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& B (Sepia esculenta) R HA & B B EX
tHXEEE R

KA B REE BRIEY &R #RECTE
(e B P UMY T HR 4 e R TR A SE B B P DK R A B O A SE T S 266071)
FEE R A EIE T 4 5 W (Sepia esculenta) < ] £ B W B K U DL R 0-10 H 5 4 R il
JEE A, BEAm, RltARE, B AREERS ABELEIN TN, FREFR, THERE
BEARERGER LA THRE AR A, o, £ IR RE, &0 4 5V)
PR, & E2A O 81.50 mg/g 1 4.24 mg/g, FEEE., EEABMAREARLE NN L
PAA, REER AR THEE AN TS, o, ERELXFTNBZHEAN X 3 g E
M, RAEEHFERER, BEHIEARE; EWHSERT, X3 HBERLEZAE, LEHL
B4 0.51 Ulg. 1.68 U/mg #1 37.84 U/g; 5 B 4h RV, 3 Ab g b E 4 3 B 2 T £ 1 B T AR
10 B4R F, 3 M Bt & A 8 /NG E At w0 b Bk B B An IS 0 B e T By R A oA AT,
BERE A, H, EREAE BN B 2 A EE K E M, GEBEE 2 B E

AARFLI, REFHBELAWNEY BEMELIE S WESHE,

ES a0

FESZES Q9544 ICHEEARIRED A

VB K FE 58T R, 4 2 (Sepia esculenta)
HAE A MR GE S 1 4F) AR MAKREY
#H 700 g). BEHREFEE . TEREERL, WG
SRIERE, MFsiis) M. Bar, RECUR T4 5
WRETFP B F AR, (AR RS R AL, KR
TR AR B = 1Ry 7= Ml A ) 3% ) — R B AR 3

TH Pl 2 — i 5 2 T AR R R L R S8 W 1Y
ErHACTE A RES , G M 0 KN S T s i i 4k
fiE 11 F1E 3275 5K (Lemieux et al, 1999), JF K™ 5hY)
Y % B W BT AR T AR 1k 0 F 58 0] T A ik
FFRT R AT, 38T 3 ek S A AR R D SOk 2

S5, RBEAE; TEMEE; HiE
XEHE  2095-9869(2016)06-0105-05

B Rh Y LS #(Diaz et al, 1997), JT4EE, £ %Rk
B B BOH AL B PR AR AL I 5T © 278 B e 28 (I AEAf
45 2003) ., (AN, 2011Y; $MEZE, 2012; Ribeiro et al,
2008)H1 U1 2 (P FE 1L 4E, 2008)H BT, 162 IR R
THACEEAE 5T 05, B AT L D 5 48 (Perrin et al,
2004; AlHRAK, 20107; BifhdE, 2012Y), HmBRTEL A
FUBUIA, A UL R & 8 W B A I A8k R 4

AHIF 5T X 4 5 R R B B B AL G S S T AR
FASC B DY 2 TG 1A T , LU T AL
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SIS 4 A2 AR U A AR T 2014 4F 67 A HL
H 52K =T A RA . 2RO T A 4 5
WA A SR I ARAS , WRALKIR R 18-25C. 1745
TR AL G 5 2 RIF RS MEREIR , A8 2 vk,
BN SRR TR 2%-3%., BURERT, SefEfE—
HEVR 32K 01 o BEMLE 35 7, B8 = 4% B B i A i )
BT WER, S HRINE Q010 ik, i itiG &
B, X4 SR B BN RI (T ), 2R
AU AT . AN B IR BN (D) . 202k 1R 2k
WIAV) . BRIV ) I CVD) 9 520K B9 K01 i 4 1k
(V). 5 HEEZARWN) ., 10 HBLMARDOSEFTEEE, H
W ARSI R, BRI TR AT LR . 4
A BEORE 20-30 g (SZ RG220 i, 211425 100 1),
T A —80C MG IR VKA P AR A7- 75

1.2 FHix

121 Bk % & B IR B 45 i K4l
TR BB A B 1-2 g BE S IMA 4 FARFL(WIV) TR
AEK, TERIISIRHLT AR, SREM TGL-16 G
A IR B O HLES O 10 min (4°C . 2500 r/min), B G
W, BT 4CUKHRAEH

122 BEaEeyn 2 i 5 14 T (Trypsin) I 5 2
I8 Erlanger(1961), % [ (Pepsin) . Bl I i 2 i
(AKP). 5 Nif(Lipase) F4F N 54 Z B (ALT) T PR
FHBE TR ) TR R A = ) Gl o T i
FEASEAE SR E- AW al e, BT
TR AR 0 RE X 1 o 8 A9 3 T B (U) B LA
it Y T A AR A i RO B TR T o R SR
3ASEATHE, 5 RFE Y+ i 25 (MeantSD) KR .

2 #R

21 FIAMEARENTHL

HIE 1 AT, 724 SRR & B Wy BEnT i M A
Fr A TFRGEKOE, HshEok, RIeTHR RS,
Forp, TR AN 1 d5 v L 35 %1)(81.50+11.70) mg/g,
JE B TR AT 8 S E IS, A S e AT
R 2(4.24+2.73) mg/g. B, H& & GEH LT, H
2 10 Hil, HEAREmEA L.
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Fig.1 Variation of soluble protein contents in early
developmental stages of S. esculenta
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Fig.2 Variation of the trypsin specific activity in early
developmental stages of S. esculenta
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WS, LRI R, S H L Ik s ke 2
(0.12+0.01) U/g, fEA R THEIAZ T, 10 Hik4hik
(It} LU ) Sz BT

23 BEARABILFEANEL

H I 3 AT, 7R 4 SIG & B BB, B & Al
X PEAIRT A, HshiREEA K, JuETE 0.2-0.5 U/mg,
o, AN B IR A9 Ui e o 174 S0 L
WIS AR R LG 1 2R E T 2(1.68+0.30) U/mg, Fifi
Ja, HiGHIFG TR, 5 HIRIRMEE G =
(0.2840.21) U/mg, 10 H i#% X I F+%(0.69+0.27) U/mg.

mg™)

= 2.50
2.00

BEAWLLLES
Pepsin specific activity/(U
S = =
8 3

W
(=]

(=)

I I m vV vV VT W W KX

R B BBt Developmental stage
B3 eIk E BB S g S D e

Fig.3 Variation of the pepsin activity in early
developmental stages of S. esculenta
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24 WMEBEREELLE NN EWL

M 4 AL, 764 SR E T B, miEwm
Jifg TG T AR TR, ARG & B B B e
PR T LIS IR, ZAT4 SO b S 20s) E T,
W, RRE A AR B T E TR ) R(0.02+0.01) U/g, 10 H i
411K $(0.03+0.01) U/g.
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Fig.4 Variation of the AKP activity in early developmental
stages of S. esculenta
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mE S ATA, R4 SR AT B, BRI
W1 RRE BT fERR A B B, N8I e TE
TWAR, ETHERARIE . 74 SRS, i
5 T LE T g 2 T %E(34.39+3.72) Ulg, 5 HiR4hik
WA BT, 10 H 2 s T 5 %5 (75.00+8.40) U/g.
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Fig.5 Variation of the lipase specific activity in early
developmental stages of S. esculenta

26 ARFEIMILEINEL

& 6 A, TE4 LI E T M B, BN
il Lb3E 77 5 BT, (B FEARKE o 414 B
TE IS, R0 IREA IR A 45 R G S LU TG A 3 hn =
(37.84+6.79) Ulg, BlJ5 4 5 WA B9 43 V9 2 il L T
1 2R B B AT H AT K
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Fig.6  Variation of the ALT activity in early
developmental stages of S. esculenta
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Wi, WL ) IE XA AE , 1T LL43fif B 8590 Ji (Srivastava
et al, 1995; Gunasekera et al, 1999), 4 2 A1EIENG &
B BT S AR A TR K, sk,
BAETHERE S, Hd, ERRER SRS, 5%
W R %, 5K 1 (Octopus variabilis) IR JiG & & i B rh Al
PR RSB AR, 2010), HAEHS
4 (2003) I\, TEMRIR R B R B BRI R A AH G
FERWr A R 5, DASRAIE A 2Ll o B A T 7
YRR, Hi Tk BRI AT AR,
R L HUR A TR O R R I (M MESE, 2010), A I
THFEME YR, s E PR E BT, hiE
RN & B Z R R . & DI G & B S B IE L
WG, AREsr3e . AL B B Y Al T Hek &
B B (BRPUYE 55, 2010), 5 2SI AR R S0 8 1 o IR
AR L8 55, BLns T i PR 2R 1 A9 T AR 2 K T K
fifefe, R B GR B WA, AR 5 48 9K 4
U HE AR BT AE , Bk BRI & IR AR S
A B AL B DI REE A 523, A BUB R )
R R T AR BT A T AR B, T A AR R A
B

32 HILBEBLLEN

JER 2 it | R A R A R il DG R B
B EH AR O E AT AGRE , RN B
45 2 ZH AL A B T b5 U e A6 ) A5 75 1 B (Zambonino
et al, 2001). 74 5 G K& & B Bt fig kol 21 5k
P i S AR L, AN {56 I 3 P A T Al il R 52
FEON H RS, U 4 SIRAE IR G & B B2 &
REAE AT A BUHAL AN, PRI, 25 E B RIS 3 B
e FEORYR, X 5k R AUARE I FEORIE T E
F R B BFFE 24518 —3(Lee, 1994; Garcia et al, 2002), 1E
& By RN AR S AR e S AR I LIS ) 2R
T, HR N FERMAEW A0 : 5H—, Pk
(Y RE i 32 2 O e R 1, A7 S ORI S TR 2
BRI B R RS, T 2 0N R
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W1k, 754 A1 (Oplegnathus fasciatus)(fifi&, 2011")
12 451 (Rachycentron canadum)(Faulk et al, 2007)H
AR ; £, TRESEE T F %, R
Jit B B BER T 2 A2 K5 DR AR 513K, R P A 45 )R
JEE (1) = G O R LA B AR FEUAS W358 1 ) B9 3] 80 (I D ¥ 55,
2010), TSR H G R I AOZDMARREAR SIS, g
TEPE2R T o & ISR ), 5k B8 O v 2 i o
WecHst, JFFF AR, Ui, i TR AR R
4 AN T V5 A A B PN T 7 5 1) D DR 5 e 46 D )
LIRS RS A5 () R 1 )3 (Ribeiro et al, 1999), $3
B 1A it R R P AR X S PR T TR, B S H R
FIAR, UG, FEE ARSI LB EE, H
TG L TF, UL & ST i B s © B2 AT 78501
HALT R RE T

Tl B8 2 Pl (AKCP) 32 BEAFAE T #0257 L Rz 240
TSRS L, & —Fml 5 Bh i L R 240 i e iy
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FPE(Tengjaroenkul et al, 2000; HEHESE, 2003), Zamani
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BWRE EE, HXIEIS . EANE 85 A TCALEE 1 g
ke R . eAh, INEILAFE(2008)IA R, DIE
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Changesin Activities of Related Enzymesin Early Developmental
Stages of Sepia esculenta

LIU Changlin, LIU Siwei, ZHAO Fazhen, CHEN Siqing”, LIU Chunsheng, YAN Jingping

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Chemical and biological methods were employed to determine specific activities of several
enzymes including trypsin, pepsin, alkaline phosphatase (AKP), lipase, and alanine aminotransferase
(ALT) at different stages of fertilized eggs and 0—10 days old larvae of golden cuttlefish Sepia esculenta.
The results showed that the soluble protein content was elevated in the early embryonic and larval stages,
but was depressed from the mid to late embryonic stages. The protein content was the highest in the
blastula and gastrulae stage( 1) (81.50 mg/g), and the lowest in the newly-hatched larvae (VI) (4.24 mg/g).
During the development, the specific activities of trypsin, pepsin, and ALT in five enzymes all followed
the up-down-up pattern. Activities of all three enzymes were detectable but very low in embryonic
developmental stages, suggesting their maternal originality. Moreover, the enzymatic activities were
significantly increased in newly-hatched larvae, which were 0.51 U/g, 1.68 U/mg and 37.84 U/g respectively.
The enzymatic activities in 5 days old larvae (V) dropped significantly compared to the level before
hatching, and rose slowly in 10 days old larvae (IX). The activities of both AKP and lipase were generally
elevated, starting from very low during the embryonic stages to significantly higher after hatching. These
results implied the gradual maturation of organs and the improvement of digestion capability.

Key words Golden cuttlefish Sepia esculenta; Embryonic development; Soluble proteins; Digestive
enzyme
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