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CHAPTER 1: INTRODUCTION

1.1 Be taanyildasn | z he® mRirsease
1.1.1 Newbi ol ogy af dAilsgzdaed aner

Al z héi meirs e ansaes (fAD)sdn ildbe@6ta f Ger man psychi
Al oi s AbhpnHdeiumerd ttlhe delsispmaitdfe nt WwhgbetwedD
profound memory | oss, unf ounded suspicions
psychol ogi ©a&letrhceh aleapsetaDlyals e c okmeo wnt haes mo st
common causeAmfstdenme edi @Bde r5i cmain sl waootA®IN i vi ng
201 7naumber projected t odyngrAddie enofulrfy®i & mi | | i
recogaanzceud odegener awi v Bympbhodsseasememory
cognitive f unccthiaonegreeshd adehbhpwmin@lggregbéani on
hi ghdsstk f akD oirsclfuwdef aangil wg tADsn dary yi ng t he
apol i popr of)dsi ng enlet(.lAu geimerc h anhiasvmes n o't yet b e
expl aamyeldnl aques, neur of idef ii looefarcgyh otlainngel regsi car
gl utamewungbtransmi ssi on hawyat bhbelemgicoaldDfdaeactear

The anyypotdhesti sl ates t hatn nenurRDiegenenat
abnor mac c umubaaryilmh algéies i n Jvahter afbaemyalroeiads o f
pept ibgdgtehd Amai n camplgiiedytuleassy,s a cr i ti cal rol e

and progression of tRA®OpaerAsomass. tfiigsue skagmaeg



from t heeameomiinvessel s of fpaAD entihs [1290/@Bf er i n
SubseqAbevatsiofyi r me daemyildol agpfe sAD pati enPlporain t
Hardy and All sop formally proposed [tShle amyl o
Shortl gt adit eshdmwlnadi d pr e@PPRpoes d@nIBbedn
PS2 gneateatwieanres assobADatded e lfdhgihieNhotwaday $ s i
widely believed thescamgeawlsicres i ncrebased pr c
peipdé&srtshaidi es de niohnes targagtrédlg atthiaoto mheif der ed as
the primary pabhoroutahgttobggewuritic injur.
cel | dela®@h.0] n AD
Neurofibrilareaysdadnglyeshypeafdhas pphroortyeliantsi ¢
Bel ontgd nghe mami bfasmdilce atsed Tparuo pereant @il 1y s
| ocdatne nefurdojdpsl ay a centralanmdl ®t @ i laiszsienngb | n
mi cromelbh wmoemdker physiolobZlbael bcoddngi @acd i vit)
tau protein and micro-t uhostkatdaoinfad el eya £ogys | at ¢
suchglayscogen sy8bh@SHKe)ckrcchamem t k d kl@osre ( C
mi t cagcetni vated protd@hepbhiyphsesepli MAWYIK3stiston of t
affinity t owarldahgl e mi pradthwh wige < .al conditions
hyperphosphoryl ated tau p raontde i & & c iudnedt leacthe f r

cyt gsldHur tdheeteads W per phosphor yploaltyende ntitazue paiort eed n
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helical filaments (PHF) a nads snteruari agfdin kg dfie ld | aanm ey
[ 14t fwawtndd ncreased | evels of hyperphosphory
i h hreeualoyt osApod boffaBfhe | oss of nor mal tau pr ¢
affect cellular functions of neur ons, such
axonal trangpbunctsyoyna@gmdpgmméhur odegen

Cholinergic dysfunction iTshetdeegehdesat i dy
cholinergihdhendursans foughtr atton be one of the e
event spatni[efhe].&h ol i ner gi ¢ tdhedekeicceas eldeagnt bes
acetyl chdbkeraen, lacet ylacshodn nes damtcitdlonseur ot
centr al n ea rvpbeursi pshyesrtad m,nemwoduwlsatsiyrsg eanogni t i v
such as ar amsal meGdanotlya.mtei cancet yl transferase i
synt hehsei sneafr ott r ans mittutdeire sa creetpyd rctheod itnhee rSe d
acetyltransftdeceasebraalbi@a mtfaniossiliAOs] AEFf].8 pnt s
In vstwoi es hhaat ndhhdowns chol i ne[rlgd9ddthrmaesur ot r a
bedmumniat cholinemgiat sdygstf uthhoféoer omtaaif i boA
pl adwReqg

Gl utamate is the major excitatory neurotr
synaptic conhhuencdinm il 8SThe ¢t We main categories
receptors (aami-MAaMPABXeyt Uiyt oxazol epropionic a
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NMDA -MeNt bylspartate AMRAcCepteptsoOr s ar e lonotr
which aret @éNitmermathd ea s m&ldlanegxe einal i zed for
exci tNaMDAdo nr.eceptors iar doual snaiind y’d ppreadmpee abl e
particularly important for [l2e2&IBe@gngantnd mer
glutamate signaling -“tesrmpméeunjti wthi 06lo @ast iav atre

hypot hesitseeromf mpinB88yln ADbmohdc activation of

receptors wultimately | eadi nlgeadiymgetwosfmslegene
neur otransmission i mbaJlla3n3c]lHy fd err ancehdV Dedxt ci iotno t @
receptbows the influx of Ca2+ ions into pos

nitric oxide (NO)I eprsd dagfeet irdagds fcuan cstaid e el danf
homeostasi s, activation of proteases, i ncr

neuronal [ t&4] death

112 For matAbon of

Abi somposed3o0famBAtohaatpirabrsee ol yt ifcraddey deri v
sequenti al enzymiawi ¢edlicd teraiviagtee do fAtPrPay s me mb r
b-secr et asseec raknpdRB5ThHhe APRP t@perme ed on chromoso
Alternative splicingeiodgtAPBirimeaga&smgii pg fgreoamr

639 to 770 Bpdpmd®JAmondst he $609,5 y&bflommud,07 70
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acid forms are[tlbBEhémMd&EBmnacoamod form i s pre
exprestlea central , nevivyvSdlesa nsdy s@ #n amirreo aci d
ubi qui tousilry tekelrjeXklskdeid neur ons, APP is prodtu
guant imegt aabnod i zed|[ V24 pAf r apgihdloyuigpeghngndop !l as mi
reticul umABRRdiI Soldegil j vered by f ast axonal t

[ 1%3pB5]Critical steps of APGo|Ipgriocreetswargk loc c L

surface, generating varigws2]products with di
Nonamyloidogenic Amyloidogenic
APPsa APPsf
p3\ |m-secretase B-secretase y-secretase AB
4+——— g ———>
y-secretase

=)

A i\
OOOOOOOOOOOOOOOOT 000000 0000000000 000000000000 WMO00 00000 ( FOOOOOOOOOOOOOOOOCOD
)| \
J
\
()

00000000000000000040 1000000 00000000000¢ 1000000000000 DOOOOOOOIDOOOOO0000O000000000000O

intracellular
AICD
AICD a-CTF APP B-CTF
FigdamMéhe structure and metabolism of
processi ngThpeatnhowaaynsy.l oi dogeni ¢ plsoeccers
foll owesleclryet ase (left),; stsheang amyfl oA
bsecr et ase oJfselclrewed eby ri ght) . Abbr e

Protei W;SoABBse Amyl oi d UPARBISod aurb| @1
Precur sobr; CRRJrtaeg ibie 1y infi mad;me@misecr-elt aa:
ter mi nal fragment ; Al CD, Amyl oi d Pr e
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Sequent i alAPcBlcecauvrasg ebwa fyt swo(1Rikdeuhrfe r st pat hwe
i s nonamyl oi dogeni pr optreoccleysse dirgebtyats e APBI | owe
>secrelhipBpBHe clofavieRelty et sisiett he praoducti ol
sol ilbren OAPSYP PUi(c r b-oe 1ty ifi rneag ME&MH)L 5UJTF s
furphet eblyyszaed ebapexmallcle PIam@mgéeéoi d precur s
proteitmacel | ul af1f4paEjAaAPRSAH €Wy fainmit bams
growth factors and increases prolihevatron
[ 16111 contras®AP®ent pbeotofFerafion, AICD has b
negati ve regul ator of n e u[rla5 P Bp rforgaéghm et notr ce
1740/ Aalyess t oxi cb 1 2Tfheec ts etcloanmda A ey hwagdogeni c
pat hway. | n ®PRPtsiiyplhle b wasge crealase known as as
proteaset oBAOBEIduce a sol ub(lrPoRsandr-ttae Qi f @lr m o
fragm@nl 2[5]158|Shuebsequent b-CTFe alwwmgreg todAbd s
peptaindle AILGA FARPss reported to be a death re
axonal pruning ahtib%40hHeonlad bptepl o fdemher i es a
Cter minal accordingbysethetl&Bliejacbhpeppt pdet er n
produch® Gamd 1AM2AD 140 s t he mo[slt6 2pJw e vAé ilde2n t
momers arenmorteo porei ng asa g gimby o e dn tainal t oxi

ol i gomers under patlBpdlo®Rdl tchaeleans ornédpi atbit oeAds
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oligomers can cause synapse | oss and neuror
pat hwaf gkil ni akseeh, a rBGodkkpsat hwd p 9 618yaal seported
t haf c aAn i ncrease oxi dat inveet Daatlsrpeags,at by p erMaDcAt

receptiompsmiarmode chf U a [t 1l 6o4n]

1.1.3 ADbi nl Ahe® marease

Many studiesdihaveashpp omit2! | molAdD @fat Aen
studies fbpempdi dpat sléddmpon Ahpl aodfu2¢38[4] 3 6 ]
St udi es havneutsahtoiwonn st hiant AlPdPa ch ntdo phiegtleeal | a ma u r
di sé¢ andkbeady gA e § 2.651 o dh &evse shlosvbati s daesswoci at ed
AbdpRgeptdacelsinnecer eblr WI€CHIFNDIo pataipemtox ilikat el y
d e c abdeef g0 moen soeft sy mp2{6@d. R cent | y,botlheg otmexi @eanAki ch
wi th-8 h eheatlse @ i madoiulng cawtset csxyincipthyp,&i r ment and
memory deficip28&prinheeocdremasseeonsc,oasi @der ed

pat hol ogical trigger of nAronal dysfuncti on

1.14 App/ Reil mal MoDiR & le air rtc h
Curremtelryey i s no efABManyestudatemeonn ADr de

appropriate aaoismalanmanhd kesnmoadbeblass@myde net i ¢ s,
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mai nl yi nAgPVPolgene on cPhSdoemmoes ooome m@4 & Hgend,
on chr omospornoet eli,n Tggeune onApbEomete menn$ dmand
19 29hApp/ Bl bl ansmoeusieadies one of the most <co
extensiivel ADusteduudei etso t he si mi lAdar pat hol ogi c:«
The first gene mutation identifwasedths a ¢
APP dJde3n®sPP mutaartei onanceodr dtilnegy gecogr aphi c | ocat
whhc t he affected  ThamiKIeyy ONF MGT7 hlat eld.ubl e mu t
bsecretasesi thalaihaged i n a Swedish family,
bsecretaaeage and bphosuaci ¢ tofel &dneidd JAG 13.1 ]
Mut ations i n( Pt$)en epsa easrtedme 1 i nause ofADut os oma
[ 3[28The tgwenPSeepcotei nsf umictBlo bdi. RISI ggrenes enc
t hceat al yti ossubpdPSdof ati ons are mowme esever e
common PiSBEreun at[iddfHas s ock Gnmuetdatcd aommscr eas e t he
Ab4 2 bAA0 1] Bf53[63.7 ]
Doule traAppEmibce af cdroease bApmEWMESsden s
an acknawliexhd eDdno & € . t Apaas B0 /ehdisMl semi ovee r e
generbayt edr A\ xé7n@ ms67ingl e trans Pesykbecsi mgte wit
transgehhe micéeamyglhobbde icAsrnetl ateav iy h.e brain
The mAptpanRis te eXpmasssKETRME/7 Swedi sh mutati ons
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a mubhaman PS1 (M1461L) control | &dgurye p2)i on
Excessive fopl mgttemendial e PlbeveendApiph Psdnsgenic

mi ctudi es consiembent [lyYoe § o anddv ent WMendiecei t s i n
Shetretmmmory | oss was dedg33moing @.Phtevadusaritwda:
including our s hsappeaet i aH o wme mphaaytmeembrtsaen d

1 2no n-0 hAb p/ s Tweh ecno mp a rveick gt po8[94[04.1T]lhese resul t s
suggest that prndweiseee mi €eeeacracnher s with wvariou
mechani smpmat bfalngdbyevel op tBbBeriapgumycgageunate

| aldAppuE#e®elblransgenic mice in my research.

120xi dati ven Al z@hesl imeease
121 Oxi dative stress

Oxygen metabolism is essential to cell life, but the process also forms partially
reduced reactive oxygespecies (ROS), a potential threat to c4ll§5][168]. The
mitochondrial electron transport chain is responsible for most oxygen consumption and is
a major source of ROS productidi65][166]. Nicotinamide adenine dinucleotide
phosphateoxidase and cytochrome P450 oxygenasesalyed reaction also produce
ROS [166]. A series of natural antioxidant defense systems normally eliminate ROS

levelsand limit tissue damagROS include superoxide ¢Q, hydrogen peroxide (#D-)
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Amyloidogenic

APPsf
APP mutations PS:MT:?J;M
(K670N/M671L)
B secretase y-secretase AB

0000000000 OOOOOOOOOOOOl)OOOOOOOIl{WOOOOOOOOOGOOOOOOOO

OOOOOOOOOOCIOOOOOOOCOOOO 5000000015000000000000000000000

AICD
APP B-CTF

FigadGene mutations of ATPhPe PASPIP /aPnS Imad o uniol dee It.r
mi ce overexpress a human APP (K670N/ M671L) S
PS1 mut at i oms g cM1atods)e winat i ons: APP, Amyl oi d

APBPsol uble Amyl oi db;@e®sacseta®eedeCnTer mi nal
Fragment; AI CD, Amyl oid Precursor Protein In
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and hydr oxyl [166]aAT]i Asashown(irHEglire 3, Ois formedby the
addition of one electron to oxygen ACthrough a variety of mechanisms including
enzymatic sources including mitochondrial electron transport chain, NADPH oxidase and
cytochrome P450 oxygenases: €dical is dismutated by superoxide dismuts300)
to H20», which is further converted to-B by catalase. #D» also reacts with glutathione
catalyzed by glutathione peroxidase and conves@;ltb HO . Ha@idal is generated
in the presenceof H,O, and Fé* by Fenton reactior{165][166][167]. Oxidative
damage results from ROS overproduction that overrides the cebulgoxidative
capacity to remove excess RQE9][172]. Oxidative damage caalso be caused by
reactive nitrogen specie@®RNS) [170][171]. Nitric oxide (NQA radical is produced
during theoxygendependentonversion of karginine to Lcitrulline, catalyzed by nitric
oxide synthae (NOS). N@ radical can also react with Q to form peroxynitrite
(ONOOQ). ONOQO is pH sensitive, abr belowphysiological pH it is protoaited to forma
peroxynitrousacid (ONOOH), which can undergo homolyfission to generate hydroxyl
(H O)!and nitrogen dixide (NO2A radicals[171].

The ROS/RNS are capable afamaging and modifying several types of
macromoleculeswithin the cell, including DNA, RNA, lipids, and protein§hese

modificationsmay alsagenerate potemeadive moleculeg169][172].
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122 Oxidati val ghe® sn@irsease

The brain is highly ulnerable to oxidative stressecause it ivery richin easily
peroxidizablefatty acids, has a higtlemandfor oxygenandrelativdy lacks antioxidant
systems.Mitochondrial dysfunction is major source for ROS overproductiBiudies
have found that in the early stages of the diséage, can enter t he
mitochondrial impairment, and increaR®S productionand oxidative streq42][43]. A
significantamount of evidence has shown that oxidative streascigtical pathdogical
factor inAD. For examplestudiesshowed higher levels of lipid peroxidatioproducts in
the hippocampusand pyriform cortexand peripheralblood of patientswith dementia of
the Alzheimertype and mild cognitie impairment(MCI) [44][45]. A study alsofound
that levels of 4hydroxyhexenal(4-HNE), an end productf lipid peroxidaton, were
elevated in the hippocampus the early stages of A46]. Otherlipid peroxidation
productsF2-isoprostane and Fdeuroprostanaere also found to b@creased in frontal,
parietal and occipital lobes in patients WNICI, andin patiens at the late stage of AD
[47]. Studiesalsoreported high levels gbrotein carbonylsin frontal cortex of patients
with MCI, mild AD, and AD when compared to health matched contidi®]. DNA
oxidation marker, 8-hydroxy-2-deoxyguanosine (®H-dG), was also significantly
increased imippocampusndCSFof patients with AD49][50].

Oxidative damage has been found in brairPAD animal models.tlwas reported

13
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that lipid peroxidatiorwasincreasegdwhile antioxidants such aglutathioneandvitamin

E levels were decreasedin brain of a tripletransgenic mouse moddBxTg-AD)
harboring PSili4ev, APPswe and &upzo1L transgene$sl]. Studies havelso shown that
levels oflipid peroxidationproducts werencreasedn plasma, urine and cerebral tissue
of APPswe transgenic micenodels of AD[52]. Further, it has been found thatotein
oxidationwas increasednd SOD activitywas impaed inbrain of APP transgenic mice
[53][54]. A dietary teatment withthe potent polyphenolic antioxidamurcumin in
APPswetransgenic micean decreasgrotein carbonylandA b dep BS.i t i on

Ab has also been found to damage mitocho

Studies found thatncubationwith both A b 235 a nd -4R2fnlisolated rat brain
mitochondriacan decrease the activity wiitochondrialcomplex IV [56][57]. Treatment
with A 25-35 was also found to increase thdevels of H.O> and lipid peroxidesn
primary culturedat cortical neurons and PC12 cell li8]. A b-42 has also been found

to increase ROS production in culturedhiggpocampal neuror{§9].

123 Protein cysteine oxidatd viei streoadsd i cati on
Proteinsare critical in regulation of cellular structure and functiorOxidative
damage to proteirmay result in various cellular functional cties. Cysteine (Cys)

residues in proteiplay a significantrole in many biological activities including enzyme
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regulation, metal bindinggene transcription and othef80][61]. Cys thiols are very
susceptible to attack by»B, and NJ radicals. Both HO, and NO at pathological
concentrationsmay target Cys and induce Cys oxidative modificaticegulting in
neuronal dysfunction aneventuallyneuronal cell deathAs shown inFigure 4, H>O2can
oxidize Cys togeneratereversible sulfenicacid (sulfenylation), sugequentlyeither
forming adisulfide bondwith a nearby thiol or being further oxidized itweversible
sulfinic acid or s udlsbiodocereversibteinittosylaib®@d Cysa di c al
[62].

A number of studies have shownhat nitrosylation may contribute to AD
pathophysiologyPreviously our labratoryfound thatvesicular acetylcholine transporter,
vesicular glutamate transpers and vesicular monoamine transporter 2 can be
nitrosylated, and nitrosylation of these transporters can inhibit vesicular neurotransmitter
uptake in mouse braif63]. Further ourlaboratoryhas also found that not only total
nitrosylated protein levels but also nitrosylation of vesicular acetylcholine and vesicular
glutamate transporter were increased in brai& @nd 12month-old App/Psltransgenic
mice [41]. BACEL, insulindegrading engme (IDE) and ApoEare three factors that
regul ate Ab met ab IDE is sesponaibledor thegctearance aftvarious .
hor mones and pepti des [64].IAmE représentsca famityoful i n ar

proteins enhancing the bredko wn of Ab bot h wi [B5.inrvitroand bet v
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studies have shown that all these three proteins c&hnteosylated ineither cultured
neuronsor HEK-293 cell line[66][67][68]. Studies also founohcreased Sitrosylation
of BACEL, IDE and ApoE in AD postmortem brains, suggestingthat protein

nitrosylationprocesesare importantirA b d e p and AD developmer66][68][69].

1.3 Thi oredoxin antioxidant system
131 Structure and isoforms of thioredoxin
Thioredoxinas anoxidoreductases highly conserved and ubiquitous in all cells.
Trx wasfirst identified as a hydrogedionor for ribonucleotide reductase in Escherichia
coli [70]. There areawo majorisoforms of Trx, encoded by separate genes: cytosolic Trx
(Trx1) and mitochondrial Trx (Trx2)Irx proteins in different organisms shaxreypical
structure. It is composed of folithelices and fiveb-sheets with a highly conserved
activesite sequence, C¥sGly-Pro-Cys™®. The thiol groups on cysteine residues play a
critical role in the thioldisulfide exchange reactio@xidationof a criticalthiol groupin
cysteinewill generally lead to a changed biologidahction. Besides the two cysteine
residuesmammalianTrx1 contains three other critical cysteine residues at postidn
-69, and -73. These three Cys residues can undergious posttranslational

modifications,suchas thid oxidation, glutathionylationand Snitrosylation[71].
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132 Funcoifhoihor edoxi n
Thioredoxin producdd maurdtaitexi candtl aatoiwtiht,y
activatesraomer o psnido nr efgaucltadress t he | mmune fu
promising therapeutic target in various dise
First, thioredoxin (Trx)as anoxidoreductasenaintains a reduced environment in
the cell and renders protection against oxidative stidssler oxidative stress conditign
Trx reducescysteine oxidation modificationAs shown in Figure 5, reduced Trx
[Trx-(SH)] can reduceroteinsulfenylation(-SOH) and disulfidationProteirS,) by its
general oxidoreductase activity, generatmgdized Trx {rx-S). Trx-(SH) can also
reverse nitrosylation by reacting with nitrosothiglSNO), subsequently converting
nitrosothiols to cysteine thiols andleag nitroxyl ion (HNO). Further,Trx canreduce
the oxidized form ofPeroxiredoxin Prx-Sp) to the reducedPrx-(SH)2, andin turn
scavengd-0, and other peroxideStudies found thatansient overexpression Bfxin
cultured cellscould eliminate the intracellular ¥, generatd in response to growth
factors[72].
Second Trx can inhibit the apoptotic process. Reducedrx can bind to the
N-terminal portion of apoptosis signaegulating kinasel (ASK1), thereby inhibiting
ASK1 activity [73]. Under thestimulation of oxidative stresand proinflammatory

cytokines ASK1 is dissociatedfrom Trx and inducesASK1 phosphorylation,
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subsequently resulting in INK/p38 activation and cell apoptibsias been reported that
association of Trx with ASK through asingle gsteine Trx Cys32 or Trx Cys35) is
necessary and sufficient for FeducedASKZ1 inhibition [74].

Third, Trx1 canalso translocatento nucleus andhteract with many transcription
factors such as nuclear facteappalight-chainenhancerof activatedB cells (NFaB)
and activator protein 1 AP-1), thereby regulating gene expressidine transcription
factorsNF-aB and AR1 havebeen implicatedn the inducible expression of a variety of
genes involved in responses to oxidative stress and cellular defense mechihmsss
reported that Trx stimulates NF-aB DNA binding activity and promotes
NF-aB-dependent gene expressiarprimaryculturedhuman T lymphocytef’5][76]. It
was also reportedhat overexpression of Trx in Hela cells can increAfel DNA
binding activity[77]. These results suggest that thioredoxin plays an important role in the

regulation of transcriptional processes

1.33 Regul ation of thioredoxin

Reduced Trx is maintained blyioredoxin reductase (TrxRAs shown in Figire5,
in the presence of TrxR, thdithiol moieties of Trxare reducedy receiving electrons
from NADPH. The selenocysteingsec)residue in thioredoxin reductaseconservedn

mammalia species in a @rminalGly-Cys-SecGly motif, with theSecresidue being
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(di sul fPirdd(tSiEk)npr,ot ei nSNWO,t hn itthri @wd &st; hi o
HNO, nitroeyloxdiedh ;f rm of P ESKHOO xierdaudtac
peroxiredoxin.
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essential for catalytic activify8][79].

Thioredoxininteractingprotein (Txnip) is an endogenous Trx inhibjtorteracting
with the active center of Trx, thereby inhibiting Trx reducing activifxnip can form a
disulfide bond between the Trx active site cysteine 32 and Txnip cysteine 247. The
increase iMMxnip-Trx complexegesultsin more oxidized proteingnderoxidative stress.

As mentioned earlier, Trx1 can undergo ptanslational modificationsFor
example, tptathionylation of Trx1 Cys73 was found to inhibifrx1 activity under
conditions of oxidative stred80][137]. S-nitrosylation isa dynamic postranslational
modification for the regulation of protein functiof®l]. Studieshave found that the
activity of Trxlincreasedipon Snitrosylation.It wasreportedthat Snitrosylationof Trx
Cys 69 enables Trxl to scavenge ROS, preserve its redox regulatory activity and
antiapoptotic function in endothelial ce]&2].

Trx gene expression can be positively regulatednbglear factor erythroid 2
(NFE2)related factor 2 (Nrf2). Nrf2 s a member of the cap 6nd c
of basicregion leucine zipper (bZip) transcription factdB3]. A primary emerging
function of Nrf2 from studiesver the past decade is its raferesistance t@xidative
stress through resemblimgcommorDNA sequence called antioxidant response element
(ARE) [84]. Trx gene promoter region contaifisur functional ARE site Nrf2 can

directly induceTrx gene expressiohy binding to ARE[85]. Protein deglycasgDJ-1),
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known as Parkinson disease proteialdpshowed protective effects on neurons against
oxidative stress and cell ded86][87]. Studies showed thatverexpression ddJ-1 can
result in increased Nrf2 protein lelg, promotes its translocationto the nucleus and
enhances its recruitment onto the ARE site in the Tprdmoter.In addition, DJ-1
knockdown in SHSY5Y cells and D knockout in mice significahyt decrease Trx1

protein and mRNA levels88].

134 St udofesthioredoxin anti o®i dddarsteassyestem i n

Studies have showthat Trx antioxidant systeman beregulated inAD. Akterin et
al. have reportedhat Trx1 protein levelsverereducedn postmortenfrontal cortex and
hippocampalCA1 regionof patients with AD[89]. Trx1 protein levelsvere also reduced
in postmortemhippocampus and amygdala of patients with D]. IncreasedTrxR
levelswerealso foundn postmortemamygdalaand cerebellunof patients with AD{90].
I n addi t4R ovas, fourklbtdé cause Trx1 oxidation in -SM5Y human
neuroblastomacell89]. Tr eat ment with recombinduadht Tr X
cytoxicity in primary cultured rat hippocampal ce[B0]. These resudt indicate that
dysregulation of Trx antioxidant systeynould beessentiakvents in AD pathogenesis.

Studes alsofound that knockout ofrx gene in mice is embryonically lethal in the

homozygous mutantdutappeas normal and viablén heterozygous mutanf$38][139].
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These results showed th@itx expression is essential for early differentiation of the
mouse embryoPreviously TrxR1 knockout mice werdound significantly smallerand
exhibited symptoms ofataxia and tremorTrxR1 knockout mice also showeduced
proliferation of the external granular layand impaired fissure formationof the
cerebellar cortex140], indicating thatTrxR1 may playa critical role in the cerebellar
morphogenesisTxnip-deficient mice have fasig hypoglycemia and ketosiwith a
striking enhancement of glucose uptake byigheeral tissue$142][143]. Txnip is now
known as a critical regulator of glucose metaboljddil][142]. So far, there is no study

onTxnipgene deficiency in Al zhei merds disease.

l4Summary

Abpl aques prir e@mattylhe | ogi cal characteristics
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CHAPTER 2: MATERIALS AND METHODS

2 . Abpeptide preparation

Prepar at i-42 mligomérswAbB 1l per for med as [Prlegvi ousl
A b-242 peptide (abcanJS) was dissolved in 1,1,1,3,33exafluore2-propanol (HFIP)
(sigmaaldrich, Canada) at a concentration of 0.5 mM and incubated for 1 hour at room
temperature for coplete solubilization. The solution was dried under a fume hood
overnight. The peptide film can be sealed the next day and stor2d@t The peptide
film was suspended in dimethyl sulfoxide (DMSO) to a final concentration of 5mM.
Then DMSO s olt48 was dilutedanf phosphate buffered saline (PBS) to a
concentration of 1M (2% DMSOQin the stock solutioy) incubated at 4C for 24 hours.
Finally, t he c-d1vwae detemmanadiby Bradforfl prodein lasshlye
results have shown that theoacent r at 4D nn the fstock Bolution is
approximately 5@ M.

AcetyFAmy | oi @8 5b ( -BFH #d& purchased from Sigraddrich Canada.
Lyophil i-35eak digsbh@din PBS to obtain a stock solution at 1mM and stored
at 20AC unti l35uswas Abi25ectl!ly added t o cel |l

concentration.
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2. el l culture

HT22 mouse hippocampal cell line was generously provided by the Salk Institute
(La Jol I a, CA, USA) . HT22 cells were mainta
(DMEM) (Life Technologies Inc, Burlington, ON, Canada) supplemented with 1%
penicillin/streptomycin and 10% fetal bovine serum, and cultured at 37C under 5% CO

Primary cultured mouse cerebral cortical neuraner e per f or med as pr
d e s c 1 i9 lidHnbryonic fetuses at day 1IB were removed from the uterus and the
cerebral cortex wasissected byD r . Mi c h ael Aftealcrécsived céerebral a b .
cortex, | removeaneninges and bloodessels, digestetissue with0.2%% trypsin for 15
minutes at 37€C, followed by DNase (0.7mg/ml) digestion for another 15 minutes at
37€C. Then digestion procedure was terminated with 10% fetal bovine serum. After
precipitation, supernatant was discard&€ten tissue was dissociated mechanically by
pipetting and resuspended in 1ml fresh neurobasal medium (Life Technologies Inc) with
1X GlutaMax (Life Technologies Inc), 1X GS21 supplement (Sigdaaich Canada), 1%
of penicillin/streptomycin. Cells were s# onto polyD-lysine-coated (50ug/ml) cell
culture plates at a density of 3x0ells/ml. Medium was half changed twice per week.

Cells were maintained in culture at 37C under5%.€r 10 days before AD
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2.T3 ssue processBsobgaandnprotein

Protein isolation from mouse brain tissudvlouse hippocampus and frontal cortex
were dissected and homogenized at 10:1 (ml/grate lysis buffer containing 20 mM
HEPES (pH 7.5), 250 mM NacCl, 20% glycerol, 30 mM Mg@.5 mM EDTA, 0.1mM
ethylene glycol tetraacetic acid (EGTA), 1% nonidet P40 and 1x protease inhibitor
cocktail (Thermo Scientific, Marietta, OH, USA). The homogenized tissues were kept on
ice for 1 h and then centrifuged at 10,000X g for 15 min at 4C. The supernatants were
then cdlected as protein extract. Bradford protein assay was used to determine protein
concentrations (Bradford, 1976).

Protein isolation from cultured cells:Cells were washed twice, scraped with
ice-cold PBS and then collected by centrifuge at 1000X g forirbah4€C. Cell lysis
procedure was the same with the procedure used for mouse brain tissue as described
above. The cell lysate were kept on ice for 1 h and then centrifuged at 10,000X g for 15
min at 4 €. The supernatant was collected as protein extPaotein concentrations were

determined by the Bradford protein assay (Bradford, 1976).

2. ldmmunobl otting analysis
Protein samples were mixed with a loading buffer containing 200mMHCIS(pH

6.8), 200 mMMdi t hi o (DAT),e4% sodium dodecyl sulfat (SDS), 0.2%
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bromophenol blue and 20% glycerol. Protein samples were loaded to electrophoresis in
12% SDS polyacrylamide gels for 1 hour at 120V. Then proteins were transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore, Billerica, MA) for @urs at 220

mA on ice. Membrane blots were first blocked with 5% milk in -bugfered saline (TBS)
containing 10mM TrigHCI (pH 7.4) and 0.1% Twee20 at room temperature for 1h.

The membrane was incubated overnight at 4C with primary antibody of rabbit
monoclonal Txnip (1:2000 dilution, Abcam Inc., Toronto, ON, Canada) or rabbit
monoclonal Trx1 (1:7000 dilution, Cell Signaling Technology, Danvers, MA, USA).
Then the membrane was further incubated with secondary antibody of geetbditti
conjugated tdhorseradish peroxidase (1:5000, Abcam, Eugene, Oregon, USA) for 1 h at
room temperature. The membranes were developed using enhanced chemiluminescence
reagents (PerkinElmer, Waltham, MA, USA), and then images were capiyréue
ChemiDoc MP System (Bi®ad, Dreieich, Germany). Band signal intensity was

quantified by measuring the density of the band using Image LakR@i).

2 .Por otseilnf enyl ati on and nitrosylation
Dimedone conjugation assay for detection of cysteine sulfenylated pro{éiis
Sul fenyl ated thiols wa s first reacted Wi i

di medleme vati zed proteins t-FhAAGE tgheel ne dwetraen ssfuebr
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me mbr anes and anal yzed-dibme dwenset e€zlim twebbl codty . wi t
washed with PBS and digested with 0.25% trypsin. Then the reaction was terminated
with Dulbecco's modified Eagle medium containing 5% dimedone and 10% fetal bovine
serum.After cells were centrifuged at 1000g, cell pellet was collected and lysed on ice
for 30 min with a lysate buffer containing dimedone and catalase (2mM dimedone, 3 mM
citric acid, 0.1% TritorX and 12 mM sodium phosphate dibasic, 10mM iodoacetamide,
10mM N-ethylmaleimide, 200 units/ml catalase, 10mM EDTA and 0.01% SDS). The
lysates were centrifuged at 10,000g for 10 min and the supernatants were collected. The
protein was quantified by Bradford protein
was usedto analyze sulfenylated proteins using immunoblotting analysis with
anticysteine sulfenic acid antibody at 1:3000 dilution (Millipore Canada Ltd, Etobicoke,
ON, Canada).

Biotin-switch assay for detection of cysteine nitrosylated prot¢#ig:
Fi rusntmodi f i edy sttivdeaones bil ro a thietspeciici ntetiylthiolating
agent methyl methanethiosulfonate (MMTBIMT S an b b baxi dati ve modi f
thi)dhen nitrosygy atwedned hrieadlusc eidn back to free
The newl vy for med free NGbiainamido)whexyl8d6 | abel ec
( 2pgridyldithio) propionamide (biothiHPDP) Bi ot i npl dnedr psgt at ed r
was resol vRrRADGEby t®8B8sferred to membotaine anc
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anti body. e@neofhupnrdorteed n i n 50 €l was i1 ncubat

(40mM MMTS, 2.5% SDS, 250 mM HEPES pH 7.7, 1 mM EDTA and 0.1 mM
neocuproine) at 50€C for 40 min, and then added with 1 ml cold 99% acetone and further
incubated at-20 € for 40 minutes for precipitation. The reaction mixture was
centrifuged at 13,000x g, at 4C for 15 min. After supernatant was removed, the pellet
wasr esuspend with 15¢]l HENS buffer (250mM

1mM EDTA, 1% SDS) , and added with 250

HEP

el

biotinnHP D P, and incubated at room temperature

was used to analyze nitrostdd proteins using immunoblotting analysis with polyclonal

anti-biotin antibody at 1:2000 dilution (Sigma, St. Louis, MO, USA).

2.@eneratioknotkodouwni pel |l s

Txnip single guide RNAs (sgRNAs) or scrambled sgRNAs (as control), and
CRISPR/Cas9 Alin-One lentivector pLemU6-sgRNASFFV-Cas92A-Puro were
purchased from ABM Inc (Richmond, BC, Canada). The plasmids were packaged by
lentivirus and transfected into HT22 cells. Then stably transfected HT22 cells were

selected using the antibiotic PuromyciLentiviral packaging, gene transfection and

stable transfection were performed by Dr.

HEK293T cells were transfected with Cas§RNA constructs and packaging plasmids
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(GAG, VSVG, REV and TAT)93][94]. Then the media containing lentiviral particles
was collected féer 48 hour HEK293T cell transfection. The lentiviral particles were used
to further transfected into HT22 cells using polybrene as transfection agent. Stably
transfected HT22 cells were selected by passaging in media containing 4ug/ml
Puromycin. Single lones from scramble and Txnip knockout cells were selected and

propagated for further experiments.

2.5t atistical analysis

IBM SPSS 24.0 software (IBM, Armonk, New York, USA) was used to perform
statistical analysis. All results were expressed as meatandard error of the mean
(SEM). Significant differences among means were analyzed bywapeanalysis of
variance (ANOVA) with Tukey -tgsts wdre used @r compar
statistical analysis of two groups. A p value of less than 0.05egasded as statistically

significant.
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CHAPTER 3: RESULTS

3.1 To detedmwneegdidnditTexdnpsgpgulsated i n brain ¢
App/ mRiscle
3. 16dof priost eaipnpr oipmmuan @b If @otrt 0 figa md aT xyrsii s
protleivrel s

Protein at amount ngoff H® 852, c5e IwldOley d2aftaehandl i4n
12% of-PA®IES gel . Tr x and Txnip protein | e
i mmunobl otting analrGgeAi and ABBshdD&ynKDnb&mnd wa -
Tr x, and dc5wakD ibdeemt i fied as Txnip. I ntensi

amounts were increased. nBated mp tbeearchksul

3. Tx2i p prodrdencrieesedat al cortex amMd hi ppoc:
and-mba-ohAlp p/ mMRiscle

Proteins were isolated from frontal cort
lZnon-0 hApp/ ®8d wi ld type mice, and Trx and
measured by i mmuAobdloe wnrscgn ahdy yBj swe found
protein | evels were not chaogtelidpipdPiscle nt al (
and hippocampusnonfb h®p p /6Riscl%®e ,arbdutl1 Z2Tr x pr ot ein

increased i n -mhamonhrdp b/ Posdtwkemfcdmpared to co
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(A) Thioredoxin (Trx)
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(B) Thioredoxin-interacting protein (Txnip)
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However, we found that although Txnip pr
changed in fronmaholpptBhgtef BTxanpg pPprotein |
significantl y 4dmoo-b &fdpspe/dRisicle vhamd céidrp awieldd t o
type | it ue8Ana.t elsn (tFheg hi ppr@aBa mpUdx ni @gipomt €k in
were also signifi camotnoyhAdp ptrRisches,e db utn o ta nidn

6-mo n-0 hAdp p / lRiscle when compared with wild type n

31. Sul fenyl at eda pienoctredians d demmett &Ix and hi ppocamp
9 alnzahonohAppPsrhi ce

Txnip can i nhi bit Tr x activity, subsequ
modi fication such as nitrosylation and sul f e
nitrosyl ated protein | evels wer e osciagmpiufsi cant
of 9mo nbhAlpp/ mMisded. 1] 1 n the present study, I
sul fenyl at ed fprroontteailn cloervteelxs ainnd -nha npoplhodc a mp u s
App/miscle. Sul fenyl ated prdteedohevebsjwgaei m
As showmnr@®@A aFndg 9B, although total sul feny
significantly chanmgewnto hAp pf/ Rcdé alvheonr termpaf et
wild type mice, sul fenyl gt dchcpreatseidn ilne falom

of -nlo2n-o hAddp p/ mRiscle and i n hi pproocnabringdp s/ Miscle9 and
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whemmpared with wild type mice.
(A) 3 month & month 9 month 12 month
WT Tg WT Tg WT Tg WT Tg
TXnip — — — — p— | —
B-actin e s—" — e — —_—
o 300 300 - 300 - 300 -
E 250 - 250 - 250 250 -
O 200 - 200 200 200 ke
o *
= 150 - 150 - 150 - 150 -
3 T
g 100 | —F 100 | —F 100 | —F 100 1 —F
= 50 50 50 50 -
0 ; 0 0 0
Wt Tg wr Tg WT Tg WT Tg
(B) 3 month 6 month 9 month 12 month
WT Tg WT Tg WT Tg WT Tg
Txnip . - — —  — —
B-actin e = —— m— — — —
o 300 300 - 300 - * 300 -
S 250 - 250 250 - 250 -
o
E 200 - 200 + 200 - 200 x
§ 150 - 150 - 150 - 150 -
& 100 { —F 100 | —F 100 { —F 100 | —F
T 50 50 - 50 - 50 -
0 0 0 . 0
WT Ta WT Ta WT Tg WT Tg
Fig8rTexnip protein |levels in frontél-TTortex
lZnonoohd wild type (WT) mice andDAP®/ BBEE tr
di splayed as mean N SEM, 3 mont h: N=11 for
N=12 for wild type, N=6 for APP/ PS1; 9 mont |
12 monWNHh9 for wild type, N=5 for APP/PS1. *
0.001 by sBtudetnt
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(A) Frontal cortex

9 month 12 month
WTTg WTTg WTTg WTTg 9 month 12 month
5 ! = 150 - o 2
92 ’ g S
s ' = s =
= @ - @ =
z 2| 3l E §-§1oo- I o
& o g’ " . =g
3 sem = r—
(0] lﬂ} M) " m-a
c g : g £ 5 50 50 -
v— ‘ - @ o~
[ £l 3 £ £
(] o [o] o —
b S O] [ - O o
a O o (3] 0 0
wWT Tg WT Tg
(B) Hippocampus
9 month 12 month
WT Tg WT Tg WT Tg WT Tg 9 month 12 month
. ! = 150 -
c . 1 i <
2 2L . S
Z @ s E=
é“g 3 X 1 E =910 | —F 100 | —3
@ a @ ) o =
= o = = ® = ©
3 . 5 s 2 = = ©
n P I ’ ] 5 - 50 .
:. o c b4 I |
@ i @ =
s E 3 £ g€
e o o ° &
L ee© ‘ a 8 o 0 ; 0
= wT Tg wT Tg
Fig9rSul fenyl ated protein levels in £rontal

l2nonohd wild typead( WPP/ mMBtetrandageéemai armi ce
di splayed as mean N SEM. 9 mont h: N=10 for
N=9 for wild type, N=5 for APP/PS1. * indic
Sstudent t est
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3.2 To det eatmimofer AThe aehfdeTxnip protein | evel

neuronal cell s
3. 2Ab2-35 ncrsdaneéep protein |l evels in HT22 mouse
primary cultured cerebral cortical neur ons

Abproduction is signifApphtPksd&nsigiecrriecasmidc & .
determine if increased  AppriPpcderacdteliyidcavee d
bybA meatshue edf bewdltxnofp Arotein | evels in cul
Ab 2-35 s amilnlo aci d fAbmpgmeindgl fhlbdhhef ound i n t
of AD pAbt2i5é&cnatns ,pr oduce similar toxbi2 effect:
such as neuronal deat h, protein oxidation a
Pi ke et al ., 1995, Yat ium eat tdle. efEARA ). oThed

and¥AdDn Txnip protein |levels.

First, I analfy2®nt&erd efpirwidpe i oof | Bvels in
HT22 <cell i ne. HT 2 2b 2354 2 6M weorre 1t,r elat @nd wh t
Protein lamwuadlyzedermeg i mmunobl ottunlgB, anal ysi s

found that 20MeAd -8 rotr wi tdhay, 3 days and 5 des
increased Txnip protein ilmghalts tiremaBaMm2at c evli |
Ab 2-3% or B dlay,s and 5 days also significant!/

HT22 cealrleB) .( FRwrt her |1 vE2Z3%nmedxnihg a&ndd eTrtx o
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(A) CTL1 3 5 (B) CTL 1 3 5

Trx s i —— TXnip = = e .-
B-actin s s s—— — B-actin e s w—— -
200 - :
® ® 200
Q = * * * Q * * *
E g 150 E %"150
£§ c £
@ 8100 { = © 6 100 | %
23 2
8 %0 ax
= c —
0 T o 0 r
CTL 1 3 5 CTL 1 3 5
Days Days

FigduOdhe efbh28DnoffrA (A) and TxnikhTZA2B) prot
celHTs22 cell s were trealt2datwisM Wfloveaycl & dL£yL
and 5 days.,Proespeaectiewelly. of Trx and Txnip
antibody using | mbruntoibd owds ngs ead abdyasrads.nor ma
Results ar e NsIBEWNn (ldNsbineames p<0.05 when c¢omg
deter mi nealy bANOWA foll owddcbawnBllkesy'ss post

(A) AB25-35 (M) (B) AB25-35 (uM)
CTL 20 CTL 20
TrX - TXNIP s s
B-actin Ne—— B-actin i s—
P 160 m 160 -
>3 120 2 .
@ 5 I 335120 .
c = 4
G S 80 3 5 801
55 89
&'63 40 5% 40
X< o8
o . T 0 .
CTL 20 fa CTL 20
AB (M) AB (UM)

Figaddhe efdB2&%HnoTrX (A) and Txnmninp ceBlebpradt e
cortical Nemeuogmannswere treatef2WiaiOM vifediri c1 e ( (

dafBrotein l evel s of Tr x and Txnip wer e me
i mmunobl ott bagt ianawygsi ssed as a normalizat.i
sbwn as mean N SEM (N=6). *Indicates p<0.05

by St utdesitt.” s t
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protein | evels in primary <cultured mouse c
neurons wer eb 2%@adM o owi tlh dlayl t hod@ghindr ¢ dtame
wi t b 2-3A5h ad no effect on adr gl Ap)r,otehns | eveats

significantly increas®EdB)Txnip protein | evels

3.2b®M2Ancrs8asep protein levels in HT22 mouse
primary cultured cerebral cortical neurons
BecawsepAadpti de psesabntthal hwywman brain and
form is the most toxik¥ oIl i pgeameuasredd nT XMerixpe f f
protein | evels in HT22 bckllts .13 8enlidos Wwerdaytr
Protein | evels were analyzed byuilile2munolbl ot t
found bttdhzat M3 dnfdor 1 day significawndglly. ilncr
al so fowrMdd2at hal3saAfdor 1 day significantly in
|l evelugsleZB) g It has Ibédemt rlepwert edon dhearnt rAat i on
protective effects in neur onsl y(zPeudz ztoh ee te fafle.c,
Ab 4 2t | ower concentrations on Trx and Txnip
Ab#4 22t 0.2 nM and 200 nMufreB A1l alafiyd @agh sAowr
0.2 nM and 200 nM for 1 dayvelgnitheaprtltyen

had no effect on umied3iBp .protein | evels (Fig
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(A) AB1-42 (M) (B) Ap1-42 (uM)

ctL 1 3 CTL 1 3
Trx e —— Txnip e —— —
B-actin e s w— B-actin ' s— —
o 200 . o 200 . ¥
T [
o 150 > =150
8 S 25
c £100 | ¢ £ e 100 {F
@8 2 S :
o 30 2« 50 -
= Qo
x s 0 T 2%
= CTL 1 3 E CTL 1 3
AB (M) AB (uM)

Figald&he efbf#édin dfr xA(A) and Txnip (B) protei
HT22 Cells were tredtdezmt wl eNbinadire 12 P rhea erCan.l ) c
l evel s of Trx and Txnip were measured witdt

analfpascitsiin was used as a normalization stand
(N=4) . *I ndicates p<0.05 when -wamp@&ANOVALt o c
foll owed by oTcu kaenya'l sy spi oss. t
(A) AB1-42 (nM) (B) AR1-42 (nM)
CTL 0.2 200 CTL 0.2 200
Trx . — — Txnip e e
B-actin s s s B-actin s s e
w200 - * w 200
— * E___
52150 2§150
-55100- T -§§100- 1
S5 o2
5° 50 5% 50 -
x = a2
= 0 . = 0 T
ctl 0.2 200 = ctl 0.2 200

AB (nM) AB (nM)

FiguBdEhe effbedatofl over concentrations on Tr
protein | evelBT22n Gel2l2s cwedrles .t reabtdédhtwi t h Vv e
0.2 amiM Z®0 Prnotdamiyn | evels of Trx and Txnip
antibody wusing | mbruntoibdi owdas ngseadhabygsias.nor ma
Results are shown as mean N SEM (N=4). *1lnd
deter mi nealy bANOWA foll owddcbapnBllkesy'ss post
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(A) AB1-42 (uM) (B) AB1-42 (uM)

CTL 1 3 CTL 1 3
B-actin " s s B-actin e w——
o 2001 P 200
8= > = 150 2
3 2 10 33190 N
€S 100 | % ST 100 | =
'a o 7 T 2 3 T T
S5 S«
g o 90 - 0.0 50 -
S ax
= 0 . S~ o .
Ctl 1 3 - ctl 1 3
AB (M) AB (uM)

Figud®he ef fbeld o nofTra (A) and Txnip (B) prot

cerebral c orNeiucraoln sn ewuerroen st.r eat ed¥4d @itt L vaerldi c |
3 Me f draRX ot ein | evels of Trx and Txnip were
i mmunobl ott bagtianawygsi ssised as a normali zat.
shown as mean N SEM (N=6). *lIndicates p<0.0!

by -wag AANOVol | owed ky cT uakneayl 'yss i psa st

lal so further vefhMPone dTrtxheanedf f Bxxcrni ppofprAot e
primary cultured mouse <cerebral cortical ne
Ab ¥4 22t 1384 nfdor 1 day. uAled ss,hoavint honu gFil gtorre at mer
I MAb#H4 had no effect on Trx spligteifnclaemetélys i ntc

Txnip proterledB)evel s (Fig
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3.3 To deter mibmen ppheotef hectul dfenAkl ati on and n

3.3b23AndbiA2 ncreracteei n cysteine sulfenylatio
in HT22 mouse hippocampal cell s

HO. and NO radical can attack cysteine t
sul fenyl ation and nitrosyl ati ogne, twhi githo taerien
Because Trx can reverse protein cysteine sul
i nhi bit Trx activity, enhanci ngbi myesteaisrea s 1
Txnip may further promot e cyat eiTeersdlofr @eny
measur ed t hbeone fpfreocttei of sAl fenyl ation and ni:
hi ppocampal cel bslk5 ,Aswes hfodnBi® da bt hEadigedn d 2 0
significantly increaslati ssufbéffihatiddn dir ot ei r
20Mesignificantly increaswrde6ni.trosyl ated pro

Next, we measubb¥ddnt lcey sd fefiencet saufl fAoenyl ati on
HOocan attack protein cysteine residues and
Fiugle7, we founQdat hédd Qlacth hid posibtd4zae Bontro
eM significantly i ncr easrmidt rsousl o gelnuytl aats heido nper o(t!
NO donor that can induce cyuwrtle8i, neven iatl rsams yfloau
t hat both &BKSNGsatt h2x00posibhil lagd eBosnit gmoil )i aardt |/
increased nitrosylated protein | evels.
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AB25-35 (UM) AB25-35 (uM) 250 -

CTL 5 10 20 CTL 5 10 20 *
c c 200 - *
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o— -—\O

o £ Be
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o o a CTL 5 10 20

AB25-35 (uM)

Fi gudibe Tehfef e cht2-3cddfn Aprotein sulfengkadlt somwere H
treated with Rehmc|l®, (CaLanor2@& OM for 1 day
|l evel s were measured by dimedone conjugat.
anal ysi snalBainmt esnisgity in whole | ane was qu.
membr ane was striped and stained with cooma:
di splayed as mean N BEMO. (N5 =whée)n. c*o mpmadieaa tt
deter mi nealy OMohel | owed by Tukey's post hoc

AB25-35 (uMM)  AB25-35 (uM) -
CTL 5 10 20 CTL 5 10 20 ]

“‘ o > ‘ - =
ba : | ¥
- CTL 5 10 20

AB25-35 (uM)

Figumbe The ebP2-B®Hth @froAein nitros@@éhtsowera F
treated with MR&hmc| &, (COLanodor2@a OM for 1 day
was measur esdvi bgh bmet hpnd, foll owed by i mmun
signal intensity in whole | ane was quantit
striped and stainedawildbadiomgnasemnter @Il .ueDatsa
mean N SEM (N p<60.05 whelncabompared to cont
oneay ANOVA foll owed by Tukey's post hoc tes
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o
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Protein nitrosylation
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CTL AB H,0, CTL AB H,0, 600 *
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CTL AB H202

Figdi7e The ebfdewn mmrHfotAei n isnul Hlexh2ACledd lisloswer e
treated with vE#ADRactl e3QMCTiILor alnddaly. Cell s wer
Hx0,at 30@OM30 minutes as the positive contr

measured by dimedone conjugation assay, f ol
signal intensity in whole | ane was quantit
striped wntthstaomadsie blue used as | oading

mean N SEM (N p<50.05 whelincavmpared to cont
onreay ANOVA foll owed by Tukey's post hoc tes

CTL AB GSNO CTL AB GSNO 350 - .
’
S y c *

g ERE s %

- . -
= = = 8 5 250
) o - > e
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a o - . 0

CTL AB GSNO

FiguBe The ebtMMexwn mwmrHfotAein nitrosyYledatisomweirme H
treated with veéhdat e3OMTLQealalhsd ddegr.e al so tre
GSNO at f>00 W mi nut es as t he positive con

measured-slwyt bhotmien hod, foll owed by i mmunobl
intensity in whole | ane was quantitated by
stained wikhlhuecowsmacssdase | oading control. Dat a
(N = 6).p¢ 0n@> cahes compared t-wayY oANOWA s de

foll owed by Tukey's post hoc test.

44



3. XndckingnopdsAdencreased proteiinoncyasntdei ne s
nitrosylation in HT22 mouse hippocampal <cell
To determine ifoi fagmeapasankdpradesi M cysteine

nitrosylation, I anal yzedinbeeastdcprofeilnn

(7]

ul fenyl ation & 2nicterld sy.| aftxminp igbene was K

clustered regularly interspaCcaed stheocrhtn op algiyn

(7))

hown uiree9 Kj gt he Txnip single guide RNA (sdgR

composed of a scaf bol @&ba snédg unegn c ea nnde cae s2sCa rnyu cf |

(7]

equence that is complementary to the speci

(7]

gRNA can form a ribonucleoprotein compl ex,
DNA sequence. I n tlhhent gpaicekeaged sTxdiyp s g
(AGAACGAGATGGT GATMAUATARI SPR/ Cas9 |l entivector w
into HT22 <cell s. Scrambled sgRNA was used a:
me as ur eidmnuusn onbgl ot tAsngs hacdhvany 388 s . Txni p pr ot ein
were significantly knocked out in cells tra
cells transfected with scramble sequence. T
bl ocked Txnip gene expression.

Next, we measumdd Aphet efhesul fenyl ati on &

Txnip knockout HT22 celbldszaB8elfbs WwWedaytr éaff
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t hat treatbnsengtni Wi t hntAl vy i ncreased sul fenyl
transfected wiftlk, sbuambtlhad daeuwmdament had n
protein |levels in cell s utrkecABhsf Ast subrdetvpnt hnTHEkr
we also found t3nhdhAb M 2se gygtnmdrntcawttih i ncrease
protein |l evetsednwiceh!| sctrlaahBloé @ ouqRINAsh.at al
treat meSmt B B hgni ficantly increased nitrosy
transfected with Txnip sgBMAsSnH amalgins t udan off

with Txnip sgRMAsS nwasr alnosweerc ttehd wi th scr ambl

(A) (B) HT22 SCM KO
Txnip sgRNA + e TXnip -

|3-actin - ——— —

J/ 120 -
complex ‘l’ 100 -

@0
7]
°3
o e 97
Target binding \l, ® 5 60 -
=]
3]
‘ O« 40-
[=Be ]
. . =
Txnip gene E 0 -
\L - HT22 SCM KO
Txnip knockout Cell line

Fi gu®e The mechanism of CRI SPR/ Cas9 system.

measured in HT22 <cell Il i ne, cells transfect
cell s transf escgt RNDAswiTtkhO) pPx mpirppt ein | evel s wer
i mmunobl otting anal ysi s. Data are @g«splayed

0.05 when compared towaynANOVA fdelt le@wé cheldy bsg
test.
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FigabeEffect of TBinn@r sgRNAsproot AT 22 scuaélflenyl
transfected with Txni pwsgBNts ¢edt egdhi @zl € CT4d
Abl-4 X or 24h. Sul fenyl ated protein was measur
Bamd gnal intensity in whole | ane was quant.i
striped and stained with cobataas saree bdiuep lusye:
mean N SEM (N p<50.05 whelincavmpared to cont
onreaANOVA foll owed by Tukey's post hoc test.

FigadeEffect of TB&inner sgfRANAsprontidAT 22 necelrlos y |l
transfected with Txni pwsgBNfs ¢edt egdhi amkel € CT4d
Abl-4 2 or N2idhr.osyl ated protein was measured by
intensity in whole | ane was quantitated by
stained with coomassi eDabtlau ea rues eddi sapsl alyoeadd i ansg
(N = 6).pg 0n@% cwmhers compared todcdnttrexslts de
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