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Abstract

This experiment aimed to investigate the effects of methionine deficiency on
production performance, serum free amino acid content, and hepatic methion-
ine metabolism-related enzyme gene expression in laying hens during the late
laying period. A total of 180 62-week-old Hy-Line Gray laying hens were se-
lected and evenly divided into 3 groups (6 replicates per group, 10 hens per
replicate) based on laying rate: the control group was fed a diet with 0.33%
methionine level, and the methionine deficiency groups were fed diets with
0.21% and 0.27% methionine levels, respectively, for a 90-day experimental
period. The results showed that: 1) Dietary methionine deficiency signifi-
cantly reduced the average daily feed intake, laying rate, average daily egg
weight, average egg weight, and defective egg rate of laying hens (P<0.05),
and significantly increased the feed-to-egg ratio (P<0.05). 2) Methionine defi-
ciency significantly decreased the methionine content in serum of laying hens
(P<0.05). The contents of serine, glycine, and alanine in serum of laying
hens in the 0.21% methionine group were significantly higher than those in
the other two groups (P<0.05). The contents of valine, isoleucine, and argi-
nine in serum of laying hens in the 0.27% methionine group were significantly
lower than those in the control group (P<0.05), and the proline content was
significantly lower than that in the 0.21% methionine group (P<0.05). 3) Com-
pared with the control group, the expression levels of DNA methyltransferase 1,
N6-methyladenosine (m6A) methyltransferase 3 (METTL3), and m6A methyl-
transferase 14 in the liver of laying hens in the 0.21% methionine group were
significantly increased (P<0.05), and the expression level of METTL3 in the
liver of laying hens in the 0.27% methionine group was significantly increased
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(P<0.05). 4) Compared with the control group, the expression levels of methion-
ine adenosyltransferase 1a, 5-methyltetrahydrofolate-homocysteine methyltrans-
ferase (MTR), and cystathionine-3-synthase in the liver of laying hens in the
0.21% methionine group were significantly increased (P<0.05), and the expres-
sion level of MTR in the liver of laying hens in the 0.27% methionine group was
significantly increased (P<0.05). Methionine deficiency had no significant ef-
fect on the expression levels of methionine adenosylhomocysteinase and betaine-
homocysteine methyltransferase in the liver of laying hens (P>0.05). Based on
the above results, it can be concluded that high-level methionine deficiency in
the diet of laying hens reduces production performance, which may be related
to methionine deficiency altering methionine metabolic pathways and affecting
DNA and RNA methylation processes.
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Abstract: This experiment was conducted to investigate the effects of dietary
methionine deficiency on production performance, serum free amino acid con-
tents, and hepatic methionine metabolism-related gene expression in laying hens
during the late laying period. A total of 180 Hy-Line Grey laying hens aged 62
weeks were allocated to three groups (six replicates per group, ten hens per repli-
cate) based on uniform egg production rate. The control group received a diet
containing 0.33% methionine, while the methionine-deficient groups received di-
ets containing 0.21% and 0.27% methionine, respectively. The trial lasted for 90
days. The results showed that: (1) Dietary methionine deficiency significantly
reduced average daily feed intake, laying rate, average daily egg production,
average egg weight, and unqualified egg rate (P < 0.05), while significantly
increasing the feed-to-egg ratio (P < 0.05). (2) Methionine deficiency signifi-
cantly decreased serum methionine concentration (P < 0.05). The 0.21% me-
thionine group exhibited significantly higher serum serine, glycine, and alanine
contents compared with the other two groups (P < 0.05). The 0.27% methion-
ine group showed significantly lower serum valine, isoleucine, and arginine con-
tents than the control group (P < 0.05), and significantly lower proline content
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than the 0.21% methionine group (P < 0.05). (3) Compared with the control
group, the 0.21% methionine group demonstrated significantly elevated hepatic
expression of DNA methyltransferase 1, N6-adenosine-methyltransferase sub-
unit 3 (METTL3), and N6-adenosine-methyltransferase subunit 14 (METTL14)
(P < 0.05), while the 0.27% methionine group also showed significantly in-
creased METTL3 expression (P < 0.05). (4) The 0.21% methionine group
exhibited significantly higher hepatic expression of methionine adenosyltrans-
ferase la, cystathionine-f3-synthase, and 5-methyltetrahydrofolate-homocysteine
methyltransferase (MTR) compared with the control group (P < 0.05), and the
0.27% methionine group also showed significantly increased MTR expression
(P < 0.05). Methionine deficiency had no significant effect on the expression of
adenosylhomocysteinase or betaine-homocysteine methyltransferase (P > 0.05).
In conclusion, high-level methionine deficiency in laying hen diets impairs pro-
duction performance, possibly by altering methionine metabolic pathways and
affecting DNA and RNA methylation processes.

Keywords: methionine; laying hens; performance; methionine metabolism;
methylation; gene expression

Methionine is the only sulfur-containing essential amino acid that participates
in protein synthesis and serves as a precursor for cysteine, reduced glutathione,
and taurine synthesis. It also provides methyl groups for transmethylation re-
actions in the synthesis of creatine, phosphatidylcholine, and polyamines, as
well as for DNA, RNA, and histone methylation. Metabolic adaptation to me-
thionine restriction can enhance mitochondrial biogenesis and function, increase
energy expenditure, alter lipid and carbohydrate homeostasis, reduce oxidative
damage and inflammation, and extend lifespan. However, methionine is the
first limiting amino acid in laying hens, and restricting its dietary supplemen-
tation can decrease egg production rate, egg weight, feed utilization, and body
weight while causing hepatic lipid accumulation. These effects stem not only
from impaired amino acid balance and protein utilization but also from altered
methionine metabolism, including changes in metabolic intermediates such as
glycine, serine, choline, cysteine, and glutathione. Nevertheless, the specific
effects of methionine deficiency on methionine metabolic pathways remain un-
reported. This study aimed to investigate the effects of dietary methionine
deficiency on production performance, serum free amino acid contents, and me-
thionine metabolism-related enzyme gene expression in Hy-Line Grey laying
hens, thereby providing a theoretical basis for the scientific utilization of me-
thionine.

1.1 Experimental Design

This experiment employed a single-factor completely randomized block design.
A total of 180 Hy-Line Grey laying hens aged 62 weeks were divided into three
groups with uniform egg production rates, each consisting of six replicates of
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ten hens. The control group received a basal diet containing 0.33% methionine,
while the methionine-deficient groups received diets containing 0.21% and 0.27%
methionine, respectively. The basal diet composition and nutrient levels are
presented in . Hens were housed in three-tier cages (two hens per cage) with
each replicate randomly distributed throughout the poultry house and provided
with nipple drinkers. Lighting was supplemented at night to maintain a total
photoperiod of 16 h daily. Feed and water were provided ad libitum, with
feeding at 07:30 and 15:30 each day. The experimental period lasted 90 days.

1.2 Experimental Materials

DL-methionine (99% purity) was purchased from Adisseo France S.A.S.

1.3 Measurements

1.3.1 Production Performance

Feed intake, daily egg number, broken/misshapen eggs, egg weight, and broken
egg weight were recorded weekly by replicate. Laying rate, average daily egg
production, average daily feed intake, feed-to-egg ratio, average egg weight, and
unqualified egg rate were calculated accordingly.

1.3.2 Serum Free Amino Acid Contents

On day 90, six hens per group were randomly selected for blood collection via
jugular vein puncture. Serum was prepared by centrifugation at 3,000 r/min
for 10 min and stored at -20°C. For analysis, 600 nL of serum was mixed with
600 mL of 8% sulfosalicylic acid, vortexed, and left overnight at 4°C. After
centrifugation at 8,000 r/min for 10 min, the supernatant was filtered through
a 0.22 pm filter, and 500 pL of the filtrate was analyzed using an amino acid
analyzer.

1.3.3 Hepatic Methionine Metabolism-Related Gene Expression
Following slaughter, livers were rapidly excised, snap-frozen in liquid nitrogen,
and stored at -80°C for real-time quantitative PCR analysis. The 10 pL
PCR reaction mixture contained 1 pLL ¢cDNA template, 5 nL. SYBR Green
fluorescent dye, 0.3 pL each of forward and reverse primers, and 3.4 pL
double-distilled water. Target genes included methionine adenosyltransferase
la (MAT1a), DNA methyltransferase 1 (Dnmtl), DNA methyltransferase 3a
(Dnmt3a), N6-adenosine-methyltransferase subunit 3 (METTL3), N6-adenosine-
methyltransferase subunit 14 (METTL14), adenosylhomocysteinase (Ahcy),
5-methyltetrahydrofolate-homocysteine methyltransferase (MTR), betaine-
homocysteine methyltransferase (BHMT), and cystathionine-S-synthase (CBS).
Primers were designed based on chicken gene sequences using NCBI ().

1.4 Statistical Analysis

Data are expressed as means and standard errors, with P < 0.05 considered
statistically significant. The 2-22¢ method was used to calculate relative gene
expression levels using [S-actin as the internal reference gene. Experimental
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data were analyzed using one-way ANOVA in SPSS 17.0, followed by Duncan’
s multiple comparison test.

2.1 Effects of Methionine Deficiency on Production Performance

As shown in , dietary methionine level significantly affected all production per-
formance parameters (P < 0.05). Laying rate, average daily egg production,
and average egg weight increased significantly with higher dietary methionine
levels (P < 0.05). The 0.33% methionine group (control) exhibited significantly
higher average daily feed intake and unqualified egg rate than both the 0.21%
and 0.27% methionine groups (P < 0.05). The feed-to-egg ratio in the 0.21%
methionine group was significantly higher than that in the 0.27% and 0.33%
methionine groups (P < 0.05).

2.2 Effects of Methionine Deficiency on Serum Free Amino Acid Con-
tents

Methionine deficiency significantly affected serum methionine concentration,
which decreased markedly with lower dietary methionine levels (P < 0.05). The
0.21% methionine group showed significantly higher serum serine, glycine, and
alanine contents than the other two groups (P < 0.05). Serum valine, isoleucine,
and arginine contents in the 0.27% methionine group were significantly lower
than those in the control group (P < 0.05), while serum proline content was
significantly lower than that in the 0.21% methionine group (P < 0.05).

2.3 Effects of Methionine Deficiency on Hepatic Methionine
Metabolism-Related Gene Expression

Dietary methionine level significantly influenced the hepatic expression of
MAT1a, Dnmtl, METTL3, METTL14, CBS, and MTR (P < 0.05), but
had no significant effect on Dnmt3a, Ahcy, or BHMT expression (P > 0.05).
The 0.21% methionine group exhibited significantly higher hepatic expression
of Dnmtl, METTL3, and METTL14 compared with the other two groups
(P < 0.05), while the 0.27% methionine group showed significantly increased
METTL3 expression relative to the control group (P < 0.05). Additionally, the
0.21% methionine group demonstrated significantly elevated hepatic expression
of MATla and MTR compared with both other groups (P < 0.05), and
significantly increased CBS expression relative to the control group (P < 0.05).
The 0.27% methionine group also showed significantly higher MTR, expression
than the control group (P < 0.05).

3.1 Effects of Methionine Deficiency on Production Performance

Methionine is the first limiting amino acid for laying hens and plays a crucial role
in their production performance. Previous research indicates that increasing
methionine levels can improve performance when methionine content is low,
but excessive supplementation may reduce performance once optimal levels are
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reached. In this study, all dietary methionine levels were relatively low, and the
0.33% methionine group achieved the highest performance metrics, though the
feed-to-egg ratio did not differ significantly from the 0.27% methionine group.
Saki et al. reported that increasing methionine from 0.24% to 0.34% significantly
improved laying rate, average egg weight, average daily egg production, and
average daily feed intake while reducing the feed-to-egg ratio. Harms et al. found
that dietary methionine levels (0.20%-0.34%) significantly affected laying rate,
average egg weight, and average daily feed intake, with no further significant
effects observed beyond 0.28% methionine. However, Keshavarz demonstrated
that reducing methionine from 0.36% to 0.23% in 54-72-week-old Single Comb
White Leghorn hens significantly decreased laying rate, average egg weight, and
feed efficiency, but did not significantly affect average daily egg production or
average daily feed intake.

3.2 Effects of Dietary Methionine Deficiency on Serum Free Amino
Acid Contents

Serum free amino acid concentrations reflect amino acid metabolism status in
animals. Due to synergistic, alternative, conversion, and antagonistic relation-
ships among amino acids, deficiency or excess of any particular amino acid can
disrupt amino acid ratios and affect utilization of itself or other amino acids.
This study demonstrated that dietary methionine level significantly influenced
the content and ratio of certain serum amino acids, decreasing methionine, cys-
teine, isoleucine, and arginine while increasing serine and glycine. Consistent
with these findings, Lii et al. reported that dietary methionine level affected ser-
ine, methionine, and isoleucine contents. Similarly, Yodseranee et al. observed
that dietary methionine level influenced plasma methionine, cysteine, and tau-
rine concentrations in broilers.

3.3 Effects of Dietary Methionine Deficiency on Hepatic Methionine
Metabolism

Approximately 20% of ingested methionine is metabolized in the gastrointestinal
tract, while 80% is transported via blood to cells and tissues, with over half being
converted to S-adenosylmethionine in the liver to enter methionine metabolic
pathways. Methionine is converted to S-adenosylmethionine through ATP con-
sumption by methionine adenosyltransferase, which is primarily encoded by
MAT1a. More than 90% of S-adenosylmethionine is subsequently converted to
S-adenosylhomocysteine by methyltransferases, with the released methyl groups
participating in DNA and RNA methylation processes to regulate gene expres-
sion and RNA-mediated cellular pathways. In this study, methionine deficiency
significantly affected Dnmt1, METTL3, and METTL14 expression, suggesting
that methionine deficiency may influence DNA and RNA methylation. Mat-
tocks et al. found that short-term methionine restriction improved the efficiency
of DNA methylation maintenance systems and increased global hepatic DNA
methylation in adult mice. Conversely, Liu et al. reported that low- and high-

chinarxiv.org/items/chinaxiv-201711.01450 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01450

ChinaRxiv [$X]

methionine groups showed 46% and 83% methylation levels, respectively, in a
GC-rich region of the myostatin gene exon 1, and that either excessive or insuf-
ficient methionine intake could cause demethylation when GC-rich regions were
already hypermethylated.

RNA methylation represents the most common and abundant RNA modifi-
cation, with m6A formed on carbon or nitrogen atoms using methyl groups
from S-adenosylmethionine. METTL3 is the active component of the m6A
methyltransferase complex in mammalian cells, and METTL3 knockout can de-
crease total m6A levels by 30% in HeLa cells and induce apoptosis in HepG2
cells via pb3-mediated pathways. METTL14 is another active component of
the m6A methyltransferase complex that forms a stable heterodimeric com-
plex with METTL3 at a 1:1 stoichiometric ratio to regulate m6A deposition
on mRNA. While no previous studies have reported the effects of methion-
ine deficiency on RNA methylation, our results showing significantly increased
METTL3 and METTL14 expression suggest that methionine deficiency may
affect RNA methylation levels in a dose-dependent manner.

S-adenosylhomocysteine is decomposed to adenosine and homocysteine by Ahcy
in a reversible, non-rate-limiting step whose metabolic flux is determined by syn-
thesis rates of S-adenosylhomocysteine and consumption rates of adenosine and
homocysteine. The lack of significant differences in Ahcy expression among the
three groups suggests that methionine deficiency may not affect the ratio of these
metabolites. Homocysteine is subsequently metabolized through two pathways:
(1) remethylation to methionine by MTR using 5-methyltetrahydrofolate or by
BHMT using betaine as methyl donors, constituting the methionine cycle; or
(2) transsulfuration to cystathionine catalyzed by CBS with serine participation,
followed by involvement in cysteine, glutathione, or taurine synthesis and ox-
idative degradation. The tetrahydrofolate demethylated in this process can be
regenerated to 5-methyltetrahydrofolate through the folate cycle, concurrently
converting serine to glycine. The significant effects of methionine deficiency on
MAT1a, CBS, and MTR expression indicate altered homocysteine metabolism.
Furthermore, decreased serum cysteine and significant accumulation of serine
and glycine in the high methionine deficiency group suggest that methionine
deficiency may reduce transsulfuration while enhancing remethylation, with the
reduction in transsulfuration potentially exceeding the increase in remethylation.
Research indicates that during methionine deficiency, homocysteine remethyla-
tion to methionine ensures normal methylation reactions, albeit at the cost of
reduced a-ketobutyrate and glutathione synthesis. Conversely, a mere 10%
increase in methionine levels can double homocysteine synthesis efficiency. Me-
thionine loading studies have shown that methionine overload activates homo-
cysteine transsulfuration while inhibiting remethylation in rat hepatocytes, sig-
nificantly reducing BHMT and methionine synthase activities without affecting
CBS activity. However, our study found that methionine deficiency also signif-
icantly increased CBS expression. Tang et al. demonstrated that methionine
deprivation induces tissue-specific downregulation of CBS protein through an S-
adenosylmethionine-independent mechanism to efficiently conserve methionine,
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while mRNA levels remained unchanged or even increased, consistent with our
findings.

In conclusion, methionine deficiency significantly reduced laying rate, average
daily egg production, and average egg weight while increasing the feed-to-egg
ratio in Hy-Line Grey laying hens during the late laying period. Methion-
ine deficiency significantly increased hepatic expression of Dnmtl, METTL3,
and METTL14, affecting DNA and RNA methylation processes. Addition-
ally, methionine deficiency significantly decreased serum methionine content,
increased serum glycine and serine contents, and elevated hepatic MTR expres-
sion, thereby influencing methionine resynthesis and transsulfuration pathways.
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