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AR B RNA MR ST, R [R] EOCRE 5t 3 9 2 A0 [
We BE . ¥ B8 PrimeScript RT Master Mix (Perfect
Real Time) cDNA ¥ % 53¢ 275 & 15 W] 45 3 e oK 5
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Table 1 The qPCR primers of mouse E3 ligases

Gene symbol Forward primers Reverse primers

MKRN2 GTCCTGCACCCAACCCTTC CACCAGCGTCTTCTTCTCCC

NEDDA4L CACGGGTGGTGAGGAATCC GCCGAGTCCAAGTTGTGGT
LNX1 CAACCGGACCTTGCAGATGA GGTGTGTCCACATGGAGTGT
RNF41 ATGGGGTATGATGTGACCCGT GATGCAGGCGTTGCAGAAG

TRIM36 GGCTACATTATGGAATTGCTTGC GGATCAGCGGGTGGGTAAAC
RNF8 GGACTTAGTGTCACATACCAGC GGTCCACTGTCCCTCAGGATT
DTX4 TGTGCCTGTGAAAAACTTGAATG TGGGATGGACTTTATCTCACTCT
B-Actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

1.3 SEitEAE

SIS HAE AR 2% (vks) o, I
GraphPad Prism 8.0 G iR ], 1 41 ) 4540 LE
PR t-test K 5, P<0.05 1A H 262 RAFFES T &
X, AR . ns, JCBEEZES

2 & R
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5 L PR AE PO 00 7 B8 43 A Hh sk S B PR 34 7
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Fig.1 The DEGs in GSE15222 and GSE36980 databases
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Fig. 3 PPI analysis of DEGs
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Table 2 The top 50 proteins in PPI analysis

Rank Protein Score|Rank Protein Score|Rank Protein Score
1 MAPKI1 44 | /18 GFAP 28 | 34 PPP3CB 25
PPP2RIA 42 || I8 RAB3A 28 | 34 PGK1 25

SYT1 41 | 18 PXN 28 || 34 BSN 25

VAMP2 40 | 18 ARF1 28 || 38 SV2A 24
GAP43 28 || 39 NDUFA9 23

SYP 37 | 23 POLR2F 27 | 39 POLR2K 23
BDNF 35 || 23 ATP5G1 27 || 39 GNG3 23
ATP5C1 34 || 23 MAP2K1 27 || 39 AP2MI1 23

2
3
4
5 ATPSB 37 || 18
5
7
8
8

CDCSL 34 | 23 CREB1 27 | 43 UQCRFSI 22

10 NRXN1 31 | 23 NSF 27 || 43 WASL 22
11 STXI1A 30 || 28 ATPSH 26 | 43 PRKACB 22
11 STXBP1 30 || 28 NPY 26 || 43 TOMM20 22
11 UBE2N 30 || 286 RAB3C 26 | 43 COPGl 22
14 VDACI 29 | 28 SNCA 26 || 43 CLTA 22
14 RABIIA 29 | 28 MDH2 26 || 43 FBXLl16 22
14 SDHB 29 | 28 GAD2 26 || 50 NDUFBS 21

14 SLCI17A7 29 | 34 CPLX1 25

Table 3 The cellular location of E3 ligases in human brain

Cellular location

Protein Endothelial Number of

cells Gliocyte Neuron  AD reports
MIBI +++ + ++ 3
HERC2 + + +++ 1
TRIM37 - - - -
RNF128 ++ - + -
MKRN2 - - ++ -
HECTD2 ++ - ++ 1
UBE3A ++ 4 e 11
NEDDAL - - + 7
SMURF1 ++ ++ - 2
RNF40 - + ++ -
DZIP3 + + + -
BAPI1 - + + 1
PTA2 + ++ +++ 1
RNF123 ++ + ++ -
LNX1 - - ++ -
TRIMS56 ++ + ++ -
RNF14 ++ + +++ 1
RNF41 - - +++ -
TRIM36 - - +++ -
RNF8 - - ++ -
DTX4 - - ++ -
TRIM7 ++ ++ ++ -

For the cellular location, +++ : strong expression; ++ : moderate
expression; +: weak expression; — : negative expression. For the

number of AD reports, — represents no report.
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BT TR Sz 2RI RE &, N
HAD BE AL R B AR R 2, 2
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JINER B 28 4R R R TEHIE

9 T BE— B IE A AD S U iR e Y B3
L RIEEE T RIBRHE, EEEEA YR AD
g BRAA AT A A4 HE G 8 H iy APP/PST A6 H iy 5%
FAD ] AD /NERAR Y V4150 gl AN RN 45,
WG AT QPCR IR HAE, L5 R AMIX 7 E3Z &R
HEREEETE APP/PS1 11 5XFAD /N UG 2 4 rh 2% 3A 1
BRI T &S, Hrh NEDD4L, LNXI
FITRIM36 75 P Flt AD /)N BB A rh 5K & A G it
R FEAR . 7E APP/PST I X HE /)N B ki 2H 41
DTX4A gt ¢ 25, HiEH A g2
SER) N AE SXFAD /N ERGH 21H, MKRN2,
RNF41 fRNF8 i L4t it ¢ 225, HihEA¥HE S
TS TR (ES). 245385 AlzData £44 72
HAD BB ISR EHOE Y, XERTEAD Y
AN R )X S I R T B R FEAR LR E VR,
$E7% AD /N ATV Ry B 22 AR AR T ELAF 9 ok S 3 (R
itig.



2022; 49 (4) BlK, %: FRRERFEEREDXRELEZZEZMHEIIGIE *655-

Entorhinal cortex Hippocampus Temporal cortex Frontal cortex

MKRN2 ns X *
NEDD4L ns Rk
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Fig.4 Neuron—specific expression of E3 ligases in entorhinal cortex, hippocampus, temporal cortex and frontal cortex
between control and AD patients
* P<0.05; ** P<0.01; *** P<0.001; **** P<0.000 1.
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Fig.5 Neuron—specific expression of E3 ligase in cerebrum tissues between control and AD mouse model
(a) qPCR analysis of E3 ligases in APP/PS1 and control mouse cerebrum tissues. (b) qPCR analysis of E3 ligases in 5XFAD and control mouse
cerebrum tissues. * P<0.05; ** P<0.01; **** P<(0.000 1.
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Screening of Key E3 Ubiquitin Ligase in The Development of
Alzheimer’s Disease’

LU Ya-Lan, SHI Gui-Ying, WANG Ke-Wei, BAI Lin™

(Institute of Laboratory Animal Science, Chinese Academy of Medical Science, Comparative Medicine Center, Peking Union Medical College,
NHC Key Laboratory of Human Disease Comparative Medicine, Betjing Engineering Research Center for Experimental Animal Models of Human Critical

Disease, Betjing 100021, China)

Abstract Objective To explore the key E3 ubiquitin ligases and their expression profile in the pathogenesis of
Alzheimer’s disease (AD). Methods Bioinformatics method was used to screen the differential expression
genes (DEGs) in the development of AD. The DEGs were analyzed by gene ontology (GO) and protein-protein
interaction (PPI) network. Then, the E3 ubiquitin ligases were looked up through The Human Protein Atlas and
Alzdata databases to find their histocytological localization in different brain regions. It was verified by qPCR in
AD mice brain tissue. Results Ubiquitin-proteasome system (UPS) and ubiquitin conjugating enzyme from
Trypanosoma cruzi (UBCc) domains of ubiquitin-conjugating enzyme were ranked top in the biological functions
and domains involved in the process of AD; PPI network revealed multiple UPS molecules are the key node
proteins; brain tissues specific and highly expressed E3 ubiquitin ligases (MKRN2, NEDD4L, LNX1, RNF41,
TRIM36, RNF8 and DTX4) are reduced in AD patients and AD mice. Conclusion These 7 E3 ubiquitin ligases
may function as driving factors to participate in the progress of AD, which provides important clues for further

searching for new targets for the diagnosis, treatment and in-depth mechanism exploration in AD progression.
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