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ABSTRACT 
Alpha protein antigen isolated from culture filtrate of Mycobacterium tuberculosis by 

Yoneda and Fukui (1961) was a cross-reacting material among mycobacteria. Purified 
alpha protein of M tuberculosis obtained by a series of procedures with gel filtration, 
ion-exchange chromatographies, and chromatofocusing. Alpha protein of Mycobacterium 
intracellulare was purified by an affinity chromatography on anti M tuberculosis-alpha 
serum conjugated sepharose. Alpha antigen of M tuberculosis possessed specific anti­
genic determinants for both M tuberculosis and M bovis, and so did alpha antigen of 
M intracellulare for both M intracellulare and M avium. Extracts from M kansasii, 
M. scrofulaceum, M gordonae, M xenopi and M gastri showed alpha antigenicity 
somewhat different from those of M tuberculosis and M intracellulare. Alpha antigen 
was not detected in extracts from M nonchromogenicum, M terrae and M triviale. 

INTRODUCTION 

A lot of efforts have been made by many 
investigators for classifying or idenitifying my­
cobacteria serologically1 • 2'

6
). However, methods 

for general application in the identification of 
mycobacteria, particularly atypical mycobacteria, 
have not yet been developed. The reasons for 
this may be due to the use of unpurified anti­
gens in general. Only a few purified antigens 
are now available. 

One of them is alpha protein antigen isolated 
from the culture filtrate of Mycobacterium tu­
berculosis by Yoneda and Fukui3• 4, 16 - 18). Alpha 
protein is a cross-reacting material which is 
widely distributed over slowly growing myco­
bacteria 19). It is considered that alpha protein 
antigen possesses common antigenic determi­
nants and specific antigenic determinants. 

The present communication describes the 
method for purification of alpha proteins from 
M. tuberculosis and Mycobacterium intracel­
lulare and demonstration of specific antigenic 
determinants of respective alpha protein. 

MATERIALS AND METHODS 

Culture filtrate: M tuberculosis strain H37 
Rv and M. intracellulare strain A TCC 13950 
were cultivated on a modified Sauton medium 
at 37° C for 3 to 6 weeks, and the unheated 
filtrates obtained were used for preparation of . 
alpha antigens16l. 

Purification of alpha antigen. All the pro­
cedures were carried out at 4°C and summarized 
in Fig. 1. Solid ammonium sulfate was slowly 
added to the unheated culture filtrate with con­
stant stirring until 70 % saturation was obtained. 
The resulting protein precipitate was collected 
by centrifuging at 8, 000 rpm for 30 min. The 
precipitate was dissolved in 0. 02 M Tris buffer 
(pH 8. 0) and dialyzed against the same buffer. 
The solution was centrifuged at 40, 000 rpm 
for 2 hr (Hitachi 65P, Tokyo, Japan), and the 
supernatant was saturated at 50% with am­
monium sulfate. After centrifuging at 8, 000 
rpm for 30 min, the precipitate was redissolved 
in a minimal volume of the same buffer and 
1, 000 mg of protein (the protein concentration 
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was determined by the method of Lowry et 
al. B>) were placed on a Ultrogel AcA 54 (LKB­
Produkter, Bromma, Sweden) column (5 by 
100 cm). The column was previously equilib­
rated with 0. 02 M Tris buffer (pH 8. 0) contain­
ing 0. 2 M sodium chloride and was eluted with 
the same buffer at a flow rate of 60 ml/hr 
(Fig. 2). Effluent fractions (10 ml) were col­
lected and the antigenic reactivity was checked 
by agar-gel diffusion test5> with anti-alpha serum 
(kindly provided by late Professor Yoneda, 
Osaka University, Japan), anti-gamma serum13>, 
and anti-H37 Rv extract serum. Fractions 
showing the highest reactivity against anti-alpha 
serum were pooled concentrated by Amicon 
diaflo membrane (UM 10, Amicon, Mass., 
U.S. A.) and dialyzed against 0. 02 M Tris buffer 
(pH 8. 0). One hundred mg of protein were 
placed on a DEAE sephacel (Pharmacia Fine 
Chemical, Uppsala, Sweden) column (2. 6 by 
45 cm) previously equilibrated with 0. 02 M Tris 
buffer (pH 8. 0), and chromatographed with a 
linear gradient (0 to 0. 5 M sodium chloride 
with the same buffer: flow rate 30 ml/hr) (Fig. 
3). Effluent fractions (5 ml) were collected. 
Fractions showing the highest reactivity against 
anti-alpha serum were pooled, concentrated and 
dialyzed against 0. 025 M citrate buffer (pH 3. 5). 
Fifty mg of protein were placed on a SP 
sephadex C 50 (Pharmacia) column (2. 6 by 45 
cm) previously equilibrated with the same buf­
fer, and chromatographed with a linear gradient 
(0 to 0. 5 M sodium chloride with the same 
buffer, at a flow rate of 30 ml/hr) (Fig. 4). 
Effluent fractions (5 ml) were collected. Frac­
tions showing the highest reactivity against 
anti-alpha serum were pooled, concentrated and 

dialyzed against 0. 025 M histidine-HCl buffer 
(pH 6. 2). Fifty mg of protein were placed on 
a Polybuffer exchanger 94 (Pharmacia) column 
(1 by 40 cm) previously equilibrated with the 
same buffer, and chromatographed with Poly­
buffer 74 (1 : 8) (Pharmacia, pH 4. 0) at a flow 
rate of 15 ml/hr (Fig. 5). Alpha antigen was 
eluted as a single peak. 

On the other hand, an affinity chromato­
graphy was carried out on the partialy purified 
alpha antigen from M intracellulare after 
DEAE sephacel chromatography. Ten mg of 
protein was placed on a CNBr-activated sepha­
rose 4 B (Pharmacia) column (1. 5 by 20 cm) 
bound with anti-alpha (M tuberculosis) serum. 

The column was previously equilibrated with 
0. 01 M sodium phosphate buffer (pH 7. 0) con­
taining 0. 1 M sodium chloride and chromato­
graphed with 200 ml of the same buffer (flow 
rate 18 ml/hr). Subsequently, the buffer was 
changed to 2 M ammonium thiocyanate (pH 
7. 0) (flow rate 15 ml/hr). M intracellulare­
alpha antigen was eluted as a single peak. 

Preparation of anti-alpha serum: An appro­
priate volume of alpha antigen solution (750 
µg/ml) was emulsfied with an equal volume of 
Freund's incomplete adjuvant (Iatron, Tokyo, 
Japan). Each rabbit was given by intramus­
cular injection of the antigen emulsion contain­
ing 750 µg protein (2 ml). Three weeks after 
the first injection, the rabbit were boostered 
twice with the same antigen at two weeks 
interval. Ten to 14 days later, the rabbits 
were sacrified for total bleeding. The sera were 
separated, inactivated, and kept at -80°C. 

Preparation of mycobacterial cell extract: 
Every mycobacterium cultured on 1% Ogawa 
egg medium for 2 to 3 weeks at 37°C was 
collected into a chilled mortar, and ground 
with an equivalent amount of glass beads by 
adding 0. 02 M Tris buffer (pH 8. 0) drop by 
drop. The supernatant was collected after cen­
trifugation at 3, 000 rpm for 30 min. 

Absorption of test serum: The anti-serum 
(1. 0 ml) was mixed with 10 mg of protein of 
partialy purified alpha antigen after ,DEAE 
sephacel chromatography. The mixture was 
incubated at 37°C for 1 hr and 4°C overnight, 
and centrifuged at 10, 000 rpm for 30 min. The 
clear supernatant was referred to as absorbed 
anti-serum. 

RESULTS 
As shown in Fig. 1 to 5, purified alpha 

protein from M. tuberculosis was obtained by 
a series of procedures with gel filtration, ion 
exchange chromatographies, and chromatofocu­
sing, and purified antigen of M intracellulare 
was isolated by an affinity chromatography 
(Fig. 6). 

M. tuberculosis alpha protein (alpha-T) and 
M intracellulare alpha protein (alpha-I) were 
tested against their unabsorbed antisera ·by gel 
diffusion technique. Photo. 1 shows thaf alpha-· 
T and alpha-I each formed a single precipi­
tation band and these bands partially fused 
with each other. Several mycobacterial cell ex-
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Fig. 1. Flow chart for purification of alpha 
protein from mycobacterial culture filtrate 
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Fig. 2. Gel filtration pattern of 50% SAS frac­
tion of culture filtrate on Ultrogel AcA 54. The 
bar represents the fractions that contain alpha 
protein. 
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Fig. 3. Elution pattern of alpha protein contained 
in fractions by Ultrogel on DEAE sephacel. 
The bar represents the fractions that contain 
alpha protein. 

0.5M ro 
,.0 
i... 
0 
(/) 

,.0 

< 
/\ __.-A-----­

,-------~~ 
WO 000 

T 
I 
I 
I 

u ro oz 
ml effluent 

Fig. 4. Elution pattern of alpha protein contained in fractions by DEAE sephacel 
on SP sephadex C50. The bar represents the fractions that contain alpha protein. 
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Fig. 5. Elution pattern of chromatofocusing 
through a Polybuffer exchanger 94, after SP 
sephadex C50 chromatography. The bar represents 
the fractions that contain purified alpha protein. 
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Fig. 6. Elution pattern of on anti alpha-T bound 
sepharose, after DEAE sephacel chromatography. 
The bar represents fractions that contain purified 
alpha protein. 
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tracts were tested against unabsorbed anti-alpha­
T or anti-alpha-I serum. A single precipitation 
band formed by alpha - T fused completely with 
that by lvl. bovis extract (Photo. 2, left) and a 
similar immunodiffusion pattern was obtained 
between alpha-I and M. avium extract (Photo. 
2, right). Precipitation bands of both alpha-T 
and alpha-I fused with the band of each of 
other mycobacterial extracts with clear spur 
formation (Photo. 3). These results are sum­
marized in Table 1. Each protein obtained 
from M kansasii, M. scrofulaceum, M gor­
donae, M xenopi and M gastri developed a 
single precipitation band fused partially with 
that formed by alpha-T or alpha-I. Proteins 
from M nonchromogenicum, M. terrae and 
M. triviale failed to produce precipitation band 

Photo. 1. Antigen analysis of alpha-T and 
alpha-I with respective unabsorbed anti-serum. 

Photo. 2. Agar gel precipitation patterns demonstrating the interrelationships among alpha antigens 
in cell extracts from some mycobacterial species. The left central well containrd anti-alpha-T and 
the right anti-alpha-I sera, Extract: B; M bovis, A; M. avium, S; M scrofuloceum, and K; M. 
Jwnsasii. 

Photo. 3. Agar gel precipitation patterns of alpha~T and alpha-I antigens using absorbed anti-sera. 
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Table 1. Distribution of alpha antigen among slowly growing 
mycobacteria using agar gel diffusion technique 

anti alpha-T serum anti alpha-I serum 

positive negative positive negative 
fuse spur fuse spur 

M. tuberculosis 0 0 
(H37Ra) 

M bovis 0 0 
(BCG) 

M. kansasii 0 0 
(ATCC 12478) 

M scrofulaceum 0 0 
(ATCC 19981) 

M gordonae 0 0 
(A TCC 14470) 

M avium 0 0 
(B 92) 

M intracellulare 0 0 
(ATCC 13950) 

M xenopi 0 0 
(ATCC 19156) 

M gastri 0 0 
(A TCC 15754) 

M nonchromogenicum 0 0 
(ATCC 19530) 

M terrae 0 0 
(ATCC 15755) 

M triviale 0 0 
(ATCC 23292) 

Photo. 4. Agar gel precipitation patterns demonstrating the interrelationships among alpha antigens 
of some mycobacterial species using absorbed anti alpha-T and alpha-I sera. The left central 
well contained anti alpha-T and right anti alpha-I sera. 
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Table 2. Distribution of specific antigenic determinants in alpha 
antigen among slowly growing mycobacteria using agar gel 
deffusion technique 

absorbed anti absorbed anti 
alpha-T serum alpha-I serum 

positive negative positive negative 
fuse spur fuse spur 

M tuberculosis 0 
(H37Ra) 

!YI. bovis 0 
(BCG) 

M kansasii 

(ATCC 12478) 

M scrofulaceum 

(ATCC 19981) 

M gordonae 

(ATCC 14470) 

M avium 

(B 92) 

M intracellulare 

(ATCC 13950) 

M xenopi 

(ATCC 19156) 

M gastri 

(ATCC 15754) 

M. nonchromogenicum 

(ATCC 19530) 

M terrae 
(ATCC 15755) 

M. triviale 

(ATCC 23292) 

against both the anti-sera. 
When used absorbed anti-serum, alpha-T and 

alpha-I each formed a single precipitation band 
against only homologous antiserum (Photo. 3). 
Further, the band formed by alpha-T fused 
completely with that by M bovis protein, 
and the band by alpha-I did with that by M 
avium protein. However, these bands did not 
form any band of each of other mycobacterial 
proteins (Photo. 4 and Table 2). 

DISCUSSION 

It has been not easy to isolate species specific 
antigens from various mycobacteria. Recently, 
Hirai et al.7> reported that eta protein isolated 
from M tuberculosis strain H37 Rv was a 
species specific antigen and Nagai et al. 9 ) re­
ported that MPB 70 isolated from M bovis 
strain BCG was a species specific antigen. The 
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0 0 

0 0 

0 0 

0 0 

alpha antigen (Yoneda and Fukui) is known 
to have cross reactivity with proteins from 
some of mycobacterial species, and Daniel and 
Janicki2> have pointed out that the alpha antigen 
seems to be in fact antigen 6. Antigen 6 con­
tains at least two antigenic determinants, one 
of which appears to be specific for M. tubercu­
losis and the other is present in several other 
mycobacteria. Therefore, we attempted to iso­
late purified alpha antigen. The alpha antigen 
from M. tuberculosis (alpha-T) was purified as 
a single peak following successive purification 
procedures. In addition, the alpha antigen from 
M inracellulare (alpha-I) was successfully iso­
lated by an affinity chromatography on a CNBr­
activated sepharase column bound with anti­
alpha-T serum. 

Alpha-T and the extract from M bovis 
formed a completely fused precipitation line 
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against unabsorbed as well as absorbed anti­
alpha-T sera by gel diffusion analysis, while 
extracts from 7 species of atypical mycobacteria 
reacted only against unabsorbed anti-alpha-T 
serum with clear spur formation and did not re­
act against absorbed anti-alpha-T serum. These 
results suggest that alpha-T and alpha-M bovis 
:ire serologically identical, and that alpha-T 
possesses common antigenic determinants a­
mong proteins of some species of atypical my­
cobacteria. 

Similarly, specific antigenic determinants exist 
between M intracellulare and M. avium, but 
an interest is aroused that the determinants 
are not present in the extract from M scro­
fulaceum in so-called M avium complex11 ' l2, 

14,15). It was reported by Yoneda et al. 19) that 
alpha protein was found in M. kansasii, and 
Norlin et al. 10 l detected the presence of alpha 
protein in M. gastri. Although extracts from 
M kansasii, M scrofulaceum, M. gordonae, 
M. xenopi and M gastri reacted partially 
against unabsorbed anti-alpha-T and anti-alpha­
! sera. Extracts from M nonchromogenicum, 
M terrae and M triviale did not. These 3 
species of atypical mycobacteria seem not to 
have alpha protein, and are of interest in view 
of the proposal by Tsukamura14l that these 3 
species should be combined as M nonchromoge­
nicum complex because of their close relate­
dness. 

From the results, absorbed anti-alpha-T and 
anti-alpha-I sera are adequate enough to iden­
tify M. tuberculosis complex14l and M avium 
complex. Further investigation is under way 
to obtain specific antisera for identifying other 
mycobacterial species. 

ACKNOWLEDGMENT 
We thank late Dr. M. Yoneda for providing 

us with the anti-alpha serum. 

REFERENCE 
1. Barksdale, L. and Kim, K-S. 1977. Mycobac­

terium. Bacteriol. Rev. 41 : 217-372. 
2. Daniel, T. M. and Janicki, B. W. 1978. Myco­

bacterial antigens: a review of their isolation, 
chemistry, and immunological properties. Micro­
bial. Rev. 42 : 84-113. 

3. Fukui, Y. and Yoneda, M. 1961. Extracellular 
proteins of tubercle bacilli. III. Column chromato­
graphical purification of the proteins of a virulent 
strain (H37 Rv) of Mycobacterium tuberculosis. 

Biken's J. 4 : 187-196. 
4. Fukui, Y., Hirai, T., Uchida, T. and Yoneda, 

M. 1965. Extracellular proteins of tubercle ba­
cilli. IV. a and f3 antigens as major extracellular 
protein products and as cellular components of 
a strain (H37 Rv) of Mycobacterium tuberculosis. 
Biken's J. 8 : 189-199. 

5. Garvey, J. S., Cremer, N. E. and Sussdorf, D. 
H. 1977. Ouchterlony method, p. 313-321, Meth­
ods in Immunology, 3rd ed. Benjamin, Massachu­
setts. 

6. Goren, M. B. 1982. Immunoreactive substances 
of mycobacteria. Am. Rev. Respir. Dis. 125 (Supe 
pl) : 50-69. 

7. Hirai, T., Shimmen, Y. and Yoneda, M. 1982. 
A system for preparation, detection and identifica -
tion of a precipitinogen (r;) of Mycobacterium 
tuberculosis, that is not detectable in strains of 
M bovis. Eiken J. 25: 1-19. 

8. Lowry, 0. H., Rosebriugh, N. J., Farr, A. L. 
and Randall, R. J. 1951. Protein measurment 
with the Folin phenol reagent. J. Biol. Chem. 
193 : 265-275. 

9. Nagai, S., Matsumoto, J. and Nagasuga, T. 
1981. Specific skin-reactive protein from culture 
filtrate of Mycobacterium bovis BCG. Infect. Im -
munity 31 : 1152-1160. 

10. Norlin, M.A., Lind, A. and Ouchterlony, O. 
1969. A serologically based taxonomic study of 
Mycobacterium gastri. Z. Immunitaesforsch. Al­
lergie Klin. Immunol. 137: 241-248. 

11. Reznikov, M. and Dawson, D. J. 1973. Sero­
logical examination of some sti;ains that are in 
the Myc1bacterium avium-intrac~llulare-scrofula­
ceum complex but do not beloflg to Schaefer's 
serotypes. Appl. Microbial. 26 : 470-473. 

12, Stanford, J. L. and Grange, J.M. 1974. The 
meaning and structures of species as applied to 
mycobacteria. Tubercle. 55 : 143-152. 

13. Tasaka, H., Matsuo, Y. and Kato, M. 1976. 
Mixed paracrystal tuberculoprotein from H 37 Rv 
strain of Mycobacterium tuberculosis. Kekkaku 
51 : 117-122. 

14. Tsukamura, M. 1976. Numerical classification 
of slowly growing mycobacteria. Int. J. Syst. 
Bacterial. 26 : 409-420. 

15, Wolinsky, E. and Schaefer, W. B. 1973. Pro­
posed numbering scheme for mycobacterial sero­
types by agglutination. Int. J. Syst. Bacterial. 23 : 
182-183. 

16. Yoneda, M. and Fukui, Y. 1961. Extracellular 
proteins of tubercle bacilli. I. Zone-electrophoretic 
purification of the proteins of a virulent strain 
(H37 Rv) of Mycobacterium tuberculosis. Biken's 
J. 4: 25-40. 

17. Yoneda, M. and Fukui, Y. 1961. Extracellular 
proteins of tubercle bacilli. II. Some serological 
properties of purified extracellular proteins of a 



8 H. Tasaka et al. 

virulent strain (H37 Rv) of Mycobacterium tuber· 
culosis. Biken's J. 4: 121-130. 

18, Yoneda, M. and Fukui, Y. 1965. Isolation, 
purification, and characterization of extracellular 
antigens of Mycobacterium tuberculosis. Am. Rev. 

Respir. Dis. 92 : 9-18. 
19. Yoneda, M., Fukui, Y. and Yamanouchi, T. 

1965. Extracellular propeins of tubercle bacilli. 
V. Distribution of a and f3 antigens in various 
mycobacteria. Biken's J. 8 : 201-223. 


