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Circadian rhythm of lactic acid bacteria in colon of growing
pigs

FENG Lufen, WANG Hongyu, SU Yong*, ZHU Weiyun

National Center for International Research on Animal Gut Nutrition, Jiangsu Key Laboratory of Gastrointestinal
Nutrition and Animal Health, College of Animal Science and Technology, Nanjing Agricultural University,

Nanjing 210095, Jiangsu, China

Abstract: [Objective] The present study aims to investigate the richness, diversity, and rhythm of
lactic acid bacteria in the colon of growing pigs within 24 h. [Methods] The colonic contents from
6 growing pigs with colon fistula were collected every 3 h within 24 h starting from 6:00. The DNA of
colonic bacteria was extracted for PCR which was performed with the primers specific to lactic acid
bacteria. The abundance and rhythm of intestinal lactic acid bacteria at genus and species levels were
analyzed via high-throughput sequencing. [Results] The Chaol and Simpson indexes of intestinal lactic
acid bacteria in growing pigs changed significantly within 24 h (P<0.05). Lactobacillus was the
dominant genus in total lactic acid bacteria, with the lowest relative abundance of 94.15% at 6:00 and
the highest relative abundance of 97.46% at 18:00. Lactobacillus johnsonii was the most dominant
species with the lowest relative abundance of 47.66% at 3:00 and the highest relative abundance of
71.59% at 18:00. Lactobacillus reuteri took the second place in the relative abundance at the species
level. Forty-six core OTUs of the lactic acid bacteria in the colon of growing pigs showed circadian
rhythm, all of which belonged to Lactobacillus. At the species level, Lactobacillus gasseri,
Lactobacillus johnsonii, Lactobacillus sp. KC45a and Lactobacillus reuteri showed circadian rhythm
(P<0.05). [Conclusion] The richness and diversity of lactic acid bacteria in the colon of growing pigs
changed significantly within 24 h, showing circadian rhythm at the species level. This study enriches

our understanding on the circadian rhythm of intestinal microbiota in pigs.
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Table 1  Nutrient composition and nutrient level of
experimental diets for growing pigs
Ingredient Percentage/%
Corn 70.00
Soybean meal 18.00
Wheat bran 6.50
Soybean oil 1.90
Lysine 0.69
Methionine 0.24
Threonine 0.30
Tryptophan 0.07
Calcium hydrogen phosphate 0.45
Stone powder 0.50
Sodium chloride 0.30
Multivitamins' 0.03
Minerals? 0.20
Choline chloride (50%) 0.12
Zeolite powder 0.60
Antioxidant 0.05
Antifungal agent 0.05
Total 100.00
Nutrients®

Digestible energy/(MJ/kg) 14.60
Crude protein 16.00
Lysine 1.23
Methionine+cystine 0.70
Threonine 0.79
Tryptophan 0.22

' multivitamin content per kilogram of diet: vitamin A:

11 000 IU; vitamin E: 16 IU; vitamin B;: 0.6 mg; vitamin B,:
0.6 mg; vitamin D3: 1 000 IU; vitamin Bs: 6 mg; vitamin Bj:
10 mg; vitamin K: 1 mg; vitamin B;,: 0.03 mg; vitamin By:
0.8 mg; vitamin Bg: 1.5 mg. % mineral content per kilogram
of diet: iron: 165 mg; zinc: 165 mg; copper: 16.5 mg;
manganese: 30 mg; iodine: 0.25 mg. *: nutrient values were
calculated from Tables of Feed Composition and Nutritive
Values in China (twenty-nine edition, 2018).
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Figure 1 Rarefaction curves comparing the
number of reads in lactic acid bacteria in colon of

growing pigs.
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Figure 2 Principal coordinate analysis (PCoA) analysis of lactic acid bacterial diversity of different time (A)

and each pig (B) in colon of growing pigs.
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Figure 3 The richness and diversity of lactic acid bacteria in colon of growing pigs Chaol (A), Shannon (B)

and Simpson (C). *: 0.01 < P<0.05; **: P<0.01.
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Figure 4 Changes in the abundance of lactic acid bacteria at the genus level in colon of growing pigs within

24 hours.
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Figure 5 Circadian oscillation of lactic acid bacteria
at the genus level in colon of growing pigs.
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Figure 6 Circadian oscillation of lactic acid bacteria
core OTU in colon of growing pigs.
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Figure 7 Changes in the abundance of Lactobacillus at the species level in colon of growing pigs within

24 hours.
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Figure 8 Circadian oscillation of Lactobacillus at the species level in colon of growing pigs.
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Figure 9 Changes in the abundance of rhythmic Lactobacillus. Data are presented as mean+SEM (n=06).

R T R 18 TR W A AR D) RE Y S T
1, Zarrinpar ZEPUREAE T 24 h NAGEE AR/
bl T T P B T R A T b, AR R R
WEH N IZIE Y Prevotella HA 15 E, [R
Tl =R . SRR/ . PR AR R 1
HRIAM/ NI IE Y Lactobacillus FAT 5 HAE

Wang 25 EIREZMT T 24 h /N BB RUEY
KIIEH M/ NEAIE Lactobacillus ELA 5
P, ZAULFRMAE] Lactococcus s T g 15
/N7 IE Lactobacillus Il Lactococcus P24
%, H Lactococcus BTN, Fig L 48 h
PIREASHT DL A b i 52 5 A, H B HRTZEYIE R
SRR JEAE 24 h BRI RTRE, AT
Al AT B P50 P o T B R R R T AT AR
WFTEREE 24 h WEE I B, MIPE2RE/R, &

KIGE 4 I F LR A 7E 24 h N Chaol F1 Simpson 1
KA EMNLA s R EE N Lactobacillus,
24 h NEE— HIREFE 94%L I 5 Lactobacillus
FEIPLEAE R Lactobacillus johnsonii, =
JLF — B ARFEAE 50% LA & o Lactobacillus
Jjohnsonii REMEA MK IE NFEBERENS , Y& RN fb
Y Z W W AYIE T, CE MM E s, A B
T B WE ARk, REARE 8 e r &,
s g B R, Lactobacillus johnsonii
A BT IR E IR H IS, Sl iE R
AEMEEM, EAREHEARE P,
Lactobacillus johnsonii 4ERFIHREFAA, fEdbA K
BN 1 1 A P 8 B s Bl s TR AR A i
ARG, — RN A [A] I T 5508 i T8 i A 0 A
ARERA B EZE . AR T —RAA

http://journals.im.ac.cn/actamicrocn



4502

Feng Lufen et al. | Acta Microbiologica Sinica, 2022, 62(11)

[F] B 1] i A 25 I LR TR, 45 R S s LR T 1Y
JE R RE G, ASIR] AR R B B (R S IR A A
fr25 ., 18:00 B}, Lactobacillus johnsonii F
Lactobacillus sp. KC45a =i ik 3| 24 RIE(H ,
Lactobacillus reuteri . Lactobacillus agilis #
Lactobacillus gasseri =% 724 KiK. 0:00 B
Lactobacillus agilis F! Lactobacillus salivarius ik
F|g{H , 3:00 B} Lactobacillus fermentum =& ik
WA, S E WA DCE e h, TER
AT — I 18] i B FERE B I8 N Y 24T 0 A
RN H G EMAED A AR T 5
I TR e — RN R AR AL, A R]
FEAREE TR HARAS . IR A I ] — i
ENE FOREHT 6:00, T Lactobacillus reuteri
FE %I 0] i 19 2 B8 — K e, Lactobacillus
salivarius F1 Lactobacillus sp. KC45a B9 R
— Rk, HABGER R 3B dat T sh . H
T[] 5 R B B R e 20 BT W 38 U W) AN 58
SUERR, AIRESIE N —E IR ZE . SIWImIETE
RELL TS840, B RAEIS [E] 3 € B H A —
FRF 1) 5 RTS8 A R R S ) 5 e R £ T
) B[] A5 TR A T SRAE AT A AR B SR 52 5 A
P oT, VR I R A R AR T 92
) I 8] 5 A 7 RAE AT AR AR 58 22 o

SR VF 2 0N USRI 18 AR P S
ST, R T EME AR, R R
AR VI RERE R KSR sl 1w = T AR L, 1
B B R R R R FHER , B il
TR R et 4 e BN - Aia AL R, i 1
A= Wt BB S S A U B A A BRI R T
S P RE R R 3l 5 E AT 8 R R B
MERR, LRGSR R YN
AR S A RAR KRR Ik 1E Bk,
H R 20 ok 55 40 £ e ] 14 28 Ak FT g 32 2 26 1 1 Tl

<l actamicro@im.ac.cn, & 010-64807516

AP SR B R E Y . A ISR SR
R BB B A R, B
SRR MZE EE AR, i T30
EMAEY R ARG BRI I RS
T, XA A RES R A T A AR AR
AW A KSR Lactobacillus
gasseri . Lactobacillus johnsonii . Lactobacillus sp.
KC45a I Lactobacillus reuteri ‘&30 H 5 AR
b, X5 RGN B ) B £ 8 5 A PR AT
RIS —E KB, Lactobacillus johnsonii Y
P RENER, SR RER K. R
N BB R o Lactobacillus reuteri +& F- 55 —
MEE, ERATRET, RESMIT PGEI.

PGE2 Ml COXs & /Y= Az, BN IL-11 . BMP4
LEFTY2 251K T F£ LY. Lactobacillus
reuteri W) EEVEYR Y AT BEAT B T AR KB WL G
B, EREMEIS TR ORI AT P A
R E B, TEfE e b R E B RMEM .

Lactobacillus gasseri [RIFEA W18 505 1512,

B RES IR R Z W5 A AE SN, AL Toll #
SZURA NOD2 /319 PI3K/AKt {75 538 s KA 4
FERTVERPY, Hu ZPYF5E & B Lactobacillus
gasseri W] LV E I ISEIE R 401 UQCRC2
I TCIRG1 HYF5, M iE b B 40 i RE & 9
PR o ASHIESE R I T Y LR T Y
J& T Lactobacillus, ‘A1 [EVE Y 4 K3 7iE
FaAs, fedEfE, M RAE kA . AR
THAKBE IR WA, BXIE 5 6E
g 35 45 I FLRR T F R 2 RE v 284k, (B2
X425 o LR A A B AR AL AN TR, 8
AP BT — L IR &R . XS L
PR T T A PR RIS AT LA IR B 3 5 i in
SRR, itk — PR I 8 Gk W A
AV B LR A A I R A



WEEN% | MUY FMR, 2022, 62(11)

4503

4

e

&

HERBEEEMFLBREAE 24 h WA EBKRIER
ZREVE R A B EE A A, TEFh K E F

Lactobacillus gasseri. Lactobacillus johnsonii .

Lactobacillus sp. KC45a F Lactobacillus reuteri
B = B S B T

S0k

(1]

Voigt RM, Forsyth CB, Green SJ, Engen PA,
Keshavarzian A. Circadian rhythm and the gut
microbiome. [nternational Review of Neurobiology,
2016, 131: 193-205.

Thaiss CA, Zmora N, Levy M, Elinav E. The
microbiome and innate 2016,
535(7610): 65-74.

Leone V, Gibbons SM, Martinez K, Hutchison AL,
Huang EY, Cham CM, Pierre JF, Pierre JF, Heneghan
AF, Nadimpalli A, Hubert N, Zale E, Wang Y, Huang Y,
Theriault B, Dinner AR, Musch MW, Kudsk KA,
Prendergast BJ, Gilbert JA, Chang EB. Effects of

diurnal variation of gut microbes and high-fat feeding

immunity. Nature,

on host circadian clock function and metabolism. Cell
Host & Microbe, 2015, 17(5): 681-689.

Liang X, Fitzgerald GA. Timing the microbes: the
circadian rhythm of the gut microbiome. Journal of
Biological Rhythms, 2017, 32(6): 505-515.

Zarrinpar A, Chaix A, Yooseph S, Panda S. Diet and
feeding pattern affect the diurnal dynamics of the gut
microbiome. Cell Metabolism, 2014, 20(6): 1006—1017.
Engert LC, Weiler U, Pfaffinger B, Stefanski V,
Schmucker SS. Diurnal rhythms in peripheral blood
immune cell numbers of domestic pigs. Developmental
and Comparative Immunology, 2018, 79: 11-20.

Zhang YM, Zhou XH, Zhang B, Wu X, Yin YL.
Diurnal rhythm in mRNA expression of genes
encoding amino acid transporter and circadian gene cry
in intestinal mucosa of piglets. Biological Rhythm
Research, 2017, 48(4): 663—671.

Yin J, Li Y, Han H, Ma J, Liu G, Wu X, Huang X, Fang
R, Baba K, Bin P, Zhu G, Ren W, Tan B, Tosini G, He X,
Li T, Yin Y. Administration of exogenous melatonin
improves the diurnal rhythms of the gut microbiota in
mice fed a high-fat diet. mSystems, 2020, 5(3):
€00002—-e00020.

(9]

[10]

[13]

[14]

[15]

[16]

Shi CW, Cheng MY, Yang X, Lu YY, Yin HD, Zeng Y,
Wang RY, Jiang YL, Yang WT, Wang JZ, Zhao DD,
Huang HB, Ye LP, Cao X, Yang GL, Wang CF. Probiotic
Lactobacillus  rhamnosus GG promotes mouse gut
microbiota diversity and T cell differentiation. Frontiers
in Microbiology, 2020, 11: 607735.

Ren D, Gong S, Shu J, Zhu J, Liu H, Chen P. Effects of
mixed lactic acid bacteria on intestinal microbiota of
mice infected with Staphylococcus aureus. BMC
Microbiol, 2018, 18(1): 109.

XREERE, e, TN FLIR RN S 1A
W ETE IR R kS . T AR 244, 2018, 58(11):
1970-1978.

Deng ZX, Yin JH, Wang HF. Progress in research on
quorum sensing and intestinal biofilm formation of
Lactobacillus. Acta Microbiologica Sinica, 2018,
58(11): 1970-1978. (in Chinese)

Chen LH, Wang MF, Chang CC, Huang SY, Pan CH,
Yeh YT, Huang CH, Chan CH, Huang HY.
PS23
modulates gut microbiota composition and improves
gastrointestinal function in aged SAMP8 mice.
Nutrients, 2021, 13(4): 1116.

Thaiss CA, Zeevi D, Levy M, Zilberman-Schapira G,
Suez J, Tengeler AC, Abramson L, Katz MN, Korem T,
Zmora N, Kuperman Y, Biton I, Gilad S, Harmelin A,
H, Halpern Z, E, Elinav E.
Transkingdom microbiota

Lacticaseibacillus  paracasei effectively

Shapiro Segal
diurnal

Cell,

control  of
oscillations promotes metabolic homeostasis.
2014, 159(3): 514-529.

Wang L, Ren B, Hui Y, Chu C, Zhao Z, Zhang Y, Zhao
B, Shi R, Ren J, Dai X, Liu Z, Liu X. Methionine
restriction regulates cognitive function in high-fat
diet-fed mice: roles of diurnal rhythms of SCFAs
producing- and inflammation-related  microbes.
Molecular Nutrition & Food Research, 2020, 64(17):
€2000190.
Zoetendal EG, Akkermans AD, De Vos WM.
Temperature gradient gel electrophoresis analysis of
16S rRNA from human fecal samples reveals stable
and host-specific communities of active bacteria.
Applied and Environmental Microbiology, 1998,
64(10): 3854-3859.

Feng L, Zhu C, Xia P, Wang H, Su Y, Zhu W. The
development of intestinal lactic acid bacteria in piglets
as determined by high-throughput sequencing. Animal
Biotechnology, 2021. DOI: 10.1080/10495398.2021.
2002883.

http://journals.im.ac.cn/actamicrocn



4504

Feng Lufen et al. | Acta Microbiologica Sinica, 2022, 62(11)

(20]

(21]

(23]

Hughes ME, Hogenesch JB, Kornacker K. JTK CYCLE:
an efficient nonparametric algorithm for detecting
rhythmic components in genome-scale data sets. eLife,
2010, 25(5): 372-380.

Kim J, Nguyen SG, Guevarra RB, Lee I, Unno T.
Analysis of swine fecalmicrobiota at various growth
stages. Archives of Microbiology, 2015, 197(6): 753-759.
Yang JJ, Qian K, Wang CL, Wu YJ. Roles of probiotic
establish
inter-environment for pathogen

lactobacilli
healthy
defense. Probiotics and Antimicrobial Proteins, 2018,
10(2): 243-250.

fHeE, REER, A, 5. ARETE &R B
R R . FRBMIESE, 2021, 44(16): 137-140.

Fu X, Wu YC, Su JQ, Chu XL. Application progress on
application of lactic acid bacteria in animal production.
Feed Research, 2021, 44(16): 137-140. (in Chinese)
Thaiss CA, Levy M, Korem T, Dohnalova L, Shapiro H,
Jaitin DA, David E, Winter DR, Gury-BenAri M,
Tatirovsky E, Tuganbaev T, Federici S, Zmora N, Zeevi
D, Dori-Bachash M, Pevsner-Fischer M, Kartvelishvily
E, Brandis A, Harmelin A, Shibolet O, Halpern Z,
Honda K, Amit I, Segal E, Elinav E. Microbiota
diurnal rhythmicity programs host transcriptome
oscillations. Cell, 2016, 167(6): 1495-1510.e12.
Allaband C, Lingaraju A, Martino C, Russell B,
Tripathi A, Poulsen O, Dantas Machado AC, Zhou D,
Xue J, Elijah E, Malhotra A, Dorrestein PC, Knight R,
Haddad GG, Zarrinpar A. Intermittent hypoxia and

inclusion in helping piglets
intestinal

hypercapnia alter diurnal rhythms of luminal gut
microbiome and metabolome. mSystems, 2021, 6(3):
e0011621.

Kling DN, DeBose-Scarlett EM, Teixeira LD, Gezan
SA, Lorca GL, Gonzalez CF.
Lactobacillus N6.2
effectiveness in reducing high fat diet induced mTOR

Sex modulates
johnsonii and phytophenol
activation in sprague-dawley Frontiers in
Microbiology, 2018, 9: 2649.

28, WA, B, F/K BIRARILRIT &
JIB3 HUA 5 2F FUFF B JSO 1 X4 8 43 b T e g Bk
EE A MW BERE. S8 FR¥4R, 2008, 20(3):
275-280.

Ni XQ, Cao XL, Zeng D, Zhou XQ. Effects of porcine
Lactobacillus johnsonii JJB3 and Bacillus subtilis JS01
SIgA and
microflora of piglets. Chinese Journal of Animal

rats.

on development of faecal intestinal

<l actamicro@im.ac.cn, & 010-64807516

(28]

[32]

[34]

Nutrition, 2008, 20(3): 275-280. (in Chinese)

Schmalle V, Lorentz A. Role of the microbiota in
circadian rhythms of the host.
International, 2020, 37(3): 301-310.
Martin AM, Sun EW, Rogers GB, Keating DJ. The
influence of the gut microbiome on host metabolism

Chronobiology

through the regulation of gut hormone release.
Frontiers in Physiology, 2019, 10: 428.

David LA, Maurice CF, Carmody RN, Gootenberg DB,
Button JE, Wolfe BE, Ling AV, Devlin AS, Varma Y,
Fischbach MA, Biddinger SB, Dutton RJ, Turnbaugh
PJ. Diet rapidly and reproducibly alters the human gut
microbiome. Nature, 2014, 505(7484): 559-563.
Ouyang J, Wang M, Bu D, Ma L, Liu F, Xue C, Du C,
Aboragah A, Loor JJ. Ruminal microbes exhibit a
robust circadian rhythm and are sensitive to melatonin.
Frontiers in Nutrition, 2021, 8: 760578.

Engert LC, Weiler U, Pfaffinger B, Stefanski V,
SS. Photoperiodic effects
rhythms in cell numbers of peripheral leukocytes in

Schmucker on diurnal
domestic pigs. Frontiers in Immunology, 2019, 10: 393.
Jang AY, Rod-in W, Monmai C, Sohn M, Kim TR, Jeon
MG, Park WJ. Anti-inflammatory potential of
Lactobacillus  reuteri  LM1071 via eicosanoid
regulation in LPS-stimulated RAW264.7 cells. Journal
of Applied Microbiology, 2022, 133: 67-75.

Genis S, Sanchez-Chardi A, Bach A, Fabregas F, Aris
A. A combination of lactic acid bacteria regulates
Escherichia coli infection and inflammation of the
bovine endometrium. Journal of Dairy Science, 2017,
100(1): 479-492.

Harata G, He F, Kawase M, Hosono A, Takahashi K,
Kaminogawa S. Differentiated implication of
Lactobacillus GG and L. gasseri TMCO0356 to immune
responses of murine Peyer’s patch. Microbiology and
Immunology, 2009, 53(8): 475-480.

Sun L, Tian W, Guo X, Zhang Y, Liu X, Li X, Tian Y,
Man C, Jiang Y. Lactobacillus gasseri JM1 with
potential probiotic characteristics alleviates
inflammatory response by activating the PI3K/Akt
signaling pathway in vitro. Journal of Dairy Science,
2020, 103(9): 7851-7864.

Hu J, Ma L, Zheng W, Nie Y, Yan X. Lactobacillus
gasseri LA39 activates the oxidative phosphorylation
pathway in porcine intestinal epithelial cells. Frontiers
in Microbiology, 2018, 9: 3025.



