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PR IC X3 % Isoniazid D FMES I
HBEE @O Isoniazid itk

% 1 # Isoniazid M3 X OFF A T fiHie AR
W E O 14C-isoniazid OHL b AL

T H
HRRFEFWEFHE (EE KEF—E5D)

1952 13 U o THSKLAE IS X L T isoniazid »3M#f X h
TLAR, FBIEBRROENE LT, isoniazid oL
TBENIKRE Vo T DEREROIC 31T B HEE O R BAER
COWTOREILE S Zbh, Fic isoniazid DEEKE
T HREHRCBTEHREL S L LEOEMA
BEIES X OB I OV Ti, WERERIEBORT
W s

isoniazid o Eic o\ T, Middlebrook? ;1 iso-
niazid (3 & b TRBE CREDHRLY R L, HEKErIE
Yigte1bT % &\, Barclay 5% (3 isoniazid #2fig
1EIGALT, £ TEEMEIET S ERXT NS,

—7, isoniazid fftd: B OME 2B L Tix Cohn 533
isoniazid fitt#{tiz X b catalase RIGA\EEET % &R,
*7c Barclay 529, Garattini 55, Youatt®? ;3 iso-
niazid FEM: B It L T “C-isoniazid-uptake DA %28
BT Do EICHDMMERE LT, EhlicwT 558
HEx e U EDY 5 X Ot X » % isoniazid RiE
L EI X B EEHOTB L 55,

E#\x isoniazid OHFE NT5 EABEES L
isoniazid M{E:EERER BT B, P ATVEKES
isoniazid LR35 L &, REMEEMEEMNEDL S
ISHBE R & Bk MC-isoniazid HHVTERL, &5
VB D MC-isoniazid-uptake |2 J (T 3 ERc O\ TH
L7

ZOFER, RAEE LM ORI kb 2 kS
Fidtc, AMETIIEIC isoniazid fitik etz o\ T %
R INZ T,
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1) (ERs
Tween 80pna R (AT TSM #2i1) # FHu iz,

.
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ZA4 MR E£EIBI0H

BHOMARIIE IR LIt kDT, TRt AREE
BETERETHLITHECREL, H2ETEADE

BETTo
Table 1. Tween synthetic medium (TSM)
KH,PO, 1.3¢
Na,HPO,-12H,0 5.5¢
Na. citrate 1.2¢
(NH,4),S0, 0.5¢
MgSO0,-7H,0 0.2¢g
Na. glutamate 2.0g
Fe(NHy)citrate 0.01g
Glycerol 2.0ml
Tween 80 1.0ml
Dist. water 1000. 0 m!

Autoclaved at 20 pounds for 10 minutes.

2) UMC labeled isoniazid

HL¥EIBDO L 0T, HC OMFEIXK 2IRLE
X 51z carbonyl iz AT\ 5%, L7 “C-isonia-
zid @ specific activity |3 630 me/mol ThHb, FH
&L T aceton THIE Lco

Table 2. !C labeled isoniazid
CO-NH-NH,
|
\Ny
3) fHAEKE

I BFEZE HuRv # (isoniazid EU4#R) ¥ LOURA
T isoniazid fittE HywRv RINH ¥k A7,

= o isoniazid fittEHEiT one step selection iz X )
Bitc b DT, isoniazid fitikix 1 /NI T S0 7imi
SR TH DI, = h b DK 28I 15 TSM

Toru EDA (Department of Bacteriology, Faculty of Medicine, University of Tokyo, Japan) :
Studies on the Action of Isoniazid to Tubercle Bacilli and the Mechanism of the Isoniazid-Resistance
in Mycobacteria. 1. —Kekkaku, 38 (1) : 37~41, 1963.
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HIZHE LT, = 0 isoniazid fitkis TSM £z
HWTRIRERG L RERABREDRE YR LT,

£ B 5 &

BIEC ABURSIRER 2 k> TSM 553049 2 JBRIAL B 2 mi
%, 500 ml D= A vz AR TSMEE# 200 ml iz
BEL, 10 B2 5 480 37°C ick& Lic, - DX
FEATRO L TEEL, BE% pH7.0 OBBEHEK
T3 EMNA LTRSS YR, SOt E ik %
100 ml DpmEER (PH 7.0) CEREL, BEY—
FRLT, RKBEZR17/ml 73 57/mlzicd X >
MC-isoniazid #EEHNTINL, X524 5°C 7=
X 37°C KB Lico

Z 0 "“C-isoniazid % pnx 7 BEER R % 60°C 30 44N
BREL, OB X b R LEE LT, Biky
50ml 00.2% Tween 80 INAERBEKXEY LOT, E
i count B Rob7e < 75 F T5EBEH Lico = DL
B H 7 AEY ANCRBREN TFIREC X Y 5%k
L, £DO—F& (W2~3mg BHBER) ¥R (7 v
3=y ABTCHER 25 mm, EK 480mm) iR b, Zig
# gas flow counter % i\ T radioactivity #HIE L,
EREE mg 24 D c.p.m. (counts per minute) T
%i’) Lo

=2 B & 7

1) isoniazid Mt X O Tt ATASEZED 1C-
isoniazid-uptake

Hg7Rv ¥ X 0'[F) isoniazid it #k Hs7RvRINH o TSM
B 2 SBEE R AR W i "C-isoniazid % 1 v/ml 2 hn
X EBICINBEE LBk DR3 count 35 X Y1 7/ml
@ M“C-isoniazid Fspnig 37°C T4 BsEHEHE L-HitkD
count X HIE Li-fERH»FK 31T/R L1z, “C-isoniazid 4
AREHIC B\ T, isoniazid M T1% 32¢c.p.m., Al
B Tix30c.p.m. Lich, MEkkE BIFELALRAL
BfE% 7~ LT, “C-isoniazid i 24FER T, isonia-
zid B& M B » MC-isoniazid-uptake (X ZE B fn L
164 c.p.m. X 7ch, isoniazid fitt4gE T “C-isoniazid

Table 3. Uptake of *C-isoniazid by the

isoniazid-sensitive and-resistant strains
of Mycobacterium tuberculosis Hg;Rv

Uptake of 14C-isoniazid

Time exposed to (c.p.m./mg dry weight)

14C-isoniazid isoniazid-sensitive isoniazid-resistant

Hj,Rv | Hy,Rv RINH
0 hours 32 30
24 hours 164 24

Cells cultured two weeks were exposed to ly
per ml of 14C-isoniazid at 37°C.

EMER L IFEALRBE®D 24c.pm. THD,

HE $38E F15

4C-isoniazid k% 24 BERCiX, isoniazid FHEE D
14C-isoniazid-uptake |IFEEME DK 1/7 THDfco

2) AR “C-isoniazid-uptake 1= Fig3+14C
-isoniazid BRSO B

HgRv o TSM #£2#h 10 H 2B &Rk “C-iso-
niazid % 57/ml 12785 X 5 &k, “C-isoniazid Hhhtk
3WER, 6 BERE, 24mfsjo “C-isoniazid-uptake ## L
TeHERER4ITR LI

14C-isoniazid-uptake ¥ 4C-isoniazid Bfli% 3 Frfd]
Ti% 86c.p.m., 6MRITIL 214c.p.m., 24 ffE Tix
286 c.p.m. T, $96BFHTIHERETE L

Table 4. Influence of exposure time on

the amount of C-isoniazid incorporated
by the isoniazid-sensitive Hg;Rv strain

Time exposed to Uptake of 14C-isoniazid

14C-isoniazid (c.p.m./mg dry weight)

3 hours 86
6 hours 214
24 hours 286

Cells cultured ten days were exposed to 5y per
ml of *4C-isoniazid at 37°C.

3) AR & O “C-isoniazid-uptake K i1F3
1*C-isoniazid #iMEE DO K&

Hg7Rv 38 X O'[F] isoniazid jitd:kke> TSM £zih 10 B
EREGZ R < “C-isoniazid # 57/ml winz, 1
Di% 37°C DMIFBIT, LD 121k 5°C DKERIC 24
Fefik B L C “C-isoniazid-uptake % - B »E 51
7R Lico isoniazid BB TIL 5°C 4T 133c.p.m.,
37°C ORFET 286c.p.m. Lich, 55CoL X LT
37°C DIRFETILH 2 f£ D “C-isoniazid-uptake »7 L
Foht, isoniazid HEBTIE, 5°C R L U37°Cireksit B
MC-isoniazid BfhT, £hFh 48c.p.m., 59 c.p.m.
ThY, FELALENL, Fi: isoniazid RMEEIZR
fHEBIC th LT “C-isoniazid-uptake A3%&hsDtz,

Table 5. Influence of temperature on the
amount of *C-isoniazid incorporated
by the isoniazid-sensitive and-

resistant strains of Mycobac-
terium tuberculosis Hy;Rv

Uptake of 14C-isoniazid
Temperature

C.p.m. i
exposed to “4C- ‘ (c.p.m./mg dry weight)
isoniazid isoniazid-sens it:iveI isoniazid-resistant
' s7Rv | Hg;Rv RINH
5°C 133 48
37°C 286 59

Cells cultured ten days were exposed for 24 hours
to 5y per ml of 14C-isoniazid.

4) AREEBE © “C-isoniazid-uptake iCX% g5z
BHKOHE



19634 1A

HyRv ¥ X O'F) isoniazid itttk TSM £2#1 10 H
B, 2 AEE, 4 @ EEAR R UC-isoniazid %
57/mliTie B X 5 wwhnx, 24MefEliE % »1*C-isoniazid-
uptake %3 6 {7 LT, isoniazid Bt ETI3 100 123
B 286c.pm., 2:@K%REE 228c.p.m., 4BEEE
204c.p.m. Lich, BFEAROWME & iz “C-isonia-
zid-uptakeid ZABA DM %R LI, isoniazid fiftk
BECIX BT BB e < ik —E B O HC-
isoniazi-duptake UM 7RI, £EEFEH$ & 11z isonia-
zid MBS U TEB iz “C-isoniazid-uptake 734>
/9 NEN

Table 6. Influence of the ages of tubercle
bacilli on the amount of *C-isoniazid
incorporated by the isoniazid-
sensitive and-resistant strains

of Mycobacterium tuber-
culosis Hg7Rv

Uptake of 14C-isoniazid
(c.p.m./mg dry weight)
Culture period
isoniazid-sensitive isoniazid-resistant
Hs7Rv H;;Rv RINH
10days ‘1
cultured cells 286 59
2 weeks
cultured cells 228 57
4 weeks
cultured cells 204 56

Cells were exposed for 24 hours to 5y per m!/ of
14C-isoniazid at 37°C.

% 2®

HENEFN T ORTHECIEATA L &, ¥ TEA
RECEML, REIh, EHFHRROESHEYET
BEONTHELY BB L TEERICA Y, Z0oXEFOH
TEHREDERACEL, bHBEEORBRAYLEETS
dDELEL BN, isoniazid DFEHHISN Tk &
Bbhz,

2%y UC-isoniazid # AT, AREEKZE HaRv I
X ' AT isoniazid figt:#k Hs7Rv RINH o “C-isonia-
zid-uptake »#Ef L7-73%, isoniazid g TIX “C-
isoniazid-uptake 3% <, RAfHER TII 0D &
DR 3 Barclay 599, Youatt®, Garattini 5% O#
L1 B LTohS, BEOTIOKERSEM T Barclay
52 DE IR ELDEIEW TN DR,

isoniazid IIFEBHEICEM LI L &, ITHAIREI
h, L2bEhh L isoniazid sk &b TESON,
Rz B THAH S kix, “C-isoniazid L EHEHERRHE -
BB EHE R LB A, Tt & &M o “C-isoniazid-
uptake (ZEA L, L b I Tix24 B
14C-isoniazid AT 1% & A & ¥C-isoniazid-uptake D
REIE R I W EnDTHHERIRB L ThH B,
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Barclay 5942 isoniazid ffit4:# o C-isoniazid-uptake
ERECELDLDL L, Youattd) 1 4C-isoniazid-uptake
% metabolic process iZ X % 4, » & non-metabolic proc-
ess ILLDHDEREAIL, MHEEIcL B “C-isoniazid-
uptake % non-metabolic process |zt 3 & h T\ 2
23, C OWRFEL isoniazid 1T X A BOREM L 13BIE
e, BB IUMMEL LIS 5L Bbh b,

BICE Lic isoniazid BRI At hs LB
bhdn, isoniazid B BTt “C-isoniazid-uptake
P 6 M TIRIEREITET 50 T7ebb 6 BMITHES
CEHORBESEZEELETALDOL BN S,

Schaefer!V |1 isoniazid (¥ growing phase Z{ER
L, resting phase \ZIZfER Lig\ s &R, % 2-REE»
TR TEERMOZBL & bic isoniazid DBE
HHEAMIT B LB, isoniazid DIEMAEORHE
HLBRME - LB b, ABEKEY TSM 1
WCHEERTH LM 2 BTHEEBMARESICEL, 1ml 5
Y OEEREET 10 BZARGE LY, LIAHEHLR
3%, isoniazid EMEEDI0H, 28 4B0HE
ieHC-isonizid #HNx % &, KEB HOFEB/ L Lbic
4C-isoniazid-uptake pi7g< 72D T\ 54, AEEAL
SBEDH A “C-isoniazid DE D AZRN S\ L&
xbh, FroHEEOE VW Eic “C-isoniazid-
uptake A&\ EBbh 5,

ABISEREEL 37°C THAE L, 30°C LAT DREE Ti3iH
FELisWEWbRTWb, Lch2T, &ER+ST37°C
TIXARBIEE QL FHMERFOFEE X /R L, 5°C TIafH
EHIBECETT 0L Bbhb, L LEEK
X I BE(LERE L\ . Barclay 593, M“C-isoniazid
BRMREY 5°C L 37°C THET S L, 5CitkwT%
£ "C-isoniazid-uptake # DT\ 5, EEIL, 5°C
L 37°C o “C-isoniazid #EfREE % B L1chs,
isoniazid B @ T3, 37°C D & & A1 5°C DUC-isonizaid
ML b MC-isoniazid-uptake A3%EADtc, Thi ¥
7z, isoniazid DIEANEORBEELBEFREHEH L%
ARTHDTH %o

isoniazid it EH \EEMEEE L h MC-isoniazid-uptake
PPTRNE B, I OEOHEERRIC KT S HC-
isoniazid ® uptake ¥¥ETHLENH BN, —ILZ
DEE L h isoniazid FittEH#HEIZ DT 3D DHERAK
WiI2:Exbhb,

1) isoniazid iM% gL Bif4/Hic isoniazid ZRFE(LT
AHEREL, Chick ) HRS i ERIRICERS
RISV EWS FIRRETH %o

R 19w 11, BHE X OARE isoniazid i 4 BRI
isoniazid ZfREEMH B LA WMEL, FHELD X
isoniazid it &FIEHIc isoniazid % isonicotinic acid
& hydrazine i 4fig+ 5 hydrazidase FET S &
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ZHEBL, ZhixX b isoniazid fittEEkERX AL L >
ELTW3B, L L Youmans 510~1833 X Kraus
B, AREEFREKRPICH isoniazid #HEAIEH L
TW5BA,  O¥EL isoniazid i B2 H LT isonia-
zid BEEZL WL WD T 5, F KA,
zid fitte BRI EEic isoniazid MREER TR T ric L,
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T, isoniazid MBI & A FAD S D, Thirl
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BEOE:REORMBECEEL TL 5L Bbh b,
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HLEED RBRCEHDD, 1EEENICADL
isoniazid %78 A b DR T RBHEM LTLE > THeH:
THbBo $HAMIL PAS it ARETI1X, REMEECKL
L CHFEBR It 3\~ Tid ¥C-PAS-uptake 234 7c &, =
HXHEED PAS RBROBC X % LT3,
LA U isoniazid DFEABIEC DWW TIRE L DR LR X
UHERDSIL IR TV B A, W F I isoniazid it g o
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UEOBREA TR LT THEE I h B s 61, RBE
HDORILAEDOEESE L O isoniazid EMEEI W
T, isoniazid fiftEg D “C-isoniazid-uptake i HE D
EZRBRbRTI WX TH B, isoniazid EEE TIT
Z D X 5 Tt B8R  “C-isoniazid-uptake X%z
—ZETH5DT,isoniazid fitEMNRZ DX 5 TR
BLRIEZRALA VI SBbh5,

3) isoniazid WMEIX, FOEHEMNBIRMLYHT
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foL, isoniazid 2% DIEMAR LA E W5 ATHE
HTHDo A HHNL, MIfREEFERT 5 lysozyme 35
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METDZLickbh, BEELRABED “C-isoniazid-
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"k £8E KI1F
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zid X3 2 EIROEBEDE THBEIRT S 2 Lix+4
E2bNBHZ ETHbB,

BRI X 5w, ARBEKE A L7 isoniazid
EARECRE L, isoniazid BEECTREANICA
b, ZTOBEDIEARIETSLDLEBbh5, isonia-
zid fittEE Ci, #EfR L7 isoniazid 13 EH#EEICRE
INDBDATIREALEEEHCAD s DL Bbh,
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0 LO2LBAMETTITAMbIS X 51, HAW
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& E

ABUERIE isoniazid Mik#kds X OFIA T isoniazid
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@ uptake #BEH L TKRDOEEYBI,
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REDIZ > A “C-isoniazid-uptake MED DI,
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o Bty

5) MEOH#E Y, ABEZECH TS isoniazid
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Studies on the Action of Isoniazid to Tubercle
Bacilli and the Mechanism of the Isoniazid-Re-
sistance in Mycobacteria. 1.

The action of isoniazid on tubercle bacilli and
the mechanism of the isoniazid-resistance in myco-
bacteria were studied with !4C-labelled isoniazid.
The drug-sensitive, parent HypRv strain of Myco-
bacterium tuberculosis and its mutant strain resist-
ant to 50 mcg/ml of isoniazid were cultivated in a
synthetic, liquid medium containing Tween 80 for
10 to 28 days at 37°C. The cells of tubercle bacilli
were centrifuged and washed thrice with phosphate
buffer. These cells were resuspended in phosphate
buffer and C-isoniazid was added to the suspension
to give the concentration of 1to 5 mcg/ml. After
the incubation at 5° or 37°C for 24 hours, the
cells were washed thoroughly with saline contain-
ing Tween 80, placed on sample dishes and counted
with a gas flow counter.

Results obtained were as follows, the isoniazid-
resistant HgyRv-RINH strain bound less amount of
jsoniazid than the sensitive HyRv strain did ; the

amount of isoniazid bound by the sensitive strain
reached maximum at the 6th hour of incubation,
whereas isoniazid absorbed by the resistant strain
did not differ in amount throughout the first 24th
hours of incubation ; the isoniazid-sensitive strain
bound more amount of isoniazid at 37°C than at 5°C,
whereas the resistant strain absorbed the same
amount of isoniazid either at 37°C or at 5°C.

In the sensitive strain, cells harvested from a
young culture bound more amount of isoniazid than
the cells havested from an old culture, whereas in
the resistant strain, no difference was observed in
the amount of isoniazid absorbed the cells from an
old culture and those from a young culture. These
results suggested that the binding of isoniazid by
the resistant strain would be due to the non specific
absorption having no relation to the metabolic activi-
ty of the cells. On the other hand, the sensitive
strain was observed to bind a larger amount of

isoniazid taken up by the metabolic activity of the
cells.



