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B LMERIE AR A OIS, AT X R 2 1 2 (R ) AR AR,
FVERLETE T M1 24K BACEL [MINREWITT, K. BRI LS M1 2 4n] LU
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Abstract

Overproduction and aggregation of P-amyloid (AP) is crucial for the
pathogenesis of Alzheimer’s disease (AD). AP is derived from its precursor APP
through sequential cleavages by P-secretase (BACEL) and y-secretase. The protein
level and activity of BACE1 have been found upregulated in sporadic AD, suggesting
that a dysregulation of BACEl may trigger AD pathogenesis. Therefore,
identification of proteins that interact with BACE1 and regulate its level/activity is
important in AD research. Using yeast two-hybrid screening of a human fetal brain
cDNA library, we have previously identified the M1 muscarinic acetylcholine
receptor (M1 mAChR) as a potential BACE1-interacting protein. Here we carried out
co-immunoprecipitation and immunofluorescence assays and confirmed that M1
mAChR can interact with immature form of BACE1 in the endoplastic reticulum
(ER).

It has been reported that M1 mAChR activation can increase
non-amyloidogenic APP processing via PKC/MEK pathyways, decrease AP
formation, repress tau hyperphosphorylation and ameliorate cognitive dysfunction,
suggesting that M1 mAChR may be an important therapeutic target for AD treatment.
Previous studies had shown that M1 agonist AF267B treatment resulted in decrease of
BACEIl level, but the mechanism remains elusive till now.On the contrary,
upregulation of BACEI by M1/M3-selective agonist talsaclidine via both PKC and
MAPK signaling cascades has been reported.Therefore, here we examined the
specific role of M1 mAChR in regulating BACEI. Transient overexpression of M1
mAChHR results in a reduction of the protein level of BACE1 (but not its mRNA level)
in a dose-dependent manner together with a decreased level of AP, whereas
downregulation of M1 mAChR by siRNA results in an accumulation of BACEI1. The
reduction of BACE1 level induced by M1 mAChR can be rescued by the proteasome
inhibitor lactacystin, but not by the lysosome inhibitor NH4Cl/methylamine,
suggesting that M1 mAChR accelerates BACEl degradation in a
proteasome-dependent manner.Moreover, blockage of MAPK, PKC, PI3K-Akt
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signaling pathways has no effect on rescuing M1 mAChR -mediated BACEI
degradation, suggesting that BACE1 degradation is independent of these signaling
pathways. Overexpression of mutant M1 that is devoided of signaling transduction
function also resulted in reduced BACEI level. Moreover, BACE1 overexpresion can
also result in accumulation of M1 mAChR protein level and up-regulation of its
mRNA level . Together, these findings establish the coupling of M1 and BACEI and

indicate BACE1’s degradation through the direct interaction with M 1.

Key word: Alzheimer’s disease; BACEIl; Muscarinic M1
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1.1 BRI G RAEENTA

BT IR K HEERAE (Alzheimer’s disease, AD), f&—Fii WAL R G0IERAT MR
3, B LA 1907 47 1 YRR IE 06 (148 [ B AR T R SRR (Alzheimer) )44 5K
AR, BT AR E A N IR s R P, 0 SRRk 2 AR e . ST A
KM s Bon, HArseE ., A E % o A BB 600 31T, i ALY
I AD i S8 H L8R T 2000 5, JF HAA AW ETHES, BEAE SN
PSRRI R I, THTE 2020 FFA T FURAT 4200 J7 AD 8, 2040 &0
NECK e — 22T 42 8100 J5P)e Bl IR B ERAE (3697 SN, SR Ge A L
—AEAEZ AT B SCHEEL 800 1238 70 WA BEHR BT 2 A R 5 VL TR
FIVEIT AD, T3 — i AN 23 7 5 b s i 58 2 S L IR i AR TG i, [
Fofyr i R b TRE S (R S N AW 77, A FAh 25 kg 0 T 5 SR U o 1 4740

A, S E EAE BRI CAD I R T T AT I AD IS
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25y, AREIXFP 24 HUREE BB TS IOAE T, HIRBE MR A -3 @ADY , i
HEILRAREIER, 24 RPFDARLHE 2N 2) JemFEBERm & o 2r 4 i
EEMTIT. PR TR 2 2 fid BE IR AL I tau s BT S R IMY,  ont HE BRI, 0
WEARET A4, Ve FEDE 322 e BUE M 2R T ABUIRUE L. 3) BUEAD KR 15
AR BATAIL, oL SAR ST I AR T B R AR AR 145 e ti ik |-
IPSIEEA, 15 Jetafh BPS2IEIRI DL K215 Y tifh HIAPPRERE, 11745 44t
A L IMAPTIE K 545 0] ) LA T 33 G $tau R (1 (101 FEREIR AL, AT Il 28 e 41
Y i £ 1 T R
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1.2 BAI/R IR BRAE A G PR R DL LA R iR RS 1E

BT 7R PR BRRE 1) B IR R IR (1) bz 80 (2) A AnRds
(3) Wi MEE T IhREE R (4) ARFIT A (5) s g Beag e, Hrp
FERIA: WAL . AESCE . B FIELE e B s Az )
SEAER, BT ST R, R HEARTEANEE BB, AR ENARA
o

AD JEE 10 BE O A R AR AR RIS RO R 5, I R D
WERHFEBE (amyloid plaques) fIZE4F4E4E4E (neurofibrillary tangles, NFTs) LA
NHTR AR 28 T IR 2R A AR
1.2.1 EHHEDE

A5 RER RO A U IRAEAR AT o 1, AEAE LR, IF HIBIRANE : TiAE
K FUTRIRIRATAT 287K, AR, FORDTRR D

DRI 28 78 I A M R E R A B2 F - £ 11 AB 2R A5 T U 2 SR HEAR I
o AP A HIVEMFERTA 1 (amyloid precursor protein ,APP) £ B-/ i fr H:
18 1 A7 VI AR S B BE BCTF, Fat— 2Dl -2 b e L 58 40 Bl 42
PR TIZNBIYL, 777 Ao B Ay RTI4TN, TR AR
[¥] APP BY UL R TEMFEBER R, HAh APP IRAF RS T4 — 40 5 M Se 4 ik
FAAERIARS&RAE, BT APP 5L M A0 X SEUT I 147 B 56 o- 20 WA R BY D) AR B nT
YE2 1 sAPPa FES NI Bt oCTF, oCTE 54 v- 20 WA BT 1) A4 5 p83 i BX,
XAIEERC AR BERTE, WE 1 R, AB /T4 4kD, H PR ZAT
FEIESR, B ABao A1 ABays 2305 HT 40 1 42 DNEIEFRA K. 22 A ., K4
90% & APaor & 10% 2 ARy o Hirh ARy 5 B84, AR LM AT i 6 M4
FERDTE™, R i 5 HAT B

AR FIAB VLN A : AD PITERC e 4t AR AR L . X & H1-T- APP, PSI1
HPS2 FRAR, SN AR ER /DB AR B RN, 52 AP/
ABao LW TR, IR T AR HISER A . B2 TR, BUKMEDN IR AR 51K T —
ARG BRI AAE S BUE R WA tau BT BRI (0 18 T SR SR
TEIMANGEPEXR LT A, S AL, /N 5T 40 T A2 TR0 o 440 Ml gl s i 5 | A ¢
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B 1. APP HEKMBREFERRE cn sksal, VR, (ERESE 5%, 2000)
Figure 1. The proteolytic processing of BPAPP by different secretases
VE: TSR (1 BAPP W LLREB- /AT AB IR 1= 11 475 P DK A% BCTF . BCTF BE— 20 4fy- 73 Wb
1E AB 1) 40 5 42 A7 sUK AR LA ALK AR 02K 554845, BAPP A LABo- 70 MM AE AR ¥ 17 715K i
LM aCTF MHG AR DA sAPPo. oCTF HE— D ¥iy- 0 Wl K i 4 % p83 F B

1.2.2 WG AL ELE

PREE TCET Y 45 - B tau L BERR R AL 5 IO ADER A i,
JEBEMR AL Htau B2 & W T P SRR OSUR ie 2 T X, 5040 B 2 A
WAL AN AET

tau R EME S A EANET RS . Mtau Pl ARG, TIEH M
MG, 0T A RIGE SRR E T S5 1 1R Th e o 1 B2 B R K 1 tau
S FRA A A T AN I 2T g gl AT T A28 TG A0 M fr) 1 A
FUIRE, BURAPZIBAT IR tau 2R KB IR LK TR R L A2 31 2R (A
R B IRIR I 2y 1 FEOC I IR o 0, 5 VR 2 1 MOV AR 1 T 2 11 Ui C
WA R GSK-3B, ftau #8 (1R ARk FE R IR 1 10 GBI 2 1 it
1.2.3 ERERETHEE

JEL R Ao 28 A et 5 ik [ o 38 i (1) R TRk S AL 2 i) (R S TR, £ P LG
(Ach) BRI —F BB IMLIE T, ©2 M IR (ChAT) &
(¥1, LAERE CWEIHGRIERS (ACKE) ZKfif. 4B 28 To i Bl e 2K 1 BNk
T JCT S IR 5 (AP A0 MU, [RIRE 2 5 R ARG B AT M50

S
EL
=
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70 EARHIH, A7 I B ) S R BB E R GERICAZ I B A7 it A O
31, 1976~1977 4, ZANMSIHFFT R IN AD 8358 52 2 LA 5 X Py 2 ERE R 2 i
g, B CWEAHDLEE RN (ChAT) 3o PE RIS 335 R B, AD 9 A of
ZRE (CNS) I LBEIHGEERS (AChE) 3EPESFH, ZBUHB & R B
S HRE 2 R IRAR BE R DD REIAF AR BT, 1988 4RSS FBUR P B B 5
FARRIL AD H8 A K R Z MO L AR 45 2 37 o B St 2 g U™, ST
AW AD B i IR AZ IR e AP 2 0T HOR AL, R B BTN ZE T ]
5Ky BB A A IR AL . BT R AR DG X S I h 28388 S (1 B2 /& AD i
WIWHIRE S RHE I E BRI, 48 b, 35T AD B IRBRAEMIZL Ui AE, AR
JERCT ) A, R “AD IRBRAEAR S TR R U BERT, B A £k
JNE% Ach 7KV TR O 1R TT AD 1) £ ZE 5 .

W R N N Ach g fa e ds: (1) Sfbprigte, @l FHAchRi A2,
fR AChRE T 45 7 IS NS T Ach & e SR (20 Sl miAs, it v H
B0 g fih 5 32 AR — 35 MR Z A B 1 32 A TRI a7, I B s (3D
SR BIgRAE, JE I SR ERES (AchE) &PE, AEAAchfVE IR
1.3 FI/RRGEENHYIETT

ADIIRTT ) KM nT o3 ARG EE R, SREN, Ui 2ity, FiHAp
PERRIYURRIN 2G4, DLIIEZY), PHEAi e SRy, B8 RPN, &R
BARIZY, Milltaus A5 H R YSE, HRE54IEMTHRIGAD 12
WG YT J7 %, AT IR 25400 SURE 43 HbA% SRR DR e 285 175 K e
1. 3. 1B EE R R4

WY ADIIIHBRAE R 0 N (1) AchRiEZH. HBE Ach ) B #%
K, ChATHERI ZBALER R, A iAch. {H T ADJWE A SEEUIEBR 1 AE 1 LA K
ChATIRWE )b TS, SMIEMESS T DR B IR AU BHOR VG 7 AD L 2R W AT 4%
A AR A PO (2D fRAChBEBCR A . B, PG A4
(4-aminopyridine) AEWESAERF V1Y S Ach IR TR . B4 512302 W I ot M fe o 1
TR0 2 25 Ach IR, AE A FTRLEEAS TR 4 Rt 30 b B 28 i 3
JERK LA, T INAChIRE . ST L Fr 280 A AR . (3) kM
TREEREAHI R CAChED 25, 3X 2 H T FEMWADRIT i —, 1ZKAY)
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A T 0] L BENE B R XS Ach/E S A IR BRL ) 70 %, AT ER i AchukF, 3% ADYE
e HATHRTFEEFDA L TV97AD 5254 thaAs JEACKEL, AL

fl v MK (tacrine) « 2 Z3WR55( donepezil, i it %4 : L ELHT) T [#) B (rivastigmine,
Piihg: RS o sl (galantamine) PV . 7EZZRURFE RIS B BT R
tHT282. TAK2147, CAEHAIENIMKIIIT. 507298 H A2 K E TN R
WA T J2 5 T 23 B 45 20 0 —Fol APl A2, 02— bl 1 e 4%
PEAChEL, HAEH AR T 280k, BIVER/DN, W LU e A idiZ 7y, A
AR LS S B OB B EANE A (2) IHBRAE S AE A 2. Ak
JE RE W T HE TR S M S R A, A HE i EE Y £ AR08 52 /4 ( muscarinic
acetylcholine receptors ) LA A I #% Y £ I M % 52 44 (nicotinic acetylcholine
receptors) o 55 2 M LS 2440 22 o MU 233 35 6l 750 2, B JEL il 2 A S 7R 25 400 o

ADYi N K AE B e 1 22 AR RS 1R 5 ik 5 2 0 ) L R AR B S2 AR R 2 340, XA
B L 2T PRS2 R0 770 S AChEM I B (I T v 7 AD I B S fili . Bl
AChEFIHI b 5T ADYRYT IS HAEHT, 5 BL08 8 LR AR SZ s 71, JUI
FEM B2 A 7 250 (R IF ST AR T o ML AT 700 m] T3 1 5 f i e
MIMIZAR, AR BT fe, 2252 5) . diZ R SRR, X phgoid
HAE TR YER . HuT2047 9/ MM AB0E 71 4 ¥R 97 AD I 25 4k T A )
WM IRIIE T Y B e i, WEMEEAT/E YJxanomeline, ‘B AEIE I (i e b, & —
AN HRIIMSZ ARG, TDIRREIETCR I, e sh AR B I AD AL AT B K
T RAEAR S A P SRS A AMOL 2 A0 70 A 8 e R 2 K S 4K
(milameline) F1 5y ik 3K C(itameline), PHHESEM (cevimeline) , ¥b % 3 Ab
(sabcomline) , FEABHL Carecoline) , VLXK V-fif4:#¥thiopilocarpine, KR
M (minaprine) S EIISR-46559A, b FlsE (talsaclidine), NGX267%:21E4,

1. 3. 232 &£ Ml (memantine)

FENRZIIFDA HEHER, FEBT /R SOEER TORE AN L P 2R 07 1H AT 27
BRI o A0 AEBUIRAS N A8 2R A& — P e A 20 20 0 [R) 45 JE A% 368 (1 7 L 4088 )t
HAERELAAT T, BRI TR, 5840 N Ca™ W& M1 w f
BEWOR A B B3BBG, PR R RE SR Al i St BB AT T, X
ZRGEHL . MGG LA FEA 5 DR 5 R () 4 28 JEA T P AR 11 A B J DR
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AR LT B SR TR, 56 W 5 HIN- T E-D- 1 1 4 &R £ (NMDA)
Sk, BT 2 B &R R R, B SRR TEIE: U IRR UL i
Fe W AT ASGE I AZ S AR T A SR 1A o IR IRBFIT R W], SEE W T
JEETRIHE B2 1) 28 AP SRR A BT IR 52 P, LA IE 6 A B D RESE M R /N
LEAT 0 5 RS ol B2, AR R I ELAT B 17 2
1. 3.3 $MHEIAPHZ L FNIIR Y Z5HD

ABJE L R (1 0 WA T 25 TF R I EE BERE . H AT LRI SRAT 2 ey 4t
BRI, Bn LY 411, 5752700 K% BMS 289948 1281, X sb2iibyfy —E 3. )
PIsese o, 0t ABTE I FROEBEBACE L IRIFHIF, 2 —NADIGIT I FEHD
Mo AHE, SUAREEAT TR S E, AEHIRBARR TAPP , KPR 50
AT T R 3 0™ F AN RN s 1T HOK 22 B 402 D AD I i A A7 7E K 1
AR, NI BEHIHIR CICRE A 7o DRI BTy 43 WA R T A Sk BE oK 32 BIRK
B o

FHIABTURIE B 7752 TN C G B AR IR i e, 5 o Rl — it
TIENNREZN YY), AN AEABUAR, B M5 B AR . SRR/
AT R T o 40 Pkt JEAR 6, T BB G AB R URRURIL AR BE (¥ A s A m DA
HHGENARTUA, RIEOIF 55 R A RIS R BURBUA R EH, A BIEBR
EAREBT 2 B IR HAT, ol RS AN AR UA CH T T IR
Koo ZIRIPEHAN 1792 HHENIGARIREE, (I PR | i 22 1 o a0 98 o S I
Bk, ARSI IR S A e L i ik 1 s i O
1.3. 4 MwltauiE BT E HER L B9 254D

MRAEGSK-3pIE M Hitau £ (IR KT B D R IMELIS, HETX K244 &
TR AT GSK-3BTEHE I — 225 . LN IR R HITRIE T B A 55 22 35 5 e 2 ]
JF % IISB 4152864831,

1.3.5 MEREL

WA TN AD S 90E [ N3 DIAR G 7R AR BRI J A K = s AL
I T A R K S 1) SE DR 1 431, R G 2T 4 4 45 1 R SR SR LAk 7 A= 9 A
1, EIEAMMAEIL-1A. IL-1B. o2 FERER F(A2M). JJE IR FE A 1 (TNF-a)
ol PrBEHE AMFACT)S, BT TRt/ B s 4 iR & TR 40 i = A1), ZEAD
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SR A Z i o e W S 22 02, IR R I N AN AT & B,
IEIABYLAR, IR AL, R HADFEIR.

BT, E TR ] Db A 38 S o LAt e, 917 1 LA ] (R T /N
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