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Thebindingof [3H]kanmycintoE. coli ribosamas andribosmalsubunitswas 
studied by equilibrium dialysis and ~llipore filter methods. The 70s riboscma 
boundca. twomleculesupto the antibiotic concentrationoflO)IM, and rwxe 
at higher concentrations. Each ribosmal subunit was observed to possess one 
majorbinding site, and the affinity of the mall ribosanalsubunitwas greater 
thanthatofthelargesubunit. Thebindingof [3H]kanamycintoribosmes and 
ribosanalsubunitswas reve&edbynmnycinor gentamicin,butnotby strepto- 
mycinandchlor The&l. Kanamycin,necmycinandg~~cininterferedwith 
thebindingof [ C] tuberactinmycin0. Translocationof N-Ac-Phe--was 
markedly inhibitedbykanmycin, neanycinorgenticin, butnotby streptanycin. 

Kanmycin, an minoglycoside antibiotic, was reported to interact with the 

snallsubunitof r&manes and cause codonmisreading (l- 3). In akatmnycin- 

resistant mutant of E. coli, the resistance was attributed to alteration of 

s12 (3 - 5). On ther other hand, Suzuki et a1.(6) showed that kanamycin affects 

peptidyl transferase reaction. 

We have recently found thatkanamycin, neanycin, andgentamicin interactwith 

the large subunit of E. coli riboscanes aswellaswith the mall subunit, and 

inhibit translocationmuchrmremarkedly thantranspeptidation inan invitro 

SptElL The results are presented in this catmunication. 

Kanamycin was labelled with tritim by exposure to tritim gas, follming 
the method of Wilzbach (7),3and purified by ion-exchange resin chranatqraphy, 
using Zmberlite IRC-50. [H]Kanamycin,used in thepresentexperimant, gave 
a single spot by paper chmnatography, using a solvent system (acetone : 10% 
a-4 : 10% NH4oH = 30 : 9 : 1, V/V), and was microbiologically active. 

ific activity was 6.3 Ci/mole. Thepreparationandcharacteristics 
%e[~tuberactinanycin 0 employed were described in a previous paper (8). 

Washed ribosares and riboscmal subunits were obtained fm E. coli 413 by 
the method described previo@y (8). EF-G was purified by the procedure of 
Arai et al. (9). N-acetyl-[ Clphenylalanyl-tFM was prepared by the technigue 
of HaZGZand Chapeville (10). The binding of [3Hlkanamycin or IlkI tuberact- 
inanycinOtoribosanes andribosanalsubunitswasdeteminedbyequilibrim 
dialysis and by Millipore filter method as described previously (8). 
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Fig. 1. The dependencxz on [3H]kanamycin concentration for its binding to 
rikosmes andribosanal subunits. 

The interactionof kanamycin andrelated antibioticswithrihxunes and 

ribosanalsubunits: 

Thebindingof [3H]kanamycintoribosanes andriboscmal subunits of E. wli 

was observed by equilibriun dialysis and Millipore filter methmls. The birding 

reached an equilibrium within 5 minutes and was relatively tmperature- 

independent in a range of 0 to 37OC. 10 mM P&g*+ was required for the optimal 

binding(dataarenotskm). 

The equilibriun dialysis experiments were carried out over a range of the 

[3H]antibiotic wncentrations, and the concentrationdepmdence on [3Hlkanamy- 

tin for its bixxiing is presented in Fig. 1. In the f3H]antibiotic concentration 

rangeof 0.3 to lop, therewas aprcgrassive increase of thebindingu@ to 

2.2moleculesperribosane, andrmrekanm@nboundtotheribosane athigher 

antibiotic wnoentrations, indicatingthatthe ribosanehasmre than two 

binding sites for the antibiotic. 
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Fig. 2. Scatchard plots of equilibria binding data for rikosanes and 
ribosanalsubunits. 

Inthebinding curvewiththe snallribosanal subunit,over 13H]mcin 

concentrationrange fmn0.3 to 8)IMthebinding inc~sedwithincredsing 

antibiotic concentrations up to aplateaulevelof ca. l.Omleculeper subunit, 

andadditionalnxGculeswereattachedtothe subunitoveranantibiotic am- 

centration of 40 ).M. Withthelargeribosanalsubunit,ashilartendencyof 

thebindingwasobserved. Thebinding reachedaplateauof ca. 0.8molecule 

per subunitatantibioticconcentrations fmn 8 to 40)1M,andmrekanamycin 

boundto the subunitatamcentrations above 6O)IM. Theresults indicated 

thattheaffinityofkanmycintithe mall ribosmnal subunitishigherti 
thattothe1argesubunit. Similar results were obtabed by Millipre filter 

tedmique (data are not sbmn) . 

The Scatchard plots (11) of data for equilibrium binding of kanmycin to 

ribosanes and ribosanal subunits are illustrated in Fig. 2. There appeared to 
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Table 1. Effects of sane antibiotics on the binding of K3Hlkanamycin to 
rilxxunesandribosunalsubunits. 

Addition of 
antibiotics ____ -.-.-_ .-~ - _ 

None 
K-w& 
Neanycin 

GenttnniCin 

streptunycin 
Vianycin 
Chlormphenicol 

Flibosanes 

70s . 
228 

23 
22 
30 

207 
125 
225 

Ribod subunits -----_- 
30s 50s .~... - .~. ~. - 
97 95 
10 12 

9 11 
12 26 
87 90 
71 57 
89 90 

The nmber represents pnoles of r3H]kanmycin bound to 100 pnoles of the 
ribosa7raorribosanalsubunit. 

Equilibrium dialysis was perfomrad at 4OC for 20 hours with gentle shaking 
by the method described previously (8). Theassaymixture,in O.lml,contain- 
ed: 10 n@l Tris-HCl, pH 7.6, 10 lrEl Mg(aAc)2, 80 nt4 NH4C1, 6 nt-l 2-mercaptoethano1, 
1pM E. coli ribosane or ribosanal subunit, 10 )@l [3Hllmnamycin, and 100 pM 
cold autibiotic. Inthe caseof the large submit, four times higheramen- 
trationsofradioactive audcoldantibioticswereused,becauseoflessaffinity 
for kanamycin. Intheseconditions, ca. twomleculesofkanamycinboundper 
ribosane audca.onemleculeper subunit. 

be alinearrelationshipbe~ r andr/A, We ris the nmberofmGcules 
of bound [3H]kanmycinperribosune or subunit, andAis themlar concentrat- 
ion of free ?Hlkananycin. The 70s ribosme seened to possess twomajor binding 
siteswithan apparent association ox&ant of approximately 7.4 x 10 5 -1 M r ad 
mrebinding siteswithlcmarasscciation constants. The nuaberofbinding 
sitesoneachribosuml subunitwasonewith strongeraffinity (association 
constant 4.0 x lo5 M -1 -' for the large subunit and 5.5 x lo5 M for the small 
subunit), and more with less affinity. Theresultsindicatedthatkanamycin 
binds not only to the mall ribosanal subunitbutalso to the large subunit, 
and each subunitpossessesonemajorbinding site. 

Effects of sane antibiotics on the binding of [3H]kanmycin to ribxanes aud 
ribosaml subunits were exmined by equilibriun dialysis techuique (Table 1). 
Thebindingof radioactivematerialto the ribosama audits submitswas diluted 
to ca. l/10 by the addition of ten tiaras higher concentration of cold kauzanycin. 
The result indicated&&the cbservedbindingwas specific forkamnycin. 

Neanycinwasfoundtoreversethebindingof[3H]~c~toribosanesand 
ribosanalsubunits at the samelevelwithmldkarmnycin, suggesting thatboth 
antibiotics possess the samebinding sitesonthe ribosane. A similar tendency 
of -hatless degreeof inhibitionwasobservedwithgentamicin. Less 
degreeof interferencewasdanonstratedwithvicmycin. Streptanycinand 
chlor~~coldidnotsignificantlyaffectthe interactionof [3H]kanamycin 
andribosunes. 
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Table 2. Effects of aminoglyaxide antibiotics on the binding of [14C] 
tuberactinanycin0. 

Addition of RikOSaneS Pibosunal subunits 

antibiotics 70s 30s 50s 

None 89 58 79 
KC?MlnyCin 28 7.8 24 
Necmycin 30 9.6 29 
&lltELlKiCin 32 10 32 

The n&xr represents pnoles of [14C]tubera&inm+n 0 bound per 100 
pnoles of the ribosane or ribosanal subunit. 

The experimentwas caxriedoutby the pmcedure describedintheleyendof 
Table 1, in which [3H]kanamycin was replaced by [14C]tuberactinanycin 0. The 
same amcentrationsof radioactiveand~ldantibiotics~eemployedwith 
the large subunit as in the caseof the ribosane and mall subunit (8). 

Effects of minoglycoside antibiotics on the binding of [14C]tuberactina'qcin 

0 (8), an antibiotic closely related to vianycin, were studied (Table 2). 

~cin,neanycin,andgentamicinwereobservedtoreversethebindingto 

ribosamzs andbothribosanalsubunits, indicatingthatthese aminoglycosides 

interactwiththe largeribosanalsubunitaswell aswiththe small subunit. 

Inhibition by minoglywside antibiotics of translocation of N-acetyl-Phe- 

tRNAontheribosat+e: 

N-Acetylphenylalanyl-puranycin formation by the ribosane with N-acetyl-[14C] 

phenylalanyl-tRNA and puxanycin in the absence of EF-G and GFP was used as a 

mdelsysten forpeptidyltransferase reaction: and the effect of amimglycoside 

antibiotics was exsmined (Table 3). The pumnycin reaction was not significant- 

lyaffectedbykanamycin,n~cin, gentmicin,or streptanycinupto the 

antibiotic ccncentrationof10)IM. A slight inhibition by kanmycin, neanycin 

or gentmicin was observed at high antibiotic concentration of 100 p. In a 
simultaneous experiment, blasticidin S, an inhibitor of peptidyl transferase 

(12), definitely blocked the reaction. 

Tmnslocatiofi of N-acetylphenylalanyl-tRNA fmn the acceptor site to the 

donor sitewasobservedbythepmanycinreactionenhancedbythe additionof 

m-G and GTP (13, 14). The stimulatedreactionwasprofoundlyprev~tedby 

kanamycin,neanycinorgentamicin; but not significantly affected by strepto- 

mycin (Table 3). The results indicated that the fomer group of aminoglyaxides 

inhibits translocation of peptidyl-m on the ribosane. 

DISCUSSION 

The in vitro translocation of aminoacyl-tFWA or peptidyl-tBNA on the rilxxane 

hasbeenpreventedbykanamycin, neanycinorgentamicin; butnotsignificantly 
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Table 3. Effects of aminoglycoside antibiotics on N-acetylphenylalanyl- 
puranycin synthesis inthe absenceorpresenceof EF-GandGIP. 

Antibiotics N-Ac-[14C]Phe-puxunycin forred 

withoutEF-G&crp enhancedbvEF-G&G'IP 

None 

KtUWllpiIl 

NeanyCiIl 

GentamiCin 

0.1 
1. 

JJM 

10. 
100. 

0.1 
1. 

10. 
100. 

0.1 
_1 

1;: 
100. 

97 
95 
94 
88 

74 
34 
15 
2 

Streptanycin 0.1 102 97 
1. 97 95 

10. 96 92 
100. 93 81 

Blasticidin S 100. 16 6 

100 % (637 qm) 100 8 (1714 cpn) 

97 72 
95 32 
95 17 
85 3 

95 68 
93 27 
90 12 
86 2 

The assay for peptidyltransferase reaction and translocation of peptidyl- 
tRNA was carried out by acetylphenylalanyl-pin synthesis. 

The reaction mixture, in 0.2 ml, contained: 50 r@l Tris-HCl, pH 7.6, 15 m 

"9 
K-)2, 

[ 
60 IM NH4C1, 61tN 2-mercaptoethan01, 50 )q polyKJ1, 60 pg N-acetyl- 

4C]Phs&JNA, and 6 A260 units WaShEd 3CiboscmeS. It Wa.5 il'-CUbated at 37OC 
for 10 minutes, and cooled in an ice-bath: and then 0,2 nMpuranycin and the 
antibiotic were added to the mixture with or without 100 pg EF-G and 0.1 rrM 
Gr!?. It was further incubated at 37OC for 10 minutes. The reaction was 
tenninatedbyadditionof 0.5mlof 0.2Mpotassiunacetate, pH 5, andextract- 
edwith1.5nii ethyl acetate. The radioactivity of the solventlayerwas 
assayed in Bray's scintillator. 

affectedby streptanycin. Kanamycin,nearrycinorgentsmcicinhavebeenobserved 

tointera~withbothsnallandlargeriboscmalsubunits. Ontheotherhand, 

the binding of strept~~~~in is limited to the snail subunit (15, 16). The 

findings suggest that the inhibition of translocation by kanamycin, neanycin, 

andgentamicinis attributed to the interactionwiththelarge ribosanalsub- 

unit. Contrary to the observation by Suzuki et al. (6), in the present in - 
vitro system, kanmnycin,neonycin, andgentznicinaffecttranslcxationmuch 

mxemarkedlythan transpeptidation. The discrepancy may be due to the 

differenceofexperimentalsystems employed. 

Kasugamycin, streptanycin,kanamycin, and other aminoglycosides block initi- 

ation of protein synthesis, altlxxgh the detailed mechanism and degree of 

inhibition are different with each antibiotic (17 - 19). Tai, Wallace, and 
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Davis (20) have investigatedtheeffectof streptanycin inanaturalmessenger 
system, and concluded that inhibition of protein synthesis by streptanycin is 
caused by the inhibition of peptide chain initiation, but not by the codon 
misreading.Hm, the significance of inhibition of trauslocation by kana- 
mycin,neanycin,andgentinnicin for the inhibitionof totalprotein synthesis 
remains to be deixmined. 

The relationshipof invitro inhibitionof translocationbykarm@nand 
relatedantibiotics to the invivo effect remains open to discussion. 
Altl-rmgh amincglycmide antibiotics affect various phases of protein synthesis, 
thelethalactionofmiscoding-pramtingaminoglyax.idesmaybeattributedto 
codonmisreading. The bactericidal effect of streptanycin or kanamycin is 
recovered by the presence of peptide chain elongation inhibitors: chloran&enicol, 
mikmycin A, blasticidin S, eqthmnycinor tetracycline; butnotbypmmycin 
(21 - 23). It indicates thatnormalribxanal cycle or continuedprotein syn- 
thesis is essential for the lethal action, and cc&n misreading, which requires 
continued peptide chain elongation, may be the primary action, leading to cell 
death. 
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