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[ 1-“C]Acetylcarnitine was prepared from [ l-14C!]- 
acetate and r.-carnitine using acetyl-CoA synthetase 
and carnitine acetyltransferase. The product was puri- 
fied by ion-exchange and thin-layer chromatography. 
Conversion of [ 1-14C]acetate to [ 1-“Clacetylcarnitine 
was better than 90% and overall recovery of the pure 
product was greater that 80%. o Is92 Academic PRESS, IIIC. 

Because it appeared to be much more effective than 
other putative substrates in supporting fatty acid syn- 
thesis in isolated pea chloroplasts, acetylcarnitine was 
recently proposed to be the prime substrate for fatty 
acid synthesis in plants (1,2). A source of acetyl-labeled 
acetylcarnitine was therefore required to enable the 
claim to be tested independently in chloroplast prepara- 
tions from pea and other species. An enzymatic synthe- 
sis described by Emaus and Bieber (3), involving an ex- 
change of labeled acetate with cold acetylcarnitine, was 
rather inefficient in our hands, and an alternative ap- 
proach was required for the production of labeled ace- 
tylcarnitine with known specific radioactivity. Here we 
describe a simple method for the net, enzymatic synthe- 
sis of [I-14C]acetylcarnitine from [l-14C]acetate and L- 
carnitine and for recovering the pure compound in high 
yield. The reactions utilized are catalyzed by acetyl-CoA 
synthetase and carnitine acetyltransferase, both of 
which are available commercially: 

[I-14C]acetate + CoA + ATP z 

[l-‘4C]acetyl-CoA + AMP + PP, 

[l-‘4C]acetyl-CoA + L-carnitine - 

[l-‘4C]acetylcarnitine + CoA 

MATERIALS AND METHODS 

[l-‘4C]Acetate (58 Ci/mol) was obtained from Amer- 
sham. CoA, acetyl-CoA, ATP(K,), L-carnitine (inner 
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salt), acetyl-CoA synthetase (5 units/mg), carnitine 
acetyltransferase (75 units/mg), and Sigmacell (Type 
20) were from Sigma. Quaternary amine cartridges were 
from Baker, and precoated thin layers of MN 300 cellu- 
lose were from Alltech. The anion-exchange resin, AG 
l-X4 (200-400 mesh), and disposable Poly-Prep col- 
umns were from Bio-Rad. Acetyl-L-carnitine for a chro- 
matographic standard was synthesized as in (4) and was 
also obtained from Serva. 

The enzymes, about 1.5 units of carnitine acetyl- 
transferase plus 0.5 units of acetyl-CoA synthetase, 
were diluted to 100 ~1 with 10 mM K-phosphate, pH 7.5, 
2 mM dithiothreitol, 1 mM EDTA, 1 mM MgCl,, and 
desalted on a l-ml column of Sephadex G-25 (medium), 
in a l-ml disposable syringe barrel, equilibrated in the 
same buffer. The enzymes were recovered in the 200 ~1 
immediately following passage of the column void vol- 
ume (400 ~1). 

To synthesize 45-48 PC1 of [l-‘4C]acetylcarnitine, 50 
pmol of K-phosphate, pH 7.5, 10 pmol ATP, 10 pmol 
MgCl,, 10 pmol L-carnitine, 0.25 pmol CoA, and 5 pmol 
[l-‘4C]acetate (50 PCi) were combined in 800 ~1 final 
volume and divided equally between two microfuge 
tubes. Reactions were started by adding 100 ~1 of the 
desalted enzymes to each tube. After 6-12 h at 25”C, 
reactions were stopped by heating to 100°C for 3 min. 
Precipitated proteins were removed by centrifugation, 
and the supernatants were transferred to 3-ml car- 
tridges containing 500 mg of quaternary amine resin. 
The cartridges were previously conditioned by passage 
of 2 ml of methanol and then washed with 10 ml of 
deionized water. A slight positive pressure maintained 
the flow rate at around 0.5-0.6 ml/min. The 0.5-ml sam- 
ple was loaded followed by 0.5 ml of water washings 
from the reaction tube and 2 X 1 ml of deionized water; 
l-ml fractions were collected. The void volume of the 
cartridges is <l ml and the radioactivity representing 
[I-14C]acetylcarnitine was concentrated in the first 2 ml 
of eluate. Radiolabel eluting immediately after the void 
volume represented acetylcarnitine, and fractions (2-3 
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ml) containing radiolabel were combined, lyophilized, 
and finally redissolved in 90 ~1 of water. Columns of AG 
1 X4 (2 ml in Poly-Prep tubes) were also used to remove 
anions from the reactions. Alternatively, the deprotein- 
ized reactions were freeze dried directly and dry resi- 
dues were redissolved in 90 ~1 of water. 

[l-14C]Acetylcarnitine was separated from the L-car- 
nitine and cations in column eluates or from the depro- 
teinized reactions by thin-layer chromatography. Pre- 
coated, 0.25mm layers of MN 300 cellulose on 20 X 
20-cm glass backing, or 0.25mm layers of Sigmacell, 
spread in the laboratory, were first developed with 
water then dried in a stream of warm air. The equivalent 
of one reaction (about 24 &i of [l-‘4C]acetylcarnitine) 
was applied to the origin of a 20 X 20-cm layer as 5~1 
spots at l-cm intervals, and chromatograms were devel- 
oped to 15-16 cm beyond the origin with chloroform/ 
methanol/water (12/6/l, by volume). Radioactive 
bands (one per chromatogram; R, 0.4) were localized by 
autoradiography (I-2 h) and the appropriate areas of 
cellulose packed into an empty Poly-Prep column. 
Water (1.5 ml) was forced into the packed cellulose 
under slight positive pressure so that 0.5-0.6 ml of 
eluate was collected. At least 90% of the label originally 
applied to the chromatograms was recovered. Concen- 
trations of [ I-‘4C]acetylcarnitine were calculated from 
the radiocarbon content of the preparations. 

RESULTS AND DISCUSSION 

This adaptation of a previous method (3) for the pre- 
parative, enzymatic synthesis of [1-‘4C]acetylcarnitine 
was made possible by the high capacity and resolution of 
cellulose thin-layer chromatography. Since acetylcarni- 
tine could easily and quickly be separated from carni- 
tine, a relatively high concentration of carnitine could 
be included in the reaction. Coupled with the low con- 
centration of CoA, this ensured that the reaction went 
to virtual completion; yields of >90% (based on [ l-‘“Cl- 
acetate conversion) were routine. The thin-layer chro- 
matography was rapid, and recovery of the purified 
product from the cellulose was uncomplicated yet quan- 
titative. A much simplified (compared with Ref. 3) sepa- 
ration of [1-14C]acetylcarnitine from cations was an 
added bonus. 

The acetate used routinely to assay fatty acid synthe- 
sis in highly active chloroplasts has a specific radioactiv- 
ity of 8 Ci/mol(5) and the [ 1 -‘“C]acetate used to prepare 
[ l-‘4C]acetylcarnitine in these incubations was, there- 
fore, adjusted to 10 Ci/mol. However, the specific radio- 
activity of the acetate used for the synthesis may be as 
high as 60 Ci/mol. To ensure the accuracy of these spe- 
cific radioactivities, it is important to exclude from the 
reactions unaccounted acetate from other sources, such 
as the enzyme suspensions. Also, since glycerol may in- 
hibit acetyl-CoA synthetase activity and ammonium 
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HOURS OF INCUBATION 

FIG. 1. Rate of [1-‘%]acetylcarnitine synthesis from [l-i%]- 
acetate, CoA, ATP, and L-carnitine in the presence of acetyl-CoA 
synthetase and carnitine acetyltransferase. Aliquots (2 ~1) of reaction 
mixtures were spotted directly onto cellulose thin layers at the times 
indicated and dried and the acetylcarnitine separated by developing 
chromatograms with C/M/W (12/6/l, by volume). Radioactive spots 
were detected by autoradiography and quantified by scintillation 
counting. 

sulfate interferes with carnitine acetyltransferase activ- 
ity (6), it seemed advisable to remove them from the 
enzyme preparations as well. Separation of the enzymes 
from low-molecular-weight materials was quickly and 
conveniently achieved using a small column of Sepha- 
dex G-25. 

The time course of acetate conversion to acetylcarni- 
tine was followed after initiating reactions by transfer- 
ring 2-~1 aliquots at intervals onto thin layers of Sigma- 
cell. Chromatograms were developed with C/M/W’ as 
above and separated reactants were located by autoradi- 
ography. By far the major radioactive spot at all times 
corresponded to acetylcarnitine; labeled acetyl-CoA, 
which bound at the origin, was scarcely detectable at 
any time, and [1-14C]acetate apparently volatilized from 
the chromatograms. During incubation at 25°C about 
70 and 90% of the (l-‘4C]acetate was converted to [l- 
“C]acetylcarnitine by 2 and 6 h, respectively (Fig. 1). 

Removal of anions (acetate, acetyl-CoA, phosphate, 
ATP, AMP, etc.) from terminated reactions prior to 
thin-layer chromatography was conveniently accom- 
plished using prepacked cartridges of quaternary 
amine, ion-exchange resin. Although not strictly neces- 
sary, this step is recommended since recovery of acetyl- 
carnitine was >95%, and an assessment of the conver- 
sion of acetate to acetylcarnitine can be made prior to 
lyophilization and thin-layer chromatography. The to- 

’ Abbreviation used: C/M/W, chloroform/methanol/water. 
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FIG. 2. Thin-layer separation of carnitine and acetylcarnitine (A) 
and distribution of radiolabel on chromatograms (B) of reaction mix- 
ture aliquots (as in Fig. 1). Two microliters from 9-h reactions were 
mixed with 30 nmol acetylcarnitine and 60 nmol carnitine and applied 
to the cellulose as a 5-~1 spot. Chromatograms were developed with 
C/M/W and dried and iodine-staining compounds marked. The chro- 
matogram was then divided into l-cm sections which were individu- 
ally removed for scintillation counting. I, L-carnitine; II, acetylcarni- 
tine. 

tal column eluate (above) was freeze dried and the dry 
residue redissolved in 90 ~1 of water for transfer to cel- 
lulose. However, it was not necessary to remove anions 
prior to TLC. The Sigmacell thin layers proved to have 
sufficient capacity to cope with the salts in the concen- 
trated, deproteinized reaction mixtures, and acetylcar- 
nitine was well separated from acetyl-CoA and acetate 
(above). 

Apart from cations, the ion-exchange eluate con- 
tained approximately equal amounts of carnitine and 
[l-‘4C]acetylcarnitine, and the greatest difference in 
chromatographic mobility between the two in this study 
(cf. Refs. 3 and 7) was achieved using thin layers of mi- 
crocrystalline cellulose developed with the C/M/W sol- 
vent (Fig. 2). There was no advantage in substituting 0.1 
M HCl for the water in the developing solvent, and sub- 
stituting ammonia for water resulted in variable hydro- 
lysis of the acetylcarnitine. Concentrated solutions were 
transferred to the cellulose thin layers with some care to 
avoid significant loss of product, although small (~10%) 
losses at this stage seem unavoidable. Chromatograms 
developed very quickly, the Sigmacell layers within 60 
min and the MN 300 layers within 90 min at room tem- 
perature. Concentrations of both carnitine and acetyl- 
carnitine in the solutions for chromatography were 

125-150 nmol/5-pl spot and the radioactivity migrated 
with an R, of 0.36-0.45, depending upon the thickness of 
the layer. Salts present in the untreated, concentrated 
reactions, e.g., 0.28 M K-PO,, bound tightly to the cellu- 
lose and did not interfere with the chromatographic mo- 
bility of [l-‘4C]acetylcarnitine and carnitine. After re- 
moval of the radioactive band, carnitine was detected 
(R, 0.16-0.22) by exposing chromatograms to iodine va- 
por. The limits of detection in this system were 30-50 
nmol of acetylcarnitine and 60-100 nmol carnitine, and 
prolonged exposure to iodine vapor was required. At 
concentrations of 0.5-l pmol/5-p1 spot, detection was 
more rapid but the compounds migrated with greater 
mobility. 

Specific radioactivities of the [ l-‘4C]acetylcarnitine 
preparations were confirmed by enzymatic acetyl ex- 
change with acetyl-CoA. The reaction mixture (250 ~1) 
contained 50 mM K-phosphate, pH 7.5, 0.2 mM acetyl- 
CoA, 0.5 PCi [l-‘4C]acetylcarnitine, and 0.075-0.1 unit 
of carnitine acetyltransferase (1 ~1 of ammonium sul- 
fate suspension). The acetyl-CoA was >95% pure, and 
its concentration in solution was checked by absorbance 
at 254 nm. Formation of [1-14C]acetyl-CoA was followed 
using a filter paper disk assay (P. G. Roughan and J. B. 
Ohlrogge, manuscript in preparation), and equilibration 
was reached within 6-8 h at 25°C. At equilibrium, the 
radioactivity was distributed equally between acetyl- 
CoA and acetylcarnitine when the specific radioactivity 
of the original acetylcarnitine was 10 Ci/mol. Devia- 
tions from this equality may be used to calculate the 
true specific radioactivity of the acetylcarnitine. 
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