0) )L S i R
Progress in Biochemistry and Biophysics
' '12025,52(7):16614672

www.pibb.ac.cn

2 AT 4 5 E PSR TR S

,%%c];gl) 'E:f)‘ ﬁm)** B }mgsm**
(" e mt I A ARl e, 2RI S VR A R R R &, st 1008755
Y BB A Y S i TR, B 236037;
D e E R B E YIS, b R B YRy T T PG, RNAZEY R AR, L5t 100101
O e ERAER AR AR R R, BT 100049)
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SRRVE N A REE T, fEdiA .
At AR RE T A B R R B OCE EAAE
Hlo EAUR ATP 1 F 2435, e 51k
‘2% (reactive oxygen species, ROS) . #5&Fah#
AR A A ] =4 T A F D) RE . 5 kR
FFr&k . (Caenorhabditis elegans) M58 &K B4Y)
=S¥ = oA A o /= S B2 L A B S W e B
B B HB R E 8, SR+ & A AN
SRR SR AE TR, FHINZ AR T R A R
W Ne— F 5 e FE A R A A o 2R o A i, Horh
LA ) IR R T R 25 T BT A e RS I AR B
FUBGESCHIE . W UE— 1 2% HASH
e, W R AR DI RE M . FEiX —id
Wi SRR o A B ATP MRS T8 & E Filis sl 2
tpg s, (A IE VR B R B L AR I BT R bR
A AERLE], B OAE 0Y TE R DIRE

TERG TR E I, SRR H A 20 i 45 3 [m]
EH, e E2K5 81 (major sperm protein,
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MSP) %58 T AL BRI A3 BC . BUES, Sk
AU AL AR TR R, £ 538
R R At R A0 5T 43 18 RN R 1 0 AR
(membranous organelles, MOs) HJJE il H . X 4
DIRETENG F 0 BOS i FR h ik — 2D AR, AN
TREDS I (IR 72 Sy HAT i sl e ) M2 R g

PTG BRARAS o KGOS W M i R TE L. MOs 1)
filve LA S A B TSR A, BRI —id
FE rh Ak St v gm0 O A B . FEMEL S
i, SRR AE RS I TP A A 2 B ROS 17
AR R o 155 ROS RN AR 5 40 70K + Tk
J A IR SRR, {Had A ROS W] fig 53k
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FALRIFL, WK T DNAFIE AT, SE s
W6, Mith, LR Bt LT A5
L

75 T R E A B A0 R A 5 — Ok o 4
Fi T A R AR A ATE N SR A e 2%
77 TEFRAIK (residual body) W, W HEHE T
5 A NI W A S B N e O
(fibrous body-membranous organelles, FB-MOs) %%
o PRI A DR B SAR FHh JCAZE A, i
DITEISG A F h BA B B &, (AR
GG T LRR S AR R AR T R A TS G
T B b AR EEAE R . H R A B 1Y)
SCEFR N GAARTENE T R A s i A 2 S A
S

1 SR RaE 4 SERR Ay

75 W BT 2 s SZ R B0 & & BUBGVIMAR, I i
LB AEON, XA R R 4%, Wk
Z PR AR AN BB EAE . N —A> A2 A D T
Iy, ZRHAEFE IR KA B R4 Py 4 RAERTRR Y 240
G35, RRR TR — R R — R R T A2
Jii (germline precursor cell, GPC). #—iXK 4043
=i R4 (anterior blastomere, AB) (Ff3f
RERLR, WHEAMALA ) S —A )5 40
(posterior blastomere 1, P1), P1432%4" 4 ik
JZ41 8 (endomesodermal blastomere, EMS) FIZ5
TANE R4 (posterior blastomere 2, P2), EMS
NP NIRE (endoderm, E) CERAH AW
) FIHIRZE (mesoderm, MS) CRE& & MW
FRATALA ) , P23 %47 C i & (C lineage
blastomere, C) CERAT R LR AALA) FI%E =
G EZRML (posterior blastomere 3, P3), B P3
A D Y FR (D lineage blastomere, D) (K2R
KB RIA) FEE A5 4L (posterior
blastomere 4, P4), H1PI~P45 GPC, HA Wik
g0 1 . P4 X FR o 2 WA 5 bG AE B A0 i
(primordial germ cells, PGCs) 721273, 45
B FTA B4R BT B 22 R Z3 oAbk, A2k Ak
T a1 BB (larval stage 1, L1) "', M L1
L3, im0 (distal tip cells, DTCs) [n] P ¥
I, PGCs &I 225y 345 , 3 B8 i e A8 IX.
EAGNARBY B, BW0E R (K1),

W RER-NERNZLTRSRE, WEET
4} (spermatogonial stem cells, SSCs) JFif, 4

Difg 225758 WA, A IS . FE
X FE kiR R AT g kA B AR A
i, FEZkiikshds (RhGMs3L) P, 2ok
RIEARFI BRI “IEG AL “rhalay” Rl Uk
T 2R P TERELII T, SORLIRAE AR K 2
ML R B 5o R 48 T 2 OCEZER] . Bif
TR, AT HMAEAR RS 2O
fig Bt BE . LAUREAR N A AL B iR 1k (oxidative
phosphorylation, OXPHOS) 7=/ ROS X 3 K 41
s o SR, TR R, B R AT OR
g, AEAE T AR 2 K AR A YR AW A (AR
TR it Ay 52 W iod 18 31 LA 2R 1R OXPHOS g 3 o
XA UL AR T AERE oA A0 1) R e AR FTAR
S AR DG QO SR A A T T A i LA AT
R OCH D BRFHWHX — b 72, AERE4M ) 2 AL AT
e B E 5 m o, BLAh, SOk i i IE
ROS 7K F- . AR o ] 77 ) A B Rn s i 2 s X 1
(IFOX ZKIGAE ) myFik, —L IR EXE 4
MR B R RAETE— S ff b OC T Lok iR 7E
NG T AR IR C AR WA, (H M ARA A
SCHik Z 45 ) AR U2 i Hp 2R A AR it ) A
Ho K, ARBFFERT DIE TR R TR L
ARG AR PR A R E RSSO T T RE,
HORH AR MR 5 OXPHOS 8h & F-f5 . ROS JH 4
FCIHME S5 A a, SO B TR
LRI R IR SF SRR Thae, FEiE
FE AR A B HLHI AR

TEIA WG FERE T, SRR TE 75 I B2k
A B T A B 200 B P ) B RE AR A 42 4 L 0
-, Re AR AL oA S5 T i 2 A A, il
n, ZMAESET-FE 4 (cell death protein 4, CET-4)
AN TR R AT R B, F ATl
CED-4 i H 5 A JE iy 4 T 4 A M 305 N 1 1
(apoptosis protease-activating factor-1, Apaf-1) H
A [FWETE . B4 CED-4 5 CED-9 45 & ) % (i 78
LRSI, CED-9 38 i iIXFh&s 54 i CED-4 i
PEo UM TR s N, B IERY (L BH3
LER I & H i (bel-2 homology 3-only proteins,
BH3-only) ( 1 = B @k & & 1 (egg laying
defective, EGL) ) 5 CED-945%, F#(CED-4 )\
CED-9 I B¢ ik th >k o Aph-1 & 3 3k # f [ +
(suppressor of Aph-1 overexpression-1, SAO-1) #l
i J1EE 1 54%% 1 (dynein light chain-1, DLC-1) &
P AR AR B o SAO-1 7875 T BaoFF-26 A 1 Jit
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G A S AN AN AR BE AR R A . DLC-1 2 —Fh
MEREH, S5, R4
FE. SAO-1iid 5 DLC-1 454, B ik Hp&E, M
iMifa € DLC-1 ) #iA, DLC-1i8id 5 SAO-1 B i
BHEY), fRiE CED-4 NZ R ARSI ) B B i 5 3z
24 CED-4 $ e 52 %S, CED-4 fF A%
FRE, EATIA (apoptosome) . XA T
A S CED-3 EHBE (F1 24T A2EA9 Caspase-9),
JA SR T IR S N, e A T B AT
XS FEANHAAR T 32 3 BN A A 5 AN e T
Vi, A4ERE T ARSI ERR AR . AR it
i, SAO-1 K DLC-1 %818 19 & I EH R T
R AT 3 2 B 2R 1 R R M 4 L A 11
AL, REC AR T ENHETS AT
HABERR AT A, (HX R TR S FEAN R &
B OB i A A R RI AT, AR
FIFEOHIIE . IXFh 22 5 0] RS LR AT E AN AL 43 240
SRR E R R A DG, L, L EaHeR S
o> TR T Bal— A BRI S R 1 R AE AN R s
SN R ShAS A YIRE, X4 B b AT E
A A R E I G

SRR FE AR 43 Al At R i o JE 2SR
S A RS N AR A T RETR oK, XAE— e R
5iFLsh A R A R — S, (BRI A4
DX A2 TR R R B f A S ML ) e 3 1 2 A A P
IEAPEAFR AR o L HIEAE T 20k, (4 DNA
SARFLBITT, BUAA Y A A0 A AL 1 N R
SEA R R AR S AN P AR S . 25 A BURIEA
20 G 4R RN LA AR P B AR, AR ST T IR A TS
TR DNA J5t i 458 i) 5 40 M oAb AR T 15 519
AAELAE, D O dg P g 2o A W (A B T
fa 5 T 1 2 )2 R AE FH o

2 HAEEBTREMBRIIER

TEL3 BB, AEFHARMT MR s 4L, i
M. WM ZARME, VIPOE RN “AAE
i (Rachis) " 718, 4i%40 2 NIRPKG BRI M
FEDREE R 401, 2 AR ORGSR 4 i LA A
T ZE0 7 e 4 IS RS T4 R 1 5%
AR, XA B T A S K280 145 B i
B L AE . BN . ARA . S REMARLL &
PN IO I S5 20 R 2 PR TSR A AR T, BT TEAZ IR 4
MiA% . BRI FB-MOs Z5Hy ., 18 i 73 k3 i 5
W R EOE F RO . B, WEEEGle 7REREIR

Mt 3/4 (yeast Glc seven like phosphatase 3/4, gsp-3/4)
KA o RGP OME, H B AR S
W, QLEIRICIE IR IR 4 M A . 7R
PG AL B, MOs#HZEMSP, Wi i FB-
MOs 451, FFAERGORT RN 58 LA %E . U,
MSP TE£F 4 {A (fibers body, FB) PN & £F 4tk HE
B, TEXE AL 2R AR, FB 2 AL B MSP.
TE RS T4 f5, MSPOREAEANa BT . Bl
TERG PGS, MOs SRS, BHOLN A
Yy, MSPRAERDEII;, IR )
J1 (1.

YRR B IR R X A 5 T 4 4 4
Fef b 2 e EE MR, 7E75 W A4
H, ORI I SR Bl v 4 XA 1 GoRE A
I SRS SR IE 352 Z2AME Sl s IR, 1]
WR S RS EAEAE K71 (insulin-like growth
factor 1, IGF-1) %t KK+ B (transforming
growth factor beta, TGF-B) {55 i, Fifig 45
2 MR DA i o] i AR B A%, R ITERS
MIBRAIRAS AR, T B WAl . (BZRL A qn AT i ik
BT IR Mg e s i A i vz, T a T
ZAHIZAE . Bilan, ZeRiRrIESAE, JLHGERM
BRI AEARAYFE A, T S5 AN R B Y A= FE A i
AR AERAR BN 73X 8 Al S A M A= 58 T 4 i e
ARG, BURTERRE AR FIRAES T A &k R
BUA 5T R 20 T & 25 TGF-1 Al TGF-B {5 53
B IVER, (HHAWSTE A N AME S (<
BIRY B RT FPES) X — B b ] Re A i
KA, BRI, SRS SIS 2l 0 3 XA B
AR ZRR AT RE A — AN SCRER R . 2k
#L K RNA % & B 1 (RNA polymerase,
mitochondrial 1, RPOM-1) 193 3k 7 A= 5 41 i #%
AT B ] 30 i A= L M e RS O ok R P g b n . 31X
Pl A5 AR B SR AR S R AR AL RN D RS L, 191]
e ST S A B R R, ATP R ROS A7 o (5 35 3
i, FREIZAA Y I RE AR Wi R A B 4 HE A g
oK o WURGORAR R A Yy fig & 32 B0 T4, 94
RPOM-1 Hysk2, 23 FHEUA AL sz e, 3=
A A B R () v DX O R o SO TR
2253385 AL Z B iR, S SUE s s
AR RS 4RI, VR R R S A L DE A L
PP REREAFIA 235 | R AT A A AMEPEPA T, ik
P13 1o 44 L B T ke B i e AR K

AR A BRI ERORSFRY, X i
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FEAAE TS AT Ee BT A, WAETZEL ST
Y ff At B R RIS RUE R . LS T A0
bt B, SRR RNA R A& Wil =838,
S TR NG A K = NI D € S R AW R e iR
g 0 GRS ST A SE R A, RIZERI{AR DNA
(mitochondrial DNA, mtDNA), HAu& T 24 %
OXPHOS % X EZ WA . HF mtDNA (1) /5 2848
R SIBAREE R, A FH W AT etk
o WFSEAHL, AEFHANE AR AL AT DB )k
SERAR IR R, XLk DL K mtDNA A9 £ AT
w AT A L, PARIEE S T — L
mtDNA it . PGCs il il JE BRI S Y454, 1%
ZARINERAR AL 2N AN A TIE A, D
RAES R AN 6 S S U % B 1 2
X — BRI 7R T A 5 20 B G e 388 e 7 1 o
PR AT AR AR, R RS A 2= 1)
WAL T AR . 54h, PGCsilad A Wik e
Sl 17 S o A NS o o 5 TR 1 o I IO
mtDNA > TR —F . 4, PTEN 5
7% 1 (PTEN-induced kinase, PINK1) 7EAfK
FilAaHE 1 (Parkin) A WEARELL T, osemb
FAT 9L mtDNA FIZRAA L ) . PINK 1 i 2o i 7
MBI A TR AR BT i ], PRUEAZ B 25 T —1R
() mtDNA 9 i & ", SE4ESk, PIWI H./FE RNA
(PIWI-interacting RNA, piRNA) 1ERIEZS RNA
FEAEFA AR b 0 S ZAE R N, R AR
AL B A IR SRR R BT RE . piRNA & —F
5P uiE S0 E 4 A2 L (P-element induced
wimpy testis, PIWI) & H454 MRS RNA, %
G AR LA A 58 A A A RS PR T 3 1A% 0
YER, 67T BEiE o 4 2 BLAR T BE . OXPHOS il
ATP A Pofes i A= B A0 ML () AL RN DI RE . Sk D)
AERY AR AL 1] LYE % piRNA A9 A R, AT AT fE
R A FE RN 2 R . AR B R o AL I 1
(cytochrome ¢ oxidase subunit 1, COX1) JEZki{k
PRSIV (WP AR o AfLll) —
AL, EAL TN L. COX17E OXPHOS
AR OCHE N, AR AT A )
AE . 52 MR 4 B ) e A X R A 7 ATP 1Y 3% 2%
COX1 25t (RIEENZE S ) 2xid id J44% piRNA
eIk, FEERARTIRERERS, W ATP A AL,
AT REARRS B FNYG T, FF iR AR TR g

AR E R 56 2 cox-1 TN Z S

piRNA FRIRZ A K, 2P 487R T Zekifk )
A5 A B 20 B 1 i PR R UTAH 56 . SR E i X
PiRNA 52K R TIRE 2 R LSRR, e
HE piRNA Gifay il 338 18 45 2R 4 ) BE Sk 52 i ks 7
B 1S UASASERE T BIRLE], R R sE
B HAIE

3 &Rk S 5B FEEMkEE

TEFF MBS L b, R Os 8 R 7 A I
REFE N BA BRI MR RE I R . 1%
P T EASR WA S D AT A 4 e
ARSI T IS ST I OGS, TER
TG R, O 28 i MSP 27 4 1) 2 ic A 1
. MSPZF4ETE NS, iR FRERS kAT
BKELREZ Sl , TFEARFE 1 NS 8l I B 215501
F o MOs B Rl & 2K B0E 09 0) — A R,
HAT R T I ZL Sh Wk T AR RN, 7E53 57K
b B — @ RS . MOs 2 H = R R sk
JBE AT A TR ARG A A . N IR = e
s 501, WS FA/NFEETF, o
H'HICa™. 7EXG TSN, MOs 5 | i) ZFh a1 5
OB A (WK kR E A
(spermatogenesis-defective protein 9, SPE-9) ' |
SPE-38 "' W I 3Z {4 Hi {37 38 38 A 1 3 (transient
receptor potential channel protein 3, TRP-3) %)) £»
HOHT AT, Zet-t-FEE A s EH 7.1 (Znt-, Int-
like protein transporter 7.1, ZIPT-7.1) '"® J JJLEE 1,
4,5- = Wi B2 Z 1K £ % 1 (inositol trisphosphate
receptor-1, IP3R-like) &5 F-iH & ¥1HF, B MOs
HH ) Zn® Fil Ca* . MOs FIZH JifL 5 5 1 il 5 3 22
KT REEVLFEHA 1 (fertilization defective-1,
FER-1) (—FhE {57 7 MOs i _I 11 ferlin Z % %, 5 )
I Ca i 19 i B Ab A, FER-1 R & T
MOs [l |, 7EHG A i & i ik H 2 A C2 454
I A5 MOs 5418 i % (plasma membrane, PM)
RS, JF BAERLS IS 3 PM, X —id
WA T A0 A Ca™ 5 %5, i FER-1 Y C2 514 B fiE
WS RNIT 455 Car, JF HLAE IRl G o A vh B A e
MAETCARTIRE, KRR AH A Y Ca* ¥k B2 198/ MOs
RlE 3. AP FER-1 03 i 5 H A R & P 4
o Can 28 fi /N 3 AH OC B 28 1 (synaptobrevin,
SNB) FIZE &8 M (syntaxin, STX) ) FfUAH
HAEH, fEiEMOs RS 17
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31 ZhAERFHEIRPHETH

AR S 7 T — R BB ——Zeki i
i A M AP B ZR AR RE (mitopher) AYTE 1 T4F
oM Mok fE H — £ K K % Kk
(mitopherogenesis) M M HE H A - 7 %) it B 2 4
N BE in ke RN R ot O ES 7 TR N e S TIBUES AL
PTAEMHEN o X — RN, SoRRge & AE AU
R B IR ZobR BT fl i —F oy X,
ARSNGB ORORS 7 15 DI RE I 2L
ML . Zebr iR 2e 0 A sz B ML 11 S 5 i o
5, UHIETERS i A b, AR AR 1 i
SPE-8 %70 F I/, JHBI T RAUREEMIE . N
TR 208 R T P 2R AR I B R T Y, 2Rk
RS R AR IIAAENLR E A EEE XL,
BT IR TR . T RRENE
LU Ry e ey A NS G I U AU ES A
RS REMaAE 1z shRe I RS2 KW 1. LMEXTHE +
SRR SE R 24 Hh TR K D RebEns A H 5
ANERERIRR, MILRLREE KA 1 BN ZE T 2k
RRBCE IR M, SR TR Ok A R
PEREAE, Frnl AR fh ZOR R S 5 5 90 o
FLAC B YEATIE AT B S bR i TR A
X, XARegkE I IReE 2 REORE . Wb
FRARAREE K X —idFE, ARRnTRERENS R 2B Y
BT, BN, EEXTZORLiAR LT B R ek Lo (A1)
REREATATRY T WS, AT LA P8y GobiiRge & AR 1)
FHOAT SR I, MR 1 i AR T
HETT -
32 SUBEL (OXPHOS) FiEE:ARIFISHE T
HiE BTN

TEEL Y, SRR dEReER 1),
it OXPHOS /1= ATP, hH 112 sl AT 52 17 4
HEATE AR RL . K MM iz s K T KR
ATP, ZRiRAERS FrhEh o T, MWHiEm
W PELRE & % FF, Setiawan & ' WY £, TE
LRk, OXPHOS &4 i ATP (1 £ k42, U
HEERZREREMELT, W0 FRE S~
Hi. OXPHOS 4= i ATP I HEE iz 5, X2
KT sh T w5 19 o

Lopez-Gonzélez 55 ' W58 487~ T ATP il i ¥
15 RS RE B F il 1A A 4 (purinoceptor ion channel
P2X subtype 4, P2X4) SZ{K5|EHK T AR RLR
B, X — i B 5 F K R (acrosome
reaction, AR) YA BIEVIAHIC, ATP AUE K

TiBEhREERIE, BAENE SRR R4
RN . X — K E T X ATP ThRERIAIR, 42
7~ ATP TEHE F BTE o B b A U A o BRI RE
N EEMG A, Gl P2X4 Z RN T E 5
i, S5MER TR, FRle e A R N
R, ATP WE S EH 5 Ca' 1y N il % V)
FHOG 2,

JAG LA IEHE T ATP 1) E 2R R, E B
fEAERE FROG I BR R R R B EEAE . b
A BE IR 6 R PR 5+ % 1 (abnormal mitochondria in
germline 1, AMG-1) R4S S B LR A JE L A7 1
T REFATP A BRI, R AMG-1 5848 (&
Py H % P 2 TE  (tetramethylrhodamine ethyl
ester, TMRE) 2GR b E L TXI R4, XKW
LRI REZ 0, WA B MOs R G b . 1t
Ah, BFFEARIR, AMG-1 ZEAR A 1) DN I 1 5t Ut B
. % 1 (pyruvate dehydrogenase beta subunit-1,
pdhb-1) F1 N B fig B & B 9% B 2 (pyruvate
dehydrogenase kinase-2, pdhk-2) BYFEIE T, 1
FLIR i &l 1 (lactate dehydrogenase-1, 1dh-1) F
Fik bl X SR AT BEIE A G SR AR T R Aok
JAHEATP,  DIAKMAZERRZH LR B ATP AN L o 7E
AR T, dEME IS mFL R I SRRk, 1R
W ISAS, A 2R LRk R MRS .
THEEE R A s, FLRRE Q™ Y AE 4
HRLER, FEAAEIRIE . AMG-1 AR MRS T 4n
J 5 R A, SERITHEEE AP (4N Leigh £5
BIE) haFLRR PRI . XGRS
T HERHR A FRE R A A, UHURTEL
RARDIREZ MBS , AR A 3 o s
HAEEFAE T Re s b0y i S B AMEAE ] 2 2R
1M, AR RS - HR AL T AU A R s AL
R — B BV AT T RAS . FEREAER
W R IS DL T, KT IR AL AT BEXT 2 45
TR RE A A TR . BEIREf AR I FLIR R R 2
FEAMAE R, ATREM IR T iz shhe
RS 5045 RET]

Nascimento 5§ ' & ¥, OXPHOS Hi SR GEHEAIL
W53 ATP, (HR R UA4ERKG = is shae Jr, Wil
RN NG T RE B8 PR A i ATP 1) 22 fig >
5, DR TRz RS TRRe K. Plaza-
Davila%§ 2 WF5E R, MHIZbAE 5P 12 0%
R AROKS - 112 B RE ) FI RS2 B Pk, X & H T ATP
AR L A AR A (H,0,)  AKCF 35 0 BT 3.
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OXPHOS &2 Jks 742 i B R & S5, A
ffE R MR LLE AT (AN stz shint) et
kST HLE AN ATP, SRAERFEHE S R, U
HIRTELRAR I REZ IR IE LT, AR AR )2
BACRER AR 7 X TR yfh, AikdERY],
WETEE fff- v] BEEAG 112 3077 A2 ATP SO,
Z [{ OXPHOS B H % . FHEEME 1 2 R A e 11
FEHRSr (principal piece), XA XIS AL & T K
(WS BB . AR T OXPHOS, M A% (1) ATP 1=
AL, EhTHYGEMREE RS, s
PR T T U BE R . Tourmente 25 ™ B35 1,
TN [F] /N RS RS 1A T OB, R BRSO
P2 PR (ARG 1 7RI Sl J3 R0 ATP 5 i b3t K4 it
OXPHOS HIKE ¥, T 7E il OXPHOS #Y sL 46
WA I/ N (AN E) RS 119 ATP & FliE
SIVERE LT A2 50, R TR TR ik L
26 v i B MR b -3 R B A -S
(glyceraldehyde-3-phosphate dehydrogenase-S,
GAPDS) & — s TG 7RO e i, R ah
BT EMNAYER . Gapds-null (Gapds™)
HEVE/N RO R S FECR MBS IR, (BRI ™
HEIEdh G . RELRARI A IHFEE R, H
Gapds™ /)N BLUHYKE F ATP /K ALl B 4 A (wild
type, WT) /NEAY 10.4% 24 . iX— 35 A9 ATP
KRR T L GAPDS 45 (A I fi 78 $2 140K
ER ol s GRS S
33 ZNAEENSESFSEBTFRE

A ARMIBIFERN], ORI ks s i A
AR THEAERE R, BATT7E Zo> (19 30 51 A
FErh s B OCEZ MM A . Liu s > fFRER
B, Zn* I 75 0N Fa AT 2 ORS00 OGN R 2
—o TEARSPSEER TR, Zn™ RRMEIS 5 55 N P AT )
KW, (AR BN 2B 3 Oh R BTk
BRI fE B . X — i B KR T SPE-8 {5 53l
#%, R Zo> 7EKE IS AR ) T SR A
F P omi i F BB AEE . Deng 55 7 1
WFFE ik — L 7n 1 SRR B B 7 e 15 85 1 SLC-
30A9 TEXE T I h Y HEVE ] . SLC-30A9 FEAL T
LRIRIE |, F B T 2o H S TR, F
FHERLAR N 9 T80 K Zon> WNZobi i i o il
Z SLC-30A9 2> SR MK N Zn* /KFTHsy, AL
E20 EE AL iDES @ A N ST 1 RS A N R i B
REsZ A, JIFHE R LRAAR R o 1675 0 T4
HORE FIOE R R, SRR Zo? SMEYE R —Fil

G5 TR FRIE AL . T SLC-30A9 B 1A
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Fig. 1 Gonad generation and sperm activation in nematodes

Bl ZHEFEBRNEERBFHELSRE
AMG-1: FIRERIARBL (abnormal mitochondria in germline 1); SLRP-1: JS[EEEZARNAIIGY) (SAR) ZEIH1 HAEFIRNAZE &
1 (steroid receptor RNA activator (SAR) stem loop interacting RNA binding protein 1) ; SLC-30A9: #Fi#AR % 530A9 (solute carrier family
30 member 9) ; POLRMT: £ Fi{ARNA R 4 i (RNA polymerase mitochondrial) ; TFAM: £&Ki{A&%; 5% [H -7 A (transcription factor A,
mitochondrial) ; TFB2M: £&Ki {4 %; 5 KT B2 (transcription factor B2, mitochondrial) ; CED-4: 4HJfi3ET- 7K (14 (cell death protein 4) ;
CED-9: ZHAEFET-ZE 9 (cell death protein 9); RPOM-1: ZRFi{ARNAZE A1 (RNA polymerase, mitochondrial 1); COX-1: 4l % A

ALHFV 1 (cytochrome ¢ oxidase subunit 1)
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Table 1 Functions of mitochondria—associated proteins involved in spermatogenesis and activation
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CED-4: #liffisET-H 14 (cell death protein 4) ; CED-9: 4HJEALT 19 (cell death protein 9); RPOM-1: ZAFi{KRNAR G EF1 (RNA
polymerase, mitochondrial 1) ; PINK-1: PTEN%E S 948§ (PTEN-induced kinase) ; COX-1: 4 i3 (& Z c & (LM F 1 (cytochrome ¢
oxidase subunit 1); AMG-1: A5iIF£ kAR 1 (abnormal mitochondria in germline 1); SLRP-1: ZE[EIELZARNAMGY) (SAR) Z5FR
M HAFFIRNAZE G M1 (steroid receptor RNA activator (SAR) stem loop interacting RNA binding protein) ; SLC-30A9: I it 281K % ji%
30A9 (solute carrier family 30 member 9) .
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Abstract Mitochondria play a pivotal role in spermatogenesis and sperm activation in Caenorhabditis elegans,
serving as the primary ATP supplier for cell division and differentiation while also acting as a key regulator of
zinc ion homeostasis, membrane dynamics, and apoptotic signaling. This review systematically summarizes the
essential mitochondrial mechanisms at different stages of sperm development, highlighting their multifaceted
contributions beyond energy metabolism. Mitochondria are crucial for maintaining the health and stability of the
gonads by regulating key apoptotic execution proteins that facilitate the proper elimination of damaged or
unnecessary germ cells. Additionally, mitochondria dynamically adjust their energy supply to meet the metabolic
demands of different stages of germline development. During early spermatogenesis, mitochondria provide ATP to
fuel mitotic and meiotic divisions, support cellular differentiation, and regulate H" and Zn** exchange to maintain
cytoplasmic homeostasis, thereby ensuring the proper maturation and functionality of sperm cells. As
spermatogenesis progresses, mitochondria participate in processing and sorting essential sperm proteins, such as
major sperm protein (MSP), and contribute to the formation of membranous organelles (MOs), which are critical
for subsequent activation events. During sperm activation, mitochondria play a dual role in ensuring a successful
transition from immotile spermatids to fully functional spermatozoa. First, they provide ATP to facilitate
pseudopod formation, MO fusion, and ion channel regulation, all of which are essential for sperm motility and
fertilization potential. Second, mitochondria regulate the quality and quantity of functional mitochondria within
sperm cells through mitopherogenesis—a recently discovered process in which mitochondrial vesicles are
selectively released, ensuring that only healthy mitochondria are retained. This quality-control mechanism
optimizes mitochondrial function, which is crucial for sustaining sperm motility and longevity. Beyond their
traditional role in energy metabolism, mitochondria may also contribute to protein synthesis during
spermatogenesis and activation. Recent evidence suggests that mitochondrial ribosomes actively translate specific
proteins required for sperm function, challenging the long-standing belief that spermatozoa do not engage in de
novo protein synthesis after differentiation. This emerging perspective raises important questions about the role of
mitochondria in regulating sperm activation at the molecular level, particularly in modulating oxidative
phosphorylation (OXPHOS) protein composition to optimize ATP production. In summary, mitochondria serve as
both the central energy hub and a crucial regulatory factor in sperm activation, metabolic homeostasis, and
reproductive success. Their involvement extends beyond ATP generation to include apoptotic regulation, ion
homeostasis, vesicle-mediated mitochondrial quality control, and potential contributions to protein synthesis.
Understanding these mitochondrial functions in C. elegans not only deepens our knowledge of nematode
reproductive biology, but also provides valuable insights into broader mechanisms governing mitochondrial
regulation in germline cells across species. These findings open new avenues for future research into the interplay
between mitochondria, energy metabolism, and sperm function, with potential implications for reproductive
health and fertility studies.

Key words mitochondria, spermatogenesis, sperm activation, Caenorhabditis elegans, ATP, mitochondrial
ribosomes
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