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LT RS 7 ELA 3 m B AR e 38R 2 K fiE
Bz 3, BARRR T RE R &, K F4opiiAne
W AE PG TR JE RS TR Gugl
MRS T 7 AP EL S O R AR R R A
BRS I S MR AR T, K& PR BE 26 k7 A 0 1
Z KT A ATP Pt |, X R IR 2k ik
E—ERE LR RE . B2 8 FERiik R
L MIhbe, AIEA R ATP 74 ROS  4E 3065 7 41
Mapy Ca> fazsl? ) itk 43 s ks T 2 bk Tl e
X ARG 7 T e
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W32 3 T BRI 3K AR T 0 i
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2 B AR AR 7 A ATP, B2k s AR W 1% (4840 1 1R
At ) P RO R MR ) Sun 28R /N BURS W
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Jii, 30 TR 7 2R AT 1, DA T A ST PR A AR Y 5
N TR IR T AV Ay 26 48 Ak Wi R AR RS 9, DA TG 22 37 2k
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By, LRI R 5= A 1 ATP FEARET RS 1 1% B
Z N PRt SR A S Al 1R Ak 32 BHL S 23 52 MR kG
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Fig.1 Regulation mechanism of electron transport chain and oxidative phosphorylation in sperm

mitochondria and its effect on sperm motility
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STt 1 5 RN 20 A T LASE RS 5 . Ak R Ak
THFE AU, 2 AR T W 538 25 R S 1 52 MR K 1 T4
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LRRARTE AR Ak, 2% 3 A A TH A 52 7 9 i) e 4
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T AR R R TR B R RN A T U R A Tk
WL AHE S B RS T8 71, BRI TR DK HE £ IO RS 7
HLA 558 (032 sl o, B 2ok i 3 0 1 5 v 1 R
St () INERG 2 b 1A I 1R Rl TR Ak 22 T A7 7 R 4
(ARG o AL, ORI W 2 FIFE i S A 11
FRIEAMK,

MMP 558 F i 8 2 [ A7 76 IR A G 2ok
A P AN =2 T ) R A7 25 S A R AR T RE AN BE 2 7
R EENZE ., K MMP(L-MMP) &5 7 ATP (7%
AR, 1 SR 15 0 R B TR MMIP (H-MMP) A
T B B B TI5 7. Gallon 251404 55
T3 1 Y H-MMP K 7 F1 L-MMP K 7 47 b i
WAL, K H-MMP K Fiz shfe J) (IE R F450H |
A & TR W 2R e 1 B 00T L-MMP A5 ¥
Kumar %558 i3 Y 4 AT K BURS 79 1k 2o AR
HL7 , & B H-MMP K 112 g 1 400 A 736 1
A H-MMP 2 Bl 25 s (8] 54 38 Jn i 98 /0> . Triin
25203 3o B N 2 R R AT P I A TR IS
Gy BT, K IR OR JE RNEDK B I RS W MMP 58 7
6 B (P<<0.01) IEAHSG . Fit, MMP JZ Bt
TR T2 Y g RS ORI AR ATP = b3S
MMP W7 e 336 g

TSR0 AR I % FE S iR MIMP 1] L >k
WEIRS TR ATP = w48k . K5 T4ObLik ATP
FREEEE 2 RS I D3O B B LR AP I s R R
A MMP 35, KL, 2ok AR IE I R FE A
FTMMP ] B i 632 sl e ) B ks + . H H il
T TR OB R ) RS 1 075 55 09 T N A
B, A A ey, Al I RORoRG  Zeokr AR A BT, LA
T & B4 7 vk I WORS 7306 T3 55 , BB 4P R
PR,

3 BFE&METEROSHTIFTF
=

R SMATE SR SMIN T, 5577 42 ROS

MRS 1 . AS VR ROS 2B itk 72 604 Py R gk
Psibe | H b PR i AR R K B AR A I i R
LM ETC 854 i ROSZ72) AR 2ok ik o s A ik
BEm Ak =4 ATP I, ETC 8 F 0 A& 4 &
Ttk FB o A SR A AR B T (O, ) L 4k
LA I 5T A B 4 AL B AE I (manganese superox-
ide dismutase , Mn-SOD ) 7£ 2 7 1A 5[] B 1 3 4 8 48
BB T (O, ) ik plad S Ak & (H,0,) ™ . 251
oA, 27— RANEH A (ROS) , b R dE
Oz« -OH % A &, A HO % A i3

K1 A B 9 ROS W] AR ks 7 i . 1 ks
T AR, ROS W] 48 Ak B 52 2 0 )6 3 1 F R 2
B e R 5% 5L DAY B B, (o e o o o K2, A
M R A2 4% DNA i 7 BB SRk IE % 1Y IE 2
TFaE BB AL TIEERY . O’ Flaherty ZPVBFSE & BE,
B URIRAE 2R K T R OR IS TR = B kS - h
N SOD Bk S Ak SRl , & Ui 1l Wl B 56 BE A o5 5
(R TVUR B LR A ], I ZEAS W h s s O, -, &
PRAE AR RE 10 ] FH V25 100 I Vot AL 7% 2 2 5 - i A Tt
A SO0 ARG TS RGN, 3SR ROS AT LLIE
Tt S AN D ] A T 2 R A 1 TR A R
TAREE, WE R SR T A G EWI R RE T, (LR op
RS RRA2 L I, #F ROS 77 Az B3 AR 5 78 4R 3
XK F O RBAR F 2 . 1 (1) ROS 7K, AT 4
IO HE IE 5 BRE 1 D 6e , Rl R iz s ik Ak Ee L A
SN RS 2GR T A RS 1L R R -8R T
FE AR5,

K+ N ROS 7KV v B, 2 2 et - o £ 048
Tt A4 SRS B XURS: | 3 BORAR N i BN, 7E 2500~
40% AT T MRS+ Al ) = 7K F ROS, 3% AT fig
JE PR VAT A I P Darr 25758 il
A A . DHE 2GR EH I 5 Bk + O, - 197
e R W RS 740 it P ROS A9 2B B, YA & B0 2 KG
T CFYR T sh U 5 ROS 77 A4 & 2 A
5o Awda % EE A GRS F 5 5E T HR IS (xan-
thine, X) A1 75 I % 45 4k i} (xanthine oxidase, XO) f)
ROS A8 £ 48 30 min J& , & B 2 B0k T e 285 T
ROS A= 1l & Gt i 23 35 ks 5 vh HLO, & 1 AR it
A4k 7K (lipid peroxidation, LPO) , AT il 4 F 1%
Ho A GIES FEBE IS W IR AT T AR T ROS 5 5 4%
KT B K A AR RS T 4 CF IR IR AT
AREH(0.1.3.5.7.9d), 155 ROS 7= 4=, 43 51 &
PRAFAS ] B[] (19 ROS 7K FURS 5 B i, & SO AT I



4 6 3

TER GE: SR ORI TS T B RIS

225

[ 7= A ROS B2 A FAF IG5 K 7 IR ¢

T DR S8 5 50 B MR . Zhang 25O K
W BAE — 196 CHR A T2 TR IR 28 d, KE VR U
R AR B ROS 2 X0y B b A AN R AR D5 T
AT A0 A 1 (4 D) BE RN 25 44, 1 VR I & BRG F Z ki
AR HL A7 B AR AR AR ek /L 2R R DNA 3245
ATP K- 2 R AR R 716 ) TR e 3 Pk Ok %
O EEFSZ A0, SRS T AU T Urata 141086 A
K W5 N BE R M 60 min, JUHE ROS 75k, & 9
W R B E VT ROS 724 [R] i 6RS F Bit iE4 70F
A, KBRS T 01 B A% . Treulen 2514206 55 MK
WAE 37 CAAF T H Bel-2 2 i T- 8 1 (T-737) iy BLHL
YAk PR 4 h, 75 S LR R S % 1K (mitochondrial out-
er membrane permeabilization, MOMP) , 34 filT 21 fifg i
ROS /K-, % B MMP FEAIK K F iz s 2 T B Liu
LD 1L RS WG IE (4 °O) BRAFE T ROS B0, %
PUKG TR A K AE PO, 2R R 50 32 M R AIC RS
TP T . Ma 2650 i B 58 78 1L 2R T 15 97 2
HH I VS A il R 0 75 1T fS (37 °C, 30 min) 2k iR )
B S B9 AE Ak, & B0 L SRS 1 78 A I T o
KLJG G TG 1T e SR AR IS i A3 FAIK, 7245 ROS,
L e 2 L3141 UM N LS Vo (5% o = & R Y 1 1
K T4 T . Baumber 2519058 i B 5E 43 B
KT 5RE3 BRS 0T X XO HIEE 30 min 7 A

ROS, I3 WA 736 J1 , KBRS T35 1 R T A 5 3 5%
TR, SRR IR A AR AR, o SR Ak U R R
K T2 s BBULE A, Zhang 2S5 308G T R &
FE16.4 KV MRS B 71K 20 s, LY 1 ROS {5 5 7%
[, RIS FIE 7 TR 58 #E R DNA 52 8Pk i 3
T Kadirvel 248758 % 3, 4% T ROS H1 LPO
IKPAE 0~T72 h REAERG I, b fRAF A8 h A 72 h 4
ROS FILPO 7K I 25 5 T S EAS W AR W B
MMP FI DNA 5¢ 8P (8 - L 5] BE DR A sf ] 38 o i
LM, I 1R

20K F N ROS K L FHis 4 F I i ST 4 ik
B 4 22 4t e HhORORS 141 i 9 2 431 ROS, Hodb i 1
WG 5 20 5 R 28 K A B SOD % 4% T B4 IS
SOD AT LA 41 il G 32 22 r 1A i £ 3o % el 7 ik
B O, - BRI, SR 24 ROS /K
ORI RO IR (A iK1 N N URSS Y kR
N, FEORS T 1 38 st MMP BRI, AT 7 E
POERE 7B W TR R E S 2 R AR
g2 , ROS A] & Ak A o A1 R D B8 10 4G -+ ot B2 & A=
LPO™ , prr: iy /Y B R 2450, BHLATAS Ti8
B, BEACORS 706 1, S ks R . B, R R R
ROS A AT S8 A B 18 22 ) 1) S5 A1 Ay, DAARTE A
Jo ARG

F R W I RN 4K T ROS B 7, B 11 PRORS
T ROS i 2 5206 7 & A= S AL 3 5% ks 5

®1 AREHERRERE FHADWHE T REOLS

Table I Comparison of mammalian sperm quality under different stressors and preservation conditions

wn R LR / b B Jb H S ] H R EEDTIN
Species Stressor/Disposer Processing time Aim Effect Reference
I R IR S AL B 1Y : , e s — - .
ROS A 1 245 30 min WS ROS A F T8 TR R 7 HLO, & ib Ry i, LPO [38]
4 s . ) . R T 5 RS R T I 58 B SR AR 7 TR 58
Boars R 0.1.3.5.7.9h #EFROS ™ SR [39]
" I MMP FEAIL, BRI BR B AL, ATP KRR AIG R T
Y R IAF 28d R R ROS VAR . PR I [40]
NHEFR 60 min 7S ROS KT JIREAR [41]
Human  Bel-2f# T8 M ABT-737 i FHFEMOMP Al MMP REAS R 7530 o B R, RS 148 0 [42]
Lty Jfiy ROS IR R T2 B AR PRI
0 fRIRRAE (4 °C) 30 min 7S ROS LR IR B PR, LPO SN 65 A6 T 8 n [43]
+ et e : B3 IDNGI IR T A . ) X
Goats V5 T i 3 35 [R5 P ‘;g
oats VTR R ISTRE 30 min SRR S 5 1 K715 1 AR, MMP BAIC A 7 5L T304 [44]
1 B R 2 IR S AL 17 . . e . K15 7 AR, IO 58 # R AR, BRI HLO, 7™ B
Equine ROS A 2% E30min - 5 ROS A - [45]
G . . R 15 7 AR RS T TR S8 B SRR I, DNA 1 58 4%
f #LA- =T " 2 3
Chickens 164KV [EEIAS RN 20's P HROS 7 567 VERS(EE. 2k 2 e [46]
B’ff:lo 4 OGO AT 0.24.48.72h #EFROS 4 %MP%%QW&’ 1T DNASERAEFE, LPO [47]
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o B, AR ORI R A5 R B -
MMP i 55 3 g LR A ROS K= Az, Wi 855
LR AR S (L ATP A Ol i ) LABT 1k 4 5
PEROS =it 2. HaR  FEAE 7=, ol DAFERTE: 97
S APUAALT , 3 R TR PR AL RS ThAg B
il ROS [ H1 /725, DT 58 25 B AIE ROS XA it

AR o

4 BTFEHUESS5HEFBTHARRA
Ca”fasds

5% & BUKE 1 P A7 7R AR 2> 19 mRNA 5% 5% 1 B
BEUE DR R R I g i 20 A P A 8 Bk B R
Jas il 3% 7 B LA TR B, A AR A AT IR (cAMP I
cGMP) \— %L &N Ca® ", i 38 o 2 b7 AR ER B Ca® "
JH R RO R — R ANTE Sh i, FEsh ks
T, JE AT I Ca® YR Y R G AR LR AR
CatSper i 187 F1HL T ] 42 45 B Tl 1 0 4 Lok
AR Ca® " e J B2 1 R AR 2 — A TR ALk
LS SRR T4 Ca® a3

Ca® " 1K T 4RI Y B 1 (1 MCU B & 1 2k
FLARSE T A OB AR Ca™ " I RERS 0% TCA
Jid S, A ATP 724, ks Tz shigfit a7,
Li S AL 38 S AR RS TR & Ca? I R Sh I
2.5 hJG EATRS F 1% 0Pl B ik  ATP e
R IAEACHR B Ca™ ™ 55 37 56 oWl I A OC Bl —— Wl R
JI U B T P RS IS 75, IR, Ca? T LA aE
1Y GAPDH 15 MR P84 ATP 7= 8, DT 52 0 A
T hE . Bravo 25V 7E 5 MRS W P A N Ru360 BEFT
MCU BEWT, BHL1E Ca®" P i, 45 58 & 3 MCU PG i 2
REAR T 5 T 15 71 F ATP K, % W] Ca® ' il i MCU
HEA LR IR SE R ARG 106 1R ATP K-y T &
HEHEEEER ., Y FAMRN Ca® kIR E R, 2
W7 A 3 Na™/Ca®" 28 #5904 48 1 40 i P 31 5 Ca™"
HEH, LGEFERS T 40 N Ca® RS il g A i
Ca”" YA Ab 25 ) 2E A LR AR ok b S A HE 21 40
Jif 5 Ok S B Ca” " I A7 545 5, 4R 5 RG T 40 i N 1
Ca® FaZ . Yanagimachi "' 760 BUKS T35 35 L P i
i Ca®", AT LA A 4E F5 6 7 (1 BTE . Marquez
LS g pH AR 5 52 R Ca® " 5| AR 88 BT B
S B, 6k ARG it e S RE e A k5 & Ca®
i, T AR B IS o Suarez 25 %K # Ca® ™ 5
B A 2 M ELVE FRF S T ORS T BRSO L B0 TR
T 00 e DA RE (R RE ), B R TR 4R a8 O RR AN i

BT IRE S S TR FI9IE 0, 2 @ 7 326
i F1. Krausz 25 BT S B0 B VTR 0 84 1A 1
AT TEAE A0 P9 Ca® " MR B2 N, 32 R RS 136 77, 3
INZAEE ., K TARMN Ca? KT 2 2 S i i —
ASEFRFIE, Ca* 1l LS 5 TR 13K 88 B I E A
T SR , B K 716 1, S A2 K g 1600

BRAE TR B LR Ca> I RE , SR M0 24
AN Ca® o n JeikHE i, 2 & 2E Ca®
R T BORE T SRR S5 R 450 103 F1 D) RE B 5 5% 1 A
TR LiSESOR A 1% 5 AR TE S Ca T g
FRHEEPIEE 2.5 h G #- TR 16 J10PAh A s
ATPIRE , KRG 16 R R BE Ca® B e e vh 16 8%
25, ATP A8/ R PR 2. IRF5IE Ca™
R 9 Ca® AKX ATP (77 4 8 2, 2k
T Ca® & FERE RS E 2T MLk AL
F Ca* RS, AR 1k ADP g ) &2 3
P, MR MRS 735 L B ARORS o) T 400
W Ca” " LT R 2 SRR AR I BESZ BN I 5
AT, R, AP Ca® " /K Sl T £ S A
K5 F B 146 bR, Fanaei 270 76 MRS 7 15 9%
FErp R S B T4 A (A23187) i 90 1 Ca® il 4%
BN 1% 0 0 R R T SBT3 R DNA 45154
Tno SR YKE 7 & A A23187 Fl - B WAL A HY
Kb ant, KW o-2EF B0 LA S i
A23187 T3 Ca™ WA X T EAE .
L, S BR AR = ol ZERE 735 3R 5P N o2 B
DL RS T 400 Ca™ M3 S BOWRE TR 1. Ihoh,
Bhoumik 273 1 B 5T S B 1L EAE 73 1 B 40
a4k Ca® " ) A3 BE 2 10 pmol /L , #8510 ) 2 W
AR HAE I . P, S TSR IS
JIT T W A0 A S5 AR Ca® ¥R B, m] e A 7 rp ol 2 R
KRR Ca™ R, AR S 716 01, i3
= BN ARG g

5 #iBES5RE

KT LR AR ARG ETC 85 /=4 ATP,ETC
B R P2 A 0 ROS, LKA T IMM ) MCU
AT Ca™ ™ BT RS 7 i . A PRk
B Ca® AT 35 A B AT P BT a7 B P, fRA9E ATP
(77 A AT AR 32 S AR L R o 5 K - 2RI P
[y Ca®t 572 1k By b ROS P8 3545 T #8305 O 738
REFNTOLAR SN, B2 ks 16 1o (U2 B0RE 2ok
e e ATP i ETC 8632 8t , W 58065 706 71 F
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B s ROS 77 A L Ca” " 3 22 0] & A S8 Ak I 3 A
Ca®" M %, 5 8 Caspases #¢ ¥ 1% , K5 T 40 g & &
T,

K LR AT T Ae R e RS R i i i % 2
KHEEIEA, KA IR ILSCR (ROS sh#4 - K
Ca® RS M R E R, & e R RE 7 o () S kB W)
SHEA . R, 2R A I T AR e, R U G TE
K7 ROS ZKF-F1 Ca® #e B2, vl 3l 2o e AL PR A7 A 5
AR M ETCBE i 7t 82> O - % A il
SRR 3 it A B TR Ry S A Ca®
AR B, B 2R R Ca® 35| & A JIE e A7 A Tt
TR B o E A SR A AT B i 7 s kG T
AP Ca* B2 Y 5%, LA 4EFRERS 1306 77 5 [l
IF, TR AR ZE Sh A 1 2R R R RS 1 T AL
il LA IT & A 3800 T RS it , Be anJT & RE 4 ok
TR EALBERR TP 4 ATP /K 3 ROS 7=
FEA e AE Ca™" Wk B 1 i 47 A 0, T 4 g 3 1
MMP F1 ATP/ROS AR A o7 i S B WA &
S5 A N T BB SRS TR 7 e L IR A7 2 1, S 91
AR W ARAE AR B S0, $2 55 s A N ARG T o
B ARAFAER S0 3 B
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Progress on regulation of quality of sperm by
mitochondria in animal sperm

WANG Xi', LIU Caifeng', WANG Jingzhuo', LI Guomin', ZHANG Zijing", WANG Eryao®, LIU Shenhe'

1.College of Animal Science and Technology , Henan Agricultural University, Zhengzhou 450046 , China;
2.Institute of Animal Husbandry , Henan Academy of Agricultural Sciences , Zhengzhou 450002, China

Abstract Sperms with high-quality in animals are the fundamental requirement for ensuring the
breeding with high-quality and an important prerequisite for the completion of assisted reproductive technol-
ogies including artificial insemination and in wvitro fertilization. Mitochondria in sperms, as important organ-
elles inside sperm, are the energy metabolism center of sperm and participate in regulating processes includ-
ing the hyperactivation and capacitation of sperms, the reaction of acrosome, etc. , thereby affecting the quali-
ty of sperm and the efficiency of fertilization in animals. Therefore, mitochondria in sperms are receiving
more and more researches and attention. The quality of semen, artificial insemination, and in vitro fertiliza-
tion may decrease due to the varying degrees of damage to mitochondria in sperms during in vitro storage.
The reduction of mitochondrial damage or the enhancement of mitochondrial function during in vitro storage
of sperms can maintain or improve the quality of sperm in vitro storage to meet needs for production with
the in-depth study of mitochondria in sperms and the media for in vitro storage of sperms in recent years.
This article reviewed the structural characteristics of mitochondria in sperms and the functions of mitochon-
dria in sperms in regulating the quality of sperm through oxidative phosphorylation to produce adenosine tri-
phosphate (ATP) , reactive oxygen species (ROS) , and maintaining the intracellular homeostasis of calci-
um (Ca’") in sperm cells to regulate the quality of sperm and its mutual coupling.It will provide some ideas
and directions for studying the mechanism of mitochondria in sperms in regulating the quality of sperm and
optimizing the media for in vitro storage of semen.

Keywords sperm mitochondria; reactive oxygen species (ROS) ; homeostasis of calcium ; adenosine

triphosphate (ATP) ; quality of sperm
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