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Experimental study on the role of PSMEI1 in regulating proteasome

function and protecting endothelial cells
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Abstract: Objective To investigate the effect of proteasome activator PSME1 on proteasome function and antioxidant stress
capacity in endothelial cells. Methods An adenoviral vector (Ad-PSME1) was used to transduce the target gene into
human umbilical vein endothelial cells (HUVEC) to establish PSME1 —overexpressing endothelial cells. Western blot was
used to detect the expression levels of proteasome-related proteins; dot blot was employed to assess protein carbonylation levels;
co—immunoprecipitation (Co-IP) was performed to examine the interaction between PSME1 and PSME2; fluorogenic substrate
assays were used to determine proteasome activity; cycloheximide (CHX) chase experiments were conducted to evaluate
protein degradation rates; pulse —chase assays were applied to measure the degradation rate of GFPu; and DNPH
derivatization was used to detect protein carbonylation levels. Results Overexpression of PSME1 in HUVECs increased the
expression and prolonged the half-life of PSME2, enhanced chymotrypsin-like (B5) proteasome activity and ATP—dependent
proteolytic function, and significantly shortened the half-life of misfolded protein GFPu (P<0.05). No significant effects were
observed on the stability of endogenous UPS substrates (AKT, GATA4, and PTEN) or on the abundance of the 19S and 20S
proteasome complexes (RPN2, RPT6, and PSMBS) (P>0.05). Additionally, PSME1 overexpression significantly reduced hydrogen
peroxide —induced protein carbonylation levels and enhanced the antioxidant stress capacity of endothelial cells (P<0.05).
Conclusion Overexpression of PSME1 stabilizes PSME2, enhances the function of the 11S regulatory particle, and improves
the proteasome’s ability to degrade misfolded and oxidatively damaged proteins, thereby protecting endothelial cells.

Keywords: PSME1; Proteasome; Cardiovascular diseases; Oxidative stress; Protein homeostasis

BEE£WA : FR HARREEA(8216020109) ; 05| S BHE & B L0 4 (Z2YYD2022C21 ) Hs 4 H /R F IR X ST & 1141 (2022B03022-2) 5
FRAEE/R AR X R ILEA "B 74 (2023TSYCLJ0035)

YEE®IAT X5 (1995—) , I it BRI, AF5E 07 1) < O ML RIS I R 5 2 (1996—) , I W AE 332, P9 U5 1) < Sl Lo e R 55 BERI S 5 X 55488
FRILRE —EH

BIE1EE  2WHF, E-mail: Lixm505@163.com



< 2836 -

AR P27 2025 4557 52 4255 15 8] Modern Preventive Medicine, 2025, Vol. 52, NO. 15

% - & K R 48 (ubiquitin—proteasome
System, UPS ) A Ay 4 it PN 2 11 BT B3R 4) DG B 428 , 17
TR MR ZBOE R AN E R, R A
2NN, DLEFARRIEAEE T,
Hoh 268 5 AR R FENATEIE, ©h 208 #
CYSREFN 198 T 5 H0REZE G i R, teAh, 208 A%
ORI AT 5 11S P 1 kel PA200 895 ki 45 &, E
AN TRV ST (1) 2 (B AA S 5 01 11S 84 A 2 p
HEABHARGS P F I3 1.2 3 3 (PSMEL ,PSME2 BY
PSME3)AH G T AL, EATFEATT 2 ATP (9155 T B AT
5208 B0 KL 41 45 & B 20S-PSME1/2 3%
20S-PSME3 & &%, dEMixt 208 (2 1 5 R4 D) B
REEVHPEVERST, W5 R I, B I BHA ) RE Reft AT fig
55N DIREAHEE G BIFIE 4B, 11S 7E 40 PN 35 1 5
Ree At b )V R AT BB R AE TSR0 T i 4 ), 3 —
KB T HAE AR NI Y 2R SRR S P R PE F AT
RESE NG, U PSMET 7P Ir 5Lak LAY A=
REASASEAA , (0 A R MEF ST ikIE , PSMET AT gL
RIS 22 G0 00 50 Ik SRR A 0 P JIES 8 A A 5600
Hb, B ABFATIRE AR L O 7 2 80 A0 148 9590 8
PR oL EE B sk Sy O I A £ B P AV AR
YERFRHE T LR ST I, AT E A T4
SEOLES, BN SR AR T B AR Y SR A A AU
¥, RS Ry J I B R FH B (v A B Al

1 #MRERE

1.1 &4 ABFE KN 2 40 H (HUVEC) 14 T
RIS AR AR YRR IR F) . G4 s e 1 38
Gibeo ATl . ECM N B2 40l & F 5 97 3k 0 1 55 [
Sciencell /A7) . PSME1 .PSME2. & [ it} {4 W7 5& B5
(PSMBS) .GATA Z55 8 H 4 (GATA4) . MK B
(AKT) BERRREGFN 5K 1 8 1 RV (PTEN ) 8K A A
JAI AL 2(RPN2) 2R B4 15 W5 6(RPT6) . —
fil§ JE 25 1 (DNP) & (8, 568 11 (GFP) L H i i -3
WERR I U8 (GAPDH ) — it S HUR i S Ak ¥ i (HRP)
TP T SEE Abcam 2T, A TR ILAL ALK
I (OxyBlot ) 2 A 5 S80S UK 7] 5 1 F 72 [5] Merck
KGaA A&, AT kI 8 (1 BG6 ME 0 = K
Suc-LLVY-AMC(B5) .Z-LLE-AMC(B2)Fl Ac-RLR-
AMC(BD)IEFIE[E MCE /A F]. PSMEL ka5t
H - Z & - EHABHE RS (GFPu) F1 B-Gal
1o & 8 T 2H MR T I i S A JEL e i R R A B
ONFEl AMMIEE SRR . B O HURE (R vk AR W T 36 ]
Thermo Scientific 2> 7)o {8 B 345 M T 145 F Carl
Zeiss /5], FLUKAS S8 UG SORNE B F VKA I T 5
[ Bio—Rad A, PVDF AT 32 Millipore 23

1.2 W@l ARA FARMBERSE i HUVEC 51
N 10% 54 1035 1 1% 40 E R B ECM 55
JETF 37 C, & 5% LA AnNg 2 KB FR 40
I BN LS AN I 2 80% 1T, 4 1:3 1 LL i
AR B N AR 2 609 , B8 H G L35 45 57
JE PR ARG S KL 5 MOT AR I 28 , 78 37 °C,
5% AR A AR 2 KGR E 6 ~8h 5
B R SR, DL AR SR R MR SR I, AR S AE 37
C, & 5% A ACRR A IR 25 S5 FRAH B 57, WLgg
A KRS B 5 Yt L

1.3 &9 7% (Western blot) 52 34 PSME1 &
A8 R G 6 RE KT YIS A K R Y
h1 80% T, {87 FH 4 L ) 7 DA 40 5% 7 114G S A
A, B0 BN AN DTTE s AT PRI (S ol 85
PRI S5 wl 2 I EEHIF .S wl PMSF) LAFEHK
B 5 B AT R R T 5 R 1 O A o
F o B 5 3 LA B AL 30 g, HL VK43 25 2
S BEATRE 5L 5 JF 5E B S TBST BelE 3 3 , e &
A 5% IR A5 TBST ¥ AR = A 1 h; B
505, K PVDF BB TR —birp 4 CHEIR
WEE 12 h; TBST PEE 3 i, b5 W7 & 9, ERIEIR
EE 1 hs FLifil ECL &G, ¥5)3 7€ PVDF J% I, 38
it BIO-RAD B SAGAGHAT B R S A

1.4 32 %597 % (dot blot) 5% 546 M) & & Jy & A ALK
P FEE Y KUK PYDF JEIE BN 1 em x 1
em AR, BTG AR B 3wl 25 BRI I 21 7 A%
HOR ST 37 CHEIRAR H F AR P SE
A BSA ISR RS 1 h gefTEA; InA—Pt T
VEW, 4 CIFHE 12 h; TBST Y 3 3, Ff 5 95 & i,
ZIRMEE 1 h; TBST PEME 3 3 J5, 7E AR L3503 m
DAB B, B USRS

15 SR ERREHAMNEGRMIAED I
YN IEAT 2, 4 CCHEAT i 0 5 R R, BD
R K 55T PSMEL Fiikidt PSME2 ikl
FARER T A/G HIIEIEEER—BAE 4 CHINE i
W o SRIGFULTE P i3 SDS-PAGE #8473 , il i
Western blot SZ5 5 92:46:11] PSME1L Fll PSME2 (1314
1.6 R FRNEGERERE 1E 96 fLEM
B DR (1 x 104> / FL, 3% 3 D EIFL).
A% S @ BZH (control) 1 PSME1D 33 % 3k 4H
(PSME1 OE), [FIIH5i 1] 2.5 we/ml S5 25 4 FR40 AT LA
FAEETC ATP B35 FRIAEE . BT 37 °C, &% 5% A fbin
AR AR 2 SR FRAE TR S 29 24 h 4NN EE 5 1
PBS ZZ i Pk 3 3 , LA RIPA 249 100 wl/ L,
4 CHFE 10 min DMRIEER FIREHLC, [ RS AR ZE Kk
¥, BRI 5); A 25 pmol/L i) = KK #)



PR TR B2 2025 4F5 52 455 15 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 15 - 2837 -

Suc-LLVY-AMC .Z-LLE-AMC #l Ac-RLR-AMC %3
ST RGO B8 28, 1 B AE (BS ) e R A AE (B1) I
I EERE (B2) W5 1E;37 CHEIRAS PO T 30
min &, ff FHZOCEFHRY ORI 380 nm, &K
460 nm) KGN DEETREE o BT PR A D0 B RN &
6] 2 HE , DA BR2H R B A T I — kA5 AR X
TEHE(AU),

1.7 3 TEEE e (CHX) 8 37 52 34| PSME2 & &
FEZH K HUVEC 5535 Tl INA W E R 50 uM
(1) CHX [y 35 3% rh, 8 3R 3K 25 s 25 1 % 24
(Ad-B-Gal) #I i % ik PSME1 B 52 & 4
(Ad=PSME1). 7ER[RIFIEFE] 5 (0.2.6 F1 12 h)iitE
A0, Jf 38 i Western blot 2 36 K6 I AH 157 B 6] f14

PSME2 # F1/KF, PAPEAS I 235 PSMEL X PSME2
%EV%@E%E@% i
1.8 BkoP ik 32 2 B4 M GFPu 49 M MRk 5 J%

HUVEC 5 Ad-GFPu fil Ad-B-Gal L4 &% Ad-PSME!1 #t
Jaz;fa,ﬂ%zmﬂ%w FE 4 (CTL) Fl PSMEL i %2 ik 4
(Ad-PSME1), WLEAH ML %% B ik 2] 70% 7547 B, Ad
%Eﬁﬁ%@&i4?§ﬁ JURALHE 30 min, Bifif5 7E R 55
HA 35S-Met HEATHRIC 15 min DIARICHT & E H .
B, R RUEREIRIE  PBS vhUEI K R
R Met/Cys BB R B IR 5L . FEAS [R] (14 B 0] 55
(0.5.10,15.30 11 60 min) YCHLHMIE ] RIPA 241
WA T2 . BT GFP HUARRI GFPu B8 K-,
1.9 2,4- =53 K B (DNPH ) AT A AL m) ik A i) 2
G R #EEALKT YL Ad-PSME] 3¢ Ad-B-Gal
YL 48 h 5, T Hy0,(200 wM, 2 h) &b B 75 5 41 if 45
AR, i OxyBlot £ 5T A0 AS I 50 & 1P A

EARlit e Y A AR e Y A=K AR Gl e

WK RE UL 45004726 (1 $2 8 . DNPH fii A AL 5438 ﬁ.k
J& ¥ DNPH #5ic (9 25 171 )5t | Western blot LA} dot
blot 5255 Jin#% %] PVDF & I, i | DNP i /44l
DNPH 74 AL 115t . DNPH {5538/~ 8 (1 B ik
K-S

1.10 %t o 47 N SPSS 25.0 1 Graphpad Prism
8.0.2 X E A A TG 8T, i SR EE —
W R GORMET (A% + drifE 22 ) FR , 241 HeAs
K FHBALIR 285 224307, 4L 18] 7 L4 R 1SD #6565 o
o 7K HE =0.05,

2 &5 R

2.1 7 HUVEC iE & iA PSME1 ¥ LA 11S 8% 8
#.69 PSME2  Western blot SZ56 45 5 i /R , PSMEL )
Pk K- BB AR R . Rl REE 3] PSMET
F IR IR S PSME2 Rk KRy TH e . dE—2
4347 @7 , PSMEL Fl PSME2 & (7K B3 fin 4 5
FIEAK(r=0.997) . R T 5 UE PSMEL Xf PSME2 ik
2, G e LT TE SL e 45 R R W], 5 X HUVEC
AHLE, Ad-PSME1 JEZL 4 ffiH , PSME1 5 PSME2 2
[ A28 A g, LAh, PSME2 5 PSMEL 2545 1)
KA 2D $E T, PSMET 11 33K v i #F HUVEC
11S TSR PSME2 B2 KT+ ULIEL 1A B,

CHX JB B S5 45 R W PSMEN i 361k i %
KT PSME2 #5 11 By A3, DL 1C, 7EXF IR 40 i
th,PSME2 #3258 12 h, 17 PSMEL it 363k
HZAAL T, PSME2 [P AR 2 2 28 h, X —45 R
HE—2 % HF T PSMEL 3 A48 /= T PSME2 18 A
FaE

A _‘_4 B J6 P
5 Ad-p-Gal Ad-PSME]
Ad-PSME] - 5
St + & + + =4 PSME? ol ey sy e S SN S— -
-f-Gal - - - - pat
bt N e————————_E_ TN
PSME| e s— - a— — 05 D2 > 2 . >
o &y =1361x-03788 CHXh) 0 2 6 20 2 6 12
PSME2 -— W O7LDL 997
—— — g £=0 150 - e Ad-PSME]
GAPDH e sl WD WP S 30kDa o 0 5 —~
= PSMFI H éu_ fit U\L} 2 —a Ad-B-Gal
:';:I]UO'
)|
C i P i s _N
PSMEI PSME2 o,
—F — —— PSMEIOE S0
— m— g
— S ame— P Z
= 0 1 1
- G c— A2 0 2 6 12

7 A 2}y Western blot £l A
PEGMHT;C Ry Co-IP SEBIGHIE PSMEL 5 PSME2 25 [ HAE.

IBERRE] (h)

RIAFHE Ad-PSMET 230 R HUVEC o PSMEL Fil PSME2 fYZ6iA 150 ; B 4 PSMEL 5 PSME2 263k /K- 22 [ 47 3¢

1 PSMEI 532532855 PSME2 & [ 7K I i EL e fi

Figure 1 PSME] overexpression increases PSME2 protein levels and inhibits its degradation
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Figure 2 Effects of PSME1 overexpression on the activity of

proteasome in HUVEC cells
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Figure 3 Effects of PSME1 overexpression on the protein level of GFPu, an alternative substrate of the UPS
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Figure 4 Effects of PSME1 overexpression on proteasome substrates and 20s/19s subunits
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Figure 5 Overexpression of PSME] can inhibit hydrogen peroxide—induced oxidative stress in HUVEC cells
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AKNF] PSMEL £ Y IKP, #2551 T PSMEL
HI PSME2 758 FH B A 15 i PR SC 2R .

3.4 PSMEl Rt 4247 & &G a5 M  HEAMEK
I 1R 1 TR Al O IR R I 2 RIZ R
TRAB M, 3R R AR h I T LR T, IE R 40
WL B 137 2R AR AR T LB IS B RS DU
FEE E3 2 RZE R S51EH . RA X s &4
AR T 2 R B A BRIUR Ef 72, P,

B R R, AR S s B B R 2
KRG | B R KT A, TG 2 Rk
i GFPu Sl 7E GFP [R5kl A 25438 CL1 My
A%, CL1 W] o 2% 58 14 B K P 91 02 R AL,
I, GFPu B R R IT & R B bR, T
FHTHE UPS BYZE F/K RN RER, A5 7R, PSMEL
TE HUVEC it 3Rk i FEAK GFPu S K, BAF
TEF) AR B PE . A, GFPu 2 28 ] 19 45 4 32 7R
PSME1 11 3¢ 3K 7] Bl 15 4% 5% Je AL A2 dE 4 iR 3 S 2K
FUB R . E—25 T R BT PSMEL i 3k 120
JiL B AR ) ATP AR AT ATP A 861 1 7K i
TR T R . X EEEE AR PSMET L n] 1458
HUVEC WS & 8 0 FEAERE T, [ B AN 5200 1E
WE R, X R B T 4o i 250
EEFRE

3.5 PSMEI i& & A3 A & e ey R 4R EH
fip A I PR AR AR IT & . RITE LIS INE AR,
A P B TS R TR R AR ) S AR
FHES0, AR H WAL R Y sh A i vh | 2 28 0L
FNE A RASRIT S G, HAE N\ Zsh ok B4k
AT A IR, 3] AR A R A B k2 CVD i
R — BRI RN, R A AR B
PHE CVD R CHEEER . AWFE R I, PSMEL
1 IR AE W FRAIK HL0, 5 T A B BRI IE KR,
PRI E AN P B I R AR TS BT, N 2 40
AT REECIRAS, T PSMEL (A8 1] A8 5 BkiR
Pr&E AR IEBRZ B, PE MR P B AR Tk
A HEA ST EON A . AWFFRAER T PSMEL
T VR B BRI BE K 2R P Bz 41 M 2 1 e A
IDCHRVE R PR ZET X N B T RE R g (1 B IR T ok
WAL T RIS
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