
 

 

 University of Groningen

Specificity of Adenosine Inhibition of cAMP-Induced Responses in Dictyostelium Resembles
That of the P Site of Higher Organisms
Lookeren Campagne, Michiel M. van; Schaap, Pauline; Haastert, Peter J.M. van

Published in:
Developmental Biology

DOI:
10.1016/0012-1606(86)90367-2

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1986

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Lookeren Campagne, M. M. V., Schaap, P., & Haastert, P. J. M. V. (1986). Specificity of Adenosine
Inhibition of cAMP-Induced Responses in Dictyostelium Resembles That of the P Site of Higher Organisms.
Developmental Biology, 117(1). https://doi.org/10.1016/0012-1606(86)90367-2

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1016/0012-1606(86)90367-2
https://research.rug.nl/en/publications/51e12058-f060-4b2c-b62c-a97aab579968
https://doi.org/10.1016/0012-1606(86)90367-2


L~EVELOPMENTAL BIOLOGY 117, 245-251 (1986) 
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Dictyoste/~um Resembles That of the P Site of Higher Organisms 
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Cell Riology and Morphogenesis Unit, Zoologicul Laboratory, Uni?lersity of L&den, Koiserstrcccrt 63, NL-2311 GP Leiden, The Netherlands 
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Adenosine acts as a cyclic AMP antagonist in Dictyostelium discoideum. It inhibits the binding of cyclic AMP to cell 
surface receptors and the induction of postaggregative differentiation by cyclic AMP. We investigated the nucleoside 

specificity and dose dependency of both inhibitory effects of adenosine. It was found that adenosine inhibits cyclic AMP 

binding and cyclic-AMP-induced differentiation with a K, of about 300 PJM. Alterations in the purine moiety of adenosine 
generally decrease the inhibitory effect of the molecule, whereas alterations in the ribose moiety are tolerated and in 
most cases even increase the inhibitory effect of the molecule on both cyclic AMP binding and differentiation induction. 

A strong correlation (r = 0.996, P < 0.01%) between the specificities for adenosine derivatives of these two inhibitory 

processes is demonstrated. The nucleoside specificity for the inhibition of cyclic AMP action in D. discoideum resembles 
that of the P site of higher organisms. In contrast to effects mediated by the P site of higher organisms, the effects of 

adenosine mediated by the Dictyostelium receptor cannot be prevented by inhibiting adenosine uptake; this makes it 
very likely that the adenosine receptor, which is involved in the effects of adenosine on cyclic AMP binding and differ- 

entiation induction, is located at the cell surface. ~‘8 1986 Academic press, 1~. 

INTRODUCTION 

Vegetative cells of Dictyostelium discoideum feed on 
bacteria and enter a process of development and differ- 
entiation upon starvation. One of the first steps in this 
process is the acquisition of aggregation competence. 
Some cells autonomously start to secrete pulses of cyclic 
AMP, surrounding cells detect cyclic AMP by means of 
cell surface receptors and respond to the signal by che- 
motaxis to the cyclic AMP source and by secreting a 
cyclic AMP pulse themselves. The original signal is thus 
efficiently relayed through the cell population and the 
cells aggregate to form multicellular structures called 
slugs. In these slugs two cell types can be distinguished: 
(1) cells destined to form stalk cells, which retain a bio- 
chemical and functional resemblance to aggregation 
competent cells, and (2) prespore cells, which anticipate 
ultimate spore differentiation by the early expression 
of spore-specific genes. Ultimately slugs culminate to 
form a fruiting structure consisting of a globular mass 
of spores supported by a column of stalk cells (for review, 
see Loomis, 1975 and 1982). 

Besides functioning as a chemoattractant, extracel- 
lular cyclic AMP also functions as a morphogen (Town 
and Gross, 1978; Chisholm et al., 1984); Submillimolar 
concentrations of cyclic AMP can induce prespore spe- 
cific gene expression through interaction with the cell 
surface receptors (Schaap and Van Driel, 1985). 

One of the physiological degradation products of cyclic 

AMP, adenosine, has been shown to inhibit several 
cyclic-AMP-mediated responses during this develop- 
mental process. Adenosine inhibits autonomous cyclic 
AMP signaling (Newell and Ross, 1982), cyclic AMP relay 
(Brenner and Thorns, 1984; Theibert and Devreotes, 
1984), chemotaxis, and cyclic-AMP-induced cyclic GMP 
response (Van Haastert, 1983). Recently, evidence was 
provided that interactions between adenosine and the 
cyclic AMP signaling system play important roles in the 
formation of the prespore/prestalk pattern of Dictyo- 
stelium slugs; adenosine prevents the conversion from 
prestalk to prespore cells (Weijer and Durston, 1985) 
and inhibits the induction of prespore differentiation by 
cyclic AMP (Schaap and Wang, 1986). It was hypothe- 
sized that production of adenosine by hydrolysis of cyclic 
AMP in the anterior region of the slugs inhibits prespore 
differentiation and is thus responsible for the establish- 
ment of the prestalk/prespore pattern (Schaap and 
Wang, 1986). This hypothesis is supported by the obser- 
vation that the cyclic AMP hydrolyzing enzymes, cyclic 
AMP-phosphodiesterase and 5’AMP-nucleotidase, are 
preferentially active at slug anteriors (Armant et al,, 
1980; Brown and Rutherford, 1980; Tsang and Bradbury, 
1981; Schaap and Spek, 1984) and by the fact that re- 
moval of endogenous adenosine from slugs results in 
prespore differentiation in slug anteriors (Schaap and 
Wang, 1986). At least some, but possibly all, effects of 
adenosine on cyclic-AMP-induced responses are pre- 
sumed to result from the inhibitory effect of adenosine 
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on the binding of cyclic AMP to its cell surface receptor 
(Newell and Ross, 1982; Van Haastert, 1983; Theibert 
and Devreotes, 1984). 

Dictyostelium cells were found to have two types of 
[3H]adenosine binding sites; the /3 receptor (Kd = 350 
PM; 8 X lo6 sites/cell), and the CY receptor (Kd = 0.8 PM; 
3.5 X lo4 sites/cell) (Newell, 1982; Van Haastert, 1983). 
Due to the fact that millimolar concentrations of aden- 
osine are required to inhibit cyclic-AMP-induced re- 
sponses, it is likely that these effects of adenosine are 
mediated through the @ receptor. 

In higher organisms three types of adenosine binding 
sites can be distinguished, all of which affect the recep- 
tor-mediated adenylate cyclase activation (for reviews, 
Wolff et al., 1981; Daly, 1985): (1) The intracellularly lo- 
cated P site (Kd > lop5 M), which probably inhibits ac- 
tivation of adenylate cyclase by direct interaction with 
the catalytic subunit of this enzyme. (2) The R, site or 
AZ receptor (Kd in the micromolar range), which is lo- 
cated at the cell surface and stimulates the activation 
of adenylate cyclase presumably by interacting with the 
stimulatory GTP-binding protein N,. (3) The Ri site or 
Al receptor (rC, in the nanomolar range), which inhibits 
the activation of adenylate cyclase and is thought to act 
on the inhibitory GTP-binding protein Ni. 

P and R sites can be distinguished by their specificity 
and affinity (Londos and Wolff, 1977). P sites require an 
intact purine moiety, whereas R sites require an intact 
ribose moiety. R, and Ri sites can be distinguished by 
their differential affinity for adenosine, (-)N6-R-(2- 
phenylisopropyl)adenosine (PIA), and 5’-N-carboxamide 
adenosine (NECA) (Londos et ah, 1980). 

In this study, we have analyzed whether the effect of 
adenosine on cyclic AMP binding in Dictyostelium is 
mediated through a P or R type interaction. This was 
done by investigating the inhibition of cyclic AMP bind- 
ing by a series of adenosine derivatives, modified at. dif- 
ferent sites in the purine or ribose moiety, on cyclic AMP 
binding. It is shown that the specificity of the Dictyo- 
stelium adenosine receptor is similar to that of the P 
site of higher organisms, but is different in that it is 
located at the cell surface and not intracellularly. Fur- 
thermore, the nucleoside specificity for inhibition of 
cyclic AMP binding closely resembles the specificity for 
inhibition of cyclic-AMP-induced responses, such as the 
induction of differentiation. 

MATERIALS AND METHODS 

Materials. [2,8-3H]cyclic AMP (1.54 TBq/mmole), 
[2,5’,8-3H]adenosine (1.5 TBq/mmole), and L-[1-14C]orni- 
thine (2.11 GBq/mmole) were from The Radiochemical 
Centre, Amersham, U.K. Adenosine, adenosine Y-tri- 
phosphate, and PIA were from Boehringer-Mannheim, 

F.R.G. 3-deazaadenosine was from the Southern Re- 
search Institute, Birmingham, Alabama, and NECA was 
a generous gift from the Byk Gulden Lomberg Chem- 
ische Fabrik GmbH, Konstanz, F.R.G. All other aden- 
osine derivatives and S-p-nitrobenzyl-6-thioinosine were 
from Sigma, St.. Louis, Missouri. Adenosine 3’:5’-mono- 
phosphorothioate S, isomer ((&,)-cyclic AMPS) was 
kindly provided by Dr. J. Baraniak and Dr. W. Stec, Pol- 
ish Academy of Science, Lodz, Poland (Baraniak et al., 
1979). 

Organisms and culture colzditions. D. discoideum strain 
NC4(H) was grown in association with Escherichia coli 
281 on a solid medium containing 3.3 g peptone, 3.3 g 
glucose, 4.5 g KH2P04, 1.5 g Na2HP04 * 2H20, and 15 g 
agar per liter. Vegetative cells were harvested with 10 
mM phosphate buffer, pH 6.5, and freed from bacteria 
by repeated centrifugation. 

Cyclic AMP binding assay. [2,8-3H]cyclic AMP binding 
was assayed at 1 nM by means of the ammonium sulfate 
stabilization assay as described by Van Haastert and 
Kien (1983). 

Adenosine uptake assay. Vegetative cells were har- 
vested and then starved for 5 hr in 10 mM phosphate 
buffer, pH 6.5, at a density of lo7 cells/ml. The uptake 
of [2,5’,8-3H]adenosine was measured by incubating 100 
~1 cells with lo-* M [2,5’,8-3H]adenosine and different 
concentrations of unlabeled adenosine or inosine for 1 
hr at room temperature. Subsequently, unlabeled aden- 
osine (lop2 M final concentration) was added to displace 
any adenosine bound to the cell surface, and 1 min later 
the cells were centrifuged through 12% polyethylene- 
glycol (PEG) in 10 mM phosphate buffer, pH 6.5, during 
2 min at 10,OOOg. After removal of the supernatant, the 
pellet was dissolved in 110 pl 1 M acetic acid. The ra- 
dioactivity of 100 ~1 was determined. 

Assay for measuring ornithine decarboxylase induction, 
Vegetative cells were freed from bacteria and distributed 
on nonnutrient agar plates @lo cm) at a density of 2.5 
X lo8 cells/plate and then incubated for 16 hr at 6°C to 
induce full aggregation competence (Konijn, 1970; Van 
Lookeren Campagne and Liiwik, 1985). Cells were then 
collected and resuspended to 1.25 X lo7 cells/ml. Forty 
microliters of cell suspension were incubated for 5 hr at 
21°C with 5 ~1 (S,)-cyclic AMPS and 5 ~1 adenosine de- 
rivatives, in 1.5-ml Eppendorf tubes, covered with moist 
tissue paper to prevent excess evaporation. During the 
incubation period, tubes were shaken on an Eppendorf 
shaker type 5432, alternately for 1 set with 2-set inter- 
vals. Ornithine decarboxylase (L-ornithine carboxy- 
lyase, EC 4.1.1.17) activity was assayed directly using a 
modification of the assay previously described (Van 
Lookeren Campagne and Liiwik, 1985). The caps of the 
tubes were equipped with a filter paper drenched in 10 
~1 of 50% KOH in water:glycerol (1:l). Five microliters 
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of a 1 m&I, 5 &i/ml solution of L-[l-‘4C]ornithine was 
added to the cell suspension, the tubes were immediately 
closed and incubated for a further 45 min at 21°C. The 
reaction was stopped by adding 20 ~1 of 18% perchloric 
acid. After shaking for a further half hour, the caps 
were removed and were placed in scintillation vials. Fil- 
ters were eluted with 0.5 ml water for 5 min on a rotary 
shaker and subsequently 4.5 ml scintillation fluid was 
added and the radioactivity of the vials was determined. 

RESULTS AND DISCUSSION 

Inhibition of Cyclic AMP Binding by Adenosine 

Nucleotide specificity of the inhibitory effect of aden- 
osine on the binding of [3H]cyclic AMP to cell surface 
receptors was studied with 28 derivatives of adenosine 
(Table 1, Figs. 1 and 2). As is evident from these results, 

TABLE 1 
INHIBITION OF [3H]C~~~~~ AMP BINDING BY ADENOSINE 

AND ITS DERIVATIVES 

No. Derivative I&a 6AGb 

1 Adenosine 296 0.0 
2 Adenosine-Nl-oxide >100,000 >13.2 
3 2-Chloroadenosine 20 -6.1 
4 3-Deazaadenosine 11,000 8.2 

5 Purineriboside 10,000 8.0 
6 6-Chloropurineriboside 100 ~2.5 

7 NG-methyladenosine 710 2.0 
8 NG-dimethyladenosine 1,300 3.4 
9 Zeatine riboside 1,550 3.8 

10 PIA 10,000 8.0 
11 Inosine >100,000 >13.2 
12 7-Deazaadenosine 10,000 8.0 

13 8-Bromoadenosine 750 2.1 
14 Guanosine 100,000 13.2 
15 Xanthosine 4,000 5.9 
16 Adenine 2,600 4.9 

17 2’-Deoxyadenosine 96 -2.6 
18 2’-O-Methyladenosine 11 -7.5 
19 Adenine-9-D-arabinofuranoside 58 -3.7 

20 3’-Deoxyadenosine 86 ~2.8 
21 3’-0-Methyladenosine 170 -1.3 

22 5’-Methylthioadenosine 90 -2.7 
23 NECA 10 -7.7 

24 2’, 3’-isopropylidenadenosine 13 -7.1 

25 Adenosine 2’-monophosphate 

26 Adenosine 3’-monophosphate 
27 Adenosine 5’-monophosphate 

28 Adenosine 5’-triphosphate 

720 2.1 

1,100 3.0 
2100,000 >13.2 

100,000 13.2 

a ICsos were determined from concentration dependency curves of 
the adenosine derivatives for the inhibition of 10m9 M[3H]cyclic AMP 

binding, measured as described under Material and Methods. 
*dAG values are used as a measure for the potency of individual 

derivatives relative to adenosine. These values are derived from the 

equation: 6AG = -RT ln(ICSO derivative/I& adenosine). 

3 

5 -H 
6 -Cl 
7 -NHCH, 
8 -N(CH,X W 

-H+Br 13 

FIG. 1. Structures of adenosine derivatives. 

-8 
6AG, kJ.mol-’ 

-4 0 4 8 12 

FIG. 2. Relative potencies of adenosine derivatives as inhibitors of 

cyclic AMP binding. Graphic representation of the bAG values from 
Table 1 arranged in order of potency. Dotted bars represent derivatives 
with altered ribose moiety, excluding the phosphorylated derivatives, 
which are represented by striped bars. Regularly dotted bars represent 
derivatives modified in both the ribose and the purine moieties, and 

open bars represent derivatives with altered purine moieties. 
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modifications in the ribose moiety of adenosine (deriv- 
atives 16-28; striped and dotted bars in Fig. 2) increase 
the effectiveness of the molecule for inhibiting cyclic 
AMP binding, with the exception of the phosphorylated 
derivatives (derivatives 25-28; striped bars in Fig. 2). 
Adenine (derivative 16; regularly dotted bar) has lo- 
fold lower activity than adenosine. Modifications in the 
purine moiety reduce the effectiveness of the molecule 
to inhibit cyclic AMP binding, the exceptions being: 2- 
chloroadenosine and 6-chloropurine riboside. 

This type of specificity and affinity range are similar 
to the specificity and Kd of the P site of higher organisms 
(Londos and Wolff, 1977; Wolff et aZ., 1981). The only 
exceptions are: (a) NECA, which binds very poorly to 
the P site (Londos et ah, 1980), but inhibits [3H]cyclic 
AMP binding at 30-fold lower concentrations than 
adenosine, and (b) 5’-methylthioadenosine, which is also 
inactive at the P site (Daly, 1982), but inhibits [3H]cyclic 
AMP binding at 3.3-fold lower concentrations than 
adenosine. R-site specificity is very different, in that all 
modifications in the ribose moiety, with exception of the 
5’-carboxamides, cause a substantial reduction in affinity, 
whereas modifications at for example the N6 position 
can cause an increase in affinity (Bruns, 1980; Premont 
et ab, 1979; Daly, 1985). 

Eflects of Adenosine on Cyclic AMP-Induced Responses 

Previously, it has been shown that a correlation exists 
between the inhibition by adenosine of cyclic AMP bind- 
ing and the inhibition of cyclic AMP relay, chemotaxis 
and the cyclic GMP response, when the effects of 2-chlo- 
roadenosine, 2’-deoxyadenosine, 2’-0-methyladenosine, 
and PIA were compared (Theibert and Devreotes, 1984; 
Van Haastert, 1983; data not shown), suggesting that 
the inhibitory effect of adenosine on the relay response 
is due to inhibition of cyclic AMP binding by adenosine. 
A similar correlation may exist between the inhibition 
of cyclic AMP binding and the inhibition of cyclic-AMP- 
induced differentiation by adenosine. We therefore 
compared the nucleoside specificity of these two pro- 
cesses. 

As a marker for postaggregative differentiation, or- 
nithine decarboxylase activity was chosen because the 
assay for this enzyme is sensitive, reproducible and ac- 
curate (Van Lookeren Campagne and Lowik, 1985). Or- 
nithine decarboxylase, as well as other markers of post- 
aggregative differentiation, can be induced in aggrega- 
tion competent cells, shaken in phosphate buffer, by 
millimolar concentrations of cyclic AMP (Schaap and 
Van Driel, 1985) and adenosine can inhibit this induction 
in a competitive manner with an apparent Ki of about 
200 PM (Schaap and Wang, 1986). The nonhydrolyzable 
cyclic AMP analog (S&cyclic AMPS was used as the 

stimulus instead of cyclic AMP to avoid undue accu- 
mulation of adenosine through the hydrolysis of cyclic 
AMP. The induction of ornithine decarboxylase by var- 
ious concentrations of (S&cyclic AMPS is shown in Fig. 
3. As is evident from these results, half-maximal enzyme 
induction by (S,)-cyclic AMPS occurs at about 3 PM, 
which coincides well with the affinity of (S,)-cyclic AMPS 
for the cyclic AMP receptor (Van Haastert, 1983). This 
indicates that the requirement of high concentrations 
of cyclic AMP for differentiation induction is very likely 
due to the high phosphodiesterase activity and possibly 
accumulation of adenosine in the suspension. 

The inhibition of ornithine decarboxylase induction 
by adenosine and several adenosine derivatives is pre- 
sented in Fig. 4. Low concentrations of (S&cyclic AMPS 
were employed, which gave about 20% of the maximal 
induction. This was done to reduce the concentrations 
of adenosine derivatives required for effective inhibition, 
since most derivatives are not soluble at concentrations 
above 10 mM. As shown in Fig. 4, the order of potency 
of the analogs tested is NECA > 2’-0-methyladenosine 
> 5’-methylthioadenosine > 2’-deoxyadenosine > aden- 
osine > PIA > guanosine > inosine. 

The relative potencies of the inhibitory effects of the 
different adenosine analogs on cyclic AMP binding and 
ornithine decarboxylase induction can be normalized by 
calculating the 6AG values in kilojoules per mole (where 
6AG = -RT In IC&,, derivative/I&, adenosine; Jastorff 
et al. (1979)). When the 6AG values of these two inhib- 
itory effects of adenosine were plotted against each 
other, a straight line was obtained with a slope of 1.53 

(Sp) - cyclicAMPS concentration, M 

FIG. 3. Induction of ornithine decarboxylase activity by (S&cyclic 

AMPS in aggregation competent cells. Ornithine decarboxylase in- 
duction was measured in tivo as described under Materials and Meth- 
ods with different concentrations of (&)-cyclic AMPS. Data shown are 
the means of three experiments in triplicate. 
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0 10-s 1o-4 10-a 

concentration, M 

FIG. 4. Effect of several adenosine derivatives on the induction of 
ornithine decarboxylase. Aggregation competent cells were incubated 

for 5 hr with 2 X 10e6 M (&,)-cyclic AMPS and various concentrations 
of different adenosine derivatives. Subsequently ornithine decarbox- 

ylase activity was measured as described under Materials and Methods. 
0, Adenosine; A, PIA; a, inosine; 0, guanosine; V,2’-deoxyadenosine; 

v, 2’-0-methyladenosine; 0, 5’-methylthioadenosine; n , NECA. Results 
shown are the means of at least three experiments in triplicate. 

and a correlation coefficient of 0.996, P < O.Ol%, n = 6 
(see Fig. 5). The relatively high slope implies that the 
inhibitory effect of adenosine on differentiation induc- 

149 

/ 

I 

-8 -4 0 4 a 

enzyme induction, kJ.mol-’ 

FIG. 5. Correlation between inhibition of cyclic AMP binding and 
inhibition of ornithine decarboxylase induction by several adenosine 
derivatives. Linear regression analysis yields a straight line with slope 
of 1.53 and correlation coefficient: T = 0.996, P = O.Ol%, n = 6. Data 
are taken from Table 1 and calculated from Fig. 4. 

tion is less sensitive to modification of the adenosine 
molecule than the inhibitory effect of adenosine on cyclic 
AMP binding. The reason of this phenomenon is un- 
known. However, the high correlation coefficient indi- 
cates that both responses react similarly to the different 
types of modification. Thus it appears that the effects 
of adenosine on differentiation induction are mediated 
through a P-site interaction and that the inhibition of 
cyclic AMP binding by adenosine is very likely the cause 
of the inhibition of differentiation induction. 

We considered whether the inhibitory effects of aden- 
osine result from direct competition of adenosine with 
cyclic AMP for the cyclic AMP receptor. However, Fig. 
6 demonstrates that similar modifications in the cyclic 
AMP and adenosine molecule affect cyclic AMP binding 
and inhibition of cyclic AMP binding by adenosine in 
an essentially different manner. It is thus unlikely that 
adenosine competes with cyclic AMP for the cyclic AMP 
cell surface receptor. Other evidence against direct com- 
petition with the cyclic AMP receptor is that the number 
of adenosine binding sites is about 50-fold greater than 
the number of cyclic AMP binding sites, and the obser- 
vation that the effect of adenosine derivatives on cyclic 
AMP binding is noncompetitive at high cyclic AMP con- 

‘; 

z 16 

3 

3 12 
> .- + 
B .- 8 
2J 
73 
al 
= 4 .- 

8 

: 

% 0 

i 2 

012 0 
5 

013 

0 17 '6 

0 4 8 12 16 20 

6AG cyclic AMP derivatives, kJ .rnol-’ 

FIG. 6. Comparison of the effects of adenosine derivatives on the 

inhibition of cyclic AMP binding by adenosine with the effects of sim- 

ilarly modified cyclic AMP derivatives on cyclic AMP binding. 6A.G 
values for the inhibition of cyclic AMP binding by adenosine derivatives 

were taken from Table 1.6AG values for similarly modified cyclic AMP 
derivatives were taken from Van Haastert and Kien (1983). The num- 
bers next to the points in the graph denote the type of modification 

as represented in Table 1. The arrows indicate that adenosine deriv- 
atives 2 and 11 do not inhibit cyclic AMP binding. The low correlation 
coefficient (T = 0.59, P = >15%, 12 = ‘7) indicates that inhibition of 
cyclic AMP binding by adenosine is probably not caused by direct 
antagonism at the cyclic AMP receptor. 
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centrations (Van Haastert, 1983). This last point of 
competitiveness can, however, be debated as Theibert 
and Devreotes (1984) and Schaap and Wang (1986) have 
not found noncompetitive effects of adenosine at high 
cyclic AMP concentrations. 

Role of Adenosine Uptake 

The adenosine P site of higher organisms is located 
intracellularly and the effects mediated by this site can 
be abolished when uptake is inhibited. (Haslam and 
Rosson, 1975). In order to see whether the effects of 
adenosine on differentiation induction and cyclic AMP 
binding in D. discoideum are mediated through an in- 
ternal site or a cell surface site, we investigated whether 
the inhibition of adenosine uptake could abolish the ef- 
fect of adenosine on these responses. 

Adenosine uptake can be effectively inhibitied by ino- 
sine and the nucleoside uptake inhibitor S-p-nitrobenzyl- 
6-thioinosine (Young and Jarvis, 1983) (see Fig. 7A) both 
of which have no detectable effect on the binding of cyclic 
AMP (see open symbols in Fig. 7D). Inhibition of aden- 
osine uptake does not prevent the effect of adenosine on 

0 1o-4 10-a 

[nucleoside] , M 

0 10-e 1os4 10-z 

[inhibitor] , M 

FIG. 7. Effect of adenosine uptake inhibitors on the action of aden- 

osine on cyclic AMP binding and ornithine decarboxylase induction. 
(A) Inhibition of rH]adenosine uptake, measured as described under 

Materials and Methods, by different concentrations of inosine (0), 
adenosine (o), and S-p-nitrobenzyl-6-thioinosine (0). (B) Inhibition 
of ornithine decarboxylase induction, measured as described under 
Materials and Methods in the presence of 3 X 10-6M(S,)-cyclic AMPS, 
by different concentrations of inosine (0), adenosine (o), and adenosine 

together with 3 X 10-a M inosine (A). (C) Dose-response curve of the 
effect of adenosine on [3H]cyclic AMP binding, measured as described 
under Materials and Methods. (D) Effect of inosine (triangles) and 9 

pnitrobenzyl-6-thioinosine (squares) on [‘HIcyclic AMP binding in the 
presence (filled symbols) or absence (open symbols) of 0.75 mM aden- 
osine. 

either cyclic AMP binding (Figs. 7C and D) or the in- 
duction of ornithine decarboxylase (Fig. 7B). It therefore 
appears that adenosine acts at the cell surface site in 
D. discoideum. The metabolism of adenosine is not con- 
sidered to be of major importance for its effects, since 
the putative products inosine and 5’AMP are inactive 
(Table 1). 

What Is the Function of Adenosine in D. discoideum? 

In higher organisms, the P site is thought to be of 
limited importance due to its low affinity for adenosine, 
and the absence of sufficiently high adenosine concen- 
trations. During aggregation of D. discoideum a similar 
situation seems to occur for the effects of adenosine that 
are mediated through the P-site-like receptor, because 
the extracellular adenosine concentration does not ex- 
ceed the micromolar range in this stage (unpublished 
results). 

After aggregation, sufficiently high concentrations of 
adenosine appear to accumulate for a physiological ef- 
feet; this was demonstrated by treating slugs with aden- 
osine deaminase to degrade endogenous adenosine 
(Schaap and Wang, 1986). This treatment induced the 
appearance of prespore-specific antigen in the entire 
prestalk region. This indicates that endogenous adeno- 
sine inhibits prespore specific differentiation in the 
prestalk region during normal development and has led 
to the proposal of a model in which adenosine is re- 
sponsible for maintaining the integrity of the prestalk 
area by antagonizing the induction of prespore differ- 
entiation by CAMP (Schaap and Wang, 1986). 

From the results presented in this paper and the re- 
sults from Schaap and Wang (1986), it seems very likely 
that a physiologically functional receptor for adenosine, 
with P-site-like binding properties, is located at the sur- 
face of D. discoideum cells. The affinity of this receptor 
is very similar to that of the 0 receptor described pre- 
viously (Newell, 1982, Van Haastert, 1983). An intriguing 
question which remains unsolved is the possible function 
of CY adenosine receptor, which has an affinity in the 
micromolar range (Newell, 1982; Van Haastert, 1983). 
No effects of micromolar adenosine concentrations have 
yet been reported. 

The close correlation between inhibition of cyclic AMP 
binding by adenosine and inhibition of cyclic-AMP-in- 
duced differentiation provides further evidence that the 
effect of cyclic AMP on differentiation induction is me- 
diated through the cell-surface cyclic AMP receptor, and 
not through an intracellular cyclic AMP receptor. 
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