[ K]

RS E RN ERETH S (%31-2). PB
OEBREAIEETMET, BEA»OFEKR, &
G R O B R B 2 TR & 2 D BUERR
»5(E31-1), BWiRZUHBL, BEEHI C
L%\, HBIREAZEY, EBEHICHRED
BE, FTESE, bie, ARt zR0, &
BFRESE IS b H B, HBEPIC—ELUIR
HHROIEEREHTH S, MBORBREE
T, —REEENHEOMBECERIRE, L8O/
BOEBED S EAL A0 B, HIRORE
PERER EBSHHE T 5 (K 31-2, 31:3). K
BOEREMINRE DL > TR THD I LDBE,
FBOMERBEERTEZVWLIEYR., HELEEIFR
HENLY, HREERRLICELS, RERZ
HHZEeND 5,

N R REEOERTICHERT 2RO
BLUWER(SWLWRI) 2 E ST 5. 60K
Gk & DR ETEERLSE (ENL) &, BHRRIGICD
gEahs,

)

PBREKI S VER2EARLELEMIEDR
HESHD, EMESY L oSBROIBET 5. MR
ADHEBEL AoND, HRELERODLIL
BEnThHs., MB REFENICSEDEIEL T
Rruvy—YBEE-T, vZu—<(5WE)
LERiEn s RFELZHT 5.

(&% - 22H7)

HEKE D 5> X A THREBIH 2L, HRER

BLTHVEERET 2 (HEAATRE)., £2

- X31-3

Nt E (HEE, MB)

| EmEE 367

FEEAGER P RBRERALCOSVEZRET
%z. PB CREBYIA LRMIME = A>T PCR
MERTS. BHMEAERESEHES K25, HEIE
Eoay - EEEE, 5LHEOIY, HFEEEER
2RELTITI.

[#2:8 k]
FHRCRER T2 BBRERR S TIRET 5.
B iE WHO »3#Et 5 2 S 5Ip A EE (MDT #
#BIDDS, Y77 vy y, 7ur YY)
T, 6 »pAMPB) vl 1 ~BEFERMB)RAY

3, JnAdox/urRREELERTHS.

1I. & & #% % cutaneous tuberculosis

1) BB, b b BEEE (M. tuberculosis)
B LU VEUERE (M. bovis) IC& VAET B
EIRZ DRRFR

2) EEBEOEEMNE S » 2 EIEM) K&
true cutaneous tuberculosis &, FEZEZWL
ORI T 2T VNF—RIETH D
% tuberculid IZHEEI NS (£ 313).

3) MEXY 2 ) YRIG, BREEE, O
k& (MGIT 822, /NI EHE) O IE D,
PCRERZEND B, .

4) WERAV=T7YFEY 7y rEYVIRTS
Y7 h—wERHRL, BEREEZTORV,

Z2MIRIE lupus vulgaris

(B 31-4=3#& 198)

(& =)
BRI TIED b B NT, e L ORRED

#£31-3 BREEZODE

HIEREHE R
REERRERE (+) TR ERE (-)
SEMEIRE s BRI R
KB IRE EBSEEREE
1R B PR ERZ BeEIENMS
2B R BUR iR s
B SRR FEE MR MERRAR A
EBER B RER




w3 = MEERERE
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31-4 EZFMIRE (O 198 2
TS L, FERBLEEETH 5. BEERE

ZLW, BEWREBE, HREAET2REEEE
LTz,

o MATHE I FEERE, /80 6 OREEKEE
BCEURBETHD,
(% &)

BRI BTSN 100 fIBSR SN TwaEL, A
B(EBREONER) I THTH 5.
€V

FRIALZETTH 555 (K 31-4=0% 193),
ZOMEBEDOE I THHREL D 5. KETHIH
WX EREE, BN AEBE TH L5, HRAIWCH
&, BRLT, BHE, &, BERLicks,
(% 3E] :

HEIEEAEE, EEEME, 77 R
Langhans BIEMifg e ¥ 6 R 2 ERERITH
5.

(ARZE - 22HR]

EBAREERIIMEREER L 23% 0, BET
R ENSEERRETH D, Y vaf F—Y ADF
HIKE & DERPEETH 3,

(8 & Bk

PREEELLTAYVY=F7YR(INH), V77
YEVYRFP) Iy 7 v —(EB) % 1 L
NEHIFERET 5.

31-5 RERA (O 199 8K)
~ AIDS B%, WRSEICRERALED ZTRBE
R0 5, BRI OBFRE, BB TRGELER.
fifEnd Y, SHRIMEEEE TS > 7.

REIRH scrofuloderma
(B 31-5=11%& 199)

(& #&]

AERY N8, B, BE, HR, B X0
KR & EEEE I IR L URE R
KT 5, BBREZNLUTCEBIERELZ DL 5,
[ K]

FETOREZCUBETHREY, LU, K
B E» SEMLA, BlACEaRTIEED
WWETLEBR L CHER L, B, MER L HEE
T5E3WC5, FRILEEISTH S,

Fruls

INY L REREMEATBE
erythema induratum Bazin (X 31+6)

(5 1K)
EEBORTY - & bHEENE L, [EF B
PEATBEICSEL L 72 R FOEEITH 2 8 EFFEE X
, RRTCVEARORBER2ESIBTKERD, 1
~Hp B THARCRNS WS, Ly LEELT S
kbbb,



316 /N TEREMEAITE

(% i) ‘
BEETEBIETHABCST2MERZF o7
AZFEHERETDH 5.

(% =]

Y2 ) RIGIEEBE. BREERE S
SEET A R T ALY,

0L 3R (R A HIREE
non-tuberculous mycobacteriosis
(B9 31+7= 344 200)

RV

1) ERCEENTREREEND S,
2) BEAEE (43, B%E) CRETIBRSH
H5,

Mycobacterium marinum %3
fiE
G
BEROBEOND, BH®RT B A2HR
ABRERENC RS - FIET 5 2 D0,
{5 K]
SMEEZITRT L, HEBEREMEVFZWL

NI, Fersiett GREE) RBEE 369

31-7 FE#EREREREE (104 200 &R

AATE R HE 3 5 B, hig» o FEENICKE
T 22 BE R0 5. MK, EHREEOERR
7, BEEERET Mycobactevium marinum %R,

O HE, BEEEHIciFRT 52 (317, K
SIS 3 bR B, MRS R
5%, EEWBETH 5L, HREE, MEzH
MEBRERERV LRSI L 2D, ZBE, BE
L h, FBREEOIEBZVNERT LI L
bhb, REREEERERLS ZENBEL,

(% ]

{eieit S ER G L BRFEE SIS ORET, €
DEREREMCIVIEEETH S,
(&% - B5HT)

e HBMERA L THERT 2, ERBIOR
EYri— b UicERBBEEET L, ERT
F2BEMTELTL 5. ABKE EORIR
OEE,PLDHAZIREHTE S,

grisalr - LCik, AR MY I—Y X, 70
EIa—vAR POREERERE, SHEERE K
RSy, RYASE BUERKER EPD
5.

U &)

FESY A2V VRTEE VI vEY YR
PREEAT S, HRITCTRIFZEALERLR
WOT, FRRTES 4 iz & 2 RETBEEIR
LETH S,



370 3= HEERERE

% OO IERER TR R E

M. wlcerans 12 £ 3 7 — Y BE (Buruli

“juiv?~va>?

1y EZFﬂb\b \%Eé ﬂ%’f&li
HEERREND D, -

2 7 71-\&77‘&%?%’(&5%%@7 PR L V/ﬁiiﬁéﬁlﬁtﬁ‘%ﬂﬁﬁfb\

Tdhs.

3) H&BZ#‘IE(;&@%%‘XE* & U%E‘I&

TTERME, FEMIESS

ulcer) X, NYEVIRIEROTEEDS,,
FBRERRET, WK SCEE*EIT, 7
VA, A=A MZVTZETHREL T3,

B _ﬂﬁﬁ'ﬂ BE 24 %f.— bacterial infections

, BERCBBHECAT SN, BERK L RARC BRI L

REMLEBRNE

D 3FBEICH T Bn5.

4) 77 LIFERE, 77Af5’;liﬁikot%>@%f‘i %Z“Ethctész!gwft&%xbﬂébwb\f’

{, BEORHOBERNRECEST 5.

5) ARIREEICRZEEDSH %?‘%%@%ﬁﬁ&% z,

BB %T.

BEDHES

bacteriology of the human skin

BE5» 58S 2 ME E, ¥ 7ER resident
flora ¥ @®E transient flora & % \WI3—FR7Z
FEEE L ST 5N D, WEORKZEEL b
DT L, BERIK L 5EFEEL L EEREI &
LREEADRID S 5, EAEK X 2 FEEL
B RIYE & 2 58, BEEOEERET
HERICL2BPELRET 5., EEHCLIK
BELOF IS HEERE, LOkR, ke, ¥
B &, pitted keratolysis, J§IR, 7 # dandruff
REBD B, TS ORRD B o R
HREBEAEBLTORY, LErLZORECS
WTROLITNOHAEN AL OB TEELTE
D, BRCBU2VEEORSSERTH 5.

EEZEE» NN 2ME YR 31410
E® 7z, Malassezia furfur 3B TH 228, JE
RENL, WDKK, EEA» 9B ING, %
K& (Trichophytes) b K2 DBEE L & 4388 =
n3, ZOZHIZEEDEE skin flora D X >/
—ELTRPT LR TEROIFETD 210745
SIS Z 72, TRICERD 2 WilERL 2 AN

13

HE, U188, 7Y RV débridement 7 &0

7z,

EEOEE BN, OBEXN, BRLE®RT 2L
BEiThYD, SV oBIN2EREEIS I
RESNB, SEINIELEEELEILS I
U7z, BifE, BEE, KE, 8B, $4880
5 TR, ZNETNAROEE 2 BHMIc R TS
fITh s, pIFESIREORIERBATHY, &
BIERIERE, DR EOBESTHoTEE
WETH B, WERIXEERMNTHY, FENEL
FEL, EERATHYEERN T HZ, &
EIEERN, BN, RENOEZEDOEEL2ZIT 28
B Ths, EF4HTEE-FOF TR L
bEBENEL, BELTBY, WIEIHRMTH 5.

II. 77 LGSEIRERRE

KB OMBEBRPEDE {1377 LAGHIRETH
%7 R IR E Staphylococcus ¥ VI 1 EHHER

BEIE Streptococcus ZIEREE L THYH, Zhbd
DHEW L > TELZEEBBRETHS, b

LU TUESEEE, Micrococcus  sedentarius 75 pit-
ted kelatolysis DJREE TH 5 Z L BRI NT
V5 (3R 31+6).
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W #E= - %8 - 2ih
FEREO LI TREORGFLLTEZNDHOD
EhWATHL. FOEIEHR, NEEE (B

bICHE, BE, BE, AELREOET)RE FFREAREIERICOVWTIR, WIRES,
%1 EHIEHDHEESDER
_ o #
T P e —— e e
: . L IWA
& iz | N L IR VAL A GH KB A
IR % AR YOEUTF | HY HENESORE | BROBE SER
P2 :
EBRGE | b~ | 08 AL WBE, BRI y 57, NF, T | BAKBER
y, 7E, AA bl
Val ¥
TR R % R | MR EE | BL BROBFRLEE | TAATIIIN | 2ER
Fh 7O
Otk HE EiE BEE | HY EEERBEER | HWEDR B ERIFR
GRENIEE
Bl5 B B L M, UbA, BIE | Ha LR
MR EL | B4 fEa HL 3, Ubh, BE | B ST E R
: %
Yavia th~mEE | & 2L RO EE g P g A A
Raynaud 13 4 b L SHOREBLEEL | B s T AN
SRR ,
S hIRE | B, HEE | &L AR RS | SWREN L AT
Sweet fa4 BE ER | Bl P8 AT HE 4 HhAE T
| S
wR BE B L HHERE BRI rh4E B
Buerger #% B REEE | &L ARSI BAZEM M shaE B M
Osler $8 RRE | K L L5k FEAMMEELE | BRA
23
Mondor & BRE EE|E 2L IR TR mEs% i AN
B & e, s | 2L WIALIEE miTHEER & BA




28 EHER -

®2 AEEREMHSKEEROER

owex [ B e | BE|wm% | B E|% E|E | FRER

Hansen 3 (D H 2 RIROA B & &®T BT BT ®T 2L | BA~EA
I, TT, BD

Hansen J% (Z R 2 : HERELZESZY | RPE | 6 | 206K | K | 2L | RA~ZA
LL, BL, BB, BT) T T T T

B % E¥ L% % IE® L | PE~EA

Mz 4 E% ¥isk 4 E#® ¥ 2L | FE~HA

ERIRIC L B K5 &% ®T &TF B’T &®T ZL | BRA~EZA

SEEOR RSN B E# E® % EF | &L | &F#

FhITL PR HE 4 ¥ B8 IE# IER L | BA~EA

P, BMEEE, 25, BEELHL SR
5. %L DG, BEORESCHARE, M2
LEPOEZICBHTE A, MAOTEEIIZ,
W, HEUE, KR 3SEFRHENS.
FIEETHIT L) 2BAT, MEdmbs L7
EHIZE L 5 728 fast pain & d FRIEH 3 28,
RBEZROBRL L2 BIBR U R 5. Ok
FIEBAZRUL I CICEMZET 5 slow
pain T, HBEZHI BV THHEMEIIERS.
ERIBROBREEVBAFAF LY, 57
AT, BBz ROPREILEIHD,
TEERTEICLIDDS. FEITA
MEVZ, MIBRR IR CMEICE T 5 /M
LBL3INTVE, FROBAOBLZID%
FAIWTRL

SHREEFES

HMEMBERRIIHE, BE BE $EZK
BL, ARME-FH—HERE—RINEE
NEEDS.

BBz MERTIIENRT, #21TRL
2 MEREELVELVEERE L BRT 20T,
ML LIS LTHEARORIC LD, $7-
BEROLPVWEDERETR TS, HRsE
BEEEHE, B IEEHREREICEL L,

EFEFziF10eL0O)ickELT, Lo
ERTLTVWA2P2HETEEIIEL IR
(B, 07z &L).

BRET ORIEIFS 0L TE TS %N
THND, DL T EZLEEERAT 2HEM
b, FRITME L RHFICEERT 5.

2)

A - BEOEH

BREEIRRZROBRS L THDL. HINES
DEFFIZDWTIHERD &, FBEDIIZY A
WAHI L EFHOAREAT . F2BdA2Y
(RE2E), RABHREIEP S LEAIRENT
5.

MERTY S5 L, IMEPBBLEYEDH-T
bROPT, BROLEBINEL T, ZOHEIIE
BRI 0 TH52Lbhb. LR
MTRIEBPLET, BECIBHRERRT
R, FTHio TREYRIMEDOHFELMET 2 &
VEET L. TRBBERICOAMEETEH
BELRVWIEFZVOT, FlEHRSIMBICES
SE5. aH RIA)



B 20 MEBEROERTH - =MEBPETH 0, /Y X VIRIEREE
RIS L WATRD 20, BOBERN L RRONRE L L-> TELRETDH 5,
T ¥A%E (Mycobacterium tuberculosis) OBFUZ KD, NV VRIS
WiE (Mycobacterium leprae) DEHEC & D RIET 5, MIEHE S 5 VE b HKICH
BEICAEI RS, PREE, BAETEI100EN Ao N, IThoDE,Ic
e MRS ARE S ARESTRE L, b MR U TRBEREHEEL AW
FRERETIBRE S FET %,

ERES, SVEHLRENLEENETH 5, MEid—HBEET L FOK
HICELBY, 2L AWK eRES L TEERBETIRHME LTV,
£ DBE, v a7y -V EOHBENICFERD LS IZBATVE D, M
@W%E%&éi@hfw%oZ@Z&ﬁ,%&ﬁgﬁnyﬂyﬁ%@%¢55'
ATEETH S,

1) # #
(1) & =

SMRADE L7 35D 1 DASBHEICERRELTWD, BEORRKERL, ik
ERREDH10%Th 1, MIERYE LB 2 EUNTH B Z L AH, B
LR LA, VWb 3R, SEEE~ 77—V r EHE
EREENICEE > TV 5,

EREIINT s AERBERGE, A vE8—TJzuvivyy— (IFN-y) %E
4§ 5 CDAFBHE THINE S & O 5 — B4 548 L 7= CDSIETHINE % & D filfa
GIERRLE Lo THEN TS, BEEEE b5 FABRL, FiHel
Lol & BROREIC & 5, fHEIE, KE K3/ 0V ORROETH Y,
7Ry - RO LENETH S,

OB, BERNS b EHEARET 52 L Th 0, REOBHR
H5NZIERRELTO >, BOKEB (DNA) AL, H®MIEE (PCR)



THRELTHAIHT S, BEE BRICH LU TERETH 22 L 2HBELT, #
BRigeE (Ziehl-Neelsenift) 2475, BEEESHRTH 52, it THREs
THMEEA S - &6 2<, 2EMM RSB - %K - BED 5\ 3ME - gk
BEINBBEE, BEEES DEENEL,

R 2083, BRAEIC 4B (1 v =aF e F5 Y F[INH], Y
77 YEYVIRFP], ¥93VF I F[PZAIE A b LT bv4 ¥ V[SMIZ -z %
Y7 =IEB]) #FHWTRIEMICETS ZEXKUTH B, BETIZ, EAIoH
LCHET 2R T EAMEEIHBEL TN, BREAXEMEL - T 5,
BRI 5725 Vi3, BCGOHEBVHEAWS TR A, BEhEIx L TikeE
HThHDIENEL, FLOIRE Y 7 7 v OBRSBRI KD ATV S,

(2) 4% & BRRS

BEEE, BEXl~43270y, m§0.3~0'637m~/®;’é%,@§50 FOEE
BIRBICEAT, MMOREBISIEALNEWEWAEIZ X DBEDLN TS, F0D7-
ORBENEL, WSOBDEBIFRICHFVELZZZEHBEN B-TLHY -
IR, SR - BUCTEE S B 5.

RHEOBGL, 1JIT100%THEEN L 2BABETH 5, FEEOH - < L
ok FITHBEEAER AT S L B0 ANCEBIBIRT 5, AR ITH 2
NAREREE T OB ORIRIEAS & 85Ik, FERIZE < 5> TRIBMZS
FIZES T3 720 TH b, .

BAHSBOBI, b2 0IT 7« A% EREE BT, SHO AR
gex, BEBREELEOTRRE LS, BRELIETH-T, B - B -
B BB S ICEREE S5 T8, TRLOBREREATITEKEE KT 2
TREMIE S, BEEOBRO KB IMEEEE TH 5.,

(3) % %

ZWFAODK 357D 1 FRZEICEEL TOT, BHF800 7 ALFR, 200
FABFEE LTV, £<10, BESR EEIZBERTETS 5. SBRECO
9%, 77VH - HEK-EETOVTOALTH S,

TR, B 2 ELIAA S, MAEICRY L TS B EDS AT L L
WOEEARDBT S (REEMERY) , YL I 6 2 4 A% 2 Rt B O 1321
EBUTHI0%T, ZAICHBRERERAE L BED BRBHT 2R EMA TS
BRETHY Z227IEBAIOBTH 5,

REMRA L 72 ATH, S eB) L CRSRE O MIEE AL TV 3, 20
GRS E KBRS L &R, MIMESIE T 5b b IFN - £ B4 5 CD.
BTN, &3 \MEIFN-y 2 BAT 5 & FR SRR U 7 {10 & 23
FBZLHTEBCDSBIETHG, *7BEHLLAv s 0T 5 — U BEE A
XELTW3,

EHEEHERT 5L £<13vo 0T 7 — U ORREIEE & ORI



H7F~0OSE Gaffky
table )
HOF-OS¥EE,
Gaftky [Tk >TREBE
nic, BROBHRER
APOBEEOEETRL
BT THS
BROSENFH BB
ENIES~102(C8F
TS,
BARDOEHE, HRO
FERBAOREOESEC
SUBETEIDT, B
FEMEOBETRIEIC
EboTES. '

HEDARMTEERD LS ICREMEE 5, 20720, FEACEN T M8
G B HhOBERTET 5 & | SEORIE 2RI S RIET 5.
AGBH T, BN b TR VD, 7 ORHERFA A
L@, 72, RENOETEMEIRE, & ASHIV- 18 - JRE - B
WS - BHEARSAES BE, AENMET LAGHE - EEEREE TR
REABINT 5. HAAR - SIEIHE - BIERERLEVICE 5EREZHT
WEBRETLRBICEFRELE N, &I, HIV-1 L EEE A EERE L 254
HEERRESEEE N, B0 HALESEE LTS,

(4) BEREOZH

ERICRENERITEZ S, & CHHBEOMBIZRERTHI L vbhd,
ULa L, FifED80%IEEEEROHBRIZCL DR IS, - E - BEE T
BV - Mg - Mo - REFA O 6 RO W 2 HRILLER < BA I3RS
EEEDETNEEL AV, BRiZd 5L B VERTH 22, BRIk > TRZEED
BRYEMNIENRBDT, 2RERES-DI28, A 2B L BEIRRS
BREEID I,

BHOMEEZINL, BEEIMERNICTFETA I L 2HTS 2L Thb, £
DHBEE LT, OQBRBHEE, @ EREERE, ODNAKRELEND 5,

RREHBE TIZ, BED SFEIME N -EHR D 5 BHIER % 8L L ¢ Ziehl -
Neelsen ¢ta & 2 ITHERE T L7-%, BEMETEHE T4, BFE0HEFLHEEL
T, Mo AREOSEBEE LTHET 5. B L% & W Bs—E R
RIS 202 &>THIF—DOBE 238D 5, W EINZEEOKRET,
EREE 1T HID SNBHAITIE, WEFE 1 mIH I RRE 27,000 L _LAFE
THILHERNLTNWS, 29 LIRETIE, T TICMO Gniid A/ R Eh
R B DED 720, 2REEEICERTLEBICAKRBELZITY ZLHE
BThD, BRPOBBEEIETRELUTOBAIZE, BREELTbOAVNERK
EOREIETE B,

NI E O ZEESERT OIS S, BEEISEE B0, B2
ET 57201034 ~8BMPMDEELLES, REZ2BVE FHEL, SEEREE
TR % 85T 5 B TR & 720 B MGIT (Mycobacteria Growth Indicator
Tube) BTH 3, PN25BATHORH AT E L7z, £, BEEOZE
(DNAZLE) z## UALTHRICEIEL T, BEERAOERENSHFET S I L
(EEERRME) 23T 2 PCREBHFE T\ 5, DNAZ W ki, A
ME O, KR ORI & 5 FRFNIER T 2 BRICEZ) % RFLP (Restric-
tion Fragment Length Polymorphism) 2 3 GHTE 5,

EHOMBBE L L CEYEREES, WEXREE - S CTREA L S O
BT E Y NV Z ) YRIBRETH %, FifE: TIdMRE L LS 2 07 R 542
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Abstract: The cell envelope and cytoplasmic architecture of the Mycobacterium leprae Thai-53 strain
were examined using the freeze-substitution technique of electron microscopy and compared with those of
the M. tuberculosis H37Rv strain. Both strains had similarly multilayered envelope architectures composed
of an electron-translucent layer, a peptidoglycan layer and the plasma membrane, from outside to inside.
A comparison of the structures of these two mycobacteria revealed that the M. leprae cell was smaller in size
and had a thinner peptidoglycan layer than the M. tuberculosis cell. The cell widths measured on electron
micrographs were 0.44 pm for M. tuberculosis and 0.38 pm for M. leprae. The peptidoglycan layer of M.
leprae was 4-5 nm, while the corresponding layer of /. tuberculosis was 10-15 nm.

Key words: Mycobacterium leprae, Mycobacterium tuberculosis, Electron microscopy, Freeze-substitution,
Cell wall

Mycobacterium leprae is one of the important sections prepared from infected mouse or skin lesions of
pathogens in the genus Mycobacteria, in which multi- leprous patients revealed that most cells appeared to be
tudinous species, many of which are also pathogenic, are in a degenerative state (9, 16). The results of whole
listed. In contrast to other pathogens of this genus, M. genomic DNA sequence analyses showed the defect of a
leprae is unique because of its uncultivatable nature on number of genes as compared to M. tuberculosis genomic
artificial culture media. After the discovery of this bac- DNA (4). From this viewpoint, one cannot exclude the
terium in 1878, many attempts to culture it in vitro have possibility that the cell envelope morphology of M. lep-
been made over the years, but no successful results have rae is different from that of M. tuberculosis. However,
yet been reported. the difference, even if it exists, is expected to be very

Using M. leprae Thai-53 strain cells harvested from small. Therefore, electron microscopic examination

nude mouse footpads, Nakamura and Matsuoka (13) should be carried out by a special method that can well
reported that the ATP level and cell number slightly preserve the intrinsic morphology of the bacteria.

increased when cultured on artificial culture media, sug- The freeze-substitution technique has been success-
gesting the in vitro growth of this bacteria and that con- fully applied to the electron microscopy of many bacte-
tinuous growth in fresh media could not be successfully ria including mycobacteria (1, 5, 7, 11). Using this
attained. Electron microscopy of M. leprae cells in thin technique, we examined the morphologies of M. lep-
rae and M. tuberculosis in special reference to their
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Materials and Methods

Bacterial strains. Mycobacterium tuberculosis H37Rv
and M. leprae Thai-53 were used throughout the study.
M. tuberculosis H37Rv was maintained and cultured at
37 Cin an Ogawa egg yolk medium (1% KH,PO,, Eiken
Kagaku, Tokyo). M. leprae Thai-55 was grown in the
footpads of nude mice.

Electron microscopy. M. tuberculosis cells were col-
lected from the medium surface (three-week culturing) by
scraping off the colonies with a wire loop, and then
they were suspended in 0.2 M phosphate-buffered saline
(PBS, pH 7.2). After centrifugation at 1,500X g for 15
min, the pellet was subjected to freeze fixation for elec-
tron microscopy.

M. leprae cells were collected from two footpads as
previously described by Nakamura and Matsuoka (14).
Briefly, approximately 10° cells/ml were inoculated in
both footpads of nude mice, and 13 months later the
infected mice were sacrificed. The footpads (two from
each mouse) were minced with scissors and then homog-
enized in a glass homogenizer with sterile 0.05 M phos-
phate buffer (pH 7.0). After removing the coarse tissue
debris by low-speed centrifugation (10X g, for 20 sec),
the suspension was centrifuged at 2,500X g for 30 min,
and the peliet was used for morphological examina-
tions.

The method for freeze-substitution fixation was essein-
tially the same as that described previously (1, 22). The
bacterial pellet was mixed with a small amount of melt-
ed 3% noble agar (48 C) and spread on a clean slide glass
after mixing. After solidification on the glass slide, the
agar layer containing bacterial cells was cut into small
blocks (2-3 mm cubic) and then applied to the end of a
plunger of a freezing device, model KF-80, Reichert-Jung
Optische Werk (Austria), to undergo impact freezing at
liquid nitrogen temperature (—196 C). Substitution fix-
ation was carried out in acetone containing 0.5% OsO, at
—80 C for more than 20 hr. After raising the temperature
gradually to room temperature, the specimens were then
dehydrated in a series of graded acetone and embed-
ded in an Epon mixture of Spurr. Thin sections were cut
with a diamond knife set on a Sorval Ultramicrotome
MT?2 (Ivan Sorval), stained doubly with uranyl acetate
and lead citrate solutions, and then examined in an elec-
tron microscope, JEM 2000EX, JEOL at 100 kV.

Measurement of cell size. The width of the bacterial
cell was measured on electron micrographs taken at a
magnification of 30,000 to 50,000X with an ordinary
millimeter-scale ruler. Since the cell width was not
constant along its length, we measured the maximum and
minimum width of each cell image and determined the

Table 1. Measurement of the cell size of M. leprae and M. tuber-
culosis on electron micrographs

No. of cells Cell width (m)
measured Maximum/minimum Average
M. leprae 11 0.44/0.30 0.38
M. tuberculosis 10 0.53/0.35 0.44

average cell width. To measure the exact width, we
selected thin sectioned cells where the cell walls show a
distinct layered structure, because such structures show
that the cells were cut perpendicularly.

Results and Discussion

The cell size (width) was measured on 10 and 11
different cell profiles of M. leprae and M. tuberculosis,
respectively. As shown in Table 1, the width of M.
tuberculosis cells was 0.44 um, while that of M. leprae
cells was 0.38 um. The width of M. leprae cells was
86% that of M. tuberculosis cells.

Examination using the freeze-substitution method
revealed different cell architectures for mycobacteria
(15) than those obtained by the conventional chemical
fixation technique (6, 10, 19, 21). For example, it has
been reported that mycobacterial cells had well-dis-
persed nucleoid, ribosomes, and highly condensed plas-
ma membrane tightly apposed to the peptidoglycan layer
when prepared by freeze-substitution methods (15).
Thin sectioned profiles of whole bacterial cells of M.
tuberculosis and M. leprae are presented in Fig. 1, A and
B, respectively. The cytoplasm was characterized by the
presence of widely distributed, clearly identifiable ribo-
some particles. The nucleoid was not concentrated in the
middle of the cytoplasm as has been reported in chemi-
cal fixation, but DNA fibers were widely distributed in
the cytoplasm in a manner similar to that observed in
other freeze-substituted bacteria (2, 8). The cell had
various sizes of round electron-dense granules of
polyphosphate (20).

Both species possessed a multilayered cell envelope
which basically consisted of, from inner to outer layer, a
plasma membrane (PM), a peptidoglycan layer (PG),
an electron-translucent layer (ETL) and an irregular
electron-dense outer layer (OL) (Fig. 2) as demonstrated
in other mycobacteria by Paul and Beveridge (15) using
the same technique.

When aldehyde fixatives were used, mycobacterial
plasma membrane (PM) showed a wavy bilayered struc-
ture of uniform width and staining intensity (20). This
feature is called the symmetrical form of PM, and it is
thought to be due to the effect of aldehyde fixation.
The freeze-substitution method, however, revealed that
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Fig. 1. Thin sectioned electron micrographs of M. tuberculosis strain H37Rv (A) and M. leprae Thai-53 isolated from the footpad of a
nude mouse (B). The arrowhead in (B) indicates the electron-translucent layer (ETL). Scale bar is 100 nm.

mycobacterial PM is composed of a thicker outer leaflet
and a thinner inner leaflet. This form is called the asym-
metrical form of PM, and it is thought that normal live
cells have asymmetrical PM. When cell degeneration
starts, PM changes from asymmetrical (normal) to sym-
metrical (typical of lysed cells) form (18). In our study,
PM was observed to be a smooth, asymmetrically stained
structure closely associated with the PG layer, with a nar-
row constant space between them (Fig. 2). The outer
leaflet of PM possessed more heavy-metal stains than the
inner leaflet, which is difficult to observe. This feature of
the PM was in sharp contrast to the images obtained
by the conventional chemical fixation method, which
showed all PMs to be a typically wavy bilayered structure
of uniform width and staining intensity (20). However,
our results also show that a few M. leprae cells possess
a symmetrically stained PM among normal cells with

asymmetrically stained PM (Fig. 3). In such cells, the
space between the PM and the PG layer increased, thus
suggesting that such cells might be in a degenerating
stage, and therefore unlike normal cell structures, as
discussed by Silva (18).

PG was observed as an electron-dense layer associated
with the PM (Fig. 2). The width of the PG of M. leprae
was measured to be approximately 4-5 nm, whereas
the corresponding layer of M. mberculosis was 10-15
nm. Hence, M. tuberculosis seemed to possess a thick-
er PG layer than M. leprae. However, the thickness of
the PG layer of M. tuberculosis varied from cell to cell
(Fig. 2, A and B). In some cells, the thick PG layer of M.
tuberculosis exhibited a bilayered profile (Fig. 2B). The
chemical model for the mycobacterial cell envelope
delineated by Rastogi (17) suggested the presence of
an arabinogalactan layer on the PG. This compound is
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Fig. 2. Cell envelopes of M. tuberculosis (A and B) and M. leprae (D and E) at higher magnification. M. tuberculosis has a thicker pep-
tidoglycan (PG) layer than M. leprae. The PG layer frequently exhibited a bilayered structure in M. ruberculosis (A and B) but not in
M. leprae (D and E). The plasma membranes (PM) of most cells were seen as an asymumetrical layer. The ETL was seen between an irreg-
ular electron-dense outer layer and the PG layer. The difference in cell envelope structure between M. tuberculosis (C) and M. leprae

(F) is shown in schematic figures. Scale bar is 50 nm.

Fig. 3. A symmetrical plasma membrane observed in M. leprae cells. Scale bar is 50 nm.

supposed to be rich in the cell wall of M. tuberculosis and
to be responsible for the thick cell wall image of this bac-
terium. M. leprae cell, on the other hand, may have
lost or have smaller amounts of this wall component.
ETL was seen as an electron-translucent layer mea-
suring 5 to 10 nm in thickness outside the PG layer
(Figs. 1B and 2A, arrows). However, the presence of
ETL was not conspicuous in every cell profile. OL,
which is located outside the ETL, was thus not readily
visualized in these bacteria by this method. Only in
some sections of M. leprae cells could OL be visualized
on a portion of the cell envelope outside of the ETL.
Cell division septa were clearly found in both M.
tuberculosis and M. leprae cells. The architectures of the
division septa were similar in both species (Fig. 4, A and
B). PG layer tangentially intruded into the cytoplasm and
formed a septal wall together with the PM. The presence
of an electron translucent space between two septal
walls indicated the presence of some layer, possibly
corresponding to the ETL, on the PG layer.

A chemical analysis of the cell fractions and mor-
phological examinations of the mycobacteria have pro-
vided information on the fundamental features of the cell
wall (3, 10, 12, 15). The cell wall of mycobacteria is
composed of three covalently associated macromole-
cules, such as peptidoglycan, arabinogalactan and mycol-
ic acid. The relationship between these macromole-
cules and the morphological features of thin sectioned
cells obtained by the chemical fixation method have
also been elicidated (17). The chemical model showed
the layered structures of the cell wall from inside the cell
to the outer surface: plasma membrane, peptidoglycan,
arabinogalactan and mycolic acid or glycolipids. A
morphological model showed a three-layered structure for
the cell wall (15). The layers included a PM, a PG, an
ETL and an irregular electron-dense OL from inside to
outside. Taking these two models into consideration, it
can be assumed that the ETL corresponds to a layer
consisting of mycolic acid and glycolipids.

Based on our observations obtained using the freeze-
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substitution method, we depicted the cell wall architec-
tures of M. tuberculosis and M. leprae schematically in
Fig. 2, C and F. Major differences among these two
bacteria were seen regarding the cell size and thickness
of the PG layer. M. leprae had a smaller cell size and a

“thinner PG layer than M. tuberculosis. However, there
was no evidence that the cell wall of M. leprae was
more fragile than that of M. tuberculosis. The degrada-
tion of M. leprae cells in infected nude mice occurred
with the PG layer remaining normal in appearance even
after most of the intracellular materials has been lost
from the cell (Fig. 5). The degradation is therefore not
likely to be induced by the weakness of the cell wall in
M. leprae, but by some other mechanisms which have yet
to be elucidated.

We are grateful to Brian Quinn and Chun Chau Sze for their
critical reading and comments on our manuscript.
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