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Abstract: Amino acids have positive regulatory effects on the function of intestinal epithelial cells (IEC), but in the 
field of animal nutrition, research on the regulatory effects of amino acids on IEC is still in the initial stages. This 
study aims to explore the effects of Gly, Gly-Gly, and Gly-Leu on IEC proliferation and their possible mechanisms. 
Chicken small intestinal epithelial cells were separated using the tissue block method, and other miscellaneous cells 
were removed for digestion and passage culture. The IEC were cultured in the medium containing 20 nmol/l Gly, Gly-
Gly and Gly-Leu for 24 h, and the expression of enterokinase and cytokeratin in cells, the growth curve and activity 
of IEC, cell cycle, differentially expressed genes, mRNA expression, and protein expression levels of p-mTOR and 
p-S6K1 in IEC were detected. Enterokinase and cytokeratin were expressed specifically in IEC. The results of growth 
curve and MTT revealed that the cell viability of IEC was significantly increased after treatment with Gly, Gly-Gly and 
Gly-Leu. The cell cycle results showed that compared with the control group, Gly, Gly-Gly and Gly-Leu intervention 
could increase the proportion of IEC in G1 phase, and the proportion in S phase of IEC was decreased. Transcriptome 
sequencing showed that compared with the control group, there were 54, 28 and 30 differential genes in Gly group, 
Gly-Gly group and Gly-Leu group, respectively. These genes were mainly enriched in nitric oxide synthesis and 
protein kinase B signalling, PI3K signal and cellular amino acid biosynthesis and transport signal pathways. RT-PCR 
results showed that the mRNA expression levels of PCYT2, SPP1, EMC6, GRIA2 and PKD2 were consistent with 
the sequencing results. Western blot results showed that compared with the control group, the protein expression 
of p-mTOR and p-S6K1 in Gly group, Gly-Gly group and Gly-Leu group was significantly increased. Gly-Leu can 
promote the protein synthesis in IEC by activating protein synthesis of mTOR signalling pathway in chicken IEC.
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ying the intestinal nutrition of broilers. Small peptides 
are compounds connecting two or more amino acids 
linked by peptide bonds, and are among the nutrients 
that have received renewed attention in recent years. 
It has been proved that it could improve the immune 

Broilers are the most commonly consumed meat in 
people’s daily diet, and amino acids have a regulatory 
effect on the nutrition of broilers, which could im-
prove the nutritional composition of broiler intestines 
to some extent, which is of great significance for stud-
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system of animals, promote the reproduction of ben-
eficial bacteria in the body, and promote protein syn-
thesis and nitrogen balance (Souba 1992). Proteins are 
degraded by trypsin and chymotrypsin in the intestine 
into free amino acids and small peptides, which are 
completely hydrolysed into free amino acids under 
the action of peptidase and enter the circulatory sys-
tem as free amino acids (Terada and Inui 2012). Dietary 
supplementation of methionine and methionine di-
peptide alleviated the effects of heat stress on broiler 
metabolism by upregulating the activation of genes 
related to the glutathione antioxidant system (Santana 
et al. 2021). Hu et al. (2017) found that supplementa-
tion of leucine could induce the reduction of ROS 
and the switch of energy metabolism in IPEC-J2 cells. 
Phenylalanine-proline dipeptide could significantly 
downregulate the expression of ABCA1 in the rat jeju-
num to improve cholesterol metabolism (Banno et al. 
2019). It could be seen that the absorption of small 
peptides in intestinal cells plays a key role in the whole 
process of protein metabolism in animals.

Leucine is not only a substrate for protein synthesis, 
but also a signal molecule involved in protein me-
tabolism, mediating various biological processes such 
as protein synthesis, degradation, fatty acid oxidation 
and insulin secretion (Yang et al. 2012; Wu 2013). 
Leucine can promote protein synthesis in muscle tis-
sue and IEC through the mTOR signal pathway (Deng 
et al. 2014; Nakai et al. 2018). Glycine is a conditionally 
essential amino acid for mammals, which is particu-
larly important for the body nutrition. In addition, 
glycine can also protect organs such as liver, kidney, 
lung, skeletal muscle and intestine from harmful sub-
stances (Lee et al. 2001; Tsune et al. 2003; Wang et al. 
2014a). However, the specific effects and mechanisms 
of glycine on renewal and protein synthesis of IEC are 
still unknown. At present, studies on small peptides 
at home and abroad mainly focus on traditional nu-
trition and small peptide intestinal transporters, but 
there have been few reports on small peptide metabo-
lism regulatory pathways at cellular and molecular 
levels, which limits the development and understand-
ing of “small peptide nutrition theory” to a certain ex-
tent. It is of important scientific significance to study 
the effects of small peptides on broiler IEC and their 
regulatory pathways, and to enrich and perfect the nu-
tritional theory system of small peptides. Therefore, 
we used IEC of broilers to comprehensively compare 
the renewal and protein conversion of IEC by Gly, 
Gly-Gly and Gly-Leu through MTT, flow cytometry, 
RT-PCR, western blot and transcriptome sequencing.

MATERIAL AND METHODS

Isolation and culture of chicken small 
intestinal epithelial cells 

The small intestine of broiler embryos aged 18 to 19 
was taken out in a super-clean workbench. The small 
intestine was put into a centrifuge tube contain-
ing penicillin and streptomycin. The small intestine 
was  cleaned with PBS (P1022; Solarbio, Beijing, 
China), and the adipocytes and mesentery were re-
moved and cut into fragments. The tissue blocks were 
suspended in  serum-free DMEM/F12 (31330095; 
Gibco, Billings, MT, USA) medium and centrifuged 
at 1 000 RPM for 4 minutes. Discard the supernatant, 
clean the intestinal tissue to clarify the supernatant, 
add DMEM/F12 to complete the medium suspension 
tissue block containing 10% FBS (23022-8615; Sijiqing, 
Pricella, Wuhan, China), transfer the intestinal tissue 
to a 6-well plate, and culture in a 5% CO2 incuba-
tor. About 8 h later, intestinal epithelial cells appear 
around the tissue. The intestinal epithelial cell colo-
nies were observed under an inverted microscope, 
and the rest of the miscellaneous cells were removed. 
The cells were separated and digested with trypsin, 
resuspended into a single cell suspension, adjusted 
to a cell density of 500 cells/ml, 100 μl were inoculated 
into a 96-well plate, and cultured for a week.

Identification of IEC

The IEC were inoculated in a 6-well plate, and 
the total RNA was extracted with Trizol (15596026; 
Invitrogen, Waltham, MA, USA) when the cell densi-
ty reached 80%. The ratio of A260/280 was measured 
by an ultra-micro spectrophotometer in the range 
of 1.8–2.0. Reverse transcription was performed 
with a reverse transcription kit (RR047A; Takara 
Bio, Inc., Kusacu, Japan), and the obtained cDNA 
was used as a template to amplify the target gene. 
There are three replicates for each reaction. 

MTT assay

MTT was used to detect cell viability. The cell den-
sity was adjusted to 1.5 × 105 cells/ml, and IEC were 
re-inoculated into a 96-well plate. IEC were starved 
in DMEM-F12 medium for 24 h, then the cells were 
cultured in the same medium containing 20 nmol/l 



393

Original Paper	 Czech Journal of Animal Science, 68, 2023 (9): 391–398

https://doi.org/10.17221/213/2022-CJAS

experimental data, and the  measurement data 
was expressed as mean ± SD. LSD t-test was used 
to make pairwise comparisons between groups, and 
single factor analysis was used to compare multiple 
groups. P < 0.05 or P < 0.01 indicated that the dif-
ference was statistically significant.

RESULTS

Isolation and culture of IEC

The IEC that have been successfully isolated exhibit 
different morphologies. The cells are closely connect-
ed with each other and grow in the shape of a sin-
gle layer of paving stones and tadpoles (Figure 1A). 
Enterokinase and cytokeratin are the signature pro-
teins of IEC. We examined their mRNA expression 
levels and found that enterokinase and cytokeratin 
were specifically expressed in IEC (Figure 1B).

Effect of small peptides on the growth of IEC

The growth curve of IEC was measured, and it 
was found that the IEC in the control group grew 
slowly on the first day, grew faster from the 2nd 
to 4th day, and entered the  logarithmic growth 
phase. From day 4 to 6, the growth slowed down 
and reached the plateau phase. The growth curve 
of  IEC treated with Gly, Gly-Gly and Gly-Leu 
showed the same trend as that of the control group 
(Figure 2A). In addition, the viability of IEC was also 
detected. Compared with the control group, the vi-
ability of IEC in Gly group, Gly-Gly group and Gly-
Leu group was significantly increased (P < 0.05). 
Compared with Gly group and Gly-Gly group, 
the viability of IEC in Gly-Leu group was signifi-
cantly increased (P < 0.05, Figure 2B). The cell cycle 
analysis showed that compared with the control 
group, the proportion of cells in the S phase in Gly 
group, Gly-Gly group and Gly-Leu group was de-
creased, while and the proportion of G1 phase cells 
was increased (P < 0.05, Figure 2C and Figure 2D).

Differential gene expression and functional 
enrichment analysis

We performed the mRNA transcription profiling 
of IEC and we found that compared with control 

Gly, Gly-Gly and Gly-Leu for 24 h, and the untreated 
cells were used as blank control group. The super-
natant in the well was discarded, and MTT solution 
(M8180; Solabio, Beijing, China) was added to each 
well and incubated for 4 h. 150 μl DMSO (D8371; 
Solabio, Beijing, China) was added to dissolve with 
vibration. The OD value was detected at 490 nm with 
the microplate reader. 

Flow cytometry 

Cells at logarithmic growth stage were taken and 
treated with 20 nmol/l Gly, Gly-Gly and Gly-Leu, and 
cells without any treatment were used as blank con-
trol group. The cells were collected after being treated 
for 24 h, and were resuspended with PBS to adjust 
the cell density of 1 × 106 cells/ml. After centrifu-
gation, the supernatant was discarded, and the pre-
cipitation was  fixed with 70% precooled ethanol 
for 2 h. After the cells were washed with PBS, RNase 
A (Sigma, R6513) solution was added to resuscitate 
the cells, and the cells were incubated in a water bath 
at 37 °C for 30 minutes. PI was added into the cells and 
mixed. The cells were incubated at 4 °C for 30 min un-
der dark conditions and detected by flow cytometry. 

Transcriptome sequencing

After IEC were treated with 20 nmol/l Gly, Gly-
Gly and Gly-Leu, the cells were collected and sent 
to Hangzhou Lianchuan Bioinformatics Technology 
Co., Ltd. for mRNA transcription profile analysis. 
GO functional enrichment and KEGG pathway en-
richment were performed to screen differentially 
expressed genes related to protein synthesis, and 
their expression levels were detected by RT-PCR. 

RT-PCR 

The IEC from each group were collected and 
the mRNA expression of mTOR, 4EBP1 and S6K1 
in IEC was detected by RT-PCR. 

Statistical analysis

IBM SPSS v21.0 (IBM Corp., Armonk, NY, USA) 
software was used for statistical analysis of  the 
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group, there were 54, 28 and 29, and there were 
13 differentially expressed genes in the Gly-Leu 
group (Figure 3A).

The GO function enrichment analysis of differ-
entially expressed genes revealed that differen-
tially expressed genes were enriched in biological 

processes, cell components and molecular func-
tions, and they were mainly enriched in the bio-
synthesis of serine, positive regulation of nitric 
oxide biosynthesis, positive regulation of protein 
kinase B signal, positive regulation of PI3K signal, 
phosphatidylinositol transport activity, cellular 

Figure 1. IEC cell morphology and specific 
gene expression analysis
(A) IEC cell morphology, 200×; (B) agarose 
gel electrophoresis. From left to right in the 
figure are DNA marker, enterokinase, and 
cytokeratin in sequence

Figure 2. Effects of small peptides on the growth 
curve, viability and cycle of IEC cells
(A) Growth curve of IEC cells. (B) IEC cell viabil-
ity changes detected by MTT method. (C and D) 
IEC cell cycle changes
*P < 0.01; **P < 0.01
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Figure  3. Analysis of  differentially expressed 
genes, GO function and KEGG pathway in IEC 
cells by small peptides
(A) Statistics of differentially expressed genes 
in  different groups, up means upregulation, 
down means downregulation. (B) mRNA expres-
sion levels of genes such as PCYT2, SPP1, EMC6, 
GRIA2 and PKD2. (C) Enrichment analysis of dif-
ferentially expressed gene KEGG pathway. (D) 
Differentially expressed gene GO function enrich-
ment analysis
*P < 0.05; **P < 0.01
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Studies have revealed that Gly can promote the 
proliferation and protein synthesis of IEC, similarly 
to Wang’s research findings, which indicate that Gly 
plays an important role in protein metabolism. Diets 
supplemented with different contents of Gly can 
significantly increase the daily gain of piglets, and 
decrease the contents of nitrogen and urea in serum, 
thus improving the utilization of nitrogen (Wang 
et al. 2014b). After the  intestinal epithelial cells 
were treated with different concentrations of Gly, 
it was found that the proliferation of intestinal epi-
thelial cells depended on the concentration of Gly, 
and could reduce the oxidative stress level of cells, 
activate mTOR signal, and promote protein synthe-
sis of intestinal epithelial cells (Wang et al. 2014a). 
In addition, the results of this study also demonstrat-
ed that Gly-Gly and Gly-Leu, similarly like Gly, could 
be used as nutritional signal regulators to promote 
the synthesis of IEC proteins. The effect of small 
peptides compared with Gly indicated that small 
peptides had a stronger role in promoting effect on 
IEC proliferation and protein synthesis.

Animal growth signal and nutrient sensing are 
integrated through a series of signalling pathways, 
among which mTOR signal is the most important cell 
signal. mTOR is involved in corresponding respons-
es according to the nutritional conditions of the cell 
environment, and participates in regulating the ac-
tivities of protein kinases and protein phosphatases, 
thereby controlling the expression of genes related 
to protein and gene transcription (Cao et al. 2019). 
When nutrients or other growth stimuli appear, cells 
actively upregulate the synthesis of macromolecu-
lar substances to promote cell growth. Conversely, 

amino acid biosynthesis, amino acid transport, 
signal receptor pathway regulation and cell cycle 
regulation (Figure 3C). KEGG pathway analysis 
shows that these differentially expressed genes 
were mainly enriched in glycine, serine, threonine, 
alanine, tyrosine and other amino acid metabo-
lism, adhesion plaques, protein synthesis in the 
endoplasmic reticulum, cell cycle, ErbB signal, 
VEGF, MAPK and mTOR signalling pathways 
(Figure 3D).

In order to verify the differential gene expression 
screened by transcriptome sequencing analysis, we 
performed RT-PCR verification on the expression 
of differentially expressed genes such as PCYT2, 
SPP1, EMC6, GRIA2, and PKD2. As  shown 
in Figure 3B, the expression levels of these differ-
entially expressed genes are consistent with the 
transcriptome sequencing results.

The influence of small peptides on IEC 
mTOR signal

The RT-PCR method was  used to  detect the 
mRNA expression levels of mTOR, 4EBP1 and S6K1. 
The results showed that compared with the control 
group, the mRNA expressions of mTOR, 4EBP1 
and S6K1 in Gly group, Gly-Gly group and Gly-
Leu group were significantly increased (P < 0.05). 
Compared with Gly group, the mRNA expressions 
of mTOR, 4EBP1 and S6K1 in Gly-Gly group and 
Gly-Leu group were significantly increased (P < 
0.05, Figure 4).

DISCUSSION

Many studies were based on intestinal epithe-
lial cells for nutritional and physiological research 
in the intestine (Kaiser et al. 2017; Tokutake et al. 
2021). Therefore, the breakdown and metabolism 
of amino acids by intestinal epithelial cells can pro-
vide important references for studying intestinal 
amino acid metabolism. Research has confirmed 
that arginine, leucine, and alanine can be used 
to synthesize proteins by intestinal epithelial cells 
(Yin et al. 2010; Bertrand et al. 2013). This study 
synthesized Gly-Gly and Gly-Leu using glycine and 
leucine as raw materials to intervene in IEC, and 
explored the effects of Gly-Gly and Gly-Leu on IEC 
renewal and protein synthesis.

Figure  4. The  effect of  small peptides on the  mRNA 
expression of mTOR, 4EBP1 and S6K1 in IEC cells
*P < 0.05; **P < 0.01
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cells can inhibit the synthesis of macromolecules 
and increase the  material turnover in  response 
to nutrient restriction or other stresses (Wang and 
Proud 2006). It was found that amino acids could 
act directly on mTOR as signal molecules to activate 
mTOR. Activated mTOR further promotes the ac-
tivation of downstream factors 4EBP1 and S6K1. 
Activation of S6K1 can promote the phosphoryla-
tion of 4EBP1 and ribosomal protein S6K1, and 
further promote the translation process of certain 
specific mRNAs. These specific proteins often par-
ticipate in the translation mechanism of mRNA (Cao 
et al. 2019). Amino acids and small peptides have 
been found to activate S6K1 and 4EBP1 (Drummond 
et al. 2008; Yang 2017). In the previous study, we also 
found that dietary leucine significantly upregulated 
the expression levels of mTOR, S6K1 and 4EBP1 
mRNA and phosphorylation levels of mTOR and 
S6K1 in breast muscle, thereby activating the mTOR 
signalling pathway. In this study, we found that Gly, 
Gly-Gly, and Gly-Leu could promote the expression 
of mTOR and its downstream signalling molecules 
S6K1 and 4EBP1, suggesting that they could stimu-
late protein synthesis in IEC by activating the mTOR 
signalling pathway. 

At the same time, small peptides can also play 
a role as signal molecules. Researchers have dis-
covered that  small peptides such as L-Tyr-Arg, 
β-Ala-His, Cys-Gly, and Gly-Gln, etc. can be used 
as signal molecules to participate in the signal trans-
duction of the central nervous system. Therefore, 
it is highly likely that small peptides are involved 
in the regulation of protein synthesis in IEC as sig-
nalling molecules in the small intestine. Differential 
gene expression in IEC after dipeptide intervention 
was determined using transcriptome sequencing. We 
found that compared with Gly group, there were 21 
and 17 upregulated differential genes in IEC in Gly-
Gly group and Gly-Leu group, and 11 and 10 down-
regulated differential genes in IEC in Gly-Gly group 
and Gly-Leu group, respectively. Among them, 
ENSGALG00000047524, ENSGALG00000054180, 
ENSGALG00000047563, ENSGALG00000007080 
and RXFP1 were significantly upregulated in these 
two groups. Compared with Gly-Gly group, there 
were eight upregulated differential genes and five 
downregulated genes in Gly-Leu group. In addition, 
the expression levels of five differentially expressed 
genes in IEC were detected by RT-PCR, and the re-
sults were consistent with the sequencing results. 
Further functional analysis of differential genes 

showed that these differential genes were mainly 
enriched in biological processes, but also affected 
the expression of related genes in molecular func-
tions and cellular components. From the analysis 
of the pathways involved, differential genes were 
mainly enriched in phosphonate and phosphonate 
metabolism, glycerol phospholipid metabolism, 
apelin signalling pathway and focal adhesion, toll-
like receptor signalling pathway, cytokine-cytokine 
receptor interaction, and phosphatidylinositol sig-
nalling signals of system and glycerolipid metabo-
lism. When Gly, Gly-Gly and Gly-Leu act on IEC, 
they may promote protein synthesis by upregulating 
the pathway factors in the above related signals. 
In these pathways, which dominates, and how to co-
ordinate the protein synthesis process in IEC, this 
remains to be further studied. Further research is 
needed to determine which of these pathways are 
dominant and how they coordinate the protein syn-
thesis process in IEC.

In summary, our research shows that Gly, Gly-Gly 
and Gly-Leu can promote IEC proliferation and pro-
tein synthesis by upregulating the genes of the three 
main effector elements mTOR, 4EBP1 and S6K1 in the 
mTOR signalling pathway. In addition, phosphonate 
and phosphonate metabolism, glycerol phospholipid 
metabolism, apelin signalling pathway, focal adhe-
sion, toll-like receptor signalling pathway, cytokine-
cytokine receptor interaction, phosphatidylinositol 
signalling system, and glycerolipid metabolism also 
participate in this process.
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