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ABSTRACT. Amyloid fibril formation is associated with several pathologies, including Alzheimer’s disease,
Parkinson’s disease, type |l diabetes, and prion diseases. Recently, a relationship between basement
membrane components and amyloid deposits has been reported. The basement membrane protein, laminin,
may be involved in amyloid-related diseases, since laminin is present in amyloid plaques in Alzheimer’s
disease and binds to amyloid precursor protein. Recently, we showed that peptide A208 (AASIKVAVSADR),
the IKVAV-containing peptide, formed amyloid-like fibrils. We previously identified 60 cell adhesive
sequences in laminin-1 using a total of 673 12-mer synthetic peptides. Here, we screened for additional
amyloidogenic sequences among 60 cell adhesive peptides derived from laminin-1. We first examined
amyloid-like fibril formation by the 60 active peptides with Congo red, a histological dye binding to
many amyloid-like proteins. Thirteen peptides were stained with Congo red. Four of the 13 peptides
promoted cell attachment and neurite outgrowth like the IKVAV-containing peptide. The four peptides
also showed amyloid-like fibril formation in both X-ray diffraction and electron microscopic analyses.
The amyloidogenic peptides contain consensus amino acid components, including both basic and acidic
amino acids and Ser and lle residues. These results indicate that at least five laminin-derived peptides can
form amyloid-like fibrils. We conclude that the laminin-derived amyloidogenic peptides have the potential

to form amyloid-like fibrils in vivo, possibly when laminin-1 is degraded.

The process of amyloid fibril formation is associated with Thus, a specific pattern of molecular interactions, rather than
several diseases, including Alzheimer’s disease, Parkinson’snonspecific hydrophobic interactions, leads to ordered struc-
disease, type |l diabetes, prion diseases, and systemidures. Common structural elements responsible for such
polyneuropathiesl( 2). Many proteins not associated with  organized structures have not been identified.

amyloid-related diseases can also form amyloid-like fibrils  gasement membrane components have been identified in
(3—5). Although they contain distinct protein sequend®s ( amyloid plagues from Alzheimer's patients0( 11). Base-

the amyloid-like fibrils have similar structural properties and yent membranes are thin extracellular matrices that play a
exhibit a red to green birefringence after staining with Congo cyitical role in tissue structural support, filtration, develop-
red (7, 8). Amyloid fibrils have a crosg conformation and  en, repair, tumor growth, and metastasis. Laminins, major
are on average—710 nm in diameter and variable length.  gycoprotein components of basement membranes, promote
Amyloid fibril formation is different from the simple process  he biological functions of the basement membrah®).(

of nonspecific aggregation because it has ordered structure§ s minins are trimeric molecules composedcofg, andy

that possess a characteristic X-ray diffraction pattér). chains. So far, fivex, threeB, and threey chains have been

identified which assemble to form 15 identified isoforms.
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containing peptide A208 (AASIKVAVSADR, mouse laminin  were mixed with 80Q:L of PBS (1.25«<) and incubated in
al chain residues 20972108) forms amyloid-like fibrils disposable cuvettes for 24 h at room temperature. Absorption
composed of a crogs- conformation using Congo red spectra were recorded from 300 to 700 nm using a U-560
staining, X-ray diffraction, infrared spectroscopy, and elec- UV —vis spectrophotometer (JASCO Co. Ltd., Tokyo, Japan).
tron microscopy analysesl®). The IKVAV-containing All absorption spectra result from the subtraction of the
sequence also promotes cell adhesion, neurite outgrowth peptide scattering (absorption of peptide alone) from the
angiogenesis, collagenase IV production, and tumor growth Congo red spectral curve of the peptide.
(17—21). The IKVAV sequence promotes neurite outgrowth ~ Cells and Culture. HT-1080 human fibrosarcoma cells
via interaction with a 110 kDa membrane-associated laminin- were maintained in Dulbecco’s modified Eagle’s medium
binding protein 22), which has been identified agfaamy- (DMEM) containing 10% fetal bovine serum, 100 units/mL
loid precursor protein23, 24). Interestingly, differentamino  penicillin, and 10Qug/mL streptomycin (Invitrogen). PC12
acid substitutions of the IKVAV-containing peptide lost cell cells 35) were maintained in DMEM/F12 containing 7.5%
binding activity (L7) or inhibit neurotoxicity 25). However, horse serum, 7.5% fetal bovine serum, 100 units/mL penicil-
the functional relationship between tifeamyloid peptide lin, and 100ug/mL streptomycin (Invitrogen).
and laminin-1 and laminin-derived peptides is not known. Cell Attachment Assay Using Peptide-Coated Plates.
In this paper, we identify amyloidogenic sequences among Attachment of cells to peptide-coated plates was assayed in
60 biologically active peptides previously identified in 96-well plates (Immulon-2, DYNEX Technologies, Inc.,
laminin-1 @6—30). Congo red is a histological dye that binds Chantilly, VA). Plates were coated with various amounts of
to many amyloid-like proteins due to their extensBrsheet peptide in Milli-Q H,O and dried overnight. The peptide-
structure. The absorption spectrum of the dye changes whercoated wells were blocked with 1% bovine serum albumin
it binds to amyloid 81). Congo red binding analysis is a (BSA) (Sigma, St. Louis, MO) in DMEM (10@L) for 1 h
quick method for assessing amyloid fibril formatioB2(- and then washed twice with DMEM containing 0.1% BSA.
34). Several peptides were stained with Congo red and wereCells (20 000 cells/100L), detached with trypsin and EDTA
further evaluated for their amyloidogenic properties by both and resuspended in DMEM containing 0.1% BSA, were
X-ray diffraction and electron microscopic analysis. The added to each well and incubated at &7 for 1 h in 5%
amyloidogenic peptides were studied because of the relation-CO,. The attached cells were stained with a 0.2% crystal
ship between fibril formation and biological activity. We violet aqueous solution in 20% methanol for 10 min. After
report here on the finding of several additional amyloidogenic removal of the unattached cells, 1% SDS (200 was used
peptides from laminin-1 and describe key sequence elementgo dissolve the attached cells, and the optical density at
responsible for the activity. 570 nm was measured in a model 550 microplate reader (Bio-
Rad Laboratories, Hercules, CA).

MATERIALS AND METHODS Cell Attachment Assay Using Peptide-Conjugated Sepharose
Synthetic Peptides\ll peptides were synthesized manually BeadsPeptides were coupled to cyanogen bromide (CNBr)-
by the 9-fluorenylmethyloxycarbonyl (Fmoc)-based solid- activated Sepharose 4B (Amersham Bioscience, Uppsala,

phase methods with a C-terminal amide as described previ-Sweden) as described previousi§6). Peptide solutions
ously (28). The respective amino acids were condensed (200 ug, 1 mg/mL in Milli-Q H,O) were mixed with the
manually in a stepwise manner using diisopropylcarbodiim- activated Sepharose beads (30 mg). Ethanolamine-coupled
ide N-hydroxybenzotriazole on a Rink amide resin (Nova- beads were prepared as a control. The amount of coupled
biochem, San Diego, CA). The following side chain pro- peptide was determined by amino acid analysis-{@@umol
tecting groups were used: Asn, Cys, GIn, and His, trityl; of peptides per gram of Sepharose beads).
Asp, Glu, Ser, Thr, and Tyrert-butyl; Arg, 2,2,5,7,8- Attachment of cells to the peptide&Sepharose beads was
pentamethylchroman-6-sulfonyl, and Lysrt-butoxycarbo- assayed in 48-well plates (lwaki). HT-1080 cells were
nyl. Resulting protected peptide resins were deprotected anddetached as described above. The cells (10 000 cellgt200
cleaved from the resin using a trifluoroacetic acid/thioanisole/ of DMEM containing 0.1% BSA) were incubated with 200
m-cresol/ethanedithiol/s© mixture (80:5:5:5:5, by volume)  uL of the bead solution at 37C for 1 h in 5% CQ. The
at 20°C for 3 h. Crude peptides were precipitated, washed cells attached to the beads were stained with a 0.2% crystal
with ethyl ether, and then purified by HPLC (using a violet aqueous solution in 20% methanol for 10 min. After
Mightysil RP-18 column with a gradient of & and removal of the unattached cells, attached cells were analyzed
acetonitrile containing 0.1% TFA). The purity and identity under a microscope.
of the synthetic peptides were confirmed by analytical HPLC ~ Neurite Outgrowth AssayPeptides were dissolved in
and by either fast atom bombardment or electrospray Milli-Q water at 1 mg/mL, kept at £C for 1 week, and
ionization mass spectroscopy. Mass spectroscopy was perthen used for the assay. For the neurite outgrowth assay, 16
formed at the GC-MS & NMR Laboratory, Graduate School mm diameter wells of a 24-well plate (Iwaki) were coated
of Agriculture, Hokkaido University. with various amounts of peptides and dried overnight. After
Congo Red Binding Analysi& 100 uM stock solution the peptides had been coated, the plates were washed with
of Congo red was prepared in phosphate-buffered salineDMEM/F12 (Invitrogen). PC12 cells were primed with
(PBS) and 10% ethanoBY). Ethanol was added to prevent 100 ng/mL nerve growth factor (NGF, Roche Diagnostics
the formation of Congo red micelles. This Congo red stock GmbH, Mannheim, Germany) for 24 h prior to the assay.
solution was filtered three times using a 0.4B nylon The PC12 cells were then released from the dish by agitation,
membrane (Iwaki, Tokyo, Japan). collected by centrifugation, allowed to recover in culture
The peptide solutions in Milli-Q water (10@L, 1.0 mg/ medium for 30 min at 37C in 5% CQ, and then washed
mL) and the Congo red solution (14, 100 «M in PBS) three times with DMEM/F12. Cells were resuspended in
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DMEM/F12 containing 100ug/mL transferrin (Sigma), (—alchain—————
20 nM progesterone (Sigma), 30 nM j$&Q (Wako, Osaka, ’
Japan), 5«g/mL insulin (Invitrogen), and 100 ng/mL NGF.
The cells (20 000 cells/500L per well) were added to 24-
well plates. After being incubated at 3T for 24 h in 5%
CO,, the cells were fixed with 20% formalin and then stained

with 0.2% crystal violet. In each well (three fields), 100 cells | 0 i iconorsmm
were viewed, and the percent which had neurites that| as: :sowravgrir
extended 2 times the cell diameter in length or longer was | *>* ¢
determined and averaged for each peptide amount that way »-
tested.
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After drying overnight, the precipitate was stained with a
1% aqueous solution of Congo red for 1 h. After being rinsed | =
with pure acetone, the samples were dehydrated with 95%]| -
ethanol and 100% ethanol and then cleared with xylene. The| =3«
specimens were mounted with a resin (malinol, Muto Pure :
Chemicals, Tokyo, Japan) and observed in a microscope| =¢2
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Electron MicroscopyThe peptide solution (5 mg/mL) was — o - —
diluted to 1:16-100 in Milli-Q water and applied onto a Ficure 1: Localization of 60 cell adhesive peptides of laminin-1.

) ; ) . Cell adhesive peptides identified previously are shown. Peptides
grid mesh with carbon-coated Formvar film. The specimen are derived from mouse lamnin-2%-28). Twenty-one peptides

was then negatively stained with a 5% aqueous solution of exhibited cell attachment activity only in the peptide-coated plate
uranyl acetate (A119, AG97, angsR2—35) or 2% phospho  assay (bold); nine peptides were active only in the peptide-
tungstic acid (pH 7.0) (B133 and B160) and observed using conjugated Sepharose bead assay (italics), and 30 peptides promoted
a JEM-1200EX (JEOL, Tokyo, Japan) electron microscope €€l attachment in both assays (regular).
at an acceleration voltage of 80 kV.
X-ray Diffraction. Peptides, dissolved in Milli-Q water (5 0.4 AB 22-35
mg/mL), were packed into a siliconized-capillary glass tube «— A9
(¢ 0.3 mm, Verpackung ges, Berlin, Germany) and dried o, ag o and .« B160
for 3 days in a wetting box at room temperature. Precipitate pepliel

i A10  AGO7
formed at' the tpp of the capillary glasfs tube. A2 B7
X-ray diffraction patterns were obtained at room temper- 2127 g}gg

Absorbance
o

ature using Cu K& (A = 1.5418 A) radiation from a
MicroMax007 instrument (40 kV, 20 mA, Rigaku, Tokyo, 0.1
Japan) with confocal Max-Flux mirrors. Data were collected
on an R-AXIS IV diffractometer (Rigaku). The specimen

film distance was set at 250 mm, and the exposure time was
5 min. X-ray diffraction patterns were displayed and
measured using CrystalClear (Rigaku).

AG10 C16
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FiIGure 2: Absorption spectra of a Congo red solution in the
presence of peptides. Peptide solubilized in Milli-Q water (200
RESULTS 1.0 mg/mL) and Congo red solution (10Q, 100 uM in PBS)
were mixed with 80QuL of PBS (1.25<), and the mixture was

c Red Stainina Analvsigrevi | d incubated for 24 h at room temperature. Absorption spectra were
ongo Red Staining Analysigreviously, we screened  ecorded from 300 to 700 nm. All absorption spectra result from

biologically active sequences in laminin-1 using 673 syn- subtraction of the peptide scattering (absorption of peptide alone)
thetic peptides which cover the entire molecule and identified from the peptide incubated with the Congo red spectral curve.
60 cell adhesive peptides using peptide-coated plate and

peptide-conjugated Sepharose bead assa26—30) for 24 h, 13 peptides caused a shift in the Congo red
(Figure 1). Here, we have evaluated the effect of the 60-cell absorption peak (Figure 2 and Table 1). The absorption
adhesive peptides on the Congo red absorption spectrunspectrum of Congo red was strongly affected by A119 and
(Figure 2). When Congo red binds to amyloid structures, B160 peptides, and the response was comparable to that
the absorption peak at 486 nm shifts to approximately 540 observed with /8 22—35 (Figure 2).

nm (17, 31). A laminin peptide A208 (AASIKVAVSADR, Biological Activity and Formation of Amyloid Structure.
laminin al chain residues 20972108) and & 22—35 Recently, we found that an IKVAV-containing laminin-1-
(EDVGSNKGAIIGLM, -amyloid protein residues 2235) derived synthetic peptide, A208, forms amyloid-like fibrils
were previously found to form amyloid-like fibrils in vitro  composed of a crogs-conformation 7). We demonstrated
(17, 37) and were used here as positive controls (Figure 2). that A208 exhibited cell attachment and neurite outgrowth
When the Congo red solution was incubated with the 60 activity only in the peptide-coated plate assay. Further, we
active laminin-1 peptides at a concentration of 0.1 mg/mL demonstrate that the biological activity of A208 correlated
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Table 1: Biological Activities of 13 Amyloidogenic Peptides
Derived from Laminin-1

cell attachmerit

Congo neurite
peptide sequence red® plate bead outgrowtt
Al10 GTNNWWQSPSIQN + ++ ++ +++
Al2 WVTVTLDLRQVFQ + ++ + -

Al13 RQVFQVAYIIIKA + +++ +++ +
A119 LSNIDYILIKAS ++ ++ - +
A167  NLLLLLVKANLK + ++ ++ -
A208 AASIKVAVSADR + +++ = ++
AG10 NRWHSYIYTRFG + +++ 4+ +
AG97 SAKVDAIGLEIV + + - +++
B7 AFGVLALWGTRV + +++  +++ -
B123  AAEPLKNIGILF + + + +
B133 DISTKYFQMSLE + +++ - +++
B160 VILQQSAADIAR ++ A+t = +
C16 KAFDITYVRLKF + +++  +++ +
AG73 RKRLQVQLSIRT - +++  +++ +++

@ Peptides were incubated with Congo red solution, and absorption
spectra were evaluated on the following subjective scal¢:, spectra
comparable to that of A 22—35; +, spectra comparable to that of
A208; and—, no shift in the absorption peakCell attachment and
neurite outgrowth activities were scored on the following subjective
scale: +++, activity comparable to that on AG73:+, weak activity
compared with that on AG73t, very weak activity compared with
that on AG73; and-, no activity.
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Ficure 3: Cell attachment and neurite outgrowth activity. (A)
Ninety six-well plates were coated with various amounts of peptides,
and HT-1080 cells were added. Afte 1 hincubation, the number

of attached cells was assessed by crystal violet staining. Data are
expressed as the mean of triplicate results. (B) HT-1080 cells were
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Ficure 4: Neurite outgrowth of PC12 cells on peptides. (A) Various
amounts of peptides were coated on 24-well plates. PC12 cells
(20000 cells/well) were seeded in the plates. After a 24 h
incubation, cells were fixed and stained. The percentage of PC12
cells with neurites was determined as described in Materials and
Methods. AG73 was used as a positive control, and AG73T was
used as a negative control. (B) The PC12 cells were cultured on
various peptides for 24 h and then stained with crystal violet.
Peptides were coated on 24-well plates. A119, AG97, B133, and
AG73T were at a concentration of x@/well, and B160 and AG73
were at a concentration of 12:8/well.

shown). The 8 22—35 peptide exhibited dose-dependent
cell attachment activity in the peptide-coated plate assay but
did not promote cell attachment in the peptide-conjugated
Sepharose bead assay (Figure 3A,B)3 22—35 also
promoted neurite outgrowth (Figure 3C). The biological
activity of the A3 22—35 peptide exhibited properties similar
to those of peptide A208, suggesting that the biological
activity of A 22—35 may be related to the ability to form
amyloid-like structures.

Neurite Outgrowth Actiity of PeptidesWe next evaluated
the neurite outgrowth activity of the 13 peptides active in
the Congo red assay (Table 1 and Figure 4). Peptide AG73
and the control scrambled peptide AG73T served as positive
and negative controls. Ten peptides, including A10, Al3,
A119, A208, AG10, AG97, B123, B133, B160, and C16,
exhibited neurite outgrowth activity. Five peptides, including
A119, A208, AG97, B133, and B160, exhibited cell attach-
ment activity only in the peptide-coated plate assay (Table
). The five peptides also promoted neurite outgrowth in a

allowed to attach to peptide-conjugated Sepharose beads for 1 Hd0se-dependent manner (Figure 4) with activity comparable

and then stained with crystal violet. (C) Neurite outgrowth of PC12
cells on peptides. PC12 cells were cultured on peptidesu(30
well) for 24 h and stained with crystal violet. AG73, which promotes
cell attachment and PC12 neurite outgrow2b, (39), was used as

a positive control. AG73T, which is a scrambled peptide of AG73,
was used as a negative control.

with the ability to form amyloid-like fibrils using various
A208 analoguesl(). We, therefore, tested theA22—35
peptide for cell attachment and neurite outgrowth activity
(Figure 3). We used AG73 (RKRLQVQLSIRT, mouse
laminin a1 chain residues 2712730), previously identified
as another active sequence in laminin2, (38, 39), as a
positive control. AG73 promoted the cell attachment activity

to that of A3 22—35. The rest of the peptides exhibited cell
attachment activity in the both peptide-coated plate and
peptide-conjugated Sepharose bead assays similar to that of
AG73 (Table 1). On the basis of these results, we focused
on the latter five peptides, including A119, A208, AG97,
B133, and B160, for further evaluation of their amyloidoge-
nicity.

Congo Red Staining and Polarized Microscopy of Pep-
tides.Solutions of the five peptides (5 mg/mL) were pipetted
onto slide glasses, dried, and stained with Congo red. The
Ap 22—35 peptide precipitate exhibited the red to green
birefringence as expected (Figure 51,J). The A208 peptide
also exhibited birefringence as described previously (data

in both the peptide-coated plate and peptide-conjugatednot shown) 7). When the samples were observed under a
Sepharose bead assays (Figure 3A,B) and neurite outgrowttpolarizing microscope, three peptides (except B133 peptide)

as described previously (Figure 3@0j. Control scrambled
AG73 peptide, AG73T, was inactive for cell adhesion.
However, AG73 did not stain with Congo red (data not

formed amyloid-like structures and exhibited birefringence,
going from red to green (Figure 5). The B133 peptide ex-
hibited very weak birefringence (Figure 5E,F). These results
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Ficure 5: Photomicrographs of peptides stained with Congo red.
Peptides in Milli-Q water (5 mg/mL) were pipetted onto a glass
slide. After drying overnight, the precipitate was stained with a
1% aqueous solution of Congo red for 1 h. After being rinsed with
pure acetone, the samples were dehydrated with 95% ethanol an

with 100% ethanol and then cleared with xylene. The specimens
were mounted with a resin and observed in a microscope either

under bright field illumination (A, C, E, G, and I) or between
crossed polars (B, D, F, H, and J): (A and B) A119, (C and D)
AG97, (E and F) B133, (G and H) B160, and (I and Jj 22—35.
The scale bar is 100m.

Kasai et al.
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Ficure 6: Electron micrographs of amyloid-like fibrils formed from
peptides. The peptide solution (5 mg/mL) was diluted to +10
100 in Milli-Q water and applied to a grid mesh with carbon-coated
Formvar film. The specimen was then negatively stained with either
a 5% aqueous solution of uranyl acetate or 2% phospho tungstic
acid (pH 7.0) and observed using an electron microscope: (A)
A119, (B) AG97, (C) B133, (D) B160, and (E)/A22—35. The
scale bar is 200 nm.

(Figure 6B). The filaments of the B133 peptide were shorter
and formed lateral aggregates (Figure 6C). The B160 peptide
formed long ribbon-like fibrils (Figure 6D). These results
dsuggest that these peptides self-assemble and form amyloid-
like fibrils.

Secondary Structure Analysis of Peptides by X-ray Dif-
fraction. Synthetic A3 peptide-derived amyloid fibrils possess
a crossB conformation as determined by X-ray diffraction
(9). When sufficient orientation of the fibrils can be obtained,

further suggest that these peptides, A208, A119, AG97, andcharacteristic orthogonal orientations of the respective X-ray

B160, form amyloid-like structures and significantly bind
to Congo red.

Analysis of Amyloid-like Fibrils by Electron Microscopy.
We next examined the ability of the four newly identified
peptides to form amyloid-like fibrils. Peptide solutions
(5 mg/mL) were diluted to 1:16100 in Milli-Q water and
analyzed by negative staining electron microscopy. Previ-
ously, A208 formed amyloid-like fibrils 17). A 22—35
exhibited typical amyloid fibrils (Figure 6E), and all four
peptides also formed fibrillar structures (Figure 6B).
A119 exhibited long thin unbranching filaments similar to
those of AG 22—35 (Figure 6A). AG97 exhibited filaments
similar to those of A119, but the fibrils were shorter

reflections at 4.7 A (from hydrogen bonding) and 10 A (from
intersheet packing) are observed); The X-ray diffraction
pattern of the five peptides showed reflections that appear
as rings due to the poor alignment of the fibrils (Figure 7).
The A208 peptide exhibited A-sheet reflection k7). A
dominant sharp reflection at a position corresponding te-4.6
4.7 A (from hydrogen bonding) was observed in all peptides
(Figure 7). A3 22—35 exhibited two major well-oriented
reflections at 4.7 and 10 A, as expected (Figure 7E). The
A119 peptide also exhibited two major well-oriented reflec-
tions at 4.7 and 11.5 A (Figure 7A). These observed
reflections at 10 and 11.5 A suggest intersheet packing with
a crossf conformation in both of these peptides. These
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matrix metalloproteases (MMPs), in developmental and
regenerative stages and diseases. Laminins and their frag-
ments have been postulated to be involved in amyloid-related
diseases 13, 14). We previously found that a synthetic
peptide fromthe laminin-1 sequence A208 (AASIKVAVSADR,
mouse laminintl chain residues 20972108) forms amy-
loid-like fibrils and the ability to self-assemble correlates
with the biological activity of the peptidely).

In this paper, we identified four additional amyloidogenic
peptides from laminin-1. Previously, 60 cell adhesive pep-
tides were identified by the screening of 673 peptides
covering the entire laminin-1 sequence using peptide-coated
plate and a peptide-conjugated Sepharose bead ag&ays (
30). Thirty peptides promoted cell attachment in both assays;
21 peptides exhibited cell attachment activity only in the
peptide-coated plate assay, and nine peptides were active only
in the peptide-conjugated Sepharose bead assay. In this study,
we useds-amyloid peptide 4 22—35 as a control. The A
22—35 peptide exhibited cell attachment activity only in the
peptide-coated plate assay and also promoted neurite out-
growth activity when coated on the plate. Twenty-one
peptides, including A208, were active only in the peptide-
coated plate assay and, thus, thought to share a similar
property with the £ 22—35 peptide. We also evaluated the
formation of amyloid-like structures by the 60 cell adhesive
peptides using the Congo red assay. Thirteen peptides were
active in the Congo red assay, suggesting that they could
form amyloid-like structures. Taken together, five peptides
(A119, A208, AG97, B133, and B160) were active in the
Congo red assay and promoted cell attachment and neurite
outgrowth only in the peptide-coated plate assay, suggesting
FiGURE 7: X-ray diffraction pattern of peptides. Peptides in Milli-Q  that they formed amyloid-like structures with properties
water (5 mg/mL) were packed into a siliconized capillary glass Similar to those of & 22—35.
tube and dried for 3 days in a wetting box at room temperature.  Previously, we showed that peptide A208 formed long
Peptide A119 (A) exhibited typical a crogseonformation with fibrils composed of8-sheet structuresly). In this study,

an orthogonal orientation of the 4.7 A hydrogen bond arid..5 : -
A intersheet spacing that was observed f@rZ2—35 (E). Peptides Al119, AG97, B133, and B160 were stained with Congo red

AG97 (B) and B133 (C) exhibited the reflection for a 4.7 A a@nd exhibited red to green birefringence. Using electron
hydrogen bond and reduction of the level of intersheet packing. microscopic analysis, A119, AG97, B133, and B160 were
Peptide B160 (D) has two major reflections of 4.7 and 8.2 A. Due observed as fibrillar structures. Further, X-ray diffraction data
to the poor alignment of fibrils, those reflections appear as rings. jndicated that the fibrils of these four peptides were
. . . . composed off3-sheet structures. These results strongly
reflections are consistent with the crggssonformation g gqest that the five laminin-1-derived peptides self-assemble

described for many amyloid fibrils9( 41, 42). A similar, — gnd form amyloid-like fibrils. The A119 peptide exhibited
although not identical, crogspattern was recorded for the long thin unbranching filaments similar to that gfa@myloid

Bl6AO peptide. B160 exhibited two rc'e&ﬂections at 4.6 and peptide, A8 22—35. X-ray data indicated that the A119
8.2 A (Figure 7D). The reflection at 8.2 A seems to be narrow eptide had a well-oriented crogseonformation that is

for an intersheet distance, but this has not been characterize onsistent with the electron microscopic analysis. Taken

AGI7 and B133 exhibited reflections similar to those of yogether, the A119 peptide self-assembles into fibrils with
Al119, but the relative intensities of the intersheet reflections typical properties of amyloid similar to those opR2—35.

were significantly decreased (Figure 7B,C). The X-ray data the AG97 peptide exhibited filaments similar to that of
suggest that the five peptides fornpasheet conformation. A119, but some reduction in length was observed. X-ray
reflection of the AG97 peptide suggested a decrease in the
DISCUSSION level of intersheet packing. The short filaments of the AG97
Amyloid fibril formation is generally related to diseases, peptide may also be due to a reduction in the intersheet
including Alzheimer’s disease, Parkinson’s disease, type Il packing ability. Peptides B133 and B160 exhibited ribbon-
diabetes, prion diseases, and systemic polyneuropathiedike fibrils. Peptide B133 filaments were shorter and formed
(1, 2). Amyloid fibrils are deposited in the basement lateral aggregates. This may be due to incomplete aggrega-
membrane matrix of the braind®). Laminin, type IV tion, and the ribbon structures may contain protofilaments.
collagen, and heparan sulfate proteoglycans, which are theThe very weak birefringence of the B133 peptide may be
major components of the basement membrane, have beemue to the properties of filaments. X-ray reflection of the
localized within the Alzheimer’s plaques as punctate deposits B133 peptide indicated a reduction in the level of intersheet
(10, 11). Laminins are degraded by proteases, including packing. This finding is consistent with the electron micros-
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1 6 12 14
Ap22-35: I v c[SINKIGAIIGLM

A119: L[SINIBIY I L I K|A[S]
B160: VI L QQ[S|lAABII AR
AA[S]IK|V A V[S|IABR]
AGO7: SIAKIVBIAIGLHEIV
B133: BIS|I[T[KlY F Qo M[SILH

Ficure 8: Alignment of amino acid sequences of amyloidogenic
peptides. Sequences op&2—35 and amyloidogenic peptides from
laminin-1 are listed, using the single-letter amino acid code. Basic
amino acids (Arg and Lys) are boxed in white, and acidic amino
acids (Asp and Glu) are boxed in black. A polar side chain (Ser
and Thr) is boxed in gray, ang@tbranched hydrophobic amino acids
(lle and Val) are underlined.

A208:

copy results. There may be a relation between the morpho-
logical features of the filaments and the amyloidogenicity
of peptides, but this has not yet been demonstrated.

Several studies on amyloid fibril formation suggest that
the interaction of specific amino acid residues contributes
to the formation and stabilization of the amyloid fibril8, (
44—46). The amino acid sequences of the five amyloidogenic
peptides from laminin-1 and A 22—35 were aligned

Kasai et al.

amyloid plagues. These results suggest that laminin is
induced by glial cells to serve as a defensive neuroprotective
role against the progression of the disease state. The laminin-
1-derived peptides have inhibitory activity for neurotoxicity
similar to that of laminin-1 in vitro except that they do not
have inhibitory activity with respect to amyloid fibril
formation. This difference may due to the lack of conforma-
tion or molecular size of the peptides, but our findings may
help us understand and also may be useful tool for analyzing
anti-neurotoxicity mechanisms at senile plaques in Alzhe-
imer’s disease.

Our data define potential active peptides on laminin that
may function in vivo Proteolytic fragments of laminins may
contain activity that is cryptic in the intact molecule but
which is revealed after proteolysis. For example, fragments
of laminin-5 generated by MMP-9 induce cell migration and
tumor metastasigt). Cryptic active sites have been reported
in a number of other molecules. For example, fragments of
plasminogen and type XVIII collagen, designated angiostatin
and endostatin, respectively, have important functions in
regulating angiogenesis and tumor grow80,(51). It is
possible that the active peptide fragments of laminin form
amyloid-like fibrils and play a critical role in its biological

(Figure 8). No clear consensus sequences were observedactivity. Degraded fragments of laminin may be involved in

All peptides have both basic and acidic amino acids,
suggesting that charge interaction may be critical for fibril
formation and/or stabilization of fibrils9( 46). It has been
proposed that aromatic amino acids are an important part
for amyloid fibrils @5), but three of the laminin peptides
(except A119 and B133) have no aromatic residye 22—

35 also does not contain aromatic residues. Aromatic amino
acids may not be essential for amyloid fibril formation but
may accelerate fibril formation. Moreover, all five peptides
and A8 22—35 contain polar side chain amino acids (Ser
and Thr) andg3-branched hydrophobic amino acids (lle and
Val). The-branched amino acids (lle and Val) may play a
critical role in the self-assembly of the peptides into amyloid-
like fibrils. Taken together, we conclude that both hydro-

phobic and electrostatic interactions may be necessary for

the formation of amyloid-like fibrils.

Generally, it is thought thgt-amyloid protein (48) has a
neurotoxic effect 7, 47). Interestingly, we found that
laminin-1-derived amyloidogenic peptides also have neuro-
toxicity that is on the same level as that gf 22—35 (data
not shown). However A 22—35 or laminin-1-derived

amyloidogenic peptides, when coated on a plastic plate as a

substrate, promoted cell attachment and neurite outgrowth
with PC12 cells (Figure 3). Previously, Koo et a7}

reported that neurite outgrowth was enhanced by a combina-

tion of Ag and laminin and minimally stimulated by/A
alone. We do not know if the fibril structures of the
amyloidogenic peptides may important for the biological
activities in vivo. Recently, a relation among laminin,
p-amyloid, and Alzheimer’s disease has been repot&¢ (
14, 23, 24, 43). Laminin and its degraded fragments are
present in Alzheimer’s plaque&4), suggesting the associa-
tion of laminin with the disease state. However, in vitro,
laminin-1 interacts withg-amyloid proteins, inhibits the
formation of amyloid fibrils, and reduces neurotoxicityy(
15). Snow et al. 48) reported that initial nonfibrillar plaques
do not contain laminin, but in later stages, laminin is
overexpressed by glial cells and accumulates in mature

amyloid-related disease.

In this study, we identified several amyloidogenic se-
guences in the laminin-1 molecule. The amyloidogenic
peptides form fibrils and promote cell attachment and neurite
outgrowth. These peptides may useful in investigating the
disease process and may lead to the development of peptide
therapeutics.
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