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CHAPTER 1

Alzheimer's Disease: definition, epidemiology,
pathophysiology and diagnosis

Alzheimer's disease (AD)is the most common neurodegenerative  disease,
accounting for approximately two thirds of all cases of dementia dedtiafy up to
20% of individuals older than 80 years [1]. It resirita progressive and irreversible
decline in memory and a deterioration of various other cognitive abilities. The
diseases characterized by the destructiof nerve cells and neural coections in

the cerebral cortex of the brain and by a signifidasgof brain masgFig.1).

disease; (b) A neuron network affected by amyloid pdaqu

An estimated 40 million people, mostly older than 60 years, have dementia
worldwide, and this fi gure is projected to double every 20 years, until at least 2050.
Projected increases in the prevalence of dementia are proportionally much higher for
devdoping countries with young populations than for western Europe and the USA,
which already have a much older population (Dementia statistics, Alzheimer's
Disease International).

Multiple processes have been implicaledAD i nc | ud i n g :amybob (M ¥y ma |
production [28], tau hyperphosphorylation and neurofibrillary tangles (NFTs) [9,
10], synaptic pathology [113], oxidative stress [14.6], inflammation [5, 17i 20],

protein processing or misfolding [21, 22], calcium dyshomeostasis [1&7P1

aberrant reentry of neurons into the cell cycle [28, 29], cholesterol synthesi81RO0,



hormones [24, 32] or growth factors [18, 33]. However, the factors that promote
these processes still remainclear.

Macroscopic and microscopic markers are known and hey/the understandiraf

the disease pathogenesis amdhe development of possible strategies [34, 26].

the macroscopic level (Fig. 2) theisethe atrophyof the hippocampus and cerebral
cortex, whichin AD appears more sharply [36, 37]. Microsagly it is possibleto
observe the formation of amyloid plaques,senileplaques, which are amorphous
structures ofA b and accumulation of hyperphosphorylated Tau protein which
implies the formatiorof neurofibrillary tangles, and extensive neuronakl§34, 35,
38-41].
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Fig. 2Macroscopic changes. Atrophy of the hippocampus and cerebral cortex

Although the course of the disease is different for each individual patient, AD has a
number of common symptoms that can be classified into three main phases:

Mild: phase characterized by a slight loss of memory on sporadic episodes of daily
life (on-going memory) and of prospective memory; states of confusion can also
occur.

Intermediate In this phase the subject has greater difficulty in remembering recent
events, begins to lose retrograde memory and manifests the first forms of aggression
and / or passivity.

Advanced This phaseis characterized by speech difficulties, severe cognitive
deficits and violent, anxious and paranoid attitudes. Theralsoenotar alterations

which are followed by thiossof autonomy.



As a rule, the disease is often anticipated by theasled mild cognitive impairment

(MCI), a slight decline in the performance of various cognitive functions related to
memory, orientation andevbal skills.

The major neuropathological characteristidsAlzheimer's appear tbe correlated

with the formation of neurofibrillary plaquesnd tangles. The plaques appear to
develop firstin brain areas associated with cognition and as disease presyiass
cortical areas. Senile plaquepepbndest{ AD]
a fragment of the amyloid precursor protein (APP). Ahgpeptideis generated by

two consecutive cleavage events. There appedettwo types ofA b a longer

speci es, Ab 42, and aA bsdlapeats @¢oxidto gshe ereurans |, A Db
causing inflammation or increasing the production of free radicals. Accumudgtion
neurofibrillary tanglesin neuronsis a second distinguishing feature of AD.
Neurofibrillary tamgles are mostly formed from chemically altered (abnormally

folded and phosphorylated) tau proteins, a protein invoimethe formationof
microtubules. The formation of nodesrelated to the severitgf the disease; the

more advanced the stage of theedise, the more tau becomes entarigldtebrain.

Diagnosis

AD was identified for thefirst time in 1901 by Dr.Alois Alzheimer, a German
psychiatrist who identified the symptoms of this neurodegeneratianpatient. In
1984, the Associatiomf Alzheimer's Patients established the NINGBBRDA
(National Institute of Neurological and Communicative Disorders and Stroke and
Alzheimer's Disease and Related Disorders Association) diagnostic criterion, later
updatedin 2007, which requires that the presendecognitive deficits and a
suspected one dementia syndrome nimgstonfirmed by neuropsychological tests.

To date, neuropsychological and cognitive assessments, allow tests to characterize
the state of the disease. In particular, are examimeanory,language, perceptual
ability, attention, constructive ability, orientation, problem solving and functional
skills. Moreover, the application of advanced biomedical imaging systems such as
computed tomography (CT), magnetic resonance imaging (MRI), single rphoto
emission tomography (SPECT), positron emission tomogrépgy), were used for
differential diagnosis of dementia, through Lewi bodies generaiizthte cortex and

i dent i fi cat i-amyloidglaguesdedostadaeurontl tigsueAlso



laboratory blood tests cde usedin support for diagnosis oAD as: complete blood
count, serum urea, creatinine, thyroxine (T4), Thyroid Stimulating Hoen(@8H),
albumin, liver enzymes (SGOT, SGRJammaGT), vitamin B12, calcium, serologic
tests for syphilis, complete HIV serology. In particular, cerebrospinal fluid exams are
used to analyze the changeswo biomarkers: reduced b42 whichis a componen

of neuritic plaques and increased levels of Tau protein (total and phosphorylated)
thatis related to neuronal dec$42].

For global cognitive function, the main clinical examination established by NINCDS
ADRDA is the MiniMental State Examination (MMS. The MMSE is one of the
most used tests in the world. The test consists of 30 questions, which refer to seven
different cognitive areas: orientation in time, orientation in space, recording of
words, attention and calculation, recall, language, consteugractice.

The total scoras between a minimunof 0 and a maximunof 30 points. A score
equal to oressthan 18 indicates a severe impairment of cognitive abilities; a score
between 18 and 24 indicates moderate to mild impairment, a score & 25
considered borderline, and a score of 26 to 30 indicates cognitive normality. The
indications are however indicative, since there are calibration falob&esl to the

age and schooling of tlebject.

However, a confirmed diagnosis of AD can only be obtiitteough postmortem
identification of neurofibrillary tangles and/or abnormal plaque deposits in the brain
(Fig.3) known to be associated with AD [43].

Fig.3. N}Y Ay FGNRBLK& Ay | R@GFIYyOSR !'f1KSAYSND



As thenumberof people developind\D is expeced to increase sharpig the next
decades, therés an urgent need to develop diagnostic tests applicebleving
people. The confirmatory diagnosis 8D in early stages could facilitate early
therapeutic intervention and treatment of the disease.p@eu to biomarkers that
require brain imaging and collection of the cerebrospinal fluid (CSF), the -blood
based biomarkers are particularly desirable because theyesse expensive,
relatively noninvasive, and easily accessible [44, 45]. Through tlaeckeof such
blood-derived biomarkers, (e.g. antibodiastoantibodies) have emerged as
potentially effective biemarkers forAD.



CHAPTER 2

b-amyloid in Alzheimer's Disease: amyloid
polymorphism and structural basis

Pat hogenic AD peptides are produced by a
protein (APP) b y - aenndsegoatases.cAPPngebvage eccursbvia
two distinct pattwvays (Fig.4).
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The noramyloidogenic pathway h a t i nvol ves c-seerctaseaane o f
generate two fragments: an 8&inoacid Gterminal fragment (C83) that remains in
the membrane and antdrminale t odomain (sAPPU) released
medi um. The c | e asecetpse ocours within R Adgmait) and
consequently prohibitsA b peptide production. C83 membrane fragment
subsequent | -pecretdseprodueala shoyt fragmeailed P3 peptide and
an APP intracellular domaifAICD).
The amyloidogenic pathwdye ads t o0 neur ot-segretase (BACElJ ener a
produce alargeffl er mi nal ect odomain (sAPPB into
amino acid C terminal fragment (C®%emainsin the membrane [46, 47]. The
exposed C99 Nerminus corresponds to the firamino aci d of Ab . Seq
cleavage of tsécretase {betwegnmesidues 3B gnd 43) releases the
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Ab peptide. Most of thel Abhgpl40) wiheasd ar e
mi nor percentage ¢ oMt2a)i.n4Aibgondidered the snorel u e s
neurotoxic form because the extra two amino acids provide a greater tendency to
misfold and subsequently aggregate [48]. Infact, higher plasma levels A42 1

have been correlated with Al zhei mer 6s di ¢

Conformati onadmyleilar i ati on of D

The role of Ab in AD and the | ack of <col
cognitive ability of patients it is not known. Infact, some patients with deposi t s
show no symptoms of AD [50,51].

The heterogeneity nmnaple  Alszheicthmer@$ diase as e
which can form polymorphicA b oligomersin a process known as segmental
polymorphism. The segments that form beta sheets varyebatwlifferent fibril

structures [5P54].

Therefore,forms of structurally distinctA bmight be depositedh places and state
differentint he br ains of patients wittremaind!l z hei
unclear which types of deposit are more closgllgdd with the cognitive symptoms

of the diseasgb5].

Amyloid Polymorphism and structural basis

Recent studies highlight the medical importance of amyloid-pselbagation in
neurodegenerative diseases [568]. Polymorphisnis another important propertf

amyloid fibrils. For A bpeptide associated witAD, fibrils formed by a single

peptide or protein cabe polymorphic, and exhibit multiple distinct forms as shown

in transmission electron microscopy (TEM) images (Fig.5). Although, amyloid
polymorphs couldbe different bundledarrangements of theamebasic amyloid
6oprotofilament 66 structure, ssNMR measu
contain distinct molecular structures, and that each molecular structure can propagate
itself[69-73].

11



s

o

B\ 1A/ o i ; SRS : ] :
Fig.5.Polymorphism of Amyloidiils and Aggregation Intermediates, (A) striated ribbon
morphologies. (B) twisted morphologies in TEM images.

Aggregation intermediates can be neurotoxic types in neurodegenerative diseases.
The toxicity of fibrils in cell cultures depends on their stat selfassociation and/or

their lengths [73;74]. The relationship between inherent cytotoxicity and molecular
structure (e.g.,, crod8 ver s-aomssb nsn ructur e, parall el
antiparall el b sheet st r ulgindicatenexistsshatn ot y
oligomeric aggregates have antagonistic effects on neuronal function and memory
[75-78]. In the case of AD, immunohistochemical studies show that definite
oligomeric species exist in human brain tissue [79, 80]. In AD, botlidiband non

fibrillar aggregates contribute to neurodegeneration by different mechanisms.
Experiments by Petkova edl. s howed t hat Ab40 fibril n
controlled reproducibly by subtle variatioms growth conditionsin vitro [73].

Specifica | vy, Ab40 fibrils grown at 24AC and
Ab40 solution during the growth period
morphology (Fig. 5A), whereas fibrils grown under the same conditions except
without agitation have apdeo mi nant 00t wi steddd morphol o
demonstrate that distinct fibril morphologies correspond to distinct molecular
structures. In general, molecular structures within amyloid fibrils formedro are

not determined individually byhe amino acid sequenced amyloidforming

peptides and protein. Instead, they are determined by the precise details of growth
conditions.

Full molecular structural models for striated ribbon and twigtdd 4fibrils, shown

in Fig. 6A and 6B, were developed from combinatiofstructural constraints from

ssNMR and electron microscopy [81, 82]. The principal difference betwedwethe

12



polymorphs is their symmetry, with the striated ribbon protofilamentasoing two
crossb subunits, related by-@ld rotational symmetry on the fibril growth axis, and
the twisted fibril containing three crebsunits, related by approximatef@d
rotational symmetry. In addition, the detailed conformations of the beyuesgs
differ in the two polymorphs. The bend segment withifold symmetric striated
ribbon protofilaments is bridged by an electrostatic interaction between oppositely
charged side chains of Asp23 and Lys28. This interaction is absentfoid 3
symmetrc twisted fibrils.

Fig. 6(A) Fibrils grown in vitro: striated ribbon morphology (B) twisted morphology (C) Fibrils derived
from brain tissue of a patient with AD. Data from ssNMR and Electron Microscopy.

The ratio of AD40 t orospibatflRid af sormalindividoats 5 : 1

[ 83], the insoluble Ab in AD brain tissuct
Ab42 f i br iinlvéro have eipiar neophologietd Ab40 fibrils, contain

parallel b sheets that interact through similar hydréghcontacts, andnay also

exist as both 2old symmetric and 3old symmetric polymorphs [88B9]. Fig. 7

represent the generic motifs for protofibrillar and 1fianillar intermediates in

amyloid formation.

Fig. 7Molecular Structural Models for Two Bgof Aggregation Intermediates (A) Protofibrils
formed antiparallel cross & G NHzOG dzZNB A RSY A FASR o doldayinmetryy 6. 0/ ¢
axis of the cylindrin lies vertically in the phage.

13



CHAPTER 3

Antibodies and Neurobiological Relevance

Several studies indicates that the immune systemvolved in the progressiomf

AD, and that particular antibodies may have the potential to serve as
diagnostic/prognostic biomarkers for ABomemay contribute to the pathogenesis
of AD, and others maylgy a protective role, thus facilitating the development of
effective immunotherapies faxD.

Autoanti bodies against AD

Although the pathogenesis of AD is not fully understood, it is widely accepted that
accumulation of AD in the brain, especi ¢
overproduction or impaired clearance initiates the pathogeniadasailtimately

|l eading to neurodegeneration and dement.i
bloodbased biomarker for AD has been investigated extensively but it technical
challenges and the results are inconsistert91 Earlier studies indicatedahAD
patients had significant | y-autbamtibedies tHae vel s
healthy agematched individuals [987]. Other studies showed that both AD and
contr ol subjects had | ow -aatoadtibodies andahbtl e ¢ o
neithert he pr esence n@utoantibodies Weeevcerlelated avith tha b

status of AD[981 0 0 ] . | n cautoantibbdées nay exist eithdr as unbound

form or as antigefantibody complexes, which could affect the capture efficiency for

A Bautoantilody and the accuracy of assays as well as the sample preparations could

also affect the assay resultsand may explain the -veidge of discrepancy in

different studies [101]. Using an other approach, Mruthinti et al. observed that the

| e v el sautaaritbode® were significantly higher in AD patients than in controls

[102]. Gruden et al. showed that the levels of autoantibodies reacting with oligomers

of a short but neur o35pweresignificargighigbenih ADo f ADb .
patients than inthe ont r o | group who had undetecta
fragment. Further analysis showed that there was a biphasic relationship between
autoanti bodi es -35mandahg gtage af dementih, wiibtlie 2eBel of

14



the autoantibodies rising dog the mild to moderate phase and then descending
within the moderate to severe stage [103].

Using acidic dissociation approach to measure both the bound and unbound
antibodies, GustasRothenberg eal. also observed that tHevelsoft ot a | serum
autaantibodies were significantly highean AD patients than the agedatched
control subjects [10104]. However, there are concerns about this acidic
dissociation approach dshas been shown that exposure of sera to low pH resulted
in partial denaturatio of antibodies and caused an artifactual increasspparent
anttAb anti body titers [105]. To further cl
autoantibodies, Maftei al. developed a new strategy to specifically determine the
antigerb o u n dautombt i b o d i e slgG(imnmheaconplexéddh the serum

and CSF fromAD patients and control subjects [106]. They found that both serum
and CSFlevels of A BIgG immune complexes were significantly highier AD
patients compared to control subjects. Morep\vbe levels of A bautoantibody
immune complexes were negatively correlated with the cognitive status across the
groups, declining cognitive test performance accompanied by the incréasispf

A B autoantibody complexes [106]. These findimysstlikely indicate that theris a
decreasénc | e a r a nlg&immuhe cénfiplexes IAD rather than an increase in

the level of free autoantibodies #ob Indeed, consistent with many previous studies,

a recent study showed that thevels of unbound autoantddies to A b were
significantly reduced in the serum of patients wih comparedo those of healthy
controls, especiallin individuals over 65 years of ag#07].

These studies datoatibadies shawepromiseaas anrleffective
blood biomarlker for AD. However, due to different methodologies, varied sample
sizes and disease stages, and the existence of bound and unbound forms, the
me a s ur e me-autoantibadies were highly variable and the conclusions were
sometimesnconsistent.

A uniform procedure needs to be applied so that results can be compared across
studies with subjects from different populations. The additional value of using the

| ev el -aatbantibédies for diagnosing AD, predicting/tracking disease
progression, and monitoringreatment efficacy in a panel of bloodlerived

biomarkers warrants further investigation.

15



Conformation dependent monoclonal antibodies

Information of a more qualitative nature about structures of aggregation
intermediates has also been obtained from exm@aits with conformatioflependent
antibodies that preferentially recognize definite classes of structure30[7Jhese
antibodies have been ustdidentify the presence of both nonfibrillar and fibrillar
oligomers [108110]in AD braintissue.

Asa Hatani et . al . [ 111] have investigated t
fibrils and produced 23 O§/pe monoclonal antibodies recognizing distinct epitopes
differentially associated with polymorphic structural variants: parallel, gi st er b
sheets, ampiar aislhele-s B| e bdiad g ,e | Bylindriasn Thes® groups

share many common properties, some amyloid sequences form polymorphic variants.
These mOC antibodies defined at least 18 different immunological profiles
represented in amyloil () Adgregates, mainly recognizing amyloid aggregates
versus monomers, indicating that they recognized conformational epitopes.

The antibodies that recognized linegaibsegments reacted with fibrils formed from
unrelated amyloid sequences, indicating thatecet i vi ty with | inear
not was sequenegpecific. The antibodies display altered pattermd
immunoreactivityin Alzheimer disease and transgenic mouse brain and recognized
spatially and temporally uniqgue amyloid deposits. These resultgaiedi that
immune response tA b 4fiBrils was correlatedy the structural polymorphisms in

fibrillar amyloid. These polymorphisms may contributed to differernetxicity

and at the effects of pathologigabcesses.

Rakez Kayed et al., [112] immunizedbbits with a morphologically homogeneous
population of Ab42 fibrils and showed th
but not random coil monomer or prefibrillar oligomers, indicating fibrils display a
distinct conformation dependent epitope absemprefibrillar oligomers. The fibril

epitope is also displayed by fibrils of other types of amyloids, indicating that the
epitope is a generic feature of the polypeptide backbone. This proved that the fibril
specific antibodies were conformation dependsetjuencéndependent.

Rakez Kayed etal, [113] have produced several monoclonal antibodies that
recognize prefibrillar oligomers and do not recognize amyloid fibrils, monomer or

natively folded proteins. Immunological analysis of different prefibrikab

16



oligomer preparations showed that =struct
oligomers that can be distinguished on the basis of their reactivity with monoclonal
antibodies.

The need for conformationspecific antibodies

The biomedical importance f ADb st ruct ur al -spemificjwvallt i on,
play a central role in the future of Al z]|
Research in humans has shown the <clinic
Tissue taken from two Al z n& climealh&teriesdi s e a s
revealed that each patient had a predomi:
Further mor e, t he c osuprielated iwithythe onimuné $ystesnt r u c t
the antibodies producedh response toA b fibrils are diverse, reflecting thei

structural variation [114,116]. Considering all the studtds,becoming increasingly

clear that a single antibody will ndie enough to study or target all the possible
pathological aggregates &Abcontr i buting t o TAd makesi mer 0.
coformatons peci fic ADb antibodies oféAl zdres enetr i0a&

disease resear¢hl7-120].
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CHAPTER 4
Phage display technology

Phage display allows the exposition of several peptides on the surface a filamentous
phage M13, which leads tthe selection of peptides and proteins, including
antibodies, with high affinity and specificity to target. The technology involves the
introduction of exogenous peptide sequences into a site in the genome of the phage
capsid proteins. The encoded peptidee expressed on the phage surface as a fusion
product with one of the phage coat proteins. Random insertion of peptides into the
aminoterminal portion of the pVIII major coat protein allows the formation of large
molecular libraries, one billion of ddérent exposed peptides, which can be used to
discovery "new biomarkers", epitope mapping and sequence selection that can mimic

the characteristics of many biological molecules.

M13 Bacteriophage

Several bacteriophage cdme utilized for phage display, athe T4, lambda, the
filamentous M13 bacteriophage [121]. The M13 phage only irfischerichia coli

strains that express the F pilus as the adsorption of the phage to the bacterium needs
binding of a phage coat protein to the tip of the F pilus [122]. pifage contains a
genome of singkstranded DNA (ssDNA) with a lengtbhf 6407 bp [123] that
consists of nine genes encoding 11 different proteins. Five of these proteins are coat
proteins, and the remaining six proteins are involwvekplication and assety of

the phage. The M13 phage has a length of 900 nm and a width of 6.5 nm [124]. The
most abundant of the coat proteins the capsid protein G8P, which fornasn

envelopeof approximately 2700 protein unisig.8).

18
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Fig. 8Schematic representaticof M13 Bacteriophage

The first step of the M13 infection consisits the the adsorption process, binding of
the N2 domain of the G3P coat protéinthe F pilus on the surfacd E. coli [125/
127] (Fig. 9). Contact between the GBR domain and the F pi¢ mediates the
allocation of the G3M1 domain and allow& to bind TolA, co-receptor on the
surface of the bacterium. Three Tol proteiirs E. coli are essential for
depolymerization of the phage coat and translocaténthe ssDNA into the
bacterium. Yon infection, the single stranded (+) chromosome of MI®nverted
into the double stranded replicative foriR€. Replication of the M13 chromosome
uses the replicative
is generated fron the nick will then be elongated bBPNAp ol y mer as e
strand as a template. G5P binds thsDNA, dimerizes in a backto-back
conformation leadingo the conversion from the circular appearance of the ssDNA to

a more rodshaped appearance. ThaNgs bound by the G5P protein determine to

phage assembly.
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Fig. 9Life cycle of Phage M13

Assembly of the M13 phage particles consistan complex of prénitiation formed

by G1P, G11P, and G4P that interactinghe periplasmic domains. A multimeri
complex of G1P and G10P form a channel [128]. During the elongation step, the
G5P bound to the phage genomeeplaced with G8P for translocation of the DNA
through the membrargpanning channel. The translocation continues until the phage
genome has lmeme completely coated with G8&,which point G3P and G6P will
collaboratein the release of the phage from the bacterium. Duringgraination,
membraneembedded G3Ps complexed with G6Ps are incorpogdtdte terminal

end of the phage particle. Temation involved the realease of the phage, brought
about by a conformatioin the G3RPG6P compel129-131].

Phage display technology step

The key advantage of phage display is the possibility to identify targding
proteins from a library of zillion®f different random peptides without the need to
screen each molecule individually. Phage display cycle can be describes in three
steps: library creation, biopanning and selected clone analysis.

Library Creation: to construct an phage display library, lragemid vector pc89 is

used for the visualization of peptides on the main coating protein pVIll of the
filamentous bacteriophage, in which the expression of the fusion of the peptides on

the pVIII is subjected under the control of an unducible promotefibriary is

generated by inserting randomly synthesi:

20



N terminus of the pVIII protein. A library contain zillions of DNA clones harboring
sequences of interest.

A typical random peptide library has about &*1010" different phage clones.
Biopanning: a typical phage librarig used for screening through an Biopanning
affinity-based. This process involves a repeated sefisslection, elution and
amplification cyclego isolate phages that expose peptides orcépsid abléo

interact with a specific target protein (antibody, receptor, enzyme, etc. [132].
Biopanning is characterized by the following stages (Fig.10):

- Location of the target the target on whicho carry out the selection cave of
different natureand sizejn fact it canberepresented by protein molecules, peptides,
antibody, nucleic acids, carbohydrates, or whole cells of prokaryotic and eukaryotic
origin. The immobilizatiorof the target can be carried antvarious ways: on a solid
support though the biotikstreptavidin interaction, or by passive adhesion on
magnetic beads anicro plates. In the case of insoluble materials, biopanning can be
performedin a suspension.

- Interaction with the phage library: The phage display random peptide lilyrés
added to the target present tlalbws its stability. Itis important to start thdirst
cycle with a large and diverse libratg have more possibilities to isolate the
peptides ofnterest.

- Removal of the unbound phage at the end of thefirst cycle of biopanning,
between the phage library and the target of interest, phage clones that have not bound
will beeliminated, through consequentigshes.

- Elution of the phages binding the target following washing to eliminate the
unbound phages, the plesgthat are instead linked to the target of interest will be
recovered, through a process called "specific elution" wisigenerally carried out
with solution acidsn order to disassemble th®ndestablished between the specific
clones, binding the tget, and the targdself.

- Amplification of the related phages promotes the multiplicatioof the selected
phages, and therefore the growing number of phage clones that bind to thattarget

eachcycle.
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Fig. 10Biopanning step
Screening procedure wsists of several rounds of biopanning (generally 2 or 3
rounds) to be carried out before being able to characterize the phage clones and
obtained the amino acid sequence of the peptide.
To make a good selection it is necessary to consider two parameparsicular:
-stringency: condition in which the most specific peptides are favored during the
selection over the less suitable ones.
-yield: fraction of viral particles that remains at the end of the selection.
Finally, a step of extraction and subseduamalysis, by Sanger sequencing, of DNA
is carried to identify the aminoacid sequences of the foreign peptides displayed by

the selected phagdones.

Selected clone analysis

Typically, standard selective tests are the-called phage enzymaked
immunasorbent assay (phadeISA), immunescreening and/or western blot, these
can evaluate the affinity and specificity of individual clones or entire eluate
populations after biopanning. Those save the cost of synthesis of peptides which may
have been enrichedue to artifacts in the screening process described above.
Successively, to assure a reasonable significande,080phage clones should be
sequenced and frequency of each amino acid and the distribution in the peptide

fragments evaluated. All the datadkto identify the peptides ability and the
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contribution in the bound with targets of their amino acids The find peptides can be
fepitopeodo, that is the part of a I|ligand
when show ability against the targdthese epit opes will be ¥
sequence motif in the selected peptides matches with the primary amino acid
sequence of the natur al i gand, or Adi s
residues that are distant in the primary sequenceclse in the folded native
conformation. Geysen and colleagues introduced for the first time the term
Ami mot opedo to refer at small peptides th
without matching the natural epitope in the amino acid sequenaosideoing just

cases of thedepédodenhbomapi baopes or where

proteinaceous [133].

Phage Applications

The phage display technology born for identification novel interacting protein
proteins. In this prospective, phalj@ariesis used to predicted the potential binding
residues that involved different conditions such as between: bacterial membrane
transport proteins; intracellular interactions of distinct protein domains (molecular
mapping) [134; 135]; to map epitope involved in specific interaction
receptor/antibody or receptor/intrabody [136]. In enzymology, phage displegd

to develop modulators positive or negative of both the active and allosteric sites of
the enzyme or for structure and functionredepteos.

Recently, phage display is applied in the identification of protein and/or amino acid
involved in the interaction with inorganic materials [137]. Therefore, phage has been
applied in a several fields such as biosensing [138], cellular imaging [12@jnea
development [140] and drug and genedelivery [141].

Moreover, recent advances describe the use of phage display in the discovery of
novel bioactive molecules to produce proteins and peptides able to minimize the use

of antibodies, antibiotic and camagrug.

Final Remarks
Applications of phage display technology are being actively explored with the aim of

finding and producing numerous and diverse biomarket peptides that may prove

useful for basic and clinical research. The use of antibody detectiomew phage
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diplay procedures would allow them to be exploited in diagnostic practices, targeted
therapies improving the basic conditions of numerous diseases. In this context, phage
screening can be widely used as a new alternative for treatment agmbsis in

humans.
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Alzheimer's Disease (ADijs a chronic and progressive neurodegenerative disease

andisc haracterized by the pr endhe braie These neur

plagues are formed by monomec Ab spontaneously assen

oligomers, which cluster together to form insoluble fibrils. The soluiftA b, a nd
t he quantity of A bbemore cldsely relaed ¢eordisease etatd. s ,
The composition of these pootd A breflects different population®f amyloid
deposits, and has definite correlates with the clinical status of the pad&nt

It is the most common cause of dementia of the elderly population in developed
countries: at present it is estimated that about $%e population will be affected

over the age of 65 and about 20% of e86ror older, although in many cases can
also occur an early onset around the age of 50.

Currently, the diagnosis of Alzheimer's Disease is based on the analysis of clinical
history, neurological examinations and neuropsychological tests.

According to the NINCDS/ADRDA criteria (National Institute of Neurological and
Communication Disorders/Alzheimer's Disease and Associated Disease
Association), the absence of other symptomatic der and a progressive
worsening of memory loss are necessary for the cali@ghosis.

To assess changesa patient's cognitive abilities, neuropsychological tests, such as
the MiniMental State Examination (MMSE), are widely used. In addition, single
photon emission tomography (SPECT) and positron emission tomography (PET) can
be very usefulin association with mental status assessments. However, a confirmed
diagnosis of AD can only be obtained through pasbrtem identification of
neurofibrillary tandes and/or abnormal plague deposiis the brain. The
confirmatory diagnosis of ADin early stages could facilitate early therapeutic
intervention and treatment of tdesease.

Many studies have been focused on biomarkers discovery in-avasive way in
different body fluids, such as cerebrospinal fluid (CSF), saliva, urine and blood.
Serum | evels of ant i bo dauteastibagipsgic ADfandcima | | vy
nonAD control subjects are extensively investigated as potential blood biomarkers
applied to AD diagnosis [14344-145-146].

These results appeared inconsistent due to several factors affecting the detection of

specific 1 gGs against Ab42, i ncluding no
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level in serum [148], incorrect diagnosis [148]lh e c i r ¢ u-dudpantibodies o f AFL
both in free and antigebound form [156152], and, not least, the structural
conformation of ADb42 [153].

It has been hypothesized that the inhomogeneity of data about the speacffitigy

antibodies revealed with thdifferent methods of analysis may depend on the fact

that different and distinct variants or multimers Afo involved in AD, can be

recognized as conformational antigens, generating antibody populations that remain
largely unknown, as well as their spiexifunction. The structural plasticityf

amyloid is partially based on its polymorphism, the ability form aggregatesf

different structures [154 56 ] . The diff e#2imdze, ghepeamsli t i on
structure different from the nativdorm, could generate discontinuous and
conformationaépitopes.

Consequently, during the immune response, antibodies could be directed not only
against the primary structure of the protein, but also against its misfolding.

Many of the antisera and monoclonal antiesdproduced against oligomeric and
fibril | ar-42fare directed aghinstAdnformation specific epitopes that are
specifically associated with the aggregated state and are absent in normal proteins
[157-160]. Conformatiordependent antibodies haween reported to recognize a

generic epitope that is specific to many types of amyloid fibrils and not soluble
monomer regardless of their sequences [161,162].

|t has been investigated [ 114]-42tfitris hu mor
and it has beerreported that 23 different Otype monoclonal (mOC) antibodies,
recognizing distinct epitopes differentially associated with polymorphic structural
variants, were produced. These mOC antibodies defindeast 18 different
immunological profiles represeed in aggr egat es of Ab. Al |
strongly prefer amyloid aggregates over monomer, indicating that they recognize
conformational epitopes. Is possibleto hypothesize that different aggregational

states arealso presentin patients withAD and thatthese evoke a conformation
dependent antibodesponse.

However, it is not possible to precisely define the aggregation state of the protein and

its misfolding. About that, various possible conformational misfondings of proteins

simil ar t o seAtfmhavabeenseardhged, ggrirebacterial proteins.

27



Thus,in our work [163] a set of proteins having conformational motifs homologous

t o -42 Bthrough bioinformatics tools have been screened. Among microbial
proteins, the epitopic region &ersinia pess F1 capsular antigen (Caf 1) showed

the most significant structural homology with the fibrillar form & b In order to

search for IgG autoantibodi@gsADs er a against a potenti al
ant i af & B4R in vivo andto evaluate the po#slity to use them as state/stage
biomarkers of AD, monoclonal antibodies directed against Caf 1 were used in
alternate biopanning cycles, thesa | | ed Adoubl e bindingd pbht
Thanksto the phage display technologly is possibleto sek c t Afconfor mat
mi mot o p e s berecolgrazed by eomformatiedependent antibodies. It uses
engineered M13 filamentous bacteriophagewhich the major coat protein pVIIl

(2700 copies) displays a foreign peptide specific ftarget.

The reactiviy of the phage clones isolated were evaluated in ELISA assay against
monoclonal Ab that recognized Cafl 6f pestisand IgGs of ADBpatients. From the
selected clones, one clone, named 12I111, detected a significant level of IgG for
discrimination betweeAD and norAD subjects. Furthermore, this gf&clone was

abl e t o i nt42fibill&ionen viwo andnto pfomote its disaggregation in
SH-SY5Y cells.

The data obtained suggested that the peptides displayed, although selected also by
the monoclonal antibody specific for Cafl, probably mkedt several
conformational epitopes recognized by circulating IgG from patients with AD. Thus,

in order to investigate the immune response for a state/stage diagnosis of AD,
different phage clones resulting from the same double binding selection were
invedigated. The abilityo interact with amyloid plaquea AD mouse brain sections

with high significance, confirmed that the peptides were amyloid mimotopes
recognized by conformatietdependenantibodies.

Thus, to detect conformational antibodies presenhé different stages and states of

the disease, the peptides were used in a new combinatorial diagnostiearmagro
besed on Phage mediated Immuno PCR CDC Biochip, able to discriminate AD from
healthy sera.

The datawould pave the way for the use of the -4& lbonformational mimotopes

to determine the status and stag@Df This couldbevery useful for a personalized
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pharmacological treatment, avoiding the progression of the disease. Since these
peptides were able to interact with amyloid plaqudsran sections, they could also

be used as detection probes for imaging. Furthemore, their ability to interact and
di s ag g r-42dimils eoulddNdad to their use in therapeutic practices.

Workflow of thesis:
I.  Conformation dependent antibodiesreseart
Il. Double binding phage displayselection
. Phage ability ¢t avirondster act with | b42
IV.  Ex-vivoimmunostaining analysis
V. Phage diplay mediat ed | miagnasi® PCR f or

VI.  Microarray system in CDC-Biochip
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E.S.- EXPERIMENTAL SECTION
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|. Conformation dependerdantibodies

AD is associated with misf o-42d Signijcanta n d
structural polymorphism among fibrillar amyloid aggregates are thought to be
responsible for the brain degeneration obsé in AD patients [164.67].

On the other hand, conformation dependent antibodies have been reported to

recognize a generic epitope common to amyloid fibrils regardless of their amino acid

sequences, as they also bind other disease related amyloisl dibdlamyloid like

a ¢

aggregates derived from other proteins of unrelated sequence. These antibodies do

not bind the native amyloid protein precursors, nor other kinds of protein aggregates,

indicating that fibrils display a distinct conformation dependend aequence
independent epitope that is absent in prefibrillar oligomers. In addition, similar
amyloid oligomer conformations were found in several bacterial proteins resulting
immune positive to conformation dependent antibodies.

At this purpose, conformainal mimotopes in unrelated amyloidogenic proteins able
t o recogni ze | g G autoanti bodies i n

confor mat i on ad42 werensearched. Aimong nicroBidl proteins, suitable

Asurrogates of ADb 4o2maticsteolse scr eened by

E.S. I.1 Conformational similarities research by tool bioinformatics
"Conformational si mil ar i t-42ansl bthebamylodde e n
like proteins have been screened using bioinformatics tools.

Template proteins were sehed among proteins with similar conformation or-self
assembly, using UniProtKB tool (http'swvw.uniprot.org/). For the structural
similarity, s t rtrand, basic coraponéna of iamydpid have bbeers
searched. Theit has been started): field: UniProtKkB AC Term: beta strand. ii)
field: structure; 3D structure availabl@i) field: NOT Homo sapiens (Human)
[9606]. iv)field: binary interactiony) field: NOT function Function CC, enzyme
classification, activity regulation, catalytic activity. The use of UniProtkKB tool has

allowed the identification of 4@roteins.
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http://www.uniprot.org/)
http://www.uniprot.org/)

From selected proteins, F1 capsule antigen (UNIPROT ID: P26948) was considered
to the following steps in 3D alignment recognition to verify theat ch wi t h
amyloid structures.

First of all, amino acid sequence$ A b42 and F1 antigen were aligned using
Clustal X2.167 (Gonnet 250 Protein Weight Matrix, Gap opening 10, Gap extend
0.1) tool to identify similar regions based on physit@mical prperties of side

chain amincacids.

Then, alignment of 3D protein structure was performed to verify the conformational
match of F1 protein withA bamyloid structuresThe PDB IDs associated to 3D
structureof the F1 capsule antigen (1p5u, 1z9s, 3dos, 38pkn) were obtained from

Uniprot KB, through the ENTRY code P26948 and excluding those which were not in the

matureconformation.

EMBL-EBI tool was usedin PDB&fold section [ttp://www.ebi.ac.uk/msd
srv/ssm/), setting SSM submission form to obtain the alignment with all the
structures. The 3D alignment with bamyloid in fibril form (PDB ID 2nao) was
carried out using Sequence & Structure Alignment tool available in
https:/www.rcsb.org/pages/analyze_features#Sequendt algorithm JFATCAT
rigid.
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R.S. Results Section

Bioinformatics analyses

Using UniProtKB 47 proteins were identified.

Among them, the Cafl oYersinia pestiF=1 antigen (UNIPROT ID:P26948) was

chosen as target of analysis in 3D alignment to verify the conformational match with

Ab amyloid structures.

Cafl is a betastructural protein thatin the polymeric form has very high
conformational stability. The 2.2 A resolution crystal structure of tiwmary
CaflM:Cafl:CafIN complex revealed that Ca a n i nc osgndweh e b
immunoglobulinlike fold. The final stabldold is the result of replacement of the
chaper onestpraarnadl |beyl tiphaer aftistigedlfroebbhe M terminus

of the subsequent subunit, thus linking them to formhain. Similarly, it is known

t hat t he 3 D s t-42 upootofilament is dormedt by eéwo Athcked,
intermolecular, parallel, #in e g i ssheets thab perpetuasdong the fibril axis

[168]. A recentstudy by crydelectron microscopyo 4-A resolution, complemented

by solidst at e nucl ear magnetic resonance exp
staggered with relatioto one anothein a zipperlike manner [169]. On the other

hand,it is well known thatA b e inisevdras polymorphs with varying width and

helical pitch, different crossection profiles and different interactions between the
monomers.

Linear alignment bet-42avasnnitiallhcendueted. @nrCaft e i n
the regions mainlynvolved in alignment (Fig. 11) fall within two B (8401; 121

144) and one T (10216) cell epitopes, the immunodominant and highly
immunogenic sequences of F1 protein, which is recognized by a high amount of
antibodies raised against the native F1 antidg0,171].

The other regions involvedn t h e al i gnmentile)wepitopic fan Ab (
immunoglobulins and involveih the formation of protdilaments [172,173], and

the region Ab (21137 ) , recogni-izreli b b y-autwaitibobial b |
[174,175]. Moreover,it is known thatA b(4i10)isepi t opi ¢ -sfpoerc i ffp lcaq
antibodies inhibiting boti bfibrillogenesis and cytotoxicitj176,177].
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P26948| CAE‘l_YP MKKISSVIAIALFGTIATANAADLTASTTATATLVEPARITLTYKEGAPITIMDNGNIDT
EBISA2Y N e e e

P26948| CAEl_YP ELLVGTLTLGGYKTGTTSTSVNFTDAAGDPMY LTFTSQDGNNHQFTTKVIGKDSRDFDIS
AR1-42 e DAEF--———— RHDSGYEV-
HE R O 3
P26948 lCAFl_YP PKVNGENLVGDDVVLATGSQDFFVRSIGSKGGKLAAGKYTDAVTVTVSNQ 170
AR1-42 ———HHQKLV-——————————— FFAEDVGSNKGAII-GLMVGGVVIA---- 42
T ik .2 I 2 i O SO QR S
Fig.ll{ SljdzSy O0S +f A3yYSyd o0SGsSSy !inuw FyR [}
In particular, the sequence overlap betwébe Gt er mi n a | of b amyl «

immunodominant region of Cafl observed in linear alignment (50% similarity, 29%
identity) concerned the GxxxG, GxxxxG and GxxxxA repeating motifs [178] (Fig.

11), which conferred the particular conformation to the @nst and are recently
demonstrated as pr i mar i-dsyemhlyeasdpneuroxichyl e f o
[179].

Conformational similarity analyses were then conducted, based on identifying
residues occupying an equivalent geometric shape in space.

3D structre similarity analyses confirmed that conformational alignment fell within

the same immunodominant region as evoked by the primary sequence alignment.

In addition, RCSB Sequence & Structure Alignment tool was usedrder to

perform the 3D alignment oitirillar amyloid (PDB ID 2nao) with the single specific
chainsof F1 antigen (identified by PDB identification numbers 1p5u, 1z9s, 3dos,
3dpb, 3dsn) ( R gegionsl i@vblvedin BD alignfmént are the
following: 18VFFAEDVGSNKGAIIGLM-35 (with 1p5u.C, 3dsn.C), -9
GYEVHHQKLVFFAE-22 (with 1z9s.C, 3dpb.C) antt DAEF--------
RHDSGYEVHHQKLVFFAE-22 (with 3dos.C). Intriguingly, on Caflin all the

PDB anal yzed, conf or ma-#2i fionl adlls wétHini then me n t

immunodominant region (from 124 to 143T).
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VFFAEDVGSNKGATIGLY

KGEKT ANGRYTRAYT

HDSGYEVAHQKLUFFAEDY

:::::

Fig. 12Alignmentof AMA@ AR FAONARE & 6t 5. L5 HYylF20 S6A0GK Cwm
{ G NHzOG dzNB ! € M\Evyrﬁélﬁqulpér?geizﬁaﬁafyiel__tﬁt\dres#Sequenatgorithm JFATCAT
The caoformational homology found between the different forms assumed by Cafl
a n d -4Afibrils confirmed the noprobability that these were randomly similar.
Based on the bioinformatic analysis, F1 was considered as a protein vaibhyéoid
oligomeric conformt i on S u ¢ h42 pretein.t MoesoveA ba monoclonal
antibody - mAb-YPF19 - of Y. pestisrecognized the common trait of interest

between the immunodominant regions of Cafl Arfa42.
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I.A Doubl e bi ndi nsglectiop hage ¢

It is known that antibodyidands with structures partly or completely similar to the

native antigen can be isolated by phage display library screening. In this section,
peptide | ibraries have confermationd mimatopesxs f ul |y
that bind to targespecific anibodies.

pVIll M13 phage display libraries were then screened againstCarfiti monoclonal

antibody, and against 1gGs of Afmatients, in alternate biopanning cycles of a so

c al daulle bindingd sel ecti on. I n the firsad rounc
against the monoclonal Ab that recognized Cafl to select specific mimotopes of the
Cafl and any ficonformational antigenso.
round against a pool of sera from patier
conformational mimotopes. A third round was carried out, with the eluted phages

from the second selection round, against the mAbYPF19 again, and finally a fourth
against IgGAD, in order to select phage pools having more affinity for the latter.
[International patent application has been advanced No. PCT/IB2017/057422 Nov

27, 2017: Distretto Tecnologico Sicilia Micro e Nano Sistemi S.C.A.R.L.
AConf ormati onal mi mot opes for det ec
(17/28.11.16/ITA10201600012020].

E.S. Il.1 Phage M13 libraries

Phage M13 libraries were used, kindly donated by Prof. Franco Felici, expressing
random peptides, exposed on the pVIlI protein, based on the phagemid vector pC89
on which random oligonucleotide sequences were insertbe region 5' of the VI

gene pesentin the vector, under the control of the LacZ promoter. The digestion
with the restriction enzymes EcoRI and BamHI linearized the vector and allowed the
insertion of the oligonucleotidesith random sequences which, flanked by the same
restriction dies,allow the recircularization of the vector throutiglasereaction. For

the selection, four types of peptide libraries were used, expressing twelve amino
acidsin the pVIIl aminoterminus region: pVIH12aa and pVIH12aacys, and nine
amino acids in the pVIII amino terminus region: pVIH9aa and pVIH9aacys,

wherein the latter have a cysteiogsteine constriction expressixdthe peptide, so
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as to stabilize the structure thereof. The amplitude of each library is comprised

between 10 and 100 milliondependent clones.

2 ADoubl e bindi ngefectignhage di spl ay

The epitopic region o¥ersinia pestis=1 capsular antigen (Caf 1) showed the most
significant structur al homol ogy with thi
recognized by a monoclonal antibody mXBF19, that recognized only this specific

portion of Y.pestisand not other species such & enterocoliticaand Y.
pseudotubercolosis T h edauple landifgd bi opanning screeni n
phage display libraries was applied, using a monoclonal antibody against Caf 1 and a
pool of AD sera, to identifyeuediastargstnon c
for serum circulating IgGs of AD patients.

Libraries were screened against antibodies immobilized on paramagnetic beads.
Phages binding the targets were eluted and amplified in the bacterial host and reused

in the next phage display biopang cycle, as described in the following:

Table 1.Double binding selection

| ROUND Libraries were screened against mABF19 to

(against mAb-YPF19) Select fspecific mimotoped and any

ficonformational antigen® of Caf 1

I ROUND Theeluted phages (restricted Cafl library) werg

(against IgGSAD sera) used against IgGs of AD sera to select only

ficommon conformational mimotopes

I ROUND The eluted phages were used again against-m
(against mAb-YPF19) YPF19 to i mpr ov ecommore

conformational mimotope®

IV ROUND The eluted phages were used again against Ig

(against IgGSAD sera) from AD sera, in order to select phage clone pq

having themost affinity for AD IgGs

As a source of antibodies directed against possible conformatiot@epbf human
polymorphic beteamyloid 24 2 ( Ab42 a pool of 5 human se
(IgGAD) (mean agef 77.4 years, mean value of MMSE = 15.2) has been used. On

the other hand, the monoclonal antibody YPF19 (AbDSerotec® ARBAb

Company, 1gG198205007) antiYersinia pesti$1 (reactingo Y. pestig=1 capsular

antigen,Uniprot codeP26948)wasusedto screenfor putativeconformational
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mimotopes homologous tBGafl of Yersinia pestisvhich results tdoe of interest in

the conformational straicur e s i mi | -42 asteyokedvbytblinfoArtatics

analysis.

For the immobilization of the antibodies, Dynabeads® Protein G (Thermo Fisher
scientific) superparamagnetic beads of 2
purchased at Sigma Aldrich. 201 of DynabeadsE Protein G
with citratephosphate buffer under stirring for 10', separated with a magnetic device

for 1-2', then incubated with respective sera pools containingADGliluted 1:10

and 5 e€g of mAbY Rdnpedature {R3)rundér nild staring. r o o m
Dynabeads, functionalized with 1g&8D (DYN-IgG-AD) or mAbYPF19 (DYN
MAbYPF19), were separated with a magnetic device for 2', washed 4 times with
Conjugation Buffer (20mM sodium phosphate, 0.15 M NaCl, pH9Y, separted

with a magnetic device for 2' and resuspende®50 ¢ lof 5 mM BS3 (bis
(sulfosuccinimidyl) suberatedt RT f or  3lidking reaCtioroveas blocked by
adding 12.5 ¢l of QuMetn6d M Trig incBbatédfaeroom f r o m
temperature forl5' with inclination/rotation. DYNgG-AD and DYN-mAbYPF19

were washed 3 times with 20MlmdfstoPaBeST ano
solution (PBS + 1% BSA + 0.01% Tween 20 pH 7.4). Betmiagfor phage display

selection, beads were blocked for Athroom temperature with PBS pH /% not

fat milk-0.05% TweerR0.

1.3 Biopanning

100 el of ea'tvhi rlailbrpaarryt i(clliels0) were added
Protein G and r esus{weandOeléb. Aften 3071ifcbatien) of
separate with a agnetic device for -R'; the supernatant is recovered and used to
carry out again the two preceding steps twice before the use of the library for the
selection.

In thefirstr ound of sel ec-mAYPFLI webelnecubated With DOY N

e lof each of he four phage libraries with a titer dfo*? for 3-4 h at room
temperature undemild stirring. The beads were washed 3 timesPBS0.05%

Tween 20 and separated with a magnetic device #rt@ eliminate supernatants
containing unbound phages. Selegdge clones were eluted from antibodies with
500¢ Dbf eluting buffer, 0.2 M of glycinddClI (pH 2.2) +0.1% BSA, neutralized
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immediately with 1 M TrisHCI pH 9.6. The enriched phage pools were amplified by
infecting TGL1E. coli, purified twice by PEG precipitation, titrated and used as the
input for futther panning. Biopanning affinity selection was repeaneithe second
round against DYNIg& AD, then in the third round against DYAhAb YPF19

again, and finally a fourth selection round was carried out as the secend

1.4 Phage amplification

In order to eploit the phage cloneim the experimental plan, these were amplified
and then quantizegh phage titration (TU/mL). Tenfold serial dilutions of M13 or
engineered phage clones were dispense@d pL of E. coli TG1 cultures. Then,
incubated at 37C for 15 min in static condition and for 2thin in shaking (250 rpm)
conditions. 100 pL of each engineered phage cl&esbli TG1 suspension were
dispensed into LuriBertani medium containing ampicillin (50 pg/mL) agar plates.
All plates were incubated at 37C overnight. Plates that had betweeni 300
colonies were considered, and the phage concentration was deterasned
TransducindJnit per milliliter (TU/mL), according the following equatidii):

_ (number of colonies)
volume (0.1 ml)xdilution factor

(Equation 1)

1.5 M13 phageproduction

The protocol useds according to Kay eal. (1996), with some modification for our
conditions.Briefly, a cultureof E. coli strainTG1 (Kan-, Amp-, lacZ-) at ODgoo =

0.7 was infected with M13K07 (Kan+), then incubatad37 °C in static condition
for 15 min, followed by shaking (250pm) for 20 min. The cells were collected by
centrifugation, at 8000 g for 15 min, transferredn 500 mL of Luriai Bertani (LB,
Oxoi d) medium containing kanamycin (100
growing the culture overnight (0.n.) with shaking at°87 The infected culture was
centrifuged at 800& g for 20 min at 25°C. The supernatant wasixed with 25%
(v/v) of PEG/NaCl solution, containing 200 BEG8000 (polyethylene glycol;
Sigma) and 150 gNaCl per liter, cooled in ice for 4 h and precipitated by
centrifugation, at 15000 g, for 45min at 4 °C. The pellet was resuspendiedl10%
(v/v) of TRIS buffere saline (TBS, 7.88 g/L of Tris hydrochloride and 8.77 g/L of
NaClin deionized water)mnixed again with 25% (v/v) ofPEG/NaCl, cooledn ice
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for 4h, and the solution was centrifuged as above. The pellet, containing phage
particles, was suspendedin0 % ( v/ v) of TBS, Afporesizzr ed t
membrane (Millipore), and stored at 4 °C.

1.6 Engineered phage clongroduction

Protocol useds accordingto Kay et al. (1996), with some maodification for our
conditions.E. coli strain TG1 (Kan Amp-, lacZ-) broth culture (Olgy= 0.7) was

infected with engineered phage clone (Amp+), then incubateV °C in static
condition for 15min, followed by shaking (250pm) for 20 min. After incubation,

suitable aliquots of culture were plated onto agarizedalBertani (agar 20 g/L)
plates containing ampi ci | PQimstatic®dnditiong / mL )
One colonyof E. coli strain TG1, containing phage clones, was inoculated into 10
mLofLB medium containing ampici3F«Cwith (50 ¢
shaking (250rpm) until reaching Olgy= 0.2. Then, the culture was added with
isopropylthiecb-g al act osi de (I PTG, 40 €9/ mL) and
(10° TU/mL), incubated at 37C in static condition for 3Gnin, and gently shaken for

30 min. The cells were harvested by centrifugat@®000 »g, transferred to 506L

of LB medium containing ampicillin (50 ¢
incubated overnight with shaking at 3. The infected culture was centrifuged
8000 x g for 20 min at 25°C, the supernatant was then mixed with 25% (v/v) of
PEG/NaClsolution, cooledn ice for 4h, and precipitated by centrifugation at 15000

x g for 45 min at 4 °C. The pellet was resuspended in 10% (v/v) of TBS, mixed again
with 25% (v/v) of PEG/NaClcooled in ice for 4 h, and the solution was centrifuged

as above. The pellet, containing phage particles, was suspended in 10% (v/v) of TBS,
filtered t dparesszegniemiane @d stoned at 4 °C.

Il.7 Reactivity of phage clonessolated

The reactiviy of phage clones isolated were evaluated in ELISA assay with YPf19

and IgGAD.

10TU/ ml phage preparations were di-spense
well microtiter plate (Multisorp, Nunc, Roskilde, Denmark). Plates were left
overnight at 4°Cblocked for 2 h at room temperature with blocking buffer (PBS

Tween 20 0.05% 6% Not Fat milk), and washed inPBS. 0 5% Tween 20. 1
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mAb YPF19 diluted 1:10@n dilution buffer (PBS- Tween 20 0.1% 1% Not Fat

mi | k) or AD Befa paol dutexlf1:50in dilution buffer were added in
duplicate into wells and incubated 1 h at 37°C under stirring. The plates were washed
10 times as described above and exposed to (td&flgated anthuman IgG (IgG

Fc AP113P) diluted 1:1500@ dilution buffer, or antimouse diluted 1:50000, for 1

h at 37°C under stirring. The plates were washed 5 times as described above and
developed with TMB substrate, incubating the dark for 3045' at room
temperature, and stoppediwit 1 0 0 HCI. Optical absdrbance was recordsd

450 nm (Labsystem Multiskan Bichromatic). TBS was used as a negative control
(antigen norcoatedwells) for the evaluation of the background noise reaction
caused by hydrophobic binding of immunoglbbicomponentsn sample specimens

to solid surfaces. Wiletype vector pC89 (containingo insert) was used as an
internal control for evaluation of nonspecific binding through M13 coat proteins

interaction[163].

I1.8 Sequence analysis of selected phagenes

The selected clones which simultaneously show greater reactivity against the two
antibody categories, IgG present in the serum of AD subjects and mAbYPF19
(specific monoclonal antibody for the identified protein F1 capsular antigen having a

high conformat o n a | similarity degree for fibri
sequenced to determine the amino acid sequences of the displayed peptides.

The sequencing primers M0 R e YVGTTTHWCCAGTCACGACG3 6) and E24F
( 5@GCTACCCTCGTTCCGATGCTGTE 6 ) we r eronohrdigm,iSigread  f

( Mi | an, ltaly). A sample (legl) of the su:
reaction tube, cont ai mxwagtheh@enatdurada f PCR mi
thermal cycler for 10' at 95°C, and then 0e2Bbf my TAQ were added. Each sampl

was subjected to the following PCR cycles: 4" at 94°C; 25 cycles of: 30" 94°C/ 30"

52°C/ 30" 72°C; 7' 72°C. PCR products were analyzed by agarose gel
electrophoresis (1%, w/v agaroSiggma,Mi | a n, ltaly), and 35 ¢l
the extactionKit Nucleo Spin® (Machereiagel), and sequenced BNA

sequencing service of BMR Genomics (Padova, Italy) using the primeidDR8v.

The DNA sequences were translated intoarmaridsby usi ng t he f#Atrans

program on the proteomics server @iSs Institute of Bioinformatics ExpeRrotein
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