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Mode of action of Kanamycin on Mycobacterium bovis BCG was studied. S-30
extract as a source of ribosomes and S-100 fractions as a source of supernatant factors
were prepared from BCG cells. Ribonucleic acid (RNA) was extracted from phage f,
particles and used as a messenger.

In BCG ribosomal system employing phage f, RNA as a messenger, the optimum
magnesium concentration for 14C-leucine incorporation into polypeptide was 14 mM and
the synthesis reached maximum at 120 minutes incubation.

When Kanamycin was added to the system actively engaged in polypeptide synthesis,
it caused immediate and intensive inhibition. At various concentrations of Kanamycin,
the inhibitory effect on polypeptide synthesis was examined. Incorporation of 14C-
leucine into polypeptide decreased to 45.8% of the control at 10 ug pef m! of
Kanamycine and to 42.0% at 100 ug per m/. From these evidences it was shown that
Kanamycin inhibits the chain extension in polypeptide synthesis. By zonal centrifuga-
tion analysis, the changes in distribution of ribosome classes and messenger RNA in BCG
cells treated with Kanamycin were examined. In BCG cells treated with 100 ug per ml
of Kanamycin for one hour, disappearance of polysomes and messenger RNA in the
same region was observed, indicating the blockage of ribosomal cycle.

Kanamycin inhibits polypeptide synthesis, followed by the breakdown of polysomes
and detachment of messenger RNA.

Kanamycin {17 3 7 ¥EH 4 E (aminoglucoside hTuwb,
antibitics, oligosaccharide antibiotics) T, WTHFHWH 7 VEENAYEOIERBFICOWTITIELE LTK
TH% Streptomycin L FHIHFEHA L LTELHVD BEEZRAVCTHELNEDHR, aF¥v-7vFaFy
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(codon-anticodon) D285 (misreading) I3 BH
BEAOERNTOMEABFL Sh TV, SEE, K
VU, BVARED AL Avkvy4+— RNA o
T, IWBEREAvEVYS -3 1L T77>—Y RNA %
B3 in vitro DEARROERFELHRE S h, &
HERDHELW A =XaT kbbb AR (initia-
tion), K Y X7 F VDMK (extension, elongation),
X7 (termination) 7c X DB LM IR BT D
T Streptomycin O—R{EA A D RFBVCHFEC /DT
T\ 5%,

Davis ¥ X Of Modolell¥ {37 »—3 RNA #x v %
vZr— RNA L LKBESAAY—2ZH W in
vitro DAY X7 F VSRR T Streptomycin (LKLY R
TFFPEOREEXYZEC L2 dRIFELCEIET5Z &
BIVEABCHEYSIEY—a (BYVY—21) OFEY
BT L% T, ¥ Luzzato ¥ X O¥ Schlessinger
55 i3 Streptomycin {TE Y R7F FE#EDOERETIX/ s L
CERDEBYEAELSA AV —A5HDORETIbD
EYVY— DD L E V-2 0ERYLLOTERE
LT\5,

LLEDORBL TN TRBELYACTELRICIDOTS
D, HBED in vitro TOHRY X7 F FARRE N T
% Kanamycin OEBEFICEETAHERE TR ENT
Y/

A, 1WA 59 (% Kanamycin & Bl LB OB
WM OWTOBEEMBRLT, BAAKOEE
BRETEITARY —LBIV 2V Y —ADHERINED
LbhaZExHEL TN 5,

AWy o8B BCG #f\TC Kanamycin O
BEYHELLIOTHD D ALFERY X7 VAR
AFBI VP77~ RNA A w4+~ RNA &
LTAVERBRERN ARV RS2 FPERRER T3
Kanamycin (&% BE 1L, F Kanamycin 2 X3
HEERD T ARV — AR HOE L EEEELAE D
B X hBE L.

EREMEBLOVICHE

kL EREER s v B BCG HAKRL Ao

gt 7 ¢ 2B 5 “C-L-leucine (U) (k # 44E 282
mCi/m mole) 3 X ¢ “C-L-isoleucine (U) (M HeitsE
270 mCi/m mole) iXHF—{L¥EM L b A Lico *H-L-
phenylalanine (G) (HH4tfE 4.5Ci/m mole) (% New
England Nuclear, Boston, Mass., U.S.A. b8 7,

phospho (enol) pyruvate, trisodium salt s X ¢
pyruvate kinase (type II) {3 Sigma Chemical Co.,
St. Louis, Miss., U.S.A. 803 D¥H\ o KV U

(KY Y LVB7 vE =7 A4)i% Miles Laboratories,

Inc., Kankakee, IlL, U.S.A. 8% {#FH Lo

B BB F1F

FHE: SAEY —aBfKE LTIk S-30 extract %,
IR EERFRIOHBRTESRE LTk S-100 &g
»FhFh BCG Bk X b Modolell, Davis DFEY ¢
%ﬁﬂ Lff_o

S-30 extract DB ; Vv — b VKA 2 8HEF%F
H#E L CE7 36g © BCG BEih% 1.5 fEEDOEHT
20 SREEEREL, B 1g o 2ml OEEEEK (0.01
M Tris, pH 7.8, 60mM NHCl, 7.5mM E:fE ~ 7 %
YA, 6mMM2-2 N h T =R —) BRACIZ
Bk E Licd D% 20,000g, 15 fpmiLico EERT
FEFUSAER I VT —CRREE 3 pug/ml T hn %,
30,000g, 35 il L, EiE% 500 fEROEHER T&E
MLEDOLEC—EREL Lo 2O EEY/ NRBRERCS
LT —70°C CHERE L

S-100 & 43 © FH 84 5 & #r 8 © S-30 extract %,
105,000g, 3 BEf&E L L, £DOLEME 2/3 ¥EFE R
WEL D BT Lico BB O 105,000, 3 BERLE O H#
D Lg% S-30 extract & FBRICREF Lo

Z7r— L, O 7r—2 L, KT O 58I,
Webster 57 D EIC#DI, AV T+ vEH# (pH
7.8) 41 1= E. coli, W 1895HfrC 0 —&iZ&EK 40 m!
winx, BREREYHETI. BEMNTZ b—CE LK
77— fy RGP L, BEIEARAEWNEATE
ToRE A CRIBED 2M i b X 5 e ERGET vE=
v A%z 4°CR—RHE Lico EZ RO & HHED
40ml ORCREZE, = hic 100 ug/ml s X O 50
mM OK BB D X 5B Y V'F—~ 48 JOEDTA
YIMX THAEYTER IR ERBELETIR®SIcH
FAFU YRR I VT —¥ (2ug/ml) ¥ X OHB~S
X a (0.2M) B Lico 18,000g 30 50T
BEBREYBRVWHEHBT ve=vay 2M BER
mx, 4C CHKBLT7 »r —ONFEUE IR WK
ELTHED 12ml OKCEH LI, COBBR Y
26,000g T 20 ;mELLEFERLED, Zhi 105000g
T2EBMEOLTZ r =%y b LTHEDL, 1L
vy LARLEIC X D REELARIT AR Lo

77— f, RNA Ot ; 7 7 — o<V y b % 0.01
Mtris-HCl, pH7.6 (0.14M NaCl, 1mMEDTA, 10
pg/ml FY E=LHE, 0.5% XV FFA bRIV 2%
FrIVAVNFUARBEYEL) CRE L, £RO7
/) —A¥%WK (7 =/ —n : 1mMEDTA=T5: 25, v/v)
PMZBERY 10 2R L <#kE 5 Lio 3,000 rpm
T 10 SEEOLICOLKBERBE Lo 72/ — VB
MHOER2EIREL, 3 BFOKEYEHRERS Y v
A% 0.1M C@RINL, 2fEBD=% /) — A % % T —
20°C i@ & RNA #B 37, RBR2EOLTHED
B LcDd —20°C BEHF Lo '

=% RNA (t-RNA) 0% ; Holley 5 Dhpais
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FTEEY L7 3 VBZAEES H T 5 RNA (transfer
RNA, tRNA) #ER X » M L, B4R 900g % 1.2
L OBA A VKCEBEB L7 2/ VB (77—
K=T78:28v/v) 1.81 %fnx 1BRIEMEL 7o D b 4C
C—HRE Lo 3,000 rpm 15 3@ OLTKER X O
FRVERIEDTORO Lice KBEYEEELED, Th
T 1/10 B0 20% KefH» YV v A%, pHS % X O 2.5
BOW 9% =57 —AkMxt, BAERYRELLED
L 4°C IC—/HE Lico B2 T, BhaE0L LI
Batinic, ThuE%EED 70% LV 90% O&=%
/=T, Bil=— 7 THhot, BB OIEY
200m! o 0.02M E:fAH 1 v AR pH 5.6 I
TEH% 8,000rpm 5 FOELTH G, = O BEKY
HOH U DB CMUFE L7z DEAE-+lr—2
15g dn 74 (HE 3em R 15cm) &k FX i
DHLEHED 260mu 1231 BEHEH 0.05 1T/ B E
T 0.3M DIF{LH VY AW TH T A% P Lo ¥
1% 400ml @ 0.8M #5{bH vV v A BT t-RNA
BHETO t-RNA 2 UES R ED2HERO B =
27 =Nk —20°C kB LIk e i, b
BEERE TRV EZEROCLLEE LD, Thy 1mM
EDTA #%¢s 0.05M Tris-HCl, pH 9.0, 100 m/ =%
& 37°C W 1R &, t-RNA L EALTWB 7§/
Br e, B OB KT 2M EBH Y v 4, pH
5.0 A THH LIob 2BDE=& 7/ —Lwinz
—20°C T—E EFEOC X DIk EDI, Wi & %
BD 0% =B —l, =X )—=VBIV=R ) — -
=—70 (1:1) CHVERELICODL —70°C ffEFEL
o

RYRTFVER 77—P HRNA R 2 w2 vy
—ETHAEY T F FARBED O DORIGR ORI
Modolell, Davis® D F ol U, RIGEDOER Tk
DT L 50mM Tris-HCl, pH 7.8, 60mM NH,CI, 12
mM Magnesium acetate, 10 mM reduced glutathione,
1mM adenosine triphosphate (ATP), 0.02mM ga-
nosine triphosphate (GTP), 3mM potasium phos-
phoenol pyruvate, 30 #g/ml pyruvate kinase, 0.0355
mM M"C-leucine, 0.05mM 19 # 7 3 /8, 22.5 ug/
ml 7 y — 2 f; RNA, 1.12mg/ml ® t-RNA, 1/10
BOT VA vF .~ b L& S-30extract* (B E &
2.65mg/ml) ¥ X 0' 2/10 &£ S-100 &4+ (3.6 mg/ml)
LB ZORIEEAD < 7 %7 ADREELT v
4 vVF o~ b L S-30extract 35 X S-100 @450

* §-30 extract ¢ endogenous * , kv — O ERhI T
% 0.2ml » S-30 extract & 4#/ © Tris-HCl, pH7.8
10mM ATP, 0.2mM GTP, 50 mM phosphoenol pyruvate
} LU 30#g/ml o pyruvate kinase &k 2041 %,
AT 0.3ml U 37C 12 30 AWM vF .= LIchDH TS A
v .-} S-30 extract k L7,

11

ik b, 13.75mM 275, poly U (100 ug/mi) %
Ayt /T y—L LA 0.0037 mM o #C-isoleu-
cine ¥ X ¢ 0.0111mM o 3H-phenylalanine % 4C-
isoleucine DL HIZH W,

RIt# % 37°C oA v¥F o<~ b L—ERHZ Lic—
FEEEED, ThiEs5% %Y 7 e EBwNL, RIG
X DB 90°C 75 HRpEIME LT, BbYre
NERREEEY A V7SV 7 48— () ET,
type HA, L4 X 0.454) Lz 5% b U 7 =
VB Sml T2[E, T 0.5% ¥ 30ml CEEE L
Foo Z4NE—% L 1I5ml DMLV V/F U—
% — (2,5-diphenyloxazol (DPO) 5g, 1,4-Bis [2-4
(-methyl-5-phenyloxazolyl) ]-benzene (POPOP) 0.4g
b= v 11 Z¥R) At Beckman LS 150 ¥ {&
YVF VU~ g VAV VE~—THIE L1,

Kanamycin 1EERij# D BCG Efkh D 54 KV — A
7S ABLV A vV v— RNA @ 47 ; Dubos ¥
iz 2 BHEEED BCG %A\ 10 mg/ml DFHER
BIBL LT, “C-uracil % 0.2 xuCi/ml ¥sinL 24 B
[ 37°C &5 4 XY —ahd RNARETFSL L
Ti& %, Kanamycin % 100 ug/ml = % hn, SH-uracil
% 20 uCi/ml wwhnz, 20 43 [l 2 v A5 _Y VRO
oo BWEREOTHED, HRBEKTHRELLOLFS A
TAATHEA LI g L I ER L, L &0 10mM
MgSO, &7 ® Tris-HCl, pH 7.5 % fn% 8,000g 10 &4
hE O LTHI®E 2B 2 h © 1.0ml % 15~30%
DEMERTE RO LicEF LA RP25A R 4
vZ7Za~—x—7 25000rpm 5 R 2°C ¢E.OL LD
b, 32 DEGICHE LI, ThERDES O HaHEN:

Fig. 1. Time Course of f,RNA Directed “C-
leucine Incorporation into Acid Insoluble
Materials by BCG Ribosomes
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% Beckman LS 150 Mgtk vFV—> 3 VAHDV VAR
—TRE Lico

L] £

77— f, RNA #2492y v— RNA & LCH
WicBED BCG 54 AV —aic X% “C-leucine ® &Y
NTF PO D A & O FERHHER X 1R L
BCG SAAY — AR IDEH Mg 1+ VEBEITH
KBRORE,»S 14mM b sz Lafbh, Th
12 E.coli SAFY—2RRBTDFEID2{ERTH
Do M1IRAELNDZ LAY RS FERITERIIC
HINL120 3 CFF b —iKE L,

Fig. 2. Kinetics of Inhibition by Kanamycin
of #C-leucine Incorporation
400~

A

o

v

~ 3001

2

@

3

2 No addftion
o

0

8 2001

( ]

N

2 P
-0 ,—“
-1 ,‘,:"

a

-~ 100 4

3

2 KM added to final conc. of
A 1004g/ml

Lo \d v v v

10 20 30 45 60

Time (min.)
At 25 minutes incubation period the reaction mixture
was divided into two portions. Kanamycin was added
to a portion at a final concentration of 100 #g/ml. At in-
tervals samples were removed for the assay. The data
have been corrected for the small dilution caused by the
addition of kanamycin solution.

B B4O9E H15

HC-leucine D HKY~R 7 F FADER YA LT LT
5 HRNAR 2 w2 v Y v — T 58K 5%R~ Kanamycin
BHNTB L, FRp#ED “C-leucine DEL Y ARITHA
DRk Ehs (R2), @& kix Kanamycin 1 5
ARY =& EOFY) 75 VEOMRELHELETOZ L%
RTIDEEZDND,

77— f, RNA £ 723 polyU #2 v v+ —
L LIBAD A Y R7F V4R 5 Kanamycin ©
BrADBRECRTHHEDRYBARLICERYRLIA S
JO'B/R LT,

F 1A ABNBEZEL 3 RNA A v 2P v~
L LiciBf “C-leucine DR Y X7 F FADE DAL
RIE&RTD Kanamycin EEEM 10 ug/ml O L ExBO
45.8% U, 100 ug/ml Dk XX NBO 42%
BATE (RIA), ZhiRH LAIAy YT+~
poly U o 74 F T @ %H-phenylalanine @ Polyphe-
nylalanine ~®DE b A & (% 10 ug/m! o Kanamycin
RN LIcBE, RBO 81.4%, 100 ug/ml O L ¥ T
LR 80.8% HTHICELEDKE (F1B)s TH
b Kanamycin i© X 2R )V _R7F+ FAREER I V&
B THRCEW 77— L, RNA A v 2P v —
ELTRAVWEELEDERINATA vy VP r—ThHo*
ERY)T—RAVIEAIVENCEETHS LA

Table 1A. Amino Acid Incorporation into
Polypeptide with Phage f;RNA by

the Ribosomes from M. bovis, BCG
in the Presence of Kanamycin

Concentration Phage f,RNA directed
of Kanamycin | 13C_Leycine incorporation

(pg/ml) c.p.m. (%)

0 1,425 (100)

1 822 (57.7)

10 653  (45.8)

100 599  (42.0)

250 526 (36.9)

500 407  (28.6)

Table 1 B. Amino Acid Incorporation into Polypeptide with Homopolynucleotide (poly U)
by the Ribosomes from M. bovis, BCG in the Presence of Kanamycin

Concentration Poly U directed
of Kanamycin 3H-Phenylalanine incorporation | *C-Isoleucine incorporation
(pg/mi) c.p.m. (%) c.p.m. (%)
0 13,070  (100) 550  (100)
1 13,250 (101.4) 620 (112.7)
10 10,640 (81.4) 1,050  (190.9)
100 10,560 (80. &) 1,620 (294.5)
250 10,490 (80.3) 2,390 (434.5)
500 10,490 (80.3) 2,720  (494.5)
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Fig. 3.

for 60 Minutes
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Disappearance of Polysomes Consistent with mRNA
in that Region and Accumulation of 70S Monosome were
Observed in the Cells Treated with Kanamycin

% ES

7 3 RN BEOHEIERBF
_RFF FERDBIT BT 5 genetic code

1,000 |~ Kanamycin-Omin, l

750 4

500 1

250 4

Radioactivity (d.p.m./fraction)

Kapamycin-1 hr.

DBEFIC LB EBEINRT I, Tk
% DNA L EEIhcERE2EAEGK
DPRIEL B A v /P +— RNA Off
HENT 3 BEREWERI LTI A
AV — ADORTHEEOER X hFEOTH
RIhBER, BERNCREEANRER
THENIZEZTTH %o

ZD 2 ¥ vEGS (codon misreading
theory) {3 poly U, poly A 7 ¥ @ A
THRERYVRIVF AL KA vV
+— RNA L UCTHA LIcEREEIIL
HLid O Th b, Bolf, Zhicfk>
T, 77—~ RNA R 29 & VP y—

B 5 10 15 20 25 30 B 5

Fraction No.

Qeeeee O mRNA (Labeled with 3H-uracil for 20 minutes)
O——CO Stable RNA (Labeled with 4C-uracil for 24 hours)

bhtz,

—7% Kanamycin ® 2 K v—7 vF 2 ¥ V&7 (mis-
reading) {E#E% poly U T C¢D polyisoleucine AR A
52 Lo 10 ug/ml © Kanamycin 74 F T
polyisoleucine DA RITHIRD 190.9% HML, 100
pg/ml ¥ X 8 250 ug/ml @ Kanamycin BETIIEh
ZThBOD 294.5% XV 434.5% wE THIN L,
Dk 5 poly U FF#ETF T polyisoleucine A B 5%
ZbhB & b, Kanamycin (3 BCG 54 £V —a
REFNTH 2 FVORFZLERT D Z Lnnfbhic,

BCG 4B % Kanamycin L EMIBLHFED 71K
V—AZFAE AV y— RNA OHFREBOEL
%ﬁ% LTCO

Kanamycin r#fii L CWiWRBEME+H D BCG 5
AEY— AR IV 2 v Py — RNA OFHOREIX
R3wR3T L CHHED 50S KXV T70S 54Ky
— AR FOE—~ 2 ML THY V-2t LTERZEME
(FA4=—), Z&fE (F54<—) O— 7 AR
Hbhb, chicd LE 3B ien3dZ & { Kanamycin
& 1RSI LB S A EY — A 2 5 AGMHD S
B — VIR ERBERBDOR D, ThbLHEY v —
A, BroBE, SBEOE—-7OHENELL, Th
CHIE LT 70S 3 X0 50S WFOERMNEEL 72 b
Kanamycin i X WS4 BV —aH A 74037 vy 7 X
HicZ EERLTW A,

10 15 20 25 30

RNA F LTHWARYRTZAL FERK
RO INERIELTE, 2PV
DEFDOAZTIIHBATELWBRENRHD
217( ?'f\:o

T b VA NVARNAZ 2y /Ty
— L LAY RT AR DO Streptomycin FFEHN
THE, FYRTFFOARIKTLEALBRC LI DR
SELTEY, LA oTRERAMNERIH, Th
DERCERIND VL TRV D LB 2 5, ¥
kX5 2 & E. coli d4Hifkd T Streptomycin
DFEMC LD SARY — &7 5 ADHHICE LR
AbhB LB, TDXHIEENDL 2 F VORI
ERY RS+ FEROBERT I 7 ERENEDWEDOER
DRIEDLZEEER LIbDEELONB X O™
T&ET,

BHFEFCHTBHRE & L C Brownstein X 0° Le-
wandowski'® (T SAEKY —A VRV TDOERRTIL
Streptomycin DEEBXY ML ZFT T2 FVOBREINEE
iBH bR B, Streptomycin OFEFMIE XL {FT
e\ E. coli 0B REDHELE % 7Rk L 2o Tanaka B
1% deoxystreptamine XM\ =2 FVEBFXBDRE LR
T8, HESRELRILVEENS 2 FVvOBRFHEHE
BREBECCEYZ LFATADZ L 2HE LT\
60

Davis —Jfi¥ Streptomycin @ E. coli & ®3 51E
ABEFCOVWTKRD I S BEXHERLTWSP9, 3
7ei>b Streptomycin (35 4 AV — 4D 30S FRFD
A-site (aminoacyl-site ¥ 7|} acceptor-site) iz O3
Z (distortion) %» 4 % aminoacyl-tRNA & &35
DR T30 TDOKREMBEECHBTF ¥ g% P-
site (peptidyl site ¥ 7% domor site) 1ZTkE X b2
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TF FEDERITIEF %, Streptomycin & L 3 A-site
DOTHRIT A-site FRIZ 2 ¥ V-7 vF 2 ¥ VO3
DEAL (recognition site) T H3DC, poly U, poly
ANBREDATL A v VP y—%H B4 D Strepto-
mycin it &% 2 F VEFZDORERE bisb, Bz DHD
HoOHEMW I X hiY, Streptomycin 2 7F F &K
BABRE DA = 2 — X —TH B T+ N SN AFF =)L~
tRNA % E. coli ® 70 S-initiation complex %> & BB
IRBDT 30S 54EY — A kD P-site (peptidyl-
site ¥ 7% puromycin-reactive site) DVOFHE O
ZRITIDOLEZLRD LW,

Z77~Y RNA Ay~ L1 BCG 548
V—ARTOR)RTF FARKIGIZ120 3 T7 5 b —
ET A, Zhix E coli RORIGEE KRS EIE
BEBRETHD, T I “C-leucine DAY 7+ F
~NDORDRAZFETOT W3 BCG 5 4 FY—aRi
Kanamycin ## 8K 100 ug/ml @ ¥in$5 &, Wbk
AXEDR, LrdBAEE IR, 2 DHFRIX
Kanamycin i3 E EDH Y R7F FEOHBERIHT,
T F VEOTER T T 5 LR,

Z77—Y RNA ¥R AR AERY X2 VA EAF
(poly U) 2w v s — L3 rREADBER
Kanamycin %0 LTHY 7+ FERxT5HE
ZFEEx A5 &, poly U % B\ B4 © polyphenyl-
alanine 4AAEICH L7 7~ RNA 2 B\ - oD
leucine DR Y T F FADE D IAZDIZ 5 R EI T
{PHIEINizo Fi= poly U % A \»T Kanamycin ©
2P V-7 VF 2 FVORFE (misreading) FEHABHEL
fck B, &K poly U(U,U,U,v0) £ 2~ FiT
FEY L7eW it isoleucine D&Y _FF K~ DE D
SAZH% 250 ug/ml @ Kanamycin ZE#ETF ik JEFR N
BD 434% wdREI i, LinL=~1T polyU
343 % phylalanine DR Y ARAEIIE E C Holo
ZD2FVYDBRFLFTA AV — A LD A-site X Kana-
mycin i X D BEREYRC LclkdEHEHALS 54,
ZhREDHEER & 3GV & L WERIRECR
RIcZELTHBo

Modolell, Davis¥™ 3s X ¢ Luzzatto, Schlessinger
5918 13 E. coli iz Streptomycin #Ef X HBAC
ZoNBFY Y —ADFHEYRELRE LT\ 5,

B B49E B1F

Kanamycin % 1B:RIfEMA X## BCG 4B % thrho
FARY —A 252K X mRNA oSG »EELICE
Z % Kanamycin fERETIIRY Y —ADHLL Zhie
AT 5 TDO mRNA OPEERTDLIIc, 2D
&b Kanamycin 3 BCG kD54 K Y —a¥- A
INETmy 2 TBT ENALRI,

HEDERBRHEEH,» L v B BCG i #f 3~ % Kana-
mycin DEREFIIEY RTF FARBEELZ hic 3]
XFEARY V— A mRNA OB D2 L &5
Ihitc,

X [
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