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J" 1. ARl Y3 peroxiredoxin® acetylationZr4a <}
HDAC6 ASZ QA3 S HUT e, 13

a8 2. ARl 93 F7}9 ROS, Ca®*3} HDACS6

AFNE QT B E A e 17
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a9 4. FASAG Ca®" AAA I Fa5E 5
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A2

ol=3lolm W (Alzheimer s disease; AD)S 654 o]AF Q-
ol 10% o)l vebu™, Xuje] iz Aslo|ty [1]. 1AH
QoA e = Al Al FHPAH 3oz AD

rlr
Jo
)

i)

o7 WH3te= JFEA d=stelw ¥ (Familial Alzheimer ™ s
Disease; FAD) 3} 654 o]de wRloAA T2 2R sk= AHHA]
et=3lol "W (Sporadic Alzheimer’ s Disease; SAD)S.® &

2 5 gtk ADY ¥ 7b4 HEHQ He

£

A EXROogE= AAAS

- o

H~l

o

9] 71 HEl ofd2ol= iz (Amyloid A AB)ol B AA
Ao g A% o] YehsE w<lutd (senile plaque) ¥ AR A X
W e A (Taw) 9 Felakstz <lst AlAZAF 5354

(neurofibrillary tangle; NFT)7} 1t} [2]. olg]st WHessd £
2N

O

3} Hzo] Aol AYALS AFALY A W Al

Sl

ol
ol

s ela) 7o) A ow grE T [3-

d

A A A E 2ol N—methyl-D—aspartate receptor

rlr

e AR

A

(NMDA receptor, NMDAR) & A=SAIA AX UFZ == 2
# (calcium ion; Ca*") 9 & FHEatA F7HAZT &, AZAE
gho] $-g3te] A Ca™ 9 TE7F Hol AX U 2 o9 F&
£ Foltv S Yot} [6, 7]1. AXE W Ca®t o] dAAo] A
A HE mEZEgole] HAgAZE AdiEo] Alx ) EAdAkA
% (Reactive Oxygen Species; ROS) 2| Aitsko] S7tstA Ak
[8].
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AxpdGA et APA 2o F2  a49  a—ketoglutarate,

]

>

pyruvate dehydrogenseZE A dlsle] AlX U ROS AHLS Z7}
A 19, 10]. ROSE= Aretu 2o 2 Wb Atslg o2 A

W AEAYS &9 V)5S PAEND, AFAES fEw

el

[11-13].

o), A7 92 AdS B3 5w o= v A AP (microtubule;
MT)& 7|HFo 2 3} #2144 (axonal transport)©] 3o 3tc},
nEZC ol F2HS wpgl 95807 o]Fshy, ofyx] Agiako

of A2l Av|vtolnt, mEF =g ot FFHH

1=

A (motor protein), 14 wW¥ A (adaptor protein) I} H A E o]
Fol A& Agteto] FAgEo] doh nEZ =g ol A st

= SEdwWA = kinesind dynein®] Q2™ [14, 15], ©o] & A

A Wk =4 (anterograde transport)© #oldt= kinesing ¢

A DAl miro, miltond} Agrete] METCejolE wAATRS

AD ZdgelM= AGAE e Fabedol oy 7hA d]le

Hﬂ

O

ol
N
)
2,
30
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[40
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ol & 23} (post—transcriptional
F3 Ag¥ olMEd3} (acetylation) 2]
2t} [18, 19]. @ —tubulin®] acetylatione v A A2 QHAA S

S7HAA FArEEes FEANATH

tlo

modification; PTM) 2}%
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histone deacetylase 6 (HDAC6) &= F 719 deacetylase
domaing 7}A1 YO, @ —tubuline FL7|ZZE 3= axo|t}
AEZE £ histone WM AS FE deacetylationsto] A W
d-& 243k thE HDAC isotypes¥ EE], HDAC6+ A4
Xl @ —tubulin®} peroxiredoxin, cortactin, HSP90 S¥ &
non—histone ©@¥WA-S 7]A 2 7} [20]. o]¥€ %, HDAC6= &
wAo] &g, #all, Aol FasA #Esk= PTM<Rl acetylation
e 98s shdl, AD 2= AF2dRlel vlste] tiv 9 A

3} vl Al HDAC6 /o] o1 o —tubulin® acetylation

z=3

o
Olt

r|

e A2 fX"EY [18, 19, 21]. AD @A A5 E] HDAC6
AsAE TS W, 719 ol JhAE = A [22] 3 HDAC6
Az Al A gall HA2E a—tubulin® acetylation®] <7}
Aol 3&EE= Aol AQksto] [23], ¥ ATolA =
AD A 84 WS 93 western blot¥} live cell imagingS ©]-&

3t HDAC6 AsiA ~=8ld WS 53t

e

‘é:l—:ﬂ-y

;

HDAC62 T t}& 7]2Ql peroxiredoxin®] =4 [24], o] ©&
Wz o]skslAsgte] eSS o] &3ste] AEZ o] ROSE s}

o 1 SAS AAs: 7les dte &solvt [25]. 19l a-—

R

tubulin®} FAFSFAl  acetylatione]  old] I Aol FAEH I,
acetylationo] A=) -9, ROS A|A50°] B FotA= 54
= 7Ha4 [24]

o] Q= ddES vIFel = W, AD kAo AIAA| oA
s El HDAC69] 93] peroxiredoxin® acetylation®] #4%
SR FAE I, Agel el AlE WellA Fobxl ROS AlA 0]

g4el muk vobd 98 Zelths % ¥ & Utk
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TZ24 JAHsrE AA v ATelA FElEA e [27]. v
£S5 Egsle] B uw, ADAZolA FAHE  peroxiredoxin?

acetylation® 2 <18 Z=71¥l ROS7} Ca?te 52 Z7MN 7)1, F



4% A= B Py

1. 43 o]&d AFFE
o}7 Sprague—Dawley rats (KOATECH, Gyeonggido, Korea)
o] Al & 18 #H HjolE AMAAE wjtE st AFESSIT

EE wed Ad dAs Aedgny s= A9 a9 f439

e worod, Aestn A8 FE A4duddd 74 ui
=3

2. MEF U M Xt

A XEFE HT22 (immortalized mouse hippocampal neuronal
cell line)MEE AR, AMXEFS] Wik Dulbescco ' s
modified eagle’ s medium (DMEM; Hyclone, Salt Lake City,
Utah, USA)°l 10% fetal bovine serum (Hyclone) %}
penicillin/streptomycin 0.1 mg/ml (Sigma—Aldrich, St. Louise,
MO, USA)o] H7ke wjekdel] 37° C, 5% CO, 7} A8 373 ol A]

o5t

o

MZMEE SD rat®] 9Al 18U ¥ Hjoro] A sljnt FiE

Y Hank' s Balanced Salt Solution (HBSS; Welgene, Daegu,
5



Korea) ®jA|oA E& 3+ ¥, 0.5% trypsin (2.5% trypsin;

Sigma—Aldrich) 2 Al 3t A9S Fojesr. FH8 Axs

Ar

poly—D—lysine (PDL; Sigma—Aldrich) 22  FH3
microfluidic chamber B+ plate©l] 4] penicillin/streptomycin 0.1
mg/ml  (Sigma—Aldrich)¢] ¥%%o] ¢li= Neurobasal/B27

(Invitrogen, Carlsbad, CA, USA) v X & w3} T},

3. Aok & AJepx g

HDAC6 A& #A|ZM Tubastatin A (TBA; BioVision, Mountain
View, CA, USA) & AF&-39l o™, ROS As|A 2+ Trolox (Sigma
Aldrich) 2} N—Acetyl cysteine (NAC; Sigma Aldrich) &, AB -4
peptides= American peptide (Sunnyvale, CA, USA)E A}&3}%
ot 24 Y olEAZE 1,2-bis(o—aminophenoxy)ethane—N, N,
N', N'—tetra acetic acid (BAPTA; Sigma—Aldrich) Acetylated
a —tubulin, A —actin &= Sigma—Aldrich, @ —tubulin &=
Millipore  (Billerica, MA, USA)A}S] A|&ES AFE3ST
Peroxiredoxin 1 &A= Ab Frontier (Seoul, Korea) AF] A|#S

B A9 Ahgstart,


http://en.wikipedia.org/wiki/Amine
http://en.wikipedia.org/wiki/Amine
http://en.wikipedia.org/wiki/Ethane
http://en.wikipedia.org/wiki/Acetic_acid

4. Transfection

nEfZ=gol o]lF EAS 93] pDsRed2—Mito (Clontech,
Mountain View, CA, USA) & v} 22 <A Lejd § 794 5=
g (DIV 7; Days in vitro)©l Lipofectamin 2000 (Invitrogen) <

AFE-31] transfection?] 3 th.

5. DCFDA assay
CM—-H;DCFDA= &/34k49] AA|ekz 2 Aol Abstrh dojut
oA EANGI 0] AAE =4 @3S wA frk HT22 Al3EelA
Wi xS  A|A% % dichloro—fluoreceindiacetate  (DCFDA;
Invitrogen) & 1 uM= DMEMel 3|4 3to] Ao AH#star 377 C

HjE71 oA 457 ZF RS AIZTE Hhgo] Ed Fof AjEE WA E

6. Fluo—4 assay
Fluo—4 AM 2 Z o9 AAGER AX U fazday 4
et 54 o] MZI7E FrrskA "k HT22 Al3Ee] 5mM

fluorescent calcium indicator dye (Fluo—4; Invitrogen)=
7



DMEMe] 3A&to] xglsta 37° C viek7] oA 5A17F 5QF HES A
Zth Hhgo] Ed Fo A2 wAE wAseTE ¥, FFAvA

(DP50; Olympus, Tokyo, Japan) &2 #z 2 #F9 S 39

7. Western blotting
Sua wAge ey sl ok Ast B9 AEE
protease inhibitor (Sigma—Aldrich) £} Tubastatin AE 5 yM=Z

3 A3k RIPA buffer (iNtRON, Gyeonggido, Korea) & A}F-g3}]

of

Oli

WA FESAG BCA BHOE 3T F, 57

oy

b

Ol

Faat
Wzle] g3 A7) o 54 wEk 5~20 ugd @HAe SDS
buffer’} Z3+e 8%, 12% Tris—glycine polyacrylamide gel %+
4—12% gradient Bis—Tris gel (Invitrogen)°l #7]%9E 3sFAt}.
Gel o @27l M2 &7 Ho Sl @& PVDF membrane
(Millipore, Billerica, MA, USA)°] 4° ColA 70 v, 100%7+
transfer steps AA ol&AZth @Gl o]Fo] ¢gxr¥ PVDF
membrane®] @A 5olHel 1z} FAE 4° C oA 12243t o]
S A7l %, horse radish peroxidase’} ZAEE 221 A
(Thermo, Waltham, MA, USA) S A&elA 143 &t kg A7)

o}, "o Astyl dAH:= Enhanced chemiluminescence



solution (GE health care, Waukesha, WI, USA) = W3A|#A

LAS—3000 (Fuji Film, Tokyo, Japan) &% 7339 3}t

8. Microfluidic chamber system

Z2hr%o] B4 S 98] microfluidic chamber®] dfv} A1 A E
= wjkste]  live cell imaging WHS  AFESTE [28].
Microfluidic F+z7F ZkQlel %ol PDMS polymers 34|

chamberZ Zebitt, %8 & PDLS A st mE 3T sjnp Al

o,

A 3¥3= chamber 9] 9% channelo Rt vjeFslR o, A3E2] 4l
L2717} Aepdol Wk chamber? 9ol 9% 3 microgroove &

Zapo] Soj7} Auow WA .

9. Live cell imaging¥} ©]u]|X] &4

A4 Z9 8 Cool SNAP HQQ2 CCD camera (Photometrics,

Tucson, AZ, USA) 7} A x] % IX81 microscope (Olympus, Tokyo,

Japan) ©l| A Metamorph  Software (Universal  Imaging,
Downingtown, PA, USA)E A3t Microfluidic chamber?]
Zoe] ¢ A%t microgroove We =2'S Time-—lapse imaging

recording WO 2, 2% FoF 1x9 114LS F31 500 ms 9 =&

9



AZFe g #H39tt, mlEETgole] &% (velocity) 9 €54

i)

(motility) & Image J (National insititute of Health, Bethesda,
MD, USA) X =Z73°] multiple kymograph plug—in (by J.
Rietdorf and A. Seitz)& ©]&3to] A aqlth v|EZEgole] &

TE BAE7] 98l Image JE ©]8€3lo], kymographolA nEZE

AC)
o
off
e

o] A% (angle) & SA8IAT 283 ta9 34& ©]

ofo
ol

ol £S5 32 AXEA Y “velocity (#zm/sec) = Tangent

1

ot
N

(angle® + 90° ) % 0.111276" . Image J o4 =4

T—
T

m
o

=2

o =
2 Ak

T 0~—180° ©]7] W&, “Tangent (angle® )” 2|

0 mlwtolt}t, &A4AE Zt=o] 90° & yslodA Ul 5 FHOoE
7y7y ZAF whed vbeE (anterograde) 9F AEA W3 (retrograde)
o] olFS TEIAUTE E Ao AREE ojujx] A|AEIGA = 1

pixel (zm) ¢ ZAol= 0.111276°]t},

[-‘_8{_'4

ngo® AL PSS Image ] TR IHE 0] L3

DCFDA¢®} Fluo—4= 4% 3o A7 A& w4383

10. AA

1
-

i

EAA B2 Prism 5 (Graphpad, La Jolla, CA, USA) =
23S o] &Y 1w Y Feold xbol= t—test, = one—

10 -y . £
A eti



way analysis of variance (ANOVA) ¢} Bonferroni post—test &

o]

ofo

ato] At BE #4143 mean £ SEM o= e

ATk (:p <0.05, = : p <0.01, #** : p < 0.001)

. A 2ol & i



2 3%

1. ARl 93 peroxiredoxin® acetylation 749}
HDAC6 A2 A3t 3 &I
A Bl &3t tubulin acetylation® Fa+ o8] =FoA X7}

ol A", HDAC62] thE 7149l peroxredoxin® acetylation®]

AB7F oust oS mIA =A== B A A &Sk, gAas
tubulin acetylation®] HDAC6E A AF, IELHE AT

AF7F Hojgitt. AD 3xteA] HDAC67F s 9 mpghA]

2
32

o1}, 1 718 T 39l peroxiredoxing o9 A WatE =X E 4
HE 1k &9k Ag et HDAC6 5ol4 As|A|l Tubastatin A
(TBA) 7} acetylations ZZ3k=d] QlojAe dgss gyxo=
Tty 98, 2 AFelME rat sivk AAAES} HT22 AEF
g Abgskelh Zh2be] Mol Ap 2 uME 19~24 AlRF A# ¥
western blotOo @ #Ql13}3S W, peroxiredoxin® acetylation©]
Haselth A AHE § TBAE 500 nME 3A1ZF 71 A=st 2

I AR 93 #AF peroxiredoxin® acetylation®] THA] 3] &

12



(A) (B)

*
WA
1.5+ T
AB
Veh  TBA : TBA %72 1.04
=]
Acetylated m %S
Peroxiredoxin & E
- . - Il = 2
=}
) i
Peroxiredoxin 1 < .= 0.5
Bactn | D D S S
O.G 1 L)
b
a® &
(©) (D)
2.0- ook *
1
AB —m 1.51 T
X3
Veh  TBA - TBA SE
Acetylated ! C® 1.01
a £
peroxiredoxin | I 5
o
peroxiredoxin 1 ‘ e - - ~ 0,51
g ———
0.0 L] 1
X
& &

a9 1. ABel 93k peroxiredoxin®l acetylation?t4a$} HDAC6
Az A3 3| EF

(A, B) HT22 AxTFo] AL 2 pMs 19A1F Ae] ¥, TBA 500
nMS 3A1ZF A28k th Western blot2 3l <18t} (n=5)
(C, D) rat llw} AAAHEe] A 2 uMS 24A%F Hel ¥ TBA
500 nM& 34|17+ A2tk Western blots Ea &Qlshsith

) &8



(n=5)

14 . -
2% &8

i L el Y
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2. ARl 93 7€ ROS ¢ Ca**3 HDAC6 A8
2 ol3l 3]EopA}

AD A3t A duf A G A X} M XEF ESFo A peroxiredoxin®]
acetylation®] A%, TBA Az 3EEXH= AL lsgdct
peroxiredoxin® ¥4s 58 % acetylation® Ao uwzl Aol
=2 3lsly] 98], HT22 MEFo|A DCFDA WS o] 43}
o] ROS <9 75 ##&qlth. DCEDAT ROSel 23 Atshe
2, 7—dichlorofluorescein® & gofAEl3lx o] HA3FS 97 &
© ROS® AAJekEoltt A¥AD, ABE A IFIAME
vehicle 7155 ©oiH] 24} o] F7IE Sl DCFDA Al37F TBAE
A st §o8HA FAasttt (2™ 2A, 2B). 2=3toln] WA
T AZ U e Agel 98 ROSSE Ca®fo] BT F7hE o] 9
th ROSel 98 FArgo] BrkteE 7]E Bavk glor, 1 4
el F9 SR odEH = 7]&e] ROSH 9g Ca* F7holtt [26].
T, Ca” AAE AAdW Ao Agtete] FarES YHEATE B
a7k 9A7lel [27]1, ROS® F34# tl&o] Ca®e] vEWsE Yo

g #EsEth f8 Ca®'d Agstd HAPFS Hie AA

<
i
B
it

°FE<Ql Fluo—4 & ol&3te], AX o Ca”" s 43 9l A

AC)
ol

F,ouE A AER AR wAg § ¥gd s BEedth



1 A%, ROSY| AR w7 ® AR E A ste] F7he Ca*o

TBA®] &3 HDAC6 A= GatA 7HAasgtt (29 20).

i A 2ol & i



(A)

TBA(500nM) AB+TBA(500nM)
(B) ©
39 ;.
g 2] &Q 2]
E 1 é 14
o 0
3@ ¥

17




(D)

vehicle AB(2uM)
| - -
(9]
2
Q
>
c
o
o
0
<
[24]
-

729 2. Agel 93] =718 ROS, Ca’*3 HDAC6 A3z <lst 3

0p1y

(A, B) HT22 MXFo] AR 2 uMS 19417 42 3, TBA 500nM
< 3A1ZF Agsitk. AlEZ Wl ROS &= DCFDA WHo® A3t
o] #F3Ih (n=6)

(C, D) HT22 AZFo] AR 2 pME 1947F A2 ¥, TBA 500nM
S 3AZF HEEsith AE Wl Ca®" %E Fluo—4 WHOoE mA3}

of #ZsTE (n=5)



3. Ag el 93] F7ke ROSY Ca’'3t¥ =3

ADeIA & AIZ Ul ROSS Ca® o] F7h7h B ##EY, 1 7]
o= o] AZ7F RuFe] 9tk AB+= cytochrome C oxidase
o] 7= AN, AAdGA ¢} v|EZEgol B H9E gt

E# ROSQ FHopAe doith &= #AE AR+ NMDA

A
oo

Al Agrate] NEUF-E FYUEE Ca® e ¥ T/

HE
e

oly e} A 8+ mitochondrial permeability pore (mPTP) 2] +4¥
2l cyclophilin D8t A@38ted mPTP7} dgj7] whge], nEZ={]
o v Ca®"o] &S fEeTh [6, 9, 10, 29]. & ATeINE
HT22 AEFe] ARE Hgste] F7Fe ROSSF Ca*'o) 2155 A
AleFS Fa Feldt vk gk (Z¥ 2). TBAS A& T7H8 ROS
¢} Ca®™9 <ko] A=, o] @AAO]  peroxiredoxing)
acetylation®] 3]&Fol ogt ditoletd F+ A4 F ROSE F7H7}

Ca?"9] Z7tHtk A3 Hojok th. ROS7F Ca®* S 313k x4 3

rr

AEEE @43 A (Endoplasmic Reticulum; ER) ] 3x® el EA)
3= Ca?t A9 A%<l ryanodine receptore] 23 ER Ca®™9
Wzo] Ak ABAE ROSE Astl= w, Ak=% ryanodine
receptor® £3F AXZ U Ca?'s% Z7l% ®usolgltt [30, 31].

o]

i)

$ AAES AAT] wFo] WS w, TBA®| 9|3

19



acetylation 3% 902 Q3] F7l¥ W ROS7| #AAsy 12 <l
3 & xHHEW Ca™to TEL YolsuE S ASA =it
. olE =93] Yall, HT22 AlEFo] ROS A&l Al N—acetyl—
cystein (NAC)E A< &7 Azlste] Ca*'o S7HE #Eshe,
Ca”" <7l ROS7F 7193k A =S #1313tk NACZF HT22¢90
A 7P a3do® ROSE AAstE w25 37 faiA, Ap 2
p M3} 87 o2 7kA =9 NACE #gsto] DCFDA WHo®
ROS A&5 FFdmAoz AZsAdtt (238 3A). 4% ZAx,
NAC 2 mMellAl Agell 93] A ROS7F 7Hd wol AA = 9l
S5 A FAdu (2% 3A, 3D) NAC 2 mMe 7o % HT22
MEF ARS /A AHelE allF 3, calcium indicator{] Fluo—4
g olg3te] AX U Ca'FEE FFAMAoE BT AB
Ae] 2F A= vehicle 1% ©i®] 38 7k Ca®*o] ROS7} Hj
AP 2FAAME 50% 7HE frolshAl Aasitt (29 3C, 3D).
o] Axt& & ul, AD JFoIA B Ca’' e Frbel ROSS 3t

fgt

BN

o]

s

i
ol

o]

b geha @ 4 vk

20



(A)

vehicle NAC(1mM)

AB+NAC(0.5mM) AB+NAC(1mM) AB+NAC(2mM)

(B) (D)

Fdedk
sk

_ 5
2 5
1 o -
€ _ S
=3 83 L
2= 2=

@ ==

2E SE L
SE €8
& ot
a ES

L

L
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©

vehicle AB(2uMm)
| --
O
2
2]
>
s
=
o
]
<
z
vehicle AB(2uM)
Q i
= : R
[} ' . . -3
s
E
o
]
<
Z

19 3. AR g3 F7FE ROSY Ca’' sty %2
(A,B) HT22 AxTFe°| NACE Zt2te] -2 1A17F 3 AA e 3
I AL 2 pME 19A17F Bk AZedth AME U ROS &

DCFDA ¥ o2 34 sto] ¥ttt (n=10)

22



(C, D) HT22 AXFo] NAC 2 mME 1A+ 2+ AA8 st ApB
2 IME 19A17F 9t H sttt A% 4 Ca®t %< Fluo—4 W

o7 %A o] #AEAL (n=7)

) A 2ol & i



4. FABAS} Ca?* AAA ] A7 Fat5r4e) 52

ARl 93] =7t ROSSF 1 sz AZ Z7HE Ca’to]l Ry

o]l HtA Y EA5ES oFslAl7] =X, 183 TBAC <& 3%
HeAE Rua A8E AYsolh. 94, ROS9 Ca* s 31 5AI%
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Abstract

The major pathological feature of Alzheimer’ s disease (AD) is
extracellular accumulation of beta—amyloid protein (AA).
Excessive A B results in axonal transport inhibition in neuronal
cells and increased production of reactive oxygen species
(ROS), which are responsible for AD. Decreased axonal
transport can be recovered through HDACG6 inhibition.

In this study, we revealed that anti—oxidant protein
peroxiredoxin, one of HDAC6' s substrates, is malfunctioning
in AD condition. To further clarify its ultimate outcome, we
treated A A and HDACS6 inhibitor tubastatin A (TBA) to HT22
cell line. As a result, we observed an increase in intracellular
ROS, and downregulation of intracellular calcium ion (Ca2+)
level cause by high level of ROS. Moreover, by using live cell
imaging method, we demonstrated that ROS and CaZ+ rise in
cell causes axonal transport breakdown.

In addition, we set up HDACSG inhibitor screening method using

western blot and live cell imaging, based on the previous study
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reporting axonal transport in AD can be reversed by treating
HDACS6 inhibitor.

These results indicate that not only « —tubulin which is major
substrate of HDACG6, takes part in axonal transport dysfunction

but also peroxiredoxin does, too.

Keywords: Alzheimer’s disease, histone deacetylase 6,

peroxiredoxin, mitochondria, axonal transport, reactive oxygen
species, calcium
Student number: 2013—21769
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