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Abstract—Viomycin inhibited polypeptide biosynthesis, initiation complex formation and translocation of
peptidyl-tRNA on ribosomes derived from a sensitive strain of Mycobacterium smegmatis (R-15), but not
significantly on ribosomes from viomycin-resistant mutants(R-31 and R-43). The inhibition of translocation
was stronger than that of initiation complex formation in the sensitive strain.

The binding of [MC] tuberactinomycin O, a viomycin analog, to ribosomal particles was studied by
Millipore filter method. The sensitive ribosome exhibited higher affinity for the antibiotic than the resistant
ribosomes. The resistance was localized on the large ribosomal subunit in a mutant(R-31), and on the small
subunit in another mutant(R-43). The binding of the drug to the sensitive ribosomal subunit was markedly
reduced by combination with the resistant pair subunit, and the entire ribosome became resistant to the
antibiotic.
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& A7 ribosome 2] small subunit ] ¥ &}l 7]¢lstE A F large ribosomal subunit 9] w 3}e]
FoE Aol 98¢ WU AAL M smegmatis 9 viomyein F4 R g TFeA
ribosome @ ribosomal subunit Z 8] A5}l in vitro initiation complex 3 4], polypeptide
A 3+4, peptidylt RNA &} translocation o] ™} &} viomycin & G 3& AE3tgrd, = [“C] tu-
beractinomycin O ¢} ribosome @ ribosomal subunit 342} 2 &8 AAstH . 2 A3} viomycin
WA 2] ribosomal subunit 7} 7}<FA 2] pair ribosomal subunit @] 7o G &L w]|A L dA FH
Art.

4 #

M8 B Ao ALL3Fl Mycobacterium smegmatis R-15, R-31 & R-43 #5+ 4+ Kyush
el 9l University of Occupational and Environmental Health ¢} Yasuo Mizuguchi #}FA}o]
s AFd Aolvk, R-15 FF& viomycin 754 (MIC 5ug/ml)o] 2, R-31(vic A) TF&
viomycin W4 (MIC 300ug/ml) 024 #35 large ribosomal subunit & 2zt 9lt}, =3k R-43
(vie B) FF=. viomycin W4 (MIC 100xg/ml) ©.2 ¥ 3}5 small ribosomal subunit & ztsr 9l o},
A|2F——[YC] phenylalanine (522 mCi/m mole), [C] leucine(354mCi/m mole) 2 [*H] methio-
nine(5. 5Ci/mmole) & <3¢ Radiochemical Centreol4 ¢33}, phosphoenolpyruvate
GTP, ATP, pyruvate kinase, poly [U] ¥ E. coli tRNA &= 59 Boehringer Mannheim 2]
AEL A9t poly [AUG]E w159 Miles Lab. & Z1& AH833 5, 718k Aok Algt
532 AHgslge

o] BHY——FF4 1/ beef extract 10g, polypeptone 10g, NaCl 2g, glycerine 40ml &
L3871 ¥, IN NaOH 2 pH 7.00.2 2Ag A& AL&sled, M. smegmatis TF% 37°C o
A 724 7¢ Au|ekstz, 301 jar fermentor o] 1518 F<U A& ALEEle] 37°Cofl A Huljok

S-30 Fraction, S-100 Fraction, Ribosome %! Ribosomal Subunits ] H|ZX——Ohta 52|
oo Fz A 2 FAsIHAE HFEFA ) 3 M. smegmatis 7A E buffer 1 (10mM
Tris-HCl, pH 7.8, 80mM NH,Cl, 10mM magnesium acetate 6mM 2 mercaptoethanol) 2 u]
groll #EA 7] sonicator & Abgste] 4°CY A -2AolA 1087t AA FHEG ol A&
20,000xg, 2087 |AFEstd & AR e AAZE, FFHAE A A 27,000xg 3047
23] YR x FE2AE AdYrt o)A L& S-30 fraction 2. & A5} ). o] S-30 fraction
S t}A] 105,000 g(Beckman, Type 40 rotar 40,000 rpm) & 3 A7k 294 -2l sl A5A &
$-100 fraction, AAL = 70S ribosome &2 A}23g t}h, 70S ribosome & A A 8}l7] ¢ 5}
buffer T (OM NH,CI, 20mM Tris-HCl, pH 8.1, 40mM magnesium acetate, 10mM 2-mercap-
toethanol, 2mM EDTA)d]| #EAA 3159 seA wukst 5, 105,000xg & Y4 5e5to
AAL #Hslg on, RNase & A A3l 913t 0¢.5M LiCl & buffer(10mM Tris-HCl, pH
7.5, 10mM magnesium acetate, 6mM 2-mercaptoethanol, 10xg/ml polyvinylsulfate) & )3 3}
9547,

30S ¥ 50S ribosomal subunit 9] 2] A& oh§ 2ol &9k 70S ribosome & buffer I
(10mM Tris-HCI, pH7.8, 80mM NH,Cl, 1mM magnesium acetate, 6mM 2-mercaptoethanol)
o) §gAA FY buffero] wdl 3A7Z FA% F 2L buffer & ALE3E 10~30% sucrose
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density gradient o] gl¢], Beckman SW 27 rotar & A}-83}s] 20,000 rpm, 154 7+ 94 £a) 3}
o}, o] H & Hitachi 7:9] density gradient fraction collector & A}-£3Fe] 30S subunit fraction
#} 50S subunit fraction & 77+ 38 F Mg & 20mM 2 3 105, 000xg 2 154 7F YA R
g3l A7 AAE buffer 2 degste] AL}
Initiation Factors, Elongation Factor G, N-Acetyl-["*C]phenylalanine-tRNA, [3H] fMet-
tRNA—initiation factors®] A|z¥ Ohta9 4§ & =k}, N-acetyl-[1*C] phe-tRNA =
Haenni @ Chapevill ] 9 ®e] F35le] A x3l9 o, elongation factor G &= Nishizuka 9]
W Vo] whet F-2] AAStH ek, [PH] fMet-tRNA &= Hershey ¥ Thach & #4{10%¢] 93] A=
33 e,
[“C] Tuberactinomycin O 2| | ZT!M——rtuberactinomycin O 15mg 3 %22 [MC] urea &
0.3ml 9] 3N HCle| &#Az F, Aol 4047 wr-gAF ., w598 ¥ Sephadex G 10
column chromatography & s}l A A3t o]FA #f4 9-& [“C] tuberactinomycin O =
paper chromatography (acetone: 10% ammonium acetate: 10% ammonia water=30:9 : 1) o} 4]
=}l spot B e o1 specific activity &= 15.0 Ci/mol ©] %) =} (Fig. 1).
AME wH——1) Cell free A] polypeptide synthesis
o 4] viomycin 2] %4 % : endogenous mRNA o 9] 3}
[1C] leucine 9] incorporation @ poly [UJe] )&+
[¥C] phenylalanine incorporation-& Nirenberg <]
Wg 7t WPsiA AAsgrh.  endogenous
mRNA of 2] [C] leucine &] incorporation & 7
9 wbgal 2004l Fol 50mM Tris-HCl, pH7.8, 40
mM NH,Cl, 6mM 2mercaptoethanol, 10mM Mg
(OAC),, 2mM ATP, 5mM phosphoenolpyruvate,
Fig. 1-—Chemical structure of viomycin and Aug pyruvate kinase, 0.1mM GTP, 0. 05mM amino
tuberactinomycin O. Viomycin: R=0H, . . ] .
Tuberactinomycin O: R=FH. acid mixture(-Leu), 20pg E. coli tRNA, protein
*The asterisk represents the position, 3mg 2] S30 fraction, [*C] leucine 0.1 £Ci & A
labeled with radioactive carbon atom. 248 Yo & 37°Col4 45%7F incubation A] 7]
Z omle W 5% trichloroacetic acid & Yol wl2-g AAAF 1, 90°C oA 2087 71319,
t}. glass filter(Whatman GF/C)& A&3l9 oxbetg . 2ml9] 5% TCA = 33 A F,
glass filter & 724 A, glass fiter 919 ¥WAl5-& liquid scintillation counter (Beckman LS 230)
& Abgsle] FASH k. poly [U] 9£4 [MC] phenylalanine incorporation & 7 -9-3= [4C]
leucine 9] incorporation ¥}-2-A o] 4 amino acid mixture &} [4C] leucine & w3z = A 20ug
9] poly [U]¢} [**C] phenylalanine 0.04uci & @o] wt-&A A},

2) 70S initiation complex & 4 of] &} viomycin ¢] g 3 : uF-3- 100l ¢+l 50mM Tris-HCl,
pH7.8, 40mM NH,Cl, 6mM 2-mercaptoethanol, 6 mM Mg(OAc);, 0.4mM GTP, 10 g
poly[AUG], 60 ug protein 2] initiation factors, 140 ug ] washed 70 S ribosome, 7.2 ug [*H]
fMet-tRNA 2 84528 deo] 30°ColA 1087t vwlgA% ¥+ 2ml2] washing buffer (50 mM
Tris-HCI, pH 7.5, 60mM NH,Cl, 10mM magnesium acetate, 6mM 2-mercaptoethanol)-& 12
o] uk2-& FX A7 3w, Millipore filter(HA, pore 0.45um)< A&3le] o abstgch 2.5mi 9
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W washing buffer 2 33 A|F 1— % Millipore filter & 7244 Millipore filter $]2] WAt
& A A,

3) Peptidyl transferase ul-2- 2 peptidyl-tRNA ©] translocation ol @3t viomycin 9] <33 :
1004l 9] HF2alo] 50mM Tris-HCl, pH 7.8 15mM Mg(OAc),, 150 mM NH,Cl, 1mM
dithiothreitol, 10 xg poly[U], 44pg N-acetyl [MC] phe-tRNA & washed ribosome 2 Agp unit
2 23, 37°C o4 60%7k incubation AZth AAFE (P A7 F, 2Foz o] 1700
E FAEANE Foretaz 27l 200zg 9 EF-G, 0.2mM GTP R wg“ﬂ & Folgk &
37°C ol A 1087 o w-3-A Ak oS 2 A& 3] 0.45mM puromycin & 332 0°C 30L7E ik
S A Ak 0.1M sodium acetate, pH 5.5 1ml & 2o uk-&S =4 ] 7] 37 1.5 ml 2] ethylacetate
B FE ethylacetate =9 WAE-E Bray’s scintillator & 4 A5 oF,

hybrid ribosome 9l 73 72 uk-SAlo]AH  washed r1bosome A 1.4 Aggp unit & 50S
ribosomal subuth‘r 0.7 Aggo unit 2] 308 subunit & @o] WA AT

4) [™C] Tuberactinomycin O $} ribosomal particle 2 7 3 : Millipore filter ¥Y o2 A A] 5}
Aol 100pd & wHe-dol 10mM Tris-HCl, pH7.8, 10mM Mg(OAc),, 30mM NH,CI, 6mM 2-

mercaptoethanol, 1ug polyxinylsulfate, 1#M ribosome M3 ribosomal subunit % 0.2~254M

[14C] tuberactinomycin O & 23 30°Co]A 5% ¥h-3A7132, 1ml¢] 1 washing buffer =
yh-2-8 %% A7) 2, Millipore filter & A-g-3te] of Falx filter 919 WAs& S

4 I

Cell-free Poly #| Peptide Synthesis ¢ll CH$t Viomycin o] H&F—-M. smegmatis R-15, R-31,
R-439] 4] #5¢) TFalol|A] S30 fraction & zA3te] cell-free 71] polypeptide biosynthesis ut-§-
< 333 viomycin 9] 9GS HSkth  viomycin A FFA M. smegmatis R-15014 24
%} S30 fraction & AF-23} cell-free ] < endogenous mRINA of -46:} [14C] leucine incorporation
g poly [U] 9)&4 [MC] phenylalanine incorporation ©| viomycin o &3} Zs}A] oA = ¢l =t
A ekd el 50% inhibition & 0.2~0.4xM 2] FEolA ey oo whdte] M. smegmatis R-
(9} eu Tncorporation (reyme Teorporation 31 @ R-437Fo4 A g S30 fraction &
A48 cell freeAl9] #A-$ 0.15~1.5¢M 9]

viomycin 5% #H$ el viomycin 9 o
o] u| ksl v, o] A& viemycin WA °]
@ 4G el Beisle] AeL olvl
= Aeolrh(Fig. 2).

100 +

3t
ok 1 450 Table o] A4 hybrid ribosome & A}
23 poly[U] ¢|&4 [“C] phenylalanine
::i -~ incorporation o] ™ &t viomycin 9] HIL B
Rod3 @ As+g ek, R-159 30S ribosomal subunit 9}
R-159] 50S subunit 2 = #| T4 ribosome A
5.5 b.as 1.5 5 s .85 1.5 o A] [1C] phenylalanme incorporation -2 vio-
Viomycin (M) mycin o] 23] A}, o]e] uksted R-31

Fig. 2—The effect of viomycin on protein synthesis 9] 50S ribosomal subunit < F3E A4
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Table [ —The effect of viomycin on polyphenylalanine synthesis on hybrid ribosomes

Source of

hybrid ribosomes Viomycin (M) Sensitivity to
viomycin

308 508 0 0.45 1.5

R-15 R-15 100 (3088 cpm) 49 30 S
R-31 R-31 100 (3270) 104 100 R
R-31 R-15 100 (2401) 57 39 S
R-15 R-31 100 (4000) 104 86 R
R-43 R-43 100 (5400) 90 61 R
R-43 R-15 100 (3750) 80 63 R
R-15 R-43 100 (4354) 57 39 S

hybrid ribosome 7| o] A &= viomycin & <3 8ko] m]Fslgdrt, = R-439] 30S ribosomal subunit
A

2. 2338} A 74 hybrid ribosome A of A = viomycin 2] ¢ gko] vl fstgrl, o] A3} R-319
WAL 508 ribosomal subunit ol 7]elg}r, R-439] /‘é% 305 ribosomal subunit o] 7] 9l &}=
Aol Fal=gleh(Table T).

70S Initiation Complex &AJ0l| tHSt Viomycin Table ]|-—The effect of viomycin on initiation
o| o5t ; ©] in vitro initiation complex complex formation: i. e. [3H] fMet—
42 viomycine] o4& f2 RNA =i poly tRNA binding to 70S ribosomes with
TAUG] 924 70S initiation complex 3 A &iq} poly[AUG] . '

ol @k, 30S initiation complex A S A Antibiotics M. smegmatis strains
clz Bwse] b, M. smegmatis ©] in vitro R-15 R-31  R-43
initiation complex o] &l viomycin 9]' of B8 None éggz epm) (é8g3) (%225)
Table T ZAS e R-159 in vitro 705 Viomyein 1.5:M 75 91 101
initiation complex & A4 o] viomycineo] &3] < 15 40 o 08
AP ot R-31 9 R-439 in vitroA ol A& 150 17 52 83
viomyecin o 9)3d oA 7} v] Fsl3 el Streptomycin 100 60 63 56
Peptidyl Transferase 22 % Peptidyl-tRNA Kasugamycin 100 61 60 45

o] Translocation of] t&t Viemycin 2| H&——EF-G 2@ GTP 7} &A18A] %+ ribosome 7} o]
A 38" = N-acetylphenyl alanine-puromycin synthesis & peptidyl transferase Hl-8-2] model
system © 2 3}o] o] Tt viomycin®] G &F-& A EFG et Table WA o 4 A& vk 7
o] R-31 @ R-43 T3 ribosome 7 o A 2-wtol #} viomycin 774 2] R~159] ribosome #] o]
A% o] puromyein WSS viomycinol 3 Q¥ WA Qskeh FA B3 ALY A
peptidyl transferase uk-2-2] oA #]Ql blasticidin Sell ¢]&] 4= ©] puromycin ¥-g-¢] &3] <
A SO,

EF-G ¢ GTP & A /13 o 24 %715 = puromycin k3-8 ©]-8-314 peptidyl-tRNA 7} acceptor
site o] 4] donor site o] A etE ub-go] 3l viomycin @] 9L AEINHTIY, Z715 puro-
mycin W82 R-152] ribosome Al o] A H-wlol]el R-31 @ R-439] ribosome 7] ol 4 = {usidic
acid o] 3] #&A GAFHAch =3 R-159] ribosome Al o] Al %7} N-acetylphenylalanine-
puromycin A o] viomycino] 28 A3tA A= Ao A%H 50% inhibition & 0.4 xM
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Table I —Effects of viomycin on peptidyl transfer and translocation of peptidyl-tRNA on ribosomes, derived
from viomycin-sensitive and -resistant strains of Mycobacterium smegmatis.

Mycobacterium Ac-Phe-puromycin formation Trans}loclatiﬁn of
h o . peptidyl-tRNA
smegmatis Antibiotics ~EF-G, GTP +EFG, GTP

cpm % cpm cpm %
None 960 100 1,943 983 100
Viomycin 0. 15uM 880 92 1,631 751 76
R-15 15 756 79 882 126 13
Gensitive to 15. 779 81 815 36 4
Fusidic acid 0.19mM 892 93 1,167 275 28

Blasticidin S 0.24mM 212 22
None 667 100 1, 450 783 100
Rea Viomycin 0. 154M 702 105 1,468 766 98
(viomycin-resistant 1.5 636 95 1,348 712 91

alteration on the

large ribosomal 15. 583 87 1,408 825 105
subunit) Fusidic acid 0.19mM 662 99 937 275 35

Blasticidin S 0.24mM 172 27

None 686 100 1,354 668 100
R-43 Viomycin 0. 15uM 704 102 1,322 618 93
(viomycin-resistant 1.5 689 100 1, 346 657 98
elteration on the 15. 556 81 1,185 629 94
subunit) Fusidic acid 0.19mM 680 99 780 100 15

Blasticidin S 0. 24mM 171 25

viomycin 8] Fxol|A yElyTE o]o] uldled R-31 @ R-439) ribosome Alo] A= Zrly)
puromycin ¥k-3-0] viomycin o] 98] A=A gk}, o] AF large subunit WAl R-312
ribosome Al o A 3wt ol g} small subunit A ¢l R-432] ribosome A o] A = peptidyl-tRNA
9] translocation ©] viomycin WA 4E el Aok (Table ).

A=/ Hybrid Ribosome H 0|A| Peptidyl-tRNA 2| Translocation ¢l it Viomycin o] &5t
—R-15, R-31 ¥ R-43 #Fo]+ H2] 4= ribosomal subunit 2 2|74 = hybrid ribosome
A& AH&3te] translocation o] Hj 3t viomycin 9] & %S Bttd. EF-G &+ GTP o] 98 =75
T puromycin 4k-g-0], R-159] 30S subunit &+ R-159 50S subunit 2 A 74 % ribosome #] o] 4]
Frtehzl, R-439) 50S subunit &+ R-159] 30S subunit & 743 hybrid ribosome A % R-31
2] 30S subunit &+ R-152] 50S subunit 2 A 74 % hybrid ribosome #] o] 4] % viomycin o] <] 3]
A AN, o] FPEA A FFPY L dehiz Yt oo whsle R-319)
50S subunit & Z33st2 Y= A4 ribosome Al @ R-439] 30S subunit & 83 A T4
ribosome#| of A = viomycin o] 2|3} puromycin ¥h-go] F G ubx] gkt o] AT} pepti-
dyl-tRNA 9] translocation W4 o] R-312] ribosome ¢] large subunit =3 R-439] ribosome ]
small subunit o] 7] ¢l &-& 2]w] s, WA subunit ¢} 7344 pair subunit 2 A 743 ribosbme
< 2 ribosomal subunit 7} Zt44 FFA EHHIAAY mE A FFANA EHHRAAY
FA glel viomycin o W3] WA AL ez 9ok (Table ).
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Table IJ—The effect of viomycin on translocation of peptidyl-tRNA on hybrid ribosomes.

. : Ac~Phe-puromycin synthesis
Source of ribosomal subunits Viomycin enhanced by EF-G and GTP Sensitivity to

308 508 M cpm % viomyecin

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

R-31 R-31 0 2,457 100
0.15 2,498 102 resistant
1.5 2,342 95

R-31 R-15 0 1,372 100
0.15 773 56 sensitive
1.5 69 5

R-15 R-31 0 2,09 100
0.15 2,130 102 resistant
1.5 1,957 39

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

R-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

[*C] Tuberactinomycin O 2} Zi5+4A 9 L§4] Ribosomal Particle 8] HE——M. smegmatis &}
viomycin Z}54 2 WA FFol4 ribosome E ribosomal subunit & 2] AA)ste], viomy-
cin -2 A -EA el [MC] tuberactinomycin O 9}+2] A gul-2-S Millipore filter method &- ©]-&
st At A FAELY FEH9E 0.2~25pMol itk association constant 2k
‘binding site & A A3}»] 93} binding data S equilibrium binding ¢ @8} Scatchard equation
r/A=Kn-Kre| u}z} plot3tgt}t. o] AolA] r-& ribosomal particle 1 moleo ©ia] 233k
[*C] tuberactinomycin O 2] mole &, A = AR & free [MC] antibiotic ¥ molar 3%,

% association constant, n-2 binding site & & 274 A}, [MC] tuberactinomycin O
7} ribosomal particle o] A &3 =, FAEAL F= FA & Fig. 3o #A 8 R-159
ribosome 9] 7%, ZA3ul-Lol4 ribosome & FE=F 1M 2 AR L H, 1M FAEA
Exo]4 1moled ribosome o] T3] 0.23 mole s [MC] tuberactinomycin O 7} Agrsl9 o 8
MY FAEA EzoA 0.9mole 9 FAEAo] 1moled] ribosome 7 w333 =} Table V
o] A= AAZ Scatchard plot o] 23], R-152] ribosome & o} 2 4.3X10° M1 2] association
constant (Ka) & Zx= 3l719] binding site o} Fojx 3 M A3tA o] %2 binding site & ¥
Zr7 988 of 4 9lvk. vk WA} ribosome(R-31 & R-43)4 &= [C] tuberactinomycin O &
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=
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3—The binding of [MC] tuberactinomycin O to ribosomal particles, derived from viomycin
-sensitive and -resistant strains of Mycobacterium smegmatis. @——@ ribosomes,
X the large ribosomal subunit, O——) the small ribosomal subunit.

Ageko Adry, & 8uM O A EA FxelA 0.22~0. 3mole & A EZ o] 1 mole 9 ribosome
T ZAgata e, R-315F R-439] ribosome 2 2}7 Ka 4.4x10* 2 5.0x10*M12] 5 binding
site & Zt32 9l or], o] association constant = R-152] ribosome 9] Ka ¢] <F 1/104] &) 3sls
t}, o] Azt W4 ribosome & %FA ribosome o] v] & viomycin #9] 7 gfo] oFghe ofw] s}
Y

R-319] large ribosomal subunit &= R-15 @ R-439] large subunito] ®]3] o] A ZAo] o
3 kel oFgch olAL R-15 @ R-439] large subunit 7} 7H4=9lo] ]3], R-21¢] large
subunit 7} A4 ¢1-& vebdi e, 3k small ribosomal subunit & A ] 2014, R-159F R-31
deigieh. o] At @

v
N

©,

2] small subunit+ R-432] small subunit o] ]3] =& 33428
% subunit 7} Zr==Aolw] 2l subunit 7} WA & ulstz Qlet, o]¥ @ A= viomycin W]
A& ribosomal subunit o g FA LA Ao Yoo FAFL FAE Aolw w3 )

4 subunit 7} -4 9] pair subunit 9] A3 FHe HASA GFL Fx 9L oudlt

(Table V).
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Table V-—Association constants (Ka) obtained from the Scatchard plots of data for binding of
[M4C] tuberactinomycin O to the ribosome or ribosomal subunits.

. Mycobacterium smegmatis strains
Ribosomal particles

R-15 R-31 R-43

Ribosome 4,.3X10°M™1 4.4X10% 5.0x10%

Large subunit 3.4X10° 4.6X10* 3.5x10°

Small subunit 1.9%x10° 1.8x10% 5.1x10%
n &

Mycobacterium smegmatis *W"Z-.E: Ag5te] cell free Al & viomycin 9 W4 71" € F871A
o] thste 7 2319l ch. viemycin & HATFE cell free Aol M= A4 017 AT, in vive ol
A WA 01 o2, viomycin© WAZA B LA L ATFaEdlE in vive o AR 40|
23 Mycobacterium % T35 A&3tE Zo] xirf gej ol 2tz # ok Liou 59% {2 RNA
= mRNA 2 3}2 E. coli 9] S-30 fraction & 283k [#C] leucine incorporation % poly [U]
¢]&4 [“C] phenylalanine incorporation ¢]4 509% inhibition % Zt7} viemycin 4 #M = 30
Mgtk ole] ulksle] endogenous mRNA 9} M. smegmatis R-159 S-30 fraction & o] 2.3}
[1C] leucine incorporation & poly [U7] 2]%4 [MC] phenylalanine incorporation o] 4 &= 50%
inhibition viomycin 0.2~0.4 M o]gle}. o] & in vive FHFA ol 2T cell free A o]
Ar; A QS on)d) s 91t}

poly [AUG]9 %4 70S initiation complex &4 -& E. coli 8] 7 §-9F M. smegmatis 9] 7 9-o]
A viomycin o] 2|8k 50% inhibition ] 77} 12 uM 2 guM =z F xolrt g1k - pepti-
dyl-tRNA o] A site oA P site 29 translocation o] © 3} viomycin 9] G oA = E. coli AL}
M. smegmatis 7 25 509% inhibition o] <F 0.4uM & #}e]7} ¢lglowm, translocation A7t
initiation A A ¥} F A-gAolal AL el e

M. smegmatis 2] R-317 R-437 3¢ viomycin A& large ribosomal subunit I£3= small
subunit & #ole] Q& o] Folg gt Tl large subunit 3= #<42l small subunit
o tjat o] AL Age] WA pair ribosomal subunite] £} Il g gg ubar §lo]
708 ribosome ©] %% =, A subunit O] A¥5E A5 A, T ribosomal subunit 4
71 7+ Yl Hs ]w— ¥ sk el 28 A7 ribosome A 2] conformation
9] W3}, == binding site B W&o X = okato] &4, FAEH g ribosome £
Az Aol FadAchE AL A4 4 glrh. erythromycin 4 3l cycloheximide VA9 7 -
4213k Aol Mzwl wl glvh. & Saltzman 3} Apirion ->!® large ribosomal subunitel gk
erythromycmzé_‘%o] erythromycin ¢] 24 #3814 %+ small subunit o] #3lol] SfsfA] g
L wo-9 nwata glor, Sutton 192 Tetrahymena thermophila ©) cycloheximide W4 o)
60S ribosomal subunit XX 40S ribosomal subunit ®] W 3}e] o8] A& Bzl Tk 9
g Ao v]lFo] 2 ] ribosomal subunit AF7ke] 7kAlo] ©]8} ribosome A 7} oful A E
Aol ojg Aspge] ke 2 Az v gBE e Az,

o] dT-Z A x| FA HWHAE MABESTEN HHER ZwEt ¥4 Aesd FA AT KB
LR SIRTE BiRHEA 22 2kl g HEhe wbolrh
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