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1. Introduction 

Cyclic AMP mediates cell aggregation in Dictyo- 
stelium disco&urn [ 1 ] . During aggregation- 
competence differentiation, amoebae develop a cell- 
surface-bound cyclic AMP chemoreceptor [2-51. 
The interaction of, cyclic AMP with the chemo- 
receptor can be studied by triggering cells in their 
sensitive stage with an external source of cyclic AMP 
and monitoring the amoebae response [6]. By means 
of this technique it has been concluded that the 
cyclic AMP chemoreceptor in D. discoideum is very 
sensitive to structural changes in the cyclic AMP 
molecule specially at the phosphate moiety [7] , Also, 
it has been suggested that at the aggregative stage of 
this species only cyclic nucieotides show chemotactic 
acitivity [8]. In this paper further evidence is given on 
the essential role of the phosphate moiety in the inter- 
action of cyclic AMP with the chemoreceptor. Sur- 
prisingly chemotactic activity is found with several 
AMP derivatives despite their non-cyclic structure. 
These results are discussed in the light of our present 
knowledge on chemotaxis in D. discoideum. 

2. Materials and methods 

Amoebae of Dictyostelium disco&urn were 
cultured and the chemotactic assays were carried out 
as described previously [6] , Briefly: small droplets 
of an amoebae suspension were plated on a hydro- 
phobic agar surface and the chemotactic activity of 
the various nucleotides tested after the amoebae 
reached their sensitive stage. Different nucleotide 
dilutions (0.1 ~1) were deposited three-times at 
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5 min intervals at a distance of about 0.3 mm from 
the amoebae drops. Five min after the last deposi- 
tion, the amoeba1 response was observed and con- 
sidered positive when at least two-times as many 
amoebae were pressed against the side closer to the 
nucleotide as against the opposite side. The two 
dilutions of a nucleotide between which 50% of 
the amoebae drops reacted positively was taken as 
the threshold concentration. Adenosine 3’,5’-mono- 
phosphorothioate (CAMPS), adenosine 5’-methyl- 
monophosphate (5’-AMPMe) and adenosine 5’-thio- 
methylmonophosphate (5’~AMPSMe) were kindly 
provided by Dr F. Eckstein. 3’-Deoxy-3’-amino- 
adenosine 3’,5’-monophosphate (3’.NH-CAMP), 
5’-deoxy-5’-amino adenosine 3’-monophosphate 
(5’~NIiz-3’-AMP), 5’.deoxy-5’-aminomethyl adenosine 
3’-monophosphate (5’-NHMe-3’.AMP) and 3’deoxy- 
3’-amino adenosine 5’-monophosphate (3’-NH?- 
5’-AMP) were kindly provided by Dr b. Jastorff. 
5’.Deoxy-5’.thio adenosine 3’,5’-monophosphate 
(5’.S-CAMP) was kindly provided by Dr J. P. Miller 
(ICN Irvine, Calif.). Adenosine 3’,5’-monophosphate 
(cyclic AMP) was purchased from Boehringer and 
adenosine 5’-monophosphate (5’.AMP) and adenosine 
3’.monophosphate (3’-AMP) were purchased from 
Sigma. 

3. Results 

3.1, Chemotactic activity of the cyclic AMP 
derivatives 

The threshold activity of CAMPS was in the same 
range as cyclic AMP (fig.1). 3’-NH-CAMP was about 
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Fig.1. Chemotactic threshold activities of cyclic AMP and AMP derivatives with substitutions in the phosphate moiety. 

104-times less active than cyclic AMP and 5’-S-CAMP 
was inactive up to a concentration of 10e4 M (fig.1). 

3.2. Chemotactic activity of the non-cyclic 
nucleotides 

While !‘-AMP and 3’-AMP were both inactive up 
to a concentration of 10m3 M (tig.1) ttre methyl 
ester derivatives of 5’-AMP was only about lo’-times 

less active tlran cyclic AMP (fig.1). Additional replace- 
ment of the oxygen involved in the methyl ester 

bond by sulphur, resulted in a reduction of the 
threshold activity by a factor of 10 (fig.1). 

The substitution of the 3’-hydroxy group of the 
furanose moiety in the molecule of 5’-AMP by an 
amino group resulted in a chemotactically active 
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molecule (3’-NH*-5’-AMP) with a threshold activity 
from 10-3-10-4 M (tig.1). The 3’-AMP derivative, 
5’-NHa-3’-AMP, was even more active than its isomer 
(3’-NHs-5’-AMP) with a threshold activity from 
1O-5-1O-6 M (fig.1). The introduction of a methyl 

group to the amino group in the 5’-NHs-3’.AMP 
molecule reduced the chemotactic activity by a 
factor of lo2 (fig.1). 

4. Discussion 

The phosphate moiety seems to be an essential 
part for the chemotactic activity of the cyclic AMP 
molecule. While the substitution of the 5’-oxygen in 
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the phosphate ring of the cyclic AMP molecule by 

a methylene group gives only a slight loss in chemo- 
tactic activity, the same substitution at the 3’-oxygen 
decreases its chemotactic activity by a fact or of 1 O6 

[8]. A similar preservation of activity has been 

observed by substitution of the 5’-oxygen by an 
amino group [7], while the same substitution at the 

3’-oxygen decreased its activity by a factor of lo4 

(fig.1). The lack of chemotactic activity observed 

with S’S-CAMP is most striking. This analogue is 
almost as active as cyclic AMP in protein kinase acti- 

vation and as a substrate for phosphodiesterase 
hydrolysis [9]. These differences between the cyclic 
AMP chemoreceptor and other systems in relation 
to protein kinase and phoshphodiesterase activities 
have been already noticed with compounds as cyclic 

GMP and cyclic IMP, which are only 1 O-1 00-times 
less active than cyclic AMP in other systems and 
about 1 04-times less active in chemotaxis [8] . From 
these results it seems that the cyclic AMP chemo- 

receptor in D.discoideum does not differentiate 
between an oxygen atom, a methylene or an amino 
group at the 5’-position of the phosphate ring, but 
is most sensitive to the introduction of a sulphur atom 
at this position. On the other hand, the 3’-position 
of the phosphate ring shows a much higher degree of 
specificity, which can be summarized according to 
the following order of activity: 

0(3’) > > NH(3’) > CH*(3’) 

Since the conformation of the phosphate ring is 
not dramatically changed by the replacement of an 
oxygen by a methylene or amino group [lO,l l] 
differences in activity within the various 3’-derivatives 
must be explained by a direct interaction between 
the cyclic AMP chemoreceptor and the 3’-oxygen. 
It is evident that to trigger chemotaxis the 3’-position 
of the phosphate ring is one of the most if not the 
most important site of the cyclic AMP molecule. A 
similar conclusion has been outlined from the work 

on protein kinase activation and on phosphodiesterase 

[ill. 
The substitution in the phosphate moiety of the 

double bonded oxygen by a sulphur atom preserved 
the chemotactic activity of the molecule of cyclic 
AMP. CAMPS is also comparable to cyclic AMP as 
protein kinase activator [ 12,131 and amylase secre- 

tion inductor [ 141, but is about loo-times less active 

than cyclic AMP as a phosphodiesterase substrate 
with either bovine [12,13] or D.discoideum [15] 
enzymes. As an agonist of the receptor, CAMPS is not 

more than lo-times less active than cyclic AMP [ 151. 

Chemotactically CAMPS is about lo’-times more 
active than its related derivative 5’-deoxy-5’-amino 

adenosine 3’,5’-monophosphorothioate {7]. 

While 5’-AMP, 3’-AMP, adenine, ADP and ATP 
are inactive, it is surprising that various AMP derivatives 

are chemotactically active. The 5’-NH*-3’-AMP was 
about 103-times less active (fig.1) than its related 

cyclic nucleotide: 5’-NH-CAMP [7]. 5’-NH*-3’-AMP 
is also active with protein kinase and may achieve a 

cyclic conformation by internal salt formation [l l] . 
This cyclic conformation is not possible with 3’.NH?- 
5’-AMP [ II] . However, this AMP derivative was only 

lo-times less active than its related cyclic amido 
nucleotide (fig.1). These deoxy-amino-AMP derivatives 

do not inhibit cyclic AMP hydrolysis by phospho- 
diesterase [l 1 ] . The introduction of a methyl group 
in the amino group of the molecule of 5’-NHa-3’-AMP 
decreased its chemotactic activity by a factor of 1 02. 
This result agrees with previous observations which 

have shown that the cyclic AMP chemoreceptor is 
very sensitive to stereochemical modifications at the 
5’-position of the phosphate ring [7] . The phospho- 
rotioate mentioned in [16] was actually the AMP 
derivative 5’-AMPSMe although a less pure prepara- 
tion than that used in the present paper [I 31. 

Although 5’-AMPSMe is neither inhibitor nor 
substrate of brain and beef-heart phosphodiesterase 

[17] it showed chemotactic activity. The methyl 
ester of 5’-AMP was only 1 02-times less active than 
cyclic AMP despite its non-cyclic structure. Due to 

the structural formulae of 5’-AMPSMe and 5’AMPMe 
and to the results with brain and beef-heart phospho- 
diesterase [ 171 it seems justified to assume that these 
AMP derivatives may be resistant to the action of 
D.discoidertm phosphodiesterase. Therefore, these 
results agree with those of Gerisch et al. [15] which 
indicate that the hydrolysis of a cyclic nucleotide is 
not prerequisite for its chemotactic action. So far 

it is not known whether these methyl AMP derivatives 
are also protein kinase activators. The chemotactic 
activity of the AMP derivatives was in the same range 
or stronger than the chemotactic activity of certain 

cyclic nucleotides as cyclic GMP or cyclic IMP [8] . 
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A conformation analysis of the active non-cyclic 
nucleotides in comparison with their related cyclic 
and inactive non-cyclic nucleotides may be helpful 
for a better understanding of the nature of the cyclic 
AMP-chemoreceptor interaction. Finally, the present 
results with the non-cyclic nucleotides have shown 
that a cyclophosphate ring is not an essential part 
to trigger chemotaxis. In other words, that the 
chemoreceptor affinity can not be based on the 
opening of the cyclophosphate. 
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