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It has been shown that protein synthesis in mlian systems is 

essentially the same as in bacteria. However, there are certain 

differences between them. For example, chloramphenicol inhibits 

bacterial protein synthesis, whereas it has no effect in usual mammalian 

systems (Nathans et al., 1962). Recently, it has been reported that 

gougerotin, a new antibiotic isolated from Streptomyces gougerotii, which 

has the structure of 1-(N-sarcosyl-1-cytosinyl)-3-D-serylami&-1, 3- 

dideoxy-N-D-allopyranuro amide (Iwasaki, 1962), inhibits protein 

synthesis in the same manner as puromycin in a cell-free system of 

Escherichia coli (Clark and Gunther, 1963). Rowever, its effects in 

menxnalian systems have not been studied. The present paper &scribes 

the effect of gougerotin on protein synthesis in the mouse liver. 

Microsomes, ribosomes, and pli5 precipitable protein fraction were 

prepared according to the procedure of Takanami (1961). Amino acyl 

transferase which catalises the transfer of amino acids from soluble 

RNA to ribosomes was purified by the method of Takanami and Okamoto (1960). 

* This investigation was supported by Public Health Service Research 

Grant No. CA 03060-08 from the National Cancer Institute. 
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C14-amino acyl soluble RNA was prepared as described previously (Sinohara 

and Sky-Peck, 1964). Radioactivity was determined in a thin-window gas 

flow counter and corrected to infinite thinness from a self-absorption 

curve. C14-algal protein hydrolysate (1.38 mC/mg) was purchased from 

New England Nuclear Corporation. Gougerotin was generously supplied by 

Dr. A. Miyake, Takeda Chemical Industries, Ltd., Japan. 

TABLE1 

Bffect of Gougerotin on the Incorporation of C 14 -Amino Acids 

into Proteins in a Cell-free System 

Conditions Countslmin Inhibition (X) 

Complete 13,700 

+ Gougerotin 4 x 10m4M 3,280 80 

+ Gougerotin 2 x 10m4M 4,080 74 

+ Gougerotin 1 x 10m4M 4,970 67 

+ Gougerotin 2 x 10a5M 9,540 31 

--Energy * 712 

Incubation mixture contained in a final volume of 1.0 ml ; 1.5 +nnole 
ATP, 0.1 wle GTP, 10 )mroles phosphoenolpyruvate, 50 pg of pyruvate 
kinase, 50 )Imoles Tris-DC1 (pH 7.8), 33 )mroles KCl, 6.5~nnoles MgC12, 
0.5 PC Cl4-amino acid mixture, 5 mg microsomal protein, and 3 mg super- 
natant protein. The tubes were incubated at 37' for 30 min. The 
reaction was stopped by the addition of 10% trichloracetic acid 
containing 20 nonlabeled amino acids (0.05 M each). The protein 
precipitate was prepared for counting by the method of Siekevits (1952). 

* ATP, GTP, phosphoenolpyruvate and pyruvate kinase were omitted. 

Table I shows that at slightly higher concentrations than those used 

in puromycin experiment (Yarmolinsky and de la Haba, 1959), gougerotin 

inhibits amino acid incorporation into proteins. This decrease, however, 

is not due to the inhibition of amino acid activation. As can be seen 

in Table II and III, gougerotin had no effect on this reaction. 
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TABLZ 11 

Effect of Cougerotin on the Activation of Amino Acids 

Incubation hydroxamic acid formed &mole/ml) 
Time (min) -Amino Acids Complete Gougerat in 
m 

15 0.07 0.47 0.47 

30 0.10 0.95 0.93 

Incubation mixture contained in a final volume of 1.0 ml ; 9 umolee 
ATP, 9 plee MgCl2, 1400 )nnoletl NEl2Cli, 2 umolee each of 20 amino acids, 
100 Flee Tri6-EC1 (pH 7.8), 4 rag pH5 precipitable protein. The 
treated samples contained 0.4 umole of gougerotin. Tubes were incubated 
at 37O. liydroxamic acid formed was determined by the method of Beinert 
et al. (1953). 

TABLE III 

Effect of Cougerotin on the Incorporation of 

C14-Amino Acids into Soluble SM 

Incubation Counts/min/mg RNA 
Time (min) Control Cougerotin 

20 1,110 1,091 

40 2,342 2,350 

Incubation mixture contained in a final voltxne of 1.0 ml ; 9 pmoles 
ATP, 9)rmolee MgCl2, 0.2 umole each of 20 nonlabeled amino acids, 
0.3 ~0 of &+-amino acida, 100)anolee Tris-HCl (pli 7.8), and 3 mg pH5 
precipitable protein. The treated sample contained 0.4 pmoles of 
gougerotin. Tubes were incubated at 37O. The reaction was terminated 
by adding 1 ml of 1.2 M IX104 and the radioactivity of eoluble RNA was 
determined by the method of Nenmth and de la Haba (1962). The values 
were corrected from minus ATP blank. 

Table IV shows that gougerotin, like puromycin, blocks protein synthesis 

by inhibiting the transfer of amino acids from soluble RNA to proteins. 
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Effect of Cougerotin on the Transfer of C14-Amino Acids 

from Soluble RNA to Ribosomes 

Conditions Counts fmin Jnhibition (2) 

Control 

Cougerotin 

4,050 

1,010 74 

Trichloracetic acid 
at zero time 94 

Incubation mixture contained in a final volume of 1.0 ml ; 1.5 )mole 
ATP, 0.3 )Imole CTP, 5 -lee phoaphoenolpyruvate, 50 m pyrwate kinase, 
8 )Imoles HgC12, 40 pies KCl, 50 )Ilaoles Tris-EC1 (pli 7.8). 0.2 mg CL4- 
amino acyl DNA (12,350 counts/&n), 2.1 mg ribosomal protein, 0.6 mg 
transfer enzyme. Treated sample.contained 0.4 mle of gougerotin. 
Tubes were incubated at 370 for 15 min. 
method of Siekevitz (1952). 

Proteins were counted by the 

Although these results suggest that the inhibitory mechanism of 

gougerotin is very similar to that of puromycin, it is not likely that 

their mode of action is the same. Nathans et al. (1963) studied various -- 

analogues of puromycin and found that only aromatic L-amino acid analogues 

which are linked by an amide bond to 3'-amino group of 3'-deoxyribose, 

have much activity. They also showed that neither D-amino acid analogues 

nor nonaromatic L-amino acid analogues were active and that both the 

2'- and St-isomers of puromycin were ineffective. Cougerotin does not 

seem to satisfy these specificities. 

According to the recent concepts (Slapikoff et al., 1963; Nirenberg 

and Leder, 1964; Arlinghaus et al., 1964), amino acyl transfer from 

soluble DNA to the formation of protein which involves several steps. 

It is likely that puromycin inhibits one of these steps while gougerotin 

blocks a different site. These antibiotics may be useful- to elucidate 

the details of the final steps of protein synthesis. Preliminary 

experiments in intact mice suggested that gougerotin in vlvo (40 rag/kg -- 

body weight),blocked the transfer of labeled amino acids from ribosomes 
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to microsomal membranas (deoxycholate soluble portion from microsomes), 

which resulted in the marked inhibition of glucosamine-Cl4 incorporation 

into microsomal membrane accompanied by the accumulation of UDP-N 

acetylglucosamine. UDP-N-acetylglucosamine participates in the 

formation of glycoproteins on the microsomal membrane (Sinohara and 

Sky-Peck, 1964),. This effect in vivo is different from that of puromycin -- 

in vivo, which blocks the activation of amino acids (Nemeth and 

de la liaba, 1962). 
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