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It is well known that complete Freund's 
adjuvant, which contains heat-killed myco-
bacterial cells in mineral oil, is one of the 
most potent adjuvants currently used, and 
Mycobacterium tuberculosis is the organism 
commonly utilized as a constituent in the 
adjuvant [4, 10]. Wax D from the human 
tubercle bacilli has been shown to be the 
adjuvant-active fraction [11-14, 16]. How-
ever, it has also been reported that com-

pletely lipid free tubercle bacilli [14] as well 
as the cell walls of tubercle bacilli [9] were 
found to be active as an adjuvant in the 

production of experimental allergic ence-
phalomyelitis. A detailed investigation on 
the adjuvant activity of the cell wall of 
tubercle bacilli has not yet been carried 
out.

This communication describes the adju-
vanticity of mycobacterial cell walls and a 
mucopeptide thereof on certain humoral 
and cellular antibody responses.

Cell walls were prepared from Mycobac-
terium smegmatis, M. phlei, M. bovis BCG, 
M. kansasii and M. tuberculosis Aoyama B 
by the method described previously [1, 3] 

using a French Press, a Ribi cell fraction-

ator or ultrasonic oscillator. The superna-

tant fluid from the centrifugation of dis-

rupted cells at 27000•~g for 60 min was 

dialysed against running water and lyophil-

ized. This fraction was used as "cytoplasm" 

in this experiment. The crude cell walls 

obtained by fractional centrifugation were 

treated with trypsin, chymotrypsin and 

pronase, and delipidated by repeated ex-

traction with ether-ethanol (1:1), chloro-

form and chloroform-methanol (2:1). The 

purity examination of cell walls by acid-fast 

staining, amino acid analysis and electron 

microscopical methods indicated that the 

cell wall preparations were not contami-

nated with the intact cells. "Acid-treated 

cell wall" was prepared from the cell walls 

of M. bovis BCG by the following proce-

dures: The delipidated cell walls were 

treated with 0.1N HCl solution at 60C for 

12hr with shaking. After centrifugation, 

the residues were washed with water, and 

then extracted with acetone and ether to 

remove the bound lipid. The HCl-treated 

cell walls were further extracted with 5% 

trichloroacetic acid at 60C for 24hr. These 

cell walls were collected by centrifugation 

and then washed thoroughly with water,

1A part of this work was carried out with the 

support of a senior training grant from the World 

Health Organization.
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acetone and ether. Finally, the neutral poly-
saccharide moiety (arabinogalactan) of the 
cell wall was destroyed by treating the cell 
walls with 0.05M metaperiodate at 4C for 
14 days in a dark room with continuous 
stirring. The "acid-treated cell wall" frac-
tion was termed "MP fraction." The MP 
fraction thus obtained was found to con-
tain a small amount of neutral sugar (3.5%), 
lipid (less than 3%), amino sugars (26.7%) 
and amino acids (58.3%) which are alanine, 

glutamic acid, diaminopimelic acid, in a 

molar-ratio of 1.6:1:1 as the major amino 

acids after hydrolysis. Bovine serum albu-

min (BSA), sheep red blood cells (SRBC) 

and sulfanylazo-bovine serum albumin (SA-

BSA) were used as antigens. Female albino 

mice weighing 20-23g of either ddO, ddK 

or ICR strain were injected with each of 

antigens in incomplete Freund's adjuvant 

(IFA) with and without either cell walls, 

MP fraction or cytoplasm. The antibody 

titers were determined by either direct or 

indirect hemagglutination method using 

microtiter equipment.

As shown in Fig. 1, the antibody titers of 

mice immunized with BSA in IFA with 

either cell walls or MP fraction of BCG 

strain were found to be significantly higher 

than those in IFA alone or with cytoplasm. 

This difference in antibody titers between 

these groups seemed more pronounced at 

later stages than at earlier stages. The MP 

fraction (acid-treated cell wall) appeared 

less potent than cell walls in adjuvanticity 

at the same doses, while the cytoplasm was 

shown not to have any adjuvanticity.

Similar results were obtained with the 

cell walls of M. smegmatis, M. phlei, M. 

kansasii or M. tuberculosis Aoyama B as 

indicated in Table 1. The cell wall of BCG 

strain was also found to possess adjuvanti-

city on the production of humoral antibody 

to sheep erythrocytes and haptenic or car-

rier determinants of SA-BSA in mice.

Guinea pigs immunized with BSA in IFA 

with either BCG cell walls or MP fraction 

developed Arthus and delayed type of reac-

tion, when skin-tested with an intradermal 

injection of 10ƒÊg of BSA at 4 weeks after 

immunization as shown in Fig. 2. In con-

trast, there occurred only Arthus type of 

skin reaction in guinea pigs immunized 

with BSA in IFA alone. Sensitized lympho-

cytes, obtained from guinea pigs immunized 

with BSA in IFA containing BCG cell wall

Weeks after immunization

Fig. 1. Adjuvant activity of BCG cell wall, 

cytoplasm and "acid-treated cell wall'' on 

the immune response to bovine serum al-

bumin in ddO mice. Mice of ddO strain, 

were immunized subcutaneously with 150ƒÊg 

of bovine serum albumin in 0.3ml of in-

complete Freund's adjuvant with or without 

(C)250ƒÊg of either cell walls (CW),"acid-

treated cell wall" (MP) or cytoplasm. Each 

of mice was bled at 1, 3, 5, and 7 weeks 

after immunization and antibody titers were 

determined by passive hemagglutination 

method described previously [6] using micro-

titer. Each group consisted of 30mice, and 

each point represents mean •}1 standard 

error of the mean.
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Hours after injection

Fig. 2. Skin reaction with bovine serum al-

bumin (10ƒÊg) in sensitized guinea pigs. a. 

Guinea pigs were immunized with 750ƒÊg of 

bovine serum albumin in incomplete Freund's 

adjuvant. b. Guinea pigs were immunized 

with 750ƒÊg of bovine serum albumin in in-

complete Freund's adjuvant with 750ƒÊg of 

BCG cell wall (CW) or BCG "acid-treated 

cell wall" (MP). The reaction was carried 

out at 4 weeks after immunization and ex-

pressed by the mean diameters of erythema 

(●) or induration (◎).

or MP fraction were cultured in the pres-
ence of BSA and then the culture super-
natant was purified to obtain migration-
inhibitory factor-containing fraction by gel 
filtration on Sephadex G-100 devised by 
Bloom et al. Thus, purified fraction was 
shown to inhibit the migration of the peri-
toneal exudate macrophage derived from 
normal guinea pigs using David's method.

It was previously shown that "mycolic 
acid-arabinogalactan-mucopeptide" is the 
common structure of wax D and cell wall 
of mycobacteria [1-3, 5, 15]. More recently, 
we have reported on the detailed chemical 
structures of the mucopeptide moiety of 

cell walls obtained from mycobacteria, 
nocardia and corynebacteria [1, 3, 15]. The 
chemical structure of the cell walls of these 
bacteria are almost identical, however, the 
molecular weight of mycolic acid of the 
cell walls differ [3], and while mycobacteria 
and nocardia have N-glycolylmuramic acid, 
corynebacteria have N-acetylmuramic acid 
as components of the cell wall mucopep-
tide [1, 3].

The results described in this note provide 
clear evidences that cell wall and MP frac-
tion of M. bovis BCG possess the potent 
adjuvanticity not only on the circulating 
antibody production to BSA, SRBC and 
SA-BSA in mice, but also on the develop-
ment of delayed type hypersensitivity to 
BSA in guinea pigs. Similarly, the cell walls 
of M. smegmatis, M. phlei, M. kansasii and 
M. tuberculosis Aoyama B showed potent 
adjuvanticity on the circulating antibody 

production to BSA as shown in Table 1. 
Previously, Kotani and his coworkers [8] 
have shown that the adjuvant activity of 
"bound wax D" was not lost, even if bound 
wax D obtained from BCG cell wall lysed 
with L11 enzyme was treated with trichloro-
acetic acid. In our experiments, it was also 
shown that the MP fraction prepared by 
treating BCG cell wall with hydrochloric 
acid, trichloroacetic acid and metaperiod-
ate, was still effective in enhancing the 
hu moral and cellular antibody responses. 
From these results, it is assumed that the 
mucopeptide moiety of mycobacterial cell 
wall plays the important role on the devel-
opment of adjuvanticity of mycobacterial 
cell wall. As was pointed out previously by 
Koga et al. [7] and White et al. [13], wax D 
fractions prepared from either M. bovis 
BCG, M. smegmatis, M. avium, M. phlei, or 
M. kansasii were found to have no adju-
vanticity on the immune response. From 
above results, it can be concluded that cell 
walls are the important active constituent
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Table 1. Adjuvant activity of various mycobacterial cell walls on the immune 
response to bovine serum albumin in ddK mice

a) Weeks after immunization .

b) Standard error .

Mice of ddK strain, were immunized subcutaneously with 150ƒÊg of bovine serum 

albumin in 0.3ml of incomplete Freund's adjuvant with or without 250ƒÊg of myco-

bacterial cell walls. Each of the mice was bled at 3, 5, and 7 weeks after immunization 

and antibody titers were determined by the methods of Kishimoto et al. [6] using micro-

titer methods.

in adjuvanticity of mycobacterial cells. The 
adjuvanticity of cell walls of nocardia and 
corynebacteria, as well as the mode of adju-
vanticity of these cell walls are being in-
vestigated in our laboratory.

REFERENCES

[1] Azuma, I., Thomas, D. W., Adam, A., Ghuy-
sen, J. M., Bonnaly, R., Petit, J. F., and 
Lederer, E. 1970. Occurrence of N-glyco-
lylmuramic acid in bacterial cell walls. 
A preliminary survey. Biochim. Biophys. 
Acta 208: 444-451.

[2] Azuma, I., Yamamura, Y., and Fukushi, K. 
1968. Fractionation of mycobacterial cell 
wall. Isolation of arabinose mycolate and 
arabinogalactan from cell wall fraction of 
Mycobacterium tuberculosis strain Aoyama 
B. J. Bacteriol. 96: 1885-1887.

[3] Azuma, I., Yamamura, Y., and Misaki, A. 
1970. Chemical structure of mycobac-
terial cell walls. "Monograph Fifth Joint 
Meeting Tuberculosis Panel." Japan-U.S. 
Co-operative Medical Science Program. 

p. 15-25.
[4] Freund, J. 1956. The mode of action of 

immunologic adjuvants. Advances Tuberc. 
Res. 7: 130-148.

[5] Kanetsuna, F. 1968. Chemical analysis of 
mycobacterial cell walls. Biochim. Biophys. 
Acta 158: 130-143.

[6] Kishimoto, S., Tsuyuguchi, I., and Yama-

mura, Y. 1968. The immune response to 
hapten-azo bovine serum albumin as de-
tected by hemolytic plaque technique. 
Internat. Arch. Allergy 34: 544-555.

[7] Koga, T., Ishibashi, T., Sugiyama, K., and 
Tanaka, A. 1969. Immunological adju-
vants. III. A preliminary report about the 
mode of mycobacterial adjuvants and fur-
ther confirmation of adjuvant activity of 
acetylated wax D. Internat. Arch. Allergy 
36: 233-244.

[8] Kotani, S., Kitaura, T., Hashimoto, S., Chi-
mori, M., and Kishida, H. 1964. Influence 
of extraction of "bound wax D" of BCG 
with trichloroacetic acid on its adjuvant 
activity on development of a delayed type 
of hypersensitivity. Biken J. 6: 321-324.

[9] Larson, C. L., Bell, J. F., List, R. H., Ribi, E., 
and Wicht, W. C, 1963. Host-reactive 

properties of cell walls and protoplasm 
from mycobacteria. Bacteriol. Rev. 27: 
341-351.

[10] Munoz, J. 1964. Adjuvant effects of myco-
bacteria and endotoxin in antibody re-
sponse. Advances Immunol. 4: 397-440.

[11] Shinozaki, S., Tanaka, A., and Sugiyama, K. 
1969. Immunologic adjuvants. II. Im-
munological activities of an adjuvant-active 
mycobacterial lipid, wax D, in the form 
of aqueous suspension. Internat. Arch. 
Allergy 35: 313-322.

[12] Tanaka, K., Tanaka, A., and Sugiyama, K. 
1968. Immunologic adjuvants. I. Adjuvant 
activity and immunogenicity of acetylated



NOTES 197

wax D and its subfractions. Internat. Arch. 
Allergy 34: 495-506.

[13] White, R. G., Bernstock, L., Johns, R. G. S., 
and Lederer, L. 1958. The influence of 
components of M. tuberculosis and other 
mycobacteria upon antibody production to 
ovalbumin. Immunology 1: 54-66.

[14] White, R. G., and Marshall, A. H. E. 1958, 
The role of various chemical fraction of 

Mycobacterium tuberculosis and other 
mycobacteria in the production of allergic 
encephalomyelitis. Immunology 1: 111-
122.

[15] Wietzerbin, J., Das, B. C., Azuma, I., Adam, 
A., Petit, J. F., and Lederer, E. 1970. 
Isolation and mass spectrometric identifica-
tion of the peptide subunits of mycohac-
terial cell wall. Biochem. Biophys. Res. 
Common. 40: 57-63.

[16] Yanrazaki, S., Someya, S., Azuma, I., and 
Yamamura, Y. 1969. Studies on the al-
lergenicity of various tuberculoprotein 
derivatives and the adjuvanticity of wax 
D fractions of Mycobacterium tuberculosis. 
Amer. Rev. Resp. Dis. 100: 691-698.


