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Abstract 

Some of the lysozyme mutants in humans cause systemic amyloidosis. Hen egg white lysozyme 
(HEWL) has been well studied as a model protein of amyloid fibrils formation. We previously 
identified an amyloid core region consisting of nine amino acids (designated as the K peptide), 
which is present at 54–62 in HEWL. The K peptide, with tryptophan at its C- terminus, has the 
ability of self-aggregation. In the present work we focused on its structural properties in relation to 
the formation of fibrils. The K peptide alone formed definite fibrils having β-sheet structures by 
incubation of 7 days under acidic conditions at 37°C. A substantial number of fibrils were gen-
erated under this pH condition and incubation period. Deletion and substitution of tryptophan in 
the K peptide resulted in no formation of fibrils. Tryptophan 62 in lysozyme was suggested to be 
especially crucial to forming amyloid fibrils. We also show that amyloid fibrils formation of the K 
peptide requires not only tryptophan 62 but also a certain length containing hydrophobic amino 
acids. A core region is involved in the significant formation of amyloid fibrils of lysozyme. 
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Introduction 
Abnormal unfolding and accumulation of pro-

teins are thought to provoke various amyloidosis such 
as Alzheimer’s disease, Perkins disease and Creutz-
feldt-Jakob disease [1-3]. The proteins related to these 
diseases do not have a common amino acid sequence 
or tertiary structure, but possess similar properties for 
forming amyloid fibrils consisting of a cross β-sheet 
structure, which accumulate in various tissues and 
induce abnormality [4-6]. However, the occurrence of 
non-toxic amyloid fibrils from some proteins have 
been observed, and this complicates understanding of 
the relationship between amyloid fibrils and disease 
[7,8].  

 Lysozyme is a ubiquitous enzyme present in 
many organisms that attacks the peptidoglycan cell 

wall of certain microorganisms, selectively hydrolyz-
ing the β-1,4 glycosidic linkages between the 
N-acetylmuramic acid and N-acetylglucosamine [9]. 
Hen egg white lysozyme (HEWL), which belongs to 
the c-type class of lysozymes [10], has two domains 
called α and β; the former has four α-helices (A to D) 
and the latter consists mainly of an antiparallel 
β-sheet. A long loop and enzyme active site are lo-
cated in a cleft that is formed between these two do-
mains (Figs. 1A and B) [11]. HEWL is known to form 
amyloid fibrils under denaturing conditions in or-
ganic solvent, detergent, chemical denaturant or acid 
pH with high temperature [12-14]. The properties of 
such fibrils and the process of fibrillation have been 
studied in considerable detail [15,16]. It is generally 
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accepted that the formation of amyloid fibrils is im-
plicated in particular regions of protein as well as the 
entire protein [17]. Verma et al. verified that most 
point mutations have a significant effect on human 
lysozyme dynamics, many of which lead to local un-
folding and trend to form amyloid fibrils [18]. We 
recently found during analysis of the interaction be-
tween ovalbumin and HEWL that a peptide from 
HEWL has the ability of self-fibrillation, and desig-
nated it as the K peptide; we think that the region 
might work as a core for the amyloidogenesis of 
HEWL [19]. This peptide, corresponding to the resi-
dues 54–62 (GILQINSRW) of HEWL and being lo-
cated in the hydrophobic cluster 3 [20-22], contains 
tryptophan 62, which is thought to be crucial to 
forming fibrils [21,23,24]. It is shorter than the previ-
ously reported fibril-forming peptide of 16 amino 
acids from the residues 49–64 
(GSTDYGILQINSRWWC) of HEWL [25]. The K pep-
tide region is found as a pocket in the junction con-
necting the α- and β-domains, and is probably buried 
partially within the lysozyme molecule (Figs. 1A and 
B). Here, we reconfirmed the self-fibrillation ability of 
the K peptide and compared it to those of some K 
peptide mutants. In each of these mutants, a certain 
residue was replaced by another amino acid. For the 
aggregation and fibrillation of HEWL, not only the 
length of the K peptide region but also the presence of 
aromatic amino acids, especially at the 62nd position, 
is assumed to be critical.  

Materials and Methods 
Materials 

HEWL was purchased from Seikagaku Kogyo 
(Japan). The K peptide, the residues 54–62 
(GILQINSRW) of HEWL, and its derivatives 
(GILQINSRG etc., see Table 1), as well as the peptide 
STDYGILQINSRW, i.e., the residues 50–62 of HEWL, 
all with more than 90% purity, were synthesized by 
Greiner Bio-one GmbH (Germany). The latter peptide, 
named the STDY-K peptide, was applied as a positive 
control of fibril formation. The reagents used were of 
a grade for biochemical use.  

 

Table 1. Summary of competent peptides on fibrils for-
mation. 

Peptide (pI) pH2 pH4 pH7 pH9 
STDYGILQINSRW (5.55 ) +++ ++ – – 
GILQINSRW (9.75) + ++ + – 
GILQINSRG (9.75) – – – – 
GILQINSGW (5.52) ++ + – – 
GILQINSR (9.75) – ± – – 
GILQINS (5.52) – – – – 
ILQINSRW (9.75) ± + – – 
LQINSRW (9.75) – – – – 
ILQINSR (9.75) – – – – 
+++, much; ++, surely; +, somewhat; ±, very few; –, non. 

 

 
 

 
Fig. 1. Structure of HEWL and location of the K peptide region. A. Illustration by ribbon representation. Red color represents the K 
peptide region with the side chain of tryptophan 62. B. Illustration by space-filling model. Red and yellow show tryptophan 62 and other 
amino acids of the K peptide, respectively. Green and dark violet illustrate tryptophan 63 and other amino acids except the K peptide 
region. Amino acids in the K peptide are largely buried in the molecule.  
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Preparation of aggregates and fibrils 
 The solutions containing each of the K peptide 

and other peptides prepared by dissolving with 100% 
dimetylsulfoxide (DMSO) were diluted to the peptide 
concentration of 2 mg/ml in different pH buffers, and 
incubated at 37°C for the indicated time periods. The 
buffers used were 20 mM glycine-HCl for pH 2, 20 
mM sodium acetate for pH 4, 20 mM potassium 
phosphate for pH 7 and 20 mM Tris-HCl for pH 9. The 
occurrence and features of the fibrils were monitored 
using atomic force microscopy (AFM) and a trans-
mission microscope (TEM) as detailed below, using 
the incubated peptide preparations. These were fur-
ther diluted to 80 µg/ml by each pH buffer used and 
subjected to biophysical analyses. Care was taken to 
lower the final concentration of DMSO in the final 
preparations to about 0.08% in order to avoid the ad-
verse influence of DMSO on the biophysical data. 
HEWL was dissolved in 50 mM glycine-HCL buffer, 
pH 2, to the concentration of 2 mg/ml and treated 
under the conditions as reported previously (19). 

Observation of morphology by TEM and AFM  
 For TEM analysis, the samples incubated at 37°C 

for 2 weeks and those for HEWL incubated at 55°C for 
2weeks were prepared by coating a copper grid (200 
mesh covered with Formvar/carbon) with a thin layer 
of diluted particle suspension. After negative staining 
with 2% (w/v) phosphotungstic acid for 2 min, the 
copper grid was then dried at room temperature. The 
grids were then examined using a 670 electron mi-
croscope (Hitachi, Japan) at 80 kV. For AFM analysis, 
the samples were diluted with dH20 after formation 
of fibrils. They were prepared by placing 5 μl of the 
pre-incubated solution on freshly cleaved mica (Ted 
Pella Inc., Redding, CA) at room temperature for 60s, 
washed twice with 50 μl of deionized water, and 
blow-dried with air. AFM images were acquired in 
different regions of each sample in tapping mode us-
ing a JEOL NanoWizard, JSPM-5410 (Japan). 

Procedures for biophysical analyses 
 ThT fluorescence was assayed in 25 µM ThT for 

emission at 482 nm at an excitation of 440 nm [26] 
using a Corona Microplate reader fluorescence spec-
trophotometer (Hitachi, Japan). Congo red binding 
assay was made according to the previously reported 
procedures [26], wherein the absorbance spectra were 
scanned from 400 to 700 nm at 25°C on a spectropho-
tometer. The far UV CD spectra were recorded using a 
Jasco J-820 spectrophotometer in the 200–250 nm 
range. For the three analyses described above, the 
peptide preparations were diluted by using 20 mM of 
each buffer. 

The emission spectra of ANS were measured 
between 400 and 600 nm at an excitation of 380 nm. 
For this, peptide solutions diluted by 20 mM gly-
cine-HCl buffer, pH 2.2, was used after mixing with 
100 µM ANS. Excitation and emission slit widths were 
both set at 5 nm. The integrated fluorescence is the 
average area of three independent emission spectra 
after subtracting the blank emission. The values re-
ported are averaged over multiple sets of experi-
ments. Changes in tryptophan fluorescence intensity 
were determined by measuring the fluorescence 
emission at 320–440 nm at an excitation wavelength of 
295 nm using peptide solutions diluted in 20 mM of 
each buffer. 

Acrylamide quenching of tryptophan fluores-
cence was carried out by measurement of fluorescence 
intensity after serial addition of small aliquots of 
freshly prepared acrylamide solution (0–0.5 M) in 10 
mM 2-(N)-cyclohexylamino)-etanesulfonic acid 
(CHES)-NaOH, pH 9.0, to a sample (peptide solution 
diluted by 20 mM potassium phosphate buffer, pH 
7.0) taken in a cuvette, followed by mixing and incu-
bation for 5 min in the sample compartment in the 
dark. Excitation wave-length was set to 295 nm for 
each sample and emission intensity was scanned from 
300 to 500 nm. Quenching data were analyzed by fit-
ting to the Stern-Volmer equation [27]. 

F0/F=1+Ksv[Q] 

Where F0 and F are the fluorescence intensities in 
the absence and presence of the quencher, respec-
tively. [Q] is the molar quencher concentration and Ksv 
is the Stern-Volmer quenching constant.  

 These experiments described above were re-
peated three times. 

Results  
Time dependency of fibrils formation and their 
morphology 

 The K peptide was dissolved with a small 
amount of DMSO, and the resulting solution was di-
luted with each buffer at pH 2.0, 4.0, 7.0 or 9.0 as de-
tailed in Materials and Methods. The prepared prep-
arations were then incubated at 37°C for 1 to 14 days. 
The K peptide tends to aggregate itself and was dis-
solved first with DMSO. When DMSO-solubilized K 
peptide preparations were diluted with high concen-
tration buffer, these produced substantial amounts of 
amorphous aggregates and obscured the analyses. 
Accordingly, pH buffers of a comparatively lower 
concentration (20 mM) were employed. The concen-
trations of the peptide and DMSO during incubation 
in the pH buffers were 2 mg/ml and 2%, respectively. 
The fibrils from K peptide at pH 4 were formed faster, 
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and more were formed, than those at pH 2. The ag-
gregation kinetics was monitored by the increase in 
the ThT fluorescence emission (Fig. 2A) as a fibrilla-
tion index. The results for the K peptide incubated at 
pH 4 fit a sigmoid curve, indicating the presence of an 
initial lag phase of about 24 h, followed by a rapid 
growth phase that reached a plateau on day 7 (solid 
circles). On the other hand, the K-peptide preparation 
incubated at pH 2 exhibited a retarded increase of 
fluorescence intensity reaching a plateau on day 10, 
while those incubated at pHs 6 and 9 gave hardly any 
changes (patterns not shown). We inferred that the 
most effective way to generate ThT-positive products 
from the K peptide is the incubation at pH 4 for 7 days 
at 37°C. The rate of increase in fluorescent intensity by 
the K peptide was higher than that by HEWL itself 
incubated at pH 2 (open circles). The STDY-K peptide 
(STDYGILQINSRW, corresponding to the residues 
50–62 of HEWL) was confirmed to aggregate at pH 2 
more rapidly than the K peptide (diamond patterns), 
whereas the K-peptide derivative GILQINSRG (the 
mutant with glycine substituted for tryptophan) gave 
no signal of aggregation (open squares). To further 
verify the occurrence of fibrils, Congo red binding to 
the incubating K peptide samples was performed. As 
shown in Fig 2B, a time-dependent increase in ab-
sorption signal, accompanied by a red shift of the 
spectral maximum, was observed.  

Inspection by AFM and TEM (Fig. 3) indicated 
that the fibrils found in the K peptide preparation on 
day 7 of incubation at pH 4 had a typical amyloid 
morphology (panels A). The fibrils produced from the 
K peptide at pH 2 showed similar patterns (not 
shown). These contained short and twisting fibrils 
with a diameter of ca. 5–10 nm, resembling the amy-
loid fibrils of HEWL observed after incubation for 14 
days at pH 2 (panels B). The STDY-K peptide (see 
above) after incubation in acidic milieu also produced 
amyloidal patterns, while the K peptide mutant 
GILQINSRG gave no aggregation after incubation at 
all pHs tested (panels C and D, respectively; both 
show pH 2 preparations after day 7 of incubation).  

CD spectrum of fibrils originated from the K 
peptide etc. 

 Far UV-CD spectroscopy was conducted to ex-
plore the secondary structural features, in particular 
those of the β-sheet, of the present preparations (Fig. 
4). The K peptide incubated at 37°C for 7 days at pH 4 
showed a spectrum bearing a minimum at 218 nm 
(dashed line), which is typical of a β-sheet. The calcu-
lation by Yang’s method [28] from the spectrum ap-
parently indicated that the content of the β-structure 

(sum of β-sheet and β-turn) was 87% with a scant 
random coil, but without an α-helix. As expected, the 
STDY-K peptide exhibited the signal of the β-sheet 
(bold dotted line), whose content was calculated to be 
approximately 70%. Both peptides showed a similar 
pattern. In contrast, the K peptide before incubation 
presented an inconstant spectrum having no mini-
mum in the vicinity of 218 nm (long dashed dotted 
line), indicating that it scarcely had β-conformation. 
No typical spectrum of CD for the β-structure was 
given by the peptide GILQINSRG (dotted line), alt-
hough it was incubated as described above. The solid 
line in Fig. 4 shows a CD spectrum of HEWL.  

 
Fig. 2.  Aggregation kinetics monitored by ThT or Congo red 
binding. A. The aggregation kinetics of the K peptide () moni-
tored by the increase in the ThT fluorescence emission in com-
parison with those for HEWL (), the STDY-K peptide () and 
the W-substituted K peptide GILQINSRG (). Each peptide 
sample was incubated at 37°C for up to 14 days in 20 mM gly-
cine-HCl buffer at pH 4, 2, 2 and 2, respectively, prior to mixing 
with the ThT probe. B. Absorption spectra of Congo red with the 
K peptides. The peptides were incubated at 37°C in 20 mM gly-
cine-HCl buffer at pH 4 on days 0 (), 2 (), 4 () and 7 (). 
Preparations were subjected to these analyses at the concentra-
tion of 80 µg/ml as described in Materials and Methods. 
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Fig. 3. AFM and TEM images of the K peptide in comparison with other substances. A (K pep-7), the K peptide incubated for 7 days at pH 
4.0; B (HEWL-14), HEWL incubated for 14 days at pH 2.0; C (STDY-K-7), the STDY-K peptide incubated for 7 days at pH 2.0; D 
(KW62G-7), GILQINSRG (the W-substituted K peptide) incubated for 7 days at pH 2.0. The concentration of each peptide and HEWL 
during analysis was 2 mg/ml (cf. Materials and Methods).  

 

 
Fig. 4. Far-UV CD spectra of the K peptide and other substances. 
Samples indicated in the legend to Fig. 3 were used. As a control, 
non-incubated K peptide preparation was also analyzed (K pep-0). 
Before being subjected to the analysis, each peptide and HEWL 
was diluted to 80 µg/ml as described in Materials and Methods. 

Features of ANS binding and tryptophan flu-
orescence 

Conformation alterations of the K peptide fibrils 
in terms of the exposed hydrophobic surface were 
investigated by the ANS binding assay. As illustrated 
in Fig. 5, extensive augmentation (approx 50%) of 
ANS fluorescence occurred as the incubation time of 
the K peptide proceeded. Moreover, there was a blue 
shift in the λ max from 515 nm (before incubation) to 
490 nm (through incubation). This suggests that the 

formation of an exposed hydrophobic surface on the 
K peptide fibrils proceeded during incubation at pH 4.  

The K peptide consists of hydrophobic amino 
acids including tryptophan that is sited at the 
C-terminal. Therefore, the fluorescence intensity of 
tryptophan is also likely to mirror the configuration 
features of this peptide. The K peptide during incu-
bation at pH 4 was analyzed for its intrinsic trypto-
phan fluorescence spectrum, which increased gradu-
ally and attained the maximum on day 7 (Fig. 6). It was 
around this time when ThT fluorescent reached a 
plateau and fibrils were clearly observed in the K 
peptide preparation (see Figs. 2A and 3). Comparable 
data were obtained in the K-peptide incubated at pHs 
2, 7 and 9, although the fluorescence intensity was low 
in these cases (data not shown).  

Fluorescence quenching measurements 
 Acrylamide quenching of tryptophan fluores-

cence was conducted for the K peptide preparations 
before and after incubation at pH 4 (Fig. 7A, left and 
right panels, respectively). Tryptophan fluorescence 
in the day-0 K peptide was quenched by 62% with 
0.05 M of acrylamide, whereas that in the day-7 K 
peptide was quenched only by 41% under the same 
conditions as above. These facts seemed to imply that 
the fibrils-forming K peptide requires more acryla-
mide for quenching tryptophan fluorescence than that 
in the intact state. Stern-Volmer plots were drawn for 
the K peptide preparations (Fig. 7B), and from the 
data the Ksv (Stern-Volmer constant) values were re-
duced from 19.3, 18.5 18.1 17.1 and 15.3 for the prep-
arations on days 0, 2, 4, 7 and 14, respectively.  
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Fig. 5. Changes in ANS fluorescence spectra of the K peptide 
during incubation. The K peptide was incubated for 0 to 14 days at 
pH 4.0 at the concentration of 2 mg/ml as detailed in Materials and 
Methods and after dilution to 80 µg/ml, subjected to the analysis of 
ANS fluorescence emission. Excitation wavelength was set to 380 
nm and emission wavelength to 420–540 nm.  

 

 
Fig. 6. Intrinsic tryptophan fluorescence due to the K peptide. 
Samples were prepared as described in the legend to Fig. 5 and 
analyzed for the tryptophan fluorescence emission. Excitation 
wavelength was set to 295 nm and emission wavelength to 
320–450 nm.  

 
Fig. 7. Quenching of tryptophan fluorescence by acrylamide. The K peptide preparations were incubated as described in the legend to Fig. 
5 and carried to the quenching test. A. Fluorescence spectra on day 0 (left) and day 7 (right) of incubation. Spectra stand for 0 (F0), 0.05, 
0.1, 0.15, 0.02 and 0.25 M of acrylamide from top to bottom. B, Stern-Volmer plots against the quencher concentration. Ksv constant was 
calculated from the equation of F0/F=1+Ksv[Q] and the results are discussed in the text. 
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Significance of amino acid residue in the K 
peptide  

 The K peptide, consisting of nine amino acids, is 
abundant in the hydrophobic side chains. In particu-
lar, tryptophan located in the C-terminus, which is the 
62th amino acid of lysozyme protein, seems to be 
crucial to forming fibrils. Therefore, all the K-peptide 
derivatives prepared in this study were observed to 
see whether or not, or to what extent, they had the 
ability to contribute to fibrillation. The STDY-K pep-
tide was run in parallel as a positive control. All the 
peptides were dissolved with a small amount of 
DMSO, then diluted with various pH buffers as de-
scribed above, incubated for up to 14 days at 37°C and 
observed by TEM. Degrees of fibril formation were 
roughly scored and the results obtained are summa-
rized in Table 1. The K peptide formed fibrils, but 
GILQINSRG, the C-terminal substitution mutant of 
the K peptide, had no ability to form fibrils. Distinct 
fibrils bearing a minimum at 218 nm of the CD spectra 
were observed by GILQINSGW (data not shown). 
Fibrils were formed only slightly by the peptide 
GILQINSR in which the C-terminal tryptophan was 
simply depleted from the K peptide. The peptide 
ILQINSRW, the K peptide ablated with the 
N-terminal glycine, formed fibrils, albeit at lower lev-
els. The K peptide was completely deprived of its fi-
brillation ability when deleted with any two residues 
as far as tested. We conclude that a certain length of 
peptide and the presence of hydrophobic amino acids 
including the C-terminal tryptophan are important for 
forming fibrils.  

Discussion 
 The characterization of the process of protein 

misfolding that occurs as a preface to the formation of 
fibrils has provided insight into fibril deposits that are 
associated with neurodegenerative amyloid diseases 
[29,30]. Amyloid fibrils are ordered aggregates of a 
normally soluble peptide or protein. Furthermore, 
knowledge of the conversion of protein from normal 
to abnormal will help conquer profound protein de-
generative diseases. For this purpose, HEWL is a good 
model protein as it has been well-characterized for 
amyloid fibril generation in vitro [31]. A specific re-
gion in the lysozyme molecule is thought to be in-
volved in the formation of amyloid fibrils. It has been 
reported that HEWL has six hydrophobic clusters, 
whose cluster 3 is involved in long-range interaction 
of disulfide-reduced lysozyme in the formation of 
amyloid fibrils (20-23). The K peptide including tryp-
tophan 62, which is a crucial amino acid on fibrils 
formation (21,23), corresponds to the cluster 3. It was 

previously reported that the fragment 49–101 (or 
50–87/88–101) of HEWL has a high tendency to ag-
gregate [11,32]. Krebs et al. reported that the fragment 
49–64 in HEWL readily forms amyloid fibrils in acid 
solution [33]. We have shown that the nonapeptide 
GILQINSRW named the K peptide, corresponding to 
54G–62W of HEWL, forms aggregates and amy-
loid-like fibrils by itself (see above), and also by in-
teracting with ovalbumin [19]. Although the K pep-
tide is much shorter than the fragment 49–64 and may 
have lost the well-structured conformation, it forms 
fibrils, suggesting that it is a core part triggering the 
amyloidogenesis. The STDY-K peptide, which is more 
soluble in water than the K peptide, showed faster 
elevation of ThT fluorescence than the K peptide. A 
longer peptide-bearing core region may be more liable 
to form fibrils than the K peptide. This region is in 
agreement with the portion called the core of amyloid 
formation. 

In spite of its highly hydrophobic nature with a 
pI of 9.75, the K peptide could be dissolved in 20 mM 
buffers of pH 2 to 4. After a certain period of incuba-
tion in such an aqueous milieu, it formed morpho-
logically definite fibrils observable under AMF and 
TEM, producing a fluorescence-enhancement of ThT 
and a red shift in the absorption spectra of Congo red, 
both of which are known to interact with amyloid 
fibrils having a cross-β-sheet structure [34,35]. We 
suppose that the fibrils generated from the K peptide 
were of the bona fide amyloid type and the inference 
was supported by the CD data which implied the 
presence of a second structure with a β-sheet. The 
fibrils are likely to be comparable in structure to those 
produced by HEWL and the STDY-K peptide. ANS is 
known to preferentially bind to hydrophobic clusters 
giving rise to an enhancement in fluorescence emis-
sion accompanying a blue-shift of the spectral maxi-
mum [36,37]. In our case, the rise of ANS fluorescence 
emission with K peptide was clear until the incuba-
tion of 14 days, and the blue-shift was also observed 
in the emission spectra with the K peptides incubated 
for longer times (see Fig. 5). At any rate, we speculate 
that the hydrophobicity of the K peptide aggregate or 
fibrils was increased in time by the exposure of the 
hydrophobic amino acids (other than tryptophan) to 
the surface while fibril clusters are formed. The results 
of acrylamide quenching of tryptophan fluorescence, 
which serves as an effective tool for monitoring the 
tryptophan environment in proteins or peptides 
[38,39], indicate that fibrils produced from the K pep-
tide configure to a regular structure by transition to 
orchestrate a fairly hydrophobic surface, making ar-
ray-like amino acid stacking. We infer that the de-
crease in the Stern-Volmer constant (Ksv) during in-
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cubation of the K peptide is interpreted by assuming 
that the tryptophan residue is in more internal and 
has a propensity to be non-polarized. The possible 
involvement of hydrophobic amino acids to the pro-
cess of fibril formation was additionally suggested by 
the fact that fibrillation of the K peptide was inhibited 
by a comparatively high concentration of SDS >5 mM 
(unpublished data). In native HEWL, the region con-
taining the K peptide, which is partially embedded 
inside the lysozyme molecule and located in the active 
site cleft (see Figs. 1A and B), might possibly keep the 
conformational stability of protein and thus repress 
aggregation. It is inferred that exposure of the K pep-
tide region to the surface causes it to act as a core for 
aggregation/fibrillation and in turn amyloidosis. 

The significance of the K peptide in amyloid 
formation is verified by previous observations that 
single-point mutants I56T, F57I, W64R and D67H, as 
well as double mutants F57/T70 and W112R/T70N, 
of human lysozyme bring about non-neuropathic he-
reditary amyloidosis (the single-point mutants were 
less stable than the wild-type protein) [15, 40-45]. 
These critical amino acid residues are mostly located 
in the region 55–63 (GIFQINSRY) [44], which is the 
counterpart of the K peptide of HEWL and was 
shown to also lie at the interface between the α- and 
β-domains [44]. In addition, the 64 residue, although 
located in the long loop of the β-domain, is present in 
the circumjacent region of the human K peptide. The 
human counterpart of the HEWL-K peptide, while 
differing from the latter in the third and the last resi-
dues (phenylalanine and tyrosine instead of leucine 
and tryptophan, respectively), forms strong aggrega-
tion and fibrils in a similar manner to that for the 
present K peptide under the same conditions as those 
applied for the latter (unpublished data), and this may 
also be a core of amyloidosis. Although additional 
studies are needed to confirm the relationships be-
tween the peptide structure and fibril formation, we 
believe that the findings obtained in this research will 
contribute to a better understanding of the mecha-
nisms underlying the formation of self-assembly, 
amorphous aggregates and arrayed fibrils in proteins 
and peptides implicated in amyloid diseases. 
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