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H A Nili MAC E &858 R AR & i E A MAC e B
H1 SRR D AR R SR L D 3

L% B TR E
G RIE STl A

g RE YN

LA N i ) LoEtE AR
TR 4T BSHEIL BR
2l ¥ LRI B

EE  (HM) HAD Mycobacterium avium DY % G 5 720, ERNZBIT % M.avium DBIRFH
B2 MG L7ze (F3E) WHRIE, BER (=119, HAK (h=76) & M\, Mycobacterium avium
tandem-repeat variable-number tandem-repeat (MATR-VNTR) %I 5 f AT %2 97 B 36 A BL 51 IS Mave O
AR 2 LB L 720 GRERD SRBME 2 /R L 728528, HAKR & BERR TR 2% % Cluster 2 TR L 720 %
72, ISMav6 DA RN TIIA R EZ RO (HAK | 75.0%, BEE  59.8%, P<0.035), 512, ¢p29
TB1RT D Shine-Dalgarno (SD) BEHINZ IS Mave HMHA STV B WA TIE, 1S Mave DERA =L FIZ5E
WHBANRD SN (HAK : 382%, BEK  12.4%, P<0.001). (E%) HA, BEIZHEWTE
LTV 5 M.avium %, BIZFWICRL 2B E 2 oz, 5%, MOEO M.avium © VNTR
BUFBAT IR0 1S Mave DIRATIRI 2 #5T L, I MACTEDHMIER O FEH 2 Hig L Twv & 72w,

* — 7 — X Mycobacterium avium, Mycobacterium avium tandem-repeat variable-number tandem-repeat
(MATR-VNTR) TUBUENTE:, 1S Mave, cfp29, 7 5 A5 =M

#

il

PURRA L, 100 LAAFEL, TOHOK 35D 1
e MO LTERET L e MmESIN TS, PURK O
FiC 3 Nontuberculous mycobacterium (NTM) 1, HRR
DKF, HiEH, ERBREEY R E0 S0 EE S 1,
B OORETALZLT OV IV OBERIC L) &G
5 EHE SN TV E03Y, B2 AR I3 E ST
Wi, F7z, PUREEDRESRISLH O 5 HE1E, i
DRWANIH L TNTMIEA ML TE T 59 HARICE
VB NTMJE O AIE, 19704FAT 10754 1.01 TdH -
7278, BOEDEFREICBVTEI EHMLTWb, 7 A
VAR — 1y S TONTMIEDRERIL, HA L [Fk
Pzeheh 105620, 105829 E%-THY, o
ENCHARHARTHEHEICLZ W LW 597D, NTMIE
DT b Mycobacterium avium complex (MAC) JiE AS4F 12
Bn L Twv %9 MACHE X, Mycobacterium avium (M.

avium) & M.intracellulare D 2 D DILFFED W X 5 &Y
ETH D, ALFEHIMEIIN 2 TRRIRMERICB W T H M
PLTWD, MACHED T M.avium 1, —HHITHR
PEAERBTOEGIHMMREZ T X5 2 9 HA &G
JEE LTHIONTWAA, HAIZBWTIE, g
WEZ D2 WP EELEOMTHiREZ KT 5 M.
avium IEGHED ML T B L HESIN TV B9 Th
5OERDEFEMD 2 CIFWHIZHKT 2 DD, K7IZMH
Hlan Tz, —J, BET S MACHE 33 R
2B BD, M.aviumEGE L Y b M.intracellulare J& 449
DT 2O LW eI TBNO, HARE
BENZ B W CTERMFERAED R > TV b

AR, MACHE D BIZTFIIZEIEH & LWiE %2 &
T B Y, Mycobacterium avium tandem-repeat (MATR)
variable-number tandem-repeat (VNTR) % Hl \» 72 45 T- 9%
F I fRAT 5 10 R 1S 901 flanking region 300 (FR300) % JH
W 7z LA AR AT R0 B B A BE S D 1S Mav6 76 & H3 s S

] 7 B B S 4 o R B R R BT ZE 58, 2 R I 2 R, 2 44 0
REF IR IR AT, 4400 R R A PR AR A g s e v o
IR BHIER, o A ER, 6 5% o UL B A st e i A B 2 A, 7 1L
AR BEREAER, S ENRBER A R R v & — IR
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NTW Do 1998 4R IS HURR I 12 35 1) B VNTR L5 A7 3%
DRSS, M.ouberculosis % ETHTIEFEY — L E LT
W BN TV 220 Moavium (2 BT, 2002 41275 #%
B2 & o T168E D VNTR #3% % il \» 72 MATR-VNTR %!
BIATEDS S S, BIRTIGH SN TwaY, 72721,
MATR-0 @ $H I 12 3 \» T & M.avium subsp. paratubercu-
losis FF SEHIIFEABYI TH 515900 & L HIRTH 5 2 &
IESNTEDY, ZOFEBIE LTI, RS EkRT
RSN T, F72, §ifi ARSI (Insertion sequence:
IS) &, #ex N T T T Or 7 A EICAFEL, WOHAL
WG 2 ER AR EIGELTBY, BRHE &
% L OWAEMIZB TR 94 LTW 59 52k, 15901
RIS 124512 BV B FFRM 23 ABH O A #12 X 0 WAk
GEMTbITE . Lo L, ThH0ARY % v
TR, TN ENITHEEO S VIR ARSI 255
D, PCRX 7 1 — 7 % H \» 72 Restriction fragment length
polymorphism (RFLP) IZBWT, I ATy FH4EL LS
& R AHABS D KA LT v B BRIZ 35 W T IR 2 6 45
HAWEETH o 7219, £ D, 2006412 1S 907 DI AL
Hi T % 1S 901 flanking region 300 (FR300) % JH\>72 M.
avium subsp. avium & M.avium subsp. paratuberculosis ®
L < 1& M.avium subsp. hominissuis % 53509 % 717 R ¥
ANBEFI DD T E LT M. avium DINT AF—¥ V7 iE
BT-D—D2THDhsp65D3 T FT AV~ =7 v A
M & B2 RE SN, WSO Bl E %25
721, — 5, 189011, M.avium subsp. avium, M.avium
subsp. silvaticum \ZHEHTH D, b P RBEEENH1S901 %
WETL2EMOM aviumPo5HESNL 2 3T EALER
WEEINTW2Y, LarLl, 3—u v/ GEEICBWT,
1S901 ZTRA L TV B Rk e P bplEs 72 &8
W, ZOWMEITB 18901 DR X 152
MR 124k (8%) Td o7z MOENIEBWT DRI,
v Do S N RIMRD 5 1S 901 H3MRA LTV T HHE
HEHRE D, BRAEL TRV EAHE STV 52,
Z UKL, Ichikawa 52 OWEIZ X 5 &, HRAD
IR & 53 B S 72 1S 901 DPRATFIE, 1148k 76
e (67%) LMD ENZHNEHWRAERZ IR L7, 20
1S9011%, ¥ —7 ¥ ANTIZ XY, BEYD M.avium subsp.
avium R° M. avium subsp. silvaticum 23PRA L T\ % 1S901
WL T ADIEERINE D D > 72720, Hifl
FAEHIIS Mav6 & % S N7z BAE, 1S Mave Dl ALL
ERTAEZEINTEBY, 209 H 0 1 2l Gamma
Interferon (IFN-y ) OFLIZEIG- L TV B85 T ¢fp29>
@ Shine-Dalgarno (SD) MEHNIZHHA ZE N TWw3 (DIF
ISMav6 in ¢fp29) o TFN-y &, PUEEW XS % 18 T B
WCHEELREHZH > TBY, 29l I1SMav6 HHFA L
TWbZ ETIFN-y OELEZIH SETVLDOTIE %

KEt% HE8T% 6 5 20124F 6 A

WL E N TW5,

ZZT, AMETERMICEBL, HATHMLTY
b M.avium D 2 R 5 5 720, HAR AN MACHE &
KRR & E T MACE B Rk & e T, R
D M.avium D FARZF IR I % T L 72,

KRB LUHE

(SRR )

M ATBOE N E LR B R A TR R BRI BT, il
MACE & ffEEZ W S 7z BE 2 5 o HAR AN MACE B
HH M. aviem PR T6 RAK (LLF, HAK) &, #EO
Samsung Medical Center %> & 43-5- & 1172 8 E Al MAC i
BB R M. avium MR 198K (DUF, #ER) 2 vz,

E3793:

(1) DNAHlH

WARDR: I, PUME N FIART # O MGIT % v Cf7
2720 MGIT % MycoBroth IZfkUEE 28 L, WOBE (530
nm) A¥02127% % £ THEEZT o7z, WHAT KL mL
Z15mLOT Yy RY VT Fa2—TI0EL, BER
100 xL % AL, 12000 rpm, 155 o0 BEfs, Lik
% #C, 200 «L O INSTAGENE MATRIX Z Ml 2., HIN T
v 7 AN TH— ORI Z R L7ze 56 COMMIICTT
205 MR L, ¥—F 1 ¥ 7ay Z7I2T100C, 84
MOMBLE L, DNAHIHZ1T- 72,

(2) Wit - WAL [

W RE O [ 121X, hsp 65-PRATE & V720 2L @
DNA 7 ¥ 7 L — b IZ10x buffer 5L, 2 mM dNTP mix
5pL, AmpliTag GOLD DNA polymerase (5 U/uL)0.5 L,
Dimetylsulfoxide 1 4L, 25uM ® 7 F 4 = — (F: 5 -AC
CAACGATGGTGTGTCCAT-3", R:5 -CTTGTCGAAC
CGCATACCCT-3") %&£ 1 uL ZNZINZ, Wik K
TE®SOuL L L7z, 95C 105D T Ve —T7 4 v 7%,
94°C 45%, 60°C 458>, 72°C 1 3 OHIRY A 7 )V % 4510]
FATL, mBICT2C 7T A HOMERIS 1T -7, fHbh
72PCR W 10 uL % BstETl F 7213 Hae Tl T DNA % Wi K
kL, Z20#4% 7 HO—AFVTHREL, DNAT T 7
A b OIENT Z AT o 720

WAEOF € IZ1E, FR300 DFHT % 1T 720 FR3001ZB1F
% WA [ 2213, Bartos H'7 D )& BEITAT - 720 24l
DDNA 7~ 7 L — M2 10x buffer 5L, 2 mM dNTP mix
5uL, AmpliTaq GOLD DNA polymerase (5U/uL) 0.5 uL,
25uMD 75 4<% — (F: 5" -CAGCCAGCCGAATGTCA
TCC-3", R:5' -CAACTCGCGACACGTTCACC-3') % %
LuLZNZN R, BREERKTE®mSOuL & L7z, 95
C1057307ve—74 7%, 94T 14, 66T 458,72
C 15 OIEY £ 7 v a 33mEST L, &iEIC72°C 751
OMERIE %217 o 720 ##5N72PCREWZ 2% 7 01—
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ANV THEI L, DNA7Z 5 27 X ¥ b DR 24T - 720
$ 72, M.avium subsp. paratuberculosis & M.avium subsp.
hominissuis % 73785 % 7281218 900 D B-AF D 45 4 % PCR
HE AT L 72. T HE FREICR § MATR-VNTR
TARFRRTEECHE 5 720 79 4 <% —IEMATR-0 (F: 5 -TC
GGCCAGCTTGATCTTCTC-3", R: 5 -TCCGTAACCGT
CATTGTCCA-3") % w7212,

(3) TN

FRdE 512 & 0 5 & 172 MATR-VNTR B 51 R 47 355 12
PENISHD T 54 ~—%ZH\WTH 5721, 2ul ®DNA
7~ 7 L — FIZ10x PCR buffer 5L, 2 mM dNTP mix 5
#L, AmpliTag GOLD DNA Polymerase (5U/xL) 0.5 uL,
B5uMDT T4 =% K1 puLMA, ERS0uLIZ% 5 &
I ITIRE R EATHE L7z 95C 10771 e—7
4 v 7%, 98°C 108, 68°C 308, 72T 145 OHIEY 1
7 NV E3EEST L, WEICT2C 74 M OMEKIG % 1T
- 720 PCREWIZ, 2% 7 » 1@ — A% )V % Tracklt 50 bp
DNA Ladder D% 4 A= —H — & & b IZEZIKB 21T -
7o BAIKEIHE D 7 V1L Gel-Doc THIFE L, NV 7 +
Quantity-One % Fi V> TxH 4 0 VNTR R O 35 F 0§ % HE
FE U720 % VNTREBO KB % KD, ThzeTY v
Ta7 7 ANE LT, o7 Te 7 7 A4 v E
\Z SR #E 4 % PHILIP (http://evolution.genetics.washington.
edu/phylip.html) % F \» "C Fitch-Margoliash 3 {2 CHE & L
7oo MEE SN RHMM T — & % Fig tree v.1.3.1 (http://
tree.bio.ed.ac.uk/software/ﬁgtree/) THIW L 72,

(4) ISMav6 B X OIS Mav6 in cfp29 DEEA RN

PR AFH IS Mav6 & IS Mav6 in cfp29 DA RIS
DWW CPCRE % W THNT L 720 ISMave DA ZFEIZD
W T, Ichikawa & D FEIZHE S 7220 ISMav6 in cfp29
DA IRIIZDOVTIE, 2uLDODNAT ¥ 7 L — M2 10x
buffer 5 L, 2 mM dNTP mix 5 #L, AmpliTaq GOLD DNA
Polymerase (5U/uL) 0.5uL, 25uMD 754 <— (F: 5’
-GCTCGCTCACGTCGACCA-3", R: 5 -ATTTCTCCAC
CGCGGTCAC-3') %K 1puLz, &®mES0uLIZR S
L) WA H K THE L7z, 95T 100 Ho T L e —
T4 v 7t%, 94T 304, 60C 30#, 72°C 14 DHglEY
A7 VE35MFETL, RBEICT2T 70 EOMERE %
15720 ONIZPCREWZE 2% 7 H0 — A7)V Ciki)
L, DNAZ7 97 X~ s DNt & 475720

(5) FEatidT

MATR-VNTR B AT 3212 BT 5 RN B X O
IS Mav6, IS Mav6 in ¢fp29 D LRAT 312\ T, Chi-square
test L < & Fisher's exact test & Hl V> 720

i L
(1) Bl - TR %
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hsp65-PRA 5% W7 T RE [ 52 OFE R, HAKRT6 k3
N T M.avium T2 Y, B E 119 BAE R 113 BAE D M.
avium, 6 AKX M. avium & M. intracellulare DIRAEG: &
R3S Nz 729, DtkoWirds 5 L7z, £72, FR
300 & 1S 900 DIRA DA MEDFRHTIZ X O HAED [ E % 17 >
ToRE A, H AR 76 MM & E MR 113 AR I TR T M.
avium subsp. hominissuis & FIW L 72,

(2) MATR-VNTR &SI A7 32

MATR-VNTR U EAT 2 % 47 o 7245 5%, B ERE 113 8
KD 9 B 14AKIE M. avium DR 7 0 —F )V EGe DR
SN, EHIE 2RO SN WFIRA D - 7272
B, T % LUBOMN D SERIL7 65T, HAK
TORRAR & T EIRR 97 MR & FI V> TR 2 R L 720 &
DGR, BEMRO A% & Cluster VI (EE © 10.4%,
P<0.001) & HAMZEZZ { & Cluster V2 (HARE 1 20.8
%, EEER © 6.36%, P<0.001) ZIH L7z (Fig. 1)

(3) ISMav6 & IS Mav6 in cfp29 DIRA IRV

ISMav6 DA FIE, HAMNK L BEKO M THEZEDS
R b7z (HA:75.0%, BERE:59.8%, P<0.035).
¥ 72, ISMav6 in ¢fp29 (Fig. 2) ORAHETIE, AARKE
T E RO ] TISMave DR F UL LIS B A
W BNz (HARKE: 382%, HEM  12.4%, P<0.001)
(Table) s ¥ 72, MATR-VNTR % 51 fi #7212 B W C
Cluster V2 Tld, ISMav6 in ¢fp29 positive Dk % & ol A
@ Cluster Z JEH L7 (Fig. 1),

% =

AWFGETIE, HARR & @ERZ v RIS TR 217
W, E BN X B M.oavium O BIRF IR S Mgk IZ Do
THEE L 720

WAEF I BT, S HH W72 M. aviem 3 THM.
avium subsp. hominissuis T - 72 HETH HAR L M
2k MIZEGT 2 WHRIE, M.avium subsp. hominissuis &
WL 720 F72, MATR-VNTRBUBIEAT 612 & 0 HAR
R & HRERRO I 21T o 7o/ 0, H AR & SER Clds
B AClusterz I Lz 2O 0D, HARLEREO®
M.avium (X CHiAECH 2 5%, HIRIZ X o TEEFEWIZ
YA TORLZLZWTH LW RMIEIRREI N, 61T,
Cluster V2IZAF4E L T B i EIFRIE, HAMROFFEIH

Table Comparison of IS Mav6 and IS Mav6 in ¢fp29
positive strains in Japan and Korea

IS Mav 6 positive IS Mav6 in c¢fp 29 positive
57 (75.0%) 29 (38.2%)
58 (59.8%) 12 (12.4%)

P<0.035 P<0.001

Japan (n=76)
Korea (n=97)

P value

Fisher’s exact test
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Fig. 1 Fourteen loci VNTR analysis dendrogram based on the allelic profiles of 173 isolates from patients

of Japan and Korea. (TH: Japanese strain MAC; SMC: South Korean strain MAC)

A:ISMav6 B:ISMav6 in c¢fp29
+ : presence, — : absence

V1: Cluster that contains of South Korean pulmonary MAC disease patients
V2: Cluster that contains a lot of Japanese pulmonary MAC disease patients

ik #5875 5 6 5 20124 6 A

A\

V2
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(A) (B) ISMav6 in cfp29 positive

ISMav6
¢fp29

AhGGAA

(SD region)

«
G

IS Mav6 negative and IS Mav6 in cfp29 negative

cfp29
AAGGAA

Fig.2 (A) PCR products amplified by ¢fp29 primers.

\ (SD region)

(B) Schematic representation of the ¢fp29

(A) Left lane, molecular weight ladder; middle lane, IS Mav6 negative and IS Mav6 in cfp29 negative stain;

right lane, ISMav6 in cfp29 positive strain.

PL7-HWHRTHEEEZEZBND, T D Cluster N D H bk
D3 M. avium JEGSE DT O KW & K E T 5 & i E Tl
Z O Cluster WICAHET 2 WS A o7z, HAR L IR
L CM.avium JEFIE D YEM DSV 2 W R H 5 —
7, Cluster V2IZEEFN TR WL, HARE KL T
M.avium TEHIE O BT L D ARV E OB R IS Mave
R ISMav6 in ¢fp29 DURA L WHIHkE £ &gk
WEZ BTz,

-0y RFEEIZBWT, e bSO oBES oM.
avium VXIS % 1T EALRAELTEH T, HEADI
PR BERR T, 1S901 & FBLL 72 ISMave % A L T
52, 30y GEERT A A R EORBKIZE
WTISMav6 &2 1T L A ETRE L TV R WITREDSE 2 5
Nb, £72, HARTRAERNIFGVWEHRESINL TS
ISMav6 (& H AR A O AR EHMESINTBN®, H
Kbk & EERRO B CRAFICH B L EDFD b iz)s
Cluster (FTEIL L = %5 720 — 77, ISMav6 in ¢fp29 D I
BHERTIE, HARRE BERRO B TIS Mave DA DL L
ICHRWA RN TED b, [EA D Cluster 22K L7z, &
512, ISMav6 in cfp 29 TRARED Cluster 1, HAHREZZ <
% s Cluster V2 & —3 L T\ 72 IFN-y 1, PUERH 2
THMEICERE 2 EHEZHSTEBY, IFN-y DA
ALV MACHE B E 2B W CHRBICTEERT 59 L
HEINTVD, o T, ISMav6 D cfp29IliFASI NG Z
& TIFN-y QAN S, M.avium 2303 2 RPERE
MK TFTAEEZON, TNHHAETD M. avium DI
MOEHD—>TH LW FEMELD %,

VL ofRar o, HAMK L #EE T, MATR-VNTR
RURRERT 12 X 2 BB BV TR 7% 5 Cluster & B
L72Z &, ISMav6 & ISMav6 in ¢fp29 DA RITH B2
ARDHLNT=Z &5 HAREBED M. avium HSE BT
WCHRBRLETH D EDREEIN, EHIZX > TM.avium
DY HIBNED D B & % 2 BTz, 1SMav6 DI ALL

IE %° Virulence Factors Database (VFDB) IZfiik S LTw
LR FORERNEZ L )l ikd 52T, H
AREGETEIUE L T 5 M. avium DBIZF I NH 5
MPIZTELDOTR VP EEZ LN, 72, IS Mave
in ¢fp29 & AT A D Cluster WIZ A % W #kIZ, Cluster
PICA D W & R U CRIR IR S 5 2 &t
IREENTZe TDZEDDS, Cluster NIZFET S HME
Cluster WIZAETE L 2 WO IR R T % E O BT 2 1
5425 2 &, Cluster WICHFAET 2 WKRD ADMRE T 5
RN 2 BE TSR TELZ2OTR 2R EEZ DS
Nizo Gk, T—0 3R T X)) % EORKE VT
IS Mav6 DR IRI R ¢fp29 % & T 1S Mave D T X T D
AN IE O PRATIRDE 2 LR 4 5 2 & 2 MATR-VNTR
BIBIRHT LSBT 2 Rl 2475 2 & ¢, £EO
M.avium DFFEHFEICZ2 D, HARD M. avium D BARF
B 72 BN RLIR RSB D 5 R FOFFE, & HICHATO
M.avium BEMER ORI O %235 LEZ bz,

#t B

AHREAT)ICH72D, FRESHNZVIZZETL
ToEPIRHE T2 3 U & 3 B AT Bok N Be i
WA R R AR O BRI L P E .
7z, WEERR % 555 L T\ 7272\ 72 Samsung Medical Center
@ Won-Jung Koh JX & Sung Jae Shin JGIZ.0v & 0 KE#E L
EScs
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A STUDY OF GENETIC CHARACTERISTICS OF MYCOBACTERIUM AVIUM
STRAINS FROM PATIENTS WITH PULMONARY M.AVIUM
DISEASE IN JAPAN AND KOREA

13Masaki NIIMI, 3Kei-ichi UCHIYA, *Tetsuya YAGI, "*Hiroyasu TAKAHASHI,
1-3Kazuhiro KUROKAWA, "“*Kazuya ICHIKAWA, 3" Takayuki INAGAKI, "*#Makoto MORTYAMA,
3Toshiaki NIKAI, >*Yuta HAYASHI, '*Taku NAKAGAWA, and '*Kenji OGAWA

Abstract [Introduction] To determine the characteristics of
Mpycobacterium avium in Japan, we compared the genetic
properties of M.avium isolated in different countries.

[Methods] A Mycobacterium avium tandem-repeat variable-
number tandem-repeat (MATR-VNTR) analysis was per-
formed using South Korean strains (n=119) and Japanese
strains (n=76). In addition, we compared the frequencies of
a new insertion sequence, IS Mav6.

[Results] A phylogenetic analysis identified different clus-
ters between the two countries’ strains. The prevalence of
ISMav6 was significantly different between them, i.e., 75.0%
in Japanese strains and 59.8% in the Korean ones (P<<0.035).
The frequency of strains with ISMav6 in the Shine-Dalgarno
(SD) sequence of the c¢fp29 gene that is involved in the
interferon-y induction was also different, with stronger signif-
icance (Japan: 38.2%), Korea: 12.4%, P<<0.001).

[Discussion] It is possible that M.avium strains prevalent
in Japan and in Korea are genetically distinct. The analyses
of the presence of ISMav6, as well as the VNTR patterns of
M.avium strains from many different countries would be a
promising methodology in elucidating the causes of the recent

increase in cases of pulmonary MAC diseases.

Key words : Mycobacterium avium, Mycobacterium avium
tandem-repeat variable-number tandem-repeat (MATR-VNTR)
analysis, ISMav6, cfp29, Formed cluster
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