Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' 'J 2025,52(4):836~844

www.pibb.ac.cn

pilk. EERHMOER

WiER RIEY. wias”
(RSB IS BE, KR 030006)

WE MESREEES . TAL SO, BB R A A . B ARATBERE A S I . DNA S A R 14
T3, SEEMAT, B2, RS —-RIVEL. RALDE, MR DNAGEFBOA & B R S0, A ki
R SR, LSRR ST AT BN RN RN, ALY RO PEAZE (ROS) Fittiridilhy, WS BA R AR
HErE, BR T HI0iAR: DNASMb AR das . bt fEon AR 20y, SR IA R 30% 22, Hhaf
(RS A ATP 5 A P IR S AR i sl B RRHOG . (AR R, LRI BR AN AL AN A AAHE— A DNA 775 ) 24 i
. ISR HE AR, ML TRREE A 55221005, Lok AR BRI LIS L B AR S5 00 ) B2 . AR
LR T BRSO LR B BTN, AT A S Bl A B R R

KEIA  ERGT, bk, SRR, RGBT
FESES Q691.5 DOI: 10.16476/j.pibb.2024.0394

Ak, BEERERI AN, MR A
KA. HEDCTIARYT BRI A RO MR
NZ, WA LGWHAAEIT M. A T & 45 )
R [RIEE,  E R A A S A i = AR BT
YRR Z BIBEAS . DI, B B AR P
MEAAEEE S Gl E AN B R SR A 2
Y HEAZ TR DNA, SRR 5175 5 10 55 L3 3000, 5=
BT, HCAth 200 0 25t 25 32 B L B R TP 4 . b
PO BR AN A% S E— ELA DNA il ey, HLZR
& DNA (mitochondrial DNA, mtDNA) fEfg 7 2]
F B R T P LR P BR T RS, REsk
T KT 8 A A IO TR FL B R S o A A 1 2 )
ROV ST, T 2R A 2 LR R G S T R AR
(reactive oxygen species, ROS) F=A4: 1) F 20T,
D LA AT Ha, 2 o TR 4248 O R0, v 4 i A
Mo UL, HEMZR AT B H B 4R S B () 22
B AR SCHIRSE T PR B S G e A 1) A5 0 28
(B11), AFTA 5 E - a7 o s o

1 HEEESTXImtDNAR R
LS A ) — B AR RN TR, ZkifA

CSTR: 32369.14.pibb.20240394

Hh LA /> B IR WUE DNA ', FRoW mtDNA, B
ity LRk HL T-15384% (electron transport chain,
ETC) AN[FEAW 13 MO AL 7 DL S 2k
PRI — RYICHEE F BT, B, mtDNA 52 3|
it RHERRDIRRR M, JEAT R kK 2R
PRI o
1.1 mtDNAZR S ZE| B BREHRG

mtDNA 41 1% DNA B4 8 2 i L &1,
JF H#1 T mtDNA ikt = N & F FIZL 8 H A PR g B,
A2 B AR, L T4 A% DNA T D)
ZE5. DasSE N EL R AT 4E A i 2R 6R T X
FHek (0.25~10 Gy) ", 1 hJ5 K &5 31 5w,
mtDNA F14H il #% DNA 25 52 813 70 S AR i 45
111 mtDNA 453 475 5 £ LU 240 i A% DNA 5 . Yoshida
U Ry B4 (5 Gy)  FRETR BN 3= 2 ior-T LA
il (A7r5), 255 WK, mtDNA 45 4 b5 & )
8- K2 I B A & 1F  (8-hydroxy-2'-deoxyguanosine,

x [EF HABIA4 (U216720073) WEBhIAE .

s IR A

Tel: 0351-2202260, E-mail: dangxuhong005@163.com
R FLA: 2024-09-08, 237 F YT : 2024-11-08



2025; 52 (4

HER, %: gtk BEEIRGNER -837-

@0 EEs

DrplT

CytC +- —'-—‘ Caspase-3 —— JHT=

Eekith oy

Fig. 1 Schematic diagram of mitochondria damaged by ionizing radiation
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FE24. 48, 72 hAb FRARIAIE 2, R X P
TRERIE NN T SRR 24EE 1 Drpl (9 R3L, feif T
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JE IR B . SobiiRRE b, mg (& EE
PR Lok b, iR R F Drpl SREG /1N
UK A ARG LT 4E 4 e (10 Gy, 12h) Ja4h



-840+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2025; 52 (4)

AN
Hekifh o3

Fig.2 Schematic diagram of mitochondrial fusion and fission
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Abstract In recent years, due to the development of radiotherapy technology and nuclear energy, people have
paid more and more attention to the various effects of ionizing radiation on organisms. lonizing radiation can
induce protein, DNA and other biological macromolecules to damage, resulting in apoptosis, senescence, cancer
and a series of changes. For a long time, it has been believed that the main target of ionizing radiation damage is
DNA in the nucleus. However, it has been reported in recent years that ionizing radiation has both direct and
indirect effects, and the theory of ROS damage in the indirect effects believes that ionizing radiation has target
uncertainty, so it is not comprehensive enough to evaluate only the DNA damage in the nucleus. It has been
reported that ionizing radiation can cause damage to organelles as well as damage to cells. Mitochondria are
important damaged organelles because mitochondria occupy as much as 30% of the entire cell volume in the
cytoplasm, which contains DNA and related enzymes that are closely related to cellular ATP synthesis, aerobic

respiration and other life activities. What is more noteworthy is that mitochondria are the only organelles in which
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DNA exists in the human body, which makes researchers pay attention to various damage to mitochondrial DNA
caused by ionizing radiation (such as double-strand breaks, base mismatching, and fragment loss). Although these
damages also occur in the nucleus, mitochondrial DNA is more severely damaged than nuclear DNA due to its
lack of histone protection, so mitochondria are important targets of ionizing radiation damage in addition to the
nucleus. Mitochondrial DNA is not protected by histones and has little repair ability. When exposed to ionizing
radiation, common deletions occur at an increased frequency and are passed on to offspring. For large-scale
mitochondrial DNA damage, mitochondria indirectly compensate for the amount of damaged DNA by increasing
the number of DNA copies and maintaining the normal function of mitochondrial DNA. Mitochondria are in a
state of oxidative stress after exposure to ionizing radiation, and this oxidative stress will promote the change in
mitochondrial function. When mitochondria are damaged, the activity of proteins related to aerobic respiration
decreases, and oxidative respiration is inhibited to a certain extent. At the same time, a large amount of active
superoxide anions are continuously produced to stimulate mitochondrial oxidative stress, and the signal of such
damage is transmitted to the surrounding mitochondria, resulting in a cascade of damage reaction, which further
activates the signalling pathway between mitochondria and nucleus. The cell nucleus is also in a state of oxidative
stress, and finally, the level of free radicals is high, causing secondary damage to the genetic material DNA of
mitochondria and nucleus. In this paper, the damage effects of ionizing radiation on mitochondria are reviewed, to

provide a new idea for radiation protection.
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