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Effects of different pH and SCFAs on the expressions of
SCFAs transport proteins and GPR41 in the rumen
epithelial cells of dairy cow
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Abstract To investigate the effects of different pH and SCFAs on the expression of SCFAs transport proteins and
GPR41 in rumen epithelial cells of dairy cows. Six groups of experiment were designed, after 24 h culturing, cells were
collected and RNA was extracted. The results showed that with SCFAs supplementation. There was no significant
difference in the expression levels of MCT1 among pH 6.2, 6.8 and 7.4 (P>>0.05). The expression of MCT1 in pH 6.
8 was significantly higher than that in pH 6.8 and 7.4 (P<C0.05) ; The expression of MCT4 in pH 6.2 was significantly
higher than those in pH 6.8 and pH 7.4 (P<C0.01); The expression of MCT4 was significantly higher than those of
SCFAs (P<C0.01). The expressions of NHET, NHE2 and NHE3 were significantly higher than those without SCFAs
supplement (P<C0.01). With the decreasing of pH. the expressions of NHE1. NHE2 and NHE3 increased gradually;
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Without additional SCFAs, GPR41 was not expressed. After the SCFAs supplementation, the expression of GPR41 was

greatly activated. In conclusion, SCFAs could significantly enhance the expressions of SCFAs transport proteins and

GPR41 in rumen epithelial cells of dairy cow. It was proved that the cell uptake of SCFAs was mainly depended on

SCFAs transporter and GPR41.
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45 5% I8 I /% (Short chain fatty acid, SCFAs) &
LI E N A W e T R AR R TR
1~6 A HLAR TR » B EALHE LR CINTR AN T 1R, 2
oA R MR ER 95 %01 . i H g SCFASs g%
KR As iRt 60% ~T0% EERFHEEY . R4
Bl ofe K i = A AR IR G, SCFA X 2 15 12 4 3h i)
RE P 2= e H S, SCFAs B T e I 4 3
YR ALRE R 2 Ah . B I RS O L R kR
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SCFAs Z J& » e 38 in il 8 H g & R0 e 5y 1 b 3R
AyHe BELO7 L PAYR R %% 12 5 1 1 (Monocarboxylate
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UYL R AN TR R 2 S BE NS 3 B 4 2
LR MCTL 23880 W g 78 i sk 4 5
ZhnaE TRE g MCT1 f#&iEKFENY, kA
AR TR 5 B /ORS RHE A 1R R 2L AH B, T 5 RS
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EUGEPER 2R XX T F 2R h# 2 CHZE,
FEF 9 8 E R A8 Fac#iEE (Na /HY
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JoR ks NHE2 (381580,

EAMFREN,G-HEE K Z K 41(G protein-
coupled receptor 41, GPR41) fE & SCFAs [f 5%
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i) MCT1, MCT4, NHE1, NHE2, NHE3 L) A&
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1.1 ##

DMEM =l 55 77 56 SO G 28 1003  3E 26 200 2 3
R \PBS i ZE 1 B (Gibco, EED ; LR INIR . T IR .
THR GEER L MR i  EDTA (Sigma, 3¢
E); PrimeScript™ RT Master Mix 1 SYBR® Premix
Ex Tag™ T (Takara, /7 [F); B RNA £ BUiR 7 &
(Tiangen, HED . H54-98 B [ 40 j™" dy 4 M K2
BB SR W IR A9 BT (TJACCA) 4241t
1.2 F#iE
1.2.1 R F pH # SCFAs st # % SCFAs #i3 %

@ F= GPR41 £ & %@
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HRIG/rh 6 4. 577 3L pH 6.2.6. 8 FlI7. 4 45
B E R S LR AAf 24 hy B3R AL 20 mmol/L
SCFAs (pH 6.2).20 mmol/L SCFAs (pH 6. 8) Fl
20 mmol/L SCFAs (pH 7. O BEHVEREE
Fediffl 24 h, AL HAMERN 3 AN ERE., KR
24 h ZJ5 4 B A A B A B RNA
1.2.2 ¥ RNARR

fn 1 mL Y Trizol 24 W R 4% 4= ' 1 )
A, 2R S5 min R A0 MR FEFL R 1.5 mL
(4 JC I B0 T A 200 p L G4 L S UE A 35 L TR
WEm ERIZIE 15 s, ZHR I E 3 min; 4 C
2 000 r/minB .0 10 min, FEMEB A2 . EEN
TC 8 0 KR 4 S RNA = 344 7E T /KA b L 48K
MR RH M 1.5 mL MICEEE.OE T8I A
JKAH 0.5 FEIRFRIC K S B R WRATIR &) B 5 W e
B 2 WAL .4 °C 2 000 r/min B0 30 s [a] WLt
A 500 pL £ F# RD,4 °C 2 000 r/min &
> 30 s F 2 U K 1 BRE A i A AT A 5 ) RS
FEf A 700 pL B EVEW RW., & { # & 2 min,
4 °C 2 000 r/min B> 30 s, FER W ; A LR 1RAE
BB S A S RNA BB AR i AR .4 °C
2 000 r/minB§.L> 2 min; T FF W B AE 55 5 T8 TAE
£ 1 12 min J5 , ZSBRER A HLI A 45 02 B A 2 A8
1) 1.5 mL B0 A8, fn 30 L J& RNA FK , %R ik

3 min,4 C 2 000 r/min &> 2 min., 3 F3¥F,One
Drop 5 & RNA f3k  fali i,
1.2.3 R ##F & cDNA

it I8 Takara [ 5% 5l ) &0FF B RNA 0§ 5%
7 cDNAL 5 T oK B #AE, SO SRR 10 pl.
total RNA 500 ng.5XPrimeScript RT Master Mix
2 bl BT RNA BK. 2B 10 oL, 2 B 26 1
37 °C 15 min f1 85 °C 5 s, PCR WK% 20 L.
SYBR® Premix Ex Tag™ I Kit 10 HL\J:“‘Oﬁﬁﬂ—F‘“Oﬁ?
2191 (10 pmol/L) % 1 uL.cDNA B 100 ng FIK
B 2R TR R R 20 L. OB 5 A2 95 °C 1348
30 5395 °C 55,60 C 30 5,40 MEH , B 3 A4
#i4 . RT-PCR S W& . R 0B AK &R 20 pl,
Hrp 2X Tag PCR MasterMix 4 pL; Total RNA 4 ,L;
Free-RNase ddH, O 12 LR & JE .
1.2.4 Real-time PCR

SR A2 95 CC AR 30 5595 °C 5 5,60 C
30 5,40 NMEF, BEAAEG 3 DEE . HAYIEE A AH
X} ik il it GAPDH AR N S 7 hr ik, 115
JrEFR IR 2727 e i PCR R R C 2 oy S Ak
£ 20. 0 pl, H e SYBR® Premix Ex Tag™ 1II Kit
10.0 pL;10 pmol/L ) PCR Forward primer I PCR
Reverse Primer 4% 0. 8 pl; Water PCR grade 6. 4 pl;
cDNA 2.0 puL, BIYTER WE 1.

®1 WAEEEPCRSY

Table 1 Reverse-transcription PCR primers

24| SIS —3") PR/ bp
Gene Sequence of primer (5'—3") Length of product
MCT1 F . CAATGCCACCAGCAGTTG 376
R : GCAAGCCCAAGACCTCCAAT
MCT4 F . AGCGTCTGAGCCCAGGGAGG 223
R : ACCTCGCGGCTTGGCTTCAC
NHE1 F . GAAAGACAAGCTCAACCGGTTT 67
R . GGAGCGCTCACCGGCTAT
NHE?2 F . TTGGAGAGTCCCTGCTGAAC 257
R . GGCCGTGATGTAGGACAAAT
NHE3 F . AGCCTTCGTGCTCCTGACA 56
R . TGACCCCTATGGCCCTGTAC
GPRA41 F . AACCTCACCCTCTCGGATCT 214
R . GCCGAGTCTTGTACCAAAGC
GAPDH F . GGGTCATCATCTCTGCACCT 176
R : GGTCATAAGTCCCTCCACGA
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I B A5 R B AR e 22" FoR . s ]
SPSS16. 0 48 it # 4t i One-Way ANOVA #
HEAT B PR 2R O 22 404 0 3 PR A B i LSD R
P<0.05%£RERBFH . P<0.01 FRkBFELER,

2 EHRE5SMH

2.1 [ pH #1 SCFAs 3 B #£ iz E H MCT1
N MCT4 &% B &0

3 X 5 AR R A MR A A [ A B T
By RNA 317 5 Sk T 09 AH R & 5 K D . 45
LK1 RE 2, fEBLZ SCFAs 414 F.pH 6.2.6.8
M7.4Z0MHMCTI ZixEEAREZR. 5 pH
6.8 F1 7.4 LK. 7F pH 6.2 & T, MCT1 %55
i (P>0.05: & 1), WM SCFAs &4~ ,pH
6.2.6.8 1 7.4 Za ) MCT1 XKk EEZR AL FH,
5 pH 6.2 fl 7.4 M H,7F pH 6.8 &4 F.MCT1
FiE R E (P>0.05), 7 pH 6.8 AN SCFAs
ZM T MCTL B RA & B E S T pH 6.8 Hit =
SCFAs 244 (P<<0. 05; & 1), 38 SCFAs g% i
#E MCT1 iy 358, Bt = SCFAs &1 F.pH 6. 2,
6.8F1 7.4 ZEK MCT4 KikFLERF AR E P >
0.05; & 2), % SCFAs &1+ F.pH 6. 2 1y
MCT4 (kB E R E®m T pH 6.8 M 7. 4 (P <
0.01; & 2), 45 R KB [a] i 45 fin SCFAs i & F .
pH 6. 2fgf% B nas MCT4 (AR, N SCFAs

- N
W je)

MCT1 mRNA %] 55k 4
=

MCT!1 mRNA relative expression level

o
n

I 11 111 v \Y VI
AP Treatment

1,pH 7.4; 1I,pH 6.8; 1II,pH 6.2; IV,pH 7. 4+ 20 mmoL/L
SCFAs; V,pH 6.8+20 mmolL/L SCFAs; VI,pH 6.2+ 20 mmolL/
I. SCFAs; F[a], The same below.

E 1 [ pH #n SCFAs M B B IE EH
MCTI1 # mRNA 3% %07
Fig. 1 Effects of different pH and SCFAs on the
abundance of MCT1 mRNA involved in

monocarboxylate transporters
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1
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MCT4 mRNA relative expression level
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E 2 ZR[E pH #1 SCFAs X} 2 ¥ B 55 15
E Q3 MCT4 ) mRNA &% %
Fig. 2 Effects of different pH and SCFAs on
the abundance of MCT4 mRNA involved

in monocarboxylate transporters

2.2 A[E pH #1 SCFAs %} NHE1 ,NHE2 #1 NHE3
Rk =

T 0 5 AR T R 0 MR A A [ A B Ty 4R
Oy RNA AT 5 KPR B9 AH R 2 46 I, 25 21
WK 3.4.5, Ht= SCFAs 4/ F,pH 6.2.6.8 Fl
7.4 Z A NHE1 . NHE2 f1 NHE3 £k 2% 2 A
B (P>0.05; & 3.4 F15), % SCFAs &4 F .
pH 6.2 f16.8 iy NHE1 f1 NHE3 (i BB &5 T
pH 7.4 H 6.2 W 35 & & & (P<<0. 01; & 3 I
K 5. @ SCFAs %41+ F,NHELl,NHE2 1 NHE3
FiA W EE THZ SCFAs B iy 235 & (P<C0. 01;
K 3.4 1 5). 45 % E B SCFAs BE#% 1 #F NHE1.
NHE2 fil NHE3 ) %3k 8. Mo, % pH A %
K, NHE1.NHE2 1 NHE3 §) F ik &2 W FiF, ¥
A IH) I 5 fn SCEAs, fIk pH fiE % 1 2 fin 58 NHET,
NHE2 #l NHE3 {32k,
2.3 [ pH #1 SCFAs X GPR41 3&3& 1920

A X AR B L R 2 IR AT A ] Ak B T v
U RNA BEAT 5 5 KN B AH X 2 46 I, 45 51
JLE 6, = SCFAs &4 F,GPR41 RNEEHE R IK.
SR, BN SCFAs Z )5 , B8 1 & 0% GPR41 (1%
ik, 5 pH 7.4 ML, pH 6. 8 fighg B3 I8 GPR41
By #Ik g (P<<0.05),fH5 pH 6.2 JC I #2 7
(P>0.05),
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Fig. 3 Effects of different pH and SCFAs on the abundance
of NHE1 mRNA involved in Na® /H" exchanges
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Fig. 4 Effects of different pH and SCFAs on the
abundance of NHE2 mRNA involved
in Na' /H" exchanges
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Fig. 5 Effects of different pH and SCFAs on the abundance
of NHE3 mRNA involved in Na® /H" exchanges
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Fig. 6 Effects of different pH and SCFAs on the
abundance of GPR41 mRNA
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SCFAs RERS 9 B 1+ K 5k 2% B M 4 W sl A 56
P45 R N 7 TR B 3 B 11 4 T L N I R 4 AL 7 o
T PG B4 A 320 L sl MCT1 0220900
FERRYEY B Al SCFA™ /HCO™ 2 i@ % #1 fig 4% i
A4 SCFAs, [ b, X 3 Fh A [F) 3 #% i 19
SCFAs #jJ& 0 T ¥ 40 M o8 T 75548 B . 78 i
AR LR R IR ¥ i SR 1 MCT1 il MCT4 X 1
SCFAs %% iz FmWg e it 5 A FH™ . W] B, 7 8
TR 1) 5 32 A5 3 40 b AR T e R A R AR
AR HOR RE 8% 0 aR R H b X SCEAs 1Y 1
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L2E N 60 %0 H 450 HARBERS Jnsik MCT1 (1 33k
LRI MCT4 9 £ 35 & & 0 38 o W3 5 B
MCT1 A5 5 1028 B b pH @AY,
TR A Sy 1R D R AR L R L S AT TR N Y BT F
FEW i MCT1 P B 1 40 52 2% 2 i i
o bR TR AE7E MCT (9 [F # MCT457 ) 4
I I 90 45 2 B L U I SCFAs g8 hn s 105 4 9%
B iy MCTL (%5 & .0 pH A RENS i 28
MCT1 ik & . X pH 1 SCFAs g% B 3 Jin 5
WA E L 4 MCT4 (ki , £ 8 MCT4
Xf SCFAs iy iz Fmg i 22 i 2L,

I 5 AR W e A b kT AR R oK AR S P B
A LR I8 B N A LR AS D 38 x93 1 5] ke R
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TRRME A TR S0 N B 0 BT i A g | i
R, MAEASREEEARLBET AR,
Rt —2 574546 i LiE pH AE /] I8
B, JElEE R HSCFA #E AR S R 40 i i
ik SCFA™ /HCO™ 24 (ki HCO® #82xF
M bR 4 iy pH [ B, 98 B X SCEAs 1Y %
WL Bl 2 LY Na® GB 42 in i NHE XF H™ (91§
W45 R B N pH MR E R N
SCFAs fighg £ SCFA /HCO® A 8 (I /E T ik
NI R B HCO® IR E I Bz 4 B HE 1
HEA R H A R i S R P BGE #0K HSCFA #iz
2 E LR . AT R B pH 4R 1 NHE
REfS K B R AN P A H FB 06 3 208 O T
A pH™ PR, 5 AT 06 R A BT R B A5 fR
o H NG pH R E .

55 VRN A6 AR AT AR B VR IORS L =2 JE R L AR
AEfg e NHEL fil NHE3 3 35 & {52 %A ol 2s
NHE2 ) % ik & lb o, 2 8. Wi, T 8 M &
SCFAs 53 50 5 U I ARR BHZH AH HE kG 4
gty H m NHE1, NHE2 fl NHE3 fi 2 ik #1',
RS, MR B AR R 2R ABE, Nk T
fig FLE. SCFAs e B # b 35 3% ' . 3 26 25 L i
W1, SCFAs figfig ik NHE 595K F . AR 56 45
WRW fEHZ SCFAs &4 T . KRR pH HI 305 4
E 44k F . NHEL,NHE2 f1 NHE3 %
BEERARE . (EEEZNE BN SCFAs 25
REfS W 5 2R 8 B - R 40 i NHET,NHE2
A NHE3 py£ikht . JUHAEM pH & F . NHEL,
NHE2 f1 NHE3 3 ik & fir i . 45 R kB, NHEL,
NHE2 #l NHE3 gy 55 pH F1 SCFAs #HCHK

e KRR 08 0 R R L i 4L s & SCFAs
e m A AR IR S N i R R M3 A 2 ) e A% PR
A K E R SCFAs DL pH M8 B .
4h.SCFAs B 29 W & GPRAL fy 32 4&D )[4
W AW AN A pH S84 T RIS 4 8
20 At 0 25 R I FE pH 6. 2.6, 8 Fl 7. 4 1Y &M
T ,GPRA41 ) qRT-PCR 1§ CT 4B >36, i itk 1 W7
CT fH#:>36 158 F ,GPR41 R#Eik, ¥ SCFAs
At B 5 N 2R - 4 GPR41 (A,
Ui SCFAs %t GPR41 iy £ LA — & LB,

4 & B

SCFAs fE# fmsi MCT1 ik & . pH JE A BE

g AE MCT1 ik . (K pH Al SCFAs Rg42 1B
s MCT4 3Rk & . X pH fil SCFAs fig g i
Fnsk NHE1,NHE2 f1 NHE3 fy £k, =
SCFAs % 14 F, GPR41 f K fig % 8% £ 35, ¥
SCFAs Befg i 2 hnos 45248 B L 2 4 il GPR41 1)
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