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The 57 th Annual Meeting Symposium

RECENT ADVANCES IN THE RESEARCH OF TUBERCLE BACILLI

(Received for publication August 11, 1982)

Co-Chairmen: Tohru TOKUNAGA* and Ichiro TOIDA**

Symposists:

1. Fine Structure of Mycobacteria: Kazue FUKUSHI, Department of Bacteriology, Hirosaki
University, School of Medicine,

2. Genetics of Mycobacteria: Yasuo MIZUGUCHI, Department of Micobiology, School of
Medicine, University of Occupational and Environmental Health,

3. Newer Approaches for Structure Analysis and Physiology of Mycolic Acids: Ikuya YANO,
Department of Bacteriology, Niigata University, School of Medicine.

4. Superoxide Dismutases of Mycobacteria: Masamichi KUSUNOSE, Toneyama Institute for
"Tuberculosis Research, Osaka City University, Medical School.

This syposium, entitled “Recent Advances in the Research of Tubercle Bacilli”, was held to
commemorate the Centenary of the discovery of tubercle bacilli by Dr. Robert Koch in 1882,

Since the discovery of tubercle bacilli, enormous amounts of knowledge have been accumulated.
Various species of acid fast bacteria other than human and bovine tubercle bacilli (M ycobacterium
tuberculosis and M. bovis), which have been found by Dr. Koch, were isolated from various sources
and identified as members of genus M ycobacterium, and the relatedness of M ycobacterium with Cory-
nebacterium and: Nocardia were also established. The development of highly sophisticated instru-
ments, such as electron microscopy and gass chromatography-mass spectrometer (GC/MS), enabled
us to observe the ultrafine structures of tubercle bacilli and to analyze the detailed chemical struc-
tures of very complicated mycobacterial constituents. Despite the many difficulties in experimental
procedures, the studies on the metabolic activities and genetics of tubercle bacilli have achieved the

steady progress.
The Japanese researchers have made great contributions for such advances in the fundamental
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researches of tubercle bacilli, as summarized in “50 Years in Tuberculosis Research” which was
published to commemorate the Jubilee of the Japanese Society for Tuberculosis.

In this symposium, four symposists presented the most up-to-date results of their brilliant
works,

Dr. Kazue Fukushi, Hirosaki University, showed many beautiful electron microscopic photo-
graphies of the ultrathin section of whole bacilli, cell wall, cytoplasmic membrane, mesosomes,
chromosomes, nucleus, polyphosphate granules and pili of mycobacteria. From these observations,
he proposed the schema of the ultrafine structures of mycobacteria,

Dr. Yasuo Mizuguchi, University of Occupational and Environmental Health, developed the
method for spheroplast formation and its reversion to bacillary form. Budding and elementary body
formation were observed in the reversion process, and also a filamentous or mycelium-like growth
These

methods to induce spheroplast and to convert them to bacillary form may provide a way for the

accompanying branching and occasional septation were noticed in the regeneration process.

new manipulation system to study the genetics in M ycobacteria.

Dr. Tkuya Yano, Niigata University, reported the results of GC/MS analysis of mycolic acid
and their temperature-induced changes in M ycobacteria and Nocardia. Overcoming the tremendous
difficulties to analyse the chemical structures of such high molecular and complicated substances
such as mycolic acids, Dr. Yano clarified the composition of molecular species of mycolic acids by
the elegant application of gass chromatography-mass spectrometry. He also demonstrated that the
In M. phlei, the

longerchain molecular species increased at the higher temperatures and the shorter ones at the lower

mycolic acid composition varied dramatically with the growth temperatures,

temperatures, while in N. asteroides the less unsaturated species increased at the higher temperatures
and the highly unsaturated ones at the lower temperatures,

Dr. Masamichi Kusunose, Osaka City University, purified superoxide dismutase (SOD), which
is an enzyme to catalyze the reaction: Oj;~ + O3~ + 2H* —— O, + H,O,, from various myco-
bacterial species. Molecular weight, contents of metal ions and amino acids sequence of SOD from
several species of mycobacteria and other bacteria, as well as yeast mitochondria, were compared.
Changes of SOD activities of M. tuberculosis, M. lepraemurium and M. leprae according to their growth
phase or their physiological environments were followed, and the biological significance of this
enzyme, SOD, for the survival of these mycobacteria within the host cells was discussed.

We, co-chairmen and symposists, all expect this symposium would be a milestone to stimulate
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the interests of many researches for the further studies on tubercle bacilli,
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1 Mycobacterium smegmatis

BIF {5 % 82, 000

CW, cell wall; CM, cytoplasmic membrane; CrW, cross wall; Nu, nucleus.

E2 7=05vHEofEL
Jz Mycobacterium smegmatis. X
84, 000

KHID7 =) FVRF2RT,
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Fig. 1. Agarose gel electrophoresis of
plasmid DNA molecules isolated from
M. smegmatis strains R32, P53 and R17,
The position of Col El (4.2Md) and
PBR 322 (2.6Md) are also given.

Fig. 2.
M. smegmatis strain P53. Arrow indicates plasmid
with molecular weight 28 Md.

M. smegmatis VLRV NI WS FEERY L DS FIAIF
PEET D LW b T2t —7F, BTEMEY
FAWT R e bhsd 7523 FORIRHEIE L
LA, 2.3Md, 2.5Md, 3.4Md, 3.9Md, 4.0Md »
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U< POz 225Md & 2.9Md o/hX\W7 T R 3
FoMcM2iwrmt ks 2868Md okX 2242980
PEEL T, ThbD 7 I AT K\ b ERE

[ o T B, M. smegmatis DBHITITIBEEHER L O
75 ) AV EERRE & DBIRIC OV TN TR, B
FELTL dFEHREY HE S F TOFERIBELR TV,

772 P53 w R 23 hi- 28Md OkZTXDF 5 R 3

695

Fig. 3.
plasmid DNA isolated form M. vaccae.
V1, photochromogenic smooth colony
forming wild type; V2, photochromo-
genic rough colony forming variant;
V4, nonphotochromogenic smooth colony
forming variant.

Agarose gel electrophoresis of
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Fig. 4,

Agarose gel electrophoresis of
plasmid DNA isolated from M. interacel-

lulare strain 103. Tr, transparent co-
lony forming wild type; Op, opaque
colony forming variants. The position
of Col El (4.2 Md, OC and CCC form)
is also given.
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DRI TELHFRER T v + 77 A 2 EBRCESLE
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Fig. 5. Cell wall deficient form of M ycobacterium smegmatis strain
P53. (A) Purified suspension of cell wall deficient forms (bar re-
presents 5pm). (B) Ultrathin section of a protoplast (bar repre-
sents 0. 05pm).

Fig.6. Phase contrast micrographs of regenerating mycobacterial protoplasts. (A)
after 2 days, (B) after 4 days, and (C) after 7 days incubation in regeneration
medium (bar represents 5 ugm).

Fig. 7. Scanninig electron micrographs of regeneating protoplasts of M. smegmatis. (A)
20 hr after incubation (bar represents 1 gm). (B) 3 days after incubation (bar represents
0.5¢m). (C) 7 days after incubation (bar represents 2 pm).
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i

Fig. 8.

o B E E12E

Daughter cell formation of regenerating protoplasts. (A) Elementary body

formation. (B) Irregularly septated protoplast. (C) A protoplast releasing daugher

cells (bar represents 0.5 pm).
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1% 0.1~10%< B\ TH D7,

BIROER X 6 ~ 8 IR LA, BENDOEFIE
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Mycobacterial cells
(glucose-yeast extract-peptone)

hydrolysis (1095 KOH methanol for 3 hrs)

extraction of fatty acid

methanoli'sis (benzene-methanol-H,SO,

10:20:1, v/v/v)

Fatty acid methyl esters

separition by TLC (hexane-ether 4:1, v/v)

mycolic acid ester

trimethyl‘silylation (BSTFA-pyridine 1:1, v/v)
GC-MS analysis of TMS-methylmycolate

(2 % OV-1 at 340°C)
Hitachi RMU 6 MG (Ryhage-type separator)

jonization current 60 pA
electron energy 20 eV
accelerating voltage . 32KV
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GC/MS %A\ T 535 &, F3 Corynebacteria T
13 Caz ®Hulh& LT, Rhodococcus Tid Cap-50 AIED,
% 7~ Nocardia T} Cyo-g0 BifE D, % L T Mycobacteria
Tt Ceo-go BIEDE L LT BH $ = — AR LT 2

701

Dia—LEAFA=RATAL TMS FEMED 5 B N,
32— VRO E AR D
2 AANRY W AR MTICRT, FOEE, Ia—1[ER
AFL=AF L TMS F#EkD <A A7 b X, X8
CRT L5 R I WSRO T F S AV A A Y
YKL, HFA 4y M, M-15)%, (M-90)* 1 *
vER LY, I=2—-ABOBKELRR IOCIEREEEN
WEIRI, ThERLT7I 7 AV b4+ VvV (A) i
V3 (A-90) 1 o+ v d —c B IR S h B hs, Thbik
BE#EES (FTsbbsr 27 —1) OEEERLTE
n, —F, 7372V 44V (B) ¥k (B-29) 14

polychromogenes @ Cisggo,62,64,

o N N S N 3 3 - :
SR~ 273 BHEhE M5B ITHEGE6), Thb VI3 e QB DIRNTIC B Chote, M. phlei pBEDR
00—

8 137106101 A
(16+42)|
50 673422) |\g520 r;t;
o s75421) o
o7l 90§ 9420582)
(423 ! ) :
‘:&Lm ihglgifwssu
30 &5 5 50 50 650 &0 700 70 850 50 %0 1600 0
100,
B8
oo 71500
N M-90 M-15
A-90 o 880 955
7044:2) T oM
6l v,
57
& (4%95?{ 38\ Gr01602)
1613 717 ' 968460:3)
w&& e e i | ‘*ﬁm ‘il‘bs,ﬁzzeo:u
| b | i il
|0§5O 400 450 500 550 600 €50 700 750 850 ’ 900 *0 1050
8
Ce2 37116:0)
(164465)
-0 A M-90 M5
206 %8l ¢
635 ) 2w
&7 o )
J %64 “ 994(62:4)
o 629 72341729(46:2) i 7 9981522}
L] o3 L i b B
350 %0 750 50 550 50 &0 750 =) 50 500 £ 000 1050
o
Coq (B
ooy 5710600
A-20 A M-20 M5
663 7530484) o322 M2 xo‘oogw
| ) 934 90 [ Bniaa
66l s I e o0 oo 6(% 45
[ " \[rsras2) N 535 jm | HI\M&
30 40 750 550 550 600 0 750 750 &0 500 EZ 1600 1050
mse
Bl 7 N. polychromogenes @ Csg, 0,62, 66, I 2 =N A F L =A T TMS FlifkD <= AAN7 b

B unit: a unit
(C20-60) (Cg-26)
(A)
CH3 CoHanr} CHIFGHCOOCHy

|$ CaHarr

(m=18~58, n=5~23)

~(CHs) &y %3
Si(CH).
(M-15) ~((CHg)ssiOH) |~ 22 CHs GyHam~CH
HCHOH) ® o*
CsCe SitcHa)s
(M-47) (M-90)  -{(CH3)3SIOCH,) CH-CHCOOCH; fragment ion (A)
1
0 CoHag -(CHy);SiOH)
éi(cﬂ;?
| 3 -
(M-i03) fragment ion (B) (A-90)
~(CHO)
(B-29)

B8 El 22Xz PARRKITSTMS { 2—AfAF L=

AFNDT T T AY A F VRS



702 % BT E EI12E

% Cpgg ® a-3 2 —Af My OBFHEREFE LR 2, —HARBRLIEATHB L, afioT7 A Al
T T DFER, M.phlei D Cppgy a— 3 2 —AFRIX, HE 1% Coo F721% Cop TH B Z EENF LN D719,
U888 Cso-ss T diene & (Flakvr7rre SRR LT N. polychromogenes @ 3 2 — VR, KRR

SYBEREL) ¥HELTED, & LTUBE®ALRS $1 Cos 235 Cos WELBRIRI B8 B A, % DT

F 1 M phlei a- 3 =2 —ABEM,) AF1 =251 TMS F#Eko GC/MS X 545¥

Peak  [M]*t [M-15]* [M-90]t [AJ]* [A-90]* ([B]* [B-29] f unit @« unit

Crz:2 1138 1123 1048 785 695 455 426 Cso:2 Caz:0
Cra:z 1166 1151 1076 813 723 455 426 Csa:2 Caz:0
785 695 483 454 Cso:2 Cas:o
Core:2 1194 1179 1104 813 723 483 454 Csz:2 Cag:o
841 751 455 426 Css:2 Ciaz:o
Crr:2 1208 1193 1118 855 765 455 426 Css:2 Caz:0
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Coro:2 1236 1221 1146 855 765 483 454 Css:2 Cat:0
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# 2 N. polychromogenes 3 2 —LFRAF A =25 TMS FH#Efko GC/MS 4547

Peak | M* |M-15| M-90 Components dgjéﬁoiolgg' 1\?‘:’) ) Flagment A | Flagment B Branch structure
p 916 | 901 | 826 | CeoHy20055i1 Cse:1 647(: 1) 371(:0) m=38:1 n=13:0
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1052 | 1037 | 962 | CzoHl34058i ‘ Ces:3 783(: 3) 371(:0) m=48:3 n=13:0
Pes | 1050 | 1035 | 960 | CroH;3,058i1 Ceg:4 781(: 4) 369(: 1) 48 : 4 14:1
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%t L C, Mycobacteria @ 3 = — LERIT—RIT JR 3% Bod
%<, subclass AR HHHET, WHEIC X HFEL BT
B, EH#EE ) IAEVEE (-3 2 =L 2IXLDHE
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ADAFAHPERLY 7w T v BEEYHDOLD, A +F
CERR L OV H AR VSRR DRI B AR SR B
s a—nfEo TLC k8 X0V GC/MS Iz X 5 subclass 7¢ 5
O FRERR D S HTREE D B, M. tuberculosis complex
WBEWCERDS TEMU L& — v 2R, M.intracellu-
lare-avium-scrofulaceum complex 13 BIRERZEN D D
hao e, FRREREFTEMFTS M. phle D X578
FeEBRE L, M. smegmatis D X 5 IeIRFE OB & ORI
AN EY I 2~ (=ATFA 3 2—AEHERD D
DEEZBND) OFBCIOTRERENDHDHZ L,
BRI D OWER L b 5 FEARICH baicEn D
5T ENRMEI i, £ORER, FERMAESH DR
TECTh ot (M. parafortuitum % M. diernhoferi D
7. M. chelonei » M. fortuitum D7&, Rhodococcus DN
¥—p> Gordona aurantiaca DRLE-SIFEE) OAEZN
TN = F e & 7s o, K91 Nocardia 35 X OY
Rhodococcus 3 = — Vg D43 FHEMRL & T4 [RFERE,
¥ 7-[X10iz1% Mycobacteria @ a- 3 =2 — AR (M +My')
DL FREMARZ T,
IO-LBREROEE & MRS RDRE
[Tk 2R

Mycobacteria <27 DIyTIEME L — B2, 78254k
DO L EFECKPCHRT B L OOWELFLH, B
FHOYE, TORBEBCHEEREIEEEFEDO b OR

K 9 Nocardia % X 0% Rhodococcus d 3 =2 — VEESFHE D 4345



WA BB HI12F

L CRFEEEEN L, Mycobacteria i & HHRE
RO M. phlei D 4, 20C & 50C DT a-
32— ABORFEHEREDOEL CiebET s (HID, &
Je LT Nocardia T3, B35BT L TR
FIEEAZEE L, (ERBEFERNCIE, BETHR®Y, &EE
BRI L A RIER N IN T %, [K121T N. asteroides DK,
B T OERERSO § 2 —ABREARE <A 7 I S A Y
2574~ E DAL B ERETRT, chbD
3 = — A O T S AT B 2 HIG
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Molecular Species Composition of “a”Mycolic Acids(M;+M{) in Mycobacteria
( Runyon-1V, Rapid Growers )
[110 Mycobacteria (Runyon IV %f, Rapid growers) @ a 3 =~ (M;+My) SFRE DA
EL 80 BL 80
50 50
K(
40/ 40
78
53078 0]
2
~5 20 74 20 ™
° 82 82
= 10 10
77
72 79l b7 79

% 3 40 s & 40 50
Temperature (°C )

Bl M. phlei 0 a-3 = — LERGTARMLR © R B

X 5%k, EL: chloroform-methanol Jj H ig &

D -3 2 ~Afk, BL: MIRIEEEA JEE ® -t =

— R,

%, NEEEIEECAITAZ LX) “cold
shock” Zi@c L, BEEIERMC, B REnTE
e M. chelonei 2 M. fortuitum VIARIRANC E HAEB R
EEHELTVS, &I UT M. phlei 23U &3
% saprophytic 7 ERHIARIE OB ERBCHEL, M
FEED Y EE TTCHHE D SN SRR A e MR T By
EEEL O, (2L OE N, BERANRCE
ExZ s BACHE LB Trc b RH L
FoIDW~20 = o B, PUEEEMIEED IR E HISEL
HD—D2 L EL bh, Mycobacteria OB &1L E &

PoZlTchy, D LixEl ESR ZAVWERT
LIPS hi, T, ThbOBERHEML, Wiho
HWOBATHIEEY 7 r HRERER (1 #RRERP)
TR b (H13), PIEAEMAREECIlIE DB L HER 3
BIedIT 3 2 — AFRERANEFCEE) L CHRRICHEIS L
TWBH T ERALM LD,

RERETRERVE I - LBEAROWE

3 =~ AR ARORY, P63k, HEMRN RS
Db, &G FHEY A TOBRRNI & A KT
b Chieote, 51, fia 0 U0 iR
F 7 _AFERA ORI B, B0 ° B0 FREFRMITH
5 AR OIR D A EBE L, GO/MS %l
T YA F R HE Y BT 5 HER R LIcER,
THBIE, HEHERMIGSE & REE Ik S HIcEEls g
BrEx b LWL IO, TOMEE, M. phlei
LU & T 5 IAETR X O MAIS-complex 1ZJ5 <
LAt B = AT 3 2 — AL, Baeyer-Villiger FlER (L
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i 17°c

S

.4

|
Tetraenoic"~" I [
Trienoic --A}\{li’ \If /
.J'\j !‘J "I\/ A%

Dienoic ATy
ienoi \ [\ /i /
Monoenoic—/ YAVARY.

Saturated "A'/I\/I\/ “-T__l-_
464850 52 54 56

T
54
Bl12 N.asteroides © 3 2 — A TMS X F L= AT D <A7 TS A
V2T, EIRE (50C) TR = - @2’ ERE (17C) Tk
CEVvRIVIY =V I a—ABREEEY DD,

Of jotel

Incubation time ofter shifting up from I7 to 50 °C  (hrs)

E18 N. asteroides DREEY 7 MED 3 =2 — AERHBROEAL,
SEEEREI £ T 17C THEEER, 50C i shift up U, FEFREY
T 3=~ ARERE L HNIERERT,

OH

0
| [

CHy. (CHz)m-C’H CCANAANCHCH-COOH  (B-mycolic acid)

CH3 R

Le:

0
I

|
CH3 . (CHZ)m-CH L0 -CAANAAACH-CH-COOH (intermediate esters)

|
le-OH

CH
o
I

CH3«(CH,) -CH.0.H + HO-CAAACH-CH.COOH  (dicarboxylic
m | | mycolic acids)
CH, R

OH

3 R

OH

(2-alkanol) m=15,17 or 19 R=CyqHy, OX Cpolys

B14 M. phlei TBIFTH=AT N I a2~ CAILEFY
33— X2 T A 2 — L DA

705
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48:1  (2'%-Acetate. Norubra 30°C 4hs)

100.(M-15) 100.(B){aBranch) 100.(A)(Straight)
(48:1=32:1+16:0) (16:0) (32:1)
o Ul "
78 '

0
48:2

100.(m-15) - 100.(B){aBranch) 100.(A)(Straight)
(48:2=32:2+16:0) (16:0) (32:2)
+i6
+24 _ +8 /
(o] 0 0
787 371 533

15 N. rubra kLB X B 2-BC-EREED § = —
NBEHEER L a fllE~DI DA%, Cyg €/ =V
BIOY=v ia—AE~AD 8C O A& %R
To WS (M-15) 44+ ik +24 <ADY 7 b
%, BEEEHSCHETH 7772 b4 AV (A) IR
+16 =AD, aflifiicHET A7 72V v A4V
B) %, +8=ADY 7 FERIRT,

RIS X v, 5FIREBHRE (%0 MEH, 7 b s 2 —L@R
CRYRAERTERT S & (M4)®, Fi, N.rubra
D 32— VEBREBIL CooCue ¥ TOIRNEIELH T
BRENDBIED, Cuie 235 Caoge T TONEIEAESE D
HREG X b ik (27 s 2—28) BEHRSH,
i & OfEd, BILICI YD Chp-so 3 =2 —AREIS ERT
BT EBHB LRI (KISP, ZhbOfERND,
$ =~ A REAROEEN S X ORI X 5 JHEH
WS, ARG EROBMCHEIET D EARE SR
0%, SEFHMABRET I,

APFFE OHEEC B 70T, (TO) BHERFEF A2
HE B OKEP) %l s X OFHZ ILERIA S B LAk
Bi#dE 0 LRI G 1% 18 Ehe, KB OTIIOLE
B 20 B RBR T 37 RSB 3250 TR | LIS BB 92 T vl 1 S8
BOBRLMPEEE T, I TEESoOEYHET
%o

D

2)

3

4

5)

6)

7

8)

9

10)
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composition and

4. FBEOX—N—FFHA - VILI—E

KT RFESLEIIBIEEIIZERT M 8| E E

A—s—F P A F o PALZ—+ (superoxide dis-

mutase, SOD) 13Kk DRIG% i3 5 EERTH DY,
Oy~ + Oy~ + 2H*Y —> Op + Hy0,

AREES119694E, Fridovich 12 k-2 T Rtk #ld
TRHEE SR, EDOA—A—FFH 1 F (O77) ik
MO CIRES T b—EFRITCEI VAL 7Y
— 59T, Fridovich bic X b A EIEER
FLEL LD, 51k SOD p&EI: Oy~ Lk
Tk U ciifas 0 EL LHT B 0 L #E L,
Z® SOD DFRMNEWH L b, kLGSR OB
Rz DV T ORI AR L, BEII0FER
HELBOWIENFEELE IR TN B2, T O W% T
X, ETEEAERERERET o O BE X
Dd, O MBI D bhbe FrEFY I AN
(*OH) *—F\HEHFK (02 THDL\Vbh T\ 57,
SOD DEEMICE D D IXis\, b EKE T
SHEME T, 0 X 5 MBESEOE (4R O #
EEIE) BRIET CHES 5 2 D, BERAER K
Hep—& 1L TSOD RFEL VB ETFMLL, BT
Bk~ 7 v 7y — o2 Oy~ #FE L CREFAK
BL3 5 Z EMNHILMA LD TERYY, Th b DHIR
b, WEEEYIIUD & 5REETEEEOEE MR
PIREREIC & o CIEMMEORBIED CEE LE 2 bh
B HBEODOH & T — B2~ v £ — EORETH
S B¥S 2y, SOD B AHF5EIR e Abhig\y,
F Iz Thhb i« OFifEE o SOD iwouTEE%
T7svs, DT oL 87,

I. #BE SOD OH¥HE

bhb i« OHEEE > SOD % #—ic ¥ Tl
L Fig. 1), £ OMRIZDOWTHSE L, SOD i34
W]l ST 5 2%, MECE gk E A TEER (Fe-SO
D) t=vrvuaaiE# Mn-SOD) 2341 5 h T

BV, &EE HyRa kL0 HyRv X b 45 EEL 72 SOD
T OTFEIYS T D4 BIET, 4RFOPLFEEL, K
BRIEOYEL W5, —F, fiofiio Fe-SOD
B TFhi G FREH4TO28M4ET, 1~1.8 KTFDEk
BEALTHD, AIBEFEO SOD (IkZE= =~ 7 igff
ETHDOA, 19814F, 20 archaebacteria (fFEFHA
B0 L 4 2 VEEERY) b 4Rk Fe-SOD 234
X hic, ThbOBEITEIEME & x& finh, B
AR Fo bt b B 2, 5 3 DM
BT5LELLRTVHLDTH S, RICTKHZELIND
FiE CEBE L&D ) © SODtwFhd<v iy
BaZ, EVIERELTCWS, HTFRIEECL YR

Fig. L.

Slab gel electrophoresis of SODs
from various species of mycobacteria and

other bacteria.

R. sp. received as “Nocardia asteroides”, but
very similar to Rhodococcus blackwellii. P.
ovalis, Pseudomonas ovalis.
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=0, ROWHE®, M. smegmatis?, M. phlei® DZFERIL
FRER 2, 3, 4 BT, HHREO Rhodococous® D
FL4BhTHB, —F, LoMED Mo-SOD 13, #i
KR 2 BAETHD, &

CEEALTWB T EXRB B LD, M. smegmatis D
SODCik 1. 7 EF D= v #vofic, 1 RTFO8%kNE
FRTW5, CDLde~vHv LEOmEE Y &
SOD DFEAEL, HIRES®~® Rhodococcus? VZHEFRIFT
Hb,

D EIGESED, M. smegmatis?, BLS\E (M. leprae-
murium®) ¥ X % R. bronchialis® £ SOD -2\~ Ed-
man HEI XY NRH7 § 7 BRECTIOWES 36 B
Tfiinote (Fig. 2)12, 4 SOD 3\ icfiisd CELELL
To 73 VBRI RT, Pl X G L M. smegmatis
O WEFKLI0BIOT s VB RNEREFRIYV T L7 5
viEFrO VT, 3L MLESITH S, Fig.3 i

W OESTER F12%5

RE S X O OME LT ESEREE D SOD ONFKIFH 7
I BRESIOMENE % #RT, ThiviiEE® SOD
OREET, —BAELIYL I b2y ¥y 7o SOD I
L35 5 T REBREMED R, VIERE LR
3 b= Py 7 SOD OMFEMELH65% e L, PR
B E A (0B /), bR b Y FITE
— R OREE OMRIMEIR T F 40 % 8 L U47% T
BB, leBEZLEYOMIAEC FFET 58%E &L SOD
(Cu-SOD) izl s b2V Y7o SOD Lizdb@EL
TR AL, B EOREX I a2 v FI 7O
A ERRESE TR T 5 0 6T, PIERAEIVELD
HCRAEL DS I b2V FY 7 E&EGBEREDS &
WO B E R T A S D TH D,
IL #HEE® SOD EFEMOLTE)
S Fwwhhb i« DHEAE O SOD {Eikieou\T
BE LR, REBRECS L TE L EH T L%
R L,

M. tuberculosis }\la-Glu-Tyr-Thr—Leu-PrwAsp-Leu-Asp—TI(r)p Asp-TyrFGlytAla-Leu-Glu-Pro-His{
M. smegmatis Ala-Glu-Tyr-Thr-Leu-Pro-Asp-Leu1Asp-TyrtAsp-Tyr-GlytAla-Leu-Glu-Pro-His
M. lepraemurium |Ala-Glu-Tyr-Thr-Leu-Pro-Asp-LeutAsp-TrpiAsp-TyrrGlutAla-Leu-Glu-Pro-His
R. bronchialis Ala-Glu-Tyr-Thr-Leu-Pro-Asp-LeutPro-Tyr{Asp-TyrrGlytAla-Leu-Glu-Pro-His
20 30
M. tuberculosis LeuiSer-Gly}GIn-Leu-AsnfGlurLeutHis-HistSerfLys-His-His-Ala-Thr-Tyr-Val
M. smegmatis LeutSer-GlyrGin-Leu-AsniGlu-Leut His-Hist SerfLys-His-His-Ala-Thr-Tyr-Val
M. lepraemurium  lle-Ser- Gly{GIn-ile- AsniGlutlle-|His- Hist( )LLys-His-His-Ala--Thr-Tyr—VaI
R. bronchialis lle{Ser-GlyrLys-1le- PheqGlutLeuqHis-HisiAspiLys- ( ) -His-Ala-Thr-Tyr-Val
Fig.2. The N-terminal sequence of SODs from mycobacteria and related bacteria.

Organisms T2 ]3] s]5]6]7]8 ] o[t [ie[i3[1e]vs]16] 7] 8] 19
| M. tuberculosis
2 M. smegmatls Bl
3 M. leprasmurium [9[68
4 R. bronchlalls ~ feo[ss]ez
5 Yeast mitochondria fes|s2|68]e2
6 Chicken llver " {er[su]ér]75]67
7 Human liver " 5962|5768 61]89
8 E. coll (Mn) 58|61 {63]60/45]57|55
9 Bacilius 4715015454 [38{61 55|67
10 Thermus 46|49 |56]50| 35|57 |52{5u {68
Il Rhodopseudomonas [38]41[39]44]31 [u3]34]u8 [u8 40
12 Photobacterium ut |uk (49| w9 ur |50 45|51 [64]51 |46
13 Pseudomonas u7]50|51157(38]54u5{53|6u|u9]62]70
14 Chlorobium u5{49]50]50]39]56] 56151 [56{u7{uu|65|6
15 Splrulina u31u3 |y 31|43 38 un 50} uuf 52| 59{ 51|50
16 E. coli (Fe) 38(41]43[u8[u3]59] 50]55|62| 52| 5272 72| 75 52
iT Chromatium w |ut|us|s0lus]59] s0]50{60 52|u2|68|61|6u]50| 79
{8 Desulphovibrio 33137| 37|52 37| 52| u6 [u6 | 50[ u5] 3| 5| 57| 59| u6| 67| 56
19 Pleclonema 36136| 36 | 45| 38| 3| 36|48 | w8 | 39 |8 | w2| w8 62| 52| 8| u8]us|

Fig. 3.

Percentage similarity

matrix for various SODs.
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Fig. 4. Changes in SOD, catalase and

peroxidase activities of the crude ex-
tracts from M. tuberculosis HzRa dur-
ing growth,

1) #EE o SOD &k

FAUE HyRa 3V — b v ESICER, —ERFRRT
B a BEI ClRE, #hHE O SOD <efll OBERIE k%
FIZE L7z (Fig. )18, SOD, h % 5 — ¥, _AAF v X —
CAE ISR L L, BE3EETE—7
L, UBaMeEd Lic, & 55 SOD {EikD 4
BECERL, E7HTE 20— 271TELL, XD
HOBEES O Oy~ AREESHIBETY— 7ITELK,
BF L Z ORGP D Oy~ & HO, ORI
BECih, FhicHiEL T SOD % % 5 — € DiEk:
DI L7 D LHEE S B, LinL SOD JEHPkDEg 2
DE— 71O TL, TOHEARELARHTH D, —7,
4V 7 = vERIKRESR, FMEBRLESE, Tr7 7 ¥,
NADH- } 7 m — A ¢ BICEEE OE T B T
EERZD bhiehote, M EORRIIEKEIRED
ZEhestis LT SOD 9 % 5 — CiHEY B I 55
ik w Box T b, WKECRIT 2 ERBRENHOE
FEARETHSDTH S,

2) BbuwiEo SOD &
1% NNPFEEEHICE 2 2 ARESR L ROVEA~Y
4 B OB ETE R D SOD ¥E 1% 100~200 HA7/
mg 2V A7ET, ZOfii4E CRBEE IR WTh
DA D SOD FEik & T A E WO AR
B 18E DR CHIE D SOD BAHEX D DT,
DR v 7 BD 5~6%(1/18) % SOD L H#ExE
TE D, ZOMEIZAY AKUIADEBWE 8 FRiTDW
<y FEETH D Fig.5), Lics>T SOD 4EIBIL
TERELVWEREEYFRETH D, PELCHELVEL
B Lo~ 7 AD LT asfin bEx 28t L, SOD jEik
FRE LA E 25, HIEERD T 1~1. 5 B7/mg
VAP B TH DI, L Las bIEERSWED bR
L7z SOD % v FimiEH L TE LR 5\ SOD
PEREAL T, EERBRRIET X D IET S L, SOD
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Fig. 5. Polyacrylamide disc gel electrophoresis of
the crude extracts from M. lepraemurium.

Left, stained for SOD activity. Right, stained for
protein; the protein pattern was scanned at 620
nm,

, 150 |- 15

1
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= ‘ £
hory D
Soof Ji0 &
a =5
@ ©
S 3
> =
; 50 b= - S
B >'5
= 2
a &
&0 L0

34
Cultivation
Fig. 6. Effect of successive cultivation on SOD

content in M. lepraemurium.

O, SOD activity; @, SOD content determined by
quantitative precipitin reaction with the anti-SOD
antibody.

BEIT 4% Thol, T DOMIENEEE R NIIFERE
CEEEL, 4% THZ oW TEDREODED SOD &
B2 PE L7 (Fig. 6), SOD EhixfReEh 5 1fE>T
Wndsh, MELHFETWELL SOD & &ik%k
EIELieiotc, HBE X FEBL SOD 0 inactive
form 1T X % DT, EREDOMIEN T active form 1T
BTRTHHDEEL RS,

3) BULE®D SOD &k

BV (M. leprae) NRGETE L 727 v = ¥ » DT
(WHO X »7r5) 75 Draper (RIZ X2 THWEHE S
B, BAAREE R CHER L TE b hicitiiko SOD i
ML 18~3084fi7/mg & v R 2B TH 2R, Z DL E
DWHUANDOHE LB EENSDTER, LT
n=2 e DT REHRFEE RSO THY, Tl
B BWEHEOBRIC RIF DB IR (297
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SOD activity (units/fr) (—e—)

Catalase activity (units/fr) (--0-=)

-
o]
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Fig. 7. = Gel filtration of the cell-free extracts of
M. leprae on a Sepharose 6B column (1x75cm).
The elution rate was 9 ml/h, Fractions of 1.5ml
each were collected, and assayed for protein at
280 nm (——), and for SOD (@) and catalase
(O) activity.

> — 28, DNAse JUHE%) #MEETHIDR, £
ORI SV O SOD ARG LI TREML -,
cDz LEEETHE, AKDOLVEO SOD iHHEILE
DTEWEHEEND, & D B WE O H #E% Sepharose
BT ADFARBCHT S E, SOD 7. 5f5EH IR,
BFREIN4 T EHEEI R, BRI X T —EDFE
HED bt (Fig. D RO XY 72 Y v T
I VESEKE AL, BEOXELFVAsHD
.band 233 i, SOD EHIFED—DE—FKL, 2D
band (XF5\E SOD Hifkxinz 5 & epellEm e L
T LW, 4% TH\EORESRIC OV Tk diphenol
oxidase }EMICEET B DK TH DO, LindbTDEE
HOAKIEL AR TH S, Licho>T, SOD &ax
S~ R HLVWHIFETAER L LTHAKER IR
BHOEETH D, bUWEHO—BORPNEMI L
WEEL BB T, SOD FHEAFELLEWT &,
BULHEIR BT LIEEBRONHPOERE L RET 2 b
DTH 5o
LIE, FERE & S b REN N AL e

THLELVEE BWEIROWLTE SOD iEHEIZEE 5
ERBE AT U, PG IREC T s i<,
% OREAEEMIEN THIET 5725, ThICIERRE
P B R & LT SOD 2ARk&E K HFDoTnb &
Exzbhb,

B O ESTE K125

(LR « RERIAFEDT - IiEEsE, JIREX -
WRZES, TRILFER - BEE AR, JRRMIIRE -

g, manies, AR, BOREOr- & &5 W
RBEFEREDT « FR KD
pa ik
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