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Detection of Antigen in Nocardia caviae
Cross-Reacting with Mycobacterial Antigen No. 21

in M. leprae Using a Lepromatous Leprosy
Serum Pool as Antibody Reagent'

Bjarne Bjorvatn and Gbran Kronvall-

The crossed immunoelectrophoresis
(CIE) technique has been successfully ap-
plied to several studies of the antigenic
composition of various mycobacterial
species including M. leprue ('•". 7 .". 19 .". 17 ).
Using rabbit hyperimmune sera against my-
cobacterial strains, more than 40 antigen
components can be defined with this meth-
od (".'• " 1 ). The antigens can be compared
in different bacterial species aiding in se-
rological classification (.'• '"• ". ' 7 ). Similar
comparisons can be made using specific
antisera ( 3 • 7 •1. So far, CIE systems em-
ploying M. leprae antigen preparations
against either rabbit antisera or leproma-
tous serum pools have shown a strikingly
low number of precipitin lines, mostly not
more than ten ( 7 • ". ' 2). Hence, a serological
classification of M. leprae in relation to
other mycobacteria has not been possible
using these techniques of antigen compo-
nent identification. The low number of an-
tigens detected seemed to be due to a cor-
respondingly low number of components in
the antigen preparation itself as prepared
from armadillo grown bacilli ( 7). A recent
report, however, shows that immunization
with more concentrated antigen prepara-
tions will provide rabbit antisera detecting
up to 20 components ( 4 ).

The detection of antigenic heterogeneity
in one single component labeled No. 21 in
a M. smes,, mati.s. reference system indicated
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another way to make comparisons between
different species ('''• 12 ). Four different
groups of antigenic determinants were de-
tected on this antigen. Group 21 A was ap-
parently shared by all mycobacteria, 21 B
seemed to be unique for antigen No. 21 of
M. leprae, 21 C was present in all myco-
bacteria tested except the leprosy bacillus,
and finally, 21 D was confined to two fast
growing species tested ("). When tested for
its taxonomic validity on another noncul-
tivable mycobacterium, M. lepracmurium,
this species behaved like M. (•um regard-
ing antigen No. 21 determinants, in accor-
dance with reports by others on its classi-
fication ( 17 ). A separate position of M.
leprue as compared to other mycobacterial
species was therefore concluded ("). In the
present studies antigen No. 21 comparisons
were extended to Mycobacterium-related
genera with special emphasis on the genus
Nocardia in a search for species with re-
lationships to M. /eprae.

MATERIALS AND METHODS
Bacterial strains. The various bacterial

strains tested and their origin and designa-
tion are given in the Table. Details con-
cerning the methods used have been de-
scribed previously (1.2).

Antigen preparations. Antigen prepara-
tions of M. /eprae were obtained from ba-
cilli grown in armadillos. The preparative
steps included homogenization of armadillo
tissue, repeated washings in phosphate
buffered saline (PBS), dehydration with
acetone and ether, and then extraction of
the bacilli using an oil-chloroform mixture
( 12 ). The centrifuged extracts were washed
and ultrasonicated. Insoluble residues were
separated by centrifugation from the solu-
ble material that was finally used in the
CIE.
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TABLE. DeSii.,, MitiOnS and 0/*h/A of norarilia and fou• other strains under investi-
gation .sho•n together with the number of precipitation lines obtained in CIE with soluble
antigen preparations a,gainst 0 pool lepromatous sera (1..S1') and the relation of such
precipitates to the No. 2/ antigen of M. leprae.

Strain Supplied by"/Origin/Designations
Lines

against
LSP

Relation'' to
antigen 21 of:

M.I.'• M.s."

N. asteroides B/Olive View Hosp. Los Angeles/SN 5401, 2267,
N. 10051

1 0 0 0

N. 11.%1( . 10hieS 11/Olive View Hosp. Los Angeles/SN 5421, 2270,
N. 10048

1 () 0 0

N. a.steroidev I3/Dr. M. Goodfellow, Newcastle/SN 5422, N. 1(X). 1 0 0 0
R. Gordon 652

N. iis li rOides K/Dr. Emmons via State ns Seruminst. Copenhagen/ 2 0 0 0
Emmons 9935, Gordon 404

N. bra.siliensix I3/Dr. Mariat, Inst. Pasteur, Paris/SN 5501, 700 0 0 0 0
N. britsilieliNiS G/Dr. R. Gordon/N 78, 605 0 0 ()
N. brasilicavi.s . K/Dr. M. Goodfellow, Newcastle/354, N 318,

ATCC 19296
0 0 0 0

N. curiae B/Dr. Mariat, Inst. Pasteur, Paris/SN 5601, 775 1

N. curiae I3/Dr. Mariat, Inst. Pasteur, Paris/SN 5622, 774
N. CaritIC 13/Dr. Mariat, Inst. Pasteur, Paris/SN 5624,

N 231, Dr. Olds CN 749
N. curiae K/Dr. R. Gordon/606, 617 1 X
N. pellegrino 13/Dr. Szabo, Ntl. Inst. Tuberculosis, 13udapest/SN 3 (I 0

5101, Pellegrino 327
N. pellegrino I3/Dr. Szabo/Ntl. Inst. Tuberculosis, Budapest/SN 0 0 0

5102, Pellegrino 330
N. pelleip .ini, 13/Inst.^Pasteur, I.ille/SN 5103 0 0 0
N. tvilna 13/Olive View Hosp. Los Angeles/SN 5201, 2295,

N. 12000
0 0 0

N. nibra B/Olive View Hosp. Los Angeles/SN 5202, 2296,
N.^12(X)1

0 0 (1

N. rribro B/Olive View Hosp. Los Angeles/SN 5203, 2299,
N. 12005

0 0 0

N. rubra K/Dr. McClung/784, 74 NRRI. 13-85 0 0 0

C. civil (lc) G/Dr. R. Gordon/R78, 1621, ATCC 25729 1 0 0 0
C'. fusciuris G/Dr. R. Gordon/R87, 12974, ATCC 25738 0 0 0
M. rhoduchrous

(la)
G/Dr. R. Gordon/R75, 1095, ATCC 25726 1 0 0 0

M. rhodochrous
(lb)

G/Dr. R. Gordon/R72, 1054, ATCC 25723 0 0 0 0

Supplied by B: Dr. I. Tarnok, Forschungsinstitut, 13orstel.
K: Dr. M. Magnusson, Statens Seruminstitut, Copenhagen.
G: Dr. A. Lind. Inst. of Med. Microbial., Univ. of Goteborg.

'' X: partial identity^I: identity
M.I.: M. leprae.'' M.a.i.: M. avium-ituracellillare,' M.s.: Al. smegmatis

The cultivable bacterial strains were har-
vested after maximal growth on Sauton or
Sabouraud medium solidified with 1.5%
agar. One g (wet weight) of each bacterial
strain was suspended in 10 ml of PBS, ul-
trasonicated, and insoluble residues sepa-
rated by centrifugation from the soluble an-
tigen preparation.

Antibody source. Serum samples from 20
patients with lepromatous leprosy were

pooled and stored at -20°C until used.
Each of these sera had been shown to give
rise to several precipitation lines against M.
leprae antigens in the present CIE system.

Antigen reference systems. The precipi-
tation system obtained with M. leprae an-
tigen in CIE against the lepromatous serum
pool (LSP) was used as a reference for an-
tigenic comparisons. Initial tandem CIE ex-
periments confirmed the partial identity he-
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THE FIGURE. Partial identity of No. 21 antigen of M. leprae over the corresponding N. curiae antigen in
tandem CIE against a lepromatous serum pool.

tween the 21 antigen of the M. leprae
preparation used and the corresponding an-
tigen of the Al. smegnuais reference sys-
tem of Kronvall, et al. (").

Crossed immunoelectrophoresis. The
Laurell method ("), modified according to
Axelsen ( 2 ), was used with the tandem tech-
nique for studies of antigenic cross-reactiv-
ity. To facilitate the comparison of new
lines with the reference system the inter-
mediate gel method was used.

RESULTS

In crossed immunoelectrophoretic anal-
ysis using a lepromatous leprosy serum
pool as the antibody source, most of the

bacterial strains tested gave rise to one to
three precipitation lines. As shown in the
Table, three lines were detected in the N.
pelle,i,, rino antigen preparations (three
strains) and in two out of the four antigenic
preparations of N. rubra. Three N. curiae
strains showed two lines, and one line was
obtained with all four strains of N. aster-
aides except one whereas only one out of
the three N. brasiliensis strains gave rise
to visible precipitation in this system. The
two strains of corynebacteria tested (C.
cum' and C. fascians) showed two distinct
precipitates each whereas only one of the
two Al. rhodochrous strains gave rise to a
single precipitation line. In terms of number
of antigens detected, there were no major
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differences seen among the different strains
or bacterial species.

All precipitation lines obtained with the
different bacterial antigen preparations
against the lepromatous serum pool were
subsequently compared directly with the
No. 21 antigen of A/. leprae in tandem ex-
periments. One antigen component shared
by all four N. curiae strains consistently
showed a reaction of partial identity with
the No. 21 antigen of Al. leprae. In all such
cases the antigen of A/. /eprae spurred over
the corresponding N. curiae antigen, indi-
cating that the antiserum used detected
more antigenic determinants on the Al. /ep-
rat• antigen (The Figure). All other strains
of nocardia included in these studies were
negative with respect to antigen No. 21 de-
terminants detectable with the lepromatous
serum pool.

The N. curiae strains were compared in
tandem experiments with Al. arium-bara-
•ellular(' and with M. smegmatis as repre-
sentatives for slow-growing and fast-grow-
ing mycobacterial species, respectively.
I3oth of these mycobacteria gave a reaction
of identity with the N. curiae strains. The
results indicate that antigen determinants
are present on N. curiae No. 21 antigens
which are shared by mycobacterial species
but are not detected in the other strains of
nocardia tested with the antiserum used.

DISCUSSION

Antigenic relationships between species
of nocardia and mycobacteria have been
well documented in several studies

"' 7 ' "' 13 ' r). Thus, the mycobacterial com-
mon precipitinogen alpha has been dem-
onstrated in nocardial species, including
strains of N. dsleroides, N. brasiliensis,
and N. caviae. The related, so called  par-
tial alpha has been found in, e.g., strains
of N. rubra. Another mycobacterial com-
mon precipitinogen designated beta, iden-
tical with antigen No. 1 in our present Al.
sttle,(,,matis . reference system, is known to
be shared by nocardial species such as
strains representative of N. asteroides, N.
curiae, N. rubra, and N. pelle,f,, rino (' 5). In
recent CIE studies by Harhoe, et al. ("), N.
asteroides was shown to share eight anti-
gens with M. bovi.s. (BCG). Also, anti-/V.
asteroides serum included in the interme-
diate gel of an Al. leprae-anti-M. leprae

system was found to interfere with six out
of seven components of M. leprae ( 7 ). It is
therefore clear that relatives of Al. /eprae
might be sought not only among species of
mycobacteria but also among strains of no-
card ia. Our approach to studies of relation-
ships with Al. /eprae is based on the finding
that one major antigenic component, called
antigen No. 21, varies slightly in different
species ('"'"• ' 2 ). This variation, which can
be detected immunologically using simple
precipitation systems like CIE, seems to
reflect the degree of taxonomic relationship
in much the same way as, for instance,
hemoglobin variations among mammals.
This approach is particularly valuable for
studies with Al. /eprae in which a low num-
ber of antigenic components are usually de-
tected. The demonstration of cross-reac-
tions between antigens, however, critically
depends on the properties of the antibody
reagent used. Inability to produce visible
precipitates does not exclude the presence
of cross-reacting antigens. Lepromatous
serum pools as used in the present studies
appear to he efficient sources of hyperim-
mune antibodies against Al. /eprae antigens
with some degree of cross-reaction with
common mycobacterial antigens ( '''").

In the present studies, using a leproma-
tons serum pool as the antibody source, the
mycobacterial common antigen No. 21 was
consistently found in N. curiae strains but
in none of the other four nocardial species
under study. The No. 21 antigen of Al. lep-
rae and the corresponding antigen of N.
calla(' showed a reaction of partial identity
as demonstrated in tandem CIE experi-
ments using lepromatous sera as the anti-
body source. This was constant and clear-
cut using antigen preparations from all four
N. caviae strains represented. With the
same antibody source, reactions of full
identity were obtained with the N. curiae
strains in tandem with Al. a•ium-intracel-
Mare and Al. smegmatis. These results
confirm the molecular heterogeneity of an-
tigen No. 21 in different bacterial species.
They also suggest that antigen No. 21 of N.
curiae is closely related to the mycobac-
terial antigen No. 21. In studies by Harhoe,
et al. ( 7 •"), hyperimmune serum against N.
asteroides used in the intermediate gel in-
cluded antibodies which interfered with an-
tigen No. 21 equivalents of Al. boris (BCG)
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and M. leprae, designated No. 62 and No.
4 in these two reference systems, respec-
tively. Thus, according to these experi-
ments antigen No. 21 equivalents exist in
N. asteroides.

Extensive numerical classification stud-
ies of Nocardia ( '") have recently indicated
that strains generally referred to as N. as-
teroides constitute quite a heterogeneous
group and may more correctly he divided
into N. fUrcinica, N. asteroides A, and N.
asteroides B. Provided that this heteroge-
neity has immunologic implications, the
choice of N. asieroides strains for experi-
mental work may be crucial, and accord-
ingly, results obtained with different N. as-
teroides strains might not be strictly
comparable. Since the heterogeneous anti-
gen No. 21 is also present in at least some
N. asteroides strains ( 7 ."), continued stud-
ies along these lines may add to the descrip-
tion of species and subspecies within the
genus Nocardia in a similar fashion as this
antigen is now being exploited for the tax-
onomy of mycobacteria. However, the
availability of potent monospecific hyper-
immune sera is a prerequisite for further
progress in this field.

Taxonomic investigations of M. leprae
based on immuno-precipitation techniques
have until recently been hampered as a con-
sequence of the few antigenic components
demonstrable ( 7). These few components
also show wide cross-reactivity within the
genus Mycobacterium as well as with re-
kited genera ( 7 ' '"). In a recent investigation,
Closs, et al. ( 4) have shown that armadillo-
grown M. leprae antigen preparations do
contain at least 24 antigens, most of which
are apparently in very low concentrations.
The possibility that some of these addition-
al antigens may be M. leprae specific
awaits further confirmation. Studies of an-
tigen No. 21 heterogeneity among myco-
bacterial and nocardial strains offer a new
approach to studies of bacterial related-
ness. In view of the previous demonstration
of antigen No. 21 equivalents in N. aster-
aides by Harboe, et a!. ( 7 ."), the inability
to detect cross-reactions between this
species and M. leprae in the present iden-
tification system using lepromatous leprosy
sera is of interest. The results suggest a
very distant relationship between M. lep-

rae and strains of nocardia with one excep-
tion. Nocardia curiae seems to possess an
antigen No. 21 which is similar to the my-
cobacterial antigen No. 21. Its exact rela-
tionships among mycobacterial species re-
mains to be determined using other
antibody reagents.

Note added in support: In a recent article
by Ridell, M.,. Baker, R., Lind, A. and
Ouchterlony, 0., entitled, "Immunodiffu-
sion studies of ribosomes in classification
of mycobacteria and related taxa'' (Int.
Arch. Allergy Appl. Immunol. 59 [19791
162-172), the authors conclude (p. 171):
"Thus common antigens appearing with
and without a spur such as precipitinogen d
of the M. fivtuitum 30 S can be regarded
as being more useful in serotaxonomical
work than antigens which cannot be sero-
logically differentiated.'' This statement
supports the research approach for M. lep-
rae studies introduced by one of the present
authors (G.K.) in 1975 ("'"'

SUMMARY

Eighteen strains of nocardia, represent-
ing five different species, were studied in
crossed immunoelectrophoresis against a
lepromatous leprosy serum pool for the
presence of antigen No. 21. This mycobac-
terial antigen shows antigenic heterogene-
ity with species specific antigenic determi-
nants defined in Mycobacterium leprae. All
four strains of N. curiae were found to
share antigen No. 21 determinants with
mycobacteria. All other strains of nocardia
were negative in these direct immunopre-
cipitation tests. When compared with M.
leprae antigen No. 21, the N. calla(' anti-
gen gave a reaction of partial identity in the
same way as all strains of other mycobac-
teria tested previously, i.e., with spurring
by the M. leprae antigen. There was a re-
action of complete identity between N.
caviae and M. avium-intracellulare and M.
smegmatis, respectively, with the leproma-
tous leprosy serum pool used as the anti-
body source. The results suggest that N.
curiae antigen No. 21 is more closely re-
lated to the corresponding antigen of the
genus Mycobacterium than to the antigen
No. 21 equivalent of other nocardial
species tested.
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RESUMEN
Se estudiaron 18 cepas de nocardia. representando

a cinc° cspecies diferentes. par imminoclectroforesis
cruzada en contra de una mezcla de sucros lepromatos-
os y en presencia del antigeno No. 21. Este antigeno mi-
cobacteriano nmestra heterogeneidad antigenica con
determinantes antigenicos especie-especificos presen-
tes en el Mycobacterium leprae. Se encontrti que to-
das las cuatro cepas de N. curiae estudiadas comparten
determimintes del antigeno No. 21, con las inicobac-
terias. Todas las otras cepas de nocardia fueron
gativas en estas pruehas de inmunoprecipitaciOn di-
recta. Comparado con el antigen° No. 21 del M.
leprae, el antigen° de N. curiae diu una reacciOn de
idcntidad parcial, igual que todas las cepas de las otras
micobacterins estudiadas previiimente, i.e., con un
espolOn pant el antigen° del M. leprae. Huh° una re-
acciOn de identidad completa entre N. curiae y M.
avium-intraceniaare y M. Amegmati.c, respectiva-
mente, con la mezcla de sueros lepromatosos usada
com° fuente de anticuerpo. Los resultado.s sugieren
que el antigen° No. 21 de .V. curiae esta rm"ts estre-
chamente relacionado con el antigen° correspondiente
del genero ,Mycobacterium que con el antigen° equiv-
alente al No. 21 de las otras especies de nocardia
probadas.

RESUME

Dix-huit souches de nocardia representant cinq es-
peces differentes ont ete etudiees par des methodes
d'immunoelectrophorese croisee contre tin pool de se-
rum lepromateux, dans le but de rechercher la pre-
sence de l'antigene n' 21. Cet antigeno mycobacterien
montre one heterogeneite antigenique d'espece speci-
fique pour les determinants antigeniques definis pour
Mycobacterium leprae. On a observe que toutes les
souches de N. coviae, c'cst-a-dire les quatre souches,
possedaient des determinants de lantigene n`2 I corn-
muns avec les mycohacteries. Tomes les autres souch-
es de nocardia etaient negatives pour ces epreuves
d'immunoprecipitations directes. Lorsqu'on le com-
pare avec I'antigenc M. leprae n'-'21, on constate que
fantigene N. (-aria(' donne one reaction d'identite
partielle, dans la meme direction que toutes les autres
souches de mycohacteries etudiees jusqu'ii present,
c'est a dire avec "spurring - de l'antigene M. leprae.
On a constate tine reaction de complete identite entre
N. cal.iae et .1/. arium-intracellttlare et M. .cmegmati.\
respectivement, avec le pool de serum lepromateux
utilise comme dose d'anticorps. Ces resultats sugger-
ent que fantigcne n"2 I de ,V. curiae est plus proche
de Fantigene corresponclant du genre Mycobact(;rium
que de fantigene n°21 equivalent trouve dans les
autres especes de nocardia qui ont etc etudiees.
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