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(" e mt MG A ARl B, R S VR A e R R R &, Jbat 1008755
Y BB A Y S i TR, B 236007;
Ve E R B YIS, b R B AE R T T PG, RNAZEY S AR, L5t 1001015
O ERRE B A AR AR, LA 100049)

WE 2N IR AU TR AR MRS PRI RE =G 2, RE4R AL ATP USRI 3 2ERo0 AL, WAEREE TS . B
BNAACAE T AR . AR R G T LR ERT T2 754 B B S SR o Lo (A o 42 4 L T 1) O B
PATHE A e AR RS , IO 22002 . o 2 iR b Al R, AR AR FEIRAS A B BEAORE R oK
TR A i A Pl PR HOR Zo? B Sc e, RS FENRERIE R AT . 1 TIHEE e b, dobiiA—Jr gk s A 4%
REEAEH], PROtRERERE D IR, BEPEANE: (MOs) RS U B 7l v 15, 5 — Ty i HE 2ok (AR e iy o )
T FREORAR IR, (ORS T2 % A S Hoais ShARL AR RE ) BBV 1 IR ORI iR 75 . SRR (A T] RETENS T
RAESHE AR B EREEER, PR T EGEA S T A G T E RS £5 EITIR, QR A CURNS T RER 45 10
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SRRV e T, fEdiiEA .
giAe . AR RYE T A B R B OCH EAME
Mo BAMUE ATP i EEAE =5, A5G PE
AJ5 (reactive oxygen species, ROS) . %555l
AL ARG b )= 4 7 T B AR, TSR
LAUEHIR KB Y . e A AR Y 2 HE
MR, HAap IR S B e r
i, ARG SRR TR, 5
FNER H RS F A& AR SRR e — R 5 8 B R4 1 A e
GBI, Hoh Aok i A e ks A
W A RS - 1 A BRI B GAES SCEEE T . 1
WU —A 2 HASH Rt RE o 2 as 1Y)
DIge i . FEiX —d B, ZobifAE i A il ATP
KGR B iz shi fhae e, [ 8 15 P
TUREE . AEFFMO TR AEALE] B ORE A0 IE
HIRE

TEREFRA B G, SRR HAD A i a5 3 [v)
YEH, et £ 285 F 81 (major sperm protein,

CSTR: 12369.14.pibb.20240528

MSP) &5 8> T AL PRI 0L o OB, ZRokifA
AMUR AR AT R LG, £ 530
ol ORa 7/ BUN S UL D v X e ot O
(membranous organelles, MOs) HJJE i H . X &b
WREERs FIBaG I RE rh 2P R, A5G
THREDS I LIRS 57 Ry A 1 dhRe ) Sz K g
TG BRARAS o KGOS W M R I L. MOs (1)
file LA S AR B TSR A, BRI —id
T 4k Sy i fig f AR O A A 6B . FETRTEL S
2R IARTERG 10 AR TR #F K ROS 1Y 7
ARG R . 18 1 ROS VR M AR5 43 F7E RS + ik
J R MR SR, {Had iR ROS W] fig 53k
AALNI, UK T 1 DNA FIER o, S 1 521

B K AU 4 TR0 (2023YFA1801100) I 5 H 4K Bl 22 3 4
(32270774) e Bhm H o

wx IR A
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Wrrohie. Wik, LRk b E L Bas s
L

75 B AT . (Caenorhabditis elegans) 58
201 IR 4 R U % G R N - 211 L R ey %
AN BRI df sy “E5" ek, mif
B B R ZobifA | JC RN e A R0 AT A AR - A 1 4
#% (fibrous body-membranous organelles, FB-MOs)
et S 8 /NS iU UNERINTSE el AW % i 1N
Jr AR A AR A B H s A, (HRAERY
WFSE 20 T bR R BRI T R AT &
Kb B b LR EZAEN . Bk P
(1) SCRFR N SRR TERE & A N i A rh 2
AR

1 SR RrE 4 SERR ey

75 N Bk T4k M AZ A U0 & B BUBAA, Ff i
LRI AEON, X —A R R AR, Wk
Z 0 4 B B RN BB EAE T . A — A2 4G DR T
IRy, ZRHUAEFE IR KA B R4 Iy 4 URAERTRR AN 200
SR, RRR G A — ARG AT — A B T AR 2
fii (germline precursor cell, GPC). Z5—iXK 4043
PRI RAIAE (anterior blastomere, AB) (Hfk
KB AR, WHEFALA ) A5 —A )5 I 4H i
(posterior blastomere 1, P1), P143%4 4 ik
JZ41 8 (endomesodermal blastomere, EMS) FI%5
“ANE IR0 (posterior blastomere 2, P2), EMS
D EENIRZE (endoderm, E) CEEREZE M
) MAEE (mesoderm, MS) CBK KT fyH
HAALA ), P24 A4 C i & (C lineage
blastomere, C) CEERA T R LR FALA) F1%E =
MNE IR (posterior blastomere 3, P3), 5 P3
DA D Yt R (D lineage blastomere, D) K3k
KB RIA) FEE A G IS4 KL (posterior
blastomere 4, P4), H M1 PI~P4HGPC, HA NIk
g0 L . P4 R FR xRN WA B bG AE B A0 i
(primordial germ cells, PGCs) 72173, 45
MRFTA B4R B 22 F1 Z3 oAbk, A2k gk
T 1 BL (larval stage 1, L1) ", M L1%
L3, im0 (distal tip cells, DTCs) [n] P ¥
I, PGCs A 2453345 , i MR i A2 IX
G MARBY B, BW0E s (1),

W RER-NERNZHTRSRE, WEET
41} (spermatogonial stem cells, SSCs) FFif, 4
Difi 25y %e . WEUY S, B RNEIRE . TE

X, ZORRRE SRR & A4 25 AR Ak
filtn, TELbiikshs (Rra sl T, 2ok
AR BRI “IEGERY” | R A" R0 Uk
A RL” Al > FEELEh Y, LoRiATE AR RS AN
MR KRB S g R k% T 2CEEMER] . O
FERYL, AR T AR RS S B T
fit it AE , LA AR DY % 1k ®E R L (oxidative
phosphorylation, OXPHOS) ;=4[ ROS X & K 41
AL B AR, RS b, B RE R TR OK
ORI, AR T 40 M 25 K A= A= e i e O B 72
N P e oy = 32 ek O 3 LAZ ki A& OXPHOS Tl &
X — AR T 445 oA 4 i et - B A4
RS- E STiRvE I R A NG
HER L BRI —d B, ARG A R4 20T A 2
RESxZ B W oE s 1 Ak, SORMARIE T L Y
ROS /K- A r 1] 77 4 A i A 2 B S X 7
(WFOX ZKIRAE) 1YL, b — 2L P A 20
MRTER T RAETE SR h O T LR A TE
AAG AN H DI REC AR IETE , (H AR ARG
SCHR R G0 B AR L i R TR A4 4 i A 4
FHo B, ASRAYBIESE AT UG BT LR TR
ARG R TR R R 2R AR AU Y ZhaE, T
U H AR BERE -5 OXPHOS s 8°F-15 . ROS I
A E SR M 6. SO B THE— D4R
LRATEAR DR H B IRSF SRR IIRE, B RAE
BN & F AL R IA AL

TEIA TR LA I, 2R AT 75 I Ba AT iy
AR B A1 e 200 L P A S RE AR T 8 4 4 e
o RER AN S A e S T I Ry 2 A AL B
n, MEFET-HE A (cell death protein, CET) -4 J&
AT SCEPATE R, 1E55 W AT duh
CED-4 # H 5 A JE 9 4 1= & A B 3 1 1
(apoptosis protease-activating factor-1, Apaf-1) H
A TR . B4 7 CED-4 5 CED-9 454 I % (i A
LRLASMEE, CED-93d i iIXFh4h 54l il CED-4 1%
PEo AL AR S BBOE N, B E R4S BH3
LERI A H B (bel-2 homology 3-only proteins,
BH3-only) ( 1 = B & & & 1 (egg laying
defective, EGL) ) 5 CED-9%:#, S5(CED-4 )\
CED-9 I B it th & o Aph-1 & 3% ik ) i [ +
(suppressor of APH-1 overexpression-1, SAO-1)
M3 S8 (1% 4% 1 (dynein light chain-1, DLC-1)
AR M . SAO-1TEFS BB ATZ R my
PG A B AN AN A BRI R BE Rk . DLC-1 52—l
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BEAE, % ZRETRESHEPHRAEINGSRE -3

MEREN, S 5L2MMEERE, OfEgfET
P45, SAO-1i 3t 5 DLC-1 454, By 1k H &% ,
MM FEE DLC-1 %35 . DLC-1i# i 5 SAO-1JE
WEAY, ik CED-4 M\ ZRRE 1A &M IS 1) 4% B () %
iz, Y4 CED-4 # BT % iz Z %5, CED-4 71k
M R4, JEIH T & (apoptosome) . X/~
TR 38 i 9% 9% CED-3 E A B (M2 T A2
Caspase-9), Ja 4R T-AIHIE N, A FEL
MAETS . X PR T 52 AN b
(R A B 20 B 3 o, I A R T A AR e B R
FE. TEYNIETEH TR, SAO-1 & DLC-1 467y
EHRMEHE R T80 A0 40 B 488 H e
KA s R Zehlll . RETHRIER T
EATTE 75 0 BT e AR B A o ) S, HaX SR
H e B TEAN A & B B B A i 4 T HA AR Y
PR, MR RITEIITE . xRS RE Sk
AR A L 3 24 oA T A R T SR ARG, BRI
I AR UG N T i T Bt — A PR i s
B H AN 28 25640 T B shs IR, X+
ST PR AE SR AR TE AL T AN TR B VR e 2

SRR A FE AN 43 Al Ak i o T 2SR
S S JAEE N A T RER oK, X 7E— R
5L shp A R AN R s — S, (R ARG 4)
DX A 2 T e B o s B o) e 1 2 o A 2
IEAPEAFR AR o JCHIEAE T 2k {4 DNA
ST ZTT, BUA 1Y) E W AN A0 B AL 1 1 AN e
5 il BEAE AR FH AN A P AR S . A5 IR
2 Y LA MLI PHAR , ARSR B AT IR AT
TR DNA it i 5 i 5 40 M4 Ab AR 1215 519
AHELAEF, D O de P g 2ok (A 7 A A B
{aERR 7 1 2 )2 R VE S

2 GAEEBTREMBRIIER

TEL3 W, AEFH AN G I 2, &bkl
A W AW, YIS R
5% (Rachis) 7 4385, 4R 2 DM IRGUE BE4H
Mo FEDRECE R T, 2 AN IR GORS B4 i LA
LT ZER9 7 a0 4 A4S AR - A 1
DERARR, XU B F Ao K25 181
WIE s . WShEE . A mREARL
S o S A M2 FE SR AR AR T, BT TR
ANIAZ . LRIR I FB-MOs 2544 , 124 i 43k i 7
SRR FEOE FICEGE . B, Rk Gle 7 FEE
'R 3/4 (yeast Glc seven like phosphatase 3/4, gsp-

3/4) Ao PEO AR, BB AR
B, Qe R Jouk IEH A EC R 440K T4 i
Hh O TERITGORS PR B BE, MOs #H5EMSP, &
WP L FB-MOs 4518, FFAEIR GO R4 M rh 58 il 2
%%, IUEF, MSPZELF4E{R (fibers body, FB) P&
LHRHED, TEAE AR 2R R, FBIRAD R
HCMSP. JEBORS T4 )5 . MSP SR AR
W5, 7ERE TI0ERT, MOs S5 im &, Bk
HAZEY, MSPRERI R, IHETICTT
feftzh )y (1),

SRR LE D)6 AT REX T A= 5 T 4 L A 4
R b B el 2, W R, 1675 i fa T2k
Hh ORI 1) SR Bl e FE A XA TRE T SR AR
B BRI S Bz Z RG-S R,
W 5 2/ ZREAEK AT 1 (insulin-like growth
factor 1, IGF-1) Fl§%{bA4: KK+ B (transforming
growth factor beta, TGF-B)

T, BEAE A E AR DA ST 1) 3 g A
BT, SRR MIE S MERIRAZ AR, I
WAL o AHEAAAR U ] 380 158 A0 BRI A5 5 IR 45 P 2 G v
Hisgmdiftidris, AP ARZAL, Flin, 2k
REE A, TR ERCR I B A, anfa]
SRR AR G AR A o A AR M 7 X —2 1k
JEEHH T AR T A AT AL O , SRR
PFAFRE T A S kA? AR KM E T RS
2R IGF-1 I TGF-B {5 @ B AN, E Al P e A
HMNAMES (A BRI R M) 7E
X A Re A A . PRI, 4k
LA 533 B ) 3 XA R 2 DR Bbr A LA R
DIRE B — A~ S8 & . 2R R 1A RNA R & 1l 1
(RNA polymerase, mitochondriall, RPOM-1) ¥
IR A B 200 A% DA S vt i) 3 i A= T e R 1 ek
PRGN XA AR PR A 2R AT S 22k
FYIRE RGN, )40 AE 3T v A= AE RS, ATP Al
ROS (17715 i 3 i, SR ALk 1R i D) RE 1E A2 A
Wi 0 A A A Y e R R R . ARZRAR I A= P fg
w2, B RPOM-1 Y6k, & F8UEFE A
WLRR o3 A AZBE,  ZRIW Ry A T i 1 32 oy DX B 1
JEE o 30 HH T 2293 345 53 Ak 2 18]I -
W, FEE R R RO ST, R
AL IR AN AL 1 X R ) R B A 235 | R AR B AR
ML AMEPE R T, L3 A A A A8 T e R ik 1
220 N8

AR A AR FR ORI, X —id
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FEAAE TS PR TZe iUh A, WAETZL s T
Yot B R B VR . THELSY T 40
FEST AL R, ZRRLIAR Y RNA R A iR 838,
ERRLARTE 57 R IR, ) s A 5 0% 1 ) 4
5 U0 2RI E ST SRR A, BPZR R {A DNA
(mitochondrial DNA, mtDNA), HAL& T 245
OXPHOS 2 K H ZAYHEEIN . i T mtDNA [ 5 548
RUSBARIPNEE R, A F A0 ] RETEAL
o WFEAEL, AEFHANME AR AL AT LABR %
SR AR AR R, XLk LL K mtDNA %) i AT
AT A S, LR IEE S N — ALY
mtDNA Jiift . PGCsifiid ¥ USRI 451, K
ZARINERAR RS 20T (A A Tk, A
I SRR B X — i R R AR A
X — A AN 7 1 A 5 20 G 3 2k 7 A 1) o
PR 1R F R B, MR G
WFFEEAE TR A . 5i4h, PGCsilad A Wik 72
N o2 o A NS - 1S R W = o ) A
mtDNA B> T RE—F. 1sh, PTENES
B A 1 (PTEN-induced kinase, PINKI1) FEAK
A48 (Parkin) FHBERNOUT , PLoEHD>
FAT 97 mtDNA FYZORL AR L] . PINK 38 5 7 57
AP TR BT e ], PRUEAZ B 25 R —1R
(") mtDNA ) i i "o JE4FE Sk, PIWI B /E RNA
(PIWI-interacting RNA, piRNA) 4ERIEZAS RNA
FEAEFA M D ) S ZEE R s, R AR
AEFEARARE H TR S AGE TR T fE . piRNA & —F
5P uiE S nE 4 8 22 3L (P-element induced
wimpy testis, PIWD) & 1455 L4t RNA, %
G AAE AR A T AR M BRSO P 7 TR B T %0
YER, 67T el o 4R LRI D g . OXPHOS Al
ATP A= P2 s i A FE AR ) 7 A AT DI RE . Sk D)y
AERY AR A6 AT LL YR 5 piRNA RO A & AL, M Al 5
S AR A L R . A e R o EAL I I 1
(cytochrome c oxidase subunit 1, COX1) JE£iki{k
IR AP IV (WP A0 3R o ALl ) 1) —
AN, AL TERRNEE . COX17E OXPHOS
AR OCHAE N, AR AT A A )
fig, FLUIfe B 40 M 0 BE R A QT A A 7 ATP /9
UK. COX1 M ZBME (RISERAR S ) Sl il i
piRNA )ik, FEMLRARTIRERT, /> ATP
AR, DT REARORS T FNiG g, I e
A BE Rl 1 FAE AR 0 R A . COXL R A Y
Z 15 piRNA R IE Z B (/) OCHK, i — PR

TERRTRE S RS AR B B R R DI OG . AR
1115 A X piRNA 55 2R A 2y E 22 1] 3 722 1) AL i 47
SRR, JEHJZ piRNA U] iod 3 #2 Zeob A4 T fig
ARSI T80 1 LU FERE T BOPL, AT
P A SER R IE

3 &S 5B TFRIEFIIREE

TEF BTt b, R EOE 8k 7 Ak
REF A K BAA B SRe I MZAERe I il . it
P FEALFE WO Oh i A8 ORI 4
A G o ThE R 112 sh irds i OCHESS 1, TEk
FUOE R, O 2 A MSP £F 4 1) 2 ic AR I
JE L MSP A 4ETEth RN, i HE T RE Mg it
PR RRBEh,  IITTHEARFEIE NS 3 I e 2 3k
B MOs R & 2 U0 10 5 — A4 SQHE s,
At B T IZL S YRS R AR R, 7E 37K
T EBA W RSFE . MOs 2 H S R AR B
Jox AT A TR RS TR A IS . L BRI 2 B
e 0¥, SfEE RN IR, WH
I Cazt, TERG UG T, MOs B’ /) Z i 1 i
1 S (S 1= N G (1 B | Rl ol QI -l &
(spermatogenesis-defective protein, SPE) -9 "'
SPE-38 "' | [k B 57 1A e {37 38 iE K 11 3 (transient
receptor potential channel protein 3, TRP-3) ')
SREPAT, Zrt-/It-FEE A Is I 71 (Znt-,
Irt-like protein transporter 7.1, ZIPT-7.1) ") K ]l
B 1, 4, 5- = WE R Z KM & 11 (inositol
trisphosphate receptor-1, IP3R-like) &5 i i §7
¥, BEMOs H1 i Zn2+ Fl Ca>*, MOs F4H g o i
RS FE R TR EVLTEM 1 (fertilization
defective-1, FER-1) (— Fli & i 7 MOs Jii I #)
ferlin ZE AL 51 ) A5 Ca2* M i i A B 48
FER-1 8 FE AL T MOs i |, 7EKS 1A ilid fE vh
ot = 2 A C2 45 i A 5 MOs 5 41 i 5 g
(plasma membrane, PM) MIflE, JFHAERMEG G
FRT LR PM, X — i RO T4 N Ca* (55,
1M FER-1 (1) C2 25t Wl AE A SR N IR 245 45 Ca, JFH.
FERE R G AR rh AR AR TU R Dfe , BRI
N Ca” e £ I > MOs YR % . AP FER-1 3818
i 5 HABRER AU E (e fily N DGR A
(synaptobrevin, SNB) FIZfilifl &% (syntaxin,
STX) ) MAHEAE, feiff MOs LG 7
31 ZNAERTFHETERIHITTN

AR SR s T — o iU ——Zoni ik
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1 B ANV LR R AR (mitopher) AYTE A HEFT4E
oMM ok fE O — & W Kk # Ok
(mitopherogenesis) M I HE H 45 i i) it 52 £ Ar
N (T3 A i i A O ES 7 R N | ot S LB UIES TR %N
FAEAHE . X — RN, LhiikRge & AN UZ
KRB LB AR A B f ) —F =L, R
HERPRS T NG AT . B OORS 7 I H DI RE Y
BL . Zemr iR 5E 0 A 13z 2 M4 1 RS 5 i o
¥, JUHRTERS FIs et B, MRS ER 1 l e A
SPE-8 5543 F I, a8 T AR IIE .
TR 208 R T P 2R AR B AT & Y, ek
TR R A ) R IIAHERL R A EEE X, TR
BT AL TR . T ARG
LU e e LGSy A LN G U g VS A
RS SENaAE F 1IB ShRE ) 2K 1. LIMEXTHE
SRR R Z 4L Th FEObi R D Re ks S H 5
ANEIEMCR, MZRRTE LA/ & INZEH T4k
BOARECE S A, SRR T R Ok
fRBEBEATRE, Rl el th Z bl 4 51 f2 i
PR o HELE PR AE AT AR S iR ORI Y S
HEA I, XAREZ g T ReE 2 23T .
IS GARARTE R X — R, AR AT RERE 4k
FFTEIRTT LS o AN, E R R BE A R ek 2k
BRI REBEAT AT ARG, W] DUt 8 T Eoh (452
KA AR Sl RSB, A T 1 i
MAFRES
32 SWUBERL (OXPHOS) FHEEERIFISHE T
HiE BT

TEEL Y, Zhi e ReR T, 8
it OXPHOS 4= ATP, A% 112 3l FITHAA Sz 7 4
HEATE AR . K I HE B is SR T R i Y
ATP, LRARIERG T THE, B
WA RE R S HF . Setiawan4s ' W EKM, 1E
AR, OXPHOS J&E W ATP 1Y FEZ ik, Tt
HIEERERERERE MG OL T, Q0K 330G o 72
i, OXPHOS /I ATP S #1038 3, X
K& UWe sl LT 1

Lopez-Gonzalez %5 ' W 5¢ 4578 T ATP il i i
1% B2 04 BE B il iE Y 4 (purinoceptor ion channel
P2X subtype 4, P2X4) SZAK5| K F K AFLK)
B, X — i B 5K UK R (acrosome
reaction, AR) WJJFAZNE VUM, ATP AMUAE R
FizahRe R, NG SRR i
PR o X — KB T X ATP DI RERY AR, $2

&

7~ ATP FEHG - B0TE o b B N A o R RE
I EBMAE, GE P2X4 Z RN T 0[5 Tl
%, S5 AEERN, R TR N
R, ATP {5 5 /E 5 Ca2 (9 A i 4% V)
FHIG 20

JUE LR R RN T ATP () £ 2R IR, (H R E%
fEAERE FIROE R D R R B E 2R, ek
He B R 26 kD AR 5+ % 1 (abnormal mitochondria in
germline 1, AMG-1) 874825 F 3 Zbi (A5 i 07 1Y
BRI ATP & YD, RN AMG-1 7R
g B L PEE] 2 BE (tetramethylrhodamine ethyl
ester, TMRE) #&)Gis B 20T X 4], X R
LAMRINREZ 0, BA B MOs R G b . 1t
Gh, BRI, AMG-1 28 AR P R 5t e B
P % 1 (pyruvate dehydrogenase beta subunit-1,
pdhb-1) A1 P B B2 B 2§ 9% B 2 (pyruvate
dehydrogenase kinase-2, pdhk-2) BJERIE T, 1M
FLER I A 1 (lactate dehydrogenase-1, 1dh-1) Y
FIk L . IX SR AT REIE L R B R 1ok
FRLEATP, DIAMEZRRZ AL B ATP AN 2 o 7E
AT, d0ME B LR I S ik, 1R
PR ISAR, PP ZRYFLRR kM Rt . H
THERf R AR, LRI A Y 7E 4 i
R, SEYIERRIL. AMG-1 28728 (AR5 11 41
Moot i R A, LT AR AN (U0 Leigh 25
BAE) PRELRIR T RIS . XGRS
T HERHR A FRE S U A R, UHURTEZ
PARDIREZ I AYIE LT, AR R AR 3 s s
HAEYEFRAG T Re A0y A S B AMEAE T 2 2R
M, SEWERER R 5t TACEE M R RE A
A3 — B R BOVAT T IRADISE . FEARTER
W R B DL T, KSR ER AL AT BEXT 4 M 45
FFNDIRE A A TR S . BEIE AR I FLIR R SR 2
FEAMATE R, ATREMSIRS Tz shhe
RS 50N 45 RETT

Nascimento %5 ' & ¥, OXPHOS i Sk GEHE{IL
I3 ATP, (HAELALERRE F I Es shie )y, WimE
fEA N R 2R - RE A PR A 1 ATP 1Y 22 i >
U5, DRz iR TRRER TR K. Plaza-
Davila %5 ™ W50 R W], KRR G 12 W3
R IORS + iz e ) R SE 8Pk, X2 T ATP
AR > F L AR S (H,0,) ZKF 35 00 i .
OXPHOS & 12 WG T4t F 2 RE i S, WHIH
B MNAER L E LT (TR EAREE B ) Beie
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IR TR SN ATP, RAEREILA R, o
HEAELRARIREZ NGO T, R AR ) 2
BACRERE AR > X TRy, Ak R,
WP fff-U n] BB NS 112 3077 A2 ATP Y E ORI, &
2 [, OXPHOS W %, WA F 2R ETERE T 11
FEHRr (principal piece), XA X AL E T K E
FROBE I A . AT T OXPHOS, W% MR A ATP 7=
HRAL, Eh T HYGEMRE RS, s
ALK T Ir a5 et . Tourmente 55 2 (5T H
RSN INEURISE A 5 AT UL, R SRS
TR i A RS T U0 s S P 0 ATP 5 3tk {1 T st
OXPHOS WK ¥, 1M 7EH il OXPHOS i1 5 40
WA 0/ NG T (KB 1 ATP & B FllE
SIVEREILEAZ R, E— R T B A 7 X 2
2SI -3 R B A -S
(glyceraldehyde-3-phosphate dehydrogenase-S,
GAPDS) J&— e 5 TAG 1 WS I A i, R 45
BT FHENAAER . Gapds-null (Gapds™)
eV INEU A RS TR ARSI R, (BRI ™
HIE B . LR S IHFBIE R, H
Gapds™ /N BB KE T ATP /K AL N 87 2B A (wild
type, WT) /NEUI10.4% 245, X — & ) ATP
IR B2 T LA GAPDS A5 Ao B 19 i 1 S (ks
Fizsh A pe T A EEAER >
33 ZHMEFERES TS E5RTFHE
ARG R, 2R AR s o f
A AR T IRt ae i, BAIHE Z2 1Y 3h S A
FErp i E 2 CHEENME . Lin 5 > iFRE
B, Zn> 7275 0 B R HORS 1 B0 i B R =2
—o TEMRSNZER T, Zn? GBS 5 75 N BT 4k BTy
RSO AR BERS 4 ot Oh /2 T TR H BT oK
A iz 5 o X — i R AR T SPE-8 15 51t
B, R Zn> FEKE 1O TR B T SR A
FH P R BB AE R, Deng % 71
WF5E (2021) #F—PHR TERRAREE S Fieic i
SLC-30A9 7EHT T P SCHEVEH] . SLC-30A9 5E
S FLRARE I, T2 Zn HASHALH TAE,
H FHE KA PN 19 J57 516 BE A Zn2* NEORE A rp 4
it Z SLC-30A9 2 FEEANARN Zn> KT, i
I 2 el S ENE A YN S TR 3L ) QRS ¥ R 2 N W)
Uitesz g, I HBI R ERARN I . 7E 75 BT
LR MUK FIE R, SRR Y Zn2 ANHEFE R —
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Fig.1 Gonad generation and sperm activation in nematodes
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Table 1 Functions of mitochondria—associated proteins involved in spermatogenesis and activation
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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
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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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