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Abstract: [Objectives] The research on mammalian sexual reproduction is beneficial to the exploration of
human reproduction mechanism, which focuses on reproductive system, germ cells, fertilization cells, external
environmental factors, etc. There is little research on mammalian fertility after the elimination of metabolic
enzymes from the body. It is known that aldehyde dehydrogenase 2 (ALDH2) is the most important enzyme
for aldehyde oxidation, which can metabolize a large number of harmful aldehydes produced in the body.
Studies have shown that a large number of reactive oxygen species produced by male sperm during exercise

can increase the aldehyde content in sperm. Therefore, we studied the fertility of ALDH2 gene knockout male
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mice. [Methods] In this study, we analyze the testicular organ coefficient, testicular tissue cell morphology,
sperm motility parameters, the number of offspring born after mating, and the ratio of male to female
offspring of 52 male C57BL/6 mice of different weeks of age with ALDH2 gene knockout. Mean value
comparison, one-way ANOVA, and t-test implemented in SPSS were used to explore the effect of ALDH2
gene knockout on fertility of male mice. [Results] We found that compared with the wild type (WT) mice, the
weight and testicular organ coefficient of knockout (KO) mice at 5 and 10 weeks of age and mice at 3 and 10
weeks of age had extremely significant differences (n= 6, P < 0.01) (Table 1), the weight of mice at 3 and 7
weeks of age and testicular organ coefficient of mice at 5 and 7 weeks of age had significant differences (n= 6,
P < 0.05) (Table 1). Among them, the cytoplasm of testicular tissue of 10 week old ALDH2 gene knockout
male mice became larger (Fig. 2b); the sperm activity rate of knockout mice was significantly reduced (n =6,
P < 0.05) (Table 2); the litter size of ALDH2 transgenic mice was significantly reduced (6.7 + 0.5) compared
with wild type mice (11.0 £ 2.0, n= 3, P < 0.05), and the female to male ratio of ALDH2 gene knockout mice
was also significantly reduced (0.8 + 0.1 vs. 1.8 £ 0.5, n =3, P < 0.05). [Conclusion] This study provides a

basis for revealing the role of ALDH2 gene in male mouse reproduction and provides valuable information for
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the potential diagnosis and in vitro application of assisted reproductive technology.
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BP9 (Weng et al. 2014, Liu et al. 2015,
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1.2 SEWJTVE
121 PMREFRSE  5YRE/DRERA
DNA &SR = KA FRAL M sh P L H
DNA PUgEfi#id7& (PCR o4 B,
PLE 7 KA " 3R AL PCR Kit with Taq 7 &
4T PCR ¥4 . ALDH2 51 #5514, F: 5'GAC
CTA TAG AAT TCA GCA AAC GGA3'; Rl:
5'GAA GCA TGT CAA CTG TGA AAG ACA
G3'; R2: 5’AGA TCC TAC ACT CGG AGC ACA
GC3'. JH BIO-RAD A#] PCR {Xi#4T PCR
P, RBFEFTAYE 94 °C 3 min; AR 94
C 30s, iB/KiEE FR156.6 C. FR258.8 C,
AN 30 s, ZEMf 72 C 59s, 30 MEH; &
ZLEMH 72 °C 7 min. PCR P& B JIEHEIEIL
Bk B I EH BIO-RAD 24w 4= AE AL 1%
ARSI IdR.
122 HEHDREBHNEERN AHRE (KOO
AEFAR (WT) HEME/NR & 24 X, 438 3. 5.
710 FAES, RN 6 Ko il FREUE
JARHERR (KO) FIEFAR (WT) /Nik
HAERNEBIFIENS R, SR EE S
ANERARE R 5.
123 ZAHARTIF O 10 JHEHENE N
S2 AL, KH Reichert-Jung A @ $2fEZH 0]
WUATAE AT R WE B RAFIFAK
R el AT HE Jett. SR
KU 5
124 FEFIESRN BRI SEA L, TRNTI
) PBS 1, 37 CHFE 5 min. "RHL 200 pl
R, AN T oA, SRR
HamiltonTOX IVOS 4= H 3 k5 7 725 Hr A &
Hamilton 2 &) $2 (L THE AL AR 7 ik 7
AT T35 Sk .
125 HEHIRZBEREER TSN &%
A (KO) FIEFAEM (WT) HEME/NRS 3 R
S EF A RUMEE N A TS OHERELE R 30 DD
A /N SRR = A EOR AU ELL
1.3 SR E

s /3R Gi v 3 SPSS 24.0, FidfE

PISFHME + FrEZEFRIR, P<0.05 FRER LT
#, P<0.01 RINEFWEE.

2 &R

21 /PMREFREE

ZUE, FEf 1.2 4 ABFARNR (WT,
3 F1 5 AR ALDH2 FE K AN 58 4 ) 44 4 2 /)N
R(HT), FEh 6~ 11 Nmbr /MR (KO)
(1.

M 1 2 3 4 5

800 bp
500 bp

800 bp
500 bp

B 1 /) B B B R AR 2 BT
Fig. 1 Gel imaging analysis of mice genotype
M. BT8R 1~ 110 DR, o, ALDH2 GBRTL /N B AT
W, 549 bp 2117, BFAERY/NGL AT 819 bp 2571, WA Sk #8AAAERD
FIRE TN
M. The standard molecular weight; 1 - 11. Sample mouse. 549 bp

bands were found in ALDH2 knockout mice, 819 bp bands were

observed in wild type mice, heterozygous mice have both bands.

22 B (KO) MEAR (WT) #Ed:/N
REMHAFEKRBHE

RIGAFIFER LA 3. 5. 7. 10 J&A#R % 6
W3k 48 FUREME /N, Geit AN [F) J8 w1 /N R A
AR K SR (R 1. 30 7 BRI
PE/N R E B T B A BN (P < 0.05)5 5,
10 ] 0% e o3 20 P /0 R A B A B B I T B AR
AR (P<0.01),

3. 10 JEIUERBR B MENE /) B OS2 ALE 2% R %L
AR E, 3 JER RN B SEALERR R AR
EEETEHARNR (P<0.01), 10 RS
RN RS2 FUNE 38 R BN B E K T B A BN R
(P<0.01), 5. 7 J& WS EFAE UMM /N R 52 ALHE
a REH R S TR AN (P<0.05).
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K1 AFAEREEDIRGE. SAEBREZABRRRY CFHE + 7ES)
Tablel Body weight, testicular weight and testicular organ coefficient of male mice
at different weeks of age (Mean + SD)

JaE NRFA R () 2HER (9 LZHEERRE (%)
Week-age Mouse genotype Weight Testicular weight Testis organ coefficients
3 P54 71 Wild type, WT 9.24+1.69 0.13+0.03 1.41+0.10
i % Knockout type, KO 7.42+1.01° 0.10 £ 0.02 1.01+0.09
5 95 4= 71 Wild type, WT 13.93 +1.83 0.15+0.03 1.61+0.08
FFR T Knockout type, KO 11.43+0.52" 0.11 £0.02 0.88+0.08 "
7 P54 71 Wild type, WT 15.16 £ 0.63 0.16 +0.03 1.07 £ 0.07
i % Knockout type, KO 13.56 £ 0.87" 0.12 +0.02 0.93+0.03"
10 $ 2571 Wild type, WT 24.60 +2.42 0.23 +0.02 0.96 +0.12
7 Knockout type, KO 22.45+0.54" 0.15+0.04 0.67+0.14"

[7) — JE) e i B B 5 B A B /N B AT B R 20T, n=6, * P<0.05, **P<0.01,
One-way ANOVA of knockout type and wild type male mice at the same week of age, n=6, * P <0.05, ** P<0.01.

2.3 ALDH2 ZE:HEgRpxtigts /N R 2 AL
AL
L HT 10 FH S ALDH2 3t PR E 4 24 A0 B
AR NR B RALRY A (B 2), BTN
BRI R, HEPE % RN R
SHUI A HLRE N, HEp R, HiEf
NI, AR NEHEB R B
24 RBRA (KO) AHAER (WT) PMRKE
FiESIHE
AFEARNRAEFAHRSHEE R, F—H

WM A R/ RS 05 1 B3 A TR B (GR 2,
P<0.05).

10 JEIWRE /N BURE F5 TUE J1HE bR = T 4.
24 JEEE; SRR, 3 A AR AR
NRIEZFMMTEHARDNR S 10 BB A
TP /N BRUIRTRE 736 1 S8 10 JE e /N BRORE
-V H A2 T P A T A AR ok R R N R
T EZERE (P>0.05), mbRRHENE/N R T
ks s AR T B AE RN, (P < 0.05),
B U /N BRORE TP 38 LR 12 Bl I 3 PRI

B2 EFFAERIARERE SR EAALE (400 x)

Fig.2 Comparison of testis tissue sections of wild type and knockout mice

a HAR (WD) HERZRAL b, WA (KO) MR A8,

a. Testicular tissue of wild type (WT) male mice; b. Knockout (KO) male mice testis tissue.



©594 « 242 & Chinese Journal of Zoology 58 &

K2 AFEFREFERNRGREDBRETIEAT
Table2 Analysisof sperm activity of wild type and knockout type mice at different weeks of age

JA % Week age
#1231 Sperm parameters 4 10 24
WT WT KO WT KO

& TI5 3% Sperm motility (%) 766+95  540£92°  669+103 765+88"  669+103  57.0+9.0"
3 it 2k 8 B *

+ + + + + +
Average curvilinear velocity (VCL) (um/s) 168.8+37.9 1589+19.3 184.6 +404 207.8+25.2 184.6+40.4 167.1 £25.1
S H RIS R Y *

+ + + + + +
Average straight-line velocity (VSL) (um/s) 59.4+142 54.0£3.5 453+283 753+42 453+28.3 574+7.7
ST A i 42
TR 110.9+13.9 948 +£11.0 126.2 £ 8.7 129.4+15.3 126.2 £8.7 110.6 + 16.1

Average path velocity (VAP) (um/s)

WT. BFAERY, KO. %Y mbRA N FE30% S 10 ARE ARV NREHTRE R 259, n=6, * P<0.05.
WT. Wild type; KO. Knockout type; One-way ANOVA of sperm activity rate of knockout mice and 10 week old wild type mice, n= 6, * P

<0.05.

(P<0.05), HLAHN, RTIE 7152/ N RAER
fRIsZma, & Rk 1)/ BORE T IE 1K, R
JEV U 7N Y RS/ SR 0 788 v o
25 mBRE (KO) HHPMREHER (WT)
HEPE D e AREE KB

il T AR SE DR Y /N R AP A RO 31

ELf, 05 /N BR CATGERE < MEPER 1 3T AEE
JI5E, wils: ALDH2 JERBEYE /N B2 A5
6.7+ 0.5, B AR RUBEME /N B A= AF 4k 11.0 £ 2.0;
RTINS R EEEL 0.8 + 0.1, BFAR RN RRUME
MEEL 1.8 £ 0.5. Giil i kKB, il At/
AT EUR T EF A BN (n= 3, P <
0.05) [A]—RAHENE /N R 2 7] 22 A B2 (P>
0.05) R T /IN B A e b 2 25 T B A Y
HEPE/NER (n=3, P<0.05).

3 Wig

LIEMERG 2 RIS EFRSXNRIF H
& A [F] F2 B2 4 45 C Sinclair 2006 ,
Yoval-Sanchez et al. 2012). 1T 5 RHEME A FEAH
KM TR R A, HHE TR ALDH2 1)
B Ok 5 R TR R R B SE R 2B 46 E A R

(Yamauchi et al. 2001), #&£7~ ALDH2 5t
AR BEAFAETEAE R

W IRz 2| Z M Rwm, DA RE

L TR TIRE E (Inoue 2018), M SRS
IS T IHREFCIA (Weng et al. 2014) FORF T4
Do AWEFELL ALDH2 HE IR /N B O,
PRIT 7 Rl ALDH2 S5 PR Gt /N SR AE T IR 52
M. EHAERE T RAENEE I, ARG
Rl 7 Rk ALDH2 FEPRX /N R 2R B 5
Wi ST B, ALDH2 ik [R] ik b s mi i
NRIAEKKEE. SR S AR RTY
A5, BARRIN 3 A 10 &k ALDH2 %
Rl il B /0 B S8 AL 3 R AR S5 I T AR A
ANER, SRS A, 070 4 TR B K
PR ALDH2 LR HEMENR I 2 R E
S DREF AR o

A FRIEKI T ALDH2 5 Rl file B 2 /)
RIS FIRERES /1. S5 5 A, ALDH2 %t
Rl R s DR BT EE /DR, 3
FEUREW D, JEARMERE LL9) & A BB Ak
SERGR A ALDH2 3 R i Bk e PR /) B A2 5
Dher=H4 7 B sm.

ALDH2 &—MEFZMIIGENEH, A
Al It 2 EALE] S A N B AR . B SR,
ALDH2 1E R QWA i EE I, v 80k
D EREYIT, RS 7R 2 — 2 R E
F (Gibb et al. 2016), ALDH2 F: [R5/ iR -5
HAFEVHRRR, N FEBOETIE wds, 4
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B ARG, Hk, HWFFERY], ALDH2 B
SENL T BRAE A AN, 2 RLIE] A R
T DI RE 2 & BN 73 WA R RS, IR PT LA
HBEAE T 107 A B CHERESE 2016)
ALDH2 R i vl BEREMA 1 BEER K-F, 32T
SRS 7P A M . B )5, ALDH2 AMUJZ
AR AR P o Bl iy, 0 HoR AR A B Y
FALN BT (Wang et al. 2019). ALDH2 E
BHFETEN, 2 SN Em R BT
REPHLE P 75 SO LA ML T SR e i
FHE AR B A7 24k (Duan et al. 2016). 7E
X B R 99 K B (Rattus norvegicus) Hf 70 H
ALDH2 ] ARG LAHAE (Chen et al. 2019,
Yang et al. 20200, PHI4HMLHIHT:, ALDH2
SEARVIEN ) £ AT 25 /D 7L it S )RR T
M R 58 A 3 (cysteine aspartate—
specific protease-3, Caspase-3) HIVEM:, {idk
ALDH2 IS MR TG 1 B 4tk 2
J& (B-cell lymphoma-2, Bcl-2) mRNA HI3RIA
(LB 2012),

ALDH2 A R HT AL BB ¥ D g » ALDH2
B PR e Jeml LUAIRST HoO 55 B A0 Il # A%
S B AL AR S T, IR AR A 4 R P
S0 N (Huetal. 2011). ALDH2 #% 5 K 7]
DAB SR 98 5% £ 1 15 3 1 0 JUL 40 B 3 12 280 2
B O LA B U T2 DA R 40 i A0 3 7 2 1 e
( extracellular regulated protein kinases ,
ERK1/2) F1 R 0% 40 82 E i/ C-Jun 28 K iy
VM (tress-activated protein kinase/C-Jun N-
terminal kinase, SAPK/INK) [ {1t (Li et al.
2006

25 L Pk, ALDH2 EAHEZEME LI
E, W BEIEIE 2 EALRI R AR LN R A SE, (H
BARNUEM T 38— P RS 5AE, X 2R
114 5 B R R 1 i

Z % X W
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