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Lucas-Lenard and Lipmann (1966) have demonstrated that 

three soluble protein factors (referred to as Ts, Tu, and G) 

are required for polypeptide synthesis in bacterial systems. 

The exact role of these factors in protein synthesis is still 

unclear. Recent studies have shown that GTP reacts with Ts 

and Tu, together, to form a protein GTP complex (Ertel et al., 

1968) and that this complex may be involved in the messenger 

dependent binding of aminoacyl-tRNA to the ribosome (Ravel 

al., et 1967; Gordon, 1968). Factor G, which initially was 

separated from a T fraction (Ts and Tu) by Allende et al. -- 

(1964) catalyzes the hydrolysis of GTP in the presence of 

ribosomes. The extent of this hydrolysis has been related to 

the number of peptide bonds formed during the polymerization 

reaction (Nishizuka and Lipmann, 1966a). More specifically, 

Nishizuka and Lipmann (196633) have suggested that G may 

function in the process of translocation. 

1 Visiting Scientist from the Roche Institute of Molecular 
Biology. 
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Several reports (Traut and Monro, 1964; Hultin, 1966; 

Zamir et al., 1966; Gottesman, 1967) have appeared showing 

that the reaction of puromycin with acylated-tBEA requires 

ribosomes and messenger and is stimulated by the addition of 

a soluble cell extract. These data have been consistent with 

the view that a soluble factor is needed for the movement 

(translocation) of the acylated-tRNA from a puromycin unreac- 

tive site on the ribosome to one which is subsequently puro- 

mycin reactive. However, the effect of the individual fac- 

tors (Ts, Tu, and G) on the puromycin reaction have not been 

reported. 

We have recently separated the three soluble transfer 

factors from extracts of Escherichia coli (Ertel et al., 1968) 

and have tested their ability to stimulate the reaction of 

puromycin with 
14 

C-phenylalanyl-tRNA (phe-tRNA). Under the 

conditions employed, Factor G and GTP are specifically required 

for the formation of a puromycin peptide. While these studies 

were in progress, Tanaka et al. -- (1968) have shown that in the 

presence of Factor G, GTP, and puromycin, there is a decrease 

in the amount of phe-tRNA bound to the ribosome. 

Experimental 

E. coli B cells were obtained from the Grain Processing 

Corporation and the transfer factors Tu, Ts, and G were 

purified as previously described (Ertel et al., 1968). Tu 

and Ts were free of G, and G had no Tu or Ts activity. 

The preparation of 
14 

C-phe-tRNA was done according to 
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the procedure of Conway (1964). Ammonium chloride washed 

ribosomes were prepared by a modification (Ertel et al., 1968) 

of the procedure of Hershey and Thach (1967). At least four 

washes with 1 M NH Cl 4 were needed in order to remove vir- 

tually all of the Factor G activity from the ribosomes. 

32 
Y-- P-GTP (sp. act. 1.66 C/mmole) was purchased from Inter- 

national Chemical and Nuclear Corporation, 
14 

C-phenylalanine 

(sp. act. 315 +c/lFmole) from Schwarz BioResearch, Inc., 5'- 

guanylylmethylene-diphosphonate (GMP-PCP), and the triplet, 

upupc (UUC), were obtained from Dr. Marshall Nirenberg. 

Puromycin Reaction - Three separate incubations were used 

to study the formation of a puromycin reacting material. The 

puromycin product was then assayed by a modification of the 

extraction procedure described by Leder and Bursztyn (1966). 

The first incubation (binding reaction) was for five 5 minutes 

at 23O and contained in a final volume of 85 ~1, Tris-HCl 

buffer pH 7.4, 50 mM, 2-mercaptoethanol, 12 mM; NH4C1, 160 mM; 

MgC12, 20 mu; Poly U, 50 1.19; ribosomes, 1.1 A260; and 
14 

C- 

phe-tRNA, 10 kp,moles. At the end of this incubation, Factor 

G and GTP were added in a volume of 5 ~1 and the second incu- 

bation carried out for 5 minutes at 37O (Factor G and GTP 

reaction). All other additions to the incubation mixtures, as 

noted in Table 1, were always made prior to the second incuba- 

tion. The incubation tubes were then placed into an ice-water 

mixture and 10 1~.1 of a 0.01 M neutralized solution of puro- 

mycin were added. The final incubation (puromycin reaction) 

was done at OO. At the end of 30 minutes, 0.9 ml of 0.1 M 
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potassium phosphate buffer pH 8.0 was added and the aqueous 

solution containing the puromycin peptide was extracted with 

3 ml of ethyl acetate. Two ml of the organic phase were 

removed and assayed far radioactivity in a Packard Tri-Carb 

Spectrometer using a counting fluid as described by Bray (1960). 

The binding of phe-tRNA to ribosomes was performed essen- 

tially as described by Nirenberg and Leder (1964). 

Results and Discussion 

Table 1 shows that in the presence of GTP and Factor G 

there is a marked stimulation of the reaction of ribosomal 

bound phe-tRNA with puromycin. Other guanosine nucleotides, 

including GMP-PCP, and ATP could not substitute for GTP, and 

purified fractions of Ts and Tu (Ertel et al I --' 1968) were not 

able to replace Factor G. The formation of a puromycin pro- 

duct was dependent upon the presence of poly U and ribosomes 

in the binding reaction (first incubation), and under the 

conditions used, between 50-75s of the phe-tRNA present in 

the incubation was bound to the ribosomes at the time puro- 

mycin was added. 

In other experiments, no effect of G and GTP was obtained 

when the trinucleotide, UUC, (0 -06 A260) was substituted for 

poly U during the binding reaction. With this triplet, about 

1.5 wpmoles of phe-tRNA were bound to the ribosomes under the 

conditions used, but less than 0.1 PFmole of puromycin product 

was formed whether or not Factor G and GTP were present. 
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Table 1 

Requirements for the Formation of a Puromycin Product 

Omissions from Omissions from Puromycin-Product 
1st Incubation 2nd Incubation 

5' 23O 5' 37" Fymoles 

None None 2.1 

None -G 0.18 

None - GTP 0.15 

None - G,-GTP 0.12 

None 

None 

- GTP C GMP 0.15 

- GTP C GDP 0.25 

None - GTP f GMP-PCP 0.20 

None - GTP + ATP 0.18 

None 

None 

- G + Tu, Ts 0.15 

+ Tu, Ts 2.4 

None None too1 0.12 

- Poly u None 0.09 

- Ribosome None 0 

The reaction mixture and incubation conditions are 
described in the text and the values were corrected for 
extractable radioactivity (0.4 vkmoles) observed in the 
absence of puromycin. All additions were made prior to 
the second incubation. The incubation mixtures con- 
tained, where indicated, G factor: 0.24 Kg of protein, 
Tu; 6.2 vg of protein and Ts; 3.6 vg of protein: and 10 
wmoles of the nucleotides. 

The purified G factor used in this study catalyzed the 
ribosomal dependent hydrolysis of 9 kmoles of GTP per mg 
of protein in 10 minutes at 37O as assayed by the pro- 
cedure described by Conway and Lipmann (1964). The incu- 
bations for the assay of Factor G contained in a total 
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volume of 0.2 ml: Tris-HCl buffer pH 7.4, 50 mM; Mg ace- 
tate, 10 mM; NH4 acetate, 100 mM; GTP-Y-~~P, 25 wmoles 
(specific activity 2000 cpm/wmole), and ammonium chloride 

washed ribosomes, A 
The Ts and Tu ugg 

1.5. 
8 rn this study bound 18 ppmoles of 

GTP by the millipore technique described by Ertel et al. -- 
(1968). 

The maximum amount of puromycin product was obtained when 

the second and third incubations were for 5 and 30 minutes, 

respectively, and 1 x 10 
-4 

M GTP was present. 

The formation of a puromycin peptide described in the 

present experiments probably involves at least two partial reac- 

tions; a movement of the aminoacyl-tRNA on the ribosome and the 

subsequent reaction of this translocated aminoacyl-tRNA with 

puromycin to form the puromycin peptide. There have been severa 

reports which show that the latter reaction, i.e., the formation 

of the peptide bond, is catalyzed by an enzyme bound to the 

ribosome, and does not require a soluble factor or GTP (Zamir 

et al - --I 1966; Go'ctesman, 1967; Monro and Marcker, 1967; Pestka, 

1968). Thus, the stimulation of the puromycin reaction, by 

Factor G and GTP, reported here, support the original idea put 

forth by Nishizuka and Lipmann (1966a) that Factor G and GTP are 

needed for the translocation process. 

It is interesting to note that in the present experiments, 

UUC could not replace poly U, and GMP-PCP did not substitute for 

GTP. These results indicate that although messenger dependent 

binding is required for the stimulation of the reaction of phe- 

tRNA with puromycin, the size of the messenger is important and 

that hydrolysis of GTP may occur during this reaction. 
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The data are also consistent with the view that puromycin 

reacts only with peptidyl or acylated-tRNA which is bound to 

a specific site on the ribosome, presumably the "peptidyl- 

tRNA site", while the acylated-tRNA occupying the "aminoacyl- 

tRNA site" is unreactive toward the antibiotic. The amount 

of puromycin product obtained in the absence of Factor G and 

GTP (Table 1) is probably due to aminoacyl-tRNA bound to the 

peptidyl site during the incubation. The marked stimulation 

of the puromycin reaction by G and GTP, varying between 6 

and 10 fold in the present experiments, appears to be related 

to at least 3 parameters. Thus, only 2-3 fold stimulations 

were observed when; 1) the first incubation was carried out 

at 37" or for longer times at 23O; 2) a larger quantity of 

ribosomes was used; and 3) the ribosomes were not completely 

free of Factor G. 

References 

Allende, J.E., Monro, R., and Lipmann, F., Proc. Natl. Acad. 
Sci. 2, 1211 (1964). 

Bray, G.A., Anal. Biochem. L, 279 (1960). 

Conway, T.W., Proc. Natl. Acad. Sci. 2, 1216 (1964). 

Conway, T.W., and Lipmann, F., Proc. Natl. Acad. Sci. 52, 
1462 (1964). 

Ertel, R., BrOt, N., Redfield, B., Allende, J.E., and Weissbach, 
H ., Proc. Natl. Acad. Sci., 2, 861 (1968). 

Gordon, J., Proc. Natl. Acad. Sci. 2, 179 (1968). 

Gottesman, M., J. Biol. Chem. 242, 5564 (1967). 

Hershey, J-W-B., and Thach, R-E., Proc. Natl. Acad. Sci. 57, 
759 (1967). 



Vol. 3 1, No. 4, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Hultin, T., Biochim. et Biophys. Acta 123, 561 (1966). 

Leder, P., and Bursztyn, H., Biochem. Biophys. Res. Commun. 
25, 233 (1966). - 

Lucas-Lenard, J., and Lipmann, F., Proc. Natl. Acad. Sci. 
55, 1562 (1966). - 

Monro, R-E., and Marcker, K.A., J. Mol. Biol. 25, 347, (1967). 

Nirenberg, M.W., and Leder, P., Science 145, 1399 (1964). 

Nishizuka, Y., and Lipmann, F., Proc. Natl. Acad. Sc.i. 55, 
212 (1966a). 

Nishizuka, Y., and Lipmann, F., Arch. Biochem. Biophys. 116, 
344 (196633). 

Pestka, S., J. Biol. Chem., 1968, in press. 

Ravel, J.M., Shorey, R.L., and Shive, W., Biochem. Biophys. 
Res. Commun. 2, 68 (1967). 

Tanaka, N., Kinoshita, T., and Masukawa, H., Biochem. Biophys. 
Res. Commun. 2, 278 (1968). 

Traut, R-R., and Monro, R-E., J. Mol. Biol. 10, 63 (1964). 

Zamir, A., Leder, P., and Elson, D., Proc. Natl. Acad, Sci, 
56, 1794 (1966). - 

570 


