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The metabolism of a-aminobutyric acid in the animal body is of interest because of 
its general distribution in body fluids. Precursors of this amino acid in the animal 
organism are threonine ~, 2 and methionine :~,'L a-Aminobutyric acid can substitute for 
pyrimidines in supporting the growth of certain pyrimidine-requiring mutants  of Neuro-  
slSora crassa ~, and it has been reported to be the precursor of propanol in fermenting 
grape juice 6. So far, it has not been found to occur in any protein. 

Norleucine has not been discovered in natural material. Since it is readily utilized 
by the mammal  7, the pat tern of its metabolism assumes significance. The pathways of 
the catabolism of a-aminobutyric acid and norleucine converge in that  both yield pro- 
pionic acid. This explains their glucogenic and antiketogenic properties, a-Aininobutyric 
acid was shown to be antiketogenic by COHEN s and the glucogenic character of norleu- 
cine was reported by GREENWALD 9 and by BUTTS and co-workers TM. 

The L-forms of both of these amino acids are transaminated by heart muscle n and 
the ~>forms are oxidatively deaminated by D-amino acid oxidase 12. 

In addition to the inherent interest in the metabolism of a-aminobutyric acid and 
norleucine, the investigation of their catabolism, which is presented in this paper, was 
undertaken in order to gather evidence for a general mechanism for the catabolism of 
straight-chain a-amino acids. 

RESULTS AND DISCUSSION 

Catabolism o/ a-aminobutyr ic  acid ,~ 

This was studied by incubating DL-a-aminobutyrate-3-14C (5 rag, 4.3 uc/Ing) with 
rat liver homogenate for 2 hours at 38 '~ and chromatographing the deproteinized 
aqueous extract on a silica gel column. Isolation and identification of the radioactive 
intermediates, a-ketobutyric acid.~ and its decarboxylation product, propionic acid, were 

* Aided by research grants  from the American Hear t  Association, the American Cancer Society 
(Recommended by the Committee on Growth),  and Cancer Research Funds  of the Universi ty of 
California. 

** Present  address:  Radioisotope Unit, Veterans Adminis t ra t ion Hospital ,  Hines, Illinois. 
*** On leave from the Ins t i tu te  for Microbial Diseases, Osaka University, Osaka, Japan.  

The radioactive amino acids were prepared in the Bioorganic Group, Radiat ion Laboratory,  
University of California, by R. OSTWALD, P. T. ADAMS, and B. TOLBERT. Details of synthesis  will 
be published elsewhere. The prepara t ions  were tested for radioactive pur i ty  by column chromato-  
g raphy  and by rad ioau tography  on paper.  

~ l rnlabeled a-ketobutyr ic  acid and ¢,-ketocaproic acid, employed as reference s tandards,  were 
kindly prepared by Mr. DONALD .~IORRISON in our laboratory.  
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accomplished by silica gel column chromatography with the benzene-ethyl ether mixture 
(Fig. I) and, separately, with the chloroform-tert, amyl alcohol mixture (Fig. 2) regularly 
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Fig. 1. Ch ronmtog raph i c  iden t i i i ca t ion  of (~-keto- 
b u t y r i c  acid and propionic  acid froln the  incu- 
ba t i on  of DL-( l -aminobutyra te -3JaC wi th  ra t  l iver  
homogena te .  Sil ica gel co lumn c h r o m a t o g r a p h y  
wi th  a benzene-e ther  so lvent  sy s t em was used. 
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Fig.  2. Ch roma tog raph i c  iden t i f ica t ion  of a -ke to-  
b u t y r i c  acid and propionic  acid from tl le  incu- 
lmt ion  of DL-{,-aminobutyrate 3-14(; with ra t  l iver  
homogena te .  Sil ica gel column c h r o m a t o g r a p h y  
wi th  a chloroform-ter[, amyl  alcohol so lvent  

sys tem was used. 

employed by us as the solvent systems. The identities of a-keto- 
butyric acid, as its 2,4-dinitrophenylhydrazone derivative, and 
of propionic acid were further established by paper chromato- 
graphy and radioautography (Fig. 3). 

Catabolism o~ norleucine'; 

This was investigated by incubating DL-norleucine-3-~4C 
(2.5 mg, 21 uc/mg) in the same manner as a-aminobutyric acid. 

[gig. 3- l)aper c h r o m a t o g r a m s  and r a d i o a u t o g r a m s  of r ad ioac t ive  f rac t ions  
isola ted by  s i l ica  gel co lumn c h r o m a t o g r a p h y  from the  i n c u b a t i o n  of 
DL-¢,-aminobutyrate-3-14C. The b lack  spots  ind ica te  r ad i oac t i x i t y ,  and 
the  areas  enclosed by  the  ou t l ines  show the  locat ion of the  corresponding,  
un labe led  compounds ,  which  were used for compar i son .  A. Propionic  
acid.  The a m m o n i u m  sa l t  of the  acid was c h r o m a t o g r a p h e d  by  tile 
descend ing  m e t h o d  us ing  all n - b u t a n o l - a m m o n i u m  h y d r o x i d e  so lven t  
sys t em 13. B. 2 ,4 -Din i t ropheny lhyd razone  of (z k e t o b u t y r i c  acid. The dry  
hyd razone  was d issolved in o.2 ml of e thano l  and neu t ra l i zed  wi th  o.3 ml 
of o.1 M p h o s p h a t e  troffer, pH  7.2. Al iquots  of th i s  solut ion were 
c h r o m a t o g r a p h e d  by  the  descend ing  me thod  us ing a m i x t u r e  of lert. amyl  

alcohol, e thy l  alcohol, and  wa te r  in the  ra t io  50: ,o :4o  (v/v)t< 

- - T h e  nor leuc ine  ch roma tog ram,  developed  wi th  the  benzene-e ther  so lven t  sys tem,  exh ib i t ed  
peaks  of r a d i o a c t i v i t y  in the  regions of t i le appea rance  of acet ic  acid and also propionic  acid. ]n 
bo th  in s t ances  there  was  poor coincidence  of the  r a d i o a c t i v i t y  wi th  the  t i t r a t i on  peaks  of the  added  
car r ie r  acids. Pape r  c h r o i n a t o g r a m s  were run  oil the  analTloniunl sal ts  of these acid f rac t ions  wi th  
added  carr iers  la to seek an e x p l a n a t i o n  for the  observed discrepancies .  The ace ta te  spot  on the  paper  
(/~F o-24) showed cons iderable  r ad ioac t iv i t y ,  bu t  a second spot  r emained  a t  the  origin, which m a y  
be the  sod ium sa l t  of acet ic  acid. No r a d i o a c t i v i t y  was found in the  p rop iona te  spot  (l¢ F 0.32), bu t  
r a d i o a c t i v i t y  was found in a region on the  paper  a t  R F o.55 , which was nega t ive  to the indica tor .  
We are g r ea t l y  i ndeb ted  to Dr. A. [CHIHARA for pe r fo rming  these  tests.  

§ See foo tnote  on page  561. 
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The rad ioac t ive  p roduc ts  ob ta ined  from the  ca tabo l i sm of the  labe led  norleucine were 
a-ketocaproic  acid, valeric acid, and  f i -hydroxyvaler ic  acid. A good separa t ion  of these 
in te rmedia tes  was ob ta ined  with  the  benzene-e ther  
solvent  mix tu re  (Fig. 4) ; the  chloroform-tert, amyl  
alcohol mix tu re  gave only an incomple te  bu t  
not iceable  separa t ion  of valer ic  acid and a-keto-  
caproic  acid. The ch romatograph ica l ly  i sola ted  
a-ke tocaproic  acid was fur ther  charac te r ized  b y  
conver t ing  i t  to  the  2 ,4 -d in i t rophenylhydrazone  
and subjec t ing  the  hydrazone  de r iva t ive  to pape r  
c h r o m a t o g i a p h y  and r a d i o a u t o g r a p h y  (Fig. hA). 
Add i t iona l  verif icat ion of the  ident i t i es  of valer ic  
acid and ~-hydroxyva le r ic  acid  was also made  b y  
pape r  c h r o m a t o g r a p h y  and r ad ioau tog raphy  (Fig. 

5, B and C). 
I t  appears  t h a t  the  oxida t ion  of the  in te rmedi -  

a te  valeric acid  is in i t i a ted  b y  fi-oxidation,  as indi-  
ca ted  b y  the  format ion  of f i -hydroxyvaler ic  acid, 
and  t h a t  the  fur ther  ox ida t ion  of ~ -hydroxyva le r i c  
acid resul ts  in the  fo rmat ion  of acetic and  propionic  
acids, as demons t r a t ed  b y  the  i~ vitro exper iments  
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Fig. 4. Chromatographic identification 
of a-ketocaproic, valeric, and fl-hydroxy- 
valeric acids from the incubation of 
DL-norleucine-3-~4C with rat liver homo- 
genate. Silica gel column chromatogra- 
phy with a benzene-ether solvent system 

was used. 

of ATCHLEY 14 and  the in viva s tudies  of SIEGEL AND LORBER 15. In  the  present  invest i -  
ga t ion  with  norleucine-3-1~C, the  in t e rmed ia te  
propionic  acid  formed should  be devoid  of a label,  

A 6 c since i t  would be der ived  from carbon a toms  4, 5, 
and  6 of norleucine,  whereas  the  in t e rmed ia t e  acetic 
acid, arising from carbon a toms  2 and 3 of the  amino 
acid, would be expec ted  to  be rad ioac t ive .  Radio-  
ac t i v i t y  was found in the  acetic acid peak  of the 

i - ~' ~ ° i c h r ° m a t ° g r a m s  wi th  b ° t h  °f the  s ° lven t  pai rs  used*" 

~ Mechanism o/catabolism o/straight-chai~ 

"~ a-amino acids 

.o_ Tile resul ts  ob ta ined  wi th  the  severa l  amino 
acids t h a t  have  now been s tud ied  16 suppor t  the  

~, general  scheme t h a t  the  s t ra igh t -cha in  a-amino acids 
~7 ~ are ca tabol ized  b y  being first t r a n s a m i n a t e d  or 

deamina t ed  to the  corresponding a-ke to  acid, which 

Fig. 5- Paper chromatograms radioautograms radio- and o f  

a c t i v e  f r a c t i o n s  i s o l a t e d  b y  s i l i c a  gel  c o l u m n  c h r o m a t o -  
g r a p h y  f r o m  t i le  i n c u b a t i o n  o17 D L - n o r l e u c i n e - 3 J 4 C  w i t h  r a t  
liver homogenate. The black spots indicate radioactivity 
and the areas enclosed by the outlines show the location of 
the corresponding, unlabeled compounds, which were used 
for comparison. A. 2,4-Dinitrophenylhydrazone of a-keto- 

caproic acid. The same method was used as in 3 B. B. Valeric acid. The same method was used as in 
3 A. C. fl-Hydroxyvaleric acid. The same method was used as in 3 A. 

* See footnote on page 562. 
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is then decarboxylated to yield tile monocarboxylic acid with one less carbon atom. "file 
resulting monocarboxylic acid is further oxidized by the general fl-oxidation pathway 
(for monocarboxylic acids). The terminal carbon atoms of even-carbon amino acids thus 
form propionic acid, and those of odd-carbon amino acids give rise to acetvl groups. 

EXPE RIM E NTAL 

The procedures  for p repa r ing  the  l iver  homogenates ,  c a r ry ing  out  t i le incubat ions ,  prel)ar ing 
the prote in-free  f i l t ra tes  for ch ronmtography ,  and  coun t ing  the r ad ioac t ive  samples  were the same 
as descr ibed in prev ious  pub l i ca t ions  t6,17. The method  of p r epa ra t i on  of the  silica gel co lumns  and 
the t echn ique  of c h r o m a t o g r a p h y  with the  so lven t  sys t ems  employed  have  also been pu/)l ished Is. 

St JMM:\R'~" 

The ca tabo l i sm of Dl.-(~-aminobutyric acid-3J4C and of DL-lmrleucine- 3 14C have  l)een s tudied  
1)y incuba t ion  in r a t  l iver  homogena tes .  R a d i o a c t i v e  ~z-ketobutyric acid and propionic  acid were 
i so la ted  from the  a - a m i n o b u t y r i c  acid incubat ions .  Rad ioac t ive  (~ ke tocaproic  acid, valeric  acid, and 
/3-hydroxyvaler ic  acid were isolated from the  norleucil le  incubat ions .  

The evidence  ob ta ined  suppor t s  the  scheme t h a t  the s t r a igh t - cha in  a -amino  acids are ca tabol ized  
by convers ion to t i le  correst)onding a -ke to  acid, o x i d a t i v e  decar l )oxyla t ion ,  and the subsequen t  
ox ida t ion  {~f the  r e su l t ing  monoca rboxv l i c  acid by the scheme of /%oxidat ion .  

R 1~IS t'MI:; 

I.e ca t abo l i sme  de l ' ac ide  DL-3-1~C-~,-aminolmtyrique et  de la l)L-3-uC-norleucine a d% dtudid 
par  i ncuba t i on  avec des homog6na t s  tie foie tie rat .  L 'ac ide  ~,-cdtobutyrique et  l ' ac ide  p rop ion ique  
rad ioac t i f s  ont  dtd isolds apr6s i ncuba t ion  en prdsence d ' ac ide  (z-aminobutyr ique.  Les acides ~l-cdto- 
caproi'que, valdrique,  et  f l -hydroxyva ld r ique  rad ioac t i f s  ont  dtd isolds aprbs incul)at iol l  en prdsence 
tie norleucine.  

lx~s rdsu l ta t s  ob tenus  sen t  ell accord avec "till SC]ldl l ] ; I  seh)n lequel les acides  (Z-alllill('5 ~l chail le 
dro i te  sen t  ca tabo lysds  pa r  t r a n s f o r m a t ion  ell / 'acide ~l-cdtonique correspondant ,  pa r  ddcar l )oxyla t ion  
o x y d a t i v e  et  par  o x y d a t i o n  ul tdr ieure  en /] de l ' ac ide  monoc~lrboxytique rdsul tant .  

Z I : S X M M E N F . \ S S I ! N G  

l )urch lnku l ) a t i on  in Ra t t en l ebe rb re i  wurde  der  Ka tabo l i s lnus  yon DL-(,-Aminobutters/ture- 
3-14(; Ulld yon i)L-Norleucin-3-nC untersucht .  R a d i o a k t i v e  (z-Ketobut ters t iure  und Propionst iure  
wurden  aus a -Anf i ]mbut te r s / iu ren inku l )a t ionen  isoliert .  R a d i o a k t i v e  ¢,-Ketokaprons/iure,  Valer ian-  
sfinre und f l -Hydroxyvaler iansg ture  wurden  aus Nor leucin inkul /a t ionel ' t  isoliert .  

Diese Ergebnisse  sprechen zu Guns ten  der Annahme,  (lass der l<a tabol i smus  yon a -Aminosauren  
mi t  gerader  Ke t t e  E t a p p e n  laut  folgendem Schema ~mfweist: I Tmwandlung in die en t sprechenden  
a-Ketos f iuren ,  o x y d a t i v e  I ) eka rboxy la t i tm  und na th fo lgende  O x y d a t i o n  tier da raus  en t s t andenen  
Monokarbonsf iuren  durch fl-Oxydati~m. 
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