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B E A MEEE R, RETMm.
EEERRGREBEMLL

1 ST 12 S 1 1,2
FHEE, BXERS, REK, FEKT,
> 1,2 1,2 = D 1,2%
AEE, mEET, FEAkI
(1. RN KRB a2z e, Y198 B8 214128;
2. W E K P REEIF S B v AT A oy, ARV AR B v AL
PTG IR B SE B0 =, TTIR L8 214081)

EE: WA eE A e B (CcLPLs) W X F AL, W=k of REEEH, LTRAA
LT 41 R IR 44 R KB 4 CcLPLs [7] IR 3 H I 447 2 )7 7| ¢ 4E ; 8 3T %% % % & PCR(qQPCR) 77
Bt CcLPLs TE A Bl AR RA BTN ; RARZ KL RLEHRI CLPLs E4 & 5, I
RN EERRENEZEARONE T, SR 87, @EXEHAPHEE 5/ CcLPLs
¥ B (CcLPLAla. CcLPLAlb. CcLPLA2a. CcLPLA2b"Fn CcLPLBa), % ¥ 3f, CcLPLA2b’
EBER, FEAULMEF, AEBEFEFRAMEIEPHALREFLNIAL, THEER
iy Fk F 4 Ao 3 B 88 77 4 5 A CcLPLso CcLPLAla #n CcLPLALb #% 4 8 J¥ 7| #n @ 2 8 J7 7
A0 E, B IR H B R, CcLPLBa 5 CcLPLAls By 5 JE M % 64%, 5 CcLPLA2a [&] 78 & %
50.8%. qPCR #6 R 8 7~ , CcLPLs Wjkik B MAE. QO fE. FE M LA RO fp e fo g B
FARREM®, #ENARY, ZHERk%ENE 2 RIK KA CcLPLAls. CcLPLA2a o
CcLPLBa, # F % %", Yk KB EW® A T CcLPLAls fu CcLPLA2a 7 fF £~ LA %0 fig
BrA R EREERE T, NWHWRAT, CcLPLAls 0 CcLPLA2a #E fFIEF Wk k B & T
EHEHRA, MENAFEHEFERTESRERYA,; BHRE, CcLPLAls fn CcLPLA2a 7
JEREH RAKTFHREEFHRA, MENAFRBETERAN EATERREEHR BtH
BEARBRRNES KRERIK, 28 RET E M KL EHE G Skp-CcLPLs fr SlyD-
CcLPLs, EeuEMill 45 R D&, EAE G H5%E A o il & M g 2 KKK & CcLPLAla.
CcLPLBa #1 CcLPLA2a, #xi& pH 3 4 8.0, % 1% & A & M NaCl 3¢ £ % 0.6 mol/L, &#F
R T # CcLPLs [l JF 3£ B A2 skt 19 % I, *F CcLPLAls. CcLPLA2a #1 CcLPLBa W) B}
BRIKFATT 440, WET H R CcLPLALs. CcLPLA2a &350 %0, 1671 B8R
Jipe T e FUROE R R AR, AER e ERER R, RYHATELAEANEL LKL
FMETHBENE, teaXERailiiBarRESS.
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A5 75 F IR W7 8 (lipoprotein lipase, LPL) J& g
0 Bl R ) — B3, B K A HIh =R, RO =
Jg 107 R BRI T, A 2H SO I B AE AR IR
e Zh Y H 2 RE D TR SR e T
T A B A A, H I =R Y o0 A R R TR
AR AR AT, A =R A i AR
H, LPLEFH CHAY I IIRE, LPL & LRI —
RAR BRI 3 HE H I = R K A B RTE 32 AR T Y
JIE 2R 1 B A IS A TC AR R AT 2 R B AR T i
LPL S5 WA 35 B X 5 R Wi B ZE 50 (Canis lupus
Sfamiliaris) PR N85 & B, FFRAE 1966 495 1F 2 Ay
£ 9N R IR DAY, 1987 4F, Wion 2 SE[E T
N (Homo sapiens) LPL 3&[H, 4K %36 kb, {1
10 NMREFF 9 DNNE T, il 448 NIRRT
WEEE, T RAN S5 ku, MH NKGEM CEK
Uiig 2 4> i BEORSF I S5 A 8, N 3 & A5 Ser'-His™'-
Asp™ AL =K1K, CunE XSS A IRE N 2 XH
R GXY, B ERY], LPLZ5 T2/
PRI Y KR, angh kR AR REAR T i R
BEIRIE A5

ZMaZEn) LPL BN OBz 8097, s b
I, ff1 (Danio rerio)'". E.M (Pagrus majors)'”, Wl
% (Oncorhynchus mykiss)"™ . 43k (Sparus aur-
ata)"", Eiffi (Ctenopharyngodonidella)™ . # (Cypri-
nus carpio)l'” % . #35 LPL ik iz, NFHE. N
Wi WL GO, B E . Ml kR e 2irh Y
A IR H b R R D 4 2 Y 2 K A
YRS, BRE . iSRRI B R AR,
BT aEh 2R, R K
il (Takifugu rubripes)™ . 5 HL 55 44 W) 4 (Onco-
rhynchus clarkii)™ . 5 8 (Oryzias latipes)™ %5 Z24%
PRt iz R 2 T 2 Fh LPL [R5 ] (LPL1 Al
LPL2), WF5E%W], LPL1AEMFIE. By . WLP 4
AR IR 2 LPL2 /Y 10 f5 2L B, R AH[F]
5 56 DA 7E Ak 2ok 72 b R GR REPE AT B A B T 22
S WER R, LPL RikK V-2 3B R MM E
2 IR YE, Oku 8PN MIE T YUHE AN P IR
Xt LPL K500, W] LPL ) 3R3K 52 8 EFR IR0
OREES

HAHEARSE T, AR KRBT
HAbE A BUEMITE A E AR, EIMEERES
BRGEPRERBOMTHEDY RIBFTFHE
(Escherichia coli)17-kilodalton protein Hi skp F& [F
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i, BAS TN DIRER", KIAFFH# SlyD &
P AR 3R, 43 3] FKBP 25 438 T TF 4544
B, IF 530 F 2 R 0 TR R,
Skp i1 SlyD 1E K 43 FF1A8 H T IR A% 4 8K 1 %58
R4, AR HERE AR

IR R T R SRR K SR s, S A
AP A Y, HELRAM P e sE i, RIhfEk
HEIMFFE B T RAFJERE . B A R OCTf LPL JE
A A AF 52 A RGE T S A JE R 1 cDNA 781 fl R ik
FRIENY, i LPLs [P i IE AN 4, HAaZk
W LPLs £ (ARG PEIE T i = o AR08 ik
BHELRN AR, RGLREE LPLs [FFEE, A5
HIERHIE . 28 3Rk 504 s FEES Skp A1 SlyD
A ARZENEE LPLs AR IRB RS, e T
AR JREE ARG P, A IRST M2 LPL R )
AEZE G PRI LAY

1 MES A

L1 SIIEMR SRS E

HER [ K R 2R BT BE IR 2K L B
OESFFFE S, HTHEE . YU ERE RS
IS ATy (43.0 £5.5) g, THMHEIEIHKFE
ARG NE SR 10d, KiREHITE 25 °C, pHH
7.2~7.6, BERE BT PEMRER, PR 2k A
(1 1%, SEE L FR VB N B34 85T SE 50 sh W 16
BRI IR mr Rl K= 5L i sh e Al 5 48
PRZE 51 ol 2 1 g s ARl R 2 S5 B ) 45 R
) AT,

24 UIRAE NIRIE CeLPLs JER ik 4y
i, SCHEBEMLEC 3 R Aa, X HETT RIS BURE
BUIFIE . OB, WLA. BEWF . M. M. DGR 7 4>
H41-80 °C VKAAHAE

BB, VKA ZTHRLARSE NIE
DU AN FE A & X CcLPLs ysZ g, FRATEIT T4
IR (EHEHMR) ., YURA GEE) MRy 3k a
JE AR, BRI R BORE R DL R 1, B
AN S A RS I R SRBE LR 3 RSl g fa, R R
SCE L BUFNE . EERNLA . IEEAR T 3 A4,
—80 °C VKFEP-TT

1.2 &8 LPLs ZEEREFRR L5141t

T8 o AE R 3 K 2H (ASM1834038v1) H i#E47 [F]
R R, KB LPLs [A] PR K& [ . CcLPLAla Al
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R 1 OBIRIRA. YUIHKARBERRE ST
Tab.1 Experiment design of feeding, starvation and

refeeding groups in C. carpio

il S BT R IR

groups experiment design and sampling time

Fen4] POBLIE 1. 3. 6124 hEUHE

feeding group

YLk S RIAEYURL74, 192 342R1360 hEUK:
starvation group

PRI FEPLIESARIT2 hIRE

refeeding group

CcLPLA1b HA A0 R A A% 1T R 7 9 Fl 2 LR 7 91
I SC HP S BRSO CcLPLALs, V3R 75 19 i LPLs
CDS J¥ 41| Jy #i #z , f#f H] NCBI Primer-Blast &
Primers 6.0%K 7 % 31+ #f 3 F CcLPLs (CcLPLAls.
CcLPLA2a 1 CcLPLBa) F¢ 519 (3% 2). 51
%} CcLPLAls-F/R. CcLPLA2a-F/R., CcLPLBa-
F/R /3 %l Jy . CcLPLAls. CcLPLA2a 1 CcLPLBa

ALK AE it PCR(QPCR)ZE 1t 5|4 ; B-actin-
F/R 25 qPCR WZHEH5 14, LPLI-F/R, LPL2-F/R,
LPLB-FR %+ %] N CcLPLAla, CcLPLA2a Fil
CcLPLBa 3:H Bt PCR 739519, HTHAEA
Bk # 5, Skp-F/R. SlyD-F/R 43 %I &y PCR ¥ 14
KWHFE skp F1 slyD 58 B PCR 97385149, H

®2 KWS
Tab.2 Experimental primers

514 SIMIFHI(5-3")

primers nucleotide sequence (5'-3")

CcLPLAls-F  GCAACTTCGATTGAACCAGCG

CcLPLAls-R  CTGGATGAAGTTACATTCTTTGATGG
CcLPLA2a-F GTCTGTTCGTCGCTGCTCTGG
CcLPLA2a-R GCTGCAGCTGTTGAGAGTCTCTG

CcLPLBa-F  GCATTTTCTCTTATTGCGAGCGA

CcLPLBa-R  GAAGTTGCAGTCCGAAATAGAGTCC

LPLI1-F CGGAATTCGCAACTTCGATTGAACCAG
LPLI-R CCGCTCGAGTCACTCGGTGCTCTGTTTGAA
LPL2-F CGGAATTCGAAAAAGAAATTTTCAGCAAT
LPL2-R CCGCTCGAGTTACTGGCTTTTCAGCTTCG
LPLB-F CGGAATTCCCAATCAGCAATAGCACCCAAG
LPLB-R CCGCTCGAGTTAATAGAAGCGCAGCGCGTT
Skp-F GGAATTCCATATGGCTGACAAAATTGCAATC
Skp-R CCGGAATTCTTTAACCTGTTTCAGTACGTCGGCAG
SlyD-F GGAATTCCATATGAAAGTAGCAAAAGACC
SlyD-R CCGGAATTCGTGGCAACCGCAACCG

B-actin-F CGCCCCAGACATCAGGGTG

B-actin-R GTGTTGAAGGTCTCAAACATGATCTGTG

[ /K P77 2% 4 32 Jp sponsored by China Society of Fisheries

TERAEA TR A 518 h o8 I8 ikA: 9
FHA BRA FE

1.3 #8 LPLs 55 #7

i} % HoA 1 28 LPLs 3 R T 46 3 BB E A Bk
H NCBI (http://www.ncbi.nlm.nih.gov), ffi | Gen-
omicus(v95.01)* Xf a2 LPL KEPFAT I E404T
fifi il DNAMAN 7.0 8 {4 % 3 F il CcLPLs & 3L R
J7 5 5 A T S B2 e 91 04 T [ IR X 43 #r

1.4 2 RNA 2EX. #%53R% qPCR

ATFIZHZUE RNA A 52 UK I S RNA $2 50
7 & (Omega Bio-Tek, i) UilH-ii#fy, i@
A3 96 BE I A2 B RNA ODygg 050 TH % xfr ¥ RNA
HEAT 1% Byt B W58 5 R K St 4G 0 2 185 R0 5 Pk o
% B8 Primer Script™ RT Master Mix(Perfect Real
Time) iX 77 & (TaKaRa, Ki%) A cDNA, qPCR

i FH 2% 5% %€ 53 57 & SYBR" Premix Ex Tag ™
(TaKaRa, Ki%),
1.5 [RREEFRIERANERFRIZGEL

Skp-pET #= SlyD-pET /& 4% & ik &4k 69 4
43511 Skp-F/R 1 SlyD-F/R H51#1, KIGFF
oA, PCR 43 5l 3815 skp A1 slyD JH R B .
PCR =) & B iR BB LUk G, AT Y alidk Il
W, A FRRFIMEFDIES Nde 1 A1 EcoR 1 %} pET43.1
JERE . Skp Al SlyD #HEATRUEFYI, iz, HIE Skp-
pET FI SlyD-pET Z&44
Skp-CcLPLs-pET #= SlyD-CcLPLs-pET & 42
JRAL e # 1E Y& I #F CcLPLAla, CcLPLA2a
Ml CcLPLBa 1 TEEAH A 7K. 7llLh LPLI-F/R
LPL2-F/R il LPLB-F/R 5| (3 2), Vil cDNA
JRMR, PCR4F 544 3 4 CcLPLs 3, 235
RARBE R LUK S, SEAT VIS IR o A FH BR 14
V) B EcoR 1l Xho 1 X} Skp-pET #k & . SlyD-
pET #A4KF1 3 flt CcLPLs K A Bee AT Ui, 1%
%, HJ% Skp-CcLPLs-pET i SlyD-CcLPLs-pET H
Y JTORL o K A H AL R {2 DHS o 8432 A 4t g
Hr, i IR PCR ﬁﬂ?iﬁﬁﬁ‘f@kﬁﬁﬁ% IF1% Z=IRK
YR () A BRA B AT IR S E . 250k
RS, MR T, A BORL B O &
(TaKaRa, Kif) $EHUTHL .
{féﬂjﬁ*iéé/%ﬁﬁ* V5 TR 1 45
JRL, %54k = Transetta (DE3) J&% 52 25 21 ifd
(jl:;a éiﬁééﬁ%ﬁl@fz} Al o, PRHCRH T T
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F 10 mL 2 S HrE 0 LB ARG 3R 5 rp, 37 °C,
200 r/min ¥E 29 12 h, L 1: 100 09 A4 Kk 85 55
2~3 h, ff ODgy [EFEZ 0.6 B, Jin A& ¥ JE 0.1
mmol/L IPTG % %57, %% 12 h, 5000 r/min &
O 15min WA TR TTRE ,  JIA S A7 R HY L6 75 96
(PMSF)(3& = RAWIRH A PR 5l 19 2405 W kA T
B, MAJE, 12000 r/min B0 15 min, 43510k
R BIFRADITE,, B S S IS 0 B R T
SDS-PAGE HLik .

FRZRA AL AR LIRS
PR 2 AR WA AR M S 9 LW W, 83T 0.22 pm
RS IR IS, M ERAE G B KAV R A IRA
A SEMENTTRAifb HNER, /A B3R,
TR YR E 2 AN [F] v g I s 2 722 1 S e v e i
I
1.6 =7 CcLPLs EEEAMAREARES
45

R FH X il 5 2 3 75 0 % 3 A CcLPLs HE 41 2K
F1 ) 26 1 IR G v P, £ 30 °C, pH 8.0 &51F
T, 4y 5 3 Fh CcLPLs 41 7% 14 (9 I8 /& 11 i
BTG, AR 3 AT

1.7 =#h CcLPLs EHEAMNEFM

pH #F CcLPLs ¥ 41 % & ) 5 & @ 5 Wy B 7%
P 7S ) SRS pH X 41 A 2 A A 1D
TEPER R, SRR B N IR SR 30 °CPY, 43
ISR EE B8, 430 HCL Al NaOH 3
THEARZR pH 435 H 4.0, 5.0, 6.0, 7.0, 8.0, 9.0
1 10.0, % J5 /0 Tris-HCI Z 4K & & F1 K 220 L,
BRHBEE 3 P47, WE 1 HHKEKBENEN
FES X REAL, 30 °C &4 T E 5 min, 7E410
nm AN E S FLBOEAE, 10 B 5 IR BRI E(E ,
fEJGEE 10 min Sk — R GME, W 60 min 74
1R o

NaCl #f CcLPLs £ 41% & 4 I5 & & 5 iy Bz
E M8 R RS NaCl X #5520 5 25 F 5
U il % M Y R M, S R R R iR BE 30 °C,
pH8.0, fi F Tris-HCI (50 mmol/L, pH8.0 ) it i v
&4 4 mol/L ) NaCl ¥ W , 1% ¥ A [l i) NaCl ik
& (220 pL {4 5 HLEE SR AR FRMR B2 43 51 R 0.1, 0.2,
0.4. 0.5, 0.6, 0.7, 1.0 F 1.5 mol/L) 435 i A I
100 pLEZHEE (P E 30 min, ES )G,
A% 96 fLEGFR T, BEALIMA 11 pL KV,
B J5 A Tris-HCI (50 mmol/L, pHS8.0) & A & &

https://www.china-fishery.cn

RB R 220 uL, FEAHBE 3 AT, WE 14
R KEACE A RE S X IEL, 30 °C &1F F W
H Smin, 7E 410 nm A 5E A FLOGIE, 10 07
BHIGMRERWOGE, A5 5 10 min jdsE— KOG
{H, A 60 min 521k .

=Hr CcLPLs TUE QMBS HF K
DN 08 2 T B MR T I K, L, S0 4 ) S g
TR 30 °C, pHB.0. LAXTANHEA A% Al B2 B (p-
NPP) M K ¥, K B il &5 1 p-NPP JiK 9 ¥ L (10
mmol/L) F] Tris-HCI (50 mmol/L, pHS8.0 ) #E17 i
B, Ay IR R 2 220 ul R FR HLMRE 4 5k 0.05,
0.10. 0.25. 0.75. 1.00 Al 1.50 mmol/L, 43 %M
A 100 pL FHAEF, HFHA Tris-HCI (50 mmol/L,
pHS.0) AR MAKFUN 220 uL, HHEE 3 F
1, BE 1K A AR R X B4
30 °C 4/ P55 min, 7E 410 nm b E 45 FLIK
M, SR E R MRIRWOEE, )54 10 min
R —RIOGAE, SV 60 min J5 28 1k

1.8 BRI

i 1 SPSS 28.0 /4 X B dE b AT Ab B, FH B
HER 200, 25 BEKFEN P<0.05, HEE
PE2EH 0 P<0.01, 255 HF 2 50hR 1 2% (meant
SD) k£ IR

2 4

2.1 & CcLPLs F5I5N#T

%2 CcLPLs 3t £ 1 o #7 i 1 Genomicus
(v95.01) BRA4 X BE 5 46 6k (Lepisosteus oculatus), B
5 {1 (Danio rerio). Bt s X & W (Ictalurus
punctatus). 5% V9 700 IR B (Astyranax mexicanus) .
M, 8 (Electrophorus electricus). % 3F i (Oreo-
chromis spp.). T i LA S LPLs 47 FL 2 M50 By
(F 1) g5R R, g, — S LA 2
A~ LPL [a) J§ 3% ] (LPLA1 1 LPLA2), LPLAl Y
LPLA2 A &R JF AL T H bl , LPLs b 5 K
CIB3. RAB8a il TPM4a, T it 3k K ly SAFB.
CALR3b. RAD23ab. EPS15L1a. KLF2a Fl AP1ml,
2t KR Y R AL A% (fish - specific genome
duplication, FSGD 1¥ 3R) J5, F& T % 17 i
Gb, HAthfh 3R HI7E S —S5ERURE BB T —
AN LPLB EPY, Mrfon T — Z e 9RE bo Ba
UL 5 M 3 R 41 &2 i (common carp specific gen-
ome duplication, CcSGD) J& 1 B T 3 4% 3% Bi#f |
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I
cip; ) cpl ol oxEEE o3 EEE) CeLPLBa[ ]}
cuct N pipg, NEEM]  Rasso BT Rasso HEEEEL  Raps, IR RABSa W o5y
P IV pys, Y ey BT eve EEEED gy, EEEET 7P EEEERT KLFZb-l
APim) WL rpp 1 reesl__ U rpep IV apin) EEEEEY AP1e1 L C oo
crzs M | S ﬁ}_ﬂjgjl 4pim! L -J Apin! BN ppsis. ) KL L LOC109090420
RABSa -IQQQ D.reri  KLr2 HEEEL BrdmiEe xrp -l gy EPSISLI -] Cos3,
. % v mexicanus
rPm4e T LG. 22 RI"‘E"R_J—‘E@”] LG. 17 E. elecmzur Oreochromis spp. 0. /atlpe_s ?
I punctatus : Chr: GL831198.1
eral [l TG 20 Chr. RBHW02000319.1 Chr: 17
A2 [l
sarp [Nt && asH2q I
cacryy ) G cerprata__]1
RaD23cr M s Rt osinq EEEET usm2d T cerprazal 11
Epsistlc ) 7evac T TPvé4c IR ssc NN T’:A[fz“]‘ |___Ipovor) (e ) apavino I ©
Ko HERY e[V eoi[ 0V e L e wmrerss I Y vrerss I ) sarp HEIEE 1
apint T reea2 [V r2[_ 0 e[} C— 0 sz, ) marr> EEEELD warr E ¢
SRS sqep NI sarp: HEEEY sr; R S0 EEERY si; EEEE) 5o N rpLss I
Loculats 7 NEEET MALT EEET v NN VT NN pn [ ) [ el
: vrprss I vrerss EEEERT vrerss Y VRPLS4 YN e [y 2 [ ) LHQ’PCO“l’é’éig "
ke EERL Favo, ) pavzo, B PV IR 7pys, B TPV )
eesisiio T ko EEET koo B koo EEEY oo, D) Rasso EEEL TPi4a R 1
st gpsis.) T EPSISLIa -I EPSISLI C B 0%% chPLAlz;:l 1
D. rerio B 5 R A SR B} i 68 Oreochromis spp. .(‘]atfiex CeLPLA2b* 1
LG. 19 1. punctatus A mexicanus - electricus  cp GL831140.1 r: apavio I
LG. 10 LG.5 Chr. RBHW02000090.1 MALT 1
fig
C. carpio

1 BEEEARHEMEL LPLs &

LHQP01007358

Ak

B b AT e HAR SRR LPL, HARTr sy 50 LPL bR, i h3on 37 .

Fig. 1 Schematic diagram of synteny of LPLs in teleosts and their ancestors

The white block represent target gene LPL, the others represent upstream and downstream genes of LPL, the arrow indicates direction of transcription.

LOC1090904203% G #ff b ##7E—1> CcLPLBa I,

LHQP01004943 i #i #f L % 1T 2 4~ LPL 3 Rl ,
CcLPLAla 5 CcLPLA2a Liif3E, LHQP01007358
HEHRE LW T 24 LPL 3K, CcLPLAlb g
CcLPLA2b* | 3L N, Hp CcLPLA2b* % %58 -y

2 CcLPLs 2R BT FIAR b AT  fiTH]
DNAMANT7.0 X} 3 fffifl CcLPLs 5 5 & 1 DrLPLs
' N HsLPL. # % B\ (Rattu snorvegicus) RnLPL .
= il i (Gasterosteus aculeatus) GaLPLs, % qf ff
OnLPL, Fiff CILPL ZJEHRR 751 Rl LA (R 3),

BIEN fif 3 Ff CcLPLs ', CcLPLBa 5 CcLPLAls & %
#*3 8 LPLs SH4# LPL S EREIRM LR
Tab.3 Comparison of amino acid homology among LPLs in C. carpio and other species

1 2 3 4 5 6 7 8 9 10 11 12
1 48.8 64.0 88.8 49.9 63.2 59.9 60.0 67.9 49.4 48.8 53.6
2 50.8 47.1 81.4 50.7 514 51.7 45.0 65.1 67.5 48.0
3 65.1 50.3 85.8 58.2 59.0 60.4 49.0 50.4 65.9
4 48.1 65.7 60.1 59.8 67.3 47.6 48.8 88.2
5 50.0 532 535 46.5 65.9 67.7 48.3
6 56.9 57.7 61.6 48.0 50.1 65.0
7 92.2 57.1 51.7 54.5 59.7
8 56.8 52.0 54.8 59.4
9 46.0 483 66.5
10 79.5 47.8
11 48.4
12

W A7 BRI A, 1~320 5 i CcLPLALs (ACN66301.1), CcLPLA2a (XP_026201401.1), CcLPLBa (XP_042575005.1); 4~673 % BE

T4 DrLPL1 (NP_571202.1), DrLPL2 (XP_002666287.3), DrLPLB (NC_007133.7); 7. % AHsLPL (NP_000228.1);
(NP_036730.1); 9~1043 5k =il #1GaLPL1 (XP_040040562.1), GaLPL2 (XP_040040768.1):

CiLPL (ACN66300.1).

8. #% B RnLPL
11. '4Ef10nLPL (NP_001266682.1); 12. Hfa

Notes: The data in the upper right corner is percent identit, 1-3. CcLPLA1s (ACN66301.1), CcLPLA2a (XP_026201401.1), CcLPLBa
(XP_042575005.1); 4-6. DrLPL1 (NP_571202.1), DrLPL2 (XP 002666287.3), DrLPLB (NC_007133.7); 7. HsLPL (NP_000228.1); 8. RnLPL
(NP_036730.1); 9-10. GaLPL1 (XP_040040562.1), GaLPL2 (XP_040040768.1); 11. OnLPL(NP_001266682.1); 12. CiLPL (ACN66300.1).
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FRIFHVAIAI M feiEn, N 64.0%, 5 CcLPLA2a [14,
FLER AH AL PE A 50.8%, i CcLPLA2a5 CcLPLAIs
FIARI B AIG, 1N 48.8%.

2.2 #8 CcLPLs E£FF %X

i fifi Hl qPCR I % CcLPLAls .
CcLPLA2a F CcLPLBa 75 B JIFHE . O E . LA |
BEWT . . . MEE 7 AL B Rk K . &
AN 2 fit7s, CeLPLALs AEFPIE A Z kTR
W T HABAL, AR AR IA AL, B
TR T HA & N4 4 (P<0.05), 1EARMT . AL+
IR 5008 . AP RA TR E
P25 5 (P>0.05), H.O MBS B ik 5 B3 m
T, B4l (P<0.05). CcLPLA2a 1E.0 k5 Mg i
PV R RIXTC W FEHE2E 5 (P>0.05), (HI S

A

1400
1200
1000 [~
800
g 600 -
o 72 400 -
8 200 ©
® 5 80 T
Zeo 60+
ZE 40 -
® 20 |
6_
4_
2_

0

FHRS AL PR FRIE & (P<0.05), FEMKT 3%
SRR . AR LR 2RI K OF T B
225 (P>0.05), {HAERR NG iy Rk i 8 25 = T
IEFALIAL (P<0.05), 7 i1 AT Hh i 22 18 7K F
AR, BT HA S N (P<0.05). CcLPLBa
AN LU IR EARAL, I HIC R E =
5 (P>0.05), Ji4b, TN CcLPLALs )3
ik 3B T CeLPLBa(P<0.05), CcLPLA2a 13
K58 & T CeLPLBa(P<0.05), TEMFIE. LA .
9 20 40 th CeLPLAls 5 CeLPLA2a 1Y 3 3k /K F
FETEMG W 35 25 5 (P<0.01), 7 H% iy 5 Bk 4 21
CcLPLAIs W3R ik it i 2 5 T CcLPLA2a(P<0.05),
MiE A A0 2 b, CeLPLAls 55 CcLPLA2a 3
IRIKE T 2 25 5 (P>0.05).

B ccLriAls
7771 CeLPLA2a
[ 1 CcLPLBa

HR
tissues

2 #8 CcLPLs B4R IE

L. JHWE, H. OB, FEF, MULA, B, LJgiE, SNE; *fCR41N Z 57 535 (P<0.05); *UR A M 2 Rl B3 (P<0.01); A[FIKE
FRRER CcLPLALs Fik i A AT B3 7 7 (P<0.05), AR/NGFRAEK CcLPLA2a ik BT .3 7 57 (P<0.05).

Fig.2 Expression of CcLPLs in various tissues in C. carpio

L. liver, H. heart, F. fat, M. muscle, B. brain, I. intestine, S. spleen, * represents significant difference in different groups (P<0.05); ** represents

extremely significant difference in different groups (P<0.01); Different capital letters represent significant differences in CcLPLAls expression(P<0.05),

and different lowercase letters represent significant differences in CcLPLA2a expression(P<0.05).

Wtk Ao BRI CcLPLs &k 69 %% T
AR, #EIE 3 HEE 24 h CcLPLALs F11 CcLPLA2a
KABRESTERHE 1. 3M6hkiLR
(P<0.05); YLHKIRAE T, CcLPLAls Fl CcLPLA2a
FhK T B E MR (P>0.05), {H CcLPLAls (¥
KA FE S T IEF KRN ERIL S (P<0.05),
CcLPLA2a B3 TIEHHE 1. 3 6 h £k
sy WS, CcLPLAls Fl CcLPLA2a W) ZEikK
SF- 55 2S£ ) (R A EL B T B (P<0.05), AR
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72 h I B IR AT 2 S T RO 54 h R IAK
- (P<0.05)(14 3-a, b).

WLAZHZ, CcLPLAls Fl CcLPLA2a ik
TESE R E 6 h & TIEWHE 1, 3/ 24h
Fik i (P<0.05), 761 . 3124 h I EikKFT
WBEWZES (P>0.05); YURIRET, CeLPLALs
CcLPLA2a Fik KV R T IEH 1 6 h Rib
(P<0.05), x4 a] £ 70 0 3 125 5% (P>0.05);
AWML S , CcLPLAls Fl CcLPLA2a 3235 7K -
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1 #%M41  feeding group
YUHkZH  starvation group
= HMRAL  refeeding group

M4 feeding group
UUHkZH  starvation group
= AL refeeding group

CcLPLAls XS RiL &

the relative expression levels of CcLPLAls
CeLPLA2a M R

the relative expression levels of CcLPLA2a

2.0 ~ 3 B4 feeding group 4 - O #ME4l feeding group d
PUHkZH  starvation group d PUHkZ  starvation group
15 L ES fIERAL  refeeding group 3 | B3 AL refeeding group

—
(]

o
CcLPLA2a ¥AX ik

the relative expression levels of CcLPLA2a

CcLPLALs R Rk &
the relative expression levels of CcLPLAls
)

3 - CO %M feeding group
UUHkZH  starvation group ¢
= B4 refeeding group

3 - CO %M feeding group
PUHkZL  starvation group d
= B refeeding group

CcLPLAls FXSRIL

the relative expression levels of CcLPLAls
CcLPLA2a FXS3RIL

the relative expression levels of CcLPLA2a

9

B3 YURAMBRRX CeLPLs FRi&HIF M
(a)(c) Fl (e). CcLPLALs LERFIE WL R 7 L E3h (R ik 5 (b)(d) BT (). CcLPLA2a (ERTFIE WL RGN 420 3Rk 1~4 43k IE
W 1. 3. 6 Ml 24 h CeLPLs Fikik: 5~8 43 MWLM 174, 192, 342 1 360 h CcLPLs ik ;9 1 10 43 i FE 4202 54 Rl 72 h CeLPLs %
ik AFNG FEER R % 5 B (P<0.05).
Fig. 3 Effects of starvation and refeeding on the expression of CcLPLs

(a) (c) and (e) are the expression levels of CcLPLAls in liver, muscle and adipose tissue, respectively; (b) (d) and (f) are the expression levels of
CcLPLA2a in liver, muscle and adipose tissue, respectively; 1-4 are the expression levels of CcLPLs at 1, 3, 6 and 24 h of normal feeding, respectively; 5
- 8 are CcLPLs 174, 192, 342 and 360 h, respectively; 9 and 10 are the expression levels of CcLPLs at 54 and 72 h after refeeding, respectively. Differ-

ent lowercase letters indicate the significance of differences (P<0.05).

T, S TAE R WIE R E R (P<0.05), H NI 2H 20, CeLPLALs 353k 5 75 0 0F % 45
PR 72 h i, BT HERR S4h 9RBKF B3MohBEFGTEFHE 1M 24hREE
(P<0.05)(# 3-c, d). (P<0.05), YUBRAE T ByRIEKF AL T4
TR 7K #2245 7 sponsored by China Society of Fisheries https://www.china-fishery.cn
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(1) 335 K- (P<0.05), 7 YLk 1] 303 [ 45 1k (1] 55
TR B LR EFEWET (P>0.05); CcLPLA2a 3k
TELE R R 6 h & & TIEWHE 1. 3/ 24h
Fe U I i Fe 3k | (P<0.05), LAk [A] 4% 5t ) o5,
) 228K T B E 2 (P>0.05); FHEMRE,
CcLPLAls Fl CcLPLA2a Fik /KPR T+, B3
TV B kB (P<0.05), P 72 h ),
B EETFHEME 54 h (1A KF- (P<0.05)( 3-¢, ).

23 EHZERAMRIE

B I HY Skp-pET . SlyD-pET ., Skp-CcL-
PLs-pET Al SlyD-CcLPLs-pET ki /3 BI7E R M i
Transetta (DE3) F 3 75, 7£ 25 °C. 0.1 mmol/L
IPTG. 180 r/min Z51F TS 12h J5, KA IPTG
BT EAS 2 PTG AT ERE . Lt
17 SDS-PAGE. %R /R, 5K IPTG i T4
%, #4H % H Skp-CcLPLAla (72.46 ku). Skp-
CcLPLA2a(70.79 ku). Skp-CcLPLBa (75.44 ku).

ku

180

100
70

55
40
35
25

15

10

@

SlyD-CcLPLAla (77.62 ku). SlyD-CcLPLA2a (75.96
ku). SlyD-CcLPLBa (80.60 ku). Skp (15.96 ku) Fl
SlyD (21.12 ku) 7E4% H 73 T AL AH — SR e R
ISR, HREUNAH K/ N—30 (K 4). f#TH Image
Lab & 40T REEx B W40 AT IR EE 4081, 45
R @I/R, Skp-CcLPLAla Fll Skp-CcLPLBa 1) & &
k5491 SlyD-CcLPLA 1a #i1 SlyD-CcLPLBa
M) B E R iA & 5, {3 Skp-CcLPLAla fll Skp-
CcLPLBa i 7] %5 1 #& 11 3% ik & 43 5K T SlyD-
CcLPLAla il SlyD-CcLPLBa i A] {518 (i1 ;
Skp-CcLPLA2a Fll SlyD-CcLPLA2a il % [ % ik &=
MHEARK, 1B Skp-CcLPLA2a ] J5 155 (H # A
= T SlyD-CcLPLA2a 1] ¥ 1 26 (H ik & . Skp-
CcLPLs n] i M 28 71 oy A 28 71 EE 00\ 3 B AR vk
}1Skp-CcLPLBa., Skp-CcLPLA1a FISkp-CcLPLA2a;
SlyD-CcLPLs AJ i P 8 11 o 5 8 F B 9 A v BIAIG
¥ M SlyD-CcLPLBa, SlyD-CcLPLAla Fil SlyD-
CcLPLA2a,

(b) (©)

E 4 IPTG ESEHEAKRILR SDS-PAGE &
(a) Skp-CcLPLs A & 11, M. # [ Marker, 1. %Jf41, 2. 4. 6 73Jl4 Skp-CcLPLAla. Skp-CcLPLA2a. Skp-CcLPLBa &iF&, 3. 5. 7 4%
5 3 Skp-CcLPLAla. Skp-CcLPLA2a. Skp-CcLPLBa I3 3#i; (b) SlyD-CcLPLs 414 (1, 1. X} 4L, 2. 4. 6. 8474 SlyD. SlyD-
CcLPLAla. SlyD-CcLPLA2a. SlyD-CcLPLBa & F4, 3. 5. 7. 9 73 Jl4 SlyD. SlyD-CcLPLAla. SlyD-CcLPLA2a. SlyD-CcLPLBa b3 ;
(c) Skp~ SlyD #R25 54, K. Skp ik, Y. SlyD L.
Fig. 4 SDS-PAGE detection of recombinant protein expression induced by IPTG

(a) Skp-CcLPLs recombinant protein, M. protein marker; 1. control group; 2, 4, 6. Skp-CcLPLAla, Skp-CcLPLA2a, Skp-CcLPLBa total bacteria,
respectively; 3, 5, 7. Skp-CcLPLAla, Skp-CcLPLA2a, Skp-CcLPLBa supernatant protein, respectively. (b) SlyD-CcLPLs recombinant protein, 1. con-
trol group; 2, 4, 6, 8. SlyD, SlyD-CcLPLAla, SlyD-CcLPLA2a, SlyD-CcLPLBa total bacteria, respectively; 3, 5, 7, 9. SlyD, SlyD-CcLPLAla, SlyD-
CcLPLA2a, SlyD-CcLPLBa supernatant protein, respectively. (c) Skp, SlyD label protein; K. Skp supernatant protein; Y. SlyD supernatant protein.

24 EEEEANREEUIRRERE

T EA kA ATETEE AL
HEPAT A L3 R A ARl (18] 5),
A H GBS & R A A PR 2
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ku M 1 2 3 4 5 6 7 8 9

180

100
70
55
40

35
25

15

10

Es5 ®REARGdt
M. & 1 Marker, 1. SlyD-CcLPLBa L3k, 2. Wi, 3. Ak
PSR, 4~6. 2 mmol/L BRMEJEIE,  7~9. 50 mmol/L WKMRPE K o

Fig. 5 Purification of soluble proteins

M. protein Marker; 1. SlyD-CcLPLBa supernatant; 2. permeate; 3. wash-
ing without imidazole; 4-6. washing with 2 mmol/L imidazole; 7-9.

washing with 50 mmol/L. imidazole.

alifl, I B A A [ e 8 ke (1 =l A5 2
AT HE AN . a5 R BR, E T
WEnai R EAHEA (B 6). R BSAEXEH
W BE AT, 4 SDS-PAGE & [ HL KA, 45
RN, R 1 g S AT LI H A A 3 A5
alifb 1% 21 2 1 s 2R IR R SlyD . Skp.
SlyD-CcLPLBa. Skp-CcLPLBa. SlyD-CcLPLAla,
Skp-CcLPLA1la, SlyD-CcLPLA2a F1Skp-CcLPLA2a,
JEE A5 0.62, 0.60, 0.49, 0.44, 0.31, 0.24,
0.16 #10.12 mg,

2.5 = CcLPLs EAEAMEEEREITEEE
450 E

Sy %) Skp. SlyD 2 A bR 45 & (1 3 Fh
CcLPLs SZH 8 A TRR DT BTG M e, 255 o,
Skp F1 SlyD ¥4 ¥ A Jig £ 1 JIg 105 1 5 ¥4, 177 Skp-
CcLPLs F1 SlyD-CcLPLs fig & [ g 15 g 14 25 A AH
] (& 7)o 3 Fl' CcLPLs 21 2 4 1Y 5 2 1A i i it
i 1 M i B AR K A SlyD-CeLPLAla,  Skp-
CcLPLAla, Skp-CcLPLBa, Skp-CcLPLA2a. SlyD-
CcLPLBa Fi1 SlyD-CcLPLA2a, 43514 (24.12+0.96)
(22.66+0.46) . (21.48+0.47). (21.13£0.46), (18.07+
0.39) f1 (16.49 + 0.31) U/g, H:#1, Skp-CcLPLAla
(1) B 28 14 BB 7 i35 P 2 35 7 T Skp-CcLPLA2a fif
1% (P<0.05), Tiij Skp-CcLPLBa 5 Skp-CcLPLAla,
Skp-CcLPLA2a Jiff i 1 1 JC 1 3 1k 25 5 (P>0.05);
SlyD-CcLPLAla fif§ i $# i % & T SlyD-CcLPLBa

i 7K =2 25 32 /) sponsored by China Society of Fisheries

ku K2 K3 M K4 K5 K6 K7 K8 K9

HEEH

BSA
(@
Yl Y2 Y3 M Y4 Y5 Y6 Y7 Y8 Y9
BSA
BSA

(c)
6 EHEAKEWE

(a) Skp-CcLPLs % 4, M. #& 4 Marker, KI. Skp-CcLPLAla, K2.
Skp-CcLPLA2a, K3. Skp-CcLPLBa; K4~K9 4 5.0. 10.0. 15.0.
20.0. 25.0 130.0 pg BSA #£[7. (b) SlyD-CcLPLs 1, YI. SlyD-
CcLPLAla, Y2.SlyD -CcLPLA2a, Y3. SlyD —CcLPLBa; Y4~Y9
Sy H 375+ 5.0, 10.0 . 15.0 . 20.0 Fl 25.0 ug BSA & 1. (c) K.
Skp, Y.SlyD, 1~7 4}k 5.0 v 10.0. 15.0. 20.0. 25.0 . 30.0 fil
35.0 uyg BSA .

Fig. 6 Recombinant protein concentration
determination

(a) Skp-CcLPLs protein, M. protein Marker, K1. Skp-CcLPLAla, K2.
Skp-CcLPLA2a, K3. Skp-CcLPLBa, K4-K9. 5.0, 10.0, 15.0, 20.0, 25.0,
30.0 ug BSA protein, respectively. (b) SlyD-CcLPLs protein, Y1. SlyD-
CcLPLAla, Y2. SlyD -CcLPLA2a, Y3. SlyD-CcLPLBa; Y4-Y9. 3.75
ug, 5.0 pg, 10.0 pg, 15.0 pg, 20.0 pg, 25.0 ug BSA protein, respectively.
(c) K. Skp, Y. SlyD, 1-7. 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0 ug BSA

protein, respectively.

(P<0.05), H. SlyD-CcLPLBa [ Jifi 1 1 i 3 & T
SlyD-CcLPLA2a i 14 (P<0.05). Skp. SlyD X[
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30
[ ISlyD
a I Skp
ab
— ¢ be
- T
2 20 d
E\D E e e
B g i
‘:E[. )
4
5 10 F
O 1 1 1
LPL1 LPL2 LPLB
NGl

different lipases

[ 7 Skp-CcLPLs 1 SlyD-CcLPLs 5%
B As A B i 1
ANIA K5 - RF £ 7% SlyD-CeLPLs i (1R G P RAT B P22 57 (P <
0.05), AR[F/NE FEEL R Skp-CcLPLs & (A B % 7 B AT W3 1 %
St (P<0.05), *#&7~ Skp Fl SlyD % [f] — & (A B i M B A 0 2 1k 22
(P <0.05).
Fig.7 Determination of lipoprotein lipase activity of
Skp-CcLPLs and SlyD-CcLPLs

Different capital letters represent significant differences in SlyD-CcLPLs
enzyme activities (P<0.05), different lowercase letters represent signific-
ant differences in SlyD-CcLPLs enzyme activities (P<0.05), and * rep-
resent significant differences in Skp-CcLPLs and SlyD-CcLPLs enzyme
activities (P<0.05).

— IR & AR O G R AN [R], Skp-
CcLPLAla 5 SlyD-CcLPLA la JI§ 55 [ 15 17 it 0% 1
A B #F M 22 S (P>0.05), i Skp-CcLPLA2a,
Skp-CcLPLBa fi 8 11 Jig 5 Al 1% 1k 70 o) . =5 v T
SlyD-CcLPLA2a #i1 SlyD-CcLPLBa Fiif 1 (P<0.05).

2.6 pHX=# CcLPLs EEEHWEERE

5 —— Skp-CcLPLAla
-+ Skp-CcLPLA2a
B> 20 - Skp-CcLPLBa
20F
S 15t
]
=g
g E 10 f
S 5|
1 1 1 1 1 ]
0 2 4 6 8 10 12
pH
(a)

i edA!

pH 4.0~10.0 75 [ N I € 3 F CcLPLs 51 2H 4
M 1Y B 8 H AR U5 B 35 7 (&l 8), Skp-CcLPLs Al
SlyD-CcLPLs i & [ B i il 17 1 B pH ¥4 8.0,
2.7 NaCl %I =# CcLPLs E4HEHMEEEHE
B BS & 1 52 0

SEEE T 0~1.5 mol/L NaCl %, ill%E NaCl
X} 3 Ffr CcLPLs 5 2H 25 [ 1% 5 25 11 B Iy 1 375 P 1
s, ZEHULIE 9, NaCl ¥ 7E 0~0.6 mol/L & il
M, Skp-CcLPLs I SlyD-CcLPLs fi§ % 14 Iig i
BTG M T TR, NaClVRBEZE 0.7, 1.0 Fl 1.5 mo/L
if, Skp-CcLPLs FlI SlyD-CcLPLs il 132 23l

2.8 =% CcLPLs EREHEBRINNZF

LI p-NPP N JEEY), 30 °C, pH 8.0 £ {4 T il
JE 3t CcLPLs Hi 2H 85 [ 5 A [m] v B2 1) i ) )
MO, MR SC 515 B B T T 5 e T ek
U5, LA p-NPP JIRPIVREE I Aebs, AR 4 v
AR, ARG REMZIE (4 10). Skp-CeLPLs.
SlyD-CcLPLs fig £ 1 i /7 /i 1 0% 1% P % p-NPP JiS
Yy BE RGN MR BT K, 2 p-NPP IR
BANNZE 1.0 mmol/L i}, Skp-CcLPLs, SlyD-CcLPLs
B AR G o Tl e 06 1 o R B ek . S AR N
) Koy T Viax WL 4

3 W
3.1 #8 CcLPLs &E&

il LR g DO A A £ 2 O A ST g A R
HH 5483 T 54 CeLPLs 3£ K (CcLPLAla .

00 SlyD-CcLPLAla
25 L -+ SlyD-CcLPLA2a
P ~ SlyD-CcLPLBa
3 20 |
23
5 é 15 +
vz
o
5k
0 2 4 6 8 10 12
pH
(b)

8 pH %t Skp-CcLPLs (a) 1 SlyD-CcLPLs (b) B5 % BB 5B & M AV S0
Fig. 8 Effects of pH on the lipoprotein lipase activities of Skp-CcLPLs (a) and SlyD-CcLPLs (b)
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> 25 +
“an = >
2z =F 20
=25 20 F SR
~ < i g
Z2 st #Ho IS¢
PEEESS Hg g
o 10 - Skp-CcLPLAla < 10 - - SlyD-CcLPLAla
®© " — Skp-CcLPLA2a 5 — SlyD-CcLPLA2a
5 |~ Skp-CcLPLBa 5 | - SlyD-CcLPLBa

02 04 06 08 1.0 12 14 1.6
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(a)

0 02 04 06 08 1.0 12 14 1.6

NaCl ¥#& & /(mol/L)
NaCl concentration

(b)

& 9 NaCl %} Skp-CcLPLs (a) 1 SlyD-CcLPLs (b) A5 % A A5 B BE & 14 89 5201

Fig. 9

CcLPLAlb., CcLPLA2a. CcLPLA2b"FI CcLPLBa),
Hrf CeLPLA2b ZARFE , 31X 5[] Y5 L A 7 2 Ak
ARSI AYIREARL . Rk AR KB
FER B —EC, LT E R T Y kT
e B s T RN LKL, BRIAEKLR
FSGD J5, fEBEfh . B SO, 55755 s
LRI P 8 AT 34 4R B T LPL1. LPL2 F1 LPLB
3P IR L A, HAE S AE £ R B A ok R B
LPLB &M, K R R MR A i s
fi 25 CcSGD JGt &L T 3 F CeLPLs 7] I 3% 4],
Htp CcLPLAY Fl CcLPLA2 Y A7 AE 2 55 3L A,
R I CcLPLB WiZWAAAE 2 D55 58, (HE0 5
HEM T — 5 EWE FAFAE CcLPLBa JEH, CT
I3 — SR PR AFAE CcLPLB 1Y 55 FE K ik A
Rt —2 A%

3.2 #8 CcLPLs B4R K%L

qPCR 25 S i /R, CcLPLAls, CcLPLA2a il
CcLPLBa TESERFINE  (OME. WL BSWS . ki B,
JRE 7 AN LUR A R, EAFHALSUPR R
KR 25, TENPIE . O, J5l5 . LA
HEVP R FRIR TR, TR Y ek AR,
5 J1 % (Coilia nasus)'". 3 P& Y (Carassius aur-
atus)™ . BE A S LPL BRI FE 2 Fh Al 4 Rk
KL, FWI T8 LPLs HA KRS
AT CeLPLs TERFETP A R ERRIE, X5
WA B8 ( Lateolabrax maculatus)'"” &0 25
JFIE LPL A 8 R KF45 R —2, (B 5 iiAE
FLEh W IFRE LPL AR A28 FEAA i A Y, X nT R

R E K722 4 /8 sponsored by China Society of Fisheries
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Effects of NaCl on the lipoprotein lipase activities of Skp-CcLPLs (a) and SlyD-CcLPLs (b)

55 117 W 2 £ 2 i A7 1 1 1) B B4 2 e TR
RS R P A R AR E R, TEAR
HAh | CeLPLAls. CcLPLA2a F1 CcLPLBa 13

RIKPAEEZES, e 3 Fh CeLPLs AT RE T 1 ]
REFFTEZESE

BB IR CeLPLs FRikHIF2 0

WFoT 3R, a2 DU o 5 2 1 i 4% 4 41
LPL A 7KV 1Y i ARk P 4% 20 U8 B AR e )
19 5r BC i, LPL (1Y 45 B A 43 W 32 B IR ) o 1) 5%
e BEE . WLA . BRI O R i R 2R R
BAEMEZEHL Y, i, ARSI E T 6 E
WA DU AN ML S CcLPLALs Fll CcLPLA2a
TERFIE . R8T . LA RZFRIEAKF- . 5IEwHRA
A, YUK, CcLPLAls Fl CeLPLA2a 18 AT HEH
fFeikE wE T E, HER DHEAS EIURE,
JFREH LPL (9 3R IA KB 2 o, Al gE a2
ZENOUHRSE . RS B9 H R S BLAR SR bR i
#HZ2 ALY ML S5, CcLPLAls Fll CcLPLA2atE T i+
PRI EREFEESEREEHLREER,
Oku %Y Xf 76 L6 P42 M 6 h, AFAE LPL 35K
- IE R B AR, AR A IS Oku 55
CURFSE 25 L, Ul B E S MG T R LS R
4 JHE T v i BT 1) 23 51 3R A T IR BT AR . SR
AR, BEFESZEIIURIG, CcLPLAls Fl CcLPLA2a
TENLR AL 2RI B L 2 (g 3Rk KO S B R B
P, ATEMM)E, WLAFRENI4ZH CcLPLALs
Fl CcLPLA2a WMFRIEAF R ETm, ERE 72 h
Ja, FR TR, RMUMEHREE, ER63 T4
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Fig. 10 Effects of p-NPP substrate concentrations on the enzymatic reaction rate
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Characteristics, gene expression, recombinant protein expression and
enzyme activity of lipoprotein lipase in Cyprinus carpio

WANG Yujing', FENG Wenrong ', XU Yuxin', LI Jianlin "%,
SU Shengyan ', YU Juhua ’, TANG Yongkai "**

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China,
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: Lipoprotein lipase (LPL) is a key enzyme in fat hydrolysis. In order to study the gene characteristics,
temporal and spatial expression distribution and enzyme activity of Cyprinus carpio LPLs (CcLPLs), the homolog-
ous genes of CcLPLs were obtained by homology searches through C. carpio genome and the sequence character-
istics were analyzed. The expression analysis of CcLPLs in different tissues was carried out by gqPCR. CcLPLs
recombinant protein were obtained by prokaryotic expression system, and the enzyme activity of recombinant pro-
teins was determined by p-nitrophenol method. The results are as follows. Five CcLPLs homologous genes
(CeLPLAla, CcLPLA1b, CcLPLA2a, CcLPLA2b* and CcLPLBa) were excavated from the carp genome, of which
CcLPLA2b* is a pseudogene. The collinearity analysis showed that gene loss occurred during the doubling of the
fish-specific genome, while the doubling of the carp-specific genome resulted in the presence of five CcLPLs in
carp. By Homology analysis, CcLPLBa shared 64% indentity with CcLPLA1s and 50.8% with CcLPLA2a. qPCR
showed that the expression of CcLPLs decreased by degrees in liver, heart, fat, muscle, brain, intestine and spleen.
In each tissue, the expression of CcLPLAls was significantly higher than that of CcLPLA2a, and the expression of
CcLPLA2a was significantly higher than that of CcLPLBa. The expression levels of CcLPLAls and CcLPLA2a in
liver, muscle and adipose tissues under normal feeding, starvation and refeeding conditions were determined by
qPCR. The results showed that the expression levels of CcLPLAls and CcLPLA2a in liver under starvation were
significantly higher than those in the normal feeding group, while the expression levels in muscle and adipose tis-
sue were opposite to those in liver. After refeeding, the expression levels of CcLPLAls and CcLPLA2a were
restored as normal feeding group in the three tissues. Using E. coli expression system, Skp-CcLPLs and SlyD-
CcLPLs recombinant proteins were obtained. The enzymatic activity of each recombinant protein was determined
by the p-nitrophenol method, and the results were (24.12 + 0.96), (22.66 + 0.46), (21.48 + 0.47), (21.13 + 0.46),
(18.07 £ 0.39) and (16.49 + 0.31) U/g for SlyD-CcLPLAla, Skp-CcLPLAla, Skp-CcLPLBa, Skp-CcLPLA?2a,
SlyD-CcLPLBa and SlyD-CcLPLAZ2a, respectively. Regardless of Skp or SlyD tags in the recombinant proteins,
the enzymatic activities of CcLPLs from high to low were CcLPLAla, CcLPLBa and CcLPLA2a. Determination
of effect of pH and NaCl concentration on enzyme activity showed the optimal reaction condition of pH was 8.0
and the NaCl concentration that exerted the maximum activity was 0.6 mol/L. In conclusion, we explored the evol-
utionary expression of CcLPLs homologous genes, analyzed the temporal and spatial expression of CcLPLAls,
CcLPLA2a and CcLPLBa. The effects of starvation and refeeding on the expression of CcLPLAls and CcLPLA2a
were studied, and the results revealed the lipid metabolism and response countermeasures under starvation stress,
and provided a targrt for controlling the fat content in C. carpio. The prokaryotic expressions of the recombinant
proteins were successfully carried out and the enzymatic activites were determined, which provided a reference for
the study of fish lipoprotein lipase.
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