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Fig. 1 Site-specific phosphorylation of tau by GSK-3p in vitro
tauy, (0.2 g/L) was phosphorylated by GSK-3@ for 150 min in reaction buffers described in Materials and methods.
After incubation, the reaction was terminated by adding 4 xSDS-PAGE sample buffer and boiling for 5 min. The
phosphorylation of tau at each site was determined by using Western blot analyses employing site-specific and
phosphorylation-dependent anti-tau antibodies indicated under each blot. The total tau level was detected by R134d, a
phosphorylation-independent anti-tau antibody. /: Control; 2: GSK-38.
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Fig. 2 Kinetic study of tau,, phosphorylation catalyzed by GSK-33
Various concentrations of tau were phosphorylarted by GSK-38. The *P incorporated to tau was

plotted against substrate (tau) concentration (a) or data were plotted by using the Lineweaver-Burk

double-reciprocal method (b).

2.3 GSK-3p W&MLEEER L KN K, B

T GSK-3p i1k tau £ (4 £ AL 5 10 B 12
I BN s R A (1 fH A B0 AN R DAL
AT R S e o B R A AR 1) BT taw B 1 4T
1, B IL Dot-blot A MR FR AL S B 1, tau B
FE ML R AL FEE . N 3a~d BoR LA
Ko GSK-3B M4k K A=W A A £ Dot-blot 45
B BN AT R, VA IR A
(R AH G 9 . ] 3e JiT7n , GSK-3B *f tau £ 1
Ser199 A7 x5 I Tl 18 A4, Sz 1. i A5 JEs 40 Ak FEE 1) 388 fn i
o, JFLE 50 wmol/L tau &5 FIBY, W IR b [ W 1%

Iz, SEILILAYIRK - 2 Kt 2. Jl e ) H XU
AR, ATV T GSK-3B it tau £ 17
Ser199 o s AL S M. 1) Ko fHN 64 wmol/L.

X Thr212 £7 s B ER 1, A 3b F1 3g 3k
T LLE 2, BEE tau B ERFERIIG N, GSK-3B
AL The212 47 s B R AL R B, A7E tau &
WIZIEF] 100 wmol/L B, Thr212 A7 £ 1) 1 4 5F:
WAL RT 6, Wy, #HakEE N tau
B, 7E AT R (i 1 A 3 2 AF N 38 .
I, FEUCRIIRBEIE N, FRATARREIR TS GSK-3B
AL tau 7F Thr212 47 sSBERR AL I K, 8.



*948e £ ESEYYIEHE Prog. Biochem. Biophys. 2007; 34 (9)
o NN v N O NN N N
(HEEI/L)of:a@SQ%% 2 Sdag g8 (®
(a) « O . & 00
o . 125 3
> i % 6001
- o " O - o .§
« o = 0 . e 25 —‘;400'
. o s 0 R T ,2
« e o g @ - g 200-
«cs 000 e o o5 =
= 1 1 1 Il 1 1
. eo 0 0@ L e 0 20 40 60 80 100 120
o200 00 ct o0 0 ¢(Tau)/(pmol L")
Y E N Y] « * 2.8 |10
o090 00 c e 00 ® 1.0r
co0000 o000
.o000 00 » s 02 @@ |2 0.8
2000 00 - 9200 20.6
pS199 pT212
0.4
0.2
(©) @ .- . s . . . s
¢ o o D PP ~0.10 -0.05 0 0.05 0.10 0.15 0.0
c e .. . o 1/[8]
. " - o e
«c o e .« ® e ® |25 (e
«® e 9 *e® %1000—
e 090 LN N ] é 200k
A B ] LN 5 <
ceoe®e L £ 600l
- o ® . 3
P : 0 E 400k d
.. ' 2 200t
o . <
:. : 20 5 0 20 40 60 80 100 120

pS396 pS404

c(Tau)/(umol L)

Fig. 3 Kinetics of tau,, phosphorylation at individual site catalyzed by GSK-33

(a), (b) Tau phosphorylation at individual site was measured by immuno-dot-blot by using site-specific and phosphorylation dependent tau

antibodies indicated under each blot. The phosphorylation level (arbitrary units) of tau at each site was plotted against substrate (tau) concentration

(e),(g) or data were plotted by using the Lineweaver-Burk double-reciprocal method (f).
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Fig. 4 Site-specific phosphorylation of tau by GSK-3p in cultured CHO cells
CHO cells were co-tramsfected with pCl/tauy, and pcDNA3/GSK-33 for 48 h. The cell lysates were

analyzed by Western blots developed with phosphorylation-dependent and site-specific tau antibodies,

as indicated under each blot, to determine tau phosphorylation levels at the specific phosphorylation sites

and 92¢ to determine the levels of total tauy,, respectively. /: Control: 2: GSK-3.
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Site-specific Phosphorylation of Tau by GSK-3p"
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Abstract Tau is a microtubule associated protein in neuron. The biological functions of tau are to stimulate
microtubule assembly and to stabilize microtubule structure. These functions are regulated by its phosphorylation
status. Abnormally phosphorylated tau is a major component of neurofibrillary tangles. As one of the major tau
kinases, glycogen synthase kinase-3@ (GSK-3B8) can phosphorylate tau at several sites. Site-specific
phosphorylation of tau by GSK-3 and the kinetics of GSK-3 on tau phosphorylation was investigated. Tauy, was
phosphorylated by recombinant GSK-33 in witro, and the site-specific phosphorylation was detected by Western
blots using site-specific and phosphorylation-dependent tau antibodies. The kinetics of phosphorylation by
GSK-38 to total tau and to individual site was studied by incubating GSK-33 with various concentration of tau at
30°C for 10 min. These velocities of phosphorylation reaction were determined at various concentrations of tau by
measuring *P incorporation to tau and phosphorylation level at individual site detected with immuno-dot blots
using site-specific and phosphorylation dependent anti-tau antibodies, respectively. The K,, values of GSK-3p
toward total tau and toward individual site were calculated by using Lineweaver-Burk double-reciprocal method.
The site-specific phosphorylation of tau by GSK-33 was further confirmed in cultured CHO cells by
co-transfection of tauy, with GSK-33. It was found that GSK-3@3 phosphorylated tau at several sites, including
Thr181, Ser199, Ser202, Thr205, Thr212, Thr 217, Thr231, Ser396, and Ser404. The K,, value of GSK-38 toward
total tau was 42 pwmol/L, but the K, value of GSK-38 to every site was different. Among all the phosphorylation
sites detected here, Ser396 phosphorylation catalyzed by GSK-3B3 showed the lowest K, only 16 wmol/L. In
cultured CHO cells, GSK-3B over-expression also induced tau phosphorylation at Ser396 the most dramatically.
These results suggested that GSK-33 catalyzed tau phosphorylation at several sites with different efficiency, and
Ser396 was the most efficient site for phosphorylation by GSK-383 .

Key words tau, glycogen synthase kinase-33(GSK-3B), phosphorylation
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