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Effects of Lactobacillus plantarum on intestinal mucosa function,
microbial community and short chain fatty acids in weaning piglets

LI Xueli, YU Defu, WANG Chao,DING Liren,ZHU Weiyun, HANG Suqin "
(Laboratory of Gastrointestinal Microbiology , Nanjing Agricultural University , Nanjing 210095, China)

Abstract ; [ Objectives | The experiment aims to investigate the effects of Lactobacillus plantarum on genes expression of nutrient
transporters , tight junction protein in small intestine mucosa, microbial populations, short chain fatty acids and lactic acid of Suhuai
weaned piglets. [ Methods] A total of 144 Suhuai weaned piglets (9.34 kg) at age of 28 days were randomly divided into 3 groups,
including control group(basal diet) , antibiotics group ( basal diet supplemented with antibiotics ) and L. plantarum group ( basal diet
supplemented with L. plantarum) . Each group had 6 replicates and 8 piglets per replicate. The experiment started on day 32 and
ended on day 59 after birth. On day 59, one piglet from each replicate was slaughtered for sampling. On the day of slaughter, the
tissue and mucosa samples of duodenum, jejunum and ileum, and digesta samples of cecum and colon were collected, respectively.
[ Results ] Compared with the control group, L. plantarum treatment increased mRNA expression of PepTI in duodenum ( P<0.05),
SGLT-1,PepTI in jejunum and SGLT-1 in ileum( P<0.05). Further, L. planiarum increased mRNA relative expression of Occludin in
duodenum , and Occludin ,Z0-1 in jejunum and ileum in comparison with the control and antibiotics group ( P<0.05). Results also
showed that L. plantarum presented a higher concentration of buyrate in cecum, buyrate and lactic acid in colon than that in the
control group( P<0.05) ,while no significant effect was observed on the concentration of acetate and propionate. In terms of bacteria

population, L. plantarum decreased the population of Escherichia coli in cecum and colon, increased the population of Lactobacillus
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and Clostridium cluster XIVa in colon (P < 0.05). In contrast with the antibiotics group, L. plantarum elevated lactic acid
concentration in cecum, butyrate and lactic acid concentration in colon, Lactobacillus population in cecum and colon ( P<0.05).
[ Conclusions ] Our findings suggest that the administration of L. plantarum could maintain the intestine healthy and relive weaning
stress of piglets by regulating gene expression of nutrient transporters and tight junction protein in small intestine mucosa, increasing
the short chain fatty acids and lactic acid concentration, promoting the proliferation of Lactobacillus and C. cluster XIVa and
decreasing E. coli population in intestine.

Keywords : Lactobacillus plantarum ; weaned piglets ; nutrient transporter; tight junction protein; short chain fatty acids (SCFA) ;
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324K 1 (sodium cotransporters-1, SGLT-1) J& 51 5 SiW/ Nz F I TS5 8 E0E 12 10 32800, 7TE 78 5
2 DR 2% b BAE 5 SGLT-1 4543 )5 , P i SCLT-1 #438 #E A 4L, 76 540 M Na™-K*-ATP B89/ T
SEMEZRE Iz . FEKEE 12 34K 1 (oligopeptide transporter 1, PepT1) & —FP 35 T/ I 40 iR
Gl b X HORH KSR R A R S IKGL IS K, PepT1 LN 2 3635 T ALTE b, %o 55 JIK A0 W A ke 56 B A
FATT S SR A FLAT B LR 37 B s (A i (9 5 3 o ARG

A5 H A RTHAT ST 1A FLAT R R B AT A A PR RE RS2 i, e AR W LT TR AT I 4
TR B E R H R, 1 ORI LU RIE VS 67 SR N, R LT A1 X W7 405 £ 75 o T 2 e I ik
ISE IR K 4 v A P PERE AL i AN TE A . DRI FRATTERTIA A P R RE 4 B A BE A b AT 5 1 108 285 e e
DIREEI 5 8 R R s R A DG R SRk it | o B s D 12 R 2L v B e o R 2 i, i — AP AR TR ) 3L
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1 #MR57AE

1.1 RIE it

R T 2015 4F 10—11 AT WEL T ER G AT . X508 T B i AAE P LA 11 i 390 % o oy
200 mg-kg ™', A EEEEL 1x10°CFU-¢ ™', I LA 2 W BRFR AT A R AR & 2 20 10% (i
iﬁ’ﬁ) ,{ﬁﬂﬂiﬂjﬂﬂ 200 mg-kgfl R
1.2 REEIT 5 BRRAK

PEPUA BT A (9.34£0.33 ) kg 1Y 28 HIRTRUEWT Y44 144 3K BENLIT N 3 20 FEAl H oML, BDX R4
PrAE AL, RIERE H R PN 200 mg- kg™ BRERFEAT I 2 A 200 mg- kg™ B 5 & AW FLAT B IR 4, BP
FERE HARARIN 200 mg- ke HPFLATREGIF, 4 6 MEE, HANER 8 hir¥s, K T4 32 HIRIF

7,59 HIREEH, It 28 d, AN EE P 1 336 18 AP H6 8 %, RN HL BEESREN, 155

Wi s i B BB TR DLER 1 RIS I B FAOK SR, H BRGS0 FL e I R T 1) 5%
EH,
1.3 JMEIEIRSH*E
1.3.1 BFEFEINEEEXEEMNE 28 Chomezynski 258 17 R BUNA ZH 414 RNA, s A &
IR PR T ™ i BEGR) 45 ( TaKaRa) BEH B HFFTHAE , 775 cDNA B R4 T -20 C&H.

L B-actin FE RPN S I X AH SR #E 47 5L 28 € 1 PCR (qPCR) 43 #7 (ABIL 24 F) 7300 LR 2456
€1 PCRAY) , S NAK R AN AR 7% B8 SYBR Premix Ex Taq i85 &5 ( TaKaRa) YLEH BIEATHAE . 519+
NN 2 Fin, REAFEAREZ AR 3 K, H Cp WP {E AR A 20 27 SR S 3 R A A X ek i
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Table 1 Composition and nutrient levels of the basal die

JERHH B Ingredients /% Content 377K Nutrition levels T/ % Content
FEK Comn 65 T Dry matter 87.90
#k 2 Wheat bran 8 HEH Crude protein 17.90
LK Soybean meal 20 5 Ca 0.63
i3 Fish meal 2 WP 0.50
TRE Premix 5 A] A F#% Available phosphorus 0.25
£k Salt 0.38
HLIEF4E Crude fiber 2.46
AR +ILETRR Met+Cys 0.65
R R Thr 0.68

1) BT r R & 4E4E 2 A 120 KIU, 442K D, 10 kIU, 4E4: K E 400 TU, 4642 2 K, 40 mg, 4E2E K B, 50 mg, 4642 % B, 50 mg, 4i4:
# B, 30 mg, 4% 500 mg, MR 15 mg, IZ M 250 mg, K43 100 g, & L4 80~ 130 g, EALAAHH 5 000 mg, B 1 500 mg, 4 900 mg,
£ 300 mg, 5 1 600 mg, fill 3.5 mg, i 2.5 mg, %5 100~ 180 g, Bl 20 g, Wi MR 5.6 g;2) B AIHEA, HILAEN 12.54 MJ-kg™',

1) Per kilogram of premix contains: vitamin A 120 kIU, vitamin D; 10 kIU, vitamin E 400 IU, vitamin K; 40 mg, vitamin B, 50 mg, vitamin
B, 50 mg, vitamin B4 30 mg, nicotinic acid 500 mg, folic acid 15 mg, pantothenic acid 250 mg, water 100 g, NaCl 80-130 mg, choline chloride
5 000 mg,Fe 1 500 mg, Cu 900 mg,Mn 300 mg,Zn 1 600 mg,I 3.5 mg,Se 2.5 mg,Ca 100-180 g, total P 20 g, lysine 5.6 g;2) Nutirent levels

were calculated values,digestible energy was 12.54 M,]-kg’l B
%2 RT-qPCR MERFEREINBEHEXERMSIHFTI
Table 2 Primer pairs of related microbiota genes used in the RT-qPCR

F 2P BT SR FFI(5—3") Bk C A B/ bp
Genes name  Accession No. Primer pairs sequences Annealing temperature  Amplicon size
Claudin-1 NM_001244539.1 GCCCTACTTTGCTGCTCCTG/TTTCTGGTTGTTCCCACACG 60 141
Occludin - NM_001163647.2 CAGTGGCTTTGGTGGCTATG/AGAATCCCTTTGCTGCTCGT 60 101
Z0-1 XM_005659811.1 AGCCATCCACTCCTGCCTAT/GGGACCTGCTCATAACTTCG 60 133
SGLT-1 ~ M34044.1 TCATCATCGTCCTGGTCGTCTC/CTTCTGGGGCTTCTTGAATGTC 60 144
PepT1 U13173 TCCACCGCCATCTACCATAC/GGACAAACACAATCAGGGCT 60 499
AQPIO  NM_001128454 TGTCTGCTTTCTGTGCCTCTG/GGATGCCATTGCTCAAGGATAGATAA 60 156
AQP3 HQ 888860.1 AAGCTGTCCCAAGTAAAGCACAA/GCCCTACTTCCTGTTTCACCAC 60 251
B-actin -~ XM_003357928  ATGCTTCTAGACGGACTGCG/GTTTCAGGAGGCTGGCATGA 60 109

1.3.2 MFEEEEMBRENTE HmBbs. FRICEEE 0.5 ¢ TELLE T, A 1.5 mL BEEK, EA] B
I mL BV TECE T, A 0.2 mL i U RIE &AW (0.646 4 g MV ERIA T 250 g- LT W BEIR ) ,-20 C
(AL, FRRE SRS B0 (12 000 remin™, 10 min) , B0 0.5 L F VW, JHEREEF BRI AR B354Y
(GC-2014, HA L) , ZHECHR[ 9-10] AY 7 € |

1.3.3 BEREYEBHEST T 59 Ak, AN EZMILER | AP RE S, e niE , RE
i S5 ERE, T-20 CARAT7 . RAERIE CTAB " HE BN & DNA , NanoDrop 2000 ( Thermo, USA ) £
DRI DNA F) 20 3 FIve F 4 20 3 Rk B 4538 i DNA KRSV RAE T -20 °C, Fl TR RE qPCR 2047,
FIFH A F AR B 14 5 PV D A VE AR IR 2, I FE & DNA 3 ANE R THRFME, AT kS ]
R 12], ST HANER 3 iR . qPCR OWAAR 38 R s P 7 44 B0 45 ( TaKaRa ) U BH 5454

#3 (PCRMEHBFIELEEMSIMEF

Table 3 Primer pairs of related microbiota genes used in the qPCR

[EkiEd ST A (5'—3") Bk L/ C B BE/bp

Microbiota Primer pairs sequences Annealing temperature Amplicon size
BB Total bacteria GTGSTGCAYGGYYGTCGTCA/ACGTCRTCCMCNCCTTCCTC 60 123
BRI HJE Lactobacillus AGCAGTAGGGAATCTTCCA/ATTCCACCGCTACACATG 60 345
KIGHTFH E. coli CATGCCGCGTGTATGAAGAA/CGGGTAACGTCAATGAGCAAA 60 96
WHE IV EE Clostridium cluster N GCACAAGCAGTGGAGT/CTTCCTCCGTTTTGTCAA 60 239
W2 XV alif C. cluster XIVa CGGTACCTGACTAAGAAGC/AGTTTYATTCTTGCGAACG 60 440

1.4 Zitsthr
IR I 28 Excel 2007 Zb3S , R SPSS 20.0 #4450 K 25 75 225317 (one-way ANOVA ) fEAIHE T
S3HT, Tukey S-B IN5G H 4025 53 8 1
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2 HRESWH

2.1 EYEATEGIFIX RN GRREZEE R X EREXREEN RN
N 4 00 X IR AR L AR FUAT B R R AL 0T 82 R+ 48 M PepT1 %5 My SGLT-1 1 PepTI LA
Ll SGLT-1 fAHXS Fik it (P<0.05) ; SRR AR L AR LT B 1) 700 060 2% i [ () A 0 ik 1 44 1
FERM(P>0.05)
® 4 EYILATE BTN RIR IS E E R X R E N RIEZEN N
Table 4 Effects of Lactobacillus plantarum on relative expression of transport channels genes

in small intestine mucosa of piglets

i H A X HE2H HiAERH FEHIF LA 4

Ttems Genes Control group Antibiotic group L. plantarum group

17 AQP3 1.0020.00 1.0120.00 1.00£0.00

Duodenum AQPIO 1.00+0.00 1.02+0.01 1.01+0.00

SGLT-1 1.00+0.00 1.01+0.00 1.01+0.00

PepT1 1.00+0.00" 1.42+0.01* 1.44+0.01°

=W AQP3 1.00+0.01 1.02+0.00 1.01+0.00

Jejunum AQPIO 1.00+0.00 1.00+0.00 1.02+0.00

SGLT-1 1.00£0.01" 1.29+0.00* 1.19+0.00*

PepT1 1.00+0.01" 1.47+0.01* 1.51+0.01*

51 7 AQP3 1.00+0.00 1.00+0.00 1.01+£0.00

Ileum AQPIO 1.00+0.00 1.01+0.00 1.01+0.00

SGLT-1 1.00+0.00" 1.19+0.00* 1.30+0.00*

PepT1 1.00+0.00 1.03+0.00 1.05+0.00

T R EOR R AR T RER R 225+ 3 (P<0.05) . T,

Note : Different letters in the same row mean significant difference between the treatments( P<0.05). The same as follows.
2.2 EYEATESFIEHHFENGRERTEEREAEXERBEXNRAENRIN
MRS AT UL S50 B AT AR R AU L RS UAT T SR 20 AT 238 B+ 4809 Occludin P LA K
ZS A Oceludin F Z0-1 FEH B PRk (P<0.05) %+ 2481 25 W | W HoAh S P 36k i 0 i 3
R (P>0.05) .
x5 EYITHEFFNERFENIRRZZEREZTOEXEEBAXNREZENZ N
Table 5 Effects of L. plantarum on relative gene expression of tight junction protein in small

intestine mucosa of piglets

WH M X R4 EiNace i P FLIT PR 4L
Ttems Genes Control group Antibiotic group L. plantarum group
Q)7 Claudin-1 1.00+0.00 1.01+0.00 1.01+0.00
Duodenum Occludin 1.00+0.00" 1.01+0.00" 1.21+0.00°
70-1 1.00+0.00 1.08+0.00 1.07+0.12
= Claudin-1 1.00+0.00 1.01+0.00 1.02+0.00
Jejunum Occludin 1.00+0.00" 1.01+0.00" 1.21+0.00*
70-1 1.00+0.00" 1.00+0.01" 1.20£0.01°
E)7] Claudin-1 1.00£0.00 1.0020.00 1.0120.00
Tleum Occludin 1.00+0.00" 1.01+0.00" 1.21+0.00°
70-1 1.00+0.00" 1.00+0.01" 1.20+0.00°
23 EYIFRHFNHRTTREER SREEERRBEIARS EMHIL
FE 6 AT UL AEE I B BE T, AR TR R AR W AT TR 1 590 4 R A b 3 TR % 1 (P<0.05)
{EXT 2 NI & BRI .35 (P>0.05) s FEZ5 W B BE v, AHE T % BRZH A 2L AT T8 1 77 RE 6% 1 35 1

IT FR LR 1 55 4 B R RN R 52 e AS B 35 5 A T e A= R AL, A LT 11 ) 70 R % S 25 3 I B W
FLERFSE AL . T BRI &2,
24 EYIFERHFNHIFREERNEBREYRERENTIL

N7 WL AEE W, S0k BRALAR B, AR A ZUAT B8 590 AT 2 B AR K B T B 1 25 (P<0.05) , T
XoF AL ER  FLER AT IR B AR IV RBE AR T XIV afif OB TG B 3 520 (P>0.05) ; S5¥i4: R4 ML, M FLAT
Tl AT ded 2 N LR AT DA 14 (P<0.05) % S T B A R B TG 18 252 (P>0.05) . AEZ G, S
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HRZHAR LU A ZUAT TR 1500 AT b 3 LR AT B s R o XV a B B 850ee:, W 35 B (IR ORI A T s 88 ( P<
0.05) , X ELTE S AU TR HETC W& 5200, S04 R ATAR L, A8 LA T R0 mT 3 38 el R A T 8 AR T
XIV aff A EEE (P<0.05) , EX BB FIH A BT TG 128 25520
Fo6 HEWIANBEFNFNMFEEN EHEEREHEBREIIBEIENE N
Table 6 Effects of L. plantarum on the concentration of short chain fatty acids( SCFA) VFA and lactic acid

in cecum and colon of piglets

WiH X HEZH biERA HEWFLAT 20
Ttem Control group Antibiotic group L. plantarum group
B Cecum
LFRE B/ (umol-g™') Acetate content 82.55+7.81 70.87+5.56 97.13+7.21
ﬁ\jm‘;gﬁ/( p,mo] -gfl ) Propionate content 21.15+3.81 36.09+4.10 29.59+5.46
THRE&E/(wmol-g™!) Butyrate content 12.58+0.89" 13.46+3.60% 22.60+0.63*
RUEBENR IR &5/ (wmol-g™!) Total SCFA content 146.22+10.73 120.39+5.91 166.61+9.85
FLE &/ (mmol-L™") Lactic acid content 1.25+0.12° 0.90+0.07" 1.70+0.11*
25117 Colon
Lﬁé{/a\i/( pmol -g_l ) Acetate content 113.69+12.50 86.88+9.80 119.98+5.57
PR &5t/ (wmol+g™') Propionate content 31.25+4.38 28.63+1.67 34.68+0.05
TR §/(pwmol-g™') Butyrate content 14.10+1.82° 11.92+0.88" 18.35+0.10*
BEERE IR &/ (mol g ™) Total SCFA content 160.42+4.81 152.77+13.31 167.717.48
FLAR & &/ (mmol - L) Lactic acid content 1.69+0.14" 0.90+0.05° 2.02+0.22°
xR7 EWIFEIFISE TR EBNERREYEBENZN
Table 7 Effects of L. plantarum on microbial populations in the cecum and
colon of piglets lg[ ¢/ (copiesg™') ]
iH papilHa:] bERA itLY/EiR AR E |
Ttem Control group Antibiotic group L. plantarum group
B Cecum
BB Total bacteria 9.92+0.02 9.81+0.04 9.90+0.05
FRAT S Lactobacillus 6.82+0.02° 6.59+0.02" 6.910.03*
KIGFFR E. coli 7.16+0.01° 7.11£0.00" 7.09+0.01"
W IVEE C. cluster IV 8.22+0.01 8.21+0.02 8.24+0.02
R XIValf C. cluster XIVa 8.17+0.02 8.20+0.02 8.23+0.02
2519 Colon
S\ Total bacteria 9.86+0.01 9.84+0.04 9.90+0.01
FLIRF T Lactobacillus 7.65+0.05" 7.48+0.03" 7.98+0.06*
KIGHFH E. coli 7.1720.02° 7.11£0.01° 7.12+0.00"
W VEEC. cluster V 8.23+0.02 8.23+0.01 8.25+0.00
W # XV aftf C. clusier XIVa 8.18+0.01" 8.17+0.01° 8.23+0.01°
3 itie

3.1 #EYFEFEHFE AR NGREEREREEXERREENIT

AR AR TG HOR R R LR R T 32 5 /N SCLT-1 FE R AR k') | 2 i
Wt A8 A B PepT1 JERAIN k'™ AT S5 R R, W15 B R v I8 A 4 LT o o 551
AR E B AR SGLT-1 JE R AR Rk it K+ 368 25 W PepT1 BEPA (A X 35 5, %7K i 1
e 8K APQ3 FIAPQI0 JE AN ik o & 500, X UL WA FUAT i e — e R b /N
TR LB AL 235 | /NGB IR R Ia AR DG B PR 3k 1 (1 1 T 578 3% 2 WlSca A 3 in 52 4% A
ST REFUAT B AR R S R R B (R A ARODR A 10 8 R 8 B 1 4, N Az R A 1 /N 1
AMUEE  SEAAT HHAETHET Z AT YU R R RS R S O R S R IR
(Y LGAR, 38 /0N X6 35 3 3R R WA T AR, S ik B b e 20 B 8 3R R R as (A DG B IR 1y R 3k | itk — 2D A ik
AN E SRR A, T S AR H S SR H R R, B OB L AR TS 5
3.2 EWITFEEFENFE NIRRT EREAERREENZIT

B E R M (tight junction, TJ) FE2EH Claudin-1. Occludin 1 ZO-1 JLE# /41 0%, & W38 b Rz 40 i i
PP B A SRR T EARGE A FUFT T MB4S2 AT b S i A L Oceludin TN 20 i B 28 3k
AR R ARBFIEEE R SR, Wi BOR AP s 2UAT B R 590, ol 3% B+ 48 i 25 i | Il
W Occludin JEH K223 Ml 20-1 FERRIA R, ATRFFERT, I B 4 S i e A L R s 5
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TEANTE A=A O DR, AR FUAT A T 590 T AR A i 2E B E AR P A AR Y B B S R
SUEL, Ll b R FERR R i E N RS R A, P R R R A
IR R 35 LTI ZUAT TR IR0 4H, 13X 7T AR 590k 2 s il i id v e
3.3 EYIHTEHFINHNFEEN S EEERRIIREENTMN
A R T e 2 P AR AR T S Y LR T R A R LR A A B DR TR S R IR
pH i, AEdP I B AR . AWFFESS R s, Wrllh A8 FORE b s e 00 LT T o 00 v 25 09 n 285 M vh LR 1)
ik LU S b T IR0 ik, FUE R AT RE R A Y FLAT B AR Tl v LR TR B S B
LR B e RN, ELO TR AR TR TR R IR Y IR TR A BRI N . Ak, TR R4S
R AR SR AR R YR, RS TR T L B 4 IR G 5 AR M % A R R T I BE A 45l R AE S B Kk
A ATEHE R B, N TAT S SR EE 1 1 K AR B ARV B ) | it M T R 25 A A (e i T e e
T A 2R 21 PP R A A TR AR L e 38 5 ok ARG T AR LT B i R0 201, JE U 15 W A i v B SLIRR vk %
VAR ST T R B 0 25 AR TR FUAT s 28, U DR mT RIS 0 A0 S ) 1 s oA 7™ L i s 017 R ol A LR
VR P HE T, T 0 S AR 7 1 A LI 1Y 5 ek T
34 EYIATESFIGHFESE ERMENERFHENZIT
AW s )i, Ml TR e A 3 8 A, RS SO T A0 R A R L ) B T FLIR TR AE A 4 R LR
REL2) L MTERT LA R I — 2 e I FLRR AT B I, B W R 25 B rh LR AT R 0 B T IR A T
FEANYDT T ICHT R0 W S5 AR 27 (IR, FRATTAE T A 75 H KR e VAR I A 4 LT T 11 590 T 2 o 45
LR AR B XIV a b R0 FEARE I A4S i o R AT B0 . AR ML — 77 10 m] B2 i A= T 7 Pk
A B A E IR 5T T 1 e B S A B A e v i A T DA T ST o D 4 T A A R 1
FEY S 53— AT AR ARHE T S IAIE N TR A AR B XIV a RGO, TR 25 T R A5 A BE A D R 15 &t
DRI B8 XV a b EA 286 B 286 20 0 0 05 A, T 0l N 80 TR0 8 2 P P R
B WA S R AR ) FURFRR 50, mT B9/ B 12 3 TE AR DG E [K] (SGLT-1 F1 PepT1) Jo B % 1 45
FEHEAMTKEEN (Occludin T Z0-1) KR FIEE S e B 54500 T RMFLIR 85 & fe FE LR A AR
TR XIV afif A3 5, BRAR ORI AT T )50, A il g e .
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