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ABSTRACT: In order to understand the possible role of eucaryotic initiator factor 3 (eIF-3) in maintaining 
a pool of eucaryotic subunits, we have measured the effects of eIF-3 on the equilibria and kinetics of ribosomal 
subunit association and dissociation. The  ribosomal subunit interactions have been studied by laser light 
scattering, which does not perturb the system. W e  find that eIF-3 reduces the apparent association rate 
of reticulocyte, wheat germ, and Artemia ribosomes. The kinetics of the reassociation for a shift in [Mg2+] 
from 0.5 to 6 m M  are best explained by a model where eIF-3 dissociates from the 4 0 s  subunits prior to 
association of the 4 0 s  and 6 0 s  subunits. Static titrations indicate there is some binding of eIF-3 to 80s 
ribosomes a t  lower [Mg2']. 

%e Mg*+-dependent association and dissociation of riboso- 
mal subunits play a key role in the initiation of protein syn- 
thesis in both eucaryotes and procaryotes. This process is 
regulated by initiation factor 3 in procaryotic systems [see 
Maitra et al. (1 982) for a review]. The procaryotic initiation 
factor 3 is a single polypeptide of about M ,  23 000. 
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Eucaryotic initiation factor 3 (eIF-3) has been isolated by 
several groups from different sources (Schreier & Staehelin, 
1973; Safer et al., 1976; Benne & Hershey, 1976; Trachsel 
et al., 1977; Thompson et al., 1977; Brown-Luedi et al., 1982; 
Nygard & Westermann, 1983; Spremulli et al., 1979; Seal 
et al., 1983). In all cases, eIF-3 was shown to be a large 
multicomponent protein complex composed of at least nine 
different polypeptides. Benne and Hershey (1976) reported 
that rabbit reticulocyte eIF-3 bound to the 40s and not the 
60s ribosomal subunits. Trachsel and Staehlin (1979), using 
glutaraldehyde fixation, found eIF-3 bound to the 40s and 
not the 60s  ribosomal subunit. Behlke et al. (1986) have 
demonstrated by electron microscopy the binding of eIF-3 to 
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the 4 0 s  subunits. It has been reported that eIF-3 stimulated 
the binding of the ternary complex (eIF-3.GTP-Met-tRNAJ 
to the 4 0 s  subunit (Schreier & Staehelin, 1973) and is es- 
sential for the binding of mRNA to the 40s subunit (Trachsel 
et al., 1977). eIF-3 has been shown in some cases to shift the 
ribosome subunit equilibrium toward dissociation (Thompson 
et al., 1977; Trachsel & Staehelin, 1979). Checkley et al. 
(1981) have reported that wheat germ eIF-3 does not prevent 
the association of wheat germ 40s  and 60s  ribosomal subunits 
nor does it significantly enhance the dissociation of 80s sub- 
units. 

In order to understand the possible role of eIF-3 in main- 
taining a pool of eucaryotic ribosomal subunits, we have 
measured the effect of eIF-3 on the equilibria and kinetics of 
ribosomal subunit association and dissociation. W e  have 
studied ribosomal subunit interactions using laser light scat- 
tering, which does not perturb the system. The only previous 
study (Trachsel & Staehelin, 1979) of ribosome-eIF-3 kinetics 
used glutaraldehyde fixation followed by ultracentrifugation. 
Centrifugation may cause pressure-induced dissociation ar- 
tifacts. We find that eIF-3 reduces the apparent association 
rate of reticulocyte, wheat germ, and Artemia ribosomes. The 
kinetics of the reassociation for a shift in [Mg,'] from 0.5 to 
6 mM are best explained by a model where eIF-3 dissociates 
from the 40s  subunit prior to recombination of the 4 0 s  and 
6 0 s  subunits. At lower [Mg2'] there is some binding of eIF-3 
to the 80s ribosomes. 

MATERIALS AND METHODS 
Artemia 80s ribosomes were prepared as described by 

MacRae et al. (1979). Rabbit reticulocyte 80s ribosomes were 
prepared by incubation of polysomes with ATP, GTP, creatine 
phosphate, and unlabeled amino acids as described (Gupta, 
1968), chilled and made 0.5 M in NH4C1 and 9 mM in MgCI,, 
and pelleted through a 50% sucrose cushion containing 20 mM 
tris(hydroxymethy1)aminomethane hydrochloride (Tris-HC1) 
(pH 7.5), 500 mM NH,CI, 1 mM dithiothreitol, and 9 mM 
Mg2+ (Mehta et al., 1983). Wheat germ was generously 
supplied by J. M. de Rosier (International Multifoods, Min- 
neapolis, MN)  and stored a t  -20 "C. Wheat germ ribosomes 
were isolated by the method of Sperrazza and Spremulli 
(1983). Ribosomes were stored under liquid nitrogen in buffer 
consisting of 20 mM Tris-HCI (pH 7.5), 250 mM sucrose, 100 
mM KCI, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 
and 9 m M  MgCI,. Buffer B consisting of 20 mM Tris-HCI, 
pH 7.6, 1 mM dithiothreitol, 0.1 m M  EDTA, and KCI and 
MgC12 as indicated was used for kinetics and equilibria 
measurements. Tris (Trizma) base was a product of Sigma 
Chemical Co. All other chemicals were of reagent grade. 

Eucaryotic initiation factor 3 (eIF-3) was purified from the 
ribosomal salt wash of rabbit reticulocyte ribosomes by batch 
elution from DEAE-cellulose and phosphocellulose, by sucrose 
gradient fractionation (Merrick, 1979), and followed by 
chromatography on Mono S (the factor did not absorb to the 
column at 100 mM KCL) and gradient elution from Mono Q 
(eIF-3 elutes at 400 m M  KCI). Mono S and Mono Q are 
products of Pharmacia. Wheat germ eIF-3 was the generous 
gift of Professor J. Ravel. 

Determination of Ribosome Concentrations. Ribosomes 
were assumed to have an absorbance of 0.12 1 a t  260 nm for 
a 0.001% solution (Niewenhuysen & Clauwaert, 1981). The 
molecular weights of the Artemia 80s ribosomes and the 40s 
and 6 0 s  subunits were assumed to be 3.8 X lo6, 1.4 X IO6 ,  
and 2.4 X lo6, respectively (Nieuwenhuysen et al., 1981). Due 
to the slightly larger contribution of the RNA components of 
mammalian 6 0 s  ribosomal subunits, the reticulocyte 60s 

subunit has a M ,  of 2.6 X lo6 and the 80s ribosome a M,  of 
4.0 X lo6. The molecular weight of eIF-3 was taken to be 
660000 (Behlke et al., 1986). 

Static Light Scattering Experiments. Static light scattering 
experiments were performed as previously described (Goss & 
Harrigan, 1986) with slight modifications. Data were collected 
by a Zenith 2-100 minicomputer with 768K of memory. 
Software for data acquisition was designed by OLIS, Inc. For 
static experiments, data for a sample were collected over 60 
s and averaged to a single point. Multiple samples were read 
for each titration curve. 

Sucrose Gradient Analysis. Ribosomes (0.25 A,,,) were 
incubated 5-10 min at 37 O C  in a reaction mixture (0.5 mL) 
containing 1 .O mM Mg". Separate samples containing eIF-3 
and ribosomes (1:l molar ratio) were also prepared. The 
samples were overlayed on a 12-mL, 10-30% sucrose gradient 
with a bufer containing 20 mM Tris, pH 7.5, 100 mM KCI, 
2 mM dithiothreitol, 0.05 mM EDTA, and 1 mM MgCI,. 
After centrifugation at 4 "C for 5 h at 32000 rpm in a 
Beckman S W  40 rotor, 0.25-mL fractions were collected. The 
ME2+ concentration was raised to 6 mM Mg2+ by addition of 
1 mL of 6 mM Mg2+ to each fraction collected. The absor- 
bance profile at 260 nm was obtained by the use of a Varian 
634 spectrophotometer. For some experiments, the gradients 
were pumped through an ISCO UA-5 optical monitor with 
260-nm filter and the profiles recorded. 

Kinetic Measurements. Kinetic measurements were per- 
formed on a Hi-Tech SF-5 1 stopped-flow device interfaced 
to a Zenith 2-100 computer with 768K memory and dual disk 
drives. The light source for the stopped flow was a Liconix 
4210 N B  helium-cadmium laser with UV optics. The ribo- 
some association reaction was measured by flowing buffer B 
containing 7.5 or 11.5 mM MgCl, and 100 mM KCl against 
ribosomal subunits in buffer B with 0.5 mM MgCl, and 100 
mM KCI. For experiments comparing the effect of eIF-3 on 
ribosomal subunit association, the ribosome stock solution was 
diluted into the flow buffer (low [Mg2']) and allowed to 
equilibrate. 

Control reactions without eIF-3 were monitored. The eIF-3 
was then added to the flow syringe and allowed to equilibrate, 
and the association reaction was again monitored. For some 
experiments, eIF-3 was diluted into the high-Mg2+ buffer and 
flowed against ribosomal subunits. 

Data Fitting. The values obtained for AV, the normalized 
voltage change for a light scattering experiment, are directly 
proportional to the fraction of 80s ribosomes (Gorisch et al., 
1976). For static titrations in the absence of eIF-3, the fraction 
of 80s ribosomes was easily calculated (Goss & Harrigan, 
1986). Titrations in the presence of eIF-3 required taking into 
account the light scattering contributions from eIF-3. The 
curves are not presented as a direct fraction of 80s since this 
would require some assumptions about the amount, if any, 
eIF-3 bound to the 80s ribosomes (see Results and Discussion). 
Kinetic data were fit with a Fletcher-Powell nonlinear min- 
imization algorithm (Fletcher & Powell, 1963). For each 
apparent minimum, an estimate of the standard errors in the 
parameters was obtained from the variance-covariance matrix 
(Draper & Smith, 1966). For kinetic models where eIF-3 was 
present, it was not convenient to integrate the rate expressions, 
and a Runge-Kutta (Margenau & Murphy, 1956) numerical 
integration program was used. 

RESULTS 
Magnesium-Dependent Association of Ribosomal Subunits. 

We have previously shown that Artemia ribosomes are 50% 
associated at 1.5 mM Mg2+ (100 mM KCI, T = 22 "C). 
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FIGURE 1: Equilibria between Artemia 80s ribosomes and subunits. 
The left axis is the light scattering intensity with background sub- 
tracted. The intensity is normalized to the intensity of 0.2 mM Mg2+. 
The solid circles represent the data for association of ribosomes in 
buffer B and 100 mM KCI. Association to 80s particles then gives 
a light scattering intensity of 1.87 (see text for details). The open 
squares represent the data for ribosomes and equimolar eIF-3 in buffer 
B and 100 mM KCI. Ribosome concentration was 0.012 pM, T = 
25 OC. eIF-3 concentration (open squares) was 0.01 1 pM. The solid 
lines represent calculated curves for the best fitting models (see text). 
The dotted line represents the best fitting curve for a model where 
eIF-3 does not bind to 80s ribosomes. 

Figure 1 shows the equilibria between Artemia 80s  ribosomes 
and subunits a t  22 OC and 100 mM KC1. The open circles 
depict the equilibria in the presence of 0.011 pM eIF-3. 
Ribosome concentration was 0.012 pM. The left axis is the 
light scattering intensity with background subtracted. The 
intensity is normalized to the intensity for dissociated 40s and 
60s  subunits or for 40s  and 60s  subunits and eIF-3. In the 
absence of eIF-3 the association of 40s and 60s  subunits to 
80s  ribosomes gives a light scattering intensity of 1.87 on the 
basis of the molecular weights of the particles (Goss & 
Harrigan, 1986). In the presence of eIF-3, the calculation is 
somewhat more complex, since the molecular weight of eIF-3 
suggests that scattering due to eIF-3 cannot be ignored. In 
order to determine the theoretical amplitude for 80s  associ- 
ation, we have considered two models. In the first model, most 
of the eIF-3 is bound to 40s  subunits initially. At the final 
[Mg2+], no eIF-3 is bound to 80s  ribosomes. This leads to 
a scattering intensity of I~os+~IF-~  = 1 .47140S.eIF-3+60S. The 
second model is the case where eIF-3 is bound to the 40s  
subunit initially but remains on the 80s  ribosome. In this case 
Z80s-elF-3 = 1.99I40S,eIF-3+6~. The curves shown in Figure 1 are 
normalized to the initial low (0.5 mM) Mg2+ value with 
background subtracted in each case. The initial value for the 
curve with eIF-3 (open circles) was about 20% higher than 
that for the curve of the intensity for 40s  and 60s  subunits 
without eIF-3. A comparison of the scattering intensity of the 
samples at 0.5 and 4.0 mM Mg2+ showed that in the presence 
of eIF-3 the difference in scattering intensity was 1.48, in close 
agreement with the predicted value of 1.47 from calculations 
based on the molecular weights. However, at [Mg2+] between 
about 1.0 and 2.0-2.5 mM, the scattering intensity is higher 
than would be expected for the simple equilibrium between 
subunits and Mg2+ where eIF-3 is not bound to the 80s  ri- 
bosome. The titration curves do not appear to fit a smooth 
sigmoidal curve as would be expected for a simple equilibrium 
reaction. The curves in fact suggest at least two equilibrium 
processes. One interpretation of these data is that there are 
two types of ribosomes interacting. However, curves in the 
absence of eIF-3 appear homogeneous, and the kinetics of 
subunit association are homogeneous. Further, the presence 
of eIF-3 would appear to induce an association of ribosomal 
subunits in contrast to other findings. A more reasonable 

1.0 I & 1 
I 1 1 

1.0 4 . 0  

[ M ~ + * J  ( m M )  

FIGURE 2: Equilibria between reticulocyte 80s ribosomes and subunits. 
The left axis is the same as for Figure 1. The solid circles represent 
the data for association of ribosomes in buffer B and 100 mM KCI. 
The open squares depict the data for ribosomes and equimolar eIF-3 
in buffer B and 100 mM KCI. Ribosome concentration was 0.013 
pM, and eIF-3 concentration (open squares) was 0.013 pM. The solid 
and dotted lines represent calculated curves (see text and Figure 1 
caption). 

explanation is that eIF-3 binds to 80s  ribosomes a t  low 
[Mg2+]. In this case, the light scattering signal will be 

where X is the fraction of 8 0 s  ribosomes with eIF-3 bound. 
This equation involves two unknowns, the amount of 80s  
ribosomes as a function of [Mg2+] and the fraction of these 
80s  ribosomes with eIF-3 bound. We have used the points 
above 2.5 mM Mg2+ to estimate the equilibrium constant for 
80s  association described by 

I = 1.99X+ 1.47([8OS],-X) 

[80S.(Mg2+),1 
K =  

[ 4OS] [ 6OS] [ Mg2+] 

With this approximation and the above equation for AI, then 
at 1 .O mM [Mg2+] 30% of the 80s ribosomes would have eIF-3 
bound (10% of the total ribosomes). 

This is admittedly an approximation, and until we have 
detailed data concerning the Mg2+ dependence of eIF-3 
binding to 40s and 80s  subunits, more precise analyses are 
not meaningful. The solid line in Figure 1 gives the calculated 
value for Z from the above equation. The dotted line shows 
the best fitting values for a model where no eIF-3 bound to 
the 80s  ribosomes. Data for reticulocyte ribosomes are shown 
in Figure 2. The solid and dotted lines represent the calculated 
curves as described above. 

Sucrose Gradient Analysis. The light scattering data show 
that eIF-3 shifts the subunit-80s equilibrium toward disso- 
ciation of the 80s  ribosomes. Sucrose gradient analysis was 
performed to confirm these results and to compare the values 
obtained by the two techniques. Sucrose gradient analysis at 
1 .O mM Mgz+ showed an increase in subunits when eIF-3 was 
present. All of the gradients show a substantial increase in 
the amount of subunits in the presence of eIF-3. The 60s peak 
does at times show some trailing in both the presence and 
absence of eIF-3. If this trailing were due to dimerization of 
the 40s  subunits, it would be apparent in the light scattering 
experiments. A few preparations did show evidence of ag- 
gregated ribosomes and were not used for eIF-3 studies. We 
did not determine Kq values from these results. However, it 
appears that there is slightly more dissociation when the results 
are analyzed by sucrose gradients as compared to light scat- 
tering. This may be due to pressure-induced dissociation of 
the ribosomes. Figure 3 shows the results of these studies with 
Artemia ribosomes. Similar results were obtained with reti- 
culocyte ribosomes. 
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Table I: Rate Constants for Mg2+-Induced Ribosomal Subunit 
Association" 

reactants kl (M-' s-l) kl' (M-' s-l) 

I I 
2.0 6.0 

Volume (mL) 
FIGURE 3: Sucrose gradient analysis. The lower panel shows the 
sucrose gradient profile for equimolar Artemia ribosomes and reti- 
culocyte eIF-3 (5.4 nmol). The upper panel shows the sucrose gradient 
profile on Artemia ribosomes in the absence of eIF-3. The [Mg2'] 
was 1.0 mM in both cases. See text for details. 

2.3] 

I 
4 0  8 0  1 2 0  

Time (sec) 

FIGURE 4: Effects of eIF-3 on the Mg2+-induced association of Artemia 
ribosomal subunits. The curves represent the association of Artemia 
ribosomal subunits caused by a shift in [Mg2+] from 0.5 to 6 mM. 
The solid line represents the data for the reaction in the absence of 
eIF-3. The dashed line depicts the data for the same reaction with 
reticulocyte eIF-3. The eIF-3 concentration was 0.021 pM and was 
added to the ribosomal subunits prior to association. The curves 
represent averages of five to seven runs. T = 24 OC; buffer B with 
100 mM KCI was used. The top traces represent the voltage at  the 
end of the reaction. 

Subunit Association Kinetics. The rate constants for 
Artemia ribosome subunit association have been reported 
previously (Goss & Harrigan, 1986). The presence of equi- 
molar eIF-3 reduces the apparent association rate. The am- 
plitude of the curves and the static titration data strongly 
suggest that little or no eIF-3 is bound to the 80s  ribosomes 
at  4 mM Mg2+. Figure 4 shows the reaction curves for 
Artemia ribosome association in the presence of reticulocyte 
eIF-3. The curves in the presence of eIF-3 were fit to a model 
where eIF-3 did not have appreciable affinity for 80s particles, 
even though at lower [Mg2'] it apparently does bind to 80s 
ribosomes. This model can be written as 

40s  + eIF-3 2 40s-eIF-3 

40s + 60s  & 80s  

k 

k-2 

k 

k-1 

A detailed discussion of the equations and data fitting for 
such a model is presented for the procaryotic IF-3 binding to 
Escherichia coli ribosomes (Goss et al., 1980, 1982). Ac- 

Artemia ribosomes 2.1 x 107 
reticulocyte eIF-3 8.1 x 105 

reticulocyte eIF-3 2.1 x 105 

reticulocyte eIF-3 1.0 x 107 
wheat germ eIF-3 3.0 x 105 

reticulocyte ribosomes 5.0 X lo6 
wheat germ ribosomes 2.1 X 1 O7 

"Rate constants are for a change in Mg2+ from 0.5 to 6 mM. The k' 
values are the apparent second-order rate constants for equimolar 
eIF-3. Concentrations are given in the captions for Figures 4-6. The 
errors in the rate constants for fitting data from a single set of experi- 
ments were 4% of the values given (1 a); however, for different sets of 
experiments and different preparations, the variation in rate constants 
were approximately 20%. 

In 

0 
.I- - 
> 

I I I I I 

2 4  7 2  1 2 0  

Time (sec) 

FIGURE 5: Effect of eIF-3 on the Mg2'-induced association of reti- 
culocyte ribosomes. The solid curve shows the data for association 
of reticulocyte ribosomes induced by a jump in [Mg2'] from 0.5 to 
6 mM. The dotted lines depict the data for the same reaction with 
reticulocyte eIF-3 added to the ribosomes prior to association. Ri- 
bosome concentration was 0.01 1 pM, [eIF-31 was 0.010 pM, T = 
22 OC, and buffer B with 100 mM KCl was used for the reaction. 
The top lines represent the observed voltage at the end of the reaction. 

cording to this model, eIF-3 reduces the apparent rate of 
ribosomal subunit association by reducing the pool of reactive 
40s subunits. The second-order rate of 40s and 60s asso- 
ciation depends on the initial concentration of reactants. 

This model will yield second-order kinetics if the equili- 
bration of 40s  and eIF-3 is rapid and if most of the 40s 
subunit is in the form of a 40SoeIF-3 complex. The data were 
second order. The apparent rate constant (kl ' )  is approxi- 
mately klK2, where 

k-2 [ 4OS] [ eIF-31 
k2 [40S*eIF-3] 

K 2 = - -  - 

The rate constants are presented in Table I. At these con- 
centrations, eIF-3 reduces the apparent rate of subunit asso- 
ciation almost 25-fold. 

We have also examined the effects of eIF-3 on reticulocyte 
ribosome association. Again, eIF-3 reduces the apparent rate 
of subunit association. The concentrations are very close to 
those used for Artemia association. The effect of reticulocyte 
eIF-3 on reticulocyte ribosome subunit association was to 
reduce the apparent association rate by 25-fold (Figure 5). 
In a crossover experiment, where the effects of reticulocyte 
eIF-3 on Artemia ribosome subunit association were measured, 
it was found that the reticulocyte factor reduced the Artemia 
ribosome association rate by 25-fold, the same effect as with 
the cognate ribosomes. 

It has been reported (Russell & Spremulli, 1979) that eIF-3 
does not affect the wheat germ 80s  ribosome-subunit equi- 
librium. We have examined the effects of both wheat germ 
eIF-3 and reticulocyte eIF-3 on wheat germ association. 
Reaction curves for the association of wheat germ ribosomal 
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FIGURE 6: Effect of eIF-3 on the Mg2+-induced association of wheat 
germ ribosomal subunits. The solid curve shows the data for asso- 
ciation of wheat germ ribosomes (0.01 1 pM) induced by a jump in 
[Mg"] from 0.5 to 6 mM. The dotted and dashed lines depict the 
same reaction in the presence of 0.014 pM reticulocyte and wheat 
germ eIF-3, respectively. Buffer B with 50 mM KCI was used. T 
= 23 OC. The top lines represent the observed voltage at  the end of 
the reaction. 

subunits in the absence of eIF-3 and in the presence of reti- 
culocyte or wheat germ eIF-3 are shown in Figure 6. The 
wheat germ factor has a pronounced effect on subunit asso- 
ciation. The apparent association rate is reduced 100-fold 
under these conditions. 

For all of these studies, it was found that eIF-3 quickly lost 
its ability to affect ribosomal subunit association. Freezing 
and thawing a few times or storage at 4 "C for several hours 
caused eIF-3 to be inactivated. We do not know whether there 
are irreversible conformational changes in eIF-3. Interestingly, 
eIF-3 that has lost the ability to inhibit ribosomal subunit 
association is still able to increase mRNA binding, suggesting 
that very subtle changes are involved. 

DISCUSSION 
Structurally, eucaryotic eIF-3 bears little resemblance to 

the procaryotic IF-3. The eucaryotic factor consists of 9-1 1 
different polypeptides and has a mass of 660 000-724 000 
daltons (Thompson et al., 1977; Checkley et al., 1982; 
Brown-Luedi et al., 1982; Safer et al., 1976; Benne & Hershey, 
1976; Behlke et al., 1986). In contrast, procaryotic IF-3 is 
a single polypeptide of 24 000 daltons. Interestingly, our 
studies show that at least some of the functional properties 
of the two proteins are quite similar. 

There have been conflicting reports about the function of 
eIF-3. Most reports seems to agree that eIF-3 enhances the 
binding of Met-tRNA to 40s subunits and that it is an ab- 
solute requirement for mRNA binding to 40s subunits. There 
has been disagreement over the ribosome dissociation activity 
of eIF-3. Ribosome dissociation activity has been reported 
by Trachsel and Staehelin (1979) for eIF-3 isolated from 
rabbit reticulocyte lysate. Dissociation activity has also been 
reported for rat liver eIF-3 by Thompson et al. (1977), as well 
as by Jones et al. (1980). However, no dissociation activity 
has been found for wheat germ eIF-3 (Russell & Spremulli, 
1979) nor for calf liver eIF-3 (Maitra et al., 1982). Our data 
are in agreement with the finding that eIF-3 shifts the 80s- 
subunit equilibrium toward dissociation. In fact, our results 
show a larger effect than the previous studies. These studies 
have relied on sucrose gradient analysis, usually with glutar- 
aldehyde fixation. Glutaraldehyde may reduce the protein- 
nucleic acid interaction. Glutaraldehyde has been observed 
to reduce the proportion of smaller particles in eIF-3 prepa- 

rations even at low concentrations of glutaraldehyde (<0.5%) 
and short fixation times (1 min) (Behlke et al., 1986). Further, 
it has not been shown that glutaraldehyde fixation gives sat- 
isfactory stabilization (Behlke et al., 1986). Centrifugation 
may also cause pressure-induced artifacts such as aggregation 
of subunits or dissociation of the eIF-3-ribosome complex. 

The fact that reticulocyte eIF-3 shifts the subunit equilib- 
rium toward dissociation for both Artemia and reticulocyte 
ribosomes indicates that these two systems must be very sim- 
ilar. While some structural variations may exist in the ribo- 
somal proteins and nucleic acids, it has been shown that ri- 
bosomes from different, divergent systems are functionally 
interchangeable in vitro (Tuite et al., 1980; Warner et al., 
1977). Wheat germ ribosomes and eIF-3 must interact 
somewhat differently since reticulocyte eIF-3 has a much 
smaller effect on the wheat germ ribosomes. 

There is no evidence yet to suggest why eIF-3 is so large 
or to implicate specific polypeptides in different functional 
roles. The binding mechanism to the 40s subunit also remains 
to be clarified. Clearly much further work is needed to fully 
understand the multiple functions of eIF-3 and its interactions 
with other components of the protein synthesis system. 
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ABSTRACT: The function of vitamin K1 in the primary electron-transfer processes of photosystem I (PS I) 
was investigated in the cyanobacterium Synechocystis 6803. A preparation of purified PS I was found to 
contain two vitamin Kl's per reaction center. One vitamin K, was removed by extraction with hexane, and 
further extraction using hexane including 0.3% methanol resulted in a preparation devoid of vitamin K,. 
The  hexane-extracted PS I was functional in the photoreduction of NADP', but the PS I after extraction 
using hexane-methanol was totally inactive. Activity was restored by using exogenous vitamin K1 plus the 
hexane extract. Vitamin K3 would not substitute. The room temperature recombination kinetics of the 
PS I extracted with hexane were not significantly modified. However, following the removal of both vitamin 
Kl's, the 20-ms recombination between P-700' and P-430- was replaced by a dominant relaxation ( t l  = 

the P-700 triplet. This kinetic behavior was consistent with an interruption of forward electron transfer 
to the acceptor A,. Addition of either vitamin K, or vitamin K, to such preparations resulted in restoration 
of the slow kinetic phase (>2 ms), indicating significant competition by the two exogenous quinones for 
electron transfer from Ao-. In the case of vitamin K3, this change in the kinetics was completely reversed 
by the addition of dithionite. A similar addition of reductant did not alter the kinetics induced by vitamin 
K,, suggesting successful reconstitution of the acceptor site A,.  These data support the hypothesis that 
acceptor A, is vitamin K, and is a component of the electron-transfer pathway for NADP' reduction. 

30 ns) due to  recombination of the primary biradical P-700' Ao- and a slower component originating r' rom 

%e reaction center of photosystem I (PS I)' in higher plants, 
algae, and cyanobacteria is known to comprise the primary 
donor (P-700) and five acceptors. The acceptors Fx, FB, and 
FA are iron-sulfur centers thought to engage in the terminal 
stages of electron transfer during the reduction of NADP' 
(Golbeck, 1987; Rutherford & Heathcote, 1985; Setif & 
Mathis, 1986). The acceptor A. is presumably a chlorophyll 
a monomer (Bonnerjea & Evans, 1982; Gast et al., 1983; 
Shuvalov et al., 1986) and forms the primary biradical with 
P-700, and A, is a transient intermediate operating between 
A. and Fx (Bonnerjea & Evans, 1982; Gast et al., 1983). It 
has been suggested that A, is a quinone on the basis of ESR 
experiments (Gast et al., 1983; Thurnauer & Gast, 1985), and 
because of the exclusive localization of vitamin K, in PS I, 
it has been suggested that the acceptor A, might be vitamin 
K, (Schoeder & Lockau, 1986; Takahashi et al., 1985). 
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Flash-induced absorption experiments have shown that the 
recombination of P-700' Al- occurs with a t l l z  - 120 p s  at 
low temperature (Mathis & Conjeaud, 1979; Sitif et al., 1984), 
and a spectrum of this signal corrected for the contribution 
in absorbance by P-700' provides strong evidence that vitamin 
K,  is the acceptor A, (Brettel et al., 1986). 

The concentration of vitamin K1 in the PS I of higher plants 
and cyanobacteria was shown to be 2 mol/mol of P-700 
(Malkin, 1986; Palace et al., 1987; Schoeder & Lockau, 1986; 
Takahashi et al., 1985). Malkin (1986) has recently shown 
that 1 mol of vitamin K, per P-700 was readily extracted from 
PS I by dry organic solvent. The extracted preparation con- 
taining one vitamin K, per P-700 was not modified in primary 
electron transfer as judged by low-temperature ESR. This 
suggests that the vitamin K,  which was readily extracted may 
not function in charge separation. 

This paper reports that extraction of the second vitamin K, 
per P-700 requires a slightly more hydrophilic solvent. The 

' Abbreviations: PS I, photosystem I; M, absorption change; DPIP, 
dichlorophenolindophenol; ESR, electron spin resonance; Tricine, N-  
[tris(hydroxymethyl)methyl]glycine; HPLC, high-performance liquid 
chromatography. 
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