FACTORS AFFECTING PROTEIN DEPOSI TION I N RUM NANTS
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SUMVARY

Gowh of protein and fat tissues in animals involves increases in cell
nunbers and cell size to genetically programmed limts but the stage of
maturity, which is highly dependent on diet, sets the tinme scale for relative
rates of development of different tissues. Conplex control systems in the
body influence feed intake, and how nutrients are partitioned between
different tissues, Differences between sexes in nutrient partitioning and
effects on tissue growth in animals organs or cell cultures, treated with
exogenous hormones indicate that the endocrine systemis centrally involved in
overal | control of tissue developnent. The ratios of circulating nutrients
influence the overall endocrine balance and can therefore affect the
efficiency of deposition of both protein and fat.

| NTRCDUCT! ON

‘The production of meat, wool and mlk by rumnant animls involves the
synthesis of protein products in various organs of the body. At one level the
process of protein accretion (or secretion) can be regarded sinply as the
excess of synthesis over degradation of the mxed proteins in the cell, where
the relative rates of these two processes, which are each subject to conplex
control systems, may greatly exceed net synthesis. However, such
sinplifications ignore the wder aspects of growh and devel opnent of various
organs and of the body as a whole. Gowh of animals also involves synthesis
of structural and soft tissues containing protein, fat and water, and changes
in the structure and function of these tissues are needed throughout carcass
devel opnent. To enable their nodification, tissues are constantly degraded
and the products re-used for synthesis of new tissues. This turnover process
invol ves inevitable energy (ATP) expenditure and wastage of the building
monomers, even in mature animals. Different organs and tissues respond
differently to nutritional and physiol ogical status, e.g.in maintenance fed
animal s in energy balance, fat may be nobilized and protein synthesised
produci ng changes in body conposition; keratin synthesis and wool growth
continue even in grossly undernourished sheep that are rapidly |osing weight.

In this review, factors involved in protein accretion and its control at a
whol e body, individual organ and at a cellular |level will be considered.

Ti ssue growth and body conposition

The deposition of protein is one facet of the deposition, growh and
differentiation of body tissues. Black (1983) has sunmarized the factors.
involved in cellular devel opnent of growing tissues which briefly are as
follows. Tissue growh involves increases in cell nunbers and in cell size
and the deposition of fat, protein, cartilage etc
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Maxi num cel | nunbers and cell size are probably determned genetically

(Bal dwin and Black 1979). Early growth of organs involves increases in cell
size as well as nunbers, but division ceases before maximum organ size is
attained, and thereafter further growth is by increase in the size of
individual cells. For exanple, Johns and Berger (1976) found that cell
nunbers in gastrocnemus nuscle of lanbs increased until the [anbs were 35
kg. .Numbers of cells were virtually constant between 35 and 45 kg and further
growth was due to increases in cell size. In adult animals, changes in organ
size, both decreases (with undernutrition, disease etc.) and increases in size
are almost entirely due to alterations in cell size - possible exceptions
being gut nucosa and skin.

Mbst of the variation in body conposition between genotypes appears to be
associated with the rates of change in nunbers and sizes of different cells in
nuscl e and adi pose tissue, and the timng of these changes with approaching
maturity. In an analysis of results froma study by Multon et al. (1921,
1922) of growth in steers fed a well-bal anced diet, Koch et al. (1979)
concluded that the level of intake sets the scale for physiological age or
stage of maturity which in turn determnes how nutrients are partitioned for
synthesis into protein and fat. In contrast to the majority of other studies,
they found that rate of fat deposition was linear with tinme from5 nonths to 4
years of age, after an initial lag of about 6 weeks, with the rate being | ower
for steers on restricted feed intakes. The rate of deposition of
netabolically active tissues (which were nostly protein, i.e. 3.04 + SEM 0.02
% nitrogen, and water), decreased exponentially with tinme, and approached the
same asymtotic value for all planes of nutrition (see Fig. 1).
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At |ower body weight, irrespective of age, animals contain nmostly lean tissue
with little fat. As body weight increases the percentage of fat also
i ncreases.

El sey (1976) reviewed the results of 179 experinents designed to test the
effects of gross nutritional manipulations of both energy and protein on body
conposi tion and concl uded that "the conposition of the fat-free mass is
| argel y immutable", Searle and Giffiths (1983) al so concluded that the
amounts of protein in the fat-free enpty body wei ght (EBW) of grow ng sheep
were independent of nutritional treatments inposed during growth, and, as
fat-free, EBWincreased from 5 to %0 kg, the percentage of protein increased
fromai17.1 to 21.0 (asynptotic value = 21.5%). In contrast, when protein
content is expressed as a percentage of EBW (including fat), there is a l|inear
decrease in protein percentage with approaching maturity which differs between
male animals and females (or castrates) at different |iveweight or stages of
maturity (Thonpson et al. 1985). Apparent differences in the percentage of
protein in the EBW between strains of sheep (selected for high or |ow weaning
weights) at different body weights were renoved when the results were conpared
at the same stage of maturity (see Fig. 2).
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Fig. 2 The protein content in the body of Merino sheep at different body
weights or different stages of maturity as affected by genetic
selection for growth, or sex of animal. Two of the strains of sheep
exam ned were obtained by selection for high (weight-plus) or |ow
(wei ght-mnus) weaning weight, and the third was a randomy bred
control (from Thonpson 1985)



Measurement of Protein accretion degradation during growth

Changes in protein content of the body have conmonly been studied by the
nitrogen (N) bal ance technique, or by slaughtering animals representative of
treatment groups at various times and determining changes in carcass protein
content. These techniques provide information on the_net, effectofdiffering
rates of synthesis or breakdown of protein in the whol e-body but do not
estimate synthesis and degradation separately. For this purpose, neasurenents
o{’swhole-body tuwover' havF3been made using labelled amino acids (e.g.

[ “Nl-glycine, [ 'O - or "[""U:1leuecine) in conjunction with N bal ance
measurenents (see Waterlow et al. 1978).

Measurements of whol e-body turnover indicate that both synthesis and
degradation continue, even in animals in negative N balance (see Fig. 3).
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Fig 3 The relationship between protein synthesis and protein deposition in
the body of pigs, wallabies and human beings. Data are from Reeds et
al. (1985) and R G White, |.D. Hume and J.V. Nolan, (unpublished)

A one unit increase in protein deposition is acconpanied by about a two unit
increase in protein synthesis, although the precise relationship varies,
particularly with respect to the protein:energy ratio in the absorbed
nutrients. An increase in growh resulting from additional absorbed protein
produces a greater increase in protein synthesis than a sinmilar increase in
growt h brought about by extra non-protein energy (Reeds and Ful | er 1983).

These whol e-body techni ques have been extensively used and evaluated in
studies of protein metabolism in human subjects but there are few studies of
the suitability of these methogg for use with rup inants. Recent §Bud| es by
Cronje (1987) indicated that [“~Sl-methionine, [“Hl-leucine and [ 'O -|ysine
when used sinultaneously gave similar estimates of whole-body protein turnover
in lambs on a |ow protein roughage diet, but inconsistant results in sheep
given higher levels of protein supplementation (see Fig. 4). The use of at
| east two markers sinultaneously was recommended. In the lanbs fed the |ow
protein basal diet values for whol e-body turnoyer in sheep were | ower than
the accepted inter-species nean (16 g prot’ei"h/'V\?.. see Buttery 1984) which
was only attained when the basal diet was supplemented with 200 g/d of a
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pel l eted protein supplenment (providing 380 g crude protein/kg) and fornul ated
to provide amno acids for absorption post-rumnally.
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FIG 4 ngle body protein jurnover estimateg,by intravenous infusion of
[(*”Sl-methionine, [“Hl-leucine and [ CI'-Tysine in sheep fed a basa
diet of wheat straw, urea and mnerals and a pelleted bypass protein
suppl erent at 0, 40, 120 and 200 g/d

During periods of underfeeding, net degradation of protein occurs in
nmuscle with release of amno acids into the circulation, while uptake of amno
acids occurs in other organs such as the manmary gland and the liver. This
limits the useful ness of whol e-body protein turnover estimates and for this
reason, many laboratories have devel oped nethods for estimating the extraction
and rel ease of peptides and ami no aci ds across individual organs such as the
hind linb and manmmary gland. These methods enable the effects of nutritiona
and hornonal treatments on protein turnover in individual organs to be studied
in detail (e.g. McDowel | et al. 1984; Jois et al. 1986).

rotce

This process is now quite well understood (see Pain and C enens 1980).
Briefly, the synthesis of various cellular proteins in cells involves the
assenmbly of amno acids into polypeptide chains according to instructions
provi ded by RNA codons transcribed from segnents (genes) of the master
blueprint, i.e. the nuclear DNA. Three kinds of RNA and a large nunber of
proteins are involved in the process of translation. Messenger-RNA (m-RNA) | S
bound to ribosomes and its nucleotide sequence determnes the order in which
amno acids are assenbled into the polypeptide chain. (The ribosone is an
organel I e consisting of ribosonmal-RNA (r-RNA) in conbination with about 70
proteins which function as enzymes or determne the structure of other
conponents of protein synthesis,) Transfer-RNA (t-RNA) exists in different
forms, each one specific for an individual anmino acid; it is involved in
activating and binding amno acids to the ribosome according to the sequence
specified by the messenger-RNA on the ribosone.



The process of translation has three stages:-

Initiation - a ribosome and a nolecule of specific initiator t-RNA bind
to the mRNA at the start of the encoded sequence whereupon
a second t-RNA nolecule (and the associated amno acid) can
bind and synthesis of the first peptide bond takes pl ace.
Two mol ATP are expended per mol amino acid prepared for
protein synthesis.

El ongation - the ribosome then noves along the m RNA decoding the
sequence and so producing the appropriate polypeptide
chain. Two mol GIP are expended per nol amno acid
i ncor por at ed

Termination - at the end of the mRNA coding sequence, the ribosone and
the conpleted protein chain are released and the ribosone
then forms part of a pool of ribostmes awaiting attachment
to the same or another nolecule of mRNA

The rate of synthesis of protein can be regulated either by the nunber of
ribosomes in the cell (which determnes the maxinumrate), or by the synthetic
activity of each ribosone which seenms to be controlled by the rate of
initiation. Nutritional deficiencies and hornonal |evels appear to affect
both regul atory processes (see Pain and C enens 1980). Factors that nmay
affect protein deposition in animals can be studied in cell cultures. At
| east in Ehrlich aseites tumour cells, disaggregation and reformation of
ri bosomes occurs in response to essential amno acid depletion. and repletion
in the culture mediumwithin 10 mnutes. Culturing wthout glucose also
results in disaggregation of ribosones although the effect occurs nore slowy
(Van Venrooij et al. 1972). Protein balance is affected by |eucine
concentration which stimulates synthesis (and inhibits breakdown) (Goldberg et
al . 1980). Thus the availability of glucose and essential amno acids may
affect rates of protein synthesis in cells. The assimlation of these and
other nutrients is also subject to hormonal control (Young 1980). Hor nones
that stinulate protein synthesis include insulin (which also stinulates uptake
of glucose and anmino acids by cells), and the androgens. Thyroid hornones and
growth hornone also markedly stinmulate protein synthesis (and breakdown) and
when either is deficient, normal rates of cell growh cannot occur
Concentrations of hormones depend on the age of the animal, and are higher in
animals with a higher genetic potential for growth (Verde and Trenkle, 1987)
but the interrelationships between age, hornonal status and nutrient supply
are still poorly understood (Young 1980).

Intracellular protein degradation

Whi | st a considerable amount is known about the nechanism and control of
protein synthesis in cells, less is known of the processes of degradation
Three separate processes of intracellular peptide-bond cl eavage are recogni sed
(a) a co-translational proteolytic mechanism located in the rough endoplasmc
reticulum which renove?signal® peptides from secretory proteins (Blobel and
Dobberstein, 1975), (b) a rapid process that degrades a |arge proportion of
new y-synthesi sed protein (e.g. a large proportion of collagen is destroyed
within fibroblasts by a co-translational or immediate post-translationa
process) and (e) a post-translational process which is subject to
physi ol ogi cal regulation and which may be affected by the properties of the
protein (e.g. susceptibility to proteolytic digestion). There is evidence
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that mammalian cells can selectively degrade abnormal proteins. Ballard
(1977) proposed two independent nechani sns of protein degradation - direct
proteolytic breakdown, perhaps amembranc-|inked process in which enzymea are
first inactivated and then degraded; and autophagy, a procann by which cel |
contents are enclosed by nenbranes to form vacuol €S which fuse with Lysoaomes
in which the proteins are degraded.

Aut ophagi ¢ activity in hepatocytes, gauged by the number of autophagic
vacuol es observed by electron mcroscopy, is rapidly reduced by insulin
admnistration (Pfeifer et_al., 1978) and increased by gl ucagon (Ashford and
Porter, 1962). 1Inhibitors of |ysosone function reduce protein breakdown by
15-40% and can reduce muscle atrophy in organ culture (CGoldberg et al. 1980).
Depression of ATP levels by admnistration of cyanide or dinitrophenol reduces
protein degradation (Sinpson, 1953), suggesting a nmeans whereby protein
deposition may be controlled by availability of substrates supplying energy.

 ssue of Protein desosit

The interrelationships between rates of protein synthesis and degradation
are maintai ned by conplex control systems with neural and hornonal facets
(Bassett, 1978), which, furthernore, may be genetically deternmined. 1In a
recent study (Verde and Trenkle, 1987), 4 steers with high growth potential
(Simrental x Brown Swiss) were compared with 4 steers with |ower growth
potential (Angus, Angus x Hereford), Ad libitum feed intake and rate of gain
were respectively 51% and 45% hi gher in the Sinmental cross steers and these
steers had higher mean concentrations of growh hormone, insulin, thyroxine
and cortisol. The differences were unrelated to age or physiol ogical
maturity. The average secretion rate of growth hormone in growing steers has
been found to be correlated positively with gromh of lean tissue and
negatively to gain of fat (Tenkle and Topel 1978).

A recent finding that nust profoundly alter current understanding of the
effects of growth hormone is the effect of exogenous growth hornone on the
exchange of peptide-associated pl asma amino acids across hind linmb and manmmary
tissues whilst there was little effect on exchanges of plasma free amino acids
(Jois et al. 1985). These results not only draw attention to an inportant
role of plasma peptides as transporters of amno acids in the body, and, in
addition, to possible specific roles in overall control of protein netabolism
in the body.

Millward et_al. (1981) have observed that growth appears to occur in
skel etal muscle at tines, by different nechanisms. On the one hand,
degradation rates are relatively high in rapidly growing muscle of young as
conpared with adult animals, inplying acconpanying even higher rates of
synthesis. These workers consider that the high rate of degradation may not
-be directly associated with growth, but rather with nyofibrillar renodelling
and enl argement (MIlIward et al., 1975). On the other hand, rapid growth can
at tinmes be achieved at a lower rate of protein synthesis, with a
correspondingly lower rate of degradation. An exanple of this process is the
increased growth of female rats (Vernon and Buttery, 1976) and sheep
(Sinnet-Smith, 1983) given the anabolic steroid, trenbolone acetate which
reduced degradation rate by up to 30% relative to untreated controls. The
mode of action of this androgenic drug is still unclear, but its effect on
degradation rate is opposite to that of testosterone which increases the
fractional synthetic rate of nuscle whilst also pronmoting growth (Martinez et
al,, 1984).

ER



The conplex and interactive nature of processes controlling protein
deposition and growth neans that it is extrenely difficult to make
accurate quantitative predictions of the likely production responses to
dietary or other manipulations. Rumnant aninmals on fibrous diets wth
| ow nitrogen content often have |ow feed conversion efficiencies, and are
responsive to dietary manipulations aimed first at naxim sing rumen
fermentative digestion, and second at providing additional glucose for
intestinal absorption, or providing additional precursors to pronote
gluconeogenesis (Leng and Preston, 1976). In practice, protein
suppl ements are often particularly effective (Lee et al.. 1987). These
provi de bypass amino acids (essential and glucogenic), which increase
efficiency of utilisation of total nutrients through inprovenents in the
circulating nutrient profile, and enhance feed intake, probably through a
conbination of effects on body control systems. They may al so inprove
mcrobial growth efficiency in the rumen increasing the anounts and
favourably altering the ratios of fermentation end-products. They are
al so commonly provided when animals have a disposition to produce
proteinacious tissue which favours a nore efficient gain in |iveweight
per unit of metabolizable energy.

During periods of feed restriction, there is release of free amno
acids from nuscle and uptake by the liver. This process is probably
affected by the glucocorticoids, which have a conplementary action
inhibiting protein synthesis and pronoting protein breakdown in nuscle
and stinulating gluconeogenesis from amno acids in the liver (Coldberg
et al. 1980).

Protein:energy (gl ucose) interrelationships

The rate of deposition of protein in the body of ruminants is
responsive to the level and balance of absorbed amno acids and of the
maj or energy-yielding substrates i.e. VFA glucose and lipid. Rumnants
on roughage diets absorb negligible amounts of glucose and are al nost
entirely dependent on gluconeogenesis, whereas rumnants given
grain-based diets, Iike sinple-stomached animals, my absorb glucose from
the small intestine. For rumnants, there is potential for manipulating
the availability of nutrients for growth by altering the nature of the
fermengtative digestion (by nutrient supplenmentation of the diet or use
of chem cal agents) or by supplying bypass nutrients, or both. However,
i n practice, it is difficult to identify the primary limting nutrients
in order to deternine how to correct any inbalance. The requirenent for
any one nutrient depends on the availability of and netabolic needs for
other nutrients.

| nmbal ances in the profile of absorbed nutrients reduce growth and
feed conversion efficiency. |If essential amno acids are not absorbed in
sufficient quantities to neet the losses in the body associated with
turnover processes, plus the amounts needed for protein accretion, then
an additional supply of digestible amno acids to the small intestine
will be needed to inprove net protein synthesis and growh. However, the
requirements for amno acids could be altered in a variety of ways, e.g
by use of exogenous hornones that affect protein turnover processes, or
by increasing the supply of non-amno acid glucogenic precursors such as
propionate, or by altering the supply of materials involved in lipid
deposition. Biochemcal interrelationships between amno acid, glucose
and lipid metabolismare discussed in detail by Preston and Leng (1986)
and Nolan_et_al.. 1986). However, the possible effects of variations in
the profile of circulating nutrients (glucose, amno acids, free fatty
acids) on overall control systens affecting feed intake regul ation and
efficiency of utilization of absorbed nutrients are largely unknown.
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