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A crucial event of protein folding is the formation of a falgj nucleus, which is a structured
part of the protein chain in the transition state. We denratest correlation between locations
of residues involved in the folding nuclei and locations wfydoidogenic regions. The average
d-values are significantly greater inside amyloidogenidaresg than outside them. We have
found that fibril formation and normal folding involve manjthe same key residues, giving
an opportunity to outline the folding initiation site in pein chains.

1 Introduction

In spite of the fact that each protein has its own uniqueyadkiree-dimensional structure,
some cases exist when there is another rather stable st&ucalled an amyloid fibril.
Although native structures vary greatly from protein totpm, the structures of amyloid
fibrils obtained from different proteins are fairly uniforhe formation of amyloid fibrils
is a case of protein misfolding, in which a protein folds iatoross3-structure instead of
folding into its native structure. In addition to proteirtgat form amyloid fibrilsin vivo
in various "amyloid diseases”, there are many other prstéiat are not implicated in
amyloid diseases but form fibrils vitrol. There is no sequence homology common to all
such proteins or peptides.

Since polypeptide chains can fold into native structuresisfold into amyloid fibrils,
there is a competition between the processes of folding asfiblsing. During folding,
a protein molecule has to overcome a free-energy barriee rmbst unstable structure
corresponds to the top of the barrier (i.e., to the transitimte of the folding process)
The folding nucleus is a structured part of the protein cirathe transition state. Since the
folding nucleus is unstable, it is not easy to investigaéxerimentally. A very laborious
experimental method, which is calleilanalysis, has been developed to determine the
structure of folding nucléi

The goal of this work is to compare amino acid residues whietceaucial for folding
and misfolding processes of the same proteins. As the erpatal data on both folding
nuclei and amyloidogenic regions in the same proteins aaecec we compared exper-
imentally found residues involved in folding nuclei witheglicted residues involved in
amyloidogenic regions andce versa We demonstrate that fibril formation and normal
folding involve many of the same key residues. On averdgealues for amino acid
residues in amyloidogenic regions are significantly gretiten ®-values for amino acid
residues in non-amyloidogenic regions. This result allagi$o search for some residues
involved in the folding nucleus using only amino acid sequeesn
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2 Results and Discussion

2.1 Intersection of Predicted Residues Involved in Amyloidgenic Regions with
Experimentally Found Residues Involved in Folding Nuclei

If amyloid fibril formation is a generic feature of proteiryme common properties of
amino acid sequences possessing amyloidogenic propensiitbuld be observed. There-
fore, we can hypothesize that amyloidogenic regions ofteygcrucial role not only in the
amyloid fibril formation but also in the process of "normatiiding of proteins into their
native structure. We tested whether the experimentallgdamino acid residues involved
in folding nuclei intersect with theoretically predictezsidues involved in amyloidogenic
regions. The list of the experimentally fouddvalues as well as the corresponding mu-
tations can be found at Ref. 3. Experimentally foundalues (larger 0.5) and predicted
amyloidogenic regions can be found at Ref. 4.

We have compared predicted amyloidogenic regions with raxgatally found
residues involved in folding nuclei for those 20 proteinkeprediction of amyloidogenic
regions was made by the previously described method whietligts amyloidogenic re-
gions using only amino acid sequeméeFor each amino acid residue, the method predicts
the number of expected contacts and regions within whictealtlues have a large num-
ber of expected contacts are predicted as amyloidogenis. oAs it was demonstrated
previously, this method is able to predict amyloidogenigioas.

The comparison of the degree of involvement into the foldingleus (reflected in ex-
perimental®-values) of residues in the predicted amyloidogenic andarogloidogenic
regions have demonstrated that there is a reliable diféerenin the predicted amy-
loidogenic regions, the average ovkivalues is 0.410.02 while in the predicted non-
amyloidogenic regions, the average o®evalues is 0.33-0.01 (here and below, the shown
error is the error of averaging which is calculatedﬁswherea is the standard deviation
of the distribution, and n is the number of points). Studetest gives the probability of
4x10-3; thus, the above difference is statistically reliable.

Thus, comparison of experimentally known amino acid ressdavolved in the folding
nucleivs. predicted amyloidogenic fragments indicates that nuideatenters for folding
and for misfolding often intersect.

2.2 Intersection of Experimentally Determined Amyloidogaic Regions with the
Predicted Folding Nuclei

To investigate folding/unfolding behavior of amyloidogeproteins, we have constructed
a database of globular proteins with experimentally rexg¢éamyloidogenic regions. From
literature data, we selected those globular proteins irthvthie position of amyloidogenic
regions is known from experimental data.6 The database noludes seven proteins:
acylphosphatasg2-microglobulin, gelsolin, transthyretin, lysozyme, ngyabin, human
prion. We tested whether the theoretically found foldingleuby our method intersect
with experimentally found amyloidogenic regions. It appsethat 8 of 12 amyloidogenic
regions are situated in folding nuclei whebevalues are large. For several proteins, the
regions with the largesk-values coincide with the amyloidogenic regions.

For amino acid residues in amyloidogenic regions, the gePavalue is 0.58-0.02
while amino acid residues in non-amyloidogenic regionsehidne averag@®-value that
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is significantly smaller (0.480.01). Thus, in amyloidogenic regions, an average amino
acid residue has more than%®f its contacts formed in the transition state (i.e., in the
folding nucleus by our definition). Thevalue obtained with Studenttstest (that is, the
probability that the observed difference is accidentaR4$0—-11 that confirms that the
difference between the averagevalues of amino acid residues in amyloidogenic and in
non-amyloidogenic regions is significant.

Thus, we have demonstrated that amyloidogenic regionsftee predicted to be part
of the folding nuclei in amyloidogenic proteins. Therefore can hypothesize that amy-
loidogenic regions often play a crucial role not only in aoigifibril formation but also in
the process of "normal” folding of amyloidogenic proteinga their native structure, since
amyloidogenic regions compose part of the folding nuclaubése proteins.
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