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ANTIGENIC STRUCTURE OF MYCOBACTERIUM LEPRAEMUR/UM

I. PRESENCE OF AVIAN TYPE ct ANTIGEN IN STRAINS OF
M. LE'PR, 4EMUR/UM

YOSHIO FUKUI', TATSUO MORI, KENJI KOHSAKA* SHINJl
NISHIMURA' and ATASAHIKO YONEDA'

Departments of Tuberculosis Research P and of Leprology*, Rescarcl\ InstitLite for A1' 0b'. I
Diseases, Osaka University, Osaka
(Recei\, cd Marc1\ 5,1966)

uMMARY Antigenic analyses \\. ere made of 8 strains of M. lei)I'dei, 11,111,111 b ,
Ouchterlony's jinmunodifTusion technique employing or and fi anti ens of All.

I"bel'c!{/o313 and their specific antisera as indicators. It \\, as found that crude ex-
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tracts of all the test strains contain a cross-reacting material (ci. In) \\, hose anti eni
determinants are partially in common with it \\, hile no common anti en to A is
detectable in them. Comparative analyses of the CIMi (designated as LepJ', reliim'1111/1
tt) with Awaji and P8 type or led to the tentative conclusion that the Le I'de, ,I "
ti may, be identical witl} Hold, I tr antigen. The significance of this findin is dis-
cussed in terms of the serological typing of the organism in mycobacteria.

INTRODUCTION

The ,r and 13 antigens, \\, hich are major extra-
cellular protein products of M. tarbei. c"/o313, have
recently been shown to play, a significant role
as parameters in serological typing for my co-
bacterial classification (YoxEDA, FUKUI and
YAMANoucHi, 1965). Thus, strains of myco-
bacteria can be classified by the distribution
patterns of ,I and ,3 antigens and also by the
type of cross-reacting material (ci?,!) \\, ith n
antigen, of which t\\, o types (47) Jail and P8 (1)
have so far been recognized. During the
course of the present investigation, it \\, as found
that the crude cell extracts of two strains

This investigation recei\. ed financial support from
the \\'orld Health Organization

(Hawaii and Douglas) of 11/1. Iepi delli!, 11'",, I
tested contained no detectable ,3 but a cr, ,I
whose antigenic determinants \\, ere partially, in
common with those of or antigen of 11/1. tuber-
onto SIS. AlthouglT this result \\, as only preli-
minary and was on only two strains, \\, e con-
sidered this finding very important as it was
tlie first step in the elucidation of the jinmuno-
chemical relationship between this species and
other mycobacteria. Plans \\, ere therefore
made in our two Departments for an investi-
gation to confirm this observation and to see
whether it was generally applicable to all avail-
able strains of M. Iep, .ae"I"rz'"?11 and to see to
which type the cr?" in in urine leprosy bacilli
belongs. It was also thought that the solution
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to these questions would elucidate the profile
of the antigenic structure of in urine leprosy
bacilli and give information on the taxonomical
position of the bacillus in terms of the sero-
logical typing of mycobacteria.

This paper reports the distribution pattern
of cr and 13 antigens in 8 strains of M. leprae-
MMI. I'w"a and results of comparative analyses of
their cross-reacting materials (ci. in) with Auld"
and P8 type or antigen.

MATERIALS AND METHODS

I. Organ, 'sins

All the strains of M. leprae"!11n""I tested \\, ere
from the stock collection of the Department of
Leprology of this Institute. The names and sources
of these strains are listed in Table I.

CFl g mice (KAWAGucHi, 1959). Three to 5
months after the inoculation, the Iepromas \\, hich
had developed in the subcutaneous region were
taken and from them inurine leprosy bacilli were
collected by 10\\. speed centrifugation using a slight
modification of the method of MORI at a1. (1961)
and stored in a Iyophylized state.

3. Pi 4070tio, I of c, I'de alit, je, !s of M. leprae, ,IMJINm

The iyophylized material from each strain was first
mixed with roughly an equal volume of quartz POW-
der and ground in a small mortar for several minutes
in the cold. The resulting material was then mixed
with roughly an equal volume of phosphate buffer
(MiloO, pH 7.0) containing 0.25 M sucrose. The
mixture was then centrifuged at 12,000 x g for 20
minutes and the resulting super natant was again cen-
trifuged at 105,000 x g for 90 minutes in an ultracentri-
tuge, Spinco Niodel L. The clear portion of the
resulting supernatant was dialyzed o\, ernight against
multiple changes of deionized water in the cold
The dialyzed material was finally iyophylized and
stocked before use

4. 171ditdto, null^e, is and dirt, 'sei'a

The highly purified preparations of cr and , anti-

2. Collecti'oil alld storage qf the orgai, ,'sins

A 0.1 inI allquot of emulsion of Ieproma, diluted
1,000 times with physiological saline, was inoculated
subcutaneouslv into the FL hybrid of C3H a and

TABLE I Lt'st of test styat'"s of M. lepraemz, 72'"in

Strain

Haw, aji

Douglas

Odessa

BADGER & FITE (1935)

National Inst. of Healtli Biff^. No. 173.77 (1940)

DOUGLAS (1922)

I. Path. B@ct. 45,739 (1937)

STEFANSKY (1903)

Z. flit Baht. Or, ^. 33,481 (1903)

URABE & MYAZAxi (1943)

Nippon Igoku No. 3369,341 (1944)
URABE (1940)

Unpublished

UCHiDA (1921)

Tokyo fy7shi, ichi 2252, I (1921)
OTAWARA & ICHIHARA (1931)

Tokyo 11th^,, sh, ^729.8 (1931)

NisHiMURA (1963)

L@ Lep, 032.1 (1963)

Kurume

Isolated by

Fukuoka

Keishicho

Kumamoto

Osaka No. I
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gens described previously (YONEDA and FUKUI,
1963 ; FUKUI, HiRAi, UCHiDA and YONEDA, 1965)
were employed as indicator antigens. Unless other-
wise specified, a concentration of 30 itg protein per
inI of these antigens in hills phosphate buffer (pH
7.0) was used for agar gel diffusion analyses. Anti
-a and -, 3 rabbit sera, which were used as indicator
antisera, \\. ere prepared by Immunizing rabbits with
highly purified preparations of ,r and 13 antigens in
incomplete Freund's adjuvants according to the
schedule described previously (FUKUI, HiRAi,
UCHiDA and YONEDA, 1965 ; YONEDA and FUKUI,
1961 a).

5. Hula, ! alld P8 ,I alit, gel!s gild Ihei', specific antJ'sei'@
The Awaji and P8 ,I antigens employed \\. ere

obtained from concentrated unheated culture in-
tmtes of the 4110 strain of M. null, ,,, and of the P8

strain of M. hallsosi'I', provided by Dr. E. Rilliyo, ,
Tl\esc antigens \\, ere isolated and purified by a coin-
bination of ammonium sulfate fraction ation, zone-
electrophoresis and DEAE-cellulose column chroma-
to graphy as described previously for the t, antigeit
of IPI. 1116e, '11/03, 's (YONED. \ and FUKI;I, 1961 a, b ;
FUKUI and YONrDA, 1961 ; YONEDA and FUKUI,
1965). Tite antisera of Hula, , and P8 n \\. ere pre-
pared by jinmuiTizing rabbits \\, ith highly purified
preparations of these antigens in incomplete Freund's
adjLi\'ant as described previously (YONEDA and FUKUI,
1961 a). In the present work, the first and booster
dose injected was 50/4g protein per rabbit respective-
Iv

Experiments \\, ere made to see if all avail-
able strains of M. lepraemwrz'"?11 sho\\, a similar
profile in the distribution pattern of o1 and '
antigens to that previously observed with two
strains (Hawaii and Douglas ; YONEDA, FUKUI
and YAMANoucHi, 1965).

ImmunodifTusion \\, as carried out in Ouch-

tenony s plates employing crude antigens of 8
strains of M. leprae?in, 71'""I, namely, Hawaii,
Douglas, Odessa, Kurume, Fukuoka, Keishi-
cho, Kumamoto and Osaka No. I. The re-

suits are illustrated in Figs. in and Ib.
As can be seen from Fig. Ia, the test

antigens of all strains reacted with anti -a
serum each forming a single precipitation line
which fused, with clear spur formation, with
the single line formed between or antigen and
Its specific antiserum. On the other hand, as
seen in Figure Ib, no precipitation line could
be detected between these antigens and anti
-, serum. These results clearly indicate the
absence of a common antigen to 13, but show
that there is c, '111 witll antigenic determinants
partially in common with those of or antigen in
all the antigens tested. For convenience, the
cr"I found in these strains was designated as
Leprae"innm, I ,".

2. Sei'o10gita/ reinti'o71 of Leprftemt!11'"?11 a to
Awaji a?!of P8 a

Cross-reacting materials (cr?") with tr anti-
gen of M. ti, bercu/OSis are found to be distri-

buted rather widely in various mycobacteria
and yet they can be grouped into two distinct
typus (, 4",'"" and P8 ") d, pondi"g on th,
identity of their serological specificity (YONEDA,
FUKUI and YAMANoucHi, 1965). It was there-
fore of interest to know whether Lepi'@e"milt?11
a belongs one of these types. Thus, the
serological specificity of Lqprae, ,,"JIM"I a was
compared with that of Hana, I and P8 tt antigens
by Ouchterlony's jinmunodifTusion method.
In this experiment, purified preparations of
awan and P8 tr antigens and their specific
antisera were used asindicators. A comparison
of the agar precipitation patterns of Lepraemt{-
rimn or and P8 or is given in Fig. 2.

6. I'll"!!,, 10d\,, 5,011 test

The double diffusion precipitation metlTod in agar
gel described by 011cHTERLONY (1948) \\'as em-
ployed \\. ith a slight modification. Unless other-

wise stated, 111e three \\. ells in the Ouchterlony's plate
employed for antigenic analyses of test strains \\, ere
arranged in a regular triangular pattern and in these
\\'ere put tl\e test antigens, indicator antigens and
antiserum respectively, so that the presence and
jinmunochemical status of the common antigen \\, ith
," or p in tlTe test antigens could be examined. The
results \\. ere usually read after standing the agar
plates at room temperature for five to seven days

RESULTS

I. DJ'sty, 'bwtz'on of or n"of , anti^ens 171 Ies/
styfti"s of M. leprae, ,run'I'm

FUKUI, Y. er al. Hittz'gem'c Structure of My cob@ctert'"", lepraem"ri"in 65



As seen in this figure, all the test antigens
reacted with anti P8 at serum forming a single
precipitation line which fused, with clear spur
formation, with the single line formed between
P8 or and its antiserum. This indicates that

the antigen (Lep, vein",'1147/3 ^ responsible for
forming a precipitation line with anti P8 cr
serum is a cross-reacting material (cr?, I) with
antigenic determinants partially in common
with those of P8 cr.

Fig. 3 shows the results of a similar coin-
parison by jinmunodifTusion of the test Leprae-
MMri'"in antigens with Acid" (I.

it may be seen from the figure, that the pat-
terns are entirely different from those obtained
with P8 or. . Thus the single lines of the test
antigens completely fuse with the single pre-
cipitation line formed between indicator anti-
gen, ACznit or, and anti Han'all or serum, respec-
tively. This clearly indicates that Leprae, 1111-
riu, " or is indistinguishable by the present test
from Hojo" or antigen in terms of its serological
specificity.

Thus, it seems reasonable to put M.gen.
whichleprae"run'"?it into the 3rd group to

several other species, such as M. kans@sir, M.
@01'"?n etc. , are found to belong.

With the demonstration of the difference in

antigenic specificity (YONEDA, FUKUI and
YAMANoucHi, 1965), it has recently been POS-
SIble to divide the ci. ,, a with or antigen into two
types, namely, Aum" and P8 (M. knitsasii) type
tt, and thus the 3rd group could be divided
further into two subgroups (the Avian and P8
groups). The data (Figs. 3 and 4) presented
here clearly show that, as far as the jinmuno-
diffusion test with anti Hanhn (r and P8 o1 sera
is concerned, Lep, .ae, "wi. I'M?" or is different from
P8 tt but indistinguishable from Aru^?I (r in
serological specificity. Therefore, from this,
it is tentatively concluded that M. Iepi. demi, -
JIM"I belongs to the Avian group in the present
serological typing of mycobacteria.

In connection with this tentative conclusion,

the report of AsAMi at a1. (1959) is of interest.
These workers noted the similiarity of M.
lepraemwri",, I and M. o. 1'", n in terms of the
skin reaction patterns revealed by cross testing
with their antigens. However, the question
of whether or not Lepraei, I",. I'M, 11 tt is entirely
identical with Hulan (r can onIv be decided by
further jinmunochemical analyses of audit ,r
with anti Lepiwe"lulltt"I d. serum.

The location of Lepi. dell!wi, IN, " (I in inurine
leprosy cells is unknown. However, since (I
antigen of M. tube, .CUIosz's, originally isolated
from the culture filtrates, has been shown to be
a surface component of the organism (FUKUI

also beat a/., 1965), Leprae"Iw, .I'M"a cr may
present onjin the cells of M. leprae"Iwi. ,'nut as
Teleasable surface component. Rees at al.
(1965) reported the demonstration of produc-
tion of the soluble antigens by M. lepraemu-
72'run using tissue culture methods, in which
they could detect some antigenic components
in common witl\ those of M. tarbei, CM/o31's. It
will therefore be of particular interest to ex-
amine the soluble antigens released by the
organism into the tissue culture fluid and to
see if they contain Lepiwe'llin. Jinn ,I.

DISCUSSION

it is now clear that strains belonging to the
all show a similarspecies, M. Iepi. denzw, .iu?it,

profile in terms of the distribution pattern of
(I and , antigens and they have no detectable
13 but a cross-reacting material (Leprae, ,iru'!'",, I (1)
with antigenic determinants partially In coin-
mon with or antigen. Thus, the present results
not only confirm our previous observations
with two strains (Hawaii and Douglas) but also
support the possibility that the antigenic pro-
file described above may be a common feature
of the strains belonging to the species, M.
lepraemu, 'I'M"I. As previously reported (YONE-
DA, FUKUI and YAMANoucHi, 1965), strains of
mycobacteria can be classified by the distri-
bution pattern of their tt and ,, and, so far,
they have been divided into four general sero-
logical groups, in which the 3rd group includes
the strains characterized by the absence of 13
but presence of a c, .?n whose antigenic deter-
minants are partially in common with or anti-
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FIGLRE I a TmmunodilTusion pattern demonstrating the presence in M.
141 demi, ,Jinii of the elm \\. hose antigenic determinants are partially in coin-
mon with a
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FIGURE I b ImmunodifTusioi, pattern demonstrating the absence of , antigen
in M. leprae, ""7/1/'11
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FIGURE 2 TmmunodiffLision pattern dcmonsti'"ting tile antigenic diffcrcncc
net\\. ccn P8 tt and Lepi dell, ,, 111,111 n
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FIGURE 3 JinmunodifTusion pattern demonstrating the Idcntity of Leprae, "11-
111,111, I witlT Avian ,I.
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