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Abstract

This study aimed to investigate the effects of propionic acid on gene expression
in the colonic mucosa of growing pigs through cecal infusion and transcriptome
sequencing. Sixteen Duroc x Landrace x Yorkshire castrated male pigs were
selected and randomly divided into a control group and a treatment group, with
8 pigs in each group. During the experimental period, pigs in the control and
treatment groups received cecal infusion of equal volumes of physiological saline
and propionic acid solution prepared with physiological saline, respectively, for
a total of 28 days. After the experimental period, the pigs were slaughtered
and colonic mucosa was collected for transcriptome sequencing analysis. The
results showed that after propionic acid infusion, a total of 121 differentially ex-
pressed genes (FC$ $2, P<0.05) were detected in the colonic mucosa of growing
pigs, including 78 upregulated genes and 43 downregulated genes. Among them,
propionic acid significantly increased the expression of genes related to glucose
metabolism and energy metabolism, such as peptide YY (PYY), insulin-like
growth factor binding protein 7 (IGFBRT), fructose-bisphosphate aldolase (AL-
DOB), ATP synthase 51 (ATP5I), NADH dehydrogenase subunit 4L (ND4L),
and cytochrome P450 (CYP39A1) (P<0.05), and significantly promoted the ex-
pression of immune-related genes such as Occludin-1, somatostatin (SST), and
G protein-coupled receptor 5A (GPRC5A) (P<0.05). GO and KEGG path-
way analysis revealed that upregulated genes were significantly enriched in GO
terms mainly including glycogen compound metabolism, carbohydrate deriva-
tive metabolism, etc., and significantly enriched pathways included oxidative
phosphorylation, glycosaminoglycan biosynthesis, etc. Significantly enriched
GO terms for downregulated genes mainly included cardiac chamber develop-
ment, stem cell population maintenance, etc., and significantly enriched path-
ways included taurine and hypotaurine metabolism, folate biosynthesis, etc. In
conclusion, cecal infusion of propionic acid altered the expression of genes re-
lated to colonic glucose metabolism and energy metabolism, as well as intestinal
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barrier and immune function, indicating that propionic acid has a certain regu-
latory effect on colonic metabolism and host health.
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Abstract

This study investigated the effects of cecal infusion of propionate on gene ex-
pression in the colon mucosa of growing pigs using RNA sequencing. Sixteen
DurocxLandracexLarge White barrows were randomly divided into a control
group and an experimental group (n=8 per group). During the experimental
period, pigs in the experimental group received cecal infusions of propionate
solution (25 mL, 2 mol/L, pH 5.8) prepared with saline, while control pigs re-
ceived equivalent volumes of saline alone, twice daily (07:00 and 18:00) for 28
days. On day 29, all pigs were slaughtered and colon mucosa samples were
collected for transcriptome sequencing analysis. The results revealed 121 dif-
ferentially expressed genes (DEGs) in the colon mucosa following propionate
infusion (FC$ $2, P<0.05), with 78 genes upregulated and 43 downregulated.
Propionate significantly increased expression of genes related to glucose and en-
ergy metabolism, including peptide YY (PYY), insulin-like growth factor bind-
ing protein 7 (IGFBPT), fructose-bisphosphate aldolase (ALDOB), ATP syn-
thase 51 (ATP5I), nicotinamide adenine dinucleotide dehydrogenase subunit 4L
(ND4L), and cytochrome P450 (CYP39A1) (P<0.05). Additionally, propionate
significantly enhanced expression of immune-related genes such as Occludin-1,
somatostatin (SST), and G protein-coupled receptor 5A (GPRC5A) (P<0.05).
GO and KEGG pathway analyses showed that upregulated DEGs were signif-
icantly enriched in GO terms including glycosyl compound metabolism and
carbohydrate derivative metabolism, and in pathways such as oxidative phos-
phorylation and glycosaminoglycan biosynthesis. Downregulated DEGs were
significantly enriched in GO terms like cardiac chamber development and stem
cell population maintenance, and in pathways including taurine and hypotau-
rine metabolism and folate biosynthesis. In conclusion, cecal infusion of propi-
onate altered the expression of genes associated with glucose metabolism, energy
metabolism, intestinal barrier function, and immunity, indicating that propi-
onate plays a regulatory role in colonic metabolism and host health.
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Introduction

Intestinal inflammation, particularly colonic diseases, has become a major threat
to human health in recent years, drawing considerable attention to colonic health
[1]. Short-chain fatty acids (SCFAs), primarily acetate, propionate, and bu-
tyrate, are produced through anaerobic bacterial fermentation of undigested
carbohydrates such as non-starch polysaccharides (NSP), oligosaccharides, and
resistant starch in the gut, reaching their highest concentrations in the colon
[2]. SCFAs perform multiple physiological functions in the body [3-4], serving
as substrates for de novo synthesis of glucose and lipids [5] while also inhibiting
pro-inflammatory cytokine production and exerting anti-inflammatory effects
[6]. Thus, SCFAs play crucial roles in both host metabolism and intestinal
health.

Previous research has primarily focused on the metabolic effects of acetate
and butyrate, with relatively fewer studies investigating propionate. However,
emerging evidence has confirmed propionate’ s regulatory effects on host
metabolism. Propionate serves as a precursor for intestinal gluconeogenesis
and can activate neural pathways related to intestinal gluconeogenesis in
the host [7], thereby improving glucose tolerance and insulin sensitivity [8]
while reducing lipid synthesis and serum cholesterol levels [9]. Propionate
also promotes secretion of the gastrointestinal hormone peptide YY (PYY)
through its receptors, subsequently regulating host appetite and gastrointesti-
nal motility to confer metabolic benefits [10]. Furthermore, propionate can
reduce lipopolysaccharide (LPS)-induced tumor necrosis factor-a (TNF-q)
secretion and decrease expression of immune-related genes such as interleukin-6
(IL-6), thereby improving host immune status [11]. Using growing pigs as
a model, this study investigated the effects of cecal propionate infusion on
colonic mucosal gene expression through transcriptome sequencing to provide
theoretical insights into propionate’ s role in colonic metabolism.

Materials and Methods
1.1 Experimental Animals and Design

Sixteen 60-day-old DurocxLandracexLarge White barrows weighing approxi-
mately 25 kg were individually housed with ad libitum access to water and feed.
After a 3-day acclimation period, all pigs underwent T-fistula surgery in the
cecum. Following a 2-week recovery, the pigs were randomly assigned to two
groups (n==8 per group): a control group and an experimental group. During
the 28-day experimental period, pigs in the experimental group received cecal
infusions of propionate solution (25 mL, 2 mol/L, pH 5.8) prepared with saline,
while control pigs received equivalent volumes of saline, administered twice daily
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at 07:00 and 18:00. On day 29, all 16 pigs were slaughtered, and colon mucosa
samples were immediately collected and snap-frozen in liquid nitrogen for sub-
sequent analysis.

1.2 RNA Extraction and Sequencing

1.2.1 Total RNA Extraction RNase decontamination spray was used to
eliminate RNases from equipment surfaces. Total RNA was extracted from
colon mucosa samples using the TRIzol method according to the manufacturer’
s protocol. RNA concentration and purity were determined using a NanoDrop
2000 spectrophotometer.

1.2.2 Transcriptome Sequencing Extracted total RNA was sent to Bei-
jing Annoroad Gene Technology Co., Ltd. for transcriptome sequencing. Af-
ter DNase treatment to remove genomic DNA contamination, double-stranded
c¢DNA was synthesized. PCR amplification was performed to enrich target frag-
ments, followed by quality assessment and sequencing. Low-quality reads and
reads containing >10% unknown bases were filtered out to obtain clean reads
[12].

1.2.3 Screening of Differentially Expressed Genes (DEGs) DEGs were
identified from the colon mucosa transcriptome data using the criteria of P<0.05,
false discovery rate (FDR)<0.01, and fold change (FC)$ $2.

1.2.4 GO and KEGG Pathway Analysis The Omicsbean system was used
to perform GO and KEGG pathway analyses of DEGs to understand their bio-
logical functions. GO is a functional classification system that uses standardized
vocabulary to comprehensively describe gene attributes across species through
three primary categories: biological process, cellular component, and molecu-
lar function. KEGG pathway analysis identifies enriched metabolic and signal
transduction pathways among DEGs to further elucidate their functional roles.

1.2.5 Protein-Protein Interaction (PPI) Analysis PPI analysis was also
conducted using the Omicsbean system, which establishes connections among
DEGs based on the STRING database and constructs interaction networks ac-
cording to the biological pathways in which these genes are primarily involved.

1.3 Quantitative Real-Time PCR (qPCR)

Seven DEGs related to glucose metabolism and immunity were selected for
qPCR validation: PYY, Occludin-1, IGFBP7, glutathione S-transferase Al
(GSTA1), gamma-glutamyltransferase 1 (GGT1), GPRC5A, and ribosomal pro-
tein S28 (RPS28). qPCR was performed using SYBR Green Mix reagents
according to the manufacturer’ s instructions. The porcine glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene served as the internal reference.
Primer sequences for each gene are listed in .

chinarxiv.org/items/chinaxiv-201812.00302 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00302

ChinaRxiv [$X]

Results
2.1 Differentially Expressed Genes

Following propionate infusion, 121 DEGs were identified in the colon mucosa
of growing pigs (FC$ $2, P<0.05), comprising 78 upregulated and 43 downreg-
ulated genes [Figure 1: see original paper]-A. Functional annotation revealed
that 49 upregulated and 30 downregulated genes could be annotated [Figure
1: see original paper]-B. Among these DEGs were several genes involved in
glucose metabolism (e.g., IGFBP7, ALDOB, GGT1), energy metabolism (e.g.,
peroxisome assembly factor LOC100624129, ND4L, CYP39A1), immunity (e.g.,
Occludin-1, SST, GPRC5A), and the gastrointestinal hormone PYY .

2.2 GO Analysis of DEGs

GO analysis was performed to identify the biological processes in which DEGs
were primarily involved. For upregulated genes, 12 GO terms were significantly
enriched, including glycosyl compound metabolism, carbohydrate derivative
metabolism, carbohydrate metabolism, and generation of precursor metabolites
and energy [Figure 2: see original paper]-A. Specifically, 4 DEGs were enriched
in glycosyl compound metabolism, 7 in carbohydrate derivative metabolism,
and 5 in carbohydrate metabolism. For downregulated genes, 8 GO terms were
significantly enriched, including cardiac chamber development, stem cell popu-
lation maintenance, negative regulation of cell motility, and positive regulation
of response to cytokine stimulus [Figure 2: see original paper]-B.

2.3 KEGG Pathway Analysis of DEGs

KEGG pathway analysis revealed that DEGs were significantly enriched in sev-
eral pathways, including oxidative phosphorylation, glutathione metabolism,
metabolic pathways, folate biosynthesis, and glycosaminoglycan biosynthesis.
Separate analysis of upregulated and downregulated genes showed that upregu-
lated genes were significantly enriched in 5 pathways, including oxidative phos-
phorylation, glycosaminoglycan biosynthesis, and glycosphingolipid biosynthe-
sis [Figure 3: see original paper]-A, while downregulated genes were significantly
enriched in taurine and hypotaurine metabolism and folate biosynthesis [Figure
3: see original paper]-B.

2.4 PPI Analysis of DEGs

A PPI network was constructed using the Omicsbean system [Figure 4: see
original paper]. The metabolic pathway formed the central hub of this net-
work, connecting with proteins including ATP5I, intestinal alkaline phosphatase
(ALPI), cysteine dioxygenase 1 (CDO1), GGT1, mitochondrial ND4L (MT-
ND4L), and mitochondrial ATP synthase 8 (MT-ATPS8). Through these pro-
teins, the metabolic pathway interconnected with glutathione metabolism, ox-
idative phosphorylation, glycosphingolipid biosynthesis, and glycosaminoglycan
biosynthesis pathways, collectively regulating intestinal metabolism.
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2.5 Quantitative Real-Time PCR Validation

qPCR was performed to validate the expression levels of selected DEGs in colon
mucosa, including six upregulated genes (PYY, Occludin-1, IGFBP7, GSTAL,
GPRC5A, RPS28) and one downregulated gene (GGT1) [Figure 5: see original
paper]. The results demonstrated that expression trends from qPCR were con-
sistent with those from RNA-seq, confirming the reliability of the transcriptome
sequencing data.

Discussion

This study employed transcriptome sequencing to investigate the effects of ce-
cal propionate infusion on gene expression in the colon mucosa of growing
pigs. The findings revealed that propionate infusion influenced expression of
genes involved in glucose and energy metabolism (e.g., PYY, IGFBP7, AL-
DOB, LOC100624129, ND4L, CYP39A1) and altered expression of genes related
to intestinal barrier function and immunity (e.g., Occludin-1, SST, GPRC5A).
GO and KEGG pathway analyses demonstrated that propionate induced sig-
nificant changes in biological processes and metabolic pathways in colon mu-
cosa, primarily involving glucose metabolism and energy metabolism, with addi-
tional enrichment in immune regulation-related pathways. These results suggest
that propionate modifies expression levels of glucose metabolism- and immune-
related genes in colon mucosa, potentially playing an important regulatory role
in colonic and systemic metabolism.

GO terms enriched among DEGs related to glucose and energy metabolism
included glycosyl compound metabolism, carbohydrate derivative metabolism,
carbohydrate metabolism, glycosaminoglycan biosynthesis, glycosphingolipid
biosynthesis, and oxidative phosphorylation. In the glycosyl compound
metabolic process, propionate significantly upregulated expression of PYY,
IGFBP7, and ALDOB. PYY is involved in numerous digestive processes,
enhancing insulin sensitivity, inhibiting gastric acid secretion, reducing gas-
trointestinal motility, and participating in maintenance of energy balance
and glucose homeostasis [4,14-15]. Previous studies have shown that SCFAs
stimulate colonic PYY secretion to regulate intestinal motility [10]. IGFBP7,
a member of the insulin-like growth factor binding protein family, can bind to
the IGF-1 receptor and block its activation by insulin-like growth factors [16].
ALDOB is a crucial enzyme in gluconeogenesis that catalyzes the conversion of
glyceraldehyde-3-phosphate to fructose-1,6-bisphosphate. These alterations in
gene expression indicate that propionate promotes intestinal glucose production
and influences intestinal glucose metabolism and gastrointestinal digestive
function.

Furthermore, propionate infusion significantly enriched the oxidative phos-
phorylation process in colon mucosa, with marked upregulation of ATP5I,
LOC100624129, ND4L, and CYP39A1. Oxidative phosphorylation represents
a vital pathway for energy acquisition in the body. LOC100624129 is a
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peroxisome assembly factor, ND4L is an NADH dehydrogenase subunit, and
CYP39A1 is a cytochrome P450 enzyme—all essential components of biological
oxidation that oxidize nutrients including carbohydrates, fats, and proteins
to generate energy for vital activities [17-18]. These findings suggest that
propionate exerts regulatory effects on colonic energy metabolism.

Beyond its effects on glucose and energy metabolism, this study also revealed
significant changes in expression of numerous immune-related genes. Previous
research has demonstrated that SCFAs regulate colonic immune cell homeosta-
sis and intestinal immune system function [19-21]. The present study found
that propionate significantly upregulated expression of Occludin-1, SST, and
GPRCHA—genes associated with intestinal barrier function and immunity.
Occludin-1 is a critical tight junction protein that maintains cellular permeabil-
ity and ensures intestinal barrier integrity [22-23]. SST inhibits production and
release of inflammatory factors, thereby suppressing inflammation development
[24-25]. Additionally, SST has been shown to influence intestinal epithelial
tight junctions and ameliorate endotoxin-induced reductions in tight junction
protein expression, favoring maintenance of intestinal barrier function [26].
GPRC5A is a G protein-coupled receptor whose knockout activates nuclear
factor- B (NF- B) in mouse epithelial cells, promoting inflammation and tu-
morigenesis [27-28]. GSTA1 catalyzes conjugation of endogenous or exogenous
toxic substances with reduced glutathione to form non-toxic derivatives for
elimination, thereby exerting detoxification effects that help maintain host
immune status [29]. Thus, propionate’ s regulation of these genes reveals its
role as an SCFA in modulating host intestinal barrier and immune function.

Conclusion

Cecal infusion of propionate in growing pigs altered expression of genes related
to colonic glucose metabolism, energy metabolism, intestinal barrier function,
and immunity, demonstrating that propionate plays a regulatory role in colonic
metabolism and host health.
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