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TRV R {0 Iz 38 i [z L o) F 5 i e

EHX, IHXEN? LKE, FRENY

LRI K S A R R, R 250014; 21 AR A8 AR R B A A Pl S B T ST,
IWARA B EEM S AESEME SIS, i 250100

RE IOREEARPEENZESN, SRR ERYIFERZA AT, Zl B & — RV IR, 7522 A
KETZE. BREEY R LB E IR SERA S ZRTL, JF 2 AR . e 2 SR R R N o
JSZATLEGI A2 FLEN DA TP T TS BORRN, (EBAER AN i AT . R sk, AATTEHT R IR LR R A INACH: 5%
DRl SRR 1 G AE A A RT BE 2 5 B AR AZORE VR SLUPE PO 1 22 Pl P9 S B S R . A, RIS ST R A KR R G5
BEAR L) B TR A7AE — R EL R AL BRI R MR B o 1200 5 FL AN 200 Hh C 0 AR A S 0 SE %, PR AR

WA P s AE XA A S LA o
KA

W REAR, WA N i, NACHE ST, MIDASIN 1, 4K

EBL, EXE, BKE, ZBE (2022). HWZHE AR B0R SALEHIT IR, Y 57, 80-89.

TE FAZ M b, R84 R A A% 0 i B2 4 rDNA
%%, rRNATRTE(rRNA precursor, pre-rRNA) K
T DA B AR s A e S WIS AEAZAT AT o EIX ST AR
i, AR DR BT IR 2 5] R AR R (IR A%
A=) . 7E N, #0514 & A (ribosomal proteins,
RPs) JR AL BlA% B 14 A= 4 A BB 5 PR A B A I 35
2 FEORAE “RBEEER” (ribosomopathies) (Mills
and Green, 2017). {fEfEYI, RN E2 9 &2
FREREARAY, anm AR RARAE . WK EIBLE. MK
FABURLL R K & 118 (Weis et al., 2015a).
I, AR R S S A KR B VIR

FEW LW A0 M, R0 A I I8 3 S A st
P53/ F IS S il . p53/E M FLENY) b B B
P B ST TR, L 52 R O s, e A
2 T Ut O BE R SR 175 S 400 R BT PR EE R AR R O T
ZIE MR, R R AA2 (murine double minute
2, MDM2)YEA—ANE3VZ R IEHME, R p53Jf
T V2 2 A B ik A% A 4% LR 3 AR S (Kubbutat et
al., 1997). BtAh, WAL bt A7 7R H e AR
P53 [ Wi 873 B, W1 B A BE A& B A L3 (ribosomal

e H #91: 2021-07-23; #5252 HH#: 2021-10-12

protein L3, RPL3)iZiiiAE L1125 (5 5@ %
(James et al., 2014). T tEPEE K 2H H ik = p53FI
MDM2 (¥ [R5 35 DA, AT IHAT 40 200 A v A A I 38 o7
B LAk —HAM. HF/lwai OhbayashiZ:(2017)
WHFE R I, FEPINACTK % ik 71 ANACO82 1] g /F Ay =
(10 35 SR B TR A A R A S i A DG
P, AR T BEATTE L ARRE IR 1) IR 38 9 3 %
UbAh, ARE AR RY], SRR ESERR
KRG AFAEA B EMANLE], BRAd KRG 5T ReE
AR AR I I % A A AR

1 #%EAREMS K

1.1 #i{=

AR EAZ R — Rl A 450, BRI B
B MEE A RERATERM T, sefs b=
A KRR A, X — I AR 2 B A T, DASE
PUE S g A K i . SN, AR
rRNA G 4 44 5 5 17 471 Bt T FE S5 rRINA IR 3% s ARG
B REF A o ANMKIBZAA R X B 72 E A

HETH: EXARBE S (N0.31500257) il 1l 445 %% 11 24 15 H (N0.ts20190964)

* JEIWME#E . E-mail: Ipcsaas@outlook.com



[F4 F o 3 £ B 4y, 43 il N 2 4 vl (fibrillar
center, FC). 3% #F 444y (dense fibrillar compo-
nent, DFC)A1 Uk 4H 43 (granular component, GC)
(Boisvert et al., 2007). &N&R>FERZRE A R AL TR
7 LA, rDNAE G H AL T FCIX FTRNAK & i
(RNA Pol )/£FCFIDFC 2 [a] ff1id L X 3 A 5 H e 3¢,
7242 1] pre-rRNAYE DFC 4] A5 T T 2H 2% i A i A< T
B, ROBEAR /N R I R 3N E B RNAFITER 5T 11
GCX #H47 3t — 5 1 20 235 Al Al #(Holmberg  Olausson
etal., 2012). EREZ WL, Z-= 590+
M EG B, W ERZ B (RNP)BURL I Rt . 3%
A% H LA X tRNASHI /& (tRNA precursor, pre-tRNA)
LRI, MAN, IS SR A Y. e
DL B W45 (Olson, 2004; Boisvert et al., 2007).

1.2 EEEERE
REMERAE g — b B 2 2 LG CR S IO 4R 2%, 7E40
A AT B RE D RE, FEAEML) R AERK KB HIK
FEE SR AR A S AR R AL I rRNAS
(f14518S. 5.8S5#11255/28S rRNAS) LL 2 79-81 fi
RPs. H:, 18S rRNAL 334 RPsZ 14~ /NIE3E, B
40SHZKE/K (Cech et al., 2000); % 3FrRNA (5S.
5.8SH1255/28S rRNA) 546-484 i [ 4H 14 Kk
5, X A 60S # B & (Yusupova and Yusupov,
2014). ix 2 HAIEMRNAS B4 &7 —ie, TR
80SH# MKk (Saez-Vasquez and Delseny, 2019).
ERER I A R A 2 — N FE R 2, Wtk
B, A% B A 1R AR W & T FE 4 i A 29 80% ) e &
(James et al., 2014). fERZBERRIRAESFEF, B
O 15 B AT N B rRNAR B 5%, b4k, B H RPs
[l 2232 . pre-rRNAF N T A032 $a DL b AZ R 44 0 35 1) 21
5o B HEAT — AN Z BT AR 2 5 AL i
M. fEEMAIME, 45S (). 47S (WFL3hW)
35S (BEEE) rDNATEVF 2 4 5 K7 i TRIBAH G £
H (TFIIB-related protein, pBrp) (Saez-Vasquez and
Delseny, 2019) (¥ # B T # RNA Pol 1% 3% JE 5%
pre-rRNARE =1, %74 I 1% 5 E (RNP) 1)
ARFE, TERR R EAK18S, 5.8SH1255/28S rRNAs. 5S
rDNAHI RNA Pol 115 i 4 55 P 7% 56 7 TRIHIA
TFINBFITFIIC #3555 (Armache et al., 2010; Ben-
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Shem et al., 2011). 45S rDNAH, & 24N Fh# % % 8] [
[X (external transcribed spacers, ETS) (5'ETS fll
3ETS). 2/ W #B %% 3% [A] k& [X (internal transcribed
spacers, ITS) (ITS1FIITS2). 18S rRNA/F%1. 5.8S
rRNAJF 51 LA & 25S/28S rRNAJF %1 (Unfried et al.,
1989; Unfried and Gruendler, 1990). % &L T,
/IMZAZRNA (small nucleolar RNAs, snoRNAs). #%
T P9 7)1 A A R 40 D10 I DA % B A 1 g R A B A2 1
filg T pre-rRNAM IEFFT & . I A, M=k
pre-40SHlpre-60S i 3 (Lafontaine, 2015). 7E 1% k{4
PR A TR, 35S, 45SH47S pre-rRNASF %
% & H LR A% A A ) ) A2 R ¥ (ribosomal - bioge-
netic factors, RBFs)H 11~ K K pre-90S #% H 4 ii
¥i(Grandi et al., 2002), 2 J590SH#:ITS1H A2 15 1)
RN YIS, . pre-60SHpre-40Siki, K/
3 A RGI& 48 43 T (Kornprobst et al., 2016).
2~ K pre-60S flpre-40S M A= i i, &5t #%
fLE &4 (nuclear pore complex, NPC)ik A ZH i Jii
(BaRler and Hurt, 2019), 7EiZitFEH, pre-60SH!
pre-40S 1) 1% #B 75 22 4% H 52 4K Crm1p F T g P
Ran GTPase% 5. M1, pre-60Si#% i i 75 21,
FNPC4L 4>, WNuplp. Nup49p. Nupl20p Ll K
Nic96p (Zemp and Kutay, 2007). Ith4h, &HAHEE
I Nmd3 (1) # % tH /7 %1l (nuclear export sequence,
NES)# Crm1/XPO1%i H: 5% 14 48 55 2| pre-60S 4k LA{E
%%t (BaRler and Hurt, 2019). Spre-60SE =K
i I FRAH L, pre-40S %I FINPC, FJ HRidis;
12 B0 5 B 5 A2 0E R 22 A RACKLAIRPSS, TR
FCEA A% 4 /N 7 3 (Zemp and Kutay, 2007; Cer-
ezo etal., 2019). %, AN KIA0STI60SHZ K4V .
Rras & URA B ERE ) U BE 7R (Cech, 2000).

1.3 rRNARI{EEIMMT

FAZ AV A RNAE S A [F] i pre-rRNAJN T34
127" (Eichler and Craig, 1994). fEft(Sacc-
haromyces cerevisiae)4l it 1 /7 1£ 22 %2 & ) pre-
rRNAJIN L %1% (Ko§ and Tollervey, 2010). K%k
35S rRNATEAD. ALFIA2A. S AT IR IH, 7/
20SF127S-A2 pre-rRNA. t4h, 35S pre-rRNAIL AT
DA BE AR 55 f AT JE— 20 I T AE A3, 47S
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pre-rRNA [ J) ] 2 F0 A [F i& 42, HBERT DL7E
SETSHHIAOML (AL S TF4E, AT LATEITSIHIAL
M2IFUR, X256 &4% 51 7 & ' ETS-fristi& /2 F11TS1-
fristi& 42 (Henras et al., 2015).

S Lz AT, 128 Y3 R IF (Arabidop-
sis thaliana)# & & Bl 7 3Fhpre-rRNABY V)i 1% . 144k,
FTRE 2 rRNART A= 0 F0 T AR (AL 2R, 7R 30 I
HOR I T 5 LY A A B 280 B AR & AR (Weis et
al., 2015a; Tomecki et al., 2017). {E5'ETS-firsti& 1%
1, 35STEP’. P2FIA2A. rilbi R, SRJG7EB21T AT,
MAEITS1-firstik {2, 35STEANL LI, P Eas
5'ETS A B fIP-A3F127S-A3 M A 44, 4R 5 EP FIP2
7 /5 W% (Henras et al., 2015; Weis et al., 2015b;
Tomecki et al., 2017). AW FLFEW, ITS1-firstig e+
pre-rRNAIFR 5 7T B B 24 53 5 B Ek e 7 2% 14 1 457 1k
(Weis et al., 2015a). i1 JLAFE A 05N RAERL R IF
ORI T SEIMEYEE FHEITS2IN TLigtz, %@ R
MAEITS2[C247 s S V) #135S pre-rRNALL LR 5
PEpre-rRNAE 2 (Palm et al., 2019).

2 FPERRLE

B AR RS T BB AR A% AT g AT A e (20 2,
MAEP B FAF(WE FRA L . S 1259 . RBF
(I8 A% 147 B3 D RPS) T, MR A= R A 4 5%
BT, 25| AL A N FR APk SR (Boulon et al.,
2010). ZHER R —MCH AR AL 3 AR AR
AF K. RNA Pol I S HIrRNAS g ] . A& A
25 A DA K 4 o ) B R (Lu et al., 2018).

2.1 R EEE A A P AR R R B

TESIFEPIA M, VF 2 RS SRR R S8 2 oS
S 6 A o AR R T A S, RO A
N N (James et al., 2014). X —id FEE SN I4H i
AR BORIR N, i LR H )i (1) 2 ph3fk
kR, (EIX—i&FHps3 k H A E K T-MDM2iE
FERAEF . pS3Je Ml FLah W) B B TR e s N7
MDM2 & —FE3VZ & ik, Sp53tH HAEH M HZ
R FE AR (Olson, 2004). K, EIEH AEFRE T,
MDM2 R % 1 i1l p53 1) 4% P4, 5 428 il 76 1R A 1) 7K
o MTEAZRER N A T, RPSMAZAZRREIL, AN

)5 (Olson, 2004), B —LRPs (f#5RPL5.
RPL11. RPL23FIRPST){E NN %8 H 1 5 MDM2#
PESERIRES &, AT PR X pS3 ) /E H (KI1) (Chen
etal., 2007). p53-MDM2i& 4% /& tH RPs il = SliA% i 4
AW R AR 2 A0 5] R K R B R A N 1 3
(Pelletier et al., 2018; Klinge and Woolford, 2019).
KT LB 40 i pS 3R AR AR W AT —
kg, WIRPL3MRPLLLK #ii& 44 (Maekawa et al.,
2018). B 7RI, HI5- 38 bR s IE AN BLYb R 405 5 K %
BEAR RIS RPL3 b i J H DL & b 4T U AR
FA K, RPLIAMY gl #Hp21 1) R ik 2 5 24545
T A A R BARH A . A E T DL DNAZ &, iERE LA
ST F p21 i) )5 X% # DNAE & (Esposito et al.,
2014). c-mycHE K& mycH: K R E B R R 2 —,
H = Wc-mycii i 1Y s Az BE AR A= Wk AR A e i AR AR
HEAHM AR, SRR AR A e A 2 TR R Rk
IEF M paSRCEE, ERPLILKE IS,
B AR S 05 T RPLLLRE 3% 21 40 it o F0 48 i iz v, JF
4 microRNA TS F 1) U1 ER &2 & 7 (microRNA-induced
silencing complex, miRISC)Z 4 %c-myc mRNA, /i~
S H gy (Challagundla et al., 2011).

Fi B rp R A7 E pS3AMIMDM2 R Y5 K (K], (A %
B A IS AL 1) 55 22 4 AR ) AS [ o B REWhiS 2 [
2 1 — b 2R AL T 20 7 24 L e A0 ) B £k 4 g 410 ] R
THIEA, TEY0H0 R W GL/SH: #id #2 vh & 4% B B A
F(Costanzo et al., 2004). 7t &, hEdn 5%
i 18 B G LSR5 Whis £ 1 75 A% H i B I ] 1<
FHZ<, HWhiS L)y e SR 2K W] A 250 5% fiff 19 B 1 41 1 ) 9]
GLFHA R AY, 15 B Whi5 & % 5] 2 i o 8 22 (1) 4% B 44
N B[Rl T+ (Costanzo et al., 2004). t4h, 5304
THHSRABL, W RRAZ RS AR B I LS LI FEAZ Bl A i
AL S AR AR AR RS, 2E T DA — MR En AL 51 GL
Y1t J& 3 B (GOmez-Herreros et al., 2013).

2.2 EYLHBE AT RE AR (R B RR AR

EHEYOCHREAXEDUE )T, CEEERiT2
RPsERBFsHRALM, XETRAMRIELEV 2 B35 H
AR AL . 2 RASKS IR 5 AR KM AN, B
SUAEMRMTZIR, BitaEsk, A U2 MR &M bk
(Petricka and Nelson, 2007; Szakonyi and Byrne,
2011; Shinohara et al., 2014); 7§ ™ & (15 5
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DNAB BRI ORI DA {f;
I v v |
ATM7FIHATR RPs ATMFIATR
! MDM2 , ‘
v T i \%
\7 ] 1
O © | ;
: MDM2 ) OR T
| @ TR B S :
v l : v
DNAJﬁf%ﬁﬁEUiﬁj. . ! DNA 5 R 35 i
° ® ® .o p53 #
T i RV A L
A AT
THZLSIH HHY

B UL Bh Y-S A ) 20 A% AR Ak R S DNARR AT J g 4% LR

A% B 1 99 A8 BRAS WA A 0 e 2B R 4 S BU BB PR BB . TEIR LA 4H L, AZE 4 B IORI DNATS A% = S 35 FHpS3mI Y. o - 1F 5 1
BT, p535E3iZ RIEHMMDM2AH EAE M, Bz R RE L EARS, URPERN R ER, —3aRPS IR H
K, SMDM2IIERMELE M2t &, BRI AT pS3HITEM . po3fENHE K75 UM B WIFH A . A3 2 AT, TEMEF, 2K
P53 3K T SOG LB ATMFIATRIEEG iR 1L, S 5DNAR RN, 1H42 B A M ICIEYE 3R I SOG LA AL 1A S B R FEAE FH
T 55— MNACK 5 5 FFANACO82 T it 2 5 — & BIAA N BRI o SRER B Sk FR IEHIRES, BARHT B R PR .

Figure 1 Comparison of ribosomal stress and DNA damage response pathways between mammalian and plant cells
Ribosomal stress can be resulted from mutations in genes encoding ribosomal proteins or defects in ribosome biogenesis. In
mammalian cells, both ribosomal stress and DNA damage responses are mediated by p53. Under normal conditions, p53 inte-
racts with E3 ubiquitin ligase MDM2, which regulates its protein homeostasis through ubiquitin degradation pathway; when ri-
bosomal stress occurs, some RPs are released from the nucleolus and bind to the acidic domain of MDM2, leading to reduction
of its effect on p53. p53 acts as a transcription factor to mediate downstream cell cycle arrest, cell aging and apoptosis. In plants,
SOG1, a p53-like transcription factor that can be activated and phosphorylated by ATM and ATR, is involved in DNA damage
response, but no evidence shows its involvement in ribosomal stress response. However, another NAC transcription factor,
ANACO082, is reported to be involved in ribosomal stress response. Solid arrow indicates the normal state, the dotted arrows
indicate stress state.

T, BMIGRE 5, WAEKIBLE, R0 EHSN
7 5T FN 4+ 1) 3£ K CUC1/2 (Cup-Shaped Cotyle-
don1/2)LA }2STM (Shoot Meristemless) )it A5
fEfl(Law et al., 2001); 7EFZHA & ™ HIEHL N, B
AU F 2 3 5 ) FE A 4 52 B 9 U B RS, TTfE S

RGN & (Zemp and Kutay, 2007). AS[EIR R4 AR 5
SRAF AL I (1) 3 YA IS 7R 1T e A 3 [F] AL SR o 45
YLK ARE, DL 5 Bl iR A R A2 57 o

221 tEYRAEIZEERGRBEREL

RPsHH G RASRE 7RI K BiRLE . B IR
FrAS AR AL X IR #Erps18. rps13Hirps5 R AL {4
0] M 2% 3| (Petricka and Nelson, 2007). {ERBFsff

TEGRFA IR R, 8 ] WS B R AR AR 2 (1
R (Byrne, 2009). #ill, &= 2 560S W Hk i 24
BRX LR LI (1) 3% - (Weis et al., 2015a).
APUM23 & —MiZ - Pufdi i & A, HiF NRBFs%
SR AL AT RN T, LG R S A (10 3 R P
AN, IERARLY, IS RARUIR, 7k b2 (Abbasi
etal., 2010). — &1 &, RIFRA =4 REZ BT
A A RS T BRI AT A R 1 B 20 A 4y
B Z LI RIRER e 2 5 R A R IR (1 A%
Fi{R(Weis et al., 2015a). M4b, = 5 560SW 3K
#AMILSG1-2 (BaRler et al., 2010)8{NSN1 (Abbasi
etal., 2010) M RAZ A Fr LI Im] b4l o X Fp AL n]
REAE FH T A PR DG BE (Rl Rk 2508, 3 Ry iR
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TRELFT 51 AL, T RE 2 Bhb RR IR A2 BE 4 BT 30 (Weis
et al., 2015a).

JRJG R B S BV G BT AR R S [F) A% B A 98
A ik I H R A . AR 2 AT T 7T I, LR
FFAtMDN1T) R v S G K BiR g%, WiEH %
W E (Lietal., 2019). 1Ak, AMDNLTE AL 4 A AE #R
A FAR ARG N IMEITEE A R AR A= X 4H
Ji %5 H k22 % U (Li et al., 2019, 2021). MDN1 A& —
FhorFEECKMB IEA, EAREDMFRT. Hb
61 R I 11 AAA JiR A4 I L 2% 5 HH T AZ0E 1R i 4 1)
AR, 152 AR v B A 4 5 MO 3 AL A
(metal ion-dependent adhesion site, MIDAS) 4k ¥4 15k
(BaBler et al., 2010). fEEELEH, Nop7 I & &4 (L &
Ytm1. Erb1FINop7 =Mz fi 44 i T3+ H A, Ytml
FMdn1f)JEY 2 —(BaRler et al., 2010). {E#%1 -,
Mdn1 % & £ MIDAS 45 #4) 5 5 Ytm1 8 5 & 42 AH BLAE
H, Nop7 W& & 1 5 2 B i A il 25, I 4 A%
B A kS HE(T (Kressler et al., 2012). ASigEI4]
AT AR 7E R B, $0FE 7+ A AtMDN 1 I MIDAS 25 #4455 ]
PR 9 45 A YtmL | [R] 5 25 5 AtPES2 (PESCA-
DILLO 2) N3 2832 & (ubiquitin-like, UBL)%: #)45 (
2). TERLEE T AR b, AtPES28 FE A T %A
W M AEMAN1-158 78k, AtPES2HE 4 28 1 5 &
3, HIAIMDNLS 5 4 fEAtPES2 1% 4~ 5 {7 . i3F
— B HE SR I, AtMDNLAE Jy#il e 5t A] BE I RBF 2
55255 rRNAF 24 K 60S 1% # #4 1 4% 4t (2) (L
etal., 2019). 454 AIMDNLILAE T8 BT ol KK B B
MR, W oR L IhAE 258 0T RE & 9 RAZ PN S
5, HEI S AR 4R KRB (Li et al., 2019).

bR S RARR KRR I 2 Fh 5 4 K R M
KRR, AWARE, &E9RENEKER
HRPsFIRBFsAH J¢JE K ) 08, (R 2% BB 1A 1 & Ak
(Rosado et al., 2010). AR @ i X mdn1-15-4%
W, RIUZRERIN TEpa 4R 2 52 54K
FEVER. B85 UL G5 5 5 10 5 R R I8 R AR 2
A%, MDNLRA A TR I TokEIESE 725
AR RIBH L EAPIN2 (PIN-FORMED 2)f#
Pa R R, EHAERARE LA R .
Ab, B TR R I AE K R AT DU 2 AN AR K Z e B
(auxin response factors, ARF)if T MDN1) 14 (1]
2) (Lietal, 2021). Fikg5HREH, KR EZEA

AR A 2 TAFAE — B B A L], DL A 4%
YK R E (Li et al., 2021).

2.2.2 {EYIMAER ¥ R B H B p53Th #E X ML 4
N REENA R A 7y, sttt — BRI E T
45, pS31EH A E KR AT R T . ESCIREIFE SN
Y H, p53Je %A= MR M 1Y) 3 i 4% K (K1),
BbAh, p53itZ 5 e A0 M SR S, W DNA A Al
4k B ¥ (Horn and Vousden, 2007; Hu et al.,
2012). fEDNAAS SR S H, 1 26 2 F0PI3KAH ¢
B A HEFATMAIATREIDNAR & 5451475, fp53%F
JE L R A W IR A6 A T R L 30 (Shiloh, 2001
Sancar et al., 2004). &% (ROS) 51 L ) A A B
Wb, 2 B DNA R AL 40 £ 228U A0 B3 B0 AT Mk
K DNAS N L, 32t — 2D % pb3 (Barzilai
and Yamamoto, 2004). fHLLZ T, fEZHEILH T
JIBAE S R G, HAN R S R -1 R SR A 5] JHp 38
TEREY)H, DNAT MR B 52 SOG1 (suppressor
of gamma response 1)/ANACO0081H#z (K1) (Yo-
shiyama et al., 2009). Z4DNAXUEE 515 e & A= 1T,
ATMESOGL A LB IERR 1k, H FLBm 42 T il 2
HRIL . HAh, SOGLIEA FATRIKHFIDNAK il
WiE5. B, SOGLMITfe M AT = mw RLATL I SR
T 40 p53 (Yoshiyama et al., 2013). #Rifi, H
HiT 1 TG R4 K B SOGLYE 1% B8 44 RIS 5 R4 AE
o Ak, EEY T HT JLANAC KK # 5 K
ATAF1/ANACO002 F1ANACO92 [ 1 I, 484k I ¥4 fg
i 3 37 T DNATR A5 {2 2k -y 3 & (Balazadeh et al.,
2010; Garapati et al., 2015).

gr BARW, FEAH RSO RN, B 4 i R
P53 3K A 1 A% B A . DNASS 475 A S8 Ak S 38 1) s
T AR A7) 248 B T e R 22 FENACH 5% [R 1 >Rk #8254k
P53 IRE -

2.2.3 ANAC082, —/™E7E R84 20 B A3 R 4k %
M R (& F

LRI FFrid2 (root initiation defective 2)/& i & BUK 5
AR, LA 5 2 RNA PR R 2 % g 2 1 ik PR 4%
o 7 R E 21T, rid2AE AR 40 i A A I A%
3™ # 0 (Ohbayashi et al., 2017). il xfrid2it
TN LRk, K — Rk Ae 0% 22 fiftrid 2 m il K
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PESZ

8S rRNA

B2 HhEA R A K MDNLAH ST RS

RNA Pol I: RNAZE & 1; RPSs/RPLs: Bt/ N KRR [; ARFs: K ZM N T RBFs: ALK T . A S i
o1, MDN15PES2/E 560S RBFsZ 560STAMIZH%: . MDN1IMIDASE: Hik A% 5 PES2IUBLEE MM T VE i, #E60SHEHE A
FIAARLKE 3 NAZ T, MDNLIEGE “HLik )~ fEPES2 M60S T4 R RS, 460S T3 % AR, MDNIE MRS . A KRS
R A R A 2 MAEFEAR B R BLE], IER BN T, AKZAEITARFIIGEMDNLI R X, JMDNLThRE A £ F & (Ot
MDN1*%R), £i&MPIN2E FAR R =G, AUXLRIPINLAR B A%, 3000 BUB A KRR RS fi. Hit, EKERS
Al REIE I 2 5 1% MR RS ROR R AE K RS -

Figure 2 Ribosome biogenesis and the related function of MDN1

RNA Pol I: RNA polymerase |; RPSs/RPLs: Ribosomal proteins of the small/large subunit; ARFs: Auxin response factors; RBFs:
Ribosomes biogenetic factors. In the process of ribosome biogenesis, both MDN1 and PES2 participate in the assembly of 60S
subunits as RBFs. The MIDAS domain of MDN1 can interact with the UBL domain of PES2. When the 60S ribosome precursor is
about to enter the nucleoplasm, MDN1 uses ‘mechanical force’ to dissociate PES2 from the 60S precursor; at the nuclear export
checkpoint, MDN1 is also dissociated from the 60S ribosomal particle. There is a coordination mechanism between auxin and
ribosome biogenesis. Under normal conditions, auxin activates the expression of MDN1 through ARFs. When MDNL1 is dysfunc-
tion (indicated by the red MDN1*), the accumulation of PIN2 protein increases while that of AUX1 and PIN1 decreases, probably
leading to changes in both homeostasis and distribution of auxin in plants. Therefore, the auxin system may participate in the
ribosomal stress response to regulate plant growth and development.

B HRE ) R A A sriwd . R AL 5 BB AR B A sriwl
[ RAEFE K2 AL T-55 Gt 44 1 At5g09330, Ho gl
MNACH: 3 K- 7-ANAC082 (Ohbayashi et al., 2017).
B0 I AL T R B, sriwlik B8 2% fif L & i b
AN T S LG IR P UK 1) AL A (W rid 3 rh 10)
FRY, AERT SRR N AR O IR R R U A

(4nroot primordium defective 1froot growth defec-
tive )R M TR E X, FRSEHLKH, ANAC082
A e — b R AZ B A4 D T
TESHWL/rid2 W R AL, 28°C A+ T B firid24F
A AT DL BRI TS, AAE EAR R R E
MRS, A ERMEAHLE R GIfERE, TR



86 fH#MIER 57(1) 2022

ol v R A4 A 52 050 2 DA R AT R T RS B 2%
fift4%(Ohbayashi et al., 2017). Ohbayashi%4(2017)
XTANACO82 ) R IE B A BEAT 40 #r, K I A4 T 1%
PR A DG TEAR (1 2 B 808 B B X3, 2R AR 9 4y
A B AU R, Ho s i 68 R P e B TS
Yo XK PIANACOB2TEZ Bl 4 A W HE 2L 1) 1 Ui
EAEA, HATREN T — RAFBULE L FI4H H 3 5E
NET IR SANA (SR

T, Wang%5(2020) 45 7 i S A W 1A sl e P AR 2
J 2 L i 3 e e 1 43 ALY, X — I R A ANACO082
25, WEEITARR A S AR B AR HE A, 2F04H
J i 3 AN AR T 3 0 A 6 B o 7E %A B AR A5
o, AR LA B2 2 40 M (N ) 1) 3% Bz 4 R i
B dria, AT R = A0 B (HAL) 1 2 R 20 %
FIHR B4 i v iz (Clowes, 2000). X P 2 i 7= AR 4
T S IR TR M4, 1% % FEWER  (were-
wolf). GL3/EGL3 (glabra3/enhancer of glabra 3)UA
NTTG1 (transparent testa glabra 1)25# 5 [FF(Lee
and Schiefelbein, 1999; Wang et al., 2020). f&
apum23-45874F R fR B4R FHAE B4 ariz, 8
W RAX P M A IS RO TMYB23 (-HWERHE
BRI AL IMYBEE ), H& BRIt 5 e
[A 1~ 4 45 v (I WERAH FLAE F (Wang et al., 2020). 44
I, apum23-4 745814 Ff MY B23 i) 5437 3 32 H AN K i
WER, T /& 7 % ANACO082 [f] & 5 (Wang et al.,
2020). @SBRI, FAMIFANACO82A L LI
THEMYB23f ik, It ANACO82 I JF % i F& M — 1)
VAT R, AT e Jok 4 ) — e ) T R A
WMYB23[) K1k, Bl 7 4B T 5MYB23 /5 3))
T454(Wang et al., 2020).

FELA) 1 28 23 P A BRI D R K R A
UGEFNA P AR, X OB T AR A v M . R,
ANACO82 /-5 3 L 1. ik #2 1T i A2 — Fh 5 4% B 44
BREEPLS IR M = . (Wang et al., 2020). H i, %
T ANACO82 £ #Z Hl #4 R i v 1) FL A A FH ik A2 2 b
AIRE, — Rl BT AZNE A A AR O R R T e
SR ANACO82 (1) ik, ANACO821] fig 5 —Fh A 41
INACH: 3% K7 T2 i 7 U8 — SRR (Ernst et al., 2004),
R E N S BOE TR FOE AR DCER R e %, b
T 17 4 A A 5 DA S A ) A4 K R (Ohbayashi et al.,
2017). 5 —FhATREMIMLAIZ, ANACO82 mMRNAZES'

UTR & 17 75 LA R 57 1 1 i FF i 1) 352 4 (upstream
open reading frame, UORF) (Takahashi et al.,
2012). 24 M1k, SRIER Z HO T EUORFL F 8L
WHEARAE L2 RSB 1 A5, FEASAZ S R gk N\ 32 2
ffJORF (Cao and Geballe, 1996). iXFluORFH##i{4:
25 1) T BE 52 B A2 B8 A R B 1) s e, AT BRI ML A2
TERZAZNE T, THREZPEARGR Z . A2 WE A 5 2k 7 al
H eSS &M T uORFIIRIE, MiMi{EANAC-
0821 % i & 1% in(Ohbayashi et al., 2017). [,
ANACO82 [JUORF AI BE A 1% 4l A R 5 1 A a2k 57 s
(Ohbayashi et al., 2017). £k TANACO821Hf 7t
A AR A AR NE A o 8 S SE IR 43— F AL R AR B

3 MEERE

TEMEPHE SRR, NACH: SHIH 7 a2 /L, KiE
AR, AFRFNACKH 72 5 - YA [F 1R R
N, FH EAT T ST pS3TE B4 40 i S s N R A
M. BT, XINACZKE 7 ANACO827E HE )% B 4
7 IS R HR T A P AT T A A A0 A R A R 8
Wi AL P — AN SC B A . 7E X ANACO82 [ AH S A 5T
chdR T 2R AT RS AR (1) FEREREAR N AR,
UORF A2 Fi 4k BEL Y XF ANACO82 3 32k [ 240 T 4% Mk 5z,
7 ELANACO82 #¢ i, (2) £ A%l A I ¥ & “E I
ANACO082 5 H "B NACH 35 Al 7 AH LA H T Al — SR
MBS o« IX 256 F] RER IS AR 04 75 ZEAE )5 2L I
HE—BE S, BAN, AEmdnd-17 4 K E R 2% K
A AR, X AT RE R R LA K B R A R
Ao SR, AR 3R 2 G0 ] B A i A sl B 7% Jes oK e
ANACO82 it 75 Ji iz 1 715 £E 1 25 28 G0 M) I AZ R A 82 3k
KR T B IREFLE A5,
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A Review on the Mechanism of Ribosome Stress
Response in Plants
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Genetic Improvement, Ecology and Physiology, Institute of Crop Germplasm Resources, Shandong
Academy of Agricultural Sciences, Jinan 250100, China

Abstract The nucleolus is a key structure in the nucleus of eukaryotic cells. Ribosome biogenesis initially takes place in
the nucleolus, which involves a series of complex reactions and requires the participation of many nucleolus-associated
factors. Abnormal ribosome biogenesis usually leads to disordered nucleolus structure, cell cycle arrest, cell senescence,
and even cell death. The mechanism of ribosomal stress response has been studied well in mammals, while it remains
largely unknown in plant cells. Nevertheless, it has been found that members of the plant-specific NAC transcription factor
family are involved in various intracellular stress responses, including ribosomal stress, in plant cells. In addition, we pre-
viously reported a coordination mechanism between auxin system and ribosome biogenesis for modulating plant deve-
lopment. In this review, we discussed potential mechanisms of ribosome stress response in plant cells through combining
the knowledge of ribosomal stress response pathways in mammals.
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