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Summary 

eIF-3 from wheat germ is a large mul t icomponent  factor. It sediments at 
15 S and is comprised of  ten different polypeptides with an Mr value ranging 
from 26 000 to 135 000; five out  of  the ten seem to be present in a 1 • 1 stoi- 
chiometric ratio, whereas the others appear to occur approximately in a 0.5 to 
1 ratio. 

The factor is active in a partially purified cell-free system derived from wheat 
germ and in a mammalian model assay system for the synthesis of  methionyl  
puromycin.  

Introduction 

By far the most  complex protein factor involved in eukaryotic protein syn- 
thesis is initiation factor eIF-3. It is a mult i-component  assemblage, consisting 
of  at least eight polypeptides,  with a total mass of  approximately 700 000 dal- 
tons [ 1--5]. The factor plays an important  role in the initiation process, since it 
interacts with the small ribosomal subunit  at a very early stage, thereby pre- 
venting premature formation of  80-S ribosomes [6--8].  The resulting eIF-3- 
40-S complex is the starting material in a sequence  of  events which eventually 
lead to the construction of  an 80 S initiation complex. The presence of  the fac- 
tor  on 40 S has been found to be required for optimal Met-tRNA and mRNA 
binding [6--9] (see for a review, Ref. 10). 
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The complex nature of the factor may be a reflexion of its multiple func- 
tions [8], or be connected with specificity of messenger selection [11]. Most of 
the information on the factor has been derived from rabbit reticulocytes [ 1--3, 
6--9] and, less detailed, from rat liver [4] and wheat germ [5]. 

In order to obtain a better-defined cell-free system for protein synthesis 
from wheat germ, we have undertaken the task of purifying and characterizing 
the most essential initiation factors. A previous paper [12] described the puri- 
fication of the Met-tRNAf binding factor eIF-2. Here we present a thorough 
characterization of eIF-3, with emphasis on the number, molecular weight and 
stoichiometry, of its subunits, information which has not been available so far 
(see Ref. 5). 

Materials and Methods 

Materials 
[3SS]Methionine (600 Ci/mmol) and [3H]methionine (8.8 Ci/mmol) were 

purchased from the Radiochemical Centre, Amersham, U.K., Sephadex G-25 
and Sepharose 6B from Pharmacia, DEAE-cellulose (DE-52) from Whatman, 
and commercial wheat germ from General Mills (Vallejo, U.S.A.). 

Buffers 
The compositions of these were: buffer A, 20 mM Tris-HC1, pH 7.6/2 mM 

magnesium acetate/7 mM 2-mercaptoethanol/120 mM KC1; buffer B, 20 mM 
Tris-HC1, pH 7.6/4 mM magnesium acetate/7 mM 2-mercaptoethanol/100 mM 
KC1/0.25 M sucrose; buffer C, 20 mM Tris-HC1, pH 7.6/7 mM 2-mercapto- 
ethanol/10% glycerol; buffer D, 20 mM Tris-HC1, pH 7.6/7 mM 2-mercapto- 
ethanol/100 mM KC1. 

Biological components 
The preparation of the following components has been described: Sepharose- 

heparin [13], hemoglobin 9 S mRNA [14], crude and purified initiation fac- 
tors from rabbit reticulocytes [15--18], pH 5 enzymes from rat liver [19], 
ribosomal subunits from rat liver [20], [3H]Met-tRNA 4000 cpm/pmol [12], 
23 000 × g homogenate from wheat germ [21]. 

Wheat-germ $23 homogenate prepared from 62.5 g of dry wheat germ was 
passed through a 1.8 1 Sephadex G-25 column equilibrated in buffer A accord- 
ing to Spremulli et al. [5]. Fractions elUting at the void volume of the column 
were combined (total volume of four preparations: 1770 ml), clarified, and 
centrifuged in 84-ml portions through 10 ml 1 M sucrose in buffer A in a Beck- 
mann Ti 45 rotor for 16 h at 35 000 rev./min. The resulting ribosomal pellet 
was resuspended in buffer B and used as a source of wheat germ ribosomes 
devoid of initiation factors. The S100 supernatant was used as the starting ma- 
terial for the preparation of initiation factors (see Table I). pH 4.5 enzymes 
from wheat germ were prepared from the protein fraction that did not adsorb 
to Sepharose-heparin (see Ref. 19). 

Assays 
Formation of methionyl puromycin: this assay system has been described 
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elsewhere [12]. Protein synthesis in a mammalian pH 5 system: for this assay 
see Ref. 22. Protein synthesis in a wheat germ pH 4.5 system: a typical assay 
mixture of 25 ~1 contained: 80 mM KC1, 0.6 mM magnesium acetate, 20 mM 
Hepes/KOH, pH 7.6, 1 mM ATP-Mg 2÷, 0.4 mM GTP. Mg 2÷, 5 mM creatine 
phosphate, 1 mM dithiothreitol, 0.2 unit of creatine kinase, 100 #M spermine, 
0.3 ~M [3SS]methionine, 50 pM each of 19 unlabeled amino acids, 1 ~g globin 
mRNA, 10 pmol of wheat germ ribosomes, 30 pg of crude initiation factors 
fraction BC (see Refs. 18, 22), 2 pg of purified eIF-4B from rabbit reticulo- 
cytes, 19 pg of pH 4.5 fraction from wheat germ and eIF-3 as indicated. 

The samples were incubated for 30 min at 25°C. Incorporation of [3sS]- 
methionine was measured by hot trichloroacetic acid precipitation. Protein 
concentrations were determined according to Layne [ 23]. 

Results and Discussion 

The purification of  eIF-3 from wheat germ 
The S100 fraction from 4 × 62.5 g of wheat germ was prepared as described 

under Materials and Methods. This material (16.7 g of protein in 2200 ml) was 
applied onto a 200 ml column of Sepharose-heparin equilibrated in buffer C 
containing 100 mM KC1. The proteins that did not adsorb were used as a source 
of pH 4.5 enzymes. Adsorbed proteins were eluted with buffer C containing 
500 mM KC1. The fractions were pooled (445 ml, 3.9 mg/ml) and the proteins 
fractionated with ammonium sulphate between 0--40% (fraction A) and 40-- 
70% (fraction BC) as described [16,17]. Fraction BC contained no eIF-3 and 
was further used in the assays as a source of all other initiation factors (except 
eIF-4B). 

Fraction A (6.9 ml, 84.0 mg/ml) was dialyzed against buffer D and applied 
onto gradients of 15--31% sucrose in buffer D in portions of 30 mg protein per 
gradient. Centrifugation was carried out in a Beckman SW 27 rotor for 41 h at 
26 000 rev./min. The gradients were collected in fractions of 2 ml, and 10 ~ of 
each fraction was tested for eIF-3 activity (see Materials and Methods and Figs. 
2 and 3). Active fractions were combined and concentrated by ammonium sul- 
phate precipitation (50% saturation) to 7.9 ml, 7.0 mg/ml, in buffer C contain- 
ing 50 mM KC1. 

This fraction was applied onto a 30 ml column of DEAE-cellulose equilib- 
rated in the same buffer. Adsorbed proteins were eluted with a 120 ml gradient 
of 50--300 mM KC1 in buffer C. 

100-#l aliquots of each 2 ml fraction were dialyzed against buffer C contain- 
ing 100 mM KC1. 10-#1 of these aliquots were assayed for eIF-3 activity (see 
Materials and Methods and Figs. 2 and 3). eIF-3 activity eluted between 180 
and 250 mM KC1. Active fractions were pooled and concentrated with ammoni- 
um sulphate and dialyzed against buffer C containing 100 mM KC1. 

Small (250-pl) portions of this fraction (1.3 ml, 12.8 mg/ml) were applied 
onto 15--31% gradients of sucrose in bufferD and centrifuged for 18h  at 
32000 rev./min in a Beckman SW 50 rotor. 10-#1 aliquots of each fraction 
(250-pl) were assayed for eIF-3 activity (see Fig. 2). 

The eIF-3 containing fractions -were kept separate and used for the elucida- 
tion of the subunit composition of the factor (see next section, and Fig. 2). A 



184 

T A B L E  I 

S U M M A R Y  OF P U R I F I C A T I O N  OF eIF-3  

1 un i t  of  ac t iv i ty  is the  a m o u n t  of  e IF-3  wh ic h  s t imula tes  the  f o r m a t i o n  of  1 p m o l  of  [ 3 H ] m e t h i o n y l  
p u r o m y c i n  u n d e r  s t a n d a r d  assay cond i t ions  as descr ibed  [1 2 ] .  L imi t i ng  a m o u n t s  of  f a c t o r  (5 - -10  pg, see 
Fig. 3) were  t e s t ed  fo r  each  pu r i f i ca t ion  s tep.  e IF-3  ac t iv i ty  in the  S IO0  Sepha rose -hepa r in  f rac t ions  could  
not  be d e t e r m i n e d  because  these  f r ac t ions  c o n t a i n e d  c o m p o n e n t s  i nh ib i to ry  to  the  assay sys t em.  

Step  Pro te in  Ac t iv i ty  R e c o v e r y  Specif ic  
(rag) (uni ts)  (%) ac t iv i ty  

(un i t s /mg)  

S I O 0  16 900  - -  - -  - -  
Sepharose-heparin 1 7 3 5  - -  - -  - -  
A m m o n i u m  su lpha te  (0 - -40%)  580 12 4 7 0  100  21.5 
Sucrose  g rad ien t  I 55.1 2 9 1 4  23 .4  52.9 
DEAE-ce l lu lose  16.1 1 3 1 8  10.6 81 .9  
Sucrose  g rad ien t  I I  6.0 9 2 6  7.4 154 .3  

summary of the purification procedure of eIF-3 is presented in Table I. 6 mg of  
purified eIF-3 was obtained from 250 g of  wheat germ. 

The increase in specific activity of the eIF-3 fractions upon purification is 
no t  spectacular: a 7.5-fold enrichment  was obtained (compare the ammonium 
sulphate fraction to the sucrose gradient II fraction). 

Apparently,  the bulk of  contaminating proteins has been removed during the 
first steps of the purification procedure, suggesting that  the ammonium sul- 
phate A fraction is already relatively rich in eIF-3. This assumption is sup- 
ported by gel analysis of  the different eIF-3 fractions (see next  section, Fig. 1). 
Furthermore,  a similar observation has been made in rabbit reticulocytes (com- 
pare Ref. 1). 

Physical characterization of eIF-3 from wheat germ 
The analysis on sodium dodecyl sulphate slab gels of  eIF-3 fractions from 

each purification step is shown in Fig. 1, lanes I--V. The relative intensity of a 
number  of bands increases during purification. These bands could be tenta- 
tively considered as subunits of  eIF-3 and are numbered 1--9 (Fig. 1, lane V). A 
strong indication that  these proteins indeed compose eIF-3 came from a com- 
parison of  the activity profiles and gel analysis of  the fractions from the sucrose 
gradient I step (not  shown), the DEAE-cellulose step (not shown) and the 
sucrose gradient II step (Fig. 2). eIF-3 activity in the two assay-systems tested 
(Fig. 2A) seems to coincide with those fractions containing the numbered poly- 
peptides of Fig. 1, lane V (Fig. 2B). 

These polypeptides appear to sediment at approximately 15 S as a large com- 
plex comparable to the factor from reticulocytes [1--3], although most of  its 
subunits seem to be different (Fig. 1, lanes V and VI). The interaction between 
these polypeptides is sufficiently strong to survive a sucrose gradient centrifuga- 
t ion step at 0.5 M KC1, since gel analysis of  the fractions of such a gradient 
shows a pattern indistinguishable from the one of Fig. 2B. 

Table II lists the tentative subunits of  eIF-3 from wheat germ together with 
their molecular weights and apparent stoichiometry as derived from the absor- 
bance tracings of the gels of  Fig. 2B. The molecular weights range from 26 000 
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Fig.  I .  Gel  ana lys i s  o f  e IF-3  f r a c t i o n s .  S o d i u m  d o d e c y l  s u l p h a t e  p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  was  
p e r f o r m e d  o n  10% slab gels a c c o r d i n g  t o  L a e m m l l  [ 2 4 ] .  The  s lo ts  c o n t a i n e d  in  50  ~I s a m p l e  b u f f e r  (see 
Ref .  24) :  I, 1 8 0  /~g e IF-3  f o l l o w i n g  S e p h a r o s ~ - h e p a r i n ;  If ,  1 7 0  /~g e IF -3  f o l l o w i n g  a m m o n i u m  s u l p h a t e  
f r a c t i o n a t i o n ;  III,  2 1 0  Dg e IF-3  f o l l o w i n g  suc ro se  g r a d i e n t  I; IV,  1 3 0 / / g  e l F - 3  f o l l o w i n g  DEAE-ce l l u lo se ;  
V,  16  /~g e IF-3  f o l l o w i n g  suc ro se  g r a d i e n t  If ;  VI ,  3 5  /~g e IF-3  f r o m  r a b b i t  r e t i c u ] o c y t e s .  The  n u m b e r s  in  
t h e  f igu re  n e x t  to  l ane  V c o r r e s p o n d  t o  t h e  p o s i t i o n s  o f  t he  s u b u n i t s  o f  e IF-3  f r o m  w h e a t  g e r m  (see Tab le  
II). 

to 135 000. It is striking that five out of the ten subunits (2, 5, 6, 8 and 9) 
appear to be present in equimolar amounts, whereas 1, 3, 4, 7a and 7b occur 
approximately in a 0.5 to 1.0 ratio with respect to the others. 

Similar heterogeneity was observed for the reticulocyte factor [ 1--3 ]. It has 
been postulated that the different forms of eIF-3 possess different biological 
properties (Refs. 8, 11; see Introduction). O n t h e  other hand, the possibility 
arises that subequimolar proteins originate from limited proteolysis of larger 
precursors. 

It is not clear whether the other proteins present in at least a part of the 
active fractions of Fig. 2B play any role in eIF-3 functioning. Only those that 
closely follow the activity profile of Fig. 2A and other purification steps (not 
shown) are listed in Table II. 
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Fig. 2. Analysis  of  e IF-3  f r o m  w h e a t  ge rm on sucrose  gradient .  4 .2 m g  of eIF-3  fo l lowing  D E A E  cellulose 
was  sub jec t ed  to  sucrose  g rad ien t  c en t r i fuga t i on  as descr ibed  in sec t ion  Resul t s  and  Discussion,  0.7 m g  of 
e IF-3  was  appl ied  pe r  gradient .  A, Ac t iv i ty  prof i le .  10 ~1 of  each  f rac t ion  were  assayed for  e IF-3  ac t iv i ty  
in the  assay s y s t e m s  for  m e t h i o n y l  p u r o m y c i n  f o r m a t i o n  (I)  an d  for  p ro t e in  synthes is  in a pH 4.5 s y s t e m  
der ived  f r o m  w h e a t  g e r m  ( I I )  as descr ibed  u n d e r  Materials  a nd  Methods .  A b a c k g r o u n d  synthes is  ob t a ined  
in the  absence  of  e IF-3  ( 3 0 0 0  c p m  (assay I, 0) or  4000  c p m  (assay II ,  e ) )  has been  sub t r ac t ed .  The  a r ro w  
in the  f igure co r r e spond s  to the  pos i t ion  a t  wh ic h  fl-galactosidase s e d i m e n t e d  in a co n t ro l  gradient .  B, Gel 
analysis .  80 /~1 of  each  f r ac t ion  were  e l e e t r o p h o r e s e d  on  a 10% slab gel accord ing  to L a e m m l i  [24 ] .  Th e  
lines in the  f igure ind ica te  the  pos i t ion  to  wh ich  to supposed  subuni t s  of  eIF-3 mig ra t ed .  

T A B L E  II  

S U B U N I T  C O M P O S I T I O N  O F  eIF-3  

Molecular  we igh t s  were  ca lcu la ted  f r o m  the  gels o f  Figs. 1 and  2 w i th  the  fo l lowing p ro t e in  s tandards :  
p h o s p h o ~ , l a s e  b (90  000) ,  bov ine  sexum a l b u m i n  (67  500) ,  o v a l b u m i n  (45  0 0 0 )  an d  c h y m o t r y p s i n o g e n  
( 2 5 0 0 0 ) .  S t o i c h i o m e t r i c  d e t e r m i n a t i o n s  were  m a d e  f r o m  d e n s i t o m e t r i c  t racings  as desc r ibed  [1 ] .  T h e  
va lues  o b t a i n e d  were  n o r m a l i z e d  to  p ro t e in  No.  2. 

P ro te in  Stoichi-  Molecular  
No .  o m e t r y  w e i g h t  

(X lO -3)  

1 0 .4  1 3 5  
2 1.0 95  
3 0.6 8'/  
4 0 .5  83  
5 1.0 60  
6 1.0 49  
"/a 0.7 39 .5  
7 b  0.5  38 .5  
8 1.0 32 

9 0 ,9  26  
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The molecular weight of  the non-dissociated factor may vary, depending on 
the precise subunit  composition, between 400 000 and 500 000, which is in 
good agreement with a sedimentation coefficient of  15 S. 

Biological characterization of elF-3 from wheat germ 
The activity of  eIF-3 from wheat germ was compared to that  of  the analo- 

gous factor  from rabbit  reticulocytes in a number  of  assay systems. The results 
are shown in Fig. 3. The wheat germ factor was virtually inactive in the pH 5 
assay system derived from mammalian sources (reticulocytes and liver) which is 
shown in Fig. 3B. However,  the factors from wheat germ and reticulocytes 
were comparably active in the pH 4.5 system derived from wheat germ (Fig, 
3A). 

The activity of  the wheat germ factor in the assay for methionyl  puromycin 
formation is approximately 15% of  that observed for the reticulocyte factor 
(Fig. 3C). 

Similar observations have been made for eIF-2 from wheat germ [12],  which 
turned out  to be considerably less active than the reticulocyte factor when 
tested in assay systems derived from mammalian sources. 

A possible explanation for this difference in activity could lie in the presence 
of  contaminating components  in the wheat germ factor preparations which axe 
inhibitory to these (heterologous) assay systems. An alternative explanation is 
provided if one assumes that species-specific differences exist between the fac- 
tors from the two sources which cause them to interact poorly with heterolo- 
gous initiation factors and ribosomes. Their basic mode of  action, however, is 
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Fig. 3. Ac t iv i ty  of  e IF-3  f r o m  w h e a t  ge rm a nd  f r o m  rabbit  r e t i c u l o c y t e s .  A m o u n t s  as ind ica ted  of  e IF-3  
f r o m  w h e a t  germ (o )  or  f r o m  rabb i t  r e t i cu locy te s  (o) w e r e  t e s t ed  in var ious  assay s y s t e m s :  A, p H  4.5 
assay s y s t e m  der ived f r o m  w h e a t  germ;  B, pH 5 assay sys t em der ived  f r o m  m a m m a l i a n  sources;  and  C 
m e t h i o n y l  p u r o m y c i n  synthes i s .  Th e  e x p e r i m e n t a l  detai ls  have  b e e n  descr ibed  under  Materials  an d  Meth-  
ods  and in the  l egend  to  Fig. 2B. 
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similar since eIF-3 from wheat germ shows activity (albeit little) in a model 
assay system for protein-synthesis initiation (such as the methionyl  puromycin 
formation) derived exclusively from mammalian sources. 

eIF-3 from rabbit reticulocytes [8,25] or rat liver [4] is capable of  dissoci- 
ating 80-S ribosomes or preventing the reassociation of the 40-S and 60-S ribo- 
somal subunits. 

A recent report  .[26] indicates that  in wheat germ such an activity is dis- 
played by a protein distinct from eIF-3. Therefore, we checked the dissociation 
and anti-association activity of our eIF-3 preparation from wheat germ, util- 
izing wheat  germ ribosomes. 

No activity of  wheat germ eIF-3 could be detected in these assays (results 
no t  shown), indicating that in wheat  germ the dissociation of  r ibosomes into 
subunits is not  mediated by eIF-3. However,  the possibility still exists that  
eIF-3 stimulates the dissociation activity of  other factors. 
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19  F a l v e y ,  A . K .  a n d  S t aehe l i n ,  T. ( 1 9 7 0 )  J .  Mol .  Biol .  53 ,  1 - - 1 9  
2 0  Sch re i e r ,  M.H.  a n d  S t aeha l i n ,  T.  ( 1 9 7 3 )  J .  Mol .  Biol .  73 ,  3 2 9 - - 3 4 9  
21 M a r c u s ,  A. ,  Seal ,  S .N.  a n d  Wechs ,  D.P.  ( 1 9 7 4 )  M e t h o d s  E n z y m o l .  30 ,  9 4 - - 1 0 1  
2 2  T h o m a s ,  A. ,  G o u m a n s ,  H. ,  A m e s z ,  H. ,  B e n n c ,  R .  a n d  V o o r m a ,  H .O .  ( 1 9 7 9 )  Eur .  J .  B i o c h e m .  98 ,  

3 2 9 - - 3 3 7  
23  L a y n e ,  E. ( 1 9 5 7 )  M e t h o d s  E n z y m o l .  3 , 4 5 1 - - 4 5 4  
2 4  L a e m m l i ,  U .K.  ( 1 9 7 0 )  N a t u r e  ( L o n d . )  2 2 7 , 6 8 0 - - 6 8 5  
2 5  T h o m a s ,  A. ,  G o u m a n s ,  H. ,  V o o r m a ,  H . O .  a n d  B e n n e ,  R .  ( 1 9 8 0 )  Eur .  J. B i o c h e m .  1 0 7 ,  3 9 - - 4 5  
26  Russe l ,  D.W. a n d  S p r e m u n i ,  L .L .  ( 1 9 7 9 )  J .  Biol .  C h e m .  2 5 4 ,  8 7 9 6 - - 8 8 0 0  


