HEEE 2026,57(2) :740-752
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 02. 015 R L
. AR (R TR AR S ) Sy

FRIRTS (OSID) - Eeb A

circPRKAA2 & i3 8 #E miR-22-3p/SLC27A1 4 3F
a4 ZLBE & AR B 52 i

i)]])]] 1,2’]'{}']—_‘:12«%1,2"3 4£:%,)—%‘J‘%4,%ﬁﬁ/r 1,2’3‘ 41{1,2’,%7 **l,Z’Eﬁjm}é\l,Z,
%K ‘!(‘j 1,2+

(1. THERZ= R 2B 4RI 75002152, T EZ BUE A G X X 4309 2 F A E Fh S0 = 4R )11 750021 ;
3T E W BE QG E BT A 750021 ;4. Padb R KB ploe 5 TR 2B, 22 M 730030)

W E. Bl X LIS A M 5 A DE-cire RNAs SEATE AT, 7857 HH 3 59 20 1 0 268 5 0% 4 LG 4 i 14
SR . A ST ) P SR A 1EEzLHu?ﬁEHEﬁﬁ¢ cireRNA F) SCJE ARG i 410 7 5504k | i ik O %6 2 1 5 5L IR
A‘EYJFEB@E’J DE-circ RNAs(circPRKAA2) , #F— #f#i il Targetscan il miRanda % {24 750 H: ceRNA I8 5 /0 4% , 3] 1]
SO B RNA pulldownﬁXXM‘ﬁ?-,%ﬁﬁ%& RIS 05 1 LI HOR BEAT R0 ) OC R ISR, 454 2L O M BODIPY
3{:’*@,3‘%%’% miRNA XF 9528 ZL R b 2 4118 (bovine mammary epithelial cells, BMECs) JIg i 431 19 52 1 . 45 32 0,
I BU B UE T ceRNA (circPRKAA2/miR-22-3p/SLC27A1) M 45 1y 5 56 & , UM% 2] 9 4~ miRNA & 10 4+
P mRNA, B IE T miR-22-3p A HCHMK A, IFE W T circPRKAA2 F1 miR-22-3p 2434 T BMECs 19 40 fifd it .
circPRKAA2 1 BMECs 4 2 5 3LIE 4 A4 i3 72 %) miR-22-3p #E47 (45 . miR-22-3p il BMECs w1 g i 19 43
WA T I = TR I P 4 £ 8, IF X SLC27 AT #E4T Fuil 5 o £ Bk ARBFSE 20 TS8R T cirePRKAA2/miR-22-3p/
SLC27TAT W HE [) 5& & Ko xof ZLAR B B0 98 12 4 T, LA S o8 2 1 o Jo 2 (48 3 ) DL i

R MTE Y ;SLC27A1;miR-22-3p s circPRKAA2; FL %

FES2ES: S823.8 MERFRERD: A XEHS: 0366-6964(2026)02-0740-13

Effect of circPRKAA2 on Milk Fat Synthesis in Dairy Cows via the miR-22-3p/
SLC27A1 Axis

WANG Chuanchuan'?, CHEN Yafei"?, TIAN Jia’, FENG Xiaofang*, TONG Lijia"*, WANG Hua'?,
XUE Lin"*, GU Yaling"?, ZHANG Juan"*
(1. College of Animal Science and Technology, Ningxia University, Yinchuan 750021, China;
2. Ningzia Hui Autonomous Region Key Laboratory of Molecular Cell Breeding, Yinchuan 750021, China;
3. Ningxia Hui Autonomous Region Animal Husbandry Workstation, Yinchuan 750021, China;
4. College of Life Sciences and Engineering , Northwest Minzu University, Lanzhou 730030, China)

Abstract: The aim of this study was to explore the impact of molecular networks constructed by DE-
circRNAs related to milk fat synthesis on milk fat synthesis in dairy cows through in-depth analysis.

In this study, we used the circRNA library and transcriptome sequencing data of Holstein dairy cows
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with high and low milk fat percentage constructed previously to screen and identify DE-circ RNAs
(circPRKAA2) related to milk fat synthesis, and further predicted their ceRNA regulatory network
using Targetscan and miRanda software. Real-time fluorescence quantitative PCR, RNA pull down
assay and dual luciferase reporter assay were used to verify the targeting relationship. Oil red O and
BODIPY staining were used to investigate the effect of target miRNA on lipid droplet secretion in
BMECs. The results indicated that the regulatory relationship of the ceRNA (circPRKAA2/miR-22-3p/
SLC27A1) network was successfully predicted and verified, and 9 miRNAs and 10 candidate
mRNAs were predicted, and it was clarified that circPRKAAZ2 and miR-22-3p were mainly
distributed in the cytoplasm of BMECs. circPRKAAZ2 negatively regulated miR-22-3p during the
process of milk fat synthesis in BMECs. miR-22-3p inhibited the secretion of lipid droplets, the
production of triglycerides and cholesterol in BMECs, and negatively regulated SLC27A1. In
conclusion, this study analyzed and verified the targeting relationship of circPRKAA2/miR-22-3p/
SLC27A1 and its regulatory effect on milk fat synthesis, with the hope of providing new insights for

improving milk quality.
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Table 1 Wild-type and mutant vectors sequence
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PLE g ) o HEK-293T 4 il >k [ 4 8021 a1 0 3K
HAEHAH 10%FBS Ml 1% W %5 R /55 % 2 10 & b
DMEM (Gibco, 26 [H ) 85 3% . 40 M ££ 37 °C .5%
CO, F i BTG F M B R A h ifE AT R 95 . 9 48 h T itk
— B AR AL . AR KR U B, £ JH Lipofectamine
3000 (Invitrogen, 3£ |8 ) XJ 5t k7 i 47 4% 4% , 48 h 5 i
U B T 3 — 20 40 B, B R AL BEOR FH 3 AN AR 2
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1.3 HEHESHMEER

4 8 R 2% K i 45 BT 77 cirePRKAA2 1Y Y
A RLRD %€ AR Yk R, miR-22-3p B S B,
circPRKAAZ 1) B A= A Al 5¢ 48 A4 48 1k DL K 3L A
miRNA 52 1 4 35 3¢ th 76 L R E Y RH A R A
Al A (F 1), ¥ HEK-293 T E I fa g6 &
3~4 X5 B Bh E BRSO, M4 I A A #
70%~80% W}, ¥ circPRKAA2 K B A= 71 F1 5 728 7
K 43 5 5 miRNA B %) (miR-22-3p mimic:
AAGCUGCCAGUUGAAGAACUG; miR-22-3p
inhibitor: CAGUUCUUCAACUGGCAGCUU)
B e FG e A8 h g, dE AT WK Ok F M i Al 58
(Promega, £ H ),

# K

Name

741 (5'—>3")

Sequence

pmirGLO-circPRKAA2-WT

TTTGATTATCTAACATGATGTCAGATGGTGAATTTCTGCGAACTAGCTGCGG-

ATCCCCAAATTATGCAGCACCTGAAGTCATCTCAGGCAGCTGTATGCAGGTC-
CTGAAGTGGATATCTGGAGCTGCGGTGTTATTTTGTATGCTCTTCTTTGTGG-
CACCCTCCCATTTGATGATGAGCATGTGCCTACGCTGTTTAAGAAGATCC

pmirGLO-circPRKAA2-MUT

TTTGATTATCTAACATGATGTCAGATGGTGAATTTCTGCGAACTAGCTGCGG-

ATCCCCAAATTATGCAGCACCTGAAGTCATCTCAGGCAGCTGTATGCTCCAG-
GAGAAGTGGATATCTGGAGCTGCGGTGTTATTTTGTATGCTCTTCTTTGTG-
GCACCCTCCCATTTGATGATGAGCATGTGCCTACGCTGTTTAAGAAGATCC

SLC27A1-3'UTR-WT

ATCCCGAGACCACCCCGCCAGGACAGCCCGGACCTTCCCATCAGCTTCGTCGG-

TGGCTCATCCCAGACACCCATCGGTGGGGCTGGCCACCGAGACTGCCCCCCGT-
CCCTCCCTCTGGCAGCACCGCCCGGCAGCTAGAACAGCAAGGCCAGTAGCAA-
ATGACCCCGTGCTGTTTCGCATGGGCCTTTTCAAGCACTGAGGTTTTGTTTC-
CTCGTTGAGTTTAAGAAATAAACCTGCAGAGCGTCTGGTGCCTG

SLC27A1-3'"UTR-MUT

ATCCCGAGACCACCCCGCCAGGACAGCCCGGACCTTCCCATCAGCTTCGTCGG-

TGGCTCATCCCAGACACCCATCGGTGGGGCTGGCCACCGAGACTGCCCCCCG-

TCCCTCCCTCTGGCAGCACCGCCCGTAGTACAGAACAGCAAGGCCAGTAGCA-

AATGACCCCGTGCTGTTTCGCATGGGCCTTTTCAAGCACTGAGGTTTTGTT-
TCCTCGTTGAGTTTAAGAAATAAACCTGCAGAGCGTCTGGTGCCTG
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H Cytoplasmic & Nuclear RNA Purification Kit iz 5
& (NORGREN, Jin 2 K ) 4& Bt BMECs 19 4 Jfd 5 F1
MM RNA. LLUG6 4l fi#% 1 N 2, GAPDH
ML TR NS, B AT RT-qPCR I . 6
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(TaKaRa, # [ ) & i cDNA, miRNA % ] 25 3 3
W i Sk MR 5 M 51, mRNA i ] Primer

Premier 6 % it . VL U6 f1 GAPDH 4 5 /£ H
miRNA Al mRNA #J 2, fifi i 2}< Universal SYBR
Green Fast qPCR Mix i | & (ABclonal, H [# ) #£ 17
AE T AN o I 22k X 5 PR A R X 2R Gk K 3
580, qPCR B M Y TE 4045 B L% 2. qRT-PCR
AR & 2 ddHLO 8 pl, 2X Universal SYBR Green
Fast gPCR Mix 10 pL,cDNA 1 pL, | F#51 94
0.5 pLo qRT-PCR Sz W #2 FF : 95 °C il 22 1 30 s;
95 CAEME 5 s, 3B & 305,60 ‘CIEMH 5 5,40 ME .

®2 5lHF5I
Table 2 Primers sequence
S R 519541 (53" P BE /bp
Gene Accession number Primer sequence Products length
GAPDH NM_001034034. 2 F: TCGGAGTGAACGGATTCGG 192
R: TGATGACGAGCTTCCCGTTC
E2F2 XM 024982675. 2 F: AGTGAGTCTGAGGATGGGGTTCTG 121
R: CCTTCTTGCGGATGAGCTGGATG
NR3C1 NM _001206634. 1 F: AGTTCTCCTCCATCCAGTTCCTCAG 149
R: TGCTGTCCTTCCACTGCTCTTTTG
ELOVL6 NM 001102155. 1 F: GCAAAGCACCCGAACTAGGAGATC 104
R: CCAGGAGTACAGAAGCACAGTGAG
SLC27A1 NM _001033625. 2 F: CAGATGTGGCTGTGTATGGAGTGG 113
R: CAGTTCCTCGTACAGTGCGTTGG
KATS NM _001192066. 2 F: CGGAACCAGGACAACGAAGATGAG 124
R: TCACCCATTCATCCAGGCGTTTG
PIK3R6 XM _024980100. 2 F: CAGCCAACATCCAGATCCAGAGC 103
R: GCAACCTCGAACCTGACCACATC
MFGES NM _176610. 1 F: GCGAGTCACGGGCATCATCAC 104
R: CAGTCCAGGTCACACCATCATCAC
SYNE1 XM _024997066. 2 F: CTTCTGCTGACGAACTGGACACC 140
R: GGACCTGCTATGTGGACTGTTGAC
TMEMA43 NM _001102480. 1 F: GGGCAGGTGAAGACGGAGAGG 133
R: GGCTGTTGCGGTGAACGACTC
ADCYS5 NM _001192069. 1 F: TGTCTGGTCTAACGATGTC 164
R: CGATACTGTGCTCCTTGA
U6 F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT
circPRKAA2 F: GTTCTGTTGCTACTCTCCT
R: TCACCTGGTATCTTATGTC
miR-22-3p F: ACTCCGGAAAGCTGCCAGTTG

Universal reverse primer

RT: GTCGTATCCAGTGCAGGGTCCGAGGT

ATTCGCACTGGATACGACCAGTTC
ATCCAGTGCAGGGTCCGAGG
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G Bk, IF 2L 2 I RNA R &5 9, i — 2P il i RT-
qPCR #1720 M1 o A B RNA pull down i 5 fF T
circPRKAA2 B9 4= ¥ % 48 4 (circPRKAA2 probe
sequence: AATCTGTTGGAGTGCTGATCACC-
TGGTATCTTATGTCTTTGATAGTTGCTCG-
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TGGGAAGGGCGATCGGTGCGGGCCTCTTC-
GCTATTACGCCAGCTGGCGAAAGGGGGAT-
GT), il & RT-qRCR A& F $7 i) miR-22-3p % ik
KAV o 4 293T 40 ML 45 b T 12 FL AR, > 20 s %% Ji2 Gk
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200 r-min "N GEFE B EE SRR 15 ming A E O HL
3000 remin "B .0 30 s &, 7E 96 LA H i A 20 pL
20 it 2L W, PR 50 pL LAR TN AR ), 4d ] 1
P ASCRGE N 3% HL 9 ' 2% i 3 1k L Tl sk o X .
J5 LI A 50 pL Stop&.Glo, 46 M ¥ 15 7 ' K i 1
TR DS Y (E IR XY W E A B LucfE .
1.6 BODIPY £

M5 YL 48 h ) , I PBSIHVEAN I, N A 4% £
5 H S [ 5 30 min, 33 25 [ 5 WO 6 RS, 48 1L 41 i
7 im 800 pL (4 BODIPY (5 pmol.) T./E #i (Thermo
Fisher Scientific, 3¢ F ) , & & #F Yt % 4 30 min 5
g2 Y W, JF H PBS T ¥k 3 K, JH DAPI 4 #
15 min, i W5 T 26 BB T 217 U W%, JF0
JSTaE
1.7 HIZO%E

ML ORI AR E(REE, PE), K%
e J5 0 40 i ] PBS W UE I O, A [ E R E
30 min, 3 % J5 H 60% 5 9 B W 5 min, i H
ORO Stain 44 & 15 min J5 7 XM AW BE. A IR
KZY AW, B UM% 3 min, 77 2 Yo WJF K Uk
3% . A ORO Buffer 1 min 3 2% , £ & W8 T
R
1.8 HB=EMPERESENE

TEFE A KRB B (9 BMECs $ # 78 6 L 41 Jifg

Br SR b AT B IR 1 )2 Al M Rl B 5K 70 0 I i
g8 A DREAR 34 HE . 48 hJ5 JH PBS
PEATIEVE 76 1. 5 mL 8048 v (1 FH 224 i v 0T 4 i 37c
TEHEAT 24, O WO B . 10 pl 9 B IE TR
5 TAERGR A FTRE AR ALAE 550 nm I 5E & fL 1Y OD
B 5310 pl A9 B M EAT BCA B R I E o
B A, VLA mg B o 5 3 R L T Il = R R
B ] st g 5 (D3, R ) o
1.9 HiESH

FIHH SPSS T g 5. K K U7 2 73 #f (ANOVA) ,
JE x5 £ 20 6] JEAT 22 S 00 B, %7 R s P<<0. 05, “#*7
F R P<<0. 01, “##x" R P<<0.001, % FH GraphPad
Prism 8.0.2 (GraphPad Software, Inc., La Jolla,
CA,USA)#ATIER .
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circPRKAA2 7 47 ceRNA ¥ #2519 4% 15 0= . F1] FH
Targetscan Fl miRanda 3% 4 i Il 5 circPRKAA2 H
A EAE A9 miRNA(E 1A) . 75 L) Context+<<
—0. 20 F1 FreeEnergy=<< — 20 A b # i 1 55 43 0 2
o ZAMHT circPRKAA2-miRNA-mRNA H./E
PE R (K 1B) o SR EH LM 4 h A 94
miRNA 8 # . H o miR-22-3p 8 15 0 (14 42 3 (4]
F A . KATS, TRPM7 .SYNE1 , PIK3R6 , TMEMA43
ELOVL6, E2F2, NR3C1, SLC27A1 F1 MFGES.
Hrh g 5 E R AECE R ELOVL6 . E2F2 fl
SLC27A1. #fE Ml circPRKAA2-miR-22-3p-mRNA
HFLR G BT R EENEEER R T — 2
T
2.2 circPRKAA2 /I 40 i = fiL

X} cirePRKAA2 Fl miR-22-3p #F 47 . 40 e &
A, W& 2 i, U6 76 240 Ml iz b i R ik & 2 T e 48
JiL R Ry Gk A R R E R A 70% L b T
GAPDH ,bta-miR-22-3p il circPRKAA2 75 41 i 5
rh Y 2 A R T LR A IR P i 2Rk R OF 4 i
o R R AR R 60% . 95% F160% . % T
circRNA 3= 2 75 20 i 5 v & 4, 0 - v] DI S
R miRNA W25, I miIRNA #9355,
2.3 circPRKAA?2 i&E 23 % Bfff miR-22-3p

AW BT TR E A YR bRic 1Y cireRNA #54F
Ml Lacz X MR £, & 5% % i T 78 BMECs
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AL I A EE cirePRKAA2 Y ceRNA M 4% ;B. bta-miR-22-3p Y $ 3 [X F i
A. Predict and construct the ceRNA network of circPRKAAZ2; B. Prediction of target genes of bta-miR-22-3p

1 circPRKAA2 B3 R 3% R 45 53 7
Fig. 1 Analysis of the co-expression network of circPRKAA
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circPRKAA2 #R 4 9 TR AL R . % & Fl H RT-
qPCR K I cirePRKAA2 FE T $7 i 248 2 & W)
miR-22-3p I . 250 &I, cirePRKAA2 #4L fig
g By @ F F H miR-22-3p(P<<0.01) (E 3A F1B) .
HE— 25 ) FHXU¢ ' 3R Wl 41 12 96 8 7 cirePRKAA2
HmiR-22-3p BB/ AL S LR, E R BN,
miR-22-3p mimic 1 circPRKAA2-W'T 5% 3t 21 1)
X HE G 3R WG M A 2 AR T NC Al cirePRKAA2-
WT i34t % Y 40 (P<<0. 001) , 1fii miR-22-3p mimic
Fl circPRKAA2-MUT , NC # circPRKAA2-MUT
37 X R Y 2 1 RO 3R I R AR — 3 (] 3C

M D). #FW circPRKAA2 Fl miR-22-3p H £ # [f]
ZiERAR
2.4 miR-22-3p#IHIH B =ZEEFAREBEEZM & KX

4 B miR-22-3p mimic, miR-22-3p inhibitor &
NC# Y BMECs 48 hJi o il i qRT-PCR X HoAH %t
TR B AT, 45 F IR, miR-22-3p mimic [
F 3R KM 2 # H F NC mimic 41 (P<<0. 001) , ifif
miR-22-3p inhibitor # ik H & 2 B 91 ) (P<<0. 001)
(B 4A F1B) o 2 W] 38 i %% 44 miR-22-3p mimic,
inhibitor 7] #% % # ¥ 1 miR-22-3p £ BMECs H' fy
FARIKF(P<<0.001) o H i =g 75 7L R Hh 19 75 &=
e ik 98 V0, 38 3k W Y I 400 TR PN E I R Y
A AL S BF 28 miR-22-3p Xf BMECs o H il = g 19 &
B 5 . 45 R R, % G miR-22-3p mimic (1
BMECs v H il =ik i 7K P4 e 3 R IR (P<<0. 001) ,
ifi %% % miR-22-3p inhibitor J§ BMECs 1 H i = fi
f 7K S % 58 3 T (P<<0.001) (& 4C) . 1 miR-
22-3p XoF JIE [ 2 114 5% ) R = R A AR A A — B
(K 4D) ., Libgs R E B, miR-22-3p A8 4% 41 &l H
T DR A
2.5 miR-22-3p i #| BMECs H S B M & B

9 BF 98 miR-22-3p 78 BMECs 75 J§ 5 1€ 3§ 4 iy
e, A58 K miR-22-3p B NC mimic ,mimic ,NC
inhibitor I inhibitor 43 5l %% 4% & BMECs it #f 17
BODIPY FH 4L O £l . BODIPY 45 % % 1 , miR-
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5! tcaggcagctgtatgcTTTTTCTg 3" circPPKAA2-WT 0-
NC + - +
3' gucaagaaguuga CCGUCGAa 5' miR-22-3p U miR-22-3p mimic = * =
circPRKAA2-WT + + -
5" tcaggcagetgtatgc TCCAGGAg 3' circPRKAA2-MUT CircPRKAA2-MUT = = +

+

+

Al A W B FRIC Y cirePRKAA2 5 1 DA A X5 T % BAR £ 20 (Lacz) 19 circPRKAAZ; B, cirePRKAAZ #REH X W8 78
5 ¥ miR-22-3p A R RifEH ;C. circPRKAA2 # ] miR-22-3p 89 WT M MUT 38 2 K 5D. circPRKAA2 5 miR-22-3p 3t

T AU G E WS JE AR I 25 5 .+, P<T0. 05, **. P<C0. 01, ***. P<C0. 001, F[A
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Fig. 6 The influence of miR-22-3p on the expression levels of candidate target genes
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Fig. 8 The regulatory process of circPRKAA2 on milk fat metabolism in BMECs
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