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PRELll\UNARY REPORT

MONOCl, ONAL ANTIBODIES AGAINST BETA-AN'TICEN OF

A1YCOB, CTER/UM TUBERCULOSIS AND 'THEIR

INTERSPECIES REACT'I\11TIES

'TAE I{UN FAIK I A1ASANAO MAKINO and TONETARO ITO

Departntcnt of LCDrology. I{escnrcl\ Institute for NIIcrobial Diseases, Osaka University
Y:iruadaol<at, Sultan, Osaka 565, Japait

BIKEN JounNAi_ \701.30,53-59,1987

Beta-antigen is one of the major proteins of My cobacteri'11"I tubei'ci4/o31's. \\Ie purl-
ficd this antigen from the unheated culture filtrate of Mycobncieri'11"I 111berct, /o31's
Aoyama B and obtained nine monoclonal antibodies against the beta-antigen.
Nine monoclonal antibodies were divided into two groups according to their pat-
terns on \\'estern blotting. The result indicated thc existence of two or more
determinant groups against these monoclonal antibodies on the beta-antigen ino-
Iecule. The Interspccies reactivity of monoclonal antibodies among twenty-one
species of My cobnc/ei. Ih \\, as also examined by dot blotting analysis. Two mono-
clonal antibodies, designated 4G5EIO and 5F3F2, showed a specificity restricted
to the Mj, cobdc/ei'1111/1 111bei'ci, /OSI's complex, could be used for serodiagnosis of My-
cobnc/'11/1, ,I ti, her CM/o31's Infection.

Recent studies have shown that monoclonal

antibodies (AllAbs) can be used for charac-
tenzation of mycobacterial antigens (Coates
at a1. , 1981, Gillis et a1. , 1982,1<01k or al. ,
1984). The A1Abs of My cohorter, 'tnn INbe, .-
c"10sis Of. nibei'CUIos, :,) ITave been lised for
the purification of mycobacterial antigens
(Y, ung ,t a1. , 1986) and co". dingn. ^I^ of
tuberculosis (Hewitt et a1. , 1982, Ivanyi et al
1983). In a recent comparative survey, 31
ATAbs were prepared and their reactivities

I Present address : Department of Microbiology, College of Medicine, Chungnam National University, 6
A'Iunh\va-Dong. Ch ung-ku, Taejeon 300-01. 1<0REA

with the antigens of 23 species of my cobac-
tcria were tested (Engcrs et a1. , 1986). None
of the IVIAbs was found to be the specific for
a given mycobacterial species or strain, and
only six A{Abs showed specificity restricted
to the M. Iwbei'cii/o31's complex, such as M
ttibercw/o31's, M. hoofs BCG, M. 7111'ci'oil' and M.
all'ICn"trill. At the moment these NIAbs that
are specific for the A{. I"bel'elf/o3/3 complex
are the only ones available for serodiagnosis of
mycobacterial infections. But species specific
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FIGURE I. Gel filtration of 30-50% ammonium sulfate fraction of the culture filtrate of M. tuberculosis
Aoyama B on Sephacryl S-200 Superfine. Column size : 2.0 x 50.0 ; bed height : 45.0 cm ; eluent : Tris-HCl
buffer solution (Dr1 8.0, 0.1 M) containing NaC1 (0.5 M) ; flow rate : 3.4 in 11h ; fraction size : 3.0 inntube ;
sample applied : 0.0. 11.8 at 280 rim. Beta antigenic activities were monitored by jinmunodifTusion \\. ith
rabbit anti-beta antibody. Beta antigen \\, as eluted in tubes No. 22 to 28
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MAbs would clearly be preferable
Y. ned^ and Fukii (1961", 1961b, 1965)
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protein antigens, alpha and beta, from un-
heated culture filtrates of M. tuberculosis

H37RV (Fukui and Yoneda, 1961, Fukui at
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83kDa

52kDa

FIGURE 2. Western blotting analysis of beta antigen with nine monoclonal antibodies. Lanes: I, IB5Gll ;
2.408G1; 3.4G5E10; 4.3011G4; 5.5F3F2; 6.1G904; 7.1E908; 8.2F5F10; 9.3F6H5.

a1. , 1965). The alph-antigen is a cross-react-
ing antigen that is observed in all slowly
growing mycobacteria, while the beta-antigen
is found only in the Mycobacterium tuber-
c"lows complex. The beta-antigen has not
been studied further, but Tasaka at al. re-
ported that the alpha-antigen molecule con-
sists of two parts, one containing the cross-
reacting determinant group(s), and the other
containing the species-specific determinant
group(s) (Tasaka at a1. , 1983, Tasaka and Ma-

tsu0,1984).
In the study reported here, we purified the

beta-antigen from the unheated culture in-
trate of M. t"be, CUIos, 's Aoyama B. Then we
obtained hybridomas producing Mab against
the beta-antigen and examined their inter-
species reactivities by jinmunoblotting analy-

M. t"berc"!OSt's Aoyama B was cultured on
Sauton's synthetic medium for 4-6 weeks.
The unheated culture filtrate was concen-

SIS.
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stilfatctrated by precipitation
and subjected to column chromatography on
Sephacryl S-200 (Pharmacia Fine Chemicals,
Up pal", Sw. don) (Fig. I). Th" hats-anti-
genicity was examined by irumunodiffusion
with anti-beta rabbit scrum. Antibeta lab-

bit scrum and reference beta-antigens were
provided by Dr. Yoneda and itept in
laboratory. Fig. I shows the clution pat-
tern of the material fronT a Sephacryl S-200
column. The fractions bcta-an-containing
tigen were collected, concentrated and sub-
Jccted to preparative SDS-polyacrylamidc gel
chat". phor"^I^ (PAGE). SDS-PAGE w"^
performed using 7.5y, separating gcl in non-
reducing conditions. After electrophoresis,
thc gel was cut Into 5 mm-width sections, and
the material in each section was tested for

beta-antigenicity. On preparative PAGE,
the beta-antigenicity is as detected in a singlc,
slightly thicl< band staining witli Coomassie
Brilliant blue R. The material in this band

was extracted from the gel, concentrated and
used to Immunize mice for production of
hybridomas

BALBlc mice were jinmunized with beta
antigen by Intraperitoncal injection of 100 Itg
of protCin emulsified with ETeund's incom-
piete adjuvant and boosted with thrcc sub-
sequent, weekly intrapcritoneal injections of
10 12g of beta antigen in saline. Animals were
killed 3 days aftcr the last booster injection
MAbs werc produced as described by 1<01k
or a1. , (1984). Soya'unto"ts from g". wing
clones were screened by enzyme-linked jin-
inunosorbcnt assay (ELISA)

westeriT blotting analysis was also per-
formed as described by Towbin et a1. (1979).
The discontinuous system dcscribcd by
L, "in11 (1970) w"^ us. d in SDS-PAGE; th.
separation gel contained 10y, (wlv) acryl-
amide, and the stacking gc14.5% acrylamide.

Nine MAbs against beta-antigen were ob-
tained. They were divided into two groups
according to their patterns on Western blot-
ting (Fig. 2) F, u" MAb^ reart"d with thre"
distinct bands of 110 kit, halt. ns (kDa),

ammonium 83kDa and 52kDa and a faint band of 56kDa,
while the other five AllAbs reacted witlt two
distinct bands of 110kDa and 83kDa. Thc

beta-antigeiT used for immunization of mice
had been highly purified by preparative
PAGE. In the hybridoma procedure, limit-
ing dilution (A1ishell and Shiigi, 1980) was
used to obtain monoclonal cells. Limiting
dilution was repeated at least twice, and the
wells were carefully examined by microscopy
to confirm the prcsence of only one cell in one
well. Therefore, the antibodies were con-
sidered to be monoclonal. Cell fusion ex-

perlmcnts to obtain hybridomas were re-
peated several times. In this way MAbs
were obtained in five serial experiments.
These MAbs showcd the same or VCry similar
patterns on western blotting analysis with
purified beta antigcn. This result indicates
that there arc at least two dctcrminant groups
on the beta antigei\ molecule and that the
MAbs one or both these deter-recognizc
minants.

Thc interspecies reactivity of lv'IAbs was
examined by dot jinmunoblotting analysis.
Twenty-One species of Mycobacteria were
culturcd using three 1<1nds of media: inodi-
fled Sauton medium, Middlcbrook 7H9 me-
dium, and Ogawa's egg yoll< medium. The
cells were harvested and sonicatcd for 15 Inin
in a cold-water bath. The sonicates were

centrifuged for I h at 27,000 rpm, and the re-
SUIting supci'natants were tillutcd to a final
protein concentration of I inglml. A sample
of 5 PI of each sonicatc was spotted onto a strip
of nitrocellulose membrane (Schlcichcr und
Schucll Inc. , 1<eerie, N. H. ) and allowed to
air dry. Each strip was then treated with 570
skim milk (Bacto skim milk, dehydrated;
Difco Detroit, Mi. ) in PBS for I h at 37 C
with constant shaking, and then incubated at
37 C with I: 200 dilution of ascites for I h at

room temperature. The strips were washed
for 5 min in PBS with gentle shaking, and
then for 15 min in PBS containing 0.05yo
Tween-20 (PBS-T'). After a second washing
for 5 min in PBS-T', they were incubated with

our
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TABLE I filterspeci'es redc/1'017y of the AJI, bs chdr"clefi*ed by 1,111,111"o610/1/11. g

A{. tuberculosis I{37Rv

M. tuberculosis I{37Ra

IVl. tuberculosis Aoyama B
A, I. bovis BCG Yol<en

M. 1<an srisii ATCC 12478

it, I. gastri ATCC 1575+
IVl. ntnrinunl ATCC 927

All. scrofulaceunt ATCC 19981

AJI. gordonae ATCC 14470

M. szulg, Ii NCTC 10831
IVl. avium ATCC 19075

M. intracellularc AT'CC 13950

IVl. noncllTomogenicum ATCC 19530
IVl. terrae AT'CC 15755

M. triviale ATCC 23292

M. fortuitLim ATCC 6841

M. chelonel ATCC 19977

A, I. chitac ATCC 19627

IVl. sinegmtttis ATCC 607

IVl. lepraemuriuitt ATCC 35779

M. leprae
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peroxidasc conjugated goat anti-mouse IgG
(Cappel Laboratories, Downington, Pa. ) clilu-
ted I: 500 with PBS-I% skim mill< for I h at
room temperature. The strips were then
drained, and washed witlT PBS-T once for
5 min, and three times for 10 min, and then
with PBS for 5 min. The washed strips were
treated with color development solutioiT (4-
Cl-I-naphthol, Bio-Rad Laboratories, Rich-
mond, Ca. ) for 45 min. They were then
washed with distilled water several timcs, air
dried and stored in the dark. Dot jinmuno-

blotting reactions were graded as negative
(-), weal<Iy positive (t) and strongly positive
(+)

The MAbs raised against beta-antigen were
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examined with sonic extracts of 21 my cobac-
tcrial species. Results on Intel'species speci-
ficities arc summarized in table I. Fig. 3
shows thc results of jinmunoblotting analysis
by MAbs, 5F3F2 as a TCPresentative example.
None of thc nine MAbs against beta-antigen
was specific for a given mycobacterial species.
Two MAbs, 4G5EIO and 5F3F2, showed a
specificity restrictedIy to the M. tuberCUIosz's
complex. Although, Yoneda and Fukui re-
ported that beta-antigen was restricted to the
M. t"herCUIosi's complex, some MAbs reacted
strongly with M. dan'", it, M. $2"!gin', A1. A""-
srisz'I', M. $111eg?,!all's and M. lepraew"r, 'u"I.
Yoneda and his coworkers used polycolnal
antibodies and jinmunodiffusion to examine

+

+

+

+ + +
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FIGURE 3. Dot-blotting jinmunoassay of 5F3F2 monoclonal antibody witn sonicates of 21 species mycob-
acterial I, M. leprae ; 2, M. lepraemurium ; 3, M. tuberculosis H37Rv ; 4, M. tuberculosis H37Ra ; 5, M
tuberculosis Aoyama B ; 6, M. bovis BCG ; 7, M. kansassi ; 8, M. gastri ; 9, M. nonchromogenicum ; 10, M
terrae ; 11, M. triviale ; 12, M. gordonae ; 13, M. scrofulaceum ; 14, M. intracellulare ; 15, M. avium ; 16, M
mannum ; 17, M. sinegmatis ; 18, M. fortuitum ; 19, M. chelonei; 20, M. chitae ; 21, Negative control

the distribution of beta-antigen in My cobac-
tena, whereas we used monoclonal antibodies
and jinmunoblotting for this purpose. We do
not have any definite explanation for the
discrepancy in results. Possibly some of
these MAbs could distinguish two mycobac-
tena that are very similar, but very difficult to
distinguish. For example using the MAbs,
IB5G11,408Gl and IE908, M. $2"!gun' may
be distinguished from M. go, doriae, and M.
@02'"in from M. titt, acell"tore.

The MAbs 4G5EIO and 5F3F2 which show

specificity for the M. tuberCUIosz's complex,
could be used for serodiagnosis of M. tuber-
CUIosz's infection. As we mentioned in the

Introduction only six MAbs can be regarded

5 6 7 8

T9

9

20

To

2T

TT r2

as M. t"be, CUIos, 's complex specific. These
six MAbs reacted with proteins of two mole-
CUIar sizes, 14kDa and 28kDa, which are coin-
PIetely different in size from beta-antigen.
This indicates that we could develop new M.
tuberCUIosz's complex specific MAbs.

Further studies on the characterization and

molecular structure of the beta-antigen of M.
tuberculosis, especially antigenic analysis using
the MAbs reported here and conformational
studies on beta-antigen, should be useful in
development of methods for serodiagnosis of
tuberculosis.

This work was partially supported by grants
from the Sasakawa Memorial Health Founda-

tion and the Taniguchi Memorial Fellowship.

REFERENCES

Coates, A. R. M. , Hewitt, I. , Allen, B. W. , Ivanyi, I. ,
Mitchison, D. A. 1981. Antigenic diversity of
Mycobacterium tuberculosis and Mycobacterium
boats detected by means of monoclonal antibodies.
Lancet 11: 167-169.

Engers, H. D. , Houba, V. 1986. Results of a World
Health Organization-sponsored workshop to char-
acterize antigens recognized by my cobacterium-
specific monoclonal antibodies. Letter to the
editor, Infect. Immun. 51 : 718-720.

BIKEN JOURNAL V01.30 No. 21987

Fukui, Y. , Hirai, T. , Uchida, T. , Yoneda, M. 1965.
Extracellular proteins of tubercle bacilli. IV.
Alpha and beta antigens as major extracellular
protein products and as cellular components of a
strain (H37Rv) of Mycobacterium tuberculosis
Bik, ,', I. 8: 1''~''"

Fukui, Y. , Yoneda, M. 1961. Extracellular proteins
of tubercle bacilli, 111. Column chromato-
graphical purification of the proteins of a virulent
strain (H37Rv) of Mycobacte, i", it tuberculosis.



Biken's I. +: 187-196

Gillis, T. P. , Buchanan, T. ;\I. 1982. Production
and partial characterization of monoclonal anti-
bodies to My cobticte, 11,111 100rne. Infect. Immun
37 : 172-178

Hewitt, I. , Coates, A. R. A. I. , \, litchison, D. A. ,
Ivanyi, I. 1982. The Lise of in urine monoclonal
antibodies without purification of antigen in the
serodiagnosis of tuberculosis. I. Imntunol. A'leth-
ods 55 : 205-211

Ivanyi, I. , Krambovitis, E. , Keen, I\I. 1983. Evalu-
ation of monoclonal antibody (TB72)-based seto-
logical test for tuberculosis. Clin. Exp. Jinmunol
57 : 337-3+5

KOIk, A. H. I. , Minh, L. H. , Klatser, P. I{., Eggelte.
T. A. , Kuijper, S. , de Jonge, S. , Leeuwen, I. Van
198+. Production and characterization of mono-

clonal antibodies to Anycobticteri'1,111 111be, 'ci, /OSI's,
M. 60, ,', (BCG) and A'I. Lep"a". Clin. Exp.
jinmun01.58: 511-521

Lnemmli, U. K. 1970. Cleavage of structural pro-
telns during the assembly of the head of bacterio-
phage T+. Nature (London) 227 : 680-685

A, lishell, B. B. , Shiigi, S. A, I. 1980. Selected I\leth-
ods in Cellular Immunology. Freeman 351-372

Tnsaka, H. , Kiyotani, K. , itIatsuo, Y. 1983. Purlfi-
cation and antigenic specificity of alpha protein
(Yoneda and F1ikui) from Anycobncteri'!,,,, t, ,bcr-
ci, !OSI's and My cubncter, 'Jini filly tire//Jimre. Hiro-
shimaI. Med. Sci. 32: I-8

Tasaka, H. , i\Iatsuo, Y. 1984. Specificit\. and
distribution of alpha antigens of My cobncterii, in

krillsnsi'!' and My cobncterii, 111 IN"nilt, ,11. Am. Rev
Respir. Dis. 130: 647-649

Towbin, H. , Staehelin, T. , Cordon, I. 1979. Elec-
trophoretic transfer of proteins from polyacryl-
amide gels to nitrocellulose sheets : procedure and
some applications. Proc. Natl. Acrid. Sci. USA
76 : +350-+354

TSLikamura, :\I. 1983. Numerical classificatioil of
280 strains of slowly growing A'Iycobacteria
MIC, obiol. Immun01.27 (4): 315-33+.

Yoneda, I\I. , FukLii, Y. 1961a. Extracellular pro-
telns of tLibercle bacilli. I. Zone-electrophoretic
purification of the proteins of a virulent strain
(H37Rv) of Allycobticter, '1,111 111bercii/o51'5. Biken's
I. 4: 2540

Yoneda, M. , Fukui, Y. 1961b. Extracellular pro-
telns of tubercle bacilli. 11. Some serological
properties of purified extracellular proteins of a
virulent strain (H37Rv) of My cobncte, nil, ! ti!ber-
'11/03, 's. Bil<en's I. +: 121-130

Yoneda, IVl. , Fukui, Y. 1965. Isolation, purification
and characterization of extracellular antigens of
IPIycobnctei, '!,,,! 1116e, '11/03, 's. Am. Rev. Respir
Dis. 92: 9-18

Yoneda, IVl. , Fukui, Y. , Yamanouchi, T. 1965,
Extracellular proteins of tubercle bacilli. V
Distribution of alpha and beta antigens in various
mycobacteria. Biken's I. 8 : 201-223

Yount, D. , 1<ent, L. , Rees, A. , Lamb, I. , I\, an}i, I.
1986. Immunological activity of a 38-Kilodalton
protein purified from Jul3, cob, Icier, ', 1111 1116erci, /OSI's.
Infect. Immun. 54: 177-183

PRELIMINARY REPORT 59




