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CHAPTER 1
INTRODUCTION

L=lysine (1) is an indispensable constituent of the diet for all
animals that have been studied. 1In rats the nutritional requirement
for lysine is specific since only the L isomer and a few derivatives in
which the epsilon amino group has been substituted (e.g., the € ~N-methyl
and e-N-acetyl coﬁbounds) support their growth: (2, 3). The & =N~
acetyl derivative of lysine is ineffective in this regard, but data
from isotope experiments.indicate that this derivative can be converted
slowly to lysine in vive (4, 5).

The ‘intermediary metabolism of lysine has been the subject of
considerable investigation. In 1954, Rothstein and Miller.(6) found
in rats that lysine is metabolically converted to pipecolic acid with
the loss of the« —amino nitrogen, but not of the €-amino nitrogen.
Their data supported the view that pipecolic acid lies on the metabolic
pathway between lysine andti-aminoadipic acid. This is shown in
Figure 1.

Rothstein and Miller (7) also considered that lysine is metabo-
lized in vivo as follows:

o~Ketoglutarate
Lysine——>d~Aminpadipate ——+» Glutarate ——» +
Acetate

When c~lysine was incubated (8) with a guinea pig liver homogenate

at 389, of~aminoadipic acid was formed; but b-lysine was inactive. In

Neurospora (9), the end product of c-lysine metabolism is t-pipecolic agid.
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Figure 1. The Pathway of Metabolic Conversion
of Lysine to ®~Aminoadipic Acid

Pipecolic acid was reported by Rothstein and Greenberg (10, 11)
to be an intermediate in the catabolic pathway of lysine, lying between
L~lysine and e¢—aminocadipic acid. The suggestion ;hat the interconver-
sion of pipecolic acid and ®®~aminoadipic acid might involve the inter=
mediate formation of Al-piperidine-6-carboxylic acid and e€~aminoadipic
acid=& ~semialdehyde, has been studied by Rao and Rodwell (12). The
Al-piperidine~6-carboxylic acid, which is isolated in equilibrium with
o-aminoadipic=8 -semialdehyde, is a product of the metabolism of
pipecolic acid by resting cell suspensions of Pseudomonas P2 (12). The
probable pathway (12) for pipecolic acid oxidation is shown in Figure 2,

That eX—-aminoadipic agid is converted to glutaric acid via
«~ketoadipic acid was shown by Borsook (13). The proposed metabolic path-

way of lysine in rats (10) is summarized in Figure 3. When incubated (10)



with rat liver mitochondria, glutaric acid, «~aminoadipic acid and
pipecolic acid are oxidized to carbon dioxide in the presence of ATP.
Hobbs and Koeppe (14) showed that glutarate-3-C}4 is converted to acetate
rather than directly to the carbon chain of ok-ketoglutarate as postu-

lated by Rothstein and Miller.(7).

= Q)

Pipecolic Al-Piperidine- o¢-Aminoadipic acid- &X-Aminoadipic
acid 6=~carboxylic 5'-semia1dehyde _ acid
acid

Figure 2, The Probable Pathway for Pipecolic Acid Oxidation

Rothstein and Miller (15) isolated urinary acetate-1-Cl4, aceto-
“acetate~1-Cl4, and glucose-3, 4-Cl4 following the administration of
glutaric acid=l, 5-C'4 to normal and phlorhizinized rats. On the basis
of the labeling pattern these authors postulated two possible pathwayss
1. Glutaric acid =) butyrate ——) acetoacetate ——) acetate
2. Glutaric acid Hf-ketoglutarate —> acetoacetate ~> acetate.
In 1960, Rothstein and Greenberg (10) were able to demonstrate that
cl40, was released from glutarate=l, 5-C14 by rat liver mitochondria.
Stern gt al. (16, 17) suggested that acyl—-CoA derivatives were the
actual intermediate in glutarate metabolism based on the findings that
various animal tissues, including liver, possessed a specific glutarate
activating enzyme_which catalyzed the conversion of glutarate to glutaryl-
CoA in the presence of CoA and ATP.

While studing the enzymic carboxylation of crotonyl—-CoA, Tustanoff
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and Stern (18) claimed they isolated radioactive glutaconyl—CoA,
B~hydroxyglutaryl—-CobA and malonyl—CbA. A scheme involving both car-

boxylation of crotonyl-CoA and glutarate metabolism was proposed.

Butyryl—CoA e : = 2~Ethylmalonyl—CoA

Crotonyl—CoA =% > glutaconyl—CoA mZz=m==—==—=x glutaryl~CoA
GB~OH~butyryl—CoA =~ 5—OH"g§utaryl-CoA

Acetoggetyl~CoA @—ketjglutaryl”CoA

2 Acetyl—-CoA AcetyljéoA + Malonyl—CoA

The same authofs presented some evidence suggesting that gluta-—
conyl-CoA was an intermediate (19). However they were unable to prove
that crotonyl—-CoA was derived from the decarboxylation of glutaconyl-—
CoA. Wilson (20) has been unable to obtain any evidence to indicate
that glutaconyl—-CoA is an intermediate in glutarate catabolism.

Glutarate can be used by microorganisms (21, 22) as a hydrogen
source, Of interest is the demonstration that extracts of Pseudomonas
£lunxﬁﬁgﬁnﬁ convert glutaryl—-CoA to carbon dioxide and two moles of
acetyl-CoA (23).

Bagchi et al. (24) reported that when rat liver mitochondria
were incubated with‘gluﬁarate—3~cl4, glutarate was converted to acetate
via acetoacetate.

Numa et al. (25) suggested that the glutarate catabolism proceeded
via ,G-OH*butyryl”CoA, which might be formed through the decarboxylation
of glutaconyl—-CoA. Wilson (20) has worked on this question and found
that S8~OH-butyryl-CoA is an intermediate in animal and microbial
enzymes systems. The whole scheme of carboxylation of c¢rotonyl—CoA
and glutarate metabolism still remains unresolved,

Studies on the catabolism of »,t=lysine in Glostridium sticklandii



by Stadtman (26) have provided evidence for another pathway in which
both the p and L isomers of lysine are degraded qnaerobically to butyric
acid, acetic acid and ammonia.

CH2( NH2) CH CH2CH2CH ( NH 5 ) COQH ) CH CH 2CH2COOH+CH3COOH+ 2NH3

This pathway differs from the catabdlic;pathway of lysine occurringﬁin
&nimals, Neurogpora ‘and certain bacteria.

In éddition to lysine cafabolism, tryptophan catabolism.in mammals
apparently also proceeds thxough'O<;ketoadipic acid (27);‘ The proposal
that dbketoadipate'goes to glutﬁryl—CoA'(27) raises one question, If
coénzyme A is dttached to the glutarate moleCulé during ité‘conVersion
to écetafe' (14), acetoa{cetatev(24),"and Vs -hydroXybutyréte (25), perhap‘s{
- via glutaconyl (19), croéonylv(ls) or A ~hyroxyglutaryl-CoA (10), it
- would be expected that the carboxyl, groups of glutaryl-CoA would ‘be
metabolized by different pathways. One might predict that the carboxyl
notvjqined to coenzyme A would be released as bicarbonate and the other
carboxyl would become thé carboxyl of acetate. _Bicarbonéte'cl4 and
acetate~1~Cl4 injected into rats give very different labeling patterns
in tissue glutamate (28). BiCarbqnéte—Cl4 gives the lébeliﬁg pattern
in glutamic acid of about 85 and 5 per cent radiocactivity in carBons“lb
and 5 re;pectively. _Acetatefl~014 gives tﬁe labeling pétterh of‘about
,30 and 70 per §ent radioactivity in carbons 1 and 5 of glutamic acid
fespectively. Some years ago, Miller and Bale (29)J$tudiéd the labeliné
‘patterns . in glutamate isolated from the liver and plasma proteins of
fasted spanlels fed D,L-ly51ne~6—cl4 mixed w1th chopped lean beef The
pattern obtalned was almost identical to that of acetate-l-Cl4 (28).
These results of Miller and Bale are different than thosevexpected if l

carbon 6 of lysine was metabolized via bicarbonate and raises the



question as to whether or npt glutaryl=CoA is formed from d~keto~
adipic acid.

It was of interest to know whether or not acetyl~CoA and carbon
dioxide both come from carbon 2 and carbon 6 of lysine. Glutaric acid
is a symmetrical molecule. Therefore the carbon atom of carbon dioxide
and of the carboxyl group of acetate should both come from the sym—
metrical carbons 1 and 5 of glutaric acid. Carbons 1l -and 5 of glutaric
acid come from carbons 2 and 6 of lysine. The purpose of this inves-—
tigation was to find out whether or not carbons 2 and 6 of lysine
traversed a symmetrical structure (glutarate) during catabolisma,

l),L—Lysine'é-Cl4 and $,L~lysine—2~cl4 héve been-injected into rats;
liver and carcass glutamate and aspartate have been isolated, degraded
and assayed for radioactivity. The labeling pattern found in isolated
glutamic écid indicéted that carbon 2 of D,L—lysine~2*cl4 is metabolized
via the carboxyl of acetate, but that carbon 6 of D,L*lysine"6-014

is piobably converted primarily to bicarbonate.



CHAPTER II
EXPERIMENTAL

In each of the experiments performed, male rats from the Holtzman
Company, Madison, Wisconsin, were used. The D,L-lysine-6-014 and

D,L—lysine—2—Cl4

were each dissolved in one ml of distilled water.
Five tenths of a ml of one of the labeled lysines was administered to
rats by intraperitoneal injection, except for Rat 233 which was in-
Jjected subcutaneously. Rats 218B and 233 had been fasted 40 and 48
hours respectively before injection. After injection the rat was
placed in a glass metabolism chamber which was swept with air in

order to collect the exhaled carbon dioxide which was trapped in

IN NaOH, A summary of the animal data is presented in Table I.

A. Iselation Brocedures

At a specific time interval (depending on the experiment, see
Table II) after the injection of the labeled lysine, the rat was killed
by'decapitationn The liver and carcass protein powders were prepared
by conventional means (28) involving extraction of the ground tissue
with 10 per cent trichloroacetic acid, acetone and ether. "Carcass"
refers to the entire animal, except liver, including the washed
gastrointestinal tract.

l. Separation of Acidic¢ Amino Acids from Protein Hydrelysates

The dried protein was heated under a reflux for 24 hours with



TABLE I

A SUMMARY OF THE ANIMAL DATA

Weight Compound Microcuries Exhaled - Times Fasted Route of
Rat No.  in gm Administered Injected . Mic:ocurieS'Per §ent in Hours Administratiqn
192 316 p,L~Lysines 2HC1~6-C14 25 2 8 0 Intraperitoneal
195 195, b,L-Lysines2HC1-6-Cl4 23 1.7 7.4 0 Intrapevritoh'eal .
199 193 | nﬁ,—Lysine-Hleé-Clé' 56 1.7 3 "0 | 'Intrapefitoneal
210 - 106 D,L*L?sinegHCl-2~Cl4 | 34 0,88 2.7 0 Intraperitoneal
2188 90 D,L-Lysine»2HC1-6-C14 39. 9.2 23.& 40 ‘.I'ljftzzapeﬁi'mn@agl
233 90 ©,L-Lysines HC1~6-G14 104 16.4 48 Subcutaneously -

17.1




100 ml of 6N hydrochloric acid for every 10 gm of protein powder.

After filtration, the hydrolysate was evaporated in vacuo to a thiock
syrup three times to remove excess hydrochloric.acid. The syrup was
dissolved in 250 ml of water for every iO gn of protein. The resulting
solution, having a pH of approximately 2, was shaken for one hour with
20 gm of acetic acid~poisoned charcoal for each 10 gm of protein. This
charcoal (Darco G-60) was prepared by shaking 20 gm with 250 ml of five
per cent acetic acid for one hour, filtering and washing with water.
The acetic acid—tréated charcoal removes tyrosine, phenylalanine'and
coloring matter from the hydrolysate (30),

Glutamic acid and aspartic acid were isplated from the protein
hydrolysate by ion-exchange chromatography (31). Because these two
amino acids are acidic, an anion exchanger was used. The Dowex~l
resin (Cl‘fqrm, 200-400 mesh) wa§ washed with wéter to remove fine par-—
ticles. It was added to columns of 3.6 by 21 ¢m and 4.8 by 55 cm
respectively for liver and carcass protein hydrolysates.

| The column was washed with 3N sodium acetate until the effluent
gave a negative test for chloride ion° The resin, now in the acetate
form, was washed with 0.5N acetic acid to remove sodium acetate which
remained on the column and with water uﬁtil a pH of approximately 4
was obtained.

The charcoal-treated hydrolysate was diluted to contain an
equivalent of 20 gm of protein per liter of solution. It was then
passed onto the column of Dowex~l acetate at a rate of 1.5 ml per
minute and 7 ml per minute for liver and carcass respectively. The
column was washed with,distilled water until the effluent was ninhydrin

negdti\)eq The acidic amino acids were displaced with O.5N acetic acid

10
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-a£ a»réte of 1 ml per minuté and 3.5 ml per minute for liver and carcass
réspectively.»fF;actions (5 ml for l;ver, 20 ml for carcass) were col-
lected with the aid of an automatic fraction collectors The location of
. the acidic émino acidé in the tubes was determined by the ninhydrin test.
Only two peaks were observed,

The fractions were chromatographed in 76 per cent ethanol (32) by
the ascending technique on Whatman No. 1 paper treated with O.1'M
sodium phosphate pH 7. The amino acids were detected with ninhydrin, .
By this procedure, liver and‘CarCass'glutémic and aspartic acids were
.idehtifiéd (Figures 4 and 5).

2. Isglation of Glutamic Acid

The fractions from the Dowex—l acetate column ﬁhich contained only
glutamic acid were combined, 5 ml of concen{rated hydiochioric acid for
every 10 gm protein weie-added, and the solution was evaporated to a
volume of 1 to 3 ml.' This solution was'thén transferred to a 50 ml
‘beaker and evaporated to a volume of 1 to 2 ml. To this syrup were added
5 ml of concentrated hydrochloric acid, and glutamic acid hydrochloride
was éllowed.to crystallize in the ref;igerator overnight. The hydro-
chloride was filtered on a coarse poroéity sintered ‘glass filter funnel,
washed with 2 ml of cold concentfated h&drochloric aqid-followed by
acetone and ether, and then'dried,ig M§ggga

The glutamic acid hydrochloride was dissolved in 10 ml of boiling
.water and a 25 per cent pyridine solutipn was added dropwise to adjust
the pH to 3.5, The_glutamic acid was allowed to crystallize for five
minutes; then<app#oxim§te1y two volumes of‘absolute ethanol were added,
' and'the‘glutamic acid was allowed to crystallize overnight in the

refrigerator, The glutamic acid_was.collected’by filtration, washed
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two" times with absolute ethanol and then with ether, and was dried in a
drying apparatus in vacuo overnight. The yield of glutamic acid was
approximately 10 per cent by weight of the initial protein.

3. Isolation of Aspartic Acid

All fractions from the Dowex-1 acetate column that Contained
aspartic acid were combined and the solution was concentrated in vacuo
to a volume of 10 ml with the aid of rotatory evaporator. The solution
was transferred to a 50 ml beaker and evaporated until crystals appeared.
A minimum volume of boiling distilled water was added to dissolve the
crystals. Two volumes of absolute ethanol were added, and the aspartic
a§id was allowed to crystallize overnight in the refrigerator. The
aspartic acid was filtered, washed with absolﬁte ethanol and ether and
dried in a drying apparatus in Qacuﬁ overnight. The yield of aspartic

acid was approximately eight per cent by weight of the initial protein,

B, Degradation Procedures

1. Decarboxlation of Glutamic Acid by the Schmidt Reabtion

The degradation of glufamic acid to Yield”carbon 5 was carried out
by the method described by Hahn (33). Carbon 5 of glutamic acid was
liberated as 002 by treatiﬁg this amino acid with hydrazoic acid (34).
The yields of 002 obtained from carboﬁ 5 by this me£hod were in good
agreement with those obtained from a Schmidt reaction on butyric acid
during the complete degradation:of glutamic acid (34, 35). Thed,v -
diamingbutyric acid, the other product,‘was isolated as the dipicrate
by a methéd similar to that described by Adamson (36),

Glutamic acid (100 mg, 0.68 mmoles) was placed in a 15 ml pear
shape flask and ‘0.8 ml of 100 pef cent sulfuric écid (36) was carefully

added. The flask was then stoppered with a glass stopper and warmed
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over a small flame to dissolve the amino acid. The sclution was chilled
in an ice-bath for 15 minutes. Three mmoles (about 200 mg) of sodium
ézid; ﬁere added to the flask and the latter attached quickly to a dis-
tillatién head (33). The air inlet tb the reaction flask was kept
closed and the flask Was heated slowly, over a period of 30 minutes, to
509, After the evolution of COy ceased the temperature was raised to
1100° C and kept there for an hour. The air inlet was then opened and
carbon dioxide—free air was allowed to sweep through the system for one
hour while heating at 100°. The sodium hydroxide solution in the carbon
dioxide trap was then trahsferred to a Van Slyke apparatus for the mano-
vMetric determination of COy and subsequent cl4 asséy (37)u

2, Preparation of «, » —Diaminobutyric Acid Dipicrate

The solution remaining in the pear shape flask was dissolved in
3 to 4 ml of water and transferred to a 50 mi beakér. The solution
‘was then neutrilized to pH 6 with hot satﬁrated barium_hydroxide and
the barium sulfate was removed by cent:ifugation.l The supernant was
‘conéentrated to 10 ml on the steam bath., After the addition of 300 mg
,(1;33 mmoles) of picric acid the solution was warﬁed until all the picric-
acidtdi§solveda The solution was allowed to cool at room temperature
to crfystallize the dipicrate of o, 7 ~diaminobutyric acid. The dipicrate
wéé removed by filtration, washed with 2 to 3 ml of water and recrystal-
lized from 5 to 8 ml of hot water. The dipicrates were recrystallized
until the melting point was 180° to 181° (36). |

3, Complete Degradation of Glutamic Acid .

The degradation of glutamic acid was accomplished by the method of
Mosbach, Phares and Carson (34, 35, 38) as modified by Koeppe and Hill

(28). Usually two mmoles of glutamic acid were used. The series of
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‘reactions is summarized in figure 6o

4, Wet Combustion Of Amino Acids

In order to determine the total radioactivity of the various com—
pounds, these substances were oxidized by the macrocombustior. method of
Van Slyke gti al. (37, 39). The resulting radioactive carbon dioxide was
measured manometrically, and assayed for radiocactivity with a vibrating
reed electrometer.

5. The‘Degradation of bD,L~lysine-2 or 6-cl4,

The degradation of Pyl.—lysine was carried out by the method
described by Strassman and Weinhouse (40). The lysine was oxidized to
glutaric¢ acid with hot acidic perménganate. The glutaric acid was ex~
fracted with ether before chromatbgraphio puri fication (14) and then was
decarboxylated in a Schmidt reaction. The resulting carbon dioxide re-
presents carbons 2 and 6 of lysine. The reaction is shown in Figurs 7,

a, Oxidation of Lysine to Glutaric Acid

Between 1.5 and 2.0 mmoles of D,L~lyéine monohydrochloride
were dissolved in 150 ml of water in a 300 ml 2-neck flask carring a
dropping funnel and a condensor. Twenty ml of 9N HpSO4 were added, the
solution was heated in a bath of boiling water, stirred vigorously with
a magnetic stirrer, and a few drops of 1.5N KMnO, were added. When the
reaction began (the color of KMnO, disappeared) the temperature of the
bath was lowered to 85° and a total of 20 ml of 1.5N KMnO, was added
dropwise over a period of an hour. The solution was kept at this tem-
perature for one hour longer and after coaling, it was filtered to re-
move the MnOg, The cléar filtrate was continuously extracted with
ether for 48 hours., The extract was transferred to a 20 ml beaker and

evaporated to dryness cn a hot plate.
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Figure 7. The Degradation of p, -Lysine~2 or 6~gl4

b, Preparation of Celite Chromatographic Columns
A column, 0.8 by 30.cm in size was packed with Celite to a

height of 25 cm by the addition of a slurry containing & gm of Celite
(which had been mixed with 3 ml of 0.5N H2804)_suspended in a 10 per
cent solution of acetone in hexane. Approximately 40 ml of the eluting
solvent (either chloroform or a one per cent solution of n*butanol}in
‘chloroform, both pf which were saturated with O.5N H2804) was run over
the packed Celite column in order to remove the acetone~hexane solution,

¢. Chromatographic Puiification of Glutaric Acid

The dried glutaric acid obtained by ethér extraction waslv
slurried with 5 ml of chloroform and‘the‘solutiOn decanted on to the
Celite column, Thé chloroform layer was alldwed to.flow on tq the
Celite and the beaker was then rinsed three times with 5 ml of chloro~
form. Glutaric acid was eluted at a rate of 0.5 to 1 ml per minute
with 100 ml each of 1,5 and 10 per cent (vol/vol) n-butanol in chloro-
. form solution. Fractions were collected with the aid of an automatic
fraction collector at five minute infervals and titrated with 0.1N
carbon dioxide-free sodium hydroxide. Phenol red was used as an
" indicator in this titration. Figure 8 shows a diagram of thé distri-
bution of glutaric acid after‘chromatographic pyrification.

The solutions of these two peaks, shown in Figure 8, were



both concentrated to 5 ml for the identification of glutari¢ acid,
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Figure 8, Glutaric Acid Chromatographic Purification
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d. Paper Partition Chromatography (Identification of Glutaric

Acid)

The ascending paper chromatographic technique was used to
identify this organic acid (41).

Ten}Jl of each solution were spotted on Whatman No. 1 paper
and developed in the solvent system of n—butanol : acetic acid : water
(9 : 13 2.5v/v). An indicator of 0.04 per cent bromocresol green
(pH 6.0) was used to detect acidic compounds. In the case of paper
chromatography in-an acidic system, it is necessary to remove acetic
acid before spraying the indicator on the paper. Therefore the chroma-
togram was steamed under‘ah infrared lamp to vaporize the acetic acid.,
The dried chromatogram was sprayed with bromocresol green. The yellow
spots showed the location of acidic compounds. The Re of Peak I (0.75)
was comparable to  that of glutaric acid in this solvent system, there—
fore i£ was concluded that Peak I was glutaric acid. The compound in
Peak II was not identified. 1Its Ry was 0.67, Radjoactivity was found
in both compounds.

The concentrated sodium glutarate was transferred to a 15 ml
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of pear shape flask, evaporated to dryness, and then dried in the oven
at lOO? for two hours.

e. The Schmidt Reaction on Glutaric Acid

The apparatus for the Schmidt reaction on glutaric acid was
the same as that mentioned above for glutamic acid. To 0.33 mmole of
sodium glutarate in the pear shape flask was added 0.4 ml of 100 per
cent sulfuric acid and one mmole (67 mg) of sodium azide. The flask
was attached to a distillation head (33), heated at 55° for 30 minutes,
and kept at this temperature for three hours. Then the temperature
was raised to 70° or above and kept there for one hour. Carbon di-
oxide~free alir was allowed to sweep slowly through the system for one
hour in the boiling water bath. The sodium hydroxide in the second
trap was transferred to a Van Slyke apparatus for the manometric

determination of carbon dioxide and subsequent Cl4 assay.

C. Carbon Analysis and Badioactivily Assay

The total carbon content of the various compounds was determined
by the macrocombustion method of Van Sl?ke and coworkers (34). Carbon
dioxide liberated during degradation procedures was also measured
manhometrically.

The carbon dioxide from the wet combustion of samples and from
the various degradations was swept into a Borokowsky (42) ionization

chamber and assayed with a vibrating reed electrometer (43).



CHAPTER TI1
RESULTS AND DISCUSSION

A. Excretion of Badicactive Garbon Dioxide

A general summary of the experimental data is presented in
Table I: Data relating to thé rate of excretion of radioactive carbon
dioxidé.may be found in Table II. From Tables I and II, it can be seen
that the route of administration énd the dietary condition of.the
animal did have an effect on the percentage of the injected isotope

L4,

which was exhaled as C
In the case of p,—lysine —-6-C14, fasting increased the raté of

Cl402 release. Approximately 24 per cent of the injected dose was

excreted as»ClaOZ from fasted Rats 218B and 233. This was three

times as rapid as the rate of excretion in fed rats.

B. Results of Degradation Studies

| In Table III are presented‘the results of degradation of DyL=
lysine*2"cl4 and Dﬂ;*lYSine~6-Cl4g It is apparent that almost lOO
per cent of the radiocactivity was located-ih carbong 2 and 6,

Table v summarizes the results of the degradation of thé carcass
and liver glutamic'acids° In the cases of fed Rats 199 and 210 which
‘were administered Dﬂ.—lysine*2*014, carbon B of -the carcéss and liver
glutamic acid; contained significantly greater activity than did carbon
l. The ratio: of radiocactivity in carbon 5 to that in carbon 1 was

approximately 2.5 to 1. This corresponds favorably with the value

20



TABLE II

" FORMATION OF RADIOACTIVE CARBON DIOXIDE AFTER INJECTION
OF D,L~LYSINE-6-C14 OR 2-C14 INTO RATS

The Exhalation of Cl%,,

Rat No. Adg§g§2¥239d .Expressed as Per Cent of the Injected Microcuries ;
: 15 min, _ 30 min. 1 hour 3 hours 4 hours 5 »hOl{I‘S 24 hours

199 B,-—Lysine*2HC1-6~-C14 1.4 1.6 1.9 3.1
195 0,L ~Lysines2HC1-6~C14 0.6 1.2 1.3 1.0 0.4 0.3 2.6
199 p,L~Lysine+HC1~2-C14 0.2 0.7 1.0 1.1
210 o,L-Lysine-HCl-2-C14 0.4 0.6 0.7 1
2188  p,L-Lysiner 24HC1~-6-Cl4 6.2 6.2 4.9 4,7 1.8
233 1.5 3.7 5.6 1.2

D,L-LysineHC1~6-C14

4.5

t4



TABLE TIII

DEGRADATION DATA OF p,L- LYSINE-2-¢14 anD 6-cl4

Compound D,L.—-Lysine DsL-Lysine o,L-Lysine Dsk ~Lysine
Position of C1? 6-cl4 2-cl4 6-cl4 6-cl4
(Company) from Calbiochem. Volk Volk >Calbiochem
Rat No. 192 and 195 199 and 210 218B 233
e % _mpc % e % e &
mmole total mmole total mmole total mmole total
Total 178.5 406 281.2 541
Carbons 2 + 6 168 94.5 349 85 294 104 459 85

[44



TABLE IV

Cl4 DISTRIBUTION IN RAT GLUTAMIC ACID AFTER INJECTION
OF ,L-LYSINE-6-€"% CR o,L~LYSINE-2-C14

Rat No. 192 195 199 210 218B 233
Rat Weight (gm) 316 195 193 106 90 90
Time Fasted (hours) 0 o .- 0 0 40 48
Position of cl? 6-cl? 6-cl4 o-cl4  o-cl4 6-cl4 6-c14
Dose Injected (gc) 25 23 56 34 39 104
Duration (hours) 3 24 : 3 3 5 4
% Dose as Cl%, "~ 8 7.4 3 2.7 23.9 16.4
' myc % mjc % muC % muc % mic % e %
mx_n’_o_ali e total mmole total mmole total _ mmole total 'mmone total mmole total
" Total 0.1 0.9 3.2 2.9 2.6 3.0
Carbon 1 0.8 25 0.6 21 1.7 65 1.8 60
. Carbon B 2.1 66 2.4 83 0.7 27 0.8  27.
Carcass Sum h o
C; + Cy 2.9 9l 3.0 104 2.4 92 2.6 87
Total 2.7 2.5 17.9 22.6 12.4 16.6
Carbon 1 1.00 37 0,5 20 2.9 16 2.8 12 9.2 - 74 11.5 69
Liver Carbon 5 0.4 15 0.3 12 13.2 74 17.4 77 4.7 38 :
Sum '
C; + Cy 1.4 52 0.8 32 16.1 90 20,2 8 13,9 112
Sum : .
C 1-4 | : 3.0 17 2.4 11 9.4 76

(X4
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obtained by Koeppe and Hill (28) after injecting acetate~1-C14 into rats.
These results indicgig gﬁat cathon 2 of lysine w#s metabolized’in the
Kreb's Cycle via the C§599¥Y1 of acetate and sﬁggest that carbon 2 of
lysine beéomeﬁ the carboxyl of glutarate which is attached to coenzyme A
prior to conversion to acetate. However, it should be noted that acetate-
1+Cl4 labels glutamate much more readily than does bicérbonate-Cl4’(25)..
If equal amounts of these labeled compounds (acetate énd bjcarbonate) were
given to rats, the labeling pattern in glutamafe would probably bé gihilar
to that-of acetaté~1'cl4 alone. Therefore the results with p,L~lysine~2-
Gl4 do not rule out the possibiliiy of free glutaric écid'beingfan inter—

mediate in lysine catabolism, If this were the case D,L-iyéine~2—014

could yield glutarate-1,5-C1%

which could yield bicarbonate~014 andface*'
tate~1—cl4. The lakeling pattern in glﬁtamate would résemble that of
vacetate—l-Cl4.

In the case of D,L~lysine*6*Gl4, tﬁo d;ffereht results were ob—
tainéd, depending on wﬁetherbor not‘the rat was fasted.” Whén D,@*lysinen
6-C'4 was given to fed Rats 192 and 195, less than 60 per cenht of the
activity was in the carboxyls of liVei glutamaﬁe, and abdut eight per cent

of the total injected acitivity was exhaled as ct4o Unfortunately, the

2 E
specific activity of the carcass giutamate was too low to permit a com—
plete degradation and an accurate 614'assay, In fact the low levels of
Cl4‘makes it'necwssary to repeat these experiments.

14 had

The use of fasted rats and larger amounté éf DL "1ysine~6-C
 increased threefold the'percentage of the'tptal activity exhaled és
01402, In these rats the speci£ic activity of the isolated tissue
glutémate was inpreaséd 0 a levél,where cbmplete dEgiadation was

possible. The results obtained with o,L*IYSine—6*C14'were different

in fed as compared with fasted rats (Tables IV, V). In the fasted
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TABLE V

LABELING PATTERN OF CARCASS GLUTAMIC ACID

Rat No. 218B 233
mpc %. muc T %
mmole total mnole total
Total 2.6 3.0
Carbon 1 1.7 : 65 1.8 60
Carbon 2 0.1 4
0,16 5.4
Carbon 3 0,1 4
Carbon 4 0.1 4 _ 0.14 5
Carbon 5 : 0.7 27 0.8 27
| Sum

Carbons 1-5 2,7 104 2.9 97,4
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Rats 218B and 233, the radiocactivity was primarily in carbons 1 and
5 of glutamic acid., About 65 per cent of the radioactivity of the
carcaﬁs and liver glutamic acids was in carbon 1 and 25 per cent was
in carbon 5. Miller and Bale (29) working with p,L-1ysine-6-C14 in
fasted dogs, showed that aboui 30 per cent of the total activity was
located in carbon 1 and 70 per cent in carbon 5 of glutamate. |
Although the present results differ with those of Miller and Bale
(29), they are similar to the values obtained by Koeppe and Hill (28).
After injecting sodium bicarbonate-c14 into rats, they found 85 per

cent of the total 014

in carbon 1 and about 5 per cent in carbon 5

of glutamic acid. Thus, with D,L—lysine-6“014 in fasted rats, the
labeling pattern found in tissue glutamate resembles that found with
bicarbonate-Cl4 (28). Therefore the carbon 6 of Dﬁ,"lysine-6-cl4 was
probably metabolized into Kreb's Cycle via the intermediate formation
of carbon dioxide in the fasted rat. The higher percentage of activity
in ca;bon 5 of glutamate in the present results compared to those of
Koeppe and Hill (28)9 when bicarbgnate*cl4 was injected to rats, sug-
gests that a small portion of the Dﬂn~lysine"6?cl4 was catabolized via
a symmetrical intermediate.

The results obtained from Rats 192 and 195 also do not agree with
the values of Miller and Bale (29) who fed n,L‘lysine-é*Cl4 to fasted
dogs and obtaihed an acetate“l”Cl4 labeling patterh in glutamate.,
Moreover as menfioned above they are different from the results obtained
in Rats 2188 and 233. One reason for these findings could be an impufe
or incorrectly labeled lysins. However paper chrométog:aphy did not
show the preéence of substantial amounts of impurity and degradation

(see above) indicated that the lysine samples were correctly labeled,
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The labeling patterns observed (Rats 192 and 195) suggést that
carbon 6 of D,L'lysihe’6*Cl4 in fed rats was not metabolized in-bhémKréb"s
Cycle via either acetate or carbon dioxide and that there may be another
pathway of lysine catabolism, One plausible explanation is thatp,k~lysine~

14 was metabblizéd into the Kreb's Cycle via propionib acid, The

6~C
fixafion of COp tb this 3.carbon compound will yield sdccinic acid (44,
45, 46, 47) which is oxidized via the Kreb's Cycle. This possible
alternate pathway(B) is 'shown in Figureb9o The results with Rats 192
and 195 were in agreement with the proposed pathway(B)., However, out
déta provide little real evidence in support of such a catabolic route.

Degradation data of aspartic acid of liver and carcass are given in
Table VI, in Rats 199, 210, 218B and 233, approximately 100 per cent
of the total c!4 was found in carbons 1 and 4. The glutamate from these
animals was also labeled primarily in the carboxyl positions.

In Rats 192 and 195, the percentage of radioactivity in carbons 1
and 4 was less than 65. This finding correlates with the fact that the
glutamate from these animals had bonsiderable non~-carboxyl labeling,

In Rats 199 and 210, the specific activity of glutamic gcid was
higher than that of aspartic acid, but in Rats: 218B and 233 the reverse
was found. Hill (48) observed that the specifié activity of tissue
glutamate was higher than tissue aspartate when acetate-l-Cl4‘was
injected to rats and that the reverse was true when bicarbonafe—cl4
wés injected to rats. Our results suggest that acetatefl-Cl4'was formed
from ppL'lysine"2°Cl4 in fed rats and bicarbonate“C14 from p,L-lysine-

1‘6*C14 in fasted rats. The résults are in accord with the metabolic

pathway (A) for p,L=1ysine~2-G}4 and 6-C1% as shown in Figure 10.
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TABLE VI

cl4 DISTRIBUTION IN RAT ASPARTIC ACID AFTER INJECTION
" OF p,L-LYSINE~6-C14 OR p,.-LYSINE-2-cl4

Rat No. 7 192 1% 199 210 218B 233
mpc % mpc % {EC % UG % mpc %. muc %
- mmole total mmole total mmcle total mmole total mmolewtotal mmole total
Total 22 1.1 4.3 5,7 13.1 20
Liver : o
Carbons 1 + 4 1.4 64 0.7 64 4.1 95 5.7 100 14.1 107 19 g5
Total 1.3 0.96 2.2 2.4
Carcass v
Carbons 1 + 4 : 1.3 100 0.93 97 2.1 95 2.2 92

. 0€
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CHAPTER IV
SUMMARY

When D,L“lysine~2“Cl4 was administered to fed rats, the labeling
patterns found in isolated tissue glutamate and aspartate indicate that
the major catabolic route of carbon 2 of lysine is via the carboxyl of
acetate, Administration of ﬁ,L-lysine*é*Cl4 to fasted rats resulted
in labeling patterns in tissue glutamate and aspartate which suggest
that carbon 6 of lysine is catabolized via carbon dioxide, In the fed
rats given D,L—lysine*6—014, the labeling patterns in isolated glutamate
and aspartate suggested the possibility that an alternate metabolic

pathway of lysine exists.
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