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Summary 

Two forms of Met-tRNA~ et binding factors (IFIA and IFIB) were separated 

by DEAE-cellulose chromatography. These two forms can be distinguished by 

the stabilities of their respective Met-tRNA~et:IFI:GTP complexes to Mg ++. 

The Met-tRNA~et:IFIB:GTP complex dissociates extensively in the presence of 

Mg ++ where as the Het-tRNA~et:IFIA:GTP complex is distinctly more stable 

under similar conditions. The molecular weight of Met-tRNA~et:IFIA:GTP 

complex as determined by sucrose density gradient centrifugation is 160,000 

and that of the Met-tRNA~et:IFIB:GTP complex is 65,000. 

Reports from several laboratories indicate that the first step in peptide 

chain initiation in rabbit reticulocytes (1-4) and also in mouse L-cells (5) 

is the formation of a ternary complex, Met-tRNA~et:IFI:GTP. This complex form- 

ation does not require Mg ++, ribosomes and AUG codon and the complex formation 

is markedly inhibited by addition of Mg ++. The reason for such inhibition by 

Mg ++ is not obvious and it is not clear how the Met-tRNA~et:IFI:GTP complex 

interacts with ribosomes and AUG codon. 

recently reported (6) that the Met-tRNA~et:IFI:GTP complex We formed 

with a partially purified mixture of peptide chain initiation factors, dis- 

sociates extensively into free Met-tRNA~ et upon Mg ++" addition of 

In this paper, we will describe the separation of two forms of Met-tRNA~ et 

binding activities (IFIA and IFIB) by DEAE-cellulose chromatography of a 

partially purified mixture of peptide chain initiation factors. These two 
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forms can be clearly distinguished by the relative stabilities of their Met- 

tRNA~ et complexes towards Mg++; Met-tRNA~et:IFIA:GTP complex is distinctly 

more stable to Mg ++ than Met-tRNA~et:IFIB:GTP complex. The properties of 

these two forms of Met-tRNA~ et binding factors and their roles in peptide 

chain initiation will be discussed. 

MATERIALS AND METHODS 

The preparation of preincubated reticulocyte ribosomes and ribosomal 0.5 M 

KCI wash (I fraction) were the same as previously described (2,7). The crude 

I fraction was further purified by passage through a DEAE-cellulose column pre- 

viously equilibrated with Buffer D (5 mM Tris-HCl, pH 7.5, i00 mMKC1, i mM 

dithiothreitol and 50 ~EDTA, i0 percent glycerol). A partially purified 

mixture of the peptide chain initiation factors was obtained by eluting the 

column with Buffer D containing 0.3 M KCI (Fraction II). The Fraction II was 

concentrated by ammonium sulfate precipitation (0-80 percent saturation). 

The precipitate was dissolved in Buffer D and dialyzed against Buffer D 

(Fraction III). 

The dialyzed Fraction III preparation (approximately 15 ml, 5 mg per ml) 

was applied to a second DEAE-cellulose column (i cm x 15 cm) previously 

equilibrated with Buffer D. The column was then washed with i0 ml Buffer D 

and was then eluted with i00 ml of a linear KCI gradient (0.i § 0.3 M) in 

Buffer D. The fractions were concentrated by dialysis against Buffer D con- 

taining 20 percent polyethylene glycol. The dialyzed and concentrated fractions 

were stored in ice before use. 

Poly r(U-G) directed methionine transfer reaction and Millipore filtration 

assay for [35S]Met-tRNA~et binding to IFI have been described (2,6,7). Other 

materials and methods were the same as described previously (2,6,7). 

RESULTS 

Fig. i describes a typical DEAE-cellulose chromatography of the initiation 

factor preparation (Fraction III). Fig. IA represents the optical density pro- 
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Figure i. 
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DEAE-cellulose chromatography of initiation factor(s) (Fraction 
III). The preparation of Fraction III and DEAE-cellulose chromato- 
graphy have been described under Materials and Methods. Figure A 
represents the optical density profile of different column fractions. 
Figure B represents the activities of the fractions for poly r (U-G) 
directed methionine transfer reaction. Methionine transfer assay 
using 0.01 ml of the fractions, was performed as described previously 
(2,7). Figure C represents the activities of the factors to bind 

~t-tRNA; et. The Met-tRNA~ t-- binding assay was first performed 

using the standard assay method without Mg ++ (Curve o-o-o). A 0.01 
ml aliquot of each fraction was used in the assay. In another set of 

identical experiments (Curve e-e-e-) Met-tRNA~ Met was first bound 
h 

to the initiation factor in the absence of Mg~r+, then Mg++was 

added to the reactionmlxture to make the final Mg++concentration 
3 mM. The reaction mixtures were then incubated in ice for 5 
minutes. The reactions were then terminated by addition of wash 

containing 3 ILMMg ~F. [35S]Met-tRNA~et'" bound radioactivity buffer 
was then analyzed by Millipore filtration. 

file of the eluted proteins. Fig. IB describes the activities of different 

fractions as assayed by their abilities to catalyze the methionine transfer 

reaction in response to poly r(U-G) messenger. As before (1-2), three distinct 

activity peaks corresponding to IFI, IF2 and IF3 were observed. Fig. IC 

describes the Met-tRNA~ et binding activity of the different fractions. The 
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Figure 2. Effegts of addition of Mg++on preformed Me t-tRNA~?t:IFI:GTP com- 

plexes with IFIA and IFIB. Met-tRNAfMet:IFI:GTP complex was pre- 

formed using either IFIA (8 ~g) (ii0,000 cpm) or IFIB (i0 ~g) 

(80,000 epm). The standand Met-tRNA~ t binding assay was used. 

The incubation mixtures were then mixed with Mg 4-~ as indicated 
and put in an ice bath for 5 minutes. The reactions were then 

terminated by addition of wash buffer containing Mg ++ at the same 
concentration as the incubation mixture. The solutions were then 

assayed for Met-tRNA~ et binding by the usual Millipore filtration 
assay. 

Met-tRNA~ et binding assay was first performed using the standard assay method 

without Mg ++ (curve o-o-o). Met-tRNA~ et binding activities separated into at 

least two peaks. In another set of identical experiments, Met-tRNA~ et was 

first bound to the initiation factors in the absence of Mg ++, then Mg ++ was 

added to the reaction mixture to make the final concentration 3 mM and incu- 

bation was continued for 5 minutes in an ice bath. The reactions were then 

terminated by addition of wash buffer containing 3 mMMg ++ and filtered through 

Millipore filters. The results of this binding reaction are also shown in Fig. 

IC (curve o-o-o). A Met-tRNA~ et binding peak, coincident with the main Met- 
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Figure 3. 

FRACTIONS " -  

density gradient analysis of Met-tRNA~t:IFI:GTP complexes Sucrose 

formed with different DEAE-cellulose fractions. The Met-tRNA~[~t:IFI:"- 
GT--P co---mple---xesw--~eef-oo~--dw---~hd---~ere---n~D---E-~-Z-cellulose fractlons 
(Fraction 14 to 22; fraction 14 of this preparation represented IFIA 
peak and fraction 22, the IF2 peak). 0.05 ml aliquots of the reaction 
mixtures were then applied on sucrose gradients (5 - 15 per cent 
linear) containing 20 mM Tris-HCl, pH 7.5; i00 mMKCI; 5 mM mercapto- 
ethanol. The gradients were run in SW 50.1 rotors (Splnco Division, 
Beckmann) for 12 hours. Fractions (0.25 ml) were collected and 
allquots (0.i ml) were spotted on filter paper discs (Whatman No. 3). 
The filter paper discs were washed three times with cold 5 per cent 
trichloracetic acid, once with ethanol:ether (i:i) and once with 
ether. The paper discs were dried and counted for radioactivity. 

tRNA~ et binding peak was observed and the Met-tRNA~ et binding activity associated 

with the second peak was greatly reduced. These results together with the 

results reported previously (6), indicate that the Met-tRNA~ et binding activity 

in the partially purified initiation factor preparation exists in two forms and 

one form of the Met-tRNA~et:Initiation factor:GTP complex dissociates in the 

presence of Mg ++. 
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The results shown in Fig. 2 describe the effects of addition of different 

Mg ++ to preformed [35S]Met-tRNA~et:IFI(A or B) complexes. concentrations of 

4-+ 
The IFIA complex is distinctly more stable than the IFIB complex at all Mg 

concentrations tested. It is not clear if some dissociation of the Met-tRNA~ t" 

IFIA:GTP complex observed in these experiments is not due to contamination of 

the IFIA fraction with the IFIB species. 

Met-tRNA~et:IFI:GTP complexes formed with different DEAE-cellulose The 

fractions were further analyzed by sucrose density gradient centrifugation. The 

results of such an experiment are shown in Fig. 3. Different DEAE-cellulose 

fractions of an initiation factor preparation, starting from the IFIA peak 

fraction (curve A, Fraction 14) through fractions corresponding to the IF2 

region (curve E, Fraction 22) were used in these studies. The Met-tRNA~ et" 

IFI:GTP complexes were formed using standard binding conditions in the absence 

of Mg ++ and the complexes were analyzed by sucrose density gradient centriugation. 

It is clear from the results that the Met-tRNA~ et complexes formed with the 

IFIA fractions sediment as the higher molecular weight form (approximate mol. 

wt. 160,000) and the complexes formed with the IFIB fractions (approximate 

wt. 65,000) sediment as the lower molecular species. The Met-tRNA~ et tool. 

complex formed with fraction 22, a fraction enriched with IF2 activity, also 

sedimented similarly as the lower molecular form suggesting lack of any inter- 

Met-tRNA~et:IFIB:GTP complex with IF2. action of 

DISCUSSION 

The results presented in this paper clearly indicate the presence of two 

forms of Met-tRNA Met binding factors, IFIA and IFIB. The molecular weight of 

the Met-tRNAfMet:IFIA:GTP complex as determined by sucrose density gradient 

centrifugation is approximatley 160,000 and that of Met-tRNAfMet:IFIB:GTP com- 

plex is 65,000. After subtraction of the molecular wieght of Met-tRNAf et 

(25,000) the approximate molecular weight of IFIA is 135,000 and that of IFIB 

is 40,000. The lower molecular weight form, Met-tRNAfet:IFIB:GTP dissociates 
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rapidly in the presence of Mg ++ while the higher molecular weight form, Met- 

tRNAfet:IFIA:GTP is distinctly more stable under these conditions. 

Further work will be necessary to establish the relationship between these 

two forms of Met-tRNAf et binding factors and if IFIA is an oligomeric (possibly 

tetrameric) form of IFIB. The results of preliminary experiments indicate that 

these two forms, at least in the crude factor preparation (Fraction III) are 

example, most of the Met-tRNA Met activity present interconvertible. For in the 

crude preparation is in the IFIB form; the Met-tRNA Met complex formed using the 

crude initiation factor preparation dissociates extensively at 5 mM Mg ++ and low 

temperature (6). However, when the same incubation mixture was held for a longer 

period at 37 ~ a substantial part of the Met-tRNA Met complex becomes stable to 

Mg ++ and low temperature. Further work is in progress to determine if these 

two factors are interconvertible and how this interconversion regulates this 

first step in protein synthesis. 

We have not yet been able to demonstrate any clear difference in biological 

activities of these two binding factors. Both factors bound to Met-tRNAf et and 

in each case such binding was GTP dependent and in a similar manner sensitive 

to aurintricarboxylic acid (6). Recently, we described a Millipore filtration 

for studies of Met-tRNAf Met binding to ribosomes (6). Using this a s s a y  a s s a y  

m e t h o d ,  we have  s t u d i e d  t h e  r e q u i r e m e n t s  f o r  Met-tRNA Met b i n d i n g .  We h a v e  o b -  

s e r v e d  (6) t h a t  b o t h  f a c t o r s  c a t a l z y e d  t h e  b i n d i n g  o f  Met-tRNA Met t o  r i b o s o m e s  

i n  t h e  a b s e n c e  o f  AUG codon and a d d i t i o n  o f  AUG codon does  n o t  h a v e  any 

s i g n i f i c a n t  e f f e c t  on such  b i n d i n g .  When IF2 and IF3 were  a d d e d ,  b o t h  f a c t o r s  

(IFIA and IFIB) stimulated AUG directed •et-tRNA Met binding to ribosomes in a 

similar manner. However, we can not, at present, draw any definite conclusion 

regarding the specific roles of these factors as we are not sure about the 

purity of the factor preparations and as mentioned above, there are indications 

that these factors interconvert under the assay condition. 

It is not clear, at present, how our present observation is related to 

different peptide chain initiation activities in reticulocyte protein synthesis 
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as have been reported by other workers. Schreier and Staehelin mentioned the 

purification of four (4) or possibly five (8) peptide chain initiation factors 

from reticu!ocyte ribosomal salt wash and Cashion and Stanley described (9) 

the requirements of only two protein factors for formation of initiation complex 

Met-tRNA~ et, 80 S ribosomes and AUG codon. Our work demonstrates that at with 

one of the peptide chain initiation factors, the Met-tRNAf Met binding least 

activity (IF1), can exist in two forms separable by DEAE-cellulose column 

chromatography. Both forms can stimulate protein synthesis initiation. The 

Met-tRNA~ et binding activities of these two forms are dependent on assay con- 

_ .Met 
ditions. Both forms bind to Met-t~t~Af in the absence of Mg ++. In the presence 

Mg ~-~ (3-5 mM), only the Met-tRNAf Met binding activity of IFIA is apparent. of 
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