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HE 0 S0 S KR R A S8 e 1 R TS AL, A
N T BT AT ks i A2k St g
et

1 #MHEFE

1.1 SEIG#r#

SCIS 4 BT 2017 4E 7 HEUH 5 5410w
KPP FRA RN EEgERR G R A7 W
S L RIAR — B0 B M 4 S R SE e,
S A K (17.37240.435) cm, - 341K 8 (644.15+
33.259) g. H4 SMORRI S, TEUK E A UE R
JERE, KBTI, BUBKETERE . KRR,
AN AL B E, B I = Sk
SYRCE . HEETRAORT O TR ) o S e PORg
TR RE RN, —2H T A S s
BT, Ji— ek S oR R AR R AR A T
1.2 XWAHZE
1.2.1  EWiE (HREXE LS2WEHE
WK IRIE AR 1624 CYuE Nk 3h, AR
it 3 MEJEL(16°C. 20°C., 24°C), L)L 20°CH
TR AMREARE 6 MEE, BT EEED
L5 50 MAFIE, 43I 18 4~ 150 mL Hadf itk
ATUREEALHE A3 [B] AR 4R R AR (6+0.5) mg/L
FIA AT IRAE PR KR AT A i, A 1 h
EEETHIE 1 WIREE, DARIEBEAR iR e
(3 UL B8 70 8 (H£0.5°C B 35 BBl N ) o 5236 0 B AE
55 0 /NI (MR B2 ARG 3€) RN 2 36 /NI (S [] Ut 32 4k
A BB, BANEE ML 31 AR T A
g, Hd 1 AR FEESIE, 15 AH
FHERS RO, 15 MHFEAR. Hil =
R I

QEMALE WA 18 MAERD
150 mL (R EAT, TR H(20+£0.5)°C, &1t 3
ARG AL, 4330 SR mg/L), KA
ZH(3 mg/L). H AL (6 mg/L), BAIEMEMHKE

6 MHEE, BAEEPEDBA 50 MEFE. R
[ ¥ 7K 38 LSRN 28 S O 2R T e AR K AR 1
VoS A SR B, VAT U A SRS DR B R A B AR
H, &GRS 1 h F AN E — YRR Hh s fif 420
B, DAPRTEGER s i S B et (0 1 (R i i
AR E(EE0.5 mg/L LI, BURERSE] . FF
it B30 5 I S A ]

122 BFEUENE FAHKET. BEYsh@E)
25 B 2 G5 (CASA-QH-TIT, b 5T A 77+ K R
HABRAT), fEAHR S FAFCKES 20C, &
fift e 6 mg/L) T Rl i B2 A i AR AL BT 36 h JE
K TI%0% 10s, 300s. 600 s I 75, A RES
F/H 40 MG TFHETINE o K T IiE SRS IR
Lahnsteiner 25UV 77 AR 48 - 1 46 42 3 & (VAP,
T PR M35 S ) AT 3 9%, VAP<S um/s 9 ARiE 5
KT, 5 nm/s<VAP<20 pm/s N8z shk T,
VAP>20 pm/s PGS SR T

123 £Wath EFRERE IR E R, %
H(g) KB (mL)=1: 9 L FIIn AT il 4 B
K, VKB R T ARSI, R4S 0 KL 3R O AE
4°C %A F 3000 r/min #5.0> 10 min, B EIEWAH T
AT -

FEBT . b =R OB R S R OB
(HK). FLERJ S H(LDH) . BE3IBR i S (SDH)
JIgs 105 it (LIP) 376 4 34 5% FH B ot it A= 9 TR A 5%
ST A 7= AR A I R PR B 7R N S (PDH) R H
e R TR A R 7 A 7= B & e
1.3 HIELE

A B SPSS19.0 Giit o rdk i k47
et ot . B B {65 E 25 (X +SD)KRIR o
T RN SR A B 5 R A B2 2 () ) 25 5 b
Kt KGR AT o AS R IR B A S AL BRAL 2 [8] 1Y
255 W L R 7 2257 (one-way  ANOVA)
F1 Duncan £ 8 AT 0T K S BE S 0 1
BB 5 W M A O R Mt & Ah v H 2R AT
FFH ANOVA X 1] )5 114 I & P EA TR 56
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JEE AL FRADRS JEER 15T R AT =R S 0Lk 1
AFENREEAL TR 36 h J5, FEFE AR S RIFRLAE
WAL, MR 20°CRER 16°CHE, BEEAH
=R S = B ETH(P<0.05); HIREEM 20°C
EFE 24°CHE, B R B T FE(P<0.05), 1
b =R A B AR B (P>0.05)

AN TR BE 25 A T AG e RE AR S LR 2,
AR EEALEE 36 h )5, MREM 20CREZE 167C,
K96 OO G . ZLER N UG . DI A . 3R
R Mo 2 T A0 s D 3 MR Y 2T B (P<0.05);
{HIE N 20°C E T+ 2 24°CH, 08 0 G TG
FARAE AN ARG 34 B T (P<0.05),

F1 RENEEMBEEIELR. #HEMEH=ESENTM0E

Tab.1 Effect of temperature on the content of protein, glycogen and triglyceride in spermatophore of Sepia esculenta

n=6; X+SD

RALHLH

¥8#5 indicator
un-treated group

WAL /C temperature treatment group

16 20 24

% 1 %i/(g/L) protein 0.750+0.082
B JF/(mg/g) glycogen 4.061+0.242
Hil = Eg/[mg/g(prot)] triglyceride 0.204+0.021

0.740+0.039*
2.774+0.076"
0.054+0.007"

0.706+0.080*
2.466+0.083"
0.046+0.006™

0.738+0.083"
3.316+0.147"™
0.081+0.007"

T "R AR AL B 25 5 35 (P<0.05).  [FATAR [7 %  2 5 A [rl i B 4k B4 2 i) 2% S5 B2 35 (P<0.05).

Note: " indicates significant difference from untreated group (P<0.05). Different letters in the same line represent significant differences

among different temperatures treatment groups (P<0.05).

*2 RENEEMAEEDEEENZM

Tab. 2 Effect of temperature on enzyme activities in spermatophore of Sepia esculenta

U/g(prot); n=6; X £SD

f845 indicator

IR A /°C temperature treatment group

20 24

O\ Al 8 i hexokinase, HK

FLER I E i lactate dehydrogenase, LDH
A2 R S pyruvate dehydrogenase, PDH
BY 3R I £ fif# succinate dehydrogenase, SDH
g Ui lipase, LIP

12.506+2.788"
65.916+5.164°
0.304+0.052*
2.236+0.753*
81.440+4.783"*

19.052+3.130° 25.446+3.474°

74.582+7.722° 101.180+9.24°
0.446+0.059° 0.563+0.054°
5.146+0.732° 6.215+0.684¢

98.645+10.850° 108.307+19.969"

T AT AN 1R 5 2 AN () L 1 b B4 22 ] 2 5 . 35 (P<0.05).

Notes: Different letters in the same line represent significant differences among different temperatures treatment groups (P<0.05).

HE— B T IR EE AL 3 36 h SRS SERE R YIRS
BEIR QGG ¢ R &I, BEIR & & 5 e Bt
il PR A A 2 AR M A G OC R (B 1A, A 1B,
Kl 1C, & 1D, P<0.05); SHEACHIZEML, Hh =
o 1 [RURE 5 s 7 B T R R R A OGO R
(K 1E, P<0.05).

2.1.2 FEFEME A FEEFREE B R T
PEACHEFR LI 20 30N 10 s BF, RizghRH
iz 2y R I oA U B AR Ak T 2 B 2 AR 16°C
24 CHEMTPEEIZSIRE 20 CHH LI TC I
4L, B 16 CHUTHREZ R ER T
24°C(P<0.05). & EFEI3E N2 300 s B, JEEE M
20°CHEZE 16°C, AiBshHREE T MH(P<0.05), Hh
Wz gl Az g i P W 3 T (P<0.05); il

JEM 20°C T+ 2 24°Clt, ANiz g R Az gl T
ARk, HPREZ B F ) 1 2 T R (P<0.05).
TEEFRIIE N2 600 s B, ANiz g R bR b
3 FTH(P<0.05), Pz g F iz ol o 5 BE iR
& b T 3R B (P<0.05)
TE16CHMT, % 10 s 5 300 s B A
12 F I TR E 2 F(P>0.05), [HIIE 600 s Az
B3 2 T 5 (P<0.05), TR IZ 3l Z8 Filiz 3l i
FEFRE 300 s AP E W 3E T RE(P<0.05), I H T
% 600 s B HE— 2 %A (P<0.05), 7E 20C &4 F,
Nz g | Poliz g R iz ek B R R B ] Y
AL FER 16 CHI TE 24°C AT, NizshZEE
YOI R (B34 0 7T 8 B N (P<0.05), P i 3l %
12 By 08 47 B SR B R B 0 7T 3T [ (P<0.05) o
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g £
= 8 30f £ 8 006}
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11 .
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e 20C = «20C
24°C 24°C
2.0 . . . ! 0.02 + - - !
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BEIHRRIR 288/ [U/g(prot)] R/ [[U/g(prot)]
succinate dehydrogenase lipase
BT ANTRIRLRE 25 A T 46 L5 WAOHS 312 v E ) JSORIAR SC TS 4R 195G 3%
*H IR MEAR I (P<0.01). *** KR L3 48 PEAH 5 (P<0.001).
Fig. 1 Relationship between energy substances and enzyme activities in spermatophore of
Sepia esculenta under different temperatures
**indicates linear correlation (P<0.01). *** indicates significant linear correlation (P<0.001).
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& 2

{RE/°C temperature

i 2 X <5 % DOHS 5 135 1 14 52 e

¥EE/°C temperature

AN ) /N SRR AR [R]85 o [ AN [ 3 B2 T 2% 5 @ 35 (P<0.05); S [R) R S 38 7 AT [ 1l 2 AS [R]85 Ik 1] 2% S 2 3 (P<<0.05).

Fig. 2 Effect of temperature on sperm motility of Sepia esculenta

Different lowercase letters represent significant differences at the same time after activation among different temperatures (P<0.05).
Different capital letters represent significant differences at the same temperature among different times after activation (P<0.05).

2.2
2.2.1

fif AL PR JERE (0 . MR BRI =1
3, ANRIEMRAEA I 36 h 5, WEFEEAFSEIFR

AREX TR
REEW R BBEEN R B ASH

TS

Bt A SR AL P T e A e B R A SRR 1| mg/L

EFE 6 mg/L B, #EEEEE T FP<0.05),
Hil=EE & BB MEMN 1 mg/L EFFE 3 mg/L
PG i 2 A8k (HAE SN 3 mg/L EFHE 6 mg/L
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B, Hh = e 2 T R (P<0.05),

AN [ it S 25 A T ORG SE MR A A QI S L3 4.
AN TR i S AR BE 36 h i, SHIA RN 1 mg/L T
F 6 mg/L W, K5 IEC IR . VAR R N A AN BE
HATR ot S TG 1R 34 0 25 T 51 (P<<0.05), {BLFLIR I &
Fi 5 P U2 S TH R R (P<0.05) . 24iA %A 1 mg/L
ETHE 3 mg/L i, g EEE ETC B E AR R, (H%
R E N 3 mg/L FTFE 6 mg/L I, Jg B PE o 2
TFH(P<0.05),

PE— I3 T VA f E AL FE 36 h S AS SERE W) R
BRI R TG OC R A B, BRFLER I SRS, HE
Ji 5 i 5 b b A O R T 2 R A A
KKZR(E 3A, 3B, 30); SHERHZRML, Hh—=
i 7 £ [F) B 5 A5 Mo g 006 M 2 B 3 4 M A A O Ok
Z (Kl 3D).

222 REFIEME AIEIE R EREOE B ROR T
TEMEHOCHE PR UL 4. RS TH0E 10 s 1), 215
A1 mg/L FTFE 3 me/L, KT B PLHE S 3R A
i g JE B3 LT (P<0.05), WA sl RN i 2%
TRE(P<0.05); At EM 3 mg/L [ F+% 6 mg/L i,
RizghR | P iz sh 2R iz s B 0 B & 28 k.
PG R I E] 300 s B, 4E A 1 mg/L
T+ 3 mg/L, ANz gPR LS 3l HE B AR
b, {RPRIHGZ 2% 3 T B (P<0.05); 4iA A
3mg/L FFE 6 mg/L, RNizdh® g E FFH(P<0.05),
PR iz 2l H F2 Bl o B 3 T W E A8k . WA A
(3G N 22 600 s B, ANiz 2 R Bl i e S0 & iy T
1M 2% T FH(P<0.05), iz 30 B i 3~ K (P<0.05),
Peidiiz s RN e (1 mg/L & 3 mg/L: P<0.05;
3 mg/L £ 6 mg/L: P>0.05),

®3 FREMNEEHEETEAR. BRIEH=FRIENEMW

Tab. 3 Effect of dissolved oxygen on the content of protein, glycogen and triglyceride in spermatophore of Sepia esculenta

n=6; X +SD
b KA FHAH A A AL B /(mg/L) dissolved oxygen group
1845 indicator
un-treated group 1 3 6
1 J5i/(g/L) protein 0.750£0.082 0.736+0.066° 0.721£0.077° 0.740+0.039°
B4 5 /(mg/g) glycogen 4.061+0.242 3.477+0.128" 3.013+0.138™ 2.774+0.076"
H il = M8/[mg/g(prot)] triglyceride 0.204+0.021 0.124+0.016™ 0.110+£0.015™ 0.054+0.007™

T FOR SR 2% 5 B35 (P<0.05). AT AN R FB: /R AN IR ¥ A SR A B4 22 ) 25 57 3% (P< 0.05).

Note: " indicates significant difference from un-treated group (P<0.05). Different letters in the same line represent significant differences

among different dissolved oxygen treatment groups (P<0.05).

R4 FRENEESWBEEDEELNEM

Tab. 4 Effect of dissolved oxygen on enzyme activities in spermatophore of Sepia esculenta

U/g(prot); n=6; X +SD

T i /(mg/L) dissolved oxygen content

F8F5 indicator

3 6

C S hexokinase, HK

FLER L& lactate dehydrogenase, LDH
R AR I (B pyruvate dehydrogenase, PDH
BE IR & succinate dehydrogenase, SDH
fg Wil lipase, LIP

8.450+1.603"
55.283+6.412°
0.045+0.018"
0.3524+0.070*
77.128+5.730°

19.052+3.130°

74.582+7.722°
0.446+0.059°
5.146+0.732¢

98.645+10.850°

12.861+1.491°
87.677+4.663°
0.291+0.055"
3.193+0.444°
79.452+9.596°

TE: AT AR 7B R AN IR SR AL B 2 [R] 22 57t (8 3 (P<0.05).

Notes: Different letters in the same line represent significant differences among different dissolved oxygen treatment group (P<0.05).

TE 1 mg/L AT, WiE 10 s 5300 s
WA 7 AN iz 3l 91 T W 35 22 = (P>0.05), {H LTS
600 s I ANiz 33 8 2% THE (P<0.05), TRz 3
RMIE Zh AR B 300 s P E B E R K
(P<0.05), FAEBLIG 600 s Bk — 4 K (P<0.05).

T 3 mg/L AN T, N2 ol 2 B I st i) 3%
g i 2 3G 0 (P<0.05), PR iz 3l iz g
PRI s (R 14 0 T 3% R (P<0.05) . 7E 6 mg/L
WA T, RNizdh® | Ptz g R Az gl
JE B e R AR f #3455 3 mg/L AH TR
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4.0 N : ;ﬁﬁ 40 B : ;Eﬁ
~  35f . + 6mg/L ~ ! 6 mg/L
0 0
£ 2%
= O Jr = 13
gs gs
2.5 y=—0.051x+3.768 2.5 1 y=-1.649x+3.518
R*=0.581 R*=0.809
5o LFE245707 . . yo LFET3255 . .
-0 7 14 21 28 0] 0.2 04 0.6 0.8
CAWEERE/ [U/g(prot)] PR BRER 1 U / [U/ g (prot)]
hexokinase pyruvate dehydrogenase
4.0 0.16 = 1mg/L
C = 1 mg/L — D
. °3 mg//L 5 : ° zmg/L
5 3502 bmgl & o1z mg/L
=
=9 30 Eg0.0S-
£ EE
25| )1/; —(()).81299x+3.498 g 0.04 JI;; —(()).‘(‘)‘(‘)gx+0.247
N 96.676™ = oL 14.094™
o 2 4 6 8 40 60 80 100 120
BRI A8/ [U/g(prot)] T/ [U/g(prot)]
succinate dehydrogenase lipase

B3 NI i S AR PF T 46 5 WOKS 1€ v RE B 400 SRR G B PR Y 5 &R
#* L ITR R PEA 26(P<0.01). *** 38R 35 48 P AH 3¢ (P<0.001).
Fig. 3 Relationship between energy substances and enzyme activities in spermatophore of

Sepia esculenta under different dissolved oxygen
**indicates linear correlation (P<0.01). *** indicates significant linear correlation (P<0.001).

o, n=6;X+SD . 807 o n=61; ziSD Aa 01 n=6; X +SD
Q
= Q Ab
S 60l AP 860t 10 545 Aa Aa
g Ba =y a 200t &g
é Ac L Bb 600 s Eé Ab
540 40 iR o 30 B
s @ g Bb %(.w a  Ba Ba
b Bb bl B Ca .@ Ca
B 20t o B Mg s ¢ \Cb;\gc
i —— 105 e o Ch > 7| —10s
hS ——300s = ——300s

o= 600 s 0 o LT 600 s

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
VB (mg/L) VR4 (mg/L) WABE/(mg/L)

dissolved oxygen

& 4

dissolved oxygen

VR f RN < % TR 40 P P 2

dissolved oxygen

ANTR)ING SB35 AH [ e (] S ] 25 il 4 25 5 10 35 (P<<0.05); ANTRIR S B8 s AH TR VA i S AN TRT VAT B[] 22 5 1 35 (P<<0.05).
Fig. 4 Effect of dissolved oxygen on sperm motility of Sepia esculenta
Different lowercase letters represent significant differences at the same time after activation among different dissolved oxygen (P<0.05).
Different capital letters represent significant differences at the same dissolved oxygen among different times after activation (P<0.05).

3 itig
3.1 RBTFEEEREHFE

K WIEAE R, B & 0 X F 4
IEHEIIRE Ty E 2 IRZECH =BR) . M2 OME R

) 25 Bl 55 ) AN AR BRI e 7 P i S 2R
YT, RS 10 3 28 RE B 5 M A A A 1]

22 PO FE R H R, RSBk TR AT
PEATHERE, AR (1 R AR ERER

Hi % (Soylla serratayl T H A FHBES HE g
71221, i S 43K U (Metopogr apsus messor)
K FAERE R P BRI R A E 2,

X FREB T, HMS A 2 b A
() e I ) B2 WSS AN AR 25 . T 65 (Oncorhynchus
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TERAE R i SR < O 1 e A QR T 1 4 52 g 189

mykiss) ARG 2 1E G T RE RO IR, 43k i
(Sparus aurata)t - W F| FBE S FAE 28 17 e it
HE Y KA 1k (Heterol oligo bleekeri )k + 1] /11
W JFOR 4 R H AT RE 20 FEARHF ST, 4R
S SR P 36 h R ARG SR R H I =R A
BT RGHEA, AAAMAEARSESYS
RAGFRTC I 25225 . 255K, & S T ]
FHRE ) ST 8 R H il — R 1A 2 8 R

KR AE Y IR EE R R —, K
T8 AbE H 22 T BOKAE SRS 1O BTG P kA=
A AKIR M 4°C FHiE 2 20 C IV K PE a2 7]
SCH# (Salmo trutta) FllVLE% (Lota |ota)ks - A b B i
T = SRR G WS F1 5 R, Ak
B, K oK A 3 1 40 B AR - v i
L, BRI EG e TS AR, X AT RE S A 1 A
KA A A SRR G dr & S
WhiE F AT HE 2, KRR T B B AR
(R B T R, PR) IOONE 1A O I 0 2 i A R T 15
1717 400 25 s o T P T i 3 IR R AR A, PRt
P T3 A v B U A M Sk B (R, RIS
75475 i 2 (Apostichopus japonicus) 2! i 4 2 38 .
A Ry, — e Y R P ) T BB A 42 1R G 3 P ok
THERRACIRE Ty o A i B M R e AR
WHaE 1, M FETE ZRe o, PR O Ak 2
36 h &, RN S b AR A AR I R Il e
LT RIR A

i A R T EE NIRRT, K
R B A RPN . fE A A B IS 2 1) A8
TP, AW, MR AT EH 6 mg/L FEE
3 mg/L B}, K5 ETY AR 0 U . 3% F R M S
I Tl O 0 R B, (L R I S O A
T, HE P TR SR SR U AR A G
AT, KT MK U 42 SF B 5 3L
HoA AR RE 1 TR, DR o 34 n R A AR e
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Effects of temperature and dissolved oxygen on sperm energy metabo-
lism and motility in the golden cuttlefish, Sepia esculenta

WANG Zhan', WANG Linlong', LI Wentao', ZHANG Xiumei'*

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Functional Laboratory of Marine Fisheries Science and Food Production Process, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266072, China

Abstract: In order to study the response and survival mechanism of spermatozoa in the external environment, the
contents of energy substances, the activities of key glycolipid metabolizing enzymes in the spermatophore, and
sperm motility after a 36-h preservation were examined under different temperatures (16°C, 20°C, 24°C) and dis-
solved oxygen levels (1 mg/L, 3 mg/L, 6 mg/L). The results showed that the glycogen and triglyceride contents in
the spermatophore after the 36-h treatment were significantly lower than those before the 36-h treatment, but the
protein content showed no significant differences before and after the 36-h treatment. When the water temperature
increased from 16°C to 24°C, the glycogen content decreased, while the triglyceride content first decreased and
then stabilized. The activities of hexokinase (HK), lactate dehydrogenase (LDH), pyruvate dehydrogenase (PDH),
and succinate dehydrogenase (SDH) increased when the water temperature increased, while the activity of lipase
(LIP) first increased and then stabilized. The initial velocity and immotile rate after activation had no significant
changes, but the progressive motility rate was first stable and then decreased when the water temperature increased.
When the dissolved oxygen content increased from 1 mg/L to 6 mg/L, the glycogen content decreased, while the
triglyceride content was first stable and then decreased. The activities of HK, PDH, and SDH increased, while the
activity of LDH first increased and then decreased when the dissolved oxygen content increased. The activity of
LIP was first stable and then increased, while the initial velocity and progressive motility rate after activation first
increased and then stabilized, while the immotile rate first decreased and then stabilized. These results suggested
that glycogen and triglycerides in the spermatophore were the main energy substances of the spermatozoa. Low
energy substance consumption was the foundation for the long-term survival of the sperm. Low temperature and
hypoxia, which reduced the energy consumption of the spermatozoa, were beneficial for its long-term survival.
Key words: energy substances; glycolysis; lipid metabolism; sperm motility; long-term survival
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