M EEMIBHE Progress in Biochemistry and Biophysics, 2006, 33(7): 647~652
www.pibb.ac.cn

Pk

YU NR B% & tau 2= B HEES (L AN
O-GlcNAc #EE IS 0 *

s 42 1,2) % Z'y-‘ J| L3 }13 %t 1,4) Fé:‘ EI}‘E;%? 1 1}%& 1) #xx zéﬁ&‘% 1,5) wxx
(MR [RGB A= B BAE B R, WRAE PR RTINS s, BRI 430030
DL KA ERIE X SE B 2 5, TRifE 5190005
I B 44 IR S B B, X 4500035
ST N REEBEZ WRL M 4500035
“Department of Neurochemistry, New York State Institute for Basic Research in
Developmental Disabilities, Staten Island, New York 10314, USA)

FE O T BRI R P A B R ERCRI A B RSE BT JR IR BRI (Alzheimer’s disease, AD) MZBAT MR AR IR, K R
N ERHEAT DUAORT PR S AL B, A 2 AL tau B35 A RF R M BT RTEE ) O-GleNAc Bl Ry e PEFUATEA TR I, W
SRR B S MR AN RIS 0] i K B2 T tan 8 FURESEAE S 2 A s TR AL IR AR Ak 25 SR B YU AR B ke /1N BRI B2
SRR AT tau 25 1 1) O-GleNAc B FEAL KRR, [A I tau 28 A BERRAL KT T, DURS RN tau O-GleNAc HiFE 4k Ak
T A A0 B8 T W B2 5 T 2 JSIE 7K S A R AR . RN tau £ 1R BE IR AL AT O-GleNAc Bl 4k 2 B A£ 7 AH T i
FT 5 R B B A ) BB N tau B 11 O-GleNAc FiIEAL /KT tau 8 (17748 70 i BE iR 1L, Emi {2 &% AD (¥
PR, X — 45 BN A0 B BUBIE 0 tau B2 11 S T FEREIR AL 16T AD SO P RESR At T 5240 KRG

KEEIE PIRUEEN, tau 2R, BERIL, O-GleNAc #idtth, YLk

ZFRPES R745.7, Q513

Ri] 7R 2% i BR 9% (Alzheimer’s disease, AD) f&—
T AR S 2 JRAT P, e SR B AT P A
AHCAZ D RebsniG, &b 2 N P R a5 WL IR I
K. 72 AD fixith, 55 #hee o0 25 0 AH Al bi H ) 3 2
HW ISR A THPE ol B Il FE R Ak
1) tau & A4 B ph 22 5 2T 4 2 45 (neurofibrillary
tangle, NFT)WLL J 22 Juhh th B € ¥y FF B A
(B-amyloid, AB) Ut FA ¥4 i 1f] & 4F BE  (senile
plaque, SP) &,

Tau & & PR e PERCE A G B, H)
RESZ B 1 ol IR VAl R 2 1) R TR WS I ) OU T, 3
JERERRAGIY) tau W ST0E 45 &, (REERUE AT 4E
FEHASE M, AT ORIE 40 B 22 1 S8 3 il i
v ) IE R AT SR IR AL tau k2 BIR T RE,
AL tau £ ) 5 0k BERERR AL AE AD 1 A0 BT
Hh kA A P

S tau B R I R IR AR DAL v R e
T, AR EE N AD & 20 KPR . 2R

Bi. AR, LR ZR AR T & AR R T BOH R Ry
TERI B, WIEERE. phIuergigish. gt
T2 M B 28 T8 B 2. L rp — AN A A AR A
T R A B AR ORI U B . X — B S T
ADRAE, HBEE AD J it i E B, XA = sk
Feor, KA A5 2UR k>R AT REAE AD i B
FHLE TR EZAER, RPN 2E.

VEZ BT (WF9TUEW], tau & AD fixith NFT
PR NSy, L SRR ALY tau & TE I NFT
Jo AD 53 FHLEL I OCHE R 220, Al T R I, A ki

*[F 5 H AR BEF R 4 %8 W 30 H (30472030, 30400068), [ 5% T A L A
WF5E A TR 28 B 3 H (973)(2006CB500703).

o SRR B AR o IR A

FE k. Tel: 027-83692625, Fax: 027-83693883,

E-mail: Wangjz@mails.tjmu.edu.cn

FERHT. Tel: +1-718-4945248, Fax: +1-718-4941080,

E-mail: cxgong@ultinet.net

AR H M 2006-01-16, #:52 H#: 2006-03-22



. 648 - EMUFEEYYERRE

Prog. Biochem. Biophys. 2006; 33 (7)

taulR T RE W R IR AL AB U 2 AF, B fEHE O-GleNAc
BEFAL BT &, 10 H. tau (1) O-GleNAc FEFAL 1T LA
SIS AT tau HBERR LGS, BT8R 1) O-GleNAc
PEIEA S BEAC I, DL BRI s —FhmT Re
R i o i 26 9% 1 R B IS TT e 2 DAL 2D tau 1)
O-GleNAc ¥4, (2 dF tau 1) 5 0 i B2 B IR
i AD JE . A T 8 iExX e, AL A
R/ BV, BIFE T DK w2 26 B £k SRR i
B fiS XS tau ) O-GleNAc Bi IS AL R R 1k 1) 52 %
T REALH.

1 MRE5ERZ®
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Table 1 Primary antibodies employed in this study

Antibody Type" Specificity? Phosphorylation sites” Reference/Source
RL2 Mono 0O-GlcNAc Affinity Bioreagents,Inc., Golden, CO
CTD110.6 Mono O-GlcNAc Covance, Richmond, CA
SWGA? lectin O-GIcNAc EY Labs, San Mateo, CA
pT205 Poly P-tau Thr205 Biosource, Camerillo, CA
pT217 Poly P-tau Thr217 Biosource
pS396 Poly P-tau Ser396 Biosource
PHF-1 Mono P-tau Ser396/Ser404 [7]
R134d Poly Total tau [8]

YPoly, polyclonal; mono, monoclonal. ?P-tau, phosphorylated tau. *Numbered according to the largest isoform of human

brain tau®. “sWGA (succinyl wheat germ agglutinin) is a chemically modified lectin rather than an antibody.
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1.2.2 KRR B 00 ) SOHE R 1 Ak oE, F 85 0 2%
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1.3 B5IRE&

K KM B R BURN I 2N TN 2.5 ml 2]
2P (50 mmol - L Tris-HC1, pH 7.0, 0.15 mol/L
sucrose, 1.0 mmol-L™" Na,;VO,, 50 mmol-L™" NaF,
1.0 mmol -L " PMSF, 100 mmol -L " GlcNAc,
2.0 mmol -L ™ benzamidine, 2.0 mg/L aprotonin,
20 mg/L leupeptin, 2.0 mg/L pepstatin A,
1.0 mmol-L* EGTA , 1.0 mmol-L" EDTA), fEUK#
ESr S

14 HREARRENE
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BCA 7 (Pierce, USA) Ml & K i R 2R FH B
1.5 SeyREN
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10%, pH 8.8, WAiRHKSE 4%, pH 6.8. fFIkiE Lk
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Jit ¥ %% 22 PVDF Ji (Amersham Pharmacia Biotech,
Piscataway, NJ, USA), HIBH IS E MY R 4t
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Ha P B 108 4% 17 K H Kodak Digital Science ID [
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Fig. 1 Effect of fasting on global protein O-GlcNAcylation
in the mouse brain

(a) O-GlcNAcylation of proteins (15 pg protein/lane) in the crude
cerebral cortical extracts of mice after fasting for the indicated periods of
time was detected by Western blots developed with anti-O-GlcNAc
antibody CTD110.6 or RL2 and with O-GlcNAc-specific lectin sSWGA.
Each lane was from an individual mouse brain. Molecular mass markers
in ku are shown on the left of the blots. (b) The blots as shown in panel
(a) were quantitated desitometrically and the data are presented as x * s
of the relative staining intensity. Statistical analysis indicated that
fasting-induced decrease of global protein O-GlcNAcylation was
significant (P < 0.05). O—O: CTD110.6; m—m: RL2; A— A: sWGA.
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Fig. 2 Alteration of tau O-GlcNAcylation in mouse brains
during fasting

O-GlcNAcylation of tau in the crude extracts of the cerebral cortex of
mice after fasting for the indicated periods of time was detected by
Western blots developed with anti-O-GlcNAc antibody CTD110.6 or
RL2 and with O-GlcNAc-specific lectin sSWGA, as shown in Figure la.
The tau bands between 50 ~65 ku were then quantitated
densitometrically, and the relative levels (v = s) of tau O-GlcNAcylation
(staining intensity) are plotted versus the periods of fasting. Statistical
analysis indicated that fasting-induced decrease of tau protein
O-GlcNAcylation was significant (P < 0.05). O—O: CTD110.6; m—m:
RL2; A—A:sWGA.
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Fig. 3 Western blot analysis of tau phosphorylation in
mouse cerebral cortex during fasting
Phosphorylation of tau in crude cerebrocortical extracts of mice after
fasting for the indicated periods of time was detected by Western blots
developed with several phosphorylation-dependent and site-specific tau
antibodies and one phosphorylation-independent tau antibody R134d, as
indicated on the right side of the blots. Each lane was from an individual

mouse brain.
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Fig. 4 Alterations of phosphorylation of tau in mouse
brains during fasting and re-feeding
Phosphorylation of tau in the crude extracts of cerebrocerebral cortex of
mice after fasting (F) for the indicated periods of time or re-feeding (RF)
post 48-h fasting was detected by Western blots developed with several
phosphorylation-dependent/site-specific tau antibodies, as shown in
Figure 3. The blots were then quantitated densitometrically, and the
relative levels (x + s, n = 5) of tau phosphorylation (staining intensity)
shown. A phosphorylation-independent tau antibody R134d was also
included to determine the levels of total tau, which were used for

normalization of the data. * P < 0.05 as compared to control (FOh)

group.
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Fasting Induces Decreased O-GlcNAcylation and

Increased Phosphorylation of tau in Mouse Brains®

SHI Jun'¥", LI Xu ", LU Fen'¥, CHEN Xiao-Qian", WANG Jian-Zhi"™, GONG Cheng-Xin"""
("Hubei Provincial Key Laboratory of Neurological Diseases, Department of Pathophysiology,

Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China;

2Department of Administration , Sun Yat—=Sen University Zhuhai Campus, Zhuhai 519000, China;
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YDepartment of Neurology, Henan People’s Hospital, Zhengzhou 450003, China;

dDepartment of Neurochemistry, New York State Institute for Basic Research in

Developmental Disabilities, Staten Island, New York 10314, USA)

Abstract To explore the role of impaired brain glucose uptake/metabolism in neurodegeneration of Alzheimer’s

disease (AD), the relationship between an impaired brain glucose uptake/metabolism (down-regulation of tau

O-GlcNAcylation) and the abnormal hyperphosphorylation of tau was investigated in fasting mice. It was found

that fasting caused reduction of tau O-GlcNAcylation and a concomitant increase of tau phosphorylation at several

hyperphosphorylation sites as seen in AD brain. Furthermore, hyperphosphorylation of tau induced by fasting was

reversible in the brain after re-feeding. These findings provide a novel mechanism explaining how impaired brain

glucose uptake/metabolism may contribute to AD-like tau hyperphosphorylation and also suggest feasibility to treat

AD by reversing abnormal hyperphosphorylation of tau at early stages of the disease.
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