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WE  fLEE(Atrina pectinata) i % B = E W F K5 W K, 4k, HARBEFESHE%
FIEAYKE, ARBRAEMEATERERA, KAXKRXT ALEXT %S FIRE pH W E
ML B TR EHNREER, TERRTBEEMRA TR FHLEs#E(VCL), £
%3z g3 B (VSL), T34 #4712 20 7 3 (VAP) M HE £ 32 30 7 32 (BCF) 1V 32 30 F 45 4E, FEXT45 T ATP 4
. ATP B 58 A L (LB (SOD)E AT TIEK, R BT, HEEZEK pH THHEREMH
IHEETFENFE, ELEERTFHNGEEMRS; &H%E TR E KT AL FiEkE
Z, 3 mmol/L &M KM E R R & E., £ 3mmol/L 2 AME ), BT 7EHERMDE 21 min K —
BARFFAE =4 WK A, ERE A ET 3 min R 32 50 £ 80% U £, VCL>56 pm/s, VSL>17 pmys,
VAP>30 um/s, BCF>6 Hz, #&F ATP 4 E & #7E 5 min & B E W44 E 6 30.29% [(128.80+
66.92) umol/g prot], M &, T % % % (P>0.05), # F Na-K'-ATP B A1 Ca’*-Mg” -ATP 8 /& 1 /£ 35
H A PR AL, £, Na-K'-ATP B % 4 % 15[(0.62£0.03) U/mg prot], Ca®’-Mg>"-ATP B 1%
B 5[(6.08+ 0.04) U/mg prot], #&F SOD 7 P4 15 min W& # F£1K £[(1.23+0.73) U/mg prot], [ &
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BRI RWA HHRR, I EFREBAR MO 5 i
o, AR DU L AR g K SR AL oA 26 2 R B E Y
YEM .

1[G Bk AF D1 (Pinctada fucata martensii) . B Kk 53
DI (Pecten maximus)Fl K -7 41 W7 (Crassostrea gigas)
S5 2RO ST DR LRI ZHG 10 07 AT A A B/, M
T 5N PRI G & A Z R VEH (Alavi et al, 2014;
Boulais et al, 2019), X 3245 77 X 1y W FHE FAEHE
FEAMRSIMET— AL T 1k s E SR, HAA Yk
TR e vkis s A B 5455 MR ), HLif
VK iz Bl g 1 23 35 52 OKE 19 1 K (Arita et al,
2012; Demoy-Schneider et al, 2012; J&W# 4%, 2011),
S0 A BT o 2 S =R S 6T DO R I G EIN
THEENERIAEEEZE L, WERREAMANTE
FAR AR M) R Z — o MITEE S LR RGEDUZEAHLL, L
PRAP G 1) 7 kAT S

XUre DU (RS WS B J7 125 ] 43 Ry S A i R T
WA B N TR B AR o SEAS RO AR v 4R
A AR N T L il S5 7 ORISR - HE
HAARSL , RAEKAR B TAE PR R s AT
fiff F) AR A R 48 LR A ) SR A A D i AR A A
T 2 PRI s A e SRAS AR
K BA ik o BRI . X RA BN
R, B5Z B RS S AR S e, S O
TG 1R B N T 8 2 A] Bk UMk AR 0 kG
+, L TG v AT R RROR AT, TR RE T2
5 Gy, HIZE AT BRE R o BT B R AR S 2
ANFE, B R BTE AL, AR DL RS T
T A], TERGORHEBCAN R P SO0 N A T ATHE
i B PEAE (Beirdo et al, 2019; ¥FIN%E, 2021; #52%,
2019),

FEVIR N TR S, TR FIEA
— ARG AR R EE, Rl E 5 T
i L0 %8 B 1 1) 1 (Rurangwa et al, 2004), AN U1
NPT T BB WA 2 Rk B B 25 Sk ik
A S TS RO HE B N TR R — L R
WA BEFEET REF LR 1 I R B OS T XA—, £
27 HA XU5E DU WSS WA T e 4%, T3-S nkS
BE R 20%~90% A %5 (Awaji et al, 2018; TIEARZE,
2016), i ATE BUbR AL RS T HOE T %, HIRXT
WL RN T 0032 B da A A e i A N A EA T 5T o
AR, T HITLIR BC - H B 53 S 22 6 5 1 1 40 if 7T Jé
(Awaji et al, 2018, 2022; Qiu et al, 2014), LK T
K UE UK iz Sl R AT i AL R SR OC RE = AT RRAE (1Y)

FLRRAIE ST o

ARSC LA P M X B0 29 A VL BE M BE X &R
I T MK B 1 W BE A pH B2 X BT A 112
B AR BAa SRR B, I BE i AR A T ATk
K7 1 Rg AR BEA TR ST, USSR M V380G 0%
EHLHI AT SE B A, SCRFRITTRE N TR H ORI K
RS

1 #MRI5F®
11 THRHREEE

SEHGT 2021 4F 6 2022 4F 1 e A CE
TR T 00 4T o MOV B S5 A S R 1 3 125 ot S
S, RIS EARE D g BB TR, B
TokPE R SR, K (27£1) °C, pH Jy 8.18, #h
BN 29, FEME.CIE ¥ (Platymonas subcordifor mis) Al
#A17E%:(Chaetoceros sp. IR A, T RFMEASBR 1 K

12 BFWR&ERZE

28 WA IEA TR S HEN IS U R A i I R
AAE N SEBGAAR (A T DI A FE WL, 4T T DA
FHA e 4R 0 K S L SURR A, BUT PERR A
TR, IAGE B JC85 A4 BZE v (Ca-free HBSS,
Sigma), FifiJ5 R FE G H8Y 1784 B9 pEPERR , 349
KoK B TR, TR 300 B ffigE i uERE K B TR, BB
ZRMBE R, PR TSRS T B, AW
DR bRiE, BT UK R
1.3 BFHEHESZWIEIT

ARG IR S 2 DL 15 500 1 H K
F B 505 WRTE 2 mL RE EP 5 HiRS,
BEWRIRA M POER A5, B3 L FEfh A Leja B
H, TER PR RS P TSNS, HEK
AT AFHZ) . LIERR[25+]) °Cl R
525 OV Filkt7,

W LA T K (ASW, pH N 8.20, ThE N
30)E Ry SRR X HEZH , W FHAS TR v B 20K (1.2, 3
4 F1' 5 mmol/L)EI ks T )5 21 min UK T8 3 R 19748
TR s LB T- 15 20 K 41 pH AHXS R A9 A T
BRI pH /K (8.64. 9.10, 9.27. 9.36. 9.42)i 1%
J& 21 min Wiz SRR AR ISR B AT AR RS
A T &z shE R (VCL) . Bz shE#(VSL).,
34 A28 B R (VAP) . HEB 2 3hHH R (BCF) ., ATP
FrE | Na'-K'-ATP fi#6#E . Ca®-Mg”"-ATP BG4 1
SOD J& My AR L LA .
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14 ZMERHERNEESRET

TCEE A FZ . B 1 mL AY 10xCa-free HBS
(Sigma, EE)IMAZ] 9 mL LHEB4i/K, IBE), 4C
TR H

TRZNTHEK(ASW): S8 Cavanaugh (1975)H)
Ik, FREL 24.837 g NaCl1.0.671 g KC1,0.910 g CaCl, .
4.676 g MgCl,. 6.161 g MgSO,. 0.181 g NaHCO; I& T
1 L JCR Bk, B 2 h, S 2 HE K B 0 Ll
BT

ANV AN T MK HH 25%HaK LICEN
TR HIEHI 1, 2, 3. 4. 5 mmol/L (A T &
Ko WA, BUHBIAL . 1 MAE IS Wi

AE pH ALK . f#i ] Good's buffer ##75 L&
N LK pH, Z35IECHI A pH O 8.64. 9.10, 9.27,
9.36 1 9.42 WA TIK, WIRMAARH. 1ERET
PG o
15 WWIEFRATT A

151 #EFR5iEshFA% i SCA KT HE
SIRTAL (v.6. D) HEAT RS T 3006 & Kz 325 2 8005 .
SCA K F i 1 /3 #1 ZR Ge e B0 B M sh i A e, O
B RERESH R KRE W BN 80 pm*; WIEU
FH 300 f/s; FEFIEBESECN 4 pm/s, BB LA
PE RS BRI AE 300~400 A~ 18]

PN R INEERY N 7 TN ARG A SR L NEY | e 5o

F#(TM, %, VCL=10 pm/s), VCL (um/s) . VSL (umy/s) ,
VAP (um/s)F1 BCF (Hz),
152 #FEHFEX > % W Billard (1983)F1
Cosson 55(2008)1) 171k , BTG J1ERMD 73 6 4
AKFE(F 1), B MI=0~5, MI=0 £k 74T A5k
R MI=1 FR IR F<1%; MI=2 Rk T
TE 1%~<25%2Z [0 ; MI=3 KRR F7E 25%~<50%
Z 5 MI=4 FREAEFTE 50%~<75%Z (] ; MI=5
FoRIEALRE TAE 75%~100%22 7]

xR1 BFENERYTIRE
Criteria for grading sperm motility

W SR (M) G831 (TM) HAH R
Motility index Total motility Description

0 0 KT Ab T ARIEARTS

1 <1% R 7<1%

2 1%~<25% AR T7E 1%~<25%Z [f]
3 25%~<50%  THALKE T7E 25%~<50%Z [f]
4
5

Tab.1

50%~<75% IGHEKE TTE 50%~<75%2 [H]
75%~100%  iGALAE F7E 75%~100%22 1]

153 #F ATP 4& L& ayn & AT
TFIRAE 4 °C . 4000 r/min 504 F &0 15 min, WER
FAMDIIE, &2 LIEW . VIS4 B AR A 5 ik
TR P P i, Ao i 4 BE 0] S R At %) 7 el i v
WK ATP ¥ J¥ . Na™-K'-ATP B 1% . Ca®'-Mg**-ATP
figiGPEFN SOD 16, SE6 Ar A & A e Bt J Ak
W TR

1.6 HIEAE 5%

SCH KR HGE T AT B DPS 14.5 #4581
Hr, P<0.05 X HA R EEER

2 &R
21 BETRE,pH B TFLEIXRBFTULIRNE
M A% b %%

N T2 7K B pH 23 Bl 1 7K HR 0 2 385 e i 1
InmiAR &, N TR S BB TR B4y o 1. 2. 3.
4 F1 5 mmol/L i}, FEW 1 pH 43514 8.64.9.10.9.27 .
9.36 i1 9.42,

AN TRV B 15 TR FE AN pH. B N T K A BEA YT Bk B
0K 15 B BB SR A 1 TR o AT BN 778 ) R
H (TN TR 2 ARIZ Sh ol i KK 132 SR 3
(MI<1), 7E¥#IE 21 min N, A5 5128 3R 1E(1.89+
1.44)%~(6.66+1.22)% 1 [l ] 77 sh 484k . 78 & 38 5
W, BEE R T pH MTHE, ML Bk 6 7
SAZ Bl A 2 B PR, EL T O ) A B R )
JEATA

WE 1A Fios, 7EMBEN 1 mmol/L fY 21 /KL
WD, FIVTEORS P800S 1| minJ5, T™M 2& T
151 2(33.89£2.60)% (P<0.05), 1% 7176 MI=2 RS 14H;
T 5 min; #5305 6 min 5, TM FFIE 01 B IEA%, 35
BB AL R — HAE R MI=1 AIRES, f(K TM
(13.84+1.14)%. M7ES 1 mmol/L &/ /K ILTE Ak pH
{ELXT I 1) TG 2N TR 7K BT W (pH=8.64) , T3k
K6 JREN — 47572 MI=1, TM & &N
(19.88+1.28)%, IWIHHR B E 2T 1 mmol/L ZifF /K
W, B T, B pH=8.64 Az 4 5 %t
HE A AH B A7 7E — E T2 B A2 S BTG RO

WE 1B fis, FVTBkKS T2 88 2 mmol/L A%
KBS R, 6 TS 14 min N— E4ERE MI=2
RS, TM i H(36.48+1.91)%, TIAEEGES 15 434
Frin R IZ L AN, K EIE MI=1 IR
A, HELWA R, MES 2 mmol/L & KIIEH
T pH (X A T 2N T K 05 W (pH=9.10), 1
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TTHRE FI6 RS — H R MI=1, ™™ Fm A
(17.82+1.24)%, JATHHOR & 22 T 20K, A5
FETXEA, HEm TRk

mE 1C Pin, FITTERS 732 308k 3 mmol/L A%
KGR G I ITEBE 21 min P — EARIRTE MI=4
FPRAS, TEBOE BIRT 3 min B, SIZ 31 REBTE 80% LA
L, 4 B OT IR 2T BRI ABCERRRE
(MI=4), HELEEHR TR &S T 60%, 1F%
AL ORISR A . M7ES 3 mmol/L &
T IK G VS pH BV IO ) JG N T 0 7K 380G T P
(pH=9.27), FTHKET16 SRS — H4ER7E MI=1,
TM 2 5 4 (23.32+1.93)%, 376 SR 3 25 T &0k K
Wi, HEZL TRHEEE

WE 1D Fis , vk 712 21 9% 4 mmol/L &
KIS IS, 6 IAEEGE 21 min N— EARERE MI=2

TR NS4, TS5 4 mmol/L &I /KIS 5 pH
{ELXT N 1) TG 2N T 7K B0 W (pH=9.36) ,  AVLBk
K Tz s R ARME T AE 4 mmol/L & /KB,
ERFX A, EHERES 2 s ELAE
(26.40+1.88)%, JF7E 5 min N4ERFH MI=2 BPIRES TG
71, BiJF iz sh R R SRE, PARRTE 5 MI=1 IR .

W 1E iR, ML BRRS Fiz 8% 5 mmol/L i) & 1
JKEOE I, 6 TR RT 5 min N — B AR EEE MI=2 1Y
5, M TFIB 30 (25.04+1.22)%~(30.64+1.93) %31 [l
WIEB AR L, BlJS B AL RS, 5 1% 2 MI=]
FPIRZ, SEERAETHRE, TM B PRI % (7.44+1.26)%.
15 5 mmol/L Z /K 380 7 pH (E X N i o2 N T
T 7K BTG W P (pH=9.42) , MiVLBRKS Ti2 sh R AESL 50t
b A BT, 7EBUE 4 min B, TM ik EaE,
UR(7.71£1.26)%, BJG 28281k, & J1—E A MI=1

HPIRAS, KT8 BIRTE(43.96£1.92)%~(32.44£1.26)%  HPRES, HazglR B BUIL T RGO BLS:
+XF B84 Control group < Xt H#4H Control group =it #&4H Control group
@A) +1 mmol/L &K (B) 2 mmol/L &K ©) +3 mmol/L ﬁ@ﬂ(.
° 1 mmol/L ammonia seawater 2 2 mmol/L ammonia seawater ° “ 3 mmol/L ammonia seawater
S 50F »n S 50 +pHO9.10 TEM/K pH 9.10 seawater =100 - | +pH 9.27 FTRAHK
S as[ o +pHB864 TR MK E 45t g 90 P pH 9.27 seawater
= 40 < pH 8.64 seawater € 10l 4043 E gl M4 «—
2 9 2z ’ 2 0l
= 35 = 35 = 70
g 30[N= 2 301 2 60|
g 25 Eoasr E sop
s 20 S 20 8 40 5 <
g 15 eISE AT N & 30y M=
10 PN g 10T ® 20
ﬁS'Mﬂ—rH—i—)ﬂ—é ﬁSL',.MM‘H ® 10 TN SR I S S
”ﬁ! |III||||III||||III|||lwolllllllllllllllllllll I’}igo IS TN N S M W S S A )
$ 013 57 9111315171921 % 1 357 9 111315171921 = 1 3 5 7 9 11131517 19 21
2 W(H T Time post-activation/min %t E] Time post-activation/min %t E] Time post-activation/min
-« X B8 2H Control group < XF 8 2H Control group

° (D) <+ 4 mmol/L ﬁ?@]k N (E) <+ 5 mmol/L ﬁ‘{)&ﬂ(

= 801 4 mmol/L ammonia seawater S 50 5 mmol/L ammonia seawater

& 70| +pH 9.36 MK g 45t + PHOA2 &K

; 60 pH 9.36 seawater > 40 I pH9.42 seawater

5 > MI=2 < = = <

= 50 g

g 40 - g

30t g

o

B 20 H Larren dTg o g e v 5 =

%Jr 00 Cavi= 2J il e %,r

;wommmﬁfﬁ%ﬂﬁﬁﬁﬂ. B o

s 1 3 5 7 9 1113151719 21 i) 1 3 5 7 9 11131517 19 21

S PIEATR] Time post-activation/min ¥4 B} 1A] Time post-activation/min

BT IRV B 4 25 1 pH N I K B0 5 M VL BORS + B is s R i A2 1k

Fig.1 The kinetics of A. pectinata total motility (TM) after dilution with artificial seawater of different ammonia ion concentration and pH
22 BEFEWRETHIIREFIEKEHFESS T 3 mmol/L 2K IAE i, Ui dkiz o 2 BUkR i 3

BB B R AT 4, 3 mmol/L /KAl
ARG MV ERE T kiz 8, itk —25 e A Bk
K FUFUkIZ shas e, ARWFE S 3 mmol/L 2 K1
SRR BT A T e DL TG W, Ak T RS IS S
Ui Kk R 3 5 B30 T 12 s AR AR I 1 AT
221 Hikik R ACHAE FI VT RS + 28

P B [ () SR T 22 2 B BRI Y B (B 2). VCL 7
3 mmol/L ZF/KILIG )5, 3 min WNARTFE &R R
(>56 pm/s), TE55 5 4r8h i R 2 (47.69+1.40) pm/s
(P<0.05), 7E55 9 4r%h i EHFEAL 2 (40.87+1.08) pum/s
(P<0.05), BJG PREFBCFRRAIRAS o VSL 223005 )5 4
4 5P (17.51+1.64) pnys B EREARE(12.14+1.35) pnvs
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(P<0.05), Fifi 5 FLASAE (7.41£1.43)~(8.46£1.37) pm/s
Z I F 72 16(P>0.05), VAP 7EITEJGEE 3 4r4hh
(30.371.32) pmv/s I ERFAILE(26.25+1.30) pm/s (P<0.05),
TEER 6 ArBPET, PR E FEAR A (21.3241.36) um/s
(P<0.05), FifiJ& , & H 8 2. A8 Ak, FEAR AEREAE 20 pm/s
2241 (P>0.05).

70
65 _A

2

>

+§gJr30 ABBBB

W25 CccccccececcgcCccceccc

@ZO-AAA

RIASE BBc
10} BC ccc ccccceccec
sk BC C

0T 535 7 9 1 1 15 1 1 a
%I [A] Time post activation/min
K2 23 mmol/L &K 5 MBS Tz 3 8 i

ZH(VCL. VSL. VAP)4E1k
Fig.2 Variation of velocity parameters (VCL, VSL, VAP) of
the A. pectinata sperm movement after activated by artificial
seawater of 3 mmol/L ammonia ion

VCL: HiZkizdh#(um/s); VSL: HZkizshl F(um/s);
VAP: “FHFE#IE 35H2 (pm/s) ;
AN FREAR 2 B 25 25 7 (P<0.05), T,

VCL: Curvilinear velocity (um/s); VSL: Straight line velocity
(um/s); VAP: Average path velocity (um/s). Different letters
indicated significant difference (P<0.05), the same below.
222 $EIZIHINE T VLB K 5
2 3 mmol/L &I /KIKTE )5, BCF BH& FIE I [a] (1) 4
2 e e E P R R (K 3) . MBS 11
3 mmol/L Z /K H i )5 , 1l 4 min ¥ E A2 Bl %
1E(6.14+0.58)~(6.60+0.32) Hz 2 [i] 1% 51 25 1k(P>0.05),
T4 5 20 B E AL 2 (4.97+0.33) Hz (P<0.05), Bl )5
ERragoEERmBESE . 9 10 28RN E

(3.68+0.40) Hz J&i , FEAYERFTE 3.3 Hz A4,
23 BFHERATP =TI
MOV EEAE FROS IS B9 ATP & 2 i Asf [a] 59 22 £k 4
4 PR o RGP R PRERS T R A R ATP
1#[(425.17+45.36) umol/g prot], K+ ATP & 7EM%
{ﬁjﬁ B 5 min P 42 R R (128.80466.92) umol/g prot,
ZURNHIA S 30.29% (P<0.05), FF7ERE S &I

N

, WAFAETE 200 umol/g prot £ 45 .
24 TEFHER ATP EEEMNEL
FOVLEERE F U005 J5 ATP S P i Ast ] ) AR 4k G

—_
(=]
1

oo
T

=)}
T

N
T

(S
T

1 3 5 7 9 11 13 15 17
1% it [E] Time postactivation/min
K3 28 3 mmol/L 2 /KB 5 MivL Bk T #iE
AR AL
Fig.3 Variation of beat-cross frequency (BCF) of

A. pectinata sperm after activated by artificial seawater of
3 mmol/L ammonia ion

(=]

¥R ENI R Beat-cross frequency/Hz

B 500
§ A
g 400
B 300}
2
g AB 5
o 200
< B B
1 100}
4
& o , .
< 10 15 20
b8 B]LIETJ Time post activation/min
Kl 4 TGS ATP & fkBE ] 528 1k

Fig.4 Variation of ATP content of the
A. pectinata sperm post activation

5 fi 7R o A5 7 Na'-K'-ATP BE PEZERT 15 min f£55
g, &2 (P>0.05), JF7E 15~20 min P %
THE(P<0.05), 45T Ca**-Mg®"-ATP BT It S A (545
FasE, IFTEIGE I 15 min NBHi TS, RS RS T R
Hor, WETLEEAS T Na'-K'-ATP il i £ 8% [(0.62+
0.03) U/mg prot], Ca®"-Mg*-ATP Jiff ELA %5 5 i3 Pk
[(6.08+0.04) U/mg prot],
25 FBFHER SOD iEHRETH

FOVTERAS T J5 SOD {i AR (b aniEl 6 i, 7¢
OIS S HY 15 min PAS T SOD 1 PS80 T PR 3,
FEAEWEE 15 min 5 ik 2B AK(E[(1.23+0.73) U/mg prot].
Bfi)5 , SOD & P4 HORN A B & 21k (P>0.05)

3 itig
31 BKEBFRES pH M IEBFHEIR
E;ul-']

R 22 B0 P TG ME Sl RS 5 B8 S80S BIL A AR G T
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(=]
1

o
o0

<o
~
T

Na*-K*-ATP BHE M
o
3]

Na*-K*-ATPase activity/(U/mg prot)
(=]
(=)

(=)

10 15 20 25

5
BT IHA] Time post activation/min

(=]

Ca*-Mg?"- ATPRHE M

Ca*-Mg?*-ATPase activity/(U/mg prot)

10 (B)

64

0 5 10 15 20 25
TG} E] Time post activation/min

Bl 5 RT3 ATP B M RE R a4 1k
Fig.5 Variation of ATPase activity of the A. pectinata sperm post activation

4.5
40t
# g 3.5
5 @30t
§< 225}
S Z20!
g 815
] a
8 1.0}
0.5+
0 1 1 1 J
0 5 10 15 20
I At [E] Time post activation/min

Bl 6 KET¥TE 5 SOD Ml i 14 bifi st 8] i A2 4
Fig. 6 Variation of SOD activity of the A. pectinata
sperm post activation

T HERARST , LIRS 24 Oy 2 BEBE i B DL kG
T vk iz g B R BOA R e 2K IR i 22 R 3
F/ERAY, b, BFmM pH &% F Z4/EH (Boulais
etal, 2019; Zheng et al, 2018)., WHZHFTINN, IMA
TR ) pH Ak Tk 23 (5 78 7K A4 r 0 it 8 40 i Y
1 pH W & Ak, MMk — Pk F iz sl
PR P B A B SIS g gl . TR R,
K" Na"%§ 5 125 5 H v 3P R & % 7E F(Boulais
et al, 2018; Christen et al, 1983). 414 Fl i U1 25 X 5¢ I
FEHRS F T8 A SR K LR, IE 2 X AR 2 3)
AP FE A A .

SRINT , TR ALAE DY 2K Uik az 3 i B AE AR
YRR 25 5 o Boulais 55 (2018)WF 58 & H, Mg /K R
{4 A8 Ak 25 I 25 5 W) RS T4 W A T 1932 Bl R Rl vk
L MR T SR AR W ) [QBR RS DUKS 42 2hiis
WFFE AR, 7K £ B2 AR A X HokS iz shRE 1 TR A
P N T 5 R (Zheng et al, 2020), ARFFEEE, B
F2 D R v R 2 AT BORS F 2 RS AR . AN iz B
1y, B e RO e F AR KR G 7 —i, A
ER A ARG - 2 B RK 1932 BIPRAS , ELAGHE o fa] PR
N T K B9 75 O A 23 B 52 ) HOoRS 7l ks 3

M5 22 A0 B A0 2, 38 0 4 5 i Ak N T3 7K iy =AT
A Rl & L BRORS F 1K IS B o AE H IR ER B DL
(Zheng et al, 2020)F14 s #kfl(Haliotis discus)(# £ 7%
4, 2017)K FliE Uk 2 2 A G 5 b A5 210 K
BB M AEAE WA BSOS A v B UK B B Y
S50 X EIRE MR 5 FCER AL DL S W Fh RS F-7E
PRANETE SR T, AT RBAETE —& 54 A DL AE A —
FERPRS FROEHLE, KT Ik 1S 2] B0
T, AT B4 B 45 LAt %A BTSN 247K \NaOH
Fl KOH 7ELIMERHE FAH A9 b 32 22 A el Ak K
A, B 24 & KR pH BI1EF (Alavi et al,
2014; Christen et al, 1983; Wada, 1961), K, jxut
WFFE I 1 o5 B e KR pH 28k, i HoAth 25
T HIVE AR B 20 . ARBFFEERIA, 7KAK pH A6
IS il e R AL A VLB 2 sh A SCBE I 22, T
BB A AE DU T R R AR AL RTTT BN F & AR ik iz
B SEEEIR I . AN, ARSI, 3 mmol/L BYE
TR 7K AT BRORS B B PO ROR , AT RS 5
FKS 8 3K

32 HBFIFKESIHEFIES

¥ Tz she S X RSN N THAE ) 308 2 Gl
B, WU R0 B hE 1 B8 O R I
A BR 58 B 52 65 16 i (Billard, 1983; Pandey et al,
2017). K FUEKIE 50 i AH OGBS A a8 Zh g 1 )
BAUAFAE , JEAFR, BROR 2 A2 SR T XK il
VkH# JE RUBFSE(De Los Angeles et al, 2018; Demoy-
Schneider et al, 2012; Zheng et al, 2018), X {75 %1k5
FIBRE ST PE A R T . AR, 1
TR ) B S R AR MBS Ui vk s 3 A
G BE T e 2 RS 42 B RE A T BB = A2 K L)
o WAL, BRI TK I S B ROR X B 1Y iz
SLIN A1) () 4R AT ol B 0 2 AR i/ T I 2 TC 6T P JRR AR
AJ LARAIE A RS - [R] Bk HE 50 R A7 Bl 25 i 2l 32
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K, X AT B R R AR AR 5 B SR 1) R B K
2 — (Demoy-Schneider et al, 2012; Pandey etal,
2017).

WA EMENm R RN T Essn—
NI, KT A0 S SRR G i ATP, A HEE
iz SR L BE & (Gagnon et al, 2006). #i L4235 K
e, AR NG T A B B 2540 S D e e 5%, K
+ 4 M 4 ORL A fiE i 09 77 A2 B R E (Murphy et al,
2018). T4, K FHEEM SRS B TS
BV, AR IS 3 AT IAE— R B X1
iz B T E AR . FEOK AR SRS T HE B ST
th, ¥ JH(Paracentrotus lividus)ls T #i & RIDTF IR R
JNZ, MRS R, MR E R SRR 36 Hz
7c 4 (Fabbrocini et al, 2017; Gibbons, 1986; Gray,
1955), AWtR R, MivLBOR 00 5 B 1% s
FYY R 6 Hz, X 0] TN 112 3 2 10 J5 ZL i o #2
H—E B ELS FERE
33 BTFREREFEIF

T BIHAE R ER ATP DI4EfF H & wlipikis
3, K ATP PG & G H90A R 5 HA R )%
PIH 5 (Kommisrud et al, 2020), 7£40H5 2SR AL 7E
WHIKRZHEFEY T, T ATP SR EE
FHE S, HFizghal ATP RIS 5 1k
(Cosson et al, 2008; Kommisrud et al, 2020), HH, i
PEAO SR 32 SN () AR X 42, 3 7E 30 s~20 min
Z i) (Boulais et al, 2019; Dzyuba et al, 2017); i
X5 VUK 732 i) 8] AT KB EU N (Alavi et al,
2014; Suquet et al, 2013), AHFFEH, FIVLERHRE T
ATP & EIEBOSE G T 15 min FF22 TR, fEX—id
B, 29H 70%09FE i ATP #iHFE. RIIERTTIRE
K Fzahvl, H ATP &G Rk, ATP JHAEH
T ATP SRR Bif5, H ATP & s 5%
ThiE, 5 ATP WHAEHRATA, DMRE ATP &t
THUE . 2R R, KT IEVERR N TR Sehd fE38 o
ATP, H K T2 2w R4 #E(Boulais et al, 2015;
Fedorov et al, 2015). Boulais %(2015)iF55 %M, KT
BRI ATP 7 Y RREE T Bl & 17 A B R AL
PRS- s = GeVE FH APz 3h i BE R e i T AE

K MBS 22 O 0E 2o+l CHES, B
FHERKEMNER, SEAESHFE ATP 74
N5 ZRMATHER SR | IRIEMPIE , #Em
PR T W)UK iz 3 (Bondarenko et al, 2019), 3l /1 &
F IS METERR MR S5 1 B 24 (pH<7.2), JEZ2 4L
Na", K'Fl Ca® % B T BEARML 52 R, RS T A i

AL 5 B8 71 B 10 Sl S PR 4 X RS 72 sh i 30E 5 4E
4 5 % % (Boulais, 2019), Na'-K™-ATP fii5 Ca®'-
Mg*'-ATP iS40 M 555 2 it 2 B |- S LA R
Bt , Hom AT 0 N Na™ . KYFN Ca? 45 2 1 1Yk i
R TAE TR U R, IFE4E P A N AR
2 o R 2 0 B | A % ) R o A A T LA DG A
YERT, B A PP 40 A Q= 15 25 L Y 2 48 b
(Bradley et al, 1980; Jimenez et al, 2012), 24 Na"-K'-ATP
B A2 R B, S FEOE iz 1k (Woo et al,
2000), 24 Ca*"-Mg*"-ATP Bl iif MR, 53k i am i
W Ca® W E i E, FEERIATEZ 1 (Boulais et al,
2019), ABFFEH, MITEEERE T Na™-K'-ATP fi5
Ca’"-Mg*"-ATP G ERAMREEAAE, X R F1E
iz Bl R AT 4E R RO A B N RS, Rl R
RIS AR R ARUEFFZL 1% 12 Bl (Medrano et al, 2006),

W 38 B 5 LB RR T A B ATP, i rf 41
e b 2K FEE I RP W EE " RIER
(Boulais et al, 2019), FZ IR, K THrE ™6k
)it AR 25| & 20 N T 1 S (ROS) L B BB AR, B fiff
K TAb T8 AL IR 25 (Chianese et al, 2021; Guthrie
etal, 2012). K F1E i BERA AL A A0 A, G200 it i oy
A RKENZ AR MIENIR . 9451240 N 1Y PR
Tl e, SRS AR B A AL, S
B IA TGN RS GORLR D RE 2, B Te kA
ATP (Correa et al, 2018; Guthrie et al, 2012), A58 &
B, MBS F T S A B S 7R LGS /5 1Y 15 min
IR . DA LRE TR, MiTTIERS
b T 4B AR IR S B XU (L et al, 2023), i#F— 4 35k
A LRLIARZ Sy ATP & 4 7E B i JC 4k
SLAERF R AKOF

4 g

AWFFE R, R R K pH XMV BERS 115
RN S, B2 B XK iz 2h 9 fioh & HL A B2
PEHEVE . Hidr, 3 mmol/L ZHE KX HIVT B T3
B PR T B BAE R BOE ROR , AT O IR A
1o [R38 sl R ik G2 shl B o VTR 1768 shBh Bt
WA K Y RE BEIHFE , J 75 2enYis ghad Fe rh 4
FERER ATP &, RER I Na'-K™-ATP 5
Ca®"-Mg*"-ATP Wi I% ME7E B0E 5 (R R fa e, AHtéafL
HE 1T B sl (RS A 2% 5 T AU R ORAS 1 RUR:

Z % X #t
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Abstract

Pen shell (Atrina pectinata) is a Bivalvia species with high commercial value in China.
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However, large scale production is difficult owing to the lack of seed. Pen shell uses external
fertilization with sperm stored in the testis in a nonmotile state. Sperm motility is initiated when they
are released from the reproductive tract into the aquatic environment, which enables fertilization.
Various chemical signals including pH, ions, and cyclic nucleotides control sperm motility. However,
there are interspecific differences in activation conditions between different Bivalvia species.
Screening out an effective activating medium is the basis of artificial breeding technology.

Swimming parameters, such as total motile sperm (TM), movement velocity, and beat-cross
frequency (BCF) are common indicators to evaluate sperm quality. Sperm must have sufficient
motility to reach the egg to complete fertilization. In addition, sperm needs a large amount of ATP to
maintain its swimming movement. Intracellular ATP content controls the duration of the sperm
movement phase in most marine species. Studying the movement characteristics and energy
metabolism of sperm during activation will help develop and optimize artificial breeding technology.
Studies of A. pectinata mainly focus on their oocytes. However, the activation conditions, moving
characteristics, and energy metabolism of sperm during activation remains unknown. Thus, there is an
urgent need to screen appropriate media and study the activation mechanisms of A. pectinata sperm.

Adult A. pectinata were collected from Wuzhizhou Island, Hainan Province in November 2021.
Artificial seawater with different levels of ammonia ions and pH were used to activate sperm. This
study examined A. pectinata sperm activation in artificial seawater by varying the ammonia ion
concentration and pH. The change in sperm motility, curvilinear velocity (VCL), straight-line
velocity (VSL), average path velocity (VAP), and BCF were described. The ATP content, ATPase
activities, and superoxide dismutase (SOD) activity were quantitatively recorded during the full
activated stage. The motility was slightly improved by increasing the pH of seawater, but could not
achieve the fully activated stage. Furthermore, the motility was significantly improved when
activated by alkalized seawater containing ammonia ions, and the best results were observed in
groups containing 3 mmol/L ammonia ion: The sperm motility index (MI) was in the fully activated
stage (MI = 4) until the end of the experiment, with TM = 80%, VCL > 56 um/s, VSL > 17 pm/s,
VAP > 30 um/s, and BCF > 6 Hz. Sperm ATP content decreased to 30.29% of their initial values
[(128.80+66.92) umol/g prot] during 5 min post activation and was maintained at this level during
post-activation. ATPase activities were maintained at a constant level. Na'-K -ATPase activity was
lower [(0.62+0.03) U/mg prot] compared to Ca2+—Mg2+—ATPase activity [(6.08+£0.04) U/mg prot]. The
SOD activity of sperm steadily decreased to [(1.23+£0.73) U/mg prot] during 15 min post activation
and remained stable.

In conclusion, pH was not the decisive factor in pen shell sperm motility. Instead, ammonium ion
promoted sperm activation. There was a significant decrease in sperm ATP concentration (P<0.05) at
the beginning of the post-activation stage and the ATP concentration followed by stabilization at a
lower level. The reduction in SOD activity may cause oxidative stress. The findings in this study can
be instructive to conduct further research on sperm activation mechanisms, and help develop artificial
breeding technology for A. pectinata.
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