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ABSTRACT

PROTEIN SYNTHESIS, BREAKDOWN AND ACCRETION

RATES IN SKELETAL MUSCLES

AND LIVER OF YOUINK} GROVII‘C BOARS

By

Donald R. Mulvaney

Twenty four boar pigs were used to estimate fractional

protein synthesis (FSR), breakdown (FBR), and accretion

('FGR) rates of the longissimus (LD), semitendinosis (ST) and

brachialis (BR) muscles and livers at 22 and 45 kg live body

weight. A six hour continuous infusion of L-[U - lL‘Cjtyro-

sine was performed on 4 pigs at each weight to measure FSR.

Four additional pigs were killed 1 week before and 1 week

after each infusion to observe changes in composition, FGR

and myofiber diameter. FBR was obtained by the difference

of FGR and FSR. FSR and FBR of both muscle and liver were

lower at 45 kg whereas FGR was lower at #5 kg for the liver,

ST and BR musles. The LD at 22 kg and the BR at #5 kg

exhibited similar high protein turnover values. Absolute

rates of muscle protein, fat and nucleic acid accretion

varied between periods.
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INTRODUCTION

The awareness of diminishing natural resources,

increased costs of production and rapidly expanding human

population has stimulated the need to seek out and research

innovative means of achieving maximum utilization of

resources to attain higher levels of animal agriculture

productivity. In the past, attempts to increase the

efficiency of the livestock animal's capacity to convert

feed into meat, comprised of high proportions of muscle

relative to fat, has involved sound nutritional and health

practices as well as selective breeding programs. Proper

managerial and breeding programs will continue to be of

value in identifying and improving domestic animals that are

efficient in the conversion of feed to the desired amounts

of muscle and fat but with current knowledge, the

improvements will not be of sufficient magnitude to meet the

increase in meat protein production efficiency demanded of

anhnal agriculture. Potential progress lies with arnore in

depth understanding of the animal's molecular biology and

capabilities to synthesize protein. The knowledge of the

Inechanimns of protein synthesis and potential control points

is gaining in magnitude (Bergen, 1975; Caskey, 1980; Clark,



1980; Hunt, 1980). The possibility of identifying anhnals

or nmscles within anhnals that differ in one or the other

processes of protein synthesis or degradation or even

altering the extent of turnover offers an intriquing avenue

of enhancing the efficiency of the anhnal.

The prhnary thrust of the research endeavor was tornake

observations of the fractional protein turnover rates,

growth rates and nucleic acid changes in liver and three

anatmnically different nmscles of growing boar pigs during

two different growth periods. Sane turnover studies (Turner

and Garlick, 197#; Millward et al., 1975; Garlick et al.,

1976) indicate high rates of protein synthesis and breakdown

(high turnover) during rapidtnuscle growth. 'When synthesis

rate exceeds breakdown of protein, net protein accretion

results. (kithe other hand, studies by Ogata et al. (1978),

Maruyarna et al. (1978) and Trostler et al. (1979) imply

variable rates of protein breakdown during growth to account

for net protein accwnulation.

In this study, the longisshnus, sanitendinosis and

brachialis nmscles were selected to represent the Huddle,

posterior and anterior sections of the animal as well as

late, intennediate and earlylnaturingrnuscles, respectively.

‘Work by Berg and Butterfield (1976) on cattle indicates an

anterior to posterior growth progression andlnusclernaturity

pattern. This also has been shown in rabbits where

individual nmscles nature at different rates (Vezinhet et

al., 1972).



LITERATURE REVIEW

Protein Turnover - Definition and Significance

The concept of protein turnover can be traced to work

by Schoenheimer et a1. (1939) in which they studied the

le in tissues of rats. This workrelative distribution of

along with earlier work by Borsook and Jeffreys (1935)

showed that there was a constant but rapid rnetabolic

turnover of proteins. Much of the current understanding of

proteintnetabolimn results frmn studies of liver and plamna

proteins (Waterlow et al., 1978). More recently, there has

been renewed interest in understanding whole body protein

turnover, fractional turnover rates of tissues and the

contribution skeletal muscle makes to whole body protein

rnetabolisnn Garlick et al. (1976) stated that tnuscle

contributes #2%:of whole body protein synthesis in the pig.

waterlow et al. (1978) defined turnover as a process of

renewal or replacanent of a particular substance. Schhnke

(1977), Millward et al. (1976a), Garlick and Millward (1972)

and Maruyama et al. (1978) described protein turnover in

tissues in tenns of the rate of one or the other of the two

processes: protein synthesis and protein breakdown.

Millward et al. (1976) indicated that the two processes are

equal in rate in a steady state situation. In the nonsteady

3



state, the rate of one process can be calculated by subtrac-

ting the net change of proteinlnass or accretion fran the

other process. ‘Waterlow (1970) stated that the overall pro-

tein turnover of the body is the swn of the turnovers of all

the individual proteins and also compares this to basal

metabolic rate. Garlick et al. (1976) esthnated that pro-

tein turnover accounts for approxhnately 17% of the overall

basal nmtabolic rate. Reeds and Lobley (1980) suggested

that protein synthesis contributes a rather constant propor-

tion (about 19%) of the total body energy expenditure to

heat production.

Schhnke (1973, 1975, 1977) discussed the properties of

protein turnover in a general sense and stated that it is

quite extensive with 70%)Of rat liver protein being replaced

every # to 5 days. Furthennore, liver turnover is largely

intracellular, has considerable variation in rate, is a ran-

dmn process and is correlated to thelnolecular weight of the

proteinlnolecule.

When the turnover of myofibrillar proteins is con-

sidered, there isrnuch disagreanent concerning the kinetics

and properties of the process. Dreyfus et al. (1960) stated

that thernyofibrillar proteins have a finite lifespan which

is in contrast to arnore randan and heterogeneous turnover

indicated by Goldberg (1969a),lMillward (1970a, 1970b), Low

and Goldberg (1973) and Millward et al. (1976b).



The significance of protein turnover during the growth

period is addressed by Nhllward et al. (1975) and Laurent

and lMillward (1980). They view the process as being

wasteful. Young and Pluskal (1977) anphasized the wasteful

aspect of protein nwtabolimn when they showed that the net

protein deposition during rapid growth represents only a

mnall portion of the total mnount of Inuscle protein

synthesized. Laurent andlMillward (1980) partitioned total

protein synthesis, during stretch induced hypertrophy of

adult fowl anterior latisshnus dorsi nmscles, into 68% for

normal replacement, 9% for growth and 2396 for wastage.

However, Goldberg and Dice (197#), Goldberg et al. (197#),

Morgan (197#), Goldberg and Chang (1978), Goldberg (1980)

and Morgan and Wildenthal (1980) addressed the significance

of protein turnover in tenns of a nmre positive biological

role or necessity. In this light, anino acids are released

frmm protein breakdown and contribute to the pool for

obtaining amino acids for gluconeogenesis. Goldberg and

Dice (197#) and Schhnke (1977) explained that the breakdown

of protein is necessary to ranove abnonnal proteins, obtain

mnino acids for synthesis of enzwnes and to help the anhnal

adapt to adverse enviromnental conditions. ‘While there are

no definite answers to explain why anhnals have this

continual energy drain, Schhnke (1977) hypothesized that

rather than have elaborate and specific degradative

mechanimns for specific proteins, cells evolved with

Inechanimns to continually degrade all proteins.



Factors Affecting Protein Synthesis and Breakdown

The balance between protein synthesis and breakdown

(turnover) regulates the accunulation of protein and growth

of muscle (Millward, 1970a; Waterlow and Stephen, 1968;

Morgan, l97#; NHllward et al., 1975). In their reviews on

protein degradation, Schhnke (1970) and Goldberg and Dice

(197#) indicated that proteolytic enzwnes are hnportant in

protein degradation. As Bird et al. (1980) pointed out, the

only proteinases found intnuscle cells are calcimn activated

proteinase, cathepsin B and cathepsin D but there may be

additional proteinases capable: of degrading rnyofibrillar

proteins. lMechanisnw of degradation in nonnal physiological

conditions have not been characterized. Bradley (1977) has

shown that intracellular protein degradation is under

physiological regulation and varies with physiological

danand.

Honnonal Effects

Morgan (197#) and Morgan and Wildenthal (1980) listed

various factors inmortant in regulating protein synthesis.

The availability of honnones like insulin, growth honnone,

adrenal steroids and thyroid honnones are of nmjor

inmortance. For the control of degradation, insulin and

glucagon were cited as viable honnones. The possible

rnechanimns given for control of protein synthesis or

degradation are via enzwne induction and suppression at the



transcriptional or post-transcriptional level. lManchester

(1976) illustrated possible honnonal control points in the

protein synthesis scheme» These controls include trans-

cription of DNA to RNA, increases or decreases of RNA con-

centrations, changes in the anounts of the relative species

of RNA and changes in initiation or elongation factors. In

his review ofrnuscle protein synthesis, Bergen (1975) iden-

tified honnones as being hnportant at various control

points. Shnilarly, Jefferson et al. (197#) pointed out

that protein synthesis could be regulated by amino acid

availability, ATP and GTP, availability of RNA and

ribosanes, initiation and elongation factors, all of which

may be influenced by hormones. With the exception of

studies like O'Malley and Schrader (1976), in which trans-

cription was shown to be modulated by steroid hormones,

there is little concrete evidence to prove or disprove hor-

monal effects at specific points along the protein syn-

thesis schane. However, sane general observed effects of

honnones on the processes of protein synthesis and degrada-

tion are available. Goldberg et al. (1980) showed lower

rates of both protein synthesis and breakdown in skeletal

rnuscle isolated fran hypophysectanized rats and stated that

lack of growth honnone was prhnarily responsible for re-

duced protein synthesis. The lack of thyroid hormones

(triiodothyronine or thyroxine) is credited for lower pro-

tein breakdown. Increased breakdown was observed in fasted



adrenalectornized animals when treated with gluccocorti-

coids but this effect was not observed in well fed anhnals.

Goldberg (1969a, 1969b) and Goldberg and St. John (1976)

have shown skeletal nmscle protein degradation to increase

by denervation and addition of thyroid honnones or

cortisone but is decreased by work induced hypertrophy,

hypophysectorny, thyroidectorny, administration of insulin

and high levels of branched chain mnino acids.

Studies on the effects of insulin upon skeletalrnuscle

have involved considerable variation in technique as well

as results (Wool and Krahl, 1959; Wool and Cavicchi, 1966;

Goldstein and Reddy, 1967; Short, 1969; Jefferson et al.,

197#; Rothig et al., 1978; Frayn and Maycock, 1979;

Albertse et al., 1979). In vitro incorporation experhnents

with muscle, by Goldstein and Reddy (1970) have shown a

stimulatory effect on protein synthesis by insulin with

controlled experhnental conditions involving nonphysio-

logicalrnedia, ionic strength and mnino acid concentration.

Shnilarly, ‘Wool and Krahl (1959) used isolated rat

diaphragms and showed an increase of radiolabeled amino

acids into protein. Apparently, insulin sthnulated entry

of glucose into the cells and thereby had a nitrogen

sparing effect. Goldstein and Reddy (1967) indicated that

insulin enhanced the entry of anino acids into cells but

did not necessarily directly affect protein synthesis.

‘Wool and Cavicchi (1966) recognized the entry effect but

also showed an effect of insulin on existing RNA tanplates
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vivo and in vitro studies occurred more rapidly than a

transcriptional effect would allow. Short (1969) investi-

gated the effects of insulin on protein synthesis by red

and white muscle in vitro and drew similar conclusions

along with showing greater synthesis rate in red nmscle

than white. Jefferson et al. (197#) not only showed an

insulin sthnulating effect on protein synthesis in perfused

skeletal nmscle, but a suppression of protein breakdown.

They indicated this lower breakdown was due to an insulin

effect on the permeability of lysosanal membranes. The

data of Rothig et al. (1978) provide sane substantiation of

this effect as they showed insulin reversibility of

alkaline proteinases activity, which increases during

starvation and in diabetic states. The effects of

physiological concentrations of insulin on nmscle protein

synthesis and degradation, asrneasured by tyrosine release

in the presence of inhibitors, was studied by Frayn and

Maycock (1979). A sthnulatory effect on protein synthesis

was observed in both soleus and extensor digitorun longus

Inuscles but depressed breakdown was observed only in the

latter. In vivo experiment with diabetic and insulin

treated rats by Albertse et al. (1979) showed a dranatic

decrease in protein synthesis rate as insulin levels

decreased. However, the fractional breakdown rate

(obtained indirectly: FGR=FSR-FBR) exhibited the exact

opposite relationship.
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Young and Pluskal (1977) and Young (1980) sunnarized

the role of various honnones in protein synthesis or break-

down. Growth honnone is considered to be anabolic due to

sthnulatory effects upon anino acid transport, DNA, RNA and

protein synthesis. Shnilarly, the sex steroids increase

RNA and protein synthesis but their role in breakdown is

undefined. From the catabolic viewpoint, glucagon and

gluccocorticoids are noted to decrease protein synthesis

with the latter group of honnones depressing DNA and RNA

synthesis and increasing protein breakdown. Goldberg

(1969a) injected cortisone into rats intraperitoneally and

observed large anounts of atrophy in the plantariSInuscle

and decreased protein synthesis along with increased degra-

dation. Shnilar observations (N1 protein synthesis were

made by Shoji and Pennington (1977) but the rates of pro-

tein breakdown in rat extensor digitorun longusrnuscle were

not significantly reduced.

Woodside et al. (197#) suggested that turnover of

liver proteins is regulated by glucagon via both reduction

of protein biosynthesis as well as stimulation of pro-

teolysis. Bruer and Florini (1965; 1966) obtained results

of enhancedtnuscle protein synthesis and increased tanplate

activity of DNA presunably due to testosterone. However,

Florini (1970) was unable to show any sthnulatory synthesis

effects of specific proteins by androgens.
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With little evidence, Young and Pluskal (1977) hypo-

thesized the nechanian of honnone action to be a honnone

receptor canplex which acts directly on DNA to increase DNA

replication and protein synthesis. Dube et al. (1976) and

Mainwaring and Mangan (1973) indicated that muscle has high

concentrations of binding sites but the responsiveness is

variable for different muscles. Within male accessory

organs, testosterone has been shown to exhibit sane

specificity of proteins synthesized (Parker et al., 1978).

Grigsby et al. (1976) showed an increase of myofibrillar

protein synthesis ir1 testosterone inmlanted rabbits but

serun insulin was elevated by the testosterone treaflnent.

Trenkle (197#) postulated that insulin plays a role in pro-

tecting anino acids fran catabolimn. Vernon and Buttery

(1978) tested the effects of injecting trienbolone acetate

or testosterone into female rats and showed the rate of

rnyofibrillar protein degradation was reduced within 3 days.

Growth honnone is also a candidate for pranoting pro-

tein synthesis (Bergen, 1975) and may act by stimulating

RNA synthesis (Korner, 1967; Manchester, 1970). In in

vitro studies by Clanens and Korner (1970), enhanced pro-

tein synthesis and RNA labeling were observed when anino

acids and growth honnone were added to thetnedia, but these

effects were abolished when cyclohexhnide was added.
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Age and Species Effects

The body size of an animal affects the total protein

metabolism of the body (Munro, 1969). Garlick et a1.

(1976) showed that the fractional protein synthesis rate in

rat tissues is 2 to 3 times faster than in the pig. Dunlop

et al. (1978) estimated protein breakdown in rat brain in

vivo during development to be 2 to 2.5 times greater in

young rats than in older rats and was 65% of the synthesis

rate during rapid growth. Millward et al. (1975) showed

that during develoanent of rat skeletal nmscle there was a

fall in the rate of protein synthesis, and during rapid

growth a corresponding high rate of protein breakdown.

However, degradation was lower in fast growing strains can-

pared to slow growing strains (Millward and Waterlow,

1978). The increased rates of protein breakdown was postu-

lated to be a necessary part of nmscle growth and results

fran thernechanimns thatrnyofibrils use to proliferate. In

contrast to Millward et al. (1975) and Laurent and Millward

(1980), who stated growth is accanpanied by high rates of

both synthesis and degradation, Ogata et al. (1978)

reported that growth of young rats is achieved by high

rates of synthesis and low rates of degradation. In

another study, the rates of protein synthesis of leg and

breast rnuscles and whole body of growing chicks were

nmasured by Moruyana et al. (1978) in which they showed a

more rapid fractional synthesis rate (protein synthesized
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per unit tune divided by anount of protein in tissue) in

breast than in legtnuscles at 1 week of age but this dif-

ference was very small by 2 weeks. To account for the

protein accretion in rapidly growing chicks a Inarked

decrease in fractional rate of breakdown (FBR) was postu-

lated.

‘Waterlow (1967) sunnarized the total protein synthesis

rate in young and adult hunans to show that the grans of

protein synthesized per kilogran body weight per day were

lower for adult than for children or youngtnen. ‘Waterlow

et al. (1977) demonstrated a decline in overall protein

synthesis rate with age. Using 34nethylhistidine to

creatine excretion ratios as aineasure ofrnyofibrillar pro-

tein breakdown in hunans, Tomas et al. (1979) showed a

twofold decline of excretion fran pretenn neonates up to

inaturity. Furthennore, in studies with rats, Waterlow and

Stephen (1967) danonstrated sex differences for plaana pro-

tein turnover withrnales having higher rates than fanales.

Waterlow and Stephens (1968) showed that protein degrada-

tion rates in rat skeletalrnuscle decreased with increasing

body weight. On the other hand,1nuscles of older rats have

greater proteolytic activity than young rats (Waterlow et

al., 1978). This age effect partially explains the slower

protein accunulation rates and decrease: in rnuscle inass

during advancing age as noted by Young (1970).
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When consideration is given to species, the rat has

been the animal model most extensively used in protein

turnover studies (Reeds and Lobley, 1980). For Inost

species in general, the fractional protein synthesis rate

is lower in skeletal nmscle than visceral tissue. As Zak

et al. (1979) and Reeds and Lobley (1980) pointed out, the

problans withlnaking assesmnents and canparisons of protein

turnover across species lie with the variety of conditions

which exist among various studies such as obesity, nutri-

tion or disease and the technique used torneasure turnover.

One valid pointrnade is that there is a shnilarity between

species in tenns of energy expenditure for protein

synthesis and this is in the fonn of heat production. The

process of protein turnover accounts for about 19% of the

total body energy expenditure.

Nutrition Effects

As reviewed by Young (1970), protein metabolism in

skeletalrnuscle plays a very hnportant role in N econany of

the whole body. The effects of protein malnutrition on

turnover have been confounded by reutilization of the

labeled anino acid during experiments. However, the

results of protein deficient diets showed increased incor-

poration of label into liver protein and decreased incor-

poration into skeletal muscle protein (Millward et al.,

1978). The hnportance of skeletallnuscle protein synthesis

and breakdown in the regulation of nmsclelnass and whole
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body N balance has been investigated by Cahill (1970) and

Millward et al. (1976b). Rats receiving inadequate diets

had decreased protein synthesis. Increased breakdown rate

is not always observed, as Millward et al. (1976b) and

Young et al. (1973) showed reduced breakdown in rats fed

protein free diets. Young and Alexis (1968) showed a

decrease in RNA content of skeletal muscle for rats fed a

protein deficient diet. The half-life of mixed muscle

proteins of dietary protein depleted rats was reduced fran

13.1 days to 10.2 day for controls, but upon refeeding

increased synthesis and decreased breakdown brought about

rapid accunulation ofrnuscle protein (Young et al., 1971).

In shnilar studies, Goto and Kanmtaka (197#) showedlnuscle

protein synthesis to decrease, but liver protein synthesis

to increase ir1 earLy periods of protein depleted diets.

Other Effects

Earl et EH.1 (1978) suggested that turnover rate of

rnuscle protein is related tornuscle function. lMuscles that

have tonic contractile activity have faster turnover rates

than rnuscles of the intennittent twitch type. These

workers also found RNA concentrations to be highly

14c-
correlated with turnover rate. Using a pulse label of

aspartate in rats Swick and Song (197#) esthnated the half-

life of heart myosin to be # to 6 days while myosin from

white skeletal nmscle had half-lives of 25 to #5 days.
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Hypertrophy of rat soleus Inuscles occurred after

sectioning the tendon of the gastrocnanius Inuscles in

studies by Goldberg et al. (1969a). They showed a greater

decrease in sarcoplasnnc protein breakdown than Inyofi-

brillar protein and concluded that during hypertrophy there

is also decreased protein synthesis. In contrast, Laurent

andlMillward et al. (1980) studied fowl wing nmscle hyper-

trophy and showed increases in both protein synthesis and

breakdown. However, in similar studies by Laurent and

Sparrow (1977) a 50% increase in protein synthesis rate was

observed but only a negligible change in degradation rate

was found. These changes in synthesis and degradation

rates are corrobrated by GoldSpink (1978a, 1978b) in

denervated extensor digitorwn longus nmscles placed under

passive stretch. Terjung et a1. (1973) demonstrated a

decrease in the half-life of skeletal nmscle cytochrane C

with exercise, and attributed the resulting overall

increase of protein to a decreased degradation rate.

Vandenburgh and Kaufinan (1980) illustrated how1nuscle cell

protein synthesis is increased and degradation decreased in

an in vitro tissue culture study involving passive stretch.

Goldberg (1972) discussed the biochanical changes that

occur during skeletal Inuscle hypertrophy. Along ‘with

increased protein synthesis and decreased breakdown, there

are increases in anino acid transport, RNA synthesis and

DNA content.
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The effects ofrnuscle atrophy have been investigated by

Goldberg (1972), Turner and lManchester (1973). After

denervation, decreases in synthesis of new protein as well

as greater breakdown of existing protein complement each

other to decreasernusclernass. In dystrophicrnuscle,1nyosin

is synthesized faster than in nondystrophic tnuscle but

myosin heavy chains are destoyed at a greater rate than

light chains (Rourke, 1975). Dice et al. (1973) indicated

that in nonnal eukaryotic cells large Inolecular weight

proteins are degraded more rapidly than lower molecular

weight proteins, but the increased breakdown of protein

observed during diabetic conditions is due to activation of

different proteolytic Inechanians than exist in nonnal

tissue.

In children suffering fran burn injuries, Bihnazes et

al. (1978) reported a greater anount of rnuscle protein

breakdown per unit thne than in healthy subjects. ‘Waterlow

et al. (1977) also showed a reduction of protein synthesis

but unchanged breakdown in cases of surgical trawna of hunan

adults.



l8

Developmental Changes in Muscle Nucleic Acids and Protein

During Growth

Changes in structure, composition and metabolism of

tissues occur continuously fram early anbryogenesis to

death. Complete differentiation results from changes in the

pattern of gene expression (Waterlow et al., 1978; Young and

Allen, 1979). For the mamnal, the amount of muscle fiber

hyperplasia seems to be complete shortly after birth

(Goldspink, 1972; Swatland, 1976) at which time there is

also the full complement of proteins characteristic of

maximally differentiated cells (Waterlow et al., 1978).

Subsequent cellular growth is estimated by measuring protein

mass (Mirsky and Ris, l9#9; Waterlow et al., 1978) and DNA

and RNA content (Mirsky and Ris, l9#9).

Since the DNA content of the diploid nucleus is

constant, DNA content can be used to estimate the number of

nuclei (Mirsky and Ris, l9#9; Leblond, 1972). Enesco and

Leblond (1962) estimated the amount of DNA per diploid

nucleus to be around 6.2 picograms. However, Waterlow et

al. (1978) pointed out that because of polyploidy in liver,

estimations of cell nunber may be overestimated.

As indicated by Palsson (1955), Goldspink (1972) and

Swatland (1976), postnatal development depends upon the

degree of fetal development prior to birth and is species

dependent. Palsson (1955) considered the pig to be less
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inature physiologically than other danesticated anhnals.

However, this depends upon the tissue as considered by

Schain (1969) because pigs have Inore brain and organ

develoanent at birth than rats. Hakkarainen (1975) showed a

sinfilar developmental pattern for DNA and RNA in skeletal

rnuscle for both pigs and rats, but the hnnaturity in the pig

is canpensated for as they have higher degrees of

develoanent in the proportions of the protein fractions in

muscles used for locanotion and posture.

While Young (1970) pointed out that the tenns

hyperplasia and hypertrophytnay not really be applicable to

Inuscle growth, Leblond (1972) discussed hyperplasia as

increases in total DNA and hypertrophy as the protein to DNA

ratio. Enesco and Leblond (1962) and Winick and Noble

(1966) indicated that protein to DNA ratio or tissue weight

to DNA ratio can be used to detennine the physiological cell

size. Also, Moss (1969), Cheek et al. (1971) and Robinson

(1971) discussed how there scans to be arnaxhnal cytoplmnic

volune controlled by a particular nucleus and that a

physiological cell size concept is a good Incasure of

postnatal growth.

Leblond (1972) proposed three different postnatal

cellular growth patterns and a fourth intennediate one to

describetnuscle cells. Enesco and Puddy (196#) and Leblond

(1972) pointed out the skeletal Inuscle is Inade up of

Inultinucleated cells and an increase in DNA content
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represents an increase in nuclear nunber only and not an

increase in cell nunber. Since work with rats (Winick and

Noble, 1966) and pigs (Robinson, 1969) showed increases in

total DNA during growth, hyperplasia (increased nwonuclei

nwnber) is inmortant during postnatal nmscle growth. In

reviewing work by Winick and Noble (1966), Allen et al.

(1979) showed that 80% or more of the DNA content in rat

muscle was accwnulated after birth. Other studies indicate

shnilar trends of increases of total DNA and RNA. and

decreased concentrations during growth. This was shown in

rats (Devi et al., 1963; Enesco and Puddy, l96#; Winick and

Noble, 1966; Howarth and Baldwin, 1971), pigs (Gordon et

al., 1966; Robinson, 1969; Gilbreath and Trout, 1973; Tsai

et al., 1973; Hakkarainen, 1975; Harbison et al., 1976),

chickens (Moss et al., l96#; Moss, 1968a, 1968b) and

rwninants (Laflanne et al., 1973; Johns and Bergen, 1976).

Robinson (1969) reported increases in total DNA and RNA

content in porcine skeletal Inuscle triceps brachii and

semitendinosis as late as 100 days of age. On the other

hand, concentrations of the two nucleic acids decreased fran

birth to 80 days of age. This observation is in agreanent

with work by Powell and Aberle (1975). Shnilarily, Harbison

et al. (1976) reported increases in total RNA and DNA in

pigs fran 23 to 118 kilograns. Gilbreath and Trout (1973)

found the DNA and RNA concentrations were highest at 1 day

of age but decreased dranatically by 2 weeks and continued
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to decline up to 12 weeks of age in porcine longissimus

rnuscle. However, the RNA concentrations showed inore

variability. Tsai et al. (1973) and Hakkarainen (1975)

pointed out that the concentrations decrease because of

protein accunulation and therefore it is a dilution effect.

To explain the source of the increased muscle DNA

during growth, the electrontnicroscopy work by Mauro (1961)

and the thwnidine incorporation studies by Moss and Leblond

(1970b, 1971) clearly show that a population of cells which

lie between the plamnatnanbrane and the basanenttnanbrane of

myofibers called satellite cells are the source of the new

nuclei. Cardasis and Cooper (1975) canplanented this theory

with results showing decreases in the total satellite cell

population with age. Kelly (1978) found fewer satellite

cells in the extensor digitoruni longus rnuscle than the

soleus nmscle of both developing and nature rats and these

differences in satellite cell nunber were correlated wtih

Inyofiber nuclei density. The soleus had a greater rate of

increase in nwofiber nuclei per nwofiber than the extensor

digitorwn longus as shown by an autoradiographic assesmnent

of [3H] thwnidine incorporation.

The work of Gordon et al. (1966) associated growth in

rat skeletal nmscle during the first 90 days with nuclei

proliferation and fiber hypertrophy, but with hypertrophy

alone during subsequent rat skeletal muscle growth. Moss

(1968a, 1968b) and Swatland (1977) indicated a direct
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relationship exists between nmscle fiber dimneter and the

nunber of nuclei. As pointed out by Hakkarainen (1975) and

Allen et al. (1979) there seems to be a preprogramned

increase of DNA preceding increases in RNA and protein. As

swnnarized by Allen et al. (1979) thernost rapid increase of

DNA occurs during rapid growth periods. Also, the nunber of

nuclei is directly related to fiber size and thisrnay lhnit

the quantity of protein in thernyofiber.

Increases in total RNA is a precondition for increasing

accmnulation of protein (Hakkarainen, 1975) and is a good

Ineasure of protein synthesizing Inachinery (Wannanacher,

1972) as well as fractional protein synthesis rates

(Millward et al., 1973; Garlick et al., 1976). Diet has

also been shown to influence RNA levels (Howarth, 1971;

Giovannetti and Stothers, 1975). Waterlow et a1. (1978)

indicated that the changes in fractional synthesis rate

during develomnent of brain, heart or skeletal Inuscle

reflect changes in RNA content. Winick and Noble (1966),

Powell and Aberle (1975) and Nullward et al. (1975) showed

that the ratio of RNA.to DNA is indicative of the capacity to

synthesize protein.

Henshaw et al. (1971) measured the rate of protein

synthesis per unit of ribosane (the anmunt of radioactive

lysine incorporated into protein per nfllligran of RNA) in

liver and skeletal Inuscle of rats. In anhnals fed ad
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libitwn but growing at different rates, protein synthesis

per unit of ribosanes varied directly with growth rate and

was higher in the liver than mmscle. However, Millward et

al. (1975) also used an RNA activity concept to compare

several rat tissues for the grans of protein synthesized per

day per gran of RNA and noted that this activity declines

during growth as does the fractional protein synthesis

rates. As pointed out by Bergen (197#, 1975) rats on a

restricted diet had lower weight gain than well fed controls

but no differences in mmscle protein synthesis efficiency

related to overall growth were observed. Total carcass

protein accunulation was shnilar between the two groups but

the ad libitwn fed rats gained proportionatelyrnore fat.

Nethodology of Measuring Protein Turnover

Inrnost instances, attanpts tolneasure protein turnover

have involved isotopic methods. In general tenns, these

Inethods are classified into two groups: those rnethods

dependent upon the uptake of isotope into protein and those

dependent upon isotope loss (release) from1protein. Rates of

synthesis can be esthnated fran the first Inethod and

information on both synthesis and degradation rates are

obtained with the second type (Millward et al., 1976a;

Garlick, 1969).

Before the most appropriate method for studying

turnover can be selected,1nodelsrnust be proposed. The use

of such medels requires various assmnptions to be mede in
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describing the biological systemu These assmnptions include

the following: that precursor anino acid pools for exchange

are in a steady state, that there is canplete and

instantaneous mflxing of pools and that a constant fraction

of a substance is transferred in a unit of time. The

shnplestrnodel contains two pools; the free anino acid pool

and the protein bound pool. In the case of protein

turnover, there is considered to be an exchange of the

protein pool with the free anino acid pool. Thernovanent of

one anino acidrnolecule into and out of protein involves the

synthesis and breakdown of one melecule of protein. This

indicates that the incorporation rate of each amino acid

within the protein is proportional to its concentration in

that protein (waterlow et al., 1978).

The isotopicrnethods used generally involve the use of

a single injection, continuous infusion or continuous

feeding of labeled amino acids. With a single injection

method, the specific activity of the free amino acid in

plaana is initially high and then falls very rapidly. A

single measuranent at the end of the experhnent is

insufficient in describing the tune course of specific

activity. To avoid the rapid variations in Specific

activity after a single injection, the use of continuous

infusion methods (H'Inethods involving injections of large

quantities of labeled anino acids are amployed. Since the

single injection Inethod characteristically has sane
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reutilization of label, the injection of large amounts of

nonlabeled anino acid can expand the intracellular pool.

The label which canes out of protein is then mixed with the

extra anino acids and the specific activity declines and the

reincorporation of label is less likely to occur. The use

of this flood method extends the time that the Specific

activity of the precursor pool is at highest levels but

measurement of specific activity of the precursor pool and

protein are needed. With the single injection, protein

synthesis is estimated by the proportion of the precursor

label that is incorporated into protein and breakdown is

estimated by the loss of isotope from the tissue (Waterlow

et al., 1978).

With the continuous infusion method a constant

precursor pool specific activity is obtained. During

infusion, the specific activity of the free anino acid in

blood rises to a constant plateau and the amount of anino

acid leaving the free pool for protein synthesis can be

calculated. While the specific activity rise in the

precursor pool is not instantaneous and therefore sane error

enters into the calculations of protein synthesis, this lag

time to reach maximum specific activity (plateau) becomes

negligible over a period of time long enough to allow

incorporation into protein. However, the infusion time of

the experiment cannot be too lengthy as this could allow

time for some reutilization of isotope (Garlick and

Mi 1 lward, 1972) .
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The change in specific activity (ie., dun/mnole) of the

anino acid in protein (SB) is described as: d SB/dt = kS (SA

- SB), where kS is the fractional rate of protein d SB/dt =

kS (SA." SB), where kS is the fractional rate of protein

synthesis, and SB is specific activity of protein bound

anino acis. SA is the specific activity of the free anino

acid. Since SAtnust be larger than SB for incorporation to

occur, theineasuranent of SA is hnportant. ‘With the single

injection of tracer, the specific activity of protein bound

and free anino acid are plotted over time, and protein

synthesis rates are rneasured, but this requires several

anhnals to accanodate the various tune points. With

continuous infusion, the specific activity of the precursor

pool achieves a constant value after a short lag thne

initially and only one tune point is required sorneasure the

protein synthesis rate (NHllward et al., 1977; Waterlow et

al., 1978).

As shown by Waterlow and Stephen (1967), rats infused

continuously \Nlth I. - [:U-IQC] lysine' for 6 hours, the

specific activity of free lysine in plaana (Sp) reaches a

constant value or plateau (Spinax) and this pathway can be

explained by a single exponential expression: Sp z Sp mex

(l-e'xpt), where Ap is a fitted rate constant for the tune

course of rise of specific activity. The specific activity
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of an infused anino acid at plateaurnay be used to calculate

flux values for the anino acid which can be subsequently

used to esthnate whole body protein synthesis rates

(waterlow, 1967; Waterlow and Stephen, 1967; Garlick et al.,

1973; Millward et al., 1977).

If the rise of specific activity of specific tissues

(51) is considered, it will be lower than that observed in

plasma, but it will be important because the amount of

intracellular anino acid derived fran protein breakdown is 1

- (Sirnax/Splnax). Also, if it is asswned the precursor pool

for protein synthesis is largely Inade up by the total

intracellular free amino acid pool, the rate of protein

synthesis mey be calculated by starting with the equation:

d SB/dt = kS (51"SB)' ‘When this equation is integrated, two

different equations can result depending upon whether the

protein turnover in a tissue is rapid or slow and what

labeled precursor anino acid is used. For tissues such as

liver, kidney and viscera, the following equation is used:

-k t)

_ 1P (l-e S k

SB/Si - ° '-—--- - S
 

Forrnuscle the equation below is used:

sB/s. = R . (1-e'ks‘) 1

i — —:mrt) ' ——°
(1-3 s
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If plasma specific activity is measured at several time

points on different anhnals or the sane anhnal, 1p can be

obtained since this is the exponential rate constant

describing the time course of free anino acid specific

activity rise in plaana. In the second equation, R is the

ratio of the protein bound to free anino acid of the tissue.

Garlick et al. (1976) found values of 80 days-1 for xp and

#00 for R. Neither 1p nor R needs to be known accurately

since they have relatively little influence on calculated kS

values. To solve the equations for kS’ SB/Si and t are

measured at the end of infusion and p or R values are

determined. There is a problan in solving for kS since no

rearranganent of the equations allows for solution of ks.

However, calculations may be performed graphically or by

canputerized iterative procedures. This involves

calculating and plotting several SB/Si values for esthnated

kS values. The value of a kS corresponding to the

experhnentally obtained SB/Si is then obtained (Garlick et

al., 1976; Waterlow et al., 1978).

Since the breakdown rate is not always directly

esthnated by incorporation experhnents, alternatives for

esthnating kD are possible. If the experhnent is designed

so that steady state conditions exist, the fractional

synthesis rate (FSR) should equal the fractional breakdown

rate (FBR). hf the experhnent is perfonned in a growing

situation, the fractional growth rate (FGR, accretion) is
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ineasured by the anount of proteinrnass changed over a period

of a few days and FBR is obtained by the relationship of the

following equation: FGR = FSR - FBR. Thisrnethod has been

used by Turner and Garlick (197#), Garlick et al. (1976),

Millward et al. (1975; 1976b) for muscle and in liver by

Conde and Scornik (1977) and Scornik and Botbal (1976).

Ogata et al. (1978) criticized this method of

calculating kS and kD because measurements of growth were

inade over a period of days and allowances for diurnal

variations were not accounted for. Also, the kS values were

measured only for a 6 hour period of time which is only

representative of part of the 2# hour period. Garlick et

al. (1973) recognized the diurnal variations in synthesis

but stated the duirnal variations are anall.

When FBR isrneasured by disappearance of label after a

single pulse injection, there is a problan of heterogeneity

of proteins and reutilization of the isotope. It is

hnportant to note that breakdown causes no change of

specific activity but synthesis of new protein will dilute

the specific activity in tissues. The problans of

reutilization can be mfinimflzed through proper selection of

labeled precursor. This involves selection of anino acids

that are not stable within the tissueSIneasured (waterlow et

al., 1978).
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By measuring the decay of isotope incorporated into

protein as a means of estimating protein degradation,

reutilization may yield underestimations of degradative

rates (Waterlow et al. 1978). A'more desirable indicator of

protein breakdown would be an anino acid which is not

reincorporated into protein (Young and Munro, 1978).

Asatoor and Armstrong (1967), Young (1970) and Young et al.

(1973) have discussed the potential of using a methylated

amino acid found in muscle as a marker for protein

breakdown. Young and Munro (1978) and Ward and Buttery

(1978) reviewed the criteria for selection of an anino acid

to be used for in vivo muscle protein breakdown studies.

The reliability of using a methylated amino acid for

measuring muscle protein breakdown lies largely with its

lack of charging with anino-acyl RNA, quantitative
t

excretion and constant distribution in skeletal muscle.

While Young et al. (1972), Haverburg et al. (1975),

Long et al. (1975), Young and Munro (1978) and Ward and

Buttery (1978) have shown the urinary excretion of 3-

methylhistidine to be a practical and valid method of

estimating the degradation of myofibrillar protein of

muscle, Nishizawa et al. (1977a, 1977b) have shown that 10%

of the total amount of 3-methylhistidine in the body is

found in skin and gastrointestinal tissues and therefore

these tissues must be accounted for when measuring the

urinary excretion of 3-methylhistidine.
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Recent studies by Mdllward et al. (1980) suggested that

the asswnption that 34nethylhistidine in urine originates

ahnost entirely fran skeletaltnuscle is invalid since direct

rneasuranents of the anino acid in skeletallnuscle, skin and

gastrointestinal mmscle contribute only 2#.9, 6.8 and 9.8%

of the total urinary excretion. However, Harris (1981)

refuted the values reported by Nfillward et al. (1980) and

stated that skeletalrnuscle actin andrnyosin account for 90%

ortnore of the 34nethlhistidine in the urine. Even with the

asswnption that 34nethylhistidine is derived entirely fran

1nyosin and actin of mmscle protein, Harris et al. (1977)

and work by Nfilne and Harris (1978) substantiated results of

Rangley and Lawrie (1976) concerning the unreliability of

using 34nethylhistidine as a Ineasure of Inuscle protein

degradation in sheep or pigs. In these species, they found

the Inethylated anino acid occurs as 21 nonprotein bound

canponent.



MATERIALS ANDIMETHODS

Design of the Experiment
 

Twenty-four crossbred uncastrated male pigs selected

fran eight different litters were used in the study (see

Appendix D for breeding details). Tablel swnnarizes the

experimental design.

Table 1. Experhnental Design

 

Live body weight

Treaflnent 22 kg #5 kg
 

Groupa

Slaughter 1

week before Infusion I IV

Infusion of

ll‘C-tyrosine II V

Slaughter 1

week after Infusion 111 VI

 

aFour pigs per group

32
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Twelve pigs were randanly allocated to each of two groups:

one group was scheduled for radioisotopic infusion at

approximately 22 kg and the other at #5 kg live body

weight. All pigs received the sane 10% crude protein corn-

soybean diet throughout the experiment. One week before

each infusion period, the 12 pigs within each weight group

were allocated to one of three subgroups canprised of four

pigs each. One subgroup of four pigs was designated to

receive the infusion and the other two subgroups of four

pigs each were scheduled for slaughter chronologically 1

week before and 1 week after the infusion at either 22 or #5

kg live body weight. Table 1 shows that group II and V were

the infusion groups at 22 and #5 kg live body weight,

respectively. Also groups I and IV were the pigs

slaughtered 1 week before infusion at 22 and #5 kg live

body weight, respectively, and groups 111 and VI the

noninfused pigs slaughtered 1 week after infusion at 22 and

#5 kg live body weight, respectively. Four noninfused pigs

were slaughtered 1 week before and 1 ‘week after the

infusion groups at 22 and #5 kg (groups 11 and V,

respectively) to observe changes in physical and chanical

canposition, particularly the accretion of skeletallnuscle

and liver protein over the 2 week growing period. The

infused pigs (groups 11 and V) were analyzed for the anount

of isotope incorporation into protein in the longisshnus,

semitendinosis and brachialis muscles of both right and

left sides of the anhnal and liver at the end of a 6 hour

infusion.
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Proxhnate analysis was carried out on both the right

and left side Inuscles and data expressed on canbined

rnuscles (right plus left) basis. This pooling of data was

perfonned by taking the percentagernoisture, fat or protein

tunes the corresponding right or left side mmscle weight,

adding right and left side data and then dividing by the

canbinedtnusclelnass. Nucleic acids, protein fractionation

andrnyofiber dianeter analysis was perfonned upon the right

sidernuscles only.

Slaughter Procedure, Tissue Collection and Preparation

The noninfused pigs were held off feed for

approxhnately 6 hrs before weighing and slaughter. None of

these anhnals received immebilization treannent prior to

severing the carotid artery and juglar vein. Shortly

before cessation of bleeding had occurred, the pigs were

placed on a table for excision of tissues. The

longisshnus, sanitendinosis and brachialisrnuscles fran the

right and left side of each pig as well as the livers were

ranoved within 5 mfinutes. In all cases, the three right

rnuscles were ranoved first, then the three lefttnuscles and

the liver was removed last. Muscles were trimmed of

subcutaneous fat, weighed to the nearest tenth of a gran

and frozen rapidly in either Dry-ice and isopentane or in

liquid N and placed in polyethylene bags. Thetnuscle and

liver sanples were stored in a -90 C chest freezer.
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Powdering of the Frozen Muscle and Liver

The frozen muscle and liver sanples of infused and

noninfused pigs were ranoved fran the -90 C storage freezer

and powdered essentially as outlined by Borchert and

Briskey (1965). Powdering was perfonned in a -30 Ciwalk-in

freezer roan. The tissues were broken into anall pieces by

use of :1 banner after the frozen sample was placed in a

denhn cloth bag. The broken pieces of tissue were placed

into either a Waring Blendor jar or a high speed impact

tnill along with crushed Dry-ice and pulverized for 20 to 30

seconds. The pulverized sanples 'were sifted through a

screen and the ranaining coarsetnaterial was re-pulverized.

The powdered sanples were mflxed thoroughly and subsanples

placed in Whirl-Pac bags. The bags were left open at -30 C

for 6 to 12 hrs (depending upon quantity of sample) to

allow the carbon dioxide to escape. Sanples were then

sealed and again stored in the -90 C freezer for further

analysis.

For the radioactivernuscle and liver sanples, a anall

stainless steel cart served as a base upon which a clear

plastic tent was constructed. The powdering (as described

previously) was perfonned inside the tent to reduce

contanination of air and surfaces of the -30 C freezer.
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Standardized Procedures of Tissue Analysis: Determination
 

of Nucleic Acids, Skeletal Muscle Protein Fractionation

and Proximate Analysis

Since these procedures are routinely performed, a

detailed description will not be given. The method used

for RNA and DNA estimation was a modified Munro and Fleck

(1969) procedure and was described in detail by Mostafavi

(1978). The protein fractionation procedure used was a

modified Helander (1957) method. Again this method was

detailed by Borton (1969), Eversole (1978) and Mostafavi

(1978). The only difference was the use of a .05 M

phosphate buffer to extract the low ionic strength

extractable (sarcoplasmic) proteins. N determinations on

all sanples and skeletal muscle protein fractions were

performed by a micro-Kieldahl method as prescribed by the

American Instrunent Canpany (1961). AOAC (1975) methods

were used for moisture and ether extractable fat

determinations .

Procedure for Estimating Myofiber Diameter

The three right side muscles fran each noninfused pig

were analyzed for myofiber dianeter. The tip of a

laboratory spatula was used to measure small quantities

(approximately 200 mg) of frozen powdered muscle. Sanples

were imnersed in approximately 2.0 ml of a 1.096

glutaraldehydeBSS buffer (Appendix A.1). The small 5 ml
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atanic absorption beakers containing the abovernixture were

refrigerated at approxhnately # C for 1 hour. At the end of

1 hr, the liquid portion was pipetted off and discarded.

Twornilliliters of B55 buffer (Appendix A.2) were added and

pipetted off to wash the samples. Twornilliliters of .OZAA

guanidine - till buffer (Appendix A.3) were added and the

mixture allowed to stand at roan tanperature for 8 hour.

The guanidine-HCI buffer was pipetted off and 2.01nl of B55

buffer used to wash the sanple. To all sanples, 2.01nl of

B55 buffer plus two drops oflnethylene blue indicator were

added and shaken gently at approxhnately # C for 2 days. At

the end of 2 days, the beakers were swirled and one drop of

the mixture placed on a mficroscope slide, and cover slip

applied and lightly tapped to remove air bubbles. The

slides were viewed through a light mflcroscope with a X#0

objective and a total magnification of #00. A minimtm of

50 fibers wasrneasured with thernicraneter scale of the eye

piece which was calibrated with a stagelnicraneter. lMean

fiber dianeters were expressed inrnicraneters.
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Protocol for the Infusion of Isotgpe

Infusion Technique
 

All pigs designated for infusion were handled shnilarly

with the exception of the first pig. Since the use of a

sling apparatus with this pig was unsuccessful in keeping

the pig fran struggling during infusion, anotherlnethod was

tried which proved to be successful and was used in

subsequent infusions. This procedure involved a V-shaped

structure in which the pig was laid on his back and

restrained with rubber belts around the thoracic and

abdaninal regions. The fore and hind legs were secured to

prevent excessive legrnovanent. The head was hnnobilized by

tying the snout to a U-shaped extendible rod.

An intravenous catheter fran Becton Dickerson was

inserted into an ear vein. This catheter consisted of a 20

gauge by 6.# an teflon tube with a 2# gauge inner needle and

syringe connection. The right vena cava was punctured with

a 12 gauge steel needle and 18 or 20 gauge tubing inserted

into the vein through the needle for a distance of

approximately 25 centimeters. Once the catheters were

secured with tape, they were flushed with a heparinized

saline solution. The ear catheter was connected to 20 gauge

tubing which was connected to a 20 cc syringe containing the

radioisotope. This syringe plunger was driven by a Harvard

Infusion punp at the calibrated rate of 2.51nl/hr. The vena
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cava catheter tubing was used for withdrawing 5 ml blood

sanples. After the zero-thne blood sample was taken and the

infusion initiated, blood sanples were withdrawn every 10

Inin for the first 2 hrs, every 151nin for the third hour and

every 201nin for the ranainder of the 6 hr infusion period.

The blood sanples were poured out of the syringe into

heparinized Corex tubes and placed on ice. At the end of the

6 hr infusion, the pigs were given a 5 to 10 cc dose of

phenobarbitol, ranoved fran the infusion apparatus and the

juglar vein and carotid arteries severed. NUddle portions

of the longisshnus, sanitendinosis and brachialis mmscles

fran the right and left sides and the lateral lobe of the

liver were ranoved, placed in polyethylene Whirl-Pac bags

and frozen in liquid N. Twelve to 15 hrs after collection,

the blood sanples were centrifuged at 3,000 x g for 15Inin

and the plasma portion placed in small vials which were

stored at ~90 C.

Dilution of Isotope

A total of 750 uCi of uniformly labeled 1“C—tyrosine

was purchased fran.Anershan Corporation (Arlington Heights,

Illinois). For the first infusion period, 25011Ci of the

radioisotope were diluted into 701nl of sterile .9% saline.

For the second infusion period, 500 uCi of the isotope were

diluted with 60 ml of sterile .9% saline. The level of

radioisotope infused at both periods was calculated to be

approxhnately 11 uCi/kg body weight. The diluted isotope

was then stored at subfreezing tanperatures until used.
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Specific Activity Assay

For the assessment of the specific activity of L-

tyrosine in the muscle and liver tissues and blood sanples

from the pigs infused with L—[U-MC] tyrosine, there were

two major phases: the liquid scintillation counting and the

relative quantification or estimation of L-tyrosine

concentration. The specific activity of tyrosine in the

supernates of TCA precipitated blood plasma and muscle or

liver sanples as well as, the tissue derived protein

hydrosylates were determined by the method described by

Garlick and Marshall (1972) and Garlick et al. (1976). The

method involves the enzymatic conversion of L-tyrosine to

tyranine via decarboxylation by bacterial L-tyrosine

decarboxylase. This enzwne conversion is necessary to give

greater assurance that the assay is specific for protein

bound tyrosine and not other metabolic pathways (the

tyranine estimation assay will react with phenylalanine,

tyrosine or tyramine) or the D-isomers of tyrosine which may

have been included in the infusate. After the enzymatic

conversion step is completed, the tyranine is counted for

radioactivity or estimated for relative quantities. The

quantitation assay involves the reaction of tyranine with 1-

nitroso-2-napthol and nitric acid solutions (Appendix A. #)

to yield a yellow solution which at concentration higher

than 25 n moles can be read on a spectrophotometer, or read

on a fluororneter at lower concentrations (Undenfriend and

Cooper, 1952; Waalkes and Undenfriend, 1957).
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Plaana Specific Activity

Five milliliters of blood were withdrawn from the

infused pigs at specific thnes to eventuallylneasure plaana

specific activity. This provides arnonitor for the progress

of the infusion experiment as the specific activities of

plaana at each sampling point are plotted and the rate of

rise to maximum specific activity (X) is estimated. Each

blood sanple was precipitated with 10%, (w/w) TCA and

centrifuged at 3000 x g for 15 minutes. The free or

nonprotein bound tyrosine fraction was extracted three tunes

with three volunes of ether to remove the TCA. The TCA

precipitated, ether extracted sanples were then placed in 50

1nl culture tubes and the aqueous portion driven off by use

of a sand trough heatinglnantle at 60 C and under a steady

stream of N gas. The dried samples were resuspended in 501n1

culture tubes with 21nl of .5 M citrate buffer, pH 5.5 and

the pH of the resuspended sample adjusted with .2 N NaOH.

These resuspended sanples were then taken through the enzwne

decarboxylation procedure (see’ Enzyme: Decarboxylation

section for discussion).

Tissue Specific Activity

The ensuing discussion involves only the steps involved

in preparing the mmscle or liver tissue for enzwne

conversion. Both the free and bound tyrosine specific

activities were esthnated. To obtain the nonprotein bound

or free amino acid pool in the powdered radioactive mmscle
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and liver sanples, 5 g of each sanple were precipitated in

50 m1 Nalgene centrifuge tubes with 20% (w/w) cold TCA,

allowed to stand on ice for 15 mun and then centrifuged at

12,000 x g for 15 minutes. The supernate containing the

free tyrosine was decanted and saved. The pellet was washed

two additional tunes with TCA after breaking up the pellet

and then recentrifuged. The supernates fran each

centrifugation were pooled and extracted three thnes with

three volunes of ether. The pooled, ether extracted

supernates were then dried (Appendix B), resuspended in 21nl

of citrate buffer, pipetted into 50 ml culture tubes and

checked for pH adjusUnent to 5.5. The dried, buffer

resuspended supernate samples were then taken through the

enzmne conversion procedure (see Enzyme~ Decarboxylation

Procedure).

In preparing the powdered radioactivernuscle and liver

sanples forlneasuranent of the protein bound pool, 1.0 g of

each sanple was precipitated in 151nl corex tubes with 5.0

rnl of cold 20% TCA, allowed to stand on ice for l5lnin and

then centrifuged at 12,000 x g for l5tninutes. The pellet

was disrupted, reprecipitated and recentrifuged two

additional tunes. The pellet was then taken through 1a

sequential series of drying steps. Fivernilliliters each of

0% potassiun-acetate in ethanol, ethanol-chlorofonn (3:1),

ethanol-ether(3:l), ether and hot 2 N HCIOW were used in the

drying sequence. After the perchloric acid step, the
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pellets were placed on Whatman paper to air dry and then

stored in small vials until needed. The dried protein

pellet derived from 1.0 g of tissue was then placed in

hydrolysis tubes with 20 ml of 6 N HCl. A stream of N gas

was added to each tube for approximately 30 sec and the tube

capped tightly. The hydrolysis tubes containing the dried

protein and HCl were hydrolyzed in an autoclave for 20 hr,

at 107 C and 7 mm Hg. At the end of 20 hr, the hydrolyzed

samples were dried down (Appendix B), resuspended in 2 ml

citrate buffer, pipetted into 50 ml culture tubes, pH

adjusted to 5.5 and then taken through the enzwne conversion

procedure (see Enzyme Decarboxylation Procedure).

While tyranine estimation of the tissue free pool was

performed on an aliquot of the supernates derived from the

TCA precipitation of 1.0 g tissue sanples, the estimation of

tyranine in the protein bound pool required preparation of

smaller quantities of tissue. Two tenths g of powdered

radioactive muscle or liver was precipitated in 15 ml corex

tubes with 2.0 ml of cold 20% TCA. The tubes were allowed to

stand on ice for 15 min, centrifuged at 12,000 x g for 15

minutes (repeated twice) and the pellet taken through the

drying sequence. The dried protein derived fran .2 g of

tissue was then hydrolyzed in 20 ml of 6 N HCl for 20 hr at

107 C and 7 mm Hg. The hydrosylates were dried (Appendix B),

resuspended in 2.0 ml citrate buffer, pipetted into 50 ml
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culture tubes, pH adjusted to 5.5 and taken through the

enzyme conversion procedure (see Enzyme Decarboxylation

Procedure).

Enzyme Decarboxylation

The enzyme L-tyrosine decarboxylase (L-tyrosine-

carboxy-lyase) isolated from streptococcus faecalis and

having V max activity such that one unit of enzyme liberates

1.0 mole of CO2 from tyrosine per minute at optimum pH of

5.5 and temperature of 37 C was purchased fran Sigma

Chemical Co. The enzyme was kept frozen until weighing and

suspension in buffer. For the free (supernate) fractions

enough enzyme was weighed and suspended to make a

concentration of 2 Units/m1 or 3 Units/ml for the bound

(hydrolyzed) fractions. The enzyme was prepared by washing

twice with pH 5.5 citrate buffer and then suspending in .5 M

pH 5.5 citrate buffer. Two hundred microliters of the

enzyme suspension were added to the 2 ml resuspended

supernates (derived from 1.0 or 5.0 g tissue) and .# ml

added to the 2 ml resuspended pH optimized hydrosylated

(derived from either 1.0 or .2 g of tissue). The 50 ml

culture tubes containing either the resuspended supernates

or resuspended hydrosylates plus added enzyme were capped

and then incubated at 37 C for 90 minutes. At the end of

incubation, l g each of NaCl and Na2C03 (anhydrous) were

added to the tubes and the tubes shaken vigorously. Ten
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mfilliliters of ethyl acetate were then added and the tube

plus contents vortexed vigorously. The tubes were capped

and then centrifuged at 2#0 x g for 101ninutes. The organic

phase (top) only was transferred to another clean 50 ml

culture tube and the salt phase discarded. To each tube

with the organic phase, approximately 10 ml of chloroform

were added. For the blood, 1.0 or 5 g tissue derived

supernates and the .2 g hydrosylates, #.5 to 5.0 ml of

diluted sulfuric acid (1:500) were pipetted into the tubes

with the organic phase and the tube shaken or vortexed

vigorously. For the hydrolyzed sanples derived fran 1.0 g

tissue, 2.5 ml of diluted sulfuric acid were used. The

tubes that now contained the organic phase and an acidified

aqueous layer were allowed to stand overnight at # C and

were then centrifuged at 2#0 x g for 101ninutes. The aqueous

layer for the plaana derived sanples was divided into

aliquots for counting (see Counting Procedure) and the

tyranine assay. The aqueous layer for the supernate sanples

derived from15 g of tissue and that for the 1.0 g hydrosylate

was used for counting of the free and bound fractions,

respectively. The aqueous layer for the .2 g sanple

hydrosylate was used for the tyranine assay to estimate

bound tyrosine while the 1.0 g tissue derived supernate

sanples aqueous layer was used in the tyranine assay.
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Tyramine Assay

Either 2 ml of the aqueous layer obtained from the

decarboxylation procedure or known portions thereof were

transferred to clean 501nl culture tubes and volunes brought

to Zlnl with diluted sulfuric acid. For the aqueous layer

obtained from the decarboxylation procedure of the plasma

sanples and the 1.0 g tissue supernates, 2.01nl were taken

fran the aqueous layer and used directly. For the .2 g

tissue hydrosylates taken through the decarboxylation

procedure, .1 mu of the aqueous layer was used and brought

to 21nl final volume with diluted sulfuric acid. To each of

the 21nl sanples and prepared tyranine standards (appendix A

6) in the 501nl culture tubes, ltnl of a l-nitroso-Z napthol

solution and lrnl of a nitric acid solution (Appendix A 5)

were added. The tubes were shaken or vortexed vigorously

and incubated at 55 C with shaking for 30 mfinutes. After

cooling to roan tanperature, lOInI of ethylene dichloride

were added to extract excess nitrosonapthol. Thelnix was

then vortexed and centrifuged at 2#0 x g for 51ninutes. The

yellow colored aqueous phase of thisrnix is the top layer

and this layer was aspirated and read on a fluoraneter for

concentrations less than 25 mnoles or on a spectrophotaneter

for concentrations above 25 nananoles. The plaana derived

samples were read on a Varian Spectrofluororneter (Model SF-

330, Varian Associates, Inc., Palo Alto, California) with

settings of 570 nrn for excitation and #60 nm for the

fluorescence. The estimation of tyranine in the bound pool
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of muscle and liver was performed on the .2 g derived

hydrosylates and in the free fraction supernates fran 1.0 g

tissue that had been taken through the decarboxylation

procedure. ‘The yeIIOW' colored aqueous phase for these

sanples were read on a Beckrnan Spectrophotometer (Model 2#,

Bechnan Instrunents, Irvine, California) at #60 nananeters.

Counting

After pipetting off the aqueous layer fran the enzwne

decarboxylation procedure, 1.0 to 2.0 ml of this aqueous

layer was counted in 10 ml of a cannercially prepared

scintillation cocktail (Aquasol-Z Universal Liquid

Scintillation Cocktail, New England Nuclear, Boston,

Massachusetts) designed for counting aqueous sanples.

Plastic scintillation vials were counted in a Packard Tri-

Carb Liquid Scintillation Spectraneter “Model 3310, Packard

Instrunent Canpany, Downers Grove, Illinois). All samples

were counted for 501nin and counting efficiencies detennined

fran a channels ratiornethod.

Prelhninary Studies on Procedures

The mest satisfactory results were obtained when the

free pool obtained fran 5 g of tissue was dried,

resuspended, decarboxylated and used for counting while the

free pool obtained from1 1.0 g of tissue ‘was used for

tyramine estimation. However, aliquots from the aqueous

layer of the last step of the enzwne decarboxylation

procedure derived fram the 5 g tissue supernatelnay also be
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used for tyranine esthnation and gives greater color

development for spectrophotaneter readings. Higher counting

efficiencies were obtained for the bound pool when 1.0 g

tissue sanples were used. Any sanple size larger than this

yields problems in hydrolyzing as there seems to be more

breakdown of carbon materials when the ratio of HCl to

sanple deviates below 20:1. Use of tissue sanple size less

than 1.0 g resulted in fewer counts. Use of sanple sizes

larger than 1.0 g resulted in lower (variable) counts but

thisrnay be a problan in having excessive anino acids which

require considerable NaOH to bring pH of resuspended sanple

to 5.5 and this NaOH affected the enzwne.

For the tyranine esthnation assay, .2 g of fresh liver

orrnuscle sanple was used for the bound tyranine but only .1

rnl was taken fran the 2.0 to 2.51nl aqueous layer of these

sanples after the decarboxylation procedure. Iftnuchtnore

than this is used in the tyranine assay, excess color

developnent occurs.

In testing the overall procedure in prehninary studies,

several approaches were used. Varying anounts (asrneasured

by Can) of L-[ U-luC] tyrosine was taken through the entire

procedure and the counting and tyranine assay performed.

Inconsistencies occurred but a range of 70 to 110% of the

counts were recovered. Quantities of tyrosine were taken

through the decarboxylation procedure under opthnun

conditions andlneasured by a tyranine and tyrosine standard

curves in the tyranine esthnation assay. Recoveries of 80
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to 95% were observed with this approach indicating sane

losses of radioactive tyrosine Inay ioccur in the iassay.

However, when tissue free and bound fractions were spiked

with isotope and assayed, the ratios of bound to free

specific activity showed negligible differences from

nonspiked samples. It is concluded that while losses of

tyrosine or tyranine occurs in the assay the relative

specific activity ratios were less affected.

The anount of enzwne added was also tested upon known

quantities of tyrosine and on aliquots of tissue free

supernate and bound hydrosylates and the enzwne quantities

given in the procedure were selected. Length of incubation

had less effect on action of the enzyme and 60 min was

sufficient thne but 90rnin incubations were used as a safety

factor. The amount of enzyme added seemed to be less

critical than having an opthnun pH of 5.5 in the test tube.



RESULTS AND DISCUSSION

Live Body weight and Muscle‘Weights
 

Table 2 shows the live body weight (LBW)1neans of each

group within the 22 and #5 kg growth periods. LBW increased

(P <.02) by 30.5 and 31.9%10ver the 2 week period at 22 and

#5 kg, respectively.

TABLE 2. Live Body Weightheans and Net Change in Live

Body Weight Over Two Week Growth Periods at 22 and #5

kilograns

 

 

 

22 kg Level #5 kg Level

of of

I 111 significancea 1v VI significanceb

LBW, kg 18.7 24.4 .01 #2.6 56.2 .02

Change in

LBW, kg 5.7 13.6 .osc

 

aSignificance probability of F statistic between groups I

and III

Significance probability of F statistic between groups IV

and VI

b

CSignificance probability of F statistic of net LBW change

over the 2 week period at 22 and #5 kg LBW

5O
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Figure 1. Live body weight change (increase)

of pigs over 2 week growth periods

at 22 and #5 kilograns.
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The change in LBW over each 2 week growth period shown

in Table 2. The absolute change of 13.6 kg at #5 kg was

higher (P <.08) than the 5.7 kg increase over the 2 week at

22 kilograns. These observations are also plotted in Figure

1 to show a slightly steeper slope for the pigs at #5

kilograns. Since both increases were incurred over a 1# day

interval, the #5 kg pigs had arnore rapid growth rate than

those at 22 kilograns. However, if the respective

percentage increases of 30.5 and 31.9% are divided by 1#

days and we asswne growth rate was constant within each of

the respective periods, then the percentage increase in LBW

is 2.2%/day at 22 kg and 2.3%/day at #5 kilograms. The

growth of these boars was considerably greater than the

l.0%/day found by Garlick et al. (1976) for 75 kg pigs. No

mention of sex waSInade in that study but if the pigs used

were castrates, the difference of that study to this study

is understandable.

The observation of faster LBW gain for the pigs at #5

kg, is not surprising since Becker et ial. (1966) showed

increased daily gains in pigs as they increased in weight

from11 kg to 100 kg LBW. ‘This is also canpatible with growth

studies by Doorenbal (1971) in which the entire interval

fran weaning to 130 kg LBW is a period of intensive growth.

The canbined weights of the right and left longisshnus

(LD), semitendinosis (ST) and brachialis (BR) muscles are

given in Table 3 for each group.



5#

Muscle weights increased (P< .05) over each 2 week

growth period except for the LD at 22 kg and the BR at #5

kilograns. lMuscle weight increased by 12.2, #3.0 and 31.2%

for the LD, ST and BR, respectively at 22 kilograns. At #5

kg, the LD, ST and BR.mmscles increased in weight by 28.#,

28.8 and l#.8%, respectively. This indicates that changes

in growth rate are occurring for thernuscles. Table 3 also

shows the net increase intnuscle weights that occured during

the 2 week period at 22 and #5 kilograns. The 28.#%>or #53 g

increase of the LD at #5 kg was greater (P< .02) than the

12.2% or 8#.5 g increase of the LD at 22 kilograns.

Likewise, the 93.1 g increase of the ST at #5 kg was greater

(P< .0#) than the 56.8 g increase at 22 kilograms. Even

though the changes over the 2 weeks at 22 and #5 kg are

significantly different in absolute values for the ST, the

percentage increase was less over the #5 kg period. The BR

showed nonsignificant differences in thernagnitude oflnuscle

weight changes during the two periods. The data indicate

the LD increased in weight at a faster rate at #5 kg LBW than

at 22 kg while the ST and BR rnuscles showed a lower

percentage increase in weight per day when the 22 kg LBW is

compared to that observed at #5 kilograms. This is even

clearer when the absolute weight changes are expressed on a

per day basis. When the increase per day over the 22 kg

period is canpared to the increase per day at #5 kg, the LD

changed fran 6 to 32 g/day, the ST fran # to 6.6 g/day and

the BR fran .8 to 1.0 g/day. At this point, without
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mentioning composition of this gain, it appears the LD has a

greater impetus for growth at #5 kg than at 22 kg while the

ST and BR show a decreasing impetus at #5 kg compared to 22

kilograns.

The muscle weight expressed as a percentage of LBW were

not different statistically over either period for any

muscles as shown in Table 3. Muscles were maintained at

about 3.5, .7 and .2% of LBW for the LD, ST and BR,

respectively. This observation indicates proportionate

deve10pment of the muscular tissues of the body as LBW

increases. This has been substantiated previously by

reports on the proportionate growth of individual muscles of

cattle (Butterfield and Berg, 1966), sheep (Lohse et al.,

1971) and in pigs (Richmond and Berg, 1971; Cole et al.,

1976). Miller (1969) indicated how different tissues show

variation in rate of weight incranents so that the organ or

tissue contribution to LBW varies during growth. Muscle

mass increases more rapidly than LBW during growth and

represents about 25% of the LBW at birth and over #0% at

sexual maturity.

The muscle weight data of Table 3 and shown graphically

in Figure 2 appear to show a disproportionate growth pattern

for the #5 kg period canpared to the 22 kg period. However,

when the net increase in muscle weight over each growth

period is expressed as a percentage of the net increase of

LBW over each growth period, the 22 and #5 kg period value

are 1.5 and 3.3%, 1.0 and .7% and .2 and .l% for the LD, ST



57

Figure 2. Net change in weight of the longissimus

(LD), semitendinosis (ST) and brachialis

(BR)1nuscles over 2 week growth periods

of pigs at 22 and #5 kg live body weight.
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and BR, respectively. Although thesernanipulations were not

analyzed statistically, It appears mmscles ck) change in

their propensity for growth with increasing LBWR Additional

growth periods need to be investigated to verify the

observed rapid growth for the LD during the 2 week period at

#5 kilograns.

Table # shows the fat free muscle weights and the

change inlnuscle weight over each 2 week growth period. The

fat free mmscle weight data follow the sane pattern as the

gross muscle weight. These data indicate muscle weight

changes in Table 3 or # were not significantly affected by

the anall differences in fat content.

Chemical Canposition of Muscles

Table 5 lists the percentagetnoisture, fat and protein

(Kjeldahl N x 6.25) of the three muscles for each group

within the 22 and #5 kg growth periods. Other than

significant increases in percentage fat at #5 kg for the LD

and BRInuscles and decreases in percentagelnoisture for the

BR over both growth periods, the percentage medsture, fat

and protein for the three muscles were not statistically

different over the two growth periods. However, the BR had

a decrease (P< .08) in percentage protein at #5 kg LBW.

There ‘was a definite trend for percentage tnoisture to

decrease and percentage fat to increase over each 2 week

growth period with no trend detected for changes in

percentage protein for the threetnuscles.
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Miller (1969) provided an integrated approach to the

events occurring during the developnent of protein synthetic

activity of various tissues or organs of the growing anhnal.

Protein synthetic activity increases as a result of

increases in total DNA. and IUWA. Also, Forbes (1968)

indicated that the percentage water decreased while

percentage protein increased (expressed on a fat free body

weight) during developnent with the rate of change slowing

and eventually attaining a plateau. Hakkarainen (1975)

substantiated this pattern in growing pigs. ‘Work by Zucker

and Zucker (1963), Bailey and Zobrisky (1968) and Searle et

al. (1972) showed that protein and fat accretion occurs

shnultaneously in early growth periods but the rate of fat

deposition superceded the rate of protein accretion at

heavier body weights. Also, the increases of protein and

fat and decreases in water content of mmscular tissue have

been found to be correlated with increasing animal age

(Dickerson and ‘Widdowson, 1960; Hakkarainen, 1975;

Giovannetti and Stothers, 1975). The relationship of

moisture, fat and protein on a percentage basis has been

observed by others (Dickerson and Widdowson, 1960; Reid et

al., 1968). Hakkarainen (1975) indicated that adult

concentrations of protein are attained in ainatter of a few

weeks after birth in the pig. The decreases in moisture

result fran displacanent oflnoisture by increases in fat and

protein. Nfiller (1969) discussed developnent as a process
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of continuous changes ir1 body' chanical canposition. At

birth, the protein content ofinost tissues is around 12%1but

this increases rapidly during the suckling period until a

plateau of about 20% is attained. Nevertheless, not all

tissues are synchronous in pattern and no one thne point can

be designated as the point of chemical maturity. Miller

also indicated that skeletal mmscle increases rapidly fran

hmnature tornature levels of protein concentration early in

developnent.

The data over the 2 week period of 22 kg fran Table 5

indicate that the three mmscles were not changing

dranatically in chanical canposition. However, at #5 kg,

all three muscles appeared to have increasing impetus to

deposit fat but the BR showedinore definite indications of

reaching a point where rate of protein deposition ‘was

plateauing and being superceded by fat deposition and

therefore significant (P <.09) decreases iJiiwater content

was observed.

Although not shown in tabular fonn, if the proxhnate

analysis data for theinuscles fran respective 22 and #5 kg

periods are pooled and canpared, shnilar trends of

decreasing percentage meisture, increasing percentage fat

and nonchanging percentage protein are observed.

It can also belnentioned that the values in Table 5 are

pooled from analysis of the individual right and left

Inuscles fran each group. As can be seen in Appendix E, there
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is variation between right and left sideinuscles. Because

of this observed variation, values were pooled as described

earlier and expressed on the basis of the individualinuscles

mass.

Another way of looking at changes in chanical

composition over time is by expressing data on a whole

inuscle basis. Table 6 sunnarizes the total grans of fat or

protein (Kjeldahl N x 6.25) perinuscle. The data iri‘Table

6 illustrate two general trends: that muscles differ in

their developnental pattern of changing chanical canposition

and that fat accretion is occurring at the sane time as

rapidlnuscle protein deposition. The LD and ST over the 2

week period at 22 kg had no changes in total fat deposition

but at #5 kg had significant (P< .0#) increases in total

fat. The BR had anall but significant increases in fat over

both the 22 and #5 kg periods. These increases in fat were

1.1 and #6.#%ifor the LD, 33.3 and #9.2% for the ST and 5#.5

and #7.0% for the BR for the 22 and #5 kg periods,

respectively. Total protein per mmscle increased (P< .0#)

for allinuscles but nonsignificantly for the 22 kg LD and #5

kg BR. These increases represent a 1#.# and 28.9% increase

for the LD, a 9.3 and 30.P% increase for the ST and a 28.0%

and 10.0% increase for the BR for the 22 and #5 kg periods,

respectively.

It appears that when there is no change in total fat

perinuscle but increases in total protein, there is a period

of rapid protein synthesis and deposition. This would be
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characteristic of the 22 kg LD and ST. The data in Table 6

seem to support data fran Berg and Butterfield (1976) in

that there scans to be an anterior to posterior progression

of the anhnal with respect to fat deposition and chanical

maturity (plateau of protein deposition, increased rate of

fat deposition) with shoulder inuscles having greater

propensity tornature earlier than hindlhnbinuscles.

Table 6 shows that all threeinuscles over the #5 kg

period and the BR mmscle over the 22 kg period depositing

significant anounts of fat ‘while protein 'was increasing

(P< .0#) for the #5 kg LD, the 22 kg BR and the ST during

fran both periods. Although not shown in tabular fonn, if

the data for each period are pooled and canpared, the rate

of fat deposition isrnore rapid during the #5 kg period than

the 22 kg period. This is shown graphically in Figure 3.

Table 7 illustrates the changes in canposition via the

ratio of total protein (total Kjeldahl Nlninus nonprotein N)

to total fat for each muscle. As shown in the table no

statistical differences in protein to fat ratio were

observed except for the #5 kg period BR. Also, these data

show that as rate of fat deposition increases, the ratio of

protein to fat will decrease unless the rate of protein

deposition is also increased.
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Figure 3. Net accretion of fat in the longissimms

(LD), sanitendinosis (ST) and brachialis

(BR)1nuscles over 2 week growth periods

of pigs at 22 and #5 kg live body weight.
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When the total increase oflnuscle protein and fat over

each 2 week period at 22 and #5 kg is analyzed as a ratio of

protein to fat gain for the threeinuscles as shown in Table

8, the meturity patterns of developnent for theinuscles is

even inore evident. The canposition of gain changes

dranatically with the increase in live body weight and has

proportionately mere fat, thus decreasing the ratio. The

designations of late, intennediate and early for the LD, ST

and BR, respectively are arbitrary classifications since the

STrnay also be a latetnaturinglnuscle. However, it appears

that the BR is an earlylnaturingtnuscle.

.Muscle Protein Fractionation

Muscle protein extraction results are presented in

Table 9 with the myofibrillar, sarcoplasmic and strorna

protein fractions expressed as a percentage of total protein

(total Kjeldahl N ininus nonprotein N x 6.25). The

percentage of sarcoplaanic protein changed for the LD

(P< .09) and ST (P<.01) over the 2 week period at 22

kilograns. However, for the LD this change was a decrease

in percentage but for the ST this was change an increase.

The percentagelnyofibrillar protein increased (P< .09) for

the #5 kg ST and 22 kg BR. These data show no detectable

trends and as presented in Table 9 they offer little

infonnation about the protein synthetic capabilities of the

anhnals. However, the data does show that when expressed as

a percentage of the total protein, the 1nyofibrillar

proteins canprise over 50%, the sarc0plaanic proteins 25%
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and strana proteins about 20 to 2#%. The decreases in

sarcoplaanic concentration over the 22 kg period corresponds

to results by Young (1970) who showed that this fraction

declined or ranained constant during growth.

The percentage strana fraction was not statistically

different over either period at 22 or #5 kilograns. This is

a valid criticism of the Helander (1957) procedure used

since the strana fraction is obtained by difference.

Since protein fractions are Inore traditionally

expressed as a percentage of the total Kjeldahl N times

6.25, Table 10 was developed. Again, there are no

detectable trends observed partly due to variation between

anhnals. These data for the three mmscles show values of

approximately #6, 22, 20 and 10% for the myofibrillar,

sarcoplaanic, strana and nonprotein N fractions,

respectively. With the exception of lower myofibrillar

percentages, these values correspond with values of 53 to

50%, 20 to 25% and 11 to 13% for the 1nyofibrillar,

sarcoplasmic and nonprotein N fraction reported by Hill

(1962). ‘The rnyofibrillar percentages are xvithin ‘values

obtained by Borchert and Briskey (1965).

Although not shown in tabular fonn, if the grouplneans

within the 22 and #5 kg periods are pooled, the percentages

or concentrations of the protein fractions showed no

detectable differences.
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A mere meaningful expression of the protein fractions

is presented in Table 11 where the concentration Ong/g) of

each fraction was taken tunes eachinuscleinass to obtain the

total protein in each fraction per muscle. Total grans of

protein increased by 11.8 and 28.0%, #1.6 and 26.7%»and 30.5

and 10.6%ifor the 22 and #5 kg period LD, ST and BRtnuscles,

respectively. However, only the increases for the #5 kg LD,

22 kg BR and both 22 and #5 kg ST were significant (P< .05).

Since the myofibrillar fractions represent over 50% of the

total protein, these data parallel the data for total

protein. The net increases of total protein and

myofibrillar fractions over each 2 week growth period are

shown graphically in Figures # and .5. These figures

represent theineans of four pigs per group and show greater

rates of protein deposition at #5 kg for the LD and ST but

shnilar increases for the BR at both weight periods.

When the total protein and protein fractions perrnuscle

data fran each group at each weight are pooled, there was

more (P<.01) protein or fraction at #5 kg than at 22

kilograns. Also, if the ratio of mwofibrillar to

sarcoplaanic protein is calculated fran these pooled data,

values of 1.06 and 1.98, 2.06 and 2.01 and 2.12 and 1.95 for

the 22 and #5 kg LD, ST and BR, respectively are obtained.

The increase in ratio for the LD and the decrease for the BR

are both significant (P <.05) indicating possible changes in

rates of synthesis of one or both fractions.
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Figure #.

77

Net accretion of protein (total

Kjeldahl Nininus NPN thnes 6.25)

in the longissimus (LD), sani-

tendinosis (ST) and brachialis (BR)

muscles over 2 week growth periods

of pigs at 22 and #5 kg live body

weight.
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Figure 5.

79

Net accretion ofrnyofibrillar protein

in the longissimus (LD), sanitendinosis

(ST) and brachialis (BR)1nuscles over

2 week growth periods at pigs at 22

and #5 kg live body weight.
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Table 12 presents the gross changes or accretion of

protein, protein fractions and fat over each 2 week growth

period. As already discussed, the LD and ST accunulated

total protein and myofibrillar protein at a faster rate at

#5 kg while the BR showed no statistical difference.

Percentage increases for total protein at the 2 periods have

already been mentioned, however, the increases for

myofibrillar protein was 15.5 and 30.0%, #1.0 and 32.0% and

33.3 and 7.6% for the 22 and #5 kg LD, ST and BR,

respectively. Thus, the LD accunulated total protein and

myofibrillar protein at a faster rate at #5 kg (P<.0#)

canpared to that at 22 kilograms. On an absolute gram

basis, the ST was accunulating protein at a faster rate over

the #5 kg growth period (P< .02) but the rate was less at #5

kg compared to 22 kg on a percentage basis. The evidence

that the BR has slowed down in protein accretion rate is

obvious both from the gravimetric data in Table 12 and when

this net change is expressed on a percentage basis.

Therefore, this further substantiates earlier statements

about categorizing the BR as an early maturing muscle.

Muscle Nucleic Acids

The nucleic acid content for the LD, ST and BR muscles

fran each group at the 22 and #5 kg periods is presented in

Table 13. RNA concentration (milligrans per gran muscle)

did not change (P< .25) for any of the muscles over the 2
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8#

week period at either 22 or #5 kilograme. ‘When thelneans for

inuscle RNA concentration at each period are pooled, only the

BR showed a difference (P‘=.03) between the 2 periods with

the #5 kg period having a #9% lower RNA concentration.

Table 13 also shows a decrease (P< .02) in DNA concentration

for the LD and ST at 22 kg only. However, when grouplneans

are pooled, DNA concentrations for all muscles was less

(P <.01) at #5 kg by 31, 2# and 26%»for the LD, ST and BR

inuscles, respectively.

Decreases in nucleic acid concentrations during growth

postnatally have been shown to occur in other studies

(Robinson, 1969; Howarth, 1971; Howarth, 1972; Tsai et al.,

1973; Powell and Aberle, 1975; Hakkarainen, 1975; Harbinson

et al., 1976). Even though Howarth and Baldwin (1971)

suggest RNA concentration is atnajor detenninant of protein

synthesis rate and Enesco and Puddy (l96#) andluoss (1968a)

used DNA concentration as atneasure of cellularity, nucleic

acid data expressed on a concentration basis can be

Inisleading. Hakkarainen (1975) has shown nucleic acid

concentrations to increase slightly after birth but then

decline dranatically and this decrease slows and

concentrations eventually plateau in later stages of

developnent III the pig. The decrease 1J1 nucleic acid

concentration cannot be interpreted as a lowered capacity

for protein synthesis but inerely a dilution effect by

accunulating cell protein and fat.
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A inore ineaningful Incasure of protein synthesizing

capabilites can be obtained fran analyzing total RNA.and DNA

content. Total RNA and DNA perinuscle is given in Table 13.

There were increases of 7.3, 5#.7 and 1#.8% in total RNA

over the 2 weeks at 22 kg while at #5 kg the increases were

5#.6, 12.2 and 16.2% for the LD, ST and BR tnuscles,

respectively. While there were these increases over each 2

week period for allrnuscles, only the increases at 22 kg for

the ST and the #5 kg LD were significant (P<:.08). At

first glance, thisrnay indicateinore intense transcription

of DNA to RNA or possible changes in RNA turnover during

these periods. Total DNA perrnuscle over the 2 weeks at 22

kg increased (P<=.Ol) by 35.5 and 30.0% for the ST and BR

rnuscles, respectively, but decreased slightly (2.2%) for the

LD. At #5 kg, the LD, ST and BR showed DNA increases

(P< .09) of #6.9, 33.8 and 21.7%” respectively. These

significant increases in total DNA and RNA coincide with

previous reports by Robinson (1969), Tsai et al. (1973),

Powell and Aberle (1975) and Harbison et al. (1976).

Fran the data presented in Table 13, it can be presuned

fran the DNA accretion, that there were increases in nuclei

during each period of growth inonitored and that

transcription was actively occurring. However, it appears

that at #5 kg the LD accunulated more protein synthetic

capacity than at 22 kilograns. This is evident fran the net
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increase or change in total DNA over the respective periods

as presented in Table 1#. The grouplneans (net change) for

total DNA and RNA are shown graphically in Figures 6 and 7,

respectively.

The percentage increases that the net changes in Table

1#, or Figure 6 and 7, represent have already been

discussed. On an absolute basis, the ST at 22 kg was

accunulating inore RNA (P<:.08) than at #5 kilograns.

However, the net change in DNA was greater (P <.07) at #5 kg

for the STU While there were net increases in nucleic acids

over both periods for the BR, the net accretion rate between

growth periods ‘were not significantly different. If a

relative constant turnover of RNA is assuned, the

transcription rate during the 2 weeks at 22 kg could be said

to belnore rapid for the ST,1nore rapid at #5 for the LD and

notinuch different for the BR over the 2 week periods at 22

and #5 kilograns.

In light of the review by Allen et al. (1979) who

stated that at least 50 to 88% of the total DNA oflnuscle is

accunulated postnatally,1nuscle DNA accretion of the pigs in

this study is consistent with their observations. Although

not shown in tabular fonn, if nucleic acid data are pooled

for each 2 week period and values at 22 kg canpared to those

at #5 kg, the total DNA perlnuscle was higher (P<:.01) at #5

kg and was 63.8, 68.8 and 65.2% greater than the levels

found in the LD, ST and BR.mmsc1es at 22 kg, respectively.
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Figure 6.

88

Net accretion of DNA in the longissnnus

(LD), sanitendinosis (ST) and brachialis

(BR)1nuscles over 2 week growth periods

of pigs at 22 and #5 kg live body weight.
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Figure 7. Net accretion of RNA in the longisshnus

(LD), semitendinosis (ST) and brachialis

(BR)1nuscles over 2 week growth periods

of pigs at 22 and #5 kg live body weight.
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Therefore, a substantial increase in nuclear DNA occurred

between 22 and #5 kg in all three muscles and supports

reports of satellite cell involvanent in contributing nuclei

to muscle postnatally (Moss and Leblond, 1970a; Moss and

Leblond, 1971).

One measure of protein synthesis capability is the

ratio of RNA to DNA (Winick and Noble, 1965; Powell and

Aberle, 1975; Waterlow et al., 1978) and a low ratio is

indicative of reduced protein synthetic capacity. Table 15

shows the grouplneans for RNA to DNA ratios. Over each 2

week growth period at 22 or #5 kg, no significant changes in

the RNA to DNA ratio occurred for any of thelnuscles.

However, when the ratios for the pooledrneans of each

of the 2 week growth periods are canpared, the LD and ST had

higher (P <.01) ratios at #5 kg and the BR at #5 kg had lower

(P< .08) ratios than at 22 kilograms. The LD, ST and BR

inuscles had ratios of #.9, #.1 and #.1, respectively, at 22

kilograms. This represents only a 19% difference from

lowest to highest. The respective muscles at #5 kg had

ratios of 8.#, 6.2 and 2.8 or a 300% difference fran the

lowest to highest and a 35% difference between the LD and

ST. This suggests that the LD and ST mmscles had greater

protein synthetic capacity at the #5 kg period and the BR

had less when canpared to that at 22 kilograns. RNA to DNA

ratios correspond well with the protein accretion already

presented in Tables 11 and 12. At #5 kg the LD and ST

inuscles had greater rates of protein accretion than the LB

or ST at 22 kilograns.
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It should be mentioned that Enesco and Puddy (196#)

pointed out that about 35% of the nuclei (esthnated by DNA)

inay be derived fran nonmuscle tissue. It is assumed that

the proportion of muscle nuclei to other cellular nuclei

ranains constant during growth.

Millward et al. (1978) pointed out that the

relationship of protein synthesis and RNA concentration is

twofold: the capacity for protein synthesis expressed as

RNA to protein ratio and the extent to which this capacity

is utilized indicated by the rate of synthesis per unit RNA

or RNA activity. For the latter measurement, the RNA

content should be measured on the animals from which the

fractional protein synthesis rate isrneasured which was not

done in this study. Garlick et al. (1976) reported a high

correlation between fractional synthesis rate per day and

RNA concentration.

Another paraneterrneasured ininuscle growth studies as

discussed by Leblond (1972) is that of cell size or the

anount of cytoplaan under the danain of each nucleus which

is estimated by weight to DNA or protein to DNA ratios.

Table 16 sumnarizes the protein to RNA or DNA ratios and

mwofiber sizes for each group at 22 and #5 kilograns. As

shown, only the LD exhibited significant changes in

protein/DNA with a 1#.0% increase (P< .03) over the 2 weeks

at 22 kg and a 13.5% decrease (P< .07) over the 2 weeks at

#5 kilograns. Since the 2 week period at 22 kg was the
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lowest for DNA accretion in the LD, the protein to DNA ratio

increased in magnitude due to accunulation of protein.

Neither the ST nor the BRinuscles showed changes in protein

to DNA ratio over either 2 week period. Although not given

in tabular form, when the means at each period are pooled

and compared, the LD, ST and BRInuscles at #5 kg had higher

(P< .01) ratios than at 22 kg and were 55.#, ##.5 and #1.P%

greater, respectively. If the rate of change of protein/DNA

is evaluated fran Table 16, some assunptions may be made

concerning the protein growth of theinuscles. The LD and ST

exhibited increases in protein/DNA at 22 kg while over the 2

week period at #5 kg theselnuscles decreased in protein/DNA.

The BR decreased over each 2 week period at 22 and #5

kilograns. Therefore, it can be stated that the change in

protein/DNA was decreasing ininagnitude over the 2 weeks at

#5 kg for all threeinuscles and these net changes in ratio

differed (P< .08) fran the period at 22 kilograns.

Additional thne points fran alnore extended study are needed

to delineate theineaning of these decreases over the growth

periods. Nevertheless, the overall larger protein/DNA

values observed at #5 kg is in agreement with rat data

reported by Bailey et al. (1973).

Table 16 also has the grouplneans for protein/RNA and

the net change in ratio over each 2 week period. These data

support no general trends and no conclusions about
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efficiency of RNA use can be drawn. It appears that the

protein/RNA is of similar magnitude for the groups at both

22 and #5 kg for the LD and ST muscles and the 22 kg BR

muscles. The pooled data for the BR at #5 kg had a larger

(P<.02) protein/RNA ratio than at 22 kilograns. This

difference is most likely due to the decrease in RNA content

observed at #5 kg for the BR muscles.

Muscle fiber dianeter was measured and group means are

given in Table 16 along with the net increase in fiber size

over each 2 week period at 22 and #5 kilograms. There were

nonsignificant differences in fiber diameter over both 2

week periods for all muscles. However, when the pooled

means of the 2 week period at 22 kg is canpared to those at

#5 kg, fiber dianeters were ##.9, 39.5 and 37.7% larger

(P<.01) at #5 kg for the LD, ST and BR muscles,

respectively. These increases parallel the protein to DNA

ratios for the three muscles. The net increase in fiber

size shown in Table 16 are depicted graphically in Figure 8

and reveal that the rate of increase in fiber diameter was

greater (P< .01) over the 2 week period at #5 kg than at the

22 kg for the LD and ST muscles. While this was also true of

the BR, the difference was nonsignficant (P<.2). The

differences in fiber dianeters may be explained by referring

to the total DNA and protein data. Not only did total DNA

for the LD and ST at #5 kg and the ST at 22 kg increase but

even larger increases in protein occurred and thereby
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98

Net changes of myofiber dianeter in

the longissimus (LD), sanitendinosis

(ST) and brachialis (BR) mmscles of

pigs over 2 week growth periods at

22 and #5 kg live body weight.
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reduced the protein to DNA ratios at #5 kilograns. However,

protein had a much larger effect in accounting for the

increased fiber size. The BR had less protein being

accunulated and a lower protein to DNA ratio and the lower

protein accretion resulted in nonsignificant differences of

the magnitude of change in fiber dianeter between the two

growth periods.

It is important to note that the fiber dianeter

determinations made in this study were made after muscles

had been subjected to cryogenic freezing and may not be

canparable to previous studies. Nevertheless, Chrystall et

a1. (1969) found fiber dianeters of the swine LD to increase

with age and LBW but only by 10% from 100 to 125 days of age.

Burleigh (1980) stated that fiber diameter is an

inappropriate method canpared to cross sectional areas or

volune. For this study, it might be stated that the muscles

at #5 kg possessed more nuclei, larger fibers and greater

volune of muscle cytoplasm per nucleus than at 22 kg and

this is in agreement with work surmarized by Burleigh

(1980) .

Muscle Fractional Protein Synthesis, Breakdown and Accretion

8312

According to Young et al. (1975) and Millward et al.

(1975, 1976b, 1978), the rate of skeletal muscle protein

breakdown is greater during rapid muscle growth than in
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adult or mature animals. Net protein accretion is a result

of greater total synthesis rates relative to total

degradation rates (Millward et al., 1975). To have high

rates of protein turnover during deve10pment and growth

seems inefficient and is somewhat disputed by studies by

Ogata et a1. (1978) in which growing rats had high rates of

synthesis but low rates of breakdown. As pointed out by

Reeds et a1. (1980), there is a need to define the

relationships that exist between protein accretion and

protein synthesis because of the anount of energy required

for forming peptide bonds and this contributes to the heat

production of the animal and determines the anount of energy

used in protein synthesis for each unit of protein

deposited. Also, it is not known whether changes in rate of

protein accretion during growth is due to alterations of

protein synthesis, breakdown or both. When consideration is

given to studies by Goldberg et al. (1980) where protein

breakdown has been shown to be affected by hormones and when

the highly ordered structure of muscle is considered, the

breakdown of muscle proteins would seem to be obligatorily a

highly regulated process much like synthesis.

The fractional protein accretion (FGR), synthesis rate

(FSR) and breakdown rate (FBR) expressed as percent per day

for the 22 and #5 kg growth periods are presented in Table

17. FCR was obtained by measuring the accretion of protein

(Kjeldahl N minus NPN x 6.25) in each of the three muscles
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over the 2 week periods at 22 and #5 kg LBW. FGR values

increased fran .8 to 1.76%Jday for the LD, decreased fran

2.#6 to 1.68%lday for the ST and decreased from 1.89 to

.72%/day for the BR at 22 kg canpared to that at #5

kilograns. These FGR values represent differences of a 120%

increase, a 31.2% decrease and a 61.9% decrease over the 2

growth periods at 22 and #5 kg for the LD, ST and BR,

respectively.

The assumptions made here are that the pigs in the

study were homogeneous in growth rate and that no dietary

restrictions were experienced. However, it is acknowledged

that since pigs were fran 8 different litters and # sires

(Appendix D), the pigs were not entirely hanogeneous in type

and canposition.

Statistical analysis of FGR was not perfonned since it

is based upon the change of total protein of the means of

each group over the 1# day growth period at 22 and #5 kg,

respectively, and therefore insufficient degrees of freedan

for analysis of variance. Another assunption is that FGR

here represents a valid average over the 2 week period.

When the data at 22 kg are canpared to those at #5 kg

for FSR, there was a decrease of 19.5, 18.9 and 21.8% (5.2'R3

#.2%, 6.# to 5.2% and 6.# to 5.1% per day) for the LD, ST and

BR.mmscles, respectively. The decreases in FSR for the LD

and BR.were significant (P <.02). Since FBR was obtained by

difference (FGR=FSR-FBR), the FBR also decreased when the
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data at #5 kg is canpared to that at 22 kg and the LD had a

decrease (P <.02) of ##.2% (fran #.#3 to 2.#9%/day). The ST

and BR mmscles exhibited nonsignificant decreases of 10.9%

(fran 3.95 to 3.52%lday) and #.8%1(fran #.56 to #.30%/day),

respectively. While additional data points should be taken

to substantiate the FGR obtained in this study and therefore

allow ainore accurate or substantiated FBR, the observations

Inade concerning FBR, partially explain the rapid accretion

of protein andrnuscle growth observed for the LD over the 2

weeks at #5 kg LBW. As presented previously, there were

substantial increases in nucleic acids at #5 kg for the LD

and even though the FSR was lower (P< .02) there was greater

total protein synthesis and accretion at #5 kg because of

reduced breakdown rates.

Table 18 illustrates the extent of protein turnover in

the LD, ST and BR. ‘While the FSR was lower for the pigs at

#5 kg LBW, the absolute quantity (grans) of protein

synthesized per day increased over the 2 week period at #5

kg as canpared to that at 22 kilograns. Additionally, while

decreases in FBR were observed at #5 kg canpared to that at

22 kg LBW, the absolute quantity (grans) of protein broken

down per day increased. Anotherinanipulation of FSR and FBR

is shown in Table 18 in which a turnover ratio (TR) is

calculated two different ways. One turnover ratio (TRI) can

be calculated by expressing the grans of protein that are
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broken down per day as a percentage of the total grams of

protein that is synthesized per day. This indicates the LD

at 22 kg has turnover properties (high turnover)1nuch like

that of the BR at #5 kg LBW while the LD at #5 kg had less

turnover and the ST not changing much from 22 to #5

kilograns. The significance of turnover is exanplified by

the TR of 8#.7% for the LD at 22 kg but this high value

decreased to 58.2% (the lowest value) at #5 kilograms.

Again this directly points to the characterization of late,

intermediate and early maturing patterns for the LD, ST and

BR, respectively.

Another turnover ratio (TRZ) is illustrated in Table 18

by expressing the grans of protein that is deposited per day

(accretion) as a percentage of the total grans of protein

synthesized per day. This TR2 follows the sane trend as TRl.

Also expressed in Table 18 is an accretion ratio (AR) which

is the grams of protein that is deposited per day as a

percentage of the total proteininass. Again this points out

that accretion rates change during growth for different

muscles.

Many previous studies on mmscle protein turnover were

conducted on rodent hindlhnbrnuscles UMillward et al., 1978)

or muscle exhibiting early maturity patterns (Goldberg et

al., 1978) and generalizations about skeletalinuscle protein

turnover have beentnade. Furthennore, Perry (1975), Garlick

et al. (1976), Ednunds et al. (1978) and Simon et al. (1978)
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have measured the FSR in pig tissues but in all cases the

studies were done at specific live weights and no

ineasuranent of protein accretion directly. Garlick et al.

(1976) reported nonspecific legtnuscle in pigs to have a FSR

of #.8%/day while Simon et al. (1978) using 1"C-leucine

found piglnuscle to have a FSR of 8.1%Jday.

‘While this study was perfonned on only four anhnals at

each of the two growth periods, there are indications that

variations of protein turnover exist betweeninuscles during

growth andrnay be related to theinaturation patterns of the

mmscle. It is also unwise to generalize about FSR

differences between inuscles even though other studies

indicate higher synthesis rates in mmscles that are

canprised predaninately of red fibers (Short, 1969).

Although no fiber typing was carried out on the LD, ST

or BR, visual appraisal indicate the LD and ST are

essentially whiteinuscles and the BRInore red than the other

twornuscles.

Millward et al. (1976a) discussed a steady state

situation in adultlnuscle in which synthesis and breakdown

are about equal. Fran Figure 9 the FGR (net accretion), FSR

and FBR are canpared with bar graphs of the data presented

in Table 17. While the ST and BR within each period had

shnilar FSR, the FBRywas lower in the ST to allow for greater

net protein accretion. Also, the highest FBR of the three

inuscles was observed for the BR in both periods.



Figure 9.
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Fractional protein synthesis (FSR),

fractional protein breakdown (FBR)

and fractional protein accretion (FGR)

rates of the longissimus (LD), semi-

tendinosis (ST) and brachialis (BR)

muscles of male pigs at 22 and #5 kg

live body weight. [FSR (%Mday)

corresponds to the height of the graph

plus the standard deviation. FBR (%Jday)

corresponds to the hatched portion of the

graph and FGR (%Jday) is the difference:

FGR : FSR - FBR.]
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The turnover data presented allude to the maturation

pattern of the three muscles and that possibly protein

breakdown is the process being modulated to affect net

protein deposition. While the observed developmental

decreases in FSR is in agreement with Millward et al.

(1978), the dranatic decrease in FBR for the LD is not, but

does coincide with theories by Ogata et al. (1978) and

Maryuma et al. (1978) that breakdown rate is a possible

regulated phenomenon. The FSR values found in this study

are 6.0 and #.8%/day when all three muscles are averaged for

the 22 and #5 kg periods, respectively. These values fall

within the #.8%/day value found for 60 to 90 kg pigs in work

by Garlick et a1. (1976) and the 8.1%/day values found by

Simon et al. (1978).

Liver Chemical Cornposition

The group mean liver weights, weight increase over each

2 week period and liver weights expressed as a percentage of

live body weight are given in Table 19. Liver weight

increases of 25.#% (P< .03) and 29.0% (P< .02) were observed

over the 2 week periods at 22 and #5 kg, respectively.

Furthermore, the increase over the period at #5 kg was

greater (P<.01) than at 22 kilograms. Miller (1969)

indicated that weights of livers relative to LBW are

greatest around weaning but then plateau and eventually

decline. While liver weight as a percentage of LBW did not

change over either 2 week growth period, the liver weight



T
A
B
L
E

1
9
.

E
f
f
e
c
t

o
f

I
n
c
r
e
a
s
i
n
g

L
i
v
e

B
o
d
y

w
e
i
g
h
t

o
n

L
i
v
e
r

W
e
i
g
h
t

O
v
e
r

2
W
e
e
k

G
r
o
w
i
n
g

P
e
r
i
o
d
s

a
t

2
2

a
n
d

#
5

k
i
l
o
g
r
a
n
s

 

L
e
v
e
l

L
e
v
e
l

2
2

k
g

o
f

#
5

k
g
,

o
f

s
i
g
n
i
f
i
c
a
n
c
e
a

s
i
g
n
i
f
i
c
a
n
c
e

T
r
a
i
t

I
I
I
I

I
V

V
I

 
 

L
i
v
e
r

w
e
i
g
h
t
,

g
5
1
7
.
6

6
#
9
.
1

.
0
3

9
8
8
.
2

1
2
7
#
.
9

.
0
2

I
n
c
r
e
a
s
e

i
n
W
e
i
g
h
t

1
3
1
.
5

2
8
6
.
7

.
0
1
C

L
i
v
e
r

w
e
i
g
h
t
/
L
B
W

x
1
0
0

2
.
7
7

2
.
6
7

.
7
2

2
.
3
#

2
.
2
8

.
6
2

b

 

a
S
i
g
n
i
f
i
c
a
n
c
e

p
r
o
b
a
b
i
l
i
t
y

o
f

F
s
t
a
t
i
s
t
i
c

b
e
t
w
e
e
n

g
r
o
u
p
s

I
a
n
d

I
I
I
.

b
S
i
g
n
i
f
i
c
a
n
c
e

p
r
o
b
a
b
i
l
i
t
y

o
f

F
s
t
a
t
i
s
t
i
c

b
e
t
w
e
e
n

g
r
o
u
p
s

I
V

a
n
d

V
I
.

C
S
i
g
n
i
f
i
c
a
n
c
e

p
r
o
b
a
b
i
l
i
t
y

o
f

F
s
t
a
t
i
s
t
i
c

b
e
t
w
e
e
n

2
w
e
e
k

p
e
r
i
o
d

a
t

2
2

a
n
d

#
5

k
i
l
o
g
r
a
n
s

L
B
W
.

111



112

percentage was lower at #5 kg than at 22 kilograns.

Although not shown in tabular form, livers were twofold

heavier (P< .005) at #5 kg than at 22 kg LBW.

The percentage fat, protein orinoisture did not differ

significantly between groups within the respective growth

periods as shown in Table 20 except for an increase (P <.09)

in percentage protein over the #5 kg period. The total fat

and protein increased as the liver increased in size. Total

protein increased by 22.P% (P <.0#) and 37.9% (P <.02) over

the 2 week periods at 22 and #5 kg, respectively. ‘While not

significant, total fat increased by 17.1 and 28.9% over the

2 week periods at 22 and #5 kg, respectivelyu ‘When theineans

of both groups at 22 kg are canpared to those at #5 kg, total

protein per liver was twofold higher (P< .005) and total fat

slightly meme than twofold greater (P< .005) at #5

kilograns.

The explanation for increased liver size is obvious

when the DNA and protein to DNA ratios are exanined in Table

21. Total DNA increased (P <.01) by 38.8% and 37.0% over

the 2 weeks at 22 and #5 kg periods, respectively. ‘When the

data at each respective growth period are pooled and

canpared, the total DNA at #5 kg was 82% higher (P‘=.005) or

almost twice that at 22 kg LBW. This increase in DNA

indicates significant hyperplasia. Also, in Table 21 the

protein to DNA ratio shows a reduction (P< .08) in value at

22 kg but nonsignificant differences at #5 kg LBWZ ‘When the
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pooled values of groups over each growth period are

compared, the protein/WA was higher (P< .005) at #5 kg

revealing hypertrophy of liver cells.

Total RNA per liver increased by 29% (P< .02) and 32%

(P<.01) over the 2 week periods at 22 and #5 kg LBW,

respectively. The increased RNA would indicate inore

inachinery for protein synthesis (waterIOW'et al., (1978) but

neither the efficiency of protein synthesis (protein/RNA)

nor the intensity of protein synthesis (RNA/WA) changed

rnuch over either 2 week growth period.

When the net change in total protein, fat, nucleic

acids and the ratios of RNA to DNA and protein to DNA are

evaluated in Table 22 sane deductions about protein

synthesis occuring over each 2 week growth period at 22 and

#5 kg can bernade. The net change in total protein wasrnore

than threefold greater (P< .06) over the 2 week period at #5

kg than at 22 kilograns. The net change in RNA was twofold

greater (P<.06) and the change in DNA 1.8 times greater

(P<.07) over the growth period at #5 kilograns. This

indicates that protein was being accunulated at a faster

rate over the second period prhnarily due tornore cells and

inore protein synthetic capacity than at 22 kilograns.

As with mmscle, liver protein, fat and nucleic acid

data expressed on a concentration or percentage basis did

not differ between growth periods. Also, sunnation of the

percentage fat, protein and inoisture total about 9P%.

Presunably the ranaining 9% isrnade up of ash and glycogen.
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Liver Fractional Protein Synthesis and Breakdown Rates

After esthnating A_p values fran plaana specific

activity curves like that shown in Figure 10, protein FSR of

the liver of infused pigs was derived interatively fran the

equations of Garlick et a1. (1976, 1980) (canputer progran

found in AppendixC}.2). Theineans of the four infused pigs

at 22 and #5 kg growth periods for liver FGR, FSR and FBR are

listed in Table 23. These values indicate a 39.2% and #3.9%

decrease in FSR and FBR, respectively when the 22 kg growth

period is compared to that at #5 kg LBW. These data are

canparable to values of 23.9%Iday1neasured by Garlick et

al. (1976) on 60 to 90 kg pigs. However, nornention of sex

of those pigs was inade. Garlick et al. (1976) also

indicated that FSR in rat tissues tends to be 2 to 3 times

faster than those for pigs. U1 another study, (Shnon et

al., 1978) values of over 110%/day were reported for FSR in

pig livers.

Liver FSR data obtained fran rats by Garlick et al.

(1975) and Mlllward et al. (1978) show no real differences

between young and old rats. However, Waterlow and Stephen

(1968) using labeled lysine showed slight decreases in rat

liver FSR with increasing age. Millward et al. (1978)

stated that protein breakdown rate is a reflection of

functional danand of a tissue and this results in variations

in the changes of protein synthesis or breakdown during

organ developnent. Furthennore, even though FSR declines

with growth, the absolute protein synthesis increases.
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Figure 10. Specific activity curve of plasma

during a 6 hr infusion of [1#C-l

tyrosine into pigs at 22 and #5 kg

live body weight.
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Since the grans of protein synthesized per day is equal

to the FSRinultiplied by theinass of protein of the tissue,

the protein synthesized per day by liver at 22 kg was 36.7 g

and ##.# g at #5 kg or a 21% increase in the amount of

protein synthesized per day.

 



SUMMARY

(1) Boar pigs at approxhnately #5 kg LBW were growing

at a faster rate in tenns of weight per day than pigs at 22

kilograns. However, percentage increases in LBW over each 2

week growth period at 22 and #5 kg were 30.5 and 31.9%,

respectively.

(2) 11) and ST mmscles grew significantly faster in

tenns of weight increase per day at #5 kg LBW than at 22 kg

while the BR showed no difference statistically between the

22 and #5 kg growth periods.

(3) Percentage increases inlnuscle weights were 12.2

and 28.0% for the the LD, #3.0 and 28.8% for the ST and 31.2

and 1#.8% for the BR for the 2 week growth periods at 22 and

#5 kg LBW, respectively. This indicates the LD was growing

at a faster rate during the period at #5 kg LBW canpared to

that at 22 kilograns. ‘While the rate of increase was lower

for the ST and BR at #5 kg canpared to that at 22 kg, the

rate wasrnarkedly reduced for the BRinuscle. This indicates

thatinuscles change in their hnpetus for growth during LBW

growth and thatrnuscles used as indicators of growth should

be selected according to the period of growth being studied

and theirinaturity pattern.

(#) When mmscle weight data is transfonned into fat

free values, the trends observed were not different from

that prior to discounting for fat.
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(5) Muscle weights as a percentage of LBW did not

change during the two growth periods studied and were

simfllar at 22 and #5 kg LBW for eachrnuscle.

(6) Percentageinoisture decreased with increasing LBW

asrnuscles at #5 kg had lower percentage water than those at

22 kg LBW. They decreased were fran 76.9 to 7#.2% for the

LD, 78.5 to 76.9% for the ST and 78.5 to 76.9% for the BR at

22 and #5 kg LBW, respectively. These decreases of 2.7, 2.0

and 2.0% in percentageinoisture were offset by 1.9, 1.3 and

1.6% increases in percentage fat for the LD, ST and BR,

respectively.

(7) There were no significant differences in

percentage protein (Kjeldahl N x 6.25) between the two

periods at 22 and #5 kg LBW.

(8) From1 a chanical rnaturity standpoint, the BR

appeared to begin accunulating proportionately Inore fat

during the 2 week period at 22 kg than the LD or ST as these

twornuscles showed nonsignificant changes in total fat over

the growth period at 22 kilograns. All threelnuscles had

greater fat deposition rates on a weight per day basis and a

percentage increase over the 2 week period at #5 kg than at

22 kg LBW.

(9) Total protein (Kjelahl N x 6.25) per muscle

increasedrnore rapidly at #5 kg for the LD and ST and less

rapidly for the BR as canpared to the percentage increase in

total protein perinuscle at 22 kg LBW.
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(10) Ratios of protein to fat in the muscles were

lower at #5 kg compared to those at 22 kilograns. These

canparisons indicate designations of late, intennediate and

early for the LD, ST and BR, respectively, to describe their

relativeinaturity patterns.

(11) No detectable trends were detected in analyzing

thernuscle protein fractions for changes over either 2 week

growth period. All indications are that adult

concentrations had been attained.

(12) Increases in total myofibrillar or sarcoplaanic

protein perrnuscle parallels the increases in total protein

(Kjeldahl N less NPN x 6.25) with thernyofibrillar fraction

representing approximately 50% of the total protein and

sarcoplaanic representing 29%.

(13) Muscle DNA concentration was lower at #5 kg than

at 22 kg LBW: Total DNA perinuscle increased to indicate an

increase in nuclei density and this was greater at #5 kg

than at 22 kilograns.

(1#) In general, RNA concentrations were higher at #5

kg for the LD and ST but lower for the BR than at 22

kilograns. Total RNA perrnuscle was higher at #5 kg than at

22 kg for all 31nuscles.

(15) The rate of both DNA and RNA accretion was

greater at #5 kg for the LD‘while the rate was highest at 22

kg for the ST. However, for the BR over the 2 week period at

22 kg, RNA and DNA accretion was greater than at #5

kilograns.
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(16) In general, nonsignficant changes in RNA to DNA

ratios occurred over either 2 week period at 22 or #5 kg but

the ratios at #5 kg were higher than those at 22 kg for the

LD, ST and BR. This indicates different protein

synthesizing intensities between the two periods at 22 and

#5 kilograns.

(17) Fiber dianeters and protein to DNA ratios were

greater at #5 kg than at 22 kg for all mmscles indicating

hypertrophy was occurring. The rate of increase in fiber

size was also greater over the 2 week period at #5 kg than at

22 kg for the LD and ST.

(18) The FSR and FBR (%Jd) was lower for all three

mmscles of pigs at #5 kg LBW than at 22 kilograns. ‘While

each of thernuscles at #5 kg LBW had roughly a 20% lower FSR,

the LD, ST and BR had ##.7, 10.9 and #.8% lower FBR,

respectively. FSR values of 5.2, 6.# and 6.0%lday at 22 kg

and #.2, 5.2 and 5.2%/day at #5 kg were observed for the LD,

ST and BR, respectively. FBR values of #.#, #.0 and

#.0%lday at 22 kg and 2.#, 3.5 and #.9%/day were observed at

#5 kilograns.

19) Even though FBR was obtained fran FSR and FGR, it

may be stated that the relationship between FSR and FBR

resulted in lower FGR for the ST and BR and increased FGR for

the LD when values at #5 kg are compared to those at 22

kilograns.
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(20) When the FSR and FBR are multiplied times the

protein content of the mmscles, the percentage of protein

synthesized that was broken down per day was 89% for the LD

at 22 kg and 86.2% for the BR at #5 kilograns. The ST was

intennediate at both periods with 61.5 and 67.8% at 22 and

#5 kg, respectively. At #5 kg, the LD shows only a 58.2%

value or the lowest turnover rate. It appears thatrnuscles

change in protein turnover rate which accanodates changes in

growth and protein deposition.

(21) Analysis of data pertaining to protein, fat and

nucleic acid accretion in the LD, ST and BR over 1# day

growth periods at 22 and #5 kg LBW, indicate that there are

differences intnaturity and growth patterns oflnuscles with

the shoulder muscle (BR) being early maturing, the back

muscle (LD) late maturing and the ham muscle (ST) being

intennediate. These data indicate that increases in DNA is

a necessary prerequisite for protein accretion and that even

when protein accretion rates are high, sane fat deposition

is occurring and protein turnover is also quite extensive.

Furthennore, due to the dranatic changes in breakdown

rate observed here, it indicates that Inuscle protein

breakdowninay indeed be as actively regulated during growth

as synthesis. Although medulation of one or the other of

these processes to achieve enhanced protein depositionrnay
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be appealing the question of the desirability of howrnuch of

muscle protein synthesis and breakdown should be altered

ranains unanswered because of the extensive contribution of

protein synthesis to heat production.

(22) Protein, fat or inoisture expressed on a

percentage basis of livers of pigs did not change over

either growth period at 22 or #5 kilograms. However, at #5

kg livers hadinore total protein and fat prhnarily because

the organ was larger. Livers ranained a relatively constant

2.9% of LBW.

(23) While concentrations did not change, total RNA

and DNA increased over each 2 week period at 22 and #5 kg and

the livers at #5 kg hadrnore RNA.and DNA than livers at 22 kg

LBW. The increase in DNA shows that hyperplasia was active

and protein to DNA ratios indicate a significant increase in

cell size when the #5 kg period is canpared to the 22 kg

period. However, a significant (P< .08) decrease in protein

to DNA ratio was observed over the period at 22 kilograns.

This decrease in ratio during the period at 22 kglnay be due

to a higher protein FBR resulting in a lower FGR while DNA

accretion rate is high.

(2#) Liver FSR and FBR were detennined to be lower at

#5 kg but the fractional accretion rate was higher. The

percentage of the grans of protein synthesized per day that

was broken down was 96 and 89% at 22 and #5 kg periods,

respectively.
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Table A. 1 Glutaraldehyde-BSS Buffer

 

 

Make up a l%>glutaraldehyde solution in BSS buffer

 

Table A.2 BSS Buffer

 

 

Dissolve andtnix the following in deionized water

and bring final volune to 1 liter:

8.0076

.2013

.1110

.2033

.0207

.1931

.50#l

.9909

0
0
0
0
0
0
0
0
0
0
0
0
0
0
“ NaCl

KCl

CaCl2

MgC 1

NaH P0

Na ECO4

NaBCO 3

glucoge
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Table A.3 Guanidine-HCI Buffer

 

 

Make a .02 M guanidine-HCI solution in .05 M boric

acid - KOH buffer, pH 9.5

 

Table A.# l - Nitroso — 2 - Napthol Solution for Tyranine

Assay

 

 

Add weighed quantity of l-nitroso-Z-naphtol to 99%

alcohol to make a .1% solution

 

Table A.5 Nitric Acid Solution for Tyramine Assay

 

 

Prepare nitric acid solution by adding .51nl of 2.9%

NaNO solution to 2#.51nl of a diluted HNO3 (1:5)

solugion
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Table A.6 Tyranine Standards

 

 

Prepare standard solutions containing concentrations of

tyranine ranging fran 1 to 150 mnoleshnl in diluted

sulfuric acid (1:500,v/v)

 

 

Table A.7 Citrate Buffer

 

 

Prepare .51“ citric acid and .5 sodiun citrate solutions.

Add citric acid to sodiun citrate at the ratio of 1:5

and adjust to pH 5.5 with one or the other solution

 



131

Table B.1 Drying Procedure of Tissue Derived

Supernates and Hydrosylates

 

1. After TCA has been ranoved fran supernates by other

extraction and precipitates hydrolyzed and filtered

through NO. #5‘Whannan paper, transfer sanples to 50

mu round bottan boiling flasks.

2. Attach flask to rotary evaporator with the water

bath set at 50 C.

3. Just prior to total dryness, add 10 to 15 ml of

deionized water and re-dry. Repeat twornore tunes.

#. After the last water wash has been evaporated, and

2.0 ml of citrate buffer to the flask, swirl and

dissolveinaterial in the flask and transfer to a 50

mu culture tube.
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Table C.1 Preparation of Muscle Sanples For Amino Acid

Analysis

 

11.

Detennine %iprotein of each sanple.

weigh out sanple to equal 101ng protein. Place in

hydrolysis tubes with teflon lined screw caps.

Add 101nl 6 N HCl to each tube plus 21n1 12 N HCl.

Add 21nl norleucine standard 11mm.

Run stream of N gently into each tube for 30

seconds, cap quickly and screw tightly.

Autoclave for 18 hours. Cool.

Filter through No. 2‘Whannan, wash filter well.

Rosary evaporate under vacuun just to dryness in

55 C water bath.

Add 201nl H20; dissolve and evaporate again. Repeat.

Use ultra pure deionized water throughout.

Add #1n1 .01 N HCl to residue, dissolve and transfer

to anall tube for freezer storage.
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Table E.0 Definitions of Code Letters in Appendix E.

PN - pig nunber

GN - group nunber of pig

LBW - live body weight, kg

LDM - longissimus mass, g

STM - semitendinosis mass, g

BRM - brachialis mass, g

NO - %moisture

KP - % Kjeldahl protein

F - % ether extracted fat

DNA - deoxyribonucleic acid, mg/g

RNA - ribonucleic acid, mg/g

MFD - myofiber dianeter, 1m

MY - myofibrillar protein (% of KP)

SC sarcoplasmic protein (96 of KP)

NPN - nonprotein nitrogen (% of KP)

STR - stranal protein (% of KP)

TP KP less NPN

LW - liver weight
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Table E. 7 Individual Muscle Weight and Proximate Analysis

Values for the Longissimus Muscle from the Right

and Left Sides of Pigs from Groups I, III, IV

and VI.

LDM KP MO F

PN GN Rt Lt Rt Lt Rt Lt Rt Lt

1 I 307.9 309.7 17.92 16.65 76.37 77.78 4.71 3.90

2 I 405.1 413.0 18.22 18.68 77.05 76.85 3.73 3.66

3 I 295.6 309.6 17.64 18.52 78.99 74.57 2.11 5.12

4 I 359.3 376.3 18.27 18.09 76.05 75.52 4.65 4.28

5 III 360.4 352.0 16.54 17.13 74.18 76.69 7.02 3.88

6 III 418.3 400.0 17.82 18.33 77.65 77.76 3.80 3.33

7 III 338.3 322.6 18.01 17.53 78.23 78.38 2.61 2.36

8 111 450.0 472.7 19.09 18.49 77.23 77.21 2.82 2.94

EMS 4.85x103 2.4Ox103 .022 .022 .171 3.538 . 38 2 703

EMS 2.59x103 3.46x103 2.504 .572 2.504 1.270 2.813 427

F stat 1.914 .694 .068 .004 .068 2.786 .049 6.323

9 IV 813.0 782.8 18.27 18.10 74.28 74.85 5.73 4.94

10 IV 910.0 888.0 17.11 16.98 75.15 74.86 5.32 5.47

11 IV 712.0 678.3 19.57 19.21 73.28 75.20 6.18 3.90

12 IV 817.0 782.2 18.13 18.12 74.41 74.49 5.69 5.44

13 VI 992.6 975.2 17.34 17.92 74.08 73.90 6.36 5.90

14 VI 903.8 948.8 17.79 18.36 73.30 72.98 7.17 7.06

15 VI 1191.1 1214.9 17.96 17.40 74.70 73.86 5.43 6.29

16 VI 960.Z 1008.3 19.85 18.81 74.03 73.18 4.82 6.03

EMS 7.92x10 1.37x105 .038 .009 .128 3.754 .092 3.823

EMS 1.11x104 1.11x104 1.018 .597 .460 .152 .596 .404

F stat 7.158 12.354 .853 .001 .277 24.669 .707 9.472

‘
-
?
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Table 15.8 Individual Muscle Weight and Proximate Analysis Values for the Semitendinosis

Muscle from the Right and Left Sides of Pigs from Groups I, III. IV and VI.

 

 

 

STM KP no 8

PN GN Rt Lt Rt Lt Rt Lt Rt Lt

1 1 65.0 62.0 16.40 17.26 77.85 78.64 3.63 2.28

2 1 76 5 76 8 17 54 17 18 78 64 77 83 2 67 3 49

3 1 60 2 59 6 17 36 17 12 76 04 79 22 4 65 2 11

2 : 65.5 62.5 16.76 16.63 79.27 79.08 2.41 2.45

5 111 105.8 100.9 15.59 16.71 75.73 77.52 6.59 3.45

6 111 88.6 87.0 16.99 17.17 78.81 78.48 3.17 2.78

7 111 87.9 83.9 16.29 16.60 78.88 79.72 3.08 2.24

8 111 102.9 98.1 17.65 17.72 80.18 79.50 1.71 2.05

885 1.74x1o3 1.48x103 .073 3.1x10‘4 .405 .025 .177 .004

EMS 67.707 64.929 .338 .170 2.762 .709 2.679 .390

F statistic 25.706 22.873 .217 2x10'5 .147 .036 .066 .012

9 IV 161.0 162.0 17.84 17.04 76.88 76.14 3.98 4.03

10 IV 142.0 143.0 17 08 17.03 77.97 77.43 3.32 3.89

11 IV 173.0 168.0 18.98 16.44 75.96 77.48 4.04 3.65

12 1v 168.0 175.0 17.45 17.65 76 71 76.51 4.58 4.54

13 v1 207.3 201.3 17.04 17 40 75.63 76.72 5.74 4.20

14 v1 237.9 226.9 17.50 18.12 74.73 75.70 5.87 4.92

15 v1 184.2 193.4 16.65 16.86 77.37 76.81 4.26 4.25

16 v1 211.7 201.7 18.65 18.61 75.65 77.12 4.61 3.22

EMS 4.86x103 3.84x103 .283 1.000 2.142 .183 2.599 .029

ans 334.654 200.338 .712 .422 .953 .414 .458 .316

1" statistic 14.511 19.170 .398 2.373 2.249 .442 5.680 .091

 



 

 

 

 

1 4 3

Table 5.9 Individual Muscle Weight and Proximate Analysis Values for the Brachialis

Muscle From the Right and Left Sides of Pigs From Groups I, III. IV and VI.

BRM KP M0

PN GN Rt Lt Rt Lt Rt Lt Rt Lt

1 I 19.0 19.9 16.37 16.90 80.19 79.07 3.00 2.51

2 I 22.2 22.4 17.38 16.84 79.53 78.79 2.91 2.44

3 I 17.0 16.2 17.69 17.52 78.55 77.64 3.57 2.95

4 I 18.9 18.0 17.40 17.59 79.12 78.04 2.95 2.60

5 III 24.5 24.5 15.9 16.07 77.89 78.48 5.80 3.41

6 III 27.0 25.8 16.96 16.40 77.58 78.67 4.56 3.18

7 III 20.6 21.6 17.14 16.88 78.50 78.21 2.99 3.20

8 III 29.4 28.0 17-84 17.57 77.92 78.43 2.74 2.70

EMS 74.420 68.445 .039 .657 3.781 .008 1.674 .495

EMS 9.392 7.099 .448 .348 .312 .236 1.074 .071

F statistic 7.923 9.641 .086 1.89 12.114 .033 1.558 7.00

9 IV 48.3 46.4 17.68 18.07 77.03 76.67 4.27 4.00

10 IV 47.0 44.9 17.10 17.75 77.74 77.54 3.58 3.32

11 IV 48.0 46.1 17.74 18.20 77.27 76.42 4.12 4.05

12 IV 50.0 48.0 18.20 18.26 76.09 76.06 5.10 4.64

13 VI 47.2 46.0 16.65 17.29 76.96 76.87 5.13 4.98

14 VI 59.0 60.0 16.75 17.43 75.75 75.73 6.36 5.54

15 VI 65.1 62.0 16.75 17.05 75.43 76.66 6.62 4.97

16 VI 47.5 48.0 17.50 17.86 76.24 76.11 5.10 5.21

EMS 81.281 164.711 1.072 .878 1.758 .218 4.712 2.750

EMS 39.901 38.114 .174 .083 .463 .333 519 .181

F statistic 2.037 4.321 6.153 10.597 3.800 .653 9.085 15.149
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Table E.10 Individual Liver Weights, Proximate Analysis and Nucleic Acid Data

for Pigs of Groups I, III, IV and VI.

 

 

Proximate Analysis1 1 wet Nucleic Acids,,mg[g

 

PN cs Lw so KP 8 DNA RNA

1 1 441.5 72.80 18.29 1.47 4.06 10.67

2 1 466.3 72.31 18.35 1.89 4.40 10.35

3 1 551.2 71.30 17.16 1.51 4.24 10.60

4 1 611.6 72.03 18.56 1.52 3.87 9.64

5 111 633.6 72.61 18.46 1.79 4.23 10.42

6 111 698.9 72.89 17.46 1.34 4.68 9.48

7 111 680.6 72.94 15.62 1.28 4.05 10.93

8 111 583.2 72.11 19.18 1.57 5.44 10.16

EMS 3.45x1o4 .556 .337 .021 .417 7.8x10-3

EMS 4.41x103 .269 1.395 .046 .218 .294

F statistic 7.838 2.070 .241 .453 1.909 .027

9 1v 905.0 72.10 16.87 1.19 3.98 9.96

10 IV 920.0 72.48 18.11 1.57 4.31 9.88

11 IV 1009.0 71.64 18.20 1.71 3.79 9.26

12 IV 1119.0 72.14 17.76 2.06 3.75 9.76

13 v1 1070.3 71.86 17.45 1.36 4.80 10.71

14 v1 1382.0 72.67 19.47 1.77 4.17 9.18

15 v0 1378.6 70.84 19.42 1.66 4.45 10.12

16 v1 1268.6 71.40 19.26 1.75 3.48 9.96

EMS 1.64x105 .316 2.714 1.25x10'5 .145 .150

ass 1.55x1o4 .359 .656 .083 .190 .246

8 statistic 10.573 .881 4.141 1.5x10’“ .762 .609



Appendix Table F.1

1415

Bound and Free Specific Activities of Right and Left Side

Musclesa

 

Right Muscle Left Muscle

 

Bound Free Bound Free

Specific Specific Specific Specific

Activity Activity Activity Activity

(88) (SI) (58) (SI)

Pig dpm/ dpm/ b dpmJ dpm/ b

No. u mole u mole SB/SI KS n mole u mole SB/SI KS

Longissimus

17 24.3 2719.0 .0090 4.60 32.1 3056.5 .0105 5.20

18 26.8 2669.7 .0100 5-00 28.8 2530.9 .0114 5.57

19 27.3 2412.1 .0113 5-05 29.3 2313.6 .0127 6.10

20 45.7 4419.9 .0103 5-10 36.3 3488.4 .0105 5.20

21 39.3 3442.9 .0114 5-57 30.6 2566.2 .0119 5.77

22 18.5 3064.8 .0060 3.30 23.6 2792.5 .0084 4.26

23 25.8 4488.3 .0057 3.30 18.8 2860.3 .0066 3.54

24 19.2 2567.2 .0075 3-93 27.1 3379.4 .0080 4.16

Semitendinosis

17 46.9 3469.2 .0135 6.43 26.8 2318.0 .0116 5.65

18 23.9 2542.0 .0094 4.74 25.0 2740.3 .0091 4.62

19 45.0 3490.1 .0129 6.18 25.9 2458.4 .0105 5.19

20 47.1 2154.9 .0219 9.86 71.7 3794.3 .0189 8.63

21 21.8 2953.7 .0074 3.89 22.4 2973.8 .0075 3.93

22 41.2 2339.0 .0176 8.10 31.9 1836.1 .0174 8.02

23 21.3 3647.4 .0058 3.22 32.0 3528.7 .0090 4.61

24 34.6 4060.9 .0085 4.36 46.3 4167.8 .0111 5.45

Brachialis

17 25.9 2350.9 .0110 5.40 30.9 2614.6 .0118 5.73

18 23.8 2336.7 .0102 5.07 28.1 2525.6 .0111 5.45

19 42.8 2288.6 .0187 8.55 42.5 3082.6 .0138 6.55

20 37.8 2208.9 ' .0171 7.90 42.8 2885.7 .0148 6.96

21 21.0 2881.1 .0073 3.85 24.1 ' 2613.9 .0092 4.66

22 27.8 2930.6 .0095 4.78 34.6 2966.1 .0116 5.65

23 31.0 3771.0 .0082 4.26 33.8 3394.5 .0099 4.95

24 39.0 3163.6 .0123 5.94 42.7 3176.2 .0134 6.39

‘R values taken to be 400

S values, Z/day
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Table 6.1 T1-59 Canputer Progran for Muscle FSR Values

 

 

To Feed 1n Progran

 

001 A

002 PRT

003 STO

004 15

005 X

006 RCL

007 09

008 =

009 +/1

010 INV

011 LNX

012 +/-

013 +

014 1

015 =

016 5T0

017 17

018 RCL

019 15

020 X
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022 09
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R value STO 10

t (.25) STO 09

Guess Ks (enter guess in keyboard)

A
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