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6-Phosphofructo-2-kinase/Fructose-2, 6-bisphosphatase 3 (PFKFB3) Promotes
Adipogenic Differentiation of Porcine Intramuscular Preadipocytes and

Screening of Its Interacting Proteins
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Abstract: This study aimed to investigate the regulatory role of 6-phosphofructo-2-kinase/fructose-
2, 6-bisphosphatase 3 (PFKFB3) in the proliferation and adipogenic differentiation of porcine intramuscular

preadipocytes, screen its interacting proteins and provide clues for understanding their regulatory
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mechanisms. PFKFB3 was overexpressed or interfered in porcine intramuscular preadipocytes. qRT-
PCR was used to detect changes in the expression of proliferation marker genes. CCK-8 and EdU
assays were employed to measure changes in the number of viable cells and cells in the proliferation
phase, respectively. After inducing adipogenic differentiation of porcine intramuscular preadipocytes,
qRT-PCR and Oil Red O staining were used to assess its regulatory effect on adipogenic
differentiation.  Co-immunoprecipitation combined with liquid chromatography-tandem mass
spectrometry was utilized to identify and screen proteins interacting with PFKFB3. The results
showed that overexpression of PFKFB3 significantly increased the number of EdU-positive cells ( P<<
0.01) and cell viability (P<C0.01) , and significantly upregulated the expression of proliferation-
related genes CDK1, CCND1, PCNA, and KI67 (P<C0.05). Conversely, interfering with
PFKFBS3 significantly inhibited cell proliferation (P<C0.05). Regarding adipogenic differentiation,
overexpression of PFKFB3 significantly increased the number of lipid droplets (P<Z0.01) and
triglyceride content (P<C0.01), and significantly upregulated the expression of key adipogenic genes
PPARy, CEBPa, CEBPgB, and LPL (P<C0.05). Interfering with PFKFB3 significantly inhibited
adipogenic differentiation (P<C0.05). Furthermore, Flag-tag immunoprecipitation combined with
mass spectrometry analysis identified 17 specific interacting proteins of PFKFB3. GO analysis
indicated that these proteins were primarily involved in processes such as ATP binding and RNA
binding. STRING protein-protein interaction network prediction revealed interactions between
PFKFB3 and proteins including CHORDC1, ALAS1, ASCC3, and KCNK2. In summary,
PFKFB3 positively regulates the proliferation and adipogenic differentiation of porcine intramuscular
preadipocytes. Potential interacting proteins of PEFKFB3 were preliminarily screened, providing new
clues for in-depth analysis of the molecular mechanisms underlying porcine intramuscular fat
deposition and improvement of pork quality.

Keywords: PFKEFB3; pig; intramuscular preadipocytes; cell proliferation; adipogenic differentiation;
interacting proteins
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Fo By FAGF 5 2 0 . X S E 4 kW SR e
PFKFB3 52 8 # g 1y 20 i A 355 52 25 5 g o6k 47 11
¥4y F o SR, PEKFB3 1E 5 WL IR W5 DU R Y
B AR A T K43 7 HLRIAT A iR E
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N Al 5 siIRNA Al it 38 35 2 K | Lipofectamine 3000
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WA & EdU 0 & W | BB A YR A B2

A P AR iR ) & Flag An 2 8 A e pe DT IR 7

& BCA H e BE e R & | i = RAEY
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1.2 REHE

1.2.1 %% WL HT AR B 105 240 B i 53 25 K i Bg 5 5
A6 1l Ak BE I AU i 2K T 25 1R K K& 750

AREFTI5% CHEERT RN MEEEBEES
49 WHLH PBS W EAT IR UE o B S R BR AL 2T Y i
B UL B 45 4 AL 40 A PR T v A 41 4055 1R S AT
B, 18 3R R 3% 55 #2486 (37 °C, 120 r-min ) ik 47
T4k Ak H, F5 42 60 min 2 4H 4L AL BB A HE
AR LR AL S AT B8 BE 2 08 (70 pwm R 40 pm 20 g
i), i B0 JE R B OR B TRE (1 500 remin !,
10 min) . FH£T 40 i 24 A v = B 40 B, % B 2 min,
A 10 mL JC I 7§ DMEM/F12 85 3% 5& |k [A) %% 4 5
O 5minfF, ¢ LR, EE W UE— K. BAMEHS
A 10% B4 1 i DMEM/F12 58 4 15 3% 5k #1200
TE T WAL BB SR A L, T 37 °C 5% COLKE IR
R b HEAT RAREE IR 4 h R e . Fr 35 SR P 0 40 L
8 J T A E R $E R T 6 FLAR Y b, K B 41k
Rige gk 4 d e F5 8 R 3L

1.2.2 40l Y 15 40 M %% 5 o 60 %6 B 1E A7
Yoo e YL T 48 JC I DMEM/F 12 3 filh 55 5%
I, 2 5L YL iR Lipofectamine 3000 A4 i B 5 k47
O KIS 3AEE R 48 h)E
i 3 e 3k AP ROR .

1.2.3 EdU fil CCK-8 i & TE 20 i 35 R e,
Xof Bt e ok 33K N FHE IS B A0, A S R 3R A A
U EAU T AR F 4 h, i FH 4% 22 58 F I %o 40 it
PEAT [ 2 , [ 2 i 18] 4 20 min, B R 0. 1% JE B
R 2% TG R Triton X-100 % F 30 min, Bl 5 &
T 3k PR T I TS L B A 0 Click B 5 B
40 min, &% J5 1 A Hoechst, 1% & 20 min, PBS #& it
3G, TEZ G B W B N A . A
CCK-8IX 5 , ZEAN R Bsf [ A I 450 nm P AT 1 %
R

1.2.4 W ogf BRES ik 8 d e, i#F AT
2L O Gt ) i N H ik =g (Triglycerides, TG) %
N E o ML O e BR R IR AL PBS BRI 4
P, 52 W 30 ming 60 %0 ST AR ; 941 O
Yl W IR R G e {0 15 min B8 R YL, 60 % SN B
VR R R, 22 BUK ST Uk s Mayer SRR R B
O 240 M0 A% | 55 Bk 22 vl iR 5 5 Z8 1R OK B 5 O B
T TGS IR L TRl g R B AR R S0 A0
B o SRR AL TG I 30 &, B b SRS T
WOGEETHR TG & it

1.2.5 4 3T 3 (co-immunoprecipitation, CO-
IP) ik 5 200 L el A S A 8 P 40 R LA
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L0 22 PhW, EAT REBR VR R o AR R BR D A AR B AR
1:5(40 pL BEERXF I 200 pL YEBE ) A 3 X Flag &
JIK R R 22 o, e 50 R 51 5 B T 4 CCI R 2 h, Bl K
BT E10s, WESAHBREAEZSYH LG
W, S BN IR2E BEP B0, T — 80 CIR A7 .
1.2.6 HRYE & o B Ak 4R 0, B v
Jii (9 AE 5 5 55X SDS LoadingBuffer I 4 T 100 C#
W, IR 5 R S R I AL, 80 V E R HL Uk
FRE S HEA B R BT L, 120 VIE R AL VK . AR YL
FR PR G 0] & T A 4R A

1.2.7 Bk RGNS X2 R IA R

%1 qRT-PCR3|#EER
Table 1 Primer sequences of qRT-PCR

PEATUIE], B3 o A . 6 LC-MS/MS 4387 J5 4,
H MaxQuantl. 6. 14 # 28 #H W (4 %504 2, 46 2 Ho
MR, JF HE— 2B X R TR I T A GO 4 B 1T
AR AT Xt O i A VR 2R R H STRING
Fy R A AR 4 R AL

1.2.8 ¢RT-PCR  #ULH 45 4f H Trizol i 5 4&
TR S5 A UL v R 20 Y 5 RN RE A 4G 5 A%
Z Ji —80 CH-4F . H PrimeScrip RT {5 & & W&
¢DNA, ffi F§ SYBR®PrimeScriptTM RT-PCR ix 7
& AT # qQRT-PCR, W B B ARk 10 pL: 5]
P b R4 5 0.3 ul, cDNA 75 4. 4 pL, fifi [
qQ-Mix 4% 10 pL. SOWFEF A 94 °C 305;94°C 5,
60 °C 15,72 °C 10 s, 45 MER . 5I1WFFHI %K1,
PL 18S rRNA iy Z M5 P, B4 45 AL filf ] 2722
5

A 519751 (53" PR B /bp
Gene Primer sequence Product length
PFKFB3 F: ATGAGAGTCCGCAAGCAGTGT 110
R: TCTCTAGTAGTGTTGGTGGCATCA
CDK1 F: GCTTTTCAAAGCTGGCTCTGGG 104
R: TGGATGTGGTAGATCCCAGCTTA
CCND1 F: CTCCGTATCTTACTTCAAGTGCG 250
R: CTTCTCGGCAGTCAAGGGAA
KI67 F: ATCATTGACCGCTCCTTTAGGT 104
R: GCTCGCCTTGATGGTTCCT
PCNA F: GCAGAGCATGGACTCGTCTC 150
R: TTGGACATGCTGGTGAGGTT
PPARy F: TGGGTGAAACTCTGGGAGATTC 150
R: AGAGGTCCACAGAGCTGATTCC
CEBPa F: CAAGAACAGCAACGAGTACCG 124
R: GTCACTGGTCAACTCCAGCAC
CEBPp F: AAGAGTAAGACCAAGAAGACC 139
R: GCTCCAGGACCTTATGCT
FABP4 F: ATGTCTAGCAACAGTTTCGCC 195
R: TCGCTTCATAGCATCTAGCTTG
LPL F: CGACTCTCTGTTGAATGAAG 141

R: TTGGCTCTGACCTTATTGATC

Perilipin-1

F: TCCAGCCAAGGAAGAGTCAG 125

R: GGAAGGTGTGTTGAGAGATGG

AdipoQ

F: AGGCTGGATGGCGGGTAT 240

R: ACACTGAATGCTGAACGGTAG

18S rRNA

F: ATAAACGATGCCGACTGGCGAT 245

R: CAATCTGTCAATCCTGTCCGTGT
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I (P<<0. 01, 2D) . qRT-PCR %53 Wik,
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Fig. 1 Oil Red O staining of porcine intramuscular preadipocytes
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A. PFKFB3 overexpression efficiency; B. EdU staining assay, EdU-positive cells were red and nuclei were blue; C.

Quantification of EdU staining results; D. Results of CCK-8 assay; E. Effects of overexpression of PFKFB3 on the expression of

genes related to cell proliferation. *. P<Z0. 05, **. P<Z0.01, the same as below

B2 E&Rik PFKFB3 Xt % LA B4 BS i 240 RE 15 78 64 =2 I

Fig.2 Effect of overexpression of PFKFB3 on proliferation of porcine intramuscular preadipocytes
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& F OE-NC 41 , OE-PFKFB3 41 ¥ CDK1.
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A. PFKFB3 interference efficiency; B. EdU staining assay; C. Quantification of EAU staining results; D. Results of the CCK-8

assay; E. Effects of interfering with PFKF B3 on the expression of genes related to cell proliferation

B3 F#Hi PFKFB3 %t 40 R $ 58 0 5 1

Fig.3 Effect of interfering with PFKF B3 on the cell proliferation

2.4 iE3RiE PFKFB3 33 % AL A B 14 BS A5 48 P B B
IR

5 OE-NC 41 A [t , 9 20 O B¢ 8 & 3 OE-
PFKFB3 1 B8 80t B 3 2 (P<<0. 01, K1 4A-B),
it Kk PFKFB3 A rb i) TG & & 2 3% BT+
(P<<0.01,14C). qRT-PCR&5FFEH , 5 OE-NC
4 A I, i % ik PFKFB3 J5 PPARy. CEBPa.
CEBPpB LPL % I A ok 55 [ 3 34 hiE 1o 3 T (P<<
0.05,&4D).
2.5 T PFKFB3 %t % AL A 5 44 BS B 20 BG A% BE &
A pA

T4 WL N BT 4 B 7 48 Bl vh %% G4 si-PFKF B3 Jf
55 40 A AR 434k 8 d A I 41 L B 1 . AT O

Jeft & BTt PFKFB3 J& Mg B s 2> (P<<0. 01,
KISA-B) s LA HTRE D 4 B o i) TG & il b 3% F
R (P<<0.01, 1 5C) . qRT-PCR45H £ W, 5 si-
NC 44 kb, T4 PEKFB3 J5 PPARy .CEBPa % i
JE A s 5 PN 2 8 i W 3 R IR (P<<0. 05, K 5D) .
2.6 PFKFB3 Pull-down EAHMIRARKRITELEE
SR

20 3K 1 32 U 1 Flag AR 25 3 A %% DU
R R E A AT RE TgG f1 PFKFB3 41, i
it SDS-PAGE LK J5 R 4% % 3 PFKFB3 pull-down
AT FERERERBWED (B 6A) . ks
W, PFKFB3-NC 41 fl PFKFB3-OF 41 3 & 4%
#2074 E A, Hh , PEKFB3-NC 41 % & 31| 36 4
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A, B. Oil red O staining test results; C. Effects of PFKFB3 overexpression on TG accumulation in porcine intramuscular

preadipocytes; D. Effect of overexpression of PFKF B3 on genes expression related to lipogenic differentiation of cells

B4 E3Rik PFKFB3 X% LA B4 BS B 248 A8 53 46 B9 2 0

Fig. 4 Effect of overexpression of PFKFB3 on porcine intramuscular preadipocytes differentiation

S HAEE M, PFKFB3-OF 41 % & 3] 17 M5 5 5 AE
FEA(E6B)HEES 5 ATP 454 il RNA 2454 45
AW (K 6C) 55k H STRING # # PFKFB3
H A B AE W%, & 3 PFKFB3 5 CHORDCI,

ALAST S AR BRI BEAE G R (K 6D) .

3 W
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