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Effects of alanosine and hadacidin on enzymes using aspartic acid 
as a metabolite* 

(Received 2 October 1976; accepted 3 December 1976) 

Alanosine is an extracellular product of Streptomyces 
alanosinicus which has been shown to have antibiotic, anti- 
tumor and immunosuppressive activity [l-3]. The struc- 
ture of the natural product is L-( -)-2-amino-3-(hydroxy- 
nitros~ino) propionic acid [4]. Studies of its mode of 
action suggest that it can inhibit both AMP and pyrimi- 
dine biosynthesis in microbes [5], and it was suggested 
that the drug affected both adenylosuccinate synthetase 
and aspartate transcarbamylase. Recently, Graff and Plage- 
mann [6] have reported that in Novikoff hepatoma cells 
the inhibition is specifically for adenylosuccinate synthe- 
tase with no effect on pyrimidine biosynthesis. 

Hadacidin (N-formyl hydroxy~inoa~tic acid) is an 
antibiotic from Fenicilfium jkequentans which also inhibits 
adenylosuccinate synthetase [7], causing a decrease in 
AMP biosynthesis without inhibition of GMP formation. 
The inhibition of adenylosuccinate synthetase is competi- 
tive with the natural substrate aspartate [8]. _ 

Gale and Smith f9] have compared the effect of alano- 
sine and hadacidin on partially‘ purified ~scherjchia coli 
adenylosu~cinate synthetase. Hadacidin was a potent in- 
hibitor competitive with aspartate as previously deter- 
mined, but alanosine did not inhibit the enzyme. The simi- 
larity of the structure of alanosine to aspartate made this 
result somewhat unexpected, particularly in view of the 
more recently discovered specific inhibition in uiuo of 
adenylosuccinate synthetase by alanosine [6]. Gale and 
Smith [9] have suggested that a metabolite of alanosine 
was responsible for the inhibition observed which may be 
what occurs in the studies of Graff and Plagemann [6]. 

*Supported in part by grants CA-14030 from the 
National Cancer Institute and C-582 from the Robert A, 
Welch Foundation. 

To further evaluate the roles of alanosine and hadacidin, 
the inhibition toward E. coli adenylosuceinate synthetase, 
aspartase, asparaginase and aspartate transcarbamylase 
was studied. These enzymes all have aspartate as a sub- 
strate or product allowing conclusions to be drawn about 
the specificity of aspartate binding sites in the different 
proteins. Also, the ability of a mammalian adenylosuc- 
cinate synthetase to utilize alanosine as a substrate was 
tested. 

oL-Alanosine and hadacidin were kindly provided by 
Merck, Sharp & Dohme Research Laboratories, Rahway, 
NJ. IMP, ~~b~ylphosphate, aspartic acid, asparagine 
and GTP were sun&d bv Siama. St. Louis. MO. All other 
chemicals were reagent &ad< Frozen E. c&i B cells were 
obtained from Grain Processing, Muscatine, Iowa. 

Adenylosuccinate synthetase and aspartase were purified 
from frozen E. cob B cells as described previously [lo, 111 
and from rat liver [12]. Aspartate transcarbamylase was 
purified from the special strain of E. coli as described by 
Gerhart and Holoubek [13]. Asparaginase purified from 
E. coli was obtained from CalBiochem, La Jolla, CA. 

Adenylosuccinate synthetase activity was determined 
with the spectrophotometric assay reported previously 
[14] or by separation of the reaction products using 
[14C]IMP as a substrate on PEI-cellulose sheets as de- 
scribed by Crabtree and Henderson [l.SJ. Aspartame ac- 
tivity was followed by either the spectrophotometric assay 
[ll] or by me~urement of the ammonia produced with 
Nessler’s reagent [16]. Asparaginase activity was assayed 
also using Nessler’s reagent [16]. Aspartate transcarbamy- 
lase activity was followed by monitoring H+ production 
in a Radiometer pH-stat with pH 8.3 as an endpoint [17]. 

The inhibition of adenylosuccinate synthetase by hadaci- 
din reported by Shigeura and Gord.on [S] was confirmed 
(Xr = 4.2pM for the E. coli enzyme and 6.3pM for the 
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rat liver enzyme), and the lack of inhibition by alanosine 
(up to 50 mM) as shown by Gale and Smith [9] was also 
observed. The ability of alanosine to serve as an alternative 
substrate for aspartate, as suggested by Gale and 
Smith [9], was also tested using the rat liver adenylosuc- 
cinate synthetase. The enzyme was incubated at 30” for 
1 hr with 0.2mM GTP, 1OmM alanosine, 0.01 mM IMP, 
5 mM M&l, in 0.05 M HEPES. DH 7.0. with 200.000 cum 
of [8-‘4e]IGP. The reaction Hixturk was chromio- 
graphed on PEI-cellulose sheets as described by Crabtree 
and Henderson [15] and also on a DEAE cellulose 
column. The column was equilibrated with HzO. The 
reaction mixture (1:lO dilution) was then applied to the 
column and washed initially with H20. A gradient between 
HZ0 and 1.0 M triethylamine-HCO,, pH 8.0, was then run. 
This gradient allows elution of all nucleotide components 
of the reaction mixture. With both chromatographic sys- 
tems no radioactive peaks were observed which would cor- 
respond to an alanosine analogue of adenylosuccinate as 
was suggested by Gale and Smith [9]. With aspartate pres- 
ent, a large amount of the [14C]IMP was converted to 
adenylosuccinate. The possible formation of such an 
adenylosuccinate analogue was observed by Gale and 
Smith [9] by radiochromatographic techniques, but the 
product was not further characterized. The reason for the 
discrepancy in the results is not clearly understood, 
although the natural antibiqtic might have contained con- 
tamination not found in the chemically synthesized com- 
pound, or the DL mixture used here may cause a difference. 

The effect of alanosine and hadacidin on E. coli aspar- 
tase, asparaginase and aspartate transcarbamylase was the 
same. No significant inhibition was observed with any of 
the enzymes. Aspartase was assayed with 5 mM aspartate 
at pH 7.0. This aspartate level is at the K, value [ll] 
for aspartase so inhibition, if any, should be observed. 
Similar conditions were maintained for the other enzymes. 
Hadacidin (10mM) and alanosine (4mM) had no effect 
either in the ammonia assay or, in the case of hadacidin, 
in the spectrophotometric assay. Alanosine has a strong 
ultraviolet absorbance which makes the spectrophoto- 
metric assays unreliable. Asparaginase did not appear to 
be inhibited by 10mM hadacidin or 4mM alanosine at 
0.1 mM asparagine with the assay done at pH 8.6. 

Since Gale and Smith [9] had suggested that alanosine 
inhibited microbial pyrimidine synthesis possibly at the 
aspartate transcarbamylase step, the effect of the inhibitors 
on purified E. co/i aspartate transcarbamylase was particu- 
larly interesting. At either 4 or 16mM aspartate with 
3.6mM carbamyl phosphate, no inhibition was observed 
with either 12.5 mM hadacidin or 4 mM alanosine. These 
results suggest that, if microbial pyrimidine synthesis is 

inhibited by alanosine, it occurs at some other enzyme 
or by a metabolite of alanosine. Isolation of the active 
metabolite if present would allow determination of how 
alanosine effects nucleotide synthesis. 

The specificity of hadacidin for adenylosuccinate synthe- 
tase is quite remarkable. It has no effect on the other three 
enzymes studied at concentrations lOOO-fold higher than 
its K, for the synthetase. This suggests a multiplicity of 
binding sites for aspartate and may allow future synthesis 
of very specific antimetabolites. 
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Conjugation of hydroxyphenylhydantoin and hydroxyphenoharhital in 
rat liver microsomes. Induction by phenobarbital* 

(Received 30 April 1976; accepted 7 January 1977) 

Phenobarbital (PB) and diphenylhydantoin (DPH) are the hydroxylated metabolites with UDPGA has never been 
metabolized through hydroxylation [l, 21 followed by con- examined in detail. 
jugation of 80% and 6&70% of the total drug, respectively, A suitable radiochemical procedure for dete7mining the 
with UDP glucuronic acid (UDPGA). The hydroxylation activity of UDP glucuronyltransferase (UDPGT (E.C. 
has been studied in detail [3,4] but the conjugation of 2.4.1.17) unspecific acceptor) versus these metabolites was 

required and previously developed in our laboratory [5]. 
* This paper was presented as a preliminary communica- We studied the activity of rat liver UDPGT towards 

tion of the 6th International Congress of Pharmacoloav. both metabolites and in addition the effect of phenobarbi- 
Helsinki, July 1975. tal pretreatment of rats was examined. 


