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BB 1 b 2R FH 2 56 e R X5 2% 0 9 2 Al i R
(FCM)K I A4 15 45+ N BB 25 4 i A2 4, 2F i 97
R

W B9 e ekl 32 224 Hochest 33 258/33 342,
ML PIBEPT) . SYBR-14, —Z DGR (FDA), R
LG SR £ (CFDA) & % 713 123(Rh123)
JC-1, MITOZ "™, PURT] 283 Jl i, X Joi i A2
PR AET NG F ARG R, JFr R L&
B, FrLAH RSB0 . WA T, Rhi23
ST — R PHE T, Tl LSRR R S 2Rk R 4
A, ELAT I R B 2ROk R T LR I A £ 9
I, AR MR RS ", BT LARK123
O R A I 2ok R g PR BE S R A S
PI/Rh123 XY FIFCMEE /e 6 A T . SEHE T DL Mz
BBE ) 2 HRE U R

K T4 W5 A F 5 B AF S M R R GE, AR S
U6 V) 48 %) 4 4 Wi (Crassostrea angulata)k T N
BE, PR M L, MK T iYiE RS
K AERGIEE], JF 454 PI/Rh123 8 YL FIECMI & ks
TG L RS A L ) R SRR L IR
5% R 6 - IO B R 2 R A 35 P 1 5 e B 4
Giths ol o oAk, Ak B i ae J5 RS 1EAT 82
R S50, AT ATk B RS - 0 i B2 RS s

1 MRS A

1.1 SCIG#t Rt

MIE AWk AF ST, P as
6~7cm, soK3~dcem, fiEH] . Bk, BEEUE AR
WU Tcs, wokEREE29~31, 7Kik25~27 C.

Rh123HIPI¥ 14 [ SolarbioZA H] .

1.2 LIEIt

VR AW R R, AR, SEORS
TI5 708 . B 0 A A R4S 10, I
0.5 mLAG IR #EATIR A VE kS 7 R, 500 H i 45
VEIRAE R BERG U, A AR AR GRS B 5 G

FIF K B WK A R 78 A B SRR K
KO £5 B 10, 15, 20, 25, 30, 35H98H i
K, EREEIREEHITEL0.22 N . B F IR A
B K, BRI B G %, A
HORE U E M 10'~104/mL, B EE T WLEKs T
fiz s IGO0, AL 4GS 7 B8 B A E) L PR 2 B
£ 1T I e i 1 RN S TR S RV AST S P
TRy, SEEHE R 3R,
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i 7 B [8] (adaptation time, AT, min)f&+8 M
W F S5ilE KRG, WEEAA D)2 25 50%4E 11
Wiz g i B ] PR 2 Bl B[] (fast time, FT,
min) 75 M E I 45 R 2 29 70% PR S Sk 1 5%
ANZNE B St e] 5 B2 S [E] (total time, TT,
min) /78 MRS W5 86 BE K IR & TR IR, BT op
2995% MK 155 1k 1% Zh B ] 5 RS 0% 71 (sperm
motility, %) PR IZ B} RIFT S &2 S A TT
I E 43 HEE 2
1.3 PIFIRh123% 4

EYC YL O] . K Rh123F1 PIAY I v T 8 4t
K, M R N | mg/mLAREAEIR, A3 T
20 CHI-4 CHEFE, EAMIEEB, Rhl23FPIK
T IE e FE Y R 10 pg/mL,  FefdE G s a] 24 10 min ™,

S 2k AW B 22100 pg/mL, K T He
FEHIFE10~10%4/mL, BUER BE R 15 min, 30 min,
1h, 2h. 4hfks 74160 L, fIMA2FP YLK 4520 L
BA, FHREIRE S A YL LM 410 pg/mL,
16 REEHCE 10 min, PBSHPE20K, W4l
HaASCGHATREI o AS AR ZS 8 F 4 PIFTRh123 %
@ Ja, 7896 W B T 2 B AN [R) B 1) 2%
o, ZFCMZE A EA R ZRR

14 FBEXE

B b BRI KA 4 30~60 min,  HCER FE
1B 15F130 minf RS F AT R S5 00 . BERS AT kAT
Bakr, DAEGis Yy, BEORE SC 50 ™ A Fe R R
1B, WU T MEEZREN O, ICRZHEHR . o)
L
1.5 #HIFEAE

2K R R HE O A Y B T8 A IR R
A A TS B VNI s N L g N E
oo TR B0 35 LI S hrvfE 22 2R, R Ex-
celfEEl, SPSS 17.058 T4k A7 8 43 Fr . A
[F) 5 BB %) S 6 20 1) 0 i 1) HE R FH R TR 2R )y 22
T, S EMN A P<0.05,

2 4R

2.1 HEMNEFEHNEMN
R BE25~35ALKE T A AE N A [ Bk, A3~
4 min, R 100IE N B A K, 298 min (R 1),
[SEEENGS W= e a0 LN [EI D s iR S o =0 =
G218 T R R B 1020 A PR iz Bl FLE S B B (1]
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Tab.1 Effect of salinity on sperm motility of C. angulata
o SE I 1] fmin HgEz 2 ] /min 32 F9H ] /min WU 11%
salinity adaptation time fast time total time sperm motility
10 8.00+0.55 5.00+0.40 20.00+1.20 25.00+0.70
15 6.00+0.50 15.00+0.60 50.00+1.52 30.00+1.31
20 6.00+0.50 60.00£1.80 150.00+5.00 40.00+1.51
25 4.00+0.30 125.00+5.00 210.00+6.50 59.52+2.58
30 3.00+0.15 95.00+2.58 150.00+5.25 63.33+3.96
35 3.00+0.20 90.0042.52 150.00£5.10 60.00+2.10
W, HREEISIZ, IR TS H150 84 25.00%: 10 7R R2
0.70%7%1130.00%+1.31%, & KT HAh2H (P<0.05); 102~
2 S 1 P S 1 L AE B ]G, 3 ;
51°4/(125.00+5.00) min#1(210.00+6.50) min, @3 = 103
T HAB 4 (P<0.05), 51820, 30, 35K Mz 100
b IE) A — 0, 7T £ B 20401 Pt B i) ]
EF£R B30, 3541(P<0.05). 100 100 102 10°
AT, HRESOARE TG Rk, H RhI23
63.33%+3.96%, FHIEFISF2SHKZ, 0N @
60.00%:+2.10%H159.52%=2.58%, = 2 il & ¥ . 10°Ry R2
257 (P>0.05), ALYy & T HAMLH (P<0.05), & 10
ZE T, R A WS 1) 38 AR 20~ i
35, 1 BT IARE #2535, Emﬁm
22 IS T BRI SR R RO R 102
£5PI/Rh123 4% (8, FIFCMAS I (44 43 A 7E R T o 1o ior
R 2R, K 1-a b PIELYL O AE 1, o HRCA 62 19 Rh123
Wi T4 AR 7E F2El, BIR1FIR2; & 1-byRh123 (b)
Yy HA OB R TG M RS T o A A A 10° 7 =
BIR2. R4; K 1-c HPISRhI23X YL, R1N 1m; o
Rh1237/PI', FoR iR | SRR TCIG 1 A58 :
Hi T R2WRI237/PIY, 77 T M 24 2% = 10|

5 HA WG, 2 B SR TS 75 R3A
Rh1237/P1™, &7 Jo I IF &% {H TG 2R b 1A 5 A FEL A7
E"JF?- R4EIRN1237/P1™, F/mIEH BIEHKE F o
BN 7ol SN S S i B2 A T ol R T
%ﬁixfe T N AE RS TR AT DL A2 RS, b
Jii 1) B 28 R Ak A, 2% 32 B OR [R) FE B s . AR
PEFCMAG I 25 5, Al DLy B 3t X 4 R [RR 25 1
W T I B Hre ), b Jo A2 1 Ol S £k kE
A M L A1 43 S An 2 2 R R 3

TR ER W38 K 7 0T B2 4™, AR 10
18 15 minf A5 BR324 LU A1) 195 34 67.26%+2.35%,

100_;_ ’ .:

o
Rh123
©

100 100 10°

1 FCMIENBE FHIFEFRENER

(a)(b)(c)7r Al N PI,

Rh123F1Rh123/PIf) Y o 45 5

Fig. 1 Results of FCM tests sperm quality of
C. angulata

(a) staining result of P, (b) staining result of Rh123, (c) staining result of

Rh123/P1
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Tab.2  Results of FCM tests sperm damaged membrane rate %
i JUpIEE [A]/min  stress time
salinity 15 30 60 120 240
10 67.26+2.35 67.41+£2.37 100 100 100
15 17.80+1.02 22.18+1.16 75.84+2.54 100 100
20 13.35+0.93 12.91£0.93 22.22+1.16 67.26+2.18 100
25 6.21+0.60 6.68+0.66 11.37+0.90 14.00+0.96 38.12+1.43
30 4.31+0.52 6.21+0.61 8.09+0.79 10.09+0.88 22.22+1.15
35 0.76=0.03 0.65+0.02 9.58+0.83 12.66+0.92 27.90+1.21
3 FCMAGMAE T L& hu A 58 1% EL Iy 25 R
Tab. 3 Results of FCM tests sperm mitochondrial activity rate %
i JipiE A 8] /min  stress time
salinity 15 30 60 120 240
10 81.71«1.16 0.37+0.11 0 0 0
15 87.75+0.19 84.79+0.18 33.8242.09 0 0
20 95.75+0.23 94.06+0.20 84.46+0.18 41.88+1.12 0
25 99.17+0.37 99.01+0.36 96.97+0.24 94.79+0.22 87.77+0.19
30 99.33+0.39 99.17+0.38 98.97+0.29 98.29+0.27 84.46+0.18
35 99.45+0.39 98.06+0.29 97.38+0.24 97.44+0.25 79.05+0.15

B E T HAB 4 (P<0.05), 60 minP A% 1 55 4>
WAz (FR2). WEEREE T, BT A2 B b ] 34
FEAR, EREE3SHHUA A F 1%z, BEMMTH
41 (P<0.05), Fifi 36 Bif (] AE 4K, 32 458 b 131 3% 3
ThEr, EREE 1530 60 minfif 52 451 4] 35 75.84 %+
2.54%, WEE T HAMLL(P<0.05); hEE25. 30,
3SEHENE T AZ B4 4%, 240 minbf 43 51{UA
38.18%+1.43%. 22.22%+1.15%. 27.90%+1.21%3Z 4

BE R TE, HLEORL AR T T AOORE T L B2
W (F63) . ER 104 H R R A T 1
BIHRAR, 297981.71%+0.16%; FhEE3SHIHE, N
99.45%+0.39%, {3 = T HI# (P<0.05),

B Fip 300 B ] B K, LR A T B (R ORE T HE
35 W R . 30 15 minff, 80%LA b (ks 15
BEARARTETE, FA30 minft, 3B 104{UE A
1% EA LRARTEE, 60 minff, RF 154144
34%E AW, B EAT HALLH (P<0.05); #hEE
10, 15, 204 RIS M LU 49 T R B G, 4R
25, 30. 354 FFEZENE, Wi 240 minff A
8O0%ZE AT RS T H A LR ARG, H=#8XR¥
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£ 5(P>0.05),

EIN -9 STER IR DY - 7 DR [N 11 NG
I3RS T AT GRG0 SRR I 4 L A
BT, 3 10 I ER B M aE Se i Ok 1 AR,
IEPOES R AL S YR A

23 BEXNBTEFEENENE

B o 300 B[R] S, - B A7 T R8T R
(#4), Wrif 15 minff, 5B 10400 1 1 A7 16 F fie
ik, 12 K32.60%+1.20%, W #H KT HAb4l(P<
0.05); MiA60 minf5, FHEE1S. 204K F AT
P E T (P<0.05), 120 minf, 31520 (K
TETIT, TR 20410 F 32.64%+1.13%17 11 ;
ERRE25 . 30, 3SUUKE TIATE R MRS, Whia
60 minff 2445 90% W KG F 47 1% , 240 minBf {5 A
50%LA b RS T A7

BEERFE TS, RS TR RZ W T E, i
FE3SHH Felr, 1K96.67%£1.45%, #HE30HKZ,
THEYREE TR0, 15, 2041(P<0.05). &%
FAHT, A T RS Y AR B 20~35,
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Tab. 4 Results of FCM tests sperm survival rate %

i JUpIEE [A]/min  stress time

salinity 15 30 60 120 240

10 32.60+1.20 0 0 0 0

15 76.31+1.12 71.40+1.07 24.07+1.31 0 0

20 86.38+1.15 83.71+1.11 69.74+1.05 32.64+1.13 0

25 93.39+1.38 92.76+1.34 87.32+1.14 83.83+1.10 53.75+0.88

30 95.28+1.41 93.39+1.40 91.33+1.21 89.07+1.18 69.74+1.03

35 96.67+1.45 95.14+1.38 89.56+1.20 86.17+1.12 63.12+1.01
24 HENZHEEIVHBFI H, HI90%LL E, BER TR0, 1541(P<

BEELETF S, TR R MG AR R e A 0.05), BEBMARFEGER, SRR AN XITB"
J5 TR R E(FE5), WA 15 minit, EhEETo4Ls  HEH . MHA30 min, FHRITI041AZKE, HIE1S.
THZR R GO RRAR, U H19.74%1.74%F1 20, 35HMZAFR AR TR, BT HHE 15 min
11.93%+1.40%, *hJE2SH M ZHRFMIP R B 02K F(P<0.05),

£ 5 EEMIEREF15 min530 minf FAERMIPRLR

Tab.5  Fertilization rate and cleavage rate after 15 min and 30 min of salinity stress %
i 15 min 30 min
salinity ZRER CIEAES ZHER CEAES
fertilization rate cleavage rate fertilization rate cleavage rate

10 19.74+1.74" 11.93£1.40° 0 0

15 66.96+3.87° 38.39+0.77¢ 29.43+2.92" 0

20 83.12+2.11* 75.0543.85°¢ 72.37+1.98° 57.77+5.33¢

25 90.24+3.15° 90.16+1.41° 90.59+0.45° 85.52+2.09®

30 88.96+3.45%° 88.42+1.59™ 93.50+2.18" 90.98+4.44"

35 85.88+2.71%8 81.13+2.28" 74.60+0.30¢ 48.72+2.71¢

T REFERIRZRE R Z 025 8 (P<0.05), /NG FRERIR NG 2 (1] 22 57t 12 3% (P<0.05)
Notes: capital letters mean significant difference in fertilization rate(P<0.05), small letters mean significant difference in cleavage(P<0.05)

TREE10, ISR PRI R BEMRT 20 o6, W TI5 1 MO T W i 14 m 2 302G T 5 U
F(P<0.05), M2, 0MMIIARIKINTZ  BWikaE ks, 200, B TWIE N 10 /mL
%% ZSARE(P>0.05)0 WHALS min, $REE piyE hykems, HORSIIGKORS TR E 910 mL.

L ISHYBR R R B ELT 2 ﬁ?m@%xnm 5T 2 WDRS F ok Bk, IR I 40 R 9 COLit

gﬂ%ﬁgﬁﬁ(P>0.05); e 30 min, SRIEISHL o g gn g S WML L J0E A BOR T2
FAZRERGRZL, R0, 3520 2R BB T 2, G AT )

N N R Ul
Ji336 15 minff (1 DR L2 (P<0.05), hJE25. 30402 TR ) HATERAL(10. 155 T 1038 1

FIRRFZFP-005). 1S, BT A R T B T OR VLA, Na
3 Wip Cl G T30 T e T (0 B T, ik 19

TR AN NaCL, 2 b 4 0B TV B i TG 6
31 BTWNENSEAREFER Y1, P LLRE RS B0 A MOT A, AlaviZs

Wecs b, K Tazdhi 5l EREM R I Z HE TR

http://www.scxuebao.cn


http://www.scxuebao.cn

1742 KopE o R 245

Bl £ B, K Y as St e R E ) S
T Ja TR, X SRS ESECI R L
R—, RERIA (10, 15) F RS T 1032 3 I ] A
W R EMT A, TR FEYNET
WE R m B R g, W6 R BB R
T HSBIEEDPY; n] LS & R T A RE
IOk R, IRER A IS Na /K -ATP R ,
mAMEL Z R HE ¥, HAEKERE, W&
e SENUPESTRUN E S TR A Y ER
i AT, B THFERERESY, X WA
ERPE T RERIEFE £, HF R R 1 R
iz E]

J3Ak, Wr3A AR A 1 4 ROS (reactive oxy-
gen species) L 2 MPRAEFHIFET: . WF5EFR, Wrid
FEEE BRI ZL, B S 7 A K ROSE !, ROS
SR AEY R . EALE T . B DNARY
XFALAAR I ™ A E . S, R i
RIK IS BILEE, BB FRrRIZET:, FUR
FU XS FF E R, WaEW] 1 A 7= R
RAKIR ML T 2R 1K 5 Qe w171k o
32 BFHRESZAAEEN

K F BT A% o6 B M 5K F ot o %5 U0 A oG
SRR Rt B E N EE I, XN T
G T BEA B REEMIEN . AR 5P
Rh123 305 5 FCMOAAG I RS o 15 A2 461 1 20 1 2
ARG VE, TEARBOORE F AT, Jr it
Hh DX A3 25 A RS AORE -, 1 T 2 U0 o ff H D7 A
K it

SCERRIH], T0%AE A HORS T B AZ 45, s
80% LA L 1oKs T HA LR RG22 5 2Rk
P LU 28 W R AT, 150 B A S 4 kG £
JBE, JE R AR TE M B, X 5 PN A AR
Krogenaes“:*"! | HammerstedtZ:PWF 57—, AH
K o6 e oy 2 AR A o SEEe R R LK
LRL AR Ty 1 7 I H BT R i 0 RS -, SR A
XNZEEWA Ry, RS ] Dz s B ok 328
PRI Ay JoE B A 4t 2 7™ 52 e A B AR ) R R
[ i SR S Wi OB N2 A% N e L |
SEME, — 7 T D DR AT R R B 30 SO N R R S
eIk, B MR B s 3 CATPA BRI -
G fEAR R, FEATPA M, ZobiiRigPER%
&2 55—, ROSXI R DNAME M #1450,
SR A AL R Ak 3 7R 0 DG B 1 G B A2 B
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BHAS , i RATPE B AZ B, G ik R G0,
Wang 25U S ROS T 1 451 475 48 ki {4 S LA B 2t
BER, FEARKSE 9% 71, Sikka™ . SharmaZs A
JIROSHY 5 Xt 15t A% 4 Jo s ™ SR 473, s Ml MILAAR
Itk

B EAHT, WK F I R
H}920~35, 5 RAOME A RIA S, Ui B
WLEE B RAFAE— E W e, ERR Rk
WERG o OB MKE 732 gl i ) L e 07 )
Wik 7 96 77, WU 3 3 5 1 o I Y o2 4k
LR R TE PR DL A TG AR B R - S2 R
TS T LI o A b RS R R
33 ZH5MH

Ji P 5 A R R R A 3 T A R
RAETIAR N 40 il G 5 — R 90 AR B B Y
Sent, S F TR R B 4P IR B R W A A2 RS RN O
24, BEIEIN KA SR T T i B A RN R S B e
XF 52K e A AR,

SRR, KR 2R R B E LT S
4, AT RE A ER W an XS F R R OR, SEER
W 2% (1% £R 4 B A2 4 O 43 24 2% 18 B = 45k 4y
ZEMG, VLUK F R N AU R 2R o R
X6 P 24 R R e, SRR AT BE A R T
— BB RT  BE T RERR AR SR RR L £,
R TRk R AL T T R, TR
R EMTZHRE,; ZZ%DNAZH, ZHZ
JERE I AL R BE R Al A, SEONH L
PSEH . R ILFE DY Schulte5 Ay 3 72 B
e A O ) STE N =1 R S O e b i - 7/ DR IR 14
W, W 23 52 ) 3 A% ) U 1) A2 ) RN 3 TR 4
MRl A, Xt i B T BE SR B W 38 (R] Y AE
K, ZRCRAIAR TR ML,

4 i

LN E AN DOR (el - A I
At ORI PURMI 23X YL, PR T K FAETS
BFIE] . A7 36 B DL Jas iR, I 4 22 e
FHATNTER, miEm 7 hEE 7R E
MIRZ I o TRV, R R S RN FCMOG RS - 3 i 5¢
BB AR TS AT IR SY, B2 T PI/Rh1233L
Y RTFCMITA 5 24 2F 41 W5 K 1 I /9 T A7k
2 25 W RS F 3 R O 20~35, W B
(1) 5 BE S Bl oA 25~35, S A JE AF ST 4t W kG T 2 1t
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Effects of salinity on Crassostrea angulata sperm quality and fertilization using
PI/Rh123 dual fluorescent staining and flow cytometry

DU Junpeng ', WANG Zhaoping ", CUI Yuting', LI Yangchun ',
YANG Yang ', LIPengfei’, LIU Yiqun'

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Laizhou Changyu Fisheries Limited Company, Yantai 264003, China)

Abstract: In this experiment, Crassostrea angulata sperm was used as the research object to study the effect of sa-
linity stress on sperm quality and fertilization rate using PI/Rh123 dual fluorescent staining and flow cytometry
(FCM). The results showed that sperm moving-time, survival rate and sperm activity increased first and then de-
creased with the increase of salinity. The suitable salinity range of C. angulata sperm was 2035, and the salinity
range was 25-35 with higher sperm activity. It was found that salinity stress caused damage to the sperm plasma
membrane first and then damaged the mitochondrial activity by PI/Rh123 dual fluorescent staining and FCM. In
addition, sperm were severely damaged under low salinity conditions (10, 15) and the damage ratio of sperm
plasma membrane was 67.26%+2.35%, which was significantly different from the other groups. The artificial in-
semination experiment showed that fertilization rate and cleavage rate decreased significantly after low salinity
stress (10, 15), and deformity and split stagnation were observed in cleavage stage, which shows that sperm qual-
ity not only seriously affects the process of fertilization, but also has a certain effect on cleavage. This experiment
explored the feasibility of PI/Rh123 dual fluorescent staining and FCM to detect the function of plasma membrane
and mitochondrial activity in oyster sperm, but also evaluated the sperm quality comprehensively, which provided
a theoretical basis for the research of oyster sperm quality.

Key words: Crassostrea angulata; PI/Rh123 staining; flow cytometry; sperm quality; plasma membrane function;

mitochondrial activity
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