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STUDY OF DETAILED CONDITIONS IN DNA PROBE TEST BY USE OF
GEN-PROBE RAPID DIAGNOSTIC SYSTEM FOR IDENTIFICATION OF
MYCOBACTERIUM AVIUM COMPLEX AND MYCOBACTERIUM TUBERCULOSIS
COMPLEX

Haruaki TOMIOKA *, Katsumasa SATO, Hajime SAITO
Hiromichi TASAKA and Keitarou INOUE

(Received for publication July 30, 1990)

In order to improve feasibility of technical procedures in Gen Probe® Rapid Diagnostic System
(Gen Probe Inc., San Diego, CA, U.S.A.) for identification of Mycobacterium avium complex (MAC)
and M. tuberculosis complex (MTC), we studied several test conditions in the DNA probe testing,
such as stability of test bacterial suspension, optimal duration of bacterial cultivation, the number
of organisms in test bacterial suspension required for accurate determination, and so on. With
respect to concentration of organisms (MAC and MTC) in test bacterial suspension (0.1ml), we
found that 5-fold dilution as well as 5-fold condensation of the standard bacterial suspension
(McFarland No.1) gave substantially the same result as in the case where bacterial suspension at
the standard concentration was used. This indicates that the test bacterial suspensions (0.1mi)
containing either 1.5X10" ~ 5 X10° of MAC or 3 X10°~ 8 X10° of MTC are available for the DNA
probe testing. Test bacterial suspension at McFarland No.l prepared from fresh cultures (3 ~ 4
week-old) could be stored either at —80, —20 or 4 °C at least for 17 weeks without significant loss
of reactivity to M. avium, M. intracellulare and MTC DNA probes. In this case, stability of DNA
probe-reactivity was preserved in the following order : MTC, M. avium and M. intracellulare.

Concernig the age of bacterial cultures, at least 16-week-old cultures of MAC and MTC after initial
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appearance of cell growth on1% Ogawa’s egg media were sufficiently reactive to either MAC or
MTC DNA probe. In this case, MTC showed most stable reactivity during the course of long-term
cultivation. DNA probe-reactivity of MAC was not affected in the presence of M. tuberculosis

even at 20% contamination ratio. Similarly, no reduction was found in the DNA probe-reactivity

of M. tuberculosis samples which were contaminated with either M. avium or M. intracellulare even

at the same contamination ratio.
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F+oHL%2HE, zhick 3 MAC MEBMEORE®,
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RSB VIRETOEYEN « A{LFHEE L DNA
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(1) HealErk

BERED M. avium 6194% (MER 2 ), M. int-
racellulare Yandle # (fi{&%416), M. tuberculosis
HxRv #, EH®&EK, M. bovis D—4 ¥, M. africa-
num TC 3 #klE I ENLEEEALERBE T 0 BEHXK
D MAC (8¥) BXU M. tuberculosis (28%K) D
BEYBERRZBER L 7o,

(2) DNAZ7o—75 R}

MAC ¥ ic MTC &45R Gen Probe @u[EE + »
MR OERE < = 2 TV S W HREICE U TT»
tzo THbH, KURAEKRD 1 %/NIEEM E3TC, BF
3~ 4 EMEEREE SmmBON 5 AL - XEHVTHE
B s, it nR Y McFarland No. 108
EoREkEFEBL, £00.1m/ % “Bacterial Lysing
Reagent” (#9 X £ — X & lysing agent £V 78 %)

IZinZ, sonicator bath H155~59°C, 1543, HWH K
JLBE L T ribosomal RNA %#ih L7z, THic M. av-
ium, M. intracellulare % 1:1d MTC &£452 “DNA
Probe Solution” ® 1ml %MZ, 72°C, 605f#E
L 7v—7DNA & ribosomal RNA &® hybridiza-
tion 21T - %o, T HIiZ “Separation Suspension”
(0.02% NaN; ¥ TFic hydroxyapatite & & & & i#K)
Aml ZFM, #EHERL, &$51272°C, 52HREBRETY
B L, 3,000rpm, 3AMELLI, ZLT, Boh
fzih#IT “Wash Solution” (0.02 % NaN; &H &
B ©4mlEmABE WE% BEELL, B5h
ek Bh OBURTER % Gamma counter TEHEIL, %
hybridization i (BG#:fE ; 210%) %2 TFTELOHET
HH U 7,

% Hybridization=[(Sample counts/min -

Background counts/min)(Total counts/

min - Background counts/min)] X100.
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(1) HAHEREE R

Gen Prove H#[EEF v b D= =27 VT, #H
BKIEE 13 McFarland No.1 (ODs4onm=0.5, 378
H MAC Ti3 9 X10° CFU/ml, MTC Tt 1.5 X 10
/mliciY) EEHShTVWSY, SEobhbhd
K& ik Table lLic/R LA & 515,MAC & 5 Wid MTC
DVWFHhICBVWTS, McFarland No.1 @ 1/5 ~5 %
OEEEN (MAC, 1.5X10°~ 5 X10°/ml, MTGC,
3 X10°~8 X10/ml) kBT, EHEEKBEICB T
B0 EREDI % hybridization ENBB SN 5 T &
Woin -t

2) HRAEKORESN
HRAERORERGEMSHNT, MACHBWiE
MTC DB OBk % —80°, —20° 8KV 4Cikc
1TBRicb->THREL, Z0O/M, & DNA FYo—-7
L ORIGHEDHER Z BB L 7 (Table 2)o Z DFER, .
WFNOBETCTORETH 8 EBLETIIAS»ICY
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Table 1. Effect of Concentration of Test Bacterial Suspension

on % Hybridization Value

Concentration % Hybridization
Strain of bacterial
suspension Probe
(ODs4onm) @ M. avium M.intera- MTC
cellulare
M. avium 0.1 30.5 1.8 —b
6194 0.25 25.1 2.5 —
0.5 33.3 14 —
1.0 26.2 1.2 —
2.5 50.2 1.2 —
M. intracell- 0.1 2.2 25.6 —
ulare 0.25 1.2 20.2 —
Yandle 0.5 1.0 17.4 —
1.0 0.8 34.8 —
2.5 1.0 39.7 —
M. tubercu- 0.1 — _— 32.2
losis 0.25 — — 35.0
H37RV 0.5 - - 35.2
1.0 — — 32.2
2.5 — — 35.7
M. bouis 0.1 — — 35.0
D-4 0.25 — — 37.5
0.5 — — 38.8
1.0 — — . 33.6
2.5 — — 38.2

a) OD540nm =0.5 corresponds to McFarland No. 1 (MAC, 9 X 10® CFU/
ml; MTC, 1.6 X 10" CFU,/m)).

b) Not tested.

hybridization fEDETFT» A St 45, MAC 8L U
MTC OHHEKR IV FHORFEREICB VT & 178
W< & H18%LIED % hybridization il (BitkfE)
ZRUTe &1, MTC (M. tuberculosis, M. bovis
BLU M. africanum) FREHE GBS TLEL
RIGHEERRELS 52 &, fib5, MAC T3 MTC ick
N5 ERPREMNE D, T M. intracellulare Tl
Z DRI & DIV EMHSPITE - 7, B BHREFR
FICo0TIiE, —80CH—-20CHBLU4CicBFb&D
SEDRERDBHE->TVBE DDLSTH -7,

() AR ORI

1 %/ E 30U T EREEAA >N B LS
ICMAC %W MTC 2 E#HIEE L, HWRWEEY
B (&% 2 ~38) BlIGBEich » THEEST,
Z O, BEMICEEE» SN - CTHREREZARL, 84
E DNA 7o — Ficxtd 362 L (Table 3,
Z OFER, MAC I MTC oWV hicB W\ T b B #
iR 1231k T, % hybridization fE25%
BT 2EREDHZLHICH ST onich, [EEREIC

ROEZRTRBEDO D TREP 57, L L, M. intra-
cellulare Yandle ¥kilfi &' ic M. tuberculosis HuRv
BHRTREZMAERI2~I6GEETIE, PPEEN % hy-
bridization EDE T A A Sht, TDT EbdTHIE,
KB OEIERBRIC I EHE TS 8 BN OREE £ AV
BIENEZLVHDDESICEbN B,

iz, ENEERLERREOBKRREE CEBORE
BRIV 3 ~ 8B ED MAC Mz MTC Bikk
D DNA e —75 2 Mick BEIEKE % Table 4 I
Rllce TOUHSHMB LD cEAE L ZRER, £
FHY - LR IC & B & D & D100% D specificity
& sensitivity % & > TIEREICITVW D 3 T & D343 - 720
BB, TORFICHVZ MAC #¢ic MTC Bi#ko%
KR DNA 7o — 7t % % hybridization & 13,
&k 31.7T~47.2 % M ¥ 25.7~37.8 % TH - 72

4) MAC+*MTC BAEKOZHE DNA 7o -7
g B RIGHE

MAC #f:t¥ic MTC @ McFarland No. 1 DEEDK %
IKMTC $50id MAC ¥V REHET 2HKORER
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Table 2.
term Storage

oK% e HES S

Change in Reactivity of MAC and MTC to DNA Probes during Long-

9% Hybridization ®

Strain Temper- DNA
ature probe Weeks of storage
0 1 2 4 8 17

M. avium 4 M. avium 41.7 59.8 55.6 48.4 32.7 25.0
6194 —20 M. avium 55.4 49.3 38.8 33.4 39.8

—80 M. avium 31.8 28.1 48.7 33.4 35.1
M. intracell- 4 M. intra® 39.1 45.3 24.5 21.9 20.2 18.9
ulare —20 M. intra 29.8 30.2 27.0 24.5 29.6
Yandle —80 M. intra 43.1 33.0 30.0 18.0 26.0
M. tuber- 4 MTC 46.1 44 .2 40.1 40.3 31.7 38.3
culosis -20 MTC 44.0 37.5 40.2 33.3 414
HsRV —80 MTC 43.9 40.1 443 34.4 43.6
M. tuber- 4 MTC 47.1 42.0 37.6 40.1 31.5 34.7
culosis —20 MTC 4 4 41.8 40.3 31.9 38.2
Metsugi —80 MTC 42.1 38.4 40.6 36.5 46.1
M. bovis 4 MTC 48.2 43.5 39.5 42.7 35.9 30.1
D-4 —20 MTC 44.5 40.4 41.3 35.0 38.7

—80 MTC 44.7 41.5 43.1 35.6 43.0
M.afri- 4 MTC 39.9 38.6 30.2 33.7 22.1 28.8
canum —20 MTC 35.1 31.9 34.9 26.1 37.3
TC3 —80 MTC 34.4 32.3 34.9 32.4 33.1

a) % Hybridization of M. avium 6194 to M. intracellulare probe and that of M. intracellulare
Yandle to M. avium probe was lower than 3.8% throughout the experiment.

b) M. intracellulare.

DNA 7o -7t s I %2k, TORRE
Table 5 IZ;RT &S5, MAC I iz MTC DWW Fh
DEBDORIER DNA Yo — 7icx 4 2 Kb & b,
1/10,000~1/5 8D MTC & % W i3 MAC DRI &
S TREAORZNEEEBIZIBTVI LB, -1,
KB, BABKPOBEEOKEE DNA 7o — 7iExd
ARIEME A 12E T B, M. avium, M. intracellulare
Weric M. tuberculosis D& 2 X107, 1 X100 B&LK T
2 X10° OEMRAE LB CBEE LTRlia i

(5) Hybridization DiRE

AREF v FD <=2 7 VT hybridization D&
ERT2CEENTVEA, 68°CTRUEMAT M. in-
tracellulare ® DNA 7o — 7 L ORIGHMNE £ 5 &
whhTwzd RTRIE; BB 5, SEobhbh
OBETIE, Table 6 1RT &SI M. avium 6194 8,
M. intracellulare Yandle #k& &HRR DNA 7o —
T EDRIEHIR T2°CE 68 CEIIKE S RESIEA T
F fo, BIRRRE U AEwn « A EEHERIE DT a 3T
Bt b MAC LHEEShiicbhdrbbT M. avium,

M. intracellulare D\W§FNd DNA 7o —7 & DKIH
P ED > o Bibk (RE BN 2 ¥R, BARFSEERR 4 70
® % hybridization ffiZ, 72°C & % i 68°C D RIGHER
ETH3.1~16.8% (s v LIEERH) o#&HAANIC
» BT EDGI» -1 (Table HHE),

% -3

A3, EERBREBEZETO Gen Probe OIEEEF v
b DERBEOFH & SFHIC B\ T O ERSRMN O F MR
2RA1-bDTH B, MEDOKED» >THIE, HAED
BEEON HREROBE, REERESREHHES %V
i& hybridization DRIGRER ED KT, AREF v
FOR =2 TNV EN TV A XD 2B DIREVSE
BT TOFANAETH S bDD LI IBbN S, Fl
i, AKEIEFY bOD<=a27 VTR, H“HRAERERERZ
McFarland No. 1 (B¥ic LT MAC, 1X10" CFU;
MTC, 1.5 X10° CFU) &EH LN TV D, FEEEIiC
2T D1/5 PO 5ERE VI PR DIRIEVEHNTO
ERDSaRETH B &, FMAERII2~8C, 3H



1991 # 5 H 385

Table 3. Change in Reactivity of MAC and MTC to DNA
Probes during the Course of Long-term Cultivation

Weeks after % Hybridization
appearence
Strain of colonies probe
on Ogawa’s MTC M. avium M. intra-
egg medium cellulare
M. avium 0 —a 27.2 1.1
6194 1 — 40.4 1.0
2 — 32.6 1.9
4 — 29.6 1.6
8 — 40.0 1.4
12 — 34.4 1.7
16 — 38.0 1.4
M. intracell- 0 — 1.3 23.7
ulare 1 — 1.6 26.6
Yandle 2 — 1.1 21.3
4 — 1.0 23.2
8 — 1.0 22.8
12 — 1.0 21.2
16 — 1.1 11.1
M. tubercu- 0 34.3 — —
losis 1 41.2 — —
HxRv 2 29.9 — —
4 24.4 — —
8 28.5 — —
12 15.3 — —
16 20.1 — —
M. tubercu- 0 39.0 — —
losis 1 38.3 — —
Metsugi 2 31.0 — —
4 31.9 — —
8 27.5 — —
12 27.0 — —
16 30.9 — —

a) Not tested.

Table 4. Identification of MTC and MAC by DNA Probe Test Using
3 to 8 Weeks-old Cultures of Clinical Isolates ®

Positive to MAC DNA

probes
Negative
Probe to MAC DNA
M. avium M. intra- probes
cellulare
Positive to MTC DNA probe 0 0 28
Negative to MTC DNA probe 3 5 0

a) Two or three cultures, each of which was isolated from the same patient (7 MTC
and 2 MAC patients), gave the same result in the DNA probe test.
b) Number of strain which showed indicated results in the hybridization tests.
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Table 5. Reactivity of MTC—MAC Mixtures to MTC and MAC DNA

Probes
% Hybridization
Test Mixed suspension
strain Probe
Organism Ratio ® MTC M. avium M. intra-
cellulare
M. tuber- M. avium 0 26.0 0.9 —b)
culosis 6194 107 30.4 0.7 -
Metsugi 1073 31.3 1.0 -
10°* 26.5 1.6 -
107" 30.0 7.6 —
2 X107 28.9 17.0 -
M. tuber- M. intra- 0 23.7 - 1.2
culosis cellulare 10 29.7 - 1.1
Metsugi Yandle 107° 30.2 - 1.5
10°¢ 29.3 - 2.9
107 24.1 — 16.9
2 X107 28.4 — 12.0
M. avium M. tuber- 0 1.1 39.2 —
6194 culosis 107 1.7 41.7 —
Metsugi 107° 1.9 35.6 -
10°? 11.3 39.9 -
107 214 37.2 -
2 X107 21.1 37.2 -
M. intra- M. tuber- 0 1.6 - 22.4
cellulare culosis 10 1.0 - 14.1
Yandle Metsugi 107° 1.4 - 26.0
1072 4.5 - 12.4
107 20. - 24.5
2 X107 22.9 - 19.6

a) (Volume of mixed suspension)/ (volume of test bacterial suspension ; McFarland No.1).
Number of CFU bacterial suspension at McFarland No.l was as follows ; M. tuberculosis
Metsugi, 1.5X10"/ml; M. avium 6194, 8.9x10°,/ml, M. intracellulare Yandle, 8.7X10°/ml

b) Not tested.

Table 6. Reactivity of M. avium and M. intracellulare to
DNA Probes at 68 and 72°C

9% Hybridization

Strain
68°C 72°C
Probe Probe
M. avium M. intra- M. avium M. intra-
cellulare cellulare
M. avium
6194 46.2 2.2 414 1.3
M. iniracellu- 15 35.1 0.8 33.4

lare Yandle
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VARED S DEFHT 5 &5 IcfERENTVEY, &
EO#RETTIE—80°C, —20°C, 4 °COBRE FITEERES
EFROVWHIBZEMHOMIC otz Fh, =2 TIT
REFEOH» S 1 7 AUHOET, LhH b Kk
DEVEHOMERZHEEL TV, bhbhoiatci,
EEOMFEL D SHEMER - bOTH A IHRAL S 3
T &, %7 hybridization BEIK>VWTd, ==a27
VTR T2+ 1 CEEDTVS D, 68°CTdHRENL VK
BBBONE T EBDD -1,

Pk, Gen Probe iERIE+ » b i3, EBED MAC
BLUMTC OREIEFRERICH 72 > Tld = DAL,
BOEPPRODTH > T, BEREE TORBEHH
RICBLI-bDTHSSIEEZ NS, L LMD,
WEEZVABEEESAVShTVE EC B, —
M DEEIRIRAZE T ORI IC I3 —EDHIRHH 505, 4T
WIEMEMEE TR S i DNA 7o — 78 Bi% &
nNTEH, ThblE OVETOMEAISTREE R Z LS
Th b,

DNA 78 = 7 %5518 foch A SR bkl it R 3t
LEd,

¥ B

Mycobacterium avium complex (MAC) itz
M. tuberculosis complex (MTC) 3 L CHRIS
DNA 7v—7%F|H L7z Gen Probe BEIE* v +
DREFMEBFT L, UToMREEB -,

1) AR 1 McFarland No 1 (EEEEERED) o
1/5 ~5f5 & LTHREEE DNA 7 v — 7 & ORIt
WKIRZRALNE - T,

2) BB % —80, —20%F /213 4 CTREL 1BA,
DR EBITEMICh > TR, B4R DNA 7o —
T B RIBHEICEERE TR S hidh - f,

3) /NIEEH EEE RS 8 BLUAOBBE TH NI,
DNA 7o —77 2 M a[RETH - 720

4) MACHIit'ic MTC ® DNA 7ua—7 5 X b Tl
Zx OHEABEE~D MTC & % Wik MAC 0o&A 1/5
BORETIE, HEIED 2RT T L3 -1,
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5) Hybridization & 68~72°C DRE TEMEARET
B -7,
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