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Effects of Dietary Levels of Glycine, Threonine and Protein on

Threonine Efficiency and Threonine Dehydrogenase Activity in
Hepatic Mitochondria of Chicks
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ABSTRACT: This study was carried out to evaluate the relationship between threonine (Thr) efficiency and Thr dehydrogenase
(TDG) activity as an indicator of Thr oxidation on chicks fed with levels of diets (CP [17.5% and 21.5%] and Thr [3.8 and 4.7 g/100 g
CP]; glycine [Gly][0.64% and 0.98%] and true digestible Thr [dThr] [0.45% and 0.60%]). Calculation of the Thr efficiency was based
on N-balance data and an exponential N-utilization model, and TDG activity was determined as accumulation of aminoacetone and Gly
during incubation of hepatic mitochondria. This study found that in the liver of chicks who received a diet containing up to 0.79% Thr
(4.7 g Thr/100 g of CP) in the 17.5% CP diet, no significant (p>0.05) effect on TDG activity was observed. However, significantly (p =
0.014) increased TDG activity was observed with a diet containing 21.5% CP (4.7 g Thr/100 g of CP) and the efficiency of Thr
utilization showed a significant (p = 0.001) decrease, indicating the end of the Thr limiting range. No significant (p>0.05) effect on the
total TDG activity and accumulation of Gly was observed with addition of Gly to a diet containing 0.45% dThr. In addition, addition of
Gly to a diet containing 0.60% dThr also did not result in a change in accumulation of Gly. Due to an increase in accumulation of
aminoacetone, an elevated effect on total TDG activity was also observed. No significant (p>0.05) reduction in the efficiency of Thr
utilization was observed after addition of Gly at the level of 0.45% dThr. However, significantly (p<0.001) reduced efficiency of Thr
utilization was observed after addition of Gly at the level of 0.60% dThr. Collectively, we found that TDG was stimulated not only by
addition of Thr and protein to the diet, but also by addition of Gly, and efficiency of Thr utilization was favorably affected by addition of
Gly at the level near to the optimal Thr concentration. In addition, no metabolic requirement of Gly through the TDG pathway was
observed with almost the same accumulation of Gly and a slight increase in TDG activity by addition of Gly. Thus, our findings suggest
that determination of TDG activity and parameter of efficiency of Thr utilization may be useful for evaluation of dietary Thr level. (Key
Words: Addition of Glycine and Threonine, Liver of Chick, Threonine Dehydrogenase, Threonine Efficiency)

INTRODUCTION and mammals. However, it has been suggested as an
essential amino acid for maximum performance of growing
chicks (Corzo et al., 2004; Waguespack, 2005; Waldroup et
al., 2005; Dean et al., 2006). In addition, Gly has the
following metabolic functions: synthesis of proteins,

purines, porphyrin moiety of heme groups (Furuya, 2008),

Gly is classified as a non-essential amino acid for birds
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glutathione (te Braake et al., 2008), creatine (Wyss and
Kaddurah-Daouk, 2000), and hippuric acid (Asai et al.,
1995). Gly has also been reported as indispensable for
synthesis of uric acid for excretion of any excess nitrogen
(Corzo et al., 2004). Thus, Gly is of significant importance
in amino acid metabolism of growing chicks (Schutte et al.,
1997). In addition, serine (Ser) also plays an important role
in growing chicks, because Gly is biosynthesized from the
amino acid Ser by Ser hydroxymethyl transferase. In
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particular, there is an interconversion between Gly and Ser
(Osanai and Okudaira, 2001; Lamers et al., 2007).
Therefore, a sum of Gly and Ser for evaluation of the
adequacy of supply is important in poultry nutrition (NRC,
1994; Corzo et al., 2009).

Thr is an essential amino acid for birds and mammals
(Baylan et al., 2006; Ayasan et al., 2009). Thr degradation
occurs in the liver, mainly via two major pathways (Davis
and Austic, 1994) based on the enzymes Thr dehydratase
(TDH, EC 4.2.1.16) and Thr dehydrogenase (TDG, EC
1.1.1.103). TDG is a mitochondrial enzyme, yielding Gly
and aminoacetone (Davis and Austic, 1997; Yuan and
Austic, 2001; Sartori et al., 2008). Thr catabolism through
TDG is also an important pathway of Thr oxidation. As a
result, Gly is formed from Thr (Davis and Austic, 1997; Lee
et al., 2011). The de novo synthesis of Gly from Thr might
partly cover the metabolic requirements for Gly through the
TDG pathway (Le Floc'h et al., 1994).

The purpose of the current study was to investigate the
effects of a diet supplemented with different levels of Gly,
Thr, and protein on Thr efficiency and to monitor its
relationship with TDG activity as an indicator for Thr
degradation rate in growing chicks.

MATERIALS AND METHODS

Material

L-Thr and NAD were purchased from Merck and CoA
was obtained from Sigma. Other chemicals obtained from
commercial suppliers were of analytical reagent grade or
the highest purity available.

Animals and experiments

D-old male chicks (Cobb 500) were prepared for the
experiments and fed a commercial starter diet up to the
beginning of the trial period. A total of 24 chicks from each
experiment were used in N-balance study according to age
period (Experiment I: 10 to 20 d; Experiment I1: 5 to 15 d).
For each N-balance study, 24 chicks were randomly
allocated to four diets with a graded supply of Thr and
protein (Tables 3, 4, and 7) or Gly and dThr (Tables 5, 6,
and 8). Chicks were individually housed in metabolism
cages with wire floors equipped with individual feeding and
self-drinking systems. Initial average BWs within the age
period were 279+31 and 118416 g for experiment I and II,
respectively. Each N-balance study within the age period
used 6 chicks per diet. The individual experimental period
was divided into an adaptation period (5 d) and consecutive
excreta collecting period (5 d). This experiment was
conducted using the procedures of Samadi and Liebert
(2006).

After the N-balance study, these chicks were sacrificed
for sampling of individual livers. Room temperature during
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rearing started at 32°C for optimal growth in the first wk
after hatching and declined by 2°C per wk, lighting was 24
h per d. Both N-balance studies should provide
experimental data regarding the efficiency of Thr utilization
in Thr limiting basal diets as well as the effects of graded
levels of Gly and Thr supplementation on protein deposition.
All animal procedures and handlings were conducted in
accordance with animal welfare legislation and were
approved by the ethics committee of Pusan National
University.

Diets

The chick diets contained a mixture of soybean meal
(44% CP) (Experiment I, Table 3) and wheat and wheat
gluten (Experiment Il, Table 5). Diets were supplemented
with amino acids for achievement of an amino acid
composition of the protein fraction according to ideal
protein (Baker and Han, 1994), with the exception of Thr as
a limiting amino acid. Crystalline Thr (L-Thr) was only
supplemented to make diets with an equal Thr supply but a
different protein concentration. Diets for chicks were
supplied to meet the recommendations of NRC (1994),
except for Thr.

In the dietary requirement for Gly+Ser, Schutte et al.
(1997) reported that the requirement for Gly+Ser was
estimated to be between 1.8 to 1.9%. In addition, Corzo et
al. (2004) suggested that the Gly+Ser requirement is 1.80%
in a low-CP, all-vegetable, corn and soybean meal diet.
Waguespack et al. (2009) also reported that the total Gly+
Ser minimum requirement was estimated to be 2.10% in a
low-CP, corn and soybean meal based diet (O to 18 d old
broilers). However, the NRC (1994) recommendations are
1.25% Gly+Ser and 0.80% Thr (23% CP diet) for chicks (0
to 3 wk of age). Based on these data, in experiment |, we
examined two levels of Thr ([3.8 g Thr/100 g of CP] and
[4.7 g Thr/100 g of CP]) in CP diets (17.5% and 21.5%). In
addition, two levels of Gly+Ser (1.55% and 1.90%) and
dThr (0.45% and 0.60%) in 21.5% CP diets were also
examined in experiment I1.

Preparation of liver extracts

The individual livers of six animals per treatment were
collected. After preparation, the livers were immediately
frozen in liquid nitrogen and kept at -80°C before
homogenization in ice-cold 0.25 M sucrose solution. The
liver mitochondria fraction was isolated from the
homogenate and sediments of the mitochondria fraction
were resuspended in a buffer solution (pH 7.4, 10 mmol/L
Tris-HCI, 10 mmol/L KH,PO,, 110 mmol/L KHCO3, and 5
mmol/L MgCl,-6H,0).

Threonine dehydrogenase assay
The mitochondrial solution (0.5 mL) was incubated in a
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metabolic shaker bath for 30 min (0 min for blanks) at 37°C
in stoppered test tubes for culture with 2 mL of a modified
medium (pH 7.4, 10 mmol/L Tris-HCI, 10 mmol/L KH,POy,
110 mmol/L KHCO3; 5 mmol/L MgCl,-6H,0, 25 mmol/L
L- Thr, 2.5 mmol/L NAD, and 1 mmol/L CoA) using the
method described by Davis and Austic (1997). After
incubation, the reaction was terminated with 1 mL of
trichloracetic acid (0.92 mol/L). The precipitated protein
was removed by centrifugation at 4°C and the supernatant
was used for the assay of aminoacetone and Gly.
Aminoacetone was determined using the rapid colorimetric
method and Gly was detected by column chromatography
in an automatic amino acid analyzer LC 3000 (Biotronik).
The Biuret-assay with bovine serum albumin standards was
used for measurement of protein concentration.
N-utilization model and evaluation of threonine
efficiency

Calculation of the efficiency of Thr was based on N-
balance data and an exponential N-utilization model
(Samadi and Liebert, 2006), which was adapted to describe
the relationship between concentration of the limiting
amino acid (LAA) (c) and protein quality (b). The slope of
the linear function (bc™) is used directly as an indicator for
the efficiency of the utilization of the limiting amino acid in
the diet (Liebert, 1995; Rimbach and Liebert, 2000; Thong
and Liebert, 2004).

Principles of an exponential N-utilization model
(Liebert, 1995; Thong and Liebert, 2004; Samadi and
Liebert, 2006) were applied for analysis of the N-balance
data:

NR = NRpax T (1N (1)

Where, NR = daily N retention (mg/BWy,"®"); NRpyaT
= theoretical maximum for daily N retention (mg/BW,,”®");
NI = daily N intake (mg/BW,, ®"); b = model parameter for
the slope of the function between NIl and NR, depending on
the dietary protein quality; e = basic number of natural
logarithm.

Modeling of amino acid requirements may run for
graded dietary amino acid efficiency within the variation of
observed efficiency of amino acid utilization. Due to
logarithmization and transformation of equation (1),
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equation (2) was applied for establishment of a model
parameter from N-balance studies with a graded protein
supply (Samadi and Liebert, 2006).

b = IN[NRpax T-IN(NRmax T-NR)]/NI (2)

Where b = model parameter of dietary protein quality;
In = natural logarithm; NR.xT = theoretical maximum for
daily N retention (mg/BW,,>%"); NR = daily N retention
(Mg/BW,,"®"); NI = daily N intake (mg/BW,>®").

In general, the concentration of the LAA in the feed
protein and the resulting dietary protein quality are linearly
correlated. The slope of the linear function (quotient bc™)
indicates the efficiency of utilization of the LAA in the diet
(Liebert, 1995). In addition, parameter (bc™') summarizes
the efficiency within the processes of digestion and
absorption and postabsorptive utilization. Calculation of the
efficiency of Thr utilization (bc™) is based on the analyzed
Thr concentration (bc™ = slope between b and ¢; b = model
parameter of dietary protein quality; ¢ = concentration of
the LAA in the feed protein [g/100 g of CP]).

Statistical analysis

Statistical analysis was carried out using SPSS Base
14.0 (SPSS Software products, Marketing Department,
SPSS Inc. Chicago, IL 60606-6307, USA). Data were
subjected to two-way ANOVA and the statistical model
included the main effects (CP and Thr; Gly and dThr) and
interaction between them. Difference between the levels of
groups was separated using Independent-samples T test.
Differences were considered significant at p<0.05. The data
are expressed as mean+SD.

RESULTS

Experiment 1

A summary of data from N-balance experiments with
chicks is shown in Table 1. Results with growing chicks
(Table 7) at a CP level of 17.5% (a lower CP level) showed
that the total TDG activity did not respond directly to
dietary supplementation with Thr. However, addition of Thr
to the diet containing a higher CP level (21.5% CP) resulted
in a significant (p = 0.014) increase in TDG activity. This
result was due to an increase in aminoacetone and Gly

Table 1. Summarized data from N-balance experiments (n = 6) with chicks (genotype Cobb 500) in age period (10 to 20 d)

Thr Mean BW Feed intake N retention®

17.5% CP 21.5% CP Avg. p-value 17.5% CP 21.5% CP Avg. p-value 17.5% CP 21.5% CP Avg. p-value
3.8 /100 g CP 435°+32 455°+35 445434 0.004 419433 44.3'+35 43135 0.080 1,449°+31 1,733°437 1,591+152 <0.001
4.79/100g CP 452°+15 510°+23 481435 43.2°43.2 48.6°+4.7 459448 1,567°+38 2,056°+50 1,811+259
Avg. 444425 483+40 463+38 42.6+3.2 46.5+4.5 445443 1,507.7470.0  1,894.3+174.0  1,701+236

p-value 0.002 0.108* 0.018

0.340* <0.001 <0.001*

Values indicate mean+SD (n = 6). > mg/BW,,>* per d.

abed Different superscripts within a row indicate significant differences (p<0.05; t-test).

* p-value of interaction effect.


http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#SAMADI-AND-LIEBERT-2006A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#LIEBERT-1995A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#THONG-AND-LIEBERT-2004A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#SAMADI-AND-LIEBERT-2006A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#SAMADI-AND-LIEBERT-2006A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#SAMADI-AND-LIEBERT-2006A
http://ps.fass.org/cgi/content/full/85/11/1961?maxtoshow=&hits=10&RESULTFORMAT=&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=85&firstpage=1961&resourcetype=HWCIT#LIEBERT-1995A

72

Lee et al. (2014) Asian Australas. J. Anim. Sci. 27:69-76

Table 2. Summarized data from N-balance experiments (n = 6) with chicks (genotype Cobb 500) fed with a crude protein level of 21.5%

in age period (5 to 15 d)

qThrt Mean BW Feed intake N retention®
0.64% Gly 0.98% Gly Avg. p-value 0.64% Gly  0.98% Gly Avg. p-value 0.64% Gly  0.98% Gly Avg. p-value
0.45% 188°+14 192°+17 190415 22.6°0.7 23.7°+0.4 23.1+0.8 1,822°+35  1,863'+46  1,844+44
b b <0.001 ) b <0.001 b b <0.001
0.60% 237°+18 241°+20 239419 31.0"40.5 32.1°+0.8 31.5+0.9 2,291°£52  2,321°t63  2,306+58
Avg. 213430 217431 215+30 26.8+4.4 27.9+4.4 27.3+4.4 2,078+249  2,092+244 2,085+241
p-value 0.587 0.982* <0.001 0.949* 0.116 0.786*

Values indicate mean+SD (n = 6). * True digestible threonine (AminoDat 1.1, Degussa, 1997). 2 mg/BW,,"*" per d.
2P Different superscripts within a row indicate significant differences (p<0.05; t-test).

* p-value of interaction effect.

concentration. In this study, the TDG activities were
affected by main effects (CP and Thr). In addition, the main
effects were affected by an interaction effect (TDG activity:
p<0.001 in CP main effect, p = 0.013 in Thr main effect,
and p = 0.016 in interaction effect). The efficiencies of Thr
utilization, concluded from N-balance studies, showed a
significant (p<0.001) reduction after supplementation with
Thr at both protein levels (Table 7). In the present study, the
Thr efficiencies were affected by main effects (CP and Thr)
(Thr efficiency: p = 0.004 in CP main effect, p = 0.001 in
Thr main effect, and p = 0.879 in interaction effect).

Experiment 2

A summary of data from N-balance experiments with
chicks is shown in Table 2. Addition of Thr to a diet
containing a CP level (21.5% CP) without Gly
supplementation resulted in only an insignificant (p =
0.128) increase in TDG activity. On the other hand, addition

Table 3. Ingredient composition of basal diets for chicks (g/kg
diet)

Ingredient 17.50% CP 21.50% CP
Soybean meal (44% CP) 336.00 448.00
Soybean oil 15.00 15.00
Potato starch 587.77 480.05
Cellulose powder 11.00 7.50
Premix" 10.00 10.00
Monocalcium phosphate 21.50 18.00
CaCO; 11.90 12.70
NaCl 0.80 0.70
L-Lys-HCI 1.63 2.25
DL-Met 4.40 5.80

Amino acid ratio? Lys (1):Met+Cys (0.79):

Thr (0.55):Trp (0.19):Arg (1.06):
Gly (0.60):Gly+Ser (1.29)

MEy (MJ/kg DM) 13.73 13.37

! Main ingredients per kg of premix (Co. Vilomix, Germany): 175.0 g
calcium, 80.0 g sodium, 1,200,000 IU vitamin A, 300,000 IU vitamin Dj,
3,000 mg vitamin E, 200 mg vitamin B;, 480 mg vitamin B,, 360 mg
vitamin Be, 1.5 mg vitamin B,,, 300 mg vitamin K, 5.0 g niacin, 900 mg
calcium-pantothenate, 90 mg folic acid, 5 mg biotin, 80.0 g choline
chloride, 12.0 g manganese, 8.0 g zinc, 5.0 g iron, 3.0 g copper, 120 mg
iodine, 55 mg cobalt, 42 mg selenium, 10.0 g BHT, 12.5 g monensine-
Na.

2 Threonine was adjusted as a limiting amino acid.

of Thr to the diet with Gly supplementation resulted in a
significant (p = 0.018) increase in TDG activity (Table 8).
Addition of Gly to a diet containing 0.45% dThr did not
have a significant effect on the total activity. In addition,
addition of Gly to a diet containing 0.60% dThr also did not
result in a change in accumulation of Gly. Due to an
increase in accumulation of aminoacetone, an elevated
effect on the total TDG activity was also observed (Table 8).
In the present study, the TDG activities were affected by
dThr (main effect) (TDG activity: p = 0.130 in Gly main
effect, p = 0.003 in dThr main effect, and p = 0.197 in
interaction effect). We used two levels of Gly and Thr
(0.64% Gly, 1.55% Gly+Ser [low level not near to the
optimal Gly+Ser concentration]; 0.98% Gly, 1.90% Gly+
Ser [level near to the optimal Gly+Ser concentration];
0.45% dThr [low level not near to the optimal Thr
concentration]; 0.60% dThr [level near to the optimal Thr
concentration]), respectively. The efficiency of Thr
utilization did not show a significant reduction after
supplementation with Gly at the level of 0.45% dThr.
However, this efficiency was significantly (p<0.001)
reduced after supplementation with Gly at the level of
0.60% dThr, indicating the end of the limiting range of Thr
(Table 8). In this study, the Thr efficiencies were affected by
main effects (Gly and dThr). In addition, the main effects
were affected by interaction effect (Thr efficiency: p =
0.003 in Gly main effect, p<0.001 in dThr main effect, and
p = 0.017 in interaction effect).

DISCUSSION
Gly has been suggested as an essential amino acid for
maximum performance of growing chicks (Corzo et al.,

2004; Dean et al., 2006). Therefore, de novo synthesis of

Table 4. Analyzed contents (%) of crude protein, glycine, serine
and threonine in diets

Item 38gThrt  47gThr 3.8gThr 4.79Thr
CcpP 17.50 21.50

Gly 0.70 0.94

Gly+Ser 1.52 2.03

Thr 0.65 0.79 0.86 1.05

! Basal diet, per 100 g of CP.
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Table 5. Ingredient composition of diets for growing chicks (g/kg diet)
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Ingredient 0.64% Gly/ 0.64% Gly/ 0.98% Gly/ 0.98% Gly/
0.45% dThr* 0.60% dThr 0.45% dThr 0.60% dThr
Wheat 400.00 400.00 400.00 400.00
Wheat gluten 170.00 170.00 170.00 170.00
Wheat starch 332.47 330.94 328.97 327.44
Soybean oil 18.00 18.00 18.00 18.00
Premix? 10.00 10.00 10.00 10.00
CaCO; 10.00 10.00 10.00 10.00
Monocalcium phosphate 25.00 25.00 25.00 25.00
NaCl 3.00 3.00 3.00 3.00
L-LysHCI 8.70 8.70 8.70 8.70
DL-Met 1.63 1.63 1.63 1.63
L-Gly 0 0 3.50 3.50
L-Thr 0 1.53 0 1.53
L-Trp 0.35 0.35 0.35 0.35
L-Arg 4.30 4.30 4.30 4.30
L-lleu 1.00 1.00 1.00 1.00
L-Val 0.55 0.55 0.55 0.55
L-Glu 15.00 15.00 15.00 15.00
Amino acid ratio® Lys (1):Thr (0.43): Lys (1):Thr (0.56): Lys (1):Thr (0.43): Lys (1):Thr (0.56):
Gly (0.56): Gly (0.56): Gly (0.86): Gly (0.86):
Gly+Ser (1.34) Gly+Ser (1.34) Gly+Ser (1.64) Gly+Ser (1.64)
MEy (MJ/kg DM) 14.89 14.89 14.89 14.89

! True digestible threonine (AminoDat 1.1, Degussa, 1997).

2 Main ingredients per kg of premix (Co. Vilomix, Germany): 175.0 g calcium, 80.0 g sodium, 1,200,000 IU vitamin A, 300,000 IU vitamin D, 3,000 mg
vitamin E, 200 mg vitamin B;, 480 mg vitamin B,, 360 mg vitamin Bg, 1.5 mg vitamin Bj,, 300 mg vitamin K;, 5.0 g niacin, 900 mg calcium-
pantothenate, 90 mg folic acid, 5 mg biotin, 80.0 g choline chloride, 12.0 g manganese, 8.0 g zinc, 5.0 g iron, 3.0 g copper, 120 mg iodine, 55 mg cobalt,

42 mg selenium, 10.0 g BHT, 12.5 g monensine-Na.

® Threonine was adjusted as a limiting amino acid; Lys (1):Met/Cys (0.79):Trp (0.19):Arg (1.05) in the diets.

Gly is of importance in amino acid metabolism. In this
study, we investigated the relationship between Thr
efficiency and TDG activity as an indicator of Thr oxidation
on chicks fed with graded levels of Gly, Thr, and protein.
An increase of dietary Thr supply (from 0.65 [3.8 ¢
Thr/100 g of CP] to 0.79% [4.7 g Thr/100 g of CP] Thr) had
no significant (p>0.05) effect on the TDG activity of chick
liver in diets containing 17.5% CP. This finding is
supported by a report by Davis and Austic (1997) in chicks
indicating that hepatic TDG activity was outstandingly
affected by the level of protein in the diet. On the other
hand, a significant (p = 0.014) increase in TDG activity in
the liver of growing chicks was shown only after elevation
of the dietary supply of Thr from 0.86 (3.8 g Thr/100 g of
CP) to 1.05% Thr (4.7 g Thr/100 g of CP) in diets
containing 21.5% CP. Our results are in general agreement
with results reported by Le Floc'h et al. (1994, 1996)
indicating that hepatic TDG activity was dependent on the
level of Thr in the diet of growing pigs. In the TDG activity,
main effects (CP and Thr) are considered to be affected by
interaction effect. Certainly, a moderate excess of Thr by
supplementation with Thr in the low protein diet (17.5%
CP) was not significantly oxidized through the Thr

dehydrogenase pathway in chick liver, but Thr may also be
degraded by Thr dehydratase (Moghaddam et al., 2011). In
the present study, Thr efficiencies indicated a significant
(p<0.001) decrease after Thr-addition at protein levels
(17.5% and 21.5% CP). Collectively, the Thr efficiencies
are considered to be affected by main effects (CP and Thr).
The lower the value of Thr efficiency (bc™), the nearer the
Thr level of the diet is to the optimal Thr concentration (Lee
et al., 2011). Therefore, the Thr level of diet (17.5% CP -
4.7 g Thr/100 g CP) is thought to be the nearest of all
groups to the optimal Thr concentration.

Addition of Thr (from 0.45% to 0.60% dThr) in a diet
without addition of Gly (0.64% Gly, 1.55% Gly+Ser)
showed an insignificant (p = 0.128 for TDG; p = 0.053 for
Gly) increase in TDG activity and accumulation of Gly. The

Table 6. Analyzed contents (%) of glycine, serine and threonine
in 21.5% CP diets

ttem 064%Gly/  064%Gly/  098%Gly/  0.98% Gly/
0.45% dThr  0.60%dThr*  0.45%dTh  0.60% dThr?

Gly 0.64 0.98

Gly+Ser 155 1.90

dThr 0.45 0.60 0.45 0.60

! Diet without Gly addition. 2 Diet with Gly addition.
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Table 7. Effects of threonine and protein levels of the diets on liver TDG activity and threonine efficiency in chicks

TDG-activity (nmol/30 min/mg protein)

Thr efficiency (bc™?)* Mean liver weight . — —
Thr Aminoacetone Glycine Total activity
17.5% 21.5% Av _value 17.5% 21.5% Av value 17.5% 21.5% Av _value 17.5% 21.5% Av value 17.5% 21.5% Av value
cP P e P cP cp e P cPcp & P P cP e P cp cp 9 P
389 117 120° 11550 2420° 1830° 21.25 233 284" 258 145 286" 216 378  571° 474
/100gCP 43 +10 48,04 4347 4184  +4.06 4133 £129 127 4036 4098  +1.02 4133 4201  +191
N | 0.001 | | <0.001 . ) 0.013 . ) 0.076 ) ) 0.013
479 100°  110°  104.92 15.70°  13.10° 14.28 2.42 571 3.92 1.45 4,62 2.89 387" 10.33 6.81
/100gCP  +3 +8 +7.56 4130 4138  +186 £119  +140 211 +0.80  +1.94  +2.14 4165 4305  +4.06
Avg. 105.83 11458 110.21 2033 1570  17.92 2.37 4.15 3.22 1.45 3.66 251 3.83 7.81 5.73
+6.31 #1007 +9.35 4514  +313 474 +1.20  +196  +1.82 4059  +168  +165 4143 4340 323
p-value 0.004 0.879* <0.001 0.091* 0.002 0.019* <0.001 0.075* <0.001 0.016*

Values indicate mean+SD (n = 6). * Calculated from N-balance data,

exponential N-utilization model.

abe Different superscripts within a row indicate significant differences (p<0.05; t-test).

* p-value of interaction effect.

increase of TDG activity by elevating the Thr content (from
0.45% to 0.60% dThr) in a diet without addition of Gly
gives an indication of the Thr limiting range. This finding
was confirmed by a result showing no significant (p>0.05)
decrease in value of the efficiency of Thr utilization. On the
other hand, addition of Thr (from 0.45% to 0.60% dThr) to
the diet with addition of Gly (0.98% Gly, 1.90% Gly+Ser)
resulted in a significant (p = 0.018) increase in total TDG
activity. This significantly increased total TDG activity
presumably indicates the end of the Thr limiting range.
Accordingly, there was a significantly (p = 0.001) lower
efficiency of Thr utilization. These results are in general
agreement with findings reported by Lee et al. (2011) in
chicks showing that TDG activity in the liver was elevated
by the diet containing 22.5% CP (0.60% dThr) and the
efficiency of Thr utilization was simultaneously decreased.
Addition of Gly to a diet containing 0.45% dThr did not
have a significant effect on total TDG activity and
accumulation of Gly. In addition, the efficiency of Thr
utilization was not significantly reduced after addition of
Gly at the level of 0.45% dThr. These findings are
supported by results reported by Le Floc'h et al. (1994,
1996) in pigs indicating that the hepatic TDG activity was
outstandingly affected by the Thr level in the diet. In
addition, addition of Gly to a diet containing 0.60% dThr
did not result in a change in accumulation of Gly. Due to an
increase in accumulation of aminoacetone, an elevated
effect on total TDG activity was also observed. This finding

is in general agreement with reports from Davis and Austic
(1994) and Le Floc'h et al. (1994) indicating that hepatic
TDG was also stimulated by addition of different amino
acids. In the present study, the TDG activities are
considered to be affected only by dThr (main effect). In
addition, the efficiency of Thr utilization showed a
significant (p<0.001) reduction after addition of Gly at the
level of 0.60% dThr, indicating the end of the limiting range
of Thr. This result demonstrates that the efficiency of Thr
utilization was favorably affected by addition of Gly. This
finding is also supported by a report by Davis and Austic
(1997) in chicks showing that TDG activity is influenced by
protein level or other amino acids more than by Thr. In the
previous study (Lee et al., 2011), we found that the
efficiency of Thr utilization is simultaneously decreased by
enhanced degradation of Thr through TDG. In the Thr
efficiency, main effects (Gly and dThr) are considered to be
affected by interaction effect. Taken together, the Thr level
of diet (0.98% Gly to 0.60% dThr) is thought to be the
nearest of all groups to the optimal Thr concentration. In
this study, no metabolic requirement of Gly through the
TDG pathway was observed with almost the same
accumulation of Gly and a slight increase in TDG activity
by addition of Gly. This finding is not consistent with
suggestion from Le Floc'h et al. (1994) that the de novo Gly
synthesis from Thr might partly cover the metabolic
requirements for Gly. The TDG activity in the liver of rat
and growing chick has an indicator function for the dietary

Table 8. Effects of glycine and threonine levels of the diet on liver TDG activity and threonine efficiency in growing chicks

Thr efficiency (bc?)? Mean liver weight

TDG-activity (nmol/30 min/mg protein)

Aminoacetone Glycine Total activity

1

ahr 0.64%  0.98% A pvalue 0.64%  0.98% Avg.  palue 0.64%  0.98% Avg. pvalue 0.64%  0.98% Avg. pvalue 0.64%  0.98% Avg. palue
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly

0.45%  120°  119* 119 7.10° 6308 670 355"  352° 354 324°  362° 343 6.79° 714 697
+5 +4 +4 +0.94 +0.57 +0.85 +177  +121  +1.44 +1.21 +1.83 149 +2.43 4293 257

0.60%  117*  108° 112 <0.001 11.20°  14.40° 12,65 <0.001 424° 877" 630 0011 540° 501* 522 0.024 964 1378 1152 0.003
+3 +3 +6 +1.08 +0.93 193 +1.44  +471  +3.94 +209 +1.64 +1.82 +3.44  +4.66 +4.39

Avg. 119 113 116 915 998 955 390 591 486 432 425 429 822 1016  9.15
+4 +7 +6 235 429 336 +158 +4.14 +3.18 +1.98 +1.81 186 321 4500 +4.18

p-value 0.003 0.017* 0.005 <0.001* 0.048 0.045* 0.993 0.603* 0.130 0.197*

Values indicate mean+SD (n = 6).

! True digestible threonine (AminoDat 1.1, Degussa, 1997). 2 Calculated from N-balance data, exponential N-utilization model.
abe Different superscripts within a row indicate significant differences (p<0.05; t-test).

* p-value of interaction effect.
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supply of Thr and the efficiency of Thr utilization derived
from N-balance data and calculated within the applied
exponential N-utilization model is generally an indicator of
the limiting range of a dietary essential amino acid (Liebert,
1995; Thong and Liebert, 2004; Liebert, 2008; Wecke and
Liebert, 2010; Lee et al., 2011). However, the effects on the
efficiency of Thr utilization (bc™) are not completely
consistent with results from Thr oxidation in the liver of rat
and chick (Lee et al., 2011). Therefore, further studies are
required to elucidate the relationship between Thr efficiency
and Thr oxidation.

In conclusion, we demonstrated that TDG was
stimulated not only by addition of Thr and protein to the
diet, but also by addition of Gly and efficiency of Thr
utilization was favorably affected by addition of Gly at the
level near to the optimal Thr concentration. In addition, no
metabolic requirement of Gly through the TDG pathway
was observed with almost the same accumulation of Gly
and a slight increase in TDG activity by addition of Gly.
Thus, our findings suggest that determination of TDG
activity and parameter of efficiency of Thr utilization may
be useful for evaluation of dietary Thr level.
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