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The structural specificity of the purified protein synthesis initiation factor 2 (elF-2) from X. laevis ovary 
towards analogs of GTP and GDP was studied. The rdative affinity of the structural analogs was measured 
by their capacity to inhibit the formation of the ~JGDP-e lF-2  binary complex. The results obtained dem- 
onstrate that modifications in the ribose moiety are well tolerated by elF-2 which binds dGTP, 2',3'-dialde- 
hyde GTP (oGTP) and 2',3'-dialdehyde GDP (oGDP) and even the dinucleotide cytidylyl(5'-3')guanosine 
5'-triphosphate (pppGpC). Substitution in the polyphosphate chain by phosphorothioate groups in the fl 
and ? positions (GDPflS or GTP?S) does not ab61ish the affinity for the nucleotides and the presence of 
an imido group between the fl and ? phosphates in guanyl-5'-yl imidodiphosphate (GppNHp) still permits 
a weaker but significant binding. Guanine 5'-O-(2-fluorodiphosphate) (GDPflF) has an affinity considerably 
lower than GDPflS. Methylation of position 7 of the guanine (7-m GDP), however, completely eliminates 
the interaction of GDP with elF-2. The analogs tested can be listed in the following order of descending 
affinities: GDP > GDPflS > oGDP/> GTP?S > GDPflF > pppGpC > GTP > GppNHp > oGTP >> 7-m GDP. 
Assays of the capacity of GTP analogs to form a ternary complex of the type met-tRNAi.GTP.elF-2 or 
of GDP analogs to inhibit the formation of this complex reflect, in general, the same order of relative affini- 
ties except for pppGpC, which is weaker in its capacity to form a ternary complex than GppNHp or oGTP, 

although it has a higher affinity than these compounds in the formation of a binary complex. 
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1. I N T R O D U C T I O N  

The binding of  G D P  and GTP by various pro- 
tein factors (G-proteins) is a key step in regulating 
the macromolecular  interactions that occur in im- 
portant  cellular processes such as protein syn- 
thesis, hormonal  regulation of  adenylate cyclase, 
light signal transduction in vision, microtubule 
assembly, olfaction, phosphatidylinositol turnover 
and possibly t ransformation by ras oncogenic pro- 
teins (reviews [1,2]). For this reason it has become 
important  to compare the structural similarities of  
the guanine nucleotide binding proteins [3-5] and 
also to analyze the specificity that these proteins 
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have towards the struct/~re- of the guanine 
nucleotides. Studies of this latter aspect have 
demonstrated some interesting similarities and dif- 
ferences in the affinities of  some of these proteins 
toward GDP and GTP analogs [6-9]. Previous 
work from our laboratory has studied the 
nucleotide specificity of  protein synthesis elonga- 
tion factor 1 from eucaryotes and from pro- 
caryotes [10,11]. 

This communication summarizes the work car- 
ried out on the relative affinities for several 
guanine nucleotides of a pure preparation of eIF-2 
obtained from Xenopus laevis oocytes. The results 
obtained demonstrate that the eIF-2 tolerates 
several modifications of  the ribose moiety of GDP 
or GTP with only moderate changes in the relative 
affinity. Changes in the polyphosphate chain are 
also tolerated without complete loss of  affinity. 
However, methylation of  the guanine base in posi- 
tion 7 completely eliminates its interaction with 
eIF-2. 

2. MATERIALS AND METHODS 

2.1. Animals 
Large Xenopus laevis females were purchased 

from the South African Snake Farm of  Cape Pro- 
vince, RSA. 

2.2. Preparation of eIF-2 from X. laevis ovaries 
The purification and properties of  eIF-2 from X. 

laevis ovaries will be published in detail elsewhere 
(Carvallo, P., Garcia-Mateu, M., Sierra, J.M. and 
Allende, J.E.,  in preparation). 

The preparation involves homogenization of  
600 g wet wt ovary with a buffer containing 
50 mM Hepes, pH 8.0, 30 mM benzamidine, 
100 mM KC1, 7 mM #-mercaptoethanol,  0.1 mM 
EDTA and 10070 glycerol. The homogenates are 
cleared by centrifugations at 5000 x g (10 rain) and 
27 000 x g (20 min) and the supernatant fractions 
are centrifuged at 160000 x g for 2.5 h. The 
microsomal fraction is then extracted with a buffer 
containing 0.5 M KCI, 20 mM Hepes, pH 7.6, 
0.1 mM EDTA, 7 mM /5'-mercaptoethanol and 
10o70 glycerol and centrifuged again at 160000 x g 
for 2.5 h. This microsomal high salt wash fraction 
is then fractionated by (NH4)2SO4 precipitation 
and by chromatography on carboxymethyl 
Sephadex, heparin Sepharose and DEAE-cellulose 

resins. This scheme yields an eIF-2 preparation 
that is more than 90% pure by the criterion of SDS 
gel electrophoresis and which has an apparent 
native molecular mass of approx. 160 kDa, and 
three different polypeptide subunits. 

2.3. Assay for the relative affinity of guanine 
nucleotides for eIF-2 

The relative affinity of guanine nucleotides for 
eIF-2 is measured by their capacity to inhibit the 
retention of  the radioactive binary complex 
[3H]GDP-eIF-2 on nitrocellulose filters. Approx. 
1-2 #g purified factor were incubated with 1 #M 
[3H]GDP (8000 cpm/pmol) ,  20 mM Hepes, pH 
7.6, 150 mM KCI and the amount of  the non- 
radioactive guanine nucleotide specified in each 
case in a total volume of  20 #1. Incubations were 
for 5 min at 30°C and were stopped by dilution 
with 2 ml of  cold buffer A containing 20 mM Tris- 
HCI, pH 7.6, 100 mM KCI, 7 mM ¢?-mercapto- 
ethanol and 1 mM Mg(CH3COO)2. This mixture 
was filtered through nitrocellulose filters (0.45 #m 
pore diameter), the filters were washed with 3 x 
5 ml of  the same buffer, dried and counted. 

2.4. Assay for ternary complex formation 
The assay for the formation of  [3H]met- 

tRN A .e IF -2 -G TP  ternary complex was carried 
out as described by De Haro and Ochoa [12] with 
slight modifications. Approx. 1.5 #g eIF-2 were in- 
cubated with 1 pmol of  [3H]methionyl-tRNA 
(20000 cpm/pmol) ,  50#M GTP,  20 mM Hepes, 
pH 7.6, 1 mM dithiothreitol and 150 mM KCI in 
25 #1. The incubation is carried out for 5 min at 
37°C and stopped by dilution with 2 ml of buffer 
A. The mixture is filtered through nitrocellulose 
membranes, washed with 15 ml of  buffer A, and 
counted. Control values of [3H]met-tRNA 
radioactivity retained in the absence of  GTP are 
subtracted from the values obtained. 

2.5. Guanine nucleotides 
pppGpC was synthesized as described [13]. 7-m 

GDP was obtained from Dr A. Shatkin. 
The 2 ' ,3 ' -dialdehydes of  GDP and GTP were 

prepared by periodate oxidation of these 
nucleotides, as published [14]. 

GDP#F was synthesized essentially as described 
by Haley and Yount [15] and by Eckstein et al. [7], 
and was a kind gift of Dr O. Monasterio. 
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GDPBS, GTPTS, GppNHp and all other 
nucleotides were purchased from Sigma. 

[3H]GTP, [3H]GDP and [3H]methionine were 
obtained from New England Nuclear. 

2.6. Other materials 
[3H]met-tRNA was prepared as described [16], 

using tRNA from rat liver. 

3. RESULTS 

3.1. Analogs as competitive inhibitors o f  
f H]GDP. elF-2 complex formation 

The relative affinities of  different nucleotide 
analogs can be measured by their capacity to com- 
pete with GDP in the formation of the 
[3H]GDP.elF-2 binary complex which can be 
estimated by the retention of  label on nitrocel- 
lulose membranes [6]. 

Fig. 1 shows that GTP is approx. 50-fold less ef- 
ficient than non-radioactive GDP in competing for 
the factor. The results coincide with our calcula- 
tions of Kd for GDP, 7.2 × 10 -s M, and GTP,  
3.8 × 10 -6 M. These latter values were obtained by 
measuring direct binding of  radioactive GDP and 
GTP and Scatchard plot analysis (not shown). 
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Fig. 1. Relative affinities of guanine nucleotides for elF-2 
measured by their capacity to inhibit [3H]GDP-elF-2 
complex formation. The formation of the [3H]GDP. 
elF-2 binary complex was assayed as described in section 
2, using 0.6/zg elF-2 and 1/zM [3H]GDP 
(8000 cpm/pmol) and the non-radioactive nucleotides at 
the concentrations specified in the abscissa, and 1 mM 
MgCI2. (©) GDP, (A) GDPflS, ( I )  GTPTS, (×) 

GDPZ?F, (n) pppGpC, (A) GppNHp. 

Comparing, in the same fig.l ,  the relative af- 
finities of  two GDP analogs, it can be seen that 
GDPffS and GDP~F have affinities that are respec- 
tively 5- and 20-fold lower than GDP. Among the 
GTP analogs, it is interesting to note that GTPTS 
and the dinucleotide pppGpC have higher af- 
finities than GTP,  while GppNHp has a con- 
siderably lower affinity than the naturally 
occurring triphosphate. 

Using a similar method, several other analogs of  
GDP and GTP were tested at a single concentra- 
tion (table 1). It is noteworthy that methylation in 
position 7 of  the guanine base completely 
eliminates the interaction with elF-2 as observed 
with 7-m GDP. On the other hand, the 
2 ' ,3 ' -d ia ldehyde of  GDP or of  GTP retains ap- 
preciable capacity to bind the factor. UDP and 
ADP have no detectable affinity while dGTP is as 
efficient as GTP.  

3.2. Effect o f  analogs on ternary complex 
(met-tRNAr elF-2. GTP) formation 

The interaction of  elF-2 with GTP changes the 
conformation of  this protein allowing it to bind 
selectively to the initiator methionyl-tRNA form- 
ing a ternary complex (met- tRNAi.e lF-2 .GTP)  
that subsequently interacts with the 40 S ribosomal 
subunit to initiate protein synthesis [17]. GDP is a 

Table 1 

Inhibition of [3H]GDP-eIF-2 formation by different 
GDP and GTP analogs 

Nucleotide [3H]GDP. elF-2 % of 
added bound (pmol) control 

- 0.80 100 
GDP (10/~M) 0.15 18 
7-m GDP (10/zM) 0.73 92 
oGDP (10/~M) 0.46 57 
UDP (50/zM) 0.75 94 
ADP (50/~M) 0.76 95 
GTP (100/zM) 0.28 35 
dGTP (100/~M) 0.26 33 
oGTP (100/zM) 0.60 76 

The assay for binary complex formation was carried out 
as described in section 2 using 0.6/~g of eIF-2 with 1/zM 
[3H]GDP (8000 cpm/pmol) and the nucleotide analog 
specified. The radioactivity retained on the 

nitrocellulose filters was measured 
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potent inhibitor of  ternary complex formation 
because elF-2. GDP cannot recognize met-tRNAi. 

The results presented in fig.2 demonstrate the in- 
hibitory capacity of  GDP and 3 analogs in the for- 
mation of  the ternary complex with the oocyte 
elF-2. It can be seen that again GDP~S is 
somewhat less efficient than GDP,  while the 
oGDP is a much weaker inhibitor. The 7-m GDP 
appears to be completely inactive also in this assay. 

In all these cases, the inhibition caused by GDP 
and its analogs is much less than expected f rom 
their relative affinities as compared to that of  
GTP,  as determined with the [3H]GDP- elF-2 com- 
plex assay. 

On the other hand, G T P  analogs were tested for 
their capacity to replace GTP in the formation of 
the ternary complex, as shown in fig.3. The capaci- 
ty of  GTPyS,  dGTP and G p p N H p  seems to be 
very similar to that of  GTP.  However, in this assay 
oGTP and the dinucleotide pppGpC are much less 
effective in promoting the interaction of  elF-2 with 
met-tRNAi. 
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Fig.2. Inhibition of [SH]met-tRNAi" elF-2. GTP ternary 
complex formation by GDP analogs. The formation of 
[3H]met-tRNAi-elF-2. GTP was assayed as described in 
section 2, using 1.4#g elF-2, 1 pmol [3H]met-tRNAi 
(20000cpm/pmol), 50#M GTP, and the guanine 
nucleotides as indicated. The amount of [3H]met-tRNAi 
retained on the filter in the presence of only GTP (100°70) 

was 4558 cpm. 
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Fig.3. The capacity of different GTP analogs to form a 
ternary complex with elF-2 and [3H]met-tRNAi. The 
capacity of different analogs of GTP to form a ternary 
complex with [3H]met-tRNAi and elF-2 was assayed as 
described in section 2, using 1.4#g elF-2 and 1 pmol 
[3H]met-tRNA (20000 cpm/pmol) and the concentra- 
tions of the nucleotides specified in the abscissa. (o) 
GTP, (©) GTPTS, (n) dGTP, (zx) GppNHp, (A) 

oGTP, (m) pppGpC. 

4. DISCUSSION 

The results obtained provide some useful infor- 
mation about  the structural specificity of  oocyte 
elF-2 towards guanine nucleotides. 

In the first place it seems clear that the factor 
tolerates several modifications in the ribose ring of  
GDP or GTP.  The affinity of  dGTP is practically 
the same as that of  GTP.  Even the substitution in 
the 3 ' -hydroxyl  of  the ribose moiety by a 
nucleotide (pppGpC) does not greatly reduce the 
interaction with elF-2. In this respect the initiation 
factor is very similar to EF-1 from wheat germ and 
different f rom E. coli EF-Tu [10]. It is interesting, 
however, that the dinucleotide which is better than 
the oxidized dialdehyde G T P  or G p p N H p  in form- 
ing a binary complex with the factor is not as effi- 
cient as these compounds in promoting the 
formation of  ternary complex. It may be that the 
extra nucleotide bound at the GTP site may repel, 
to some degree, the interaction with the met-RNAi. 
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The fact that oGDP and oGTP still retain ap- 
preciable interaction with elF-2 may be useful 
because these compounds are able to form Schiff- 
base adducts to neighboring e-amino groups of  
lysines in the protein [14]. Since these bonds can be 
stabilized by borohydride reduction, it may be 
possible to affinity label the guanine nucleotide 
binding site of elF-2 using these oxidized 
derivatives. The results with analogs having 
modifications in the 5 ' -polyphosphate chain 
demonstrate that the ~ or 9" phosphorothioate 
derivatives have great affinity for elF-2. The in- 
troduction of  the sulfur atom in place of  oxygen in 
the terminal phosphate is known to cause an 
acidification of  the pK values of  that phosphate 
[18]. In the case of  transducin, this change in- 
creases the binding of  GTPT'S as compared to GTP 
[9]: A similar observation is obtained with oocyte 
elF-2, however, the GDPflS is less efficient than 
GDP in binding. In both cases, the replacement of  
an imido group for the phosphodiester bond be- 
tween the ~ and 9" phosphates considerably 
decreases the affinity of  the factors. This change is 
known to increase the pK of  the terminal 
phosphate [19]. GDP~'F is a poorer competitive in- 
hibitor of  [3H]GDP.elF-2 formation than 
GDP~'S. This might be due to the loss of  a negative 
charge of  the ~ phosphate in the case of  GDP~F, 
a loss that does not occur with GDP~'S. It may be 
relevant to recall that GTPTF was practically inac- 
tive in the binding of transducin [9]. 

The relative capacity of  the GTP analogs to sup- 
port ternary complex formation or of  GDP 
analogs to inhibit the formation of  such a complex 
runs in parallel to their capacity to bind elF-2 with 
the exception of  the pppGpC already commented. 
However, the capacity of  GDP and its analogs to 
inhibit ternary complex formation is much less 
than one would expect by merely considering their 
relative affinities vis-h-vis GTP in binary complex 
formation. It is obvious that the presence of  met- 
tRNAi which interacts selectively with the 
e lF -2 -GTP binary complex and not with 
e lF -2 .GDP should drive the reaction in favor of  
the triphosphate and diminish the inhibition 
observed with GDP. This observation is interesting 
in considering the problem of  how the cellular 
ratio of G T P / G D P  might affect protein synthesis 
initiation. 

Finally, it is interesting that methylation in posi- 

tion 7 of  the guanine essentially abolishes the in- 
teraction with eIF-2 as it does with EF-I [9]. This 
modificat ion,of course,occurs in the 'cap'structure 
of  most eucaryotic mRNAs. It has been 
demonstrated that initiation factor 4F and some of  
its subunits specifically recognize 7-m GTP and 
7-m GDP and this capacity indicates that this fac- 
tor plays a role in the correct initiation of  transla- 
tion at the AUG closest to the cap structure [20]. 
It is probably relevant that eIF-2 has no affinity 
for such analogs and therefore cannot interfere 
with eIF-4F function. 
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