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li£,STRACT,

The aim of this ~~udy was to investigate the rrechanism of

cellular resistance and toxicity to the purine nucleoside analogs

toyocamycin, formycin A and formycin B by using genetic, biochemical

and irrmunological approaches.

To investigate the similarity or differences in the mechanism

of action of various pyrrolopyrimidine nucleosides, second-step

toyocamycin resistant mutants (ToyrII muta~ts) of OJi~se hamster ovary

cells were isolated from a cell line which exhibited similar degree of

resistance to toyocamycin and tubercidin. These second-step mutants

exhibited a further 8- to 9-fold increase in resistance ~o toypcamycin

but no concurrent increase in their' resistance towards tubercidin.. The

ToyrII mut~nts were found to be very similar to the first-step mutants

in their levels of adenosine kinase activit~ « 1%), as well as·

cellular uptake and phosphorylation of adenosine and its analogs. The

increased resistance of the ToyrII mutan~s to toyocamycin but not to

tubercidin provides strong evidence that the rrechanism of cellular

toxicity of these two ~nalogs is different and suggests that' these

mutants may be affected in a cell~lar component which is specifically

involved in the toxicity of toyocamycin. The ToyrII mu'tants also

exhibit increased resistance to sangivamycin and the tricyclic

pentaazaacenaphthylene ribonucleoside, indicating that the mechanism of

cellular toxici ty of these two analogs may be similar to that of
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toyocamyc:in.

The genetic an::l biochenical apprOach was also used. to
\ /

investigate the mechanism of resistance an::l metabolism to another group

of nucleoside analogs in which the base is linked to ribose moiety by a

C-<:: linkage. Studies presented showed that stable mutants which -are

approximately 3- an::l a-fold resistant to the C-nucleoside, formycin A.
R(Fom mutants) could be. obtained in a single step in CHO cells. In.

cell extracts, the FomR mutants contained no measurable activity of the.

enzyme adenosine kinase. In cell hybrids formed between formycin A

resistant and sensitive cells (F~S); as well as formycin A resistant

an::l toyocamyqin resistant cells (Toyr), the drug resistant phenotype of

FomR mutants behaved codominantly as in::licated by the degree of

resistance of the hybrid cells to formycin B. H~~~r,. extracts from

these hybrid cells contained either"" 50% (FanR x Fort') or < 1% (FomR x

'I'oyr) AI< ,:,ctivit~ in::licating that !=he lesion in these mutants nei ther

suppresses the wild-type AI< activity nor complenents the AI< deficiency

of the Toyr mutants. Cross-resistance studies with various adenosine

analogs sh~that these mutants are distinct from the Toyr mutants,

which also contained no measurable AI< activity in cell extracts. The

FanR mutants exhibited a high degree of cross-resistance to different

C-nucleosides but did not show appreciable cross-resistance to,

different N-nucleosides examined. In contrast, mutants selected' in....
presence of toyocamycin exhibi ted, a high degree of Cross-resistance to

- I
both N- as well as C-nucleosides·which are phosphorylated via adenosine

kinase. Studies on the cellular uptake and phosphorylation of •
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radiolabelleq N- and C-nucleosides by various mutant lines showed that,

unlike the Toyr mutants which show greatly reduced phos~orylation of
. ,

all adenoSine analogs (both N- and C-nucleosides), the FornR mutants

showed reduced cellular phosphorylation of only C-nucleosides but not

of N-nucleosides. The normal level of phosphorylation of N-nucleosides

'h R RIn t e Forn mutants suggested that the Forn mutants contain normal

levels of AI< activity in vivo. The above observations together with

the specific cross-resistance of these mutants to C-nucleosides as well

as the reduced phosphorylation of such nucleosides, provides strong

suggestive evidence that the FornR mutants contain a nover ,genetic

lesion affecting adenosine kinase which specifically affects the
/1

~6sphorylation of only C-purine nucleosides.

Since formycin A under the normal cell cul ture condition is '\

rapidly deaminated to the inosine analog, formycin B, cellular toxicity

and resistance of formycin B was also investigated. Mutants of CHO

cells selected for resistance to formycin B (Fornr mutants) were found

to be 5- to 8-fold resJ.stant to. this drug. Cross-resistance stUdies

with these mutants revealed that they exhibit increased resistance to

all adenosine analogs (N- and C-nucleosides); as well as reduced

cellular uptake and phosphorylation. However, unlike the FornR and

To~ mutants, which contained no AI< activity in their cell extracts,

the Fooir mutants were found to contain between 60 - 110% of WT activity

in their cell extracts. The AI< activity present in both Fornr mutant

cell extracts dirfered from the WT AI< activity in terms of its specific

activity as well as in its ability to phosphorylate adenosine analogs.
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Biochanical studies on the metabolism of form}'l;'in B indicated

upon incubation with CHO cells,' [3Hlforrnycin B is metabolized intothat

The AI< ac,tivi ty fran the Fomr mutants was found to have less affini ty

---- "'Ifor phosphotylation of the forrnycin A,derivati~e, Bb~-8S. Like Toyr

mutants, Fomr mutants were found to show recessive-behaviour in cell

\.hybrids •
.c-.

formycin B-S'-monopho~phate, forrnycin A-S'-monophosphate and higher

phosphorylated derivatives of formycin A which are incorporated into
>

RNA. All three different classes of mutants affected In AI< exhibit

appreciable, cross-resistance as well as reduced cellular uptake and

phosphorylation of formycin B.' These observations, strongly indicate

that in CHO cells, formycin B is phosphorylated via AK and like other

nucleoside analogs, its phosphorylation is essential for the cellular

, " toxicity. Forrnycin B-S'-monophosphate and formycin A-S'-monophosphate

have been ~ound to inhibit the purine,nucleotide biosynthetic enzyme

adenylosuccinate synthetase.

To gain further insight into the nature of genetic and

biochanical alterations in di.fferent types of mutants affected in

adenosine kinase, this enzyme fran CliO cel-ls ,was purified t~

homogeneity. Antibodies which specifically cross-react with adenosine

kinase have been raised~ Inrnunoblot analyses Clsing these 'antibodies
"

showed that all three classes of mutants i.e., Tbyr, FanR and Fanr

contained nearly similar amounts of cross-reacting material that had a

similar electrophoretic mobility to the enzyme in the WT cells. These

results indicate that the lesion in these mutants does not involve a
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aeletion or regulatory type of genetic alteration in the AK gene nor a

non~ense type of mut~tion'which may cause premature chain tenni'nation.', ." ,
Instead, these mutants may contain a missense type 'of alteration in the

st~uctural gene of AK. 'Using ~ese'antibodies, fegions (or spots) on'

two-dimensional gels that correspond "to the AK prote1n have been

identified. Comparison of the 2-D gel electrophoretic patterns of
r • J

total cellular proteins from different-mutant lines indicates that some
.0

of the mutants show a specific alteration in this region. This

supports the inference that these mutants may contain a missense type
~ I

of mutation in the structural gene of AK.
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