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A& Alzheimer’ s disease (AD)S EA O 2= AR =

2
=)

tau®] #<1AF3}  (hyperphosphorylation) 7F 1o, HWel7]

2
10

2210 2= glucose metabolism¥ axonal transport] A3 &=
= 4 9tk Glucose metabolism® A3dli= A= Mxdel O-
GlcNAcs 5ol taud #}Artsts do7la, Ap= GSK3pad
AT AGE Sl HDAC6S &A= o AEU2] acetylationes
w30l axonal transportE AsfEth. wezEle] AL QIAMS}
acetylation, O—-GIcNAcs9 tFgt wel % 243} (post—
translation modification; PTM)e| &Jal x4 v, ADoIX+=
PTMS] Zdo] W7tA SQlojA wuize]l 7]-so] “g7kle] nls|
=Y AdEel Qo 2 AFelA= ADOA  sobx Sl

MERS  O-GlcNAc¥ acetylationg S7HAA = ¥, O-

.
o

GleNAc#H#EIA = Aol A owst g3s F=AE
st em,  acetylation  #®>3|A= wEFTEZoFe]  axonal
transporte]l AEA FdFE F= A5 P8t

HH: (1) O0-GleNAcS Z7147171 9alA O-GleNAcase

AslAlQl NButGTE olgstom, AD Wridere &ads



gdst7l s AD F=EE ¢l 5XFAD mices Ahg-38ked,

5XFAD miced] NButGTES 271 FAlale] Ape] %23 Apo]

(2) oa—tubulin® acetylatione <7I*717] 9= HADC69)
As]AQl  Tubastatin A (TBA)E AFE39°™, primary
hippocampal neuron®] ABR2} TBAE A ste], vmlEZT=glo}o]
axonal transportE microfluidic chamber systemol| A ¥#2-3}3i o}
A3 (1) NButGTE FAE 5XFAD micets FAMSHA @&
S5XFAD mice ¢} Bl stRi= w), ABe] A3 Aido] fHAasigion,
A7 9%  (neuroinflammation) ¥} 7198 A3} (memory
impairment) 7} 3] EH k. o)7L Fwp Azl dHolAl o] A
G Fol kel NCTE Ser 708¢] O-GleNAc Aol
7k wWE Zo® NButGTel <&l NCTS O-GlcNAco]
7 kel wet ghepa e EHopAl o] & o] stolFiT

(2) L5XFAD mice® ¥ ZZAA o—tubulin® acetylation?]
J=s Qe Ay vobd sllth AgE <ls| mlEZ 2ol
axonal transporti: anterograde?} retrograde SFWrekollr ILH
AsfE =, ol TBAE AgstA =HH Apel <& 4w
MEZEFole] £ol T4 BT & vk E Apel o3

.-_;l'x_-! 3 k::l '|_



Folxl wEZ=gole] Zolx TBAl 93 IEHE= AL

AE: ADOIA Frawo] dd ©@wHde] PTME ZH2te] AsiAlE
o]gsto] xd T A ADS WIV|How dHd ApY F4,
7199 Ast, A3 959 S7F Fol sAHMA, vEIZEF L
axonal transport®] AstE & H3lvh mepd diide] PTME
£4dsk= Zlo] AD WeVIME Amsh=d shel AR EZo] -

5 9le Zolet Az

FQo]: dxstolwy (AD), W ¥ F213 (PTM), O—GlcNAc,
acetylation, oF2Zo]= HlEl (AB), 7wk AlA gl HolAl, HDAC 6,

vl EFZ =g o}, NButGT, Tubastatin A (TBA)

8 W 2007 - 30547
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A E

o=3lo]M ] (Alzheimer’ s disease; AD)2 Hg gzl
EQorE AX o oldgol= #HlE}F (Amyloid beta; AB)Y

t A3 M>EHNE tau®l neurofibrillary tangle¢] It} o] <

> u

Bi= otdRol= HFA @A (amyloid precursor protein;
APP)o] F Jiel Al ElotAl  (secretase)?l HWIEF <9} Frwt
Al HolA e o A& oz A AAdEC (1), wE
Al g oA 7 APPE A=W APP C—terminal fragments
(APP-CTF)7} 4=, olgd7 A48 APP-CTFE w4 #v}
Al ElobAlZE ZekgoEa ApZE AR (2" D). it
Al HokAl= Wl el @Al anterior pharynx—defective
phenotype 1 (APH-1), presenilinl (PS1), PS enhancer 2
(PEN—-2), ¢} nicastrin (NCT)Z Fd=Hdt (18 2) (2).
NCT= vt AlagHokAlel  £4]7]  (gatekeeper) =4 Zrw}
Al ElobAl el HAES Adeta V1A Agel Adshed

Fofgitt (3).
Part 1: O—GIcNAcase A3|A|7} Ap} AD

BRAZIAS vA= F A7

O-linked B—N-—acetylglucosamine (O—GIcNAc)+= W F
213}  (post—translation modification) 24, ER¥} Golgiol A
T2 7 dojub= N—3 O-glycosylation¥=  Eg

MAEAA Serz} Thr 7]e] Asgtsirt. o]zist O-GlcNAcY
1 S,
.-':l'\a._i -kr -T



EXS  QAF3l  (phosphorylation) &  H]=28l7]  wj&eol, O-—
GlcNAc¥ itst= a3kl A (competition) 3k 4 -9-7F

i, Jlsel oAM= @il QbAst (stabilization) 9 A

L

e As AEs 24 sted #odt (1), 0-GIeNAc2 O-
GlcNAc transferase (OGT)ell <3 wiize] AFHm, O-
GlcNAc—selective N—acetylglucosaminidase (O—GIlcNAcase) ©ll
o3 " deA AAAG (29" 3) (2). AEUWS O-GlcNAc
A X+ glucose metabolismo] &3 24 ¥ +=d], AD 3#9] H-$
glucose metabolisme] A &Eo] 7] dwitel, O-GlcNAc?
AEE AAA7 vlags o AL gt 7ol wobAgltt (3, 4).
ADo|A O-GleNAc#H®A AF2E T2 taud] dis] ol A7t
Holgta, Ap A Ev F2 dddiAe BHaud Fo] gloh &
AT AD FEXREQ  5XFAD miceol O-GlcNAcase
] 3 A Q1 1,2—dideoxy—2" —propyl—a—D—glucopyranosO—
[2,1-d] - 42" —thiazoline (NButGT)E %Folste] O-GleNAcS
T/ OEAN  O-GIeNAc A Al owg Aol
A=AE tEE Bz &gtk 1 A3, NButGTS A
5XFAD micelA= A& st#] &2 5XFAD mice$t Hlw S o,
dup Al EHobAle] EAdo] vropye] whet AR AAdo] utolA

]

Ap FHo=Z 93st AlF 9% (neuroinflammation) ¥}

;O

o,

7199¥ A3t (memory impairment)”} 3% gtk =3 7n}
AlAg oAl Fel A% NCTe] O-GleNAc =i, NCTE O-
GlcNAce]  Adst=  $1X7F Ser708 1 A& ZEH U~

(proteomics) HHHS Abgslo] ghelstoith, B Aol Az



HiEto 7 AD 49 Mo O0-GlcNAcg S7H17]1% Zlo] ABY

BE= A= ADE A RSt shhe] WRlo] d Jlojet

A& st



o-secretase / \ [p-secretase (BACE)
I—

————il b=

sAPPa c83 sAPPf 99
l y-secretase ' y-secretase
i == Bl =
P3 AICD AB AICD
Non-amyloidogenic Amyloidogenic
pathway pathway

19 1. APP processing



Nicastrin

Aph-1
Pen-2
Presenilin-1
Lumen/ extracellular
(
Plasma = | | | i =
membrane 6 9
) 4
Cytoplasm Presenilin-1 Nicastrin Aph-1

1% 2. y —secretase?] A w@aA

Pen-2



Glucose

metabolism ™o e
Gle-6-P
= Fruc—6-P
Aminoacid & Glutamine
metabolism &
I GFAT
GleN-6-F
Fattyacid . ... Acetyl
metabolism CoA
GleMAc-6-F
GleNAc-1-P
Nucleotide | UTP
metabolism :

QO
Homo UDP-GIcNAc
HO: ~ |

=%
-
* Ser/Thr  O-GlcNAc transferase

{OGT) Kinase
-
— -
O-GlcMAcase Phosphatase

//J\\

I Transcri Ion,f Nutrient sensini
. translar.t“bm [ diabetes B W J ‘

Cell cycle/
cancer

.

79 3. 0-GIlcNAcY &4 ()



Part 2: HDAC6 A& A7} Apell 23t nEZ =g o}

axonal transport ol v|X|&= & A+

e
)
=

A7 ME (neurons) & AA W Fxof BRI AR Fx

o axon < 7F&dl T3 AEA (cell body)t A7 Zok

s

(nerve terminal) < 2Ztil At} M EAF A W] As FH

AAE TNse wAskEE sl Task, or]dds vaw

=
o
flo

(microtubule; MT)<S 7|HFS. 2 3} axonal transport 7} 3o 3ttt

MT = @ —tubulin ¥ B —tubulin ©] 9F& oz A= A
(polymer)©]t} (6). Tubulin < acetylation, tyrosination, 12|l
¢14k8t  (phosphorylation) ¢ thefsh wlel 5 243} (post—
translation modification; PTM)el 2J3] Ao (7, 8).
Tubulin ©] PTM & MT 9 MT #& w@wz Afo]o] AgHenlo]
obd MT ¢ <H¥4 (stability) = ZFA3F%], axon guidance,

Al g4, 9o AF 5-8Y ol ddFe v (7-9).

o[\

o —tubulin 9] acetylation & MT 9 A4S Z7FAA axonal
transport & A AT (8, 10, 11). Histone deacetylase 6
(HDAC6) = F 709 deacetylase domain ¥} 3t 79| zinc finger

motif & ZF1 %+, o —tubulin & deacetylation A]7]+&= AEZ 2

a4 (cytosolic enzyme)©o|t} (12). AD A+ Ao nlaA

3 o
"':I'H-_E _'H.I.- ok



HDAC6 &4Jo] =21 (13), acetylated « —tubulin = St} (14,
15). =3 AD F& HAVA Foll 274 deves SR
axonal transport 2] 7] As7F d+=d (16), o€ RE A
38l B HDAC6 7F AD 17l Qlold Fo3 o935 &
Zolgt ofdst 4= 2tk Amyloid beta (AB)E APP oA =
e BA=2ZM AD & 271 78 Q1o MT 9 b4 ¥
AL W A5 AdeS ZHE3do] axonal transport = A3 3ic}
(17-19). o]&3 Apel 23 axonal transport 2 7]s A sk
(17, 20), vEIZE=gete olFdt AHAS Jlsol] HFH<
< 429 o]F& "ol A synaptic degeneration Z} 417
AEe] AbEE RS (15, 16, 21).

MEFEgok= axong wWel o]FdtH, o]l AEE] Ve=
FA = QoA U AE AlFdte Tod AEAV| oIt
(13 4). Axonal transportdti= &t VEIEZolE %
G (motor  protein) @ dd  ©@wA (adaptor protein) ¥}
Adst=d,  wEZZgot . A¥ete s R
anterograde transporteli= kinesin®] retrograde transportel=
dyneino] glem™ (6, 7), 944 @G Ae)= Miro$t Miltono] UTh

(22, 23). 8]= AB7F 95 w v|EFZ =g ol axonal transport’}



Afdtt= A & Iy o (17), Agel g3 fFesH+=
At AAHLS obd ERWsit B ATelAM= e —tubuling
acetylation I Ap°l WA= mEEIZgol  axonal
transport2] HAE  primary  hippocampal neurons©lA]
microfluidic system= ©]&sto] stz atdet (19 5). a—
tubulin®] acetylatione F7FA1717] 98] HDAC69] A AI!
Tubastatin A (TBA)E AF&3steH, mlEFTE ol axonal
transporti= HIEIZE=ole] £%  (velocity), €874 (motility),
aea mEZEole] ZolE Ztu wAsigvh 1 A Agel
o A FHAR vEIZEZor &Hek EAo] TBAE
2] st 2s W (anterograde$}  retrograde) ©l 4
slEEden, Agel & FolRd rmEIZE=ore] Holk
dojfrt, o]yt HolHE2 HDAC6S 48 Adlstes Aol
Apel 98 ¥ vEZ=g ol axonal transport®} AolE
% B HAl7|EE, HDAC6E Zdshs Zlo] ADC #/dE

Az Ths

ot
e

Aol @ 4 g wolFL k.



Retroagrade transport

o [}
Uptake Release

Anterograde transport

‘g}’ Dynein-dynactin complex @ Mitechondrion ) Anterograde
iretrograde motor) cargo
w= Kinesin = Microtubules ° Retrograde
{anterograde motor) cargo
& o MNeurotrophic Meurofilaments
factors R

9 4. n|EFZ =80} axonal transport (24)

10
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1% 5. Microfluidic chamber 8] #% (25)
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Part 1: O—GIcNAcase A3 A7} Ap} AD

B A wAE 9F AT

1. 49 o] ¥ AdFE

5X FAD transgenic mice (Tg6799; B.6SJL—-Tg [APPSwFILon,
PSEN*M146L*1L286V]6799Vas/J, stock no. 006554)+F human
APP 695 370¢] mutation (Swedish, Florida, #} London) %}
PS1e 270¢ mutation (M146L Z} 1L286V)< murine Thy-—1
promoter?] HAF A Shel A st (26). HPoR=
5XFAD mice ¢ B6SJL wild type (WT) miceEs AME3F3CH,
5XFAD mice, C57B6%} SJL line< Jackson Laboratories (Bar
Harbor, ME, USA)°lA T3ttt =52 Helsinki Treaty,
the Principles of Laboratory Animal Care (NIH publication no.

85—23, revised 1985) 181 Mg ns = e} AFAE

{0

O

Fal oSl

el 4

N

2. AIXEF (cell lines) & A XZuje

12



A|3Z+E= ANPP, NCT/~ MEF, CHO-C99, CHO—APPsw & %t}
ANPP A ¥+ human embryonic kidney 293 (HEK 293) Ao

Fa o ojZlE

Oft

APPsw, PS1, NCT, PEN-2& ¥4
University of Chicago (IL, USA)% Dr Sangram SisodiaZ5-E
Al F Wk NCT~ mouse embryonic fibroblasts (MEF) A3+
Johns Hopkins University ¢ Dr Phillip Wong®l ZHE A&
wokt}.  Chinese hamster ovary (CHO)—-C99 AMX¥X+= vt
Al oAl &4 5437] 98 reporter system? UAS $}
C99-GVP7} #Zd Heolgle AlxEolty (27). CHO-APPsw
A+ human Swedish APP mutationo] &= o] Qlck. Wild
type APPSF PS M146Lo] -sAlel IEAHI3l= CHO AlE=
UC San Diego?] David Kang® ZHE A& Wt BE AX=
10% fetal bovine serum (FBS; HyClone, Logan, UT, USA) $}
0.1 mg/ml penicillin #} streptomycin (P/S; Sigma—Aldrich, St.
Louis, MO, USA)7} =3t&o] Sl Dulbecco’ s modified
Eagle’ s medium (DMEM; HyClone, Logan, UT, USA)e°l 37T,

5% COy Zxol A wjeFaraitt.

3. A1¢F 42 3 (antibody)

13



NButGTE AAddsn 239 wydo=zie Ay weokth (28).
Doxycycline  (DOX):= Clontech  (Mountain  Vies, CA,
USA) 258 %3} 31, polybrenes= Sigma—Aldrich (St. Louis,
MO, USA)ZFE FYstAtt. Anti—PS1 N-—terminal fragment
(PS1-NTF) & 1:20008.% 3]A3sto] Alow, Zymed (South San
Francisco, CA, USA)ZF¥ G435+ th Anti—PS loop< PS1-—
CTFE &<lsh=d 1: 200022 34ste] #om, Chemicon
(Temecula, CA, USAAESE T3t Anti-APH—-1al
(1:1000) ¥ anti—PEN-2 (1:2000) < 7w} AlZ 2 oAl e 4
Gz gelsk=ul Kew 7}z Covance (Berkeley, CA,
USA)®t Zymed (South San Francisco, CA, USA)efA]
T3ty APP C—terminal fragment (APP—CTF)+ human

APP? 762-770 olu]xAt FEES = Chemicon (Temicula,

|

CA) A& anti—APP-CTF & AF&&Sith. 6E103 anti—
sAPP B+ Signet Laboratories (Dedham, MA) A& 2
conditioned media®lX sAPPa % sAPPAE &<lst7] $slA
AT O—GleNAco 2 43t &dE pull-downd}”]
QA agarose succinylated wheat germ agglutinin (sWGA;

Vector Laboratories, Burlingame, CA)S AF£3}%1 31, western

14



blottingst”] $¢314] Covance (Berkeley, CA) A%< CTD 110.6
¢} Abcam (Cambridge, UK)A|%¢ RL2E Z}ZF 1:10000.%
3|Asto]  ARGSRATE. QlAFsE o9l Sertts Hold o=
stoldt= S AZ% Abcam (Cambridge, UK) A% Anti—
phospho—Ser< AFE3} L. SDS—PAGEO|A vl dg A5}
218141 BIO—RAD (Hercules, CA) #|3%¢] Bio—Safe Coomassie

G—250S A3k,

4, AE9ZA AN (Immunohistochemistry; IHC)
A+ NButGTE B FAF 24A17F 3of Zoletil 50® (Virbac

Laboratories, Carros, France) ¥ Rompun solution® (Bayer
Korea, Seoul, Korea) & 3 : 1 HEZ 412 § 1 mlkgl=®
24U FAete] mlHE A7l ¥ phosphate—buffered saline
(PBS) = AFS &3 A& #7F AFT. CM 1950 cryostat
(Leica Microsystems, Bannockbum, IL) & A}F&3to], d&HA o=
30-mm F7A1¢ coronal *# FES WEATE A=
bregma®lA 1.70 mm <} 2.30mm Afolel s|Fsh= =& H =
ARt =AU ] otd R =o] HEHE K| flElA =AE 70%
formic acidell 20+ &<t T3, 12 &A=+ biotinylated—4G8

15



(Signet, Dedham, MA)E A}£38}% 9™, Chromagen®® 3,3—
diaminobenzidine (DAB) tetrahydrochloride< o] g%t
streptavidin B=+= avidin—biotin—peroxidase (Elite Kit, Vector
Laboratories, Burlingame, CA)E AFE3I3th ABel 45 H7|
gk = uE Wyer  (E, E)-1-Fluoro—2,5-his(3—
hydroxycarbonyl—4—hydroxy) styrylbenzene (FSB;
Calbiochem, La Jolla, CA)E PBSel 3ZAsto] 207 &<+
AR AF WS I A EQ astrocyteE R7]$18] anti—
GFAP (Invitrogen, Carlsbad, California) & microglias }.7]$] 3l
anti— CD11b(MAC—1; Chemicon, Temecula, CA) & &3}t
o]zt &A=  Streptavidin, Alexa Fluor—594, Fluor—488
(Invitrogen, Carlsbad, California)& AF-3%ich. &3 dn)4
(IX71, Olympus, Tokyo, Japan) Z} confocal microscope (FV10i,
Olympus, Tokyo, Japan)< ©]§3lo] o|n|x]& 432w, Image J

program (NIH, Bethesda, MD) = ©]£3}o] o|u|x] & F2435}%t}.

5. NButGTY E7 FA}
71€ Haud AFe A8 AFE HE o=, 150 mg/kg?

NButGTE 295 (saline)ol 3Aste] 4 FAReHAH (29).

16



WT mice (WT; n=15) ¢ 5XFAD mice (n=13)°] NButGT=
FAFFSG 9™, WT mice (n=14)9F 5XFAD mice (n=13)¢]
NATE FARIAY. Adds SR A BT A o,

2ARARE 6748 Bek 3Ur WA B FAE sk

T3 i HAE Fo FAHHSE Al7]a, AR E Y-—maze
T+ contextual fear conditioning 23&-S F33H . Y—maze

A
=

o
fuieu)
o
4
o
ol
ol
2
)

2 109 ¥ contextual fear conditioning 2
contextual fear conditioning A% % s 9 HAY HE H=
stalen, b Al Axel  dea, wbTrE 4%

paraformaldehyde (PFA)Z 1A F .

6. Y—maze spontaneous alternation

Y-maze & 54 71os AFs] @ 657019 © F A
FAsAtt (30). AE Y—maze? 4ol =1, 7 F2F WHZo}
o7k A9, A BER2 St £E 7153 A%

Hzol Al FH O =& FojiF A sty alternation®= Rl

)
>
)
o
(@)
=
e
ke
rir
)
(@)
&
ofy
e
i)
rir
o
“o
rir
2L
1o
=
i)
2
>
oy)
s

’;r“‘-'! ) C':l -L ]

| &]

1



F)/(AA FEZ 5013 9] X 100 (31).

7. Contextual Fear Conditioning A&

o] 28> conditioning chamber (model H10-11M-TC,
Coulbourn Instruments, Allentown, PA)°elA =AU o]
chamber+ FreezeFrame software (Coulbourn Instruments,
Allentown, PA)E &l ddstion, o #2902 chamberel
AA9  digital camera® Ea FHFEH AFEHIL FAEHIG
(32). A A A FAae] Hojm 4A3HS Fo 84 48 7S
Zhil, tad 1 30% BeF 1% HHeR 7 oW AV|EAE
(0.8mA, 2 s)& Fi 30%EF Y chamberstel F3th. 18iL
247t Fol % 2 chambere] 5% F<Q Fi freezing

behaviorE #3533t}

8. vt AlagHolA 84 SAS A In vitro
peptide cleavage assay

ek AlagEHekAlY A4S SAE7] s, AlEe] s
wEste], ol  AFHUe=  HFEll= 71" (NMA-

GGVVIATVK(DNP) -DRDRDR—NHZ2, Calbiochem, La Jolla,

18 ;



CA)SF 37 TellA 24A1%F Eot. 7wk Az HopA o] A &fj A<l
inhibitor X (L—685 458; Calbiochem, La Jolla, CA)E *]&|%t
e 71 o= elM, 74 SAE #elAd TIE #e W @S
st geb Al EobAle]l ez dth. Y|Ho] #HY v+
%2 plate reader (infinite M200, TECAN, Maénnedorf,
ZH) 71719l  excitation wavelength 355 nm 2} emission

wavelength 440 nmollA =43k th (33).

9. ESI-MS/MS ¥

NCTell O-GlcNAc 23t 9125 &7] 9l8l  electrospray
ionization tandem mass spectrometry (ESI-MS/MS) &
o] &3t3ltt (34, 35). vk AlAgElopAlZE A HoQE
ANPP A|:Eo]M NCTEAE ©]&3te, NCT= IP g §, SDS—
PAGEE 43 %, chymotrypsin (Roche, Mannheim, Germany)
(25 ng/ul) 0.2 37TCeolA 16A7F =<t in—gel digestion 3t} O—
GlcNAcs DTT= A 8ksl7] 918l mild—elimination and then the
Michael addition (BEMAD)E <3 %, reverse—phase C18 spin
columns (Nest Group, Southborough, MA) 2 ZE}lo]="kS- 7 A
stth, FElo]l=9] A|FA LS nano—electrospray ion sources

19



O]

(Protana, Odense, Denmark)”7} x| o] QSTAR Pulsar

VS|

[e)
-

Q-TOF MS (Applied Biosystems) S AF&3F3ith dlojg &
MASCOT software package (Matrix Science, London, UK)Z
AF8-3}= National Center for Biotechnology Information (NCBI,

Bethesda, MD) non—redundant database®l| 4] =3 }3it}.

10. ELISA
ELISA kit (Immuno—Biological Laboratories Co., Gunma,
Japan)E AF&3to] Human AB40 &} AB42E =33t 22

complete protease inhibitor cocktail (Sigma—Aldrich, St. Louis,

MO)E ¥ PBSE %3 (homogenization)3dttt, 23}
Z4 5 70% formic acidell ¥ 35%%F =53 &3l (sonication)

o
T

CollA 1A3F &<k

100,000g= ¥4 F2)stt}. Formic acid&

ko3
T

1 M Tris phosphate (pH11)Z <3 A7l ELISA sample

W o] 3A3stt}, ELISA+ plate reader (POWER-XS; BIO-—
TEK, Winooski, VT) o4 450nmolA 3 EE =4 st}

11. BAA =

20
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A}=2 t—test, one—way H+ two—way analysis of variance
(ANOVA) ¢} unpaired t—tests 2} Bonferroni post—test =
A8t 29 ¥A]FOI= error bar = mean =+

SEM < 9Jm|gtt} (xP < 0.05, #*P < 0.01, #**P < 0.001).
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Part 2: HDAC6 A& A7} Apell 23t nEZ =g o}

axonal transport o] "X+ G A

1. 49 o] ¥ AgdEE

47 Sprague—Dawley (36) rats (KOATECH, Gyeonggido,
Korea) 2] 18« ¥ o} (embryos; E18)= primary hippocampal
neuronal cultureE 3t=dl AFESIITE ADO FE RYE:
13712 ¥ 5XFAD mice (Tg6799; B6SJL—Tg (APPSwFILon,
PSEN* M146L*L286V) 6799Vas /J, stock number 006554,
Jackson Labs, Bar Harbor, ME) #H& Al&3lth 2e =55
#elst A sk= d oA Principles of Laboratory Animal
Care (NIH publication No. 85—23, revised 1985) <l Helsinki
Treaty?} AMadigwe] AFE AFAME E=Fsdd. Be 559
A A2 Adistns = A% &2 943 FJds wAan

(59l WM&, SNU060519-5, IACUC).

2. DNAS} Aok
MEANA mEZE=Z o] axonal transportE #EEH7] 9@l
pDsRed2—Mito (Clontech, Mountain View, CA)E

transfectiond}to] AFE3}At}. Acetylated @ —tubulin Z} B8 —actin

22



A= Sigma—Aldrich (St. Louis, MO) oA Fujstgon, o—
tubulin &A= abm (Applied Biological Materials Inc.,
Richmond, BC) oA F+¢1at3th. Alexa Fluor 488 donkey anti—
mouse IgGS immunofluorescence A4S sl ARE3FS T
HDAC6 AJ3lAl=4] Tubastatin A (TBA; BioVision, Mountain
View, California) & 18|31 A B ,_4s peptidesi= American peptide

(Sunnyvale, CA) & AF&3F3it}

3. M3 ¥l<F Transfection

SD rat®] E18¢] oA &fv} F%F Hank’ s Balanced Salt
Solution (HBSS; WelGENE, Daegu, Korea) uvltjo]e] &2 3 &
0.5% trypsin (2.5% trypsin; Sigma, St. Louis, MO) & AX&5&
Az st "ojmy ==t (20, 37). AlEE poly—D-lysine
(Sigma, St. Louis, MO)® F Y3 & microfluidic chamber &
plate®] 3L 0.1 mg/ml penicilin/streptomycin (Sigma, St. Louis,
MO)©°] 385 o]l Neurobasal/B27 medium  (Invitrogen,
Carlsbad, California) oAl ¥j%¥¥th. pDsRed2—Mito DNA+& in
vitro 7 (DIV 7) 44 ¥+ & Lipofectamine 2000 (Invitrogen,

Carlsbad, California)S AF&3}o] transfection 3tx 2447+

23



v ok3teh DIV 8ol A B4 peptides (2 £ M)S 24A17F A8 3,

TBA (5 M) & 3A)7F = gstt} (38).

4. Microfluidic chamber system
axonal transportE &0 &¥H o2 FA37] $3] microfluidic

chamberZ AFE3F T} (39). ChamberE %% % poly—D-—lysine

2 FHEES 3l AEE chamber? 3 REEovl 24w,
A QA XL neurite’} AFEo] Wt AHS AEXE F FEL soma
2ol Ha oE W& 22 axon o] HUh

5. Live cell imaging ¥ o]u|x] £4]
Axonal transport ©]H|%]:= Cool SNAP HQZ2 CCD camera
(Photometrics, Ltd., Tucson, AZ 85706)7} 4% Olympus
IX81 microscope (Tokyo, Japan)elX MetaMorph Software
(Universal Imaging, PA, USA) & ARgsiith o|vAE A=
B2t M3EE 5 % CO/95 % air (Live cell instrument, Seoul,
Korea) 7} Al &%= 37 C chamberel] St Time—lapse image
0] =

recording< microfluidic chamber®] microgroove®] S+

axon< 2% =<k 1 %9 74L& F31 500 ms® exposure



=]

timeolAl At} Movier MetaMorphs o] §3le] WSt}
v E =g o} =59} > (motility) & Imagel]
(rsb.info.nih.gov, by W. Rasband) X=Z713°% multiple
kymograph plugins (by J. Rietdorf and A. Seitz) & ©¢]&3s}9
TASAT. vEZE=YoY £RE A 98l ImagelE
o] 832  kymographolA F&ol= mEZEgotd AL E

Stk 2ea okdlel A4g ol 8ske] AUSA  “Velocity

(gm/sec) = Tangent (Angle’ + 90° ) = 0.111276" .
ImageJold ZA3 Zr= 5% 00 ~ —180° o]7] w&ef,

“Tangent (Angle’” )" 9] 3t @A 0 m|vtolt}, T2eEA] -8+
S4" ZAxe 90" & ¢gotodA 5 (positive) S S5
(negative) #tC%E Z}7} anterograde$} retrograde® T3t
oAl AREE olm| Al A|AEIOA = 1 pixel (pm)8] Aol
0.111276°]t}. mlEZ=g ol 542 0.0019 gm/sec ©]4<
£5E JIElE FAole HEIZEgolst Aol e
nEZcgols FHET nEZE=gole] Zol: time laps

olul oA & 4& HAstol Imagel T AHgstel A4 SHsHedch

6. I A EXE A (Immunocytochemistry, ICC)

25 *’H _CI:I ] 1_-_]

| &]
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Primary hippocampal neuron® poly—D-—lysine®] FHIEF U=
18—mm round coverslipsell 1 7]¢th AR S TBAS A& 3d1,
4% paraformaldehyde (PFA; BIOSESANG, Inc., Gyeonggi—do,
Korea)® HM¥E 14 Atk 1% Triton X—-100 (Sigma-—
Aldrich, St. Louis, MO) ¥} % goat serum (Vector Laboratories,

==L

ol

Inc., Burlingame, CA)°S.2 AX £o07 F3g 4 QA
Hl 5ol Al Whg-& HrolEth 14k A £+ acetylated @ —tubulin
(Sigma—Aldrich, St. Louis, MO)E AF&3st3ith. ICC olu|A]&
confocal microscope (Olympus FV10i; Olympus, Tokyo,

Japan) & ARg3sto] AT}

7. A A7
IF Y f93t xpol= t—test X one—way analysis of
variance  (ANOVA)$®  Bonferroni post—testE  ©]&3s}o

=]
54

oot EE dolEe EAYE AL means £ SEMo|t}

ol

(xP<0.05, *xP<0.01, **xP<0.001).
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Part 1: O—GIcNAcase A3|A|7} Ap} AD
BRAZIAE vA= F A7

1. 5XFAD mice? ¥ °lA NButGTe| <3 Ap<
R i R e

HL O-GlcNAcase AdA+= in vivoolAd taul <QAFs

oy
[
Bu/R -
& il

—

Al713L,  long—term potentiation (LTP)E Z7MA1%]

Bt (40, 41). Ap®#E3te] O-GlecNAco] ojwdt &

o

FoA Bag Zo] 7] wiiEel, Ap B/l 3l O—-GleNAc

a9E Bz 2 AFolA= 5XFAD miceol NButGTE 574

i)

FAFete] @4 el O-GleNAce T7HA1A F3T (42). 749

Al
=

fuieu)

of A AT NButGTS H4W FAF 3 A" F71&

A4st7] & e wER FAF F 24430 FHel  anp

X

(hippocampus) 2} th¥ I (cortex) & F3sFo] HME Y

gl A 50l O-GIcNAc 2413t %

i

golst A3 150 mg/kg
FLoAdRE FESE O-GlcNAco] Z=7iHo] Y= AES

slsiitt. (¥ 6A). Fo F71E& AAshl fsiM= 150

27



mg/kgC® B FAF F 2447k 4847 el sjvke}
e ds A8 B A 48413 AR F7HE O—GIeNAce]
agE FAHE s #EST (2" 6B). o] AdedA
NButGTE H4d FAHE stls w, sfivtel divsgde] O0-
GlcNAco] Z7pst Zo® ®ol NButGT7F @  (blood
brain barrier; BBB)& &¥dt= Wl £A7F §lvke A& & F
AATE (29). 5XFAD mices= 2712 wiF-E A7} 4%+, 471€

wRE 7]eld

2
ol
il

& Hol7] wEel (26), ¥ ATelME A
4 A 2/Mg =%¥ 6/¥g Tt 3Yel ¥ 150 mg/kg
NButGTE A sttt 71Ee] O-GlcNAcase AdA (PUGNAG,
streptozotocin) 2] A<l A¥HA SR  O-GlcNAcase7rS A &l

Al Z1A] B, BARgow Q&Y AdA  (insulin resistance) <

Jo
kit
ol
ol
2
ofl
kr
o
[ab)

o
@
@

P
il
Jo
i3
s

o A YelA NBuGT
FAF 713 B A gl @M g9e S9sn (43). 1 A
NButGTE A#@ 153 Aeeha e 2ol Aol Hole
Hol A ekstrt (1% TA).

671¥  EoF NButGTES FAFsta, Yol O—-GlcNAc F =7}

o\

74 =4 western blot= &3l &Q1% A3} NButGTE A 23t

X

o] Ho]X O0-GlcNAcol F7F 3 Ae sttt (19 7B,

28
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7C). AD ®<l7]de] ol NButGTO &¥E H7] 98, Ap
%4 45 BES SFaUt A HHE ApE Sojfom
1A 3k= ARl 4G8= ol &ste] WAEAAM(IHCO) & sl ¥z
3 Ay, NButGTE 23t 5XFAD miced th¥d] Ao Ap
Aol AaEgt (1" 7D, 7E). ApRE SojH o fMsh= FSB
((E, E)-1-Fluoro—2,5-bis(3—hydroxycarbonyl—4-hydroxy)styrylbenzene),
a fluorine analog of BSB ((trans, trans),—1—bromo—2,5—bis—
(3—hydroxycarbonyl—4—hyrdoxy) styrlbenzene) dyeE ©|-83}¢]
AT A 4G8o® AT Ay 2 AR FA A Ayt
uskth (29 7F, 7G; =P < 0.001) (44). ol#fst A=
NButGT7} = ue] Ap £2& sk 2 vt
Formic acid® A 2Jste] = Wo] ABE FE3t] ABi-so & APi-s
T5EE ELISAE &3 543 A3, NButGTE FARRE LEelA
ABi-40 & ABi-ge BT HAHIIT (18 7H; *P < 0.05, ##P <
0.01). °]8d A3}ES NButGT7F BBBE S#3ste] ¥ O-
GleNAcs F7F A171aL, olZo] AR 43 Aol 9IS oo+
e HoFa itk wEbA o]t A3=2 NButGT7F Apet

#HAY  ADO WHelZ|He] #ojate] A A Fe =FH

W)
o

HreAZle a9E Zeves s Yrldith

29
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2. 5XFAD mice =4 NButGTel 2t A7
A5 7199 At &

AD #zte] ¢} H]S28kA] 5XFAD miceolX AR7F F4o] &
F-olell 417 9<% (neuroinflammation) ©] <7} o] Qlth= Hal7}f
ATtH (26). 5XFAD mice®|Al NBuwtGTell ost 217 A5 av=
astrocyte®} microglia®l @43 =& AT HAA &RlslT
astrocytei= GFAP @A|2 THC$} western blots &3 A £
A%, NBwGTE FAFE 5XFAD mice? ¥ dder =EIF
oekAl astrocyte® Aol sk s glsild (I1H
8A-D, #*P<0.01). &A% microgliaz= CD11b (MAC—1)°]g}=
FAE ARt THCE Fdsto SA4sain (19 8E). 1 A
astrocyte2} AFSHAl, NButGTE  FAFSE 5XFAD  mice°l A
microglia®] &AJo] #asts Zle stk (1" 8F; #P <
0.01). o]¥3t A3}=2 NButGT7}F 5XFAD mice? AAFESTE
ol ol addolgts Ae gnEth

S5XFAD micei= 470 E5E 7198 AstE Helth= Hirp 3o
(26). NButGT7} 5XFAD mice® 7|98 oujst dIFs
nx =45 AR7] fEiA 2 AT eE T 79 oE
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TS et A WA= A 258 (spatial working
memory)E A5l WHOZE Y-—mazeold FHE spontaneous
alternations F&ste] HYtt (I¥ 8G). Y-maze T3 F,
two—way ANOVA=Z #2X3% A3} A (genotype; P=0.015) 3}
NButGTE FAFgel wek (P=0.023) F2st a3k glew,
post—hoc Bonferroni test F3d3} 2945 FAMSE 5XFAD
micei= Y2 Al ZF¥= FosHAl Ael7 wARE (P<0.05), 1
U Al I ele Aozl gle s Felskdie (P>0.05).
olg]gt A7= NButGT7} WT miced] 79l oud JF=
FA 911, 5XFAD mice® 71919 A& 3HAZ 2 HoAFEH
Hhdol], NButGTE A B2 B3 Fo A& Aol7t
S, oA B el 87 AAeoldts Ae ov|sit
(23 8H). 37t (hippocampus) @] 7]l #& SQl= contextual
fear conditionings st (29 8D. U9 Y-—maze2}
FAHA 2 (P=0.011) 2k NButGTE FAFEl weh (two—way
ANOVA, P=0.019) &3t o7} 1o, post—hoc Bonferroni
test FHAH AAFE FASE 5XFAD micew TE Al IF%=
oA 2oz »A T (P>0.05), ©E Al T1F el Zolrt

A= S Pt (P<0.05). o]#dt AxELS NButGT7F
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S5XFAD mice® 7|18 AstE miproz 3HAA F= A&

HolFEo

3. NButGTel| &g Zwul Az H oA &4 ZA4

¢} NCTE O—-GIcNAc 43}t

Apel A3 Aol NButGT7F olgA d&Fs F=AF Potn7|
93, NButGT A2 %, APP processing @@ A3z H oA &2
e o ZFAjo] AT E=XE Hth APP processingols &y}
el 2elan vk Al EobAlZE #ofst=d], 4 NButGT7F
Hub A agEHeA e EAS x2dskhe AE 7] 918, human
Swedish APPE & 1 9z CHO-swAPP Ao
NButGTE A glstar 24413 %o APP-CTFE western blotS. =
gttt (1d 9A). I A¥ NBwGT #E57F #ob HAF5,
A Y protein® O-GlcNAce] <7}sta, APP-CTF =3
S7Fekth. shARE, APP-CTF: APP7F HlEl A=z Elo}Alof
o ZHeln o 5o AAEoldA vk Al ElerAle] V1A
(substrate) ©]7] wli&oll, APP-CTF9] 7= vl Al =g Elo}A <]
Bgo] AAFASE Yuld sAlel HER Al EHokAL Aol
S7HER S 7hs AT Stk 28 EE AR A vl AlAE ElobA 9
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g8 SA37] Y&, C99-Gald luciferase reporter gene
Al2~ES ZEa 9l CHO-C99 AlxEe] NButGTE AHg 3§ +
luciferase activity®s HSkth (29 9B) (27). 1 A3} NButGT
FE7F o} A= luciferase activityZ} F2skA A4S
(+xP<0.01,  ##xP<0.001). NButGT7} <3t T HlE
Al oAl o] Aol AAu e FFe FA K] fal, wild
type APP%} PS MI146L+ #E@st= CHO AlZe] 100 pM
NBuwtGTE A #lsta 24A1%F F°| conditioned mediaE 2]
western blot T3t &ut Al oAl el &4 APP7F
&t Al EopAlel] os) ¥ AlZ 5o % Y7b= soluble APP
alpha (sAPPa)E s sAPPaeE Asli= 6E10 A& Alg35}o]
Horow,  wlgl Az HoRAS] &AL, APP7E HEF
Al ElobAlel el el AE Bt ® Yrh= soluble APP beta
(sAPPB)E R7] fldl sAPPARHS 5old o= A3t sAPPS
FAE ARt FRlskedtt (¥ 9C, 9D). 1 A¥ NButGTE
A& gel wt sAPPe  (P=0.0920) 9 sAPPB (P=0.1499)
B weA FrtekAl sk olyst AdeS TS EH,
NButGT+= &3, e AlzZgdHorAle]  &Ado]  opd i}

Al "okl o] gdwte £ds= A= & 5 Av NButGT7F in

A&t 8
| e I



vivool = 7wt Al oAl A4S FAES=AE AT ET
9ste]  5XFAD  mice? HHolA = WA (membrane

protein) ¥FS 3|3l CI99E 7|A R A}E3}= in vitro peptide

=

=439 (1% 9E) (45). 1 A3} 3o}

cleavage ¥ S %3

Azeleete  BHe A

i

FAFSE 5XFAD  micel.t
NButGTS FAFst 5XFAD  miceold  #9atA  Zaskgdtt
(+%P<0.01).

b Al HopAlel 7 A dwHE9] A< (maturation) 2
Y73 (stability) & A A= 2dEm (46), O-GleNAc

wE gwde] gyl 2

ol
BN

a7 wjEol, NButGT7}F 7=t

Al HobAl e B4 sk loiA ek Al EerAl o 7zt

v

?./d E]’H 74194 OLAA] = Hljj s

T =
= o=

BN

st A& western
blot WH& Fsto] glstqltt (47). vt Al deotAle] T4
chalzlel APH-1, NCT, PS1, ¥ PEN-2%& 33 3= ANPP
Aol 100 #M NButGTE AHEstar 24413 Fo 2z Znp
Al EolA 9] ©@WAES western blotS Ed st Ay
NButGT Azlel o3 2t dmzo] v Hreoli= ko7t llth
(2% 10A). T3 vk AjZgEHolA wd Fold O-

GlcNAco.®# 213} (modification) & wlzo]  QE=xE
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¢to}lH k). Succinylated wheat germ agglutinin (sWGA) &
GIcNAcTHS  Q1X]8t7] witel], sWGAE AF&3to] GIcNAco =
T2t dwWA wE #gste]  western blote® 7} fhAt
Al HebAl e 4 @elAs g d3 ez NCTREO
sWGAES &3l daHe ZE3dd (29 10B). sWGAC
Asty]o] #E " NCTO specificityE #Hst7] $3ll, free O-—
GlcNAc# sWGA 18] kA7l (preincubate) -, A|X <Y (cell
lysate) ¥ WHSAlZ]+= AAZAQA A3 (competitive assay) =&
TRt (27 100). 2 A3 free O-GleNAcH sWGA©|
HA Aol wel sWGAl A EHJAY NCTS mlg] wjAl
free O—GIcNAcY FE7F Fobgel uegt A=A 4= A
gelatqlet. o]y st HolE &2 vk Al H oAl 4w

% NCTwWol  O-GleNAco 2 43t HoflFs HolFth

)

aEThd kel A= NButGTel 28l NCTS g4 =& 2
Aol 2pol7b AW, NButGTel &8 NCTel A3st= O-
GlcNAcS F7FekE A& NButGTE vekst w52 Ay F,
sWGAR AdHE &S Ay xHdt (¥ 10D). 2 Ay
NButGTel 2Jal NCTe] A w2 wstyh xRk, NCTel

A3rsh= O—GlcNAcS NButGTel 9& S7He+= A2 &elssith
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(#+xP<0.001). E=3+ in vivoell %= NCTS O-GlcNAco] A3t o]
A=A ¢ NCT9 O-GIcNAco] NButGTel & zd=o A&
5XFAD miceolA &<elatdtt (28 10E). I A3 in vivo A%
NCT> O-GleNAce® 23 =Hm, NButGTel <8 A
NCT9 Zdel= wWg7b §IAIRE, O-GleNAco] Aftd NCT=
T AE S Btk (++P<0.01).

O—-GIcNAce  QIabstel wulde]  Aglels  ofm|imilo]  ZropA,

0,

kel AR AA = A7 Ao wEbd NButGTell

g F7kEE NCTS O-GleNAco] NCTE <¢latslels ojuf st

c

S
A7 Q=AE ATt ANPP Ao NButGTE A &3k
O-GlcNAcg S7HAZ %, NCTOZ 1P % Phospho—Sers
western blotdla, WHtHZ Phospho—Ser®® [P % NCTOo=
western blot= $ A3} NButGTel 23] AlXue] O-GlcNAc

=7t stARE NCTe) 14bsk= wshrh glolth (1 11).

4. NCT¢ O-GlcNAc site mapping
O—GIcNAce AMxAda slox  dojuy, At ofv| Ak
Ser¥®} Thro]tk. NCTLS transmembrane WA ZH® 19719

ofu=2to 2 H 2 Cytosolic domain (CD)E zta Qlal, o]F
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O—-GIcNAce] 4% & 4 9l Ser & Thre =& Ser 7089]
QQomzE NCTE Ser 708°¢] O—GlcNAco] ¥ +=AE quadrupole
time—of—flight mass spectrometry (Q—TOF MS) 7|AE
AHgste] ARaklth. ANPP Al &4 NCTRES [Psle] R

MZS SDS-PAGEE %3te] #g3 %, Coomassie WHOo=

o,

A S sttt (23 12A). NCTS 110 KDa® 130 KDa

Me sizeollA Holw, 110 KDax immature, 130 KDa+

—n

mature form©S.Z N-Glycosylation® Axo] uwe} i o] )
SDS—-PAGE®|4 NCT proteine 24, Chymotrysin®. =2 in—
gel digestion ¥, A —elimination followed by Michael addition
with the DTT (BEMAD) WH¥& 3383tk BEMAD:= O-—
GleNAce DTT=Z A#AA  F= WHo=EA,  0-GleNAco]
MS/MS#g el didst  HA "Dojx7] w&el O-GlcNAc
AAE FHed AT Beltt (48). O-GleNAcol Ajtd
Wepol =9 A5 7IE FEol=o] FA ol DTT7 2] 136.2
Dao] Eofur, 136.27F £ MS/MSHi= 37} O-GleNAc©]
A8t $1x17F €k BEMAD ¥ Q-TOF MSE +33 A

dwge NCToz ol Hgom, of4sm 9= Ser 708%

32
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NCT? 698—-709 (“*FIAPREPGAVSY™) lelo]=7} &}1}9]
chymotryptic miss cuts ztil [M+2H]*" m/z 653.78 o=

gAHe (1™ 12B). %3 ko Fepol=gl Hg2 AdAE

P

I oW DTT7F €014 136.2 Daol o, [(653.78 x 2)
+ 136.2 1 / 2, IM+2HI*" m/z 721.79 %2 FEpo]=oflA,
MS/MS®Z A 84 43 DTT7F £ ofnwaty A=
Ser708° % #H1Eglth SRIAPREPGAVS*Y™™ (1% 120).

MS A3}z 2 NCT9 O-GlcNAcY A5 & WHo=
Aol 7] g, NCTO Ser 7088 Ala (SA)S = point
mutationd}$dth. 18] 31 mutation Al71A] 22 wild type (WT) 2
NCT# mutation A]Z1 SA NCTS Al3¥9] transfection A7l %,
NCTZ IP %, O-GlcNAcY H%E western blot WHOo=z
A rgitt (29 12D). WT NCT¥ SA NCT EF @do)
H2akAl Hdgole B8, O-GleNAcS WT NCToA
Bk olgd AFREL NCTol O-GleNAcoz 2135 o]

Roew, 1 A7} Ser7080]h= As HojFrh

M

5. NCTS O-GlcNAc 23t9} 7wt A= H oAl
422 i
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NCT Ser708¢ O-GlcNAc? o7} 7in} A=z ] E|obA| o] &A1}
Aol A=AE A Bt 7S AE el EAsk= NCTE
F32 wjAe7] el NCT/~ MEF A 25 AFE8Fl L, inducible
retroviral system= A}£3to], WT NCT# SA NCTS wdst=

£ =Y NButGT A g 24A17F &, APP-CTFE western

N
Hd

blot W¥oz o Az} WT NCTS Hd3e= AEY H¢
oMol mEZEA R NButGTHE el 28]  APP-CTF7}
ZAEYAR, SA NCTE Tdsts Alxelr= NButGTHE e
°ojgt APP-CTF9 Hzo] RHolx okttt (I¥ 13A, 13B;
xP<0.05). vl Al gEletAle] &gnke SAste AR in
vitro peptide cleavage assays ¢ Ut st 3 3
A7, NButGTel 23] WT NCTS w#st= MEF AXE
Zrepx Al globAle] @Ado] ZHAE AR, SA NCTE st
AEME NButGTel ok zhwirlaglelopAle] dAfel] szt
Aot (¥ 13C; #xP<0.01). ol#dt A5, NCT Ser708
71l & O-GleNAcell <&l zhnb Ala el o] &) =4

Ao =Y

e

M

o)z},
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NButGTI P.(24h) 0 500 mglkg

Actin " S

NButGT I.P. 0 1 2 day
(150ma/kg)
R
O-GlcNAc
o e—

1% 6. Miceo] NButGTE 44 FAE A4 3 Fof 7|3H
EN!
(A) NButGTE 2@ kst w2 314 st & HE7h Fo

B3 2447 F A ¥ x24g BEskel O-GleNAco] 27b @

o

FS western blotg E3to] #Fldtert. (B) NButGTe 9

N1 Aelr) g8 NButGTe &37F HA7RA A&HE Az

-1)4

gHlskelch. 150 mg/kgel NButGTE H74Ul Fol $ 2443
48117kl At ¥ ¥ A= F2fste] western blots §3h

O—-GIcNAcs7He ERlIsH3iT.
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2% 7. 5XFAD miceollA] NButGTel 23t Aol A3 %79

o

A
(A) NButGTE Fofste= 713 &<t d9d= S48 1 973

=4e 349 vt 24893, 1 A% ot % 648 £

T
)

NButGT ¢ 242 Az st 1870 $93 2ol 92
67092 NButGTS Fol7|zlo] B & F 9 XA A9 A=xE
W @A O-GleNAc 43t 45 O-GleNAcs A¥EAo=
AdAsk= A (CTD110.6)E AR&stel  western bloto =
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o133t Actine loading control®4 A3 T (C) Actine
o] &3t  normalization $° O-GlcNAc AEE AFFo=
vl et 1giZolty, (D-H) NButGTE Fo3 5XFAD micet: AP
A3 w7t oAt (D) A 9e NButGTE Fo3 #9
HE A FA AGRE  AREst  Apel 4= IHCES

gelslgdtt. (F) 5XFAD mice?] o] FSB 44 sttt =

Y
i,

B—sheete] FxE AX s FSBY SAS ol&3dto] Ap9

Awke Akl (B9 (M 27 M9 (g dgxow

A

w218k 2ot} (H) Human specific ABE 5743 ELISAE
o]-§sto] 70% formic acidel =2 APy APpE SESAT (&
159 n=12). Scale bariz 100 gmo|tt. 1FIFS] Aol two—
way analysis of vatiance (ANOVA), unpaired t—test 12|31l
Bonferroni post test® ©]&3to] #4383tk (xP<0.05, #xP<0.01,

#xxP<0.001).
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Al 3%

(A, B) Astrocyte? 3t} &4

Abg-3Fo] THCEF ). Scale bary® 100 xmE veRATE (2

WT-Veh WT-NButGT Tg-Veh Tg-NButGT

T =
s

WT-Veh WT-NBUtGT Tg-Veh Tg-NButGT

o
o[\

SEMEE

7] 918l GFAP &A=

n=6). (C, D) 5XFAD mice ¥ A|¥ gdojx GFAP &A=
o] &3]  western blote F3] astrocyted] A ALEE
gelskglon, acting ©]83+9] normalization$ A= w4 $h

A3 NButGTE HFo3t =

astrocyte2] GFAP =& 74

Fol
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microglia &4 AEE &<l 7] 93l CD11b (MAC-1) &&A&
ol-g3lo] IHCET. 7 A3 NButGTE Fo3 18] Ad+=

T3 IF XU microglia® MAC-1 & AE7 watth (G)

m{m
|\
o
ol
o
N
1o
%
D

5XFAD mice® spatial working memory
maze©ll4] spontaneous alternation testE F3Act. (H) Z+
ol TRl EoI3t AAY ol o]Fle EAde dEhe=

Ao 2 NButGTS AA-E FoA% 1EIe] Aol fls Aoz
Hol 254l A7t flas & & Aok (D sfivkel] &4
71995 #lstr] 9@l contextual fear  conditioning=
TG 1 A3} freezing 7]7Fe] NButGTE FoI3t 15 lA
o AA dEebgow, o7& NButGTe fFole] <] 5XFAD
miceolA Hol= 7|8 A7t EHES HERAY. WT mice
(n=15), 5XFAD mice (n=13)< NButGTE A3t om, WT
mice (n=14), 5XFAD mice n=13) AdFE A=sdth

(xP<0.05, *xP<0.01).
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(A) swAPPE ##& &4 CHO-swAPP Al¥e] NButGTE ¥ %
w2 Agsta 2447 & APP-CTFS A3 0-GlcNAcY
=7FS western bloto = 3Gt (B) #ml A=A HolA| 2
luciferase reporter system= I&d st ¢+= CHO-C99
Aol NButGTE A#d & 2521 vk AlageoAle] &4
925 433 (C, D) Wild type APP$} PS M146LS zHitd

stz Aol NButGTE H# § wieket vitje]E o] g3ted, 6E10

) A2l &k



FAE FalAE sAPPe &, sAPPR TAE FdlAE sAPPRE
gRigto =M dutel wigr AlagHolAl e &S SAs (B)
NButGT®] FAFSH 5XFAD miced ¥ XA NS AEste] v}
Al H oA e 84S in vitro peptide cleavage assays E3}o]

=339t (ZF 189 n=6; *P<0.05, **P<0.01, ***P<0.001).
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o] O-GlcNAc 23 =7}
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3= ANPP

o
=

!

vk Az Y

ganzlo] vy A =2 complex A ARV dEReE A E
PS1 o2 P &, zZtzte] A4 wwlze] &4 (NCT, APH-1,

PEN-2, PS1)E ©] &3} western blot & E3] &<l
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GlcNAc & A 3= sWGA & o3t 7l Al gl obA ] 4

wMd FolA GleNAc o A@ste wudug Re

=

>
T

i

western blot & &3l &<ls3itt. (C) NCT ©] O-GlcNAc o=

T2 =AE competition assay & AREsto] UhA] Adw QT

olo

Free O—GIcNAc & sWGA ¢ v]g] d-gA17]31, 71 & AXE g3

k2 Al Zth (D) NButGT A 24 Al7F &, sWGA % pull down

3l1 western blot < &, NButGT o &3] NCT ¢ A=7}

rlo

ZAYEAE FAEIEY, 2 A3 AAFHA NCT 9 <

NButGT ° <& W37l UAIwE, O-GIcNAc o2 2

oty
i,

NCT ¢ & =7} sttt (E, F) 5XFAD mice |4, sWGA & IP
S NCT ©% western blot = %3, in vivo °IlA NCT ¢ O-
GlcNAc FA3stE ¢l 39y (7 I%9 n=6, =xP<0.01,

#xxP<0.001).
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Input IP
Veh  NButGT Veh NButGT

P:NCT o e
IB : Phospho-Ser Ld -— . .
-= ,

e | .

IP : Phospho-Ser
IB : NCT

IP : Phospho-Ser
IB : O-GlcNAc

7% 11. NButGT ¢} NCT 9] Q1abshe}e] AdaaA A+
ANPP A ¥ NButGT & Az %, NCT =Z [P %, western blot &
phosphors—Ser & ©]&3}1, WFt)Z phospho —Ser 0.2 [P &

NCT 2. # western blot 2 $33}% th.
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% 12. NCT ¢ O-GlcNAc site mapping

(A) ANPP A¥el 100 M NBwGT A= 3t 24 Algk &
NCT ©°=% IP 33 Coomassie f4-& 3F3itt. (B, C) NCT 9
mature ¢} immature from 2] band & SDS—PAGE oA Ze}A]
in—gel chymotryptic digestion = 3}31 BEMAD #}4< 43 %,
Q-TOF = Aot (B) oW =43 = NCT ©] 698-709
(FIAPREPGAVSY) SlEgfo]=2] Q-TOF spectrum ©°]™, o]

FAetol =9 ke [M+2H]*" m/z 653.78 ©]t}. (C) NCT ¢ 698—

709 o DTT 7F & 136.2 9 ol ¥ =old Q-TOF
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spectrum ©]™, [M+2H]*" m/z 721.79 1 & zt=t}. Q-TOF
MS/MS & &l Al8d 3 A3 DTT 7F && $1A+= Ser708
(FIAPREPGAV (S¥)Y) ©|t}. (D) Ser708 & Ala 2= mutation
(S708A)3te] O—-GIcNAc & A#stAl XabAl sk, Wild type
(WT) NCT # SA NCT & 717} CHO M2Ze] transfection 3F3itt.
NCT =2 IP ¥ O-GIcNAc (CTD110.6) &2 western blot &

st
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7% 13. SA NCT mutant ©4 NButGT o <38 7w}
Al oAl &4 Wsh #F

(A, B) WT NCT ¢} mutant SA NCT & NCT—/-MEF A%
infection A1 %, NButGT & A28ty APP CTF ¢ H4&
western blot 0% RIS TE (n=5). (C) &2 7oA AEZS
o g zure Baste] jn vitro peptide cleavage assay =

3ttt (n=10, *P<0.05, #*P<0.01).
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Part 2: HDAC6 A& A7} Apell 23t nEZ =g o}

axonal transport °l "X FF AT

1. 5XFAD mice 3°l4 @ —tubulin® acetylation
A= 24}

AD gzte] Hofl= HDAC67F 57k o] 3le™ (13), a —tubulin®]
acetylation®] HobA Qltk (14, 15). & AFelA= ADA a—
tubulin®] acetylation®] & 387 f&, ADS F& R
5XFAD mice® M4 AD &x¢ o] ¢ —tubulin®
acetylation®©] Stobx SQlE=AE western blote® FAFSHITE 1
A3 wild type (WT) miceel H]3l] 5XFAD miceolX «a—
tubulin®] acetylation % F&atA s AATH (WT mice:

1.145%0.059, 5XFAD mice: 0.96£0.026, ¥ 14; xP<0.05).

2. TBA®] &gt Apel 93 ZA®E e —tubuling

acetylation® WH3} A
A B+ «a—tubulin® acetylation &5 Z43l11 (15), HDAC6
A3 ARl TBAYE @ —tubulin® acetylatione =7FA 71tk 719

Bz gk (38, 49, 50). ARS8 TBAZF «—tubuling
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acetylatione ZFAsl=dl oMo ods axdor 19 st
3, ¥ AFolA+= primary hippocampal neurone AFE3sF3t}
primary hippocampal neuron®| monomer form2 AB 2xME
2477 A7 &, western blot¥ HAMEAM(ICC)S =3I
FAe9S W, 71£9 ®Buy A} o] (15, 51), AR A A
a —tubulin®] acetylation {FostA  Fasiics (2¥ 15;
*P<0.05). ol" 5xM TBAE 3713t &3t A2|gt A3} Agel o)
724 @ —tubulin® acetylation> A 2]¥& =k (27 15;

##xP<0.001).

3. TBA°| <3t Apell gz Z4E vEIZEFo}Y
axonal transport W3} %A}

Apel &3 MT & wet o]gste vEFZEote olFo] Wi+
ul, TBA °f &3t nEZ=2 ¢} axonal transport o] H3}&
aydozg ®7] 9 microfluidic system 2 ©]&3F3it)
microfluidic system < hippocampal neuron culture Al°ll soma <}
axon = T3 A2 °FM axonal transport = #zsl=d golsict
(52). WEZE=Zerd FAYS ®7] 9ldE, pDsRed2—-Mito
DNA £ transfection 3}31 2™, neuron ¢ soma ¢} axonal %%
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2o AR 9 TBA g 3, live cell imaging system ©|A =
2 B Zol | zult}; o]n|XE At} oA [mage] T2 19
multiple Kymograph plugin ¥ z—projection < ©]&3}o
nEZT ot £t FEAY WIEFe wAsd. 1 A
Apel 9 mEIZE=dot AU fastal, TBA A2A
Apel &3t mEZEgote] FASe Fart 35 HAdw (IH

16A <2 16B). AB HA], v|EZE= o} anterograde 9}

I

retrograde <F "Wk

r
oy
DN
ol
32
IS
o
A
flo
—
oy)
>

L= 1=
a s

Aol o8] thAl & HAth (18 16C; ##xP<0.001). A Aol A
wAols mEZEombs BT v 9 22 d¥E
BTk (18 16D; *P<0.05, #xP<0.01, ##xP<0.001). o]2]3dk

AHREL g —tubulin 9 acetylation ©] AAR7} UL weo=

| EFZ =g o}e axonal transport & AT & YSS HojFr}

4. ABSt TBAA | 23t nlEZXgote] Fe]| WS}
nEZgole] Fejel] SlojA % =H#A (motor protein)?l
dynein ©] #&o] 9lomw (53, 54), HDAC6 & Adfsle A%
nEZTgote] Holg: sdgvd IFe cve VIS KBt

it} (55). Z#A @ —tubulin 2] acetylation ©] REZEgo}2]
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dolg ZHst=d #olat=AE 919 AP XA AR kT
AB AHZA, AWl wmEFZEgote] Zol= #olfal, TBA &
Ak aFelME Al 38 Hdvk (29 17A; Veh: 1.168 *
0.02, AB: 0.904 = 0.02, TBA: 1.228 £ 0.02, AB & TBA:
1.159 £ 0.02, #xxP<0.001). mEZ=goe] Zolgl F54S
lwsky] QA F Aol ke mEZEgetst  FHolE
nEFZEgote] Holg uire] ®ASTE g AolE A W

gt vlEESete] Aolst 7k ok AU IFAA MK

ol
ofk

e}
s

P

I YARE AEbR o ® w3 e MEFZEol
dol= wAole mEIZEZete] Holwtk Fooh (1" 17B;
#xP<0.01,  #xxP<0.001). °]Z  wEIZE=gote  Zolrt
nEZ=glo}o] axonal transport £E¢ #H UYSE HFT}
g8y olw axon 100xm ©f U+ vEFE=Eole] = 7 1F
Arolefl folst zbol7h Qllth (29 170). ol&jst A5 Ap 9

HDAC6 7} m|EFZ=golo] Aol 2} axonal transport o &3t}

Ag o
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(A, B) Wild Type (WT) mice 9 5XFAD mice & ¥ =%

o]

2ol A

a —tubulin 9 acetylation & western blot & E3] &ls}3it).

13 7€ A9 frontal cortex = AFEsIETH (WT mice

5XFAD mice n=3; *P<0.05).
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9 15. AR 8 TBA o 93t @ —tubulin 8] acetylation
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off

b A2l &, TBA 5 M & 3 AZF A28kt Western blot &
%3] @ —tubulin ¢ acetylation &<lstAtt. (C) ¢ =L+
Z7AA @ —tubulin 2] acetylation & ICC = #1353t} (Scale

bar = 100 gm & WERATE #P<0.05, ##xP<0.001)
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(A) mEZE=Hote] w4%s HoF= kymograph & 49
AFE-3FSltt.  Primary  hippocampal neuron <  microfluidic
chamber o 7]% %, pDsRed2—Mito £ transfection 3tal A B 9}
TBA & A#stal F 2 & st 1 24 ovAE Aot 92
oJWlA]:= Image] & AFg 3t kymograph & WY 7R

do] (1527 pmE A=Re ARF (2 B2 dedd. B 4

1550 5 Fuithe] olmAEY, AR E FH ol HEIZTEotE
yeldith (C) =& o= mEEZEZol] H4 £5E X1
A3l Y. Anterograde 9} retrograde & ZHZF U9

BAsk9 k. (D) mEEZEgole %A (motility) S I Z =2
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fAT. $EAS QA vEEsdel FoH eHoln

Oft

=3}
nEFZEgots HAERZ YU Sltt. (Veh n=41, TBA n=44, A

n=42, Ap + TBA n=43, *P<0.05, **P<0.01, ***P<0.001)
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E2Edolel gAols A3 o)X g vEREIel wE

3}
=

B
=

zb a9 mEZE=getd] Holojth. (B) 7t IFelA
wAols WEZEZorsh FA0A o= mEZEZE Hro
ZolE AT (C) Axon 100xm o] U&= wEFE =g o}l
5 yekdd. (Veh n=35, TBA n=42, A8 n=38, Af & TBA

n=38, *P<0.05, *+P<0.01, *xxP<0.001).
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Part 1: O—GIcNAcase A3|A|7} Ap} AD
BAZIAS vAE ¥F A7

AD 71" O-GleNAcAkel o] #AS  &elsr] fsf, &
A A= O-GIcNAcase inhibitor2 NButGTE AMHE3SIth
stAIRE  o]de]  RIuAAE  ©E F/FC  O-GlcNAcase
inhibitor¢] ~ PUGNAG 3}  streptozotocin (STZ)ES  @o]
AR =, oA specificity7b "olA 2, AE =4 (cellular
toxicity) & Z+al AW, <QlE™ A3 (insulin resistance) &
v Y F&go] Qv (43). olys 5AS o]gshd,
71Eel= Aol STZE FAete] ADE ®egshzel 542 Z2H
A Al 2 A deE AT (56). T8Y NButGTE
ojde]  uskd £  O-GIcNAcase  inhibitor®t  O—
GlcNAcaseol|®t o] A¥A oz Agetar, A F4do] glof d=d
AgE I A71A =tk (67). o] gex® FHE AjRo] st
O—GlcNAcase inhibitorg A28t o, taud] AALSI7F 31, in
vivool 1= long—term potentiation (LTP)7} <7}stt= HiIE

9t (40, 41). atA% ADOIA O-GlcNAcH AR #d dAF=
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Al wad ol ¢tk ¥ AL NBUGTE ol g3l O-
GIeNAcS Z7F A7l 3, O-GIeNAc¥ AR9 A4 2 =H 7)o

AHAAE Bt NButGTE AD & E49 <l 5XFAD mice®l

i
>
<
it

I AR FAHI Aol &9lem, A4 A5y vdd

MEE ZFa A ZHEL, o1& O-GlcNAcS Z7HA]7]+= Zlo] AD

¢

Cwed ey AE 0 A% A2 ulel 2o H9 m

¢

s o] AREe] AAAA WAS A, ofd HE B

o
=

A7 A% sh7)% @ (58). o) Rare] gfshd, NCT< Q1akst
ek ek AlagHelA ] A4S ™t (59). AW, &2
ATelMd= NButGT Aol &l NCT9  O-GleNAc
S7FekAIRE, NCT <dAtstel= WH3E7E glelth. o3 NCTE

Ser708°A4 = O-GIlcNAcZ IAtsh7 M2 AAAolH )=

o

e om| i},
APP T3 O-GlcNAco] ZAgst= wildoltt (60). FH- t&
Hie] 9std PUGNAGS A7 sle], APPY O-GlcNAcE

Z7'A171 A3 non—amyloidogenic #HA¥ AHE Iy}
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Aot By Frhslel AgE wEty @t (61). WS
B oATeAE 9ute we Azedelle] BYe AHHow
SolshA ol el ek AlZEobd B4 o] F9
WAYEQ sAPPe 9 sAPPRE 3t oz gelg A,
Zokse A4S Hollt AN fdsAE Qgvh w3 2
AFNAL in viros in vivo ol 727 Zsksl e

Al e HobA ] &l

ogk
o

WA k=, v Al HokA 9
714el C99E 7|Hto 2 3} luciferase assay$®} in vitro peptide
cleavage assays AFE3Fe] NButGTel 2t Age Zdo] Fu}
Al "HeobAlel &g Ade it NButGTE A A
NCT#ro] obd Az 4 t& #B2 d¥ELE 0-GlecNAco]
S7tE el AE =R s 7FsAE Atk sHANE & ATeM =
NCT O-GlcNAc site®H= mutationdlte] NCTE O—-GlcNAc A3
el e AR FAs gdFdoEd v uiAe o
7Fed= ALIAIZ o, NCTo] v Z Zhup Al oAl & A4 oF=
og oz Fof shuolxTt (62), APPE AXAste] AgHo=

f

o

o

o

Ageld, wd kv AL (maturation) FAEe] ¢
Al oAl A4S A=, APP A 834 (processing) ol

Kol Faosh @doly] wiEe] (63), NCTell O-GlcNAcS

J’—-! -Cfl- 1_'_“ r



F2agte] wrorE up Al oAl 48 28 & 4 9l
= AF AdelM, NButGTE AHzlatel Zwt Az H oA g
95 Hole AP oA FAHE AR/ vE2Y, 24
A e apol A, 17 139 Aol NCT™ MEF A%
NCT transfectionste] 7wl AlZlEotAe] & A3
©%, NCT/~ MEFe] transfection &< 10%°]stZM, o]
AelA NButGTel s vt Alagldoxle] &2 wishrt
2tk a3y 9 9EO|A &= mutation¥ o] = APPS} PS19]
e =oj9li: 5XFAD mice® 3dHldl, #eb Alzz EobA| 2
A AR A D AzEe] wdoe] WSt Al 2HEET] wiel,
NCTQ & w3 =om, NBuwGTel 93 7vh A=Az oA 2
g Wyt A ek
2 ATl AD ®AZIHY #As A9 O-GleNAc#

A &l in vivost in vitroolA A3kt NCT Ser7082]

ry

O-GIcNAc F7h= vl AlagfHobAle] A4S W5i, AB 9

[t

AR G Fol. ApS BHEE A% d5H 7198 AsE
s EA 7T} 7]EelE O—GIeNAc AD##3F] taughe] Aol
el we A7 Hogka, tau® O-GleNAcY F7F =3

neuroprotective effectE 2zt ot Rt (64). shA| Tk
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B Ao AME-3F 5XFAD mice? A-$ taus} #FHE3 W r| A o]
Holx ¢7] wFe], 5XFAD miceolA] O-GlcNAcZE7} e 93t

oleldt ARES oA Afe wAY EdGn T 5 Atk

+

b B AFE in vivoold AHEOoZ O-GleNAcH AR 9

A& Bpom, 0-GIeNAce F7k7F ADE A gshedl lolA
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Glucose

v
UDP-GIcNAc

O-GlcNAc transferase

A 4

F ™

Nicastrin O-GlcNAcylated
Nicastrin

NButGT— O-GlcNAcase J—
y-secretase activity

J

Ap levels & AD pathology
7% 18. O—GleNAc 3 AD W171d3e] ZaatA B %
ME W Glucose ¢ 2 O-GIcNAc ¢ 7]Z<1 UDP-
GlcNAc ¢ %= ZAAsHA dv, AD ¢ A%<l Glucose
metabolism ©] &7FA 8l3l, Glucose o &F7F & Qbx o] AlxE
Woli= hypoglycemia Z&71o] ®t}. UDP-GIcNAc & O—-GIlcNAc
transferase ©°f 9l&] @¥Ae] EOw, O-GlcNAcase ° 2|3
dojdk, # AFA = O-GlcNAcase A3AIQl NButGT =
ARESEe] M2 U &lA ] O-GleNAc F248ts S7HA1#AT. 1
A3} 0-GleNAc 02 F243td NCT o] o @WolAA ¥, o] 32
Aot Al A HobAl S FA S W] A e FaATITH
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Part 2: HDAC6 A& A7} Apell 23t nEZ =g o}
axonal transport ol v|X|&= & A+

A A M FEC] axonal transporte} M|EZ =0l 75 Aslh= ADS

Wy Fol 7)o el FAelt (16, 20). ol sk
S ES ADO Q2 wWl T syl Agel g3 fFE¥En (65—

68). Ap+ GSK3p 244

o

57k 71=d olw] GSK3Be] o &
714 (substrate) £¢] axonal transport® 7]53 @& FHof Ut}
GSK3B+ taus #<21AFst AlA neurofibrillary tangles (NFT)E

873

R

of wet MTE < PAS Hol™# axonal transports
Aagtet (69). T3 HDAC6E GSK3pY 714 Fo] =AM,
GSK3pel ¢Jal HDAC69] &Ao] F7tste] (70), a —tubulin]
acetylation®] FAAZ S ZHM axonal transport7} A&t
71Ee] ®WE A= GSK3pY  AdAE  AREste]  axonal
transport® A3 =d, & AFolA= GSK3pY oAy 71A
sollM = HDAC6S As|AlE A&t tau &3s WAl o F,
Apgel 9& W7l7z axonal transport 9 3&H5ES Hkrh ®SH
HDAC69] &4& xAdsk=d 229l TBAE 7|Eel 230d TSAS
tubasinell B34l 100¥1 % specificity7} =t (71). HDAC6+=
b2 HDAC &453+E e histone®] obd @ —tubulin?} 72
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AEAL] A S gcetylationA ZItE (38, 72). siRNAE ©] 83}
HDAC6%E  knockdown 3t ¢ —tubulin®  acetylation©]
S7Fsk=dl ©]Z> HDAC6 A&AE AHEFs wel Aael 2o
(73). Mutant heat—shock protein gene (HSPB1l)e] 2]3|

5%+ Charcot—Marie—Tooth E9 39 neuropathies®}

Jo

d3dle], TBAE A st¥S W axonal transport®} =7 o]=

r

v E =g o} T2 gEo « —tubulin @] acetylation=
7 etk Bk Q) (72). o]y e A= TBAZF HDAC6ES

EolAolar @A d  AsfAela, o —tubulin® acetylation¥}

o

v EFZE=go}e] axonal transportel] FEdS Fue= A
SEAE s Qtl, wEFEE=golrl axonal transportE &=
Aol 5 @A (motor protein) ¥ AA WA (adaptor
protein) @] AFE HAFZHoltk, F WA FZ = anterograde
transport®] ¥oI3}i= kinesin®] 2 © ™, retrograde transport®]
#oek= dyneino] Stk (74). olw] ZZe] A WA E=
kinesin<> milton, syntabulin, miroE Z2=% 3, dynein
dynacting Z Q= 3t} (22, 23). axonal transports 438t

g oled £% wwds dd wwdd Ags Y

o,

(stability) &3+ Q3 Q9lojt} (22, 23, 74). a—tubulin
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Lys402] acetylatione kinesin®} MT A}o]e] AstS F7FA]7] 1,
AyAoZ olF WA transportE F7FAZIth= Barb ot
(8). Dompierre S°l 2lstd MTE acetylation kinesin family
motor protein 5 (KIF5)$} dynein 7+ w#¥Az MTeo ZAgS
=777, anterograde®} retrograde transport® S7FAIZItha
stoh (75). 2y Ap7E Sle HWRIZIAS =3 StelME e -
tubulin®] acetylation®] "]EZ=2]o}2] axonal transports ©H
71072 A=A = oFF E@Helth Du s &3k oligomer
ABE 200 nM 217 Azl A8t anterograde 9 retrograde
FHFNM vEFZE=ol EAol Aadta st (20). 1Yy

Calkin %% 20 y22 M A B 25-35 oligomer—f_r 7‘(1 E] /\] Oﬂ

v EFZEgolo] FAL  anterogradeW A4S, £EE
Frreko A  Zasitty RSkt (17). 183l Wang 69

Aol mEw mEIZEgobe] e el EF
Aadva g (76). o€k A FRe wkel wE
nEFZ =g o} axonal transportl] EAY £E9o] WES-S A7)
=) B A o= monomer form® AB 2 M & primary
hippocampal neuron®l] 24 Az} A8l om, 1 A3} oFnldkof A

BF vEZEeely EAN SEE gt B AT

7

O

HqE gk
¥ | I



ARS8 monomer AR 2xM & 24X7F 37TCeolA ikt
A dr) 7 (Atomic force microscope; AFM) & &3l &z st
A3 monomer ABE YUAT, tFEL oligomers FA 1

gt wakA  oligomer FES ALE HSHE Hs:=

Y
o

Uh= monomerEs A#sh= Zlo] ADS A<l x
Hl =3tk Al E T
nEZEg ol Zol¢l axonal transport TEAJo] 3 By R

nEFZTg ol 77|19 FExE= Y (fission) ¥} &3 (fusion)©l

()
o

o) A=Y (77, 78), AE F MY +4 #HHA =
Fisl, DrplS @43} A1A rlEZ=gols HEstA 2E9AA Ao
nEF =g oke]  axonal transport® WZFEYCa stok (17).
Misko sl w=W mitofusin 2& H|EZE=ote] A7|E Ash=
G za wEFZTEZote]  outer membranee]|  EA|sHHEA
Ao g vEF=olo axonal transporte] ¥oidtcial 3ok
(79). olgd RIES & Ao v Ay F AAHUE
nEZEgolrt FAols mEZEgete] Aotk g A
ABE HHFs W rEIZ=ole] Holrp #opxi HETF
Aast=dl, olgdt dAol TBAel s Aol &x BT

Hobs AolM wisith olHd AdERH v EIZE o

o
e
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Zols}l o] £EE o= AL dyo] AL Holg o HH,
HDAC6 %3 wmEZE=gote] AZ|elk & 42T Zolt
AzAT), skA gk oFbF HDAC6 AsfiAl7F MTS 4 whaiz
Atole]l Aitell= owdt JFS FeA= EA FIT olge
Agel gl ATP Aol utolxla 2 9 (membrane
potentia) 7} B7kA®, Ca**¥} ROSS Aol FT7tHEE 59
mEZEol A 7ol AsE] wZel (80), HDAC6
A A7 vEZEeol V5 e xEse] mEZZ ol axonal

transport & ST7MAH S 7FeAAE 7 & S Qo 1EA AR 9

Apel os ATPO AL FshAl AastAAIRE, TBAX 2 A
ABolalA e ATPO AL 3&5HA ot o7 ATPS
AL Aol TBA Aol oJst mEF=gole] Zol9} axonal
transport &= #Eol glas Ut 7 A9I¢t axonal
transport ¥ #3}o], Millere} Sheetz®] X o] w=w, 9 H27}

E2 nEZEgol= axon terminus® ©lEslH, @ A7} G

d

|[EZE=gols somaBHo® olFdtta &m (81, oA

AL7F vl EEE=g0o}2 axonal transporte] FTFS F= F}9

ko
o

PN o
o] H £ & U

o

el AL Uk



2 =2 Apel 93] AdfE nEZ =209 axonal transport”}
HDAC6 A&Ael <& 3|&E=™, o —tubulin® acetylation®}

vEFZ=go} Zolo] Wiyl m|EFEE=gole] axonal transport$}f

ABAAAZE Utk AS skt uEbA  o]Ed Ay ES
nFo] B wj HDAC6S &4 F#o] AD XA 7o =&
Hxdol = 4 Qs AoR AlmHET
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AD . Therapeutic

o Effect <

HDAC6 1 & AP Tubastatin A (TBA) |
| HDAC6
Microtubule deactylation l
l Microtubule deactylation
I | ’
LA
Axonal Transport+,

\ J
\ y
.‘\-‘_7 ) Y,

2% 19. HDAC6 A&l A|7F AD 171 wx= & BA%

AD °M:= HADC6 ° &/do] i1, A7t 3 A3k}, MT 9
deacetylation ©] o] Aoy}, ¢ —tubulin ¢] acetylation ©] St}
v EFZ =20} axonal transport FE3F W7FEX=d], o]wf HDAC6

A AS AesiAl =W, «—tubulin & acetylation ©] F7}3}od,

=

| EZ =g o}2] axonal transport 7F THA] 3 EEo] How

X

AD |4 HDAC6 ¢ A&AZ} ste] xzA7 2 £ 98

HoyFa gl
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| =

Huge ofn 7] )Xol ofWd FAFst AFHLke] uhet 1
dulgel g4, Ha wmt o wuldse A%, AXd 279

Abole] o)o] AR Hh oled WA A 54 AhEel

™
FEF= LT (36). F AFelA= AD 9 HshAl x4
gty 4R O-GleNAce (3, 4) % acetylation (14, 15)<
FAst= ail AdAE AR, Z7e] FASES AE
HolX 7 A &= 5, AD ¢ W<l 71dE9 wsts #Essi
17 A% O-GIcNAc 9 F7h= Ab o S TAAZOZA,
AD #& el 7AdES SAAH S, a—tubulin 9] acetylation ¢
7= Ab o 93] Ade vEF=gole] axonal transport =
S| EAIZT wEpA ol Adess FEE Hoks w, @Al
TA8E TAsk= Zlo] AD o WV Aol SlolA skl

ol B W olUg A=A sfe] olME Ego] = ozt
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Abstract

Introduction: (1) Alzheimer’s disease (AD) is an age-related
neurodegenerative disorder. A major hallmark of AD is extracellular
deposition of beta-amyloid (AB) as senile plaques. Clearly, understanding
cellular processes underlying AP generation is a central issue in the field of
AD research. One pathway that is potentially involved in the regulation of AP
generation is glucose metabolism. FDG-PET imaging analysis in humans has
shown a strong correlation between the severity of AD and disrupted glucose
metabolism. However, it is unknown whether disrupted glucose metabolism is
causally involved in AP generation; it can simply be a by-product of AD
progression. Moreover, molecular mechanisms linking AP generation and
glucose metabolism are largely unknown. We investigated these issues in the
present study. Changes of O-GlcNAcylation (O-GlcNAc) modification, a
marker for disrupted glucose metabolism, and y-secretase, an essential
enzyme for AP generation, were examined in both in vitro and in vivo
preparations.

(2) The disruption of axonal transport in AD patients is an important

pathophysiologial factor, and affects synaptic plasticity and neuronal
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networks, especially in its early stage. AP impairs mitochondrial axonal
transport. Because o-tubulin acetylation is an important factor in axonal
transport and HDACG6 is known to act as a deacetylase of a -tubulin, we
manipulated the level of a-tubulin acetylation in hippocampal neurons with
AP cultured in a microfluidic system and examined its effect on mitochondrial

axonal transport.

Methods: (1) We used SXFAD mice to show the effect of O-GlcNAcylation
on AP generation and used 1,2-dideoxy-2’-propyl-a-D-glucopyranoso-[2,1-d]-
A2’-thiazoline (NButGT) as an O-GIcNAcase inhibitor to enhance O-
GlcNAcylation in vivo.

(2) To increase a-tubulin acetylation, we used the Tubastatin A (TBA) as the
HDACG6 inhibitor. To easily analyze mitochondrial movement, primary
hippocampal neurons were plated in microfluidic devices. Mitochondrial
transport was analyzed by measuring the velocity, motility and size of

mitochondria.

Results: (1) We found that nicastrin, one component of y-secretase, is O-
GlcNAcylated. The site for O-GlcNAc was firstly mapped (Serine 708 site on

nicastrin) using proteomics as well as mutant studies. A specific inhibitor of
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O-GlcNAcase (NButGT) increased O-GIcNAc on nicastrin, attenuated y-
secretase activity, reduced AP generation, relieved senile plaque deposition
and rescued memory impairment in an AD animal model

(2) We found that acetylated a-tubulin, a key molecule for microtubule
assembly, is significantly reduced in the brains of an AD animal model. We
observed that inhibition of HDACG6 restored AB-induced reduction of axonal

transport including velocity and motility of mitochondria.

Conclusions: Increased O-GIcNAc on NCT reduces AP production by
lowering y-secretase activity, resulting in the recovery of neuroinflammation,
and memory impairment in the 5SXFAD mice. Also, increased acetylation
recovered mitochondrial movement and size that had been reduced by Ap.
Taken together, these data show that alteration of these PTMs is a potential

therapeutic target to improve AD pathogenesis.

Keywords: Alzheiemr’s disease (AD), Post translational modification (PTM),
O-GlcNAc, acetylation, Amyloid beta (Af), mitochondria, gamma-secretase,
HDAC6, NButGT, Tubastatin A (TBA)
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