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Summary

Dictyostelium discoideum slugs (pseudoplasmodia) were disaggregated
and the resynthesis of developmentally regulated plasma membrane proteins
examined. The synthesis of the majority of these proteins was inhibited when
cells were overlaid with Cellophane and maintained as a monolayer. However,
cell contact and movement did occur under the Cellophane. The inhibition
of differentiation may result from the inability of the cells to organise
specifically into multicellular aggregates. The addition of cyclic AMP (1—5
mM) induced the synthesis of certain developmentally regulated plasma mem-
brane proteins in cells overlaid with Cellophane. Hence, this confirms other
work showing that cyclic AMP is required for at least some post-aggregative
gene expression. Specific cell organisation and interactions are apparently
required for an increase in or maintenance of intracellular cyclic AMP levels.

Signalling between cells in multicellular systems is believed to be im-
portant in the regulation and synchronization of activities such as metab-
olism, growth and differentiation [1—5]. Small molecules, in particular
cyclic AMP, are the postulated mediators of intercellular communication
[6—8]. The aggregation phase of Dictyostelium offers a tractable system with
which to study cellular communication and the central role of cyclic AMP
has been established [9,10]. Continuous cell contact is required for the sub-
sequent morphogenetic development. Disaggregation of cells halts the
programmed increase of certain enzymes [11,12] and the synthesis of specific
membrane proteins [13—15,27]. During reaggregation a new round of protein
accumulation and synthesis is induced, resynthesis occurring in the same se-



180

quence and at the same morphological stages as in normally developing
cultures [11—15,27]. Cyclic AMP has also been implicated in the morpho-
genetic development of Dictyostelium [16—22] and we show it is capable of
mimicking cell reaggregation in inducing the synthesis of developmentally
regulated plasma membrane proteins.

Morphogenetic development of Dictyostelium may be prevented by
either rapid shaking of cell suspensions [21] or covering a monolayer of cells
with Cellophane [19—20]. Cell clumping occurs during fast shaking so we
preferred to use Cellophane. ,

We disaggregated slugs and replated them onto millipore filters over
filter pads. Many of the major developmentally regulated proteins of the
plasma membrane were then resynthesized (Fig. 1a, b). When cells were over-
laid with Cellophane only one of the developmentally regulated proteins was
synthesized (Fig. 1¢, d). The synthesis of this 110 000 dalton glycoprotein
normally begins during aggregation and ceases at the finger stage [13—15].
Long term isotopic labelling suggests it is subsequently lost from the plasma
membrane [15]. Hence, disaggregation of slugs induces resynthesis of the
glycoprotein.

The presence of 1—5 mM AMP in the filter pads had no effect on the
pattern of protein synthesis in cells overlaid with Cellophane (Fig. le, ).
However, high concentrations of cyclic AMP (1—5 mM) induced the synthesis
of three additional developmentally regulated proteins (Fig. 1g, h) and at
times (3—6 h after disaggregation) when their synthesis is occurring in re-
aggregating controls (Fig. 1b). Two are glycoproteins (95 000 and 90 000
daltons) (Fig. 1i) and their synthesis normally commences during early
aggregation, reaches a maximum at tip formation and continues throughout
the remainder of development [13,15]. The 55 000 dalton protein is first
synthesized at the finger stage in normally developing aggregates [15]. The
function of these proteins is unknown, although the 95 000 dalton glyco-
protein is the major surface antigen of post-aggregative cells and may replace
contact sites A in facilitating cell adhesion [13].

Cyclic AMP did not induce the formation of either spore or stalk cells
under the Cellophane. In some Dictyostelium strains cyclic AMP has been
shown to initiate both stalk and spore cell development, but additional
factors are required to produce mature spores and stalks [19,20]. High
cyclic AMP concentrations also mimic the effect of cell contact on the activ-
ity of certain developmentally regulated enzymes [21,22].

How might Cellophane and cyclic AMP be functioning in the system?
We found a wide range of cell densities (103—2-10° cells-cm~?) under
Cellophane gave similar results. At the higher densities cell contact certainly
occurs, although the surface area involved is obviously less than when multi-
layer aggregates can form. The simplest explanation for the results is that the
reduced cell contact interferes with the release and detection of cyclic AMP
by cells. However, this is unlikely as amoebae become aggregation competent
under Cellophane [20], implying that cyclic AMP signalling is occurring. Kay
et al. [20] reported that starved amoebae plated on agar will aggregate as a
monolayer under Cellophane. We also observed some cell movement under
the Cellophane.
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Fig. 1. Autoradiographs of SDS-gels of plasma membranes. Dictyostelium discoideum NC-4 (wild type)
cells were allowed to develop until the slug (pseudoplasmodial) stage and then disaggregated by passing
a number of times through a 10 ml syringe (ONCE, A-Sik, Denmark) in PDF* golution [23]. Cells were
plated onto millipore filters (2°10° cells*cm ~?) over filter pads soaked with PDF solution [23].
Morphological differentiation was prevented by overlaying the cells with a moistened sheet of Cello-
phane [19]. [1-'*C]Acetate (20 uCi) or D-[1-'*C]glucosamine hydrochloride (5 uCi) (both 60 mCi/
mmol, Amersham) were added to the top of the filters in 20 ul of distilled water via a Hamilton
syringe [12—14]. Cells were harvested in PDF buffer and plasma membrane isolated [24,25]. SDS-

gel electrophoresis in 10% acrylamide gels and autoradiography were carried out as previously de-
scribed [13,15]. (a)—(h): labelled with {'*Clacetate. (a) Control (no Cellophane) labelled from 0—3 h,
harvested at tip stage. (b) Control (no Cellophane), labelled from 3—6 h, harvested at early culmination
stage, Cellophane, labelled 0—3 h (c) and 3—6 h (d). Cellophane, 1 mM 5'-AMP, labelled 0—3 h (e) and
3—6 h (f). Cellophane, 1 mM cyclic AMP, labelled 0-—3 h (g) and 3—6 h (h). (i) Normally aggregating
cells labelled with ['*Clglucosamine for 2.5 h between the tip and finger stages. Apparent molecular
weights of developmentally regulated proteins are indicated. A = actin; M = myosin heavy chains.

Although the reduced number of cell contacts under Cellophane is
apparently adequate for aggregation competence and cyclic AMP signalling,
many more contacts may be required for the expression of certain post-
aggregative genes. On the other hand, Cellophane could be inhibiting the
formation of specific cell contacts. Such contacts would presumably only
arise when cells are free to form multilayers and cell mixing/sorting out can
readily occur. Hence, Cellophane may function by physically preventing the
specific organisation of cells in aggregates rather than by inhibiting cell con-
tact per se. This specific organisation may lead to an increase in intracellular
cyclic AMP (e.g. via activation of adenylyl cyclase [26]) which in turn induces
synthesis of the plasma membrane proteins. The high concentrations of cyclic
AMP required in the experiments may be due to inefficient transport into
cells and phosphodiesterase activity. Different mechanisms of cyclic AMP sig-
nalling might occur between aggregation-phase and post-aggregative cells.

*PDF: 20 mM KCl, 25 mM MgSO,, 0.5 g/1 streptomycin sulfate in 0.05 M Sgrensens phosphate
buffer, pH 6.5.
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Specific cell contacts may facilitate the transport of cyclic AMP between
aggregated cells. Such contacts would be important, for example, if only a
small number of cells in the aggregate synthesize cyclic AMP autonomously.
These cells would then provide the cyclic AMP necessary to induce cyclic
AMP synthesis in the remaining cells. Adenylyl cyclase of aggregating cells is
activated by cyclic AMP pulses but not by cyclic AMP added continuously
[26]. It is not known whether cyclic AMP pulsing occurs in Dictyostelium
aggregates, although induction of the three developmentally regulated
proteins (Fig. 1h) was not dependent on pulsing.

The results confirm that cyclic AMP is required for at least some post-
aggregative gene expression. Inhibition of specific cell interactions prevents
this gene expression, perhaps by preventing the increase in or maintenance
of intracellular cyclic AMP levels.

This work was supported by a grant from the Schweizerischer National-
fonds zur Forderung der wissenschaftlichen Forschung.

References

Loewenstein, W.R. (1966) Ann. N.Y. Acad. Sci. 137, 441—472

Furshpan, E.J. and Potter, D.D. (1968) Curr. Topics Dev. Biol. 3, 95—127

Sheridan, J.D. (1974) in The Cell Surface in Development (Moscona, A.A., ed.), pp. 187—206,

Wiley, New York

Deshpande, A.K. and Siddiqui, M.A.Q. (1976) Nature 263, 588—591

Pitts, J.D. (1977) in International Cell Biology (Brinkley, B.R. Porter, K.R., eds.), pp. 43—49,

Rockefeller University Press, New York

Tsien, R.W. and Weingart, R.J. (1976) Physiol. Loond. 260, 117—141

Lawrence, T.S., Beers, W.H. and Gilula, N.B. (1978) Nature 272, 5601—506

Robertson, A., Grutsch, J.F. and Gingle, A.R. (1978) Science 199, 990—991

Konijn, T.M. (1972) Adv. Cyclic Nucleotides Res. 1, 17—31

10 Newell, P.C. (1978) J. Gen. Microbiol. 104, 1—13

11 Newell, P.C., Longlands, M. and Sussman, M. (1971) J. Mol. Biol. 58, 541—554

12 Newell, P.C., Franke, J. and Sussman, M. (1972) J. Mol. Biol. 63, 373—382

13 Parish, R.W., Schmidlin, S. and Parish, C.R. (1978) FEBS Lett. 95, 366—370

14 Parish, R.W., Schmidlin, S. and Weibel, M. (1978) FEBS Lett. 96, 283—286

15 Parish, R.W. and Schmidlin, 8. (1979) FEBS Lett. 98, 251—256

16 Bonner, J.T. (1970) Proc. Natl. Acad. Seci. U.S. 65, 110—113

17 Chia, W.K. (1975) Dev. Biol. 44, 239—252

18 Hamilton, I.D. and Chia, W.K. (1975) J. Gen. Microbiol. 91, 295—306

19 Town, C,, Gross, J. and Kay, R.R. (1976) Nature 262, 717—719

20 Kay, R.R., Garrod, D. and Tilly, R. (1978) Nature 271, 58—60

21 Town, C. and Gross, J. (1978) Dev. Biol. 63, 412—420

22 Takemoto, S., Okamoto, K. and Takeuchi, I. (1978) Biochem. Biophys. Res. Commun, 80,
858—865

23 Newell, P.C., Telser, A. and Sussman, M. (1969) J. Bacteriol. 100, 763—768

24 Parish, R.W. and Milller, U. (1976) FEBS Lett. 63, 40—44

25 Siu, C.H., Lerner, R.A. and Loomis, W.F. (1977) J. Mol. Biol. 116, 469—488

26 Klein, C, and Darmon, M, (1977) Nature 286, 76—78

27 Parish, R.W. and Schmidlin, S. (1979) FEBS Lett. 99, 270—274

[ -

[

©0oe-a;M



