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CRISPR/Cas9 knockout plinl enhances lipolysis in 3T3-L1
adipocytes
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Abstract: We used CRISPR/Cas9 to delete plinl of 3T3-L1 preadipocyte, to observe its effect on lipolysis in adipocytes and
to explore regulatory pathways. We cultured 3T3-L1 preadipocytes, and the plinl knockout vectors were transfected by
electroporation. Puromycin culture was used to screen successfully transfected adipocytes, and survival rates were observed

Received: November 21, 2019; Accepted: January 19, 2020
Supported by: National Natural Science Foundation of China (No. 31772551), Natural Science Foundation of Shanxi Province, China (No.
201901D111182).
Corresponding authors: Zhaoyang Chen. Tel: +86-351-4135647; E-mail: ccytycn@126.com
Jiong Yan. Tel: +86-351-3985168; E-mail: yanjiong@126.com
H R A R34 (No. 31772551), ILTE4 A RFHAIE4S: (No. 201901D111182) #EHf,



BE% %/CRISPR/Cas9 &ifs PLIN1 EE1E38 3T3-L1 ASAAHAIASARIER 1387

after transfection. The optimized “cocktail” method was used to differentiate 3T3-L1 preadipocytes. The glycerol and
triglyceride contents were determined by enzymatic methods. The changes in lipid droplet form and size were observed by Qil
red O staining. The protein expression of PLIN1, PPARy, Fsp27, and lipases was measured by Western blotting. RT-PCR was
used to measure the expression of PLIN1 and lipases mRNA. After the adipocytes in the control group were induced to
differentiate, the quantity of tiny lipid droplets was decreased, and the quantity of unilocular lipid droplets was increased and
arranged in a circle around the nucleus. Compared with the control group, the volume of unilocular lipid droplets decreased,
and the quantity of tiny lipid droplets increased after induction of adipocytes in the knockout group. The expression of PLIN1
mRNA and protein in the adipocytes was significantly inhibited (P<0.05); glycerol levels increased significantly (0.098 4+
0.007 6), TG levels decreased significantly (0.031 0+0.005 3); mRNA and protein expression of HSL and ATGL increased
(P<0.05); PPARy and Fsp27 expression unchanged in adipocytes. The above results indicate that the knockout of plinl

enhances the lipolysis of 3T3-L1 adipocytes by exposing lipids in lipid droplets and up-regulating lipases effects.
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Fig. 1 sgRNA sequence and target sequence.
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gDNA JE ARG kA FR , 95°Chn#L 3 min 3515
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%1 RT-PCR3|#1F75
Table 1 RT-PCR primer sequences

Primer Primer sequences (5'-3') Size
name (bp)
Plinl-F GAGAGGAGACAGACGACGAGGAG 23
Plinl-R GGTCACTGCGGAGATGGTGTTC 22
Hsl-F  CTCACAGTTACCATCTCACCTC 22
Hsl-R GATTTTGCCAGGCTGTTGAGTA 22
Atgl-F  CAGAGATGGACTTCGATTCCTT 22
Atgl-R CAGGTGCTCTAGAATTCGATCT 22

2 HERSAM

21 HIERFMEMERNESIESH K

UL BRI SS , A AL AN 12 h A7 R IR
— 3, H7E 80%LA I ik H A0 A B YRR 4
9 30%; WNEl 2 piroR, BERS R R B R AL (T 40 i S
TSR B AL 4 po/mL; BS01L 0. 6.
12.d JEiMer O Y i g s X REZH 40 ff v 1 B0 K o
B R LR SR A A% S PR R4 A s B 2 4N
HRUNETECE I 2, 2055 e AR B S 45 )N
HEWA (# 3).

6

— 2 pg/mL
— 4 pg/mL
— 6 pg/mL
— 8 pg/mL
— 10 pg/mL

Cell survival (*million)

1(d)
B2 RRERKEMIL
Fig. 2 Screening of puromycin concentration.

PLIN1-PX459-1 PLIN1-PX459-2 PLIN1-PX459-3

B3 3T3-L1ATAERAAARIES 1L
Fig. 3 Differentiation of 3T3-L1 preadipocytes.
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Fig. 4 Effect of plinl knockout in adipocytes. (A) Expression of PLIN1 protein in adipocytes after knockout. (B)
Relative expression of PLIN1 mRNA in adipocytes after knockout. *: compared with the CG, P<0.05; #: compared with

the NG, P<0.05.
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Fig. 5 Proportion of lipid droplets in adipocytes after
electroporation. *: compared with the CG, P<0.05; #:
compared with the NG, P<0.05.
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*2 HEREHARPHME TG KF

Table 2 Glycerol and triglyceride in each group of
adipocytes

Group Glycerol (mmol/g protein) TG (mmol/g protein)
CG 0.048 5+0.013 1 0.107 8+0.003 9

NG 0.037 6+0.012 4 0.125 6+0.007 6

KO 0.098 4+0.007 6*# 0.031 0£0.005 3*#

*: compared with the CG, P<0.05; #: compared with the NG,
P<0.05.

2.6 plinl REBRTAERA4AAE S Fsp27 1 PPARY
EARIEBF M

KA MMFE S 12 d JFRI Fsp27 Fi
PPARy HUEE 1361k, Q0 7 Fin, M EL T X HR4L,
B 2H 41 i Fsp27 1 PPARYy 45 [ 351k KA B
24k (P>0.05).
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6 plinl AR ERERAAMAE P ASAIEEE B & mRNA
Rix

Fig. 6 Expression of lipase protein and mRNA in

adipocytes after plinl knockout. *: compared with the CG,

P<0.05; #: compared with the NG, P<0.05.
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Fig. 7 Expression of related proteins in adipocytes after
plinl knockout.
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KFEHAEAFR TG Fr B . IeAh, mibR 40
TE5 3 oAb ok #E v, BB W5 H k= TR IR D5
(Adipose triglyceride lipase, ATGL) 5 #4 & Uk g
JJifii (Hormone-sensitive lipase, HSL) AY%: [ 3%
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N Wi, 2% R mI 35 -58 (Comparative gene
identification-58, CGI-58) 5 GO/G1 i Fk[K-2
(GO/G1 switch gene-2, G0S2) FyJE#:18. PLINI
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FRBEMATAE R T PLINL Bks51#EN CGI-58
K prgliZn), HREES G0S2 A &M AR
F¢. MM HSL Rk FHm my e AT RE 25 plinl @il
Je AT ES R Y T A 45 5 8 1 -1 (Sterol
regulator element-binding protein-1c, SREBP-1c)
FoRmE A X8 B HSL R R AL
TEBRIR AL AT PLIN A5 T 56 8% 2 IR 32 10 4 RE &
FEAE T, plind AR JL 2k ik Bk T s J2 75 2R
Y M B A A e i — 2P 5 . AHEE TR
RGBS R TTIRE T 98 plinl?*2 ) CRISPR/
Cas9 5243 T PLIN 551k, 52 T plinl
R, SO 2 P A B A Y R A D
LA AR i o

gIEAE T 155 DNA Wi 1 o FERV %%
(Cell death-inducing DNA fragmentation factor
alpha-like effector, CIDE) ZJ%# [t & — i

NE B ACH B Mg R 45 & &, Hrd Fsp27
(CIDEc) 5 CIDEa HHTERG i 2 p ¥R %
B Fsp27 B9 N 34 F38 AT L5 PLIND 4%
SSRGS A TS , Fsp27 0% 55 CIDEa &
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MHE G, WIE G gl e . Fsp27 5
PLINY F:[a] 3235 K W [RIAE FH mT RE 2 g 105 240 I v iy
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2 T4 I B ot AR AV I AR S5 o 3 AN TS =2
;7 RRIE A B8 H 810 & T PLIND 2% fr &
S AR WA AR IEAS H 32 PPARY 5,
H R IR AR AR R RE UL I B 5 A AR T AR e AT
o it — A

4 4

AW 8 4 CRISPR/Ca9 $i AR UESE plind FlR
Jei 23 1 5 5 M i P T 5 A B R 7 T S
W5 3T3-L1 A7 40 B iy i eV FH o it — 20 R T
plinl MIZEW)Thfe, R 2ese e LA Z5 G Ak
P IA AL T HE IS A

REFERENCES

[1] DeBose-Boyd RA. Significance and regulation of
lipid metabolism. Semin Cell Dev Biol, 2018, 81: 97.

[2] Smith U, Kahn BB. Adipose tissue regulates insulin
sensitivity: role of adipogenesis, de novo lipogenesis
and novel lipids. J Intern Med, 2016, 280(5):
465-475.

[3] Walther TC, Chung J, Farese RV. Lipid droplet
biogenesis. Annu Rev Cell Dev Biol, 2017, 33:
491-510.



BE% %/CRISPR/Cas9 &ifs PLIN1 EE1E38 3T3-L1 ASAAHAIASARIER 1393

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Krahmer N, Guo Y, Farese RV, et al. SnapShot: lipid
droplets. Cell, 2009, 139(5): 1024-1024 e1021.
Martin S, Parton RG. Lipid droplets: a unified view
of a dynamic organelle. Nat Rev Mol Cell Biol, 2006,
7(5): 373-378.

Sztalryd C, Brasaemle DL. The perilipin family of
lipid droplet proteins: Gatekeepers of intracellular
lipolysis. Biochim Biophys Acta Mol Cell Biol
Lipids, 2017, 1862(10): 1221-1232.

Brasaemle DL, Rubin B, Harten IA, et al. Perilipin A
increases triacylglycerol storage by decreasing the
rate of triacylglycerol hydrolysis. J Biol Chem, 2000,
275(49): 38486-38493.
Zhan CS, Xia XY.
CRISPR-Cas9 system for gene therapy. Chin J
Biotechnol, 2016, 32(7): 861-869 (in Chinese).
B, H/NW. 3T CRISPR-Cas9 £ AR ML G
STRFSEHERE. AR TREA% 4k, 2016, 32(7): 861-869.
Guo XL, Xu MG, Zhang XL, et al. Establishment of
3T3-L1
preadipocytes. Zhongguo Yaowu Yu Linchuang,
2013, 13(12): 1542-1544, 1662 (in Chinese).

A, R, KB, 5. /N 3T3-L1 FifiR I
ML IR 5 ENE . PEZY 5
JR, 2013, 13(12): 1542-1544+1662.

Suzuki M. Regulation of lipid metabolism via a

Research  progress of

culture and differentiation of mouse

connection between the endoplasmic reticulum and
lipid droplets. Anat Sci Int, 2017, 92(1): 50-54.

Langin D. Control of fatty acid and glycerol release
in adipose tissue lipolysis. C R Biol, 2006, 329(8):
598-607.
Fruhbeck

G, Mendez-Gimenez

Fernandez-Formoso JA,

L,

et al. Regulation of
adipocyte lipolysis. Nutr Res Rev, 2014, 27(1):
63-93.

Lampidonis AD, Rogdakis E, Voutsinas GE, et al.
The resurgence of Hormone-Sensitive Lipase (HSL)
in mammalian lipolysis. Gene, 2011, 477(1/2): 1-11.

Koltes DA, Spurlock ME, Spurlock DM. Adipose

&: 010-64807509

[15]

[16]

[17]

[18]

[19]

[20]

[21]

triglyceride  lipase  protein  abundance and
translocation to the lipid droplet increase during
leptin-induced lipolysis in bovine adipocytes. Domest
Anim Endocrinol, 2017, 61: 62-76.

JG, Moore HP, RL,

Greenberg AS, et al. Analysis of lipolytic protein

Granneman Granneman
trafficking and interactions in adipocytes. J Biol
Chem, 2007, 282(8): 5726-5735.

Turnbull PC, Ramos SV, MacPherson RE, et al.
inhibitor G(0)/G(1)

switch gene-2 protein (G0S2) expression in male

Characterization of lipolytic
Sprague-Dawley rat skeletal muscle compared to
relative content of adipose triglyceride lipase (ATGL)
and comparitive gene identification-58 (CGI-58).
PLoS ONE,2015, 10(3): e0120136.

MacPherson RE, Ramos SV, Vandenboom R, et al.
Skeletal muscle PLIN proteins, ATGL and CGI-58,
interactions at rest and following stimulated
contraction. Am J Physiol, 2013, 304(8): R644-650.
Zhang S, Liu G, Xu C, et al. Perilipin 1 Mediates
homeostasis and inhibits

lipid metabolism

inflammatory ~ cytokine  synthesis in  bovine
adipocytes. Front Immunol, 2018, 9: 467.

Zhang SH, Zhang ZW, Wang JS, et al. Combined
effect of PLIN1 gene silencing and isoproterenol on
lipolysis of 3T3-L1 adipocytes. Xiandai Yufang
Yixue, 2018, 45(1): 2023-2027, 2038 (in Chinese).
s, RER, EASE, S U PLIND JER Y
SEE BB XS 3T3-L1 i Uiy 4t e i e iy AL 4 R
BTG 2%, 2018, 45(1): 2023-2027, 2038.

Zhao ZW, Wang JS, Ma M, et al. Effect of
down-regulated Perilipin 1 gene expression on
lipolysis of 3T3-L1 adipocytes. Zhongguo Shengwu
Gongcheng Zazhi, 2016, 36(3): 17-22 (in Chinese).
SR, EAS, B, %. T Perilipin 1 FE[H 3£
KX 3T3-L1 AR RS2, vh AR TR,
2016, 36(3): 17-22.

Slayton M, Gupta A, Balakrishnan B, et al. CIDE

=

cjb@im.ac.cn



1394 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

[22]

[23]

[24]

proteins in human health and disease. Cells, 2019,
8(3).

Grahn TH, Zhang Y, Lee MJ, Sommer AG,
Mostoslavsky G, Fried SK, et al. FSP27 and PLIN1
interaction promotes the formation of large lipid
droplets in human adipocytes. Biochem Biophys Res
Commun, 2013, 432(2): 296-301.

Gong J, Sun Z, Wu L, et al. Fsp27 promotes lipid
droplet growth by lipid exchange and transfer at lipid
droplet contact sites. J Cell Biol, 2011, 195(6):
953-963.

Xu X, Dong WP, Zhang SH, et al. Construction of
Fsp27 gene silencing vector and its effect on cell

http://journals.im.ac.cn/cjbcn

[25]

[26]

lipolysis. Biotechnol Bull, 2020, 36(3): 65-70 (in
Chinese).

VEFE, SELEMG, kA, SF. Fsp27 SEPRTTERAA
F1R) Ay JEE e JHEGT 240 L i ik 140 52 0 BIE 9. A R G
%, 2020, 36(3): 65-70.

Shao X, Wang M, Wei X, et al
receptor-gamma:

Peroxisome
proliferator-activated master
regulator of adipogenesis and obesity. Curr Stem Cell
Res Ther, 2016, 11(3): 282-289.

Zhu YX, Zhang ML, Zhong Y, et al. Modulation
effect of peroxisome proliferator-activated receptor
agonists on lipid droplet proteins in liver. J Diabetes

Res, 2016, 2016: 8315454.

(B339 BRET)



