977). The re-
aggregated fibrils in low salt are generally observed as
clusters of fibrils, in which each fibril appears to be
composed of two or more filaments each 5—7 nm in
diameter. The 5—7 nm filament is reported to be
composed of two protofilaments 2.5—3.5 nm in diam-
eter (Shirahama and Cohen 1965).

In this paper we describe the negative stain mor-
phology of three types of partially purified CNS
amyloid from Alzheimer’s disease, GSS, and 87V
scrapie and discuss the differences observed.

Materials and Methods

Materials

Alzheimer Disease. The brains from three morphologically confirmed
cases of SDAT were used. The morphological studies revealed the

presence of predominantly primitive neuritic plaques in all three
cases. Before amyloid isolation, samples of the individual brains were
frozen at —70°C for periods of up to 3 years.

3

Gerstmann-Stréussler Syndrome (GSS). This case originated in a
family exhibiting autosomal-dominant mode of inheritance of GSS in
which four generations had been affected. The clinical course of this
case (Masters et al. 1981, Fig. 2, Case 1V-2) was a neurologic disease
(cerebellar degeneration) with dementia. Neurologic examination
after autopsy showed amyloid and some newritic plaques throughout
the brain and spongiform encephalopathic changes similar to CID.
The studied samples of the cortex were frozen at —70°C until used.

Control Material. One human brain without a neurologic history and
not having amyloid or neuritic plaques demonstrable on routine
neuropathologic examination of sections stained with Bodian-PAS
or Congo red was processed for amyloid fibrils to determine whether
the use of the chemical procedures can produce fibres of the amyloid
type. Samples of brain were frozen at —70°C.

87V Scrapie. Weanling IM/Dk mice were inoculated intracerebrally
in the right hemisphere with 1 % homogenate of 87V scrapie-infected
VM mouse brain. Clinical disease appeared about 9 months after
inoculation. Animals for amyloid isolation were killed by cervical
dislocation. The brains were removed and frozen at —70°C. One
animal in six was perfused with 39 glutaraldehyde in 0.1 M
Sorenson’s buffer (Vorbrodt et al. 1981). Its brain was removed and
processed for histopathology. Histopathology confirmed the pre-
sence of periventricnlar and cortical amyloid and neuritic plaques
following Congo red, Masson trichrome, or Bodian PAS staining.

Control Mice. Weanling mice of IM/Dk strain were inoculated
intracerebrally in the right hemisphere with 1%, normal brain
homogenate of the corresponding mouse strain. Animals, age-
matched to the scrapie-inoculated IM/Dk mice, were killed by
cervical dislocation, the brains removed and frozen at — 70° C until
used. Several animals were perfused with 3 % glutaraldehydein 0.1 M
Sorenson’s buffer (Vorbrodt et al. 1981), brains were removed and
processed for histopathology. Following Congo red, Masson tri-
chrome, or Bodian PAS staining, microscopic studies of these brains
did not reveal amyloid plaques.

Methods

Amyloid Preparation. The entire isolation procedure is carried out at
4° C except where indicated. Single frozen mouse brains or 1 —10 g of
human frozen cerebral cortex, dissected free of white matter, were
minced and homogenized in 10 vol. of 0.1 M acetate buffer, pH 4.5
using a Dounce homogenizer with a loosely fitting pestle. The
homogenate was centrifuged at 2,400 g for 15 min at which point one
of the three following procedure was performed:

(1) The pellet was treated with 1 % Triton X-100, 19, urea, and
19 sodium dodecylsulfate and centrifuged at 2,400 g for 15 min. The
resulting pellet was examined by negative stain EM after dilution with
distilled water.

(2) The pellet from 1 was suspended in 0.5 M sucrose and layered
overa 1 —1.5 M sucrose gradient and centrifuged at 100,000 g for 2 h.
Aliquots from the fractions of the gradient were diluted with distilled
water and examined by negative stain EM.

(3) The original pellet was resuspended in 2] pepsin in 0.1 M
acetate buffer pH 4.5 and incubated at 37°C for 30 min. The
suspension was sonicated with a Branson microprobe at full strength
for 15 s and reincubated with 2% pepsin for another 30 min, then
centrifuged at 8,000 g for 15 min. The suspension was sonicated with
a Branson microprobe at full strength for 15 s and re-incubated with
2% pepsin for another 30 min, then centrifuged at 8,000 g for 15 min.
The pellet was treated with 2% octyl glucoside in 0.32 M sucrose,
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10 mM Tris-HCl, pH 7.5, and the solution layered over a 25%
metrisamide in 10 mM Tris HCl, pH 7.5, pad. The amyloid fibrils
were recovered in the pellet.

Congo Red Staining. An aliquot of each pellet was stained with 1 %
Congo red in distilled water and viewed under polarized light.

Systemic Amyloid Preparations

Contro! and primary amyloidosis liver (0.5 g) were individually
homogenized in 0.32 M sucrose with a motor driven teflon-glass
homogenizer. Control and secondary amyloidotic spleen were sep-
arately homogenized in 0.2 M KCl with a Dounce Homogenizer. The
homogenates were spun at 1,500 g for 10 min. The supernates
pipetted off and the pellets washed. The combined supernates were
spun at 50,000 g for 20 min. The pellets were resuspended in 2 mi of
1% octylglucoside, 0.32 M sucrose, 10mM Tris HCI, pH7.5. After
centrifugation in the SW 27.1 rotor at 80,000 g overnight the resulting
pellets and interface were collected and examined by negative stain
EM.

Electron Microscopy

Thin Section EM. For this study, fibrils from the three different
diseases were isolated according to method 3. The preparations were
centrifuged in Beem capsules at 40,000 g for 30 min. Pelletes were
fixed in 5 % glutaraldehyde in 0.1 M cacodylate buffer, pH 7.0for 3 h,
washed in buffer, postfixed with 1% buffered osmium tetroxide,
dehydrated with graded alcohols, and embedded in plastic (Spurr
1969). Sections were cut on a Sorvall MT-2B Ultramicrotome and
stained with aqueous uranyl acetate and lead citrate.

Negative Stain EM. All samples were coded prior to the microscopist
receiving them. One drop of sample was placed for 1 min on freshly
glow-discharged, carbon-coated 300- or 400-mesh grids. The sample
was drained, stained for 1 min with 3 % phosphotungstic acid (PTA)
pH 7.2 (pH adjusted with NaOH), drained, and air dried. The grids
were examined shortly after preparation. After examination in the
Philips EM 300, the grids were stored under a vacuum. All samples
were evaluated initially at x 20,540. Between 20 and 50 squares were
examined for each grid and micrographs were taken from x 3,000 to
x 73,000. The resolution of the microscope (as calibrated with metal
shadowed latex spheres) was better than 1 nm. The samples were
decoded after the microscopist had evaluated the grids for the
presence of amyloid fibrils, and estimated the type of fibrils observed.

Results

SDAT Amyloid
The amyloid fibrils for the three cases of SDAT
appeared straight and unbranched with a diameter of
4 -8 nm when observed by negative stain EM (Fig. 1a,
b). They were arranged on the grid in an ordered clump,
usually triangular to rectangular in shape with the
fibrils generally arrayed parallel to each other. In areas
in which the fibrils were lightly stained, they appeared
to be twisted with a narrowing to 2—4 nm every 30—
40 nm. Occasionally, two filaments were observed to
comprise the amyloid fibril with each filament being
2—4 nm in diameter (Fig. 1c).

If the detergent treatment was omitted, the amyloid
fibrils were not readily observed. Occasionally, large
areas of fibrillar structures could be observed in

negatively stained preparations during the develop-
ment of the concentrations of detergent to be used.
However, the detail of these fibers could not be resolved
because of the apparently proteinaceous material in
which the fibers were enmeshed (Fig. 2).

The fibrils were observed under all methods of
preparation. Two or more amyloid clusters per grid-
square were observed in all three methods of prepara-
tion. On occasion, paired helical filaments of the
Alzheimer type (PHF) were also observed in these
samples. Dispersed single amyloid fibrils were not seen
in these preparations.

The identification of the negatively stained fibrils as
amyloid was confirmed by thin section EM (Fig. 3a, b).
The fibrils were observed in parallel arrays with the
same general shape as that observed in negative stain.
They were surrounded by a light staining granular
material which made it hard to delineate the exact
dimensions of the individual fibrils. The width of the
fibrils when measured in optimal conditions was
4—8 nm.

Contaminants were densely stained small irregular
aggregates, some collagen, and membraneous debris.
Green-red birefringent amyloid material was not ob-
served by light microscopy after Congo red staining of
the detergent isolated suspension.

GSS Amyloid

In contrast to the preparations from SDAT relatively
few amyloid fibrils were seen as clusters by negative
stain EM. In the preparations of GSS amyloid about
one area of loose fibrils per grid square appeared as a
small cluster with 5—10 amyloid fibrils radiating
outward from the center of the cluster (Fig. 4a). The
fibrils were straight and unbranched. They measured
7—9 nm at their widest narrowing to 3—5 nm every
70—80 nm (Fig. 4b). At high magnification the GSS
amyloid fibril appears to be composed of two filaments,
each 3—5nm in diameter. The staining of the wide
portion and the narrow portion was even, revealing no
differences in substructure.

Large dark profiles, presumably the amyloid stars
which occupied almost a whole square were observed in
these preparations but no detail could be observed due
to their size. Amyloid was observed in three different
preparations using method 3 and the morphology of
the fibrils did not vary. When the detergent was omitted
from the isolation procedure individual amyloid fibrils
were not observed.

Thin section EM of the pellets revealed large
amyloid cores which were presumably the large dark
structures in negative stain (Fig. 5a, ¢). Two types of
amyloid cores were observed in the GSS preparations.
One type was free of cellufar debris and the fibrils were
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Fig. 1 a—c. Micrographs of negatively stained amyloid fibrils from SDAT brains. a Amyloid fibrils from SDAT case 2 prepared by method 1, note
the distinct narrowing every 30— 40 nm of the 4—8 nm fibrils, x 166,000. b Amyloid fibrils from SDAT case 1 prepared by methods 3. Even at
this magnification the helical nature of the individual fibrils is apparent (—), x 74,500. ¢ Amyloid fibrils from SDAT case 2 prepared by method
2, note the distinct protofilaments (—), x 300,000. All are stained with 3%, PTA
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Fig. 2. Negatively stained preparation of amyloid fibrils from SDAT prepared with low concentrations of Triton X-100 in which the fibrils are
deeply enmeshed in an amorphous protein-like material. Structural details of the fibrils cannot be observed. Stained with 3 % PTA, x 86,000

loosely packed. The second one was associated with
amorphous cellular debris and the fibrils were tightly
packed in cable-like structures. The fibrils of the first
type were easily stained and the edges readily delineated
similar to the loose individual fibrils observed. They
were 6—10 nm in diameter, and debris was not as-

sociated with them. Hints of the 10 nm fibril being
composed of two filaments were observed as a dark line
in the center of a 10 nm filament (Fig. 5c). The plaques
associated with cellular debris had a starburst ap-
pearance (Fig. 5b), but within the starburst were darkly
stained irregular aggregates of amorphous material.
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Fig. 3a,b. Micrographs of thin sections of embedded SDAT amyloid fibrils prepared by method 3. a At low magnification with some of the
contaminants, x 43,000. b At higher magnification illustrating the fibrillar character, dimensions and lightly staining material between the fibrils,

x 80,000. All are stained with uranyl acetate and lead citrate

The fibrils in these plaques were in tightly packed
clusters, and it was difficult to obtain the individual
measurement of the fibrils (Fig. 5d). Those measureable
were 6—8 nm in diameter.

The contaminants observed in these preparations
were collagen, densely stained irregular globular ag-
gregates, and large membranous debris. A large con-
centration of classic green-red birefringent amyloid
cores was observed by light microscopy with Congo red
staining of the detergent isolated suspension.

87V Scrapie Amyloid

Fibrils were observed by negative stain EM when
individual brains of mice, clinically affected with 87V
scrapie, were prepared by method 3. Two forms of fibril
were observed. A few individual fibrils were seen
distributed randomly on squares of the grid. These
fibrils were similar to scrapie associated fibrils (SAF)
seen in other scrapie agent-host combinations (Merz et
al. 1981). The second form of fibril was found in small
clusters (Fig. 6a) which appeared flat and oblong. The
diameter of the fibrils was 4—8 nm. High resolution

EM suggests that each 4—8 nm fibril is twisted every
15—25 nm (Fig. 6b). This observation suggests a sub-
structure of 2—4 nm filaments, but further substruc-
tural analysis was not possible. These fibrils were
usually seen as straight pairs with a diameter of
11—20 nm.

The small plaque-like structures were seen about
once every 5 squares of the grid. Often these structures
were observed emerging from or adhering to a mass of
unidentified amorphous material. When amyloid was
prepared by method 2 only the plaque-like structures
were observed and not the individual fibrils similar to
the SAF. Again amyloid (individual or clustered) fibrils
were not observed when the detergent treatment was
omitted.

Thin section EM of the pellets revealed fibrils in a
loose random arrangement (Fig. 7a, b). Most of the
fibrils measured an average of 6 and 12 nm in diameter.
Presumably the 6 nm fibrils are the 4—8nm fibril
observed in negative stain preparations and the 12 nm
fibrils are a pair of the 4—8 nm fibrils observed as the
11—20 nm fibrils in negative stain preparations.
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Fig.4a,b. Negatively stained preparations of amyloid fibrils from the GSS case prepared by method 3. a At low magnification of the fibrils
indicating the clustering observed and the helical nature of the fibrils (—), x 74,000. b At high magnification the distinct helical nature of the
narrowing every 70 — 80 nm can be observed plus the suggestion of two protofilaments, 3 — 5 nm in diameter (—), x 164,000. All are stained with

3% PTA

The contaminants observed were similar to those
seen in the preparations from human brains. Green-red
birefringent material was not observed under light
microscopy with Congo red staining of the detergent
treated suspension.

Control Material

One human brain (17 years old) without amyloid
deposition on neuropathologic examination at autopsy
was processed once using method 2 and twice by
method 3. Six different series of experiments with
normal mouse brains were processed by method 2
(three times) and method 3 (three times). In all cases
green-red birefringent material was not observed under
polarized light and amyloid-like fibrils were not ob-
served under negative stain EM.

Systemic Amyloid

The amyloid fibrils observed in the preparations from
the primary amyloidosis liver was seen as a pair, 6—
10 nm in diameter (Fig. 8a). Each filament measured

3—5nm in diameter and was 50— 100 nm in length.
The internal structure of each filament could not be
resolved. The amyloid fibrils observed in the prepara-
tions from the secondary amyloidosis spleen were seen
as individual fibrils measuring 7—9 nm in diameter,
narrowing to 3—5nm every 70 nm. Their helical
appearance suggests that they are composed of two
filaments (Fig. 8a). In both these preparations a large
number of fibrils were observed in each square of the
grid. Besides a few collagen fibrils, the amyloid fibrils
were the major structural element observed. Control
preparations did not contain amyloid fibrils, but did

contain large amorphous aggregates and some collagen
fibrils.

Discussion

All the negatively stained fibrils observed were straight
and unbranched 4 —9 nm fibrils, helically wound with a
differing periodicity. However, the morphology of the
individual amyloid fibrils, isolated under these con-
ditions, differed in the three CNS diseases as observed
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Fig.5a—d. Micrographs of thin sections of embedded amyloid fibrils from the GSS case prepared by method 3. a An amyloid core in which
individual fibrils radiate from the center and each fibril is clearly observed, x 12,000. b An amyloid core in which the fibrils can be observed as
thick bundles, = 15,000. ¢ Loose amyloid fibrils not in a core arrangement, in which well defined edges are seen; the fibrils measure 7—9 nm in
diameter, and apparent cross-sections are present, x 69,000. The helical nature of the fibrils can be observed at the arrow and star (inset:
x 143,000). d The fibrillar nature of the densely packed plaque at higher magnification in which the fibrils are difficult to measure, x 68,500. All
are stained with uranyl acetate and lead citrate
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Fig. 6a, b. Negatively stained preparations of amyloid fibrils from 87 V affected IM mouse brains prepared by method 3. a Low magnification of a
typical arrangement of the amyloid fibrils with the fibrils occurring primarily as pairs, x 90,000. b A high magnification view of the amyloid
fibrils indicating the structure of the individual 4—8 nm fibrils. An apparent twist can be observed every 15— 25 nm (=), x 224,000. All are

stained with 39, PTA

by negative stain EM (Table1). The amyloid fibril
observed in the SDAT preparations measured 4 — 8 am
in diameter at its widest narrowing to 2—4 nm every
30— 40 nm. This fibril appeared to be composed of two
filaments, each filament being 2—4 nm in diameter.
The helical nature of the negatively stained amyloid
fibrils has previously been observed in studies on thin
sections of Alzheimer amyloid fibrils with tilting of the
sample (Narang 1980). The GSS amyloid fibril meas-
ured 7—9 nm in diameter, narrowing to 3—5nm in
diameter. The 87V scrapie amyloid fibril is 4 — 8§ nm in
diameter and usually observed as pairs. The individual
fibril apparently has a twist every 15— 25 nm with the
appearance of a twisted ribbon.

These CNS amyloids show a morphological re-
semblance to the published descriptions of the ne-
gatively stained, isolated, systemic amyloid fibrils.

They all have a rigid appearance, are unbranched and
the individual fibrils measure 4— 10 nm in diameter.
The protein AA fibrils we have prepared are similar to
the published micrographs of protein AA fibrils of
Familiar Mediterranean Fever (Glenner et al. 1974)
and to the fibrils observed in the GSS preparations. The
primary amyloidosis fibrils we have observed are
similar to the published micrographs of primary IgG
amyloid fibrils (Glenner et al. 1974; Pras et al. 1968),
and the amyloid fibrils observed in 87 V mouse brain
preparations. The Alzheimer fibril is similar to the
metal shadowed amyloid fibrils (Sorenson and Finke
1968). Polypeptide analysis of CNS amyloid fibrils
would greatly help in further delineating these
relationships.

Thin section EM revealed a consistent picture of
amyloid fibrils being 6 — 10 nm in diameter from each
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Fig. 7a, b. Micrographs of thin sections of embedded amyloid fibrils from 87 V affected mouse brains prepared by method 3. a An illustration of
the haphazard arrangement of the amyloid fibrils and some of the debris associated with them, x 22,000. b A high magnification view of the
amyloid fibrils illustrating cross sections, individual fibrils (4—8 nm) and pairs, x 59,000. All are stained with uranyl acetate and lead citrate

of three CNS diseases studies. They are similar in the
apparent rigidity and size but they differ in the arrange-
ment of the fibrils. The GSS amyloid fibrils are seen
primarily as stellate cores with a difference in the
staining of the individual fibrils. The Alzheimer fibrils
are aligned in a parallel array and the 87V amyloid
fibrils are in a haphazard arrangement. This could
reflect possible different polypeptides composing the
fibrils or possible different methods in the secretion of
the amyloid precursor protein or the polymerization of
the amyloid fibril.

The isolation procedure used in this study differs in
the procedures employed from those being developed
to isolate amyloid cores from amyloid plaques.

The use of detergent in this procedure allows the
visualization of the wisps of amyloid fibrils of the
primitive plaques without a central core of amyloid.
From pilot studies (Fig. 2), it became apparent that the
majority of the amyloid fibrils are enmeshed in amor-
phous material. This may help to explain the conflicting
immunochemical data such as positive staining for
prealbumin, albumin, gamma globulin, neurofilament
polypeptides and complements (Eikelboom and Stam

1982; Powers et al. 1981, Shirahama et al. 1982;
Wisniewski and Kozlowski 1982).

Amyloid cores could only be visualized by Congo
red staining in preparations from the GSS brain where
characteristic green/red birefringence was observed
with polarized light. It was possible to use the Congo
red method to monitor the isolation of amyloid only in
the GSS case in which the neuropathology had shown
the presence of a large number of kuru type plaques.
The negative stain EM technique was more useful in
detecting the amyloid fibrils, and revealing the differing
infrastructure in the diseases studied than routine thin
section EM.

In summary, the partially purified amyloid fibrils
isolated from the three CNS diseases showed a consis-
tent protofilament structure. The differing dimensions
and periodicity of the helix in the diseases may be based
on the interactions of the protofilaments with each
other, a differing polypeptide composition or differ-
ences in the pathogenetic mechanisms generating the
fibrils. To resolve this problem, purification of the
fibrils, followed by the polypeptide analysis and anti-
body studies will be necessary.
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Fig. 8a, b. Negatively stained preparations of systemic amyloid fibrils prepared as described in methods, x 106,000. a Amyloid fibrils from
primary amyloidosis liver, composed of a portion of the immunoglobulin light chain and observed primarily as short pairs., A collagen fiber is also
observed. b Secondary amyloid fibrils composed of protein AA from spleen. The helical nature of the fibrils can easily be observed. The two
systemic amyloid fibrils are distinct from each other in dimensions and morphology. All are stained with 3% PTA

Table 1. Negative stain ultrastructural characteristics of isolated amyloid fibrils

Source of amyloid fibril Diameter Distance Single filament  Comments
(nm) between diameter (nm)
twists
CNS AD/SDAT 4-8 3040 2-4
GSS 7-9 70 3-5
87V 4-8 15-25 2-4 Observed as straight pairs
10—20 nm in width
Systemic AA 7-9 70 3-5
AL 3-5 ? 3-5 Observed as short pairs
8—12 nm in width
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