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HBFE BRI 4140, 5K ] Western blot 345 tau 25 F17E Ser396 . Ser199,/202 Thr205 =4~y 5 (KB A Ak 7K SF ( P-tau
BEHXNRIZKTFE) . &R (1) Morris KR E RIS A 3.5.8 A WA, BRI ZH K 2 3l g 71 KON HIK 2
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0.05) , (3)Western blot FEAGIM A5  BERIZH 2 20 b tau K [ 7E Ser396 ,Ser199./202 AN s i B PR 1L /K - 34 1=
F A BH X BRLL (P 35 <0. 05) , 7 Thi205 {3 & =2 [ B b /K FAHIE (P >0.05) . 45i8  PDKI R ATRES S
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Influence of PDK1 gene knockout on behavior, cognitive
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Abstract: Objective To explore the effect of conditional knockout of 3-phosphoinositide dependent protein kinase 1
(PDK1) gene on behavior, cognitive function and microtubule-associated protein- tau protein in rats to provide a reference
for studying the pathogenesis of Alzheimer’s disease (AD). Methods Ninety SD rats were randomly divided into three
groups (n =30 each) : model group (PDKI gene of rats was knocked-out by Cre-loxP technique ), positive control group
(after PDK1 gene of rats was knocked out by Cre-loxP technique, lentiviral plasmid LV-PDK1 containing PDK1 gene was
constructed ,and then the PDK1 gene was knocked-in again) and negative control group ( without any treatment) . The motor
ability and cognitive function at 3-,5- and 8- month old rats were compared among three groups. Morris water maze was
used to observe and evaluate the changes of learning, memory and motor ability in rats. Enzyme-linked immunosorbent assay
(ELISA) was used to detect the content of phosphorylated tau protein ( P-tau) in cerebrospinal fluid at 3-,5- and 8- month
old rats in three groups. All rats were killed at 8 months old, and brain tissues were taken. Western blot method was used to
detect the phosphorylation level of tau protein(relative expression level of P-tau) at loci Ser396,Ser199/202 and Thi205.
Results The motor ability and cognitive level at 3-,5- and 8- month old rats in model group gradually decreased and were

significantly lower than those in the same period of hoth negative and positive control group(all P <0.05). In the same
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time , P-tau protein content in model group was significantly higher than those in negative and positive control group(all P <

0.05) ,and the concentration of P-tau protein at 8 months old in model group was significantly higher than those at 3 and 5

months old(all P <0.05). The phosphorylation level of tau protein at Ser396 and Ser199/202 foci in model group were

significantly higher than those in negative and positive control group (all P < 0. 05), while there was no significant

difference in Thr205 focus between three groups( P >0.05). Conclusions PDKI gene may be involved in the regulation

of the phosphorylation level of tau protein at Ser396 and Ser199/202 foci in rats and affects the motor ability and cognitive

level of rats through regulating P-tau protein. The phosphorylation level of tau protein is associated with motor ability and

cognitive level ,which may be related to the pathogenesis of AD.

Key words: 3-phosphoinositide dependent protein kinase 1; Gene; Conditional knockout; Microtubule-associated

protein , tau protein; Alzheimer's disease
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[/ 7@, S P B ptau-Ser396 | ptau-Ser199,/202 | ptau-
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PL 1 TER B A S sg BEBT A P-tau 25 FHBTAR, BT A
(4 tau B 558 REDTAR AL CRE BT TS R Bl A
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FESE , PEBUR R R BEAR TR AT , — M ORTIE A it 182 B i
=50 plo KR BE L B RE Al A Bl bR B AL A
Al BN, BAL 100 pl, R F , A R U E
DIEEH P-tau £ VR ARIE, Vel e, 0 i A fk 2t
PRPUE B R BE T, T 4 FERIORE 8 A
TES3 I EE T 450 nm b 324k, 7T I tau 25 1 A2
FERE, FH Lowry BETTHRAEAS P-tau & 6,

1.3.3 Western blot 4G P-tau £ AL T8
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EHHRITACE AR5 /N0 B9 TF P T50 1, FH 25 55 A
ARG RN 53 B — 1, SR e DA i Pl 96 , 70 125 M 4
21, W PR SV A E RN S Tk el
BRI R B — SR VN T g 458 ¢ H Uk ( SDS-PAGE)
10% 3B I - 784088 7K 2.7 ml,30% Acr-Bis 3.3 ml, 1M
Tris (pH 8.8) 3.8 ml, 10% SDS 0.1 ml, 10% AP
0.1 ml,TEMED 0. 004 ml, PEg#il SDS-PAGE 5% ¥ 45
JBE 75K 4.1 ml, 30% Acr-Bis 1.0 ml, 1MTris ( pH
8.8)0.75 ml, 10% SDS 0.06 ml, 10% AP 0.06 ml,
TEMED 0. 006 ml,, i f vk 22 #h i, 25 1 HL vk, BT
VR B AR [ G T A s BE ) 10 ml TR R,
i FIZRCEERE, 72 LR TOK OB, I E 4 ml 12
JBE A AT, i A I, S5 I TS A L Tk v

INAE LK, 45 LA S Marker R INRE 457
A VKA, Je ] 80 V iUk, fif DS iz sl 2 I
RIS R A T 100 V., fRl gk
Y EE F Marker 1948 454 WIS 70 25 I, 28 1k B UK
ARSI Mt Marker I B B, & T 5%

JE— I Bt—PVDF U84t 3 J2 -1 24— AR I
FPARUEE I, P19 FL U R 250 mA B2 60 min, %%
ESEEE 5, B B TBS W il vk, Bt B A1
PUARRELL B (1:1 000) 9 E —Hih L =90, ZJ5
I BLARAL T, A £ 19 &G, AT B OGN
1, 18 2R F Quantity One B JEAT JK B (B3 H, ]
FHEE B RS B-actin JKEE(E AT HEHAR R H Y
I AIRTRIA K

L4 sitZaod  SLRBIE R PfF SPSS
19. 0,GraphPad Prism #4703, THEEHE x +5
7N R =R 0K 5 22538, I EL R T LSD-
0 KSR . KK HER o =0. 05,

2 #F R

2.1 kR#gEe fREfpitrlm s, E3.5.8
B N, AL ZH R B e 381 15 1100 0 R S0 A B 1 ko B
PR X B ZH R BRAE K (P 34 < 0. 05) 5 H. 8 ] ¥ 2 31)
FE R 3.5 AIREER (P 14 <0.05) ; BT
R | BT B2 A ] ) 4 BRL R 3101 15 A T AR 3
A (P ¥>0.05), WK1, fEAHRERLR
RUZH R B I I 28 B 15 B9 Y800 591 20 5 B A %
HRA PR EXT BRZH R B (P 1 < 0. 05) 5 B2 AN [A] H i
KEHEZFEBEFERRBE LGt 725 (P>
0.05) . ULk 2, BEIRIZH KA H I 2 min NTEIK
R P YA Bl 0l T B R | BH PR IR 2
JR(P ¥ <0.05) s 541 A 7] A i B2 56 B
TGt 25 (P #>0.05), W3,

2.2 ELISA ZE#m  ELISA K A S 6 ik 25
7, BAPEXT BREH | BH xS BRZH 73 il SRR ZH AR 1, 7
3.5.8 H BT P-tan & R B B> (P Y <
0.05) ;A HUZH7E 8 H ¥ P-tau 85 IV EAL3 5 H %
WP TR (P 37 <0.05) . WLk 4 K1,

2.3  Western blot 7:#m] Western blot %%} P-tau &
P IR 7K B A D 245 S Bl /s, A 8 24 K B kg 4 41
tau 25 [ 1E Ser396 .Ser199,/202 — AN B iR iR 4k 7K
T AT AL BHPEXT R AL (P ¥ <0.05) , 7F
Thi205 {37 53 8 R AL 7K 1 =4 18] 26 5% AN (P >
0.05), WK2,
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*1 BHARRAHARMBEEBERE (n=30,s,x%s) F4 BHARBERABRARKE KT P-tau ERIRELRE
4151 3 A 5 ik 8 J1tt (n=30,pg/ml,x £5)
TR 61.01£9.89%  62.12£9.12%  81.78 +9.84 5 3 Ak 5 i 8 At
J I 1E 4] * * *
H mjﬁ'“’ﬂ 30.29£5.25 34342728 16457 FiRIZ 353.41 £25.49%  362.12 £25.40% 501.68 +33.81
BIMEXT AL 33.23 +4.63%  38.34 +£7.28" 39.50 +5.57"* _
BEMEXTHREL 125.15 19,11 106.63 +22.67*  131.63 £31.49~
U SEAL AL, © P <0.05; 5[R4 8 Akt EL, P <0.05, DIPEXTHEAL 143.73 £27.69 % 115.41 +£19.72%  124.55 +28.51

K2 BATRRAARKREBRZRFHEERNRE
(n=30,k#,x+s)

2051 3 A 5 Hi% 8 H it
PRI 8.03 =1.89 6.12+2.12 7.78 £2.84
FHPEXT HRZH 17.29 3. 14 16.34 £3.28 " 18.16 £3.57*
BHPEXTIEZE  17.51 +2.34* 17.29 +4. 12" 15.21 +3.54*

TE SRR A, * P <0.05,

R3 BAFFRKKR 2 min ATEKEE HAEIIEEHEE

(n=30,cm,x +s)

ot

2051 3 A 5 Hi% 8 H it
FETILH 1153.03 +121.49  1212.12+115.41  1201.68 +113. 81
FEPEXSIBZH  1845.12 +211.51* 1723.03 +£191.39*  1951.03 +181.49 *
BAPEXIIEZH  1713.03 +187.71*  1615.52 +201.61 *  1824.15 +211.56 *

T SRR, * P <0.05,

FRAEXTTIRAL PIVEXT AL T2
W —
B-Actin
o -~
P-tauSer396 -
e — —

P-tauSer199/202

-— e —
P-tauThr205

% 2.0

TE: SRR L, * P <0.05; S5 8 A HE,"P <0.05,

600+
g 4 BB R
) ER [at X8 4
£ 400 = RGLERor L
=
%
I
4% 200
g
a

o-

T SRR g, PP <0. 055 51R4H 3.5 H b g, *P <0.05,
B 1  ELISA J5 #4541 R H 1 e BB
P-tau 2 FIR)E

2 mRA
EA KA XA
S Ptk A

- ]’
T 20 ALK 2b : =4 tau 8 FIAERERR 1L =AM 5 208 LA (SR LA, PP <0.05)

2 Western blot ®il4 2H i 2040 tau 5 (H7E Ser396 . Ser199/202 ' Thr205 =ANBS TRk 7 A5 B ik A8 4k,

34t i

PDK1 fH 556 N IEM Y, /& AGC 2R I
B — 01, oy iR 63 g HAT O A
LER LA KR H it PH 25438k, % A 4548 45 PDK1 1]
VISR EBERR AL 7 5. 45 5 H 5 IR W B R A7 15 &
e g A NI AL S 1Y PDKL 5 3 S8R
PRk P & AR TS AL At , PDKT i 2 il &
B AR ZTCA AT N i 4E R 1 i & & A
ki Tl RE A B ) AN AT sl Bk VR ; b 21, PDK1 38 7]
DIBERRIS T v-2 38 T FR BE #2870 19 o3 Ak BL 3, X it
ZRITRARES EAE G5 AR K SRR R R A G
I, fn%e K PDK1 Gt vl S e & F 2R
PDK1 7EARNVERT43) 12 AR 245 5 3 I 0 BT #10
52/, HETE AR R Y PIBK-Akt T
e ol i, A WF 9T & 35 o s PI3K-Akt {55

W, E— 2 Ad P70 EE IS A (PKA) (25 IS B
(PKC) B Il %588 A & B w4k, T/ R EAT1
WS, 1 PDKL Ay B 5 AD B KR R B AEAE—
KFRWE? OA STk & B BR PDKL LLUJS , X5 I8
T4 PI3K {553 B A 4 ol ) 446 F , 308 3o 2% 108 6 )
PP A FH A ) B Jo 40 R /s B E DA K D g, A )
TP AE I, PDKL Bk e & S 80T K/ mig
Liu 2 (iFge ddis , 76 11 B R JF & AD [ 5
Frh, 2t rh PDKI 2 2B KA BT IE R A
W ULBATE AD [k Ak i PDKI ITRES 5
TR, HErLBIAT T AD 1y 24 £ 2
& tau R F2E UL, IR F BN tau 25 A BB IR 1L
ATREETE AD W FRENRZ —, i T FRAMKE
HRAY tau B A SRR IR 1L 2 5 e A AR B ) b 2 B
JURIUERR AD BBE ik P9 Y tau B @R A K T BH
ThEst % /NEL AD BB B 5t B AR N Y tau
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B ABRRAK T BT . Tau &R — R
FHOCHR 1, IE WS T , tau 85 (IR HEIC 85 (W0 By
HEAE E A, IFHE AT T — A FE S5k
Ao Tau £ AT S BER LR R 1 S dL e b 2 (H
i ERERR ALY tau W] LLRAETE % B i v Y NETs,
SEAD B & A R AR B R tau R AW
PR AL () i B 1 A A, (EL: DN B SOk & B
5otau B A BERRALA CEIG MR B 2, 4 Ak,
PKA .CaMKII GSK-3B J% cdk5 45, {1135 0] 38 1 A [
B A tau 8 R ERERRAE' Y T R B R Ak 1Y
tau 3 R 2B IR NFTs Z5HI R R 4610 2
AT EL BT, PDK () Vi % 2 — 3k & PI3K-Akt {5
S, I8 44 BEH A, PDKL R Bk n] e S8k T
PI3K-Akt F{E AL, #F— 253 3 F A R S A tau
H ) BRI e 2 L NFTs, 230 AD 1 & A

AR XA ZH K FR ) Cre-loxP R 25 i
BB PDK1 2[R, 3 1 Morris 7K 3R B 6 H 2 1242
KAz BRE ST AR AT ULES FNPEAT, & IR, B 4 K
iz ghhe J) SONFIZKF- 3.5 .8 H g i B A%, (W]
IR BRA2 B RE ) SO s AR 2 35 B &
AT P/ BH A X BR 4, 156 B i R PDKT Ji5 K LY 2
e Fazshag )15 2 7 BB, $ER X AD Y
KA PDKI 28] T —@&fEH . 15 H ELISA 4
R 3.5.8 I ET B W P-tau SR IHY FE A
I AEAIZE 8 H A P-tau B & 04K 3.5 H AT i
RN 5 [A) A 45 4K B tau 28 P 0 7 f A 1R £ 1
B TR/ P X RE A, X 1B PDKL (1 k2 5 5
T P-tau 0 S RN, HA — @ B AH O,
FLAR R HEAE 38 % 1T e 2 PI3K-Akt {5538 i, iX
AR SLBGUE . e 7 8 H i B AbSE K BRUH
Western blot 3= #5 tau 25 HAE Ser396 . Ser199,/202 .
Thr205 =AM i Y BER T 7K - & 30, AU tau 25
1E Ser396 ,Ser199,/202 — /M7 5 BB IR T /K3 & T
BFV X REZE BHPE X B2 5 7E Thi205 {37 5 i 1R fh K 1
=R IG T F R X, R B tau R FURER 1L
TR Y OC B R R AT RE R A e B9 BIE T Ser396
Ser199,/202 —AMi i, H5 Thi205 {7 S £ RN K,

g5 ik, KEL PDK1 2K ATHES 5 T tau HH
FE Ser396 ,Ser199,/202 ANV 5 4 1 2 1k 7K 7 B 14
P, I X tau B 1B TR, SR K BRAE Bh R
NI 5 KR tau 8 I BERR 1L KT/ =K 542 Bl g
T3 BANHKE A —E RO X AT RE S AD By A& 0E AL
A K,
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