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ABSTRACT

——

The aim of this study was to investigate the mechanism of

cellular resistance and toxicity to thé purine nuclecside analogs
toyocamycin, formycin A and formycin B by using genetic, biochemical
and immunclogical approaches.

To investigate the similarity or differences in the mechanism
of action of variocus pyrrolopyrimidine nucleosides, second-step
toyocamycin resistant mutants (ToyrII mutagts) of Chihesé hamster ovary
cells were isolated frow 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 to toypcamycin"
but ne concurrent increase in their' resistance towards tubercidin.. The
TbyrII muténts were found to be very similar to the first-step mutants
in their levels of adenosine.kinase activitY (< 1%), as weli as.
cellular uptake and phosphorylation of édenosine and its analogs. The

Pl utants to toyocamycin but not to

increased resistance of the Toy
tubercidin provides strong evidence that the mechanism of cellular
toxicity of thgse two énalogs is different and suggests that these
mutants may be affected in a cellular camponent which is specifically

rll mutants also

involved in the toxicity of toyocamycin. The Toy
exhibit increased resistance to sangivamycin and the tricyclic
pentaazaacenaphthylene ribonuclecoside, indicating that thg mechanism of

cellular toxicity of these two analogs may be similar to that of

iii



toyocamycin,

The genetic and biechanic;al approach was also used.to
investigate the mechenism of re'sistance and metabolism to anothef group
of nucleoside analogs in which the base is li'nked to ribose moiety by a .
cC linkage. Studies presented showed‘that stable mutants which are
approximately 3- and 8-fold resistant ‘to the C-nucleoside, formycin A
(FanR mutants) coeld be obtained in a single step in CHO cells. In. .
cell ext;:aczs, the For® mutants contained no measurable activity of the.
enzyrne adenosi};e kinase. In cell hybrids formed between formycin A

resistant and sensitive cells (}E"c:ms)j as well as formycin A resistant

and toyocamycin resistant cells (Toyr), the drug resistant phenotype of
R

Fom™ mutants behaved codaminantly as indicated by the degree of
resistance of the hybrid cells to formycin B. H?w,e\ér " extrac;ts from
these hybrid cells contained either =50% (E‘anR X E‘orﬁs) or < 1% (FomR X
'I‘oyr) AK :jtctivitw indicating that the lesion in these mutants neither
J
suppresses the wild-type AK activity nor complements the AK deficiency
of the Toyr mutants. Cross-resistarce studies with various adenosine
analogs shoWp that these mutants are distinct from the '_1‘0}{r mutants,
which also contained no measurable AK activity in cell extracts. The
chR mutants exhibited a high degree of crose-resistance to different
C-nucleosides but did not show appreciable cross-resistance to

)

different N-nucleosides examined. In contrast, mutants selected in
. o+

presence of toyocamycin exhibited a high degree of dross-resistance to
i J
both N- as well as C-nuclecsides- which are phosphorylated via adencsine

kinase. Studies on the cellular uptake and phosphorylation of s

iv !
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radioclabelled N- and C-nucleosides by various mutant lines shcm‘ed that,
unlike the Toyr mutants which show greatly rjeduced phosphorylation of
all aﬁeno‘sine ahalogs {both N~ and C-nucleosides), the Fom® mutants
showed reduced cellular phosphorylation of only (¢-nucleosides but not
of N-nucleosides. The normal level.of'phosphorylation of N-nucleosides
in the Fan® mutants suggested that the Fom™ mutants contain normal
levels of AK activity in vivo. The above observations together with
the specific cross-resistance of these mutants to C-nuclecosides as well
as the reduced phosphorylation of such nucleosides., provides strong
suggestive evidence that the Fom™ mutan;:s contain a nove} _genetic
lesion affecting adencsine kinase which specifically affects the
pﬁgsphorylation of only C-purine nqcleosides.

Since formycin A under the normal céll cul ture cond;tion is N
rapidly deaminated to the incsine analeg, formycin B, cellula;: toxicity
and resistance of formycin B was also investigated. Mutants of CHO
cells selected for resistance to ‘formycin B (E‘omr mutants) were fou}nd
to be 5- to 8-fold resistant to, this drug. Cross-resistance studies

o

with these mutants revealed that they exhibit increased resistance to

all adenosine Vanalogs (ﬁ-{ and C-nuclecsides); as well as reduced
cellular uptake and phosphorylation. However, unlike the Fom® and

Toyr mutants, which contained no AK activity in their cell extracts,
the Fom®" mutants were found to contain between 60 - 110% of WT activity
in their cell extracts. The AK ac;tiviﬁy .present in both Fom"™ mutant

cell extracts differed fraom the WT AK activity in terms of its specific

activity as well as in its ability to phosphorylate adenosine analogs.
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The AK activity from the Fom™ mutants was found to have less affinity

—
for phosphofylation of the formycin A derivatiye, Bbb-85. Like Toyr A

mutants, Fom® mutants were found to show recessive~behaviour in cell
I

hybrids. A

-

Biochemical studies on the metabolism of. formycin B indicated
that upon incubation with CHO cells,’ [BH}férmycin B is metabolized into
formycin B—5‘—m6nopho§phate, formycin A-5'-monophosphate and higher
phosphorylated derivatives of formycin A which are incorpor?ted into
RMA. All threé different classes of mutant.:s affected in AK 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 ana‘logs;, its phosphorylation is essential for the cellular
toxicity. Formycin B-5'-monophosphate and formycin A-5'-monophosphate- .
have been found to inhibit the purine nL;cleotide biosynthetic enzyme
adenylosuccinate synthetase.

To gain further insight into the nature of genetic arg
bioche;nical alterations in different types of mutants affected in
adenosine kinase, this enzyme fram CHO ce]:l.s was burified to
homogeneity. Antibodies which specifically cross-react with adenosine
kinase have been raised: Immunoblot analyses fising these ‘antibodies
showed that all three classes of mutants i.e., Toy®, Fom® and Fom®
contained nea}:ly similar amounts of cross-reacting material that had a
similar electrophoretic mobility to the enzyme in the WI cells. These

results indicate that the lesion in these mutants does not involve a
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- : deletion or regulatory type of genetic alteration in -the AK gene nor a
nongense type of muyétion'which' may cause premature chain termi'nati-on.'
- -

N Instead, these mutants may contain a missense type of alteration in the
structural gene of 2K. -‘Using tﬁese'antibodies, Eegi‘ons (or spots) on-
two-dimensional gels that correspond‘t(; the AK protein have been
identified. Compariscn of the 2-D gel elec:crophoretic patter‘ns of
total celluiar pr.:oteins from different mutant lines indiéates that some
of the mutagts show a specific alteration »in this reg-;ion. "I‘hils
supports the inference that these mutants may contain a m'issense type

\ of mutation in the structural ge‘ne of AK.”
The results presente-d' in this thesis have been preseqted or
submitted in the foii;wing public_ationé.
1. Mehta, K.D. and Gupta, R;S. (1983) Formycin B-Resistant Mu&ants

r

of Chinese Hamster Ovary Cells: Novel Genetic and Biochemical
_"Phenotype Affectingfédenosine Kinase. Mol. Cell Biolr. 3, 1468,
* 2.  Gupta, R.S. and Mehta, K.D. (1984) Genetic and Biochemical
Studiesron Mutants of CHO Célls Resistant t::) 7-Deazapuriné
® Nucleosifies: Diffen::nces in the. Mechar;ism_s of Action of _
Toyocé;ﬁycin and Tubérlcidin. Biochem. Biophys. Res. Caveun. 120,
88. . .
i Mehta, K.l:;. and Gupta, R.S. Novel Mutants of Adenosine Kinase
Speéificalll.r Affected in the Phosphorylati‘on of C+~Mucleosides.
Manuscript submitted to FEBS Lett. 4 ‘
4, Mehta, K.D. and Gupta, R.S. Metabolisﬁ and the Mechanism of

Action of Formycin B in Chinese Hamster Ovary Cells: Involvement

.
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of Adenosine Kinase in Drug Phosphorylation. Manuscript

submitted to J. Biol. Chem,
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1. IMTRODUCTION

"The scientific dreams and expectations of one generation
became the techniques that later generations take for granted.
It has always been so, and it should be no surprise that
startling new techniques continue to appear, making possible
work that was previously unimaginable.... Already these
techniques have. shed light on the mechanisms of gene control
in prokaryotic and eukaryotic Systems, and they promise to be .
used at increasirg rates for the study of gene expression, for
potential treatment of human disease, for agriculture, and all
other fields of genetics."
T.A. Friedman (1979)

In 1907 Harrison first demonstrated that cells of an animal can
grow outside the bgdy as single cells {Harrison, 1907). Since then,
interests in using cell culture techniques tb study various aspects of
bioclogy and medicine has been steadily increasing. The ability to
culture mammalian cells for extended periods of time outside the body
has led to the development of the field of somatic cell genetics., It
has now became possible to isolate variant cell lines affected in
specific cellular functions which are proving extremely useful to
investigate fundamental questions in genetics and biochemistry. Though
it is a young branch of science, samatic cell genetics provides a means
for analyzing the camplex genetic organization and requlation of higher
eukéryotes (Puck and Kao, .-1982; Ringertz and Savage, 1976; Ruddle,
1981a,b; Wright et al.,1980).

Somatic cell genetics has proven very useful in understanding

the mechanism of action of many different drugs and inhibitors of

cellular functions (Gupta, 1983c: Lewin, 1980; Wright et al., 1980;

—l—



Schimke, 1984a). This has became possible by isclating from
established cell lines, mutants which are resistant to these drugs.
Investigation of drug resistance has given new insights into the mode
of action of various compounds, some of which are medically important
from a chemotherapeutic point of view. 1In addition, t@is approach has
created new poss{E;li%;ggﬁfor studying the genetic origin of resistance
“to cliniéally important dfugs for the development of more rational
chemotherapeutic combinations (Curt et al.,.1984; Goldie and Coldman,
1984; Schimke, 1984a). Furthermore, mitants afﬁected in specific |
cellular functions have provided a unique opportunity to study the
Etructure, role and reéulation of the affected function in mammalian
-qells. With the application of the somatic cell genetics approach to :
teratocarcinoma cells, it has now became possible to study the role of
a mutated function on the growth and development of an intact animal.
This has been accomplished by transplanting teratocarcinoma cells
affected in a function into early mouse embryo, which leads to thé
development of a mouse deficient in that particular function (Dewey et
al., 1977; Goldstein et al., 1979; Illmensee and Stevens, 1979;

Watanabe et al., 1978). The selection systems for drug resistant
mutants have also shown much promise in providing important
applications in quantitative mutagenesis studies.and for assessing*
human genetic risk due to envirommental mutagenic agents (Gupta, 1984;
Howard-Flander, 1981; Hsie et al., 1981; 1982). Many of the mutants

obtained in cultured cells, such as those resulting fram deficiencies

of enzymes in purine and pyrimidine metabolism, have provided excellent

)
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models with which to study human genetic diseases in cell culture
(Martin and Gelfand, 1981; Osbérne,’lSBl). .Furthermore, resistant cell
" lines overproducing specific mRNAs and proteins serve as models for
‘investigating the mechanisms of gene amplification as they operate in
evolution (Schimke, 19807 1982; 1984b; Stark and Wahl, 1384).

Advances in somatic cell genetics have also made possible the
mapping of different génes to specific human (or other species)
chromosomes or their parfs.- The chromosomal assignment-of genes is
usually done by correlating a particular donor gene or its product“with
a specific donor chramosame or subchromosomal fragment. The transfer
of genetic information between ;wo cells can be accomplished by a

: numbgr of different methods including, somatic cell hybridization,
£§2£0 cell-mediated transfer, or DNA-mediated gene transfer. By
éeleétfng a particuiér géne transfer s?stem, the amount and size of
donor material transferred to the recipient cell can be controlled. By
using these techniques, hundreds of humén genes have been mapped,
including those which produce various genetic diseases (Klobutcher and
Ruddlé, 1981; McKusick and Ruddle, 1977; Medrano and Dutrillaux, 1984;
Ruddle, 1981a). Increased knowledge of the human gene map is prpviding
an understanding about how genes function individually and as
coordinated sets in man. Such information is essential for defining
all aspects of normal and abnormal human biology and development (Shows,
et al., 1982).

The ceambination of gene transfer and recombinant DNA technology

. has provided a quantum=leap in the powers of samatic cell genetics.
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" Mamalian gene’mapping Eechniquesgéte now sufficiently advanced to
coanigute significantly to prenatal diagnosis and to human molecular
genetics (Ruddle, 1981b). For example, restriction fragment mapping
has been used to f1nd the polymorphic genetic markers at random sites
w1th1n the genome, and these sites can be used to assign genes
responsible for a disease condition to a specifiic chromosomal region
(Gusella et al., 1980; Kan and Dozy, 1978; Wboés et al., 1980). The
isolation and chromosomal assignment of polymorphic fragments_qf DNA
promises to be a powerful tool inlenalyzing the Mendelian inheritance
of linked genetic loci involved in inherited diseases (Bostein, 1980).

'Furthermore, combination of DNA-mediated gene transfer and recombinant
DMA technology has already lead to the isolation and characterization
of. cellular "oncogenes" which has led to a better understanding of the
genetic nature of neoplasia and to a unified concept of chemical and
viral carcinogenesis (Cooper, l982; Weinberg, 1982).

Finally, samatic cell genetics has great potential in several
areas of biolegy including possible therapy:of genetic diseases, in
producing therapeutic agents, in food production, and in energy
production and industrial processes (Shows and Sakaguchi, 1980).

1.1 Somatic Cell Lines .

—

The advantages of -the somatics cell genetics approach lie in
the use of established cell lines. There are a number of benefits
stemming from the use of eetabllshed cell lines (Puck and Kao, 1982;
Siminovitch, 1976 Thampson, 1979; Wright et al., 1980). F1rst since

individual cells divide by asexual reproductlon and form dlscrete

-~
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colon%sg; a genetically uniform population can be obtained and
erntually grown in 1argefba;ch cultures. Secondly, the composition of
the -medium can often be.manipulated by the investigator so that the
-cellular phenotype can be observed under a variety of envirommental
corditions. The ablllty to grow various cell lines in completely
defined growth medium (Hamilton and Ham, 1981) is expected to further
enhance the potential of somatic cell genetics. Thirdly, the/
neration time of’cultured cells is usually between 12 to 24 hours
\\\ﬁh hlch is much shorter (-104—fold) than the generation time of a whole
organism, such as man. As a result many more experiments can be
performed with cells in culture than with the animals from whiéh they
were obtained. Furthermo#e, the genetic properties of a particular °
cell line are not nasked.by the presence of other types of somatic ;
cells, as can be the case ip a mulficellular éiganisn like man which

13 : “
cells (Wright et al., 1980).

contains approximately 10

During the past two decades, a large mumber of cell lines fram
many differént soﬁrces have been establised. - Table I presents a
partial. list of these cell lines. In addition, there are
differentiated cell lines representing a number of tissue types as well
as established lines fram persons with different types of genétic
defects (Augusti-Tocco et al,., 1969; Wéiss, 1982; vaffe, 1968).

Among the established cell lines, Chinese hamster ovary ‘(CHO)
cells have been extensively used for genetic studies (Siminovitch,

1376; Thompson, 1979; Tijo and Puck, 1958). This cell line exhibits a

numbeﬁ of favourable properties which have led to its wide spread use
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Table I. List of Some of the Established Somatic Cell.Lines

. Current Mode
Chromosome and range of
canplement chremosame
of species - number in
Mame Organism and tissue of origin (2n) cell line
HeLa human cervical carcinoma , ﬁ 46 heteroploid
{fibroblast) ~71 (38-106)
L mouse connective tissue’ 40 "heteroploid
{fibroblast) : ' ~70 (40-115)
373 mouse embryo 40 heteroploid
(fibroblast) +~76 (70-80)
549 mouse lymphoma : 40 ‘ pseudo diploid
. (39-41)
Friend mouse erythroleukemia 40 pseudo diploid
' ~39 (35~43)
CHO Chinese hamster ovary 22 pseudo diploid
(fibroblast) ' ~2] (20-22)
V79  Chinese hamster lung ‘ 22 pseudo
*  (fibroblast) , tetraploid j::‘ :
BHK 21 Syrian hamster kidney A 3 44 pseudo diploi&™
. {(fibroblast) ~44 (42-45)
BSC 1  African green monkey kidney 60 pseudo tetraploid
~115
RAG mouse renal adenocarcinoma 40 heteroploid \
(epithelioid) ~74
s2 Drosophila melanogaster embryo -4 diploid
(epithelial)

Table I was taken from Lewin (1980).
-
\ ‘
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for genetic studies: (i) the karyotype of CHO cells appears to be
stable fram clone to clone in different cells within a clone, and upon
repeated subcloning, which ensures that any mutants that are isolated
" can be campared directly with the parental cell line; (ii) CHO cells
can be grown under a variety of culture conditions such as in
suspension culture, in soft agar, on top of soft agar, as well as in
monolayer; (iii) the CHO cells have véry high plating efficiency
(nearly 100%) which is an important property for varijas genetic and

biochemical studies; fiv) the short generation time of CHO cells

]

(approximately 12 hours) make it possiblé\éb’obtain large cell -

populations in a short time; (v) a large numbexr of autosomal recessive
mutants have been isolaﬁed in this cell line indicating that these
cells may be functionally hemizygous at a number of genetic loci of
interest. -
1.2 Types of Somatic Cell Mutants ‘

buring the past 10-15 years, a large variety of:;sgénys

exhibiting altered stable phenotype have been isclated in CHO cells.

These mutants can be divided into two main classes, auxotrophic or
conditional-lethal mutants (Kao and Puck, 1972; P. tterson, 1976; Puck
and Kao, 1967; Thompson et al., 1970; 1971), and ::>ants resistant to
various cytotoxic agents including drugs and inhibitors (Gottesman, -
1980; Siminovitch, 1976; Stanley, 1980; Thompson, 1979;. Thompson and
Baker, 1973; wright, 1979; Wright et al., 1980).

| As a general class, the drug resistant mutants have been

studied more often than any of the others because of the wide variety
v
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of selective agents available and the ease with which specific mutants
can be obtained. Since the usefulness of the drug resistanthmutants is
the main focus of the thesis, it will therefore receive the most

emphasis.

1.3 Selection of Drug Resistant Mutants
Drug resistant mutants éan in principle be obtained to any

canpound that is cytotoxic to ceils and for isolation of drug resistant
mtants, two types of procedﬁres have been employed. These are a
single-step protocol or a multi-step protocol. In single-step
érotocols, acquisition of resistance is determined following a single
exposure to a given toxic concéntration of the drug (Chu and Powell,
1977; Lewin, 1980; Thompson, 1979; Thompson and Baker, 1973).
Depending upon the nature of genetic aiterations, a series of resistant
lines may be obtained having varying levels of resistance. Sometimes
it is difficult to acquire a high level of resistance in a single step,
in such circumstances, discrete multiple single steps can be used
(Gupta, 1981). The Luria-Delbruk flucfuatioh test (Luria and Delbruk,
1943) suggests that the single-step protocol seiects mutants already

present in the population and excludes the possibility that the
| selective agents has induced the variants. 1In the multi-step protocol,
the parental line is éxposed to gradually increasindAconcentrations of
the selective agent for as long as may be necessary to obtain the
. desired levei of resistance. Most of the time, variants obtained by
this prbtocol revert back to parental phenotype in the absence of

selection pressure and are thus not mutants in the true sense. Such



variants can contain multiple single mutations and a large nunber of
yariants selected by this protocol have bee; found to involve gene
amplification leading to inéreased synthesis of the target protein
which is inhibited by the selective agents (Schimke, 1982).

1.4 Mutation and Epigenetic Variation

Since the first isolation of drug-resistant mutants, a great
deal of effort has gone into elucidating the actual éenetic mechanisams
underlying alte&ed phenotypes (C;skey and Kruh, 1979; De Mars, 1974;
Lewin, 1980; Siminovitch, 1976). Before variant cells isolated in
. ;ulture can be used as a model system for studying basic génetic
problams, it.is necessary to establish that the altered phenotype
results from a genetic event and is not due to epigenetic changes.
Therefore, much attention has been focussed on determining whether the
altered phenotypes observed in cell culture were due to changes in DMA
(mutations) or were the result of stable directed shifts in genetic
expression (epigenetic events).

In the past, a number of criteria have been used to assess thé
mutational origin of the phenotypic variation in cultured mammalian
cells (Chasin, 1979; Davidson, 1979). These criteria are: {a) low
spontaneous frequencies of forward and reverse mutation; (b)'the
frequency of mutant appearance -is induced by mutagen treatment; (c) the
mutant phenotype should breed true and it should be stably transmitted
under non-selective conditions; (d) alteration or deficiency of
specific protein is demonstrable; (e) mutation can be assigned to

certain chromoscme or to a specific chromosome region; (f) an altered

-
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gene can be demonstrable at the DNA level. During the past decade,
abundant evidence has accumilated suggesting that a large number of

. mutants isolated in culture satisfy the majority of the above criteria,
thus confiming their genetic origin. However, it is important to
mention that the non-mutational ﬁechanism of "gene inactivation" or
"gene silence" is stiil a viable concept and some of the variants may
be originating by this mechanism (Bradley, 1979; 1983; Bradley and
Letovanec, 1982; Milman et al., 1976; Morrow, 1977; Turker et al.,
1%84).

1.5 Mechanisus of Drug Resistance in Mammalian Cells

Mutant cell lines obtained for resistance to various drugs
exhibited resistance due to one of the following mechanisms:
(a} decreased cellular wtake of the drug

(b) lack of conversion of drug into'a cytotoxic form
(lethal synthesis)

{c) increased metabolism of the drug or its conversion
to an inactive form

(d) altered intracellular nucleotide pools
N

() an increase in the level of the cellular target
for the drug '

(£) alteration in the target site.

A few selected examples of each of these mechanisms are summarized in
Table II. As can be seen, there are various mechénisms available for
cells to develop resistance through mutation in DNA..

1.6 Antimetabolites

The temm antimetabolites refers to a group of patural and

synthetic substances, with very heterogeneous chemical structures and
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Table II. Mechanisms of Resistance to Cytotoxic Drugs

Mechanism Drug Specific alteration
Defective transport Adenosine Decreased cellular uptake
{Cohen et al., 1979)
Cytarabine Decreased membrane
nucleoside binding sites
(Wiley et al., 1982)
VM-26 Increased efflux (Gupta,
' 1983b; Lee and Roberts,
1984)
Defect in the Adenosine Alteration in adenosine

synthesis of
lethal metabo¥ite(s)

8-Azaadenine
2,6-Diaminopurine

S5-Azacytidine

Cytarabine

5-Fluorouracil

(4]

6-Mercaptopurine
6~Thioguanine

Toyocamycin
Tubercidin
Pyrazofurin

- kinase (McBurney and

Whitmore, 1974a)

Decreased adenine
phosphoribosyltransferase
(Jones and Sargent, 1974;
Taylor et al., 1977)

Decreased uridine-cytidine
kinase activity (Vesely
et al., 1967)

Decreased deoxycytidine
kinase activity
(Tattersall et.al., 1974)

Decreased uridine kinase
activity (Reyes and Hall,
1969)

Decreased hypoxanthine—
guanine phosphoribo-
syltransferase activity
(Brockman, 1963; Caskey
and Kruh, 1979)

Lack of adenosine kinase
activity (Chan and Juranka,
1981; Dix et al., 1979;
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Mechaniam

Drug

Specific alteration

Increased drug
inactivation

Altered nucleotide
pools

Gene amplificaticn

9—5-5—arabino—
furanosyl adenine
6-MeMFR

Bleanycin
Cytarabine

6-Mercaptopurine
6-Thioguanine

Cisplatin

Cytarabine

Azauridine or
Pyrazofurin

5-Fluorcdeoxyuridine

Doxorubicin
Vinca alkaloids
Colchicine

Methotrexate

CGupta and Siminovitch,
1978b; Gupta and Singh,
1983; Rabin and Gottesman,
1979; Thacker, 1980)

Increased bleanycin-
hydrolase activity
(kiyama et al., 1981)

Increased cytidine
deaminase activity' (Stewart
and Burke, 1971)

Increased membrane
alkaline phosphatase (Lee
et al., 1978; Scholar and
Calabresi, 1979)

Increased intracellular
metallothionein (Bakka
et al., 1981)

Increased intracellular
CTP and dCTP pools
(Desaintvincent and

. Butten, 1979)

Increase in UMP synthetase
(Suttle, 1983}

Thymidylate synthetase
amplified (Rossana et al.,

11982)

Increase in membrane
glygggroteins (Biedler,
1981; Ling 1982; Robertson
et al., 1984)

Increase in dihydrofolate
reductase activity ;
(Flintoff, 1976; J
Littlefield, 1969;
Schimke, 1982)
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Mechanism Drug

Specific alterafion

Mycophenolic acid

PALA

-Altered targets Allyl alcohol

a-Amanitin

Colcemid

Diphtheria toxin

Emetine

Methotrexate

. Ouabain .

LS

Podophyllotoxin

Inosine-5"'-monophosphate
dehydrogenase amplified
(Huberman et al., 1981)

Increase in carbamyl-P-
synthetase, aspartate
transcarbamylase and

dihydroorotase (Kempe
et al,, 1976) :

Altered alcohol dehydro-
genase (Thirion and Talbot,
1978)

RNA polymerase II becames
resistant (Chan et al.,
1972; Ingles et al., 1976)

Tubulin (Ling et al.,
1979; Keates, 1981)

Failure of elongation
factor -2 to become ADP-
ribosylated (Moehring

and Moehring, 1977; Gupta
and Siminovitch, 1978a)

Altered 40S ribosomal
subunit (Gupta and
Siminovitch, 1976; 1977)

Altered dihydrofolate
reductase (Flintoff et al.,
1976; Gupta et al,, 1977;
Melera et al., 1980)

Altered Na* x* arpase
(Baker et al., 1974;
Lever and Seegmiller, 1976)

Alteration in microtubule
associated protein (Gupta
et al., 1982; Gupta and
Gupta, 1984) )
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mechanisms of action, but having in common the fact that theif
inhibitory effects can be antagonized by one or more metabolites,
Generally, but not always, their chemical structures are analegcous to
those of the antagonistic metabolites,
Thé antimetabolites can be divided into two large groups on the
basis of their mechanisms of action:
I. those that are incorporated into "informational" polymers (DNA, RNA
and proteins) in place of natural monomers and change the
information eontent; and

II. those that inhibit theé” formation of essenfial metabolites.

l.6.1 Nucleosi?e Analogs
Among the various antimetabolites of group I, nucleoside

analogs represent a diverse group of biclogical campounds structurally
related to the puriné'apd pyrimidine nucleosides and/or their
nucleotides fourd in the cell. Mucleoside analogs have proven very
useful as important biochemical tools in studying a variety of problems
such as, mechanisms of protein, RNA and DNA synthesis, regulation of
purine and pyrimidine nucleotide synthesis, mechanisms of enzymatic
reactions, subcellular organizations, etc. (Daves and Cheng, 1976;
Sl‘Jhadolnik, 1970; 1979). )

| Although purine nucleoside and nucleotide analogs have been
known for a long time, it is only relatively recently that they have
been considered to be useful as antiparasitic, antitumor and antiviral
agents (Daly, 1982; Daves and Cheng, 1976; De Clercq, 1984; Fox et al.,
1983; sidwell, 1979; Suhadolnik, 1979).
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1.6.2 (Classification of Nucleoside Analogs

To date, about Sseventy naturally occurring nucleoside analogs
have been isolated and they can be classified on the basis of their
structures into five groups: (i) purine nucleosides or nucleotides
analegs; (ii) pyrimidine nucleosides analegs; (iii) pyridine
nucleosides‘gnalogs; (iv) diazepine nucleosides analegs; and (v)
maleimide ﬁﬁeleosides analogs (Suhadolnik, 1981). There are thirty
nine purine-like, twenty six pyrimidine-like, two with the pyridine
aglycon, two with the diazepine ring and only one with the maleimide
aglycon.

Naturglly occurring purine nucleoside analogs can be broadly
divided based on ribosidic linkage into two groups, N- and
C-nucleosides. In N-nucleosides, like adenosine the base is joined to
a sugar moiety by a nitrogen-carbon bond, but on the otherhand, in
C-nucleosides there is a carbon-carbon bond. The pyrrolopyrlmldlne
nuclecsides and Pyrazolopyrimidine nucleosides are examples of
N-nucleosides and C-nucleosides, respectively. Because of the longer
carbon-carbon glycosidic bond (1.55 angs } in camparison to
carbon-nitrogen bond (1.47 angstram), the energy barrier for rotation
is low for C-nucleosides and as a result C-nucleosides can exist in
syn-anti equilibrium rather than anti as is the case for adenosine
(Prusiner et al., 1973; Ward ard Reich, 1968}.

Since the work described in this thesis is concerned with the
mechanism of action and cellular resistance of pyrrolopyrimidine and

//- pyrazolopyrimidine nucleosides, the earlier work on these purine



nucleoside analogs is reviewed below in somewhat greater detail.

1.6.3 Pyrrolopyrimidine Nucleosides

The structurally related pyrrolopyiﬁnidine