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Abstract Proteasome consists of multiple subunit structures, which can clean up damaged or defective
proteins, and maintain protein homeostasis. Proteasome system is the main pathway to control protein degrada-
tion. Multiple studies have shown that, the levels and activities of proteasome components gradually decrease with
aging, which affect the occurrence and development of aging and age-related diseases, such as neurodegenerative
diseases. At the same time, the decrease of proteasome activity will cause the imbalance of protein homeostasis and
accelerate the senescence. This work presents an overview of recent research progress of proteasome in the field of
aging, aiming to elucidate the relationship between proteasome and aging, which provides a theoretical basis for de-
signing targeted drugs to prevent aging-related diseases or anti-aging.
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core particle, 20S CP)F114~% ATPaseft] 19S5 fiiki
(198 regulatory particle, 19S RP)ZH %, % T 519SH
AL B Ab, 20SHZ 0 BURLIE W] LA 55 11 ST 15 RUkE
(proteasome activator 28, PA28) B, PA200(proteasome
activator 200) 11 Fki 45 &, 4R R 200 2 A
A I R FEAE P ) ER I AR T 2 50K R (1) 9
I 2 ) A A Tl v A P BRI T e
AR AT RERERGE . AR EGE 1B E A S S
FA3 0 R AR A D RE I e, DA B 1 g AR
B 5 EEHRERAHE LR,

1 20S%UBRSRE

20 SHZ% 0> JIURL P A A1 o 38 FTF AN Y B3R 4
B, A o ALHE al~7(PSMA1~7) W3, N B L5
B1~7(PSMBI1~7) 3 , iX 284NV 3 LA o-B-B-of R 45 A
TE AR EE 44 (P 1), 20SH% Co SR I B 1 7K ARG 1AL
sALFEIEE A, o, By B2y PSSR A A
PR ARG . AR BEAE . BE AR SRR S
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AR 1 BE 2 11 B RN P R A B RV M35 S 4R
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Fig.1 Proteasome system
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Table 1 Relationship between the 20S core particle and aging
R B E5 2FR HH AN 225 3R
Proteasome structure name  Protein Biological effect References
208 o3 C. elegans with N-terminal mutations in the a3 have higher proteasome [7]
core activity and longer lifespan
particle Proso4, Proso7, Drosophila longevity is shortened and larval growth is restricted after [8]
Prosp1, Prosp5 knocking Prosad, Prosa7, Prosfl and Prosf5 down
B5/pbs-5 B5/pbs-5 can promote the expression of other subunits, enhance resistance  [9,13-14,16]
to oxidative stress and prolong cell life
PSMBS5, PSMB6 Delaying skin aging [10]
PSMA7, PSMBS5, Negative association with degenerative disorder of the neuromuscular [11]
PSMB7, PSMD11 system
o7 Preventing cellular premature senescence [15]

HE B R, B E AT, T R A
EARMR R, BEEKIEFdr, HidRiEma T
R 1 B MV FE 3w DA i) 5 04 AH 2 1R K ) e
Wio FEREZ RZJRARET 4E4H i, PSMBSAHI PSMB6 L.
FERIEIK T B, BT 2 RIS, AR e
Az R E A RSN, YK E PSMB5 1 PSMB6 1.
B2 IR KA DU B B AR I P AR D RE , JE 2%
ka2 00, e 2 K (androgen receptor, AR)3E
AR 5| D ¥ F5 B8 AN UE 8 122 4 iE (spinal and bul-
bar muscular atrophy, SBMA )& —FhE 58 A 5 1t 28
WLRLRAT PRSI, FEARTAS/IN & B UL, PSMAT.
PSMB5. PSMB7. PSMDI 1 53R1A /KFFl 25 [ 1§
PRTEE SR T B AR RN R, BEE TGN, ARTEAR
/N R AT RE 240, WL ZE 40, s ULRRAT
PRGN A M X RIS U 1 20S A I R
Kk FEEAMAEEZIEM, 5EE 27
K, T RE B K E T RO I 7K A] UE AL
7 iy B il 3% 8 AH S (R AR
1.2 208 FRLB T AT SN R
FE 352 P BEAH G i 20 R 48(K4R)IE LI 272
FWA RGN, 4-HNEBMIE I, & B R 1
. TESEALRIBRSEA:T, v P4 (reactive oxygen spe-
cies, ROS) 5 7= 4 4-F2 5 T % (4-hydroxynonenal,
4-HNE), 442 00 BEAH i b () SR EL BB AR TR 02, 05,
a6 Bl. B3MIP7 5 # 4-HNESLM &M, S8 ([l
PRZH 2 FNE T 52 M), 40 BB AR K481 R AWK T+
151, T 2 AR 1 1) AR S e — 28 i Jiil 1 4-HNE
A 1) B 5 AR 2R B R 4 B R R ) PR A
I, R A T PR A A 450 40 A0 4-HINE AR A 14 ]

RE S 5 SO0 BEGH M B AR AS 240 A A 4 1)
BRI, fEREZI R, & AR R &
I R S AL BB BE 70, (EIEHLO BB T, NS5
(1) LR [FHR A pbs-5 1) A 2 0] Lhdd B2 i s R 7
Nrf2/SKN-1, 35 ALAAIE B A S e 7 1. BS
M HEAE BT A SO T R E AR, 18R AT
YN ff o 2k A5 AT LAY 5 41 A T AL B R
71, IELEAR M A M e 2, £ AR Iy R ipbs-SHENS
7E£ DAF-16/FOXO0O. SKN-1f1HSF-1# %N 7 K155
~, AEAREHE @ RS O, iR
FEH R AR RRAS, W ORZ TR AE Ju, AT RE K28
Hi g, PUBR IR o7 F p5 YRR 2 3 B A A g A4
LRI TN RE RS, 2R Rk A4 IR R ROS, TR 2R
) ROS A] il it Nrf2/Keap 1 18K [ B3 42 7E Ji I [
WARHERpnIL a7, BSNEFERIE, MIHLAA S B4
DhaeZ M RAS, T M A AR, JEp kR
FRAD, Bl B8R BSIY I R 2 5 25 46 4 SRS
SR Ay, (AAEMEE SRR, RS IEEHLO 15 5
R AT LU S 08 7= A e 3 o s o 4 4 R
FIR RS, K SRR 7E S SO 1), T
PEIUE TE H OB N AN 7= AR SRR L, 3X A3 53
e 1 SR A T A AR AE 22 R IR U, 20SH%
O IORE A SR A0 5 WL B A 52 10 B s I 224
BT, MUATE SR ROFCIRAS T I8 H1 8 A B 0 12 1%
B2 33E 20S A% Co IR 7 B30, 33 if e g 4R B 1 B
fiR, T N AL 2 208 A% 0y SR IV 356 th AT A3 L R 9
UL PR R 0SB AR D RE, b E A EE B
R, HIEm R PUAA S RE 77, N0,
TEKFF
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2 19SIATENERE

19S 15 R0kL .45 PSMC K A1 PSMD A %, &
TR B[R] YE A 43 53] /& Rpt Al Rpndl 28, 19S5 Hi
FIfEER) A REM 1A TR SR A K, @
AR R AE 20SH% O UKL IR — I P oy, JEC R S5 R EH 6
A ATPase V. % (Rpt1~6)F1 44N ATPase V. 3 (Rpn1 «
Rpn2. RpnlOM Rpnl3)# i, & 5 &4 H 94
4E ATPase .7 (Rpn3. Rpn5~9. Rpnll. Rpnl2Ffl
Rpn15)F R 53 BE 1) 19S TR L2 A (A B4 4 iR
ARG, T 22 FZ A EE MR
ShE MRz Ak, ENUA R 19S5 R0k 3= B3 i 1
Iz R B AR R B I 2 OO I K A K R
BRI A1, 19S5 Bk A g 8 ik 18 42 S8 A B 1%

= (3K2),
21 VSEBHFRNBTADERRRSEZMERE
R REHEKER

19S5 FIORL I 7 B 08 S 5 2 5| A iR 4 2
EAHRMZ ZWEARR, HEARRS, X7
W5 3 B AR AT R S S S A OO R
VIR FR . CHIRpn6RELE NISGRA T KL 51, £E
2 2 spo- 11 (U FEAH G BE R ) RAZ AR, Rpn-6. 13
DRI ()220 ™, B AR Dh e s 4, B 1 SRR A i
N, &k il B4R T, (Hid3R1E Rpn-6.1)5 , spo-11%5%
AR B PSSR, e KU, fEREREE
AR, P o R RERE A Rond 3R 2 2

T8 2L RERFAA , 15090 Rpnd G B T 18K 9 BF
S U8 G TR AR R 2R AT P 5 A
R I Rpto ik &g /b, | E BRI Re 240, I H.
Rpt6 WV HE 314 /b 5 B E A ENRE 1 R 2 IEAEOC,
Rpt6 V.25 [ 8 1 7K T B AR AN 28 1R 48(K48) 4411
2 FMKIE IS AR AR DG I AZ R 5%, K
Rpt6 TV J 1) K48IEH M 2 72 A 28 B A M %=
S, TP/ R K482 AL R A E EAE AL LA
) DX AR 2, TP /N B K482 KA ER 1 R EEAE N
W F A 7 2 AR 2092, Rpn6. Rpnl0+ Rpt2F1 Rpt6
TR R A 2 5 R C B DI RERRRS , IRk AKX
R AREIRAT YR R A K e, WUSERTRZ I 19S
VTR0 1) PSMD 11311 2 5 AMPKAZ CofE ALV 3 45
TWHRE G AR, v LA g i, 5
WX A I R B R e . (E R A i %
& Rpn 1177 LA 5 AR08 AH 5 () 26S £ 1 B4 (1) 1
BRARANZ RALER IR SR, M B SR 5, Rpnl]
(R IR IE REI ] 2 R G LGS T A 2 A VI
RARRE, defiag it FEd it26S i B BT M, Rtk
Rpn 1 1 JE ] DR AR 22 1B AT 5 A2 PP IR 7, By
1E PR AR AT 14 28 P A AR 1% i Je P2 Rpt3 1 2k
X TR 26 I Wi A 2 G FE L, FERE R 1tk R /)N B
B A2 2 M Rpe 3L, /0 BV U A2 4 i 1) 2 1 il A
ekt , Z H# i AR EE SR R, [FE
JIEJE 40 M B ek, AT S B0 BB /N ERAEEAL, 5]

R2 SPHTHASRENLR
Table 2 Relationship between the 19S regulatory particle and aging

AR RS AR EH AN 27 R
Proteasome structure name  Protein Biological effect References
198 Rpnll Rpnll, a suppressor of neurodegenerative lesions, extends Drosophila [15,22,24]
regulatory particle lifespan after overexpression and also responds to ROS damage and
prevents cellular premature senescence, whereas knockdown of Rpn il
promotes cellular senescence
Rpn6, Rpn10, Overexpression of Rpn6 extends Caenorhabditis elegans lifespan. Low [17,19-20]
Rpt2, Rpt6 expression of Rpn6, Rpn10, Rpt2 and Rpt6 promotes the development of
neurodegenerative diseases
Rpn4 Expanding the replicative lifespan in yeast [18]
PSMD11 PSMD11 interacts with AMPK to delay disease progression and aging in [21]
patients with central presbycusis
Rpt3 Knockout of Rpz3 in mouse kidney podocytes significantly shortens the [23]
lifespan of mice
Rpn7 DNA damage foci are reduced and cellular senescence is inhibited after [24]
knockdown of Rpn7
Rpnl0 In nematode Rpnl0 loss-of-function mutants, the expression of genes [25]

related to oxidative stress is upregulated and the lifespan is prolonged




262

TS, WEA RN R P, X AR T
19S5 HIURE 1A% 2 FRIE X T HERFAT LA iy RIS ol
ZEIRATIE R R L
2.2 19SS BRLE T BIE S R E S R E
TSOLOUZ PYK B, 7E DNA#15ES T, Rpn7
A Rpn1 1 24 52 4L 5 DNABR I A, milk Rpn7
J 2 I PN B A AE 1) DNAB %3995 M2 ek 2L , 2
WERIWAANIRD , AR Rpn 115, 2 FZ AW E )
SRS IR AR BN, AN A RS2 B, 4
¥m, K, Rpn7IF3E 5 DNA 4595 kA7 75 AH BLAE
H, REREHIHI DNAS Wi k2 5, 1 Rpnl 15 B)
T1&5E DNAFGiH: . Rpnl 037 FE k5 2 501 26S 5
i A )R e T, (BRI T R IAE 28 HRpn 101 6
TR, 2 58RI B R R A B,
2 BT AR AR ) B 3G, B I A AR
TG o, S AERUAI L, Rpnl 03 RE Bk 2k 2845 44
(2R AR R T S AR BRI, Rpnl 03)) BRI AR 53747
LRI K 2, X ARoR T MR R G
il 1y e P e 0% (i i3k S A SRR R 3R, AR T
PREHLARE O TARS LK F .

3 USIATFRSRE

LIS UKL 7 G SR AR PA28 o Bk [A] - 5 1A
A PA2RYAL B, AN 75 EEAKH ATPHL AT LL 5 20S#% 00
Fighi & 208 o-PAFLIT (BN, HEH 52 =%
SIS IGE )T, PA28a T 2 SR 41 M 1. T
AR AT S0 M A DNAE S5l FE 29, fE%E
LA, PA28AI19S T 5 ks & & B 5. N %,
BT S 2, 2 R RS,
JR R R R, 3 S BUULA R A R AR B
nen, PA28apfE/N R F IR G K B i i 2 5 i
A 5, BT DA 5T AR K RO ULgE B I AR
Y NERE J0, R T it i R IA M R K PA28a,
RIEFHERORFF T FRADNRIRRE AT N, Tl

FIKF IR MER I PA28af5 , 155544 i 2 1 (1) SR Bk
A AFRRME R AN ThRESG R, Hid RIA PA28atE &K
T A O HA E DR R P, J R
1K PA2803 v LB R 11 STR T B0k il v, (e EAs R 4T
B RN AR A B 1 T ) A, S B VLA PR PR AL
NEFRRE ST, B LA L 7E HL OB 58 Hh I 125 120,
FHUE TR, LIS Uk L RIE KT 5 E R
TS, TISTAT R0k AT BELEPUSAAL R . P T A
P A T Ry T B A BB R (3R3).

4 PA200IETSHRIS:RE
PA2002 —Fh K /N A 200 kDalf) S 25 (A i 4
T Rk, Blm10(bleomycin resistance 10)/&PA200[1]
F REFIVED , & ] LS 20S#% Lotk 5% 26S 25 [ g 14
SETWREEY (B ), (R iAW, E4ERS
RAINERSASMDNAB E h A EEZAE Y, 12k T
KAEMVARAR i DNAR & 23 24, PA200/Blm10
() BRDAE X IR0 3 45 & WAL A R 1, e e 1
VT SR AAZ O 2H B 1 B AR AR, 2 T B g % € Jo B
9, DNABE L5, 1EmFRPA200)5 , /) RS 40 i
iz QAL E 1 CBAL BE AR > . AR RGN, K
POREMT . W%, MR A F T 5 E R,
A 78 AE SR AR BV G BT 4E (mouse embryonic
fibroblast, MEF)Zi ffd 4 i % PA200 < ., MEF4H Jfd 3
FE 52 BN 40, A B A5 iy S S AR A, T /DS SR Y
Bk PA200%s 51 % DY Re Rt £ IEAEAT R 75 i
iR E SR E IR, IR, PA200F 2
PR SIE BR X A% O AL B I B, (B SRMIE E
T AR R YRR A AR E PE PP PA200R A /KT
YA H 5 2 B PR N B, DNAS 1 2 3 BIm 10
WS IE 4 F M PR ) 75 , 0 Rpnd 05T DU i {2
Ht BIm10%%:5% , $2 5 Blm 108 [ /KF, #Emfe i A% O
R I CBRAARRSE I 3 A, SR A i 52 o) 7 i
I, A BIm 1 085 557K 1 0] A 40 i 5 2 JF 1 K

R3 USETHHHNESRZHXA
Table 3 Relationship between the 11S regulatory particle and aging

wAMALS e EA A2 EE BTN
Proteasome structure  Protein Biological effect References
name

11S regulatory PA28 In aging muscle tissue, PA28 expression is down-regulated [27]
particle PA28a Overexpression of P428a improves the antioxidant stress capacity of cardiomyocytes, en- [28-29]

hances the cognitive function of mice, restores the exploratory ability of mice and prolongs

the lifespan of mice
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4 B 5 1) 75 it RIE RasHE A AR E A U
IR I FE A2 1 (protein arginine methyltransferase
1, PRMT1) 8% A H,O, 40 3 41 i &R it % 14 55 41 i N
PA200 5 415 1 HA A (FIAR ELAE T, st im {2 it Ha %
FERFIAZ /A 3 fifE, 0TS SE S AR ORI IR, e 28 I 4t
FHECT, M, X LR TR BIPA200/Blm 10 7] LLE L
WA E AR, IRmE AR, s 5
ST 2 AR, SR HLAR B A R R
(#4).

5 ZFitERE

R 1 A I R 0 KT FE P 1 BRI AT e 5
B A AR T RERRAS, S BWIAR SR B fads o, it
M52 5 2 AR, AR SR B 2 A B 1 g A 7 6 40
Lx2 ROMOC, HWEHH R, B B R GE
g iE A A B AR B 2 R
FHE . DNAFI 15 E . DNAK H. DNAFE S50 R,

BETT RN 5EE T EAN RPN R AR (K2) o
HERA-ANRIRMZHRLRE, SIERFRA
ZUAMIARLE, FhEeiRAT VRSO B SV MR B
L/ P B B 1 A R 3 T B, T B P A
PER B SR E A RS R B R S R ZMEE
FHRBIR I TR R — . Bl AR 0 1 B
TRE BRI PR AT fE, 1X 48 A T DU L 3
HA B R &R A E A RS,
52000 5 22 BEE A SC R, 3 v] DL i R 4% S84
L A S BRI . R IR B A AT
FEEAH LRI, B 7 E A 3 EE i R
UBR B o3k S50 8 A A AGL N B 11 g R STV i o) 38 2 AN 52
ZRRBITHI W, PLIZE P T R Al A 532
(K155 21, 457~ H 1 i AR T RE I 5 8 22 T 3l 1 2R 1)
TELERLH
AR IR A R R A AR AS (1 2R R
Bl —, BARELRNGHER, S48

T4 PA200IFTI AL S RERI KR
Table 4 Relationship between the PA200/BIm10 regulatory particle and aging

I A A A RO 225 3R
Proteasome subunits Biological effect References
PA200/BIm10 The expression of PA200 is down-regulated with cell aging, which will inhibit core histone degrada- [31-34]

regulatory particle

tion. Increased spermatocyte apoptosis, decreased male fertility, shorter replicative lifespan of mouse

embryonic fibroblasts, and shorter lifespan of mice were seen after P4200 was knocked out. Increased

PA200 expression prolongs cell replication lifespan and prevents cellular senescence. Under stressful

conditions, PA200 encourages nucleosome breakdown and speeds up cellular senescence
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Fig.2 Relationship between the proteasome and aging
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