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Treatment of rat liver EF-2 with ~~thylrn~e~m~de (MaNEt) did not affect the direct interactions of the 
factor with guanine nucleotides or with ribosomes, but inhibited the binding of guanosine 5’-@,y- 
methr~ene)triphosphare ~~uoPP~C~2)P) to the EF-Zribosome complex. The amino group reactive 
reagent 2,4,~tr~n~troben~enesulfonate (TNBS), however, inhibited specifical& the direct interactions of 
EF-2 with guanine nudeotides, but not the binding of GuoPP(CHz)P to the EF-Z-ribosome complex. The 
different sensitivities of EF-2 to MafNEt and to TNBS suggested that the binding sites involved in the 
binary vs. ternary complex might correspond to different conformational states or might even be distinct 

physical entities. 

Elongation factor 2 Ribosomal interaction Guanosine nucleotide Sulfhydryl group 
N-ethylmaleimide Amino group specific reagent 

Eukaryotic elongation factor 2 (EF-2) possesses 
cyst&e residues [l-3] some of which appear to be 
in the reduced state, essential for its activity in pro- 
tein synthesis [4,5]. Treatment of EF-2 with 
sulfhydryl group reactive reagents [6,7] or lack of 
a suIfhydry1 group reducing agent in the medium 
[6] results in the inhibition of the EF-2-promoted 
binding of guanine nucleotides to the ribosome. 
These findings have previously implied that some 
sul~ydryl groups are essential for the interaction 
of EF-2 with guanine nucleotides and/or ribo- 
some% Nevertheless, the role of sul~ydr~l groups 
in these interactions has not been sufficiently 
defined. Our knowledge concerning the functional 

groups other than the sul~ydryl groups has also 
remained very scant, Hence, we investigated by 
equilibrium dialysis or s~imentation methods the 
role of sulfhydryl and of amino groups of EF-2 in 
the interaction of this factor with ligands, Blocking 
of the sulfhydryl groups of EF-2 by MalNEt did 
not affect the direct interaction of the factor with 
guanine nucleotides or with ribosomes, but in- 
hibited binding of GuoPP(CHz)P to the 
EF-2-ribosome complex. On the other hand, the 
amino group reactive reagent TNBS inhibited 
specifically the direct interaction of EF-2 with 
guanine nucleotides, but not the binding of 
GuoPP(CHz)P to the EF-2-ribosome complex. 

2. MATERIALS AND METHODS 

Abbreviations: ADPR-EF-2, adenosine diphosphate 
ribosylated elongation factor 2; GuoPP(CH$P, 
guanosine 5 ’ -@,,y-methylene) triphosphate; MalNEt, N- 
ethylmaleimide; TNBS, 2.4,6-trinitrobenzenesulfonate; 
DMA., dimethyladepimidate; DMS, dimethyisuberi- 
midate 

2.1. Materials 

* To whom corr~ponden~e should be addressed 

Ribosomes and EF-2 were prepared as in [8]. 
[U-‘4C]CTP, spec. act. 35 Ci/mol, [8-JH]GDP, 
spec. act. 10 Ci/mmol, [8-‘4C]GDP, spec. act. 
33 Ci/mol, [S-3H]GuoPP(CH~)P, spec. act. 
12.2 Ci/mmol, and [U-14C]NAD+, spec. act. 
281 Ci/mol or 286 Cilmol were obtained from the 
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Radiochemi~al Center (Amersham). Unlabelled 
guanine nucleotides and MalNEt were products of 
Boehringer (Mannheim) and of Serva (Heidel- 
berg), respectively. Two, 3-butandione was obtain- 
ed from Pierce, and TNBS from Serva. Oxidized 
guanine nucleotides [8], DMA and DMS [9,10] 
were prepared by the methods described. 

2.2. Assays 
EF-2 was determined by ADP-ribosylation 

[8,11]: EF-2 protein fractions [8] modified by the 
covalent binding of the radioactive ADP-ribose 
group has a spec. act. = 4100 dpm/Fg protein. 
Equilibrium dialysis and quantitative binding of 
ADPR-EF-2 to the ribosome were assayed and the 
data evaluated as in [8]. Whenever indicated, 
38 mM 2,3-butandione [12] or 1 mM of one of the 
imidates (DMA or DMS) were included in the 
equilibrium dialysis medium. Equilibrium dialysis 
in the presence of 2,3-butandione was carried out 
in the dark. 

2-3. Treatment with basset 
EF-2 in dialysis buffer [S] was incubated in the 

presence of a 3 mM excess MalNEt for 5 min at 
37°C. (Incubation of EF-2 at 37°C for 5 min does 
not seem to affect the activity of the factor [7].) 
Thereafter, unreacted MalNEt was neutralized by 
the addition of 2-mercaptoethanol to a final con- 
centration of 20 mM. ADPR-EF-2 was treated 
with MalNEt similarly [8,11,13]. 

2.4. Treatment with TNBS 
EF-2 in dialysis buffer [8] was incubated for 

5 min at 4°C in the presence of 1 mM TNBS and 
then applied to a Sepadex G-50 column 
(1 x 25 cm) equilibrated with dialysis buffer. The 
EF-2 eluting with the void volume was pooled. 

3. RESULTS 

3.1. Formation of binary complex 
As shown in table 1, EF-2 could bind GTP or 

GDP despite treatment with MalNEt. Similarly the 
omission of 2-mercaptoethanol during equilibrium 
dialysis did not abolish the interaction between 
EF-2 and GDP, but elevated the Kd-value. The 
interaction of EF-2 with guanine nucleotides was 
likewise unaffected by the presence of 2,3-butan- 
dione. However, in the presence of one of the im- 
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Table 1 

Effects of different reagents on the quantitative binding 
of guanine nucleotides to EF-2 

System 

EF-2 + GDP 
+ MalNEt 
- 2-mercapto- 

ethanol 
+ TNBS 
+ DMA 
+ DMS 
+ 2,3-butan- 

dione 

& (uM) Binding site/EF-2 (n) 

0.54 0.67 
1.2 0.6 

3.3 1.0 
- (no binding) 
- (no binding) 
- (no binding) 

1.2 1.0 

EF-2 + GTP 2.0 0.76 
+ MalNEt 2.0 0.6 
+ TNBS - (no binding) 
+ DMS - (no binding) 
+ 2,3-butan- 

dione 1.93 0.8 

The experimental procedure for equilibrium dialysis was 
as indicated in section 2. The EF-2 concentration was 
kept at 0.3yM, the GDP concentration was varied 
betweeen 0.2 and 2pM and the GTP concentration 
between 0.2 and 9 PM. The equilibrium dialysis medium 
corresponded to the dialysis buffer 181. Whenever 
present, the concentration of MalNEt was 10 mM (a 
3 mM excess over 2-mercapthoethanol), that of TNBS 
or of one of the imidates 1 mM and that of 

2,3-butandione 38 mM 

idates or of TNBS no interaction between EF-2 
and guanine nucleotides could be detected. More- 
over, TNBS completely inhibited the stable linkage 
between oxidized GuoPP(CH2)P and EF-2 [8] as 
indicated by gel filtration on Sephadex G-50 (fig. 
1). These findings suggested that the amino but not 
the sulfhydryl groups may be involved in direct in- 
teraction of EF-2 with guanine nucleotides. 

3.2. Binding of ADPR-EF-2 to ribosomes 
Besides retaining the activity for binary complex 

formation, ADPR-EF-2 treated with MalNEt 
could also interact directly with ribosomes, as in- 
dicated by its presence in the ribosomal complexes 
obtained by centrifugation (table 2). When com- 
pared to the untreated control, this interaction 
revealed a decreased affinity for ribosomes 
(& = 0.99 FM vs. & = 0.25 FM). Moreover, 
whereas untreated ADPR-EF-2 displayed in the 
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Fig, 1. Effect of trea~en~ of EF-2 with T-NIB on the 
formation of the linkage between EF-2 and oxidized 
GuaPP(CHz)P. Twenty-five EF-2 was preincubated 
with or without 1 mM TNBS for 5 min at 0°C. After 
addition of 0.3 mM GuoPP(CH2)P or GuoPP(CH2)P,, 
incubation was continued for 5 min at 37%: 75 ~1 of 
reaction mixture containing EF-2 and 
[3H]GuoPP(CH~)P (m); EF-2 -e- TNBS and 
[‘H]GuoPP(CH$P +---o); EF-2 + TNBS and 
[%I]GuopPP(CH$P, (@--%); or EF-2 + TNBS and 
{‘H]GuoPP(CH2)P, (ti) were applied to a 
Sepbadex G-50 cohrmn equilibrated with diafysis buffer. 
Fractions of 3oOtEf were colLected and counted in 3 ml of 
Bray’s sohnion in a Pa&ard crumb) liquid s~~ntj~~~on 

presence of GuoPP(CH2)P an increased affinity 
for the ribosome, after treatment with MalNEt, 
this was no more the case: the Kd in the presence 
of GuoPP(CH2)P was 1.01 FM for ADPR-EF-2 
treated with MalNEt and 0.08 yM for the control. 

Table 3 

Effect of p~~~n~ubat~on of EF-2 with MalN~t or TN3S 
on the qnantitat~ves OF-2-promote) binding of 

~uo~P~~H~)P to ribosomes 

Components present ir;T b&f) Binding sites 
in preincubation ribosome (n) 

EF-2 0.07 0.55 
EF-2, MalNEt 0.03 O.QI 
EF-2, TNBS 0.17 0.66 

The experimental procedure was as indicated in section 
2. The EF-2 concentration was kept at 0.15 /cM and the 
ribosome concentration at 0.3 FM. The ~~o~P(~H~)P 
~on~ntratio~ was varied between 5 nM and 75 nM. The 
ribosoma] complexes were isoIa$ed bv ~ntr~~ngat~o~ and 
the data eva~~a~~d as in f8]. The vahres are means of 2-4 
separate dete~m~~at~ons evaluated by the Least squares 
method. T&e K&-value found previously for 
GuoPP(CH2)P by equilibrium dialysis [S] was 0.26pM 

3.3. Formatim of the ternary EF-2-guanine 
nucleotide-ribosome complex 

GuuPP(CHs)P which, as determined by the 
s~im~ntatio~ method, bound with high affinity to 
the bided site in the ternary complex iuvoIvi~~ 
native EF-2 (& = ik@‘J FM, E = (k&S) reveakd 
negligibly binding (n = O&f) to the corresponding 
site in the ternary complex involving IV-2 treated 
with MaiNEt (table 3). In contrast, TNBS did not 
greatly affect the formation of the ternary complex 
involving GuoPP(CH2)P (& = 0.17 FM, 
n = 0.66). 

Table 2 

Ef&& of pre~n~~bat~on with Ma.LNEt qn the ~u~ti~t~ve binding crzI ADPR-EF-2 to ribosomes 

1, Incubation 

ADPR-EF-2 
ADPR-EF-2 
ADPR-EF-2, MalNEt 
ADPR-W-2, MalNEt 

2. Incubation 

ribosome 
ribosome, GuoPP(CH$P 

ribosome, 
ribosome, GuoPP(CH2)P 

K& &M) 

0.25 
0.08 
0.99 
1.01 

Binding sites~ribosom~ (n) 

1.20 
1.20 
0.82 
1.0 

The experimental procedure was as indicated in section 2. The ADPR-EF-2 concentration was varied between 16.5 and 
132 nM. The ribosome concentration was 0,3 PM. The concentration of GuoPP(CHz)P, whenever added, was 20 PM. 
The ribosomal complexes were isolated by centrifugation and the data evaluated as in [gf. The values are means of 4 
separate d~te~~nat~ons evaluated by the feast squares method, The previous Kd-Y&WS fSj found for the binding of 
ADPR-EF-2 to ribosomes by itself and that in the presence of ~uoP~(~~~)~ were 0. f 8 pM and 0.05 FM, respectively 
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4. DISCUSSION REFERENCES 

The different sensitivities of EF-2 to MalNEt vs. 
TNBS thus implicate that the binding sites for 
guanine nucleotides involved in binary and ternary 
complexes correspond either to different confor- 
mational states of the same and single site or are 
distinct physical entities. The conformation (or 
site) involved in binary complex formation seems 
to be selective for GDP [8,14,15] and that involv- 
ed in the ternary complex for GTP (and analogues) 
[8]. Qualitative differences between behaviors of 
GDP and of GTP (analogues) in interaction with 
EF-2 (and ribosomes) have been previously observ- 
ed [ 14,16-l 81. Based on equilibrium binding data 
EF-2-GTP does not appear to be an intermediate 
in the formation of the ribosomal ternary complex 
[8]. Our unpublished observations indicate, more- 
over, that linkage of oxidized guanine nucleotides 
to EF-2 does not abolish its activity in protein syn- 
thesis. These findings together suggest that the 
guanine nucleotide binding site involved in the 
binary complex is distinct from that involved in the 
ternary complex. However, the biological signifi- 
cance of the direct interaction of guanine nucleo- 
tides with EF-2 remains obscure. A possible rela- 
tionship between these interactions and a modula- 
tion of EF-2 activity during chain elongation is 
currently under investigation. 

ill 

PI 

131 

Robinson, E.A. and Maxwell, E.S. (1972) J. Biol. 
Chem. 247, 7023-7028. 
Mizumoto, K., Iwasaki, K., Kaziro, Y., Nojiri, C. 
and Yamada, Y. (1974) J. Biochem. 75, 1057-1061. 
Merrick, W.C., Kemper, W.W., Kantor, S.A. and 
Anderson, W.F., (1975) J. Biol. Chem. 250, 
2620-2625. 

[41 

PI 

161 

[71 

PI 

191 

UOI 

1111 
WI 

1131 

Mosteller, R., Ravel, J., and Hardesty, B. (1966) 
Biochem. Biophys. Res. Commun. 24, 714-719. 
Sutter, R.P. and Moldave, K. (1966) J. Biol. Chem. 
241, 1698-1704. 
Baliga, B.S. and Munro, H.N. (1971) Nature New 
Biol. 233, 257-258. 
Bermek, E. and Matthaei, H. (1971) Biochemistry 
10, 4906-4912. 
Nurten, R. and Bermek, E. (1980) Eur. J. Biochem. 
103, 551-555. 
Ucer, U. and Bermek, E. (1974) FEBS Lett. 38, 
161-165. 
McElvain, S.M. and Schroeder, J.P. (1949) J. Am. 
Chem. Sot. 71, 40-46. 
Bermek, E. (1976) J. Biol. Chem. 251, 6544-6549. 
Marschel, A.H. and Bodley, J.W. (1979) J. Biol. 
Chem. 254, 1816-1820. 
Bermek, E., Monkemeyer, H. and Matthaei, H., 
(1972) 8th FEBS Meeting, Amsterdam, abst. no. 
543. 

ACKNOWLEDGEMENT 

This investigation was supported by a grant 
(TAG-479) from the Scientific and Technical 
Council of Turkey (TUBITAK), 

1141 

1151 

iI61 

[I71 

[I81 

Mizumoto, K., Iwasaki, K. and Kaziro, Y. (1974) 
J. Biochem. 76, 1269-1280. 
Henriksen, O., Robinson, E.A. and Maxwell, E.S. 
(1975) J. Biol. Chem. 250, 720-724. 
Henriksen, O., Robinson, E.A. and Maxwell, E.S. 
(1975) J. Biol. Chem. 250, 725-730. 
Taira, H., Ejiri, S. and Shimura, K. (1974) J. Bio- 
them. 76, 949-957. 
Twardowski, T. and Legocki, A. (1977) Acta Bio- 
chim. Polon. 24, 21-33. 

394 


