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MUSCLE PROTEIN SYNTHESIS IN VITRO IN CHICKS FED A LOW-PROTEIN DIET

K. Kita1, Y. Kuzuya, S. Matsunami and J. Okumura

Laboratory of Animal Nutrition, School of Agricultural Sciences, Nagoya University, Nagoya 464-01, Japan

Summary

Mus이e protein synthesis in vitro was measured in chicks fed low-protein (10% CP) and control (20% CP) diets. 
Right leg muscles (M gastrocnemius) were mounted on a support made of stainless steel to stretch in constant tension, 
whereas left leg mus이es were unmounted. Both leg muslces were incubated in Dulbecco's modified Eagle's medium 
including L-[4-3H] phenylalanine for 60 min to measure in vitro protein synthesis. There was no significant difference in 
fractional synthesis rate (FSR) of muscle protein between both dietary protein levels, whereas FSR with stretch in 
constant tension was significantly higher than that without constant tension due to an increase in the absolute synthesis 
rate (ASR) per unit RNA (tfie efficiency of RNA to synthesize protein). The ASR of muscle protein in chicks fed the 
control diet was significantly higher than that in the low-protein diet group.
(Key Words : Protein Synthesis, Muscle, Low Protein Diet, Chicken, In Vitro)

Introduction

The measurement of protein synthesis in vitro offers a 
large number of advantages compared to the in vivo study 
because the condition of in vitro incubation can be more 
easily controlled than the in vitro model. Therefore, it has 
been established tfiat isolated skeletal muscle preparations 
can be used to examine the influence of various factors 
affecting the rate of protein synthesis in many species, e.g. 
rats (Goldspink et al, 1983), rabbits (Palmer et al, 1981) 
and chickens (Baracos et al., 1989). Palmer et al, (1981) 
incubated leg muscles isolated from rabbits in the medium 
including sufficient amounts of nutrients and then 
estimated the fractional synthesis rate (FSR) of protein in 
vitro from the specific radioactivity of both free and 
protein-bound labelled amino acids. In avian species, 
however, little information has been available on FSR in 
vitro of muscle protein.

It has been well known that varying dietary protein 
levels influence the rate of protein synthesis in the whole
body and tissues of chickens as well as mammals. When 
chicks were given diets with varying dietary protein 
levels, whole-body protein synthesis increased with an 
increment of dietary protein levels up to the required
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amount recommended by Scott et al. (1982) and National 
Research Council (1984), and decreased gradually above 
this lev이 (Muramatsu et al., 1987a; Kita et al.. 1989: 
1993a). Protein deprivation from diets significantly 
reduced protein synthesis in the liver of chicks due to a 
fall in total RNA content (Muramatsu et al., 1983). 
Furthermore, the feeding of a high-protein diet of twice 
the requirement also reduced liver protein synthesis as a 
consequence of the decrease in total RNA content, but did 
not influence the rate of muscle protein synthesis (Kita 
and Okumura. 1993). From these results, it is lik비y that, 
in the in vitro study, dietary protein lev이s affect the rate 
of muscle protein synthesis in chickens. In the present 
study, therefore, we measured FSR of muscle protein in 
vitro and examined the influence of feeding on a low 
protein diet on muscle protein synthesis in vitro.

Materi키s and Methods

One hundred single-comb White Leghorn male chicks 
from a local hatchery (Hattori Yokei-en Ltd, Nagoya) were 
maintained on a commercial chick mash diet (21.5% CP, 
12.1 kJ ME/g; Marubeni Siryou Ltd, Tokyo) from 
hatching until 7 d of age in electrically heated brooders. 
At this age, 30 birds of uniform body weight were 
selected and divided evenly into 2 experimental groups of 
15 birds each. The birds were placed in individual 
stainless metabolism cages in a temperature-controlled (29
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± 1 °cy .room. Continuous illumination was provided. Half 
birds were allowed free access to experimental diets with 
either 10 or 20% CP. Calculated metabolizable energy of 
all diets was identically set at 12.6 kJ ME/g. The 
composition of the diets is shown in table 1.

TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS 
(g/kg DIET)

Protein level (%) 10 20

Isolated soyabean protein11 119.5 239.0
L-Methionine 1.5 2.9
L-Threonine 0.6 1.2
Glycine 2.1 4.2
Maize starch 425.6 302.0

Sucrose 200.0
Cellulose 157.7
Maize oil 30.0
Mineral mixture21 58.5
Vitamin mixture21 2.0
Choline chloride 1.5
Inositol 1.0

Metabolizable energy 0J/g) 12.6 12.6

0 Crude protein content was 84%.
2, Kita et al., 1993a.

Ten days after placement on the experimental diets the 
birds were used for measuring muscle protein synthesis in 
vitro. After birds were killed by neck dislocation, right 
and left leg muscles (M. gastrocnemius) were removed. 
Baracos and Goldberg (1986) reported that die tension in 
order to maintain the normal lengtti of muscle improved 
protein balance in rat muscles. In the present study, 
therefore, to maintain muscles at their in situ length, right 
leg muscles were mounted on a support made of stainless 
steel described by Baracos et al. (1989), whereas left leg 
muscles were unmounted. All muscles were preincubated 
for 30 min in a 20 ml flask with 5 ml of Dulbecco's 
Modified Eagle's (DME) medium (Sigma Chemical 
Company, St. Louis, MO, U.S.A.) to which was added 
unlabelled phenylalanine at 1 mM of final concentration. 
The concentrations on all amino acids in the medium were 
sufficient to achieve the plasma concentration of amino 
acids in chickens (Freeman, 1984). The flasks were placed 
in a tenperature-controlled shaking water bath, and 
ten^)eratuie was kept at 37°C- After preincubation, both 
15 stretched and 15 intact muscles in each dietary 
treatment were divided evenly into 3 groups of 5 muscles 
each, and incubated in DME medi니m including L-f4-3H] 
phenylalanine (37 kBq/ml, 37 kBq//£mol) for 30, 60 and 

120 min, respectively. The medium was equilibrated with 
5% COi/95% O2, and all incubations were done under an 
atmosphere with the same gas. During incubation, the gas 
was saturated by passing through water to minimize 
evaporation and continuously bubbled through the 
medium via polyethylene tubes with needles. At the end 
of the incubation, muscles were rinsed with physiological 
saline and plunged into liquid N2 to freeze deeply. 
Samples were stored at —20,0 until analyzed.

The specific radioactivity of free and protein-bound 
phenylalanine in muscles was determined by the method 
described by Garlick et al. (1980) with modifications 
(Muramatsu et al., 1993), and FSR was calculated by the 
method of Rennie et al. (1982). The measurement of RNA 
content was described previously (Kita and Okumura, 
1993).

Statistical analysis of data was performed by ANOVA 
using the General Linear Model procedures (SAS, 1985). 
Differences between means were assessed by least 
significance difference and were considered to be 
significant at p < 0.05.

Results and Discussion

The time course change in die specific radioactivity of 
both free and protein-bound phenylalanine over 120 min 
of incubation is represented in figure 1. The specific 
radioactivity of free phenylalanine increased rapidly within 
30 min of incubation and reached the constant level 
toward 120 min. The specific radioactivity of protein
bound phenylalanine in the low protein diet group 
elevated from 60 to 120 min of incubation, whereas the 
specific radioactivity of protein-bound phenylalanine 
derived from chicks fed a control (20% CP) diet increased 
from 0 to 60 min of incubation and thereafter was kept 
constant until 120 min. This result indicated that muscle 
protein synthesis in vitro should be estimated in 60 min, 
because in the in vivo study, the specific radioactivity of 
protein-bound amino acid continued to increase toward the 
level of the specific radioactivity of free amino acid. 
Therefore, in the present study, FSR was estimated from 
the results of specific radioactivity measured at 60 min of 
incubation.

Muscle weight, the contents of protein and RNA, 
fractional and absolute synthesis rates (FSR and ASR, 
respectively) of muscle protein are shown in table 2. 
Except for FSR, all parameters obtained from chicks fed 
the low protein diet were lower than those derived from 
the control diet gro니p. The feeding on a low protein diet 
decreased ASR of muscle protein, as was good agreement 
with whole-body protein synthesis in chicks (Muramatsu
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Fig니re 1. Time co니rse change in 
the m니scle of chickens, 
a); 10%, tension ( + ), 
c); 10%, tension (-),

specific radioactivity of free (•) and protein-bound (■) phenyalanine in

b); 20%, tension ( + ),
d) ； 20%, tension (-).

et al. 1987b). So far, we have measured muscle FSR in 
vivo, being 9.4%/day, in 아ik:ks fed the 20% CP diet (Kita 
and Okumura, 1993), which was considerably higher than 
that in vitro being 1,60%/day (table 2). Palmer et al. 
(1981) compared FSR of rabbit muscles in vivo and in 
vitro and showed that FSR in vitro was nearly one third

TABLE 2. EFFECT OF DIETARY PROTEIN LEVELS ON 
THE WEIGHT AND THE CONTENT OF 
PROTEIN AND MRNA IN THE MUSCLE (M 
gastrocnemius) OF CHI아侣。

Protein lev이 (%) 10 20 Pooled
SEM

Muscle weight (g) 0.37a 0.59b 0.02
Protein (mg/mus이e) 64a 106b 5
RNA (“g/mus이e) 549a 887b 59
FSR2) (%/d) 1.43 1.60 0.16
ASR2) (mg/d) 0.90 간 1.68b 0.18

"The number of chicks measured the rate of muscle protein 
synthesis in each treatment was ten.

Means not sharing a common superscript letter within the 
same row in each experiment are significantly different at p < 
0.05.

2) FSR : fractional synthesis rate, ASR : absolute synthesis rate.

of that in vivo. Similar results were found in FSR of whole
body protein in chicken embryos (Muramatsu et al.. 
1987a; Kita et al., 1993b) and of rat diaphragm (Preedy et 
al., 1986). The reason why large difference in FSR was 
observed between in vivo and in vitro studies was 
discussed by G)ldspink et al. (1983).

The influence of stretch in constant tension on muscle 
weight, the contents of protein and RNA, FSR and ASR 
were also examined in the present study. Although FSR 
was increased by the stretch in constant tension, no 
influence of stretch on other parameters was observed 
(data not shown). When isolated rat skeletal muscles were 
maintained norma] length in situ, protein synthesis in vitro 
was similarly improved compared to that with resting 
length (Goldspink et al., 1983), suggesting that the 
stimulation of stretch would be one of important factors 
regulating mus이e protein synthesis. Waterlow et al. 
(1978) proposed two main factors to explain the large 
variation in FSR; the first was the difference in the RNA 
concentration (RNA: protein ratio) and the other was the 
efficiency of RNA to synthesize protein (ASR per unit 
RNA). From the result shown in table 2. the regression 
equation for FSR versus ASR per unit RNA was as 
follows: FSR (%/d) = 616 + 477 x ASR per unit RNA 
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(pg/g) (r = 0.76, p < 0.001). However, FSR did not 
correlate significantly with the ratio of RNA : protein. The 
high correlation between FSR and ASR per unit RNA 
suggests that the increase in muscle protein synthesis by 
stretch in constant tension is regulated, at least in part, by 
the efficiency of RNA to synthesize protein.

Acknowledgements

Financial support was provided by a grant-in-aid 
(Number 04760195) for Scientific Research from Ministiy 
of Education, Science and Culture, Japan.

니terature Cited

Baracos, V. E. and A. L. Goldberg. 1986. Maintenance of 
normal length improves protein balance and energy 
status in isolated rat sk이etal muscles. Am. J. Physiol. 
251:C588-C596.

Baracos, V. E., M. Lang man and A. Mak. 1989. An in 
vitro preparation of the extensor digitorum communis 
mus이。from the chick (Gallus domesticus) for studies 
of protein turnover. Comp. Biochem. Physiol. 
92A:555-563.

Freeman, B. M. 1984. Appendix: Biological and 
physiological data. In: B. M. Freeman, (Ed). 
Physiology and Biochemistry of the Domestic Fowl, 
vol. 5, pp 407-424. Academic Press, London, U.K.

Garlick, P. J., M. A. McNurlan and V. R. Preedy. 1980. 
A rapid and convenient technique fbr measuring the 
rate of protein synthesis in tissues by injection of〔'H〕 

phenylalanine. Biochem. J. 192:기 9-723.
Goldspink, D. F., P. J. Garlick and M. A. McNurlan. 

1983. Protein turnover measured in vivo and in vitro 
in muscles undergoing compensatory growth and 
subsequent denervation atrophy. Biochem. J. 210:89- 
98.

Kita, K., T. Muramatsu and J, Okumura 1989. Influence 
of excess protein intake on whole-body protein 
synthesis in chicks. Nutr. Rep. Int. 39:1091-1097.

Kita, K., T. Muramatsu and J. Okumura. 1993a Effect of 
dietary protein and energy intakes on whole-body 
protein turnover and its contribution to heat 
production in chicks. Br. J. Nutr. 69:681-688.

Kita, K., S. Nakagawa, R. Pinontoan, J. Okumura and T. 
Muramatsu. 1993b. Protein synthesis measured in the 

whole body of chick embryos cultured in vitro. Br. 
Poult. Sci. 34:1043-1047.

Kita, K. and J. Okumura. 1993. Protein synthesis in liver 
and breast muscle of chicks fed a high protein diet. 
Br. Poult. Sci. 34:553-558.

Muramatsu, T., M. E. Coates, D. Hewitt, D. N. Salter and 
P. J. Garlick, 1983. The influence of the gut 
microflora on protein synthesis in liver and jquna] 
mucosa in chicks. Br. J. Nutr. 49:453462.

Muramatsu, T., K. Kita, I. Tasaki and J, Okumura. 1987a. 
Influence of dietary protein intake on whole-body 
protein turnover in chicks. Br. Poult. Sci. 28:47 M82.

Muramatsu, T., S. Muramatsu, J. Okumura and L Tasaki. 
1987b. Developmental fall in whole body protein 
turnover of chick embryos during incubation. Br. 
Poult. Sci. 28:165-172.

Muramatsu, T., S. Shimomura, S. Hatano, K. Kita and J. 
Okumura 1993. A simplified two-time-point method 
for measuring whole-body protein synthesis in 
chicken embryos cultured in vitro: Response to 
fragmented bovine growth hormone. Comp. Biochem. 
Physiol. 106A:635-639.

National Research Council. 1984. Nutrient Requirements 
of Poultry, 8th Rev. National Academy Press, 
Washington, D.C., U.S.A.

Palmer, R. M., P. J. Reeds, G. E. Lob ley and R. H. 
Smith. 1981. The effect of intermittent changes in 
tension on protein and collagen synthesis in isolated 
rabbit muscles. Bio아lem. J. 198:49 M98.

Preedy, V. R., D. M. Smith and P. H. Sugden. 1986. A 
comparison of rates of protein synthesis in rat 
diaphram in vivo and in vitro. Biochem. J. 233:279- 
282.

Rennie, M. J., R. H. T. Edwards, D. J. Millward, S. L. 
Wolman, D. Halliday and D. E. Mattews. 1982. 
Effects of Duchenne muscular dystrophy on mus이e 
protein synthesis. Nature. 296:165-167.

SAS Institute, 1985. SASE User s Guide: Statistics, 
Version 5 edn. SAS Institute, Cary, North Carolina, 
U.S.A.

Scott, M. L., M. C. Nesheim and R. J. Young. 1982. 
Nutrition of the Chicken. 3rd Ed. M. L. Scott & 
associates, Ithaca, New York, U.S.A.

Waterlow, J. C., P. J. Garlick and D. J. Millward. 1978. 
Protein Turnover in Mammalian Tissues and in the 
Whole Body. Amsterdam, North-Holland.


