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1.1
fizt

Fe** 30 mg/L (FeSO,7H,0) Cu*"
15 mg/L (CuSO45H,0) H,0, 600 mg/L (30% H,0,)
0.3% (80+2)
14d , 80

(Iv) (67.19+3.32) g/kg
(AV) (0.51+0.04) g/kg
(3.64+0.23) g/kg (POV) (10.86+1.26) meq/kg

(111.27+£2.85) meq/kg (MDA)  (7.50+
1.60) umol/mL  (72.20+10.00) pmol/mL

(61.99+4.03) g/kg

14d , 1V 7.74%, AV POV MDA
613.73% 924.59% 862.67%
1.2
(Ctenopharyngodon idella)
, 28% 5%
20d
(108.4+6.2) g 42
03 m’ 6 ,
, 3 , 7
(23+1) 6.4 mg/L
pH 7.2
( )
4:1 ,
, 4 2.0 mm
( 5 cm) 5 mL ,
1% )
, 15—20s,
, 9: 00
24h,
1, 7d
1.3
8 9: 00,
3 s 40min,
, 2500 r/min 15min,

10000 r/min 15min , 3
3 , , —80
, C800
14
, 24h,
3 3
9 ,
, PBS
, 1.5 mL (Rnasefree),
, —-80
1.5 RNA
, RNA RNA
, 9 RNA (New-
Biolndustry) RNA
RNA , 1 3 RNA
( )
1 ) )
2 (n=2)
, 4 RNA , RNA-
seq RNA s
RNA , ,
60 uL 6—7h, 80 pL 9—10h
RNA
1.6 RNA IMlumina
RNA
(RNA Nano Bioanalysis chip and Qubit Kit) (
Agilent 2100) RNA
, RNA RIN (RNA Integrity Number)
9.10  8.70; RNA 190 121 ng/pL
( 25ng
RNA, [llumina TruSeq RNA
cDNA , PCR 15
[llumina  HiSeq2000 ,
(PE) 50 bp
20 30

Brujin (CLC Bioversion5.5)
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UniProtKB/SwissPro UniProtKB/SwissProt
NCBI top hits (E-value  1le-6) BLAST (Blast2GO version 2.5.1)

F1 ARESMBEEE. Hh=l. SEEREANMREERERSE
Tab. 1 Cholesterol, triglyceride, HDL and LDL levels in grass carp (Ctenopharyngodon idella) serum (mmol / L)

Groups Cholesterol Triglyceride HDL LDL
4.59 3.81 2.07 1.13
Fish oil group 3.81 4.38 2.41 1.02
4.67 4.18 1.78 1.03
Average 4.36 4.12 2.09 1.06
5.51 4.46 1.98 1.53
it ol ggi?ized 5.66 4.57 1.86 1.16
5.67 4.84 1.91 1.43
Average 5.61 4.62 1.92 1.37
Ratio *(%) 28.84 12.13 -8.15 29.56
E - )><100/

Note: * (Oxidized fish oil group value — fish oil group value)><100 / fish oil group value

2 RNA
, RNA-seq
IPA (Ingenuity Pathways 75.4%—99.1%,
Analysis) , CLC Genomics Workbench IPA ,
(version5.5) , MVD FDPS SQLE FDFT1 EBP IDIl
95%, P<0.05 , MVK LSS HMGCR SC5D
, P 3.59E—20, Ratio  11/16 (0.688)
fold 2 10 P
KEGG ,
2 s
2.1 « A— -
8 , ? (D
( 2.3 C )
1) 7d
28.84% 12.13% ) IPA
29.56%, 8.15% KEGG )
2.2 , O-
, 1(SOATTI)
2 (SCAP) CETP)
HADHB HMG CS1 HMG CRa MVK MVD IDI1 2 3(SREBP2 SREBP 3) 14
FDPS FDFT1 DHCR4 SQLE LSS CYP51 , -3.05—7.89
PPP2CA SC4MO! NSDH1 HSD17B7 EBP SC5D ( 3 ,SOAT1 CETP LDLr12 LDLrl LDLr8
18 ATP-BCT A1 MRPS , SCAP

(Fold) 1.27—6.02, ) MRP1 MRP4 MRP2 MRP3



3
61.9%—95.5% ,
, : 7-a- (CYP7AID) 26-
, (CYP27A1) A (HADHa)
, 2(SCP2) ,
P450 7B1(CYP7B1) a- A
(AMACR) ( 4 IPA
KEGG :
2.4 ,
, X (FXR) /
, 7(SLCAT) , (BSEP)

*2 HaREFHREEREREYSHRBBREAREEZRRE

Tab.2 The genes and the fold value of cholesterol biosynthesis pathway in the intestinal mucosal of grass carp (Ctenopharyngodon idella)

Blast Hit Description (HSP) Sequence Length (bp) Blast Similarity (%) Fold Change Enzyme codes
A 2247 92.8 1.27 EC:2.3.1.16
Hydroxyacyl-Coenzyme A dehydrogenase, HADHB
-CoA 3525 75.4 3.25 EC:2.3.3.10
Hydroxymethylglutaryl-CoA synthase, HMG CS1
S A 499 93.5 3.67 EC:1.1.1.34
3-hydroxy-3-methylglutaryl-Coenzyme A reductase a, HMG CRa
Mevalonate kinase, MVK 1879 80.1 3.27 EC:2.7.1.36
. 243 88 4.28 EC:4.1.1.33
Diphospho mevalonate decarboxylase, MVD
. A_. . 844 95.8 6.02 EC:5.3.3.2
Lisopentenyl-diphosphate Delta-isomerase 1, IDI1
Farnesyl diphosphate synthase, FDPS 1592 84.2 3.89 EC:2.5.1.10
. ! 1464 87.2 3.34 EC:2.5.1.21
Farnesyl-diphosphate farnesyltransferase 1, FDFT1
24 -
1889 91.6 4.45 EC:1.3.1.72
24-Dehydrocholesterol reductase, DHCR4
Squalene monooxygenase, SQLE 2898 82.1 4.59 EC:1.1.1.35
Lanosterol synthase, LSS 2663 89.5 4.05 EC:5.4.99.7
14-a-
2890 89.7 4.44 EC:1.14.13.70
Lanosterol 14-alpha demethylase, CYP51
2 Protein phosphatase 2, PPP2CA 1774 99.1 1.49 EC:1.14.13.72
1 Methyl sterol monooxygenase 1, SC4MOI 2302 91.3 3.95 EC:1.14.13.72
-4-a- 3- EC:1.1.1.145
1490 85.9 4.47
Sterol-4-a-carboxylate 3-dehydrogenase, NSDHI EC:1.1.1.170
3- - 3-keto-steroid reductase, HSD17B7 1611 84.4 2.80 EC:1.1.1.62
Emopamil binding protein (sterol isomerase), EBP 1393 81 4.47 EC:5.3.3.5
Lathosterol oxidase, SC5D 1516 89 3.42 EC:1.14.21.6

D Danio rerio

Note: The Top-Hit Species are zebrafish (Danio rerio)
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*3 FARENEEERSNBET. BEHXBEREAREEREKE
Tab. 3 Genes and the fold value of regulate- or transport-related enzyme (protein) with cholesterol synthesis pathway in the intestinal mu-
cosal of grass carp (Ctenopharyngodon idella)

Blast

Blast Hit Description (HSP) Sequence Similarity Fold Ch (fnzyme
Length (bp) (%) 0 ange codes
O- 1 Sterol O-acyltransferase 1-like SOAT1 3251 77.4 -1.71 EC:2.3.1.26
Sterol regulatory element-binding protein cleavage-activating 3634 95.5 (Mus musculus)  1.92 EC:2.7.7.6
protein-like SCAP
Cholesteryl ester transfer protein CETP 1172 64 -1.28
3
. . 264 79.9 -
Sterol regulatory element binding protein 3 SREBP3
2 L . 588 61.9 -
Sterol regulatory element-binding protein 2 SREBP2
o . 12 . 1881 68.3 -1.13 EC:2.3.1.48
Low-density lipoprotein receptor-related protein 12 LDLr12
o . ! . 2496 73.8 -2.00 EC:2.3.1.50
Low-density lipoprotein receptor-related protein 1 LDLrl
o ' 8 ' 478 70.8 (Qref)chromzs 934
Low-density lipoprotein receptor-related protein 8§ LDLr8 niloticus)
ATP . Al 1881 87.1 -1.22 EC:3.6.1.3
ATP-binding cassette transporter Al ATP-BCT Al
Multidrug resistance-associated proteinl MRP1 4847 80 (Poegiliopsis 1.75
lucida)
4 Multidrug resistance-associated protein 4 MRP4 5325 88 7.89 EC:1.1.1.141
. . 2. . 4986 79.5 3.93
Multidrug resistance-associated protein member 2 MRP2
. . . . 87.4 (Oreochromis EC:1.6.1.2;
3 Multidrug resistance associated protein 3 MRP3 2721 niloticus) 3.18 EC-1.6.1.1
. . > . . . 4730 86.9 -3.05
Multidrug resistance-associ ated protein 5-like MRPS
D ( ) (Danio rerio)

Note: In addition to the brackets indicate specie, the rest are zebrafish (Danio rerio)

*4 HEPEFRETREESETHRERDERREESRIE
Tab. 4 Genes and the fold value of the bile acid synthase (or protein) in the intestine of grass carp (Ctenopharyngodon idella)

Blast Hit Description (HSP) Sequence Blast Similarity Fold Enzvme codes
Length (bp) (%) Change ¥
7-a-
676 75.2 1.31 EC:1.14.13.17
Cholesterol 7-alpha-monooxygenase, CYP7A1
26- Sterol 26-hydroxylase, CYP27A1 2436 75.2 1.01
P30, ,7’ B_’ . 939 71.2 -1.98 EC:2.7.11.0
Leytochrome P450, family 7, subfamily B, polypeptide 1, CYP7BI
o A 2285 86.4 -1.61 EC:5.1.99.4
a-methylacyl-CoA racemase, AMACR
A 3052 90 1.45 EC:L1.1.35
Hydroxyacyl-Coenzyme A dehydrogenase, HADHa EC:4.2.1.17
2 Sterol carrier protein 2, SCP2 2422 89.4 3.01 EC:2.3.1.176
EC:6.3.2.6
X Farnesoid X receptor FXR 2272 85.7 -1.29 EC:4.1.1.21
EC:5.4.99.18
Bile salt export pump, BSEP 4579 84.9 1.36
/ 7 Sodium/bile acid cotransporter7, SLCA7 1692 91.1 -1.21
D (Danio rerio)

Note: In addition to the brackets indicate specie, the rest are zebrafish (Danio rerio)
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. 183
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, ( )
, ()
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S RNA s
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3.2
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[8—11]

B
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(121 (3
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[ 0-
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FEEDING GRASS CARP (CTENOPHARYNGODON IDELLUS) WITH OXIDIZED FISH
OIL UP-REGULATES THE GENE EXPRESSION IN THE CHOLESTEROL AND BILE
ACID SYNTHESIS PATHWAY IN INTESTINAL MUCOSA

YE Yuan-Tu', CAI Chun-Fangl, XU Fan', DONG Jiao-Jiao', ZHANG Bao-Tong2 and XIAO Pei-Zhen?

(1. Key Laboratory of Aquatic Animal Nutrition, School of Basic Medicine and Biological Science, Soochow University, Suzhou
215123, China; 2. Open Lab for Aquatic Animal Nutrition, Beijing Research Institute for Nutritional, Beijing 100000, China)

Abstract: In this study, grass carps Ctenopharyngodon idellus were injected with oxidized fish oil (experimental group)
and normal fish oil (control group) continuously for 7 days. We collected the intestinal mucosa and extracted the total
RNA the tissue, and then obtained the RNA sequences from both groups by using the RNA-seq method. We analyzed the
differential gene expression, gene annotation, and /P4 gene pathway, and measured the levels of cholesterol, triglyce-
rides, HDL, and LDL in serum in the meanwhile. The gene expression in the cholesterol and bile acid biosynthesis
pathways increased significantly (= 2 folds) when the intestinal mucosa was injured by oxidized fish oil. Our analysis
revealed a complete “acetyl coenzyme A — cholesterol — bile acid” biosynthesis gene pathway in the intestinal mucosa
of grass carps. Damages in the intestinal mucosa were demonstrated and they were clearly associated with oxidized fish
oil. The overall gene expression in the cholesterol biosynthesis pathway was enhanced after the injury. The gene
expression was reduced in the reverse cholesterol transporting pathway; in contrast, the gene expression in the
cholesterol transport pathway was up-regulated which implied that more cholesterol could be transported out the cell.
There was an increase in the gene expression in the classical pathway of bile acid biosynthesis that utilized cholesterol
as a raw material; however, the expression in its supplementary pathway was decreased. The levels of cholesterol, LDL,
and triglyceride in serum were increased by 28.84%, 29.56% and 12.13% respectively, whereas the level of high-density
lipoprotein was reduced by 8.15%.

Key words: Grass carp Ctenopharyngodon idellus; Intestinal mucosa; RNA-seq; Cholesterol; Bile acid; Differentially
expressed



