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Misreading, a Fundamental Aspect of the Mechanism of 
Action of Several Aminoglycosidest 

D. Lando,* M. A. Cousin, and M. Privat de Garilhe 

ABSTRACT : The effect of various aminoglycoside antibiotics 
on the cell-free synthesis of total protein and of late T4 phage 
mRNA-induced lysozyme has been studied with ribosomes 
from streptomycin sensitive and resistant Escherichia coli. 
Lysozyme biosynthesis is more sensitive to aminoglycosides 
than total protein synthesis in both systems, indicating a high 
level of misreading, except in the case of kasugamycin and 
spectinomycin for which both effects are identical. The Mg2+ 
concentration significantly influences the effect of all the mis- 

A minoglycoside antibiotics inhibit protein synthesis in 
sensitive bacteria (Erdos and Ullman, 19591, their site of 
action being located in the ribosomes (Spotts and Stanier. 
1959; Jacoby and Gorini, 1967; Weisblum and Davies, 
1968; Traub and Nomura, 1968; Ozaki et d., 1969). In the 
study of their effect on translation mechanism in sub- 
cellular ribosomal systems, two fundamental observations 
have been made. (1) For blockage of the initiation of poly- 
peptide chains, Modolell and Davis (1970) and Lelong et a / .  
(1971) have shown that streptomycin inhibits the initial steps 
of mRNA translation in citro, leading to the release of formyl- 
methionyl-tRNA (fMet-tRNA) from the initiation complex 
without chain elongation; Okuyama et ul. (1971) have estab- 
lished that initiation complex formation is inhibited on 30s 
ribosomes by kasugamycin, on 70s ribosomes by kanamycin 
A and gentamicin C. (2) Infidelity in the translation of the 
genetic code (“misreading effect”) : this effect was primarily 
observed in studies on  cell-free extracts programmed with 
synthetic polynucleotides (Davies et al., 1965, 1966; Davies 
and Davis, 1968; Davies, 1970). Moreover, studies with viral 
mRNA have shown inhibited or stimulated polypeptide syn- 
thesis as measured by radioactive amino acid incorporation 
(van Knippenberg et a/.,  1965). In these experiments, how- 
ever, no specific enzyme activity was measured and thus the 
importance of misreading under conditions approximating 

i- From the Centre de Recherches Roussel-Uclaf, 93230 Romainvillc, 
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reading inducing aminoglycosides. The effect of these amino 
glycosides on the initiation step was also investigated. On the 
basis of the results obtained, the antibiotics may be classified 
into three groups: (1) those inducing no misreading, Le., 
kasugamycin and spectinomycin, (2) an antibiotic acting both 
on initiation and fidelity of translation, namely, streptomycin, 
(3) those inducing a high level of misreading, i.e., with a deoxy- 
streptamine moiety. 

biological conditions could not be clearly demonstrated. To 
pursue the study of the mechanism of action of aminoglyco- 
sides, we therefore selected the mRNA induced by late T4 
phage infected Escherichia coli which codes for the translation 
of a specific enzyme, lysozyme, and studied the misreading 
effect of aminoglycosides by measuring not only the incor- 
poration of a radioactive amino acid into protein, but also 
lysozyme biosynthesis. Preliminary accounts of these experi- 
ments have already been presented (Cousin et al., 1971; 
Lando, 1972). Results for streptomycin-sensitive ribosomes 
were compared with those for streptomycin-resistant ribo- 
somes, which according to Jacoby and Gorini (1967), are less 
sensitive to misreading. The effects on  fidelity of translation 
were compared to those on  the initiation step. 

Experimental Section 

Ma I er ials 

Streptomycin-sensitive (SmS)l and streptomycin-resistant 
(SmR) E.  coli M R E  600 were used to  prepare ribosomes and 
crude translation factors; E .  coli Dlo was used to  prepare 
wild T4 phage mRNA. 

1 Abbreviations used are :  A-U-G, adenylyl-3’,5’-uridylyl-3’,5’- 
guanosine 3 ’-phosphate; Gm, gentamicin; Kg, kasugamycin; Kin, 
kanamycin; K n ,  kanendom)cin; Nea, neamine; Nm, neomycin; 
Pa, paromamine; Pm, paromomycin; Sm, streptomycin; Sp,  spect- 
inomycin; ID,o, inhibition dose 50%. 
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FIGURE 1 : Aminoglycosides with a deoxystreptarnine moiety. The 
A fragment (R3 and R., = OH) corresponds to deoxystreptarnine. 

~- [~H]Val ine  (1 Ci/mmol) and ~-[~H]methionine (0.6 Ci/ 
mmol) were purchased from the Commissariat 2i I'Energie 
Atomique, France; A-U-G from Miles Chemical Co. Neomycin 
B and C, neamine, paromomycin (95% PmI, 5 %  PmII), and 
paromamine, as well as chloramphenicol, puromycin, and 
tetracycline, were produced by Roussel-Uclaf. Streptomycin 
was purchased from RhBne-Poulenc ; kanamycin A from Mann 
Research Laboratories. Kanendomycin was donated by Meiji- 
Seika, kasugamycin by Banyu, and spectinomycin by Upjohn 
Co. Gentamicin A, C1, C I ~ ,  and Cp were gifts from Schering 
Laboratories. The structures of the main aminoglycoside anti- 
biotics used in these studies are represented in Figures 1 and 2. 

Methods 

Preparation of Ribosomes and Crude Factors (Revel et al., 
1968a). The high-speed supernatant fraction Sljo containing 
elongation factors was dialyzed 5 hr against a 10 mM Tris- 
HCI-7 mM 2-mercaptoethanol buffer (pH 7.5). Ribosomes 
were washed free of initiation factors by treatment with 1 M 

NH4CI, 30 mM Tris-HC1, 10 mM magnesium acetate, and 12 
mM 2-mercaptoethanol buffer (pH 7.6). Crude initiation fac- 
tors were concentrated by precipitation with ammonium sul- 
fate a t  80% saturation, dissolved and dialyzed in the first- 
mentiorled buffer. 

Preparation of mRNA. The 25-min TCinfected bacteria 
R N A  used to program in vitro lysozyme synthesis was pre- 
pared as described by Saker et ai. (1967). 

In Vitro Synthesis oflysozyme. A total of 200 pl of reaction 
mixture (pH 7.8), containing 62.5 mM Tris-HCI, 62 mM NH4C1, 
2 mM dithiothreitol, 8 mM magnesium acetate (unless other- 
wise indicated), 1.5 mM ATP, 0.25 mM GTP,  6 mM phos- 
phoenolpyruvate, 10 pg/ml of pyruvate kinase, 3 % (w/v) Poly- 
ethylene Glycol 6000 (omitted in certain experiments), 0.1 3 
mM each of 19 amino acids, 0.02 mM tritiated valine (100 
Ci/mol), 1.2 mg/ml of Slso supernatant, 500 ,ug/ml of crude 
initiation factors, 0.24 FM washed 70s ribosomes, and 750 
pgiml of 25-min T4 phage mRNA was incubated a t  37" for 
30 min. In some experiments, 40 mM KCI was added. Amino 
acid incorporation was measured by the radioactivity re- 
covered in material precipitated by hot trichloroacetic acid 
(Mans and Novelli, 1961). 

Lysozyme Assay (Salzer et a/., 1969). Activity was measured 
with a Zeiss PMQII spectrophotometer on 50 p1 of reaction 
mixture added to  1 ml of a suspension of chloroform-treated 
E .  coli BE and calculated from the maximum slope of a plot 

OH v 
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FIGURE 2: Aminoglycosides lacking the deoxystreptarnine moiety. 

of turbidity a t  450 nm us. time. A variation of transmission of 
O.l/min corresponds to 1.4 x pg of purified T4 phage 
lysozyme. The initial optical transmission of the substrate 
suspension was 0.1. In order to  follow cell lysis, the increase 
in transmission over 10 min was measured. The slope was 
linear until 5-10 min according to  the lysozyme activity. 

Thermal denaturation of lysozyme was measured by in- 
cubating reaction mixture at 51 S o  for different time periods. 

Preparation and binding of [ aH]formylmethionyl-tRNA were 
according to Revel et ai. (1968b). 

Results 

Effect of Various Antibiotics on in Vitro Biosynthesis of 
Total Prolein and of a Protein Specific of T4 Phage, Lysozyme. 
EFFECT ON ACELLULAR PROTEIN SYNTHESIS. Figure 3 shows the 
effect of various concentrations of eight aminoglycosides with 
a common 2-deoxystreptamine residue (Figures 1 and 2) on 
lysozyme and total protein biosynthesis in cell-free systems 
from SmS and SmR E. co/i strains. The left-hand column gives 
results for four antibiotics with a common neamine residue 
(Nm B, Kn, Nm C, and Nea), the right-hand column for three 
antibiotics of the paromamine series (Pm, Gm A, and Pa) 
and one antibiotic which could be denoted a "pseudoparom- 
amine" derivative (Km A). All eight antibiotics inhibit total 
protein and lysozyme biosynthesis in both systems, but lyso- 
zyme activity is more sensitive to antibiotic action than total 
protein synthesis. The dissociation is a reflection of the degree 
of misreading. It is more pronounced in the cell-free SmR 
than SmS system, indicating a higher level of misreading. This 
result is not in agreement with Jacoby and Gorini's earlier 
observation (1967) that SmR ribosomes are less sensitive to 
misreading than SmS ribosomes. 

In general, both total protein and lysozyme biosynthesis 
appear to be less sensitive to  antibiotic action in the SmR than 
SmS system. In the SmS system total protein synthesis is little 
inhibited by the three antibiotics of the paromamine and 
pseudoparomamine series. Concentrations as high as 100 , u ~  
do not give rise to more than 40-50z inhibition. In the SmR 
system, this lack of inhibition is even more pronounced. 
Paromamine in fact stimulates total protein synthesis at high 
concentrations, but inhibits lysozyme biosynthesis. Parom- 
amine derivatives are less active than neamine derivatives both 
on total protein and lysozyme biosynthesis. 

Of the two structurally very similar antibiotics, kanamycin 
A and kanendomycin (Figure l), kanendomycin inhibits total 
protein synthesis, lysozyme activity and also the in uivo growth 
of E. coli bacteria (unpublished data) more markedly than 
kanamycin. This correlation between in vitro and in cico 
activities, also observed with the other aminoglycosides, sug- 
gests that inhibition of the synthesis of "functional" enzymes 
such as lysozyme, probably largely accounts for antibiotic 
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FIGURE 3: Effect of aminoglycoside antibiotics with a deoxystreptamine moiety on total protein and lysozyme biosynthesis. Results are 
expressed as a percentage of the activity recorded for control samples with no antibiotic. The experimental procedure is described under 
Materials and Methods. After incubation for 30 min at 37’, 50 pl was withdrawn from the incubation mixture. The control values for total 
protein sbnthesis were from 12,000 to 15,000 dpm in 50 pl (eRciency of counting = 45 “.J, for media without mRNA. from 300 to 500 dpm. 
The Whatman paper filters containing hot trichloroacetic acid precipitable proteins were counted in 10 ml of toluene-based scintillation 
fluid in an Intertechnique liquid scintillation spectrometer. The amount of lysozqme i n  50 pl was 2.5 x I O - ?  pg. The reaction mixture con- 
tained 8 mM MgPr and 0.24 p~ washed 70s ribosomes (0.5 Asso unit in  50 p l ) .  Lysozyme represents about i :; of total proteins. E. coii 
streptomycin-sensitive acellular system: (0 )  total protein synthesis; (A) lysozyme activit) . E. coli streptomycin resistant acellular system: 
(0) total protein synthesis; (*)lysozyme activity. 

activity. Some of these compounds are very effective anti- 
biotics, yet never completely inhibit total protein synthesis. 

Dissociation is less marked with streptomycin (Figure 4) 
than with deoxystreptamines, implying less misreading. Total 
inhibition of protein biosynthesis is achieved with 5 ~ C I M  strep- 
tomycin as compared to a t  least 100 p~ deoxystreptamine 
derivative. No dissociation between inhibition curves is ob- 
served with kasugamycin and spectinomycin (Figure 4) which 
both lack streptamine-deoxystreptamine residues. 

Table I summarizes the results. The antibiotic concentra- 

1 , ’>.. \.-. , , 
........ 0 - 0  

10-3 10-2 1 10 100 
ANTIBIOTIC 
conc (pM) 

FIGURE 4 :  Effect of streptomycin, spectinomycin, and kasugamycin 
on total protein synthesis and lysozyme activity in the streptomycin- 
sensitive acellular system described in the legend of Figure 3 :  
(0)  total protein synthesis; (0) lysozyme activity. 
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tions needed for 50% inhibition of [:3H]valine uptake into 
total protein vary from 0.06 p~ (Nm B) to 220 p~ (Pa) n the 
Sms system, from 1 ~ L M  (Kn) to above 300 p~ (Km, Pa) in the 
SmR system. The ratio IDso(]) (total protein) over IDso(”) (lyso- 
zyme) may be taken to express the level of misreading; it is 
equal to 1 for kasugamycin and spectinomycin (no misreading) 
and varies for the other antibiotics from 2 to 55  (SmS ribo- 
somes), from 5.5 to over 500 (SmR ribosomes). Another mea- 
sure of misreading is the level of total protein synthesis when 
lysozyme activity is zero (Table 11). This level is equal to at  
least 38 of control activity (absence of antibiotic) for error- 
inducing aminoglycosides, to virtually zero for nonerror- 
inducing aminoglycosides. 

The aminoglycosides studied were compared to three anti- 
biotics not known to induce misreading, namely, chlor- 
amphenicol, puromycin, apd tetracycline. The I D 5 0 ( 1 ) / I D ~ ~ ( 2 )  
ratios for these last two compounds are low, 1.6 and 1.7, 
respectively, compared to the values obtained for misreading- 
inducing aminoglycosides. Moreover, as shown in Table 11, 
for these three antibiotics, when lysozyme activity falls to zero, 
total protein synthesis is also totally inhibited, whereas for 
antibiotics inducing misreading, it remains at  38-90% of 
control activity. A surprising observation’in the case of chlor- 
amphenicol is that lysozyme synthesis is less inhibited than 
total protein synthesis (mean of five experiments); this was 
the only case when an IDjo(1),’ID50(2) ratio below 1, namely 0.5, 
was recorded. 

HEAT-LABILE T4 PHAGE LYSOZYME SYNTHESIZED IN THE 
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TABLE I :  Antibiotic Concentrations in Micromoles Giving Rise to 5Oz Inhibition of Total Protein Synthesis (IDso")) and Lyso- 
zyme Activity (ID5o(')).' 

Neomycin B 
Kanendomycin 
Neomycin C 
Neamine 
Paromomycin 
Kanamycin A 
Gentamicin A 
Paromamine 
Gentamicin C1 
Gentamicin C I ~  
Gentamicin CZ 
Streptomycin 
Kasugamycin 
Spectinomycin 
Chloramphenicol 
Puromycin 
Tetracycline 

0 .06  
0 .45  
0 .50  
5.00 
0 .10  
1 .50  

14 
220 

0.24  
0.10  
0 .10  
0.15 

0.18 
4 . 0  
1 .10  
3 .50  

50 

0.02  
0.10 
0 .10  
0.60 
0.02 
0.20 
0 .50  
4 . 0  
0 . 1 0  
0.03 
0.04 
0 .07  

0.15 
8 . 0  
0 .70  
2.10 

50 

3 . 0  
4 . 5  
5 . 0  
8 .3  
5 . 0  
7 . 5  

28 
55 
2 . 4  
3 .3  
2 . 5  
2 . 1  
1 . 0  
1 . 2  
0 . 5  
1 . 6  
1 . 7  

10 

20 
30 
10 

>300 
140 

>300 

1 . 0  

100 
200 

~~~ 

0.02 
0.18 
0.17 
1 . o  
0 .04  
0.50 
1 . 0  

24 

5 . 0  
200 

500 

117 
30 

250 

140 

5 . 5  

20 
1 

a The data are the means of a t  least five experiments. The ratio ID5o(1)/IDSo(Z) is an  indication of the level of misreading; it is 
less than 2, virtually equal to 1, for no misreading. Even very high concentrations of paromamine and kanamycin A (SmR ribo- 
somes) did not give 50% inhibition of protein synthesis. 

PRESENCE OF LOW INHIBITORY DOSES OF ANTIBIOTIC. It has been 
shown that random amino acid substitutions frequently render 
an  enzyme more subject to denaturation by heat (Holliday 
and Tarrant, 1972). When lysozyme biosynthesis is only par- 
tially inhibited by antibiotics with a deoxystreptamine residue, 
the thermal stability of the lysozyme decreases proportionally 
to the percentage inhibition of enzyme activity as shown in 
Figure 5 for paromomycin. N o  difference in thermal stability 
was observed, however, with lysozyme synthesized in the 
presence of kasugamycin. These results confirm our first 
conclusion on misreading effects. None of the test compounds 
affects lysozyme activity directly, a t  least at  the concentration 
used in the assay. 

INFLUENCE OF Mg2+ CONCENTRATION. Szer and Ochoa (1964) 
showed that a t  high MgZL concentrations, ambiguities in 
translation were observed with artificial mRNA The experi- 
ments described so far have been carried out with an optimal 
magnesium ion concentration, 8 mM (Figure 6), the control 
preparation containing no antibiotic being very sensitive to  
even slight variations in this concentration. In  the presence 
of antibiotic, the sensitivity of the subcellular system is also 
Mg2+-dependent except in the case of kasugamycin and tetra- 
cycline, neither of which induce misreadings. Neomycin B 
and paromomycin concentrations above those necessary to 
completely inhibit lysozyme synthesis seem to enhance total 
protein synthesis as compared to the control with the same 
Mg2- concentration; it would appear that in the case of these 
compounds the combination magnesium-aminoglycoside is 
particularly conducive to misreading effects. 

INFLUENCE OF POLYETHYLENE GLYCOL AND POTASSIUM IONS. 

Experiments without polyethylene glycol or  with potassium 
ions have revealed no  differences in the relative action of the 
aminoglycosides. Total protein and lysozyme synthesis are 
virtually halved in the absence of polyethylene glycol, but 

enhanced in the presence of potassium ions. Under the out- 
lined conditions, the optimum potassium concentration is 40 
mM for the controls. 

Effect oj  Various Antibiotics on Initiation of Protein Syn- 
thesis. Experiments were carried out to determine the influence 
of the above aminoglycosides on the initiation step of cell- 
free protein synthesis by observing their effect on binding of 
fMet-tRNA to 70s ribosomes in the presence of GTP and 
initiation factors. Binding of fMet-tRNA in the presence of 
the triplet A-U-G or natural mRNA from 25-min T4 phage 
infected bacteria gave identical results (Table 111). Strepto- 
mycin whether a t  a concentration of 1, 10, or 100 p~ inhibits 

I a b 

I I b 

1 5 TIME 
(min) 

FIGURE 5 :  Inactivation at 51.5" of i,z citro synthesized T4 phage 
lysozyme. 50 p1 of each reaction mixture was incubated for dif- 
ferent time periods. Lysozyme activity was measured as indicated 
in Materials and Methods. The data are expressed as a percentage 
of the activity of a reaction mixture without heating as a function of 
incubation time. (a) Effect of paromomycin: (0 )  control; (*) 66% 
of control activity; (*) 46%; (0) 21 %; (b) effect of kasugamycin: 
(0) control; (*) 50% ofcontrol activity. 
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FIGURE 6:  Effect of antibiotics on total protein synthesis as a fuiic- 
tion of magnesium concentration. Lysozyme activity was .measured 
in arbitrary units according to the method described under Ma-  
terials and Wethods: paromom)cin. 1.2 w ~ :  streptomlcin. 0.7 p ~ :  
tetracqche. 21 phq: neomycin. 1 .2  pM; kasugamycin. 22 ,ubi. 

fMet-tRNA binding to only 40%. An inhibition of the same 
order is obtained with 10 p~ neomycin B or paromomycin. 
thc other aminoglycosides inhibiting initiation even less at  
this concentration. Inhibition as marked as 80% is only ob- 
tained with 100 phi neomycin B or paromomycin. 

Discussion 

The inhibition of the biosynthesis of a specific enzyme, 
lysozyme, coded for by a natural mRNA: was judged to be a 
more valid criterion of the efficiency of various aminoglyco- 
side antibiotics, than just the inhibition of total protein syn- 
thesis as measured by the incorporation of labeled amino acid. 
The data obtained in the foregoing experiments in fact suggest 

TABLE 11: Level of Protein Synthesis (Per Cent of Control) 
When Lysozyme Activity Is Zero.' 

__ 
SmS E. coli SmR E. coli 

_- 
Neomycin B 
Kanendomycin 
Neomycin C 
Neamine 
Paromomycin 
Kanamycin A 
Gentamicin A 
Paromamine 
Gentamicin Cl 
Gentamicin Cia 
Gentamicin Cf 
Streptomycin 
Kasugamycin 
Spectinomycin 
Chloramphenicol 
Puromycin 
Tetracycline 

46 
48 
50 
59 
46 
60 
74 
90 
38 
39 
45 
40 

0 
0 
0 
7 
0 

70 
64 
88 
80 
90 
78 
89 

100 

' Zero lysozyme activity. The substrate, i.e., chloroform- 
treated E. cok, is not lyzed after 10-min incubation a t  27". 
This implies that the level of lysozyme activity is less than 1 
of that of the control without antibiotic. (The activity of the 
control was 2.5 x pg of T4 lysozyme in 50 pl of incuba- 
tion medium.) 

TABLE 111: Effect on fMet-tRNA Binding 
- _ _ _  _ _ ~ _ _ _  ~ - 

Antibiotic Concentration 

1 pkl 1op1.i 1oopM 
_ _  __ - 

_ ~ ____ 
Neomycin B 7 5  50 20 
Kanendomycin 90 75 60 
Neamine 100 85 40 
Paromomycin YO 55 23 
Kanamycin A 100 80 75 
Gentamicin A 1 00 75 5 5  

Streptomycin 65 60 60 
Kasugamycin 100 8 0 50 

The reaction mixture contained in 50 pl : 50 mlr4 Tris-HCI 
(pH 7 .9 ,  80 ms( NH4CI, 7 mM 2-mercaptoethanol, 0.7 p~ 
washed ribosomes, 1 mg/ml of crude initiation factors, 2 
mgjml of total tRNA charged with [3H]fMet (805,000 dpm; 
mg), 1 mM GTP? 100 pgjml of A-U-G triplet in the presence 
of 5 mM Mg?'~ or 1 mg/ml of 25-min late T4 phage mRNA 
in the presence of 8 mM Mgz*. Incubation was at  25" for 12 
min with A-U-G or 37" for 12 min with natural mRNA. 
The radioactivity, collected on Millipore filter, was measured 
in an Intertechnique SL30 scintillation spectrometer. Results 
are expressed as per cent control radioactivity. A value of 
100 indicates no inhibition of initiation step. 

strongly that the effects on lysozyme synthesis are due to 
errors in translation. 

The conclusions of various teams working with artificial 
messengers (Davies et a/., 1966; Tanaka et al.. 1967; Ander- 
son et cil., 1967; Davies and Davis, 1968; Davies, 1969) were 
confirmed. Derivatives with a streptamine or deoxystrepta- 
mine moiety gave rise to misreading; misreading was more 
pronounced with neomycin than streptomycin; kasugamycin 
and spectinomycin did not induce misreading. 

As already noted by van Knippenberg er nl. (1965) for 
streptomycin, total protein synthesis in the presence of amino- 
glycosides is affected by the magnesium ion concentration. The 
degree of stimulation of protein synthesis in the presence of 
magnesium observed in these studies depends upon the ca- 
pacity of the aminoglycoside to induce misreading. 

The thermal stability of the T4 phage lysozyme synthesized 
in citro is a function of antibiotic concentration only in the 
case of misreading inducing aminoglycosides. This result 
suggests that, for low doses of antibiotic, residual lysozyme 
activity was due to a protein with errors in the primary 
sequence which affect thermal stability by also altering secon- 
dary structure. 

It therefore appears that inhibition of lysozyme is not due to 
a selective inhibitory effect on certain genes as suggested by 
Kozak and Nathans (1972) for some antibiotics. They showed 
that kasugamycin, tetracycline, chloramphenicol, unlike mis- 
reading inducing aminoglycosides such as neomycin, strepto- 
mycin, and kanamycin, inhibit more markedly the biosynthesis 
of maturation protein than that of coat protein, induced in 
ritro by RNA coliphage MS2. In our experiments all misread- 
ing inducing aminoglycosides, but neither tetracycline nor 
kasugamycin, inhibit selectively lysozyme biosynthesis. 

On the basis of the results obtained, the aminoglycosides 
tested may be divided into three groups. (a) Streptomycin 
which contains the streptamine residue, induces a low level of 
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misreading and exerts low inhibition of initiation. (b) Amino- 
glycosides which contain the deoxystreptamine residue and 
which induce a high level of misreading as compared to 
streptomycin. The antibiotic concentrations necessary to 
significantly inhibit initiation are very much higher than those 
required to  induce misreading, implying that action on initia- 
tion is not the primary mode of action and that misreading 
plays a fundamental role in the effect of these compounds. (c) 
Other aminoglycosides; only kasugamycin and spectinomycin 
inhibit concomitantly total protein and lysozyme biosynthesis. 
Both these antibiotics lack a streptamine residue and thus do 
not induce wrong proteins (Tanaka et al., 1967). Dose- 
response studies suggest that the inhibitory action of kasuga- 
mycin on protein synthesis could be explained simply by action 
on initiation. 

It now seems necessary to correlate the bactericidal effect of 
aminoglycoside antibiotics and their inhibitoroy effect on the 
cell-free synthesis of this enzyme and others. 
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