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1. Introduction

The widespread role of cyclic AMP in the control
of biochemical processes in the cell is well esiablished.
Other cyclic nucleotides and several analogues of cyclic
AMP have been synthesized to study its complex ef-
fects. Substitutions have been introduced in the base,
ribose, and phosphate molety of cyclic AMP resulting
m analogues whose activity is mostly less than that of
cyclic AMP but sometimes exceeds its activity. Also
analogues of the other cyclic nucleotides have been
synthesized.

The amoebae of Dicryostelium discoideum are very
suitable to test the activity of analoguss of cyclic nu-
cleotides. Cyclic AMP i3 the naturdl chemotastic
agent responsible for cell aggregetion in the larger
species of Dicryostelium [1]. Free amoebae, close 1o
the aggregative stage, are responsive to very low con-
centrations of cyclic AMP. Since the attractanis prob-
ably activate the ceil membrane {P.B. Moens, personal
‘eommunication), and therefore act like hormones, the
1ate of penetration of the analogues into the cell does
not obscure their actual effective concentrations.

Recenﬂy we studied the chemotactic effect of
several 5'-amido analogues of cyclic AMP and found
that the molecular receptor systems for cyclic AMP on
the amoebae are highly sensitive to stereochemical al-
teration at the 5'-position of the cyclophosphate ring
121 '

[ ]11'1 this commmunication the chemotaciic effect of
cyclic nucleotides with alterations in the base moisty
have been described.
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2. Materials and methods
2.1. Bip-assay

Amoebae of D. discoideum were suspended in a
salt solution and deposited as small drops on a hydro-
phobic agar surface {3]. All cells imnoved freely on the
agar inside the margins of the drop znd no amoebae
crossed the boundarizs of the drop.

The chemotactic activity of the varicus analogues
was tested by depositing small droplets (0.1 ul) of the
dissolved analobgue at a disiance of about 0.3 mm from
populations of sensitive amoebae [3]. The various dilu-
tions of the analogues were deposited three times at
5 min intervals. Five and 15 min after the last deposi-
iion, the response of the amoebas was observed through
a phase contrast microscope at & magnification of 80X.
A response was marked positive if at least two times
as mnany amoebae were pressed against the side closest
tc the analogue as against the opposite side. The two
diluiions of an analogue between which 50% of the
amogbae populaticn: reacted positively represented
the threshold activity. The response of at least 20
amoebae popuiations to each of the various dilutions
of an analogue was observed. The experimentis were
carried cut in 4-fold or in 8-fold.

2.2. Chemicals
All «cdmp@nemié tested were kindly provided by )

Drs. Nelboeck and Michal of the Boehringer Co.,
Mannheim.
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3. Results and - dlscuss;cn

The chemotactic activities of Nﬁu'tbenzuy]-cy lie

 AMP and 8-piperidino-cyclic AMP were highest among

the tested analognes (fig. 1). Despite the change in

stereochemistry and the electron density by the addi-

tion of a benzoyl or a piperidine ring to the adenine

base the activity of these znalognes was only an order

of 10-fold iess than the cyclic AMP activity. The

threshold activity of &° -benzyl-cyclic AMP was

10 —107 M.

- A substitution of hydrogen at the 8-position of the

adenine base by bromine reduced the chemotactic ac-

tivity by a factor of 10° if compared with cyclic AMP

(fig. 1), The threshold activity of tubercidin-cyclic

phosphate [4], which molecule differs from eyclic

AMP by the substitution of the nitrogen at the 7-posi-

tion by carbon, also was 107° —10° M.
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The asﬁvi&y' of Al(-‘:AR_:::yucﬁc"m ﬁvés sarprisingly

C high (fig. 1) if one considers its base which differs con-

siderably from the adenine moiety of cyclic AMP. The
activity of AICAR-cyclic MP éxceeded that of cyelic -
CMP, cyclic GMP, c:yclxc VP, cychc ™P [4} and |
eyclic XMP.

Subsntu*{mn of the hydrogen atom at the B-p osmon :
of the guanine base by broming also produced a less
active attractant than cyclic GMP itself {fig, 1).

This reduction in activity was small if compared
with the 10°-fold difference in activity between

. 8-bromo-cysclic AMP and eyclic AMP. We shoud con-
sider, however, the faci that the activity of cyclic
GMP is in the order of 10°-fold lowe: than that of
eyclic AMP.

Substitution of the hydrogen at the 3-position of
eyclic GMP by a benzylaming group reduced the ac-
tivity further {fig. 1). '
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Fig. 2. Per cent of populations of amoebae that react positively
at different concentrations of two analogunes with substitutions
in the base moiely. (9—e—») A5 -benzylcyclhiz AMP.
{o—o—0) B-Bromo-cyche GMP.

Cyclic IMP belongs, despite its purine base to the
cyelic nucleotides with the lowest chemotactic activity
[4]. The same substitutions were introduced at the
B-position of cyclic IMP as were introduced before in
cyclic GMP and again the chemotactic activity of the
B-bromo-cyclic IMP was higher than the activity of
B-benzylamino-cyclic IMP {fig. 1).

tides on phosphorylase b kinase activation had been
tested in a liver extract 15). The concentrations of the
_ 8-substituted analogues needed for phosphorylase b
kinase activation showed some correlation with the
threshold activities of these analognes for chemotactic
activity. No correlation, however, has been found ift
6-substituted analogues were nsed in both systems.
~ Each analogue had its specific optimal concentta-
tion 1o attract amogbae. At still higher concentrations
the amoebae were not able to detect the gradient of -
the analogue and the chemotactic response diminished
(fig. 2).
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The optimal response of the amoebae t the cyclic

macleotide or its analogue was generally observed 5

min after the last deposition of the compound. After

15 min less amoebas populations redcied positively.

Analogues at high corcentrations delay and at very

high concentrations pravent cell aggregation. 8-Bromo-

cyclic GMP at a concentration of 10° M aliowed only
a small part of the amoebae populations to aggregate.
The inhibition has most likely not been caused by the
aspecific effect of a hizh concentration which would
have harmed the amoebae independent of the kind of
moiecule. Even at high concentrations of the analogne
only a relatively few molecules, contained in the 0.1

it drop; will reach the amosbae and ths bulk of the
molecules diffuse into other directions =ad into the
agar. ,

&-Bromo-cyclic ANP, a chemotactically more active
subsiance tha 1 8-bromo-cyclic GMP inhibited aggrega-
tion completsly ai a concentration of 10 M. The even
more active 3-piperidino-cyclic AMP may prevent ag-
gregation at a conceatration of 107° M. The concentra-
tions of the analognes at which aggregation is prevented
is correleted to their thresheld activities.

Apparently the recepior mmechanisms has been over-
saturated at these high concentrations of the analogues
and amoshae were nct able any more 10 react to the
attractar:? secreted by neighbouring cells.

These, and studies previously dezcribed 4] would
indicale that substimition in the base of the cyclic
nucleotice may change drasiically its chemotactic
effect and consequently the aggregative behavior of
the amoebae. '

14 isnot possibie yvet to predict the effect of a
chemical modification in the adenine base on the
inmeraction between the molecule and the receptor
system of the amoebae.
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