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PROPIONIC ACID METABOr.iSM JJ:ir. MOillE LIVER S!.IC.ES 

Lo D~.us, M. Meinke, and M. Calvin 

Radiation Laboratory and Department of Ch(:lmistry 

Uni ··t f C. lif. ' B k 1 (*) 
vers~ y o a orn1a, er e ey 

ABSTRACT 

U'CRL-1476 

· The metabolytes from propionic. acid metabolism .in mouse liver slices 
. ,. 

have'been studied 1lSing methods of chromatography for isolation and identi-

ficationc. 

Degradation data shovrs randomization between the a and p carbons of 

the lactic acid which is formed. When a labeled propionate is the incuba-

tion substrate, the activity in the resulting ~hydraxyvaleric acid is 

principally in the gamma position and the beta and gamma positions are 

inactive. 

(*) The work described in this paper was sponsored by the u. s. Atomic 
Energy Commission. 

For publication in the Journal of Biological Chemistry. 

·,, __ J.· 
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PROPIONIC ACID MEI'ABOLISM IN MOUSE LIVER SLICES 

j Lo Daus 9 Mo Meinke and Mo Calvin 

Radiation Laboratory and Department of Chemistry 
t '~ . . ' . 

University of California 9 Berkel~y(*) 

INTRODUCTION 

Odd carbon fatty acids are considered to be oxidized in tissue by 

successive 13 oxidation in mu~h the same way as even carbon members of the 
1;2,:3",4 . . . . . . . . ·. 

series. · The terminal three carbon unit has been investigated to 

some ext~nt. Atchley5 demonstrated propionic acid as an end product ~ the 

oxidation of valerie acid by a rabbit enzyme system. Malonate inhibition 
'· . 6 

studies with odd carbon tatty acids indicated a small amount of conver-

sion or, the three carbon residue to a two carbon unit of the type CH3-co~ 

Siegei and· Lorber7 .found valerie acid giving much the same metabolic pat­

terns· in glycogen in the whole rat as would appear with a mixture of 
~ . . .· 

propionic .acidand acet,ic acid. 

The intermed~~t~s in p oxidation have been. investigated8' 9 with enzyme 

systelll$ 0. .The .res~ts indicate comparable rates of oxide.tion. for a-p unsatu­

rated acids and the corre~:~ponding saturated acids and formation of identical 
. . 

woducts. ~ keto and ~ hydroxy acids were oxidized to some extent, but 

indications are that phosphory~ted analogues are the actual intermediates. 

(*) The work descrfbed in this· paper was sponsored by the u. So Atomic 
Energy Commission. 
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The fate of the end product three carbon segment or propionic acid 

its-elf' is still somewhat in dcubto Lorber ~oUo ruled out the possibility 

of J3 oxidation to malonate
10 

in isotopic experiments o Distribution c£ 

activity in this experiment showed an a=~ randomization by the time the 

oxidized propion:tc acid substrate appeared in rat liver glycogen in the 
11 

intact rato ·A comparable experiment with lactate did not give complete 

a-~ randomization and on these results it is suggested that the oxidation 

of propionate either does not follow a direct pith: propionate to acrylate 

to lactate to pyruvate or else has a fast side equilibration with symmet-

rical Krebs cycle intermediates~> 
12 . 

In working with isolated rabbit enzymes, Huennekens has supported 

the theqry for a direct pathway, advancing the sequence propionate to 

acrylate t_o L-lactate to D-lactate to pyruvate etco with an a-hydroxy 

racemase neb~ssary for complete oxidationo The direct p:lth of oxiqation 

. has been suggested in :t:Jle case ?f mold13 and muscle 'tissue 14 · previo~l.y. 

Ill ~~e w-e~~nt experiments with liver slices it was des::4"~f using 

methods of chromatography, to show the fairly complete p:lttern of. propionate 
. ' ' 

metabol.ytes, the substrates being a, (37 and carboxyl labeled propionic acid. 

Sodium bicarbonate-e-14 and labeled acetate were studied for comp:lrative 

purposes 0 It was .also hoped'J if possible, that some light might be thrown 

on the mechanism of. utilization of the propionic acid by tissue· slices. 

EXPERIMENTAL 

Incubat}.on of Liv@r Sliceso - The incubations w~e performed with liver 

slices made by the Deutsch method15 from year old male np~-fasted Bagg 

albino mice 1'rlrl·ch, mid been anesthetized -and bled before removal of the 

livero One gram (wet weight) of liver slices 'was incubated with approximately 
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curies). in Kl:,ebs-Ringer. phosphate b'J.ff'er in one arm. Warburg flasks at 

37° C., fox: 2.;..4 hoUI"S ~ In t.he malon.a:te inhibition .. expariment~ sodium 

malona-te 1.m.s· present at a 0.,005 !;Z ~oncentration in ·the buffero The gas. 

phase was ·air o At t.b.e end of the incubation hydrochloric acid wa~ , . 

introduced from a hypodexmic needle through a rubber syringe cap on. 

the· side arm o( the ve~selo This· ·t:J'a,s nrl,xed 'l<~~"ith the contents of t~e 
. ,· .. ~ ·' ' . .' ... ·. . ~· . ... . ~,. 

ri8:sic· and the evoJ:ved ©arbon dioxide was collected on sodium hydroxide 

soaked paper in the cen:ter wello 

The center . .well papers and well 

we:.re washed''With wat.erSJ carrier sodium bicarbonate added~ and barium_· 

carbonate pr;ecipi ta;ted by the usual method and counted on aluminum disks 

in a Geige:r~Muller countero. 

The contents of the· min compa:rtment of the flask were homogenized. " 

and distilled to dcymess -~ "[g,_CYQ to remove the volatile materialo -Non-

utilized propioni~ acid.in the.distillate -was determined in one se~ of 

expe:t:iln.ents ·by adding a know amount of ·carr:i.er propionic acid to the 

sample after.incubation·was stopped9 collecting the distillate from evapora­

tion of: t.he sample 9 and preparation of' the fF>bromophenacyl ester of' the 

. propionic acido This was recrystallized to constant specific activity 

and total activity calculated :fr0111 the specific act:tvityo The non-volatile 

residue was taken up in "Water 9 Clsntrifuged to remove insoluble pt"otein 

material and extracted eont.inu.ously for 18 hours w:lth et,hero Aliquots 

of the et..her and lrJa,tel' tractions were direct plated and counted in a 

Nucleomet"er for t,otal activ"ityo 

.... ·. 

·.•·· 
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The ~ter fraction ~s reduced in volume and passed through a Dow A-1 

anion· EDCChange resin to remove salt and eluted with 2 li hydrochloric acid; 

recovery ws 7D-80%o The eluate, which contained 75-90% of the water soluble 

activity, was further ana.lyzedo Two dimensional chromatograms on Whatman 

No. 1 filter paper were made of the salt-free eluate, using phenol satu-

rated with water at 24°, and 40 wt. % n-butan<;>l-25 wt. % propionic acid-35 wt. 

% water as the solvent systems. Two.dimensional chromatogr~ were also made 

of the ether extract with a solvent consisting of 60 volo % n-propanol-40 Vol. 

% 12 ,M ammonium hydroxide replacing the phenol. Less streaking of acids 

occurred' in this system and mono- and dibasic acids separated very well in 

this basic solvent, thus it is particularly effective in differentiating . 

lactic and succinic acids which have similar Rf values in both phenol and 

butanol-propion:i.c acid solvents o Radioautographs were made of the chroma­

tograms. lielative. activities in radioactive compound.Ei on .a chromat?gram 

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

I-dentification of C9mP9unds o - Po~itions of ~rious compounds on the paper 
, ·\ . , I . -' .... ! 

. \ 

in the solvent systems . used were determined as follows g amino acids by 

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

at 100°, sugars by ~praying with an aniline-ph~lic acid reagent;16 acids 

by spraying with bromcresol green ( 0.2% bromcresol green in ethanol and 

O,OOlN, su.l;t'uric acid was used after annnpniacal propanol was the solvent; 

0"2% bromcresol green in the basic form in ethanol was used after butanol­

propionic acid was the solvent); urea as a white spot upon spraying with 

10% mercuric nitrate and then with 2 N. sodium hydroxide. Identification 

of a radioactive s'pot in the cas.e of an amino acid or a sugar, for which 
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-
the color tests are quite sensit~ve.was considered to be satisfactor,y if 

the radioactive area coincided exactly with the colored area when rechroma~ 

tographed with a known Carriero The spots identified as glucose and fr~c­

tose were also heated with 6! hydrochloric acid for 18 hours .and yielded 

on. chromatography a radioactive spot coincident with carrier levulinic 

. acido Several other radioactive spots obtained from the hydrolysis were 

unidentif:i.ed.cs. _ .... -:- .·· .. -
... ····· , .. ·,.--

.... "' --~-·The ·i~dicator spray test for acids was not considered sensitive 

enough to establish identity of the major acid spots a The activity coin­

ciding With lactic acid was acetylated and rechro:mntographed to confirm the 

presence·ar the hydr~ functione Recrystallization of activity with 

carrier ?.inc lactate to constant specific acitivity was considered further 

proof of identity., 

Separation and identification of c
3
-c6 hydr~ and keto acids using 

the solvt:~nt systems described above is unsatisfactory since these compound.s 

tend to have nearly sinrllar Rf values (Oo75-0o90)o Also~ when th~. amount of 

radioactivity .is. sma:P, (less than 5000 diso/rirl.no)~ the time required for a 
.• ' . .,: . . . . 

radioautograph is unduly long o The use of a silica column with chloroform­

butanol as thE1 solvent system
17 

was found to be particularly usefulo . Carrier 

compounds including a-hydroxybutyric acid, J'-hydraxy-valeric acid~ and a-ke.tcr 

butyric acid were chromatographed with the major unknmm compound from the 

ether extract using chloroform-butanol of increasing butanol content as 

the developing solvento Fractions (lo0-2o0 mlo) were ~btained of the eluate, 

titrated vdth OoOl li sodium. hydroxide, and the c14 activity determined .bY 

direct plating techniqueso Coincidence of the radioactivity curve with the 

' .. - . 
. . ·, :. ' . 
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titration curve is ev1.dence that two acids are identi.cal. ~e curves 

obtained coincided when ~ydrax:yvaleric acid was used as the carrier acid, 

Figure 2. Constant· specific activity ws obtained when the p-~olW.dide 

(m.p. J28° c.) made with ~hydr<XlcyVSleric acid together with the radio... 

active acid was recryatall:Lzed. Further evidence of the identity o£ the 

unknown acid was obtained by acetylating the radioactive compound together 

with ~hydrcxxyvt:1l~ic. acid and with a-hydroxybutyric acid and ~~en rechroma­

tography on a silicic acid column; the radioactivity coincided ldth ~ 

~cetyl Valerie acid {F~gure 2). · 

DegradatiQl\ of AJ.aniQe1 lactic Acid ap.d ~!Iydroxyyal§r!c Acid. - To determ:i,ne 

the distribution of radioactivity in the metabolytes alanine, lacti~ acid, 

and ~hydr~aleric acid they were degraded. 

Alanine was degraded by the ninhydrin method o£ Va~ S]Jrke and McFadden. 18 

The acetaldehyde <:\rid ~bon dioxide obtain~d were dist~ed .~ DQJlO into a 

£J.,ask containing ~nitro:Phenylhydrazine {cooled in liquid ~trogen), the 

reaction ves~el was replaced by a flask containing sodJ,.um hydr<ll,dde, and the 

ce,rbon dioxide dl.still~.d back into it by Vlfli'IIdng. By thi.s· method one is able 

. to determine on one samp~e th~ amount of C~ in the c~baxyl and in the at-p 
carbons of alanine• 

lactic acid arter several recrystallizations with carrier zinc lactate. 
. ' . 

was oxidized with 2 H chromic 'trioxide in 0.5 H sulfuric .aqid at 100°19 and 

the carbon dioxide, determined as ·~arium carbqnate. Our experiments indicated 

that ,as much as 1~ o£ the a-oarbo!l of synthetic lactic acid may be ox:tdiz~d 

to carbC?n dioxide by this procedure • The acetiQ acid obtaineQ. · ~m degrada­

tion of lactic acid was steam distilled and degraded by the Schmidt reaQti9n20 
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to yield carbon; dloxide and:·methyl am.i.11e; t.J1e ·methy]_ .amine_ obta:Lnecl :wa:? .. __ ... "· 

oxidized·. by basic. 'pcY!iassium ~r'lpimgaMte at- 1Q09 _tp yield carpcm dioxi4~.!. 
' . . ' 

~Hy&oiyvaleric acid ~ms.:oxidized ·in_' the s~e.rharmer as lactic_,_acid .. :to,.· 

yield propioni-c~. acid as·· the,;maii:LradiMctive prodtlCt with a small amo\!n.t of• _ ._. 
carbon "dioxide -and· .acetic acid-..· • · 'J.'he 'fl.c.et:Lc _acid a.n9: propio~c a~id 1.rere 

separated and identified ·by chromatography on a silica column in the same 

. manner ·.as·;~ was descr!J?.e4 fo±,' :"jjhe .}:?:yd;Oxy. _and keto _acids o 'l'he propionic 
.~.-· ,;._ -~-.-·.•; ~--~;"'!·.: ·. •. .• 

acid. 1.ras'";.d.~~aded by the Schmidt,·.reaction to c.arbon 4;ioxide and ethyl afuineo. 

It ., d d d b . t 1 t• ·a21 h" h d d d · was a.Lso egra e y conversJ.on o ac J.C acJ. . - _w a.c_ was egra e _ as 

described above-a· _ _. .. 

RESULTS AND .. DISCUSSION 

The amount of propionate metabolized by the liver s]J,c~s varied :with 

time-•ol·incubation,-.f'reshnessof the s]4.ces, etco, but ran from about 30 

to 50% o _In a t.wo-hoilr axpariment with carboxyl labeled propionate, 66% 

of the activity. was ·recovered a-s propionic acid., 1'7%_ .as _carbon dio:x:id~, 

10'% in non--volatile .water soluble -compounds, and less than 0.5% :iz1. the · 

inso~~ple- pr.ot~in residue'o . A;J. :P.~o:ur ~cubation gave :corr_esponding. valu~s 

of~- 5.9% ·propionic .aci-d,_ 23% c_arbon dioxide, 12% vrat~ s.p+uble, an4_ less 

than Oo5% insoluble protein. 

·.',The d.istriput.ion o( activity_ i:l;t' yarious,fr.actions and metabolytes is 

shown in Tables , I ._apd._.II ~n,q. in the . ~pmato~~ illustra.ted in .Figure, ]. 9 
: . .,. . . . "'~.. . .· . . ' . ' ' ; ' 

·As wou19, b.e . expected with propion,a:te as substrate~ . the major portion .. of 

t11.e· ~cti:vity was found. ·in gluco~.e an4 th.e glycogenic COJ!l.J)<?unds, alanine . ,·.; __ _ 

and .lactic acid c. . ~cto.se,_. glutamic acic1, aspartic acid, ma,lic_ acid and.·. 

· lirea ·also contained significant _am01.1,nts, ,~. ac-{jivityo The· other n~j<?r. 

:·,; ____ )~·.· . 
~- ---~ ··- . 
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component was identified as f)-hydroxyvaleric acid. When acetate was the 

substrate, about ~lf of the non-volatile water soluble activity Wl:ls 

i3-hydroxybuty:ric acid o 

Degradations of.' alanine and lactic acid are shown in Table III. In 

' 10 7 
experiments by Lorber, ~·!1• and Siegel, on whole ani.mals, a ranc,io-

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

when· propionic aci~ or. propionic producing material {valerie acid) was 

fed. Our results show a similar randomization in the a-~ positions of 

lactic acid formed from propionic acid ill vitro. Such randomization 

could occur in two ways •. Either there is a direct addition qf carbon 

dioxide to propionic acid forming succinic acid (the reverse of a reac­

tion observed in some bacteria22 ) which is then oxidized thro~ i'uzQaric 

and malic acids leading to a synuitetrical distribution in the lactic, or 

a direct arldation to pyruvate is accompanied by an extremely rapid equili~ 

bration with symmetrical intermediates .in .. ,~he tricarbOJcy"lic aciQ. cycle. 

The degradation of the ~hydraxyvaleric acid is shown in Tabl-e ~. 

When·· a-labele~ propionate is the substrate; theY position of.' the ~oxy 
' 

valerie acid conta~ activity while the~ and A positions are inactive. 

This would indi~te that a direct propylation has occurred between pro-

pionate and a 02 fragment before the a,~ carbons or the propionate have 

become randomized as in the formation of lactic acido The for:n:ation of . . ., ' ' . . 

~hydroxy valerie acid is analagous to the formation of.' acetoacetic acid 

and ~hydroxy butyric acid from acetate and might be considered the reverse 

of ~axidatio~ of a fatty acid • 

. ---~-
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·The 'malonate inhibition experiment $h?wed a lo,wering of the amount of 

propionate ·metabolized· to carbon (lio.xide. and also of the vro.ter soluble com-

pounds formedo 

SUMMARY 

The .metabolytes from propionic a~id metabolism in mouse liver slices 

have been. studied. :using methods of chromatography for isolation and identi-

ficat.ion;, .. · 
.:. 'J 

, ... · --- ... ;:·--.. ~- •-: .· 
· .... ~· ·.··. 

.... ~ · .... .: 

Dagradation .data shows randomization bet-vreen the a and ~ carbons of 

the l.a.ctic:acid which is .formedo When a labeled propionate is the incuba-

tion substrate, the activity·in the resulting ~hydroxyvaleric acid is 

principaJ.ly in. the gamma: position and the beta and gamma positions are 

AC.KNOWLELGMENT 
" ''.'. ' ~-~ . ' ' 

The authors wish to express their appreciation to Dro Eo Lo Bennett 
... -. ·. ~- ~ ·'· 
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Table I 

Gener~l Distribution of Activity 

Time of Non-volatile Water Soluble 
incubation 

% as 
1

C02 
% non-ether % Ether 

Substrate hrs. Ex:tractable Ex:tractable 

l-c14 pr
9
pion.ate .· ·· 

2.6 x 10 dis .. /flask 2 18 .. 0 5o9 .6 
2 .31.0 7.7 2o.3 
4 4.3.0 10.7 .8 

2-c14 propionate 
.3 • .3 x 107 dis .. /flask 2 4ol 7.4 o6 

2 4o6 8.1 1.9 
4 8 .. .3 . 13 • .3 2.7 
4 6 .. 8 10<?1 o9 

Unlabeled Na 
propionate 4 101 .. 0 .3.2 Lool 
1 .. 0 mg. M 
0 .. 2 mg.. N'HC ·o~ 

4 98.0 2.7 (...1 4o47 x 10 dis o min .. 

l-c14 Acetate 
2 .. 84 x 107 dis .. 1 2.4 0.9 1ol 

2 4.5 1.1 2.0 

2~14 Ace¥te 
6 .. 28 X 10 diso 1 1.5 1co9 loO 

2 2.0 1 .. 2 2.1 

Conditionsg 1 mg .. Na propionate/flask in pho;;phate buf'fer at pH 7.1 
All values as % of added activity .. 
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Ta~le II 

Distribution of Activity 
in Chromatogram.ed Compounds 

Inactive ) 
Propionate<2 

Compound *Propionate NaH0*0
3 

*Acetate 

AJ.E,I.nine 25 15 20 

Lactic 10 10 2 

·· ·Glucose . ·· .. ~ 
42 20 2 

.. -.:.r 

Fructose 4 1 1 

~Hydraxyvaleric 8 

~.tiyd:roxybutyric 50· 

Urea 1(1) 50 3(1) 

Glutamic Ac:td 3 1 15 

Aspartic Acid 2 1 4 

:Halle -I 1 

Succinic 1 

Unidentified spots 2-3 .3-4 4-5 

Relative amo'lllits of acti~d.ity in various compounds, 

determined by counting on chromatogram with Scott tube; 

values show only approximate distribution as variation 

was large between experim.entse 

>·- .... ·-·· 

1 o Would .. appear mos~ in effluent from ion exchange 

separation which is not chromatographede 

2o Values obtained from chromatogram of '\-rater soluble 

material which extracts into alcohol when evaporated to 

drynesso 

...... _,., ·.· ......... . 
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Table III 

Degradation of Alanine and Lactic Acid 

% of Act!Utr in Oomool£ld 
Compound 

_ Degraded §Jtl?strate Oarbwl q + ~ q I 
Alanine Propionate 1-014 99 2 - -

Propionate 2-014 15 85 -
Inactil2oPropionate 
+ NaHO .

3
. - 85 5 -

lactic Acid 

·.~~~tic 10 - - .... 

lactic Propionate 1-014 93 5 - -Acid 14 18(i} Propionate 2-0 - 44 35 

Propionate 3-014 18o5(l) - .39 39 

Propionate 2-o14+ 

• 005. H Malonate 18(l) - 49 .31 

2-4 hour incubations 
All values calculated on specific activities. 

(1) Values indicate upper limit since some of the other two carbons 
are oxidizedo 
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- .~ ..... - ~...:... .. -r· .. · . . : . 
. , __ ,_,' ... ,.,,. "' -~ ..... 

-Table lV 

~;Degrada.tion o:r· ~Hyaroxy Valeriel Acid 

--

-.- ·-- ... ·:····--- .· ······ . --- ... _. __ ,. _Degradati~n of Propionic*i~id 
Chromic Ac~d in Steam Distillate --
Oxidation Schmidt Propionic ..,.:r.actic 

Substrate C02 Steam 
-'a3. -: Distillable COOH a+ s a 

Propionat~l:..a14 2Cf- --... ,._. 
66 ' 92- -2 + lj . -

- - ----= .J . 

Propionate=2=c14 
,_ 

6 77 2 '± 5 
2 68 2 + 5 105 2 

: 

" 

.. 

(*) % of activity in S=hydraxy valerie acido 
(**) % of activity _in Propionic acide · 

,-. 
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(. 

Table V 

Malonate Inhibition 

% Fixed in H2o 
~%"in (After ether 

Camp. 1-i:t.lonate Time % G02 
. erlo) Ether 

* G-C-0 None J hro 5.1% 9.2% Jo<J% 

It .3 hr .. 8.,9% 21 • .3% 

c.005 M .3 hr. 1.9%. 2.7% 1.5% 

* c-c-c None .3 hr. , 8o4% 4 .. 8% 4oJ$ 

.005 N .3 hr. .3.1% 2.0% 5o0% 
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Figure 1 

A Propionate-2-c14 non-volatile, non-ether extractable portion of water 
soluble activity eluted from Dow Aml column. 

B 

c 

D 

E 

Propicnate-2-c14, ether extractable portion of water solubl~ activity. 

Inactive propionate + NaHc14o , non-volatile, non-ether extractable 
portion of water soluble act1~ity taken up in alcohol to remove salt. 

Propionate-2-c14 + malonic acid .005 M, ether extractable portion of 
water soluble materialo 

Acetate-2-cl4, non-volatile, non-ether extractable water soluble 
activity in eluate from Dow.A-1 column. 

F Acetate-2•CJ4, ether extractable portion of w~ter soluble activity. 

FigU.re 2 

A Activity + a-hydroxy butyric acid. 

B Acthrity + a-ketobutyric acid + J3-hydroxyvaleric acid. 

C Acetylated activity + a-acetylbutyr.ic acid. 

D Acetylated activity + J3-acetylvaleric acid. 

Activity· () 

Acidity 0 

. _ ... 
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