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PR LR SRR F TR, B s BT A M PCL2 MRS 9 & B i O-GleNAc B2 (b 15 1 7K
W, MERERERA AR SRR au EATE, BT EAREES IR o & A BRI KT HE
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R BGEEAMT au 5 EREERL AT THLRIRM TH xR,

%%ﬂ tau, FEA MR O-GleNAc BEEMET, ZORPERIL, OGT, O-GlcNAcase, /R

FRrET Q513

EHRNON NZEBHEHBEREMN (O
GleNAc EEALBM R —MFEEIN. TERE%
TEABLR SAAZ . shaRRE RS B i
FHak, eRIESE NS NZEBEF G ER (N
acetylglucosamine, GleNAc) P O-HITHTHESEBE R
AR AEBNEEMEELD. NERLE,
O-GleNAc FER{L E GBI ET, AR T 2
Eiuetn. 5S4 nsEEgitii, EamN o
GleNAc FEEAL B ITH = FEHFME: a O-GlcNAe
EEGIERETZRMBR S, MARTEREM
FE/RERS, EMHE O-GleNAc B THEIE B i
KREHAHFEOTZEA. b OGIcNAC BifRH
EE NSNS, IRIEARES DA BT FIR B,
O-GleNAc i FHEETR 2 b, X—FHES5E8A
FEBEBALATL, RAUREEESESEH. « 2
AR I T O-GleNAc BRAL B 610 E B &
WEMED, Fit, HAMK OGlNAc BEME
B st (A e — R BN

5B R0 S B RE 5 R ERES 40X
FEIREHEL, BB OGleNA:c EALEFHE
O-GleNAc FEREHIZET (OGT) 1 O-GleNAc fETT
BF (O-GlcNAcase) HEFIFRARIER. q18 BN
GleNAc E# 3| I 2 SR B A A R%RE L
B, BEEREE OGCINAc M ZE E FILEE LR )

AR

By, TMEIE R R AR O-GleNAc BELFEEH
A

FRPEERM (Alzheimer disease, AD) £—
T I R B R B M R IR AT R A, [E R
MM AERE, REEREEYN, o ZEENRED
B R AD BRI EPRCESHH. Fit,
] tan EABBRILACE 2 AD BiiEwisi Pl E
BRAISE. ARTT, 7F AD P S au 7 F 3 E
BILEINLE M AT eE .

tau 2 ARRHEBI AL B0 5, RITIAR RIE
¥ O-GleNAc FFEALBMEL M A4 PR
tan FHH, FYEETTF tan THE TS FHE O
GleNAc #ERAL B, T H £ 12 M 2E RN
R TREE A O-GleN Ac i H L& 1t

AT &AM O GlcNAc SEELEmF —E&EAQ R
BEAKIFHNIEOEILMBEEEZEATHE
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S T O-GleNAc ¥ Z AL & 16 6 tan 5 88 44 ()

2]
1 MEE 7%

1.1

L1 #F, SRRk, PCL2 40 CRMME
BAFEAM) AFEE American Type Culture
Collection 27 =&, A OGT B cDNA A%
S DA 53 Hanover & =B B pCl-neo/taugy
B A 4 B 4k 2 6 3T BT Takashima #7224
peDNAS. 1/CT EEMPEFIE TR . RPMI 1640 %
s AR, N & E B A RPMI & Rl % 5 5
OPTI-MEM [ £ 7 E:1524 Invitrogen 22w P~ 5.
1.1.2 SEEFELLEILE. Succinyl WGA-HRP A%
EY Laborotories 22 777 #h. PHF-1 (S rmREiufs,
Fr IR B Ser306/Serd04 PN mUBEREALE) tau BHED
3R EE YA R Davits HAZEM, 12E8 (5
Bk, FrRiRBICE Ser262/Ser356 FIhT S BERE(L A0
tau ) K B Athena Neurosciences Y Schenk 3
. Pt [pF%]  (ZrBERE, RANFERA S
Ser?6?2 BERALM) tan D FL tan [pS™M] (W
BEFLPR, TRBRFRAZ A Ser214 BEREAL A tau 85 FD
7 Biosource International 728 P2 &, 134d (& WL E
s, IRBIBEER AL H) aw AREAL N
I BRI A AL B BATUIEL 2 THR G AR
F4L R ILE A Amersham Pharmacia Biotech 4% )
F= .

1.1.3  H A FIFe e, A gmEmRRE g
7y F).  Streptozotocine
(STZ) A1 Sigma & A 77 &, D (+2 -Glucose A
Sigma 24 A F= . mNGF % Alomone Labs 2 &) 7=
. Lipolectamine™ 2000 &3] A Invitrogen 2
77 k. BisBenzimide H 33258 A Sigma 2 w7~ 4.
Xho | . Not | 4 Biolabs % ®) FZ f. Dneasy
Tissue Kit (T HREZEFEA DNAY H Qiagen 2
&2 8. Plasmid Madi Kic (T P EEHMBIRD
H Qiagen 24 7 FE 5. Gel Extraction Kit (T M
IENEREE e b a4l DNA HED 4 Qiagen 2777
fh. FUJT Tmaging Plate 24 FUJT PHOTO FILM
A F PR AL, Immobilon™-P PVDF & 4 Millipore
2o F FE .

1.2 i

1.2.1 AIEEEFR. PCL2 MIEIEFAES 10X DM
R 59 /0 4 ML &) RPMI 1640 B fili 5= B,

Corning  Incorporated

FEFRAMA 37T, 5% R CO,, BR 2~3 R
—IR.

1.2.2 pcDNA3. 1-OGT ERFIE B FIf &
M, AT 31 kb KB A OGT 89 cDNA &1
Not T 1 EcoRV i A B E A% RIE AR peDNA3. 1
. g EA R DHS, RS, ERfE
FLEZERRKEFT Y H QIAGEN 4 7 ) Madi &
FEmR R R W B R S BIAT). Mz
Ao AT B DNAWREE. —20 Clgfr & H.
1.2.3 “HjpA)aba

STZ WM EELE. EMEEZARERE
BRHEAIEFRRAE R, BMEEH 50 pg/L
NGF () LA FEE TR, ERIELM TR 2R,
DS Sa s, 2 K5, AAEILE, &ARK
FE R EIHRER 50 ug/L NGF ) RPMI 1640 4k 485
FAR, PRABE—R. 4 KE, THRL EREEF
EEETFIREY STZ SEHFAM S h. REH
LU B — 25 A

TARALIE, F5FeE N LSRR b 4l B TE Bt
BB =R, HMER 50 ng/L NGF, %
7§ RPMI 1640 5 S5 T4 7 K, Fla1#E 2
W B RAEBRAESEAERENLE, AEF
50 ng/L NGF B RPMI 1640 BEAT {JL4E A0 38 A [F] B
fal, SREWEMN.

JRFEYL, M PCl2 #IFL, % 1.5X10° 14
Bu/fLEE T A LEFRR T, FHaRESLhy
EH 70%~80%ICH, HE Lo SimEH 5%/
41 IFR RPMI 1640 55554, 5% CO, W4H, 1
STCHFER. £2KR, A PClneotau (BFAERD
K peDNA3 1-0GT BRFE R, OCT fksS
tau JURIFLRELL A 1+ 1, 2+ 1. FHYiRE
Invitrogen 4 ) 7E lipolectamine 2000 7 i H 5
TR R AT, TR 4R, B EE
50 ug/L NGF 1 10% S IL¥E, 5% h 4 mwiE #
RPMI 1640 A KIFFEHF 4 h 5, KIR4 M.
BFALAAF TR RAL 150ul 1CH R
B EERE (X EREREP A
100 wmol/L. 1IE 51 B #1, 50 mmol/L  NaF,
1 mmol/L PMSF, 1 mmol/L EDTA). IR
KB E 4 min, MEHESLEFELE 20
7, 16 000X g B> 15 min, W ¥, EHFT
—20C#&H.

1.2.4 ERAREESH. EEFEIEFRERT
PR R R R MR AR,
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1.2.5 Hoechst 33258 J+ 68, SEFHFEALEFR
MR, 4 PRSERESRR, A4UNERER
ZH B 30 min, #AEHH 1 mg/L ) Hoechst 33258
A 45 min. REEIICEME FHRIT

2 # B

2.1 NGF %5 PC12 4R34

HATRH G K PCL2 41BT, M 20 B K-Faf
REBA A O-GleNAc BRI tan A E#E
BB F9 52 M. PCL2 @M NGF BB S o
fhAMEESE, MHEERBEE R R,
PC12 BRI Ttk s RIa, HEMAZHAM IR,
5SS ApESEA AR (B D, PClL2 4
£iE 5 E AR taw EEFRIEH N0,

Fig. 1 Dillerenciation of PC12 cells induced by NGF
PC12 cells were cultured for § days in the medium with 50 pg/L
(a) before
differenciation; (b) differenciation for 2 days; (¢} differenciation for
5 days; (d) differenciation for 8 days. Bar: (a) ~ (d) 20 pm.

NGF and ohbserved with phase contrast microscope,

2.2 M O-GleNAc BEEALAE tau BEERLIEIT

h 7B EHE A E AR O-GleNAc & fiK
F, IATH STZ B o4k Ja BY PCL2 M. STZ
BEHE AT M GleNAC BEEFREEME, M 0
B P R O-GleNAc B4, 29 2 mmol/L
B 5 mmol/L STZ 2430 /EE PCL2 #HHS h )5,
H sWGA 3 25 8 R O-GleNAc ¥ B4 &R
KEE (B 22, HFAXWEES STZ (1724
K.PC2HMMWESTZA MG, HuanE AR E

HEAZER (B 2a). AMABEBRESMRA S
B AR tan PURKT IR IL STZ Xt tan B E AFER
AL AR ARIEW. B 2A o, STZ
AP TH A Ser262 A Ser356 (12ES 150 FIBEER {4
AP, T PHE-1 A7 5 (Ser396/Serd04) FIBEE1L
i, 3 Ser214 i S RIBEEE AL ACE JE A 2 8 m,

HT STZ T eEH 4@ &M, MH
Hoechst33258 WM 4 STZ 4 # )5, PCl2
MPARERERT. SREME 2 mmol/L STZ &b
Mg hiG, CAAHSSARATNS, mE
5 mmol/L STZ B G, KE4 PCl2 AR A A
T (B3, ZPRREATHER LA tau BB BB
eI RE R STZ MM R, EHitk, HAITER
H7T B mMEEEA RSN PClz LA E
M O-GleNAc #EREALEIH, DIFFFRHEXY tau BERRL
AR Wi

B—MARRERE PCL2 SIS RN E SR
WE (MIEHEFE 5 mmol/L #) 20 mmol/L).
EHERGECERZNEREY. BREHEESE
SOHWAP A EE OGleNAc ¥EEAL & i 5 s
UDP-GlcNAc %, MM & A K O-GleNAe
AR ATL sWGA EE RN, &I PC12
MHATE 20 mmol/L BB BHBEFEPIHEER O
GleNAc FEEILEIMA BaE (B 2b). B2WF
ERET AR R R PCL2 AR OGT #
&, WTTIERIR S AL A & B R O-GleNAc ik
SFRIE R, A TET tau B, FAVRKFELEA
tau 25 I EEE DA IN PCL2 A tav EEAMFTEE.
#HR R OGT BIRE PCL2 MHAE BO-GleNAc
MEMEHHEES (B 20.

WA R & LR mwmAEEt S
PClz BT EA OGIcNAc B8 & A, H tan
EOBRBATEARM AN, SRAIESEN
O-GleNAc &1 5 2 AN 1 tau & [ 7E Ser2ld,
Ser262, 12E8 75 (Ser262/Ser356) 1 PHF-1 {7
B (Serd96/Serd04) FF A7 BB BB 40 A B R
(HE 2b, o).

5 STZ MERELEAE, H OGT ik
PCl2 IR B2 E tan FIFRERBRIE (B 20.
i, BATEEES tau BEE AR QK BEERL
AP, RRIE T EFER T tan & EAFTFSEH W
#. bl Bl oc HEMMAEEERTBNE tau 5
7R RF R A S BB R AL AT
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The ellect of increasing protein O-GleNAcylation on tau phosphorylation at various sites

* P<0.05,

Fig. 3 Apoptosis of PC12 cells induced by STZ
(a) 0 mmol/L; (b) 2 mmol/L; (&) 5 mmol/L.

2.3 % O-GleNAc FEEALAE tau BERR AL T

5 b e EAAEREAR, RITAL
HEREE R E TR NGF 5S040 8 KA PCL2
A8 h, LIBEAERAEL O-GlcNAc BEELK
P BEEAHRANERESR (B4, sWCGA
P RS, WM ERITE O-GledNAC
BB ACERE. ATFIR R O-GleNAce

FEEAL B E tau 7€ Ser214, Ser262, Ser356 (12ES
R A RB A KE AR, S PHE-1 £
RE) tan BERACEE MW (B 4). BT PC12 HFTE
THEBHEFRETER s h EH o EANREE
BHRTE (B4, tau EEEN S WEBERIGIUERS
MERAWEAN v HEREMTRZEHRAT TREL
.
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Fig. 4 The ellect of decreasing protein O-GlcNAcylation
on tan phosphorylation at various sites
* P<70. 05,

3 it i

AHFFT ML B9 PC12 AR WAL, B 5T
T EAM O-GleNAc BEEEMEIR taw T EWERR1L
fgm, LXA=MIEFIENTE GILHEES
Fr. OGT ¥ RAM I RETHEANEAM
O-GleNAc FEE ML AKFE, AMNEU tau EA®E
Ser?14, Ser262, Ser356, Ser306 F1 Serd0d4 ZEf7
S HIRE R LK T AR O-GleNAc $EREAL R R foit i
T, AIEEA R O-GleNAc L BHiAE S
AT S BB KR BRI, RZAMR. X4 R
WA REAT tan FIX L2 FRFRER: T AT W R L
Fh, WA O-GleNAc FEEAL.  Bnix&fir SRR

EAAFE AT O-GleNAc BEEALET 5, EmMARE
R, PTRAOY T X B R 24 O-GleNACc BEE:
LN TR RN 2EBRATARN, £ O
GleNAc BERAL SBERALTT BILE S MG “FH”
RE, X—MEEEHEMEARPHELEEEMN S
R 2T,

LHSTZ REEHA A E L OGlecNAc #EE
A A R ACE AR R tan BEERALAO RIS, 324
RIN tau £ PHF-1 A7 SR8 B ALK F 3. 1X—
M SEER OCT BRMERMR. X STZ
BRSAEATRREER STZ FIEHSH PCl2 @k
TR, IREBURFE, SHBRTR, HEA
—EEOMBEET SN o EATE BN AH
BEER 0150,

BEHE AN O-GleNAc SIEL &3 L7 §)
WE., BAEEESSEAMMN O-GleNAc AL
BRI PIATEE, EI5E O GleNAc BBRES R L
FIEE OGT A% O-GleNAc MNEA R L EBEHEE O
GlcNAcase; ik, MEAREEME, E8H O
GleNAc FEE 10 18 17 81 445 I 4 5 UDP-GleNAc,
VRABECHEMEZNESY, MEERELE
FIEERREL FRATIE &ML X 4 BT 7
AhEE. MAIBIREE, O-GleNAc BHEALEENTTE
ERFAAEA tau B AIBE BRALACE A4 AH 2022,
XA ERT, W RETT tan EABBRLKEERE
P RPRTT 2 LA B tau 7E AD fP RE T
AL RS- FRLRSR AL A, T REB T & TR
Mg B Z MR A — S tan FREFEN
ik

il AMRAFELEEZR DAMRR (NIH)
EHFKHE 4L 2L (Li Foundation) B IR HE £ %
(FERFD HEh.
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The Effect of O-GlcNAcylation on Phosphorylation of tau
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Abstract O-GlcNAcylation of proteins is a recently discovered post-translational modilication of nuclear
and cytoplasmic proteins. This modilication is similar to protein phosphorylation rather than to classical
protein glycosylation ol membrane and secreted proteins. Both O-GleNAcylation and phosphorylation
modily the hvdroxyl group ol serine or threonine residues ol tau, the ellect of O-GleNAcylation on
phosphorylation o tau was studied. The level of O-GleNAcylation in dillerenciated PC12 cells was
modulated by changing the concentration of the donor of O-GleNAcylation and activities of the key
enzymes, then, the consequent changes ol tau phosphorylation at various phosphorylation sites were
examined by using Western blot developed with phosphorylation-dependent and site-specilic tau antibodies.
It was [ound that 3-GleNAcylation modulated phosphorylation of tau at many phosphorylation sites and in
a site-gpecilic manner. Increased protein O-GlelNAcylation induced a decrease in tau phosphorylation at
most ol phosphorylation sites, and vise versa. These results suggest that (-GleNAcylation negatively
modulates tau phosphorylation at most phosphorylation sites, Therelore, these studies provide novel
insight into the regulation of tau phosphorylation and the molecular mechenism of abnormal

hyperphospharylation of tau in Alzheimer disease brain.

Key words tau., protein O-GleNAcylation, protein phosphorylation, OGT, O-GlcNAcase, Alzheimer

disease
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