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Abstract:

A basic application of genetic engineering to improve protein quality of a substance is the
incorporation of homopoly amino acids (HPAAs) into the original protein. Growth trials were
conducted with growing rats and chicks to determine if three HPAAs, poly-L-lysine (PLL),
poly-L-methionine (PLM), and poly-L-trypotophan (PLT), were nutritionally available sources of the
respective amino acids. The control diet provided all amino acids in the free L-form. Other diets
deviated from the control by providing lysine as PLL, methionine as PLM, tryptophan as PLT, or by
being void of lysine, methionine, or tryptophan. Chick trials lasted two weeks. Rat trials lasted nine
days and included a nitrogen balance study. The rats and chicks fed the control and PLL diets grew,
while those fed PLM, PLT, and diets void of an amino acid demonstrated depressed or no growth.
These trials present evidence that PLL is an available source of lysine and PLM is not an available
source of methionine. Due to difficulties in quantitative analysis, no conclusions can be drawn
regarding PLT.

It is suggested from this data that protein quality could be improved by the incorporation of PLL into
the protein. The incorporation of PLM would be of no value.
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ABSTRACT

A basic application of genetic engineering to improve protein
quality of a substance is the incorporation of homopoly amino acids
(HPAAs) into the original protein. Growth trlals were conducted with
growing rats and chicks to determine if three HPAAs, poly-L-lysine
(PLL), poly-L-methionine (PLM), and poly-L-trypotophan (PLT), were.
nutritionally available sources of the respective amino acids. The
control diet provided all amino acids inithe free L-form. Other
diets deviated from the control by providing lysine as PLL, methionine
as PIM, tryptophan-as PLT, or by being void of lysine, methionine,
or tryptophan. Chick trials lasted two weeks. Rat trials lasted nine
days and included a nitrogen balance study. The rats and chicks fed
the control and PLL diets grew, while those fed PLM, PLT, and diets
void of an amino acid demonstrated depressed or no growth. These
trials present evidence that PLL is an available source of lysine and
PIM is not an available source of methionine. Due to difficulties in
quantitative énélysis,no conclusions can be drawn regarding PLT.

It is suggested from this data that protein quality could be improved
by the incorporation of PLL into the protein. The incorporation of
PLM would be of no value. '
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Chapter 1

INTRODUCTION

The shortage of food'proteins that contain balanced quantities
6f all the essential amino acids incréases with expanding world
population. This fact forces a growing number of people to become
dependent on plant protein sources, ail of which are deficient in one
or more essential amino acids. Three of the most common 1imifing
amino acids in plant proteins are lysine, methionine, and tryptophan.
Populations whose dilets depends on plants as the majof protein source
‘would benefit from supplementing the diet with amind acids that are
limiting in plants. An obvious method of supplementation for thé'
purpoée of improving protein quality is simply adding the chemically
synthesized L-amino aéid to a food product. However, this is costly-
and the nutritional value qf the amino acid may be 19st.in.procgssing
(Carpenter, 1973). Other methods for accomplishing this improvement
-in protein quality include: 1) fermented food products produced with
an organism excreting increasea Quantities of the limiting  amino .
acids; 2) addition of another substance, whose protein contains com-
plimentary amounts of the limiting amino acids, into the diet; and
3) genetic modification of the protein itself. Recombinant DNA.
procedures and genetic engineering techniques are methods ‘that are.
capable of producing a multitude of novel protein products.

Before such protein products can be introduced to a -food suppiy
market, their biological availability and possible toxicity must be .

determined. As some novel proteins do not occur naturally, their




2.

bioclogical value may be‘questionable and the possibility exists that
normal gastrointestinal'procésses may noﬁ be effegtive in digesting
and absorbing them. One elementary exaﬁple of a genetically engineer-
ed pro;ein now availéble for assay is the homopoly amino acid.

This thesis was designed to assess'thé bilological avéilability
‘of three homopdly amino acids, poly—L—lysine,.poly—L—methionine, and
poly-L-tryptophan. ’This.was accomplished by analysis of growth data
of weanling rats and chicks fed these peptide polymers as the séle

source of the respective amino acid.

o




3
Chapter 2

LITERATURE REVIEW

7

Introduction

The search for economical sources of high quality protein is
vigorous and includes exploration of conventional and upconventidnal
protein sources and methods of modification for the'purpose of imﬁrov—
ing their quality. One sﬁch method is the genetic alferation of a
protein séurce which would result in a protein specifically engineered
for high’biological value for a specific-aniﬁal species.' The most
basic alteration for improvement of an existing protein source would
be the incorporation of polymers of the limiting amino acid, or a
homopoly amino aeid. The nutritional value of homopoly amino acids
will be determined by their physioiogical avaiiability. Phyéiological
availability is partially determined by protein qualityland.by the

fate of the protein in digestion and absorption.

Protein Quality

Several methods for determining protein quality have been‘deve—
loped. Biological wvalue for an orgénism is based on the proportion
of absorbed nitrégen retained, or the protein's ability to support
growth ana maintenance (Mitchell, 1923). Net protein_utilization
is a measurement combining biological value ﬁith the digestibility of
the food protein (Bender and Miller, 1953). Protein efficiencylratioﬂ
is simply determined-by dividing an animal's weight gain by its

protein intake (Osborne, et. al. 1919). -Although these methods have
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been extensively used, they do meet with criticism and differvent
methods for measﬁring protein quality have'been developed and
“evaluated (Pellett, 1978; Hegsfe&wand'Chang, 1965)

~ The method of the amino acid score involves comparison of the
amino acid composition of food proteins to an amino acid reference
pattern (FAO/WHO, 1973). A prdtein-deficient in oné or more limiting
amino acids will produce a lower amino acid score than a protein with
an adeduate amino acid pattern. Amino acid imbalances, o? amino aéids
in dispréportionate amounts, can also have quality lowering effecté on
a food's proteiﬂ value.

The most basic form.of measuring the biological availability of a
protein is the measurement of growth of an animal fed the protein in
question versus a pr;tein known té be of good value. The purpose of
the measurement is not fo determine the protein's quélity per se, but
to detgrmine'if the protein source can be digested and utilized by the

animal.

Protein Digestion

Protein digestion is a product of a varlety of factofs, including
pH, hormones, and enzymes. The pH of the environment is important for
activation of a zymogen or for préviding the optiﬁal environment an
enzyme needs to be functional. Hormone secretions serve as a stimulus
for organ function and the release of enzyme rich secretions. The
enzymes act'as'catalysts in the actual dégraéation of the consﬁméd

proteins to the end products of free amino acids and peptides. A

more detailed discussion of these functions follows.
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The major fuhction pH plays in thg digestion of proteins is in ité

effect on the enzymes necessary to cleave the peptide bonds. In the
stomach, a pH 5 or below is necessary for initial activation of
pepsinogen to pepsini(Tang, 1976), which-itself is then capable of
catalyzing the react%on of pepsinogen to pepsin. Wﬁen the stoméch.
contents are emptied into the duodenum, éhe chyme must be neutralized
ér its acidity will render pancreatic enzymes inactive. Controlled by’
secretin and pancreozymin released from the duodenal wall, a mechanism
exists wﬁich stimulates alkaline sec;etioqs from the pancreas that

effectively neutralize the acid chyme from approximatély PH 2 to 6.5

(Florey, et al. 1941; Harper, 1959) .within the first fifteen inches .of -

the duodenum (Iber,; 1980).

Hormones

The presence of protein in the antral portion of the stomach
stimulages.the production of gastrin in the gastric mucosa (Woodward,
196Q0). Gastrin is absorbed into mucosal capillaries and causes the
fundic portion of the stomach to secrete the highly acidic gastric
juice (Jacob and Francone, 1974). As chyme enters the duodenum, the
présence of polypeptides.and acid stimulate the release of secretin énd
cholecystokinin-pancreozymin (CCK—PZ):by duodenal mucosa. Secretin
stimulateg fhe release of an enzyme deficient alkaline pancréatic
juilce Whiéh sérves to dilute the acidity of the chyme. ‘CCK-PZ stimu-
lates the production and secretion of the enzyme rich pancreatic

juices (Jacob and Francone, 1974). CCK-PZ may also be responsible for

7




6
stimulatipg the release. of enterokinase by the intestinal mucosal
epithelial cells (Kim and Freeman, 1977). The pancreatic juices
reach the duodenum via .the major pancreatic duct (Jacob and Francone,

1974).

Enzymes

The first  enzyme involved in protein digestiqn is pepsin, whose ‘
activation of the low pH environment is the result of the'liberation»
of a 44 residue peptide from the amino~terminal eﬁd of its =zymogen
(Tang, 1976). Pepsin, an acid (or cafboxylj protease, has broad
specificity but does exhibit some partiality toward peptiéé bonds
adjacent to the aromatic amino acids (phenylalanine, tyrosine, and
tryptophan), methionine, and leucine (Sanger and Tuppy, 1951).

The proteolytic activity of pepsin initiates protein‘digegtion,
producing shorter peﬁtides,'but few free amino acids.

After the stomach, the, remainder of proteiﬁ degradation occurs
in the small intestine. The enzymes released from the pancreas are
in the zymogen forms of trypsinoggn, chymotrypsinogen; proelaétase,
and procarboxypeptidases (Gitler, 1964). Intestinal giands lining
the crypts of Lieberkuhn produce eﬁterokinase and aminopeptidése;
the former is secreted from the gland and the latter is liberated

from sloughed mucosal cells (Jacob and Francone, 1974).

Activation of Pahcreatic Enzymes

The first and therefore most critical activation is that of
trypsinogen by enterokinase. As the pancreatic juices enter the

duodenum, enterokinase is secreted and hydrolyzes a lysine-
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isoleucine peptide bond in trypsinogep, thus activiting‘it to
trypsin (Yamashina, 1956). Trypsin 1is then-capable of acfivating
chymotrypsinogen and proelastase to the active enzymeé of chymo-
trypsin and elastase. Trypsin also activates carboxypéptidase A and

carboxypeptidase B from their zymogens.

Substrate Specificity

Trypsin generally.hydrolyées the pep£ide bonds‘adjacgnt to
lysine or arginine. Chymotrypsin is preferential to those bonds
involving the aromatic amino acids, phenylaianine, tyrosine, and
tryptophan (Ryle and Po¥ter, 1959). Elastase exhibits partiality
to the neutral aliphatic amino acids (glycine,‘alanine, valine,
leucine, isoleucine, serine, threonine, cysteine, and methionine)
_(Naughton and Sanger, 1961).

Made obvious by the name, carboxypeptidases cleave one amipo.
acid at a time from the peptide starting from the terminal carboxyl
group. Carboxypeptidase A will hydrolyze any carboxyl—-terminal
peptide bond except those involving lysine or arginine. Carboxy-
peptidase B specificaly cleaves only lysine and arginine residues
froﬁ this si&e (Neurath, 1960). The aminppeptidases attack the
peptide from the aminomterminal end and hydfolyze peptide bonds

removing one amino acid at a time (Smith, 1960).

Completion of Protein Digestion
The digestion of proteins continues as the luminal contents

pass through the small ihtestine.. Some peptidase activity has been
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documented in.the rat ileal luminal contents;‘probably_due to
tﬁe enzymes liberated from sloughed mucosa, and not to secreted
enzymes from the pancreas or intestine itself (Silk.ég_gi., 1976). As
the digestive enzymes break the appropriate peptide bonds and the
protein sources become oligo-, tetra-, tri-, andﬂdi- peptides ‘and
more. free amino acids, these products make their.way ﬁo the muéoga ‘
lining the small intestine. The majority of pfotein digestion and
abéorption, which occurs prior to and in the upﬁer jejunum, 1s rapid
(Kim and Freeman, 1977). Nixon and Mawer (1970a), using human
subjects, showed that some absorption from a milk protein meal
occurred in the duodenum and that 80 percént of the &ietary protein
was. absorbed in the first fifty to one hundred centimeters of the
jejunum. However, some products of a protein meal were found in the
human jeiunal and ileal fluids four or more hours after ingestion

(Adibi and Mercer, 1973).

Transport

Nixon and Mawer (1970b) found that after a milk prbtein meai,
some amino acids (lysine, valine, arginine, Fyrbsine, phenylalanine,
methionine, and leucine) were absorbed fapidly in the free form.
H&wever, préline, glycine and the dicarboxylic acids which remained
peptilde 1inke& much longer, were shown in a different'gtudy (Nixon
and Mawer, 19705) to be absorbed. This finding led these aﬁthors
to believe that transport, and subsequent absorption of these amin6

acids accurred in a peptide form. The following discussion will

outline current knowledge and theories of transport mechanisms

=T
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concerning free amino acids and peptides.

Transport of Free Amino Acids-Specific Carrier Systems

Transport of free amino acids across the intestinal membrane is
thought to occur with the use of specific carriers. There is soﬁe
agreement that four specific transport systems (Table 1) exist;

(Gray and Cooper, 1971; Saunders and Isselbacher, 1966). These
systems are outlined in Table 1.

Adibi and Gray (1967) demonstrated that affinity for the neutral
amino acid syétem is greatest for methionine, followed in decreasing
order by isoleucine, leucine, valine, pheﬁylalanine, tryptophan, and
threonine.

Some sﬁructural aspects are important for all the transport
systems to work, as 1llustrated in Figure 1 (Saunders and Isselbaéher,
1966). The correct stereoisomerism is required; tﬁat is the L-form
for all amino acids except methionine,.in which case the D-form is
also acceptable. The carboxyl groupnattached to the aipha carbon
atom must remain f?ee and can not be substituted. The alpha amino
group must also remain free, however substitution of the hydrogen'
of the amino group is acceptable resulting in reduced transport.
Amino acids with thé amino group in the beta rather than aipha
position will be acceﬁted for proper transport (Randall and Evered,

1964).
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Table 1. Intestinal Amino Acid Transport Mechanisms
) ) Type of Relative
Type . Amino acid . transported transport rate
Neutral Aromatic (tyrosine, trypto-~ Active Very rapid
(Monoamino- phan, phenylalanine Nat+-dependent
monocarbox- Aliphatic (glycine,?
ylic) alanine, serine, threonine,
valine, .leucine, isoleucine)
Methionine, histidine, gluta-
mine, asparagine, cysteine
Dibasic Lysine, arginine, ornithine, Active, Rapid (10%
(diamino) cystine partially of neu-
Na+-depen- tral)
dent
Dicarboxylic Glutamic acid, aspartic Carrier- Rapid
: acid mediated,
?active,
partially
Nat+-depen—-
dent
Imino acids Proline, hydroxyproline Active, Slow
and glycine glycine? ?Na+—depen-
dent

%Shares both the neutral and imino mechanism w1th low afflnlty for the-

neutral (Gray and Cooper, 1971).

Competition exists among the amino acids shariﬁg each transport

system'(Christensen;.1963).

The amino acid with the highest affinity

for the carrier would have the highest absorption rate and Wodld

inhibit the transport of the amino ‘acids with lower affinity.‘ Other
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alpha carboxyl and i 7/
amino groups must

remain free

N -

stereoisomer
configuration
accepted

— (except D-
methionine),

. example:
L-Alanine D-Alanine

G

: ] . COo0™ o0~
H substitution of amino i |
group acceptable, but slows H +N~C—H = ok
: 3 H-C-NH
transport, example: ' I 3
amino + formal- dlmethylgl ;3 o B
acid dehyde -—» amino acid 3 3

*H3NCHROCOU + 2HCHO-)(HOCH2)2HNCHRCOO'

B = substituion of alpha amino group
acceptable, example:

a = Alanine B = Alanine
Cco0~ COORN

1 |
BN~ 0 =H H-C-H

3 | |
+H.N - C - H

CH3 3 :

H

*Alanine used for
illustrative purposes.

Figure 1. Structural Aspects Important to Function of Free Amino Acid*
Transport System.
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than affinity for the system, selectiop of an amino acid for transport
is on a "first come, first serve'" basis (Adibi and  Gray, 1967), so
amino acids present in limited amounts would have decreased opportunity

for transport compared to those present in larger qﬁantity.

Transport of Peptides

More is known regarding the transport of amino abids:than is
known about peptide transport partly becéuse of the large number
of amino acid combinations forming peptides.

Conflicting data exists concerning the number and differing
qualities of carriers for peptides. Due to inconsiétencies in
experimental design and model peptides used, it is difficul; to
.decide if peptide transport'is,a product of passive diffusion aad
a dependency on carriers with the possibility of competition existing
among carriers, or if the latter alone is the'case. Silk (1981)
summarizes characteristics of di- and tri- Eeptide transport. First,
the system of transport of unhydrolyzed peptides is different'and
separate from those systems for free amino acid absorption. Silk's
reasoning for this cbmes‘from two pieces of evidence. The first stems
from data gathered on individuals with genetic disorders of amino acid
transport. Subjects with Hartnup's disease have a traﬁspo;t aefect
involving some neutral amino acids (histidine, leucine, tyrosine,

tryptophan, phenylalanine, serine, methionine, glycine, and glutamine),
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and those with cystinuria cannot transport cystine and dibasic amino

acids (Matthews, 1975). Oral tolerance tests (oral ingestion followed

by estimations of plasma amino acids) showed, in the case of Hartnup's

disease, that affected amino acids are poorly absorbed as'free amino
acids, but absorption from peptideé containiﬁg these amino acids was
Within the normal range (Asatoor.gg_gl., l970;lNavab and‘Asatoor,
1970). Similar results were obtained with studies of the defect of
cystinuria (Hellier égugi., 1972; Asatoor’gﬁugl., 1972). These
findings suggest that the defect ié in the entry, rather,than'exit,
mechanism of the mucosal cell, as an exit defect would impair the
absorption of amino acids from peptides as well as from the free form
(Matthews, 1975). The second evidence comes from studies which show
that uptake of di- or tri- pePtides is not significantly inhibiﬁed'by
the addition of large concentrations of free amino acids to pepﬁide

solutions (Adibi and Soleimanpour, 1974; Addison EE.él-s 1975).

Competition for Transport

The studies on kinetics of peptide transport show conflicting
results. Addision et al., (1974) used everted hamster jejunum to show
that competition does exist between peptides for transport. They
found that carnosine (B-alanyl-L-histidine) transport was inhibited -
by equimolar concentrations of glycylglycine, glyclyglyclyglycine,

glyclysarcosine, glyclyproline, methionylmethionine, and prolyhydro-

xyproline. However, carnosine uptake was not inhibited by lysyllysine-

or o—glutamylglutamic acid, nor did the latter two peptides affect

each other's yptake. "
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Similar work performed by Taylor et al., (198Q), also with
everted hamster jejunum, showed'diffe%ent results. In this study
the pH was adjustedyto pH'S to reduce brush border and/or intramedium
hydrolysis of lysyllysine. They found that at high concentrations,
glyciysarcosine and‘lysyllysiﬁe.<wou1d_competively-inhiﬂit-each . |
other's uptake. A study by Matthews EEfElS (1979) ﬁitﬁ the same
conditions showed competitive inhibition between glyclysafcosine.and>
glutamylglutamic acid. The concluéion was reached that the neutral
dipeptide glyclysarcosine, Fhe acidié dipeptide glutamylglutamic écid,
and the basic peptide lysyllysine all share-one transpoft system.
This- demonstrates a great difference between peptidg and amino acid
transport which is affected by the net cﬁarge of the amino acid I
side chain (Schultz,énd Curran, 1970). 1In addition, Taylor et al.
(1980) and Matthews et al. (1979) found that the influx of these
peptides would not conform to si@ple Michaelis—Mhnton.kinetics, as
do free amino acids. This finding is'suggéstive of the theory that
two diffareﬁf componenfs are at w&rk'in the transport of these ‘ ) i

peptides.

Cytosol and BrusﬁABorder ?eptidases <o _ | | D - _ 'é
The barrier between the 1umeﬁ and pértal circulation is the
intestinal membrane. As fevw péptides-are found in the portal | |
circulation, one may h&pothesizeiphat the peptides that a;; trans-
ported into the mugosal cells must be hydrblyzed there to their .
constituent amino acids., -Two areas of the mucosal cell, the cytosol

and the brush border fractioms, have been -shown to .contain the highest . P |
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peptidase activity level (Kim and Freeman, 1977). The enzymes from
these fractions are aminopeptidases (Peters, 1973) and their -
functions have been verified by several studies. Addison_gg_gi.,
(1975) used hamster jejunum; Peters (1973) experimented with guinea-
pig 1ntestina1 mucosa; Nicholson and Peters {(1978) and Nicholson and
Peters (1979) performed-trials wi;h human jejunum. All of these
studies demonstrated that di- and tri-~ peptides are mainly hydrolyzed
by the cytosol ffaction; whereas 1arger.peptides-afe broken down by
the brush border enzymes. Kim et al. (19725 described the physio-
chemical properties and electrophoretic mobilities of these two amino
peptidases. A summary of properties and substrate specifications
is offered by Kim and Freeman (1977). Approximately 10 percent of
dipeptlde substrate activity occurs in the brush border but up to
60 . percent of tripeptidase and nearly all of tetrapeptidase and
hexapeptidase activity gccurs in this fraction (Peters, 1973). The
cytogol hydrolase specificity is nearly the opposite, with very
little tetrapeptidase activity but up to 90 and 95 percentaof
tripeptidase and dipeptidase activity, respectively, as shown in

Table 2.

Peptide Absorption

The function of the peptidases is to break down the peptiﬂes to
constituent amino acids which can be absorbed into portal circulationm.
Described in this way, the functioning.of the transport s&stem begins E‘
in the 1umen and ends once the peptides reach their appropfiate

peptidases in the cytosol or brush broder. Following hydrolysis,
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Table 2. Comparison of the Properties of Intestinal Cytosol and
Brush Border Peptide Hydrolases.

CYTQSOL . . .BRUSH BORDER
Substrates ' Percentage of Total Cellular
Activity
Dipeptides 80-95% - 5-12%
Tripeptides 30-90% 10-60%
Tetra~ and .
higher peptides NIL to low 90%
Proline-containing ) ‘
dipeptides Hydrolyzed Not readily hydrolyzed
Chain ‘length of . - '
substrate 2, 3, (&) : 2, 3, 4, 5,6, 7, 8 -
End terminal
specificity Amino peptidase Amino peptidase

Adapted from Kim, Nicholson, and Curtis, 1974.

absorption occurs. This representation may not only be simplified,. .
but may also find little or no agreement in ihe literature. In fact,

a precise, commonly used definition of processes involved in absorption
could nét be found. As stated by Matthews (1975)

Much confusion may arise from the use of the term ‘'absorption’
by different authors in different senses. Absorption may be’
used to mean the whole process of absorption-removal from the
intestinal lumen, transport across the intestinal wall, and
entry into the blood or lymph, including any hydrolysis
occurring  during the process and its meaning may even include
the process of intralumen digestion as in 'protein absorption.’
It is also often used to mean only one part of the vhole
process....

Thus a distinct differentiation between transport and absorption is
© not available, as the former is frequently included in the latter.

The same proposed modes of peptide absorption are presented by
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both Kim.gi_gl. (1974) and Silk et al. (1973). One method is by the
direct trasnport‘system. The other is Ehafacterized by mucosal
surface hydrolysis of peptides followed b& aBsorption of the
liberated amino acids. 8ilk (1981)‘apdlﬂatthews (1975) aéreelthat-a :
dual hypotheéis utilizing both modes is more likely. Thus, peptides
with a low affinity for brush border peptidases-ﬁould be transportea
into the cell and those with a high affinity for these peptidaéeé
would be hydrolyzed and absorbed via one'of the free amino acid

transport systems.

All of the aforementioned experiments were performed using speci-
fic di-, tri-, tetra-, and hexa- peptides. ‘The peptideS‘étudies may
be chosen due to availability and expense, or their net charge; but

generally these peptides were found In conventional protein sources. -

Protein Sources

S

Common protein sources for human consumption are animal and
plant proteins. Domestic ahimals~are generally provided with cereals,
legumes, and byproducts of the meat industry, such as blood meal;
to meet their proﬁein needs. Some unconventional proteins beiﬁg
developed for animél, and ultimately human, consumption are fish
protein concentrate; leaf. protein concentrate, solid wastes, and
single cell protein.

Animal Protein Sources

-

Animal protein sources have been historically considered to be

of good quality because they contain all the amino acids considered
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essential to man. In 1935, the mixed commission of the League of
Nations reported that for humans some quantity of animal protein
was essential (Aylward and Jul, 19755. Althdugh it is now'recognizéd
that.adeqﬁately planned meat free diets can provide a comple;e proteiﬁ
source (Register and Sonnenberg, 1973), the superior protein quality o
of meat cannat be disputed, L

The production of animal protein finds merit in that foods.that
are either unfit or undesirable to humans can be eaten by the animal
and converted into an acceptable form of high quality prbtein (Jones;
1974a). The commercial'production of animal protein finds contfoversy
from those who believe that grains should be’used directly for human
consumption and not as feed for livestock production. McGill and
Pye (1980) report tﬁat the production of one pouné of beef, pork,
turkey, chicken, and.eégs requireé 16, 6, 4,.3, and 3 pounds of grain
and soy, respectively. The cost of feed constituents can also make |
the cost df feeding the animal prohibitive. Stqragé of animal p;otein
pregsents another éroblem due to its sensitivity to biodeterioration

(Jones, 1974a).

Plant Protein SOurcés

Unlike proteins.from animal sources, thase frdm plants do not
contain .all the essentiél'amino acids, so their quality is dependent
on the quantity and avéilébility of Lne or more limiting amino acids.
A brief discussion follows on cereals and legumes, including pulseé,l

as sources of proteins.

Lysine is the first limiting amino acid of many cereals, including
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wheat, barley, rice, millets, and sorghum. The location of the pro-
tein in regard to seed or kernel structures influences the guality of .
some cereals. Fér example, in barley and sorghum the proFein pro-
lamine is low in lysine causing a low lysine proportion in the total

grain. In the maize kernel, the embyro is twice as high in protein

as the endosperm; unfortunately the eﬁbyro is only 10 percenf of the
entire kernel. The content of crude fiber, branched polysaccharides
(such as B-glucans), and tannins (polyphenolic compounds) reduce
digestibility, lowering protein quality (Inglett, 1977).

Legumes and pulses differ from.cereals in that they are first.
limiting in methionine, and second limiting in pheﬂylalanine. With
the exception of peanuts; 1egﬁmes contain an adequate amount of
lysine (Wolf,'1977); Along with proteins and éther nutrients, 1egumeé
may also be a SOurce.of toxins or other'detrimgnfal subhstances unless
properly.treated. Protease inhibitors, such as trypsin-inhibitor,
have been found in many legumes, including raw soybeans, navy and
lima beans and peanuts. Phytohemagglutinins, which agglutinate red
blood cells, are present in raw- soybeans, black, kidney, and mung
beans. Goiterogens, cyanogens and substances with anti—vitamin and
. metal-binding properties found in various legumes are discussed by °
Liener (1975).

The combining of legumes with ceregls will provide a complete

protein source as the deficiencies of one are found in adequate

amounts in the other. These complimentary proteins should be

consumed together to assure the concurrent presence of all. the
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esséntiallamino acids (Bufr, 1975).  The effect of.¢ombining legumes |
with cereal sources was demonstrated by Bressani.(1973)} ‘Protein
efficiency ratios (PER) were obtaiped using rats fed diets containing -
a cereal as the sole source of protein aﬁa then substituting‘the’
black'bean for 10 .percent of the cereal, without changing total
protein of the diet. Protein efficiency ratios of each gréin diet:
was 2.15, 0.87, 0.88, 1.05, and 1.60.for rice, maize, sorghum, wﬁeat,.
and oats, .respectively. The inclusion of the bean increased each

PER to 2.32, 1.40, 1.39, 1.73, and 2.37, respectively.

TFishmeal and Fish Protein Concentrate

Fish meal is the solid fraction remaining from whole or fresh-
fish discard after the .oil has been_éressed out (Jones, 1974b). Th;
quality grade of fish meél is below the standard for human consumption,
but can be used as a supplementary source of protein in animal diets
(Aylward and Jul, 1975). '

Fish protein concentrate (FPC) is the result of an attempt to
‘produce an-economical concentrated source oﬁ protein for humans: that
.1s resistant to Biodeterioration. The constituents which‘must'ﬁe
removed for safe storage are water, to reducé microbial spoilag§; 
.and lipid, to reduce ox;daqive chaﬁges (Tannenbaﬁﬁ, 1971). A
discussion of problems in utilizing FPC for ﬂuman.consumytion is
presented by Richardson (1975). Fish protein concentrate does hold
advantages as itbﬁrovides an inexpensive, sﬁable profein wifh an

excellent balance of essential amino acids. It is high in
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lysine with tryptophan, threonine, and sulphur amino acids in

adequate amounts.

Leaf Protein Concentrate

The process of deriving protein concentrate from forage plants
supplies a new source of protein for monogastrics by separating the
fibrous, lignin containing portion of the plant from the proteinous
portion. Alfalfa has been subjected to this process and studied.
extensively as a source of leaf protein concentrate (LPGC) due to its
high protein yield, its non-requirement of énnual seeding and culti-
vation (Jorgensen,.1975), and as it is the best forage crop for large
areas of the world (Kohler and Lyon, 1977).

Soluble white LPC, one fraction of alfalfa concentrate, has
nitrogen digestibility and protein efficiency ratios comparable to
casein; however, improved values for. these pafameters were obtained
when the soluble white LPC was supplemented with methionine and lysine,
the first and second limiting amino acids. Thé addition of bisulfite
after grinding and before juilce expression produced soluble white
LPC values gréatep than casein (Bickoff et al., 1975). The bisulfite
inhibits the oxidation of polyphenols to quinoneg, which react with
the protein (Kohler and Lyon, 1977) and leads to a breakdown of
some essential amino acids.

A disadvantage of LPC is thét different varieties of leaves
contain undesirable materials (Kohler and Lyon, 1977). Leaf'prdtéin
concentrate-haé, howéver,_been found to be nutritionally available

to rats, poultry, swine, sheep, and dairy calves (Jorgensen, 1975)




22

and will undoubtedly find a permaﬁent place in the protein market.

Wastes As Protein Sources

The recycling of wastes from agriculturél, domestic and industrial

sources can provide protein for animal consumption (Wedin and Hodgson,

1980). Sunde (1975) fed dried poultry waste (DPW) at concentrations
from 10 to 3Q percent of the total diet at the expense of soybean:
meal, to pullets and laying hens. The presence of DPW in the diets
moderately decreased the efficiency of feed conversion aﬁd slightly
iqwered body weight. No effect was detectable on egg size, .production,

or mortality. The protein in DPW was also found to be acceptable to

sheep. Jones (1974c) reported that 10 percent of the waste from
chicken farms in the United Kingdom was being fed to ruminants
providing 2 percent nitrogen, or 12 to 14 percent protein equivalent
in rumens.

McGovern (1975) reported on the use of waste and residues of the
forest industry as substrates for conversion to protein. This would
occur by using microorganisms capable of using the partially
delignified cellulose -of the wood as a carbon soufcé. The micré—

organisms would then be used as single cell protein.

Single Cell Protein

The microorganisms being considered as sources of single cell
protein (SCP) include yeast, bacteria, algae, and fungi. Providing
protein from one of these sources has many advantages over the

conventional supplies of protein, plants and animals. Microorganisms
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can increase their mass exponentially due to a very short generation
time. The& are excellent sources of a variety of vitamins and
minerals depending on the organism. They can be easily subjected to
genetic modificatioﬁ,and are relatively high in proteiﬁ, containing
between seven and twelve percent nitrogen on é dry weight basis.
Their production can 5e based on a wide variety of raw matérials,
with no dependency on égricultural input, may be performed in a
relativel& small area, and will éroduce a limited‘émount of waste
requiring disposal {Kihlberg, 1972).

Kihlberé reported on many studies that have been performed‘testing
the nutritional value of the micrbqrganisms mentioned above in rats,
chicks, swine, and man. The bulk of this research has involved yeast
feeding trialé. More recent work (Schulz and Oslage, 1976) has
focused on animal growtﬁ trials using.yeaSt and baéte?ia grown oQn
unconventional nutrient substrates such as methanol, ethanol, alkanes,
aldehydes, organic acids, or the mixture of h&d;ogen and carbon
dioxide. Since the nutrient composition of the subsfrate affects ;hat
of the organism; thosg organisms grown on the new substrate sources
must be tested to détermine nutritional value and the possibility of
toxicity (deGroot, 1976).

A problem of digestibility in feeding trials using any SCP i?t
created by the organism's éell wall. Tannenbaum and Miller (1967)
improved the appérent digestibility of B. Megaterium from 56 to 67
by breaking the cell wall. .The cell wall can be broken by heéting

(ie., cooking or autoclaving), drying, acid hydrolysis, or use of

Crotaiocacpese
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enzymes; however, each of these methods can also be responsible for
deteriorating protein quality.” Another problem concerning nutri-
tional value of SCP is the high content of nucleic acids, which is
app;oximately proportional to growth rate of the cell mass (Schulz
and Oslage, 1976). Consuméd nucleic acids are depolymerized and
converted to nucleosides in fhe intestine (Kihlberg, 1972). After
absorption, the nitrogen of the purine and pyrimidine bases may be’
uséd_agaip for nucleic acid synthesis, or it may be metabolized.to
uric acid (in man and poult¥y) or allantoin (in some mammais and
reptile§i, 'Ip species possessing the enzyme uricase Whicﬁ oxidizes
uric acid to allantoin, a high nucleic acid consumption is not a
problem as allantbin is soluble and an easily excretable metabolite.
In species not possessihg this enzyme, high consumption can lead to
gout, evidenced by increased levels of urine uric acid and plasma:
uric acid, resulting in urate precipitating in tissues .and joiﬁts

(Tannenbaum, 1971).

Fungi

Fungi as a protein source is discussed by Wu and Stahmann.
(1975). Higher fungi, mushrooms, are readily accepted by consumers
world wide. The protein content of mushrooms has been reported to
be half that of yeast, but the proportiomn of protein in fie fungi
can be manipulated by the carbon to nitrégen ratios of thé substraté.

One of the greatest-advantéges of fungi is that over 1,000 species
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are capable of degrading lignin. The use of fungi in combinétion

with organisms of h;gher protein yield on lignocellulosic substances
could be a viable a;ternative to chemical or enzymatic delignification
techniques to make thesé carbon sources available. Another alternative
is that once the fungi decomposes the lignin, the fungi couldgbe used
as a human protein source, feeding the remainiﬁg,cellulose to animals.,
VanderWal (1976) reported on SCP of fungal origin beiﬁg fed to

chickens and pigs. The nit:ogen digestibility coefficient for the

fungi in chickens was 59.3 and in pigs, 71.0.

Alpae

The use of algae for human consumption appears to be common in
some nations, including Japan and Mexico. 1In Japan,'ghlofella is
processed into tablets or extracts in the amounts of 500 tons per
year as reported by Jones in 1974(d). The algae spirulina has been
harvested and added to food products. Cultured algae could be used
with no further processing as a slurry in fish farms. An édded
advantage to the use of algae>as a nutritional source for animals and
humans is' that by using.sewage or industrial waste as substrate,
human water supplies can be spared or cleaned (Jones, 1974d).
Disadvantages of these substrates are the possible incorporation of
toxic substances and the iﬁdigestibility of cell walls. Both of
these problems would be alleviated if the algae protein were isolated

and extracted (Mitsuda et al., 1969).

AP P S
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Yeasts

Of the SCP sources mentioned, yeast has been given the most
attention and the best ;ublic acceptance, as it has been fuﬁctional
in foods and beverages for a very long time. Yeast is high in lysine
and contains adequate amounts of other essential amino acids excepf
methionine and cysteine (VanderWal, 1976). A recent study (Aéhraf,
1981) demonstrated the value and safety of yeast as a protein source.
Yeast SCP, supplemented with methionine, was used to replace 50 or
100 percent of soybean meal in a multigeneration raf study. Results
indicated that yeast as a source of essential amino acids was avail-
able and could suppert normal fetus growth, milk production, post-
weaning growth and body weight maintenance of dams. Schulz and
Osiage (1976) demonstrated that both strain of yeast (or bacteria)

used and type of substrate affect nutritive value.

Bacteria
Pseudomonas grown on methanol produced good apparent digestibility
(87.27%) and utilizable protein - (62.2%) values for rats (Schulz and
Oslage, 1976). ’ |
Agreﬁ_gg‘gl. (1974) used réts to test the value of yeast and
bacterial SCP grown on a chemically pure hydrocarbon ffacfion, using .
casein and commercial stock diets as controls. Yeast had no effect

on mortality, general condition or behavior of the rats; however,
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bacterial SCP caused weight loss, bleeding at the nose and eyes, .
inéreased mortality, and organ abnormalities. The striking difference
between this and the study by Schulz and Oslage (1976) is probably
due to the differences of substrate and strain.

McCoy (1975) discussed the use of aerobic thermophilic bacteria
as economical and nutritive sources of SCP. Bacteria are at a
disadvantage compared to other SCP sources due to susceptibility to
phage, high nucleic acid content, and small-size causing high cell
recovery cost. Their advantages include faster growth rate and
higher total protein and‘éulphur amino acid contents compared to -
other SCP sources. Since DNA sequencing information was established

with the use of the bacterium, Escherichia coli, this bacterium is-

frequently used for study concerning recombinant DNA and construction

of desired polypeptides (Wetzel, 1980).

Genetic Engineering of Proteins

Supplementing a protein quality by changing it genetically to
include more of the limiting amino acid is now a realistic alternative
to conventional protein supplementation techniques. Qne way to
achieve this improved protein product would be to insert repeating
codons for the limiting amino acid into the DNA from which the plant's

protein is produced. When expressed, these repeating cbdons would

 result in polymers of this amino acid, a homopoly amino acid, being

produced along with the original protein to jointly become the

improved protein.
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Kangas gg_gl.'(1982) were successful in incorporating repeated
codons for proline in E. coli. When expressed, this alteration
resulted in a protein céntaining polymers of proline. The assumption
was made by these authors that this wbuld improve protein quality;
however, the nutritional valué was not tested. A suggestion was
presented that tﬁis method, insertion of repeating codons for an
amino acid, could be used to increase the amount of any limiting
amino acid to improve protein quality. An illustration cited was the
use of poly-IL-methionine enriched single cell protein (suqh as E.
coli) to supplement.soybea; feed for .poultry. The simﬁlest avail;ble
subject for the genetic engineer to work ﬁith woﬁld be a single cell.
organism such as E. coli. As single cell proteins are curfently
used in the animal fegd industry to supplement grain proteins, the
suggestion made by Kanéas et al. is a viable one. These authors
have demonstrated a procedure of inserting repeated codons that ié
reliable; however, adequate bioavailability of the produced protéin

has not been shown;

Homopoly Amino Acids

The product of repeating codons, a homopoly amino acid, is a
polymer consisting solely of that particular amino acid. This type
of strucfure does not occur naturally and a minute amount of research
has been done using a homopoly amino acid as the subject. Newman,

et al. (1980) fed poly-L-lysine to growing rats to test its nutritive
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value and found that -the growth of these rats wasfnotﬁsignificantl§
different from the growth of. thase fed the free amino acid, L—lysiné.
This research was the first published evidence that homopoly amino
acids are biologically available.

Boebel and Baker (1982) fed poly-L-methionine to chicks with
strikingly different results. They found this homopoly amino acid
to have no, or extremely limited, biological availability. The
difference between these two studies may be due to species specificity.
Another possible explanation could be that these synthetic protein
sources are unique substaﬁces which may or may not be biologically
available to any speciles due to the presence or absence of enzymes

and/or transport systems.




30
Chapter 3

MATERTALS AND METHODS

Homopoly Amino Acids

Poly-L-lysine (PLL), poly-L-methionine (PIM), and poly-L~tryptop- .

han (PLT), were synthesiéed by Sigmé Chemical Company.l The mole-
cular weights (as stated by Sigma)lwere 4,000\Eo 15,000, 30,000 to.
50,000, and 15,000 to 50,000 for PLL,.PLM,‘and PLT,-respectivél&.
The average number of amino acid units in one molecﬁle'were 41, 285,
and 167 units of L-lysine (Lys), L-methionine (Met) and L—%ryptophén
(Trp), respectively. Poly-L-lysine was purchased as a precipitated
hydrogen bromide salt. The bromide was removed by dissolv;ng the
peptide in 100 ml of water and filtering the solution through é
Diaflow ultra-filtration apparatus with a 10,000 daltoﬁs membrane
filter. When the volume had decreased to 10 ml, it was again diluted
to 100 ml and filtered a second time. The ultra-filtrate was than
lyophilyzed.

When calculatingldiets, the amount of each homopoly émino acid
(HPAA) added was adjusted to the difference of adding the polymer:
versus the free amino acid due to the weight of the water molecule
released for each peptide bond formed. Each HPAA was analyzed fbr
purity by Sigma Chemical Company. The PLL contained 65 peréent Lys,

PLM contained 96 percent Met, and PLT contained 25 percent Trp.

1Sigma Chemical Company, P.0O. Box 14508, St. Louis, Missouri 63178.
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Rat Trials - General

Weanling female Holtzman Sprague-Dawley rats were individually
housed and for two days prilor to trial iInitiation were provided water
and fed ad libitum a diet consisting of autoclaved cornmeal, casein,
corn oil, vitamin and mineral supplements, calcium carbonate, énd
antibiotic (Table 3).

Table 3. Percentage Composition of Initial Diet Fed to Rats Prior
to Trials 1 and 2.

Item . _ : Percent
Cornmeal, autoclaved ' 84.07
Casein 6.00
Corﬁ oil | 5.00
Vitamin mizture’ 2.00
Mineral mixture2 2.06
Calcium ‘carbonate3 0.80
Antibiotic4‘ » - 0,03

Total 100.00

lVitamin diet fortiflcation mixture, ICN nutritional bioghemicals,‘
Cleveland, Ohio.

2Salt mixture,bernhart tomarelli - modified. ICN nutritional
biochemicals, Cleveland, Ohio.

3Reagént grade.

4Oxytetracycline, 200 grams per kg.
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Rats were then allotted into .seven treatment groups-based on
initial weight. The average weight of each treatment group was 65.6
grams and varied no more than + 0.3 grams. The rats were assigned
cage positions in such a manner as-to assure that no variation'duq
to cage location occurred. In both trials 1 and 2, féur rats were
fed one of seven diets, thus combiﬁed there were eight subjects per
diet. Trial 2 was a replication of trial 1, the only difference being
the diets for both trials were prepared prior to trial 1 so that the
ration mixtures were stored under refrigeration for five weeks before
being fed in trial 2. .

Water was proﬁided ad libitum and feed was restricted to ten
grams per day during the test period. The rats were housed in thé
cages described for the growth trial (see Envirdﬁméntal Conditions)
for the first five days of the trial. On fhe sixth day, they were
moved to the cages described for the nitrogen balance trial, where
they remained until the end of the nine day trial. The growth data
were based on the entire nine days, with the first five days being an
adaptation period and the final four days the nitrogen balance study.
On the final day of each trial, rats were sacrificed by inducing

hypoxia using carbon diokide as the oxygen replacement.

Environmental Conditions

Rats were housed in individual woven wire cages in an environ-
mentally controlled room at 22°C with light automatically regulated
to provide twelve hours of continuous light and twelve hours of

continuous darkness. Cages for the growth trial were contained on
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a rack with six vertical and five horizontal rows on each side.
Feed was placed in a metal cup with a hole in the cover, contained
in an oﬁen ceramic crock to reduce wastage and allow for daiiy'weigh
back §f unconsumed feed. Fresh water was provided daily in glasé
bottles-with.sipping‘tubes;

Standard metabolism cages were used for the nitrogen balance
study. These were located on racks with four vertical and two
horizontal rows on each side. Feed was provided in a gléss cup on
the outside of the cage to which entry ﬁas made available via a me;ai

tunnel, and water was provided as described above.

Diets

All diets (Tables 4 and 5) were purified and.idgntical except
for the source or lack of one specific amino acid. Diet 1 provided
all amino acids in the free L-form. Diet 2 provided Lys solely as
PLL. Diet 3 provided Met solely as PLM. Diet 4 provided Trp solely
as PLT. Diets 5, 6, and 7 were Lys free (LF), ¥Et free (MF)? and
Trp free (TF), respectively. Glutamic acid was used as‘ihe nitﬁogep
replacement in the last three diets to compensate for the absent.
amino acid. Cysteiﬁe was used in all diets to provide 25 péfcent of
the sulfur aminq'acid requirements. All diets Wepe'formulated to
provide 10’percent protein and at least 100 percent of NRC guidelineé

for all known essential nutrients (NRC, 1979). Nitrogen (N) deter-

mination of each diet was made by Kjeldahl analysis and was multipligd‘l

by 6.25 for proteiﬁ content of the diet..




Table 4.

Percentage Composition of Diets Fed to Rats in Trials 1 and 2

Testing the Nutritional Value of Three Homopoly Amino Acids
vs L-amino Acids.

Diets Percent
Poly-L- Poly-L- L- Try- L-Glu-
Poly—LE Methio- Trypoho- L-Lysine L-Meth- L—Cysz phto- tamic Corn-

Premix Lysine nine? phan Hc13 ionine teine phan Acid starch
Control 25.53 - - - 0.87 0.45 0.15 0.15 - 72.85
Poly-L-
Lysine 25.53 0.615 - - - 0.45 0.15 0.15 - 73.105
Poly-L-
Methionine 25.53 - 0.396 - 0.87 - 0.15 0.15 - 72.904
Poly-L-
Tryptophan 25.53 - = 0.137 0.87 0.45 0.15 - - 72.863
Lysine
Free 25.53 - - > - 0.45 0.15 0.15 = 0.70 73.02
Methionine
Free 25.53 - - - 0.87 - 0.15 0:15: 0.45 72.85
Tryptophan
Free 25.53 - = - 0.87 0.45 0.15 - 0.15 72.85

1
For composition of premix, see Table 5.

2Percencage of diet based on respective amino acid requirement adjusted to new molecular weight of

polymer versus the free amino acid.

30.872 L-lysine-HC1l provides 0.70%Z L-lysine.

4

0.15% L-cysteine equals 25% of sulphur amino acid requirement.

Molecular weight and average number of units per polymer are
4,000 to 15,000 and 41 for poly-L-lysine, 30,000 to 50,000 and 285 for poly-L-methionine, and
15,000 to 50,000 and 167 for poly-L-tryptophan.

V23
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Table 5. Composition of Premix Incorporated in Rat Diets.

Item g
Corn oil 5.00
Alphacell 5.00
Mineral mixture2 2.00
Vitamin mixture3 2.00
Calcium carbonate4 0.80
Antibiotic5 .13
L-Arginine 0.60
L-Asparagine - H206 0.45
L-Glutamic acid 4.00
L-Histidine 0.30
L-Isoleucine 0.50
L-Leucine 0.75
L-Phenylalinine 0.40
L-Tyrosine 0.40
L-Proline 0.40
L-Threonine 0.50
L-Valine 0.60
L-Glycine 0.57
L-Alanine 0.57
L-Serine 0.56
Total 25253

lICN fdutritional biochemicals non-nutritive cellulose.

2
Salt mixture bernhart tomarelli - modified. ICN nutritional
biochemicals, Cleveland. Ohio.

3Vitamin diet fortification mixture, ICN nutritional biochemicals,
Cleveland, Ohio.

Reagent grade.
5Oxytetracycline, 200 grams per kg.

6Provides 0.40 percent asparagine.
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Growth and Nitrogen Balance Trials

Rats were welghed every morning at which time the feed not
consumed was measured prior to giving the daily portioﬁ.' 5at;
collected concerning weight gain and feed'consumptidﬁ were used to
calculate protein efficiency ratio (PER), feéd/gaih (r/G), and'
nitrogen intake (NI). Calculations were made individually and then
" averaged per treatment group.

After the five day adjustment period the rats wete movedrto
metabolism cages with colléction funnels. The tip of the colléction
fuﬁhel was positioned so the urine Would_be collectea in a 125 ml
flask containing 25 ml of 5 perceﬁt sulfgrié acid. A small amount of
glass wool was positioned in the top of the flask so that feces could
not drap into the urine flask.‘ This flask was placed in a 600”m1
beaker containing 50 ml of 5 percent sulfuric acid which was the
collection container for the feces. In both cases, the 5 percent
sulfuric acid was used to prevent ammonia N losses. The collection
funnels were rinsed with water twice daily.

At the end of each tfial, the bottoﬁ‘of the cages and the

collection funnels were rinsed with water, which was collected in the:

urine flasks. Urine samples were covered and refrigerated. The
feces were digested and homogenized by adding 100 ml of conﬁentratgd
sulfuric acid to each bééker confaining collected feces, which was
then loosely covered and held_at room temperature until analysis
could be performed. Nitrogen determination was made on all samples’

by Kjeldahl analysis. Urine was diluted with water to 200 ml in
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volﬁmetric flasks and a 15 ml aliquot taken as a saﬁple. Digeéted_
feces were diluted with water to 500 ml in volumetric flasks, using
100 ml aliquots as samples. Data gathered from these analyses were
used to calculate total urinary nitrogen (UN) loss and total feces
nitrogen (FN) excretion.

Values obtained were used to compute true digestibility (TD),
biological value (BV?, and net protein utilization (NPU). The
calculations were made individually and averaged for treatment groups.
Metabolic fecal nitrogen (MFN) was calculated as 1.35 mg N/gm dry l
matter. Endogenous urinary nitrogen (EUN) was considered to be 16.14

mg/rat/day. Theée values were made available by Stobart (1977).

Liver Data

, Livers were removed from all rats immediately following sacri-
fice. 1Individual livers from both trials were immediately weighed,
frozen and later subjected to N determination by Kjeldahl\analysis.
Liver weighﬁs were used to calculate liver as a percent of body
weight. Nitrogen deferminations were used to express the perceﬁt'N

of liver.

Chick Trials - General

Newly hatched broilérs were obtained from the H & N Company,
Redmon@, Washington. Upon arrival, chicks were randomly assigned to
treatment and control groups, banded and given their assigned diet.
Water was provided ad libitum overnight, with the growth trial

beginning the following day.
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Trial 3 involved feeding the control, PLL, LF, PLT, ‘and TF
diets each to eight chicks. In trial 4, seven chicks were fed the
control diet and eight were fed the PLM and MF diets. Due to a
phenomenon observed in trial 3,.a fifth trial was initiated to test
the effect af the absencé or sourcé of tryp£ophan on thé duration of
heartbeat following death. Treatment groups were housed in community
cages of a battery brooder. Feed and water were provided ad libitum.
On the final day of all trials, the chicks were sacrificed by cervical

dislocation.

Environmental Conditions

The trials were conducted in a room thermostatically controlled
at 27°C, with continuous lighting. Electrical heating units in each
cage provided warmth up to 35°C. The community cages were constructed
of woven wire sides and bottoms. Newspaper was placed in the bottom
of the cages the first five days of the trials to provide more

consistent flooring.

Diets
The purified diets (Tables 6 and 7) were formulated to‘meet at
" least 100 percent of the NRC requirements (NRC, 19775 for all known
essential nutrients. Major diet constituents were cormnstarch, corn
oil, free amino acids; vitamin and mineral supplements. All diets
were identical except for the source or absence of test amino acids.
As suggested by Sasse and Baker (1973), L-proline was added at 0.4

percent of the diet at the expense of glutamic acid. Cysteine




Table 6. Percentage Composition of Diets Fed to Chicks in Trials 3 and 4
Testing the Nutritional Value of Three Homopoly Amino Acids vs
L-amino Acids.
Diets Percent
Poly-L- Poly-L L-Try- L-Glu-
1 Poly-L5 ueth}o— Trypgho- L-Lysine L-Metk- L-Cys- phto- tamic Corn-
Premix™ Lysine nine phan HC13 ionine teine phan Acid Starch

Control 40.674 - - - 1.50 0.70 0.23 0.23 - 56.666
Poly-L-
Lysine 40.674 1.054 - - - 0.70 023 0.23 - 57,312
Poly-L-
Methio-
nine 40674 - 0.616 - 1.50 - 0.23 0.23 - 56.75
Poly-L-
Trypto-
phan 40.674 - - 0.21 1.50 0.70 0.23 - - 56.686
Lysine
Free 40.674 - - - - 0.70 0.23 0.23 1.20 56.966
Methionine
Free 40.674 - - - 1.50 - 0.23 0.23 0.70 56.666
Tryptophan
Free 40.674 - - - 1550 0.70 0.23 - 0.23 56.66

1For composition of premix, see Table 7.

2Percentage of diet based 6n respective amino acid requirement adjusted to new molecular weight of
pclymer versus the free amino acid.
4,000 to 15,000 and 41 for poly-L-lysine, 30,000 to 50,000 and 285 for poly-L-methionine, and 15,000
to 50,000 and 167 for poly-L-tryptophan.

3

1.50 % L-lysine-HC1 provides 1.20% L-lvsine.

0.23% L-cysteine equals 25% of sulphur amino acid requirement.

Molecular weight and average number of units per polymer are

6¢
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Table 7. Composition of Premix Incorporated in Diets Fed to Chicks.
Item B
Corn oil 10.00
Alphacell 3.00
Mineral mixture2 4.00
Vitamin mixture3 1.10
Sodium bicarbonate4 1.50
70% Choline chloride solution5 0.1785
Selinium mixture6 0.05
Zinc carbonate - sucrose mixture7 0.05
Ferric citrate 0.03
Manganese sulfate 0.003
L-Arginine 1.44
L-Glycine Y 158
L-Histidine 0.45
L-Isoleucine 0.80
L-Leucine 153D
L-Tyrosine 0.62
L-Phenylalanine 0.22
L-Threonine 0.75
L-Valine 0.82
L-Proline 0.40
L-Glutamic acid 11.89
Total 40.674

lICN nutritional bBiochemicals non-nutritive cellulose.

2Salt mixture bernhart tomarelli - modified.

biochemicals, Cleveland, Ohio.
3

Cleveland, Ohio.

4Reagent grade.

O

—— i e o e aien

ICN nutritional

Vitamin diet fortification mixture, ICN nutritional biochemicals,

5Provides 1.04 grams choline per kilogram feed.

6Selinium limestone mixture, 0.057 selinium, 36.07 calcium, provides
0.1 mg selinium per kilogram feed.

758 grams zinc carbonate (62.15% Zn) to 300 grams sucrose.
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'provided.ZS.percgnt of the sulfur amino acid requiremenf. In trials
3 and 4, diet 1 was the control and provided all amino acids in the‘
free L-form. Diet 2 proYided Lys solely from PLL. Diet 3 provided
Met solely from PLM. Diet 4 provided Trp solely from P#T. Diets
5, 6, and 7 were LF, MF, and TF, réspectiyely. All diets were.
formulated to contain 23 percent protein. Glutamic acid was added
in diets~53'6, and 7 to replace N from thé absent amino acids.
Nitrogen determination was performed for.all diets-exactly as

described for the rat diets.

Growth Trials

‘ For two weeks, chicks were individually weighed and feed
consumpfion measured each day prior to adding additional-feed. As an
entire group waslhousgd In one cage, feed consumption data réflects
the group consumption and was divided by the number of chicks per
group for individual values. PER and F/G were calculated from

weight gains and averaged feed consumption in all groups.

Liver Data
Immediately following sacrifice, livers were removed and
individually frozen. Frozen livers were weighed and analyzed for N

content by Kjeldahl analysis. Individual liver weights were used to

calculate liver as a percent of body weight. Nitrogen determinations

were used to express the percent N of liver.

Heartbeat Experiment

Trial 5 dincluded the feeding of a diet void of Trp and other
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diets providing the amino acid ip the free L-form, as PLT, and a
combination of these two, or as the dipeptide, tryptophyl-L-tryptophan
(Table 8). The diets were identical to those fed for the growth -
trials, deviating only in the source or absence of Trp.

Trial 5 was designed to measure the occurrence of continued
heartbeat following death, and to iInvestigate if this occurrence éould
be correlated with the presence of PLT in the diet. Five.chicks were
assigned to each of the diets above. Individual weighﬁs and group
feed consumption were measured each day of the nine day trial.

Hearts were observed immediately following death and until
palpitations ceased. Every five minute period of beafing wés
assigned a value of one, thus a heart continuing to'beat'for‘twenty'
minutes was given a value of 4, Individual values were then averaged
per treatment group. ‘Weight gain and averagedAfeed consumptioﬁ\data

were used to .calculate F/G and PER for all groups.

Statistical Analysis

The data were analyzed by analysis of variance (Nie et al.,
1975) and means separated by Newman-Keuls multiple range test
(Snedecor and Cochraﬁ, 1967) when sighificant differences were

detected.




Table 8. Percentage Composition of Diets Fed to Chicks Comparing Various Sources or Absence of
Tryptophan in Relation to Duration of Heartbeat Following Death.

Diets Percent
Poly-L- Trypto- L-Glu-
1 Trypho- L-Lysine L-Meth- L-Cys- L-Try- phyl-L- tamic Corn-

Premix phan?2 HCL3 ionine teine ptophan Tryptophan Acid starch
Control 40.674 - 1.50 0.70 .23 .23 - - 56.666
Poly-L-
Tryptophan 40.674 0.21 1.350 0.70 0.23 - = - 56.686
Tryptophan
Free 40.674 - 3.50 0.70 0.23 - = 0.23 56.666
Poly-L-
Tryptophan 40.674 0.21 1:50 0.70 0223 D23 = = 56.456 F

w

Tryptophan-
L-Trypto-
phan 40.674 - 1258 0.70 023 - 0.23 = 56.666

For composition of premix, see Table 7.

2Percentage of diet based on tryptophan requirement adjusted to new molecular weight of polymer versus
the free amino acid. Molecular weight and average number of units per polymer are 15,000 to 50,000
and 167 for poly-L-tryptophan.

30.87% L-lysine-HCl provided 0.70% L-lysine.
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Chapter 4

RESULTS

/
Rat Growth Trials 1 and 2

The combined data of rat growth trials 1 and 2 are shown in
Table 9. No differencé (P >0.05)was detected in the weight gain'of :
rats fed PIM, PLT, LF, MF, or TF diets. Weight gain of .rats fed the
control and PLL diets was higher (P <0.05) than the gain of\rats'fed
the other diets with the control diet gaining faster (P <0.05) than:
those fed the PLL diet..

Total feed consumption per rat was not different (P >0.05)
for the control and PLL groups, however cénsumptipn in these groups
was higher (P <0.05) than that of all other diet treatments. Total '
feed consumption was not different (P >0.05) between PLM aﬂd MF fed
rats, yet values from these two groups were lower (P <0.05) tﬂan-
those from the LF and TF groups,'tﬂe latter two being similarland
not diffgrent (P >0.05). Total feed consumétion of rats fed the ‘
PLT diet was not different (P >0.05) from those fed PLM, MF, L¥, .
or TF diets. | |

The percentlprbtein of the diets fed to rats in‘trials 1 and 2
is given in Table 10. Analysis of data collected concerning F/G, PER,:
and NI .produced idgﬁtical results for all three measurements. No
‘difference (P >Q,05) was noted between the control and PLL diet fed
rats, however.these two groups produced higher values than all other
groups. The values for all three measurements were not different

(? »>0.05) among the PLM, PLT, LF, MF, and TF groups.




Table 9. Comparative Performancelof Rats Fed Three Homopoly Amino Acids vs L-amino Acids in
Synthetic Diets, Trials 1 and 2.
Number Body

of Weight Feed Nitrogen Feed/ 9

Treatments Rats Gain Consumed Intake Gain PER
g g g kg/g

Control 8 23.0%2.56%  85.37°45.18 0.6427°+0.04 3.74%+0.36 2.59%40.24
Poly-L-Lysine 8  17.25P+2.43  88.12%+2.03 0.6464°+0.00 5.19%+0.70 1.94%+0.28
Poly-L-Methionine 8 -5.12°2.17  38.5% +7.07 0.3130°+0.03 9.74%+6.74 ~1.23%+0.54
Poly-L-Tryptophan 8  -5.62541.51  44.79%4.13 0.3172°40.04 8.51%+2.44  _1.24P+0.40
Lysine Free 8  -6.00°+2.00  54.62°+5.97 0.3783°40.06 10.17°+4.05  _1.13P+0.37
Methionine Free 8 —7.25911.67 37.87Ci3.72 0.3019bjp.04 5.54bil.67 —1.91§10.54
Tryntophan Bree 8  -5.75%42.38  52.62°46.8  0.36607+0.06 11.74°+8.97  _1.14P+0.52
a’b’cMeans in the same column with unlike superscripts are significantly different (P <0.50).

*
Standard deviation.

1Means represent combined valued from Trials 1 and 2.

2Protein efficiency ratio.

SY
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Table 10. Percent Proteinl of Diets Fed to Rats in Trials 1 aﬁd 2
Testing the Nutritional Value of Three Homopoly Amino
Acids vs L~amino Acids. '

Poly-L  Poly-L- - Methio~ Trypto-
Con- Poly-L Methio- Trypto- Lysine nine phan
.trol Lysine nine phan Free Free Free
Percent, 15,99  10.68 10.68 10.88 10.32  10.75  10.53
Protein
1

All values given on a dry matter basis.

2Protein determined by Kjeldahl analysis.

Rat Nitrogen Balance Trials 1 and 2

The combined data of rat nitrogen balance trials 1 and 2 are
shown in Table 11. The highest UN values, which were also similar (P >
0.05), were produced by rats fed the PLL and LF diets. ‘These values were
different (P <0.05) than the lowest values representing the control, PLM,
and MF dlet fed réts, which were also similar (P >0.05). Rats fed PLT
and TF diets.produced a medium set of wvalues that were not different
(P >b.05) from any other group.

Fecal nitrogen (FN)'values from rats fed the PLL diet were
higher (P <0.05) than those of rats fed the PLT, MF, and Tf diets.

Fecal nitrogen of rats fed control, PLM, and LF diets was not different
(P >0.05) than that of those fed any other diet.

No differences (P >0.05) was shown between any treatment groups
for values concerning true digestibility.

The highest BV figure was produced by the group fed the control
diet although it was not different (P >0.05) from the rats fed PLL,

PLM, MF, and TF diets. The BV of the LF diet was lower (P <0.05)

than the BV of the control, PLL, PLM, and MF diets but was not different




Table 11. Comparative Nitrogen Utilizationl by Rats Fed Three Homopoly Amino Acids vs L-amino
Acids, Trials 1 and 2.

Urinary Fecal True Biological Net Protein

Treatments Nitrogen Nitrogen Digestibility Value Utilization

Control 0.1246%4+0.01% 0.0758%°40.02  95.99%+3.36 90.38%+1.87 86.73%+2.65
Poly-L-Lysine 0.2258%4+0.06 0.1177%0.06  89.92%+8.99 72.84%%+8.03 64.98"%+4.26
 Poly-L-Methionine .0.1101°+0.03 0.0559%P+0.04  90.39%+12.38 84.07%%48.77  75.31°P47.89
' Poly-L-Tryptophan 0.1714%°+0.04 0.0391P40.03  95.57%+9.96 65.33°%411.51  62.76"%+14.91

Lysine Free 0.2389%+0.04 0.0609°°+0.04  93.35%48.38 49.98%11.57 46.11°+8.48

Methionine Free o.123éaio.-o4 0.04657+0.03  92.47%+11.32 '78.79%P+13.88  71.95%P410.15 5

Tryptophan Free  0.1692%°+0.05 0.0433°+0.02  96.33%+6.28 69.92%°%414.57  67.62%P+16.28

a’b’cMeans in the same column with unlike superscripts are significantly different (P <0.,05).

lMeans represent combined values from Trials 1 and'2.

*
Standard deviation.




| 48
(P »0.05) from the PLT and TF diets. Bialogical values of the PiL,
PLM, PLT, ﬁF and TF diets were not different (P >O.65),

Net protein utilization values follow a trend similar fo‘thét‘
of BV. Tﬁe best NPU was evidenced in the control groub but was not
differenf (P >0.05) from the PLM, MF and TF groups. The LF group had
the lowest NPU which was different from the control, PLM, MF, and TF
diets but was not different ‘(_P >0,05) from the PLL and PLT diets.

The PLL, PLM, PLT, MF, and TF diet fed'rats‘showéd no difference

(P >0.05) in NPU valﬁes.

Rat Liver Data

Pooled data ffoﬁ trials 1 and 2 concerning liver measuremenfs are
presented in Table 12. The highest mean liver welght was found in the
group receiving the gontrol diet; However, this weight was different
. (P <0,05) from the MF and TF grogps'only, which represented the lowest
(P <0.05) liver weights and which were not different (P >0.05) from
each other. The latter two treatment groups were not different (P >.
0:,05) from the other groups, with the exception of the controi group.

No differences wére detected from the values representing liver
weight as a percent of fcdy weight. ' The percent N of liver data
reveals highgr (P <Q.05) means from the PLM and MF diet fed rats
compared to all other groﬁps. The lowest mean percent N of liver
occurred in the group fed the LF¥ diet, which Qas not differeﬁt (P >0.05)
from means of_grqups fed the PLT and PLL diets. The PLL fed gréup
. also showed a lower (P %0.0S)percent N of liver than the TF group,

which was not different (P SQ.QS) from the control. The control
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Table 12. Comparative Effect of Three Homopoly Amino Acids vs L-amino
Acids on Rat Liver Weight and Percent Nitrogen of Liver™,
Trials 1 and 2. ‘

Number Liver W as % % Nitrogen

of Weight Body . - of
Treatments Livers (1w) " . Weight ' Liver
g
a aa b
Control 8  4.51%40.93*  5.01%40.90 16.91°+1.89
Poly-L-Lysine 8  3.95°°41.08  4.79%+1.30 15.78%%+0.68
Poly-L-Methio- ab T a a
nine 8 3.1777+0.75 5.40°41.10 17.93%+0.91
Poly-L-Trypto- . ab a d
phan 8 3.33%40.75  5.74%1.13 15.54%40.53
Lysine Free 8 2.94%P+0.51  5.09%+0.76 15.45%40.88
Methionine Free 8  2.88°+0.74 5.10%+1.29 18.42%40.96
Tryptophan Free 8  2.89°+0.54 5.01%1.03 16.56°%+0.67

a’b’c’dMeans in the same column with unlike superscripts are signifi-

_cantly different (P <0.05).
1Mieans reﬁresent combined values from trials 1 and 2.

Standard deviation.

rats' percent N of liver was different (P <0.05) from all other groups

with an intermediate wvalue.

Chick Growth Trials 3 and 4

Pooled data from chick growth trials 3 and 4 are shown in Table
13. The group fed the control diet gained faster (P <0.05) than any
other group. All other test diets resulted in less weight gain

(P <0.05) than the diet containing PLL.




3All_vaiues were adjusted by addition
of negative numbers.
'4Protein efficiency ratio.

*“ .
Standard deviation.

lMeans represent combined values from trials 3 and 4.
‘2Represents mean feed consumption per chick perlday.

of a constant (8)

Means in the same column with unlike superscripts are significantly_different‘(P <0.05).

Table 13. Comparative Perfo_rmancel of Chicks Fed Three Homopoly Amino Acids vs L-amino Acids‘in
Synthetic Diets, Trials 3 and 4.
Body
Number of Chicks Weight Feed Adjusted

Treatment Initial Final Gain Consumed Feed/Gain PER

. g g kelg
Control 12 9 159.10%+31.76%  19.64+6.65 1.4240.24 3.70+0.65
Poly-L-Lysine 8" 8 42.50°+10. 88 9.66+2.58 2.56+0.64 1.95+0.50
Poly-L-Methionine 8 7 3.00%+4.36 2.94+0.89 - 9.73+14.01 0.24+0.86
Poly-L-Tryptophan 8 5 3,20ci2.17 4.41+0.62 5.29+1.17 0.37+0.13
Lysine Free .8 8 1.25%1.49 3.89+0.76 6.31+1.99 0.08+0.28
Methionine Free 8 6 1.83%3.12 3.08+0.31 7.79+6.52 0.16+0.60
Tryptophan Free 8 7 1.29%+1.89 3.99+0.70 6.03+1.30 0.1540.26
a,b,c

to the gain measurement to negate effect’

0$
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Average daily feed consumption of chicks fed the control diet
was double that of chicks fed the PLL diet, which was at least twice
that of chicks fed any of the other diets. The percent protein of
diets fed to chicks in trials 3 and 4 is shown in Table 14.

Table 1l4. Percent Protein1 of Diets Fed to Chicks in Trials 3 and 4.,

Testing the Nutritional Value of Three Homopoly Amino
Acids vs L-amino Acids.. : :

Poly-~L Pély—L ' Methio-  Trypto-

. Poly-L Methio-~ Trypto~ Lysine nine’ ° phan
Control Lysine nine phan free Free Free
Percent .
Protein™ 19.33 18.11 19.29 19.32 18.38 19.17 18.88
1

All values given on a dry matter basis.

2Protein determined by Kjeldahl analysis.

Feed/gain ratios were adjustea to negate the effect of negative
numbers. A constant was added to each weight gain value so that none
were below a ratio of 1:1. These data showed the 1owe$t F/G was
produced by chicks fed the control diet, follo&ed by those fed PLL.
High F/G ratios were found from chicks fed PLT, TF, LF, MF, and PLM
diets.

Similar results are found with PER. The highest PER was from the
control group, followed by the group fed the PLL diet. All remaining
diets produced very low PERs.

Growth data were also collected in trial 5 concerning the source
or absence of Trp in the diet and are presented in Table 15. The
largest gain was found with the chicks fed the PLT plus L-Trp diet )

although this figure was not different (P >0.05) from the gain of




Table 15. Comparative Performance of Chicks Fed Various Sources of Tryptophan or No Tryptophan
in Synthetic Diets, Trial 5.

Body

Nuwber of Chicks Weight Feed Adjusted 3

Treatment Initial Final Gain - Consumed Feed/Gain PER
g g ~ kg/g

Control 5 5 82.00%+14. 30% 13.8 1.48+0.26 2.86+0.50
Poly-L-Tryptophan 5 5 1.80°+1.30 . &1 6.7741.78 0.2140.15
Iryptophan Free 5 ) l.60§t3.85 3.7 11.65+12.55 ' 0.21+0.50
Poly-L-Tryptophan . : a ) A
+ L~Tryptophan -5 5 87.90 +20.70 13.3 1.39+0.37 3.15+0.74
Tryptophyl-=L- a
Tryptophan : 5 5 77.407+16.73 12.2J . 1.40+0.29 3.05+0.66

bMeans in the same column with unlike superscripts are significantly different (P <0.05).

lRepresents mean feed consumption per chick per day.

2All values were adjusted by addition of a constant (4) to the gain measurement to negate effect -
of negative numbers.

3Pr0te1n efficiency ratio.

*
Standard deviatioen.

49
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chicks fed the control diet or the diet containing the dipeptide,
tryptop@yl—L—tryptophan. The gains from chicks fed these three diets
ﬁere'different (P <0.05) from the gain of those fed diets containing
PLT or no Trp, which were similar (P >0.05). Average daily feed
consumption,adjustéd F/G and PER wvalues for Ehic?s fed theée dieté

followed a similar trend.

Chick Liver Data

Liver data collectéd.folléwing chick growth txrials 3 and.4 are
summarized in Table 16. Mean liver weight from chicks fed the control
diet was greater (P <0.05) than mean weights from chicks fed ali other
diets.' Chicks fed PLL, PLM, and MF diets produced mean 1iver.wqight;
of similar size, however the former two were larger (P <0.05) than
mean weights from chicks fed PLT, LF and TF diets. Mean liver weight
from MF fed chicks was not larger thgn that from chicks fed PLT,
which was not.diffgrent tP >6.05)_from mean liver weights of-chickg
fed LF and TF diets. :

When liver weight was expressed as a percent of body weight, the
values from groups fed the control, PLM and MF diets were not different
(P >0.05) from each other, but were higher (P <0.05) than all other
groups. The PLL fed chicks producéd a value higher (P <0.05) than the
PLT, LF and TF groups and was similar to noﬁe, Chicks fed PLT, LF and
TF diets produced similar (P >0.05) values.

Kjeldahl anlaysis showed the livers from chicks fed PLT, LF and

TF diets to contain more (P <0.05) N as a percent of liver weight than
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Table 16. Comparative Effect of Three Homopoly Amino Acids vs L—amlni
Acids on Chick Liver Weights and Percent Nitrogen of leer
Trials 3 and 4.

Number Liver LW as 7% % Nitrogen
of. Welght Body of
Treatments Livers (W) _ . Weight . Liver
g

Control 11 6.03%+1.20% 3.04%40.22 16.6ZCbi;_13'
Poly-L-Lysine 8  1.89%+0.32 2.46°40.15  17.85"+1.04
 Poly-L-Methionine 7  1.557+0.27 $3.30%40.32  15.50%+1.55
Poly-L-Tryptophan 4  0.68°%40.08 1.78%+0.34 22.61%41.97
Lysine Free 8  0.60%0.11 1.75%40.28  20.42%4+2.36
Methionine Free 6  1.34°%40.42 3.02%40.49  11.60%4.82
Tryptophan Free 7 0.62%t0.12 1.74§t0.22 21.44§tl.58

a’b’c’dMeans in the same column with unlike superscripts are

significantly different (P <D.05).
lMeans represent combined values from trials 3 and 4.

Standard deviation.

PLL fed chicks, which produced livers with more N (P <0.03) than those
fed PIM and MF diets. The control and PLM fed chicks produced values

greater (P <0.05) than the MF group.

Chick Heartbeat Phenomenon

Data gathered from observing the. duration of heartbeats
lfollowing death are presented in Table 17. Heartbeats of chicks fed
the TF diet endured 1qnger (P <0.05) than thdse fed the control,
dipeptide, and PLT plus L-Trxp diets. Duration of heartbeat of chicks

fed PLT was not different (P >0,05) from those fed TF or PLT plus




Table 17. Comparative Effect of Source or Absence of Tryptophan in Synthetic Diets on Chick

Duration of Heartbeat Following Death, Trial 5.

Control Poly- Tryptophan Poly-L-Tryptophan Tryptopyl
(L-Tryptodhan) L-Tryptophan Free + L~Tryptophan L-Tryptophan
Number of 5
minute - ab a be
intervals® ~ 1.00°+0.00% 32.80°°+19.38 - 38.40%+16.21 . 18.00°°420.49  5.00%+2.00
‘a,b,c

*“Means w1th unlike superscrlpts are 31gn1f1cant1y different (P <0 05).

1
Each 5 minute interval of continued beating was given a value of 1; thus a

heart beating 30 minutes following death would be given a value of 6.
Standard deviation.

Gq
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L-trp diets. The shortest duration of heartbeat was provided by

chicks fed the control, dipeptide, and PLT_plug L-trp diets\
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Chapter 5

DISCUSSION

Gréwth data from rat and chick trials followed similar trends
as data gathered by Newman et al. (1980) and Boebel and Baker (1982). .
Newman and coworkers found no growth difference between PLL and L-lys
fed rats, however the résults presented in this paper did show
significant differences betweeq the-two\groups. A logical explanation
for this is found in the amoﬁnt of PLL provided in the diets. Newman
incorporated PLL at 118 percent of the lysine requirement of the rat
based on an analysis revealing the polymer to contain 84 percent lysine
after debromization. The same analysis was performéd in the present
study, but not until after trial initiation, thus thg resulifs are not
used in diet formulationm. | |

All diets containing HPAAs:wefe calculated with the assumption
that the polymers were 100 percent pure. In addition, the amount of
each HPAA added to the diet was actually less than the respective
amino acid requirement because the HPAAs were cpnsidered a more
concentrated source of the amino aci& than their free L~form. Thus,
with the NRC requirement of Lys for rats at 0.7 percent of diet, PLL
~was provided at 0.615 percent of diet. Analysis of PLL b& AAA Lab-
oratories2 and Sigma Chemical Company showed the polymer to contain
49.5 percent and 65 percent Lys, respectively. 'Providing Lys at
0.615 percent instéad of 0.7 percent.of diet from a source that was
approximately only tﬁo—thirds Lys resulted in évdeficiency state of

this amino acid in the diet. This is undoubtedly the reason for

2AAA Laboratories, 6206 89th Ave. S.E., Mercer Island, WA 98040.
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the depressed growth seen in this trial. The fact that growth did
occur despite these circumstances does substantiate tﬁe conclusion
drawn by Newman et al. (1980) that PLL is an available source of
that amino acid.for the rat,

The amount of PIM added to the diet of chicks was calguléted in
the same manner as that described for PLL. AAA Laboratorie; and..
Sigma Chemical Company analyzed the polymer 'and found it to contain
50 perceﬁt and 96.percenf MEt; respectively. It is unlikely, but if
a deficiency state were produced by this level of Met it would be less
than that for Lys found in PLL diets. Also, 25 pércént of the sulfur
“amino acid requirement was met by cysteiné. Taking £hese‘two_points
into consideration, had the PLM been an available source of fhe.amino
acid, some growth should have occurred. Since it did not, these
results are considered to be supportive of the conclﬁsion by Boebel
and Baker (1982) that PLM is not an available source of that amino
acid. for the chick.

The results for PLL and PIM are in agréement with results found
by two other investigators (Newman et al., 1980; Boebel and Baker,

1982). Since growth did occur with PLL fed rats and'chicks, and did
not occur with PLM fed chicks or rafs, it is suggested that the |
availability of these two HPAAs is not species specific. |

There are no known studies with which to compare the growth
data for rats or chicks fed PLT. The amount of this HPAA was

éalculated andua&ded to the diets of bqth'species in the same manner
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as that described for PLL. AAA Laborataries and Sigma.Chemical '
Company analyses of this polymer were véry different, 7 pércent and
25 percent, respectively. If Trp were p¥ovided at 25 éeréent of
the requirement, it would supply 0.0b percent of diet for éhicks"and
0.04 percent of diet for fats. Klain et al. (1960) fed chicks
graduated levels of Trp in a crystalline amino acid diet whicﬁ
provided 30 percent protein and niacin at nearly four times tﬁe
required level. The lowest amount of Trp provided was at '0.075 perceht
of diet which caused an average total weight loss of 1.0+ 1.1 grams
for the seven day trial. This indicates that provfding Trp at only
25 percent of the requirement would not be enoﬁgh to sustain fhe
growth of chicks. Similar results were found by Young and Munro
(1973) who fed rats graduated levels of Trp for nine days. The
diets in their study also provided amino acids in the crystalline
form, were approximately 16 percent frotein and prﬁvided niacin at
the recommended level. They found that providing Trp at 0.033 percent
of diet caused an average weight loss of 3.5+ 2.5 grams? while feeding
Trp at 0.066 percen£ of diet produced an average weight gain of
12.5+ 8.7 grams. This study indicates that supplying Trp at 25 percent
of the requirement, or 0.04 percent of dief, would result in little,.
if any, weight gain in rats. It seems appropriate to conclude tha%
if the PLT had contained 25 percent Trp, the resulté of the growth
‘trials for rats and chicks would have been the same whether or not
the polymer weyxe an available source of the amino acid.

Since HPAAs constitute a relatively new area of study, procedures
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for their amino acid as;ay are not entirely standardized. The results
of analysis from Sigma Chemical Company are, for the purpose of this
project,:regarded to be more accurate than those from AAA Laboratories’
as analysts working for Sigﬁa have performed many repetitibns of fheir
procedures with the intent of perfecting them. This levgl of experéise
was not expected of AAA Laboratories. The analysis methéd that indi- .
to produce accurate results by Sigma_éhemical Company} ' In several
personal communications,the difficulty of hydrolyzing the PLT moie—
cule was mentioned. When performing the anlaysis, it was noted that -
some residues had eécaped hydrolysis. 8igma Chemical Company believes
these residues are Trp.

When PLT was subjected to high pressure liquid chromotography
by Sigma Chemical Company, only one peakAwas produced from the polymer, .
indicating its purity. Until the problem with hydrolysis and subse-
quent analysis can be overcome, the actﬁél guantity of Trp contained
in the polymer is unknown. Because of this circumstanée{ firm
conclusions can not be drawn from the growth data of rats or chicks
fed PLT. According to the studies by Klain et al. (1960) and
Yogng and Munro (1973), 45 percent of the Trp requirement or 0.10
percent of diet for chicks and Q.07 percent of diet for rats, will
allow growth in rats and chicks. Analysis of the PLT must show the
polymer to contain at least 45~perceqt Trp, the lowest amount demon-
strated to sustain growth, before the growth data gafheréd'for this

thesis project concerning Trp can.be of value.
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Two obvious questions arise from the points so far covered inl
this discussion. First, since neither the Lys nor the Met polyméfs
contained 100 percent of the respeétive anino acid, then What are the
remaining constituents of the polymers? Very likely, these cohgti—
‘tuents are water or a p;oduct resulting from damage to an amino acid
residue that occurred during the synthesis of the polymer. A sﬁall
amount of the differencé between 100 percent and the amount of Lys
and Met analyzed couid be due té errofs in the'analysis,,such as
incomplete hydrolysis. |

The second, and mofe significaﬁt, questién is why did tﬁe
polymer of Lys.supﬁort growth and not the polymef of Met, and
possibly not Trp? To explore the answer to this question, the
subjects of solubility, enzymes, and transport sysfems wili be
considered.

The most 1ik§1y answer to this question is ins&lubility of PILM
and PLT. The difficulty of hydrolyzing PLT, which was also a probiem
with PLM, attests to its insolubility. If these two HPAAs were not
" soluble in the,envirqnménts encountered in the digestive tract,
enzymes would not have the opportunity té attack the‘moieculeé and
digestion woula not occur.

Another possible answer for the second question involves‘the
enzymes and the number of amino acid residues per HPAA polymer.
Peptide bonds adjdceqt to Lys can be broken by trypsin, carboxypegti—
dﬁses A and B, and aﬁinopeptideases; the latter three func£ioning

at the.respective carboxy- or amino- terminal ends (Ryle .and Porter,

[ ———— oS
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1959; Neurath, 1960; Smith, 1960). Carboxypeptidase A and the amifio |
peptidases have no specificity for a particular amino écid, qﬁly
its position on the ﬁolymer. Thus Lys shares the function of these
"enzymes with all other carboxy- and amino- terminal amino acids.
Trypsin and carboxypeptidase B exhibit specificty for ﬁeptide bonds ” : '>‘g
adjacent to only Lys and arginine. In addition to carboxypeptidasé A
and the aminopeptidases, methionine fesidues can bé hydrolyzed from 1
the peptide chain by elastase, which shows partiality to the ﬁine.
neutral aliphatic amino acids. Trypfophan can be hydrolyzed by ' %
_chymotrypsin, carboxypeptidase A and éminopeptidases, the formef being :
specific for the three ;romatic anino acids. Pepsin is capable of |
hydrolyzing peptidgs at any amino acid residue, but does exhibit pre-
ferential attaék to peptide bonds adjacént to aromatic amino acids.
So, not including cargoxypeptiAase A and aminopeptideases, tﬁeré.aré
two enzymes specific for peptide bond-hydrolysis adjacent to Lys, and . E
one enzyme performing this function adjacent to Met and Trp.

The averaée number of amino acid residues in one molecﬁle were
41 of Lys, 285 of Met, and 167 of Trp for eacﬁ respective polymer.

Combining this information with that previousl& supplied regarding

enzymes and number of substrates{ an interesting thought comes to
mind. Perhaps, since there were 41 Lys residues per poiymer_and the ' :
presence of two ;nzymes with specifit& for Lys ﬁepfide bonds, the : : b
opportunify for complete hydrolysis was greater for'PLL than the other Z
two HPAAs, which contained many more residues and had available one : r

less enzyme for hydrolysis. It would be interesting to perform a A |
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study similar to the one discussed here, except providing Met and Trp
as homopolymers with approximately twenty amino acid residues per
molecule. 1If growth did not occur, the above proposéd hypothesis
that the number‘of resiQues per HPAA molecule influences digestibility,
may have value.

If the polymefs were broken down to dipeptides, their opportun-—
ities for fransport and absorption would probably be equal. Boebel
and Baker (19825 used methionylmethionine in chick frials and found
it an acceptable source of .that amino acid. Tryptophyltryptqphaq
was demonstrated to be available to both rats and chicks in trials

performed for this thesis, and also from work stﬁdying Hartnup's

disease (Asatoor et al., 1970). In vitro work by Tayler et al. (1980)

and Addison et al. (1974) testify for the ability of tranmsport of
lysyllysine by hamsté: jejunum. The transﬁort of peptides appears to
be dependent not on the amino acid constituents of the peptide, but
the number of residues contained therein. This would then indicate
~that 1f the size of the peptide Were'equal, then‘dipeptides of Lys,
Met, Trp, would all Have the same chance for transport; ‘

The results of the rat N balaﬁce trials 1 and 2 were not
expected. During the tfial, it was anticipated that since growth was
occurring only in the control and PLL groups, then N balance data
would show distinct differences betweén the groups gfowing and-tﬁ0se
losing weight. This was not the case. The results are cénfusing and
it is difficult to draw any meaningful conclusions from them. An |

example of this is that the rats.fed the PLM produced higher values
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for TD, BV, and NPU than those fed PLL, and those fed the diet void -
of Trp had a TD figure greater than both these and the control groups.
A possible explanation may lie in the valﬁes'obtained for UN
and FN from all grouﬁs. The greatest (P <0.05) UN came. from rats fed
the PLL, LF, and MF éieﬁs while the lowest (P <0.05) UN came from
thase fed the control and PLM diets. Rats fed the PLT and TF diets
excreted a quantity of N ip the urine that was not different (P >0.05)
from an& other group. Rats fed PLL excreted the most (P <0.05) FN and
those fed PLT, MF, and TF diets excreted the least (P <0.05) ¥N. The
FN values from contfol,.PLM, and LF.fed rats were not different
(P >0.05) from the PLL or PLT, MF, or TF fed rats. These results
clearly indicate that no difference . can be found between the ratg

that grew and those that did not grow in regard to UN and FN in

trials 1 and 2. Since UN and FN are crucial values in the calculations

of TD, BV, and NPU, then the lack of'diffefehée discussed above for
UN and FN would produce the same confusing results for TD, BV, and.
NPU.

Njaa (1963) demonstrated that heavier rats excreted more
nitrogen in feces than lighter rats. Causeret gg_gl; (1965) found a
positivercoprelation between UN and body Weight; Eggum (1973)
discusses the fact that heavier animals will,brqduce lower TD and BV
due to greater UN and FN than lighter animals. Eggum was not able to
show significant differences in this regard with rat'weight yariations
of at .least 5 grams. However, greater variation in weight could

produce significantly different TD and BVs. In trials-1 and 2,
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variations in weight be;ween the control and PLL fed rats and all
other groups were at least 20 grams:. This amount of difference may
be enough to effect TD, BV, and NPU.

"An explanation for the unusual UN and FN values may be found in
prgblems incurred in the collection of urine and féceé.‘ Thé rats
fed PLM, PLT, Trp, and. diets void of an amino acid weighed 53-63
grams when beginning the N balance trials. They were small enough to
fit their entire body.in the feed cup at the end of the metal tunnel
of the collection cage. Since they ate less than half of their feed
each day, their coats and tails would carry some of the'remaining ‘
feed from the cup to the open area of the cage, Whére ig could,féll
into the collection vessels. Thus, some of the N detected in urine
and feces samples goﬁld havé come from the feed which fell into thé
samples. This occurrence would aléo have some efféct on F/G and PER
* which are.dependent on féed consumption data. Thé reason clear
differences were shown for these parameters is probably due to-the
~great differences in weight gains.
One prob1e$ wifh the ébove explanation for unexpected N‘
balance data is that in this fagility using rats of comparable siéé?
this problem had not previously caused this noticeable an efféct.
Newman et al. (1980) used the same facility and cages for their work.
They .were able to show logical differences in TD, BV, and NPU Eetween
L-iys, PLL and LF fed rats. The size of the rats in both studies

were approximately the same, so both would have had equal opportunity

to carry feed back to the open area of the cage where it could fall

AN ey
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into callection vessels. Also, the occurence was of equal'magnitude
in both trials 1 and 2, so it could not be due to the behavior of
one particular group of rats. . |

The chick.trial investigating the incidence of prélqnged ﬁeart—
beat following death provided results contrary to expectations. The
hearts which éontinued to-beat the longest time perioa following
death belonged to chicks fed diets with no Trp or fed PLT. However,
the length of time was not significantly different between thé latter
group and the group fed the polymer plus L-Trp, which was not
different (P >0.05) ffom the control and dipeptide groups. This’ 
suggests that the occurrence is more likely associated with the lack
of an available source of Trp in the diet than the presence of PLT.

In éttempting to understand this phenomenon; the roles of Trp -
must be explored. The amino acid can be converted into niacinamide,
however, this vitamin was provided at 1.8 times the requirement of
the chick in the diet, so it is unlikely that the oécurrepce was due to

a niacin deficiency. Tryptophan is also the precursor or serotonin

which has been found to play two roles in blood coagulatioﬁ. It is

a stimuli for the release of platelet factor 3, which is a main
component of blood coagulation chemistry (Orten and Neuhaus, 1982).
It is also a powerful vasoconstrictor that locally narrows the blood

vessel wall to restrict the bleeding area and is also a weak platelet

aggregating agent. In chicks, serotonin can cause a depression in

blood pressure, resulting in increased heart rate in live chicks .

(Wood, ‘1971). This may be due to its vasoconstrictive ability. With
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no available Trp source, serotonin would be produced only in limited

amounts, if at all. Considering its role in blood coagulation, the

possibility exists that the prolonged contractions could be due to the

lack of serotonin, so decreased coagulation or lengthened amount of .
time for coagulation to'occur. Serotonin is also known to be a
neurotransmitter. If it plays a role inlrate or regularity of
heartbeat, its absegce may have an effect on the occurrence discussed
here.

The reason this occurence was found only with the chicks may be
due to methods of sacrifice. -Cervical dislocations, though an
effective means of termination, does hot change the amount of oxygen
in the blood. Thus, oxygen was not limiting for oxidative processes
allowing the contiaction: of the heart muscle. The method of
sacrifice for the rats was effective due to oxygen repiacemeﬁt by
carbon dioxide, so that when death occurred, there was no oxygen 1eft'
in the Elood to allow a prolonged heartbeat.

An interesting observation was made concerning chicks fed PLL
approximately one week after trial initiation. At this time in the
trial, it was obvious that the chicks fed the PLL and control diets
were growing while those on the other diets Qeré not. This was
suggestive, and later confirmed by the growth data, that the PLL was
an available source of Lys. However, it was also noticed that the
chicks fed thié polymer had either ceased or gréatly decreased the
habit of grooming. This was handled merely as an pbservation; 5Q no

experimental design was pursued to.demonstrate a difference in
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grooming behavior between groups. Nonetheless, a lack of cleanliness
was noticeable in all chicks in the PLL groups, and was not observed
An any'other group. It was not noticeable.iﬁ rats'fed PLL or any
other diet.
Compulsive gro&ming behavior is known to be mediated by a
variety of péptides (Katz, 1980). Now designated as neqropgptideé,
§ .

short peptides that are active in the nervous system and can function
1

ks

as hormones, these Substancesgconstitute a relatively new‘area of
study (Bloom, 1981). Possiblé the presence of PLL has an éffection '
one of these neuropeptides, eﬁiciting a change in the normal grooming
pattern. The occurence ﬁay ai;o have been due to Lys being present
in a limited amount, aithéugh{this has not been documerited previously
to this author's knowledge. In any case, this phénomenon should be
investigated more extensively to ascertain if: 1) there is a
relationship between PLL and changes in grooming behavior in chicks;
and 2) other behavioral or toxic effects arise from the use of PLL

in this species.
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Chapterxr 6

CONCLUSIONS

Theiresearch performed for this thesis project supports the
findings of Newman et al. (1980) and Boebel and Babker (1982) that PLL
is an available source of Lys for réts and that PLM is not an avail-
able source of Met for chicks. It can be further concluded frdm
this work that the avgilability, or lack of'availability, of thése',
polymers is not species specific. Firm conclusions can no; be dra&n
on the study for PLT until it is-proﬁen to contain at least 45 percent
Frp. |

These findings ‘demonstrate that the insertion of repeating
codons into the DNA of a protein source with the intent of producing
homopolymefs of the source's limiting amino acid(s) would be of value
for Lys, but not Met and possib;§ nof Trp. Genetic modificatioﬁ for
supplementing Met in to a protein source would need to stress the.
incorporation of dipeptides or single units of the amino acids into
.the original protein as performed by Jaynes et al. (submitted for
. publication).” The same may be true for Trp.

The unusual observations regardiné prolonged heartbeat foilowing
death of Trp deficient chicks and altered grooming behavior in PLL
fgd chicks warrant more attention. The latter observation ma& be-of'.
some importance since this HRAA was fognd to be an available source of

this nutrient.
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