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1. Introduction

The cellular slime mould Dictyostelium discoideum
presents a model system for the study of the develop-
mental regulation of gene expression. Development is
initiated by nutrient deprivation. After a few hours of
starvation, cells develop new properties which allow
them to emit and respond to pulses of cyclic AMP,
the chemotactic agent, and to move toward aggrega-
tion centers [1]. During this stage of their develop-
ment toward aggregation competence, several proteins
are secreted in the extracellular medium. Among
them a cyclic AMP phosphodiesterase and its specific
inhibitor play a regulatory role in the aggregation
process [2,3].

In the present work, we have used an antiserum
against Dictyostelium secretory proteins to monitor
the expression of the genes coding for proteins
released into the extracellular medium until the
amoebae reach the aggregation phase. For this pur-
pose, poly(A)-containing RNAs from growth-phase
cells and from aggregation competent cells were
microinjected into Xenopus oocytes and the transla-
tion products were analysed for proteins cross-
reacting with this antiserum.

2. Experimental
2.1. Cells
The axenic strain AX2 was grown in HL5-glc

medium [4] to a cell density of 2—3 X 10° cells/ml.

Elsevier/North-Holland Biomedical Press

Cells were pelleted, washed in 17 mM potassium
phosphate buffer, pH 6.2 and an aliquot of 7 X 108
cells was taken for RNA extraction. The remaining
cells were gently shaken in the same buffer at a
density of 107 cells/ml, and aliquots of about 7 X 10%
cells were harvested 3 h and 8 h after initiation of
starvation. For the test of aggregation competence,
cells were placed on a Falcon tissue culture dish at a
cell density of 1—2 X 10° amoebae per cm?.

2.2. RNA extraction

The cell pellets were taken up in 5 ml of a solution
of 20 mM NaCl-20 mM Tris—HCl, pH 7.5, 0.5%
sodium dodecyl sulfate. The RNAs were extracted
twice with a 1 : 1 mixture of phenol : chloroform,
and the resulting aqueous layers were precipitated
with ethanol, as described previously [5]. Poly-
adenylated RNA was isolated by affinity chromatog-
raphy on oligo dT-cellulose [6], precipitated with
ethanol and resuspended in 100 yul of water. The
poly(A)-containing RNA preparation from growing
cells and from cells starved for 3 h and 8 h were,
respectively, 8.4, 7.2 and 6.0 mg/ml, as determined

2.3. Translation assay of mRNAs

Poly(A)-RNAs were tested in a cell-free system
from wheat germ, for their capacity to direct in vitro
translation. 2 ug of each RNA was used in a 100 ul
reaction mixture in the presence of [*H]leucine, as
previously described [7].
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2.4. Antiserum

The serum [8] was prepared against the extra-
cellular proteins released by amoebae starved in
shaken suspension as described above. For the charac-
terization of the serum the extracellular proteins were
radioactively labeled as follows. Aerobacter aerogenes
bacteria were grown in 20 ml of a synthetic medium,
depleted of sulfur and containing glucose, all amino-
acids except cysteine and methionine, and 0.5 mCi of
[**S]sulfate (2.8 mCi/ml, Amersham, England). At

Fig.1. Fluorogram of the **S-labeled extracellular, Dictyo-
stelium proteins immunoprecipitated by a normal rabbit
serum (lane 1) and a serum prepared against Dictyostelium
secretory proteins. Electrophoresis was performed in a 15%
polyacrylamide gel. Radicactive labeling of the extracellular
proteins and analysis of the immune complexes were per-
formed as described in section 2. Apparent molecular
weights X 10-? are given.
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the end of the growth phase bacteria were harvested
and resuspended in 5 ml of 17 mM phosphate buffer,
pH 6.2 together with 4 X 10® amoebae per ml.
Amoebae were allowed to feed on the labeled bacteria
under gentle agitation. The supernatant was collected
about 8 h after exhaustion of bacteria. The 100 ul

of supernatant, in 0.1 M NaCl, 0.02 M Tris, pH 7.5
and 0.5% Triton was treated with 2 ul of serum and
20 pl of settled protein A-Sepharose CL4B (Pharmacia).
A control aliquot of 100 ul of supernatant was
treated with 2 ul of normal rabbit serum. After over-
night incubation at 4°C with constant agitation, the
Sepharose beads were washed and the immune com-
plexes eluted [9] and electrophoresed as previously
described [10]. Figure 1 shows a fluorogram [11] of
the Dictyostelium proteins treated with the normal
serum (lane 1), and the serum prepared against.
Dictyostelium extracellular proteins (lane 2).

2.5. Translation in Xenopus oocytes and
immunoprecipitations

Oocytes from Xenopus laevis were each injected
with about 50 nl of a solution of poly(A)-containing
RNA at a concentration of 6 mg/ml. Batches of
10 oocytes were incubated at 19°C for about 20 h in
100 ul of Barth medium containing 1 mCi/mi [*H]-
leucine [12]. The oocytes were washed and homoge-
nised in 80100 ul buffer A per oocyte (buffer A:
20 mM Tris—HCl, pH 7.5, 50 mM NaCl, 0.5% Triton
X-100, 0.5% sodium deoxycholate, 0.1% leucine).
After centrifugation at 10 000 X g for 10 min, an
amount of supernatant containing about 8 X 10°
cpm was used for the indirect immunoprecipitation.
2 ul of antiserum were added and the incubation was
carried out for 2 h at 37°C and then at 4°C overnight.
Then 100 ul of a Staphylococcus aureus suspension
[13] were added and the incubation continued at 4°C
for about 4 h. The immunoprecipitates were washed
three times by centrifugation through a cushion of
400 ul of 1 M sucrose in buffer A.

The precipitates were finally dissolved in electro-
phoresis sample buffer, Sodium dodecyl sulfate
electrophoresis was carried out according to Laemmli
[10]} with a 5% stacking gel and a 15% acrylamide
running gel. The gels were stained with Coomassie
blue and prepared for fluorography as previously
described [11].
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3. Results and discussion

The poly(A)-containing RNAs from wild type,
axenic cells in the growth phase and from cells
starved in liquid suspensions for 3 h and 8 h were
obtained from total RNA by oligo dT-cellulose chro-
matography. Cells starved during 3 h were in the so-
called ‘interphase’ stage and were not competent for
aggregation while cells starved for 8 h were competent
for aggregation, as seen by their capacity to orient
toward centers when placed onto a solid support.
Prior to injection into the Xenopus oocytes the
capacity of poly(A)-containing RNAs to direct
in vitro translation was tested in a wheat germ cell-
free system as described in section 2. About 50 nl of
each of these RNA preparations were subsequently
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Fig.2. Fluorogram of the translation products of poly(A)-
containing RNAs of Dictyostelium discoideum micro-
injected in Xeropus oocytes and immunoprecipitated with

a serum against Dictyostelium secretory proteins. Electro-
phoresis was performed in 15% polyacrylamide gels. Apparent
molecular weights X 107? are given. Lane I: oocytes injected
with RNAs from growth phase AX2 cells. Lane 2 and 3:
oocytes injected with RNAs from cells after 3 h and 8 h of
development, respectively. Lane 4: control, non-injected
oocytes.

FEBS LETTERS

August 1979

micro<njected into separate batches of oocytes. The
translation products from ten injected oocytes, for
each preparation, were analysed by indirect immuno-
precipitation with a serum prepared against Dictyo-
stelium proteins secreted during starvation. As seen

in fig.2, little or no cross-reacting material was
synthesized in the control, non-injected oocytes

(lane 4), while at least six proteins of molecular weight
ranging between 30 000 and 60 000 were synthesized
in the oocytes injected with mRNAs from growing
Dictyostelium cells (lane 1). These proteins were not
immunoprecipitable when a normal rabbit serum was
employed. A decrease in the relative rate of synthesis
of these proteins was observed in the oocytes injected
with mRNAs from cells in the interphase stage (lane 2,
results confirmed in two independent experiments)
while the rates of synthesis of most of them showed
a certain increase in oocytes injected with mRNAs
from aggregation-competent cells (lane 3). Apart
from these variations in their relative rates of syn-
thesis no major differences were found between the
immunoprecipitated Dictyostelium proteins synthe-
sized in oocytes injected with the various RNA
preparations examined.

The above results show that Xeropus oocytes
programmed with Dictyostelium mRNA synthesize
proteins specific to Dictyostelium. They further
indicate that the mRNAs coding for the extracellular
proteins detected with this serum are already present
in growing cells, before the beginning of the develop-.
mental cycle. The similarity of the profiles of the
immunoprecipitates suggests that no major changes
in the species of mRNAs coding for extracellular
protein that can be detected by this method occur
until cells start to aggregate. Assuming that the dif-
ferent RNAs are translated with equal efficiency in
the oocytes, the differences in the relative rates of
synthesis may reflect differences in the availability of
these mRNAs.
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