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e g A T B G 1DT 1, FHLIPAJE DR g b, 3 2
E F /2 ¥4 JH [5] B2 156 (Cholesteryl esters, CEs) Al H i
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1 #RERZE

1.1 R REFARRE

A S P A o 24, T R T AR S T
. #EmEE S RESEASG R, 8
— e F e, U IE AN G 20 24 H T lal3 Kl cDNA
SRR, BUFAE. BEAE. BE. BiE. B
RIEA T WU KM OB ANPE IR 4L 4UH T 41
PRIB AP HIM & . 5 AT F A H T lal LK 1)
JEEN T TR, U ARSI iR, BRIk
I F0 3 2, IR i ki b i B B R 6 i3 AT
DNA#$ZHL
1.2 MR

5 1i2 [E SO F) &0 H Omega /A ) ; TRIzol &
RNA#RBUAA & JREAB . DNAFRIUL & .
Lipo2000%% 4Lk 7] & . DMEM®; 77 3 A3 A4 iR 4
I3 (FBS)Z5 I H Invitrogen /A 7 ; HAt 4> iRk 5145
& H TaKaRa A &) ; 4022385735 40 W 4, T E i
25, B E R, BERHER . BRR . KB
DH5o/f52 A5 40 f A2 R 75 5 31 55 0 B U0 ER A
WAEWAERAT . HEK293T4H kK | H Al
KK 2B 40 M 5 0o
1.3 EHFH & lalEE cDNAFFIRY 52 b K2 0

WA A s3G5 BV 177", 2 B Invitrogen )
TRIzol ¥t B AT M RNAFIFEHL o 1% ) B fig W e
Ji&Z B 3k FINanodrop ND-20004 ' )6 B 46 M s
RNA R & M4 E . FTaKaRalf) [ 3% sk 5 &
(PrimeScriptTM II 1st Strand cDNA Synthesis Kit)i#t
17 S %

MR Y% GenBank U 4f i 7 T4 (1 3 § £ [a 1
K541, FHPremier 5.073 7 & 713 815" RACERF 7 11
519)(% 1), it HNPCR N7 A 1, 5
—HPCRXMNZH: 95°C 5min; #RJ595°C 30s, 55°C
30s, 72°C Imin, 25ME#; 72°C Smin. 3 %
PCR% 2% 95°C 3min; 95°C 30s, 57°C 30s, 72°C
Imin, 30/ME¥; £ J572°C Smin.

14 F55oHh

F SeqmanK 444 3445 B )% 0 Fr B 37
5" R Fp 59, AT 345 B2 cDNA &K . FI A
NCBI#ATBLAST, LA E 12 7 5156 B ) 5 DR TP 2R
(http://blast.ncbi.nlm.nih.gov/). [, F| FINCBIH
OREF finder#% ft}-(https://www.ncbi.nlm.nih.gov/orffinder/)
R H I8 B SR HE(ORF) H Bl PR B IR Y 41 (55
Jik FH Signal 5.07% 28 5% 75l (http://www.cbs.dtu.dk/
services/SignalP/), il it 1 4& ¥ { Expasy(https://web.
expasy.org/compute pi/) Tl & H 7>+ 8K/ M 5

i 55, NetNGlyc 1.0 Server(http://www.cbs.dtu.dk/
services/NetNGlyc/) 73 HTN-#E AL AL £, 18 A Clustal-
WA 3E 47 FP 51 EL X R R (R IR o b .
MEGA 5.0% 1 5% FH A8 H2 v (N g ek pr
B 1 B 0E HEAL BRI TT+G!, AN BT (S
AT 1000 FEE i+ 5 .
1.5 HIBLAL=#44ZMER S

I SWISS-MODEL [A] i 25 19 % 155 k) 723 3 391
fLALSE A 1 = 4ER8Y, s B0 1 15 i 10 B (PDB
code 1k8q. 1) MWE Jg-25 38 45 KRR, b i 3 5 1
— 8 E Ik F56.84%. FIVMD 1.9.2(https:/www ks.uiuc.
edu/Research/vmd/) &7~ F1 43 BT 43 B B 1 A4 (1) R
e Rt
1.6 EHF&IAEERBLFTIES

Z:HRSCHR[12], I S22 % % B PCR(q-PCR)
T VERG I lal 5 R AE S it AR AR R IE . g-
PCR M. ZH: 95°C 30s; 95°C 5s, 57°C 30s, 72°C
30s, 40 MG . ik p-actinFubcelf NS 3L,
R F B ACE R 2 2Okt gL ot &5
YW 1.
1.7 EF&IAEEBIHTHRER RRAE

FIFHRNAZE A 5105 cDNA K i g 4 1%
(RLM-5' RACE) /7 ¥2: % %€ 3 i1 lal )5’ cDNAJT 5|
NG AL UH 7 55 (Transcription start sites, TSS). J&
o RS T 18 815 K i DN AT 41
Fo Bk F i R R 4, et RS IR A s
i3 A 7R R Omega ik 71 £ M 8 Fi f
g rR SR UL R ZDNA, %t B B DAL A ks
S GIVIGER 2), ¥PCRA=#) MpGL3-Basicfi R4 {t,

xR 1 EFENEFEDNALKFIIN MR EERAMN
3149
Tab. 1 Primers used for /al cDNA cloning and PCR

5] ¥JPrimer H R 7 %Sequence (5'—3")
3'-lal-O AATCAGTCAACCCCTCCAT
3'-lal-1 CTGGGAGCACCTGGACTTC
5'-lal-O CAGGCTTAGGCTCTGCTT
5'-lal-1 AGGCTCTGCTTCTTGGA
lal-F GTTCGAGGTGGTCACTGAGG
lal-R CTGGTGTTGGGAAGGTTGGT
p-actin-F GCACAGTAAAGGCGTTGTGA
p-actin-R ACATCTGCTGGAAGGTGGAC
ubce-F TCAAGAAGAGCCAGTGGAGG
ubce-R TAGGGGTAGTCGATGGGGAA
rpl-7-F GGCAAATGTACAGGAGCGAG
rpl-7-R GCCTTGTTGAGCTTGACGAA
gapdh-F TTTCAGCGAGAGAGACCCAG
gapdh-R ATGACTCTCTTGGCACCTCC




100 K& A& Y ¥ 46 &

FEAE AR ) N VIS (Hind T Sac 1 )7E4k, FAH
I ClonExpress 11 One Step Cloning Kitis
B e, BEBAEDEREN R 58— H1TRT-
PCRZ : 95°C 3min; 95°C 15s, 57°C 15s, 72°C 50s,
35/MEFR; 72°C 3min. PAEE—%PCRI“WI MBI,
TN A B UL ) 51 kAT 56 — % PCR: 95°C
3min; 95°C 15s, 55°C 30s, 72°C 2min, 35 1E;
72°C 3min, SR N HM . HEHMWAFBS
pGL-3F M IEH30min )5, L ZEDHS B A2 A 40
o SR YU P AR I HY B SO B, R L R AR
VIRHE A R A BT o K P i 3R 348 1 5 Rr 25
AU, T KBS R R . ORI IR T v
ZIBULA AT . ARSI L E4 T lal 5 3))
TR R B AR, 435 44 NpGL3-554/+51. pGL3-
1016/+51 pGL3-1567/+51F1pGL3-2052/+51.

FI FHIASPARE## % (http://jaspar.genereg.net/)
TN 35 59181 Lal 5 31 ] BE R S DR - 5 5 6 Ao
1.8 AEEE R R XL R BRI

HEK293T4H i 7£10% FBS-DMEM#$5 77 4 i A=
K, HEF37C. 5% CO,MIRE R 1%, Wrhd 5%
U, B HEK293 T4 LL1.2x 10° () % & 43 7 T
24FLYN MR FR A, KiFR24h, FiEF]70%—80%[H)
R, {3 FLipofectamine " 200044450 nght i (1]

2 EHF&lal DNABSIFRIERAZIRISIH

Tab. 2 Primers used for /al promoter cloning of P. fulvidraco

5| ¥JPrimer 1% AR 7 51 Sequence (5'—3")
RT-PCR-F CTGAGCACCGAGATCCAC
RT-PCR-R TAATAATCCCGCCTTCTC

ctatcgataggtaccgagctcTCCCCTCGCCTTGTC
pGL3-554/+51 F CCA

pGL3-554/+51 R cagtaccggaatgccaagcttTAATAATCCCGCCT

TCTCTATTACG
pGL3-1016/+51 F cAtaclgggcalt:i%:egégagctcTTCAAATTACAACC
pGL3-1016/+51 R %ag%%%gi%?i%éagcttTAATAATCCCGCCT
pGL3-1567/451 R %ag%%%%%?icgéagcttTAATAATCCCGCCT
pGL3-2052/+51 F cAt?;égCalzggtaccgagctcCTTCCCCCTGGAAC
pGL3-2052/+51 R %acg%aé%lcig%?/%(:ééagcttTAATAATCCCGCCT
Metl Ser23 Serl74*  Thr205  Cys257

Signal peptide

Cys265 Asn273

Lid region

KL FI20 ng pRL-TK (A 2 )it Fir ) 35 4L FIHEK 293 T
4 b, BHMEXS FE pGL3-Basicfiki. 4hfm,
e 410% FBS-DMEM¥; 323k . 24h)5 240 i,
HEAT ¢ 6 25 5 PR A DU, AR 5 R 2 JE U B
AT
1.9 HEFHITSHA

K H P2 ME PR 1R (meantSE) KRG R . &
o3t 2 1T, K Kolmogorov-Smirnovis: 36 fT 45 %1
PEHIIEA Atk . FIFISPSS 19.0%8 44 % F H. A &
7 Z 5 BT Al Duncan’s % 5 LU Al 2H 23 40 A B,
K H Student’s ¢ testi¥Aily XU Y v M #5040 H AH 48 9
H2Z M ER . BEMKT NP<0.05, i35 MK
- HP<0.01,

2 4

2.1 EFflal cDNAKIFFIGFIE R 53 4

AW 5238 I RT-PCRIMRACE J5 ¥ 3K B Ja /2 [A]
fJcDNAZK 741, K 1802 bp, 7414 # Eow
EATHIS HERN R IX K N 131 bp, 3 ARRIR X K E N
474 bp, cDNAJF FIORFK fE 41197 bp, 43984
AR, HILEAD T8 N45.42 kD, ZEH AN
770, EFALALE AFHSH —BAEA23MNEE
FRERIEMIE S IR o/B/K 4T S 25 45 M 358, 51VN-
*E%péﬁ)ﬁ(Asn%-Ile%-Ser”\ Asn'"'-Thr'”-Ser'”.

273 274—Thr275\ Asn320_G1n321_Ser322

Asn’”-Met FlLys''-
Thr'“-Thr'®). 2N 2 TFL(Leu” FGln

175)‘ 4
“Hff T L5 IIR(The® - Val ™) Fil« 55 745 #i(Phe™ -
Leu’™), KA = ok(Ser' ™. Asp™* FIHis" )1 =
AN RS BRI (Cys™ . Cys “FICys™ ). HE#HE L
b A T A LAL I AR R4S R &
K& 1),

ZHPH R, EHALALZ R T 5 55
RSO AH B 28 R 7 51 AR ALL T R 85.64%, ST
FLRIAR AL N57.66%—62.77%, Hod 5 A FIAHALL
P:260.83%, 5K B AN H57.66%

TE HEAL R o 0 L 2R AT S B oy — 2,
ST IR — S (K 2) . RN R R a2 i
Fith lalZ IR 5B 55 RN (Ictalurus punctatus)>E 2%

Cys284 Val329  Asp344* His373* Val398

Leu89 GInl75 Phe233

Cap domain |

Leu272

B 1 #FALALALRL R E
Fig. 1 Structural diagram of LAL amino acids from P. fulvidraco
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99 XM 016461413.1 LAL Sinocyclocheilus anshuiensis
100 { XM 016569567.1 LAL Sinocyclocheilus rhinocerous
74 XM 026222819.1 LAL Carassius auratus
AMNI188064 LAL Pelteobagrus fulvidraco
69 100l XM 017483042.1 LAL Ictalurus punctatus

XM 017705580.1 LAL Pygocentrus nattereri

XM 022664791.1 LAL Astyanax mexicanus
XM 008438087.2 LAL Poecilia reticulata

100l XM 016665391.1 LAL Poecilia formosa

XM 021071782.1 LAL Sus scrofa
NM 001103323.1 LAL Bos taurus

100

NM 000235.4 LAL Homo sapiens

XM 008760321.2 LAL Rattus norvegicus
4100: NM 001111100.1 LAL Mus musculus

K2 BETNIEEREHESNILALE SR P i) R Gt

Fig. 2 The neighbor-joining phylogenetic tree based on the amino acid sequences from P. fulvidraco (A) and other vertebrate species,

using MEGA 5.0 with 1000 bootstrap replicates

T A LR FRINE S, Bootstrapa I ) 85 4 YK EUA 10007

The numbers on the node indicates the confidence

KERI, HIXPI2ANP) 05 7K 4 26t (Sinocyclo-
cheilus anshuiensis). J& fi &2t (Sinocyclocheilus
rhinocerous)f 4 i (Carassius auratus) 5 N—>3Z, H
fin b R 55— 3
22 EFBLALER=REMSH
LALM =2 254 32 2 34 S 2H g, B4 ol
T BT B A, 3R E R Cys™ L Cys™
FICys™ 45 & i S AELAL A HLBE L () 3).
2.3 HEFiflal mRNALBLRRIE T
W lal FE KA Z DN H P GO IE . FEIE
s RS ENE. WL I RN i A
) 23h, Ferh NE . i ARG B b s i,
Fak 2w AR O IR RN (] 4).
24 BEPBLIBHFFIIREESH
KT 50 45 2112103 bp )3 Fi 1 lal 7 41, FF
W LR BIME 2 e S DR 1 Hdls FE(JASPAR) HEAT [
FIo3HT o 1alf)5" cDNAFFFI 5 — My 2 R i

3 EHALALE A =N

Fig. 3 The three-dimensional structure prediction of LAL protein

from P. fulvidraco

s an A s, AL E ® XOh+1. FIFHJASPAR
(http://jaspar.genereg.net/) B4 T 4% s [ 7 45 & Air
B, RBllalji sh X 74ESpl. PPARa. FOXOI.
PPARy. HNF4aFITFEBSS: 4% %K 145 &40 a5, [
A% 0 A B T 450 S A TATARL FICCAAT &

IS B AR AR AR 2 R A T B U 2K il
WEMENE, 45 R B IR1alf1-1507/-1016X 35k 71 i 1
JRENTIEE, M—1016 bp/+51 bp X 45 1F 4% f5 5 1
EHE(E 5).

5_

|_|
|_|
|—|rn

w
T
o

FRR ek
Realtive expression
N

—_
T

c
= b
c abc
al | LI
 m— f— 1 1 1 1 1 1 1

H LB S KMTZF I T O

(=]

K4 #%iflal mRNAIHLIFEIL
Fig. 4 The relative mRNA levels of P. fulvidraco lal in different
tissues
O(H). FFIEL). KiKB) BAES). BIEEK). JIRM). &
Bi(F)s ). *&H(T)HINE(O); HHXmMRNAZK Tl i qPCRE
=, BUECFEIMEARER, n=3)H NS5 H (B-actinflubce) br e
e AR B R 35 1 22 57 (P<0.05)
Heart (H), liver (L), brain (B), spleen (S), kidney (K), muscle (M),
fat (F), intestine (I), testis (T), ovary (O). The reverse transcription-
quantitative PCR (qPCR) data (mean£SE, n=3) were normalized
to f-actin and ubce. Different letters indicated significant
difference (P<0.05)
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3 Wig
3.1 [lalFHB S FHAER N DR

A 53R FcDNA A K 1802 bp i) 5 i fr
lalJEPR 7 1), 3 it Ho e A 7 91 2 A K, LALER
10 45 M 3R LR ST I o/ B/K SR B 3 B R S5 M3k, —
AMEERLS(Gly' " -His' ”-Ser' -GIn'"-Gly'™), 11~
“H TS5 I (The””-Val ™) F1e 3 745 #45i(Phe -
Leu”), 2ME A B FoL(Leu” s GIn'™), 46 =51k
(Ser' ™. Asp’*. His ) RI3AN 2 B A R ik
(Cys™. Cys™. Cys™), B5AEAE HIN-JE AL A7
,ﬁ(Asn”-Ile%-Ser”\ Asn''-Thr'”-Ser'”. Asn’"-
Met” *-Thr’”. Asn’”’-GIn®*'-Ser’*. LyslGI—Thrm—
Thr'®). BRI 4, LALEA 23 ML 1S 5 Ik, B
5412 B Ik B N BT TR AT S S IR AA AN -
SERERALS ", EARBT AT, S A SN
AT 5, Ho R 8 = ANLys'® -Thr'®-Thr' ® B3 AL £
BN, H A E A BB AR AR, BB AR
RN S5 A i — i A= TR (7 L 38 P R 1E S 18
7 =X, R BN 43w H AT B A AR e MR T B
FE P, Ho, i Asn-X-Thr/Ser4 i [N -4 5t
i %, X 3 Fh A L 1R 5 v AR Ak o b R - 6-
R4 &, BENB I T VAR AR TR O 52 T B p 2 44,
N-BEEEAAL 5 Asn® ™ & 2R AR, LALTE 1 58
e k™ X R PREREAL AL ST LALKI T RS E AL
JUE I Ok . AT B MR AL = oo ik
(Ser' . Asp ™ HiHis )G 24 T F1R 1 C-K 3
X35k, 424G A7 I R EBAEAE RS, JLF- BT A B 6 R
A o 5 B B AR IR 14 i 197 B 5k = (Lysosomal acid
lipase deficiency, LALD)", 7E AfLAL 4 55
Fl, IR R I B T 18 mLALKH R (118 £
R TN R R R B ORI, TR
TR 2 e . Ak, FRATTIE W B i LAL 2
TR 5 EAFAE — AR G5 Wy SO 1 1~ 25
15, Rajamohan "\ Jy« 3 T 45 MR 4T IF, LALIG

pGL3-2052/+51

P S, N s+, MRy =
&Ser', HolmesZ5" M\ Jy3k 1 R K K& 17 564
I LALY: Bt 20 R 5% 28 2o & BE T 31 — 3501k,
TEFRATT B E AR 73 AT o, 38 500 £ a5 At Bl 1 £ 588
BAFEN— R, WA EREN T — K5
32 LALERZ=REHW7H

I FH © 01 g 107 g 5 A A AR R T LAL 1Y =
eE e, Wk =g FYRAE R R T LALZE MR AR 5T
P2 SR ATRORT 40t B R LALRIAGL . [0] A #%
i = B R 7 A AL (56.84%), X115 T
dGLE MM B LALK =R 45 /BT B — e
27 . I, Ataya” I FRILAL R = 28 454 vhiiy
A Asp T EHis  RISer T A BRI 45, B
YRR, HAEMARTE HGIn'  flLeu” T 551
NHZE: B H Rk A B B L, EATE S T 2 A
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**indicate extremely significant difference, P<0.01
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MOLECULAR CHARACTERIZATION, TISSUE DISTRIBUTION AND
TRANSCRIPTIONAL REGULATION OF LYSOSOMAL ACID LIPASE
(LAL) IN YELLOW CATFISH (PELTEOBAGRUS FULVIDRACO)

CHEN Fang, ZHONG Chong-Chao, CHEN Shu-Wei, ZHANG Dian-Guang, LU Wu-Hong and TAN Xiao-Ying

(Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs,
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Nowadays, fatty liver and visceral excessive lipid accumulation are common in cultured fish, which reduces
survival rate, growth performance and disease resistance. Yellow catfish Pelteobagrus fulvidraco is widely distributed
in rivers, lakes and other fresh waters in China, and cultured in China and several Asian countries. The fish has rela-
tively high economic value because of delicious taste and abundant nutrition. However, due to intensive culture and im-
proper feeding, excessive fat accumulation in abdominal cavity and liver commonly occurs, which seriously affects the
taste and health of yellow catfish. Therefore, the research on fat metabolism of yellow catfish has always been the fo-
cus. Lysosomal acid lipase (LAL), encoded by LIPA, hydrolyzes cholesterylesters (CEs) and triglycerides (TGs) to
cholesterol and free fatty acids (FFAs), which are then used for metabolic purposes in the cells. The studies have been
conducted to explore /al structure in mammals, but were scarce in fish. For this reason, it is important to study the mo-
lecular characteristics of /a/ in the regulation of lipid metabolism of yellow catfish. In this study, we analyzed molecu-
lar structure, tissue expression, promoter structure and function, and transcriptional regulation of lal. The lal gene was
amplified from yellow catfish by RT-PCR and RACE approaches. The cDNAs of /a/ was 1802 bp, encoding a peptide
of 398 amino acid residues, and 5’ upstream promoter was 2052 bp in length. The molecular weight of the theoretical
protein was 45.42 kDa, the isoelectric point was 7.70, and it had a signal peptide with 23 residues, five glycosylation
sites, three cysteines, a catalytic ternary and a “cap” domain and a “lid” region. The amino acid alignment and phylo-
genetic analysis revealed that lal of P. fulvidraco was closely related to that of Ictalurus punctatus. The lal mRNA was
expressed in all tested tissues (heart, liver, brain, spleen, kidney, muscle, fat, intestine, testis and ovary), with the
highest expression levels in spleen, intestine and testis. Promoter sequence analysis revealed several transcription factor
binding sites in /al promoter, such as Spl, STAT3, PPARa, FOXO1, PPARYy, and HNF4a. Studies on promoter activity
showed that —1507/-1016 region negatively regulated promoter activity, while —1016/+51 region positively regulated
promoter activity. The present study indicated that /a/ mRNA was expressed in multiple high metabolism tissues. The
transcription of /al was regulated by multiple transcription factors. This study help us to understand the structure and
function of la/, and lay a foundation for further research on the regulatory mechanism of lipid metabolism in fish.
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