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Tab.2 Primers used for the study

B KOH I I3 25 PIIRR
(%e P?i]rcrlcl%er Primer SE';eI #zj E czlj( 531 JETK(@E? Product length ~ Correlation , PCR efficiency
q m (bp) coefficient (R) (%)
plinZa plin2a-F ~ TCACCACTGCTTCACCCAT
. 57 268 0.997 102.9
plin2a-R ~ TTGTCCATCCCGTCCTG
plin2b plin2b-F  GGGCAGGATACAGCAGG
. 57 212 0.998 96.9
plin2b-R ~ CCAGTCGCACAGGGTAA
RPL134 RPL13A-F CACCCTATGACAAGAGGAAGC
58 100 0.991 101.6

RPLI13A-R  TGTGCCAGACGCCCAAG
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Fig. 1 Syntenic analysis for p/in2 genes in S. chuatsi and H. sapiens
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Fig.2 Syntenic analysis for pl/in2 genes in S. chuatsi and other teleost species
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Fig. 3 The phylogenetic tree derived from the amino acid sequences of PLIN genes
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a. Clustering analysis based on PLIN family; b. Phylognentic tree of S. chuatsi and other species plin2
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Fig. 4 The relative expression of p/in2a (A) and plin2b (B) genes
in different tissues of S. chuatsi
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Fig. 6 Observation of S. chuatsi hepatocytes under inverted phase contrast microscope
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33 R ANEE: Wplin2 WS BT

IR IR P AL R 0 8 A b R 4 279

g
o
!

|

g
W

(=]

20 plin2a mRNA ik 7Kk-F
Relative mRNA expression of plin2a gene in hepatocytes
=

Control 0.1 mmol/LPA

7 BRHERRAN AT AU plin2a mRNA 7K-T FRI5E
Fig. 7 Effects of palmitate on plin2a mRNA of S. chuatsi hepatocytes
— AN, 5 NEHplin2 A" TR R S
G I AR P A R plin 25: DR, ) £ R T 25 b iR
AR TP, 535 6 4 Aplin2a Mplin2b™",
TESFHEE R A, 223 70 M BER A B ) 48 /0 SIE 1 3
WLEAFE, P4 T plin2aMplin2b P NI HY ) 1
plin2WIINAEBL SR, AT Rt 2 3 SO A B0 A QI A
TERIE IR 2% [RIVRYE D Hrie R, Bfplin2aXE A
555 #1 plin2a s R LA = FE I RIS, (H8plin2b Y
i # plin2b 3L R R PE A IR & . fE#plin2afl
plin2bH R I T ALFEPATEE #3511 1-mer H 52 45 1)
IRAE N B N ZRPLINGR H Y 5E SCRFIE . 5 BE AR 51 /Y
N-KIGPATEEMBIEHINNS 5 T plin2 W G F A2 5E
IR G (A P A5 11-mer B8 52 45 M358 PT BB 5 C- K i
SERIR I [R5 S s 5B S e gE kIR
TRy YER B, Bplin 2] BEZ 4T X IR, JLDIRE AT ¢
S5H M =BRE A A R K. B E R SREUK
PEXS T HAf B BoAT E B, RN Biplin24 A
SREKYETI G, KIS plin2 A R HA BAK
T AR B K SR K A BT TR DAL R N B plin2 A
Leplin3& H 7 A AT BRI, HNSRPATEE 1
SR AN T 1-mer B 53 X358 00 5 31 B K /2R K 1 B
frose B st . [ I 2 2R PR R T F K B £
B KRR, X R WIAE A 8] b, HR B B i X AT
RE VI R AE — B2 AT 2 1 17 K i 7K P P A4 R )
R RAETNRE -

32 Wplin2N ARG A E N
RIGIHRPLINZ R R NSK, plin2 W .
Hu oy IR B R FL B P ER 2y, FARPLINZ R 70
FIFA IR, XATRERE B TR H A2
HIH . ARG E 20 EELRPLIN S R 20 NPk

X, Hoh oS 1 B ¥Eplinl-plins, 7332 11 R 3%
plin6s 533 1 AT BoRifplin2a 5 ., 216§
7R 7 il RN SRR K 7R 340 PR B B RO B, )
plin2b ) 5 285 B N FET o B HEBN P PLIN A K 5K
A B MES VAR B A Bl BT T PR e R
HE W= A0, SEFAN LR plinl . plin2. plind-
plin5—plin3§%ﬁ¥$ﬂ%*ﬂplimim'29]0 Hrplin6E N
PLINF IR (AN 32, il i . gt —
RH BB HIA LG =R T BUEPLIN S iR A 1)
plin3. plindMplin5HH, 728 T NFKEPLINZK KK
SANFEDE 2. TR R R A E )5, 41N PLINS %
FEDRAR BT 8ANFE R, B plin2 90 e 43 0 3k R # k &2
N UL, AT SR HHPLIN R G4 & B g P s
Fr LR
33 Wplin2NALARIEN TR

— RN Aplin 24716 T P R 1 1) 22 Fi 41 4R
R A b, AL BT, B RRL. N RS
R RPN TR N A ]
plin2 2N W BRI AR RIEE AR K E R,
plin2aE DRITE 87 10 R RIE A 208 B v, G2 AR i Al
PRI AR Z . SR plin2b 3 R 7E 857 BT R R LT AN 26
8, SHAMALHE, £5 . B JEN g
(R RIE K . T plin2 0436k 45 5, FATHE
Mplin2aFplin2 b1 55 g 7 7 AR 5 & R 10 2h
RE KA T o0 4k, plin2a T BELE B AT HIE i 195 &5 e A 43
it o R P R 0 B DI RE, Miplin2b W] fE 3 BAE
B B BRI A SURFEER .
34 Hplin2 SRTBEAE AR EFRZ VM X

Bl 5 DA B M 2O TR SRR R FH R D 22, AR
S 5 S BRI FE R B A AR o SR IE R (20%)
S I e A AT B R R plin2a
o BT i 7 5 AR RS, i e TR i o A
WK G S T ST B R A . 5
b, T LB A P plin 2 0 =E 15 40 B Y IR /K 7 B
BRI C, Wiplin2 /K10 FF v -5 R J HE AR 5 A 1)
AR, BRR R, 5IER A S4B AR H, iR
U7 1 R 52 400 L plim 21 2 2 K7 bt
5 M 75 i 107 ST R TR 1 /N B R, L A 1k BT
(s R b, plin23k FFFIE Ha g K E et
DRI, AT TR B A S S0 &4 i v R B B F T plim 2a
MIVEF . B9 5% T Yang 25 2 F FH KSR B 40 5
ST 2 R TG D 5 R DL B 9 = e i AR
SR FH R AR BN N 700 K75 5 609 T 400 P 10 Mg 7 25 5L,
S AT AL IG = W ALK B FHO.1 mmol/L PAXT i T ik
JEAR A B AT 0 , L H i = KT B R 0 L
JE R BRI, DR R AT T Bk HE— A



280 K& A& Y ¥

46 %

Fplin2 I REAE Y. BATILE REW, 5ARTRIE
WA M EE, BEAT BEplin2a FImRNA R 15 /K 7 W 2 2%
I . 7R K b RIRE S B A AR R A b
(¢ 990400 0 72 RS 280 o 41 A pliim 2 1Y) 3235 7K S
BRI, TR, plin20E N FFIE 4+ 5=
BT E A, SIRHRRRE L R Rk Ayt
2 U R4 plim 214 /0 B3 W v i e, G O A
15 7K PRI, [ J6 7 2 R 6 i R (14 25 32 52 5140
HIU T TR I Th plin 23 B A 4 i R 4T
F b = EEORR, T S EURAEE . T plin2
FEIR T REAE 5 L HFRE TS B A B — e e
T EIR R I, RATHE plin2a T f 5% FF AT S
U4 SR S 1 1, 2 9P A IS 0 25 AR 1 2 B
.

g TR, JRATTLE AT 5T b % 5 H Wp lin 211
DANIE T, AR 2 o T R 2R 35 49 A A I
WA 537 750 2 () 7] B R IR B 4 A, 4 AT U b T
I8 107 & BUIRAS R plin2a#%3% BT, Ui B 1% 300 5 7T g
TEFFE S R A S o A — 2 Th R . Rk, A ik
— S5 F T plin 2% SRR IS R A8 O/ FR LA, 9]
WV T3 0573 805 7 T e i — 5 PO R A 4R

BE3CHL:

[1]1 Tauchi-Sato K, Ozeki S, Houjou T, et al. The surface of
lipid droplets is a phospholipid monolayer with a unique
fatty acid composition [J]. Journal of Biological Che-
mistry, 2002, 277(46): 44507-44512.

[2]1 Brown D A. Lipid droplets: proteins floating on a pool of
fat [J]. Current Biology, 2001, 11(11): R446-R449.

[3] Granneman J G, Moore H-PH. Location, location: pro-
tein trafficking and lipolysis in adipocytes [J]. Trends in
Endocrinology & Metabolism, 2008, 19(1): 3-9.

[4] Brasaemle D L, Dolios G, Shapiro L, et al. Proteomic
analysis of proteins associated with lipid droplets of basal
and lipolytically stimulated 3T3-L1 adipocytes [J]. Jour-
nal of Biological Chemistry, 2004, 279(45): 46835-
46842.

[5] Miura S, Gan J W, Brzostowski J, et al. Functional con-
servation for lipid storage droplet association among pe-
rilipin, ADRP, and TIP47 (PAT)-related proteins in mam-
mals, drosophila, and dictyostelium [J]. Journal of Biolo-
gical Chemistry, 2002, 277(35): 32253-32257.

[6] Wolins N E, Brasaemle D L, Bickel P E. A proposed
model of fat packaging by exchangeable lipid droplet pro-
teins [J]. FEBS Letters, 2006, 580(23): 5484-5491.

[71 Brasaemle D L. Thematic review series: adipocyte bio-
logy. The perilipin family of structural lipid droplet pro-
teins: stabilization of lipid droplets and control of lipoly-
sis [J]. Journal of Lipid Research, 2007, 48(12): 2547-
2559.

[8] Sanders M A, Madoux F, Mladenovic L, et al. Endoge-

9

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

nous and synthetic ABHDS ligands regulate ABHDS-pe-
rilipin interactions and lipolysis in fat and muscle [J]. Cell
Metabolism, 2015, 22(5): 851-860.

Moore H-PH, Silver R B, Mottillo E P, et al. Perilipin tar-
gets a novel pool of lipid droplets for lipolytic attack by
hormone-sensitive lipase [J]. Journal of Biological Che-
mistry, 2005, 280(52): 43109-43120.

Gao J, Serrero G. Adipose differentiation related protein
(ADRP) expressed in transfected COS-7 cells selectively
stimulates long chain fatty acid uptake [J]. Journal of Bio-
logical Chemistry, 1999, 274(24): 16825-16830.

Conte M, Franceschi C, Sandri M, et al. Perilipin 2 and
age-related metabolic diseases: a new perspective [J].
Trends in Endocrinology & Metabolism, 2016, 27(12):
893-903.

Itabe H, Yamaguchi T, Nimura S, et al. Perilipins: a di-
versity of intracellular lipid droplet proteins [J]. Lipids in
Health and Disease, 2017, 16(1): 1-11.

Chang B H J, Li L, Paul A, et al. Protection against fatty
liver but normal adipogenesis in mice lacking adipose dif-
ferentiation-related protein [J]. Molecular and Cellular
Biology, 2006, 26(3): 1063-1076.

Motomura W, Inoue M, Ohtake T, et al. Up-regulation of
ADRP in fatty liver in human and liver steatosis in mice
fed with high fat diet [J]. Biochemical and Biophysical
Research Communications, 2006, 340(4): 1111-1118.
Libby A E, Bales E, Orlicky D J, et al. Perilipin-2 dele-
tion impairs hepatic lipid accumulation by interfering
with sterol regulatory element-binding protein (SREBP)
activation and altering the hepatic lipidome [J]. Journal of
Biological Chemistry, 2016, 291(46): 24231-24246.
Liang X F, Oku H, Ogata H'Y, et al. Weaning Chinese
perch Siniperca chuatsi (Basilewsky) onto artificial diets
based upon its specific sensory modality in feeding [J].
Aquaculture Research, 2015, 32(S1): 76-82.

Wang J, Liang X F, He S, et al. Lipid deposition pattern
and adaptive strategy in response to dietary fat in Chinese
perch (Siniperca chuatsi) [J]. Nutrition & Metabolism,
2018, 15(1): 77.

Zhang Y, Liang X F, He S, et al. Effects of high carbo-
hydrate diet-modulated microbiota on gut health in
Chinese perch [J]. Frontiers in Microbiology, 2020(11):
2255.

Clewley J P. Macintosh sequence analysis software [J].
Molecular Biotechnology, 1995, 3(3): 221-224.

Larkin M A, Blackshields G, Brown N P, ef al. Clustal W
and Clustal X version 2.0 [J]. Bioinformatics, 2007,
23(21): 2947-2948.

Zhang D, Gao F, Jakovli¢ I, et al. PhyloSuite: an integ-
rated and scalable desktop platform for streamlined mo-
lecular sequence data management and evolutionary
phylogenetics studies [J]. Molecular Ecology Resources,
2020, 20(1): 348-355.

Xu J. Study on the regulation of glucose and lipid meta-
bolism by Chinese perch (Siniperca chuatsi) leptin a and
leptin b [D]. Wuhan: Institute of Huazhong Agricultural
University, 2020: 87. [#% &%, 8 fleptin afllleptin b Hi
MEACHE R FEHLH 7L [D]. BB R R,



o

33 RN Wplin2 205 B 20 W L ZRIE Je AR IR 0 28 AR rh i 4 281

2020: 87.] droplet targeting domains of adipophilin [J]. Journal of

[23] Livak K J, Schmittgen T D. Analysis of relative gene ex- Lipid Research, 2003, 44(4): 668-673.
pression data using real-time quantitative PCR and the [29] Patel S, Yang W, Kozusko K, et al. Perilipins 2 and 3
2" method [J]. Methods, 2001, 25(4): 402-408. lack a carboxy-terminal domain present in perilipin 1 in-

[24] Granneman J G, Kimler V A, Zhang H, et al. Lipid volved in sequestering ABHDS and suppressing basal
droplet biology and evolution illuminated by the charac- lipolysis [J]. Proceedings of the National Academy of Sci-
terization of a novel perilipin in teleost fish [J]. Elife, ences, 2014, 111(25): 9163-9168.

2017(6): e21771. [30] Phillips S A, Choe C C, Ciaraldi T P, et al. Adipocyte dif-

[25] BiJ, Xiang Y, Chen H, ef al. Opposite and redundant ferentiation-related protein in human skeletal muscle: re-
roles of the two Drosophila perilipins in lipid mobiliza- lationship to insulin sensitivity [J]. Obesity Research,
tion [J]. Journal of Cell Science, 2012, 125(15): 3568- 2005, 13(8): 1321-1329.

35717. [31] Imamura M, Inoguchi T, Ikuyama S, ef al. ADRP stimu-

[26] Sztalryd C, Brasaemle D L. The perilipin family of lipid lates lipid accumulation and lipid droplet formation in
droplet proteins: Gatekeepers of intracellular lipolysis [J]. murine fibroblasts [J]. American Journal of Physiology-
Biochimica et Biophysica Acta (BBA)-Molecular and Cell endocrinology and Metabolism, 2002, 283(4): E775-
Biology of Lipids, 2017, 1862(10): 1221-1232. E783.

[27] Lumaquin D, Johns E, Weiss J, et al. An in vivo reporter [32] Yang S S, Yu C B, Luo Z, et al. Berberine attenuates so-
for tracking lipid droplet dynamics in transparent zebra- dium palmitate-induced lipid accumulation, oxidative
fish [J]. BioRxiv, 2020. https://doi.org/10.1101/2020. stress and apoptosis in grass carp (Ctenopharyngodon
11.09.375667 idella) hepatocyte in vitro [J]. Fish & Shellfish Immuno-

[28] McManaman J L, Zabaronick W, Schaack J, et al. Lipid logy, 2019(88): 518-527.

BIOINFORMATICS AND EXPRESSION ANALYSIS OF PLIN2 IN CHINESE
PERCH (SINIPERCA CHUATSI) AND ITS ROLE IN LIVER FAT
ACCUMULATION

GAO Jun-Jie"?, LIANG Xu-Fang"?, CAI Wen-Jing"* and ZHUANG Wu-Yuan"’

(1. College of Fisheries, Chinese Perch Research Center, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Lab of
Freshwater Animal Breeding, Ministry of Agriculture and Rural Affair/Key Lab of Agricultural Animal Genetics, Breeding and
Reproduction, Ministry of Education, Wuhan 430070, China)

Abstract: Perlipin2 (pl/in2) belongs to a family of related proteins named perilipin or PLIN (Perlipin), and is expressed
in most tissues. pl/in2 plays a key role in the formation and stabilization of lipid droplets and fatty liver formation.
However, little is known about the function of pl/in2 in Chinese perch (Siniperca chuatsi). This study identified two
subtypes of plin2 gene in Chinese perch (Siniperca chuatsi), named plin2a and plin2b, respectively. Domain analysis
found that plin2a and plin2b of Chinese perch included the conserved N-terminal PAT domain and 11-mer repeating
domain. plin2 systemic analysis revealed that the genes adjacent to two subtypes of plin2 were strictly conserved in
Chinese perch and stickleback. According to the phylogenetic analysis, p/in2a and plin2b in Chinese perch had a closer
relationship with stickleback, climbing perch and tongue sole. Meanwhile, we tested its mRNA expression of plin2a
and plin2b in different tissues using real-time quantitative PCR. Both plin2 genes widely distributed but with some dif-
ferences. plin2a had the highest level in liver, while pl/in2b had almost no expression in the liver. p/in2b was mainly ex-
pressed in kidney, stomach, adipose and brain. To explore the function of p/in2 in Chinese perch, we detected plin2a
mRNA level in high-carbohydrates diet-fed fish. The result showed that compared with fish fed control diet, high-car-
bohydrate diet significantly increased the hepatic plin2a level. In addition, we found that p/in2a mRNA level was also
significantly increased after stimulating with 0.1 mmol/L sodium palmitate in Chinese perch hepatocytes. This study
shows that the two subtypes of p/in2 genes in Chinese perch may have functional differentiation. plin2a, as an impor-
tant regulator in liver lipid metabolism, may play an important role in the accumulation of fat in the liver of Chinese
perch.
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