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RELATIONSHIP BETWEEN STREPTOMYCIN SUSCEPTIBILITY AND rpsL
MUTATIONS OF MYCOBACTERIUM TUBERCULOSIS STRAINS

Miho FUKUDA™ , Hironobu KOGA, Hideaki OHNO,
Kazuhiko OGAWA, Bing YANG, Junko MIYAMOTO,
Kazunori TOMONO, and Shigeru KOHNO

The relationship between streptomycin (SM) susceptibility and rpsL mutations of My-
cobacterium tuberculosis strains was studied. Of 18 clinically isolated SM-resistant
M.tuberculosis strains, mutation was suspected in 9 strains (50%) with SM MICs of =
256 #g/ml by PCR-single strand conformation polymorphism targeting rpsL gene. On the
other hand, using PCR-direct sequence method, amino acid substitution caused by single
nucleotide point mutation in rpsL gene was demonstrated in 11 out of 18 strains (61%).
The same amino acid substitution at codon 43 (Lys—Arg) was observed in all 11 strains
with SM MICs of = 256 #g/ml. In addition, PCR products obtained from these 11 strains
could not be cut by a restriction enzyme, Mbo II, while H37TRv strain and the other 32
strains with SM MICs of < 256 #g/ml were cut into 2 fragments. In conclusion, our re-
sults suggest that highly SM-resistant M.tuberculosis strains with MICs of = 256 #g/ml
could be rapidly and easily detected by the restriction enzymatic method.
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TRETH Y, 7oL ZITRELRIZTSWHTEMT D I
BUEOBRAETIIRITTE 2\, —F, SEHIEEICES S
LBIEFHLIZVIEHENL L5124 Y, isoniazid
(INH) V12 % rifampicin (RFP)® |23 2 i3
EFOERDPT TIUREEN TS, UEEOAFS D,
RFP 39 % rpoB BIZFOLEROMEE & /NS
LRE (MIC) LOMBREREL, »2—c0MEM
%i&%: Lf-: 14) 15) o

GEM B, FEOKET % streptomycin (SM)
THERIZFICB L TP, 20ZRE MIC & OB,
SO IZHIRRBERGINNIC & 2 EROAE L BIERBRET L
12DOTHET B,

mEEHE

1. #EE®

LRB L UBLERRICBNT, BREBR AR O
PR S & BEHIH M2 b N7 BRR S MRS B 418k % 3
REL7z, F72, av bo—VEkkE L CideEme
¥ H3TRv % B 7z,

2. BragEH

HEREMRKSH (ER) L0455 3h:SM 2 A
Wiz,

3. FHIRZMHRE

AR Z U XTI RE L - AREIC L b
fio72 . ZOBEEIL, NI EOBKEO KT
=—% ADC %/ L 7z Middlebrook 7H9 broth
(Difco, Detroit, USA) IZ#:# L T37TC T 1 B
¥® L, HED McFarland No.0.5 GEEEO106
CFU/mIZHY) 245 &5 ICHEEHAKL, SM
BRI L CO.51g/ml 25 4096 1 g/ml ¥
TOWRBED UERBAHFRFIZHERL, 6RO~ 1
7L —} (Cell Wells 25850 Corning Glass Works,
Corning, New York) 2% 4100¢! §2O45E L7z,
SHIEY VISR OABERZ 1004 FO%MNZ T
STCTHELZ, Lzd>T, SM DRAREL0.25 1 g
/ml 252048 g/ml & 7 o7, MIC D¥I5EI, ¥
BHRTHEHEIWOHBICSL— B8 L, BHIERMO
Tz VTG REEE O E RO AT, HoRY
PROOLNL VT 2 VIZBIT S SM DRIEEE %2 MIC
& L7z F-FBICHBER TR To CHBEOY
EAEMER L,

4. DNA #iti#: & PCR &

M EOBBEO 0= — %4 1/2 HEBIFIL,
FTIREE LT/ -, 700k AEIZT DNA
EHH LYYW, 10ng % 1 @40 PCR IR L7z,

PCR X 2 BEORIZTFRIENE L CTiTo 72, 1 DI
BARRIBEETH 2 L 2 TEHT 57200 PCR <,

OB BET2% £95

Sjobring bAHE L R H D38kDa ZEEHE (pro-
tein antigen b, Pab) # 2— F34 2 BETF#IFRKN
IR 2774 <% HVTiio70, 72, SM it
TR FHRIO720D PCR 1E, Meier 5 19 58 |
7AEBHE D ribosomal protein S12 % 2 — K4 % #{z
F (rpsL) DEERFIZBEZIILT, R FHFA
> L72360bp % #E$ 2751 <— (RPS1:5-ATGC
CAACCATCCAGCAGCT-3’, RPS2:5-CTTAGCG
CCGTAACGGCTGC-3’) 2HWTITo7ze TRTD
774 ~<—13 DNA synthesizer (Model 380B, Ap-
plied Bio systems, Foster City, California) T&
B L, PCR 21 DNA thermal cycler (PJ 2000
Perkin-Elmer Corp., Foster City, California) %
R L7, RE4efEiZ denaturation 2594°C 14, an-
nealing 2%60C 147, extention #%72°C 14T, 40% A
7 VRIS &7z, 5Nz PCR EWIX 2% 7 10— 2
7'V (SEAKEM ME agarose, FMC BioProducts,
Rockland) N TESK KB, ethidium bromide (EB)
FBIZLY, ERZH Pab #IZF13419bp, rpsL &1x
Fi3360bp DNV FOEEEHER L 720

5. rpsL BIEFHEROKRE

rpsL BIZFAREROBM D720 12, PCR-single
strand conformation polymorphysm (PCR-SSCP)
#, PCR~direct sequencing &, 3 X UBIREEZ N
L BHEED SEEOREZ 1TV, EH H3TRy &
FRIR ST MEALRR DM AE e % OBehRat L 72,6

1) PCR-SSCP iz & 2ROk

PCR-SSCP i, Eiak~72 rpsL BIZF 2S5BS
N7z PCR E% (360bp) % 1pl ML, 4pl DEME
(20mM EDTA, 0.05% bromophenol blue, 95%
formamide, 0.06% xylene cyanol) & & 1295CT
SRS 22 LICk VEHEE, ZORESI2KS
L7z, 2% L7 PCR E#ix Phastgel Homogeneous
20 % i \» 72 PhastSystem (Pharmacia Biotech,
Uppsala, Sweden) 12X ) BRKE 21TV, KW T
PhastSystem Development Technique (2% 5 T 48
RBERATL o NV FOXY -2 IE H3TRv # 2 > b
- L, HRERONY FERBLTEROEES
HE L,

2) PCR-direct sequencing ¥ & 2 ZER OB

PCR EMDIEERFI R E 121, Tag DyeDeoxy
Terminator Cycle Sequencing FS kit (Applied
Biosystems Division, Perkin-Elmer Corp.) %
Wio BRMICIE, Suprec-02 (FiEwEHAAH, #E)
THB LA PCR EW .54, 3.2pmol D75 4 < —
(5'—ATGCCAACCATCCAGCAGCT—3'), 5 fEI8 B
? Terminator Ammonium Cycle Sequencing
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buffer 4¢l, ANTP 1ul, 4FEOEHEIZHLERL -
dideoxynucleotide dyedeoxy terminator 1xl, 4U
® Taq polymerase #{BA L, mineral oil & 1 THE
B LT, cycle sequencing Kt %25% 1 7 ) (dena-
turation #%96°C30%, annealing #50°C15%), exten—
tion 2560°C 4 43*) fTo72, %5 N7z PCR EWIZT0%
IF )= VETApIMZ OKFIZI0FHEEL 2%, £
iR12T14000rpm T4 MELL, LEEE TS LEL
BE 5 oHERER S, ZD% loading buffer
(deionized formamide &, blue dextran 50mg/ml
% &4 L7:26mM EDTA &0 5: 1IRAMW) 641 %
AT, 0CT24EMmELAdHEKEICHELL,
DEHW2.5¢1] # AT ABI PRISM 377 DNA Seq-
uencer D 4% acrylamide gel NEK KB 21T\, 3§
EDT =2 T IV > THRERF DT — ¥ 2@ L7,

3) HIFEEEEE VA EROKE

BIE2® PCR-direct sequencing #ETH S hiziid
EHIDTFT—% % b L2, BEROAKSNIEAOEERT
PRRMICEBRL TR T 2 HIREER, MbollZEH
LT, ZROBFERIBEOERELRI L, 4. TH
L7 PCREW lug #FiLVv 4 7 0F 21— 7128
L, Mbo II 10 units, KiS# 547 (10mM Tris HC],
10mM MgCl,, 1mM DTT, pH7.5), DDW 2441 %
MR TEES50pl & L, 3TCICT1RBEMEL T DNA
YW L7, 20, 3% 7 H 0 —24 )V (Nusieve 3:1
agarose, FMC BioProducts) {2 CEXKE %17\,
EB #.12C DNA Ol OFELHERL, I3~ bo—
V@ H3TRv & B L 72,
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5 S

SRS L EARRE, SBB X UBERRICE
WTTRTEMENICEBERELRES N b0 THo 7
H, HRADZOIATo7: Pab BIETF B & U rpsL &Iz
FiZid 5 PCR b ITRTHETH o722 &b, &8
HEHEE LTUTORE 2472720

414D SM REMBE L 3R D rpsL BIEFOER
BRIBEOKRZR 1R Lz, WA TO SM it
FH# % Siddiqi 5V 1o T 10sg/mI P LE T3 L,
SM Tt M X418k 188k (43.9%) TdH o7,

PCR-SSCP #i2 & % rpsL BIEFHOERDFHED
BE (K2) Tk, 4Bk IBkIcay Po—VERL S
NV ERALN, ThHOKRIHT S SM O MIC i
FThH2561g/mi L ETH o7, PCR-SSCP #ETHH
BN TR OEE I LR D50% (9/18) Thoi,

—7, rpsL &f£F D PCR-direct sequencing D&
£ (HE3), 418118 point mutation 2RI S 4,
ZDERITT T Lys-43 (AAG) % Arg-43 (AGG)
KCEboEERTHLILIPHREIN, 7,
codon 88IZIZZERIILEL AbNhhdolz, TDIIKIC
35 SM D MIC i3 $_T256¢#g/ml YL ET, ERD
BRI SRR D61.1% (11/18) THolz,

¥/, LEROFMERFTRCEA—MOR—ANBTOE
BTholhd, TOERPMELRRIERL T
DNA #4IWr¥ 5 HIFREER, Mbo I 2L, KER
DF EHBEETIWIC L Y fHEIOBREICKRETTEEY»ES
PERE Lz, ZOHE, EEKRHITRBLUERD

MIC (pg/ml)
>2048 0000000 0000000 0000000
2048 000 [ I ] 000
1024 +
512
256 [ [ [ J
128
64 - (e]e] (e]e) (0]0) @ ERNHAL NI
32 Q000 0000 0000 O: BRNFH MLV
16 ©) (e} O
8 -
4 O000 O000 0000
9 0000 0000 0000
14 000 000 000
0.5 00000 00000 O0000
0.25 OO00000 0000000 OQO00000
PCR-SSCP PCR-direct FIBREEFE
sequence (Mbo 1)

1 SM @ MIC 434 & 3B DERRED LK

_3_.
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2 PCR-SSCP #IZ & 851
C:a ¥ bu—) (H37Rv), 1:SM ®» MIC 2¢

0.25¢g/ml DW, LUFREBRIZ, 2:25641g/ml
3:0.25¢g/ml, 4:2048x¢g/ml, 5:0.5xg/ml,
6:1pg/ml, 7:2pg/mlo 1,3, 5,6, Tixa>
bo— )V e R CikBIE AR L7 SM S HEH,
2, 4\ ZKBVED R D SM TR

2 WERIRBERRTiX, 36bp @ PCR EW A Mbo 111
& 9 138bp &222bp ICYIKT S M7= DI L, HERDIH
LN TIEERIkT S h o7z (K4), Lizdso>
TEROK M I PCR-direct sequencing # & [ L
<61.1% (11/18) TH o7,

% %

A, KT AIDS BERK— ALV ADMME &
12, EHWEEREEREOEElTRESIN TS ),
Concato I2& B L, F—AL A OFEEERETIZ1LH
DA EDEEN14%, ZHITEAT6% T, B S 52t
HHEBEOHEEFBVWI LR, ZORERRITERER

5 §

il i il

OB ET2E £95

BIAHERICA LNz LT 2 9, SMICHT
B HEREARTE O 7 BESE R 134020~30% % LR & L T&HE
TEFEFRPEDNALND D20  bATETIHEN
19TTED HR2FEITPIT TR 6% DHEETHR L, SM W
HEOMMEIASLRTWAWDS . L L, SMEHEH
FEVZR 3 BAZHER R TH B L L H 1T, ethambutol
OO IFERTLERSE N DS, SMIZHT 5
JRRE DR % 5 FEWFEMICREICTETS 2 &,
EREOEFICE L TERIH L LBDNS,

S RIFATZ BT ERIR 73 ML B O SM B & i i
EFERLOBREZHAKICL, SELZRBRBEOR AN
ERE L7, ZOME, T 112 MIC #9256 4 g/ml
Pk SM BEMME Tld rpsL BRIz FHREERN LS
AL, LadbZ0EROEWMEEEIITCE—T
Ho7z (Lys-43 75 Arg-43~D7 I JBER), SM
HHEICE® 5 rpsL BIETFHEROHEE X, Heym
51352% %), Morris 51357% %", Sreevatsan 5 i&
54% %) EI|ELTBY, BAbD61% b b LM
L& TH o7z,

¥/, TIVBEROBE L O®ME ) ~®) L Ek
12, $XTAHA Lys 5 Arg NOELTH o7z, b
DFERLY, bHPEIIBITAHEHEO SM Lo 5
FEPEH A =X b, BKEREELL TS L
HHBT X, LA L, MU rpsL BZFHD codon 88
DERD, SRIOFI-LOBEHRTIZE{ RO LR o

ZLRMEOBES LFETEATOH D, ZOHR

Lys-43 —» Arg

|
g 3] 1

U fil Il

Hoo 5 < ‘..

i

lﬁllﬂfﬂf' AA&"BA‘IBC'GIC€.YBI’Q’ TiTl'lRlﬂﬂO'C'?lYAGlCGJ:EéCVCClLI(Aﬁlnt.l!cf:.

l;.kﬁ. Latbnidd AAEAL AT A1

i

15

e 3 + 3 K g
tuYY\ut'.nsp'r?tccc!clr!AAaYS‘a»ct “YBA.QYGIAO lr(uccn uﬁ?AtA?'ee:'ieGalntcuA(
3 e - L L

¥ 3 PCR-direct sequencing ##2 & % #Hifl
MIC 4% 2048 1 g/ml @ SM Tt EBE T, Lys-43 25 Arg ~"D7T IV BRERN A LNTZ,
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MW C 1 2 3 4

360 bp —
222 bp —
138 bp —

4 HIRRBERTEC X AHRHG

C:av bua—iv (H3TRv), 1:SM ® MIC #*
0.95 ug/ml OF, BFFREC, 2:256g/ml,
3:0.25¢g/mil, 4:2048¢g/ml, 1 & 3 TidY)
Brah, 2 & 43 EhTwiv,

AEL NV OHIBEIZL B LDROH, HDVIZHAE
WLV TOEIZLDDDEDD, 5%, REEZHERPL
TRETALERDS ) o

# 92, SM R I3 ¥ 5 BHELDERREFI,
PCR-SSCP #:#4%50%, PCR-direct sequencing # &
HIBRBEEES VTN L61% ThH o7z, TNLDFERLY,
PCR~direct sequencing HE7 % b HEELERORMITE
TiddH s b0OD, MIC 256 #£g/ml L\ LD SM i S
BoMZBEE, REOERLREEDE A 5 i i REE
FENS L Y LECHETH B I EARE SNz, —T7,
PCR-SSCP #ICE LTI, FHZ0LDILHBENES
TiHLOD, LRTERIHRATET, Heymb ®
IR LTV A LI 1, RIHBECRPERIALNIZ,
37, AECEHEREOBEIHPTELNILREDPD,
L8 S IERME L RERZBOLH LW HEORFEN L
BETHH),

SM TR EBIETF X rpsL BIZTF DO A TR L, 168
rRNA % 32— F¥ 2®IEF (rrs) HESRTR210D,
F 72, [EiREE SM it (MIC 2510 #g/ml BLE) & ik
BE SM itE (MIC #5160 #g/mi L L) TiZRE5 ¥ 5 #
EFRERLLEOHELALNL DN, SEOMIZD
OW¥EHE rpsL BIZFOATH LA, rrs MIZT 10
%OFEETLERPALNLZ AL B | ZORETF
ZoWT b AORE 217 21E, & IEMEETHR®EZ SM
HEOHENS TR bDEEDND, 4% HITHt
KEHEHLTE LB, FHEEEILDATRL,
Bapthd & SM B E T2 RET 2 HELR
HTEFETH 5,
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¥ & &

SM B I BT B rpsL BIZFRERIZOWT
WEL, UToMmREHE:,

(1) PCR-SSCP 12 & % rpsL BIZFHOER DR
HoER, 18%F 9tk (50%) IZEEFHALNR, SM D
MIC iF 9 BT XT256¢g/ml A ETH o7,

(2) PCR-direct sequence ¥\ X % rpsL BIZFW
DEREOBBOFERTI, 18¥kF 114k (61%) 2 point
mutation PBH &N, 207 I VBERITXTLys-
4375 Arg-43~DEERTH Y, SM O MIC T3 RT
256 #g/ml LA ETH o7z,

(3) HIPREESE (Mbo 11) 12X 5% rpsL BIZFADE
ROBRMOMERTIE, 18%F1L1E (61%) TERIZLS
YW A SN, BERMIALO point mutation A%
FH N, T2, ThHO¥kIZT T PCR-direct
sequence (2T point mutation AR S Nizdk & —
HL7,

PEX Y PCREXHWVZA ML T ML ¥ VIR
BEORELZRED TR TH S Z EDRBEEINT,

X i3
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