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a specific channel, within a machinery that transduces 
metabolic energy into unidirectional transfer of the growing 
chain. 
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Cation-Induced Regulatory Mechanism of GTPase Activity 
Dependent on Polypeptide Initiation Factor 2+ 
Patrice Beaudry,t Gernot Sander,$ Marianne Grunberg-Manago,* and Pierre Douzoun 

ABSTRACT: Initiation factor IF-2 ribosome dependent GTP 
hydrolysis (uncoupled GTPase) presents a bell-shaped pH 
profile which is shifted by changes in ionic strength. At low 
ionic strength ( I  = 25 mM) the maximal hydrolytic activity 
occurs at pH 7.5; when the ionic strength is increased the pH 
optimuni of the reaction is shifted toward more acidic values. 
Such behavior can be satisfactorily explained as the effect of 
an electrostatic potential developed by a neighboring plyanion, 
presumably RNA,  on the catalytic site. The addition of 

R i b o s o m e s  are  essential elements of GTPase activities 
developed by initiation factor IF-2 as well as elongation factors 
EF-G and EF-Tu during Escherichia coli protein synthesis 
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fMet-tRNAfMet or AcPhe-tRNAPhe and messenger R N A  
(coupled GTPase) changes the ionic strength-pH charac- 
teristics of the reaction. Thus there is an effect, direct or 
indirect, of components located a t  the ribosomal P site. 
Investigation of the effect of neighboring polyanions on the 
catalytic activity of the factor-dependent ribosomal GTPases 
can be seen to provide information about their functional 
significance that is complementary to that gained from direct 
structural studies. 

in vitro (Kolakofsky et al., 1969; Lelong et al., 1970; Dubnoff 
& Maitra, 1972; Stoffler & Wittmann, 1977; Grunberg- 
Manago et al., 1978). 

GTP appears to interact directly with these factors, at least 
with the last two (Miller & Weissbach, 1977; Brot, 1977; 
Grunberg-Manago et al., 1978). However, a t  present, it is 
not clear whether the catalytic site for GTP hydrolysis is 
located on the ribosome or on the protein factor itself. For 
EF-Tu, it has been shown that the elongation factor is capable 
of developing GTP hydrolytic activity in the presence of the 
antibiotic kirromycin (Chinali et al., 1977). Isolated ribosomal 
protein L7/L12 also seems to be able to induce an elongation 
factor Tu dependent GTPase activity (Donner et al., 1978). 

It has also been shown that EF-G and EF-Tu dependent 
GTPase activities were very sensitive to monovalent cation 
variations such as K+ or N H 4 +  (Voigt et al., 1974; Arai & 
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Kaziro, 1975). Many structural arguments indicate that the 
ribosomal sites for EF-G, EF-Tu, and IF-2 dependent G T P  
hydrolysis might be quite close to each other (Stoffler & 
Wittman, 1977; Grunberg-Manago et al., 1972). 

In  the present article we investigate the effect of p H  and 
of monovalent cations (NH,+) on IF-2 dependent GTPase 
activity. The variations of enzymatic activity observed under 
these conditions can be interpreted by polyelectrolyte theory 
in its simplest form (Douzou & Maurel, 1977) and indicate 
that the catalytic site of the GTPase is dependent on a po- 
lyanionic microenvironment sensitive to pH changes and cation 
concentrations. This ribosome-dependent enzymatic reaction 
appears therefore to be controlled by a polyanionic micro- 
environment, possibly representing a regulatory mechanism. 
IF-2 dependent G T P  hydrolysis is an essential step in the 
initiation of protein synthesis since it enables IF-2 to recycle 
(Grunberg-Manago et al., 1978). Thus, a regulatory step 
whereby cations modulate the IF-2 GTPase reaction is ob- 
viously important for the control of protein synthesis. 

The positioning of ribosomal R N A  with respect to the 
ribosomal site of the GTPases dependent on IF-2, EF-Tu, and 
EF-G factors, as well as the effect of components located at  
the P site, will also be discussed. 

Materials and Methods 
G T P  was supplied by Miles Laboratories; ( Y - ~ ~ P ) G T P  was 

from the Radiochemical Centre, Amersham (specific activity 
17.6 Ci/mmol); magnesium acetate from Carlo Erba; am- 
monium chloride from Prolabo; and Tris-HC1 from Sigma. 
Unpurified 3H-fMet-tRNA (E .  coli) was prepared as described 
previously (Lelong et al., 1970). Poly(A,U,G) was synthesized 
by polynucleotide phosphorylase as described by Godefroy- 
Colburn & Grunberg-Manago (1972). Poly(U) was obtained 
from Boehringer. Ac  Phe-tRNAPhe was prepared according 
to Haenni & Chapeville (1966). 

Preparation of Ribosomes and  Factors. Preparation of 
A-Type Ribosomes. E.  coli extracts (strain M R E  600) were 
prepared by grinding with alumina; ribosomes were prepared 
by centrifugation of the extract a t  low and high speed. They 
were washed twice in high-salt (1.5 M NH4+) buffer according 
to the procedure of Dondon et al. (1974). The washed ri- 
bosomes were then purified on a 10-30% sucrose gradient by 
centrifugation for 17 h at  31 000 rpm in a Beckman T14 zonal 
rotor in the following buffer: 10 m M  Tris-HC1 (pH 7.5), 60 
m M  NH4C1, and 5 m M  M ~ ( O A C ) ~ .  The 7 0 s  fractions were 
collected and brought to 7 m M  P-mercaptoethanol and 10 mM 
Mg(OAc), before concentration by further centrifugation for 
24 h a t  25 000 rpm in a rotor no. 30 (Spinco centrifuge). The 
70s pellet was then rehomogenized in buffer (10 m M  Tris-HC1 
( p H  7.5), 100 m M  NH,Cl, 10 m M  Mg(OAc),, and 7 m M  
P-mercaptoethanol) and stored frozen a t  -90 OC. Light- 
scattering measurements show that 100% of these ribosomes 
were associated at 5 m M  magnesium. They correspond to the 
A-type ribosomes (Debey et al., 1975) or the "tight" couples 
described by No11 et al. (1973). Before use each ribosomal 
stock solution was reactivated by heating for 15 min at  37 "C. 

IF-2 initiation factor was prepared from the supernatant 
of the high-salt ribosome wash according to a previously 
described procedure (Lelong et al., 1970) but with an addi- 
tional purification step for IF-2 on a phosphocellulose column 
(1.5 X 95 cm; elution by NH4Cl gradient from 0.15 to 0.7 M) 
before the concentration step on a DEAE-cellulose micro- 
column (2.5 X 1.3 cm; eluted with 0.35 M NH4C1). 

The  protein.concentration of IF-2 (230 pg/mL) was esti- 
mated according to the procedure described by Schaffner & 
Weissman (1 973). 
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Tests. A. GTPase Activity. Ribosome-dependent IF-2 
GTPase activity was measured by the amount of 32P liberated 
during the reaction according to the procedure of Kolakofsky 
et al. (1968). 

The incubation mixture (25 pL) contained Tris, 50 m M  (pH 
as indicated); 7 0 s  ribosomes, 17 pmol (0.70-A260 unit), 
magnesium acetate, 10 mM; ammonium chloride, as indicated; 
( T - ~ ~ P ) G T P ,  800 pmol (specific activity 410 cpm/pmol); IF-2, 
0.23 pg (2.3 pmol) or as indicated; poly(A,U,G), 0.145-A260 
unit; and jH-fMet-tRNA, 13.5 pmol. The reaction is stopped 
after a 10-min incubation at  37 OC by the addition of 0.1 mL 
of 1 M perchloric acid and 1 mL of 1 m M  KH2P04. Under 
these conditions the reaction is linear as a function of time up 
to 30 min. After a 10-min centrifugation (1OOOOg) an 0.8-mL 
aliquot is taken, and 0.5 mL of 5% ammonium molybdate in 
4 N H2S04 is added, followed by the addition of 2 mL of a 
mixture of 2-methylpropanol and benzene (1:l). The tubes 
were stirred vigorously for 30 s on a vortex, followed by a brief 
centrifugation to separate the phases. One milliliter of the 
upper organic phase is counted in 5 mL of toluene, POPOP, 
PPO/Triton in proportion 2/3:1/3 (v/v). 

B. Light-Scattering Measurements. The light-scattering 
measurements used to study the equilibrium between 30S, 50S, 
and 7 0 s  particles a t  various p H  values were performed on a 
Jobin Yvon Beam fluorescence spectrophotometer. Both 
excitation and emission monochromators were set to 436 nm 
and the slits were set for a 6-nm band pass (Debey et al., 1975; 
Wishnia et al., 1975). Measurements were performed in the 
following medium: sodium cacodylate, 50 m M  (pH 6.5), or 
Tris-HC1, 50 mM (pH 7.6 and 8); NH4+ varying between 50 
and 100 mM; magnesium acetate varying between 0.5 and 10 
mM; and P-mercaptoethanol, 7 m M .  

For a typical measurement the 70s  (type A) ribosomes were 
added (5-20 pL) to 1 m L  of buffer and the scattered light 
value was measured. For each experimental curve the con- 
centration of 7 0 s  ribosomes was approximately 5-A260 un- 
its/mL (120 n M  7 0 s  ribosomes). After each measurement 
the final ribosome concentration was checked by absorption 
a t  260 nm and experimental values were corrected for slight 
variations. 

Results 
A. Uncoupled GTPase. As has been described previously, 

IF-2 can hydrolyze G T P  in the presence of ribosomes and in 
the absence of initiator tRNA,  mRNA,  and other initiation 
factors (uncoupled GTPase) (Lelong et al., 1970). The  rate 
of hydrolysis is proportional to the concentration of IF-2 up 
to a saturation level corresponding to a factor/ribosome 
molarity ratio of about 1:3 (Figure 1). N o  hydrolysis occurs 
in the absence of ribosomes. 

To  investigate the modulation of the GTPase activity we 
used a low factor concentration, working within the linear 
portion of the curve shown in Figure 1. The ribosome/factor 
ratio is about 8, which is close to the presumed ratio in vivo 
(Grunberg-Manago et al., 1978). Uncoupled IF-2 dependent 
GTPase activity is strongly dependent on the Mg2+ concen- 
tration in the medium for the various p H  values used. 
Generally the enzymatic activity increases with Mg2+ con- 
centration until it reaches a plateau a t  about 10 m M  Mg2+ 
a t  every p H  value tried (Figure 2). This dependence of 
GTPase activity on Mg2+ concentration cannot be explained 
by the association effect of the ribosomal subunits by this 
divalent cation since we verified that the ribosomes used were 
already totally associated a t  5 m M  Mg2+ in 50 m M  NH4+. 

W e  also estimated the effect of monovalent cations such as 
NH4+ on the association equilibrium as a function of pH. The 
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FIGURE I : bncoupled GTPase activity of 70s ribosome-IF-2 complex 
at  varying IF-2 concentrations. The incubation mixture (25 pL) 
contains 50 m M  Tris-HCI, pH 7.5; 50 m u  NH4C1: I O  mM mag- 
nesium acetate; 7 m M  0-mercaptoethanol; 70s ribosome, 0.70-Az6, 
unit (17 pmol); (Y-~*P)GTP,  800 pmol: and initiation factor IF-2 ( M ,  
I O O O O O )  as indicated on the abscissa in pmol. Incubation was for 
10 min at  37 "C. The intrinsic 70s ribosome hydrolytic activity has 
been subtracted ( 1  pmol/lO min) at I O  m M  Mg*+. 

t 

2 5 7 10 15 
mM Mg" 

FIGURE 2: Influence of the pH on uncoupled IF-2-GTPase activity 
as a function of Mg2+ concentration. The incubation mixture (25 
pL) contains 50 m M  Tris-HCI, pH as indicated; 50 m M  NH4CI; 
magnesium acetate as indicated: 7 mM 0-mercaptoethanol: 70s 
ribosome, 0.70-A260 unit (17 pmol); purified initiation factor IF-2, 
2.3 pmol; (y-"P)GTP, 800 pmol. Incubation was for 10 min at 37 
"C. The intrinsic hydrolytic activity of the ribosome has been 
subtracted. The experiments are at pH 6.5 ( W m ) ;  pH 7 (0-0); 
p H  7.5 (0-0); and pH 8 (0-0). 

curve of Figure 3 indicates that for the pH values studied no 
dissociation can be observed a t  100 m M  NH4+ and 10 m M  
Mg2+; in the range of ionic strength studied, therefore the pH 
does not affect the association-dissociation equilibrium. By 
contrast, for a given ionic strength (Tris, 50 mM; NH4+, 50 
m M ;  and Mg2+, 10 mM) the GTPase activity is strongly 
pH-dependent, an optimum being obtained at  pH 7.25 (Figure 
4). 

There is a strong shift in the pH optimum for IF-2 GTPase 
activity as a function of ionic strength, as documented in Figure 
4 where the GTPase activity is plotted as a function of pH for 
several values of ionic strength. At low ionic strength ( I  = 
25 mM) the maximal hydrolytic activity occurs a t  p H  7.5; 

mm mg2' 

FIGURE 3: Influence of the pH on 70s ribosome dissociation as a 
function of Mg2+ concentration measured by light scattering. The 
measurements were performed in the buffers as indicated in Materials 
and Methods at  20 "C and in 100 m M  NH4+. The 0 and 100% 
associations were respectivelq obtained from the light scattering 
measurement in buffers containing 0.5 and 10 mM Mg2+: pH 6.57 
(0-0); pH 7.6 (H): pH 8 (A-A). 

65 7 1.5 8 
pH units 

FIGURE 4: Influence of NH4+ on the optimal pH for I F-2 uncoupled 
GTPase activity. The incubation mixture (25 pL) contains 50 mM 
Tris-HCI, p H  as indicated: I O  mM magnesium acetate; NH4+ 
concentration as indicated in the figure; 70s ribosome, 0.70-A26o unit 
(17 pmol); initiation factor IF-2, 2.3 pmol; and (y3*P)GTP, 800 pmol. 
Incubation was for 10 min at  37 "C. The intrinsic hydrolytic activity 
of the 70s ribosome has been subtracted. The experiments are NH4+: 
15 mM (A-A); 25 mM (H); 50 m M  (0-0); 75 m M  (0-0); 
and 100 m M  (0-0). 

when the ionic strength is increased the pH optimum of the 
reaction is shifted toward more acidic values (7.25, 7.0, and 
below 6.5 for 50, 75, and 100 m M  NH4+,  respectively). 
Therefore, the GTPase activity corresponding to the optimum 
p H  is dependent on ionic strength and the shifts in pH activity 
profiles can exceed two units. 

A second way of describing the pH-ionic strength effect is 
reported in Figure 5 where GTPase activity is plotted as a 
function of ionic strength for a given pH value. As can be seen, 
the higher the pH of the sample, the lower the ionic strength 
ensuring optimal activity; this is a corollary of the results 
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FIGURE 5: Influence of pH on the optimum NH4+ concentration on 
uncoupled IF-2 GTPase activity. Conditions are the same as in Figure 
4. The experiments are at pH 6.5 (H); pH 7 (0-0); pH 7.5 
(@-e); and pH 8 (A-A). 

I I  I I I I I *  
5 15 25 50 75 100 

mM NH,' 

FIGURE 6: Shift of the NH,+ optimum of the IF-2 coupled GTPase 
activity as compared to the uncoupled IF-2 GTPase (pH 7.5). 
Conditions are the same as in Figure 4 excepted that, for the coupled 
GTPase activity, the incubation mixture (25 kL) contains in excess 
of 13.5 pmol of fMet-tRNAMe' and 0.145-A260 unit of poly(A,U,G). 
The experiments are uncoupled (e-@) and coupled (H) GTPase 
activity at pH 7.5. 

reported in Figure 4 where the optimal values are  displaced 
toward acidic p H  values as ionic strength is increased. The 
reaction is thus under the tight control of both pH and ionic 
strength which appear to be narrowly interdependent. These 
results should be compared to those obtained by Sander et al. 
(1978) for EF-G GTPase activity modulation by monovalent 
cation K+ and pH.  

B.  Coupled GTPase. When initiator t R N A ,  fMet- 
tRNAmet',  and polymer poly(A,U,G) containing the initiator 
codon AUG are added to the ribosome and IF-2, the hydrolysis 
of GTP is increased as  has been found previously (coupled 
GTPase; Grunberg-Manago & Gros, 1977). 

Figure 6 describes the ionic strength activity profiles ob- 
tained a t  p H  7.5 in the case of the coupled IF-2 GTPase 
reaction, Le., in the presence of fMet-tRNAfMet and poly- 
(A,U,G). The curve presents a pattern similar to those ob- 
tained for uncoupled reactions (Figure 5), but a shift in the 

-N-oc-Phe-tRNA 

b 
0 

+N-ac-Phe-tRNA 

20 4oiL , \ I  a 

0 50 100 150 

[ N H l l  i m M 1  

FIGURE 7: Shift by AcPhe-tRNA and poly(U) of the NH4+ optimum 
for the IF-2 GTPase reaction. The reaction mixtures contained, in 
75 WL of 50 mM Tris-HCI (pH 7.8 at 20 "C), 10 mM MgC12,7 mM 
0-mercaptoethanol, the indicated concentration of NH4C1, 20 pmol 
of 50s subunits (O), 20 pmol of 30s subunits (A),  or 20 pmol each 
of 50s and 30s  subunits (0) prepared as described (Sander et al., 
1975), 4 pmol of IF-2, 600 pmol of ( Y - ~ ~ P ) G T P ,  minus (A) or plus 
(B) 25 pmol of AcPhe-tRNA, and 5 pg of poly(U). After incubation 
for 10 min at 30 OC, GTPase activity was determined as the amount 
of 32PI liberated (Sander et al., 1975). 

optimal activity must be noted. As can be seen, the con- 
centrations of NH4+ yielding optimal activity are 40 mM for 
the uncoupled and 75 m M  for the coupled reaction; this in- 
dicates that the presence of fMet- tRNA and poly(A,U,G) 
decreases the p H  at  which the reaction actually occurs. 
Comparing Figures 5 and 6, one should note that the yield of 
hydrolysis in the presence of polynucleotides is about twice 
that obtained with the uncoupled reaction at  the same p H  
values. The  addition of M e t - t R N A  and poly(A,U,G) does 
not, therefore, introduce a different enzymatic behavior, rather 
it changes significantly the ionic strength-pH characteristics 
of the reaction. 

A similar pattern is found when the normal initiator t R N A  
is replaced by AcPhe-tRNAPhe plus poly(U), known to be a 
functional analogue of the former (Lucas-Lenard & Lipman, 
1967), and when individual ribosomal subunits are used instead 
of "tight" 70s ribosomes (Figure 7). The experiment carried 
out in the presence of both ribosomal subunits (circles) shows 
a shift of the NH4+ optimum by the AcPhe-tRNA from 20 
to 50 mM, thus closely resembling the effect of M e t - t R N A  
seen in Figure 6. With the 50s subunits alone (squares) IF-2 
displayed some GTPase activity a t  low ionic strength, in 
analogy to elongation factor G (Sander et ai., 1978). 

Discussion 
The results reported in the present paper, i.e., the shift of 

the activity-pH profile as ionic strength increases (Figure 4), 
the effect of the latter depending on the p H  value (Figure 5), 
can usefully be compared to those repeatedly observed with 
other enzymatic systems bound to polyelectrolyte carriers 
(Engasser & Horvath, 1975; Goldstein et a]., 1964) or in tight 
electrostatic interaction with soluble and insoluble polyelec- 
trolytes (Byrnes & Downey, 1973; Raae et a]., 1975; Maurel 
& Douzou, 1976). When these enzymes are under such 
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influence of a polyanion, presumably ribosomal R N A  in the 
uncoupled G T P  hydrolysis, without any interposing proteins 
which would present a screen between the catalytic site and 
the RNA, thus reducing the effect of the electrostatic potential. 

Comparison of curves in Figure 5 with those in Figures 6 
and 7 done at  the same pH (7.5) clearly shows that the ad- 
dition of initiator t R N A  and m R N A  markedly changes the 
microenvironment, these polynucleotides bringing about a 
much more acidic environment (since the higher the ionic 
strength yielding optimal activity, the lower the pH a t  which 
the reaction occurs; see Figure 4). This effect is accompanied 
by an increase in hydrolysis yield (compare Figure 5 with 
Figures 6 and 7), a result confirming that the enzymic site is 
now under the additional influence of initiator t R N A  and 
mRNA.  

It is not possible to decide at  present whether these po- 
lyanions affect directly the electrostatic potential a t  the 
GTPase center or change the conformation of the complex 
such that the contribution of the ribosomal R N A  is affected. 

We are now in a position to compare the effect of the 
microenvironment on the different factor-dependent GTPase 
activities. In this respect it is of interest that all of the 
factor-associated GTPase activities are well separable from 
one another in their responses to changes in pH and ionic 
strength. The initiation factor IF-2 shows the strongest 
modulation by these parameters (see Results). Elongation 
factor G also shows an interdependence between pH and ionic 
strength, albeit to a much lesser extent (Sander et al., 1978), 
suggesting a less direct involvement of ribosomal R N A  in 
catalytic activity than in the case of IF-2. Curiously. elon- 
gation factor Tu does not display any such modulation (Sander 
& Crechet, 1978), suggesting noninvolvement of ribosomal 
R N A  in this case. Therefore, despite the probable existence 
of a common ribosomal region for triggering all three GTPase 
reactions (see the review by Grunberg-Manago et al., 1978), 
different parts of this region appear to be predominant in each 
case. This is also illustrated by the different importance of 
protein L7/L12, which is in the order EF-Tu > EF-G > IF-2 
(Kay et al., 1973; Sander et al.. 1975). 

The effect on GTPase function of components known to be 
associated with the P site of the ribosome is in agreement with 
their structural proximity. It is known that not only proteins 
L7/L12 are implicated in the binding site of IF-2 (Grun- 
berg-Manago et a]., 1978) but also protein L11 is implicated 
in GTPase activities (Highland et al., 1975; Maassen & 
Moller, 1978). On the other hand it has been found that the 
chemically reactive AUG m R N A  triplet, when it is part of 
the initiator complex. could be cross-linked to proteins L7/L12 
and L11, among others; these would therefore appear to be 
part or neighbors of the P site (Pongs et al., 1976). 

In conclusion. investigation of the GTPase activity and its 
control by the local electrostatic potential leads to an inter- 
esting characterization of the catalytic site that may be seen 
as complementary to the information obtained from direct 
structural studies. 

conditions, their catalytic behavior is markedly modified as 
compared to normal conditions, that is, when the enzymes are 
solubilized in the absence of polyelectrolytes. In particular, 
a t  low ionic strength the pH-activity profiles of the enzymes 
bound to polyanions are displaced toward alkaline p H  values, 
as compared to those generated with free enzymes. As the 
ionic strength is increased these pH profiles revert to their usual 
positions. Goldstein et al. (1  964) and Engasser & Horvath 
(1975) have shown that these results can satisfactorily be 
explained in terms of the polyelectrolyte theory. 

The microenvironment of the polyelectrolyte on which an 
enzyme is bound represents a strong electrostatic field de- 
veloped by the ’permanent electric charges. Under such 
conditions the local concentration of any charged molecule or 
ion is different from its concentration measured in the “bulk” 
solution. In particular, protons will be more concentrated in 
the electrostatic field (negative in the case of a polyanion) than 
in solution. 

WI,, = [H+l,,, exp(-Z%lkT) (1) 

Subscripts in and out refer to the local and bulk phase moieties, 
respectively, B is the unit charge, \fi, the electrostatic potential; 
k, the Boltzman constant, and T,  the absolute temperature. 

Equation 1 shows that the local protonic concentration in 
the field developed by a polyanion will be higher than that of 
the bulk solution, which is the only one directly accessible by 
experimentation. Therefore pHi, will be lower than pH,,,, the 
difference, I p H ,  being proportional to the local negative 
electrostatic potential as shown in eq 2. Similarly any ionizing 

ApH = pHi, - pH,,, - 0.43Z\fi /kT (2) 

group under the influence of the potential will have an apparent 
pK, pK(%), given by eq 3, where pK, is the value of pK in the 

(3) pK(%) = pK, - 0.43Z%/kT 

absence of electrostatic potential. 
At  low ionic strength, this potential (%) has a maximum, 

negative value, the apparent pK values (pK, and pK2), de- 
termined by the p H  profile, become much higher [pK,(\fi), 
pK,(%)], and the p H  profile is shifted toward alkaline p H  
values (Figure 4). Increasing ionic strength causes a decrease 
of the potential, hence a decrease of the pK, and therefore a 
shift toward acidic p H  values (Figure 4). Results reported 
in Figure 5 are a different representation of the same physical 
process and confirm the tight interdependence between p H  
and ionic strength. 

Both types of results clearly show that IF-2 dependent 
GTPase activity can be easily controlled in vitro through 
protons and cations modulating the electrostatic potential. 
Many other enzyme-catalyzed reactions occurring in nu-  
cleoprotein systems might be controlled in this way (Douzou 
& Maurel, 1977) as a consequence of the involvement of 
polyanions represented by polynucleotides. None of these 
reactions can be satisfactorily analyzed in the classical way 
(as enzymic processes occurring in an homogeneous medium), 
but by taking into account the polyanionic nature of their 
environment this becomes possible. 

Since the electrostatic potential $ value is a steeply de- 
creasing function of the distance between the segment of 
polyelectrolyte developing this field and the enzyme ( Z % / k T  
becomes practically negligible a t  less than 25 A for an ionic 
strength of 0.1 M), the pH-ionic strength dependent behavior 
of an enzyme implies a rather immediate neighboring with a 
polyelectrolyte (Kotin & Nagasawa, 1962). This means, in 
the present case, that the IF-2 catalytic site is under the close 
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