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SUMMARY 

Vianycin inhibitedpolypeptide synthesis and translocationofpeptidyl-tPNA 
on riboscmas derived fran a sensitive strain of M. megmtis (R-15), but not 
significantl on ribosmes from vianycin-resistant mutants (R-31 and R-43). The 
bindingof [ 14 C]tuberactincmycinO, avicmycinanalog, toriboscmalparticles 
was studied by Millipore filter method. The sensitive ribosane exhibited higher 
affinity for the antibiotic than the resistant riboscxnes. The resistance was 
localizedon the large ribosuml subunitinamtant (R-31), andon the mall 
subunit in another mutant (R-43). Thebinding of thedrug to the sensitive 
riboscmal subunit was markedly reduced by combination with the resistant pair 
subunit, and the entire ribosaw became resistant to the antibiotic. 

Vianycinhasbeenobservedtoinhibitproteinsynthesisonbacterial riboscmes 

at two steps: initiation and elongation. The antibiotic blocks 30s initiation 

ccqlex formation and translccation of peptidyl-tRNA fran the acceptor site to 

the donor site (1,2). It has been demnstrated that [14C]tuberactinmycin 0, a 

drug closely related to vicanycin, binds to E. coli ribosanas. The ribosare has 

twomajorbinding sites: oneonthelarge ribosmalsubunitandanotheron the 

mall subunit. Since thebinding oftuberactimmycinOis reversedbyvianycin, 

the two antibiotics seem to possess the same binding sites on the ribosme (3). 

Yamada et al. (4,5) have reported that the resistance to vimycin is due to 

alterationof the smallribosanal subunit in sarieof resistantmutantsof 

Mycobacterimsmegmatis , and to that of the large subunit inothermutants. 

Wehavepreparedribosanes andribosanal subunits franvicmycin-sensitiveand 

-resistant strains of M. snegmatis; and studied effects of vicmycin on poly- 

peptide synthesis and translocation of peptidyl-tRNA on hybrid ribosunes, and 

the interactionof [14C]tuberactinm@nOwith riboscxnes andribosanalsub- 

units. It has been observed that the resistant subunit affects the binding of 

the antibiotic to the sensitive pair subunit. Thf3 results are presented in 

this publication. 
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MATERIALS AND METHODS 

Mycobacterium snegmatis R-15, R-31 and R-43 were generously given by Prof. 
Yasuo Mizuguchi, University of Occupational and Environmen tal Health,Kita- 
Kyushu City, Japan. R-15 was sensitive to vicxnycin (MIC 5 pg/ml). R-31 (e) 
was resistant to the drug (MIC 3OOm/ml) andhad altered large riboscxna1 
subunit. R-43 (vie B) was also resistant (MIC 100 pg/ml), possessing altered 
small subunit (5). 

[14ClPhenylaJanine (522 mCi/m&l) and [14C]leucine (354 mCi/nW were purchased 
framthe RadiochenicalCentre,&nersham, England. Phosphoenolpyruvate, GTP, 
ATP, pyruvate kinase, poly[U] and E. coli tRNA were products of Boahringer 
Mannheim, Germany. 

The preparation of S-30 fraction, riboscmas and ribosanal subunits of M. 
snegamatis follcx@d the method described by Ohta et al. (6). For the pese 
of remxring RNase, the riboscmes were washed with 0.5 M Licl-containing buffer 
(10 nM Iris-HCl, pH 7.5, 10 mM Mg(CW)2, 6 mM 2-mercaptoethanol and 10 pg/ml 
polyvinylsulfate) (7). N-acetyl-[14C]phenylalanyl-tRNA was synthesized by the 
procedure of Haenni and Chapeville (8), and elongation factors were prepared 
b 

Y4 
the method of Nishizuka et al. (9). The preparation and characteristics of 

[ Cltuberactinrxnycin 0 (15m,mle) were described in previous papers (3,lO). 
The incorporation of [14C]leucine with endcgenous mRNA and polyphenylalanine 

synthesis were carried out as described by Nirenberg (11) with a few minor 
modifications. The binding of [14C]tuberactincarrycin 0 to riboscmal particles 
was assayed by Millipore filter method. 

RESULTS 

The effect of vianycin on polypeptide synthesis in cell-free systems fran the 

drug-sensitive and -resistant strains of Mycobacteriun smegmatis. 

Vianycin was observed to block both endogenous mEWA- and poly[U]-directed 

polypeptide synthesis in a riboscmal system obtained from M. snegmatis R-15, 

a strain sensitive tovicnrycin. Approximately 50 % inhibitionwas found at 

antibiotic concentrations of 0.2 to 0.4 TM. Much less effect of the antibiotic 

were demonstrated in cell-free systems derived frcm M. snegmatis R-31 and R-43, 

viqcin-resistant mutants, at antibiotic concentration range of 0.15 to 1.5 TM. 

It was further confirmad by experiments, using reconstituted hybrid ribosanes, 

that the resistance of R-31 was localized on the large riboscmal subunit and. 

that of R-43 on the small subunit (Data are not shown). The results were in 

accord with previous reports (4,5). 

Effects of vianycin on peptidyl transferase reaction and translocation of 

peptidyl-tRNA on sensitive and resistant riboscmes. 

N-Acetylphenylalanyl-purcanycin synthesis on riboscmes in the absence of EF-G 

and GTP was employed as a model system of peptidyl transferase reaction. The 

purcmycin reaction on ribosomes of R-15 as well as on those of R-31 and R-43 

was not significantly affected by vianycin (Table 1). In a simultaneous 

experiment, it was profoundly blocked by blasticidin S, an inhibitor of 

peptidyl transferase (12). 
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Table 1. 

Myc&a&xiun Af?Phe-puml@nfoxnlation Translocationof 
,¶lEglMtiS Antibiotics -BF-G,GrP +EF-G, Gm Peptidyl-tFm 

Strains qnl % cpn cpn % 

None 960 100 1,943 983 100 
Vianycin 

I+15 0.15 yM 880 92 1,631 751 76 
1.5 756 79 882 126 13 

(sensitive to 15. 779 81 815 36 4 
vicmycin) Fusidic acid 

0.19 n-&l 892 93 1,167 275 28 
Blasticidin S 

0.24 utd 212 22 

R-31 None 667 100 1,450 783 100 
Vianycin 

(vianycin- y-F TM 702 105 1,468 766 98 
resistant 

15: 
636 95 1,348 712 91 

alteration 583 87 1,408 825 105 
onthelarge Fusidic acid 
ribosanal 0.19 InY 662 99 937 275 35 
SLamit) Blasticidin S 

0.24 nW 172 27 

R-43 None 686 100 1,354 668 100 
Vianvcin 

(vianycin- 0.15 
resistant 

JIM 704 102 1,322 618 93 
1.5 689 100 1,346 657 98 

alteration 15. 556 81 1,185 629 94 
OntheSEiU E'usidic acid 
ribosanal 0.19 n-t4 680 99 780 100 15 
subunit) Blasticidin S 

The reaction mixture in O.lml contained: 50 nM TrisHcl, pH 7.8, 15 nM 

It was incubated for an 

andthen0.45nM~~wasintroducedtothemixture,wfiichwasfurther 
incubated at O°C for 30 minutes. The reaction was terminated by addition of 
one n-d. of 0.1 M scdim acetate, pH 5.5, and extracted with 1.5 ml of ethyl 
acetate. !Phe radioactivity of the salvent layer was detemined in may's 
scintillatir. 

The effect of vicanycin on translocation of peptidyl-tRNA frcan the acceptor 

site to the donor site on riboscmes was studied with the purunycin reaction 

enhanced by addition of EF-G and GTP (13). The stimulatedreactionwas sensi- 

tive to fusidic acid on R-15, X+31 and R-43 ribxanes. The translocation was 

markedly inhibited by the drug on R-15 ribosanes (ca. 50 % inhibition at 0.4 

JIM), but not significantly on R-31 and R-43 ribosanes. The results indicated 

that translocation of peptidyl-tRNA is resistant to vianycin not only on R-31 

rihsanes (the large subunit resistance) butalsoonE+43 ribosanes (the mall 

subunit resistance) (Table 1). 
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Table 2. The effect of vianycin on tramlocation of peptidyl-m cm hybrid 
ribo-. 

Sourceofribo- Vianycin ~Pbqammycir~synthesis 
scnlalsubunits e&ancedbyEF-GandcIp Sensitivity 

30s 50s VM cpn % to vianycin 

R-15 R-15 0 1,065 100 
0.15 503 47 sensitive 
1.5 137 13 

r+31 P.-31 0 2,457 100 
0.15 2,498 102 resistant 
1.5 2,342 95 

FF31 R-15 0 1,372 100 
0.15 773 56 sensitive 
1.5 69 5 

R-15 R-31 0 2,096 100 
0.15 2,130 102 resistant 
1.5 1,957 93 

R-43 R-43 0 1,235 100 
0.15 1,198 97 resistant 
1.5 1,106 90 

I+43 R-15 0 752 100 
0.15 736 98 resistant 
1.5 602 80 

R-15 R-43 0 1,737 100 
0.15 1,175 68 sensitive 
1.5 512 30 

Theexperimn~wxeperformdbythepnxedure descri.kdinthelegemAof 
Table 1, in which washed ribosunes were replaCea by 1.4 A260 units of the 
larqe ribosaml subunit and 0.7 A26o unitsoftl?egnallsubunit. 

The effect of vianycin on translocation of peptidyl-tRNA on hybrid ribosamas. 

Theplranycinr~~on,enhancedbyEF-Gand~,onreconstitutedribosanes 

consisting of the 50s and 30s subunits fran R-15, on those of 50s fmn R-43 

and 30s fxun R-15, and those of 30s frun R-31 and 50s fran R-15 were markedly 

inhibitedbyvianycin, shming thatallthese riboscmal subunits are sensitive 

tothedrug. On the contrary, the reaction was not signficantly affected by 

the antibiotic on hybrid riboscmes, containingthe 50s subunitfranR-310r 

the 30s subunitf?mnR-43, indicating that these subunits are resistant to 

vianycin (Table 2). The results suggested that the resistance of peptidyl-tRNA 

translocationislocalizedinthelarge subunitonl+31ribosaresandin the 

mall subunit on R-43 ribmares; and hybrid ribosanes, consisting of the sen- 

sitive subunit and resistant one, beama resistant to the antibiotic, regard- 

less of which ribosaml subunit is derived fran the resistant or sensitive 

Strain. 

Binding of [14C]tuberactinm@n 0 to sensitive and resistant ribosanes and 

riboscmalsubunits. 

The interaction of [14C]tuberactinaq7cin 0, an analog of vianycin, with 

ribosanes and riboscmal subunits, obtained fran vicmycin-sensitive and -resist- 
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Fig. 1. The binding of [14C]tuberactinmycin 0 to riboscmal particles, derived fran 
vianycin-sensitive and-resistantstrainsof Mycobacterimmtis. 

l -•ribosQnes,x- xthelarge ribosanal subunit,o- othesmall 
ribosanal subunit. 
The assay was carried out as described in the legend of Table 3. 

ant strains of M. megmatis, were studied by Millipore filter method at anti- 

biotic concentration range of 0.2 to 25 )IM. In order to detemine the asso- 

ciation constants and the nmbers of binding sites, the data were plotted 

acaxding to the Scatchard equation for equilibrimbinding, r/A = Kn-Kr, 

where r, A, K and n represent moles of bound [14C]antibiotic per mole of 

riboscmes, molar concentration of free [14C]antibiotic, association constant, 

andnmberofbinding sites onarilmsane, respectively. 

The depedency of the antibiotic concentration foritsbinding to ribosonal 

particles is illustrated in Fig. 1. For instance, approximately 0.23 moles of 
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Table 3. Associationconstants (Ka) cbtahed fmn the Scatchardplotsofdata 
forbindingof [14C]tuberactjmmycinOto the ribosaneorribosanal 
subunits. 

RihsaMl Mycobacteriunsmqmkis strains 
particles R-15 R-31 R-43 

Ribosane 4.3 x lo5 M-l 4.4 x 104 5.0 x lo4 

Lzuyesubunit 3.4 x lo5 4.6 x 104 3.5 x lo5 

small subunit 1.9 x lo5 1.8 x lo5 5.1 x 104 

The binding of [14C]hberactinanycin 0 to ribomnal particles of ~akmzteriun 
smgmatiswas assayedby Mill&ore filtermethcd. 'Ike reactionmixture in 0.1 
ml axkahed: 10 mM Tris-HCl, pH 7.8, 10 nN M3((QAc)2, 30 nM NH4Cl, 6 n@l 2- 
mercaptc&hanol,1~polyvinylsulfate, lp ribosanes or ribosanal subunits, 
and 0.2 - 25 pM [14Clt&eractimnycin 0. It was incubated at30T for 5 min. 
and hnediatelyamled inanice-bath; and thenonemlof coldwashingbuffer 
was added to themixture. The radioactivity, collected on Millipore filters, 
was determined with correction for the values in the parallel mixture without 
rhxanal particles. 

[14C]tuberactinanycin 0 bound to one mole of R-15 rihscanes at antibiotic con- 

centration of one JIM, when the riboscxnes were used at one TM; and about 0.9 

moles of the drug interacted with one mole of riboscxnes at antibiotic concen- 

tration of 8 TM. The Scatchardplotshowed that R-15 ribosane appears to 

possess one binding site with an association constant (Ka) of approximately 

4.3 x lo5 M-l, and at least one more site with lawer affinity (Table 3). Less 

munts of [14C]tuberactinanycin 0 bound to resistant riboscxnes (R-31 and R-43): 

i.e. 0.22-0.3 moles of the drug bound to one mole of ribosanes at antibiotic 

concentration of 8 TM. R-31 and R-43 riboscrnes seEmed to possess one major 

binding site with Ka 4.4 x lo4 and 5.0 x lo4 M-l, respectively, which were 

about one-tenth of Ka of R-15 riboscmes. The results showed that the resistant 

riboscplles (R-31 and R-43) interact with the antibiotic more weakly than the 

sensitive ribosane (l+15). 

The R-31 large rilxxmal subunit shawed lower affinity for the drug (Ka 4.6 x 

lo4 M-l) than the R-15 and R-43 large subunits (Ka 3.4-3.5 x lo5 M-l), indicat- 

ing that the fomroneis resistant to and the latter TV are sensitive to 

the antibiotic. The R-15 andR-31small subunits exhibitedhigher affinity 

(IQ 1.8-1.9 x lo5 M-l) than the R-43 s&l subunit (Ka 5.1 x 104), showing that 

the former two are sensitive and the latter one is resistant. The results 

indicated that the drug resistance is attributed to poor affinity of the ribo- 

s~nalsubunitfor the antibiotic, andthe resistantsubunitmarkedly affects 

the binding ability of the sensitive pair subunit. 

DISCUSSION 

The me&an&n of vianycin resistance in R-31 and R-43 mutants appears to be 

due to alterations of eitherlargeor smallribosc~~lsubunit. Thebindingof 
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the drug to the sensitivelargeor mallsibosanal subunit is drastically 

influenced by resistant alterations of the pair ribxanal subunit. The cause 

ofmutualinterferenceofbothribosanalsub~tsremainstobedetermined. 

Hcwever, the decreaseof affinity of theribosaw forthedrugmayoccureither 

by changing the confomationof thewhole rtisaneorbyrmsking thebinding 

site or both. Similar phenanena have been recently reported (14,15). Saltman 

and Apirion (14) have observed that the binding of eqthrmycintothelarge 

ribosanal subunit is affectedbyalterations in the snall subunit. Suttonet - 
al. (15) have reported that cycloheximide resistance of Tetrahymana thenmphilia - 
canbemediated througheither ribosanalsubunit. 
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