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Abstract 
The unconventional viruses of the transmissible subacute spongiform encephalopathies (kuru-CJD-GSS- 

FFI-scrapie-BSE) are nucleants spontaneously generated from host precursor proteins altered to 13-pleated sheet 
configuration that polymerize into insoluble infectious amyloid fibrils. The de novo conversion to infectious 
amyloids is facilitated or accelerated by many different point mutations causing amino acid changes, a stop 
codon, or octapeptide inserts that increase the likelihood of spontaneous conversion to infectious configura- 
tion by many orders of magnitude. Similar nucleating induction of configurational change to amyloid prob- 
ably occurs in other amyloidoses of brain and in systemic amyloidoses. Thus, all amyloids, particularly so-called 
fibrillar amyloid enhancing factors, may be considered to be infectious scrapie-like agents. These events probably 
occur extracellularly, thus we are attempting to reproduce them in vitro, even from synthetic polypeptides. 

Index Entries: Nucleation; infectious amyloids; spontaneous generation of infectious proteins; amyloidoses, 
of brain, nontransmissible; amyloidoses, of brain, transmissible; Creutzfeldt-Jacob disease; Gerstmann- 
Str/iussler-Scheinker disease; familial fatal insomnia; scrapie; bovine spongiform encephalopathy; amyloidoses; 
familial amyloidotic polyneuropathy; Alzheimer's disease; protein configuration. 

Introduction 
In recent years, we have become aware that the 

unconventional or atypical slow virus diseases of 
kuru-Creutzfeldt-Jacob disease (CJD), Gerstmann 
Str/iussler-Scheinker disease (GSS), or scrapie- 
bovine spongiform encephalopathy (BSE) are cere- 
bral amyloidoses (1-11). As with most amyloidoses, 
the spontaneous de novo generation of amyloid 
fibrils is under genetic control, although in many 
susceptible hosts, all individuals are susceptible to 
even a minimal intracerebral infective dose; thus, 

for such inoculation, there is no genetic control 
other than the species barrier. 

Transmissible and infectious amyloidoses of 
brain, as with all amyloidoses, require three stages 
of fibrillar polymerization of the amyloid subunit 
into insoluble semisolid arrays or microfibrils, 
which coalesce or agglutinate (aggregate) into 
structures of diverse morphology: SAFs and kuru 
plaques. The first is preliminary processing of the 
precursor into the amyloid subunit  or monomer  
(C-terminal truncation, N-terminal removal of the 
22 amino acid signal peptide, and release from the 
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inositol-stearic acid membrane anchor); the second 
is nucleation-induced configurational change in the 
subunit into a cross ~-pleated configuration; and the 
third is the formation of oligomers or polymers--  
usual ly dimers,  tetramers,  octamers, or hexa- 
decamer s - -wh ich  may polymerize  to produce 
electron microscopically visible fibrils (SAFs) and 
coalesce into kuru plaques. 

All ~-pleated proteins can also form vitreous-like 
solid arrays that display extensive periodicity, but 
are not true three-dimensional crystals. They are, 
rather, semisolid, amorphous, vitreous, or mucilagi- 
nous pseudocrystals, thick emulsions, or gels that 
are insoluble precipitates in the hydrophilic media 
of the milieu interieur. On heating, drying, anneal- 
ing, or aging, these may increase their hydrogen 
bonding and decrease their hydration to assume 
increasingly a [3-pleated structure, even in the case 
of some proteins with (x-helical structure (12). This 
is the heart of amyloidology, and the basis of much 
of the biochemical alteration of proteins of cuisine 
and of aging of leather, parchment, rubber, natural 
fabrics, and even cartilage and the lens of the eye. 

Genetic Control of Generation 
of Infectious Amyloids 
in Creutzfeldt-Jakob 
Disease Syndromes 
Eight point mutations, each changing an amino 

acid, have been found to cause familial CJD or its 
GSS and familial fatal insomnia (FFI) variants. Most 
GSS families display an amino acid replacement of 
proline by leucine at codon 102 (13-16). Two Japa- 
nese GSS families have the same proline to leucine 
change, but at codon 105 (17). In two families with 
atypical GSS, there is instead a replacement of ala- 
nine by valine at codon 117 (18,19). One GSS family 
has a codon 198 mutation replacing phenylalanine 
by serine (20,21); and one other GSS family has a 
codon 217 mutation replacing glutamine by argin- 
ine (14,22). The more common type of familial CJD 
has a codon 200 mutation that replaces glutamic 
acid with lysine (13,23-26). This has now been 
found in over 60 families with over 100 cases of CJD 
(27,28). However, in a large Finnish kindred with 
CJD (29), there is a replacement of aspartic acid by 
asparagine at codon 178 (30,31), and there are Dutch, 
French, Hungarian,  English, and American CJD 
families also with a codon 178 point mutation: eight 
families in all with 97 CJD cases (28,32-39) (Fig. 1). 

There is a Japanese family with a mutation in 
codon 145 that changes the codon to a stop codon. 
This so-called amber mutation produces a disease 
with a clinical course resembling Alzheimer's dis- 
ease (38). 

Seven different insert mutations, which are inser- 
tions of additional copies of an octapeptide repeat 
in the region normally containing five repeating 
octapeptide-coding sequences between codons 51 
and 90 of the precursor gene, also cause CJD in 
various modified clinical expressions. There are 
twofold and four- to ninefold octapeptide repeats in 
different families (12,39-45). Two families with five 
repeats have been identified. All others have been 
found in only one family. Thus, we know seven 
different insertional mutations in eight families that 
are responsible for the alteration of the normal 
precursor protein into the infectious amyloid form 
(Fig. 1). 

At codon 129, we have a nonpathogenic point 
mutation with substitution of valine for methion- 
ine, which is a silent polymorphism in the general 
population (23). Another silent polymorphism is a 
point mutation at codon 117 of GCA to GCG that 
causes no amino acid change. Finally, we find some 
normal subjects carry four instead of five copies of 
the octapeptide normally at codon 41 to 91 (40). Two 
amino acid changing point mutations have been 
found in sporadic cases of CJD in Japan (17). Sev- 
eral other sporadic CJD cases and several kuru cases 
have been fully sequenced, and no mutations have 
been found. 

Familial forms of CJD account for only about 5% 
of all cases. More than 90% are truly sporadic, and 
only about 1% have been shown to be iatrogenic 
from direct inoculation of the patient with infected 
material from a CJD patient. For all other cases, a 
chain of infection cannot be established, nor do they 
appear to be familial. At present, the best explana- 
tion for the regular incidence of sporadic nonfamil- 
ial CJD around the world is the de novo creation of 
the CJD amyloid infectious agent by a rare, sponta- 
neous event occurring at a frequency of one per 
million population per annum, the surprisingly uni- 
form worldwide incidence of CJD (6). If one of the 
point mutations of familial CJD is present, this con- 
figurational change occurs with about a million- 
fold h igher  l ikel ihood.  One corol lary of this 
paradigm is that the replication of the infectious 
amyloid caused by inoculations of a different spe- 
cies does not "breed true." The point mutation is 
not copied in the amyloid formed in the new host, 
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although it, in turn, is also infectious. The new CJD 
amyloid has the amino acid sequence of the pre- 
cursor protein in the newly inoculated host. CJD 
from patients with the 102, 117, 178, 200, and 210 
codon mutations has been transmitted to monkeys 
or chimpanzees,  which do not carry these point 
mutations, nor do the infectious proteins made in 
these experimentally infected hosts contain those 
point mutations.  The process of conformational 
change may well be an induced nucleation and 
homotaxic pattern-setting for crystalline or fibril 
growth. The further elucidation of this transforma- 
tion to ~-pleated insoluble, protease-resistant, and 
infectious configuration will require the full struc- 
tural comparison of infectious and noninfectious 
forms of the molecule, using NMR, the synchrocy- 
clotron, circular dichroism spectroscopy, infrared 
spectroscopy, and high-resolution electron micros- 
copy (12,46-49). 

De novo spontaneous generation of the infectious 
form from the full-length CJD amyloid precursor 
may account for most sporadic CJD. It occurs to 
cause sporadic CJD as a rare stochastic event in one 
individual per million population base per annum 
(the worldwide incidence rate of CJD). In familial 
CJD, GSS, and FFI, these many point mutations 
(amino acid substitutions, a new stop codon, or 
octapeptide inserts) have increased the likelihood 
of this spontaneous configurational change about 
106-fold. 

It appears likely that a coordinate-covalent or 
covalent alteration in the precursor may be induced 
that endows the infectious nucleant with great sta- 
bility (46-49). We thus have reason to anticipate that 
the infectious form of the scrapie amyloid precur- 
sor may eventually be induced in vitro, even from 
synthetic polypeptides.  These studies are under 
way, and monkeys and other animals inoculated 
with fibrils formed in vitro from synthetic peptides 
homologous to CJD pathogenic mutation-contain- 
ing regions of the CJD amyloid precursor gene are 
under observation. 

Autonuclea t ion  with  induct ion of configura- 
tional change in the full-length infectious amyloid 
precursor protein is the basic process of scrapie rep- 
lication. We have suggested that fibril amyloid- 
enhancing factor is a scrapie-like infectious agent 
(5), operating by an analogous self-induction of 
configurational change, much as small fibrils of tro- 
pocollagen nucleate and pattern-set the polymer- 
ization of collagen monomers  into specific fibril 
networks (50). 

Oravske Kuru 
Mitrov~ (52), who has been following the high 

incidence of CJD throughout Slovakia for more than 
two decades, has identified a new focus of CJD in 
high incidences in several villages of Orava in the 
western foothills of the High Tatra mountains near 
the Polish border. In 1980, she identified an unusu- 
ally high incidence of CJD in the rural Lucenec area 
of south central Slovakia with many cases also 
across the border in Hungary (51). During the past 
decade, cases have been found in increasing fre- 
quency from the most sparsely populated rural 
sheep-raising area of Slovakia (52,53). Here an epi- 
demic of CJD developed dur ing the 1980s with 
some 30 cases occurring in patients born and reared 
in a dozen small villages with a total population of 
under  15,000. This yields an incidence over 1000 
per million population per year in contrast to the 
worldwide incidence of one per million per year. 
The most intensely involved villages of Zuberec 
and Habovka with a total population of under 2000 
have had over 20 cases of CJD in the past three 
years. The incidence in these villages has thus 
reached over 3000 times higher than that in such cit- 
ies as Paris, London, New York, Sydney, Santiago, 
or Shanghai, or any other large city, and it is 100 
times higher than that among the Sephardic Jews in 
Israel. Members of the same family who were 20 to 
30 yr different in age became sick at nearly the same 
time. This suggested a common source of infection, 
rather than genetically determined etiology, as did 
the new "epidemic" of appearance of CJD in the 
1980s. We suspected an accident of massive con- 
tamination of the population with sheep scrapie, 
which the Orava farmers have long recognized in 
their sheep as klusavka. For these reasons, at first we 
believed that this outbreak might not be explained 
genetically. 

However, we have now sequenced DNA from 
nine of the Orava and six of the Lucenec CJD brains, 
and all have shown the substitution of lysine for 
glutamic acid at codon 200. Four of the 11 studied 
healthy adult  first-order relatives have the same 
mutation (13). CJD had not been known in Orava 
before the 1970s (52). The epidemic started with a 
few cases in the late 1970s and developed into an 
escalating epidemic in the late 1980s. We have 
found some family members with the mutation, 
al though they are healthy and over 70 yr of age. 
We are now looking for the cofactor that turns on 
the expression of the mutation or a factor that in the 
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past inhibited the post-translational configuration 
change of the precursor to amyloid. Thus, the new 
question is not what  has caused the Orava out- 
break--it  is the codon 200 glutamic acid to lysine 
point mutat ion--but  rather what has prevented its 
expression in previous generations so that it has 
accumulated as a frequent silent nonpathogenic 
polymorphism, only expressing itself as a patho- 
genic mutation in these people in the past 15 yr. 

The CJD Genetic Marker 
for the Wandering Jews 
of the Diaspora 
On discovering the codon 200 glutamine to lysine 

point mutation responsible for the high-incidence 
foci of CJD in both the Lucenec and Orava regions 
of Slovakia and wide ly  disseminated in Slavic 
peoples of Eastern Europe, we screened a large 
number of sporadic and familial CJD brain speci- 
mens from our archive of frozen brain accumulated 
over the past 30 yr (25). This led us to discover 
the muta t ion  in Greek CJD patients who were 
Sephardic Jews, and we quickly found the mutation 
in Sephardic Jews who had some diagnosis of CJD 
in France from Tunisia and in Sephardic Jews with 
CJD in Israel, both Libyan-born and Israeli-born. 
Ashkenazic Jewish CJD patients did not have the 
codon 200 glutamic to lysine point mutation (24). 

We are thus now investigating other Circum- 
Medi te r ranean  Sephardic Jews with  CJD, with 
par t icular  a t tent ion being given to the Iberian 
Peninsula,  especially Spain, where  in 1492 the 

Catholic monarchs, Ferdinand and Isabella, forced 
the quick conversion of large numbers of Sephardic 
Jews to Catholicism. Many of the remainder fled 
and gave rise to the large Sephardic Jewish group 
in Greece where we have found the mutation. Of 
those remaining in Spain and converted to Catholi- 
cism, many emigrated in the 15th century to the 
New World. We have now found that in Chile, the 
proportion of familial cases among the CJD patients 
is severalfold higher than elsewhere,  and these 
patients and their family members have the 200 
codon glutamine to lysine substitution (27,28,36). 

The CJD Point Mutation 
for the Large Finnish Pedigree 
of Familial CJD 
One of the largest familial CJD pedigrees is that 

published by Haltia et al. in Finland (29), which we 
have now investigated and found therein none of 
the point mutations previously known in familial 
CJD or GSS, but instead a codon 178 replacement of 
aspartic acid by asparagine (30). We have now 
found this codon 178 mutation in Dutch, French, 
Hungarian,  and American cases of familial CJD 
(32,37). Furthermore, in Italian, French, and US 
families it causes a clinical variant of CJD, familial 
fatal insomnia (FFI). 

Thus, the paradigm from the amyloidosis litera- 
ture of any one of several amino acid substitutions 
in the precursor molecule causing an enormously 
increased likelihood of its post-translational con- 
version to an amyloid configuration and its poly- 

Fig. 1. (previous page) Twenty-one different mutations in the gene specifying the host precursor molecule of 
CJD amyloid: 11 cause amino acid (aa) changes, one produces a stop codon, one a base change in the codon 
with no amino acid change, seven are octapeptide inserts, and one an octapeptide deletion. Eight causing an 
amino acid change (102, 105, 117, 178, 198, 200, 210, 211) and one a stop codon (145) are found in families of 
diverse ethnic origins with familial CJD and its GSS and FFI variants. Three are silent polymorphisms: the 
codon 129 substitution of valine for methionine (which is found in about 20% of the normal population); a base 
mutation in codon 117 causing no amino acid change; and an octapeptide deletion (in about 20% of the popu- 
lation). Seven additional mutations in families with CJD are insertions of octapeptide repeats into a region 
where there are already five copies of the same repeat. In a US family, there are two copies of the octapeptide 
(8aa x 2 = 16aa) inserted, bringing the total to seven copies; in an English family, there are four copies of 
the octapeptide (8aa x 4 = 36aa) inserted, bringing the total to nine copies; in a second US family, there are five 
copies of the octapeptide (8aa x 5 = 40aa) inserted, bringing the total to 10 copies; in another English family, 
there are six copies (8aa x 6 = 48aa) inserted, bringing the total to 11 copies; in a US family from England, there 
are seven copies (8aa x 7 = 56aa) inserted, bringing the total to 12 copies; in a French family, there are eight 
copies (8aa x 8 = 64aa) inserted, bringing the total to 13 copies; in another English family, there are nine copies 
(8aa x 9 = 72aa) inserted, bringing the total to 14 copies. 
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merization and deposition in the form of amyloid 
fibrils in various tissues has proved amazingly pre- 
dictive in unraveling the pathogenesis of familial 
CJD and GSS, and also of [3-amyloid deposition in 
normal aging, Alzheimer's disease, and Down's 
syndrome. 

Varieties of Phenotypic 
Expression Determined 
by Different Mutations 
in the CJD Precursor Gene 
The pattern of clinical disease produced by the 

different mutations in different families is extremely 
uniform in some and quite variable in other fami- 
lies. It ranges from classical GSS in most families 
with codons 102, 105, and 117 mutations to classical 
CJD with codon 178 and codon 200 mutations and 
the various insertions of 2, 4, 5, 6, 7, 8, or 9 octapep- 
tide repeats. However, FFI is the clinical form of the 
disease in several families with codon 178 muta- 
tions, but the clinical from of CJD without insomnia 
occurs in other families with the same mutation. 
However, we have reported that the presence of the 
valine polymorphism at codon 129 together with 
the 178 mutation on the same chromosome causes 
FFI, whereas the classical CJD-type disease appears 
in families with the more common methionine pleo- 
morphism at codon 129 on the codon 178 mutated 
chromosome. 

The age of onset is earlier and the duration of 
clinical disease is longer in codon 178 CJD than in 
codon 200 CJD, and in codon 200 disease, the EEG 
usually shows the characteristic CJD spike and 
slow-wave periodicity. No such EEG change is 
found in the codon 178 CJD patients. Even the incu- 
bation period for clinical disease in intracerebrally 
inoculated squirrel, spider, and capuchin monkeys 
differs for codon 178 and codon 200 cases of CJD, 
being considerably longer in codon 200 than in 
codon 178 cases. 

Many other distinguishing phenotypical expres- 
sions of the pathogenic mutations have now been 
recorded. These include an Alzheimer's disease- 
type clinical course in the 145 stop codon mutation 
with no [3(A4) amyloid deposits in the amyloid 
plaques. On the other hand, the codons 198 and 217 
have produced an Alzheimer's disease-like clinical 
course and also a combined CJD and Alzheimer's 
disease-type neuropathology with both the CJD 
amyloid and the ~(A4) amyloid plaques. 

Transthyretin Amyloidoses 
of Familial Amyloidotic 
Polyneuropathy (FAP) 
as a Paradigm 
for the Genetic Control 
of Transmissible 
and Nontransmissible 
Brain Amyloidoses 

Of most pertinence to our problem of the uncon- 
ventional viruses, which are infectious amyloids, 
have been the transthyretin amyloidoses of familial 
amyloidotic polyneuropathies (FAP) (7,8,10,54). 
Patients are members of several hundred families 
scattered around the world in which the disease is 
an autosomal dominant trait. The onset of the clini- 
cal disease may occur at different ages and leads to 
the destruction of peripheral nerves by progressive 
deposition of amyloid in the perineurium. The 
human transthyretin gene has been cloned, and its 
full sequence of 6.9 kb composed of four exons and 
three introns is known. Its encoding gene is located 
on chromosome 18 (55,56). Transthyretin in its pure 
and crystalline form is a soluble prealbumin of 
14-kDa mol wt with 127 amino acids. Its secondar35 
tertiary, and quaternary structures have been 
determined by X-ray crystallography. It is a sym- 
metrical tetramer of 55 kDa made of four subunits 
showing extensive [3-pleated sheet structure (57- 
60). Thus, it is amyloidogenic by structural chemi- 
cal considerations. 

Members of different affected families have a 
mutation resulting in a one amino acid substitution 
in the precursor that increases the statistical 
mechanical likelihood of the molecule falling into 
the amyloid conformation by a factor of about 104- 
1 0  6 . There is no one specific mutation causing the 
disease in all families. Thus, in over 100 investi- 
gated families, more than 30 different mutations 
have been detected (Fig. 2). The transthyretin amy- 
loid may be deposited in the anterior chamber of the 
eye to cause familial amyloidotic blindness, in the 
heart to cause amyloidotic cardiopathy, or asymp- 
tomatically in the intestinal wall, as well as around 
peripheral nerves to cause FAP. Different amino 
acid changing mutations cause different clinical pic- 
tures ranging from disease in which several differ- 
ent organs are targeted by amyloid deposition to 
pure single organ-targeted amyloidosis. The FAP is 
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TRANSTHYRETIN AMYLOIDOSES OF FAMILIAL AMYLOIDOTIC POLYNEUROPATHY (FAP) 
Mutations Increasing Likelihood of Host Precursor Falling Into Amyloid Configuration 
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Fig. 2. Sixteen different amino acid substitutions caused by point mutations in the gene specifying the 
transthyretin prealbumin precursor molecule in over 20 families of various ethnic origins are shown. Four of 
these families are normal without FAP, and the mutation is a silent, nonpathogenic polymorphism in these. On 
codon 49 are two different amino acid substitutions, in a Jewish and Italian family, respectively. Codon 90 
(asparagine replaces histamine) mutation has apparently caused FAP in the Italian Sicilian family; but not in 
the German, Portuguese families. There are over 20 additional such point mutations reported in the recent 
literature as responsible for different symphonies of pleomorphic clinical expression of familial amyloidotic 
polyneuropathy, familial amyloidotic blindness, and familial amyloidotic cardiopathy. 
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thus caused by precipitation of amyloid formed 
from the transthyretin precursor, with any of a set 
of point mutations each causing a single amino acid 
replacement that increases the likelihood of amy- 
loid formation. This amyloid is not a replicating 
infectious molecule. Without one of these point 
mutations, it is difficult to change the transthyretin 
polypeptide by concentration and nucleation into 
the amyloid configuration. With these single amino 
acid substitutions, amyloid formation occurs spon- 
taneously as a much more likely stochastic event, 
even extracellularly and in vitro. 

In spite of the amyloidogenicity of the normal 
transthyretin by structural and chemical consider- 
ations, spontaneous amyloid formation does not 
occur in the absence of a facilitating mutation caus- 
ing an amino acid substitution until the ninth 
decade, with the rare sporadic appearance of senile 
cardiac decompensation with cardiac amyloidosis. 
In these patients in their 80s, the full-length mol- 
ecule without any mutation is the amyloid subunit. 
There are also several silent polymorphisms in the 
population with point mutations causing non- 
pathogenic single amino acid substitutions (Fig. 2). 
The codon 30 point mutation with proline replaced 
by methionine has been expressed in transgenic 
mice that develop deposits of human amyloid 
containing the methionine-30 mutation similar to 
depositions in rAP, but also in the intestine and 
other tissue and they pass this trait to their off- 
spring (61,62). 

Analogies with Transmissible 
Dementias (CJD, GSS) Suggest 
that Transthyretin Amyloidoses 
of FAP and Other Amyloidoses 
May Also Be Transmissible 
and Infectious 
The close parallel between multiple amino acid 

changing mutations, each enormously facilitating 
the conversion to amyloid of the precursor protein, 
which usually fails to fall spontaneously into amy- 
loid configuration, except as a rare event (one per 
million population per annum, the worldwide inci- 
dence of sporadic CJD) in the absence of any 
mutation in the precursor, and the transthyretin 
amyloidoses of rAP, determined by any one of 
many different point mutations, strongly suggests 

that rAP may also be transmissible. It will be diffi- 
cult to demonstrate this in experimental animals 
since long-term observation will be essential and 
since subtle clinical signs, rather than flagrant, fatal 
disease should be expected. This will also have to 
be controlled by histopathological search for amy- 
loid deposits in the perineurium and in other 
tissues. Amyloidoses based on other precursors 
may likewise be transmissible under the proper 
experimental conditions. This might be demon- 
strated using transgenic mice expressing the human 
precursors. 

Nucleating Induction 
of Configurational Change 
in Host Precursors 
and Polymerization to Fibrils 
as a General Phenomenon 
in Amyloidogenesis 
We have recently demonstrated spontaneous 

generation of congophilic amyloid fibrils using syn- 
thetic polypeptides corresponding to sequences 
encoded by normal and mutant familial CJD alleles 
in the regions of codon 178 and codon 200. The 178 
mutant and normal peptides formed fibrils with 
distinct morphological characteristics, and differing 
aggregation tendencies from fibrils formed from 
the 200 mutant or normal peptides. The mutant 
peptides produce more filaments and denser 
masses of aggregate filaments than the unmutated 
peptides. Furthermore, mixtures of the normal with 
the mutant peptides for either codon region pro- 
duce denser masses of fibrils than either peptide 
alone (63). The amyloid deposits of rAP contain 
both the mutated and the unmutated molecules, the 
mutated having nucleated and induced the B-pleat- 
ing and copolymerization of the unmutated mol- 
ecules in the heterozygous patients (A. F. de Frietas, 
University of Oporto, personal communication). 

Frangione has shown that the amyloid deposits 
in the vascular wall in hereditary cerebral hemor- 
rhage with amyloidosis, Dutch type (HCHWA-D) 
contain both the codon 695 (glutamine substituted 
for glutamic acid) mutated amyloid ~(A4) protein 
and the unmutated molecule with the normal ~(A4) 
sequence. The heterozygous patients are obviously 
polymerizing both the amyloid ~(A4) protein derived 
from the normal brain amyloid precursor protein 
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(APP) and the mutated ~(A4) protein. He and his 
colleagues have synthesized polypeptides of the 
first 28 amino acids of the [3(A4) protein with and 
without the codon 695 mutation of HCHWA-D, and 
studied the dynamics of fibril polymerization with 
each. The synthetic 28 amino acid polypeptide with 
the mutation forms amyloids much faster than the 
polypeptide without the mutation. However, if both 
synthetic polypeptides are placed together in solu- 
tion, the mutated polypeptide accelerates amyloid 
fibril formation by the unmutated polypeptide. 
Frangione uses the phrase accelerated instructive 
fibrillogenesis for this nucleating phenomenon of 
facilitation or induction of amyloidogenesis by a 
different amyloid (64). 

We are probably seeing the same phenomenon in 
the conversion of insulin-associated proteins to an 
amyloid in insulin-amyloid deposits in the amyloi- 
dosis of late diabetes. The same amyloid induction 
may also be occurring in the simultaneous appear- 
ance of ~(A4) amyloid and z-amyloid in the neu- 
rofibrillary tangles of Alzheimer's disease, Down's 
syndrome, and normal aging brain. 

Fibril Amyloid-Enhancing Factor 
in Experimental AA Amyloidosis 
May Be a Scrapie-Like 
Nucleating Infectious Protein 
Amyloid-enhancing factor (65-71) is a low- 

molecular-weight glycoprotein found in tissues 
containing AA amyloid that accelerates the laying 
down of AA amyloid in tissues in experimentally 
induced AA amyloidosis in mice and hamsters, 
shortening the lag time to 2 d from several weeks. It 
apparently serves as a nucleus for fibril formation 
and deposition (70) in animals with high serum 
level of acute-phase reactant AA amyloid precursor 
produced by the nonspecific activation of inflam- 
matory response with injections of casein, silver 
nitrate, or lipopolysaccharide (72,73). 

Fibril amyloid-enhancing factor (70) is an 
example of pattern-setting induction of amyloid 
formation and polymerization, which is basically a 
nucleation process such as is required in all fibril 
polymerization. Such configurational change in the 
host precursor protein to the ~-pleated infectious 
amyloid form occurs in the case of the transmissible 
agents of kuru-CJD-GSS-scrapie-transmissible 
mink encephalopathy-BSE. In these infections with 

infectious amyloid proteins, a pattern-setting con- 
figurational change is induced in the host precursor. 
Thus, we suggest that the fibril amyloid-enhancing 
factor is a scrapie (or kuru-CJD-GSS)-like agent that 
induces a change in its own precursor to produce 
more of itself by copying its altered configuration. 
We have mistaken this pattern-setting nucleation 
for viral replication. It may be that we need to 
broaden our concept of a virus as have the computer 
virologists (6,50). 

Alzheimer's Disease 
The universal brain amyloidoses, which every- 

one begins to get in old age and which is neuropath- 
ologically evident in all human brains from the 
ninth decade through the century, is caused by 
amyloid deposits formed from a 42 or 43 amino acid 
(aa) peptide (~[A4]) proteolyticaUy cleaved from the 
80-kDa brain amyloid precursor protein (APP). This 
precursor is a transmembrane protein the amyloid 
subunit from which extends from the center of the 
transmembrane region to the 15th extracellular 
amino acid. It is normally processed with a high rate 
of turnover with cleavage in the extracellular seg- 
ment, thereby preventing the formation of the 
amyloidogenetic 42-43 aa ~(A4) peptide. All meta- 
bolic interferences, environmental or genetic, with 
the high rate of turnover, lead to the possibility of 
cleavage resulting in this amyloidogenic peptide. 
This is the same process that, when accelerated from 
environmental factors or from point mutations on 
the precursor or on other chromosomes, specifying 
still unidentified proteins that must be either 
enzymes, chaperonins, or binding proteins, or other 
rate-influencing molecules, is the cause of Alzhei- 
mer's disease. In Down's syndrome, overproduc- 
tion of the precursor appears to be enough to lead 
to formation of the ~(A4) peptide. 

Familial Alzheimer's disease (FAD) families with 
pathological mutants of the APP gene account for 
only 3-5% of the FAD families, whereas FAD 
accounts for 10-20% of all Alzheimer's disease, 80- 
90% of Alzheimer's disease being sporadic. The 
majority of FAD families with early onset appear to 
have a point mutation now localized on chromo- 
some 14, whereas the late-onset FAD families 
appear to have a mutation less firmly localized on 
chromosome 19. 

Figure 3 presents the mutations thus far identi- 
fied on the ~(A4) amyloid precursor protein (APP) 
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Brain Amyloid of Aging (BA4) 

Normal precursor 
protein 

silent polymorphism 

670 671673 
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Normal Aging 
no mutations 
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Sporadic Alzheimers Disease, 
no mutations 

Downs Syndrome 
no mutations 

FAMILIAL ALZHEIMERS DISEASE 

early onset, chromosome 14 mutation 
no mutations 

late onset, chromosome 19 mutation at 
apolipoprotein E4 locus, no mutations 

670 671 
Swedish (double mutation) ! [ 

asn leu 

Dutch variant: Alzheimer Disease- 
like with stroke and NFTs 692 

I 

Dutch variant: HCHWA-D, 
no NFTs 
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I 
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USA (Indiana) 

717 
I 
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I 
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Fig. 3. Eleven point mutations on the [~(A4) amyloid precursor protein of normal aging and Alzheimer's 
disease: three different amino acid substitutions at the same codon 717 all cause familial Alzheimer's disease 
(FAD) in rare British, Japanese, and US families. A double mutation at codons 670 and 671 causes FAD in a 
Swedish family. Two adjacent mutations on codons 692 and 693 each cause hereditary cerebral hemorrhage 
with amyloidosis-Dutch type (HCHWA-D) in a different Dutch family. A mutation on codon 673 and two 
different amino acid changes on codon 713 are silent polymorphisms. Sporadic Alzheimer's disease and Down's 
syndrome patients show no mutations on the ~(A4) amyloid precursor protein. Only 3% of FAD have one of 
the five mutations causing the disease in rare families. Most of the early onset FAD families have a mutation on 
chromosome 14 and late-onset FAD families appear to have a mutation on chromosome 19, but neither of these 
are associated with any mutation on the ~(A4) amyloid precursor protein gene. 
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and shows clearly the mounting parallel with the 
infec t ious  bra in  amylo ids  of the spong i fo rm 
encephalopathies (Fig. 1). Both these transmissible 
and nontransmissible brain amyloidoses now dem- 
onstrate close similarities to the paradigm of the 
transthyretin amyloidoses of familial amyloidotic 
polyneuropathy (Fig. 2) in which some 40 patho- 
genic point mutations have now been found. 

The Semantic Word Wars 
of Slow Virologists 
and Amyloidologists 
The amyloidologists assiduously avoid the ter- 

minology of microbiology in their discipline. We, 
from microbiology, have entered their field through 
the infectious amyloids of the subacute spongiform 
viral encephalopathies (SSVEs) of kuru-CJD-GSS- 
scrapie-BSE. Thus, we have used the term replica- 
tion, and the concepts of virulence, host range, and 
incubation period, in describing phenomena for 
which they use other words and phrases. Various 
authors have exhausted the thesaurus to find ter- 
minology different from that used by their compet- 
ing co l leagues  to descr ibe  the p roduc t ion  of 
configurational change of host precursor proteins 
to p-pleated structure and the polymerization of 
amyloid fibrillogenesis. Such terminology includes: 

Nucleation; 
Induction; 
Augmentation; 
Enhancement; 
Facilitation; 
Acceleration; 
Instruction; and 
Heterodimer formation. 

Since the unconventional and atypical viruses of 
SSVE (kuru-CJD-GSS-scrapie-BSE) have been iden- 
tified as infectious amyloid molecules, our labora- 
tory has slowly switched to designating them to 
infectious amyloids  instead of unconvent ional  
viruses. Others have accepted the term prions for 
these agents. We prefer to draw on the important and 
in fo rma t ive  p a r a d i g m s  of a m y l o i d o l o g y  that  
have directed much of our thinking over the past 
decade. I have facetiously pointed out that the 
founders of virology define a virus as an obligate 
parasite of submicroscopic size requiring the infor- 
mational and energy systems of the host for replica- 
tion: this embraces viroids, virules, virettes, virinos, 

nucleating agents of industrial infections, and com- 
puter viruses. 
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