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WE MR IHEE (0 5(cyclin-dependent kinase 5, Cdk-5) & &5 I A( protein kinase A, PKA)/Z& 17 Tau & [
PR AN P TRl L6 JR G (diabetes mellitus, DM) A SRUAN Y Tau 28 FIBEIRAL B0V FH AT, H AT AR OB . S ERIHbE 5 &= e
Z 1) DM K5 5 Cdk-5 M PKA % Tau & [ R I VEH, FH %R 7 1A 3% (streptozotocin,  STZ)EE 7. DM K U #24Y,  Fura-2
BB eI 5 A0 P 2 a2 W, S OIS Cdk-5 351, T PR IE AR 45 4 SRR I PKA FRISEPE, 28 1 % B4 0l
Tau AR AT . 4R 75 DM KRS M &0, Ca R T m, Cdk-5 K PKA 3G P Th i, Tau 8 A 74
Ser198/Ser199/Ser202 F1 Ser396/Serd04 {7 i (I R AL 1 9. Cdk-5 F4E 5 M35 roscovitine A F#A% DM A il Cdk-5 v,
{ARRERRAK PKA 55 PE, A Tau 2 [17E Ser198/Ser199/Ser202 437 i i R AL /K V- FAARK, (RN Ser396/Serd04 {7 i (1 i FR AL,
roscovitine ZFLIE T KRG, FIREGIORGME A Tau 8 BRI W80, 2 O NEEMOK T BIESE DM K RIS Cdk-5 &
PKA VEHETF &, AR Tau 2 (176 Ser198/Ser199/Ser202 47 55 Fl Ser396/Serd04 47 i (MIF IR AL, #IZEIC N UiE 8 Ca* IRIETT

ey ] RE A E A
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(neurofibrillary tangles, NFT )Flf# £ JC #b % 4 B
(senile plaques, SP)IJPLFA, NFTF % h & i i
W TR AL 1 19 28 R 1A Tau 20 B . B 50 & Il 8 I 3
(glycogen synthase kinase-3, GSK-3)A1 4 ffd J&] #4K
#5175 (cyclin-dependent kinase 5, Cdk-5)
& 51 ADFE Tau t 7 W I 158 9l 19 1 110 o 223
W, O B WO 25 W96 97 AD R BT HE R B,
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FREE MR B RO R W B TARDMOHE, 34T
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1.3 SRETE

1.3.1 Wl Ak, SD MEMER R 20 KL, BEAL
53 M XF R4, Con + roscovitine4], DM4, DM+
roscovitine 4 . [k %J [ 4 Fl1Con + roscovitine 41 7f,
Jif KRR 12 h, LLO.1 mol/L 7 4% % 2% v ik
(pH 4.4) 7£ VK # vh T %20 /L IF) STZ %5 i, #%
55 mg/kg/EIEVE S, 72 Wil B K 1716.7 mmol/L#
JDMEERY FY,. DM+ roscovitine4]: 5256 1 5529
Ky FSEARE AL ACHE Sk AL 2 KR, 18
B FT X5 3.8 mm, HZ6552.5 mm, FREREF
3.0 mmoky g ShEES, AT E AR 1) S VA
50 mmol/L [fJroscovitine 1 pl(SigmaAwl, ¥ T
DMSO)¥, 1.5 min 5¢/%. Con + roscovitineZl: i
[F) 3 8 A R AR SDOK B, 48 ST A4 A7 A3 7 T
T, ST HE HE A 17 I VE 4550 mmol/L K]
roscovitine 1 pl &, 1.5 miny5€. PLEFARKR
TARE2~4 hJple, ATLLEATIRS), B EEE AR
K, TPARIGEH2R(EEI0R) SE 5 45 A Wr Sk B,
7y B S R ], R OR R T 330 R SE 0 45
DRSS T S IR, 33 ) 2 e 4 H

132 BE FIREM . FHUKYA K Hank's 0K 2
B PR SRR 3K, BT AR N 0.125% JBR & 11 1
37°C #4620 min, 1 500 r/min{§0>5 min, YIEL A
K (% 140 mmol/L NaCl, 3 mmol/L KCI,
1 mmol/L MgSO,, 10 mmol/L Hepes, 10 mmol/L
Glucose)VEHk )5, FCECAN ML= (10°~107/ml), 441
My 5 Fura-2/AME &, 37CH¥H 40 min, 1 500 r/min
0S5 min, YITE A 37°C TR [ D-hank sy ¥E24%, N
A 3ml 85 B F W W (7 140 mmol/L NaCl,
4.5 mmol/L KCI, 2 mmol/L MgCl,, 10 mmol/L
Glucose, 20 mmol/L Hepes pH 7.2), 37C & ii2~
3 min, JHF-2000 %<6 730606 BV E (OB A -
340 nm. 380 nm; KWK : 500 nm). LA K
[Ca* 1=Ky (FD/FS)YR— R i) (R — R)VI 5.

1.3.3  PKAGGYENE . PRAGEPE D & 1K # Kemp J7
AT, 7.5 pg FEE B IS 25 pl,
41 pH 7.4 1130 mmol/L Tris, 10 mmol/L MgCl,,
5 wmol/L cAMP, 100 pmol/L [y*P] ATP
(- ATPTBUR 1 EE 3% FE 20 1.85%10™ Bg/mmol), K&
100 wmol/L Kemptide X4 1 & i, %R AT,
30°CH¥ &30 min, FH25 wl 300 mmol/L HyPO, X M i
Ak &S NEARZR 3 RS i A R 2T 4
I, BL75 mmol/L HyPOE N #h o,  JERmE1-Jf
BN, I HER R, BB LA I AR

DT, TS PR 5 A A S 0] R LU 2 T A AR 1
PERIR.
1.3.4  Cdk-53EPEM . Ko B th i 5 7E0~4°C
F10%A5) ALK, S AEAC 10 000 r/min
B0 10 min, W B, JFEB RS —EP
BN 2 mg 1% # 1F Sepharose [ [ 54 1 JRA (14 H
Santa Cruz Biotechnology Inc), 4 °C #t & 30 min,
12 000 r/min 0210 s, K BG4 # 2] 5 —EP
P IE N NT wg Cdk-5 Z i BEPiAk, 4°CHf'E 1 h,
12 000 r/min &0 5 AR I E G, MA20 g
SDS-PAGE JNFEZE M, 100°C HNFA3 min B0 53
5 1l A-Sepharose, J1¥ FiG#H 2 5 —EP 4, H
2.5 ug Histone H1 fF & Cdk-5 ik # (Santa Cruz,
Biotechnology Inc), % &30 min, NERXIIEL,
T A R 5 55 R B A BT A AR 3 1 6 e 8),
1.3.5 K [t Bk 5 5 (Western-blotting). ¥ 77 &5
HAHEL, 0~4°C H10% 25 FELBUR AT 3% . 2130
7E4°C 10 000 r/min5 0010 min, H 3, WhK g
PE10 min, 21540, FH10% 58 4 4 Bk i 2 25
IS, R BRI o B, TR L O R A R AT 4
I E, FHS% MG 2 93 2 R BT b, 15 5% 0T
2 5 5 R 1R R S 1 BT AR Tau-1 (1230 000 7 B¢ ),
PHF-1(1 : 2504 %%), 11le(1 : 1000%:FE) 37°C i
B2 h, £0.05mol/LTBS (pH 7.5)7& vk, Fl5% i fig
A= 5 R 1) BRI AE A D B AR C I — B3 T C R R
1 h, £0.05 mol/LTBS ¥ ¥k, 4 5 H ALP & £
10 min. &5 FF0R S 2 R HIBCAVL. K H Kodak
K% 73 Mt 248 M Image-Proplus #4553 #1445
TR 3RS (LR 2 A L),
gt Ja e sem g ik
1.3.6  Ziil a8, A R H (ves), K
SPSSZE i AT AT —JuI = T7 240 BT, P < 0.0524
Z 5 BAT B

2 F R

2.1 Ca*:RENE

Ca* 555 Cdk-5 [ P 7 p3 5 B A p2 5 FR 1 1Y
JERE— 2 CAk-5 35 1, BRIk, FRATA I 1A
IFi) 2 01l ¥ 1 o 8 G A U 2 Ca? WK B2 . fEDMEK B
g Ch PP 2 20 L N Ca Th iy, 5 o0t A A I Wl 1) 22 S
(P < 0.05), roscovitine 4t FE (K] DM K §& 41 it Py 37 25
Ca® 5] 1 =1(P < 0.05), [firoscovitine &b ¥ 1F &
KEUE, PR 4 A Ca> 50 BT L B e W] i
T (P> 0.05), 5 DMK i A roscovitine &b # [ DM
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KB AR B K (P < 0.05), FiRgh B4R
DM K Ui S 4 40 o )N Ca2 T 557, roscovitine b
St KoV 4 L P 9 S Ca2 R G I S s i (1 ).
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Fig. 1 High level of intracellular [Ca*] was induced in

hippocampus of diabetic rats
*P <0.05 ps Con group, #P < 0.05 »s Con+Ros group.

2.2 ERIEMENE

Cdk-5 21 15 Tau s (WAL 1K B 2L, g
PEIE N2 2 Tauds B2 1L, 11T Cdk-SIREPESZ fL Py
WEEgCa 5. FATKIL, DMK g Ca ¥ i
Thimr, Dtk 2R T Cdk-5TE T, 4Rk
. DMK it 5 Cdk-5 11 3% M 234 NP < 0.01);
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Fig. 2 The changes of Cdk-5 and PKA activities by

roscovitine in diabetic rat brain

(a) Cdk-5 activity was increased in diabetes but was reversed by
roscovitine. **P < 0.01 vs Con group, AAP < 0.01 vs Con+Ros group,
##P < 0.01 vs DM group. (b) PKA activity was increased in diabetes and
wasn't reversed by roscovitine. **P < 0.01 vs Con group, AAP <

0.01 vs Con+ Ros group.

roscovitine b P J5 (DMK Fil i 5 Cdk-5 1) i 4 B 2
FEA%(P < 0.01), Tfiiroscovitine &b ¥ ) 1 5 K fl i 14
Cdk-5 1375 P 5 068 W2 Ll 4 T8 B I8 BRI (P > 0.05),
5DM KR A W B ZE 5P <0.01), $#£x
roscovitine A~ 5 $ ] 1F K B 5 1) Cdk-5 ¥ 74 5
DMK B i 5 #2520 Ji N Ui 25 Ca® Wk 2 T v 1] fig i
ECAR-51EYE(B2a). 5 —J7 i, 40N Ca* & &
Bmnfs, RS R IR IMEER(AC), i —
IHPKA. fEDM KRR 2 Wt 7w B B,
PKA S B (1 EEC IO 3G P38 e, PRk, A4l
DMK Ui SPKAWE 1, 45 R &KIL: DMK PKA
WPETE R (P < 0.01), roscovitine &b # DM K ffl 5 A&
FEARPKAKEYE, Tl roscovitine X} 11 ¥ A fl PKA [
WM G S (P > 0.05), 5 DM K K
roscovitineAb P DMK il b IH i 72 5 (P<0.01).
ARG IR, roscovitine X 1E i K FUUAE B & 4]
Jf1Cdk-5 S PKA )3 PE TG B 5 md, DMK B it 25 fif
28 20 M N i B Ca K B TE T B BT PKA,
roscovitine I il Cdk-5 135 V£ 5 X DMK B [T PKA 3G
P JCHH {2 521 (J#12b).
2.3 TauZE B EER 1L AIHE

Cdk-52 1715 Tauf 1 BE IR AL 1) 20D, JF
H., PKAtZ 5 Taulk (BRI A0S 09, Shidk—
A B 7R DMK B B Cdk-5 S PKA TP 1 i) Tau 2
HERRAL % m, FRATTAT I T Tau sk (A B R b 7K
(484K . Tau-17F Ser198/Ser199/Ser202 7. 55 P 51l F
BRI Tauz 1, EDMOK B (A B, $2/RTau
% [ 1F Ser198/Ser199/Ser202 v fi #: #F W 1k
(P<0.01), FHIRBIBERAAL &I PHF-1HT AR M A
L. Tau ik M 7F Ser396/Serd04 17 fi 4k 1 M2 1L .
roscovitine 4t P2 DM K fl J5 , Tau & H 1F
Ser198/Ser199/Ser20247. £ IR AL /K- JL T~k &= 2 1E
HWIKE(P<0.01), {HAESer396/Ser40447 1 I FE 1L,
IHERFERE R 7K roscovitine Zb B 1F ¥ K )5
Tau®s [ 75 Ser198/Ser199/Ser202 17 5 G 46 i 2484k,
(P>005), S5 DMK B b8 0 A7 W 8 1) 22 5l (P <
0.01), 1 Tau sk [17E Ser396/Serd04 1. i 1 A 4 ik iz
1, EHDMK R M roscovitine 4t FE ) DM A R 45 B
BRI Z (P < 0.05) (K 3a, KI3b). 111e s 4 (1H 5]
Joh Tau B 1) 76 % 41 0] G W 35 7 2% (P> 0.05, [
3¢), Ui FIRALFRASE I S Taud A1) &, b
RiEx: fEDM K WG S M &0, Tauik H1E
Ser198/Ser199/Ser202 1Ser396/Serd04 17/ 5 i IR AL 5
roscovitine X 1E ¥ K Fil Tau g [ [0 B R A0 JC B Ik (1) 5¢
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Wi, HIE R HHIDMA B Cdk-535 P, i Tautk (1 7F
Ser198/Ser199/Ser2024v7. s i FR AL /K - FRAIG .
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Fig. 3 Level of Tau-1 tau (a) , PHF-1 tau (b) and total
tau (c) in hippocampus

(a) **P<0.01 »s Con group, 2P < 0.01 ys Con+Ros group, ##P<0.01 vs

DM group. (b) *P < 0.05 »s Con group, #P < 0.05 ys Con+Ros group.

(c) P> 0.05 among four groups.

3 i 1

PR TCN PN JR 2T YE 4 25 (NFT) & AD ) Y K
ARG 2 —, T BEAE AD I 0 vk B E B
FE R, NFT 2 2 i o B R AL 1) Tau 2R 1

HE . Cdk-572¢ 2 5 Tau ik A 5 0 B % 1k & 22 (1)
Ser-Thr &% F MM, 7 KSPXK I 3> 1% 1% 1k Tau &=
F1. Cdk-5 &A%t A A6 F 47 Cdk-5 R 715 3
f7P35, P39(EkP25) 41>, 140 g N i 25 Ca2 I f
e I YOS A A0 I B 1 K A W calpain, e R
P35[&A# JyP2504, 5| HECdk-5K IR a] Ry Sk 0se, -
FUUESE: DMK B A #2870 Ca? AR 245 Bl A2 BL A
PKA, PKCREBR A5 55 S 0, AT RE2 A &
Syl ] BAPE BRI LR 22—, /EDMK RS
MR AT, Ca P LI 3G I 5 G 1 R R 11 4605 3 o
T ThRERRAR AT ORI, ARAMIFRIE S K bl
PR OB S g Al BB P3S R IE, kb S
Cdk-5, Hroscovitine I il Cdk-5 1 DL AL e b o) fie
BRa M H D, JEH, W Cdk-5mT e 2t mrpE )
WO B B 28 4 W ™, T v BRI O, i
Cdk-5 S PK A1) 25 A4 5t Tau 25 1B BR AL (1) 5% i 201 4],
H A AN 2

FATTAT I 30 R DMK B i L Aot 28 40 i Py 1140 U
HCAKEE, RILILE A B B Tt . A7 K Ca*
BB UL Ca 8 ME N R IT T A& TN
CaFE A RIS IIBE N, b4 28 o i 5 M 1 I 2R A
T AatECa AN AL TR EE e, Rk, Tk
ATHEDN e 2248 T v (A 2800 I i B Ca mT gk — 20
oS NS S SRR, BRI, W T
Cdk-5IETEAR 1L, 459 %I, DMK Ui 5 Cdk-5
W TR, E SZDMOK BRI A 20 40 i N Ca®
WETFE G, ATRES S Cdk-5TE M . Cdk-572
Tau s (11 & i R AL 1) T ZL Y, DMK il Cdk-5
TR NS, X Taufk F1 0B R A4 7= A o] Tt 5% g 2
ok, AR Tauss (BRI KT, S5 3R,
Tauts ( £F Ser198/Ser199/Ser202 &% Ser396/Ser404 if
MUBEIR A KT B TR, Ui B DMK Uit B i 26 4
Ml Cdk-5 % V£ J+ & 5, T RE 5 Tau & M 7
Ser198/Ser199/Ser202 /% Ser396Ser404 {7, /1 i IR 1L
itk W8 Cdk-5%F Tau sk (IR AL K55m0, Fedi]
A Cdk-5%F T4 57 roscovitine AL FEDM K B, Wi
HTautE ARG, SGREN: N
roscovitineJri, Tauft 1 - 7ESer198/Ser199/Ser2024
RUERL A B, 17 Ser396/Serd044 i R 4k 7K
PR R . W ORHIE S . CdkS 7 Ser198/Ser199/
Ser202 A Ser396/Ser404 4. i i 17 Tau & [ [ i 12
B, g ] Cdk-5 1R 4RE S A i 7] A Tau ks (7R
Ser198/Ser199/Ser20247 s B IR AL K BRAK 2 21T
EHILALEEES S R, AP0 T 5
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i B P Ca> ¢ Tau £ H IR 1L 3547 X I PKAR 1L
iR I AEDMOK L 15 #2541 i Y Ca2 Wk B2 T
G, PKATEMERGIN. JFH., roscovitineb#DM A
BUE . PKATE R4S I+, Ul B PKA 3G 1 A %2
Cdk-53E PRI 52, PR h Ser198/Ser199/ Ser202
JSer396/Serd0447 i & PKA FIE AT 55, PRIk,
PKAJFPETH 51 5 DMK BRI 15 713X L6457 1 (1) B R AL,
K Tt &, H roscovitine 4 FE DM K R )G,
Ser396/Serd04 47 x5 1 1 A4 7K AT DR FF R =y 7K
X 1] fE & roscovitine A I CAk-575 1, X PKAR)E
PETCHA B2 m, PG, PRKAMRHF T X Tautk A 7
Ser396/Serd04 17 SRk . S Ak, A 58 BE ML [ A
roscovitine [F]/E H] , T A1 H roscovitine &b B 11 5 A
B, AL I b 28 40 i P Cdk-5 S PKA Y 1 1 B
WA, WK W Tautk A AE FIRAT 2 H I 5 B R
k., 1UFSEroscovitine X 1E K Fl i Tau s 1 1 BE IR
TG B R

B, ARIFFUE IEEAR K SE B UE S8 PRI K
B 5 Cdk-5 3% PE T e Al Tau s 852 {1, Cdk-5
B3 P T AT RE S N Ca2 Wk I T s O, IE L,
PKAWH M H IS 3 T, 5 Cdk-5Th R it Tau sk
IR, X 7~DME I K ADFEIR AR LA
IR X

2 % x #
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Regulation of Tau Phosphorylation by Cdk-5 and
PKA in Diabetic Rat Brain®

QU Zhong-Sen*¥ ™ LI Liang"-®" , ZHONG Shi-Jiang?, NI Hong” , ZHAO Yong-Bo? , WANG Qun"
epartment of Pathophysiology, Tongji Medical College of Huazhong University of Science and Technology, Wuhan , China;
(" D Pathophysiol Tongji Medical Coll. Huazhong Universi Sei d Technol Wuhan 430030, Ch
?Department of Neurology, Shanghai Jiao Tong University Affiliated First People’s Hospital, Shanghai 200080, China;
*Department of Neurology, Medical College of Chinese People’s Armed Police, Tianjin 300162, China;
Y Department of 2003 Clinic Medicine, Medical College of Xian Ning College, Xianning 437100, China;
*Neurology Laboratory, The Children Hospital Affiliated to Suzhou University, Suzhou 215003, China)

Abstract Cyclin-dependent kinase 5 (Cdk-5) and protein kinase A (PKA) are the important kinases in the
regulation of Tau phosphorylation. However, it is unclear weather they participate in the regulation of tau
phosphorylation in diabetic rat brain. The roles of Cdk-5 and PKA in the regulation of abnormal tau
hyperphosphorylation in the hippocampus of diabetic rat model have been investigated. The diabetic rat model was
induced by intra peritoneal injection with 55 mg/kg streptozotocin. Intracellular free calcium concentration was
detected by loading Fura-2 and fluorescent technique in Control, Con+ Ros, DM, and DM+Ros groups, and the
activities of Cdk-5 and PKA were measured by immunoprecipitation and by liquid scintillation for incorporated
radioactivity respectively, furthermore, Western blotting was used to examine the level of tau phosphorylation by
using phosphorylation-dependent and site-specific tau antibodies. The results show that, compared to normal
control, the concentration of intracellular calcium in the diabetic rat hippocampus was elevated to 165.92 nmol/L(P
< 0.05). Cdk-5 activity was increased by 29% of control, and an increase of PKA activity by 30% of control was
also found, both Cdk-5 activity and PKA activity were increased highly compared to normal control(P < 0.01, P <
0.01), furthermore, the immunoreactivity of Tau-1(detection of Ser 198/Ser 199/ Ser202, non-phosphorylated site)
was decreased (P < 0.01), the immunoreactivity of PHF-1 sites (detection of ser396/ser404, phosphorylated site)
was increased (P < 0.05) in these diabetic rats. After treated the DM rats with roscovitine, a specific Cdk-5
inhibitor, Cdk-5 activity was inhibited to 105% vs control, it was not obviously increased compared to control (P
>0.05), but PKA activity remained 127% »s control, it was high compared to control (P < 0.01). Moreover, the
hyperphosphorylation of tau at Ser198/Ser199/Ser202 epitopes was reversed (P < 0.01), but the level of
phosphorylation of tau at Ser396/Ser404 epitopes was remained highly after roscovitine was administered to DM
rats. However, after treated the control rats with roscovitine, Cdk-5 activity was about 104% vs control, and PKA
activity was 105% vs control, neither Cdk-5 activity nor PKA activity was higher compared to control(P > 0.05),
and the level of tau phosphorylation at Ser198/Ser199/Ser202 and Ser396/Ser404 sites was not increased compared
to control too (P > 0.05). These results firstly suggest that the increase of Cdk-5 activity and PKA activity may
cause the hyperphosphorylation of tau at Ser198/Ser199/Ser202 and Ser396/Ser404 epitopes in diabetic rat
hippocampus, and the intracellular calcium may play a role in this process, however, it is needed to be elucidated

in great details.
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