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EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI

V. DISTRIBUTION OF (I AND , ANTIGENS IN VARIOUS MYCO-
BACTERIA"

MASAHIKO YONEDA2 YOSHIO FUKUI2 and TAKAHISA YAMANO-
UCH13

Department of Ttiberctilosis Research, ResearclT Institute for NIIcrobial Diseases, Osaka
University, Osaka
(Recci\. ed September 15,1965)

BIKE\ JOURNAL \:o1.8,201-223, 1965

uMMARY By employing an jinmunodiffusion technique, the distributioi\ of a
and fi antigens \\, as studied in some detail in 120 test strains of Inycobacteria In-

cluding : M. I"bel'CUIos!'s, 9 ; 11'1.6001's, 4 ; 111. do1'1,111,9 ; ISOniazid-resistant strains of
M. I"bel"11/03i's and hoofs, 32' M. 111bei'c!110$!'s strains resistant to drugs other than
is oniazid derivatives, 9 ; All. 7111'cloti (\'01e bacillus), I ; 111. If/cei rills, I ; A1. pm trillbei -
ct, /OSI\', I ; M. bn/lief, I ; 11'1. Icyi'ae, 11/11'!'"111,2 ; saprophytic, 6 ; " undassified Inyco-
bacteria " 45. From the distribution patterIT of a, 13 and of the cross-reaction material
with a, it was suggested that the strains tested may, be divided into the following four
general groups : I. Slim^is 111 tuftic/, 60/11 a d, Id 13 die detectub/e. \\'itIT the sole
exception of ISOniazid-resistant strains, this group includes all the strains of A1.
ti, bercw/o31's and botis and one strain of 11/1.111ici'o11' tested. 11. Snailis 111 reh!c/I ?10

exii'ace//Minr A b"I a t's defectttb/e. Thesc in dude all the ISOniazid-resistant strains
of All. ti, bel'ci, /OSis and 6001s tested. The^ can be divided further into the foilo\^ing
two sub-groups : I) ,-ncgative strains and 2) intracellular I-positive strains. 111.
Slidi"s 111 20hic/I 710, 13 defectab/e b"I CIOss-ledcti'o11 Jimtei'!a/ colth alitig'eiizc ofetei'-
Ifii?inn/s pdi'ti"14^ 111 coin, lion tollh those of a ruingeii 13/01/11d. In this group are incltided
all the strains of All. dai'u?11, M. 15n, .nitibei, CUIosis, 111. bathei, M. incei. n, is, M.
lendei?1141'lulli tested and 24 out of 45 strains of the unclassified mycobacteria used.
The strains tested were further divisible o1\ the basis of the antigenic specificity of
their cross-reaction material. I\; 811 az'?is I', I tuftit/I Ile!'theI' a 1101 13 r's delectab/e. All
saprophytic strains including M. joltwt'tnni, AJI. phiei, AJI. $111egi!intr's, three other
unidentified strains (Takeo, Dencho and Iucho) and the 21 unclassified strains of
mycobacteria are included in this group.

I. This investigation recei\'ed financial support from the \\'orld Healtlt Organization
2. Department of Tuberculosis Research I
3. Department of Tuberculosis ResearclT 11.
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INTRODUCTION

Previous communications from this laboratory
(Yo:.;EDA and FUKUI, 1961 a, b; FUKUI and
YONEDA, 1961 ; YONEDA, 1963), reported the
isolation and partial characterization of two
proteins, a and ,, from unheated culture hit-
trates of a \, irulent straiiT (H37Rv) of 1117co-
bttctei'Iw"I IIJbei'CUIost's. These proteins \\, ere

botlT found to behave as complete antigens and
to be jinmunochemically distinguishable. The
precediiTg communication (FUKUI, HiRAT, U-
CHIDA and YONEDA, 1965) presented evidence
to indicate further that the a and A proteins
comprise ITearly 70 per cent of the total pro-
teiiT fraction released by the organism into the
medium and that the^ are also present onIin
the cell, presumably as surface antigens. Thus,
botlT a and , appear to constitute the antigenic
structure of the particular mycobacterial
culture employed, as very major protein coin-
PODents.

From this finding together with the pre-
11minary observation that these antigens \\, ere
not detectable in the culture filtrates of several

strains of so-called saprophytic mycobacteria
tested (unpublished data), it was thought that
these antigens In Ight possibly have some as-
SOCiation with the biological types of my co-
bacteria. It \\, as even thought that either a or
A might be a type specific antigen, whose type
specificity obviously is related to the signifi-
can CG of these antigens in the serological typing
for in), cobacterial classification. Our atten-
tion was thus focused on the question of the
existence and the jinmunochemical status of

a and A in various mycobacteria, and an in-
vestigation Ilas 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 a and A must rest.

The present coinmunicatioi\ 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 jinmunodifTusion technique and some-

times by quantitative precipitatioiT tests em-
ploying ILighly purified preparations of a and
, antigens and their respective specific antisera
as indicators.

A1ATERIALS AND A. IETHODS

I. Anycobnc!eiIai sti aji, s

Except for tlTe strains of tinclassified mycobacteria
kindly pro\, ided by Dr. ER;*;LST RUNYox, alithe strains
employed \\'ere fronT the stocl< collectioit of the De-
partments of Tuberculosis ResearclT and Leprology
of this Institute. Tl, ey \\. ere as follows : A1
1116eici, /o313,9 strains (H37Rv, H37Ra, H*, Toda,
Takagaki, 1<urono, Frankftilt, Kamiike and AQI'am a
B) ; A'I. 1146eicii/o313 (originating front strains
H37R\,), 9 strains which arc resistant to strepto.
mycin, 1<nnamycin, PAS, pillarom\, cin, rufomycin,
viomycin, zygom}. cin, DDS and 1314Tl{ respec-
tively. M. hour's, 4 strains (Ravenel, TC50, BCG-
I and Aim'a) ; M. illbe, ci, /OSI's and 60.1's resistant
to isoninzid, 32 strains; M. 7111'c, oil', I straiiT; M
a, 1'11i, I, 9 strains (KITchberg, 4110, A71, Flamingo,
A62,4121, Demoiselle, E38686 a, ,d Iu"ki); 111
nicei ajis, I strain ; All. pal '11/6ej ct, /OSI's, I strain ; M.
bnhiei', I strain; M. Iepne, ,!!11'1'1,111,2 strains (Hawaii
and Douglas), the bacterial extracts of \vhiclt were
supplied by Dr. TATSLO NioRi of the Department
of Leprology of this Institute ; saprophytic my co-
bacteria, 6 strains (M. 101'till'ti, ,,!, M. $111eg, lint, 's, M
phiei', 'rakeo, Dencho and Iucho); " tinclassified
mycobacteria " pro\, ided by Dr. RUNvoN, 45 strains
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2. Test alitJge, is

As test antigens, crude concentrates of tinheated
culture filtrates andlor mechanical cell disintegrates
of the test cultures \\. ere used. The preparation
procedures \\, CTe as follows: I) C, lide colice, flintes
of nilheated cli, till e f/ti ales were prepared from the
strains \\, hicll could be grown perfectly on jin a
modified Saluton's medium (YONEDA and Fukui,
1961 a). One loopful perlcle or a large drop of
whole culture, pre-grown in this medium, was ino-
CUIated into 80 inI \, o1umes of the medium in 300 inI

ETlenmeyer flasks and incubated at 37'C for three

to four weeks, depending on \vhiclT test strains was
used. After incubation, the bacilli \\. ere filtered off

aseptically through Toyo No. 50 filter paper and
then a kill!ipore filter (HA, 0.45 A) in the cold with-
out previous ITeating of tite culture. The resulting
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culture filtrates \\. ere then concentrated to 1110 to
1120 of their original \o1ume \\. itIl carbo\\ax 6000
(polyethylene glycol). 2) Cell d!\!}lingi ales of all the
test strains \\ere prepared. Except for IV/. pal a-
1116e, elf/o31'3 and M. 141'newi, I 111, ,I, titesc strains
\^ore grown on a solid mediuiT\ (Oga\\'a medium) for
three \\. ceks. After inctibatioii, several loopfLils of
the culture on tlle surface of the slant were ntixcd

\^itIT roughly an equal volume of quartz powder
(200 mesh) and then ground in a small mortar for
about three It. Inutcs in the cold. The resulting
muddy paste was finally mixed \\. ith roughly nit equal
\'o1umc of phosphate buffer, PI{ 7.8, (\1115). Tllc
mixture \\. as stood for. a fe\\ minutes, and then the
still \'efj, turbid supernatnnt \\ as employ cd as test
antigen

3. 111drcntoi '11/11ge, !s

Highly purified preparations of n and ,;, \\I, ich
vete pre\. jously described as inip-I (or nttp-3) and
intp-+ respecti\ cly (YOKED, \ and FCKLi. 1961 a, b),
\^CTe employed as Indicator antigens. Thc coll-
centration of thesc antigens in NII5 phosphate buffci
(PI{ 7.0) solution for' agar gel diffLision analyses \\'as
20 to 50 11g protein per ittl. 'rllc n and ; tintigcns
were pfcparcd from tinhc"tcd culturc filtrates of

str"lit I-137Rv by a combinatioit of ammonium
sulfate fractionaltion, zoric-clcctrophorcsis and chro-
matographic fraction ations. 'Tlle details of the pre-
partition procedure and the Irumunochemical pro-
PCrties of 111ese antigens \\'CTC gi\'cit in previous
papers (YoxrD, \ and FUKUI, 1961 a, b; FUKUI and
YONrD"., 1961)

4. filthc0101' alitise!'a

Anti-, I and -,; rabbit scra were Liscd as indicator
Tlle anlounts o1 specific precipitatingantisera

antibodies \\ere 0.14 and 0.15 ntg antibody N pel
in I of seruitt respectively. Tltey were prepared b},
jinmunizing rabbits \\'itl, it Ighly purified preparations
of n and ,3 antigens in incomplete F1'eund's adju\. ants
according to the schedLile described previously
(YONEO. \ and FLKui, 1961 a; FCKui tind Yox"DA,
1961 ; F1'KLi, I~11R. \I, LCHiDA and Yo\rDA, 1965)

5. a 1111'sei'a agar', 1st ci'lide ci, /1111'e 1/11'"i's

Antiser, I of strains, P8 (A1. hailsosi7) and 4110
(IPI. at11,111), were prepared by irumunizing rab-
bits \\. ith concentrated crude filtrates. The ciTtire

ImmuniZatioit PIOCCdure was as descTibCd pre\'IOUSl}'
(Yo\FD. \ amd FrKci, 1961 a). Rabbit antiscra
\\'ere also prepared for titc cross-reactioit ntaterial

witll a in P8 culture, as described in a later section

6. 1/1/'11i, 110dof lis!o11 test

The double diffusioit precipitation method lit agar
described b\, OUCHTrRLo\Y (1948) \\. as employed
v. itit a slight modification. Tlle results \\ ere Lisuallv
examined after standing the agar plate at Tooth tern-
peraturc for fi\'e to SE\ en da} s

7. 011", 1/1/'11te 151 ec, >!'milo, I

TITe quantitati\ e precipitatioiT test was done as
described by I{EIDERnERcrR and 1<n<DALL (1955)
As antigens, n alld a partially purified preparntioit of
the cross-reaction nTatcrial witlT n in P8 strain \\'CTC

used, and as tilttibodics, specific anti-tt rabbit scrum
and a rabbit antiserum for the cross-reaction material

were Liscd. Titc nitrogen content of the specific
precipitates \\CTC determined by " mudificd micro-
1<jcldahl-\CSSlcr n, etltcd (YOKoi and AK. \SI, 1955)

8. Zoi!e-elecii OFhoi, $13

Zone-electrophoresis Lising starclt as Ihc support-
ing ritedium \\as performed ticcording to the itICthod
described b\, 1<Lxi<F1. and SLAT'1:11 (1952) \\'ill\ a SIIgltt
mudific"tioit (Yoi. ;I:D, \ nitd FLKui, 1961 to

RESULTS

UiTless otherwise specified, thc thrcc \\, GIIs in
tlTe Ouchterlony's plate employed for antigenic
analyses of test strains were arranged in a
regular triangular. pattern and iiT there \\, ere
put the test antigens, Indicator antigei\ and
antiserum respectively, so that the presence
and jinmunochemical status of the common

antigen \\, itIT a or 13 in the test antigens could
be examined.

The antigenic analyses of 120 strains of
mycobacteria employing the Ouchterlony's tech-
nique suggested that the distributioiT of a and
fi in the test strains is apparently type specific
rather than strain, species or gentis specific.
FTCm the distributioi\ pattern, these 120 my-
cobacterial strains could be roughly divided
into the following four groups : I. Strains in
which both a and A are detectable. 2. Strains
in \\'hich no extracellular , but only a is de-
tectable. 3. Strains in \\ hich I\0 , but a cross-
reaction material \\'It IT some antigenic deterini-
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nants in common with a is detectable. 4.

Strains in which neither a nor fi is detectable.

I. Slidz', is I'" tuft, th both a a"d A anti:ge"s are
detectable

\\;ith the sole exception of ISOniazid-resistant
strains, which will be described later, all strains
of M. I"bercw/OSis, M. boat's and M. 7112'ci'oti
(Vole bacillus) tested can be put into this
group.

Fig. I, 2 and 3 show typical jinmunodiffu-
SIoi\ patterns in Ouchterlony's plates with
test antigens prepared from representative
strains (H37Ra, Ravenel) \\, hich belong to
11, /. tubei'CUIos!'s and bows respectively and
from a strain of A1. 7111'ci'oti.

It can be seei\ that the test antigei\ reacts with
either anti-a or -A serum forming a precipita-
tion line in each strain and the line fuses coin-

piete!y \\, itIT a single line formed between the
indicator antiSeTUm and a Or 13 antigei\ re-
spectively. The results clearly indicate that
these test antigens contaii\ both a and A as
precipitating antigens.

Similar analyses \\, ere made repeatedly of the
test antigens prepared from 17 other strains of
M. t"bel'c"lost's including H37Rv, H, , Toda,
Takagaki, Kurono, Frankfult, Kamiike and
Aoyama B, 9 strains of H37Rv resistant to
antituberculous drugs other than is oniazid
derivatives and from 3 other strains (TC50,
BCG-I and Miwa) of M. boar's, and the
results were exactly the same as these described
above.

whether or not the antigenic determinants
of a or , of human type strains are absolutely
identical with those of the corresponding anti-
gen of bovine type is not known. However, it
has sometimcs been observed that, when anti-

curde culture filtrates of M.serum against
bows (Ravenel) was used instead of anti-a
serum, the precipitation line formed witlT crude
Ravenel antigen fuses, forming a spur-like line,
with a single precipitation line of a antigen.
Although it is still uncertain whether this was
a true spur, it may be that some difference
exists between a and the corresponding anti-

gen of bovine type in terms of antigenic specifi-
city. Purified bovine type a antigen and its
specific antiserum is now being prepared in
order to clarify this point.

2. Strains in 2:1hz'ch "o extincel/ul@r A but only
a 11 detectable

The 32 is onIazid (INH)-resistant strains of
M. tubei. CM/o3/13 and 6001's tested are included

These strains are listed inin this group.

Table I. Thus, among these, 19 were stable,
highly resistant strains and the other 13 were
unstable strains with lower resistance.

From jinmunodilTusion 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 A but only a antigen. How-
ever, further analysis of the mechanical dis-
integrates of \\, ashed intact cells revealed that
fi antigen is detectable in the disintegrates of
all the 13 strains with lower resistance. On

the other ITand, in neither culture filtrates nor
disintegrates of the intact cells of 19 highly
resistant strains could fi 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. hoofs) \\, ere employed :
I. original strain (INH-sensitive) ; 2. INH-
I. w-reststant strum (0.1-0.2 I, gjm1) ; 31NH-
high-resistant strain (10-20 11glml). Both con-
centrated culture filtrates and supernatant
fractions of cellular disintegrates obtained by
centrifugation at 105,000 x g 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 CLIlture filtrate antigens prepared either
from INH-high-resistant or -low-resistant
strains. This indicates the absence of ex-

tracellular A antigen in these strains, Irrespec-
tive of the degree of their INH resist ancy.

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

204 BIKEN JOURNAL V01.8 No. 4 December 1965



,t Antigen Anti tr serum

, Antigen

Test antigen
(H37Ra)

Anti p seruin

,

it Antigen

Anti n serum

, Antigen

I esi antigen
(Ravenel)

Anti tv serum

FIGURE I jinmunodiffusion pattern demonstrating
the presence of cr and p antigens in strain H37Ra
(M. tuberCUIos, 's). I
Test antigen : Concentrated culture filtrate
Indicator antigens : cr and , antigens (each 50 11gjml)
Antisera : Anti-cr and -fi rabbit sera

FIGURE 2 ImmunodifTusion pattern demonstrating
the presence of or and p antigens in strain Ravenel
(M. boors).
Test antigen : Concentrated culture filtrate
indicator antigens : cr and p antigens (each 50 Kgjml)
Antisera : Anti-cr and -, rabbit sera

FIGURE 3 Immunodiffusion pattern demonstrating
the presence of cr and 13 antigens in Vole bacillus
(M. ,"icyoti).
Test antigen : Concentrated culture filtrate
Indicator antigens : or and , antigens (each 50 Ag in I)
Antisera : Anti-or and -, rabbit sera, Antigen

Anti , serum

Tes 8.11ge
(My in IC i

Anti , seru

YONEDA, M. at al. Dist, ,'but ion of a @"d p Antigens



FIGLRE 4 ImmunodiffLisioit analyses of culture intratcs and mechanical dis-
Integrates of INH-sensitive and -rcsistant strains

Test antigens : ConcciTtrated culture filtrates or mechanical disintegratcs
Indicator antigens : ,I and , antigens (eaclt 20 11gjml)
Indicator antiser;I : Anti-, I and -, rabbit sera
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disintegrates, a precipitation line is formed
betweeiT the test antigen of the 11.1H-low-
resistant strain and anti-, serum and the line
fuses completely with a single precipitation
line with indicator A antigen, while I\o precipi-
tation line corresponding to fi is detectable with
the test antigen prepared from the INH-high-
resistant strain. These results clearly show
that ITeither extracellular nor intracellular 13 is
present in detectable amounts in the INH-
high-resistant strain, but , antigen is present
in the INH-low-resistant strain employed as
an intracellular component. Similar experi-
merits were made on the other INH-resistant

TABLE I List of ISOnz'(132'd (/NH)-I'esz'slant test $11'at'"s of inj, cobncteivh

Resist ancy
(INH I, gjml)

strains listed in Table I and the results were
similar.

The absence of , antigen lit INH-high-re-
SIStant strains was also demonstrated by an
absorptioiT technique. The absorption of a
and A antibodies from a mixture of anti-a and
-13 sera either witlT intact cells or with insoluble
cellular debris of INH-resistant strains was

according to the procedure described in a
preceding communication (FUKUI, HiRAi, U~
CHIDA and YONEDA, 1965\, and the possible
absorption of antibodies against a or , in
antiserum by these antigens was examined by
jinmunodifTusion in Ouchterlony's plates which

Strains

Stocked

H37Rv

H37Ra

Kurono

Mukai

Toda

Mizuki

Ravencl

BCG-I

BCG-2

BCG-3

H37Ra

1<urono

H37Rv(E)
H37Rv(M)

BCG-I

Ravenel

H. H. , T, s. ,

S. M. , T. S. ,

O. , F. K. ,

T. Y. , M. M. ,
T. F

F. , G. , M. ,

R. , I. , S. ,
M2

Species

M. ti, be, CM/o313

Newly isolated
from patients

M. bovis

n

M. ruberc"/OSis

> 20

208

extra

13

M. 60.1's
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Recognized as
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were arranged as shown in Fig. 5. The anti-
gens for absorption was obtained from three
kinds of 11<H-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 A antigeil \\, GII and
the central \\, ell into \\, hic}t a mixture of anti-

a and -13 sera \\, as put, \\, hile no corresponding
line appears in the case of the INH-low-re-
SIStant strain. This clearly shows that the
specific antibody against A in the mixed anti-
serum could be absorbed \\. ith the antigeil pre-
pared from the INH-low-resistant strain but
not \\, it Il that froiTT the 11<H-high-resistant one,
indicating the absence of 13 antigen in the latter
strain

Since , antigen, \v}TiclT \\, as previously namcd
nTtp-4, \\, as found to constitute one of t\\, o main
protein peaks tlie zone-alectropltoreticon

diagram of ai\ ammonium sulfate fractioiT (30-
509', Fr. ) of unheated culture filtrates of strain
H37R\, (YONEDA and FUKUI, 1961 a), it was
of interest to sec if thc proteii\ peal< corres-
sponding to A (intp-4) is absent in the same
aminoniuiT\ sulfate fraction of INH-rcsistaiit

strains. To test this, \!nheatcd culture filtrates
of " at, in H37Rv ".^jamnt to INH (10 Ag!'inI)
\\, ere first fraction ated \\, itIT aminoniunT sulfatc

and the fractioiT precipitating at 30-50 per cent
saturation \\, as subjected to zone-electrophorc-
SIS as described in a previous section.

The result is shown in Fig. 6. The dotted
line in the diagram indicates the position of thc
protein peal< \\, heIT , antigei\ Is subjected to
zone-electrophoresis. It may, be seen from the
diagram that the test faction sho\^s t\\, o protein
peaks, one Inajor and one minor peak, in thc
electrophoretic pattern, but no proteiiT peak
witlT the same mobility as , antigen.

The difference between the protein fraction
appearing in the diagram as a minor peak and
, in terms of antigenic specificity \\, as proved
by jinmunodifTusion. Thus, the protein frac-
tions in the eluates from the 8th to the 20th

segments of the starcl\ block were each tested
for their antigenic identity, \\, ith a or A antigen

O. 60

a 0.40
.
o

O. 20

-6810 12/4/6182022+
Tube number

FIGURE 6 Zone-electrophorcgrant demonstrating
the absence of ,; illTtigcn in INH-resistant strain
Conditions : borntc-phosphate buffer PHS. 3 11 - 0.1,
2inA1cin', 161tr run, protCiit (85.0 ittg)
Elution : 2 times wit11 101ttl of buffcrcd saline

POSitioi, of p antigcit traction

in Ouchtcrloiiv's plates. Thc rcsults arc 11-
lustrated in Fig. 7.

As calT be secit in the Fig. , the eluatcs from
the lotl\ to 12tlt segments react\\, ithai\ti30-50%
Fr. rabbit scrum forming a precipitatioi\ 11nc
whiclt fuscs \\, it I\ tlic line of a antigen, \\ hilc
those from the 14tl\ to 20tlT scgincnts do ITot
form ai^, precipitatioit 11nc corresponding to
, antigen. It \\, as flirtltcr obscrved that, cvcn
WITciT tite latter eluatcs \\'cre concentratcd so

as to in akc tlTc protCii\ contents qnite ItIgh, ITo
precipitatioi} line \\, as formcd bet\Teei\ anti-13
serum and thc concentrated eluates. It is thus

cvident that there is essentially ITo protCin
component corresponding to A antigei\ in the
INH-resistant strain

Thus, on tlte basis of the findings describcd
above, the is onIazid-resistant strains tested may
be tentatively dividcd into thc following sub-
groups : A. ,-negative strains ; B. intracellular
A-positive strains.

3. Stiff!'?is 111 tuftit/I one call detect ifo A mitt^e, !
but n CIOss-,'coct!'on 711nteitn! 7011/1 son!e nilti^en!'c
detei'?Jinidtiits in COM1iiio, I torni Ihose of a drillgeii

In this group are included all the strains
of M. doIw, !I, A1. Iepi dentin'I'm11, A1. pmw-
in bel'c!{/OSIs, A1. brime, ', M. ulcei nils tested
and 24 of the 45 strains of " unclassified

YO\FDA, i\I. er al. DJ'sty, 'but 1'071 of n and ,3 Hiltige"s 209



FIGURE 5 TmmunodifTLision patterns of test serum after absorption with cells
or insoluble debris of INH-sensitive, -10\\, and -high-resistant strains

Test serum : A ntixture of anti-tt and -, 3 rabbit sera after absorption
Indicator antisera : Anti-(I and -,; rabbit sera
Indicator antigens : ,I and ,3 antigens (eaclT 10 11gjml)

middle line should be*'Erratum : The right and left photographs of the
exchanged
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FIGURE 7 Tmmunodifftision patterns demonstrating the ribscnce of ,3 antigen
in an, INH-resistant strain

T'st antigens : Eluates ; the numbers indicate thc segments
Indicator antigcns : it aiTd 13 antigens
Antiscrum : Anti 30-50 Fr. rabbit serum

FIGuitE 8 TmmunodifTusion patterns demonstrating the presence of CRT\I
witlT it antigei, and absence of 13 antigen in the P8 strain
Indicator antigens : ,r and 13 antigens (20 Ingiittl)
Indicator antisera : Anti-, I and -, a rabbit suru
P8 antigeiT : Concentrated culture filtrate of P8 strain
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mycobacteria " provided by Dr. RUNYON.
The presence of cross-rcactioi\ material \\, ith

a antigci\ in these strains was demonstrated by,
botlT the agar difftision precipitation and quan-
titative precipitatioi\ tests. Fig. 8 sho\\, s a
typical precipitatioiT patterIT in Ouchterlony's
plates \\, itIl P8 (\\!o1.1NSKY at d/., 1957) antigen
against anti-a or -, sci. urn. Thc test antigen
employed was concentrated, unhcatetl culture
filtrate of the P8 strain.

It in a}, be seen that the single precipitation
11nc betweeiT a antigen anti anti-a serum fuses
witl\ the single precipitatioi\ line forIncd I)e-
tweeiT P8 antigen and anti-a serum, witl\ clear
spur formation. 'This shows that thc antigen
in the crude protein fraction of this particular
strain Is cross-reactioi\ ITTatcrial \\, itIT some anti-

genic determinants in coinmoiT witl\ those of
a antigcn. 01t the other ITand, ITo prccipita-
tion line is seciT betweeit P8 antigen and anti-fi

The presence of the cross-reactioil matcrial
in straii\ I'S was also proVCd by quantitativc
precipitatioi\ tests. JIT this quantitative cx-
PCriinei\t Ihc P8 antigei\ was a preparatioiT of
the protein ITactioi\ of strain P8, \\, hich \\, as
scperated by zone-clcctrophorcsis from the
unheated culture filtrate by the method tised
for a antigeiT and \\, as found elcctrophorctically
to correspond to the a coinpoiTent of the strain
H37Rv

To two series of 10 centriftigc tubcs were
added respectively increasing anlounts of a
preparation of a (from 8 to 50 11g N) rind of P8
antigeiT (from 9 to 32, g N) ill a final \, o1uine
of I inI. Then I inI of anti-a rabbit scrum

(Lot No. 2) was added to eacl\ tubc with
througlt mixing. The mixtures were piaccd
in a \\, ater bath at 37'C for I ITour and theIT ill

the cold for one \\, cek. They, were thciT ccn-
ti'Ifuged and the resulting super natants \\, ere
used for assay of the antigen and antibody re-
maining unprecipitated. The precipitates wcre
washcd three times willT 5 in I of cold physi-
o10gical saline and then their nitrogeit contents
were determined.

Fig. 9 summarizes the results obtained. It

in av be seeit that the determination of the

nitrogen content in specific precipitates gave
a typical quantitative precipitatioi\ curve in
both cases, each representing the patterIT of
a single antigeiT and antibody system. I{ow-
ever, as showiT in the Figure, the amount of
precipitatc \\, itIT P8 antigeiT was always much
less thai\ witlt a antigen. 'rhus, the amount
of it antibody precipitated witlT PS antigcn was
only about two thirds of that \\, it}\ IToinologous
a antigciT at thcir respective equivalence point.
1.10rcover. it was found that apprcciablc anti-
body, ^emaincd in the supcrnatant in the anti-
gen exccss region in this P8 antigeiT and u
antibody systcm.

011 the other ITand, as expected, \\, hcn anti-
P8 antigeiT seruin was LIScd instead of anti-a
scrum, all the antibody \\, as precipitated with
it antigcn as well as witl\ P8 antigei\ at thc cqui-
Yalencc point. This is shown in Fig. 10.

TIT this experinTcnt, Increasing amounts of
antigci\ of from 4 to 30 11g N of botl\ a and P8
antigeit wcre placed in two scries of 10 tubes.

serum.
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FIGURE 9 Quantitative precipitation reaction of ,I
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The antiserum a in I per tube) employed was
prepared by jinmunizing rabbits \\, itIT prepara-
tioi\ of P8 proteii\ fractioiT purified by zone-
electrophorcsis in incomplete ETeund's adju-

As calT be seen in Fig. 10, the precipitation
curve obtained cither witl\ a or will\ P8 antigcn
appears to TCPresent a single antigen and anti-
body, systcnt and the two curves are ITearly
superImposable. It is thus evident from the
results of the two experiments described al, ove,
that a antigci\ may ITave specific antigenic de-
terminants as \\, cll as determinants in common

witlT those of P8 antigen
No antigci\ in common \\, itIT fi antigei\ was

detectablc in any of the strains of this group
tested. TIT connectioit \\, ill\ this jinmuno-

chemical observation, a finding of considerable
interest \\, as that I\o proteiil peal< corresponding
to A antigcn (intp-4) appeared on the zoric-
electropherogram of a crude proteiit fraction
of straii\ P8. Fig. U shows a zone-clectro-
phoretic diagi am of the protCiiT fraction of P8
straii\ precipitatetl by 30-50 per ccnt satura-
11011 of ammonium sulfate (30-509', Fr. ).

11 , antigcit \\, ere present, thc other main

vant.

O. 80

O 60

.
,,
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o

O. 20

150
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FIGui{I; 11 Zone-clcctrophorcsis pattern demon-
strating the ribsencc of ,3 antigcit In strniit P8
Conditions : borntc-phosphate buffer, 1.1-I 8.3, 11
-0.1.2in A1cm', 161tr run
Elutioit : 2 times \\, itIt 10 ittl of bufferCLI sailnc

POSitioi, of ,3 antigeit fraction
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Z
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,
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L

Antigen

peal< indicated I)y the dottcd line would ap-
pear. Actually, I\owever, suclt proteinno

peal< is scen in the diagram. It is thus apparcnt
that this particular protCii\ coinponcnt is not
prescnt ii\ straiiT P8.

Of particular intcrest witlT regard to thc
antigenic specificity of the cross-rcactioi\ mar-
teria1 11T these strains \\, as tite observatioiT that

the material \\, hicl} cross reacts with a in

strains of M. '01/1/11 is different from that

found in strain P8. 'rhus, wheiT both P8 and
aviait type antigcns were allowed to react with
anti-P8 serum in ai} Ouchtcrlony's plate, the
single precipitation lines formcd witlT the two
antigens fused with eaclt other witlt clear spur
formation.

Fig. 12 illustratcs a typical result of jinmuno-
diffusion analysis of the antigens of strains P8
and 4110 (A1. awfulI) witlT anti-P8 serum,
indicating that some of the antigenic deterinI-
nants of thc avian type antigei\ are in common
with those of P8.

01T the basis of this finding, an attempt \\, as
made to analyze the antigenic interrelationship
of the strains in this group by Ouchterlony's
technique using botlT the antigens of P8 and a
typi. ,I strum (Ki". hberg or 4110) of M.
nut'w, ,I as tentative indicators. The results so

,
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FIGURE 10 Quantitative preclpitatioi, reactioit of a
antigen and its CRM (P8 strain) \\, ith anti P8 serum
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Anti P8 seru

As may be seen, the jinmunodiffusion pat-
terns clearly demonstrate the presence of a
cross-reaction material with a antigen and the
absence of fi antigen in the test antigen of the
particular organism employed. A similar re-
SUIts was also obtained with another strain

(Douglas) tested, but the question of whether
or not these particular strains of M. leprae-
in"72'"in belongs to the sub-groups described
above remains urianswered. Extensive studies
are now being carried on in collaboration with
the Department of Leprology of this Institute
on this point and on the problems of whether
all the other strains of this species show a
similar distribution pattern of a and A antigens
to that observed with two strains tested.

4. Sty@znS fit tuftt'ch iteither a it or fi antt;gen 23
detectable

All saprophytic strains including M.
.fort"I't""I, M. phiet', M. sinegm@tz's, Takeo,
Dencho and Iucho strains, and 21 strains
(P2, P3, P5, F16, P24, P26, P27, P31,
P32, P34, P35, P37, P40, P41, P42, P45, P53,
P54, 2058, 2061 and 2063) of " unclassified
mycobacteria " tested can be included in this
group. ImmunodifTusion patterns demonstrat-
ing the absence of both a and I; antigens in a
strain of M. phiei are shown in Fig. 14.

Table 2 illustrates the tentative relationships
between the biological and serological types of
the various mycobacteria tested on the basis
of the distribution patterns of a and fi antigens
so far found in this study.

@
FIGURE 12 ImmunodifTusion pattern demonstrat-
Ing the presence of CRM with P8 antigen in strain
4110 (M. 00i"in)-
Indicator antigen : P8 cr antigen
Test antigen : Concentrated culture filtrate of strain
4110

Antiserum : Anti P8 -cr serum (20 Agjml)

far obtained suggests that these strains may be
divided into at least the following sub-groups:

A. (P8 group): P8, F18, P21, P22
B. (Avian group): all the strains of M.

@211'"in tested, M. par@t"be, CUIosz^, M. bai"et',
M. ulcer""s, P6, PI5, F17, P29, P30, P36,
P39, P44, P47, P48, P49, P50, PSI, P55,
2057, 2059,2060, 2062, 2064 and 2066.

The antigenic relationship between the cross-
reaction material with a of the strains in each

sub-group still remains to be clarified and must
await further precise studies employing purified
antigen and the specific antiserum of each
strain.

The result of an jinmunodiffusion test with

a strain (Hawaii) of M. lepraem"72'"in is
illustrated in Fig. 13.
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DISCUSSION

In the present investigation, detailed antigenic
analyses were made of 120 strains of myco-
bacteria employing a and j; antigens as para-
meters. The aim of the study was primarily
to see if these antigens play a significant role
in serological typing for mycobacterial classifi-
cation. Therefore, the results should be first
evaluated from the point of whether the my-
cobacterial strains tested could be classified on

the basis of a and 11. Table 2 clearly shows



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 a antigen,
or its cross-reaction material (CRi\, I) and fi
antigen without any, serious discrepancies with
the existing biological typing of the my co-
bacteria.

Alerely from a combination of the presence
or absence of a and fi antigens, theoretically
the strains should be divisible into the follow-

ing four groups: I) both a and fi positive; 2)
a positive but A negative; 3) A positive but a

TABLE 2 Dr'stir'61,120n of ,I and ,3 anti:gens 212 cara'o14s mycobnctei'?'a
Sub-

Group 13
groups

negative; 4) both a and , negative. It was
found that they, \\, ere actually divisible in this
way but no strains of the 3rd group were found.

Examination of the jinmunodifTusion precipi-
tation pattern in Ouchterlony's plates, how-
ever, revealed the existence in some strains of
material cross-reacting (CRi\{) \\, itIT a and con-
sequently ne\\, group was formed for these
mycobacteria (CR!\I positive but , negative).
This CRi\I also enabled us to divide the new

group into further sub-groups.
Incidentally it should be noted that the es-

a

11

+

A +

+

B

extra

H37Rv, IT37Ra, I{,, Toda,M. tuberci, /o31'3

Takagaki, 1<urono, Frankfult, Kamiike, Ao-
yama B, 9 strains of H37R\, resistant to

drugs other than INH
M. 60"is: Ravenel, TC 50, BCG, Xiiwa

M. 711icroti (Vole bacillus)

M. tt, bel'ci, /OSI's and bouts (IN}I-high-resistant
st""'nn (>10_20 Ag)'
Kurono, Ravenel, BCG,

M. ti, bercw/OSis and botis (INH-low-resistant
strains (01-0.2 I'd)
H37Rv, 1<UTCno, Ravenel, BCG, and other
strains obtained from patients

p 8, p 18, p 21, p 22,P8

111

+

Intra

,, ps

AVIunt

Strains

,mm"in

+

TV

:
+ spur

M. Quill, ,,: 1<1rchberg, 4110, A71,
Flamingo, A62,4121
Demois"Ile, E. 38686, Juski

M. ulcer@"s, 111. paroti, bel CUIos, 's,
M. bathei, p 6, p 15, p 17, p 29, p 30, p 36,

p 39, p 44, p 47, p 48, p 49, p 50, p 51, p 55,
2057, 2059, 2060, 2062, 2064, 2066

M. lepraem"rt'u", (Hawaii, Douglas)

Saprophytic : M. 101't"!'troll, M. $171eg, ,Iota's,
M. pithi, Takeo, Dencho, Iucho,
p 2, p 3, p 5, p 16, p 24, p 26, p 27, p 31, p 32,
p34, p35, p37, p40, p41, p42, p45, p53,
p 54,2058,2061,2063
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FIGLRE 13 Irun, unodifTusioiT patterns demonstrating tlTe presence of CRM
\\'ItIl ,I antigeiT and absence of ,5 antigen in ill. Iepi'dellJi!11:11, I
'I'est antigeiT : Concentrated supernatant of cellular disintegrates of the Ha\^aji
straij, of A*I. Ichi'ae, ,11/11/1111
indicator antigens : ,r and ,3 antigens (30 11g!inI)
Indicator antisera : Anti-, I aitd -, 3 rabbit sera

FIGLRE 14 Tmmunodifftision patterns demonstrating tl, e absence of botlt a
and ,3 antigens lit A1. phier
Test antigei, : Concentrated cultiire filtrates of M. phie,
Indicator antigens : ,I and ,3 antigens (30 I, gjml)
Indicator antisera : Anti-, I and -, 3 rabbit sera
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tablishment of this new group is entirely at-
tributable to irumunochemical analyses of the
nature of a or its CRi\I which revealed the

difference in the antigenic determinants. it
is thus apparent that, at least in setological
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; LiND,
1961; CASTELNuovo at d1. , 1958; 1959; 1960;
1965).

The exact relationship between the dis-
tributioiT of a or its CRM and , antigens in
mycobacteria and their biological types must
await further prccise studies with more strains.
However, from the fact that, except for most
of the strains of " unclassified mycobacteria "
tcsted, eaclT group included strains of several
mycobacterial SPCcies but, no difference was
found in thc distributioiT of a or its CRl, I and

A in strains of a single specics, it may be rea-
sonably concluded that thc distribution of
these antigens is type specific rather tlTan strain
or species specific. Comments will be made
o1T the unclassified mycobacteria later.

with thc exception of ISOniazid-resistant
strains, which belong to the 2nd serological
group, all strains of ITUmaiT and bovine types
were found to posses botl\ a and fi antigens.
it is of partictilar interest that the 13 antigeiT is
only found in strains of M. I"her CM/ortls and
bow\, and not even its CRl\{ ITas yet heel\ found
in other mycobacteria. Incidentally, the ques-
tioit of WITether there is any difference between
the antigenic determinants of a antigen in M.
t"bel. c"/o31's and bows is still unknown. How-

ever, as was briefly noted in a previous section,
preliminary jinmunodiiTusion analysis employ-
ing a crude protein fraction of Reveriel and its
anti rabbit serum suggested that Ilurnan type
a antigen might be cross-reaction material with
some antigenic determinants in common with
those of Reveriel ,I antigen. If this is so in all
strains of M. boar\, it would be possible to
differentiate bovine strains from those of hu-

man type on the basis of the irumunochemical
difference in their a antigens, as \\, as done so
well witlT the Niacin test (KONN0,1956).

The absence of A antigen in strains of M.
tt, hercw/o313 and boon 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 fi antigen,
whiclT was briefly reported in ou^ previous
communication (YONEDA and FUKUI, 1961 a).
Since it is generally agreed that the most re-
markable change in the properties of is oniazid-
resistant strains of tubercle bacilli is the loss or

great decrease in catalase activity (MIDDLE-
BROOK, 1954), one might naturally expect,
assuming that , antigen is either catalase itself
or its apo-protein (YONEDA, 1963), tllat a loss
or great decrease in this particular antigen may
also occtu. in the rcsistant-strains. Conversely,
this concomitant loss or great decrease of 13
antigen witlt the acquisition of ISOniazid-re-
SIStancy may be strong evidence in support of
the above mentioncd ITypothesis. In this con-
nection, it is obvious that the results observed
with 9 ITUmai} and bovine strains whiclT were

resistant to drugs other thai\ is on Iazid denva-
tives and ITad botlT a and A antigens, also pro-
vides circumstantial evidence for the abovc

hypothesis. Thc fact, that, for instance,
saprophytic mycobacteria show potent catalase
activity, but ITave I\0 13 antigen appears con-
tradictory to the above hypothesis. Howevei. ,
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. tubei. CMlosi's
and bows.

The discovcry of a M. tt, bel. CUIosi:s anti-
gen (CRM with a) in M. lepraeiii"ri'inn is
of particular interest since this is the first step
in the elucidation of the jinmunochemical

relationship betwen this species and tubercle
bacilli. Based on this finding, an extensi\, e
study is now being made, in collaboration with
the Department of Leprology in this Institute,
on the jinmunochemical nature of CRM to see
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if tl\ere are any unique antigenic determinants
for this species. From the fact that ,3 antigen
was not detectable in the strains of 11/1.
141'ne, ,11/11'Min tested, it seems reasonable to
include these in tl\e group of CRil{ POS!'lite
b"t , playd/!"e strains. However, it must be
remembered that the test antigei\ of the inurine
leprosy bacilli is derived from I'll tito cultures,
while that of all other strains is obtained from

111 titi'o cultures. A possible important ques-
tioiT to be studied is whether there is any dis-
tinction in the distribution of a and , antigens
in in t:reo and in till'o mycobacterial cultures.

Using a and , antigens as indicators, anti-
genic analyses sho^, ed that all strains of
unclassified mycobacteria, could be either
included 11\ the CRA{ POSih'tie bi, I , neontit!e or
in the 60/11 a n?, d , flaynii'te 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 clifferences in their
antigenic determinants of CR\, I: I. strains
having CR:\I identical \\, ith that of A1. flu'Mill
(AVIaiT group) ; 2. strains Ilaving CR:!\'I identical
with that of re (P8 g". up). A. .."ding to th,
classificatioiT of Dr. Rtinyoi\ (personal coin-
inunication), of these 45 strains, 6 are included
in Group I (-Photochromogens), 12 in Group
11 (-Orange-orange red SCOtochromogens) and
the other 27 in Group 111 (-Non-photo-
chromogens)

Table 3 shows coinparisoi\ of our serotypes
witll Runyon's biotypes for' the 45 strains. it
can be seen that the serotype P8 group in-
cludes 4 Photocliromogens ; the AviaiT group,

TABLE 3 A I'e/nil'o71 beltcee, I the sei'o0, pes alld Ri, rowz's 62b/JPes of 45 11nc/assj/led jest slidins
Serological grouping Runyon's grouping

Group Sub-group Blotypc

111

P8

group

Test strains

Avian

group

SP

P 18

p 21

p 22

p 6, PI5
p 29, p 30
p 36, 2066

pi7, p39, p44
p47, p48, p49
p 50, p 51, p 55
2057, 2059, 2060
2062, 2064

p 16, p 24, p 26

p 5, p 31, p 32,

p3+, p35, p37

p 2, p 3, p27,
p 40, p 41, p 42,
p45, p53, p54,
2058, 2061, 2063

I\'

Group

Photochromogens

11 SCOtochromogens

111 \on-photochromogens

11
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Photochromogens

111

SCOtochromogens

Non-photochromogens
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6 SCOtochromogens and 14 Non-photochromo-
gens, and the Saproph}, tic group (both a and
fi negative), 3 Photochromogens, 6 SCOto-
chromogens and 12 Non-photochromogens.
Thus there is no clear-cut correlation between

the serotypes and Runyon's blotypes, though
it is of interest that group P8 includes only
strains of M. Ad?IMSI','. However, it is un-
certain whether the original biological pro-

of these test strains have been un-perties
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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