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Abstract

The results of electron microscopic studies on the cell fine structure of Nocardia sp the location of
tellurite-reducing enzyme and the reduction part of T.T.C. (Triphenyl tetrazonium chloride) were sum-
marized as follows.

As the fine structure of the cell, the membrane-like structure with unit membrane was distributed in the
cytoplasm. The membrane-like structure had complicate forms; some of membrane-like structure appeared
spiral form.

As the metal tellurium salt appeared in the cytoplasm, it is obvious that tellurite and tellurate-reducing
enzymes are present in the cytoplasm.

Reduction of T.T.C. took place in the cell membrane and the intracellular membrane-like structure.
Therefore, it was thought that reduction of tellurate and T.T.C. took place in different parts.

T.T.C. formazane formed in the cell was reoxidized by osmic acid which was used as a fixation reagent
for the electron microscopic specimen preparation. As 95% T.T.C. formazane was soluble in ethanol and
embedding materials and removed out of the cell, an originally formed formazane appeared as electron light

part on the electron microscopic image.

Order Actinomycetales, Family Actinomycetaceae o]
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EARROZ ERHA FHE A USel Bi#
el AR ERIR TS HRS] MBS BEHe &
23 AFREE vebdch

=3} Nocardia W)= N. opaca,
naphthaline® &, N, opaca, N. erythropolis, N.
globerula, N. coeliaca 9} 738 R -2 phenol® &, =

& N. salmonicolor ¥ parafin® &, = N. rubroper-

N. corallina =

tincta 9} 7}o] benzine, petroleum, paraffin oil ¥
paraflin® & ME—0] RFP o A AFIE
Eol Qo] Aoz BRI MRS Y=
= vk zev ol BE, AMEB Protdl 3
A E B @&} QA 61801011210}
Rl #Hamg gA X3tz & Eolyst oY
AFCEHWEA A E 2 Wt 29/ #
] gL T} 14,16,16)

EEY AW EAT #iks phenol T¥ B
HEHEe) FHAY BEBRER Y S8E Aoz
4] phenol & &{b3l: Bo A EiHIDE {3}
o] Nocardia corallina 2tz BES Aol (WUTF

Nocardia sp. e} g#ste}).

283 Nocardia ¥ o 2= Corynebacte-
rium, Mycobacterium & 5 4 ¥ o % WS
tellurate P tellurite & @ -& 3ol A 3ZEAF| A
EBod BES wEgds 2L dey ¥#6A 9
Z, o] BEY BE oF Wl A e
tellurate X tellurite & FRJgell &3k Aojzta &
A gieh 08 mebA oleldt fhdyS BIEA tellu-
rate X tellurite SBTCEEES 4R o ofF
At BRHEENOZE tellurate 8] HE -2 FIH
&t} Corynebacterium diphtheriae 9} EERS 3o
@3l & diphtheria fE HIES] BREEANE 29
Skeh 09 oelm mgt o9 BEEEMY AFAL
Corynebacterium diphtheriae B85S B BE7T H
o] A FHHKY B KAt Aoz F
FERY B = MR o Het, 0

g9 Mycobacterium o] Qo1 A& B9 AfFEED
o REEE e 2A FHNAL FIE £ po-
tassium tellurite (Ko TeOs) 2 #Zihel] #FHhnst=l AMg-
Bgol A= BHol BEHA 488 4 FRE
PRI A & BHMEE/ BolA @om 2 potassium
Mycobacterium EIS] ERo) {HHEY
T drhe #ir Yo @ 28" gese
Mycobacterium o] potassium tellurite & BIE3le]
BEd BES BET WET o Bk EHRELE
2 2 Fhiehe] BfRel wWE WE slq o F

30 b b

tellurite 2

Apolo = o] w & MRS BRA Rt
st ot

o] S E #ol tellurite 2 tellurate ¢ w3l FREE
el ERlel EES MET ke Aol g A9
o}, 22y Mycobacterium 2 Corynebacterium v}
ol =
Proteus vulgaris, Staphyrococcus aureus 2 Esche-
richia coli %ol SlolA & ol & &BRtl S B
b AL ofn B WK sd Keld 43 A
Ao @ tellurite L tellurate SRTHFEE B4t
ol glolA 433 Y& Hfis vehlle Aoz 4
ZAE oy, 28 7ol Mycobacterium 2 Corynebac-
terium 2| ¥HHE Q] Nocardia = 343 BFY &
7Y B AEE o] BLEFRTT HEITE
AE 4A = @

PLE} 7o) fetpel QoA tellurite 2 tellu-
rate RITBRS] e BB L EERAE 73
Z o] BRO BREBY WA 9 RS RS
o 3 Wew 2ohA 2R g ¥ ol ofF
HEsA WA g gtk

Mudd @ &s.2. Mycobacterium thumopheos Z- tellu-
rite \} tetrazorium B0 2 HmI) FER o] 5o B
FTEQl £ tellurium ($HREE ) 9 formazane o]
WIS e A BETHEESoR
BEs o2& HEY BLKES HHisR |hET
FAA deldetz @A S vk zEv Rk
@ = Mycobacterium aviam S BEWESF & MRS
+ BROGHESI  tellurite SBABERE KA A
o HES —3E FAT KR ARERRS e
T.T.C. (Triphenyl tetrazorium chloride) 2] BTHE
J1& 7AA A G tellurite o] SBILAEN L 2R R
%, g2 MBS oA tellurite o
BRESS el BEeReIAY T.T.C.9
tellurite o] BIL-E A2 E8 & o] deldtt=
e vk

¥ #7t Nocardia sp o] #8 EBRRE FHE
2] Mycobacterium o %43+ HEEBES 22 R
& 449k

22| ste] FHAAE 4 EEERN A 2 tellurite
9 T.T.C. o] BxBAE HHT Bo.Z BWEY
Kol 93 BTEHESY $2E o] KXW &
MEEEel obge] olES Buibfrel HWE HMRE
Bashe wpolrh

o] tellurite @ tellurate & BIT3}E= Ao
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1. {EREK

AER] 3 Wke TEERY mETRE
g {kHtste] Nocardia corallina (CF222)elz
[gt Aoleh. AB- phenol & #--3 RFEH
23 A gFS ERFoZAT K, KERES
24 phenol & {FHIE ARl s REFSHA
/f:#i8} A vh phenol Rl glucose & {3k
g o AFe] Folie

2. mEE

A BRgQ FERCl 1ol A e GHEREE MU o
T 9o AE#HS tellurite FBRBFES] HHR
WE Ao 23RS HEd A3 W
nutrient broth 2 {FAstE . A2l phenol oxi-
dase &= £5ifioll phenol o] F7EE i uF B§fEA] ph-
enol oxidase jio] Holw 44 BEREHK A 7he
tellurite SR TTRHF5E T phenol oxidase 9} =heba] fr
AR BfRAlel T HMgA fEdEstoz B
#o BEE BRoz T o Bl %S nut
rient broth 7} A o] Eo] v}, AFEge] (HmESH

ELo] TEO
ol B

Table 1. Nutrient Broth,

Meat extract 10g

Peptone 10g
NaCl 3g
Distilled water 100 ml
pH 7.6~7.8

Table 2. Synthesis Medium.

K,HPO, 0.5g
MgSO4 . 7H20 0.2 g
NaCl 0.1g
FeCls 0.02g
(NHg)2S04 0.5¢
CaCly 0.1g
Distilled water 1000 ml
pH 7.6~7.8
Carbon source
Glucose 1%

_ Phenol 0.1%

nutrienty broth @ &ApEEHS] M-& Table 1,
Table 29} 7o},

233 KRS oS- RS WEd oW
s fRst el s REERELR HEslad,

Nutrient broth & {#fi3}e] 30°C oA fKrgsidd
RIS W, BFH, BEHE 408wl B

3. M £FAE

Nutrient broth & {# fisl| 4] k2314 S W& 85
W 10ml & ROsia A o WIS R A%
KEA 20 P % 25ml o] AUEE) ABikel
fEste 420mp ol A WHKEE HWastel et

TS = HBE kst g s o
o2 420 mp ol A BECEEE BuEstYl . Bl
Bkl RS R plate® |-9] colony #(S count
;A HEstg ot

4 BWTEREY 8%

EEE MIRAS] BHEE ETRISi s B
371 Fote] o) o] EER-E E 2 Palade®EER S
fEetg en EEwke pHE MR sk
$el A i) HHke] v pH7.4 8 sty
h 283 FEEERE-e 4°CodA 208 EEst
B, kel wheb ke etanol @] graded solution
0 2, penetration -2 propylene oxide 2, {21 Luft
@9 Jikel] 2]3}le] epon mixture & Hi{rste] Ultra-
microtome ©. 2 400~500A 02 FWHE 1% Rey-
nolds®0 9] TS dhe] BWTHikEio s Y
Blgl et

#BR Y BR

Mycobacterium, Corynebacterium %ol Qo] A=
Kol tellurate L tellurite & mdle] Keagepd B
el lol A tellurate B 2 tellurite B8 203t
o] & tellurium & #Hiigels 2ol dsyx 9
At oA Higl A E ofF e FA BRS
+ Rz Yee As dsdh ez EEA
NA 9 &BHES BLHMALE HEEH B3d 8
WYkl K B TRBES RS S o]
= SEEe Rt ety Bekd T.T.C.
o BILIEHC Bl A= 84 #Eista o

w7 ABEE nutrient broth o] 4] 40 B[ Kk
EFWES MR BmiEs: ETHHESc s B
gt 7l e 2 4] Fig.10]4 2% vk} 70| unit memb-
rane & ZFX /NEfro] 43 FMEEE S MilEA
of ffiElel ek, ez =F o] ke IFHL
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cell membrane 3 QA== MK MiEA
a4 = BA &HA AT Aoz F2I+

HEEE st e A=

Bl mesosome 7} 7+-&

. (Fig. 1)

Fig.1. Nocardia sp Cultured in Nutrient Broth for
40 Hours. Intracellular membrane-like stru-
cture appeared around the septa. (X 40000)

Wi o] unit membrane & J}R ARG ST
4 gl sl

&2 nutrient broth off T. T.C. 3
lurite & pnste} Nocardia sp 2 ¥%% A& BT
fEpdo 7 BEE fE Fig 20149 7ol HifalR
9 4ilEp9REtE HEXE B unit membrane & F}A /b
gkrso] T.T.CBITHArt Yehvie ETHEK
#EERS d9+

2 potassium tel-

Fig. 2. Nocardia sp Cultured in Nutrient Broth
and treated with T.T.C. Arrow indicates
Parts of T. T.C. and Ring-like. Appearance
indicates intercellular membran-like structure.
(X 80000)

9 tellurite o) WAL Fig 3014 vhehd
A5t 7ol MBEAA ol & tellurium 9 47
Hiol ey T.T.C. 9 BTfEMel Sl MMBL
5 AN RS AL S tellurium ] 7
e BEnA ek

Fig.3 Nocardia sp. Cultred in Nautrient Broth

and Treated with Potassium Tellurite. Intra-
cellula black granule metal tellurite. Especilly
arrow indicates remarkable crystallization of
metal tellurite. And also intercellular memb-
rane-like structure(M) appeared arrow the
intracellular center. (X 70000)

olghzg WAz Rol MRl T.T.C.
= tellurlte BT A8 & oo s,
T.T.C.STAE-S A 2 AL Msttaol
Holw tellurate P tellurite BWTAFRE  MMIETol
#fEste] ek ZloR A4, 28 oul
ETRHEBY RN o5 WE BT
BRsLst: RS MR 44 BHhalegs A
< > HEY Wuk ol 43 T.T.C. Bty
B (formazone) & Zol= %3 2toub aleohol 3
propylene oxide o] = WEFe) Bl A& EES @
e BETEMBC R BE5 918 aleohol 2
propylene oxide o] MWEEE AN A for-
mazane & BME ¥8 Hls o] oy W o] b
WY EFBGHEO] S04 H£51 T.T.C. 8%
ek HIHT WAl 4 Mol st
WEE o $- 9 o), zaw e qEe ¥
71 913t v 2 HBS s

1. B2l & phase o] @3t tellurite % T.T.

C. ®Tae

B & Badt tellurite BTAETS) BIGE 58
B3} nutrient broth o] $%3%8 4 phase 9] Wik
BA#% 100 mg & M/15 phosphate buffer (pH 6. 0)
4.0mlo] #HE3te 0.5% KTeO3% 1.0 ml 7}3F
o] 37°C 604 incubate 3 ©}-2 BBE %Mk S5ml
A ol st WKE (500 m,u)% FENA B
8o HHss &8 tellurium -8 tellurite SZTTHE
2 2 3t e o #52R Fig 4 oA .‘}.—‘& whe} 2ol Bt
B 200f]S] Eol MAMEE vehie] 208RT Bl
E B9 Einet B AA ek

28]z T.T.C. 9 & W4l H Bk &
phase Bil% 1.0 g & nutrient broth 25.0m/ o} sus-

o
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Fig.4. Growth Curve and Reducing Activity of

Tellurite at Each Phase.

pend A o] W 9.0mlio] 0.5% T.T.C.#% 1.0
ml jndte] 37°C 54+ incubate 3 ¥, 20 ml for-
malin & fudte] RKHEZ BAAA ELLHES ] 2
E HifsE #eyest s chloroform 6.0 ml, acetone 0.5
ml & fnsle] EEEol] K™ formazone & it
A 480 mp ol A BIEIEES HiEs e BRI It
2 k3] T.T.C. sBTheez stath

Fig. 5o A9+ zre] T.T.C.B7hE->
7ol Hekfh 20BNl A Eokfiel ol2s A
wrobA o] whel WA ekl 50RS] EA el e
Ax T.T.C. 98 &EthEo] thA #ins ok

tellurite <}

z|z
S
30
209
it
10 20 30 40 50
hrs
Fig.5. Reducing Activity of T.T.C. at Each
Phase.

=2
T s 49 And
m

we}A] tellurite @ 7CHEs} T.T.C.3BLRES 4t
A FEHET ovete A & F A o#3
TiREA WY RIMEe A—3 Aoz A
¢+ dh
2. EFEEMSE DEE StvI91E REel
o gk Ex T.T.C. o gt
groll Al wi=ubs} zto] EEfgol] k& T.T.C. %
4ol whel At gigho] AARE o] EIT
2 ojw g wlolx HEAClA Qelun  TERESel
] o

Lt

N

HIEE

AE QovA Rerh o Hd HHETH HEA
of frfeshs T.T.C. BrMsRE Solshd wist
wiskeE Aol bz HEA slolA wWRae

HaEe dE Aoz
3% 4 gk 22y T.T.C. & &EBste] M
¥ formazone o] 1L T-HMkEE MRS 37 f%te o
2)7}=] FigE g0 osmic acid, alcohol ZFo 2 JEH
soz PR e fifEfhel A B B
Z OB R EEAR Kol A4HEzE ded
ETEMEgez By HERATThe
AL wBe Bt Q7] W Fel o g BE
& Ao ohest 7S HEE SR

(1) T.T.C. formazane 8| osmic acid off &3t

Bk

Fa4l formazane & (IS A formazane ] osmic
acid o k3t BEHLS WETSHY] 984 formazane
5.0mg< acetone KT (3 : 1)50ml o} BHEAA
o] formazane ¥l osmic acid & 0, 0.1, 0.2, 0.3,
0.5, 1.0%7F 517 tnstel B@AA ERe Bt
sha A EeRES] feRsel BMEE JRESH ol |
Serpe] BMbz RE formazane o SMEAE 2w
Fig. 67 7o) osmic acid #Emngel #mst &£
formazane -2~ £xi3] (b= o] osmic acid ¥in 20
Bl s TRNES Aolol BifRelel BMbEE 7
9 40%% etk webA osmic acidel RS
BRI ¢ SAste s HTREE U
e BiREA formazane o) FRRILE MHAAE <
g o)

29} A HAEHIEPe) formazane & HRAA T
R vhE By formazane o} osmic acid
o] k3 MtEL nd o33 2k

Fig. 7 o] A 8} 7vo] Bi#ay formazane & EEWS
osmic acid YHES] it Tl Bo) Mfbiis BN
o) Bl 2085 0.1% osmic acid o} A # 15%,
0.5%0] A # 23%, 1% osmic acid off A 3= 9 38%
ks 97 = Foll ETRAMEE Wk RERS BlE

o

Ay
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Fig. 6. Reoxidation of T.T.C. Reduced by Osmic
Acid,

Ratio of Oxidation(% )

10 15 20

<
)

. . B
Raection Time(hrs)

Fig. 7. Reoxidation of Intracellular Formazane by
Osmic Acid.

Hafpol] whr} KRy formazane & 9] ¥ 40%7}
Faibe o] B2 SE WHEEE Aoz A4t

(2) Ethanol 5! prophylene oxide 0f %3t ##l#

A T.T.C. formazane 2| #jy

T.T.C. formazane & o] Hai A& BHER
BAT —BHYo E FEIAE HalAE BB3A
15175 = 2 ethanol, propylene oxide o] )5 A = 7]
kol vk, whebA ETFEIEE R 3ol A
ethanol ¥ propylene oxide = KB o 2 @i
Btz ek el E EEeAel TMERE formazane
2 BOK, @iEge] Adk ol HhiEe] glold
Aol B whebd WM SR
ethanol, propylene oxide pEFiol {3l 1945 HEiaKX
formazane & Marsts] st th&at 2o R
< 39tk B BEEA] formazane & KA A E
2 g 50, 80, 100% ethanol 3} propylene oxide &
wnated 1,3,5,7, 10 B BB A B4R forma-
zave o] fliHZRE s 24 Fig. 8 2 o] 50%,
809% ethanol o HhiH-2 Bizeglo]l 100§ Mol Al
#15% 2] A el ek 100%  ethanol of A
T fhitiEso]l A S s A oF 25% % dEhd
v}, 83 propylene oxide #7 50% 2] formazane o} 7§
sz BIEE ¥ g ek ,

(3 E%E, BBk, @Bl k3 AR formazane

o #mER

BlES] WHERELE BAT vlelzte) HEEA
o pE formazane £ EwE, BA, BEE AH
A AFEEEeR BEY 9 779 o8 249
Bl A AFE 9] Hkol A=

uteba HEE BE, Bk, ®RE AX i
ol ol A= formazane o] FHkirhol] #rfEsle
7t afshd o33 2ok 80 B4R formazane
& BEAA T2 BE BK 8 ERtA B
B Fob (E8) = £¥ formazane € Hiilliste] &
Bhepol sk formazane B-& WS #5 R Fig.
9ol A&t 7ol T.T.C. frfrsRio] BRERRlo] HisRN
formazane -2 & T-FAMEE BiEE FAA 909% LL
Lol EE HE BHiEe BEdls FELE R
Ktrhol 754781 formazane & 9] g1-& Zlolvh

PLEF 2o iRz T.T.C. EHHEES
WFREEE#] formazane JUEHA-S v+ B
oA B dpgze] MilER BT EANE $5eletx
#EY g glor o 42 ofnt T.T.C.d k)
o] formazane & JUELSIE Tt BEE, Bk, Eme
BEEE Hete] Hilid Moo zA fsse]l 33
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Ratio of extraction(%)
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46
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Fig.8. Extraction of Intracellular Formazane by Ethanol, Propylene Oxide.

100
/ L] hd b b
% w0
2
2 60
a2
3
e
2 40
|
20
5 10 15 20 25 3 min
Fig. 9. The Ratio of Reduced T.T.C. on Fixation

T.T.C

Treated T.T. L,
Fig. 10 Schema of Cell Treated by T.T.C.

& formazane Y # HiE #HHE 2ed A
1) grmvhz A7 ek, 89 tellurate B tellurite
BERNGE &5 telluium & Hiliels] AEd B
S, Bk, WEEE EEe &RA FH Bl
Hx e Az Axdch oy WrEHES
£ tellurium o Fadiiry T.T.C. 3 BxXH
frg Mz ol ¥ ope} o4 HEstm A
5 vHFig. 10 #EEER).

B B

Nocardia sp & #IBA iaasg 2 tellurite
‘|UEEY e T.T.CORAENAEE BFE
e 2 BRAAL B o8 2k
MR BRI ¢lol Al unit membrane & 7}

and Tellurite,
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A RS 53 MBS St MlEY 40
ol xm o A& EHEI 534 2AYE ¥
Bx vk &8, tellurate BRS) IFdiol MilE Fol
el z 2 tellurite R tellurate JBTEE RS HIHVE
dhe] FE7ESTE AS ¢+ gk 2852 T.T.C
o B MR 2 MRaRREEERSE WA o
ojyte}, whabAl tellurate @53} T.T.C. 3BT A
2 RS HfidA godE & 4 gk

EEnol Bl T.T.C, tellurate & [EEE|
osmic acid o] {k3te] FRRILE, ©$71 BRAKE
2 {#FEHsE 9l ethanol o] Y31 of&-2] (i)
=7 dZo <k 95%2] formazane o] HHEAE
BHiEe vorz HERe MlaRde A for
mazane ©] fFZESER] 7] #Fo] BTHEESESS
BTFE BN Mo 99 formazane o] T R
o #ael Aok

2 % x K
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