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With the aid of camitine acetyltransferase, citrate synthase, and [Wloxaloacetate gener- 
ated from [U-Wlaspartate, the acetyl portion of acetylcamitine is stoichiometrically con- 
verted to [Wlcitrate, then the leftover oxaloacetate is converted to aspartate by the addition 
of glutamate-oxaloacetate transaminase plus glutamate, a cation exchanger is added to ab- 
sorb the aspartate, and the radioactivity of the solution due to [Wlcitrate is measured. 
Conditions affecting reliability of this method and inclusion of simple steps that permit 
application of the present methods to the estimation of acetylcamitine and acetyl-CoA in 
perchloric acid extracts of tissues, without possible interference from several endogenous 
compounds, are also described. 

Ochoa’s method of AC-CoA’ estimation 
(l), by coupling citrate synthase (EC 
4.1.3.7) to malate dehydrogenase and 
following changes in NADH concentration, 
continues to be one of the recommended 
methods of AC-CoA determination (2-4). 
By extending coupling to carnitine acetyl- 
transferase (EC 3.2.1.7) Fritz et al. (5) and 
Pearson and Tubbs (6) provided a procedure 
of Ac-Cn assay that with some modifications 
has become a standard method of Ac-Cn 
estimation (3,7-9). These methods, based on 
spectrophotometric or fluorometric deter- 
mination of changes in NADH concentra- 
tion, need nanomoles of the above acetyl 
esters for each assay. We outline below a 
procedure that enables estimation of pico- 
moles of Ac-Cn and AC-CoA. In our 
procedure, AC-CoA is converted to [‘“Cl& 
trate using excess of [U-14C]oxaloacetate 
plus citrate synthase and the radioactivity of 
the citrate formed is measured following 

’ Abbreviations used: AC-CoA, acetyl-CoA; Ac-Cn, 
acetylcamitine; Hepes, 4(2-hydroxyethyb-1-piperazine 
ethanesulfonic acid; NEM, N-ethylmaleimide; GOT, 
glutamate-oxaloacetate transaminase. 

removal of the leftover oxaloacetate as 
aspartate; the latter conversion is accom- 
plished using GOT (EC 2.6.1.1) and the 
aspartate formed is removed from the 
solution by the addition of a cation exchanger. 
Methods for the preparation of tissue ex- 
tracts suitable for the assays of AC-CoA and 
Ac-Cn in rat liver and of Ac-Cn in serum are 
described to illustrate applications of the 
present procedures to estimations in tissues. 
For AC-CoA, but not for Ac-Cn, methods of 
comparable sensitivity have been described 
based on rate measurements of enzymatic 
recycling reactions (lo- 13); the present 
method, however, appears simpler and 
offers the advantage of using an endpoint 
stoichiometric reaction as the basis of the 
assay. Conditions affecting the reliability of 
the present procedures are also described 
below. 

MATERIALS AND METHODS 

Sources of chemicals were as follows: 
citrate synthase, carnitine acetyltransferase, 
and GOT from Boehringer; L-[U-14C]aspar- 
tate from Amersham; [ l-5,14C]citric acid 
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from ICN; CoA and propionyl-CoA from 
P-L Biochemicals; AG 5OW-X8 (H+ form, 
200 to 400 mesh) from Bio-Rad Laboratory; 
and dithiothreitol from Sigma. Propionyl- 
carnitine samples were gifts from Dr. Irving 
B. Fritz of the Banting and Best Department 
of Medical Research, University of Toronto 
and from Dr. Claudio Cavazza of Sigma Tau, 
Rome. Sources of other chemicals were as 
previously described (14,15). Solutions of 
AC-CoA and Ac-Cn were standardized en- 
zymatically using 5,5’-dithiobis(2-nitroben- 
zoate) as in (2), except that Hepes-KOH 
buffer was used instead of Tris-HCl. 

Reagents 

Dialyzed enzymes. Enzymes for 200 as- 
say tubes were dialyzed as follows: 275 ~1 of 
citrate synthase (10 mg/ml, 110 units/mg), 
400 ~1 of carnitine acetyltransferase (5 mg/ 
ml, 80 units/mg), and 300 ~1 of GOT (10 
mg/ml, 200 unitslmg) in separate dialyzing 
bags were dialyzed together at 0-4°C against 
500 ml of 20 mM K-P,, pH 7.4, with mag- 
netic stirring. The dialyzing solution was 
changed three more times after 30 min each 
time. Finally, each dialyzed enzyme was 
separately brought to 1 ml using the same 
buffer, distributed in small tubes, frozen 
rapidly, and stored at about -20°C. These 
enzymes were found usable for at least 2 
weeks. 

Glutamate plus GOT. A mixture for 40 
tubes was prepared by mixing 1 ml of 160 
mM potassium-L-glutamate, pH 7.4, with 
200 ~1 (120 units) of dialyzed GOT and the 
mixture was kept in an ice bath until needed. 

Freshly reduced CoA with dithiothreitol 
and phosphate buffer. A solution for 40 as- 
say tubes was obtained by mixing 40 ~1 of 2 
mM CoA, 40 ~1 of 100 mM K-PP,, pH 9.0, 
and 320 ~1 of 4 mM freshly prepared di- 
thiothreitol. The mixture was left at 25°C for 
about 30 min then 800 ~1 of 0.5 M K-P,, pH 
7.4, was added and the tube was kept in an 
ice bath. 

Freshly prepared [14C]oxafoacetate. A 
reagent for 40 tubes, to contain 100 pmol 
oxaloacetate per tube, was prepared by 
mixing 4 ~1 of 40 mM EDTA, pH 7.4,20 ~1 of 
20 mM a-ketoglutarate, 4.5 ~1 of 1 M K-Pi, 
pH 7.4, 1.5 ~1 (0.9 unit) of dialyzed GOT, 
and 50 ~1 of 80 PM L-[U-14C]aspartate (227 
Ci/mol). The mixture was incubated at 25°C 
for 10 min, then 20 ,ul of 1 M perchloric acid 
was added with thorough mixing. The tube 
was left for 15 min at 25°C and then 
transferred to an ice bath. Immediately 
before the next step, the mixture was 
neutralized by adding 40 ~1 of chilled 0.6 M 

KOH plus 60 ~1 of 67 mM EDTA, pH 7.4. To 
obtain low controls this reagent should be as 
fresh as possible. 

Ac-Cn assay. Reaction tubes, 13 x 100 
mm, kept in ice, received the following: sam- 
ple to be assayed containing l-70 pmol Ac- 
Cn (none in control tubes) and water to bring 
the volume to 155 ~1, 30 ~1 of freshly re- 
duced CoA reagent, 5 ~1 of dialyzed citrate 
synthase (1.5 units), 5 ~1 of dialyzed carni- 
tine acetyltransferase (0.8 unit), and then 5 
~1 of [14C]oxaloacetate to start the reaction. 
Addition of oxaloacetate to successive tubes 
was made at 30-s intervals. Immediately af- 
ter receiving oxaloacetate the contents were 
mixed and the tubes were transferred to a 
25°C bath. Twenty minutes later 30 ,ul of a 
glutamate plus GOT mixture was added to 
successive tubes at 30-s intervals and the 
tubes were left at 25°C for another 20 min. 
The AG SOW-X8 resin and 0.6 ml of water 
from a repeating dispenser were added with 
mixing. For convenient rapid addition of 
resin, a plastic l-ml insulin syringe with 0.6- 
mm inner diameter (Becton, Dickinson & 
Co., Rutherford, N. J.) was cut at the 0 mark 
to eliminate the narrow end, and the moist 
resin was filled to the volume mark corre- 
sponding to 0.5 ml through the cut end by 
pressing the inverted syringe in a lOO-ml 
beaker containing the resin with plunger held 
at the 0.5-ml mark. Resin was added to the 
assay tubes by depressing the plunger. The 
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amount of resin thus added was 313 ? 1.5 
mg. This technique allowed resin and water 
addition to the successive assay tubes at 
30-s intervals. The resin-containing tubes 
were mechanically shaken for 10 min at room 
temperature, allowed to stand for at least 2 
min, then 0.3 ml of the supernatant was 
mixed with 2.4 ml of toluene-Triton scintil- 
lant (Ready-Solv EP, Beckman) and radio- 
activity was measured under conditions per- 
mitting stable count rates (16) with sufficient 
counting time allowed to keep the counting 
errors to 51%. 

AC-CoA assay. This was identical to the 
Ac-Cn assay described above except for the 
following changes. Ac-Cn was replaced by 
AC-CoA, carnitine acetyltransferase was not 
added, and the CoA reagent was replaced 
by 35 ,ul of NEM in phosphate buffer. The 
latter was prepared fresh by dissolving 3 mg 
of NEM in 2.1 ml of 300 mM K-Pi, pH 7.4. 

Preparation of Tissue Extracts for the 
Estimation of Ac-Cn and AC-CoA 

Illustration for rat livers. Portions of 
freeze-clamped liver, about 100 mg, were 
homogenized in 3 ml of 4% perchloric acid 
at 0°C using a Polytron homogenizer. The 
resulting suspension was centrifuged at 0°C 
for 5 min at 10,OOOg. To 2 ml of the super- 
natant were added 25 ~1 of 400 mM K-PPi, 
pH 6.1, and sufficient (about 70 ~1) 3 M 

K&O3 and water to bring the final pH to 
5.5-6.0 and the volume to 2.5 ml. The tubes 
were left at 0°C for 10 min, then centrifuged 
at 0°C for 10 min at lO,OOOg, and portions 
of the supematant were processed separately 
for Ac-Cn and AC-CoA assays as described 
below. 

For Ac-Cn assay, 300 ~1 of the super- 
natant was transferred to tubes containing 
about 120 mg of moist anion-exchange resin, 
AG 2-X8 (Cl- form, 200 to 400 mesh) resin, 
and the tubes were shaken for 10 min at 
room temperature. Following brief centrifu- 
gation, portions (2 to 30 ~1) of the super- 
natants were analyzed for Ac-Cn. 

For AC-CoA assays, 400 ~1 of the neu- 
tralized supernatant was mixed with 20 ~1 
of 400 mM K-acetate,2 pH 4.8, and 20 ~1 
of 1 mM CuSO, and the tubes were left at 
25°C for 30 min then chilled in ice. Portions 
(10 to 100 ~1) of this mixture were then proc- 
essed as described under “AC-CoA assay.” 
The presence of up to at least 60 PM CuS04 
during AC-CoA assays was neither inhibi- 
tory nor did it increase control cpm when 
the [14C]oxaloacetate solution containing 
EDTA was prepared as described above. 

Estimation of Ac-Cn in serum of rats. Fifty 
microliters of serum was added to tubes con- 
taining 450 ~1 of 4% perchloric acid at 0°C 
the contents were mixed, and the tubes were 
centrifuged at 0°C for 5 min at 10,OOOg. To 
300 ~1 of the supematant were added with 
mixing 20 ~1 of 100 mM K-PPi, pH 9.0, and 
sufficient (about 33.5 ~1) 3 M K2C03 and 
water to bring the final pH to 5.5-6.0 and the 
volume to 500 ~1. The tubes were left at 0°C 
for 10 min then centrifuged at 0°C for 10 min 
at 10,OOOg. Three hundred microliters of the 
supernatant was transferred to tubes con- 
taining about 120 mg of AG 2-X8 (200 to 400 
mesh, Cl- form) resin, the tubes were me- 
chanically shaken for 10 min at room tem- 
perature, then briefly centrifuged, and por- 
tions (4 to 40 ~1) of the supernatant were 
analyzed for Ac-Cn. 

Statistics. The values mentioned through- 
out are mean -+ SE of ~4 observations. 

RESULTS AND DISCUSSION 

Figures 1 and 2 show, respectively, that 
the present procedures gave linear standard 
curves for AC-CoA and Ac-Cn over a wide 
range and that the methods allowed assay of 
as low as 1 pmol of AC-CoA and Ac-Cn. 
The range of the assay procedures was 
shifted to the higher amounts of the above 
acetyl esters simply by increasing the amount 
of oxaloacetate present per assay tube (Fig. 

2 Acetate buffer could not be replaced by maleate 
buffer because the latter was inhibitory. 
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FIG. 1. Standard curve for AC-CoA. Conditions were 
as described under Materials and Methods except that 
the combined volume of AC-CoA plus water was 150 
and 10 ~1 of f”C]oxaloacetate solution (200 pmol, 
83,000 cpm) were present per tube. Values shown have 
been corrected for controls (4110 cpm) observed in 
the absence of AC-CoA. 

2, compare curves A and B). Figs. 1 and 2 
show, respectively, that the formation of 
citrate was almost equimolar (198%) to the 
amount of AC-CoA and Ac-Cn present. 

Effect of Variables and Limitations of the 
Assay Procedures 

The assay conditions for AC-CoA and Ac- 
Cn as described under Materials and Meth- 
ods are those found optimal and are-such 
that accommodate reasonable changes in in- 
cubation conditions without invalidating the 
assays. Thus the following changes, only 
one of which was studied at a time, showed no 
noticeable effect on the estimation of Ac-Cn 
or AC-CoA: a decrease in the amount of en- 
zymes to half or increasing them lOO%, de- 
creasing the time of incubation following 
[*4C]oxaloacetate addition to 10 min or 
increasing it to 60 min, decreasing the in- 
cubation time following the addition of gluta- 
mate plus GOT mixture to 5 min or increas- 
ing it to 40 min, decreasing the concentra- 
tion of glutamate or of CoA during Ac-Cn 
assay to half or increasing them 100%. Ra- 
dioactivity in controls (i.e., in tubes lacking 
AC-CoA and Ac-Cn) arose laruelv from 

FIG. 2. Standard curve for Ac-Cn. Reaction system 
for curve A was as described for Ac-Cn assay under 
Materials and Methods and 100 pmol (41,600 cpm) of 
[“Cloxaloacetate were present per tube. For curve B 
the combined volume of Ac-Cn plus water was 135 and 
25 ~1 of [“Cloxaloacetate solution (500 pmol, 208,000 
cpm) were added to each tube. The values shown have 
been corrected for the control cpm (2090 for curve A 
and 10,590 for curve B) observed in the absence of 
Ac-Cn. Coefficient of variation for control cpm was 
1.8% for replicates (n = 16) analyzed over a month 
and 1.3% for replicates (n = 5) analyzed on the 
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< 100% retention of [14C]aspartate on the H+ 
exchanger added to the tubes and from the 
known spontaneous decarboxylation of 
oxaloacetate in solutions. Under the assay 
conditions described, i.e., with about 313 
mg of the H+ exchanger added per assay 
tube, 97.3 ? 0.4% of the aspartate counts 
per minute were removed from the super- 
natant and doubling the amount of the H+ 
exchanger increased aspartate removal to 
99.2 + 0.57%. However, because of the 
trapping of solution in the resin, the volume 
of the supernatant available for sampling 
decreases with increase in the amount of 
resin present per tube. Therefore, when 
lower control counts per minute are desired, 
the assay mixture should be passed through 
a column of the H+ exchanger instead of 
the resin being added to the assay tubes 
(when 200 ~1 sample was applied to a 4.5 
x 45-mm column of the resin in water, fol- 
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lowed by elution five times with 300 ~1 of 
water each time, 99% of the [14C]citrate ap- 
peared in the eluant). We preferred resin 
addition to the assay tubes because it gave 
acceptably low control counts per minute, 
was simpler, and saved time. 

The assay temperature selected was 25°C 
as at this temperature formation of citrate 
occurred within a reasonably short time and 
control counts per minute, due to nonen- 
zymatic decarboxylation of [14C]oxaloace- 
tate, rose only slowly on prolonging the time 
of incubation. Although both 30 and 37°C 
were found usable, the increase in control 
counts per minute with time was more 
marked at 37°C so that less favorable ratios 
of experimental to control counts per min- 
ute resulted in prolonged incubations. For 
the same reason (a) unnecessarily long pe- 
riods of incubation were found undesirable, 
(b) [14C]oxaloacetate was prepared as fresh 
as possible and in the manner described, 
and (c) conditions of the control tubes were 
matched as closely as possible to those of 
the experimental tubes. 

The exact amount of [14C]oxaloacetate 
present per assay tube was not critical 
within the limits, at least of 100 to 500 pmol 
(Fig. 2, compare curves A and B), so long 
as it was the same in all tubes of the same 
series including controls. 

Although the suspensions of the enzymes 
in ammonium sulfate as purchased could be 
used for the assays, we preferred to dialyze 
the enzymes because this gave lower con- 
trol activities and increased the sensitivity 
of the assay; when undialyzed enzymes were 
used the useful lower limit of the assay was 
only about 10 pmol although the standard 
curves were linear for up to 160 pmol Ac-Cn 
(with 220 pmol [14C]oxaloacetate present per 
assay tube). Moreover, during Ac-Cn assays 
with undialyzed enzymes although the ex- 
perimental counts per minute approached 
those expected for near stoichiometric for- 
mation of [14C]citrate in 20 min, they de- 
clined on prolonging the incubation to ~30 

mitt; with the dialyzed enzymes such a de- 
crease did not occur for up to 60 min of 
incubation. Lastly, dialysis seemed to in- 
crease the activity or the affinity of the en- 
zymes for substrate, or both, because lesser 
amounts of the dialyzed enzymes were found 
adequate for assay as compared to those of 
undialyzed enzymes. 

When the possibility of free carnitine in- 
terference with the assay of Ac-Cn was in- 
vestigated experiments showed that the com- 
mercial preparation of free carnitine itself 
gave rise to radioactivity in the assay tubes. 
This was not observed when CoA or carni- 
tine acetyltransferase was omitted from the 
incubation mixture or, when before testing, 
the sample of the carnitine was subjected 
to hydrolysis (0.5 N KOH, 37”C, 20 min). 
These observations indicated that the com- 
mercial free carnitine used contained Ac-Cn 
as a contaminant; the Ac-Cn present 
amounted to 0.2% of the total carnitine on 
a molar basis. Use of hydrolyzed carnitine 
showed that the assay of 15 pmol AC-& 
was not invalidated by the presence of up 
to 500-fold molar excess of free carnitine. 

Although citrate synthase is very specific 
with respect to the chain length of the acyl 
portion of acyl-CoA esters (17), besides 
AC-CoA it can utilize propionyl-CoA also, 
albeit feebly (18), and for carnitine acetyl- 
transferase, which is active with several 
short-chain acylcamitines, propionylcarni- 
tine is the preferred substrate (19). There- 
fore, the extent to which propionyl-CoA 
and propionylcarnitine could interfere with 
the assay of AC-CoA and Ac-Cn, respec- 
tively, was determined. Table 1 shows that 
both propionylcarnitine and propionyl-CoA 
reacted3 in the assays but their presence in 

3 This reactivity is unlikely to be due to the presence 
of minor impurities because the two preparations of 
propionylcarnitine (see Materials and Methods) gave 
similar results and the radioactivity in the tricarboxyl- 
ate fraction due to the presence of propionylcamitine 
or of propionyl-CoA continued to increase, almost lin- 
early, with the time of incubation of up to at least 
120 min. 
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TABLE 1 

EFFECTOFPROPIONYLCARNITINEANDPROPIONYL-COA 
ON THE ESTIMATION OF Ac-Cn AND 

AC-CoA, RESPECTIVELY 

Propionyl Tricarboxylate 
AC-Cn carnitine AC-CoA Propionyl-CaA formed” 

(pmol) (pmol) (pm4 (PrnOl) (pmol) 

30 29.8 
30 - 0.6 

- 60 - 1.3 
300 - 8.6 

30 30 29.8 
30 60 30.3 
30 300 37.2 
- - 30 - 30.1 

30 0.9 
60 1.6 

- I50 3.9 
30 30 29.9 

- 30 60 30.8 
- 30 150 31.8 

n Calculated from the specific activity of the [‘4Cloxaloacetate 
employed. Whereas the product ofcitrate synthase reaction with AC-CoA 
is citrate. it is methylcitrate with propionyl-CoA (18). 

amounts equimolar to that of the correspond- 
ing acetyl esters did not invalidate the assay 
of Ac-Cn or of AC-CoA. Interference from 
propionyl esters did result but only when 
their amount was several-fold greater over 
that of the corresponding acetyl esters. 
Thus, the present method can be expected 
to give reliable values for Ac-Cn in tissues 
inasmuch as the combined amounts of pro- 
pionylcarnitine and of other short-chain 
acylcarnitines, present in tissues in different 
conditions, constitute only a fraction of the 
amount of Ac-Cn present (20,21). 

During AC-CoA and A&n assays, Hepes 
or Tris-HCl could be substituted for K-Pi 
so long as the final pH remained between 
7.1 and 7.6. However, use of Tris or a like 
buffer that can act as a substrate of carni- 
tine acetyltransferase (22) should be avoided 
when assaying Ac-Cn. Similarly, >I IIIM 

dithiothreitol, mercaptoethanol, or cysteine 
should not be present because carnitine ace- 
tyltransferase can acetylate these com- 
pounds (unpublished). A nonenzymatic ace- 
tyl group transfer can proceed from AC-CoA 
not only to the above thiols but also to imi- 

dazole and sucrose (23) as well, and there- 
fore, presence of a high concentration of 
these compounds should also be avoided. 

A major limitation of the present proce- 
dure is the possible presence of compounds 
in unknown samples that can accelerate the 
spontaneous decarboxyiation of oxaloace- 
tate. Besides some polyvalent cations, cer- 
tain amines and amino acids are known to 
do this (24,25). However, because of the high 
sensitivity, the present methods require 
the presence of only a small amount of tis- 
sue extract and inasmuch as values of Ac- 
CoA in liver and of Ac-Cn in liver and se- 
rum by the present procedure were found 
(see below) comparable to those obtained 
by others (4,20,26-27) it is evident that liver 
and serum extracts do not contain inter- 
fering compounds in high enough concen- 
trations to invalidate the assays. The pos- 
sibility that occasionally this can happen 
must nevertheless be recognized, and, where 
suspected, additional appropriate controls 
should be included to ascertain whether in- 
terfering compounds are present in the sam- 
pies being analyzed. Such controls can 
simply be set up by excluding citrate syn- 
thase when assaying AC-CoA but omission 
of citrate synthase alone would not suffice 
when measuring Ac-Cn, because the prep- 
arations of carnitine acetyltransferase avail- 
able presently show appreciable citrate syn- 
thase activity. 

Analyses in Tissues 
Procedures for the application of the pres- 

ent methods to the analysis in tissue ex- 
tracts were worked out to eliminate inter- 
ferences from endogenous substances. Thus, 
as described under Materials and Methods, 
[ ‘Cloxaloacetate was generated using GOT 
then GOT was inactivated by perchloric acid 
before allowing mixing of the GOT and a-ke- 
toglutarate containing solution of [‘%]oxalo- 
acetate with the tissue extracts. This elimi- 
nated interference due to endogenous as- 
partate of tissue extracts which could 
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otherwise generate oxaloacetate and dilute 
the specific radioactivity of [14C]oxaloacetate 
being used. For inactivation of GOT, per- 
chloric acid could not be substituted by an 
identical concentration of HCI, KOH, or tri- 
chloroacetic acid as the latter compounds 
inactivated the transaminase less completely. 
With perchloric acid-inactivated transami- 
nase, the presence in the Ac-Cn samples 
of even IOO-fold molar excess of unlabeled 
aspartate or glutamate, over the amount of 
[‘Cloxaloacetate, did not interfere with the 
estimation of Ac-Cn. When the samples be- 
ing analyzed for AC-CoA or Ac-Cn contained 
neither endogenous oxaloacetate, aspartate, 
nor glutamate, then the assay procedure was 
simplified by generating [“Cloxaloacetate 
directly in the assay tubes in the presence 
of the samples. In these cases, [14C]oxalo- 
acetate was replaced by a mixture contain- 
ing 30 nmol of a-ketoglutarate, 3 units of 
dialyzed GOT, and the desired amount, 100 
to 300 pmol, of [laC]aspartate (added last to 
start the reactions) and, following incuba- 
tions for citrate formation, glutamate alone 
was added instead of glutamate plus GOT 
mixture. 

During Ac-Cn assay, AC-CoA oftissue ex- 
tracts, if not removed, would interfere by 
contributing to citrate formation. To elimi- 
nate this interference, AC-CoA is removed 
by adding an anion-exchange resin to the 
neutralized perchloric acid extracts of tis- 
sues before taking samples for Ac-Cn estima- 
tion: recovery experiments confirmed (a) 
that under the conditions described under 
Materials and Methods, the resin retained 
AC-CoA completely (~98%) while Ac-Cn 
was fully (~99%) excluded, and (b) that the 
presence of up to IO-fold molar excess, the 
highest tested, of AC-CoA, over the amount 
of Ac-Cn (60 pmol per tube) present, did 
not noticeably contribute to citrate forma- 
tion under the conditions described for Ac- 
Cn analysis in tissue extracts. Since most 
tissue extracts contain more Ac-Cn than Ac- 
CoA, the conditions described presently 

should be adequate to estimate Ac-Cn with- 
out interference from AC-CoA. 

Besides AC-CoA, the ion-exchange step 
removes also interfering oxaloacetate and 
citrate from the tissue extracts. Endogenous 
oxaloacetate interferes by diluting the [‘?C]- 
oxaloacetate employed and the presence of 
nanomoles of citrate interferes by promot- 
ing a CoA-dependent citrate synthase cat- 
alyzed isotopic exchange4 between [“Cl- 
oxaloacetate and citrate. For this reason, 
citrate synthase preparations containing 
citrate as a preservative, such as those of 
Sigma Chemical Company, must not be used 
without prior dialysis for 6 instead of 2 h. 
Citrate causes more interference in acetyl- 
camitine assay which requires CoA addition 
than in the assay of acetyl-CoA. During 
AC-CoA estimations, this interference *was 
further eliminated by the inclusion of NEM; 
2 mM NEM neither interfered with the action 
of citrate synthase nor with that of GOT. Re- 
covery experiments showed that in the pres- 
ence of NEM reliable values for AC-CoA 
(50 pmol per assay tube) were obtained in 
the presence of up to 400-fold molar excess 
of CoA over that of AC-CoA present and 
lOOO-fold molar excess of citrate, and even 
when both these were present together; de- 
tectable interference did result, however, 
when the concentration of citrate present 
was 21 mM. 

When analyzing tissue extracts for AC-CoA, 
we remove interfering oxaloacetate by se- 
lectively decomposing the latter by incubat- 
ing tissue extracts in the presence of 40 PM 
CuSO, at pH near 5 (cf. (24)). Selection of 
these conditions was based on the results 
of experiments (not shown) in which the ef- 
fects of pH, CuSO, concentration, time, and 
temperature were examined to seek optimal 
conditions for the complete elimination of 
oxaloacetate with minimal loss of AC-CoA. 
The conditions selected, as described under 

4 Under appropriate conditions this “exchange” per- 
mits assay of picomoles of CoA and femtomoles of 
citrate (unpublished data). 
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TABLE 2 

COMPARISON OF THE PRESENT ISOTOPIC PROCEDURE 
WITH THAT OF THE SPECTROPHOTOMETRIC METHOD 

FOR THE ESTIMATION OF AC-Cn IN RAT LIVER” 

Ac-Cn content found using 

Spectrophoto- Radioisotopic 
Liver from metric assay assay 

rat (nmol/g wet liver) (nmoYg wet liver) 

1 144 132 
2 95 86 
3 114 105 
4 106 95 
5 110 116 
6 92 108 

Mean + SE 111 k 7.4 107 k 6.6 

0 Ac-Cn was estimated by the present procedure and 
by the spectrophotometric method (7,9). For the latter, 
the reaction system in 250 ~1 and at pH 7.4 contained 
50mrv1 Hepes-KOH, 10 mM r-malate, 1.25 mM EDTA, 
0.5 mM NAD, 0.15 mM NADH,, 1 mM KCN, 0. I5 mM 
CoA, 1 mM dithiothreitol, 2 units of malate dehydro- 
genase, 0.5 unit of citrate synthase, and 0.5 unit of 
camitine acetyltransferase. 

Materials and Methods, are such that small 
variations do not invalidate the assays. Re- 
covery experiments with 200 pmol AC-CoA 
and 2000 pmol oxaloacetate showed that un- 
der the conditions chosen, the loss of oxalo- 
acetate was 99.6 t 0.3% whereas the loss 
of AC-CoA was 0.6 2 0.2% only. Ac-Cn, 
like AC-CoA, completely survived the pH 5 
CuS04 incubation step. As most tissues con- 
tain about as much or less oxaloacetate than 
AC-CoA, the presently described procedure 
should suffice to eliminate oxaloacetate in- 
terference during AC-CoA assays in tissue 
extracts in general. 

The AC-CoA content, estimated as de- 
scribed under Materials and Methods, was 
found to be 16.2 * 3.64 (n = 6) nmol/g 
fresh rat liver in fair agreement with the 
reported values of 15 to 20 (4,28) for livers 
from normal fed rats. The Ac-Cn content 
found by the present method was 107 c 6.6 
nmoYg wet liver (Table 1) which is well within 
the reported values of 84 (27) and 126 (29). 

To ascertain the validity of the present 
procedure, we assayed Ac-Cn in the same 
liver extracts by the present isotopic method 
and simultaneously also by the standard 
spectrophotometric procedure (29) and found 
that the two assays gave similar values (Table 
2) showing that the present assay proce- 
dure is as reliable as the spectrophotometric 
method currently in use. 

The Ac-Cn concentration in serum of nor- 
mal male rats, according to the present pro- 
cedure, was found to be 16.9 t 0.74 PM, 
which is comparable to the value of 15 ? 2 
PM obtained for esterified carnitine found 
earlier (30). These observations suggest that 
Ac-Cn is the predominant carnitine ester in 
the serum of normal rats. Because of the high 
sensitivity, the present procedure enables 
Ac-Cn estimation even when the amount of 
extract available for assay corresponds to 
only 1 mg wet wt of liver and 2 ~1 of 
serum. 

Separation of [ ‘“Clcitrate from [ llC]oxalo- 
acetate generated from [‘Vlaspartate formed 
the basis of AC-CoA assay also in the pro- 
cedure of Prinz et al. (31). However, after 
[llC]citrate formation this method (28,3 1) 
required decomposition of leftover oxalo- 
acetate by heating, paper electrophoretic 
separation of citrate, and then localization 
of the citrate spot before measurement of the 
radioactivity. In comparison, the presently 
described separation procedure is both sim- 
pler and faster. Moreover, in the procedure 
of Prinz et al. endogenous oxaloacetate and 
aspartate were not eliminated to avoid pos- 
sible interference. In the present method we 
have described procedures that completely 
eliminate possible interference not only from 
endogenous oxaloacetate and aspartate but 
also from citrate, CoA, and glutamate. 

Besides carnitine acetyltransferase, Ac- 
CoA is a substrate of many enzymes, and 
coupling of such enzymes with the present 
AC-CoA estimation method should allow 
sensitive assay of those enzymes and pro- 
vide a method for the microdetermination 
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of the substrates of the coupling enzymes. 
Similarly, by coupling to malate dehydro- 
genase the present method should serve to 
measure picomoles of NADH and this in 
turn should allow estimation of those me- 
tabolites which can be linked to a NADH 
producing reaction. 
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