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dxstolm ol Fa WUl EZ-l wWE-otdEo|=9 tau

GlcNAcylation ¢  wW3lel HDAC6 9o A3tz 2l
acetylation ¢ H3}7}F &4 v} A 9F O—GIlcNAcylation |4
acetylation 2o W37} #olst= FA|FQ d=slo|wH o] w9l
7148 wol AgrEo] QA Ytk weEka, 2 ATl = O-

GlcNAcylation ©]4} acetylation ¢ W37} &=slo]mrg o] W<l

Hg oA ®3tEl O—GlcNAcylation ©] 7|93l
gel 71| Ao, dxstolMy FE Rdy WE-
ol Zol=5 A3t MEA c—Fos 2 O—-GlcNAcylation (S56,

S57)ol F7Hee wglem, 1 A3 c-Fos o b3kl AAL

B

949 F42 A% ARE FESHE Bim o Wide] F7bHo] A

=

0%, acetylation <AT°lA= HDAC6 9AAE &
acetylation 3% 9oJa] uyehbes dxstolwd & 7IHdE
TGtk g=stelm ] TE mdolu Alxe] HDAC6 AAAIE
23S uwf, HDAC6 2] 7]&¢<l Prxl 9] acetylation (K197)9]

Fobstol Wlet-olu ol o] 3] FEE As AEds Bud

-":rxﬂ-! ":I:I '|_



Ca®*% 3EA7|x, 1 A3 uvEZ=gold F2 FFEL
I EA S el B tau 9F Hsc70, Hsp70 ¢ acetylation ©]

ket M2 ke s A8 FUME Bd tau 9

ojglgt  A¥E FalA  d=slolmHeA  Wskd O-

GlcNAcylation, acetylation ¥ 72 @izl o & 2317}
=stojm o] Wl 7] 7|HqEgS & & S, WstE HY

FQ0o: dx=3lo|my, HEl-oldREo]l= O-GIcNAcylation (O—
linked B —N-—acetyl glucosamine), c—Fos, HDAC6 (Histone

deacetylase 6), acetylation, Prx1 (peroxiredoxinl), tau
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4—HNE : 4—hydroxynonenal

8—0HdG : Hydroxydeoxyguanosine

AD @ Alzheimer’ s disease

ADLP : Alzheimer’ s disease—like pathology

APP : Amyloid precursor protein

A B : Amyloid beta peptide

BACE : Beta site APP—cleavage enzyme

CHIP : C—terminus of Hsc70—interacting protein

CHX: Cycloheximide

CREB : cAMP response element binding protein

DAB : 3, 3’ —diaminobenzidine

DCFDA : 2" , 7" —dichlorodihydrofluorescein diacetate

DMEM : Dulbesco’ s modifiec Eagle’ s medium

ECL : Enhanced chemiluminescence

ER : Endoplasmic reticulum

FBS : Fetal bovine serum

FDG—-PET :Fluorodeoxyglucose—positron emission tomography
HBSS : Hank’ s Balanced Salt Solution

HDACSG6 : Histone deacetylase 6

HRP : Horse radish peroxidase
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Hsc70: Heat shock cognate 70

Hsp 90: Heat shock proteins 90

Hsp40 : Heat shock proteins 40

Hsp70 : Heat shock proteins 70

NFT: Neurofibrillary tangle

OGA : O—GlcNAcase

O—GIcNAcylation : O—linked B —N-—acetyl glucosamine
OGT : O—GlcNAc transferase

PDMS : Polydimethylsiloxane

PHF : Paired helical filament

PMSF : Phenyl—methylsulfonyl fluoride
Prx1 @ Peroxiredoxinl

PTMs : Post—translational modifications
PVDF : Polyvinylidene difluoride

ROS : Reactive oxygen species; ROS
SIM: Structured illumination microscopy
TBA : Tubastatin A

Tx—100 : Triton X—100

UDP—GIcNAc : Uridine diphosphate N—acetylglucosamine
UPS : Ubiquitin—proteasome system
WGA : Wheat—germ agglutinin

A —HEX : 8 —hexosaminidase
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A4 Aujel oAl Awel d=stolMyy  (Alzheimer ' s
disease; AD)& w3ts} dA¥td A7 H3Ad Agow Q142 1

skef st @xbert VlekarA o s Sobskal o (D). 9% =

ofdZo]= (amyloid beta peptide; AB)7}F 4% o] YeEhtE =

2~

oIdt (senile plaque) 3 A3 W] FlAkste tau il zo] H] A
Aoz SHEHo A7|= AAAAR[ vt (neurofibrillary tangle;

NFT)o] &&=} (3).

weba, WEb-oll o] B9t tau go] etxalol g o9
QA EAR oAA Y, WE-olU RS opUzo]E AT

(amyloid precursor protein; APP)o] HIEl—Al =z g]EHo}A] (8 —
secretase;  BACE1) ¢}  Zul—A]F 2] g o}A] (7 —secretase
complex)oll & ZHA BHAHH, Arw FHEHE= 540 3l
ol A (dimer), &&| 1™ (oligomer), FBH (fibriDZ A} &3
WA g —sheet 729 wQINHS TG (3). o7 HEl-o}
dRolt FHAES AE HA4S dehin i BiuEo] gl=t, tau

dugel  welarE, eEdA-24F ALY (autophagy-
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lysosome system)2 £ Al A9 FH3l wmEFZE=golo] £AF

Ca™ 34499 old, F2 % As, AL APE Fo| 130Tt

O

(29 1. 9A, taus] #JArst= Hlgf—opbdZo]=7} Fyn, GSK3

B, cdk5, MAPK, Akt, PKA 59| kinaseZ #FZA3IAAA dojr}

rir

oz deiA 9, 1 AF taud] SHol FRHA HE e
A HH, taue] W& AXE SAE Yehdoh (3). W Ef—old =
o=t Akt #¥ ZAZY RAGE-AMPKE 53 ZHEZE QEIA -
2l4aF AlA® (Autophagy—lysosome system) S &4 3FA| 7] =

, eEdA-2rE AR wEe-olUzo = AH A

of

stz A Yt (4—-6). HaFo] nAEEEE L ESA -4
3]

% Axge =

ul

& EAAA dE-otd o= a7t i

o

= H1%E Ql+=d, 7154 d=slo|Hr oA Hol= presenilin 1
(PS1) 8] =Amolg} wgt—oldzol =0 &gk GSK39] &3t
gaFo A IE ST stk (7). o] Qelk wEt-obdE
ol=of 93] 4=7] 7FA] (dendritic spine) 7} & &1, &7 Z
3} #8 (long term potentiation; LTP)S £AF 4 7] oot
(long term depression; LTD) 2] Fxlo] H i ¥o] gl=d|, o]z 3+
Az e] Eo® Qs dxstolnelA 1A s &4 W 719

g AE7E dojubes Jo® AAXY (8). vwo®, d=dto|my

$ap o mEZEdolellq FAE wEl-otd 2ol =) W =,

I Ay nEFEet] g4A5S EAA AR dEA (electron
transport), ATP A4, A4 Auv], nEEZ=gole w97 25

2
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Aa] =gk &4 AbA (reactive oxygen species; ROS)7F A4 &
A, AlE Y Z Al Ca®fo]l Eu]E W, cytochrome ¢ #H|E
&§ obFEAIA (apoptosis) 7F dolubs Ak B aEo] Stk (9).
ksl ~E# A (oxidative stress) T HWlEf—old 2ol o] o]t W]
g4 54 S sty de-otd=ol= AAZE fr2l7] (free
radical) & 4171 fEFel= (peptide) o]H, PIEF=go} &4
S Sl FHALE TR, 2XAE (microglia) & 84 3}
AA &/ A (reactive nitrogen species; RNS) & A7 A
o® oA vk 2 A, AHde Ak, @A o] kst DNA
o] #AarEE F3 AL 54S 4o (10). Ca®t A HlEl-o}
droltof o] Aol ERE S, 4 mEZ =gy
XA A =8 glutamateo] 9&l] 2¥A (endoplasmic reticulum;
ER)ellA Ca®" ®H|7} Zx15e], AlZd o] =3 Ca*o] et
ua, 71 A3} calcineurin, calpain® 22 45 A3 A|AA
A =719 A5, A TEARA Fell, AlxE APEEs fREST . o
HA vk (11-14). F=3H 21 25 7F v 4 7390 A3
AN E F2F FFo] wlg Fastd, we-oldZol== HA
2% (microtubule) 9] &g 3te} wAl &¥, % &9 (motor
protein), ] HE] ©¥ A (adaptor protein) ¥ F%E (cargo) A}o]
o] FAEES AAACEZN FA FEHES Adfdu Bl gl

o (15). ogk #2 o 7HA| Al
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EHE dzefolmye] Fo 99 WA tauk T AAE
ol MEEY, ZAEAAE e For waRt (16). Lz

ot
=2
>

= ¢l (projectin domain)2 2709 ofn]-—Zt 9]

(amino—terminal inserts) ¢] % (ON, 1N, 2N) &} v|A] &3 4

d

=1l (microtubule binding domain) 2] 2¥H & 7}&EA] -2k wHE
el (carboxy—terminal repeat domain) (R2)2% 5 uwz}t
(3R, 4R) 67F419] & (isoform)o.& At} (16). YHtE o=

F2 Hae IRsHow, vlAl Awe] Aol vlH £nE AP

=
2
o
1o
2
j—ﬂ
—t
[ab)
o
-
=)
(@)
@]
e
O
[
—t
N
il
o
ofo
-Q,
|
o
of
%
—
[eb)
[
N
L

of gtz Zlo] By e ik, WEl-obdEo] =4 picrotoxin¥

1= =4 e AAAELE etido] vhet

W2k (seizure) S dOo

Y

U+=d], taus knock—outstR S W, AAAES FHBFAdo| FATHS

E3& tau’l AABAEY FHS %

i)
i
B
30
mlo
o
3
A
ol
2
o
[
N

18). X3 tau knock—out F oA dnte] A 4174 wAo] A &) H

o} Itk ®aurt Qlar, sk CA1 ¥-Jelx Z7) oA Z7) 4
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T
o
©
|
\]
=

ofgt o] Ax elM Fad Vs sk taurb LEsholvy
AM = SHH, A 7les AW S wE MEE =

22 Alx 54e doxitta BaEa gl (19

2). flolld AFF kol taus HlE-ofdZol=of e R14k3}E

|

Al 23 Ag £ele] R29 R3e YX3 VQIINKS} VQIVYK &

d

=, 1 A vAl el "ojA el Sl AlFtE T (3).

ElXZ (motif) 7} tau®] Sl T8ty dEA Jd=d, Taus Hl
Ef—otdgolEol wixiZpA| R o|&A, & dAE A PHF
(paired helical filament), 71 ©]% AlAAfode] dAZ 239

dojdrt (16). oA taurb vlAl Aol "ojA vebr 53 =

W, tyrosine ligase—like enzyme 6 (TTLL6) ¥} v A A

(22). T3 taus= NR2BE Q1AFSFA]A glutamatergic signaling =
&= fyn kinaseE EAE—AYA (post—syanpse) & ¢ 2 9

S

.__;rx_-‘! ":':| i 1_]|



A 3HA &te], WlEl—old Zol=o o3t T JA (excitotoxicity)
= mistE Aoz ddA v (23). b oyl rTgd5103 &
98 A3t YERG

< tau B2 FANM FFE7] 7HAY g V)

BaEo] 9lo], tauZb AlWAL] 7]

bt
ofr
2,
=
ﬂllﬂl
o,
lo
N
ftlo
o

o} (24, 25). Tau SR A= E3F nEZEgols &A= Z o

fu
i
i)
2
30,

o, Drplsh mgaA 0w Agale] vEaseole)
A% MAYHOR SANTAY, A4ADA Gre) BYS A
sto] ATP Aol MEZEdol 35S £YANGE Bast 9

o (26). °ol¢F H=of, tau B2 oA AAAES] Ado] BEH

o] Rk oy} d=sto| My kAo M= wulA o] wo] &
4213} (Post—translational modifications; PTMs) &= W3} % o]
A=d (28), S W] & g sk diA o] e, 24,
U deAge] A 28 T st Ves 2Eeke To%
otk (29). & AFolA = g=stolmH oA Held WY &
213} & O—GIcNAcylation (O—linked B8 —N—acetyl
glucosamine) ¥} acetylation ©] &=3}o]m o] n|X+= FekS

AT R Part 1 o4& wEl-opd Zo]=e] 93] O—

GlcNAcylation ©] Z3x A E o] ME AVEES 58k 714
TFE3IE 2, Part 2 9 Part 3 olA+= 2% xdd WY 3 #=43}
6



< acetylation & 3] 5AIZ2 W g=sto|wg ol Y=

BAYESE W5l Bl HBEE 2E Avnrh

Part 1. H|E}—o}gd 20| =9 23t c—Fos ¢ O—GIcNAcylation
77t ARAE AbEe] vl 9F AT

O—GleNAc < o] Mo 5 FA45k2H, 2F A golgi oA
T dojut FE wrkeld oA WA= glycosylation
2 ¥, AlZxA, vEZE=gote] wmidex £257F dojuh=
558 dAdolry. 'S o] e Wol dAY o] s FxE
o] FA &1, 3] O-GIcNAc ©] serine (S)¢|Y threonine

(T)oll +243}%°], phosphorylation ¥} H|2&}A @92 ] Q%

10,
oL
=

L

g4 = AS Hd9S X433, phosphorylation = F A A
=& AxAor FAsE dojdtta ®BuEol itk O-
GIcNAc 2 ©#deo] O-GIcNAc & #9FE O0-GleNAc
transferase (OGT) <2} O—-GIcNAc & HoJ™g]:= O-GIcNAcase
(OGA)°l 9s x=Ax+=d, OGT 7} o]&3st= O-GIcNAc 9

b R=

e
e
b

FogRE A ZEE  hexosamine I HH
a2 AFEQl  UDP—-GIecNAc  (Uridine  diphosphate N—

acetylglucosamine)©]tt (30). ©]#3 O—-GIcNAc 2 %k,

1

bxstolm st e AW ohlet Vo] P4, At FYA B

I o]

2
ol

bt
e

Aol AgEsh4 3 = 2% a4ov (2% 3) (31,



O—GlcNAc F2 st AU o diatel] ols&] =dx=d, A3
eld & A= fluorine—18 H9¥4AS BX3 5T FAHAHQ
fluorodeoxyglucose (FDG)E  ©]&3%t positron emission

tomography (PET) 4152 A7

mlm
of
N\
oX,
et
o
30
vl
Mz
2
il

GlcNAcylation ©] H|ZAA o2 ZHEo| By 3=, 50~60
9 25 kDa 9 @A O-GleNAcylation ©] ZF7}s o]
R3L, 70 kDa ©]’e] o= O—GlcNAcylation ©] 7t o]
Rom AR o O-GlcNAcylation ©] ZF7Fg el =7} O—
GlcNAcylation ©] Zad FAeol=rwy ¢ wWol] #zE vty o}

(34—-36). %, 3xTg—¢=stolnryy nd He uHE o]gs 2

ot

A AFeM = A Fel vsl ¥ A& O—GlcNAcylation

i

Aol FHEEIANE, 3xTg—d=sto|my = HoAMrt O-

GlcNAcylation ©] Yol gwid e &5 eS B ustgct (37).

o

19 H=°], OGA <AAE FoAd dxsfolmny el FH oA

e

dE 719 go]l  3EEI,  y —secretase & A ©@W A<l
Nicastrin 2] O—GlcNAcylation o 23l ®El—o}d Zo]=2] AA o]
A o ZH wolnto] A4S, tau &) O—GIcNAcylation o 2] 3l

A7 frebol

iy

AFPon wmEFZE=Eole] ATP synthase HA

8

.__;rx_-‘! ":':| . 1_]|



7} O—GlcNAcylation Ho] ]2l 7]%0]

b2

ol
tlo

OGA & 9A3AY knock—out

=
S o] EAHYUTE BuE Yrt (38—41). o]y st A3 AFELS

o8 9% stu AT AAATL AR
3

Ak @l wEe] A EHMoRs

=S Abgstel, AE ol Fay EAske
GlcNAcylation & AE3P 1, o] AF+E =3

GlcNAcylation ¥+ Wiz Qlo] vk

o)

590
u,

A% c—Fos 7}
ol O—
, 43). c—Fos &

A= 5+ Y= a3 biotin—streptavidin | & =3+
3
—

wmge O-

c—Fos 7} O-

O, o3| ¢c—Fos ¢ O-

GlcNAcylation A= 8] A1 A] ¥k}t c—Fos += Jun family ¢+

Agratel DNA ©f AP-1 Aol 2% AARIAEA, AE7F ¢

chp ATl et ojel fdAe WA 2UAT (44). 53,

Zgol glutamate cytotoxicity, A7 A7l x}

4 =

i

9

)
A AEd ), ol EEAAZ §E3}= Fas, Fasl, Bim 3 &

rir

x

43 =

B

Al
Z

flo
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TAAE A= Ader dHA v (45-50). sHAWL

g2kl HolM  c—Fos ¢ ol FT7HHEUATE VIS KRiE
dz=sto]m oA dojup= ME APEel c—Fos 7} 93-S vwAH
Zolets A= AlAKEH olel Hsko], O—-GlcNAcylation ©] ¢
AEstd S xdsta, d=stolwHe] Wy 9 FAdE
Fast JFE wA7] wiLel, c—Fos ¢ O-GlcNAcylation ©]
dxslolm oA Zx FHEE Sle=x Hrlstal, 1 A3 Ax
Aol od FES A=A 1 7ess 1EE et Al
mEkA, 2 AFelA = c—Fos ¢ O-GlcNAcylation site &
TEFY FACl d=spelHy F= EE 5xFAD ¢ H|E-
ol Zol=5  AHEst AEeo|A c—Fos 2 O-GlcNAcylation
Hslel 1 71%5S gstuA svt (29 4). 1 Ad HE-
ofl Zoj=of 3] OGA ¢ c—Fos o A5 #go] W3lste] c—

Fos 2] O-GIcNAcylation ©] Z7ists ®HIAAZIHS =3

SN AA ABAE APES FAAEE A" 5%, luciferase
assay, AZ Abd 9 AEE SAYS S8l rEsilth ol F3l
Ad=stolm ol O-GlcNAcylation ©2 wi/lEE 2 thAre
ANAAE] Abdoe] MR UAS BHo] 9SS AQtshk wholth.

e-:rn-! _CI:I_ 1_]| '-f;]_ T_III-



Part 2. HDAC6 AHE F3 S7lY Peroxiredoxinl ¢
acetylation ©] ¢=3lo|HHE A &£AAH nEE ol F4F
TFEe IFAITIE 71 AT

bxstolvy o] Fo WQl F skl WE-olzol = 9o

AR whel #Zol H24F £Ee Asfsta, g Mg A2

U Ca®'e] ANS B AX 54 doivy A Qo (3,
10, 51, 52). 2 52 AL Ax o vA s w
kinesin, dynein ¥ 2 % @2 (motor protein) ¥} Miro,
TRAK, JIP ¢ #2 ofsiy Wz (adaptor protein)©] A3
(vesicle), P]E&=go} (mitochondria), ©@MA Fo FHE&
(cargo) S AIE Yo o3 xo=z o]lFA7|E #goltt (53).
A7 AEE FAko] w21 B ARl F2E sk 3l

o]
deh AG AEA Abelel A gEEe] d#d] sEEHofor A

AUAE FFeA Rl WA Jo]l AstArt (55). w,

+
)
it
o
i
20
oY
i
i
it

WA RE S HE-opdRol =] Y AL
Zab =2go] WElo vy TS 2AETE Bt Qtk (56). WE—

ofdgo]E=E= g —tubulin 9 acetylation S ZFAA|Z| A, tau =

11 -5
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o

HRAASAIA  w A AT EQMSAIZICEN  F2 FF
As et delA ok &= JNK, GSK3 8, CK2 ¢ 2-& kinase 9]
B stE Fal kinesin & AAEE FIRAA wAl Adelut
FEEY FEF @A Afole HAAHE AsfAZIoEHA  F2}

TEe ST Ao d4EA 3l (15, 51, 52). A Abas

1

Ay, @ Ak 5E AdstAAA AEEe] Ca®t TS

2] Superoxide dismutases (SOD), Catalase, Peroxiredoxins
(Prxs), Thioredoxins (Trxs), Glutaredoxins (Grxs), Glutathione
peroxidase (Gpx), Glutathione reductase (Gr)8} 2 A3}
a9} glutathione (GSH), coenzyme Q, ferritin ¥} #2 &3}
2171 k. SOD =  superoxide(0:7)E Hy0, 2 HIHFE=
a4o]1l, Catalase, Prx—Trx Al2~H GSH A]~® (GSH, Gpx, Gr,
Grx) 5 He02 & 02 W H:0 & whgozs dAts) 7]5g gt
(60, 61). &=3sto]HH 3kx}9] oAM= SOD, Catalase, Prx—Trx

Al2®), GSH A8 el @ats) 7]5o] AstE o] 9laL, GSH 9o ¢

Hawe] vt BaEo] vt (62—-64). o|x§d tiFiEe] Fikst
Aol EAkEe] Q17] wiell, WiEl-oldRol= ofsf FrhE
@97t AEA xal flek 22 FA4 At @ Alx
EA0] dojuA "ok HEd AE Ul Ca®te AAAMES AMEE

12



do7lE F® HAel #olstd (11, 12), ROS ¢} Ca®™& EF
nEZCg ol 4 #ES Adfdtrta HaEe] 3l (65, 66).
3| AE YolMEdo]A 6 (Histone deacetylase 6; HDAC6) &
2 HDAC family ¢ @8], AxAe] F2 &A3}9], « —tubulin,
Peroxiredoxinl (Prx1), Heat shock cognate 70 (Hsc70), Heat
shock protein 90 (Hsp90), cortactin, tau & &2 A|¥X 2 A=
G ds gotgdgAy]E Zxeltt (I¥ 5). e —tubulin 9
acetylation & FAaAIPO=EZR wlAM A3 xS 43t
A 9low, Prxl 9| acetylation & FAAIHOZHN Prxl 9
ShatslseE S ZFAaA Ity R stk S Hsc70, Hsp90 o
22 chaperone 9] acetylation & #2Al#, ZF chaperone 9
Z1d¥e] AFRYS dFoEx dwEel  AHIoly EIE
ZA3&t=d Boldtal, cortactin 2] acetylation & A 8FAI 7] O EH]
autophagosome ¥} lysosome 9] fusion & Z43= o2 A A
Atk Tau °lA& KXGS EEXZ 4o K259, K321, K353 9
acetylation ¥ phosphorylation ©] AARAAOZ Z&3}=d], 9]
7159 acetylation ©] #A% ™, phosphorylation ©] 7} o]
tau o o] FEvi gk o] o= HDAC6 Al
fFHlFA” A =dd ZnF) ¥ 2 718 "HokAlEdol A kvl
Atelell dynein AY  Zw|lel  9lo], EFHIFE  (poly—

ubiquitin) ¥ w32 d@AS BT S+ 3

rlr

Fre FEohs

7]

ojr
ftjo

7FA 31 Tl =, HDAC6 & SLEIWA|—g AZ A AdHo|L}

13
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A -2 2 HolsE AlAH (ubiquitin—proteasome system;
UPS) EFo #ojste] @A el ggAds 4dsk= o 7|od

sl wlolth (67-69).

(1
ok
e
ftlo
=
o
rr
ik
[N
ol
o
i)
ok
offl
i
b
1
=2
>
s
)
>
O
(@))
i

ot 0]
knock—out stAW AAEIS wf, VdHS FEA7|AL, HE-
opdgolx WS 7FAAZ]Y, @ —tubulin 9 acetylation =
slEAlcwA  EAE FA FFe IEANYU= Zlo] 1
Aytzolty (72-75). ©] ¥4k oyl rTgd510 I & tau
WS Hols &5 EddA &4 7983 AAAME &9

#5830 7 AAH tau o o] gaHThe wIE 9L,

i

rTgd510 ¥ 22 tau B2 FHQ} primary neuron, ¥/d % tau
o83t in vitro system ©°lA K274, K290, K321 #7]9]
acetylation & FT7FAZ = W, tau ¢ 3ol A=A, K259,

K353 ¢ acetylation <7 &3 S262, S356 9

Frt

phosphorylation ©] A% o], tau & ®HWo] ZAAFHUTE B

ok

ATt (76—78). o]x¥W HDAC6 = 9A|et= Zlo] Ld=3slo]n

g0 A Aoz HztEa A9 HDAC6 9 @ 714 =

14



a —tubulin oY tau & AT oS 71H Fgel YEiHE
obH 7k FA AL 3% 717lo] vrE Rl uhrh gk

& Aol dx=stolnels EgatATE SUkEC] Halof

H=ell, HDAC6 <AAlE &3 Sdx=stolmyo] 3& 7|4

Prx1 o] o]@A 7]ojst=x] AR 1=}t sttt (12 6). Prxl &

o\
N
N
ol
ol
s
o%
>
oty
olr
L)
o

gakst WA Z R acetylation  ©]
s7teke Aoz dHA  Advk (69). d=stolmE AdgelA
HDAC6 9] &Xo] 7] wj&eof, Prxl ¢ acetylation ©] 743},
olof wa} Prxl o ksl T8 T AAaEo & A0R s,

HDAC6 & <Aoo 24 Prxl 9 acetylation = 3]EAFHS o,

Ca**o] ZF7hsal, F2b FFo] AdHAS ZolE=E, HDAC6 =
oAt w, olelsk @Al IEHEA st olF E3,
HDAC6 S A|A7F &=sto] el A wet—otd Zo] e 9%k ROS,
Ca®"e] <7 &2 % Ads 22 AX 54ES IdEA7=

71A& gy,

15



Part 3. HDAC6 A& 2Jgt acetylation ¢ F7}7} tau

SR o] ZAE T d=slo|MH e IF/AT= 71H AT
d=xslolmy o] EUHE F2 WAL tau HAEZ A, oA A3t

vpel o]l REE mAl Adhe] FojA wAl A¥s M=

o3 3
1=

o

shARE, d=stolm o= tau 7F HAAEStE S, O A
oAl el A "olA el mlgdAQl Sxlol =XEn (16).
HE tau = ANA Ve Belgk 4 ¢F A, vEIZ= ot
= AE APEY 2E AE SA4S dod|es Jow RiuHu
Atk (16, 26). 53], d=sto|mg atelx A4 H3P7E dojt=
Yo F9e dEg-otdReolERY ¥ tau ®E o] FoX

Aol e F-21ek ¥ vk (79), WlER-ofd Rl =

ok
E
ftlo
=
o
rlr
1o

ot=slolm] Bdl Ho| YAA tau = knock-—

out 3= W, HWEf-ofUzol=e ok Q147

olr

Ak, A
BEE Ak, F2F 59 43 DNA o5 7l 7o
RAAAY F43] At HaES d=stolMHeoA tau 7}

ZEAA (effector) ZA Al B5AS doilve Ae AARIG
(17, 80, 81). =3t AF7bA HEt-oldZol=E %A%
semagacestat, solanezumab, bapineuzumab ¥ Z-& X g A|E0|
DA AWE AT o] (82), tau @HMAES Fol=
A5A A7 wi A Aotk A tau & BAT A EA
SH=E $3S AslstE methylene blue ¢ A& <A LMTM I,
H

9 AXm HA=gO®E tau & E°li= AADvac—1, BIIB092, C2N

16



8E12, anti—sense oligonucleotide (ASO)E ©]£3lo] tau =

Zo]= BIIBO8O & X33t 9 7He] F 1R oFEo] A A3 213

ol (
=
=
g
jab)
s
\)
=
N
Y
o
o
=)
o
iy
)
T
o
>
Q
[@p}
2
2
2
A

=2
(76—=78). BtA%, AA  L=spolwH
ol Zol=9l tau WS EF JFAWEA, Al AMXES ARE,
71998 9] &4l BE yehds dxstolwy Td FEoA 9
HDAC6 oAl &+ 59 ¥z ds glvy. X3, tau &
chaperone #8419 =4S %53k UPS ¢ LESNA -2 4F A|AH
o F /A AR BEFE Eddve Aol &dEA dx (2" 7)
(83), Part 2 ol 7]&=st nviel o] HDAC6 7} €18 F 7HA
Al2Ele] B olstE vizb A QAIRE, HDAC6 S AIA|7F
oj@A #&ato] tau & HaAZI=A dig FAAJA 71A FA
uralzl vk A9 gl

b, 2 AFelAE wEt-obd ROl =8} tau o WHES EF
Holl: d=sfolmy  FE  mdel ADLPY'  (Alzheimer’ s

17 J’r-! : CI:I : 1_-_]
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disease—like pathology®™" ¢ ™) F o] HDAC6 AAA X7

a2 AR ST (28 6). 1 A3, &AE 7oy 9

HDAC6 9] A7} UPS ¢} A% chaperone < X43}9 tau

A FAgeEHN, APAet 7o IE7MA 7=
2k
-

18



p3
\ y-Secretase _a-Secretase
R e
Celular Loy AL (il
Wity
6

Non-Raft

(Querfurth et al., NEJM, 2010)

Disrupted autophagy-
lysosome system

S ti 2\
dysyf?largﬁgn \ / - ."- '
O WL ITAS
i 1 i Impaired axonal transport
S . om
M dimer; —» Ca2* dysfunction
U XN g B
l Hyper- o trimer;
phosphorylated tau  -**-

& &,

damage
Tangles i
ROS
\ Amyloid plaques /
Cell death

(Modified from LaFerla et al., Nature Reviews Neuroscience, 2007)

I% 1. APP tjA} B33 Hegl-oldRo|ES] 54
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Microtubule-  Soluble Soluble tau Neurofibrillary
bound tau tau aggregates tangles

Synaptic i R S J—
dysfunction 85500 %0
%08 \
‘b.

Microtubule SFFFFFFs  Miochondrial
disassembly o damage
Impaired axonal transport

e i

.

Cell death

(Modified from Citron et al., Nature Reviews Drug Discovery, 2010)

3% 2. Tau @929 34 43 SHE tau HAY =4
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A  Physiology Environment
Y
Metabolism
Memory v
UDP-GIcNAC

v
OGT

Targeting
Stem Cell Biology Nucleus
Mitochondria v
O-GlcNAcylation
Metabolic Nucleoporins
Homeostasis Transcription Factors
Epigenetic Regulators
Mitochondrial proteins
Growth Factor :
) . Kinases and Enzymes
Signaling
Structural Proteins
Immune Cell Targeting v

Maintenance Nucleus
Lipid droplets OG A

Pathology

Alzheimer’s

Partners ) .
sinza  Cardiac/Vascular Disease
MAPK
TETs

Milton/OIPs

Metabolic
Syndrome
Cancer

Partners
0GT Lupus

Histones

P

19 3. 0—GlcNAcylation? 7%

21

(Hanover et al., JCB, 2015)



#

1 /O-GIcNAc?
Site?
c-Fos
c-Fos c-Fos

(Levelofc-Fos 1)

}

Stability?
Protein interaction?
Transcriptional activity?

Cell death

a9 4. WEg-old Zo)=o o5 ZE ZAF O-GlcNAcylation®] c-FosE
et AZAPRY| M XE 93 T M RAE

. A2 of) &



Ceo
Hsp90
HDAGA 5017 | HDACE

HDACE ——{ DACI B DACZ ZnF
Ubiquitin

1 Protein deacetylation | binding
| l
! ! ! ! !

[a‘tubulin | | Tau 1 | HSP20 | Hsc70 Berciiradoxind ?tgrgzsg:peof;:nation

MT dynamics GR maturation Autophagy

Cell motility Kinase activation Macropinocytosis

Cell adhesion Macropinocytosis

(Modified from Aleksey et al, Nature Reviews Drug Discovery, 2008)
(Modified from Yang et al., Nature Reviews Molecular Cell Biology, 2008)

¥ 5. HDAC69 713 14 & 7%
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F 4

| T .

o

a-tubulin Prx1 Tau ; . N
Cha erones
S D
& ups?
— A Y )
. Interaction? e -
?

ALS
. I||

Axonal transport | Axonal transport ? I

| | Degradation of tau 7

!

Memory impairment

2% 6. HDAC6 JAAI7} ¢&xsto]|m S EA7E 7|39 7 BAE

24



Ub-independent
B proteasomal
degradation
GSK3p, CDKS,

< Tau >
T Taw > PKA ERKZ

J.‘»..,_\_\_

e

phosphatases @ phosphate ‘ﬁr
Hsp70, Hsp80 . Ub-dependent
= L= proteasomal

degradation
CHIP

@ ubiquitin

unidentified
DuB

ROS, pi2,
Fox03, HDACS,
K63 Ub chain

Autophagic

.\‘h-___—-‘_—___________.. degradation

(Lee et al., Prog Neurobiol., 2013)

% 7. Tau $HA] &3 714
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48 Az 8 P

Part 1. H|g}—o}d 2 o]=9] 23t c—Fos ¢ O—GIcNAcylation

Z7Pt ABAE AEe mAE 9T AT

gNEE e Gxstolmy s& REHl 5xFAD F  (Tg6799;
B6SJL-Tg (APPSwFILon, PSEN* M146L*L286V) 6799Vas/J,
stock number 006554, Jackson Labs, USA)E A3t
5XxFAD= AFHe] 57h«] dzstolmy #3 EddWolE 71 A=
A human APP695 E<wo] (K670N/M671L (Swedish), 1716V
(Florida), V7171 (London))®} human presenilin 1 =]

(M146L, L286V) 7} Thy—1 Z=Z=XEo| o3l A A LAt 2t

e

de = FHolth, TEe2 Ay & ¢ ¥#  (Principle of
Laboratory Animal Care; NIH publication No. 85—23, 1985 7}14)

et A T2 9 2 AFME st B E3la,

e}
=
RE 5 A¥8S AHetstw TACUC (Institutional Animal Care

2. 2t A7 AX vl (Primary neuronal culture)
18¥ ¥ Sprague—Dawley rat (KOATECH, Korea) 2] Hjjo}of A

wE ®gd %, Hank' s Balanced Salt Solution (HBSS;

26



WelGENE, Korea)l.#& %713, 0.5% trypsin (2.5% trypsin;
Sigma, USA)= Adgste] suel Axz FAIXIt. Poly—D-—
lysine (Sigma, USA)©S = ujg] FE3 plateo] 2o AXE
Yeky, B27 (Gibco, USA)¥} penicillin/streptomycin (Sigma,
USA)7F  x23¥  NeuroBasal medium (Gibco, USA)efA]

wj kst Al vl vix= 39l & WA wA S

3. MEZF (Cell lines) ¥ ¥F& F¢ (Transfection)

Human neuroblastoma A3 SH-SY5Y$%} human kidney
AEFQ HEK293T Alx25E ARsklth 37 C, 5% CO2 Z3°
2 10% fetal bovine serum (FBS; Hyclone, USA)® 1%
penicillin/streptomycin’} 3X3F% Dulbecco’ s modified Eagles
medium (DMEM; HyClone, USA) & AFg-3to] wif= it &4 +
ds 98, EekAav= DNASE siRNAE Lipofectamine®o]ut
Lipofectamine LTXZE Plus reagent (Invitrogen, USA) 2} &7 A}
43kl Opti—-MEM (Gibco, USA)°lA 4lo] Alg3tqict. SH-
SY5Y A¥EFo+= Lipofectamine®s, HEK293T AHMXEFo&=

Lipofectamine LTXE A}M&-3}it}.

4. E8}Av|= DNA, siRNA @ AJ¢k (DNA contructs, siRNA
and reagents)
EGFP—tagged c—Fos Z&}~v|= DNA (EGFP—c—Fos—WT%

27



EGFP—c—Fos—=d®o] &et~n = DNA) 9} F 7FA €] tag—free
c—Fos 847 = DNA (c—Fos—WT¥ c—Fos—S56A—-S57A) &
AFE-3F3 Y. Tag—free c—Fos—WT Z2}A0E= DNA+ OriGene
(USA) ol A i3t a1, c—Fos—S56A—S56A ZEFAT| =+ site—
directed mutagenesis kit (Enzynomics, Korea)E A}E-3}¢]
point—mutatione F3] TF=%t. EGFP—-tagged c—Fos Z&}Av]
= DNA+ Gateway cloning technology (Invitrogen, USA)E 9]
g3l e AP-1 T2 REof| 93| luciferase? wdo] xH
¥ AP—1-luc Z&4v= DNAYE Promega (USA) Al w3}
%131, OGT siRNA+ Bioneer (Korea)®] pre—designed siRNA A
Fo2  Fufsieitt. OGA  JAAIQl Thiamet G £-
hexosaminidase (Sigma, USA), MG132 (Sigma, USA),

Cycloheximide (CHX; Sigma, USA) & A}&-3}%t}.

5. AR <H]| (Preparation of AR)

ApR1-42 peptide (American peptide, USA2} Bachem,
Switzerland) & 1,1,1,3,3,3—hexafluoro—2—propanol (Sigma,
USA) ¢f] =0]31, Speedvac (Labconco, USA)S o] &3] 474 x3h

. o

i

HE %7 1mMo] %% anhydrous dimethyl

sulfoxide (Sigma, USA)e°l] =o°]1, DMEMo|t} A3 ujek vl

X

Agh sEE Aot A AHesk § wjdEs F]t,

o
AfE FE Y JUE EASL, AF A G G

1o

28



(monomer) & <A 3t}

6. WGA—agarose pull down, HAZZA

(Immunoprecipitation) @ A8 £% (Western blot)

1) WGA (Wheat—germ agglutinin) —agarose pull down +2
AW ¥ ZF A oA protease inhibitor cocktail, phenyl—

methylsulfonyl fluoride (PMSF) (Sigma, USA), OGA GAA=

3E8ksk RIPA buffer (iNtRON Biotechonology, Korea) & ©] &3}
dwds FE3T BCA WHom A¥ste], F%o WWAE

WGA7Z} 2°]9l& agarose beads (Vector, USA)S} 4 TelA]
overnight WF&A] 71tk wE-E & RIPA buffer® 33 &3 7, 3x
sample bufferE bead® Z¥F volume®Wrs Yil, 95 TolA ]
G S elutionsti o

2) 9373 (Immunoprecipitation)

EGFP—tagged c—FosE® WAHZA7]7] $138ll, EGFP-tagged
c—Fos7} & FdE MAEANA 1% Triton X—100°] /¥ TBS
buffer (1 % Tx—100 buffer; 50 mM Tris HCl, 150 mM NaCl, pH
7.4)E ol&sto] d@MAdE FE33H. 1% Tx—100 buffer 4]
protease inhibitor cocktail, PMSF (Sigma, USA), OGA <A A7}
gt FE3 WAL anti-GFP  antibody$t 4 TeflA]
overnight WF&A]|Zl F protein A/G agarose beads (SantaCruz,
USA) 9= 4 TeolM 3 Al wbgAIRH 1 5, 1% Tx—100

29



buffer® 33] A& 3}1, 3x sample bufferE Yol W A-S elution
ST

3) A" EXE (Western blot)

D 2)9 elution® @A} input =2 NuPAGE Bis—Tris
gel (Invitrogen, USA)°|A  A7|9&3sted, polyvinylidene
difluoride (PVDF) membrane (Millipore, USA) ¢l transfer &}%1
t}. Membrane< 5% skim milk (Bioworld, USA)® blockings}il,
Zp g o] Solz )l 14k FAeF 4 CTollA overnight WA ZIH
71 ¥, horse radish peroxidase (HRP)7} A%d 23 A& A2
o /] 1A]3F WH&A]7]31, Enhanced chemiluminescence (ECL)
solution (GE Healthcare, UK) = ©]£3}°% Bio—imaging analyzer
(LAS—30003} LAS—4000; Fugi photo Film, Japan) & #2413}
ot ARESE 1A &A= vS 3 Zh anti—c—Fos, anti—c—Jun,
anti—Bim, anti—Caspase—3 (CST technologies, USA), anti— O—
GlcNAc (CTD110.6, Covance, USA), anti—GFP (Abcam, USA
for immunoprecipitation® SantaCruz, USA for immunoblotting),
anti—OGA, anti—OGT, anti— A —actin (Sigma, USA), anti—a —
tubulin (Millipore, Germany), anti—Histone H3 antibodies

(Abcam, USA).

7. 333G 49 ojulA (Fluorescence imaging)

1) Structured illumination microscopy (SIM) ©]u]#
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OGAS®} c—Fos?9 A3xa8s SAs7] fsiA, dAA=ZAA
(Immunocytochemistry) < G383t EGFP—c—Fos—WT°o] &
2 Fd¥ M EE poly—D-lysine®] FHE coverslipell Z1, H
El-opdZol=5 Aok  olgA  FHlE AEE 4%
paraformaldehyde (BIOSESANG, Inc., Korea)® 18AIZ ),
anti—OGA (Sigma, USA)<2} anti—GFP (Osenses, Australia)

antibodies®} 4 T, overnight WF-&A]71t}. Antibody+ 0.5% Tx—

100, 1% goat serume] XE3td PBSo] 3A3ste] wkS-AlZATh 1 H,

ggo]l A H 22 FAE 1A Tt AFoA HEgA7]a, SIM
(Nikon N—SIM, Nikon Instruments, Inc., Japan) &% o|u]3& 3
NIS—E software (Nikon Instruments, Inc., Japan) & #243}%it}.

2) Confocal ©]n]#

-

c—Fos? & A3 M, EGFP—c—Fosg ¥2 F¢3t
Alsel CHXY MG132E AH#gst H, Alx e EGFP 335
confocal @w]7 (Olympus FV10i; Olympus, Japan and LSM710;

Carl Zeiss, Germany) &2 z}o]|H Al oju]Z (live cell imaging) 3}

e,

. AE AFE "W AEE 54 (TUNEL, Calcein—AM, MTS
assays)
1) TUNEL assay

171 93 Wi o s EGFP—c—Fos7} @4F¢

o

A Ap

o
Ay

%
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H A Eo] wEl-—oldZo|EE At H, 4% paraformaldehyde®
17433, PBSef A3 0.1% Tx—100°2.% permeabilizationdtt},

% TUNEL #®Fg €9 (TMR Red; Roche, Germany)< Y11,

T

37 C, 1 Azt wkgAZl H, FFdAvd (EVOS FL Auto2;
Thermo Fisher Scientific, USA)C® o]u|As}tt. o|u] x| =
Celleste software (Thermo Fisher Scientific, USA) Z #4135}
.
2) Calcein—AM assay

AE AEEE =AsH7] Y3t B H o2 Tag—free c—FosE &4
T4k Ao WEt—opdZol=E Al F, 1 «M Calcein—AM
(Invitrogen, USA)& DMEMelA 37 C, 1 AIZF F<F wk-gA| 21T
WiAE PBSE wiy <+ Holl, ¥ M7= luminometer (Infinite
M200; Tecan, Switzerland) & 7333t} (Excitation: 490 nm,
Emission: 520 nm)
3) MTS assay

TOE A AER SAYPCR, 2)8 FdsA A st A
MTS solution (Promega, USA)= A|X vjef wjx|o] €1, 37 T,

1 AIZF ot vk AT 1 & B33 5E A (spectrophotometer)

9. Luciferase assay
Tag—free c—Fos% AP—1-luc ZetAv|= DNAE 7/ A+
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At Ao Hef-old 2ol EF AHEste] 1| F, passive lysis
buffer (Promega, USA)Z ©WAS FZ31¥ 0. 59 dwd s
230

luciferase assay reagent (Promega, USA)®} A& 9,

luminometer® =73} t}.

10. SAAE

% e BAA oS AbEbe] whel unpaired t—teststt one—
way analysis of variance (ANOVA), two—way ANOVAZ]
Bonferroni post—hoc tests® #2383 t}t. P values”} 0.05K.t}F 2
< W, $AHeE f[Fovjsittr #HSUCH, EE HolE=
mean £ SEMO=Z YeRAY. A 42 GraphPad Prism 7

(GraphPad Software, USA) & o]&3] 4335} t}.

Part 2. HDAC6 AdE &3 S7F¥ Peroxiredoxinl
acetylationo] ¢=slo|HHoA &AE nmEZTgole] Ak

£ HBAVIE 714 AT

1. Al o] &€ AlFe] HzxF

Ay d=stolww 2 (R 1) ¥HE2AE by ZFE
Boston University Alzheimer’ s Disease Center (BUADC) 2] 4l
AW el wel EvEgth AW A4S B4 o
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T A7 Agko] gla, HHE S d=ctolmrgo] ARIQl ARgHE]
o] AFgo®m FHHGA, HEAS AR FE g Atdoly
7155 Z8] =¥ A Declaration of Helsinki®] principles of
human subject protection®] Wz} A7} $3 S H, Boston

University School of Medicine Institutional Review Board® #H4~

i

weorty, W%z ¥#  (entorhinal cortex)¥ 3w}

(hippocampus) 727} A @ el o] &= At

2. d¥el o]8d 4¥F= % HDAC6 JAAl F

67025l 47l S5xFAD FE AHEahslth. HDAC6 JAA=
Tubastatin A (TBA; Sigma, USA$ U-chem (Korea))ZE
AFE3FE a1, 100 mg/kge] TBAY A2 94 (saline) 2 "iY, 45

Zol E7} %o (intraperitoneal (i.p.) injection) &1t}

3. MZF (Cell lines) ¥ FAFY (Transfection)

Mouse hippocampal AMEFQ HT22 AMEF o vk afjnf
A ZA A E (primary hippocampal neuron) 2 ©|£35F3 3L, A Eufek
W2 Part 13 2ok gk, vEFZ=glol F24F 45 #4894
primary neurong poly—D-lysine®] F¥®%¥  microfluidic
chamberel wlFstsitt. HT22 MXEFol= Lipofectamine LTX&
o]§-3to] Part 18] WHOo®E &4 Fs3 1L, primary neuron®l=

Lipofectamine 2000 (Invitrogen, USA) ¥} Z#2wu|= DNAE Al
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2 AGAE weF aj Aol Ao] g Skl

3. STAU|E DNA, A¢F 9 &4 (DNA contructs, reagents
and antibodies)

Ml 7FA1 9] Flag—tagged Prx1 ZgtAv]= DNA (Prx1-WT-
Flag, Prx1—-K197Q—Flag, Prx1—-K197R—Flag) & AcGFPZ &A]
of WdstA g Lok Al 7HA tag—free Prx 1 Z#Aw]= DNA
E AHEslth Prx1-WT-Flag Z#2~v]= DNAt pCR3.1
vectorg 7|Wte® mbZojF om olstojxirfetw el e W

S 2HE A

o

okt Prx1-K197Q—Flag® Prx1—-K197R—Flag
vectort site—directed mutagenesis kitE ©o] &3 EIWOIAIA
WSS (Part 13 5Y). AcGFP7F FA]o] 2d ¥+ tag—free
Prx1 vectors Flag—tagged Prxl vectorZ%E BamHI¥} Notl
AtagAE ol g3 Prxl A¥E9ES A=11, o] pBI-CMV2 vector
(Clontech, USA) & =AM A&kt pBI-CMV2 vectors =Y
st 2 HEE 27] 7FA L Qlo], §1 #H S F3l tag—free Prx13%
AcGFPE EAlo] i3 &+ gl Z9AvE= DNAS s + AN
o}, nEEE=golE H7] 93l pDsRed2—Mito (Clontech, USA) =
AHE-3FA T

ARESE AR TBA, Trolox (Sigma, USA), BAPTA-AM
(ThermoFisher Scientific, USA), AB1-42 peptide (American

peptide, USA 2} Bachem, Switzerland) ©] t}.
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A3t A= anti—Flag, anti—acetyl—tubulin, anti— A —actin
(Sigma, USA), anti— Prxl (CST, USA), 4-HNE, 8-0HdG
(Abcam, UK), Tom20 antibody (SantaCruz, USA)©°|t}. anti—
acetyl—-prx1 antibody: BSA7} AgsE Prx19 C-w¢ 34
peptide (SKEYFSK (Ac)QK) (Peptron  Inc., Korea)©l
acetylationo] ® Z& o]&3dfo] oA vty Al AHL 49
2] bio—panning< AFH+=d, BSAZF A3 non—acetylated—
Prx1 peptide (BSA-CGGGSSKEYFSKQK)E ©]&3to] A
non—specific &AE A A F o, BSA—acetylated Prx1 peptide
£ o] &3} specific &AE AHA T} Protein A agarose beads”}

Q1+ affinity chromatography (Repligen 16 Corp., USA) & A&

39, HEFEA o2 AAH acetyl-Prxl antibody?l clone ©]&<
R2-310°]t}.
4. A 9 273 (Immunoprecipitation) 3 Ol 5

(Western blot)

A 3o A protease inhibitor cocktail, PMSF, HDACG6 inhibitor”}
Z3E 1% Tx—100 buffer® ©MAd-& FZ33It}h. Flag—tagged
Prxl= wWAHAst7] HAsl, %S @WAS anti—Flag M2

magnetic beads (Sigma, USA)9} 4 T, overnight WHEA]7]a1,

4,

3xFlag peptide (Sigma, USA)E ©]€3}9] elution 3+ F, 5x
sample bufferE Y1 95 C, 3 #7F &t} YAA PrxlS A
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7387 YellAlE= anti—Prx1 antibodyS protein A/G agarose
beadse] BS3E o] &3l crosslinkingAl7]1, oS Fako] uhuiw
4 T, overnight WFEAIATE 1% Tx—100 buffer® A& % 3x

155

sample bufferE Y1, 95 C, 5 &7t 29 elutiondtg o, AA~H

iy

3% WS Part 19 ¥R sdsitt

5. 8444 574 (DCFDA assay)

gasE SAS7] S8, AEel 1 M9 20, T -

FK

dichlorodihydrofluorescein diacetate (H2DCFDA; DCFDA=
71) (Invitrogen, USA)E DMEM iAo A A g8t} 37 ColA 1

Al

e

Zol Bk A 7§, A28 DMEMOZ HiAZS uvlya 333
] 7 (Olympus, Japan) ©]4} Celllnsight (Thermo Scientific, USA)
2 onAste] FF AVIE SAsIh o|n|A|= Image J (NIH)

sz 7#:o]1} Celllnsightd] AZEYo]E o] &3sfo] B354t}

6. Ca’t =& (Fluo—4 assay)

Ca?te 52 =437 9alA, AEZe] Fluo—4 (Invitrogen, USA)

= WiAeh s Aelstal, 37 T, 1 AlRE w/b WAt O A,
DMEMC & ®jA| & wAletal, FFdAn Aol Celllnsight® o774

i, G AVIS 99 B W oz BAEqr).

7. EZEo} H4 % 2
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AAFAEL  AEAL FAs sk #SFE F 0 Sle,
polydimethylsiloxane (PDMS) % %WF&=9|Zl microfluidic chamber
o primary neurons 7Yzt vjeksttt (DIV7). pDsRed2—Mito2}
tag—free Prx13 AcGFPE -sAlel| W& shi= pBI-CMV2 &~
"= DNAES #Alel FAFSiste], nEZEgotE J33EA 6k,
Prxl& #Eds Axx FFumAsoh Axe 718 Aloks A
3 Hof, ¥33n7 (Olympus IX81 microscope (Japan), Cool
SNAP HQ2 CCD camera (Photometrics, USA), MetaMorph
Software (Universal Imaging, USA)) .2 1% 7tz o2 2% Eof
live cell imaging 3}31aL, o|u]A 3= FoF 37 T2 5% COE
AAAFE= g ZY] (Live cell instrument, Korea) ol M¥™XE
AN, v EZEgol FAF £59] #4122 MetaMorph software
9} multiple kymograph plugins (by J. Rietdorf, A. Seitz) 7} A%

¥l Image J] T2 o] & 33U

8. 1y %A oA (Immunohistochemistry)
Zoletil 50 (Virbac, France) ¥} Rompun (Bayer, USA) £ (3:1

ratio, 1 ml/kg, i.p.) &.& "FHAIZ] FHE PBSE #Fsle] dE AA

ol
o

1, ¥E AE3 T, 4% paraformaldehydec] 4 C, 36 A7+ &
oF WHEAIA w1 FH 30% sucrosedA 4 T, 72 A3E
&F WEEAIA cryoprotection s 7% ¥, Cryostat (Leica,
USA) & ¢l §3te] 30 pm FAE Zep 274 dig HEA
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1) DAB ¢4

4—HNE 9} 8—OHdG+¥ 3, 3" —diaminobenzidine (DAB)< ©] &
sto] dAsilEd, 2 RS o 2o =7 HAEEs 0.3%
Tx—100, 0.05% BSA¢®} normal horse serum®] X3 PBSe]| 3
A1t anti—4—HNE (1:200) ¢} 8—0HdG (1:400) antibodies®} 4 °
C, overnight BF-$-AIZIth 1 %, PBSel 343 3% Hz0.9 A2l
A 30 & &b WESAIA WAlE peroxidaseEs HIEASAIZ H,
biotino] ZAg¥ 22 &A (1:200; Vector Laboratories, USA) &
2o 22X FF ¥EEAIZ]A,  HRP-avidin @ (Vector
Laboratories, USA) ©& avidin—biotin H&AE &7 & &
oA 1 AIZF &<t o RESAIFTE 0.05 M Tris—buffered saline
(pH 7.6; TBS) ol 3]41¥ DABS WHEAIA ol dAgh 7, A
AHS poly—L-lysine (Sigma, USA)”7} ¥ % Histobond glass
slides (Marienfeld, Germany)e°ll &2 1, overnightsto] 3A1Z1
7, £x4?1 ethanol dehydration® X3, Permount (Fisher

Scientific, USA)E ®@ojrg] il coverslipe Ho] 948 53513

t}.
At HZ2AE acetyl-Prx102 @3 wi=, paraffine] W
A AHEEL 55 T, dry—ovenolA overnight ®FSA]A

deparaffinizationd}$13l, rehydration, WA peroxidaseE H| &
A3FA171 FH ol anti—acetyl-Prx1 antibody (1:100)5 4 ° C,

overnight HE-EAI AL o] F A& kA 7= A3 sttt 2



Rbe Hduith Fikell PBSE Al shalal, |d4d 248 3t dvl

r (

73 (Olympus FSX 100 (Olympus, Japan)) & o]u] 3 3}o], Image
J2 243830

2) &% <A (Fluorescent staining)

Acetyl—-Prx13 ml|EZE=golE XA 37| 3t Tom20S &3
3t T Anti—acetyl—Prx1 (1:50)3 Tom?20 (1:200) antibodies
5 1% Triton X—=1002 normal horse serum®| 2% ¥ PBSe| 3
X3te]l 4 ° C, overnightdle]d FZA 3 wke-AZIth 1 H, Alexa
Fluor 4883} 5947} Asrel 2% ¥4 (ThermoFisher Scientific,

USA)E 72X 1A13F gt wkgste], J3 Adssinh. 433 Al

%+ confocal microscope (Carl Zeiss, Germany) ©.% o] u| A3}

11, Image J2 FA 385t}

9. SAA

I% e FAIY Y94 one—way analysis of variance
(ANOVA)Y two—way ANOVAZ2 Bonferroni post—hoc tests@®
wASE T P ovalues”t 0.058 T 25 of, FAIAO R fou]stct

SEEE

lo

W, EE Yol mean = SEMOZ YER|SIT

=
oL
ol

Z7 X2 GraphPad Prism 7 (GraphPad Software, USA)E 9]

o,

3

32
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Part 3. HDAC6 A3l 23t acetylation ¢ Z7F7} tau

SHAY FaE FH LxslBE JRAIE /A AF

1. dgel o] 88 4dFE % HDAC6 JAA F

4.5714, 6.571€92 &5 ADLPY" & Abg3stqich. ADLPY!
A+ bHxFAD® JNPL3 3 (TauP301L-JNPL3; Taconic,
Stock#2508 homozygote) & wHjste] WE d=stold FE
maRy, A dxstolmny @akel Mz WlER-ofd Rol =
R tau WS B Hols SAS 7HA L v (84). HDAC6
AAAE D oz 8% A4 g W oA 2d, 2) A5 29
T 7HA AE AR Fosiglal, AR HDAC6 AlAl=
HDACG6 inhibitor (Chong Kun Dang pharmaceutical Corp.,
Korea) & %7]3F3t}.

D okE 83 4

- }\q

o

oX,

Qg ey w

J U

4570 €%l ADLP" FHol Q2494 22 HDACS6 inhibitor (1
mg/kg@ 2.5 mg/kg)E sHFel 7 WA 4z BAo=
Folatoltt,

2) Am 2H

6.5704F o] ADLPY! Feol A2 4 =2 HDAC6 inhibitor

(2.5 mg/ke) & el F WA 293 BHow Fojakgit,

2. Y—maze
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Py Ae e Fe A BHL ol§F s Frh o]

Mo

t} Day 1ol HZE Y-mazeZ 74 ALA7]1, Day 2 #H=
Y—maze (EH|RhY, Korea)? T4l ¥, 8 &<t o7t
TE TAYE FAYE 7FEY. AV dS8A 3] sRE W
Zol 5o]7ld (spontaneous alteration) o] Eoi7F B25 #
7198t Ao g k3|, ol AA FEE =3t TR o %

alteration =22 WeElfo] 7|85 F7leint

3. Contextual fear conditioning

Il

A 7oA HolA foot—shock & Fo] Fxke] tid 7]9d&

Al

~

Hell, vAl 2 ¥kl Z92ke W shock o oig wHE
(freezing) &  dvht  sh=AE  FX3stod,  hippocampal—
dependent memory & 54T 4 = FH7F WHoltk Dayl
contextual fear conditioning chamber (H10-11M-TGC;
Coulbourn Instruments, USA) oA & 300 % &<k 0.55 mA, 2
sec & 2 W foot—shock & F°] &HFAIZ ¥, Day2 ol foot—
shock $l°] 300 % &<t chamberel] o dvly freezing dhi=A

= FreezeFrame X213 02 Ag3lsle] 7|98 S S 3t}

4., 49 ZZA AA (Immunohistochemistry)
Part 29 ¥3dAMHat FAdt, AL A= oS3 2o}
Biotin—4G& (1:700, COVANCE, USA), anti—Iba—1 (1:500,
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Wako, Japan), tau—13 (1:500, Abcam, USA), ATS, ATI180

(1:300, Thermo Scientific, USA) antibodyE AF&3}% T}

5. Golgi staining

FD rapid Golgistain™ Kit& AFE3Th H9 HE FAE3l] i
kit ©] solution A%t B & 4 &9 2 F3 WA R olF £
Zl& solution CE 713, 72 AlZF o] A&oA REEAZ H,
cryosection®® AH-E& w59, gelatin®] F® ¥ microscope
slide® &3t 224 23S S75 (Distilled water; DW) = A %

3Fal, solution D, E&} S/2 &3t €ttt tA] SHTZ A

i

st $of cresyl violeto. 2 QA T). ©]F Dehydration 48 &
AR xylenel.® FH3 A}HS AX F Permount® cover slip
7 @A 31785k oh Neocortex?] layer 5 ¢F 3 & o|u|A3sto], o]

b

o

F-219] apical dendrite?} basal dendrite?] spine & 5%

.

6. Sarkosyl soluble, insoluble tau®] ¥ (tau fractionation)
2 928 BF (Western blot) F = &% (Dot blot)

HE tauet ¥eH 2 YW taus dre]l A 9@l
sarkosyl soluble¥} insoluble fraction©. @ Yt} o|E $a)
%25 protease inhibitor, phosphatase inhibitors, HDAC6

inhibitor 7} XZ&r¥l TBS buffer (25 mM Tris—HCI, pH 7.4, 150
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mM NaCl, 1 mM EDTA, 1 mM EGTA)°]| homogenizationd}¢q,
13,000 rpm, 4 Tl 10 & &< d4dEeate], 458 (TBS-
soluble fraction) & &2t} o] A= 1% Sarkosyl (Sigma,
USA)o] Hx== Y1, 37 CTolA 1 AzF &<k vbEAIZIH. 1 5
150,000x g& 1 AIRF &b A2elA AR std, dsdS

sarkosyl—soluble fraction (B]&H¥ tau, =81 taus > &3}

i

= Zo=z dHA ), FHES sarkosyl—insoluble fraction

ut

(PHFY NFTZE x3ele= Aoz dex] Jrh) oz o], taus

=

sdE Axe] wel Yis 4 St} Sarkosyl—soluble fraction<
Ea Zo] wwlAo] sample buffers Y,
sarkosyl—insoluble fraction2 sample buffere] =4 I+
fraction &5 95 C, 5 i &< St o5 2" EXS &
3 total tau®} phosphorylated taugs FA 3G ¥ EF2 tau?
D5 eyl x8t®E TBS—soluble fractionolA] F&2 wwlz s
nitrocellulose ~ (NC)  membrance®] JA3ste]  F35SI .
Membrane®| @S AA g o]F9] AL AAVEZLY s}
o AFE-3F SHA= oS3 vl Tau—13, anti—pS262 antibodies
(Abcam, USA), tau—5, ATS8, ATI180, anti—pT181, pS199,

pT231, pS396, pS356 antibodies (Thermo Scientific, USA).



Anti—acetyl—tubulin (Sigma, USA), «a —tubulin (Millipore,
USA), PSD—-95 (Abcam, USA), synaptophysin (BD, USA),

HDAC6, B —actin antibodies(CST, USA).

7. X35 (Cell lines) ¥ &% (Transfection)
HT22 MEFE ol &3, Alxujer Wiy 4 £¢ Ui

Part 28} &Y st

8. Z%tAv|E DNA 2 AJeF (DNA contructs, reagents)
Abge EFefkavmlE DNAE pRK5S—EGFP—Tau-P301L
(Addgene, USA), pCMV6—XL4—HDAC6 (Origene, USA)o|H,
pRK5S—-EGFP-WT-Tauw pRK5—-EGFP—-P301L—-Tau vector®
T8 AW A RFEAY. AFE-SE A9 Proteasome inhibitor
(MG132), lysosome inhibitor (NH4Cl + Leupeptin, Bafilomycin),
autophagy inhibitor (3MA), translation blocker (cycloheximide

(CHX)), Ponceau S (Thermo Scientific, USA) ©]t}.

9. "9 A7 (Immunoprecipitation)

HT22 AXF 52 ADLPMT H9 H x4 1% Tx—100 buffer
1 RIPA buffer2 ©@®ds FE3H. Tau—-13, anti—-GFP
antibody (Abcam, USA)E BS3E ©]£3}9 protein A/G agarose

beads®l crosslinkingA]7] 714}, Acetyl—Lysine Affinity Beads
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(Cytoskeleton Inc., USA)E ©]&-3}¢o], Part 29} L3St HIHo =
A W A" EEE s AR A= anti-

Hsc70 (Enzo Life Sciences Inc., USA), Hsp70, CHIP (CST,

USA) antibodies ©|t}.

—

0. 338 9AA} PCR (Quantitative RT—PCR)

9] ¥ ZZA A RNeay mini kit (QIAGEN, USA)E AFE-3] RNA

4N

i

F&3%th. %9 RNAE Maxime RT PreMix kit (NtRON
BIOTECH, Korea)< AF&3] cDNAZ g3ttt KAPA SYBR
FAST ABI Prism qPCR kit (KAPA Biosystems, USA) ¢l human
tau 3zto] (Forward: 5° —CTCCAAAATCAGGGGATCGC—
3" , Reverse: 5 —CCTTGCTCAGGTC AACTGGT-3" )it}
internal  control2 GAPDH *>#}o|¥ (Forward: 5 = —
GGCCTTGACTGTGCCGTTGAATTT-3" , Reverse: 5 —
ACAGCCGCATC TTCTTGTGCAGTG-3" )9 %329 cDNAZ

Y3 gRT-PCRS 433t}

11. 54 A

% e EAA F94S  unpaired t—testst}t one—way
analysis of variance (ANOVA), two—way ANOVAZ2] Bonferroni
post—hoc tests® A3t} P values’} 0.05K.tF 2HS uf, =7
Aoz Foulsitta #AsG o, X E HolEl= mean £ SEM
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o2 Yehdet. A 248 GraphPad Prism 7 (GraphPad

Software, USA) & o] &3] 3l3}3it}.
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2

MEZoA] Argst A3l AF=S vt e E Part 1 9|4+ c—Fos 9
O—GlcNAcylation site & T8 otal, ¢=sto]HHy & EH<l
5xFAD t} Hgf—opd®ol= A} e d=slo]mrd

c—Fos ¢ O—-GIcNAcylation ©] ®3}sh==], 35+ H

GlcNAcylation o &3l c—Fos ¢ 7]%50°] ojdA z4xo]

A ZAPE o] Boistx] o] B3t 7] WS Dolr Al st (18 4).

Part 2 ol HDAC6 AdAA ] s 1 712 = sFyel Prxl 9

ofZol=¢} tau o] WWES BT 7HAIL glo] g=stolmy 3hxte}
FASE B8 2ol ADLPYT HeolA HDAC6E JAA2 A&
T5S H7FeaAt 819, HDAC6 9 o2 7149l tau 9
HDAC6 7} 25 #ojat= UPS & ALS & F71A sz g

Al2~glo] HDAC6 AAl o8] - H o] tau & A2 7I=A,

2

aelan 2 71-AE oA gt staal stelth (19 6).

R
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Part 1. H|El—o}ld=ZEo|Ee] 93 c—Fos ¢ O-
GlcNAcylation S7H7F AAAE AP vX = I

AT

1. Wel—o}ldZo)=0] 23t c—Fos¥ O—-GIcNAcylation S7F c—
Fos9 7}

d=stolm ] A2 WA= c—Fos7t S7HE o] la, @A E
°] O—GlcNAcylation®= W3l=o] Qlvt (34, 35, 42, 85). ¥
c—Fos7}F O—GlcNAcylation® Sl @ dolet= Bi7b glo
(43), c—Fos9 O-GlcNAcylation®] &=3lo]mHeor w3}5 o]

o]

2 As) & o Sloh o), d=sto|mg dakelA

o

7F5 A

o

c—Fos® O-GleNAcylationo] W3}Ho] == &1s|w7] fl&,
5xFAD # 9 ¥ ¢} Hegf—o}ldZo]=E 2|3t primary neuron}t
SH-SY5Y AHXZFelA  O-GleNAc? EE= WGAZE AgH
agarose beads® O-—GlcNAcylation® A& pull-down &}
c—FosE #skltt (27 8A-D. 2 A3, 5xFADS} primary
neuron, SH=SY5Y AEZFo|A EF HEf-oldZo]=o 95| c—
Fos®l O—-GlcNAcylation®] S7HgS #lstgion, o] o

19 wpERTHAIR c—Fos8l 4% 3 F7HE Sles 1T
AT c—Fos? O—-GIcNAcylation %2 Input® c—-Fos® <Fo
2 rAstel AZgstdet. =3, 0-GleNAce AAsE -
hexosaminidase (8 —HEX)$} #F3AIZS o, 5xFAD F <2} wlE}-
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ofdzol=E A ol AAAR c-Fos® &

)
b
N
=

O}, O—GlcNAcylated c—Fos7} @A 3] FAst= AL

J [
o
<
iy

#+= c—Fos? O—-GIcNAcylation®] H|E}—ofd Zo]=0of 9]

D
ofN
N
-

e
o
i

S stt (2" 8A—-C, G-D. o] Halo], wWE—oldzo]

[t

of 2% c—Fos el F7F avE wiAlsk] $8l, EGFP—c—
FosE SH—-SY5Y M¥EFo] HEHAAA c—Fos? &S wlgl—old
2ol Aol Awglel HlzsiA W= F, °]l&  anti-GFP

antibody = HAFZs T 1 A3, O—-GIlcNAcs Sold o=z 3

agarose beads® HH-5-AIZl Ay ojH AE % FEEA Sy (1
Y 8AQ AWMA laned 1% 10A°S] FHA| lane). YOS 2 A|E

o] FEF U] GleNAcE F712 Hold A4d 42 5

@Oz GleNAce F7h2 Y3 WhAZE W, c—Fos® A&7k Ab

{o

A= AL Festo 7, WGA| & c—Fos7} Eo|d o2 ke
3t O—GlcNAcylated c—Fos¥ S &Ittt (13 10A9 AlWA,
]_

ge18t7] 9, EGFPRES 3t A7 WGA—pull down¥} &

(e}
ol
o

WA lane). whA2e® EGFPel 9% H|5o]4 Rbkg-o]

12
b
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7 %, CTD110.6 antibody® #<lst A3} O—-GIcNAc Eo|A <l
oH A% #HFAHA oyt (19 10E). ol¢ 2 A4S F
3] HWEf-oldRZo]=7} c—Fosq <& % oflygt c—Fos O-
GlcNAcylation® S7FAHS 78 al, o] d=xslo] v i oA

O—GlcNAcylation®] 23 Zdx 1 Q82 A|A}SHL}

2. Wlgl—old2o]Ee] &% OGAS} c—Fos? 4328 W3}

1o A= d=stolmr &) WA, 53] 50~60 kDa¥t
25 kDa°ll #lgshs ©ld el O-GleNAcylationo] A4Felel H]s)
S7HE Y des HAFE 7€ Ruel d#EHE Aol (34),
Hlef—ot 2ol =of fJaf OGTS} o] &4 7]" (ATP synthase
5A) o] A5 Aol Fpve EuE KHis AddE
(40), HWlEf—opdZo]=e 9] c—Fos® O-GlcNAcylationo] &
2 A3 O-GleNAcs 2d3shs 5490 s A8o] debA
A veRd Aeta s & 5 otk olE Eelsky] 94,

EGFP—c—FosE W43l OGTH OGASES] 4%

2
ofo
o
)
21_1/

st Ay}, wlEt-opdEol =] &3] OGTSF c—Fose Faagole=
W37 oy (I8 9A-B), OGASIY] A584L A3 #4ag
S o 5 Y (1™ 9C-D). FE3E, w2 ojn o] 75t
SIMO. 2= H|Ef-opdZol=e] 9] OGAS}t c—Fos Alol9] 43z
go] Tass AT (18 9E-F). o] &, HlEl-olUd=z
o]=7}F OGAS} c—Fos? A58 2k3tA|A, 71 A3 c—Fos O—
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GlcNAcylations 7 HS+S & o St

3. c—Fos¥ O-GIcNAc A& 719

O—GlcNAc A2 1ol ¢kA, c—Fos7t O—GlcNAcylation®| =
Ao 7kAl W ew oA sk glskdlth. GleNAc¥e] A4
TN, WA c—Foset #FdAZ 2] EGFP—c—Fos

5 GleNAcs F712 9o F30S 9 c—Fos? 2137 A3 &

stelsto 4 c—Fos’} O—GlcNAcylations & whalzols. kol s}
Atk (29 10A). T3k B —-HEXZ O—-GlcNAcS #AASAS o,

WGA-pull down® c—Fos %o Zoj53 ZAlo de—-0O-
GlcNAcylation®l c—Fos? & 71 glstqltt (29 10B).
Thiamet GZ OGAE 9AstAY siOGTE OGTE knockdowndt
RS i, o]o] @3] c—Fos O—GlcNAcylationo] z+z} &7t A Y
Faesklar (19 10C-D). = v A5 HEK293T Al3E5-of
A5 OGA Ao 23] c—Fose 0O-GlcNAcylation®] <7H8-<
gelstitt (1" 10E). 919k 22 435 Sl c—Fos7b O-—
GlcNAcylation® &= @ Al& 43 Fystqint

050 %, c—Fos? oj¥ #7]7} O—GlcNAcylation® =%] 143}
1Ak sTh o]& fldl O—GleNAcylationg 7Fs/dol &= Soluh
To] alanine(A) 2.2 X3t¥ ZdWHo|E "wlE59o|, O—GIcNAcylation
HA ZA @ FH, WA WGA-pull downOo®E AA O-

GleNAcylationo] ZHa¥ Eeiwlo]7} ool shelatdin} (1%
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11A-D). 13714¢ +=dWo]l F EGFP—c—Fos—S56A—S57A,

S84A, S88A, TI0A =dwWolelA O—GlcNAcylationo] FHA-sf

rlr

7ol Bt o] EAHO|ES H}E Al A anti—GFP antibody®

HAX7F3 T, CTD110.6 antibody® O—GlcNAcylation 74

i

Al ghelst Ay EGFP—c—Fos—S56A—S57A EdwWoloA O—
GlcNAcylation®] {+&JstAl ZHA%E Elsila, wefa S563
S57¢] O—GIcNAcylation & 7FaAdol ¢ %2 A= AZrdt
(1% 11E-F). 522 S563 S57°] 27zt 0—GleNAcylation®
=] 3telsld v WGA—pull down¥} anti—GFP antibody S ©] &3+
Hol WS Ed EGFP—c—Fos—S56A%8 EGFP-c—Fos—S57A
ZdWolE EGFP—c—Fos—S56A—S57A E¢wol9l nlwslsleS

uj, EGFP—c—Fos—WTe| #]a] EGFP—c—Fos—S56A% —-S57A

c—Fos? S56, S57¢] O—GlcNAcylation® & A Y-S FH3S )

4. Hel-oldzo|=7} Qle Ar3toA c—Fos O—GlcNAcylation®l
o3 AE AE =R

c—Fost= AE 574 A&olM ofFEAAS ddd FiAE T



gt A AT ZTATEY, WEl-olURol=o o3 FEE c-—
Fos® O-GlcNAcylation©] AM3E ApEE ZAE Aolgtes 7S
At o] 7pAS Fwely] Yall, AABMEF SH-SYSY AEF

o ¢c—Fos—WT¥ O—-GIcNAco] FHA %+= c—Fos—S56A—S57A

= AR F, AE AFES 5438k TUNEL assay @b Al A
EEE 54T 4 e MTS, Calcein—AM assays T333dto], c—

Fos O—GIcNAcylation?] 7|5 #Z3A . HEl—opdZo|EE
A 2)3t9S w, EGFP—c—Fos—WTo] @&t&®d A ¥ us| EGFP-
c—Fos—S56A-S57A7} W ®l A4 TUNEL A&7} 23
A ZoE AS Flada (19 12A-B), MTS% Calcein—AM
assay°lA %= c—Fos—S56A—-S57AE T&HAIZ IFAA AME A

ER7F oA =2 Als #Rlegith (1% 12C-D). c—Fos

A

O—GlcNAcylation sites &<1std HEK293T AXFoA %
MTS9} Calcein—AM assayE TR S uf, 9A| c—Fos—WTol
H13] c—Fos—S56A—S57A FTd THA AE AEE7 #26t
A E5S et (23 13A-B). °o]#id® A= c—Fos9
O—GIcNAcylationo] HWlEf—o}ld Zo]=of &gt MEAIE S FXIAZ]
T A ARSI shAIRE ol Ko v F s Zlstr] flsl,
2 7 F7F Ads s A, 19 A3t c—Fos
of ost & & wiLeo] yehd dH1A, = WAA c-Fosk

22 A4S Hol=x &s7] Y&, mockd} c—Fos—WT 159

o
>
L
o
i
HI

E vlwsde (18 13C-D). 7 Az}, HEe-oy

54

-":rxﬂ-! ":I:I '|_



Zoltof 93 MIEPERES it F IF Y Aolrt HolA
skom, olF T3l c—FosE TSNS W Hol= wet—oby
Zol=e] gt AEAFES A4 c—Fosel &l Hol= AlxArd
S g F e & & Ao F AR, 13 12C-DelAM U
A c—Fos® 7 ax= #9ls7] 93, c—Fos knock—out <H4
3} AM3EF (stable cell line)°l c—Fos—WT# c—Fos—S56A—
S57AE Tdst F, HEt-otdREo|=e) ost MEYEEE #F
At (13 13E-G). 1 A3} c—Fos—S56A—S57A 1ol

WTell vl&] 93t &2 AE AEEE W1, ol BE A

3

L9} w2k Ay E A, WAl c—Fos9 &= v vv)st
ths AS Holerh webA, 919 A34E &3 c—Fose S56, S5H7
o] dojub= O—GlcNAcylatione WEl—ofd 2 o] =of 23t AL A}

Hol Fo7 4TS T YA

5. c—Fos O—GlcNAcylation®l] 23t c—Fos9 <H¥ 3}

ok ¥ G HEf—oldREo|=ef] 9% c—Fos O-

GlcNAcylation®] <718} A AWEAQl c—Fos %% F718k= A
S HST, c—Fos? N-"who] c—Fos? ¢HAFES Z4dd= H2

o]7] W&o (87), c—Fos9 O—-GIcNAcylation? TUE 7| 5o %
c—Fos AA9] otg3E 24T 4 QS Zo=2 AgAst). ol&
Z=3sl7] 98, SH-SY5Y Al¥Fo] EGFP—c—Fos—WT%

EGFP—c—Fos—S56A—-S57AE 37l ¥, wze] kA

ftlo
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ul= cycloheximide (CHX)Y X =ZE|o}s (proteasome) S Y=
MG1325 A7z A3ttt (13 14). O—GlcNAcoe] dojrt~]
% c—Fos—S56A—-S57A =AMl IFolA= CHXE Azt
2] 0.5 AIZHRE] c—Fos9 98t vt gRls gl o, WTolA =

A ZHRE S+

32

& gt

B

AFL 2™
o1ttt (13 14A, O). MG132E AYsd S we Edwo] 1
FollAl WTell w8 ZZeokgoz Eaf=A Xt %2 c—Fos
7b 2 @S Zs g1 AT (Z¥ 14B, D). ol2fgh A

= ¢—Fos? O-GlcNAcylation®] c—Fos AHAlS ¢ < <4 A7)

rlr
N
ojr
o
i
o
1o
=)
ol
v

6. Hlgl—-oldRo]Eef o3 FE% c—Fos O—GIcNAcylatione] 9
& AAL 84 F71

1% 12-13€ =3 c—Fos9 O—-GlcNAcylatione H|E}—o}d 2 0]
o &gt A Abdel Fa3 dEE sk s WIe, ol
Aol FAAcr od V-] g&f dojuh=A LolER. T c-
Fost Jun family$ o34 (dimer) & ©]F¢] AP—1 DNA A& ]
2], A7 ddS Attty dExl dAF &4 1Afo] 7] wiiE
of (44), c—Fos® O-GlcNAcylation®l & c—Jun¥}2e] A3gto|r}
Arrgol 449 4 le=A #FESITE. EGFP—c—Fos—WT#%
EGFP—c—Fos—S56A—S57AE W374sto] c—Junte] AjS
galslsl S wl, c—Fos—WT- HEl—o}d Zo]=o] 93] c—Jun¥}2
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Asto] F7FFF O, c—Fos—S56A—Sh57AA+= o] dAto] -z

H % grtt (13 15A—-B). AP—1—luciferase assaysS E3 &<l

O

& c—Fos? AL AL wWEt-otd 2ol =7} gl wf, Z<dwolo
vla] WTelA &4 F7kskadet (2" 150). ol¥ gt A= wlet-
ot Zol=e]  oJ%t  AEHA  AFel gF  c—Fos? O-—
GlcNAcylation®] c—Jun¥e] A S7HA17]aL, ool wal A
A= ST Ae on]eith g, HlEl-old 2o =of 2

OFEZEEAAE GEdt= Aoz ez Bim (47) 2 mRNASH whu

X,
(o]
ol
)
fift
rO
(L

o] 1ol Blsll WTellA #2olatA =2 Zlo] &y
A (CL¥ 15D=F), Bim®] shejaro]#}, ofFEA 20 2glat
Q1 27 caspase—3 (cleaved caspase—3)% WTolAM ¢ Z7}3t
Zol AT (I¥ 15E, G). 719 23E EdzE, e -old=
ol|=o 9& ZF=7}¥ c—Fos® O-GlcNAcylation®] c—Jun¥e] 4

# Fhe B A

T

m*°1'

M) S7HE S3A171a, 1 A Bim E2E

= 7Fet ole] wE cleaved caspase—39 T7FE Edl AME AMES
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Part 2. HDAC6 A3lE =3l =7}¥ Peroxiredoxinl
9] acetylation®] <=3fo|HHoA EAE HEZE
Sloe F4 44& HRAYIE AW AT

1. &=3lo)Hy A9 Holq ZAH Prx19 acetylation® HEl—

ofdZo]l=¢ HDAC69] &3t Prxl acetylation® Z3&

BAZA o] <ka], HDAC67} ZA3dt= Prx19 acetylation

o

g1st7] f&ll, AMEA v anti—acetyl-Prx1 (lysine (K)
197) antibody (R2-31)9 Fold& sttt (23 17).
Prx1—-WT-Flag¥} K7} arginine (R)©.% X|%t¥| o] acetylation©]
2] = =AWoll Prx1-K197R—-Flags 2z HT22 AlXES9
Hd FYsta, TBAE ©] &3l acetylationd FT7HAIZ £310S F71

&to], Flago 2 WA 7 A9 Sold= &

rO
_0|L
3
=
&
jin)

¥} Prx1—-WT-FlagelA acetyl-Prx19 A&7} H
A PS w o] A5t ¢ Frksle A BRI v, Prxl—
K197R—FlagolAl= TBAZ A stols ojw Aldx #zyx o

=< F&l, Prx19 K197 A8l 9 acetylatione R2-31 A7} &

ooz AET F wa ARASA.
d=sto]m W Fatell A= HDAC6S] %3t o] F7hse] 9laL,

Prxle] HDAC69 71d & &fuol”7] wZel (69-71), &=3s}o|r

o

W AFske A Prx19] acetylation®] ZaE o] & Folgtal o/dst

o8



At ]2 WA okxglolsy 49 YFZ H2 (entorhinal

cortex) ¥} v} F-LloA DAB S w3l &elst Ay, o]

o] Bls2sk GAkeleo] B8, Prx12 acetylation®] A o] &
S 1SSty (18 18A). o] A= &=stolHHy 3hA}L] i of A
HDAC67} Aekxd 5 o] 9Jo] Prx19 acetylationol] @3S v H-S

S AAFSHY, 4% Prxl acetylation® ¢=3sfo] w9 3ol =
g4 SAYE BoFEd. "so®, Prxl9 acetylation?]
HDAC6%F H|El—o}lt Zol =7} A&S njx=x Foldr] 9,
primary hippocampal neuron¥ HT22 A|XEFo HWEl—o}fd 2o =
¢t HDAC6 °fAlAl:l TBAE AZsiivk. 1 A3, primary
hippocampal neuron®|*] WAA Prx19% acetylation®] W E}F—o}d
Zol=of o3 FAH i, TBAE ¥ A b tA S7HE =
AL FAsnt (29 18B). HT22 MXEFe= Prxl-Flags 7
% +=d|, primary neurond w}zk7Fx| 2 HEF-opd
Zolxef 23t Prxl acetylation®] 74, TBAel &3t 3|&o] A&
Ho (23 18C). ol#st A= Prx19 acetylation®] &=3}
olwrg el Wl 7HE 2EsE T2 24 Fo| LS AlAE

a1, HDAC67}F o] #odshs HojEt)

2. HDAC6 AAe] 2% ROSS} Ca**o] =4
Prx19] acetylation®] <=7}&W &3t 5o F7Fst7] W&ol
(69), Prx19] acetylation®] HE}—opdZo]=9 93] F7FE ROS
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i
ue

T A=A G EAT. olE S, HT22 Al

N
2
=
o

=
—olggo]l=¢} TBAE HEd H, ROSE 54 + & DCFDA
assays T3 A3}, WEg-otdRolEE AHEd 1FANA FH
DCFDA 3% A&7} TBAE &7 AHsds e F42FEFS &<
g 4 9tk (19" 19A). ol HDAC6 JAA7} HlEf—o}d 2 0]

Eo 93 T7hd ROSE 4 F o= Rosd. =d, A=

a7} o] (88—=90), 9o} e A3 ZHo|A Fluo—4 assays
Rtk ROSQ} vixb7bx] 2, W Ef—o} 2 o]
T OFoA F7HE Ca®tol ko] TBAE 37 Agstde o #4

st (19 19B). oled Ashi Hle-oluzel =k gl A3

otk

o] A1 HDAC6 <A Aol o) F7Fe Prx12 acetylation®] ROS

Wk objeh Ca'E 2EE F US Aolehs BAE AFec

3. Hlgl—oldg2o)=0] 93 GE% ROSY MZ 4 Ca?* 24

=] o

-

WEl—olu 2ol =7} 912 W, ROS/ Ca'e 24 F 9)

rr
g

al7] 9&ll, HT22 Al¥EF] ROS inhibitorQ! troloxZE =&l a3ith.
HEl—old 2ol =9} 3 200 MY troloxs HEPS @ ROSE
T3] At AL 22 FH (2™ 20A), ©] 234 Fluo—4
assayS F38 Ca*"9 & =4t (13 20B). 1 A3, et

—old ol B0 9l Z7FE Ca?*o]l ROS inhibitorel] 23 7F4%

ftlo

gelatl=tl, ol HEt-otd Rl =7t = A&l ROS7H
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= W HEt-obdRol=wk Hedk 155l Hls ROSE ol #Ha

et

filo
s
(R
rol

Zlo] 71 Aulo|t}. o] wj, BAPTA-AMS 2 £ MS A

{

Aok (29 21). o183 Axb= ROSY Cafo]l Mz8 24 ¢

gli=d), of wiel ohdto] 4A dxsolMPS HY HEEAI

4. HDAC6 AJAA = Prx19 acetylations &3l HWEl—oldZ o] =
93 F7he ROSE Ca®'& 3 HAZITH

Met-opzol=el] o3} FrbE ROSE  Ca’'e Prx19]
acetylation®] &A1 4 Ql=A F9st7] 9l8l, acetylations X
uel o] (K197Q) ¢+ acetylation®#] $EE 3 Z¢rHo]

(K197R) & W&tk WT3 o]=9 W=z M= veshs &

o

l

SR 3, EAHoI7E & HlS5S anti—acetyl—Prx1 antibody® &
Qi (17 22A). A3y AF- A acetylation B E=AWo|=

WTEY o A5e atsts

o
T
Ly
_OL
32
|
=
>
N

>
2

o

L
HT22 AEZFAAE Hlef-otdRo]l=e] 23 {HE¥ ROS7}
acetylation 2 W0l (K197Q A= & 718 2e g
A &, HEl-old 2o] =0 TBAZ} &7 Agd A3dd =
WTolHE 3lE %= ROSZF acetylation ¥H#A| e Z9dwo]
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(K197R) ellM <= 31 55A) eksker (19 22B). Ca®" ko] W3} o
Al ROSQ} Hls=et A3E RogFY (29 22C). 5, acetylation &
W ol WEl-oldZo]=e] 2% ROSS Ca®" F7hell dls)
3|5 g¥E HO|AWE acetylation HA ¥+ EdWo]= o]
7S Aoy & 5 Qla, o] A= WEl-ofd Zoj=ef ¢
8l 7 ROSE Prx19 acetylationo] dFgo=ZH, 11 A}
Ca”'= AT 4 S AA} L3 acetylation BW =AW
olof Al WlEt—otdEo]=9l TBAE 7/ AHeFS W, wef-obd =z

2 @& wof v ROSS Ca®'o] F714Ql i HolX
=, o= TBACl 9% Prx19 @Atsts o] K197 9F
Holgt= e BoErh wehA, 919 3= Fall HDACE <fA|#]
o 93] F7le Prx12 K19792 acetylation®] H|E}—o}d Z o] =0

9 ROSE HBAPCRA Ca’'ol A HBBE FH

53 ROSS Ca®fo] &4 45 Addvt= w17t Avt (65,

66). £3], Ca®"& mEZ=golsl 4 Tl kinesing Al

AAS At F2F 55 Attt stk (66). o9} v&Eo,
2 A MaA 24 HDACE AAAE A5t S w, HEl-o}
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il

H

i
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9,
1o,
o
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&
o
o
tohy
J
ittt
o

'}
o]F H} Qla (75), ¥ A9 18 23AAE o]F @It

o|% AR, F7HE ROSS Ca*o] WlEb-obnzo| o] o7 F4}

Fab gFo] 2dE g v A o] MEs skl §
g, wWlel—opdZol=of o) EAE mEIZEgoll] FAF FEo
ROS o AAIY Ca®" chelatorell 28l 352 4 9le=x WA &<l
3l Etth pDsRed2—Mitos FAFS{lste] mEZ=Eols 4%
primary neuron®l] HWEl—opdZo]=9} trolox =< BAPTA-AM

= A3 S wl, wEl-ofdZo]=of & &4E v EFE T o}

N
of»

SE7t 8%

ittt

S #AFsYT (29 23B). o= H|E—olU=E

o
[

=0l <] 3) ROSS} Ca®fo] mEZ o} &4 55 &4

N

—|~
i,

7

e
=

=t} thSo®, HDAC6 AAEZS %3+ Prxl9

d4s H

2

HJO

acetylation®] HWEl—o}d Zoj=e] ¢]8t ROSS Ca’*e
7] wiizell, Prx19] acetylation®] wel v|EZE=goto] FH2aF 5%
o] A=A ol vEZ=golE ¥4 XA S primary
neuron®| Prx1-WTo|t} acetylation =W Ed®o] (K197Q),
acetylation ¥#] @&+ =AWl (K197R)E I4 T3], vE
Zrore] £ S8 SAsr (29 230). L A3k, WTlA
Hgf—obd golEof oz ZrAvt mEFZEolY] FE SRV
K197QelM e #4aHA des dZFskela, W, K197ReIA =

TBAE &7 A & &5 3

J}ﬂi
o
22
o
N
O
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A= HDAC6 AdAAo] o&) Z=7}¥ Prx12] acetylation®] H|E}

—oldRol=of oa &4 vEZEgol FA4b £F0| & B

i
nllo

HolFEoh wetA], 9 Ad¥E F3 HDAC6 SAAE &3

Prx1 acetylation®] 77} wlgf—obdZol=e] fla] F7Fe ROS

ofy

¢} Ca®™ & 3EFA 7L, 1 Ay nEZ=gold Fab FEE 35

= 71aE s

6. HDAC6 JA|A|+= Prx19 acetylations &3l 5xFAD F oA 9
ABIAEG A S} v EZEE 0L E2F 55 I HAAT

A A wjeF AlAFe] A3 ERE HDAC6 AAAE &3+ Prxl

acetylation 577} 7Fx d=stolHy ol IAA A5 s8HS & F
A=d), ol#s @Al jn vivodl A, S LEslolny FHE Rdel

5xFADOIM = dojup=x] =<ls] Rty o] 23] 671€%
5xFAD #e| 100 mg/kg® TBAE 3o}F o WHA 45 52k 57
Folatith. Al wieF AlAElR FAsHAl, WTel B8 5xFAD
o 5] Prx19] acetylation®] #Fa® o] A%=d], TBA 2 3]+

A
&

[e]
i

BN
22

Mg T dEEGAT (29 24A). o E, g
stoluy #hxte] M oAl DNASF RNAS] 4bshal &4 w7l 8-
hydroxydeoxyguanosine (8—OHdG) ¥ A2 3Ak3}te] A&l 4—
hydroxynonenal (4—HNE)3¥} #2 ASAEY A7 F71E o] Sl

= 27t 9o] (91-93), 5xFAD HAAE A8 Bx3 Hodx

»

AAE Tl ol E &ls B (L™ 24B, O). 1 A3, WTel

tlo
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Hl& 5xFAD F o4 4-HNE® 8—OHAG7} F7Fstl oy, TBAES
Fost dFoAe olyd A E0] FEES BEASSTE o= H
Ef—old Zo]=of 9]3t Prx1 acetylation® 747} 5xFADY 4ks}h

AEHA Skl A = Qlas AAREH R, AR AF Al

sto] AN mEZELole] BEE AW EFoRHN (72), F4
o &S AR wEson (29 24D). 1 Ay, WTel
vl 5xFAD # ol CA19 A3 AEA (somata) -9l v]=2

Zeob7l o @ol &l A #AEUL, TBAS Foldt 15

.

M ABAEZA F-915E WAS (stratum radiatum) 7H4] Pl EE
tlobrt wdetA ExskeE A #ESIAT. o= i vivorll A=
HDAC6 Aol 23t mEFZgol FA4F F59 3)50] dojds
olulshe, S5xFADOIA Atsl AE#A7F nEZT=g|olo] F2F 3%
£l AolgE AARRTE 9] A3RE EG®E, 5xFAD  FHlA
HDACG6 #|Ale] 238t Prx1 acetylation® Z=7}&= Ag ~EH A

3 Eo Fo3k oste &, 7 Ay} vEZE=gol HA 4L 3

O]

BA2 5 ed FHsdt nep, dxsely e A A8
o %

3l Prx1 acetylation®] F4ES A
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Part 3. HDAC6 A 3fle] &3t acetylation ¢ 717}
tau @AY ZTIAE E3 d=Fo|HH S I EAT=

713 AT

1. ADLPYT HelA HDAC6 JAA S o3 71983 A P29 38
A F7H A W Ef—old 2ol = ¢} taul] WHo] BF gl Ux3loln
Wit 7hg RS Absboll A HDAC6S] Al &332 &eldh A=
gt ofell & Aol A g=stolwH $hxts} H=e HEr-
ofd g ol WY tau MHES BT
HDACSG inhibitor®] A% &5 gQletaiat s, 2 A=
AFAIE T vl =2bA] g=stolw el o] @ANF-E HDAC6 A
Ag Foste] o ads FAstaat st (Y 2d). o) F
el 71978 E2do] ey Ml 4.5 7LE 2] ADLPYT FHef A

L% (1 mg/kg) ¥ 118 (2.5 mg/kg) 2] HDACSH inhibitorE s+

il

of F AM 4D B B Folstgith WA, v1ole &4

o

= =
a

it

¢

574d 4 9 Y—maze9 contextual fear conditioning= 43 3k
A3}, ADLPYT FH el A &4 E S 7] 8 ¢] HDACSG inhibitore]
o3l 1 mg/kge] ARFHFEHE 3Hda dEET (19 26A-
B). @ —tubulinz HDAC69] 2 <&zl 7]do]7] wiZel (67),
ADLPM?T ol Z4 ¥ acetylated tubulin®] HDAC6
inhibitorell 9Js S7He A¥E F3 HDAC67F aatd o= oA 5
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HDAC6 A|A] ot a3dS HHA oz &lst 4= At 7]

12

E&
1o
ol
J
rlo
>,
i
[
1o
St
Jz
&
=)
i)
<
r 2|
i
o
%9,
N
=)
M
=2
©
=

S7tEe Bt (29 26E-F). 9 A¥%E5S %3, HDAC6

A AZE v 523 HEk-otd ZolE WA tau WHS BT 7R &

=
ol WHo] FHEPE=AE ol E A} 4G8oE FAH = 4
El—ofd ZolE HFH 2 X]olo]& (dentate gyrus; DG) o4 HDACH

inhibitorell 28] 7+Ast= FAeS Holxuk Hulx o7 {23t 7}

P>

T Holx] &ttt (19 27A-C). E3 neuroinflammation=
B 4 %, Iba—122 ¥ microgliosis® °l4] HDAC6
inhibitorell €& 3HHA] Xk (29 27D-F). o3 A=
ADLP*"T HellA HDAC6 A|Alol <& vebd 7192 3] 5o]

Ef—otd 2o] =7} obd b 7ol o8l dojs= on et

2. ADLPAT H o)A HDAC6 JAA] 23 A¥tAQl tau %o 74
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ADLPMT F+= taul] WW % Hol7] wite], t}hF 22 HDACE
AA A 5 taud] WIS WA Taus 2w, PHFE
A AR FTREo] Hol Al o % ¥ =t (16), sarkosyl=

H Ao wet taus Y Stk Sarkosyl—
soluble fraction®lli= F2 GFAFEH =219 tau} £ 2>
SAA 7} £e¥ o] 91, sarkosyl—insoluble fraction®l]= PHFY
NFT$ 22 2 S A7F 390 vpal o AXIT (95, 96). ©
A 2R XA 7F E3HE sarkosyl—soluble fractionolA] HDAC6
inhibitorel €3¢t tau?] W3tE AFsAT (1™ 28). 71 A3, 1
mg/kg? AgLFAFE A taul] %3} phosphorylated tau]
ol HAE Sdes AT 5 AT Aol o] &
phosphorylation A2 &=slo] Wy oA F}QlAstE 2|z <
Z T181, S199, S262, T231, S396 °|tt. & S A7F 23w
sarkosyl—insoluble fraction?] tauEs #&3AS W= A taud
Sy AT8 (pS202, pT205), AT180 (pT231), S262, S356°] <!
A+3kE tau’b HDACS inhibitorell 93] 7HAaskalch (23 29).
AT83 AT180 FAI= &=sto|Hrg Ak =M Flst PHFE
FYo 7 wEojF FAlE PHF—tau®] phosphorylations ©4]
ot WAZAANY S Fel A% HDACG inhibitoroll 2% taud]
35 Felekad =, dlvke] CA1¥ DGolA AA| taus] <F (anti—
tau—13 antibody) 7+ AT8, AT180 ¥¥ A5/} Zasklct (19
30A=G). HE3h HDAC6 A4 tau®] mRNAE W3A71A] o=

68
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Axs Fall (2" 30H), 919 d¥elA HQl taudl e Falel

tau®} ¥ = FEH O] AAAA taud] Y= 2L & 5 A,

—+
Q
=
1o
1y
2
N
N
N

o BBe AARE Qo A

3. ADLP*" 9] 7]9g0o] &9 o] Fo|E HDACE AAA 93
7198 353 AE29] FEe] dojdrt

Srol A= ADLPM™ o] 719)8 &A4do] Yehtr] x5E HDAC6

inhibitor & Folate] d=spolvy s YT & e 7heds &

HE Y=, ollels 7198 &do] vEhd FRE Folste] g

stolmi & ART 5 eAd Ui teds AVEgy AR

(2.5 mg/kg) & shFol F W4 27043 B ow Fojsie], HA
719983 Al Ae] B4 dEEn Sl o BREa mpxbvhA|
2 Y—maze® contextual fear conditioning= F33t5la, 1 A3}
HDACS inhibitorell 2]8] ADLP*" H Al &8 7198 o] 354
S gttt (29 31A-B). =, A3 4 (neocortex) 2
layer 5 9} 39 Al A ¥4 Y2+ apical dendrite?} basal
dendrite?] spine /|5 459 wl, ADLPY" H A #a

B
AW spine 7f57F HDACSG inhibitorell &3l 3| &HS d2skqlt

Nl

(18 31C-D). o]g]3t Ay}= HDAC6 A A7} 71ego] &4
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thgo® oleldt A8 @yt we-otRe s WHleE JFE

v H A s B Ay}, o ndlo] Ayel wpxrlA R dvel §
22 4G8 333 A3+ HDACSH inhibitorel] 2Jst H3}7} Ho|x] ¢
ottt (2% 31E-G). Iba—1°2% ¥ ¥ = microgliosis ¢ Al ¥ 3}

A okt (28 31H-D).

4. ADLP*T FH¢] 7198o] £AE o]F o= HDACE A|Al 23]

A5 Beoqn ot Rella} w7t A 2 taul] WEo] 35ES]
gals] By (13 32). 41, sarkosyl—soluble¥} —
insoluble fractions Wr7] ARl BE FES taus XE3Hs TBS—
soluble fraction® 2 5+ %S $33190S uwj, ADLP*T FH A
HDACS inhibitorel] €3] A taue] o] e 21 5 3l
Aot (28 32A-C). tF22° 7 sarkosyl—soluble fractionol|A &
A tau®} phosphorylation tau (pT181, pS199, pT231)S #=s}
%+ WX HDACG inhibitorell €%t Z+27F gQl= gl (1H
32D—1), sarkosyl—insoluble fraction®| A% A tau2}
phosphorylated tau (AT180, ATS8, pS356) 7} A3t (19
32]J-N). &, g=gto|m oA taus] WA A dixzd F e
Hz A G Mo M2l AT180 415 % HDACSG inhibitore] 2]a] & 4]
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| #asth (28 320-P). o] A3}ES ADLPY! F ol A]

ol

HDAC6 SAAIE 270€E ete= o FA Fostois 2e 4+
e 2 AA taus} phosphorylated taus &Aoo 7 ZHAAZA F

Ue= HolEth

5. HDAC6 GAA|o 93 UPSZ 9 tau #3 &3
Qe =& Ad AiE £33 HDACE JAA= BE FE 9 tau

5 At s gRlstgltt. sARE, A5 7kA HDAC67} tau
o] WalE s 71 ¥E R vzt 9lo], HDAC6 AA el 2]
g tau®] W 1S Lotr izt skt WA HDAC6] <3l
taud] Ea7F AH 2HEHEAE HT22 AEFE o|€3 in vitro
Al 2~Ele A sttt (18 33A-D). HT22 Al £ ADLPA?T
At e P301L—taus L&A 7)1, FAlo] HDAC6S #A|
717}, HDACS inhibitorE ©]&-3 HDAC6E #1% ¥, &2 42

WIS B CHXE AP Astel aud #al &%

o

~

e

i
i

st 1 A3 HDAC6E #H}Edshd taud &3 571 =84

i1, HDAC6E At taud] 23 £57F o W= 21s g9l
a9t} o]= HDAC67} taudl Ha2 248 4 9SS on|di},

=0 % taut UPS$ LEIA - Ad ALY F 717 A=
B5E #Feldgs Aol &delA Q7] witel (83), HDAC6] 23|
%

Q=7 Bletng e (14

f
i
]
1o
i

a7 =

e

33E—F). o] 98}, P301L—taus FHaAAIZl HT22 A|EFl Z}
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7Z+o] A2 E "= As)A 2k HDAC6 inhibitors &7 2]}, tau
o] WztE #Eegith. 1 A, ZRHolE: AA] MG1325 A
2 3t3ls W HDACSE inhibitorel &3l tau7l %ol @& Az
T AR, FAaF AsfA ) NH4Cl + leupeptin®|t} bafilomycin
o 2 EA Al SMAE A¢3slele W= HDACG inhibitorel
&l tauzt ol S #ET 5 jlodTh o] Ay HDAC6

A A e oJal ZEEHoREFO R taull w37 FETE A 9

n) gttt HDACE JAIA7F Z&2EohF 0% taue] & FHAIXIT

W tau®] ubiquitination®] F7}E o] & AHolgta o 4 Qi)

AAR taus WS HAA3sE] ubiquitination® F =2 #FslgS ),
HDAC6 A A 23] tau®] ubiquitination®] =7Fd A& Qs

T ARG (129 33G). Y9 £ A9E Ed HDAC6 JA|A7}

o
ne
4
2
5

UPSE %3 taud 3= =231/ & 9L

6. HDAC6 gAAo] 93] chaperone® tau?] acetylation ¥3}=

A3t taus #3l A

Sl o] meElolE o HalEy] $1a14: chaperone ]

AR S Bl E3 ligase, FHF®-& "ojrtg]= deubiquitinase
59l ZHdo] AxAo|tt (97). E3], tau/l TERHoFEFOo R HajE

o], Heat shock proteins 90 (Hsp90), Hsc70, Heat shock
proteins 70 (Hsp70), Heat shock proteins 40 (Hsp40) 3 &
chaperone®] Z43}o] E3 ligase?l C—terminus of Hsc70—
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interacting protein (CHIP)©] tau® ubiquitinationA] 1t} <A
lth (98, 99). wahA, HDAC6 & A|A|7} taut ©]& chaperone©]
L E3 ligase9o] 43 8= WA AAN ZRHoFO R 3
ZANNTE 7S AR ol FWstz] A8, HT22 AlEZ5l
EGFP-P301L—taus & A7]1L, anti—GFP antibody 2 tau®
o 1 7}ske] HDACSG inhibitorel] 28 chaperone©|y E3 ligase
o] Az Aol WstFll=A it (18 34A-D). 1 A,
HDACSG inhibitorel] 2]&] ¢ chaperone % Hsc70, Hsp703 E3

& 4 ARk

Fi

ligase?!l CHIPO] tau®} ¥ ZsiA Agst= A= &2
oli= HDAC6 JAlAlel ]3] tau] ubiquitination®] F7FshE 217
A A et Aot
HDAC6+ acetylations Z483F= @40]1, taule HDAC62 of
EAA 714 F stdoltt (68, 70). ol SAE AZE|RH, Skef
A AzEl HDAC6 A Ao ol8] 5713t chaperone, E3 ligase 2}
o] 747+ acetylation W3} wj<tell YeERd A3
T AUs Aotk o] FMEE Tk A8, 19k &2 in vitro N
Bl-S o] 83181, anti—acetyl—K beads® W93 7}Fste] Hsc70,
Hsp70, tau® acetylation W35 #zeAt (19 34E-H). 1
A3} HDAC6 A A o] ol&] Hsc70, Hsp70, tau®] acetylation©]

/b s ERlehgih. R, ojeld Aol tawt AW FEE

o
S
g
-
[ab)
o
—
w
[eb)
=S
(g
o
o
o

<
[b)
=)
[y

|
o
o
@
@
=

|
~
o
@
)
o
fn.
e

12
il
ol

ol

ol

@
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(19 341-0). 1 A3 in vivo A28 oA %= HDACS6 inhibitor®l

93] tau} Hsc70, Hsp70, CHIPS] 435 #rgo] &713kS &Hels)
a1, Hsc703 Hsp70, tau® acetylation® 719 S gelslsict

o

AcetylationS &l3l= Ao CHIPS acetylation® A &5
skelst =], Hsp70°]Y Hsc70¢] CHIPS &8 & A= B
27k Qle} (98, 99), Hsp700]4+ Hsc70¢] wi7istel HDACE ©1A
Alell oJalf CHIP¥ tau®] Aol T7He Zlolgta Azten. o] 4
W= Z& HDAC6 A A+ Hsc70, Hsp70, tau® acetylations
S7HA AR Fegs ST, 1 A3 CHIPHS 8=
Z7F8ke] tau”} ubiquitination® o] X ZEolE£ o 22 HEal7t X
g5 & 5 AUtk

Tau= HDAC69] 7|H=E <delA A=, taw’} ZEHoFO R
2a= 7] $siA oWz 9 acetylation®] ZFg3l=A+= ¥R
vk7b @itk 71 ®are] oetd, taul] wAl A A7 H-9
(microtubule—binding region) % VQII/IV motif7} Hsc703%2] 24
gto] F 2% oske sl=d (100), o9 7M7F2 tau?l acetylation
A= K2740)th, =8 € - taw’t TEHoEFOR FIjdTt

w Fof (83), taul SHE 7FAA|7]= acetylation

A= FQshd], K290, K321, K353 #]9] acetylation =% &

AmoloA taul] ol JAHTH= Bz itk (78). whebA,
K274, K290, K321, K353¢] acetylation®]l o4 we} taus}
Hsc70, Hsp70, CHIP#2] A J=rf depA =4 lstaat st
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Aok (289 35). ol 93], EGFP—WT—tau2} EGFP—P301L—
tauell 2 47}A] lysine Z7]12] acetylation ¥ o] (4KQ)

9} acetylation®#] ¢+ =dWHo] 4KR)E 77 W&, ol= 67}

ﬂll

A Zek~vE DNAS HT22 A5l 4 Fedskqla. sddd
WT~—tau, WT—tau—4KQ, WT—tau—4KR¥} P301L—tau—WT,
P301L—tau—4KQ, P301L—tau—4KRE anti—GFP antibody® d
13 73ke] Hsc70, Hsp70, CHIP#S] 3485 #23% A7,
WT—tau, P301L—tau 2% acetylation 2% ZdHolox WTo
ul3] Hsc70, Hsp70, CHIP¥}S] Aol F7het Als #ded 4= 3l
3L, acetylation HA| &= EdHol = B EA o] ]3|
Hsc70, Hsp70, CHIP¥8] Aol w2 & SQls3ieh. o] Ay
tau®] K274, K290, K321, K353°14 ¥} acetylation©]
Hsc70, Hsp70, CHIP#8] 3 &8 &S viths A& 1o
1, HDAC67}F o] #F2]59] acetylations 243} taud] ZZH|

Z O =
olFg F3H

-

3)

i

=47 & Yk BAE AT

e
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A 5XFAD D

LT SXFAD 4 p-HEX AB: Veh 3 5 (uM)
@ | WGA-PD —— — 8 WGA-PD e
& | Input ———— S Input e e -

B-actin s w——— — Practn =5 = -

B 25 C 4
= 2 _20
20 o e ]
£ 3
B §'§ 5815
7 15 £ ig
5 5% » =
‘E 1.0 ‘:E Egm
(L]
° o5 = § 1 5¢ 05
e e
0.0 0 0.
LT  5xFAD LT 5xFAD
B
G s aJ
§ AB: Veh 3 5 (uM)
& B-HEX E CTDI10.6 wov S e
o
< Veh 3 5 3 5 (uUM,Ap) gl cros e
5 WGA-PD 5 .-
& Input L E c-Fos e .. -
E| Bactin " a— -
p-actin e — - — F
H o m—2s— | 225 K
g .
% g% 2.0 %
-]
i 15 §
5 1 E.E‘ &
30 g; 1.0 e
L 8 05 B
o 7]

1% 8. H5xFADY Hlg—olgd=zol=E AEF AHEMA c-Fos O-
GlcNAcylation® 7}

(A—C) 5xFAD°IA c—Fos® O—-GlcNAcylation®} c—Fos %2 =7} &
. (A= HWEAY, B)E B —actin®® HAS AA| c—Fos %o A3}
JYPZ, (CO)= AA| c—Fos o7 BA3 O—GIlcNAcylated c—Fos <]
st g Zoltt (1% 9 n=5). *P < 0.05, **P < 0.01, (Student’s t—
test). (D—1) primary neuron (n=5) (D—F) ¥ SH-SY5Y AZF (n=4)
(G=DolA Hgf—oldRZo]=o 23 c—Fos? O-GlcNAcylation®} c—
Fos %< <71 &l (D, @+ "xA, (E, D)+ f—actin®Z X3t

AA c—Fos <2 A=3 a#H=, (F, D= AA c—Fos ¢oz HAI

" Rk g



O—GlcNAcylated c—Fos 9] =3} 1 3zol}, P < 0.05, *+P < 0.01,
%P < 0.001 (one—way ANOVA, Bonferroni post—hoc test). (J—K)
SH—-SY5Y AlEZFeA Het—oldzo]l=o] o5 33 ¥ c—Fose O-
GlcNAcylation &7} &<2l. ()& dIEA A4, (K)E "3 74E EGFP—c—
Fos?] <oz O-GlcNAc 5Heol# g4 (CTD110.6)= #HET O-
GlcNAcylated c—FosE HA3H A3l gdxolty (n=4). =P < 0.05,
#**P < 0.01, =P < 0.001 (one—way ANOVA, Bonferroni post—hoc
test). (A} (G olAdeE B —HEX assay®: s =d), AA AE >
Z N3 WGA-pull down® O-GlcNAcylated ©@¥AS p—-HEX$} 37T

oA overnight ¥H&A]Z T}
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Ap: Veh 2 5 uM 1.5+
B | c-Fos e W
@ a
il oot i I W 3
c-Fos — — — z‘-
s [&]
B OGT i ww o s
B-actin e w— -
C D
AB: Veh 3 5 puM
o
w | c-Fos =
& — - [y
i| oca W 8
&
G c-Fos — — — =
= 9
E‘ 0GA — — — o
— —
E
AB
g
=
F I;|
0.6 ici

s
»

OGA - c-Fos Interaction
=]
ha

(Pearson’s correlation coefficient)

3

=
o

Veh 5 ()

a9 9. Hg-otd2o|=o) &% OGAS c—Fos8 4&5z-& ¥}
(A-B) Hle}-oldzo]l=e] 95 OGTS} c—Fos? 43289 W3l g+

g1 A= o

FH

AR B)E "9 A7E EGFP—c—Fos® ®g3k OGT

& A=st adzolt (n=4). (C-F) Hlet—ofdZol=eo] 23k OGAS}

o
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c—Fos® A5z4 W3 el (O)x dEAK, D)+ U938 EGFP-
c—Fos® H®A3 OGA <k A=zl geixo|t} (n=5). (E-F) c-Fos
() 92k OGA (HA) 9 A% #4S SIMez el (B)& Ux A
(Scale bar: 9% ¥ - 5 um, oFl% Hd - 5 xm), (M

Pearsons’s correlation coefficient® &3 T#d=o|t} (n=14, 16,

(
=

it

127] A% (veh, 3, 5 £M). 3hdxe= A3 Ao A AT S o]

¢

g}, #xP < 0.01, #***P < 0.001 (one—way ANOVA, Bonferroni post—

hoc test).
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H § Veh B-HEX Voh p-HEX
E=]
@ = WGA-PD —
= E 9 ® . - CTD110.6 =
2 & 3 ) T g — amn
E < g & ) -
cFos W T V. sup. [
5 —
o - e H
=i |
Practin  w— —
¢ D _
Veh ThiG Veh ThiG siCon 8lOGT siCon siOGT
—— & S 0| CTDI06 s— —
CTDI106 & | cTD108 - cToMos == =— & .
”- G| c-Fos M S e e o] cFos s e
- —
H — o | WOAPD s e 5 3| wearp — —
£ i = S| Input e w—
S S| Input s e
OGT — —
B-actin s w— B-actin  — —
E
EGFP EGFP-c-Fos EGFP EGFP-c-Fos
ThiametG: - - + ThiametG: - - +
— — bl -
CTD110.6 -
a c-Fos pr— ]
o
§ E_ — — —
T et -
— GFP | —
CTD110.6 B-actin W - S
e
]
a
c-Fos —-— -
GFP - v o

¥ 10. st 0= c—Fos® O-GIcNAcylation 53

(A) SH-SY5Y MZFo|A WGA-pull down assay$ 444 #4& §
st A, 1Al c—Fos® O—GlcNAcylation &%l ¥ = c—Fos A&
= 9)m|gtt}, (B) SH-SY5Y AlEFo|A B —HEX assaysS £3F ¢c—Fos9]

O—GlcNAcylation® 4 &<l (C) SH-SY5Y A|EFo|A Thiamet G

A2 B3 c—Fos? O-GlcNAcylationd &7} &<l (D) SH-SY5Y Al
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EZFA OGT knock—downs &% c—Fos® O-GlcNAcylation®] 4

el (E) HEK293T A EZFo|A Thiamet G H8E E3F c—Fosg O-

fEs

Q. Wmi wWelRge AEE  anti-GFP

o
r

GlcNAcylation?] =7}

antibody ] 7F¥ A& (light chain) &2 AJZE ),

v ,H *_ 1_-_]'| 'e:ﬂr T



s )
L \o Ui\ SN S of
&K P g & F F P

e e W= weapD
el R R

B-aCtin s — - - A -

GFP
Input

WGA-PD/ Input
(O-GlcNAcylated c-Fos)

C & D
<«

S

RN N R i\
& & F & g &G

o

«'92?

WGA-PD/ Input
(O-GlcNAcylated c-Fos)

GFP
- . e ———
Input
B-aCtin o co— — — —— — —
g IP: GFP ¢ WeaPD
o >
CARS <© 3
< & P b
AN A ol \ o
&QQ &5 T & &€ & P P
W W sss e WGA-PD
CTD110.6 s - . -— c-Fos
- — — — Input
c-Fos - - - a-tub . .
1.5 IP: GFP
F H
|‘3-' 1.0 g‘é
o o’Qo ‘-’é\v’
© - %
- & T v ¥
Eo 5 & &K S
(%) CTD110.6 WD e e
00 L= ] c-Fos
g o |-
0‘;‘6 ,4'3\ & e‘q’v«%Q
«°

[

)

a9 11. S56, S57414 c—Fos® O-GlcNAcylation®] doid

(A-D) )% O-GIcNAcylation AF8]E  alanine®® X 3kA171 O-—
GlcNAcylation A @+ ZdWolE o] &3o] WGA—pull downs 3|
O—GlcNAcylation site E2l. (A, O "xE Az, (B, D)= 0O-
GlcNAcylated c—Fos A5 A%3} g 2ot} (n=3). *P < 0.05 (one—

way ANOVA, Bonferroni post—hoc test). (E-F) c—Fos& ®Y 3735}

i s A 208

& e



O—GIcNAcylation H#] %= =dWHoloA O—-GlcNAcylation &F &<l
E)= EAR, ()= dFetrdizoltt (n=3). . =P < 0.001 (one—
way ANOVA, Bonferroni post—hoc test). (G=H) c—Fos® S563 S57
Ao tfgt O—GlcNAcylation &21. (G)+= WGA—pull down assay, (H)

= ¢—FosE WAAZsto] O—GlcNAcylatione 2elslg o),
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A EGFP-c-Fos Merge B

=y LX) [
©o (=] w
1 1

TUNEL" cells
(% of EGFP” cells)
2

1M
e

Veh

c 12

- 1.04

&

w

-]

€ 0.84

g

0.64 |-

D

1.2+

|
il

Eh 3;|M
= wr E=3 SS56A-S57A

V.16S-V95S
—
o

Calcein-AM assay
o
(=]

(T IIII-I]

a9 12. Higt-otd 2o =0 3 c—Fosd S56, S57 A& O-

—

GlcNAcylationo] A|E APES E2A71-1
(A—B) EGFP—c—Fos—WT¢]yY} EGFP—c—Fos—S56A—-S57AE #44
3 SH—-SY5Y AlXxFo] We-old=Zzo]|=E A gdle] TUNEL assays

5 A

pul

b

A g

o

(A)E tE AFY (scale bar: 250 zm), (B)E

EGFP'TUNEL" AXE AZ3st g8 Zoltp  (n=6). 3%

rlr

EGFP*TUNEL" A%Z yetditt. (C-D) Tag free—c—Fos—WTo|u
Tag free—c—Fos—S56A—S57AE FE&H s SH-SYSY AXEFo] wlEl—

ol Zol=5 Ay 3le] ME AEE ol (C)+= MTS assay (n=8), (D)
84



+ Calcein—AM assay (n=8) ZA¥o|t} c—Fos—WT 1% 3} c—Fos—
S56A—S57A 11§ HE ## P < 0.01, ### P < 0.001 2 ‘el
(one—way ANOVA, Bonferroni post—hoc test). c—Fos—WT3} c-—
Fos—S56A—S57A Ato]€] Hli= #P < 0.05, #+P < 0.01, #*+P < 0.001

Z Yyt (two—way ANOVA, Bonferroni post—hoc test).

85

&) i



wT
> B E= S56A-S57A
- 1.0 @ 104
o o
o =
s 3
£ 0.84 ‘g 0.8
= O
8
0.6 0.6
Veh M 5M Veh 3yM - 5,M
C D
1.2 1.2- i
3 Mock
>
B3 c-Fos-WT
> 1.0 § 1.04
o L]
:
0 08 £ 08
E ]
2
8
0.6 0.6
Veh 3yM 5uM Veh 3uM  5uM
E 5 F
1.2 . 12 WT
dekede ek ik
1 M 3 M B3 S56ASS7A
> 1.0 = ] 1.04 =
% — — =
©® 0.8 .. £ 0
= D
= — —] 17
06 ! 8 o6
Veh 3uM 5uM Veh 3uM 5uM
G WTcell c-Fos KOcell
Veh PMA Veh PMA
c-Fos e

B-actin N S A S
1% 13. Higt-otd2o]=e] 3 c—Fos S56, S57 A& O-
GIcNAcylation®] AE APES FAAZ-2
(A—B) Tag free—c—Fos—WTe¢|y Tag free—c—Fos—S56A—S57AE

W st HEK293T AMXEFeo Hf-olUdZo|EE HEslo] AX AEE

=)
i

gol. (A)E= MTS assay (n=8), (B)= Calcein—AM assay (n=8) Az}

. Rk iaT

- e



olt}. (C—D) Mockoe|y} Tag free—c—Fos—WTS 33 st SH-SYHY
AZFo] wlet—old 2ol =5 Agste] AEx AEE <l (O MTS
assay (n=6), (D)= Calcein—AM assay (n=6) Ao|t}, (E-F) Tag
free—c—Fos—WTo|} Tag free—c—Fos—S56A—S57AE #4&E3 c—
Fos knock—out ¢+43} SH-SYSY MEFol HEl—olURo|=F s}
o A AEE &2l (E)x= MTS assay (n=7), (F)i= Calcein—AM
assay (n=6) dAyo|t}, (G) c—Fos knock—out ¢Fg3} MEFNA X
B E%& 53 c—Fos knock—out &¢l. PMAR c—FosE #5392 W,
WT MEFNA = c—Fos7F 25 AARE, ¢c—Fos knock—out A 3EF=of A]
+ c—Fos7} HolA] 98kt}, c—Fos—WT 1+ %t c—Fos—S56A—-S57A
I & # P <005 ## P <001, ### P < 0.001 & et

(one—way ANOVA, Bonferroni post—hoc test). c—Fos—WT¥} c-—
Fos—S56A—S57A Ate]¢] Hlu+= *P < 0.05, #+P < 0.01, ##*P < 0.001

Z YeRt} (two—way ANOVA, Bonferroni post—hoc test).
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EGFP-c-Fos WT  EGFP-c-Fos S5B8A-S57A EGFP-c-Fos WT  EGFP-c-Fos S56A-S57A
CH: 0 05 1 3 0 05 1 3 (h) MG132: 0 3 6 9 0 3 8 9 (h
[ T —— . L c-Fos - — -

[-actin T — — — —— —

c-Fos/ i-actin
c-Fos/ [i-actin

0.0
CHX: Veh 0.5

S56A-S5TA

WT

S56A-S57A

akDa B-actin T ew— o—— ————

I8 14. S56, S57 A#9 c—Fos O—GlcNAcylation®] &3t c—Fos A}A|

o] g3}

(A, C) EGFP—c—Fos—WTo|4} EGFP—-c—Fos—S56A—-S57AE g

3 SH-SY5Y AMXZFeo] CHXE AHgste] c—Fose &3

= 2" EF (n=4), (B)= EGFP 413 = confocal °|=|#

o

(B, D) EGFP—c—Fos—WTo|y} EGFP—c—Fos—S56A—-S57A%&

st SH-SY5Y Az MG132E A#ste] c—Fos7} %ol 4
88

|
bt
i)

Q. (A)

ER Sl

s

= A



. B+ 92" 8% (n=5), (D)& EGFP 21& & confocal °]u|4d s 4
ot} ¢c—Fos—WT 15 7t c—Fos—S56A—S57A 15 7S # P <
0.05, ## P < 0.01, ### P < 0.001 & YEFIAT} (one—way ANOVA,
Bonferroni post—hoc test). c—=Fos—WT¥ c—Fos—S56A—-S57A A}o] 2]
Hl3E P < 0.05, #=+P < 0.01, **+P < 0.001 & YePITh (two—way

ANOVA, Bonferroni post—hoc test).
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1% 15. S56, S57 A# ¢ c—Fos O—GlcNAcylations HEl—oldZ o=

o g3 c—Fosg A &AES F7HA711, Bime] 28-S F7HA1%

(A-B) EGFP—c—-Fos—WTe°]Y EGFP-c—Fos—S56A—S57AE I}&#d
g SH-SY5Y MXFel wgt-otdzol=5 A3t c—Fosst c—jun
BEAE gl (A)E dE A, B)E 99374¥ c-Fos® BAYE c-
jun k9l A3t gdE (n=5). (C) Tag free—c—Fos—WTo]Y tag
free—c—Fos—S56A—-S57AE & st HEK293T AzFof Hep—opd
2025 Agste] AP-1 luciferase &4& &2l (n=4). (D-F) Tag
free—c—Fos—WTo|l} tag free—c—Fos—S56A—S57AS 33 SH-
SYSY Aol wel—oldZol=8 A elste] Bime LHFS &<l (D)

= mRNA 28 (n=5), E-F)+ @4 gdss st (n=5).
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(E, G) 99 & xA0A cleaved caspase—39] %S &<l (B)&= %
AR (e A=3 ad 2ot} (n=5). c—Fos—WT 1% 3}, c—Fos—
S56A—S57A I+ F> # P < 0.05, ## P < 0.01, ### P < 0.001 =
Yebith (one—way ANOVA, Bonferroni post—hoc test). c=Fos—WT
# ¢—Fos—S56A—S57A Ate]€] vl P < 0.05, #*P < 0.01, ##xP <

0.001 Z yehltt (two—way ANOVA, Bonferroni post—hoc test).
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1% 16. c—Fos¥ O—-GIcNAcylation A&] ¢} Hje}—o}ld Z o] =7} Q1S o,

c—Fos O—GIcNAcylation®l] &3t MZEAIE FX 713 #3 ZA =

it

My

(A) c—Fos9 O-GlcNAcylation #A&#E& yed 2Z2% (DBD: DNA-
binding domain, LZ: Leucine zipper domain), (B) W|E}l—o}H Zo]=7} Q)
o}, c—Fos O—GlcNAcylation®] &3t A|¥AFE =2 7] Hef A3t B2

S
=

L

-
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Age

Normal:
1 101
2 78
AD:
1 100
2 79

Sex

m M

m M

Braack stage

E 1. A o] &8 A HxA 9 R
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Normal

AD

2.0

B
AB
Veh TBA - TBA -
%[ APl g g o — B
o -
| Prxt —— B
a -— £
Q
g
T | B-actin - — — — 0.0
Veh TBA
c
Ap
Veh TBA - TBA

AcPrxl . - e

IP: Flag

Flag s w———

Ac-Prx1/ Prx1

Flag s s -
B-actin W W —

Input

AB

I3 18. ¢=3lolHy ALY oA Prx19) acetylation®] ZAa3dtaL, H

Ef—opd 2o]=9} HDACE AAA] 3 Prx1¢] acetylationo] ZE¥

(A) A3 dz=stolmd Ao HxA oA DAB @S o] &3t
acetyl=Prx1 W3} &<l (Scale bar: 100 #m). (B) primary neuron®l|A
HEl—old Zo] =29} HDAC6 A A 93t Prx19 acetylation =% &
)l (n=4). (C) HT22 AEFelA Het—otdzo]=e} HDACE <Al
9)%t Prx12] acetylation &4 &<l (n=4). *P < 0.05, #*P < 0.01, #*xP

< 0.001 (two—way ANOVA, Bonferroni post—hoc test)
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Veh

DCFDA {fold change to Veh)

Veh

TBA

Veh

13 19. HDAC6 YAA17} HE}—o} U Z o] =0

(A) Wgl—oldZo]=¢} HDAC6E JAIAIQl TBAE He|d HT22 AZF
oA DCFDA assay® &% ROS ¢ wigl &<l (n=5). (B) #WlEt—o}d
2o]l=¢9 HDAC6 JAAl TBAE A zldt HT22 AXF)A Fluo—4
assay 2 E3 Ca?t ¢k W3l &< (n=5). Scale bar: 100 gm. *P <
0.05, **P < 0.01, ***P < 0.001 (two—way ANOVA, Bonferroni post—

hoc test).



Ap+Trolox (S0 uM) Ap+Trolox (200 uM)

DCFDA (fold change to Veh)
N

200 (pM, Trolox)

Veh Ap

Veh

Flue-4 (fold change to Veh)

Trolox

(A) WEf-old&ol=9} FEHE troloxE Hedt HT22 AEZFelA
DCFDA assayE &3t ROS ko] W3l 2l (n=4). (B) WE—opd =20
=9} trolox (200 #M)ZE A el3dk HT22 A|EFA Fluo—4 assays %
8k Ca?" ko] W3} &< (n=5). Scale bar: 100 gm. *P < 0.05, **P <

0.01, #*xP < 0.001 (two—way ANOVA, Bonferroni post—hoc test).
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Fluo-4 (fold change to Veh)

0.5 2 (BAPTA, uM)

AR +BAPTA (0.51M) AB+BAPTA (2uM)

B Veh BAPTA Ap Ap+BAPTA

[
2

N N N
o 2 o

DCFDA (fold change to Veh)
=4 I
o

0
Veh BAPTA - BAPTA

a9 21. HEel-obd R0 =0 I3 =8 Ca®'o] ROSE ZHE

(A) Wlet—opdZol=9l BAPTAE w=HM=E AEs HT22 AEFolA
Fluo—4 assay® %3 Ca*" k9 w3l &l (n=6). (B) HlEl—o}d 2o]
=9} BAPTA (2 ¢M)E A s HT22 AEZFo|A DCFDA assays %
3 ROS <o) W3} <l (n=6). Scale bar: 100 gm. *P < 0.05, #*P <
0.01, ***P < 0.001 (two—way ANOVA, Bonferroni post—hoc test).
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= Flag — — —
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_ 3 2.0
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5]
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°
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m
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=

£ 1]
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w
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- 1. el | =

I EEE T A T N Aj: - o+ o+ + * - + o+
TBA: - - 4+ - - o+ - -+ TBA: - - ¥ - -+ - -+

Prx1-WT  Prx1-K197Q Prx1-K197R Prx1-WT  Prx1-K197Q Prx1-K197R

1% 22. HDAC6 AIAIE Prx19) acetylations w73t v E}—o}d 2 o]
Zo] 98 FE2 ROSS Ca**& 3 EAA

(A) HT22 M*EFNAM Prxl1-WT-Flag, Prx1-K197Q-Flag, Prxl-—
K197R-Flag®] 2d 4 =dWo] &<l (B-C) HT22 AEFo| Prxl-—
WT-Flag, Prx1-K197Q—-Flag, Prx1-K197R—Flage Z¥#A|7|3, HEk
—oldgo]=9 TBAZ A8 3sle], DCFDA assayZE %3 ROS B)9
Fluo—4 assay® %3+ Ca?" (C)¢ W3} g2 (B: n=10, C: n=7). *P <
0.05, #*P < 0.01, #**P < 0.001 (two—way ANOVA, Bonferroni post—

hoc test).
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o £ 9
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2 S5
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=
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Prx1-WT K197Q K197R

% 23. Hgl-old 2ol =] g3 FE7 ROSY Ca® o] nEZE=g o}y

(A) primary neuron®l] HEl—o}dZo]=29} TBAE A g3t H, nEZ=4
ofo] 2+ & £ 2 3¢l (n=3). *P < 0.05, =**P < 0.001 (two—way
ANOVA, Bonferroni post—hoc test) (B) primary neuron®] WE}—o}d
Zol=¢} trolox, BAPTAE AZ¥ ¥, v[EZ=dote] 24 ¢F 58

stel (n=4). 9% <2 kymopgrapho|i, 2% JI& &£ = HH
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gt gEfzolt}t, P < 0.01, =xxP < 0.001 (two—way ANOVA,
Bonferroni post—hoc test). (C) Prx1-WT, Prx1-K197Q, Prxl-—

K197RS 7tz 93 A7l primary neuron®] HEl—o}d Zo]=1v} TBAES

o

Aestel, MiEEEeote] 4 4 SET HA (1=5). A% HPL

O

N

£

kymopgraphe|1, QE& gJde& &£5&5

o

Fopet TEizolnh. seP <

J

0.001 (one—way ANOVA, Bonferroni post—hoc test). Scale bar: 10 g
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PIINE
g, —]
H

1% 24. 5xFADe|A HDAC6 AA ] g3 5718 Prx1 acetylation©]
AZFAEY AL mEZEol =4S FEAF

TBA (100 mg/kg) & Fo13 5xFADS ¥ A& o] &3tk (A) TBA
Fofel &gt acetyl-Prx19] 3|&%S& 4 AdxA4dNS 3 &2l (B)
TBA Fojeo] oJst 4-HNE®] ®H3glE IAv|EXS &3l &<l (C) TBA
Fojol &gk 4—HNE, 8—OHdG®e W3}E DABS o] &3t "gxA g0
2 %<l (D) TBA Folol 9% vEFE=go}l =49 35S Tom20<S ]

&% 3

ot

F oAz gAoz gl 9% dde giEA, LEF i
A3t ag ot (5 9 n=5). *P < 0.05, #*P < 0.01, ##+P < 0.001
(twoway ANOVA, Bonferroni post—hoc test). Scale bar: 10 gm
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1.5+ ek
c D, e
wT ADLP#PT 3 r—'f—| T
2 10
- HDAC6i HDACEI HDAC6I HDACSI '
Saline Saline g
(1) (2.5) (1) (2.5) =
PTRTR hd o o hnmmeessn——1 LR
E
TUD -

[ T (L R T pp— Pppp—— 1L i
E F 1.54
wT ADLPAPT . - >
= 1
HDAC6i HDACSI - HDACGi HDACSGI E 1.04
saline ;
1) (2.5) Sdline ) (25) < ad
PSD-85 - - - ——— % 054
D e TR PTeS e PTTSTeew
0.0

o ADLPAT
1% 26. ADLPYT Ho o 2dE F7kx] 432 HDACS inhibitorE
23S W Hol:= 719} acetyl—tubulin, PSD952] 3=

(A=B) HDACG inhibitorell &3t 7]9}¥ 25, (A)i= Y-maze test A},
(B)= contextual fear conditioning test ZA¥o]t} (n= 12/9/10,
7/10/11). (C—D) HDACS® inhibitor®l]l 23t acetyl—tubulin® 3&. (CO)+=

o

FH

A2, (D)= acetyl—tubulin® @ —tubulin® & R A3 =3l 1=
olt} (n= 8/7/7, 10/8/8). (E-F) HDACS6 inhibitore]l 2%t PSD95 2|
IE. BE)= UE A4, (F)E B-actine® BAS A3 Tz=zolt}
(n= 8/7/7, 10/8/8). *P < 0.05, **P < 0.01, ***P < 0.001 (two—way
ANOVA, Bonferroni post—hoc test), #P < 0.05, ##P < 0.01, ###P <

0.001 (Student’s t—test).
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A saline HDACSI (1) HDACsi (25) B

4G8

Afi plaque (% Area) in CA1

" saline 1 25 " saline 1 25

D HDACEI (1 E F
3 .y
§ v 8 i
£ &t e ] = [
z £ # =y
w3 H
g -
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=2 £2
-
w1 i
& o 8 T
- ] 2
& e - ? APT
a WT  ADLPYT WT  ADLP
5 = Saline
= 1 mglkg
2.5 molkg

1% 27. ADLPATT Hof ot Rdl2 $71x] €39 HDAC6 inhibitorZ
F99E v Wel-oldZol= WA microgliosis® W3 EHA| %S
(A—C) 4G8 &AE o]¢3to] HDAC6 inhibitorel]l 23+ HlEl—oldZoj=
v el WMatE WYzAgaos g9l (A)E "IEAR, B)E CAL (O
© DG HlEt-obd®olE WS AFse Jgfzoltt (n=2, 8, 4). n.s.
(non—significatn) P > 0.05 (one—way ANOVA, Bonferroni post—hoc
test) (D-E) Iba—1& wWxZ Ao HDACE inhibitore] £]gh
microgliosis®] ®3t &< D)+ tixAkzl, (E)& CAl, (F)+ DG
Iba—1°0% AMe WHS HFslst g zo|t} (n=4/5/5, 5/7/5). &53
2 Hlwate] A AR, #P < 0.05, ##P < 0.01, ###P < 0.001

(two—way ANOVA, Bonferroni post—hoc test). Scale bar: 200 gm.
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(A) 28" B39 gxE AR, (B)&= AA human tau, (CO)&= A taud

p

o, (D-H)E 47 %7]¥ phosphorylated taus S —actin® 2 B3 4
&3} g#Zolt} (n=6/6/5, 6/5/5). *P < 0.05, **P < 0.01, *#+P < 0.001

(two—way ANOVA, Bonferroni post—hoc test).
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(A) 92" B39 gE AMdA. B)E AA human tau, (C-F) &

7y 7} ==

o e =2

71¥ phosphorylated taugs g&3}st 12320t} (n=6/5/5). *P < 0.05,

#**P < 0.01, =P < 0.001 (one—way ANOVA, Bonferroni po

test).
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FARE W Hol& taud] A

(A) A9zAAMe] gix Azl (B-C) Tau—139 3FJAEE CA1 (B)
7} DG (O)ellA d=Fsst 1el=. (D-E) AT8S #3455 CA1 (D)
DG (BE)elA Ad=sbst 182, (F—-G) AT1809 3T E CAl (F)
DG (G) oA AF&F3kst 18, (n=3/8/4). (H) quantitative PCRE %3

1%t human tau® mRNA <¢F P < 0.05, #*P < 0.01, #=**P < 0.001

gt

(one—way ANOVA, Bonferroni post—hoc test), #P < 0.05, ##P <
0.01, ###P < 0.001 (Student’s t—test). n.s.: non—significant. Scale

bar: 200 gm.
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(A—B) HDACS inhibitore]l 9Jst 7198 3%, (A)+= Y-maze test 43},
(B) & contextual fear conditioning test A3}oltt (n= 20/20, 20/16).

(C-D) Golgi—staining®® =743 HDAC6 inhibitore] <3+ AliA

off

spine 7159 B&. (O« dx AR, D)= A¥29 spine /NS 4
sk g Zolth (n= 3wl el 21/16, 29/28712] dendrites). Scale bar:
5 pxm. *P < 0.05 (one—way ANOVA, Bonferroni post—hoc test), #P <
0.05 (Student’s t—test). (E-G) 4G8 IAE ©]&3stod HDAC6 inhibitor
of o wlgf-oldzol= wEHe] WSE WHAxAGMoR Fl. (E)&
EA, (F)= CAl, (GO« DGE Hgt-old2ol= whe Asist 1
g 3Zo)t} (n=6, 3). n.s. (non—significatn) P > 0.05 (Student’s t—test).
(H=D Iba—1< wHdxz o Mslo] HDACE inhibitorel]l 2]3F microgliosis
o] Wzt gl (e HEAR, (D= Iba-19 FFNSE JFS aH=
ot} (n=5/5, 10/6). *P < 0.05, #*P < 0.01, #*+*P < 0.001 (one—way

ANOVA, Bonferroni post—hoc test). Scale bar: 200 gm.
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pTau (pS356) =~ ——
(o] P N
z " 2
o =
=) —_
T §§ o
o 2 £
@ < TE 10
= <
= £ os g3
< = =g s
£ a
E .
< oo o0
Sal HDACEI Sal HDACSI

1% 32. ADLPMT o] X8 Ed=2 HDACS inhibitorg FFL W &
ol taud Za

(A—C) TBS—soluble fraction°l* S &35 o]&3sto] HDAC6 & Al|A] el
ost taud A #Fl (A)+ i AL (B)+ AA human tau (+P <

0.05 (Student’ s t—test)), (CO)= AA taud F&ZFe ZHZ o]t} (+P <
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0.05, =P < 0.01, #**P < 0.001 (one—way ANOVA, Bonferroni post—
hoc test)) (n=5/6, 6/6). (D—I) Sarkosyl—soluble fractiono]A ¢~#

EX2 o83t HDACE AlAlel €38t taud] 74 2kl (D

rr
i)
bl
>
>
o

(E)= #AA human tau, (F)E AA tau, (G-D= ZZ %71
phosphorylated taus A3t T = ot} (n=4/6, 6/5). *P < 0.05, **P <
0.01, =+*P < 0.001 (one—way ANOVA, Bonferroni post—hoc test). (J—

N) Sarkosyl—insoluble fractionolA] A8 EF& o]&3o] HDACE <

ke

71

)

AA ot taud FA Bl (K)E AA tau, L-N)= zZ+z}
phosphorylated taus &3t 12 o|t} (n=5,5). *P < 0.05, #*P <
0.01, #++P < 0.001 (Student’ s t—test). (O—P) AT180° & W x2 ¢
Mske] HDAC6 o AlAlel 2l taus] 74 2l (O)& dEAMY, P+
AT180 B34z E AZFe JdZoltt (n=10, 5). =P < 0.05, **P < 0.01,

#xxP < 0.001 (Student’ s t—test). Scale bar: 200 g m.
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A Mock HDACS ole B o1

31_0 -+ MOCK
CHX(hr): Vv 3 6 9 V 3 6 9 2o = HDACS O/E
Tau-13 - . e e e S — iua
HDACE e s s s S S S Taor 1:

o H
[t
0.6
FORCRAMS _ 0 3 & 9 ()

c Veh HDACSI (0.5 uM) HOACSi (5uM) D ‘g” - Veh
3 1.0 - 0.5 M
CHX(hr): V 3 6 9 12 V 3 6 9 12 V 3 6 9 12 g - 5 M
Tau-13 "0 gD SR s s SEE R e e EED S e e ;0,8
reccus T D EEEREEE=EEREEREE ¢ E;
L T R _ B B R oK K- % ¥ N _ N '-O-lt
E F T 0 3 6 9 12(hr,CHX)
MG132 NH,Cl+Leup Baf 3MA - e > :ﬁ:élzuu
.
HDACSi (yM): - 05 5 - 05 5 - 05 5 - 05 5 ¥ : :B,mmd,.p
& - IMA
Tau-13 P e e - g e - a
--w
B-CHN s s s S S -

V 05 5 (uM,HDACSI)

G _ MmG132 _ MG132
HDACBI (4M): Vv 05 5 HDACSi (uM): Vv 05 5
260 260
& 160 160
]
e M0 5 110
- 80 _E- 80
Tauﬂ!--- Tau-13 == == -
B-actin W w——

1% 33. HT22 A XFA HDAC6 &% taue 24 9 HDAC
inhibitorell 213 taud] T2 Eo}E o 2o Hg =X
HT22 AlEFo| EGFP—-P301L—taus #ads ¥, ®7]9 AokS A

sttt (A-B) HDAC6 ¥hrdde] 3t taue] T8 £k

p

2~ gl o

.

d

CHX (30 pg/mhE APEE AHElato] taud] #al £25 I8tk (A)

= ¥ AMY, (B)E tau® %S Ponceau SE HYslo] A3 19 Zo)
t} (n=3). #=**P < 0.001 (Linear regression, comparing slope). (C—D)
HDACS6 inhibitorel] °]gt tau®] &8 5% #<l. HDAC6 inhibitor £} 97
CHX(30 pg/mhE A7z Agsddn. (O« tiE AR, (D)= taud
& Ponceau SE HA3SIo] A ot (n=3). =P < 0.001

(Linear regression, comparing slope). (E—F) HDACG6 inhibitore] 2]3t
113
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tau®] ZERHEHoFO RS Fal FH el MG132 (5 «M), NH4Cl (20
mM) + leupeptin (0.1 mM), bafilomycin (10 nM), 3MA (5 mM) 3
HDAC6 inhibitorE &7 A2dt 7, 928 E2S 53 taurl 2ole

S AHEASEY. BE)= HE AF, (B)E taud %S B —actin®@ HAT

-

A3t agizolt; (n=4~5). *P < 0.05, =P < 0.01, #=xP < 0.001
(one—way ANOVA, Bonferroni post—hoc test). (G) HDACG6 inhibitor®]

93t tau®] ubiquitination =7} #F<¢l, MG132 B xgM)$ HDAC6

inhibitorgs X7|¥ TZWE AHI3gt FH, taus WA FA3}Y ubiquitine
g i=
114



A B E E
2.0 2.0
HDACSi (pM): V 0.5 § =~ HDACSI (uM): V 0.5 5
- @15 " - e P AGK 905
% Hsp70 we= s &= 340 it £1.0
=] -2Ctin e - -
g| cnp SRENE. 505 B 0.5
Tau-q3 W e T - we @ P AcK
: TV 05 5 (my  TSPTO s V 0.5 5 (M)
Hsc7) "= a=s e Cc —— — G
Hsp70 = e = B-actin s = - 1.54 s

CHIP === == =

Tau-13 ..-

B-actin s - -

- M
wm o
.

. B W PAcK

Tau-13
—-—— —

Input

Input

B-actin s s w—

Hsp70/ Tau-13 (IP)
(=]

(=3 w
Ac-HspT0
= = o
: b o o

e o

V 0.5 5 (uM) 0 V05 5 (uM)

o
=

1.5 e 200 .,
)
210 E1.5- r
E £ 1.04
=0 P
%05 0.5
5]
0.0 0.04
vV 05 5 (mM) V 0.5 5 (uM)
1 S  HDACSI
o | HSCTO s o o J 25 20 .
T i z T
32 | Hsp70 - 520 s
:_;, chp W 3B 3 154 %
- = LB
rats WP - B :
@ 0.5 T 05
HSC7Q = = == = =
x ——— 0.0 0.0 0.0
& Hsp70 L - — § HDACGI § HDACEI
B | Tau-13 e - - - M 5
HSCTO o o o s 15 oo ] .
HSP70 s s e s %1_0 2 ;
:;' CHIP "= s w= == 2 " 5 2
= B-actin s s -
-— 0.0 1 0.0
Tau-13 N e - S HDACSI 5 HDACEI S HDACSI
B-actin e e

1% 34. HDAC6 9AlAle] &8 tau, Hsc70, Hsp709 acetylation F71&
A M= 7k 3 g FA
(A—D) HT22 A XA HDACS6 inhibitorel] 23+ tau®} Hsc70, Hsp70,

CHIPS A5 #& Z7} ¢l HT22 AEZFo| EGFP-P301L—taus =
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(one—way ANOVA, Bonferroni post—hoc test). (E—H) HT22 A X9
4] HDACG6 inhibitorel 23 Hsc70, Hsp70, tau®] acetylation =7} &2l.
HT22 AMXFo] EGFP-P301L-tau®s 3 A|7]3, anti—acetyl—-K
beads® W 7s ¥, 3719 @WAdS HES00T (E) & WE AR,
(F—H)+« input® oz HA3lo] Z A gcetylation = F =3
T Zeltt (n=4). *P < 0.05, #+P < 0.01, ***P < 0.001 (one—way
ANOVA, Bonferroni post—hoc test). (I-N) X8 =] ADLPAT # o
4] HDACS6 inhibitorel] 2J&l] tau, Hsc70, Hsp702] acetylation®] &=7}3}
of MR 4z Fgol TS &Y. De dxE AR, (-2 tau®
HA A eke] 2719 @A A5 #EE FAE AEs a8z, (M-0)
2 anti—acetyl—=K beads® H&H 7} sle] 7|9 Tl 9] acetylation?]
Wels ggeh azoltt (n=5,4). *P < 0.05, P < 0.01, **+P < 0.001

(Student’ s t—test).
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A WT-Tau P301L-Tau B (5 D
E $¢ 8¢ '

HscTl o= e v e -

w
*+
=]
o
=]
o

-
w

IP: GFP
Hsc70/ WT-Tau (IP)
5
: *
Hsp70/ WT-Tau (IP)
o o -
o w o
I; 4%
i
CHIPI WT-Tau (IP)
o o =
o wm o L

s
-
wn

Hsp70 o w v == e -
CHP = = - _ :
Tau-13 o - - - - - Lo S0 - S0

HSCT0 o v s S S

m

i
o
isy
o

HscT0/ P301L-Tau (IP)
e o =
I, R . ..

=]
o

Hop70 e e o o — —

kkkkk

-
o

CHIP/ P301L-Tau (IP)
o o =
o w o

-
-
w

Hsp70/ P301L-Tau (IP)
o o =

o w o

& %

Input

CHP " m = W - -

Tau-13 e wee = - - -

P-actin - — —— -

RS RS RS
a9 35. Hsc70, Hsp70, CHIP#&] A3 &80 & FE taud
acetylation #+2] 7173
(A-G) HT22 AXxFoAx WT-Tau®t P301L-Tau® K274, K290,
K321, K353 #719] acetylation®] ™& chaperone¥?] 435 28 w3}

gl HT22 AMEFo| 47FA 719 acetylation EH¥ Zd¥o] (4KQ)
acetylation oAl E=<dWol (UKR)E FHEHAIA, o5 HAILT 7
chaperone®9 4358 W3lE skt (A)v dIEAE, B-D)+=
WT-Tau? acetylation®] W& chaperone? 35 24 WH3lE HAH7}
H otau® BAST AFs adzoltt (n=3). (E-G) P301L—Tau 9
acetylation®] W& chaperoned 435 #g WHIE HIHAAH tau® B

ek st agzoltt (n=3). *P < 0.05, =P < 0.01, #==xP < 0.001

(one—way ANOVA, Bonferroni post—hoc test).

117

5 2T 8



€ &
CORE Pt
K Accumulation / K /

Alzheimer’s o
Disease HDACG6 inhibitor
[ ) ( g \
‘/Hsc10 ! CM N
‘ CHIP J l be
Cognitive impairment Rescue of cognitive impairment
V : acetylation @ : proteasome

1% 36. HDAC6 QAAle] g8 ZEEHoE0 7Y tau EIE 3 QA7)

has

5 JE A B3 AT
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Sl

L

gigg&
oo Lbbon] | | | |

l a-tubuylin Prx1 Tau Chaperones

Poor Do

Stability S
Transcriptional activity ] " Interaction 1 @o

Bim expression % p—
Oxidative stress | P <)
1 \ 1 — e
Cexlth ca* | .. 5 Ay
| | — s

Axonal transport 1 Axonal transport 1

(Kim & Chod et al, PLOS one, 2012)
Proteasomal degradation of tau

|

B of ,’_. s

% 37. c-Fos9 0O-GlcNAcylationg JA8l= A3 HDAC6 JAA] 2
gt acetylation®] 35S B3 Lxsto|Wy Y X5 A 1 7|Ad gigh

2AE
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K
b

T3, HDAC6 A9AAI7F Prx1l 9] acetylation < S7FAZ O ZH

1o

e ol ol me o fEE FEd BAMsY Cal'e

BEA7E 7AE HEER e, tau 9 Hsc70, Hsp70 9

Bik=s

M

acetylation & <7M#A tau ¢ X ZREolEFES T3
ST 7S AlEA B3 olgst A9E §3 c—Fos O—

GlcNAcylation 9] 9J#1¢} HDAC6 2] 9AE Eaf dwdo] o
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Part 1. HlE}—oldEo|E9] 938 c—Fos ¢ O—GIlcNAcylation
S717F ABAE AbEe] vlAle 9F AT

B AH4E E3] c—Fos’} O—GlcNAcylation® &= AE elslsd
i, c—Fosq O-GlcNAcylation #A&lE AH5o2 #7433} c—
Fos® O-GlIcNAcylation #A#]& S563 S570]w, HEf—ofd & o]
To o3& OGAS c—Fos® dazgo] Aste], c—Fosd O-
GlcNAcylation®] F7}stth. o= d=slo]HH o4 O—GlcNAcO]
3 2dE Slee AHskE Adelth. c—Fos7l O-
GlcNAcylation B2 c—Fos AFA|2
ot Zol=vt Qe AE FA dEd
Al AAF &Ao] Frhste], oFFEAAE fFEshE Bim @A &
7h, 2 A3 AlE Abde] HXE T webA, HEf-obd 2ol =ef 9]
3] =% S56, S572 c—Fos O—GIcNAcylatione c—Fos9] <4

sho} AT 2UFORM AL ARG FAA/E N5 2

Z':
2 Ao Aol gEo], d=slo]H A2l O-GlcNAcylation
o] A3te] yE wFIARIA s} O—GleNAcylatione

phosphorylation¥} H|SzshAl @A o] QHgst &4 = 25 A

g8 Ay HauEHo] rt o]H Yy oAEHA] V)5S 9dst)
wie], erxstolmpgel A HAgAC® 248 0-GleNAcylation

< U o] @Al tefdt Ves WAt BarEo] 3l

¢

. WA, gy -—secretased TA w@WESl  Nicastrin® O-—
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GlcNAcylations 3|FA|ZF O ZH o] enzymel| &AJo] A o,
HEf—old Zoj=2o] Ao AT (38). X, taud O-—
GlcNAcylation2 phosphorylation¥} A& o7 zZ&sl=d], &=
o] ol A taul] hyperphosphorylation®® O—GlcNAcylation
o] ZFA3dto] taul] SHo] FXHY (39). o] e, HEf-old R
oj=eof & wEFZ=gole] ATP synthase 5A% O-—
GlcNAcylatione] 74 +=d, 77 A3 ATP synthase 5A2 A

o] Zraste] ATP ANE 7 Atk (40). EF, 2 ATE 5

a3tk (32, 35, 40). oA AFE 7]E Basel 9shd, OGA
AAAZS AFE3F] tau, y —secretase? TA wEE Q] Nicastrin,
ATP synthase 5A2% O—GIlcNAcylations ZA3¥ S W, v
2o dxstolmH ) AHE HREo] &G (38—40). Taul
O—GlcNAcylations Z7HA 71}, d=slo)wH o] Fo el el
AbshE tausk NFT7F #H48kiar (39, 101, 102), Nicastrin®] O—
GlcNAcylatione F7MA#H S W], 7 —secretase &4 T4z <l
3 wlel-opd ol = WHA (plaque) ©] #HAshal, EAAE 79 3
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Byt (38, 103, 104). ¥, ATP synthase b5A% O-
GlcNAcylations S7HA71AF, £4FH AT ATP A3 ATPase

gAol 3FHAT (40). olyF A AF=2 OGAE A=

(85), o] W& dide A7 BE FEaA xXd AE 7
itt. wbd,  SDS-PAGEE &3 @& =27l ¥4 O-
GlcNAcylationS #2413 H7F =4, o] Hio 2w &4=3}
olvjry #ate] HolA 70 kDa ©]/de @A O—GleNAcylation
o] Fhadh= Aol HolA"E 50~60 kDa¥ 25 kDa®l @ AE

Q3)¥ F/hs A Rk s} (34). FEgh g=stolwyy

ot

Zpe] W FxA S o] gt A 4 Aol A O—GlcNAcylation®] <
7te #MEo]=7F O—GIcNAcylation®] 4" Felo|=xHt ¢ B
o] FEEG oM, 3xTg—<d=sto|Hy Rl Ho| wHE o] &3 A

A Aol A Hol wal o A& 0-GlcNAcylation®

oA O—GlcNAcylationo] ©@&3d] 7FAsH
Zol olyz}, 2E 2AF T S HojF1, 55 kDael c—Fos2

O—GlcNAcylation®] HE}—ofd Zo|=0o] oJ& F7}st A% <

N

B
oMl O—GlcNAcylation®] =2 ol Ad#d Axetn Azt
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"ok Avzl 2 Al WRl HEl-obd 2o] = o3t c—Fos?

O—GlcNAcylation® Z7F= O0GA$Ie] A3 8 747 d<lolgt

rlr

7213} ATP synthase 5A2] O—GIcNAcylation Z4a+ OGTLHY
e #FE A4 vtolgls Ve RaE FI (40), gxstolHy

A= 0—-GleNAcS 223= &2 (0GAY OGT) S 7138 Afo] 9]

HgdA o2 A% o O-GlcNAcylation® W37l YERSE S
e 7182 o 2o V1A
A R,

i

9=, OGTY OGA7} 714<& 21X

O

jud

rir

kA2l OGTH OGA A% =l obf dHrsxl wf
OGTY 7%, proline®]t} B —branched ofv]xAtsy} 22 7] o
o] O—GlcNAcylationA 7]&= %7} B, TPR EW¢lS %3] 714
< AAA " sk (105). olst d#HA, £ AFE Sl
T c—Fos® O-GIcNAcylation site?l S563 S57 <ke] 55W
Z71+= B —branched o}v]x=AF = 3Fupl valineo|t). 3FA| Wk, 9]
Qo= o HE W AS vjr)ste] O—-GlcNAcylations Al7]71%
3}, flexible element®} < intrinsically disordered region=
O—GlcNAcylation Al7171% dvka & 9lef, OGT7F 714&
QX 8l= 71 AE 9HA3S] specific sequences EaA Aot A

o

rlo

-

d ZA9y Helt; (105). OGA 9 A] sequence sensitivity s
= OGAZ} 7FA deep grooveel] 2 Zh= conformations 7}
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7145 de—0O—GlcNAcylationA| Z1tkal 8Fa, o HE] hud o] 3k
T s Ao® ®Hta gtk (105). wlEf—opdZo]Zo o)A
c—Fos%} OGTY] 7z atgole= W7t gla, OGASEE] 75 2hg-o
A 3FeFl7] wEell, OGAS] 714 Solio] njgdA s =AY
3 A EE, oAdEE V1A ted 2k 22 kinase’t OGT
¢} OGA9] &Aoly 714 Holds Zddte= Bl Sl
(106, 107), "gixAd o2 p38 MAPK”7} neuroblastoma Al|3o]A
neurofilament H<2] O-GIcNAcylationoll &S vtk 3o}
(108). o=k ddo] d=slo|mry AFstor &l vh= AN

ok =3&to] Mo A GSK3 B, p38 MAPK$ #-2 kinase7Z} H|HAHA

ow xA¥I Slgol & <A AVl wWEel (109, 110), kinase
g o] Wsl7h dxstolelx Kol 0-GleNAc x4 Aefel
VTS "HE F A& Aotk ol WEtelA, HEt-ofd 2o =

of 93] c—Fos® OGAY A& 2rgo] 7A4st 7]def dist A7}
H Fest, 7149 O0-GlcNAcylation A7} O—GleNAc %4

71A Atole] o el

o
ftlo

A=A 2 At Eolof &

71 Hae] wrE O—-GleNAcylation®} phosphorylation©] 73
AAROIAY AxAoez Ax #A-dEo vt stk (31). shA|RE
o}A7}A] c—Fos? S56, S57 A&l phosphorylation®] oyttt
= Hi+ 3, 77 3 5 S32¢ phosphorylation®] Hth=
Burh 9d=d, o #&e phosphorylation®] S56, S572 O-—
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o2

Q‘LI
o
N
3
o
N

GlcNAcylation®ll e %= St webA, c—Fosel
X O—GleNAcylation®} phosphorylation Ate]e] e Ao sk 3=
7 A7 % Festh

B Ao A c—Fos? S563 S57 A#]¢ O—-GIlcNAcylations
c—Fos ZHA9] M & 7 H+= s B3ld. @] <k
3 #dste]l mrhE @A e] WMol § 25t E ubiquitinations

Azrs] B 4 =4, O—GIcNAc©] global ubiquitinationS 74 A]

==

!

rlr

Byu7F 93 (111), phosphorylations FA3FAL,

deubiquitinaseS FA3dto] @ AL 1A 7= Wegow g

ot

U= Hu% ok (112). waba, O—GlcNAcylation®l] o]t c—
Fos® HQslE o]g} st 7[do=m dojuhs Zox Azbdry,
c—Fos+ E3 ligase?l UBRI1e°| 93] ubiquitination® o] #sj¥c}
3 4 A QlEd, o] S329 phosphorylationd] oJs] A sf¥th
stk (113). wEbA S56 2¥al/Ex S579 O-
GlcNAcylation®] S329] phosphorylationg ZZ A7 A, oA

A2 kAW deubiquitinase$}te] AT LS Z=IIAA

i
off
%
M
%
il
2
gl_‘l
ol
38
il
N
N
olr
oX,
o
)
o
o

ubiquitination®] 74
elo &, c—Fosw ob TAA Mol HreAA oS N-Tee
destabilizer region®] 2]&l] ubiquitin—independent degradation
Agus dHA 9ol (87, 114), c—Fos® N-—terminal
destabilizer domain®ll S56, S57 site’} X 3r¥ o] degradations
AN ZH S 5 UATh HESE 2 AFtolA] wlEt-ofdEo| BT} Q&
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o, c—Fos? O—-GlcNAcylation®] =717} c—Jun®9] A3 #E&S
T7HHE gl S563 S572 c—Fosol4l DNA Ag =
? (139—-160 o}=|:=AH) 1} leucine zipper domain (165—193 o}
vleAb gk 82~108 ofvical AR A de ol Qv
(115). 3FAIYF S56, S572] O—GlcNAcylation®©] c—Fos® 3z +
5 WAA, Az AzAES S7HAAY, AP-1 H3HAIe}

AsAgstty g% CBP, CRTC1, BAF &3 9 722 #AA}

BN

il

2

o

A ¢z} (transcriptional co—factor) £} AFs Zrgof Jgk

—

Azd =ade TS 047 vehd 2l

N

s4d< 44
= g Atk (116-118). 28y, At 71dE &7 AsiA«=
F7F A57F 2233, phosphorylated tyrosines Q1A dh= SH2
Erelx 9, O-GlcNAcylated serineg QA= EHJIE A5
ojof & Zlojt}. g, 19 1568 HEo], c—Junl® WA=
w1}, AP—1 complexe|A] O—GlcNAcylated c—Fos? 5718 &<l
stobd, c—Fos® O-GlcNAcylatione c—Jun¥2] As2g 4l 2
A e SIS A3E g SR s Flolt 1
HY 2 AFoM = c—Fosg S56, S57¢ O-GlcNAcylations 7
o= FAE glo] gRlskA Estit.

G el 3D FxeA PTMS REHLET F 3= PyMOL,
Vienna—PTM 2.0, FF-PTM%} #& Zza3zo] QAR (119,
120), o] 2152 o]u] crystalizationo]t} NMRS F3l 3
7F 88X E=dlQl o =Yk simulation®] 7Fsdkth. c—Fos+e 138—
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200 o}m):=AF (DNA AgAtg] + leucine zipper E=wH|Q) ol 33}

rlo

o raRt ER7F EEA 9lef, 556, S57 slldshe e
simulation®] of# gt} Wb, S56, S570] o @i gAlo] O-

GlcNAcylation®g 4 A=A, =2 22 p2 O—GlcNAcylation®

A Ao 3k d&E c—Fos® O-GlcNAcylations A3 1, H)

o

—opZolEo] f&| c—Fos AAY <HHAAH c—JunHe A=

AEe A, AA BAS FTRIA, AE AMES FAATE

N

] urgith o] Ayks d=sfolwi el Wl 7]l O-

ofr
o

GlcNAcylations =82 & 3= AR Ao v A4 A=

AQFsH= who] o,
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Part 2. HDAC6 A3E &3 F7Fe Peroxiredoxinlf]
acetylation®] @xslo|HHoA &EAAE uw|EEZT=golo] F2F
FE= A= V1A A7

2 AT A= HDAC6 =48] o Prxl acetylation®©] W El-
ofdzol=9l AW F=stolwH o] Wl V|He| mA=
el AEA skt wlEk-obd 2ol =of ofsl Prx19 K197
2H2] 9] acetylation®] A3, ROS9 Ca®fol F7fsta, 1 A}
nEFZEgote] FAF FFo] WA=, HDAC6E AT o =M
Prx19] acetylation® Z7FA719, o]2]3t Welehd 5450 3%
"ok (23 25). Prxl1o] HDAC6S 71dolx, L=3lo]mH oA
HDAC69] <k &o] F7hee] vk Bt ol=d (70), what
Al wEf-otdRol e & &R HDAC6 wiel Prxl19]

acetylation®] ZFAH Yty WA ZTH T Prx128 acetylation©]

N

Fratw atshso] 7Aasty] W] (69), WlEl—olU Zol=e] o

st

3 F=¥ P=3 ROSY Ca®" = HDAC69] 3k @AZ Azte),

S8 ROSSH Ca'oll 23] wlEEEglole] %2k 40] Eabgi)

&

B} Qe (65, 66), 1% & WE-olyuzo| = oa] %

rir

7V FA4F $£50] A3t HDAC6E Q13F Prx12] acetylation
i wEe] dojd Addes & F v AW AN =
HDAC6 SAA7} wlet—opd o] 2o o3 &4d F24F %3 3
HAIZ1 o] & a—tubulin® acetylation 3|&olA 23 Ql=d], «
—tubulin® acetylation®] &7}sbd w]A| A3o] ¥ A3 EH T, F
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Gl A3 w) A A#e] Ao Zrtslr] wlEo|tk (51, 75,
121, 122). a —tubulin> 3F73s] 2 <& HDAC69 7|AZEH,
mo AFzE0] ¢ —tubulin® acetylation®} FAF 3o tfal ®

32l 9dth (51, 75, 123, 124). o7, ¥ A= E3] HDAC6
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Asl= Zlo] o T8tk 1 o]+ Prxlo] o] &=gtolm =}
o] HojA F7hEe] 7] W, B AApEo] o]y d Aol
AEZS] B 2g wiel] dojwvhal F5stal oy, exsto]r
gAY oA ASIAEYHAE o ds] EAfs (125, 126). o
2}A], Prx19 @4kslsS Z7HA)718 W, Prx19 acetylations F7}
AAE Frf B Ao HDAC6S AE Fdl Prx19
acetylatione T7H4A 4 Sla= HAAF3laL, 1 A3} HE-obd
ZolTof 98 fEE A AEHAVF 3HHo] Ca’tel mEZE

gobel F4 £EE IRPS wolFAh olF Fa, Prxl

g AFSoA HDACEE ZAaA71AY AZS o, d=3lo)
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A BE3 ROSE A4St AEHAE fEshed], ol A4 AE9
N Zolsh wEl-ohd o= Aol o7 AE AME, Ao T
sh, S o] H}AksE, DNAS #ArstE & fAA 2d 28 Aol
S =9 4ot (10, 93, 127, 128). XA HAatst= AxuS
okt AN o] Lo Eid} At FeljE o

8 mEdze FEe A4 ool FEsk AgAQl welo] ek

shoh (129). &=, AF

B1% 9t} (130). #EeA Z7Fd Ca?tS calcineurin, calpain

A

3o BaE DY AAM 4G B9 AF, AWA Tt 3
of, AE AEE fESHE Row delA 9T (11-14). %, 2=
sfolulgel s X 715 Askel F4el tehbi AP Ca¥'-2

el vt dofuks AET WHS Bzl vk @
=

e Holr] el AxAet F2F T Afolo] = wek2 v

A AT so] AdE 2EHA XA ¥HaL (51, 53, 54), 53], 7|

EZ=goprt H24F wte] 7hA] Xaku, AUAE FEshA kXl Al



WA 20 FA4b pde SGAAGAL S (65, 66). ©]HF Bl
£& dxslo|mHo 7] FAoR AAXE HE3 ROSY Ca®t
9 FAF FEO Aol Al AE APEY Q1A V]E Astel Fad
q3s stk S AlARSTE k], dxstol M-S X853 9
3l HDAC6 AAAE £ =g ROS, Ca*™ 9 FH2F 59 &4
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A= HDACKE Ao 22X Prx12] acetylationS S7FA1#A H
E}—old ZolEo] o5 Z71¥l ROSE 3] EA7|#}H Ca?te &% 7+

adtel MEZCEole] H4 fdo] HRPL stk Ca’'ol

diste] vEZE=gold] FEs 2EIThE Bk Qo] (66,
134), ¥ A5 F3 ROSOl %t H2 £59 E4el= Ca®'ol
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w9 FosHA At R AAST

ROS®| 98 A2XZAY mEZE=goleA Ca®'e WEo] 2=
& QARE MR BT Catfol o8 mEIZE=glolrt E4E o
ROS7} 7 k= Ak 2 defA ok (11, 93, 135, 136). A A

2 2 AFoAE HE-od Rl Eef o3 X% ROS$H Ca2+:™

FEO Akt AjAvlo]l A Eo] Qltkal
WH 3kxL2] oA SOD, Catalase®} GSH
A 2EE] Gpx, GRS &4Jo] FHas o] 9lom, GSH/GSSGY v+

dawo] GSH7F Atste A=z AT v (62). W9k, o

N
ol
L
o

19H skate] w9 AD T& el 3xTgolA GSH ¢ =HA)

1o

Has #FE (63). EuE ARgE 4 2" G420 Grxd)
Trxie Wlgf-opd2ol=ef o) A &HHow Abstd oz At
A =H, 58] Trx19] ol o] vk Bk 3tk (64). #
whoopet, gzafolmy FApe] HellA Prxo] ¥k HYGHOR
st o] Slvka gt (126). & ATelx= HDAC6 SAAE &

3 Prx1vhs 24A3tol% Hgf-oldRo|=e] &3] S7Fe ROS9

3ol A=, ol T8 A3t AJAEIQ)DL GSH A AEF}
Trx—Prx Al&glo] B5 d=stolujrfolx E4H o] 917] wZe,

A L) ¢



o] & el Prxlvks FAstolk: ROSC| 3]50] F3akA

rJ
B

¥ A7E sl Web-oluzol =k 9l 4%elA HDACE oA

Aol 218 Prx19] acetylation =7}7} ROSS} Ca?tel &S w7/

o
iy
T

2 oo, mEZEete] F4 FES AT AR Vs ¥

Part 3. HDAC6 A3Hel] 23k acetylation ¢ Z7F7} tau
G o] ZAAE T gEslolHE S FEAIE V1A AF

2 AT e gxstoln i oA HDAC6E AAAI7F Hol= A=

rlr

295 ZEsH3a, HDAC67} taud] ®3llE& 2dshe 71845 Ala
Al AR T AA gz=stolwy ghatel HlSzgh HEt-olH 2o =
W& B Holi= ADLPY FelA HDAC6 oAlAlE
EA4HAA 71999 35, AA0 3] E dA ARl tauFe] A
o} & A5 adE BTk T3 HDAC6 JAA 23] Hsp70,
Hsc703 tau®] acetylation®] ZF7}ste] Az A% 2Hg-o] F7}
31, 1 A3 CHIP¥S Ast: Z7}sto] tau”} ubiquitination® t}.
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553 o (A B —tau axis) (80, 137, 138). & AFoA =
ADLPAPT Hol ) HDAC6 A Aol olaf Hel—oldZol= nkd-L
o M3l gl oy taus A 2P, AWAed 719y

= 3 EHSIY. o] d3E T tautts E°lv AoRE ¢x

A9 Tl AxEa = 7F-d (139, 140), HDAC6 <A

A7 taug EHHOE 2UY 5 9l FBYL AN AL B of

g3 A5 24 BEFolA taul] 7HAgE §7 7199 e 3ol yE
7] well, d=sto]mg o] o= WAo] AEE X5 a9E B
d 7teAol =5 ACE ltdn shxut, ot Ed (1% 26B)
7 25549 (19 31B) 9 contextual fear conditioning 2 I&
skl w, E4ESAE 719 359 Fo] o oA T
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HDAC6 A7} MEl—otd 2o =% oA o 3= 580 &

23] Qltt= A% AJAbSITh (74). ADLPAT #H= 2xTgrth HlEl—
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Aol A-Es] EEHA XA HAAY, g wEd

= Ha7F ) (23, 142, 143). &=, 2N4R—taus FLAAA LS

7199 Ao wlg- Fast Gl cAMP response element

binding protein (CREB) & BIEAZAAA 7|98 & AstA| Xt
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By 9tk (144). ADLP*" HeolA HDACE JAIA ] &l Al
29k 719)ge] slHE AL taud] FAE B ol AYAs 54
o] Ftasto] vEld AR ABZtETh o)) o], A3 AFtollA
Ul HDAC6 <JAlAlel o th& 3]5 a5 — «—tubulin?

acetylation 57kl o8k mlA] A9 FA3tE QIS FH2F 59

3 Prx19] acetylation©] Z7}e] )8k Abs ~E#H A A9}

Ca® @449 5% — = ADLPYT 79| 798 5% 7

&
ol
-
4%

S Aot} (75, 145). T3 HAQ taus vEZE=gof &4 AE

A SH-E taus T2 LERA-FLF A
~o® Faldvty 4l ded (83), ¥ AFE F3l HDAC6
AA Aol oJelM e LERFA-FrE AIAHS 53 taud Fdll=

Hsl7l §la, TRHES &3 a7 = As st
SHA W, HDAC6 Al Aol €8] ADLPAT F oA =
9l sarkosyl—insoluble tau®} AT8, AT180°.% WY ZA AN =
tau’b FZAekint ol o] o My Ao ZREolFo R

7 A H YA, HDAC6] & =2 %= tau® acetylation

i

o] taud $H& At Rurt 7] wiEel (78), taud] S

2o

AA7E FolEoAA AHA R AA S tauk A3

= Az,

o
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B A3E E3] Hsp70% Hsc709] acetylation =717} o5 &
MA taushe] G AEE ST S Rl HDACG
AA Aol o)l A= acetylation sites FH A= E3F T
71 Haef wrE, Hsp700l4 Hsc708] ATPase T Ql A A
7F taud] s SHAI7]=d], ol ATPase 7l JATOZHN
G A S refoldingdlE chaperone 7]5S Adllste] 7122 #af 7}

7 e = weko g FA3517] uliolgtal sko) (146). 53], JG—48

&

& Hsp70 family2] ATPase A #|+= NEF”} Hsp70 family

2

| w2 71%5S Assted, HspT0%t 7)1 0] @ #e)1 3, 2

HA o Z Hsp70% 714 9] A 48e T7HItE Ri% Qv

(147). Hsp709] A%, A= 4S5 F3f K88, K126, K159, K523,

K558, K5603 #< HDAC6] & 2dd Z1o= o= site
7} gre A=, o] & K126, K1597F ATPase domain®l| &3t
ZE71oltt (148). ©]# 3 site?] acetylation®] S7FE"™ SUMO E3
ligase?l KAP1©] recruiting®lthi= R i1% o] (148), ol 7]
9] acetylation =7}ell 28] Hsp702 ATPase 7]s°|vt NEFS
2 go] Aol tauld A5 2go] F71skal, CHIPO] recruiting
HAs 7t s o3 E & Ak AR, st 71 U A
T7F B Q3skal, Hsc70= HDAC6° 9Jdll 4 ¥+ acetylation site
= obd By uprl §lof, o] dt site’ W Aof & Flojtt. o]
ol %= Hsp70 complex?} #8-3 w Hsp40 family7} 718 2] Eo]
4= A7skaL, Hsp70 family 2k 714 9] A5 28 4 3}e] T2
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S Mo & pAs: guAe Ra), 34, tE )
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o] A% AE T v Vlew A4S, Westd o<y g
of o&f FeFs wenh B Aol gxsto| Mol Wt
o 9 213 & O—GIcNAcylation¥} acetylation®] &=3}o] ™+
of A= el thall st

Part 1o+ AAF AR ¢c—Fos® O—GlcNAcylation®] W EF—

ol gol=o) o&] Z7tE =0, 1 A3 c—Fos A2 <-4 3h9}

c—Jun¥e] A5G SIS B AN B4 SR, AlE AR

FE8te Bime WS S7HAIA, AlE Abdo] 39S glsksl
t}. o] wf dojyt= c—Fose O—-GlcNAcylation A& S56, S57

S Aoz B3 O—-GlcNAcylatione G tAE WY st W

o 43 BoRA, 9 ARE Dxaolugeln G thtel
AE AbEo] Nz AHE welo] Yes Aite
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Abstract

The causative factors of Alzheimer’ s disease (AD),
aggregated beta—amyloid (A 8) and tau, have known to induce
cellular toxicity which was altered O—linked B —N-—acetyl
glucosamine (O—GIcNAc) and acetylation resulted from
resulted from disrupted glucose metabolism and upregulated
histone deacetylase 6 (HDACG6) in the brains of AD patients,
respectively. However, the precise mechanism how altered O—
GlcNAcylation and acetylation affect AD pathogenesis is poorly
understood. In this study, we explored the effects of altered O—
GlcNAcylation and acetylation in AD pathophysiology.

In terms of O—GIlcNAcylation, we found that O—GlcNAcylation
of c—Fos on serine—56 and 57 was increased in AD model mice
and in A B —treated cells. O—GIcNAcylation of c—Fos increased
its stability and potentiated the transcriptional activity, resulting
in induction of Bim expression leading to promoting neuronal
cell death.

With regard to acetylation, we revealed restoring mechanism of
AD by elevating acetylation using HDACG6 inhibitor. Increasing
Acetylation of Peroxiredoxinl (Prx1) on lysine—197, a

substrate of HDAC6, by HDACS6 inhibitor recovered oxidative
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stress, excessive Ca®* levels and impaired mitochondrial axonal
transport, sequentially, in A 8 treated cells and 5xFAD. In
addition, HDACSG6 inhibitor promoted proteasomal degradation of
tau in cells and AD model mice by increasing acetylation of tau,
Hsc70 and Hsp70, resulting in stronger interaction each other.
Consequently, tau burden was dramatically reduced and
synaptic pathology and cognitive impairment were recovered by
HDACSG6 inhibitor in AD model mice.

Taken together, we demonstrated that the altered PTMs such
as O—GIcNAcylation and acetylation in AD play important roles
in AD pathogenesis. Moreover, AD pathologies were recovered
by restoring altered PTMs in AD. Therefore, modulating PTMs

of the proteins is a potential therapeutic strategy for AD.

Keywords: Alzheimer ' s disease, AB (B —amyloid), O-—
GlcNAcylation (O—linked A —N-—acetyl glucosamine), c—Fos,
HDAC6  (Histone deacetylase 6), acetylation, Prxl

(peroxiredoxinl), tau
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