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been fractionated by differential centrifugation into
2 enzymatic components. Palmitic acid is converted
into a coenzyme A derivative by cytoplasmic particles
in the presence of coenzyme A, adenosine triphosphate
and magnesium ion. Palmityl-coenzyme A is then
degraded to acetyl-coenzyme A by soluble proteins in
the presence of coenzyme A and diphosphopyridine
nucleotide.
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It is commonly accepted that the generation of
acetyl-CoA from fatty acids in aninmals and higher
plants is a mitochondrial function. Stumpf and Bar-
ber (15) reported that mitoclhondrial pellets prepared
from germinating peanut cotyledons are capable of
degrading long chain and short chain fatty acids to
acetyl-CoA, which is subsequently oxi(lized by the
citric acid cycle. Recently ani extra-mitochondrial /8-
oxidation systeni capable of degrading long chain and
short chain fatty acids to acetyl-CoA was prepared
from 4.5 day old germinating peanut cotyledlons (12).
Fractionation of this system indicated that the long
chain fatty acid activating enzyme is particulate,
while the conversion of the activated fatty acids to
acetyl-CoA is catalyzed by soluble enzymes (13). It
has been generally accepted that exogenous acetate
has the same metabolic fate as the acetyl-CoA gene-
rated from long chain fatty acids by /8-oxidation.
This assumption is made plausible by the ubiquity of
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acetyl-thiokinase in plant tissues (10), and has war-
ranted the use of labeled acetate as substrate in in-
vestigations dealing withl the conversion of storage
lipids to sugar during seedl germination (1, 11). Be-
cause of this intimate connection between the /8-oxida-
tion and the acetyl-thiokinase pathways-providing
alternate routes to the same high-energy intermediate
-we felt it was worthwhile to investigate the acetyl-
thiokinase activity of germinating peanut cotyledons,
particularly with respect to its distribution among the
various subcellular constituents.

Materials and Methods

The commercial sources of labeled and unlabeled
chemicals have been reported in earlier communica-
tions (12, 13). Acetic acid-l-C'4, 2.5 ,c/,niole and
50.6 ,tc/,umole were purchased from the New England
Nuclear Corporation. The preparation and assay of
salt-free NH,OH, the synthesis of acetyl-1-C'4-CoA.
acetyl-P, acetyl-GSH, acetyl-hydroxamic acid, the
assay for the enzymatic production of activated ace-
tate and of acetyl-hydroxamic acid were described
previously (12). Radioactive CO., evolvedl ill Coin-
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ventional Warburg vessels was converted to BaC140,
at the end of the reaction (14) and counted with a
thin window counter.

The particulate fractions (a mitochondrial frac-
tion, P,; an intermediate fraction, P,; a microsomal
fraction, P,) and the 2 supernatant fractions (S, and
S,) were prepared exactly as described previously
(13). Protein contents of the different fractions
were determined by the biuret method (13).

Results

Radioactive Products of Acetic Acid-1-C14 Activa-
tion. The S10,0 oxg fraction was treated with 4
volumes of saturated neutralized ammonium sulfate as
described in detail in an earlier report (12). The
S,losooxg0 to 80 % ammonium sulfate fraction, thus
prepared, was incubated with acetic acid-i-C14 in the
presence of CoA, ATP and Mg. The reaction mix-
ture was processed and chromatographed descend-
ingly in n-butyl alcohol-acetic acid-H,O (8: 3: 3)
for 22 hours at 4° (12). Three radioactive areas
could be detected, with the following RF values: 0.11,
0.26, and 0.38. These areas were identical with those
described in an earlier communication, dealing with
the production of acetyl-CoA from long chain fatty
acids (12), and identified as acetyl-CoA, acetyl-P,
and acetyl-GSH (table I). Upon addition of

Table I. Distribiutioni of Radioactivity fromn Acetic
Acid-1-C14 into Various Radioactive Products

The reaction mixture contained 100 Aimoles of potas-
sium phosphate buffer pH 7.5, 200 ,umoles of Tris-HCl
buffer, pH 7.5, 0.1 ,umole of acetic acid-i-C'4 (50.6 /Ac/
Amole), 1 ,umole ATP, 0.6 ,umole CoA, 10 /Amoles GSH,
5 /Amoles MgCl1, 0.5 ml of the S1000oxg-0-8o0% am-
monium sulfate preparatfon in 1.7 ml volume. Time of
incubation, 40 minutes, temperature, 370.

Without
Radioactive products added With added

NH2OH NH2OH
% of total % of total
C14 in C14 in

substrate substrate
Acetyl-C14-CoA 9.6 0
Acetyl-C14-P 0.2 0
Acetyl-C14-GSH 1.1 0
Acetyl-C14-hydroxamic acid 0.0 11.6
Total 10.9 11.6

NH,OH at the end of the incubation period, the 3
radioactive areas were converted into a single new
area (table I). This area moved with acetyl-hydrox-
amic acid in phenol-H,O (8: 2), n-butyl alcohol-ace-
tic acid-H,O (8: 3: 3) and isopropyl alcohol-
NH4OH-H,O (80: 15: 15). The synthesis of acetyl-
_-C14-hydroxamic acid from acetic acid-i-C14 showed

an absolute requirement for CoA, ATP and Mg (table
II). Omission of the potassium phosphate buffer

Table II. Cofactor Requiremtents for the Activation
of Acetic Acid-1-C14

The complete reaction mixture and other conditions
were the same as in table I, except that acetic acid-1-C'4
of lower specific activity (2.5 ,c/,umole) was used: when
the potassium phosphate buffer was omitted it was re-
placed by an equal amount of the Tris-HCl buffer, and
when GSH was omitted, CoA was reduced with H2S.

% Conversion of Cl4
Components from acetic acid-I-CtC'4 into acetyl-

hydroxamic acid

Complete
Without potassium phosphate buffer
Without CoA
Without GSH
Without ATP
Without Mg

11.70
6.20
0.50

11.00
0.80
1.30

from the reaction mixture yielded a consistently lower
percent conversion. This effect might be attributed
to the partial omission of the K ion which has been
reported to be required for acetyl-thiokinase (7).

Acetyl-Thiokinase Activity of the Subcellular
Conmponents. The acetyl-thiokinase activity in the
S10,000 x g 0 to 80 % ammonium sulfate fraction is
proportional to protein concentration up to 0.6 to 0.7
mg of protein (fig 1).

In order to investigate the distribution of acetyl-
thiokinase activity, equivalent volumes of P,, P2, P3
and S, were assayed; in this way the results obtained
with different particulate and soluble fractions are
comparable on a fresh weight basis. For example the
amount of each fraction used in table III corresponds
to 25 mg of cotyledonary tissue. As shown in table
III, all the acetyl-thiokinase activity of the S10,00oxg
was recovered in the high speed soluble fraction, S.
The activity of the particulate fractions was prac-

ml protein Sin....ag .-.%oumelum SwIIte

FIG. 1. Acetyl-thiokinase activity in the presence of
different concentrations of the S1 000oxg 0 to 80 %
ammonium sulfate fraction. The concentrations and
other incubation conditions were as in table I.
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Table III. Acetyl-Thiokinasc ActizVity of dlie
Different Suibcclltdar Fractionis

The complete reaction mixture and other conditions
were the same as in table I. Equivalenit volumes of the
particulate and Si fract:ons were assayed corresponding
to 25 mg of fresh cotyledonary tissue.

Fraction

S10,000 X

Si
Pi
P2
P1i

2 3:

S1 + Pi
Si + P2
Si + P3
Si + P2 + P3

% Conversion of C14

iiigPoteiii from acetic acid-i-
mg Proteinl C14 to acetyl-

lhydroxamiic acid

0.7
0.4
0.04
0.03
0.02

5.9
/ .5
0.2
(0.1
0.1
0.2
6.1
6.3
6.0
7.6

Table V. Oxidation of Acetyl-1-C14-CoA by the Mlito-
chondrial Pellet, P,, in the Prcsence antd

Absenlcc of the Solinble Proteini
The reaction mixture anld other incubation conditionis

were the same as in table IV, except that 59,000 cpm of
acetyl-1-C14-CoA wvere used.

Fraction

P1
slo.ooo0 X g

Si
Boiled Sl0 000
P1 + S0,00 xq
P1 + S

Pi + boiled S0o XO.x1.
* Five minuites at 100°.

% C14 from acetyl-1-C14-CoA
in BaC14 0.

2.1
0.1
02
0.0
65
8.6
05

tically nil. Furthermiiore no synergistic effect couldI
be detected upon reconmbing S witlh any of the par-
ticulate fractions (table III).

Oxidationq of Pailitic Acid-11-C14, Acetic Acid-
1-C'4 an(l Acetvl-1-C'4-CoA. The miiitochondIrial
pellet, Pl, obtained frolmi 43 g of cotyledonl tissue was
suspended in a small volume of Tris-sucrose buffer
and adjusted to contain 100 mig protein per ml (3.2 ml
total volunle). Half an n1l of the P1 suspension, con-
taining 50 mg of protein, and( 0.5 mil of the Sloooo,xg
fraction, correspon(ling to 250 mig of cotyledonary
tissue, were assayed indi vidually andl in con-lbination
for C110. procluction. Release of C'4O.1 from both
acetic aci(l-1-C1' an(I palnmitic acidli-C11- required
the presence of botll the niitocllolldrial l)ellet, P1 and
the extra-mitochondrial fr-action 8S10 (OX- (table IV).

Table IV. Oxidationz of Acetic Acid-1-C' 4 aind Pa'iiitic
Acid-11-C14 by the Mlitochioiidrial Pellet, P, i11 the
Absencc anid Prescnce of the S )1o}x.g Fractiont

The reaction mixture containied in a total volume of
2 nil: 100 t4mo!es potassium phosphate buffer pH 7.5, 200
,umoles Tris-HCl buffer pH 7.5, 0.1 numole palmitic acid-
l-C14 (15,000 cpm) or 0.1 g,umole acet c acid-l-C'4
(27,500 cpm), 1 Anmole a-keto-lutaric acid, 0.01 umole
cytochrome c, 1 gmole MnSO4, 5 unmoles MgCl , 10
itmoles GSH, 0.15 /,mole DPN, 0.13 gLmole TPN, 0.2
,umole TPP, 0.6 umole CoA, 1 ,umole ATP, 400 jumoles
sucrose, 13 umoles KCI, 0.5 ml of the P1 suspensioni aind/
or 0.5 ml of S1,00o x, Time of incubat:on 1 hlour.
Temperature 30°.

7% C14 from
Fraction palmitic acid-i 1-Cl4

in BaC1401

2.2
), ocl x g 1.0

+ 5;tS10, 0Oo x g 9.6

% C14 from
acetic acid-i-C14

in BaC14O.

2.0
0.7
8.5

This observation could be easily accounited for if the
S1o,0oXxg were required to generate acetyl-l-C11-CoA
froml both substrates and(l if the oxidlation of this
activated internmecliate took place in the mitochondri a.
However the oxidation of synthetic acetyl-1_-C14-CoA
by P, is also stilmtulate(d by the S1( O(oxg fractioni
(table vr). This stimulation is lost upon boiling
(5 mini, 1000; the boile(d enzymiie is actually inhibi-
tory) but is retainedl wlhen the (lialyze(l higll speedl
supernliatant S, is substitute.l for the S1(,o(oxq (table
V). This stinmulatioln is therefore probably due not
to all a-lditional cofactor but to a soluble protein.
The adldition of glyoxylic acid (loubles the oxidlationl
of acetyl-CoA by this recomlbilled particulate-soluble
systenl (table VrI). The cofactors usedl for tables IV.
V aili VJJ are the cofactors (lescribecl by Stumpf and(I
Barber (15) for coupled 6-oxidation and tricarboxy-
lic acid cvcle activities. Research is unlerway to
determiine the minlimumi cDfactor requil-eiment for the
oxidation of acetyl-CoA to CO. in the presenice and(
absence of glyoxvlate.

Discussion
M\illerd and Bolnnier (10) malde a survey of acetyl-

Table VI. Oxidationi of Acetyj-1jC'4-CoA in the
Absence and Prescncc of Added Glyoxylic Acid

The reaction mixture and otlher incubation conditions
were the same as in table IV except that 50,000 cpm of
acetyl-1-C14-CoA were added. Five ,moles of glyoxylic
acid were added where indicated.

Iractionl

Pt
SP
Pi + Si

Without added
glyoxylic acid

% C14 from
acetyl-I-C14-CoA

in BaC140.
1.7
0.9
8.6

With add-.d
glyoxylic acid

% C14 from
acetyl-I-C14-CoA

in BaC'40.,
6.1
1.9

17.5

P1
Si
P1
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thiokinase activity in acetone powders of various
plant tissues, and concluded that it is widely distrib-
uted among higher plants. Hiatt and Evans (6)
and Hiatt (7) studied in greater detail the metal co-
factor requirement for the spinach-leaf enzyme.
Hatch and Stumpf (5) reported a malonyl-thiokinase
in germinating peanut cotyledons and implied the
presence of an acetyl-thiokinase. To our knowledge,
our report is the first detailed study on acetyl-thio-
kinase from germinating cotyledons of a fat-storing
seed. The method of preparation used by us is un-
likely to solubilize a particulate enzyme, hence we
have presumptive evidence that this enzyme is soluble
also in vivo. This is in contrast with the palmityl-
thiokinase which occurs in various particulate frac-
tions and especially in the microsomes (13). It ap-
pears therefore that in peanut cotyledons readily
soluble acetic acid is activated by a soluble enzyme,
and sparingly sAuble palmitic acid is activated by a
particulate enzyme.

Tlle nature of the stimulation of C14O., evolution
by the soluble proteins is not fully understood at this
time. Obviously this C14O., evolution is of the same
order of magnitude whether acetyl-1-Cl4-CoA is
generated from long chain fatty acids by ,8-oxidation
or generated from acetic acid by acetyl-thiokinase or
simply added to this system. The particulate com-
ponent of this system has the same sedimentation
rate as plant mitochondria. However electron mi-
croscopy performed on the tissue from which it was
prepared failed to show the presence of organelles
having a typical mitochondrial structure (13). The
C140, evolution by this system doubles upon addi-
tion of glyoxylic acid (table VI). Since we know
that the glyoxylate cycle is operating in peanut
cotyledons (2, 4, 9) we might consider the possibility
that this pathway is functioning in the production of
C1409 (possibly at the oxalacetate to phosphoenol-
pyruvate step). Indeed Canvin and Beevers (3)
have reported that while labeled acetate is convertel
to sugar and CO, in castor bean endosperm, only a
very small amount of the label is found in glutamate.
These workers therefore suggested that the enzymes
isocitric dehydrogenase and a-ketoglutaric dehydro-
genase, although present, may contribute relatively
little to the dissimilation of isocitrate in castor bean
(3). Oaks and Beevers (11) stress that, contrary
to the condition in fatty see Is (castor bean en-lo-
sperm) both the tricarboxylic acid and the glyoxylic
acid cycles contribute to acetate utilization in cereals
(corn scutella), as they do in many microorganisms.

In the light of these facts we would like to sug-
gest that in young germinating peanut cotyledons
(4-5 days, 230) where no mitochondria are as yet
noticeable, acetyl-CoA, produced by extra-mitochon-
drial 8-oxidation (12, 13) and extra-mitochondrial
acetyl-thiokinase, is oxidized by a sequence of reac-
tions which is either the by now classical glyoxlate
cycle (3, 8) or some reasonable modification thereof.
Furthermore we suggest that the enzymes necessary
to catalyze this whole sequence are distributed be-
tween the particulate and the soluble cell components.

Summary
A soluble enzyme preparation having acetyl-thio-

kinase activity is described in homogenates of germ-
inating peanut cotyledcns. This enzyme is capable
of activating acetic acid to acetyl coenzyme A in the
presence of coenzyme A, adenosine triphosphate and
magnesium ion.

The oxidation of palmitic acid-11-C14 and acetic
acid-i-C14 to C140, requires the presence of botlh a
particulate fraction sedimenting like miitochondria,
and a soluble protein fraction. Likewise synthetic
acetyl coenzymie A requires both soluble and partic-
ulate components for oxidation of CO.. The extent
of this oxidation is increased markedly by addition of
glyoxylate.
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