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HWE BW pleWEE AT RE 24 A 1 (B-site APP cleaving enzyme 1, BACE1) 2P /RIXEEERIK (Alzheimer’s disease,
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XTBACEL #HA AT, Mifi3 5 AD AL A SEiiife . A8 BRI 90 0F BACEL BIAHEAERE A, Ait—A
TERFEBESOY LRI R BERT AT . ik RIS ILYITE  (co-immunoprecipitation, Co-1P) 5 TREHEA N FH I H A &
BT %7 AD BRI R 120 BACEL WAH ELAEHIEE (1, 2B W5 B 25 M ik 5 BACE 1 A7 W ZEAH AR W 2R 1o
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B IR iR (Alzheimer’s disease, AD) &
— AR TR IA N DI RE T Bk 2 B RAE B P 21R A T
e, B FERINICAZ IR . T RS
KAT RSO S RFRE o TR BEHUIE & AD
M) EZRBARIEZ — 2 FEIER AEHMROL T, €
M FE AT K % H (amyloid precursor protein, APP)
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R TRICHE AD B & ARk Jre ik 7 vl SCSAE
()25 11 B D) R S AR BA R FHZEL T TR T LA &
A A A 2 R I B AT R S
Aok, CAWETE &P, BACEL AR TR F & (1 fiE
51519 BACEL Big G PR M i 5 . B . MENF%iz
SRR, dEMEZ AD &4 PR Y, (B
IRAT TR 1 AN 2 D)4 T LI 1) b ) B BACEL 2
545 AD 1 & HLEE . H HTHEE T BACET $ili5)
(25 MBI & kb TSR, BACET #il 7) $- 8 BACE1
Y X AN 5 R ()P 22 T B BRSPS Ok M e 1 T
T BACEL A AT & H L s g0 28 Wi A BAy
EORIGES, A AR 1 5T ) AH BAE FH I RS 1
M BACE1 JiBE, %EZE AD P HEFE . PRIy
# BACE1 18 [ 5 AH BLAE FH W 45 DL R B 55 #T  AH
HAEHE X T AD KL iR 58 LA K = i AD
IRIT WA B2 S AT o e e T e -
% B A N H $ R (immunoprecipitation-mass
spectrometry, IP-MS) R A#KZ T BACEL [ AH &
YEHEH, w2 T BACE1 A EAEHEHTE AD
KA AR 2R A T vh 1 D g S AR AL

1 #M#EFE

1.1 4HAa

A 4 HEK293T 40t . A A 2810 20 ffa Jd
Ml SH-SYSY 20 I T HIR A A ML e, /N B 8Bk
2 e A L N2a i I T DGR PR A R A R
Nl
1.2 ¥

Fie B FARHEFR20064E 1 R 1Y (6 T35 /7 5286
SIYIRE RN e, X B 2R
A7 BN 7] B9 APPswe/PS1dE9 /N R (8 H iy, Hf
Pk, 5H) MC57/BL6 A A (wild type, WT) /)
B8 WA, Metk, 5H) ST ZUEbr, PR
TEHR AR EE R R A I T 2 i A dit ol (At
5 ImeFe [2021] 225%5),
1.3 K7

BACEI1-HA. NSF-Flag. APP-Flag, NUMB-
Flag. HSP90aal-Flag. SNAP9I1-Flag it 3¢ ik Jfi ki |
HmE R g B0 G AR A BRA R Anti-
BACEl., Anti-Amyloid Precursor Protein, [A] &Y X}
18 1gG 1) T abcam, Flag bRZEHi{A 14 F Proteintech,
uiR f AL bR i 9 L EPT/ N R 1gG (HAL) Al
AP RIC AT L FE PR 1gG (HAL) I db st
HAZ S AEWH R AR A ABflo® 647-

conjugated Goat Anti-Rabbit IgG (H+L) ., ABflo®
555-conjugated Goat Anti-Mouse IgG (H+L) 1 F i
WE MR AR ARAR, HEHA/GHEERET
Merck; Jot 1% e 25 0 & 11 g0 0 R0 L 1R il 4 o
#. EDTA. Bl ST L3 = KAEWH A
/AN
1.4 ZWHE
1.4.1 ZHpEEE3E

N2a#ilffl . SH-SYSY 4l . HEK-293T 4il i %
FET 10% fa 4 M3 S 75 5 25 2 W 1Y DMEM 5
WL R EL ., T 37°C. 5% CO, B4 tE h
L
1.4.2  JiokifEye

SEYVHT 24 WA, R UL ORI A AR K B R A
2 80% A AT, Ui LGP AR R . Tk §%
YOl FNRA G E W E 10 min BTG, FEye
6 him, Wi IR, dkedtat, Y548 h
FEDENG BT T SR Yl
1.4.3  FHEEADH AR

Wt AB,, 5 S SH-SYSY 40 it k4 2t AD 41 ity #55
Al ffi H DMSO & it AP, 2 Bk, TE A
5 mmol/L, TAEWEEE R 20 pmol/L, #5724 h
PN FRRE T 12 FLAR, 4RBEAE KB E R E] 70% A2
A, SEE AN 20 pmol/L A, 35 35 35 5
48 h, XFHRA G IMARFRIAT DMSO, 48 h/F#HK
2t B P
144 SERH PR

YRR (TR, A SR A REEI . BER
I I B9 1% TritonX-100 2468 & K _E 24 30 min
J&, WOBGERFRZE 1.5 ml B, 4°C. 12000 1/min
B0 15 min, $RELEIEH TR 205

HAE H BRI 70 mg 2 2L BT IS A
Iml & 85 1R300 . B R A B R A 1%
TritonX-100 24 TAHLV5KE T, K E2# 1 h,
SPRALTPREES 20 s, WWOHBRGR IR 2 B 048, B
PRI T2t .
1.4.5 FEHYTE (co-immunoprecipitation, Co-IP)

HAMERR TS ugdilk . &1 mgEHFRMNE
IR, 4°CHER M A . H160 ul B I7rEER
2 1.5 mlIfE 0T . FH0.1% PBST A RIS DEREER
3, HISEHI I PR BUA SR A W A S REER
o, TEIREAY EACHE T ik e B 5.
BREME, FEAEAM LS, HPBST S5 E
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VEREER 3K, SN 1x SDS-PAGE | #EZ% i 3 1 7 i5
MASPEVEG, VRN AR 1 B TR 228 1 BT Ep i
(Western blot, WB) 5L,

1.4.6 EHEMAEEE (WB)

EH % SDS-PAGE )5, ¥R EhIRL:
AeRIE; BESS ] 5% BRI 2 iR EHAT 1 h, JnAAH
MR, 4°CREIRMFE LA INABR i S AP
FRic i) = d0 (i AR Yl broac 1y i F B/ B
IgG(H+L) Flid A AL Y EbRic Ll F4T % IgG(H+L) ),
ZIRMFE 1 h, TBSTYEALE BT 5 .
1.4.7 YA GRET

TE 24 LA Tl A A IE o, A 4R AR 10741,
Kig% 24 h ARG RESS , FRPadn el gRIt, PBSTE
3. fdiFH 4% ¥4 PFA #4785, PBSBE3 XK.
0.5% TritonX-100 % if# 7L 20 min, PBS ¥ 3 X,
SRR, TN 10% B i3 A 30 min, K 4R
WP, I 1% 9P L B B A9 —Pt (1 : 100
k), 4°CIFE IR . PBSTHE3 WK, m—Pht (1:
1 000 FB%), 37°CH¥HE 1 h, PBSTHE3 K, Tk
&, & DAPLIPLZO G KB vl i, SRR
AU T U
1.4.8 RSy

HAY) B G, VR 3 IK, AR S min,
DAPI J4 %, 10 min. FH 50% JERS Fr B 5 0 0.3% 11
Wl SV, =T 10 min, 37 80% k5 ¥k
%10, YL 10s, ERE 2, fafd gkt 1
W, e E R, RSO0 RIS,

1.4.9 SRR (3% - FRIBE BT ARSI 43

A EK I . B Co-IP Bk B 7= 9 ¥ 47 SDS-
PAGE MUK, HLUKZE 5 #E47T 7% 5 5 i R-250 %4
L S i i ol i W UFi Sy e e s

B BUR A BRSO DB 2R 1
AN 2 AR R ZE 100 pl, Jin A B A AT 100 mmol/L
TEAB Z i, IRA)JG T 37°CHiEYI4 h, I ARG
1 CaCL VIR . AR pH/NTF 3, 1A
Jo TR, 12 000g 250 5 min, B _F3E 224850 i
C18FR#RAE, ZJEMAIEER (0.1% PR . 3% &
) SR VE3 R, FMAGE R UERR (0.1% H
. 70% M), WHEIEW, T

VTR . LIRS AR AV (100% 7K . 0.1%
Hig) MBI (80% 5. 0.1% HER) .
10 ul A W% % Ok T8 K, 4°CF 14 000g & .0
20 min, MLV 1 pg MRS IERE, SEFTRTREIN .
F EASYnLCTM 1200 44 F+ 4% UHPLC & 4, Q

ExactiveTM F 51| fi 1% 1%, Nanospray Flex™ (ESI)
BTUR, TRER B AR AR

1.5 HIESH

151 FOEEdE st

BOPE PR R & . B35 £k 4 38 5 MaxQuant
(V1.6.6) HIF#ATHRE, #id Uniprot £ FH %4
HRAGHIERE], FERRSEWT . T H AR
LFQ; W 78 & ffi # #% Oxidation (M) . Acetyl
(Protein N-term) . Deamidation (NQ); [& & &7
¢ Carbamidomethyl (C); [ )% £ Trypsin/P;
— BT VG I 25 25 TE R R A &R Hh ik R 20 ppm,
FERRPUEE N A5 ppm; _HTTE VLD 2 2%
BN 20 ppm. KEREEFLLE F R AKBKE 0 .

BB E : A ATE BEAE 99% LA LAY 3E K
(peptide spectrum matches, PSMs) A 1] {5 PSMs,
2SR RBE A U R RN, R
RO E ISR T, IR R R IR (false
discovery rate, FDR) $0ilE, KB FDR KT 1% 1Y
FRBCFE T,

152 AWMEEF T

JE R AR (gene ontology, GO) & £ HT:
FIH GO Bl % AD 41 BACE1 26 45 5 Y
FEN Dt AT E %5041, 14 GO Term Finder,
BACEI 22 5454 48 T BEEEH 5 GO Term £4is 72
PO, B A 22 S BESE IR 43 | A AE ) 2 i AR
(biological process, BP) . 4;F I fE (molecular
function, MF) Fl4H i 21/ (cellular component,
CC) = Hsr AR 8 GO ifigsr 2, 1%
FFEHAS 5 WA GO, RISt A1
GO 5 FPEACE, T B D A 1 ik
ZM GO Term,

AR 38 43 . B BACE1 22 745 & 8 F I
BEEF I Tt 5 RN A AR 2 H (Kyoto
Encyclopedia of Genes and Genomes, KEGG) %i#
PESEATACEE B R, R R RS 51
Jii 45 Pathway Term, >R HI# JLfa] 5341 1155 Pathway
() S KT, DT 1 T R R s AR 10 ik 2542k
Pathway Term,

1.5.3 iRl EAEHIE b

B AR BAE R A0 a. B o
Kod s /2 PSMs>99% . Fi A IKBIE>1. FDR<1%,
AD H/AD-1gG H K3k 22 745544 (fold change, FC)
>4; b. &I AD 205 WT 4 3 [m] 453 2] BACE1 4H
HAEH&EM; o BN M5 &EEA Y. AR
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V240 B A 2 B 11 BT (R AR B E R A 2551, ke
S BACEL HAT LW A M2 5 d. & H R
255 5T HRAA SR, BAEARSS
DIse it BT EE H m, GO TERE I T 4
FIEHAAMRIEI S MG (http://www. geneontology.
org/); e. STRING #(#& /% (https://string-db.org) il
TSR 2 & 2R Sk I UEHE P oA B BAE AR
iM%, 4 BACELAH BAE A H ML, it
Z ki B O B 15 B 3F 4 high confidence
(confidence score>0.7), 5 BACE1 {74 HiZuk[a]4%
KIRME o1 £ AR EAE P A oY g Ak
G A BROEE A fF R Wk
genomeinformation, MGI, http://www. informatics.
jax.org) HATRIER, PREEEEDR S Rk UM
HIBGE . 55 IR 2 AR AR AR DGR AL B BE A
g i@ 3} NCBI %t #2 &

Biotechnology Information,

(mouse

(National Center for

NCBI, https://www.

(a) Thioflavine S

nebi.nlm.nih.gov/) i Z & [ 7E 45 H AU RILTE
O, PR RIA TR . 1 Sl 8N i
G2 S
154 Seitortr

Geit AT i SPSS20.0 HEA T e K g . BT A 4514
FR N meantSD., P<0.05iA N EA Gt Y.

2 & R

2.1 BACEIZEADEEV/NREDALATFMEARE
EKERS

ASCHEH 8 H iy APP/PS1 /N ERUAE AL AD H 3 ik
X E AR, JE A A 2R S YL Al APP/PS1 /R
Vg U h JE R FE BEHOE BTG & (& 1a), APP/
PS1/NRURE LAY e )22 e MR BB A e
FH%, 4R 8 A APP/PST /N 2 R T TEH
FEBEHR DU A B AR . #2545, Rl 8 A #% APP/
PS1 /)R B 41 21 BACEL % 1 % ik K F 28 4k,

DAPI Merge

APP/PS1

(b)

WT APP/PS1
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APP| “"---‘

GAPDH | -—r e - s - |
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& &
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S
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=
2
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Flow-through

Fig. 1 Validation of Alzheimer’s disease pathology models and antibodies, protein expression level of BACE1
(a) Distribution of B-amyloid plaques in the cortex and hippocampus of WT and APP/PS1 mice. Senile plaque formation in 8-month-old WT and APP/
PS1 mouse brain tissue examined by thioflavin S staining. (b—c) The expression level of BACE1 is up-regulated in AD. The expression of BACEI in
the hippocampus of APP/PS1 mice was higher than that of WT mice by Western blot assay. Data were shown as mean+SD. n=3. *P<0.05, ***P<

0.001 vs. WT group. (d) Immunoprecipitation: BACE1 was captured from hippocampal tissue protein lysate of WT, APP/PS1 mice using BACEI
antibody. (e) Western blot: the residual amount of BACE] in the filtrate of each group of IP experiment was detected to verify the efficacy of the antibody.
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RN, AT WT/NE, APP/PS1/NERTEEEh4H
21 BACE1 S5 (H#RBKF i (B 1b~c) .

PE— R BUNRE SHR B E AR, ik
BACE1 HiiiA%fE. LA BACELHiik 1T Co-IP 521,
I3 TR Y TG A A5t BE . Co-TP PR 7= 4 LA K
TS T Western Blot /i, Z5 3600, S280 4
Co-IP Y=y i 2 BACEL BUHE k4545, T
Xif B 20 FP R AT ) BACEL 9B H R 4 (181 1d),
TEEWR A I h S 2H BACEL 28 [ &5 e, M
BACE! #% IP Hi iR 3K & Co-IP ¥EE =9 vh , W%
WP A4y, Co-IP LRy (Kl le), PLiAil
& Co-IP B 772K o
22 BRREIIE-RIEEKE N AR AREEBACELH
EEREAR
2.2.1 L IP-MSH AR ENFBACEL X A BAEHE
g

J R 5% BE % ' S 7 AD S h R HE T BE 1Y

@ _

e oD

% o
WT APP/PS1

Extraction of total protein from mouse
hippocampal tissue for Co-IP assay

o=<e

[
'

Identification of interacting proteins by mass spectrometry
and analysis of differentially expressed proteins

Screening of interacting proteins by means of mass
spectrometry data and bioinformatics analysis

(b) AD

614
(73.8%)

BACEI fHEAEHEH, LR E 474 : ADH

(S2992H) . AD-IgGZH (SEgRZHFIPEXTIRAL) . WT
gl (XFHEZH) . WT-IgG 4 (BHPEXTHR4H ), BR4sK

REAR NS 8 H iy WT. APP/PS1 /)N B Hh 4 41
RAFEARLB DA ZE S o Rk e R R 4R
J7 X AR A AR 2 A B AE A
R, VIHGATHE 1 FTTER 70 ku 43 BT X B
JBE S Bl ARSI, TR AR AT LA, A
RS RN 2a s, KellE5 R anR 1N,
T 4% 4 % E B A BACEL B 5 Ik BE# H
(unique peptides) . & [ J5T ¥ 41 H 2 i 2 7 5 i
(coverage/%) . HARAYFEEIRMEILE (abundance
(normalized) ) . AKBCUCBC 2 — 2% 3 K A9 %0 H
(PSMs) . WT 4 . AD 4% & | BACEl, WT-
IgG. AD-IgG Wi 2H [ ¥ %I B 2H oK % 2 %] BACE]
(1) SFEEAAN APULRER -8, #n
Co-1P LR H AR B L) & 4R

et )

The interactions between proteins were identified by
Co-IP assay and cellular immunofluorescence assay

W, oY
- SRS

Ve

Yy

RN

&
X

Y
i

Vehicle control Cellular models of AD

Probing changes in expression levels of BACE1-interacting
proteins in an AD cell model

WT

101
(14.1%)

Fig.2 Protein statistics determined by mass spectrometry
(a) Schematic of the immunoprecipitation-mass spectrometry approach to identify BACEl-interacting proteins. (b) Protein statistics identified by

mass spectrometry: interacting proteins identified after removal of common contaminating proteins, where red represents proteins enriched in the AD

group sample; green represents proteins enriched in the WT sample; the middle segment is the protein identified by both.



2024; 51 (®) XEEEE, % MRREBRFETBACEIEEEAEAMIE RIS 1909+
Table 1 Mass spectrometry identification of bait protein
Group Unique peptides Coverage/% Abundance (normalized) PSMs
WT 19 36 1316128856.56 48
WT-IgG - - - -
AD 20 36 1666896281.25 52
AD-IgG - - - -

XoF IO e S B A T Ao D A 2 B A B A S
PEZEAEM, Wil SRR S 5 48T, AD 43t
YE#) 731 NEA S BACEL MIEAER, WT4%
E R 218 1 E 5 BACEN AR, HA T
AD 4 % 5 #| 89 BACEI A B 1E & 11 614 4
(73.8%), T WT %% 2|19 BACEL M BAE &
H 1014~ (14.1%), P2 Y% % 2] BACEL A H
TEREHA 1174 (12.1%) (El2b).

222 BACEIMEAEHEAZS SR T HEENAH
PSS

ot —25 % AD 21 %5 5 21 614 1~5 BACEL f7-7F
HHEAEH 2 R RBEAHTGOE/RMSIE, 7
M B EEEM GO H, LR ADH BACEL 2
SEGEAMIEEYRE, QLRSI BT

Ab R AR 53 DL e 2 5 R iR . St
TN E LR, HBE S RE R R EED
FE, PH DRSS K, B NER D RE
Oyl R RN GO BT BN AD
1 BACEl 2 3454 E A REE /> T O e 2 &
BUER T B FEE Y . B EREREYE . R T
54 B s IR TS TERTAR R A0 (s
BAT B T R/RIEM . R, IR
&, B FERBANEES; S50y REmE
FLAE TR N A VR AN R 1 2 R S i .
] e R IEARREA eis . BRI | T R
Y2k B LYt (Bl 3a~c).

EE X AD 45 BACEL fE1E A0 HAE FH Y 22 5
FAREA, W KEGG BRI 5538 1) = 4

(a) Biological process enrichment of AD (P<0.05) (b) Cellular component enrichment of AD (P<0.05)
T cell costimulation Count
Lymphocyte homeostasis1 0100
Embryonic placenta development L. Paraspeckles 0200
Vesicle targetin_g,. to, from or within Golgi Heterotrimeric Ga)_ll'_(;}em complex ° 0300
Cerebellar Purkinje cell layer development 5 ase complex i 0400
Immune response-regulating cell surface receptor signaling pathway N _ . Contractile fiber 5
involved in phagocytosis 1g (P value) Golgi apparatus subcompartment o
Regulation of heart rate ° Supramolecular polymer ° -1g (P value)
Regulation of membrane permeability- ° 25 Non-membrane-bounded organelle 1 @ 3.5
Cell cycle arrest: ° : I 1ul t t ded organelle { @ !3_0
Cellular response to biotic stimulus ° 2.0 Intracellular membrane-bounded organelle 1O 5
Regulation of circadian rhythm ° Membrene-bounded organcllc 2
on of circac L5 04 06 o8 10 [ 20
Hormone-mediated signaling pathway{ ° A 1.5
Intracellular receptor signaling pathway{ ° Count RichFactor i
Viral process ° © 100
Regulation of membrane potential ° 0 200
G protein-coupled receptor signaling pathway{ ° O 300
Response to toxic substance{ ©
Intracellular signal transduction{ ©
Cellular component biogenesis{ @
. Regulanon of localiAtiohT® (d)  KEGG pathway enrichment of AD (P<0.05)
Negative regulation of biological process{ ©
Regulation of cellular process{O
0.4 0.6 0.8 1.0
RichFactor o n
Prolactin signaling pathway
Mineral absorption °
Cell cycle °
EGEFR tyrosine kinase inhibitor resistance ] Count
(c) Molecular function enrichment of AD (P<0.05) Non-small cell lung cancer ° 5.0
Aldosterone-regulated sodium reabsorption o o 7' 5
Thyroid hormone signaling pathway{ O o 1(") 0
. L. Renal cell carcinoma{ o o1 2' 5
Sodium channel regulator activity °|-lg (P value) Hypertrophic cardiomyopathy (HCM) . -
Deoxyribonucleotide bind@ng 21 Glioma: ° O15.0
Growhifacior bmfhpg i ‘ 1.9 Yersinia infection (e}
Ton channel regulator activity ° o AdbaRrEEntHG ®
Passive transmembrane transporter activity ° 117 TOR sienali ] thway) ® -lg (P value)
Ton channel binding o 15 L sgg‘na fng patitway; 3.2
Actin filament binding o PI3K-Akt signaling pat}.n_vayr O
Protein kinase activity o Count He@htlg B @ 2.8
Protein C-terminus binding ° 025 Gap junction: O 24
Transcription factor binding{ @ 050 Focal adhesion
Transferase activity, transferring phosphorus-containing groups{ © 075 Estrogen signaling pathway{ © 2.0
Identical protein binding { @ 0100 Viral carcinogenesis{ @
Nucleic acid binding 1O o125 Oxytocin signaling pathway{O
04 06 08 10 06 07 08 09 10

RichFactor

RichFactor

Fig. 3 Functional enrichment analysis of AD group-specific differentially expressed proteins assessed by GO

and KEGG pathway

(a) Biological process, (b) cellular component, (¢) molecular function, (d) KEGG pathway.
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YT, XS ERGR R 1 E 4 B NS R K T 4
138, LAUE R AD %9 iE 2 BACEL A1 B.AEH
ZREGEAS SRNG5S (K3d). 458
75, BACEVMEAEHEHRZSS T 2MIEE
SaE . 045 PI3K-Akt f5 518 % . mTOR {5 518
B AR RIS . ANAE BRI S, X s
{55 BEAE T IR . AR T A B ARAE SN
R ¥E T EEMAEM, b PBBK-Akt {5538 %
mTOR {5538 & AD . A4 A0 DL Fofh i 48438
FPHESSIRIRY T 0 A A, T 8 1 2 2R
EHAEEEH,
223 HEEBACEM HEAEH&EM

Y It o A P 1 2 () 5 ) S 2 A PN I A
IRERy LRt , [ (%) S 20 A 057 2 25 1 BAH AR
F s ZE 5, BACEL EEEM TN, 4 fE LA
KeAgih, MRYE GO B B 5 BACEL H A i [H
WA E A R AR H . HEBR O T AuMak . bk
IR E AR H . ADALEESIN 6144
7, 40 F IR, 226 4~ 7 T4
B, 204 TR (S, HAEARLSS

Y W

uuuu

)
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N

Y
N

Yy

A)

!;
&\
N

872
)

M)

aa

RE2 25 1 BRI AH BRI B kA, %) 5 BACEL /775
F[R]SEA0 L E 7 R B TRt — AP, b A
AEARSEGUREMEAR 1771 (KS1). KLU
177 & R {5 B 5 A STRING 846 12, 14
BACE1 8 B {F H & 11 it M 4% (protein-protein
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Fig. 4 The PPI network diagram of proteins interacting with BACE1
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Table 2 Basic informations about the bait protein and its potential interacting proteins

7 5 fil

Accession  Name Type Cellular component Molecular function Biological process Mammalian phenotype  Expression
P56818 BACElL Bait Cytoplasmic vesicle Enzyme binding, Protein processing, Abnormal spatial Cerebellum,
protein membrane, early aspartic-type amyloid-beta binding, learning, decreased ovary, efc.
endosome, plasma endopeptidase activity, amyloid-beta metabolic ~ exploration in new
membrane, efc. etc. process, efc. environment, efc.
Q3TZI7 PRNP Interactor Cell surface, Protein-containing Learning or memory, Abnormal Cortex,
of group plasma membrane, etc. complex binding, response to amyloid- hippocampus frontal lobe,
AD protein-folding beta, morphology, ataxia, efc. etc.
chaperone binding, negative regulation of
amyloid-beta binding, long-term synaptic
etc. potentiation, efc.
P08226 ~ APOE4 Interactor Endosome Golgi Amyloid-beta binding, Amyloid precursor Synaptomorphism, efc. ~Liver, brain,
of group apparatus, neuronal cell  tau protein binding, protein metabolic etc.
AD body, late endosome, signaling receptor process, regulation of
etc. binding, protein- amyloid precursor
containing complex protein catabolic
binding, etc. process, efc.
Q62277 SYP  Interactor Membrane, presynapse, Identical protein Synaptic vesicle Increased vertical Cortex,
of group  synaptic vesicle, etc. binding, protein- endocytosis, regulation activity, efc. frontal lobe,
AD containing complex of neuronal synaptic etc.
binding, SNARE plasticity, endocytosis,
binding, etc. etc.
Q3TCH2 UCHLL! Interactor Plasma Ubiquitin binding, Ubiquitin-dependent Tremors, paralysis, CNS, brain,
of group membraneendoplasmic ubiquitin protein ligase protein catabolic ataxia, etc.
AD reticulum membrane, binding, etc. process, axonogenesis,  neurodegeneration,
etc. etc. premature death, etc.
008539 BIN1 Interactor  Endosome, plasma Function identical Endosome to lysosome Neonatal lethality, Cerebellum,
of group  membrane, synapse, protein binding, transport, negative complete penetrance, cortex, efc.
AD synaptic vesicle, efc. protein-containing regulation of amyloid- etc.
complex binding, tau beta formation, efc.
protein binding, efc.
Q3UHD6 SNX27 Interactor Early endosome, Ionotropic glutamate ~ Endosomal transport,  Postnatal lethality, ezc. CNS,
of group endosome, receptor binding, endosome to lysosome cerebellum,
AD glutamatergic synapse,  protein binding, etc.  transport, regulation of efc.
etc. postsynaptic membrane
neurotransmitter
receptor levels, efc.
Q921J2 Rheb  Interactor  Neuronal cell body,  Protein kinase binding, Positive regulation of Abnormal brain Bladder,
of group plasma membrane, GTP binding, GDP TOR signaling, small development, CNS, etc.
AD synapse, etc. binding, etc. GTPase mediated demyelination,

signal transduction, etc.

premature death, efc.
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Continued to Table 2

Accession Name Type Cellular component Molecular function Biological process Mammalian phenotype  Expression
Q3TH69 Ap2ml Interactor  Plasma membrane, Signal sequence Synaptic vesicle Lethal, etc. CNS, brain,
of group AP-2 adaptor complex, binding, lipid binding,  endocytosis, vesicle etc.
AD synapse, etc. disordered domain budding from
specific binding, membrane, efc.
transmembrane
transporter binding, etc.
P46460 NSF  Interactor Postsynaptic density, Protein-containing Vesicle-mediated Abnormal cerebellum  Cerebellum,
of group  plasma membrane,  complex binding, PDZ transport, intracellular development, frontal lobe,
AD lysosomal membrane,  domain binding, etc. ~ protein transport, efc. embryonic lethality, etc.
Golgi apparatus, efc. increased anxiety-
related response, etc.
Q9QZS3 NUMB Interactor Early endosome, Protein binding, Nervous system Postnatal lethality, Cerebellum.
of group  cytoplasmic vesicle, cytoplasm, development, ataxia, efc. cerebral
AD plasma membrane multicellular organism regulation of cortex, etc.
endosome membrane, development, efc. postsynaptic
etc. neurotransmitter
receptor internalization,
elc.
E9QLKY9 SNAP91 Interactor  Endosome, plasma Protein binding, Vesicle-mediated Abnormal CNS Frontal lobe,
of group membrane, efc. vesicle-mediated transport in synapse,  synaptic transmission, CNS, etc.
AD transport, efc. synaptic signaling; abnormal response to
postsynaptic novel object, efc.
specialization, efc.
P07901 HSP90aal Interactor ~ Plasma membrane,  Protein binding, protein Transmembrane Preweaning lethality, CNS,
of group  Cellular Component, folding, response to transport, acting on a etc. placenta, etc.

AD neuronal cell body, etc.

etc.

endogenous stimulus,

protein;export from

cell, etc.

2.3 NSFZ&ABACE15APP, F7EADZHAaAEE] ch
ERRKFIEKE LA

it —25 X & B 4 Fh BACEL AH B /E i e &
1, NSF., NUMB, HSP90aal. SNAP9I, 5
BACE!1 (AR AR ST 50 E, W J Bt 3R
IR AR LA B FOXT B AR, il BACE 2 323k i
75 0 B A 3k R R Y HEK293T 41 it
PEICAN M & 1 A AR S T IE ] (BACEL B N5 H
). Jem (S FERIBHEER) Co-IP 5L
5 DB RS U ) A EAE R G R, IEm . = Im)
Co-IP SZ45 34 R BHAM: i 2 (1 B4 A5 A oA A L 4G
BYER. 4588 (K 5a~c), NUMB, HSP90aal,
SNAP91 5 BACE1 [ 1] Co-IP SZEH M BT, 1A
9 NUMB., HSP90aal. SNAP91 Jf-k 5 BACEI 4
SE454A s K 5d iR, BACEL 5 NSF iF /2 ] Co-IP
SCE PN, N E AR EAE R . A
i NSF 7E BACE1 W) % APP st FE P AME I G &, A

CHE— RIS T APP 5 NSF (UM HAE L&, 5
K45 R NSF 5 APPAHE 454G (Kl Se).

3 L IO 3 IR A T W% BACEL, APP,
NSF =& e E 7 O R, NSF-HA ki 4
N2aZfffl)5, XTAMIEA TR e 9 il , TR
AR AEDOE W AEE WA PR R o e
THil. 45K Ws, NSFZ4rjl5 APP. BACEL f£1E
BRI E N (B15f), $27R NSF 5 BACEL LLK
APP S fFTE TAHIE 25 (R 2548, HA — et EAEH

1T AP, 1% 5 SH-SYSY 4 it #4 7 AD (1) 40 Jig
BaRY, E— S HR5T AD SR ERIE BL T NSF 215K
Al METXTIZL, DI H 20 pmol/L 1Y AB,,
%5 SH-SY5Y 4H /1 48 h, NSF #iA/KF Fil (A
5g, h), #&/R NSF Rik/KF-5 AD i 25 UIAH ¢,
NSFA[fE2 5 AD KA LR,
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Fig. 5 Co-immunoprecipitation and immunofluorescence for detection of protein interactions
(a—c) Co-IP assay was used to verify the interaction between BACE1 and SNAP91 (a), HSP90aal (b), NUMB (c). (d—e) Co-IP assay was used to
verify the interaction between BACEL and NSF (d), APP and NSF (e). (f) Immunofluorescence: NSF-HA plasmid was transfected into N2a cells,
BACE1/APP was labelled with BACE1/APP rabbit antibody and goat anti-rabbit IgG (H+L) (red), NSF was labelled with HA-tag mouse antibody
and goat anti-mouse IgG (H+L) (green), and DAPI was used to label the nucleus (blue). Laser confocal microscopy was used to detect protein

co-localisation. (g—h) NSF expression levels increase in SH-SY5Y in cell models of AD (*P<0.05, -test).



+1914- EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (8)

39 it

PRI TSN & — B 2 Im PR IR AIAH
LI BEAREAE B 7, RN . AD . A4 AR
. AU . WIZEAREMIRBEILAE | R [FIZEAG
W6 /NI L 55 2 I LA I Pick g 45 2 phi iR ATk
PR HAT A R AR R 2T A T AR PE A, 5
HOAH DI BE . 2 3 U BE R 45 1 AR O S 2
Pt 22 P 2R AT g LA L [R] 1 240 RN 4y
BLHI 24, N o R AR RN 28 i Dy R A 4 17 252
R, SR TR RIS Al ) B R g 14 OG5
1 ABTEZ Pl ZR AT PR 19 & A R R i f v
HEEEMEN P, ABE APP £ BACE! 5y 4 I
oA, I, B9 BACEL ZE50% 1 AR
B B L3 7 DR 22 1 o 23R A7 PR 4R 01 2 AD Y
W SRS A EE R X

R R ) () A AR R A AR BRSO TR
b FEh AR R R, Co-TP SEIR REAE Y RRE
ARG VT AR, A5 A AY B
FMEAEH S A EAEH . AWFIE T IP-MS 1Y )7
P IE e BACEL AHEAE & M, X % 20
BT GO & 45 M1 A ) KEGG il #% & %47
Mr, SPMras iR, AD 4454 195 BACEL A AR
FH I 22 5 88 H AT BEAE R AD BN I fa b R 3
MADBR LA, SE5AMBNESHES . Bt
1) B s R ) B 1 B R AR R AR B RS
BACE1 A HAE /KL, Py B 548 i
BEIZ | SEHBOE T PI3K-Akt, mTOR Z5{55-3 %
Z 5 YA S DL A AR AR BT 2 (1 BACEL A B
YEHE AR KF R, 55 BACEL M HAEH K
SEEATNE 2, SRR A AD R R

TEA Y BACEL PPI M 45, 28 ik 8
W%, BRIERFSEIESE, BACEL Shfieiitk A pHAK
FPE 3 BRI Y R % BR BT X APP HE AT )
) B0 g fuh i Sham i Y APP M N R iE AR, K
APP #;i2 | BACE1 FHYERY N, Tk AB i 7=
A B RSEAIESE, BACEL 5 APP 7 2% i v EL
AL 43 AR, 58 e 7 [ & BACE 1) 12 223%
IRFRAL B, I R AE R 4 28 fik T e LA & APP 1 1)
F B R, BIFSY S Ml A R FUBUSSr . APP
BACE! Z [8) A A0 EL AT A 590 (12 I FA o 7 4 it
B SR ]

TETR I 04 AT B 5 v 14 %8 BACE L AH B4
MEAS, et Bl T P EA RS

BACEl WA EAEH R, HPhom#EEH (major
prion protein, PRNP) 3 FK PRP(c) **, fEW% 5
BACEI#HEAEH, 25575 BACE1 X A B Al
Mg A A APP Y B R TE T . BB E A E
(apolipoprotein E, APOE) & %k i % % /) APOE4
A e 2801 BACEL Fh /K iE AB 1Y
FEAE Yz RO G K ff B L1 (ubiquitin
carboxyl-terminal hydrolase L1, UCHL1) 5
BACE1 tHEAE T, fPEi#% BACEL Kik KTV 5
BACE1% ] MR+ 1 (bridging integrator 1,
BIN1) @it i#55 BACEL PRI P 7R 31 s il A 40 i)
Meas ok R AR A ik AR T 27
(sorting nexin family member 27, SNX27) i i 4
P BACEL 25 &M, ARIE R FHI R0 %
% 1K (sorting-related receptor with A-type repeats,
SORLA) , LA B 745 y 73 il 1 X APP 1 [ fift 7
A P s 4B ) Ras W] TR 9 & H (Ras
homologue enriched in brain, Rheb) 5 BACE1 #
HAEA, {2 BACE i i ¥ B4 A 8 1 il a4 4%
Wef, 45 BACELE M 7, AR G2
(the protein complex-2, AP-2) ifHid % BACE1 1£
AR . BRI . BiR TP is, R & oo
BACE! {93z i A RS, AT 22 AD 19K Ji&
L & A iy T it 5 BACE] B4k Rl 40 B AE
HYE BACEL BB IE M . Nz . BRI iR,
MM s2 AD B9 A A KRS .

3 R e B U ¥~ (N-ethylmaleimide-
sensitive factor, NSF) S5 A UGUE G HT & B
BACE1 454G # 11, NSFJ2 ATP fiff AAA G 3%
BB, FECGEN TRMBEN . MK . SUREMAR. %
AR S R b . T ATP B G PE, 7ESPI)
WA IR SRS 3 I R 3R, B Bt
FERW], NSFifii 52 F s & A E A b
BAER . S5 m/RERR B . 28 F4n ik
AR E, DS St g R A b 2t o
BECE R, FEA PN B R A R i R,
SERELIB ) GRS B

VI N- £ R 96 IV i U R 1 Ff 5 7 1 32
f&  (N-ethylmaleimide-sensitive factor attachment
protein receptors, SNARE) J&i sl i@l & i F2, J&
NSF (19 EZfe . NSF i id i % ¥ NSF [ & 2
1 (soluble N-ethylmaleimide-sensitive
attachment protein, SNAP) 5 SNARE %54,
SNARE & & W)t 4 1,

factor
15 RH]
WA T Rl A AR
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SNARE & &W145 6 F i 4 43 4T APP U iE N §42
DA K A 40 0 #5285 48 v e 4% APP [m] & BACEL 1)
JIE DX 3 iz o Fe HAG FEE R 9, NSF eSS A H:
fth 2 1 B AER FURE S 4, NSF RHAMEAEHEA
JB 4 53 F- D RE 7% NSF 78 il P4 1 43 14 5 32 DL R i
WG AR T2 ITEH

NSF 5 AD . B0 P s o i ke 0L 43 45 45 b 28
RYPG R EYIMIE . NSF TR N 4 5% ia v
ECHVE, NSFERF A A 24 A BOwAE 7T 5
B LB PR IR , 3 5 NSF 7E i 28 38 5 B itk
R DI BEAR T 3 M AL S P DA G 7
NSF £ WA R G Rl A B i 5 2 C 2P
FH, NSF 26 i 5 S0 0 R 5 v AR & ol AR g v
W, 5 ) 5t ot A i 450 07 9 0 48 e N ) 2R ) B i
&

FET FRWFSY, ASCHEN NSF/E A AD &% (1)
fEB 2, FTRES 5 81 28 fil 5 2 0 BACE1 5
APP G a8 BACEL 5 APP fi4 itd PN 4% 1z 1o 7%
VRIS AR A G i, [ 3 52 o 48 3 5 B
OB AR B N ez UL B S AN G A, R
] AD (5 i 7

4 & &

TE AD "', BACE1 Fik/KF LM, it APP
i I ENRE R I, SR TEREE 7R
0 P9 TR . ARSCIRSE T AD AL/ R Eh 2 40
BACEl WA BEAEHE A AL, W5 B 2= s
RE/N, BACElWMHEMEHNEASS THRNGE
SRS AR R RS R R ) R AR A
HWERIZ | BRI HERIETT L T AR R B
e, 25 T PIBK-Akt, mTOR 254 ZB 1T
PRGN A I (5 5 30 . 3l 44 2 BACEL /Y PPI
W25, #5975 BACEL A7 16 % UIAH HAE H o6 R B &
HBT, &3 T HA e S BACELfE7EAH H AR M)
5 NSF, HSP90aal . SNAP91., NUMB, #—
IFED], NSF 5 BACEL. APPETEAH HAEM,
HAE AB,, 1755 19 41 il AD J55 B U vh 2255 K F- |
P&, TR NSF 7] fEXF APP. BACEL i N 5435 o F
FEERYER, JR2e it — LR 5 KiE NSF 7
AD B R A HIAE KLV E L
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Screening and Functional Analysis of BACEI1 Interacting Proteins in
Alzheimer s Disease”
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Abstract Objective p-Site APP cleaving enzyme 1 (BACEl) is a rate-limiting enzyme involved in the
formation of amyloid plaques in Alzheimer’s disease (AD), and its expression and activity play a crucial role in
the development of AD. The interacting protein of BACE1 can directly or indirectly regulate BACE1 in the
transcription, translation, modification, intracellular transport and other links of BACEI by directly binding,

indirectly binding, and participating in various cell signal transduction pathways, so as to participate in the
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occurrence of AD and the process of disease. This study aimed to screen and validate the interacting proteins of
BACEI1, providing new insights into the mechanisms of amyloid plaque formation. Methods Co-
immunoprecipitation (Co-IP) and mass spectrometry (MS) were used to enrich and identify BACE1 interacting
proteins in the hippocampus of wild type (WT) mice and AD model mice. For candidate BACE1 interacting
proteins, GO enrichment analysis and KEGG pathway enrichment analysis were used to explore the subcellular
localization, molecular function, participating biological processes and participating signaling pathways of
BACE] interacting proteins. The protein-protein interaction (PPI) network of BACE1 was further constructed to
explore the potential proteins interacting with BACE1. By searching the mouse genomeinformation (MGI)
website and NCBI database, the more reliable proteins among the potential BACE1 interacting proteins were
screened. Co-IP assay and immunofluorescence confocal technology were used to preliminarily verify the
interaction between the proteins, and the changes in protein expression levels of the interacting proteins in AD cell
models were explored. Results A total of 614 differentially expressed proteins interacting with BACE1 were
identified in AD group. GO enrichment analysis showed that the BACE1 interacting proteins in the AD group
were mainly located in membrane organelles such as Golgi apparatus, endoplasmic reticulum, endosome,
lysosome and vesicles, which had molecular functions such as ion channel regulation, protein kinase activity,
transcription factor binding and passive transmembrane transporter activity. It is mainly involved in the biological
processes of immune response regulation cell surface receptor signaling pathway, targeting Golgi vesicles
transport, circadian rhythm regulation, Purkinje cell layer development, efc. KEGG analysis showed that BACEI
interacting proteins in AD were mainly involved in the PI3K-Akt signaling pathway, mTOR signaling pathway
and other neurodegenerative disease-related pathways. The PPI network of BACE1 showed that a total of 12
proteins were identified as high confidence binding proteins, including PRNP, APOE, SYP, NSF, NUMB,
SNAP91, HSP90aal, UCHLI1, BIN1, SNX27, Rheb, Ap2m1, of which, NSF, NUMB, SNAP91, HSP90aal were
newly identified candidate proteins. After further verification, we found that NSF not only interacts with BACEI,
but also interacts with amyloid precursor protein (APP), the substrate of BACE1, and the expression level of NSF
is up-regulated in the AD cell model constructed by Ap,, induction. Conclusion BACE] binding proteins
participate in multiple AD-associated biological processes and signal pathways. NSF is a newly identified BACEI
binding protein that interacts with BACE]1, and the protein expression level of NSF is up-regulated in the AD cell
model. It is predicted that the interaction between NSF and BACE] is involved in regulating the course of AD,

providing a new target and direction for the study of the mechanism of AD.

Key words BACEI, co-immunoprecipitation, mass spectrometry, neurodegenerative disease, Alzheimer’s
disease
DOI: 10.16476/j.pibb.2023.0298



