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SUMMARY 

The binding of [14C]tuberactinqcin 0, an antibiotic closely related to vio- 
mycin, to E. coli ribosmes has been examined by eguilibrim dialysis n&hod. 
The antibimsbeenobservedtobindto the 70s riboscme,whichpossesses 
two binding sites: one on the 30s riboscmal subunit and another on the 50s 
Subunit. The affinity for the large subunit is greater than that for the small 
subunit. The binding to both riboscmal subunits is reversed by vicmycin, 
indicating that tuberactinasycin 0 and vicxnycin have the same binding sites on 
the riboscxne. The results seem to be in accordance with the previous finding 
that vianycin exhibits dual actions on ribosmal function: the inhibition of 
mt-tRNI$ (initiation) and inhibition of translocation of peptidyl-tRNA. 

Vianycin, a basic peptide antibiotic, is apotentinhibitorofprotein syn- 

thesis (l-3). It has been observed that the antibiotic exhibits dual actions 

on the ribosmal functions, blocking initiation and elongation process of 

protein synthesis (3). The analysis of these effects has revealed that vim&n 

prevents the binding of fMet-tRNAF to the 30s ribosmal subunit and the 

translocation of peptidyl-tFW.4 fran the acceptor site to the donor site on the 

riboscma, while it does not significantly affect minoacyl-tP.NA binding or the 

peptidyl transferase reaction (3). The inhibition by the antibiotic of peptidyl- 

tFNA translccation has been also demonstrated in a salt-washed polyscmal system 

(4) . 

The interference of vianycin with the 30s initiation canplex formation 

indicates that the antibiotic acts on the 30s riboscmal subunit (3). However, 

it remains to be determined whether the inhibition of translocation of peptidyl- 

tPNA is caused by the interaction with the 50s riboscmal subunit or with the 

30s subunit. For the purpose of elucidating this problem, [14C]tuberactinanycin 

0, an antibiotic closely related to vianycin (Fig. l), has been prepared, and 

the binding to Escherichia coli rilmsxmes has been studied. Instead of vim&n, 

tuberactincmycin 0 has been employed for radioactive labelling, because of the 
stability in the process of chemical modification (5,6). The resuts are present- 

ediIlthiS camnmication. 
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Fig. 1. Chemical structure of vicmycin and tuberactinanycin 0. 
Vianycin: R=OH, TuberactincmycinO: R=H. 
* The asterisk represents the position, labelled with 
radioactivecarbonatmn. 

MATERIAZS AND MEmoDs 

[14C]Tuberactinanycin 0 was prepared by incubating 15 mg of the antibiotic 
with the same amount of [14C]urea (a product of Radiochemical Centre, &nersham, 
mgland) in 0.3 ml of 3 N HCl for 40 da 
Se&ad= GlO colmn chrmatography. [ 1s; 

s at rm temperature, and purified by 
ClIuberactinanycinO, thus obtained, 

gave a single qmt by paper chranatography, using a solvent system (acetone : 
10% annmim acetate : 10% amtmiawater= 30 : 9 : 1); and it showed a qecific 
activity of 15.0 Ci/mle (Fig. 1). 

Escherichia coli Q13 grown to mid-logarithmic phase of grmth was used; and 
the riboscme andriboscmalsubunitsw 
and Maglott (7). The interaction of [ 75 

epreparedbythemethodofstaehelin 
Cltuberactinqcin 0 with the 705 ribo- 

scm or ribosanal subunit was measured by equilibrium dialysis technique. The 
ribosme or ribmcml subunit (each 100 pnoles), suspended in 0.1 ml of a 
standard buffer [Tris-HCl, pH 7.5, 10 Ml, NHCl 80 rrluI, Mg(AcO)2 10 IIW, and 2- 
mcaptcethanol 6 Ml, was placed in a chamber; and various concentrations of 
[14CJtuberactincmycin 0 in 0.1 ml of the same buffer in the other chamber. Roth 
chan&ers were separated by Visking cellulose tubing mmbrane. The apparatus 
was kept at 4T for 18 - 24 hours with gentle shaking. The period was long 
enough for equilibration. The radioactivity in both chambers was determined 
in a liguid scintillation counter. The difference was taken to represent the 
amountofbmmdtuberactincmycin 0. 

[14ClTuberactinm@n 0 was demonstrated to bind with the ribosanes. For the 

purpose of measuring the association constants and nmber of binding sites on 

the 70s riboscme, the equilibrium dislysis experiment was performed over a range 

of concentrations of [14C]tuberactincmycin 0. It was found that, at saturating 

levels of the antibiotic, approximately two moles of the drug were bound per 

mole of the ribosane (Fig. 2). The shape of the binding curve also suggested 

that there might be at least two binding sites with different association 

constants. E3y the mzthcd employed, approximately one-fifth of the antibiotic 
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'ig. 2. Effect of concentration of [14Cltuberactincmycin 0 on binding to 70s rikosmes. 

g. 3. Scatchard plot for equilibria binding of [14C]tuberactincmycin 0 to 705 rikoscmes 
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Fig. 4. Scatchard plot for equilibrium binding of [14C] 
tuberactincmycin0 to the ribosmalsubunits. 

--O-0-30s subunit-0-0-50s subunit 

was bound to the riboscme at the axxentration of one TM, representing equal 

mlar ratio to rihosmes. 

Figures 3 and 4 show Scatchard plots (8) of data for the equilibria binding 

of the antibiotic to the ribosane and riboscaMlsubunits. Thereappearedto 

exist a linear relationship between r and r/A, where r represents roles of 

bound [14C]tu&ractinarrycin 0 per mole of ribosanes or subunits, and A repre- 

sents molar concentration of the free [14CIantibiotic. The 70s ribosane seemed 

to possess one binding site with an association constant of approximately 6.0 
x lo5 M-l , and another sitewith alowerbinding constant. The nmber ofbind- 

ing sites on the 30s ribosanal subunit was one (r = 0.95) with an association 

constant of 2.3 x lo5 MB1 , and that of the 505 subunit was one (r = 0.85) with 
a binding constant of 7.2 x lo5 M-l. The association constant was estimated 

fran the slope of Scatchard plots. Thus, each ribosanalsubunitpossesses 
one binding site for tuberactincxnycin 0, and the large subunit shslJs higher 

affinity than the small subunit. 

974 



Vol. 82, No. 3, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1. Effects of antibiotics on the binding of [l*C]tuberactinmycin 
0 to the riboscme and ribosmalsubunits. 

Antibiotics 
RibOsCaneS Ribosanalsubuhits 

70s 50s 30s 

None 89 79 58 
Tuberactincmycin 0 12 12 6.4 
Vicmycin 10 10 5.3 
Streptmycin 64 71 40 
Erythrmycin 85 72 54 

The number represents pnoles of [l*C]tuberactincmycin 0 bound to 
100 pnoles of the ribosome or rilxmmal subunit. 

The equilibrium dialysis was carried out as described in MATERBIS 
AND moDs. The dialysis mixture, in O.lml of the buffer, contained 
E. coli ribosmes or ribosmal subunits 1 TM, [14C]tuberactinmycin 0 
10 p and cold antibiotics 100 J&L 

Effects of scm? antibiotics on the interaction of [l*C]tuberactincmycin 0 

was studied by the eguilibrim dialysis method; and the results are summarized 

in Table 1. The binding of radioactive material to the 70s ribosme and 

ribosanal subunits was diluted by the presence of cold tuberactinmycin 0, 

indicating that the observed binding was specific for the antibiotic. 

Vicanycin was observed to reverse the binding of [14C]tuberactinanycin 0 to 

the rihxcne and both ribosmal subunits at the same levels with cold tuber- 

actincmycin 0. The radioactive binding was not significantly affected by 

erythranycin. Streptmycin seemedtodecrease SaTlecyhat the binding to the 30s 

ribosmal subunit but not that to the 505 subunit (Table 1). 

DISCUSSION 

It has been observed by the equilibria dialysis procedure that tuberactino- 

mycin 0 possesses two binding sites on the 70s ribosome: one on the 30s ribs- 

scmalsubunitand another on the 50s subunit. Reversiblebindingof the anti- 

biotic has been also demonstrated by a Millipore filter method. The binding 

is dependent upon temperature: for example, the antibiotic binds to the 70s 

rikmme in a molar ratio of 0.2 : 1 at 4OC (Fig. 2) and 0.5 : 1 at 37'C at 

dn antibiotic concentration of one TM, which causes approximately 50% inhibi- 

tion of polyphenylalanine synthesis (data are not shm). It remains to be 

determinedwhether a singlemolecule of the antibioticbinds tobothribosmal 

subunits or separate molecules bind to each subunit. 

The binding of the [14CJantibiotic is reversed by vicmycin at the same levels 

aswithcoldtuberactincmycinO. Since these antibiotics have similar chemical 
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structures, the antagonimmaybedue toccmpetition for the samebinding sites 

ontheribosane. The dual effects of vianycin on the riboscmal functions pre- 

viously reported (3), are supported by the above results. The affinity of the 
50s riboscmal subunit is greater than that of the 305 subunit; this appears 

tobe in accordancewith the observation thatvimycinblccks translocation of 

peptidyl+RNAatlower concentration than mt-tRlQ$bindingto the smll ribo- 

smal subunit (3). Thebindingof the antibiotictothelargerilxmxnalsubunit 

seems to result in the inhibition of tramlocation of peptidyl-tRNA frcm the 

acceptor site to the donor site. Hmever, there still reMins a possibility 

that the inhibition of peptidyl-m translocation might be caused by the 

interactionwith the smllribosm~lsubunit. Martinez et al. (9) have 

denonstrated thatthebindingof streptanycinorvicmycin toE. coli riboscmes 

modifies the iodination of at least 5 or 9 ribosmal proteins, respectively. 

These include proteins of large and small subunits, suggesting that strepto- 

mycin as well as vianycin may interact with both riboscmal subunits. Hmever, 

the interpretation of the results may not be simple. 

TuberactincmycinO andvicmycinpossess several functional groups in the 

molecule. It remains to be determined which functional group(s) is important 

for the interaction with the riboscma and whether the same functional group(s) 

bind(s) to both riboscxnal subunits. We are also attempting to determine 

which ccmponents of the ribosane are essential for the binding of vianycin or 

tuberactincmycin 0. 
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