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B A M PN R AR B i D AR R
GAETRE T EEAERSY ik
AH 0 2 R i o 2t V£ 1) A7 06 R[] B0 7 19 A= b
ZH A VTG 355 A1 CTSD 5 25 UIAH 56 | 242 4
FIG D Stpant, shfe i A5 4 AN & 5ET
PRI , 3BT S DN i 60 B9 78 B9 25 22 A e 300 1 75 73
53 VTG & s M CTSD &, H BT TR AR
FVFHE €Y 8 FR 0 2K o TR 55 I i £ BT 35 7
W A AH SIS A s 1 X 5 I e 1 i
KE PSR R JENTR VTG F CTSD &
N HEE R R B AT, R WLARE . A I,
AR IR FE X6 5 Y G £ TV AV 300 B 1 e ) 3 R A
53 VTG & 1 \CTSD & it} VTG . CTSD # K 3 ik
AT I E AT, DAER I 56 U i £ % 5 ) 0
1Y S5 PN R ) ORI G PR 258 ) AR A A, DA
Wk — 20 T i 55 U B B L R K R A X Ab
PS8 TR T 2R, A T i 4 N T A B At S At 4
P o

U BRI

1. 1 SEIesH#d

S0 FH £k b VT K PR 5 BT 2 Bt R T
N T BB 597 28 2 5% Y € I i fe £ . %
B 300 ] O 45 R ) ek Sy 480 VT8 B A R A BR 2 )
PR 1 TR K A0 Ak TR, I — B SR A Ky
(7.40+0.30)% . X 43 (11.08+0.06)% . #l & 1
(42.56+5.03) % MLARNT (5.62+0.38) %, ZFEMR
fig R A I 45 SR L3R 1.

5 U it B £0 % A N 8 T O T MK R it A Vi
A F5H 8:30 F115:00 HEATHEE IR, — A% £
LT h RSN, R 14 RIRK 1 IR, Bk
7K 60 em, FEF 4 F i), BEHLGE ORI 55 H A i
BION e o L VI 1b) , i3 1A 8
TR R B, D SR R E HAS R, 5 A A i i
W, R % Fe A0 A B Wi G LA AT BRORE i
A P R (1 297.78+165.83) g, K K 4 {H N
(41.62+4.14) em | KL TCHF RS UN A ME £ 9 [ IV
WI(E 1a) , e 0 R JE AR RE AL , O S R VA7 €5
N N 2y N P I WSy NS B YA T v
TG, ISR T A A/ A B B i IR
A N (1 296.78+197.77) o, M K 418 K
(39.10£2.04) cm |, A THE AN BREE
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1.2 HmRESIE
1.2.1 FESLRE

TS H I MS-222(0.5 mg/L) X9 Vi (&
1b) W f0 R A5 R I , BE ML 3 B8 S — 41, FH ¥ 7K
W TR KAy, BT okELZ b A S I T
FIBPEL g 3 R Mt P REALER 2 ¢ IFE RN 2 ¢ B
B AIE N VAREAR et 3P ATRE L, T E
W DEPC /K /5 , i TR A sl R, brid hy
A KESL, T CTSD F1 VTG mRNA 235 A9 72 .
SRIG FRRENLICE 5 g BEIE AN S o BR 85351 & T PE
B A AIE R LA S 3P ATRE A A
IC ALRESL T CTSD AL VTG & e o K
T EREXT R 3 BAEN 1 ASTEATRE, I 34 AT
B ARIEN ARE SRR [R5 2 R A 20
XTIV (L 1a) B9 9 2 M 0 0B 17 RAE il 45 S8 B e
PIRAET-80 “CHREARIR VAR h ARl
1.2.2 HEARAbFE

580 “CUKAR AFEMIBUBARE G TR T
FEHL(SIM FD5-3, 38 E) i 7 T B IH AR, 7
FH130~300 H i CS-700 B4 = s by AL TR AR R
5], Z e R ATRER 23 263, L0 FH ORI 21
SERRFNRRWTTRLLIE, 55 140 FRI a2 — LB TR0 o
W ALFESH U T 4 CORFE R AR R g O B
i FHE e U A A R 7K (0~4 °CL0.86% ) e+
e W KA IR FRER PR 1 9O L ) Y H A
FHETA ALK, B TR A TTESHL(
AR /) HEA T A1 3R AT (R 60 Haz, B[R]
60 s) , il 1 10% JEH WL, 5 A 4 “CHY e i B O L
1, 1% 3 500 r/min 10 min, 2 J5 BB 2R ST
VTG HICTSD &=,
1. 3 EFERDNERIFMNTE
1.3.1  — BB SR

I B 25 V4 T 1 0 B SR oK a0 i
FIIH 550 “CHRY e 245 AL 5 HhokL K 3% 5 (GB/T
5009.4—2003 ) ; iz FHIEIL G 0 e 5P 58 ok 2
92 5 (GB/T 6432.4—1994) ; F| F G 47 HY By 6
DU S rPRELRR I 2
1.3.2 IR E

1 S5 P e SR A I T 1 < R R K A 7k X
FESH AT R AL B (GB/T 18246—2019) , 22 Ji5 Fi-F
FH 2 0 80 A 0 33 2 o AR ot A ARG N 5 A
17 F i B0 &0 56 R o 2 0 2 Oy 7R S Bt K T
S
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Tab.1 Composition and content of amino acids and fatty acids in broodstock diet of Alosa sapidissima (dry mass

basis) %
SR o R iR Aot
Amino acid Percentage Fatty acid Percentage

KA IR Asp 3.93 C12:0 0.04
TR Thr 1.59 C14:0 1.61
225 R Ser 1.76 C15:0 0.16
AR Clu 6.36 C16:0 13.94
H&m Gly 2.5 Cl16:1 1.93
R Ala 232 C17:0 0.07
PR Cys 0.82 C18:0 4.08
HREFR Val* 2.17 C18:1n9t 0.08
HERFR Met* 0.79 C18:1n9¢ 25.82
FIEER e 1.65 C18:2n6t 0.02
FLRMR Leu® 3.37 C18:2n6¢ 41.55
Ji% &R Tyr 1.1 €20:0 0.01
KN ETR Phe* 1.84 C18:3n6 0.07
i 22 Lys* 2.83 €20:1n9 0.32
41 2R His** 1.08 C18:3n3 4.66
KR Arg+* 2.34 €20:3n6 0.03
fifizi2 Pro 1.99 €22: 1n9 0.06
5 R Trp* 0.45 €20:4n6 0.22
SRR B TAA 38.43 €22:2 0.16
Wit B IR EAA 14.69 C24:0 0.04
T EHILFR HEAA 3.42 C20:5n3(EPA) 2.68
BT H LR NEAA 20.78 (22:5n3(DPA) 0.30
EAA / TAA 38.23 (22:6n3(DHA) 1.61
EAA / NEAA 70.69 S SFA 19.95
S MUFA 28.24

S PUFA 51.30

S UFA 79.54

EPA + DHA 429

S n3PUFA 9.25

S n6PUFA 41.89

S SFA /3 UFA 0.25

S n3PUFA/S n6PUFA 0.22

TE: TAA S ZUERR S s EAA Dy AT S HERR SR HEAA S i S B BRI NEAA AR b5 EUERR B 5% N b i S HE IR 5 o 2Pl

SR s SFA SRR IR s MUFA Sy AR AR IR s PUFA Sy Z NIRRT s UFA AL AR T2 o

Notes: TAA is total amino acids; EAA is total essential amino acids; HEAA is total half—essential amino acids; NEAA is total non—essential

amino acids; * is essential amino acid; ** is half-essential amino acid; SFA is saturated fatty acids; MUFA is mono—unsaturated fatty acids;

PUFA is poly—unsaturated fatty acids ; UFA is unsaturated fatty acids.

1.3.3 gl e

T eis AT - W Bk e LI W B B, Pz
FH A A €5 33% {1 (AGILENT 6890) (GB/T 22223—
2008 ) 247 A s R 4L B ASH N, 5 J ) ) € 13 ] v g
(IR IE ST R AR IR AR X i

1.3.4 BN L

WG IR B AR AR 20 2/ B T A= ZH 2L (FAO/

WHO )4 4 1) 5 2 B Y A s v A X LA S 3¢
7 Ry e g - D i N B R S W ()
S5V LV I SE U i B £ Y 2 FEFR 143 (Amino acid
score , AAS) FIfk 2~ 1143 (Chemical score, CS)ifT
B IRA

A =a /A om0 (1)

Ci=a /A

(ex) (2)
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e, FFE SRR 5 i (mg/g, T I HEIERT)
FE S 2 LR 7 i (mg/g) = 6.25x D HL 4 JL iR 7 it
(mg, T B BAl) / P E N & (g, TIE
LR 5 Aaonno, 72 FAO/WHO 2 H 5 i 37 345
AR R R % i (mg/g, T TR RN ) 54,0 N
B2 56 FLAR Y AR v DT 43455 2 b A ] 2 R O
(mg/g, T IEA) .
1. 4 VTG CTSDUEF %
1.4.1 SEAIE

Ve D1 SR AIRF I 1) 20 SV U SR FH K
oW B R R Rt AR ) TR S T A
(%) £ B ¥ 2 1 N R £ 21 23R I DA
EXF VTG FI CTSD 7 it AT R, HL A4 A 1)
R A B & U W 5 34T, 7E BioTek Synergy
FiEEFRAY 450 nm H1 600 nm P KR 02 45 H WG
(OD {H) , R J5 8 S A il i 08 45 22U VTG
CTSD H)% o
1.4.2 AHXT A S E

I -80 “C UK 46 A, BE i, 2 R Trizol
Reagent Kit (RNA Extraction Kit, Invitrogen ) o 7]
S UL UEAT AN BP S AT 208 RNA #2328
J DN H BB RINA 119 i i PR, S iR B>

cDNA J2 ¥ 5% B 55 B9 RNA B # , 4
PrimeScriptTM Real-time PCR Kit if # & (TaKaRa)
A R PEAT B s S, 3R A% BT 1 e DNA AR
e S JOBE MR AR 20 pL, B4R 4 pl 5 X
PrimeScript™ Buffer, 1 pL  PrimeScript™ RT
Enzyme Mix, 1 wL Oligo dT Primer (50 wmol/L),
1 pL Random 6 Primers (100 pmol/L) 1 & RNA
500 ng, #i¢Jii il RNase free water #h 75 22 2R FL
20 who J2%i 437 °C 15 min, 85 °C 10s,4 C +
o, SN, R EE A 3 oot BE TG I F e
SEUAY cDNA LA BE |, I F RNase free water J
SO I G — % H 200 ng/pL, 5 B T-20 CUkAH
Hfigfr A IS

SEF SE U CTSD F1 VTG SEH 1) cDNA J7 5]
Beit qRT-PCR 514 (3 2) , FIHIRAR A= AL RHL (b
7O A BRS 742 77 1Y Talent %€ 6 G B A4G 3857 &
(SYBR Green) 7 StepOne Plus 5%} %¢ Yt 2 8 PCR
L (ABI, 26 &) [ JFJ& qRT-PCR ML o W 1A %
HZE AT S IRz ) & U B B AT 8, 14
FET N3 WA R E S, L SE U B B-actin o N 2 5k
A 2792 3k 5 S M i CTSD A VTG 4%
mRNA AR F IR 5

R2 EHEEEEPCRYIESIMFIIRBRER

Tab.2 Real-time fluorescence quantitative PCR amplification primer sequences and related information

GIE/E2N FFEI(S -3 ) S RE
Primer Primer sequence Annealing temperature/C
Bacti F: CGGGATATCATCAGCCTGTAA 66
achm R: CTGTCCTTCTGTCCCATACCA
Ve F: CACCCAGCGGCTACCAGACCAA 61
R: GGAGGCAACCAGGCAGACAACG
CTSD F: GAGGAACCGACCCAAAGTA sg

R: ACCCAGGACGAAGGAAATG

1. 5 #iEaE

S0 25 S E 5 fE 22 (Mean + SD) 2k
Fk , F AL SPSS 17.0 #EAT 0 7 FEAS ¢ K6 5632
BRIV VBT SE UG S A DR S I R AT 25 S
FHET, P<0.05 NER 3.
2 4k
2.1 —RREFEHILR

NIV |V I B 5L — 8 SR 5y
Fe 3N, L5 SRV 100 HLoK 4 & 1 B AR T
VIR (P<<0.05) , iAW H (4 5K 43 KRR 7 FOop 25
IR KT VII(P<0.05),

http://www.shhydxxb.com

R3 EMNBWIV,VHIIRE—REFEIWILR(HEE
fith)

Tab.3 Common nutrient composition in the IV stage

and V stage ovaries of Alosa sapidissima (fresh weight

basis) n=3,%
T i/
e F IR e Vi
Common nutrient
- IV stage V stage
composition
7K 43 Moisture 75.73+1.01" 90.64+0.36"
K4y Crude ash 1.28+0.07* 0.81+0.01"
HLAE i Crude lipid 2.86+0.14" 1.25+0.03"
HLZE [ Crude protein 16.07+£0.71° 5.83+0.29"

T FAT bR ARNE FREER R 2 5 3 (P<0.05).
Notes: Mean values within same line followed by different letters
were significantly different (P<0.05).
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(a) IVH#i IV stage

2.2 SEBRARIERSTEN

Fea ks, FEMBFIV |V I 505 54500 T
I8 Fh R , o 4 R & i e v, RO 52 &
2. BT M & R (Cys) AR (Met) | i % IR
(Tyr) 2% (His) S 202 (Pro) #b, Hifth 13 Fp
FHER, IV .V IZ BB EE W] 22 7 (P<<0.05) .
IV 391 50 55 P P& RR (Ala) AUER (Val) \ e &
1% (1le ) S 52 2 2 (Leu) AHXS & & b Z K TV ¥
(P<<0.05) , 17 J: Al 9 Ffr iy AH X 5 1 34 BH I i F
VI (P<<0.05). HHA VAT ZIERRH AR
fi (‘Thr) AN 2R (Phe) \#i2 R (Lys ) M {0 (iR
(Trp) X} & & ¥ 8 & F V #(P<0.05) ; Met

(b) VHI V stage
Bl SEINEIVEIRD V HI 0P &
Fig. 1 Stage IV and V ovaries of Alosa sapidissima

T, VO VEIE S HAh 3 LR (Val |
e & Leu) A X} & &, IV 8 2K T V ] (P<
0.05). 2Fp i &I, IV IR 2R (Arg) #H
X B VI (P<<0.05) , 1 His JCHH 2. 22
(P>0.05).

IV .V DI BP 5 20 5 2 B i (TAA) 43 51 ok
64.07% H162.41% , Wi # Z [ A7 16 i 35 22 57 (P<
0.05) (£4). VDY HEAA & & F1 NEAA
MR ST VII(P<0.05), 1M 7 & 2 8] /Y
EAA B LR EZEHF (P>005), VIIEAA 5
TAA FLAE (0.45) FTEAA 5 NEAA FCAE (0.90) 24 B
KT IV (40504 0.43 F1 0.85) (P<<0.05).

&4 ZMEBIV.VHARENSERARESE(TREEM)

Tab.4 Amino acid composition and content in the IV stage and V stage ovaries of Alosa sapidissima (dry weight

basis) n=3,%
HHER IV Vi AR IV Vit
Amino acid IV stage V stage Amino acid IV stage V stage

KA IR Asp 5.97 +0.17° 5.19+0.12° AN R Phe” 2.45 +0.07° 2.21 +0.05
a2 Thr' 4.40 +0.06" 4.21 £0.07" iR Lys" 4.49 +0.07° 4.08 £0.06"
225 Ser 3.51 +0.02° 3.01 +0.02 20 &R His™ 1.38 £0.03 1.32 20.03

HEIR Glu 8.64 +0.12° 8.13+0.13" KR Arg™ 3.12 +0.13° 2.60 +0.03"
HER Gly 2.64 +0.12° 2.29 +0.04 i Pro 3.34 +0.09 3.32 0.01

N2 Ala 5.33 +0.23" 6.18 £0.09* AR Trp 0.66 +0.03" 0.59 +0.02"
R R Cys 1.06 +0.12 1.08 +0.09 R S TAA 64.07 +0.87" 62.41 +0.53"
4 %R Val” 4.45 £0.06" 4.68 +0.06" DTSR EAA 27.70+ 0.42 27.91 +0.23
AR Met” 1.71 20.06 1.62 +0.04 LT SEIR HEAA 4.50 +0.15" 3.92 = 0.06"
Sesea R e 3.25+0.18" 3.69 0.04* IR T H IR NEAA 32.53 +0.51° 31.18 +0.28"
TR Leu 6.30 +0.24" 6.83 +0.06" EAA /TAA 43.23 +0.47° 44.72 +0.04°
BRI Tyr 2.04 £0.08 1.98 +0.04 EAA / NEAA 85.16 = 0.15" 89.53 + 0.26*

HTAA NEILIR B EAA S AT 2 S50 S A HEAA R il
FHLR

Notes: TAA is total amino acids; EAA is total essential amino acids;
amino acids;* is essential amino acid; ** is half-essential amino acid.

MFESTTLLE H, LLAASTERTEMRAE, S5V .
V HAGEEE SR 1 BRI SRR AR Trp, 55 2 BRI 20k
PR 142 Phe F Tyr; ¥4 CSYENIFHTARIE, 55 IV L V 15180
HAYHE 1 BRI S LR 352 Trp, 56 2 PRI 2 5L

FIERR AN NEAA S AR AT EEEI SN 5 g Ab ity REEIL s+ ~f b

HEAA is total half-essential amino acids; NEAA is total non—essential

PJE Met Al Cyso 55 IVAIZE VA BE S o (1) 8 Fh b7
BIR S H39N 2 615.34 mg/g F12 780.34 me/g
N, ¥ KT FAO/WHO ¥ 73 5 X 1 2 190 mg/g N,
(Y NT AR AR 2 960 mg/g N

http://www.shhydxxb.com
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Tab.5 Evaluation of essential amino acids composition in the stage IV and V ovaries of Alosa sapidissima mg/g

FAO/WHO P XS HEHE

AN Eay £ 2 i J
LIRS V] Vi Fﬁ)ﬁ%(fifl() Wh*iigg IVNStfgc V\/Siﬂge
EAA IV stage V stage evaluation protein

model model AAS CS AAS CS
AR Thr 415.28 422.42 250 292 1.66 1.42 1.69 1.45
AR Val 420.00 44951 310 410 1.35 1.02 1.45 1.10
REAR e 306.74 370.24 250 331 1.23 0.93 1.48 1.12
FE5R Leu 594.61 685.30 440 534 1.35 1.11 1.56 1.28
i 22 Lys 423.78 409.38 340 441 1.25 0.96 1.20 0.93
05412 Trp 62.29 59.20 99 1.04! 0.63" 0.99! 0.60"
AR+ 2R Met+Cys 261.44 270.91 220 386 1.19 0.68" 1.23 0.70"
N R+ 1 22 Phe+Tyr 423.78 420.41 380 565 112" 0.75 Lt 0.74
S Total content 2615.34 2780.34 2190 2960 1.19 0.88 1.27 0.94

TE D7 — BRI PR 2 2 5 1 o R 1k 28 2

Notes: “ I 7 represent the first limiting amino acid; “ Il 7 represents the second limiting amino acid.

2.3 BERAFERAERLELE:

Xof SN SR AV |V I B AR 17 R 20 R A T
R, 40 5 Y 5 AP SFA (HR ARSI R ) . 4 Fif
MUFA (BRANEFIAR TR ) L S 10 # PUFA (24
MR ) (F26). 5FISFA H Cl14:0 M & &
H1.80%, VI LL IV BB 8 /55 (P<<0.05) ; 1fij HiAth 4
Ff SFA(C15:0.C16:0,C17:0.C18:0) Z [a] RFFAE

BEXER(P>0.05), 4% MUFA F1 C18: 1n9t &%
1 (0.22%) , VIR L IV I B & 5 (P<<0.05) ; 1M H
il 3 F MUFA (C16:1,C18: 1n9¢.C20: 1n9) &5 &,
VI IV A RS AR (H 3 R B 3 22 % (P>
0.05) . 7F 10 # PUFA 1 C20: 3n6 il C20: 4n6 7
i, IV VR 5 (P<<0.05) 5 17 LAt 8 Fh
PUFA &&= 225 (P>0.05).

R6 EIMEBHIV.VEIIDEMASARRAR K & B (TREEM)

Tab. 6 Fatty acids composition and content in the IV stage and V stage ovaries of Alosa sapidissima (dry weight

basis) n=3,%

RE IR Vi Vi JE iR Vi Vi

Fatty acid IV stage V stage Fatty acid IV stage V stage
C14:0 1.54+0.07" 1.80+ 0.10" C20:4n6 2.03 +0.14° 1.14 +0.04"
C15:0 0.22+0.02 0.27 +0.03 C22:2 0.45 +0.04 0.54 +0.25
C16:0 22.89+1.39 24.21 +2.69 C20:5n3(EPA) 3.19+0.28" 2.35 +0.04"
Cl6:1 1.97+0.13 1.89 +0.08 (€22:5n3(DPA) 0.63 +0.15 0.57 +0.05
C17:0 0.45+0.04* 0.25 +0.07" C22:6n3(DHA) 19.05 +1.85 16.72 +1.42
C18:0 4.31+0.75 5.22 +0.47 > SFA 29.40 +0.94 31.74 +2.98
C18:1n9t 0.13+0.01" 0.22 +0.05" > MUFA 24.05 +2.99 22.89 +0.41
C18:1n9¢ 21.61+3.13 20.47 +0.53 > PUFA 46.50 £ 2.72 4395 £ 2.11
C18:2n6t 0.99+0.30 1.00 +0.10 > UFA 70.54+0.85" 66.84 +1.89"
C18:2n6c¢ 17.28+1.12 17.53 +1.26 EPA + DHA 22.25+2.05 19.07 + 1.45
C18:3n6 0.35+0.14 0.29 +0.05 > n3PUFA 2443 +1.93 21.18 + 1.47
C20:1n9 0.33+0.06 0.31 +0.04 > n6PUFA 21.62 +1.43 22.23 + 1.41
C18:3n3 1.55+0.07 1.54 +0.23 > SFA /Y UFA 0.42+ 0.02 0.46 +0.05
(C20:3n6 0.97+0.36" 2.26 0.12" > n3PUFA /3 n6PUFA 1.13+0.10 0.96 + 0.09

T R bR A NS PR R R 225 235 (P<0.05).

Notes: Mean values within same line followed by different letters were significantly different (P<<0.05).

X A B0 B S s U e A IR AT A, IV J0D B
1S MUFA .S PUFA .S UFA 3 n3PUFA Il EPA+
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DHA & & KF VI, Hph VIS UFA 2 &
H#(70.54%) 1. V # (66.84% ) W] & 5= (P<<0.05)
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IV 9 S SFA /S UFA L {H (0.42) ik T V
(0.46) , 1 S n3PUFA 5 T n6PUFA ¥ FL 18 (1.13)
KFVH0.96), HEARfEAM R ER (P>
0.05).
2.4 CTSDFAVTG & EXRHE mRNA RiZAILEE
XFSEPNEREACN (VNS A VTG il
CTSD & EATREI . Ani&l 2 Fr s, S R
VTG & A0 L F VIR V I 2 (B 3K
P 22 5 (P>0.05) . & 3H R, VI

Hh CTSD & 2 B 5 b IV 3 &, 1 i DE A CTSD 75 i
B 2 L IV IR (P<<0.05) .
90
80 | T IVH#§ IV stage
70+ | VH V stage
60 T

50
40 ¢
30 -
20 r
10 |

EREBEBHESE VIG content/ (ug/g)

B Ovaries FEME Livers

FILLWRAT * FaR VI V25 B3 (P<0.05),J0x £n o
BEZER(P>0.05),

Mean values within same organ followed by * were significantly
different between stage IV and Stage V (P<<0.05), and no * were
no significantly different(P>0. 05).
B2 EMMINELENVHEVHNINE RS VIG
TERR
Fig.2 VTG content comparison in IV stage and V
stage ovaries and livers of Alosa sapidissima

XF VTG FI CTSD 5 KA AR X Rk J kAT T4
W CIE 4) , 25 5 3035 U B 2 A B 55 R E o
VTG R R IXN VI AT 2 VI kA T U R
Ak, 5 IVIAH L, V IBIBR 8 b VTG 2P ik 1]
R AR A R IV 13.88 4% 5 5 IV AT
WEAA G, VIR VTG BE PR 2635 01 R4, A1
Xof Feak VI 25% . H &l S R, S€ P fi o
SRR CTSD BB NIV B L B2V iy
K& AW B, VI ON L CTSD B %3k
PRV E T 22 5% (P>0.05) ;1 V 91 HFAE
o CTSD JE R FR ik B0 LA oA I g 5 22
(P>0.05).

(=3
(=3
(=}
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600 r BV V stage
400

200
000 *
800 |
600 |
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[ o N )

—_
-4

HEABDSE CTSD content/ (ng/g)

& Ovaries FFRE Livers
[FIH LA = FoR VIRV 122 5 B3 (P<0.05), 76 Rk
BEXER(P>0.05),

Mean values within same organ followed by * were significantly
different between stage IV and Stage V (P<<0.05), and no * were
no significantly different(P>0. 05).
B3 EiMNMINELENES VEIPE AFAEH CTSD &
BRR
Fig.3 CTSD content comparison in IV stage and V
stage ovaries and livers of Alosa sapidissima

14 IV IV stage
12 B Vi V stage

10

Vi6 FRAAXNRIEE

VTG relative expression

*

BUEL Ovaries JFRE Livers

FIHLR A * FoR VA VIR R B3 (P<0.05), 6% 3R TE
B E2EF(P>0.05),

Mean values within same organ followed by * were significantly
different between stage IV and Stage V (P<<0.05), and no * were
no significantly different(P>0. 05).

4 EMWMINEXEIVHAEVEMNIE R VTG
EFpENRIEE
Fig.4 Relative expression of VTG gene in IV stage and
V stage ovaries and livers of Alosa sapidissima

1.6
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Fig. 5 Relative expression of CTSD gene in IV stage
and V stage ovaries and livers of Alosa sapidissima
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3.1 —WEFRILEE

051 P it A7 1) B 1T B IR I A HL R R i
RATESE T EEEN, BMIAE R IR
PEAESLREBE W R, 1 LR 2 A i A O %)
LIS o ARSI SE U B fa SR AR IV LV A
G S — B 35 I S B, V 100 S oK o A
15 (90.64% ) W S 5 T IV (75.73%) , ik 25 11 &
it (5.83%) . HH R W7 & i (1.25%) M K 53
(0.81%) & B B AKX T4 IV 11 (16.07% .2.86% .
1.28%) , T2t 25 1) 32 25 P — w2 V I
JiR R A A, O S TP A AR R I O, Vi S O
AR KRR, (AR B 5 00 22 (] 42 B AR K, 4%
Bt [R] A7 7 114 R o 7K 4 T S 00 1K A i v
M2 A OR T8 E V I 0 559 T LR BRAIG, A
M BOE SR 0T & AR 3 5t A g 55 B B
FELAE AL 5 55— D7 T TP N B IR A
SR ABR B Rk R DA OG> BRI AT fig 5
F5E 2k AR v 8 %) Ak R R R
BIASE N LRI R B i E R A
3.2 SFEBRAMLEER

ot a8 TR AR B M B i AR T
W Ik, HoAE R B F B h R AR
FH2U S AHESE v, RS I 46 SR RS SE ISR ARV
VIR 55 rh o T AR A i EAA TG B
Z S N 27.70% F127.91% ; (B IV 1152 5 1%
i TAA(64.07%) i 2% = TV I (62.41%) , W 1] 57
HL TAA YL & T B B b TAA(61.41%)",
AT RS2 R A B S i 5 B0 HE AR S I WK i
ik, K A3 o B v (91.88%) , £ 5k ¥4 U T 1% )5 Y
W 5 B R, AT T B SRR A A T
REAR

[ EE, A DU 25 5k, S Nt V0 B 52 7
Je W& B I R v BT A T A R R A L A
Ay, 25 V IR EL P 8 BT EHLFR 1 Val Tle Al
Leu W B Em TNV, Met Z [0 JCIH B 22 5%, 1
ThrPhe ., Lys Fl Trp 7 & 58] B AL F IV, (HOA T
GELIR SiE Z [A) 022 5 5 (B 5 R Y I AL DR A
Fb s o S IR A X s M AR, o
& B} 4 i 0 T AL TR EAA 1 ] 3 i A
ZE77 I HA [B] A SR A ML N EAA FRAS i, X
P L L H RN A L . ASHESY
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Hh 9% YN A R R EAA B BN 14.69%, B BAK T
IV .V ION Y 27.70% F127.91% , Horb iRkt
N Trp .Met ., Phe  Lys 1 Thr it & 2 9] AR TE5 1V
V301 1 5k 5 A AR T 5 80 GBS A Culter
alburnus®x = ff1 i Megalobrama terminalis &) ' Fl
1% 85 ( Oncorhynchus masow) "* 7 A 57 45 SR AH
Hl, AN, S 08 AAS I CS PR FR i, 1 195 3 B
L5 1 BRI IR Y2 Trp, 57 2 B & 3L iR 1y
J& Phe Fll Met. T LMK & 5 1Y Trp . Phe , Lys #l Thr
WA T BB S5 1A B - 1E 5 & RS , 5 R 27
R 232, K, TF 2 T O DI £ B0 32 4 2 i 1K
() R B 2 —20 R, #EA JE 7E L
b EE Y Trp  Met £ Phe LA K 25 & 421K 1)
Lys  Thr i F 2R, DL UE 98 I i 07 52 75 39) % 5 ad
T v BT S R SR B 31
3.3 FERRERZERL L

JE W FRAE by AL A F2 LR B R 2 —
FE A B R o #0280 2R JE G & B SR AL E
BLRE SR [ I 2 20 A A A AR A
MU ER IV |V 1 01 558 ORI 7 IR 20 UK &
MU PR ITR (SFA)H C16:0 S B ¥ i, C17:0 &
AV RAR T VI B S A1 AR I 7R PN A
C18: 1n9c F i £ , Z AN AIE I R 1 LA C18:
2n6¢ Fl1 C22:6n3(DHA) & it e A E & (HHE V 1]
€20:3n6,C20:4n6(AA)F1C20: 5n3(EPA ) & i
EART AR IV L3I0 AT RE S B T oR AR R B R
22 AN G 5 T ) g b 8] % R A AR T
I s B s 2 1 N [ |1 W S R I e
TE A LA Y Y €20: 4n6 (AA) . C20: 5n3 (EPA)
F1C22:6n3(DHA) X BN EFH A ERKE S +
Sy EE R AER- 7. HENROTTE 428 %) Bk
W5 (Perca fluviatilis) YP 5. 2 PENNEY 525%F K
PHH S (Gadus morhua) P S F 5T 7 9EBH €221 6n3
X GR K BFAT A I R s HoA AR,
C20:5n3 5 C20:4n6 Y 7 5 L1 8% B 1Y) J5T 12t 18 A
JER: 3411 NI RErE S R S ol L A
C20:4n6.C20:5n3 }2 C22:6n3 SR K THEV
], Hord C20:4n6 M1 C20:5n3 SR B ERTHEV
191, 2 BT 56 U fit B9 SR AE S I R ok AR b 2N R
RRIGTRFR 27 A 2 |, ] B2 T BUR WM Z KR
AR o 3 55 it 7K T AR 9 e IR S N il 2 A
BB A R] T BN R E E Z2 AN A R
(JEHJE DHA) B 50}, B ik 21 5 A% (1) 59 55 A0
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o G rp 45 v S T A B B R A 4 R
FH—2 FRULEE R R T E N E
T A & TN A = 5 PN i £ Ak | B 9 I Bl
TR HH 5 R () 2 W B A T K fa AL A R, I
% 565 8 S B A7 R B 58 A A5 A 3% U B 2% A< B
HRB RN,

Tk 3 R AR B it g 5 Y i £ i 5 B
TR E IR A BUR B A B U)K LR IR i
Z8, B e 35 DI G B SN BR 7 S2 6 JS IR iR 1Y A&
B 75 e A A £ PN S R A 25
Pk & T, B EE R C22:6n3(DHA) .C20: 4n6
(AA) B FL AT SR, AR5 v S ) i 1 Aok
o1 C18: 2n6c & 1M 41.55%, W1 B R T4 IV . VI
B &1 1 (17.28% H117.53%) , 11 €20 3n6., €20+
4n6 (AA) FlI C22: 6n3 (DHA) & & 43 5~ 0.03% .
0.22% F1 1.61% , K MR A% T P9 4 51 52 19 IV 1)
0.97% . 2.03% #119.05%, V ¥ 2.62% . 1.14% FI
19.05%) , ¥ 542 €22:6n3 (DHA) & AH Z Hg
FEARLAIE 5 245 SR A 3 3026 il 7k 1 46 i i 9 o
DRI, by B4 1 5% 75 S8 N 5 A £ JH 9 246 1
WORE P B0 A, T 6T 5 U 2 AR A e
BC 77 SEATAH R PR, S YRR AIR C18: 2n6e 5 i,
it 24 2 5 C20: 3n6., C20: 4n6 (AA) Fl C22: 6n3
(DHA) L], 45 0 B4 75 C22: 6n3 (DHA) & it Lt
5], 7] B 5 B4 55 €20 5n3 (EPA) o451 LA i
55 C20:4n6(AA) Y U AR .

3.4 VIGHCTSD 2= X HE mRNA RiLZEXtLE

1028 VTG 2 i I 7 A=, 28 1M W0z 1% 22 B0
BRI RE P KRB R, &R 2 Dhrdi G i
HRE M RCARET ARSI X 5 P IV A Fn V
10 SR E R VTG & 8 b A7 , 25 - R B,
VAT 2 VIS, IR VIC & & BT
R, A3 A 35 S DRk SE I i 1k R O 7 AR V
VTG YU S — @ FE I, HbL Ak £ it B &
4 B0 S5 i 9 VR 95 7 A B R D
AT SO E = A2 VTG fig 10855 , T LA VTG e B
Bl 2 2R T AT, L 45 2R 5 28 gl 5 T 9 ke
V0 3 88 (Odontobutis potamophilus ) VE M & &
i AR R Y VTG e B A8 Ak i 25 SR AR [
B OFHL55 VI VTG & it 2 80 AR 9 A2 1k
B H AR B 2, 3 5907 )1 A
VIR T 2 VIE VTG & #7280 B35 1 45
SAH—E AR B AR Y R B Je B % R

1t (Oreochromis niloticus) M HE LB EZH VIS5V
IR VTG & it i TS 45 A ], Bt a5 3
) J5E R AT i 2 vl T S DN e e PR RV I,
FLEAE VAT, O L b i B RE 20 % B R B L
B, VTG AE N BN 3 2R (I RTIAR , JT bR 22 i 5% Ak hy
GU B, R SR O G R B AR A
B ARBIF ST A K B SE DI i B S A VTG
mRNA $J4 %1k, RO EFFNEEIRE A AL VTG,
N 2 Y B O £ ELAT VTG TR B R 7, AR
g5 Al B A Je B B AR 40 L BE 5 41 (Danio
rerio) P ZE WA B VB PN VTG mRNA
FEIR BRI Y mRNA 63k H B
BT SRS A R R R VTG BE T
if [ B A ] SE A AN R IR A (R
JI % B A RIS VTG 72 A B 3R A7 2 AN ]
U, % I i e £ P 1% B & VIS, VTG A A
BN FEE DAL RN, S350V W
JIEN VTG mRNA (k1 28 T, RSN VTG
mRNA [k 5 3% B,

CTSD J& —Fp R & & R & A, LA AR
SERGAA, ATV R A R B R 1, B R UK
T PE 7R A ALIAR G B B R g AR I rp
IREEHEE S, ARG Sz BRI YN i e £ B 51D T
JEN CTSD & i 46 , 7E 5P 5 V WIB, CTSD & &
T, P BE A R R R, B S o
EHFEKEME, CTSDEZ LI ih KR, N
JEWORF = 2 ORI
WEP V # CTSD & i 18 35 BRAIG, 3% nT 5B 2 R0 iF
JUE = A Y CTSD Y4938 2o 1L Vi 3 i 2 0P HE N, 31X
2 FECR V 100 b CTSD ¥ i 8 2 T 1 Ji
Kz —. M5 Vs CTSD mRNA 1335 H
PR, IR CTSD mRNA B 23k 88 1, 31X
S KR P CTSD B 23k 31— AKF-1f, LA
3 SR T A0 ) B S AU E Y CTSD (19
BRI RS, BT, DS CTSD mRNA Rk &I
IH BT U, IR A CTSD mRNA 33k & F H iE
JEWN

L5 AR MATIRIE AT, S ORI 5% ) i B B
Je & B L R v TR A SRR AR R A 2, A
I IR T, 46 2 PR 2 W (2 R
R AR TR B R R R 95 2R 1Y L
0 Y 5 €201 3n6, C20: 4n6 (AA) €22 6n3
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Comparison and analysis of nutrient components, vitellogenin, cathepsin D
and its mRNA expression in stage IV and V ovaries of Alosa sapidissima

YUAN Xincheng, SHI Yonghai, XU Jiabo, YU Aiqing, DENG Pingping, ZHANG Zhiwen, JIANG Fei
(Shanghai Fisheries Research Institute ,Shanghai Fisheries Technical Extension Station, Shanghai 200433, China)

Abstract: In order to study the change rule of nutrient substance in ovaries of female Alosa sapidissima at the
late stage of development and improve the fertilization rate of eggs, the contents of amino acids, fatty acids,
vitellogenin (VTG) and cathepsin D (CTSD) and their mRNA expression in the ovaries of female Alosa
sapidissima at the stages IV and V of gonadal development were compared and analyzed by biochemical
analysis, enzyme-linked immunosorbent assay and fluorescence quantitative PCR. The results showed that
the water content (75.73%) in stage IV ovary was significantly lower than that (90. 64%) in stage V ovary,
while the crude protein content (16.07%), crude fat content (2. 86%) and crude ash content (1.28%) were
significantly greater than those (5.83%, 1.25%, 0.81%) in stage V ovary. Among the 18 amino acids
detected in the ovaries of stages IV and V , the content of glutamic acid was the highest (8. 64% and 8. 13%).
Among the 8 essential amino acids, the contents of threonine, phenylalanine, lysine and tryptophan in stage
IV were significantly higher than those in stage V , and the first limiting amino acid of both was tryptophan.
The total amino acid (TAA), semi-essential amino acid (HEAA) and total non-essential amino acid (NEAA)
in stage IV were significantly higher than those in stage V. A total of 19 fatty acids were detected in the
ovaries of the two stages, and the contents of C17:0, C20: 1n9, C20:4n6 and C20: 5n3 in stage IV were
significantly higher than those in stage V ; the contents of > MUFA, 3 PUFA, 3 UFA, 3 n3PUFA and
EPA + DHA in stage IV were greater than those in stage V , and > UFA (70.54%) reached significant
differences. The content of VTG in stage IV ovary was higher than that in stage V ovary, but it was not
significant, while the content of CTSD in stage IV ovary was significantly lower than that in stage V ovary.
The expression of VTG gene in stage V ovary was significantly higher than that in stage IV, 13. 88 times of
that in stage IV , while the expression of VTG gene in liver was significantly lower than that in stage IV ,
accounting for 25% higher than that in stage IV. From stage IV to stage V , CTSD mRNA expression showed
down-regulation in the ovary and up-regulation in the liver, but none of them was significant. Therefore,
under the current aquaculture conditions, the accumulation of nutrients in the ovary is uneven during the late
development of the Alosa sapidissima, and it is recommended to appropriately adjust the feed formula,
increase the ratio of limiting amino acids tryptophan, methionine, L-Phenylalanine and lysine and threonine
with lower content, increase the ratio of polyunsaturated fatty acids C20: 3n6, C20:4n6 (AA), C22:6n3
(DHA) and C20:5n3 (EPA), and decrease the ratio of C18:2n6c in order to ensure the balance of nutrients
required for the late development of the ovary.
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