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Fl# 23 2 5 F 035 A5 s L EE RIRELEEPE R
DNA A FIE# > &2 A2 PRPBEFHZ A FINAREFTHE - d 2
Bt HAFIM DNA £ 4 7 £ dcenfh 71 1S6110 fe DRr» @ ® #
Rl ¢ FA RaOEAs R o 1 S LR 2 fF Pl e
Alul > & 2 8% 5 FR8 DNA » ST AL 3H I @ A2 4+ £ 4]
# e BRI S 4k I 4 & (Restriction fragment length polymorphism,
RFLP) 4 #1@3# - £ 41% 1S6110 45 ¢+ 4= DRr 45 4+ > 322 F oo ®
% &g i (autoradiography ) 7 4v# $k% 4% 5 7 1S6110 - DRr
SEHIAFIFACEIRA AR DL I ELA ) FEOLE S BT
1S6110-RFLP 4= DRr-RFLP & ¥ @] 3% # i » o i3t A FI B3 B pen £
P A R FRITE A bk H o Fla 2 2 A RSP Fak TR T
R kAT S F b kBRI FOR T GRE AR R AR
Tt FARBE LA T 5 ¥ - BiAEehR 24 - 1% 1S6110-
RFLP v DRr-RFLP & ¥Rl # o wP B S P Eka A 3 in i
B -

B4 240} b it 7 1ISB110-RFLP A 45 12 2 30 k.4 it
7 DRr-RFLP 2 47 = &% 3 1S6110 £ %] ¥ B chFth = 384 (83.3% )
# copy number E_#% 8-16 2 fF - 5 30tk (125% ) % +: A
copy-number #cp £ % 0-3 2 &> # ¢ copy-number P 5 0§ 3 20
$(8.4% ) £ 4 copy-number #cp # 17-20 2 -+ § 10 tx(4.29 )~
@ DRr # foens i feiz it 1S6110-RFLP-low-copy number s e £
% DRr copy number 6-8 2 & » it 3 20 then +% /|2 DRr-RFLP

copy number 7 A E_F o #7170 ie 20 BReDE Y A A i@ * 1S6110-
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RFLP 2 DRr-RFLP % 4 4] o # 1S6110- RFLP = 3]+ > copy
number B P B % HFEtR 5 copy-number 11( 35 tk )f- copy-number 14
(35%k)> # =t % copy-number 9( 25 & ) §v copy-number 12( 25 t% )
copy-number 10 (24 k) o fiiz it &% > BEom SN RSk Ftk A &
4 4] 4 T e copy-number 8-16 2. B 5 e AT Y PRk H AL
Pl ik e 4 23N o ¥ - 25 & DR-RFLP &~ 3] F > gt
1S6110-RFLP-low-copy number stk (10 th) & A& = = f4 7]
F1# IS6110-RFLP & 372 » & 210 thehig 2 /A 7 ik 2 2L Fleip B
M x5 % clusterA,B,C,D,E,FGH,I,JK,L,M,N & 14 * 3§ - %
TR E R AE > cluster C (41 #) » cluster H (32 #) > cluster G (21
&) > cluster E (17 &) > cluster F (16 #&) > cluster A fv cluster L (& %
15 #&) > cluster B fv cluster M (& 5 10 k) o #7140 8L F 4 Fo i (7
),%%‘i‘m%% iR BRI EATIPM IR T A 54 8o £ 3 10
S *péj_%’g-f% DRr-RFLP 4 %] 1 » 2 & enpgth £+ cluster 1(5 4k )-
% 1S6110-RFLP scluster A Ftx (154 ) # A FlAp b 1+ &
100-70% 2 F¥ » cluster B (10 tk) i 8 4 Flp M1+ & 95-75
%2 ot cluster C (414R) s AcE & 5 > @ ¢ H A F)
AP B A 100-859% 2. B » F]pt izt B>t cluster C FFR G A E
MR P B R SEARETRAE A T M
A7 e Jpt cluster D (54k) s brEicE & > B A Fehdp M &
85-70% 2. fF - 4p I enfi-35+ 13 A cluster | (7 $&) » cluster K(7 1k)
e cluster N(6 k) 2 £ F]4p B 14 =] 5 95-709¢100-80% % 100-65
%2 B o WA FNA Ry i P HEEF DGR RMF Y -
G A kR0 o B AP 4 e Cluster H (32 k) shi Py £
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9%6% 100-80% 2. & o & DRr-RFLP & |+ » &>t cluster | &4k 7]
P B2 8596 & ¥ R ehFk
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Abstract:

By molecular fingerprinting, multidrug resistant M. tuberculosis
were analyzed with |S6110-RFL P and DRr-RFLP for epidemiological
investigation. Chromosomal DNA of M. tuberculosis was prepared
and restriction digested overnight with Pvull. The digested fragments
were separated by electrophoresis 1% agarose gels. After denaturation,
DNA fragments were transferred to Hybond membrane with a vacuum
transfer apparatus. Hybridization was performed with the labeled
245-bp 1S6110 PCR fragment probe, the | S6110-RFLP of M.
tuberculosis was analyzed by the number of 1S6110 copy and
dendrogram for illustrating relationships between M. tuberculosis
strains from Southern Taiwan. I solates of M. tuberculosis with low
1S6110 copy number in the chromosome were further investigated
with DRr probe for DRr-RFLP analysis. DRr-RFL P was performed
with Alul digestion of chromosome DNA and hybridization with
36-bp DRr oligonuclotide probe.

On the basis of analysis with gene probes and biochemical tests,
all 240 isolates were identified as M. tuberculosis. Hybridization of
Pvull-digested chromosomal DNA with the 245-bp fragment of
1S6110 resulted in 1S6110-RFLP. The copy number of 1S6110 in each
of the isolates was determined from the number of bands hybridizing
the probes. The majority, 200 of the 240 strains(86%) contained
between 8 and 16 copies of 1S6110. There are 30 isolates of M.
tubercul osis with the copy number of 1S6110 below 3. Twenty isolates
of M. tuberculosis were found not to carry any 1S6110 element. From

the results of 1S6110-FRLP patterns, M. tuberculosis tested in this
4



study were classified into 17 types of 1S6110-RFLP. A mgjority of M.
tuberculosis was belonging to 1S6110-RFLPtype 5 to 13. Therefore,
the nine different types | S6110-RFL P were the major source of M.
tuberculosis for tuberculosis in Southern Taiwan. The utilization of
DRr probe allowed the differentiation of strains showing low
-copy-number of 1S6110 element. A total of 30 strains typed by
analysis of the DRr element, 10 strains showed DRr-RFL P pattern with
3 band(one strain), 6 bands(one strain), 7 bands(6 strains), and 8
band(two strains). There are 20 strains of M. tuberculosis with low
-copy-number of 1S6110 element to be found not to carry any DRr
element. These 20 strains of M. tuberculosis with low -copy-number of
1S6110 element were necessarily investigated in advance. From the
diversity of RFLPtypes of 1S6110 for 210 isolates of M. tuberculosis,
thisyields 14 types of cluster A to N. The mgjority of the investigated
isolates from Southern Taiwan patients belong to cluster C(19.5%),
cluster H(15.2%), and cluster g(10%).

Keyword: M. tuberculosis ,fingerprinting ,molecular epidemiology.
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PoBPp kiR OuE FE XERATHELL BRGH B L R
BPRE RS AR (B) W2 F 53 A LRPRER > Fhi %

PARBIERLIBTERZPIPREeHETA R Lt AL IF
Wi 220 HEBPREFFRE DR - 3B BPHEFicFL K
ToARLFR A Gt A R R CSMMER SRR PR A F A
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FiEird ot EFRRMBET RO, F AP E BT OB - 23
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EREDFTRBRFE L BWREFF > s HFRIB R LG0T FFE
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BAdE A 2 € R T ARL o B EE R L RIRIoF ki 1
e e n PR PRI T R L E RS G T U E
Rl FR L R o &A1 dup R3] B il - 1t B
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b ATITRF A F AP Pre L A BRE S B F7F » 24

]G o Fpt 0 AFT Y RIEE (Wt 3 kIER B P H @ o

BPROATIRHA A > HRLEFEED A REI LS P
FlF R A ¢ 8 Y ahdd 246 ~ B 7 & 7] 7 B [Insertion sequence(lS)] =
1S6110 #1412 2 & Heid § & 45 5 £ [direct repeat(DRr)] = DRr & 71|

-

(1012) iz A FIRFchs 47> F15 F A i m 2 L W%

Flg g H oo frn s AR B faif @ 4ke (genetic marker) &

Rl

AT E il B o IS6110 A T P K A S P AR % 4 DNA ¢
¥ 14 % 2 (multiplecopies) # &% > @ ¥ % B kiREfE 0 2 1S6110
e B (copynumber) 2 — TRk A P A4 R B L A ARE o
Flpb S A ¢ 4 DNA 14 203 p > 5 (Pwll) 5% &7
KPR R SR ASH £ ISBLI0HF & R TR F BT UH
RA gt FmT * B3 fiom & 5 ki (restriction fragment length
polymorphism, RFLP) - i&4& 1S6110-RFLP i 4772 cnig & 7 § 1T
PR R e B4kie - 2 IS6110 * £4p § T 7 BB P F A
e (15) @ 2 Hiep fri= R RIFIFARF B3 9128 > HRF R



7 1t (polymorphism) o #7110 » F & +% /2 % Ip 1711S6110-RFLP %

Y0 BT 3 A e 2 kiR o F]t 0 I1S6110-RFLP 4 45 Ak §
T3 2B BEFEE ¢3RN - LFRHRIMEE (onecopy) & %
> #i® B (low-copy number) #71S6110 2L F] 5 fL o popF > o it ¥
% = B i @4E3e (second genetic marker ) £ 36 bp direct repeat (DRr)
FF 45 % 4 17 Fjtk DR-RFLP s |4 » s34 Btk ivie— 4 4 45 (14) -
& 36-bp DR-r B 7 H 14 5 £ 3% &% 1% F ik 1S6110 8 i k3T A =
- Fe— FEenptslo % DR-r 4547 * 12 i jp) 1S6110 ¢ DR-r locus
B g R b ek iR 1@ 7R 3t Low-copy-number |S6110 stk 17 14

?\? ‘%'J °

AFT R NP AR RITR LAH R OTA LR FERA T
B a s et b R(ss 32 BL) 2B L3794
ReoBFARELRGRE I ATTRF L 2 P HRLE
BRI k2 I enid m;ﬁﬁu&a;i%wﬁwﬁﬂ
A ERE T AT 2 AR kS ip il A 3 P
Ap B SR SRR R R PR e eh T o



S Hps e

-~ FLE 25 1% 7 (multidrug-resistantycobacterium

tuberculosis) s 3% Ik

L Ao BT A 30 K n P F FHA 1S6110 210 A
DRr § 30 th 57§ ehihfl o fo 00 B prom B i pic s 451w
EWSHAHEALEFER S c ARSRRI LS H E

BIEE HE B LE R o

-~ FLE &1 04 3fe #- I solation and identification

of multidrug-resistant M. tuberculosis)

THOFRS A B O R g B ¢ R RIR 0 R RE AR
P& RPFATEAERY Lowenstein-Jensen A 6 32 & A o B2 7
i Ak gy F)7E hdFf - Niacin(+)~ToH $i - Catalase(-) - Nitrate
reduction(+) & @ 34 it F:2% o fe & BSEN f- Haelll &% 3¢
65Kda HSP # %12 PCR & # #7135 = 2. RFLP » 97 245/120/80 bp
{r 160/140/70 bp 2. %% % K # % (16,17) FLlf (4 32 B R4 % 1L 3
/# ( Proportion method ) - # %% % # p| 2 isoniazid(INH) -
ethambutol (EMB) - rifampin ( RIF ) §= streptomycin(SM) % i (18)
% FHRE INH-RIF § €38 B enpik s 4 o



R Bt  FPNA 4 gfe s it (Isolation of mycobacterial
DNA)

DNA #5272 4% Van Soolingen % A &1 j& 4c 11 i2 &F
Fe A ERAL-IAG RS AP IESBFE P KETT
400l TE Buffer(10Mm TrissHCI PH 8.0 - 1mM EDTA PH 8.0)z_ #&
¥ .o 4 (microcentrifugetube) o F HB-EFE A # SR E
R R FIR T 80 RN Ao A 30 A AU I 0 & LR
fwre BE> 4~ B0l £ lysozyme(10 mg/ml » Boehringer Mannheim »
Germany)>+ 37 ARiEH P T 1] pELS > R4~ 70l £109%
SDS(sodium dodecy! sulphate): 6l = proteinase K (10mg/ml >
Boehringer Mannheim » Germany) > M 2 BB £353 {6 » 3}
50 kst M iFF R e 4e ~ 100l 7 5MNaCl ¥R £355 - ¢
4v ~ 80ul 12 CTAB/NaCl i3 i% (Cetyltrimethylammonium
bromide/NaCl) » *+ 65 -Rip P iT% 10 & &8 o ‘o Fefi e 1§
WA (Fld 7)) B2 88 VUFPE AR o B P s 1
TE Buffer(+ ¥ 1.5-2ug) > #2fechz BER ¥ d AL 78 v 5

d gl ariE Bl e pe3s < 3t 25Kb o

T~ DNA ¥ 408 %  ( Preparation of DNA probe)

% 2B o |S6110DNA ¥ 4 % & 45 Chromosomal DNA 9
RFLP & 71 El2%(9) i 1 1S6110DNA 4% 4+ 5 ¢ * [S6110 # 245bp
P EPCR A2 % o PCR Hjtres B Primer; £_INS-1:
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5 -CGTGAGGGCATCGAGGTGGC-3 4r INS-2: 5'-GCG
TAGGCGGTCGGTGACAAA-3 - PCR F frikis = & 4o
2mM 7 dATPR, dCTPR, dGTP 4= dTTP 2 2 0.1mM digoxigenin-
11-dC1TP #*+# enPCR A2 4= » 5 v w1 o DR-r 47 4-4_
36-bp & = e oligonucleotide(5'-GTCGTCAGACCCAAAACC
CCGAGAGGGGAAAC-3')(11) - iz £x 36-bp ¢ DR-r £ 4+ i¢ *
DIG- #£ 2z & |+ & #% % & 2% ( Amersham-Pharmacia Biotech,

USA) -

RFLP # % §l3# ¢4 47 (Fingerprinting by RFLP analysis)

AL 2 AE (% (Restriction analysis)

B. ;

1. #7% P~ Mycobacterial DNA 12 Pvull(BU/ug) i * 2-3 /]
PF oo 2 18 > 11 190agarose P R iR TR A A HE o SRR T
* (denaturation) ?s - #-pP % ¢ DNA % E# 3> NC
F oo dgEE I F Y o i@ Pwll 23 2 (Pwll
restriction fragment ) &_% 4 47 IS6110 2. Z #cF B 4 37

2. ¥ - $%i»a1Mycobacterial DNA #  Alul %k g+ 3] it #* 1-2
P PEe 2 (80 R Aok L BB BEF T AN EF
RGBT FF o EDAUl R TR YT
DRr 2 FIBl# chg & A 47 % o

3% F & (hybridization)
- AR ege ROl FRe A Bl i % IS6110 £5 457 Pwull

£ % {5 % g (restriction fragment)se % £ Ji » @ DRr 45 4R &

11



»

~

Alul =% {g % B (restriction fragment) 2<% & J& o

C. Ftr4 Al (straintyping)

(iR F fe autoradiography 2 & o ¥ 8 3| & - Ftkin
1S6110 =7 copy number §= RFLP # F1®l:% 2 2 DRr =7 copy
number f- RFLP £ F1@l 3 - #71F ¢4 4 B (dendrogram) fv
* £ B (banding pattern) {1 * % %o4 17 iF 27 (Bio-Gene 48
F= Aspire C500 P4-1.8GHZ compulter ) -

# ¥ 3 & (Definition of clustering)

it 58 1S6110-RFLP f= DRI-RFLP A 73 A 4+

o F2BEARMY TR - BAF > E LRIeT (19):

L

MIAR e 1S6110 chE #km ® Edple & F £ o

N

BT 5 - B - B 1S6110 0% £ o

w

NI IBEAF L HISEI0 FE (FE) AT i
Z 4p Fe <1 DR-RFLP £ 71 @) 3¥ o

#at A (Satistical analysig

1L R FRs {7 e dabn] ~ Ed0 - RGEE 2 F oz B g
g (RS FFERE R EFEER )

2. & R ehd 1t & 35 1S6110-RFLP > DRr-RFLP frf# 4 -

11+ > 4 % (Chi-squaretest) & A 7% — B H E - $4p

i v ]+ (Urivariaterisk factor) #3455 & & 12 40 B

M o Odd'sratio P17 95% Cl &3+ % o
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25 240 g 1 FiE 7 IS6110-RFLP 4 47 14 2 30 R % 7

7 DRr-RFLP 4 47 » # & % 4- Table.l #r7+ o % 7 1S6110 & F] 7 &
SIA R~ 384 (83.3% )E copy number % 8-16 2 -3 30 k(125
% ) B+ 7 copy-number #cp E_ % 0-32 fF - 2 ¢ copy-number
# P L 0'%‘4)3 20 tk (8.49% ) & 3 copy-number #cp & 17-20 2.
» 7 10 k(4.2% X Table 1,Fig.1)- @ DRr % feh4 iw izt 1S6110-
RFL P-low-copy number 7tk £_% DRr copy number 6-8 2 & » iz 3
20 tkehi: % F 2 DRr-RFLP ¢ copy number i #% 8% (Table2 >
Fig.2)e #7r1 > iz 20 e 1% A 4 i i€ * |S6110-RFLP 2 DRr-RFLP
% & A o £ 1S6110- RFLP =4 4] + » copy number #ic P & % ﬁv*;;?]'ﬁ\
% copy-number 11 (35 &) {= copy-number 14 (35+k) > H =% &
copy-number 9 (25 tx ) = copy-number 12 (25 &) - copy-number 10
(244k) - HEBE &% > BA A P OR% FikdL & h Y0 6 &
copy-number 8-16 2 fFF »ig3i P A7 Y PRk H AT L & &~ G
1~ 3% o ¥ - > 5 & DRr-RFLP & 3|+ » 2 |S6110-RFLP-
low-copy number HFEtk (104R) £ & & = fE 3] %] o

F1#* 1S6110-RFLP 4 %72 » & 210 thehig 5 /A 7 ik 2 2L Flehip B
M s 5 clusterA,B,C,D,E,FGH,I,J KL M,N % 14 % zg
(Table.3) ~ F8 4 etk A+ cluster C (41 &) cluster H (32 #&)
cluster G (21 &) cluster E (17 t&)> cluster F (16 #&) cluster A f- cluster
L(% 5 15+4k) > cluster B 4r cluster M (& & 104k ) o #F1LjE s 5 2
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P RENEE  TEBPRDAFIPHELEY S 54 <4
(Fig3~4)- £ 73 10tk%+: /i {7 DRr-RFLP ~ 3] F » i & chptk
T > cluster | (54k) (Tabled ~ Fig5) -

% IS6110-RFLP ricluster A Ftk (154 ) H A Fl4p M1+ &
100-70% 2 & (Fig.4a) » cluster B (10 $k) e +% 4 2 Flap b 42
& 95-75962 B (Fig.da) - >t cluster C (41 k) e F#cE &

»om B H A F)4p R M A 100-85% 2. FF > F]pt izt 3T cluster C

AN

PR G AR BRSPS B R SR HREdeE Y
s L F)4p B 2 ena 47 (Figdb) o >t cluster D (5 4% ) enjfjthiic®
o Bl Fehip B i 85-70%6 2 B o 4p e s A4 ) IR 1 cluster
| (7 #&) - cluster K(7 tk) 4 cluster N(6 $&) » H 2 F]4p B 1+ 4 5] 5
95-70% > 100-80% % 100-65% 2. i (fig.4e4f ) o j& 3k Flens 4] »
B BOEH R FRMET - HP A AR 4 EEA P
3 #£31 o Cluster H (32 &) hig i f» A Ay ®in {70 iz —
H A Flerdp b 5 100-859% 2 B (Fig.4d)- ¥ ¢ »cluster E (17 14) -
cluster A (15 1) % cluster L (15 k) e 5+ 2% #hin (7 ehif e
(Fig.4a,4c,af ) - H A Flergp B 4 4 w) 5 100-709% 2. & » 100-709%
% 100-80%g2z. & o & DRr-RFLP 4 4] + » >t cluster | ik F]4p
B2 % 85% % ¥ 2 <hEtk (Fig5) -
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oA E R E M 20 Ren B P ED B FIR Y S A Ep 5

B % oo Rk ISBI10-RFLP c14 4] 5 & » &4k 4 Flerjp B i £ A &
cluster A-N 14 %3 » # ¢ cluster C, cluster H 2 cluster G etk it
Poh ant b BEP B BRFELE A FaunTE & Hik e #30

R FARORRE AR L np - H AT R Fliph - £

BEOFZNIPELBFLF I EDA I A A HENE 0 H
“g-ae:tzﬂ,s B 5T PTRA R & -

¥_1S6110-copy-number . % %k 4 3713 240 RN F) T R

g & 3ne hE R AR > 8-16 1 1S6110-copy-number cHfE AR o in P
S F 16110 type 2 & £ A4 v A type5 I typel3 2 F > izd B
type it » &3 B B PR L TR $ 01 & KR o oL Fikah
|S6110-RFLP s f g — 35 & 47 > H 2 % #-5 Bh3t 2% el e o
Finuwk 13EGF Y A1 RT FHERNIRHERLE ©

F1#* DRr-RFLP % 4 4778 & 2 +% 7/ *+ 156110-low-copy-number
SFR R T 20REPIAEF RN DRren? B Fl e 0z 20
g F = 1S6110-low-copy-number 14 2 DRr-low-copy-number 7
FitA HEFERE I BU che 3 2 ek sdrd a0y T8 % o L
%% DRr-RFLP 4 47 > sV i 17 3] cluster | (5 k) 5 1 & chg & Kk >
i FFREE 20 TR AARBRKITLS AT o
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Fig. 1 Number of 156110 copiesin M. tuberculosisisolated from 210 patientsin
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Fig. 2 Number of DRr copiesin M. tuberculosis isolated from 30 patients in Southern
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Fig. 3 Dendrogram illustrating relationships by 1S6110-RFL P between
M.tuberculosis strains from Southern Taiwan.
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Fig.4a Clusters A and B of dendrogram illustrating relationships by 1S6110-RFLP

between M.tuberculosis strains from Southern Taiwan
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Fig. 4 b Clusters C of dendrogram illustrating relationships by 1S6110-RFLP
between M.tuberculosis strains from Southern Taiwan
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Fig. 4 c Clusters D ,E and F of dendrogram illustrating relationships by 1S6110-RFLP
between M.tuberculosis strains from Southern Taiwan
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between M.tuberculosis strains from Southern Taiwan
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Fig.5 Dendrogram illustrating relationships by DRr-RFLP between M.tuberculosis
strains with low copy number of 1S6110-RFLP from Southern Taiwan
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