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Effects of SCFAs on the mRNA expressions of related genes in Ca**
signaling pathways in the rumen epithelial cells of dairy cow

NING Lili', CHENG Jian*, ZHAN Kang', YANG Tianyu', JIANG Maocheng', ZHAO Guoqi'??"
(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;
2. |Institutes of Agricultural Science and Technology Development, Yangzhou University, Yangzhou 225009, China;
3. China Joint International Research Laboratory of Agriculture and Agri-Product Safety of Ministry of Education,
Yangzhou University, Yangzhou 225009, China;
4. Changshu Haiyu Animal Epidemie Prevention Station, Changshu 215500, China)

Abstract To investigate the effects of SCFAs on the mRNA expressions of related genes in Ca?" signaling pathways in
the rumen epithelial cells of dairy cow. three groups were divided. which were wild BRECs group, wild BRECs with
20 mM SCFAs group and GPR41 KO BRECs with 20 mM SCFAs group. respectively. After culture of 24 h, the total
RNA was extracted from the collected cells. gRT-PCR was employed for analysis of mMRNA expression and intracellular
Ca?" concentration of the Ca?* signaling pathway-related genes. The results showed that PLCB2 (P<C0.01) and
IP3RT (P<C0.05) were significantly up-regulated after the addition of 20 mM SCFAs in the wild-type BRECs. SCFAs
also increased the concentration of intracellular Ca?* but had no significant difference (P >0.05). There was no
significant difference in the mRNA expression levels of PLCET, PLCL1, PKCB and PKCG (P>0.05). Additionally,
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after the GPR41 was knocked out, the mRNA expression of IP3R1 was significantly down-regulated (P<C0.05). The

mRNA expression levels of PLCET and PLCB2 were significantly upregulated (P <C 0. 01). Intracellular Ca®*

concentration showed a decreasing trend but showed no significant difference (P>>0.05). There was no significant
effect on PLCL1, PKCB and PKCG (P>>0.05). In conclusion, SCFAs could regulate the expressions of related genes
and the release of Ca?" in the BRECs by activating its receptor GPR41.

Keywords rumen epithelial cells; short chain fatty acids; G protein-coupled receptor; calcium ion

%3 5 I8 B 8 (Short chain fatty acid, SCFAs) &
JE0 N A R G T R T R P AR R R O
1~6 ANIENIR, T LU LR NIRM T IR, 2
i BIERTERE TR 95 % . SCFAs a] #4343
] A R ZL IR o A RT 1 SRR B R A0 ) e R TR R
45 Xk SCFAs 1y 4 #i ml LA ik 3 B & 7 oK 19
70%%, G- 11 1% Bt 32 & 41 (G-protein-coupled
receptor 41, GPR41) fl GPR43 & £ #f ik ¥ &
SCFAs (432 k%7, GPR41 il GPR43 7£ 4 /> 41 41
A7 ik, GPR4AL 75 B8 Wi 40 M b 35 38 & i s
GPRA3 7S Be gl il vp 3k e & . 9F H GPR41
GPR43 O A TEW 4F AR A 2 3 55 0 FE W5 4 7
B &4 M (BRECs) # GPR41 Wy £k & & T
GPR43%, GPR41 f1 GPR43 #7] LI 5 G & A K&
) Gi/o B AR Gq B IBE DT 1S 0 40 A 9 45 55
T E AR cAMP W EY . GPR41 £E 5 Gi/o
BT 5 55 2 R 50, 1 GPR43 22 5 Gq
AP E e 225,

H5 S 2 5 HLR 45 100 A4 IS B, R AN AT L
S 3 200 S V) ) A B E A OE R R R & AR R )
fE , IE 5 19 WL A 45 55 47 5K T A L & ki 4L A A%
S IREAE A6 AT DL & P RS B R W L. A
N Y Ca " ik B AT DL 3 “ G 8 1 {8 B -PIP2-1. 4,
S-—WEMRWUEE (IP) "5 5 ik Aok W5 . w5 g
C(PLC) fI & 1 i C(PKC) & Ca®' {3 53 % h
5| Gk Ry 1) S 4y 7Y . PLCL1LPLCEL Al
PLCB2 & PLC # 3 /4~ % %, PKCB fil PKCG &
PKC 1y 2 P2,

FEH 24 2 3k 9 GPR41 5 GPR43 CHO 4fi i
H,SCFAs A DU #E 1P3 /KSE 5 ETHRL K cAMP &
BT, I ik &5 3% MAPK 1%L Fl Ca* iy
B . SCFAs #1248 7L AR I 2 41 it (BMECs)
Ja o E 2~4 s Wi FAMPN Ca® WEH N, 60 s
Al LL Ik B R K fEH. BF ST K B SCFAs i it 5
GPR41.GPR43 454 Filif b1 = 5 BMECs B {F
S S, Bk Ah, SCFAs 1] B il i3 GPR41 Al

GPR43 P T Zh W M M & R 4. W N MR Al 3 o
GPR41 Jin 58 A2 & pf 28 S0 i {5 2 76 3 ] GPR41
0L N R IF B A n i 22 R M & TG M. & it
SIRNA 32 55 3iF B . 52 J& # 28 19 035 J2 38 if GPR41
W, AU R, AR E LA
(BRECs) 7E#t = SCFAs ) &4 T . GPR41 g *
F2 k1 SCFAs XF BRECs f4 Ca®' {53 [t & 5 1
GE MR A GRS . P AR B 9E B FE R 1T SCFASs
R E B AR Ca® A5 5l A O I R
DA B A ML N Ca® " e BE 1 52 ) Oy i — 25 8 9% SCF As
X4 Rl ML Ca® ' {5 538 [ 19 52 ) 42 BEAR 4

1 #MH5FE

1.1 K 5a 44

DMEM ‘&5 4 5 772 £ WO e 48 1l 3 Al 20 75 2
IR (NEAAD | B 12 #h 22 b Wik (PBS) Al ik 25 1 il
(Gibco, KEH) ; LTR IR TR HH KX HEHEK . L
BB WM W £ — e d g (EDTA) (Sigma, 38
E); PrimeScript™ RT Master Mix #1 SYBR®
Premix Ex TaqgTM [l (TaKaRa, 77 [E); %% & & =
96 FLALFN 8 3% % (Bio-rad. 38 [H) 5 & RNA UL 5
£ (Tiangen, H1 [H) ; Fluo-4/AM (Beyotime, 7 [#) ;
FACS LSRFortessa it 2040l 73 BT AL (BD, 2 [#) 518
o5 BF 87 4= #8 BRECs Fi# i CRISPR/Cas 9 &4t
kR GPRAT (1) BRECs 2 1 475 M K 2% 8l Wy 35 72 W 1
JH 45 7 A9 I (TACCA) $A1TT
1.2 R FHE
1.2.1 &XE&it

RIS R 3 AL A A 3 NEE
HOMIEH B AE RV E L A 5 2 AN
20 mmol/L SCFAs HFA: AR B | 57 40 ; 275 3 20 Jy 3%
Fed A & 20 mmol/L SCFAs H i i3 CRISPR/Cas 9
R4 bk GPR41 BRI 9 1 b F2 40 . &
37 °C5% CO, MR A . 24 h Z 5, H L IF ik
LM IETT RNA $#250, 20 mmol/L SCFAs 21 3% .
12 mmol/L Z 2 .5 mmol/L PEZ I 3 mmol/L TR,
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1.2.2 % RNA #3R
Fie S RNA 42 a7 & (Tiangen, o [E) $2
ACRNA, e, B 1 pL 32 O FE A i 47 2 RNA
A N 1 I A
1.2.3 R A% & cDNA
Fie I Takara 5% Sl & 0E 47 AN BEZE VK
AR, R SRR R N 10 pL, B 537 C
15 min 1 85 °C 5 s; PCR [T Mifk & H 20 L. 7R
Atk 195 CHUAEPE 30 5595 °C 5 5,60 °C 30 s,40 4>

TEIR AR A 3 AT
1.2.4 Real-time PCR

P i PCR VL E B AR R A 20,0 pL, JL
1 SYBR® Premix Ex Taq™ [ Kit 10. 0 pls
10 pmol/L By PCR Forward primer #ll PCR Reverse
Primer £ 0. 8 pL; Water PCR grade 6. 4 pL; cDNA
2.0 pLo SIWITERE LR 1. R 55 F: 95 °C Fil AR 14
30 5395 C 5 5,60 °C 30 s,40 NEH, B4 FE 5 AR
A 3AEE ., WE IR 2T,

F1 WHE=PCRS|Y
Table 1 Reverse-transcription PCR primers
B 1931 (5'-3") GenBank J5 %1 & PR KN/ bp
Gene Primer sequence (5'-3") GenBank accession No. Length of product
PLCE? F. TAGAAGAGGAAGAGGAGGAG NM_001191401 200
i R: CGTGAAGGAGGAGATAACAT
PLCE] F:. ATGATTGAATGTGGCTGTGA NM 001205852 148
o R: TGTGGCTGTTGAACTAAGAA
PLCLI F. GCAGCATTGAACTTGATGTA NM 001191279 200
o R: CTGTTGGACCATTACCTTCT
PKCB F. GTCCTCATTGTTGTCGTAAG NM 174587 135
i R.: CTTGATGGTCTTGGTCTTCT
PKCG F. TAGAGTCTTACCGTGTGCTA NM_001166502 158
) R: CCAGGAAGAAGAAGAAGGAA
PSR F. TTCAGAAGGAGAGCAGAATG NM_174841. 2 169
' R: ATTGATGTGAGGAGGATGTC
i F. GGGTCATCATCTCTGCACCT NM 001034034. 2 176
GAPDH
R: GGTCATAAGTCCCTCCACGA
1.2.5 miemas 3458 TR E e n 2
2 H#REHSMW

FREEFh AN ML 5% 24 h 5 505 2 RIS 3 b3 4l 4y
B 20 mmol/L SCFAs YEFH 2 min, U4 3 440
Ji s i Fluo-4/ AMAHe B 2.5 pmol /L) 37°C sk
H 30 min AT HOGREN B B J5 PBS YL 2 K,
A MR I, 3 & D K R 494 nm, & KN
516 nm, Kl i) 3200 B RN AN Ca® R EE
1.3 HBESEITHH

SERR AR AR R IR . 8 H SPSS
16. 0 Bt 8k iy One-Way ANOVA #5817
HNE T 2500, WEER S N LSD . P<
0.05 KRERBE,P<0.01 BRHEBELER.

2.1 SCFAs 3 BRECs #1 PLC ik 1) &

FH qRT-PCR 435l k& PLCLI . PLCEI #i
PLCB2 AR 4 ¥ BRECs H () Rk 8 4k, 45
W 1, #Esk = SCFAs Wy &1+~ . PLCB2 JL-F R~
B35 TN 20 mmol/L SCFAs 2 5, PLCB2 #%
W 5 2 3% (P<<0. 01), PLCL1 F1 PLCE1 ik
L. ERABFE(P>0.05) ., 5% SCFAs iy B
4R BRECs 1 H . @i B GPR41 3£ W 2 J5 . PLCLI
IR EA TR EE(P>0.05) .1 PLCEI fI
PLCB2 (R 3k 58 B & 3 i (P<<0. 01,



58 M THGANAF . SCFAs X949 H b 52 40 Ca® {5 5 38 1 AH 5 2 I8 3% 35 1 52 T 57
e 2
£ 37w pre < 4w prens .
ws |° g |B)PLC
L 1 -
Rz Re3
E & 2r ® 7
e E
B = 9l
z = = b
e & = I
g < 1+ & - )
~ Z ~ Z 1k
S 3 E L:
S 0 S 0
N WT WT GPR41KO g WT WT GPR41KO
20 mmol/L. SCFAs - + + 20 mmol/L SCFAs - + +
K3 Treatment b3 Treatment
S
2 150
i 5 (¢) PLCB2
KE a
= & 100}
= oo
w3
< Z
z =
==
E < 50}
N é b
S
Q C
S 0
=~ WT WT GPR41KO
20 mmol/L SCFAs - + +

ALPH Treatment
WT {8 4 % BRECs; GPR41KO Q%3 13 CRISPR/Cas 9 R4 Rk GPRIT s ¥ bn ik A R /NE 8 3R 26 5 8 3% (P<<0.05), Tl
WT stands for wild-type BRECs. GPR41KO stands for knocking out GPR41 through the CRISPR/Cas 9 system. Data annotations with
different lowercase letters mean significant difference (P<Z0.05). The same below.
B 1 SCFAs 3 BRECs § PLC # mRNA 3% £
Fig.1 Effects of SCFAs on the abundance of PLC mRNA in the BRECs

2.2 SCFAs 3 BRECs f1 PKC &% #2401 RN E(P>0.05),
PKCB fil PKCG fE AR 4 ¥ F) BRECs H 3R 2.3 SCFAs 3t BRECs &1 IP3RI &3XHIS0H
VLK 2, S5EFAE AU H . BB GPR41 Z )5, B R 3 ] A, 42 #F I ES R I 4y T

SCFAs A[ ) L3 PKCB Ml PKCG 1y ik &, {H & IP3R1 7E SCFAs 55 F » H mRNA £k & 9% 1 3%

3 e
= 237 (a) PKCB =251 () PRCG
97 20f KF 20k
g )
= £ = =
Z ¢ ISf = ¢ I5f
= £ = £
£% 10t Z% 10f
E E <«
SZ os SE
SE T S E 05
< &S
S S o0
e e
& wT wT GPR41KO ~ WT wT GPR41KO
20 mmol/L SCFAs - + + 20 mmol/L SCFAs - + +
AL Treatment AbFH Treatment

(a) SCFAs % PKCB f mRNA % 580 ; (b) SCFAs % PKCG i mRNA % k50 .
(a) Effects of SCFAs on the abundance of PKCB mRNA; (b) Effects of SCFAs on the abundance of PKCG mRNA.
B 2 SCFAs ¥ BRECs 1 PKC HJ mRNA 3R i% 2
Fig. 2 Effects of SCFAs on the abundance of PKC mRNA in the BRECs
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FP(P<0.05); 58 4: A1 BRECs I, AR GPR41
2 )5, SCFAs, IP3R] [ mRNA £ EEZET
P (P<C0.05),

N
wn

2 [ IP3RI

- - N
o W o
T T T

[}

IP3R]1 mRNA %} ik
o
wn

IP3R1 mRNA relative expression level

=]

WT WT GPR41KO
20 mmol/L SCFAs - + +

AP Treatment
3 SCFAs X} IP3R1 #J mRNA 3% &1
Fig. 3 Effects of SCFAs on the abundance of IP3R1 mRNA

2.4 SCFAs %f BRECs f1 Ca’* iRk FF B 551

MR 4 AT AT, 7E B 42 B BRECs N Ca®" ¥ B 7F
SCFAs fili J5 #2 & 7 21%0. H 22 R A B % (P>
0.05) ; 5874 %1 BRECs [ . mif [ GPR41 2 J5 . TR0
20 mM SCFAs 4iJfipy Ca®" ¥e AL T 15% . {H 2%
FAREBFH(P>0.05),

. 5000
= 4000 r
T
F 2 3000
5 4
23
g—' 5 2000
g2
T 1000 F
E
= 0
wT wWT GPR41KO
20 mmol/L SCFAs - +

+
AT Treatment

B 4 SCFAs X4Af R Ca’t iR BRI IE

Fig. 4 Effects of SCFAs on intracellular Ca®" concentration

£ 0 PN 5 S A R ) 78 Ak X 4 1 R £ i
A IME BR A AR ERENE L. NS S
JE B 5 200 L VAT 1 DG B DR 2% L > B B S A Mk R
5 A2 A A0 A AN B N Kimura 2807 58 &
B, B T4 2 B A0 D A s o A AR, 5 B0 G i A
MBS 5 B 45 8 F R B 59 . SCFAs JE R4
YR FE R RO IR I Bl L L

YHMIA: K L8 R KPR R AT W RN AR g N A it
FEE, SCFAs T AT L] 3 52 bt 28 22 5 11 00
PR FEHL A BE B 4B . GPR41 Fl GPR43 4 8
WEW] & SCFAs My &2 4K, U5 49 B b 2 4 j b
GPR41 MR ih & & T GPR43V, W5 £ W,
1 20 mmol/L SCFAs fl 40 mmol/L SCFAs #] P4
& B i BRECs v GPRA1 () 35 81, i ik =
SCFAs [ 41E T, GPRAL 3 K e 5wk 2 360,
U, AR B 5 A 7E B R AR R AN R g R
GPR41 Z J5 0988 B 1 Bz 4l i vp s i SCF As o 6
Ca' BT XAy THREIED LA A
Ca®" B AR 1k

PLC 1 PKC /& Ca®' {55 3 i v 51 & 9K S b
B OC5E 2 1. IP3R J& A2 ok PN S5 9 45 22 B il Y A2
&1, gRT-PCR 45 3 % B, 78 i = SCFAs A,
PLCB2 JLP- A KA HZ B 20 mmol/L SCFAs
J& BB OE .3 H PLCEL Ml PLCL1 ka1
Jrd iR PLC iF — 250 TP12 43 iy — 1k H i
(DAG) 1 = B2 LEE (IP3), IP3R J& IP3 3Z{k, 5
IP3 &5 A2 il HRE. Wik, B 20 mmol/L
SCFAs Z J5 . IP3R1 fig# B Z 0%, IP3R (19 3% ik
TN B Ca®' L B SCFAs Z )5 » 4 g
Ca’ ' WePEEHE R T 21% ., SCFAs #il# BMECs Z )5
BRI Ca® Wk I, Yonezawa % Hff
FE W, GPR41 Fil GPR43 # SCFAs # )5 . 5 %
0 i P A B R B TR HOAN 2 H 0 EE A BEL T
YER . TR 5 K BRI i 2 44 200 if 7F — A 0 & )5 ] LA
HEOma Mgy Ca® By v B L 3X 3 B2l 2f GPR41 Al
GPR43 {55 i % S B, SCFAs {2 i#F Ca®' ¥
FERW T SAM A R — 3, R Ca®'
HE— BRI T PKC 1& 4k, ¥ SCFAs Z J5 . PKCB
M PKCG B3Rk A Frid e, f Ca® ok B2 1y 28 1k
A E . PKC 3 — L 0% MAPK {5 53 #% . 51
EGIK B NS AT A0S S R . MR LA
SCFAs #UG 4y Ca®' {5 5 % 5 40 fis 5 MAPK
{5 5 R AR A R . T R AN S A
Ca®" ¥ J& 48 i, i H 135 % GPR41 Ml GPR43 3
. AEAERKBEMEWAIER T . GPR43 3 K T 8k
J& S A Ca®™ e B I A e As ™,

RHE5E SCFAs X% BRECs H Ca®" {553 [ (1 4
FERL A SO i 4 M R 2E s 85 5 1 DR 5 0 T
IR FF R E ) CRISPR/Cas 9 2 4k ki l4: GPR41 %t A
# BRECs 3k i#f 17 & A #F 58, @l fr BRECs 1 )
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GPR41 3. ¥ SCFAs 2 )5, GPR41 [ % ik &
35 R B R W] GPRAL 18— A~ 45 o 5 5 Bt 1 2 M o
B ARG 45 R R L BRI 20 mmol/L SCFAs
ZJ5 . 5 B4 # BRECs b, ik GPR41 B3 FiH T
PLCB2 #il PLCEI1 #§ %1k & ; PLCLI [ 3 ik & [
ik, PKCB fl PKCG 1) 33k & TF i - H & ¥ 0 i 3%
%%, ML LLE 1 SCFAs A &3 if GPR41 Jinss
PLCB2 ,PLCEIl , PLCLI , PKCB 1 PKCG {4 %
ik, MR .IP3RI M #E B E T M, %R
W] SCFAs X} IP3R1 i &8 it GPRA1 SCHLAY
1M HA RS A0 N Ca® " W BEREAIR T 1520, & T
i b TP3RI B IRF B0 &1 T B L 85 2
Ca’" WY REHL

4 & g

SCFAs A L3 i i % 52 ff GPRAT Sk i 5
BRECs |- J¢4ii}fg IP3R1.PLCEl il PLCB2 I3k,
KA Ca® ™ RERL LLEE— P30 Ca®™ {5 "5 il
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