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Major cytoplasmic GTP-binding proteins in Dictyostelium discoideum were identified by direct photoaffinity 
labeling with [I+P]GTP. Three actin-binding proteins and a protein with an apparent molecular mass of 
24 kDa (~24) could be labeled with [c@P]GTP. p24 binds to DEAE-cellulose, behaves like a monomer dur- 
ing gel filtration and was purified to homogeneity by GTP-affinity chromatography. In comparison to other 

nucleotide triphosphates the binding of GTP to p24 is highly specific. 
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1. INTRODUCTION 

The binding of nucleotides causes a conforma- 
tional change of certain proteins followed by an 
alteration in their function. Several of the nucleo- 
tide-binding proteins are membrane-associated, 
e.g. the G-proteins which stimulate (G,) or inhibit 
(Gi) adenylate cyclase [1,2], or transducin which 
stimulates a cGMP-dependent phosphodiesterase 
[3]. All 3 proteins require GTP for activation. 
Other membrane-bound GTP-binding proteins, 
which show an apparent molecular mass of 21 
kDa, are encoded by normal and transforming ras 
genes [4]. Among soluble GTP-binding proteins 
are polypeptide elongation and initiation factors 
[5] and several cytoskeletal proteins are also 
known to bind nucleotides like tubulin [6,7] and 
actin [8] or the actin polymerization regulating 
protein cap42 from Physarum poiycephalum [9]. 
In these cases the exact function of nucleotide bin- 
ding is not understood. 

In Dictyostelium discoideum, nucleotides play 
an important role in development and signal trans- 
duction [lo]. For identification of the major cyto- 
plasmic GTP-binding proteins in D. discoideum, 
we used direct photoaffinity labeling with [a-‘2P]- 
GTP. The F-actin crosslinking proteins cu-actinin 

[11,12], the 120 kDa gelation factor [13] and a 17 
kDa actin-binding protein [14] could be identified 
as nucleotide-binding proteins. The most promi- 
nent GTP-binding protein, which shows an ap- 
parent molecular mass of 24 kDa after SDS-poly- 
acrylamide gel electrophoresis SDS-PAGE, was 
purified using GTP-affinity chromatography. 

2. MATERIALS AND METHODS 

2.1. Cell culture 
D. discoideum strain AX2-214 was grown ax- 

enically in fermenters at 23°C [IS], starved in 17 
mM Soerensen phosphate buffer, pH 6.0, and 
stimulated with pulses of cyclic AMP to enhance 
the development to aggregation competence [ 16,171. 

2.2. Direct photoaffinity labeling 
For direct photoaffinity labeling protein solu- 

tions (usually 1 mg/ml) were preincubated for 30 
min at 0°C with [~u-~~P]GTP (New England Nu- 
clear) in 60 pl TEDA buffer and then irradiated 
with UV light (254 nm) for 45 min [18,19]. [cu-‘~P]- 
GTP was used at the highest possible specific ac- 
tivity (750-800 Ci/mmol); 3-5&i per assay proved 
to be sufficient. After irradiation the samples were 
mixed with SDS sample buffer, incubated for 5 
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min in a boiling water bath and subjected to 
SDS-PAGE [20] (13% acrylamide) and autoradio- 
graphy on Kodak XAR-5 X-ray films. 

2.3. Preparation of actin-binding proteins 
D. discoideum cy-actinin, the 120 kDa gelation 

factor and severin were purified essentially as 
described [ll-14,221. The 17 kDa membrane- 
associated protein was also found in the soluble 
fraction. This protein eluted from DEAE-cellulose 
at 80 mM NaCI; after precipitation with ammo- 
nium sulfate (40-60%) the protein was purified as 
a monomer on a gel filtration column (G-150, 
2.7 x 114 cm). 

2.4. Preparation of protein p24 
D. discoideum cells were harvested, opened with 

a Parr bomb and subcellular fractions obtained 
essentially as in [14]. After centrifugation at 
100 000 x g for 3 h the supernatant was adjusted to 
pH 7.5 and loaded onto a DEAE-column (DE-52, 
5 x 40 cm, equilibrated in DEAE buffer). Bound 
proteins were eluted with a linear salt gradient 
(2x 1000 ml, O-300 mM NaCl). Five different 
pools were tested for the presence of GTP-binding 

proteins (see fig.ZA). At a conductivity of 4.7-5.5 
mS most of the 24 kDa protein was eluted, as 
tested by direct photoaffinity labeling. After a 
40-f%% ammonium sulfate cut the pellet was 
dissolved in a minimal amount of IDENA buffer 
and loaded onto a gel filtration column (G-150, 
2.7 x 114 cm). Fractions containing the 24 kDa 
protein (see fig.2B) were pooled and applied to a 
GTP-affinity column (GTP-agarose, Sigma, 1.5-5 
cm, equilibrated in IDENA buffer). The column 
was washed with 3 vols buffer and then incubated 
for 30 min with one column volume of buffer con- 
taining 1 mM GTP. The 24 kDa protein was eluted 
with two additional column volumes of the same 
buffer. 

2.5. Immunoblots 
Whole cell homogenates from D. discoideum 

and protein samples enriched in p24 were subjected 
to SDS-PAGE and blotted onto nitrocellulose 
filters (BA 85, Schleicher and Schuell) [21]. The 
nitrocellulose was saturated in NCP buffer and in- 
cubated for lo-14 h at room temperature with 
polyclonal antibodies raised in rabbits against D. 
discoideum ras protein. The serum was diluted 
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Fig.1. Detection of nucleotide-binding proteins of D. discoideum, using a soluble fraction from homogenized cells or 
purified actin-binding proteins. Equal amounts of the soluble fractions were incubated with [a-‘“P]GTP (lanes l/l ‘), 
[~u-~‘P]GTP plus an 850-fold excess of unlabeled GTP (lanes 212’) and [cu-~‘P]ATP (lanes 3/3’), irradiated with UV 
light and separated on SDS-PAGE. Four purified actin-binding proteins are shown (arrowheads): 120 kDa gelation fac- 
tor (lanes 4/4’), cu-actinin (lanes S/S’), 17 kDa protein (lanes 616’) and severin (lanes 717’) after direct photoaffinity 
labeling with [w”P]GTP and SDS-PAGE. Lanes l-7 show the Coomassie blue staining patterns and lanes l ’-7’ the 

corresponding autoradiograms. 
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from 1:200 up to 1:50 with NCP buffer. After HCl (pH 7.5), 1 mM DTT, 1 mM EGTA, 0.02% 
washing the nitrocellulose was overlaid for 4 h with NaN3. IDENA buffer: 10 mM imidazole (pH 7.2), 
‘*‘I-labeled goat-anti-rabbit IgG or ‘*‘I-labeled 1 mM DTT, 1 mM EGTA, 0.15 M NaCl, 0.02% 
protein A (5 x 10’ cpm/ml), washed and auto- NaN3. NCP buffer: 10 mM Tris-HCl (pH 7.8), 
radiographed on Kodak XARJ X-ray film. 0.15 M NaCI, 0.02% NaN3, 0.05% Tween 20. 

2.6. Buffers 
DEAE buffer: 10 mM Tris-HCl (pH 7.9, 1 mM 

DTT, 1 mM EGTA, 1 mM benzamidine. 0.5 mM 
PMSF, 0.02% NaNj. TEDA buffer: 10 mM Tris- 

18- ,’ 
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3. RESULTS AND DISCUSSION 

Soluble GTP- and ATP-binding proteins from 
D. discoideum are shown in fig.1. Aliquots from 
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Fig.2. SDS-PAGE and autoradiography of protein fractions after separation on a DEAE-column and direct photoaf- 
finity labeling with [~u-‘~P]GTP. (A) Left panel (lanes l-6): Coomassie blue stain; right panel (lanes l’-6’): corre- 
sponding autoradiogram. Proteins were eluted from the column at a conductivity of 0.9 mS (flow through fraction, 
lanes l/l ‘), 1.3-2.7 mS (lanes 2/2’), 2.8-4.6 mS (lanes 3/3’), 4.7-5.5 mS (lanes 4/4’), 5.6-7.7 (lanes S/5’), or 7.7-l 1.3 
(lanes 6/6’). (B) ~24 further purified by gel filtration. Proteins (fractions 50-120; fraction volume, 5.0 ml) eluted from 
a G-150 column were irradiated in the presence of [cY-‘~P]GTP, separated on SDS-PAGE (Coomassie stain, left) and 
subjected to autoradiography (right). (C) Coomassie blue staining of fractions recovered from a GTP-agarose column. 
Flow through (lane l), peak fractions containing purified 24 kDa protein obtained by elution with 1 mM GTP (lanes 

2-6). 
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the soluble fraction were incubated with [w”P]- 
GTP with and without an excess of unlabeled GTP 
or [w~‘P]ATP of the same specific activity as the 
[cY-~~P]GTP. Three classes of nucleotide-binding 
proteins could be distinguished: 

(i) proteins which bind specifically GTP or ATP 
(see fig.1, lanes 1’,3’; apparent molecular masses 
80, 56 and 24 kDa, binding to GTP; 38 kDa, bind- 
ing to ATP; 

(ii) proteins which bind both GTP and ATP with 
similar affinity (see fig. 1, lanes 1’ ,3 ’ ; apparent 
molecular mass 65 kDa); 

(iii) proteins which bind preferentially GTP or 
ATP (see fig. 1, lanes 1’ ,3 ’ ; apparent molecular 
mass 42, 18-21 kDa). 

Since tubulin (56 kDa) and actin (42 kDa) are 
known to bind nucleotides [6-81, the labels found 
in these molecular mass ranges probably represent 
these two proteins. Following the purification pro- 
tocol for actin-binding proteins in D. discoideum, 
we were able to identify the crosslinking protein w 
actinin (11,121, the 120 kDa gelation factor [13] 
and the 17 kDa actin-binding protein [14] as GTP- 
binding proteins (fig.1, lanes 4/4’, 5/5’, 6/6’, 
respectively). Under identical conditions, severin, 
an F-actin severing protein [22], could not be la- 
beled (fig.1, lanes 7/7’). A more detailed char- 
acterization of the interaction between certain 
actin-binding proteins and nucleotides is in 
progress. 

Additional GTP-binding proteins were detected 
by fractionating the soluble extract on DEAE- 
cellulose. Proteins eluting from the column were 
pooled as indicated in fig.2 and assayed for GTP- 
binding. As with the unfractionated soluble frac- 
tion, the most prominently labeled band was that 
of a 24 kDa protein. To determine whether its high 
GTP-binding efficiency is due to the abundance of 
the protein or to its high specific binding activity 
for GTP, we have purified this protein. 

Most of the GTP-binding 24 kDa protein pre- 
cipitates in the range 4060% ammonium sulfate. 
On a gel filtration column this protein behaved like 
a monomer (fig.2B). From a GTP-affinity column 
a single protein of apparent molecular mass 24 
kDa eluted with 1 mM GTP (fig.2C). After this 

final purification step it was no longer possible to 
label the protein with [~u-~~P]GTP. Extensive 
dialysis over several days against nucleotide-free 
buffer restored only part of the [(Y-‘~P]GTP- 
binding capacity. Therefore, we assume that the 
GTP-binding site was saturated by the high con- 
centration of unlabeled GTP which was needed for 
elution and that the exchange rate of the GTP was 
low. 

Because of the inefficient GTP labeling of 
affinity-purified 24 kDa protein, we used partially 
purified p24 to test the specificity of nucleotide 
binding. [a-32P]GTP was applied after preincuba- 
tion of the protein with a 2400-fold excess of 
unlabeled GTP, ATP, UTP or CTP. After incuba- 
tion for 15 min with unlabeled nucleotides, [WEEP]- 
GTP was added, and after another 30 min the 
photoaffinity labeling was started. As shown in 
fig.3 the protein was completely saturated by 
preincubation with cold GTP (lane 1) whereas 
ATP, UTP and CTP (lanes 2-4) did not substan- 
tially compete for the GTP-binding site. In similar 
experiments with an excess of cold GTP, GDP, 
GMP, cGMP, guanosine, pyrophosphate or phos- 
phate only GTP or GDP competed for the GTP- 
binding site of ~24. 

Fractions containing partially purified 24 kDa 
protein showed a strong photoaffinity label (fig.3) 
but only an extremely weak staining of the protein 
with Coomassie blue or silver. This indicates that 
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Fig.3. Specificity of p24 for binding of GTP. The 
samples were preincubated with a 2400-fold excess of 
unlabeled GTP (lanes l/l’), ATP (lanes 2/2’), UTP 
(lanes 313’) and CTP (lanes 414’) before being sub- 
jected to photoaffinity labeling with [~u-~*P]GTP (Coo- 

massie blue stain, left; autoradiogram, right). 
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the intense labeling of the 24 kDa band was due to 
either a high affinity of the protein for GTP or 
multiple GTP-binding sites rather than to its abun- 
dance. The possibility that p24 is identical with the 
highly conserved GTP-binding elongation factor 
EF-lcu [5,23,24] can be excluded by the differences 
in the molecular mass. It is conceivable that the 
GTP-binding activity of proteins with an apparent 
molecular mass at around 50 kDa (fig.2A, lanes 
3 ’ ,4’) is due to the direct photoaffinity labeling of 
the elongation factor EF-lcu. 

Recently, a protein was detected in D. discoi- 
deum which belongs to the group of ras proteins 
[25,26]. Using a polyclonal antiserum raised against 
a part of the D. discoideum ras protein [25] we 
could not detect any significant crossreaction with 
~24. The comparison of the amino acid composi- 
tions as well as preliminary sequency data obtained 
from p24 show numerous differences between the 
ras protein from D. discoideum and ~24. Together 
with the identification of p24 as a soluble, cyto- 
plasmic protein and the failure of the binding to a 
ras protein-specific antibody, we suggest that p24 
is not the ras protein of D. di~coide~m. The low 
abundance of p24 may indicate that this GTP- 
binding protein has a regulatory function. 

ACKNOWLEDGEMENTS 

We are grateful to Drs R. Gomer and R. Firtel 
for the generous gift of the antiserum directed 
against the D. discoideum ras protein and to Dr F. 
Lottspeich for amino acid analysis and protein se- 
quencing. We thank Dr G. Gerisch for critical 
reading of the manuscript. The work was sup- 
ported by the grant IS 25/4-2 from the Deutsche 
Forschungsgemeinschaft. 

REFERENCES 

111 Ross, EM. and Gilman, A.G. (1980) Annu. Rev. 
Biochem. 49, 533-564. 

I21 Aurbach, G.D. (1982) Annu. Rev. Physiol. 44, 
653-666. 

f3] Pober, J.S. and Bitsensky, M.W. (1979) Adv. 
Cyclic Nucleotide Res. 11, 265-301. 

[4] Scolnick, E.M., Papageorge, A.G. and Shin, T.Y. 
(1979) Proc. Natl. Acad. Sci. USA 76, 5355-5359. 

151 Kaziro, Y. (1978) Biochim. Biophys. Acta 505, 
95-127. 

[6] Weisen~rg, R.C., Borisy, G.G. and Taylor, E.W. 
(1968) Biochemistry 7, 44664479. 

[7] Kirschner, M.W. (1978) Int. Rev. Cytol. 54, I-71. 
[8] Rees, M.K. and Young, M. (1967) J. Biol. Chem. 

242, 4449-4458. 
[9] Maruta, H., Knoerzer, W., Hinssen, H. and 

Isenberg, G. (1984) Nature 312, 424-427. 
[IO] Gerisch, G. (1982)Annu. Rev. Physiol.44,535-552. 
[I I] Condeelis, J. and Vahey, M. (1982) J. Cell Biol. 94, 

466-47 1. 
[12] Fechheimer, M., Brier, J., Rockwell, M., Luna, 

E.J. and Taylor, D.L. (1982) Cell Motil. 2,287-308. 
1131 Condeelis, J., Geosits, S. and Vahey, M. (1982) 

Cell Motil. 2, 273-285. 
1141 Schleicher, M., Gerisch, G. and Isenberg, G. (1984) 

I151 

WI 

El71 

WI 

WI 

WI 
WI 

WI 

PI 

1241 

u51 

LW 

EMBO J. 3, 2095-2100. 
Claviez, M., Pagh, K., Maruta, H., Balms, W., 
Fisher, P. and Gerisch, G. (1982) EMBO J. 1, 
1017-1022. 
Gerisch, G., Fromm, H., Huesgen, A. and Wick, 
U. (1975) Nature 255, 547-549. 
Stadler, J., Bordier, C., Lottspeich, F., Henschen, 
A. and Gerisch, 0. (1982) Hoppe Seyler’s Z. 
Physiol. Chem. 363, 771-776. 
Maruta, H. and Korn, E.E. (1981) J. Biol. Chem. 
256, 499-502. 
Hesse, J., Maruta, H. and Isenberg, G. (1985) 
FEBS Lett. 179, 91-95. 
Laemmli, U.K. (1970) Nature 227, 680-685. 
Towbin, H., Staehelin, T. and Gordon, J. (1979) 
Proc. Natl. Acad. Sci. USA 76, 4350-4354. 
Brown, S.S., Yamamoto, K. and Spudich, J.A. 
(1982) J. Ceil Biol. 97, 178-185. 
Van Hemert, F.J., Amons, R., Pluijms, W.J.M., 
Van Ormondt, H. and Moeller, W. (1984) EMBO 
J. 3, 1109-1113. 
Nagata, S., Nagashima, K., Tsunetsugu-Yokota, 
Y., Fujimura, K., Miyazaki, M. and Kaziro, Y. 
(1984) EMBO J. 3, 1825-1830. 
Reymond, C.D.. Gomer, R.H., Mehdy, M.C. and 
Firtel, R.A. (1984) Ceil 39, 141-148. 
Pawson, T., Amiel, T., Hinze, E., Auersperg, N., 
Neave, N., Sobolewski, A. and Weeks, G. (1985) 
Mol. Cell. Biol. 5, 33-39. 

160 


