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FINE STRUCTURE OF MYCOBACTERIA

——— Nucleus and Cell Wall

Kazue FUKUSHI*

(Received for publication August 24, 1979)

The ultrastructure of mycobacterial cells including tubercle bacilli has been well studied with
fruitful results. We have, however, little knowledge of mycobacterial nuclear chromosome and of
localization of mycobacterial antigen. In this review, the results of our electron microscopic observa-
tions on the mycobacterial chromosomes and on the visualization of mycobacterial antigen were
summarized.

1. Localization of mycobacterial antigen by the use of immunoferritin technique. Highly active
IgG was obtained from rabbits immunized with M. smegmatis cells. The IgG was conjugated to the
ferritin particles by the aid of 0.5% glutaraldehyde. Mycobacterial cells were agglutinated with the
immunoferritin molecules and the cell-immunoferritin complexes were fixed, embedded and sectioned.
The immunoferritin particles were shown to be combined with the outer layer of cell walls. It was
clearly shown in another experiment that the immunoferritin particles were combined with the cell
wall components isolated from the sonicated bacterial cells.

2. Ultrastructure of mycobacterial chromosome. Several species of mycobacteria, including
M. tuberculosis Hzg;Ra and HzRv, BCG, M. smegmatis, streptomycin-resistant strain .of M. smegmalis
AC-5 and drugs-resistant strain of human tubercle bacillus, were converted into spheroplasts in a me-
dium containing glycine and lysozyme. The spheroplasts thus prepared were spread on the surface
of water according to the “one-step release” procedure introduced by Kleinschmidt. Single DNA
fiber of double helix was observed in many preparations.

The length of DNA was 1,100~1,150 gm, and the estimated genome size of L. smegmatis was
2.15~2.25x 109 daltons. The replication forms were of E. coli type except for some strains of human

tubercle bacilli. The polyribosome was observed along the active segment of DNA.
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1. 7z VFRERCEINERERLOEE

7 =V F VAL, RRRIG OSSR TR T
LREBTEMELREO—>TH B, M. smegmatis DR
B CE LRI REREME» S DEAE wre—A7%
5 AT 1gG 243 uEREEL L, Ouchterlony FER#* A PIIL
BRI Lo TEDEER I LD 2T, 7=V F
v (2K, H F3iva7y—~, ICN Pharm. Inc.,
Cleveland, Ohio) &§E& &8ic, 7 = U F VHITF & HiE
L ORESFIE LT DFERTIL0.5% S VE AT AT &
F (Union Carbide) Zf\y, XLEEERE, &L
o7 = ) F VHEREN, T, 100 xg 2W5H 2 EE
BLbO%HAGE, 2k M. smegmatis BEE %K
B, BERISEY S ) 2 Tk, BE, 8l
EBLL 7o,

K1t o Dk 5efEbhie M. smegmatis OEEDY]
KaThsd, 7= F VRO HRERTC—FIC %
LT3, WAWAREEREMET, WAL AT TR
CDWTHRE LR, REABEOBEEE/ BB,

7 =V F vHKIR G TR0 DERSFIZIL DT
30T, MEEGEEATE RV EELDR, JhaiHi
PIRRIC 7 = U F VRITFDHRLRIRGER & 5 TTREE D
HbH, FT T, HOBMRELZBZE LY, Mbio g,
Wiz, SR S Luic i b b, AlaREao
7 = ) F VAEBIRRD bR sol,

T BRI PR O RFEMER 515 1o, AlRaBEE 75
L7 =) F itk ORIEHZE Ulc, BiRE B
L, 10,000xg yriic ffaEEE s (K2) 28T, 2o
B L7 = ) F vk ORISR TR, T,
EE, a8, WEIE 2 ER L, X313t oIS
EWOBHYIA B TH D, MIEECY = ) 7 VRTFON
BENHbhD, BRSIAVAURKIGOER» O, FUR
JRTESALL AT H B ENHER S hi, PIRE DM
FaBE DA ALAEEARSE N I 2 — AR - T T/ T2
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FIEMTF bhic,

2. FEFOHIEEE

MR oRafrE koMY LB L, Thz
BT EMScBlZT % JE, Kleinschmidt? 12 X2 T
ERIN, MG o FEDHHIRC LISH S
TV BA, FE TR ERREL R, JHULREHE
BREMETANEBMTHD AT = v 77 A MEROEAMA,
B T LAk dit )l b, COMRBEOATY =
v 75 A MBS, KO AR LB S RO
ZEXDOTRIIL, FE S OROMEEERZEDENO LT
2o

FLE LY, M. smegmatis, BCG, v FIEKERIE HiRa
%5 -0 HyRv, SM itk o> M. smegmatis AC-5 (FEF%
iR, KOBMREBR IV H5IRL), BIUBEEND
S L FE e ISR &0 DR BRI
Y, OSSR FEMEE cHZE LI,

ZhBOE D Dubos BB M 27 ) >~
v (F) % 1.5% WinLcigex tur (EMECETT
27\ L24 D), W, AAUKCRERE, ) V-4
(Sigma) 200pg/ml, 7'V v v1.5%, 2M v 2 §E15% %
mz, 87C 18HHA vF a— P LTCHAEEAT7 =7
77 A MELiz, b MEERE TIL Y 23— 300pg/ml
DI, A7 =r 77 A MEHEREEEDIC, vk, #
BAB DAY = »r 75 A MU, #1427 r+xY v (Imaeda
et al.®), 254 =v (Yabu et al®) |Z LD TLAEEET
BB ERDOIC,

A LTELNIAT =2 I A BOEEL,
0.01%F + 7 v — 4 c (Sigma) #&HT5 1M EfEET
vESY ARCEE L, BEKELCHET L THS TR
RS, B LCEHSEEF 7 v— 4 cHf
FiEx 7Y v FERCERE, BEIRRALE 7OV A
ez = 3y 2)TEEEY v R A v 27 UCETHEMEE
TEZE LT,

K413 OFETEBRI: M. smegmatis OEFEET
b, VEOHEGE, bImEmac Rk il shTo
HID, ORI TERTEBYT D T LA TE S,
M. smegmatis OFeffk DNA 12 H i Lz 1 KofgiET
HOT, FOWMIIETAALY TV FTHDHZ LN, %
¥ BEENSLW LM DT, K5 b M. smegmatis D
1GITH %, HFFTACHAUER L | HORGE»D,
HeatRe fetafk DNA pME LT\ 5, HFEEORHET
H5B T ENPRICBIZETE 5,

5 SEATEIRAR T S huic Bifufk DNA ok X
A FIER L CENT 5 &, 1,100~1,150pm T, #ES
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FEIL 2.15~2.25% 100 daltons TH 5,

BCG, v hAlERE HyRa, [ HyRv, SM it M.
MBSO LHmE e P B &
COWTHIA B BB % 177 21, WThh Jefufk
DNA O3 AMFRBILFAETH DL, b PBKET
L2 ) vV ORRENE T, V5= EOYRIND A
THO1,

CCRBE LI X TR TV F ORI OMBMIY
B X DT, Futafk DNAICRHEG LWL EE2 DD
PilE T Clagd COMGIEZ R DT, TORGEMERL
L5 ERMT, B LEYtlky 7)) v VEC ORI E
¥, 0.5pg/ml o> DNase I (Sigma) TR % &, 143
[ CIRIE R4 SRS 2 1 2% L 72 25, 0.5¢8/ml o
RNase (Behringer) Tix4 &ML L7en2le, Z DER
W X0 T o E TS L RS2 DNA TH 5 2 &
wHER LT,

FLE L DEEE L HilEE © DNA o BT PASHER
KT, Wb B RIBHITH I, b MUFIZE TR
Y E, Ui F feik Ao fork SRR S iz,
chbikr—) vy — 2 AR5 RE T, MIETE
FNTHED, A by Eravicd, HHEOHYM
Jan s ve 735 A+ DNA X, KigEMEr—1 v 274
— 7 VRO A G R T 5 & EAEMEY ShTw
BT, HLMEOYEEEL, =0k 5 kiRl ogiikk
KaeBFTHIELELDID,

HYRTF P O—REEE R EERE LT S SRR
FOMETHEY, HERETEMETLL25 L, K
BT Miller 58 12 X THRAEIRTN525, FAED
DEELT, M. smegmatis T4 iEME DNA i > T H
YUY — ADMIE LB A bR, TR DRY
)Y — A EES LHEED ) AR Y — 4 & mRNA
LB T,

MEOYREMIBERIETELTDT T AL v FHY, A
MEEREE R DT B 2 ENA L AIBID & STy
D, FEEEHETRLTL, MHEERY L DRERD 5 %

smegmatis AC-5,

WO OE 5% EILE

T, PiECI LT T I ATy EREETHNE S D
2%, BALORFIChZFETH D, FAEbIL SM D
M. smegmatis AC-5 }s X O'MfifsA% B OWEHem B HEL
Fe I e PRGBS, 7T A Sy FOSiE
Htze TV YVARBY — £ LEHBEEOELT MY v AR
JAG 2 HE? CHEELTAB &, MEOMEE bR
Zh, NS 7cHBEBRIR > DNA 23, 723/ b SRz S h
foo B b, RERMEIRCMIE T 72 1y FE—FK
TAHFRTHHH, MHEETFACieDle 77 A3 » F
THHNE D, SHROBEFN BRI F /o iul
e Bt

t ¥

PUEATE % S0 TR T BRI O FRCRlZE L, T odil
SRRSO I B R ERC 5 5 & & A TER Lic, FChiig
HOROAEDBAESE 2T THLNIC L, ThbD
MRA, PIERERORBEEREF BT 552 T
FEUE L oEla B o 2 N TEREENTH D,

B hic, TLE b OTITRA NG L L CRET 51
Sk b THE E L BHEARES RS UIC L RO
BB RS L 3T, F A fmad s LAEE £ L
SRR R A BE, IR EAERIRC T R
WL ET. = OPRLILTAA RS A A
e OWANETH D ¥+, BlouErELET,
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