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BIKEN JouRL\AL 6,181,196 (1963)

Lysis of isolated BCG Cell Walls with Enzymes
2. Demonstration of 'Bound Wax D' as a Component

of BCG Cell Walls'

SHOZO KOTANi, SACHio HASHiMOTo, To SHIRO I\{ATSUBARA, KEiJiRO KATo,
KAzuHiRO HARADA AND JUNKO Kookyii

Dr/, rin!","I of Bane, 1'010gJ. , J\bra I\/eatt"/ College. K"fillfoam, r\mr"

To SHIYUKi KITAURA

04,111meri! of B!'Dofleini'J!u, , I, ticii/{I of ,litdrti, Ie, In, ",/!11 Un!'",, fill. , 1.11kirok"
(Recei, ,offo1 A1b!it"!1011, Sty, !gillbtr 20, 1963)

A"ra Pier'ec!111n! 111J!flu!, of fled/!A, J\'I'm

ATSUSHI TANAKA**

'File CLIl \\, all I}ICpaiatioiih tsulaicc1 11,111 'clclipirlaicrl' BCG cclls \\. 11iclt \VCrc cxliati\11vcl\
cxtractcd \\'111t ITculi'al, organic sol\'ci, is at 1'00i, t I'm PCraliii'c \VCrc submittctl to $11cccssivc 11'caln, ciTl
willt egg \\'hiic Iysozymc anti the 1.11 ciizyntc 1110cluccd I, y a 1'7, b, ban, 111,111. yi. (1.11 bacicriuni) \\. Iticli
wars primarily acti\c against SIP/11/10t", tilt dwell. ,. I^ Incsc cnzymc 11'cainicnls. abotii 40 DC1 culli
or Inc ccll \\, all materials bccamc suitiblc, ICa\, ing 60 I)ci ccnt as ai, intoIublc r'siduc. B soluhilii
tests in organic suivci, is, infrarctl SPCcirophoiomciry. ticicrminaiioii or the n, VColic acicl CUI, 1,111
anc1 o111CT cliemical analyscs 11 was ticmonstiaic, I 111at Ihc ingnlublc rcsicltic coilF1\is mainly of
matcrials CSScntially Idcnlical to 111c wax D Tractioit ISOlaiccl from ITUmaii type J\{itob"tieri, ,"I Iubc, -
c!110JiJ. The r'siduc \\as Ihcicforc ticsignaiccl as 'houi, d \\. ax D' anti its adjuvailI activity tested
it was sitowit that the 'bound wax D' ITaciion exhibits a markecl cnhancing CRCct on 1,011, Ihc
production or circulating an libocly and Ihc ticvclopmcni or a delayccl Ivpc or 11ypcrscnsitiviiy \\, Ilcn
injectcd In10 guinca pigs with cgg witiic albuniin or egg \\. hiic Iysoz\inc

Irumuno-diffusion experimcnis by Ihc Ouchicrloity ICchniquc showccl Inai Ihc malerials libcratcrl
front 'delipidatccl' BCG cell walls undcr Ihc adjoi, o11ysozymc alitl Ihc L cnz\, inc coniain at least
one cuminoit antigen willcl, is dis!incl lionT 11, c cytoplasiitic alliigen

SUNl\-IARY

Previous work in this series (Kotani 81 a!., 1962) demonstrated that when a

* A part or this \vorl: was reportcd at Ihc 3611, Altnual A, leeiing or the Japail Bactcriological
Society (April, 1963, at Osaka) and at Ihc 10111 Symposiuil, on Bacterial Toxiits (July, 1963
at }Iakone, Kanaga\\, a)

** Preseitt adclress: 1<CScarcli Illstitutc for' Di, cascs of Ihc Cliesi, Faculiy of \ledicinc, Kytisllti
University, 11{uniohama. Fukuoka
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BCG cell wall suspension was incubated with egg white Iysozyme there was about
35 per cent reduction in the optical density and that when the suspension of the
cell walls previously treated with Iysozyme was incubated with the Ljj enzyme,
which had been shown to have no Iytic activity against untreated BCG cell walls,
there was a further 25 per cent reduction in the optical density.

The pesent investigation was undertaken to determine the chemical nature
of the cell wall component remaining as an insoluble residue after treatment of
'deltoidated' BCG cell walls with Iysozyme and the Ljj enzyme, and to test the
possible adjuvant activity of the insoluble residue in the production of circulating

To avoidantibody and the development of a delayed type of hypersensitivity.
containination of The insoluble residue with free lipid fractions, cell wall prepara-
tions separated from 'denpidated' BCG cells whiclt had been exhaustively extracted
with ethanol-ether and chloroform at room temperature were used.

Preliminary experiments were also carried out to elucidate the chemical
process inducing the optical density reduction of the suspension of BCG cell walls
during incubation with Iysozyme and the Ljj enzyme, and to examine the serolo-
gical reactivity of the materials 111Jerated I, y the enzyme treatment.

KOT'ANi at at

I. 'DEI4b!Yaled' cell refill prey, try"!1011J

BCG, strain Takeo, was used Ihroughout this study. This strain was originally obtained from
111e Department or Tubeiculosis, the Research Irisiitute for Microbial Diseases, Osaka University,
anti serialIy subculiurcd on Ogawa's egg yolk litedium in this laboratory. The organisms were
grown as surrace pellicles on Sauion synilietic liquid nTeditim for. 9 to 12 days at 37'C. The bacterial
cells were harvested by filtration through a sintered glass filter anti then washed \viih a large quantity
or distilled \\, alei. Free lipids were removed as completely as possible from the washed cells by
repeated extractions \\, ith ethanol-eiher (I : I, vjv) and chloroform in the manner described by
Anderson (1943). From the 'dclipidated' bacterial cclls thus obtained, the cell wall fractions were
prepared according to the procedure described prcviously (Korani at n!., 1959a) and used as 'dell-
pidated' cell wall preparations

2. L"!IC e"<, me$

Partially purified preparations or the Ljj enzyme were separated from culture supernatants of
F1a, o6ac!eii",, I 411. (Ljj bacterium, Koiani at a!., 1959b) by ammonium sulfate precipitation and
chromatographic fractionalion on a hydroxylapatite column. Detailed clescriptions or the pro-
cedures used for the separation ITavc been given in tile paper o1Kato at a!. (1962)

Crystalline egg while Iysozyme specimens, purified by repealed recrystallizaiion, were generously
supplied by Dr. T. Am ano, Department of Immunology, Research Institute for. NIIcrobial Diseases,
Osaka University

3. xi"a!y!ICa! methodJ

Paper chromatogi aphy for detection or amino acids and sugars was carried out as described
previously (Kato at a!., 1962) except that etllyl acetate-pyridine-water (8 : 2 : I, vlv) was used as
an additional developing sol\, ent for sugar analysis (White and Secor, 1953)

Reducing substances, hexoses, periloscs, ancl Ilcxosamines \\, CTe determined by Nclson s inodi-

MATERIALS I\ND A{ETHODS



fication of the Somog\ technique (Nelson, 19++), the modified arithrone method (I\511well, 1957),
the orcin-HClmethod orBialas modified by Dische (Ashwell, 1957) and the method of NeuhaLis and
Retzring (1957), respectivcly. Ninhydrin-positive substances wetc estimated by the methoc1 o1
NIOore and Stein (1948). Tite methods orYokoi and Akashi (1955) ancl of F1ske-Subbaro\v (Fister,
1950) were used for dc!elmination or 101al ITitrogen and phosphorus, respeciively

infrared absorption spectra were me astired in a Nippon 1<0kcn Infrared Spectropliotometcr
(Model DS-301, .lapan Spectroscopic A1anLifacturing Co. , Tokyo) according to tile procedui'CS
described in the maniacturer's book. Specimens to lie 1.51cd werc illcorporaied into KBr disks

'BOUND \\'AX D' As A CONiPo:*;ENT OF BCG CELL \\,*\LLs

4. Plyn'cal methodJ

A{o1ecLila^ weigltt was me astirccl by Ihc surface balancc technique with a horizontal float type
apparatus. Test specimens weie dissolved at a concentration or 0.02 per cent (\vjv) in PCIrolettm
ether (b. p. 40-60'C) coniaining I per cent (vjv) pyrirlinc. Details o11hc procedtires ancl tile methods
or calculation \\, ill be TCPoiIecl els\vhcre (Tanaka and Kitaga\va, to be published)

NICliing points werc clctermincd by tile Lisual meniod

5. Sero!ogic"! methodJ

I\ITti-BCG cell wall sera weic preparcd by two intramtiscula^ injections or 0.3 inI eacll or a
cell \\, all suspcnsioi, (10 ingjml) in incompletc Bacio-adjuvailI (FTCund) (Dilco I, aburatorics, U
S. A. ) Into Ihc Ihigli of rabbits \\. iih a 17 clay 11Ttcrval belwccit injcciioiTs

Thc qualitative Drccipitiil ICst was performctl by 11, e jiltg riteihod. Precipitation \\, as cxamincrl
at approprialc in ICrvals and arbili'arily grancd LTDm - to 111. Irumuno-diffLision expcrimcnls wei'c
performecl by Ihc Ouclitcrluity method. TITc aittilJody contcilI or 1.51 5.1'uru specimens (noi in-
activated) was CStimaLccl in titc IJrcscitcc or 0.01 xi EDTA accorcling 10 tile dcscripiion or Kabat
and MayCT (1961). Tltc wasltcd prccipiiaics \VCrc <11ssulvcclin I N sodium 11yclroxidc solution antl
assayecl LOT 111.1r protCin coniciit \\, jilt Folin-Ciocaltcti PITciiol rcagciit

6. Corn, a! ifJ!

Tile methocl Listcl was CSScnlially Idcntica1 10 litat ticscrilictl by \\'1111c, BCriisiock, Johns and
Lcclercr (1958). Thc 1.51 was purrormcd by injectioil or ICsi anIigci, solutions (20 rug!inI egg while
albumiii, twice ciysiallized, Sigma Chemical Co. , U. S. A. anc1 10 nlgjml egg \\, hite jusozyittc)
in amount sumcient to cause a clisc or opacity. about 2 nlitt in cliamcicr, \\, lien injcciccl into Ihc cornea
instilled willt a drop or uphthalmological Xylocainc solution (containing lidocaine Ilydrochloride
at a concentration of 40 n, glml, manufacturcd by Fujisa\va Pharmaceutical Co. , Osaka) The

eyes \\, etc cxamincd daily for. a \\. cek rot the cxicnt anti dcgiec of coincal opacity and tile presence
or absencc of chemosis. A chop or I per cent achromycin (crystalline tetracycline hydrochloride)
ophiltalmic oil suspension (Takeda Chemical Industries, Osaka) \\, as instilled daily during the
observation period to n, illimize tile clangcr or hacierial initctioit or lite cornea

7. filet1, o11 Iru'cro$CUI, '

The procedures describecl previoLisly (Koiani ti a!.. 1959a) were followccl
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I. byJi$ of 'denpida/ed' BCG cell roan$ by JarcceJJiue lyeo/men! coilh tyroeyme and Ljj enzyme
I) Chemical 11'068J$ illdt{ting Ihe led"61ion in o11icn/ den3i!y of a cell roan rufflension

incubated coilft the enzyme$
A specimen of 60 ing or a 'dellpidaLcrl' cell wall prcparaiioit was suspcndcd in 12 inI or 0.025

M phosphate butler, pH 6.8, containing 12 nlg of egg \vhiLC Iysozyinc aiTd 0.1 per cent o150dium

RESULTS
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Table I.

- ~ - ' - ~~~~L ~ . ~ ~~. I~ ztte of I~~$0t me-. ~. I ' Lysozyme-11zate of ~~~~Lii enzyme-Iyzate of Iysozyme-

in ,, o1" I"~'^"~h~,~~I ~Tith~af~j~hetibiaah~(his)'
Nihydrin-positive I
substances 0 0 0 14.7 0 10.1 30.0 700

- - ^- ^--- -- ^

Reducing substances 0 18.0 0 21.4
(as glucose) I

Chemical Process Involved in the Lysis of 'Delipidated' BCG
Cell Walls by Successive Treatment with Lysozyme and Lii
Enzyme

KOTANl at at

Hexosamines O(as glucosamine-HCl) I

azide as a preservative. Thc SLisp"us101, was inctibatecl an 37 C for 24 hours. Samples (I inI each)
werc taken after 0,4.8 ant1241tours, ai, cl\VCrcimmcdiaicly ccntrifugecl at 12,000xglm 201ninuics
in Ihe cold. The supernatant fluids 111us obtainccl \VCrc assaycc1 \\, 11hout prior ITydrolysis. for' Ihcir

The insolubleconteiit or TCLlucing subsianccs, ITUxosamincs ai, cl ninhydrin-positive subsianccs
residue (Iysozymc-itcalcd ccll walls) obtainccl by, centi Iruging 111e remaining 8 n, I or Ihc suspension
after 241, ours incubaiion, was \va, hcd foul limes \\, illT 4 it, I or distillccl water. The waritcd sediment
was resuspcnrlccl in 8 inI or 0025 xi I, hosphatc burrcr. pH 6.8, containing 80 uniis or Ihc 1.11 ciizymc
and 01 pel ccnt sodiuiTt azid, . Samplc:, (I it, I eacli) werc wi!hclra\viT lrom Ihc suspcnsion incubated
at 37'C, as bcrorc, aiJclnTixed \\, jilt 0.1 n, I or I xi sodiunT cliloritlc soluLion to stop the cnzymc actiuit
Titc mixlLircs \VCre ccilITilugccl anti 111c SUI, CTiT, .iants were analyzcd chcniically

It is well established that the actioiT of egg white Iysozymc o1T nTicrobial sub-
strates generally involves the liberation of reducing groups and acetylamino sugars
(Salt, n, 1960). It will be co, n f". in T^bl, I that treatm, nt of 'd, lipidat, d' BCG
cell walls \\, itIT Iysozyme causes uncovering of reducing groups and 111Jeration of
components reacting as hexosamines. Some amino groups were also uncovered by
Iysozyme treatment, but the extent of uncovering was far smaller than that ob-
tained by digestion of the Iysozyme-treated cell walls with the Ljj enzyme.

The Iysozyme-treated cell walls, on the other hand, released components
with uncovered reducing andjor amino groups tinder the action of the L, j enzyme.
There was little libera tion of hexosamine-reacting materials. It \\, as previously
shown in this laboratory (Kato at a!., 1962) that the treatment of Slapt}!o, 066"$ Quiet{$,
strain Newman I (the original indicator strain for the assay of the Iytic activity of
the Ljj enzyme), is almost exclusively accompanied I)y liberation of soluble pro ucts
with free amino groups, but not of significant amounts of those \\, ith reducing an
10r hexosamine-reacting groups. Studies \\, ere made by the fluoro-dinitrobenzene
method on the N-terminal amino acids In small peptides Isolated from the dialyz-
able fraction of the Ljj enzyme-Iyzate of Slap4y!ococc"J rimettJ cell walls. Evidence
has been obtained that the Ljj enzyme primarily attacks the linkage I>etween the
Iactyl group of inuramic acid and the amino group of alanine in ceil \\, all inucopep-

Determinations were made on unhydrolzyed specimens of materials released by
the indicated times

7.2 9.1 130 o 13 1.5 2.9
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tide (Kato at a/., unpublished data). The seemingly conflicting observation re-
ported Itere that digest 101T of the Iysozyme-treated BCG cell walls with the Ljj
enzyme was accompanied IJy uncovering of I)oth reducing and free amirio groups,
may be explained by assumiiT^ that the cell wall components, the reducing groups
of whicl\ \\, ere already uncovered by Iysozyine treatment, passed into solution IJy
further inculJation witlt thc Ljj enzyme.

2) Told/ fondr libeln/, d 11'01ii 'dellpida/, d' 6611 rod!!J by Ihe ac!1011 of tyroeymc or
Ihe Ljj alleyme

A 422 ing SPCciinci. or a ticlipidaicd' ccll \\, all prcpara!ion was incubaLccl will, stirring at 37 C
will, 101.3 Ing o1'1ysozymc (0241ng!ing ccllwalls) in a 101a1\, o1umc o184.41n1010.01 M ammonium
aceiatc suitition, I, H 6.3. A r. \v titups or clilurolbrn, \VCIc at1<1ccl to Ihc I, lIxiurc as prescrvaiivc
A1 Ihc cutl or 111c 60 itoui incul, allui, purlud, 11, c rcaciitiii itTixtuic was cuntriLugccl at 12,000xg
IUT 20 11111, Litcs. ,'Ilc sccliiiicnt was waslicc1 111rcc Iimcs willI 40 n. I \, OILiincs o1' clistillcd wattr. Thc

SLij)umaiaiit fluid, combiiiccl willl 111c washings, was Ivupltilizccl (Iysozymc-Iyzatc). T'I, c washcd
bccliincnt was rcsuspcnrlecl in a small amotiiii o1 tlisiillccl warer aitcl cxac[Iy o1]c-rift}. o111]c SLispcnsion
was iyophilizccl Iru' \VCIgltiiig ancl FLIT Ihci study (Iysozymc-11 calccl cell walls) . Thc remaining four-
tinliwas rccoiisiiiuictlin the reactioi, mixiurcin a volume o167.51nl, containiitg 506 Linits o11hc 1.11
unzyinc (1.5 11niis!rug original cull walls), 0.03M phDsjihatc burrcr, Dr16.8, antl a ICw drops or
chiorolorm. T'ITc reaciioi, mixturc was incubaiccl willl 511rring at 37'C 101 721, OUTS aitcl Ihcn ccn-
InI'Ligcd aL 12,000x " For 201ninu!CS. 'LITc scdimci, I was wasllctl Ihrcc 11mcs willT 34 ntlvolumes or
clistillccl watcr. TITc wushucl *cdiincni was iyopl, illzccl (jusolublc ICsirltic), it, cigl, ccl anti submitlcd
to chemical analysis. 'Tlic SLIPcinatant nuid combinccl willt Ihc washings, was iyoplTilizcd (Lii
unzymc-Iyza!c)

The weioht of total solids liberated froin Ihc 'dellpidated' BCG cell walls
under the action of Iysozyme and Ihc Ljj enzyme was calculatcd on the basis of the
difference IJetwcen the weldht of the cell walls IJcfore and after treatment with

eaclt enzyme. It was found in 11Tc experiment dcscribcd anove that about 10 and
32 per cent of the cell wall constitucnts passed into solution on digestion with Iyso-
zyme and Ihc Ljj cnzymc respcctivcly. 11 should I)e pointed out, ILOwever in this
connection, that the cxtcnt of 111icration of cell wall matcrials by eaclL of the enzymes

Table 2. Qualitative Precipitin Reaction between Anti. BCG Cell
Wall Rabbit Serum and Materials Released from 'Delipi-
dated' BCG Cell Walls by Successive Treatment with
Lysozyme and Lii Enzyme

Anti-BCG cell

wall serum

No. I

No. 2

Antigen I~ ~

Performed by the ring test. Dilution of the antigens was based on the
calculated weight of the Iyzates (cf. I-2).

Lysozy me-Iyzate

Lii enzyme-Iyzate

Lysozyme-Iyzate

Lii enzyme-Iyzate

-I

Dilution of antigen (100x2X)

23456789101i121314

, ~I* ,ii Tii 111~ 1:1 11i t;: Tii ~!I~ ':' ~I~

,_ _,. .:: J'L .11 .!!: 1:1,11 ,.. _:;_ _,_

-F

I ,-
+ +F 411 -i;; ;'} I" \ ;;; ill ,+ + +
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vai. Ies in different experiments, although the sum of total solids released by the two
enzymes seems to be fairly constant. For instance, 21 and 23 per cent of the cell
wall constituents were released by Iysozyme and the Ljj enzyme respectively in
one experiment with a separate preparation of 'delipidated' BCG cell walls.

3) Liberation of Jero/ogico! reactiue mate, i@13 by dige$tion coilh bisozyme o7 the Lii
enzyme

Table 2 presents a record of the precipitin reaction between anti-BCG cell
wall rabbit serum and serial two-fold dilutions of the Iysozyme- or Ljj enzyme-
Iyzates obtained in the experiment described in the preceding section. It can be
seen that both Iysozyme and the Ljj enzyme treatments liberate serological reactive
materials from 'delipidated' BCG cell walls.

Since a positive reaction was obtained in the ring test on the Iyzates, jinmuno-
diffusion experiments by the Ouchterlony method were carried out to clarify the
antigenic relationship between the Iysozyme- and Ljj enzyme-Iyzates. A specimen
of the cytoplasmic fraction which was obtained by centrifuging a sonicated (for
10 minutes) BCG cell suspension at 80,000 xg for 90 minutes served as control
antigen. It may be added in this connection that some anti-cell wall serum speci-
mens contain the antibody reactive with this soluble, cytoplasmic fraction, as
previously reported (Kotani at a/., 1960). As illustrated in Fig. 1, a precititin line
common to both of the cell wall Iyzates developed and this common band of identity
did not fuse with the line of the precipitate formed by the cytoplasmic fraction.
An additinal precipitin line appeared between the Iysozyme-Iyzate and the anti-

From the pattern shown in Fig. I it is unknown whether the antigen
giving this line is identical to the antigen found in the cytoplasmic fraction.

KOTANl at at

serum.

Fig. I. Ouchterlony Double Diffusion Precipitation Pattern Showing the Antigeni
Relation between the Lysozyme-Lyzate, Lii Enzyme-Lyzate, and Soluble
Cytoplasmic Fraction

Ly Lysozyme-Iyzate (I :100 x 2"); Lii: Lii enzyme-Iyzate (I :100 x 2, ); S: Soluble, cytoplasmi
fraction isolated from sonicated BCG cells (1:100x2 ); and Anti-CW: Anti-cell wall rabbi
serum (1:1).

Ly
Ljj

Anti.
OW

S



2. Chemical 7101wi'e of the infoh!61, I', rich{e ifo/did11'01ii 'dell/ida/ed' BCG call real!$ off oaf/, d
lullh Of o9me and Ljj enzyme

As the first step in studies on the chemical nature of the irisolttl)Ie residue, the
solubility of a test preparation (50 ing) in various or. 'attic solvents \\, as examined.
It \\, as found that more than 90 per cent of the preparation was readily soluble in
chloroform. methanol-water (100 : 5 : 0.5, vlv), but not in ice-cold methanol or
I)oiling acetone. This suggests that the irisolul>Ie residue may be mainly a material
similar to the \\, ax D fraction isolated IronT I\{ycobnc/elml cells by Asselineau (1951).

The infrared al)sorption spectrum of the jusolulile redue was then examined.
Fig. 2 Illustratcs the infrared spectra of two specimens of the insoluble residue and
as references those of the wax D fractions isolated Iiy the method of Asselineau
(1951) from Ivycobdc/811"niIubeirit!o31'J (strain H37Ra) and from BCG (strain Takeo).
The infrared spectra of the irisolul)Ie residue exhibit a series of bands all character-
1st IC to the \\, ax D of human typc J\{ycobnc/81'iM"I farbercw/DJi$, strain H37Ra. On the
other hand, one distinct difference was noticcd betwccn the spectrum of the insoluble
residue and that of the wax D fraction of BCG. The former, but not the latter,
exhibits well defined absorption nands at an out 1540 cm-I and in the reuion of
1650 cin I that ITavc IJeen showit to lie assiunahle to the presence of a peptide errou ).

The next SICp was to ascertain the I)rescncc of mycolic acid and to CStimatc
the content of this acicl in tl\c irisolulile residue.

..\ 150 rug SPCcimci, or Ihc 1.51 prcpaiaiioii was lieaiccl tiltclcr rentix For' 46 Ilours willt 12 inI of
ntc!hanol-bcnzci, c (I : I, \. Iv) containing palassium itytlitixiclc at a final coliccniraiioii or 2.5 pel

Thc reaciioit 11.1xiurc \\as 11, cit cci, Irilugccl an 1.000x " for. 5 minuics anti Ihc precipitate
was exliatisiivcly extraciccl I, y TCPea!ccl witching \\ill, 20 inI voluincs or bcnzcnc. TITC I, cnzcnc was
cvapoiaiccl off nom Ihc combinccl cxiracis uriclci rcducctl pressurc. Tl, c cliiccl malerial Ihtis
obtainccl was suspcitclccl in about 5 ntl or clistillccl \Talcr anti tile solutioi, acidiiictt $11glTtly by artcli-
1101, or an appropriate amoLini or 11yclrocltloric acid. Tile suspension was litcit exiractctl Ihrcc
Iimcs will, 20 ntl or c!hci Titc ciltcr was c\, aporaiccl anti Inc ciner-soluble spli! prodtict \\, as
obtaincc! as a rcsiduc

'BOu\D \\, Ax n' ,\s A coxiPONE\T OF BCG GEi, L \v\t, Ls

CCltt
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The weight of the ethcr-soluble split product thLis obtained was 79.9 ing (yield,
53.3 per cent). A similar experiment was carried out on a specimen (300 intr) of
another preparatioiT of the insoluble residue. The yield of the ether-soluble pro-
duct in this experiment \\, as found to be 45 per cent.

The presence or absence of mycolic acid and its content in the ether-soluble
product separated from the irisolulile residue \\, ere then examined IJy column
chromatograplLy in the following manner :

.-\ 132 ing specimeit Drillc cilici-soluble prodtic! \\as dissolved in a small amotinL or benzene
ai, d applicd 10 a columi, (5 nim in diamctei) or 5 g or alumina (Standard Aluminium Oxide 101
cliromatographic adsorption analysis. E. Alerck. Gemiai, y) \vhiclt had been treatecl with itydrochloric
acid accortling to Ihc rlcscripiion or r\sselincau (1951) Tills maleiial was Ihcit round 10 ita\. e

activity 11. The column was cluiecl successively with benzene. cihcr, acetic acid-eiher (5 : 95, \, I\)
and acetic acid-ether (10 : 90, \.!\,) at a Ho\\ rate or one drop per 15 seconds. Fractions or 20 inI
were collected and the conteni of materials clutcd in each \\. as measured by weight
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Fig. 2. Infrared Absorption Spectrum of the Insoluble Residue Isolated from Deli-
pidated' BCG Cell Walls Digested with Lysozyme and Lil Enzyme

The results of the assay are presented in Table 3. Of the applied material 83
and 7 per cent respectively were recovered in fractioTis eluted with acetic acid-
ether mixtures of ratios of 5 : 95 and 10 : 90, which are known to elate my colic acid
from an alumina column (Asselineau, 1951).

Fig. 3 illustrates the infrared absorption spectrum of the major fraction eluted
from the alumina column, showing that the spectrum is essentially identical with
the spectrum of the authentic sample of my colic acid. Elementary alanlysis car-
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Table 3. Chromatographic Analysis of the Ether-Soluble Fraction
Isolated from the Alkali-Hydrolyzed Insoluble Residue of
'Delipidated' BCG Cell Walls Digested with Lysozyme and
Lil Enzyme

Tu be
n u in ber
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' ' "__ I _ in I _. I
Benzene

Ether

I Acetic acid-ether

I I Weight of eluted material
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A specimen of 132 ing was applied on a column of 5.0 g of alumina (activity 11)
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Fig. 3. Infrared Absorption Spectrum of the Major Fraction of the Ether-Souble
Split Product of the Alkaline-Hydrolyzed Irisolubel Residue Isolated from
'Delipidated' BCG Cell Walls Digested with Lysozyme and Lll Enzyme
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Tied out on the fraction, on the other hand, gave the values of C 80.98 per cent an
H 13.36 per cent. The melting point was 52-55 C. These values agree fair y we
with those described by Ginsburg (Asselineau, 1962) for. his preparations of I- or

01T the minor fraction only the melting point2-my colic acid isolated from BCG.
was determined and a value of 53-54'C was obtained.

On the I, asis of the findings CTescribed above, it seems reasonable to conclu e
that the my colic acid content of the insoluble residue isolated from dellpi ate
BCG cell walls by digestion with Iysozyme and the Ljj enzyme is within the range
of 45 - 53 x 0.9 -41 - 48 per cent.

Table 4 summarizes the results of qualitative and quantitative chemica aria y-
ses carried out on two preparations of the insoluble residue, with those o some
physical analyses. Paper chromatographic analysis showed that t e principa

Table 4. Chemical and Physical Properties of the insoluble Residue
Isolated from 'Delipidated' BCG Cell Walls Digested with
Lysozyme and Lll Enzyme

190

Analysis I Specimen I I pecimen
^

Chemical properties
Qualitative

Pricipal component amino acids A1anine, Glutamic acid,

Principal coin PCnent sugars

Quantitative

Nihyd rin positive substances (as
Ieucine) *I

Hexoses (as galactose) *2
Pentoses (as arabinose) *, 3
Hexosamines (as glucosamine-HC1) *4
Total nitrogen

Total phosphorus

My colic acid

Physical properties
Melting point
Molecular weight

Apparent M. W

(Tru. M. W. )

a, E-diaminopimelic acid
Arabinose, Galactose,

Glucosamine

17

*I Hydrolyzed in 6 N HCl at 100'C for 16 hours.
*2 Hydrolyzed in 2 N HCl at 100'C for 3 to 10 hours' The maximum value

is presented
The maximum value*3 Hydrolyzed in 2 N HCl at 100'C for 2 to 8 hours

is presented.
*4 Hydrolyzed in 4 N HCl at 100'C for 10 hours

per cent

14

2.0" "

,,,/

0.6" "

48

21

,/,/

20

16 "

2.6" "

2.3" "

0.5" \

41

per cent

227 - 2280c

1/11

32,000

(16,000)

F1

11 If



component amino acids are alanine, glutamic acid, a, e-diaminopimelic acid, and
the principal component sugars are arabinose, galactose and glucosamine. The
content of ninhydrin-positive substances, hexoses, pentoses, hexosamines, total
nitrogen and phosphorus is as sho\\, it iil Table 4. It should be pointed out that
the results of quantitative analysis may not be very SIo'nificant since the purity and
homogeneity of the test preparations have not yet lieen fully established.

The In o1ecular \\, eight determination was carried out by the surface balance
technique. The itA - it curves, where it is the surface pressure (dynejcm) and A
is the area occupied by the specimen (in21mg), of a specimen of the insoluble residue
and by a wax D preparation of H37Ra are shown in Fig. 4. The curve exhibited
by the insoluble residue is very similar to that of the wax D preparation of H37Ra.
The apparent molecular weight of botl\ test and reference specimens is about 32,000
on the IJasis of measurements made at the rano'e of 0.05 to 0.15 dynejcm. The
curves at the lower surface I, ressare region (less than 0.05 dynelcm), on the other
hand, show a gradual upward turn and tended Touuhly towards a value (A), o
of 0.15. The results suggest that at a very 10\\, surfacc pressure, both test and
reference preparations cxist as Trionomer tinits witli molecular weights of about
16,000 (for further discussion, see Tanaka and Kitauawa, to IJe published).

The anove findinos scein to justify the conclusion that the insoluble residue
isolated from 'delipidated' BCG cell \\, alls digested \\, ill\ Iysozyme and the L
enzyme consists Inainly, it not exclusivcly, of materials essentially identical with

'BOUND \\IAX D' r\s A co\{PONENT OF BCG CELL \-\, ALLS
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the wax D fraction of human type My606,618i'twin tarbe?'CUIo$if (a peptide-type). The
insoluble residue, therefore, will be referred to IJelow as 'bound wax D .

3. Elec!70n-microrcoty of the 'boariid relax D' faction

Fig. 5 illustrates an electron micrograph of a highly diluted specimen of a sus-
pension of the 'bound wax D' fraction in distilled water. The fraction is coin-
posed of in orphological units with apparently a membraneous appearance' The
observation that the fraction chemically identical to the wax D of a peptide type
has a membraneous structure, seems to be contradictory to the general view that
the inucopeptide portion of bacterial cell walls is responsible for their in orphologi--
cal integrity, and this point requires further investigation.

4. Adytt, alit actiuity of 'bound coax D'

The striking resemblance of the insoluble residue isolated from the denpidated
BCG cell walls digested with Iysozyme and the Ljj enzyme to the wax D of human
type Allycobacte?turn 1116erctilort3 stimulated an investigation of the adjuvant effect of
the fi action in the production of circulating antibody and the development of a
delayed type of hypersensitivity to\\, ards crystalline egg white albumiit and crystal-
line egg white Iysozyme.

Twenty-four guinea pigs, \\'cigl, Ing about 400 g, \VCre dividecl Into four groups or 6 animals
The first and third grotips wcre sensiiized willT antigen alone (5 ing per animal), and the second and
rotiith erroups received the antigen (5 ing) with the botind wax D fraction (0.4 ing). The bound
wax D' fraction was dissolve<1 in chloroform-methanol-water (100 : 5 : 0.5, vjv), and the solution was

The fraction recoverecl from the fillratefiltered through Toyo Roshi filter paper or Scitz ET< type
(82.8 per cent recovery) was testecl for. lis ad^I\. ant activity. r\11 ailImals were sensitize y a sing e
injection into the I'll hinti foot pact or 0.2ITTl each or the \\, aler in oil emulsion, containing the indicat-
ed dose or tile 'bound wax D' fraction andjor 11Te antigens. The emulsions \\, ere prepared by mixing
0.4 inI of saline containing the antigcns, 0.4 inI of ATlaccl A (Atlas Powder Co . U. S. A. ) and 1.2

The 'bound wax D' fraction was dissolved ininI of Bay. I F (E**. Standard Oil C. , U. S. A. )
Bayol F when this fraction was to be incorporatecl in the sensitizing antigens.

Three weeks alla Ihe sensitizing injection, the animals were examined by corneal ancl intracu-
laneous tests for' the development of a delayed type orl, ypersensitivity towards the respective antigens
One week latei, blood specimens were collected from all animals by heart puncture to measure I e
content or circulating antibodies against the sensitizing antigens

A summary of the results of the experiments are presented in Table 5. In-
clusion of the 'bound wax D' fraction in the injection mixture resulted in much
higher levels of corneal and skin reactivity of a delayed type to both of the test
antigens. The adjuvant effect of the reaction was the most striking in the corneal
reaction : the an jinals sensitized with the antigen alone exhibited no visible reac-
tion, in sharp contrast to the intense reaction with chemosis in the animals seirsitized
with the antitrens combined with the 'bound wax D' fraction. The IJound wax
D' fraction exhibited a powerful adj avant effect also on the production of circu-
Iating antibody towards egg white albumin. The average antibody level in serum
specimens taken from animals receiving albumin mixed with the bound wax D

KOTANl at a!.



Table 5.

'BOUND \\, AX D' As A COMPONENT OF BCG CELL \-vALLS

Sensitizing antigen

(ingjanimal)

Adjuvant Activity of 'Bound Wax D' Isolated from 'Delipidated'
BCG Cell Walls Digested with Lysozyme and LlI Enzyme

IE. 11 0 ^ 0 0I

I ' 2 I 153 , 0 ,;!;,_ Icrystallineeggwhite E. 3' 282 I 0 ' ~ I
albumin(Sing) I E. 41 53 I 0 I ; I

I, , , I"":,:""I :,*311;~ ;' I ~~~~IEB. 2I 900 2 I ~
Crystalline egg white I I I 4X10 (44x28)
albumin (sing) I EB- 31 1460 ^ ' ' ; 1413 ; 2

+ ; EB. 4 ' 1120 I2C ' ^ I o
'Bound war D' (0.4 ing) I I I I' ' a.IEB. 5 ^ 1040 I I ^ a=

I 950 I 'IEB. 6I 950 ,3c I, it, ^ o"" ' ' I (Mean ^ 1102) I ' 17x16 I~ ~ ~ ~ ~~ ~ ' ~ ~~ ~ ' ' ' ~ ' ~ ~ "' I ~ ~ ~ ~ I~ ~ ~' ~ _ _ _ _ _
IL. I o o

;L. 21 , o1 0IIL. 21 0 O

Crystalline egg white L. 3 ! 0 O

Iyso^yin. (Sing) I L. 4 0 0 I

Crystalline egg white

alb"min (5 ing)

I Guinea ntibOdy cmeall Skin reaction *2
, pig No- (,, g prot. injin1) *' ' (0 5 in I^. I in I I'Ube, .. Ii"-, (:)
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I LB. 2

Crystalline egg white

Iy, .^yine (5 ing) LB. 3
I LB. 4+

'80. rid wax D' (0.4 ing)
I LB. 5

I LB. 6

L. 5

I L. 6
I LB. I

*I The concentration of the antigen solutions used for corneal test; egg
white albumin: 20 inglml; egg white Iysozyme: 10 ingjml

Intensity of in duration

10:01

3C I~~~~~ '
^ ^,---- - ^,

I 3 C I ,. 4x 1'
I 3 C -,I : 13xll

11 ^I I 11xlO

,2

Size of redness (size of weak redness) mm x mm
*3 C: chemosis

o

3C
11x9 (19x14) (12xll)

3C IFN_ ' OI ,-2-;;9-- I

+

,. I +
12 x 9

o

N: necrosis

o
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\-\, as almost 11-folcl that of the animals sensitized with albumin alone. A similar

tendency for. increased aritibody production on inclusion of the bound wax D
f^action in the sensitizing antigen was noticed in animals sensitized with egg white
Iysozyme. However, the exact antilJody content was Ilot measured in the serum
specimens.

The last column of the Ta1>16 shows the results of an intracutaneous test per-
formed with a 1:10 dilution of Sauton old tuberculin on animals receiving injec-
tions of the 'bound \\, ax D' fraction irrespective of the sort of antigen used. Among
seven animals tested, five showed no reaction at all and the remaining two gave
only a very slight reaction. The finding that the animals injected with the bound
\\, ax D' fraction did not react significantly to tuberculin suggests that the adjuvant
effect observed in the present experiment is certainly due to the fraction itself, and
not to the possible presence of contaminating cell \-valls which escaped enzyme
action, since BCG cell walls, even without their free lipids, ITave been sho\\, n to
induce tuberculin hypersensitivity (Kotani at a/., 1960).

KOTANl at of

The data presented in this paper clearly show that material essentially identi-
cal to the \\, ax D fraction of human type Ivycobncteit"in 1116ei'CUIo$ir is the major
component of 'delipidate' BCG cell walls. The 'bound wax D', as a component
of BCG cell walls, is definitely distinct froin the usual wax D that is located, as
it were, as a capsule ova' the cell wall proper of bovine type Mycobac/871ttm 1116e?'CM-
10nJ includinu BCG, since the former, tinlike the latter, contains a peptide con-
SISting of cell \\, all amino acids and exhibits a marked adjuvant activity in both
production of circulating antibody and development of a delayed type of hyper sen-
sillvity. White and cowerkers (1958) demsontrated that wax D fractions of bovine,
avian and saprophytic strains of I\1760bnc!eJium failed to increase either anti-oval-
bumin antibody or the corneal reaction to ovalbumin under conditions in which
wax D fractions from various strains of human type Ivycobac!81'ium rube?CMloJir ex-
hibited a marked adjuvant effect. The reasons for the observed striking difference
bet\\, een the strong adjuvant activity of the wax D of human strains and the in-
activity of the wax D of bovine, avian and saprophytic strains have been disciissed
in their paper and it has heelT suggested that the presence of a peptide consisting
of alanine, glutailTic acid and a, e-dianTinopimelic acid, linked to glycopeptide,
is essential for the adj UVant activity. The findings reported here that the bound
wax D' isolated from 'dellpidated' BCG cell walls LUTder the action of the cell wall
Iytic enzymes, unlike the wax D separated froiT\ chloroform extracts of bacterial
cells, contains a peptide consisting of cell \\, all amino acids and exhibits a marked
adjuvant effect offers further evidence in support of the above mentioned view
of White at a!.

DISCUSSION



White and cowerkers (1958) also showed that 'delipidated' bacterial cells of
bovine, avian and saprophytic strains of J\{ycob, ICJei'Ium still contain firmly, bound
lipids and have ITigh adjuvant activity. In the lidht of the present study, the
fraction that has so far I)een kno\\, n as firmly bound lipicl may, be regarded as a
cleavage product derived Iiy hydrolysis from the 'bound wax D' present as cell
wall component.

Studies on the chemical nature of the cell \van components liberated by the
digestion of 'delipidated' BCG cell \\, alls with Iysozyme and the Ljj enzyme are
now in progress. The linkage I)et\\, een these cell \-\, all components and bound
wax D' and the relatioit of 'bound \\, ax D' \-\, ill\ 'capsular' wax D Inus I lie the
subject of juture study.

'BOUND \\, AX D' As A cox, IPO\E\T OF BCG GEi, I. \-\, ALLS
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(A)

(B)

Fig. 5. Electron Microscopic Appearance of 'Delipidated' BCG Cell Walls Before and
After Digestion with Lysozyme and Lii Enzyme

(A) : Non-treated 'delipidated' cell walls; (B) : Insoluble residue ('bound wax D') isolated from
'delipidated' cellwalls digested with both Iysozyme and Lii enzyme. The specimens were mount-
ed on collodion films and shadowed with chromium. Scale: I A




