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Fig.1 Cell-autonomous UPR™-related signaling pathways
E1 i 8 EHUPR™"EXESERE
T AT TR S - ATFS-1/DVE-1/UBL-5(5 53 B . HEFMBIAIDC (HE A P AL ZB R CE ) (5 Sl g S SPHK- 1155
W, B ABEIBAR R, SGENIARR, B aPHEIAERE/IME,

4 HABFPUPR™ESIEEE

IR AT T R ST R & AR AR R — 4
N, UM PR UPR™ R, SR, XTTEH
LRI REF ST B, UPR™E 5 A UAER L 1E7E
NS % RN IVRL GOE L SUS Y2 O 7 4 A 101 i
i, TRy A—Fh A Al [ =M UPR™, 7
W A3, SR S P b R (I Bl e S e 22
JC R IR HL T & 4% (electron transport chain,
ETC) EEWEERT, AMUSHITEMAHSH &1
UPR™, 25| kK pIEHLY UPR™ ™, | THAR
JR PR, YA IR kR TR S [R5 5 | A 21 2 1E) Y
UPR™, TR HAMMH T “cytokine”, MF5TE ¥
TS p T RO AR R IO 7 AR B R R fm 44
“mitokine” . SR, BEE LA ARTRE | LRK
UPR™FRIIRA, HETCL&EMEF N 1=
5T 81 UPR™ {55 1532

S-FEtafE (5-HT) J2&—Fppifil B /N B
KB, fEMEThaE WA, S
LR UPR™F 5153 i) 25 -2 — 7
FE P2 A 20 Ry S ME R GR 2 B A Bk 40
(polyQ40) M, W LA ML 404 UPR™F
5, P T A AU SN S R BSR4 U B TR
[ R H) UNC-31 F1 5-HT & ) b il —5- 2 (0 5
iR F2 AL TPH-1, 43 M JF Bk S-HT #1741 4L a] 1)
LT, WmSE T IE N aE A 3
UPR™ 3405 7,

BR T 5-HT 3X RPN 288 BT 1) 75t ik
WA, M RBAEAIAEAR A 320 UPR™ ihi 24
o 3AMMEZ LI ASK, AWC, AWA il 1 4~H[i]
PRZETC ATA 2220 JR N AL 3 2 b A ] T80 P e 22308
B, FE XA PR B R S b 5] % UPR™
FMRF (RPN 2 k- HH i 2 ot - 2 It - T A
H-Phe-Met-Arg-Phe-NH,) ZR{#IZ K FLP-2 B 43
WRERL, L A0 v = A R ARAR 55,




2022; 49 (5

MR, & ZUERMERARNAREHREZHRER 901+

TS S A ) 2Pk UPR™ 7= BY

BEAL, M) s ) At PR -t v A2 5 4 A
F P UPR™ (5 51556 . Wt {5538 % F Tl
IR RIS (55530) SRS 0HE A B i
5 (HSMW), JE—RIN L Y68 FLF W1 45 A
T A A AR TP B AL AR AR 433 (R VR
Yy VPS-35 5 Wnt 43 WA K 1 MIG-14 20 BURE W0 52 45
Y, izt Wat 2 IR/ EGL-20, EGL-20 4R
75 7 38 A0 B B b 1) Frizzled 32K AHZS 4, LR
FasE BEEME T (B-catenin), 2 F A7 8 40 2%
P, NI 53 DR 2R [0 S s A =2 4 A
H EMA UPR™ ', BARMLEEIF ARG M, EGL-20
SRR [ 35 M UPR™ 7™ AR 4 2o A5 4 J2 4K it
S-HTHY ™ fediioc ik &8, (2O ® GEH
HER3Z K 1 (follicle stimulating hormone receptor 1,
FSHR-1) FE#f 270 H (1 4 5Pk ekt ml L2 il —
IG5, OB 40 % SPHK-1, ek
SPH [n] SIP 154k, MG i 4 Al B =R
UPR™ i 47,

Zet ZHNELE, BA%El T 2R3 i
HAEIRIE S, JFHARI S T g iEH R
YRR A 32 UPR™ (380G , SR B 18 4 21Uk =Z
UPR™ {5 5 1 2% Ifil 52 {4 K HAF 5 1% 3 WL 75 A
T T

DL BRI A AR B M UPR™ME S5 FEpi 4
LS BN M AR . BRIz b, XA E TR
AT DATELL AR S A0 ME S5 i AR 2 ()2 A T, FE B
K FE 1 daf-2: rsks-1 WG 2 B A 56 240 il AE A
— RGN AR ACE RS, SRR A 4 At
B CEFICYC-2.1 M, FEMHEE a4 i )
UPR™, I B KL di Ay 12, SR, X FhAEGE
20 it 5 g 38 4N M 2 (8] i AT AL 3 Y ¢ g-mitokine”
(germline-mitokine) /5K % ¥

ZE Lk, dnMedE A 3% UPR™ 953 FHLHIT)
BHFLZAWZAL, REHLZ B TRESA L4
B ZEMAE B EPEEBALE, U R A2
RGP TR, A 2L AR AHOC R 53
AT “mitokine” IREFFANE (K2, 3),

IR 4T
7 (ASK, AWA, AWC)  (AIA)

= L
Pl @i%‘?é&]}b

T2 )

e
...

T
O

MIG—M
HRERT O §
FSHR-1

Wnt/EGL-20

W, " j/./»?/-

?\\m'o‘/

FrizzledsZ 4

?

—

Fig. 2 Cellular non—autonomous UPR™-related signaling pathways between nerval and intestinal cells
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Fig. 3 Cellular non—autonomous UPR™-related signaling pathway between germline and intestinal cells
B3 A5 IFE M E MR dE 8 UPR™ EXESE R
daf-2 : rsks-TRUGEAR (L B rb AR B 20 9 BRI KOT IO R T CY C-2. 1 3R3E7KF-, NI T i iE 41 i UPR™,

5 UPR™5%HmF&Edy

UPR™7E 41 ML 5 LUK/ E 2R AR AR 2k
BRI, BAEEAPUAR T, 2= 2R R
PEYIRE . ZIRFFIERT, 51 UPR™ ™A i AH A
SO FAERER Ay T AR T HEAEM . Filn, o
FETRLH A (A AL TMID-2.1 7] LA UPR™ I 4iE
Kk iy Far ), 1335 Wnt/EGL-20 1] LLJEIE 21
JadE B 3 UPR™, JRRER LR Ay 0

I BE A TSR T A P Sl mT LARE A 2R L Y
fir, H5 UPR™ BTG AEZEAR SR A AR DG . b el
B — SR U T 2R K N nDNA 5 mtDNA
PR Z BRG], 7T BRI,
I UPR™, Jf H X %5 a3 A 25 B 19 1F i i A
. A% Z 4 TOR /55 LAk 28 nDNA 1) &
P, LLUBL-5AR#E R 7 X5 5 UPR™, Jffiligk &t
HATIE KT 16%, X5 ATP K FE3n, & nDNA/
mtDNA A ALBE IR LR 1 F R s g o6 94, R
W35 A% )5 2% BAZ-2 FI H3K9 B KL #4 il SET-6 it
KA L B, A& T nDNA/mtDNA B 1% 7K
AN RE RS B R UPR™ Il 4k th B i
AN, AR AN A TR REER N2y, W
Al LLE S R0 9 nDNA 2R it & [ Jefir, If@at
UBL-5 ## % UPR™, $ERKZE b Ay, I ELE e

YER, PREE ATP KSR IR & ARG 1 4
T35, 38 K mtDNA 3 T4 mtDNA [
TE B AT DLBOE UPR™ T 4E K 5y, filn, 24
AR TR TR R AR S BE RS, SRR
4 mtDNA (%% 5%, nDNA/mtDNA H % A 2
i, ¥4 UPR™, 5IEFAIER “ Mt T
Pt mtDNA 4 i i 85 (1K, 4 A RNAG Y 7 R
I 2 k0 4 /N A% BE K B 71 MRPS-5 "7 | B IG
OXPHOS & &AW IV i A it (. 28 AL B4 e T 1
(cytochrome oxidase assembly protein 1, CCO-1) ',
o AR E & 5 & R 1Y PPR ¥ 4K (H LRPPRC 7'
FARIKF, ERATEIGLE AU UPR™, JRIEK H5 4 .
DL SEBGAIER 38 2 22 Bh o ks i 4R A
nDNA %t it 2 5 mtDNA i i 2 (H =2 [a] (i AR 245,
AT LA 807455 UPR™ 1 &, H A B K
R . SR, UPR™ (006 H AN S LR T A 4k K
FEor 5. B, F#EIKOXPHOS &A% 1135
R 56 S Y 8 e [R) R MEEV-1 2538015 UPR™,  {HJT:
NS HER LR dL i Ay 2 %, XA RS T MEV-1
F4 T4 W 35 J2: FH nDNA Bl 4, T AS 2 FH nDNA
5 mtDNA F:[m]4fidh, FEEMEV-1 R 237 A X FpAs
ORI F R R A R HL ey, IR SRR
Ry, WA, 45t RNAITESC W LM, I
ANJEPTA 51 & UPR™ B LR AR 0] DLAE K F 4, HL



2022; 49 (5

MR, F: LHERFEEARNFELARZHARER <903 -

atfs-1 HEFRIF 54 (gain of function) 4 UPR™
A PRI P, (B RRRIT R o R A A K Y 3R
R, HA R IENLRAAS T T

B T 0 UPR™ R DL 425 | MR A7 At K 2
Hh, AEPIUR K FERCR R A T B 4ob R A %
7T IR AR A IS o NAD 2 5 AR R s
(I Z B T, B4 U SRk KT K R
i, 3 NAD 17K 5 3k 3Rk i AN JE sirtuin [7] 5
Yy SIR-2.1 #H B AE H W UPR™; [l B, 34 1)
NAD 7K F-AH0% T FOXO 45 4 i 68 48 Ak 1y 5 4k
fitt SOD-3 i f#%, UPR™FIROS )5 1A T LA
PR A A DG SR, DATTT IR B JE TR AL
S0 R R 2R A B AT Ol o R R
rgba-1 ] UFIRZFRIZRR, B Rl SRz kK
% NPR-28 45 &, Jf H id i 8 4% SIR-2.1 I 1% 1Y
UPR™ i % 15 2k L A B, ZoRifk )™ A= ) ROS
38 o8 4 MR 7 ARS8 T AL L RIS i A . LA
ZFEH S UPR™—ii2, LR R AR,
VAT, TR IEAE R ) f B A5

6 RESRE

VT4, A O UPR™ (IAIFSE B W S0t 1
T HAERRE AR RS ILATIRE. £ UPR™
SHESSEAR UL SRR, hme
LI LARIIRE . XL R, %Sk 7E
PR R A B A AR B — D R . R
17, # A AR T S R — R G, AR
UPR™ (14 A T RBJ=A 25 10, JF T REAE Ak
R IIRY TR, (E RS S s A5 )
WANTEATEMT, PTRESE MR IE F TIRE, X
XA AR R SRR R AA TS R — Rk . T
UPR™ F 53 1) = ZEHLH B 258 M Wb 5, 3T 1 AR
oK, AHICAIESE () B s, R LT e % 5 UPR™ LA
MeAnplalAE B 4P UPR™ B #EHLE 1.

ARG MM LS T UPR™ 40 4 -5 40 it fa) 4
SRR IIMOCHLE], TR T UPR™ B0 i SE Al
=530 #% ATFS-1/DVE-1/UBL-5 %%, 3 H B4 4F
K FRWE LX) UPR™ = AL HEA T T 45, &3
ZH AR 0y AR AE OGR4 MET-2 A1 IMID %% ,
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Abstract Protein homeostasis is the core response of cells against stress. As an important organelle,
mitochondria depend on a complex network of protein to perform normal functions, therefore protein homeostasis
is significant to mitochondria. When the organism is exposed to external pressure, it produces alterations in
protein homeostasis. In order to maintain the normal function, cells activate a transcriptional response mechanism
called mitochondrial unfolded protein response (UPR™), which maintains mitochondrial protein homeostasis and
restores mitochondrial function to cope with stress and maintain organism health. In this review, we present an
overview of the relationship between mitochondrial protein homeostasis and UPR™, and focus on summarizing
the relevant mechanisms associated with cell-autonomous and non-autonomous UPR™ in C. elegans. Among
them, the cell- autonomous UPR™ contains the basic signaling pathways involved in transcription factors ATFS-1,
DVE-1, UBL-5 and epigenetic mechanisms related to acetylation and methylation in histone modifications. In
addition, although the downstream molecular mechanism is not clear, a novel signaling pathway, SPHK-1/S1P,
independent of these common transcription factors, can also activate UPR™. Recently, in analogy to “cytokines”,
a variety of factors produced by mitochondrial stress as “mitokines” has been found that participate in UPR™
activation among different tissues. The neurotransmitter 5-HT, neuropeptide FLP-2, intercellular secretory factor
WNT/egl-20, and FSHR-1 are involved in the neuronal-intestinal UPR™. Despite that the factor between germline
and intestine is not found, mitochondrial CYC-2.1 reducing in germline still activates UPR™ of intestinal cells.
This is probably a self-protection and repair mechanism in evolution, which acts as “early warning” and activates
the repair effect of distal tissues to respond rapidly and efficiently to the challenges posed by external damage. We
also discuss the impact of UPR™ on ageing. Affecting the imbalance between nDNA and mtDNA-encoded
proteins in mitochondria can effectively induce UPR™ and extend lifespan. In terms of stress responses, UPR™ is
beneficial to maintaining protein homeostasis by activating transcription and translation, causing metabolic
reorganization, however, the activation of UPR™ is not a sufficient condition for longevity. Perhaps the life-
extending effect is just an additional benefit of UPR™ on stress relief, or mild, short-term, qualified UPR™ can
extend lifespan, while strong, long-term, generalized UPR™ activation may irrelevant. It provides new theoretical
basis for further research.
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