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SHORT COMMUNICATIONS 

Inhibition of aminopropyltransferases by S-S-isobutylJ’-deoxyadenosine in vitro 

(Received 7 October 1981; accepted 13 November 1981) 

The polyamines spermidine and spermine appear to play 
an essential role in cellular metabolism and regulation [l]. 
The development of specific inhibitors of polyamine bio- 
synthesis has received considerable attention during the 
past decade. These inhibitors were developed as tools for 
the study of the function of the polyamines. Four enzymes 
are known to be involved in the synthesis of polyamines 
in mammalian tissues, i.e. ornithine decarboxylase, S- 
adenosylmethionine decarboxylase and two aminopropyl- 
transferases, one catalyzing the synthesis of spermidine, 
the other producing spermine [2-S]. Many inhibitors of the 
first two enzymes, ornithine decarboxylase and S-adeno- 
sylmethionine decarboxylase, have been developed. How- 
ever, only a few studies have been carried out on inhibitors 
of spermidine and spermine synthases [6-121. Potent inhibi- 
tors of these synthases may have some advantages over the 
currently available inhibitors of the decarboxylases. The 
compound described here, S-S-isobutyl-5’-deoxyadeno- 
sine is known to have antimalarial [13] and antiviral activi- 
ties 114,151. 

5%Isobutyl-S-deoxyadenosine was purchased from 
Siema Chemical Co. (St. Louis. MO). S-Adenosvl-L- 
[methyl-‘4C]methionine ‘(sp. act. 53.6 mCi/mmole) was a 
product of New England Nuclear Corp. (Boston, MA) 
Decarboxylated S-adenosylmethionine, both unlabeled and 
labeled in the methyl group was prepared by the action of 
S-adenosylmethionine decarboxylase from Escherichia coli 
and purified by chromatography on Dowex-50-H+ and high 
voltage electrophoresis [16]. Spermidine and spermine syn- 
thases (aminopropyltransferases) were partially purified 
from rat ventral prostate of male Sprague-Dawley rats 
(250-3oOg) as in [lo]. Extracts containing both enzyme 
activities were fractionated into spermidine synthase and 
spermine synthase preparations by the treatment with 
ammonium sulfate followed bv DEAE-cellulose and Ultro- 
gel ACA 34 column chromatography. The enzyme prep- 
arations used here were 260-fold (spermidine synthase) and 
160-fold (spermine synthase) of purification over the spe- 
cific activity present in the crude ultracentrifugal extracts. 
The aminopropyltransferase activity was determined by 
measuring the production of [methyl-14C]methyl- 
thioadenosine from decarboxylated S-adenosyl[methyl- 
Wlmethionine in the presence of putrescine (spermidine 
synthase) or of spermidine (spermine synthase) as in [5]. 
The assay medium contained 100mM sodium phosphate 
buffer (pH 7.5), 5 mM dithiothreitol, 40 PM decarboxylated 
S-adenosyl-[methyl-‘4C]methionine (2 yCi/pmole), 0.5 mM 
putrescine or spermidine and the enzyme preparation in 
b.2 ml of total volume. Assays were triplicately incubated 
at 37” for 30 min. The methvlthioadenosine was oroduced 
in stoichiometric amounts with putrescine and spermidine. 
An adequate amount of 5’-S-isobutyl-5’-deoxyadenosine 
dissolved in distilled water was added to the assay mixture. 

Figure 1 shows the dose-response curve for 5’-S- 
isobutyl-5’-deoxyadenosine on the inhibition of spermidine 
synthase and spermine synthase activities. Spermine syn- 
thase was slightly more sensitive to the inhibitor than sper- 
midine synthase. The effect of the concentration of putres- 
tine on-the inhibition of spermidine synthase by 5’-S- 
isobutyl-5’-deoxyadenosine is shown in Fig. 2. This inhi- 
bition was noncompetitive and the calculated Kiof 5’-S- 
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Fig. 1. Inhibition of spermidine synthase and spermine 
synthase by 5’-S-isobutyl-5’-deoxyadenosine. The results 
are expressed as percentages of the control activity meas- 
ured in the absence of 5’-S-isobutyl-5’-deoxyadenosine. 
Putrescine and spermidine were 0.5 mM. Each point rep- 

resents mean f S.D. of triplicate determinations. 

isobutyl-5’-deoxyadenosine was 38 @f; K,,, for putrescine 
was 22pM. Figure 3 shows the effect of spermidine con- 
centration on the inhibition of spermine synthase by 5’- 
S-isobutyl-5’-deoxyadenosine. This drug showed a mixed 
type of inhibition for spermine synthase. Dialysis of 5’-S- 
isobutyl-5’-deoxyadenosine-treated enzymes restored the 
activity to that found in preparations treated similarly 
except for exposure to the inhibitor, suggesting that the 
inhibition is a reversible process. Since 5’-S-isobutyl-5’- 
deoxyadenosine was proved to be a strong inhibitor of 
aminopropyltransferases, its antimalarial and antiviral 
effect might depend on this activity. 
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Fig. 2. Inhibition of spermidine synthase by 5’-S- 
isobutyl-5’-deoxyadenosine with putrescine as the variable 
substrate. Spermidine synthase activity was assayed in the 
absence (0) or nresence of 25 uM (0) or 50 r&l (A) 5’- 
S-isobutyl&‘-dedxyadenosine, 40 &I ‘decarbbxylated S- 
adenosylmethionine and 0.0125-0.5 mM putrescine and 

83 pg enzyme protein. 
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Fig. 3. In~bition of spermine synthase by S-S-isobutyl- 
S-deoxyadenosine with spermidine as the variable sub- 
strate. Spermine synthase activity was assayed in the 
absence (0) or presence of 25 PM (0) or 50 PM (A) 5’- 
S-isobutyl-5’-deoxyadenosine, 40 PM decarboxylated S- 
adenosylmethionine and 0.0125-0.5 mM spermidine and 

97 gg enzyme protein. 
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Effect of chronic clofibrate feeding on the activities of enzymes involved in 
glycerolipid synthesis and in peroxisomal metabolism in rat liver 

(Received 14 September 1981; accepted 11 November 1981) 

Dihvdroxvacetone phosphate is an alternative precursor to 
glycerol phosphate-for the biosynthesis of glycerolipids in 
mammalian cells 11-31; although the ohvsioloaical imoort- 
ante of these two’rouies of m~taboli~m.is not-established. 
The initial esterification of fatty acids to phosphatidate 
could involve three different acyltransferases: (a) a glycerol 
phosphate acyltransferase (EC 2.3.1.15) located in the 
endoplasmic reticulum which can also use dihydroxyace- 
tone phosphate as an acyl acceptor [4,5]; (b) a specific 
glycerol phosphate acyltransferase located in the mito- 
chondrial outer membrane 16-91; and (c) a specific dihy- 
droxyacetone phosphate acyltransferase that is found in 
peroxisomes [ 10-121. 

The latter activity has only recently been described and 
its possible importance in producing diacylglycerolipids is 
unknown. 

The present work was performed to investigate how the 
peroxisomal acyltransferase changes in activity in relation 
to other enzymes of phosphatidate metabolism when the 
peroxisomal content of the liver is modified. This was 
achieved by feeding rats with a metabolite of the hypo- 

lipidaemic drug, clofibrate, which is known to produce 
peroxisomal proliferation in the liver. 

Sodium-4-chlorophenoxyisobutyrate was a gift from 
Imperial Chemical Industries Ltd. (Macclesfield, U.K.), 
the source of other materials, the rats, and the conditions 
of enzymic analysis in liver homogenates is described else- 
where [13]. For some incubations the liver homogenate 
was preincubated with N-ethylmaleimide [13] to inhibit the 
glycerol uhosphate acvltransferase of the endoplasmic 
re%culum* thai can also esterify dihydroxyacetone phos- 
phate [4,5]. The ~-ethylm~eimide-insensitive glycerol 
phosphate acyltransferase is mit~hondrial ]11,14-161, 
whereas the insensitive dihydroxyacetone phosphate acyi- 
transferase is mainly peroxisomal [lO-121. This latter 
activity was measured by using a concentration of 400 PM 
palmitoyl-CoA rather than 523pM which was used pre- 
viously f13]. 

The standard 41B diet [13] was crushed and a soiution 
of sodium chlorophenoxyisobutyrate was mixed with the 
powder to form a stiff paste with a final concentrate of 5 g 
of drug per kg of dry diet. The mixture was reconstituted 


