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Tsnauoudoudalowed  (Alzheimer's  disease) LHulsalunguues  age-associated
neurodegenerative  diseases  wianilsiiinintuludgely  Inefdiuauitievlandutuegg
dorilog mﬁmaﬁﬁaﬁa‘liﬂamaaLﬁaué’alsmma%&”’m,wiLﬁuq 5uﬁud1Lﬁu§aﬁwﬁ@ Faanwsataelunis
Hostunassnulaaldoeaiurhed eufineSanimazdniuluaufesefuiisunss Sosnuwuis
st miidiudiunesanmiiiatuluitislsnauesdonsalumesdo Tusiu beta amyloid lng
ansoamanuldlusiognsdsdmsanngine  wazanmnsaltlunsnensallsaifaiuundedels
pedlsfinaA8nsmiaaey beta amyloid fignitanndusudalutagiudy wiediniswanilis
arhilunsnsniald uafddideddafiddyvaneusens wu dwlveduiSlidnannu dedd
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Howdaluwesvlla beta-amyloid 1-42 lage1Aenann1sves immunoassays saufunsUssendly
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gold nanoparticle Tun1snyvaeudyarudnaunsasesiiumenilan iesegenuaztiluldlunis

WALYARTIa beta amyloid vlia rapid test Wislaulilunisnsiainsest wazdanudieglunisly
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UNARgaN1WDINgE (Abstract)

Alzheimer’s disease (AD) is a primary common neurodegenerative disorder worldwide
and increases prevalence in elder ages of life span. The critical detection of early diagnosis is
the mostly important to support treatments to defense this incapacitating disease. Amyloid-
beta proteins have various significant physiological or pathophysiological effects on AD
progression. It was affirmed that amyloid-beta protein levels are detected for preclinical
diagnosis and prognosis as a reliable biomarker for neurodegeneration. The available methods
for detection of amyloid-beta proteins are time consuming and complicated operations.
Herein, a gold nanoparticle-labelled dot blot immunoassays was had been developed for
detection of beta amyloid 1-42 oligomers providing high potential early diagnosis for AD. The
optimization of direct dot blot immunoassay assay was investigated and the interpretation of

the colorimetric results can be visualized by naked eyes.
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1. Unin

Haqiuiifaelsnanoudesilaniins 33.9 duau uazaininaiiandu 3 wirludn 40 ¥
ravih 91nnsdrsalul 2557 wuiiluanszeuisnilsraveadousalowesiu uaivmnisnie
Susfuil 6 vesaumanisneiovnn uandusudy 5 Yaannsnnglungudiiengunnni 65 Y
U Tnelduaudideinda 500,000 9180l dmdudsemealnearnnsdrsiat e, 2554 fgaenedil
919 60 ViulU F51uau 8.3 &rueu ludurunguidssdanann Sesar 10 fuulduasiulsaaues
doudalaiwes viosn 830,000 918 MnSwaudtheiiintudeliAnnanssnuinnineviatuguas
waryaraluaseuaivesiithe Tnethsazianumninsunuaineinisvedlsa waglugtaedifionnis

IS = o w

JuLss azdesiiffguanasninan Fsvsnefsnsgydeidaznanvesnuluisiauiienisguarioe
FedenalmAnnisgydeselfuazainnnuniontiluganumiviasdug WMundquanazauly
asouafald uoninisuiuithefifiutuddmansenudoirsusituardseuvassuna Tnsdgua
wwdosgndosuuszinalumsinuineiuia nufus gunsaimanisunmd aauitlunisirdasnu
fUne dmsuuszmealnealddglunsinuimeuianazquadiaelsnanesdendaluesinduegh
Ussanas 200,000-600,000 Umsiaausied fefussdniseundelan (World Health Organization,
WHO) warasrnislsnausadousalomesseninsseine (Alzheimer’s Disease International, ADI)
Judatudadgmsnanuagldnseduouliununyssmamlaniduiuiannuddguedlsaaues
doudalnweslunntu wszduilgmmisaunmiianaueuialan Tasmnsansadesiu wio
AsanTIIIManITAIRnUnRneuiiruRnUnfivaniussitanauialsrauesdoudaluweslé
sgansavzasnsaLiulsawaztretinauladuduuinaed
Tudagtufisrsaunuitsdnedanmilduiusfunesanmiliindulugvaslsnanes
\doudaluiues Aen19iin extracellular plaques vosluanalusAuilizondn beta-amyloid way
intracellular neurofibrillary tangles %QLﬁmmﬂﬂﬁﬂuﬂdumm cytoskeletal fiers fiRaUnfly Tu
ijﬂaaamaaL?%amé’a"lfziLuaﬁwuﬁwﬁﬂ'ﬁazamwﬁ’maa amyloid plaques agnnguaniwadUszam g
wusufunsdeureswadusyamluanesudians cerebral cortex wag hippocarnpus lnglugUae
Tspavendeusaluweddrulnginnu amyloid protein ¥lin beta amyloid 1-42 Faidruusznau
voinsnozilu 42 Wana wasdmuirdianudufiviowadaueswinndi amyloid protein LR
%ﬁIuLaqaﬁaizﬁuaﬂ amyloid-beta molecule Laﬂﬁuﬁﬂmamﬂ’alﬂu prooxidant 1ag Fenton-reactive
Nnsaseiuseiu copper daAndu hydroxyl radical ¥iliAnan1ae oxidative stress Fnula
Ann1smevengadanodluiign uaznuin beta amyloid silin1nfutuves intracellular H,0,
wae lipid peroxides Fa1fumnlitinisains free radical Wintu fadun1siia amyloid plaques %1
TAnan1e oxidative stress ifinduneluad vonaniluwadussamvosihoanondoudale

wosaznudsvandasululelanaradu Ae neurofibrillary tangles FstAwad09AunI5LAA



hyperphosphorylation goslUsiuiiend tau Jadu microtubule-associated protein yianile
INATLUIUNITT A UEINalALAANTT misfolding kagn1sasauuaslUTAUAINEIITINAY
microtubules ¥ilsimthldaaunaly uaviletinnsazauis amyloid plaques wag tangles 1Ny
Bos avdsnavhliauguuswadsafintuuasyhlinissnulsadalowesonnty
dmunsanaidadelsraneadeudalameslutiagiuazidadunuinamives Diagnostic
and Statistical Manual of Mental Disorders. 3rd edition (revised) #3® 4th edition (DSM-IIIR %39
DSM-IV) Tneiidnwasitdfie fainuunnsesiennusisserdunazszesenn lnaioadosiu
AMNARTILINETIH Tnnuunndesesnisindula aussannvesanesuazngAnssuudsuuta

ANUERUNAWEETALTULTEsERadon15IY warAanssuluiinUsednTu lngangsunmdang

1%
[ YY)

mevzausaIdedelaidodUisuanteinisdaian waznsitadetudndulumenisquasnwgnd
a1mstheliaunsanemienueduiinUszdniuld Gansnmaitdadedseneumey nsvegeunou

v Y U

N15313d8A18N15TNUTEIRINFUITUALYIA N1TATITTNNIY N1TATIVAAINIA N1TATITN
#osUfURnnT emannaveslsnaueadensalunes mussliuwnsiygymiensimiiives
auod (aslduuunnaauuinsngiu Thai mental state examination, TMSE) N15818A1WS 93
wamanlni wazrldinadnnisannuninaieause Loy Transcranial doppler ultrasonography
(TCD), Radiolabeled tracer imaging ka2 Magnetic resonance imaging Lﬁaamiwaammawm
aued uenINLainsnsasedulusay beta-amyloid Tl dunds (cerebrospinal fluid, CSF)
Aa8n15tdinalla immunoprecipitation, western blot wag ELISA n153ladelsAfada1duyunains
I TEImEanizna Mieseiiiussansnim

msnsalspauasdensaluuesiiodfedennizdes wasinmunissnudidesendanisnsia

o o

fiflfuyugs uwadesendoyrainsifiaudenaiiey vilvgtevarenguliannsaithisnsnig
Afade wazldfunsinwldedsiuiaeg Ssdawalinsdfiuveslsasunssausiniiazdersn nin
ymnanansoasanuanadedunininlsranendendaluwesléfudiFudu asvinldnsinuviuas
doaftulfogsdiuszansnm vinlannsznienisiiu wazdsanlunisguasnwigielsaaussdensa
lowo$dnine Fufuanedidulfbaiuinuddglunmsiannismsadansodsnaneaieudale
wosliiauly d18 535 wazsralaung aunsothluldemetaiudmdaninedsedalues
lneg1afiuszdnsnim lnen13059952AU beta-amyloid AIVARUNIINARBUMIE TMSE 30 MMSE
thlgnidaduannzguam eidunisihsySsnnsiaunoinisveslsa uazdwiglunisiama
wagaununsinwnietdestuanusuuswetlsa Tnsssauyanaaoufiusinisdanmdelse
aueudendalued Imamﬁwﬁﬂmiﬁmﬁﬁ%mLLazmaf\]i’mﬁaﬂq%mq%amwuumzmw (lab-on-
paper %38 paper-based analytical device) %aqﬂmaﬂmmmaaﬂLLUUL“ﬂugULLUWiNs] 194w 1oy
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Wdens aunsansiainufiserlaiemenlar Ianugndessiugiuasianiulilunisnsiagiy
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2. 9QUszasd
) S Ao ¢ A o aa ¢ ] Y] a ¢
N3RSt IngUsTasAiveiuIBNswazgUnsal lab-on-paper 33UAUNTSATIIATIZY
WFLEed 1S UNSIDINFIUINTIN YR beta amyloid 1-42 1ag38 Dot Blot Assay Wagyngou
UszansnmvesgunsailudiagraudenaingUislsadalaiues Ineiuouiisunaiuis enzyme-
linked immunosorbent assay dUu3su1msgulun1snTIainusune beta amyloid 1-42 lusegng

=1
Bhig
3. 35ANIUNITIVYRASNANITNAABY

3.1 113A5295AUS AN T mvesisaausadeudaluuad beta amyloid 1-42 Tag
WwAlA ELISA (enzyme-linked immunosorbent assay)
Tumsnyideiionsiaugannadansedsaaesdonosanaisiluaded wYNT
nedeUinU3inm beta amyloid 1-42 Tuiegradenlngliinioslofiiautuainlasinsise ua
WBUHaN1sVAaauiuTs ELISA ﬁqﬁumim@aauﬂizﬁm%mwmaaﬁqﬂ Human Amyloid B42 ELISA kit
(Merck-Millipore, USA) fiidenlfiitensiainu3ana beta-amyloid 1-42 Tushegns plasma a1ngfie
%qﬁmmﬁ'}m"zyﬁiamiﬁﬂwﬂu%wialﬂ wazdadunsmadeutiiemAiadevesUSinn beta-amyloid 1-
a2 ffluden wazdudunsnageuisnmsfiudiedns plasma fien19959a beta-amyloid 1-42 14

9E19gNADY

3.1.1 FAiiun133de

msfnwadailisueyilasinisidelunsdnnangnssumstiossunsidolua aoe
Wiemans uMTInendossaumans qudsedn tavil COA 065/2559 Tnevhnsifiusieeniivie
Uszavingn 1saneu1asTsumansiaiunseiiesh

1) Msudsnguiiteyhnnsing

wUsiidnsuddeesnidu 2 nqu Ae naudUielsedalawesdnuiu 40 Au uaznguAILAN
(erenasiasitiguammd) $1uau 40 au Tnswrmdasdudnsaidedouazudngudidrsinise

FuneunsIsenguaavgu

uwnndvhnsdadendidrinifenduniuay dunasimsdadenseluil
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- luduthemelsamenieniodnegagussauiuguassanen1side F93dadeainunme

- Buwau13ulaseinis @ Informed consent)
SunounsIsengugiaelsadalowes
wnndvhmadadeniidininafonduiuaslsndalowes dunasimsdndendelud

- udssenslneianeussvieiiieny 60 Vauly

- feildumtedendndulsadalomeinnumdianensnulszaviner  Tneinasi
ntadeUsenaulumemenisdnuseIRngiienasg1d N15R5ITINE N1TATIEANN
W0 msenamsiesUfiims Wemameueslsaaueadion mInTIvenusneNInDS
Lﬁa@mil,ﬂ?iaul,l,ﬂawmaum msUspliuwndtgywiemyimthivesaues  Tagld

WUUVAADUNIASEIY Thai mental state examination (TMSE) lagazfintdonygUqend
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cognitive capacity INsEAUATLULATRENTT 23 wazilaymaudiden
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=< aa L 6

- luduthemelsamnieniodnagagussauiiuguassanan1side F93dadeainunme

- BuaunsIulAsaNis (@ Informed consent)
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LififpuAunulazid1sanag ungnna
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wazn1ssnwauasaelasuliussmsle Wegdisunsifeameiieveluenansdugeudnsiums
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Ndgazvaieideniiennadivnsaney  laglidnmeadanisunndvieneruiailugaiiunislu
USuns 10 fiaddns invluvasafifansdosiunsudsiveadon (EDTA) 91ngdnsulasinisivesiuy
namivduUssaa 30 Wil Inedegrudeniildaineraadasiiiguamivzgnihuniuadu code
1 a o o = o & . va Y = % g{ Yy 6
neunvziluvinsAnwilagagyindu double code specimens HianansaLindaswadlafounme

o

AVinN1snTIitadelseanenden wasntilasin1sIdemiuy
I3 (%
2) MaAuTIuTImdaya
Toyauseiingusiegne loun ndunlasunisitdedulsadalowes (40 aw) wagnqualuay (40
AY) BeUsENBUIY
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- JRLANINTINTNNBUATAUN TN LU AudU Lsausednd WWusuy

- sﬁauuamimaauamwamaaLﬁaaﬁu TMSE

- Joyan13n T3 INTEAU beta-amyloid 1-42 lusiagruden

3) NILHFBUAIDENTDN

thidenildndumniveslfiinns auzimatianisunme uvninewding uaginistudentile
AU plasma Taethusdesiinuds 2,500 rpm Agamadl 4 ssmwades Wunan 15 il sty
plasma uaziusnulifigumadl -80 ssrwaldea auninaziamsaaeuUTinm beta-amyloid 1-
42 fensesdiefiimutuanlasinisidouaziedd ELISA

4) nsnadaU ELISA (enzyme-linked immunosorbent assay)

waa  ELSA  WuimeiesufiRmsildlunmsinuinaluanafialalaglivdnnisves
U3 antigen-antibody assay 6'?}&miﬁmenﬂ%ﬂﬁﬁﬁmsmmi’mﬂ%mmiuLaqa beta amyloid 1-42
Tu plasma Imai%’sqmmaauﬁﬁmmaﬁwaia human beta amyloid 1-42 (Merck-Millipore, USA)
Tnefidunsumvaaoulasdanldel  dhansiideddunndifgumgives  mwausdousiegng
plasma ﬁqmwgﬁ 4 psrigaldea nuThnswEENasara1s Standard w4 beta-amyloid 1-42
Fieuddu Std 1 = 500 pe/mL, Std 2 = 250 pe/mL, Std 3 = 125 pg/mL, Std 4 = 62.5 pg/mL,
Std 5 = 31.25 pg/mL, Std 6 = 16 pg/mL Wag Blank (Standard and Sample Diluent) = 0 pg/mL
mnﬁ?uﬁmwm‘%&mmmw%am Antibody-coated microtiter plate fi5un1zse human beta amyloid
1-42 Imﬁwmmﬂ”iﬁqmmﬁﬁm 9ntasfisl Antibody Conjugate Solution 50 L el well 910t
1@ Blank Way standard 98198 50 pL adlu well MUAIAU waznIuAlY 50 Ul 989570879 plasma
wuy duplicate Tu well findenusiulfasansunelu 30 i 91nuln plate fe sealer way
walidniuse orbital plate shaker (500 - 600 rom/min) tWutan 5 udl mnﬁ?uﬂmﬁqmmﬁ 4
saraldeangnetion 16 9alus vhn1sdnsusias well fe Washing Solution agneties 5 SaU wax
L@ Enzyme Conjugate Solution 100 uL asluusiay well Ua plate fe sealer LLazﬂuﬁqmmgﬁﬁm
uu orbital shaker (500-600 rprm/min) Wuaan 30 wit 9nthude plate 5 adade Washing
Solution Ful¥weurssenszaudu 91ntuiiu Substrate Solution 100 pL wazweduran 5 - 30
i anfindihdu wasimsidin Stop Solution 100 pL wemnudiwesdfiiduiigeanislae
ansavansazUdsududndes vin1seuan absorbance 71 450 nm and 590 nm anglu 5 Wit Tng
AR s uUTHURSITUUTINAINES beta amyloid 1-42 iflegluioesfidesningia uaz

AulUSUNUlReNsIgunU standard curve



5) NMTIATIZRNANITINE

ananlgvagauAIANLANA1NR1sTEdAYNIsERRAe T-test AuuANA1 P-value < 0.05
lngvihmsiliguiisutoyaiugiu  Jeyanisvaaeuanmatesiesiy TMSE uavUSina  beta

. U U Y o s U d' ¥ £ 1 = ¥ dll =) d' ¥
amyloid  sewinndudUlelsadaluwesuasnquarvauntaaindieginion  lngldinsediels
NALITUNTATINTIF8T warannsleas ELISA Tnsuanswaidumn means + standard error of

measurement (SEM) 31n911UAI8E19 40 S1860NEY

3.1.2 HANSNARDY

1) doyaiugruresoraalinsgidilasemnis

Nnmsffiunsinnseseanasinsgitrsulassnslaeunmdianzymaszamine) ssnsd
1 wanafistoyasineg vesenanatasnguay 23 18 laenundrergvesdidisslassnsisassngulaid
ANLLANAsTueesditedAynada egrslshinunuitnanismagey TMSE score Auuaneng
fupgnafifeddanaadf 39 TMSE score \uefivsuands cosnitive capacity Imaiu;:iﬁﬁﬂzym
muddenazinzuuuiitesnin 23 MnuanIMaasUeIMATAsNgugYAMA (Old) firiade
w1 23 TufeUszana 28 wavARdAseziuY TMSE vesnguiihelsnaeadensaluiuesil

AUszana 17 dufendn 23 wandbiiiuinenaadasnguifidymanudnden

M15197 1 uansradeyaiug ureoaalinIfidnsulasanside

Healthy control Alzheimer’s patient
(Old) (AD)
Age (year) 69.02 + 1.23 72.67 + 2.78 > 0.05
TMSE score 29.43 + 0.27 17.59 + 1.98 < 0.05

AD = fihelsnauaadeudaluiues, Old = oranainsguama

2) Nan1IaaauinUsuIu beta amyloid 1-42

nseamegeuind3ina beta amyloid 1-42 Tudeg1a plasma vesoanasinges
Iﬂiqmi?ﬁaLLamﬂug‘ULL‘U"USzJaqm']wLwiwht,aﬁﬂﬂ%mm beta amyloid 1-42 (gih?f 1) wansnaaedly
\Wesdunuigansre ELISA fianusimgaenisialiana beta amyloid 1-42 luiaegn plasma ve9
YW wALAINNTaNTIINLATNTEAU picogram (pg) Duiibaulanuiiuiuna beta amyloid 1-42 T

nauithelsraueudeudalewes (AD) fidginiinguananadinsguaind (Old) egalsinudaliny



' 1 A v o w aa « aa 1 1 1 o &z
AULANANDY NUUYAIAYNINADALUBNATDUNWNANAIENINNGU Old asNaHA AD  Muung

nedauiufiagnguay 21 - 23 918 Matunsiindwuimegteavzyhliiunalddaaunnngu

FamauzEIduazaLiunmageustoly

AB 142 (pg/mL)

AB1.42 (P9/mL)

100+
804
®
° A
60- 2 s
' oo
40' b AA
L
0 '
20 4
O L] L
Old AD
100-
80-
60
—1— ——
40
204
0 : A
oid AD

JUM 1 uanan1snseatemvestoya (AMuL) wasUSunaiade (pg/mL) ves beta amyloid 1-42

(nwana) Tudieens plasma vasnguihelsaauadoudalamas (AD) wagnduenaadnsaunIng

(Old)

10



3.2 N1SWAIUT dot blot assay AwFunisnsadaliinaiiudinstianweeslsaana e
dalyiuasviln beta-amyloid 1-42

msannaditdunstauiisnsasedansedsranaadeudaluwoddiedd dot blot assay
dnsunrrintiinasiusiniedinmetia beta amyloid 1-42 Tnesjmnefiaeiamieenuuuling
n5ainduseansnn daudmie ddunulunsdaligeann Tnulasaunsasunalidielaenis
Andflannsousadiufeaivd uenaind dot blot assay Sudunswmundestuiiewlugns
WAIYANIWUY sandwich-lateral flow immunoassay #ialy

3.2.1 ANTIUNITIVLUATNANITNARDY

1) M3 antibody Twnzauiieldlunsing

beta-amyloid Lﬂu%uﬁ%mﬁﬂs] 299 amyloid precursor protein %39 APP Faflvwn 100-140
kDa nsmewillufioguuans APP azilduues amyloid iudnUszneu APP annsagnasainaely

| A v s A e o Y Yo s a
aﬂ@ﬂ@aﬂ%ﬂqﬂuaﬂwqﬂLEJ@chJLsUaa %Y MMﬁWE—JLEJ@JISU@JV]RHLWW%%&’]M’WW@ f\]glﬂaWﬁLﬂ‘LﬂUﬁmuS{Juqﬂ

Y
= a !

Wwndeanunanelunaragueneas JITUEIUINNTAALY U19TUEIUAD Beta-amyloid 1ilain155iu
Fudrndne ves beta amyloid 18U oligomers, fibrils wagtfinsamiunnTuazls plaques Juadium
gninuazarategneuenivdnisiinlsadaluues SnwaENITINMAINaIdwNaLdufoLYas
Uszamluaues Ao 10111919919 n1sdeansveswaduseam nseAu immune cells yinlmfinnTs
(% 1 1 ¢ (% gj & . A o I 6

SNLEU uazaNNasaNTIINEVDUIARNEN FatuNISEeN antibody NYWIzavilulssleviiasaiy
gnsipsrian1sInAnwluassil

nsAneluasstidenly rabbit anti-amyloid oligomer polyclonal antibody (AB9234,
Chemicon) @eiiauduniziu beta amyloid Mu oligomer &9 antibody fanarlalaiuisadule
AU 1) WsAumly (native protein) 2) beta amyloid iug‘d monomer 3) beta-amyloid Iu’gﬂ fibrils
Ing  anti-amyloid oligomer polyclonal antibody ﬁﬂizﬂauéj’mlmaqamm antibody 913
ANAINTOTUTUAIUAN9) 989 amyloid antigen

n. I/N15WI8U beta-amyloid antigen (A9810, Sigma Aldrich)

ANEUNISINTEN beta-amyloid Tnag1sdeainnisAnelu in vitro 984 Sotthibundhu A. et
al., 2008 lneauideilatin1snaaaunianis aggregation waynadauAmNMduRvABwaRINZIAEILED
-d! IS IS a v v . Q‘Id I a Y Q‘gj ) L dy
Fadlauiaiiouasaiudnuzves beta amyloid 1-42 Nidegasalugthe Inedivunounsiasyudsil
MnsALUNTa Mili Q Usinad 1.2 mL Wevinazany beta amyloid 1-42 USuad 1.1 mg 701Uy
N3 incubate Mgl 37 sseuwadua Wuszeziia 1 9l uwasihllinusnvifioamgll 4 o

= I3 | v Y] = = & o & a A v v
walgpa Wusveznategses 16 Talus uie 1 Ay nduinswuadululsinunsesnislan

9aunnll -20 ssrwaldud Weannisidvaninlunisihluazareieldlunimeasssss) U

9 Y
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. ANFRTIVFDUVVUIAUDY beta amyloid 1-42 antigen LazAININNIEVDS antibody
MNSNAEeU beta amyloid 1-42 antigen 7wwsenduls @838 Western Blotting Liie

p5RdoUIUINTRUTAY Tnen1sieIen 12% Tris-Tricine gel AWIA 1 mm. NUUATIY beta

Y a

amyloid 1-42 antigen Ingtluaufinumnndl 90 s walded wau dye wagyinnis load fiU31195 20

9 Y

uL/well ¥1n15 run gel ﬁqmwﬂﬁﬁm 7 100 V ¢e electrophoresis buffer (Tris-Tricine-SDS) W

Y

=Y

e 90-100 Wi (hnavgaidiessiuresd dye ssanveuRaduE 0.5 cm ANt transfer
1UsAURINIAaaIUU nitrocellulose membrane f8 transfer buffer (25 mM Tris-192 mM glycine-
20% (v/v) methanol, 0.02% SDS, pH 8.3) %1113 block non-specific protein A28 5% (w/v) non-
fat dry milk in TBS-T buffer usyeziian 1 719 waw incubate fe Rabbit anti-amyloid oligomer
polyclonal antibody (AB9234, Chernicon) ssewiianatnaties 16 4alus wie 1 Au ﬁqmuqﬁ 4 99
waidea anturiin1sdns nitrocellulose membrane #auasazans TBS-T buffer S1uau 3 adeq av
5 U9l wazily incubate A8 secondary antibody (HRP-linked anti-rabbit whole molecule IgG)
fivinanwarlu TBS-T buffer figungivies (Hussezinan 150 dalus 91ndudne nitrocellulose
membrane #38 TBS-T buffer $1uau 3 Aseq av 5 Wil hmsmsaedeuswavediusiy beta-
amyloid ﬁagjuu membrane 1Agn1s incubate ¢18 ECL substrate wag transfer signal TUg x-ray
film aagluundsnduuumiy film wasnsiadoudisuawialusiu beta amyloid 1-42 fulushu
marker F1ARANISANYINUIMLFLULASIAUILIATEY beta amyloid 1-42 Twdeuls uandlfiuds
ANENINIOWWIE antigen way antibody Tidenldiausumy wazwmnzauiiiieldlunisinw
maly

2) miﬁalmwﬁmgmﬂma (gold nanoparticle, AuNPs)

¥nsdaesient gold nanoparticles Tngldida3aad trisodium citrate iierasulossuves
A (uezpouvemes AL Fsazamdiuidueynauunenlums uenaNiiTinIves gold
nanoparticles agflanmiduuszgau vilieunmanesiiuuiaunluims Fa5unin gold nanoparticles
(AUNPs) i3 oymanesvuInuluing JeaslinaantAnisgandunasd 520 nm (Ul 2) Taonns
avRiademies UV spectrometer mdaanntunisdneiasizs morphology wazwunves
pumATdNATIUlFRnd83 Transmission electron microscopy (TEM) wuihilaindevesuung

aun1Aegil 25 nm (3U7 3) Fadurweiiuvnzauiasiillldlunismesesddusely
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3UN 3 uana TEM images 9INNTILATIERAN BgLasIUINT090UNIA AUNPS NidaAs1enla fnendes

Transmission electron microscopy
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3) NM15891AT1294 anti-beta amyloid oligomers antibody conjugated AuNPs

n. Aududures anti-beta-amyloid antibody Tiwuga

Fmsmenudues anti-beta amyloid antibody Tiuunzaulagld NaCl iilosann cation
voundeiinaliiuszaauiiiuinves AuNps mely vhlsinautinisdndussminsoumamely uas
AANsunguves AuNPs FvaseynmindasivAsuutasinduaadufing udifed antibody 10
woasAnfURIves AuNPs ilvidlasiunissiunguues AuNPs 91nHansvaaesnuiANLtudud
winzaude anti-beta-amyloid antibody fieududu 1:5 (V) nenududusuduazaedie
PBS buffer (3Uf1 4)

0.18
0.16
0.14

0.12

0.1
0.08
0.06
0.04
0.0 I
0 5000 1000 500 250 100 50 25 10 5 1

Concentration of Antibody ratio/uL

Absorbance

(%]

gﬂﬁ 4 NaUIAIINTUYDY antibody Tun1sim3sn AUNP-Antibody conjugation

9. /1 pH Twzaudmsunsvageu

AnthwhnsAnea pH fimanzdmsunisin antibodies U AuNPs Tagvhnis@nwilugi
pH = 5-11 JlaUsu pH 183 AuNPs fidnsneg ud ¥1n13 incubate Wuaan 15 wndl niuilfn
fu antibodies W&NAN 10% NaCl famsgandugsaniinnuenady 525 nm 9IARANTYIAGES
wuindien pH b Rl B RGRGE) SloiSsuiiteuiiuan pH suq fidnw feiu pH Funzaudmsu

NM9LM38 anti-beta amyloid oligomers antibody conjugated AuNPs fiAi1AU 8 (gﬂﬁ 5)

14



c 025

0.2

o
-
wu

o
-

ABSORBANCE

PH VALUE m5u6m7 28 =9 =10 - 11

gﬂﬁ 5 naved pH funzauluniswsey anti-beta amyloid conjugated AUNPs

A. N5ARRaIN (conjusate) AUNPs idas1z9iléiu anti-beta amyloid antibody

nMelannzAunzaunfine1ant19du ¥n1s@n AuNPs U antibody 7denld laenisweu

anti-beta amyloid oligomers antibody (AMMLINTY 50 Hg/mL) Y3ums 50 pL papasazany 10
MM PBS buffer pH 7.4 U311 50 pL ashu AuNPs 7 pH 8 w&dfiu 10% bovine serum albumin
(BSA) U3uas 100 plL Tnemuansazansnaoninan Wuan 45 wiil antuiing incubate e
1 Flue 7 4 esrmwaded wagvihnistusiesfinnnmdy 10,000 pm Junar 15 Wit 7 4 e
walded Wilewsndiu non-conjusated antibodies 6'?”5%1zagﬂuﬁaumaqmiazmaaaﬂmﬂ AuNPs-
conjugated antibodies 6?5&%mmmzﬂauagjﬁﬁ'waammaaa p¥InturhmIayaIngnau AUNPs-
conjugated antibodies 78 pellet #28 0. 5 mL PBS 71 pH 7.4 nauffu 2% BSA wagyin1sifiusng
Wigaumadl ¢ esmwaldoa

4) madenianivanzaudmiunisvi dot blot assay

ynsvageu dot blot assay nelfinmefiuinzay Taeviinisn3e beta amyloid 1-42
oligomer Tw3uaildasuuian membrane anuviln léiun AE99, fusion 5 Wag Hybond ECL Sustag
gilaflanuuansiuluawinues pore size fuwansizandealunsd 2 udwedeusisnsiy
anti-beta amyloid oligomers antibody conjugated AUNPs wlefin1sdufusening beta amyloid
oligomer AU anti-beta amyloid oligomers antibody conjugated AuNPs gl complex Uu
membrane v lRLALAIUDS AUNPS Tinadeu INNMSAsEILTiueen wimTaTanuEy
Fuod AUNPs fheaiUanfisuiusi control @slailéne beta amyloid oligomer ULWAL mermbrane

NMINARBY (UM 6) nunliifnnadnusiamegeuuunseauylia fusion 5 Tuvaed nszany AE

15



99 Tdayayrauumas (background) g9 wagldanansadunalatamenilal dwsunsea1y Hybond
ECL T¥Anuiansneoenatiniausening control AU beta amyloid oligomer AIHUAIINARDINIS

WenldTanuiln Hybond ECL

a

] = ] o P & Y
AN 2 LLaﬂ\‘ﬁqEJagL@EJﬂﬂ'J'uJLLWﬂGnQGU@ﬂ’JaQ membrane WLa@ﬂIﬁUﬂqimﬂﬁaULa@ﬂqaﬂ

9

WNNZALRDNIWAUN dot blot assay

Membranes Thickness  Capillary Flow Properties

Rate

Provides a good
combination of sensitivity
Whatman AE99 | 8.00 pm | 1.50 mm 120-160 s/dcm | with fast wicking in a LFA,
constructed of 100%

nitrocellulose

Hydrophilic material, easy,
fast and efficient for
Fusion 5 2.30 um 370 um 38 s/dcm traditional modular
components from a lateral

flow testing

Provides excellent
sensitivity, resolution and
low background in
Hybond ECL 0.45 um | 2.50 mm No
fluorescence blotting

detection applications, High

binding capacity
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Fusion 5 AE99 Hybond ECL

gﬂﬁ 6 LanINavas dot blot assay 1nun15#m39 beta amyloid oligomer Ul membrane @il tay

M39ERUAYEY1UAME anti-beta amyloid oligomers antibody conjugated AuNPs

5) NM13MIUIUN beta amyloid 1-42 oligomer ¢835 dot blot assay

Fupeun15N15n 9 TAUSINA beta amyloid 1-42 oligomer @78 direct dot blot assay lu
fudurhmanaaoufiuasazateiegn beta amyloid 1-92 fidaes1esitunayiUsniuuon
Aeufivzihlunaaeufufegnmenddn iensivaeulssaniamussssuunsvadey dwhldlag
N15039 beta amyloid 1-42 oligomer wmmwmumm Usuws 1yl @aauu Hybond ECL
membrane Tnsusazanududiusidisiwon 3 ads (triplicate) Uaoeliuissieds air dry i
qmwgu‘wm fmﬂuumm’i block non-specific antigen #78 5% non-fat milk Tu TBS-T buffer (20
mM Tris-HCL, pH 7.5, 0.8% NaCl, 0.1% v/v tween-20) wdsantyhanldnaaeulnenisidy 50
ug/mL anti-beta amyloid oligomers antibody conjugated AuNPs U311%15 1 pL a2 incubate W
nan 1 $alus 7 4 eswnwaldes ntuvininisans Hybond ECL membrane Tagnnsusluansazane
TBS-T 1Huan 10 wift nanmsveaaslun1sniata beta amyloid oligomer finnnududu 0.1- 100
ug/mL LLamﬂu;jUﬁ 7 wan1sneaeuIaUII beta amyloid 1-42 oligomer fimnudiudusingg wui
m’mLsi’fmaaﬁ'zyﬁyﬂmﬁﬁﬂﬁﬂgﬁmmLLUiﬁumqﬁummL%mi’fuﬁﬁu%mm USunau beta amyloid 1-
42 oligomer Tngaruidutusiign (Lowest concentration) fianansansiaialéisneds direct dot
blot assay 4A® 1 uM ¥3e & ug/mL (Limit of detection) agnalsfnudinnududuiignnda Limit of

detection i lausaeunadygradnenidails
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AuNPs conjugated anti-beta amyloid
50 pg/mL

100 pM

50 M

25 uM

1.5 M

0 uM

2.8 M

1.0 pM

Concentration of beta amyloid 1-42

0.0 pM

15 min

JUN 7 uananan15n33ain beta amyloid 1-42 oligomer 738735 dot blot assay 7iviaunTule 7

AT 1- 100 pM

3.3 N1SWAIUT sandwich-lateral flow immunoassay §1%135UN1515233AUSUIUAIUIINITIN TN

vaslspauaudeusaluwesuiin beta amyloid 1-42

' (%
0o awv A U

NIV NHUNEIENUTTUNTANAUNIT sandwich-lateral flow immunoassay 1
a1u130vIINIe3aluana beta amyloid 1-42 oligomers uudan AE 99 membrane 1af wazdan
fenanéafianusnzandniunsi flow chromatography 1lesanauastAvessngy (13137 2)
433 sandwich immunoassay LﬂuEULLUU‘UENm’iﬁGum strip test Funsvans Iﬂ‘ag‘du,‘u‘u sandwich-
lateral flow immunoassay izimuiiensia¥a beta amyloid 1-42 ﬁgULLUUﬁGLLaﬂﬂugUﬁ 8 s

azlaauaIsnswanluaisusaly
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apsorbent pad

rane
N‘-.troceuutose memb

] d
sample pad Conjugate pa

g‘dﬁ 8 FULUUYBY strip test WUV sandwich-lateral flow immunoassay d1m5un139T190 beta

amyloid 1-42
3.3.1 A5 IUNITIVYBATNANITNAADY

1) nsie3e strip platform

n. N13934 1% antibody VuURY membrane

MNsese 1% antibody (goat anti-beta amyloid 1-42 oligomer, Santacruz, USA) 200
ug/mL Uy AE 99 membrane u&¥hns incubate Migugivieadunan 1 dalus 1iuit 4 sam
wagea nouuly

9. MRS antigen ien1sMadBY strip

¥msw3en beta amyloid 1-42 oligomer fimududusineg sl 100 pe/mL, 50 pg/mL,
25 pg/mL, 5 ug/mL, 1 pg/mL, 0.5 ug/mL, 0.1 pg/mL uag 0.0 pg/mL T control Tnevinazane
Tuthunsa Mili Q

2) M99 flow chromatography

¥ strip #ifin1sese 1% antibody ‘1'7im’%sml"iﬁﬁwéfumgiﬂumsma beta amyloid 1-42
oligomer 1uszaziian 15 wnil wazi strip fenanunguluansazans 50 pg/mL anti-beta amyloid
oligomers antibody conjugated AUNPs FiwSeuld dadu 27 antibody Wuan 15 undl lasaziin
ﬂﬁiLﬂﬁauﬁmaaawsazawaﬁwaq LUU chromatography dloasuriai strip majaflu washing buffer
Wenduns an background

3) N3UTUIU beta amyloid 1-42 oligomer ¢8 sandwich immunoassay UU test strip

MelanneNmunzauyiinsnagaumUsuIa beta amyloid 1-42 antigen a1 strip 113

Tuansavangdeee antigen 3gdUAU 1% antibody 9 test line wagduiu 2 antibody tiufAe anti-

19



beta amyloid oligomers antibody conjugated AuNPs Ju sandwich form vilAiudLasan gold
nanoparticle AEALUA" Imgﬂﬁ 9 1 unsuanInanIsvnaau beta amyloid 1-42 antigen fiau
g 1 -5 pM e 4 - 20 pg/mL wuifieuiudunes beta amyloid 1-42 antisen Aiwinfutiu

7% sandwich immunoassay UU test strip Tidayeyraudlunisns1ainfinniad direct dot blot assay

S0uM  25uM  1.0uM 0.0 uM

JUN 9 wan1snaaedlun13nialn beta amyloid 1-42 antigen ANUTUTY 1 - 5 UM lagTs

sandwich immunoassay U test strip (5Ua19) W3guiiiguius direct dot blot assay (3UUL)

MNHANINAADY sandwich immunoassay U strip aziiuiwadiladimudmauanniugs
annsaldmsnasuiinnududuiaddld Famefinddesyhnsmegeumeadasidalunisasanin
solunaziiteliannsaussgndltifumesdmiunisin beta amyloid 1-42 Tudegna plasma 7ilst
Mneranatas 1idesedu pe/ml Saesinmiswaunssuudinyssaninmuesdyau (enhancing

system) s8n15LY silver nanoparticle faly
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4. a3UNaNIINAaRILaTTaLEUBUY

miﬁﬂwﬁ%’aﬂ%ﬂﬁﬁuﬁuﬁmm lab-on-paper d5Un3393A5129 bata-amyloid WUUSHALS?
waglvinulilumsnsindnge leemsesnuuudmsiunisnsiaialaglivdnnis immunoassay wag
Annnudyanasiseyaa AuNPs §338lamun3s direct dot blot assay ion1snsaaluiana beta
amyloid 1-42 oligomers Fausiusdnstinmeianiiwelsnaueadousaluwed Inonsnss beta
amyloid 1-42 oligomers antigenﬁuuﬁuﬁa Hybond ECL membrane uagnsiaaaudge udnie
anti-beta amyloid oligomers antibody conjugated AuNPs I@a?’%ﬁﬁwmﬁﬁumﬁuﬁ limit of
detection afil 4 pg/ml FedsgaiiuniUSnaitiegasslusetaden Tasuuaingainldands
1nssIuvde ELISA fuinauadsves beta amyloid 1-42 Tudeeensaddnuia plasma a0
orenasinsgunmAnasgUaelsnsaluies delimegsewing 30-80 pe/ml (§UAl 1) FevilH38 direct

dot blot assay MimunAudsliaunsainluneaeuludiegie plasma vesgelaas

[
v Ay a

yaildudigruiin1siis dot blot assay hianunsaufiunsiain beta amyloid 1-42 fiam
Waududishninsesu pe/mL 18 21AAnNANLALTAtUNTERRAYadliLang antigen Pldnaaoutiu
#® beta amyloid 1-42 oligomer ﬁgﬂm'%wuﬁuﬁa membrane Susiralsiaiesunnme Wunavili
n5¥UARSEAUTEIINg antigen waw antibody Ratuldlidiud Ssoradululiindleonenansarae
anti-beta amyloid olicomers antibody conjugated AuNPs @3ul membrane finsade antigen
(test sample) w30 buffer dwsu control vililAANINgAB8NY8Y antigen lngazwiuladinanis
NAFDUILIIN test sample Wag control Iﬁﬁmmﬁmﬁﬁuwﬁﬂ (background) fixesiudenlandi
ALTLLYINAL

FefuioduliuusnsBainevedluiana beta amyloid 1-42 fu¥an membrane Tofiaan
iefosuaztiteUsulssmnuansalumsnsiaiauiina beta amyloid 1-42 liiansoanasissesu
nanogram ¥3e picogram limuddiu Feldnaaesinmun3s sandwich-lateral flow immunoassay 3
fidnwauzidu flow chromatography Mdusuuuuesnfaun strip test Aluiesnann Janauzgide
Ihauonsiauiissna Bl 2 vedasims warlinpaosimunisfnantun 39ldnanis

naasulosduiinuiiaula Inenuinaunsaiiuanuanisalunisinusuia beta amyloid 1-42 1

a

Nziv 4 pg/mL laelvdyanudves gold nanoparticle M¥ALAUNI1IG direct dot blot assay 9814
oY Jaannsanaaeuiivent limit of detection Neadntuiririlaludweoly Ineideinauny
Waugunsaliainanlilivssavaninveanisinluana beta amyloid 1-42 Tilatasgdu pe/mL lng

WA slunsiinvenedya i Fagaiiunsluadunsly
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5. M13ATUANITUNTANTULATINTHANAALATNAGNS JINDINTLEUDND

nsunasuIgluTduslevd

Anviuaulgue %5

Y

Folaens NMsimwIgAnTIRdanTadlsAaNeRdonageTIAE Bl UgNIsiaNIALLEILaLNTS

WeuuNoeN989g Uy

1)

o dl
A1uUN

1

nawdn @7 1)
YN IV ATuAULUU TR
Dot blot assay WfienIs
ATITIATIEAFIUTN
Frnmuedlsaaueadousa
lenesyiin beta amyloid

1-42 77U 1 99

NAANS
AUITONAIUNIENIINTI
beta amyloid 1-42 lng
21FENANNIT immuno-
assay WazAnMUF I
#e AUNPs Faunis
fimunnAdeiitesjagaan
Wuwdanivns Ing
nsRUATeTTung
Uszgnaltinalulad

wigauien1 sy

aslduselav
THfionsradnszviusana
beta amyloid Lﬁmé]julﬁ
Feiiuseloviognedalunis
Idsoganlugnisimuiyn
%923 beta amyloid ¥1in
rapid test Tdianulalu
NIATITIATIEN LAzl
audrelunisldnuunniy
%qwﬁwlﬂgﬁmwaﬁqumul,aq

warann1T YN TIIN

ANUFREBAINNTALTY

1A59NNS WUU Poster

AMSEUATIEA amyloid Tu

SEAULRR ANUNTOLNELNS

VOIUTHINF FINININAY TN
2 | waa3feguuuy aunsamBuNIuazaue | Anesiruinayldsesen
Proceeding  luasansnu | asdanuslunisiawige | lumsiauiyansialid
UseuiIvINTIEIU nsIvItaduaukuuTiia Dot | MUY LagAUTLMIZAE
YVITIR sy 1 1304 | blot assay wnaulalunay | beta amyloid ity way
(Asnn:  Lenansensdad | dnivinns NSHEUNIANNIE
3) assauzdigliinay
pszntinifeafulsaasos
doudalwies uaziifien
Aertesagliamsuiam
nszUIuNInTIIladelvid
JsyAvBamiaty
3 | msveueranuiiduesd | afuesdanuilvifeiiu | -msweunsaiuig

a1515usTelAnNAAINY
AsTNUNNgINULSAENDY
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6. WHUULAZAINTTY NazaiunIsTuTn 2

s8aziSunfanssy 5388 HUNTTIY (haui)

1 2 3 4 5 6 7 8 9 10 11

1 | Anwwasiimuyansiadtadewuy
sandwich-lateral flow immunoassay o oo

d1m15UN199157339 beta-amyloid

2 | Anw1ewlsniinanan1snsIainmusunn

LAZUINMENITNAADITLUN LS

3 | WAUNTTUUMILYENE YY1 NANITRTIDIN

U3u1ad beta-amyloid

4 | MN159TIIMIUTUIN beta-amyloid

wazUseluUsEaNS N NUBISNIRSI IR

5 | gunsaintaundszendldlunisiiasizi
mU3une beta-amyloid Tudiegnedds D P

nyndUlelsadaluues

6 | a3U WATIEN IHEUNTNAIIY o |




7. 1@NaslUNTIHEUNTBIARNS
HauUNIAnTunslasenstl duntdailumeunsesdainuilugduuusine Tunulssyy
InsszavurIRlulenanmunzay lnenanuilaldnefnssuuszniade the Health Systems

Research Institute fI9d

7.1 Poster presentation
1) FoiFox The expression of Presenilinl and A Disintegrin And Metalloproteinasel?7 in
Alzheimer’s disease (MANLAN: LONA15819B47 1)
%amuﬂiz“qu: 14™ Annual Meeting of Asian-Pacific Society for Neurochemistry 2016,
Juil: 27-30 s 2559

amu‘i?i: Hotel Istana, Kuala Lumpur, Malaysia

7.2 Proceeding
1) i34 Development of signal enhanced dot blot immunoassay for determination of
amyloid beta (M1ANLAN: LONa5e1984 2)
%ax‘ﬂuﬂizﬁu: The National and International Graduate Research Conference 2017
Fuit: 10 funaw 2560

A0NUT: DIANSNAY @NFAY, UPINYIBBVDULNU
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The expression of Presenilinl and
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Introduction

Alzheimer's disease (AD] ,the most prevalent form of dementia, is a chronic neurcdegenerative disease . Amyloid beta sl ] Ay
plague and neurofibrillary tangles aggregations in brain are the neuropathological hallmarks in AD[1]. Amyloid beta peptide
is derived by proteolysis from the larger amyloid precursor protein (APP). Here, we interested in the expression of APP
cleaving enzymes including presenilinl (PSEN1), enzymes in amyloidogenic pathway which finally proteolyse APP into
amyloid peptide. In different way, non-amyloidogenic pathway, there is A Disintegrin And Metalloproteinase (ADAM family)
can cleavage APP in A region[2], thus it prevent AP peptide generation. The aim of this study was to investigate the

expression of PSENI and ADAM17 mRNA in blood sample of aging patients with AD compared to healthy contral.

Methods Results

1.Participants’ Demagraphic
Participants included 17 healthy contrals and 33 AD patients. The result demonstrated that age

was not statistically significant, demonstrating that age do not influence the dependent variable.

Importantly, TMSE scores of AD group were less than 23 and significantly lower when compared with

23 40 i e e st the gt o ey healthy control, indicating that all patients in AD group are demenitia.
" 0#Thammasa: Unfesrsty Hospia
o4 | a0 |
Cases (n) 17 33
Age {meani 5D} 66.18:1.9 7236712 008
Female (%) 12{66.67%] 17 {45.95%)
TMSE {mean=SD} 28,65:1.06 19.18:3.07 <0.001
Plasma Ay ,; (pe/mL; mean=5D} 50.31:14.66 45.92:18.29 0.93

RNA extraction and

reverse transcription Tablel Participants' demographic T-test was used in all variables.

2.PSENI ,ADAMI17 mRNA expression and AR, _,,
The PSENT expressions significantly increased in AD group compared with healthy aged group

{P<0.05). However, no significant difference in ADAMI7 gene expression was cbserved.
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Conclusion

We found that PSENI mRNA also significantly increased in AD. Our data were consistent with previous work in postmortem brains and cerebrospinal fluid[3].
Despite, ADAM17 expression has no different between AD and healthy aged. It was compatible to previous study that there was no change in ADAM17 expression

in AD brain[4]. We conclude that the higher level of PSEN1 expression in patients can be further developed by using peripheral blood as a biomarker for AD.
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Development of signal enhanced dot blot immunoassay for determination of amyloid beta
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Abstract

Alzheimer’s disease (AD) is a primary common neurodegenerative disorder worldwide and increases
prevalence in elder ages of life span. The critical detection of early diagnosis is the most important to support treatments
to defence this incapacitating disease. Amyloid-beta proteins have various significant physiological or
pathophysiological effects on AD progression. It was affirmed that amyloid-beta protein levels are detected for
preclinical diagnosis and prognosis as a reliable biomarker for neurodegeneration. The available methods for detection
of amyloid-beta proteins are time consuming and complicated operations. Herein, a silver-enhanced nanoparticle-
labelled dot blot immunoassays had been developed for detection of Ag (1-42) providing high potential early diagnosis
for AD. The optimization of direct immunoassay assay was investigated and interpretation of the colorimetric results

can be visualized by naked eye.
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Introduction

Alzheimer’s disease (AD) is the most common age related neurodegenerative disorder which pathologically
characterized by modification of diffusible assemblies (oligomers) of amyloid-beta (A) protein that are dominant
neurotoxic species and complex fibrillary amyloid plaques (Yan et al., 2015). The previous study reported A3 peptide
comprising of 39 - 42 amino acids is the primary constituent of plaques are mostly found in cerebrospinal fluid (CSF) and brain
of patients who suffered from AD (Hardy et al., 1992). They can either associated to other events including inflammation and
tau aggregation as neurofibrillary tangles (Hardy. et al, 2010). Therefore, Af3 peptides have been considered important
biomarkers to monitor Alzheimer's diseases (AD) for diagnostic purposes (Andreasen et al., 1999)

Recent year, there are many of detection method in  Af3 such as electrochemiluminescence immunoassay (Gravina
et al., 1995), capillary electrophoresis, immunoprecipitation-mass spectrometry (Picou e al,, 2010), flow cytometry-
fluorescence resonance energy transfer assay (Wang et al., 1996), surface plasma resonance-immunochip assay (Santos et al.,
2007), resonance light scattering assay (Wang et al., 2011) and enzyme-linked immunosorbent assay (Wang et al., 2012) which
still have limitations due to need of sophisticated instruments, time consuming, need of skillful person for their applications
(Gagni et al., 2013). These complicated operations limited their applications to extend for rapid and routine analysis of A3
protein levels in the clinical samples such as blood of AD patients.

By developing effective technologies in health-related diagnostics for developing countries and coupling these
technologies to existing communication infrastructures, healthcare in areas without access to trained medical personnel may
be possible. Dot blot immunoassay is one technique of immunoassay that can also be used to analyze the presence or identify
of soluble antigens as known as a dot blot immunoassay. Samples are spotted onto the nitrocellulose membrane and let the dots
are dried. Membrane is blocked and incubated with antibody detection system in this technique. It can be divided into direct
and indirect immunoassay (Kavruk ez al., 2013). Accordingly, there is simple, rapid, highly sensitive and non-invasive detection
of Af3 could be more interesting and high effectiveness of helping to the world.

In this study, gold nanoparticle- conjugated rabbit antibody A3 ,_,, immunoassays for detection of AB ,,antigen have
developed. The parameters including pH condition, antibody concentration, membrane substrate that influence dot-blot assay
were investigated. In order to enhance the sensitivity of device, signal enhancement system by sandwich assay and silver

enhancer was developed.

Objective of study

This study is to develop dot blot immunoassay with signal enhancement system for the rapid screening of
AP, antigen. In order to hit the objective of this study, we are going to develop dot blot immunoassay method by
using gold nanoparticles with silver enhancer to signal simplify. Then, developed assay will be applied to detect

amyloid beta in real blood sample analysis.



Materials and Methods

Gold nanoparticle-based immunoassays was developed for the detection of AB |, antigen. The prerequisite
materials for this method are AE99, Fusion 5, Hybond ECL nitrocellulose (Lot.9549062, GE Healthcare, UK), Buffer
solution:5% non-fat dry Milk in TBS-T (20 mM Tris-HCL, pH 7.5), 0.8% (W/V) NaCl (Lot.D00130978,
CALBIOCHEM, Germany), 0.1% (V/V) Tween-20, Antibody A3 (1-421b1220015), Human Beta Amyloid 1-42 full
length protein (ab82795). TMB as Substrate. Trisodium citrate, hydroquinone, silver nitrate (AgNO,) were used as an

enhancing agents.

Synthesis of Gold nano particles

100 pl of an aqueous HAuCl, (5%) was added into a flask containing 80 ml deionized water, then the solution
was brought to boil, with constant stirring. 3.5 ml of an aqueous sodium citrate (1%) solution was needed to add
urgently. The solution was heated for another 20 min until a deep-red solution was occured. That solution was
centrifuged for 10 min at 3500 rpm and supernatant was collected (Turkevich et al., 1951). The gold nanoparticles

(AuNPs) were characterized by UV spetrometer (fig.1). The maximum wavelenght was 520 nm.
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Figure 1. (a) a UV spectra of synthesised AuNPs (b) image of synthesized AuNPs soultion

Optimization of pH in AuNPs solution

After determining the optimal concentration of bindin A8 oligomers antibody gold conjugated were prepared.
An aliquot (50 pl) of A oligomers antibody prepared in PBS (0.1 M, pH 7.4) was added slowly to 2 ml colloidal gold
solution pH 8 (adjusted by 0.5 M NaOH) followed by the addition of bovine serum albumin (BSA) (100 ul, 10%)
under gentle stirring after 45 min. The mixture was incubated for another 1 h at 4°C and then centrifuged (10 000 rpm
for 15 min at 4°C) to remove supernatant unconjugated antibody. The pellet obtained was washed with PBS once

again. The pellet was finally re-dispersed in 0.5 ml PBS (pH7.4) containing 2% BSA and stored at 4°C.



Optimazation of Ab for AuNPs-Ab conjugates

The optimal concentration of rabbit Af3 oligomer antibody for conjugation was determined by titrating
aliquots of diluted antibody with colloidal AuNPs. Rabbit Af3 oligomer antibody was diluted to different concentration
of ratio ( 1:5000 to 1:1) dil in PBS (0.1 M, pH 7.4). The pH of colloidal gold solution and the diluted rabbit A3 oligomer
antibody was adjusted to pH 8.0 with 0.1 N NaOH of variable concentrations. Added separately to 50 pL of AuNPs in
5 pL of antibody incubate 15 mins at RT then follow 5 uL of 10% NaCl additional. After that these solution were

measure by UV-vis spectra of absorbance of wavelength at 520 are recorded high significant level.

Dot blot immunoassay for amybloid beta detection

The Schematic diagram of direct dot blot immunoassay for amybloid beta detection was shown in Scheme 1.

Conjugated Antibody AuNPs

AP antigen ‘

Nitrose Cellulose membrane

Scheme 1. Schematic diagram of direct dot blot immunoassay for determination of A3 |,

In this dot blot assay, 1 UL of amyloid beta antigen aliquots are spotted three times on dry Hybond ECL
nitrocellulose and allowed to dry 10 mins in room temperature.The blot is blocked with 5% non-fat dry milk in TBS-T
(20 mM Tris-HCL, pH7.5, and 0.8% NaCl (W/V), and 0.1% Tween-20 (V/V) for one hour at room temperature. After
that spotted the conjucated antibody and blots incubated for 15 min at 4°C. Blots are washed three times in 10 mins

with TBS-T solution. Finally, read the results by naked eyes.

Results
Effect of pH condition for antibody-conjugated gold nanopatrticle

The pH of 2 ml colloidal gold aliquots was adjusted from pH 5 to 11 by 0.5 M NaOH. The effect of pH value
in AuNPs is significantly color change from red to blue occurred immediately causing the aggregation of the
nanoparticles in solution after adding 0.1 M NaCl. The results were measured by UV-vis spectra at wavelength at 520

nm (fig. 2). The optimal pH of AuNPs was found to be pH 8 which was given high absorbance .
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Figure 2. The optimal pH for binding antibody to AuNPs was determined between pH 5 and 11 (a). UV-vis
spectra measured signal effect of AuNPs bond with antibody concentration 1:5000 dilution. (b) The

color image of AuNPs solution in different pH.

Effect of Ab concentration on binding AuNPs

The concentration of A} antibody was optimized for preparation of AuNPs conjugated Antibody. 5 pUL of
variable concentrations of antibody ratio from 1:5000 to 1:1 in 0.1 M PBS, was added separately to colloidal gold
solution. The appeared different color absorbance shown in figure 3. The significant absorbance of ratio of antibody
and AuNPs solution was 1:5 dilution. Therefore, the ratio of (1:5 dil) AuNPs and antibody combined was selected to

use in further experiment.
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Figure 3. UV vis spectra of gold nanoparticle with various concentration (1:1 to 1:5000 (Ab: PBS buffer)) measure at

wavelength 520 nm.



Effect of paper types

Next, the effect of membrane properties on dot blot assay were investigated including fusion 5, AE99 and
Hybond ECL. It was indicated the properties of three different type of filter paper in table 1. The result show that

color intensity of AuNPs are significantly different in three types of paper fig. 4.

Table 1 the properties of three different type of filter paper

Capillary Flow

Rate Properties

Membranes Pore Size Thickness

provides a good combination of
sensitivity with fi icking in a LFA,
constructed of 1 nitrocellulose

Whatman
AE99 8.00 pm 1.5 mm

hydrophilic material, easy, fast, and
Fusion 5 o efficient for traditional modular
components from a lateral flow testing

provides excellent sensitivity,
resolution, and low background in

Hybond 0.45 um I fluorescence blotting detection
ECL applications, High binding capacity

Control

100 pM of AP antigen ' .

25 pd  of AP antigen r =0

Fusion § AE99 Hybond ECL

Figure 4. Effect of membrane materials on dot blot assay.

Effect of incubation time
There is the need of incubation time in antigen-antibody binding step to obtianed high performance of colored
signal in direct dot blot assay. It had left in three different incubation ( 10 min, 15 min, 30 min) times after combined

with AuNPs conjugated antibody as shown in Fig. 5.
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Figure 5. Effect of incubation time on dotblot assay

Under obtimized conditions of the dotblot immunoassay was performed for Af3,_,, antigen detection. The
results were shown in Fig. 6. The color intensity was increased with increasing of Ag concentration. The limit of

detection was 1.0 uM can be seen by naked eye.
100 M
50 M
28 uM
1.5 uM
£0 pM
2.5 pAl

1.0 Al
0.0 Al

15 min

Figure 6. Optimized conditions of the dot-blot immunoassay was performed for A, ,, antigen detection

Signal enhancing system

In order to enhance signal binding antigen-antibody complex with AuNPs, It has been used silver-enhancer
solution was composed of 1.0 g hydroquinone, 35 mg AgNO,, 50 ml citrate buffer and 50 ml distilled water (Chu et

al., 2005): stock solution is kept from light.

Firstly, Spots 1.0 ul of primary antibody ( goat anti A 3 oligomer) were immoblized in NC membrane in both
controls and test strips and incubate at RT in 1 hr. Six micro wells were prepared different concentration of synthetic

A B, antigen (100 UM, 50puM, 25uM, 5.0uM, 1.0 uM, 0.0puM) with distilled water. Next, add with AuNPs conjucated
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antibody in each wells. After drying for 1 hr at RT, strips are dipped into the each wells incliding negative control as
used D/W. Then wait until antigen attached with conjucated antibody flow to target primary antibody let them be

antigen-antibody sandwich immunoassay reaction.

To get high sensitivity of the signal, 20 ul of silver enhanccement solution were prepard in another six micro

wells then strps are transferred into enchancing solutions.

DA ZEpM L0 pM 0,0 ph Ag +tHydroguinone
——————

Figure 7. (a) Comparism of direct Dotblot immunoassay and sandwich immunoassay for determation of amyloid beta

antigen, (b)Silver-enhanced nanoparticle-labelled sandwich immunoassays for detection of AB,_,,.

Discussion

Optimization of pH

The effect of pH value was tested by adding 0.1 M NaCl in AuNPs solution. The color sollution is
significantly change from red to blue occurred immediately causing the aggregation of the nanoparticles in solution at
pH 5,6,7,8,9, 10 and 11. The colloidal AuNPs formed by citrate reduction were stable in a colloidal state and the
presence of cations in salt solutions negated this charge repulsion and caused these particles to agglomerate and
eventually precipitate (Yamamoto et al., 2004). The results were measured by UV-vis spectra (fig. 2). The maximum
absorbance of AuNPs at wavelengths 520 nm was obtained at pH 8. This mean AuNPs was stabilized by Antibody

absored on their surface.

Optimization of Ab concentration for AuNPs-Ab conjugate

The best results for an optimal conjugation between antibodies and AuNPs was observed at antibody
concentration ratio (1:5). The UV-vis spectra of antibody—gold nanoparticles exhibited maximum absorbance at a
wavelength of 520 nm as shown in figure 3. Demonstrate that antibody concentration ratio (1:5) enough to attach the

surface of AuNPs.



Optimization of type of membranes

AP oligomer antibodies labelled AuNPs specifically interacted with A surface antigen of to form a complex
between conjugated antibody and antigen at the test zone. By the second state, the intensely red color which were
produced by the accumulation of AuNPs in the dots are increasing of Ag concentration. As a result, demonstrates the
evidence for specify detecting antigen. There are three different paper types including (whatman AE99, fusion 5,
Hybond ECL) were investigated for providing high performance of dot-blot assay. The result in fig. 4 showed that the
direct dot-blot assay cannot be performed on fusion 5 which is glass filter. While, Hybond ECL membrane which is
standard NC membrane for dot-blot assay provide clearly results compared with AE 99. Therefore, Hybond ECL

membrane was used in this experiment.

Effect of incubation time

The optimization of antigen-antibody binding step incubation was assumed that increase of incubation time,
detection sensitivity increased significantly in fig. 5. As the incubation time reached 15 min after binding with
conjugated antibody, a simply color appeared highly. Therefore, 15 min was chosen in the further experiment as in

fig.6.

Signal enhancement system

Although the dot-blot immunoassay reached a sensitivity for amyloid beta antigen, a more sensitive to apply
for detection of AR, ,, in real sample was needed. The comparison of results obtained by dot-blot assay and sandwich
assay for beta amyloid detection were shown in fig. 7(a). Sandwich immunoassay is binding of antigen or antibody
only occurs in the epitope of an antigen or antigen-binding site of an antibody. Since, there is a complementary
relationship between epitope and antigen-binding site both in chemical structure and spatial configuration, therefore it

provided reaction between antigen and antibody shows a strong specific higher sensitivity.

In order to enhance signal, the sandwich immunoassay with signal-amplifying system using silver enhancer
was developed binding antigen-antibody complex with AuNPs. Silver enhancement method was applied on final step
by adding the mixing of sliver Nitrate and hydroquinone (v/v, 1:1) on test zone . The results were shown in fig. 7(b).
The red color of AuNPs lables on test zone was change to blue color. This is due to the Ab-AuNPs conjugates reduce
the silver ion to silver metal in the present of hydroquinone which absorbed at the surface of AuNPs. The results

obtained can be easily distinguished by naked eye.



Conclusion

Dot blot immunoassay was successfully used for detetection of Af3_,, antigen. In this technique, sample 1pL
of three times are applied on the NC membrane followed by blocking, incubation and adding of antibody conjucatd
AuNPs. The color intensity of AuNPs was increased with increasing of Ag concentration. The limit of detection was
1.0 puM. Additionally, the sandwich immunoassay with signal-amplifying system using silver enhancer has been
developed. Silver nitrate used as a enhancing agent and hydroquinone to reduce formation of bulks in AuNPs attached

sandwich immonocomplex and also gives high signal measured by naked eyes.
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