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: Summary Initiator methionyl-tRNA's from E. coli and wheat embryo 
can also transfer methionine into internal positions of a polypeptide 
chain. This transfer depends on the protein synthesizing system 
used, an E. coli system being about lo-times more active than a wheat 
embryo system. At low Mg2+ concentration this incorporation depends 
on the presence of both initiation factors and f'met-tRNAMet, but 
the rate is slower than that from met-tRNet. Wheat em ryo initiator % 
met-tRNApt can initiate protein synthesis in an E. coli system 
only when it is chemically formylated, but flaet-tRNAF(non-initiator) 
is inactive in this reaction. 

A special species of methionine tRNA is involved in the 

initiation of protein synthesis in both prokaryotic (l-4) and 

eukaryotic (5-13) systems. Formylation of the prokaryotic tRNAy 

is necessary for its initiator function (14,15) but initiation in 

the eukaryotic system does not require any blocking of the initiator 

met-tRNA (6-13). Met In eukaryotic systems initiator tRNAMet (tRNAr, ) 

species are not formylated (5-8, 11-13) but they can be charged 

and formylated by E. & enzymes (5-8). An exception to this is 

Met wheat embryo initiator tRNAl , which is charged by g. coli synthe- 

tase but is not recognized by the E. coli transformylase (11-13). It 

has been reported that prokaryotic and eukaryotic initiator met- 

tRNA species are unable to transfer methionine into internal position 

of a polypeptide chain (3, 6-8, 11-13, 16; 17). A suggested 

Met explanation for this is the failure of initiator tRNA species 

to form a ternary complex with the elongation factor (T or TI) and 

GTP (6, 15, 18-20). However, two eukaryotic initiator tRNA's, 

Met yeast tRNAr, Met and wheat embryo tRNAl form ternary complexes with 

elongation factor T and GTP (21, 22). Furthermore, it was recently 
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reported that in mammalian systems initiator met-tRNA's Can insert 

methionine internally (23-25). 

We previously reported that in an E. coli system either E. coli 

fInet-tRNAyt Met or yeast fmet-tRNAf, can initiate polymethionine 

synthesis from g. &met-tRNAy as directed by poly r (A-U-G) 

(4, 5). We also showed that in a wheat embryo system polymethionine 

synthesis from wheat embryo met-tRRAy is dependent on the N-terminal 

incorporation of methionine from met-tRNAy (13). In the present 

communication we report that the initiator met-tRNA's can transfer 

methionine into internal positions. The efficiency of this transfer 

depends on the initiator tRNA species and the ribosomal system used. 

Also eukaryotic initiator met-tRNA's can initiate in prokaryotic 

system only when it is formylated, but formylated non-initiator 

met-tRNA's are inactive. 

Materials and Methods: 

Wheat embryo tRNA1 Met (1810 pmoles/A260 unit) and tRNAy (960 

pmoles/A260 unit) were prepared as described earlier (13). E. & 

tRNAMfet (1650 pmoles/A260) and tRNe (1420 pmoles/A260) were 

prepared from E. coli B tRNA by the procedure of Nishimura (26). 

Purified tRNAMfet Met was free from tRNA, since alkaline hydrolysis 

Met of f-[35S]met-tRNAf yielded less than 0.1% free [35S] met. Chemical 

formylation of methionyl-tRNA's was done with formyl-N-hydroxy- 

succinimide (15). The procedures for polypeptide synthesis usinK 

ribopolynucleotides of repeating sequences were previously described 

(13, 27). The polypeptide synthesizing system from E. coli contained 

three times washed ribosomes and purified elongation factors T and G 

(27). The unfractionated initiation factors d S-100 used were passed 

through a DRAR-cellulose column in presence of 0.25 M NH4C1 to remove 

contaminating nucleic acids (5). Polymethionine synthesis as directed 

by poly r (A-U-G) in this system was dependent on the presence of added 

tRNA. 
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Table I 

Polymethionine synthesis from initiator methionyl-tRNA's 

in proksryotic and eukaryotic systems 

I 

[35S] Met polymerized (pmoles/ml) 

Ribosomal 
System Used 

g. coli 

Reticulocyte 

Wheat embryo 

Condition 

-poly(A-U-G) 

+poly(A-U-G) 

-poly(A-U-G) 

+poly(A-U-G) 

-poly(A-U-G) 

+poly(A-U-G) 

E. coli 
Met 

W. embryo 

Met-tRNAf Met-tRNAyet 

% of 8 of 
Illput Input 

2.4 2.3 

50.3 60 47.7 21 

1.2 1.6 

13.8 16 7.8 3.5 

0.6 0.8 

5.1 6 3.1 1.4 
I I 

W. embryo 

Met-tRNAtet 

I of 
Input 

3.0 

67.1 40 

0.7 

72.8 45 

1.0 

60.8 37 

The E. &system contained per ml 18 A260 units of washed ribosomes, 0.18 mg 
of purified T and G proteins and necessary ccanponents (27). Wheat embryo system 
contained per ml 25 A260 units of washed ribosomes; 0.65 mg of 8 partially 
purified wheat embryo T and G factor free from nucleic acids and other necessary 
components (13). 6 A260 units/ml of previously incubated reticulocyte ribosomes 
and other necessary canponents were used in the reticulocyte system (24). Poly 
r(A-U-G) present was 72 nmoles/ml. The Mg2+ concentrations used in E. coli and 
wheat embryo systems were 12 n&l and in the previously incubated reti&lzze 
system was 6 mu. Incubation time was 45 minutes. (1 pmoles = 4500 cpm). 

Results: 
Met Table I shows that both met-tRNAf and met-tRNAMet 1 can form 

polymethionine directed by poly r (A-U-G) in cell-free systems from 

& coli, reticulocytes, and wheat embryo. Edman degradation of the 

polymethionine synthesized (13) showed that about 90% of the [35S] 

methionine is incorporated internally. The possibility of labelled 

methionine from met-tRNAf Met being transferred to contaminating tRNAi" 
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Table II 

Effect of initiation factor and formylmethionine on the 

polymerization of methionine from initiator methionyl-tRNA's 

Conditions 

-p0ly (A-U-G ) 

+poly(A-U-G) 

+poly(A-U-G) + I.F. 

+poly(A-U-G) + I.F. 

+ fmet-tRNAMet n 

f3*sl Met wlvmerized fpmoles/ml) 

4 lrlM Mg2+ 

[35S] .Met-tRNA 
L 6 mM Mg2+ 

[ 35s3 ,M 

t- 
W. embryo 

Met1 

2.1 

4.4 

13.8 

17.1 

-tRNA 

W. embryo 
Met1 

1.7 

1.9 

2.4 

3.4 

E. coli 
Metf 

1.0 

1.1 

1.7 

4.5 

E. coli 
MZT 

1.7 

10.6 

33.0 

34.6 

The conditions are the ssme as described in Table I. 
of unfractionated E. coli initiation factors and fi3*S] met-tRNAf 

The concer&t$ocn~ 

0.2 mg/ml and 11 pmoles/ml respectively. Time of incubation was 10 min. 

which is subsequently incorporated internally was ruled out since presence 

of 8n excess of unlabelled methionine (10 -4 M) did not decrease the 

incorporation of 13*S] met-tRNA's. Also addition of [3R] methionine 

(2 nmole) in the reaction mixture did not reveal any incorporation of 

r%] methion' ine in the polymethionine synthesized. 

The efficiency of polymerization varies with the cell-free system, 

and the tRNAMet used: 1 the E. coli system and tRNAy gives the greatest 

internal insertion of methionine, while the wheat embryo system and 

tRNAMet 1 is least efficient. Polymerization from the non-initiator 

Met-tRNAMet 2 shows that the three systems tested have similar polymerizing 

capacity. 

Met We showed earlier that polymethionine synthesis from met-tRNAm 

in an E. coli system at low Mg 2+ concentration depends on the presence 
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IO 20 30 

Fig. 1 Kinetics of polyflethionine synthesis from met-tRNA Met 

met-tRNAMet and inet-tRNA et. 
the samefas in Table II.m 

The conditions for 1A and lB1ari 

Fmetf is fmet-tRNAret and met 
f  

is met-tRNA:et. 

of fmet-tRNAMet f  and initiation factors (4). Table II shows that 

Met presence of both initiation factors and fmet-tRNAf at 4 mM Mg2+ 

stimulates small smount of polymethionine synthesis from tRNAf Met and 

tRNAMet 1 * However, at 6 mu egg+ , the addition of initiation factors 

alone is sufficient to give significant incorporation. The kinetics 

Met of incorporation of both met-tRNAl Met and met-tRNAf at 6 n&l Mg 2+ are 

shown in Fig. IA and B respectively. Figure 1C shows that at 4 mM Mg2+ 

presence of both fret-tRNAy and initiation factors are needed for 

polymethionine synthesis from met-tRNAzet. Unformylated met-tRNAy 

Met could not replace fret-tRNAf . Polymerization from the non-initiator 

met-tRNA was faster than that from the initiator met-tRNA's. Thus at 

4 mM Mg2+ polymethionine synthesis from tRNAiet was almost complete at 

10 min while the same from tRNky Met or tRNAl was still continuing. 

Met To find out if tRNAl can act as an initiator in E. coli 

system we formylated met-tRNAy chemically and tested for poly- 
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Table III 

Stimulation of polymethionine synthesis by formylated 

wheat embryo methionyl-tRNA's in an g. go& system 

Conditions 

-poly(A-U-C) 

+poly(A-U-G) 

+poly(A-U-G) + W. embryo 

fmet-tRNAMet 1 

+poly(A-U-C) + W. embryo 
f?net-tRNAMet 2 

+poly(A-U-C) + E. coli 

tiet-tRNAMet - 1 

["Cl Met polymerized (pmoles/ml) 

15 min 

17 22 

46 54 

113 140 

41 42 

250 300 

30 min 

&x2+ concentration was 5 mM. 
Met 

f[3%] met-tRNAyt 
Concentrations of f[35~] met-tRNAf , 

and f[3%] met-tRNApt used were 11, 10, and 
8.5 pmoles/ml respectively. The system contained washed E. coli 
ribosomes, initiation factors, 0.7 mg/ml of an E. coli S-lOO%ction 
depleted of its nucleic acids by DEAE-cellulose chromatography, 
unfractionated E. coli B tRNA (16 A260 units/ml) and [14C] methionine 
(specific activFtyrpci/unole) and other necessary components (4, 5). 

methionine synthesis in an E. coli system at 5 mM Mg2+, The 

Met results in Table III show that fWmet-tRNA1 stimulates incorporation 

of methionine in presence of initiation factors. The extent of 

Met stimulation is about 50% of that obtained with fmet-tRNAf . Chemi- 

Met tally prepared *et-tRNA2 Met could not replace flmet-tRNAl under 

identical conditions. Like the unformylated met-tRNAy, met-tRNAy 

also failed to stimulate polymerization. Binding experiments also 
Met showed that only fKmet-tRNAl Met and not Pmet-tRNA2 could be 

specifically bound to salt-washed E. coli ribosomes at 5 mM Mg 2+ in 
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the presence of GTP and initiation factors and AUG (data not presented). 

Discussion: 

Our finding that initiator met-tRNA's can form polymethionine 

in both prokaryotic and eukaryotic systems shows that like the non- 

initiator sminoacyl-tRNA's they are also recognized by elongation 

factors and bind to ribosomal sites accepting aminoacyl-tRNA's. Gupta 

and co-workers have made similar observations with reticulocyte 

system (23, 24) and recently in an E. coli system (personal communi- 

cations). The kinetics of polymerization, however, suggest that 

the recognition of initiator met-tRNA by polymerizing enzymes and 

internal codons are less efficient than that for the propagator 

tRNAMet m' In fact, the presence of met-tRNAr decreases the poly- 

Met merization of met-tRNAf (unpublished observation). 

Our results further suggest that the specificity of recognition 

of an initiator or internal methionine codon depends on both the 

Met ribosomal system and the structure of the tRNA . The fact that 

E. coli system can add methionine internally from initiator met-tRNA's 

more easily than the eukaryotic system may explain its requirement 

for formylation of initiator met-tRHA's. 

Although neither met-tRNAyt Met nor met-tRNA2 is recognized by 

E. coli transformylase, our observation that after chemical 

Met formylation met-tRNA1 is recognized by E. - coli initiation factors 

Met while met-tRNA2 is not, suggests that there are structural 

differences between them. These structural features allows 

initiator tRNA's to be recognized by both initiation factors and 

elongation factors, but restricts the recognition of non-initiator 

tRNA's to elongation factors. 

Financial support by Medical Research Council, Canada 
$?m'is acknowledged. Sincere thanks are also due to Dr. 
N.K. Gupta for a gift of reticulocyte ribosomes and for communicating 
his results to us before publication. 
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