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ABSTRACT

2-Azidoadencsine has.previously been shown to be a potent -
activator of adenylate cyclase in human platelet particulate fractioms.
"In the present study, the activation of adenylate cyclase was enhanced
by: (a) reducing Mgz+ concentration in the assay mixture, (b) adding
excess adenosine deaminase during the incubatiog}-and {c) using
rabbit platelets instead of human platelets. Under these optimal conditions
a 200% increase in adenylate cyclase activity was achieved with
10 pM 2—azidoadenosine.
2-Azidoadenosine wés stable in aqueous buffer systems in
the absence of light. At pH 7.4, 2-azidoadenosine exists as two
tautomers, the azide form and the tetrazole form which were shown to
~intérconyert in a firét order fashion with a half—lifé of 15.3'min
at 22°C. These two tautomers appear to be equipotent in their
activation of platelet particulaée fraction adenylate cyclase. How-
ever, on irradiation ét 313 nm only the azide form appears to be
photolysed to a mixture of products, presumably via a nitrene 7
intérmediate.
Although the photolysis of 2-azidoadenosine in the presence
of platelet particulate fraction produced,a;tivation‘of platelet
adenylate cyclase, evidence was obtained that this was not the

result of pﬁotoaffinity labeling. The individual effects of pre-exposure

to 2-azidoadenosine and irradiation at 313 nm were additive.
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Activation of adenylate cyclase by 2—aziaoadenosine added
to the enzyme assay was reduced‘if the particulate fraction had
been exposed to UV radiation. The same reduction }n activation
by 2-azidoadenosine added to the assay was seen when the prior
irradiation of the enzyme was carried out in the preéence of

2-azidoadencsine.

3 . .
The "H covalently bound to the platelet particulate fraction
upon irradiation in the presence of 2—azido[3H]adenosine was shown

to be radiation dependent. However, pre-irradiation of 2-azido-

1

fﬁ]adenosime generated a product that covalentiy-labeled platelet

particulate fraction as effectively as irradiation of 2—azido[3ﬁ]—

“

adenosine in the presence of particulate fraction. This indicates

r
that affinity labeling rather than photoaffinity labeling had occurred.

%\ T
Some inh%bition of this labeling was produced by the addition of .
unlageled Z—azidoadenosiné, Z-chloroadenosine and theoﬁhylline.

However, neither adenosin? nor N6—cycloh2xyladenosine caused
inhibition of labeling when present during photolysis, suggesting

that adenosine receptors werg-moi. detected. -Inhibitio; of labeling

by dipyridamole and coforﬁycin suggested reacfions with ade;osige
transpert proteins and adenosine deaminase, respectively. Further
studies with various combinations of ligands are required to determine

the nature of sites labeled by the photolysis products of 2-azido[?ﬂ]—

adenosine.
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INTRODUCTION

1.1 The Bfood Pfatefet

4

Injury to a blood vessel wall causes changes in the structure
of the endothelial surface which allow plateiets to adhere to the
injured site. Platelets adhere to subendothelial structures such as
basement-membranes, collagen fibres and microfibrils. These plateléts
release theilr granule contents and further platelets adhere to thesg
activated plafelets. 0f the vessel wall constituents only collagen
has been shown to cause release of platelet granule contents (Baum- ‘
gartner et al., 1976). These three characteristic responses of
platelets, i.e. a&herence, aggregation and secretieP"of granule con-
_tents, ‘the latter known as "release reaction”, are essential for the
formation of a hemostatic plug or the %?velopment of an arterial

T

thrombus (Mustard et al., 1974).

The formation of prostaglandin endoperoxides and thromboxane,

Az_and the release of granule contents, in particular, those of iﬁé

- ~
amine storage granules, promote further aggregation and release. ;

.
Contents of these.amine storage granules include the potent aggre-
gating agent ADP, ATP, vasoactive‘amines (serotonin) and divalent
catlons (Ca2+ in human platelets)(F;inBtein, 19785. Activated
platelets change shape from a-disc-l}ke Qtructﬁre to a more rounded
form with pseudopodia. This changed shape allows for further

platelet aggregation either to each other or, to other platelets

élready gitached to the exposed collagen. E

-1 -
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In addition to release of stored\substances, collagen and

g

" thrombin-stimulated platelets rapidly synthesize compounds that

‘produce further aggregation. Arachidonate acid is produced by

phospholipase C and diacylglycerol lipase from phosphatidylinositol
(Bell and Majerus, 1980). The arachidonate is converted'enzymatically'
to the prostagla?din endoperoxides, PGG2 and PGH2 and thromboxane Az.'
These short-lived compounds cause further aggrégation'and release
(Hamberg et al., 1975; Malmsten gg:gl;, 1975).

With the formation of thromb%n; fibrinogen is converted to
%ibrin. This fibrin stabilizes the platelet agéregates to form a
ﬁemostatic plug. Thrombin, besides converting fibfinogen to fibrin,
causes further platelet aggregation by stimulating platelets to

praduce the prostaglandin derivatives,(PGGz, ?GH2 and TXAZ), and the
release of platelet ADP (Packham et al., 1977) or by a third mechanism
inﬁslving mobilization of cellular Ca2+ stores (Feinstein), 1978) or
possibly the formation of platelet aggregating factor (Chignard et al.,
1979).

In addition to responding to the activating effects of
agenists that cause aggregation and the release reaction, platelets can
also respond via a negative pathway with reversal or inhibition of
aggregation. -These inhibitory agonists, in order of decreasing
potency, are the inhibitory, prostaglandins (PGIZ, PGDZ, PGEI), .
adenosine and bet;—adreneféic agonists (Haslam et al., 1979a). The

mechanism of inhibition by these agonists is via an increase in

platelet cyclic AMP concentration (Wolfe and Shulman, 1969; Mills
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and Smith, 1971; Salzman, 1972; Haslam, 1973; McDonald and Stuart,

¢

1973; Haslam, 1975; Hasldm et al., 1978a; Haslam et al., 19?8b).

1.1.1 Platelet Cyclic and Regulation 0§ Platefet Function

It is well establishe?‘that platelet cyclic AMP is’the (
second messenger in the inhibition of platelet aggregation by~
prostaélandins, however this relationship is much more qualitative .
than quantitaﬁive (Miils and Smiéh, 1971; Haslam, 1973; McDonald and
Stuart, 1973; Haslam, 1975; Wang et al., 1978). Discrepancies arose
wﬁen a given'amount of inhibitory agonist inhibited by dikfer?ng
degrees the aggregation caused by various agéregéting agents. One
example is the effect pf PGEl on ADP or vasopressin-induced aggregation.
At-ghe concentration producing thé same extent of aggregation by both
ADP and vasopressin, PGEl inhibits ADP—induce& aggregation mﬁch less
fhan vasopressin—iﬁducgd aggregation (ﬁaslam, 1975). The proposed
reason for the discrepancy is the failure to take into account the
effect of the aggregating agent on the increase in platelet cycelic
AMP (Haslam, 1973; Haslam, 1975; Haslam et al., 1979a). ADP lowered
the PGEl-stimulated increase in cyclié AMP while vasopressin did noﬁ.

Since cyclic AMP was clequy involved in the inhibition of

aggregation, investigators attempted to determine its role in agqre-

gatlon. Salzman (1972) suggesfﬁ& that a decrease in cyclic

caused by aggregating agents, might promote platelet aggregation.
As epinephrine (Marquis et al., 1970) and-ADP (Cole et al., 1971) '
_inhibitedlthe increase in platelet cyclic AMP caused bylPGEl, the

concept of bidirectional regulation of platelet function by cyclic

.
- .
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'AMP:appeafed feasible. The main piece of evidence against the type
of }ontrol was the fact that aggregation could still occur in the
presence of éievated cy&lié AMP levels (Haslam, 1975). Subsequently
another cyclic nucleotide was Proposed as a mediator of platelet
aggregation or the release reaction and this was cyclic GMP (Haslam,
1975; Goldberg et'al., 1974). However, further work by Haslam et al.
(1978c, 1979a) indicated that increases in cyclic GMP may be an

effect rather than a cause of aggregation. More recent evidence

‘

-+ e .
has suggested that Ca2 is the primary intracellular messenger for
aggregation (for review see Felnstein, 1978). One actlon cf cyclie

AMP méy be to decrease the concentration of Ca2+ in the platelet

cytosol (Haslam et al., 1978a, 1 8c) thus inhibiting aggregation.

Various lines of evidence have
—
that cyclic AMP is a unidirectional regulator in platelet, be}ng

ow relnforced the concept

responsible for only inhibition of aggregation (Haslam et al.
©1978a, '1978b, 1978c) Haslam et al. (1978b) provided evidence for
this concept with the use of deoxyadenosine derivatives, Thus,

the potent inhibitors of adenylate cyclase, 2',5'-dideoxyadenosine
andﬁ9-(tetrahydro-2—fury1) adenine (SQ22536) failed to potentiate
aggregation induced by ADP, vasopressin, collagen, arachidonic acid
Oor cause aggregation by themselves (Haslam et al., 1978b). Salzman
et al. (1978) has also found, contrary to an earlier report by this
gfoup, that‘SQ22536 does not potentiate aggrégation. Harris et al.

(1979) has shown reversal of PGEl inhibition of ADP-induced aggre-

gation by 9-substituted adenine'derivatiyeé.

L



1.2 Adenulate Cyclase

Hormone sensitive adenylate cyclase (ATP pyéophosphate
lyase (cyclizing) EC 4.6.1.1), is a complex system of intrinsic
membrane proteins that contains at least five distincf loci for the
inceraction of various regulatory ligands. In‘addition to the
catalytdc site there are sites for the actioﬁs of {a} guanine nucleo-

’ : \

tides (Rodbell et al., 1971; Lad et al., 1977}, (b)r;ivalent cations
(Londos and Preston, 1977a), (c) ﬁormones, and (d) adenoside which
acts as 1) a local hormone and 2) an intracellular regulatory ligand
‘(probably not the physiological ligand) (Fredholm, 19?8; Arch and

Newsﬁé&me, l§78; Fox and Kelly, 1978).

1.2.1 Guanine Nucleoiides and Adenylate Cyclase

It is now clear that guanine nucleotides (GTP is probably the
physiologically important one) (Johnson and Mukku, 1979) are essential
for adenylate cyclase activation'(Rodbell et al., 1971; Rodbell, 1975;
Lgvitzki, 1977).

. Fhe guanine nucleotide site.of sites (Lad et al., 1977) are
distinet from the caEalytic site. It has been suggested that both
the catalytic unit and the recteptor component each contain a guanine

ucleotide site (Welton gg_él;, 1977) and now Rodbell (1980) BUgEestS
he GTP-regulatory protein acts as a brihge_between the receptor and
the cgtalytic component. | -

| Activation of adenylate cyclaée by guanine nucleotides is
dependent on the preéence of the triphosphate. Hydrolysis of GTP ae

the nucleotide regulatory site results in deactivation of the enzyme

: \
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back to a resting state (Casgel-and Selinger, 1976). Analogs of GTP
that are resis;aﬁt to hydrolysis at the terminal phosphate such as
guanyl-5'-yl imidodiphosphate (Gpp{(NH)p) induce a stable and highly
active adenylate cyclaée (Londos et al.,, 1974). This hydrolysis of
GTP is highiy specific wiFh the GTPase activity being associated

witb the enzyme bomplex. GTPase activity incredses in propoftion to
the GTP-enzyme activated complex concentration (Pfeuffer and Helmrich,
1975; Cassel and Selinger, 1976). Thus, the adenylate cyclase system
oscillates between states of 1ow and high activity depending on the
rate of turnover of GTP at the GTPase site and the availability of
GTP to the system. The GTPase Bystem can be regarded playing‘an
intergral part in the control of adenylate cyclase.

An actual evaluation of the physiological role of GTP has
been reported {Johnson and Mq%ku, 1979), in.which intracellular GTP
levels were decreased. The use of inhibitors of IMP dehydrogenase
reduced GTP concentrations by 80Z and ATP by only 10 to 15% in iﬁtact,
cultured NRK cells. When GTP levels were reduced, the ability of .
PGE1 and isoproterénol to raise cyclic AMP lévels was decreased by
50 to 70%, yet basal cyclic AMP.levels were unaffected. It is
possible thﬁt GIP activation of basal éctivity and hormonal stimula-
tion are under different controls. o

Guanine nucleatides not only activate adenylate cyclase in -
the preéence of beta adrenergic agbniats and stimulatory prostaglan-
dins but is also essential for the membrane receptor action of

adenosine. In the turkey erythrocyte, adenosine stimulates adenylate
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cyclase in the presence of GTP (Sevilla et al., 1977). 1In the fat
- cell, Londos et al. (1978) have shown GIP~mediated adenosine inhibi-
tion of adenylate cyclase. 1In both these 'systems adenosine is

postulated to exert its effects through a receptor.

1.2.2 Divalent Cations and Adenylate Cyclase
The activity of adénylate cyclase depends on thé‘presence of

Mg2+ or Mn2+. Magnesium is ghe physiglogical divalent cation but
- cyclase activation by ﬁg2+ requires concentrétions 50 to 100-fold
greater than with Hn2+ (Londos and Preston, 1977a). The mechanism of
cation regulation has been a point of ‘controversy for the last &
several;years. Sutherland and Rall (1962) first showed adenylaté
cyclase systems were activated by divalent cations at concentrations
In excess of the metal-ATP substrate. Tﬁey postulated two actions of
magnesium from their data. Magnesium either, (a) acted upon a site

independent of the catalytic site, or, (b) lowered the ratio of free .

3=

. ATP (ATPéh or HATP™ ). Free ATP could have a higher affinity for the

catalytic site although HgATPz_ i1s the substrate; ATP4- would be a .
competitive inhibitor. Thus, an increase in cation concentration

-

would appear to activate adenylate cyclase by decreasing the concen~

=

tration of ATPA-.E\

. Y - . .
Rodbell et al. (1971) and De Haen (1974) both indicated free
ATP was a competiitive. inhibitor. However, Dfummond-sg al. (1971)
and Garbers and Johnsoh (1975) , who questioned Drummond's kinetic

approach, all suggested free ATPAh was not a potent inhibitor.



~More recently (Londos and Preston,. 1977a; Williams et al.,

1978; Johnson_gE al., 1979), cation activation has been recognized

-

site. Londos and Preston (1977a) also showed thét‘guanine_nucleo-
tides lower the requirement for divalent cation, so that in the
absence of GTP, half-maximal aétivation was obtained‘witﬁ';'to 10 mM
Mg2+ whereas.the concentration of Mg2+ needed for half-maximal
activation in. the presence of GTP was about 1 mM,

‘Divaient cations cén also inhibit hormone-stimulated
adenylate cyclase. 1In the presence of increasing concentrations of
§n2+, Londos and Preston (i977a) found inhibition of glu;agon~.
stimulated liver adenylate cyclase. Similarly in‘the platelet,
increasing Mg2+ concentration rediices the apparent stimulation-
produced by adenosine (Londos and Wolff,'l977).. In the presence. of
other hormonés, thé concentration of Mg2+ required for maximum acti-
vation 1s reduced (Alvarez and Bruno, 1977). .

Another effect of divalent cations coﬁcerns the binding of

1

agonists to their receptors, e.guﬂ-ﬂdrenergic agonists to;gvadfenergic

’
4

receptors or prostagland%ﬂg to their receptors, in which divalent
cations cause an increase in the amoint of agonist bound (Williams et
2l., 1978). Magnesium ion was found to ‘be the most potent ion ot of
those tested (Mgz+, Mn2+ and Ca2+). Antagonist binding was not

_ enhanced by divalent cationa, however, a partial shift in binding

affinity was observed for partiai agonists.

.
-
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Malbon, 1979). In the three years encompassing 1976 to 1978, at

focus of the article (fain and Malbon, 1979),.

1.2.3 - Adenodine and Adenyfate Cyc,we

Adenosine is gaining acceptance as a ho%mone-like regulator

L}

of adenylate cyclasé (Daly, 19763 Arch and Newshoime, 1978; Fain and

o

[

‘least 617 articles were published in which adenosine was the main

.
.

Adenosine affects adenylate cyclase activity in tissues such

- .

as brain (Sattin aqd Rall, 1970), platelets (Haslam and Lynham, 1972),

mouse neuroblastomé {(Blume and Foster, 1975), cultured human cells

(glioma cell line) (Clark and Seney, 1976), ventricular myocatdium
. ) A A .

L9 .
(Huang and Drummond, 1976), bone cells (Peck et al., 1976), coron—
ariés (Schrader et al.,’1976), Leydig tumor cells and rat liver cells

t al., 1977),

(Londos and Wolff; ;9?7), rabbit intestine (McKenzie
rat striatal homogenates (Pré@ont gg_gl;, 1977), turkey erythrocytes
(éevilla &t al., 1977), adipocyte tissue'(Trosé'ahd stock, 1977) and
thyroid tissqe (Wolff et al., 197?).

The.first demonstration.of the activation of adenylate cyclase

in a subcellular preparation (platelets) by a receptor-dependent mechan- ~

ism was by Haslqm and Lynh®h (1972). It was later shown (Haslam and

Rosson, 1975) the étimulatory site was a membrané receptor but

-

higher concentrations of adenosine inhibited adenylate cyclase
activity. This inhibitory site was suggestad tg be intracellular.
‘ Adenosine has been observed to inhibit adenylate cyclase

£

ac&}ﬁity in.the’fat cell,‘liver and thyroid; stimulation has been

- observed in the turkey erythrocyte and murine neuroblastoma, while

/s

v

a s ————— -

L
-,

U o, e e e e
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in the platelet, bome cell and cultured human cells, the effect is

biphasic, that is adencsine both stimulates and inhibits adenylate

-

cyclase activity with the net effect being concentration dependent.

The sﬁrface membrane récéptor of adenosine accepts purine
substituted analogs of adenosine ag agonists (Londos and Wolff, 1977;
Haslam et al., 1978b; Préﬁont‘gg_glL, 1977) but 1is antagonized by
methylxanthines (Haslam and Lynham, 1972; Blume and Foster, 1975;
Clark and Seney, 1976; Londos et al., 1978; Tolkovsky and Levitzki,
1978): The response induced by the feceptor, whether it be inhibi-
tion (Londos et al., ;978)-or stiﬁulation (Sevilla et al., 1977),
-requirestTP t& mediate its action.

Londos and Wolff (19%7) introduced the concept of an."R"
_site responsible for activaiiig/gfwﬁdenylate cyclase 'by adenosine
analogs contalning an intact ribog; residue. Antagonism by methyle
xanthines was reqﬁired to be exhibited by this site. Recently
(Londos et al., 1979; Haslam et al., 1979b; Fain and Malbon, 1979),
the concept of activation by the "R" site has been marked1y<modified.
The "R" site 1s now believed responsi?le for the inhibition or
stimulation of adenylate cyclase, 1.&. by analogy with adrenergic
hormones, adenosine exerts both "alpha"-and "beta" effects (van

Calker et al,, 1979).

Earlier it had been mentioned adenosine exerted an inhibitory
effect upon a site which was intracellular, Londos and Wolff (1977) .
called this the "P" site since inhibition required an intact purine

ring. It is distinguished from the "R" site because it .ig located
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on the intracellular surface (Haslam and Rosson, 1975; Londos et al.,
1579) of the ﬁlaSmﬁ membrane, it always mediatésinhibition of cyclase
activity, requifes an intact purine ring for activity and does not
interact with methylxanthines (Fain et al., 1972; Cgatrecasas and
Sahyoun, 1976; Trost and Stock, 1927; Londos and Wolff, 1977; Hgslam
et al., 1978b). The "P" site of adenylate cyclase is probably a
fuhctionaﬂ part of all adenylate cyclases (Londos et al., 1979).
Adenosine-activation of turkey erythrocyte adenylate cyclase

is a typical "R'" site effect. However, recently it has been suggest-
ed tHat the adenosine receptor 1s precdupled to the cyclase (Braun
anq Levitzki, 1979). Both adenesine and.ﬂ—agoqists&activate the same
adenylate cyclase. yet the)g—receptor,.in-contrast to the adenosine
receptgf? appears to act via a diffusion controlled process within

the membrane (collision coupling of the receptor and adenylate cyclase)
(ﬁanski et al., 1979)}. Both ligands also activate the adenylate
cyclase through a common guanyl nucleptide ;egulatory site (Tolkovsky
and Levitzki, 1978). Adenosine appears to activate only 80% of this
pool of enzyme whereas the}B-receptor can activateAthe entire pool.

rWith the use of a ribose-altered adenosine analog,(adenosine

bisaldehyde), Braun and Levitzki (1979) suggested that a proportional
decrease of the maximum specif{c activity, without a change in the-
rate constant of irréversable cyclase activation, followed a kinetic
model which describes the adenosine ;eceptor as being permanently

attached to adenylate cyclase. This was further suggested

by the observation that an increase in membrane fluidity has no effect

-
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on the rate of adenylate cyclase activation by adenosine (in con-
trast with activatidn by ﬁ-ad}n&rgic agonists and the collision
coupling model (Hanski EE.Ei;’ 1579).

The apparent affinity labeling of the adenosine receptor by
the bisaldehyde has several areas of inconsistency. First, adenosine
activates this system and activation has only been shown to occur via
"R"-type sites. The "P" siée always mediates inhibition but Levitzki
has never reported any inhibition by adenosine. Yet with the use of
a ribose—al;?fed adenosine analog, which would be expected to be more
specific for a "P" (inhibitory) site, he claims to have labeled the "R"
site. It is quite possibie the decrease in activation by catechola-
mines, in the presence of adenosine could be the result of inhibition
by adenosine similar to that observed when adenylate cyclase is
activated by prostaglandin E1 in the platelet system, where only
inhibition by adenosiné 1s observed (Haslam and Lynham,y 1972). “This
issue could be setgled by studies of the effects of adenosine ana—
logs, spetific for the "P" and "R".sites, on fhe binding properties
of the dialdehyde analog.

. Further adenosine receptor studies have been reported by
Haiﬁun et al, (1978j using fat cell membranes. The adenosine recep-
t%in fat cells inhibits accmuiat:@on of cyclic-A\}ﬂ’ (Fain et al.,
1972) but the.structure—activity relationship suggests an "R" site
,mediétion of the ‘inhibition (Londos et al., 1979). Malbon et al.
(1978) characterized PH;]adenogine binding to fat cell membranes

employing vacuum filtration technique. Binding could only be detected

<
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in the presence of an adenosine deaminase inhibitor, deoxycoformyecin.
Eﬁ{] Adenosine binding was rapild and reversible. Analysis of
Scatchard plots revealed two populations of adenosine binding sites
with differing affinities for adenosine. Both theophylline and 2'5'-
dideoxyadenosine inhibitied [EH] adenosine uptake. Nﬁ—Phenylisopropyl—
adencsine, a potent inhibitor of norepinephrine-stimulated 1ipolysi§
and cyclic AMP accumulation in intact'cells failed to inhibit ;deno—
sine binding. This all suggested that adenosine binding to the "R"
sites had not been detected.

Adenosine receptb:g linked to adenylate cyclase are closely
related to one of SFE“fG;'types of purinergic receptor proposed by
Burnstoék (1972) /5 The purinergic nerve hypothesis was pﬁt forward
when evidence was pPresented that a purine nucleotidgl/probably ATP,
was the principal tqansmitéer released from the non-adrenergic,
non- cholinergic nerves supplying the gastrointestinal tract {Burn-
stock, 1972). Recently Burnstoc {1978) postulated two types of
"purinoceptors", Pl and P2. Pi urinoceptors have agomist potencies
of adenosine 2 AMP 2 ADP 2 ATP, dause changes in cyclic AMP levels and

are blocked by methylxanthines. Bixnstock (1978) suggests Pl

purinoceptors activate adenylate cycla exﬁnq‘may or may not involve

the same adenylate cyclases as "R" type ‘adenosine receptors (van

Calker et al., 1979). Structure-activity

purinoceptors require an intact ribose moiety for agonist activity;

substitution at the 2-position enhances activ ty (e.g. 2-chloro-

-

aﬁenosine) but deoxyadenosines are very poteft antagonists. P2
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purinoceptors have agonist potencies of ATP& ADP & AMP 2 adenosine

and are not involved with adenylate cyclase.

1.3  Adenosine and Bfood Platefets

In their search for analogs of ADP that might inhibit plate-

let aggregration, Born and Cross (1963) found adenosine and AMP

inhibited ADP-induced aggregation. Adenosine was ten times more
effective than AMP, If the pre-incubation time with adenosine or- AMP
was increased before the addition of ADP, the inhibitory effect was

greater. Born and Cross hypothesized that adenosine and AMP competed

for a putative ADP receptor, though they did not adequately explain

i
-the enhancement of inhibition by pre-incubation. However, the effect

. -

‘of ADP in causing platelet aggregation, and the effect of adenosine

and AMP in inhibiting this aggregation were shown to be highly”gsecific.

. {
Adenosine was also found to inhibit aggregation induced by thrombin,

serotenin, epinephrine and vasopressin suggesting competition for the
ADP receptor was not a feasible theory (0'Brien, 1964; Haslam and
Rosson, 1972). However, this only became clear when it emerged that
ﬁrimary aggregation was not dependent on released ADP (Mills et al.,

1968; Haslam and Rosson, 1972).

Rozenberg and Holmsen (1968), in studying adenine nucleotide

- metabolism showed that after removal of adenosine by adenosine

deaminase and subsequent addition of ADP, inhibition of aggregation
still occufed. Holmsen proposed that inhibition of aggregation was
associa%ﬁﬁ with the prOQEEf of adenosine uptake by the platelet. Since

adenosine 1s phosphorylated once it crosses the platelet membrane by
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an adenosine kinase to AMP, the ATP consumed during transport and/or
>

phosphory;étion_of adenosine would then not be available for platelet
aggregat£on.‘ Depletion of ATP by metabolic inhibitors also showed
inhibition of aggregation suggesting that ATP is consumed during
aggregation. However, partial reduction of ATP by the metabolic
inhibitors produced complete inhibition of aggfegation, although
phosphorylation of adenosine still occured. Holmsen admitted that

this might not be compatible with the 'energy competition theory"

(Rozenberg and Holmsen, 1968).

1.3.1 Effect of Adenosine and Anafogs on Platefel Aggregation

Investigation of adenosine~related compounds suggested that
the 6-amino group of the adenosine melety and the!%—ﬁ—D-ribofuranosyl
residue were necessary for inhibition of platelet aggfegation (Borm
and Cross, 1963;, Born et al., 1965). These studies revealed that a
suﬁstitution at the 2 position of adenosine did not always markedly
reduce inhibitory activity; 2-chloroadenosine was found to be as

potent as adenosine.

Kikugawa et al. (1972, 1973a, 1973b) synthesized a wider
range of adenosine analsgs. None 6f the 5;-substituted adeno-
sines or the 8 substituted adenoqinea showed significant inhibi-
tory activity but substitution at the 2 and/or 6 position gave com-
pounds many'ofrwhich had inhibitory activity similar to that seen

with adenosine. For example, Z2-aminoadenosine was as potent as

adenosine in a study with rabbit platelefs (Kikugawa et al., 1972)
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though in human platelets 2-aminoadenosine had be;n reported to have
lirtle inhibitory ac%ivity (Born et al., 1965). It was suggested
that this was due to species differences (Kikugawa et al., 1972),
Monosubstitution at the Nﬁ-position such as inﬂ§6-cyclohexy1- or NG—
phenyladenosine, gave compounds thrt appeared to be equipotent with
adenosine (Kikugawa et al., 1973a). 2-Thioadenosine derivatives
such as 2-benzylthiocadenosine were also found to have similar potency
to adenosine with rabbit platelets.

Agarwal and Parks (1975) studied the effect of adenosine
analogs on platelet nucleotide'pools and aggregation. After incuba-

tion with 2-fluorcadenosine, they found significaﬁz increases of !
2-fluoroadenine nucleotides in the platelet nucleotide pool; J
2-fluorcadenosine also strongly inhibited ADP-induced aggregation. #
However, this inhibition was detectable within minuteg of the-%nalogs,

well before significant quantities of analog nucleotides gould be

detected. N6—Phenyladenosine. which 1s an inhibitor of adenosine

kinase and is not metabolized to 5'-phosphates within the platelet,

also inhibited ADP-induced aggregation.

i Recently, Cusack and Born (1977) have studied a photolysable
analog of adeﬁosine, 2-azidoadenosine. This 2-substituted.analog; like -
2-chloroadenosine: inhibited aggregation by ADP as effectively as
adenosine itself; mbfeover, 2~azido ADP was about five times more

potent than ADP in causing aggregation. An earlier study (Cusack

and Born, 1976) showed that 2-azidoadenosine irreversibly inhibited
L T .
\

adenosine deaminase upon photolysis, showing that the analog can

bind specifically to the active centre of this enzyme,
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1.3.2 Effects of Adenosine and Anazogé on Pfa,te&e,t Cjc,&:.c AMP

Following the observations that adenosine increased cyclic
AMP levels in braip slices (Sattin and Rall, 1970) and that PGEl,
one of the most potent inhibitors of platelet aggregation, activated
platelet adenylate cyclase (Wolfe and Shulman, 1969), studies were
carried out on the effect of‘adenosine on platelet cyclic AMP (Mills
and Smith, 1971) and adenylate cjclage (Haslam and Lynham, 1972).
Mills and Smith (197;)‘found that in the presence of cyclic AMP
Phosphodiester inhibitors the effects of low concentrations of PGEl,
adenosine and 2-chloroadenosine on platelet aggregation and on
pPlatelet cyclic aMp were similar.. They suggested that these nucleo-
sldes inoibit aggregation by the same mechanism as does PGEl, namely
an increase in platelet cyclic'AMP. .

' Haslam and Lynham (1972), using the particulate fraction of
lysed platelets,_showed‘adenosine and 2-cﬁloroadenosine had a biphasic
effect on adenylate cyclase., At low concentrations of adenosine
'(1—40_pM), adenylate cyclase was stimulated while at high concentra-
tions of adendsine (> lOO}ﬂQ inhibition of adenylate cyclase
occured. Haglam postulafed that thege findings represented the sum
of two independent opposing actions with different concentration
dependencies. The inhibitory action was postulated to be intracellu-
lar while the stimulatory action of adenosine was thought to be due
to an extracellular receptor.

Evidence in support of the stimulatory site of adenosine

being extracellular was obtained by the use of an adenosine transport

n
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inhibitor, p—ni;robenzylthioguanosine {(NBTGR) (Paterson and Oliver,
1971), that does not inhibit cyclic AMP phosphodiesterase. NBIGR was
shown to inhibit adenosine incorporation into in;act platelets. Only
‘the stimulatory action of adenosine was seen as the inhibitory
effects were blocked. It was concladed that incorporation of
adenosine was not required for the increase in platelet cyclic AMP
and that the site of action of adenosine must be on the external
5urface of the plasma membrane (Haslam and Rossen, 1975).

In the presence of papaverine, a potent inhibitor of)ébth
platelet cyclié AMP phosphodiesterase activity and of adenosine 6
uptake byrp1a§elets, cyclic AMP accumulation was enhanced by adenosine.
With the use of papaverine the rates of increase of platelet cyclic
AMP were linear with time in the presence or absence of adenosine.
Double reciprocal plots of the activation of adenylate cyclase in
intact platelets by adenosine were linear, indicating that adenosine
interacts with a single population of saturablersites. In the
presence of papaverine, in intact platelets, increasing adenosine
concentrations did not result in any inhibi;ory action on adenylate
cyclase (Haslam and Rosson, 1973) yet, 1n broken platelets in the
presence of papaverine, high concentrations of adenosine were
inhibitory (Haslam and Lynham, 1972). This evidence suggested that

the inhibitory site of adenosine was intracellular. -
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1.3.3 Eﬁﬁec,tz; o4 Adenosdine wid AnaﬂogA on PzaIeEet Adenylate Cyclase

Haslam and Lynham (1372) were the first to show the effects
of adenosine and 2-chleroadenosine on adenylate cyclase in the. -
particulate fraction of lysed human platelets. The effect was

«
difficult to observe due to its 1ability, simultaneous inhibition of

adenylate cyclase by adenosine and the rapid metabolism of adenosine.
Adencosine appeared to have enhanced inhibitory activity
when adenylate cyclase was activated by PéEl,'and further activation
was appareﬁtly impossible. In the presence of PGEl, 25 FM adenosine
inhibited the control activity by about 30%. This suggested,
assuming PGEl and adenosine acted upon the same adenylate cyé;ase
(as was later proved by Haslam and Rosson (1975) ), that the biphasic
action of adenosine was the sum of two indepéndent opposing pfocessea.
2-Chloroadenosine was also used in the initial stqdy.by
Haslam and Lynham (1972) and was found to be at least as potent an
activator as adenosine but was a weaker inhibitor. This suggested
a difference in the structural requirements for the two actions of
adenosine. Using two concentrations of adenosine, one (S‘pM) that
produced activation and the other (400‘ﬁM) that caused at least 50%
inhibition, Haslam EE.E!; (1978b) compared a range of adenosine
‘analogs. At 400}&L analogs of adenosine substituted aF the 2-
position showed an absenée or decrease in.the inhibitory action
observed with AOO‘FM adenosine, yet considerable stimulatory activit[/

was present; Examples of these compounds are 2-hydrozinoadenosine,

Z-chloroadenosine and 2-azidoadenosine. Activation by 2-azidoadenosine



k/_

was equal to fhnt observed with adenosine at 5}&1(302) and at AOO}ﬂL
the azido coﬁpound still showed marked activation (40%). Analogs
with a single substitution at the Né—position were stimulatery at

400 PM also but showed less stimulatory activity than adenosine at
SlfﬂL Examples were NG-phenyladenosine and N6-benzyladenbsine. The
structure-activity relationships for activation SY adenosine analogs
of adenylate cyclase were similar to those reported for the effect of
these compounds ﬁn cyclic AMP levels in sliceé of brain (Huang et al.,
1972) and myocardium (Hu;ng and Drumﬁond, 1976) and other platelet

studies (Londos and Wolff, 1977).

Analogs of adenosine that had one or more oxygen atoms
{

removed ffpm the ribose moiety were 1nhibitor§ to platelet adenylate
cyclase (Harris e_ci'.,, 1975; Londos and Wolff, 1977; Haslam et al.,
1978b; Salzman et al., 1978).1 Exﬁmples include 9-(tetrahydr032—furyl)
adenine (SQ22536),,2'?5'—dideoxyadenoaine and 2'-deoxyadenosine~3'-
monophosphate. Harris et al. (1975, 1979) showed that the increase in
~cyclic AMP caused by O'S,FM PGEl could‘be_blocked by 5Q22536 and that
thisArevegsed‘the inhibition of ADP-induced aggregation by PGEl.
Haslam et al. (1978b) also showed 2',5'-dideoxyadenosine prevented\
\

the inhibition of’aggregation of PGEl whereas 2'-deoxyadenosine-3' /
N

monophOSphate, a more potent inhibitor of parti&hlate adenylate cyclaggf

did not. Since(g;cleoside phosphates would not be expected to
penetrate the platelet plasma membrane, this evidence further supports

the hypothesis that the inhibitory site is intracellular.

13
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1.4 Photoaffinity Labeling with Azidopurnines

Since the introduction of photolysable reagents to labeling
studies by Westheimer and colleagues in 1962 (Singﬁ et al., 1962),

numerous investigations have used this approach (Westheimer, 1978).

‘Aryl azides are common photolysable reagents because they are readily

synthesized, chemically stable and have the aﬁllity to produce a highly

reactive nitrene on photolysis. Nitrenes will form a covalent bond
with any amino acid R-group by a variet§ of reactions such as nucleo-
philic addition, direct insertion and abstraction (normally a hydro--
gen from carbon) (Knowles, 1972).

In mechanistic terms'phmtoaffinity labeling can be shown as

this:

+P1, -P1 = rate constants for label: receptor reversible complex
formation and dissociation

kP*2 = rate constant for formation of Eovalent label: receptor

complex '

k ‘
+P*3, —P*3 = rate constants for activated label: receptor rever-

sible complek formation and dissociation

S -
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"R" is the receptor, "P"‘is the photoaffinity label, "P*" reactive
species of the label, and "k" are the appropriate rate cohsfents.
"True" photoaffinity labeling occurs when rate eonetant kP*2 ie much
grea;er-than k—P*B, so that the Eesired receptor is labeled.
"Pseudo" photoaffinity labeling occurs when k-P*3 is g;eater than
kP*z. P* will be produced by photolysis in free solution and may bind-
revefsibly and dissociate from the receptor manf times before. it
reacts to form a ccvaleet bond. 1In principle; pseudo photoaffinity

A

labeling 1s the same as ordinafy affinity labeling except P* ig pro~

duced in a photolytic reaction.

Azidopurine derivatives are useful photoaffinity labels and
“have been employed in‘studies ei;h adenosine deaminase (Cusack and
Born, 1976), adipocyte plasma membranes (Rosenblit and Levy, 1977)
and cyclic AMP binding studies (Skare et al., 1977).

Rosenblit and Levy (1977) used 8—azido—[é—3ﬁ]adenosine to
attempt tegidentify adenosine binding codbonente and their specific

function in the fat cdll. Photolysis produced severég_labeled protein

components, however the specificity of the components labeled was

not determined.

As already mentioned, Cuseck and Bern (1976} used 2-azido-
adenosine to inhibit adenesine deaminase competitiﬁely in the
absence of 365 mm light and noncompetitively after photolysis.
Their later results (Cusack and Born, 1977) indicated that Z-azido—
ADP and 2-azidoadenosine had high affinities for their respective

receptors on the platelet membrane and might, thereforf, be capable

of binding irreversibly after photolysis.
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The chemical structure of the azidopurine cannot be vietied
as the usual azido resonance, due to the fact that at position 2 or

8 on the purine ring, the azido group is ortho to a nitrogen atom.

i

As a result, 3 mixture of the azide stfyptgre and tetrazole tautomers
will exist in seclution. An azide at gosition B will have one tetra-
zole tautomer while, an azide at position 2 can pdtentlally produce

two tetrazole tautomers. The possible tautomers of 2-azidoadenosine

are shown below:  ° ’

i e g p
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The position of the tetrazolo-azido equilibrium is solvent

- * L]

ing substituents, the azido tautomer is stabilized, énd at high pH or

with electron-donating groups, the tetrazolo form is stabilized

(Temple et al., 1966). The tetrazolo tautomer is much less sensitive -

to photoi&sia than the azido derivatives (Bayley and Knowles, 1977).
Knowledge of the equilibirum mixture is, therefore, important in

a;tempté to use azidopurines as photoaffinity labels. -

and pH dependent. At low pH or in the presence of electron-withdraw-
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. Photolysis of these azido compounds occurs most readily at -

wavelengths below 300 am. Cusack and Born (1977) irradiated 2-azido-

-~
w

adeﬁbsine at 254 nm for 5 min or at 365 nm for 60 ﬁin; Skare et al.
{1977) used 253.4 nm light for B-azidoadenosine-3',5'-monophosphate.
The effects of radiation of low wavelengths on these systems was not
considered. Howevér, platelets have been shown to aggrega;e in res-
ponse to ultraviolet lig;:/;elow 300 nm (Dickson et al., 1971;
Doery et al., 1973). Dickson et al. (1971) irradiated whole ﬁuman
platelets at various wavelengths from 313-220 nm; aggregation occurred.
wfrom 302 nm to 225 nm with a maximum at 248 nm in tﬁe presence of

fibrinogen. For this reason it is desirable to use wavelengths above

K\\“h, 302 nm in attempts‘to carry out photoaffinity labeling of platelet

receptors.

1.5 Objectives of the Project

1.5.1 General Objectives

The objectives of this thesis/study were, firstly, to inves-
— .
tigate the activation of platelet adenylate cyclase by the adenosine

receptor‘(R—site) using a potent adenosine analog, 2-azidoadenosine;

secondly, using 2-azidoadenosine;’g potential phofoafﬁinity-label, to

attempt to identify the platelet adenosine receptof.

1.5.2 Specific Objectives :
- (1) To optimize the activation of platelet particulate
fraction adenylate cyclase by 2-azidoadeﬁosine by mohifying the

enzyme preparation and assay conditions.
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(2) To define experimental conditions unm&_ photo-

affinity labeling of the adenosine recéptor might be carried out and
detected.

(3) To determine the effect of photolysis of unlabeled

+

2-azldoadenosine on the ingteraction of the adenosine receptor éﬁtﬁ’"‘“
i

platelet particulate fraction adenylate cyflase. ‘

(4) To demonstrate photoaffinity labeling of the adenosine

receptor with 2—azido[§ﬁ]adenosine. - -
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CHAPTER 2

Materials and Methods



MATERTALS AND METHODS

2.1 KﬂagﬂnﬂR

Acrylamide, ammonium persulphate, ATP, adenosine, adenosine

deaminase (Type 1), bovine serum albumin (crystallized and lyopg;;&zed),
bromophenol blue, cyclic AMP, Cooﬁasie Brilliant Blue R,lcreatine
phospﬁate, creatine phosphokinase, dithiothreitol, ethylenégl?golfhggf
(ﬁ—éminoethyl ether) NN,N',N'tetraacetic acid, glycerol, ﬁercapto-
ethanol, KNN'N-tetramethylethylenediamine. NN'-methylene bisacrylamide,
. papaverine, protein standard, theophylline, 2-chloroadenosine and TRIS
bafe were all purchased from Sigma Chemical Co:, S5t. Louls, Mo., U.S.A,
Seph;;Zi.G—ZS (finé% was purchased from Pharmacia Fine Chemicals,
Uppsala, Sweden, and sodium lauryl sulphate and sodium salicylate were
obtained from BDH Chemicals Ltd., Poolg, England, and 2-aminocadenosine

and 2-azidoadenosine were gifts from B.E. McCarry, Chemistry Dept.,

McMaster University. Dipyridamole ("Persantin") was purchased from

C.H. Boehringer Sohn, Ingelheim am Rhein. The following were also —

generous‘gifts, Ne-cyclohexyladenosine, br. K. Kikugawa, Kokjin Co.
Ltd., Japan; coformycin, Dr. H. Umezawa, National Institute of Health,
Kamiohsaki, Tokyo, Japan; 2',5'-dideoxyadencsine, Dr. H.B. Wood,

Drug Synthesis and Chegisfry Branch, National Cancer Institute,

Bethesda, MD, U.S.A.
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2.2 Radioactive Compounds

@—3H]‘ATP‘(27 Ci/mmol) and cyclic [édenine-U—lAC] AMP
(287 mCi/mmol) and liquid scintillation cocktail (ACS) were obtained
from Amersham Co., Oakville, Ontario.

2-Azido- @-Bé]adenosine wag prepared via the hydrazine
derivative from 2-cﬁloro-{?-3HJadenosine (3 Ci/mmol) purchased from
,%oravek Biochemicals, City of Industry, California, U.S.A.

(Schaeffer and Thomas, 1858). 2—Azidb{?§jédenosine was separated

and purified by high pressure liquid chromatography.

2.3 Pl AT Punigication

(?ﬁ] ATP was purified by using a column prepared as for the
isolation of cfﬁlic [BH:IAMP"isolation (1.5 ml packed vol of Bio-
Rad resin AGS0W-X8, 200-400 mesh); [Eﬁ]ATP (1 mCi/ml, ethanol:
water) from Amersham was dried by a strgam of air and redissolved
in 0.5 ml HZO' The‘aqueous [BQ]ATP Nas~applied to the column and
eluted with 1 ml of distilled water. This 1 ml fraction was collect-

ed and then diluted (1:500) to a concentration of IOOJuCIIml.

‘2.4 Prepanation of BalOH), Sofution

Ba(OH)2 was dissolved to give a concentration slightly
greater than 0.25 M Ba(OH)Z. This solution was titrated against a
standard volume of 0.25 M ZnSO4 and the volume of Ba(OH)2 adged to
the ZnSOa was adjusted to give a- final pH of 7.4 (in absence of
1 mM KH2 POA)' Care wéé taken eo prgvent BaCO3 from forming in

any Ba(OH)2 solutions.
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“2.5 Platelel Preparations

Human blood'was collected by venipuncture from healthy
volunteers who had tgk;n nd drugs cqntainiég aspirin for at least
1 week and rabbit_blodd was obtained by a carotid artery cannulation
of animals anaesthetized Qith pentobarbital (64 mg/kg). The blood
was collected in a vessel contaiﬁing ACD anticpagulant (85 mM sodium
citrate; 71.4 mm citric acid; 2% glucose), in a ratio of 6 parts
blood to 1 part ACD.

Platelet-rich plasma (PRP) was obtained by centrifugationl
of the blood at 280 x g for lS‘pin.at 22°C. The PRP was removed

into siliconized conical tubes on ice and these tubes were then

centrifuged at 1000 x g_(SOC, 15 min). The plasma was removed and

the platelet pellet resuspended in ACD washing fluid (13 mM sodium

citrate; 5 mM glucose; 135 mM sodium chloride) leaving red and
white cells béhind. When all the red cells and white cells had
been removed the washed platelets were finally reguspended in 150 mM
TRIS-HC1l, pH 7.4, at a concentration of 25 mg wet wt/ml.

This plgtelet suspension was rapiqu frozen in a sclid
COzlaéétone bagh\and\remained emersed in the bath for at least one

hour or was placed(;; -60°C overnight. The platelets were thawed

at 370C until all ice had just disappeared and centrifuged at

48,000 x g for 20 min at OOC. The supernatant was discarded and

the pellet was prepared for either an adenylate cyclase assay or a

photoaffinity labeling experiment.
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2.6 Adenylate Cyclase Assay

The 48,000 x g pellet was resuspended in a s&iution that
contained'125 mM TRIS-HC1, pH 7.4; MgClzl(codcentration erendent
upon experiment);-1.66 mM cyclic AMP; 0.166% (w/v) bovine serum
albumin; 6.66 mM creatine phosphate; 1.66 mM papaverine; 0.67 mM
ATP; 0.67 mM dithiothreitol; 13.3 units/ml of creatine phosphokinase
and 0.67 mM Mg ethylene glfcol-hlgfqe—aminoethylether)§§§1§'-tetra—
acetate (Mg EGTA). Compounds to be tested were made uﬁ to a voluge
of BO ul, 150 pl of the above enzyme suspension was added and 20 Al
of PH]ATP (2 PCi/sample) was added 1 min af;arwards, The £inal
‘assay mixture (250 Pl) contained 75 mM TRIS-HCLl, pH 7.4; MgCl2 (final
concentrations of 0.8, 2.0 of S.O‘mH); 1 mM cyclic AMP; 1 mM papa-
verine; 0.4 mM ATP, 4 mM creatine phosphate; 8 units/ml of creatine
phosphokinase; 1 mg/ml (0.1%) bovine serum albumin; 0.4 mM dithio-
threitol and 0.4 mM Mg EGTA.

Incubations were usually for 10 min at 30%¢ at which tim-.
the assay was tezfiggged by the addition of 100 pl of solution c¢n~
taining 1 pmol ?f unlabeled ATP and 0.2 pmol cyclic [?Aé] AMP (1000 dpm/
0.1 ml) addedrés a recovery marker. 'These samples were then placed
in a boiling water bath for 3 min. %ésays were carried out in
triplicate.

The effects of the length of incubation time and the amount of
platelet protein-(rabbit) on bagal and 2-azidoadenosine—stimulated
adenylat® cyclase activities at 30°C was determined in the presence

of 0.8 mM and 5.0 mM MgClz. Figure 1 and 2 show that for 5, 10 and

v
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20 min incubations and a protein range of 0.05 to 0.6 mg platelet
protein/sample, basal and 2-azidoadenosine-stimulated adenylate
cyclase activities appr ached linéar ty at both ng+ concentrations.
The greatest departure fr linearity with respect to protein was

seen in the 20 min incubatidn with >0.4 mg platelet protein/sample.

All assays were linear with respect to time up to at least 20 min,

2.7 Photofysis Experiments

The 48,000 x g pellet was resuspended in a medium contﬁin-
ing 75 wM TRIS, pH 7.:.,' 0.8 md MgCl,; 0.4 =M DTT; 0.4 mM NaMg EGTA
and 0.1% (w/v) bovine serum albumihhyigh\o;'without the appropriate
amount of 2-azidoadenosine. A 1 or 2 ml‘ olume was flaced into a
quartz cuvette and was stirred for 5 min plior to irradiation. The
atmosphere in thercuvette was fiushed with 02—free N2 duriné this time
and throughout the photolysis experiment. The platelet protein value
éhrougﬁout these experiments was 0.76-1.5 mg platelét proFein/ml.

The photolysis apparatus consisted of a Bausch and Lomb
monochrometer using a super;preBSure 200 watt mercury are ;amp.—

The collimated beam (1.3 cmz) entered into a plastic vessel contain-
ing.ice-water through a quaftz window. The reaction cuvette was
placed behind the quartz window. Photolysis began with the removal
of a blind allowing light to strige the cuvette. A non-irradiated
stirred control cuvette was also present in the photolysis apparatus

but was shielded from light. Following photolysis, the control and

irradiated platelet membrane suspepsions weriipgpced in centrifuge

Ty



Figure 1

Lineanity of Adenylate Cyclase Assay with nespect to Protein and Time
at 5.0 mi MgCe, :

Values are means % SEM from three determination on the same enzyme

preparation (the SEM values are all within the symbols) .

O,@ ; nmol of cyclic AMP formed during a 5 min
incubation

H,A 3 nmol of cyelic AMI; formed during a 10 min
incubation

O, ; nmol of cyclic AMP formed during a 20 min
incubation

(filled symbolsgindicate the‘presence of
10 pM 2~-azidoadenosine) -
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Figure- 1
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Figure 2

Lineanity of Adenylate Cyclase Assay with nespect to Protein and Time
at 0.8 mM MgCi’_2

)

Values z}-f"e“means + SEM from three determination on the same enzyme

preparation (the SEM values are all within the symbols).

)@ ; nmol of cyclic AMP formed during a 5 min
incubation

4,4 ;3 nmol of cyclic AMP formed during a 10 min
incubation '

00,8 ; nmol of cyclic AMP formed during a 20 min
incubation

(filled symbols’indicate the ptesence of
10 pM 2-azidoadenosine)
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tubes, 5. ml of ice-cold basic medium without 2-azidoadenosine was

added, and then each tube was centrifuged (48,000 x g, 20 min, OOC).

The pellet was resuspended again in 6 ml ice cold basic medium and

the centrifugation repeated. This pellet was then used for adénylate

cyclase assays as described previously.

During experiments using 2-azido—[§-3ﬁ]adenosine, a modifi-

.

cation of the above method was used. After photolysis the platélet

L]

membranes were diluted with 5 ml of ice cold buffer (75 mM TRIS-HCI,

pH 7.4 containing 0.4 mM NaMg EGTA) and then ceptrifuged once at

48,000 x g for 20 min at 0°c. The supernatant’was discarded and the

pellet resuspended in 1 ml of the s buffer. The platelet membrane

.
suspension, now with almost all bovine serum albumin removed, was
placed into a 1.5 ml Eppendorf tube and acid-precipitated with 0.2 ml-
of 60% trichloroacetic acid, After standing on ice overﬁight the
samples wére centrifugpd for 15 sec at 12,000 x g (Eppendo;f centri-
. '

fuge). The supernatant was discarded and the pe}lgt washed with 10%
trichloroacegﬁc acid and centrifuged on the Eppendorf centrifuge as
before. The samples were dissolved in 100-200 pl of 3% SDS + 0.6 M
TRIS-HC1, pH 7.4. These samples were heated‘;t 80°¢ for 3 min. A
sample was counted for 3H and protein was determined by Folin-Lowry
(see 2.12.1).

If a sample was to be used for electrophoresis the acid
precipitated pellet was dissolved in electrophoresis sample buffer

containing 3% (w/v) SDS, 0.0025% (w/v) Bromophenol Blue, 62 mM

TRIS-HC1, pH 6.8, 6 (w/v) glycerol and 5% (w/v) mercaptoethanol.
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Figure 3 ¢

Schematic Diagham of Cuvette Holden
1. Tubing containing N2 to flush c&vettes
2. Paddle stirrer
3. Irradiated cuvette
4. Quartz window
5. Stir motor
6. Non-irradiated cuivette
7. Tubing same asg #1

Note: Cuvettes were actually square with
1 cm pathlength
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Figure 3 .
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These samples were heated at 80°¢ for 3 min. Care was taken to main-
tain-pH at 6.8 by the addition of 5-10 pl of 1 M NaOH to neutralize
any trapped trichloroacetic acid in the pellet. Protein determinations

of these Samples were done by fluorescence (see 2.12,2).

2.8 lsolation mcac [SHJ AMP

Cyclic AMP was isolated by a medification (Haslam and Lynham,

1972) of the method of Krishna:et al. (1968). To columns of length

1
]

- 165 mm and inner diameter 8 mm, 1.5 ml of Bio-Rad resin (AG50W~-X8,

200-400 mesh) was added. All resin (700 gm batches) had bgen pre-

viously washed with 4 1 H,0; 4 1 0.5N NaOH; 4 1 H,0; 6 1 2N HCL;

2
8 1 HZO' Each assay sample was céntrifuged for 4 min at 12,000 x £

N

(Eppendorf centrifuge), placed on a separate column and eluted with

1 mM KH2P04 buffer, pH 7.4. Cyclic AMP was eluted in the 6-18 ml

fractions but only the 10-18 mi fracfions were collected, éiving a

final recovery of 40-50%. The eluate was adsorbed twice with nascent 
-

BaSO4 by adding 6.3 ml of 0,25 M ZnSOa plus an equivalent of Ba(OH)z.

After ceantrifugation (300 X g at OOC), the supernatant was poured .

into scintillation vials and lyophilysed. The 3H ound In zero

incubation time controls was subtracted from the cyclic [?AJAMP found

in the assays and corrections were made for the recovery of cyclic

(c] e,

2.9 Liquid Scintillation Countihg

7 ‘
3H and 14C were counted in.a Beckman LS 230 scintillation

counter in a mixture comprising 1 ml of aqueous sample and 7.5 ml of

ACS (Aqueous Counting Scintillant, Amersham} fluid,

r
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Counting efficiencies were approximately 16% and 507 for
3. % 414 ‘ ,

H and” © 'C respectively, under dual isotope conditions, and approxi-
mately 30% for 3H alone. Results were corrected for background,
channel crossover and variations in quénching. A Hewlett~Packard
9810 p%qgram was written which corrected for recovery and converted

data to mmol of cyelic AMP/mg protein/10 min and reported the

mean * standard error of the mean for each triplicate.

2.10 Adenosine Deaminase: Tsofation and M‘(g,

Adencosine deaminase (adenosine aminoh drolase; é.C; 3.5.4.45
(Sigma, Type I) was freed of (ﬁna)zsoa by gel/filtration. A 4.5 cm
column of Sephadex G25 (fine) was prepared/in a 3 mm (i.d.) tube.
The Sephadex had been equilibrated in 150 mM TéIS, PH 7.4 for 2 h
at 37°C or overnight at room temperatﬁre. The enzyme suspensi;n was
centrifuged for 2 min on Eppendorf centrifuge, the supernatant was
removed and the solid enzyme pellet dissolved in 0.1 ml 150 mM TRIS,
pH 7.4, fhe enzyme was added to the coiumn and eluted with 150 mM
TRIS, pH 7.4. .Fractions (0.1 ml) were collected and a fewjpl were

tested for the presence of protein and NH_ with 10% trichloroacetic

3
acid and Nesgler'é Reagent, respectively. Only_sampleé negative for
NH3 but positive for protein were pooled éﬁg diluted for use.

The activity of the %genosine deaminase was checked prior
to each experiment in which it was used, as it decreased with time
even in the presence of 3.2 M (NHA)ZSOA' Enzyﬂib(lbo Fl.of a

1:10,000 dilution) was added to 45 FM adenosine in 150 mM TRIS

(pH 7.4, 25°C)._ The rate of deciease in abéorbance at 265 om that .
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cccurs when adenosine is conyerted to inosine was used to follow the
reaction {Perkin-Elmer spectrophotometer). At pH 7.5, the AEm265

between adencsine and inosine is 8,100. From thts, the enzyme acti-

vity was calculated.

2.11 S0S/Polyaciylamide-Gek ELectrophonesdis

Samples to be used for electrophoresis were dissolved in
100-200 ﬁl of samgle buffer containing 3% (w/v) SDS, 0.0025% (w/v)
Bromophenol Blue, 52 mM TRIS-HCl, pH 6.8, 6% (w/v) glycerol and 5%
(w/v) mercaptoethanol. Thgse samples were heated at SOOC for 3 min.
Care was-taken to maintain pH at 6.8. Precise volumes were electro-
Ebhoresed on slab gels. Separating gelé\(approximately 19 cm long)
contained 10% (w/v) acrylamide, 6.82 (w/v) §§f—methylenebigacrylamide,
0.12(1w/v) Spé, 0.025% (v/v) NNN'N'-tetramethylethylenediamine,
0.075% (w/v)-ammonium sulphate, 0.12 (w/v) glycerol and 0.375 M

"

TRIS-HC1, pH 8.8. Stacking gels (approximately 2 cm long) contained

5% {(w/v) acrylamile, 0.8%7 (w/v) NN'-methylenebisacrylamide, D.lZ\LL

—

. (w/v) 5DS, 0.038% (v/v) NNN'ﬂf—tetramethylethylenediamine;\O.BZf/

{(w/v) ammonium persulphate, 0.05% (w/v) glycerol and 0.125 M TR&S-
HC1, pH 6.8.

. The e&ectrode buffer contained 0.1% (w/v) SDS, 0.192 M
glycine and 25 mH TRIS base. Protein samplés were electrophoresed
at room temperature for 1 h at 150 mV and then at 175 mV for 7 h.

Gels were stained overnight in a solution of 0.1Z (w/v)
Coomassie Brilliant Blue R in methanol/acetic acid/waggr (5:1:5 by

vol), destained for 4 h in methanol/acetic acid/water (5:1:5 by

g -

. -



“in the resuspension medium in the absence and presence'of the particu-
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vol), and then further destained in 10% (v/v) acetic acid for about
1l day. Gels were then soaked in.water to remove acetic aéid and
then placed in 1 M sodium salicylate for 30-45 min to facilitate
fluoroéraphﬁ (Chamberlain, 1979).

Gels were dried under vacuum on Whatmann 3 MM chromatographic
ﬁaper on a Savant Model SGD-200 slab gel dryer and then exposed to
Kodak X-omat R X-ray film. The X-ray film was preflashed (Laskey
and Mills, 1975) to provide greater sensiti?ity for 3H detection.

Films were developed on a Kodak RPX-omat proceésor.

2.12.1 Profein Detenmination: Folin-Lowry

Protein was determined by the method of Lowry et al. (1951)

r

using human serum albumin as a standard. .
The amount of platelet particulaﬁg fraction added to each

assay or photdlysis experiment was determined by measurement of protein

-~

. late fraction. Measurements were also made of the percentage of

soluble platelet protein released during the freeze-thaw procedure,

1.e g protein/ml of lysate supernatant < 100
""" mg protein/ml of freeze thawed lysate : ﬁatj/

The percent release in these experiments mounted to 66 * 2% (mean %

S5.E.M.) (n=32).

2.12.2 Protein Deth Fluonescence ) | S

. In photoaffinity labeling experiments where hound 3H wasg to

be detected by“-electrophotesis/sodium salicylate fluorography, the

-
-



proteln in each sampie was determined by fluorescence. An Aminco-
Bowman spectrophotofluorometer was ;sed. A Folig—Lowry protein deter-
mination was not possible due to the- presence of mercaptsethanol in
the electrophoresis sample buffer. A standard curve of known amounts
of rabbit platelet protein (acid precipitated, particulate fraction)
as détermined by Folin=Lowry was used. This one standard curve was
uged for all protein'determiﬂafions by fluorescence. Day~-to-day
fluctuatiops in the lamp of the spectrofluorometer wére corrected by

the use of human serum albumin standard curves done on the day of }

. the rabbit platelet protein standard curve and a human serum albumin

LY

standard curve was also done along with the photolabeled protein

samples. Insufficient amounts of rabbit platelet standard protein
were available. |

. A precise voiﬁme (10 Pl) of rabbit platelet particul&te
protein dissolved in electrophorésis sample buffer containiné 3%
(swe/v) SDS was diluted to 1 ml with H20. The spectrofluoro-
meter wag set to 100% trgnsmission (1 fluores;ehce unit) with 10,PM
quinine sulphéte, 345 nm excitation, 452 nm emission with all slit

widths set at 2 mm. Protein measurements were made with an, excita-

tion wav%length of 280 nm and emission wavelength of 340 nm.
: g

2.13 Statistics .

The results presented consist offiwo types:

(a) data from single experimenﬁs in which assays were
done'in triplicate including photoaffinity 1abeiing experiménts

’ !
except where indicated,
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(b) data from more than one experiment.

.

(a) The triplicate observations were averaged and ﬁhe standard error

of the mean (S5.E.M.) calculated:

2, =
+S.E.M. = d XEE%EQES where variance = 5—%—5-%33— , I = sample size

X1 = sample obsefvation; X = average of sample observations. These

S.E.M. values are indicative only of experimental Qr agsay error.
Standard error of the difference (S5.E.D.) between the tesﬁ

compound activity and the appropriate control activity were calcu-

lated:

S 2 j 2
S‘E'_D‘ ” JG'E'M'control) + (S'E'H'test compound)
\ o

(b) Test compound results from several experiments were averaged,
. AY

each data point being the mean effect within a single experiment

-

expressed as a percentage.of its appropriate control. The S.E.M.
values within each experiment were ignored and a new S.E.M. calcp—
lated using the data from the combined experiments. These S.E.M.

values are indicative of both blological and experimental variation.

Y
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CHAPTER 3

Resulfts: Seetion 3.1

Factons Affecting the Activation
0f Platelet Adenylate Cyclase by 2-Azidoadenocsine



RESULTS: SECTION 3:1
Factons Agfecting the Activation
0f Platefet Adenylate Cyclase by 2-Azidoadenosine

3

3.1.1 Effects of Adehoaine Deaminase and MgCEz Concentration on

the Activation of Adenyfate Cyclase in Human PLatelet

ParticubatesFraction by Adenosine on ?-Azidoadenosine

The effect gf adenogine on human platelet adenylate cyclasé
activity at 5.0 mM MgCl2 was biphasic: concentrations below 10 jiid
caused a weak activation while at 100 MM inhibition was observed
(Table 1). At 0.8 mM MgClz; activation of adeﬁflate cyclase activ-
ity was observed with all concentrations of adenosiﬁe tested. This
&nhancement 'of activation or reduc;ion of inhibitionfat a low Mg2+
concentration in ﬁuman'ﬁlateiets'has been previously noted (see
1.2.2). | -

In the presence of 5 mM HgClz;_Z-azidoadénosine stimulated

adenylate cyclase activity at all conbentrapiohs tested. In the

presence of adenosine deaminase, the activation rose from 557 to

"76% with 10 2-azidoadenosine. Reduction of MgCl, concentration
. : 2

to 0.8 oM increased the activation of adenylate cyclase by é-azido—

adenosine. With lOAPM 2—azidoadenosiné activation was 77%, an

increase of 22% relagive to that with- the higher Mgz+ concentration.

" Adenosine deamiﬁase decreased basal adenylate cyclase activity at

both MgCl2 concentrations. The adenylate cyclase activity in the

presence of 2-azidoadenosine was the same in the presence and

- 46 -



absence of adenosine deaminase. In the presence of adenosine deamin~
ase, activation of humaR platelet adenylate cyclase by 2-azideadeno-
sine reached 126% in the presence of 0.8 mM MgClz, the highest

achleved with enzyme from human platelets.

3.1.2 Eﬁﬁém 0f Adenosine and of 2-Azidoadenosine in the Presence

" and_Absence of Adenosine Deaminase on Rabbit Platefet

Adenylate Cyclase

e

As shown in Table 2, the effecg of adenosine on fabbit
platelet adenylate cycl&se activity was biphasic at both M32+ con-
centrations; in the 0.5-10 FM range, adenosine showed marked acti-
vation of the enzyme while at IOO,ﬂ{the activation was weak., No
Inhibition of enzyme activity was observed at 100 M at either Mgz+
concentrations in conﬁrast to the effect on human platelet adenylate
‘cyhlase acti;ity (Table 1).

é—Azidoadenosinq activated rabbit platelet adenylate cyclase

: 2+
activity at all concentrations tested at both concentrations of Mg®

———

The activation was similar to the response elicited by adenosine at

IOJFM and lower éoncentraﬁion. At lOO)ﬂL 2-azidoadenosine stil]

showed marked activation of rabbit platelet adenylate cyclase, so \\’/

that 'd biphasic response was not observed.

+ . .
Increasing Mgz concentrations increased control adenylate
. - . .
cyclase activity but decreased nucleoside activation. In contrast
. + ‘
to Table 1, an increased ng concentration did not cause the

appearance of net inhibition by IOO‘PM adenosine.
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The addition of adenosine deaminase reduced control adenylate
cyclase activities but in the presence of 0.5 PM 2-pzidoadenosine, the
deaminase did not affect adenylate cyclase activity. This resulted in
a larger percent activation of adenylate cyclase activity by
2-azidoadenosine in the presence of the deaminase. The cpmbined
effects of a low M32+ concentration-and the addition of adenosine
deaminase led to the highest activation observed by 2-azidoadenosine,
a value 200% above contrdl 1evels.: This activation was almost double

the.maximum‘fffect of Z-azidoadenosine observed with human platelet

adenylate cyélase {Table 1).
{
3.1.3 Attmga to Reduce the Contnof, Activity of Rabbit Platelet

Adenylate Cyclase with Various Agents

As the addition of adenosine deaminase showed that adenosine
was present In tﬁe assay, either added in the enzyme preparation or
formed from the breakdown of exogenous ATP, additional agents were
used in an attempt to reduce the control adenylate cyclase activity
even furéher (Table 3). Indomethacin, a fatty acid cyclo-oxygenase
inhibitor, was used to bleck production of any stimulatory prost;—

. glandins and (-)-propranoclol, a beta adrenergic receptor antagonist
was used to block the effects of any:endogenous epinephrine.

Of the three agents testg% by themselves, 8nly adenosine
déémipése significantly re&uced cintrol adenylate cyéla%g activity

"(ZPCQ'O.OS). Various combinations of the agents did not reduce the

control activity any more than adenosine deaminase. In the presence
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of indomethacin and adenosine deaminase with or without (-)-propfﬁno—

lol the control activity was lower than with the deaminase alone,

o

but this difference was not significant.

In the presence of 1Q,FM 2-azidoadenosine, the adenylate
cyclase activity was not significahtly different in the additiophl
presence of any of the agents tested, alone or in combination. The

percent increases in adenylate cyclase activity were 1érge§t when

adenosine deaminase was present.

B

___‘v_,.___h*..____A



Table 1

Effects of Adenosine Deaminase and Mng;z Concentrnation on the Ac,téua,té\on
0§ Adenylate Lyclase in Human Platelel Particulaté Fraction by Adenosine
o 2-Azidoadenosine, ' - -

Mean values * S.E.M. for the percentage changes in ad%iﬁity from a
number(n) of experiments are giveh. In each af the}exéeriments, the,
changes in adenylate cyclase activity in thg presence of a nucleocside
was compared to the control containiﬁg no. ddded nﬁcleoside*\‘In the
presence Zf adenosine deaminase, the changé iﬁ adenylate cyclase activity

by.Z—azidoadenosine was compared to the control containing no added

nucleoside but containg adenosine deaminase.

y

“ e

\'\-
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Table 1 ¢

Effects 0f Adenosine Deaminase and MgC, Concentration on the Activation
of Adenylate Cyci?e in- Human Platelet Particulate Enaction by Adenosine

or 2-Azidoadenosdie

1

M o

P .

™ Changes in Adenylate Cyclase Activity -
AN (%)
Nucleoside ‘
. Concn. "Adenosine Deaminasex
Nucleoside ()m) sent present
Adenosine * 0.5 '+ 3(n=4) e
2.0 * 2{(n=4) -—
10.0 + 2(n=[|) —_—
100.0 t 1(n=4) -—
-
0.5 0.8 +30 * 7(n=4) ——
2.0 +44 + 3(n=4) —_—
10.0 ~ : +57 t 4(n=4)- —r——
100.0 . ' +70 * 9(n=4) -~
Lo < -
2-Azidoadenosine - . ) 4 " L
0.5 5.0 +25 % 2(n=5) +38 + 3(n=3)
2.0 +32 3 3(n=5) ~ ' +64 * 4(n=3)
10.0 +55 *-B(n=5) - 76 * 4(n=4)
~ 100.0 +40 * 7(a=5) +72 + 7(n=4)
. \7 0.5 0.8 ks +24 % 5(n=5) 436 % 6(n=3)
- ' L 2.0 ' ++42 % 4(n=5) - . t84 £ 10(n=4)
: 10.0 ‘ ~ +#77 % 9(n=5) "+113 £ 13(n=4)
a0 : +79 % 9(n=5) +126 + 11{n=3)

il

*Average adenosine deaminase activity was 13 units/ml in the assay .

mixture,

8
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Table 2

Adenylate Cyclase Activity
nmol cyclic AMP/mg protein/lO min

gn.o a mangeﬂn

MaCL,

-

Nucleoside Nucleoside

)
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-
o
1
|
4 1
wn
[+))
<o
fen)
<
2 .
+
\0
[‘-
—
Q
_ %
o
Qo
(=]
2w
|
™M
™~
o~
o
';é‘ ©
S o
g~
3 »
c::tl
,Q =
[¥]

Control

-12.1 + 4.4

5.0 -

0.562 * 0.015Y 0.493 + 0.020«

0.364 * 0.027
0.811 + 0.048

Adenosine

+62.6 + 12.4

.8

0

0.5

+44.2 £ 9.0

5.0

+86.5 + 12.7
+74.3 1 4.7

0.417 + 0.028
0.981 & 0.022

'p]

2.0

0.469 % 0.009
0.912 % 0.017
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5.0
3.9

~  +110.0 %

0.8
5.0

+62.0

10,0

+8.6 t 3.6 ——

+12.3 * 4.8

0.251 % 0.008
+

+113.2 * 6.5
+61.3 %

+83.0 * 11.6

+39.4 + 6.8

7.7
4.7

+107.1 £

r~ o
(=N ] —
{bjotb Q
- L] L)
oo o
\}R+L +
\0 -t O
™~ )
o~ <
- - -
(o Nl [=
[TalTy| Ve
oM —
<O o
.« . .
[ W (=]
41 =+l +1
o 0 M
Qo O
@D -
o0 (]
o o
L] L] [ ]
o wn [=
Tg) [
=] o

2-pzi
Adenosine

0.924 + 0.022 0.986 % 0.027 +64.1 ¢

5.0

3.6
6.6

0.488 + 0.005 0.487 t 0.017 +118.4 *

0.948 + 0.034

0.8

10.0

+68.5 *

1.008 + 0.013"'

5.0

+197.1 #

12.8

0.526 * 0.017 0.524 % 0.021 +135.3 + 8.0
0.986 + 0.024

1.008 t 0.027

0.8

100.0

+100.0 £ 6.4

+79.0 * 5.4
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Photolysis of 2-Azidoadenosine

»



”~ . j
L |

RESULTS: SECTION 3.2

-r

o ’ h ,
,3:2 Photolysis of 7-Azidoadencdine . )

3.2.1 Eﬁeﬂgy OQutput oﬁ-Me}Lchy Lamp
. &-

The Bausch and Lomb monochromator, as previously described

(section 2.7) was equipped with a high pressure'ﬁgiizzz/i?mp. ‘The
energy output of the lgmp, passing through the monoc mator, was

measured using a radiometer. Using the completely dark jirradiation

&

chamber as the zero, the energy ocutput of the lémp at various wave-
lengths (10 nm bandpass) is shown in Figure 4. The energy output
shows a peak of 5.9 x 103 ergs/cmzfs at 313 nm.N\_At 270 and 320 nm,

“The egergy output was 4.2 and 81.5% of the peak.

\.)z.z- Absonption Spectra of 2-Azidoadenosine Undex Various
Conditions.

" The absorption spectrum of 2-azidoadenosiner(Figure 5)
showed a peak at 270 nm and two shoulders at 308 nm and 321 nm.
This agsorptionlSPeﬁtrum was very s gila; to that'éeséribéd by
Temple et al. (1966) and Cusack and Born (1977). Irradiationm at 313 mm
was selected because it was the peak lamp output, some absorption

7

by the nucleoside was poégiblg at this wavelength and because this

-

wavelength would avoid membrane &amage. A 10 nm bdndpess kept most
of the radiation above 300 nm (see section 1.4).
Thequfect of 313 nm light on the 2-azidoadenosine absorp-

tion spectrum is shown in Figure 6. Thirty minutes of irradiation -
- ™
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caused cdmpletp photolysis since further alteration in the absorbance

profile were not, obtained with increasing lengths of UV exposure.

1

The increase -in absorbance at 246 nm'was related to the time of

photolysis of 2-azidoadenosine. This total absorbance at this

wavelength (246 nm) was plotted against time (Figure 7). From this

figure, an irrédiation of 10 min was determined also to be an effec-
e -

. 2
tive length of time necessary to produce extensive photolysis (7 80%).

In pfeliminary studies a 5 min irradfation of 2-azidoadeno-

" sine led to a reduction in absorption®at the 270 mm peak yet at 308 nm
. » y

little or no change occurred. In the experiment shown in Figure 8,
an incubation period of 30 min followed a 5 min irradiation. During
this period the absorption peak at 270 nm increased while the shoulder

at 308 nm decreased. These changes suggest movement towards an |

requilibrium; . e

!

- 2-Azidoadenosine has two tautomers (see 1.4), the azide and

L

tetrazole, with the azide derivative usually being the more photolabile

(Bayley and Knowles, 1977). The absorption spectrum of 2-azidoadeno- .

- -

sine will be the sum of .its tautomers Aﬁd in order to determine the

ﬁhotolabile species the individual spectra must be .separated.

Temple et al. (1966) had shown that under acid conditions

the azlde 1s the major tautomer present, whereas basic conditions

. - [l .
favour tetrazole formation. Figure 9 shows the effect of pH on the
2-azidoadenosine absorption spectrum. At pH 2.3, the spectrum is

unchanged in several appearances, but, the 270 nm peaktghows an

increased absorbance and the two shoulders are less praominent
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{

(cf. Figure 5). Under basic conditions two absorption peaks were’

observed; the 270 nm peak was diminished aéa‘shifted te 278 nm

whereas t%e fwo shoulders had merged to‘form é peak at 313 nm. An

isobestic paint at 2§3 nm in Figure 9 is alsc seén in Figdre 8.
Figure 9 indicates the azide haé a large gbsorbance at

270 nm and the tetrazole has a prédoyinate absorbance at 308 nm.

Figure 8 indicated the pbotolahiie specles had a predominaté

_absorbance at 270 nm with little or mo change at 308 nm immediately

afteF irradiation. TFigure 9 suggested the phot&laﬁile specles was

the azide while the tetrazole was the unchanged tautomer. The

30 min incubagion period allﬁwed the azidg:tetrazoié’equiliﬁrium

to re-establish since azide had been reﬁovéd by photblysis.

Figure 8 reveals that the'lost azlde was replaqed by tetrazole

indicated by tﬁe increase in the 270 nm (azide) And‘the decrease in

. .
absorbance at 308 nm (tétrazole).

The kinetics of the azide:tetrazole equilibrium were studied
_ by following the change in absorption spectrum after rapild neutrali-
zation of acidic or basic solutions of 2-azidoadenosine (Figure 10A).

3 .

The change in absorbance was measﬁrgd at 320 nm-to obtain the great-
r

ast difference and the logarithm of the change of absorbance was

plotted against time (Figure 10B). The graph shows that the azide:

tetrazole interconversion follows first order kinetics with d'halfﬁ

life of 15.3 min at 22°C.
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Evidence that the nucleoslde could undergo photolysis ;%ER ‘

platelet protein present is provided in Figure 11, Platelet protein
has a high absorbance below 300 nm, whereas at 313 nm the'absorption

of platelet protein is less than the absofption of 50 PM 2-azidoaden~

osine. Evidence that photolysis has occurred is shown in the loss

of absorption of irradiated 2-azidoadenosine compﬁréd to ‘non—
irradiated nucleoside. The irradiated nucleoside underwent the shift

in azide:tetrazole ratio when the irradiated sample was allowed to

equilibrate.

3.2.3 Effect of Dithiothreitol on 1-Azédoadenosine

" . Carpenter EE;EEL (1978) showed tha 'ithibthreitol tDTT)
cogld reduce aryl azides\E;’Z;;ﬁzakifsponding aryl amines and by
implication migﬁt therefore reduce 2-azidoadenosine to 2-aminoadeno-
sine. Since DIT was present in both .the adenylate cyclase assays

(30°C for 11 minutes; 10 min assay plus”T-min temperature equilibra-

tion) and in the -incubation medium during photolysis (4°C for 30 min),.

Carpenter'; reaction wasyinvestigated. Table 4 shows DTThwas-lost'
spontaneously, probably due to oxidation, but that Z—azidoadenégine
did not enhance.this loss of DTT. In the presence of 313 um radia-
tion %}pﬁe, DTIT did not break_down but when 2-azidoadencsine was also

present, DIT was consumed. This loss of DIT corresponds to a 71.8%

loss of 2-azidoadenosine. This is probably due to DTT scavenging the

nitrene radical since DIT is a well known scavengef (Bayley and Knowles,

1977).
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3.2.4 Azide on Tetrazolfe: Which Tauwtomer Intenacts with the

Adenosine Recepton?

In order to determine the tautomer of 2-azidoadenosine
that interacts with the adenosine receptor, the nucleoside was
incubated in base for 2 h and then neutfalized. Table 5 shows the
effect of the shiﬁting equilibrium upon the activation on platelet
particulate fraction aﬁenylate cyclase. Two minutes after neutral-
ization both neutral and base incubated nucleoside produced the
same activation'of adenylate cyclase. Longer times after neutral-

ization reveal ﬁé further change. Pre-incubation in acid (nbt

shown) also produced the same amount of activation. This data
suggests both tautomers of 2-azidoadenosine, the photolabile azide

and the tetrazole, interact with the adenosine receptor of adenylate

cyclase,
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Figure 7.

Increase in Absorbance a.t 246 nm during Photaty&&: Comparison
0§ WUfferent Radiation Wavelengths and Replfacement of Mercury Lamp

The increase in absorbance at 246 nn from U.V. spectra during the photolysis
| of 10 pM 2~azidoadenosine in 150 mM TRIS-HC1 (pH 7.4) wal® plotted against
-length of exposure to.U.V. radiation. Irradiation wavelengths of
ﬁ13 nn (@,4 done on two different mezzury.HP—ZOO lamps) and 300 nm

were used, both with a 10 nm bandpass.
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FIGURE 10
Kinetics of Azide:Tetrazole Tautomerization

2-Azidoadenosine (0.625 mM) was incubated for at least 2 h in ‘
either 0.05 M HC1 or 0.05 M NaOH (final volume 0;192 ml). After
this time had elapsed the nucleoside was neutralized with 2.8 ml
of 0.6 M TRIS-HC1 buffer (final ph 7.4, 22°C). The change in
absorpance at 320 nm was measured using a Perkin-Elmer 124 doublé

beam spectrophotometer.

. L]

A, rate of absorbance, change for tetrazole and azide

B, semi-log plot of difference from final absorbance of
0.25.o The half-life of the equilibration was 15.3 min
at 22°¢c. ' - )

A
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FIGURE 10
| "+, 'Base (Tetrazole)-— Neutral
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FIGURE 11
Evidence that Photolysis cceuns in the Tneubation Mixtunre

About 150 mg.(wet weight) of freeze-~thawed rabbit platelets were
resuspended in a mixture containing 75 mM TRIS—HCl (pH 7.4), 0.8 mM

MgClz, 0.4 mM DTT, 0.4 m.M-La MgEGTA and 0.17% bovine serum albumin in the.
presence(A,B) and abSence(C,D) of 50 BM Z-azidoadenosine. The lysed platelets
were - either irradiated for 30 minp (A C) or kept in the dark (B, D)

The lysates were then centrifuged at 48,000 x g (20 min, 5 C) and

the supernatants removed for recording an absorption spectrum on

a Cary 118 spectrophotometer.

¥
‘Absorption Spectrum Conditions
].

A ' Lysate irradiated with 50 uM
2-azidoadenosine for 30 min

A' a ‘Repeat of absorption spectrum A -
: after a 35 min incubation in the
dark at 22°C

B ' Lysate with 50 pM 2-azidoadenosine
: non-irradiated o

B! Repeat: of absorption spectrum B
after a 44 min incubation in the
dark at 22°¢

c - Lysaterirradiated without nucleoside

D .Lysate kept in the dark without
. ' nucleoside

X
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FIGURE 11

. - st ‘ : .
Evidence that Photolysis occuns in the Incubation Mixture .
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O TABLE 4 :

Edfect of Dithiothneitof (DTT) on 2-Azidoadencsine

Nucleoside ° nmol . DTT

I bati Conditi ) :
ncubation Conditions (100 pM) consumed/0.2 ml 2P
13 min at 3Q°C " 2-aminocadenosine 1.8 £ 0.2 ' s
(nonirradiated) , N
2-azidoadenosine 1.4 * 0.4 NS
30 min at 4°C ‘ .
nonirradiated 2-aminoadenosine 3.9 £ 0.2 . T
i 2-azidoadenosine 3.5 £ 0.4 NS
1 . .
irradiated 2—aminoadenosine. 3.6 £0.2 -

at 313 am

/V | . "2-azidoadenosine 14.4

I+

0.4 <0.001

Results are deans * SEM from triplicate determinations. 2-Azidoadenosine .
(100 uM) or 2-aminocadencsine (100 M) were incubated with 220 pM DTT

in 150 mM TRIS-HC1l, pH 7.4, under various conditions indicated. The
reaction was stopped by%adding 200 pl of the incubation mixture to

500 nmol Ellman's reagent(5,5"'~dithiobis (2-nitrobenzoic acid})) in 2.8 ml
of 150 mM TRIS-HCL (pH 7.4, final vol 2.85 ml). The absorbance was

read at 412 tm in a Perkin-Elmer 124 double beam.apectrophbtometer.

The Eﬁlz of Ellman's reagent “is 13,600 at pH 8.0. The'zero time control
contained 44.0 + 0.2 nmol of DTT/0.2 ml. The significance. tests (Student's
t-test), are with respect to control containing 2-aminoadenosine under °
each incubation condition.,b '

-

¥
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RESULTS: 3.3

- 3.3 Attempts o Demonstrate Photoaffinity Labeling with Non- -
, Radtoact{ue 2-Azidoadenos.ine

In these ohotoaffinity labeling exoeriments, the effect of

photolysis of 2-azidoadenosine on particulate fraction adenylate
cyclase activity was gtudied.

In Figure 12, the results of an experimeat using 10JpM
2-azidoadenosine that was irradiated for 30 min are pPresented.
After two additional cycles of centrifugation and resuspension,
platelet particulate fraction still exhibited adenylate cyclase

&
activity and was sensitive to activation by 2—azidoadenosine. The

effects of irradiation and/or pre-exposure to IOlﬁIZ—azidoadenosine

caused some activation of adenylate cyclase activity The ﬁlatelet

particulate fraction (2) that was pre—exposed to the nucleoside
without irradiatiqn had a 0. 080 0. 011 nmol cyclic AMP/lO min/mg

. Protein (17 % 6%) increase 1in adenylate cyclase activity above con-
trol particulate fraction 1; irradiation of particulate fraction 3
caused a 0.178 + 0 012 nmol cyclic AMP/10 min/mg protein (52 i 72)
increase in adenyl te cyclase activity compared to fraction 1; the
effects of both prg;exposure to, Z-azidoadenosine and irradiatioJ for
30 min on particulate fraction 4 —- the "photoaffinity labeled”

1
receptora -- caused an increase in adenylate cyclase activity of

0.258 + 0. 006 nmol cyelic AMP/IO min/mg protein (63 # 6%) above o~

fraction 1. The effects of prevexposure and irradiation were

>
]
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L R
additive (17% + 52% = 69%), so that no evidefice for activation by

photoaffinity labeling was obtained.

r

The presence of adenosine deaminase (Figure 12B) lowered
all adenylate cyclase activities measured in the absence of 2;
azidoadenosine but, as noted previously, had little effect on

adenylate cyclase activities measured when 2-azidoadenosine was.

present in the assay mixture. HNuclecslde added duting the enzyme

assay activated all four particulate fraction adenylate cyclases in
\ ' .

This ‘effect was superimposed on »

- )

a concentration dependent manneg.

any activation caused by the photolysis conditions.
L] ‘l

Although pre-exposure to 2—azidoadenosine and UV radiation
v

/’_both increased platelet adenylate cytlase® activity, only exposure

to UV radiation affected the activation of adenylate cyclase by

2—azidoadenosiﬁe added. to the assays (Table 6). After irradiation,

this activation was almost half the actisation observed in the non- ~

.The presence of adenosine deaminase increased

oucleoside activation in al{ cases bur:the.relativ; effect of UV

radietion.was not reduced. This suggested that the’breskdown of -

endogenous nucleotides to adendsine, as.a result of irradiationm,.

was_not=the reason for the enhancement of basal adenylate cyclase

Jer -

¥

activity and depression of enzyme activation by 2-azidoadenosine. -

'
I3

¢  No evidence was obtained for the inactivatioh of adeooeipe

© receptors. by photoaffiuit& labeling, in that there was no inhibition

.of the activation of adenylate cyclase by 2-az£doadenosine qued to

the enzYme assay attributable to irradiation in the presence of
L

2-azidoadenosine rather than irradiation alone. ) i . -

. - o
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- To reduce or eliminate the activation of adenylate cyclase

by UV radiatich and pre—exposure to 2-azidoadenosine, the photolysis
conditions were changed to 10 min irradiation in the presence of

2 fM 2-azidoadenosine. The effects of these changes are shown in
Figure 13. A 10 min exposure to 313 nm radiation did mot signifigzgt—
ly increase adenylate cyclase activity above the~non—irradiéped
control. Pre-exposure to 2 MM 2-azidoadenosine did increase adeny-
late cyclase activity when 2-azidoadenosine was added to the assays -
but had a smaller effect on basal'adenylate cyclase activity.

Similar evidence of a decreased activation by 2-azidoadeno-

“sine added to assays of irradiated enzyme was obtained when percen-

tage activation was éélculated {Table 7). However, itradiation in
,the presence of é—azidoadenosine, the "photoaffinity labeled"
fracéion, revealed no difference from the effect of pre-exposure to
2~azidoadenosine alone (Table 7). This confirms that photoaffinity

labeling cannot be detected using unlabeled 2-Szidoadenosine.
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Figure 12
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Results: Section 3.4
Labeling of Rabbit Pratefet Particulate Fraction
during Photolysis of 2-Azido ﬁHJadenoAine
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RESULTS: SECTION 3.4

3.4 Llabeling of Rabbit Peatefet Particulate Fraction

during Photolysis of 2-Azido[>H]adenosine

3.4.1 Effects of Different Incubation Conditions on the

Incorporation of 3H

The amount of 3H incorporated int? the rabbit platelet partii
culate fracﬁion during irradiation in the presence of increasing
concentrations of 2-azido[3ﬂjadenosine inéreased linearly up to at
least 0.20 pM 2-azido PH] adenosine (Figure 14). Some evidence of
éaturation of binding sites was obtained with higher concentrations.
In most subsequent experiments 0.20-0.25 ).lM 2-azido PH]adenosine was
used. The 3H incorporated in the non—ifradiated controls remaineq
constant regardless of pre-incubation times. A control experiment
in which 0.10 uM 2-azido[3é]adenoaine was 1rradiated for ld min prior
to the addition of platelet parﬁiFulate fraction, followed.by a
10 min incubation in the dark, lead to binding of 0.16 pmole 2-
azido[?é]adenosine/mg protein. This amount oé (34] nucleoside
binding was very similar to:that found in non-irradiated samples.

Increasing the pre—incubation,time wi;h_the [33] nucleoside
appeared to reduce the amount of ) labeling pgffmg‘prqgein
slightly (Figure 15). Pre—incpbation with unlabeled‘2-azidoadenosine
(25 pM) reduced labeling by an average_l4 # 4% (mean * 5.E.M.).

This suggests a large component of the labeling was non—speégfic.'

- 88 -
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In order to allow the receptor-ligand equilibrium to be freely
established, a 30 min‘pre-incubation perlod was selected for fyture

experiments.
L

The effect df increasing the irradiation period is-shown in
Figure 16. The amount of 3H bound/mg protein increased with irra-
diation times up to at least 30 min. Howévér, after 10 min of
irradiation, 80% of the 3H was already kound. ?he shape of Figure 16
resembles Figure 8, which show he change in the UV absorption

spectrum at 246 7m during photolysis of 2~azidoadenosine.

3.4.2 Effects of Different Ligands on the Inconporation of 3H

TabI% 8 indicates the "labeling was not all non-
specific_in that unlabeled 2-azidoadeﬁosine (as a}so sbown in
Flgures 15 and 16) and Fheophyllineiggysed some Inhibition of the
radiation~dependent incorporation of 3H into the platelet particulate
fraction. This experiment was carried out wﬁith 0.1}1}1 2—azidoE3|ﬂ"
adénosine at which concentration the dark reaction amounted to %
25% of the incorporation of 3H due to irradiafion. The 3H bound in
the dark was independent of added ligand: In sussequent experiments,
the concentration of [ala nucleoside was maintaine.d above 0.’2/.114 to
keep the dark reaction;to less tpan 10% of the control value.

Tables 9-11 show the effectsg of different ligands on the

labeling. Using adenosine analogs that interact with the
adenosine receptor linked to adenylate cyclase, unlabeled 2-azido-

. - .
adenosine (62.5}&0 produced a 20-24% decrease in labeling ard
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SN
2~chloreadenosine produced a 17-18% inhibition. Theophylline, an

antagonist of these receptors (see 1.2.3), inhibited labeling by 3&2.
However, adenosine itself and N6-cyclohexyladenosine produced no
decrease in .labelieg. 2',5'—Dideoxyadenosine, which interacts
with the "P" inhibitory site (Haslam et al., 1978b), decreased
photolabeling by 28%. Coformycin, an adenosine deaminase inhibitor
(Prémone_gg_gl;, 1977), reduced labeling by 10%. Dipyridamole, an

inhibitor of both adenosine transport and cyclie AMP phosphodiester-~

ase (Mills and Smith, 1971 Subbarao et al., 1977) reduced labeling
29%.

3.4.3 Funthen Studies on the *H Incorporation into Plateler Panti-

» cutate Fraction Duning Photolysis of 7-Azido Fﬁ]adenoz,.cne

2-Azidoadenosine 1s a known competitive inhibitor of adeno-
sinr deaminase but in the presence of UV radiation irreversibly inact-
ivates the enzyme (Cusack and Born, 1956). Phogoaffinity-labeled
adenosine deaminase was therefore used to determine whether sodium
~ salicylate fluorography is sufflciently sensitive to detect
2~azido EH]adenosine bound to platelet particulate f‘raction,
2-Azido Pﬂ]adenosine (0. 5}1}1) was incubated with 300 pg of adenosine
deaminase in 150 mM. TRIS~-HCl, pH 7.4. After 1rradiation for 10 min
at 313 nm the protein was acid—precipﬁ;ated; weqhed and dissolved
in eiectrophoresis sample buffer; it contained 2.5 x 103 dpﬁ 3H6pg.

After pol&acylamide gel electrophéresis of a sample containing

2 x 104 dpm 3H and sodium salicylate fluorography (4.3 days), the

X-ray film had an absorbance of 0.04. This was less than expected
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(0.1) from the results of Laskey and Mills (1975). Although the

late rkers used DMSO/POPOP fluorography, Chamberlain (1979) has
found no difference between DMSO/POPOP and sodium salicylate in
their ability to facilitate detection: gf 3H by fluorography. The
possibility that only part of the 3H was protein-bound was therefore
investigatedwby gel filcration of the sample on Sephadex 625
(Figure 174). Two peaké of radioactivity with only one correspond-
iné to the protein were found. fhe actual counts bound to protein
were 1.1 x 103 dpmdpg, 45% of the originai valqe. This accouynts
for the l;w density of the fluorogram.

The unbound 3H could appear in the samples of solubilized
proteiq by sEveral mechanisms: 1.) by 3H exchange within'sahple
buffer; 2.).by%trapping of non-covalently bound 3H within the acid
precipitated protein pellet; or 3.) by covalent bond hydrolysis by
some added.reagemt. Investigation of 3H exchange at pH 8.8 (maxi-
mum pH. during electrophoresis) for 24 h (Figure 17B) revealed less
than 10%Z of the protein-bound 3H was lost. PS?QCE samples were
normally stored frozen and at pH 7, exchange of °3H from the

b~
8-position on the covalently linked adenosine residue must be

negligible. Polyacrylamide gel eliftrophoresis of photolabeled

adenosine deaminase was repeated “\a‘the gels were expoéed to pre-
flashed film for 26 days. Table 12 {ndicatgs the sensitivity of .
detection of 3H by sodium salicylate fluorography. Calculation of

the time required to detect a polypeptide_containing one third of

the total 3H incorporation into 100 pe of platelet particulate

-
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fraction (approximately 200 dpm) indicated that an exposure of
209 days would be required even after film preflaﬁh. This exposure

would produce a film absorbance of approximately 0.1; an absorbance

.of 0.0S, dqst near detectable.limits, would require an exposure 7;‘1
of 100 days.* ' ‘ ' ' o

ﬁabeled platelet particulate fraction in 3i SDS was subjected
to gel filtration of Sephadex G-25 to determine if some of the 3H
was not protein-bound (Table 13). By the washing procedure of’
two trichloroacetic acid precipitafions followed by dissolVing}the
pellet in SDS, the amount of ﬁrotein;bound 3H represented the same
fraction of the thtal 3H (approximately 55%) regardless of the added
competing ligand. These results are.consistent with the hyﬁ;thesis
that the bound 3H was susceptible to removal after treatment of the
protein with acid and 5DS. These posgibilities were investigated‘by
omitting acid precipitapion of the platelet particulate fraction.
The photolysis samples were washed twice‘then dlssolved in_ﬁz Sbs.
Each éample was gel filtered cn Séphedex G-25 and the protein-bound
3H and thg unbound 3H separated{Table 14). The protein—boénd
fractioﬁ isclated by gél filtrati;n remained protein-bound when
(a) left in 3% SDS at 22°% for 20 h, (b) acidified with 102
trichloroacetic acid at 22°C for 20 h and then neutralized. The
3H found in each photolysis sample, reg;rdfess of the washing
procedure, must represent a covalently bound compound plus a tightly
-but non-covalently bound fractiqg.

Because only part of the BH wag covalently bound,the'non-
irradiated and pre;irrédiated controls were repeated using the gel

filtration‘ﬁroceduie (Table 14), Although the results again showed R

that covalent labeling of platelet protein was radiation dependent,
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it was found that pre—iéradiated controls contained much less
non-covalently bound 3H than samples irradiated in the presencé

of particulate fr;ction. There was Ao significant difference in
the covalently bgund 3H in the two cases. Thus covalent lgbeling of
platelet proﬁein'during photolysis of 2—azido[3@]adenosine represents

affinity labeling by a photolysis product rather than true photoaffinity

labeling.

-



Figure 14
Lifect of Increasding Concentrations of Z—A:Ldof3H]adcno¢£ne on

Tncoaporation b ’H into Platelet Particulate Fraction

2

Samples of platelet particulate fraction were resuspended in 75 mM TRIS—HC},
pl 7.4, 0.4 wM DTT, 0.1% bovine serum albumin and 0.4 mM NaMgEGTA.
Samples were incubated in the dark at 0 C for 20 min after the
addltion of 2- azido[ H]adenosine (9 Ci/rmol). Samples were flushed
with N2 gnd stirred 5 min priot to irradiation at 313 nm foé:BO min
at 0 °c. Non-irradiated samples were present in tﬁa photolysis
chambgr but were protected from light. After irradiation samples -
were dfiuted 5-fold with 75 mM TRIS-HC1, pH 7. 4, containing 0.4 mM

aHgEGTA and centrifuged 48,000 xg, 0 °C for 20 min., ‘The platelet |
particulate fraction was resuspended in 75 mM TRIS-HC1, pé 7.4,
containing 0.4 mM NaMgEGTA then acid bnecipitated'and acid washed, -
(10% trichloroacetic acid final).,6 These samples were dissolved in

electrophoresis sample buffer conzaining 3% (w/v) SDS, 0.0025% (w/v)
| Bromophe-nol Bluc, 62 mM TRIS-HC1, pH 6.8, 6% (w/v) glycerol and
5% (w/v) mercaptoetganol»and the 3H counted., Further details

are-given in 2.7 and 2.11. The results represent gingle determingtions

from 4 different experiments with the non-irradiated 3H incorporation

subtacted.
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Effect of Increasing Concintrations of Z-Azido[SH]adenobéna on

Incorporation of 3H nto Platelet Pw‘t,t{cuﬂa.jte Fraction
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Figure 15 ‘ =
Effect of Lengzh cf Pre-THeubation Time upon 2-Azide [PH] adenosine

Incorporation {nto Platelet Particulate Fracticn

The results represent single values obtained from the same particulate *
fraction. Plateler particulate fraction Was resuspended, irrgdiaﬁed
and processed z;s usual (Figure 14) except for the following: the
sanples (0.98 mg protein/l ml sample) 'were incubated in the dark at

0 °c with 0.20 M 2-azido [3H]adenosine (9 Ci/mmol) for \;arious times
and then irradilated for 10 min at 313 nm, 0 °c. Samples cor;taining
unlabeled 2-~azidoadencsine werm incubatec‘i first with unlabeled compound
and thesfor the same amount of time with the further addition of [3‘{3
nucleoside (0.20 ).IM). Non—irra'dia'ted sami)les, pre—incubated with
O.ZO/UM 2-azido [3HJadenosine for 30 min and 100 win, incorporated
0.29 and 0.30 pmol of 2-azido [BH]adenosine/mg protein, respéctively.

( 0.20 pM 2-azido [3}1] adenosine (4); 25 J 2—azidoadenos£ne *+ 0.20 uM

2~azido [3H] adenosine (¥))
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. ’%igure 16 .

Ejfect ¢4 Length cf Expodure Zo 313 nm Radiation upen 2-Azido [SH]adenoéaie

Tncorporation inte Platelet Particulate Fraction

The results represent single values obtained during the same experiment.

as in Figure 15. Platelet particulate frnctiog was resuspended, irradiéted
and processed as in Figure 14 except the particulate fraction was incubated .
in the dark for 20 win with 0.20 M 2-azido[33]adenosine or for 20

ﬁin with 25 PM 2-azidoadeﬁosine (uniabeled) éollowed by a quzye: 20 min
incubation with 0.20 uM Zfazido[3ﬁ]adenosine. Samples were %rgadiatéd

at 313 nm after flushing with Nz for 5 min. Non-irradiated {BH

incorporation is given in Figure 13. _
(O.AZO ,LL\I 2-azido [3H] adenosine alone (§); 25 )JM 2—azi§oadenosine + 0.20 }JM ‘
2-ézido[3.aadenosine ) .

0 i i | ] i J

0 5 10 15 . 20 25 30
Irradiation Time (min)
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Effect of Various Ligands on the Llabeling of Platetet Bapticudate

Table 8

Fraction by Z-Azido[?ﬂ]adenoaéna {U.IO/yM)

]

Competing ' 3H Bound
~ Ligand hu (pmol /mg protein) % Change
None + 0.40 +0.01 . - —
- 0.11 £ 0.01
2-Azido- + 0.36 + 0.01 -10 + 38
adenosine . .
- . + 0.
25yt - 5 0.11 0.0l L/
Theophylline + 0.33 + 0.02 -18 * 69
(4 mM) - 0.09 % 0.02

LN

Samples of platelet particulate fraction were resuspended; irradiated
and processed as described in Figure 14 except irradiation at 313 nm

was for 10 min and the ac;::b{ecipitated pellets were dissoclved in

0.6 M TRIS-HC1l, pH 7.4, containing 3% SDS. Values are the means # SZM
- from th?ee deterpinations on thé same particulate fraction. Percent

changes in pmol 3ﬁ bound/mg protein with Tespect to controls containing

no competing ligand are given as means * SED. .The amount of platelet

protein added per 1 ml sample was 1.18 mg. The percent of added 3H

~bound in the controls was 0.477;

oy

« H bound = pmol 3H/mg pfotein X mg protein added/;ample x 100
pmol 2-azido [’Hfadenosine added/sample

Significant changes (Student's t-test) are as indicated: 2 2P> 0.05

t

AN



99-_ : .}/‘

\\HH//‘ Table 9
E§§Sct of Various Ligands on the Labeling of Platefet Panticubate
) ’ Fraction by 2-Azido[3H]adeno¢£ue (0.25 M)

Ir;adiations were carriedout in triplicate as described in the legend
to Table 8. Values aré the means * SEM from three determinations on
the same partfculate fraction. Percent changes in pmol 3H bound/mg
protein with respect to controls containing no added ligand are éiven
as means * SED. Th; amount of platelet protein aéded per 1 ml scmple

. ™ -
was 1.07 mg. The percent 3H bound in the controls was 0.447. Significant

changes (Student's t-test) are indicated: ° 2P 0.025, b 2P20.01

" Competing 3H-‘Bound _
Ligand hv (pmol /mg protein), % Change
None + 1)04 + 0.01 . —_—
- 0.05.+ 0.01
\'\
2-Azido- + 0.79 * 0.07 -24 x 72
adenosine
- +
(62.5).|I{) 0.05 £ 0.01
Theophylline + - 0.69 £ 0.07 . -~ ot 70 ///
(4 M) £ 0.01

- 0.05
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Table 104
Efpect of Various Ligands on the Labefing of Platelfet Particufate

Fraction by 2-Azido [H]adenosine 10.21 uH)

-Irradiations were carried ‘out as desaribed in the legend to Table 8.
Values are the means * SEM from three det(rminations on the same
particulate fraction. Percent changes in pl;l‘dl 3H b_ound/mg protein
with respect to cBBtrols containing no added %;gand are é;ven as
means * SED. The amount of platelet protein added per 1 ml sample
was 0.97 mg. The percent 3H boEmd in the contrgls was 0.41X.

Significant changes (Student's t-test) are indicated: a 2P>0.05
b .

2P>0.005
‘ 3 , e
Competing H Bound L il
. Ligand (pmol /mg protein) L7 Change
None (Irradiated) 0.89 % 0.03 -—
(Dark) ¢ 0.04 t 0.01
Adenosine 0.82 * 0.04 ' ~7 5
(62.5 uM)
M=a
2-Azidoadenosine 0.71 £ 0.04 =20 t 6
(62.5 uM) :
2-Chloroadenosine 0.73 % 0.04 -18 + 5%
_(62.5 M)
Theophylline 0.58 + 0.02 T

(4 mM)

-

>. -
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> Table 11
. T

Efgeet of Varlous Ligands on the Labelfing o4 Platelet Particulate

Fraction by Z—Azx;do[sH]adenoaine (0.21 Fo

+

'-Irradiations were carried out as described in the legend to Table 8.
Values are ;he means * SEM from threé determinations on the same
particulate fraccion. Percgnt changes in pﬁol 3H bound/mg protein
with rgspect ;o'controls containing‘no added ligand are given as

‘means ¥ SED. The amount of platelet protein addéd per 1 ml sample
was 0.76 mg. The percent 3H bound‘in the controls was 0.48%.

Significant changes (Student's t-test) are indicated:

*2p50.1, ® 2p> 0.05, © 2p» 0.005, ¢ 2P> 0.001.

Competing ' ) 3H,Bound ‘ .

Ligand (pmol /mz protein) %Z Change
lone . 1.33 %£0.03 . —
2-Chloroadenosine - 1.11 £0.06 -17 * Sb

(62.5 uM) '
Ceformycin (0 M) 1.19 + 0.04 -10 # 4%
‘ d
Dipyridamole (5 pM) - 0.94 % 0.03 . -29 * 3
2',5"'-Dideoxy- . .
adenosine (62.5 uM) 0.96 * 0.04 ’ =28 £ 4
Nﬁ—Cyclohexyl-
adenosine (62.S‘pm) 1.27 £ 0.04 Co=h T



Figure 17

Gel Filtration of Photolabeled Adencsine Deaminase

I\ Photolabeled adenosine deaminase, dissolved in electrbphoresis
sample buffer (see 2.11), was eluted from a Sephadex G-25 column
(4.6 x 0.6 em) and was eluted with 1% SDSlin 0.375 TRIS-HC1, pH 8.8.
Aliquots (10 pl) of each 0.1 ml fraction were counted for 3H and

the protein was determined by fluoresence,

.

B

at 37 °c . After 4 h and 24 h, a 20 Pl sample was eluted from the

Fraction 3 (80 Bl remaining) of the above column was placed

same column as above with 1% SDS in 0.375 TRIS-HGL, pH 8.8.

(

-
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Figure 17
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Table 12

Sediwn Salicyfate Fluorograwhy o4 Photolabefed Ac_fcncrb ine. Deamdnasc mé;ch

2-Azido FH] adenosine

Adenosine deaminase (BOO‘yg), freed from (Nﬂﬁ)zsr Ads described

in 2.10, was combined with 0.5 pM 2-azido 3H'adcnosine (107 dpm) in

150 mM TRIS-HC1, pH 7.4 and incubated in the dark for 30 min at 0 °C.
™~ .

The mixture was irradiated for 10 min at 3123 nm and the protein was

precipitated with trichloroacetic acid (10% final). After washing,
the pellet was dissolved in electrophoresis sample buffer; 3.2%
of the total 3H was bound.” The sample was subjected to electro-

phoresis,'fixed and, prior to drying, the gel was soaked in 1 M

‘-‘
sodium salicylate for 30 min.“\The gel was exposed to preflashed

Kodak X-Omat R X-ray film for 26 days at -50 °C. The absorbance of

the £film was détermined with a Joyce-Lobel microdensitometer. For

further details see 2,10 and 2.11.

N
S~

dpm/band Absorbance/band
1620 0.11
R ) -
. 3240 0.21
8100 - | 0.67 S
\ : ' CN

. 16200 1_3{//-
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Table 13

Gel Filthation of °H Labeled Peatelet Particulate Fraction

These results weré obtalned fro‘r’n single samples from the 'ﬁexperiment
shown in Tablf:.ll. These were eluted from  Sephedex G-25 columns
§4.6 xtt:).B em, 0.8 ml volume) with 3% SDS 1in Q.G‘M TRIS-HC1, pH 7.4.
A similiar elution pattem to Figure 17A was obltained. Fractions 1-5
.contained all ;he added pr_ot;in and all of the 3H was I.i_:ecovered in

fractions 1-16. 2—Azido[3ﬂ]adenosine, eluted after the protein,

was used to identify the fractions likely to contain unbound 3}1.

Competing Fraction 1-5 " Fraction 6-16 dpm Protein Bound
Ligand (dpm) - (dpm) Total dpm
N (%)
None 863 767 . 53
2-Chloroadenosine 778 651, .54
Dipyridamole & 733 : 596 55
N6—Cycldhe.xyl— %ﬁk‘ 514 ' 704 56
adenosine ' :



i Table 14
Get ‘Filtnation of labeled Platefet Particulate Fraction (0.25 pM
" 2-Azddo EH]adenoALne}a ' g

. These results.were obtained from platelet particulate fraction

_'prepared, and irradiated as described in Figure 14. Acid pfe—
: 63
cipitation was omitted and another dllution with 75 mM TRIS~HC1,

pH~ 7.4, containing 0 4 mM NaMgEGTA and centrifugatlon at 48 000x_5,
0°C for 20 min repeated. The pellet was dissolved into 34 SDS

containing lSd mM TRIS-HCl, pH 7 4. Columns and gel filtrations

were done as in Table 13. Elution of the platelet protein (50 H1) was )

with the same SDS/buffer used to dissolve the platelet protein. Pre-

jirradiation was for 10 min on 2—azido[3H]adenosine alone and then

incubated with platelet particulate fraction for 45 min. Values are
. ’ '

the means * SEM frbm three determinations on the same pérticulate

fraction. Percent inhibitiOn in pmel 3H bound/mg protein in dipyridamole
Ty
sample with respect to control irradiated in the presence of particulate

fraction was 32 % 4% (mean SED).(/‘The amount of platelet protein per

1 ml was 0.74 mg. The percent 3H bound in the control was 0.088%.

-

- 3}1, DPM
e - Reversibly -
Incubation . 34 pPM/mg protein - " Bounda /50 ¢l 34 Bound
Condition { x 10-3) . . ( x 10-3) (pmol/mg protein)
Conitrol 7.89 £ 0.14 . 1.97 £ 0.16 - ’ 0.30 +$0.01 -
Dipyridamole (5 WM) 5.30 + 0.24 < 1.24 = 0.03 ~0.20:% 0.01
park: B 1.02 + 0.01 1.05 + 0.08 . ) 0.04 *.0.01

Pre-Irradiated 7.26 £ 0.30 0.78 £ 0.01 0.27 % 0.01
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CHAPTER 4

Discussion’
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DISCUSSTION

4.1 Factors Affecting the Activation of Platelet Adenylate Cycfase

hy 2-Azidoadenosine f T

The results showed that, using human platelets, 2-azido~

adenogine could activate particulate fraction adenylate cyclasg by
Y _' .

up thIZOZ In the presence of adenosine deaminase and-0.8 mM MgClz.
The activation of human platelet adeﬁflate cyclase by 2-azidoadenosine
has previously been reported (Haslam é&.él;’ 1978b; Haslam et al.,
19795. With rabbit plateleéé, activation of adenyiate cyclase by

the adenosine analog was 200% above the control. Actixii}on by
adenosine itself was also greater in rabbit than in hutman (74% at

2 FM compafed to 31% with human platelet adenylate cy;lase). In,
contrast to human platelet material, net inhibition of rabbit pléte—
let-gdenylate cyclase was not observedgwith IGOIFM adenosiqe,
probablylbecadse of the greater stimulato;y effect of adenosine in
the later species.

Loﬁdqs and Wolff (1977) suggest that, in general, the
potency of adenosine(iy activation is not affected by the Hg2+
cupcentratibn whereas the inhibitory potengy is sensitive to divalent’
cation concentration. The‘presgnt study ;sing raﬂbit platelets leads
to a somevhat different conclusion. A reduction in M32+'dbncentra-
tion increased activation by adenosine concenitrations below lOO}J{;

with IOOJFM adenosine the sum of the simultaneous inhibitory and

stimulatofy effects results in.a small net stimulation that was the

-

~ 108" -



- 109 -,

r'd -

2+
same at both Mg concentrations. This suggests an increase in -
< .

4
potency of both actions of adenosine on reduction of. the Mgz

concentration. In the case,of the rabbit platelet adenylate cyclase,
the increased activation by adenosine was greater.than the increase

2+ ’
in inhibitory potency, when Mg~ was reduced. ~y

w 2+ : '
Reduction of Mg concentration increased the activation of

adenylate cyclase by 2-azidoadenosine at all nucleoside concentra~

tioni-tested. Even with 0.5 FM 2-azidoadenosine, wnich must have
little or no inhibitory effect, the increase in activation is
statistically significant (2P € 0.001) when the Mgz+ concentration
T was reduced. This adds further evidence that the reduction of the
2+

Mg concentration must increase the adenosine-dependent adebyléte

cyclase activation.
The addition of adenosine deaminase has been shown to

“‘/fpcrease the stimulétion of. adenylate cyclase by 2—gzidoadenosine.

-

y
This increase 1s probably due to removal of endogenous adenosine.

r o

. Endngenous adenoéigs may result from breakdown®™of substrate ATP or
be present in the enzyme preparation itself (Prémonf.gg_glL, 1977).
Endogenous adenosine has been eliminated not only by the use of
éanosine deaminase but also by use of 2'-deoxy ATP as the substrate
ikg for adenylate cyclase. , Low concentrations of 27 -deoxyadenosine have
been shown to have no Btimulatory and insignificant inhibitory activity in
human plateiets (Londos and Wolff, 1977; Haslam et al., 1978b).
Addition of other égents, such as (-)-propranolol and indomethacin,

either alone or together had no effect on control adenylate cyclase
. ‘

activity (Table 3).
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In summary, an enhan;ed activation of platelqt adenylate
cyclase by 2—azidoadénosine has been achieved . by reduction of Mng
concentration in the assay mixture, by addition of excess adenosine
deaminase during the incubation and by a change of species from
human to Trabbit. Under these optimal conditions.Z—azidoadenosine
caused a 3-fold increase in platelet adbnylate cyélasg activity,

4.2 Photolysis of Z-Az.i.doadenoéine A

Knowles (1972) has described several criteria that should
be met in the design of a useful p£otoaffinity reagent. In principle,
many of these are satisfied by 2-azidoad;\bsine which retains the
biological actlvity of adenosine with Tespect to'activation of adeny-
late cyclase. The analog can be rTeadlly synthesized under ordinary

»
light conditionsg; 2-azidoadenosine is quite stable in aqueous buffer

systems and undergoes conver;ion to a nitrene in the preéence of UV
radiatiop. Moreover, producticn of the reactive intermediate occurs
under conditions thﬁf;are unlikely to be harmful to platgiZ::;roteins.
—AzidoadenoPine does have one drawhack as a photoaffinity
label and that 1is the presence'in aqueous neutral solutiogs cf the
compound of a mixture of tetrazole and azide. The tetrazole, although
equipotent with che azlde, is much less sensitive to photolysis
than the azide. However, 3t pH 7.4, fhe tautomer ratio is 2;1 iﬁ
favour of the azide (B.E. Mc arfy,.pefsongl communication, NMR
Spectra) allowing far a 66% chanee of labeling a receptof with the

azide tautomer,.
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4.3 Atzempts 2o /Demdnstrate Phoxoa“w&{;— Labeling with

Non- Ragloaztu/ 2-Azidoadenocsine

Photoaffinity labeling the adenosine receptor that inter-

acts with adenylate cyclase could have a variety of effects upon
adenylate cyclase actiQity. The photolabeled receptor could fail to
interact with adenylate cyclase and this would appear as‘a normal
control activity but with a reduced response to furthef adenosine-
analog activaiion. Alternatively, the photolabeled receptor Qight
cause a permanent activation of adenylate cyclase. Additional acti-
vation of this adenosine-dependent adenylate cyclase would be
\}mpossible, though other non-photolabeled adenosine receptors might
still be available to activate adenylate cyclase. Howe#er, if .
sufficient receptors.were labeled, an increased basal activity com-
bined ;ith a reduced activétion by the nucleoside might be seen.
Figure 12 indicates that both irradiation of platelet_parti;
culate fraction and pre-exposure to 10 P 2-azldoadenosine for'30 min
caused activation of adenylate cyclase but no interactive effect
attributable to dirradiation in the ﬁresencé of 2-azidoadenosine was
detected. Thus, the increase in enzyme activity was the sumof the
effects caused by UV radiation and pre-exposure to 2-azidoadenosine.
The irfadiated samples did show a reduced adenosine-dependent
activation of adenylate cyclase but this was due to exposure to UV '
radiation alone. ReduéEion of UV exposure to 10 min did | pPrevent

the iPcrease in adenylate cyclase activity suggesting ultraviolet

radiation causes a timg:dependent activation. It was apparent that

-,

.

-4
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photoaffinity labeli?g‘could not be detected using non-radiocactive.
2-azidoadenosine: This implies that only a small proportion of.the
receptors, probably less than ZOZ,could.hgve been labeled,

Other investigators have also feported that UV exposure
causes cumulative and lasting effects on platelet function (Dickson
et al., 1971; Lawler gg_gl;, 1979). The explanation for this effect
was UV-induced cléaéage of disulfide bonds (Dickson et al., 1971;
Doery et al,, 1973; Lawler et al., 1975; Lawler et al., 1979) which
was thought to cause aggregation.

The reason pre-exposure to 2-azldoadenosine causes permanent
activation is unknown at this time. The concentration of free Zhazidé-
adenosine rémaining after washing the particulate fraction must be
negligible (see Methods 2.7). It is also doubtful that the nucleo-
side is sufficiently tightly bound to survive prolonged washing.
Half—maximalrgctivation of the platelet adenylate cyclase required
approximately 0.5 o 2-azidoadenosine.

In ‘conclusion, it would appear that photoaffinity labeling
by 2-azidoadenosine cannot be detected By any change on the ﬁdenosing-

dependent adenylate cyclase activity.

’

4.4 Labeling of Rabbit Platefet Particulate Fraction during
Photolysis of 2-Azido [SH]adeno&.ine

!

In a previous study of adenosine binding proteins, Rosenblit
and Levy (1977) photolabéled intact adipocytes with B-azido[;—aﬂ]— :
adenosine. The specificity of this photolabeling reaction was not

studied but radiation-dependent incorporation of 3H into membrane
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protein was demonstrated. Malbon gg_élé_(l978)‘studied [?H]adenosine
binding to fat cell membranes. Some competing ligands were investi—
gated and the adenosine binding sites were found go differ in their
biological broper&ies from those expected of the fat cell R-type

~

adenosine receptor (see 1.2.3). §

Recently Schwabe et al. (1979) presented data for [Bé]adeno-
sine binding to rat brain membranes. Here‘Z—chioroadenosine was an
inhibitor of adenosine binding but only'at high concentrations
(84 }mﬂ and.N6-phenylis;%ropyladenosine exhibited only partial inhi-
b}tion. The iack of stéreospecificity of the Nﬁ—adenosine analog,
as both (-} and (+) isomers were equipotent, suggests that s%@cific
adenosine binding was not detected.

Newman et al, (1980) have reported adenosine binding sites
agsociated with adenyl#te cyclase in the guinea pig cerebral‘cortex.
Low concentrations of theophglline and 2-chloroadenosine (50 M
eaeh) reduced [?é]adeﬁosine binding to 38% and 127 of ¢ontrol binding
activity, however, no other adenosine analogs were reported to have

\

There have been no previous reports of binding of adenosine

been tested.

or analogs to platelet membranes. In this present study, a covalent
radiation-dependent binding of 3H » using Z—azido[?ﬁ]adenosine,
has been demonstrééad. However, a photolysis product of 2-azido-
EBHjadenosine was shown to label platelet particulate fraction. by -
‘affinity rather tﬁan by true photoaffinity labeling. Unlabeled

\ . .

2-azldoadenosine, 2-chloroadenosine and theophylline did producet

some inhibition of the labeling, suggesting that R—tyﬁe adenosine
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receptors could be participating in the binding detected. Hoéever,
nelther adenosine itself nor ﬁﬁ-cyclohexyladenosine, an analog

with R-type stimulatory activity but no P-type inhibitory

activity (Haslam et al., 1978b), caused no significant inhibition

of labeling. Unless an explanation can be found for these anomalous
results, it mus be-concluded that specific affinity labeling of
R-type adenosine Treceptors was not detected.  '

In the platelet there are several other possible adenosine (
binding components other than the adenosine receptors associated
with adenylate cyclase, such as the adenosine transport systemn,
adenbsine deamlnase and adenosine kinase (Parks et al., 1975).

That 2—azido[3ﬁ]édeposiné photoiysis products may have labeled at
least one and possibly two of thesq components is suggested by

the inhibition of binding of dipyridamole and, to ; lesser extent,
coformycin. The effect of the former compound suggests the pfesence_
of adenosipe transport proteins and, the effect of the latter, the
presence of adenosine deaminase. Although 2',5‘—dideoxyadenosine

is best known as an inhibitor of adenylate cyclase activity at the
§~site (Londos and Wolff, 1977; Haslam gg_glf,—1978b), it is possible
that it interacts with the adenosine tfansport system. Lips gé_gl.
(1986) showed both 2'-deoxyadenosine and 5'-deoxyadenosine to be
Qggprful inhibitors of the high affinity adenosine transport system
(Km near lO{PM), though they did not test 2',5';dideoxyadenosine
itself. The latter workers suggested the presence of an intact
purine ring and the 3' hydroxyl is typical for a substrate for the
high affinity systeﬁ. 2',5'-Dideoxyadenosine, 2~azidoadenosine,
2-chloroadenosine and theophylline (at 4 mM) could all possibly be

§ such substrates of this system, ' -

~
AP
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In order ¢fo determine the nature of the 2-azidoadenosine
binding sites, further studies with variousﬂcombinatioqs of the -
ligands already tested, as well as other ligands, will be required.

L}

o

g et
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