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Mycobacteria @ Nicotinamide adenine

dinucleotide nucleosidase

Bl B R o 5 A

FHHE —

1.

il

Zatman 5z k> nicotinamide adenine dinucleo-
tide (NAD) o nicotinamide #4373 isoniazid iz ko>
TEE2% bh, NAD o isoniazid-analogue H3JEEL
Eh3 T EPRHRESRTLRYD, ORI & 2 T
isoniazid DHFEEIEMAEZHIAL L5 &3 5H 2,
3DOWRBZIC L OTREI W, Tinb b
PWRA LTz isoniazid 1%, #E%E® NAD &K LT
@ nicotinamide ¥[F LE X2 ST, BEEFN T
NEMT: isoniazid-analogue %#2>< b, FORER, #E
#E D pyridine nucleotide coenzymes dependent o
BEKREERADMER Lin < 7o b, WO R ILT
B, EVWSDREDRHTH 5o

L= AT, NAD @ nicotinamide & isoniazid k%
B X0% 5 RIEw T % B 3 1% nicotinamide ade-
nine dinucleotide nucleosidase (NAD-ase) Tk %73,
mycobacteria @ Z DEEFICOWTIL, FhIEE X
I NTC\Win\o Kern ¢ Natale %, Mycobacterium
butyricum (3#c g7 NAD-ase & i 1N %% in
NA-ase [HEY & >R 2T 5Z &, Mycob. 607
EINBVLER b Z OBEROEM AR I LG L
TW 5D, Zatman 5%, BCG #fA\T5#0D 5% 4
X NAD-ase % % 7cinhvotc E#i LT\ %2, Bekier-
kunst & Artman |3, HgRv 132 OEEER D in\ s,
BOIO T in vivo TAH Lic HyRv (3RIEE
ZRL, THEESHEIHEBOBRLREL Q5D
1A ERELTWBY, = B H mycobacteria
NAD-ase P35 MEDIZEAETRTTHY, AH
BHROWTIE DFEROFEYHE Licd DIxAbhis
Vo

bl isoniazid OIEARF & OBIEIC KT C

BB

& & T

MEIEARE T SRR (TR SHEE)

A WMM3BEI AL E

OFFIEH L, %3 mycobacteria @\ A\ A DRRIT
B 2 OFERO SR LicO THET %o

2. M HEFE

NAD 1 Sigma Chemicals Co. ®» B-NAD T, #Hif:
98 %D EH D,

L7 Mycobacteria DBE#HIIFE 1 1R Lico FEik
R BIL Sauton AELESHIC 37°C TEIEE L, Wk
FIRMTHT &0, K CHIE U TR $
Ml R 2 98 Ui, isoniazid fEFRDBEIL 50~
100 v per ml |z isoniazid %% 7- Sauton HZHbickz
EL, FAFCOE L, BIFHRIIEL D REOREKE
EHICHSTESERLTHELL, YT EB KLY
Iz THRUCHRE L, EAifaft % 1% B % sonic
oscillator ¢ 60 Z3fEiTEE1L, 10,000r.p.m. 30 43%7h
Lz BT, FOBEHRBESE L 260mu L 280muy O
KNS, BEE mg per ml=1.45X Eggg—0.74 X Eqg,.
& L"C?‘f‘ﬁ L7zo

¥4 80 NAD-ase [, Mycob. butyricum #F 7213
Myecob. avium Kirchberg #: X v Blic#its L= HEM
T OTHE LI,

NAD-ase {EMH:z Kaplan o HEO# T C M E L
oo RIGHKIE 0.4dml © M/15 y vy 7 v — (pH
7.2), 0.5ml OBEFFK E I X B, 0.1ml
» 1072M NAD KK & v 7e b, 37°C T 30~60 5
incubate U7=D%, 5.0ml o 1.0M potassium cya-
nide KEFE 2 M2 CRIGZE LR, 325 mu THRGE
wHE T B, control tube 2|} zero time T potassium
cyanide % fnz, 325mu CHREEZXWET 5o BAE
O LY, RISKEFRCiKksFEEhic NAD o&%
RDBo ThLhDEfho NAD-ase iEMEIL, BEIEFlF
WOMKRER 1g »ich, TiXEMafiRoEAE
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Table 1. NAD-ase and its Inhibitor
NAD-ase activity
Inhibition of
Cell-suspension Cell-free extract
Type Strain Growth#***
Before After Before After . N
Butyricum|Kirchberg
heat- heat- heat- heat-
treatment |treatment |treatment |treatment NAD-ase | NAD-ase
HgRv s — — — - — —
Mycob. tuberculosis sk
vav. hominis HgRv-R S - - - -
Aoyama s — — - — — —
Mycob. tuberculosis Ravenel s - - - - - -
var. bovis BCG s — — — — — —
Kirchberg s — -+ — + - +
Kirchberg-R* s — — — + — +
Flamingo s — + —_ + — —_
Mpycob. avium AVT r — — — — - —
AVT-R* T - — — — — -
Hosoya r - + - + — —
F T - - — — — —
. r - - - - - -
Mycob. smegmatis _R* _ . B _ _ _
Lo T - + - + + -
Mycob. butyricum
-R* T — —— —_— -+ -+ —_
- T
Mycob. phlei T - ‘ — - — ‘ - l —
Cole s - — — — — —_
Unclassified
mycobacteria Coffey s - - - - -
Brownell s — — - — — —
n -R* : Resistant to 100 ug of isoniazid per ml. kg 3 Slowly growing strain.

-R**: Resistant to 50 ug of isoniazid per ml.

1g Hebh D 1ML ks E & h 7z NAD &
(x moles per g per hour) TR o

3. = B & B

A) BERWEE ONAD-ase 15K

BB DR h TR E TR 3~15 H OB DWW,
DB B TR 7T~40 B OBICoWT, HWiFH
%D NAD-ase yEM 2 JIGE Lico % 110AR LICEEKD W
FThd, FOBEBICRNTY, BREEZRIR
D76

WNT, FEIRED B IR 2 Uil K T 5 HInZL L,
ERBICERETHAL, RELTHCBFREKE L
D% fIC, NAD-ase FEHEZIE Lico B1IAL
=X 5, BEFEE YT Mycob. butyricum & Mycob.
avium o Kirchberg #k, Flamingo #, #IAHD iso-
niazid FRMEHICERD biteo il © B #k T 1k Mycob.
butyricum } Mycob. avium Kirchberg & @ iso-
niazid fittEkE % & ST, MEYLEKI $ NAD-ase i
HIZERD b ot (K1~4)

r: Rapidly growing strain.

B) {Esmiadhtig o NAD-ase iHi:
REOELHEERCIL 7T~10 BEEOHEHNID,

Fig. 1.
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Fig. 2. NAD-ase Activity of Myco-
bacterium Avium Kirchberg
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Fig. 3. NAD-ase Activity of Myco-
bacterium Avium Flamingo
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Fig. 4. NAD-ase Activity of Myco-
bacterium Avium Hosoya
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DEEBTIL 15~20 HEROEWH, O, Bl Hh &
RRARL, h oMK o NAD-ase iEiE%d 20
FE, FRRPMEKIEHT 3 SMMAL, bt

M VB B1S

Lcb O AGTHIE L, (3B1)

MBI Uls B Eciy, OBk oWT b B
EHRERD b hish ot INEGLERE I, INEVAEE B
k< NAD-ase [EiEA338%» biie Mycob. butyri-
cum & Mycob. avium ¢ Kirchberg #:, Flamingo
B, M HRD isoniazid FEMHRICBERIGIE 2GR b e
1375y, MBVABBEFIHE CIEEORD b 7o 2y o 1z
Mycob. butyricum & Mycob. avium ¢ Kirchberg
Bk & @ isoniazid it Ric & BERIFM 2R D b i, (T
2)

Table 2. NAD-ase of Isoniazid-
Resistant Strain

NAD-ase Activity of
Mycob. butyricum
Preparation - (4E 325 mu per hour)
Sensitive | Resistant
strain I strain
Cell-suspension }
Before Heat~TreatmentJ —0.0274*% | —0.0331%
After Heat-Treatment | 0. 2562 —0.0969*
I
Cell-free extract ‘
Before Heat-Treatment 0.0095% | 0. 0020%*
After Heat-Treatment 0.8580 | 0.1240
|

Cell suspension and cell-free extract were prepared
from isoniazid-sensitive or -resistant strain of Mycob.
butyricum grown for ten days at 37°C on Sauton syn-
thetic media without or with 100 ug of isoniazid per ml.
Reaction mixtures consisted as stated in the text, and
contained 3.51 or 4.38mg. or isoniazid-sensitive or
-resistant cells respectively by the cell suspension ex-
periments, or 12.38 or 6.66 mg. of protein by the cell-
free extract from isoniazid-sensitive or -resistant cells
respectively.

* Because of rather high blank values, the changes
of extinction values at 325 mu less than 5% of the ini-
tial values were regarded as insignificant.

C) NAD-ase :NAD-ase [H=4y
Mycob. butyricum & Mycob. avium Kirchberg #:

Table 3. NAD-ase and Inhibitor

Purified NAD-ase

Extract 1 Tllyqob. Myqob. avium
| butyricum Kirchberg

Mycob. butyricum 10.9 108.6
Mpycob. butyricum R 65.9
Mycob. avium Kirchberg 100. 4 15.7
Mycob. avium Flamingo 99.8 103.8
Mpycob. avium Hosoya i 101.2 98.9
None : 100 100

Reaction mixture consisted of 0.2ml. of the purified
enzyme preparetion (0.013mg. of protein by the butyri-
cum enzyme, or 0.021 mg. of protein by the Kirchberg
enzyme), 0.3ml. of the extract, 0.4ml. of M/I5
phosphate buffer at pH 7.2, 0.1 ml. of 10-2M NAD solu-
tion. Incubated at 37°C for 30 minutes.

NAD-ase activity in the presence of the extract was
expressed by the ratio to the activity in the absence
of the extract.
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L DB LR NAD-ase 2BERES & LTAW,
D DEEFE O IEME KT 5 AR R O I EfE R %,
F 1 OEEHE» LM U EMiafh e oW TRE L
foo FIBIVE3I RT L 517, Mycob. butyricum
@ NAD-ase |3 Mycob. butyricum oK IC X >
DZ, Mycob. avium Kirchberg #o NAD-ase |
Kirchberg #oOHEKIC Lo CHO LR E IR, BELIE
Fh & O BRI R RN TH DT

PE I BCANEE T, PSR 3 43Rl nsh ohi s
TER RSk,

4. % S

Mycobacteria zo\+C, NAD-ase &7 L
DA% RE Uiz NAD-ase 13 Mycob. butyricum &
Mycob. avium O B Bk & CHFE LT iedt, D8
PR INEMLEL 24T 70 D7 D HIiE U TRD b s T
tb, THDOWKTIRBICREREER & BN ZE
TePHEY E D EF L%, Kern & Natale »38f5 L
TB 51D, [InBGEHE] &uv 5 BIETi, BED
P S & B 2258 T 5 & ol 5 F ke 03 B TR 2258
ey, HEREE L QO 2BEOFEENFER T
Sl WITREMEIL S B & d, NAD-ase |3 Mycobac-
teria @5 HLTIFRWGMHERL, EBOBEKCORE
DONDEEZELTIWES S, NAD-ase {Htkart o
NDDOEHIL, WiThd Sauton BiHCIRIEH I < I
HZRLTVHEEEZ DL B L0 gk R L o T,

EHICET 22 &1, AT & 4B c B RiE
TRIIEIDIeT L TH Do isoniazid DHLFERLIEMIL,
THODERICH LTE DL E L REINRLDTH
%6, [NAD ¢ isoniazid-analogue | J4jk»3 isonia-
zid DHFERIEMOARBCTH B LT 5751, Zhbo
BT % analogue B2 S DL 3 FE LWL TTH D
2%, ThbOEMkIcL analogue 4R i3 5 NAD-
ase OIFMITED LY, b, BifEE ik NAD-
ase I X BERELSED analogue TURURIRILEE B X
NTWisv [NAD o isoniazid-analogue F4p% | (K34
DR E LTHTORTBERNFEL, &E &
carboxyl-Cl*-isoniazid *#% incubate 1 7-& %, 2, 3
DEPERIT X BB & © paper-chromatography ¢
Rf 73 NAD &—%3% spot ICHUHENER LT\ 5
WS T EDHRTHDOTHD, PPC » marker & L
NAD 235 T € NAD o isoniazid-analogue
FDOLDBPHACER TR &, SR % b > spot
D HEH LICWEOEHEIER G LA ERR S h e
T &, TeEDEEED D ISR R S 1T E VI
{\vo NAD o isoniazid-analogue % fil 15 3 %
NAD-ase 2 AZIE, FEETRRDLREDOTHS
2 b, analogue FFO FIDREEIIEH Sh 55, iso-
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niazid & #fk U7-E A5 isoniazid-analogue 23>
WEELUCHE, REINRB»LwunE D, [NAD o
isoniazid-analogue JZREC | RAHIFEIE I NicFHEE L LT
T, BADBEHE LTHEELRERLRTS
55,

Mycob. butyricum o> isoniazid Fit¥EkECIT, IR
W TIXINELIEES & NAD-ase [EMENFTRD biinhore
73, fEMIRE R TR inBVLE I X > CEERIEME 2D
Hhie Mycob. avium Kirchberg #:C 4 RfEDOH S
ME BRI 0o LI isoniazid fittEH iz NAD =
ST BBEEENME T LT 5720 THH5 EE 2 b h
%o

NAD-ase & NAD-ase [f24y & DBIRIZIEF R
R T HDtz, Kern & Natale” (¥, Mycob. bu-
tyricum ¢ NAD-ase [HEWIL K O I,
crassa, Chromobacterium violaceum, Bacillus subti-
lis 22 HFHH L7 NAD-ase »HEL/nvEME LT
B, BRI EY ORI S HIEE T, AT Myco-
bacterium =B LC\~C%, Mycob. butyricum oDpHZE:
¥91x. Mycob. avium Kirchberg #:oEEE % HEET,
Wz Kirchberg #:o0fHZEW: butyricum D% 37 4 [H
LUl ote, X Bic Kirchberg #idE: 311 Mycob..
avium DO OHIHIEIC X 0T HHE I i D7,,
F—flaD i BER L ZOMER EMNEFE LT BT
& DENPEHIEIRII S Tl A, TR KR
RO EMIEER L 0 S heT <, HEOwE
PR5Te & B EBERIRR & A LB TETEEYD
A ERTET, THEHBEE I A« o sub-
cellular units HHLTWBHZ ENXTFHEENS, B
FLAE ClIB SRR IS FE L Cn 5B 2 b h T
525, mycobacteria T % BERITER P, [HE
xRNSR L, WERThTh O # AL o
NAD gR#w#2v e~ 52 LI DTC, FhZEh.
DIFRLD PR FERETRDIE R = v b v — L3 L REH:
WELTERLTOBDTHS S,

Mycob. butyricum (%, Gordon ¢ Smith 1= X 2
AT g X o ¢ Mycob. smegmatis o 1 Bk &4+
B XN, Boenicke iz XoTH %D amidases pattern:
I X > Mycob. smegmatis * LC/AE S T %
#1312 NAD-ase P L Tkt Mycob. butyricum (¥
Mycob. smegmatis & BEfE% 51z 1, Mycob. avium o
Bk & b ICBERIEIE AR Lizo Mycob. avium & &
T2 005 bicik NAD-ase I\ RT SO LR
ERBDENH Y, Sauton FEHTOEPEOMIR & D
Z—EDB# RS b hize

Neurosporra

5 # E

Mycobacteria =31+ % NAD-ase D44 % B & L.
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Too BT o€ [VEMIL] Eh BE¥5E23, Mycob. bu-
tyricum &t Mycob. avium ¢ Kirchberg #:, Flamin-
go Bk, MAKEBEDOhico TivbbIhbOREKk
i3 B 25E e NAD-ase kB R%E5E 7 NAD-ase [
E L nEE LT %,
Mycob. butyricum & Mycob. avium Kirchberg #k
Lo isoniazid WHMEKRTIY, BEIEEFK CIXMBVLELH b
FEFIEHIRD b, EAlfamh K LBy 3
B2 LR EDT, ILUDTHREENZRD bhico MHE
#TE NAD i3 2 FBERMETLCWS &2 bR
Bo
NAD-ase ¢ NAD-ase [H=E4 L DE0BRITEE
HERPCHOC, AL Mycobacterium @32 3 DD
T AR O ERIZR® bhinhot,
ANz NAD-ase JEHIXERD b T, LicaioT
isoniazid 23EREE @ NAD ¢ nicotinamide 4 ic &
EbbZ LRI OTHEBEIERERET 5 WO IR
Ei1%, NAD-ase | X &7a\~ analogue JUBFEEEL 3 EEBH
Jhigom&ED, Fazlicnwdn L&z bh b,
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Nicotinamide Adenine Dinucleotide Nucleosidase
in Mycobacteria (Report I: Distribution of the
‘Enzyme).

Distribution of NAD-ase and its inhibitor in myco-
bacteria was studied. ¢ Heat-activated > NAD-ase
was found only in Mycob. butyricum and Mycob.
«avium. Heat-labile NAD-ase inhibitor had the same
distribution pattern in mycobacteria.

In the case of the isoniazid-resistant variants of

the above strains, the enzyme-activity was revealed
only in the heat-treated cell-free extract, and not
in the heat-treated cell-suspension.

The anzyme-inhibitor relationship was absolutely
specific.

Isoniazid-analogue formation hypothesis for the
action mechanism of isoniazid was discussed as

having some difficulties.



