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SUMMARY: Staphylococcus aureus produces various virulence factors. The catalase enzyme, in par-
ticular, is considered to be involved in oxidative stress resistance, and catalase activity is an important
criterion for differentiating staphylococci from streptococci. In this report, we describe the catalase-
negative S. aureus strain SH3064, which was isolated from the sputum of a patient with aspiration pneu-
monia. To evaluate the causes of the lack of catalase activity in S. aureus SH3064, we analyzed the se-
quence of katA gene encoding the catalase enzyme in this strain. We amplified the complete sequence of
katA gene of S. aureus SH3064 by polymerase chain reaction using 2 sets of primers. The katA sequence
showed 99.6% sequence identity (1512/1518 bp) with that of S. aureus ATCC 12600. We detected 2
mutations in the katA gene from S. aureus SH3064, an A217T substitution leading to a threonine 73-to-
serine substitution and a single-base pair deletion (c.637delG) resulting in a frameshift mutation. The
lack of catalase activity in this strain was attributed to the shift of the nucleotide reading frame.

Catalase is a virulence factor of Staphylococcus
aureus and has been implicated in oxidative stress
resistance (1-3). Catalase produced by S. aureus con-
sists of 4 subunits encoded by the katA gene; it has a
1518-base pair (bp) open-reading frame and encodes a
protein with 505 amino acids (4). Catalase activity is an
important criterion for differentiating staphylococci
from streptococci, as all Staphylococcus spp. produces
catalase, except for S. aureus subspecies anaerobius and
S. saccharolyticus. Several isolates of S. aureus that do
not produce catalase have been previously reported and
described (5,6). In a few cases, mutations in the katA
gene have been described for isolates lacking catalase
activity. For example, Griiner et al. (7) reported that the
loss of catalase enzymatic activity in a clinical isolate
was associated with a 5-bp deletion, leading to a
frameshift in the katA gene. Piau et al. (8) identified a
point mutation in the katA gene associated with the loss
of catalase activity, and To et al. (9) isolated a catalase-
negative S. aureus with a nonsense mutation in the katA
gene.

In this study, we report an S. aureus clinical isolate
SH3064 with a mutated katA gene, which was isolated
from a patient with aspiration pneumonia. To the best
of our knowledge, this is the first report on this particu-
lar strain in Japan and the fourth globally.

A 61-year-old man with diabetes mellitus was admit-
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ted to the Shinshu University Hospital for cardiac ar-
rest. He was retained in the intensive care unit and sup-
ported with mechanical ventilation. Two days after ad-
mission of the patient, purulent sputum was observed,
and he was diagnosed with mechanical ventilation-asso-
ciated aspiration pneumonia. He was treated with a
combination of ampicillin and sulbactam for 7 days,
followed by treatment with ampicillin for 3 days. The
patient was fully recovered 12 days after administration
of the antibiotic and sulbactam.

Gram staining of the sputum revealed several clusters
of Gram-positive cocci phagocytosed by neutrophils.
Creamy beta-hemolytic colonies, which are typical of S.
aureus, were observed on 5% sheep blood agar, and a
highly positive slide-coagulase test result was obtained.
However, the result of the catalase test performed with
3% H,0, was negative. The isolate was identified as S.
aureus with 99.99% probability, and it was found to be
sensitive to all the antimicrobial agents as determined
using the MicroScan Pos Combo 6.1J (Siemens
Healthcare Diagnostics, Tokyo, Japan).

The complete katA gene of S. aureus SH3064 was am-
plified by polymerase chain reaction using 2 sets of
primers (KatDIR1-KatREV1 and KatDIR2-KatREV2)
(8) and sequenced using the Big Dye Terminator v1.1
Cycle Sequencing Kit with an ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems, Foster City, Calif.,
USA). The katA gene of S. aureus SH3064 showed
99.6% sequence homology (1512/1518 bp) with that of
S. aureus ATCC 12600 (accession no. AJ000472). Two
mutations were detected in the katA sequence; one of
these was an A217T substitution leading to a threonine
73-to-serine substitution, and the other was a single-bp
deletion (c.637delG) that resulted in a frameshift muta-
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Fig. 1. Nucleotide alignments and deduced amino acid sequences of the katA4 gene in S. aureus SH3064 and S.
aureus ATCC 12600. The numbers indicate the nucleotide position in the katA gene. (A) The katA gene nucleotide
sequence region from 181 to 240 bp. A217T/threonine 73-to-serine substitution is indicated in boldface type. (B)
The katA gene nucleotide sequence region from 601 to 720 bp (based on nucleotide positions of the katA gene in S.
aureus ATCC 12600). The single-base pair deletion (c.637delG) and the following frameshift mutations are indi-
cated in boldface type. The stop codon of the katA gene of S. aureus SH3064 is enclosed in a box.

tion (Fig. 1).

The complete nucleotide sequence of the katA gene
from S. aureus strain SH3064 reported in this study has
been submitted to the GenBank and EMBL databases
under the accession no. AB665064.

Catalase is considered to be a virulent factor in S.
aureus; however, several pathogenic catalase-negative
S. aureus isolates have been previously reported (5,6).
In addition, previous studies using mouse models have
shown that catalase-positive S. aureus strains were not
more virulent than catalase-negative strains (10,11). In
this study, S. aureus SH3064 was isolated from a patient
with aspiration pneumonia. Gram staining of the spu-
tum sample showed Gram-positive cocci phagocytosed
by neutrophils, and the isolates grew well on a 5% sheep
blood agar plate. Therefore, we concluded that the
patient had aspiration pneumonia caused by a catalase-
negative S. aureus strain, and the lack of catalase activi-
ty, in this case, did not negatively affect the virulence of
S. aureus.

We have reported 2 mutations in the katA gene of S.
aureus SH3064 in this study. We assessed the potential
impact of these mutations on the catalase activity of the
isolate. Because both serine and threonine are polar,
non-charged amino acids, we predicted that the A217T
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mutation had weakly influenced catalase activity. In
contrast, the deletion mutation ¢.637delG resulted in a
shift of the nucleotide-reading frame, truncating the
KatA protein to 225 amino acids. It is likely that this
frameshift mutation resulted in the production of a non-
functional enzyme in S. aureus SH3064, as the C-termi-
nal region of KatA is important for catalase activity.

Sanz et al. (4) reported that His 56, Ser 95, and Asn
129 residues of the catalase enzyme of S. aureus are
necessary for peroxide binding, whereas the proximal
heme-binding sites are located at Pro 317, Arg 335, and
Tyr 339, and the distal heme-binding sites, at Met 55,
Arg 93, Thr 95, Phe 134, and Phe 142. A deletion muta-
tion at 1338 bp, leading to premature termination of
translation at 1368 bp, and a missense mutation result-
ing in proline 317-to-serine substitution, which forms a
part of the proximal heme-binding site, were both
reported in the katA gene of catalase-negative S. aureus
subspecies anaerobius. However, the mutation directly
associated with loss of catalase activity has not been
identified.

Griiner et al. (7) reported that the katA gene in the
catalase-negative S. aureus strain had a 5-bp deletion
from 1388 to 1392 bp, inducing a premature stop codon
at 1418 bp. They suggestedd that this deletion in the C-



terminal region of the catalase protein hindered en-
zymatic activity. In the present study, we proposed that
the identified S. aureus SH3064 did not produce cata-
lase with its enzymatic activity owing to a truncation of
the C-terminal region of the KatA protein, including the
loss of the proximal heme-binding site.

Catalase-negative S. aureus with mutated KatA pro-
teins have rarely been reported in clinical specimens;
thus, it was difficult to identify this particular strain as
staphylococci using routine laboratory techniques.
However, it is important to note that despite the loss of
catalase activity, staphylococci are virulent pathogens
and can impact on human health. Therefore, more ef-
forts to improve methods for the detection of these iso-
lates are warranted. For example, the identification of
creamy beta-hemolytic colonies on 5% sheep blood agar
can be used as a potential indicator of S. aureus and can
thus facilitate additional testing for this pathogen. In
general, our findings demonstrate that it is critical to be
aware of the potential presence of catalase-negative
strains of S. aureus.
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