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Summary:The amyloid protein in familial amyloidosis,Finnish type, is a

71 amino acid long fragment of the inner region of mutant Asp1 7->Asn
gelsolin.The mechanism of gelsolin amyloid formation was tes%ed with
synthetic 11 and 30 residue peptides corresponding to the normal and

mutant sequence of gelsolin.Fibrils meeting the morphologic criteria

of amyloid were formed from the mutant Asn 7 peptides.Substitution of

the normal Asp 7 residue with the mutant Aén residue resulted in a 9-

fold increase 1% fibrillogenicity as determined by quantitative fluoro-
metry.The present study demonstrates the first successful in vitro creation
of amyloid-like fibrils from Asn]87 gelsolin peptides and provides

evidence that amyloid formation in’Finnish amyloidosis is a direct
consequence of the Asp187*Asn substitution in gelsolin. e 1992 academic Press, Inc.

Familial amyloidosis ,Finnish type ( Finnish hereditary amyloidosis,
Meretoja amyloidosis) is an autosomal dominant form of systemic amyloidosis
clinically characterized by corneal lattice dystrophy(type II),progressive
cranial neuropathy,skin changes, as well as renal and cardiac manifestations
(1).The amyloid subunit protein accumulating in the tissues of patients
with Finnish amyloidosis is different from all other amyloid proteins
described, showing amino acid sequence homology with variant gelsolin(2-4).
The complete primary structure of the amyloid protein has been elucidated,
demonstrating that it is a 71 amino acid long polypeptide derived from
the inner,actin-modulating domain of mutant Asp1871\sn gelsolin by limited
proteolysis(5) .Expression of Asn187 gelsolin in Finnish amyloidosis is the
result of a point mutation, G-A, at nucleotide 654 in the gelsolin gene(6,7).

The mechanism of amyloid formation in Finnish amyloidosis has not been
defined.A crucial question is whether or not the Asp187*Asn substitution
is directly involved in amyloidogenesis.To address this issue,we studied the
in vitro amyloid fibril forming capacity of synthetic peptides corresponding
to the mutant and normal sequences of gelsolin.The results indicate highly
increased fibrillogenic properties of the peptides containing the mutant
sequence.
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Materials and Methods

Peptides.Synthetic peptides >95% pure (Multiple Peptide Systems,
San Diego, CA) corresponding to normal or mutant gelsolin were
used (Tabletl}.

Fibril formation.The synthetic peptides were dissolved in 10% acetic
acid(8) or in water at a concentration of 5mg/ml.Samples were analyzed
by light microscopy(Congo-red staining, polarized light) and electron
microscopy(negative staining).

Quantitation of fibril formation.For quantitative estimation of
amyloid fibrils, a fluorometric assay was used(9).The method is based
on the bright fluoresence of thioflavine T in the presence of amyloid
fibrils at the excitation and emission maxima at 450 and 482nm,
respectively.

Electron microscopy.Samples were placed on copper grids and stained
with 1% phosphotungstic acid and pH was adjusted to 6.5 with potassium
hydroxide.The grids were examined in a JEOL JEM 100CX electronmicroscope
operated at 60kV.

Results

Fig.1. shows the relationship between the synthetic peptides, gelsolin
and the amyloid protein accumulating in the tissues in a fibrillar form
in Finnish type familial amyloidosis.Peptide P]—SO/N corresponds  to the
amino terminal portion of the amyloid protin and peptide P1O—20/N—A to
the sequence around the substitution site. After dissolution in acetic
acid or water the mutant peptides Py 30/N and P10-20/N-A and to a lesser
degree the normal peptides P1—30/D and P10—20/D , formed material that
exhibited congofilia and green birefringence when examined in polarized light.
Ultrastructurally the fibrils created from the mutant peptides were
amyloid-1ike(Fig.2.)The fibril forming capactity of the mutant P1-30/N
and normal P]-SO/D peptideswas compared in a quantitative assay

Table 1. Designation and amino acid sequences of the synthetic peptides

Position in gelsolin
Residue

Peptide number Sequence Normal Mutant

P1 -30/D 30 ATEVPVSWESFNNGDCFILDLGNNTHQWCG 173-202

P1 -30/N 30 ATEVPVSWESFNNGNCFILDLGNNIHQWCG 173-202
P10-20/D 1 SFNNGDCFILD 182-192
PTO—ZO/N-A 11 SFNNGNCFILD-amide 182-192

228



Vol. 183, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Gelsolin
i
I ]
Signal
peptide Amyloid protein
e

=27 1 173 21-3 758

/ N
,Substitution AN

/
/" Asp'®"—» Asn N
/

’
7
1737 N 243

' D—+N 2

(18)
1
m P1-30/D ™

L
f— P1-30/N
P10-20/D

10-20/N-A
P10-20/

1 1

Fig.1. Relationship between the synthetic peptides, mature gelsolin and
the amyloid protein accumulating in the tissues of patients with
Finnish type familial amyloidosis

utilizing thioflavine T.The mutant peptide showed on an average
a 9-fold higher tendency to form fibrils than the corresponding normal
peptide (Table 2).

Discussion

The present study clarifies the molecular basis of amyloid
formation in gelsolin-related amyloidosis.It is shown for the first
time that gelsolin peptides containing the Asn187sequence are amyloido-
genic,i.e.produce fibrils that meet the criteria of amyloid (Congofilia,
green birefringence in polarized light,ultrastructure).As shown by
quantitative fluorometry, substitution of the normal Asp187 residue with
the mutant Asn g
aminoterminal portion of the amyloid protein, caused a highly increased

residue in the 30residue peptide,corresponding to the

fibrillogenic tendency in vitro.These findings provide strong evidence

that the ASD 1 o-3Asn substitution in gelsolin in Finnish amyloidosis

is directly involved in pathogenesis by rendering the mutant gelsolin
molecule a high amyloidogenic potential.lInterestingly, all Finnish families
so far studied(10), as well as two unrelated American families (10,11) with
Finnish type gelsolin-related amyloidosis have the same Asn 187 mutation in
gelsolin, suggesting that the A5p1879Asn substitution in gelsolin may be
particularly amyloidogenic.Also the shorter, 11 residue gelsolin peptide
spanning over the mutation site and containing the Asn18‘7 residue, formed

amyloid-like fibrils in vitro.This is in accordance with previous studies
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Fig.Z. Electron micrographs of fibrils formed from normal,P1_3U/D (A)

or mutant ,P]

; (B) gelsolin peptides.The fibrils

created from thé mutant peptide are amyloid-like.
Magnification x 85000.Bar, 100nm.

demonstrating amyloid-like fibril formation of short synthetic peptides
related to other types of amyloid proteins,including islet amyloid
polypeptide(12) Alzheimer beta-protein(13) and transthyretin

(14).

Table 2. Comparison of the fibril forming capacity
of normal and mutant gelsolin peptides
by quantitative fluorometry using thioflavine T.

Fluorescence at 482 nm
%, relative

Peptide n Median Range
P1-30/D (norma) 5 10 4-18
5 86 38~100

P1—3()/N (mutant)
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