1196

Experientia 38 (1982), Birkhiuser Verlag, CH-4010 Basel/Switzerland

Apparent equilibrium constant of the hypoxanthine guanine phosphoribosyltransferase-catalyzed IMP - GMP

exchange
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Institute of Biological Chemistry and Institute of Rheumatology, University of Rome, I-00100 Rome (Italy), and Center of
Molecular Biology of C.N.R., I-00100 Rome (Italy), 22 March 1982

Summary. Human hypoxanthine-guanine phosphoribosyltransferase catalyzes the reaction between IMP and guanine to
form hypoxanthine and GMP in the presence of Mg?* ions and pyrophosphate. The apparent equilibrium constant for this

reaction has been determined.

Inosine 5-monophosphate (IMP) is an intermediate in the
formation of adenosine 5-monophosphate (AMP) and
guanosine 5-monophosphate (GMP), the purine nucleotide
components of nucleic acid'™, The synthesis of GMP from
IMP involves a two-step reaction sequence. There is first an
irreversible oxidation of IMP to xanthosine 5-monophos-
phate (XMP) with nicotinamide adenine dinucleotide
(NAD) as hydrogen acceptor. This reaction is inhibited by
GMP. The 2nd reaction involves amination of XMP at the
2 position and requires ATP as an energy source. This 2nd
reaction, too, seems to be irreversible. GMP may be
converted to IMP through the irreversible reaction cata-
lyzed by GMP reductase wich requires NADPH as hydro-
gen donor and is strongly inhibited by XMP. Recent
studies® suggest that hypoxanthine-guanine phosphoribo-
syltransferase (HGPRT), an enzyme of the purine salvage
pathway, might also have a role in the conversion of IMP to
GMP. In the present paper, the apparent equilibrium
constant of the HGPRT-catalyzed IMP-GMP exchange is
determined.

Materials. HGPRT was purified from human erythrocytes
to apparent electrophoretic homogeneity as previously de-
scribed’. IMP, GMP, hypoxanthine, and guanine were
purchased from Boehringer AG (FRG). The commercial
samples of hypoxanthine and guanine were at least 99%
pure when assayed by the enzymatic spectrophotometric
methods of Kalckar”. IMP and GMP were purified by QAR
Sephadex A-25 (Pharmacia) column chromatography (bed
dimension 1.5x 18 cm). The eluant was 0.1 M Tris-HCI
buffer, pH 8.3, with a linear gradient to 0.2 M NaCl. After
purification, the nucleotides were at least 99% pure when
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Procedure for establishing the ([IMP] [guanine})/({GMP] [hypo-
xanthine]) ratio at equilibrium. Several initial ratios are set up and
the initial rate (v) of GMP change is measured. v is plotted against
the initial ratio. When v=0, the ratio equals Keq)’. Incubation
mixtures contained 0.1 M Tris-HC1, pH 7.4, 107> M MgCl,,
103 M pyrophosphate, 0.1 ml of a standard hypoxanthine guanine
phosphoribosyltransferase preparation, 1.9x 10~> M guanine,
2.95x 10~5 M hypoxanthine, 3.83x 10~5 M GMP, and IMP (from
1.2x 10=5 M to 5.38x10~3 M) in a final volume of 1 ml. The
incubation temperature was 371 0.1°C.

assayed by enzymatic spectrophotometric methods®®. All
other reagents were high purity commercial samples from
Merck AG and Bochringer AG (FRG).

Methods. The apparent equilibrium constant was deter-
mined in Tris-HCI buffer using the method described by
Segel'. Solutions containing known aliquots of IMP,
GMP, hypoxanthine, guanine, Tris-HCl, MgCl,, and pyro-
phosphate were incubated at different temperatures.
HGPRT was added last to initiate the reaction. The initial
rate of GMP formation or consumption was plotted against
the initial ratio ([IMP] [guanine])/([GMP] [hypoxan-
thine]). The apparent equilibrium constant was given by
the value of the intercept of the curve obtained as described
above with the abscissa.

The variation of GMP concentration was followed spectro-
photometrically at 257.5 nm as previously described®. The
coefficient of variation for the assay was 6% when 15 mea-
surements were performed at 37°C and pH 7.4 under the
same experimental conditions within 2 h. A Perkin-Elmer
2-wavelength spectrophotometer model 356 was employed.
The noise was less than 0.0008 absorbance units and the
total system drift was less than 0.001 absorbance units
per h.

Results and discussion. The plot of the initial rate of GMP
formation or consumption against the initial ratio ([IMP]
[guanine])/([GMP] [hypoxanthine]) is shown in the figure.
The value of the apparent equilibrium constant of the
reaction

IMP+ guanine HOPRL.PRLMeY  GMP.hypoxanthine cal-

culated as described under methods was 0.35<Keq<0.45.
The apparent equilibrium constant was not appreciably
affected by temperature (from 30°C to 70°C), pH value
(from 6.1 to 7.65), [Tris] (from 1072 M to 107" M),
[pyrophosphate] (from 107* M to 107% M), [MgCl,] (from
1072 M to 107% M), and enzyme concentration (from 0.01
to 0.1 ml of a standard HGPRT preparation in a final
volume of 1 ml).

The stoichiometry and steady state kinetics of HGPRT-
catalyzed IMP-GMP exchange have been recently studied”.
1 mole of hypoxanthine and GMP are formed for each
mole of IMP and guanine consumed. 5-phosphoribosyl-1-
pyrophosphate (PRPP) is a substrate of HGPRT, utilized in
the salvage pathway to synthesise IMP and GMP from
hypoxanthine and guanine respectively. However, during
the HGPRT-catalyzed IMP-GMP exchange, no appreci-
able amount of PRPP is released in the incubation mix-
ture!! and the binary complex enzyme-PRPP does not
appear to be formed®>. GMP, IMP, and pyrophosphate bind
to the free enzyme form while guanine and hypoxanthine
bind to a different form that is made only in the presence of
pyrophosphate and one of the nucleotides. A Theorell-
Chance mechanism for guanine binding and hypoxanthine
release has been postulated®. As a result, pyrophosphate is
neither formed nor consumed during the IMP-GMP ex-
change. This explains why pyrophosphate concentration
does not affect the apparent equilibrium constant. Magne-
silum is necessary for the reaction to occur since the
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monomagnesium complexes of nucleotides and of pyro-
phosphate are the true substrates for the enzyme'2. Mg-ion
concentration and the pH-value does not affect the ap-
parent equilibrium constant since the acid dissociation and
Mg stability constants of IMP have almost the same values
as those of GMP!!, Taking into account that temperature,
pH-value, magnesium, and pyrophosphate concentration
do not appreciably affect the apparent equilibrium constant
of the reaction, this value could be employed to discuss the
role of the HGPRT-catalyzed IMP-GMP exchange within
living cells.

The HGPRT-catalyzed IMP-GMP exchange is the 1st
reaction of the interconversion pathway of these nucleo-
tides so far described®* which does not appear to be
irreversible. Through this reaction, the reversible conver-
sion of IMP to GMP does not depend on the availability of
ATP, NAD, NADPH, and glutamine. Intracellular concen-
trations of IMP and GMP have been determined in dif-
ferent cells and vary both with the type of cell considered
and with the composition of the medium in which cells are
living*'®. The concentrations of the 2 nucleotides appear
to be in most instances of the same order of magnitude.
Hypoxanthine concentration has been determined in many
intra- and extracellular fluids'®2l. The concentration of
guanine appears to be very low'” and almost unassayable?.
Although the HGPRT-catalyzed IMP-GMP exchange is
reversible, the equilibrium favors the formation of hypo-
xanthine and GMP from IMP and guanine. It is possible
that this reaction has an important role in determining and/
or maintaining the cellular concentration of IMP, GMP,
and their respective purine bases.
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Effect of an ecdysteroid on DNA synthesis, DNA polymerase a and thymidine kinase activities of Drosophila

melanogaster cells in vitro
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Summary. 107"M 20-OH-ecdysone treatment of a diploid Drosophila clone results in an inhibition of 60% of the DNA
synthesis from 18 h of treatment on. After 48 h of hormone treatment the thymidine kinase activity is 70% inhibited;
concomitantly a 60-70% lowering of the acid-soluble specific activity is observed. In the meantime the DNA polymerase

a activity is reduced.

Cell proliferation and differentiation in vivo result in a
complex balance between distinct but interrelated controls.
Interactions between cells and diffusible factors such as
hormones or nutrients are one of these controls. Despite
numerous investigations, how and why cells start growing,
or differentiate, are not cleary understood. In this perspec-
tive our purpose was to study the mechanism of action of
an insect steroid hormone, 20-OH-ecdysone, on in vitro
cultures of a clonal Drosophila melanogaster cell line. It has
already been shown that ecdysteroid hormone treatment
causes morphological transformation of Drosophila cell
lines in vitro, and also agglutination!, amplification of
specific protein synthesis®> and enzymatic induction™®. The
inhibition of cell proliferation of 20—0H-ecd;/sone treated
Drosophila cell lines has been observed earlier”.

To obtain further insight into the mechanism of inhibition
of cell growth and cell proliferation by 20-OH-ecdysone we
have studied the effect of this hormone on DNA synthesis
and enzymes involved in DNA replication, such as DNA
polymerase a and thymidine kinase, of a Drosophila mela-
nogaster diploid cell clone.

Material and methods. The diploid (XX haplo IV) 5284
clone derived from the Kc cell line® of Drosophila melano-
gaster was grown in D22 medium supplemented with 10%
fetal calf serum, at 23 °C. The cells were incubated for various
times with 20-hydroxyecdysone (Rhoto, Osaka, Japan)added
2 h after plating. Tritiated thymidine [*H) TdR] (23 Ci/
mM) from the Radiochemical Centre (Amersham, England)
was added to control and treated cells at a final concentration
of 0.5 uCi/ml 1 h before the end of the incubation.



