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Fig.1 Mitochondrial dynamics and SUMOylation cycle
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Fig. 2 DRP1 mediates mitochondrial division and SUMOylation sites
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Table 1 Effects of SUMOylation on the regulation of DRP1 function and related proteins
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K532/K535/K558/K568/K594/K597/K606/K608 SENP1/2 15/ DRP1JSUMOSEM, FARER Ak 5 [58]
K532/K535/K558/K568/K594/K597/K606/K608 SENP3/5  Jfi/bDRP1[{ISUMO2/3 &4, feidh 2k iAo 54 [32, 36, 39]
Mff/BCL-x1 — SENP3/5 H#IDRP1SME/BCL-xIFI FAEH, {2 ikekhfdsy 24 [39-41]
Fisl K149 SENP3/5 {RBFisIa 2Rk e o, iRk 7y 22 [43-44]
SH3GLBI K82 SUMO02/3 53 PINK 1 /Parkin i #F 247 4 [ 15 [49]
NDP52 K262 SUMO02/3 PRBESRLAAR [ 1 [50]
Mfn1/2 K48/K63 SENP3/5 ez AN [52]
Sirt3 K223/K228 SENPI {EBEOPATRE G Rl T/ 3 I Rkl & [53, 55-56]

JUE H ETE 8 SUMO & 4fi A7 B T-{2 #F DRP1
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et R (IR E A A mE) A AR AR R oS
A E R ABFSE SUMO 1M % DRP1 2 54k
AR B S 2E B se ), sl B T3 A i
1575 SUMO &M %o 2k b 1A & 1A B g 2 350 72 (1) 5% 1)
B
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TE— RS THRARES . S HLRLAR SN ) 277K e
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W MR . BRSO . PR | AE
S sl RN, R I A A I e
FERURRE , THZORLAAE Ay 267 57 4 i AE 5 (1 1Y
s, HIBRRS R ZEEL AT RE 2 R OGN Y
KAz o Horp DRPL XS TYERFZORLAR D) BE IE A 7l 5
B, HEAVFZ05E, DRP1IIGRERY 5+ 1l At
e B AR A Y H R 2 — (K2).

FEC LA B, DRP1 Y SUMO & ik F-
WK RN . TR O USRI FRRE
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o, L] DRP LA 55 T LA S i 2ok
PR5y24, DAIMTRiEE MIRT SRR 240 55—, i@
198 /b SENP3 [ 31k, 1/ DRP1 f) SUMO2/3 &
WK, ] DL DR 2R 7 240 28 X Bk
% JH95 DRP1 () SUMO & i il e il 4 255 MIRT Y
L 0 2 - o ST [ E E NI B
SRH L O LR L FRRE VR DL RO IR AR 5 A il A

EBRIEE HEMER ' FEMIRI, BEE il
4 DRP1 2 F1 Y SUMOT &4, TRl 3288 hin T P9
BTSRRI F KT ) XA A B T bR
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TEMZIBRATESR T, DRP1 ) SUMO &1 5+
WSPIRN R AR E B VIERR ' sk B e
WIFESE 1 (amyloid-beta, AP) & il JR 7 5 2R o
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FHE N iE S35 SUMO E1 fI SUMO E2 B /D, [
R A 22 40 Y 8 SUMO B M 7K o X ] g5 | e 2k
BB 1220 S5, LR A S IEE, Mt
PEUERP IR THERE 10 A&AE F J 1) A fi i A
P, MAPL A2 EIFIRA . T MAPLYE
PR SN R RIE, BN F—EAMN
SUMO &/fii, Fif A MAPL &+ 1) 7+ 53 T DRP1
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— i RS ELZRLAR I 4> 2R A A, DT
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S 25 ) 55 A0 0 JIES 32 3 P FTOBE DR AL D) ISR AR Y
B B
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Table 2 Effects of level changes of SUMOQOylation—-DRP1 on disease
&2 SUMO-DRP1KFHZEAL RS TR #AT

R SUMOE 1715 & 1 SUMOEMHIAZ 4k, YEH ZE R

Lo JYLH 1L P VA PR SENP3ii /> SUMO2/3 &4t _F- 7t BRI, BEEMIRDER [28]
Zn** SUMO1& i L F+ LR [ W b [64-65]
R IR 2% i B0 BIEMFEEE SUMO E1/E2 &8 R % SUMOBBIIKT B, 7K [67-68]

i it A2 MAPL SUMO ik L7t TR A A 2R AR RS [69]

PRI 5555 A SENP3# i1 SUMO2/31&4fi F & 7RI [37]

5 SUMOfEHHIHIFI

TEVFZ PR, DRPIZEGERFLRIR Bl 24
77 T R AR EEAMER . @A DRP1 &Y
T NI AR (A AR, W] D i 38 A G
PR ARE IR 2% 7 {H H HT H AT DRP1 A0 il 55 B
KB G = MO sl R I o 7 — BBk S
T, R R R LR AR AL T, DRPI
PR A = v REBR ] T A OCTATT R 1) 2R
UtAl, DRPI Dy REBE i B AT B 23 5 | A Lok 4
VA ZEEL, NI S8 — RN BRI
Mo MEEZT, SUMOEMEXT T DRP1 (Y520 £ 28
B AT IE R, X il 45 DRP1 ) SUMO
1B 7K ST A T e e 3 AR B 1 2K ST S A3t
T A RAFRBIFE I 1]

H A £ % SUMO & i 41 il 590 4 BiF 7 3 22 4E v
7£ SUMO E1. E2. SENPsiXx =2 |, i i %t
SUMO E1. E2 f#lilk T8 SUMO &4, ifijid 1t
X SENPs [ #1 il Jl o] LA _F- 9 SUMO &4, M itk
— PR 0 i SUMO B 1 i 5% . 7E SUMO &
Mt 2R, Aos1/Uba2 Fl Ubc9 & H Rif E %0 b i
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Abstract Mitochondria, as the center of energy metabolism within the cell, play a crucial role in maintaining

cell homeostasis. The regulation of its morphology and function is essential for the normal functioning of cells. In
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this complex regulatory network, the small ubiquitin-like modifier (SUMO) and dynamin-related protein 1 (DRP1)
have become the focus of research, especially their close association with mitochondrial dynamics. SUMOylation
is an important form of protein modification that regulates the function of target proteins by binding them to
SUMO. This modification also plays a significant role in mitochondrial dynamics. The complex network of
interactions between SUMOylation and DRP1 plays a key role in mitochondrial division, fusion and autophagy.
DRPI1, as a mitochondrial fission protein, regulates the morphology and function of mitochondria with the
participation of the endoplasmic reticulum (ER). Recent studies have revealed the complex relationship between
DRP1 and SUMOylation. DRP1 completes SUMOylation under the action of mitochondrial-anchored protein
ligase (MAPL). SUMOylation mainly occurs in the variable domain of DRP1, and eight lysine residues have been
identified as its targets. DRP1 serves as the target protein of SUMO1 and SUMO2/3, which play different
regulatory roles in mitochondrial fission. SUMO1 modification can enrich DRP1 into mitochondria, thus
promoting mitochondrial fission. However, SUMO2/3 modification can transfer DRP1 to cytoplasm and reduce
mitochondrial fission. This dynamic regulatory mechanism allows the cell to flexibly adjust the state of the
mitochondria according to energy requirements. Correspondingly, there is also deSUMOylation. SUMO-specific
proteases (SENPs) is responsible for the deSUMOylation of proteins, with seven subtypes identified so far.
Among them, SENP3/5 is a SUMO2/3 specific deSUMOylation protease. In actual cellular processes, the
SUMO1 and SUMO2/3 modifications of DRP1 occur simultaneously, which can be regarded as a competitive
relationship between the them. So, the SUMOylation of DRPI in cells is often determined by SENPs. By
increasing the level of SENP3/5, the SUMO2/3 modification level of DRP1 can be reduced, and the SUMO1
modification level can be indirectly increased, thus promoting the division of mitochondria. This dual regulatory
mechanism enables cells to more finely control the state of mitochondria and adapt to different cellular
environments and physiological needs. In addition, as an important energy supply organelle in the cell, the
abnormal dynamic level of mitochondria often leads to the occurrence of a variety of diseases. In some diseases,
the increase of the SUMO1 modification level of DRP1 leads to the increase of DRP1 activity, which leads to the
increase of mitochondrial fission and mitophagy. For example, it can cause myocardial ischemia-reperfusion
injury, ischemic stroke and retinopathy. According to current research progress, the interaction between
SUMOylation and DRP1 plays a key role in the regulation of mitochondrial dynamics. The in-depth study of this
regulatory mechanism not only helps to reveal the basic principle of cell regulation, but also provides an important
reference for the treatment strategy of related diseases. In addition, it also could help identify new therapeutic
targets and provide additional tools for disease prevention and treatment. In this review, we review the advances in
the study of the interaction between SUMOylation and DRP1 on the regulation of mitochondrial dynamics, and
further explore the potential of inhibiting DRP1-SUMOylation as a target for the treatment of related diseases in
the future.

Key words mitochondrial dynamics, protein post-translational modifications, SUMOylation, DRPI,
mitochondrial fission
DOI: 10.16476/j.pibb.2024.0028



