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EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI

V. DISTRIBUTION OF a« AND 5 ANTIGENS IN VARIOUS MYCO-
BACTERIA®

MASAHIKO YONEDA? YOSHIO FUKUI? and TAKAHISA YAMANO-
UCHI?

Department of Tuberculosis Research, Research Institute for Microbial Discases, Osaka
University, Osaka
(Received September 15, 1965)

UMMARY By employing an immunodiffusion technique, the distribution of «
S and f antigens was studied in some detail in 120 test strains of mycobacteria in-
cluding: M. tuberculosis, 9; M. bovis, 4; M. avium, 9; isoniazid-resistant strains of
M. tuberculosis and bowvis, 32; M. tuberculosis strains resistant to drugs other than
isoniazid derivatives, 9; M. microti (Vole bacillus), 1; M. ulcerans, 1; M. paratuber-
culosis, 1; M. balnei, 1; M. lepraemurium, 2; saprophytic, 6; *‘ unclassified myco-
bacteria” 45. From the distribution pattern of a, f and of the cross-reaction material
with g, it was suggested that the strains tested may be divided into the following four
general groups: L. Strains in which both o and [ are detectable. With the sole
exception of isoniazid-resistant strains, this group includes all the strains of M.
tuberculosis and bovis and one strain of M. microti tested. 1L. Strains in which no
extracellular 8 but a is detectable. These include all the isoniazid-resistant strains
of M. tuberculosis and bovis tested. They can be divided further into the following
two sub-groups: 1) f-negative strains and 2) intracellular S-positive strains. III.
Strains in which no B is defectable but cross-reaction material with antigenic deter-
minants partially in common with those of a antigen is found. In this group are included
all the strains of M. avium, M. paratuberculosis, M. balnei, M. ulcerans, M.
lepraemurium tested and 24 out of 45 strains of the unclassified mycobacteria used.
The strains tested were further divisible on the basis of the antigenic specificity of
their cross-reaction material. IV Strains in which neither o nor 5 is detectable. All
saprophytic strains including M. fortuitum, M. phlei, M. smegmatis, three other
unidentified strains (Takeo, Dencho and Jucho) and the 21 unclassified strains of
mycobacteria are included in this group.

1. This investigation received financial support from the World Health Organization.
2. Department of Tuberculosis Research I.
3. Department of Tuberculosis Research II.
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INTRODUCTION

Previous communications from this laboratory
(Yoxepa and Fuxur, 1961 a, b; Fuxul and
YonEepa, 1961; YonEeDa, 1963), reported the
isolation and partial characterization of two
proteins, a and f3, from unheated culture filt-
trates of a virulent strain (H37Rv) of Myco-
bacterium tuberculosis. These proteins were
both found to behave as complete antigens and
to be immunochemically distinguishable. The
preceding communication (Fuxui, Hirar, U-
cHIDA and YONEDA, 1965) presented evidence
to indicate further that the « and f proteins
comprise nearly 70 per cent of the total pro-
tein fraction released by the organism into the
medium and that they are also present on/in
the cell, presumably as surface antigens. Thus,
both « and § appear to constitute the antigenic
structure of the particular mycobacterial
culture employed, as very major protein com-
ponents.

From this finding together with the pre-
liminary observation that these antigens were
not detectable in the culture filtrates of several
strains of so-called saprophytic mycobacteria
tested (unpublished data), it was thought that
these antigens might possibly have some as-
sociation with the biological types of myco-
bacteria. It was even thought that either a or
f might be a type specific antigen, whose type
specificity obviously is related to the signifi-
cance of these antigens in the serological typing
for mycobacterial classification. Our atten-
tion was thus focused on the question of the
existence and the immunochemical status of
a and f in various mycobacteria, and an in-
vestigation has been made of the distribution
and characterization of these antigens in many
strains of mycobacteria, on the firm recogni-
tion of which any consideration of the taxono-
mical significance of ¢ and f§ must rest.

The present communication describes the
results so far obtained from antigenic analyses
of 120 strains of various mycobacteria. The
analyses were mainly carried out by Ouchterlo-
ny’s immunodiffusion technique and some-
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times by quantitative precipitation tests em-
ploying highly purified preparations of « and
[ antigens and their respective specific antisera
as indicators.

MATERIALS AND METHCDS

1. Mpycobacterial strains

Except for the strains of unclassified mycobacteria
kindly provided by Dr. ERNEST RUNYON, all the strains
employed were from the stock collection of the De-
partments of Tuberculosis Research and Leprology
of this Institute. They were as follows: A.
tuberculosis, 9 strains (H37Rv, H37Ra, H,, Toda,
Takagaki, Kurono, Frankfult, Kamiike and Aoyama
B); M. (originating from
H37Rv), 9 strains which are resistant to strepto-

tuberculosis strains
mycin, kanamycin, PAS, pillaromycin, rufomycin,
zygomycin, DDS and 1314TH respec-
tively. M. bovis, 4 strains (Ravenel, TC50, BCG-
1 and Miwa); M. tuberculosis and bovis resistant
to isoniazid, 32 strains; M. microti, 1 strain; M.
avium, 9 strains (Kirchberg, 4110, A71, Flamingo,
A62, 4121, Demoiselle, 38686 and Jueki); M.
ulcerans, 1 strain; M. paratuberculosis, 1 strain; M.

viomycin,

balnei, 1 strain; M. lepaemurium, 2 strains (Hawaii
and Douglas), the bacterial extracts of which were
supplied by Dr. Tatsvo Mort of the Department
of Leprology of this Institute; saprophytic myco-
bacteria, 6 strains (M. fortuitum, M. smegmatis, M.
phlei, Takeo, Dencho and Jucho);  unclassified
mycobacteria’ provided by Dr. RUNYON, 45 strains.

2. Test antigens

As test antigens, crude concentrates of unheated
culture filtrates and/or mechanical cell disintegrates
of the test cultures were used. The preparation
procedures were as follows: 1) Crude concentrates
of unheated cluture filtrates were prepared from the
strains which could be grown perfectly onfin a
modified Sauton’s medium (YoneEDA and Fukui,
1961 a). One loopful pericle or a large drop of
whole culture, pre-grown in this medium, was ino-
culated into 80 ml volumes of the medium in 300 ml
Erlenmeyer flasks and incubated at 37°C for three
to four weeks, depending on which test strains was
used. After incubation, the bacilli were filtered off
aseptically through Toyo No. 50 filter paper and
then a Millipore filter (HA, 0.45 ) in the cold with-

out previous heating of the culture. The resulting



culture filtrates were then concentrated to 1/10 to
1/20 of their original volume with carbowax 6000
(polyvethylene glycol). 2) Cell disintegrates of all the
test strains were prepared. Except for M. para-
tuberculosis and M. lepraemurium, these strains
were grown on a solid medium (Ogawa medium) for
three weeks. After incubation, several loopfuls of
the culture on the surface of the slant were mixed
with roughly an equal volume of quartz powder
(200 mesh) and then ground in a small mortar for
about threc minutes in the cold. The resulting
muddy paste was finally mixed with roughly an equal
volume of phosphate buffer, pH 7.8, (M/15). The
mixture was stood for a few minutes, and then the
still very turbid supernatant was employed as test
antigen.

3. Indicator antigens

Highly purified preparations of « and 3, which
were previously described as mtp-1 (or mtp-3) and
mtp-4 respectively (YoNEDA and Fukui, 1961 a, b),
were employed as indicator antigens. The con-
centration of these antigens in M/15 phosphate buffer
(pH 7.0) solution for agar gel diffusion analyses was
20 to 50 pg protein per ml.  The « and 3 antigens
were prepared from unheated culture filtrates of
strain H37Rv by a combination of ammonium
sulfate fractionation, zone-clectrophoresis and chro-
matographic fractionations. The details of the pre-
paration procedure and the immunochemical pro-
perties of these antigens were given in previous
papers (YOoNEDA and Fukur, 1961 a, b; Fuxkur and
YonNEDa, 1961).

4. Indicator antisera

Anti-o and -5 rabbit sera were used as indicator
antisera. The amounts of specific precipitating
antibodies were 0.14 and 0.15 mg antibody N per
ml of serum respectively. They were prepared by
immunizing rabbits with highly purified preparations
of a and 5 antigens in incomplete Freund’s adjuvants
according to the schedule described previously
(Yo~eDpA and Fukur, 1961 a; Fuxkul and YONEDA,
1961; Fuxul, Hirar, UcHipa and YoxNEDA, 1965).

5.  Antisera against crude culture filtrates

Antisera of strains, P8 (M. kansasii) and 4110
(M. avium), were prepared by immunizing rab-
bits with concentrated crude filtrates. The entire
immunization procedure was as described previously
(YonEDA amd Furkur, 1961 a). Rabbit antisera
were also prepared for the cross-reaction material

with « in P8 culture, as described in a later section.

6. Immunodiffusion test

The double diffusion precipitation method in agar
described by OucHTERLONY (1948) was employed
with a slight modification. The results were usually
examined after standing the agar plate at room tem-
perature for five to seven days.

7. Quantitative precipitation

The quantitative precipitation test was done as
described by HEIDERBERGER and KenpaLL (1933).
As antigens, a and a partially purified preparation of
the cross-reaction material with a in P8 strain were
used, and as antibodies, specific anti-a rabbit serum
and a rabbit antiserum for the cross-reaction material
were used. The nitrogen content of the specific
precipitates were determined by a modified micro-
Kjeldahl-Nessler methed (Yoxor and Axasi, 1955).

§. Zone-electrophoresis

Zone-electrophoresis using starch as the support-
ing medium was performed according to the method
described by KuNkeL and SLATER (1952) with a slight
modification (Yonepa and Fukuil, 1961 a).

RESULTS

Unless otherwise specified, the three wells in
the Ouchterlony’s plate employed for antigenic
analyses of test strains were arranged in a
regular triangular pattern and in there were
put the test antigens, indicator antigen and
antiserum respectively, so that the presence
and immunochemical status of the common
antigen with ¢ or 5 in the test antigens could
be examined.

The antigenic analyses of 120 strains of
mycobacteriaemploying the Ouchterlony’s tech-
nique suggested that the distribution of a and
f in the test strains is apparently type specific
rather than strain, species or genus specific.
Frem the distribution pattern, these 120 my-
cobacterial strains could be roughly divided
into the following four groups: 1. Strains in
which both ¢ and f§ are detectable. 2. Strains
in which no extracellular § but only « is de-
tectable. 3. Strains in which no f but a cross-
reaction material with some antigenic determi-
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nants in common with « is detectable. 4.
Strains in which neither « nor f§ is detectable.

1. Strains in which both a and 8 antigens are
detectable

With the sole exception of isoniazid-resistant
strains, which will be described later, all strains
of M. tuberculosis, M. bovis and M. microti
(Vole bacillus) tested can be put into this
group.

Fig. 1, 2 and 3 show typical immunodiffu-
sion patterns in Ouchterlony’s plates with
test antigens prepared from representative
strains (H37Ra, Ravenel) which belong to
M. tuberculosis and bovis respectively and
from a strain of M. microti.

It can be seen that the test antigen reacts with
either anti-a or - serum forming a precipita-
tion line in each strain and the line fuses com-
pletely with a single line formed between the
indicator antiserum and « or /5 antigen re-
spectively. The results clearly indicate that
these test antigens contain both a and f as
precipitating antigens.

Similar analyses were made repeatedly of the
test antigens prepared from 17 other strains of
M. tuberculosis including H37Rv, H,, Toda,
Takagaki, Kurono, Frankfult, Kamiike and
Aoyama B, 9 strains of H37Rv resistant to
antituberculous drugs other than isoniazid
derivatives and from 3 other strains (TC50,
BCG-1 and Miwa) of M. bovis, and the
results were exactly the same as these described
above.

Whether or not the antigenic determinants
of & or 8 of human type strains are absolutely
identical with those of the corresponding anti-
gen of bovine type is not known. However, it
has sometimes been observed that, when anti-
serum against curde culture filtrates of M.
bovis (Ravenel) was used instead of anti-a
serum, the precipitation line formed with crude
Ravenel antigen fuses, forming a spur-like line,
with a single precipitation line of « antigen.
Although it is still uncertain whether this was
a true spur, it may be that some difference
exists between « and the corresponding anti-
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gen of bovine type in terms of antigenic specifi-
city. Purified bovine type « antigen and its
specific antiserum is now being prepared in
order to clarify this point.

2. Strains in which no extracellular § but only
a iy detectable

The 32 isoniazid (INH)-resistant strains of
M. tuberculosis and bovis tested are included
in this group. These strains are listed in
Table 1. Thus, among these, 19 were stable,
highly resistant strains and the other 13 were
unstable strains with lower resistance.

From immunodiffusion analysis of concen-
trated unheated culture filtrates and of heavy
suspensions of intact cells, it was first con-
cluded that none of the INH-resistant strains
tested had any # but only a antigen. How-
ever, further analysis of the mechanical dis-
integrates of washed intact cells revealed that
{8 antigen is detectable in the disintegrates of
all the 13 strains with lower resistance. On
the other hand, in neither culture filtrates nor
disintegrates of the intact cells of 19 highly
resistant strains could f antigen be found.

The result of a typical experiment with the
Ravenel strains is illustrated in Fig. 4.

In this experiment, the following three
strains of Ravenel (M. bovis) were employed:
1. original strain (INH-sensitive); 2. INH-
low-resistant strain (0.1—0.2 gg/ml); 3. INH-
high-resistant strain (10-20 ug/ml). Both con-
centrated culture filtrates and supernatant
fractions of cellular disintegrates obtained by
centrifugation at 105,000 x ¢ for 120 minutes
were prepared from each strain and these were
used as extracellular and intracellular test anti-
gens respectively.

As may be seen in this Figure, no precipita-
tion line is formed between anti-3 serum and
the culture filtrate antigens prepared either
from INH-high-resistant or -low-resistant
strains, This indicates the absence of ex-
tracellular § antigen in these strains, irrespec-
tive of the degree of their INH resistancy.

On the other hand, as also seen in Fig. 4,
in the case of supernatant fractions of cellular






Ficure 4 Immunodiffusion analyses of culture filtrates and mechanical dis-
integrates of INH-sensitive and -resistant strains.

Test antigens : Concentrated culture filtrates or mechanical disintegrates
Indicator antigens: « and f antigens (each 20 pg/ml)
Indicator antisera: Anti-a and -j rabbit sera
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disintegrates, a precipitation line is formed
between the test antigen of the INH-low-
resistant strain and anti-$ serum and the line
fuses completely with a single precipitation
line with indicator f§ antigen, while no precipi-
tation line corresponding to f3 is detectable with
the test antigen prepared from the INH-high-
resistant strain. These results clearly show
that neither extracellular nor intracellular § is
present in detectable amounts in the INH-
high-resistant strain, but 8 antigen is present
in the INH-low-resistant strain employed as
an intracellular component. Similar experi-
ments were made on the other INH-resistant

strains listed in Table 1 and the results were
similar.

The absence of § antigen in INH-high-re-
sistant strains was also demonstrated by an
absorption technique. The absorption of «
and f antibodies from a mixture of anti-a and
-f3 sera either with intact cells or with insoluble
cellular debris of INH-resistant strains was
according to the procedure described in a
preceding communication (Fukul, Hirar, U-
cupA and YONEDA, 1965), and the possible
absorption of antibodies against « or f in
antiserum by these antigens was examined by
immunodiffusion in Ouchterlony’s plates which

TaBLE 1 List of isonmiazid (INH)-resistant test strains of mycobacteria

Strains

Species

Resistancy !
(INH pg/ml) a

extra intra

H37Rv
H37Ra
Kurono
Mukai
Toda

Stocked Mizuki

M. tuberculosts

>20 + - -

Ravenel
BCG-1
BCG-2
BCG-3

M. bovis

H37Ra
Kurono
H37Rv(E)
H37Rv(M)

M. tuberculosis

0.2 + - +

BCG-1
Ravenel

M. bovis

H.H., T.S,,
S.M., T.S.,
Newly isolated
from patients T.Y., M.M

>10 + - -

" Recognized as
T.F. human  type
tubercle bacilli

by Niacin Test

0.1 + - +
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were arranged as shown in Fig. 5. The anti-
gens for absorption was obtained from three
kinds of INH-resistant strains of Ravenel as
described previously.

It may be seen in this Figure that, in case of
the INH-high-resistant strain, a precipitation
line is formed between the § antigen well and
the central well into which a mixture of anti-
a and -f sera was put, while no corresponding
line appears in the case of the INH-low-re-
sistant strain. This clearly shows that the
specific antibody against § in the mixed anti-
serum could be absorbed with the antigen pre-
pared from the INH-low-resistant strain but
not with that from the INH-high-resistant one,
indicating the absence of § antigen in the latter
strain.

Since ff antigen, which was previously named
mtp-4, was found to constitute one of two main
protein peaks on the zone-electrophoretic
diagram of an ammonium sulfate fraction (30~
509, Fr.) of unheated culture filtrates of strain
H37Rv (Yonepa and Fukui, 1961 a), it was
of interest to see if the protein peal corres-
sponding to S (mtp-4) is absent in the same
ammonium sulfate fraction of INH-resistant
strains. T'o test this, unheated culture filtrates
of a strain H37Rv resistant to INH (10 zg/ml)
were first fractionated with ammonium sulfate
and the fraction precipitating at 30-50 per cent
saturation was subjected to zone-clectrophore-
sis as described in a previous section.

The result is shown in Fig. 6. The dotted
line in the diagram indicates the position of the
protein peak when ( antigen is subjected to
zone-electrophoresis. It may be seen from the
diagram that the test faction shows two protein
peaks, one major and one minor peak, in the
electrophoretic pattern, but no protein peak
with the same mobility as § antigen.

The difference between the protein fraction
appearing in the diagram as a minor peak and
f in terms of antigenic specificity was proved
by immunodiffusion. Thus, the protein frac-
tions in the eluates from the 8th to the 20th
segments of the starch block were each tested
for their antigenic identity with « or f antigen

o

~

=)
T

11 J 1, L 1. 1 1 1 1, 1
—~6 8 10 12 14 16 18 20 22 +
Tube number
FiGure 6 Zone-clectrophoregram demonstrating
the absence of 5 antigen in INH-resistant strain.
Conditions : borate-phosphate buffer pH8.3 ;2=0.1,
2 mA/jcm?, 16 hr run, protein (85.0 mg)
LElution: 2 times with 10 ml of buffered saline
--~-- Position of 5 antigen fraction

in Ouchterlony’s plates. The results are il-
lustrated in Fig. 7.

As can be seen in the Fig., the cluates from
the 10th to 12th segments react withanti30-509;
Fr. rabbit serum forming a precipitation line
which fuses with the line of o antigen, while
those from the 14th to 20th segments do not
form any precipitation line corresponding to
p antigen. It was further observed that, even
when the latter eluates were concentrated so
as to make the protein contents quite high, no
precipitation line was formed between anti-f
serumn and the concentrated eluates. It is thus
evident that there is essentially no protein
component corresponding to f antigen in the
INH-resistant strain.

Thus, on the basis of the findings described
above, the isoniazid-resistant strains tested may
be tentatively divided into the following sub-
groups: A. ff-negative strains; B. intracellular
[-positive strains.

3. Strains in which one can detect no f§ antigen
but a cross-reaction material with some antigenic
determinatnts in common with those of o antigen

In this group are included all the strains
of M. awvium, M. lepraemurum, M. para-
tuberculosis, M. balnei, M. ulcerans tested
and 24 of the 45 strains of ‘‘ unclassified
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FicUure 5 Immunodiffusion patterns of test serum after absorption with cells
or insoluble debris of INH-sensitive, -low and -high-resistant strains.

Test serum: A mixture of anti-a and -3 rabbit sera after absorption
Indicator antisera: Anti-a and -5 rabbit sera
Indicator antigens: a and 5 antigens (each 10 zg/ml)

*Erra;cum: The right and left photographs of the middle line should be

exchanged.
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Ficure 7 Immunodiffusion patterns demonstrating the absence of 5 antigen
in an INH-resistant strain.

Test antigens : Eluates; the numbers indicate the segments

Indicator antigens : « and j antigens

Antiserum : Anti 30-50 Fr. rabbit serum

Ficure 8 Immunodiffusion patterns demonstrating the presence of CRM
with @ antigen and absence of j antigen in the P8 strain.

Indicator antigens: « and § antigens (20 pg/ml)

Indicator antisera: Anti-« and -3 rabbit sera

P8 antigen: Concentrated culture filtrate of P8 strain
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mycobacteria ” provided by Dr. Runvox.

The presence of cross-reaction material with
o antigen in these strains was demonstrated by
both the agar diffusion precipitation and quan-
titative precipitation tests. Fig. 8 shows a
typical precipitation pattern in Ouchterlony’s
plates with P8 (WoLINskY ef al., 1957) antigen
against anti-a or -f§ serum. The test antigen
employed was concentrated, unheated culture
filtrate of the P8 strain.

It may be seen that the single precipitation
line between « antigen and anti-¢ serum fuses
with the single precipitation line formed be-
tween P8 antigen and anti-a serum, with clear
spur formation. This shows that the antigen
in the crude protein fraction of this particular
strain is cross-reaction material with some anti-
genic determinants in common with those of
a antigen. On the other hand, no precipita-
tion line is secen between P8 antigen and anti-f
serum.

The presence of the cross-reaction material
in strain P8 was also proved by quantitative
precipitation tests. In this quantitative ex-
periment the P8 antigen was a preparation of
the protein fraction of strain P8, which was
seperated by zone-clectrophoresis from the
unheated culture filtrate by the method used
for « antigen and was found electrophoretically
to correspond to the o component of the strain
H37Rv.

To two series of 10 centrifuge tubes were
added respectively increasing amounts of a
preparation of « (from 8 to 50 ug N) and of P8
antigen (from 9 to 32 ug N) in a final volume
of Tml. Then 1ml of anti-a rabbit serum
(Lot No. 2) was added to each tube with
through mixing. The mixtures were placed
in a water bath at 37°C for 1 hour and then in
the cold for one week. They were then cen-
trifuged and the resulting supernatants were
used for assay of the antigen and antibody re-
maining unprecipitated. The precipitates were
washed three times with 5 ml of cold physi-
ological saline and then their nitrogen contents
were determined.

Fig. 9 summarizes the results obtained. It
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may be seen that the determination of the
nitrogen content in specific precipitates gave
a typical quantitative precipitation curve in
both cases, each representing the pattern of
a single antigen and antibody system. How-
ever, as shown in the Figure, the amount of
precipitate with P§ antigen was always much
less than with « antigen. Thus, the amount
of a antibody precipitated with P8 antigen was
only about two thirds of that with homologous
a antigen at their respective equivalence point.
Morcover, it was found that appreciable anti-
body remained in the supernatant in the anti-
gen excess region in this P8 antigen and a
antibody system.

On the other hand, as expected, when anti-
P§ antigen serum was used instead of anti-a
serum, all the antibody was precipitated with
a antigen as well as with P8 antigen at the equi-
This is shown in Fig. 10.

In this experiment, increasing amounts of
antigen of from 4 to 30 ug N of both a and P8
antigen were placed in two series of 10 tubes.

valence point.

Antibody excess l o Antigen excess

N

1501

= Antibody excess& P8 Antigen excess
p

al -
R P
~ ,Q’ Q\
@ re] \
= 100r s N
(Q)l /
o b4
o '}

I 1 1 L 1

10 20 30 40 50
« Antigen added (ug N)

o e e e e L i

10 20 30 40
P8 Antigen added (ug N)

FiGure 9 Quantitative precipitation reaction of «a
antigen and its CRM (P8 strain) with anti-a serum.



The antiserum (1 ml per tube) employed was
prepared by immunizing rabbits with prepara-
tion of P8 protein fraction purified by zone-
electrophoresis in incomplete Freund’s adju-
vant.

As can be seen in Fig. 10, the precipitation
curve obtained either with a or with P8 antigen
appears to represent a single antigen and anti-
body system and the two curves are nearly
superimposable. It is thus evident from the
results of the two experiments described above,
that ¢ antigen may have specific antigenic de-
terminants as well as determinants in common
with those of P8 antigen.

No antigen in common with £ antigen was
detectable in any of the strains of this group
tested. In connection with this immuno-
chemical observation, a finding of considerable
interest was that no protein peak corresponding
to f antigen (mtp-4) appeared on the zone-
electropherogram of a crude protein fraction
of strain P8. Fig. 11 shows a zone-electro-
phoretic diagram of the protein fraction of P8
strain precipitated by 30-50 per cent satura-
tion of ammonium sulfate (30-50%, Fr.).

If § antigen were present, the other main

Antibody excess| Antigen excess

150

Precipitate (#g N)

(&3]
(@]
T

1 1 5

620 30 40
&z Antigen added (ug N)

F1icure 10 Quantitative precipitation reaction of «
antigen and its CRM (P8 strain) with anti P8 serum.

0.80r

0.60
20,40
O

0.20

=6 8§ 1012 14 1618 20 27
Tube number

Ficure 11 Zone-clectrophoresis  pattern  demon-
strating the absence of 8 antigen in strain P8.
Conditions : borate-phosphate buffer, pH 8.3, p
==0.1, 2mA/cm?, 16 hr run

Elution: 2 times with 10 ml of buffered saline
------ Position of 3 antigen fraction

peak indicated by the dotted line would ap-
pear. Actually, however, no such protein
peak is seen in the diagram. It is thus apparent
that this particular protein component is not
present in strain P8.

Of particular interest with regard to the
antigenic specificity of the cross-reaction ma-
terial in these strains was the observation that
the material which cross reacts with « in
strains of M. awium is different from that
found in strain P8. 'Thus, when both P8 and
avian type antigens were allowed to react with
anti-P8 serum in an Ouchterlony’s plate, the
single precipitation lines formed with the two
antigens fused with each other with clear spur
formation.

Fig. 12 illustrates a typical result of immuno-
diffusion analysis of the antigens of strains P§
and 4110 (M. aviwm) with anti-P8 serum,
indicating that some of the antigenic determi-
nants of the avian type antigen are in common
with those of P8.

On the basis of this finding, an attempt was
made to analyze the antigenic interrelationship
of the strains in this group by Ouchterlony’s
technique using both the antigens of P8 and a
typical strain (Kirchberg or 4110) of M.
avium as tentative indicators. The results so
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that this is indeed the case, and thus the 120
test strains were found to be divisible on the
basis of the distribution pattern of ¢ antigen,
or its cross-reaction material (CRM) and fj
antigen without any serious discrepancies with
the existing biological typing of the myco-
bacteria.

Merely from a combination of the presence
or absence of ¢ and f antigens, theoretically
the strains should be divisible into the follow-
ing four groups: 1) both a and f positive; 2)
a positive but § negative; 3) /3 positive but «

negative; 4) both « and f§ negative. It was
found that they were actually divisible in this
way but no strains of the 3rd group were found.

Examination of the immunodiffusion precipi-
tation pattern in Ouchterlony’s plates, how-
ever, revealed the existence in some strains of
material cross-reacting (CRM) with « and con-
sequently new group was formed for these
mycobacteria (CRM positive but 5 negative).
This CRM also enabled us to divide the new
group into further sub-groups.

Incidentally, it should be noted that the es-

TABLE 2 Distribution of a and f antigens in wvarious mycobacteria

Group Sub- a B
groups !

Strains

M. tuberculosis: H37Rv, H37Ra, H,, Toda,
Takagaki, I{urono, Frankfult, Kamiike, Ao-
yvama B, 9 strains of H37Rv resistant to
drugs other than INH

M. bovis: Ravenel, TC 50, BCG, Miwa

M. microti (Vole bacillus)

A + - -

extra intra

I

M. tuberculosis and bovis (INH-high-resistant
strains (>10-20 pg)) :
Kurono, Ravenel, BCG,

M. tuberculosis and bovis (INH-low-resistant
strains (0.1-0.2 pg))
H37Rv, Kurono, Ravenel, BCG, and other
strains obtained from patients

P8 aP8 -

p8, p18, p21, p22,

111 Avium

advinm

M. avium: Iirchberg, 4110, A71,

Flamingo, A62, 4121

Demoiselle, E. 38686, Jueki

M. ulcerans, M. paratuberculosis,

M. balnei, p6, p15, pl17, p29, p30, p36,
p39, p44, p47, p48, p49, p50, p51, p35
2057, 2059, 2060, 2062, 2064, 2066

-+spur —

M. lepraemurium (Hawaii, Douglas)

v - -

Saprophytic: M. fortuitum, M. smegmatis,
M. phlei, Takeo, Dencho, Jucho,
p2, p3, pS5 plb, p24 p26, p27,p 31, p32,
p34, p35 p37, p40, p4l, p42, p45, pS53,
p 54, 2058, 2061, 2063
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Ficure 13  Immunodiffusion patterns demonstrating the presence of CRM
with a antigen and absence of 5 antigen in M. lepraemurium.

T'est antigen: Concentrated supernatant of cellular disintegrates of the Hawaii
strain of M. lepraemuriim

Indicator antigens: « and j antigens (30 pg/ml)

Indicator antisera : Anti-a and -7 rabbit sera

Ficure 14 Immunodiffusion patterns demonstrating the absence of both a
and § antigens in M. phlei.

Test antigen: Concentrated culture filtrates of M. phler

Indicator antigens: « and j antigens (30 pg/ml)

Indicator antisera : Anti-a and -3 rabbit sera
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tablishment of this new group is entirely at-
tributable to immunochemical analyses of the
nature of a or its CRM which revealed the
difference in the antigenic determinants. It
is thus apparent that, at least in serological
typing of mycobacteria, precise analyses of the
antigenic determinants of a common antigen
are necessary together with the procedures for
detecting differences in antigenic composition,
which some investigators have already studied
(ParLETT and Youmans, 1956; 1959; Linb,
1961; CasTELNUOVO et al., 1958; 1959; 1960;
1965).

The exact relationship between the dis-
tribution of « or its CRM and f antigens in
mycobacteria and their biological types must
await further precise studies with more strains.
However, from the fact that, except for most
of the strains of * unclassified mycobacteria ’
tested, each group included strains of several
mycobacterial species but, no difference was
found in the distribution of a or its CRM and
f in strains of a single species, it may be rea-
sonably concluded that the distribution of
these antigens is type specific rather than strain
or species specific. Comments will be made
on the unclassified mycobacteria later.

With the exception of isoniazid-resistant
strains, which belong to the 2nd serological
group, all strains of human and bovine types
were found to posses both « and f antigens.
It is of particular interest that the f antigen is
only found in strains of M. tuberculosis and
bowvis, and not even its CRM has yet been found
in other mycobacteria. Incidentally, the ques-
tion of whether there is any difference between
the antigenic determinants of « antigen in M.
tuberculosis and bowis is still unknown. How-
ever, as was briefly noted in a previous section,
preliminary immunodiffusion analysis employ-
ing a crude protein fraction of Revenel and its
anti rabbit serum suggested that human type
a antigen might be cross-reaction material with
some antigenic determinants in common with,
those of Revenel o antigen. If this is so in all
strains of M. bowvis, it would be possible to
differentiate bovine strains from those of hu-
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man type on the basis of the immunochemical
difference in their a antigens, as was done so
well with the Niacin test (Konno, 1956).

The absence of f§ antigen in strains of M.
tuberculosis and bovis which are highly resistant
to isoniazid is of great interest from both
theoretical and practical points of view, but is
not surprising if we consider the apparent as-
sociation of catalase activity with S antigen,
which was briefly reported in our previous
communication (YonEpa and Fuxui, 1961 a).
Since it is genecrally agreed that the most re-
markable change in the properties of isoniazid-
resistant strains of tubercle bacilli is the loss or
great decrease in catalase activity (MIDDLE-
BROOK, 1954), one might naturally expect,
assuming that f§ antigen is either catalase itself
or its apo-protein (YONEDA, 1963), that a loss
or great decrease in this particular antigen may
also occur in the resistant-strains. Conversely,
this concomitant loss or great decrease of f
antigen with the acquisition of isoniazid-re-
sistancy may be strong evidence in support of
the above mentioned hypothesis. In this con-
nection, it is obvious that the results observed
with 9 human and bovine strains which were
resistant to drugs other than isoniazid deriva-
tives and had both « and /3 antigens, also pro-
vides circumstantial evidence for the above
bypothesis. The fact, that, for instance,
saprophytic mycobacteria show potent catalase
activity, but have no f§ antigen appears con-
tradictory to the above hypothesis. However,
this may be easily accounted for by assuming
that the antigenic specificity of the catalase
(apo-protein) in the saprophytes is entirely
different from that in strains of M. tuberculosis
and bovis.

The discovery of a M. tuberculosis anti-
gen (CRM with a) in M. lepraemurium is
of particular interest since this is the first step
in the elucidation of the immunochemical
relationship betwen this species and tubercle
bacilli. Based on this finding, an extensive
study is now being made, in collaboration with
the Department of Leprology in this Institute,
on the immunochemical nature of CRM to sec



if there are any unique antigenic determinants
for this species. From the fact that 3 antigen
was not detectable in the strains of M.
lepraemurium tested, it seems reasonable to
include these in the group of CRM positive
but f§ negative strains. However, it must be
remembered that the test antigen of the murine
leprosy bacilli is derived from ¢ zizo cultures,
while that of all other strains is obtained from
in vitro cultures. A possible important ques-
tion to be studied is whether there is any dis-
tinction in the distribution of « and f antigens
in in wivo and in vitro mycobacterial cultures.

Using « and f antigens as indicators, anti-
genic analyses showed that all strains of
unclassified mycobacteria, could be either
included in the CRM positive but f negative or
in the both « and [ negative group (Saprophytic

group), as shown in Table 2, and that the
strains belonging to the former group are further
divisible into at least the following two sub-
groups on the basis of differences in their
antigenic determinants of CRM: 1. strains
having CRM identical with that of M. avium
(Avian group); 2. strains having CRM identical
with that of P8 (P8 group). According to the
classification of Dr. Runyon (personal com-
munication), of these 45 strains, 6 are included
in Group I (=Photochromogens), 12 in Group
IT (=Orange-orange red scotochromogens) and
the other 27 in Group III (==Non-photo-
chromogens).

Table 3 shows comparison of our serotypes
with Runyon’s biotypes for the 45 strains. It
can be seen that the serotype P8 group in-
cludes 4 Photochromogens; the Avian group,

TaBLe 3 A4 relation between the serotypes and Runyon’s biotypes of 45 unclassified test strains

Serological grouping

Group Sub-group

Test strains

Runyon’s grouping

Group Biotype

p 8
group

p 8
p18 oL
p21 I Photochromogens

p22

p

6, p15

IIT p29, p30 II Scotochromogens

Avian

p 36, 2066

group p17,
p47,
p 50,
2057,
2062,

p 39, p44
p48, p49
p51, p55
2059, 2060
2064

111 Non-photochromogens

p 16,

p24, p26 1 Photochromogens

5)
g 34, p3s, p37 II Scotochromogens

p3l, p32,

P 2,
p40,

p45,
2058,

p 3 p27,
p4l, p42, -
p 53, p 54 II1 Non-photochromogens

2061, 2063
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6 Scotochromogens and 14 Non-photochromo-
gens, and the Saprophytic group (both « and
[ negative), 3 Photochromogens, 6 Scoto-
chromogens and 12 Non-photochromogens.
Thus there is no clear-cut correlation between
the serotypes and Runyon’s biotypes, though
it is of interest that group P8 includes only
strains of M. kansasii. However, it is un-
certain whether the original biological pro-
perties of these test strains have been un-
changed in their sub-cultures. Further studies
are necessary before any final conclusion can
be reached.

The present investigation is still in progress
and further results will be reported elsewhere.
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