STUDIES ON THE THREONINE-TRYPTOPHAN AMINO ACID IMBALANCEs
CONVERSION OF TRYPTOPHAN INTO CELLULAR

TRYPTOPHAN AND NTIACIN

By
JOSEPH SIDNEY %pRTHAM
Bachelor of Sclencs
Oklahoma State Uhiversity
Stillwater, Oklahoma

1957

Submitted te the faculty of the Graduate School of
the Oklahoma State University
in partial fulfiliment of the requirements
for the degree of
MASTER OF SCIENCH
September, 1959



OKLAHOMA
STATE UNIVERSITY
LIBRARY

SEP 2 1960

STUDIES ON THE THREONINE-TRYPTOPHAN AMINO ACID IMBALANCE:
CONVERSION OF TRYPTOPHAN INTO CELLULAR

TRYPTOPHAN AND NIACIN

Thesis Approved:

V7 “Thesis Advisor

W ek J%é%éézzzf
gAY Jﬂzf At Gl L
M Ltea A

Dean of the Graduate School

452837

ii



ACKNOWLEDGEMENTS

The author wishes 1o express his sincere appreciation to Dr.'s
Duane A, Benton, LaVell M, Henderson, and Frankiin R. Leach for their
counsel throughout this invéstigation. He also wishes to thank the
Neational Institute of Health for the fimancial support of this research,
the Department of Biochemistry for supplying laboratory facilities,
and the members of the Department of Biochemistry for their valuable
assistance, Special thanks ars due to Carol Lewis, Lousia Bane, and

Mrs, Jordon Tang for analyses,

iii



INTRODUGTION .

[

°

HISTORICAL . . . &

¢ o

o

a

MATERTALS AND METHODS.

RESULTS. .
DISCUSSTON
SUMMARY. .
REFERENCES

VITA . . .

@

TABLE OF

CONTENTS

Page

iv



Tablae
I.

IT.

IIY.

Iv,

VI,

VII.

Figure

LIST OF TABLES

E.‘errimental.Die'bS‘-’. 8 & @ 9 ® @4 0 ° @ ‘& ® & ©v © s @

Tryptophan-H3 Incorporation into leer Tryptophan

and Niacin, (180.0 mc Tryptophan=H>). « « « o o »

Incorporation of Tryptophan~7a~61% wn to Liver Tryp-

tophan, (0.75 me Tryptophan-72=C1%) + o v « o o «

Tnypt@phana7aa®1& Incorporation into Liver Trypto=
phan and Niacin. (1.50 ue TryptophanQVauGTA). .

Excretion of Radicactivity from DL-Tryptophans7a-
G14 in the Urine. {1.50 me Tryptophan-7e-C 4y .

Ratio of Isotope Incorporation in Tryptophan and
Ni a@in [} @ L] L] & L ® L] L] ] » o @ ° L] L] L] L] @ L] °

Percent Incorporation of Labeled Tryptophan into
Liver Tryptophsn and Niacin., « o o ¢ o s ¢ o o «

LIST OF FIGURES

1. Growth Response on the Various Diets. « « o o o o &

2. G

rowth Response on the DLuTryptophanuH5 Diets o «

3. Growth Response on the DLuTryptophanu7au0ﬂ4 Diets

(075 }10 Tmptophan'—‘van_-‘@ A‘)n o« L I ] [ @ ° e o ° ]

4e Growth Response on the DLuTryptophar=7au614 Diets

(1,50 pc Tryptophan-7a~C14) . L . o v o o o 4 s

Page

29

Page



INTRODUCTION

Elvehjem (1) has suggested three classes of amino acid imbalance.
1) The amino acid may be an antagonist of a structurally similar amino
acid. When the amount of the first amino acid is increased in the
diet, a similar increase in the amount of the second amino acid is
required to prevent the development of an amino acid imbalance and
the resulting growth depression. Usually this type of imbalance re-
quires levels of amino acids far above the dietary requirements. R2Y
Certain amino acids, for example, methionine (R) and tyrosine (3),
cause a specific toxic effect when their level is increased, This
toxic effect cannot be reversed by structurally similar amino acids
or single amino acids. 3) This type of an amino acid imbalance occurs
when the level of the growth-limiting amino acid is increased and this
increase precipitates the deficiency of the next most limiting amino
acid. The increase in concentration of %he specific amino acid required
to produce this imbalance is very small, In the well established cases
of this type, one of the limiting amino acids serves a function other
than protein synthesis,

The study reported in this thesis involves only the last type of
amino acid imbalance, which may be called an amino acid imbalance at
physiological concentrations. Xrehl et al, (4) have demonstrated that
the 9% casein diet is limiting in cystine or methionine and threonine

as well as tryptophan, The addition of 0.2% cyStine leaves threonine



as the most limiting amino acid with tryptophan as the next most limit-
ing. These workers also demonstrated that tryptophan can be utilized
for both protein synthesis and pyridine nucleotide formation. Hankes
et al. (5) have suggested that on the 9% casein diet certain amino
acids are the factors which 1imit growth and that the amount of tryp-
tophan present is sufficient to supply the needs of protein and niacin
synthesis for a slow rate of growth. Addition of threonine causes a
stimulation of protein synthesis which then results in the depletion
of the next most limiting amino acid, tryptophan, and precipitates a
niacin deficiency, since the amount of tryptophan is not sufficient
to support both protein and niacin synthesis at the increased growth
rate,

The purpose of the study reported here was to determine the effect
of the threonine amino acld imbalance on the tryptophan-niscin inter-

relationship using isotopically labeled tryptophan.,



HISTORICAL

In 1937 Elvehjem and coworkers (6) demonstrated the nutritional
significance of mnicotinic acid when they reported that it would cure
canine blacktongue. Later in that year Spies et al. (7), Fouts et al.
(8) and Smith et al. (9) almost simultaneously published results in-
dicating that nicotinic acid would cure pellagra in man., These results,
at least on the surface, appeared to establish that pellagra in man
and blacktongue in the dog\were caused by a deficiency of niacin in
the diet. |

After the development of a microbiological method for the deter-
mination of niacin by Snell and Wright (10), food and diets were ana-
lyzed for thelr niacin content, Much to the surprise of these inves-
tigators it was found that the corn was not particularlyblow in niacin,
in faet, it contained more niacin than milk which had long been used
for the treatment of pellagra.

In view of the contradiction of the niacin level in diet and the
effect of pellagra, Krehl and coworkers looked for the complicating
factor(s). The addition of corn grits to replace 60% of the sucrose
in the diets of dogs was found by Krehl et al. (11) to increase the
niacin requirement threefold in order to maintain the same growth rate.
When the corn grits supplementation was reduced to 36%, the niacin re-
quirement was less, These results establish that addition of corn in-
creases the amount of niacin required to prevent pellagra and black-

tongue,



Rats do not normally require a dietary source of niacin; however,
Krehl et al. (12) demonstrated a growth response with the addition of
niacin when rats were fed the usual niacin-free diet (70% sucrose, 15%
casein, 3% corn oil, 5% salts IV (13)" and0.2% cystine) supplemented to
the extent of 40% of the entire ration with corn or corn grits. A sig-
nificant response was obtained with 0.4 mg. %, while 1.5 mg. % niacin
was required to obtain the maximum growth rate for this diet. A%t this
point it had been established that in two experimental species high
levels of corn would produce a niacin deficiency.

Corn is known to be deficient in lysine and tryptophan and when
Krehl et al. (4) added these amino acids to the diet, they found that
as little as 50 mg. % of %.tryptophan produced a growth response while
lysine was without effect. Thus Krehl and coworkers demonstrated the
interchangeability of niscin and tryptophan in supporting growth on
these corn diets. Other sources of amino acids, such as acid hydro-
lyzed fibrin, egg albumin and casein and wheat gluten, all of which
are deficient in tryptophan, caused a growth suppression when added
to 8 9% casein diet (14). In 1947 Henderson e} éLa.(ﬂﬁ) demonstrated
that this growth suppression was not a result of the natural proteins
or some degradation product, when they produced the growth suppression
by adding crystalline amino acids at the level as present in 2% acid
hydrolyzed casein, The addition of tryptophan to this diet completely
alleviated this effect.

Krehl et al. {16) found that addition of 6% gelatin or 3% zein to
the 9% casein diet caused a-decrease in the growth rate which could be
reversed by the addition of elther niacin or tryptophan. From the above

results and the fact that the actual amount of tryptophan required for
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maximum growth varies with the source of amino acid, Krehl et al. {19)
postulated that corn exerts its effect on a low=niacin diet because
the amino acid imbalance of the major protein of corn, that is, zein,

Hankes et al. (17) demonstrated that the amino acids which were
most effective in producing the niacin-tryptophan deficiency with 9%
casein diets were threonine and to a lesser extent phenylalanine, Sin-
gal et al. (18} confirmed the above findings with the additional obser-
vation that there was not a decreased amount of stored niacin in the
liver or muscle during the growth inhibition.

If the amino acid imbalance, per se, is responsible for the pro-
duction of niacin deficiency, then an inhibition of growth would be
produced by any of the essential amino acids when they are raised from
the status of the most limiting amino acid to an adequate amount, leav-
ing tryptophan as the most limiting amino acid. Henderson et al. (19)
found that a dietary level of 0.10 to 0.11% of DL tryptophan would be
marginal for the rats, With this level of tryptophan on a 18% amino
acid-purified diet Koeppe and Henderson (EOI!weré able to demonstrate
that an increase in the level of lysine, leucine, isoleucine, valine
or threcnine from marginal to adequate or less marginal amounts made
tryptophan the most limiting amino acid which produced a niacin ds-
ficiency and growth suppression.

The reaction sequency for the conversion of tryptophen to niacin
in rats and Neurospora is known (21), Hankes et al. (5) considered
that the two=purpcse role of tryptophan, shown in the following scheme,

is responsible for its interrelation to the niacin and the amino acids.

Dietary Tryptophan {Distary Amino Acids. Tissue proteins
Stimulate)

Dietary Niacin =—www—ces Niacin w3y Niacin Coenzymes



Tryptophan is thought to be directed to both routes under normal con-
ditions or when some other dietary factor is limiting growth; however,
when tryptophan becomes the most limiting amino acid on a relatively
low-niacin diet, then the quantities of niacin produced from trypto-
phan is not adequate to maintain growth. An increase in amino acids
stimulates protein synthesis and draws the tryptophan away from niacin
synthesis and into protein synthesis. This causses a decrease in growth
rate resulting from a niacin deficiency which can be relieved by in-
creasing either tryptophan or niacin,

However, other investigators (22, 23) have reported that niacin
does not completely reverse the growth depression caused by an amine
acid imbalance which make tryptophan the most limiting amino acid.
This observation coupled with the observation that there was a rise
in the excretion of the tryptophan in the urine of rats suffering from
an amino acid imbalanced diet in which tryptophan was the most limit-
ing amino acid led Chaloupka et al.. (24) to propose the following
scheme with three functions for dietary tryptophan. These authors

Excretion

Dietary Tryptophan (ﬂ)[ N equilibrium

\ Amino Acid Pool

(other amino acids stimulate)
(2)

(3) Tissue Proteins

Dietary Niacin ————-3 Niacin w**n_.__é,Niacin Coenzymes

believe that the maintenance of the nitrogen balance is the most criti-
cal factor in the tryptophan deficient animal, Thus under an amino
acid imbalance there was a large non-discriminate excretion of amino

acids in an attempt to maintain the nitrogen equilibrium. This could



be reversed by the addition of small guantities of tryptophan. The
second way in which tryptophan could be utilized was the synthesis and
repair of tissue proteins, Only after the first two requirements have
been met can tryptophan be converted to niacin., However, the authors
do not differentiate between the conditions of positive nitrogen bal-
ance and growth,

The purpose of the experiments reported in this thesis was to de-
lineate which reaction(s) in an amino acid imbalanced animal was con-
cernad with the increased requirement for tryptophan or niacin., The
general experimental design was to produce an amino acid imbalence by
increasing the level of threonine to where i1t was no longer the limit-
ing amino acid in the low-niacin, 0.10% DL~tryptophan diet and to de-
termine the metabolic fate of isotopisally labeled tryptophan under

these dietary conditions,



MATERIALS AND METHODS
Care of Animals

Weanling rats from the Holtzman Animal Company weighing between
35 and 45 gm., average weight 40 gm.gywere used in these experiments,
For not more than three days after their arrival the rats were given
fres access to Purina stock chow and water, then they were transferred
to one of ﬁhe diets listed in Table I. The animals wers housed in
metal screen bottom cages in the Home Economics Department's small
animal room which was kept at 78° Fahrenheit, The rats were fed ad
Libitum and weighed daily..

In order to bhe certain that the raits received all of the radio=
active tryptophan i1t was fed to them by a stomach tube with a porticn
of the normal diet. The level of the unlabeled tryptophan in the diet
was adjusted so that the rats received a total of 0..10% ggetryptephan.
It was shown that rats of the size used in these experiments were killed
when fed four or more grams of the diet by a stomach tube. In the sub-
sequent experiments two grams of diet was given to each animal by this

method,
Radioactive Compounds

Iritium Labeled Tryptophan
Tritium labeled tryptophan was prepared by the Wilzbach procedure

(25) in the laboratories of the University of Iilinois and at Oklahoma



TABLE T

Experimental Diets

All diets had the following compositions

Aminc Acid Mixture (20) . R
(mizus threonine and trypcophan)
Vitamin Mixture (20). o 6 o e o s

(niacin free)
Salts IV (13) o o v o e o o 0 o 0 ¢ o o

©

L]

° o

GOTI’J\ Oil o o O o ° o 3 . U o o a ° o L L] o [ &
SUCTOEE o« ¢ o o 0 o 6 o « o v o o o © o s o a ®
Total

Dietary supplementss

0.8% DL-thrsonine 0.6% Dl~threonine

Dl-tryptophan 0,10 010
DL~threonine 0.8 0.6

Fat soluble vitanins were fed weekly,

18,.00%
2,00%
4.00%
5,00%

71.00%

100.00%

Complete
0,20

1.80
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State Uhiversity. Paper chromatography of the tritium-labeled trypto-
phan in pyridine, methyl alcohol and water (4:80%20) showed a single
ninhydrin positive spot of Rf 0.6, By assaying the developed chromato-
grams with the automatic open window chromatogram scanner it was noted
that there were three radioactive areas; (1) a spot at the origin, (2)
the tryptophan, and (3)' a spot at the solvent front. The material at
the origin was insoluble in both polar and non-polar solvents and thus
was apparently irreversibly adsorbed on the paper. The tryptophan spet
was eluted from a strip of paper by washing with water and when rechro-
matographed, it contained the same impurities as shown in the first
chromatogram although in lesser quantities, The original tryptophan
was used without further purification. The specific activity of the

tryptorhan used was 36.5 mc/mM,

Tryptophan-7a-Cl4

Carbon-14 labeled tryptophan prepared from aniline-1-G14 (26} was
obtained from Dr. L. M. Henderson. The recrystallized product, spe-
cific activity 153uc/MM., contained no radioactive impurities separa-

ble by paper chromatography.
Isolation of Niacin and Tryptophan

Niacin and tryptophan wers released from whole rat livers by 12
to 18 hours autoclaving (15 psi) in three volumes of 3.0 N NaOH. The
hydrolyzate was neutralized with 3.0 N HCl, filtered and made up to a
total volume of 50 ml. The niacin and tryptophan present in the hydroly-
zate were determined by microbiological assay on a 10 ml. aliquot. To
the remaining solution 100 mg. of nicotinic acid and 200 mg. of DL-tryp-

tophan wers routinely sdded to serve as carrier.
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The solution was made to approximately 0.3 N in HCl by the addi-
tion of 1 ml. of codcentrated HCi, Five grams of Lloyd's reagent was
then added to adsorb the pyridine like compounds, The sﬁspension was
centrifuged and the clear supernatant decanted. A total volume of 150
ml. of 0.3 N HCl in three 50 ml. fractions was used to remove all of
the tryptophan from the Lloyd's reagent. lThe adsorbed pyridine com=
pounds were then eluted with 150 ml. of 3,0 NaQH in three 50 ml. por-
tions,

The tryptophan containing solution was neutralized immediately
to eliminafe the danger of decomposition of the tryptophan by the agid
and the volume of the solution was reduced to less than 50 ml. under
reduced pressure on & rotary evaporator. The soiution was made to 50
nl, and 5% acetic acid by the addiﬁion of 2.5 ml. of concentrated acetic
acid. This solubion was then passed through a charcoal column which
had been prepared by the saturation of 5 grams of Darco-G-60 charcoal with

ther amino -

glacial acetic acid, The txwptophan,w355§ﬁ§orbé@@g&gﬂg_\f;ff;
acids from the 5% acetic acid solution. The column was washed with 2%
pyridine, 5% acsetic acid until the eluate was ninhydrin negative which
usually required 100 ml. to remove all of the amino acids except tryp-
tophan. The trypiophan was then eluted from the ¢olumn by the addition
of 10% phenol, 20% acetic acid selution. Usually 150 ml., of this eluant
was required to completely remove the tryptophan as judged by the Hope
kins Cole test (27).

The tryptorhan fractions were then extracted with diethyl ether
winich removed the phenol and most of the acetic acld, Ths total vole
ume of the waber iayer was reduced to 5 to 10 ml. on the rotary evapo-

rator and 20 ml., of concentrated acetic acid were then added, The
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volume was again reduced to 5 to 10 ml. and then 25 ml. of dry, re-
distilled benzens were added to precipitate tryptophan acetate. The
precipitate was collected on a sintered glass filter stick, washed‘with
benzene and then ether, The sample was then redissolved by the addi-
tion of a small amount of 0.3 N NaOH and the volume was reduced to less
than 10 ml. The purse tryptophan was recrystallized from the neutralized
solution by the addition of absolute ethyl alcohol until the alcohol
content was 65%, ]

The eluate from the Lloyd's reagent was neutralized with 3,0 N HC1
and the volume reduced to 10 ml, lTha ﬁiadin and other alcohol extracta-
ble materials were separated from the sodium chloride by their solution
in ethyl alicohol, filtering, reducing the solution to dryness, and then
repeating the process, The alecohol solution was reduced to dryness and
& small emount of water was added to dissolve the solids,

The water solution was placed on a 1 x 10 cm. Dowex=50 x & column
in the H ion form. Then the column was washed with 0,1 N HC1l and the
nicotinie acid eluted with 200 ml..of 0.3 N HCl as determined by the
cyanogen bromide test (28). The nicotinic acid solution was reduced
to 10 ml. in vacuo on the rotary svaporator and then transferred to a
sublimation apparatus in which the sclution was reduced to dryness.
Sublimation was effected at water aspirator vacuum, 7110° and for 12
hours. The melting point of the sublimate was the same as the melting

point of pure nicotinic acid.
Radioactive Determinations

Analysis of the tritium labeled compounds was viae the Wilzbach

zine-fusion method (29), counting the gas in a 250 ce¢. ionization
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chamber using the model 315 Cary Vibrating Reed Electrometer. Samples
of the C14 labeled compounds were analyzed by the wet combustion metheod
of Van Slyke, Steel and Plazin (30)., The 01402 was collected in a 250

cc, lonization chamber and counted with the Vibrating Reed Electrometer,



RESULTS

g ER  ORGEITIM . oM

Fiéure 1 shows the general growth response of rats on the various
diets. When rats are on a balanced diet as shown in curve 1, there is
only a slight lag of two days before they become adapted to the diet
and then their growth progresses at a rate of 1,7 gréms per day, Rats
on the 0,6% and 0,8% threonine amino acid-sucrose diets showed an ini-
tial loss in weight then a stabilized period of little weight change
while they were adapting to the new diet. After adaptation the growth
rate on the 0,6% threonine diet was 1.7 gm. per day (curve 2) and on
the 0.8% threonine diet was 1.5 gm, per day (curve 3). The rats on
the 0.8% threonine diet showed a rapid loss of 1.5 gm. per day after
approximately thirteen days had elapsed. This was the growth depres-
sion due to the niacin deficiency produced by an amino acid imbalance.

In other experiments iﬁ was shown that the growth depression could
be reversed by the addition of either tryptophan or niacin to the diets.
The experiments reported above establish that when the level of threo-
nine in the amino acid-sucrose diet is incrsased an amino acid imbal-
ance results which makes tryptophan thé limitihg amino acid and pro-
duces a growth depression. In all subsequent experiments itnwas 88=
tablished that the animals used were showing growth depression from

an amino acid imbalance.

o
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Radioactive Experiments

Tritium Labeled Tryptophan

Figure 2 shows the growth response of the rats used in this ex-
periment, At the end of eight days the expected amino acid imbalance
had been produced and the rats from each of the two diets were divided
into two groups. One group was fed the 0,6% threonine diet by stomach
tube while the second group was fed the 0,8% threonine diet also by
stomach tube. The rats were given 2 grams of diet which contained0.1%
labeled g&-tryptophan-HB, specific activity 18.25 mc/mM, by stomach
tube and were sacrificed ten hours after forced feeding. They were
anesthetized with ether and killed by heart puncture. The liver was
removed and stored under refrigeration until analyzed as described in
the Materials and Methods section.

Table II summarizes the results of the analysis of rat liver for
tryptophan—H3 inecorporation into tryptophan and niacin. It is seen
that the diet had very little effect on the total amount of tryptophan
or niacin contained in the liver as determined by microbiological as-
say. The specific activity of the isolated tryptophan shows that more
label was incorpbrated on the 0.6~0,6% threonine diet than under any
other condition. With the rat changed from 0.8 to 0,6% threonine diet,
the incorporation of isotope into cellular tryptophan is increased,
cl4 Labeled Tryptophan

0.75 pc Tryptophan-7a-Cl4

A similar experiment was performed using tryptophan-7a-Cl4 instead
of the tritium labeled compound. Figure 3 shows the growth response of
these animals. At the end of the fifteenth day the food was removed,

the animéls were fasted for 24 hours and the animals on each diet were



Figure 2. Growth Response on the DL-Tryptophan=H3 Diets:
'Y Average daily body weight of the 2 animals malntained on the .8%
DIL~threonine diets. Sl

0 Average daily hbody weight of the 2 anlmals maintained on the .6%
threonine diets. L
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TABLE II

'I‘rypt.crphan—H3 Incorporation into Liver tophan and Niacin
(180,0 me Tryptophan«H?)

Radioactive Measurement

Tryptophan Niacin
Dietary wgigi Tryptophan Niacin Count Rate Count Rate
Threonine on, mg./liver  mg./liver Times Background  mc/mM  Times Background zc/mM
0,6=0,6 3.26 L.20 0,273 160% 3,910,0 L 90.8
0.6-0,8 3.02 3.80 0.256 - i 18 183.5
0.8-0,8 2,26 L,00 0268 16* ol.l 33 299.5
0.8-0,6 2,75 .90 06295 32 183.0 29 2,325.0

*Samples counted by static method on the vibrating reed electrometer,
#*¥%Sample lost in isolation.

8l



Figure 3, Growth Response on the_g%rTrqEﬁophan~7a~c14 Diets
(.75 pc Tryptophan-7a-C'4,)

e Average daily body weight of 4 animals maintained on the .8% DL~
threonine diets,

o Average daily body weight of 4 animals maintained on the ,6% DL~
threonine diets,
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divided into two groups which were given 2 gm. of either the 0.6 or
0.8% threonine diet containing .1% QLrtryptophan~Va-C14, specific
activity 76.5 pc/hM; The rats were killed by heart puncture after
12 hours, during which time they had free access to water. Blood
plasma, thigh muscle, livér and gastro-intestinal contents were col-
lected for analysis, Table III summarizes the results of the analy-
sis of the livers for incorporation of tryptophan—'?a-cM into liver
tryptophan. The level of radioactivity in the isolated liver niacin,
in the niacin and tryptophan of muscle, in the blood plasma, and in
the gastro-intestinal contents was not of sufficlent magnitude to al-
low accurate determination; therefore, these results are not presenfed;

1.5 pe Tryptophan-7a-cT4

An experiment similar to the one reported above was done, but the
specific activity of the tryptophan was doubled to obtain more incor=
porated radiocactivity. Figure 4 shows the growth responses of these
animals and establishes that the amino acid imbalance was produced on
the eleventh day. At this time the animals on each diet were divided
into two groups which were given either 0,6 or 0.8% threonine diet.
The feeding of the diets was staggered over four days to allow the use
of the glass metabolism chamber for collection of respiratory carbon
dioxide, urine and feces. All rats received two grams of the experi-
mental amino acid-sucrose diet containing 0.1%‘gg-tryptophan-7a-c14o
The animals were in the metabolism chember for six hours and Qare then
placed in screened bottomed cages for six hours, after which the rats
were sacrificed..

Table IV shows the analysis of the liver for the incorporation

of the ¢4 labeled tryptophan into the liver tryptophan end niacin,



TABLE IIT

Incorporation of T:r';yp’c,opha,r,1~=~7aa=-(31’-L into, Liver Tryptophan

(0.75 pc Tryptophan=7a-G

)

Radioactivity Measurement

Liver
%gggxngzz'e weigﬁl:t Til?j}’i?‘?i? Tliggngﬁggﬁiutﬁd - mpe/mM-
0,6-0.6 2,58 yary 5.0 688.0
| 2,38 6.2 1,2% 1265
0.6-0.8 2097 2,98 8.0 632.5
2,91 649k 1.2% 1,99540
048-0.8 2433 1.88 5.0 L7745
2;18- 5.34 1,2% 216,0
0,8=0.6 24604 3.85 8,0 283.0
2,19 6,09 1,1% 183.0

#*Due to the low radioactivity of these samples the data are questionable.,

2



Figure 4,. Growth Response on the g_?IpTry;l%zophan-'?a-C“? Diets
(1.50 pe Tryptophan-7a-C'4,)

o Average daily body weight of 4 rats fed on .6% Dl-threonine diet.

e Average daily body weight of 4 rats fed on .8% PL-threonine diet.
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TABLE IV

Tryp’oophana--‘?a«GlLL Incorporation into Eiver l{ryptophan and: Niacin
)

(1,50 pe Tryptophan=Ta«(

Radiocactivity Measurement

» Tryptophan ~ Niacin
Liver , , .
Dietary - Weight TIryptophan Niacin Count Rate Count Rate
Threonine e mg./liver ng./liver Times Background  mue/mM Times Background  mpc/mM
0e6=0,6 1,80 2.92 0,214 3. 2,202,0 2,0 86040
O°6=O°8 2.25 heoh Og230 i leé 127 .O 230 2357500
0.8=0,8 1.78 3.65 0,212 1.7 - 139.0 1.5 1,750.0
048=0,6 2,01 2,98 0.218 3.8 1,262,0 1.5 803,0

4
L3
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There was a much greater incorporation of tryptophan into cellular
tryptopﬁan when the animal received the 0.6% threonine diet., Table
V shows the total amount of radioactivity excreted in the urine of
the aﬁimals on the various diets. It appears that tﬁe metabolic
stress of changing diet causes an increased excretion of labeled

material.
TARLE V

Excretion of Radioactivity from DL-Tryptophan-7a~Ci4 in the Urine -
{1250 po Tryﬁﬁaph@ng7%%@74»

Dietary threonine mpe excreted in 12 hours
0.6-0,6 96
0.6-0,8 136
0.8=0,8 St

018-0,6 114



DISCUSSION

The actual mechanism by which an amino acid imbalance causes a
growth depression has been widely debated and only by a careful con-
sideration of all the data available can a reasonable working hypothe-
sis be proposed, The following scheme illustrates the various factors
which have been suggested as possible sites for the manifestations of

the imbalance as related to a niacin deficiency,

Metabglism Tissue Protein
: ‘ g s L
Dietw—Zey Microflora Amino Acid Pool=——=—3 Vitamin
N bk b
Adsorpti@n-§~% Blood Plasma Level Coenzyme
e
Excretion

Studies by other workers have given results which might be inter-
preted as eliminating certain of the factors of the above scheme from
consideration in the mechanism{s) for the effect of the imbalance,
Thus Krehl et al, {(16), Hall et al. (31), and Tepley et al. (32) have
noted that the dietary carbohydrate has definite effects on the amine
acid imbalance and growth depression. At first it was thought that
this was due to the change in the microflora depending on the carbo-
hydrate used, but recent work by Henderson gt al. (33), Schweigert
et al. (34), Hundley (35), and Reynier's group at the University of

Notre Dame (36) have proven that the mierobiological synthesis of niacin
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is not the predominate mechanism for the conversion of tryptophan to
niacin, Hundley (37) has suggested that the carbohydrate effect was
due to reguirements of different levels of niacin coenzymes for the
metabolism of various sugars.

Although Ebisuzaki et al. in 1952 (38) proposed that threonine
was interfering with the adsorption of tryptophan, no direct evidence,
pro or con, has been obtained, FRarlier Hankes (17) demonstrated a
growth depressing effect ofggfphenylalanine and attributed this to
interference with the adsorpﬁiqn of L-phenylalanine, In the guinea
pig, Kamin and Handler (39) noted that various amino acids affected
slightly the absorption of octher amino acids, but only when they were
supplied in large amounts, Howesver, absorption interrelationships of
amino acids have been observed in bacteria and the above cited results
(39) in no way rule out their occurrence in animals, and only direct
experiments can ascertain the contribution of absorption effects to
the tryptophan=niacin relationship in an amino acid imbalanced animal,

A correlation between plasma levels of amino acids and thelir ex-
cretion in the urine has been observed by Sauberlich and Salmon (22},
Singal (40), and Kamin and Handler (41), These unbalanced diets led
to an increase in the excretion of both amino acids and niaecin, Kamin
and Handler (47) showed that an increase in threonine was the most in-
fluential factor on the excretion of other amino acids. Although the
results reported in Table V measure the effect of amino acid imbalance
on the excretion of radioactivity derived from labeled tryptophan, no
trend or significant differences are noted which could not be ascribed
to the stimulation of excretion due to metabolic shock. That these

animals are sensitive to metabolic shock produced by a change in the
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diet is easily seen from the results in Figure 1 which shows that the
rats did not gain weight for five days and until the lapse of this
time pericd did not show the typical growth rate after having the diet
changed,

Hankes, Henderson and Elvehjem (5) have proposed that the effect
of an amino acid imbalance in whichg@ywﬂ&gpganiignmﬂdé@thg}limitigg,
amino acid is to draw tryptophan into protein synthesis at the expense
of niacin formation. The basis for this proposal was the effect of
the diets upon the growth of the rat, 1In Figure {1 are shown our ex-
perimental results which*arg@m@nﬁistéﬁ%WW$ﬁhﬁﬁhéifﬁhyp@thesiso ﬁThe—anim
mals responded to the amino acid diets with either0O.8 or0,6% DL threo-
nine identically until approximately the thirteenth day when the ani-
mals on the 008%‘gg-$hreonine diet showed a rapid loss of weight., This
loss could be reversed by the addition of either niacin or tryptephan
to the diet. Thus,it appears that the animals are in a niacin defi-
ciency which may be alleviated by either niacin or tryptophan., The
hypothesis of Hankes, Henderson and Elvehjem suggest that there would
be an increase in reaction h at the expense of reaction i and which
could sasily be measured using labeled tryptophan (scheme on page 25).
Table VI shows the ratio of i to i calculated from the present results.
Based upon Hankes' gt al. (5)" hypothesis the ratio of activity in liver
tryptophan to liver niacin would increase on an amino acid imbalanced
diet. It is apparent from the results in Table VI that the ratio is
not increased, in fact, it is decreased and thus the results of £hese
experiments are not consistent with the hypothesis of Hankes et al. (5).

Table VII summarizes the results of an experiment showing the per

cent of the isotope which was incorporated into liver tryptorhan and
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TABLE VI

Ratio of Isotope Incorporation in Tryptophan and Niacin

H3 Tryptophanvcwm
Tryptophan Tryptophan
Dietary Threonine Niacin Niacin
0.6-0.6 400.0 2120
0.6-0:8 = Ca53
0.,8=0,8 2.9 , 0.83
0.8=0.6 0.8 13.00

liver niacin, There is a close correlation, as expected, betwesn the
actual growth response of the animals and the incorporation of trypto-
phan into liver protein, Also, there is an increased formation of
niacin under the circumstances of an amino acid imbalance, .8% DL-
threonine, It appears that the effect of the imbalance must be in

an increased demand for niacin in some other metabolic scheme, To
determine the exact mechanism by which an amino acid imbalance causes
the niacin deficiency and resulting growth depression, expesriments
would have to be done which simultaneously measure all of the parae-

meters iilustrated in the scheme,



Diet

046=0.6

0.6.0,8

0s8-0,8

0,8-0.6

TABLE VII

Percent Incorporation of Labeled Tryptophan into
Liver Tryptophan and Niacin

% Incorporation

Isotope Tryptophan Niacin
u3 44oa 700 0,711
C?%,So,mc% 2,102 0,100

sﬂ& .
GQ°75 )10) 10980 s
13 — 0.218
@gﬁo50}uey 0,157 0,321
14
0(035 50) 1,230 -
B3 1,020 0,362
02? 50 o] | 0..166 0,201
V14 » ——
C(75 o) 1520
i 2,430 3,090
1,225 0,096

T4
G("‘ﬂ 050 pe)
cl4 ‘ 0.710

(75 po) ===
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SUMMARY "

Studies on the threonine induced amino acid imbalance were per=
formed in which the conversion of H3- and Cl4.labeled tryptophan into
cellular tryptophan and niacin was measursed. White rats, average weight
L0 gm., were grown on low niacin 18% amino acid diets containing either
0.6 or 0.8% DL-threonine and0, 1% tryptophan. After the rats on the 0.8%
DI~threonine diet developed the amino acid imbalance, the rats from both
diets, were divided into two groups and were then given isotopically
labeled tryptophan which replaced an equal quantity of unlebeled tryp-
tophan in two grams of the diets, given By stomach tube. The rats wers
killed 12 hours after the administration of the diet containing the la-
beled material and samples of liver, thigh muscle, blood plasma, urine,
gastro-intestinal contents and respiratory carbon dioxide were taken
for analysis. Isotope analyses are reported for liver niacin and tryp-
tophan, and for urine. All other samples contained so little radic=
activity that meaningful interpretation could not be made.

Under the conditions of this study there was no increase in the
conversion of labeleditryptophan to liver tryptophan in the rats hav-
ing this specific amino acid imbalance. Tryptophan incorporation in-
to tissue tryptophan was greater in the growing animals than in the
imbalanced animals, but the incorporation of tryptophan into niacin
was greater in the imbalanced animals. These results are not consis-
tent with the hypothesis of Hankes; Henderson and Elvehjem, which sug-

gasted that growth dspression resulted from a shunting of tryptophan
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from niacin synthesis to protein synthesis and was the major effect
of an amino acid imbalance.. The accelerated niacin formation suggests
that the amino acid imbalance is resulting in an increased demand for
niacin in some other metabolic scheme,

Before a definite mechanism for the production of the niacin de=
ficiensy by an amino acid imbalance may be established, simultaneous
measurements of dietary intake, absorption, free and bound amino acids
in the blood plasma, incorporation into tissue protein, incorporation
into tissus niacin, metabolism and excretion cf labeled tryptophan and

its degradation products must be done.
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