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Effects of dietary protein on activities of digestive enzyme
and trypsin mRNA abundance in Eriocheir sinensis juveniles

JIANG Hong-bo', CHEN Li-giao"?, WANG Qun', ZHAO Xiao-qin', YU Na', NI Juan'
(1. School of Life Science, East China Normal Unrersity , Shanghar 200062, China
2. E-Instiute of Shanghar Municipal Education Comumussion , Shanghai Fishenies University , Shanghai - 200090, China)

Abstract : Three experimental feeds with dietary protein content of 45, 35 and 25% were tormulated to rear juvenile Eriocherr sinensis ,
for 40 days, with initial mean weight of 6 + 0.5g, taking live food as control. Juvenile crabs were dissected after feeding 10, 20 and
40 days respectively and hepatopancreas obtained. Then activities of trypsin and amylase in hepatopancreas were measured. The results
were as follows: (1) activities of trypsin in hepatopancreas of juvenile crab fed with live food did not show significant difference
throughout the trials ( P >0.05) . Effects of dietary protein on trypsin activities indicated remarkable difference after feeding 20 days,
trypsin activities fed with 25% protein diet was lower than the others ( P < 0.05). (2) the highest value of amylase activities in
hepatopancreas of juvenile crabs fed with live food occurred on the 10th day, reaching 49.39, then decreased gradually. Activities of
amylase were significantly affected by dietary protein for three diets with different protein levels from the 10th day (P <0.05). On
the 20th day, amylase activity of 45% protein diet was 23.85, significantly lower than that of the two others ( P < (0.05). And on
the 40th day, amylase activity of the control group and 25% protein diet was significantly higher than that of 45% and 35% protein
diet { 2 <0.05). The experimental results suggested that trypsin in hepatopancreas of juvenile E. sinensis had good adaptation to
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dietary protein, whereas amylase was inhibited by higher dietary protein level. Higher trypsin activities due to higher dietary protein
help to digest more of dietary protein. Trypsin mRNA abundance in hepatopancreas of £. sinensis juveniles fed with live food was the
highest of 0.628, and significantly higher than that fed with 35% and 25% protein diets ( P <0.05), but there was no significant
difference between control group and 45% protein diet group. Neither was between 35% and 25% protein diet group. It suggested

that molecular regulation of trypsin adaptation to dietary protein levels might attribute to transcription for trypsin.
Key words: Eriocheir sinensis ; dietary protein; amylase; trypsin; hepatopancreas; mRNA abundance
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HEEED RN 45% .35% Fl 25% , LA W fef 7
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Tab.1 Composition of experimental diets

B4 158} diets

ingredients 1 2 3
B} ( % )fish meal 57.3 4.2 14.2
G Hi( % )soybean meal 22.9 2.7 21.7
3 $k (% ) wheat bran 8.9 32.2 53.2
0 ( % )fish oil 3.0 3.0 3.0
YRBERE ( % ) lecithin 3.0 3.0 3.0
JIH [E # ( % ) cholesterol 0.5 0.5 0.5
& 4 (% )vitamin mix a 1.2 1.2 1.2
£ 5" (% )mineral mix b 1.2 1.2 1.2
#4471 ( % ) binder ¢ 2.0 2.0 2.0
HE F (% )crude protein 45.49 34.60 24.93
S RE (keal- g~ 1) gross energy 3.37 3.52 3.43

HADESHEEE 100 g HE): Ve 0.06 g, Vi 0.12 g, Vig0.24 g, Vps0.02 g, Vg, 0.06 g, Vg 0.04 g, V), 0.02 g, Ve0.02 g,
V,0.6g, Vc0.06 g, ILEZ0.6 2. (2)E S THLEE (45 100 g 5%) : NaH,PO, 10 0 g, KH,PO, 21.5 g, Ca(H,PO,); 2H,0 26.5 g, CaCGs10.5
g, KCI12.8 g, MgSO,-TH;0 10.0 g, AlC-6H,0 1.2 g, ZnSO;-7H,0 0.511 g, MnSO;-4 —6H,0 0.143 g, KI10.058 g, CuCl, 0.05 g, CoCl,-
6H,0 0.176 g, FLERYE 16.50 g, FrAREk 0.061 g. (3) KiAFINREM H - K EER &7, 1 A#TTLMMA=FHT.

Notes: (1) Vitamin mixture: each 100 g of diet contained thiamin, 60 mg; riboflavin, 120 mg; pantothenic acid, 240 mg; vitamin B;, 20mg;

pyridoxine, 60 mg; biotin, 40mg: vitamin B);, 20mg; vitamin E, 20mg; vitamin A 600mg; vitamin C, 60 mg; and inositol, 600 mg. (2)
Composition of mineral mixture { % ): NaH,PO, 10.0 g, KH,PO, 21.5 g, Ca(H,PO,); 2H,0 26.5 g, CaC0, 10.5 g, KCl 2.8g, MgSO,*7H,0
10 0 g, AICL;-2H,0 1.2 g, ZnSO,-7H,00.511 g, MnSO,-4H,00.143 g, K10.058 g, CuCl,0.051 g, CoCl,-6H,00.176 g, Ca-lactate 16.5 g,
Fe-citrate 0.061 g. (3)Jingbao HJ — 1 Aquabinder from Huzhou Aquafeed Factor. Zhejiang, China.
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(ABUN 120 L, 55 7258 20 2, 28 FIK AR AUS
M99 MK L [ SR K IR, pH 7.40 £ 0.25,D0 6.22 ~
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WG RE R K — IR oK 24 1/3; B H IR
YR, H B A IR E R 5% A2 4, B EFE R
3% H IR Ky PR SE N

A RIFERFRSER ST 2 10 X .20
JOAN A0 K 2% S0 e P AL B — A B, A 1] B
JUF IR E - 70 CORAT . & T IH AL BB TS 1 R ik
HETHE mRNA & A IsE

EEEMER R BUIFBEIREL R 0.5 g B K
B A 10 AR A K TER RS S 3K
FRPAI ¥ 4T, 10 000 r-min ™ LRy R R &L
HLE L 30 min, B F & WOH T8 1 B R0 IE 9 A
WEER I AE

e R ST M R A P AR B A
FIRE e B PE . PR LRI 37 T,
WK RS R A 1 pg BEEBRE N — T RE
W1 Urg-min™ ) JEMEELATE 25 T, &
SRR TER A 1 g EFEWEE N — A RETE )
B Ulrg-min™") - 7ETFBNBETS 7 LU RS, FRR H
0N B LGS ) (R 22 56 8 A BT o B HOA Y Bl S
1)

W % & 8 ( Trypsin) & B 3| #7383+ &5 5 B 2
DNA JRHU% s 85 i 8y g 4R I P SR 9 B R L
HELZ4U DNA. 5146t By 2 B8 Klein 551977
WEIT L Primer 5 Bt 2 X514, 1 R B
Yo B 3RAERY Trypsin 5|40 K BS540 5°
— AAGTCCATGCGCCAC - 3°, F#f514:5° ~
AGATGCACAAACATCCCC - 3’ . Beta — actin 5|

¥ oK & A Lk W Bl W 57 -
TGGACTTCGAGCAAGAGATGG - 3, Fiif5149 5°
— ATCTCCTTCTGCATCCTG TCG - 3. 51451,
K FHRE AR ARA AL

I AR M & & 8 mRNA £ % & H 58
RER /B / & A — b IR B IR L 215 RNA, %509
H6YEE T F ODygy/ODagynm %8 2 44 &, Jf- X 4
RNA & H . UM RNA 2 g T 20 oL 56 1K &
HEAT RS S R, FEAEAT PCR 1 L 4K A5 H I
R KB, Bt 10 #L PCR 91T 1. 8% D5 HH 5t
R ik, FH 48 M3 ST I IR . R
mRNA &8 DLJE 8 F B 5 KA B 5 Beta-actin
HNERFBZIHERER -
1.3 ¥ESH

LI BRI VAT B = AR 22 (Mean =
SD) # /x., X 5L 58 B 5 K A Microsoft Excel
2000 V1T EA IR 2 7 2 o b, 5 R AR R O
M F Duncan [C 25 5 L ikt g |) 25 57, b #
IKF B 0.05.

2 %5

2.1 EHNEARMFRREESESTEARN

FAERHH R E AR N E S R W& 2. M
Al ES A TEEEMAN S P 10 KEE
LIS 1R 0.398 U-mg™", Y545 20 AR5 40
KEDTE TR B 2R (P >0.05); k&M M
FHE 2 ] B L6 0 AR, & HPRHE AESS 10 KRR
KB EEZF(P>0.05), 25 20 K,25%
HEERASHE M ERAdER Y & (P <
0.05), 1 ALiX 2 5 25 40 KB Ff — 3 K, H
25 % £ F Al B EGTE A 45% By 1R
TR 44.6% o

F2 HRSELBENMBFENERTEZEABEY

Tab.2 Trypsin activities in hepatopancreas of E. sinensis juvenile fed with experimental diets U-mg™!
X P diets
YAE LS Tu] o e p - T
days B TERL 45% 1 I 35%E A K 25% M 19
control diet 1 diet 2 diet3
1od 0.398 £ 0,042% 0.329 £0.027% 0.367 £0.021* 0.319 £0.024*
20d 0.408 £ 0,054* 0.351 £0.021° 0.364 £0.023* 0.253 £ 0.007"
40d 0.395 +0.026° 0.442 £ 0.032* 0.358 +0.035* 0.197 +0.010°

I # BURHA AR [RIHRRE A (8] A B T MEE EAR F RS MR T4 22 7 B R B HE(P<0.058% P<0.01)

Notes: mean with ditferent superscripts in the same column are significantly different ( P <0.05 or P <0.01)
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2.2 BMEQRXHFEEMEEER RN

X HR 41 T g B U K 18 L TR P TE SR 10 KA B
M, 49.392 U-mg ™ R IGB B8 , £56 40 K
B E R B S N T (IL3R 3)  RES 10 XA
=NLRERAZ LR ERE BESEER,
{HIX = AN ER A e R B L IS 13 B R TR BR 4
(P< 0.05), 2% 20 KB 45% EAERA LLIE S
#23.851 U-mg~', S HEMINE A HH LT
MAHEHIFERERER (P <0.05), M5 40
KEF, % B2 25 % B A R 19 TE K0 8 LL T
BERT 45% M 35%FEHEELA (P <0.05)

2.3 FMERBEEOREENTSSF

P18 5 Y AT R e 2 B Bl R R R A R A A
690 bp, 5 R 1,
24 EREARNMFEREREEAHER
mRNA £ ERHIRM

55 40 KO 2 TERLH A7 B8 I I A R 2R 3 B
H mRNA EEXTHLEERILE 2, BRE B mRNA
FR R 3 H MR, (L 0.140, 51H8 2 HE
NEGE(P >0.05), % BAERHE AR 1 41/
mRNA F 2255 HE 3 A 4.5 15 3.5 15,
BESTHEHE 2 HMEK 34H(P<0.05),

®3 BAXWHFEFRIRENEEE

Tab.3 Amylase activities in hepatopancreas of E. sinensis juvenile fed with experimental diets U-mg™!
P——
. HEL diets
HUREIR i) T o =05 1 R
days SE3E T X B 45% RM MR 35% & H K 25% HE1R
control diet 1 diet 2 diet3
10d 49.392 + 7.536° 37.656+4.115" 39.42] +2.874° 36.416 = 5. 142°
20d 35.657 +5.231° 23.851 +£3.953¢ 28.27] £3.568" 20,203 + 3.052%
40d 32,555+ 1.969* 20.976 + 2. 649° 23.671 + 2.296° 28.072 +3.873%

UE : PEEHE R UL (8] A B IS AR 29 B 7 B AR R ) 22 7 B E BB E (P <0.05 8 P <0.01)

Notes: Mean with different superscripts in the same column are significantly different ( P <0.05 or P <0.01)
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3.1
e

1 TCGGCACCTC CTGGAGTTCC TGGCGGCCTC AGACCCGACC TTGCAGGGGT 50
51 ACAGGTGCCA GGAGGGGCAC AACCTGGCCA  ACACCATCTT GCCGCACATC 100
101 AGCAGGTCCC TCTTCAACTG  TTICGGTGCT  AATTTCTCCA  AGGACGTGAC 150
151 CTCAGAAGCG AGGAAGAACA AGGCCTTGAA GCAGCCGACC GGCAGGAAGA 200
201 GGAGCAGTAT CGAGGAGGGC AGGAAGGAGA CGGCGAGGAA CAGGGACGTG 250
251 TACAAGTCCA  GGAAACTGAC CGGGGCCCAC AAGTCATAGG  CCAAAAGGCT 300
301 AAAGTGATTG TTCAGGGACG AGGGCCAGAT AGCCGGCAAG ACGTGCTGCG 350
351 GCAATAGTGA CATCGGAATT  CAACCAAAAT AAGTTGTGAT TGTATATAGA 400
401 AAAATGAATA  TTITGCTTIT GTTGAGTAAA  ATTAAGATGT TTCTGCATGC 450
451 TTITCCTCAAG  TATTAAGTIT CTAATGTGAA  AATTAAGTGA  TTTATTAGAT 500
501 GTTAAAAACT TACGTAAAAA  ATTGCACTAA  ATAAAAAAAA  AATAAGTAGC 550
551 TATTTCGGGC  AAAAACTTAT  AAGATATGCT  AAATATTGCT ATTGATTCTG 600
601 AAAATATAAG  TGATTATCTC TGCATTTGGG  GATGTTTGIG  CATCTAGCGT 650
651 AAAATCTGAG  GATTTTTTAG CCCTTTTTAA GTTTTGTTAT 700
1 SR AT IR E A MR A0 75

[

IR R 5T 3 TH A0 B I YE A B F RT 0 O

Fig.1

Partial nucleotide sequence of trypsin from E. sinensis
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Fig.2 Trypsin mRNA abundance in hepatopancreas

of E. sinensis fed experimental diets

/8(a)¥ RT - PCR =g Sk i . K MW 43 FRAR
#E. Cirl Y37 3840, Dietl, Diet2, Diet3 43 5K 45% .35% H
25% H [ 1EK 4 ; E(b)AE afY RT - PCR =H =B MR
B4 47 . 5 mRNA A& SE 0 1B K 40 7 B AT BRAR 1 32 IR, RT -
PCR =4 LA 3k 5347 .

(a) Electrophoresis map of RT — PCR products, MW is
marker, Ctrl is the control group. Dietl, Diet2 and Diet3 stand for
experimental groups of 45% ,35% and 25% dietary protein; (b)
Bar chart of RT — PCR products of (a). mRNA isolated from
hepatopancreas fed on different protein level diets, RT — PCR
products were analyzed by electrophoresis.

PR R A A TR SR IR A K S 3ot B 2R 9 B T
HRAABKEZW, IBREATRIEEEQEY
&, T BB (gelatin) 162 28 32 1 ) (fish protein
soluble concentrate ) T 7 #4303 0L BB
(casein) 7K F#E 10% ~ 60 % i BBl N 5 B8 7 3 B 7
HRIEMED, ARELHEREH, BBATH
B A o R TR T R IR P T AL B IR S TS 1
B, KRR B B B, X 5 800 . e

“REEB TP EA SRS EEMEX, MHEET
gk BEEABEESFARPEOREKFZ
2R T —EMNEMRX, BRI HE 10 K%
E DR R R RS R MR B 5 20 KA
BHE M I IA £ 2R, XA DU R H B X 1H]
BEORAEAENER, i B2/ X R i &
LR EL T —EREE, KN E (N EE
BB EFEA&EINNKR. B THREAHS
SR E B A RE R YRR
B3 BRK R v i, DR 5 o 1 ) 2R 8 R K T
EHEENBEEOBEEARN TEZRERRNE
T AN, AT A S (e A8 i A R RS

MEHEARSBREABERRIANLREK
&, BEE R P 3 K R03 , BRAE A B TE 1E
B, MAHR A mRNA EEWERS, B
HFEBAKE EF BRI, R BEE R R
1k £ i % %% 5% (transcription ) 7K - 9 2 7 1 i
B, oAb, BREAMEEZEEERRK YW
A LSRR T R R B BT (EER ) X i
B B9 SR F B — 0 BBV,

WA A2 1 L TH A B O AERL A 38 I 1 A
HAEHABESERESWRMAXTEH. FIRkX
PLELWE Fg 3B B B9 ( Chaetoceros gracilis ) H 4= X 85 4
PR P B e 4R R LR Y SR ET B S A LA
FOAHXEEEEA S ERKERN®, MG
B AR ( Palaemon serratus ) FIBFFL 115 B R 49
gr 7] 4R W QA B BB KR I LR
BEE B AR, SRS XA SRR &
B B AL R B i — R T LA (227
3.2 ERESRRBEREEARRE

P&, AP REAEN PR EETE
RS R AR B RER, MAEX
FMHIERAERBA LA HRAEE, ME
BTREEBE. BRESEENASEATIEAD
TR, E e R B ENER HE
BANLEIRTHE TRANBE, X 54 Ti4E
KHMFESELUMREREAR X, EIEMEH,
MERBRMERBEC R, HEEARS B AR
B, AR BRI AR, B I B A —E
TRECANSE 20 XA 40 RATHBEIE I EAMHEY)

BRARL¥E NIRRT IF LR A,
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