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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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At By
Charles Heidelberg;r, Mary E. Gullberg,
Agnes Fay Morgan, and Samuel Lepkovsky

From the Department of Chemistry and the Radwation Laboratory,
University of California, Berkeley

The Department of Home Economics and the Division of Poultry

Husbandry, Agricultural Experiment Station,
University of Californies, Berkeley

NMay 26, 1948

ABSTRACT
dL-tryptophane-fg-Cl4 was administered to rabbits, dogs, and raets. The
kynurenine and kynurenic acid, isolated from the urines were radioactive,
the labeled carbon being the ﬁethylene carbon and the 3-position. re-
spectively. The N-methylnicotinamide was not radiocactive, indicating

that it was produced from tryptophane by some mechanism other than ring-

closure to & quinoline derivative, followed by oxidation.

This paper is based upon work performed under
Contract #W-7405-Eng-48 with the Atomic Energy
Commission in connection with the Radiation
Laboratory, University of California, Berkeley.

‘To be published in Journal of Biological Chemistry
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CONCERNING THE MECHANISM OF THE MAMMALIAN CONVERSION OF
TRYPTOPHANE INTO KYNURENINE, KYNURENIC ACID,
AND NICOTINIC ACID
Charles Heidelberger, Mary E. Gullberg,
Agnes Fay Morgan, and Samuel Lepkovsky (1)
From the Department of Chemistry and the Radlatlon Laboratory,
University of California, Berkeley
The Department of Home Economics and the Division of Poultry
Husbandry, Agricultural Experiment Station;

University of California, Berkeley

May 26; 1948

The metabolic conversion of tryptophane (I) into kynurenine (II)
.(z) (3), kynurenic acid (III) (4), and nicotinic acid (IV) (5) (6) has
been demonstrated by feeding experiments in & variety of memmals. That
kynurenine is an intermediate in the conversion of tryptophané into nico-
tinic acid by neurospora (7) has been established, ané_recently it has

been shown that 3-hydroxyanthranilic acid is also an intermediate in the

bo——

1. This paper is based on work performed under Contract #W-7405-Eng-48
. with the Atomic Energy Commission in connection with the Radlatlon

Laboratory, Unlver31ty ‘of California, Berkeley, California
2. Kotake Y. and Iwao, J., Zeit. Phy51ol. 195, 139 (1931).

3. Butenandt SA.,Wleidel, W.,Nelchert Re, & vonDerJugln W}, Zeit.
Physiol., 279, 27 (1q43)

4. Ellinger, ., Zeit. Physiol., 43, 325 (1904).
5. Huse, J.W., and Perlzweig, W. H;, J. Biol. Chem., 150, 395 (1943).

6. Singal, S.A,, Briggs, A.P., Sydenstriker, V.P., & thtlegohn J.M.,
J. Biol. Chem., 166, 573 (1946).

7. Beadle, G.W., Mitchell, H.K., Nyc, J.F., Proc. Nat. Acad. Sci.,
33, 155 (1947). ,
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neurospora (8) and probably in the rat (9)+ 1In animal experiments the
. nicotinic acid is excreted largely as the N-methyl amide (V), and it has
been shown in experiments with élB that when carboxyl-labeled nicotinie
acid is féd to rats, the N-methylnicotinémide isolated from'fhe urine re-
tains & very high percentage of the initial label (10).
7 We have synthesized dl-tryptophane-:’?—cl4 (11) and are studying the

mechanism of these conversions:

< pA 'NH R ‘ . NH
W™ 2 - N‘Hz 2 v
H . : P IR '? Kynurenine  II
dl-tryptophane I - N ™~
-~ CO0H i Yy coon
Xy , D)
| D
: k(//// : *&;NHB c IV
OR . 2
s \i | CoNE
SN T e %
NN N ooon | +c17
‘ CHB
Kynurenic Acid III.

" The tryptophane wes administered to rabbits, dogs, and rats, and from
the urines kynurenine, kynurenic acid, and N-methylnicotinamide, re- .

spéctively, were isolated by the usuval methods (2), (4), (8). . The

8. Mitchell, H.K., and Nyc, J.F., Proc. Nat. Acad. Sci. 34, 1 (1948).

9. Mitchell, H.K., Nyc, J.F., and Owen, R.D., J. Biol. Chem., in press.
10. Hundley, Jeds, and Bond, Heife, J. Biol. Chem., 173, 513 (1948).

11. Heidelberger, C,;,dnpublished material.
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specific aétivities of the kynurenine and kynurenic acid were 37% and 295%
of that éxpeoted for direct conversion, indicating diiutién by the body .
pool of tryptophane. ‘

The position éf the label in the kynurenine (spe. act.,>114 counts/min
/bg.) was proved by its conversion by medns of alkaline-ﬂypoiodiﬁe ﬁo iodo~-
form (sp. act., 81 counts/min/mg; caled. 78), which could only have origin-
atedvfrom the methylene carbon atom. The kynurenic acid (sp.: act. 143
cqunts/hin/hg.) was decarboxylated thermally -to give inactive carbon dioxide.
It was also oxidized to o-carboxyoxanilide.(sp. act., 125 countsAnin/ﬁg.
Caled. 130)(12) which'was hydrolyzed té give active oxaelic acidb(spj act.
as calcium oxalate,'188'countsAnin/hg. Calc'd., 198) and was also de-
composed thermally to give radioactive carbon dioxide (sp. act; as BaCOs
129 countsﬂmin/hg, Calc'd., 128) and inactive carbon monoxide. Formyl-
anthranilic acid, the probable inﬁenmediate in this décompositioh, libergtes
carbon moncxide on heating. These reactions strongly indicate, but do not
abselutely prove, that the labeled carbon atom is in the S-position of

kynurenic acid.

If the nicotinic acid were produced by oxidation of the benzenoid -
ring of a molecule such as kyhurenic aéid, which glready contains &
pyridine ring, it would be radicactive, following administration of the
labeled tryptophane; If, however, hydroxyanthranilic‘acid is the inter-
mediate (ane we have shown that feeding this compound results in a éub—

stantial increase in N-methylnicdtinamide excretion) the labeled carbon

et

12. Kretschy, M., Monat 5, 16 (1884).
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would be lost, and the micobinic acid would be imactive. Accordingly,
uthe labeled tryptophane was fed to rats, and after carrier N-methyl-
nicotinemide was added, it was isolated as the picrate (6) and a plate
containing 12.3 mg. of picrate was completely devoid of activity.
Fluorometric analysis of an aliguot of the Permutit eluate before the
carrier was added, indicated the presence of 115 }”(over three.times
the N-methylnicotinamide found in the urine of rats given no tryptophane ).
If the compound had been formed through a éuinoline intermediate, the
plate would have contained 103 counts /min. Less than Q.OOS% ofbthis
could easily be aetected with the Nucleometer.
Thus, we have.shown as formulated above that kynurenine is fofmed.

from tryptophane by direct opening of the pyrrole ring; kynurenic acid

by direct ring-closure from kynurenine; and nicotinic acid by a mechanism,
probably involving hydroxyenthranilic acid, which does not go through &

quinoline intermediate.





