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6-mercaptopurine and thioinosine were compared in the metabolism in L 1210 cells in
order to investigate whether purine nucleoside was directly phosphorylated to purine
nucleoside monophosphate. When homogenates from L 1210 cells were in cubated with
[8-1*C] inosine, the major radioactive product from inosine was hypoxanthine. Inhibi-
tion of. inosine phosphorylase of homogenates from L 1210 cells by 6-mercaptopurine and
thioinosine was observed. When a cell-free extract of L1210 cells was incubated with
[8-1*C] inosine or [*H] thioinosine in an ATP regenerating system, the formation of
inosinic acid or thioinosinic acid was observed. The reaction showed dependence upon an
ATP regenerating system. The experiment in which [8-1*C] 6-mercaptopurine and ribose
-5-phosphate were added to the reaction mixture and no thioinosinic acid was found ruled
out the conversion of thioinosine to thioinosinic acid via 6-mercaptopurine.

These results indicate that inosine kinase might exist in L 1210 cells, but on a level
too low to be detected in the presence of ATP regenerating system. Purine nucleoside

might be directly phosphorylated to its nucleoside monophoshpate in L 1210 cells.

-6-mercaptopurine (6-MP) and thioinosine are
documented to be more effective in inhibiting the
growth of L 1210 mouse leukemia cells in vivo
and in treatment of human acute leukemia. The
metabolism of 6-MP has been studied extensively
in leukemic cells!~®. In contrast with 6-MP, little
is known about the metabolism of thioinosine in
leukemic cells. Thioinosine had a better therapeu-
tic index than 6-MP against the
adenocarcinoma 775 in BDF mouse®. This result
indicates that the metabolism of thioinosine might
differ from that of 6-MP. In order to investigate
wether purine nucleoside is directly phosphory-
lated to its purine nucleoside monophosphate,

transplanted

purine base and purine nucleoside were compared
in the metabolism in L 1210 cells.
1. Materials and Methods
Chemicals. All materials used were obtained from
Shigma Chemical Co., St. Louis, Mo, U. S. A..
(8-4C] hypoxanthine (20.7mCi/mmole), [8-C]
inosine (40.0mCi/mmole) and [*H] thioinosine

(2.5mCi/mmole) were purchased from the Radio-
chemical Amersham, England.

Isolation of L 1210 cells. L 1210 cells, harvested
from mice on the 7th day after i. p. inoculation
of 3x108ells, were washed twice with 0.9% NaCl
solution. Contaminating erythrocytes were lysed
by adding 3 volumes of water at 0°C. After 40
seconds, isotonicity was restored by addition of 1
volume of 3.6% NaCl solution. The unbroken cells
were collected by centrifugation at 500xg for 10
minutes and washed with 0.9% NaCl
solution by resuspension and centrifugation.

Enzyme preparation. L 1210 cells (2 x 10%cells)
were suspended in 1 ml of ice cold distilled water
and homogenized for 40 seconds with a teflon
homogenizer. The homogenates were used for the
assay of inosine phosphorylase®, the formation of
purine nucleoside from purine base® and the assay
of ribosyl transfer reaction®. L 1210 cells were
suspended in 3 volumes of ice cold distilled water
and homogenized for 40 seconds with a teflon
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homogenizer. After centrifugation at 10,000x g for
10 minutes, the supernatant was separated and used
for the direct phosphorylation of purine nucleoside.

Assay of inosine phosphorylase activity. Assay
of inosine phosphorylase activity was based on the
method described by KIM et al¥. The reaction
mixture contained 50 umoles potassium phosphate
buffer. pH 7.4, 0.5 umoles [8-14C] inosine and
homogenates of 1x10% to 2x10%ells in a final
volume of 1 ml.

Formation of purine nucleoside from purine base.
The reaction mixture contained 50 #moles Tris
buffer, pH 7.4, 0.5 umole [8-14C] 6-MP, 5 umole
ribose-1-phosphate and homogenates of 2x 10%ells
in a final volume of 1 ml%.

The above

experiments were repeated with 2 #mole inosine in

Assay of ribosyl transfer reaction.

place of ribose-1-phosphate®.

The direct phosphorylation of purine nucleoside.
The reaction mixture was examined by a radio-
chemical method of PIERRE and LEPAGE". The
reaction mixture contained 1 umoles Tris buffer,
ATP,
phosphate, 7.8 ug creatine phosphokinase, 0.5
umole MgCl,, 0.05 zmole [8-C] inosine or 0.05
umole[®H]thioinosine, and 0.1 mg of protein in

pH 7.4, o.1 umole 0.5 umole creatine

a final volume of 100 ul.

After 10 minutes incubation at 37C, the above
reaction mixture was stopped by heating the tube
in a boiling water for 2 minutes. The denatured
protein was sedimented by centrifugation and then
aliquots (20 ul) of the supernatant were taken
for examination by paperchromatography using the

following solvent systems, A : 5% disodium hydro-

gen phosphate, and B : aqueous propionic acid
(44%) - equeous n-butanol (93.8%) (1:1).
The R, values of hypoxantine, inosine and
inosinic acid (IMP) with solvent system A as an
eluent 0.46, 0.66 and 0.90 respectively: using
solvent system B as an eluent, the R, values were
0.70, 0.48 and 0.21, respectively. The R, values
of 6-MP, thioinosine and TIMP with solvent
system A as an eluent were 0.43, 0.66 and 0.90,
respectively: using solvent system B as an eluent,
the R, values were 0.40, 0.65 and 0.91, respec-
tively. Purine base or purine nucleoside formations
showed a linear relationship under the conditions
used. Protein was measured by the method of
LOWRY et al¥.
II. Results
When homogenates from L 1210 cells were

incubated with[8-14CJinosine,
readily metabolize[8-14CJinosine. The major radio-
active products from[8-14CJinosine were hypoxan-
thine. No degradation of the substrates was ob-

homogenates can

served when the homogenates were boiled prior
to incubation or when the reaction was terminated
at zero time. Inhibition of inosine phosphorylase
of homogenates from L 1210 cells by 6-MP and
thioinosine was observed. From a plot of the in-
hibition rate on semilog paper, 50% inhibition
was obtained with 1x1073M 6-MP. When thioi-
nosine was used in place of 6-MP, the result was
almost the same. Inosine phosphorylase activity in
homogenates of L 1210 cells was much higher
than that of other enzymes responsible for purine
metabolism reported in previous studies? (Table 1).

In order to clarify the metabolism of 6-MP

Table 1 Eflects of 6-MP and thioinosine on the conversion of inosine to
hypoxanthine by L 1210 cell homogenates

Concentration Hypoxanthine formed Inhibition
(mM) (n moles/3x107/hr) 9]

None (control) 87.3

6-MP 0.05 78.5 10
6-MP 0.5 54. 2 39
6-MP 1 46.6 47
Thioinosine 0.05 81.2 8
Thioinosine 0.5 76.7 12
Thioinosine 5 26.1 70

The formation of [8-*C] hypoxanthine from [8-1C] inosine in L1210 cell
homogenates was measured. The reaction conditions were the same as those
described in “Materials and Methods” except that 6-MP, and thiocinosine was

added in the concentrations indicated.
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Fig.1 Phosphorylation of [8-*C] inosine by L
1210 cell-free extract. 0.05 umole [8-1¢C)
inosine were incubated with L 1210 cell-
free extract described in “Materials and
Methods”. Aliquots of the reaction mixture
were chromatographied by the solvent
system A after denaturation of the protein.
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itself, [8-¥C]6-MP was incubated with ribose-1-
phosphate under the same conditions as those de-
scribed in “Materials and Methods”. We could
not show conversion of 6-MP to thioinosine. Fur-
thermore, the question of occurence of the ribosyl
transfer reaction catalyzed by purine nucleoside
phosphorylase is an intriguing one. However, we
could not, also, show conversion of 6-MP to
thioinosine in the presence of inosine under the
same conditions as those described in “Materials
and Methods”.

A cell-free extract of L 1210 cells was incubated
with[8-4CJinosine or[®H]Jthioinosine in an ATP
regenerating system. The reaction mixture was
examined by descending paper chromatography,
using the solvent system A. Three or four peaks
of radioactivity were obtained on the chromato-
gram (Figs. 1 and 2). These peaks of radio-
activity in both chromatograms were identified
corresponding to hypoxanthine, inoshine and IMP,
or 6-MP thioinosine and TIMP, respectively by
exact coincidence of the radioactive peaks with the
corresponding carriers. The fourth peak eluted
after the peak of TIMP has not been characterized
at present. However, it is likely that this peak
corresponds to ribose released from[3HJthioinosine.
Co-chromatography of the reaction mixture using
the solvent system B, also indicated that the pro-
ducts consisted of three or four peaks corresponding
to hypoxanthine, inosine and IMP or 6-MP, thioi-
nosine, TIMP and unknown product.

Examination of co-factor requirements for the

Fig.2 Phosphorylation of [*H] thioinosine by
L 1210 cell-free extract. The reaction con-
ditions were the same as those described in
the foot note of Fig.1 except that [*H]
thioinosine was used as the substrate.
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formation of purine nucleotide indicated that the
reaction showed dependence upon an ATP regen-
erating system. The reaction did not show absolute
dependence on ATP as long as the regenerating
system was present (Table 2). This was probably
due to the presence of endogenous ATP in the
extract?.

Purine nucleotide was cleaved to purine base
and ribose-1-phosphate by undergoing phospho-
rolysis, and then the base was reacted with pho-
sphoribosylpyrophosphate (PRPP) to form nucl-
otide. That an alternative pathway would not be
responsible for the IMP formation was indicated
by the results presented in Table 3 and Table 4.
The effects of thioinosine on the rate of the pho-
sphorylation of inosine were investigated (Table 5),
revealing its inhibitory ones.

III. Discussion

The formation of nucleotide can be mediated
either by a nucleoside kinase or by the sequential
actions of a nucleoside phosphorylase and a pho-
sphoribosyltransferase. The former pathway is
usually condidered not of much significance, since
very few nucleoside phosphokinase enzymes have
been described in mammalian cells. The findings
in the present work are somewhat at variance
with certain of above concepts. However, BROKMAN
et al. indicated that inosine was converted to
nucleotide by H. Ep. No. 2 lacking hypoxanthine-
guanine phoshporibosyltransferase (HGPRTase)®.
Furthermore, the presence of an inosine kinase in
mammalian cells was first demonstrated by PIERRE
et al?. Recently, PAYNE et al. reported the exi-
stence of this enzyme in leukocytes of Lescm-
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Table 2 Requirements for the phosphorylation of inosine by L 1210 cell-free extract

IMP formed Control
System (n moles/mg/hr)| (%)
Complete 558 100
— cell-free extract 0 0
— ATP 393 70
— creatine phosphate and creatine phosphokinase 36 7
— ATP, creatine phosphate and creatine phosphokinase 0 0

The complete reaction mixture contained 1 umoles Tris buffer pH7.4, 0.1 umole ATP,
0.5 umole creatine phosphate, 7.8 ug creatine phosphokinase, 0.5 uzmole MgCl,, 0.05
umoles [8-14C] inosine and 0.1 mg protein of cell-free extract. The total volume was 100
ul. The reaction mixture was incubated at 37°C for 10 minutes, and the reaction was
stopped by heating the tube as described in “Materials and Methods”. After removing
denatured protein the supernatant was chromatographied by the solvent system A.

Table 3 Requirements for the phosphorylation
of hypoxanthine by L 1210 cell-free ex-

Table 5 Effects of thioinosine on the phosphor-
ylation of inosine by L 1210 cell-free ex-

tract tract
IMP formed Concentration s
System et IMP formed Inhibition
(n moles/mg/hr) of t?::ﬁl;)sme (n moles/mg/hr) %
Complete 1560
— cell-free extract 0 0 558 0
— PRPP, +ribose-5-phosphate 0 0.5 234 58
5 27 95
The complete reaction mixture contained 1 umoles

Tris buffer pH7.4, 0.1 umole ATP, 0.5 umole
creatine phosphate, 7.8 ug creatine phosphokinase,
0.1 gmole PRPP, 0.5 umole MgCl,, 0.05 zmoles
[8-14C] hypoxanthine and 0.1 mg protein of cell-
free extract. The reaction mixture was incubated
at 37°C for 10 minutes, and the reaction was stop-
ped by adding 2 umoles of neutralized EDTA. Ali-
quots of the reaction mixture were analyzed by a
high voltage electrophoresis described in our pre-
vious report?,.

Table 4 Requirements for the phosphorylation of
6-MP by L 1210 cell-free extract

TIMP formed
System (n moles/mg/hr)
Complete 602
— cell-free extract 0
— PRPP 0
— PRPP, +ribose-5-phosphate 0

The reaction conditions were the same as those
described in Table3 except that [8-4C] 6-MP was
used as the substrate.

NyHAN patients!®,
Some of them who have claimed the presence
of inosine kinase have not ruled out the alter-

The reaction conditions were the same as those
described in “Materials and Methods” except that
thioinosine was supplemented at the concentrations
indicated.

native pathway shown in Fig. 3. Inosine under-
goes to hypoxanthine and ribose-1-phosphate. The
latter, after isomerization to ribose-5-phosphate, is
converted to PRPP in the presence of ATP. Hy-
poxanthine reacts with the PRPP thus formed
to yield IMP. The experiment in which we added
hypoxanthine and ribose-5-phosphate to the re-
action mixture and found no IMP would seem to
clearly rule out the conversion of inosine to IMP
by the alternative pathway shown in Fig. 3. From
these studies we conclude that inosine kinase might
exist in L 1210 cells, but on a level too low to
be detected in the presence of ATP degenerating

Fig.3 The conversion of inosine to IMP by the
alternative pathway

Inosine —, Hypoxanthine + Ribose-l-phosphate
llsomerization

ATP .
Phosphoribosy- PRPP =—=="— Ribose-5-phosphate

Itransferase IMP + PPi
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system.

Clinical trials of thioinosine undertaken by PIERCE
¢t al. and WHITTINGTON et al'®, showed limited
efficacy in the cases resistant to 6-MP. These
results may be predictable since it has been
shown that thioinosine was rapidly degraded to
6-MP®®. However, thioinosine has a better thera-
peutic index than 6-MP against the transplanted
Adenocarcinoma 755 in the BDF mouse because of
a wider span between effective and toxic doses¢.
These results indicate that the disposition of thioi-
nosin might differ from that of 6-MP. 6-MP must
be converted to TIMP to be biologically active.
This conversion is catalysed by HGPRTase!. The
predominant mechanism of resistance to 6-MP is
the loss of HGPRTase. On the other hand, nucle-
otide synthesis from purine bases is limited by the
concentration of PRPP®,
kinase, which could directly phoshhorylate thioi-
nosine to TIMP, existed in leukemic cells, depen-
dence on the pyrophosphorylase pathway and PRPP

If a purine nucleoside

might be avoided.
References
1) ELION, G.E.: Biochemistry and pharmacology
of purine analogues. Fed. Proc. 26: 898~
904, 1967
2) HGucHI, T.; T.NAKAMURA & G. WAKISAKA:
Metabolism of 6-mercaptopurine in human
leukemic cells. Cancer Res. 36: 3779~3783,
1967
3) HicucHl, T.; T.NAKAMURA, H. UCHINO & G.
WAKISAKA: Comparative study of 6-mercapto-
purine metabolism in human leukemic leuko-
cytes and L 1210 cells. Antimicrob. Ag.
Chemother. 12: 518~-522,1977
4) SKIPPER, H.E.; J.R. THOMSON, D.]J. HUTCHSON,
F.M. SCHABEL, Jr & J.J. JOHNSON, Jr: Anti-
cancer activity of purine antagonists and
their ribosides. I. Comparative studies with

5

6

()]

8)

9)

10)

11)

12)

6-mercaptopurine riboside. Proc. Soc. Exp.
Biol. Med. 95: 135~138, 1957

KM, B.K.; S.CHA & R.E.PARKS, Jr: Purine
nucleoside phosphorylase from human ery-
throcytes. J. Biol. Chem. 243: 1771~1776,
1968

TARR, H. L. A.: Formation of purine and
pyrimidine nucleosides, deoxynucleosides, and
the corresponding mononucleotides by salmon
milt extract nucleoside phosphorylase and

nucleoside kinase enzymes. Can. J. Biochem.
42: 1535~1545, 1964

PIERRE, K.J. & G. A.LEPAGE: Formation of
inosine-5-monophosphate by a kinase in cell-
free extracts of EHRLICH ascites cells in vitro.
Proc. Soc. Exp. Biol. Med. 127: 432~440,
1968

LOWRY, O.H.; N.J. ROSEBROUGH, A.L.FARR &
R. J.RANDALL: Protein measurement with the
Fouin phenol reagent. J. Biol. Chem. 193:
265~275, 1951

BROCKMAN, R. W. & S.CHUMLEY: Inhibition of
formylglycinamide ribonucleotide synthesis
in neoplastic cells by purines and analogs.
Biochem. Biophys. Acta 95: 365~379,1965
PAYNE, M. R.; J.DANcCIS, P.H.BERMAN & M.
E. BALIS: Inosine kinase in leukocytes of
LESCH-NYHAN patients. Exptl. Cell Res.59:
489~490, 1970

PIERCE, M.; J.HALL & N.OZ0A: The effect of
6-mercaptopurine riboside in 20 cases of
childhood leukemia previously treated with
purine antimetabolites. Cancer Chemother.
Rep. 14: 121~128,1961

WHITTINGTON, R. M.; S. L. RIVERS & M. E.
PATNO : Effect of 6-mercaptopurine riboside
(NSC-4911) in 41 adult patients with acute
leukemia. Cancer Chemother. Rep. 34:47~
50, 1964



630 CHEMOTHERAPY JUN. 1981

L 1210 #ifaic it % 6-mercaptopurine r thioinosine Dt

B n K B
WRMSLBRAR £ v 2 -8

BN e E B A
REAFEEK—AB

purine nucleoside ¢ purine nucleoside monophosphate -~ AR D FTREN: % B & MicT 5 7o,
L1210 #ERgicdsV} % 6-mercaptopurine X thioinosine & DftMi% teie M M L #zo L 1210 43 homogenat:
& [8-1C] inosine &% incubate L& ¥ ORMEH DAL hypoxanthine TH otz & DRIGH MM
% inosine phosphorylase % 6-mercaptopurine % thioinosine (AWM % D R o & h 7, L1210 gk
extract & [8-14C] inosine % [%H] thioinosine % ATP ZEARDELETT incubate L7-& #icid inosinic
acid % thioinosinic acid DEANEDL N o ZDRIGRIC [8-14C] 6-mercaptopurine  ribose-5-phos-
phate %ML T thioinosinic acid DEAXBES L lepr»7cZ & X b, thioinosine H & 6-mercaptopurine
ML TD thioinosinic acid 4 DO FTEEMIZERS; S to

Bl EDOR & & L1210 Mg ATP E4ROBETHE IR S 5 X 5 el TEMTH A inosine kinase
BEELTWHZ EMNRBE I hic, ¥ % L1210 fffgic ¥\ T purine nucleoside monophosphate ~ D £
TR D RTEEME S HEE X hico



