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it R B BE TR ) F AT AR e XK AR sl ) A
Ko MU MAFREA L . EIRP ORI il
i R K B i B RUR S S5 05, SR T A A e A
BRAE K S AR AR LB B T 50 G A ol o 1T
FR BRI X AR fe KA D RERR T, TR b B A2
o AU D REZE LI, HLACIE B A2 B RE A 035
B4, HEMSFEALA LR =T WA
JLETE X T I i ) AR S AT B Tt . R4
b T AR A R R AE PN 1) A6 T S R IR I LR BT BE

IR 2 R GEUE Y A R R o, il
XERTA A 0 E o, F4REE RGP Y
55 1R P B AL R A X R R BEE AR ST
MRA, — U R R F g B8, 5
Bl 22 20 2 53 A L AT LIRS A W BLAAC ) 2 LA R Al
BARRE T R EY) o KA e S e e
LA REAT A S R R AN LR IE 3 5 A 3 T 4 g
Yy, ORI UERE AR, BRI 2 R
fit, SRBLSE M ES, B TR M T4
Y RGRBHLE . BFFER], WiRER RN
FRARDRLE 7 KX s i A A 3 5 st
Blo BUER (Lys) 1109 280 Y & 00 s — R
AR, EREF AR REEATURE,
TRDHH e Al A T i AL 1A S 28 5 ThT A 5 A BELAR I
Ak, B A AR RTR , B HEZORI IR N
KHENR TR Y B AL, 1] He 4 v 1R A )
FIFR o T K B R AR 2R AF T, O R
A = R K T B 2 XA 0 00 ) e PR 5 S
PRSI . HET U, ARSI HICH A A R R
Hop s e T B, e AT A ORI e A i i
P e SR AT ST A LA 11, PR G ARRE A i b A
A PR Xk ML Y5 Xk B MR A Ll R S Rk ) 52
M, 7 VA 2R 0T LA 1 o B A R ) AU
Or FIRPENLE, Do 2 B A LAY IR IE & e e
) B RIS

1 MRS TA

L1 ST S5RREIE

Z: B e 1 & B R A S Aok Y
FLah xR R A Oy, ARy . KBEEM . 4B
. SR MUBEN B AR, R o S
NEAE N NG i U8 B SE b AR RE, o, BRIk
SR N H SIS ) i aE T R, 7E BL LA
AR BIEHN 0(Lys0) . 0.25%(Lys25). 0.50%(Lys50).
0.75%(Lys75). 1.00%(Lys100) ) fs A #i 2 i, e
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il B S 415 AAERR M S I ARL DS R N i 44 46t
SRR (Lys0) 1E A% B, SE 80 4Rk 2H hg S
BRI 1, £ LR 2 R S {E 4 51
2.43%. 2.65%. 2.87%. 3.06%. 3.24%.
12 AFERE

FREH SR IR RS I T TR A A R AT
SEG FH LGN = XTI (Litopenaeus vannamei) W H I
W W X R R A . Bk 750 IS I, R/NEE
AR —BURLIF (2.0£0.1 g), FEHLITECE] 15 S RI4H
(P46 B0 A% 1.90 mx1.25 mx1.00 m) 5, 454> B 46
50 B, 443 FAT. WERMERAE6: 00, 11: 00,
17: 00, 22: 00 fEHMIF THW | h J5 A& F 17
RHEEMEN, 1.5 h FUrm b s AR E . 28
$00 1) g P R A — U 5 B AR I i BB K, 4K B
R 30%, i T T R T IR A AR AR S, S
B FRAH IR 56 d, Kk 25~31 °C, <03 mg/L,
pH 7y 8.0+0.2, ¥ %>5 mg/L.

1.3 HEXE&E

ZERTIARF ST A SRR, Lys7SA A KA RE |
JULPRRELZE 1 RIRR 5 2 B AR A SR A R, HL
JHF T e ft B 2 1 Al B 3% i T LysO 20, PRtk #%
Lys0 201 Lys75 24 TAC I 2H 2% TG s 2 27 530 #r o
FEIX 2 A B B WA AL 6 R XFIF, #E T
PR SR T BOCHORT S T IR, TBCATC RNA i JCI
WELLE, B TWAT, S A-80 °C K
T RAE AR R 22 3 T

1.4 HAXRLIE

ARBLEF M B 50 mg FLAN I T HR T B
PR T 1.5 mL &0 4 A 400 ul 2 UK (&
B« HEE=1: 1), WHEIRS) 30s J5, (KR
Bt 30 min(5 °C, 40 KHz), K £ & T —20 °C § &
30 min J5, 4°C. 13000xg &[> 15 min, FH
W, BRAWT, (KRB AEI S min (5 °C, 40
KHz), 4°C. 13000 g &.0> 5 min, B IHKE
HERE/ NP EAT LC-MS ARHH % EALSMHT .

R T A % F§ TRIzol(Invitrogen) ¥
PEICFLGA T R AR P 9 5L RNA, ELR A an
T (DHUGE & LGN X ERIFBRAR L EY, WA 585
WHE 5 R ANA 1mL Trizol &Y 1.5 mL &.0»
Erh, RGHTH MR, FIE Smin, @ 4°C,
13000xg #5:.0> 5 min J&5, MWH 2R E 7 —E0
&, # 0.2 mL &4%/1 mL Trizol FY AT 1Y
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®1 ZRERETREFRKFE

Tab. 1 Ingredients and proximate composition of experimental diets %

TiH 415 groups

items Lys0 Lys25 Lys50 Lys75 Lys100
J5El  ingredients
faf}  fish meal 20.00 20.00 20.00 20.00 20.00
KT H  fermented soybean meal 10.00 10.00 10.00 10.00 10.00
TE/EH1 peanut meal 12.00 12.00 12.00 12.00 12.00
M1 soybean meal 12.00 12.00 12.00 12.00 12.00
YKy wheat middling 6.95 6.95 6.95 6.95 6.95
Tk flour 20.91 20.66 20.41 20.16 19.91
1M} dried blood 3.99 3.99 3.99 3.99 3.99
fi  fish oil 1.97 1.97 1.97 1.97 1.97
LRHE  squid visceral ointment 3.99 3.99 3.99 3.99 3.99
WL EEERE  brewers yeast 4.99 4.99 4.99 4.99 4.99
Z4E  vitamin premix ' 0.30 0.30 0.30 0.30 0.30
%1 mineral premix 0.25 0.25 0.25 0.25 0.25
R 545 ca(H,PO4), 0.30 0.30 0.30 0.30 0.30
R lysine 0.00 0.25 0.50 0.75 1.00
HE M methionine 0.32 0.32 0.32 0.32 0.32
KGN lecithin powder 1.50 1.50 1.50 1.50 1.50
JIHE R cholesterol 0.03 0.03 0.03 0.03 0.03
SALAEAE  choline chloride 0.50 0.50 0.50 0.50 0.50
it total 100.00 100.00 100.00 100.00 100.00
EIEKCF(T Y FER)  nutrient levels (%, DM basis)
HEA CP 41.64 41.36 41.82 41.65 41.09
MR EE 7.42 7.35 7.58 7.61 7.48
HKSy  Ash 6.93 6.73 6.72 6.78 6.89
WM Lysine 2.43 2.65 2.87 3.06 3.24

W L ST wd R EZTURENS A VA 8000000IU, VD 20000001U, VE50g, VK 10g, VB 15g, VB,15g,, VBs8g, VB;,0.02g, AL 40
g, D-ZRE525¢, MR2.5g, AW 0.08 g, VA 100 g; 2. & T 3w YRTHURE 4 Calo.5g, K90g, Mgl2g, FelOg, Cu30g,
Zn10g, Mn38g, Co0.8g, Se20mg

Notes: 1. Containing the following per kg of vitamin premix : VA 80000001U, VD 20000001U, VE 50 g, VK 10 g, VB 15 g, VB, 15 g, VB¢ 8 g, VB,
0.02 g, nicotinamide 40 g, calcium D-pantothenate 25 g, folic acid 2.5 g, biotin 0.08 g, inositol 100g; 2. Containing the following per kg of mineral

premix: Ca 10.5 g, K90 g, Mg 12 g,Fe 1.0 g,Cu3.0g,Zn 10 g, Mn 3.8 g, Co 0.8 g, Se 20 mg

A5, BD 200 uL, FE%IRS)JE W EBCE S min,
@ 4°C, 13000xg Z5.0> 15 min Ji7, WH FJZKAH
400 uL 27 —E.08 T, AR 1 5 N
s, ZIHCE 10min, @ 4°C. 13000xg 2.0 10 min
Ja, FLEW, BAaiiE TER, A 1 mL 3
1) 75% LW, EUERTFE. ©4°C. 12000xg &
L Smin 5, 7B, BEOHY, HWTMEREL
BHEMAR, FH 10 ul #e Sk R AR R, EIRBE 3-
5 min, @ I A 20~50 uL K & 1) 0.1%DEPC 7K i
fifto A RNA HlI#R5ERUE , MRIRSE L OligodT & 42
mRNA, mRNA H Btk . [#G i cDNA . adaptor
AR R AR S 4T lumina B AL R . 0
D AERE RSN TE GEVE/ TRl m s WA W (WD GO S S ii

R E K722 4 /8 sponsored by China Society of Fisheries

RN FRIR R0, B ERZE TN, ERE
K KEGG i [ & 543 b7 45 3l A 15 4047

ARG 27 R S 4 S REAR AL BRI AT 5 5 4F
YIS T SE R
1.5 HURAIBMSZ T 9

BB AR E ;. LO/MS ST {5 BB (25 M
T, FEERRCIE, HEVERR); B A E 04
—fb, B, trdifl); BRI, 22 A
Yt A (G2 H R 3K 4 ropls(Versionl.6.2) if
7 PCA,PLS-DA,OPLS-DA % 43 #7); KEGG il #
Uite o

RN IR E R RSEM, Fik B4R
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S TPM;; 25 57 383808 H A 1 F f& DESeq2(— M2k
Y EE), Ui AR ifE R p-adjust < 0.05 &
log2FC|>= 15 24—~ [ [ s g J X A~ 45120
M FE D Ry 22 eIk FE . R R AR X 3 R
L B/ SR AR T KEGG PATHWAY & 4£4)
Br, ML IER P{E (Padjust)<0.05 I, A M
KEGG PATHWAY WJREAFTE B & & EIE M o

2 R

21 [RIGHAERIT O

PCA 43#T (Principal Component Analysis) 7] LA
AR RS T e BT R SR, BB
MR ERITA . FEARA Y F B AL, Bk
£ PCA B B G o L 1 o FLAR I X R
JRARAC IS 7R, Lys0 Al Lys75 A — &0 #
P, RPMAZ BRI AT R, BEW
R /R A BLSREANTE 95% WU BRE R, 404
TEREIX 3PN 5 M I X AT A 2 AT e S AR,
WA ZH A AR 359 A 1 308 BH T 23 BT P RE A v S A B
A

S A5 AR it X IV P D i - 4 R R A
0.0259%~0.0274%, /INF0.1%, [FHTQ20 1£96.89%~

scores (PCA) plot

0 lys0
100 L A 1yS75

140

[\ (o)
(=] S
>

|
N
(=]

PC2 (16.80%)

|
[oN
(=3

—100 |

—200 —100 0 100 200
PC1 (34.70%)
1 FLYUEXERAFBRAR EBL 5 5347
Fig.1 PCA analysis of LC-MS metabolite profiles

97.62% A, KT 85%, Q30 7E 92.17%~93.81%,
KT 80%, MLZEFRULHH T 6 MEEAS I 725 S kb
AR RS S AR HT R ESR (3 2).
2.2 BRIEBIESIT

HH 2 3 1] LUE 8 05 45 0 i o 35 55080 X g
B ) 3 S 24 B R R AE 0.1% DL, Q20
Q30 ¥J7E 90% A I, JFaa#em, KX} Esess
B AT A T

®2 6 MEXRRRBNFRIES T

Tab.2 Evaluation results of raw reads of 6 samples

FERR error rates

1 i
sfn?)le raw reads raw bases error rate/% Q20/% Q30/% GC content/%
Lys0 48775762 7365140062 0.0268 97.12 92.69 51.79
LysO 49809466 7521229366 0.0267 97.13 92.74 50.18
Lys0 46442308 7012788508 0.0256 97.62 93.81 52.05
Lys75 47443196 7163922596 0.0268 97.11 92.75 48.93
Lys75 43081998 6505381698 0.0274 96.89 92.17 49.19
Lys75 50476674 7621977774 0.0259 97.48 93.45 50.22
®3 6 MERHRIERES
Tab.3 Evaluation results of clean reads of 6 samples
BER HE U error rate
sample raw reads raw bases error rate/% Q20/% Q30/% GC content/%
Lys0 48188564 7134585976 0.0257 97.71 93.47 51.66
LysO 49209612 7268231043 0.0257 97.72 93.51 49.99
Lys0 46003128 6798805065 0.0247 98.13 94.48 51.93
Lys75 46812724 6882449977 0.0255 97.79 93.64 48.69
Lys75 42568310 6288444171 0.0263 97.49 92.96 48.99
Lys75 50004628 7396155090 0.025 98.00 94.13 50.06
https://www.china-fishery.cn T KPR 25 3246 sponsored by China Society of Fisheries
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23 EFREIRREER S

Lys0 & Lys75 2H 41 ) 2 A6 28 4> 25 4%
WAL, 5 Lyso 4140, Lys75 AhA 26 ML
YR, 2 AR A, P #] KEGG %X
Wt e b A A 7 R, A 6 - 51 AR R
El. 4i/E%K D3, L-288808 | oMb H b i me A |
PEWERR . N-CBEHE-L-se R . IR (% 4). KX
s 9% SR YA A KEGG 55 J& 43 #7, Lys0

Ko Lys75 2H [a) Fe i 18 4 2 0t , o350 0 |
Al . AR (Glycine, serine and
threonine metabolism), £& 4= PU 4 2 1% 18 (Arachi-
donic acid metabolism). H i @ g X (Glycero-
phospholipid metabolism), #4 Jig 25 1% i#if (Sphingol-
ipid metabolism)(% 5), Lys0 5 Lys75 £ [i] %43
HEEDLIE 2,

4 Lys0 5 Lys75 HE| R EE SR (UL Lys0 B R34 88)

Tab. 4 Identification of significantly different metabolites in hepatopancreas between Lys0 and

Lys75 ( Lys0 as control group)

Z 50 differential metabolites VIP P FC K level
6-Mil-F# i 3E1  PGEl 323 0.0067 1.19 Up
YDy VD, 2.66 0.0357 0.88 Down
L-s8154  Sepiapterine 2.35 0.0237 0.87 Down
a-FEIE H B ERIHAK  a-Choline glycerophosphate 2.34 0.0391 0.91 Down
AR sphingomyelin 2.07 0.0125 0.92 Down
N-ZBE-L-52 % N-Acetyl-L-leucine 1.98 0.0241 1.09 Up
fHEK  Choline 1.69 0.0324 0.95 Down

7F: 1.OPLS-DABIAUS B AL (VIPYE AT R R 560 A5 21 (4 3 — AL I AR B PRS2 AR 159 ;- LLVIP > 1H1P < 0.058 W1 2. FC: ZLFEAAR
T4k B LA (Lys75/Lys0), FC>1%7m B, FC<1ER T
Notes: 1.variable influence on projection (VIP) values obtained from OPLS-DA model and P values from a two-tailed Student’s t-test on the normalized
peak area; Metabolites with VIP > 1 and P < 0.05 were considered discriminative; 2.FC =fold change, FC: The ratio of the average expression of
metabolites in the two sets of samples (Lys75/Lys0), FC>1 means up-regulation, FC<I means down-regulation

<5 Lys0 5 Lys75 ¢H{EE F 5B (KL Lys0 25 31 88)

Tab.5 Identification of different metabolism pathways in hepatopancreas between Lys0 and

Lys75 groups (Lys0 as control group)

RYHHEE  pathway P-value wEMZERRUY  SDMs K3 level
HER. 225N R A . N
Glycine, serine and threonine metabolism 0.041 Jitf# Choline R down
AV IRACH  Arachidonic acid metabolism 0.061 6-Mi-Fi ¥R ZE1  PGEL L up
Hah g A% Glycerophospholipid metabolism  0.079 o-FEIE H AR IR B IEA%  a-Choline glycerophosphate T down
WIEMG  Sphingolipid metabolism 0.020 %  sphingolipids T down

24 ERREEEZEZDN

DL LysO X BRZH, Lys75 Jscueal, A
W17 R 2 IR, Hoh 4 R IE M
13 FhIEA R, VERE] KEGG B i il 22 S5 5t
KA 8 i (% 6).

25 EREFERNKEGG BE&E

X Lys0 Al Lys75 41 /)22 55 5 R A o ik 47
Fe sk 2 AR 8 B o0 B (R 7, 181 3), ik
3N EREREES 50 6 &5 5HlE, 31
25 S5 L TR Gt 0 %) Rl S31) kg T B SRR A
BRI AR T . M. 6 A% M5 Sl BRI

R E K722 4 /8 sponsored by China Society of Fisheries

o2 R A e IR O L R R MR S A
TER R RO A . ARBRRE S Al . SRR H A
HUFAWYiS

S I 2E S 7R LN TR W Y 22 S AR B
s A >, XAlRE S ZIKsY . R
SRR E SRR R (R4, K5 hES
14 22 S AR e e v 4R T LA ARk b S i
1 R 2 B W) LN 0T I ) 2 R A QB i 26
Rl (3 5).

H&AM . 228, 7 AR E T2
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(Fpe PURi. P,
JHFHFE A B
(HaEm. 25
ANFRE A

W —— R

WSz LM RGRE
R BRATAE )

]E/Mx
WA . I
A 1 '—» LD ! RIS E1
: (R RMIF A KRR . (R
W WEISIUAA B ()
J#lR EPA

]
s IR | e i R R R T

o H i
R HEL ik

JEAR

LR
LEliEAel ] T Mg — Y (MR . BSR4
A HEMRE S SERENE T 27, gt

o
VA R TR Rl BE )
2 Lys0 5 Lys75 BAREHEFE S FR KEGG RiHRA
Fig.2 KEGG pathway enrichment after the metabolomics integration between Lys0 and Lys75 group

Hrh g
il

YR

F 6 Lys0 # Lys75s FAER B AEEN 8 MEFERIAEHITLER (UL Lys0 AR5t H8)
Tab. 6 Most significant up / down-regulation of 8 kinds of gene expression between Lys0 and Lys75(Lys0 as control group)

FERZHR KO name Log2FC(Lys75/Lys0) P-adjust siﬂg%i%Em reigi%te
FEME RS FUTS -7.3656 0.0058 yes down
WEEHBl ACTB_GI -2.5163 0.0069 yes down
BRI T2 31 EIF2S1 12,6150 0.0000 yes up
FLEOEA R T E YT CLCA3 4 -1.7308 0.0455 yes down

PO S FIEE Y CLCAL -1.7169 0.0055 yes down
y- T RIS 4ERE  E1.14.11.1 3.8235 0.0144 yes up
CHRE  HK -1.6270 0.0001 yes down
LBEIHAREENF  ACHE -8.8932 0.0051 yes down
¥ 1. KO name: FEKIZFK; 2. log,FC(Lys75/Lys0): %K R/ o ARAE B REA W) 22 S A5 B LA 2 R IR IR X 45048, Lys04 %) ff; 3. Padjust: £ HAG

K IEJGIMP(E; 4. Significant: FENTEPIFEAN M EEYE, yes h B3 5. Regulate: RN, LALysOAX M, uply L1, downy Fiff.
Note: 1. KO name: gene name; 2. log,FC(Lys75/Lys0): the logarithmic value of the gene/transcript difference between two samples based on the base 2,
Lys0 is the control; 3. Padjust: P-value adjusted for multiple testing; 4. Significant: whether the difference between the two samples is significant, yes is
significant; 5. Regulation: up and down, Lys0 is the control, up is up-regulation, and down is down-regulation.

<7 Lys0 5 Lys75 ¢tHEIE RSB (L Lys0 2543388
Tab. 7 Identification of different metabolism pathways in hepatopancreas between Lys0 and Lys75 groups.
(Define Lys0 as control group)

e LR AR TR blikE 2y kS

gene name pathway id description regulation
El.14.11.1 y- TR SEBRA 4 i map00310 W IRy A up

ACHE T Tk i e map00564 B AR A down

HK [ map00010 B A8 e down

HK LB map00500 TER AR down
ACHE LT Ok map04725 RGeS A down
HK CUpE map00051 OB H EEp A down

https://www.china-fishery.cn R K I:J»  sponsored by China Society of Fisheries
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Fig. 3 KEGG pathway enrichment after integrated analysis of transcriptomics and

metabolomics between Lys0&Lys75 groups

SRR, FEAEXTERF AR P kAT, = F 200
A SR R P I 8 i R 3 2 TR T 4 il A
ek, Sreat U XA MR DI AR OGN, WA
5 2% BH H SR 0 22 SR X 7K 7™ sl ) 1) G g ST
T Akt 28 G USR] s R A RE 4R e £
OETE=R WS ETINITR €10 R | R - X (SRS g A =)
FR W RTIARY BT, AR SCE0 v Lys75 4L 0mg & &
FATRE S PR H AR . 28R . HAERIEAE K
VEFINSEAT 5C . 2RI T fal Rk rhods i i i S S i
B X T AT R T B R B 1 g
P LA TR

AEAE VUG TR AE I AN FIIR IR, ZE IRy (a2
AR PERE . MR BRI A0 B o 1 R e T R
S5 H R A B OCH ZAAE P W] i IR
W RRRR SR AL R, S22 T AT R 28 X — S Xt
1N SR L P (IS W - (S o 7 0
A BB TR P, AR SIS b 6-f -1 51 AR R
E1(PGE1) 1/ W] 685 1A DU Js T 174 g 41 AR 3 n 5
A%, WL, PGEL 7E/FAEMRY . b fe.
SEF AT AL (0 40 S 3014 1 FH Oy 1 ke 4 AR
PR 33X T F A X MR 1 B P AR ) — O i 4

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries

A 53 e IR B4 PR A6 A DU A6 1R f - il T
2 (EPA) fEAE— & WUINHIC R , LA MG IR IK 1
R AT DA #E A B M R (EPA) FEALIR N E
T2 EPA R H e s i b s B i R 2 —
HA XTI E R PERE . BRI R, [
ALK EER . L, ARWFSE A6 D9
B BUHT F AR 2 AE 5 AT RE ] 422 £ g X R A
EPA 7 i M el o iR AR K PERE

O A F LG RN B RE R AA , JE T H MR
TEHLA B JFE R 47 R 02 32 i o 4 Qs o Th 4% 1 2
FERIESY ARS8 vh 2 5 5 L0 86 i 100 P b OC
R 0 o H 7 8 o B R IR B ZE Lys 75 4 v Bk
ERVA, 0TI AR SRR 1 S A G
DAL RIS 38 B BT, RA IR A e, DR %o i i Jige
H A B

W AR 2 —25 2 5 B B+ J2 31085 iR
TRy S B T sl i A R 25 . LA
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Transcriptional regulation of hepatopancreas metabolism in Litopenaeus van-
namei fed with supplemental crystalline lysine which fermented soybean meal
partially replacing fish meal in the feed

GUO Xu "**,  CHEN Chen "***, DAI Xilin "**,  WANG Wenyan*, GAO Feifei*, HUA Xueming """
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Abstract: This study was conducted to investigate the regulation mechanism of dietary lysine (Lys) content in
Litopenaeus vannamei after partially replacing fish meal with fermented soybean meal, where 0%, 0.25%, 0.50%,
0.75% and 1.00% of crystalline lysine was added to the basic feed (recorded as Lys0, Lys25, Lys50, Lys75 and
Lys100). Litopenaeus vannamei with an initial body weight of (2.0+0.1) g were selected for a 56-day feeding trial
in an indoor cement pond fed with above 5 isonitrogenous and iso-lipidic experimental diets respectively, and
those in Lys0O and Lys75 groups under went metabolomics and transcriptomic analysis based on significantly dif-
ferent growth performance, crude protein and lipid content in muscle, hepatopancreas health as well(P<0.05). The
results showed that compared to Lys0O group, a total of 28 different metabolites were detected in Lys75 group,
among which 2 metabolites were down-regulated and 26 metabolites were up-regulated; Signal pathway analysis
was performed on 7 different metabolites annotated to the KEGG database, and 4 important metabolic pathways
were screened out, namely glycine, serine and threonine metabolism, arachidonic acid metabolism, Sphingolipid
metabolism, glycerophospholipid metabolism. In the Lys75 group, choline was significantly down-regulated in the
hepatopancreas(P<0.05), the expression of y-butyl betaine plus dioxygenase genes was significantly up-
regulated(P<0.05), and the expressions of hexokinase genes and acetylcholinesterase genes were significantly
down-regulated(P<0.05). The results indicated the increase of dietary lysine level due to crystal lysine addition
helped the B-oxidation of fatty acids in the hepatopancreas, playing a role in protein saving and protecting the
health of the hepatopancreas as well, thus promoted the growth of the shrimp.

Key words: Litopenaeus vannamei; fermented soybean meal; crystal lysine; transcription; metabolism
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