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0GA(0-GIcNAc hydrolase) ® O0-GlcNAcst 7|12 S X ghst= wbsdo 4 g8 = AAES AZss 9

2371 0-GleNAcst 7149 &-0-GlcNAcst AEE 31l v 2

4 33E Bv 2SS HYA ¥ dixzTd vluste] A7) 7189 €-0-GleNAcsHE f-olskAl AR
93 35tE B 2SS A8t dAE x3steE Faded os fiEHE st 2 7Y Fell XEBA &
HEA ~38y 1y

AT 2

247) 0-GleNAc3t 7149 B-0-GIcNACSH A B-GleNAe FAIE o] &3 Welshy Baupy mi AR

A7) AGRAWE 0-GloNAcs 71 B B2E GloNAcd] A%e SATomA FaEE, wy.

A1Eel Slol A,

7] 0-GleNAcst 7122 0GAel )3l 0-GlecNAc7F Al A== ©huilld B A7) @il zol X 0-GlcNAcE7F dojyt &
A48 myshs Berolmal, W,

A3 5
A4ghol] lo] A,

A7) AL 0-GleNAc3FE CaMKII, PLN(phospholamban), STIM1(stromal interaction molecule 1), Complex
[/111/1V, DRP1(dynamin-1-like protein), VDAC(voltage-dependent anion channel), FXR(farnesyl X
receptor), BMAL1(brain and muscle ARNT-like 1), CLOCK(circadian locomotor output cycles kaput),
CRTC2(CREB regulated transcription coactivator 2), FOXOl(forkhead box protein 01), PGC-1a (peroxisome
proliferator-activated receptor gamma coactivator 1l-alpha), IRS1(insulin receptor substrate 1),
AKT(protein kinase B), ChREBP(carbohydrate-responsive element-binding protein), NFATcl(nuclear factor
of activated T-cells, cytoplsmic 1), NF-kB(nuclear factor kappa-light-chain-enhancer of activated B
cells), TAKl(mitogen-activated protein kinase kinase kinase 7), C/EBP-[3(CCAAT/enhancer-binding
protein beta ), PPARy (peroxisome proliferator-activated receptor gamma), IR-B (insulin receptor
beta), Spl(Spl transcription factor), RUNX2(Runt-related transcription factor 2), MEF2D(monocyte-
specific enhancer factor 2D), CREB(cAMP response element binding protein), Milton, a-synuclein, tau,
KCNQ3(potassium voltage-gated channel subfamily Q member 3), GluA2(glutamate transport ATP-bidning
protein), periaxin(PRX), c¢-Myc, FOXM1(forkhead box protein M1), G6PD(glucose-6-phosphate
dehyrogenase), PFKlm(phophofructokinase-1), TET1(Tet methylcytosine dioxygenase), OCT4(octamer-binding
transcription factor 4), SOX2(sex determining region Y-Box 2), BCKD(Branched chain ketoacid
dehydrogenase), GYS2(glycogen synthase 2), KCNBl(potassium voltage-gated channel subfamily B),
KPB1(Phosphorylase b kinase regulatory subunit), MYBB(Myb-like protein B), MYPC3(Myosin Binding
Protein C), KIF2C(Kinesin Family Member 2C), RBL-2(RB Transcriptional Corepressor Like 2), DHX30(DExH-
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Box Helicase 30), NCOA2(Nuclear Receptor Coactivator 2), NCOA3(Nuclear Receptor Coactivator 3),
NCOA6(Nuclear Receptor Coactivator 6), NRIP1(Nuclear Receptor Interacting Protein 1), MED1(Mediator
Complex Subunit 1), NROB2(Nuclear Receptor Subfamily O Group B Member 2), BRD8(Bromodomain Containing
8), NRIP1(Nuclear Receptor Interacting Protein 1), PRGR(progesterone receptor), LCOR(Ligand-dependent
corepressor), WIPI1(WD repeat domain phosphoinositide-interacting protein 1), RRP1B(Ribosomal RNA
Processing 1B), CDKN2AIP(CDKN2A Interacting Protein), VIM(Vimentins), TPR(Translocated Promoter
Region), SPIBN1(Spectrin Beta, Non-Erythrocytic 1), RANBP2(RAN Binding Protein 2), HIST1H3A(Histone
Cluster 1 H3 Family Member A), KRT8(keratin-8), NUMAl(Nuclear Mitotic Apparatus Protein 1), PHB(PHB),
EMSY(BRCA2 Interacting Transcriptional Repressor), CRTC2(CREB Regulated Transcription Coactivator 2),
NUP214(Nucleoporin 214), CAMK4(Calcium/Calmodulin Dependent Protein Kinase IV), BPTF(Bromodomain PHD
Finger Transcription Factor), HCFC1(VP16-accessory protein HCF), KRT18(Keratin 18), POM121(POM121
Transmembrane Nucleoporin), RBMI4(RNA Binding Motif Protein 14), ATXN2L(Ataxin 2 Like), SNCA(alpha-
synuclein), IKBKB(Inhibitor Of Nuclear Factor Kappa B Kinase Subunit Beta), Esr1( Estrogen Receptor
1), Sptbnl(Spectrin Beta, Non-Erythrocytic 1), Abliml(Actin Binding LIM Protein 1), Skt(KIAA1217),
Nos3(Nitric Oxide Synthase 3), Lbr(Lamin B Receptor), Mapt(microtubule-associated protein tau),
Prkcb(Protein Kinase C Beta), Prkcd(Protein Kinase C Delta), Prkce(Protein Kinase C Epsilon),
Prkcg(Protein Kinase C Gamma), GAPDH(glyceraldehyde-3-phosphate dehydrogenase), 5= WIPIL(WD repeat
domain phosphoinositide-interacting protein 1)1, W,

A1 6
A48l ) A],

7] FEfel=4= 0-GleNAcshe BCKD_45_27(ERSKTVTSFYNQS, A E¥lE 65), GYS2_1_13(MLRGRSLSVISLG, A49¥=E
66),  KCNB1_489_501(KWTKRTLSETSSS, AM9¥ & 67), KPB1_1011_1023(QVEFRRLSISAES, Ad¥&  68),
MYBB_513_525(DNTPHTPTPFKNA, AEHs 69), MYPC3_266_280 (LSAFRRTSLAGGG, Aaus 70),
KIF2C_105_118_S106G(EGLRSRSTRMSTVS, A &%  71), RBL-2_410_422(KENSPCVIPVSTA, A¥€W3Z 72), RBL-
2_655_667(GLGRSITSPTTLY, A]9W¥Z  73),  DHX30_241_262(QFPLPKNLLAKVIQIATSSSTA, AM<EWE  74),
NCOA2_866_883(SQSTFNNPRPGQLGRLLPNQNLP, A€ % 75), NCOA3_MOUSE_1029_1051(HGSQNRPLLRNSLDDLLGPPSNA, A

adils 76), NCOA6_1479_1501(LVSPAMREAPTSLSQLLDNSGAR, MEAMS 77),
NRIP1_121_143_P124R(DSVRKGKQDSTLLASLLQSFSSR, A€W & 78), MED1_591_614(HGEDFSKVSQNPILTSLLQITGNG, A&
HE 79), NROB2_9_31_C9S/C11S(SPSQGAASRPAILYALLSSSLKA, MEAMS 80),

BRD8_254_276(TVAASPAASGAPTLSRLLEAGPT, A1€¥& 81), NRIP1_8_30(GSDVHQDSIVLTYLEGLLMHQAA, AW E 82),
NRIP1_253_275_C263S(PATSPKPSVASSQLALLLSSEAH, €W & 83), PRGR_42_64_C64S(SDTLPEVSAIPISLDGLLFPRPS, A
=R e 84), LCOR_40_62(TTSPTAATTQNPVLSKLLMADQD, AAHF 85) TE
WIPI1_313_335_C318S(GQRNISTLSTIQKLPRLLVASSS, MW E 86)21, Wi,

A8 7

A7 AdE=e vy, 9E, N, HA, Zyda, fBAE, B AR, T

e

A7) ¥ Z3(telencephalon)el, WH.
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neurotrophic factor(BDNF), Homerl, cyclic AMP(cAMP) response element binding protein(CREB), CCAAT
enhancer binding protein(C/EBP), early growth response factor(egr), c-fos, activity-regulated
cytoskeleton-associated protein(Arc) 2 activating protein 1(AP-1)= H]E3SH W2 HA} QIix} & 2R %7]
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<0.01 & c¢& P < 0.0015 Yehl, #= DFS(Wilcoxon) € 34 4748 A%E 3% g5 div] P> 0.055

T, A
M, &7k;
B, nheh;
L, 3%
M, 719
T, H2E;
R, 3%

% 2at ABIA FHolA Lol welshs fxe] WaE BAW gow TAH D AR AgE f4
Ao dEAR PR W A AA PC A M EYH Age FE SES e,

R
n=4/A8 7 57 05 v AFEAA ABE ) OA7F e g2 i8] a= P < 0.05, b= P<0.01 €@ ¢= P<
0.0015 YeR:

& 2b= AR FHA LNl defsks fiAte] WstE #EF Zow 72 AR SD AFe] 3] ARE
Ko

32 % T G0 w2 gz SD Bzt wolA] HBPY] ZEF~ UAF AR m2ol Ab AR
2~ HBP9] =32 W (Flux maps)°|t}.

T 3bE g FE 5% U2 gzt e SD ABgI e Ty oA GC-MS/MSel o3 % %‘lﬂ A B A
2o BA% agzolt). Ade 7 wrESEA Y. n=31/4¥w, IFA2Z-Y8] A~ (Kruskal-Wallis) AR A=,

T 3ce A 8 G mE SD AlBetE s 2 dixTe] T oA giabibEe] ¥istE UE 3 2A
(glycolysis) % TCA F7]9] 82 Wolu},

T 3de 594 78 fidd o
AFS B4 2495 Yedle 28
272k -e] ~(Kruskal-Wallis) AAS

gu)a] 2 gzTo] FiolA GC-MS/MSe] o3 AeEE AR
1ok, ZF Age 7akd W8Skl a, n=31/2F°|H Eﬂ]i%ﬂ g8 aF
| ax= P < 0.05, b P<0.01& YEL.

T 3evw FHAYE AET(D)Y SO F% Akl wpE MelE fdx(HK-1, HK-2, GK, PFKP-a, PFKP-B, PFKL-
a, PFKL-B, G6PDH, PKM-a, GFPT-1, GFPT-2, OGT1, OGT2, OGA, TK-a, PYGB, GLUT1, GLUT3)¢] PCR Z3}=
et = op7tR= A A7|dE ARR(HS) 2 7] fFAAEd gid A=A AAE PR A3E 24 A9E
YetE 28 Z($-F) ot n=4/A @7 SAAYE 3 771 v vlal AAEHAEE A8 A3, 0AF i
ax P < 0.05, bE P<0.01, c= P<0.001& eI},

T 3fE "Ezve g FH F 5 A wE des §d2HK-1, HK-2, GK, PFKP-a, PFKP-(B,
PFKL- a, PFKL-B, G6PDH, PKM-a, GFPT-1, GFPT-2, OGT1, OGT2, OGA, TK-a, PYGB, GLUT1, GLUT3)¢] PCR Z
5 YEE oprtE = A V)9 ARI(ES) 2 7] FHAE uid A4 AA PR ARE A g 4
I vehllE 2HE($-F)olth. n=4/AFT; SAALUE H3 7] vF vl AAEAS A8 A3, AR
HH] a= P < 0.05, b P<0.01, ¢ P< 0.001% vebdit,

X 3ge 72A1%F SD AT shrEd $ I HAIte] Ao wE deE fHAH(HK-1, HK-2, GK, PFKP-a,
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PFKP-B, PFKL-a, PFKL-B, G6PDH, PKM-a, GFPT-1, GFPT-2, OGT1, 0GT2, OGA, TK-a, PYGB, GLUT1, GLUT3)
o PR A48 vehiE otz A A719% AR(H3) 2 37] fAREe] thd JFH A7 PR AE
BAY 298 JEle 2AZ (9300, n=4/AdT: EAAAE A8 F OF R AFEEe 489 2
7, 0A17F diH] a¥= P < 0.05, bi= P<0.01, ci= P < 0.001& hehic,

3hi= o+ “%‘ 104 T%X%ﬂ*i?% s B SD Alpeta ] Aol T e SR fiab mae) ud W

e WA A SR, A A S Al
= g AlA 2443 B3 5 R WA g Ade] A
s ﬂ*ﬂ 2 AVP EL 24*7J F 47 7 A 2) %A |HAR) HAE Al AAE
o Sub-E s AFE ARG A ee A, = 12} 84 b P

Ak, n=11~13/4 g7 oz, BAAYE 8 2FHE-Fyl &5

< 0.0015 Yehdla, #= 23E &9 A 24 A% 33 sy div] P> 0.055 dERATE

T 3iE dEa EE 72 AE D ABges FedA 33 Fd 9 7] HAE 3 ZAE AJHA Fag
PCR 2 A% AAIF PCR JJri A% Axs Jelge T Zolth, F aRNAE A A sk A 3 2A0 F
(M) =27 A Sk AR 2ARFM2) R 24AF F(M3) FSsvh. Bl Al W SEERL Al A
T 2 EFLAHSEDE YeEhM |, n=4/Ad 02 TAAEE A3l 77 vbs vl ASARE A8 23, o
Zv di¥] av= P < 0.05, b¥ P <0.01, ci= P < 0.001% YeERN™, F 27 Aol HluE 98] ogxid ~F
HE -7A4& 283 Ax2, g2 UH] aE P<0.05, bE P < 0.01% et

E da QA ABe e A T T2E SR mAW HeR(3
Suimolth. DICEE F¥o] S 7)) L Vd(EFH e 0% A)e A= wpx
= b HET (O 72217 SD A (SD)elA e SY] HAE 647 & SN
A FFHnALS o] 83le] 40uL& =2 FFE DAPI(HA) oi_l'J et

A, wADel ek Zhzte] Welgad A ol x| (x40) B 3]
o 4 Ave Asletel vehd 2L (sholn. ¢35 Ao
Y= PKA-ca EE p-(REBY &= SHAxE ettt 249
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579 S ARgEglon, SAAEE f& w71 s W AARERE
< 0.05, b& P <0.01, ¥ c& P<0.0015 e, F 25 7F e 93
&% A%, diZ gyl bE P<0.01, ¢ P<0.0018 YeRdm, =AY vk 5

fr
n
™

4c s 39 "H2E 622 & AT diE2T(0) 2 72A12F SD A3 (SD) ABEuAREE qEw
APl EZE (Cyt)# & (Nuc)ollAl p-CREB9} CREB #d & d=dE P
) BT AaRESE 24 AdE sEAAeR gsst AdE velds (k) o]tk p-CREB]
5= CREBZ ﬂﬁﬁ‘rﬂoiﬁﬁ AgHor ZAHEYY. n=20 E= 25/ oR, EAAYE g8 F7] o
Hlol AFFAZS A8, g2 (C) Y] a'® P < 0.05, bE P<0.01, ¢ P<0.001& Yz, &
7ol HlAE 43 EH%EF&: 2FUE t-AAE A& A, gzt (C) Wv], av® P < 0.05, b P <
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L, &5

AU, A9 &9

% 4dE CRE Alo]Eo Zgtsl p-CREB 2 (REBY] HI2BlE 24 232 yehfe AR (P 2 47 9288

g 24 Z2AE wEAYoR AHFe AyEg dYeEhE 2 (shd)olth. AREds ¥ 3 BIFES FY

slal vl e®slE (RE- SelaywEde=st g7 HH‘*O}"*E} A FEAE AFHoR FAHs HS
32 997 g2 AAERT. AFe 33 wEsAT. n=20 EE= 5/@%%: A7) Az EAAYES

, & (Cont) ®Wi¥] a:= P < 0.05, b= P < 0.01, c== P < 0.001
El‘&: ARUE -0AE ﬂ%z& A%, Bz20) oHl, ak P <
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AU, Yol &9,

% 4er thERT(Cont) F 72 A+ SD A3+ (SD) AP et¥] 49 F3(telencephalon)ol 2] DAPI(dA) | L
0-GlcNAc, OGT 2 OGA(=54)) Zhzbell Wik WG A4 B o5& THT L&) x4 FFEA oA
o, 40d]) 2 dizat diH] 47‘4—‘:}1}4 FF s A 23E Yedle ZEHJ(O}‘;})O]BP gete A g
H oolm A= WA ael] mAlEo] glow AT 479 APFES AMESISa, 7 A¥sE T o9 €A
< ARk, ] 2z F 2EAbele] HlAE 93 ulSxE ARUE (-HAAS A&, o

oH) a® P < 0.05, bE P<0.01, ¢c& P<0.001& VeI
Cont: W=

SD: 72A1ZF SD(sFHHEEr) A

kil

4% 72A17F D A HTH(SD) =& tiE2T(Cont) ABEtF 4] ¥ F EEZFE &&-GlcNAc A S o] &35}
0-9AZ2 N-olHEZFFA3}F(0-GlcNAcylation) AEE d=HES EA4S AnE vEhilE AR
(#3) 2 A7 dadEst 24 495 AFse 295 Yehls a8 Z($-3)olt. Al %% GAPDHE 3
kel AR oz FAHSGT. n=5/1F; T 15 Atele HluE fd HeRE AFUE

I, hEF(Cont) WH] aE P < 0.05, bE P< 0.018 Yeit. AU g4 9= v,

I 4gE T2A3F SD AR(SD) EE tiEa(Cont) AlBeIS] He F GaERZFE OGT 2 0GAS] 23S =
HEs #2415 S 92 Z2aE v ARI(ES) 2 7] d="ES 24 23E AREd 495 Ue
e 2Z(9-F)olnt. Al sk GAPDHE Aafstste]l Ao SASUT. n=5/1%; 7 15 Aol H]
WE Y PeRE AFUE t-#AS HEsa, R ] ax P < 0.05, bE P < 0.018 YERAT, A,
U.E 994 99E vebdct

T 4hE ARHE S ¥ F gud SHEERE A &4 FAHS BHE A%E JeEhE agzot. 3%
e dizatel o] wg WekE JeRATh n=5/1%; F 1§ Alele] HaE 98 oleEE ARFUE -4

AEk
= A&skar, iz (Cont) tH] a= P < 0.05, b P < 0.01& YeEMTH AU = 2194 @95 HERAT.

J

T 4iE dzxaY 3y Fd 5 A HoMe & ¥ RABZHES 0-GlcNAcE}, 0GT, 0GA, p-CREB, CREB,
c-Fos @ PKA-c a9l W3t 2l Esk B 235 Yehi= olu|A]olt}. a-tubulin(a-Tub)S WHEFo= AL
g3elch.

E 4jF 72 ARE SD Agerel 39 Fdl § AIAHAA Y] F ¥ &alEed A 0-GlcNAcsF, 0GT, 0GA, p-
CREB, CREB, c-Fos ¥ PKA-caol tid g=vEst 74 AxE YepdE o)A o|th, a-tubulin( a-Tub)& W
HEFoR AMgsIT.

i

L 4k 29 (0) EE 72A17F SD AR (SD) AlB ek H o] F el Al DAPI(H M) 9k 0-GleNAcSH(=54), 0GT(A]
A zZ4zke] gk WEFAAN g ool5o FHE UEidlE dde 2 dvAd ARI(FHSF) 9 7] ARRleA
of WAHHFS FEAXCRE AFSd ARE vule 2HE($F)olth. 7 AFaE 479 AFFTES AL
i, 7 AREEY 5709 BtHS Alxsgit. 7] 2z SAARE 8 77 tF vl AASASES AL
€3 A7, hxF e a= P< 0.05, b= P<0.01, ¢c= P<0.001& Yeha, ¥ 28709 vas 93 o
SHYE AFUE -34S AMEsg e, txT o] aE P < 0.05, b ¥ P < 0.01% YERIT, AAY upe
50 umE YERATE:

C, hx;

SD, A el;

DI, % F¥ W F9;

AU, 99 @9

L 412 &2 (0) EE 72A17F SD AR (SD) AlB e H o] F el Al DAPI( M) 9k 0-GleNAcSH(=54), 0GA(H]
Ay Zbzke] tig WEFAN g ool5o TS UEiE dde 2 dvAd ARI(FEHSF) 9 7] ARRleIA
of AAHHFS FEAXOCRE AFS ARE vule 2HE($F)olth. 7 AFaE 4579 AFFTES AL
3, Zt AYEEg 5709 vl S AzsGTh. AV TN EAXNEE Y& 57 oE vlu AR AES A}
238 A3 27t oiH] aE P < 0.05, bE P < 0.01, ¢& P<0.001% YeEhfar, ¥ 253 HluE ¢ o
SHE AFUE t-HAE ARgsilen, dixd div] aE P <0.05, b & P <0.01% UERATH =AY v
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50 pmE HERAT:

C, Az

SD, HAe);

DI, &% £+ W 79,
AU, 99 &9,

[e]
T SayE fF7(0) 2 ek 3 %(0.01, 0.05, 0.1, 0.5 @ 1 g/L)¢ N-olMEZFF3AR(Gle-N) A A3+
of tigt 5 33 HAE A3E Yede 1#zE, I FAANL) 283 719 HAEAM Y mxbAIZE
(crossing time)S 4% A3E YeldT;, n=13~18/1F 22, 7] a2 ZoA FTAAHYE H8] 2FHE-7F

H-Z s AEARS ALEE A3, 12 TANT trial) tH] a= P< 0.05, b P< 0.01, ¢ P< 0.001 U
Elfa, 4= €32E 9 A 24 292 32 - v P> 0,058 YERATE

% 5bE R (Cont) 2 72 A7 SD AT (SD) AR HE 72417F ek 0.2 g/Le GleNet A %+ Gle

glol me & FF 9 H2ES AAE e 222, 17] g% Ado] Fua 243 o 1A V)

HAE AAMDe] AL ar, Ml 24A7F A F 27] 3 A4S F3stal 2/ A3 & 23 719 H~

AAM2) o] AEERem, N2 24A3F A3 & He] g3 glo] 32 719 HZAE AA3)e] &= ATt 1
o a1z

s 7 AglAY) Wit WA 2 EE

=

% bceE WERTFOE a-tubuling AFESEY] 72A137F B9t 0.2 g/L GleN AHg] #5o wWE dix AlXekd49
% ) 3= oA 0-GlcNACS 0GT, 0GA, p-CREB, CREB, c-Fos®} PKA-ca, C/EBP-B % C/EBP-5 9] 2@< 9~
HEg BA oz BA3 A2 JeldE Abdoelth. a-tubulin® WHEFO 2 ARSI T, n=5/AF .

T 5de AAE AlFEWML, M2 2 M)A 3y g FH Fo ABR A F o LI ENA 0-GlcNAcE,
1=

OGT, OGA, PKA-ca, p-CREB, CREB, C/EBP-B % C/EBP-69] #d& 2" ES 402 #4413 A3E Yeh)
= oaglelth, ARANAE 47 ML N2, R M3 6417 A ¥ HANA HE AFSAT. SA-FRAL gy

Frow ARgslth. n=10/14 .

% e WETF(C) © 7242 SD AFE(SD) e F ¥ gado B =

v agXoltt. F¥E @ dxI vuste] wig w2 deEpdgidoh. A9e 38 wEH A
n=5/Agt; A7) 2 Z A BAAEE f8 77 vF vl AL o

0.05, b¥ P<0.01% YeMZ, 7 253t HuE 93 d$x
Hl P < 0.058 JERATE.

T 5fE HERFC) 2 72 AZF SD AEH(SD)S GleN HE T FA A g5a] T 85 A] Hodl A 0-GleNA

3}, OGT, OGA, p-CREB, CREB, PKA-ca, p-ERK1/2, C/EBP-B 2 C/EBP-6< w&S A Eer Byoa BAg)
A3E yepdl= ARdelth.  a-tubulin¥ HDACL: 747} Axz £y 3 E3o dig JyErisoe=
AFREITE. n = 20/ A T,

% bg tZ(Cont) B 72A1%F SD AP (SD)oll tidked GleN(0.2 g/L) A T FAZA 33 £A8 Fo A
Betgg FuolA 2] DAPI(blue) B4 Z p-CREB(A)el tidt WIgdF S 324 JJdAnAFoz 27 &g
d#ol ojmx] & DAPI E 7] WEEFe ¥ onX4on], ) 2 v HF ARE HEIe A9E
Bl 2@ Z(Eheh)olth. Aete] WIolnX|o A FojE FiEe A bz el 289 479 AdE
B8 AMgsgn AdsED 5719 wHAS AEEl. Y] gzl BAAYE Y8 57 tF va AR
A& AHES AT, diET dib] at P < 0.05, b P < 0.01, ¢ P<0.0015 YeERa, F 1E7e va
2 e HeHE ~AFUE t-ARS AFE3 A7 SD gi¥] a= P < 0.05, bE P < 0.01S YEUWH, A o

= 5hiE gl (Cont)  72A17F SD A& (SD)oll thske] GIeN(0.2 g/L) A e FHEA g3 Fd o A
Baul4 FxolA 2] DAPI(blue) G4 = PRA-ca (M), 0-GlcNAc(A) ol thd Hdd3-s T2 d3aAnH
o2 7z 23t Ao ojnx] 2 DAPI ¥ 7] WAEFe W olu x| (40u], ) & A7) HF HAEE A

_10_



ZIHSd 10-2020-0064431

£ L R ib-c4=
WS ARRERQITE. V] e oA EAIAEE ] F
= .05, bE P<0.01, cE P<0.0018 Yehyx
3} SD ti®] ax= P < 0.05, b¥x P< 0.0l uE

OlI) ~ g
oA
=

= 5iE R (Cont) E 72A)17F SD AL (SD)ell tate] GleN(0.2 g/L) A& T=x FAgA] 3y &
Bt F3ol 4] DAPI(blue) 4 X OGT(H M), 0-GlcNAc(ZFA)ol tigt WAFFS T4 P33y
77y Zedeh d7lo] olmx] & DAPI W A7) WHFEFe W oluX4on), k) H AV FF BEE
g ARE vEille (st olth. ek Wkl Aol SofE FES WA wag yeR) it
S ARSI APFES o/l BhE ARESITE. Y] agZel FAAEE fE 77
P<0.05, b= P<0.01, cE P<0.001& Yehjz, &+ 2
4% A7 D ¥ a¥ P < 0.05, b P < 0.01& YERAH,

)

JIX

w3l Has ffdl exE AFHE t—ﬁxé% At
gee] oful Ao A AL whis 50 umE HERIG

% 5j% T (Cont) 2 72A17F SD A E T (SD)Oﬂ ko] GIeN(0.2 g/L) A =& FA2lA 3g Fd Fo A
B9 304 DAPI(blue) 4 2 0GA(H M), 0-GlcNAc(FA) o] th3t W dBS T4 FF3nFor
747y Fedgh o] o] B DAPI B *(}71 Hoggo] Wk ol X408, A E V] FF FEE FZFs)
g Ads dehdls 2#E(Eid)olvh. ko] wWRteln A A o Fe A vz eIt 15

S AFEERlal AREEY 59 uhES ARESIGITE. Y] HiEedlA FAIAEE f8 [ o
vl AR AAS AR A3, gxa v aE P < 0.05, bE P<0.01, ¢ P<0.0012 Y, ¥ 2
o] HuE 8 S AFUE -7445 AMEe A3 SD gi¥] av® P < 0.05, b¥E P < 0.01& YERH,
el ojm Ao A ~AY vh= 50 umE UERAT

T 5k UIERT EE 72417 SD AEF FE AAE FX(0.5, 1, 5, 10 ¥ 50 ng/g)9] tholX-5-2 4B
AMINE 57 U FY43 & %5 37 HAEES £33 435 vepd agZott, usEd 92 7] gHAE
AN A w2A RS AT, n=11~18/A 7, SAAEE Al 2FHE-w-Z2 AFH4ES 285 2
E d

7 12 F& di¥] a¥E P < 0.05, bE P < 0.01, ¢c& P < 0.001& Yehfz
A3z, 3z 4 tiy] P> 0.052 eIt

fr
e
4

T 518 g2 (0) EE ohkd %9 DON(L, 5, 10, 50, 100, 2 300 ng/g)< E7 U FY3 ABsa4Y
Z ¥ g3|NozmRE 0-GlcNAc3l, OGT, OGA, p—CREB, CREB % PKA-ca 9 5 F=d W3S 9rwist 24
S F3 B4 29E YEdE ARG, a-Tubuline WHF X0 2 AFEHSIIY. n=10/1F

Z EE 72417 D AdT 2 AAE F2(0.1, 1, 5, 10 2 20 mg/g)2] oFAAI™ (Aza)
g ? s 39 H2EE FId% A%E vEbd agzolt. wgFHE 9 79 HAE A A
WE} n=10~17/A3d; SAAZYE 8] 2FHE-F-T2= AAFABE A& ﬁﬂ 1~

< 0.05, b¥ P <0.01, ¢ P<0.0015 YERZL, #= 25 &9 34 A4 Z2H=E, 3z
055 YEbdTh.

Sne ERTH(C) Ex tokst 1w olAA™(0.1, 1, 5, 10 2 20 mg/g)E B W FY3 ABdy e
o g o 2HE 0-GleNAc3}, OGT, 0GA, p—CREB, CREB @ PKA-ca 9] ot F=d W3S 9=
Z3] 243 432 YJehgE ARRe|th. a-Tubuling WH FF o2 AFEEQC. n=10/2F

T mE 72A7 ) AWE el T FE(5, 20, 40 2 100 ng/0)e] FHRANES B o)
N Eg— FAD Ao b adel ws T 7
E

M|

éé)ﬁ:oﬁm
.0“011}1‘

\

o ofN i
il

OHﬂ
N
o
il
o
ol
>4
4m
[
l |
gr
;1
ﬁM
1>
3;
i
o
ox XE
mlo
01=o
_?E
iy
_L
—>i

) =
P < 0.05, bE P< 0.01, c—':— P < 0.001E L}EM , #E 9EE 9 A 4& éﬁi, 3at
0.055 e,

T 6be UlERT BT 72412 SD AETt e uFe = (5, 20, 40 2 100 pg/g)e OMI-1E 574 U T4

Vol wo AN b
I
r
—r—‘ o
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F e ¥ HAES 733 A9E e Tdzeln. agEd B 7)o HAE
Astt. n=13~17/A 9w SAAE 98 ARhE-pH-I A AAAE A

< 0.05, bz P < 0.0, ¢ P < 0.0015 YehlaL, #= 43 &9 4 2
0.055 HEpsIY}.

% 6c IR0 EE UgE wE 0MI-1(5, 50, 100 % 300 ng/g)S H7 Ul T B4 F o
el o2 5E 0-GlcNAcst, OGT, OGA, p-CREB, CREB, PKA-ca, C/EBP-B % =

o
\ T
A=t =gt BAS S8 243 2435 vl ARdeltt. a-Tubulin® Wi FFo2 AREH Y. n=5/1F

TE 50 pg/ed] Timet G ASANGS 5T 49 FY ¥ £F 99 q258 $AU
= A, n=13-18/ A A

O_u l"_?(_t

|
2
ﬂ
Bl =
Ho
o
Ry
g,
N
12
o
N
m
%
2o
2
X
&l
_>,L
l
_1[)1-

¥ et 7] % 6do) ANANAE FF A9 FD F IYNN F 4@ W SAFEIE 0-GleNAcs}, 0GT,
h e °

0GA, p—CREB, CREB, PKA-ca, C/EBP-B, C/EBP-6 ¢ Wa& ¢rvlbst BAog B3 7%48 e = AR
olth., ¥ LIEL 1z TA M 2 A T EE 23 T A BT 2 A7HM2) 2 24 A7) B =

stith. a-Tubulin(a-Tub)= &L O AMESIGITE. n=10/1% .

6f= R (C) EE 50 png/g] PugNAc X 5, 20, X 50 ng/g9] Thiamet GE AB T E7 o
T % 39 H2EE Fy3 A7E Yepd g ot ugFd 2 7)Y
SATUT. n=11~19/24 87 BAAE Y8 2FHE-FH-Z22 AAEHAS @%t‘& Ay 12 2
P < 0.05, bE P<0.01, ¢c& P<0.0012 Yy, #= 92 ¢9 34 744 2
0.055 e,
= 6gt 7] = 6fe] AXEYAE 5 ¥ T F YA F HE ¥ SEEFEH 0-GlcNAcsh, 0GT,
0GA, p—CREB, CREB, PKA-ca, C/EBP-B, C/EBP-§ ¢ &S ¢2viist BAaog BAE AxS Yelgs Azl
oltt. a-Tubulin( a-Tub)S hERTOZ AL}, n=10/1%.

Vo we AN K
z
=

6h‘”‘ 0.2g/L GleNo® me He] wi= FAdh tlza 9/Es 72 A7F DON(300 ng/g) & FoldhAut a4

ABeIHe] % 39 HAE ARE JEE 1 Zo|th, wAAE THds 9 7)o HAE AAA
HAT. n=14~20/ 23T FAAYE A AFRHE-F-Z2 AAFHAAS A8 A3, o= 13 - o
< 0.0018 e, #& 92 9 34 AAA P> 0.052 e

L 6iv A7) E 6he] ABHIAE FF IY HZE F YA HE3 o -G
0GA, p-CREB, CREB, PKA-ca, C/EBP-B, C/EBP-6 2 p-mTORS] W& ¢S @33 9~disr
Aol ¥ galEe 13 Fd 2 AFM) EE 22k $4 2 A7 9 24

Hs UFEso s ARt o= 10 /A9

“U dy ge ki
o FlO

1cNAc®}, OGT,
3 A AR WP.
AIZEM3) F-oll =533

)
~
=
&3
N
N2

% 6j% GleN(0.2 g/L), Thiamet G(50 pg/g), DON(300 ng/g) W OSMI-1S 24417 BoF A E T3
ABetg sy FHolAe th¥dt FxA(HK-1, HK-2, GK, PFKP-a, PFKP-B ,PFKL-a, PFKL-B, G6PDH, PRM-a,
GFPT-1, GFPT-2, OGT1, 0GT2, % 0GA)e] & HZZE F<lslr] $18 PR 23S YehlEe optz= 2 279
T ARI(FS) 2 E fHAe] RS 91 RT-PCR 235 ek d@do] s gz Eolrt. 7] 1e oA
el wh= Z42E Al Mol SyARl Ao 7 el daAde] Hit 2 XFEAE YEhdth dES iR
EFOoR ol g3ion, n=4/ARATeltt. FAAEE 3 {7 vF v AAFAAS 48 Ay, dxd o
H] 2 P < 0.05, bE P< 0.01= Yelic},

C T+ Cont, WZET;

G = GleN, =F3IZAMN;

0S, OSMI;

Thia G %=+ TG, Thiamet G;

D T+ DON, diazo-5-oxonorneucine.

%= 6kE GleN(0.2 g/L), Thiamet G(50 pg/g), DON(300 ng/g) HE+x OSMI-1& 24A17F Bt A& T+ FAg3h
AB et 4] F o Ao theFdt A& (NMDA, Arc, ubH1, ubH5, NRGN, Homerl, GHRH, egrl, c-fos, BDNF, per-
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2, % bnal-De] & AR Helsly] 98 PR A0S vehll obez A 4719 A3 2
Axe) A% 9 R-PR A9E e 99 ok, 47 Bz A wrst uhe 247t A
o BYHel APNA 2 Fade] WA FiF % g e, WREzow 9

/AR TG, BAANE A 7l 9F vw AFAAS 2eF A%, 2T ol ak P <

0.015 YEpuIT).

C T+ Cont, WZET;

G T+ GleN, =F3AM;

0S, OSMI;

Thia G %=+ TG, Thiamet G;

D H+ DON, diazo-5-oxonorneucine.

L 612 GleN (0.2 g/L)& FoAsAY 84 &2 ABga4] Fio] gk ohekst A (NMDA, Arc, ubHl,
ubH5, NRGN, Homerl, GHRH, egrl, c-fos, BDNF, per-2, Z bmal-1)¢] ¥d AHEZS Fl37] 916* PCR A3 =
et = op7tE= A A7|FE ARIN(ES) 2 U fHAe] S 9 RT-PCR 2345 Yebd 49 i
Hzsolrt. A7) a2 ZoA o} v ZZb Al WMo HHA AN ZF Fraxte] HE e éi#
Qs YERAT. W EFoR ARlS ARESglal, n=4/AFAareltt. SAXYE Hdl F7] vhe vl A
S g3 A, iR tH] aE P < 0.05, bE P < 0.01Z Y, T 2F Alo]e] HuE )
AFUE (-7AAS AR A, SD tiH] ax= P < 0.05, b P < 0.019]t},

1_4

=i

12
<l

b

olo ol
o Flil
fe ox MN

k1

Ta= ABetsd] Fyo]A] BoobHEol=(AB)S p-Taush gliosise] WEH SH-FE FHo] QojA] GleNe]
& AFH o Yed 7|8 wolt),

T 7bie 72A1ZF SD(1X) E 72A1ZF SDE ul W WHEAIZ] WbE SD A FHT(4X) ol GleNS AP e FAES AR
E}ﬁmsﬂ oA Thioflavin S(54, Thio )& WG Mg T2 FFAWA A0, &) 2 4
S sEANeRE Agsiet A7E YElE 2 Z(chd)oltt. APed 479 AdsES AMEsIgla, 7 A9
5 9 5 S ARESIT. SAAEE A 77 v Ala AAS A& A, dixa ¥ as P <

0.05, b= P<0.01, ¢c= P<0.001S YR, T 28 Alo]9] HIE 93 goXE ~AFEUE (-7AAS A}&
3k 7—34 SD thH] aE P < 0.05, b P< 0. o1o]n% A= 50 pnE YeERit

L 7cE 7247 D AFF(1X) % owrEE SD AT (AX) 0l GleNS A EiE FHEE A
DAPT(Z&ha)) 14 2 AR (AR A)ell ek WeFdF A o|mA] 9 o]5 F ou|x

7] olu Aol A Fgol AwE AFstete] dEbd 2P Z (s olvt. AfwE 47 AATES ARSI,
7 APdsE F 5 S ARSIt SAIHEE 9 H F71 o vlal AA8e Aee Ay, dEzd gy as P
< 0.05, b P<0.01, ¢ P<0.001& YERfaL %—AH?J H] 3 £
&3 A3, S tiH] ak P < 0.05, b P< 0. 0101

U%
T 7de 72A2F D AP (1X) 2 wkEd SD AU GleNS HE e FXEE AR
DAPI(z}&+4) 1A} Bl pTau(5A])ol thgh W3 d A oju]x] W o]& F oln Ao gt WFoln| A (Feh) 4
d7) olu Aol A o] HeE AFwslale] YEld Pz eoltt. AT 479 A EES AFESIG,
Z A¥ss @ 5 s AREEsit. BAIAEE 98 77 B val A48E A8 A3, gizat v av P
< 0.05, b¥ P<0.01, ¢c&= P<0.001% Yehf i, F 25 Alele] HluE &) -
43 A3, D i¥] a= P < 0.05, b= P < 0.010]9, AALRE 50 pns

E Tel GIoN(0.2 g/)E ALSAY AISA L gl (Cont) B W S AFR(SD) ARANAE +5 3
9 HAE F oSANA A2F Bl oid DPI(EA) A4 D 0-GleNAFH(5 ) B AR (K 4) '

ﬂlﬂl
-
o

240 Zzhel ot
Adeel WP @A ouA] @ olF olmAEe W olmA () B AV olmAel SHE FHL o83
o 0-GleoNAcSH A% 2 AR WA AEE AR A0 Jehlle 2dZ(Gelt, 49PY 459 A5
2 AgSn, 7 AAEE T 5 HAL ATt BANAE 8 F 0F an 442 488 A, o)
%3 OH) a= P < 0.05, b P<0.01, ¢= P < 0.001% Vel i, ¥ 18 Alole] HlwE 98 geuE ~
FHE -44S S 23, SD o] al P<0.05, bi P< 0.010]M, AAANE 50 pnE Vbt
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

ZIHSd 10-2020-0064431

T 7fE GIeN(0.2 g/L)E AgstAY HgstA] & o (Cont) 2 HHE SD A (SD) ABHIHE F% 3]
9 H2E & S AANA A& T oigk DAPI(HA) 4 2 0-GleNAcsH(35A) B pTau(HA) zhzte] dje
d&de] WgPF AN olmA] B o]E o|mAEe] W oluA(FH) H V] o|mAA FHE FFS o] &3}
o 0-GleNAc3 A% 2 AR 2d AxE A3 AnE Yehis a2z (shd)olt. Advd 4579 4d%5E
S ARgEE A, 7 AEEE 95 S ALY BAAEE Y8 KU 0% v A4S F43 A, o)
Za tiH a® P < 0.05, b P<0.01, ¢& P<0.0015& YERHIL, F 25 Abele] HluE & dj&xE =
FHE t-#AAS AR A3, SD tiH] aE P < 0.05, bE P < 0.010]%, 2ALutE 50 pnE YERdAT:

DI, 5% ¥+ 59 7.

T 7gE GleNS A TE FA e 27 (Cont), 72A17F SD AT (1X) 2 72417+ SDE W] xb&] W& k&
SO AF(4X) ARZGIAFE SIBAA HEe He] T wlF A (Vd)el digh DAPI(HA) AA, 2 GFAP(=
A), S100B8 (A A) Zhztel] oigt W Fd A ojux] Bl 47| o|u|XEe dig ®Fo
Ao 2] GFAP R S1008 9] B3 A=E A#slete] YEhd gzl oltt. Adad 479 A95E
skolal, 7t AEE 9 5 S ARgelth. BAIAEE 8 77 vE v AA-S A8 A, o
H] aE= P < 0.05, b¥ P<0.0l, cE P<0.001% Yeha, ¥ 25 Alo]9 H]ﬂ% <

t-AAS &3 A3 SD tiH] aE P < 0.05, bE P < 0.010]%, 2ALutE 50 pnE YERdATH

)
X
o
)
¥
o
N
o
=

T 7he GleNE HE e T EHZ?L(Cont) 72A17 SD AETF(1X) 2 72A17F SDE o] A WHEEE ulkE

D AP (4X) ABGIHAE YAA A= Heo T TF A 790D g DAPI(EA) 44, 3 GFAP
(%*ﬂ“), S100B (K A) ztz}e] djgt Hdmﬂ% a4 °1u121 9 A7) olm K& tidt Wil m X () H A7
ojmi| e A 2] GFAP B S1008 ¢ FF AEE AZFsste] YERA 2 (3teh)oltt. AP d 4579 AFTES
AMEEEaL, 7t A¥eE T 5 WS ARESIGiTh. BAIAEE S8l 7] v v AAS A8 A7, gz
o thH] aE P < 0.05, bE P < 0.01, ¢c& P < 0.0015 Yehi, ¥ 28 Alo]e] HuE 98 f$iE 2%
HUE t-7AAS AFg3E A3, SD M| a¥E P < 0.05, bE P < 0.010]W, 2AUdulE 50 unE e,

Wy A7 Hek FAF g

EH(sleep deprivation, SD)"2 AFFER o5 FAZ e ¥ AA = 39

WS FEAto 24 pHe] AEshy 7]5s doldle b 53S 918] AMEH

el o8 71A] 84S B oFgstd, ol AEAY AgoA A=A st

HlFolu A& nX= 93 e FHY 988 4 F Ak, FHAdE oJAH A o=
B

2
fru
w3

2 o o
e

U A= FHAGNE AlBetI] o A&
3t A3} A (Hexosamine) A AR 0-GleNAcationd Ea EEW ALE Ao ax st&a 7)<
(learning & memory)ol Fol& F+= Aoz ey},

B FEAo A AbgEE "0GT(0-linked B-N-acetylglucosamine transferase)": Al W] @l o] A& (serine)
T= Ed 2 (threonine) F7]o] O-glycosidic A2 o2 ©d N-olMEBIFFIAHE HUlstes AL Enjdls=
Fo|th. 0GTel & wrwlde] N-olAdledFF AR o] Byt = AL 0-GlcNAcyation(¥+E 0-GlcNAc3h) eta &

FEA oA AFEEE "0GA(O-linked B-N-acetylglucosamine hydrolase)"& Tl AZXE GlcNAcY AAE =
jels 7HEEaLss vt

2 ool o Fdoe whEm, 0GA(O-GlecNAc hydrolase) 2 0-GlcNAc3} 712 & X gsls wkbsdo 13 3=
e 2AES AYsie %74]; 7] 0-GlcNAcs} 712 9] &-0-GlcNAcst A=& ERlate WA 2 I3 3=
T 2AES AYstA &2 dxzad nlaste] A7) 7129 E-0-GleNAcsHE frolatAl AAZ 93 &
T 2SS Adste 9AE Efste Al o8 fEEe s 2 7Y ol AuA FREHS £~
23 Wol AlFHTt.

&7] el QlolA, 7] 0-GlcNAcst 712 ] E-0-GlcNAc3t B+ &-GlcNAc FAE o] &3 HAAsh® FA
HoEs dgaAnel 98 549 & vk, A7l "WgEhE BARHE fEo|E wlolaRoldo] #4, d=H
B3t 24, WA R4 (RIA), = ELISAY o ol A7) A-EAMS 0-GlcNAcst 718 T #eld
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GlcNAco] Aas SAdo=A s=3d 5 Ut

71 el gloiA, 71 0-GleNAcs 7182 0GAell ©]3] 0-GlcNAc7F AlAS = dd B 47] didels 0-

GlcNAcsHF dojub= 918 23she Jrtel=d 5 .

A7) Wl glojd | Aby] @l AS 0-GlcNAc3FE CaMKII, PLN(phospholamban), STIM1(stromal interaction
molecule 1), Complex I/III/IV, DRP1(dynamin-1-like protein), VDAC(voltage-dependent anion channel),
FXR(farnesyl X receptor), BMAL1(brain and muscle ARNT-like 1), CLOCK(circadian locomotor output cycles
kaput), CRTC2(CREB regulated transcription coactivator 2), FOXOl(forkhead box protein 01), PGC-1a
(peroxisome proliferator-activated receptor gamma coactivator 1-alpha), IRS1(insulin receptor
substrate 1), AKT(protein kinase B), ChREBP(carbohydrate-responsive element-binding protein),
NFATc1(nuclear factor of activated T-cells, cytoplsmic 1), NF-kB(nuclear factor kappa-light-chain-
enhancer of activated B cells), TAKl(mitogen-activated protein kinase kinase kinase 7), C/EBP-8
(CCAAT/enhancer-binding protein beta ), PPARy (peroxisome proliferator-activated receptor gamma), IR-
B (insulin receptor beta), Spl(Spl transcription factor), RUNX2(Runt-related transcription factor 2),
MEF2D(monocyte-specific enhancer factor 2D), CREB(cAMP response element binding protein), Milton, a-
synuclein, tau, KCNQ3(potassium voltage-gated channel subfamily Q member 3), GluA2(glutamate transport
ATP-bidning protein), periaxin(PRX), c-Myc, FOXM1(forkhead box protein M1), G6PD(glucose-6-phosphate
dehyrogenase), PFKIm(phophofructokinase-1), TET1(Tet methylcytosine dioxygenase), OCT4(octamer-binding
transcription factor 4), SOX2(sex determining region Y-Box 2), BCKD(Branched chain ketoacid
dehydrogenase), GYS2(glycogen synthase 2), KCNBl(potassium voltage-gated channel subfamily B),
KPB1(Phosphorylase b kinase regulatory subunit), MYBB(Myb-like protein B), MYPC3(Myosin Binding
Protein C), KIF2C(Kinesin Family Member 2C), RBL-2(RB Transcriptional Corepressor Like 2), DHX30(DExH-
Box Helicase 30), NCOA2(Nuclear Receptor Coactivator 2), NCOA3(Nuclear Receptor Coactivator 3),
NCOA6(Nuclear Receptor Coactivator 6), NRIP1(Nuclear Receptor Interacting Protein 1), MED1(Mediator
Complex Subunit 1), NROB2(Nuclear Receptor Subfamily O Group B Member 2), BRD8(Bromodomain Containing
8), NRIP1(Nuclear Receptor Interacting Protein 1), PRGR(progesterone receptor), LCOR(Ligand-dependent
corepressor), WIPI1(WD repeat domain phosphoinositide-interacting protein 1), RRP1B(Ribosomal RNA
Processing 1B), CDKN2AIP(CDKN2A Interacting Protein), VIM(Vimentins), TPR(Translocated Promoter
Region), SPIBN1(Spectrin Beta, Non-Erythrocytic 1), RANBP2(RAN Binding Protein 2), HIST1H3A(Histone
Cluster 1 H3 Family Member A), KRT8(keratin-8), NUMAl(Nuclear Mitotic Apparatus Protein 1), PHB(PHB),
EMSY(BRCA2 Interacting Transcriptional Repressor), CRTC2(CREB Regulated Transcription Coactivator 2),
NUP214(Nucleoporin 214), CAMK4(Calcium/Calmodulin Dependent Protein Kinase I1V), BPTF(Bromodomain PHD
Finger Transcription Factor), HCFC1(VP16-accessory protein HCF), KRT18(Keratin 18), POM121(POM121
Transmembrane Nucleoporin), RBMI4(RNA Binding Motif Protein 14), ATXN2L(Ataxin 2 Like), SNCA(alpha-
synuclein), IKBKB(Inhibitor Of Nuclear Factor Kappa B Kinase Subunit Beta), Esrl( Estrogen Receptor
1), Sptbnl(Spectrin Beta, Non-Erythrocytic 1), Abliml(Actin Binding LIM Protein 1), Skt(KIAA1217),
Nos3(Nitric Oxide Synthase 3), Lbr(Lamin B Receptor), Mapt(microtubule-associated protein tau),
Prkcb(Protein Kinase C Beta), Prkcd(Protein Kinase C Delta), Prkce(Protein Kinase C Epsilon),
Prkcg(Protein Kinase C Gamma), GAPDH(glyceraldehyde-3-phosphate dehydrogenase), 5=+ WIPIL(WD repeat
domain phosphoinositide-interacting protein 1)Z%E TAEHE o 25E AdE 4 gt}

A7) el geld, 37 e

(]

=+ 0-GlcNAcshel  BCKD_45_27(ERSKTVISFYNQS, Al€WE  65),

GYS2_1_13(MLRGRSLSVTSLG, MM S 66), KCNB1_489_501(KWTKRTLSETSSS, AEHSE 67),
KPB1_1011_1023(QVEFRRLSISAES, AEHE 68), MYBB_513_525(DNTPHTPTPFKNA, MM S 69),
MYPC3_266_280(LSAFRRTSLAGGG, A1€®¥ & 70), KIF2C_105_118_S106G(EGLRSRSTRMSTVS, Al€®¥% 71), RBL-
2_410_422(KENSPCVTPVSTA, AEHS 72), RBL-2_655_667(GLGRSITSPTTLY, MEH S 73),
DHX30_241_262(QFPLPKNLLAKVIQTATSSSTA, A &¥ % 74), NCOA2_866_388(SQSTFNNPRPGQLGRLLPNQNLP, A E¥ %
75), NCOA3_MOUSE_1029_1051 (HGSQNRPLLRNSLDDLLGPPSNA, MM S 76),
NCOA6_1479_1501(LVSPAMREAPTSLSQLLDNSGAR, A €% & 77), NRIP1_121_143_P124R(DSVRKGKQDSTLLASLLQSFSSR, 4
ais 78), MED1_591_614 (HGEDFSKVSQNPILTSLLQITGNG, MM S 79),
NROB2_9_31_C9S/C11S(SPSQGAASRPAILYALLSSSLKA, A€ 80), BRD8_254_276(TVAASPAASGAPTLSRLLEAGPT, A&
Ho 81), NRIP1_8_30(GSDVHQDSIVLTYLEGLLMHQAA, s 82),
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NRIP1_253_275_C263S(PATSPKPSVASSQLALLLSSEAH, M™% 83), PRGR_42_64_C64S(SDTLPEVSAIPISLDGLLFPRPS, *
dHE 84), LCOR_40_62(TTSPTAATTQNPVLSKLLMADQD, e 85) T
WIPI1_313_335_C318S(GQRNISTLSTIQKLPRLLVASSS, A EWM & 86)o2 A= woZRE Add 4 ity A7)
Hepole WAL Fetolurt frejd g Ag g g AMdelA fFEo|=o) &Sk AlEF ofH|AE 91X
A ofn)ql A2 FAAE Jom | dF FEtolme] wiA|u Fito] x7]E &l ojEAb-olgbH|ol A}
~dI-tEAtE dildE V)Eo R T A A Y ofuito] ABEHASES ou (S, (318SE A
7|E0 =2 318HA ofn| Akl Al E|Rlo] Ao R XFEASS on] g},

w2l v d did mEd, d¥EEel vste] suvtds sk | ] euEtge] H7) A,
Al = Foll AEeEel 93 e Ev 2AES Foste WAl 2 A7 AdsEe] HllAe] 06A
d EE A4S A A see e 2AEES e dAE 2deke, FuAdd o fEEe o
5 2 719 Aol A8Al Frede] 2a9d Byl AedEd

71 el delA, A7 Eee vk, RHE, N, A, JYda, faH, Ee AR d ¢ gloy,

S R 7)%lo] FFe BEelehd 1 ol AolekE Abgol sbsetet. ob&el 7] ¥E F4 (telencephalon)
Q&
S % 7]

2 dye] g2 d dddd mEW, 06A JAAE FaAdEeR X&stes FHFo 3] FHde
o Aol X858 FeA AEo| AFHEL).

A7) okskd ZAES] oA, A7) 0GA AAl=  Thiamet-G, NButGT(1,2-dideoxy-2'-propyl-alpha-D-
glucopyranoso-[2,1-D]-Delta 2'-thiazoline), PugNAc(1,5-hydroximolactone) ¥+ MK-8719¥ 4= ).

| WEw, 0GA GAAE FEAECR ZEdetsE F=uAod o8 fodEE 719H
}7) s A Ee] AT,

A7) ATV EAEA Ao, A7) 0GA YAAl=  Thiamet-G, NButGT(1,2-dideoxy-2'-propyl-alpha-D-
glucopyranoso-[2,1-D]-Delta 2'-thiazoline), PugNAc(1,5-hydroximolactone) H+ MK-8719Y 4= ).

2 odge] ofshy AL fawe #xte o FTH, JE&E9], AHYIG, HYAL, AF, A A,
A F7F T wat 9 & vt AR 5388 @A HA AR, 0.01ng/kg/day WA 10 mg/kg/day
dd & otk AV 197 194 13], e HEe 348 Fa a5l 2-330 Uy Fo&m Ha, ¢k
H) 7t4o g 7+ (e Folai= Aot

Boabwo] ofshr xARLS AR & FTFo| thdte] 0.1-100 T2 FHHE 5 Az oFshy 2R A %o
AR AMgshe AAS wA, FEA 9 sXAE ¥ 2§ 5 Adrk. g, oFeA 2HE Alxde 1
A wE AA o AAE HIMHES AT k. AAE HUMES f7] B FU] F o= Aojor Hr. R
JAZAM = dF B9 79, A9, ¥, x=9, 55 A (cornstarch), HE, B2, £2E2HE A AE

T

ZEn|do 2, JdEdEzes, HWUAERZ A olgpH|otaF, EANA(tragacanth), detd, A
(shellac), B EFAZZHAZZ A JEFAZZAWEAEZ QA FAANAE, d2E- 9 #HE (pectin)
55 E F . FEAEAME dF EW zEHolRwl g, €3, EdeedEE, Adst, AHER

=& i Aolgtd EF AEE 4= 9l o]

o i ofi of
q¢ 10 o

A7k 4 Aok

dom(d: £
[Remington's Pharmaceutical Science, ZA13;Mack Publishing Company, Easton PA), #|A]2] &) |
FPE = AL oyt ol AP EE ASF e dukdom A AWAQl 3 [Remington's
Pharmaceutical Science, 15th Edition, 1975, Mack Publishing Company, Easton, Pennsylvania
18042(Chapter 87: Blaug, Seymour)ell 71 o] Qlt}.

e

b o] okl A ES T gAdA EAHoR AxHE oyt APoRLE A" £

2o e] sk 2 ES AT v HATE FAxe Ao JhestH, viEAsiAlE HAT FoE gy
T4, T 4, H4A T4 (intracerebroventricular injection), >Z4AW FY(intracerebrospinal

fluid injection), <SW FY4 % 52 9 o2 Foq4& - ot

1
(

v dHe] AT AES AA7IeAE AR vdd AY, A7, 'gA, =¥aA, A, @A, Ae,

I
¢

_16_



[0032]

[0033]

[0034]

[0035]

[0036]

[0037]
[0038]

[0039]

ZIHSd 10-2020-0064431

dEu &S AHE3l Az B 7bast A5S 2o, A &2 2 JFel st 9%

A 28 T3 22 1 £50 F&3% 295 98 HHoE HHse AS vt

FHIG LM Aol TAE AT HA HEHS A4 e 58 o (SD)o] LM vA& dds oz
sk Blolar L/Mel gk we] ko] &gk R A+ AXF EdS ol 5 9 AY] A A
7 ¥} 8} (electrophysiological neurosciences)ol] FHZHo|Fth, FTEAH 2L FHyFeo EFALS Fuy 7]
P Arolo] 71 A WA AEE HEE ¢ de dd Bd Axdo] Fgsith. AH ek 4] (Danio
rerio)¥ A7 & A7 Z el tid WY #HAo] e FH AT F L/MS 2dse 154 BE wAY
Fo WA ATE HT $5% HFTE RYR FEUNY Q. ABgIfoAe wRe Bk FEsta o
HAAolx HIEAHow HEH HRY Edo|A(memory trace)E WU Fdoz 3y A Huy
(avoidance tasks paradigm)®] AR&3 ##do] Qlty. 53] mpg-2= F H:(rat)ol Hla| o= Fofo] H] HAHFA
(non-invasive nature) % ditE ~38Y A|A~go &olg HAFoRE Q] & U ~azdEs g 54

& wa A2 AT,

EFFY T FFF2(glucose)E T AU Yoz d ZFIA YAE dF5HA 24t Aol YA
Qo Azl Fasith. A RIS~ diAbeE A g ¥t Alelo] A A@Addd dig H4€ A%
AAE R, & S0, nvtoly 28 P (type O diabetes mellitus)3t 7 thabgolold 2HE A &=
53~ gAE &=3lelw W (Alzheimer's disease, AD)Q] & 2 <QIx|&dy FAFS oy, HE Ko
wEw Xy Aujo Adtom Ff ouyA diAbe] HAWHA] &Aoot FAAM (hexosamine) AFAE A=
(HBP)-9]&A  @3h(glycosylation) & HIESH o8 wHAUSE T3 AAAE7 & 7] & 3=

A
Yebtth, o] AE U FF322(3-5%) 0-linked-GlcNAc modification(0-GlcNAcylation) ®H8-ollAl GlcNAc
FolA &2 A8k UDP-N-opAl & 27 AR (UDP-GlcNAe) &= 3keth, 747 0-GlcNAcylation el 474 7]
ol #oste AR FAEM, oo A Hole thkdt AAEA Azte] Iy T gF%E W A7 7
AL GlcNAc 715 d@d 7|42 o] 5 A7) O-linked B-N-acetylglucosamine transferase(0GT) % GlcNAc
o] AAE ZFwlsle= 0-GlcNAc hydrolase(0GA)el o3l Z=4dHTt. 7] 0GTS 0GAx EF Alfs A gd
(presynaptic terminal)2] A2~ A (synaptic vesicle) A oA FH3la, Alfs AFo we "z Eo]
0-GlcNAc®E  H¥E"E  FHoA 53 ZFXs. a2y, AW¥2 7FAaA(synaptic plasticity)old  O-
GlcNAcation?] 7]5% &g o}z o] Qx| erh, AL, AAA <l T3 71504 HBP/0-GlcNAcation®]

& S 18 o, 719 Foll & JAA7]s ool dig o] As A AAY 7dE

rir cz)l:o

o
83 Aol digk 47l 5
olg|sl= o] wEH A7 e axA HrF 2 A5 FLs).

olo] E WMAEL SD AHH S AP 7] AR FTAstE FAAY ¥ sk A L AT A
HBP/0-GlcNAcylation®] ZEst 8432 o=stoaan &5 I 7| (L/M) FAdA HBP W3} 2 GlcNAcylation
o] ZoAs Felslyul. W&, HBP/0-GlcNAcylation®] @A AlB ka4 SD-#% L/M AES 3|8 %1
] W, e Weld SFas 24

[e)

|
stgich. mepd B el

D 719) Fo g8 oFEA LTS D AR HLI AT} D AEHA A
I D ANABAE BSS5Ho] $8te], CAE EE Vg% E o, i = X84 olgE £ IS

o! \gl.zg Al ﬁ‘ tﬂ—g

FIA AE
2 oA ARESE AlHE T 4] (Danio rerio)w WlgkwlEe] A W A wEl BF X (standard
condition) &2 3&}7]e} o] ARSelitt. 6€¥ e AXgI 4 A (N 2.5 ecm Ao])v= didebd offolg] &

(Seoul, Korea)ollA ul&}slar 14A17FH/10A17F M 7] 2 28.0m1.0Ce] ZHo® X8t 2 3, A
= g, ¥2E-JHE Oy 9 PG o)A A dEr e gd o3 A2ES B o3 x5S 21
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718 =8 8700 FF3Fth(Zebrafish AutoSystem, Genomic Design, Seoul, South Korea). A7) &7] ¢
B2 dEHor E7](aerated)Ho] 6.5 WA 7.59 pHE FAHUL aF F ¥ F#olA(flake) Ab=
(TetraBits, Luzerne, Singapore)Z A|H g slo] Foladton A¥e ¢Js] A2 =F(0-4TC) F+= 0.03% d
g =¥ Y o]EX(NS-222) =9 F FF(decapitation)YH o2 A ZT

THAN (D) ZREF

B oage A AbgE ABET 4 14:109] WUF71(2F 104 B2 113
ATk, SD EEls Ads] flsl, et ARb 23] i e

= 2}l (behavioral paradigm)

b ztEoe] Fagk jﬂﬂq‘ﬂ—q A WHS T At (Lee Y, et al., Mol Neurobiol.
55(11):8738-8753. 2018). WA, 2Z ® H~E(open tank test)y B &= (exploratory activity)S £4
st7] s ABgaHE AEF R 1 Lo Ax¥l &8 A & WA (home tank)ol WA|EATE. 7] WA
AHE 379 7MY o= A2 2.5 en(dd, % R S E vHoA da &§ WA F 2715 N F
b Fatar 74 AAE 1AZE B wiE Z1F . =g Alaf g3 A5 24 (novel tank d1v1ng test)
o} 4~F(anxiety level)é A7g3st7] 93 ABHAFAE F AN A=" &4 A 1L Eekry AR
2 olFsth. A7) "ol Aue 3749 M Foem Zhzh 2.5 en(d, FY 2 SR LMOW
ko] A5 F 1 ]{P &<k CCD 7| 2FH(JYCOS, Incheon, Korea)Z &S F4319 2 & vjie}
A}, o2, % 3 ¥ " AE(passive avoidance test)+= Faje] W wat Z7Ho=2 94 104
5A] Atelel] 93] 3]y &<5(inhibitory avoidance learning)S 3 7}sFSitt.

ke

LSS

Reverse Transcription PCR

B oy gEs PR 28 98] ARy 4 He 5 RNAE TRIzol™(Invitrogen, Carlsbad, CA) AlFoz &
3o AlFZALe] A Aol uhel GoScript™ Reverse Transcriptase(Promega, Madison, Wisconsin, USA)ZE RNA 2
ngellA cDNAE FAsITh. 2 = ABgg 4o Sol4 Zatolu(F 1 #FX)E A&t PR EEO}ME} ols
L2AL 94T 58, 94T 30%, 57C 30%, 72°C 30%, 32Alo]& @ 72C 7822 PCRE 338t z 5
PCR AAES A79sstalon 1% ob7tm= Ao #A8ivt. B%F AA| 7 (quantitative real—tlme) PCR%
Q]3] SYBR Green Real-time PCR Master Mix(Toyobo, Osaka, Japan)® cDNAS ZEZFA|Fow RE A= -9
deo] ol tfa sttt 7] PR FFo AF&-3F Zeto]u ] kDS &17] K 1o s.okskgitt.

M

1
zefolv] SN Hn

k] HAMEG > 3") MEHs
NMDA F TAT CTG GCA TTG GTIG AGT GC 1
NMDA R CAG ACT GGT TCC CAC ATA GC 2
Arc F ACA AAC AAG CCT TCG AGT TC 3
Arc R TCC TTC TTC TTG GAG ACT GC 4
ubll F TAG TAA CGA AAG CAC GGA CA 5
ubHl R TCT GCT TTC ATC TCC ACT GA 6
ubll5 F TGA TGC TAA ATC AAC GGC TA 7
ubl5 R GAG CTG ATA CTT GGC GAT CT 8
NRGN F ATG GAC TGT CGA AAC GAA GG 9
NRGN R ACC AGC TTG AAT CTT AGC GG 10
Homerl F CTT GGA TGG ATC GAA GGC AA 11
Homer1 R GGC TAT TCT GGC TGC TTC TT 12
GHRH F CTT GCT AGT GCT ATG CTG CT 13
GHRH R AGC TGT TGG TAA AGA TGG CA 14
egrl F TCT TCC TCT TCC ACG TCT TC 15
egrl R TCT GGA TGG GTT TCT GAT CT 16
c=fos F CTG AGT GTC TCA AGT GCC TC 17
c-fos R TGG AGG TCT TTG CTC CAG TA 18
BDNF_F GAC ACT TTC GAG CAG GTC AT 19
BDNF R GCA TAC AGG TCA ACG TCC TT 20
per-2 F TGT TTC AGG ATG TGG ATG AG 21
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per—2 R

AGG AGT CTG TGG ATC TGC TC

22

bmal-1 F

GCT CCA CGA GAG AGA CTC AT

23

bmal-1 R

TAT TCA GIG GGT TTG ACA CG

24

HK-1 F

CGG_GAA ATG GAG AAC GGA TT

25

HK-1 R

GIC CAT GIC AGC AAA ACA GC

26

HK-2 F

ACC AAT TTT CGG GTT CTG CT

27

HK-2 R

ACA GGC TCA CGA CAT CIT TC

28

GK F

AGG CTG CAA TGC GTG TTA TA

29

GK R

GAT CTG CTT TCT GIC CCC TG

30

TK-aF

TGG TGT GCC AGA GTA AAG AA

31

TK-aR

AGA TTT TCA GCA GGT CGT TC

32

PYGB F

CCC_AAA GAG GAT AAA CAT GG

33

PYGB R

TGA CCT GGA TGT CAA AGA TG

34

GLUT1 F

TAA CGC TCC ACA GAA GAT CA

35

GLUT1 R

GGG_CAA TTT CTC CAA CAT AC

36

GLUT3 F

GCT CCT CCT TCG AGA TGA TA

37

GLUT3 R

CIT CCC CAC ATC CTC ATA AC

38

PFKP-a F

TAT CTG GCA TTG GTIG AGT GC

39

PFKP-a

CAG ACT GGT TCC CAC ATA GC

40

PFKP- 3

AGG _AAC AAA ACG AAC CCT CC

41

PFKP-3

CGG_TTG CCA GAT ATC CAC AA

42

PFKL- a

ATT CCC ATG TGC ATC ATC CC

43

PFKL-a

GIG CTC ATG ACA CTT CTC GT

44

PFKL- 3

AGA GCA TCG TGG ACA ACA TC

45

PFKL-3

=olli=oll =Rl ieoll [=oll leo Nl |=v}

CCT _CAT AGA TGT ACA CCG CG

46

G6PDH_F

ACT GAG GAG CAA ATC TAC CG

47

G6PDH R

TCA ATG CAC TTC AGC ACT TT

48

PKM-a F

TGC AGT CTC AGA GAA GGA CA

49

PKM-a R

CCT_TGT TGC AAC GAC CAA TC

50

GFPT-1 F

CTG GGA AAG CAA CTC CAA GT

51

GFPT-1 R

ACT TCA CCA GCT TAG CGA TG

52

GFPT-2 F

GIT GCT GTA GTIG ATG GAG GG

53

GFPT-2 R

TGC GAT CCA GGA AAT CAC TG

54

0GT-1 F

AGC CAT TGA CAC ATA CCG TC

55

0GT-1 R

CTT GAA GCT TTC CTT GCT GC

56

06GT-2 F

GCA TTG TGC TGA ATG GCA TT

57

0GT-2 R

AGA GCT GGT TGA AGT TGC AA

58

0GA F

GCT TGA GGA TGA GGA AGG TG

59

0GA R

AGC ACC ATG TGA GCC ATT AG

60

Actin F

GTG _CCC ATC TAC GAG GGT TA

61

Actin R

TCT CAG CTG TGG TGG TGA AG

62

CRE F

CAG TCA TTTGCTACACATGGGCTTGG

63

CRE R

CCA AGC CCA TGT GAC GAA ATG ACT

64

PESCED R

2 dyzse ABgds W &
MMM{&M,iiﬂﬂﬂ§-4ﬂ4EO
|3t 538 olE A" ES

=3l thulz

1 RS BE=4

Z%] 324S5 Nonidet P-40(NP-40) &
% NP-40 **4ﬂ@ﬂgﬂﬂ
Al P%&ﬁq.oﬂ el 9 A
HE 4FA[150 mM NaCl, 300 mM sucrose, EZE|o}A],
8.0 A &alAFT. 1 & & EEES 3,000 rpmoll Al 5%
EDTA, pH 8.0)o|A nwj¥sle] <=

Aetda G40 pgol)E SDSPAGER ®Esiglon, UER Ag

Piscataway, NJ, USA)ell 3% & &3

&F A [150 mM NaCl,
20 uM streptozotocin(STZ)1& <]
%QEJ‘%Q s, AB et
2 SIZE 3 1 mM EDTA(pH
ﬂﬁq AN} ekl g (1 mi

+ Bradford 415 AL&35le] 4

b

N

T o> X

F2vtEtobA] oA
< A

LS TS5 q“@‘%

50 mM Tris-

B 72l (Amersham Biosciences,

AHFR(BSA) B 5% EA 5 ARE Fot Agsigld. 1 5 3]

BHEJS 4T o=z 77t 0-GleNAc CTD110.6, OGT, phospho-CREB, CREB, c-Fos, C/EBP-(, C/EBP-6

HDAC1, Actin(Santa Cruz Biotechnology, Santa Cruz, CA), OGA (Proteintech, Chicago, IL), PKA-ca,
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phospho-ERK1/2, a-Tubulin, H+= GAPDH(Cell signaling Technology, Danvers, MA)ell Eo]x <l A<} &7
HhA i Fekith. o]olA TBS-TE AlAH F, A7 HE#HE J]£’\]‘:P°V1](HRP) A% 22k 3A (Amersham
Biosciences, TBS-T < 1:10,000 3&]4)<el A st g}ehisd(ECL) HAE A2 (Amersham
Biosciences) &2 AlZta}slg on whald Wi=¢] x =AHS ImageJ(NIH)E AREBle] B39,

Streptavidin-Agarose Et}g H24

B adasle HoEH E0e BALS Ego wHow 88ty th(Hwang SY, et al., Br J Pharmacol.
169(7):1551-1560. 2013). 7] #A4L 54 L2 Ho| So|4Q HAF At AH=d AgS 5 &3t} : (REB Z
2RE9 -42/-66 XA CRE 2% F-H= shial= 25719 wEU o= A (MIHE 63 2 64).

0GA &&F #4

By zEe 0GA S5 A4S 8 Alpgyd FHE &8 4E5 A150 mM NaCl, 50mM Tris-HCl (pH 8.0),
0.5% NP-40 containing protease, phosphatase inhibitors, 20 pM streptozotocin (STZ))Z= £3|A]Z1 T A
=Z(100 png)e A A A=N(50 mM cacodylate, pH 6.4, 50 mM N-GalNAc, 0.3 % BSA, 1 mM FD-GlcNAc)=}
Zqskodvk. 1 5 37TColA 3AIRE EoF wiFskar 500 mM NaxCOs& F7bstel whes FAAZOH Fd=E

485 mel 7] 34 @ 535 mel WA el M 4,

Helygg QA
< WSS Wegd dAS 98 0.1% PBS-TR T HuS Aﬂéiék A 0.1 % PBS-TOIA dnk A 9
(Jackson ImmunoResearch, West Grove, PA, USA) o & zpehatsivt. A7) AHS 0.1% PBS-TE A& & 47t O-

GlcNAc, phospho—CREB, OGT, GFAP(Santa Cruz Biotechnology), OGA(Protelntech) PRKA-ca, B-old=Z2ol=
(Cell signaling technology), S100B USA) Mi= p-Tau (Abcam, Cambridge, MA, USA)ol|l thsl] Eo]z<l A=
Egsle g A ufgE L Alexa Flour 488 Hi= 568(Molecular Probes)ol @4 &-np9-2 1gG AFAI0]
ES ¥38te 23 A9 E£3EH mdsidiy. 1 ¥ A7) AIEZE DAPI(Sigma-Aldrich) & oz &,"8 o] e
AlZys)sld el =3k Thioflavin S @42 98], ¥ ZAHAL 1% Thioflavin S(Sigma-Aldrich) & sA A
2ol A 8 o wiketlar, 80 B 95% EtOH 3 D.W =o= Zbzf 3#3F AlHsigion v &
META &w| 7 (Carl Zeiss, Jena, Germany) o2 ¥z T ZEN &olE otAd AZEY oS Agste] B30},

é
z
S
<)
>
o

2] gAEAS FE7] 98 7 2AE& FHH] 7:3
R 37 47:79. LS 4T F 202 S €4l )
n) '5}01]"1 SA7I FEdel 40 mg/mlo] T2 &3fE w5A|
s g $ 70CelA 50 pee] N—Methyl—N—
(trlmethYIs,llyl) tr1fluoroacetam1dei 301‘ et AYFgo=A FEASHderivatized) stk 1 the
©2] 250 nM Mirex-13C8(Cambridge Isotope Laboratories, USA)S W% ¥ (internal standard) B %.47}
sH3iTt.
7k2 F=EvfEaH s A 4 (GCMS)/MS ¥4

B gz 5e gAAE (metabolites) e A#FEAS Q&) 7010 23 A& TQ(Triple Quadrupole) HF ¥4
7] A28l (Palo Alto, CA, USA)o] e Agilent 7890B 7}~ ARVIEIYZZ o] galo] 7 ARnfETIHZ/
A (tandem) A¥ B4 $3sAt. 2 F J&W Scientific(Santa Clara, CA, USA) =Al¥ A=< DB-5MS
UI(30 mA0.25 mm 1. D; 0.25 pm FE FA)NE AL&ste] A=2veEady EeE 3350, A 228
270C, B &%= 317|9F Zo] TR adEr}: 7] 08 2%+= 58 F2 60T, 10C/F9 719 =2 300
Tz S7HE0 e 47 HF 2= 102 ¢ A FAEAY. £33 A @kl (transfer line)<> 280T
2 fFAHAG. g5 1 mL/ﬂ‘J A fFFolA Aol 7hag ARREHAIL o] A2(ion Source) eEE
230C= AAvt. 47e] FeAsd AE 1 vlolag gHE #8 R=(1110E FY33it. 21 & A4E

59 g
FAAE

o] A

Iz

Z% 7}~(collision gas)®A] 1.5 mL/E9 F&o=2 ALY, AFS 2.25 nl/E9 FEoz IFY 7~
(quenching gas)@A A&, o] A2t 230CTE FA3¥ 1 dg E47|= ds g ZYEHY 2=

(MRM) Il A 70 eVe] = &4 o] 23HEDE &3l =AU

AAd 1 BezQl s g
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£ UIASE dbstn LR B4 ) AT ARl LA $TE B A 3 A 20D
o 4717 FRMEA(SD), A7) Lura Aol JAR vheh o], ©F W3 HMAE @ A WA F5

ob&d, % 39 (passive avoidance)T= A|H i oA 53 @7|F e F7IZE 7191E Brkskr] s A
FHow AMEHEE FTXE-F7|(fear-motivated) EAHHO|THLee, Y. et al., Mol Neurobiol. 55(11): 8738-
8753, 2018). ¥ WAEL L lcol EAE WS o] &8t AlBgI S dE = 39 A4S FRET
2 71 (L/M) B2E B

Aua A s A ko g KE 7 W "ol AW YA A7 Fo] Fel
Vg 7k AW el flollA "olH & HH 02 AR o)FstEd A8 ¥ e AlFE S8t @717 (short-
term memory)< 33| A& T AlE F 2413 AFHAIHAA SAHEATE. B AHAAELS SF/719 A 5
pA ko] i zTtel Hls HxIHo® 7haste] SDo| Al Aol whE sly/7]9) TEe] &AdEE FRIEItHE
1d). 1 5 72713 Fet SD AlBHIAE G W/ F7] el A 12-144 AIF St SEAIF A, 1 AT gAY
59 S &2 S F 48 Alzke] A 3| HES FASATHE le). 72A17HY D-F= 719 &4, 53
Sh ¥ REHom 3Hsly] el ok 72417k, LM 58S 9dd 3 Esew 1444719 ¥ 71 3] EAzE

Aie 2: LS g Aol vl
B oubg s §p-5uk QX 7|s Aee] ZEZC Ba WAYUZS ATE 9d, ABalyse Hoae A7
I(

ALE A (neurotransmitters), AESHH F7](circadian) 24 @Wd 2 7o 7taAdy #EE FHAE9
3~72 AZF D A& F AZre] Aol whE HARS] WstE PR R AFed vhel 22 S o] &3t ARA A
A1ZE PCR(q-PCR)E F3ll AT, 1 A3, NMDAS BDNF 821 3212 AHA A HE asy] A2ty
A7k A 3tel wel MR Aoz 7H4Ekdtk. TS Arc, Homerl, GHRH, egerl % c-fos9] -zl Zd-& 327k
A 24 AFPo R HAAH R Frlekl o, 24A1%F ol FAS] sk, 48-72 Algte A 714 4 (basal
levels)S 3 &390, FuFAE 7FEA-Lw 7R ash 1(ubiquitin carboxy—termlnal hydrolase 1, ubH1)
2 5(ubH5) o} FFE 12 (neurogranin, NRGN)2 W] sHS BAom | %7 7HA9f 48-72 Altol HZE2+*

oz MM FTrbete AFE JERIATE. SD 71zF 59 per-2 2 Bmal-19] mRNA S WEEHA] 2=

3k st b SD AR oA e 217 kA /‘é(neuronal plasticity)ol

#ogsts FARe] A Al wE AAL AEtE 2AE k. 2 A3, NMDA, Arc O BDNF A A4e] SD—OE
Zskar, SD F 120413 dE] izt FEoR 3ESSIT.

24-72 ANl F7betRa 3 E 120 A7t ERT FEoE B o}oan}(t

A3 3: L/M HH T a2 9 gjA} W3}

= 5 3]9)(passive-avoidance) B|~EQ] &< A5 o], iz 2 SD AlB
A Abdl A 7 2 (hexosamine biosynthetic pathway, ©]ah, 'HBP'Z <FA3d)o|Me] EE o 37k AL
AHE (glucose intermediate metabolites)¥ B]u3IATH, AEE FS4H F= 7
2r 0-94 N-olHEZFFFAT3}H(0-GlcNAcyation) S 913F 7@ 2 UDP-GlcNACE *ﬁ”ﬁhﬂr(t 3a). £ WyAE
< AF AE sEE et bk ol Jia ARntEadd-AF 247 (GC-MS)E ol & }04 e

o;ﬂ
o
Do
4
()]
=
rir
=)
s}
o]
- =
>~
-

6 AekelTh.
AR =2 E Xé%kﬁ}ﬁ}ﬂ & MRM EEoll A GC-TQ-MSE AF&3te] ¥3 #X(targeted analysis)S 33}
Art. Teg At 8hE 18714 IARFES el Balo @ ZFaslel s AE Ha(authentic standard)S X
el A&, ¥ %23 /] AEE 258 HEA (calibration curves)S ARESto] AXE Ay wE TF
FEZo] ook A8 A7 AFR)E 0.99 Bk ¥%kn A4 (linearity)o] G5}, B3], 2Fas, 2%
F22-6-214A(G-6-P) L HF-6-A2A (F-6-P) tzw9] oA 5A FstA S7FsFd A vk SD Al BEs)
A= F716kA U= 3b). F7HE G-6-P9} F-6-P&= F3F tlAMEE = s34 (glycolysis) Q] Fd =}
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2 TCA F7]9] W3S Fukelx] U= 3¢ E 3d). L tiAl, HBPe] Al F7HA9l GlcNAc-6-PE= A4 AlBz}
4] o] Feo|Me ol o8] BAsEA e, S AlBHoldE 2E A olY3FR (= 3b).

T30 2, RI-PCR ® g-PCRell oJgh EFA|e] frh-ol #AJle] izt E SD AB a4 F oo Fia)4d
(glycolytic) % HBP A= Azt 3 FF& Ak, 2 A3 dhvbollo]l= 1(HKD), HK2, SF 37}l
vlo] = (GK), SFE Y -6-E A o] E ol =E WA g o] =(glutamine: fructose-6-phosphate
amidotransferase 1, GFPT1), GFPT2, OGT1, OGT2, ¥ =&|=zZ#A <AAiHE3| &4 (brain glycogen phosphorylase,
PYGB) ¥ ¥ = %A 3(glucose transporter 3, GLUI3)& SD Alzte] F7hshe] wpel A &x o= shgkzd H
ATHE 3e). SHFAE, 0GA nRNA E&d-2 SD &<t Algte] ZA#ste] wap AxlAo=z Frtetgion, O0GT 4
0GAS] ¥ FFe SD =1 3lollA go= ZdHT. & HAES gxd 9 SD AlBagys AgToA g
S Fo] x=9 A4S AAFEES FUFE AT, 2 A3, dEAs o SRR tlxatl
&= HKs, GK, GFPTs, OGTs, PYGB, GLUT1 % GLUT3¢] mRNA @&o] f-olsiAl T/t o (= 3f 2 3g), 724
SO AFT (DA A= olE FHAEC] 6 AF 744 =& EdES o A+

3e). 0GA A= tizad) SD AF T 7oA gF HAAol os] Fog WstE elllA] sk,

Auj
=
i)
N
o
[N
of
l

o
o
=
Buj
xE
x
F

1 dde) A 7 FE AR B V1Y A9e B =4
B2 0 77l olue S5 R A

| A s
% <7F4 HK, GK, GFPT, OGT, PYGB, GLUT1 ¥ GLUT3 mRNA <=2

=

H a1 58 PRKA A5 FHe] 7|27t HE 24 FZ(regulatory pathways)S AN 98| 3] A
3 SD APt 4] 7kl PRAca 2 p-CREBS] =& ] c}.
7} vlwsle] SD AlBetT 4 o] F3(telencephalon) 3 H oA PKAc a <]
iz A8 sle] PRAca ¥ p-CREB7} &AA 3 =718t et SD AlB.eky]
Sk Fo3LATHE 4a 2 4b). F3F, UxTolAe &EFdUe SD AV o
A F3E AW p-CREBS] & A (nuclear translocation)E ST7MAIHTHE 4b). ol & 9 AlxXA EF oA
p—CREBel ti&t A=BIES &4 A3 dxate] HolA T5FH o] 5o p-CREBO] 3 Hdx7t gele ot sh A
Aol BEE R ke Axtel A3k Aot (X 4c). CREBY g® dALEAL iz AlBely4 2] o
o CREB ¥ p-CREBS] DNA Z3 &4 T7hell 7|wkele Ao ® FA v vl SD Aol A

_?_
A A= 4d).

o~
T
A

o ol

T
Bl
ol

o)

)
[¢]
&+

S e CLE

3 S ©1% HBP/O-GleNAc TAAF A=) fhao] AFE melshol e
A 0-GleNAcste] WaHE F7bz ZASATH. 1 s, WY 2 AsuR
Hlske] S AlBEEA HolA 06A FEe] F7HE WG Wl 0-GleNACE 2 06 AESe
% de, 4T % ). OGA Ea BYE BhETH vwstel S Anekn 4l KA FhE FASACHCE 4h).

olgel, B dyAEe g&5FY o|F o txat B SD AlBatd 4] W] Alzte] Futo] whE 0-GlcNAc3he
W3} 2 OGT, 0GA, p—CREB, c-fos @ PKAca 9 wdlo] W3l= AT, 2 Ad, dFEzdoAs st

2w

0.

= sl 2
% 0-GlcNAcsH7E Z7F8b7] Al&tste] A A18] 2 ~ 24 ARl §A = AL 48 Aol 714 o2 Asv (%
41). OGT, p-CREB, c-fos % PKAca 9] @A FF2 AEY] Ao mE 0-GlcNAcst frAFSE HEdS YeRl

o}, s AFTAME e WEh BREA FUTHE 4)). EF AGGF G AT 06T 0-GleNAcE
Fol thzee] F4(telencephalon)l ] SG5EA o8 Z7b Hort, S APTAAE FAA e
o Folvh, W 0GAL SEEUS] 7o BAGle] DA FAFSHATHCE dk B 4D).

A3 5: /M, HBP/0-GlcNAcation ¥ PKA/CREB €433}

ha|

B ouAEe L GloNel o 27k M #1319l &7E 2AS] 98, gz

1 72417F SD AR A=

ob thekgh H5(0.01, 0.05, 0.1, 0.5 2 1 mg/L)<] GleNo.2 wjkalar o 7 3
0

o

oy ¥
b=}
i
0, N

3 |

.05 2 0.1 mg/LY HE9Y GleN A LM 58 oFatAwt Fo3t Z712 gheldd &=
5a). Yoz, ©rzt 9@ AUk 1 R G AEE FAEEe] SD-FEE LM &4l
SAT A 24239 3|5 717F T HutE V)79 fAE D ATl EAFERL
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T3 GleNol 0-GlcNAcd 2 OGT T 0GAQ] F-dll WX 9&FS A7) 98 d-a8st 248 =38 2
3} GleNo| AlH kw4 9] Fuo A 0-GlcNAc3}, OGT, p-CREB, c-fos % PKAca ¥:%F o}zl C/EBPB 2 C/EBP &
o] A £2S5 ZINFITE AL st % 5¢). 0-GlcNAc3t 2 PKA/CREB A3 Mo #ojsls BEAe
izl LM 3ol os) 3243 Z71etdAw D ol T71ekA] Rt 5d). SDellA Q1A 7)59] 3]
B3 d#EA, GleN Agle SD ARt e] HelA shsa ©r] B 47)719) B4 ol 0-GleNAcst, 0GT, p-
CREB, c-fos % PKAca, C/EBPB % C/EBPSE 3|HAIZTHIE 5d). %k, SDolA #zE 0GA ddel T/
L/M 37 &<k GleNell 23] A=A, 0GA2] &4 GleNoll 98] A= AA T dxTduet =4 F29
SD MBI HolA FAEATHE 5e). e ABeta oA 853k Fol 0-GleNAc3}, 0GT, PKAca, p-
CREB X C/EBPB % C/EBPB O] HWHAQl F5Fo] F7h=UAw, AEA 9 8 Alo]e] p-(REBE A9t 47
gl o] e AE Ul fFdE Fos o)k AT (= 5f). p-ERK1/2 ©id de SD 2/%E sy o
Al o3l freojgt S WA @okth. WFEF AP SD AREI o] HoA GleNol ¥ #(learning
task) Fol 0GA %< 7FAA1719A p—CREB, PKA-ca, OGT % 0-GlcNAc3t % 2 p-CREB 3 ##= =3}
T AL FE FHITH(E 5g WA 5)).

GleNell ©g HBP A= 2dst7t S 719 A& ﬂ%é FrEaby] wiiel, ¥ 3 HBPe] ofufdhH
A7} 7197150 43S mxE=A 2Abstth. 1 A3 GFPT 9 AlAI¢l diazo-5-oxonorneucine(DON)S 7
Fogt Arggddas LN $& EHoR @*&Qﬁ‘ﬂr(‘: 5k). Alel, 35 %= 0-GlcNAc3}, OGT
PKA/CREB &4 3}+= DONol| 9J3] s= oJ&EH oz 318 2AHJU(= 51). HERH o2 oZ GFPT A3AIQl oFxk
A9 (azaserine) 37 #A7F 39 (BBB)S F¥ab<] X3 L/Mo obf-dl &S W XA 29kl 0-GleNAcs)
9 PKA/CREB Mg ARAE &S XA U= 5n E 5n).

ARl 6: 0GA SIAA Folol WE LM 4 5%

B AEAEL 0GA AAAl Folo] mE SD AR EI] oA LM &3] 35 o E ZAESIT. FAIH R A
Bty o 0GT JAAl &E2(alloxan, Sigma-Aldrich) BE¥ OSMI-1(Sigma-Aldrich, USA)E &7+ W 3t
i, LS ZAEQT. 2 A dEabo] ol OMI-1& FEoEAOE L/M(E 6a 2 6b), 35 % 0-GlcNAc
s} 3! PKA/CREB 4l% &dste] 7AE FEsHAth(E 6¢). L/Me dig ?;%*J 2ol AgL 2l ¢sAke] BBB
£ 594354 o}_ J+ Aol JE Aoz FAHHAT. oo, B dixEe 0GA JAIAS PugNAc 2 Thiamet
G7F SD-Fr% L/M & q3S ZAVEFSUE. PugNAcE L/M fEE PKA/CREB A3 Awe] D fat Adlol =
oJaS 1 x| egg}grq, 1 Q%AI PugNAcﬂ BBBE FetA X7 Wi Ao AsHU(E 6f 9 6g). L]
L}, Thiamet G&= A|B 4] oA 9] C/EBPB, C/EBPS& % 0-GlcNAcylation, OGT, p—CREB, c-fos ¥ PKAc a ¢
g5 FEE @AgddAe SD sl A= 6e) WRF ofyEt Sy, w@r] H AUV EAE FEAAHE
6f), &H, GleNS AR Artuse FxoA L/Me] DON-wi7) ZA3S 3] EA|7)3 GlcNAcylation, OGT, p-
CREB, c-fos ¥ PKAca & A=A tH= 6h 2 6i).

e 2 12

b
E
I
2
ok
]o

ofge] ¥ A5 HBP/0-GlcNAcSloll #Hofdhs fxlzpeet ole}l Sol4 oAlA Hi= GleNoZ AlYs 7}
Ae 243 FHAE digh HBPe] &¥dE FARSIIYE. L A DON H&= OSMI-1e of¢k HBPe] A= H
A mRNAE 3FF 2-ete D fAF AFE YUERIAAIRE, GleN2 HBP &40 HAFES 43 =4 (
6j). OGA mRNA:= Thiamet Goll 9&l] A= A3 DONI OSMI-1+= Arc, Homerl, GHRH, egrl % c-fos9 2&S
A o 24417 NMDA, ubH1, ubH5, NGRN 2 BDNF mRNA & A|eHF (= 6k). H3F DONI} OSMI-1

B 244 %F SDellA o] fdAr d wstel Aol AABIYUIL GleN2 o]#fgk fdxke] S-FE i
FEOR IEAZTHE 61)

Ao 7: ¥El-oldEo|s D p-El$9) 3
X

HHEE SDE HEl-old2el= 9 Q1AS) E}S-(p-Taw)9] F4& JFI7MAZIZ ABI ] HoA A
(astrocyte)?] oM X F7}5(gliosis)S F=3tth. FH D= B-obdZo|=(AB)S} p-Tau @Al &
2

e 3 o |y
= s
Nl &

i

=
T

N

H3fe] g=aloln] W(AD)Y #Ho] e FHOF HIEI vt wepr] 2 APAELS D o O]'téio
Z 2} d (amyloid plaque)d tﬂﬁ}—e‘ Abal7] 98, EleZEkdl(thioflavin) S 2 AR % p-Tauo] o3t 3
AREske] ARt F ] HoA FF Fe BRI E A=Hu(DD)E A AN THE 7a). ZﬂEE‘rﬂ*
A Sp AFHTFLE 72A17H3Y) et SD% g (1X SD) Agel o] g3l wHg SD A2 72A3H(3Y) F

6 St A% I HIHE Hgatlon olF 4¥ WS $(4X SD) A Fd o] 83U E Th).

,d
é

oo (0

, = freols Wy gl oy
elencephalon) H#$19] 5% ZW A (DDAA AP FAol FstAl F718F3A
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aL, 737 S7k= GleN Aol os AAE A (= 7c WA 7e).

S iz wHE D Aol SE-F % 0-GlcNAc W3t 2 p-Tau/AB * 2 (deposition) A}
AHAS ZAEES . GleN 22" SD A&l A 0-GleNAce 8ts & S7HE oy dixde] 2wt
‘?i, - Sp AE o As steEdel o8] 0-GleNAce] S7H7F & A godtt. o] u] 0-GlcNAceE
EZ A ﬁ’%ﬂi’iﬁur ABe oA F2 AMHJL AT p-Tauw 0-GlcNAcot 37 MEAA T- 4

Selde] Qlom, Afa GRAP BEe
Do E¥E WS e,
trel Zmulers AlgE 2

e s

G = = . j‘ =4
—’F%ﬂ %9455} Wsh= gllen ‘i—‘iT SD A@tell M= Xﬂ‘ﬂi‘rﬂﬁ 1=H Vd 2 D
rolstA 57t GlcN

r«;am

SD)oll A+= GFAP % S100
o] GFAP ¥ S1008 Wk
AsHA A AT (E 7h L 7i).

rmm
o
H
T T R P

AEHoR B wyo] sl o3 e Sy 2 7Y Fell A58 Iy 2SS HAE 2EHs
A ay D AAAE BE5Ho| -F3le], Qx5 EE 7]95d o, A T X5 ol&E F Id2S
gisto gy, sh5/719 L/ FAdA HBPY IS Zrxsta d=3tol™ We] AAZF (cognitive defects)
of gzt HAA g FHEAZ F&resi
2o et dAAld 9 ARG E FaE APEoy oe oAFQd Add Edsh, dal] 7]s okl A
B4 AAg /R A o] 2HE goket Wy 9 453 UE Ao 2 AUt shssitte S olsd
ZAolt}, wad E wme] A 7ed HIE HYge HEE SIATHAL Ve ARl ¢dte] AsA ok
gk Aotk
k=3
EH]a

£s0

54{)

< 30

S 20

g1

e 0

Q

53

§3ﬂ

220

@ 10

w 0
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Sleep deprivation time (h)

Sleep deprivation time (h) Sleep deprivation time (h) Sleep deprivation time (h)

Edle
E2OD
)]
g‘ISD
(=]
£
@
e
(@) qst 2nd 3rd T
] X w
Z200 - 200 4, 3200 1,51
2150 -ﬁa 2150 { =15 g 150 1 a=t0
= = 4 = J
100 4 Zh gy 100 2 20 g0 2h
% 50 4 350-,.—. Cl gso-.\.,.
] 0 4 e O.I_.I_I_I_I_l 2 _._._._.._,
S 5] o 0
2200 954 8200145 220155,
2150 { =11 £ 150 =iz @ 150 4 neiz
5,100- 2h ‘g‘,mo- 2h ;122- 2h
@ 50 1 2 50 £ .i’i
tomEy B (T |Egm B § w
&} 1t ond g T o 4st  ond  3rd T (&} qst  2nd  3rd T
L M L M il M
EHIf
.SD(R0O) 200 1SD(R24 200 -SD (R48)
n=19 n=13 n=15
1 150 4 150
1 2h 100 4 2h 100 2h
1 50 50
S l!,D_lfi?'. el g
4st ond 3 T 1t 2nd  3rd T 1t ond 3 T
- SD (R98) 200 _SD’5R120 200 SD’QR‘IEMC
= n= i=
1= . 150 A c 150
) 2h 100 - 2h ﬁwo
4 M 50 50
0 st ond 3 T 0 “qst ond 3 T O T4t ond 3w T Jst 2nd  3nd T
L M L M L M L M
EH2a
SD 0 3 6 12 2448 72 (h)
1 25 B 12
- 52 2 3R s Wi E &
=08 3 <08 a a 208 a
CEEERRE i & f 30 Sos
felllis.. ol EMINIAA 5001
CELIXT - Riac o T mAARANE =e2 AN
e R 2 o0 g 57
T 1 2 b b & 5 Z b = & &
e bl ELaiile BLalls,. Evillins
G o4 £ a @2 T1
4 52 L 5
peee CALlIN] 5LALNGs &dile. = mALEENN
[~ == =e - - I g . 2
T, & Sosll 2 5 4 D12
- SRR ITAE - [P T L
ARIIITRE (s 11111
CECEERE =8 | TEHTE 2
o JRLILILELELILE, o----ﬂ--ﬂ--Qo-------"o
bmal—1m 0 3 612244872 03 612244872 036 RUBTR 036 Ru8T2

_26_

10-2020-0064431



NMDA

>
3

ubH1
ubH5
NRGN
Homer1
GHRH
egr1
c-fos

BDNF

per-2

bmal-1

Actin|

¥ 2b

Recovery time after SD (

|

C 0 12 24 48 72 96120

C (0 12 24 4872 96120,

C (0 1224 4872 96120,

C |0 12 24 4872 96 120,

C |0 12 24 4872 96120,

T 2

1 & ol 5 1 & hE g 1 i 21

o8 2 Zos i Sos 5 g0s . i

506 b 2 S06 b ‘—gi a %gi =

S041N bbb |‘| £04 b B e ﬁ 50, 7

= & bbb 2 So2 S0.2

02 0.0 LA ANN fe baaglNN, ol MENASHENCRAN el NENERERERENCAER
25 535 4.5 25 - 357 a4

5 a 3 b = 2 & 5 b

g2 i 8 Bz 32 Afia 23] BEf,

15 & T3 2 g s = -

o 1 = EN r 1 | 3%

S LA *¢ 10 ik LN i
3 12 12 ip

25] Rzt 51 z 1 AEEEE < ' lwE=f =

52 g gos £ @[] Sos 208

215 = L 06 a 206 <06

g 1 ||ﬂ Z04 aa bﬁ No4 —EOA

305 : g0, 0.2

sos MLAMMNAR 2oz WAARNNNN &= 10LAL B2 LD

Glucose
GLUT
Glycogen Glucose
PYGB HK
GK

Reco time after SD (h)I

GFPT

IReco time after SD (h)I

Hexosamine Biosynthetic Pathway

IRecc time after SD (h)I

- - =
Glc-1-P == Glc-6-P == Fruc-6-P ™= GIcN-6-P == GICNAC-6-P = GICNAC-1-P =

UDP-GIcNAc

OGTJtOGA

0O-GicNAcylation

Glucose Glucose-1-phosphate
20001 =37 200
o — o
§ 1500 T gﬁo
— & o
D 1000 0’100 .
£ = £ X v
% 500 '.. & . 250 % é
E o L] AA
o o e=r
Con Con-L SD SD-L Con ConL SD SD-L
Fructose-6-phosphate GlcNACc-6-P
s0.  —2— 6 =
o 5 3 i
§ 40 LS 3
o £ £ T &
4 By
T EEE i N #
o td e 4 [JE.
Con Conl SD SD-L Con ConL SD SD-L

Glucose-68-phosphate

a
k=

S
S

a

Pmol/mg tissue

I c I

v

=

v

Con Con-l SD SD-L
UDP-GlcNAC/GlcNAc-1-P

@
3

>
>

Pmol/mg tissue

o

"
|

v

o

vy

Con Con-L SD SD-L

_27_

Reco time after SD (h)I

10-2020-0064431



o3¢

Glucose
Glucose-6-P
Frucose-6-P
Frucose-16-PiP
Dibyd cetone-P
Glyceraldehyde 3-P
1.3-bis-P-glycerate
i TCA Cycle
3-phosphoglycerate Succinly-CoA
i ” x
2-phosphoglycerate a-ketoglutarate Succinate
Phosphoenolpyruvate Isocitrate Furriale
Pyruvate == Acetyl CoA p Citrate Malate
J,f w ' 4
Oxaloacetate == Aspartate
Lactate

Glyceradshyde-3-phosphate

3-phosphoalycerate

2-phosphoglycerate

gz” a B0 oo
g ]
ak g "
o e I Z . Baeol o
% o Lol g 2 n
e F T 2 g P g R .o
%m A %m M % v
E -k E e
Ew =3t 3 & i -
Con Conl 5D SO-L Con Conl SD SDL Con Conl SD SD-L
Pyruvate Lactate s Citrate
g o g:m : | a % g .
o & 2000- 150 .
Bt o poa W =g M, 4
% =L e L %
g b A E W Ee = ¥
B . 00 " g ! i
£ an- a AT
a
Con Conl SD SD-L Con Conl SD SD-L Con Conl SD SDL
e Succinate - Fumarate - Malate
© 2 . H
3 » u ¥ [ ,
‘éw . ‘éﬂw F o + pwe{ 2 .
Em,%'ﬁ?-.-..—ﬂ}% P B W e we-E
o o w0

Pmolimg tissue
g 8¢

.

ZIHSd 10-2020-0064431

Dihydroxyacetone phosphate
50

=%

—
Con Con-L SO0 SD-L

o-ketogiutarate

Con Con-L 5D SD-L
Aspartic acid

Con Conl SD SDL

Con

Con Conl SD SOD-L

_28_

Con ConL SO SD-L



ZIHSd 10-2020-0064431

EH3e

-+

SD 0 3 6 12244872 (h) 12 q& 12
HK-1
HK-2]

<08 b J0.8
x Y04

@
X

H
o
~
|
Ho
o
Ho

PFKP-a

ervc.o LT

PFKL-a

rrc.+ SEIECLLL

G6PDH
PKM-a

GFPT-1
GFPT-2
OGT1
OGT2
OGA
TK-a
PYGB
GLUT1

GLUT3
Actin

SD 0 3 612244872 (h)

0 3 612244872 (h) SD 0 3 6 12244872 (h)

)

o

T

W

h

Learning

e
C 005 2 62448 (h) 3 aa 25 a 3 b a
o EEEEEEE - o) fFE oid] B 5] [,
X & 9
v [OEREERS = 1 g )|l Tod WLAMMILNL ! malliLLD
g o LLLLULL s g
& [0 B 2% l? 5
o GEEELEH o2 WARAENG S Jinndnng oo infnddd
== = = = = = L05 0.4
PFKL'Gmn—O"""' o ALILILELILILT, . MARAAERERANEN
1.8
oo SEEEEER 5 % 51 52
# 208 Binnl 2 1 : < 1{mfl T
coroH kel 50 4 ] o5 |' ﬂﬁr o5
PRV [ ket | MEAERANERARAS o LG, o LG IR,
& 25 aaa 3 <. 8 a
crer-IRETTT - 25 - bed 21 3
e - BT 15 £ 2 ] :
g n o a 5 4
TER] ﬂl‘l b |'| 85] a2
oor LRI 605 LI 6 o ILLILILILILE
0 0 0
oot ATl . © c i5 15
o abapg -
Coeen & 4 i0ilss %3 R000AEE & Aafdmnn
SELLLLL © g o =3 1IN
- o =
emEeE  melldb UL B R
PYGB a p a22db o a@aa
=
cur (R 53] - #f. 50s] gdRh O
cvor: SRR <ol LT ot 11 2oz JLLILILILILLL
Actmm 0 clo I0_5' 2I5'24'43' ) 0 C 0 0.5 2 6 2448,(h) 0 C 0 05 2 6 2448,(h)
Learning ' Learning ' Learning

_29_



EE3g
% 39 b 25, & 254 &
S0 s ks o 2 _—
C CLO 3 6 122448(h) 3 = 21.? . 01,?
USl- = | PYRRERER] FYT 05 Jlzz 2z
0 0 0
v R 15 w15 o15
o« SCHEEERE] (| g 1 2
4 £ w
R i o = o o o Rl £05 £05
- i~~~ = =~ 0 0
™ =~ = = = = = i
i Eo.s 8 § 1
PFHL-? ekl - 0.4 %05 Yos
GerDH (R 0 0 s
wir CCCDEER - 25 3257 & =3
= =2
orer1 CEIRERRRY ' 218 e
GFPT-2_ @O'g REAEAE 60'8 hkidbE 70 FERERE
oot RECHINNREEE . 5] 3 P ey 2
oor: I 3 0 4 %z S8
oo BEMCLLLLE © 1inlososcs . 20
Theo (ke 25 7 2 v 21 & 5 S
O S S15 :
PYGB @1_? =Ry 22
cLut R 2 o5 fszzza2 Cos CRE | FFYFTY
GLUTsm v CLELALS 6122418 Y 0 C CLO 3 6122448,(h) 0 C CLO 3 6122448 (h)
Aot e ] —— L — L
Learning ' Learning b ' Learning '
E¥3h
M1 M2 M3

250
=@ Control ("=13) "
—o—SD (n=11)

Crossing time (s
i a4 o
W [=] w o
o o (=] o o
- o
n
b=
¢c @
L o
F -9
" =
‘ fg\\n
[\§]
-

& @
- +*
®
| =

i
AN

EH3]
Learnin S 2'3 22 ]
-3 o i
M1 M2 M3 g w15 5191
C SDC SDC SDCSD T17 Tos 05 -
& 0 0 T
HK-1 (B 9 18:
HK-2 i i © ; | @15 ° ]
o 1 d 7 g 1
ok T R < ; | ¥os f5
oricp o X &, 205
PFKP-) i etk < ] 51 ol
o 1 = 4 g 1
PPKL- e e Sos &
eris TR &, | - b
e ' 2o b -
PKM-a _25 2 b B s 23
E11_5 E15 5175 1
oos{{[elalg g Gos 05 1
iggl » o~ -~ R o o]
ocs TR - : 25
=Y (9]
06T-1 R =18 Bt
- 1
ocT-2 R R 3 ! 305
; 0
Actin il kekeakad O CSCSCSCS
M1 M2 M3
Learning Learning

_30_

10-2020-0064431



=Yg

Adult zebrafish whole brain

Telencephalon

C SD C sD
L
Er4c
, Oyt Nuc
T L L 1

C CsDhic C sDh
p-CREBl- -~ -

CREB [#8 s s

g
"
g
& (@]
=

pCREB/
CREB (A. U.)
o =~ N
ooi—01IN O
(9]
o
o w o O

@
(@]
[%2]
w)
O
(@]
(%]
O

'_|
'_|

_31_

=SIEL

10-2020-0064431



ZIHSd 10-2020-0064431

Er4d
; Input B-CRE ;
L 5
C C shyC € 8b
p-CREB| = = |
cres[ = | @]
-3 _a
—~ C el
ST 581 &
<21 <
g11= i
5o X0
2 CcCcSeDY © CBSD
L L
Er4e

O-GlcNAc Merge

Cont

SD . - ‘
i O-GIcNAC
0.8 e
0.6 -
04 L
0.2
0
Cont SD Cont SD
E4f
Cont SD

O-GlcNAc
L ] 1 L ]
O-GlcNAc (A. U)
o =~ N W
[ )

_s—
Cont sD
GAPDH |-— —
Er4g
Cont SD 3
oGT — s 5' 2
S_E; a
OGA | - ©
o 1 =
)
GAPDH | - —— 0
Cont SD

_32_



8]
1
L

=i
n
L

OGA activity (A. U.)
o
TSR

Cont sSD

Learning

C 0052 62448 (h)

4' 5

R, e

L —— .

O-GlcNAc

-
I
[
[
I
1
[
[
1
1
i
]

(o]
(9]
[

T o ——
!

OGA - .
p-CREB | ~ mnemen e
CRES | St |
c-Fos | = |
Prica[ S ———]
=4
; Learning

SD

O-GlcNAc

OGT| T eyl Sy S

OGA [ == = o= = v

p-CREB|™ R iow v i = = |

CREB | S|

c-Fosl - |

PRA-cof = emj= = = o -]

L e e

2y
C C6 00526 24 48 (h)
:

_33_

ZIHSd 10-2020-0064431



6h

24 h

Learning
!

S

S

Learning
. 6h

24 h

(9]

D

(9]

]

-
O-GlcNAc
OGT /OGT Merge
: . - 0-GleNAc
35 I
~3] b 2
. 2254 -
< 24t
! o !9
' 27 ]
wos A
o N 0 -
3
~2:5
5 2
S,I 5
o 7
o045
. =
. -
0O-GlcNAc
0O-GlcNAc OGA 1OGA Merge
O-GleNAc
; ' I 30 2 b
5—‘2 5 c
v 12
Li541
3 !
w05
0
OGA
a
_25 8, =z
5 2 2
<154k
= 1
Los
0
2 €:5D € 8D
6h 24h
Learning

_34_

10-2020-0064431



_35_

EHba
250 250 250 ~
w Cont GlcN (0.01 w GlecN (0.05)
2 200 { = 2 200 i3 200 oy
£150 : £ 150 { = ;
2 2 2100 -
£100 A i H A
2 o 50
G o gl
250 =250 -
@ GlcN (0.5 u GleN (1
® 200 {n=|f:5? EQUU § {-n'=r3>{ .
= 150 + b = 150
£ 400 1 i %100 3 i
&
& 50 2 50
5] o
1t 2rd 3d 2h Test L E 1t 20 3 2h Test
L M L M L M
EH5
—e— Control (n=20)
L5900 J—+—CleN (n=18) ¢
o —o— 23D (n=13) C #
£ —8— GIeN + 5D (7=19) c #
=150 A 4 ? #
= *
@ 100 -
2 22 @y 2h 2n W=
O 50 A i #
0 il 1 1 1 L G 1 1 L 1 1 1 G 1 L § J
12t ond 3 Test 18 o 3m Test Test
Learning Mem Learning Mem Mem
Edbe
C GleN C GleN
oo =]
- .’
=8|  PKA-cq| = ==
[$) p-CREB =
% * —_—
© CREB t =
0] . ==
o . C/EBPp|™ " w—
—
C/EBPJ |——
-
c-Fos —
a-Tub

=SIEL

10-2020-0064431



GleN -

Memory ;
M M2 M3
+ - +1 - + - +'- + - +

O-GlcNAc

C §§c C ss,ccss,cc s s

—

e e ——— ]

O T | ——

i i
o =

OGAl-"W' ; -—{-----.§--~--—|

PKA-cvxl -

:---—--‘-———--‘————I
i i

p-CREB| =

-p- - — — o -l

s ¢ [ ————— |

C/EBPR ™

- - - — -
h h

C/EBP3 |~

- - o am - e

q_'rubl-d:——-ﬁj-- —‘, |

=]

EHbe

)
g
n

n=5

OGA activity (A.U.
o ey
o o= ;N

GlcN

1
sD C C SD &D

- = ¢ =5 £ = F

Learning

(@]

_36_

ZIHSd 10-2020-0064431



Learning

" Cont

Cont

'SD + GIcN

GlcN

" Cytosol . Nucleus .\
Learning H Learning
GlcN H + - +
! C 8D SD
; »
=t 4
-— g -——
o -
<
3
o — . -
o
—
-2 3
- -
oley e [ — = P——
OGA | = - — e G w—— -
PKA-ca S —— —— m—l
P-CREE [ & = =l a
CREE|=————— —_— e ——_—— —— -
c/EBPB[— pr—— - — -
C/EBPG — e — —— ]
p-ERK1/2 — —~
HDAC-1 ! |
aTub [
=g

DAPI p-CREB Merge

=)

€

m

w

4

(3]

&
c S

GleN - - + - +
Learning

_37_

ZIHSd 10-2020-0064431



DAPI PKA-ca

Cont

a
c
Q

&)

GlcN

Learning

SD

'SD + GIcN

P 4 i

S,

o '[] .
e & C SD sD

GeN - ,- + - +

Learning

)

=)

g? ¢ )
22 1]

=

=

Q?O

Q%™ e e «© sbsD
feN - = + - +

Learning

_38_

ZIHSd 10-2020-0064431



Learning

DAPI OGT O-GlcNAc  Merge

GlcN Cont Cont

SD

'SD + GIcN

%

OGT (fold)

C SD sD

w ok o ook
Learning Learning

@
z o

_39_

ZIHSd 10-2020-0064431



EH5j

~

Cont Cont

GlcN

Learning

'SD + GleN

[
E£150

7 cont

(n=11)

1st

2nd

c

C

TDON (5 ng
J (n=15)

3rd

€ 5D
+ -
Learning

2h

T DON (10 nq) 200 1
(n=14) 150 A
2h 100 A

50

1st 2nd  3rd T

o 4
qst 2nd 3rd F

S4

%3

R

o

ol

30

€ € € 8D sb
GleN - - 4+ - +
Learning
TDON (0.5 ng) 200 7 poN (1 ng
=17} ¢ 150 4 (h=13)
th—' 100 A 5 b

50 1 fl_i
0 A

DON (50 ng)
(n=18)

2h

_40_

ZIHSd 10-2020-0064431



; Learning i

! .F-"'

O-GlcNAc

OG T e s e s e — — |

OGA [== == = o o e e |

p-CREE[  smemee — — |
CREB[ssres===w=

PKA-CCll A — e — |

Learning

O-GlcNAc
|

OGTl— —-—-—ﬁl

OGA|——————_|

PCREB[»w w mm w wm wm wm|

D —

PKA-I:(xl _---——-l

a-Tub |-—-- — — --—|

at-Tub [ —]
EE5m
©200 oot 200 1Aza (0.1 mg) 200 1Aza (1.mg)
o =14 [ =11 1m=19
2150 =14 4 150 L 150 b .
2100 1 2h @ 100 - 2h 100 - 2h §
£ 50 4 50 - 50 -
@ o 0 1 1 1 1 0 1 1 1
© 200 - Aza (5 ma) 200 - Aza (10 mg) 200 1 Aza (20 mg)
G150 {19 b # 150 {™7 150 { ™17 b
o #
£100 2h @ 100 4 2h$ 100 4 2h ¢
o 50 1 50 - 50 -
‘O 1 1 1 L 1 L i i
8 O e 30 T O 2w e RACE ST TI
=) L M L M
ED5n

_41_

ZIHSd 10-2020-0064431



N 2 h 5
2 200 1 Alx (40 pg) 200 Al (100
£ 150 { =13 150 { =13
£ . ,
2 100 1 © 2hz 1001 @O 2h
2 50 2 @ 50 Q
= 0 R L 0 | 1 1 1 y
qst  2nd 3d T 1st _2nd 3 T
L ™ 1 T
ZHH6b
2200 - 200
= OSMI (5 ng) 23@/}!1 (20 ng)
£ 150 (=15 150
2100 A 2h i 100
% 50 50
2 0 o 1 1 L 1 ' O
2200 10SMI (40ng) 200 JOSMI (100 ng)
£150 o (1=17) 150 4 (=16
2100 - a 2h & 100 - 2h
w
g 50 -KM A 5o -
o 1 1 L 1 ]
o 1st  2nd 3rd T 0 -1St ond 3rd i
L ™ - L ™M
ZEH6e

c Zoswu
-

. . —

' -4

3 L LER

0GT[— o o = —= ]

O-GlcNAc

oca [ & o
PCREE [io M0 wt wt |
CREBF-'---'|

PKA—cal————— —

C/EBPB'—--- -

|
C/EBPG [~ ™= v |
|

a-Tub h--- =

_42_

ZIHSd 10-2020-0064431



M1

300 1—e— control (n=15)
ety Thiamet G (1=13)

»250 1 o—sp (n=15)

8200 _+ThiametG+SD (n=18)}

>150

£

2100 A

o

O 50 A L
0 -

M2 M3

é

24h é
2nd 3’d Test 2 3“j Tes1 Test
Learmng Mem Learning Mem Mem
EH6e
; Memory ;
| M1 M2 | M3
THEIG = =im B = B = & - #y= & = F
C 8Bl¢ ¢ g ®Wig 6.8 BVg 68 8
ey T ‘.
] 1 1
] 1 ]
= g EpE-=gpec-p
: -
— ‘b—-— __.:__-, -—:-—- — g
2 i ‘ '
= I i ]
% .- e — —:—-.— -
o I 1 I
I 1 1
I 1 1
1 1 1
1 1 1
1 1 1
1 ] 1
1 ) H
oerl—-—-:_— - S g Gy S — -
0GA ! - B - |

PCREB[™= e e e | o |

CREB[= (o we o e s o ] o - ]
PKA-mp—ﬁ:-',--;--—m.wl
cresrgl. :_ - - -
CEBPS = am e == =]

a-Tub P—'———-'_-——:——-—l

£200 1@ cont (n=11)

S XPUG (50 1g) (n=15)
g 150 4© sp (=13 £ 150 SD+PUG (n=19)
= c =
.8100 E o é# .8100
2 50 A g 50
< s 7
S 0 -1st ond 3rd T o 1t 2nd ‘3 T
L ™ L M
©200 1 ATG (5 ug)(n=18) 200 1ATG 0 ug)(n=14) 200 :;Sf?%”gl%:m
g 150 | ASD+TG (n=19) 150 ASD+TG (n=13) 150 (n=16)
23100 1 b ‘# 100 ‘#’100
2 50 1 2h 50 €2h ps O
S ol 0 VAV
] {st ond 3rd i 1st  ond  3rd T {st 2nd 3rd T
L ™ L ™ L M

_43_

ZIHSd 10-2020-0064431



Learning ,

PUG TG
C 8D C 8DC 8D € 8D

O-GlcNAc

OGAl-—-——-—--. cl

PCREB| - - e
o — |
PKA—cal - -— __._...|
«-Tub | |
ZH6h
M1
250 1_o— control (n=17) \ 4

—a— GIcN (n=19)
e DON (1=14)
l—— GicN + DON (n=20)

Crossing time (s
e o HR

w (=] o o
Q o o f ow | o
- (] 00

|N

1=
= H* HH

Ip

1=

O 0

[¢]

qst ond  3rd Test 1st 2nd  3rd

Learning Mem Learning

<k i
I - T
|
I - N
, ! ’
i 1 1
| =¥ - -
Q \' 1k 1 el ‘
2 w i |
o | 1 1
a 1 I 1
OI I : :
I 1 . 1
]
——w-——-—}ﬂ‘—-‘-‘ — -
i
. i i
I I 1
OGTl’ - v:---———\l——-—-—lh-—— —I

OGA [P o o o oo o o o oy ) o w |
PCREB [ = . ctn. et @ |
o 13:] T — L E— |

PRACE [~ — | i —— =

c/EBppl-— O — ) — __l

C/EBPS [ o -i- - .q -

p-mTOR}‘ —:—-—- — . - — ] —— ‘-pl

Actin :_ —--——I

_44_

ZIHSd 10-2020-0064431



10-2020-0064431

5

=

=

H

e
[=)

EH6)

CGTDO

mﬁ 5

0 W N O NTROTONO VOO T 0 N~ O O OWTNO OO
— oooo ~ 0C0O +— OCoo

®
[y ]
©
o177 —

CGTD O

i

Sl I}

3*.I'1.
31H.

—T
5251505.\505.\50515025150324\023
-~

b
D-pidd D-Didd HAdSD 1Tlg3o 1190 Tvad

[0 GlcN W Thiamet G
S
X
= =

o
©
£
T
8
—||
6~ o = o -] GHAn |Li8woH 1463 4NOg L[BLg
W mw © (1 o (@]
[ o e ®0
e} o @ & o~ om a el @ (=)
| = [
4 E e = . ] - = c ] c
mWai ol K= i ol Pt | ) 60 I - H = [ B— 9
- - = E = 00 HF=u—]
om - - - — =o Ol Feed e °
u N0 — 10 251505 - 5 05 - 5 o ~ 5 0251503 N - O 21MMMM021NNMM05 L M 086420543210 21%%40».2.0
- 0 g = = ¥
Y M0~ debidd T9Didd o-Wdd  Z1ddD z-190 YAWN  LHgn 4N HYHO Citad -
0
o 8
a s}
(G
& e
g 0
(6]
FrIRE R oy A o e S o
Dl . = T T Mm
SeceiPiirbhEs 3
o B i )3 ([CINO] 1

_45_



ZIHSd 10-2020-0064431

ETH61
SG
NMDA a
157y 3 - a 1 a
A 2 ; T T i}
rc € 11 . S 21 a S0
g 5 =0 a
ubH1 sO0 z Io
z So.
ubH5 a

i

N

4]
)

L
o o
o
o
o -
f L
]

NRGN (fold)

NRGN

-
"
&

GHRH (fold)
o e
OoONPROOO-=N o O =~ N ONvVPROO=_2N O [4;]
[]
1
®
) egr1 (fold)
¢ U capwra O O
[ )
| c-fos (fold)

ubH1 (fold)
cocoo

o

Homer1

Homer1 (fold)

L
»
&
»

GHRH

egri

c-fos

au O-=-NwWwrO O N S D oNPOO-=N
L L L —_
»
£
o

BDNF]

-

H

]

o

per2 (fold

=) —x
o (4] -

brré‘a1(fold)
o v =

i
o
o

per-2

BDNF (fold)

cooo

bmal-1

(o]
®
(] o
w
@
O
9]
1))
1))
9]

. C G S sG
Actin

Normal | Light(14h) [SEUSQLENY Light(14h) [SELREIINN Light(14h) [EVIEIVINE (3 d)

SD (1X) Light (3 days) (3 d)

sSD Normafcyclel sD | Normal Cy'Clel SD | Normal cyclel SD l Normal cycle[
SD (aX) 3d | 6d 3d 6d 3d 6d 34 6d (36 d)

_46_



10-2020-0064431

[

=

=

H

e
[=)

EH7b

O
w0
3
i = @
o %] o
W =t
& r=ullo
W W < N O
(p1oy) dv
0]
(]
0}
2 0
] < n
(&} hal <l -
i & m*
“ al o
(ploy) dv

NOI© +ds

o ~ o

(pioy) g o1yt N2ID + dS

EH7c
=
(=]
o
=
S
o
=)
w

_47_



10-2020-0064431

NS4

e
[=)

EH7d

b
C G S sG

SD (4X

p=u

O wWWwsTNO

"(pioy) ne-d

C G S sG

SD (1X)

(=]
(pioy) ney-d

_48_



07

AR

Cont

Cont

GleN

Leaming

sD

<
=
2
@
o
G €6 & & G5
—
Leamning

AR/O-GIcNAC

C €C G 5 GS
—

Merge

Learning

_49_

SIS

10-2020-0064431



ZIHSd 10-2020-0064431

O-GlcNAC pTau pTauwO-GlcNAC

Merge

[=:]
=
E
m
4
O-GlcNAc -
3 b
25 c [ x4
i 2 e g 2
£15 =R
- C
L5 0.5
0 a0
C E G 5 GS C € G & G5
——
Learning Learning
EW7g
SD (1X) SD (4X)

‘ DAPI GFAP S100 Merge DAPI GFAP S100 GFAP/S100 Merge
vd
50 pm

SD + GleN

SD (1X :
15 SD (1X) 515 5200
31 £ 4
205 Sos
g | I =
@ g 2 g
C G S SG C G 5 56

_50_



EH7h

SD (1 It SD (4X

(1X) )
DAF GEAP 51001 Me‘e GEAP 5100 GFAPﬁwooi Meie

Cont

GleN

sD

=z
5
o
*
o
1]
S0 (1X b o
515 (SDUX) 1.5 ,500%) T TC 10 132X
51 g 1 Z10 Qs
o o
gﬂ,ﬁ gos Esql b 8 |I
0 ® [ZH] L 0 g —
C G S SG > 6 85 56 C G5 86 C G S 56

P

<110> INHA-INDUSTRY PARTNERSHIP INSTITUTE

<120> Pharmaceutical composition for treating learning and memory
disorder induced by sleep disturbance

<130> PD18-5685

<160> 86

<170> KoPatentIn 3.0

<210> 1
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> NMDA F

<400> 1

tatctggcat tggtgagtgc 20
<210> 2

<211> 20

<212> DNA

<213> Artificial Sequence

<220><223> NMDA R

<
400> 2
cagactggtt cccacatagc 20
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<210> 3
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Arc F
<400> 3

acaaacaagc cttcgagttc

<210> 4
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Arc R
<400> 4

tcettettet tggagactge

<210> 5
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> ubHl F
<400> 5

tagtaacgaa agcacggaca

<210> 6
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> ubH1 R
<400> 6

tctgctttca tctccactga

<210> 7
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> ubH5 F

<400> 7
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tgatgctaaa tcaacggcta

<210> 8
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> ubH5 R
<400> 8

gagctgatac ttggcgatct

<210> 9
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> NRGN F
<400> 9

atggactgtc gaaacgaagg

<210> 10
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> NRGN R
<400> 10

accagcttga atcttagcgg

<210> 11
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Homer1 F
<400> 11

cttggatgga tcgaaggcaa

<210> 12
<211> 20
<212> DNA

<213> Artificial Sequence
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<220><223> Homer1 R
<400> 12

ggctattctg getgettett

<210> 13
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GHRH F
<400> 13

cttgctagtg ctatgectgct

<210> 14
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GHRH R
<400> 14

agctgttggt aaagatggca

<210> 15
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> egrl F
<400> 15

tcttectett ccacgtcette

<210> 16
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> egrl R
<400> 16

tctggatggg tttctgatct

<210> 17

<211> 20

=T

20

20

20

20

20
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<212> DNA

<213> Artificial Sequence
<220><223> c-fos F

<400> 17

ctgagtgtct caagtgcectc

<210> 18
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> c-fos R
<400> 18

tggaggtctt tgctccagta

<210> 19
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> BDNF F
<400> 19

gacactttcg agcaggtcat

<210> 20
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> BDNF R
<400> 20

gcatacaggt caacgtcctt

<210> 21
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> per-2 F

<400> 21

tgtttcagga tgtggatgag

<210> 22
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<211> 20

<212> DNA

<213> Artificial Sequence
<220><223> per-2 R

<400> 22

aggagtctgt ggatctgctce

<210> 23
211> 20
<212> DNA

<213> Artificial Sequence
<220><223> bmal-1 F
<400> 23

gctccacgag agagactcat

<210> 24
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> bmal-1 R
<400> 24

tattcagtgg gtttgacacg

<210> 25
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> HK-1 F
<400> 25

cgggaaatgg agaacggatt

<210> 26
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> HK-1 R

<400> 26
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gtccatgtca gcaaaacagc

<210> 27
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> HK-2 F
<400> 27

accaattttc gggttctgct

<210> 28
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> HK-2 R
<400> 28

acaggctcac gacatctttc

<210> 29
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GK F
<400> 29

aggctgcaat gcgtgttata

<210> 30
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GK R
<400> 30

gatctgettt ctgtccectg

<210> 31
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> TK-alpha F
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<400> 31

tggtgtgcca gagtaaagaa

<210> 32
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> TK-alpha R
<400> 32

agattttcag caggtcgttc

<210> 33
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PYGB F
<400> 33

cccaaagagg ataaacatgg

<210> 34
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PYGB R
<400> 34

tgacctggat gtcaaagatg

<210> 35
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GLUT1 F
<400> 35

taacgctcca cagaagatca

<210> 36
<211> 20
<212> DNA
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<213> Artificial Sequence
<220><223> GLUT1 R
<400> 36

gggcaatttc tccaacatac

<210> 37
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GLUT3 F
<400> 37

gctectectt cgagatgata

<210> 38
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GLUT3 R
<400> 38

cttccccaca tcectcataac

<210> 39
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKP-alpha F
<400> 39

tatctggcat tggtgagtgc

<210> 40
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKP-alpha R
<400> 40

cagactggtt cccacatagc

<210> 41
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<211> 20

<212> DNA

<213> Artificial Sequence
<220><223> PFKP-beta F
<400> 41

aggaacaaaa cgaaccctcec

<210> 42
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKP-beta R
<400> 42

cggttgccag atatccacaa

<210> 43
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKL-alpha F
<400> 43

attcccatgt gcatcatccce

<210> 44
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKL-alpha R
<400> 44

gtgctcatga cacttctcgt

<210> 45
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKL-beta F
<400> 45

agagcatcgt ggacaacatc
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<210> 46
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PFKL-beta R
<400> 46

cctcatagat gtacaccgcg

<210> 47
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> G6PDH F
<400> 47

actgaggagc aaatctaccg

<210> 48
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> G6PDH R
<400> 48

tcaatgcact tcagcacttt

<210> 49
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> PKM-alpha F
<400> 49

tgcagtctca gagaaggaca

<210> 50
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> PKM-alpha R

_61_
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<400> 50

ccttgttgca acgaccaatc

<210> 51
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GFPT-1 F
<400> 51

ctgggaaagc aactccaagt

<210> 52
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GFPT-1 R
<400> 52

acttcaccag cttagcgatg

<210> 53
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GFPT-2 F
<400> 53

gttgctgtag tgatggaggg

<210> 54
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> GFPT-2 R
<400> 54

tgcgatccag gaaatcactg

<210> 55
<211> 20
<212> DNA

<213> Artificial Sequence
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<220><223>  OGT-1F
<400> 55

agccattgac acataccgtc

<210> 56
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> OGT-1 R
<400> 56

cttgaagctt tccttgetge

<210> 57
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> OGT-2 F
<400> 57

gcattgtgct gaatggcatt

<210> 58
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> 0GT-2 R
<400> 58

agagctggtt gaagttgcaa

<210> 39
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> 0GA F

<400> 59

gcttgaggat gaggaaggtg

<210> 60

<211> 20

_63_

=T

20

20

20

20

20

10-2020-0064431



<212> DNA

<213> Artificial Sequence
<220><223>  0GA R

<400> 60

agcaccatgt gagccattag

<210> 61
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Actin F
<400> 61

gtgcccatct acgagggtta

<210> 62
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Actin R
<400> 62

tctcagetgt ggtggtgaag

<210> 63
<211> 26
<212> DNA

<213> Artificial Sequence
<220><223> CRE F
<400> 63

cagtcatttg ctacacatgg gecttgg

<210> 64
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> CRE R
<400> 64

ccaagcccat gtgacgaaat gact

=T
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20

20

26

24
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<210> 65
<211> 13
<212> PRT

<213> Artificial Sequence
<220><223> BCKD_45_27
<400> 65

Glu Arg Ser Lys Thr Val Thr Ser Phe Tyr Asn Gln Ser

1 5 10
<210> 66
<211> 13
<212> PRT

<213> Artificial Sequence
<220><223> GYS2_1_13
<400> 66

Met Leu Arg Gly Arg Ser Leu Ser Val Thr Ser Leu Gly

1 5 10
<210> 67
<211> 13
<212> PRT

<213> Artificial Sequence

<220><223> KCNB1_489_501
<400> 67

Lys Trp Thr Lys Arg Thr Leu Ser Glu Thr Ser Ser Ser

1 5 10
<210> 68
<211> 13
<212> PRT

<213> Artificial Sequence
<220><223> KPB1_1011_1023
<400> 68

Gln Val Glu Phe Arg Arg Leu Ser Ile Ser Ala Glu Ser

1 5 10
<210> 69
<211> 13

_65_
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<212> PRT

<213> Artificial Sequence
<220><223> MYBB_513_525
<400> 69

Asp Asn Thr Pro His Thr Pro Thr Pro Phe Lys Asn Ala

1 5 10
<210> 70
<211> 13
<212> PRT

<213> Artificial Sequence
<220><223> MYPC3_266_280
<400> 70

Leu Ser Ala Phe Arg Arg Thr Ser Leu Ala Gly Gly Gly

1 5 10
<210> 71
<211> 14
<212> PRT

<213> Artificial Sequence
<220><223> KIF2C_105_118_S106G
<400> 71

Glu Gly Leu Arg Ser Arg Ser Thr Arg Met Ser Thr Val Ser

1 5 10
<210> 72
<211> 13
<212> PRT

<213> Artificial Sequence
<220><223> RBL-2_410_422
<400> 72

Lys Glu Asn Ser Pro Cys Val Thr Pro Val Ser Thr Ala

1 5 10
<210> 73
<211> 13
<212> PRT
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<213> Artificial Sequence
<220><223> RBL-2_655_667
<400> 73

Gly Leu Gly Arg Ser Ile Thr Ser Pro Thr Thr Leu Tyr

1 5 10
<210> 74
<211> 22
<212> PRT
<213> Artificial Sequence

<220><223> DHX30_241_262

<400> 74
Gln Phe Pro Leu Pro Lys Asn Leu Leu Ala Lys Val Ile GIn Ile Ala
1 5 10 15

Thr Ser Ser Ser Thr Ala

20
<210> 75
<211> 23
<212> PRT
<213> Artificial Sequence
<220><223> NCOA2_866_888
<400> 75

Ser Gln Ser Thr Phe Asn Asn Pro Arg Pro Gly Gln Leu Gly Arg Leu
1 5 10 15

Leu Pro Asn GIn Asn Leu Pro

20
<210> 76
<211> 23
<212> PRT
<213> Artificial Sequence
<220><223> NCOA3_MOUSE_1029_1051
<400> 76

His Gly Ser Gln Asn Arg Pro Leu Leu Arg Asn Ser Leu Asp Asp Leu

1 5 10 15

_67_
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Leu Gly Pro Pro Ser Asn Ala

20
<210> 77
<11> 23
<212>  PRT

<213> Artificial Sequence
<220><223> NCOA6_1479_1501

<400> 77

Leu Val Ser Pro Ala Met Arg Glu Ala Pro Thr Ser Leu Ser Gln Leu

1 5 10

Leu Asp Asn Ser Gly Ala Arg

20
<210> 78
<211> 23
<212> PRT

<213> Artificial Sequence
<220><223> NRIP1_121_143_P124R

<400> 78

15

Asp Ser Val Arg Lys Gly Lys Gln Asp Ser Thr Leu Leu Ala Ser Leu

1 5 10

Leu Gln Ser Phe Ser Ser Arg

20
<210> 79
<211> 24
<212> PRT

<213> Artificial Sequence
<220><223> MED1_591_614

<400> 79

15

His Gly Glu Asp Phe Ser Lys Val Ser GIn Asn Pro Ile Leu Thr Ser

1 5 10
Leu Leu GIn Ile Thr Gly Asn Gly
20

<210> 80

15
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<211> 23

<212> PRT

<213> Artificial Sequence
<220><223> NROB2_9_31_C9S/C11S

<400> 80

Ser Pro Ser Gln Gly Ala Ala Ser Arg Pro Ala Ile Leu Tyr Ala Leu

1 5 10

Leu Ser Ser Ser Leu Lys Ala

20
<210> 81
<211> 23
<212> PRT

<213> Artificial Sequence

<220><223> BRD8_254_276

<400> 81

15

Thr Val Ala Ala Ser Pro Ala Ala Ser Gly Ala Pro Thr Leu Ser Arg

1 5 10

Leu Leu Glu Ala Gly Pro Thr

20
<210> 82
<211> 23
<212> PRT

<213> Artificial Sequence
<220><223> NRIP1_8_30

<400> 82

15

Gly Ser Asp Val His Gln Asp Ser Ile Val Leu Thr Tyr Leu Glu Gly

1 5 10

Leu Leu Met His GIn Ala Ala

20
<210> 83
<211> 23
<212> PRT

<213> Artificial Sequence

15
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<220><223> NRIP1_253_275_C263S

<400> 83

Pro Ala Thr Ser Pro Lys Pro Ser Val Ala Ser Ser Gln Leu Ala Leu
1 5 10 15

Leu Leu Ser Ser Glu Ala His

20
<210> 84
<211> 23
<212> PRT

<213> Artificial Sequence

<220><223> PRGR_42_64_C64S

<400> 84

Ser Asp Thr Leu Pro Glu Val Ser Ala Ile Pro Ile Ser Leu Asp Gly

1 5 10 15

Leu Leu Phe Pro Arg Pro Ser

20
<210> 85
<211> 23
<212> PRT

<213> Artificial Sequence

<220><223> LCOR_40_62

<400> 85

Thr Thr Ser Pro Thr Ala Ala Thr Thr Gln Asn Pro Val Leu Ser Lys
1 5 10 15

Leu Leu Met Ala Asp Gln Asp

20
<210> 86
<211> 23
<212> PRT

<213> Artificial Sequence
<220><223> WIPI1_313_335_C318S
<400> 36

Gly Gln Arg Asn Ile Ser Thr Leu Ser Thr Ile Gln Lys Leu Pro Arg
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1 5 10 15
Leu Leu Val Ala Ser Ser Ser

20
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