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EREERITI T 20 b0 5 “tetrazolium EFCHER” (DWW T

& I

Mudd 51D 73, 5B (&P T tetrazolium %»3ZEmuL,
FRe RV = VRS U 5 HIafER % mitochond-
ria EAHZUTH S 10 BT/ 505, COERICIIHIE
BRRHbD S, BHE UT, #EIG tetrazolium (FV
¥ Y) B E & b ICEA UTKR X728 SRR R /F
N35CE, Fl, FNRBEHICHEI TBEL, R
BOYBHCEBR XT8N Bd D, I 5T, tetra-
zolium FEITRDETEEEED TECHHEIN L2
DICEBEBDT 6N D,

U2 31iC, 1959 4 Slater?) iz X b naphthoquinone
R TH 5 vitamin Ks 33 tetrazolium 0 Baic il
BRAET A C DS RHIZI N, 1960 4Eicid Kashket 5
8 WSHUERE O 7} MEERIIC naphthoquinone 23#EH LT
WAL ERRET AL, COFFICIY B IR R
IGER LT 5, '

BERO S Do &, ZHESEZRER X ) REUEE
BERIEMCDWT, BRI E 2R U CE I, C
DE T i: Darter 56) 1T X -2 C mitochondria & #4758 X
NbDThb, UL, COHEITZDEDID b DRk
FEHIVZINTLDOTDY, PWENLIEITKIT T
Wizo 12, BERIES OB —PEICBIUT b BRET D&KL
Hol. ZCT, EFEHIZEEKEDCTL S tetrazolium
BICFIMC DWW T A 2 INA T & 12038, RIGICEIT 5
HEOWR EEROMBEL Y EAT, COERNESE
Brs kb 2 FEO ERIL D 5B EDRERICE U,
ABICIHOTIE, COXIBFHROS &L, ChETO
tetrazolium FEICERIT DT OAERZ HEH UT2w,

ERMEEFiE

Ak AR H37Ra #ERE TH b, Proskauer &
Beck ZEMEAREGHIED 1< 4 SEMFEE O Bk % B L
1o WHOPE, BiiEs X 02 DM EE L 3 TR
WUTHADTY, CCTRZOMERR 2 TR L.
mn#mmnﬁﬁﬁﬁmmm®%ﬁfﬁ&oto

1 BbD 3 0 20 MIBESE 0.01 M HREHE
z&;‘(’;}ﬂ 7.0) 1< 100 mg/ml DBEICHERWT 5.

2)" 2+3+5 triphenyltetrazolium chloride (TTC)
% 0.01 M BERGEEIIC 1 %ICIBRT 5o

3) FEL LTI, 1/150 M lactate & %\ D

S
S PHIM BRI (B8 SI5LH)

ZH HMBELAUA

31T 5B EE (S0) 2RV

Pk 3RS % #nFN 0.5 md, 0.2 md, 0.5 mi
DOEITEA L, 37°C itff2> T—ERM%KIC F4 Lok
WIFORPUET S, T48bL, 20 %O=HHE{LEE
BEMATCRGEZEY, 72 r2—ERENUTRE
IR IR L, £k EiE% Coleman YEHMA
3 (A= 500 mp) THEEEUIL, D5 UHHAEL
iRy 5 7 X hEmahi: TTC OERFHE LI,
7235, Wifk% tetrazolium THELET 3 ST,
TTC O biT neotetrazolium %FEHL, HIv<H
VIR = F v 2 Uiz, C DIz FIEDREIHE
75 72RAE U

R B B M

1) H37Ra £Hitkicks TTC Kit, T &icks#H
Bz kB &AL

300 ml HED=f7 5 2 2 Proskauer & Beck
2o 100 ml L, C O ET H37Ra #
% 10~14 AR CREARERE LIy, BlHEEZ 6 37°
Ciiiig L, —ERIiccn bDEEL HEAIL L DIC
2%, 20 TTC BRH% Lo FXTRE LI, #&
B ini$ic, endogenous O 2 WifEETEZ 2T
EMEEE S U1z, MNZRIC 2 BT 22Dt B2 1
W Utz. R E & 50 mg 2T, TTCE
TeEIE 3~4 FITB W THETD %o CDIGEDRHITRICIS
WTIRESHIAT, EHEERAEMCHEE S, OB
lactate Z2#H & L1z Lyon 58 QBT EB XN,
$72, BCGRMEMAUNEED QLMD Cirig 1
SEHER B DN T AD, BCG & H37TRa OHEH
BEOXCLs b DThb, COFRLYD, ROER%ZE
Utz F—H#E0 3 Bisk o 4 BREOHEBEZN
Zh 100 g X, K 2 OFATENED Ro 208
UTohs, ZOINEIZRIFE LD 3,280 mg, #%¥FLD 1,9
20 mg ThDol, Tabb, 3 EHEET R HFWo
WROEER?2) L EAT, TOFRE TTC ETHNE
AERNEDORICE DO TEREIND C L 2RET 505,
S HICHRREREHTRETHA I,

2) A, ERES (Ro), MBERK (So), &

OBHEE AR (Rs) &% TTC G
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Note : Reaction by 50 mg cells in 120 minutes
was recorded.

Fig, 1. Age difference of tetrazolium re-
ducing activity of H37Ra cells
grown in modified Proskauer &
Beck medium.

LW ks L O B&ED Rs, Rao, Sew k5 TTC
KGRl Uz, £EAE S OB/ICEIE 2R
HIRBEE 2V, Rs & R O EHEICIIBEKD %

Disrupted cells

721

Wid Sso EOMEREHE UL, KIS 75 S0,
RERFRYICESR U, B2 3 IRz, T DR,
2F{#ic X % endogenous O TTC KJHEAS, S &
Rao EOMBFICHNTHRIELTNE L ERRTIDT
HbH, Rao, Sa0 DWVTNP—FTREBITEDDTH
g Thb, F12, Rs & Sa EDOHAVITEIDOTHER
JMEERNDT, TTC %#EILT % ERE I RE &
IO RBICHBTE2DTHA9, 723, Rao i lac-
tate 2FHEHELTH TTC 2BLT 555, S & lac-
tate DADHAETIE TTC XBELINZVWCE HE
wanis, )

3) & 57 U neotetrazolium T I NTIE

E»SDES XD, HvoH o OHH

FEEE (A% neotetrazolium 0.0225 % WIKICEH
FRE L, 37°C T 30 SRIME Uiz, REBWOTIE G
2 UG R CHEIK TR LTz C OBtk 708 X
DEIDT E L BEESE LU, Rs, R, Ris, Reo »E
o TNHLOWBMOBEEZED, 12, 2CiKEETN
%RV R P EFER 5V T Ut E & Uiz, 4
FEHIC R §9 0 & 9 B 5°C TR 212, ik
BUIE 1R U, dv=FrBRTHULL C & <
Rao (T Td % D5, B 2) LBIY, ZORME
Rs €%, R, Rz iCd HRHI WX DIz DT W3,

| 2,500 rpm: ;10 minutes

Sediment
|

Supernatant

| 5,000 rpm: 60 minutes

|
Sediment R

contaminated with

l

Supernatant
!

10,000 rpm: 15 minutes

(disrupted cell residue)

living cells |
Sediment Ry

Supernatant

|

15,000 rpm

| 10 minutes
|
I
Sediment Rys Supernatant
"""""""""""""" 40,000 rpm
180 minutes
20,000 rpm I
90 minutes Sediment Ry Supernatant
o : (particulate Sso
Sediment Ry Supernatant fraction) (cytoplasmic
(large particles) ; fluid)
40,000 rpm

{180 minutes

Sediment Ry
(small particles)

Superr{atant Sso
(cytoplasmic fluid)

Fig. 2. Procedure for mechanical fractionation of living H37Ra cells,
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--------- in the presence of phosphate buffer
in the presence of Sio
O Disrupted cell residue Rs
e i1 the presence of phosphate buffer
in the presence of Sso

Each material was used in the amount of 50
mg but 0.5 m of supernatant fluid.

Fig. 3. Tetrazolium reducing activity of
H37Ra cells and of cellular compo-
nents obtained from mechanically
disrupt cell extract.

Wik E36%E K 1E

(mcg F)v<¥ > [/mg sediment) fEH Reo Tid 3.4 T
CHIZM 3 12383 % R, S AR 30 2EHD 4.3
wyD&E biEL, 5, Rs R, Ris Tk 1.6, 1.7,
1.8 EHBELTWA, E12, Sw BELFROEZER
3, ZOFEED fatty layer OAPHENERERR U
CNHOFTRIE, Rs, Rw, Ris BEaINIT Rao i
BRINTODERERL, I, dve¥F U EE
WThr1zd, VEFIKBITBEZBE LIZE LA D
N3, FHEx 2) &£3) XbUT, BEkicsi) s tetrazo-
lium BT, FEUT R & S« EOMEARET
FET A, WY CERET L, B RSN
TERIEMNTD B o

4) HgCl: itk 3 TTCRIGDMEE

BDO TTC i NaNs it ko Te<HEI W 2
W35, HgCly, CuSO4ic X DTHEINS T EMAILN
TWADT, ROBEFET R O TTC HLHickFd
HgCle OMHENRHHU 12, HHESEOBERIC I W
T, Sis BWELNIZIWN, ThEe 2 4B 330U,
1 D RE U, fibicid HgClz %#0.005, 0.01, &%
Wi 0.05 #&ER%ICNA, KEIC—BE Utc, 2,
40,000 rpm 3 B CcZzN ENn &b Ry 2IUEL, C
NE2ZANT TTC Kit®{z2o1, lactate & 3>
EAEE DD Sw 2FEEE UTHW, 4 BliTkso1z
FERRRBUIE 2 WWRUI, HeCle i & % BUGHEE

Table 1

Recovery of Formazan (reduced tetrazolium) from Vitally-stained
H37Ra Living Cells with Neotetrazolium

i i i ' Ratio mcg /
Cellular fraction Yield of sediment Reduced amount of } formazan -
(sediment) (mg in moist weight) tetrazolium in mcg f //mg sediment
Rs 8,400 13,300 ! 1.6
R1o 1,300 2,160 E 1.7
Ris 1,240 2,240 ; 1.8
Rao 3,520 11,800 i 3.4
S0 Not stained except for the superficial fatty layer which stained light purple

Sao ZIEE UNEHAICxbD Tk, lactate DA
ICEHNC EPTERHIN S,

5 Rz & Rawitk? TTC D H#

Sis XOHEHFEEOSNS Rao E—RICHFEP TEAD
RN EEE, REPHTEADOHOTEIDESD, Sis
X b 20,000 rpm 90 FTCTFEEZREFHETE S, 2C
T, S20 XD IBIT Rao & Ss0 E#THEL, R &
Raw® TTC b2l Uz, COBAED, HEEU
T lactate & A UNiE Sao 2V, 3 [BEIDEERRE»
FIWRUT, Raotd Sw 2FEEE UNiAHiC TTC
2 X {EILU, Ruo 3iC lactate % 3E & LiZEa

i TTC BRUENEHLON, COBHGITER 4) & &
i TTC BILEROFRE—M2TRUTV5,

% =

LD &K, H3TRa BWHEHNT TTC 2#ud s
X ERIES” Th B EVA B, EEERICZ
&L 2 FEED S, Swo BPEEETAEE, Rl
Rao &) dTEENHRL, HERPHE LT 284, Rold
Rzo & D dEITTEI KXV F72, Se 2HHET S
i, IMEPEE LTSN LD b HgCly FHEITHUS
Thbo 875, Rao (ZEOOD/LOREREZILIEE LT
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Table 2
Effect of HgClz Treatment on the Tetrazolium Reducing Activity of Particulate
Fraction in the Presence of Sy (cytoplasmic fluid)
or Lactate as Substrate

. Reduced amount of TIC (mcg)
Exp. Reaction time Treatment with HgCl; of in the presence of
. . below-indicated concent. ‘\

No. in minutes (final %) Cytoplasmic fluid (Sy) ‘ Lactate
0 310 370
1 % 0.05 12 210
0 280 84
2 % | 0.01 45 76
0 660 360
3 90 | 0.01 290 320
1 0.05 90 160
| 0 290 210
4 45 | 0.005 50 143
! 0.01 18 116

Note : Endogenous reaction was practically null in each case.

Table 3

Comparison of Tetrazolium-reducing Activity of Two Kinds of
Particulate Fraction, Ry and Ry, of H37Ra Cells

Reduced amount of tetrazolium (mcg) by
Exp. Reaction time L — — -
| Ry in the presence of Ry in the presence of
No in minutes [ - i T Phasniara —
. Phosphate | f Phosphate |
buffer 773 ) §40 : Lactrate buffer | S Lactate
% ‘ 16 Con 260 3 8 ‘ w0 | 240
2 75 ! 3 I 280 5 o ‘ %
3 %0 w 8 om0 | 600 4 |0 [ 59
1 | i

Note : Sso is the final supernatant (soluble cytoplasmic fraction). Combination of Sso and tetrazolium produced

negligible reaction.

BN, Ruol3BHEAD D VIFERODEEPILETD
%, HegCl itk 2 GHER, CORERICBISS
H{tA&Y), ascorbic acid DRFE»RHT %, N T
b, TTC FibicBIE53T 2 E & UT glutathione,
cysteine, ascorbic acid 3HiF BN T2 2510 Ch &
pHI.0 PLED 7V H Y fllicis T TTC 28U, &
T UTHIBBAIIINTC TTC 2BTUI 30 E W05 4
TIZBEM» D21z, UL, CORERIZ, £ Slater
—¥RID OPEEIC LD TR I N, pH 7.4 T80T,
cysteine & % & ascorbic acid kb vitamin Kz %
T TTC WWKEROEEINARBAHIZINI, L
1ADT, COGRIE HeCly icfisicfiEI N %,

g, HAMBPHEEELTI2EAEE, HBEICE 2 FE
DOHBBILEERDO D 5 C E BRI NETH 512, —D
13 FAD %2BiEERE UTHRR EEBENIGT 2 HOBIL
WMHETHH, ik, DPN »BIEEE L, cytochrome
RERET BRI KEZBT Bk EBSETH %, Myco-
bacterium phlei % i1}z Weber & Brodie 13 D

4TIV TR, cytochrome C DETTIZW DRIZIC L o
TWWb,

1) DPNH-+H++vitamin Ks—D P N + +vita-
min Ks H:

2) vitamin K3 Hz + 2 cyt.
K3+2 cyt.cFet+2H +

Slater) OBFED 6 ANIE, TORGERICIHNT, T
T C i& cytochrome C {CEbLDTHEILINS D TH
D, ¥12ERD 1) &, 758774 Lk DOTHA
INBHENVIPDL, —RIC, 75K7 w574 - vita-
min Ks— TTC &) RPEAL BN, ChiAB»
HEETH TTCRIGTHA 5, Lichi>T HegCly [
EWDNEEI bR B,

Z CCHIEIE, Rao i HeCly D TTC KiGH
i<, Rao icid HgCly Sz 7s < FLBRIRIL 2 Pk 5
TTC RIGVBRNERTD %, &EE%E O biochemical
cytology DIRERME CldFeL S HBIZIARATEE Td 5 27,
fliD R, MIICIST 2R L VEATHL I &

cFettt — vitamin
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4E, MIE§D protoplast % Fl v B EEHENED U,
shokate & L T #ifalE (plasmic. membrane) A3ffke
B b, HBEBILEHEEF e —sRELBIT, C
@ plasmic membrane (AR LTH LN S & 52D
1214) 15) fgﬁ&%&c}o’m( 3, C¢d membrane DA
iz Knaysil® DUEEY 5N T 305, COREEHIA
KA SRL TV Enbi g, @ Mudd 517D
DR, COBBBEYEHEET Fa Y Y Y EH,
BeERrIc— D OWMBE TH 5 C L 2LERT 2. DD
® Ruw 5, O3 EmchRT 5 Ak o
DY I b

f, MRS I B KFREERICE UTIRAA
PBIZNDT, —MEEMILCIsT %5 Stern & Timonen
18 OWERFIALL Y. T2bL, BT TIZET
DPN B¥4TArH, 77387/ n7dAr, F Fowm—
AR EAERS, glutathione ascorbic acid AsFLH
Fantz, WWTIE, ChETH DPN (TPN) —
glutathione—ascorbic acid— FEDOIICETHEES
NARBELNTNAHDT 19 I 5T vitamin
Ks 2583 h hid, TTC OBILHPICISVTHRN
LTh L3235 Thd, PIRIEETEMEZ HVIIIUN S
1D QAT TIE, RNA-P/DNA-P %5 Rz TH 3.14,
Ras Ti3 7.21 Th b, KERDE ) CRIBENL
LA A5, DNADKEBIVIERICES DT, 7S
SEHI7SRRL & (275 B, tetrazolium (T X % ArpR G
HEk7 % mitochondria L3 A EEE, MuddbD 23U
& LT L 7gnh3i 202D, Knaysi2D) 3 eh 28T
B2 EBEDT. HB) I KIEHE K12 #O recombina-
tion DB tetrazolium THERG LU Fr2H0
THEELL, bridge BAREICHEERLY F- CBET 2
O % PEIRBIIEIC & b AT, COFRIE, FREIERDE
THHCERRBTH, )5, phage BHUCT XOTHK
iR edtc UlcBitkicd, TTC BEUENISALND
LOHEMW bh Y, YUtk % %> mitochondria 7>
DO—JFITIFRDH T

ZCRRIZCE L, RveF UBREETH S T L

2, CORG I & B MIBLEEFT RO R FIR T 2
23, AEERTH, tetrazolium THMHKYLE LIZD b I
T3 &, o ed FERED PN b S LT
%o EERENL Y € MICEDOT, BRESTHRAE LR
W U RECET TBB LI D EEAL LN S,

J¢4%ic, naphthoquinone (DU THREZHE DY 6
w1 k5, 1933 4: Anderson & Newman?(Z X-2TC
4ERE kX b phthiocol 755 —FED naphthoquinone
PBREIN, HOMRKEETSEF AN €D
4%, Francis 5 20 (ZHERE & b vitamin Ks KiPIH
% 73¥E L, phthiocol ASEMRMN T X b B iEE LT
AT A C &% R LIzH5, Noll 200 i3 1,4 naphtho-

W OEINE EILE

quinone @ polyisoprenoid #FHEfkE UTHHELI,
¥ 72, Kashket & 3 (T X b, naphthoquinone A3HiiR
WHOERNEMCEET S EDPABAIN, TTC Kb
DOEFEHIEESE A ED L~V T b h 5 B
XTbo

@ i

W R AT U, &5 B  tetrazolium
MIEBE R MRS UTz. TT2, COBERTEGYE UNEE
Yo 3 U, BRI UGB RES D H B T & 23D
72o UM L, HeCly ik s RGMHE, HEORELD
BRI b 2 B3 CEBRRINI,
CORIGRICIT 5% VLAYOBE, HiEREERE
SMCF T N EF 2 UMEFET B C & RRTHE R HDICEHR

R RO BB E# L E T,
X B
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“Tetrazolium Reducing Granules” in Tuber-
cle Bacilli. Koom:i KANAI (Department of
Tuberculosis, National Institute of Health of Japan.
Directed by T. MUROHASHI)

It has been known that there exist intracellular
granules in tubercle bacilli which reduce tetra-
zolium salt and are stained with red formazan
(reduced tetrazolium). The present author con-
ducted the following experiments to examine the
nature of these granules.

1) Tests of 2 « 3«5 triphenyl tetrazolium chlo-
ride (TTC) reducing activity by whole living
cells, particularly the change of activity due to
age of culture. Relation between the yield of
particulate fraction from living cells and the
age of culture. (Fig. 1)

2) Mechanical fractionation of whole living
cells into particulate fraction, soluble fraction
(cytoplasmic fluid), and disrupted cell residue.
TTC reducing activity of these fractions in com-
parison with the original cells. (Fig. 3)

3) Inhibition by HgCl, of TTC reducing ac-
tivity of particulate fraction in the presence of
soluble fraction or lactate as substrates. (Table 2)

4) Further fractionation of the particulate
fraction into two subfractions; large particle frac-
tion and small particle fraction. TTC reducing
activity of each fraction was examined in the
presence of soluble fraction and of lactate.
(Table 3)

5) Mechanical fractionation of vitally-stained
cells with neotetrazolium to examine the intra-
cellular distribution of reduced tetrazolium, (Ta-
ble 1)

® Ok ok Kk k% k%
From the results in Experiment 1, it was seen

that TTC reducing activity of whole living cells

was the highest in the culture age of around 3
to 4 weeks. The activity was much lower in the
younger and older cultures making a rather
steep activity curve due to age of culture. The
yield of particulate fraction was greater from 3
week cultures than from 4 week cultures.

From the result in Experiment 2, it was clar-
ified that TTC reducing reaction in whole cells
is caused by the activity of the combination
between particulate fraction and soluble fraction.
The activity of one of them alone was extreme-
ly low. When lactate was used as substrate,
particulate fraction was active in reducing TTC,
but soluble fraction was not.

The result of Experiment 3 indicated that Hg
Cl, strongly inhibits the TTC reducing reaction
by particulate fraction when soluble fraction is
used as substrate, but not so much when lactate
is substrate.

The result of Experiment 4 indicated that the
large particle fraction is much more active in
reducing TTC in the presence of soluble frac-
tion as substrate than in the presence of lactate.
On the contrary, the small particle fraction is
much more active in the reaction in the pres-
ence of lactate than in the presence of soluble
fraction. This observation, together with that
in Experiment 3, suggests the heterogeneity of
particulate fraction in regard to TTC reducing
activity.

The result in Experiment 5 indicated that the
site that is most strongly stained by reduced
tetrazolium is the particulate fraction. When
the reaction is stopped in a defined time, the
soluble fraction-is not stained at all, This ob-
servation, together with that in Experiment 2,

shows that tetrazolium reducing sites are intra-



726

cellular organization of the cell.
% % %k k. k ok ok ok

In 1959, Slater found that vitamin Ks3, a
naphthoquinone derivative, can reduce tetrazoli-
um directly. The next year, Kashket and Bro-
die reported that naphthoquinone is principally
located in particulate fraction in acid-fast bac-
teria. In tubercle bacilli, haphthoquinone has

been known for many years in the name of

Wk O EE BE1lE

phthiocol, which was recently isolated by Noll
in the form of polyisoprenoid of 1, 4 naphtho-
quinone,

The observations reported in this paper were
discussed referring to those recent publications
cited above. The previous reports on tetrazoli-
um reducing granules were criticized especially
from the heterogeneity of particulate fraction in

regard to TTC reducing activity.



