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(PRRIEBRIEERTION, AR 78 266071)

WE: RAWNEES BRI R A A Lk, X RZE6E (Scophthalmus maximus) 5 i AT T F
Bro BEREAR, KEFZHEININETIME R (1.053 £0.020) mm, AFEHRYZEMMAEE LR EEZS . WER
MG AR BN, KEFINFRSERER. SRR REMECESR A RE ., ETFREAHCEELSIT
SR ER, KEHZENRAEES5E ARG RS 7% 2B (AST) MXE N FEEBEMLEEy =
(15.159 £3.300) Umg ™", Hyppeping e > 20% , Spearman A& R ¥ K R=0.675, P=0.003], BFRMZHERYE
AST W EME; KIEFFEZMFIMERER ., ZEFMIRE S 5 R EEN IR ES (PK) AN A BE
B RY, AST AHXSIE 17T LIME A TP R 6T 00 BT 0 A B A b 28, B e REF 2 0 e &R
BhE-EENRERR.
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Quality assessment of oosperm of turbot ( Scophthalmus maximus) based
on energy metabolism-related relative enzyme activities

XIAO Yongshuang, MA Daoyuan, XIAO Zhizhong, LIU Qinghua, XU Shihong, LI Jun
(Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: We assessed the oosperm quality of turbot ( Scophthalmus maximus) based on the morphological comparison of oosperm di-
ameter and energy metabolism-related relative enzyme activities. The results show that the average oosperm diameter for turbot is
(1.053 £0.020) mm and no significant difference is found among different batches. Bivariate correlation statistics reveal that the cor-
relation is insignificant among oosperm diameter and suspensibility as well as fertilization rate and hatching rate. The statistics of energy
metabolism-related relative enzyme activities indicate that significant correlation is found between hatching rate and aspartate amino
transferase (AST) [E g =(15.159 £3.300) U-mg™", Hyohing rae >20% , Spearman coefficient R =0. 675, P =0.003]; the corre-
lation among suspensibility, fertilization rate and AST is significant. No significant correlation is found among pyruvate kinase (PK),
suspensibility, fertilization rate and hatching rate. Thus, the relative activity of AST can be used as a physiological and biochemical
parameter to assess the oosperm quality of turbot, and protein is an important energetic source for the energy metabolism of turbot’s
oosperm.
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B4 ARSI SR 2 aE
EERIR, FEdRS5NEBEY A A EE
W (IR, IR AR S RE R
W T A 1) B B B AR 7E 0 28 S LD F RE R 4R it F
REFREREMAS Y, 855 5 (aspartate trans-
aminase, AST)Z—Fp 21 T LBLIAHE
B EERE AR, HEMEERE =Y REL R
R (Asp) B4kl BEBE 2 TR 1F N\ = IR BRI A 24T 4
i, AT RAEHEEREMHEA,
P BERARR B ( pyruvate kinase, PK) ZHEACH R
IR Z —, RN =BT NE RSP d
BEREEN, BEAREERNETRE P RERSE
TR, mAZRIWELTSEF, dTAREM
HPFBRANETRRMER: B B 9TE T, HEEMGER RN
HHRIRAER A MR EMREREY R, FHit, &
X257 K B E A AL 4 43 A B ) e HE AT T R 0F
58, BB ZHE IR A DIRE IR, hiRZ8
NS MR 52 A BB J5T 2k P 2R AL B R AR

K35 &F ( Scophthalmus maximus ) % J& T #FF} .
ZEtE, BARSA TARICKFGHEG R, HEKR
M IEMARRATE, T ER, HIREIE R
TR M AR BERSE B L f L
FEFA L R R, BEWNIM2EE X REEMA. K
F.RF. ZHEO AR AR REFET T
MR RN K 3 SRS A BB T B IR AR
W B AT T3, HE AW IS — B HER FH
BIELBRAE=, HEG, XRZEEFIRBIEANIIR FEE
Hh SR AP AR INRUEASE . IS4 Y
AR S 2R R AL R AR T M
BT A A LS BN R 32 61 P B3 A T AN B R TE
TR RS B E BRI OC 1 S S AST K 5
B SC H JCSAE PK g 28, W R SE 6T 01 T
IRV, AR KGR 600 BT S Ak ok fa 3
BARMERAIEISI S

1 ME5Iik

1.1 ##E5iHA

KEEHEZHKEIW T 2011 4£6 A ~7 ABH LR
WEBEFEK=BEY, 50T A RSE MR R
495, MEEFEMH 3R, ALY ETEHLK
(496.00 + 23.25) mm, 3k it (3 535.00 +
350.00)g; M 4K (410,75 £18. 13)mm, F
KR & (2 400. 00 +316.23) g, RAMEFBH Rk

G3HIERAT KEGE TR A A IR F AW, A LT
FRGIRBUZAE U0 (5 BB B F5F A 500 mL 3%}
wirk, MAGEEHK, BYEMALREK, HE
5~10 min; JIA 300 ~ 350 mL Y7k, FjkE 10
min J5¥E00) o ZEATEFIKIEHR (14 £0.5)C,
FE 30 AT R FHEHEE &at 110 h 247k
tho I ETH AST i & . PKR5R & &% S
W & H B s g Y TR
12 SEHEMERNERF R &

Fi 5 mL &4 52 B 0. 1 mL ZHG IR 500
mL B, 435000 B FE R ZEREMBIE,
B3 NFATH. BRFRNIPFENEG 40 min
D7 B R BR A S R IR AT O BB A A L M
FONBUIRFHKE 40 min J5 89 EIEOR. MBS
30 h B JE B U S AE IR ARG EIR B A 4 L
AR R BE 5245 40 min J5E 0. 1 mL 25 IIHA
AL (3 AT ) I AT S SRS E 4
=

MR 7 43 BRSSPI i R B 2 R T A
TGP TR AT ; PR AT B S NE IR b ok
IR, [RIE P K 480K 2 2R 11K 43 95 R R
HRF(0.10 ~1. 00 g) #4755 (0. 19 g) FRiE; M
A3 EARBUBA M PBS 2, VKR T8I,
4 C 6 000 r-min 'B.0> 15 min, B FiEW 4 CHRAF
JH.
1.3 ZEQSERBAMNESSHA X

AST ¥ J7 2k F 8 [ ¥E #4700 2, #R4E AST R
WAl BRI B2 AN Asp BB B AER AL, B AR
IR (Glu) FIHEEE LR ; HEBE L BRAE R NS FE ]
BATIR N EARR ; TERR S 2, 4 —AE3ER PR IR
TR W P WA AR, ST AN AR YR A v
M HEmE S, L1 ml FER, RNBEAERE
3mL, 25 CF 1 min NETA R TRENER, £ 56
G A i =85 (NADH) &L NAD * 175 & R 6 B
BTFE0.001 1 ANRITRHEAL, PK{E7E,
MRIETERRET-5'- AR (ADP) 7776 T A AL BE R M
EE A ERER (PEP) P=A- TR ERER , PR A BR P FH LR B
A0 (LDH ) ¥4 H 3% {b lFL IR 19 IR B AT I e . 7
37 CHBALERRGFHH 1 pmol (1) PEP #4455
WERAER N 1 MBS S 807, PK(U-g™') = (X
JERE/mmol {56 R E) x [ 1/( B A [E] x B85
B)] x (RMESARBVEHER)/ REHER, i
FH Excel 3401 SPSS k{4 X K 35 6F 3245 B 5P 42
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IS5 BRI o BE IR

JEU 31 32K B BB B B E R S T
Wk, B SE D ERARILL 60 BE, =
HEHCE 10 min J5 3R A58 40 AT WL 230 06 BE 3 (WEJ
2000), FRHEE3 AFATH, BRI 595 nm THRE.

2 4ij

2.1 ZRMNEER

MK 16 4R35 6 52 4 B A & b BEALERURE (4% 31
RO BEATIN & (R 1), HIZAERINEMKE R 1.00
mm 7245, FHEE KT 1.00 mm, REHERKEE
BEZKG RN T B E E R . SUERME XS
AR EAR, REEFZKEI IS BIFEM Pear-
son fHEZRE N R =0.015, P =0.955 (X)),
Spearman }H & R R =0.025, P =0.927 (
M), PiEESTREMRCHE; ZHEMNESZE
# (Pearson # % & % R = 0.015, P = 0.955,
Spearman {5 & %L R =0.025, P =0.927) Fii#4L
R (Pearson #H % & ¥k: R =0.015, P =0.955,
Spearman {5 &% R =0.025, P =0.927) [a]¥y I

2.2 AST EZRIPHHIFRIE

REE P [FIHE IR 524G U i AST AHXT I M A2 7E
BEXER(EK2), BRFHE45H7 (ANOVA) Giit
KR TR, ANFEHCKZAE IR AST AHXIE M
ZRFHCH F=50.39, P=0.00, FEFIVEREMER
Gt thas R R, REGEZAEIPHIFLERS AST
FXT G 1 H) Pearson AHC ZE(H R =0.569, P =
0.022, Spearman fHX ZHH R =0.675, P =
0.003, PIEFFAEREMKN:. FRFEER TR AST
FEXTIE 1 5 Z K W AE TS (TS5 &%) 18
e i B IEAR 1 ( Pearson FHC 2% R =0. 651, P
=0.006, Spearman FH X R ¥ R =0.751, P =
0.001), HH5E 3, 5510, 55 12 FI%E 14 #3245 5P
(ULFE) 9 AST HAXFTE IARAK( <5.6 U- mg™'), H
AR EMRT 11%; 5 AST M & HE KT
(15.159 £3.330) U-mg ' (FEQS) B}, KIEHEZHS
LR E R T 20% (K2, B 1), BHh, fFEEbt
R REEZHE R RMZAER S AST MX G
18] TG 2 AR (B 2) .

®1 XENZHEMRERFEEEERER

Tab.1 Sampling data and broodstock reproductive characteristics of S. maximus

#5‘:(#@*\) %Fﬁﬂbﬁ %#lﬁl‘ﬁ] KRB ﬁﬁﬁ".& BRAZ AL/ wm B/ TAER /% Bﬁﬂ:%/%

sampling sampling sampling development  preservation oosperm . fertilization hatching
batch location period stage state diameter suspensibility rate rate

FEQ1 INRME 2011. 06. 01 JE i WA 1 049. 66 +19. 31 96.1+1.3 45.3£9.2 37.0 4.4
FEQ2 IARME 2011. 06. 01 JE A WA 1 051. 45 +30. 62 80.3+5.2 39.7x7.6 11.0 £5.2
FEQ3 INRMAE 2011. 06. 02 JF i WA -TTREDR 1 053.75 +£26.04 31.6 7.3 40.3 4.8 1.0+£6.7
FEQ4 WKW E 2011. 06. 02 TR WA 1 048. 61 £30. 19 53.8+10.2 42.9+9.2 35.0+8.2
FEQ5 \REE 2011. 06. 03 SR T 1 060. 85 +19.99 81.6+5.1 43.8%6.7 24.0+6.9
FEQ6 WEMEE 2011. 06. 03 SR WA 1057.48 £10.27  90.5+2.8 38.1%3.5 32.04.2
FEQ7 \REE 2011. 06. 04 SR T 1 046. 27 +£30. 08 78.2+£6.8 44.6x9.1 30.0+5.3
FEQ8 INRME 2011. 06. 04 JE i WA 1 055.61 £21.73 71.2 £3.2 34.9+11.2  29.0+7.8
FEQ9 IWREE 2011. 06. 05 TR WA 1 061. 54 £14. 41 80.3+7.9 43.4 £5.4 20.0 £5.1
FEQ10 INRMAE 2011. 06. 05 JF i WA-TTREDN 1 048. 98 £23.78 52.0+4.3 38.2+6.4 11.0 £9.8
FEQ11 INRMWE 2011. 06. 06 JE i WA 1 052.34 +28.93 70.7 5.8 40.6 £5.5 41.0 +£10.4
FEQ12 INRMWE 2011. 06. 06 JF i WA -UTREDN 1 059. 58 +18.33 60.2 £10.5 41.7 3.2 10.0 £7.9
FEQ13 INRMWE 2011. 06. 07 JE i WA 1 047.59 £30.76 83.7 £8.8 39.3+8.1 53.0+4.6
FEQ14 IWRRE 2011. 06. 08 JE A WA TR 1 059. 08 +19.77 53.0+11.5 40.0x4.5 8.0+10.2
FEQ15 INRMWE 2011. 06. 09 JF i WA 1 060. 55 £12. 61 46.2 7.0 38.1+2.8 23.0£5.9
FEQ16 INRMWE 2011. 06. 10 JE A WA 1 050. 36 +21.20 15.2 £6.6 42.6 7.7 12.0 4.6

o RE RIS IR SR 0 B8 x 100%

Note: #*. the number of oosperm in gastrulation/ total oosperm X 100%
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Tab.2 Relative activity of aspartate amino transferase (AST) for S. maximus

il BAFRE TR/ g AST &8/ RTIK p(BEH)/mg-mL™"' AST #%t i H/U-mg ™'
sample  preservation state  net weight content of AST content of protein relative activity of AST
FEQ1 WA 0.19 112.51 +8.30 7.974 +1.993 14.109 +4. 164
FEQ2 BA 0.19 128.78 +6. 21 16. 575 +4. 140 7.770 £1. 500
FEQ3 WAR-ULFEER 0.19 14.54 £1.12 9.123 +2.188 1.594 +0.512
FEQ4 WA 0.19 192. 68 +10. 57 9.892 +2.472 19.478 +4.276
FEQ5 WA 0.19 132.23 +7.20 8.723 +2.182 15. 159 +3.300
FEQ6 AR 0.19 154.40 +9. 63 7.553 +1. 888 20.441 +5. 100
FEQ7 BA 0.19 221.83 +11.34 8.285 +£2.071 26.775 +5. 467
FEQ8 BA 0.19 35.92 +3.78 1. 474 +0. 369 24.367 +£10. 256
FEQ9 WA 0.19 174.89 +5.17 3.494 +0. 874 50.053 +5.916
FEQ10 AU 0.19 33.04 +2.39 7.552 +1. 890 4.374 +1.264
FEQ11 BA 0.19 197.35 £6. 60 6.196 +1.549 31. 845 +4. 260
FEQ12 AU 0.19 33.04 +4.31 5.987 +1.499 5.518 +2.876
FEQ13 BA 0.19 115.64 +7.18 4.832 +1.208 23.933 +£5.943
FEQ14 WA - 0.19 20.19 +2.54 10. 202 +2. 550 1.979 +0. 996
FEQ15 WA 0.19 243.01 +9.39 9.089 +2.273 26.736 +4.132
FEQ16 BA 0.19 109.45 +7.08 14. 267 +3. 569 7.671 +1.983
60 r —=— ASTAHIX i 7 relative activity of AST - 70
—— 0 {1t # hatching rate -
50
-.-m;
EZ 40
5 z
wE 30 ®
R o g ®
g% 20 L b
<®
10
0

52 K5 59 4tk K

batches of oosperm
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Fig. 1 Correlation of AST relative activity and hatching rate of S. maximus in different batches of oosperm

2.3 PKE=ZRIMHPHRIE
REZFEA FEHER 32K 50 PK AR XS I ) AR 7E
—EESF, HERMK(E3), SEREMHEXG T3
S5R Bs PK AHXE 77 5 87 % (Spearman 1 &
¥ R=0.152, P=0.575). %% % (Spearman 3%
ZH R=0.078, P=0.773) FiEE4k 3 ( Spearman #f

KEBR=0.160, P=0.553) HARFFTERFERHER
Mo PKAHXTE 1 Bk E 2 IR RN REEE, F
HIMEH(0.156 £0.206) U-mg™' . B 4b, WASHLAH
KGRI IR R, KEHZEPRIFERS L
AR [B) 77 7E B 3 1 AH 5C M (Pearson AHR R HL R =
0.591, P=0.016, Spearman fH>Z %% R =0.590,
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—a— V% # suspensibility
—— 32§ #fertilization rate

120 [ —&— ASTHI i JJ relative activity of AST 7 60
100 [ 750
2 g 80 [ 7140 ;{.E
g5 60 0 2%
z i
a0 [ 120 ¢ ¢
R
20 [ 110 =T
0 0
ik TRV
batches of oosperm
B2 REEET NG U0 Rl A X 15 R P R AN S 3
Fig.2 Correlation between AST and suspensibility, fertilization rate of S. maximus
s GRS 4S5 A A 31 0 A AR e
WE 0.7 (RICRRPRITOIS, 3T A4 A AL S B0 K35 HE 5
520 FHEAT T WA
ggx- 3.1 SHMIBETHSA
BEoa| DIFERIRIZE A, S K SRR AU AN T
-d — Sy 57 S, >,
ZELAY SN R N . o LAVEH BRAEZ KSR M R B W ™. BOBE A
0 1 23 45 6 7 8 9101112 13 1415 16 LABBE[”]%&iﬁiﬁi?&%ﬁ}}?{dﬁ%tﬂﬁa%ﬁﬂ%
ZR oA o
batches of cosperm HIRLAR XY R IR R A AE R TR R, (AR
~ S 23 A e | = 1 L [24]
I3 S TR 0 5 DRERMHT LR —RE. BROMACE %~
Fig. 3 PK relative activity of S. maximus in different i I AT S A BRUL 8 ( Oncorhynchus mykiss ) 764 ) i
batches of oosperm FE. HEORBT IR TEAE AT, /NI F 5K
B 0T A A LA B2 RS %R . BONNET 45 48ty
P=0.016), 8 WA SRR I B 4 1 L4 K R T AR DU R DAL
. RGN & B BE. AEGERTER il JALABERT™"
3 3t

DU B o R R A 7= R AT B R 2R SR FE
WM EZERR, BRFHEOENRERFR
3, EAEEREILTR, FEEK L IE6FER 6
B A o AR BT & B2 R 8 R
BIUE ERE WG 2T R . S
WML, JF H7E 2 Fhifg K 57 78 2K T 45 B3k
selt2 KIGRSVIK 457 A #0952 06 8 i 4k 14
PR E B AR IR T RE PP AE . RISk
E e A M T IRFE A T SO0 T i 32
TRF R (AR RS ) R # AR P R (N 2% &
R AT RN TR ) rsg e

R T 8 AL B0 F 3T A TER R A5 B & Bl
AR .

X REEEFE R R BT HIHRRI, KEFEZHEIN
WEA L EFRE, BEBEW, FRgmekl 4,
IRFtaE W, BIARTEE R 0.91 ~ 1.20 mm'7 %),
HOWELL F1 SCOTT "™ #7116 < 35 6 32 4% 51 5P #2115 Bl
J£0.97 ~1. 10 mm, 7E45—EFHET MR PR
TREES ZBFIE S 5 B KRS 20 U9 AR AR
21.00 mm A4, EFEHER(1.053 £0.020)
mm, LTRSS RN ER, X5%0F58 0k
BRSSP P IR R A Ko BRI TR R K
P R WA EEE TS A, Fas T
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SRETH AR, BRHEBERKRRLE, HEREFEK
BTy, PR,

FORES % 3\ 2 K 35 6% 9 42 2 o 52 B9 T 15 77
H—NEHERR, IR SR FEREEN
% Z, OMNES 210 1 KJGRSVIK 2517 34 3k ¥ig 7k
ARG A RTE S S AT LIVE R DR B PR O B 22
%, EEAREMURR TR, 4006 I 206 FR
HRE—NHEESH ., ZMRERER, KEFHARF
HEUK I Z ARG BRI A2 R ARAG T B B 22 57, WA §
MRGEITTIER BN, REFIREEFER, %
KRN H] 5 A6 T B B A e BRI,
DLBRERAE R B B PEM B A e TR 2R, A
MHATIRIEANY, A LB AIE A S En
2RI AT LR B TR A
3.2 ZREMEEALIENSHT

TR 0 257K BE Y R & 5 H IR KR B4
M. hifa R B MAEKGFEAEE VI X R, FAUVEL
sl SR R B, KEEHEER TG 1 SR
FFAEIEA 2R, FH¥ U015 1 3R (35 B9 50 F 5/ & 00
FHOERIPF BRI IR, RPN R
FEHPONFRENE ) AR, WARRA L AT
TR I FIG A EA LR R TR, ST
5% R IR SO S SR s AR K P 1 pH 5 B i
RAFTE B3 HE XM . FAUVEL 455V 5@ 3 Bk o %
PUKEE BF 5P 5 PR A2 B T RS B OF SV pH RS
HHEBR I T 2ALTIS R, HI L BBFFE 45 R T
it 1 A I E] . LAHNSTEINER 455 538 3o o 347 i
(Salmo trutta lacustris) P 5 4= P A= AL F8 45 5 DTG 0
AHRHEFATIRGY, RILL IS AST 15 J3F0 B-Hi
PR EEIS 1143 9K TF 31,65 wm+(min-L) ~' Al
8.62 p,m‘(min‘L)_IETJ', URRIIE T E T 80% , 1A
9 B A By B PR A S T A Al 5 2 T B0 Y S
W bR 2 AP S I E TR R

R RS 8 BRORE S R QI AE S 5%
SRR AST F01 PK 1E Ay A= AR AL Fr 5 K 35 8 O Ji 1
FIV-MY . Giitas R B, KEEGEZAEINIL RS
AST HHXHE S FE7E B A 2, 24 AST AHXTHIE 7
KF(15.159 £3.330) U-mg "' B, FEEHEZHE ORI
EEET20% (F1, R2ME1); BFEEMZ
KR E AST AHXIE J1 18] B MM, ZHERE
s i 5% 0 EREFFAE BN T B B bR, MBS
HR I E £ 320 R LD 300 P 32K TR B
BT 2 AT SE, X AT RE R 1 R T 5T h ks

B2 KGR R ER. LR ZHERS AST HXIE 5
HTCREMRMRIRA . &2 ERd, HPTRERE
B, AST AEXH% 7T LAE o F PO RS2 67 51 5 4
SR, RIS R RS ESZ R IR RE AR
RPN EERRERE, MY RS
YRIE SR E BRI . FEREESIRBGI+, H
BER, ZREMPMLRS PK [HXT0EE MR
(B 3), RUIFEFEREE 20 IR sE LA Qi A
AEEANE ERABRERIE, FEIZMEPAE SN
REZEEIRFFHT IR

ISR AN BN  E BRI IR = Ak
RBEHAEEEY, THENARMEFEETE
FERAEENEW . BRI KSR R
XS IR AR SRR, B ER R
WA BRI R E R R o IZFTE MR S A A B
X REZEPOR BHEAT T HIAFHRTT, MBI E R
A 5 RS EE SRS DR BT BE R A A G,
AIRA LB — I RS BB AR L =)
WoE, FRITRSIEMAAEAHK KB, N ERHE
LR VN IR EON T, LAY 7 KSR 632 A% B
B PP AR B E RS, S IEK IS E B TP B
BB LA
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