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| "PRdPIONIc ACID META’Boiéis'rf I MOWSE LIVER SLICES
L, Daus, M, Mblnke, and M, Calvin
Radlatlon Laboratcry and Departmenm of Chemlstry

*
Uhlver31ty of Callfornla, Berkeley(.)

ABSTRACT
, The metabolytes from proplonlc acid metdbolism in mouse liver slices
have been studled u51ng methods of chromatography for 13013tion and 1dent1-
flcation.

Degradation aata sﬁows randomization between fhé a and.ﬁ céfbonsvof"”
the lactic scid which is formed. When  labeled propionate is the incuba-
tion substrate, the activity in the resulting P-hydraxyvaleric acid is |
principally in the gémma position and the beta and gamma positions are‘

inactive,

(*) The work described in this paper was sponsored by the U, S, Atomlc
Energy CommlsS1on.

For publication in the Journal of Biological Chemiétryo ‘



-3 o UCRL-1476

PROPIONIG ACID METABOLESM IN MDUSE LIVER SLICES
L. Dau“9 M° Melnke and. M. Calv1n
Rad¢atlon Laboratory and Department of Chemlstry

(*)

Uhlver81ty of Cal:.forn:.a9 Berkeley

_ INTRODUCTION

Odd carbon fatty acids are cons1dered to be ox1dlzed in tlssue by
succe351ve @ axldgtlon 1n mnch the same way as even earbon members of the
sefles. ? ’3’4. Thé term;nal three carbon unit has been 1nvest1gated to
some extento Atchley5'demonstrated propionic acid as an end product iﬁ fhe
Xmdatlon of valerlc acid by a rabblt enzyme system. Malonate 1nh1b1tlon
studles W1th odd carbon fatty aCld86 1ndlcated a small amount of conVer-
sion of the three carbon r661due to a two carbon unit of the type CHB—CO‘.
Siegel and L@rber7 found valerlc acld glVlng much the same metabolic pat-
 terns'in glycogen in the whole rat as would appear w1th a mixture of
lbproplonic écld and acetlc acld, | .

The 1ntermed}§tes=1p p qxldaﬁion'have:been;investigateQS’Q with enzyme
ISystemsg .Ehefresuiﬁs:indicate;cémparaﬁle rates.of-pxidatioﬁ‘for deﬁ unsatu~—
rated acids’aﬁdlthe;cbrrequndiﬁg saturated acids and formation of identical
rroducts. B keto and B hydroxy.écids'were oxidized to some extent, but

indications are that phosphoryiated-analogues'are the actual intermediates,

(#) The work described in this’ paper was sponsored by the- U. Se Atomlc
Energy Commlssiono ‘ _
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The fate of the end product three carbon segment or propionic acid
itgelf is 8till somewhat in doubt. Lorber et.al. ruled out the possibility
of B oxidation to maloﬁatelo in isotopic experiments. Distribution o
activity in this experiment showed an g-f randomization by the time the
‘oxidized propionic aeid substrate appeared in ret liver glycogen in the
intact rat, «Avcemparable experiment with lsctatell did not give complete
a-p randomization and on these results it is suggested that the axidation
of propionate either.does not follow a direct paths propionate to acfylate
to lactate to pyruvate or else has a fast gide equilibration with symmet-
rieal Krebs cycle intermediatess o '

‘In working with isolated rabbit enzymes Huenneken512 has_supported
the theory for a direet‘pathway, advancing the sequence propionate to
acrylate to I~lactate to D-lactate to pyruvate ete. with an g-hydroxy
racemase necessary for cemplete ox1dationo The direct path of cxidation
"has been suggested in the case. of mold 13 and muscle tissuel4 prev1ously.

In the present experiments w1th liver sllces 1t was desired, using
methods of chromatography, to show the fairly complete pattern of propionate
metabolytess the substrstes being a4 B, and carbaxyl labeled propionic acid.
Sodiumvbicarbohatemcf14 and labeled acetate wereAsfudied;for comparative '
purposes, It was,alse_hoped, if possible, that_some iight might be thrown

on the mechanism'of~utili23ticn of the propionic acid~by tiésu?’éliees.

EXPERIMENTAL
;ggubat;gg of Li g; S;;cgga - The incubations vere performed with liver
15

slices made by the Deutsch method from year old male non-fasted Bagg
albino mice whlch had besn'anesthetlzed‘and bled before removal of the

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



25- UCRL-1476-

0,01 millimele of radiocactive substrate (containing one to five micro-
curies) in Krebs-Ringer phosphste buffer in one arm Warburg flasks at .
3’7O Go for Z@A"hours; In the mai@nate inhibitioh.experimentg sodium
melonate was present at s 0,005 M concentration in the buffer. The gasll
phasefwasvair;n At the end of the incubation hydrochloric acid was |
inﬁroduced from a hypodermic needle through a rubbsr syringe cap on ..

the side arm of the vessel, This was mixed with the contents of the
Mfiask'éngﬁthe evolved'@arbcn.diqxide was collected on sodium hydra;idedlﬁ"
soaked paper in the canter wello

tures. = The center.well papers and well . .

o

were washed with water, carrier sodium bicarbonate added, and barium -

carbonate precipitated by the usual method and counted on aluminum disks .-
- in a Geiger-Miller counker..

The contents of the main compartment of the flask were homogenized . |

and distilied to drymess ip vaguo to remove the volatile material. -Non-
utilized propicnic acid.in the distillate was determined in one set of

axpgtiments‘by'ad&ingna;known.am@unt.pf~carrier prepionic seid to the

sample after.incubstion was stopped, collecting the distillate from evapdxae o

tion of: the sample, and preparation of the p-bromophenacyl ester bf the
-propicnic acid. This was recrystallized to constant specific activity

and total activity célculaﬁéd from the speecific 8ctiviiy,. The non-volatile
residue was taken'up in water, centrifuged to remove inscluble protein
matefiél and extracted @@ntinuduﬁly for 18 hours with ether, Aliquots

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

Nucleometer for total activity.
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The water»fracﬁion was. reduced in volume and passed‘through-a Dow A~1
anion-axchange_resin.to remove salt andieluﬁed witﬁ 2 § hydrochloric acid;
recovery waé 70-80%, The eluate, which contained 75-90% of the water soluble
activity, was further analyzed, Iwo dimensional chrematograms_on Whatman
Noo, 1 filter paper were made of the salt-free eluate, using phenol satu~
rated with water at 2409 and 40 wt. % n~butanol-25 wt., % propionic aéid—BS whe
% water as the solvent systems. Twoﬁdimenéional chromatograms were also made
of the ether extract with a solvent consisting of 60 vol, % n-propanol-40 vole
% 12 M ammonium hydroxide replacing the phenol. Less streaking of acids
occurred in thig éystem and moﬁo— and dibasic acids separated very well in
this basic solvent, thus it is ﬁarticularly'effective in'differentiating,
lactic qu succinic ac;ds which have similar R.f values in both phenol and
butanol-propionic acid solvents. Radioautographs were made of the chroma- .
tograms. Rglative‘activitiés in radioactiVe compoqnds.qn‘a chromatogram |
were'déﬁermined by countihg with a fhinpwindow Geiger;Muller couﬁting tube. -
_Ideptif; catlgn of Gg@_@ ‘ ‘jxméls° - Poéitions of various éompounds__ on th'e_ paper
in the sol&ent systemsmuéed wer; deﬁermined as'foilowsz aminq.acidé by
spraying with a ninhydrin splution in 95% ethanol and sﬁbsequent'heating
at 100°, sugars by épfaying with an aniline-phthalic_gcid reagent;16 acids
by spéajing with bromeresol green (O.é% brémcresol,green in ethancl and
0,001 N sulfuric acid was used after ammoniacal propénol was the soivent;
0.2% bromcresol green in the basic form in ethanol was used after butanol-.
fropionic acid was the solvent); urea as a white spot.ﬁpon spraying with
10% mercuric nitrate and then with 2 N sodium hydroxide. | Identification

of & radioactive spot in the case of an amino acid or a sﬁgar, for which
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the color tests aré quite sensitive. was considered to be.satisfactoryfif

the radicactive area coincided exactly with the colored area when rechroma-
tographed with a known carrier. The spots identified as glucose and frue-
tose were aléovheated with 6 N hydrochloric acid for 18 hours and yielded .
on. chromatography a radiocactive spot coincident with carrier levulinic

-aeid, Several other radiqactivé spots obtained from the hydrolysis were o

_ unldentlfledo l,_,ﬁ;;f;j#l~ »54f-Man; B A - - S

The 1ndicator spray test for acids was not. considered sensitive
enough‘to'establish identity of the major acid spots. The activity coin-.>:
ciding with lactic acid was acetylated and rechromatographed to confirm the
presence'of.the hydroxy function. Recrystallization of agtivity.with .
~carrier 7inc iactate to constant épecific acitivity wés considered further

proof of identity. |

Separation and identification of C,~Cg, hydraxy and keto acids using
_the-sol#ent’s&stems described above is.uhsatisfactory gince these compounds’
tend to have nearly siinilar R, values (0.75-0,90) o ‘Also, when the amount of
' rad1oactiv1ty is- small (less than 5@00 dis, mlno), the time required for a .
vradloautograph is unduly long. The use of a silica column with chloroform- .
butanol as the solvent.system;7 was found to be particularly useful. Carrier
compounds - including g-hydroxybutyric acid, B-hydroxy-valeric acid, and g-keto-
butyric acid were chromatographed with the major unknown compound from the
ether extract'usiﬁg chloroform-butanol of increasing butanol content as
the developing solVehto Fractions (1.0-2.0 ml,)_wére obtained of the eluate,
titrated with 0,01 N sodium hydrcxide, and the ¢ activity determined by

direct plating techniques. Coincidence of tﬁe radicactivity curve with the
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titration curve is evidence that two acids are identicel. The curves
obtained coinc:Lded when B=hydroxyvaleric acid was used as the carrier acld,
Figure 2e Constant ‘specific activ:.ty was obtained when the p-toluidide

© (mepe 128° C.) made with P-hydraxyvaleric acid together with the radio-

active acid was recrystallized, Further_ evidence of the identity of the

- unknown acid was obtained by -aeetylating the radiocactive compound together
with ﬁ-hydroxyvaleric acid and with g-hydroxybutyric acid and then rechroma-e
tography on a silicic acid column; the radioactivity coincided with p—
acetyl valeric acid (Figure 2).- | _
Degradation of A lactic Acid and Surr leric Acid. - To determine
the distribﬁtion of mﬁmotivity in the metabolytes alanine, lactic acid,

~ and ﬁ-hydroxyvaleric acid they were degraded.

* Alanine was degraded by the ninhydrin method of Van Slyke and I\don-:td.den.l8
The acetaldehyde and oarbon dioxide obtained were distilled 4o yagup into a
flask oontaining p-nitrophenylhydrazine (cooled in’ liquid nitrogen), the
reaction vessel was zl'e'placed by a f:la."sk oonteining sodium hydroxide, and the
carbon dioxide dietiiled back into it b& warming. By thie‘ mothod one is able
. to determine on one sample the amount of 014’ in the carboxyl and in the otp
carbons of alanine. . ‘ |

_ lactic acid after several recrystalllzations with carrier zinc lactate.
was oxidized with 2 ¥ chromic trieoxide in 0.5 ¥ M sulfuric acid at 100°19 and
the oarbon dioxide,}x‘deternﬂ.ned as ‘barium carbogate. Ouwr experiments indicated
that as much as 10% of the a—carbon of synthetic lactic acid may be oxldized
to carbon dioxide by thls procedure. The acetic acid obtained:‘on degreda-

tion of lactic acid was steam distilled and degraded by the Schmidt react:l.on20
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to‘yieldicarbén*diaxiderand?méthyl amine; - fhe ‘methyl amine obtained was-. ..x-.
ax1dlzed by ba31c potassium permanganate ab 2009 to. yleld carbon dioxides -

p—Hyaraxyvalerlc acid ims; axidized in' the same’ manner as lactlc acié ”04
yield propicnic. acid as the;main:radicactive.product with a small amount of. .
- carbon-dioxide and.acetic acidw::The acetic acid and. propionic acid were ..
separa%ed-and:identified*by“éhromatography on a.silica.column in the same .. .
,manner as ACES dehcrlbed for the hydrcxy and keto a01ds° The propionic
acld vas. degraded by the Schmidt reaction: to carbon dioxide and ethyl amine,,
It was also degraded by conversion to lactic a01d?14which was degraded as .
deséribed above. . -

| - RESULTS AND DISCUSSION

'The amount of propionate metabolized by the liver slices varied w1th;5w
élme of ‘incubation, freshness of the slices, etcay but ran from about 30
to" 508, In. a two-hour experiment with carboxyl labeled propionate, 66%
of the activity was recovered ‘as.propionic acid, 17% as carbon dioxide, - . -
10% inihonJVOlatilé:watef solublchgmpounds,,andfless-than;OOS%fiq the - . ..
. insoluble- protein residues A3 howr incubation gave corresponding values .
of}%é%Mpr;§£Sﬁic,ééi&,,zB% carbon dioxide, 12% water sp;ublei,and,less:
than 0.5% insoluble protein.

-».The distribution of activity in Yariousﬂfpactions,énﬁ‘metabolytes is
shown in Tables.I.and II and in the chromatogranms illustrated in Figwe 1o
As would be expected with propionate as substrate,. the major portion of
thﬁ“QCtiYity:Was;foundcin,glucose-an§ the g;yéoggnic'cqmpqunds, élaninef;_”
and. lactic acid.. Frucﬁose,,glutamic acid, aspartic acid, malic acid and ,

“urea-also contained significant amounts of activity. The other major. .
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component was jdentified as p-hydroxyvaleric acid. When acetate was the
- substrate, about half of the non-volatile water soluble activity was
p-hydraxybutyric acid. | |
Degradations of alanine and lactic acid are shown in Table III, In
.experiments by Lorbergjggaa 20 and Siegel,7 on whole animals, a rando-
mization was found between the 1, 2, 5 and 6 carbon atoms of glycogen
when:propionic éci@ or propionic producing material (valeiic acid) was
fed, Our results show a similar randomization in the a-P positions :of
lactic acid formed fram propionic acid in yitro. Such randemization
could occcur 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 bacteria®®) which is then oxidized through fumaric
and malic acids leading to a symmetrical distribution io the lacticy or
a direct axidation to pyruvate ié accompanied by an extremely rapid equili=-
bzfation with symmetrical intermediates in the tricarboxylic acid cycle.
The degradation of the B-hydroxyvaleric acid ig shown in Table IV.
When- a—labeled proplonate is the substrate, the Y position of the hydraxy
valeric acid conta:.ns activity while the B and B positions are inactive,
This would 1ndipatevthat a direct propylatlon has occurredvbetween o~
plonate and a C, fragment before the a, cérbons of the moplonate have
become randemized as in the formation of'lactic acid. The fornhtion of
ﬁ—hydroxy valerlc acid is analagous to the formation of acetoacetic acid
“and B-hydroxy butyric acld from acetate and might be considered the reverse

of P-oxidation. of a fatiy acid.
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. :The-malonate inhibition experiment showed a lowering of the amount of
propionate metébolized to carbon dioxide and also of fc‘he’vrater solp.ble com—
pounds ‘f."bf;n'ec.i; |

The,-metabglytes from propionic acid metabolism in mouse liver siices ‘
have been s tudied. using methods of chromatography for isolation and 1dent1-

fications 17

D’»grada“ tion d.ata slﬁows randomization between the g and B carbéps- of
the lactic acid which is forinedo When o labeled propionate is the incuba- ..
tion substrate, the activity-in the resulting P-hydroxyvaleric acid is
principally in.the gamma: position and the beta .and gamma positions are

inactive,™v: -
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Table I

General Distribution of Activity

Time of : Non-volatile Water Soluble

3 incubation . % non-ether . % Ether
Substrate hrse % as COp  Extractable  Extractable
l--Cl4 p”%plonate :
2,6 x 107 dis,/flask 2 18.0 509 6
2 31.0 77 263
FA 43.0 10,7 o8
2--Gl4 proplonate
3.3 x 107 dis./flask 2 Lol 7 ody 6
' 2 Lobd 8.1 _ 1.9
4 83 -1363 2.7
A 6,8 10,1 9
Unlabeled Na . - S
propionate . . ll, lOloO 302 . . ‘.ol :
1.0 mgo . ,
o 2 ;g N ncléo .
4 x 10¢ dis./min. A 98,0 207 leol
1-6 Acetate | |
2.8 x 107 dis, 1 204, 0.9 1.1
I 2 b5 1l 2.0
2-.-014 Acetate
6028 X lO ) diSo ) . 1 105 '109 : . 190
2 260 1.2 2ol

Conditions:s 1 mg. Na proplonate/flask in phosphate buffer at pH 7,1
A1l values as % of added activity. .
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Table II

Digtribution of Activity
in Chromatogramed Compounds

Gompound

 Alanine .

lactic

“Glugose 7

Fructose
p-Hydraxyvaleric
pttydroxybutyric
Ures

Glutamic Acid

Aspartic Acid

MSlic

Sucﬂinic

' Unldentlf;ed spots

¥Propionate
25
10
: 12

243

Inactive

Propionate

NaHG*0

15
10

20

o

34

3

(2)

UCRL-1476

*Acetate
20 |
2
2

1
50

5(1)
15

L

1

=

Relativn amounts of actlJlty in various compounds

determined by counting on chromatogram with Scott tube,

was large between experlments.

' Valueé show only approximate distributicn as variation

1o Wbuld appear mos tly in effluent from ion exchange

separation which is not chromatographed.

2. Values obtained from chrometogram of water soluble

material which extracts into aleohol when evaporated to

dryness,
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Table III

Degradation of Alanine and lactic Acid

_ ‘ ty in Compound _
Compound : ' ‘
. Degraded Substrate Caxboxyl g+ 8 g B
Alanine Propionate 1-C% 99 2 - -
Proplonate 2-C4 15 85 . = -
Inactiye Propionate _
Lactic Acid
Synthetic ‘ :
Iactic Propionate 1-C 93 5 - -
Acid : ,
" Propionate 2-C* 161 Mo 35
Propionate 3-C 1850 - 3 39
Propionate 2—0;44 | | |
.005 M Malonate 180 - 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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: Tabie iv

~-Degradation of p-Hydroxy Valérié, Acid

e Deg:mdat:.on of Propiomc*écld
Chronmic Acid L. in Steam Distillate

Oxidation ~ Schmidt 1 opionic-e) .act:.c
-Substrate €0, " Steam ; . o
‘ ) Distillable | COCH o + g a B
Proplomate-1-¢l4 .20 66 || o2 24 = =
Propionate-2-C4 6 o 245
Lo 2 co. 68 2%5 105 2

é*) % of activi‘ty in hydroxy valeric acido
#%) 4 of activity in Propionic acid, :
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Table V

Malonate Inhibition

% Fixed in H,0 B
(After ether ~v % in

Comp., Melonate ~ Time % Co, exto) Ether

G--é-C None 3 hr. 5 oi% | . 902% 300%
" 3hre 8.9 21.3% R
005 M  3hre 1.9 2.7 1.5%

¥ _ o

G‘c‘c None 3 hre \\'804% o '498% 4@1%
005 M

3hr.  3.0% 2,08 5008
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!
Figure 1

Pr0plonate-2-c 14 non—volatlle, non»ether extractable portlon of water
soluble activity eluted from Dow A-l column.

Proplonate-Z-C 4, ether extractable portion of water soluble act1v1ty.

Inactive propionate + NaHC s nOH-VOlculle, non~ether extractable
portion of water soluble actlélty taken up in alcohol to remove salt.

Proploﬁate-Z-C14 + malonic acid .005 M, ether extractable portion of
water soluble material, :

AcetatenznclA, non-volatile, non-ether extractable water soluble
activity in eluate from Dow A=l column.

Acetaten2~0‘4, ether extractable portion of water soluble activity.

Figure 2
Activityjf.a-hydrpxy b;tyric acide.
Activity + a-ketobutyric acid + B-hydroxyvaleric acid.
Acetylateéiactivity-f a;acetylbutyric.acid., o |
Acetylated activity + Beacetylvaleric acid.
Activity 0 |

Acidity 0
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