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SUMMARY: Two methionine accepting tRNAs have been separated from rabbit livg,r, 
tRNA by column chromatography on BD-cellulose. One of the species (Met-tRNAF > 
can be formylated using an Escherichia coli transformylase preparation, and 
maximal binding of this species to braixbosomes is achieved in the presence 
of AUG, GTP and a 0.5 M NH4Cl extract of the ribosomes. Transferase I cannot 
rep1 ce the NH4Cl extract in the binding assay. 
tRNAdet 

The other tRNA species (Met- 
) requires GTP and transferase I for binding to ribosomes. 

Met' Although the role of met-tRNAF in the initiation of protein synthesis 

in bacteria has been extensively studied (l), the role of this tRNA species in 

the initiation process in eukaryotic cells has only recently received much at- 

tention. Caskey et al. (2) had previously shown that guinea pig liver contains -- 

two species of methionine accepting tRNAs, one of which could be formylated with 

N5,10 -methenyl-H4-folate in the presence of an E. - coli transformylase preparation. 

Smith et al. (3) and Brown et al. (4) h ave recently provided convincing evidence -- -- 
Met indicating that the Met-tRNAF , the tRNA species which can be formylated by the 

E. coli transformylase acts as an initiator tRNA in eukaryotic cells. Using an 

amino acid polymerization assay, these authors have shown that AUG is the initia- 

tor codon, but unlike the results in the bacterial system (l), the incorporation 

Met of methionine of Met-tRNAF occurs without prior formylation. 

The present communication describes studies on the binding to ribosomes 

of the two animal Met-tRNA species. The results show that specific factors present 

in a salt extract of the ribosomes are required for the binding of Met-tRNcet 
Met 

to the ribosomes, while transferase I is required for the binding of Met-tRNA . 

Met 1 The following abbreviations have been used: tRNAF , 
that can be formylated; tRNAMet, 

methionine accepting species 
methionine accepting species that cannot be for- 

mylated; H4-folate, tetrahydrofolate; BD-cellulose, benzoylated diethylaminoethyl 
cellulose. 
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METHODS: Deacylated tRNA of rabbit liver was obtained from General Bio- 

chemicals, Chagrin Falls, Ohio. 3 H-methionine (7 c/mmole, 4500 cpm/uumole) was 

purchased from Amersham Searle, Chicago, Illinois. BD-cellulose (50-100 mesh) 

was a product of Schwarz Biochemicals, New York. AUG and poly AGU (3:l:l) were 

obtained from Miles Laboratories. 

Acylation of rabbit liver tRN'A with methionine was achieved by using a 

35-65% ammonium sulfate fraction of calf brain which contained the amino acid 

activating enzymes (2). Ribosomes were prepared from predominantly grey matter 

of calf brain by the method of Goodwin et al. (5). -- The ribosome pellet was washed 

with 0.5 M NH4C1 containing 1 r&I Mg * and 100 mM Tris-Cl buffer, pH 7.4. The 

ammonium chloride extract was saved. The ribosomes were then resuspended in the 

above buffer and pelleted through a 1M sucrose solution (RNase free) at 280,000 

x g for 3 hrs. The ribosomal pellet was suspended in sucrose buffer as described 

by Goodwin et al. (5). -- 

Separation of Met-tRNAMet and Met-tRNAMet F was achieved by column chromato- 

graphy on BD-cellulose. Approximately 630 (A260 ) O.D. units of rabbit liver tRNA 

acylated with 3H-methionine (1.2% total Met acceptance) were layered on a BD- 

cellulose column (2.5 x 30 cm) previously washed with 0.02 M sodium acetate buffer, 

pH 5.0, containing 0.45 M NaCl, 10 mM Mg 
-l-i- 

and 1 mM mercaptoethanol. The column 

was developed at 4' using a salt gradient with 1500 ml of 0.45 NaCl buffer in the 

mixing chamber and an equal volume of 0.9 M NaCl in the reservoir. Twelve ml 

fractions were collected (flow rate of approximately 1 ml/min). Fractions were 

scanned for TCA precipitable radioactivity and for absorbancy at 260 mu (Fig. 1). 

Met-tRNAMet 

andN5.1: ' 

which can be formylated using an E. coli transformylase preparation 

Met -methenyl-H4-folate, elutes between fractions 65-100, whereas Met-tRNA , 

which is not a sbustrate for the transformylase enzyme elutes between fractions 

140-210. Met The extent of formylation of Met-tRNAF was approximately 30% of the 

input concentration (7 uumoles) of the tRNA species. Similar values were obtained 

Met by Caskey et al. (2) using guinea pig liver Met-tRNAF . -- Fractions from each peak 

were pooled, Lyophilized, and desalted on a Sephadex G-25 column using 1 x 10 -3 M 
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Fig. 1. Met Separation of Met-tHNAF and Met-tHNAMet by BD-cellulose column 
chromatography. 

cacodylate buffer, pH 5.5, containing 1 mMMg +t . Desalted fractions were analyzed 

for TCA precipitable radioactivity and then were lyophilized to dryness and 

dissolved in a minimum amount of water. 

Formylation assays of Met-tHNAFt and Met-tHNAMet were performed using 

a purified E. - coli transformylase fraction prepared by the method of Dickerman 

et al. (6), -- and kindly supplied by Dr. Dickerman. Binding of Met-tHNet and 

Met-tHNAMet to ribosomes was measured by a modification of the method of Nirenberg 

and Leder (7). The ribosomal binding assay in a total volume of 75 pl contained: 

5-8 mM magnesium acetate, 50 mM Tris-acetate buffer, pH 7.4; 50 r&I potassium 

acetate, ribosomes (A26o = 1.2), 1.3 s&l GTP, either the 0.5 M NH Cl 4 ribosomal 

extract or transferase I, AUG (A26o = 1.3) or poly AGU (3:1:1, 5 pg) and 5 kwoles 

Met of either Met-tHNAF or Met-tRNAMet (specific activity 4500 cpm/ppmole). Unless 

stated otherwise incubations were at 37O for 4 min. The reactions were stopped 

by the addition of 2.5 ml of cold buffer (50 mM Tris-Cl buffer, pH 7.4; 160 u&i 

NH4C1 and 12 IIM MgC12) and the solution was filtered through a 0.45 p nitrocel- 

lulose filter (Millipore Corp.). The filter was washed three times with 2.5 ml 

of the above buffer and dissolved in a napthalene-dioxane solution (8) and assayed 

for radioactivity. 
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Purified transferase I was a gift from Dr. B.S. Baliga of Massachusetts 

Institute of Technology and was prepared from rat liver by the method of Gasior 

and Moldave (9). Protein concentrations were determined by the method of Warburg 

and Christian (10). 

Met RESULTS: Binding of Met-tRNA, and Met-tRNAMet to Ribosomes. The re- I) 
Met quirements for the binding of Met-tRNAF to ribosomes are shown in Table I. 

TABLE I 

Met Requirements for Binding of Met-tRNAF to Ribosomes 

System Met-tRNAMet F 

peoles bound 

Complete 

- AUG 

0.15 

0.00 

- GTP 0.13 

- Ribosomal extract 0.05 

- Ribosomal extract + 
transferase I 0.05 

Details of the assay are described in the text. Where 
indicated 50 pg of ribosomal extract protein and 10 pg of trans- 
ferase I protein were added. Radioactivity retained on the filter 
in a system in which ribosomes were omitted has been subtracted. 

Binding of this species is dependent on AUG and stimulated between 3 to 5 fold 

by the addition of the 0.5 M NH4C1 extract of the ribosomes. Transferase I could 

not replace the ribosomal extract. A slight stimulatory effect of GTP on the 

binding (ranging between 15-35X) was routinely observed. The kinetics of binding 

Met of Met-tRNAF are shown in Fig. 2. Binding increases with time and is dependent 

on the ribosomal extract throughout the time of incubation. In contrast, the 

binding of Met-tRNAMet to ribosomes was completely dependent on GTP and trans- 

ferase I; the latter could not be replaced by the ribosomal extract (Table II). 

81 



Vol. 41,No. 1,197O BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0 - 6 

MINUTES 

Fig. 2. Kinetics of binding of Met-tRNAMet to ribosomes. (U---m) Binding 
in the absence of ribosomal ex&act; (0 -0) binding in the presence 
of 50 I.rg of ribosomal extract protein. Other details of the assay 
are described in the text. 

TABLE II 

Cofactor Requirements for Transferase I Dependent Binding of 

Met-tlWAMet to Ribosomes Using AUG or poly AGU 

System AUG Poly AGU 

pwoles bound 

Complete 0.12 0.45 

- AUG or poly AGU 0.11 0.13 

- GTP 0.00 0.00 

- Transferase I 

- Transferase I f  
ribosomal extract 

0.00 0.00 

0.03 0.01 

The amounts of transferase I and ribosomal extract are as 
described in Table I. Other details are described in the text. 

The triplet AUG did not stimulate the binding of Met-tRNAMet to ribosomes 

although when AUG was replaced by poly AGU, a 3-fold stimulation in binding 

could be demonstrated (Table II). 
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DISCUSSION: In a recent communication, Smith, et al. (3) have provided 

Met evidence that Met-tRNAF of eukaryotic cells incorporates methionine in the N- 

terminal position of newly synthesized protein in response to poly AUG or poly 

Met UG, whereas Met-tRNA is responsible for inserting methionine residues into 

the internal positions of the protein. These authors have proposed that Met- 

tPNAMet F of eukaryotic cells can serve as an initiator of protein synthesis in 

an analogous fashion to the role of Met fMet-tRNA F in bacterial systems. If  true, 

one would expect eukaryotic cells to also have a specific mechanism for the bind- 

Met ing of Met-tPNA F to ribosomes. The results presented here provide additional 

evidence for the initiator role of Met-tRNAF Met in animal cells. The binding to 

Met brain ribosomes of Met-tRNAF is dependent on AUG and stimulated between 3 to 5 

fold by the addition of a 0.5 M NH4Cl ribosomal extract. The ribosomal extract 

cannot be replaced by transferase I. Miller and Schweet (11) first showed that 

an extract of ribosomes was involved in the initiation of protein synthesis in 

rabbit reticulocytes, and their findings have recently been extended by Prichard 

et al. (12). However, -- an interaction of the ribosomal factors with a specific 

tRNA has not been demonstrated previously. It is probable from the present re- 

sults that the factors present in the salt extract of ribosomes promote the for- 

mation of an initiation complex consisting of ribosomes, messenger, and initiator 

tRNA. A similar system, dependent on GTP, has been described in bacterial sys- 

tems (13). Although the results in Table I show only a small dependency on GTP 

Met for the binding of Met-tRNAF to ribosomes, this may be due to the presence of 

nucleotides in the crude ribosome extract. 

Binding of Met-tRNAMet to ribosomes is completely dependent on transfer- 

ase I and GTP. A transferase I and GTP dependent binding of aminoacyl-tRNA to 

ribosomes has been studied in detail in systems from rabbit reticulocytes and 

liver (14,15). One troublesome aspect of the present studies is the lack of 

stimulation of the binding of Met-tPNA Met by the triplet AUG (Table II), although 

the reaction is stimulated by the copolymer AGU and the AUG triplet does stimu- 

late the binding of Met-tRNAF Met to ribosomes (Table I). This difference in the 
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response of the two Met-tRNA species to AUG has not yet been explained. 

The present results show that transferase I, like Tu in the bacterial 

system, does not interact with Met-tRNAyt, thus providing a mechanism to prevent 

Met the incorporation of methionine from Met-tRNA F into the internal positions of 

the protein. Met In addition, the specificity of the ribosome extract for Met-tRNA 
F 

Met should direct the incorporation of methionine from Met-tRNA 
F into the N-terminal 

position of the synthesized protein. 
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