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PROPIONIC AGID METABOLISM IN MOUSE LIVER SLICES
L, Deus, M. Meinke, and M. Calvin
Radiation laboratcery and Department of G’;lemistry

University of California, Berkeley(*
ABSTRACT
‘ The metabolytes from propionic. acid metdbolism in mouse liver slices
have been studied us:.ng methods of chromatography for isolation and identi-
flca'tz.on.

Degradation data shows randomization between the g and f carbons of
the lactic acid which is formed. When ¢ labeled propionate 1s the lncuba-
tion subétra'be, the activity in the resulting P~hydraxyvaleric acid is |
principally in the gemma 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 Biclogical Chemistry.
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PROPIONIC ACID METABOLISM IN MOUSE LIVER SLICES
L. Daus, M, Meinke and M. Calvin
Radiation Laboratory and Department of Chemistry

3*
University of California, Berkeley( )

INTRODUCTION
0dd carbon fatty acids are>conside“ed to be oxidized in tissue by
success1ve 5 arldatlor in much the same way as even carbon members of the
series ’3’4 The terminai three carbon unit has been investigated to
some extent, Atchley5 demonstrated propilonic aci& as an end product in the
axidation'gf valeric acid by a rabbit enzyme system. Malonate inhibition
studies with odd earbon fattiy acid36 indicated a small amount of cﬁnver-

sion of the three carbon residue to a two carbon unit of the type GHB—GO‘

Siegel and I;m"b<31"7 found waleriec acid giving much the same metabolic pate

terns in glycogen in the whole rat as would appear with a mixture of
rropionic acid and acetic acid.

The intermediates in B oxidation have been investigated8?9 with enzyme
systems. The results indicate comparable rates of oxidation for o-f unsatu-
rated acids and the corrésponding saturated acids and formation of.identical
products. £ keto and B hydroxy acids were oxidized to some extent, but

indications are that phosphorylated analogues are the actual intermediates.

(#) The work described in this paper was sponsored by the U. S. Atomic
Energy Commission.
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The fate of the end product three carbon segment or propionic acid
itself is still scmewhat in doubt. ILorber gt.al. ruled out the possibility
of P oxidation to malonatelo in isotopic experiments. Distribution &
activity in this experiment showed &an o-p randomization by the time the
oxidized propionic acid substrate appeared in rat liver glycogen in the
intact rat., ‘A cémparable experiment with lac'ba‘ben did not give complete
o-p randomization énd on these results it is suggested that the cxidation
of propicnate either does not follow a direct path: fpropionate to acrylate
to lactate to pyruvate or else has & fast side equilibration with symmet~
rical Krebs cycle intermediates,

In working with isolated rabbit enzymes, 1—'nztenm=,\kerzts12 has supported
the theory for a direct pathway, advancing the sequence propionate to
acrylate to I~lactate to D-lactate to pyruvate etec. with an g~hydroxy
racemase necessary for complete axidation. The direct path of oxidation

14

has been suggested in the case pf maléll3 and musele tissue = previously.

In the present experimenmts with liver slices it was desired, using
methods of éhromatography, to show the fairly complete pattern ofﬂlx'opionate'
metabolytes, the substrates being ay P, and earbaxyl labeled propionic acid.
Sodium bicarbonate-C~4 and labeled acetate were studied for comparative
purposes. It was also hoped, if possible, that scme light might be thrown

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

EXPERIMENTAL
Incubstion of Iiver Slices. - The incubations were performed with liver
15

slices made by the Deutsch method™ from year old male non-fasted Bagg
albino mice wirich had been anesthetized and bled before removal of the

liver. One gram (wet weight) of liver slices was incubated with approximately



15 UCRL-1476

0,01 miliimele of radioactive substrate (ecntaining one to five miero-
curies) in FKrebs~Ringer phosphate buffer in one arm Warburg flasks at
37° Co for 2=4 hour In the malonate $nhibition experiment, sodium
malonate was present at & 0.005 M ¢ concentraticn in the buffer, The gas
phase wes &8ir. A% the end of the incubation hydrochloriec acid was
introduced from a hypodermic needle through a rubber syringe cap on
the s..de arm of the vesssl, This wag mixed with me contents of the

flask a'x,d the evolved carbon dicxide was collected on sodium hydroxide

scaked paper in the center well,

The center well papers and well

were washed with water, carrier sodium bicarbonate added, and barium
carbonate precipitated by the usual method and counted on aluminum disks
in a Gelger-Miller counter,

The contents of .e main compartment of the flask were homogenized
and distilied %o drymess ip Wacuo to remove the volstile material. Non-
wtilized propionic acid in the distillate was determined in one set of
expﬁv‘:r_men s by adding & known amount of carrier prepionic acid to the
sample after incubstion was stopped, collecting the distillate from evapora-

tion of the sample, and preparation of the p=bromophenacyl ester of the
propionic acid. This was recrystallized to ccnstant gpecific activity
and total activity calculated from the specific getivity. The non-volatile
residue was taken up in weter, santrifuged to remove inscluble prctein
materisal and extracted continucusly for 18 hours with ether, Allduots

of the ether and water fractions were direct plated and counted in a

Nucleomster for total activity.
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The water fraction was reduced in volume and passed through a Dow 4-1
anion exchange resin to remove salt and eluted with 2 ¥ hydrochloric acid;
recovery was 70-80%. The eluate, which contained 75-90% of the water soluble
activity, was further analyzed., Iwo dimensional chromatograms on Whatiman
No. 1 filter paper were made of the sali~free eluate, using phenol satu-
rated with water at 2409 and 40 wt. % n=butanol-25 wt, % propionic aéid-35 wte
% water as the solvent systems. Twofdimensional chromatograms were also made
of the ether extract with a sclvent consisting of 60 vol, % n-propancl=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 succinie acids which have similar Rf values in both phencl and
butancl-propionic acid solvents., Radiocautographs were made of the chroma-
tograms. Relative activities in radioactive compounds on a chromatogram
were determined by countihg with a thin-window Geiger-Muller counting tube.
Identification of Gompounds. - Positions of various campounds on the paper
in the solvent systems used weré determined as follows: amino acids by
spraying with a ninhydrin solution in 95% ethanol and subsequent heating
at lOOO, sugars by s;maying with an aniline—phthalic acid reagent;16 acids
by spraying with bromerescl green (0.2% brémcresal green in ethancl and
0,001 ¥ sulfuric acid was used after ammoniacal 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%Z mercuric nitrate and then with 2 N sodium hydroxide. Identification

of a radioactive spot in the case of an amino acid or a sugar, for which
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the color tests are gquite sensitive was considered to be satisfactory if
the radicactive area coineided exactly with the colored area when rechroma-
tographed with a known carrier. The spots identified as glucose and frue-
tose were also heated with 6 N hydrochloric acid for 18 hours and yielded
on chromatography a radicactive spot coincident with carrier levulinic
acid, Several other radiocactive spots cbitained from the hydrolysis were
unidentifiedyw‘>f_ , _ |

“Theriﬁdicator spray test for acids was not considered sensitive
enough to establish identity of the major acid spots. The activity coin-
ciding with lactic aeid‘was acetylated and rechromatographed to confirm the
presence of the hydroxy function. Recrystallization of activity with
~carrier 7inc lactate to constant specific acitivity was considered further
proof of identity,

Separation and identification of 03“06 hydraxy and keto acids using
the solvent systems described above is unsatisfactory since these compounds
tend to have nearly similar Rf values (0,75-0.90). Also, when the amount of
radiocactivity is small (1ess than 5000 disq/mina), the time required for a
rédioéﬁtograph is unduly long. The use of a silica column with chloroform—
butanol as the solvent system;7 wag found to be particularly useful. Carrier
compounds including g-hydroxybutyric acid, B-hydroxy-valeric acid, and a-keto-
butyric acid were chromatographed with the major unknown compound from the
ether extract using chloroform-butancl of increasing butanol content as
the developing solvent. Fractions (1.0-2,0 ml.) were obtained of the eluate,
titrated with 0.01 ¥ sodium hydroxide, and the 014 activity determined by

direct plating techniques. OCoincidence of the radicactivity cwrve with the
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titration curve is evidence that two acids are identical, The curves
obtained coincided when p-hydraxyvaleric acid was used as the carrier acld,
Figure 2. Constant specific activity was obtained when the p~toluidide
(meps 128° C.) made with p-hydroxyvaleric acid together with the radio-
active acid was recrystallized, Further evidence of the ;dentity of the
unknown acid was obtained by acetylating the radicactive compound together
with ﬁ-hyﬁroxyvaleric acid and with g-hydroxybutyric acid and then rechroma-
tography on a silicic acid column; the radicactivity coincided with B~
acetyl valeric acid (Figure 2).

Degradation of Alsnine, Iectic Acid and BeHydroxvvalgric Acid. ~ To determine
the distribution of radiocactivity in the metabolytes alanine, lactic acid,
and P-hydraxyvaleric acid they were degraded.

Alanine was degraded by the ninhydrin method of Van Slyke and McFadden.
The acetaldehyde and carbon dioxide obtained were distilled ip yaguo into a
flask containing p-nitrophenylhydrazine (cooled in liquid nitrogen), the
reaction vessel was replaced by a flask conteining sodium hydraxide, and the
carbon dioxide distilled back into it by warminge By this\method one 1s able
to determine on one sample the amount of G’I4 in the carboxyl and in the off
carbons of alanine‘..

Iactic acid after several récryétallizations with carrier zinc lactate.
was oxidized with 2 ¥ chromic tricxide in 0,5 ¥ sulfuric acid at 1007 and
the carbon dicxide determined as barium carbonate. Our experiments indicated
that as much as 10% of the g-carbon of synthetic lactic acld may be oxidized
to carbon dioxide by this procedure. The acetic acid obtained on degrada=

tion of lactic acid was steam distilled and degraded by the Schmidt reaction

18

20



-9e UCRL-1476

to yield carben dioxide -and methyl amine; the methyl amine obtained was . ..
oxidized by basic potassium permanganate at 100° to yileld carbon dioxide.

p~Hydroxyvaleric acid was oxidized in the same mauner as lactic acid do.
yield propienic.acid as the.maini radicactive product with a small amount of -
carbon -dioxide and .acetic acide The acetic acid and propionic acid were .
separated and identified by ehromatography on-a silica column in the same
manner as vas descrlbed for the hydrﬁxy and keto acz.ds° The propionic
acld was . degraded by the Schmldt reaction to carbon diexide and ethyl amlne._
It was also degraded by conversion to lactic acid21 which was degraded as .
described aboves . -

RESULTS AND .DISCUSSION

‘The amount of propionate metabolized by the liver slices varied with
%iméVOf'incubationg‘freshness'df the slices, etc., but ran from about 30
to 508, In & two-hour experiment with carboxyl labeled propionate, 66%
of the activity was recovered as propionic acid, 17% as carbon dioxide,
10% in non~volatile water soluble compounds, and less than 0.5% in the -
.inSOluble rrotein residues .A 3 hour incubation gave corresponding values
of}é9%*pro§i§nic’acid5,23%~carbon dioxide, 12% water soluble, and less
than 0.5% insoluble rrotein.

- The distribution of activity in various.fractions and metabolytes is
shown ‘in Tables I.and IT and in the chromatograms illustrated in Figure L. .
As would be expected with propionate as substrate, the major<portion,af,
the activity was found in glucose and the glycogenic cempounds, élanine;::
and lactic. acid. Fructose, glutamic acid, aspartic acid, malic acid and

“urea also contained significant amounts of activity. The other major
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camponent was jdentified as p-hydroxyveleric acid, When acetate was the
substrate, about half of the non-volatile water soluble activity was
5—hydroxybutyric acid,

Degradations of alanine and lactic acid are shown in Table III, In
experiments by Lorber, 9_1_:,.,&_3_;.10 and Siegel,7 on whole animals, a rando-
mization was found between the 1, 2, 5 and 6 carbon atoms of glycogen
when propionic acid or propionic producing material (valeric acid) was
fed., Our results show & similar randomization in the g-P positions of
lactic acid formed from propionic acid in viiro. Such randomization
could occur in two ways,. Either there is a direct addition of carbon
dioxide to propionic acid forming succinic acid (the reverse of a reac~
tion observed in some bac'beriazz) which is then axidized throﬁgh fumaric
and malic acids leading to a symmetrical distribution in the lactic, or
a direct oxidation to pyruvate is accompanied by an extremely rapid equili~
bration with symmetrical intermediates in the tricarbaxylic acid cycle,

The degradation of the f-hydraxyvaleric acid is shown in Table IV,
When g-labeled propicnate is the substrate, the Y position of the hydroxy
valeric acid contains activity while the f and A positions are inmactive,
This would indicate that a direct propylation has occurred between pro-
pionate and a Gy fragment before the aq,f carbons of the propionate have
become randomized as in the formation of lactic acid. The formation of
B~hydroxy valeric acid is analagous to the formation of acetoacetic acid
and B-hydroxy butyric acid from acetate and might be consideréd the reverse

of P-oxidation of a fatty acid.
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The malonate inhibition experiment showed a lowering of the amount of
mwopionate metabolized to carbon dioxide and also of the water soluble com=~
pounds fm“ﬁede

SUMMARY

The metabolytes from propionic acid metabolism in mouse liver slices
have been studied using methods of chrometography for isclation and identi~-
fieation, |

Degradation data shows randomization between the q snd B carbons of
the lactic acid which ig fom:ned., When ¢ labeled propionate 1s the incuba-
tion substrate, the activity in the resulting p-hydroxyvaleric acid is
prineipally in the gamma position and the beta and gamma positions are

inactive. =
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Table I

General Distribution of Activity

Time of : Non-volatile Water Soluble
incubation . % non-ether % Ether
Substrate hrs. % as C0»  Extractable  Extractable

1-c4 propionate

2.6 x 107 dig./flask 2 18,0 559 o6
2 31.0 77 23

43-0 1007 08

2—014' proplonate

3,3 x 107 dis./flask 2 Lol 7ol b
2 Lob 8.1 1.9
yA 8e3 c1363 2.7
VA 6,8 10,1 9

Unlabeled Na

propionate A 101.0 362 L.l

1.0 mgo -

0.2, mg. NaHC40

4@4‘./ X 10/ dis o/minn -4 9800 PV Col

1—014‘ Acetate

2,84 x 107 dis. 1 24 09 1.1
2 o5 1.1 2.0

20" Acetate

6,28 x 107 diss 1 1.5 1.9 . 1.0
2 200 1e2 21

Conditions: 1 mg. Na propionate/flask in phosphate buffer at pH 7.1
A11 values as % of added activity.
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Table II

Distribution of Activity
in Chromatogramed Compounds

Compound
Alanine
Iactic
" Glucose
Fructose
p=Hydwoaxyveleric
pwnydrcxybutyric
Urea
Glutamic Acid
Aspartic Aecid
Malic

Suceinic

Unidentified spois

¥Proplonate
25
10
42

1(1)

W

j—3

]
ol

=3

UCRL=-1476
Inactive
Propionate(z) ‘
NaHC*O3 - ¥Acetate
15 20
10 2
.20 2
1 1
- 50
50 3(1)
1 15
1 4
- 1
34, 5

Relative amounts of activity in various compounds

determined by eounting on chromatogram with Scott tube;

values show only approximate distribution as variation

was largs between experiments.

1, Would appear mostly in effluent from ion exchange

separation which is not chromatographed,

~

2. Values obtainzd from chromatogram of water soluble

material which extracts inte aleochol when evaporated to

drynesg.
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Table III

Degradation of Alanine and Lactic Acid

UCRL-1476

ek of Activity in Compound
Compound
. Degraded Substrate Carboxyl gt 8 g e
Alanine Propionate 1-014 99 2 - -
Propidnate 2~ct4 15 85 - -
Inactiye Propionate
+ NeHC 3 85 5 - h
lactic Acid
Synthetic
. 1 -
lactic Propionate 1-C 93 5 -
Acid ‘
Propionate 2-Co* 1g(1) - i 35
Propionate 3-0- 185 - 3 39
Propicnate 2-C%
,005 M Malonate 181 - 31

2=/, hour incubations

All values calculated on specific activities.

(1) Values indicate upper limit since some of the other two carbons

are oxidized.
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" Table IV

. Degradation of p-Hydrcxy Valeric Acid

L o Degradation of Propionic gecid
Chromic Acjd o in Stoam Digtillate _
(xidation Schmidt Propionic - actic
Substrate €0, Steam : o
Distillable |JCOCH a+ B a B
Propionate-1-014 20 66 %2 2+4§ - ~
Propionate-2-C- 6 7 245
- 2 68 2+ 5 105 2

(¥) % of activity in gahydroxy valeric acido
(¥%¥) % of activity in Propionic acid.
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Table V
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% Fixed in B0

(After ether ~% in
Comp. Malonate ~ Time % GO, ext,) Ether
G—E—C None 3 hr, 5.1% 942% 3.0%
n 3 hl'w 809% 21n3% —
005 M 3 hr. 1.9 2.T% 1.5%
#
C-0-C None 3 hr. 8% L% Lal%
L005M 3 hr. 3.,1% 2.0% 5.0%
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Figure 1

Propionate-Z-C14 non—volatile,bnonwether extractable portion of water
soluble activity eluted from Dow A=l column, :

Propionate-2-01%, ether extractable portion of water soluble activity.

Inactive proplonate + NaH0140 , non=voletile, non~ether extractable
portion of water soluble acﬁiéity taken up in alcohol to remove salt.

Propionate—Z-Cl4 + malonic acid .005 M, ether extractable portion of
water soluble material. '

.
Acetate—2-0‘4, non-volatile, non-ether extractable water soluble
activity in eluate from Dow 4~1 column.

Acetate»2~cz , ether extractable portion of water soluble activity.

Figure 2
Activity + a-hydroxy butyric acid.
Activity + a-ketobutyric acid + B-hydroxyvaleric acid.
Lcetylated activity + a=acetylbutyric acid.
Acetylated activity + Beacetylvaleric acid.
Activity @

Acidity 0
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