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Legends for Figures

Fig. 1

Fig.2

Fig. 3

Fig. 4

Diagrammatic summary (centre) of pathways of thiopurine metabolism. GMPS,
Guanosine monophosphate synthetase EC 6.3.5.2; HPRT, Hypoxanthine-guanine
phosphoribosyltransferase EC 2.4.2.8; IMPDH, inosine monophosphate dehydrogenase
EC 1.1.1.205; ITPase, Inosine triphosphate pyrophosphatase EC 3.6.1.9. Thionucleotide
abbreviations are as used in the text; MeMP, 6-methylmercaptopurine. Structures of

thiopurine nucleoside mono-phosphates and the parent drug are shown in red boxes.

LC-MS/MS profiles for thiopurine nucleoside phosphates in standard mixtures and
MOLT-4 cell extracts (samples), where X indicates mono-, di- or tri-phosphate. For each
plot in A-F, dotted lines represent the monophosphates, solid lines represent the
diphosphates and dashed lines represent the triphosphates (Legend in Panel A). A,
methyl-thioinosine nucleoside phosphate (meTIXP) standards; B, thioguanosine
nucleoside phosphate (TGXP) standards; C, methyl-thioguanosine nucleoside phosphate
(meTGXP) standards; D, MOLT-4 cell extract (sample) analysed for meTIXPs; E,
MOLT-4 cell extract analysed for TGXPs; F, MOLT-4 cell extract analysed for
meTGXPs; in this trace, the identities of additional peaks which were not eluted at the

retention times of the standards are unknown. Ordinate scales are arbitrary intensity units.

Viability curves for MOLT-4 cells treated for 72 h with MP or thiopurine metabolites: A,
MP (solid black line, &), TGMP (dotted black line, #), TGDP (solid grey line, 0, grey
fill), TGTP (dashed black line, ®); B, meTIMP (dotted black line, ), meTIDP (solid
grey line, 0, grey fill), meTITP (dashed black line, ®), meTGDP (solid black line, A); C,
TIMP (dotted black line, ¢), TIDP (solid grey line, o, grey fill), TITP (dashed black line,

o).

Metabolites present in cells after incubation for 72 h with MP or thiopurine nucleotides at

the ECsp for cell toxicity (Table 1) and measurement by LC-MS/MS. Colour is used to
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designate the drug used for cell treatment (specified in the legends), with bars for each
drug reflecting the mean (x standard error) concentration of the drug or its metabolites
extracted from the cells. A, MOLT4 cells treated with MP or each thioguanosine
nucleoside tri-phosphate; B, data in A on an expanded scale to clarify intracellular
thioguanosine nucleoside levels; C, a simple nucleotide model of thioguanosine
nucleoside phosphate homeostasis. Km values (uM) for Henri-Michaelis-Menten
irreversible kinetics were fixed at: guanylate kinase (EC 2.7.4.8: 15), GTPase (100), ATP
apyrase (EC 3.6.1.5: 78), guanosine diphosphatase (EC 3.6.1.42: 100). Nucleoside
diphosphate kinase activity (EC 2.7.4.6) was modelled with fixed mass action kinetics,
setting k (forward and reverse) as 24 min. D, fitting rate values (V) to data using the
model in C gave V (uM min™) for guanylate kinase (1578.4), GTPase (3129), ATP
apyrase (15), guanosine diphosphatase (8914) and the steady-state ratios of thioguanosine
nucleoside phosphates indicated by black bars. A 16-fold increase in V for guanosine
diphosphatase was sufficient to reproduce experimental data for TGTP treatment (grey

bars).

Metabolites present in cells after incubation for 72 h with thiopurine nucleoside
phosphates at the ECsp for cell toxicity (Table 1) and measurement by LC-MS/MS.
Colour is used to designate the drug used for cell treatment (specified in the legends),
with bars for each drug reflecting the mean (z standard error) concentration of each drug
metabolite extracted from the cells. A, MOLT4 cells treated with methyl-thioguanosine
nucleoside phosphates (methyl-TGXPs,); B, MOLT4 cells treated with thioinosine
nucleoside phosphates (T1XPs where X represents mono-, di- or tri-phosphate); C,

MOLT4 cells treated with methyl-thioinosine nucleoside phosphates (methyl-T1XPs).
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Levels of deoxythioguanosine (dTG) incorporated into DNA (moles dTG per 1000 moles
of deoxyadenosine [dA]) of MOLT4 cells after culture with equitoxic doses of thiopurine
metabolites. Metabolites were used at their ECso concentrations (Table 1) and the cells
cultured for 72 h before extraction and analysis. Bars are arranged, left to right in order of
decreasing cytotoxicity as given in Table 1. TIDP and TITP were not included in these
experiments as they would be expected to contribute only by dephosphorylation to TIMP.
Values were compared by ANOVA to the control (MOLT4 cells without thiopurine; c)
with Dunnett’s post-hoc test; error bars were derived from ANOVA and statistical
significance compared to the background control (no thiopurine treatment) is indicated

by: *, P <0.05; **, P <0.01; ***, P <0.001.
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TABLES

Table 1

Effects of individual metabolites on MOLT-4 cell viability. Data are listed in order of decreasing

cytotoxicity.
Drug ECso SE
(LM)
meTIMP 0.185 0.026™
TGTP 0.265 0.0768
TIMP 0.345 0.055™
TGDP 0.360 0.104™
meTIDP 0.393 0.085™
meTITP 0.396 0.0398
TIDP 0.412 0.097™
TGMP 0.619 0.051™
TITP 0.956 0.214™
MP 2.92 0.415™
meTGTP 15.37 3.556™
meTGDP >2000 ND
meTGMP >2000 ND

Model fitted: ™mixed-effects; Smean from separate curves

ND, compounds not toxic and ECsg could not be estimated
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Table 2

Contributions (%) of variables to principal components (PC)

Variable PC1

DNA 24.9

TGXP 32.02
meTGXP 30.05
meTIXP 13.04

PC2
13.6
2.9

0.76
82.7

PC3
56.77
5.55
33.43
4.25

DMD # 81844

PC4
4.7
59.5
35.76
1.97
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Fig. 1
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Fig. 2 LC-MS/MS chromatograms: standards and examples
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Fig 3
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Fig. 4
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Fig. 6
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