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Changes in the activity of rat muscle AMP deaminase in
relation to the proportion of dietary protein
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1. The purine nucleotide cycle has been proposed (Lowenstein, 1972) as an alternative
scheme for amino acid deamination in tissues, such as skeletal muscle, having low concentrations
of glutamate dehydrogenase (EC 1.4.1.2).

2. Activities of AMP deaminase (EC 3.5.4.6), one of the enzymes of the cycle, have been
measured in soleus, plantaris and extensor digitorum longus muscles of rats maintained for
18 d on diets providing 0, 0-035 or o-10 net dietary protein energy (energy supplied by utilizable
protein:total metabolizable energy, NDp:E), and in rats given the o-1o NDp:E diet for 3 d
after the o or 0-035 NDp :E regimens.

3. Concentration of AMP deaminase in the different muscles from the control (010 NDp:E
diet) rats appeared to bear an inverse relationship to the proportion of mitochondria-rich
fibres (i.e. rich in glutamate dehydrogenase) in each muscle.

4. Dietary protein deprivation (o or 0-035 NDp:E) led to adaptive reductions in AMP-
deaminase activity in the soleus and plantaris muscles, but in the extensor muscle the 0-035
NDp:E diet produced no change, while the o NDp:E diet caused an increase in activity.

5. Refeeding the o-10 NDp:E diet to the protein-deprived rats caused reductions of AMP-
deaminase activity to lower levels in all three muscles, except in the instance of soleus in rats
refed after the 0-035 NPp:E diet.

6. In view of the different responses shown by the three muscles to the dietary treatments,
the importance of specifying the particular muscles used in future nutritional studies is
emphasized.

7. 'The adaptive changes in AMP deaminase are discussed in terms of operation of the
purine nucleotide cycle for amino acid deamination responding to the changes in amino acid
catabolism known to be caused in muscle by these protein-deficient diets.

The currently accepted scheme for the deamination of amino acids involves the
transfer of amino groups from the various amino acids to a-ketoglutarate, thus forming
glutamic acid, which is then oxidatively deaminated by glutamate dehydrogenase (EC
I.4.1.2) (Braunstein, 1957). In skeletal muscle the activity of glutamate dehydro-
genase is relatively low (Wergedal & Harper, 1964; Lowenstein, 1972), even though
very high activities of the various transaminases are found (see Young, 1970). Recently
an alternative scheme for amino acid deamination has been proposed (Lowenstein,
1972) in which a ‘purine nucleotide cycle’, catalysed by the sequential activity of the
enzymes adenylosuccinate synthetase (EC 6.3.4.4), adenylosuccinate lyase (EC
4.3.2.2), and AMP deaminase (EC 3.5.4.6), brings about the deamination of
aspartic acid. Using skeletal muscle extracts, operation of the cycle has been demon-
strated in vitro (Tornheim & Lowenstein, 1972) and appears to be kinetically linked
to glycolytic activity (Tornheim & Lowenstein, 1973). An inverse relationship has been
demonstrated between the activities of glutamate dehydrogenase and AMP deaminase
for a number of different rat tissues (Lowenstein, 1972), and it has long been known
that in skeletal muscle, the richest source of AMP deaminase (Conway & Cooke,
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1939), most of the ammonia present in the tissue is derived from this deaminase
reaction (Lohmann, 1931; Kalckar & Rittenberg, 1947).

In addition to its more obvious contractile role, skeletal muscle is largely responsible
for the oxidation of the branched-chain amino acids (Sketcher, Fern & James, 1974)
and also serves as an adaptive store of labile protein, supplying amino acids and
glucogenic precursors to the blood in times of dietary insufficiency (Cahill, 1g7r1).
As a consequence, variations in the demand for amino acid deamination in muscle
may be expected as a response to a change in nutritional status. Indeed, metabolic
adaptation of glutamate dehydrogenase (Wergedal & Harper, 1964) and of a number
of aminotransferases (Ashley & Fisher, 1967; Yamaguchi & Kandatsu, 1967; Mimura,
Yamada & Swendseid, 1968; Reeds, 1974; Sketcher et al. 1974) have been reported
following changes in the proportion of protein in the diet. In view of the possible
involvement in muscle protein metabolism of the enzymes catalysing the purine
nucleotide cycle, we thought it of interest to investigate the effect of dietary protein
content on the activity of one of the enzymes of the cycle, AMP deaminase. Since
muscles differ in the proportions of their constituent fibre types (Close, 1972) and
since AMP deaminase activity appears to differ in concentration in different muscles,
being highest in those muscles containing predominantly glycolytic fibres (Raggi,
Ronca-Testoni & Ronca, 1969; Turner & Manchester, 1972) we have made our
measurements on three distinct muscles of the rat hind-limb that differ characteristic-
ally in their fibre proportions (Edgerton, Gerchmann & Carrow, 1969; Edgerton,
quoted by Close, 1972).

EXPERIMENTAL
Materials

2-(N-2-hydroxyethylpiperazin-N’-yl)ethanesulphonic acid (HEPES), ‘A’ grade,
was obtained from Calbiochem, Los Angeles, California, USA. Adenosine 5'-phos-
phate was obtained from Boehringer Corp. (London) Ltd, London W5 2TZ. Diet
constituents were obtained from the following sources: Casumen (sodium caseinate),
C. & C. Prideaux, c/o Unigate Foods, Wincanton, Somerset; maize starch and dex-
trinized starch, C.P.C. (United Kingdom) Ltd, Trafford Park, Manchester M17 1PA;
Solka Floc (cellulose), Johnsen, Jorgensen & Wettre Ltd, London ECy4; arachis oil,
Croda Premier Oils Ltd, Stoneferry, Hull HU8 oB]; and fat-soluble vitamin supple-
ment, Cooper Nutritional Products Ltd, Stepfield, Witham, Essex. All other chemicals
used were of analytical reagent grade obtained from BDH Chemicals 1.td, Poole,
Dorset.

Animals and diets

Weanling female hooded rats, approximately 35—40 g in weight, were obtained from
Animal Supplies (London) Ltd, London Ni12 oDA. On arrival they were divided
randomly into eight groups and housed three to a cage. All groups received initially
ad lib. a powdered diet of o-10 net dietary protein energy (energy supplied by utilizable
protein:total metabolizable energy, NDp:E) containing the following constituents
(g/kg): maize starch, 426; dextrinized starch, 272; Solka Floc, gr; arachis oil, 45;
mineral salt mixture, 45; ‘B’ vitamin mixture, 10; fat-soluble vitamin supplement,
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Fig. 1. Diagrammatic representation of the feeding regimens for groups of rats given the o-10,
o-035 and o net dietary protein energy (energy supplied by utilizable protein: total metabolizable
energy, NDp:E) diets, showing body-weights of the rats and experimental feeding period for
each diet.

1; L-methionine, 1; Casumen, 109. Details of the mineral salt mixture, the ‘B’ vitamin
mixture, and the fat-soluble supplement are given by Payne & Stewart (1972).

All rats had free access to this diet until the mean body-weight was approximately
7o g. One group of rats was then killed (group A) to serve as ‘70 g weight controls’,
and two other groups were changed onto a 0-035 NDp:E diet, identical to the o-10
NDp:E diet, except that the protein content was reduced by 659, and an equivalent
quantity of maize starch was added. These two groups were maintained on the 0-035
NDp:E diet for 18 d, at which time one group was killed (group D), whilst the other
was given the o-10 NDp : E diet for a further 3 d before being killed (group E).

The remaining four groups continued to receive the o-10 NDp:E regimen; at 8o g
body-weight, one group was killed to serve as ‘8o g weight controls’ (group B), whilst
the other groups were permitted to grow for a further 12 d until their mean body-weight
was 110 g. At this stage two of the remaining groups were given a protein-free iso-
energetic diet for 18 d. One group was then killed (group F), whilst the other group
was given the o'10 NDp : E diet for a further 3 d (group G). The last group of rats given
the o-10 NDp:E diet served as age controls (group C) for the rats receiving the low-
protein diet. Fig. 1 presents in diagrammatic form the dietary treatment of the groups
of rats.

Determination of AMP deaminase activity

Each measurement was done on extracts prepared from both homologous muscles
of each rat. Rats were killed by decapitation and the soleus, plantaris and extensor
digitorum longus (EDL) muscles of each leg rapidly dissected out. Each pair of
muscles was weighed on a torsion balance and then homogenized with a ‘Polytron’
homogenizer (Kinematica GmbH, Lucerne, Switzerland) in 1-8 ml ice-cold extraction
buffer containing (mmol/l): 20 HEPES, 8oo KCI and 30 potassium phosphate,
adjusted to pH 6-go with KOH. The inclusion of the phosphate was to take advantage
of the effect of this anion in dissociating AMP deaminase from myofibrils (Currie &
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Webster, 1962). The homogenates were allowed to stand on ice for at least 1 h to
ensure effective solubilization of the enzyme, and then centrifuged at 30000 g for
30 min at 4°. Enzyme activity in the high-speed supernatant fraction was measured
by following IMP production at 285 nm with a Gilford spectrophotometer fitted with
constant-temperature cell housing and accessory chart recorder. The assays, performed
in duplicate, were made at 25° by adding 50 xl of the supernatant fraction to 2-0 ml
assay mixture containing (mmol/l): 20 HEPES, 100 KCI and 2 AMP, adjusted to
pH 6-go with KOH. Preliminary measurements established that for all three muscle
extracts the extinction changes observed were proportional to the quantity of extract
added, and that when extracts from different muscles were mixed in different propor-
tions, the activity measured was the sum of the individual activities. No significant
differences were found between the k,, values with respect to AMP concentration for
extracts from the different muscles, the values being essentially identical to that
reported for the purified enzyme when assayed in the presence of 100 mm-KClI (Ronca,
Raggi & Ronca-Testoni, 1968). Enzyme activities calculated from the linear increase
in extinction at 285 nm (AELRP™ = o-23, Ronca et al. 1968) are expressed as gmol/
min per g wet weight of tissue, at 25° and pH 6-9.

Statistical treatment of results

The duplicate enzyme activity measurements determined for each muscle extract
were averaged, and the mean and standard error of the mean calculated for each
group of rats. Table 2 presents the values so obtained and shows the number of rats
in each group. Statistical significance, indicated if P < o-05, was assessed by Student’s
t test.

RESULTS

The effects of the different feeding regimens on the mean body-weights, and on
the fresh weights of the three individual muscles dissected from the hind-limb, are
presented in Table 1. For simplicity only the mean values have been given; in each
instance the standard error of the mean fell within 59, of the mean value. The control
rats given the high-protein (o-10 NDp:E) diet (groups A, B and C) from weaning grew
at a rate of 2-7 g/d, the maximal rate for pre-adult rats of this rather slow-growing
strain. In rats given this diet, the individual muscles all increased in weight by roughly
the same proportion; at the end of the 18 d experimental feeding period, muscle
masses in rats of group C were some 60—70 %, greater than those of group A.

The rats given the low-protein (0-035 NDp:E) diet for a corresponding period
(group D) did not grow. In fact, a very slight loss of body-weight (o-2 g/d) was recorded.
However, the muscle fresh weights for this group did not differ significantly from
those of the appropriate group of weight controls, group A. On returning to the high-
protein diet (group E), these protein-deprived rats resumed growth, the body mass
increasing by 309, within 3 d. All three hind-limb muscles showed weight gains
during this refeeding period, but whilst the percentage increase in mass of the soleus
was more or less comparable to that of total body-weight, the increases for plantaris
and EDL muscle were smaller, being only some 14-15 %,.
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Table 1. The effect of feeding diets with different net protein energy contents (energy
supplied by utilizable protein: total metabolizable energy, NDp : E) on the mean body-weight
(g) and the wet weights (mg) of the three muscles from the hind-limb, soleus, plantaris and
extensor digitorum longus (EDL) of the hooded rat

(Mean values; no. of animals in each group in parentheses)

Muscle wt
Group Dietary treatment* Body-wt Soleus Plantaris EDL

A Maintained on o'10 NDp:E diet from 69 280 (6) 527 (8) 300 (7)
weaning to 70 g body-wt

B As group A, but maintained for 78 32-2 (5) 57'4 (5) 334 (5)
further 4 d on o-10 NDp:E diet until
8o g body-wt

C As group A, but maintained for 116 492 (5) 985 (5) 502 (5)

further 18 d on 010 NDp :E diet
(age controls)

D As group A, but maintained for 64 258 (5) 559 (5) 2977 (4)
further 18 d on 0-035 NDp:E diet
(low-protein)

E As group D, then given o'10 NDp:E 83 322 (7) 635 (8) 342 (8)
diet for 3 d (low-protein, refed)

F Maintained on o*10 NDp:E diet until 81 406 (5) 792 (3) 376 (3)
110 g body-wt, then given o NDp:E
diet for 18 d (protein-free)

G As group F, then given o010 NDp:E 100 4277 (5) 806 (5) 436 (5)
diet for 3 d (protein-free, refed)

* For details see p. 540.

Since total dietary protein deprivation leads to loss of body-weight, the effect of
the protein-free diet (o NDp:E) was investigated in a group of rats maintained on the
high-protein diet until they had reached a mean body-weight of 110 g, before being
presented with the protein-free diet. Initial body- and muscle weights of this group
were thus comparable to those of group C, whilst at the end of the 18 d period, mean
body-weights were similar to those of control group B. Interestingly, muscle weights
of rats given this protein-free diet did not decrease in proportion to the loss of total
body-weight. Presumably the relative sparing of these particular muscles reflects the
importance to the animal of their function in postural maintenance and locomotion.
A 3 d refeeding period with the high-protein diet resulted in a 25 9, increase in body-
weight (group G) in these protein-deprived rats. The percentage increase in mass of
the EDL muscle was similar to that found in the low-protein, refed group, but
for soleus and plantaris muscles only marginal (2-5 9,) increases in mass were found
in the 3 d period.

Table 2 presents the activities of AMP deaminase, expressed per g fresh weight, for
the three hind-limb muscles from rats of the different dietary groups. Although the
relative activities found for the three muscles were comparable to previously reported
values (Raggi et al. 1969; Turner & Manchester, 1972) the absolute activities were
six—eight times greater. Differences in the extraction media and assay procedures for
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Table 2. The effect of feeding diets with different net protein energy contents (energy
supplied by utilizable protein:total metabolizable energy, NDp:E) on AMP deaminase
activity (pmol[min per g fresh wt at 25° and pH 6-9) in soleus, plantaris and extensor
digitorum longus (EDL) muscles of the hooded rat

(Mean values with their standard errors; no. of animals in each group in parentheses)

AMP deaminase activity
A

Statistical Soleus Plantaris EDL
comparison . A N A N A
Group Dietary treatmentt with group Mean SE Mean SsE Mean sE

A Maintained on 010 NDp:E diet — 244 14(6) 605 17(8) 426 16 (7)
from weaning to 70 g body-wt

B As group A, but maintained on — 265 16(5) 652 9(5) 436 25(5)
010 NDp :E diet for further
4 d to 8o g body-wt

C As group A, but maintained for 249 19(5) 689 20(5) 490 29 (5)
further 18 d on 0’10 NDp:E A *
diet (age controls)

D As group A, but maintained for 161 10(5) 529 34(5) 440 18 (4)
further 18 d on 0035 NDp:E A *r *
diet (low-protein) C ** *%

E As group D, then given o 10 193 8(7) 3502 17(8) 345 7(8)
NDp :E diet for 3 d (low- D * ek
protein, refed)

F Maintained on o-10 NDp:E diet 223 8(5) 642 36(5) 537 34(5)
until 110 g body-wt then B * *

O NDp:E C

G As group F then given o'10 168 8(5) 520 21(5) 335 23(5)

NDp:E diet for 3 d (protein- F ok * **

free, refed)

Difference between mean values statistically significant: * P < o-05; ** P < o-o1; *** P < o-001.
1+ For details see p. 540.

muscle extracts from the hooded rats failed to account for these higher values. How-
ever, strain differences between the types of rat used could afford an explanation.
Glutamate dehydrogenase activity in hemidiaphragms from hooded rats was found to be
three times higher (T'urner unpublished results) than the activity reported for an albino
strain (Turner & Manchester, 1972), suggesting that amino acid deamination may be
relatively more important to muscle protein metabolism in the hooded rats. It is
important to remember, however, that muscle AMP deaminase probably exists in vivo
in at least a partially inhibited state, the degree of inhibition depending upon the ratio,
nucleoside triphosphates:nucleoside diphosphates (Ronca et al. 1968) so that the 6-
to 8-fold higher activity found in this study need not imply activity of the same
magnitude in vivo.

In the control rats maintained on the high-protein diet, the total content of AMP
deaminase/muscle more or less doubled during the 18 d feeding period (comparison
of groups A and C). In the plantaris and EDL muscles the increase in total activity
was relatively greater than the increase in muscle mass so that an increase in specific
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activity/g was recorded. In soleus, however, enzyme activity/unit mass was unchanged
by the high-protein feeding regimen.

Dietary protein restriction, as in the rats given the low-protein diet (group D)
resulted in significantly decreased activity/unit mass in both soleus and plantaris
muscles, but had no effect on the activity in EDL muscle. On refeeding the high-
protein diet, total contents of enzyme activity in the plantaris and EDL muscles
remained effectively unchanged, but since for each muscle the mass was increased by
some 15 %, AMP deaminase activity/g was reduced. By contrast, an increase in total
activity was found for the soleus muscle, and although muscle mass increased by 25 %,
during the 3 d period, an enhancement of deaminase activity/unit mass was still
observed.

The rats given the protein-free diet demonstrated a different response. In all three
muscles, total enzyme activity was reduced, but because of the changes in mass of the
individual muscles, the deaminase activity/unit weight was significantly reduced in
soleus, but increased in the EDL muscle. Mean activity/g in plantaris was reduced,
but the difference from group C was not statistically significant. Refeeding the high-
protein diet caused a further fall in total AMP deaminase activity in each muscle,
and was manifest in each instance as a statistically significant decrease in enzyme
activity/unit muscle mass.

DISCUSSION

Although most amino acids are deaminated in the liver, it is now recognized that
skeletal muscle acts as the major site for the degradation of the branched-chain amino
acids (Reeds, 1974; Sketcher et al. 1974). Adaptive changes in some of the enzymes
involved in the catabolism of these amino acids have been shown to occur in dietary
protein insufficiency (Reeds, 1974; Sketcher et al. 1974). Thus, the enhanced activity
of the branched-chain aminotransferases (Mimura et al. 1968) and of aspartate amino-
transferase (EC 2.6.1.1) (Yamaguchi & Kandatsu, 1967) observed in dietary protein
depletion would have the effect of facilitating the provision of aspartate prior to its
entry into the purine nucleotide cycle. Accordingly, in this investigation we have
looked for possible changes in AMP deaminase activity, considered as representative
of the enzymes of the purine nucleotide cycle, under dietary conditions in which it
was already established that adaptation of muscle enzymes to dietary protein content
took place.

As well as involvement in the purine nucleotide cycle, it is possible that deamination
of AMP may be of importance in the catabolism of the adenine nucleotides, either
through changes in energy metabolism, or in the degradation of nucleic acids. In this
study the different groups of rats were given isoenergetic diets, and were permitted to
feed ad lib. Taskar & Tulpule (1964) found no change in the total acid-soluble phos-
phates (including the adenine nucleotides) in muscle from rats given a protein-deficient
diet, whereas Howarth & Baldwin (1971), investigating rats given a restricted diet,
and also rats recovering from the restricted diet, found no change in the total adenine
nucleotides in muscle. It would therefore seem unlikely that in the present investiga-
tion there would be a change in the pool size of adenine nucleotides. However, the
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possibility of an alteration in the rate of turnover of the nucleotide pool cannot be so
easily eliminated.

Possible involvement of AMP deaminase in adenine nucleotide catabolism following
nucleic acid breakdown is rather more difficult to dissociate from any effect on protein
or amino acid metabolism. The rate of protein synthesis in skeletal muscle, measured
in vivo, is linearly related to the concentration of RNA in the tissue (Howarth, 1972;
Millward, Garlick, James, Nnanyelugo & Ryatt, 1973). Protein deprivation, resulting
in a fall in muscle protein synthesis, leads to a reduction in the RNA concentration.
Whether this fall in RNA results from an enhanced rate of degradation, reduced rate
of synthesis, or both, is still uncertain. Adaptation of AMP deaminase might be
expected to occur if the rate of nucleic acid degradation was increased. Accordingly
in this study the different groups of rats were given the different diets for 18 d to
allow time for the RNA contents to reach new steady-state levels appropriate for the
protein synthesis existing in the muscles as a consequence of the dietary treatments
(Waterlow & Stephen, 1968; Millward et al. 1973).

If AMP deaminase was involved in nucleic acid degradation, then one might reason-
ably expect a correlation between the activity of the enzyme and the concentration of
the RNA. Of the three muscles investigated in this study, the soleus has the highest
RNA content per unit weight, with the plantaris and EDL muscles having 65 9, and
56 9, respectively of this value (Goldberg, 1967). AMP deaminase activity, however,
is lowest in the soleus, intermediate in the EDL muscle and highest in the plantaris.
Furthermore, in preliminary studies we have found that in soleus, for example, the
RNA concentration at the end of the 18 d dietary period had fallen to the same value
whether the rats were given the low-protein or the zero-protein diet. By contrast,
AMP deaminase activity was significantly different in these two dietary states.

Lowenstein (1972) has demonstrated that for a number of different rat tissues, the
concentration of AMP deaminase activity bears an inverse relationship to glutamate
dehydrogenase activity. In skeletal muscle, glutamate dehydrogenase is restricted
exclusively to the mitochondria (Pette, 1966) and would therefore be expected in
highest concentration in those muscles containing a high proportion of mitochondria-
rich fibres, e.g. soleus (Edgerton et al. 1969). Conversely, plantaris and EDL muscle
contain a higher proportion of ‘white’ glycolytic fibres, 659, and 519, respectively
(Edgerton et al. 1969; Edgerton, quoted by Close, 1972), and would therefore be
expected to have correspondingly higher contents of AMP deaminase. It would
appear therefore that the reciprocity between the activities of AMP deaminase and
glutamate dehydrogenase extends even to different types of skeletal muscles, and it
may be the situation that the postulated linkage between glycolysis and the activity
of the purine nucleotide cycle has a compartmental basis.

The effect of a low-protein diet, sufficient only to maintain the weight of the animal,
is to cause adaptive changes in the activity of muscle enzymes concerned with the
catabolism of the branched-chain amino acids, resulting in the conservation of these
amino acids (Sketcher ef al. 1974). Comparable dietary treatment resulted in reduction
in the activity of AMP deaminase in soleus and plantaris, but had no effect in the
EDL. In terms of activity of the purine nucleotide cycle, these adaptive decreases in
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deaminase activity are in accord with a reduced requirement for amino acid deamina-
tion, though the reason for the insensitivity of EDL muscle is not clear (see later
discussion). Relatively smaller decreases in AMP deaminase activity were found in
soleus and plantaris when feeding the protein-free diet. Such a response is in agreement
with the results of Sketcher and co-workers (Sketcher et al. 1974; R. D. Sketcher &
W. P. T. James, unpublished results), who found that in vivo oxidation of leucine
and valine in rats given a protein-free diet, although lower than controls receiving
adequate dietary protein, was greater than that found in rats receiving the o0-033
NDp:E diet. Thus, greater conservation of the branched-chain amino acids in rats on
the low-protein diet was associated with lower levels of AMP deaminase in soleus
and plantaris than on the protein-free diet.

Paradoxically, the activity of AMP deaminase was found to increase in the EDL
muscle of rats given the protein-free diet. Again, the reason for this response is not
clear. A possible explanation may lie in the observation of Mimura et al. (1968)
that in protein depletion the activity of the branched-chain aminotransferases
increased by 100Y%,. By contrast, R. D. Sketcher & W. P. T. James (personal com-
munication) and Reeds (1974) found much more modest increases (5-24 %) under
essentially identical dietary conditions. Unfortunately the Japanese workers do not
state the type of skeletal muscle employed in their experiments. Sketcher and co-
workers made their measurements on the entire gastrocnemius, which has a fibre
composition essentially similar to that of plantaris (Sréter & Woo, 1963), whilst Reeds
apparently pooled extracts from thigh, diaphragm and abdominal wall muscles for his
experiments, In view of the disparity between the results obtained by the different
investigators, it seems a distinct possibility that different muscles respond differently
to protein deprivation. Such a possibility would be in keeping with the findings
reported in this present paper, and emphasizes the importance of making observations
on distinct muscles of different fibre compositions.

The enhanced activity of AMP deaminase in the EDL suggests increased demand
for amino acid deamination in this tissue during total protein deprivation. By com-
parison with soleus and plantaris, the EDL muscle in rats given the protein-free diet
showed a relatively greater reduction in muscle wet mass, and since the different
dietary treatments do not significantly alter the water contents of the muscles, this
greater decrease in weight presumably reflects the greater lability of protein in this
particular muscle (Fern, Broadbent & James, unpublished results). In addition, studies
of the free amino acid concentrations have demonstrated that total protein deprivation
leads to greater percentage reductions in free amino acid levels in the EDL muscle
than in soleus (Fern, Broadbent & James, unpublished results). Such findings would
be in accord with a higher rate of amino acid deamination within this tissue.

On refeeding the o-10 NDp:E diet to the protein-depleted rats, ‘catch-up’ growth
occurred, during which, according to Young, Stothers & Vilaire (1971), the increase
in muscle mass results not so much from an enhanced rate of total muscle protein
synthesis, but rather from the depression to very low levels of the rate of protein
degradation. Under such circumstances amino acid catabolism might be expected to
be reduced as the tissue directs available amino acids to protein synthesis. With the
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exception of soleus in rats refed after the low-protein diet (see later), all three muscles
showed significant reductions in AMP deaminase activity within 3 d of refeeding with
the high-protein diet. For the plantaris and EDL muscles, it is remarkable how similar
the AMP deaminase activities were during ‘catch-up’ growth after the different
deficient diets, considering how disparate were the activities at the start of the re-
feeding period. For soleus, in rats refed after the 0035 NDp:E diet, an increase in
deaminase activity was found, though the level was still below that recorded at the
termination of the protein-free diet. For this muscle the percentage increase in mass
during the refeeding period was relatively greater than that for the other muscles,
and may indicate restoration of normal levels of muscle amino acids within a very
short period of time. Certainly by 5 d of refeeding the high-protein diet, essentially
normal concentrations of free amino acids were found in soleus (Fern, Broadbent &
James, unpublished results). It is entirely possible, therefore, that the increase in
activity of AMP deaminase represents the return to normal levels of the enzyme in
this muscle.
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research. L. V. T. wishes to thank the Wellcome T'rust for financial support.
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