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LR REKRFRKFFR/ RLGHEETHELETHRFHRETEER T/
RV RAIFEREMERT TS ERET, XX 430070

LS

BE NEFRI(Misgurnus anguillicaudatus) 5 iR 2E K B 2 FIE K 5 5 3 B Celovl 2, elovl 5) TR K E L
NG W7 R (LC-PUFA) & B A9 1E L s BE AR AR TR 8K elowl 2 Fl elowl5 HER cDNA 42K 531, 43 #r Ho A e iR
[7) 20 28 rf i 338 R 5 3 o I8 B A A1 3 38 30 T HG T 2 5 IR MR DA il (FO) LSRR Tl (CO) FIR T (SO) 2y
JIG 107 U8 B ARLRE 8 JE L 43 AT S [ 1 07 B X DR 8K elowl 2 N elowl 5 FEIKMIFEM . 45 B IR YK elowl2 F elovl 5 HYTT
T B 3 HE CORF) 43 1 24 888 bp Al 876 bp. i f3 295 # 291 NE HEMR . & G #E 1k B2 M £ W1 I 8k ELOVL2,
ELOVLS FEE D fa (4 705 1 538 . S84 X438 ELOVL2 il ELOVLS {557 PEE 5 #5547 K 4% B8 15 198 4 i g
BIFRRIR S5 . VRIRK elovl2 Fl elovl5 WA RIBE R ., BEIRRIUEL LR RH ELOVL2 FZEK
C20-22 PUFA, i ELOVL5 £EIEK C18-20 PUFA, X C22 PUFA A MK AR . A R 4 kA5 i 5 45 2 it 6 &%
RWR,CO A URSKIFIEF LA n-3 PUFA & & B3 LI, WA 20 ¢ 5n-3 & & BE T (A IERNLA 22 ¢ 6n-3

FHREARELL. COAPRMBITHRA

elovl2 celovl5 scd M srebp-1c FRFZEB B F LT, &5 LFR, Je ik

ELOVL2 Al ELOVLS 1 LC-PUFA & i B A | ZA/EM AR H CO B mal fE 28 8 n-3 PUFA LR,
KEEIR WH; KEZNWMIENIR,; EKE2; EKES5; BIR

mESEES Q959.467 8 XEkERIZAD A

1Bl B FE AS AR A IR I BR (long-chain polyunsat-
urated fatty acid, LC-PUFA) 238 SUEE 5 =3 H ik
JR 8 =20 WY ELEE IR Wi RR . 3 A4S AR A 1 0 R
(20 ¢ 4n-6, ARA) , Tk TLJ 2 (20 * 5n-3, EPA)
M+ RN E R (22 ¢+ 6n-3, DHAYM . LC-PU-
FA 75 445 40 B B 1) U 20 P AR 3 2l A G L 1 5 A
S R TR ACEE Ty L DR SRR L L K i s AR A5
J5 T R BRI . BRI iRk R] LU
I R P PR 2 AR R R (2 R i 5 B K A FH (A
KA K5 C18 1 W 3 R (18 : 2n-6, LA) F1 F JR IR
(18 : 3n-3, ALA) FE Ky C20-22 Yy LC-PUFA, Ifij i 7K
fa 5 1l LC-PUFA R, T 2N R

H i, K &5 f5 D7 R & 4 B (elongase of long-
chain fatty acid) 3 A ZEW KA elovl1-7, 41 5
EH T AR W E bR JE w°. ELOVLI,
ELOVL3.ELOVL6 fil ELOVL7 & 5 M1 Fl i [l Bk

Y H 38T 2019-04-02
HeWE . BRARRBER S LW HE (31872579)

NEHS

1000-2421(2020)02-0071-11

FIEAAS A0 R0 R 5 R 1 42 K, 1 ELOVL2,ELOVLA
M ELOVLS 25 Z R4 fg D5 iR 1) 4t K50 &
M LC-PUFA 1) ¢ 8 % K ff &2 ELOVL2 #l
ELOVL5"™ , %2k ELOVL2 #iF 52 F B ik K
C20-22 PUFAM | B 5 f4 ( Danio rerio) ELOVL2
Al DLFE K C18 A1 C24 R MR, ELOVLS I % 4k
K C18-20 PUFA JEW) . X C22 fil FiE f ik AL

Xof AN [ 4025 i 7 R G AR () W 9 3R L BR
G W% 5 W Fh i) LC-PUFA (%4 B BE 10,
& & C18 PUFA YA ¥ i — ¢ 7T {2 i#F £ 25 PUFA
WA R T S PUFA (1 £ 3 0 ) H A e
AH G R 3 SRS T S 2 ALAY iR 5E R
HH I PR ST 3 AT AR R f iR P LC-PUFA 19 SR B X
A AR KRR A Y . B b s K OF
B BRI T 23 03 K PG B n-6/n-3 1Y LA, 42
n-3 LC-PUFA B4 Wi 1™,

25 W IT . BESE K B E SR 5 A B =, E-mail: 1912966009 @ qq.com
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Rk (Misgurnus anguillicaudatus) , J& T I
B EKR U8 B L R — R Tz o A TR A R 2,
T HmE R AN E, BA K NS
2 B IR EK IR R R —. EE
TEWF 5T = B v BE R Bk elowl 1, elowl 3, elovld,
elovl 6, FF 53 BT T H 43 F RAEZY . A BT A R 5
L T RS elovl2 F elowl5 cDNA B3, 45
BreEITE 7 F RAE AL RE L2 5, I RS
P 2 S ofe 50 11 S XoF AN W] g 1 1R VE 4 ) 928 K 3% e
3 3o 45 WRA [R) B 1D AR R 5 U8 SRS W) 2H 210 7
1R 7 1 AR T IR 6 BUAH DG JE I SR as A8 4k, B 7E M
TR Ek ELOVL2 fl ELOVLS 7E K85 Z A #l g
0 2 45 1 1) ) R B Al

1 #MHERE

1.1 R elovi2 71 elovl5 EE TR RIESH

AL SR M T AR A5 B A BT AR e K IR T i 2
20 @) IR FEAEIE I (25 £ 1) C By /K % BT 47 37 4%
P2 acEk[21], R M40 M { (CyAn ADP, 32
FED) 00 o g K 0 £ P L 5 7A S ] Liang 455, HUfE
FRBLAE e Bk 10 Fh LSV ORF I8 B DL L il TR
BB R PR D L B AR A RS R 4 A 2
RNA I S % s i cDNA, 2 BSCHR[ 21 07 2. U fifk
elovl2 I elovl 5 BYRZ O 7 AR 4l © AT Y #e ¢ 4
H4E (NCBI Short Read Archive: SRP082344) 3K
B AR A% O R A B 3 v A 5 9 RACE 4%
SYEGI W (R D, il ik RACE ¥ 58 B elovl2 FI
elovl5 [ cDNA JF41, 75 Bk SOREEY . FH
DNAMAN A 4%5 5: f H AR 15 B9 elovl2 N elool5
Bl JF )R RACE 35 50 B T 38 43 1 3" Fn 57 IX 8 9f
A3 5] elovl2 I elovl5 &K IFH], FIHME ORF
(open reading frame) Finder Chtttp://www. ncbi.
nlm nin. gov/gorf/gorf. htmi) F % Ik elowl2 F0I
elovl 5 FFHCEY E2AE . F I NCBI ¥ 2 Chttp://blast.
ncbi. nlm. nih. gov/) ¥ iF A1 B & 7 5. ¥ I8 i
elovl2 F elovl5 5 GenBank W E £ 18 i /9 H Ab
A 25 ) B TR BioEdit 3k 4F i £ 51 LE Xt
I MEGA 6.0 B, i il i A2 4 2% (neighbor-
joining, NJ) ¥k # i R L #E L . RT-PCR 73 1 =
M Liang 251 09 545, L Bactin HINS LN R
28Ty R A AR TR I A R Ak K. B S
YIFe s L35 1.

1.2 R#k ELOVL2 #1 ELOVL5 B Ih 8E 56 iF
Gy ¥ A A B U)AL S EcoR 1 CIE [a]) il
Xho T (JZ 1)) P8k elovi2 F elovl5 FF L I 5% HE
(ORBYWIH P, 51 16 W& 1. K B 13K
S AH| pMD-19 4k , HI3UES V) 7% 57 U 2 ik 3815 B
M9 B, T4 42755 H 5 A 3 pYES2 28
4, 3@ i I 86 iE 5, A Invitrogen 2y H] S.C Easy
Comp Transformation Kits i &% H ALK S A
B ERE B2 R 0, 38 iF Western-blot % IF 5 40 25 (1 1E
Wik . TE BEBE S IR 5L b S A 8] vk BE s D PR
C18 A1 C20 Ag W5 M2 43 % ¥ fm 0.5 mmol/L F1
1 mmol/L, WA MR A 18 : 2n-6.18 ¢ 3n-3.18 ¢
3n-6 Ca WIHMR s GLA) .20 ¢ 4n-6.20 ¢ 5n-3,fE 30 C
TSR 48 h S, DT BE 40 A b A ERCERE R, S IR
Yan SV, BRI MR AR IT A AL [T
=y AR/ G A 7 W T AR 4= A1 5 0 B D5 R T
FOIX 1002,
1.3 AEREHERRITEMEHBRARMERR
1% B i

e Bk R 7 1 S R m R DT L Ay B
T3 A A TR A I R R S BE R (FOD | I JRR
FEIHCCO) AR T3 (SO, i AE B AR &4 10%.
WOkE 78 B (0.1~ 0.3 mm) B HI/E 7 2 1 Gao
U R — 20 CUKARPRAE A . RDREEC O L3R
2, Ho 4 A 3R B0 B AT (mg/kg) : BEH B DR,
32.12; Ve,230; VD, ,3.24; VK, ,15.28; VE, 12.68;
VB, .19.24; VB,, 64.12; VBy, 15.28; VB,,, 0. 04;
VH.1.92; 2748 %K .1 283.04; MAR . 256.56; 12 FR 45 .
89.34 s Mg, 4.8 AL MU BE . 2 623,125 X Jig 3 75 H
BR.127.76; 5 ) Jot B0IR B 4 (mg/kg) : MgSO., »
3 380; Na, HPO, , 53.33; K, HPO, ., 5 913. 33; Fe.
733.33;Ca, 8 060; AICOH);,6.67; ZnSO, , 86.67;
CuS0,,2.67;MnSO, ,20; Ca(10;),,6.67; CoSO, »
26.67, MEWTERLL ML 3. $ M 0 vk % 1 Y A R
Mk 5 () ) 10, ) G AR B R O B R (0,60 £0.04) g
BRCE T F RS OKE 40 L) &5 15 BIR
Bk BEBLAY R 3 4B 3 AT, BRI EHRR 3
WL IR YR A 08:00,14:00 A1 20:00, £ Kid i
1B R R T B0 ] MR ABURE /N AR 4 £ 15 /)N
HEAT M, B S ) 3R O g rp oK TR AR (25 =
D CL % 5.2~7.0 mg/mL, ik B 42 8 &, WAL
B 0 2 g S U0 K A AR T 2 L B UK AR R 3 2 U8 8k
JHFE PR A7 76 WA A T 4 BURNA ; U3 2 i
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Table 1

PCR 5| #1 7 51

Nucleotide sequences of the primers for PCR

H ¥R K Target genes

5| ¥ % Primer sequences (5'-3")

)% /°C Temperature

84> cDNA 41 55 & Partial cDNA cloning

elovl 2-f AGGGTTGCAAAAGTCCTCTGG 66.5
elool 2-r AACCAGCTGAGCCTGGGTGAG 64.0
elovl 5-f CTGTGGTGGTATTACTTCTCC 59.0
elool 5-r ACTTTTTCCACCACAGATATG 60.5
3'-RACE
elovl 2-3-F GGACAAAGTTTCTTTGGG 52.0
elovl 2-3-R CAGCTGAGCCTGGGTGAG 55.0
elovl5-3-F TATCATCACGCCACCATG 54.0
elovl5-3-R CGGAACAGCAGACAGCCC 59.0
5'-RACE
elovl 2-3-F TGTGCTGAGGAAGAAAAA 50.0
elovl2-3-R GAATGTGGATGAAACTGT 51.0
elovl5-3-F CTTGAGGAAGAACAGCCA 54.0
elovl5-3-R TGCACCAAAATATGAGTG 52.0
FF IR 32 4E 50 B ORF cloning
elovl 2-pyes2/ct-F GGAATTCATGAACCATTTTGAAGC 63.5
elovl 2-pyes2/ct-R CCGCTCGAGCTGTGCCTTCTGTTTAAAGTTGGC 67.5
elovl5-pyes2/ct-F GGAATTCGATAAAGGGTTGAAGATGG 64.5
elovl 5-pyes2/ct-R CCGCTCGAGATCTGTGCGTGGTTTTCTGTGTTT 67.0
RT-PCR
Bactin-F TTACCCACACCGTGCCCATCTAC 60.0
Bactin-R TACCGCAAGACTCCATACCCA 60.0
gapdh-F ACCAACTGCTTGGCTCCCC 60.0
gapdh-R GGAATGACTTTGCCCACG 60.0
elovl 2-F ATGGTCACACTTGTTATCCT 60.0
elovl2-R ATCGCTGCTATTACACTACT 60.0
elovl5-F CACACTAATCTTGCTCTTCAC 60.0
elovl5-R GCTGCTCTACTACATTGGTT 60.0
srebp-1c-F ATACCAGAAGCAGCAGAGT 60.0
srebp-lc -R CCAGAAGAGGACCGATGAT 60.0
ppar-y-F CGCCATTCGTTTTGGTCG 60.0
ppar-7-R GCATTGTCGCTGGTCTTTCC 60.0
sed-F CCAAGATGATGAGCAAGAAG 60.0
sed-R CTGATGAAGAAGAGGAGTGA 60.0
2 EARERS kPR AFAE — 80 °C, JH T4 B J5 5 98 4% ) Sk UM e
Table 2 Composition of the basal diet g/100 g ﬂlﬂﬂli‘]éﬂ%“\ 200 mg., {%ﬁﬁ—:‘ —80 C Hﬂﬂ:ﬂﬁ‘ﬂh‘@f{é}
i A o B, VRIS R B0 TS Gao %0 . A IR
‘omponent b v i C S r L
e B RO WRIEMCO RDMSO gy e o 40 UL PA AL SURSE Li 2600 b3 00 O ok 5
Defatted fish meal ‘ ‘ ‘ FE AL L 42 NS W R . R AR 683 X (GC-2010
e
B S e 2 2 2 Plus) % 52 1 I8 7 B 126 1 285 5 R 7 1R
Soybean concentrate 10 0 O AR S B I IR 0 R/ S U i
=K Soybean meal 25 25 25
/NFE Ky Wheat meal 15 15 15 EiFRXlOOD
o JEM «-Starch 8 8 8 14 HEHITESH
aren Wheutenmed 8 ’ ’ R AR L 2 £ - B 2 52 9% (mean + SE) %
R . o . 7N R SPSS 19.0 B A4 #4750 K & 5 22 73 1 (One
Camelina oil ) way ANOVA) , il Duncan’s £ i 58 R i & 45056
K&l Soybean oil 0 0 10
B 1 #) Yeast meal 6 6 6 éﬂr‘ﬂﬁ%ﬂgﬁ%‘ﬁ;ﬁ%ﬂ(qzﬁ a=0.05,
2 W0R R 5 5 5 4
Vitamin mix
4 R X X \ 2 EHRETM

Mineral mix

7 Note:a: 100% ZHEEBLIRE 100% ether degreasing; b: M kT il
S S IG EE W R IT KA ME B Camelina oil was extracted from camelina

seeds in the laboratory.

2.1 iRk elovi2 F1 elovi5 EEMEE. Zs itk
0 51 B 3 43 47
Ve #kelovl 2 (GenBank & 3 5 . MK715488) Hl
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Table 3 Fatty acid composition (percentage of total
fatty acids) of experimental diets
RE Hj R 45 4 Experimental diet
Fatty acid FO co SO
14:0 5.040.1 0.54+0.0 0.6+0.1
16 : 0 11.44+0.1 8.040.1 13.6+0.2
18: 0 2.140.1 2.54£0.1 3.54£0.2
17.5+0.3 11.74+0.2 17.7£0.3
Total SFA °
16 : 1n-7 7.240.1 1.9+0.1 2.74+0.8
18 : 1n-9 14.540.2 14.840.1 24.3+0.2
20 ¢ 1n-9 11.240.7 12.3+0.1 2.940.0
22 ¢ 1n-11 0.34+0.1 0.24+0.0 0.1+0.0
& MUFA
34.4+0.8 30.1+0.4 30.740.8
Total MUFA
18 : 2n-6 8.840.6 20.7+0.2 40.1+0.5
18 : 3n-6 0.34+0.0 0.1+0.0 0.1+0.0
20 ¢ 3n-6 0.1£0.0 0.240.0 0.1£0.0
20 : 4n-6 8.3+0.2 0.47+0.1 1.1£0.0
& n-6 Total n-6 18.2+0.2 22.640.2 42.0+0.5
18 ¢ 3n-3 2.14+0.1 29.7+0.5 7.04+0.1
18 + 4n-3 2.640.1 0.84+0.0 0.240.0
20 ¢ 4n-3 0.64+0.1 0.44+0.0 0.24+0.0
20 ¢ 5n-3 13.240.4 1.3+0.1 0.84+0.1
22 5n-3 1.2+0.2 0.24+0.1 0.24+0.1
22t 6n-3 9.140.7 1.3+0.1 1.14+0.2
J& n-3 Total n-3 30.7+0.9 35.6+0.5 9.240.2
n-3/n-6 PUFA 1.7+0.1 1.6+0.1 0.24+0.0
& PUFA
48.9+1.0 58.2+0.6 51.6+0.7
Total PUFA 7 v

T« im0 W BRI R (i C20 ¢ 0,C22 2 0,C22 ¢ 4n-6) R I AFE
s SEA = {0 IS R . MUF A SR A6 FS 5 B2 . PUFA: £ A1
IR Wi iR . &8y 3 A F AT 9P B {H. Note: Some fatty
acids, of which the contents are minor, trace amount or not detected
(such as C20:0,C22:0,C22:4n-6) were not listed in the table;
SFA . saturated fatty acid, MUFA. monounsaturated fatty acid, PU-
HA: polyunsaturated fatty acids. Values represent mean=® SD of

three relicates.

elovl 5(GenBank % 5% 5 . MK715487) i JF il [5] 32 e
43 9 B 888 bp 1 876 bp 4K, ity 295 Fl 291 A~
e, REHEM (B D BRI ELOVL2 55
ot ELOVL2 3 % 1 i 8230, Ho koo il 6 B £
2,5 KRV ESE (Salmo salar) FUT 8 (Oncorhyn-
chus mykiss) % HoAth 1 2 R B3 . ELOVL2 5
WL sh W KRR BRI S
ELOVL2 #{l, e ik ELOVLS 55 &1 ELOVL5
G RGN 98 %40 L B BE H R B S (Cy p-
rinus carpio) , G FL AN Y F LG K REGL ., EBEBE

Tl A R P PR A N BRI A 2SR AT 5 0 L
XEorHT (L 2, 18 3) , 45 5 o , 1 6 K il 1Y) 220 3 1R
J7 9 HL AT B i T 4 4 i Y B AR AR AL 2 A B
R X dal, AR 57 R 3 P, 1 KxxExxDT . QxxFLHxY-
HHxxHH ., NxxxHxxMYxYY Fl TxxQxxQ; i &
i FORG 0 R 5% S A0 T C it BRFAT 3 1T B A M P9 I
M (ER) R {55 .
2.2 iRk elovi2 1 elovi5 mRNAs AR RiE S

RT-PCR 45 3 i 7R YR ik elowl2 5 PR A6 BT HE
FAR R E S T HAAL (P<<0.05), H k& N4l
4, R A E B EE T HABA S (P <<0.05) , HifliH 4
ZHFRELREFEER (B D, elovls K
i U L R R U e s 35K U o 7 SR KT B
EL B EE T HALA 2 (P <<0.05), K. E . M
JiR B ik i i 3 T A 41 81 (P <C0.05) , Hifih 4]
LRI ETLRELEST,
2.3 iRk ELOVL2 #1 ELOVL5 Ky ZE {1 Th Ak

3 2 PR R A R Sl Y B ELOVL2 A
ELOVLS XF AN 6] I 115 2 S ) 1) e AL e . 45 R 3R
B PR B ELOVL2 XF C18 Y i 1 R IS 90 1% 1k %5 A%
(K 5B.C). X C20 Al C22 JE W36 % i ( 5G.
H) %A K E 18+ 2n-6 B ZEM =9 (K 5A),
ELOVLS5 %} C18-20 () FA ¥ A T 1, %F C18 Y
AR (K SDVEVF), % C20 B 5 1k F 5 i
(51D AHRREIEfH C22 MRS . MY A LA
BF, 8 ELOVLS BE A& ff1 31 20 = 2n-6, 5 fL Ny
3.69% JIEMI N 18 = 3n-6 W, ¥4 F N 58.10% , 4E
=44 20 = 3n-6., ek ELOVLS o] LUEff ALA
20 ¢ 3n-3. 5L RN 8.69% (R O, BIEY N
CI18 i, ELOVL2 ZE K ALA % 20 : 3n-3(0.84%)
18 : 3n6 & 20 : 3n-6(1.18%), fEJEY N C20
SRR . ELOVLS AT LLZEfH AA FI EPA £ 22 :
4n-6 1 22 ¢ 5n-3, B AL 415 2 8.01 %0 Fl 13.33%
(£ 4), ELOVL2 [ LLIE K AA F| 22 : 4n-6 Al
24 ¢+ 4n-6, ALK Bl 8.98 % M1 3.39% ., MIEW
i EPA B, 0] DLZEK F] 22 = 5n-3 Fl 24 : 5n-3, 544k
AR 6.76 %6 2,130 (FR ),
24 FEHBEERZEIT R elovi2 F1 elovis &
E 3 3E 2 48 47 B B BR 4R X B 5% 1l

K F 3 AiAS (5] 9k A Tl Ak 45 M U Rk, 8 R DR
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25 S WK elovl2 Rl elovl 5 R v B | 36 3k B L HE K 7% 4 40 B 75

WA PUFA XF UK elowl 2 T elovl 5 ik K 2
SN 107 TR 2H 1 1) 52 ), AR MR 45 RS 45 1k 56 2 V)¢ 85K
S A4 5 R 3 R (0,96 +0.04) g(FO 41) . (1.01+
0.02) g(CO #1).(1.02£0.02) g(SO 41, 441 18] o
R 2 s AR BT & B4 Dl 23.6 260 (FO 4D,
22.4%(CO 41).21.4 % (SO 20) . % 41 [8] J¢ & 5 v 22
S IR B D R 2 N R, FO I b &
r C20 A C22 JRHG R . £ % PUFA &8 AA
(8.8%) EPA(13.2%) 1 DHA (9.1%). CO 4/
BHE S ALA20.7%) . SO 415kt LA 1 ALA &

WA 401 7.2% . FEREMRES S L JE SO E
JE D5 R 20 % (% 5) . CO Ml SO K541 n-6 PUFA
SaAEE(P<<0.05) 8 T FO A (HMH Z [H KA
25,7 SO 41 n-6 PUFA 2B EH T CO 41,
M H M4, CO 4 ALA & & (10.1%) & & LT+
(P<C0.05) . fE CO @, I8 & n-3 PUFA & it I
T 5 FO 4% A W25 i LR i ig i iR
TR OWAMN B, CO RBHAR n-3 PU-
FA &8 23 (P<0.05) BT,

g W E G Asiyanax mexicanus ELOVL2 (XP_007260136.1)
60 H W7 8% Clarias gariepinus ELOVL2 (AOY10780.1)

14_‘—E‘JJ‘H T Scleropages formosus ELOVL2 (XP_018596444.1)

25— KWtk Clupea harengus ELOVL2 (XP_012671565.1)

99 87

100
57

100

HBE A0 Esox lucius ELOVL2 (XP_010884057.1)
[ KPEPEeE Salmo salar ELOVL2 (NP_001130025.1)
lOOI— UT1% Oncorhynchus mykiss ELOVL2 (NP_001130025.1)
A i Misgumus anguillicaudatus ELOVL 2
Bt f0 Danio rerio ELOVL2 (NP_001035452.1)
& 4R Sinocyclocheilus grahami ELOVL2 (XP_016106213.1)
98 i Cyprinus carpioELOVL2 (XP_018922224.1)
/N Mus musculus ELOVL2 (NP_062296.1)
100 _:\ Homo sapiens ELOVL2 (NP_060240.3)
85 e Orcinus orca ELOVL2 (XP_004281084.1)
82 NBR M. musculus ELOVL 5 (NP_599016.2)
100 _D A H. sapiensELOVL 5 (NP_001288785.1)
FEt O. orcaELOVL 5 (XP_004285664.1)
3o A BLf Epinephelus coioidesELOVL 5 (AGT80149.1)
99 “—E i Rachycentron canadum ELOVLS (ACJ65150.1)
99 H B {0 Lates calcarifer ELOVL 5 (XP_018543747.1)

L—Kﬁ?ﬂi S. salar ELOVL5 (NP_001130024.1)
T0OL_ g 1 Oncorhynchus kisutch ELOVLS (XP_020316192.1)

T1if Lepisosteus oculatus ELOVL 5 (XP_006638754.1)

8 PG FFREEE 4. mexicanus ELOVL S5 (XP_007240116.1)

76 B 5 ft D. rerio ELOVL S (NP_956747.1)

#§ C. carpio ELOVLS5 (AHI78621.1)

98 A 6 M. anguillicaudarus ELOVL S
56|
80

4480 S. grahami ELOVLS5 (XP_016112271.1)

1
Fig.1

B8 ELOVL2 #1 ELOVL5 % %t i3 4k #

Phylogenetic tree analysis of loach ELOVLZ and ELOVLS
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Table 4 Effects of loach ELOVL2 and ELOVLS on fatty acid elongation
Jig i BRI W =Y HAL# /% Conversion Wil
FA substrate Product ELOVLS ELOVL2 Activity
20 ¢ 2n-6 3.6941.40 0.0 C18—>20
18 ¢ 2n-6 22 % 2n-6 0.00 0.00 C20—>22
4t Total 3.69 0.00
20 ¢ 3n-3 8.6940.46 0.8440.14 C18—>20
18 ¢ 3n-3 22+ 3n-3 0.30 0.00 C20—>22
£t Total 8.69 0.98
20 ¢ 3n-6 58.1043.70 1.1840.34 C18—>20
18 : 3n-6 22t 3n-6 0.00 0.00 C20—>22
411 Total 58.10 1.18
22 ¢ 4n-6 8.0142.39 8.9840.60 C20—>22
20 ¢ 4n-6 24 ¢ 4n-6 0.00 3.3940.79 C22—>24
&1l Total 8.01 12.37
22 ¢ 5n-3 13.33£3.98 6.76+0.21 C20—>22
20 ¢ 5n-3 24+ 5n-3 0.00 2.1340.96 C22—>24
411 Total 13.33 8.89
x5 REATREFAAREIHEAR (S SEHEBNESLL)
Table 5 Fatty acid composition (percentage of total fatty acids) of loach liver and muscle %
g J R JFRE Liver WL Muscle
Fatty acids FO CO SO FO CcO SO
14:0 2.6+0.2 2.6+0.1 2.8+0.2 1.9+0.2 2.3+0.3 2.0+0.1
16 : 0 8.80.2b 6.8+0.4a 6.2+0.3a 13.940.6b 9.9+0.4a 10.5+0.3a
18:0 10.84+0.5a 14.14+0.2b 15.340.5b 3.6+0.3a 4.440.2b 4.540.1b
20:0 2.6+£0.1b 2.2+0.1a 2.3+0ab 1.340.1a 2.4+0.2b 1.1+0.1a
220 0.240.0 0.24+0.0 0.24+0.0 0.64+0.1a 2.040.1b 1.2+0.1ab
Total SFA 25.4+0.5 26.2+0.4 27.1£0.5 21.840.6b 21.3%0.4ab 19.7+0.3a
16 : 1n-7 7.8+0.4b 5.5+0.3a 4.8+0.4a 8.3+0.5b 6.8+0.4a 5.3+0.3a
18 : 1n-9 16.9+0.4b 14.240.3a 17.94+0.5b 17.9+0.6b 14.14+0.4a 15.2+0.3a
20 ¢ In-9 2.7%0.1a 2.8+0a 3.8+0.2b 10.5+0.5b 9.8+0.6b 4.6+0.4a
22+ 1n-11 0.240.0b 0.240.0b 0.1£0.0a 0.5+0.1 1.240.2 1.740.2
Total MUFA 28.2+0.5b 23740.3a 27.8+0.5b 37.5+0.7b 32.4+0.6ab 29.3+0.4a
18 ¢ 2n-6 6.5+0.1a 11.0+0.2b 16.3+0.2¢ 8.6+0.4a 12.4+1.5b 23.7+2.6¢
18 : 3n-6 2.0£0.0 1.940.1 2.4£0.0 0.8£0.1 1.140.1 0.940.2
20 : 2n-6 1.7+0.1a 2.37£0.3b 2.4+0.1b 1.54+0a 2.0+0.1b 1.84+0.1b
20 ¢ 3n-6 3.5+0.1 4.1£0.2 3.8+0.3 3.31+0.3a 3.94+0.1b 3.1£0.1a
20 ¢ 4n-6 2.4+0.2 3.940.3 3.3+0.3 3.6+0.1a 4.940.2b 3.940.2a
22 ¢ 5n-6 0.1£0.0 0.1£0.0 0.3£0.0 0.1£0.0 0.47£0.1 0.3£0.1
Total n-6 16.740.2a 23.640.3b 28.640.4b 19.8+0.4a 25.340.3b 34.140.2¢
18 : 3n-3 2.8+0.1a 10.1£0.2b 2.8+0.3a 3.6+0.2a 9.0+0.4¢c 6.1£0.4b
18 : 4n-3 2.6+£0.2a 4.1£0.1b 2.1£0.0a 2.3£0.3b 2.1+0.3b 1.44+0.1a
20 ¢ 4n-3 5.54+0.1b 5.6+0.3b 3.6+0.2a 1.940.1a 2.240.2a 3.04+0.1b
20 ¢ 5n-3 4.6£0.4b 2.7+0.3a 1.94+0.2a 4.1£0.3c 3.3+0.2b 2.37£0.3a
22 5n-3 2.04+0.2b 0.6+0.0a 0.37£0.0a 2.0£0.2b 1.2+£0.2a 1.1£0.1a
22 % 6n-3 11.2+0.4b 5.710.2a 4.5+0.3a 4.140.4b 1.640.2a 1.3%+0.1a
Total n-3 28.940.4b 26.440.3b 15.2+0.3a 19.440.4b 2040.4b 15.8+0.4a
n-3/n-6 1.7£0.2¢ 1.140.1b 0.540.0a 1.040.1c 0.84+0.0b 0.5£0.0a
Total PUFA 45.6+0.6a 50.040.5b 43.84+0.4a 39.2+0.8a 45.340.7b 49.940.4b

T A B MR BT (I C20 = 0,C22 ¢ 0,C22 ¢ 4n-6) R I AR T s SEA A K Wi i, MUF A B AR IS W7 R - PUF A« 22 A48 1 i 1
R, TN 3 ANFATHEME., AT AR 7R R R 25 B3 (P<T0.05), Note:Some fatty acids,of which the contents are mi-
nor,trace amount or not detected (such as C20 ¢ 0,C22 ¢ 0,C22 ¢ 4n-6) were not listed in the table; SFA: Saturated fatty acid, MUFA: Mm-

onounsaturated fatty acid, PUHA :Polyunsaturated fatty acids. Values represent mean= SD of three relicates. Values with different letter in

the same line differ significantly (P<Z0.05).

i if RT-PCR M 22 V2 8 T 41 2198 ¥ PUFA &
BUAH B By ik . S5 R R AH L FO 41, HAh 41
elovl?2 Xik| B FE FF(P<<0.05), HHIHLHAbAH,
CO 4 elovl5 Fik W FH N (P <C0.05), SO 4 K ik

2 FEIEIF AR E., Ml HAbg, CO 41 i
srebp-1c Fl sed FePHFik i B 8N (P<<0.05) .0
AEHZM ppar-y R EFELIEHRAF L EFEE R
(& 6),
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(Misgurnus anguaudatus) elovl? and elovl5 genes and their effects
on the synthesis of long-chain polyunsaturated fatty acids (LC-PUFA)

LI Xin,GAO Jian
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and Reproduction ,Ministry of Education/Key Laboratory of Freshwater Animal Breeding ,
Ministry of Agriculture and Rural Affairs, Huazhong Agricultural University sWuhan 430070,China

Abstract
played in biosynthesis of long-chain polyunsaturated fatty acids (LC-PUFA) in loach (Misgurnus an-

To investigate roles of the long-chain fatty acid elongase 2 and 5 (elovl2,elovl5) genes

guaudatus) ,full-length cDNA sequences of the loach elovl2 and elovl5 were cloned and their expression
patterns in different tissues were analyzed in this study. Functional characterizations of the loach elovl2
and elovl5 in synthesis of fatty acids were studied by heterologous expression in Saccharomyces cerevisi-
ae in vitro. Loach were fed with three experimental diets containing fish oil (FO),camelina oil (CO) and
soybean oil (SO) ,respectively,for 8 weeks to evaluate the effects of different dietary lipid sources on ex-
pressions of the loach elovl2 and elovl5. The results showed that the open reading frame (ORF) of the
loach elovl2 and elovl5 was 888 bp and 876 bp,encoding 295 and 291 amino acids,respectively. Phyloge-
netic analysis showed that they clustered closely with the zebrafish elovl2 and elovl5 and sequence com-
parison showed that they were highly conserved in vertebrates,containing the special structure of long-
chain fatty acid elongases. The expression levels of elovl2 and elovl5 were highest in the liver. ELOVL2
elongated C20-22 PUFA, while ELOVL5 was able to elongate C18-20 PUFA, having no effect on C22
PUFA. The content of n-3 PUFA in the liver and muscle and 20 ¢ 5n-3 in the muscle increased signifi-
cantly,while 22 ¢ 6n-3 in the liver and muscle did not increase significantly in the CO group. In addition,
expressions of the loach elovl2,elovl5,scd and srebp-1c in the liver were significantly increased. In con-
clusion,elovl2 and elovl5 played an important role in regulating the synthesis of LC-PUFA and CO used
in diet could promote the accumulation of n-3 PUFA in loach.
Keywords Misgurnus anguaudatus; long-chain polyunsaturated fatty acids; elongase of long-chain
fatty acid 2; elongase of long-chain fatty acid 5; lipid source
(L% 4% .2 %)



