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An immunodominant protein from Nocardia brasiliensis, P61, was subjected to amino-terminal and internal
sequence analysis. Three sequences of 22, 17, and 38 residues, respectively, were obtained and compared with
the protein database from GenBank by using the BLAST system. The sequences showed homology to some
eukaryotic catalases and to a bromoperoxidase-catalase from Strepfomyces violaceus. Its identity as a catalase
was confirmed by analysis of its enzymatic activity on H,O, and by a double-staining method on a nondena-
turing polyacrylamide gel with 3,3’-diaminobenzidine and ferricyanide; the result showed only catalase activity,
but no peroxidase. By using one of the internal amino acid sequences and a consensus catalase motif
(VGNNTP), we were able to design a PCR assay that generated a 500-bp PCR product. The amplicon was
analyzed, and the nucleotide sequence was compared to the GenBank database with the observation of high
homology to other bacterial and eukaryotic catalases. A PCR assay based on this target sequence was
performed with primers NB10 and NB11 to confirm the presence of the NB10-NB11 gene fragment in several
N. brasiliensis strains isolated from mycetoma. The same assay was used to determine whether there were
homologous sequences in several type strains from the genera Nocardia, Rhodococcus, Gordona, and Strepto-
myces. All of the N. brasiliensis strains presented a positive result but only some of the actinomycetes species
tested were positive in the PCR assay. In order to confirm these findings, genomic DNA was subjected to
Southern blot analysis. A 1.7-kbp band was observed in the N. brasiliensis strains, and bands of different
molecular weight were observed in cross-reacting actinomycetes. Sequence analysis of the amplicons of selected
actinomycetes showed high homology in this catalase fragment, thus demonstrating that this protein is highly

conserved in this group of bacteria.

Mycetoma is a chronic, localized, subcutaneous disease
caused by both fungi and actinomycetes (29). In Mexico about
98% of the cases are produced by actinomycetes, and Nocardia
brasiliensis accounts for about 86.6% of the isolates (16). Al-
though the mechanisms of defense against Nocardia are not
completely known, some studies indicate that the cellular im-
mune response is very important in resistance (8, 12, 20, 32).
Conversely, the role of antibodies is not well established, and
their production could even be considered a detrimental factor
for the host during N. brasiliensis infection (20). Most immu-
nological assays have been conducted by using complex mix-
tures of nocardial antigens. In order to determine the immu-
nodominant antigens of N. brasiliensis recognized by the
patient’s immune system, we analyzed by Western blot a crude
extract from N. brasiliensis with a panel of sera from patients
with mycetoma (23). In this study we also analyzed the cross-
reactivity with other actinomycetes by testing sera from pa-
tients with tuberculosis and leprosy. In these assays, we ob-
served that mycetoma patients developed antibodies that more
frequently recognized three proteins of 61, 26, and 24 kDa that
were designated as P61, P26, and P24, respectively. The sera
from patients with mycetoma identified other proteins in the
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molecular mass range of 35 to 45 kDa, but sera from patients
with tuberculosis and leprosy also recognized these bands.

We have isolated the P61 and P24 proteins (26), and the
latter (P24) has been found to be useful in the detection of
antinocardial antibodies (24). In order to determine the iden-
tity of these proteins, it is important to determine their N-
terminal amino-acid sequences and to clone the genes. In this
work we subjected one of them, P61, to amino acid sequence
analysis and were able to obtain a partial nucleotide sequence
of this gene. By comparison to the GenBank database as well
as by studying its enzymatic activity on H,0O,, we conclude that
it is an N. brasiliensis catalase. We also determined the pres-
ence of this sequence or similar sequences in other actinomy-
cetes. For this and following studies, we have designated the
gene coding for the N. brasiliensis catalase as katN (for nocar-
dial catalase).

MATERIALS AND METHODS

Purification of the N. brasiliensis HUJEG-1 P61. The technique used to purify
P61 has been published previously (26). Briefly, a batch culture (7 to 10 liters) of
N. brasiliensis HUJEG-1 was prepared in brain heart infusion (Difco) and incu-
bated for 7 days at 37°C. The cells were harvested, washed with distilled water,
and defatted with ethanol-ethyl ether. A crude cellular extract was obtained by
sonication of the bacterial mass in a Biosonik apparatus (Bronwill Scientific,
Rochester, N.Y.) at a 60-probe intensity for 30 min in an ice bath. The suspen-
sion was centrifuged at 3,000 X g for 15 min to remove fragments and unbroken
cells, and the soluble fraction was obtained by centrifugation at 144,000 X g for
3 h at 4°C in an L8-70M ultracentrifuge (Beckman, Palo Alto, Calif.). P61 was
isolated by precipitation from the supernatant by using ammonium sulfate at a
50% saturation. After the pellet was separated by centrifugation at 600 X g, it
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TABLE 1. Actinomycete strains utilized in this study

Strain

Nocardia spp.
N. asteroides NCTC 6761
N. asteroides “complex” LCDC 92431
N. asteroides “complex” LCDC 95-0355
N. asteroides “complex” LCDC 91-005
N. asteroides “complex” LCDC 96-0153
N. asteroides “complex” LCDC 93-0637
N. asteroides “complex” LCDC 91-352
N. asteroides “complex” LCDC 94-0238
N. brasiliensis HUJEG-1
N. brasiliensis NCTC 10300
N. brasiliensis HUJEGH-217
N. brasiliensis HUJEGH-489
N. brasiliensis HUJEGC-542
N. brasiliensis HUTEGD-980
N. brasiliensis HUJEGD-915
N. brasiliensis HUJEGD-572
N. brasiliensis HUJEGD-403
N. brasiliensis HUJEGI-923
N. brasiliensis HUJEGJ-93
N. brasiliensis HUJEGH-743
N. brasiliensis HUJEGL-1114
N. brasiliensis HUJEGI-531
N. brasiliensis HUJEGJ-209
N. brasiliensis HUJEGL-912
N. brevicatena ATCC 15333
N. carnea ATCC 06847
N. farcinica ATCC 03318
N. nova ATCC 33726
N. otitidis-caviarum ATCC 14629
N. transvalensis ATCC 06865

Other actinomycetes
Actinomadure madurae ATCC 19425
Actinomadure pelletieri ATCC 33385
Gordona bronchialis ATCC 25592
Gordona rubropertinctus ATCC 14352
Gordona sputi ATCC 33610
Gordona terrae ATCC 25594
Rhodococcus chubuensis ATCC 33609
Rhodococcus equi ATCC 06939
Rhodococcus erythropolis ATCC 04277
Rhodococcus rhodochrous ATCC 13808
Streptomyces somaliensis ATCC 19437
Streptomyces somaliensis ATCC 33201

was dialyzed and subjected to electrophoresis in a nondenaturing polyacrylamide
gel electrophoresis (PAGE) system with a 5% stacking gel and a 10% running
gel. The protein was characterized by a greenish color, which facilitated its
detection in the 3-mm-thick gel. The band was excised and electroeluted, and the
protein was quantified by the Bradford technique.

Amino acid sequence analysis. A 30-pg sample of the pure protein was elec-
trophoresed in a sodium dodecyl sulfate (SDS)-12% PAGE gel system in a
Protean IIxi cell (Bio-Rad Laboratories, Richmond, Calif.). The protein was
transferred at 100 mA for 18 h to polyvinylidine difluoride (PVDF) membranes
(0.2-pm pore size; Bio-Rad) by using 10 mM 3-(cyclohexylamino)-1-propanesul-
fonic acid (CAPS) with 1% methanol (pH 11.0) as a transfer buffer. The filter
was stained with Coomassie brilliant blue R-250 and destained with 50% meth-
anol. A broad-staining band with minor contaminant bands of lower molecular
weight was observed. P61 was excised from the paper, and sequence analysis was
performed directly on the protein bound to the PVDF membrane (1).

P61 was also subjected to hydrolysis by using CNBr in order to obtain peptide
fragments for sequencing. The digested protein was analyzed by reverse-phase
high-pressure liquid chromatography with a Microbore C8-C18 column, and
several absorbance peaks were observed. Peaks with retention times of 60 and 68
min were selected for the sequence analysis.

Staining method for the detection of catalase activity in PAGE gels. In order
to detect the catalase and peroxidase activity of P61, 3 ug of the pure protein was
run in a 7.5% nondenaturing polyacrylamide gel prepared according to the
method of Laemmli (15). We used 30 wg of N. brasiliensis crude extract, as well
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as 30 pg of a crude extract of N. farcinica, as controls. The gels were processed
according to the method described previously by Wayne and Diaz (28). Briefly,
after the electrophoresis, the gel was washed three times for 10 min with 0.01 M
phosphate-buffered saline (PBS). The gel was then incubated with 3,3'-diami-
nobenzidine (DAB) tetrahydrochloride (0.05% in PBS) for 20 min at room
temperature. The DAB reagent was poured off, and the gel was washed with
H,O. The gel was then suspended in a solution containing 10 ul of 30% H,O, in
100 ml of H,O and agitated continuously for 20 min. The hydrogen peroxide
solution was discarded, and the gel was rinsed in water. The gel was then put in
a pan containing 30 ml each of 2% ferric chloride and 2% potassium ferricya-
nide. After a green color began to appear, the ferricyanide reagent was discarded
and replaced with water. Dark bands indicated peroxidase activity, and catalase
activity was observed as clear areas over a green background.

Determination of P61 native molecular weight by gel filtration. The molecular
weight of the native P61 protein was estimated by gel filtration chromatography
with Sephadex G-200 (Sigma) in a 90-cm-by-1.6-cm column. A flow rate of 20
ml/min was maintained, and the following standards were applied to the column
separately in 5- to 10-mg quantities: apoferritin, 3-amylase, carbonic anhydrase,
and alcohol dehydrogenase.

Production and sequencing analysis of the NB2-NB3 karN gene fragment. In
order to determine the presence of consensus amino acid sequences in catalases
related to P61, we aligned a group of catalase sequences of eukaryotic and
prokaryotic origin that included the following organisms: Bacteroides fragilis,
Pseudomonas aeruginosa, Brucella abortus, Haemophilus influenzae, Campy-
lobacter jejuni, Neisseria gonorrhoeae, Proteus vulgaris, Rhizobium meliloti, Schizo-
saccharomyces pombe, Oryza sativa, Onchocerca volvulus, and Mus musculus. By
this process, we detected the presence of several common sequences, such as
IPER, RGFA, and VGNNTP, located in positions 75, 136, and 152 of the P.
aeruginosa catalase. Based on this analysis we designed a PCR assay with degen-
erate oligonucleotide primers that utilized part of SeqnNB2 (FDLTQV) and
VGNNTP (see Table 4). The PCR assay was carried out by using the three-step
program in a PTC-200 DNA Engine (MJ Research, Watertown, Mass.), but with
an annealing temperature of 50°C to generate a 500-bp product. For the se-
quence analysis of the PCR product, a 200-pl reaction was used, and the product
was gel purified with the Wizard PCR Prep system of Promega (Madison, Wis.).
The sequence of the purified PCR product was determined with the Prism Dye
Terminator sequence kit (Applied Biosystems, Foster City, Calif.) in a 377
automatic sequencer.

Detection of the NB2-NB3 katN fragment in N. brasiliensis clinical isolates and
other actinomycetales. In order to confirm the distribution of this gene fragment
in N. brasiliensis strains, genomic DNA from a group of N. brasiliensis (Table 1)
strains isolated from mycetoma cases in Monterrey, Mexico, was subjected to
PCR but with primers NB10 and NB11 derived from the sequence of the frag-
ment NB2-NB3 (Table 2). Since a subtaxon of N. brasiliensis, N. pseudobrasil-
iensis, has been recently described (22), we took care to include only N. brasil-
iensis sensu stricto strains in this study. The identification of these strains was
made by using the conventional biochemical tests and confirmed by DNA se-
quencing of a region located between nucleotides 70 and 334 of the N. brasiliensis
16S RNA gene (sequence accession number Z36935). This fragment was ampli-
fied with the primers NOC-3 and NOC-4 that were located in conserved areas,
although some internal regions allowed us to differentiate most of the Nocardia
species by DNA sequencing.

The DNA was extracted by using the previously reported CTAB-NaCl method
(30); 100 ng of DNA of each strain was used for the PCR assay. We also tested
DNA from other species of actinomycetes that belong to the genera Nocardia,
Rhodococcus, Streptomyces, and Gordona (Table 1). As an internal PCR control
we utilized primers NOC-3 and NOC-4.

Southern blot analysis. In order to confirm the presence of positive results in
the PCR assays, we carried out Southern blot analysis with genomic DNA of the
actinomycetes mentioned above by utilizing BamHI to cut the DNA and the
PCR fragment NB10-NB11 as a probe. Briefly, 4 ug of DNA were digested with
5 U of BamHI (Stratagene, La Jolla, Calif.) for 4 h at 37°C. The samples were
loaded on a 0.8% agarose gel and run overnight at 60 V. As molecular weight
standards, we used a Pvull-digested supercoiled ladder DNA and Haelll-di-
gested ¢px174 DNA. After electrophoresis, the DNA samples were transferred to
Nytran plus nylon membranes (Schleicher & Schuell, Keene, N.H.) by using the
turboblotter system according to the manufacturer’s directions. The blot was

TABLE 2. Oligonucleotide primers used in this study
for the PCR and sequence analysis

Sequence

...5"-SAC SAC CTT SGT SAG GTC GAA-3’
5'-GTS GGX AAC AAC ACS CCS-3'

.5"-CCA CAA CAT GCA GTG GGA CTT-3'

..5"-CAC AGG TCT TTG CGG TGG TAG T-3'

...5"-ACG GGT GAG TAA CAC GTG-3'

..5"-AGT CTG GGC CGT GTC TCA GTC-3’
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TABLE 3. Similarity of N. brasiliensis N-terminal P61 sequence to some eukaryotic catalases

Amino acid sequence”

Identity (% similarity)

Organism
Nocardia brasiliensis TK| P|TTTNT |G| T
Onyza sativa® TK| T/ TTTNA |G| A
Hordeum vulgare® TK| T| TTTNA |G| Q
Secale cereale® TK| T|TTTNP |G| Q
Zea mays® TT V|TTTNA |G| A

PV ES| DNE § LT A

PV WN DNE A LT V|G 15/22 (68)
PV WN DNE A LT|V G 15/22 (68)
PV WN DNE A LTV, G 15/22 (68)
PV WN DNE A LT |V/ G 14/22 (63)

“The consensus amino acid motifs are boxed.
> Residues 14 to 35 are shown.

prehybridized and then incubated overnight with the peroxidase-labeled probe
(NB10-NB11 fragment) at 42°C prepared with the enhanced chemiluminescence
kit (Amersham, Arlington Heights, Ill.). Hybridization, washings, and develop-
ment of the blots were all performed according to the manufacturer’s instruc-
tions.

RESULTS

Amino acid sequence analysis. Twenty-nine cycles were per-
formed on the blotted protein by using an Applied Biosystems
model 473A amino acid sequencer that resulted in a 22-residue
sequence (Table 3). This was compared with the sequences of
other proteins in the GenBank database by using the internet
BLAST system. The N-terminal N. brasiliensis P61 protein
sequence showed similarity to catalases from Oryza sativa
(68%), Hordeum vulgare (68%), Secale cereale (68%), and Zea
mays (63%) (Table 3). By aligning these sequences with the
P61 N-terminal sequence we observed a consensus sequence
(T_TTTN_G_PV_DNE_LT_G [underscores indicate variabil-
ity]) in all of them. As anticipated, a higher homology was
observed among the N-terminal sequences of the cereal cata-
lases than with the N. brasiliensis catalase sequence.

We were also able to obtain two amino acid internal se-
quences by a chemical breakage of P61 with CNBr: a 17-
amino-acid residue from the 60-min (SeqNB2) peak and a
38-residue sequence from the 68-min peak (SeqNB3) (Table
4). These sequences were also analyzed by using the BLAST
system, and the results are shown in Table 4. According to the
homology analysis, SeqNB2 showed similarity to catalases
from Streptomyces coelicolor, S. violaceus, Schizosaccharomyces
pombe, Saccharomyces cerevisiae, and catalases from rodents
such as the mouse (Mus musculus) and rat (Rattus norvegicus,
not shown). Among these sequences there was a conserved
motif, FDLT_V. Another sequence, SeqNB3, showed the high-
est similarity to S. violaceus bromoperoxidase-catalase (48% in
a stretch of 30 amino acids) and a lower percentage of homol-
ogy to S. coelicolor (38%) and Pseudomonas putida (36%)
catalases.

Sequencing of the NB2-NB3 fragment of P61. By using a
PCR assay with degenerate primers derived from the se-
quences FDLTQV and VGNNTP, we were able to obtain a
500-bp amplicon that was subjected to sequence analysis. The
sequence was parsed to the National Center for Biotechnology
Information network BLAST server to identify database ho-
mologies. The highest similarity observed was of 86% to the
bromoperoxidase-catalase (bca) gene of Streptomyces violaceus
in a stretch of 151 nucleotides (from nucleotides 1159 to 1310
of the bca gene). The NB2-NB3 fragment also showed simi-
larity, although to a lesser extent, to catalases from Drosophila
melanogaster, Streptomyces coelicolor, P. aeruginosa, and Methy-
lobacterium extorquens.

PCR test. In order to determine the presence of the NB2-
NB3 sequence or other homologous sequences in N. brasilien-
sis strains as well as in some other actinomycetes, we utilized a
PCR assay based on the internal primers NB10 and NB11 that
amplify a 250-bp fragment of the NB2-NB3 sequence (Fig. 1).
All N. brasiliensis strains were positive for this gene. Of the
other Nocardia species tested, only N. nova was positive. A
group of N. asteroides complex strains from the Special Patho-
gens Section of the Laboratory Centre for Disease Control was
also tested, and only one strain, later confirmed to be N. nova
by sequencing of its 16S RNA gene, presented a positive PCR
test. Of the other actinomycetes tested, positive reactions were
observed with R. equi, R. erythropolis, R. chubuensis, and G. sputi.

Southern blot analysis. In order to determine the presence
of this gene or similar sequences present in cross-reacting
actinomycetes in the PCR assay, genomic DNA from a series
of actinomycetes were subjected to Southern blot analysis by
utilizing the restriction endonuclease BamHI. As shown in Fig.
2, the N. brasiliensis NCTC 10300 showed a band of approxi-
mately 1.7 kbp (lane 1 in both panels A and B). The N. bra-
siliensis HUJEG-1, as well as the other N. brasiliensis clinical
isolates, also produced the same size band. N. otitidiscaviarum,
N. brevicatena, N. transvalensis, N. asteroides (Fig. 2A, lanes 3,
4,5, and 7, respectively) and N. carnea (not shown) type strains

TABLE 4. Internal amino acid sequences of peptides obtained by disruption of P61 with cyanogen bromide”

Sequence and organism

Amino acid residues

Nocardia brasiliensis SeqNB2
Streptomyces coelicolor
Streptomyces violaceus
Schizosaccharomyces pombe
Saccharomyces cerevisiae
Mus musculus

Nocardia brasiliensis SeqNB3
Streptomyces violaceous
Streptomyces coelicolor
Pseudomonas putida

XVAEAENY_FR_FDLTQVV
A AENY F FD LT V
A A YF FDLT V

EAE Y FDLT V
EAE Y FDLT V
EAE F FDLT V

VRAGYIEHAEDGDFTQPGTLVREV(N)DAQRDRLVSNVVG
N

HAED DFQ G L R
D FQPG LR
GLR

RL
Q L N
DQDLSN G

G

“ BLAST sequence alignment analysis was used to indicate homology to other catalase amino acid sequences.
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FIG. 1. PCR assay of genomic DNA from actinomycete species with primers NB10 and NB11. (A) Lanes: 1, 100-bp ladder; 2, N. brasiliensis NCTC 10300; lanes
3 to 8, N. brasiliensis clinical isolates. (B) Lanes: 1, markers; 2, S. somaliensis ATCC 33201; 3, S. somaliensis ATCC 19437; 4, R. rhodochrous ATCC 13808; 5, R.
chubuensis ATCC 33609; 6, R. erythropolis ATCC 04277; 7, R. equi ATCC 06939; 8, G. rubropertinctus ATCC 14352; 9, G. terrae ATCC 25594; 10, G. sputi ATCC 33610;
11, G. bronchialis ATCC 25592; 12, A. pelletieri ATCC 33385; 13, N. otitidiscaviarum ATCC 14629.

utilized in this study were negative in this assay. However, N.
nova showed a band of about 1.150 kbp, as well as a lighter
band of approximately 3 kbp (Fig. 2A, lane 6). N. farcinica
presented a band of approximately 1.5 kbp (data not shown).
No cross-reaction was observed with S. somaliensis (two
strains), S. lavendulae (not shown), Actinomadura pelletieri, and
A. madurae (not shown). Other microorganisms belonging to
the nocardioform group that were positive included G. bron-
chialis, G. sputi, G. terrae, R. equi, R. erythropolis, and R. chu-
buensis (Fig. 2B, lanes 2, 3, 4, 5, 6, and 7 respectively). These
microorganisms presented one or several bands that cross-
hybridized with the NB10-NB11 probe but were a different size
than that presented by the N. brasiliensis strains. Table 5 sum-
marizes the PCR and Southern blot results.

kbp
7-

5=~

2345678

Sequence analysis of NB2-NB3 fragments of R. erythropolis
and G. sputi. In order to sequence the PCR products of cross-
reacting bacteria, genomic DNA from R. erythropolis and G.
sputi were subject to preparative PCR. Fragments of 500 bp
were obtained, and the sequence was analyzed as described
above. The resulting sequences were aligned (Fig. 3), and a
high similarity was observed. The G. sputi and R. erythropolis
NB2-NB3 sequences presented 78 and 81% homologies, re-
spectively, to the N. brasiliensis NB2-NB3 fragment.

DISCUSSION

Little is known about the immunogenic components of
pathogenic Nocardia species that is useful in studying the host-

B kbp -

7-

5~

1234567809

FIG. 2. Southern blot analysis of genomic DNA probed with the NB10-NB11 fragment of N. brasiliensis katN. (A) Lanes: 1, N. brasiliensis NCTC 10300; 2, A.
pelletieri ATCC 33385; 3, N. otitidiscaviarum ATCC 14629; 4, N. brevicatena ATCC 15333; 5, N. transvalensis ATCC 06865; 6, N. nova ATCC 33726; 7, N. asteroides
NCTC 6761; 8, N. asteroides LCDC 940238. (B) Lanes: 1, N. brasiliensis NCTC 10300; 2, G. bronchialis ATCC 25592; 3, G. sputi ATCC 33610; 4, G. terrae ATCC 25594;
5, R. equi ATCC 06939; 6, R. erythropolis ATCC 04277; 7, R. chubuensis ATCC 33609; 8, S. somaliensis ATCC 19437; 9, S. somaliensis ATCC 33201.
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TABLE 5. Results of the PCR and Southern blot assays with
genomic DNA from the actinomycetes utilized in this study”

Approximate
Southern length of the
Strain(s) PCR blot band(s) in
the Southern
blot (kbp)

N. brasiliensis strains Pos. Pos. 1.7

N. asteroides NCTC 6761 Neg. Neg.

N. farcinica ATCC 03318 Neg. Pos. 1.5

N. nova ATCC 33726 Pos. Pos. 1.15,3.0

N. carnea ATCC 06847 Neg. Neg.

N. transvalensis ATCC 06865 Neg. Neg.

N. brevicatena ATCC 15333 Neg. Neg.

N. otitidis-caviarum ATCC 14629 Neg. Neg.

A. pelletieri ATCC 33385 Neg. Neg.

A. madurae ATCC 19425 Neg. Neg.

S. somaliensis ATCC 19437 Neg. Neg.

S. somaliensis ATCC 33201 Neg. Neg.

R. equi ATCC 06939 Pos. Pos. 2.7,5.0

R. erythropolis ATCC 04277 Pos. Pos. 5.3,55,7.0

R. chubuensis ATCC 33609 Pos. Pos. 9.0

R. rhodochrous ATCC 13808 Neg. Neg.

G. bronchialis ATCC 25592 Neg. Pos. 1.1

G. sputi ATCC 33610 Pos. Pos. 10

G. terrae ATCC 25594 Neg. Pos. 0.7

G. rubropertinctus ATCC 14352 Neg. Neg.

“ Primers NB10 and NB11 were utilized in the PCR assay. Amplicon NB10-
NBI11 was used as a probe in the Southern blot assays. Positive (Pos.) and
negative (Neg.) assay results are as indicated.

parasite relationship in this infection. In this work we purified
and determined the N-terminal and internal amino acid se-
quences of P61, an immunodominant protein of N. brasiliensis.
These sequences showed a high degree of similarity to cata-
lases of eukaryotic and prokaryotic origin. Although other
microorganisms have several catalases and/or peroxidases (17),
P61 seems to be the only enzyme of this kind in N. brasiliensis,
since we observed only one band with the ferricyanide staining
method.

P61 appears to be related to a group of catalases that com-
prise those from Comamonas compransoris, Klebsiella pneu-
moniae, S. violaceus, B. subtilis, Bacteroides fragilis, and Lacto-
bacillus sakee (11, 18, 21). These catalases share amino acid
sequences and are arranged in dimers or tetramers formed
with subunits of 61 kDa. According to our gel filtration data,
the native molecular mass of P61 is about 180 kDa, a size which
can probably be attributed to the formation of a trimer.

N. brasiliensis is classified according to the ninth edition of
the Bergey’s Manual of Determinative Bacteriology as part of
group 22, the nocardioform actinomycetes, in subgroup 1, the
mycolic-acid-containing bacteria, which also includes the gen-
era Gordona, Nocardia, Rhodococcus, and Tsukamurella (13).
The genus Nocardia comprises many species, the most com-
monly associated with human disease being N. brasiliensis, N.
asteroides, N. farcinica, N. otitidiscaviarum, N. transvalensis, and
N. nova. Of these the most extensively studied species is N.
asteroides, for which some immunodominant antigens have
been described (2, 3, 5, 10, 14). A 54-kDa protein of N. aster-
oides has been shown to be useful in detecting antibodies in
patients with nocardiosis, although this protein is also present
in N. brasiliensis and N. ofitidiscaviarum (2, 25). Neither a
complete biochemical characterization of this antigen nor the
cloning of the gene encoding this protein have yet been re-
ported.

N. asteroides is a heterogeneous taxon with many possible
subvarieties (4); recently, it has been subgrouped in three spe-
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cies: N. asteroides sensu stricto, N. nova, and N. farcinica. Al-
though these species can be differentiated by testing their abil-
ities to utilize several carbon sources, by their growth at 45°C,
as well as by their different mycolic acid or antimicrobial sen-
sitivity patterns, these methods are time-consuming and often
not definitive (27). In our experiments we observed that the
P61 fragment NB10-NB11 is distributed differently in the N.
asteroides complex strains we tested. N. asteroides sensu stricto
tested negative in the PCR and in the Southern blot assay; N.
nova was positive in both tests, and N. farcinica was positive
only in the Southern blot assay. These findings correlate per-
fectly with the enzymatic profile of those species (6), where it
has been reported that N. asteroides is catalase negative,
whereas N. farcinica and N. nova are positive. The Southern
blot results reflect differences at the nucleotide level between
the N. farcinica and N. nova catalases, differences which can be
exploited in the future to develop a genetic test to differentiate
the N. asteroides complex species. These differences can also
explain the negativity of N. farcinica in the PCR test, a result
which is probably due to significant differences at the annealing
sites of the oligonucleotides that did not permit the formation
of an amplicon. A larger number of strains would be required
to determine if the differences in the catalase genes of the N.
asteroides complex bacteria can be useful for differentiating its
members.

As mentioned above, N. brasiliensis is classified as part of the
subgroup of mycolic-acid-containing bacteria which includes
other genera, such as Nocardia, Rhodococcus, Tsukamurella,
and Gordona (13). This group of bacteria share many biolog-
ical, biochemical, and genetic characteristics. Therefore, we

10 20 30 40 50
catn_nb GACG--- --- GG - TTGAA CG GTA TTC - TCCG- CCTCGGCAGCCGGCATCA
cats_gs GAGGTCGAAGGGA TTGAA NN GTACT CNTCCG- CCTCGTCGA CCGGCATGA
catr_re GCGGTCGAAGGGGTTGAA GC GGTAGCC TTCGGCCTCGTCGACCGGCATGA

catn_nb CCTGGACGTGCAGCGTCCAGCTGGGGAAATCGCCGCGTTCGATCGCATCC
cats_gs T TTGGACCTTGAGCGTCCAGCTCGGGAAAT CTCCG TTCTCGATCTCTCGA
catr_re T CTGAACCTTGAGGGTCCAGCTCGGGAAAT TACCG - - TTCGATGGCGTTG
catn_nb CACAGGTCT TT GCGGTGGTAGTCGGCGTTCTCGCCGGCGAT CCGGTCGG
cats_gs -ACAGA TCCNGGGTGTGGANAGTCGGGATCAGTG CA TGCCAA CNGTCGG
catr_re TACAGATCCGCGCGGTGGTAGTCGGGA TCGCTACCGGCGA GGCTGTC TG
catn_nb CGTCGGCCTGGGTCAGA T AGTCGATGCCCTGGTCGGTCTTGAAGTGGTAC
cats_gs CCTC TGCCTGCGTGAGGA ACTCGATGCCCTGGTCGGTCTTGAAGTGGTAC
catr_re CT TCTGCCTGCGTCA GGA ACTCGATGCCCTGATCGGTCTTGAAGTGGTAC
catn_nb TTCACCCAGAAGCGT TCGCCCGCGGCG -TTGATCCACTGGTAGGTGTGCG
cats_gs TTGACCCAGAAGCGCTA CACCGTN GGCATTGACCCACTGGTAGGTGTGCG
catr_re TTCACCCAGAAGCGT TCACCCGCA GCG -TTGACCCACTGGTAGGTGTGCG
catn_nb AGCCGTAGCCGT TCATGTGCCGG TAGGNN -TTCGGGATG CCGCGATCACC
cats_gs AGCCGAA TCCGTCCATGTGCCGCCA CGTACTTCGGAA TGCCGCGATCGCC
calr_re A TCCGAAGCGGTCCATGTT GCGCC/—\GG TC TTCGGGATA CCGCGGTCACC
catn_nb CGCGATCACCCATCA GCCAGGTCACCTGGTGCGCCGACTCGGGGCGCAGC
cats_gs CGCGATCGCCCATCA ACCAGGTGACCTGATGCGCGGATTCGGGCNA CAAC
catr_re CGCGGTCACCCATCA ACCAGGTCACCTGGTGAGCCG TTTCGGGACGCAGA
catn_nb GTCCAGAAGTCCCACTGCATGT TGTGGTC GCGAAGTCCG TTGCCGGGCAA
cats_gs GTCCAGAAGTCCCACTGCATGT TGTG ATC GCGAAGTCCCGAACCGGGAAG
catr_re GTCCAGAAGTCCCACTGCATGT CGTGGTC ACGAAGACCGGAGCCTGGCAG
catn_nb GCGCTT-CTGCGAACGGATGAAGTCG - -GGAACTTGATCGG
cats_gs TCGNTTTCTGCGAACGGATGAAGTCGG -GGAACTTGATCGG
catr_re TCGCTTTCTGCGAACGGATGAAGTCCGGGGAACTTGAT GG
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FIG. 3. Alignment of the NB2-NB3 sequences of N. brasiliensis HUJEG-1
(catn_nb), G. sputi ATCC 33610 (cats_gs), and R. erythropolis ATCC 04277
(catr_re). Asterisks identify nucleotides common to all three sequences. Hyphens
indicate gaps introduced to increase similarity.
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considered it important to study the distribution of the NB10-
NBI11 katN fragment or related sequences in these bacteria. In
the Southern blot analysis, it was observed that some of the
species tested cross-react with the NB10-NB11 probe, although
bands of a different molecular weight were observed, reflecting
variations in nucleotide sequence. This similarity was con-
firmed after sequence analysis of the NB10-NB11 amplicons of
R. erythropolis and G. sputi, where a high degree of homology
was observed. This finding was anticipated since other catalase
genes similar to katN, such as the bca gene of S. violaceus or
the catA gene of S. coelicolor, present a conserved or homol-
ogous region in positions 500 to 1500 of the bca gene open
reading frame, while lower homology percentages were ob-
served in the 5" and 3’ ends of the ORF (data not shown). The
cloning of the entire katN gene and/or related catalases from
other actinomycetes will help to develop rapid genetic tech-
niques for identifying and differentiating these species of bac-
teria. These data may also be useful for phylogenetic analysis
in catalase-positive actinomycetes, as has been seen with other
proteins (19).

Although we isolated and purified P61 because it is an im-
munodominant antigen in patients and experimental animals,
we did not expect it to have catalase activity. Catalases have
been claimed to play an important role in the survival and
protection of microorganisms from the lysosomal oxygen-de-
pendent microbicidal agents. This protective effect is carried
out by nullifying toxic derivatives of oxygen produced by the
respiratory burst in phagocytic cells. It has been demonstrated
that in M. tuberculosis infection the loss of catalase activity
correlates to isoniazid resistance and to a marked decrease in
virulence for guinea pigs compared to infection with M. tuber-
culosis strains that have a complete katG gene (7, 9, 33). Wil-
son et al. has corroborated this finding more recently (31); they
observed that the integration of a functional katG gene into an
isoniazid-resistant M. bovis strain fully restores its virulence in
experimental animals. N. brasiliensis virulence factors are pres-
ently unknown. The complete genetic and biochemical char-
acterization of this catalase will facilitate the study of the role
of this N. brasiliensis protein as a potential virulence factor.
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