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SUMMARY. Three N-substituted 9(S)-erythromicylamines which 
possess a lower minimal inhibitory concentration (MICJ against 
gram negative bacteria than erythromycin itself, were tested for 
their inhibitory effect on protein synthesis in a pro- and 
eukaryotic system, in comparison to erythromycin. The derivatives 
inhibit poly(A) dependent polylysine synthesis stronger than 
erythromycin. Competition experiments under conditions of equi- 
librium dialysis and tests of various ribosomal functions demon- 
strate that the stronger action of the derivatives is at least 
partially due to a higher affinity for the SOS subunit and is not 
due to an altered specificity of inhibition. 

INTRODUCTION. The antibiotic erythromycin belongs to the macro- 

lide group and specifically inhibits prokaryotic protein syn- 

thesis (l-3). The drug binds to the large ribosomal subunit (4-6). 

The inhibition effect against bacteria seems to be due to a 

premature dissociation of the peptidyl tRNA from the ribosome 

(7, S), whereas in a cell free system erythromycin prevents the 

poly(A) directed synthesis of polylysine and causes the accumu- 

lation of di-, tri- and tetralysines (9, 10). 

Many erythromycin derivatives, including various N-substi- 

tuted S(S)-erythromicylamines, have been studied with respect to 

their antibacterial activity (11) and their ability to inhibit 

the P'CJerythromycin binding (12, 13). The binding capacity of 

the derivatives did not parallel in all cases the antimicrobial 

potency (13, 14). Possible reasons for this discrepancy are 

1) an altered permeability due to the modification, 2) intra- 
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cellular inactivation, 3) an altered binding or 4) an altered 

specificity of inhibition. Concerning the last possibility it 

seems insufficient to test the derivatives with respect to 

their antimicrobial activity and binding to ribosomes only. 

In this paper we use a highly specific assay for the 

measurement of the action of erythromycin, namely the analysis 

of the products of poly(Lys) synthesis in presence of the drugs. 

In addition, the effects of the drugs in various ribosoaal test 

systems were studied. With these techniques the inhibition 

patterns of three erythromycin derivatives are determined in 

comparison to the authentic erythromycin. 

MATERIALS AND METHODS. Erythromycin was obtained from Abbott 
Laboratories, North Chicago, Illinois, USA. The erythromycin 
derivatives were kindly provided by Dr, E. Woitun, Abteilung 
Chemische Forschung, Dr. Karl Thomae GmbH. Fusidic acid was 
received from Leo Pharmaceuticals, Ballerup/Denmark. The other 
antibiotics used in the experiments were obtained from Serva, 
Heidelberg. The minimal inhibitory concentrations (MIC) of ery- 
thromycin and the derivatives were determined by a broth dilution 
test (15). The nutrient agar consists of 1 % pep-tone; 0,8 % meat 
extract; 0,3 96 NaCl and 0,2 % Na2HPO at pH 7,2. The gram nega- 
tive strains Escherichia coli ATCC 9 :: 37 and Klebsiella pneumoniae 
ATCC 10 031 were obtained from the American ?'yp Cult 
Collection, and Proteus vulgaris was isolated f:om clEieca1 
materials, The inoculum consisted of 105 cells/ml, and the 
incubation time totalled 18 hours. E. coli 30s and 50s ribosomal 
subunits were isolated as described-d the preparation of 
the S-150 enzymes from E. coli followed reference 17. 80s ribo- 
some8 and S-100 enzymes-east were a kind gift from 
Dr. B. Schulz-Harder, Zentralinstitut ftir Biochemie und Biophysik, 
FU Berlin. Elongation factor EF-G was kindly provided by 
P. Wurmbach, MPI for Molekulare Genetik, Berlin-Dahlem. The test 
systems used were according to the following references: poly(A) 
dependent poly(Lys) synthesis (IO), the aminoacyl tHNA-ligase 
test (18), the 
dependent GTPase test 

assay (19), the EF-G 
of oligolysines 

synthesized in the The analysis of the 
nonenzymatic 
bi@ing of p t RNA binding followed reference 21, except that the 

UPhe-tRNA was me ured in presence of 5 or 15 mM 
m3 The test system for the L%7 erythromycin (specific 
actiiity: 15 Ci/mole) binding to ribosomes under equilibrium 
conditions will be described elsewhere (Teraoka and Nierhaus, 
manuscript in preparation). 

RESULTS AND DISCUSSION. Three N-substituted 9(S)-eIythrOmi- 
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cylamines were synthesized, in which the Cg-amino group is 

substituted with either a 3-(pyrimidylamino)-propylgroup or a 

3-(chinazolylamino)-propylgroup (see Figure 1). In the broth 

dilution test, these three derivatives show a significant 

reduction in the MIC values (see Table I). Therefore the 

following experiments were carried out to investigate the mole- 

cular basis for the action of these derivatives. The derivatives 

were tested for competition with f4CZerythromycin in binding 

experiments. As can be seen from Figure 2 the derivatives have 

the same, or a slightly higher, affinity for the ribosome as 

compared to erythromycin. 

In support of this finding, the three derivatives show a 

stronger inhibition than erythromycin in a prokaryotic poly(A) 

directed polylysine system , whereas the polylysine synthesis 

in an eukaryotic system is affected neither by erythromycin nor 

by the derivatives (Figures 3A and 3B, respectively). 

The lysyl-peptides were analysed by paper chromatography 

following protein synthesis in the presence and absence of 1 fl 

of erythromycin or the erythromycin derivatives. As shown in 

Fig. 4, all erythromycin derivatives induce a marked accumulation 

of di- and tri-lysines, which is characteristic for the action of 

erythromycin (22). 

The reason for this strong inhibitory effect of the deriva- 

tives in the prokaryotic system could be due to an improved 

permeability, a multiple step inhibition within the protein 

synthesis and/or could be caused by a higher affinity for the 

50s ribosomal subunit than that of erythromycin. Therefore, the 

inhibition of various functional steps of the protein synthesis 

was investigated. 

First, the charging of a mixture of E. coli tRNA with 
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RI R2 R3 

iP=P rut ural formula of erythromycin derivatives. The derivatives 
contain the following substitution E-I, R = RI, E-II, R = R2, 
E-III, R = RJ. 

Table 1 Minimal inhibitory concentration of erythromycin 
and the derivatives against three gram negative 
bacteria 

Strain 

Escherichia coli 
ATCC 9637 

I 
Antibiotic pg/ml 

Erythromycin E-I E-II E-III 

32 3 4 5 

Klebsiella pneumoniae 31 8 8 9 
ATCC 10031 

Proteus vulgaris 28 14 16 12 

P4CJ-amino acids was tested in the presence or the absence of 

erythromycin and its derivatives. As can be seen from Table 2, 

erythromycin and the derivatives only show an inhibition of the 

aminoacyl tRNA-ligase when present in a much higher con- 

centration than that used in the polylysine synthesis. 

In the next experiment the non-enzymatic binding of tRNA 
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i 2:s lb 

moles non radioactive antibiotic 
per moles Ilkkerythromycin 

eon between non-radioactive antibiotics fi, erythro- 
r+z$ ~&:~o~;;.;;aves 0 ,-E-T; A, E-II; A,.E-IIgeand 

or the binding to 50s subunits. 
concentration of ( C)erythromycin was 2 fl in all equilibrium 
dialysis experiments. 100 % = 826 cpm. 

A 

I 1 I 
1 2 3 

antibiotic concentration lpM1 

?+l%F& on of poly(A) directed polylysine synthesis by erythro- 
mycin and its derivatives. 
A: prokaryotic system; o, erythromycin; 0, E-I or E-II; 
A, E-III, 100 96 = 39,121 cpm. 

B: eukaryotic system; o, erythromycin and its derivatives; 
0, cycloheximide, 100 96 = 7,493 cpm. 

to the ribosome was tested. Chlorotetracycline inhibits 

preferentially tFWA binding to the A-site (23). Controls in the 
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antibiotic added IlOOpmol 1 : 

of the (14C)lysyl-peptides synthesized 
in presence or absence of erythromycin 

and its derivatives (100 pmol per assay equivalent to 1 #I). 

presence of chlorotetracycline demonstrated a marked inhibition 

of tFWA binding at 15 mM Mg++, whereas no or low inhibition was 

detected at 5 mM (data not shown), indicating a predominant 

tFWA binding to the A-site at 15 mM and to the P-site at 

5 mM Mg++ (24). Furthermore, controls were performed in the 

presence of puromycin. The puromycin reaction took place only 

at 5 raM Mg++. 

As can be seen from Table 3, the binding of pH]Phe-tFWA 

in the A-site is unaffected by erythromycin and the deriva- 

tives, whereas the binding of Ac-PHJPhe-tRNA into the P-site 
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Table 2 Effect of erythromycin and its derivatives on 
aminoacyl-tRNA ligase activity. 100 % = 41122 cpm. 

Antibiotic 

Erythromycin 

E-I 

E-II 

E-III 

none 

96 Activity in presence of antibiotics 

5 50 500 (IN 

99 100 90 

99 96 76 

100 97 74 

99 96 83 

100 
J 

Table 3 Nonenzymatic poly(U) dependent tRNA binding to 
70s ribosomes. A-site: 100 % = 1710 cnm. 
P-site: 100 % = 1580 cpm. . -= 

Antibiotic (5 @!) 

none 

Erythromycin 

E-I 

E-II 

E-III 

control (minus poly(U)) 

Nonenzymatic tRNA binding (%) 

(3H)Phe-tRNA Ac(3H)Phe-tFINA 
to A-site 
(15 mM Mg++1 

to P-siq, 
(5mMMi3 1 

100 100 

103 124 

102 120 

104 117 

108 128 

9 11 

is stimulated about 20 % by erythromycin and the derivatives, 

at a concentration of 5 @L 

The peptidyl transferase activity is stimulated by erythro- 

mycin in agreement with earlier results (25); the derivatives 

show a similar stimulatory effect (Figure 5A), whereas chlor- 
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I I I 
1 2,s 5 

antibiotic concentration IpMl 

!i!isw ect of erythromycin and its derivatives. .-- ., --- A: Peptidyl transf:rarIactivity; 100 % = 14,802 cpm. 
0, erythromycin; A E-II; A E-III; a control 
experiment in the piesen;e ok 35 crpl chior 

-5 
henicol gave 

an inhibition of about 40 $ (data not shown . 
B: EF-G dependent GTPase activity; 100 % = 50,128 cpm. 
o, erythromycin and its derivatives; 0, fusidic acid. 

amphenicol, a well-known inhibitor of prokaryotic peptidyl 

transferase (for review see 26), shows the expected inhibition. 

Erythromycin as well as the derivatives do not influence 

the EF-G dependent GTPase activity (Figure 5B). As a control we 

included fusidic acid which inhibits the dissociation of EF-G 

from the ribosome and therefore reduces the EF-G dependent 

GTPase reaction (Figure 5B, for review see 26). 

In conclusion, the stronger inhibitory effect of the 

synthetic erythromycin derivatives in the poly(A) dependent 

polylysine synthesis can (at least partially) be explained 

by a higher affinity of the derivatives for the 50s ribosomal 
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subunit, and is not due to an altered inhibition specificity 

as compared to erythromycin, 

Since the mode of penetration of erythromycin into 

bacterial cells is by passive diffusion (27), and since the 

erythromycin derivatives display a higher affinity than erythro- 

mycin for the 50s ribosomal subunit, a stronger concentration 

gradient is maintained across the cell membrane in the case of 

the erythromycin derivatives. Furthermore, it cannot be ruled 

out that the modifications producing the more hydrophilic deri- 

vatives facilitate the penetration of the drugs into gram 

negative bacteria. 

Possibly both explanations are the reasons why the erythro- 

mycin derivatives display a greater inhibitory effect against 

the gram negative bacteria tested as compared with erythromycin 

itself. 
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