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In vitro Incorporation of Glycine-1-1*C into Total Muscle Protein of
Normal and Vitamin E-Deficient Rabbits.* (30539)

J. Frieprice Diesr, Coy D. FitrcH AND GEorRGE E. NICHOALDS
Departments of Biochemistry and Medicine, University of Arkansas Medical Center, Little Rock

Heretofore it has not been possible to con-
clude from in vivo studies that the observed
increase in incorporation of glycine-1-14C into
total muscle protein of vit E-deficient rabbits
(1,2) is caused by an abnormality in skeletal
muscle per se. On the contrary, the multiple
metabolic pathways available to glycine in
the intact animal, the increased incorporation
of glycine-1-*C into plasma proteins of vit
E-deficient rabbits(3) and the exceptional
metabolism of glycine in vit E deficiency (4)
strengthened the possibility that the cause
for the increased glycine incorporation into
muscle proteins was located outside of skele-
tal muscle. In addition, in vivo studies may
be complicated by variations in blood supply
to the tissue. Therefore, we have used slice
and homogenate preparations of skeletal
muscle to study the incorporation of glycine-
1-14C into protein. Both preparations exhib-
ited increased oxygen consumption and in-
creased incorporation of glycine-1-1*C into
total muscle protein as a result of vit E
deficiency.

Methods. Four-week-old White New Zea-
land rabbits of mixed sex were placed on a
vit E-deficient semi-synthetic diet. Composi-
tion of the diet(4), procedure for addition
of sodium sulfaquinoxaline to the drinking
water(2) and supplementation of the control
animals with vit E(2) were the same as pre-
viously described. When the vit E-deficient
rabbits showed distinct signs of muscular
weakness, they and the control animals which
had been on the diet for a comparable length
of time (3-4 weeks) were sacrificed for in
vitro studies. The criterion for muscular
weakness was the difficulty the rabbits had
in assuming an upright position after being
placed on their sides. Only those animals
which could right themselves less than 20
times were considered to be dystrophic.

Skeletal muscle was placed on ice immedi-
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ately after excision and slices were prepared
with a Stadie-Riggs tissue slicer. Homoge-
nates were prepared in Krebs-Ringer phos-
phate buffer (pH 7.4) by passing minced
skeletal muscle through an Emanuel-Chaikoff
hydraulic homogenizer equipped with a 100
millimicron rod. The incubation flasks for
the slice preparations contained 5.1 pmoles
(15 uC) of glycine-1-**C in 3.0 ml Krebs-
Ringer phosphate buffer and approximately
500 mg of muscle slices. For the study of
homogenates, 3.0 ml of a 15% (w/v) homo-
genate was used and to this was added 0.3
ml of a glycine-1-1C solution containing 5.1
pmoles (15 xC) of glycine. Incubations were
carried out in a Warburg apparatus at 37°C
so that oxygen consumption could be meas-
ured.

Incubations were terminated by addition of
10% trichloroacetic acid (TCA) and protein
was isolated by the Schneider procedure(5).
To verify that the radioactivity in the pro-
tein samples was due to incorporation and
not to adsorption, some of the protein samples
were dissolved in sodium hydroxide, repre-
cipitated with TCA and recounted. Several
repetitions of this process did not alter the
specific activity of the protein samples.

Results and discussion. Oxygen consump-
tion was increased in the muscle slice prepara-
tions from vit E-deficient rabbits (Fig. la),
as previously reported by Houchin(6). In
contrast to the observations by Houchin(6),
increased oxygen consumption was also found
with muscle homogenates (Fig. 1b), but dif-
ferent homogenizing techniques were used and
it is possible that our homogenates contained
significant numbers of relatively intact cells.
The increase both for the slice and for the
homogenate preparations was significant
(P<0.025).

Although increased oxygen consumption
has been one of the earliest recognized ab-
normalities in vit E deficiency, the nature of
this defect is still uncertain. It may be due
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FIG. 1. Effect of vit E deficiency on oxygen consumption of muscle slices (left) and
homogenates (right). Points represent mean values obtained from 5 vit E-deficient and 5
control animals for experiments with slices, and 4 vit E-deficient and 4 control animals for
experiments with homogenates. Vertical lines represent the standard deviation of the mean,
calculated according to the following equation:

Standard deviation of mean —

to the lack of the antioxidant function of
vit E. However, the observation that 14CO,-
formation from *#C-labeled amino acids is
increased in vit E-deficient rabbits, while
14CO,-formation from labeled glucose, ace-
tate and palmitate is not(7) indicates that
the problem is more complex, A direct rela-
tionship between oxygen consumption and
membrane transport has been shown in frog
tissues(8,9) and a good correlation between
oxygen consumption and thyroxine-stimulated
protein synthesis has been demonstrated (10,
11). The increased oxygen consumption of
muscle from vit E-deficient animals could pos-
sibly be related to more active transport
processes, or to more rapid protein synthesis
or to both.

Increased amino acid transport into muscle
of vit E-deficient rabbits has been found
in vivo and in vitro(12), and it has not been
clear from previous in vivo studies(1-4)
whether increased glycine incorporation into
proteins is a reflection of changes in glycine
transport, or of increased muscle protein syn-
thesis, or of other abnormalities, such as
increased blood supply. The possibility of
abnormal glycine metabolism outside skeletal
muscle is indicated by the finding of low
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urinary excretion of glycine in comparison
to other amino acids(4) and of increased in-
corporation of glycine-1-14C into plasma pro-
teins(3). In vit E-deficient animals there
might be increased blood flow to the muscle,
as in denervated muscle(13), or larger blood
pools in muscle, as reported for mice with
hereditary dystrophy(14). It follows that
the increased appearance of glycine-1-*C in
protein isolated from muscle of vit E-deficient
rabbits could be due to plasma proteins trap-
ped in the muscle. These complications have
been eliminated in the present studies by
using #n vitro preparations.

The incorporation of glycine-1-**C into
total muscle protein was significantly in-
creased (P<0.05) in muscle slices and in
homogenates from vit E-deficient rabbits
(Fig. 2a and 2b). The difference between
means of the two experimental groups was
somewhat greater with slices than with homo-
genates. The finding that intactness of cellu-
lar structures enhances the difference in gly-
cine incorporation rates is in agreement with
the concept that differences in glycine trans-
port into muscle cells are at least partly re-
sponsible for the higher rate of incorporation
of glycine into muscle proteins of vit E-de-
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FIG. 2. Effect of vit E deficiency on glyeine-1-“C incorporation into total muscle protein
of muscle slices (left) and homogenates (right). In the experiments with slices (left) pro-

tein radioactivity was determined after 120 min of incubation.

No. of animals used and

designation of vit E-deficient and control groups as in Fig. 1.

ficient animals. Whether the increased incor-
poration observed with homogenates of dys-
trophic muscle is due to the presence of intact
cells or to a higher rate of protein synthesis
remains to be established.

The results of these in vitro experiments
constitute conclusive evidence that the in-
creased glycine incorporation into muscle pro-
teins of vit E-deficient rabbits cannot be due
to an abnormality of glycine metabolism out-
side the muscle tissue or to differences in
blood supply.

Summary. Skeletal muscle slices and homo-
genates from control and vit E-deficient rab-
bits were incubated in the presence of glycine-
1-14C. In both preparations vit E deficiency
resulted in an increased glycine incorporation
into total muscle protein which was accom-
panied by increased oxygen consumption.
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