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KK WP, AERE 2Rk, 1REE, IR*

(L R 2 O A /K IR B S AP /K IR0 H RS %, IARTE & 266003 )
WE: NHANE RIS ENREH RINEARM SR ER) X K36
(Scophthalmus maximus L.) % 2 AL R N % (AAR) 5 538 % Hh B 1 4% A
TRREREERFEW. Bt 3 MERSERER: Ao A (FM, 60%fh
), WERENRA (MBM, WEREMA B%EMERD, WEHEAGRIRE
WREAIERH (MBM+AA, P& B4R 450% 8 8 E VS N i R 0 7R s 2R IR 22 1
K A 75 2 B RKF ) . SEER Y AR A (9.0140.01g) HIRZEET, 7l &%
M 30 %, Fnill LA ZE H AAR (5 Sl g Hh OGS R T IZE R Rk & . BEAT
K. 5 FM 4UAHEL, MBM HEE R 1 REE4) @ LA S 2 W& R
(asparagine synthesis, ASNS). #%5iiEI+ 3 (activating transcription factor3,
ATF3). #5505 K1 4 (activating transcription factor4, ATF4). CCAAT 158145
4 8 H (CCAAT-enhance binding protein homology protein, CHOP). & & 1 DNA #
13 N2 JE A5 R 7 1(regulated in development and DNA damage responses 1, REDD1)
FEMRI IR T 4E 4548 A 1 Ceukaryotic initiation factor 4E binding protein 1,
4E-BPL) RILEMIEE. EHE)5 2h, MBM+AA 4[] ASNS. ATF3. ATF4.
CHOP. REDD1 Al 4E-BP1 £iA®IF(EH S FM AR IA RIGE T &M% 7 (HA]
WELT MBM ARREEEM . 3 NMEERH L R SR 0E K1 2 (general
control nonderepressible 2, GCN2) ¥ JE R FRIA B L B E M ZR . RN, 5 FM 4
i, MBM %3 i+ GCN2. ASNS. ATF4. CHOP Fl 4E-BP1 KA =[]
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WM, MBM+AA XS T B RIX SRR R I B BEEROR . 4REH: WE
AR a5tk e B TALNATIZIE S AAR 5 T8ROSR T RIS, W
IR SRR ] e — R EEGE B B Em X TULAT AAR 155
H oGt R RS E R EITER .

B REEEE; Ry Ry SRR AE S, SRR T, PR
-

HENE KT S963 kARG : L E T

AR, BEAdE K AR R P A e, Sl R s B, e i An
O E RG] T KAt R R RN A, R, B E R
RVET R B AR B AR R A TR A R E S — R LT B
PR R, T2 RN T K s RDRE R DL A B AR Aok B O (R A L Y
B A BIERA AT 3 I ZE A RAR SR B, IR LB 2R ™ E R 1
TR R D, K a2 BT B R B AR ok DR 9T 32 B OGTE
BRI AR AR B LA AR AR B RE A o BT SR, o e bt
FR A i B AR AR RE NS (2 2 O B AIR (R R AR G L RS SR U R AL AELATL A
Ko BRI, AT EIRILR B S HINLHITFT R WARIE .

AN (Amino acid response, AAR) 15 5 i B2 AE IR N — 2k =i FE AR <F
(RN R 8 FR R Z 1015 S B ER T O, E IR Tk Z I, LA S O A A 1Y
AAR 1558, MImEliR N BN E A U AR, RO LR E R E
ik, BlunfEs . SRR G UM SIS BRI i E [H (1 3k 110 1, Mk P i
AAR 15 5 1 B 1 ¢ B AL A 32 BB 4 W BF B % B3 B 1 (general  control
nonderepressible 2, GCN2). 4% s 05 5l -1 4 (activating transcription factor4, ATF4).
K A Tk B & R B (asparagine  synthesis, ASNS) . #% 3% ¥ 7% K] 3 (activating
transcription factor3, ATF3). CCAAT #4551 454 & [ (CCAAT-enhance binding
proteinhomology protein, CHOP) F1% & F1 DNA 5145 % 25175 A7 1(regulated in
development and DNA damage responses 1, REDD1)2 141, {4k = 4 75 &R FLFR T
LT oA KEIEEC RNA, HAEH 5 GCN2 B E 45 & MMl GCN2 il 2
R, HEMIE elF2a WERR AL AEAR Y KT 70 8 5 & izl (B e o il id %
SACHEERL N T ATFA (1335, ATF4 35 CHOP 45E, #us K&



T (ATF3, REDD1, ASNS) [y, M GRIENUAEIURSE AT B B Faas
[15. 18], FEVF Z WAL AT TR B, AAR 5 518 R E 2 2 &Y s 7+
AW mELT 8, R AAR S SIEHR S5 T RN K2 ME 72 R MR
FERS2 g, 2K ETE RN AAR 15 58 A 52> . Xu 25022
g, TARIBAAREAR AL TG AAR 5 5B . Wang P08, EH
IR ERAR Z ERE B 1 AAR BESHISCERMRIE. (HEMAZKE,
TPREep AL A B AR B R T 2 R R L A5 5 AH DR ik PR R TA B TR P AT FTIE R Ik

KZZ6F (Scophthalmus maximus L.) J& T3V H (Pleuronectoidei), Z=ZffF}
(Scophthalmidae) , J&7 i T J&E (Psetta) , A+ [ 1k 77 55 2 1) 77 A 63 PR i /K 24
AR R T A BRI 5 DA RZESE BT T 2 it eles 280, 8-, 6 F
B B AR T KGR 6T AAR 15 530 2% OB ik (R Rk X i F B e R AR
B PRI, AT T UL I AR AR B DR R R R ZE 6, AR T A
B B AR R T R SE BT UL PR AT i T8 2 I 2 25 HH O R DR 308 B RE R, it /K £
AR IR T AR A AR A R AR A

1R
1.1 PR R RIS 75

SIS BRFCAEOR . R A Ok AN 2Ry 1 BEE YR, Rk AR A O
A EE IR, BCH =M B B B2 50%, ELHER 20N 20KJ/g ISR RAE
RERISCIRTARL, 2 hlEEA 60%kr R Efmdl (FM), &f 33%MiiE
A 34.2% 5 ¥ 8 I A R B ARZEL (MBMD BARCE T 33% faK £ 1 AT 34.2%
PR SR B, B0 AR A R 2 by AL 75 S S R /KT 1 B B AR I 5
R (MBM+AA) . SLIGTRHIC T S IUE IR 7 i Wk 1, =Fh stk
BERA I 2.

S FORMYI R i S 80 H 0, CREI 0T (4 IR IR PR BC 5 rh Y B e
SHEE Y SIE FIAEIMTEST, FINAIE & EEBI K 2 50 Ja kL. il s i) R
£ 45 T [UHCF IR IR T 12 /N0, T3 B ADRHRORL BB AE-20 T VKA 4 H
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Tablel Composition and the formulation of the experimental diets (dry matter)

KEFELE Treatments (g/100g)

JE8L Ingredients

FM MBM MBM+AA

##} Fish meal 60 33 33
B # Meat and bone meal 0 34.2 34.2
ek Wheat gluten meal 3 5 3.81
/N K Wheat meal 22.6 13.4 13.4
nELF % RE Beer yeast 2 2 2
REMIEAY) Amino acid mixture? 0 0 1.19
3l Fish oil 3 5 5
KA Palm oil 1.5 0 0
YUREAR Lecithin 2.5 2.5 2.5
W R R Mineral premix? 1.5 1.5 1.5
e K PREL Vitamin premix® 1.5 1.5 1.5
SALBEBE Choline chloride 0.25 0.25 0.25
FEET Attractant’ 1 1 1
B J& 77 Mold inhibitor 0.1 0.1 0.1
PUEALF] Antioxidant 0.05 0.05 0.05
ERPR Taurine 0 0.5 0.5
ke 4z MCC 1 0 0
M Total 100 100 100
R4 (FHHRER) Analytical composition (dry matter basis)

T¥F Dry matter/ g/100g 94.97 94.72 94.76
¥l Crude protein/ g/100g 50.14 50.15 50.1
FHfg i Crude lipid/ g/100g 11.61 11.82 11.8
LLUEE Gross energy (KJ/g) 20.7 20.0 19.8

H: FMiE Rt iRH: MBM: PIEM B 46% 0k E A4 MBM+AA: A



R AR 45% Ky TR NN R AR S R 2 A 2H 0 R A AR IRKT A s P R IR IR
W) (glkg FRED L-EER (WEEIERK, 90%), 2.4; L-#EiR (HEERER,
60%), 6.1; L-55 20 (iR Z LR, 99.4%), 1.6; L-41 20 (A2 5K, 99.1%),
0.5; L-A &R (AR E 2R, 99.9%) 1.3; 4 W Fil kL (mg/kg 1AL CoClz+6H20
(1%), 50; CuSO4+5H20 (25%), 10; FeSO4*H20 (30%), 80; ZnSO4+H,0 (34.50%),
50; MnSO4H,0 (31.80%), 45; MgSO4+7H,0 (15%), 1200; Na;SeOs(1%), 20;
MERES (1%), 60; WhAky, 11470; 3 4EAZFUREL (molkg Tk 4E4ER B
(98%), 25; #4EA:3 B (80%) 45; #E/E3K Bs (99%) 20; 4EAZE B (1%)
10; 443K Ks (51%) 105 JJLEE (98%) 800; 2 R4S (98%) 60; MHME (99%)
200; MR (98%) 20; AME (2%) 60; 4i42 A (500000 IU/g) 32; 4iA4%
D (500000 IU/g) 5; #4kEK E (50%) 240; #EAE2 C (35%) 2000; HiEALF]
(100%) 3; FEFeHr (100%) 11470; *iF &7 (RESER: —HE-B-NERMESS: H
R N 5-BERNL11=4:2:2:1:1)
Note: FM: fishmeal diet; MBM: meat and bone meal replaced 45% fishmeal protein
diet; MBM+AA: meat and bone meal replaced 45% fishmeal protein and
supplemented essential amino acids to match the essential amino acids profile of the
FM diet; YAmino acid mixture (g/kg diet): L-Methionine (Coated amino acid obtained,
90%), 2.4; L-Lysine (Coated amino acid, 60%), 6.1; L-Leucine (Crystalline amino
acid, 99.4), 1.6; L- Histidine (Crystalline amino acid, 99.1%), 0.5; L-Threonine
(Crystalline amino acid, 99.9%), 1.3; ?Mineral premix (mg/kg diet): CoCl*6H20
(1%), 50; CuSO4*5H20 (25%), 10; FeSO4+H20 (30%), 80; ZnSO4+H20 (34.50%), 50;
MnSO4+H20 (31.80%), 45; MgSO4+7H.O (15%), 1200; Sodium selenite (1%), 20;
Calcium iodine (1%) 60; Zeolite, 11470; 3Vitamin premix (mg/kg diet): thiamin
(98%), 25; riboflavin (80%), 45; pyridoxine-HCI (99%), 20; vitamin B12 (1%), 10;
vitamin K3 (51%), 10; inositol (98%), 800; pantothenic acid (98%), 60; niacin acid
(99%), 200; folic acid (98%), 20; biotin (2%), 60; retinol acetate (500000 IU g-1), 32;
cholecalciferol (500000 1U g-1), 5; alpha-tocopherol (50%), 240; ascorbic acid (35%),
2000; anti-oxidants (oxygen ling grams, 100%), 3; rice husk powder (100%), 11470;
“Attractant: (Betaine: Dimethyl-propiothetin: Glycine: Alanine:
inosine5'-phosphate=4:2:2:1:1).
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Table2 Amino acids composition of the diets (dry matter) %

RIEME Amino acid FM MBM  MBM+AA

DhER LR Essential amino acids

SCAR Leucine 3.47 3.31 3.43
HZ % Methionine 1.26 1.06 1.20
HE IR Lysine 3.43 2.98 3.38
77 % Threonine 2.10 1.77 1.98
FE & Arginine 2.99 3.02 3.04
HE 2 Histidine 1.12 1.04 1.16
A Phenylalanine 2.11 2.17 2.18
TR Isoleucine 1.63 1.78 1.74
& IR Valine 2.18 1.99 2.11
W TR LR Total EAA” 20.29 19.12 20.22

B FEZ FE R Non-essential amino acids

H& R Glycine 3.28 4.17 4.45
RAE IR Aspartic acid 4.26 3.62 3.83
22 R Serine 2.51 2.23 2.34
JiZ % Proline 2.50 3.17 3.23
F AR Cysteine 1.13 1.17 1.09
Ii% 2K Tyrosine 1.38 1.38 1.15
N Alanine 2.98 3.06 3.22
H 2 Glutamic acid 7.84 7.29 7.39
dE 0 TR F AR Total NEAA 25.88 26.09 26.71
YRR FE R LLH EAAINEAA 0.78 0.73 0.76

HE: FMiEfR AL, MBM: REMEN 45%EHMEALZ; MBM+AA: K
R EAL 45% oK) B NI AR = AL R 2 oy 21 TR J R /KA



1.2 LR & R Rk E

SO0 FH £ K SE 640y #0 ) SIT LU AR A8 1 B 7T B0 K 7 R ) o R SE AR AE L
FRARHERH T B K = A Fl R R M TR J , FRIRSEIG AT, SLI0 A F K35 gy f 75 77
ARG 7R 2 I LLE N IR, AR S SR A I = A S ta ). B R
EHUAR I — R EE B2 MLy 2, HAPIRE DN (9.1940.01) g. SEIRRA
AERFENLATAC 3 ANTRAEAN (BEESLF4E, 500 L), FEAMALE 40 JEfa. Cai &P
Fe UL R 7 7K T %o K3 P R BT AU R AR s i A Yuan S5 128HR 7 ek o fiE 7
TR %o 2 o )y £ R o A IR DR R 1 S e S5 S50 ) FR BRI R 30 K. Ak Al
Xu S5 PAPR G ORI AR S RS2 040 £ 8 75 BRI 5 06 1) ) ) S0 560 o A %
E 1 ACSERS R FRTE A 30 K, AER 4 AIAE 07:00 £ 19:00 YA HEMRM K, 3R
1 h EidSRRIFREEE, JEEAT HoKRIE TR KR . FRE I, KRN
16-19 T, #hJFH 29-33%0, PH Jy 7.5-8.0, /KIFHE & &)y 6.0 -7.0 mg/L.

1.3 FEFRE

30 RFRFHILIGLAE WG, SLIe ALk 48 h (F A AR IE BIRR 2 AKF,
MBI 6 FEf, B9 0h FESh . TR S ie i FOETRR S H AR
ZWERE, AAERMESS 2h, 8h, 24 h 4 JIBENLEUR:,  Frid BURE ) f A i OR
R E, HAER TR EY. BiE R AR S R IR R
TENHE TR I BB BB, R IR IR e TE i WU ik
JRE AR Y AR Y, B A E AR, AR T I
AR HUR R B 5E B R EEAR, TR LA o (] A ) g B AL
WA SI 6 It AL ke H i £ 8 B T DK AR SR B A i AN UL, TRGHERE P AR
HTWAT, -80T fRI7F%& .

1.4 f7iE. LA RNA BRI ERES

KH Invitrogen A &) 1] Trizol $2EU7EFMALAH L 2 RNA, BARFHERGE
FE S %2R I ERIESEG vk, ([ 1.2% M0 B M EEAL LIRS I RNA 58 B4k,
J1# i1 NanoDrop 2000 #5ll#2H. RNA f 5 EMIKE . B lug RNA f#

PrimeScript RT reagent Kit with gDNA Eraser (TAKALA, Japan)#47 e #5%, Bk
7



BRI S S
1.5 SERFREEE PCR (qRT-PCR)

PLAZESRE RNA RAHE 11 W3 D (RNA polymerase 1l subunit D, RPSD,
GeneBank: DQ848899.1) 1 yNZ Ik, ilid 5efE G 2] CHOP %L @41, HRYE
TR CHOP o0 %07 S B HRE I e B 51 (L3R 3D, JIAMEHE OF X
TR KZE B GCN2. ASNS. ATF3. ATF4. REDD1. 4E-BP1 =54 (L3
3) TPk E R PCR SBBY, R NifA R A: 12.5 L 2 xSYBR Premix Ex Tag™
Il (TAKALA, Japan). 2pL Bk cDNA. 1 pl BrmtEsI¥ CEdEAI RHES14, 10
pmol/L) 1 9.5 pl TR /K, SRMAKR 25, KM 25H: 95 T 2min; 95 <T 10
s, 58C 10s, 72T 20s, 40 NMEH. RGN )G, ELLVEHRE Al PCR
738G R SR o IR PR AR R AR B A o it R R H (0 R R 5 2 B DR I 9 386 2
FREHHEET 1, e HAK E=10 (VSn-1BE8, Aspig i GCN2,
ASNS. ATF3. ATF4. CHOP. REDD1. 4E-BP1 [ #%FF N %K RPSD
[ 3R —5,  H IR AR SR TR A 27OV E AT e B



R 3 58 HT S g B PCR 514741

Table3 The primer pairs sequences used for real-time quantitative PCR

] 51 9(5'F) 3') P18 Fr BRI (bp)
Gene Primer (5'to 3') Amplicon size
GCN2 F: ACAGACGGCGATCAACCTC 135

R: CCTAAACAGCCTCCATAACC

ASNS F: TCACATTGGCAGCGAACACC 104
R: CATCGGAACCCTCACCAGAG

F: TCGCCATCCAGACCAAGC
ATFS R: ACTCCTTCTGCAAATCCTCC 234

ATF4 F: GGTTCGTATTCTCCCGTATTG 990
R: ACTTGACTTTGACACTGGTGG

CHOP F: ACATGCACCGAGAAAGAGCC 245
R: CCTGCCGAACTATTTCCACT

F: TGGAGCACATCGGACAGGAG
REDD1 R: GACGAGGTAGGGGTCCACAG 140

F: CCGCAAGTTCCTACTGGAC
4E-BP1 R: AGGCTTGCCATCGTGGTTGT 154

RPSD F: CTGCTGTTCCCTAAAGAGTTCG 151
R: GAGCCGTGTAGTTCAGGGTCT

1.6 BTG HHT

ARSI T A OS2 B BOE (8 ] SPSS 17.0 BAFREAT UK R Z 0 Hr (two-way
ANOVA) SE56 4 FI 358 + fr#E iR (means =+ SE) Kk, MBM AbHEZHFI
MBM+AA KbH4 H (3R RIEELL FM 41 0 h (EUEE NS KR ELE, % FM
2H0hMEUEBRN 1, 1538 AR S P R R] A0 &5 8008 . S B gt AT 7 22 5%
VERGES, EHEE DT ZEASE, WM EIREAT TR (SQRT) #kle?l, SR 5 & Ak
M IE) i Tukey’s 2 FELLAE, P<0.05 Rom b FH 4 ) 22 57 .35

2. LR
2.1 AT AAR 5 5@ F B IREE FEEREZL

WE 1 7R, FM. MBM Fil MBM+AA =/ AbH2H 256 5 PR AR 5 35 1 S
THLAH GCN2. ASNS. ATF3 fil ATF4 mRNA Fik& (P<0.05), 3 HEHSE



J5i 2-8 /NI RIK BRI FIE(Y, HEHEEHEERK T CHOP. REDDL fll 4E-BP1
mRNA f1&iA & (P<0.05). 5 FM 41LtHL, MBM 453 Ei 7 LAIH ASNS.
ATF3. AFT4, CHOP. REDD1 Fl 4E-BP1 %K 14 fH 1) 5 145 & (P<0.05) . MBM+AA
Z1ff) ASNS. ATF3. ATF4. CHOP. REDD1 Al 4E-BP1 (R E R MIEHE S FM 4
HHELRA B ZER (P>0.05), {HZHEZE{LT MBM AKEE (P<0.05).
LA GCN2 KW s A =AM ARE B2 27 (P>0.05).
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HIFEIGCN2 mRNA/RPSD

@)

LA ATF3 mRNA/RPSD
Muscle ATF3 mRNA/RPSD

LFICHOP mRNA/RPSD &=

Muscle CHOP mRNA/RPSD

JILPI4E-BP1 mRNA/RPSD &2
Muscle 4E-BP1 mRNA/RPSD

Muscle GCN2 mRNA/RPSD

| 1 | p |1txD

| <0.001|<0.001] 0.001

0 4 8 12 16 20 24 28
I [R] sl G R I AT b
Time (post-feeding)

sort| T | D | TXD
P | <0.001]|<0.001] <0.001
C

&\
/ ~

a ab ab ab

0 4 8 12 16 20 24 28
P 1) s (R i N [ )/
Time (post-feeding)
| T | D |TxD

P ]<0.001]<0.001] <0.001

a
8 12 16 20 24 28
HT ETJ FLGIE SRS [E]))/h
Time (post-feeding)
| T | D |TxD

P [<0.001]<0.001]<<0.001

0 4 8 12 16 20 24 28
I 18] R GUEAR ST I T )/
Time (post-feeding)
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==

LA ASNS mRNA/RPSD
Muscle ASNS mRNA/RPSD

JLAATF4 mRNA/RPSD &

Muscle ATF4 mRNA/RPSD

AL REDD] mRNA/RPSD ™
Muscle REDD1 mRNA/RPSD

wn

| | b |Txp

|<0.001 |<0.001|<0.001

0 4 8 12 16 20 24 28
A 18] s G2 S B )/
Time (post-feeding)

sort] T | D | TxD

|<0.001|<0.001|<0.001

0 4 8 12 16 20 24 28

B 7] i (48 5 1T 1] y/h
Time (post-feeding)
SQRT| T | D | TXD

P |<0.001]<0.001]<0.001

0 4 Bb 12 16 20 24 28

N} [ 553 (R4 5 N [ )/
Time (post-feeding)



B 1: S AN AR RS2 6 4 i LA Hh 2 R R B {5 5 B P e B R 1 (A) GCN2.

(B) ASNS. (C) ATF3. (D) ATF4. (E) CHOP Al (F) REDD1 LAf (G) 4E-BP1 :[H
RIKHIFH o

Fig.1 The key regulators involved in AAR signaling pathway gene expression level in muscle after

juvenile turbot fed different diets.

CSRIGHAR AT R R TT Z 50, AT Tukey’s fde o #5 AS[FI b PR 4H 18] 45 22 BLAF
., T “a,b,c,d,e,f,g,h,iArid &N b3 4H 18] AS A B () () 2 25 1 22 57 (P<0.05) .
FM 21 (——). MBM 41 (-m-) 1 MBM+AA 41 (-a-) D, fkl; T, WA
T>D, {alRLAI 8] 5 122 AR HD
(All results were analyzed using two-way ANOVA followed by Tukey’s test. When
the interaction was significant (P < 0.05), “a,b,c,d,e,f,g,h,i” mean different from all
treatments. Fishmeal diet (—e—); meat and bone meal replacement diet (- = =); meat
and bone meal replacement diet with dietary essential amino acid supplementation
(++&+9); T, D and T>D represented time points, diets and interaction between T and D,

respectively.)

2.2 BT AAR 55 EM P RER FREEREZN

k2 fon, SEAELL, REEEEf =Pt ks B3 et T iE
GCN2. ASNS. ATF3. ATF4 Al CHOP R £k &E (P<0.05), Hiff 2-8 /)
I 2k BT ) ik B s BIUEAE, 2R M0 i REDD1 A1 4E-BP1 i) mRNA Ris & 4]
[t FEE R B [ R I S 0 2 R RS (P<0.05). 5 FM AL, MBM 4
BEPLE GCN2. ASNS. ATF3. ATF4 . CHOP fil 4E-BP1 it [K 3Rk & () I (H
(P<0.05). MBM+AA Hifi#% AAR {5 5 I8 H ARG R R iA 25 MBM 411
AL FEHFAL, MBM+AA 4853 11§ GCN2. ASNS. ATF3. ATF4 . CHOP
A1 4E-BP1 HyFRIFRIA B IE{E (P<0.05).
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GCN2 mRNA/RPSD
Intestinal GCN2 mRNA/RPSD

o9}

J/4E-BP1 mRNA/RPSD
Intestinal 4E-BP1 mRNA/RPSD

JFiATF3 mRNA/RPSD
Intestinal ATF3 mRNA/RPSD

2 CHOP mRNA/RPSD
Intestinal CHOP mRNA/RPSD

0.5

0.0

| T | D | TxXD

P [<0.001|<0.001|<0.001

0 4 8 12 16 20 24 28
e ) 2 (i 42 B[]/
Time (post-feeding)
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0 4 8§ 12 16 20 24 28
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Time (post-feeding)
SQRT| T | D | TXD
P |<0.001]<0.001]<0.001

0 4 8 12 16 20 24 28
B 1 221842 J5 6 T/
Time (post-feeding)
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P |<0.001]<0.001]<0.001

f
ef i f
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\'-}-
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Time (post-feeding)
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| T | D | TxD

B 4 P [<0.001|<0.001] <0.001
z
2
<t
o
2 E
Z E
T2
22
ZE
K7
s
k=
0 T T T T T T T \
0O 4 8 12 16 20 24 28
e (8] s (GBEE i s 18] )/h
Time (post-feeding)
| T | D |TXD
p .21 P T o002 <0001 0207
a
E 20 m
e c cC
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£Z% 15 -
g2 |0y A
£ E 10 A ’ -.i Y
z=el Wy Y
S $ X
B 705 4
E
0.0 T T T T T T T ]
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£EQ
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2 05 1
= g
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K 2. S AR BDRE RS0 4 0 il rh 2 R A5 5 il Bk b R I T X1 (A GCN2,
(B) ASNS. (C) ATF3. (D) ATF4. (E) CHOP il (F) REDD1 L\ (G) 4E-BP1 J:[A
RIKIFEI o
Fig.2 The key regulators involved in AAR signaling pathway gene expression level in intestine
after juvenile turbot fed different diets.

CSRIOEAR AT R R T7 25007, AT Tukey’s #5568 . #5 AR A EE4H 18]G 22 BAE
., W a,b,c,de,f,g,h, i brid &> b B 2H R AS [R) I [) F) O 225 00 22 5t s A AN R A B
HIAAZLEAER, WHABCHREARIN A MRS EEZE R, HXY,Z200E
AN R A BRI ) B 2 5 (P<0.05) o« FM #H (—4—), MBM 41 (-m-)
T MBM+AA 4 (-a-) D, fakl; T, WA 5 T>D, TR [A) s 52 BAEHD
(All results were analyzed using two-way ANOVA followed by Tukey’s test. When
the interaction was significant (P<0.05), “a,b,c.d,e,f” mean different from all
treatments. On the contrary, “A,B,C,D” were used to represented the significant
difference from time points and “X,Y,Z” were used to represented the significant
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The effects of fishmeal replacement by meat and bone meal on amino
acid response signaling pathway in juvenile turbot (Scophthalmus

maximus L.)

SONG Fei, XU Dan-Dan, MAI Kang-Sen, ZHOU Hui-Hui, XU Wei, HE Gen
(1. The Key Laboratory of Aquaculture Nutrition and Feed (Ministry of Agriculture), Ocean
University of China, Qingdao 266003, China; 2. The Key Laboratory of Mariculture (Ministry of

Education), Ocean University of China, Qingdao 266003, China)

Abstract: The objective of this study was to evaluate the effects of fishmeal(FM) replacement by
meat and bone meal (MBM) balanced with or without essential amino acids (EAA) on the amino
acid response (AAR) signaling pathway in juvenile turbot (Scophthalmus maximus L.). Fish
(9.0140.01g) were fed with three isonitrogenous and isoenergetic diet including 60% FM (FM diet);
45% FM replaced by MBM diet (MBM diet) and MBM diet supplemented EAAS to match the EAA
profile of FM diet (MBM+AA diet) for 30 days. Results showed that compared with the FM diet,
MBM diet significantly up-regulated the gene expression peak levels of asparagine synthesis
(ASNS), activating transcription factor3 (ATF3), activating transcription factor4(ATF4),
CCAAT-enhance binding protein homology protein(CHOP), regulated in development and DNA
damage responses 1 (REDDL) and eukaryotic initiation factor 4E binding protein 1 (4E-BP1) in
muscle. There were no difference between the MBM+AA diet and FM diet on the genes expression
level of ASNS, ATF3, ATF4, CHOP, REDD1and 4E-BP1 at 2h after re-feeding. The MBM+AA diet
and FM diet significantly down-regulated these genes expression than the MBM diet. There were no
significant difference on the expression of general control nonderepressible 2(GCN2) among the
three diet groups. Similarly, in intestine, MBM diet significantly increased the gene expression peak
level of GCN2, ASNS, ATF4, CHOP and 4E-BP1 than the FM diet. Added EAA had no effects to
decrease these genes expression level. In conclusion, 45% FM replaced by MBM diet up-regulated
the gene expression level of the key regulators involved in AAR signaling pathway, supplemented

EAA had an effects to ameliorate MBM replacement deficiencies to some extent.
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