






Vol. 27, No. 1, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

amino acyl-analogs of chloramphenicol is not due to amino acids liberated from the 

analogs during the incubation. 

TABLE II 

Relation of Structure to the Degree of Inhibition of the Puromycin Reaction 

in the Chloramphenicol Series 

R 1 group in structure I % Inhibition 
of Fig. 1 Name at 10-4M 

-CHC1 Chloramphenicol 
I (abbr. chloramph.) 
C1 

-?HCH 2-C6H4-OC H3P- 

NH 2 

2 

NH 2 

-C HC H2C 6H5 

NH 2 

-CHCH2CH (CH3) 2 
I 
NH 2 

L -p- methoxyphenylalanyl - 
chloramphenicol analog 
(abbr. p-mtx-phen-CA) 

Glycyl -chlo ramphenicol 
analog (abbr. gly-CA) 

L-phenylalanyl-chloramphenicol 
analog (abbr. phen-CA) 

L-leucyl-chloramphenicol 
analog (abbr. leu-CA) 

81 

80 

77 

43 

31 

The conditions for the puromycin reaction in the presence of the inhibitors are given in 
Table IV. Concentration of puromycin 5 x 10-6M; concentration of inhibitors 10-4M. 

In the chloramphenicol series the structure of the side chain R 1 (Fig. 1, I) strongly 

influences the degree of inhibition (Table II) .  Tables III and IV show that there is a 

degree of competition between the inhibitors studied and the substrate puromycin. At 

a constant level of puromycin the inhibition is increased with increasing concentrations 

of the inhibitor (Table III). Conversely, at constant levels of the inhibitors the inhibition 

is decreased with increasing concentrations of the substrate puromycin (Table IV). 

Table III also shows that amicetin is five times, whereas blasticidin S is ten times, 

more potent than chloramphenicol. 

Increasing the concentration of the other substrate, polylysyl-HNA, up to eight fold 

did not influence the percentage inhibition (conditions of Table I, 10-4M puromycin, 

10-4M inhibitors, data not shown). This result indicates that there is no competition 

between the inhibitors and the polylysyl-RNA substrate. 

49 



Vol. 27, No. 1, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

T A B L E  III 

E f f e c t  of the  C o n c e n t r a t i o n  of I n h i b i t o r  on the  D e g r e e  of I n h i b i t i o n  of the  P u r o m y c i n  l~eac t ion  

C o n c e n t r a t i o n  of i n h i b i t o r  (M) 

10 -6  10 -5  5 x 10 -5  10 -4  5 x 10 - 4  10 -3  

I n h i b i t o r  p e r c e n t  i n h i b i t i o n  of the  p u r o m y c i n  r e a c t i o n  

c h l o r a m p h .  - 13 42 51 67 90 

p - m t x - p h e n - C A  - 3 28 35 71 92 

g l y - C A  - 1 23 29 57 83 

p h e n - C A  - 3 16 19 43 56 

l e u - C A  - 0 7 15 42 60 

a m i c e t i n  22 42 55 68 - - 

b l a s t i c i d i n  S 15 52 68 80 - - 

C o n d i t i o n s  of i n c u b a t i o n  i d e n t i c a l  w i t h  t h o s e  of T a b l e  I; 1 0 - 4 M  p u r o m y c i n ,  37 °, 15 r a in .  

T A B L E  IV 

E f f e c t  of the  C o n c e n t r a t i o n  of the  S u b s t r a t e  P u r o m y c i n  on  t he  D e g r e e  of  I n h i b i t i o n  

I n h i b i t o r  

C o n c e n t r a t i o n  of p u r o m y c i n  (M) 

5 x 10 -6  7 x 10 -6  12 x 10 -6  24 x 10 -6  

p e r c e n t  i n h i b i t i o n  of t he  p u r o m y c i n  r e a c t i o n  

1 0 - 4  

c h l o r a m p h .  81 78 74 66 51 

p - m t x - p h e n - C A  80 77 71 61 35 

g l y - C A  77 75 68 59 29 

p h e n - C A  43 32 27 25 19 

l e u - C A  31 29 22 20 15 

a m i c e t i n  71 68 64 60 52 

b l a s t i c i d i n  S 82 79 75 68 52 

C o n d i t i o n s  of i n c u b a t i o n  i d e n t i c a l  w i t h  t h o s e  of  T a b l e  I .  The  c o n c e n t r a t i o n s  of i n h i b i t o r s  
w e r e  a s  fo l l ows :  f o r  c h l o r a m p h e n i c o l  and  i t s  a n a l o g s  1 0 - 4 M ,  f o r  a m i c e t i n  4 x 10 . 5  M 
and  f o r  b l a s t i c i d i n  S 10 -5  M.  I n c u b a t i o n  a t  37 ° f o r  15 r a i n .  The  c o r r e s p o n d i n g  r a d i o -  
a c t i v i t y  r e l e a s e d  in  the  p r e s e n c e  of i n c r e a s i n g  c o n c e n t r a t i o n s  of p u r o m y c i n ,  in  the  
a b s e n c e  of i n h i b i t o r s ,  w a s  in  c p m  ( s t a r t i n g  w i t h  5 x 1 0 - 6 M  p u r o m y c i n ) :  2 , 2 2 1 ;  2 , 5 6 1 ;  
3 , 2 1 9 ;  4 , 0 5 6 ;  5 , 0 5 0 .  
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Discussion: The replacement  of the -CHC12 group of chloramphenicol by a -CH(NH2) 1~' 

group (Fig. 1) resul ts  in the retention of i ts abil i ty to inhibit the puromycin reaction to 

various degrees depending on the s t ructure  of 1~' (Table I I ) .  A functional s imi la r i ty  is  

thus revealed between the -CHC12 and -CH(NH2) I~' groups when they are  bound to the 

r e s t  of the ehloramphenicol s t ruc ture .  It is suggested that this s tructure (shown in 

Fig .  1 outside the squared group I~1) can act as a "handle" and hold group R 1 in a 

position in which it is capable of inhibiting the part icipation of puromycin in peptide 

bond formation with an efficiency which depends on the s t ructure  of the side chain R 1. 

As shown in Fig .  1 a s t ructura l  s imi la r i ty  exists  between puromycin, amino acyl-RNA 

and the amino acyl-analogs of chloramphenicol.  This s imi la r i ty  is  suggested to be the 

reason for  the inhibition of the puromycin reaction by the amino acyl analogs of cMor-  

amphenicol, and for  the observed competition between these analogs and the substrate  

puromycin (Table III, IV). On the bas is  of this s t ructural  s imi lar i ty ,  and assuming that 

puromycin par t ic ipates  in peptide bond formation in the same way as the normal sub- 

s t ra te  amino acyl-l~NA, these findings suggest that the amino acy l -der iva t ives  of ch lor -  

amphenicol act as analogs of amino acyl-RNA, a hypothesis which has been previously 

advanced to explain the inhibitory activity of the same derivat ives in polypeptide syn- 

thesis  (Coutsogeorgopoulos, 1966). These resul ts  also suggest that the amino acyl -  

analogs of chloramphenicol interfere  with polypeptide synthesis by inhibiting the peptide 

bond forming steps pe r  se, much as chloramphenieol i tself  (Traut and Monro, 1964; 

Julian, 1965). The present  work further  indicates that, in inhibiting the puromycin 

reaction, the -CHC12 group in the chloramphenicol molecule plays the role of the 

-CH(NH2) R' group in i ts amino acyl-analogs .  On this basis  chloramphenicol,  too, 

could be viewed as an analog of amino acyl-RNA. 

The pattern of inhibition of the puromycin reaction by amicetin and blast icidin S was 

found to be s imi la r  to that of chloramphenieol and its amino acyl -der iva t ives  (Table III, 

IV).  A s imi l a r  act ivi ty of blast icidin S in an analogous system has recent ly been r e -  

ported by Yamaguehi and Tanaka (1966). Gougerotin is  a s t ructura l ly  re la ted antibiotic 

and has been also found to inhibit the puromycin reaction (Clark and Chang, 1965; Casjens 

and Morr i s ,  1965). Amicetin,  blast icidin S and gougerotin are  N-glycosides of cytosine 
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and contain amino acids or peptides linked through their carboxyl group to the rest  of the 

molecule by an amide bond. A comparison between the structures of these N-glycosides 

and those of the amino acyl-analogs of chloramphenicol (Fig. 1) leads to the following 

proposal: A generalized requirement for the inhibition of the puromycin reaction, and 

by inference of the analogous reaction of amino acyl-RNA, appears to be the presence 

of amino acids or peptides linked through their carboxyl to an amino function of a suitable 

structure containing either cytosine, as has been noted (Fox et al . ,  1966), or  a p-nitro- 

phenyl group. 

This investigation was supported by U.S .P .H.S .  research grant GM-12276 and in 
part by Institutional Research Grant IN-54 F-19 of the American Cancer Society. 
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