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ABSTRACT 

The metabolytes from ~~ct.opioni.c m i d  metalolism i n  mouse l i v e r  s l ices  

have"been studied using methods of chromatography fo r  isolat ion and identi- 

f ication. 

Degradatior, data shows randomization between the a and $ carbons of 

the l a c t i c  acid which is formed, When g labeled propionate i s  the incuba- 

t i o n  substrate? the ac t iv i ty  i n  the  resul t ing  fbhydroxyvaleric acid i s  

pr inc ip . l ly  i n  the gamma position and the beta and gamma positions are 

inactive. 

(*) The work described i n  this paper was sponsored by the U. S. Atomic 
Energy Commission, 

For publication i n  the Journal. of Biological Chemistry. 
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INTRODUCTION 

Odd carbon fa%%y acids a r e  considered t c  be oxidized i n  t i ssue  by 

successive oxidattor i n  muoh the same way as even carbon members of the 

The terndnal three carbon unit has been investigated t o  

5 same extent, Atchley dononstrated propicnic acid a s  an end product in the 

oxidation of valeric acid by a rabbi t  enzyme system. Bklonate inhibition 
6 

studies with odd carbon f a t t y  acids indicated a small amount of conver- 

sion of the three carbon 

7 Sfegel and Lorber f om61 

terns in  glycogen in the 

residue t o  a 

m l d c  acid 

whole rat as 

propionic acid and m e t i c  acid,  

The intesmedOates in oxidation 

two carbon unit  of the type CH3-C0. 

giving much the same metabolic pt. 

would appear with a mixture of- 

have been i n ~ e s t i ~ a t e d ~ , ~  with enzyme 

systems . The re su l t s  f ndicate comparable r a t e s  of oxidation f m a-p unsatu- 

ra ted  acids and the  corresponding saturated acids and formation of idant ica l  

products, f! k e k  and /3 hy&oxy acids were oxidized t o  some extent, but 

indications a re  that -phosphoryiated analogues a r e  the  ac tua l  intermediates, 

(*) m e  work desc~ibec? i n  %his ppw was sponsored by the U. 5, Atomic 
Ehergy Commission, 



The f a t e  of the end product three carbon segment or propionic acid 

i t se l f  is s t i l l  somewhat i n  doubt, Lmber e t o a l o  ruled out the possibility 

10 
of $ a ida t ion  t o  malonwte i n  isotopic experimentso Distribution d 

act iv i ty  i n  this exper5rrient showed an a=-$ randonization by the time the 

oxidized propionic acid substrate appeared i n  r a t  l i ve r  glycogen i n  the 
33. 

in tac t  ra t .  A camparable experiment w i t h  lac ta te  did not give cnmplete 

a=$ randomization and on these results  it 2s suggested that the axidation 

of propionate either does not Follow a di rect  path: propionate t o  acrylate 

t o  lactate t o  pyrumte or else has w f a s t  side equilibration w i t h  symmet- 

r i c a l  fiebs cycle intermediates, 

I n  working w i t h  isolated rabbit enzymes, ~u-ekensE has supported 

the theory for  a direct  pathway, advancing the sequence ~ o p i o n a t e  t o  

acrylate t o  L-lactate t o  Iblactate t o  p y r m t e  e tco w i t h  an a - h y * ~  

racemase necessary fox complete oxidation, The direct  pth of axidation 

has been suggested i n  t h e  case of moldU and muscle tissueu previously. 

In the present glcperkaents with l iver  s l ices  it was desired,, using 

methods of chromatographyg t o  show the f a i r l y  complete pattern of propionate 

metabolytes, the substrates being or9 and carboxyl labeled popionic acid. 

Sodium bicarbonate-C-l: and labeled acetate were studied fo r  compartltive 

purposes. It was also  hopd, if possible, that some light night be thrown 

on the mechanism of ut i l izat ion 0% the p-opionic acid by tissue'slices. 

c g , ,  - The ficubations wexe performed with l iver  

sl ices made by the Deutsoh rnethod15 Prom year old male non-fasted Bagg 

albino mice &3ch had been anmthetized and bled before ramoval of the 

l iver ,  One gram (wet weight) of l iver  s l ices  was incubated with appraximately 



a p q h e n % a  by addkg a know moxtr& of e m f  er p ~ p i o a i ~  acid t o  the 



The water fsaction was ieduced %xi volume and passed through a Dow 8-1 

anion exchange r e s b  t o  remove salt and eluted with 2 &hydrochloric acid; 

recovery was 70-80$o The eluate, which contained 75-9@ of the water soluble 

act ivi ty9 was further analyzed, Two dimensional chramatograms on Whatman 

Nob 1 f i l t e r  paper were made af' the salt-free eluate, using phenol sat* 

rated w i t h  water a t  24', and 40 ut. $ n-butanal-25 ut. propionic acid-35 w t .  

% water as the solvent systemso Two dimensional chromatograms were also made 

of the ether extract w i t h  a solvent consisting of 60 vole % n-propnol-40 vole 

% I2 8 ammonium hydraxide replacing the  phenol, Less streaking of acids 

occurred i n  th i s  system and mono- and dibasic acids separated very well i n  

t h i s  basic solvent, thus it is  particularly effective i n  differentiating 

l ac t i c  and succinic acids which have similar R values i n  both phenol and 
f 

butanol-propionic acid solvents. Radioautographs were made of the chrama- 

tograms, Be-htive ac t iv i t i es  i n  radioactive compounds on a chromatogram 

were determined by counting with a thin-window Geiger-Muller counting tube. 

Identification of Com~ounds, - Posf tioris of various cmpouds on the paper 

i n  the solvent systems used were determined as followsr amino acids by 

spraying with a ninhydrin solution in 95% ethanol and subsequent 'heating 

a t  10oO, sugars by spraying with an aniline--phthalic acid reagent;16 acids 

by spraying with bramcresol green (Oo% bromeresol green i n  ethanol and 

0,001 sulfuric acid was used af te r  ammoniacal propano1 was the solvent; 

0,s bromcresol green i n  the basic form i n  ethanol was used after butanol- 

popionic acid was the solvent); urea as a white s p t  upon spraying w i t h  

1@ mercuric n i t ra te  and then with 2 a sodium hydracide, Identification 

of a radioactive spot i n  the case of an amino acid or a sugar, fo r  which 



the  color t e s t s  are q d t a  sens i t ive  was considered t o  be sat isfactory if  

the  radioactive wea cohefded exaeZ12.y w i t h  the  colored area when rechroma- 

tographed v i th  a h o r n  carr ier .  The spots ident i f ied a s  glucose and fruc- 

tose  were e l s o  baited wi%h 6 a hydrochloric acid for  1LS hours and yielded 

on chromtography a radioactive spot coincident with car r ie r  levulinic 

acid. Several othar radioactitre spots obtained from the hydrolysis were 

unidentified. 

The indicator spray t e s t  fo r  acids was not considered sensit ive 

enough t o  establ ish iden t i ty  of the major acid spots. %e ac t iv i ty  coin- 

ciding with l a c t i c  acid was acetylated and rechromatographed t o  confirm the  

Fesence of' the h y d r a y  functim. Recrystallization of ac t iv i ty  with 

ca r r i e r  sfne l a c t a t e  t o  constant specific a c i t i v i t y  was considered fur ther  

woof of ident i ty ,  

Seplretion and identification of C -C hydrczq and keto acids using 
3 6 

t he  solvent sys.ster~~ described above is  unsatisfactory since these compounds 

tend t o  have nearly s M a r  R values (00?5-0090)0 Also, when the amount of 
f 

radioact ivi ty  is small ( less  than 5000 ~s./min.) ,  tba time required f o r  a 

radioautograph i s  undvly long. Tb.e use of a silica column with chlorof or* 

butanol as the  solvent s p t 2  was fomd t o  be part icular ly useful. Carrier 

compunds including a-hydraybutpio acia, j3--hydrccxy-~aleric acid, an6 a-ketw 

butyric acid were chromatographed with the major wiknown compound from the  

ether  extract  using chloroform-butan01 of increasing butanol content as 

the  developing solvent. Fractions (1.0-2.0 ml.) were obtained of the eluate,  

t i t r a t e d  with 0.01 & sodium hydrcpdde, and the cUI a c t i v i t y  d e t s x n e d  by 

d i r ec t  plating techniques. Coincidence of the radioactivity c m e  with the 



t i t r a t i on  curve is  midance that two acids are iden tba l ,  The curves 

obtained coincided when & . h y d r m l e r i c  acid was used as the mier acid, 

Figure 2. Constant specific ac t iv i ty  was obtained when the ptoluidide 

(rn,p. 128O C.) made w i t h  &1hydrqymleric acid togethw with the radio- 

active acid was recrystallized. Further evidence of the identity of the 

unknown acid was obtained by acetylating the radioactive campound together 

w i t h  phydraxyvaleric acid and with a-hydrcarybutyric acid and then rechroma- 

tography on a s i l i c i c  acid column; the radioactivity coincided with $- 

acetyl valeric acid (Figure 2). 

Demdation of Alaninei Iact ic  Acid and -&Hvdrammae)aic Acid. - To determine 

the distribution of radioactivity i n  the metabolytes ahnine,  Lactic acid, 

and &.hydraxyvaleric acid they were degraded, 

Alanine was degraded by the ninhydrin method of Van SZyke and Wadden. 
18 

The acetaldehyde .tnd mrbon dioxide obtained were d i s t i l l ed  jg vacruo into a 

flask containing p-nitraphenylhy-drazine (cooled i n  liquid nitrogen), the 

reaction vessel was replaced by a flask containing sodium hydrcmide, and the 

carbon dioxide distiLIqd back in to  it by warming. By W.a method one is able 

t o  determine on one sample the ~~t of C~ in the c a r b w l  and i n  the &$ 

carbons of alanine. 

Iac t ic  acid after several recrystalUzations w i t h  carrier zinc lactate 

was axidized with 2 & chromic triaxide i n  0.5 _M sulfuric acid a t  100 0 ~ 9  and 

the carbon dioxide determined as barium carbonate, Our eorperiments indicated 

tha t  .as much as 10% of the a-carbon of synthetic l ac t i c  acid may be &diz+ad 

t o  carbon dioxide by this procedure. The acetic acid obtained on degrak- 

20 t ion of l ac t i c  acid was steam d is t i l l ed  and degraded by the Schmidt reaction 



t o  yield c a r b d ~  &oxide a d  methyl ambe; tl?e methyl amine obtained was 

oxidised by basic potassium pemnsganate at. 100' t o  yield carbon dio15da 

PHydr-leric acid w a s , d d i z e d  i n  the samemanner as lactic acid Lo 

yield propionic m i d  as the  main.radioactive produet w i t h  a small m o y t  of 

carbon dioxide and acetic acid. The acetic acid nad popionic acid were 

separated and ident;ified bj cbromatopa@y on a s i l ica  column in  the same 

manner as" was descr&b.ed for  the bydr.ay and keto acids, The propionic - e 

acid wasd;degraded by the Schmidt reaction t o  carbon dioxide and ethyl amine. 

It was a l so  &graded by conversion t o  l ac t ic  acid2' which was degraded as 

described above, 

WULTS AmD DSCOSSIOM 

The amount of popionate metabolized by the l iver  si iees varied ~ L t h  

t h e .  o f  incu&tion, freshness of the sl ices,  etc,, but ran from about 30 

t o  5% In a t.m--hou;p expriment with earboxyl labeled propionate, 66% 

of the actdvity was r e a m r e d  as pvoplonic acid, 1% as carbon dioxide, 

1@ in non-mlntile wa&er sdub ie  compounds, and less than 0,5$ i n  the 

insoluble pmtein residue, .A 3 ~ Q U S "  iRcubation gave corresponding values 

d-59,"0 propionic acidg 23% carbon dioxide? 12% water soluble, and less 

than 0.5% insoluble protein. 

' he  disbibut ion of ac t iv i ty  iq ~rarious.f"cactions and metabolytes i s  

shown in Tables I.and I1 and i n  the chL.pmtogm il lustrated in Figure Lo 

A s  would be expectad with propionate as  substrate, the major portion of 

tkre activity was found .in glucose and the g lycogdc  compounds , afanine 

and lactic acid, Fructose, glutamic acid, aspartic acid, m l i c  acid and 

urea also contained significant amomts of activity, The other nla jor 



component was identified a s  $-hydrcrqyrraleric acid, When acetate was the 

substrate, about half of the no-volatile water  soluble act ivi ty was 

bhydroxybutyric acid, 

Depadatians of a k a h e  and lac t ic  acid a r e  shown i n  Table 111. I n  
10 

experiments by Lorber, &*aO and ~ i e ~ e l , ~  on whole animals, a rando- 

mization was found between the 1, 2, 5 and 6 carbon atoms af glycogen 

when propionic acid o r  popionic producing material (valaric acid) was 

fed, Our results shots a similar randomization i n  the a+ p o s i t i w  of 

lnc t ic  acid formed fram propionic acid in vitro* Such randadzation 

could occur i n  two wayse Either there i s  a direct  addition of carbon 

dioxide t o  popionic acid forming succinic acid (the revase of a reac- 

t ion  observed i n  some bacteriaz) which is then oxidized through f m a r i c  

and nal ic  acids leading t o  a symmetrical distribution in the lactic, or 

a d i rect  d d a t i o n  t o  p$ruvate is accmpnied by an arrrtremely rapid equili- 

bration with symmetrical intermediates i n  %he tricarbaylic acid cycle, 

The degradation of the fbhydrcrqyrraleric acid i d  shown i n  Table IV. 

When &Labeled popionate is the substrate, the Y position of the &d~'oory 

- valeric acid contains act iv i ty  while the $ and Pposit ions a re  inactive, 

This would indicate that a direct popylation has occurred between pro- * 

pionate and a C2 fragraant before the a,$ c.krbons of the popionate have 

became randomized as fi the formation of l ac t i c  acid, The f waration of 

$-hydroxy valeric acid is analagous t o  the formation of acetoacetic acid 

and $-hydrayy butyric acid f'rom acetate and might be considered the revme 

of $-oxidation of a fatty acid, 



The metabolytes from p o p i m i c  acid metsbolbm in muse Ever  slices 

the b ~ f i c  acid which is famed. %en a labeled propionate i s  the incuba- 

t ion  substrate, the acti.vit4y in the r e su l t i ng  paydrmrywleric acid is 

FLrrcipE.y ii the  ganm position and the beta and gslmna posit ions are 



Table I 

General. Distribution of Activity 

T h e  of Nor+volatile Water Soluble 
hcuba t ion $ non-ether $ Ether 

hrs. $ as 'GO? &tractable &tractable 

Conditions: 1 mg, Ya propiom%ee/flask in phospk~ate buffer at @ 7.2 
A l l  values as $ of added activity* 



dete-ad by counting  or^ ehromatogram with S c o t t  tube; 

mZues sh3x on ly  appaxfinate distribution as variation 

m a t e r i a l  which- mtrar;%s frts a l c o h o l  when evaporated t o  



Table 111 

Degradation of Alanine and Iac t ic  Acid 

Compound 
maded Substrate Carboxvl a + B  a B 

Propionate 1-C u 

Propionate 2-C J.4 

Inac t i  Propionate 
+ 85 

Lactic Acid 
Sgn t Jp i "  
-24 

l a c t i c  
Acid 

P r  opionate 

Propionate 

Propionate 

F r  opiomte 

2-4 hour incubations 
A l l  values calculated on specif ic  ac t iv i t i e s .  

(1) Values indicate upper l i m i t  since some of the  o t h e r  two carbons 
a re  oxidized, 
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Table V 

Wdon&e Inhibit ion 

$ Fixed in HTO 
' (After ethef; Y %  in 

Cmp 0 lklonate Time % c02 d.) Gther 



Figure  1 

A ~ r o ~ i o n e t e - 2 - ~ ~  non-volatile, non- e ther  extractable  port ion of water 
soluble  a c t i v i t y  e luted from Dow 8-1 column, 

B ~ro~ioncts-2-~'~, e ther  ex t rac tab le  port ion of water solublg ac t i v i t y .  

C Inac t i v a  propiona t e  + N ~ H C ~ ~ O  , non-volt t i l e ,  non-ether extractable  
port ion of water soluble a c t i a i t y  taken up i n  alcohol t o  remove s a l t .  

D ~ r o ~ i a n e t e - 2 - ~ ~ ~  + malonic ac id  .005 ld, ether  extractable  port ion of 
via t ez. soluble  material.  

E i i o e t a i e - 2 - ~ ~ ,  non-vola t i l e ,  non-ether e lhractable  water soluble 
a c t i v i t x  5n eluate from Dow A-1 column. 

F acetate-2-cZ4> e the r  exLractable port ion of water soluble  ac t iv i ty .  

Figure 2 

A Activi ty  + a-hydroxy butyr ic  acid.  

B Activi-Lr + a-ketobu-ip5c acid + p-hydro,~y~aleric acid .  

C kcetglated a c t i v i t y  + a-acetylbutyr ic  acid .  

D A c e t ~ l a t ~ e d  a c t i v i t y  + p-acetylvaleric acid.  

Act5vity @ 

Acidity 0 
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