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BIKE\'s JULn\, u. 3, 159-171 (1960)

Studies on the Immunological Properties of the Cell Wall-,
Particle- and Soluble-Fractions of Sonicated

BCG Cells*,, re

SHOzo KOTANi, To SHIYUKi KITAURA, MINO HiGASHicAWA, 1<niJiR0 1< ATo,
YUJi MORI, To SHIRO MATSUBARA AND TAKEHiRO TsuJiMOTo

D, ptt rime"I o1 B, Tcle, 1'010g)^ tint! 2", I D, pm'1/1/'11t o1 litte, rin! Medic!it e,
Nay" Medical College, Karhituar", A'ar"

.inI investigation hns licen Inad. of inc irumtinological litopcrt!CS of Ihc cell wall-. liarticlu-
and 5011/1)Ie-fractions isolated from sonicatccl BCG cells in a sumcicntly pure stale for
11/11nunological studies. The cell walls were the n, o51 acti\, c o1 the it actions 1.5ted in ind. icing
tuberculin hyper 5,115itivity in guinea pigs. The r'sults also suggest that cell walls I, ,a^ Iiu
Involv"tl in Ihc tievclopmcnt o1 an acquired resistance of mice to 11/11, TCUlous infectioi, . The
anility 10 I, rodtice a hitmoral antibody in rabbits and to rcaci with immune sera. was testcd
in earlt of the isolatecl cell fractions. I\Iuch cross r, aciion was o1, served among these fractions
Furtllor 51tidies ha\, c I, een made on the setological "specificity" of Ihu lust fractions 11\' the
adsoi'piiun test

(Rece!',. ed 101 jiltblic"!ion, 111ne 10,1960)

INTRODUCTION

\'\'ith Ihc dcvclopment o1 the electi'on in ICi'OScopy and the applicatioiT of
blochcmical and biophysical techniques to the study o1' the microbial structures,
it has become possible within rccent years to isolate and chai. actei. ize \. arious
subccllular structures or in ICi. o1>iai cells. 'I'he Hagella, cell \valls, I>rotoplasmic
membrane, nuclcar body and other stiuctures of many microorganisms have lieen
isolated in a native and sufficiently pure state and thc properties and functions
or these preparations have been invest ip'ated from various points or vie\\' (Spooncr
and Spooner, 1956; Gunsalus ancl SIanicr, 1960).

In the author's laboratory IWJroba, /eiii!in has been studied F1'Qin the folio\\'intr
two aspects, I) the isolation and chai. acterization of some subcellular structures
or the cells and 2) the search for. Iytic enzyme active on the cell \\. alls of ,\Jim-
fur/ei'IQ.

In our preceding papers reports were made ori the chemical composition or
thc cell wall and other fractions isolated from mechanicalIy disintegrated BCG
cells and on the isolation or bacteria capable of Iysing BCG cell \\. alls (Kotani
e/ d1. , 1959a, b). The present report gives data on the jinmunological properties
of cell fractions isolated by differential centrifugation of disinterrrated BCG cells.

SUNIA1ARY

'I A preliminary report of some of this work was presented at the 3+th Annual Meetiii, , o1
tile Japanese Association for Tiiberculosis, Tokyo, April, 1959

'2 Slipported by a CTaiTt 101' Fundamental Scientific Research
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160 1<0TANi. KITAURA, HiGASHiGAWA, KATo, MORI, \IATsuBARA ,\\D TsuJiMOTO

I. BCG cent

washed cells of BCG grown as surface I, cllicles on Sauion media for 9 to 12 days at
37'C: weie used. The cells were stored in the frozcn state in a drv ice box. Details of the

gro\\, Ih conditions and method of ITarvesting the cells were given in the lire\. jous paper
(Kotai}i at a1. , 1959a)

2. Te, I animal,

Guinea pigs. each weighing about 300 g anti gi\. ing ito POSiti\ e reactioiT to a 10-101d
dinition of Sauioit Old Tub"TCUlin. were used in thu uxpcrimcnis on the sensitizing anti-
genicity of cell fractions. in the experimen!s o1, the a1,11ity of tile ITat:tions to cnhancc
resistance to tubetculous Infcction. use was made of mice of stock ddO and strain CF =I,
5 to 7 WCCks old at the lime of the first jinmunizing injection. Stock ddO was supplied from
the Central Breeding Station of Experimental Animals, Osaka LTniverslIy, and strain CF =I
was obtained through the courtesy of Takeda Pharmaceutical Industries, Ltd. Rabbits weigh-
ing about 2.5 kg were used as test animals for production of humoral antibodies alter injection
of test fractions.

A1ATF, RIALS AND IVIETHODS

3. TMberct, !in

Old T'tibcrciilii\ liscd in intraciitancous tests was prepared at titis iai, oratory froi, l thc
filtrate of abotit a 7 WCCk old cultui. e of Antobnc!elf"IIJ illbe, 'CHIo, ,.* (SITaiil Aoyam, B) grown
on Sauton meditiiil and a I, reliminary potency test of the preparation was made according to
the descriptions in "Mini, iru"I Req"lieni, ,, I o1 BIO!og, cal PIOd"ctJ" (Ministry of Health and
welfare, Japaitese Government, 1954 )

+. R!, PMre of BCG cells

.\ Raytheon 50 watt, 9-Kc, Magnetostrictioit Oscillator (model S-102A) was lised. Tile
conditions selected arc describecl later

5. Piepnr"t, o71 of 1111mt, relz, fig antigen

Prescribed amounts of iyophilized preparations of cath of thc cell fractions and whole
cells \\, erc suspended I, y vigorous mixing in an adjtivant consisting o1' 11qtiid liarathit. .\rlaccl
A (\-iannide monolcaie, Atlas Powder Co. ) and distilled wat". in the I. at;o of 2 : I : I. The
sjispcnsions were sterilized by heating at 65'C for o11. horn' ancl wcre Liscd at jinmunizing
antigens throughout the experiments

6. .I naniticft! 11 DCedt!I "

The methods employed for chumical analyses o1 the cell wall ITactioits were essentially
the same as those described in the previoiis paper (Kotani at a!., 1959a)

7. ,\Ien$111ement o1 con!ttn;!rid!ion of the cell roan froction520:1h dc!d-/ast bari!/I

T11. <1egrcc of toriian, 111atioit witlt acid-last bacilli in the disintcgratccl BCG cell srispen-
sioiis taken just before trypsin treatment (cf. T'able I ) werc examined as follows. A fixed
Tolliiiie o1 test SPCcimcn was smeared evenly as a disc (I cm diameter) on a glass slide
and 11, c smear was stained by Ziehl-Ncclsen's meniod. The total number of acid-fast baciili
lotincl in 11 microscopic 11.1tls, which wetc selected at equal intervals along the diameter of
slainecl smears, was counted tinder the microscope and was compared with that in a control
suiear made in the same way. from a BCG cell susocnsion containing a known dry weight of
the cells per inI. The degree of contamination of Ih. SI)ecimens willT acid-fast I, acilli was
deterITlined o1, the basis of Ihc abo\, e comparisons and was expressed as ing dry weight of
contaminating bacilli per 100 rug of cell wall fraction obtained Ironl the disintcgratcd cell
SriSj, elision examined



To check the IJtirity and to examine the nTorphological feattires of each o1 the cell
fractions, specimens of each cell fractions were taken Just before iyophilizati"IT and Inounted on
collodion funis. The lirepar, lions werc shado\\ed with chromiLinl at an angle o1 15 degrees
to the plane of the film and exaniined under a .Tapan Electron Optics Laboratoiy electroil
microscope, model .TENT-5G

8. ,\{,!froth 101 IeJ!I'rig the abi!ill, o1 the cell froction, to ei!Artnc, Ih, Fell, lance o1 1111ce
frymr, "I 1116 ert MIDIt, infectton

A single cell suspunsion of a highly \, irulcnt 4-11 rob"61e!thin 6011\ (strain Ravcncl) was
prepared according to the conventional techniqtic. from 9 day o1cl culti. Ires on I net cent
KH. ,PO -Ogawa's whole egg mediLiin or Dlibos' meditim. 'fhis was used as the challenging

GolTtrol and jinmunized mice To IJe testerI were infected 111rotigh the tail \'einin DCului, I

with 0.2 rill of the alJovc sjispension and wer. . sacrificed at intervals after the Infectioit for
examinaiioit of the number of infected IJacilli in the various organs. Eatll of the excised
organs was mixecl wit11 4 per cent NaOH 5011/1ioii in a total voltime of 5 inI (10 inI in the
case of the 11\'er) and the I, ,Ixturc was itDinogciiizccl in a waring 1.1endor (Tokyo Btiiika
Kizai Co. ) at 10,000 rpin for 3 minutes. The 11uml, er o1 \lablc bacilli in the bacillary suspen-
sions 115cd iru' challenge and in the orgail itomogcnatcs obtained as above, was deterin incd
by titc conventional quantitati\e CLIliurc inclhocl using 3lier lient KH, PO, -Ogawa s meditiin

9 SEIu!og!cn! leitJ o1 Ihc ifn!Igemcit)^ o1 Ih, call 11nc!!on$ in "!. o an, ! in ,!fro

The ability o1 each of inc cull fractions to lituduce 11umoral antil)odics in rabbits and
10 react willI 11, ,in 11n, setLiii, were dclcrininecl I, y inc coinplciiieni fixation test. Thc con-
cuntraiion of callt of Ihe cell ITactions giving the ITighcst antil)ody titer in Ihc r"action \viLh

' honlo10gotis iniruunc serum was determincd by Ih. box titration 111.1hocl aitd suspensions ill
Ih, coll, ,ntraiions Ihtiq selected (0.05 Ing. 0.1 Ing and 0.1 rug pm. inI o1 the coll wall-. liar-
11cle- and SOILibl. -fractions. respcctivcly) wcre Lisccl as antigens. 0.25 in I allqtiots of cath
of Ih. antigeiT SIIspciisions, scrial two-101cl dilutions of test scrum specimens, complement (2.5
ITemolyt;c tiniis) and 3 net cent ox erythrocyte SIIspcn*10n sensitized willl 7 units of hemolysin
were used. The reactioit mixtures. other Ihail Ihc hemolytic systcin. were incubatecl for' colt, -

The sensitized111cincnt fixation at 4'C Ion 121tours and then at 37'C for. 30 minutes
u, \, thiocyre suspensions were then added and inc mixtures were incubated further at 37'C
for. onc hotir to allow hemolysis. 'rhc results werc measured inlIncdiatcly. A 0.85 I, ,r teltt
*allne SOILition containing 0.16 ing I\IgC1. .-6H. ,O per inI was liscd throughout the setological
exp. rilliCntS
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RESLL'LS

I. ,Mr!hurl ill Im!"!full I!/Ih, ifll red!!-. I"Ii'/if!e- ill!t/ '10/11, I'll(!t!full. \ 11,111 \TM!I'm/,(/ BCG
IflA' ill d '11/1riei!14,11/11e \idle fill' IIJ, ill 11nmii!10/04/'11 ,.\/1,111n, 11/1

'I'he metllods us CLI in the IJi'escnt study for clisi'up ling BCG cells and 101' 1501a-
tioit or eacli or Ihc ccll ITactions from disintcgiatcd cells arc essentially the slime
as those CICSci'Ibed 11T the pievious I)apci (1<. 0tani d (11. . 1959a). I{0\\'c\. ei sumc
modifications ITave Iiccn madc IJccausc cvei} slight containinaiioit or test ccll
fractions \\illl acid-Fast I)acilli o1. \\illT other ITactions, \\ hich is I\egli;;1111c in
chcmical analyses, complicates 11TC I'CSults or jinmunological expel'jinciits and make
in ICrpi'etatioiT difficult.

'LITc incll}ods used in the present expel'Irucnis ale illustrated in Tanle I.
'Lhc main cliffcrcnccs liet\\ ceiT the Iiioccdures employed in this and the IJre\'IOUs
study aic as follows: I) in pi'cparin;; the cell wall fractions, the output \'o11nge
at which the sonic oscillator \\. as ruiT \\. as I. aiscd from 75 volt to 125 volt anc1 10\\.
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Table I. Method of isolation of cell wall. , particle- ond soluble-fractions of

BCG for use in the jinmunological study

BCG coll cocoonsi. " <2 g net neighi/10 in I of 0.067 M phonph. re biner. pH 7.8)

I O in I ajiquols disiniegrated by sonic oscillation in a
Rayiheon 9-kc Magnetostriciion OScillaior for 30 minutes at an

Output voltage of 125 V

Disiniegrofed cell suspension
, <100 inI)

Centrif uged twice o1 330 g
and 4 limes o1 1,600 g I or

I 20 min. each

Precipitate Supernalonl fluid

, unbroken Cells , I centrifu ed o1 9,500 gIClumps of cell I
I, walls I' I

Super notonf Precipilole
fluid

Discarded

I Output voltage of 75 V

Disiniegroied cell suspension
000 in I)

Centrifuged 3 limes o1 330 g
for 20 min

Suspended in 200 in I o1 the
buffer containing crystalline
' I, yp. in <0.1 ing/1.0 of I",-

bidiiy reading) and incubot-
ed o1 40'C I or 60 min.

Centrifuged o1 9,500 g for
20 min

Precipitate

^ Washed twice with 100 in I

Super notani fluid

Centrifuged o1
I 9,500 g I or 20
I min

I Of buffer, 3 limes with 100
I in I of disiiHed woier. After
I each washing centrifuged
I o1 9,500 g for 20 minutes

I Lyophjjjzed

speed centrifugations to remove unbroken cells was repeated twice at 330 g and
four times at 1,600 g for 20 minutes instead three times at 330 g for 20 minutes,
and 2) the particle fractions \\, ere obtained by centrifuging the super natant fluid
of disintegrated cell suspensions \\, hich were centrifuged three times instead of
once at 12,000 g for 60 minutes to minimize contamination of this fraction with
cell wall fragments.

The typical electron microscopic appearance of each of the cell fractions thus
obtained is sho\\, n in Figs. I, 2 and 3. Table 2 presents the results of chemical
analyses made on the cell \\, all fraction, together \\, ith the yield of the cell in a-
terials and the degree of contamination by unbroken acid-fast bacilli. The cor-
responding figures given by cell \\, all preparations isolated in a study on their
chemical coinpositioiT arc quoted from the previous paper and also sho\\n in this
Table.

As shown in Fig. I, the cell \\. all fraction sho\\, s no definite membraneous

Super notoni fluid

Cenlrifuged 3
limes o1 12,000
g for 60 min.

Precipiloie
;'Unbroken cellsj
Clumps of cell,
walls I

I Cell wall frociion

Su pernotanl

Centrif uged o1
90,000 g for
60 min.

Precipiloie

Preseived for
isolation of cell
walls for chemical

analysis

Precipitate

Washed wiih 50
in I of distilled

Precipiiole

'Cell wall frog-'
merits

\Larger particles/

water by centrilu-
galion o1 90,000
g for 60 min

Lyophilized

Particle frociion

Supernoloni

Dialysed against
dislilled

water

Lyophilized

, Soluble fraction
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Yield

pi*T

0.8
For jinmunolo-

<0008
91cai 51udy 4.4

0.87
For chemical

SIUdy"I 15 30

*I Quoted Irom Ihe repori of Koioni a o1. <19590)
*, Percenioge of in illol BCG cells by dry weigh!
*'I Perceniage of is o101ed cell wall preporaiion
' ' Reducing substance. hexose. perilose and hexosomine ore expressed as glucose. 9010ciose.

a robino se and 91u cosomin e- H Cl. re speciively

511'ucLui'CS, so that it is diilicuii to judge I)y eicciioii inICi'OScopy \\'hulltci' 11 is
reall\, a ccll I)IC. I}ai'allon o1 not. 'Lal>IC 2 indicates, ito\\ cvcr, that 111is 11'action is
almost Idciltical in chcmical coinj)OSiiioi} \\. ith thc cell \\. alls isolate <1 in the pie-
vious study, sho\vin;! a definitc me rubi'an cous morphology, and is 1:1'actically 11'cc
from unbi'okciT cclls. F1cctroiT inici'OScopy also reveals th, .I contamination of the
11'actioil \\'ith unbroken cells o1' clecti'on dcnsc cytoplasmic matei'Ials is negli. Iblc.
11 may IJc concluded tllei'efoi'c 11Tat 1110 cell wall tractions isolated as clescribcd
In T'able I alli satisfactory for Ihc present inVCstigation

Figs ? and 3 sho\\' Ih?, I at least in o1'phologically the liarticlc- and solublc-
fractions I)ICpai'ccl as clescribed above ale SUITiciently I>ui'c anti hornoqencous.

2. IIJ^^ill' q1 Ih, r, // 11th/in".\ 10 1111/11', 111hc!t111i!I lonei:iaiJi/trio'

Lyopliilizcd pieparations or each or the cell fractions and \\. Ilo1c cells sus-
pendcd in the adjuvant at a conccnti'allon or 10 10 40 ing PCI' inI \\'ere used as
sensitizing antigens. Groups or 3 or 4 guinea pigs \\. ere injected in the right Ihi, ,I,
subcutaneously \\, ith 0.1 inI or the various suspensions. The conti. o1 ,j'DUD \\'as

injectecl \\'illl 0.1 inI or the adjuvant alone. 'Tuber cullil sensitivity \\'as tested in
these animals at In ICrvals artci sensitization by intracutaneous injection or 0.1 in I
of a 10- and/o1. 100-fold dilution or Sauton Old Tuberculin. 'Thc size or the red-
ness ancl the intensity or the indui'at 101T or the reaction \\, ere me asui'cd 24,48 and
72 hours antr injectioiT or tubei. culln.

TITe results or I\\. o typical expel'linents are recorded in Tables 3 and +. It
may bc seeiT that guinca I, Igs sensitized \\, ith thc cell wall Fraction give a definite
positive tuberculin I. eaction coinpai. able in intensity to that exhibited by, animals
injected willT whole cells. 'The particle- and soluble-fractions, o1T the other hand.
do ITot induce any definite tuberculin hypersensitivity, at least tinder 11Te resent
expel'linental Conditions.

Tal>IC + sho\\, s results on the tuberculin test in guinea pigs sensitized \\'illl a
cell \\'all fraction \\ hicli had IJeeil extracted throuuhly \\, ith a chloroform-moth, nol
<2 : I) mixtuie at room tempei. ature as described in the previous papei. The sen-

Table 2

Cell wall

PIepo rollo ns

A comparison of the properties of the cell wall preparations isolated

in the present and the previous study

Chemical coinposiiion 96*."Conic in I.
nailOn

Sugars'* Iwith un-

broken

cells 91*. Hexose Perilose

Total

N

TDIol

P

27

3.0

0.28

Reducing
s ubslonc e

23.0

0.36 21.2

11.4

16,

10.2

12.6

H ex o-
somin e

11.7

Total

lipides

4.6

3.7

J, .o

64.4
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Table 3. Ability of each of the cell frocfions 10 induce tuberculin hypersensitivity
in guinea pigs I Experiment I I

Reactions measured 24 hrs clier on infraculoneous inIeciions of Iuberculin"1'3.

Guinea pigs sensitized with

Parlicle
fraction

I ing
x I 00XiO

G uineo

pig

No

Days

oner

sensi.

jizolio n

Cell wall
Whole cells

Irociion
I ing*" I ing
x I 00*, x 100

I +F +

I21 x 26 28 x 19

24-25 I _,-- +

I 19xi7 23 x 19

+

I__ _ ___ _ 27 x 21

I \ IC. 8.1 +I __,_!c. 8.1 ' ' '35x22 29x18

2

3

2 ~' I 26~*I;11C B1 3'1xh}~!C. 8.1
+F

28 x 20 7x6

~ C. BIn lensily of in duration
Size of redness CmmXmm)

*a Dry weight of the preporolions injected 19uineo pig
*I The dilution o1 Old Soulon Tuberculin * The boundary of redness was indefinite

Table 4. Ability of each of the cell fractions to induce tuberculin hypersensitivity
in guinea pigs I Experiment 21

Reactions measured 72 hrs alter on introcuioneous injection of Iuberculin41 ,

Guinea pigs sensiiized with

Pariicle fraction

4 ing

XiO XIOO

3

*l

<6 X 6)*,

Guinea

2x2

Soluble
fraction

ing

XiO x 100

3x3

+

20 x 16

pig
sensi-

NG jizotion

OXO

Days

clier

IXl

?x2

17x17

2x2

Adjuvoni
only

XiO

3x3

Cell wall frociion

I ing*'{ 4 ing
X I o*'I X I 00 XiO XiOO

+F ++

cox19 15x14 15xi4 <15xi4) 5x5
+F +r+

10X10 16X14 16X12 13X12 6x6

+} +F+ +

14x14 20x19 13X12 13x129x9

+F+

15xi6 <25x23)!___- ---
+++

12X16 12x12 13X12 6x5

+F++ +

7X710x10 16X159x8

++F+F +

10x9 10X8 13X11 11X10 8x7

+r +

18x15 10x7 I

3x3

OXO

<13 x I 00 <13 X 10)

2

3x3

OXO

3

7x7

+

5X4

IXl

27-31

OX0 22x15

Cenlrol bleeding

4

OXO

OXO

2

_L

3X3

2x2

3

OXO

57-63

4

*I, *4 Symbols the same OS in Table 3.
* The cell wall preporoiion extracted thoroughly with a chloroform-methanol mixture (2 ^ I)

L

<6 X6)

Del. lied cell

walls*:; 4 ing

x I 00XiO

+

12x12

4x4

8x6

Tr

13xi4

+

17X15

; I

5x3

10x9

OXO

6x6

+

9x9

+

13X13

+F <C. B. )
21 x 13<8 x 8)

+

11xll

OXO

2X2

10x9

--

8x9

+

13xlO

+

12xlO



sitiziitg antigenicity or BCG ccll \\. alls. as shown in this Table, is not sinnificaiTtl\'
decreased by ICmoval or Ihc lipids extiactable willL neutral organic solvents. It
is or Inter CSi and worth Iui'theI' study that the free lipid component, \\, hich
amounts to neai'by 40 per cent of the \\'eight of the cell \\, alls, does not seem to
play any important pail in in ductioil or tuberculin hypersensitivity.
3. 11,111ij^ n/'Ih, if/! nulli0!1.1 10 ciihu/if', Ih, If. \if/n", e of Inif', to 111beirii/oilJ Iiy~,,'/foil

CIOuj>s of mice or SII. ain CF=I o1. stock ddO \\, eie cach jinmunized \\ith 0.1
inI of thc cell 11'actions suspended in the adjuvani. Controls I'eccived ad'u\ant
only. Tmmunizing Injections \\'ei'c I. CDeated after 2 o1' 3 weeks. Five to eight \\'ecks
artei. the second injcction, jinmunized and control mice \\. erc challcnued b an
in11'avenous Injection Ihi. ouglT the tall \, cin or 0.2 inI or a single cell suspension
of a I}Ighky, \, 11'ulcnt Ant'. boil'.,, SITaii} Ravenel. A1 \, arious Intel'vals artci' the
challenge. the mice wei. c killecl by a I)10\\. on the head and the numbei. o1' in-
focicd IJacilli in the splecn, liver, Ianus and 1<1dneys \\. as determinecl as describcd
in the Methods section. 'Thc results obtained \\. ith mice irumunized \\. illt eac1} o1
the cell fractions and \\. holc cells \\. CTC coinparcd \\'1111 those of control anirrials
The I, I'CSence o1' absence of a statistical Iy significant diffcrcncc bet\\, ecn the num-
bel' or in ICctcd bacilli ICcovei'ed nom Ihc o1'gans of jinmunized and coniiol ani-

I\. IAIUNOLOGICAL PROPERTIES OF BCG CELL WALLS

'I
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Fig. I
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Ability of the cell fractions to enhance the resistance of mice to
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X- - - - - - +< Mice jinmunized with cell wall fraction

Mice of stock dd0 (8) were jinmunized twice with un interval of 15 days. 34 days offer
the second immunization they were challenged with 8.6XIOll viable units of a hi hl virulent
Myc. bovis, strain Ravenel. Two mice from each group were examined on the do s indicated in
the Figure.
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Toble 5. Ability of the cell fractions to enhance the resist once of mice
against Iuberculous infection IExperimenf 21

Mice
jinmu nized

with

None

Whole cells

<3 ing X 2)
Cell wall fraction

CM ,,)
Particle Irociion

<11 U)
Soluble fraction

Cry u)

Number
of mice
examined

Days
after

challenge

o?

5

5

None

Whole cells

(3 ing X 2)
Cell wall fraction

( ,, ,, )
Particle fraction

< ,, ,, )
Soluble fraction

c ,, ,, )

Number Clog\ of in Iecied bacilli recovered
Irom

5

Lungs

3.20

5

31

5.65

4.92*

5

Liver

4.45

5.75

5 - 13*

Mice of strain CF*I (9) were jinmunized Iwice o1 an interval of 20 days. 41 days after
the second immunization they were challenged wilh 3.2 X 10'' viable units of a highly viruleni
Myc. 60vis, sirain Ravene!.

**p < o. 01*p < 005

3

4

5.45

Spleen

5.21

4.67

3324*

inals was PIOvisionally tested by the method of Masuyama (1949).
The results of three typical experiments, together with the experimental

conditions used are I>resented in Fig. + and Tables 5 'and 6. 'The number of
bacilll recovered from the of mice jinmunized with cell walls or \\, holeoroans

cells tends to be lower than that of those in the corresponding organs or conti. o1
mice. A rather larger number of bacilli \\, ere found in the mice jininunized with
the particle fraction o1. with the soluble fraction than in those irumunizcd with
the cell \\, alls.

Therefore the cell wall fraction may be mainly involved in the development
of an acquired resistance to tuber CUIous infection. 11 should be pointed out,
ho\vever, that in the present experiment resistance resulting fronl 11nmunization
\\'1111 whole cells was not so great as expected.

+. ,billO! of Ihe fell/IWCtioiiJ 10 Iiyodi!re 11/11noiwl dii/ibodi, ,' inId 10 Irur/ lei!/! jinn!line ., eitt

Three rabbits in each myoup \\, ere injected subcutaneously twice \\. Ith an
Intel. val of 17 days bet\\, een injections \\, ith 0.3 inI of one of the cell fractions
suspended in the adjuvant. Nineteen days after the second injection, serum speci-
mens \\, ere taken by cardiac puncture and were Inactivated by I, eating at 60 C

5.40

4

5.58

5.23 ,

4

Kidneys

0.94

3.74

2.60**

2.77**

68

5.51

583

6.21

3

5.29

3.46**

5.25*

4.82

4.49

4.40

6.16

4.30

4.30

6.30

2.93f

4.23

3.58

4.78

3.31

4.28

3.87

3.92

2.48

3.50

3.40

2.26*

4.43

3.59
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Table 6

Mice
jinmu nized

with

Ability of the cell fractions to enhance the resistance of mice
against tuber CUIous inf ec*ion

N one

Whole cells

<4 ing x 2>
Cell wall I rociion ^

O ing x 2)
Particle frociion I

<1 ing X 2)
Soluble I roclion

(2 ing X 2)

None

Witole cells

<4 00 X 2)
Cell wall frociion

<1 ing x 2)
Particle fraction

<1 ing X 2)
Soluble frociion

<2 ing x 2)

I Number I Days
of mice o11er

I examined I challenge

2

4

4

o

Number (109) of infected bacilli
recovered from

Lungs I Liver I

4

I 3.60 I 5.13 4.85

4

Mice of stock dd0 (9) were jinmunized twice wilh on interval of 23 days. 58 days after
the second jinmunizolion they were challenged with 1.3XIO' viable units of a highly virulent
Myc. bovis, strain Ravenel

*p<0.05 "'*P<0.01

for' 20 minutes. Thc antibody content or these specimens was determined by the
complement fixation test, the various cell fractions as antigens. Results \\ ere
expressed in terms of the highest dilution or the test serum showing a definite
complement fixation.

As shown in Table 7, the cell wall- and particle-fractions are ,, o0d antigens,
both in producing humoral antibodies and in reacting as complement fixing
anti. ens with immune serum. Th , I' 'I I th I bl f , k ' I hantigens with immune serum. The activity or the soluble fraction is \\, eak in IJoth
tests.

As a considerable degree of cross reaction between the cell fractions and
heterologous Imniune sera was found, the serolouical relationship of the cell frac-
tions was examined by adsorption with hornologous and heterologous antiuens,
as follows. As adsorbing antigen, saline suspensions or both the cell \\, alls and
particles and a solution of soluble-fraction <2 ing, 2 and 10 ing, 5 ing per inI,
respectively) were used. A specimen of pooled serum taken from rabbits jinmu-
nizcd with the cell wall- or particle-fractions was used. 0.5 inI allquots was mixed
with 1.5 inI or each of the adsorbin, ' antigens. After incubation at 37'C for' 2
I}ours, the mixture was centrifuged at 900 g for 10 minutes and was a, ,ain mixed
with the same antigen as used in the first adsorption. The mixtuie was incubated

I. 76

15

17

4

6

4

2.10**

4.10

2.73*

167

5

2.84

Spleen

3.03

5

4.75

3.23

78

80

5

5.03

3.95 3.49

3.23'* I 2.50*

3.93 3.13

5.06 3.68

5.11

4.08*

4.89

4.44

4.33

3.93

4.09*

2.89

2.43

3.11

2.78

3.21

2.64
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Table 7. Ability of the cell fractions to produce humoral antibodies
in rabbits and to react with immune sera

Tiler" of the complement fixing Grillbody
reacling with

Purlicle

frociion

Sera from guinea
pigs jinmunized

with

Cell woll

fraction

Rabbit

NG

Pariic!e

iruclion

2

3

Soluble

Ir. clion

Cell wall
Iroclion

512

2048

1024

256

512

256

16

32

32

<4

<4

32

<4

4

<4

2

3

N one

2

3

512

1024

1024

256

512

256

32

32

32

<4

<4

4

<4

8

<4

2

3

4

5

6

*The highest dilution of Iesl serum showing a definite coinplemeni fixaiion

Table 8. Serologicol relation of the cell wall-, particle. and

solu ble-fractions examined by adsorption experimen*s

Soluble
froclion

64

256

128

64

256

64

Immu n e

Immune serum againsi cell
wall fractions <pooled)
adsorbed with

None

Cell wall fraction

Pariicle frociion
11

sera

16

8

4

Doses of

adsorbing
o nip ens

ing/in I serum

Soluble frociion

Immune serum against
particle I roclion <pooled)
adsorbed with

None

Cell wall froclion

Purlicle frociion

Soluble froclion

<4

<4

<4

<4

<4

<4

,/

Tiler* o1 Ihe complement Fixing
anlibody reaciing wiih

SolubleCell wall Particle
fraction Iroclion froclion

14

14

70

35

*The highest dilution o1 Iesl serum showing a denniie coinplemenl fixation

1024

<8

128
<8

256

1024

64

32
8

512

14

70

35

512

<8

<8

16

16

<8

<8

8

512

128

<8

64

32

8

<8

<8



at 37'C 101 21Touis and at +'C for a Iui'theI 24 houis and then cci, 11'1fu, ,ed at

80,000 g FDi' one Iloui. to loinovc the added arith, cns as coinpletcl\, as I, OSsihlc.
'The supei. natant \\. as used as tlic adsoi. bed sei. urn.

The results or coinplemcni fixaiioil ICsis made o1t these adsoi. lied scia ai c
PLCscnted in Table 8. .,\ithou, ,h no clcfiniic conclusioi} can be made, these I'CSults
may bc inter pi'clod as 10/10\\'s : I) the I)at11clc F1'actioit 11as a Tclati\ cly specific
antigenic substance \\'hiclt 15 not pi'escnt, at least I}o1 in iai';;c cjuantity, in the
o1hei. cell 11. actions and 2) in the IJai. ticlc 11. action, Incrc is a considei. ajilc amount
or the cell \\. all ITaumcnts o1. or Ihc antigens shared by the ccll \\. alls. 11 should
lie Iiointed out in this connection, 111at the liarticle 11. actioiT used in this expel'i-
merit \\'as unrollunately obtained from a supcrnatant \\. hicll \\'as centi'iru, , cd only
,ncc at 12,000 g for 60 minutcs (CF. 'Tai, IC I).

.\ithoug11 111e c\perlment descril)cd abovc gives somc 1/1/01'malloi\ till 111c
SUI'o10, ,ICal Tclation or cach of Ihc cell fractions, ICsults ale only I, Tellininary.
Fullhcr expciimcnts arc needed to clucidatc 111CSc niattcis.

TAI\-tUNOLOGICAL PROPERTIES OF BCG CRT. L \\'ALLS

I)Is cussio\

I"loin sonicatccl BCC; cells, vai'IOUs subccllulai 11'actions \\'ci'c isolated in a
sunicicntly pure slate iru' Iru m unological in VCstigations. 'I'hell' jinmunological ticti-
vity was examinecl in vai'IOUs \\, ays. Only the I'cpoi'Is or Growle (1954, 1958),
You mans at ,,!. <1955, 1957) and Kibi ,/ ,,/. (1959) deal syst, matic"11y *, ill" thc
11n in unological pi'onertics or ccll tractioiTs isolated 11'0m I}hysically disintc;!I'atcd
,\,, John, '/ei'Iu/ cclls

T'here is a consideiablc <1c;;i'e. o1 jigi'ccmcni net\VCen Ihc I'CSults on laincc1 111 the
present study and those TCPoi'ICcl by Glowlc. I{c tested IJi'cpai'allons or physically
disrupted tubercle I)acilli and 1'0und the irisolulJlc ICsiduc o1. I)acillary ITUlls elicitcd
statisticalIy significant "immunity" in guinea pigs, model'a IC antibody 101'mallon
and consistent tubercullit allergy. Bacillaiy constituciits solublc 111 I, o1 ate-ciliatc
hurler, on the other hand. inducecl coiTspicuous antibody formation aild some
tuber culliT allergy, but no ' 'immunity' '. Unfoi'tunatcly, becausc CTo\\'IC's Dripinal
papci' (1954), pi. escnted as a Doctoi. al dissertatioi\ at Stanfoid University, \\asiTot
available. the authoi. s do not kno\\. \\. he ther the irisolulJle ICsiduc employcd as an
jinmunizing antigen lit ITis study consisted exclusively or ccll \\. alls or \\ he the I'
his prepai'alloit was contaminated \\. ith unbrokcn acid-fast cells.

The results I. eported I)y You mans and ITis colleagues seem to I)c some\\. hat
diffcrent nom those piesented in this study. Althou, ,IT they claimed that they have
isolated from strains H37Ra and BCG a particle itaction \\hich can irumunize
mice against infection witll virulent tubercle bacilli, 111e high 11nid contcnt of their
preparations and the11 methods or isolation or the fraction suggest that it may
had been ITeavily contaminated \\, ith cell \\ftlls.

The finding of Ribi at "/. that cell walls isolated From IW)robin!,!'!'d! cells induce
hypei'sensitivity is consistent \\. It IT the results presented. it should be I)Dinted out,
however, that thc cell wall preparations used in their study \\'ere isolated 11'0m
,\!Irubttr/nili!11 bi!011'if ifm. not from a mammalian MJbobu, /elfiiiii and the hypeisensi-
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11vity induced was tested \\'ith eiihei' the ccll walls or plotoplasm obtaincd from
the same organism.

The results of the present study indicate that the cell \\. alls arc the most
active structural units of BCG cells. both in inducing tuberculin hypersensitivity
and in enhanciiT^ the resistance of mice to tuber CUIous Infection. However, the
active factor or BCG cells rcsponsiblc 101' the induction or acquit'ed resistance to
tuber calous infection or or tuberculin hypersensitivity, does not seem to be exclu-
sively localized in the cell \\, alls. 11 the active factoi' \VCre localized exclusively
in the cell \\. alls, the poteiTcy of a giveiT amount or the cell \\, all preparation
should lie cqual to that of about Four times as many \\'hole cclls, because the cell
walls or bacteria constitute 20 10 25 pel cent of the whole cell weight. However.
in fact, the activity or the cell \\'all fractions \\, as some\\, hat inferior. to that of
the whole cells, eveil on the same \\, eight basis.

Another in ICrcsting I'Dint demonstratecl in the prescnt study is that BCG cell
walls letain the ability to induce tuberculin hypersensitivity, even after the ex-
haustive removal or Ihcir Free lipid component which constitutes ITearly 40 pel
cent or the weight of Ihc walls. Since Ihc study of Railel at 111. (1955) sho\\, ed that
\\, axes soluble in chloroform without hydrol\, SIS play aiT important I>art lit induc-
tioiT or a delayed type, tuberculin hypersensitivity, the above findings call for
IT'Sl} experiments to resolve the IJrolJlems or tuberculin hypci'sensitivity. Studies
are in progress on the effect o11 thc ajiility of the ccll wall fi. actions to induce
tubcrculin ITypersensitivity of treatment with an extract or 1.1 bactei'111m (CF.
KOIani 21 d/., 1959h), egg \\, hite Iysoz\, me and Nagai'sc b crystalline proteasc
PIOducerl I)y Bdri//IIJ Ji!billi. I).
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Fig. 2 Cell wall froclion
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Fig. 3. Particle froclion
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Figs. 24 , Electron micrographs of fhe ccl! fractions.

Samples were if oJnled on a coltsdion film, shadowed will, chromium and exomined with

a Japan Electron Oplics Laboratory eleclron microscope, model IEM-5G. SCOle , ip

t

,
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Fig. 4. Soluble froclion




