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1. Introduction

Al zhei mer 6s di seas e rdgrRsbiye neudegenehatveé disordeg e n e C
representing the most common cause of cognitive failure and dementia in older human
patients. Extracellular deposition of beta amyloid peptide, intracellular formation of
neurofibrillar tangles (NFT) caused by hyperppborylated tau protein and oxidative stress
induced by impaired metabolic pathways and metals are the hallmarks of the (lBesse
2003, Gotz et al., 2004, Metcalfe and Figueirgdweira, 2010, Obulesu and Rao, 20T
primary theory for the cause of AD ike overproduction and/or impaired clearance of
amyloidb et a ( Ab) peptides derived from amyloid
mar kedly toxic 42 amnm?)(HardyamdiSelkoe; 2002idhsonn200d)y A Db (
The secondary hypothesis is the fAmet al hypot
specific metal i ons that could enhance AD
downstream AD pathologiBush, 2003, Smith et al., 2007)

1.1. A band tau pathology in AD

Brain tissues of AD patients after autopsy contain tmain characteristic lesions:
extracellular amyloid plagues and intracellular neurofibrillary tangles which are formed by
hyperphosphorylated tau protdi@oedert and Crowthet989, Selkoe, 2003 here are two
main forms of amyloid depositions: senile (or neuritic) and diffuse plaques.

Senile plaques (originally observed by Alois Alzheimer) are extracellularisphe
structures around 5@ 0 Om irQdiameter which contain ardeal amyloid core enriched inPA
peptides(lwatsubo et al., 1994)and associatewvith axonal and dendritic injury, usually
localized in abundance in the limbic and association cortibéskson, 1997) The Ab
peptides form extracellular aggregates thetinly appear in a filamentous form, as star
shaped masses of amyloid fibrils. These amy
speci es: the 40 amddp acddtlken#dadi amn4gp Ab¢cld
A b €4Q) is more abundantly pduced by neurons but less prone to aggregation and is not so
hydrophobi c, as t-p(Jamselt eta. h199B)Woréoven these kindsbof 1



plagues contain dystrophic neurofmth within the plaques and directly surrounding it
reactivemicroglia, lipofuscin, tau protein etc

Di ffuse pl a-gomegk oi(dor d efipporsei t s 0) ar e amorp
aggregates which webserved in the late 198Q§agliavini et al., 1988, Yamaguchi et al.,
1988, Joachim et al., 1989)n diffuse plagues Ab e x i |smykid aggregates n
(Tagliavini et al., 1993}hat cannot be labeled Hiprillum specific indicators (e.g. Congo
Red and thioflavies, which are able to indicate crebgpleatedsheety and do not contain
dying or damaged neuranshey mght be present in relatively high number in normal aged
individuals.The maj or component o42)s,ucvni tdhe pledB}i ttilse i
immunoreactivity, in contrast to the fibriich senile plaques which are comprising both
ADb(412) a(ir4D) agdregates eocalized(Gowing et al., 1994, lwatsubo et al., 1994,
Iwatsubo et al., 1995, Lemere et al., 1998)hether these rp-amyloid deposits are the
precursors of fibrillogenesis and senile plagt@snation or represenproducts ofalternate
aggregation pathway is still under extensive research.

Ab i s der i v etrdnslational protéolyses ofpABf&ang et al., 1987)APP
is a ubiquitously expressed type | membrapanning glycoprotei(Kang et al., 1987andit
is encoded ¥ a single gene on chromosome 21q4G8ldgaber et al., 1987, Robakis et al.,
1987, Jenkins et al., 1988, Patterson et al., 1988, Korenberg et al., 198Bh e Ab pept
sequence is localized partially in the extracelljland partially in the membram®main of
APP. The proteoly i ¢ cl eavage of APP-, bdn dsdtmetase takegs ot e a
place in two ways. C-loe asebeetgses pootiuces lBrfe sbluple B i t h e
terminal fragmentssAPR; or SAPR and membranassociated @erminal fragments CTir
and CTIlg, respectivelyBoth Gt e r mi n a l fragments wi-betretasaur t her
within the transmembrane domain producing the-pmant hogeni ¢ p3 pepti d
cleavage -si@mmreetbaysseU prevent seifAls capa thel nomt i on,
amyloidogenic pathwayn contrastb-secretasene di at ed APP <c¢l eavage ge
of t end AA)b ( d n4R) plphidesl hence it is called the amyloidogenic pati{@ay et
al.,, 2011) I n physiol ogi cal a othre dbrain itissue siglegradldlby pr e s e r
metalloproteinases such as insudiegrading enzyme (insulysin), neprilysin, and by
endothelinconverting enzymé¢Carson and Turner, 2002)he generally accepted hypothesis
for the development and cause of AD is the amyt@ascade hypothesis (Fig. 1.). According



tothehypot hesi s the 1 mbal ance between the prod:i
earliest event in the development of AD, ultimately leading to neuronal degeneration and
dementia(Hardy and Allsop, 291, Hardy and Selkoe, 2002A conformational change
occurs in the soluble Ab mon obrskeet,contpnt axdi sel y
therefore the aggregati on Aabifd?) carteyen tiggerthé wi | |
misfolding of anote r A Db (Japradtetiale $993These altered monomers may not only

form soluble oligomers, but large insoluble fibrils too, which are the main component of
neuritic plaguesOnl y Ab fibrils deposited in plaque
neurotoxic, however, recent findings have revealed that sohifile ol i gomer s coul

long-term potentiation (LTP), disrupt synaptic plasticity and ultimately cause neuronal cell
death(Walsh et al., 2002)

Familial Alzheimer's disease Sporadic Alzheimer’s disease

Mutations in the APP or presenilin genes

Genetic risk factors: APOE £4, other genes?
Ageing and environmental risk factors

( Life-longincrease in AR42 production > C Failure DfABdEarante with gradually )

increasing AP levels in brain

AP accumulation and oligomerisation

Subtle effects of AB oligomers on synapses )

pp production

Gradual deposition ofAB42 oligomers
as diffuse plagues

Microglial and astrocytic activation,
with attendant |nﬂ;|mm;|tory response

Altered neuronal ionic homoeostasis
and oxidative stress

MNeuronal/neuritic dy\sfunft ion with
transmitter deficits

Altered kinase/
phosphatase activity

[)EMENTIA ) ‘.---

Figure 1. The amyloid cascade hypothesidt suggests, that the main event of the disease

pathogenesis iani mbal ance bet ween AD production and cl ec

mﬁ/\r\/\r\fﬁ/

increasing in familial form of AD, and thel ear ance of ADb is disrupted i

accumulation and aggregation will directly or indirectly cause a list of negative effects e.g. LTP



inhibition, disruption of synaptic function, neuronal cell death, inflammation etc., which ultimately
leads to cognitive decline. Tgnathology and NFT formation monsidered as a subguent event, but

it has a majoreffect m the neuronal dysfunction and the development of the digBé&senow et al.,
2006)

The most characteristic hallmark of AD beside the amyloid aggregates axé&Tise
which are assembled from hypherphosphorylated tau pré@inndkelgbal et al., 1986,
Nukina and Ihara, 1986Tau is a microtubulassociated protein (MAP); through its ding
domains it regulates the assembly and stability of the microtubules. The phosphorylation of
tau protein is rather strictly regulated by a couple of kinases@Sl-3 b a n d) a@DK 5
phosphatases (e.g. RRand PP2A) (Igbal et al., 2005)If hyperphaphorylation or abnormal
phosphorylation occurs, tau protein and other MAPs lose their ability to bind and stabilize the
microtubules,which has a lot of downstream effect (e.djisassembly of microtubules
disrupted axonal transport etc.) and finally léadieuronallystrophy(lgbal et al., 2005)Tau
protein also has a propensity for aggregation into insoluble fibrils in tangles, which are
intracellular depositions and are also harmful for neurons. Tau pathology is an early event in
AD pathomechanism anitl initializes in the transentorhinal cortex, spreads to hippocampal
area and amygdaland later to the neocortical association af@sgak et al., 1999Whether
tau hyperphosphorylation and NFT formation are a cause or consequence of AD remains

elusie.

1.2. Impaired Zn?* homeostasis in AD

The zinc ion (ZA" has an essential function in numerous biochemical processes, as a
co-factor of more than300 proteins or enzymeshat affect many aspects of cellular
metabolism, involving metabolism of proteins,idip and carbohydratéBettger and O'Dell,
1981, Parkin, 2004, Mocchegiani et al., 20@)°* is responsible for theonformational
stabilization inseveraltranscription factor{Rebar and Pabo, 1994, Elr&glickson et al.,
1998)andalso modulatesellular signal transduction proces¢Bgsser et al., 2009, Chorin et
al., 2011) zn*i s a smal | -inem iorB(Betiger, andrCeDellp X981, Qian and

Noebels, 2006)which binds mostly to nitrogen and sulphur atoms and ligands. It has



relativelylow ligand field stabilization energy, therefore its exchange between ligands is quite
easy(Williams, 1989) The brain has the highest zinc content compared to other organs. There
are also big differences regarding the distributionZof* in distinct bain areas,high
concentration®f Zn** is detectablein hippocampus, cerebellunamygdala and neocortex
(Frederickson et al., 2000)Imost all (~95%)Zn?* present in the mammalian tissues trapped
within proteins or bound to zinc sequestering proteins (eegallothioneiny although in the
brain there is a pool localizesithin synaptic vesiclesNeurons which contain Zhat high
concentrations in the synaptic terminals are calledemizhed (ZEN) neuron@rederickson

et al., 2000, Wang et al., 200¢ellular zinc homeostasis sartially regulated bytwo
specific zinc transporteprotein families, namelZnT proteinsand Zip proteingLiuzzi and
Cousins, 2004)ZnTs decreaseytoplasmicZn®* concentratiorby promoting zinc efflux from

cells or vesicular zinc uptakewhile Zip proteins raise cytoplasmicZn®* by facilitating
extracellular and probably vesicular zinc transport into neurons and glial(lcafiset al.,
2003, Liuzzi and Cousins, 2004, Seve et al., 2004)

Chelatable Zfi" detection andracing is quite easy using fluorescent probes (e.g.
Rhodzin3, FluoZin3, Newport Green, ZnAR, TFLZn etc.). During heat (or other
environmental) stress response®Zions are releas from metallothioneingPirev et al.,
2010) resulting the increasef antracellular Zrf* concentration. Moreover, depolarization
during neurotransmission or evoked artificially by electric stimulafféowell et al., 1984,
Aniksztejn et al., 1987)by administration of K (Assaf and Chung, 1984, Charton et al.,
1985, Anikztejn et al., 19879r by kainic acid(Assaf and Chung, 1984, Charton et al., 1985)
cause the release of Znfrom hippocampal neuronal terminals into the synaptic cleft
(Aniksztejn et al., 1987)thus extracellular Zi concentration raises. In physiologl
concentrations Zii showsneuroprotective activity, although high concentrations &f zne
neurotoxic(Bancila et al., 2004, Cote et al., 200Bgcent reports demonstedhe critical role
of Zn** availability in the memory unction, learning, neugenesis etc., however marked
changes iphysiological ZA* levels in the brain may be a risk factor of neurological diseases
such as Al z h(Bushmet al.f1994l Maeceheg&ar et al., 2005, Bitanihirwe and
Cunningham, 2009, Sensi et al., 2088h et al., 2009, Takeda and Tamano, 2009)

Increasingbody of evidence indicates that neuronal’Znelease plays an important
role in Ab deposition i n ADQtneukd pHBashetalpi dl y



1994b) Ab wi t hi n mdsa&d (Opazo a al.r2602,tDbng etlal., 2008hich
could explairthe phenomenon thamyloid plaques are heavily enriched withfZim humans
(Lovell et al., 1998, Cherny et al., 1999, Miller et al., 2086 APP transgenic migkee et
al., 1999, ®ltenberg et al., 2007¢*-i nduced Ab aggregatioen is r

such as EDTA and clioqunohnd ADb deposits in humet brair
chelatorghatliberatezn®* (Cherny et al., 1999, Cherny et al., 2001)
The zrf* thataggr egat es A Db i nfromvaynamiic viesiclesof e | e a s ¢

glutamatergic neurons during neurotransmissieaching an extracellular concentration of
300 (Bdderickson et al., 2006l is normallytransferrednto glutamatergic presynaptic
vesicles bythe activity of ZnT3, a transmembrane proteiniclihexpression overlaps with
brain regionswhere amyloid depositioa are the most frequer{Palmiter et al., 1996,
Stoltenberg et al., 2007ZnT3 is concentrated in dystrophic neurites in amyloid plaques
(Stoltenberg et al., 2007andthe knockdownof ZnT3 gene ismarkedly inhibits amyloid
pathology in APP transgeniice (Lee et al., 2002, Friedlich et al., 2004)

Increased age and female gender are the major risk factors for AD, archbstA b
accumuldéion in humans and APP transgenic mice unclearmechanismgDavies et al.,
1988, Callahan et al., 200)hile ZnT3 expression islevatedin female mouse brain, and
knockdownof ZnT3 gene suppresseége excessivBAb deposi ti on i n femal
mice (Lee et al., 2002, Lee et al.,, 2004he mechanismfor these effects (e.g. affecting
uptake or release of zincgmains elusive However, recent w&2r k has
oligomers attach to the NR2B subupitthe NMDA receptor of wiletype but not ZnT3-
hippocampal slices, in an activitependent mannébDeshpande et al., 2009)

The reasons for extracellular Znprecipitation ofAb  wi t h age, when
constitutively released with synaptic activ{yazarov et al., 2002, Frederickson et al., 2006,
Cirrito et al., 2008) are unresolved. We utilized acute hippocampal slices to modél zn
release throughout the neocortex (since ZnT3 is exprassath areg) and to study changes
that occur with age ahgender that may explain how these risk factors afdzheimer

pathology.



1.3. Ag gr e g-aynueldin idhssociated with the development of AD

The depo s-synicleim@so knbwn Es: NAC precursor, NACP) protein
(USN), are the patiehol ogi catl hhewwmab&dyofli sea
protein is made of 140 amino acid residues and its sequence has been well conserved among
vertebrates(Maroteaux et al. 1988, Buchman et al., 1998The normal physiological
function(s) of USN has not been precisely
associated wi t h t he domi nantl vy i nheri ted f
(Polymeropoulos et al., 19938pillantini et al., 1998, Kruger et al., 1999) S N, the prot
which is localized mainly at the synaptic termingfibayamamazu et al., 1993, Iwai et al.,
1995)is also involved in neural membrane traffickif@uteiro and Lindquist, 2003}t may
cortrol the vesicle formation and helpiseir maintenancélwai et al., 1995, Jensen et al.,

1998) |t i's also suggested, t hat USN direct |
modulates the synaptic vesicle releasele (Burre et al.,, 2010, Gaugler et.,aR012,
Kuwahara et al., 2012) Over production of USN causes pl et
e.g. damage of the ERolgi trafficking (Cooper et al., 2006, Thayanidhi et al., 2010)
fragmentation of the Golgi apparat¢Sosavi et al., 2002and mibchondrial membrane
injuries(Song et al., 2004)

LBD has three subtypes: t he Parkinsonods
(DLBD) , and also the Lewy bodylLewisetadl,2010) of Al
This fact clearly points out that tfeeshould be a close connection between the pathogenesis
of the two most frequent neurodegenerative diseases, namely AD &ifigPD).



Dementia with
-~ Lewy Bodies
(DLB)
neocortical LBs
neocortical LBs |no AD

PDD
early parkinsonism
.-~ later dementia
LBs

7

Alzheimer’s
disease (AD)

parkinsonism, LBs
no dementia

Figure 2. Rel ati vely high overlap between Al zheimero
bodies (DLB).P D, Parkinsonds disease; LBV, Lewy body
di ffuse Lewy body disease; PD, Parkinsonds dises:

bodies(Lewis et al., 2010)

The premise, t hat US N thespatsogemssis @f WD ip hoe y i n g
novel However there is a rather big contradiction in the literature about the interaction of
USN and Ab. First 4workeesrevealedihgithé®Bedasiatdude € 00 f
the so called NAC (neamyloid compone t of Al zhei mer és di sease
present in senile plaques of human AD colfdrda et al., 1993)Two years later, based on
the work of Yoshimoto and colleaguessigemedthat NAC is able to bind to the 2
resi dues d0) t laeld? pPeptidles, which are the major components of AD
amyloid plaquegYoshimoto et al., 19950n the other handesults of other research groups
confirmed that there is no direct physical i
is not present i b d e Bayeriet ab, 1999, Culvenor et al., 1998though NAC was
found in abundance in dystrophic neurons which are surrounding the senile [fawjuesor
et al.,, 19999 Howevermost r esearchers agree on that the

significantly exacerbate the process of LBBletnikova et al., 2005)n the same way if the



aggregating USN is present It could accel e
revealed certain interactioms vitro that stimulate crosgbrillizaton bet ween USN and
and between USN and tau protein stimulatin:
(Giasson et al., 2003, Geddes, 2005, Mamah et al., 2008sequentit her e -t al Ror os
among neurodegenerative disorders and the strongerahnection is the more severe the

disease. Realizing theseexplored nt er acti ons between USN and
to use an USN -8Ys¥newoblpstomacellilimgn AB tésearch experiments.

We investigated the effects of aggregateeurodegenerative diseastated peptides and

cl assical apoptotic stressors on USN overexp
overexpressing cell line was more sensitive to the treatment of aggregatedrogtd oi d ( AD
1-42) or NAC, but Iss sensitive to the classical apoptotic agents compared to the wild type

SH-SY5Y neuroblastoma cell line.



2. Aims

Althoughthe precise role of Bin AD pathogenesisgemainsinconclusiveaggregation
of this peptide seems to be the kaythe development ofhe diseaseThus, investigating
distinct physiological factors which could intensify tlaggregation propensity artlereby
thet ox i ¢ e f Wwoald be veryf usehubfrom the aspect of elaborating further/AsDti
strategies

The aggregation of extracl | ul ar Ab i s taking place in
synaptotoxic oligomers. This phenomenon affects mostly the hippocampus, in which the main
cell mass (~80%) is composed of?Zrrontaining glutamateig principal neurons. During
neurotransmissiothese neurons release vesicular Zmo the synaptic cleft, where Zhcan
precipitate AD. Mor eover, according to the
Zn**, therefore it would be very important to investigate the effect of endogenous
extracellular ZA*t o Ab aggregati on.

Recent findinghaverevealed that there are a close relationship between AD and PD;
A b may i nteract wi t h USN, therefore it S

simultaneously.

In the course of my Ph.D. worlattained the following aims

1. Examiningdi f f er ent extrinsic factors, which <c
synergistic way.

1.1.Explore whether endogens vesicular ZA* could be able to precipitate and

h

ar

subsequently intensify the neurotoxic effect exogenous Ab (syner

peptidel metal).
12l nvestigating ABb and USN interactions
aggregation (synergistic effect of peptidprotein).
2. For the fast and effective measurements it was essentialeétogdeéwo methods:
2.1.A novel method for maintaining and even treating acute hippocampal slices in small
working volume (ExViS).
22.Anovelmet hod for fl uor escentinacetd leppoacampah o f

slices.

10
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3. Materials and methods

3.1. Materials

Cell impermeantforms of RhodZir3, FluoZin3 and Newport Green were from
Molecular Probes, Invitrogen, (Budapest, Hungary). Z#2AHFLZn, 4,4()dianilino-1,1(")
binaphthyt5,5(")-disulfonate dipotassium salt (BSNS) , Thiofl avi-ne T,
tetrakis(2pyridylmethyl)ethylenediamine (TPEN), calciuethylenediaminetetraacetic acid
(CaEDTA), 2,4dinitrophenol (DNP),propidium iodide (Pl)pyrithione, chloral hydrate,-3
(4,5Dimethylthiazol2-yl)-2,5diphenyltetrazolium bromide (MTT), dimethylsulfoxide
(DMSO), bovine serum albumin (BSA), dfhns retinoic acid (RA), 1®-tetradecanoyl
phorbotl3-acetate (TPA), hydrogen peroxide,(®4), amphotericin B, ruthenium red, Triton
X-100, Tween 20, protease inhibitor cocktail, polyclonal-adtiS N a n prodoceddiy
rabbit, and mouse arbrtubulin monoclonal antibody, lactate dehydrogenase assay kit (LDH
kit), 96-well plates, and general reagents were from Sigidach, (Budapest, Hungary).

Fetal bovine serum (FBS), phosphate buffered saline (PBSjluthmine, penicillii
streptomycin, and MEM neassential amino acids were purchased from Gibco, Invitrogen
(Budapest, Hungary), 9&ell plates from Nunc (Roskilde, Denmark), peroxidasejugated

goat antirabbit IgG antibody from Dako (Glostrup, Denmar)ti-TrkB antiserum from Cell
Signaling Technologies (Budapest, Hungaiggniluminescensubstrate of peroxidase from

Pierce (Rockford, IL, USA), and bicinchoninic acid (BCA) assay kit from Novagen (Madison,

WI, USA). For all experiments which require tied water,MilliQ ultrapure water(upH;O)

was usedThe ExViS minichamber system was madehouse at BAYGENSzeged) The

animal protocols applied in this study had been approvetd\ational Institute of Health

and by the University of Szeged; pession number:-02442/001/2006Three types of

synt hetdi2g Ave(rle u s e4R) (soldpmasesynthesibalarddi et al., 2007)
applied for USN over exf\bdi?)s(Bonsg et @le RA10pNdi ne s
A 2 1 (synthesiproceededsby isoA b €42) with histidine residues at positions 13 and 14
replaced with Alj used forZn®-Ab pr eci pi t at weoensynthesizeéd miome nt s

laboratory at the Department of Medical Chemistry, University of Szeged, Hungary.
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3.2. Devdoping the ExViS mini tube chamber

Mo st o f -Zn%" precipitatibn experiments were performed using amvivo
model, namelyacute hippocampal slices (section 3.Bpr those experiments we needed
equipmenthatis able to maintain the tissue slicesheiit decreasintheir viability and allow
treatment with Ab (or ot her age¢hesectaims, wen s mal
developed the EXViS device

ExVIS is a novel floating incubation system using very small amount of incubation
volume (1 ml). Simultaneously, the system should provide optimal conditions
(microenvironment) for the tissue slices,{(@0,, pH, glucose, etc.). Application of carbogen
(95 % Q, 5 % CQ) gas current (bubbling) instead of perfusion was designed to avoid
adsorptionangp r eci pi t at i on -anfyloid peftidej i theralating sgstemn.. b
Floating thetissue slices instead of mechanical fixation minimizes tissue damage. The novel
floating chamber provides simultaneous incubation for several slices in the lsambet to
be able to run parallel experiments for statistical evaluafibe. scaled drawing dExViS

mini tube chamber can be seen inUfes.

95/5% : 0,/CO,

4

Throttle valve

Cap
0,/CO, ¢um

— Chamber-tube

&~ Needle

1 ml media > a0 ‘

@ OOH_ Tissue slices
Q:O /] (area: 8+0.7 mm?)

bubble

Figure 3. Schematic structure of ExVIS mini tube chamhber
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3.3. Preparation of acute hippocampal slices

A modified version of the method reportég (Datki et al., 2007Wwas used. After
anesthesia with chloral hydeat ( 0. 4 g/ kg) , -wedksollmale arairfethale6 5 N
Wistar rats were decapitated and the wholadse(without scalp) were puttmice-cold
upH,O for 1 min. The brains were quickly removed and immersed fii fze ACSF with
elevated M§" at @iptdh et al., 1995) Brain slices (thickness
from the hippocampus with a Mcl | wéthenslicesi ss ue
was determined with dissectingmicroscope (type Nikon SMZ800 with a 12 megapixel
camera) directly after preparation. The well area (15)mvas used for area calibration. The
slices (2 weearapidly tramsferred intthe ExViS mini-chamber (maximum 10
slices in 1 ml) for conditioning (30 min) in carbogenated*@ae ACSF preparation solution
at room temperature (23 UC). During tfhis pe
free ACSF was assayed by LDH kit as an index of ofingselease caused by mechanical
trauma.

The slices were kept oxygenated by saturating bubbling carbogen into every buffer.
The only time that there was not constantly bubbling carbogen present was during the last
step of the actual experimentdetreatment with high K). Following thatthe slices were
transferred to the multiwell format, which contained carbeggtnrated buffer.

The results from female ratgere reproducible when performed at intervals of one

two weeks apart, indicating thaage of estrus did not influence the results.

3.4. Measurement of the extracellular Zrf* release and uptake

After preparation, thénippocampalslices were incubated in cadenated (actively
bubbling in theExViS chamber) Cdree ACSF (in mM: NaCl 127, &€l 2, MgChL 5, NaHCQ
25,Dgl ucose 10, pH=7.4) while | oaded with Zin
washed for 5 min in dy&ee, actively carbogenated, @ae ACSF (1 ml), and the slices then
placed in a multivell plate. HACSF (compositionn mM: NaCl 115, KCI 3; CaGl2, MgCh
2, NaHCQ 10, HEPES 25,y | ucose 12, pH=7. 4, 40 ¢l-3 well)
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or ZnAF2 (10 &gM) was t hen wertkerdby plateabaddr.i net i C
H-ACSF was utilized for fluorescent assay expents since fluorophores are sensitive to
pH, and the additional HEPES helped maintain pH stability. Release and uptake studies were
per f or me dwhiahtwasBeportell @ be optimal for Zhrelease(Frederickson et al.,
2006)

In some experiments,iZ" uptake into slices was measured over a period (10 minutes)
that required continuous oxygenation. To accomplish this we sangpldcdassayed the
overlying incubation media at intervals. Ten slices together in each ExViS chamber were
treated N )DNPr (py.r3i tntM one ( 5 Ocarbdgdnatdd €afree3 0 mi n
ACSF at room temperature. The media were then changed to nawatiatly carbogenated
H-ACSF (composition in mM: NaCl 125, KCI 2, Ca@, MgCkL 2, NaHCQ 25, D-glucose
12, pH7.4;15m, 36UC) N DNP or pyrithi anwetesuppl e
sampled (0.15 ml) the Zf containing HACSF media from the same chamber at 30 s and 10
min. The remaining Z1 in the samples was assayed by adding Rhe8zind ZnAF2 (both
t o 10 NP &Jnot al@r the background fluorescent signal of tHé datection reagents.
Pyrithione 50 €M quenched &45% (8100 fiM) of t
H-ACSF, but had no significant effect on RhodArfluorescence in the same solution.

To study t he éfuftake followingttieslidefprepamtiorzamd loading
with Zinquin we substituted the @ee ACSF wash step with an incubation in normal
carbogenated ACSF s4u2p p(l 520meen Nakted th&theslices Wb 1
washed with HACSF, and placed into wells for treatment with 50 mM KCI.

3.5.  MTT mitochondrial reductase assay of hippocampal slices

Acute hippocampal slices were treated N ¢
ACSF at 36 A ¥5AM) or n Adiambeis Sor 10 min. Then the
concentrations of either KCI or NaCl in the ACSF were raised (to 50 mM) for 5 min. The
slices were then washed twice with ACSF, wh
mM) for 3 hours in carbogenated ACSBIuion (1 ml) at roomtemperature. Hence, the
toxicity of Ab ¢ ou lthe matendl that bad precipitatedi (b.g.tby d t c
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endogenous Zii release) and been trapped on the slices, and not been washed off. After 3
hours we added 0.1 ml MTT (stocklgtion 5 mg/ml) to the chamber for 30 min. The
reduction of MTT was stopped by transferring the slices from ACSF tooiceupH.O. We

then transferred the slices to pure DMSO for 30 min to dissolve the formazan precipitate,
followed by absorbance assay 0 and 620 nm. The results were normalized with the
formula: (OD550° OD620)/areaf slice (mnf) = 100% in control rats.

3.6. Measurement of total, vesicularand releasel Zn*and Ab aggregati on

Freshly prepared hippocampal slices were immediatehhilinpd and stored a8 0 A C
until analysis. At the start of the experimenthé tissue was rehydrateth upH,O,
ultrasonicatedand its protein contentdetermined Total zinc was measured by inductively
coupled plasma mass spectrometry as previously ded¢taeynard et al., 2006)

Fluorescence was measured with an@8l plate reader (NOVOstar OPTIMA, BMG
Labtech, Budapest, Hungamny$ing the method describég Datki et al.(2007). After resting
(30 min) in the carbogenated Cdree ACSF solution at roontemperature, the acute
hi ppocampal slices (maxi mum 10) were washe
carbogenated tACSF. The slices were then transferred from the ftina@mber to the plate
wells and immobilized by a round noffluorescent plastigrid. The HACSF was carefully
removed and substituted with carbogaturated FACSF (40 ¢ | per wel )
Zn* fluorophore (AN® ( ierMdi,cadror biod peptide agg
ThioflavineT (1 O )e Rdr bisANS and Thioflavine T peptice aggregation assays, the H
ACSF solution was also supplemented Wiifdh p e pt i dTdhe plaeDanctidJACSF
solution were pr etheslads avare tlarsfer@d The) @mperatdreowitlen
the plater eader was mai nt aihipmocampal6Gsliced @ere tiedted withc ut e
additional KCI (50 mM) to induce depolarization or additional NEBDI mM) as an osmotic
control. Measurement of fluorescence in the acute hippocampal preparations was started 1
min before the KCI/NaClreatment.

To prove that ZnAF2 is cell impermeable we treated-SM5Y human adrenergic
neuroblasima cells, as wellas CHO cellsi t h 10 & M-AZSFAARE 10i minutés
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of incubation followed by washing with-ACSF, there was no fluescent signal above the
backgraind in the cells.

For studies of vesicular Zhload, the slices were incubated with TFLZn (0.3 mM) for
30 min in Cafree ACSF, washed (3x) before measurement with the plate reader. Specificity
was determined by abolishing fluorescence with theigglemeable ZA* chelator CaEDTA
(0.5 mM), which does not significantly affect extracellularCeoncentration(Koh et al.,

1996, Qian and Noebels, 20G%)cellpermeablé PEN for intracellular signals.

3.7. Western blot analysis

Hi ppocampal twassbtotted with Ar@ZnT8 golyclonal antiserum as
describedy Smidt et al(2009.
Nor mal and USN overexpressing differenti e

PBS containing 1% Triton 2200 and 1% protease inhibitor cocktail. The cell extractewer
centr i f ugefor 10antin addBed W ler nat ants were saved. 165
separated by sodium dodecyl sulfatdyacrylamide gel electrophoresis (SIP8SGE) under

reducing conditions according to the method of Laen{t®i70) Proteinswere blotted onto
nitrocellulose membrane. The blot was incubated overnight in the presence of rabbit anti
alphasynuclein polyclonal antibody diluted 1:500 in PBS. Then, the membrane was washed
three times in PB.05% Tween and incubated for 2 h perog@eonjugated goat anti

rabbit IgG antibody diluted 1:10000 in PBS. Then the membrane was washed three times in
PBS 0.05% Tween. The immune complexes were detectedchigmluminescent substrate

of peroxidase accor di ng dinocontehtetiorswap geteimmedd s | |
using a BCA assay kit. Images were densitometry analyzed using Scion Image software.

Densitometricdatawe r € nor mdwubuliz ed f or b
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3.8. Analytical ultracentrifugation

Analytical ultracentrifugation was performéxy our Australian collaboratorsoy Dr.
Ashley Bush and colleagudgental Health Research Institute, ParkviNéctoria, Australig
on a Beckman Optima XA . Sedi mentation velocity runs w
four-hole AN-60Ti rotor and doubksector charcoal/lEpehi | | ed ceflt4® (1pi ece s.
50 )aMbisANS(30100 e M) s &mpsllese MNZwer e clexldor i f uge
(Sigma)-treated PBS at 40,000 rpm. We allowed the temperature of the rotor to equilibrate
for 30-60 min at 3,000 rpm, then the rotor speed was increased to 40,000 rpm and absorbance
scans were taken every 2 minutes for a total of 100 scans (Br8)h&or sedimentation
velocity experiments without BB NS  A42) vlas monitored by Abs. 225 nm. The
wavelength used for BIBNS sedimentation experiments was chosen so the total absorbance
was 1.0 : 385 nm for HANS 30 ¢ M, 4 2A0NnSm  1f000r ansbmere cSllected
using absorbance optics in 0.003 cm radial steps. The data were fit using Sedfit software
(Schuck, 2000)The frictional coefficient ratios (f/fo) for the BENS and Ab exper |
were 1.2 and 1.8 respectively. The 1.8 f/fo ratio ffr Ai s consi stent with
molecules being elongated or fibril in structure. All s values are reporteg) aseues. The
reproducibility of the curve fit is scrutinized by running Mofarlo (n=1000, 0.95
confidence interval) simulations, weh allows us to assign a statistical confidence to the c(s)

distribution that best describes the data.

3.9. Multi -electrode array (MEA) electrophysiology

One acute hippocampal slice was placed in avBEA chip with 60 tipshaped and
60e mhi gh el ectrodes spaced by 101015¢ausanhédy and a
Switzerland). The surrounding solution was removed, and the slice was immobilized by a
grid. The sl ice was continuously perfused with
during the whole recording session. Data were recorded with a-Ghdthnel System (MCS
GmbH, Reutlingen, Germany). The Schaf#tetlateral was stimulated by injecting a bipicas

current waveform (100 + 100 €s) through one
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to choose the stimulating electrode in the same region from one slice to the other. The peak
to-peak amplitudes of field excitatory postsynaptic potentials (fEBPS® the proximal

stratum radiatum of CA1 were analyzed. Following a 30 min incubation period, slices were
continuously stimulated with mediustrength stimuli. When stable evoked fEPSPs were
detected (for at least 20 min), the stimulus threshold wasndiesd, and a stimulus strength

evoked response curve (i.e. imauttput, I-O curve) was recorded by gradually increasing
stimulus intensity until the maximal stimulus strength was reached. The stimulus intensity
was continuously inwrehasdd ERrAomt@pso SPOomBG
large Faradic effects on the electrodes causing artifacts. 3 data sets weredrémosdeh
stimulation intensity The intensity of the test stimulus was set to be 30% of the threshold and
maximum stimulus teength interval. After recording a 10 min stable control sequence, LTP

was induced by applying thebkaur st st i mul ati on (TBS; trains
per burst with a 200 ms interburst interval), at the maximum stimulation intensity, then
fEPSPs were recorded for 60 min. We analyzed thé8@¥% slope of the initial portion of
fEPSPs.

3.10. Confocal microscopy

Threedimensional fluorescence confocal imaging was performed by using an
Olympus Fluoview FV1000 confocal laser scanning microscopgni{fus Life Science
Europa GmbH, Hamburdgzermany. The microscope configuration was: UPLFLN 40X oil
immersion objective with the numerical aperture of 1.30; scanning dimen$a@@g512
pixels; sampling spee® ¢ s/ psiexszé( . 6z € m; nseatidne 36; canfocalz
aperture 3 58 & m: 2x;dine @varaging 2x; scanning modesequential unidirectional;
excitatiorr 405 nm (bisANS) and 543 nm (PI); laser transmissivify1% and 8% were used
for bisANS and PI, respectively; main dichroic beaptitteer- DM405/488/543; intermediate
dichroic beam splitterSDM 490; bisANS was detected between 4%20 nm using the
spectral channel, Pl was detected between@fbnm. Using Olympus Fluoview software

(version 1.7.2.2) bi’\NS and Pl images were pseudolored green and red, respectively.
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"Three planes" visualization option of the Fluoview software was used to sfzoand yz
planes of 3D image stacks.
311. Treat ments of differentiated USN nor mal a

The USN fdAnormal NExpaerdsitm@ USN fAwild typ

SH-SY5Y cell lines were obtained from Alex Liu (Department of Neurology, University of

Saarl and, Hombur g, Germany). The cell s were
Eagl eds med4ila(il), suddemented with FBS (10%);Glutamine (4 mM),
penicillin (200 wunits/ ml) , -esséntiaéagrno acyds RM (20

(10O0M) and T P(Ramifet 6t al.n 1994, Flood et al., 2004, Presgraves et al., 2004)

in 96-well platesina hmi di fi ed at mos p h)dor days.3The nAnter of5 % CO
passagein case of both cell lines was 3. On the first day, the number otifffenentiated

cells in the?asls/ml After & 80sday? of Biffeledtiation, the cells were

attached o the plate as a monol ay ®cells/cnaleqdals e | | C
6. 57cledl | s/ ml i N suspensidd and. NACAweger perfpranedi im n o f
aqueous solution (100 OM) by gentle géraking
to prevent infection, the solutions were ultrasonicated daily. The aggregation states of the
peptideswere 1 h prea g gr e g a 142 protéfibris), 8day preaggr ega#®add Ab(:
(fibrils) (Fulop et al., 2004)1 h preaggregated NAC (protofibrijsand 8day preaggregated

NAC (fibrils; TEM pictures not shown). The original supernatant solution was removed from

the cells with a pipette, and a new medium |
Ab(12) or NAC in 10 OM lycaddedioehe wellsdnd was keptata s g u
37AC for 24 h.

3.12. MTT bioassay for USN normal and overexpressing cell culture

3-(4,5Dimethylthiazol2-yl)-2,5-diphenyttetrazolium bromide (MTT), a widely used
assay was performed to compare the viability ofsc@liu et al., 1997) Differentiated
neuroblastoma cell@atki et al., 2003were incubated in a 9%ell plate for 24 h with the
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following pepti délpreagay eb@at &M o6br AB(H or 8 ¢
pre-aggregated for 1 h or 8 days. & second set of experiment, cells were treated with the
following classical apoptotic factors:,@, ( 4 0 OM) amphotericin B (3
red (200 OM). MTT solution was added to eac
culture medium, and tinethe mixture was incubated for 3 h. The MTT solution was carefully
decanted and formazan was extracted from the
v/v). The color intensity of formazan was measured by-wél6éplate reader (BMG Labtech,

Budapes Hungary) at 550 nm. All MTT assays were triplicated, hence, one measurement
contained seven parallels € 21).

3.13. Statistical analysis

Data are presented as meirS . E. M. Un p a itest dfor \@dstardbdin t 6 s
analysis) and ANOVA with post ltoBonferronior Tukeywas used for statisticalvaluation,
both performed byGraphPad Prism 5.0 softwaréd p O 0.05 valuewas considered
statistically significant, unless otherwise stated (@@0.01;p O0.001).
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4. Results

4.1. ExperimentsontheroleofZn®di shomeostasis in Ab aggreg

4.1.1. Activated hippocampal slices from aged rats release more zinc

Slices from young (1@veeksold) rats were found to release %Zmpon stimulation
with 50 mM K', in a C&*-dependent manngFig. 4a) as reported previouskpatki et al.,
2007) CaEDTA, a celimpermeable Zfi chelator that does not affect extracellular’Ca
concentrationgKoh et al., 1996)apidly reversed the signahdicatingthat the indicator was
detecting ZA" released from # slices(Fig. 4a). Results were confirmed using two different
cell impermeable Z indicators, Rhodzin3 and ZnAF2. Using this system, we found that the
maximal extracellular Z#i concentrations produced by Kstimulation were significantly
higher (+50-70 %) in slices fom older rats (6%veeksold) (Fig. 4b). While there was no
difference between young males and females in the amounts®bfeleased, older male
hi ppocampi rel edsbdndagouwngomal €9, and ol der
moreZd't han young females and sign(Fif.édbyantl y mor
The phenomenon that the slices are sensitive to mechanical trauma in different extent
was excluded by measuring LDH release into the media after preparation, which
demonstrated noli f f er ence between slices taken from
Uml,n=12vs2. 849 N 0.130 U/ml, n=12, p=0.46). We
young and old hippocampi to determine whether differences in total zinc could be the reason
for increased Zfi release, and found the levels to be unchanged with age even in a sample of
Avery ol do 1(Figachnth ol d rats
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Figure 4. Age and gender affect Zii release from rat acute hippocampal slicéa) Release of Z

from slices taken ém 10weels-old male rats, depolarized with high" Kn H-ACSF supplemented

with the cellimpermeable Z#i-i ndi cat or RhodzZzin3 (10 &M 5 Dat a
experiments.k) Increased depolarizatieimduced ZA'" release from older and female slices. Data are

mean o@Fmax (N SEM, impermedn@nj* fluorbphores (RhodZin3 dne ZnAR2,t
indicated) taken within 120 secs of depolarization with high*K p < 0.001, compared to the mean

mZn o f maecandnfgmale slices; #9p 0. 00 1, bet ween ol d male and
multiple comparison testcy Mean t ot al Z 7 10 foe yound) and qldNm SSfer M7 n
mont h nv. ol do) i n mal e hi ppocampalasma Imass e s me
spectrometry are indicatedd)(Mean intravesicular Z#i levels in male hippocampal slices detected

by TFLZn fluorescence, nor mal E B8%kfdr edclo grosifd), iace s ur |
indicated. €) ZnT3 levels in male hippocampal slidgesne a n' s & 105dE Wwung and old, & 5

for V. old).

Sincethe releasable pool of Zhis in synaptic vesicles, we also assayed for this
fraction using TFLZn, which selectively detects vesiculaf*Zin the young and old rat
hippocampi, as previolysdescribed(Budde et al., 1997)There was indeed a small (7.0%)
but significant increase in vesicular?in slices from oldrats compared to young aig.
4d).
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One explanation of this increase in vesiculaf*Zwuld be the increased expression of
ZnT3, the transporter of synaptic vesicularZrSurprisingly, western blotrelysis of the
slicesindicated that ZnT3 levels actualljecreasesignificantly with age, with additional
samples from 1-month old rats epressing even lower leve{Big. 4e) Taken together, these
data indicate that, with age, the hippocampal vesiculaf gool enlargegFig. 4d) despite
the lower ZnT3 expressior(Fig. 4e) Therefore, activiydependent Zfi-release must be less
frequentwith aging. If Zrf* release islecreasd in older tissue, Zfruptake would need to be
inhibited to maintairthe balance, becaugbere are na@hangs intotal zinc leveldFig. 4c)
The increased release of Zrfrom female hippocampus could be explair®dincreased
ZnT3 expression(Friedlich et al., 2004)however,the 7.0 % increase in vesicular Znn
slices from old compared to young rdfsig. 4d)seems t oo s mal | to ex
increase in extracellular Zhreleased from old rat slices upor’ Ktimulation (Fig. 4b)
Therefore, weexplorednextwhether the changes we observed with age and gender could also

be explained by impaired reuptake of extracellul&Zn

4.1.2. Impaired reuptake of extracellular zinc by older hippocampal slices

Constant highlevels of etracellular Z&* are potentially neurotoxi¢Choi et al.,
1988) therefore synaptic ZA must rise only briefly during neurotransmissidn. the
hippocampal tissuthere is most likelyto be a robust andossibly energydependenZn®*
reuptakeprocess Doublelabelingexperimentdhat can differextracellular from intracellular
Zn**, revealed aincreased level of intracellular Zn within seconds of Zi being released
into the mediaby stimulation ofthe sliceswith high K" (Fig. 5a) To prove that thereis a
reuptake oZn** after the incitedeleasewe stimulated the slice with high*kn the presence
of CaEDTA (rather than adding it after stimulatioapd thusany Zrf* released extracellular
spaceis captured by the impermeable chelatodeed, thisedued the rise in intracellular
Zn** (Fig. 5. CaEDTA alone did not decrease intracellulaf*Zf¥ig. 5a) Then we repeated
the experiment in the presence of’Gfee HACSF (artificial CSF supplemented with
HEPES), which suppresses iesiar release of Zii (Fig. 4a). This also suppressed the rise in
intracellular ZA* (Fig. 5b) consistent with the elevated Zroriginating from the release of

synaptic vesicles. The rate of Zmreuptake released from yourgppocampal slices is
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significantly higherthan the reuptakef old rat slices, for both males and femalEgy. 5c)
This is consistent with the increase in extracellulaf* Zwe observed in stimulated old rat

slices(Fig. 4b) caused by inhibited reuptake.
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Figure 5. Effects of age, gender and mitochondrial function on Znuptake in rat acute
hippocampal slices(a) Slices from young male rats were preloaded with Zinquin, which detects free
intracellular Zrf*, before being introduced into HACSF supplemented with Rhe&jZwhich detects
extracellular ZA*, whereupon fluorescence of the two fluorophores is recorded simultanedsly. (

Slices were prepared as in)( but were stimulated with high"Keither in the presence of Geee H

ACSF ¢ontaning 1 mM EGTA), or in the presence of-ACSF + 2 mM CaEDTA, and Fmaxas

determined. ) The rise inthe intracellular free ZA" detected by iBquin in slices from young

compared to old female and male rats followingskt i mul at i on. Data are mean

10, females & 20 slices). Slopes from 60160 secs were significantly greater for young compared to
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old gender matched rats @ 0.001). ANOVA withpostoc Tukeyods was perfor me
secs onwards### young and old groups were significantigifferent from each other within their

respective genders (p 0.001). ¢l) Residual extracellular Zi (Zinc,) levels ofhippocampal slices

after bathing andestingin H-ACSFfor3 0 secs (baseline) and 1Q mins
(e) MTT assay esults from freshly prepared hippocampal slic®sUptake of Zf' into hippocampal

slices from young male rat slices treatedthAb 42) (50 ¢ M) , monitored by

Values were calculated following background fluorescence subtradiieant a ar e means (N
a,b,c,fn = 5 chambers, each containing 10 slices). Fpr ANOVA with Bonferroni multiple

comparison correction. # ¢ 0.01, *** p < 0.001. Fore, unpaired {test values are shown.

To confirm thatthe Zn** uptakein older slicesis disrupted we studied uptake when a
fixed amount of ZA" was added to the incubation media. Using extracellulf iAdicators
RhodzZin3andZn AF2, we observed th&42840M% af swulbe
concentration) wasonsumedwithin 10 minutes fronthe overlying media of young slices,
but that significantly less Ziiwas cleared from the media of old sli¢Egy. 5d) In addition,
the Zrf* ionophore pyrithiongColvin et al., 2008xausecthe clearance of Zf from both
young and old slicesvithin 10 minutes(Fig. 5d) confirming that we obseed uptake.
Treatment of the slices with a stdxic concentration of the mitochondrial uncoupler agent
DNP (Mattson et al., 1993jnarkedly ruined the uptake of Zfi (Fig. 5d) indicating that
energy impairment could explain tieadequateZn®* reuptake observeih old slices. There
was no difference in uptake betweggnderaunder these conditior(§ig. 5d) Therefore, the
increased release of Znfrom K'-treated older femalslices (Fig. 4b) probably reflects a
higher maximal capacity for Zfrelease.

To check if an agelependent decrease in mitochondrial activity was the cause of the
impaired ZA* reuptake in older slicesye measured the MTT reductase activity (indicafor o
mitochondrial activity) of the sliceafter the preparation process, and found that the older rat
slices had markedly less activity8(5%) than slices from the young animals (Fig. 5e).
Consequently, the inhibited reuptake of releaset,Znhich is causd by age dependent
mitochondrial failure, is responsible for the increase in extracellul@ridrcase of activated
older hippocampal slices.

Thechelationof extracellular ZA"*b y A b  a gvbich éhgnprévens ZA* to reach
postsynaptic targetmight havea role in AD cognitive los§Adlard et al., 2010)To test this,
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we studied Zrf* uptake into slices with Zinquin following high *Kstimulation (Fig. 5f),
which releases extracellular Zn(Fig. 4a)The results showedhat theslices treated with
Ab (412) ()hadsignifitanty less ZA* reuptake than untreated slices.

413.Zn**f rom activated hi ppode)mligprerizatisnl i ces i nduc

Next weinvestigatedvhether ZA" release from the hippocampal slices could induce
t he aggregat i o4#2) adied ® yhe méda.t Weamorndmgigtegation with
bissANS, a fluoescent indicator oprefibrillar, low-order oligomergLeVine, 2002, Kayed
and Glabe, 2006yvhich are markedly neurotoxi¢FerraeGonzales et al., 2005as well as
thioflavine- T, a fluorophore for fibrillar specie@_eVine, 2002) As a control, weused a
synt heti c maR}wathm histidiogto-alaniné 4ubstitutions at residues 13 and 14
( AP 1)y which reduce its ability to bin@n®* (Liu et al., 1999) In vitro, bisANS shoved
markeda g gr e gat i-42ninduwdd byA (50 e&M) within seconds,
reversed by addition of the Znchelator CaEDTA (0.5 mMEig. 6a) In the absence &n?*,
A b €42) aggregdabn wasrelatively slow andincomplete(Fig. 6a) and was nothange by
additonof 50mM K (used in subsequent expguisN&ng ) to
selfaggregatiorwas much sloweas detected by BIBNS and itwas onlyslightly increased
by addition of5 0 ¢ Kf, ag expectedFig. 6a) In case ofA b ¢(42) Zn** inducedan
elevated bissANS fluorescence in a concentratidapendent manne(Fig. 6b) Since
thioflavineT f |l uor escence di-d2) incobatedifon t000esaconels uhder A Db (
these condi tf imdicatingthat5h8 aggrddated detected byANS were not
fibrils, but prefibrillar, low-order oligomers

K or P CaEDTA
160 l I ﬁ o 25000 25000
p— 25 u
— A+ KEI (50 mM) 20000
— 14 AB v 20000
- Ao+ 20 {50 M)
g‘; BIME % E_q'lSEIEIlJ i
[ L
= i
w 10 15000 0000
5000 1 ] 100
o 10000 0 AP142 (uM)
0 200 400 600 800 1000 1200 "0 10 20 30 40 SO 0 10 20 30 40 50
Time (secs) Zn [uM) Afi1-42 (uM)
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0.6 S, monomer 1,00 53, moncmar (MW 5700 Da)
1 _Gﬂ b [MW 5700 D‘-ﬂl - o 0.9 5, moncmar (MW 9000 Da)
0.9 5, monomer .08 14.5 5 oligomars
0504 L4 (Mw 9000 Da) -
T g
0.061 14.5 S oligomers, 670 kDa sos
I | 002 '
—
0
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365,
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0.00 ; v . - . 1 . . . - T 3
1 5 10 15 20 25 30 35 40 45 50 55 60
Sedimentation Coefficient (S)
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=235
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Figure 6. Invitro bisANS assay f or (ap®b {42y or thengreZt?'i binding mutant

A B niwasincubated in HACSF containing bid NS ( 1 0 “toviK*, alidedzaifter 50 secs to

represent conditions in Figure “bebisANIdluomscencee me ar

(subtracting lackground) of asolun of Ab 42 ) (50 €M) i ncubaACSEwWth5 mi nu

bisANS (10 & M) % codceniratians (imdicated)Z)bis-ANS fluorescence (subtracting
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background) of a solution oA b {42) (concentrations indicated) incubated (5 minutes, RTHl-in

ACSF with bisANS (10 eM)5@ngdM)Zn The sl ope of the Hill
cooperativity. ¢, €) Analyi c a | Ul t racent4R)i(d) Alg @2 in the absehce &f bbi§ 1

ANS demonstrated a 4®0 distribution of monomeroligomer respectively (black line)e( BisANS
detects oligomers of Ab and not monofANS:Abas der

complexes detected by monitoring the absorbance -#NM&.

As far as we knowthis isthe first description of biédNS-r eact i ve pref i b
which aggregates rapidlyhen induced by ZA". We determinedthe increase in biaNS
fluorescence induced by a 5 minute incubation witf*Zov e r a rawmBe of
concentrationsEven a low(0 . 5 ) aorMentrationhad a sigificantly higher signal than
background, and there was a ramoperativgslope of the Hill plot is 1.0lpg-linear increase
in fluorescence with peptide concentratigiig. 6¢) Therefore, structural changes of
A b €42) could be expected to ocawenatlow peptideconcentrations

To charact er i-22 oligomdrsu teteeted Byb NS, analytical
ultracentrifugatioorwasp er f or me d . By monitorANSgby2% nndi r ect
absorbance), sedimentation velocity analgbisweda distinctpeak at 0.6 S that corresponds
to monomeric Ab ( ap pig 6deand a MWmodldd diciributiod af,

ol igomeric ADb speci-0sS (14.5 8 averagey MYy &1 klEg 6dwe en 5
Ther ati o was as4add660% oligomes The multinodal character of the
oligomers andvide range opeak distribution indicate that the oligomeric species are in rapid
exchanggSchuck, 2000)The addition of equimolar Zii precipitated 57.6% of the soluble
Aff1-42) ( 50 ¢ M) bottoro of thér @]l whee it could not be analyzed by analytical
ultracentrifugation under these conditions, leaving 34% remaining monomeric (0.9 S) and
8.4% remaining as soluble oligomer (mainly 3.7 S, with <1% oligomet8 5). Similar
results were achi &2).elTdkenwogether this5datee iMlicate bthhd

addition of Zi* selectively precipitate soluble oligomers, as previously rep¢Bash et al.,

1994a)

While bisANS di d not bind monomeric AD, t he
oligomers detected by bBANS (Fig. 6e)was similar to thatwithout bissANS (Fig. 6d)
ranging between-25 S (13.8 S average). BANS deteced abundant soluble oligomers in

t he A ixtdrain the 525 S range, similar to the oligomer distribution in the absence of
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Zn**, desjte there was< 1 % o f soluble Ab O5S detectabl
continuous broad distribution of species from6ZbS. The continuous distribution from-25

60 S indicates that 2hii ncreases t he rate of ex2hange
oligomerics peci es. The detection of sol®*udybie Ab o
ANS that were neainvisible by 225 nm absorbance indicates that"Zmduced oligomers

bind bisANS with a greater stoichiometric ratio. Based on the molar extinction ceeffci

of A4B)@rH bisANS, we calculated thatithout Zrf't her e a FANS rdokecules b i s
per Ab (within s80ISYyWhereas with Zff chmesr si ncfr ef-ses t o
ANS mol ecul é'smolecder Thesebdatd mdicate that BANS detects soluble

A b (42) oligomers andZn®* change t he dynami cs o flnpdkténtlyo! i gom
Stokesdé6 radius analysis indicates t htaus t hes:
theycan penetratanto the synaptic cleft.

We next tested whdter bisANSposi ti ve AD oligomers coul
endogenous Zir el eased from rat hippocampal-421ices.
was added to the slices in carbogenateAGEF containing biANS and thenthey were
stimulated with 50 mM K as inFigs. 4aand5a to induce Zf' release. BisANS showed
rapid A b ¢42) aggregatiomfterthe stimulationwith 50 mM K (Fig. 7a) and tle possibility
that K addition was responsible for this phenomenon was excl{@igd 6a) The mpid
aggregatia of A b (42) was inhibited when Gawasremoved from the high K buffer (Fig.
7a), which means that the aggregating factor wakased upon synaptic activation.
Aggregation was revetse by addition of CaEDTAand no aggregation was observed upon
highK'depol ari zation of the slg4>g(Big 7aphereforbit wer e
proves thatthe aggregating factois Zn** which is released by the hippocampus upon

activation.
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Figure 7.Ab aggregation on hi pp cANS finprestences(d) Blices foma s s ay e
young mée rats were incubated with b 42 ) ( 50 ¢ M)b {d)rackingi ZA'acaordinating
histidinesAB.yi ) Age and gender modul at e-ANSMBluorasgemecee gat i O
The dat a gyofebisANS duoresgece induced by hightkeatment of hippocampal slices.

***p < 0.001, # p< 0.002, ANOVA with post hoddsts, n= 30 slices per condition.

Hippocampal slices from older (&%eeksold) rats activatedby high K, induced
significantly morea g g r e g a t i-4@)nhancsfices Ardm( y@unger (eeksold) rats(Fig.
7b), and slices from older female rats induced significantly more aggregation than slices from
older male ratgFig. 7b) The greater Ab aggregation fro
consistent with being mediated by the increased extracellufalerels recorded under these

conditions(Fig. 4b) and consistent with the pathology of AD.
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